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A METHOD OF DETERMINING THE DETERGENT
ACTION OF SOAPS

s

BY J. W. McBAIN, R, 8, HARBORNE AND A. MILLICENT KING

In spite of the many investigations on the subject of detergent action?,
there is still no recoguised standard in terms of which the washing power of
soaps can he expressed. This communiecation deseribes quantitative measure-
ments of detergent action upon one substance: namely, carbon black.

striking, although only qualitative, experiments deseribing the action of
solutions of a ‘‘medicinal soap” in suspending lamp black were published by
Spring?. He found an optimum effect in one per cent solution and even in
dry methyl and ethyl alcohols there was an optimum concentration although
in very much more dilute solution. He even found that dilute aqueous soap
* solutions had the power of earrying a certain portion of the lamp black through
a filter paper although this did not occur when using alcohol.

Spring concluded that a sorption compound was formed between the
lamp black and the soap or rather (upon somewhat doubtful evidence)
between lamp black and somewhat acid soap. The suspended lamp black
passed through filter paper without blacking it although, in the absence of
soap, none passed through, and the black clung tenaciously to the paper.
Spring’s conception of detergent action is therefore represented by an equation
of the form

Fabric dirt4soap =fabrie+dirt -soap

McBain® proposed the more logical alternative of double decomposition;
namely,
Fabric-dirt+soap=fabric - dirt+soap - dirt

for which there is a good deal of evidence.

In Spring's experiments with lamp black and in ours with carbon black
only & portion of the carbon, that stably suspended, is carried through the
filter paper. We utilise this fact and simply determine the amount of carbon
black carried through. The “carbon number’ of a soap solution is the number
of grams of carbon carried through by one kilogram of soap solution under
standard conditions.

Preliminary Experiments by R. A. W. Bond

Much time was spent by Mr. R. A. W. Bond in studying various samples
of lamp black and carbon black. That which gave the largest effect was
“Auk” carbon black, a 15 1b. sample of which was supplied through the kind-
ness of Messrs, Chance and Hunt of London. Their “Kalista' carbon black
was only slightly less effective.

' Cf, McBain: Third Colloid Report of the Brit. Ass. Adv. Sci. p. 24 (1920)

? Kollaid-Z. 4, 164; Rec. Trav. chim. 28, 120 (1909}
3 Loc. cit.
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Extraction of the carbon black with ether in a Soxhlet apparatus was
detrimental owing to the agglomeration of the carbon; henee in all further
work untreated original carbon black was employed,

Twenty ces. of soap solution carried through most carbon when shaken
with one gm. of carbon black, this amount being more effective than either 2
or o.3 gms., thus in experiments with No. 5 Whatman filter papers and
o.1N, potassium myristate the carbon numbers found were 0.6, 0.33 and
o.11. Noexplanation is afforded.

A large number of filter papers were tested and No. 31 Whatman Filter
Paper was finally adopted as being most porous and yet fairly uniform. For
the gravimelric analysis of the filtrate the only satisfactory paper was No.
590 Schieicher and Schill filter paper.

Time of exposure of the lamp black to the soap was varied from one day
to one month without noticeable effect. Increase of temperature greatly
diminished the carbon number. It was found in accordance with expectation
that there was an optimum concentration of soap solution.

Experimental
Malerials.

Only soaps prepared from pure fatty acids were used, the potassium
oleate was prepared by Kahlbaum and contained three equivalents per cent
excess acid. Other soap solutions were prepared, with the precautions des-
cribed by Bunbury and Martin', from pure fatty acids supplied by Kahlbaum
but using Jena glass vessels with well vaselined glass stoppers. The impor-
tance of the last precaution which is invariably adopted in this laboratory is
strikingly illustrated by the following Table 1.

TaBLE I

Acidities of Potassium Oleate Solutions in Equivalents of Free Acid to 100
Equivalents of Soap

Description of Stopper Acidity,
solutions. employed When fresh.  Next day.
Soap dissolved «

in 2 parts alcohol

+ 1 part water.

Sample I. Unvaselined 2.87 4.11
glass.

Sample 1. Vaselined 2.80 2.03
glass.

o.05Ny aqueous Well vaselined 7.69 16.36

goln. -+ 2 parts cork.

alcohol.

0.496N,, aqueous Well vaselined 3.27 3.34

soln. 4 2 parts glass.

alcohol.

1 J. Chem. Soc. 105, 417 (1914)
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Increase in acidity is due chiefly to entrance of carbon dioxide but nartly
to oxidation. Distilled water and alcohol were always boiled out in a pyrex
flask, The acidimetric standard was benzoic acid supplied by the Bureau of
Standards Washington and constant boiling hydrochloric acid prepared by
the method of Hulett and Bonner. The great importance of exact neutrality
is shown by the sequel. As far as possible dilute solutions were prepared by
direct dilution of more concentrated stock solution but a large number of
independent solutions was also made up.

Procedure.

In determining the amount of carben carried through a filter paper by
soap solution the following standard method was adhered to. One gram of
“Auk’ carbon black weighed within 1%, was placed in a large test tube with
20 ccs. of the soap solution, shaken thoroughly and allowed to stand for 23
hours in a thermostat at the experimental temperature, shaken again and
allowed to stand a further hour before being poured upon an 11.3 em. No. 31
- Whatman filter paper.. The filtration was also carried out in the same thermo-
stat (a water-jacketed copper chest kept within o.5°) and allowed to stand
until approximately roce. of filtrate had collected. The filtrates were then
analysed either by the gravimetric or in all later work the colorimetrie method.
The data given in the present paper enable absolute results to be readily
obtained in other laboratories by simple camparison with ours.

Gravimelric method of analysis.

The carbon in the filtrate had to be isolated and weighed on a filter paper.
A 5.5 cm. 590 Schleicher and Schull filter paper which had previously been
extracted with aleohol in a Soxhlet extractor was dried at 110°C in an electric
oven for 45 minutes. It was then transferred quickly to a small weighing
bottle fitted with an air tight stopper. The filter paper was then weighed by
difference and the drying repeated until the weight (about o.12 g.) remained
constant to o.1 mg. It was then necessary to obtain on this dried analysis
filter paper the whole of the carbon in the filtrate. Two methods were adopted
depending on whether the concentration of the soap was greater than or less
than o.3N. In the latter case, the carbon suspension (i.e. the filtrate) was
decomposed by the addition of about 20 ce. of alcohol and then filtered through
the analysis paper, the whole of the carbon being retained without difficulty.
The carbon was then thoroughly washed free from soap with hot alcohol.
When the concentration of the soap solution was above 0.3 N, it was found
that so much aleohol was required to break the suspension and dissolve the
soap that the time taken to filter this large bulk of liquid was too long for the
first method to be employed.

In the second method, the suspension was decomposed by the addition
of a few ces. of dilute sulphuric acid (approx. 0.3N). The water was then
decanted, through the analysis filter paper, from the fatty acid preeipitate
formed and the latter melted by warming to about 60°C., and then poured on
to the filter paper. The tube and filter paper were then washed free from fatty
acid by means of hot alcohol, the carbon being retained on the filter paper.
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The aleoholic washings were tested for fatty acid by dilution with cold water,
a white ring of myristic acid precipitate being formed if not free from fatty
acid. This washing operation had te be carried out with great thoroughness
otherwise misleading high results were obtained.

The filter paper and carbon thus obtained were then dried in the electric
oven and weighed under conditions as far as possible identical with the pre-
vious drying and weighing, i.c. dried at r00® for 45 ming. and weighed in an
air-tight weighing bottle. The increase in weight gives the weight of carbon
in & known weight of filtrate, which is then expressed in “carhon numbers”,
grams earbon per 1 kilo soap solution.

This method of analysis is restricted in use, although essential for obtain-
ing an absolute standard for all subsequent work, Inthe first place, the limit
of weighing on an ordinary chemical balance gives a possible error in the earbon
number of about 109 for a 0. 1N solution when only 10 grams of filtrate are
taken. If more than 1o gms. of filtrate are taken the bulk of the liguid be-
comes great, thus making the process of filtering off the carbon from the de-
composed filtrate very long and tedious. Moreover, as the amount of carbon
on the analysis filter paper increases beyond ten milligrams, the time taken to
wash free from acid or soap is so long that the probability of error from incom-
plete washing overwhelms the advantage of having a comparatively large
amount of carbon on the filter paper.

It is therefore seen that the gravimetric method may only be used with
advantage with such concentrations of soap solutions as give a carbon number
of about 0.5 to 1 .0 unless & micro balanee aceurate to within o.or mgs. is used.

Colorimetric method of analysis.

In this method the filtrates (about 10 gms. in every case) were diluted to
known volume by the addition of a large excess of alcohol. For the sake of
convenience, these diluted filtrates are termed “test filtrates’. A convenient
concentration was obtained by weighing out accurately about 1 gm. of filtrate
and diluting to roo ces. with aleohol, the solution being well shaken and
allowed to stand for a few minutes before heing analysed in order that the
alcohol might dissolve the soap. The length of column required to give the
same transmission of light as a column of standard test filtrate was then ascor-
tained by means of a colorimeter. According fo Beer's Law, the amounts of
carbon in the two test filtrates are inversely proportional to the length of the
columns giving the same transmission of light, Thus the eoncentration of the
filtrates can quickly be compared with that of the standard filtrates, A
Donnan colorimeter was used but less aceurate comparisons could he made by
eye. |

The carbon number of the filtrate is given by the formula

Lw, I w,

" - Cy =0.54 -l:
where I, and 1, are the lengths of the columns of standard liquid and filtrate
respectively and w, and w are the weights of standard and of filtrate which
have been diluted up to roo cc. with aleohol.

C=
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The filtrate from o.123N,, potassium myristate was arbitrarily chosen
for the standard test filtrates because the value of the earbon number had been
carcfully established for this case by the gravimetric method of analysis ag
0.54::0.0",

The final step towards simplifying the manipulation and rendering it
possible for other laboratories to obtain results in our units was made by
replacing the standard filtrate by a dye solution of similar colour prepared from
pure dyes obtained from British Drug Houses Ltd. The specification of this
standard was:

20 ce. Nigrosine solution of conen. o.056 gm. per litre,
20 c¢. Bismarck Brown soln, of conen. o.0858 gm. per litre,
100 ce. distilled water.

This dye solution was found equivalent in light transmission to a test
filtrate of earbon number 1.19. The carbon number value of 1.19 was the
absolute value obtained by comparing the dye standard in the colorimeter

with test filtrates prepared from filtrates which had been analysed gravimetrie-
“ally. This dye standard, which is quickly prepared and easily reproducible
possesses many advantages as a standard over any filtrate, which is not only
subject to a greater experimental error in preparation but also liable to error
due to occasional non uniformity of the filter papers.

Hence to obtain the carbon number of any commercial soap, using a
sample of our carbon black, it is only nccessary to compare the filtrate (after
diluting w gms. to 100 ce. with alcohol) with the standard dye solution and
apply the formula

L
. C= N

We are prepared to supply small samples of our earbon black for purposes
of standardising the stock used by other investigators. Or, the same result
can be obtained quite independently by earefully preparing any of the soap
solutions whose carbon numbers are properly recorded in this paper and
standardising the carbon black or other ecarbon therewith; it is only necessary
to determine with that soap solution, the ratio between the depth of colour of
the filtrate obtained and the colour here recorded to have a constant factor
which will convert all experimental results using commercial soaps with any
definite kind of carbon or lamp black into the standard units of carbon number.

Experimental Results

Coneentrations of soap are expressed in per cent i.e. gms. of soap in 100
gms. of solution, as well as in weight normality (N,.), that is, gram equivalents
of soap in 1 kilogram of water.

Table II contains the data for various coneentrations for pure potassium
myristate at femperatures hetween r2 to 15°C. Each value is the mean of a
large number of determinations,

Tables III and IV exhibit the important influence of very slight additions
of either free alkali or free fatty acid. Table V shows the effect of change of
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temperature. Table VI gives the results for various concentrations of potass-
ium oleate and here the filter paper was folded by gentle pressure between
finger and thumb since it had been found by Messrs, Allnutt! that increased
pressure may cause sl wer filtration and give inconsistent results.

TaBLE 1. (see graph I.) ‘
Variation of Carbon Number with Concentration of Solutions of Neutral

Potassium Myristate,
Soap. Mean carbon numbers.

A Nw Gravimetric (12 torg°) Colorimetric 12° to
0.268 0.0l 0.03
0.662 0.02§ 0.10
I.32 0.0§ 0.17 0.21
1.96 0.07% (0.47) 0.32
2.50 0.10 0.40 0.41
3.22 0.125 0.54 *0.01 0.54"
3.84 0.130 1.28
§.45 o.17% 2.18
5.00 .20 0.40
6.24 Q.25 0.35
7.40 0.30 0.29 0.30
0.63 0.40 0.22
13.8 o.60 0.025

18.0 o.80 0.01

*Indicates standard upon which all colorimetric readings are based.

Tasre I11. (see graph I right hand portion)
Carbon Numbers of Potassium Myristate plus excess of KOH.

Soap. Excess of KOH Temp. Carbon
% Nw Nw Equivalents 9 °C. number.
3.229% o.125Nw  ©.000N, £ 0.84
" » 0.00125 1 16 X.29
" " 0.00624 3 16 2.06
. » 0.012§ 10 16 3.08
" ” 0.0218 15 14 2.83
" " 0.0250 20 16 3.02
o ” 0.0375 30 14 4.00
’ " 0.0500 40 13.5 5.60
? ” 0.0628 50 13.5 10.0
" ” ©.0750 6o 14 3.52
o " 0.087;5 70 14 4.22
" " 0.12% 100 13 3.58
? " 0.250 200 13 1.23
" »? ©.375 300 13 0.83
" " 0.623 500 13 0.29
4.45% o0.175N«  0.00875Ny 5% 1r.g 0.63
» ” ©.01%% 10 I1.§ 2.60
” " 1§ 15.0 7.38
" ” 30 11.9 6.7
” »” 50 I7.§ 6.23
? ” 0.176 100 1.5 3.16

t J. Boc. Chem. Ind. 42, 565 (1923)
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Tabve IV. (see graph IT, Teft hand portion)
Carbon Numbers of o.125N,, (= 3.22%) Potassium Myristate Solution
plus excess of Myristic Acid

% (of conen. of soap) excess H Myr, Mean C. No. Temp. (°C)
o 0.54 £
I 1.6 I2
5 ' 1.9 I2
10 2.0 1I
20 I.2r 11
50 0.58 1§
10. 3 : :
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; | |
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Graph 11

Variation of Carbon Number of 0.125 Nw K. Myristate Solution with excess
Myrstic Acid (HM) and excess KOH. The eross is neutral 0.125 Nw
soap corresponding to the cross in Graph I.
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TaBLe V,

Variation of Carbon Number of Pure Neutral o.1N,, (=2.50%) Potassium
Myristate with Temperature.

Temperature (r.g° 15° 25°  60°
Carbon Number .51 0.41 0.22 0.15

TasLe V1. (see graph III),

Variation of Carbon Number of Solutions of Potassium Oleate with Con-

centration,
Soap. Independent Results.  Curve I*. Curve 11.
% Nw Temp. C.No. Temp.C.No. Temp. C. No.
19.8% 0.77Nw 12.0° 1.29°
3.9 0.503 S . 20.8°  ao.12
12.9 0.403 12.1° .10 13.9° o.17 17.5° o.11
12.6 0.4350 13.9° o.17
1.4 0.40 13.4° ©0.31 17.6° o.13
10.9 0.38 12.5° 0.31
0.1 ©.3% 13.4: 0.36 17.4: 0.21
0.44 0.325 13.3° ©0.45 17.4° 1.03
8.7y ©.30 14.75: 1.0 13.6° o0.39 17.5: 2.16
13.10 2.14 19.§ 2.27
19.5 2.27
8.50 ©.29 13.7° o.s1
8. 40 o.286 14.73° 1.66
14.50° 3.20
7.96 0.27 13.7° o.57 17.6° 1.53
7.50 0.233 12.8° 1.03
7.42 0.25 11.5° .17 13.35° o0.47 17.8° 1.33
6.73 0.223 12.50° 2.24 18.6° 1.21
6.02 0.20 12.55: 3.53  13.6° o.97 18.6: o.82
13.45 2.42 19.8o 1.60
I4.5 1.72 20.7 0.8y
5.4 1.9
5.60 0.185 13.9° 1.14
5.30 0.173 14.2° 1.44
4.97 0.163 15.3° r1.13
5.0y 0.169 12.4° 2.33
5.26 ©.173 15.2° 1.23
4.50 0.13 14.1° 0.90 19.3 ©.63
3.85 0.125 11.5° 0.71  14.2° 0.83
.52 1.35
3.11 0.10 17.5° 0.86 14.5° 0.40 17.5 o.72
2.2Q 0.073 14.7° ©0.44
1.58 ©.05 13.9° 0.56 14.6° .33 1p.8 0.84
©.984 ©.031 21.0° 0.38
3.1 0.10 17.5° 0.52 10.4 1.17

] *In the series of experiments in Curve I unsatisfactory illumination was employed
in the colorimeter. Each number in Table VI. iy the mean of three or four results.

b
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Variation of Carbon Numbers with Concentration of Potassium Oleate

Discussion of Results
It ig seen from the Tables and Graphs that the results are dependent upon
concentration, temperature, acidity and alkalinity.

There is a surprisingly sharp maximum carbon number at a particular
concentration of soap. In the case of potassium myristate this occurs at a
concentration of 0. 175N, (=4.435%) which is a hundred times more effective
than either a very dilute or concentrated soap solution. In the case of potass-
ium oleate the existence of a similar maximum is equally obviousand it liesin
only slightly higher concentration although here the effects are obscured by
the great sensitiveness of oleate solutions to other external factors. It is well
authenticated that there is an optimum concentration for the use of any
commercial soap as a detergent. In applying this to practical washing opera-
tions it may ecasily be advisable to use a strong solution and to pass through
the optimum concentration in the rinsing process.

The actual detergent power of the two very different soaps myristate and
oleate, are unexpectedly similar although the first is derived from a saturated
fatty acid containing only 14 carbon atoms whereas the other is unsaturated
containing 18 carbon atoms and the oleates are regarded as soaps par excellence.
There is no other property of soap solutions which is known tobe at an absolute
maximum at these concentrations, although the turbidity of such colloidal
systems as soap and cellulose acetate may however pass through an ill-defined
maximum at similar concentrations. There is likewise no constituent of soap
golutions except possibly the hydroxyl ion which passes through a maximum of
concentration in this region.

Very slight excess of either acid or alkali increases the detergent action
many fold, although further excess causes it again to disappear. This is prob-
ably the chief cause in the fluctuations in the results with the oleate which so
readily oxidises in the air with corresponding change in alkalinity., In the
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case of o. 125N, (=3.22%) potassium myristate, addition of so equivalents
per cent of alkali (=only 0.0625N,, KOH) increases the detergent action
nineteen fold.

Temperature exhibits an important effect especially at lower temperatures
where the carbon number increases very rapidly being doubled for change of
10°. The effect is very much less at higher temperatures. It is known that the
amount of colloidal soap behaves in a somewhat similar fashion.

In Graph III for solutions of potassium oleate, the two series of points
connected by & continuous line represent solutions which were prepared by di-
lution of one sample of the most concentrated solution, the other points
represent solutions made up quite independently. Miss Laing has found that
solutions of sodium oleate require at least a day to attain internal equilibrium
at room temperature and it is possible that even the hydrolysis alters, A
direct test should be made upon the effect of time upon the detergent action of
oleate solutions, Some of the erratic results were undoubtedly due to faulty
filter paper since occasionally some of the earbon coming through_with the
filtrate settled immediately to the bottom of the test tube and a second filtra-

tion through another filter paper reduced the carbon number to the expected
value,

The results with potassium oleate led ‘o a few additional experiments
which seem to show that a earbon filtrate is more effective than the original
soap solution in extracting fresh carbon black and that likewise carbon black
which has once been extracted produces with fresh soap solutions a filtrate of
much higher earbon number than the original filtrate.

For the first experiments 8 gms. of filtrate containing carbon from a
o.173N, potassium oleate solution was shaken up with a fresh quantity of
0.5 gms. of carbon and filtered through fresh filter paper. In each case the
carbon number went up many fold heing increased from such values as 0.76,
0.83,and 1.45t04.19,4.48 and 3.00.

In the second serics the carbon residues left on the filter paper from a
previous filtration were treated with a fresh sample of the original soap solu-
tion to see if any further carbon could be extracted, as there was a possibility
that all the fine particles had already been taken through. However the
carbon number so obtained was invariably increased many fold. For instance,
instead of carbon numbers 0. 36, 1. 14, 0.88, 1.46, 0.65 and o.36 there were
now obtained such values as 5.01, 3.59, 4.64 4.39, 5.02 and 4.57 and a
third extraction with still further soap still gave quite high results.

These two results are obviously elosely related since the carbon whether
in the filtrate or in the residue forms a sorption compound with soap thus
changing both the concentration and the composition of the solution. We

have not had the opportunity of making a direct analysis of cither of these
quantities.

Now that a general method of making a rapid and direet test of detergent
action has been set up, it should be possible, by investigating different S0ApSs,
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saturated and unsaturated, pure and admixed and the effect of change of
temperature, addition of salts and of excess of acid or alkali upon their deter-
gent power to explain fully the phenomenon of cleansing action.

The action upon carbon black may be to a certain extent specifie and in
so far not quite parallel to the effect on oily matter, or on emulsification or on

frothing but this would merely limit but not destroy the value of the direct
information obtained.

Summary

A method has beep developed and standardised for the direct and rapid
determination of the amount of finely divided earbon which various soap
solutions carry through filter paper. This gives a “carbon number” character-

istic of each solution which may be taken as a measure of the detergent of this
material, -

It is shown that by a slight alteration of conditions the detergent action
of a soap may be enormously increased. There is an optimum concentration
~ im moderate dilution for which the effeet is.a. maximum, very slight addition
of either acid or preferably alkali greatly enhances the detergent power. Rise
of temperature diminishes at first rapidly then more slowly the detergent
power but this may be completely overshadowed by the vital necessity of
using sufficiently high temperature to dissolve the soap. Once in solution

there is surprisingly little difference between soaps as different as myristate
and oleate.

In conclusion our thanks are due to the Research Fund of the Chemical
Society and to the Colston Research Society of the University of Bristol for
grants for the purehase of materials used.

Depariment of Physical Chemistry,

The University,
Bristol.



TYNDALL BLUE IN SOLIDS

BY WILDER D. BANCROFT!

In the springof rg21 T noticed that a piece of capillary glass tubing lying on
a laboratory desk was quite blue at the end; but was not blue by transmitted
light. After some experimenting my colleague, Professor Briggs, showed that
the blue color was due to the scattering of light by myriads of minute crystals
embedded in the amorphous glass. If a suitable glass rod were annealed for a
sufficient time at a suitable temperature, it beeame first blue and then white
by reflected light owing to the formation and growth of crystals having a
different index of refraction from the mass of the glags, When the rod was

heated to a higher temperature, the color disappeared because the crystals
dissolved in the hot glass,

- Stillbetter blues .were. obtained. by Mr.. Clyde. Mason,? assistant. in.

microchemistry, who heated a piece of hard-glass, Jena tubing in a combus-
tion furnace at a temperature just below the softening point of the glass.
Two hours of heating is generally sufficient; but the time required is shorter
at higher temperatures. A strong clear blue results, which changes to an
opal white if the heating is prolonged unduly. The blue eolor is due to the
formation of tiny erystal nuclei which scatter the light. These particles can
be seen under the microscope with 4 mm or higher power objectives, if a
horizontal beam of light is projected through a piece of glass on which the
microscope is focused. With eareful focusing and some adjustment of the
illuminating beam, the blue color scen in the field may be resolved into a dense
mass of tiny points of blue light. By a suitable length of heating, the partially
devitrified Jena glass tubes can be made to give blues ranging from deep
indigo to pale sky blue or even to white. The color may be brought out most
strikingly by painting the inside of the tube hlack, so as to cut off all trans-
mitted light. The blues of such specimens are quite wonderful.

The opal glass which is obtained by longer heating undoubtedly contains
coarser crystals. Since the color by transmitted light is orange-red, the
reflected light must theoretically be a bluish-white ; but, actually, the blue is
masked by the white. The ordinary opal glass is also theoretically bluish
by reflected because it is reddish by transmitted light® Some of the early
American candle sticks and door-knobs show a Tyndall blue and so do some
of the modern “oven-glasses,” not Pyrex. The production of a white color on
prolonged heating is a well-known phenomenon.* “When glass—especially
crown and bottle glass—is exposed to slow cooling during solidification from

! Some of the experiments on which this Eupcr is based were supported by a grant to
Messrs. Bancroft, Chamot and Merritt from the Heckacher Foundation for the advance-
ment of Research, established by August Heckscher at Cornell University.

* J. Phys. Chem. 27, 222 (1923)
*Smull: J. Soc. Ind. Chem, 34, 02 (1925)
¢ Percy: Metallurgy, 25 (1861)
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a stateof fusion, or if, after it has become cold and solid, it is reheated and kept
for a long time at a high temperature, but below its fusing-point, it passes
from the vitreous to the crystalline state, when it is said to be devitrified,
The so-culled poreelain of Réaumur is only devitrified glass.  (Common barley-
sugar, which is sugar in a glassy state, the result of rapid cooling, always
becomes devitrified or erystalline on keeping, even at the ordinary tempera-
ture. Very heautiful and instructive Hllustrations of the erystallization of
glass may be frequently obtained in glass-houses where either bottle or erown-
glass is made; flint-glass, which is composed of siliea, potash, and protoxide
of lead, rarely oceurs erystallized. In picees of erown-glass the formation of
crystals may be traced; little groups of radiating prisms at first appear, which
gradually inerease in number and size until they finally coalesee into a white
opaque mass. In bottle-glass the spheroidal masses are sometimes formed in
parallel layers, closely resembling Lipari obsidian. Sections of devitrified
glass are beautiful objects under the mieroscope, when seen hy polarized
light.”

~ Combustion tubes whicli have beéen used a long time often develop quite
a marked blue color and I have one specimen of a new picce of tubing, which
is guite blue, It probably cooled very slowly for some reason beecause it
certainly was not reheated. Similar phenomena seem to occur in some slags.!
““The eause of the beautiful colour, which is not infrequently seen in slags from
iron-smelting furnaces, has excited much attention. It was ascribed to an
oxide of titanium by Kersten, who al¢o referred to the same oxide the blue
coloration of the Silesian zine-retorts, which is very similar to that of the slags
in question. He found this oxide in the substance of which the retorts were
made. He passed the vapour of zine over titanic acid heated to redness, and
the acid became blue, He then prepared mixtures of the ingredients of which
slags are composed, and melted them; but the blue eolour was not developed.
When, however, they were kept melted at a strong heat in covered crucibles,
with the addition of a little titanic acid and zine, tin, or iron, they became blue.
The specimens thus produced were inspected by Berzelius, who regarded the
proof as eonclusive. Fournet opposed the explanation of Kersten on the
ground that certain slags, which were remarkable for the amount of titanium
which they contained, were not blue, but grey in the interior and pale vellow
on the surface; and that other slags in which there was no reason to suspeet
the presence of titanium, were blue. He observed, morcover, that when
common green bottle-glass is kept heated during a sufficient length of time at
a temperature considerably helow its melting point, it was rendered opaque
and acquired a blue colour similar to that of the slags. I had previously ob-
tained the same result by experiment. Fournet had thin seetions made of the
glass so coloured, and found that when scen by transmitted light it had a
greenish-yellow tint. D’Artigues had before ascertained the same fael.
Fournet showed that the powder of the blue slags and blue glass had only a
dirty green tint. By melting a silicate of iron and alumina Berthier obtained

! Percy: Metallurgy, 27 (1861)
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a glass which, by reflexion, presented a green, almost black tint, but which
appeared resin-yellow by transmitted light. From these considerations
Berthier inferred that the blue eoloration both in the slags and bottle-glass
was entirely due to the same cause, namely, the same change in molecular
arrangement which occasioned opacity in the bottle-glass. Bontemps, who
had had great cxperience in the manufacture of glass and especially in its
coloration, a* ributes the greenish colour of bottle-glass to oxide of iron
combined with carhonaccous matters contained in the mixture. When the
temperature is not very high, as, for example, in the covered pots in which
flint-glass is made, oxide of iron gives a green colour, mere nearly approaching
yellow than blue; but when the temperature is high, as in the manufacture of
window-glass, the addition of a small proportion of oxide of iron to the mixture
produces a glass of a bluish eolour. He also remarks that it is known to the
manufacturers of bottle-glass, that when the glass is cooled in the pot it
becomes opaque blue before being devitrified. He concludes from actual
observation that glass may acquire all of the colours of the spectrum from

oxide of iron alone; and that these colours are produced in their natural order

as the temperature increases. Thus the manufacturers of china and earthen-
ware obtain a purplish-red from sesquioxide of iron at o certain temperature;
and at & higher temperature the same oxide yiclds an orange colour. These
temperatures are low as compared with that at which glass is melted; and
as has been stated above, the oxide renders glass green at one temperature and
blue at a higher temperature, The blue colour of slags has also been referred
to vanadium and artificial ultramarine. In respect to vanadium, it may be
true that certain blue slags contain this metal, but no satisfactory proof has
been advanced that it is the cause of their blue colour; and, in respect to
ultramarine, I may state that in numerous experiments [ have always found
that the colour of ultramarine is destroyed at a temperature much below the
fusing point of the compound of silicate and soda, which is termed ultra-
marine base. On a review of the evidence I am inclined to the belief that
oxide of iron is the essential element of the blue eolour of the slags.”

One may admit the possibility of getting all kinds of colors in glass by
means of iron without postulating that all blues are due to iron oxide. The
glass which was blue by reflected light and greenish yellow by transmitted
light cannot have owed its color entirely to pigment. The opaque blue before
visible devitrification sounds like a structural color. The blue color might be
due to titanium and yet be a structural color. Robertson,'a student under F.
P. Dunnington at the University of Virginia, reports that a certain quarte,
found in Nelson county, always “presents a characteristic waxy lustre, and a
colour varying from pale to deep blue. It therefore appears of interest to
ascertainto what thiscolourisdue . . A thin section of the rock was examined
under the mieroseope and found to show throughout the mass a network of
extremely thin acicular brown crystals, thus presenting when magnified about
4oo diameters an appearance very similar to that of sagenite to the naked eye.

' Chem. News, 50, 207 (1 8%4)
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Some of the crystals were twinned, forming the geniculations common with
rutile ., . . This thin section is decidedly yellow by transmitted light, also
shows the threads of iron above referred to, and by reflected light is blue. In
view of the blue colour of some varieties of titanic oxide when scen by reflected
light, it appears possible that the partial reflection of light by the surfaces of
these microscopic crystals occasions the colour in question, or the latter may
he in a measure due to the interference of light occasioned by these erystals,

Robertson may have known that he was dealing with a struetural color;
but he does not make the matter clear. The later people! had more definite
ideas on the subject.

“By way of contrast it may be of interest here to summarize briefly the
results of the investigations into the cause of blue color in some quartz. The
oceurrence in quantity of beautiful, deep sky-blue, opaleseent quartz in
quartzose igneous rocks and at times in metamorphosed sediments derived
from them, is known in many localities both in this country and abroad, and
has been the subjeet of investigation in a number. This variety of quartz is
" by ho means uncommon iv the Southern-Appalachians, and-is: particularly
characteristic of some rock types of the Blue Ridge Mountains and its outliers
in Virginia.

“The senior writer has examined mieroscopically many thin sections of
blue quartz from different localities in the southeast Atlantic States, and in
every case the substance of the quartz was found to be crowded with hairlike
inclusions of rutile, which were frequently arranged with more or less crystal-
lographic regularity. On the other hand, quartz of light color or colorless to
dark smoky often shows inclusions of rutile needles, with no indication what-
ever of blue color.

“The blue color of the quartz was apparent in thin sections as well as in
hand specimens. There is no evidence, however, that the included crystals of
rutile observed in the quartz are blue in themselves, although Dana records
among the varieties of color for rutile bluish and violet shades. Of the well-
known laboratory tests for titanium, two impart a violet color (1) to the salt
of phosphorous bead in the reducing flame when cold and (2) to a hydro-
chloric acid solution when boiled with metallic tin; but neither compound of
titanium (Ti04 and TiCL), supposed to produce the color, is known to oceur
in pature . .

“Blue quartz oceurs as a constituent of the quartz members of the char-
nockite rock series of India. On microscopic examination Holland found the
blue quartz to be crowded with minute hairlike inclusions, presumably rutile,
arranged with crystallographic regularity. Concerning the cause of the blue
color of the quartz he says?: I conclude that the hairlike inclusions to which
probably the blue color of the quartz is due, are arranged with crystallographic
regularity.

! WWatson and Beard: Proe. Nat. Museum, 53, 561 (1917)
* Memoirs Geol. Surv. India, 28, II 138 (1900)
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“In his studies of the quartz-feldspar porphyry in which are developed
phenocrysts of sky-blue opaleseent quartz from Llano County, Texas, Tddings,!
states that the blue color of the quartz “is absolutely due to the reflections of
blue light-waves from the minute colorless prisms, whose width is a fraction of
the length of light waves. It is similar to the blue eoler of the sky. It is prob-
able, however, that there is also blue light produced by interference of the
light reflected from both sides of the minute tabular crystals whose width is
also of the order of a fraction of a light-wave length; so that both kinds of
phenomena occur within these quartzes.”

“In the comagmatic area of titanium-bearing rocks of Amherst and
Nelson Counties, Virginia, deep blue, opalescent quartz both in minute grains
and in large masses is an abundant constituent. The blue color of the quartz
is pronounced even in thin section, and pressure effeets are exhibited chicfly in
granulation, fractures, and wavy extinction. The most pronounced micro-
scopic character of the quartz is the presence of abundant, closely crowded,
minute, hair-like inclusions of rutile, which are distributed rather unevenly
- through each grain. - After-a detailed study of the quartz fromr this area by
Watson and Taber,? the following conclusion as to color was stated: "It
seems probable that the blue color of the quartz characterizing the rocks of the
Amberst-Nelson Counties area is to be attributed to the multitude of hair-like
inclusions as explained by Robertson, Iddings, and Holland.”

“A different cause of the color of the constantly present blue quartz in the
Milford granite of Massachusetts and Rhode Island has been suggested by
Emerson and Perry? who state that ‘a state of strain has probably produced
the blue color.” They say, “Most of this quartz is blue, and this color appears
also in the contact zones and even in the secondary quarts that 1s found in
fragments of schist whieh are inclosed in the granite and which have been
greatly altered by it. The fractured grains of quartz show with polarized
light the strongest undulatory extinetion, which indicates that & state of
strain has probably produced the color.” The authors do not mention at this
place (p. 46) the occurrence in the quartz of rutile inclusions, but that they do
occur is shown in a previous statement, where the eontact effect of the Milford
granite on schists is described.  They say that these grains are often full of
rutile needles, like true granite quarta.

“The blue quartz of the Virginia rutile area is generally characterized
microscopically by fractures and microscopically in thin sections of undulatory
extinetion, but the senior writer attributes the blue color of the mineral to the
behavior of light on the minute rutile inclusions and not to any state of strain.
This view is strengthened by the fact that heating does not destroy the blue
color of the quartz.”

Mr. Milligan of the Norton Company, hae called my attention to the
fact that some of the dark grains of commercial Alundum become bluish by
reflected light when roasted. An examination under the microscope shows

tJ. Geology, 12, 227 (1904)
* Bull. Virginia Geol. Survey, 34, 214 (1913)
* Bull, U, 8, Geol, Survey, 311, 46 (1907)
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that the grains are not blue by transmitted light and that the apparent color
by reflected light is due to the seattering of light by minute inclusions of slag.
Mr. Mason has found that the seattered light is polarized and vibrates in &
plane perpendicular to the illuminating beam. The polarization effeets are
complicated by the anisotropic charaeter of the fused-alumina grains. This
alters the plane of vibration of the scattered light, just as it might effect light
coming from the lower nicol.

Mr. Mason says that “a very interesting property of this Alundum is the
apparent variation of its absorption from light to dark brown. The orienta-
tion of the ‘absorption axis’ and the behavior of various sections show striking
resemblance to the phenomena of pleochroism; but more detailed examination
indicates that the variation in absorption is due to variation in the seattering
of light with the change in the index of refraction of the mineral when the
plane of vibration of the transmitted, polarized light is changed. For vibra-
tions in one plane the index of the Alundum is much nearer that of the inclu-
sions than for vibrations in a plane perpendicular to this, thus altering their
- seattering. power.. . The brown, rather than yellow, shade is due to the rela-
tive coarseness of the inclusions. -

“The above is a general property of anistropic media, in which fine
particles are suspended, though apparently it has not been definitely related to
the Tyndall blue. Von Fedorow!' observed it in finely lamellar, birefringent
minerals, where it is simply an inercased and multiplied example of the effect
known as ‘twinkling.’ Schroeder van der Kolk? has ascribed the phenomena
to parallel arrangement of the inelusions in the surrounding mineral, which
implies that he did not recognize the behavior as related to the Tyndall blue,
His assumption is not necessary to account for the behavior.”

I have seen Venetian liqueur glasses which were amber-colored by trans-
mitted light and bluish by reflected light. The original glass was probably
colored; but the blue was evidently a Tyndall blue and the glasses had either
been reheated to produce partial devitrification or had been cooled very
slowly. These blues are not especially interesting beeause the crystals are
evidently not small enough and because there is no dark background. A more
interesting case is that of the early Chinese porcelain after we have eliminated
the contradictions in the various accounts.

Blacker® says that “though we read of porcelain blue as the sky, shining
as the looking-glass, thin as paper, giving a sound like & musical stone, we
could scarcely hope to find a specimen after the lapse of so many hundred
years. Besides, if we did, the piece would be unique and even the experts
would doubt its identity. Still, the tiny fragments of this precious ware are
recognized in China, and are so valuable that the Chinese have them mounted
as personal ornaments.” From this one would judge that fragments were
known and that one could tell from them what color they were. On p. 160
Blacker makes quite a different statement without any cross-reference.

! Pseudo-absorption, 2. Kryst. 22, 128 (1900)

 Sammlung Geol. Reichsmuseum Leiden, 6, 89 (1900)
3 Chats on Oriental China, 93 (1918)
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“We read that in 9354 A. D, the Emperor Chin-Tsung ordered some vases
to be made which should be as blue as the sky after rain when seen between the
clouds, and it is said that his celebrated porcelain was of this blue, fine like a
looking-glass, thin as paper, and giving a sound like a musical stone, the only
defect being that the feet of the pieces were of a coarse yellow clay. Alas for
the romantie story! The most recent catalogue of the Musée Guimet at
Paris, drawn up by the national experts with the assistance of such Chinese
experts as were available, states that the story is all a mistake. The word

which was translated ‘blue’ should have been translated ‘green’ which brings
us back again to Céladon.”

Burton! puts more definitely what Blacker was probably trying to say
“The Ju-yao was the ware made at Ju-chou in the province of Honan. This
was supposed to be a reproduction of one of the earlier mythical wares which
was described as blue as the sky after rain when seen between clouds. Dr.
Bushell mentions a fine piece of Ju-yao in his possession, which, however, has
a delicate greenish glaze with no trace of blue. This iz one of those pieces
- with a refraetory glaze of suel sluggish fluidity that-it-has never flowed over -
the whole piece. There seems little doubt that this ware was an carly type of

Céladon, and we shall probably be nearer the Chinese meaning if we read green
as the sky after rain, ete.”

What Burton® has to say about the porcelain of the Sung petiod is also
very interesting. “When we ask for authentic specimens, all the authorities
are agreed that no porcelain pieces are now known which are earlier than the
Sung dynasty (960-r259 A. D.), while the Sung productions have become so
scarce that they are hardly to be proecured by the most prineely purse, even in
China itself. We may read poetic accounts, by ancient Chinese writers, of
early porcelains made before the times of the Sung emperors as being sky-blue
in colour, brillantly glazed, thin as paper, and emitting a elear musieal note
when sounded; but nothing even remotely approaching such a wonderful
description has survived to our time . . . It may be pointed out that there is
not a word in this description which would distinguish porcelain from any
other species of hard-fired pottery, and that, indeed the characteristic quality
of translucence is never mentioned in any of the aneient accounts of the so-
called porcelains. Perhaps a potter may be allowed to add that a careful
examination of the best authenticated specimens of the wares attributed to the
days of the Sung dynasty leaves little doubt that we are here in the presence of
the very birth of Chinese porcelain, when the first steps were being taken
which ultimately led to the appearance of the perfect ware. If we examine all
the specimens in the best European collections that can with any probability
be ascribed to the Sung epoch we find only heavy, even clumsy, pieces of
moderate size and great solidity, with a thick dullish glaze on a dense opaque
body, so that it is difficult to decide whether the ware should be regarded as
porcelain or as stone ware . . .

I Porcelain, 57 (1906)
? Porcelain, 33 (1906)
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‘““The ancient glazes and bodies were made from minerals far less carefully
washed and prepared than those we have spoken of in the previous chapters,
The dark colour of the body is one proof of this—the imperfect nature of the
glazes furnishes additional proof. Yet from these defective materials the
early Chinese potters managed to win many artistic triumphs; for the glazes
from their very want of clearness and homogeneity of structure, are famous
for their opalescent quality. This opalescence manifests itself in a variety of
ways; sometimes the glaze is delicately veined with lines of more opaque
whiteness; sometimes it is irregularly splashed or blotched with soft cloudings,
which render the glaze-colour so subtle and delicate that it reminds one of the
changing lights on the breast of a dove, or the play of translucent shadows in
a piece of Mexican onyx. At times the opalescent cloudings or veinings in the
glaze appear of a delicate brilliant blue—no doubt from the way in which the
light is scattered by these infinitely fine, white particles.! This blueness has
generally been attributed to the use of cobalt in the glaze, but I am strongly of
the opinion that cobalt was so seldom used that we may leave it out of account
- among the-genuine Sung pieees. It is. impossible.to deseribe, except to those
who had the privilege of handling and examining actual specimens of these
wares, how much the artistic charm of these forerunners of true poreelain is
dependent on the vaporous softness imparted to the glaze by this opalescent
quality, nor how much the later porcelain makers sacrificed, in certain direc-
tions, in their attempts to obtain that pure and uniformly white glaze so nec-
essary for the display of painted decoration.

Holson? writes that “it is equally certain that many of the changing tints
in the thick, uneven, bubbly glazes of the Sung vases are due to opalescence
alone. This has been proved to demonstration by Mr. Burton, who has pro-
duced from his kilns a porcelain glaze with passages of pale lavender, and even
flushes of warm red, by using nothing but a thick opalescent glaze entirely
innocent of colouring matter.” From this statement one would not gather
that the glaze was sky blue; but Professor J. N. Collie assures e that it is
and that, while there is a trace of iron in it, the color cannot be due to iron.

Professor Collie was good enough to give me two small fragments of a
Sung blue glaze. The first has a fine, deep sky-blue color by reflected light and
is yellowish by transmitted light. The second was originally like the first;
but had been fused by Professor Collie and is no longer blue. Mr, Mason
examined the blue sample for polarization and reports that the blue is unques-
tionably a Tyndall blue. While this would show up fairly well against the
gray or drab body of the Sung porcelain, it would be very much more effective
on a black base and one would like very much to see a vase with a really fine
blue on a black background. There would be no difficulty nowadays in making
a much better blue than the Chinese did because we understand the conditions

! We may note that the blue and purple streaks or patches so often seen in the finest
Flambé pieces produced in the eighteenth century are due to the same cause, though they,
too, have generally been erroneously attributed to the presence of oxide of cobalt.

? Chinese Pottery and Poreelain, 50.
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for maximum effectiveness. It is interesting to note however that the Chinese
were using Tyndall blue for decorative purposes nearly a thousand years ago.

Orton! reports that a glass mixture of equimolecular parts of sodium oxide,
caleium oxide, and silica gave “a rough, coarsely vesicular silicate, eomposed
of various colors—gray and bright sky-blue predominating. It appears
wholly stony at first sight, but, on close examination, is seen to he a mass of
erystalline matter, some of the crystals being clearly distinguished by the
unaided eye. It was apparently not well fused, and was the only one of the
series giving evidenceof toolittle fusion. The colors are distributed irregularly,
and the blue is a prominent factor in it. What this mineral is, cannot be even
guessed, but it seems evident that the amount of silica present is too small to
actively engage all of the Na:0 and the Ca0, and hence several compounds, of
quite diverse character, have been formed and are mingled in the slag.”

While the experimental data, as given, are quite insufficient to prove that
Orton was dealing with a Tyndall blue, this is & more plausible guess than to
assume the existence of an unknown, and purely hypothetical, blue mineral.
 These expefiments should be repeated; =~~~ e

There are one or two other things which should he cleared up at the same
time.? “Solutions of baryta, when kept in glass bottles for any length of time,
deposit transparent rhombic crystals of the composition BaSiO,- 7H:0.
These erystals lose their water a little above 100°, and become turquoise-blue.”

Viola? has studied the blue shimmer of the moonstone and finds that it isa
Tyndall blue. He is not quite certain what the particles are which constitute
the turbid medium. In the case of albite it seems to be erystals of albite
itself. If the Ceylon moonstone, which he was studying, is cut into thin
plates more than one millimeter in thickness, these are milk-white. With a
thickness of one millimeter, the plates are practically transparent. The
scattered blue light inereases in intensity asthe thickness of the plate decreases,
reaching a maximum when the thickness is sou.

It has been known for many years that there is no blue pigment in any
feather. Over twenty years ago Haecker and Meyer! showed that the blue
was a Tyndall blue, the light being scattered hy myriads of minute pores
in the horny mass of the feather, and the blue being made visible by a back-
ground of dark pigment which prevented the transmitted light from reaching
the eye. Similar conclusions were reached by Mandoul® whose work scems
to have been overlooked completely. The identification of the blue of feathers
as & Tyndall blue has been accepted by some of the physicists,® but not by the
zoologists, Just recently, Haecker’s work has been confirmed and extended
by Mason’ at Cornell and there can no longer be any question of the accuracy
of Haecker’s views, especially since Mason has succeeded in making the strue-

! Trans. Am. Ceramie Soc. 8, 312 (1903)

*‘T'norpe: Dictionary of Applied Chemistry, 1, 549, 56.4 (1921)
3Z. Kryst., 34, 171 (1901)

 Zool. Jahrbiich, Abt. Syst. Geog. Biol. Tiere, 18, 267 (1g901)
5 Ann. Sei. Nat., Zool. 18, 225 (1903)

§ Chwolson: Traité de Physique, 2, 354 (1906)

? J. Phys. Chem. 27, 201 (1923)
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{u.a} blue tubes referred to in the beginning of this paper, and in duplicating
the appearance and behavior of blue feathers with a Tyndall blue, collodion
jelly, which is porous. The blues made synthetically by Muson in glass are
quite as gorgecus as any of the Tyndall blues to be found in feathers, It is
srobably beeause Haecker did not make a good struectural blue that his views
were not received with much favor. He has, however, come into his own now.

Since some light can be scattered by dust-free gases and liguids, Strutt!
has made “‘an examination of the behaviour of solids in this respect. At the
first trial it was found that glass seatters very freely, the scattered light being
blue, and in many cases almost completely polarised . . . Numerous specimens
of plate glass and optical glass have been examined. These all show the
seattering, though they differ among themselves in respect of intensity and
completeness of polarisation. The depth and purity of the blue eolour goes
of course with the latter . . |

“These glasses give a polarisation of the same order as the various gases
where the scattering is molecular. This however is probably an accidental
- creumstance: - In-the -ease of-glasses, the. wide difference between different
samples suggests that scattering is due in the main to inclusions rather than
to the molecules, These inclusions are probably to be regarded as spherieal,
some of them with a diameter not small compared with the wave-leagth. In
this case the defect of polarisation in glass would be due to the appreciable
size of the obstacles, whereas in gases it is due to lack of symmetry.

“The remaining experiments on solids have referenee to quartz in different
varieties and to Iceland spar. It was found that yellow quartz and smoky
quartz have the property of scattering light very strongly, the colouring matter
being evidently distributed in the erystal in the form of small particles analo~
gous to those found in glass. Preliminary examination of a erystal ean often
he made by immersing it in a trough of highly refracting material such as
benzene; but to work satisfactorily, it is necessary to have suitable faces cut
and polished, so that the beam can be sent along the axis of the erystal and
examined perpendicularly to it. Evidently the scattered light should be
analysed parallel and perpendicular to one of the principal planes of the
erystal, for if this is not done, double refraction altogether disturbs the relative
intensities of the images.

‘“With a crystal of yellow quartz from Madagasear, the polarisation of the
scattered light was tolerably complete, the weak image having about 0.7 per
cent of the intensity of the strong one. This is decidedly more perfect polarisa-
tion than was obtained with any of the gases examined in the earlier investiga-
tion. The stronger image was bluish, but the fainter image was a very rich
blue, no doubt the same as the ‘residual blue’ observed by Tyndall in precipi-
tated clouds, when the particles were no longer very small compared with the
wave-length. A sample of smoky quartz from Brazil gave less intense seatter-
ing than the above; the seattered light was, however, of a good sky-blue

colour. The weak image had about three per cent of the intensity of the
strongone . . .

! Proc. Roy. Soe. 95 A, 476 (1919)
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“Intensity comparisons were made between the total light scattered by
clear quartz and by the other media, by the method formerly deseribed, of
altering the lens aperture until photographic intensity was equalised, The
results were as follows: dust-free air, 1; elear quartz, 8; plate glass, 300;
liquid ether, goo. This last is the old result for liquid ether and represents the
least scattering 1 could get, after treating the ether in various ways. I am not
satisfied that it is a really definite result for pure ether. The problem of obtain-
ing such a result is far more difficult for liquids than for gases. I have also
observed a seattering, strong compared with that of air, in a rhomb of clear
Teeland spar. No intensity measurements were made.

“It is probable that even in the clearest erystals, the residual scaftering
is of the same character as that seen in obviously smoky quartz, and is due to
inclusions which have no relation to the crystalline structure. Different speci-
mens of apparently clear quartz vary considerably in their scattering power a
faet which ean hardly be explained on any other view. The numbers above

_quoted for quartz and glass are merely illustrative, and refer only to the par-

ticular specimens.

““The molecules in the crystal are regularly spaced, and at a distance
apart small compared with the wave-length of light. So far as they are con-
cerned, the crystal behaves like a diffiraction grating with its spacing less than
the wave-length, Under these circumstances the secondary disturbances
destroy one another by interference, and there is no molecular or atomic
scattering. With much shorter waves (X-rays) the well-known diffraction by
crystals comes into evidence.”

The Tyndall blue that we get with light-colored powders on a dark
ground is not really a case of Tyndall blue in solids because the external phase
is air; but it seems worth while to include it.

Koyl! says that “those who are familiar with the methods of blow-pipe
analysis have ohserved faint borders occasionally surrounding some of the
colored charcoal coatings, the colors of these horders seemingly bearing no
relation to the characteristic colors of the adjoining oxides, For instance, the
white coating of antimony is generally accompanied with a blue border, the
brownish oxide of cadmium ocecasionally with a green, while the lead and
bismuth yellows not unfrequently have & whitish ring inclosing them. As
these occur only and always where the coating is very thin they have a sig-
nificance different from that of the ordinary colors, and as they may be pro-
duced at pleasure from the purest specimens they cannot be due to mixtures
of the metals. A possible analogy with the antimony blue was suggested by a
consideration of the colors of the gky, and to prove the connection it was
simply necessary to show the similarity of attendant phenomena. As is well
known, it is believed that the blue of the sky is due to the presence in the at-
mosphere of suspended particles, so fine that they are unable to reflect the
longer rays of the spectrum which accordingly are transmitted and the union
of the remainder gives to the sky its blueness. At evening, the sky is red

! Am. L. Sei. (3) 20, 187 (1880)
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because we get the rays of the sun direetly transmitted or reflected from the
clouds. Thirdly, the light of the sky, reflected at an angle of go° with the
sun, i8 plane polarized.

“When an antimony coating had been produced which gave, beyond the
white oxide, a blue well-defined and full, the whole was illuminated in a dark
room by a sodium flame and that the blueness was no psychical or physiolog-
ical effect as distinguished from ordinary vision was proved by the fact that
here it almost completely vanished while the white presented the usual
ghastly appearance. A blue book-cover, treated in the same manner, gave
more reflection than did the blue coating.

‘“Experiments with the polariscope were at first inconclusive from the
fact that though the light from the blue coating was largely pclarized, 80, to
some extent, was also that irregularly reflected from the charcoal, and it was
found necessary to cover the block with a thin layer of carbon from a gas-
flame. The repetition of the test then showed that the proportion of light
- polarized by the layer of carben,.at the given angle, was almost nothing;
that by the thick white coating, small; while on the blue the phenomenon
was almost complete. What light here was not polarized was evidently
reflected from the larger particles mixed with the fine, for the analyzer, while

it did not totally extinguish the light, yet excluded nearly all appearance of
blueness.

“In order to determine the character of the transmitted light, a micro-
scope covering-glass was inlaid in the charcoal snd the oxidation so executed
that the glass was in the center of a small area all of which was blue. On
removing the glass, the light which passed through, proved to be of the expect-
ed yellow, though less brilliant than anticipated. The color might be seen
either by transmitting the direct light of the sun or by placing the glass at
such an angle that total reflection was produced and thus in the passage of the
rays through the layer to the glass and out through the layer to the eye the
blue was principally lost and only the mixture of longer rays appeared. Viewed
through a microscope, the result was the same. I have since, however,
improved upon this plan by the more convenient method of covering with
carbon a piece of ordinary window-glass, three inches by two, and then pro-
jecting the oxide upon the opposite surface of the plate. There is thus no
difficulty in distinguishing a very slight amount of color in the coating and
for transmitted light, any portion of the carbon may be easily removed.

“This case, a type of all charcoal coatings which shade off to blue in thin
layers, appears thus parallel to that of the sky color and the theory which is
accepted for the one will also satisfactorily explain the other.

“To account for the cadmium green we have only to note that if the
substance upon which we are experimenting has the power of absorbing the
shorter rays of the spectrum, the reflected light would from a heavy coating
be yellowish or reddish, the particular shade depending upon the amount of
absorption of violet and blue; and the formation of a layer as thin and of
particles as fine as before should result in giving us the color of the shortest
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rays which the substance is capable of reflecting, viz: in this case, green.
The coating of cadmium has exactly this appearance and shows the effect of
the gradual transmission of red by shading from the original color (dark red)
through yellow into a fine green.  As before, the light reflected from the thin
layers is highly polarized and the rays which pass through form a deep, dark
red. Inexceptional eases, it is possible to produee such a thin coating that the
extreme edge is fringed with a faint blue,

“The other case, lead, is now easily explained. This metal gives a coating
of which the color is a beautiful chrome yellow, and regarding this merely as a
repetition of the preceding phenomenon and the yellow as compounded of
rays from the whole range of the spectrum but not in the upper proportion to
form white, the line of thought suggested evidently is that if the layer be
decreased in thickness regularly from the center to the eircumference of the
charcoal, there ought to be, at some distance from the centre, a zone within
which sufficient red should be transmitted to equalize the amount of blue lost
by absorption and the refieeted rays should form a yellowish white. Beyond
this, as the thickness of layer still decreased, the color should be blue for the
same reason as in the cases of antimony. The white zone is easily produced
and the blue border, which always surrounds it, polarizes the light as before
and transmits orange colored rays.

“The theory, once given, serves to explain nearly all the anomalous
colorings of the charcoal coatings:—the bluish borders which occasionally
skirt almost any of the metallic oxides, the “peacock tails” of cadmium, ete.,
and thus does away with the necessity of supposing the presence of impurities
(though, by the way, no impurity would solve the problem in the ease of the
cadmium green.)

“From a physical standpoint, the experiments seem interesting as an
extension of our knowledge of the action of these small particles upon light.
Had not the subject presented itself in this way, we would scarcely have
guessed that such a change in reflecting power could have been produced by so
small a change in size and thickness.”

Merwin' has made quite a study of the behavior of white pigments, both
alone and mixed with black. “The most important characteristics contribut-
ing to the efficiency of a white pigment are non-absorbing power, high refrac-
tive index, weak optical dispersion, fineness and evenness of grain. If optical
dispersion is strong, the reflecting power for blue and violet light may be so
much greater than for red as to give the pigment a bluish color under certain
conditions. There is a critical size of grain for each homogeneous white pig-
ment, depending upon the optical properties of the grains and vehicle and the
distribution of the pigment grains. This size is from about 0.5 to 1.op.
Larger grains have too little reflecting surface per velume of substance, and
grains much smaller do not act as regular reflectors at all unless very close
together, but they scatter light. Grains having a diameter close to a wave-
length of green light in oil—o.35u—may reflect violet more strongly than
red. Neither scattering, nor the differential reflection just referred to, have

! Proc. Am. Soe. Testing Materials, 17 11, 503 (1917)
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significant effect on the tint of a white pigment, provided the grains are close
together and in a thick film, as they are on a well-painted surface. For,
although the red penectrates deeper, it is finally seattered or reflected to prac-
tically the sume degree as the biue.  But if the film is thin or the partieles are
widely spaeed, considerably more red than blue finds its way through the
film. Suppose such a film covers a black surface, then the excess of red is
absorbed by the surface and the film-covered surface has a blue-gray appear-
ance.t A white pigment containing no grains less than 24 in diameter under
the same conditions produces a neutral gray. In certain mixed pigments these
effects of size of grain are very pronounced.

“Samples of the various white pigments were tested over a black surface,
All of them gave more or less bluish grays, dependent upon the amount of very
fine grains which they contained. Search was then made amongst a large
assortment of chemicals— in the formn of white powders—to find one which
would produce over black a true neutral gray, and which would also be a
fairly ‘strong’ white. A sample of lead sulfate was found satisfactory. Its
- grains ranged between z-to s This-sample may be called a ‘true’ white,”

“Most of the zinc-oxide pastes contain enough material finer than 14 to
add considerable blue color, duce to seattering somewhat, to paints in which
they are mixed, and to reduce the hiding power of the paints . . .

“The true white previously described was mixed with several blaek
pigments to produce grays. Graphite and lampblack produced neutral grays,
but ivory black and magnetic oxide black produced slightly brownish (orange)
grays. The finest grain French-process zine oxides, with graphite and lamp-
black, produced very blue grays; some contained as mueh as 1o per cent blue.
American-process zine oxides and other cominercial white pigments gave grays
containing 2 to 5 per cent blue. Thus, in mixture with blaek, these fine-grain
whites give blue grays which are, however, less blue than may be produced
over a background of black. The orange tinge of grains of ivory black and
magnetic-oxide black may neutralize the blue which white pigments produce
in mixtures, so that neutral grays can be made. A test was made to determine
how much blue would be required to be mixed with a true white, to give ivory
black a blue-gray like that produced by graphite and White-Seal zinc oxide.
The blue pigments used were ultramarine, Prussian blue, and true cobalt blue.
It was found that a bright blue, corresponding to 7o to 8o percent blue, was
required.” Mr. Clyde Mason has called my attention to the fact that the
bluish bloom on some fruits and the blue color of the blue spruce are Tyndall
blues, the light being seattered by fine hairs or fine powder. The intermediate
blue stage before varnish has been made white by water is a Tyndall blue,
though the details have not been worked out. This article shows that Tyndall
blues in solids are not infrequent in nature and in art. This account is not
exhaustive and it is hoped that more cases will be described now that attention

has been drawn to some of the types.
Cornell University

! A blue of considerable brilliancy (blue 235 parts, neutral gray 75 parts) can be pro-
duced by vressing a film of very fine-grain zine oxide paste very thin, under a cover glass on
a glass slip blackened on the under side.
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THE FORMATION OF ARSENATE JELLIES
BY HARRY B. WEISER AND ALLEN P. BLOXSOM

Historical

Forty years ago Grimaux! made the interesting observation that the
dialysis of a colloidal solution of ferric arsenate peptized by ferric chloride
resulted in the formation of a firm transparent jelly having a reddish yellow
color. More recently Holmes and his pupils? have extended the investigations
of Grimaux and have found that firm jellics are obtained by the dialysis of
colloidal solutions of ferric arsenate peptized by NH,0H, HCI, HNO; FeCl;,
and ¥e(NQ,)s but not by H,80; or Fe,(SO,);. Similarly jellies were obtained
by dialysis of a solution of cadmium arsenate peptized by FeCl; and of solu-

tions. of arsenates of chromium and aluminium peptized by their respective”

chlorides. Ferric arsenate was prepared by adding ferrie chloride to an excess
of alkali arsenate. The latter is absorbed strongly but a great deal can be
removed by washing. The unwashed precipitate peptized by FeCl, sets to a
jelly more quickly than if the precipitate is washed. The precipitate obtained
with different arsenates of the alkali metals required different times to set.
Those prepared with the ammonium salt set most quickly and with the lithium

salt least quickly, the accelerating influence of the series decreasing in the
order NH;>K >Na >Li.

In a later communication Holmes and Fall® pointed out that the forma-
tion of a jelly by dialysis of a colloidal solution of ferric arsenate peptized by
FeCly was probably due to the slow removal of the acid derived from hydro-

lysis of ferric chloride. It was thought that the equilibrium represented by
the following equation was set up:

F@g(HASO4)3+6 I{Ctl “-(_:.t 2 F@Clz+3 H3A804

and that dialysis removed HCIl permitting the separation of ferric arsenate in
the form of a jelly. It seemed probable that the same result could he obtained
by decreasing the hydrogen ion concentration by the addition of a base; but
when this was attempted a lumpy precipitate and not & jelly was obtained.
However jellies were prepared by allowing NH,0H, Ca(OH),, or NaC.H,0;
to diffuse slowly into the colloidal solution through a membrane of goldbeater’s
skin.

Coloriano* obtained a rose colored jelly by adding a solution of arsenic
acid to a warm solution of manganese carbonate. The jelly broke down

'Compt. rend., 98, 1540 (1884)

* Holmes and Rindfusz:  J. Am. Chem. Soc., 38, 1970 (1916); Holmes and Arnold:
[hicl 40, 1014 (1918)

3J. Am. Chem. Soe., 41, 763 (1919)
* Bull. 45, 711 (1886}
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quickly with the formation of crystals having the composition MnHAsO, . H,0.
Diesz! prepared a clear stable jelly by mixing solutions of MuCly and KH:A50;,
The primary arsenate Mn(H:As04): is very soluble? and the jelly was found to
consist of MoHAsO, formed in aceordance with the following reaction:

Mn +I:!2ASO.:’ = MHHASO;""H ‘

Since an equilibrium is set up, the quantitative precipitation of the manganese
as MnHAsO, is impossible but the amount thrown down may be increased by
adding an excess of KH:As0, or by heating. If the hydrogen ion is neutralized
by ammonia g0 as to displace tho equilibrium to the right some AsOy""’ ions is
formed and a mixture of the secondary and tertiary salts results. Jellies con-
taining tertiary arsenates were found to be eloudy.

Klemp and Gyrlay® obtained arsenate jellies by adding ammonium
sulphate, acetic acid and an excess of sodium arsenate to solutions of salts of
zine, iron, manganese and cadmium. Later Diesz! called the attention of
Klemp and Gyrlay to the work on manganese arsenate jellies, after which
they found-that good jellies of zine arsenate and cadmium arsenate could be

obtained without the use of ammonium sulphate by mixing a solition of the

metallic salt either with a solution of Na;AsO, neutralized by some acid or
directly with KH,As0;.

Theoretical

Structure. A large amount of work has heen done by a number of inves-
tigators in an attempt to determine the structure of jellies. Although there is
considerable difference in opinion as to the exaet structure, it is now quite
generally recognized that the formation of a network is an important step in
the process of jelly formation. In 1858 Nigeli® advanced the theory that
jellies owe their characteristic properties to a loose network or aggregation of
ultramicroscopic or amicroscopic particles. This view was claborated by
Zsigmondy and Bachmann’ in 1912 and has been supported by recent inves-
tigations on silicic acid jellies by Anderson?, on starch-water jellies by Meyer?
and on soap jellies by Bachmann'® and McBain'. As might reasonably be
expeeted the exact nature of the network varies considerably in different
cases. In certain cases the structure appears grainy and, in others, definite
fibrils or filaments have been observed, particularly in the soap jellies of
Bachmann and MecBain. The filaments, where these oceur, likewise show
individual variations. Thus, Flade' in ror3 from a study of barium malonate

! Kotloid-Z., 14, 139 (1914)

* Schiefer: Z. gesamt. Naturwiss., 23, 347 (1864)

3 Kolloid-Z., 15, 202 (1914)

‘Ihid., 16, 16 (19135)

¢ Ihid., 22, 57 (1918); 28, 262 (1923)

¢ Niigeli and Schwendener: Das Mikroscop, 2 Ed. (1877); Theorie der Giirung, (18791

T Zsigmondy: Z. anorg. Chem., 71, 356 (1g911); Kolloid-Z., 11, 145 (1912}; Bach-
munn: Z. anorg. Chem., 73, 125, (1912)

$ Z. phys. Chem,, 88, 191 (1914)

? Kolloidchem. Beii\cfte, 5,1 (1913)

1* Kolloid-Z., 11, 145 (1912)

U Laing and McBain: J. Chem. Soe., 117, 1506 (1920)

1B Z. anorg, Chem., 82, 173 (1913)
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jeHies coneluded that jellies in general consist of a texture of probably erystal-
line threads; while Stubel! in tgry pointed out the resemblance of jelly fila-
«mnents to linear erystals; and Howell? in 1916 introduced the term erystalline
gel.  Bradford® considers gel formation as a process of crystallization;
Mocllert likewise believes that threadlike erystals form a lattice that entrains
the liquid; and von Weimarn® concludes from his investigations that a jelly
is & sponge composed of highly disperse, erystalline granules soaked in disper-
sive mediumn.  The view that gel formation iz merely a process of erystalliza-
tion is contradicted by the investigations of Barrett® and MeBain® although
both of the latter are strong supporters of the filamentous strueture. Bogue®
considers gelatin jelly to be made up of streptococcal threads of molecules.
Harrison? agrees that many jellies possess a fibrilar structure but he obtained
photographs of gelatine and cellulose jellies that showed the presence of
minute particles joined together in a somewhat irregular manner. Alexandert
believes that the polar nature of molecules may tend to produce some kind of
orientation and that some chain-like structures may be formed; but that the

formation of chains or.threads is not an essential of gel formation... He admits

however that polar groupings in chains probably takes place to a considerable
extent in dilute solutions of gelatine. It scems to me altogether unlikely that
jellies of widely different substances should be essentially identical in structure;
but investigators have apparently sought to establish such an identity.
Studies on specific jellies have led some to conclude that all jellies are made
up of amorphous threads, others that they are all composed of crystalline
threads and still others who fail to find any threads or filaments at all but
observe an irregular grouping of particles. Doubtless all are right in specific
cases so that it would seem that in order to get a jelly all that is necessary is to
precipitate uniformly throughout a solution a very finely divided crystalline
or amorphous substance that adsorbs the solvent very strongly. These finely
divided particles may form fibrilar threads or they may unite in a more irregu-
lar fashion forming trees, radials or something analogous to a string of beads.
The resulting network of myriads of hydrous particles constitutes the gel
structure. The amount of the dispersed phase that must be present to form
a firm jelly is determined by the size of the particles and the extent to which
they adsorb the dispersing liquid.

Formation of concentrated jellies: von Weimarn's Theory. Von Weimarn!
made a systematie study of the form in which substances precipitate from
solution. He pointed out that precipitation depends on a number of very

' Pfliiger’s Archiv, 156, 361 (1914)

t J. Physiology, 45, 26 (1916)

3 Biochem, J., 12, 351 (1918}

$ Kolloid-Z., 23, 11 (1918}

¢ J. Russ. Phys. Chem. Soc., 47, 2163 (1913}

¢ Biochem J., 14, 189 (1920}

7T foe. eit.

*Chem. Met. Eng., 23, 61 (1920); J. Am. Chem. Soc. 44, 1343 (1922)

~ ?“The Physics and Chemistry of Colloids and their Bearing on Industrial Questions”,

57 {19211
© “(ilue and Gelatine’', (1g23)
1 “Crundzige der Dispersoidchemic”, 30, (1911)
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different factors; on the solubility of the substance; on the latent heat of
precipitation; on the concentration at which the precipitation takes place;
on the normal pressure at the surface of the solvent: and on the molecular
weights of the solvent and the solute. He points out the impossibility of
taking all of these factors into account and simplifies the problem by consider-
ing first but two of the factors, the solubility of the precipitating substance and
the concentration at which precipitation begins. The effect of viscosity is
discussed briefly in a later work!. The process of condensation (preeipitation)
is divided into two parts; the first stage, in which the molecules condense to
invisible or ultramicroscopic crystals; and the second, which is concerned
with the growth of the particles as a result of diffusion. The velocity at the

important first moment of the first stage of the precipitation is formulated
thus:

A — i s

W Condensation pressure Q~L

P
- , - =K—=KU
Condensation resistance L L
where Wis the initial rate-of precipitation; Q-the total concentration of the
substance that is to precipitate; L the selubility of coarse erystals of the
substance; Q- L =P, the amount of supersaturation. The ratio P/L="Uis the
percentage supersaturation at the moment precipitation hegins.

The velocity of the second stage is given by the Nernst-Noyes equation:

D
V= —.0. (C]
3 C-D
where D is the diffusion coefficient; S the thickness of the adherent film, O the
surface, C the concentration of the surrounding solution and I the solubility of

the dispersed phase for the given degree of dispersity. (-l may be termed the
absolute supersaturation.

From these general formulations von Weimarn arrives at the conclusion
that jellies are obtained only when the ratio P/L, that is, the pereentage
supersaturation U, can be made enormous. It is pointed out that the nature
of a precipitate is quite difficrent depending on whether a given value of U is
obtained by alarge Porby a small L. Ifa large U is obtained by g high value
of P, a large amount of disperse phase is produced and a gel forms while if P is
small and L very small, a relatively small amount of disperse phase is produced
and a sol is formed. Von Weimarn has demonstrated the accuracy of hig
deductions in a large number of cases using reacting solutions of high concen-
trations; and it isapparently true that any salt can be obtained in a gelatinous
form if the concentration of the reacting solutions and so the velocity of pre-
cipitation is sufficiently high. Thus von Weimarn? prepared jellies of sub-
stances like BaSO, which usually precipitate in the form of erystals by mixing
very concentrated (3 N - 7 N) solutions of manganese sulphate and barium

! Zur Lehre von den Zustiinden der Materie, 21, (1914); Kolloidchem. Beihefte.,
4, 101 (19)2)

* “Zur Lehre von den Zustiinden der Materie™, 25 ( 1914)
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thiocyanate. This is not the condition under which jellies are usually obtained,
and their existence is temporary. By mixing very high cencentrations of
materials that react to form an insoluble precipitate, a very large number of
particles are formed because of & high degree of supersaturation.! Each of the
myriads of minute particles adsorhs a little water and so the whole amount of
liquid is enclosed thus forming what has been termed a jelly. These so-called
jellies break down on standing on account of growth of the particles and the
consequent liberation of adsorbed water. I do not believe that precipitates
it which the ratio of moles of water to moles of salt is say 20 : 1 or 25 : 1
should be considered as jellies in the same sense as precipitates in which this
ratio is two or three hundred times as great. Very finely divided sand or
Fuller’s earth may be matted in the bottom of a test tube and this solid will
take up a great deal of water before a supernatant water layer is observed;
but I should not call such a preparation a jelly. It seems to me that von
Weimarn’s barium sulphate jelly may be similar except that the particles are -
much smaller and so a given amount will take up more water. On the other
- hand with true jellies-where the amownt of enclosed water may be-relatively -
enormous, time must be allowed for the formation of a definite structure. As
a matter of fact von Weimarn® recognizes a difference hetween a BaSO0; jelly
prepared by his method and a jelly formed by uniform gelatinization of a
liquid throughout its mass as in the case of gelatine jelly. The former he
terms a “coarsely cellular gel” and the latter a “reticulated gel.” Be this as it

may, the important thing is that von Weimarn's method is not the usual one
for obtaining dilute jellies.

Formation of jellies by precipitation from colloidal solution. Since finely
divided particles that adsorb water strongly are of primary importance for the
formation of a hydrous jelly it would seem that the most promising method of
preparing dilute jellies would be to precipitate hydrous substanees from col-
loidal solution. The von Weimarn theory tells us, of course, that this precipi-
tation would have to take place at a suitable rate under conditions that are
not conducive to growth of the indivicdual particles; but it does not enable us
to predict the optimum rate of coagulation, the effect of salts on jelly formation
or the conditions that determine the formation of a jelly rather than a gelatin-
ous precipitate. As a result of recent investigations on the formation of
typical dilute inorganie jellies I have outlined the general conditions of jelly
formation and the effect on the process of various factors other than the
percentage supersaturation “at the important first moment of the first stage
of condensation” from molecules to invisible crystals. Jellies would be expeet-
ed to form from colloidal solution if a suitable amount is precipitated at a
suitable rate without agitation in the absence of a medium that exerts as
appreciable solvent or peptizing action. If the concentration of the colloid is
too low, no jelly or only a very soft jelly can result. If the velocity of precipi-
tation is too great, contraction is likely to occur with the formation of a gela-

' Bancroft: J. Phys. Chem. 24, 100 {1920)
* J. Russ. Phys. Chem. Soc., 47, 2163 (1915)
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tinous precipitate instead of a jelly. The effect of the presence of salts on
jelly formation is therefore determined in large measure by the precipitating
and stabilizing action of the ions in so far as these afiect the rate of precipita-
tion. In general a slow rate of precipitation is to be preferrred if there is no
tendency of the particles to grow as aresult of the solvent action of the electro-
lyte. Thefavorable concentration for different clectrolytesis in the immediate
region of their precipitation concentration. A little below this value no pre-
cipitation or only a slight precipitation takes place while above this value
coagulation is usually so rapid that a gelatinous precipitate is formed instead
of a jelly. The reason is that time is not allowed for uniform mixing of the
colloid with coagulant and the slow uniform precipitation that is necessary
for the building of a uniform jelly strueture is replaced by rapid uneven

coagulation and the consequent contraction that distinguishes a gelatinous
precipitate from & jelly.

Formation of jellies by dialysis. From the point of view outlined in the
foregoing section, the formation of jellies by dialysis of a colloidal hydrous
substance is readily inderstood. ~ Dialysis merely removes the stabilizimg ton
slowly and uniformly below the critical value necessary for peptization and
precipitation results just as if the adsorption of the stabilizing ion were com-

pensated for or neutralized by the addition of an electrolyte having a suitable
precipitating jon.,

Formation of dilute jellies by melathesis. The von Weimarn theory tells
us that mixing dilute solutions that interact at once will not give a jelly since
the percentage supersaturation P/L=U is too small hecause of the small value
of P. As a matter of fact however jellies have been obtained under certain
conditions by mixing quite dilute solutions in which P is small and in which 1,
is sufficiently large that precipitation is slow and quantitative precipitation
impossible so that P/L="1, is quite small. Such cases are apparently not
covered by the von Weimarn theory, It is quite possible to obtain a gelatin-
ous precipitate by mixing dilute solutions of two salts which precipitate
immediately (P small; but L very small) but a jelly will not form under these
conditions, The reason is evident when we consider the impossibility of getting
the instantancous mixing of the solutions which is essential for uniform pre-
cipitation throughout the solution. One part is precipitated before another is
mixed with the precipitant and the homogeneity which is characteristic of a
jelly islost. Moreover the mixing itself will tend to destroy the jelly structure.
The results are therefore not unlike those obtained when a colloid, capable of
forming a jelly by slow precipitation, is coagulated too rapidly by the addition
of excess electrolyte. To obtain a jelly from a colloidal solution it is necessary
to add such an amount of electrolyte that thorough mixing is possible before
appreciable coagulation takes place. From these considerations it follows
that precipitation of a hydrous substance as a result of double decomposition
might form a jelly instead of a gelatinous precipitate in case the thorough
mixing of the solutions eould be effected before precipitation begun and in
case the precipitation once started proceeded at a suitable rate,  Sueh condi-



32 HARRY B, WEISER AND ALLEN P, BLOXSOM

tions do not obtain as a rule; but they are quite possible theoretically. Thus
the precipitation may be the result of a step-wise reaction, one step of which
proceeds at a suitably slow rate. It is further possible to have a reaction that
proceeds very slowly at low temperatures but with marked velocity at higher
temperatures. This would not only allow of mixing without precipitation but
would enable one to control the subsequent rate of reaction by a suitable
regulation of the temperature.

Such a favorable combination of circumstances apparently obtains when
& manganese salt of a strong acid and IKXH:AsO; are mixed. The latter salt
ionizes thus: |

KH,As0;, =K' + H,AsO,

but on account of the solubility of Mn(H,As0s): no Mn ions are removed from
solution by interaction with H,AsO,. However the latter ion undergoes
secondary ionization to a slight degree as follows:

HgASO;’ :(::.i' H -+ HASO;”
eand insoluble MnHAéQ, is formed in accord with the f 6llbiﬁing reaction:
Mn~+HAsO” =MnHAsO,

Since the precipitation of MnHAsQ; is accompanied by the formation of an
equivalent amount of free hydrogen ion in solution an equilibrium is set up
which prevents the complete preeipitation of the manganese. However the
amount of MnHA=O, formed and the rate of formation by the above process
are apparently influenced to a marked degree by the temperature, so that
we should be able to realize experimentally the conditions most favorable for
the formation of a jelly by direct precipitation from solution.

Experimental

Ferric arsenate jellies. Colloidal ferric arsenate was prepared as des-
eribed by Holmes and Arnold by adding ferrie chloride in excess to a solution
of N NayHAsO,. 600 cc of the colloid containing the equivalent of 18 g
Fea(HAsO,); was dialyzed in the cold with the Neidle dialyzer. If a consider-
able excess of FeCl; is not employed, the colloidal solution sets to an opaque
yellowish white jelly on dialysis over night. With a large excess of ferrie
chloride prolonged dialysis was necessary to obtain a jelly which in this case
was perfectly clear, firm and yellowish red in color. The red color is undoubt-
edly due to the presence of colloidal ferric oxide formed by hydrolysis of the
chloride, as pointed out by Holmes.

A colloid prepared by mixing go0 ce of N FeCl; and 200 cc of N Na;HAsQ,
was dialyzed for several days. 20 ce portions of the colloid were diluted to
40 cc and in them were suspended parchment thimbles containing g ce of
electrolytes. The electrolyte diffused slowly through this parchment and
precipitated the colloid. Observations were made after a considerable amount
but not all of the solution was coagulated. The results are given in Table I.
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TapLe I
Precipitation of Colloidal Ferric Arsenate by Electrolytes
Precipitant

N Citric acid
o.1 N Citrie acid

Nature of precipitate

Gelatinous precipitate; partly dissolved
Jelly somewhat cloudy

o.ot N Citric acid Clear jelly

N Phosphioric acid Gelatinous precipitate; partly dissolved
o.r N Phosphoric acid Jelly somewhat cloudy

o.01 N Phosphorie acid Clear jelly

0.1 N Sulphuric acid Cloudy jelly

o.o1 Sulphurie acid Clear jelly

N Sodium sulphate Cloudy jelly

o.1 N Sodium sulphate Jelly somewhat cloudy

o.or N Sedium sulphate Clear jelly

The results recorded in Table I confirm the conelusion that ferrie arsenate
jellies may be formed by adding a suitable amount of precipitating electrolyte
to the eolloidal solution of the salt. If the concentration of the clectrolyte
within the membrane 75 too great the precipitation concentration is resched
quickly near the surface of the membrane so that rapid precipitation takes
place at once at this point and continues step-wise with the formation of g
gelatinous precipitate. With a dilute solution the precipitation concentration
is attained slowly throughout a considerable portion of the eolloid and the
uniform coagulation results in a jelly. Itwill be recalled that Holmes believed
that jellies were formed by dialysis of ferric arsenate on aceount of the removal

of H'ion and the consequent shifting to the left of the equilibrium represent-
ed by the equation

FG:(HASO();'{'ﬁ HCl ﬁ 2 FCCI:;—{*—j H:;ASO.;.

While it is true that HCl shows both a solvent and peptizing action on ferric
arsenate, the latter is the only one of importance with low concentrations of
acid. It would seem therefore that the reduction of the hydrogen ion concen-
tration below a critical value was important largely because hydrogen ion
happencd to be the stabilizing ion. If this is the case then the addition of an
electrolyte having a strongly adserbed cation would neutralize the adsorbed
hydrogen ion and so would have the same effect as clecreasing the actual
hydrogen ion concentration in solution. Indeed the hydrogen ion concentra-
tion in the solution might even be inereased by the addition of an acid with a
multivalent anion that is strongly adsorbed providing the solvent action of
this acid is not too great. The aceuracy of the conclusions is indicated by the
results given in Table I. From the observations there scemed o be no neces-
sary reason for adding the precipitating electrolyte slowly by diffusion through
parchment. A suitable concentration of cleetrolyte added direetly to the
colloid should produce the same results. This was found to be the ease as
shown by the experiments recorded in Table II. To 5 cc of the colloid was
added the amount of eleetrolyte shown in the first column in the table;

observations were made after allowing the mixture to stand for the period of
time noted in the third column.
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TasLe 11
Precipitation of Colloidal Ferric Arsenate by Electrolytes
] Final

lnlgstgogg tfoﬁﬁ?j d "Qi:‘ne Time Nature of precipitate
§ ¢¢ N/ 100 HoC0; 10.0 1o da No precipitate
6 ec N/100 ” I1.o 10 da Partly precipitated, gelatinous
ozce Nio " 3.2 7 da Perfectly clear jelly
o3¢e¢ N/io " 5.3 4da | Perfectly clear firm jelly
ogsce N/io " 5.3 i da Firm opalescent jelly
o6ce N/to "V 5.6 1 hr Firm opaque jelly
4 e¢ N/ 100 H.80y 9.0 1 da Perfeetly clear jelly
6 ce N/1o00 " 11.0 1 da Firm slightly opalescent jelly
8 c¢ N/100 o 13.0 1 da Firm opalescent jelly
ozce Nfto " 5.2 4 da Perfectly clear jelly
o.4¢e Nfro " 5.4 3 da Firm jelly; slightly opalescent
o8¢ceN/ie " 3.8 t hr Firm opagque jelly
r3ce NJie " 6.3 2 min | Gelatinous precipitate
4 ¢¢ N/ 100 H3PO; 9.0 7da [ Perfectly clear soft jelly
6 cc N/1oo " 1.0 7 da Perfectly clear soft jelly
ozceN/to " §.2 10 da Perfeetly clear soft jelly
o4 N/to " 5.4 4 da Clear firm jelly
o8ceN/to 3.8 1 da Firm very cloudy jelly
r.sce N/ro 6.3 3 min | Gelatinous precipitate
o.1 ¢c¢ N/ 1o Citric 3.1 7 da Perfectly clear weak jelly
o.2¢ce Njto " §.2 4 da Perfectly clear firm jelly
o4ecN/te 7 5.4 3 da Firm slightly opalescent jelly
obecN/io " 5.6 1 da Firm cloudy jelly
roce N/io " 6.0 2min | Gelatinous precipitate
2 ¢¢ N/1oo NH,0H 7.0 3 da Perfectly clear weak jelly
3ee N/1oo " 8.0 t da Firm opalescent jelly
s ¢¢ N/ 100 o 10.0 1 hr Iirm opaque jelly
oree N/io " 5.1 3da Perfectly clear weak jelly
oz¢¢ N/ro " 5.2 t da Perfectly clear firm jelly
o.scc Nfio 7 5.5 1 min | Gelatirzus precipitate
1 ¢c¢ N/ 100 NaC.H,0, 6.0 1o da No precipitate
2 ¢ce N/1oo " 7.0 6 da Perfectly clear soft jelly
3¢ce N/1oo " 8.0 3 da Perfectly clear firm jelly
gsce N/1oo " 10.0 1 hr Opaque jelly
oz2¢¢N/io " 3.2 4 da Perfectly clear weak jelly
o.3c¢c N/rto " 3.3 3 da Perfeetly clear firm jelly
osee N/ro 5.3 1da Opaque jelly
1 ¢¢ N/1o00 Na.SO; 6.0 5da Perfectly clear soft jelly
r.s5¢ce N/roo " 6.3 3 da Perfectly clear firm jelly
2 ¢¢ N/ 100 " 7.0 tda Firm slightly opalescent jelly
6 cec N/1oo o 11.0 t hr Opaque jelly

The above results merely emphasize the importance of neutralizing the
adsorbed stabilizing hydrogen ion since suitable acids, bases and salts are
equally effective in the precipitation of a jelly from colloidal solutions. It will
be noted that if too little electrolyte is added no jelly or an imperfect or soft
jelly resulis while, if too much electrolyte is used, a gelatinous precipitate is
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obtained. All stages in the process from the formation of weak clear jellies
through firm clear jellies and firm opalescent jellics to gelatinous precipitates
can he realized by suitable variation in the amounts of the several clectrolytes.

Aluminiwm arsenale jellies. Colloidal aluminium arsenate was prepared
in the same manner as ferric arsenate and the nature of the precipitate on
coagulation with eleetrolytes was observed. The procedure was similar fo
that described above. The observations made after four days, as given in
Table 111, confirm the result obtained with collodial ferric arsenate.

TasLe 11
Precipitation of Colloidal Aluminium Arsenate by Electrolytes
hlect;«;%rizl?gﬁcd to Final volume cc¢ Nature of precipitate

¢.05 ¢¢ N/1o Na(,H;0; 5.05 No precipitate
o.1ccN/io " 5.1 Firm clear jelly
o.r3ceNfro  ” 5.5 Firm opalescent.jelly
r.oec N/ioo " 6.0 Firm clear jelly
2.0c¢¢ N/1too 7" 7.0 Gelatinous precipitate
1.3 c¢ N/ 100 Ng,SO; 6.3 Soft jelly

1.4¢¢ N/1oo " 6.4 Soft jelly

yeec N/ioo " 6.6 Gelatinous precipitate
0.4 ¢c N/100 NH,OH 3.4 No precipitate

0.6 c¢ N/1oo " 5.6 Soft clear jelly

1.0 cc N/10o HaSOy 6.0 No precipitate

2.0c¢ N/1oo " 7.0 Clear firm jelly

goce N/ioo 7V 9.0 Clear soft jelly

Manganese arsenale jelltes. In the previous section I pointed out that a
necessary condition for the formation of dilute jellies by precipitation directly
from solution was delay in the precipitation of a hydrous substance until
thorough mixing of the interacting solutions was effected. When solutions of
a manganese salt are mixed with a solution of dihydrogen arsenate the follow-
ing reaction takes place.

HeASO;' = HASO4V+ H’
Mn"4+HAs0O," = MnHAsO;

Since Diesz has shown that the amount of MnHAsO, precipitated and the
velocity of the precipitation are greater the higher the temperature, it secemed
desirable to bring about the mixing of the solutions at as low a temperature
as possible and then warm the mixture to the temperature necessary to get
adequate precipitation. The method of procedure was as follows: Solutions
of 13 molar MnCl: and 14 molar KH.AsO; were prepared from freshly boiled
water, We found that this precaution was neeessary in order to prevent the
formation of air bubbles in the jelly. The solutions were cooled to o° and
measured amounts of cach were placed in 60 ce test tubes in the ratio shown
in the table. The solutions were diluted with cold water cither to the final
volume shown in column 3 of Table IV or to an aliquot part thercof. The
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water wag distributed between the two test tubes so that the volume in each
was the same. The mouths of the tubes were then connected with a piece of
large thin rubber tubing used in connection with Gooch filter funnels. Rapid
mixing was accomplished by inverting one of the tubes quickly and then
promptly throwing the entire contents back into the empty tube. The
mixture was set aside for 15-z0 minutes, and if jelling had not begun, the tube
was then warmed by dipping carefully into boiling water until precipitation
started, after which it was allowed to stand quietly. In the experiments using
KH.Ag0, it was possible in every case to get complete mixing before precipita-
tion started and excellent clear jellies were obtained. With the secondary
and tertiary salts instantaneous formation of a gelatinous precipitate or a
cloudy heterogenous jelly was produced. The results are shown in Table IV,

TapLelV
Precipitation of Manganese Arsenate
 Hlectrolytesmixed. 1 Final Natite of Precipitate.
IV_I'HCIQ KHEABOQ
1o 10 20 Firm jelly almost clear
10 20 30 Firm jelly almost clear
10 20 30 Firm jelly perfectly transparent
10 20 100 Firm Jelly perfectly transparent
10 20 200 Soft jelly perfectly transparent
10 20 300 No jelly
N&HgASO{ ’

10 10 20 Cloudy jelly not uniform
10 10 50 Cloudy gelatinous precipitate

The manganese arsenate jellies prepared as above deseribed are unusually
clear and perfect and are very stable showing little tendenecy to cloud up and
crystallize after standing a month; and they undergo little or no contraction
or syneresis on standing.

On heating the jelly, crystals of MnHAsO, were formed. Diesz found
that about half the theoretical amount of salt was precipitated on mixing
solutions of MnCl, and KH,As0Q, in the approximate ratio given in Table I11
and heating the mixture for eight hours on the water bath. The amount
of MnHAs0, formed under the conditions of our experiments was doubtless
much less; but assuming that half the theoretical amount was precipitated,
it follows that a very firm jelly results with 0.59; and a soft jelly with
but 0.25% MnHAsO,. Good jellies are not obtained by mixing MnCl,
and Na.HAsQ, since the precipitation is instantaneous not allowing time
for the formation of the jelly structure after the mixing,

Zinc arsenale jellies. Zinc arsenate jellies result on mixing zine sulphate
with KH,AsO, or Na,HAsO; under suitable conditions. The jellies formed
with Na,HAsO, were cloudy and not uniform because of too rapid precipita-
tion. The precipitation was more rapid on adding KH,AsO; to a solution of a
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zine salt. then to a manganese salt. Good jellies were therefore obtained only
at fairly high dilutions which slowed down the precipitation and allowed time
for mixing. It seemed likely that the same result could be accomplished with
more concentrated solutions by increasing the hydrogen ion concentration
slightly. This was true as shown by the observations recorded in Table V.

TaBLe V
Percipitation of Zinc Arsenate

Solutions mixed Final . -
ce volume Nature of precipitate

e

ZnSO, K.H AsO,

10 10 20 Gelatinous precipitate formed at
once enclosing most of the
water. Cloudy.

10 20 30 Cloudy gelatinous precipitate
formed at once enclosing all the
t | . water,
10 10* 20 No precipitate until after warm-
ing. Firm clear jelly
10 20 50 Gelatinous precipitate formed at

once but mixture set to a fairly
clear jelly that was not uniform
and contained air bubbles.

1o 20% 50 Exeellent clear jelly.

10 10 40 Precipitation delayed slightly.
Firm jelly slightly opalescent.

) 10 6o Perfectly clear transparent jelly.

10 20 100 No immediate precipitation. Per-

fectly clear jelly on warming.
Na,HAsO,
10 10 50 Immediate precipitation of cloudy

jelly; not uniform
*0.1 c¢ N HsS0, added before mixing.

The results recorded in Table V on the formation of zinc arsenate jellies
emphasize the importance of preventing precipitation until mixing of the
solutions is complete. From the observations one would predict that a gelatin-
ous precipitate but not a jelly would form on mixing a zinc salt of a weak acid
with KH,AsQO,. This was tested with zine acctate and the conclusion confirm-
ed. Instantancous precipitation of a cloudy gelatinous precipitate instead of
a clear uniform jelly took place even with quite dilute solutions.

To obtain good zine arsenate jellies it is necessary to control the condi-
tions of precipitation more carcfully than with manganese arsenate. Moreover
the jellies are less stable and even the dilute one become cloudy in a few days
owing to the formation of erystals.

Cadmium arsenale jellies. Cadmium arsenate tends to precipitate
rapidly as a gelatinous precipitate which goes over quickly to a crystalline
mass so that it is impossible to obtain jellies that will remain clear for more
than a few minutes. If the hydrogen ion concentration is increased in an

TR TR Ty
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attempt to slow down the precipitation the solvent action causes the formation
of a crystalline precipitate. The results of a series of experiments are given

in Table VI.
TasLe VI
Precipitation of Cadmium Arsenate
ot : ! Final |
Soiutrg(r.ls mixed ! volume i Nature of precipitate
' ec
CdSO, K.HAs0,
to 1o 20 Jelly starts to eloud up quickly
1o ¢ 10 40 Gelatinous precipitate at outset
. setting quickly to semi-trans-
parent jelly that starts to erys-
tallize in a short time.
fo 10 6o Similar to the preceeding hut
i Inore stable
10 | 1o¥ ; 20 | Crystalline precipitate
b NaHAsO, - S SR
1o 10 ; 50 (relatinous precipitate
*0.05 te N H;.\SO;

The results confirm Klemp and Gyrlay’s observations regarding the
instability of cadmium arsenate jellies. The tendency of copper arsenate to
form a granular precipitate is so great that it was not pessible to precipitate
it in the form of a jelly.

Cobalt arsenale jellies. Cobalt arsenate tends to precipitate in a gelatin-
ous form and considerable difficulty was encountered in preparing a jelly,
On mixing Co(Cl, and Na,HAsO, precipitation was quite slow on standing at
room temperature and a floceulent precipitate always resulted. To obtain g
jelly the solutions were mixed and the container was dipped in boiling water
to start precipitation and then allowed to stand quictly for a suitable period.

Too little or too much heating always results in a Aocculent precipitate instead
of a jelly. The results are given in Table VII.

TapLe VII
Precipitation of Cobalt Arsenate
" 4 : Final |
‘c"’l"t"’gf mixed " volume | Nature of precipitate
‘ e :
CoCl, KH,As0,
10 o 20 Firm cloudy rose-colored jelly
20 {10 30 Firm cloudy rose-colored jelly
20 T 40 Firm cloudy rose-colored jelly
20 1o 50 Firm eloudy rose-colored jelly
}‘JRQI‘IASO.; ! . .

1o o 3 30 Blue gelatinous precipitate

In every case the cobalt arscnate jellies were opaque but they were
apparently uniform in structure and were quite stable.
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Ferrous arsenale jellies. To prepare ferrous arsenate jellies a solution of
ferrous ammonium sulphate was mixed with KH.As0; and the mixture allowed
to stand quietly over night. The jellies formed slowly and the process could
not be hastened by warming, sinec a gelatinous precipitate formed under
these conditions. The results of a series of experiments are given in Table
VIII.

TasLe VIII
Precipitation of Ferrous Arsenate
. . Final
Solutions mixed Volume Nature of precipitate
ce re
FeSO(NH.).S0,| KHuAsO, |
10 10 20 Firm greenish jelly slightly cloudy
10 20 3C Firm greenish jelly slightly cloudy
10 20 80 | [Firm greenish jelly slightly eloudy
Summary

The results of this investigation are as follows:

1. Von Weimarn has shown that any sparingly soluble salt wmay be
precipitated in the gelatinous form if the concentration of the reacting sub-
stances and so the percentage supersaturation is sufficiently great. These are
however not the conditions under which jellies are usually formed and the
amount of enclosed liquid is relatively small. The limitations of the von
Weimarn generalization are discussed in so far as the formation of inorganic
jellies is concerned and the general conditions are outlined for the formation
of typical dilute jellies where the amount of enelosed liquid is relatively very
great.

2. The jelly structure is made up of a network of minute particles that
adsorb liquid strongly, hence jellies may be prepared by coagulating a colloidal
solution of a highly hydrous substance at a suitable rate in the absence of an
electrolyte that possesses an appreciable solvent action. The cffect of salts
on the formation of jellies is determined in large measure by the precipitating
and stabilizing action of the ions in so far as these influence the amount and
velocity of coagulation. A relatively slow rate of precipitation is essential
such as may be realized in the immediate region of the precipitation concen-
tration of an clectrolyte. A little below this value no precipitation or only a
slight precipitation takes place while above this value coagulation is usually so
rapid that a gelatinous precipitate is formed instead of a jelly. The reason is
that time is not allowed for uniform mixing of the colloid with eoagulant and
the slow uniform preeipitation that is necessary for the building of a uniform
jelly structure is replaced by rapid uneven coagulation and the consequent
contraction that distinguishes a gelatinous precipitate from a jelly.

3. The formation of jellies by dialysis of a colloidal solution of a hydrous
substance is a special case of coagulation of a colloid by decreasing the adsorp-
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tion of the stabilizing ion below a ecritical value as a result of reducing its
concentration in solution. The same result is accomplished by adding the

right amount of clectrolyte with & suitable precipitating ion the adsorption of
which neutralizes the adsorption of the stabilizing ion.

4. Colloidal ferric arsenate and aluminum arsenate were prepared which
owe their stability to adsorbed hydrogen ion. Jellies result by reducing the
concentration of the stabilizing ions by prolonged dialysis. Similar results
were obtained by coagulating the colloids with various electrolytes having
strongly adsorbed cations, such as citric, sulphurie, phosphoric and oxalie
acid and ammonium hydroxide, sodium sulphate and sodium acetate. Since
jellies are formed by coagulation of the colloid by acids it is evident that the
important thing is the neutralization of the adsorbed hydrogen ion and not
the actual hydrogen ion concentration in the solution.

5. Jellies may be formed by mixing quite dilute solutions that react to
form a hydrous precipitate providing the precipitation can be delayed until
the interacting solutions are-thoroughly mixed-and then ean he made to pro-
ceed at a suitable rate. Immediate precipitation always results in the forma-
tion of a gelatinous or flocculent precipitate instead of a jelly.

6. The conditions stipulated in (5) were realized with the argenates of
Mn, Co, Fe” Cd, and Zn by mixing solutions of their salts of strong acids with
KH,As0, in the cold and allowing them to stand at room temperature or
warming to a suitable temperature. The mechanism of the process is outlined
and the importanee of the temperature and the hydrogen ion concentration
on the rate of precipitation and henece on the nature of the precipitate, is
discussed.

Departinent of Chemistry
The Rice Institute
Houston, Tezas.



STUDIES ON THE FORMATION OF PERIODIC PRECIPITATERS. H
BY N. R. DHAR AND A, C. CHATTERJI

——— Mt

In the first paper of this serieg' the following facts have been brought out :

Gelatine previously mixed with dichromate has a better peptising cffect
upon silver chromate than when it is previously mixed with silver nitrate. It
is very likely that this has some bearing on the common practice of adding
silver nitrate solution over that of gelatine and dichromate. We have also
studied the peculiar behaviour of the products obtained by mixing together a
metallic salt (capable of giving an insoluble hydroxide), ammonia or alkali
hydroxide and glycerine or a concentrated solution of sugar. We get or do not
get the precipitate of the hydroxide, according as we add the salt solution to a
mixture of glycerine and alkali or the hydroxide to the mixture of glycerine

-and the solution of the salt. We have proved that these are real cases of

peptisation, We have also observed that insoluble metallic hydroxides like
those of iron or cobalt ean be peptised not only in presence of glyeerine or a
concentrated sugar solution, but also in solution of gelatine, agar, gum arabic
and even starch. It was also observed that the power of peptisation possessed
by a certain amount of any of these substances depends a good deal upon the
concentrations of the reacting solutions. Thus glycerine may not be able to
peptise ferric hydroxide if a very concentrated solution of ferrie chloride be
used. It was also observed in that paper that the periodie precipitation pro-
duced when an eleetrolyte reacts upon another already dissolved in gelatine
or agar scems to have a close connectioni n its action with the peptisation
phenomenon noted above,

In this paper the effects of change of concentration of the reacting sub-
stances and of the gel have been investigated. Moreover the action of diffused
daylight on the formation of Liesegang rings has been studied. Experiments
have been conducted in diffused light of the laboratory and in the dark under
identical conditions. A general explanation of the formation of periodie
precipitate has also been advanced.

Numerous experiments were made with silicic acid gel containing sodiuin
chloride as one of the reacting substances. Gels of three concentrations con-
taining equivalent amounts of sodium chloride were used, the concentrations
of silicic acid and of sodium chloride were widely varied in these three sets of
experiments.  In every case N /1 silver nitrate, N/2 silver nitrate and N,
silver nitrate were allowed to diffuse in test tubes containing the gel and sod-
ium chloride and experiments were conducted in light and in the dark. Inthe
other series of experiments with the three difierent concentrations of the gel
30%, 209, 10%, 5%, 239, and 135, solutions lead nitrate was allowed to
diffuse in test tubes containing silicic acid and sodium chloride.

' N. G. Chatterji and N, R. Dhar: Kolloid-Z, 31, 13 (1922)
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The following is the summary of results obtained with lead nitrate as the
diffusing liquid —

In all tubes the rings of lead chloride are very fine and close together at
the top and as we go down the tube the rings get separated and the distanee
hetween two consecutive rings goes on increasing, at the same time the rings
become more and more prominent and thicker and thicker. At the beginning
the concentration of lead nitrate is high and consequently more lead chromate
is formed and hence the solution of lead chromate has & much greater possibil-
ity of coagulation. Later on the concentration of the diffusing substance
gradually falls off and hence the limiting concentration of the sol of lead chro-
mate at which coagulation takes place is obtained after a sufficient interval,
That is why the distance between the rings gets greater and greater as one
goes down the tube.

2. By keeping the concentration of lead nitrate constant and decreasing
the concentration of the gel and of sedium chloride to half and one fourth, the
rings decrease in prominence by becoming finer and finer, i.c. with the decrease
in the concentrations of the gel and of sodium chloride the actual amount of
precipitate in a single ring at an equal distance from the precipitate decreases.
The rings seem to become more and regular. The explanation is that the

amount of lead chloride formed is less because the concentration of sodium
chloride is also deereased.

3. By keeping the concentration of sodium chloride and of the gel con-

stant and varying the concentration of lead nitrate solution, the following
results are obtained:—

(a) The ringe are elearly visible in all tubes; the width of the rvings at
an equal distance from the interface inereases with the deerease in strength
of the lead nitrate solution. This and the following facts can be explained on

the basis of diffusion of lead nitrate and the falling off in the concentration of
the salt as we go down the tybe,

(b) The distance between two consecutive rings at an equal distance
from the interface inereases as the strength of lead nitrate is decreased i.e. the
rings are less elosely packed as the strength of lead nitrate is deereased.

4. By keeping the concentration of lead nitrate constant and varying
the concentration of gel to half and to one fourth, the distanee between two
consecutive rings at the same distance from the interface decreases i.e. the .
rings are closcly packed as the strength of the gel is decreased.  This is due to
the change in the concentration od the peptising agent. The less the coneen-
tration of the gel the greater is the possibility of coagulation.

5. The tubes are not affected by diffused light.

6. Insome tubes alternate thick and thin rings are seen. By decreasing
the concentration of the gel, tubes containing stronger lead nitrate solution

contain thick and thin rings, while with sufficiently strong gel this is not
observed.
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The following results are obtained with silver nitrate as the diffusing
liquid ;—

1. DBy keeping the concentration of silver nitrate constant and varying
the amount of silicie acid by half and one fourth, the length of continuous
precipitate of silver chloride is increased. By decreasing the concentration of
silicic acid the chances of coagulation are increased, that is why the length of
the uniform precipitate is increased.

2. By keeping the concentration of the gel constant and varying the
amount of silver nitrate by half and one fourth, the length of continuous
precipitate is decreased. This ean be zatisfactorily explained on the basis of
the falling off of the concentration of silver nitrate by diffusion.

3. By keeping the strength of silver nitrate constant and by decreasing
the strength of the gel to half and one fourth, the number of the bands increases
as well as they become more and more clear. The width of a single band at
equal distance from the interface increases with the decrease in the strength of
the gel. The explanation can be given on the basis that the less the concen-
tration of the gel the greater the chance of coagulation of the wol.

4. By keeping the strength of the gel constant and decreasing the strength
of silver nitrate to half and one fourth the number of the bands is also deereased
as well as they become more and more faint. The width of a single band at
equal distance from the interface deereases with the deerease in the strength
of the silver nitrate solution. This is because of the fact that the greater the
concentration of the gel the less the chance of coagulation of the sol.

5. In cases where the test tubes were exposed to diffused light, bands
were developed with rapidity and were clearly visible while no rings were
visible in majority of tubes kept in the dark, though the length of the diffused
precipitate was the same.  Silver salts are highly affected by light. It has
already been said that light is a very good coagulating agent, that is why test
tubes exposed to light develop bands with rapidity whilst a tube kept in the
dark shows no bands. The bands are due to coagulated silver chloride.!

From our experiments we find that diffused light affects only the tubes
containing silver chloride and silver iodide, whilst the rings of lead chloride
and lead todide in silicic acid are entirely unaffected by diffused light. These
results are in harmony with those obtained recently by Licsegang? but are not
in agreement with those obtained by Hatschek.?

It appears that almost all sparingly soluble substances are capable of
forming Liesegang rings in a suitable gel.

With agar as the gel, experiments were performed in the dark and in the
diffused light with the objeet of obtaining rings of lead iodide, mercuric iodide
and silver iodide.  With lead iodide there is absolutely no difference in the
nature of the rings obtained in light and in the dark.  Rings of mereuric iodide

! Campare Ganguly and Dhar: Kolloid-Z. 31, 17 (19221
? Kolloid-Z. 32, 263 (1923)
3 Proe. Roy. Soc. 99, 496 (1921
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in agar were obtained by the interaction of mercuric nitrate and potassium
iodide as well as by the interaction of mereurie chloride and potassium iodide.,
At first with mereurie iodide the rings are clearly formed when the concentra-
tions of mereuric uitrate and potassium iodide are low. After the lapse of a
few days the rings becoine quite prominent.  When dilute solutions of mereyurie
ehiloride are allowed to react on potassium iodide, bands of mereurie iodide are
formed which are alternately red and yellow. Those tubes which are exposed
to difiused light show more rings than those in the dark, Silver iodide gave
rings only in diffused light; no rings were vigible in the dark.

A quantitative explanation of the formation of periodie precipitates is
yet to come.  The earliest one due to Ostwald assumes supersaturation follow-
ed by precipitation, and consequently clearing of the immediate neighbour-
hood of the precipitate from the reactants, so that the diffusing ion has to
travel some distance before precipitation again oceurs. Hatschek holds that
this theory is disapproved by the faet that periodic precipitation still takes
place in the presenee of erystalline muelei of the precipitate or of a previous
stratification which should have: rendered supersaturation impossible. It is
well known that release of supersacuration takes place very readily or rather
mstantaneously when erystalline nuelei are added to a supersaturation solu-
tion. Innumerable centres of crystallisation are ereated and in a very short
time the solution is freed from the extra amount of the dissolved substance.

It is practically certain that in presence of gelatine or agar or any other
protecting colloid substances like silver chromate, lead chromate, lead iodide,
ete., which form Liesegang rings are in the peptised condition. In other words
silver chromate or lead jodide, cte., remain in a colloidal state.! From our
experiences on colloidal matter we know that if some finely solid substance is
present in a coiloidal medium, sometimes the colloida] matter coagulates;
but this process is extremely slow in comparison with the phenomenon of the
release of supersaturation from a supersaturated solution. We have not been
able to coagulate silver chromate sol protected by a large amount of gelatine
by keeping it in contact with solid silver chromate even for several days. On
the other hand it has been observed that a sol of antimony sulphide containing
a little tartrate gradually coagulates on the mouids formed after a few days
due to the presence of the tartrate. From the above considerations it becomes
difficult to accept the explanation of Ostwald, but there is some truth in the
explanation because it is certain that a nueleus always favours precipitation,
The suggestion of the late Lord Rayleigh? is also beset with the same difficul-
ties as the explanation of Ostwald, In this conneetion it would be of interest
to note that Barger and Field® found that g supersaturated solution of sapona-
rin was colloidal, and this substanee did not crystallise on addition of crystals
of saponarin.

' Compare Williams and MacKenzie: J. Chem. Soe,, 117, 854 (19201
* Phil Mag., 37, 738 {1919)
3 J. Chem. Sec., 101, 1397 {1912)
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The most important alternative theory of periodie precipitation was
advanced by Bradford.! According to him one of the reaeting solutes is
adsorbed by the layer of precipitate, the result being a zone practically free
from it so that the clear spaee between the strata is at once accounted for,
There are several difficulties of this theory, which seems very interesting.  In
a foregoing paper? it has been proved that freshly precipitated manganese
dioxide is & very good adsorbent of electrolytes, Manganese dioxide adeorbs
mainly the positive portion of the salt. It has been observed that when freshly
preeipitated and washed and air dried hydrated manganese dioxide is used as
an adsorbent the amount of eleetrolyte adsorbed is only a few per cent of the
total amount of the electrolyte taken. It has also been observed in snother
paper® that manganese dioxide in the course of its formation is certainly a
better adsorbent than the air dried specimen.  Even then from our experiments
we have repeatedly seen that manganese dioxide in the ecourse of its formation
adsorbs only a portion of the total amount of the eleetrolyte taken from sub-
stances hike AgNO;, CdCly, CASO,, MgSO;, Me(l, ete. We have also obeerved
that--substances- like. barium sulphate hardly adsorb electrolytes like CuCl,,
CuSO,, ete. Similarly freshly precipitated Fe(OH)s has been found to adsorh
only a fraction of caustic potash or caustic soda even from a dilute solution,
We have also observed that freshly precipitated Ag.CrOhardly adsorbg any
potassium chromate even from a dilute soultion. In view of these facts it is
very difficult to accept the beantiful explanation suggested by Bradford of
periodie precipitation. To prove the validity of this theory we must show
that substances like PhCrOy, Pbl,, Ag:CrO; ete., can adsorb considerably
electrolytes like potassium chromate, potassium iodide, ote., which is not
corroborated hy direct experiments on adsorption.

It is a great pity that the explanation of Ostwald or of Bradford leaves the
gel which is certainly an important factor in periodic preecipitation out of
account altogether. Consequently the suggestions advanced so far to explain
periodic precipitation seems to be unsatisfactory.

We have repeatedly observed that freshly precipitated BaSO; can adsorh
various colloidal substances and the colloidal matter gets coagulated antl
settles down along with the barium sulphate. Thus sols of antimony sulphide,
ferric hydroxide, cadmium sulphide silver iodide, silver bromide, ete. can be
more or less readily coagulated by freshly pptd barium sulphate. Similarly
ferric hydroxide has been found to precipitate several colloids, like ferric
hydroxide sol barium chromate sol ete. Similarly solid lead chromate can
readily coagulate a colloidal sol of lead chromate.  Morecover it has been
observed that freshly preeipitated lead iodide and lead chloride can appreci-
ably adsorb and coagulate the sols of lead iodide and lead chloride. Freshlv
precipitated sulphides of silver mereury and lead have been found to adsorb
and coagulate the sols of the respeetive substances,

! Biochem. J. 10, 169 (1916); 11, 14, 157, i 1917
3 N. G. Chatterji and N, R. Dhar: Kolloid-Z. 33, 1% 11923
3 Ganguly and Dhar; J. Phys. Chem, 26, 836 (1922
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It a little gelatine is added to the sols they become more stable and their
coagulation becomes more difficult by the freshly pptd substanees, just as
coagulation of sols by electroly tes can be hindered by the addition of proteetive
colloidal like gelatin, gum arabic, ete. In a similarly way the foregoing sols
can he made more stable by the addition of protective colloids like gelatin,
gum arabic, ete., against their precipitation by freshly precipitated substances
like barium sulphate, lead chromate, lead iodide and lead chloride, ete.

The protecting substance swrrounds the sol completely and forms an
envelope round a particle of the sol in question and thus stops the intimate
contact of the sol particles with the precipitating substance such as an electro-
Iyte or barium sulphate.  In our opinion this is the best explanation for the
protecting action of substanees like gelatin and gum arabie, ete., on sols in
general.

From some preliminary experiments we find that a sol of antimony
sulphide eannot be precipitated by freshly precipitated antimony sulphide
though freshly precipitated barium sulphate can readily coagulate a sol of
anfimony sulphide.” Similarly we could not coagulate a sol of silver chromate
by freshly precipitated silver chromate but in majority of eases we have found
that sols can be more or less completely coagulated by the respeetive solids in a
freshly preeipitated condition.

Basing on these ohservations we suggest the following explanation of the
formation of Licsegang rings:—

Let us take the case of lead nitrate which is allowed to diffuse in a mixture
of potassium chromate and agar. When lead nitratc comes in contact with
potassium chromate in presence of agar, lead chromate and potassium nitrate
are formed, the agar exerts a peptising influence on the lead chromate and at
the beginning the substance remains in a more or less colloidal condition. On
the other hand, the potassium nitrate is exerting a coagulating influence on
lead chromate all the time. Now at the heginning the concentration of lead
nitrate heing high, the lead chromate formed is much in excess to that which
the agar can hold in suspension and the lead chromate coagulates and this
process 18 certainly facilitated by the other product of reaction, which is
potassium nitrate in this case. The potassium nitrate is eertainly partially
adsorbed by the pptd lead chromate. The lead nitrate is continually diffusing
and is passing through the precipitated layer of lead chromate by which a
small quantity of lead nitrate is being adsorbed. The diffusing lead nitrate
is coming in contact with lower layers of potassium chromate and is at first
forming colloidal lead chromate in presence of the protective agent, agar.
This colloidal lead chromate is gradually coagulated by the solid lead ehromate
already formed and settles on the solid; in this way a layer next to the solid
hecomes free from lead chromate sol. The diffusing lead nitrate passes
through this layer which is practically free from chromate and comes in con-
tact with another layer of potassium chromate and at first it forms a layer of
colloidal lead chromate but gradually the concentration of lead chromate
increases and the colloidal matter gets coagulated; this process is facilitated
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by the presenee of potassium nitrate. This explanation scoms satisfactory in
cases where the colloidal matter has been found to be cosgulated by the
presence of the solid.  We have observed that solid lead chromate ean adsorb
and coagulate colloidal lead chromate. ¥n those eases in which coagulation
of sol cannot take place in presenee of the solid matter, the explanation
becomes more complicated. In these eases it seems likely that the second
product of the reaction e.g. potassium nitrate formed by the interaction say
of mercuric nitrate and potassium iodide, plays a dominant part in the process
of coagulation. From the experiments of Linder and Picton and others we
know that substances like antimony sulphide, are readily congulated by elec-
trolytes and appreciable quantities of the clectrolyte are adsorbed by the
precipitate. [tis quite likely that mereurie iodide which exists in the beginning
in a more ot less eolloidal condition gets preeipitated due to the presence of the
clectrolyte, say potassium nitrate, and a part of the potassium nitrate is
adsorbed by the precipitate. Consequently the layer next to this precipitate
contains much less of the precipitating agent and hence a layer of mercuric
todide can -exist-in.the peptised. condition without coagulation taking place.
The diffusing mercuric nitrate might pass through this layer and will react
with a fresh layer of potassium iedide. The mercurie iodide thus formed will
gradually coagulate under the influence of potassium nitrate and by its con-
centration becoming too large to remain in the peptised condition. This case
is fundamentally different from the previous one already diseussed. In this
case we get a layer of coagulated mercuric iodide followed by a layer of colloid-
al mercurie lodide and soon, whilst in the former case we ought to get a layer
of pptd. lead chromate followed by a zone practically free from lead chromate
and so on. These conclusions are extremely interesting in light of the following
observations by Hatschek!. Only in a few reactions, of which the original
silver chromate one is the best example, are the clear spaces between the rings
practically free from the insoluble compounds. In most cases the rings con-
tain a large number of small and the clear space a small nunber of large
erystals or crystalline aggregate. A striking microscopic illustration is afford-
ed by cadmium sulphide in silicic acid gel, which exhibits no clear spaces at all
but a continuous succession of alternately yellow and pink bands.” In view
of the suggestion advanced in this paper it is likely that solid cadmium sul-
phide cannot congulate a sol of the same substance and the coagulation is
effected by the electroly te which is a produet of the reaction. One of the bands
is really due to coagulated eadmium sulphide and the precipitate in the process
of coagulation has adsorbed a portion of the precipitating electrolyte making
the next layer partially free from the coagulating agent, hence the next layer
is likely to consist of cadmium sulphide in the colloidal state having a different
eolour.,

Consequently the views advanced in this paper can satisfactorily explain
two distinet classes of Liesegang rings. In one class a layer of precipitate is
followed by a zone practically free from the sparingly soluble substance and

——r

! British Association Reports on Coltoids, p. 23, (1919).
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in such cases it is likely that the precipitate is capable of coagulating its own
col. The other class of rings consists of alternate layers of rings of different
colours containing practically the same amount of insoluble substance in wwo
successive layers. In this case the rings consist of a layer of coagulated sol
followed by a layer of the pepticed sol.

Ft will be extremely interesting to find out whether those substances in the
solid state which can coagulate their own sols can only give rings of the first
type, whilst incapable of coagulating their respective sols could give rings of
the second class.

We are of the opinion that all sparingly soluble substances under con-
venient conditions and in suitable gels would be eapable of forming Liesegang
rings. Almost all sparingly soluble substances ean be peptised by suitable
concentrations of protecting substances like gelatine, agar, starch, ete. These
peptised substances would be adsorbed and coagulated by their respective
solids or they would be coagulated by clectrolytes which are produets of the
chemical changes involved. Hence there is the possibility of the formation of
Liesegang rings with alfost all sparingly soluble substancos under suitagble
conditions. Experiments on these questions are in progress in these laborator-
ics. We have seen that with agar as gel and if a dilute solution of mereuric
chloride is allowed to diffuse in a solution of potassium iodide bands of merecur-
ie iodide are formed which are alternately red and yellow. It is very likely
that the red bands are due to coagulated mercuric iodide, while the yellow
bands are really peptised mercuric iodide. Direct experiments support the
ahove conclusions. A tube containing yellow and red layers of mercurie
iodide in gelatine was cut near the yellow layer, which was treated with hot
water and a clear solution was obtained. The clear solution immediately gave
a black precipitate when HsS was added to it.

‘The yellow layer was very soft to the touch and looked like an amorphous
substance, whilst in the red layers beautiful needle-shaped crystals were
visible to the naked eye. The red layers were gritty to the touch because of the
presence of erystalline mercuric iodide in these layers. Mercuric iodide can be
readily peptised by gelatine and the peptised mereuric iodide has a yellow
colour,

It has heen found in several cases that in presence of diffused light, more
numerous bands are found than in the dark. The explanation is pretty simple.
In a foregoing paper! we have proved that light is a very good congulating
agent, hence in diffused light there would be more of coagulation of substances
like mereurie iodide, lead iodide, ete., from the peptised condition than in the
dark, consequently, in general more numerous rings are formed in diffused
light than in the dark.

It is interesting to observe that in the ease of silver chromate in gelatioe
and in several other cases, rings are formed in a liquid medium. Moreover in
several eases rings were formed on the sides of the test tube above the surface of
the liquid, strata appearing for several millimeters on the glass walls of the tube.

P Ganguly and Dhar: Kolloid-Z. 31, 17 (1920)
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Williams and Mackenzie (loe, cit) have studied the conditions of the
precipitation of silver chromate in gelatine. They allowed to diffuse solutions
of silver nitrate or potassium chromate in gels already containing silver
chromate and in all cases they obtained stratification and they have drawn the
following conclusions from these experimentr:—“This means that in some
manner or other the gel beneath a stratum of precipitate was eleared of the
silver chromate. Whatever the cause, diffusion must have oceurred to clear
s0 perceptible a space. In other words, the silver chromate did not function
a8 a colloid with a slow rate of diffusion.” The above conelusions seem to be
unsatisfactory as in presence of gelatine the silver chromate must be in the
peptised condition. From the cxplanation advanced in this paper these
results of Williams and Mackenzie would be clear. The precipitate of silver
chromate at the interface will adsorb and coagulate the silver chromate sol
next to it hence there would be a clear space free from silver chromate next to
the precipitate. The diffusing silver ion or chromate ion from the top will pass
through this layer which is free from silver chromate and will come in contact
with silver chromate already eXisting in the next layer and when-the-concens
tration of silver chromate exceeds the maximum limit which can remain in the
peptised condition, silver chromate will coagulate. This explanation secems to
be quite satisfactory and on this view it is not necessary to imagine that silver
chromate does not function as a colloid. Williams and Mackenzie have found
that 860 grams of gelatin can keep a gram equivalent weight of silver chro-
mate in the peptised condition. Yet they conclude that the precipitation of
silver chromate occurs aceording to the usual rules of the solubility product
and that the gel incidentally provides mechanical support for the precipitate.
These conclusions seem to be untenable. We know that substances like silver
chloride, silver chromate, ete., dissolve in ammonia, potassium cyanide, ete,,

due to the formation of complex salts which can give out in solution very few
silver ions.

In general a sparingly soluble substance dissolves and remains in solution
when there is the possibility of the formation of a complex substance. We
have proved experimentally in a foregoing paper! that substances like ferric
hydroxide, cobalt hydroxide, ete., readily pass into the peptised condition in
presence of gycerine, concentrated sugar solution, starch, gelatin, agar and
other proteetive colloids. Hence it is difficult to understand why a sparingly
soluble substance like silver chromate will remain in a dissolved state in water
containing gelatin. Real solution would have been possible if a complex salt
could be obtained from silver chromate and gelatin but it is well known that
no complex formation takes place in such cases, Consequently we are foreed
to the eonclusion that silver chromate remains in the peptised or colloidal

state in gelatin and the rate of diffusion of the substance in the peptised state
must be very small,

} Chatterji and Dhar: Trans. Faraday Soc. 16, 122 (1921)
o
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The general theory advanced in this paper on the formation of two
distinet classes of Liesegang rings seems to be applicable to all eases and marks
an advanee ir the explanation of this phenomenon.

Summary and Conclusion

t. Gelatine previously mixed with dichromate has a better peptising
effect upon silver chromate than when it is previously mixed with silver nitrate

2. In the formation of lead chloride rings in silicie acid gel by the inter-
action of lead nitrate and sodium chloride the rings are closely packed as the
concentration of the gel is decreased. When other things are constant the
rings are less closely packed as the strength of lead nitrate is decreased,

3. In the formation of silver chloride rings in silicie acid, similar results
arc obtained. Rings of silver chloride and silver iodide are affected by diffused
daylight, whilst those of lead chloride and lead iodide are unaffected by light.

& Tubes containing mereuric iodide rings when exposed to diffused
daylight show more rings in light than in dark. | o -

5. The theories explaining the formation of Liesegang rings developed
by Ostwald and Bradford are found to be unsatisfactory.

6. We have found that in several cases, sols can be more or Jess complete-
ly adsorbed and coagulated by respective solids in a freshly precipitated con-
dition. Basing on the above observations a theory of the formation of Liese-

gang rings in which a layer of coagulated matter is followed by a space free
from the substance, has been advanced.

7. Mereuric iodide rings in gelatine, agar, ete., consist of a layer of
coagulated and crystalline mereurie iodide which is red followed by a layer of
colloidal mereuric iodide which is yellow, An explanation of the formation of
the rings consisting of 4 layer of coagulated and crystalline matter followed
by a layer of the peptised substance has been advanced, in which the adsorp-
tion of the second product of the chemical change is the dominant factor. It
has been emphasised that there is the possibility of the occurrence of two
distinet classes of Liesegang rings. In one class a layer of precipitate is follow-
ed by a zone practically free from the substance, whilst in the other case, the

rings consist of a layer of coagulated sol, which in course of time might become
crystalline, followed by a layer of the peptised sol,

8. We are of the opinion that all sparingly soluble substances under

convenient conditions and in suitable gels would be capable of forming Liese-
gang rings.

(Chemical Laboratory
Uriversity of Allahabad
Allahabad

Aungust 26, 1923.



THE INFLUENCE OF GUM ARABIC ON THE HYDROLYSIS OF
METHYL ACETATE

J. N. PEARCE AND J. V. O'LEARY

The influence of temperature, of hydrogen ions, and of catalysts in general
upon the velocity of hydrolytic processes is well known. Numerous theories
have been put forth to explain the mechanism of catalytic reactions. The
one of chief moment in so far as the present paper is concerned is the radiation
hypothesis.

Arrhenius' assumed an equilibrium between active and inactive molecules
of the substance catalyzed. A rise in temperature or the addition of a catalyst
merely shifts this equilibrium in such a way as to increase the concentration
of the active form. He expressed the relation between the change in the
velocity coefficient of the reaction and the temperature by means of the
expression

dlogK E
dT  RT*
where E is the energy required to transform one mol of the substance from the
inactive to the active state. Using thermodynamics and the theory of prob-
ability Marcelin? has deduced a relation for the effect of temperature which is
identical with that of Arrhenius. He treats of the effect of temperature as g
purely physical one and assumes that an inactive molecule becomes active
when its internal energy is made to exceed a definite critical” value. Lewis
and Lamble? suggest that the E of Mareelin and of Arrhenius be called the
“eritical increment,” since E represents the amount of energy which must be
absorbed ahove the average value possessed by all of the molecules hefore
the molecules become reactive. The source of this energy increment is to be
found in the infra-red radiations of the system. Briefly stated the radiation
theory is this. A substance becomes a catalyst when it can absorb infra-red
radiations and then emit the energy in such waves or quanta as can be absorbed
by the reactant, thus raising the internal energy of a number of molecules to
the eritical value. Nine papers contributed by Lewis and his co-workers! give
experimental evidence which support this view. Tyndall® has found that gum
arabic absorbs infra-red radiations. If it emits infra-red radiations which can

be absorbed by methyl acetate, then gum arabic should, aecording to this
theory, prove a powerful catalyst for methyl acetate.

' Arrhenius: %. phys. Chem., 4, 22 ( 1889}; 28, 317 (1899).
* Marcelin: Compt. rend., 188, 161 (1914).
3 Lewisand Lamble: J. Chem. Soc., 105, 2330 (1914).

4 J. Chem. Soc., 105, 2330 (1914); 107, 233 (1913); 109, 35, 67 (1016); 111, 389, 457,
1086 (1917); 113, 471 (1918).

P Tyndall: “Fragments of Seience”, “Radiant Heat and its Relations”.
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The original object of this research was to determine whether or not gum
arabic will eatalyze the hydrolysis of methyl acetate as the radiation theory

predicts. 1t became evident very carly inthe work, however, that gum arabic
18 not a catalyst for this reaction. We proceeded therefore to study the influ-
ence of the gum upon the velocit

y of hydrolysis of methyl acetate when
catalyzed by hydrochloric acid.!

The methyl acetate used was an exceptionally pure sample furnished by
the Eastman Kodak Co. It was twice fractionally distilled and only the
constant boiling middle portion was retained. The gum arabic was carefully
selected from a large sample of practically pure white “tear gum”. It was
first finely ground in an agate mortar and then dried to approximately con-
stant weight at 110°. An approximately o.02 N solution of barium hydroxide
was used in titrating the free acid. Tt was repeatedly checked against benzoie
acid made from toluene. The acid was first resublimed and then kept for a
short time slightly above the melting point to insure the removal of volatile
impurities;._it was then cast in sticks and carefully preserved. Phenolph-
thalein was the indicator used throughout the work. -

All of the solutions and the reaction

mixtures were prepared from { reshly
made conductivity water. All flasks,

pipettes and burettes were previously
certified by the Bureau of Standards. The temperature of the large water
bath was accurately controlled to 2 5°%+0.03.

In making up the reaction mixtures the gum was first added to the pure
water and shaken until completely dissolved. Sufficient acid and water
were then added to bring the solution to volume at the acid concentration
desired, and the whole thoroughly shaken. These mother solutions and the
pure ester were kept at 25° in the water bath. 30 c.c. portions of these solu-
tions were traneferred to tightly stoppered glass bottles, 2 c.c. of the ester was
quickly added and the mixture vigorously shaken. The time of adding the

ester was accurately noted. At stated intervals exactly s c.c. portions of the
reaction mixture were transferred to 30 ¢.¢. of ic

e-cold conductivity water
and quickly titrated,
The values for the equilibrium constant were caleulated by means of the
equation:
K = 239 1, LT
tn‘”t‘o Tv;"‘Tn

where T,, T, and T, represent the number of c.c. of barium hydroxide solu-
tion necessary to neutralize 5 c.c. of the reaction mixture at times t,, t, and
t.s respectively. In order to obtain the exact titration value, T,, we plotted
the values of log(T_- T,) as ordinates against the values of t as abscissac,
The value of log (T_- T,) was then found by extrapolation.

Repeated series of experiments extending over many days were first

made in which hesides water and ester there were present .25, 0.3, 1.0 and

! Owing to the fact that the junior author is leaving the University for a time the
present paper 1ssubmitted ag a preliminary report.
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2.0 grams of gum arabic. These were compared from time to time with
blank experiments run simultancously and involving only water and ester.
In no case did we find an appreciable increase in the velocity of hydrolysis,
Since the gum is not of itself a ecatalyst we next undertook to determine
what influenee, if any, the gumn might exert upon the velocity of hydrolysis
when the reaction is eatalyzed by hydrochloric acid. The experimental
method has already been deseribed. Although the solutions containing one
and two grams of gum arabic per so c.c. are quite viscous the constants are
casily reproducible. The values for the velocity coefficients are collected in
Table I. Each value is the mean of the values obtained for at least two liffer-

TapLe 1

Influence of Gum Arabie upon the Veloeity Coefficients of the Hydrolysis of
Methyl Acetate

C. Gum. Kx10f pH
Acid grams. |

0.020548 0.00 22.25 1.50

0.50 13.52 1.80

1.00 12.30 2.00

2.00 10.04 2.67

0.041006 0.00 31.60 1.30

0.2% 28 .96 I.41

0.50 25.350 1.48

.00 23.37 1.56

2.00 16.17 1.83

0.082190 0.00 55.01 1.15

0.25 52.21 1.17

0.50 51.75 1.19

I.00 44 .80 1.21

2.00 36.67 1.2%

ent experiments. For the sake of comparison the velocity coefficients for
solutions containing C mols of acid per liter and 0.0, 0.25,0.50,1.0and 2.0
grams of gum arabic in go c.c. of the acid are given in Table I1.

TasLe 11
A Comparison of the Velocity Cocflicients
Gum (gr.) ©.00 0.25 0.50 1.00 2.00
C (acid) KXot
0.020548 22.2% 13.52 12.390 10.04
0.0410¢6 31.60 28 .96 26 .01 23.37 16.12
0.082193 55.79 52.81 51.87 46.17 36.89

A survey of these tables shows at once that gum arabic is not only not
a catalyst for methyl acetate, but that by its presence the gum actually de-
creases the reaction velocity when catalyzed by hydrochloric acid. TFurcher-
more, the veloeity coefficients decrease as the concentration of the gum s
increased, being more rapid in the dilute acid mixtures.
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Speculation as to the influence of the gum upon the reaction velocity
would obviously lead to two possible views. First, owing to its hydrophile
nature the gum will adsorb water from the system and thus increase the con-
centration of both the ester and the acid. In turn there should be an increase
in the velocity coefficients with an increase in the concentration of the gum,
The results obtained are directly opposed to this view. Second, the gum will
adgorb either the ester or the acid and thus decrease the activity of the molecu.
lar species adsorbed. The result in this case will lead to a decrease in the
reaction velocity and such is actually the case.

While the time available was not sufficient to carry out an elaborate
series of experiments on the influence of gum arabie upon the activity of the
hydrogen ion, we thought it worth while to determine the pH values for the
solutions used. These will give us qualitatively at least an ides of the influence
of the gum upon the concentration of the hydrogen ion. Accordingly, solu-
tions were prepared containing the identical proportions of acid and gum as
- used.in the hydrolysis experiments. The pH values at 25° were determined

precisely according to the method of Clark'. The values obtained are given

in the fourth column of Table I. It will be observed that the pH values for
each acid concentration increase as the concentration of the gum is increased,
indicating a corresponding decrease in the effective concentration of the hydro-
gen ion. Moreover, the relative influence of the gum both on the veloeity
coefficients and on the pH values is greater in the more dilute acid solutions.
This is in harmony with the well known adsorption phenomenon, viz., the
adsorption of a solute by an adsorbent is relatively greater in dilute than in
concentrated solutions. Apparently, therefore, gum arabic retards the
catalysis of methyl acetate by hydrochloric acid by adsorbing the catalyst.

Summary
While gum arabic absorbs infra-red radiations it does not act as a catalyst
for methyl acetate. Gum arabic retards the velocity of hydrolysis of methyl
acetate when catalyzed by hydrochloric acid. Experimental evidence in the
form of pH values leads to the conclusion that the gum adsorbs the catalyst.

Physical Chemistry Laberatory,
The State University of lowa.

' Clark, “The Determination of Hydrogen Ions.”



MISCELLANEOUS NOTES ON GAS KINETICS
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BY 8. C. LIND

The object of the present paper is to deseribe some experiments made
several years ago which have remained unpublished on account, cither of
their uncompleted condition, or of the negative character of the results in one
case. The recent trend of chemical kineties appears to lend some interest to
them either as suggestive of profitable directions of further research or possi-
bly to spare others unnecessary experimental duplication.

1. Photo-sensitivity of a Hydrogen-Bromine Mixture at Higher
Temperatures

Reaction tubes of the Victor Meyer type, about 8 ems long, 2 cms in
- diameter, of 25 em? volume,-containing ! atmosphere (N. T.P.).each of H,and.
Br; were exposed at 250°C in a colorless vapor bath to the light from a g
ampere -110 volt carbon arc lamp. The reaction tube and are lamp were both
in the vertical position, ro ems apart. It was found under these conditions
that hydrogen and bromine combine at a rate 12 times that of the dark thermal
reaction' at the same tomnaraturs  Kastle and Beatty? had previously shown
in a qualitive way that at 196° C, H, and Br; combine in sunlight much move
rapidly, than in the dark, and that even in diffused day-light the increase in
rate was quite marked.

The character of the experiments of Kastle and Beatty would hardly
justify their use for quantitative calculation, and the promised fuller report by
them did not appear. Consequently, the writer is prompted to use his results
at 250° C for some consideration in econnection with the Nernst theory of the
excessive reaction between H, and Cl,; from the standpoint of the Einstein®
photochemical equivalence law. Nernst postulated that the wave lengths
eapable of absorption by Cl, gas would liberate Cl atoms, which would take
part in a cyclical reaction with H, through the two partial steps:

Cl4+H,=HCI+H+ 235000 cals.
and H+4Cl,=HCI4-Cl4 19000 ecals.

Nernst assumed that on account of the positive heat of reaction of both steps
this cyele would be spontaneously repeated a large number of times, thus
accounting for the observed excess of a million fold over the requirements of
the Einstein photochemical law.

Nernst further stated that the well known photo-chemical inactivity of
H,+DBr; is due to the fact that one step in the Hy+4Br; cycle has a negative

heat of reaction and therefore does not take place spontancously, namely:
H;+Br=HBr+H - 15,000 cals.

' Bodenstein and Lind: Z. phys. Chem. 57, 168 (1907).
? Kastle and Beatty: Am. Chem. J. 20, 159 (1898)

3 Nernst: Z. Elektrochem., 24, 335 (1918)

 Finstein: A-n. Physik, (4 37, 832; 38, 881 (1912)
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Since, however, the H.+Br. reaction does become light-sensitive at
higher temperatures, as shown by Kastle and Beatty and by the present paper,
one of three conclusions scems necessary: (1) The heat of reaction of the step
H,+ Br may change so as to become 4 at 250°. A thermodynamic ealeulation
based on the data of Lewis and Randall! for free energy and entropies based
on the third law indicates that this can not be the case. This leaves open only
the other two possibilities®; (2) that the Nernst “multicyclical” hypothesis
is not eorrect or (3) that the He-Bry reaction under the conditions of the experi-
ment does not exceed the requirements of the Einstein law, and therefore no
multi-cyclical hypothesis is required. A rough caleulation based on the experi-
ment reported above for Hy+4Br; at 250°, indieates that the rate of reaction
observed will not exceed the photo-chemical equivalence, no matter what
assumptions are made as to absorption efficiency and other influencing factors,
and hence the Nernst hypothesis is not violated by the Hy+Br, reaction.

The fact, however, that the Nernst principle is not violated in the Br
reaction does not, by any -means, eonstitute-a proof that it is true in the
H:+Cl, reaction®. In faet, it would be difficult to reconcile it with an observa-
tion attributed by Kastle and Beatty (loc. cit.} to Amato, that H; and Cl; at
—12° C may be exposed for hours to direct sunlight without combination taking
place. It is entirely improbable that the heat of reaction of cither of the
partial reactions invelved in the interaction of Hand Cl can change from a
high positive to a negative value in the temperature interval of +20° to
—12°C. Athermodynamic calculation similar to the one used for the Hy4-Br,
reaction does not indicate much change in velocity in this interval. This
leaves then only the choices either that the absorption diminishes so that there
is no primary atomisation at —12° or the Nernst mechanism or Amato’s obser-
vation is incorrect. It seems for several reasons that the latter is the case. In
the first place, we do not in general find photochemical reactions to have high
temperature coefficients. The use of the Bunsen and Roscoe actinometer
involving an aqueous system has not permitted of wide variation of tempera-
ture, but the data available’ do not show values that would explain Amato’s
result. Bodenstein and Dux® worked in a non-aqueous system and reported
that within their limited range, temperature had little or no influence. It
therefore appears that the observations of Amato at — 12° must have been due
to the presence of O; or some other inhibitor. However, in view of its impor-
tant bearing on the Nernst hypothesis, the temperature co-efficient of the
H,+ C}; reaction ought to be made the subject of further investigation.

! Lewis and Randall: *FThermodynamies’” pp. 464 and 607 (1923)

2 There is another possibility which does not particularly concern the Nernst hy-
puthesis. The absorption of bromine may increase with temperature so that the necessary
atomization first takes place at a temperature above the ordinary. This would furnish an
additional reason for the absence of interaetion between bromine and hydrogen at ordinary
temperature and would throw no doubt upon the Nernst hypothesis, meaning simply that
nl? bromine atoms would be present and that no eyelieal reaction would take place even if
they were.

3 See note at end of this paper.
* M. Padoa: Gazz. chim, ital. 511, 193 (1921)
5 Bodenstein and Dux. Z. phys. Chem. 85, 306 (1913)
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2. Activation of a H,+Cl, Mixture for Thermal Reaction

In the course of some experiments with cleetrolytically generated Ha+-Cls
mixture it was observed that the thermal renctivity inereases progressively to
a remarkable degree with the continued generation from HC| solution. This
i8 quite similar to the well known increase of photo-chemical activity of such
mixture, and suggests that the inhibitors for the thermal and the photo-

chemicel reactions may be identieal in nature, as woll as the reaction mechan.
ism in both eases.

3. Attempt to arrest the Propagation of an Explosion in a Gas
Mixture by an Electrical Field

The following experiment was made about 12 years ago under the impres-
sion that flame propagation is perhaps maintained by electron emission in the
flame front and that if the electrons could be removed from the field of action
by the imposition of an clectrical ficld, the flame might be arrested. The ad-
vances made since that time in the theory of lame propagation as well as in
electronics, would perhaps, not justify the experinient to-day, but it “will
nevertheless be briefly described in hopes that the negative result may have
some interest in other conneetions,

A straight glass tube about 1 meter long and 1. 3 ems internal diameter,
closed with ordinary glass conncetions and stop-cocks at both ends, was cut in
the middle so that a brass section about 10 ems long, of the same bore could be
ingerted. This was accomplished by means of a close-fitting plass sleeve over
the outside of the joints, made gas-tight by Khotinski cement. The tube was
mounted horizontally and an ordinary thin steel knitting needle was used as a
central axial electrode through the brass scetion. The needle projected out
into the glass tubes at both ends where it was centered and electrically insu-
lated by resting on thin glass legs. To one end of the needle was fastened a
platinum wire which was sealed through the glass tube to connect with one
pole of & Wimshurst machine, the other pole being connected to the brass

section of the explosion tube. A platinum spark gap was placed at one end of
the tube to ignite the gases,

Eleetrolytic 2Ha+0a mixture, generated from NaOH solution was intro-
duced into the tube and brought to any desired pressure by means of a mano-
meter. The pressure was first ascertained at which an explosion flame would
just pass through the tube without a field. The explosion mixture was then
introduced at a pressure somewhat above this critical value, the field was
applied, the mixture sparked, and by observing in a dark room, one could
easily see whether the flame traveled the entire length of the tube or stopped
on reaching the brass section where the field was applied.

The first experiments served to indicate that the flame could be arrested
at pressures a5 much as 25 mms above the critical explosive pressure. The
results, however, were illusory owing to two factors:

(1) Moisture on the walls from previous combustion.
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(z) Thin sparks or silent discharge in the brass section previous to the
explosion caused premature impoverishment of the mixture by substitution of
water vapor. It was finally coneluded that the flame is not arrested by an
cleetrical field. However, the source of voltage was not satisfactory. If the
experiment were repeated at all, it should be with a more steady source of
potential.

The only two ohservations that appear of possible interest were:

(1) That one can easily detect the difference between the bright yellow
Na flame in H, and O, generated from NaOH or of the pale violet K flame in
H: and O from KOH solution, even when the H,+0. mixture has been
washed through H.S0, solution, through several inches of closely packed
cotton, and also allowed to stand in a gasometer for several weeks before use.

(2) Even below the explosive pressure, a Hy+ 0, mixture will be caused
to combine rapidly by continued sparking. Since the energy supply to main-
tain sparking is much smaller than that to maintain incandescent glow to a
wire or wire-net system it is possible that a sparking system might be used
instead of a glow system to keep explosive gases from accumulating in switch-
boxes,! city sewer systems or even in certain parts of mine workings.

I am indebted to Dr, D. C. Bardwell for his kind assistunce with the
calculations involved.

Washington,D. C.
July 1923,

Note at the time of Proof Inspection

In a more recent paper (*Sitzb.preuss.Akad. May 3, 1923, pp. 110-113),
Nernst and Noddack express strong doubt as to the general applicability of
thermodynamie treatment of photochemical partial reactions, which doubt is
shared by the writer. They nevertheless state that the chain or multicyclical
theory probably remains the most likely one for the hydrogen-chlorine resc-
tion. At the same time, they suggest the possibility that it may be the Cl,
molecule which is activated, and which reacts direetly with H.. The HCI
formed retains an excess of energy for a short time which it is able to impart
afresh to other Cl; molecules. This is the theory originally put forward by
Bodenstein (Z.Elektrochem.22,53-61 (1916) ), which would have a more
general applicability than the atomic chain theory, as was pointed out by the
writer (“Chemical Effects of Alpha Particles and Electrons”, p. 141). The
probability that the energy of activation can be imparted in this way has re-
ceived indirect but strong support in the recent results of Cario and Franeck
(Z.Physik. 11, r61-6 (1922) ).

Washington, Navember 1923,

'H. C. P. Weber: Chem. Met. Eng. 27, 94> (1922)



ON THE CATALYTIC HYDROGENATION OF CERTAIN OILS

BY LOUIS KAHLENBERG AND TSU PEI PI

In a previous article' on the catalytic hydrogenation of cottonseed oil a
number of new catalysts were mentioned and the conditions under which the
best results may be obtained with them were described. The present paper is
a continuation of that research, the objeet being to find still other and more
effective catalysts and to test these not only on eottonseed oil, but also on soy
bean oil, olive oil, corn oil, neat's foot oil, and fish oil, as well as on the free
fatty acids actually prepared from each of these oils in the laboratory.

The method of experimentation was exactly the same as that employed
before, the hydrogenation being conducted at atmospherie pressure in this
case in the apparatus shown in Fig. 3, J. Phys. Chem. 25, 98 (1921). The
- ‘hydregen used was ordinary commercial hydrogen obtained. in compressed
form in steel cylinders. The gas was passed through concentrated caustic
potash solution and then through concentrated sulphuric acid before con-
ducting it into the oil to be hydrogenated. The experimental results
obtained follow;

Hydrogenation of Cottonseed Oil with Various Catalysts

1. Nickel oxide calalyst.

About ten grams of nickel nitrate were decomposed b'y heating in a
poreclain crucible.  After the evolution of NO, had ceased, the resulting nickel
oxide was subjected to reduction by hydrogen at 335° to 340° C for three hours,
The reduced substance was then carefully transferred to the tube? containing
100 C.C. of cottonseed oil. The hydrogenation was conducted at a temperature
of 210° C. After three hours, the oil solidified at room temperature. Its
todine number had been lowered from 109 to 63, and its melting point had
become 41° C.

2. Nickel molybdate catalyst.

Ten grams of nickel chloride were dissolved in 200 ec of distilled water.
To this solution, about eighteen and one-half grams of sodium molybdate
dissolved in 200 cc of water were added. The precipitate was washed until
free from sodium salt. The nickel molybdate was dried, ground to a fine
powder, and finally redueed in a current of hydrogen at 350°-360° C for three
hours. The catalyst thus prepared was added to 100 ce of cottonseed oil,
without eoming into contact with the air. Hydrogenation was then carried on
at 240° to 250° C for three hours. After having cooled to room temperature,
the oil became a very soft solid. Its iodine value was reduced from rog to 84,
and its melting point was 25° C.

! Kahlenberg and Ritter: J. Phys. Chem. 25, 89-114 (1921}
? Iig 3, J. Phys. Chem. 25, 98 (1921)
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3. Nickel tungstate calalyst,

The method of preparation of the nickel tungstate was practically the
same as that of preparing nickel molybdate, sodium tungstate being used in
place of sodium molybdate, The nickel tungstate was redueed in hydrogen
at 370° C for three hours. After cooling in a hydrogen atmosphere, it was
transferred into 100 ce of cottonsced oil. The hydrogenation was earried on
at 250° to 260° ', At the end of three hours a sample was taken and it was
found that its iodine value had changed from 109 to 82, and its melting point
had become 30° C. At the end of four hours, its iodine value was further
lowered to 52° and its melting point raised to 42° C.

4. Tungsten oxide catalyst,

Pure tungsten trioxide was reduced in a stream of hydrogen at 400° to

420° C for five hours. It changed from yellow to blue in color. About g

grams of this catalyst was put into 100 cc of cottonseed oil, and the latter was
hydrogenated for three hours at 250° to 260° C. On cooling, the oil did not

‘show any tendency - to-solidify;-and its iodine- value- was nearly the same- as-

that of the original sample.

5. Nickel silicate catalyst.

To an aqueous solution containing ten grams of nickel chloride, nine and
one-half grams of sodium silicate were added to precipitate nickel silicate.
The precipitate was washed with warm water until no trace of sodium salts
could be detected in the filtrate. The nickel silicate was dried, ground to a
very fine powder and then subjected to hydrogen reduction, in a combustion
tube at 230°%290° C for three hours. After cooling, it was introduced into 100
cc of cottonseed oil. This catalyst remained suspended more uniformly in
the oil than any other catalyst used in the preceding experiments. The hydro-
genation was carried on at 180%200° C for three hours. The iodine value was
changed from rog to 40 and the melting point was raised to 44° C. The
hardened fat was very white and had acquired an odor quite different from
that of the original oil.

6. Nickel borate catalyst,

Nickel borate was prepared in the same way as nickel silicate except that
borax was used as the precipitant. The nickel borate was reduced at 285°
290° C for three hours, The oil was hydrogenated in the presence of this
catalyst at 200° C. A sample was taken at the end of three hours and found
to have an iodine value of 6o. Originally it was 109. The hardened fat melted
at 42° C. This catalyst also remained well suspended in the oil.

7. Irom silicale catalyst.

An aqueous solution containing ten grams of sodium silicate was treated
with a little more than an equivalent amount of ferrous sulphate in solution.
The formation of insoluble ferrous silicate took place instantaneously. The
precipitate was washed with hot water until it was entirely free from sulphates,
which are commonly believed to be “poisonous” to the activity of a nickel
catalyst. After drying and pulverizing, the powder was subjected to reduction

i
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at 330%350° C for three hours. This catalyst was introduced into the cotton-
seed oil without coming into contact with air. After three hours of hydro-
genation, the jodine value of the oil was only slightly lowered, namely from
1og to 103,

Ferrous tungstate was prepared and tested in the same manner as the
silicate, It was found that there was no change in the iodine value of the oil,
even after the hydrogenation had been continued for three hours.

8. Iron-nickel silicate calalyst.

To a sodium silicate solution, an equivalent amount of ferrous sulphate
and nickel chloride solution was added to precipitate the combined silicates
of ron and nickel. This precipitate was thoroughly washed with hot water
till free from chlorides and sulphates. It was reduced by hydrogen at a tem-
perature of 300° C for three hours. The reduced substance was added to roo
cc of cottonseed oil, and the hydrogenation was conducted at 180° to 200° .
After three hours, the oil was still in a liquid state at room temperature. The
~ lodine value had changed from 109 to. g4. On comparing these results with

experiment 5 it is evident that the presence of iron greatly diminishes the
catalytic activity of nickel.

9. Nickel glycinate catalyst.

Five grams of freshly precipitated and thoroughly washed nickel hydrox-
ide were heated in 150 cc of distilled water with about eight grams of glyecine
until the liquid became perfectly clear. On cooling, nickel glycinate of a sky
blue color gradually crystallized out. After being dried, a portion of it was
put directly into the cottonseed oil and hydrogen was run into the mixture
for three hours at a temperature of 220%230° C. There was no appreciable
change in the jodine value of the oil as compared with that at the start.
Another portion of the nickel glyeinate was reduced below 235° C for three
hours (because above that temperature it was found to decompose) and the
hydrogenation was repeated in the usual way. The result was again negative.

to. Nickel lyrosinate catalyst,

Nickel tyrosinate was prepared from the amino-acid tyrosine and nickel
hydroxide. It was very difficult to keep it in good suspension in the oil. At

the end of three hours of hydrogenation, the oil had neither changed its iodine
value nor its melting point.

11.  Thorium stearute calalyst.

Ten grams of stearic acid were heated with the equivalent amount of
potassium hydroxide. To the solution of potassium stearate thus formed 3.2
grams of thorium chloride in solution were added. The insoluble thorium
stearate was washed with hot water by decantation and then transferred to the
filter and washed. This thorium salt was reduced at 140° to 150° C for three
hours. The hydrogenation was conducted in the usual manner at 220° to
240° C. After three hours, the oil seemed to have become somewhat thicker.
The original iodine value, 109, was lowered to 101.
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12. Thorium silicate catalyst.

TFhortum silicate was prepared from thorium chloride and sodium silicate,
and reduced at 340° to 350° C for three hours. The hydrogenation was con-
ducted for three hours at 220° to 240° C, The oil did not show any sign of
solidification even when chilled with ice.

13. Nickel chromate catalyst.

To prepare nickel chromate, a sodium chromate solution was treated
with nickel chloride. After the precipitate had been thoroughly washed,
dried and pulverized, it was subjected to hydrogen reduction in a combustion
tube at 320° C. for but twe hours. The catalyst thus prepared was carefully
transferred into the tube containing 100 cc of cottonseed oil. This catalyst
is pyrophoric. It must therefore be kept out of contact with the air. The
hydrogenation was performed at 220° C for three hours. The oil solidified
to a white fat at room temperature and this fat melted at 41° C. The iodine
value had changed from 1o0g to 62.

14. Nickel manganate catalyst.

Nickel manganate was obtained by precipitation using solutions of sodium
manganate and nickel chloride. The precipitate was washed with distilled
water as soon as it had been formed, because the manganate on standing
easily oxidized to permanganate., The nickel manganate was then reduced at
the same temperature as in the preceding experiment.  After three hours of

hydrogenation, the iodine value of the oil was lowered from rog to 62, and the
melting point became 40° .5 C.

15. Coball silicate catalyst.

The catalyst was made by treating an aqueous solution of sodium silicate
with a cobalt chloride solution. For one portion of the precipitated cobalt
silicate, the temperature of reduction by hydrogen was not allowed to exceed
350° C. Asa result, at the end of three hours’ hydrogenation at 180° to 200°
C, the cottonseed oil was still found to be a liquid at room temperature.
For another portion of cobalt silicate, the temperature of hydroge nreduction
was raised to 380°-400°C. With the catalyst thus obtained, the oil solidified
on cooling, after having been hydrogenated for the same period of time at

180° to 200° (', The solidified fat melted at 37°.5 C, and had an iodine value
of 71.

All of the foregoing results are summed up in Table I.

Hydrogenation of Soy Bean Oil with Various Catalysts
16. Nickel silicate catalyst.

From experiment s, it is evident that nickel silicate forms the best
catalyst for the hydrogenation of cottonseed oil. But when nickel silicate,
prepared and reduced in exactly the same way as in experiment g, was intro-
duced into a tube containing 100 cc of soy bean oil having an iodine value of
130, it exhibited only a very slight catalytic activity, the oil being still liquid
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TasLE ]

Summary of the results of the hydrogenation of the cottonseed oil, whose
original iodine value was roo.

The time of reduction of each catalyst in hydrogen was three hours,
except in the case of tungstic oxide, when it was five hours. The time of hydro-

genation was always 3 hours, except in the case of nickel tungstate* when it
was 4 hours.

Hvd I‘?dline Mlglg irig
. rogen- alue oin
Catalyst ’Ili‘glcli)uetg?‘l atiﬁn Tgemp. after after
p. e °C Hydro- Hydro%en«
genation ation °C.
Nickel oxide 335-340 210 63 41
Nickel molybdate 350~360 240250 84 25
Nickel tungstate 370 250-260 82 30
" 7 370 250—260 §2 42
- Tungstic oxide 400-42C - 250-26G Toy -liquid
Nickel silicate 290 200 40 44
Nickel borate 200 200 6o 42
Iron silicate 330-350 250 108 liquid
Fe-Ni-silicate 300 200 94 *
Nickel glycinate - 220-230 109 "

» " 233 220230 109 ”
Nickel tyrosinate - 220-230 100 ”
Thorium stearate 140-130 220-240 169 "
Thorium silicate 350 240 10¢ *
Nickel chromate 320 220 62 41
Nickel manganate 320 220 62 40 .5
Cobalt silicate 350 180-200 109 liquid
Cobalt silicate 380-400 180—200 71 37.8

at room temperature after three hours of hydrogenation. The iodire value was
reduced only to 112, no matter how long the hydrogenation proceeded.

17.  Nickel borate calalyst,

Although nickel borate was not as efficient as nickel silicate in the hydro-
genation of cottonseed oil, it worked better in the case of soy bean oil. Nickel
borate was prepared and reduced in the same manner as before deseribed.
The hydrogenation was conducted at 200° C for three hours. Solidification
of the oil took place with case at room temperature. The fat had an iodine
value of 78, and a melting point of 33° C. Thisexperiment would indicate that

hydrogenation depends on the specific nature of the oil used, as well as on the
individual catalyst.

18.  Nickel molybdate and nickel tungstate catalysts.

These two catalysts were prepared in exactly the same way as before.
It was found that at the end of threc hours of hydrogenation, ncither of the
two catalysts had worked satisfactorily. By the use of nickel molybdate, the
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lodine value of the oil was only slightly lowered, namely from 130 to 122. By
the use of nickel tungstate, there was no appreciable change in jodine value,
even after hydrogenation for six hours.

19. Nickel chromate catalyst.

The method of preparation and the time and temperature of reduction of
this catalyst were exactly the same as in experiment 13. The hydrogenation

was carried on at 220° C. Samples were taken and tested at one hour intervals,
The results are given in Table I1.

Tasre I
No. of Hrs. of lodine No. before Iodine No. after Melting point
Hydrogenation Rydrogenation Hydrogenation of the product
1 130 103 liquid
2 130 74 33
3 130 63 41
— . 4 130 53 44

The color of the hardened fat was not as white as that of the hardened

cottonseed oil.

20. Nickel manganale catalyst,

The experiments with nickel manganate were conducted exactly like

those with nickel chromate in experiment 1g. The results are given in Table

I1I.
Tasre 111
No. of Hrs. of Iodine Nao. before lodine No. after Melting point
Hydrogenation Hydrogenation Hydrogenation of the product
£ 130 (03 liquid
2 130 72 34
3 130 62 42
4 130 . 53 45

Attempts were also made to harden soy bean oil by using as catalysts

cobalt silicate, iron silicate, nickel formate, nickel oleate, nickel stearate.
However, all of these experiments were unsuccessful,

Hydrogenation of Various Oils with Nickel Silicate as Catalyst

The nickel silicate catalyst was used in the following experiments beeanse
it had been found the most efficient one in the work on cottonseed oil.

21. Olive oil.

Pure California olive oil was preheated at 140° C. for an hour before hydro-
genation. The nickel silicate, which was prepared as hefore, was added to the
oil. The hydrogenation was conducted at 220° C'. for cight hours. Samples
were taken and tested at one hour intervals, and the results are given in
Table 1V. (The original iodine value of the olive oil was 80).
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TaBrelV

No. of Hrs. of fodine value after Melting point of
Hydrogenation Hydrogenation the product

I 70 liquid

2 68 30

3 G4 32

4 6o 33

5 58 345

6 §2 30

7 52 39

8 52 39

It isevident from Table IV that the hydrogenation of the olive oil reached
its maximum at the end of the sixth hour, beyond which time the iodine value
and melting point of the oil remained constant. The hardened fat was very
white in color,

.22, Cornaoil..

The hydrogenation was conducted at 250° to 255° C. for four hours, A
sample was tested hourly. The diminution of the iodine value of the oil stop-
ped at the end of the third hour. The oil did not solidify as 2 whole, but on
standing only a small portion separated out at the bottom of the tube as a
white mass. The experimental data are given in Table V.

TasLe V
(The iodine value before hydrogenation was 115)

No. of Hrs. of Iodine value after Melting point
Hydrogenation Hydrogenation of the product

1 113 liquid

n 101 ”

3 93 i

4 05

23, Neal's fool ol

The neat’s foot oil was a high grade oil sbtained from Armour and
Company. It was hydrogenated at 220°230° C. The hydrogenation pro-
ceeded very slowly, and ceased at the end of the third hour. The results are
given in Table VI.

TaBLE VI
(The iodine value of the neat’s foot oil before hydrogenation was 77)

No, of Hrs. of fodine valie after Melting point of
Hydrogenation Hydrogenation the product
1 76 liquid
: ] g
3 74

H

g

e
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On account of this rather unusual result, the experiment was repeated.
The results obtained were very practically the same.
24. Fish oil.

The hardening of fish oil (obtained from fish caught in Lake Michigan)

was carried on at 220%230° C. for six hours. The oil had an unpleasant odor

during the process. Samples were tested every hour. The results are given
in table VII,

TasLe VII

(The iodine value of the fish oil before hydrogenation was 140)
No. of Hrs. of lodine value after Melting point of
Hydrogenation Hydrogenation the product

X 138 liquid

: ;

3 124

4 110 "

M 109 | - on

6 100 "

In order to find the limit of conversion of cottonseed oil into hardened fat,
and of oleic acid into the corresponding stearie acid by the aid of nickel
silicate (which was rather the best catalyst according to the preceding experi-

ments), the oil and the acid were each separately hydrogenated in the following
experiments, 25 and 26,

25. Coltonseed oil.

The hardening of cottonseed oil was performed exactly as hefore deseribed.
A sample was taken and tested at the end of each hour, until the iodine value
of the oil no longer changed. The data are given in Table VIII. The reduc-

tion of the iodine value and the rise of the melting point of the oil are also
shown by means of the curve in Figure 1.

TasLe VIII
(The iodine value of the cottonseed oil before hydrogenation was 121)
No. of Hra. of | Iodine value after | Melting point No. of Hrs. of | lodine value after | Melting point
Hydrogenation | Hydrogenation of the product |; Hydrogenation| Hydrogenation | of the produect
1 04 liquid 14 30 52
2 78 1§ 29 53
3 63 32 16 27 54
4 55 39 17 23 55-8§
S st 40 13 23 57
6 48 41.3 19 21 58
7 45 43 20 19 59
8 41 44 21 17 6o
9 38 45 22 14 61
10 33 46 23 12 62
1§ 33 48 .3 24 I 64
12 32 50 23 10.5 65
13 31 31 26 10.3% 6g
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Hydrogenation of Cotton Seed Oil

26. Oleic acid.

The hydrogenation of oleic acid was continued for thirty-two hours, and
the reaction came to a stop at the end of the thirty-first hour, This series of
experiments indicates that the optimum temperature for the conversion of
oleic acid into stearic is 200%220° C. Above that temperature, the acid
becdme brown in color and developed a disagreeable odor. Table IX gives
the results. The changes in the iodine value and melting point of the oleic

acid are also presented in the form of curves in Figure 2.

TaBLE IX
(The iodine value of the oleic acid before hydrogenation was go)

67

No. of Hra. of | Iodine valye after | Melting point No. of Hrs. of | lodine value after | Melting point
Hydrogenetion | Hydrogenation of the product || Hydrogenation | Hydrogenntion | of the produet
1 74 liquid 17 40 43
2 70 " 18 38 44
3 67 7 19 35 45
4 63 23 20 32 47
5 64.5 25 21 30 49
6 62.5 28 22 27 51
7 61 20 23 23 52
8 50.5 31 24 21 54
9 58 32 2§ I9 56
10 56 33 26 1y 59
I 55 33.5% 27 16 6c
12 54 34.5 28 Iy 6o.3
12 52 35 29 14 61.5
14 50 30 30 13.5 62
15 47 38 31 13 63
16 44 40 32 13 63
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Fig. 2
Hydrogenation of Oleic Acid

To investigate whether it is easier to hydrogenate oils (which are glycerine
esters) or the corresponding free fatty acids, the following experiments were
performed. Cottonseed oil, soy bean oil, fish oil, and neat’s foot oil were hy-
drogenated as already stated. In experiments 27, 28, 29, and 39, the free
fatty acids obtained from these oils respectively, were hydrogenated by means
of the best catalyst found, namely, nickel silicate. These free fatty acids
were obtained in each cage by sapoaification of the oil in question with alco-
holic potash, the soaps being then decomposed with hydrochloric acid, the
free acids thoroughly washed with water, and dried before hydrogenation.

2. Acid from cottonseed oil.

A hundred grams of cottonseed oil were saponified with alcoholic potash.
The soap which was light yellow in color and transparent, was decomposed by
warming with hydrochloric acid. The aeid thus liberated was thoroughly
washed with water until frec from alcoho! and then separated from the aqueous
liquid by means of a separating funnel. The iodine value, solidifying point
and melting point of the acid were determined before hydrogenation. The
hydrogenation was carried on for three hours at 220° C. The results ob-

tained are given in Table X.
TaBLe X

(The free fatty acid melted at 31° C, solidified at 2¢9° C, and had an iodine
value of 162 before hydrogenation)

No. of Hrs. of Indine value after Melting point
Hydrogenation Hydrogenation of the product
X 86 34
2 2 37
3 59 41
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28. Acid from soy bean oil.

A hundred grams of soy bean oll were treated in the same way as the
cotton seed oil in the preceding experiment. The soap was not perfectly solid
and its color was brown. The data in Table XI are the results obtained after
four hours of hydrogenation,

TaBLE XI .
(T fra2 fatty acid melted completely at 23° C, solidified at 21° to 18° C,,
and had an iodine value of 136 before hydrogenation.)

No. of Hrs. of Lodine value after Melting point
Hydrogenation Hydrogenation of the product
I 121 26
2 006 32
3 65 33
4 70 38

29. Acid from fish oil.

The free fatty acid of the fish oil was prepared similarly and then sub-
jected to hydrogenation at 200°%-210° C.

The results are presented in Table X1,

Tasue XII
(The free fatty acid melted at 25° C, solidified at 21° C, and had an
iodine value of r3o before hydrogenation)

No. of Hrs. of Iedine value after Melting point
Hydrogenation Hydrogenation of the product
I 122 25
2 I13 2{)
3 105 32
4 96 35

30. Acid from neal's foot oil.

The neat’s foot oil gave a pretty, yellow soap when saponified with
aleoholic potash. The aecid was obtained as in the preceding experiments.
It was subjected to hydrogenation at about 200° C. It was found that the
acid was much casier to hydrogenate than ils parent 0il. This experiment was
carried on for three hours and the final product obtained was perfectly white

and hard. The data are given in Table XIII.
TapLe XIII

(The free fatty acid melted at 23° C, solidified at 21° C, and had an
iodine value of 77 before hydrogenation).

No. of Hrs. of lodine value after Melting point
Hydrogenation Hydrogenation of the produect
I
I ! 32 39
2 i 43 47
3 { 32 54
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Conclusion

Among all the various catalysts tested, nickel silicate proved to be the
most active in the hydrogenation of cottonseed oil. The optimum temperature

for the reduetion of this catalyst is from 2g0° to 300° C,, and that for the
hydrogenation of the oil is from ¥80° to 200° .

Niekel tungstate was found to be efficient in hardening cottonseed oil.

The only objection to it is that it requires a rather high temperature for its
reduction.

Iron retards the catalytic aetivity of nickel, when both of these metals
are present in the catalyst. It is therefore obvious that the nickel catalyst
must be entirely free from iron in order to acquire its maximum activity.

Soy bean oil has hitherto been found to be very hard to hydrogenate,
However, by means of nickel chromate and manganate, this oil was duly
hydrogenated. Solidification took place at the second hour, when the iodine
number fell to about half of its original value. - |

The hydrogenation of free fatty acids was found to be very much more
readily accomplished than that of the corresponding parent oils, The case of
neat’s foot oil is an especially striking example of this fact.

Chemvical Laboratory,

University of Wisconsin,
Mactison, August, 1923.



CATALYTIC ACTIVITY
BY C. O. HENKE AND 0. W. BROWN

Catalytic Activity and Overpotential

Rideal,! from theoretieal deductions, arrived at the conelusion that metals
with low overpotentials were catalytically active while metals having high
overpotentials were catalytically inactive. He states that metals having an
overpotential “equal to or exeeeding o. 455 volt, should, if used as catalysts in
hydrogenation processes, show no activity since the cnergy necessary for
desorption exceeds that necessary for the activation of hydrogen in the gascous
state in the absence of a catalytic material”.

Ridenl cites the fact that the well known catalysts like nickel, copper,
platinum, ete., have low overpotentials. Tin, lead, mercury and zinc however
have high potentials and he states that these according to Sabatier, are inac-
tive in hydrogenation processes.

In a previous paper? we have given the results of several experiments with
tin as catalyst. Jt was found to be an excellent catalyst for the reduction of
nitrobenzene to aniline. Material yields up to 999, aniline were seeured.
Yet, according to Rideal’s ealculation, tin should have no catalytic activity or
at the most very low activity. Thus Rideal lists tin as having an overvoltage
of 0.43 to 0.53 volt. Caspari found the overvoltage to be o. 53 volt.

Lead likewise has a high overpotential and should, according to this idea,
be inactive catalytically. Yet we have shown® that lead is an excellent
catalyst for hydrogenation processes. Not only does lead produce aniline but
under some conditions 53 yields of azobenzene were secured. With a suit-
able catalyst yields of over 969 aniline are obtained. Thus lead does not act
as Rideal would prediet from its overpotential which he lists as 0.42 to 0.78
volt. The overvoltage as determined by Caspari is 0. 64 volt.

According to Rideal’s idea both tin and lead should be inactive catalytic-
ally or at the most their catalytic activity should be very low. However we
have shown that these metals are not only catalytically active but in fact are
excellent catalysts. This then would indicate that there is no relation between
overpotential or overvoltage and catalytic activity.

Specific Action of Catalysts

The catalytic produetion of good yiclds of azobenzene has only heen
secured with lead, bismuth and thallium?® as catalysts. The production of
azobenzene seems to be specific, at least to quite a large extent. Small
amounts of azobenzene were secured with gold, antimony, chromium and
manganese. The amount of azobenzene produced by these catalysts was

V. Am. Chem. Soc., 42, 94 (1920}
? Brown and Henke: J. Phvs, Chem. 27, 739 (1923)

3 Henke and Brown: J. Phys. Chem. 26, 324 (1922)
¢ Henke and Brown: J. Phys. Chem. 26, 324, 636 (1922)
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extremely small. Nickel, copper and silver produce no azobenzene. We have
used about 33 different copper catalysts, with a wide range of activity, and
have carried out nearly 6oo experiments with copper as eatalyst, yet, we have
never secured any solid red azobenzene. Likewise nickel and silver do not
give it.

Sabatier! states that with copper as catalyst and an insufficient excess of
hydrogen the product obtained is colored an orange red by a certain amount of
azobenzene or even of untransformed nitrobenzene. A colored product is
casily obtained with any catalyst, the color possibly being due to azobenzene
but we have never been able to obtain any solid red azobenzene with copper,
nickel or silver as catalysts,

Lead, bismuth and thallium on the other hand give azobenzene in quan-
tity. Lead catalysts have been prepared giving as high as 557 vields of
azobenzene, Also other lead catalysts (prepared diffcrently) have given over
96% yields of aniline. Bismuth and thallium catalysts have given over ¢o%
yields of azobenzene. With thallium we have never secured as high as 109,
yields of aniline. Thus these three catalysts, lead, bismuth, and thallium,
give azobenzene and aniline but do not give eyelo compounds. Copper and
silver give amines but do not give azo compounds or cyclo compounds,
Sabatier® states that copper does not attack the aromatic nucleus. Nickel
and cobalt give amines and cyclo compounds but do not give azo compounds.
This indicates that in the reduction of nitrobenzene these catalysts are quite
specific. Their activity and even the product formed may be varied but only
within certain limits. Thus lead may be prepared to give aniline or to give in
addition to aniline large amounts of azobenzene, but it does not give eyclo
compounds. Nickel may be made to give eyclo compounds or o give amines,
with but a small amount of eyclo compounds, but it does not give az0 com-
pounds. Copper and silver, on the other hand, give only amines and neither
azo compounds or c¢yclo ecompounds.

Thus catalysts, in the reduction of nitro compounds, seem to be quite
specific. On the other hand Adkins and Krausedin a study on the decompo-
sition of ethyl acetate by alumina, titania and thoria come to the following
conclusion: “Experimental confirmation of the statement that alumina,
titania and thoria catalyze specific decompositions of ethyl acetate, has not
been obtained. The results obtained by us indicate that in determining the
order of efficiency of these catalysts for these reactions, the method of prepara.
tion of the catalyst is of equal if not greater importance than the particular
metallic clement present in the catalyst.” Again Adkins® in a later paper
states: “Alumina has been preferentially activated for decarboxylation and
for dehydration by modifying its method of preparation.” However it would
be interesting to know the highest percentage yield obtainable in cach of the
three reactions by each of the three catalysts, using cach catalyst under the
best conditions for that catalyst for cach reaction. One catalyst would prob-

ably work best at one temperature and another at a different temperature,
' Compt. rend., 133, 321 {1901)
* “Catalysis in Organic Chemistry,” p. 181 (1922)
3 J. Am. Chem. Soc., 44, 385 (1922)
t J. Am. Chem. Soc., 44, 2156 (1g22)
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Also one catalyst would give the highest percentage yield of reaction 1 (as
numbered by Adkins and Krause) under one set of conditions, while an entirely
different set of conditions might be required to give the highest percentage
yield of reaction 2 and still another set for reaction 3. It might thus be
found that one catalyst would give the highest yicld of one reaction while
another catalyst would give the highest yield of another reaction.

Catalytic Activity and Atomic Weight
In connection with the production of azobenzene it was pointed out in a
previous paper' that the three catalysts which produce azobenzene, thallium,
lead and bismuth, fall together when the elements are arranged according to
their atomic weights. Thus thallium has an atomic weight of 204, lead zo7
and bismuth 208. No other element has an atomie weight between 204 and
208. No other catalyst has been found to give azobenzene in appreciable
amounts, However these three catalysts under suitable conditions give
azobenzene in large quantities, Thus there seems to be a relation hetween

- atomie weight-and the property-of producing azobenzene.

Catalytic Activity and Ozxidation
In discussing the action of iron and antimony in a previous paper®, it was
pointed out that apparently the metal partially reduced the nitrobenzene
and was itself converted to the oxide. Thus at the lower temperatures these
catalysts would quickly lose their activity. Their activity however was
quickly restored by heating to 2 higher temperature in hydrogen. This would
indicate that at the lower temperature the nitrobenzene oxidizes the metal to
the oxide, and hence the catalyst loses its activity. Then at this lower tem-
perature the oxide is not reduced or only slowly reduced by the hydrogen.
When the temperature is raised the oxide is reduced and hence the catalyst
regains its activity. While at the higher temperatures the catalyst does not
lose its activity or at least much more slowly, presumably because at this

temperature the oxide is reduced as fast as it is formed.

Summary
1. The faet that tin and lead have high overvoltages and are excellent

catalysts while the previously known catalysts, as nickel and platinum, have
relatively low overvoltages indicates that there is no relation between cata-
lytic activity and overvoltage.

2. In the reduction of nitrobenzenc catalysts are specific. Their activity
and even the product obtained may be varied but only within certain limits.

3. There seems to be a relation between atomic weight and the property
of acting as a catalyst in the formation of azobenzene.

4. The behavior of iron and antimony catalysts indicates oxidation of the
metal by the nitrobenzene and subsequent reduction of the oxide by hydrogen.

Laboratory of Physical Chemistry

Indiana Universily
Bloominglon

! Henke and Brown: J. Phys. Chem,, 26, 636 (1922)
2 Brown and Henke: J. Phys. Chem. 26, 278 (1922)
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THE DISCOVERY AND SEPARATION OF THE ISOTOPES
OF CHLORINE AND THE WHOLE NUMBER RULE

BY WILLIAM D. HARKINS AND T, H. LIGGEDT!

1. Introduction

The first discovery of the non-clementary nature of a light “element” was
entirely accidental. On January 17, 1913, J. J. Thomson, in an address to
the Royal Institution, stated that he had found a second line in the positive ray
speetrum of neon, with the explanation given in the following quotation:
“There is, however, the possibility that we may be interpreting Mendeleef's
law too rigidly, and that in the neighborhood of the atomic weight of neon
there may be a group of two or more elements with similar properties, just as in
another part of the table we have the group iron, nickel, and cobalt.”

- The ideg that- an clement whose-exnet element (so-called atomic) woight
differs by more than o.1 per cent from a whole number, is a mixture of two
or more isotopes, was advanced in 191y by Harkins and Wilson in a series of
papers on the “Whole Number Rule”.? In these papers the atomic weight of
the lighter isotope of ehlorine was given as 35.00, and it was pointed out that
the atomic weights indicated a general difference of 2 between adjacent
isotopes. In 1916 Harkins and Turner began un attempt to separate the
isotopes of chlorine, a notice of the beginning of this work having been pub-
lished by Harkins and Hall.® Chlorine gas was diffused through the stems of
church-warden smoking pipes, and the atomic weights of the residue and dif-
fusate were determined by the gas density method. The first results were
inconelusive, so experiments were begun using hydrogen chloride gas. Chlor-
ine had been selected in the first place heecause it could be obtained in the
liquid form in iron eylinders, and hecause it is casily condensed from the
gaseous to the liquid or solid form. However, if there are two isotopes, Cl
and C1, of the monatomic substanee, there are three molecular isotopest C1-Cl,
Cl-Cl, and CI-Cl. Now the second of these has a molecular weight which is
the mean of those of the other two, so it reduces the rapidity of the separation
of the atomic isotopes by one-half. This disactvantage is overcome by the use

of hydrogen chloride in which each of the atomic isotopes is combined separ-
ately with a very light atom.

! Contribution from the Chemical Laboratories of the University of Chicago and of
Central College, Pella, lowa.

* These papers contained the first statement of the moders “Whole Number Rule”
or the ** Law of the Constanes of the Packing Effect.” The evidence presented in support
of the whole number rule was that contained, (1) in the chemieal atomie weights, and (2) the
facts then known concerning radioaetivit ¥. The facts brought out by the later work on
positive rays have given a strong support to the rule but they have in no way modified the

form which was given to it by Harkins and Wilson nine vears ago. References: Harkins
and Wilson: Prac. Nat. Acad. Setences, 1, 276 f1915); J. Am. Chem. Soe., 1367-1321
(1915), Phil. Mag., 30, v23-34 (19135,

2 J. Am. Chem. Soc., 38, 221 (1916)
* Harkins: Science 51, 289-91 (19207
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The work of the present paper was begun in rory, but was stopped by
incidents connected with the beginning of the war. An atomie weight deter-
mination made in August 1919, indicated that a partial separation of isotopes
had been attained, but the atomie weight determinations were made some-
what hastily, so they were not entirely conclusive.

In January 1920 Harking and Brocker obtained definite evidence, since
carefully confirmed, that they had secured five grams of chlorine, with an
atomic weight o.035 units higher than that of ordinary chlorine.! Tive atomic
weight determinations made by an extremely accurate density method gave
results as obtained at that time: o0.032, 0.059, 6.057, and o.053 units increase
in atomic weight. The efficicney of the process was 6o per cent; that is about
6o per cent of the theoretical change of atomic weight was actually obtained.
The further progress of this separation, which was proceeding rapidly, was
stopped about two months later by the illness and death of Mr. Broeker.

The importance of this work lies not only in the fact that it was the first
actual scparation of an element into isotopes, but in addition it was an entirely
independent discovery of the existence of isotopes of ehlorine, practically
coincident with experimentally, and much earlier theoretically, than that in
which the much more rapid positive ray method was used by Aston. A second,
and entirely independent separation of the isotopes of chlorine was obtained
by Harkins and Hayes.? They obtained larger quantities of isotopic material
by diffusion through pipes of porous porcelain prepared by the Bureau of
Standards. The increase of atomic weight obtained was o.04 unit, and the
efficiency, about 33 per cent, or considerably less than that of the earlier work.
This was due to the fact that the pores of these pipes were larger than those of
the chureh-warden pipe stems.

The present paper describes another independent separation in which an
increase of 0.043 unit was obtained. Its value is due to its entire agreement
with the two separations reported carlier, even though the method used in the
determination of the atomic weight is entirely different.

2. Apparatus and Method of Separation

The apparatus used in the present work consisted essentially of a set of
16 church-warden pipe stems connected in series and jacketed by larger tubes
similar to condenser jackets. In order to save space a part of the tubes were
contained in a gas-tight plate-glass box. A rapid current of dry air was
kept passing through the outer jackets and the glass box, but great care was
taken to keep the pressure in the jackets and inside the porous tubes as nearly
equal as possible. I{ydrogen chloride produced by the interaction of concen-
trated sulphuric and hydrochloric acids was passed at a uniform rate through
the inner porous tubes, after which any hydrogen chloride which had not
diffused out was absorbed by passing the gas over the surface of water in a
series of absorption tubes. The solution constituted the residue or the heavy

( )‘ Harkins: Phys. Rev,, 18, 74 (1920); Science, 51, 289-91'{1920?; Nature, 105, 230-1
1920).

2 J. Am. Chem. Soe., 43, 1822 (1921},
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fraction. The admixed air which had diffused into the porous tubes, after
being thus freed from hydrogen chloride, passed direetly into the air of the
room. The air from the outer jackets, which contained the diffusate or light
fraction, was freed from hydrogen chloride in a separate set of absorption
tubes. The apparatus was similar to that used by Harkins and Hayes,'
which has been fully deseribed.

Three sets of diffusions, each with a cut of approximately 20, were made
by the use of this apparatus, so the final cut was approximately 8,000, which
corresponds to an inerease of atomic weight of about 0.08 unit. Thus the
separation actually attained corresponds to an efficiency of about g4 per cent,
which is in good agreement with that obtained by Harkins and Broeker by
the use of an almost identieal apparatus. It may be stated that, in agreement
with what may be expected from the standpoint of the theory of the various
processes® g similar diffusion at low pressures as carried out by Harkins and
Mann has given efficiencies of go per cent or more.

3. Purification of the Chlorine Compounds

The solution of hydrogen chioride from the first diffusion was given a
preliminary purification by distillation in an apparatus of hard glass. The
middle fraction alone was ysed for further purification, but this and the two
end fractions were tested for iodine and bromine as desecribed later, but no
trace of cither of these clements was found. However, to add to the certainty
that these elements were absent the middle fraction was redistilled after the
addition of a few erystals of potassium permanganate. The middle fraction
from this redistillation was used for further treatment. This method of
separating bromine and todine is recommended by Richards?

The hydrogen chloride from the last middle fraction was converted into
potassium chloride by the addition of very pure potassium carbonate. This
last salt was prepared by reerystallizing 3 times beginning with 5 pounds of the
pure salt. This was of the best grade which could be purchased. The potas-
sium chloride thus obtained was still further purified by careful fractional

reerystallization. The hydrogen chloride from the further diffusions was
purified in the same way.,

The final yield of highly purified salt was 16 grams for the diffusions
completed in June 1920, and 2.22 g. from the intermediate fraction obtained

later. The heaviest chlorine was obtained in July 1921, and was reduced by
the extensive purification to 3.08 grams of potassium chloride.

4. Methods of Analysis

Isotopic and ordinary potassium chlorides prepared from the same potas-
sium carbonate and purified in exactly the same way as described above, were
used for the determination of the relative atomic weight of the isotopic chlorine.

' J. Am. Chem. Soc., 43, 1922 (1921)
? Harkins and Mulliken: J. Am. Chem. Soc., 44, 37-65 (1922).
* Richards: Carnegic Publication No. 12 5.
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The purest silver used by the U. S. Mint was obtained from them. It
was cleaned by washing successively in alechol, ether, nitric acid, and distilled
water, It was then cut into pieces of about 1 gram each and kept in a desic-
cator.

Precipitation of the Silver Chloride. Threeof the 1 g. pieces of silver were
weighed carefully and were placed in goo cem. beakers, 1o ecem. of 6 N nitrie
acid, entirely chlorine free, was added, and the silver disssolved by the aid of
gentle heating, which also effected the removal of nitrogen dioxide. The silver
nitrate thus prepared was diluted to N /1o concentration, and heated to 75°.
Slightly legs than the equivalent amount of the respective potassium chloride
solution, diluted to N/10 concentration, was then dropped in from a pipette,
with constant stirring. The beakers were then warmed a few minutes on the
hot plate, and allowed to stand until the solution had become clear, which
usually oceurred in from 4 to 10 hours. Enough potassium chloride was thea
added with constant stirring, to make very slightly more than the equivalent
amount, and the heating and settling again repeated, a third slight amount of
potassitiin chloride was added to insure complete preeipitation and. this. was
followed by 24 hours standing.

The solutions were filtered through crucibles of the Munroe type with a
very thiek platinum sponge, burnished on top until it had the appearance of
sheet platinum. Over this a perforated platinum dise was used, partly to
prevent possible injury to the filtering surface—though it was so hard as to
make this unnecessary but chiefly to enable the major part of the silver
chloride to be casily removed for fusion. These crucibles proved extremely
satisfactory, since they could be used for many determinations with losses in
weight in only the fifth decimal place, and often were found to check to within
0.00001 gram,

Filtration and Washing. The crucibles were supported by rubber rings
in glass funnels which were placed inside copper funnels, the space hetween
the funnels being filled with finely chopped ice.

The liquid over the preeipitate was decanted through the crucible, and
the precipitate was then washed 1o times by decantation with ice-cold water
containing g cem. of 6 N nitric acid per liter. During this process the beaker
was kept, whenever possible in a bath kept at o°. The transfer of the precipi-
tate to the erucible was made with extreme care to prevent any loss. Finally
the sides of the beaker were cleaned by the use of a carefully prepared rubber
“‘policeman,” and the completeness of the transfer proved by rinsing the beaker
with a few cem. of ammonium hydroxide and acidifying with nitric acid. The
precipitate in the erucible was then washed 1o times with wash water of the
same kind until the volume of the wash water had become 175 cem., the pres-
sure in the suction flask being kept constantly 200 mm. below that of the
atmosphere. The precipitate was usually free from soluble chlorides after
too cem. of wash water had been used.

The crueibles were wiped on the outside by a elean cloth, and after 1o
hours heating in an electrie furnace at 250°% they were cooled three hours in a
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desiceator placed beside the balance, after which they were weighed.  After
this the heating and cooling were repeated until the weight beeame constant
to 1 or 2 units in the sth decimal place.

The major portion (go to ¢8<7) of the precipitate was then removed from
the top of the dise by the use of a small spatula, and placed in a quartz crueible
which was weighed at once. It was then heated to 2 so° for some time, cooled,
and again weighed. If the weight had changed more than o.00002 g., the
heating was repeated until the weight became constant. The quartz crucible
was then set inside & nickel crucible in which it was supported by a ring of
metal, and was heated until the silver ehloride fused into a single mass. The
sitver chloride was always pure white before heating, and was slightly darkened
by heating, but it finally formed a light-colored, translucent mass. The eruci-
ble was rotated so that the silver chloride would not include gas bubbles.
After cooling and weighing, the fusion was repeated to make sure that the
weight had become constant. The fusion correetion averaged o.00006 g. per
~ gram of silver chloride,

8. Weighing and General Procedure

The Ainsworth balance used for the weighings had a rated sensitiveness of
t/50 mg., but by using 1 mg. riders both for getting the zero point and for the
weighings, always taking the zero point just before and just after the weighings,
and by using a lens for reading the scale, it was found that there was not more
than r, 100 mg. difference between successive weighings of 1 g. of silver. The
crucibles were counterpoised by other erucibles of slightly less weight. The
weights used were calibrated both at the beginning and the end of the work by
the use of 4 pieces which had been standardized under Class M Weights by
the Bureau of Standards, with corrections to o.001 mg. for the 10 and 100 mg.
pieces, and o.or mg. for the r and 10 g. pieces. Each weight which was used
was checked against two of the standard weights, with the exception of the
smallest and largest, which were checked against one. All determinations were
corrected to weight in a vacuum.

In order to minimize the effects of dust, light, vibrations, and change of
temperature, all of this work was done in a separate room in which no other
work was being done. Daylight was not allowed to act on the precipitates,
and the lighting was produced by a red sereen over a tungsten bulh. All of the
water used was of the “conductivity” grade. The beakers were of hard glass.

The Munroe crucibles were cleaned by washing 3 times with 15N ammon-
lum hydroxide to dissolve almost all of the silver chloride, and by subsequent
standing in ammonium hydroxide of the same concentration for 5 hours.
They were then washed successively with ammonium hydroxide,water, dilute
nitric acid, and finally 10 times with the wash water slightly acidified with this
acid.  After drying 4 hours at 250° and weighing, this process was repeated
until the weight heeame constant.

(¥ 5 N i e o Y
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6. Determination of Silver Chloride in the Wash Water

Two methods, the nephelometric and a non-nephelometric method, were
used for the determination of the silver chloride in the wash water. The latter
of these two methods was used at first since at that time no nephelometer was
available. It consisted in making extra determinations in which three com-
plete sets of washings were used. In this way it was found that 0.00007 g&. of
silver chloride was lost in each washing, a value which agreed well with the
nephelometric determinations.

The method of using the nephelometer was briefly as follows:

(2) Both vials were first filled with a comparison suspension of infusorial
earth, prepared as described below. The right-hand vial was set at 20 mm, and
the left hand one adjusted till equal illumination was sccured. This was
usually at 22 mm. The left-hand vial was then allowed to remain filled with
this suspension and set at this height, the right-hand vial being used for hoth
the standard silver chloride suspension and the unknown suspension from the
wash water. The left-hand suspension thus served the same purpose as a
counterpoise on a balance when weigliing by the method of substitution,

(b) The right-hand vial was then filled with the suspension prepared
from the wash water as described helow, and the reading taken.

(c) Lastly the right-hand vial was filled with a standard suspension of
silver chloride prepared in precisely the same manner, and its reading taken.
The relation between the unknown suspension and the standard was then
casily calculated, or read from a nephelometric curve, drawn as deseribed
below.,

Fairly accurate results may be secured by assuming that the concentra-
tions are inversely proportional to the readings but it was found more exact to
take the readings on a series of suspensions of concentrations ranging from
five times that of the standard to one fifth its value; then from these to con-
struct a nephelometric curve, plotting readings against concentrations of
silver chloride. The concentration of an unknown silver chloride suspension
could then be found as soon as its reading had been determined.

The comparison suspension was prepared by shaking infusorial earth
with distilled water, allowing it to stand from 5 to 1o days, and siphoning off
the top liquid. This was freed from dissolved air by warming to 40° C, then
shaking vigorously in a suction flask under good vacuum for 3to smin. No
trouble was then experienced with accumulation of air bubbles in the top of
the tube.

The standard silver chloride suspension with which the unknown solu-
tions were compared was made by taking

§ CC o.ooor Molar AgNO,

3 ¢c 1t Molar HNO,

3 ce 1 Molar NaCl
These were mixed and diluted to a definite volume so as to produce a suspen-
sion of the same order of concentration as that of the unknown. The precipi-
tate was fully developed by heating to 40° for 30 min. as recommended by
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Lamb? and his co-workers. It was then re-dissolved with 1 cc rgN NH.OH,
re-precipitated with HNO; heated at 40° for 30 min. as before, cooled and the
reading taken. Richards® has called attention to the necessity of this re-pre-

cipitation in order that the precipitates in both unknown and standard may be
f~rmed by similar chemical reactions.

All water used in the solutions and suspensions was of conductivity
grade, freshly distilled and carefully protected from dust., Tests on some
water of the same grade which had been kept in storage bottles for several
weeks showed a considerable opaleseence, The water for each set of deter-
minations was therefore tested to make sure that its opalescence was negligible.

Since close checks in setting a nephelometer are diffieult to obtain, several
readings were always taken and the average used.

The results of one series of determinations, with conditions as in the
regular analysis, are given below.

Serial No. Average Ratio to Standard Suspension Grams AgClin
Reading - 0:35%10°% Molar A€l ry5ec Wash Water
W8 A 28 .5 0.898 0.000 035
W8 B 30.0 0.833 0.000 0354
W 10 26.4 0.970 0.000 061
W 1 24.6 1.041 0.000 063
W 12 3r.9 0.830 0.000 0§52
W 13 35.4 0.748 0.000 04%

These results are in good agreement with the gravimetric method first used,
since the difference between the two methods would affect the atomic weight
only slightly in the third decimal place.

7. Tests for Bromine and lodine

Tests for bromine and iodine were made on both the diffusion fractions
and the solutions and mother liquors obtained in the various purifications of
the chlorides used in this work, but neither element could be detected. For
iodine the nitrous acid test and the nitrosyl sulfuric acid test were used. With
nitrous acid, especially when starch was used as an indicator, the presence of
1/10> mg. of iodine in 0.8 g. of potassium chloride could easily be deteeted.
The test for nitrosyl-sulfuric acid scemed to be equally sensitive when made
upon potassium iodide alone, but for the detection of a small amount of iodine
in & large amount of potassium chloride the nitrous acid test was more sensitive.

The best test for bromine which was tried was that with chlorine water
and carbon disulfide. The sensitiveness was found to be 1/10 mg. of bromine

in 1-g. of potassium chloride. The results of this test were negative in all cases,
even when the mother liquors were used. '

It should be remembered that although iodine and bromine were thus
found to be absent, all of the material used in the atomic weight determinations

J. Am. Chem, Soc., 42, 251 (1920;
J. Am. Chem. Soe., 29, 623 (1907

[ ) -
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was subjected to several different processes, any one of which would have
been sufficient to remove either or both of these elements if they had been

present,

8. Atomic Weight of the Isotopic Chlorine

The method used for determining the atomic weight of the igotopic
chlorine obtained from the heavy fraction of the diffusions, was essentially a
comparison with the atomic weight of ordinary chlorine as assumed with a
value of 35.46. An atomic weight of 35.459 corresponded with the purity of
the silver used ag 9g.967 %, so this value was used in the tables below.

TaBLE 1. Atomic Weight of Isotopic Chlorine

Units In-
crease
Dif- _ overOr-  Total
fus-  Silver AgCl Ratio Atomic  Aver-  Cut dinary Effici-
jon Taken  Obtained Ag:AgCl Weight age Chlorine ency

i

.328794 35.470 35.47t 20 o.012  43%

{ 1.05806 1.40714
328798  35.471

©.98200 1.30300

et

2 (.08664 1.44400 1.328049 35.487 409 0.020  351%
0.84085 1.11745 1.328053 35.488 33.488
3 0.83386 1.10826 1.320072 33.500 8000 ©0.044 31%
0.98187 1.30502 1.320117 35.50% 35.503
(b). Ordinary Chlorine.
1.08095 1.43631 1.328748 35.4635
1.07361 1.42648 1.328676 35.458
1.21695 1.61697 1.328707 35.401
1.14800 1.52662 1.328663 35.456
1.11777 1.48517 1.328000 35.450

35-459

It will be noted that the percentage efficiency of the diffusions was nearly
constant, being 51 % at the end of both the second and the third diffusions.
The apparent lower efficiency of the first diffusion is probably not real, since
an atomic weight higher by o.002 unit would have given its efficiency a value
of 509. The increase in the atomie weight caused by the first diffusion is so
small as to make the calculated efficiency extremely sensitive to very slight
errors in this case. Tho theoretical increase in atomic weight is given by the
equation of Mulliken and Harkins:

M =0.022 loguC

9. Summary

r. By a cut of 8,000 the atomic weight of chlorine was increased by
0.044 unit. The process used was the diffusion of hydrogen chloride into air
through a membrane of porous porcelain, In a process of separation which is
1009 efficient the increase of atomic weight should be 6.086 unit, =o the effi-
ciency of the actual separation was 51%. This agrees well with the efficiency
of 609 obtained by Harkins and Brocker in a separation announced in Febru-

R T R TUT I L
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ary 19zo, especially since church-warden pipe stemns were used as the porous
membrane in both cases; and is higher than that of 35 obtained by Harkins
and Hayes, who used a material with larger pores.

2. The efficiency obtained in a cut of goo was also 31%%, which is in
perfect agreement with that for a eut of 8,000. Such an agreement could not
be attained unless the process deseribed had actually separated the isotopes,
since the materiul separated after each diffusion was purified before the next
diffusion was begun, so impurities could not have such a constant effect.

3. The atomic weights were determined by the method of precipitation
of the chlorine as silver chlovide, and are in good agreement with those ob-
tained in independent separations by Harkins and Broeker and Harkins and
Hayes, who used & density method for the atomic weight determinations.

4. The experimental work here reported was begun in rg17 in order to
give support to the “Whole Number Rule” of Harkins and Wilson. The
elernent chlorine was chosen because its atomic weight differs more fiom a
whole number than that of any light element, so it was considered that a
considerable amount of the heavier isotope would be present mixed with the
isotope of atomic weight 33.0.

Chicago, I1L.,
Sept. 21, 193,
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The Chemistry of Leather Manufacture. By John Arthur Wilson. 28X16 em;
pp. 343 New York: The Chemical Catalog Ca., 1923, Price: $5.00.~"Raw skin is readily
putrescible in the wet state.  Upon drying, the collngen fibers become glued together and the
skin becomes very stiff.  Although the dried skin will not putref ¥, it again hecomes putre-
scible ag soon as it comes into contact with water. Thousands of years ago the discovery
was made that the properties of skin substance change completely when the wet skin is
brought into contact with the aqueous extract of those forms of plant life which have since
come to be classed as vegetable taumning materials. The action which brings about this
change of properties is known as vegetable tanning and the compound of skin protein and
tannin as leather.  Under normal conditions, the fibers of leather do not glue together upon
drying and they are not putrescible even in the wet state, . . . Two conditions may be
accepted as essential to successful tanning: the first that the natural physical structure of
the skin shall be changed but very little; the second that the degree of tannage shall be as
nearly uniform as possible throughout the skin.  The second condition, in a large measure, is
essential to the first,” p. 240.

“It has often been supposed that the tanning action consists of a coating of the skin
fibers with tannin; but observations of sections under the microscope indicate that this is
not the case. The outer surfuces of the skin act as filters, permitting only the soluble matter
to pass into the interior, where it subsequently diffuses into the substance of the fibers,
which assume a uniform color throughout when tanning is finally complete. In finished
leather, contrary to what scems to be the general belief, we find no coating of the surfaces of
the fibers nor any material precipitated in the spaces between them,” p. 250.

“The simplest theory of chrome tanning is that it consists of the combination of
c¢hromium and collagen, forming n series of salts that might be called collagenates of chrom-
ium. From this chemical theory, there are theories of many shades and kinds all the way
down to the aseumption that chrome tanning consists of a precipitation of colloidal chromie
oxide upon the surfaces of the skin fibers.

“In following chrome tanning by means of the microscope, the author has observe
the chrome liquor diffuse into the skin and also into the substance of each fiber, but without
any visible sign of precipitation. When tanning was complete, each fiber looked like a
transparent rod of green glass. This is similar to the phenomenon observed in vegetable
tanning.

“Thompson and Atkin recently attempted to apply the Procter-Wilson theory of
vegetable tanning to chrome tanning. The electrical charge on the collagen may be accepted
a8 positive during ehrome tanning and it seemed improbable to Thompson and Atkin that
combination takes place hetween positively charged collagen and a positively charged
chromium ion or complex. In a review of eighty papers dealing with chromium salts, they
found numerous contradictions on points of importance, but one fact seemed to stand out
a8 definitely established. Chromie sulfate exists in solution in two modifications. one green,
the other violet. At any temperature between 0° and 100° C, a definite cquilibrium exists
between the two forms in solution, the green being more stable at high und the violet modifi-
cation at lower temperatures. In the change from violet to green by raising the temperature,
equilibrium is quickly reached, but in the reverse actiom, following a lowering of the tem-
perature, cquilibrium is reached only after a long time. Thompson and Atkin offered the
theory that chrome tanning is effected by an anion or negatively charged colloidal particle
containing chromium and arising from the green modification of chromic sulfate. The
action should then be similar to that deseribed in the Procter-Wilkon theory of vegetable
tanning,” p. 30s.

“The author’s view of the mechanism of chrome tanning is us follows: Although the
degree of ionization of the carboxyl groups of the protein, in which a hydrogen ion passesinto
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solution, may become extremely small with increasing acidity, it never becomes zero. This
means that, even if the electrical charge on the protein structure is predominantly positive
there still remain a relatively small number of negatively charged groups seattered through-
out this structure. Cr(OH) ¥, or ions of a similar nature, diffuses into the jelly composing
the fibers of the skin an.” combines with these negatively charged groups wherever encoun-
tered. Having centralized the electrical charges on each other, both the collagen and chro-
mium groups hecome capable of ionizing further, the chromium group giving off another
hydroxide group and the collagen a hydrogen ion. With a repetition of this process, all
three bonds of the chromium become united directly with thecollagen structure. The funda~
mental assumption underlying this view is that howeversmall may be the concentration of
negatively charged groupsin the collagen strueture under the conditions of tanning, it is very
much larger than would result from the dissociation of the chromium compound of collagen.

“This theory is not antagonistic to the Proctor-Wilson theary of vegetabls tanning,
but actually supplements it. In vegetable tanning, the tannin probably attaches itself to
the amino or other basic groups of the protein structure; in chrome tanning, the chromium
attaches itself to the carboxyl or other acid groups. This is corroborated by the faet that
chrome tanning apparently does not lessen the capacity of the skin for combination with

- vegetable tanning materials; or vice versa,  'Wood found that plates of gelatin tanned with

chromium were capable of combining with as much tannin as before the chrome tanning,
suggesting that the chromium and tannin are not attached to the same groups in the protein
structure. This is not in accord with the Thompson-Atkin theory, in which both chromium
and tannin would be attached only to the positively charged groups of the protein. That
the collagen undergoes a chemical change in chrome tanning is proved by the fact that it
loges its property of being convertible into gelatin by contact with boiling water.” p. 308.

“Ever since chrome tanning was first introduced, the relative merits of chrome and
vegetable tanned leathers have formed the subject-matter for debate. Too often, however,
the attempt was made to compare & poor grade of one kind of leather with a good grade of
the other, without taking into consideration differences in the original skins and in the
methods of manufacture of the leathers. Since the resistance of a leather to tearing, for
example, is & funetion of the grease content, the moisture content, and the extent to which
the thickness of the original skin has been reduced by splitting, any comparisgon between
two kinds of leather must take all of these factots into consideration. There are, however,
certain differences between chrome and vegetable tanned leathers that are incontrovertible
and more or less independent of the details of manufacture. These only will be considered
in making the comparison,” p. 30c.

Photographs are given of vertical sections of vegetable and chrome tanned leathers
made from the same skin. After bating, the skin was cut into halves along the line of the
back bone. One half was tanned with chrome liquor and the other with vegetable tanning

materials. When finished, each leather represented an excellent specimen of shoe upper
leather of its particular kind.

“The outstanding difference in appearance is the much larger size of the fibers of the
vegetable tanned leather. In the chrome tanned leather, the fibers are thin, as in dried, raw
skin, but in the vegetable tanned leather, the fibers have grown to such an extent that they
almost completely fill the interfibrillary spaces. But this difference in size of the fibers is
only what one would expeet from the fact that 100 grams of skin protein combined with
57.0 grams of tannin, in the case of the vegetable tanned leather, as against only 7.2 grams
of chromic oxide, in the other. This difference is responsible for the greater weight and solid-
ity of vegetable tanned leather. Either leather can be made tough and ns soft as desired by
the introduction of a sufficient amount of oil, but the vegetable leather is capable of absorb-
ing & much greater quantity of oil without hecoming raggy. By comparison with the vege-
table leather, the chrome leather feels empty.

“Ancther outstanding difference between the two kinds of leather is the relatively
high sulfuric acid content of the chrome tanned leather compared to the negligible amount
Present in the vegetable leather. This particular sample of leather showed by analysis 6.65
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grams of sulfuric acid per 100 grams of skin protein, which is typical of leathers of this type
on the market. It should be recognized, however, that this sulfuric acid is not entirely free,
but is combined either with the chromium eompounds or with the skin protein. Only a
trace of acid is free at any time, but as soon as this trace is removed by washing with water,
more is immediately liberated by hydrolysis.

“Attempts to free chrome leather from sulfuric or other mineral acid, without
damaging the leather in some way, have not been successful, so far as the author is aware.
Reducing the content of sulfuric acid much below that normally occurring in chrome leather
scems to cause brittleness, although the cause of this is not known. In making comparative
tests, the author has always found shoes made from vegetable much more comfortable,
especinlly on long walks, than shoes from chrome leather and has attributed at least part of
this difference to the hydrolyzable sulfate present in the chrome leather.

*The rise of chrome tanning has been favored by its speed and comparative simpli-
city. The manufacture of vegetable leathers requires & much longer time and more labor. In
the manufacture of light leathers, not sold by weight, tanners have naturally preferred to
awitch to the quicker method of tanning with chromium salts, although some of the best
grades of upper leather are still tanned with vegetable tanning materials, Inthe manufacture
of heavy leathers, sold by weight, tanners have been forced to adhere to the older method of
~ vegetable tanning in order to get profitable yields. Incidentally, the author believes that
they also get better leather,” p. 300.

Chrome fanning can be reversed by the action of Rochelle salt {potassium sodium
tartrate). ‘“The fact that Rochelle salt will dissolve preecipitates of chromie hydroxide led
Procter and Wilson to suspect that it might have the power to decompose chrome leather.
They soaked a piece of fully tanned leather in & normal solution of Rochelle salt over night
and found, next day, that it would not stand the boiling test. But after washing and soaking
in fresh chrome liquor, containing no Rochelle salt it soon became tanned again. It was
found that chrome leather can be detannized by Rochelle salt solution and then again in
fresh chrome liquor repeatedly, showing that chrome tanning is a reversible action, under
certain conditions. .

“The extent to which chrome leather can be freed from chromium by Rochelle salt
wasg shown by soaking a piece of chrome leather in a normal solution of Rochelle salt for
two weeks. The solution was colored a deep green and the skin, after thorough washing, was
found to be practically free from chromium and resembled & piece of bated skin. Upon
heating with pure water, it was gradually converted into gelatin and the solution set to a
firm jelly upon cooling. This work has since found application in preparing chrome leather
wasles for manufacture into glue and for the stripping of the chrome from the surface of
leather to be retanned with vegetable tanning materials,”” p. 297.

Two of the processes preceding the actual tanning are unhairing and bating. “What
is probably the oldest method known for unhairing skins received the name sweating from
the nature of the process in its more highly developed state. It consists of little more than
the putrefaction of the cells of the Malpighian layer. Since it is only necessary to allow a
fresh skin to remain for a day or two in a warm, damp place to cause a loosening of the hair,
the method was probably discovered very early in the history of the human race. It is not
improbable that the accidental discovery of this action first revealed 1o the ancients the
advantages of unhaired skins for certain putposes.

“Because of the danger of serious damage to the skins in the sweat chambers,
unless the proecss was very careflully watehed and controlled, it ceased to be popular for
the best grades of skins after safer methods of unhairing were devised. It is still in use in
some tanneries for the lower grades of skins, such as the cheaper clasees of dried hides and
sheep skins where the wool is valued more highly than the skin,” p. 151,

“The commonest method in use today for effecting the separation of the epidermal
systern from the true skin is also one of ancient origin and is known as liming from the fact
that saturated lime water is used. Formerly a lime liquor was prepared simply by filling
a vat with water and adding caleium hydroxide greatly in excess of saturation. The skins,
after soaking, were put into this liquor and allowed to remain there until the hair and
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epidermis had becorme so loosened that they could be rubbed off with very little pressure,
Often the skins were removed each day and fresh lime added in order to hasten the action.
But with a fresh lime liquor it usually required weeks for the skins to get into a state where
the hair would slip easily. It was discovered that less time was required for each succeeding
lot of skins passing through a given liquor. The longer a Yiquor was used the more it became
charged with ammonis, other protein decomposition produets, bacterin, and enzymes, all of
which assisted in loosening the hair. The older liquors, however, attacked the collagen
fibers to & greater extent and also produced less swelling of the skin proteins than fresh
liquors,” p. 156. "

“It was suggested by the author that barium and caleium hydroxides hydrolyze
proteins to a lesser extent than the hydroxides of sodium or ammonium because of the higher
valency of the cations. “The swelling of proteins in alkaline solution is due to the pull of the
cations of the pratein salt, which tend to diffuse from the region of high concentration of jons
in the jelly to the region of lower concentration in the surrounding eolution. If this pull is
sufficiently great, we might reasonably expect a breaking up of the units making up the
protein jelly. A sodium or ammonium ion exerts its entire pull upon & single unit, whereas
the pull of a divalent cation is divided between two units, making the tendeney towards
decomposing the protein only half as great. This valency effect, however, is not the only
one playing a part in sterile unhairing liquors because the mere replacement of half of the

- hydroxide ions of lime water by sulphate ions is sufficient to cause o very marked inereasein™ =

the rate of unhairing. Wood and Law suggested that Schlichte’s observation of the unhair-
ing power of sterile lime water is further complicated by the formation of sulfur compounds
by the action of lime on the easily dissolved sulfur of the hair. Such compounds are capable
of loosening the hair,” p. 163.

“Apparently anything that will hydrolyze the newly formed cells of the epidermis
without injuring the rest of the skin is a satisfactory unhairing agent. Lime owes its popu-
larity to the safety attending its use. Its limited solubility makes it possible to maintain
& constant hydroxide ion concentration at about 0.c3 mole per liter simply by using an excess.
This concentration is high enough to retard putrefaction considerably and yet not great
enough to injure the skin itself, since the solute is a dincid base, It is entirely pessible, how-

ever, that the popularity of lime will wane when some of the newer methods of unhairing
reach & higher stage of development,” p. 172.

“Perhaps the most curious of all the processes involved in making leather is that of
bating. Little is known of its origin because it was a secret process, but it is at least some
centuriesold. After the skins are taken from the lime liquors, unhaired, scudded, and washed
they still contain lime in the form of carbonate and in combination with the skin proteins.
At this stage they are plump and rubbery and tanners have experienced many difficulties
due to putting the stock directly into certain types of vegetable tan liquors when it was in
this condition. The objeet of bating ia to prepare the unhaired skins for tanning and origin-
ally consisted in keeping them in a warm infusion of the dung of dogs or fowls until all
plumpness had disappeared and the skins had become so soft as to retain the impression of
thumb and finger when pinched and sufficiently porous to permit the passage of air under
pressure. When hen or pigeon manure was used, the process was called bating, and when
dog dung was used it was called puering, but the term bating iz now applied to the process
generally, regardless of the materials used. The difference in terminology naturally disap-
peared with the advent of artificial materials,” p. 173.

“After examining hundreds of sections of skin taken hefore and after bating, at high
magnifications and with the employment of a great variety of stains, Wilson and Daub came
to the conclusion that the removal of elastin is the primary function of bating and that the
other actions associated with dung bates can all be produced by the simple chemical control
of the processes other than bating. The falling of the skin, however, always aceompanies
the removal of elastin because the range of pH values over which pancreatin acts upon

elastin is such as to reduce the plumping of limed skin to the point accepted as a measure
of the completion of the bating process,” p. 18s.
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The subject is treated under the general headings: introduction; histology of skin;
chemical constituents of skin; ionization of acids and bases commonly used in the tannery;
physical chemistry of the proteins; preservation and disinfection of skin; soaking and
fleshing; unhairing and scudding; bating; bleaching and pickling; the tannins; vegetable
tanning; chrome tanning; other methods of tanning; finishing and miscellaneous operations.

In addition to the passages quoted, the reviewer is much interested in the author's
method of estimating tannin, p. 224; in the partial conversion of nontanning into tanning
during concentration, p. 228; in the cffect of pH in determining the fixation of tannis, p.
276; in the action of neutral salts on the rate of tanning, p. 266; in the effect of neutral
salts on chrome tanning, p. 293; in alum, iron, silicic acid, and oil tanning, pp. 311, 313,
315, 317.

In a casual way one is glad to learn that dandruff ““is not the result of a disease; but
is rather evidence that the epidermal cells are funetioning and reproducing vigorously,” p.
25; also that when the pigment-containing cells in the skins are collected in spots they
appear as freckles, p. 27; and that “when a hair is shed, after reaching the limit of its exist-
ence, the epithelial cells left surrounding the hair pepilla keep on multiplying, and soon
another hair is formed to replace the one shed. Baldness results from the failure of the
blood vestels of the papilla to furnish the required nourishment or from the destruction of
- the epithelinl cells in some other way. Any serious atterpt to grow hair on & bald head

must be accompanied by some means of imtroducing living epithelial cells into the hair
follicles, of which there are something like a thousand to the square inch. In other words,
we cannot grow a crop without seedlings,” p. 31,

“Attached to each hair follicle, just below the sebaceous glands, and extending
abliquely upward through the derma, almost to the surface,isa bundle of nonstriated muscle
tissue, known as the erector pili muscle. The nerves supplying thege museles are known asthe
pilomotor nerves. These muscles contract under the influence of emotions, such as fear,
surprise, anger, or other dieagreeable states, or in responge to cold or grazing tactile stimuli.
Among the ccmmoner visible effcets are the roughening of the skin called goose-flesh and the
effect of the hair staunding on end, very pronounced in a frightened cat.

“The real purpose of the erector pili muscles is apparently to protect the hody
against sudden changes of temperature by their control over the operation of the glands;
they eeem to act as effectively as a thermo-couple in a good thermostat. Their contraction
puts a pressure on the glands which caures the cells to give up their ol to the hair follicle
and, in the process, the cells are destroyed. The oil is then forced up through the follicle to
the surface of the skin, where it tends to stop the action of the sudoriferous glands and the
evaporation of water from the surface of the skin,” p. 31.

The fifth chapter, on the physical chemistry of the proteins, is undoubtedly the one
on which the author prides himeelf the most and it is certainly the one with which the review-
er has the least sympathy. One wondersat the naive way in which the author postulates,
P. 99, that the prediction of results by means of a formula is a proof of the aecuracy
of the assumptions on which the formula is based, especially since he admits, p. 127, that
one deduces the same formula if one has a substance in true solution and a membrane
through which one of the ions does not pass, or selective adsorption of one ion at a surface.
He admits also, p. 131, that an adsorption formula represents the data for hydrogen ion
concentration with gelatine nearly as well as his own formula; but he concludes, p. 132, that
“adsorption, 8o far as it pertains to gelatin jellies, iz a manifestation of chemical combination
complicated by the separation of the solution into two phases. We see no reason for looking
upon adsorption by other materials in any different light. In the case of suspensoids, we
are dealing with two phases of the solution apparently analogous to those of gelatin systems,
the film of solution enveloping the particles corresponding to the solution absorbed by the
ieuy‘n

Evidently the author believes that we get carbon with acetic acid of erystallization
when acetic acid is adsorbed by charcoal. On p. 127 he says that “when gold is dispersed in
water, the presence of chloride, bromide, iodide, hydroxide ion in concentrations ranging
from 0.00005 to 0.005 normal has a marked stabilizing effect on the sol produced, and the
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particles are negatively charged, The efiect seems to be due to the ability of these ions to
form stable compounds with the gold. Fluoride, nitrate, suliate, and chlorate ions decrease
the stability of gold sols, which is significant in view of the fact that they do not form stable
compounds with gold.”

*Aeccording to the Procter-Wilson theory of swelling, when a block of gelatin jelly
is immersed in & solution of hydrochlorie acid, the solution passesinto the jelly filling up the
interstices. Of the ionized gelatin chloride, which then forms, the chloride ions remain in
the solution in the interstices, while their corresponding gelatin cations form part of the net
work and are not in solution in the same sense as the anions. In tending to diffuse into the
outer solution, the anions exert a pull upon the cations forming part of the network, causing
an increase in volume of the jelly proportional to the pull exerted, so long as the elastie Hmit
is not exceeded,” p. 118,

“On p. 108 we read that “in alkaline solution the protein ion is negatively charged,
while it {8 positively chavged in acid solution. In asolution, originally alkaline, in which the
hydrogen-ion concentration is gradually inereased, there must be some point at which the
protein becomes electrically neutral; that is, where it has an equivalent number of positive
and negative charges. ‘The hydrogen-ion concentration at which this occurs has been called
by Hardy the isoelectric point of the protein. The iscelectric point of gelatin was found by

- Michaelis.and Grineff to lie at 2 pH value of 4.7 snd this value hasbeen repoatedly confirmed -
by others.”

On p. 111, we find two iscelectric points for gelatin, one at 4.7 or thereabouts and the
other at 7.7. If we are to take the definition of an iscelectric point just given gelatine
should become positively charged beyond pH=7.7; but that is too absurd. The author
gets round the difficulty by postulating, p. 114, that there is 2 sol and a gel form of gelatine
and that 4.7 is ““the isoelectrie point of the gel form. The appearance of a second point of
minimum swelling at pH = 7.7 seems to indicate that between 4.7 and 7.7 the gelatin passes
from the gel to the sol form and that the second point of minimum occurs at the isoelectric
point of the sol form.”

Of course one cannot expect much of any definition; but it is & very poor one that
will not last a page or two. 1f the sol and gel forms have any influence each on the other, as
one would reasonably expect them to have, then neither 4.7 nor 7.7 ig a true isoelectric
point; but each is merely a compromise point at which the mutual effects of the positive
gel and the negative 80l or of the positive gel and the positive sol produce & minimum of
some sort. It is hard to make heads or tails out of anything 8o confused as this. Regardless

whether the author is right or wrong, he should at least think his fundamental proposition
through clearly.

The photographs are marvellous and must have been a labor of love to the author.
It seems almost unkind to suggest that the work of his hands is more clear than that of his
head. It is also unfair to do 5o, hecause the book is an extremely valuable and important
one even though we jettison the defective theory.

Wilder D, Bancroft

Gelatin in Photography. By S. E. Sheppard. Vol.I. 22X 16 cm; pp. 2683, New
York: D. Van Nostrand Company, 1083. Price; $2.20.—This is the first of two volumes
on gelatine and the less interesting one because chiefly introductory. The four chapters are
entitled: a history of the applications of gelatin in photography; the manufacture, techno-
chemistry, and general properties of gelatin; physical testing of gelatin.

“(elatin is generally regarded as consisting of glutin and ‘chondrin’, of which the
latter has recently been found to be a mixture of glutin and chondromucoid. Glutin is the
comparatively pure gelatin; chondrin is the main constituent of glue and poor grades of
gelatin. A gelatin which can be considered as mainly glutin may be obtained from the
corium (the sensitive and vascular layer just beneath the epidermis), while chondrin in a
relatively distinct form is a product of the hydrolytic treatment of various cartilages,” p.
25.
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“In drying gelatin an apparent paradox exists in that the more concentrated a solu-
tion, the longer it takes todry; and conversely, the weaker a solution, the quicker the process.
The explanation of this is as follows: a slice of four pereent gelatin weighing 75 grams will
weigh, when dried, about three grams-—that is, 72 grams of water must be removed in drying.
The first fifty grams of water are readily taken up by the air current; butafter this the surface
of the gelatin sheet hardens to an extent which makes it much more difficult to remove the
remaining twenty-two parts,

“Since the more concentrated the solution, the sooner surfnce hardening or impermea-
bility will occur, the final stages of evaporation in the concentrated sol are much slower.
Practically, the dilution at which drying can be effected is limited by the difficulty of spread-
ing and netting the weaker jellies, and by the available space,” p. 29.

“A eonsiderable difference of opinion has existed as to the solubility of hair and
epidermis in lime liquors. Among industrial chemists, solubility is generally accepted. On
the other hand, biochemists find that keratin iz not soluble in les than twenty per cent
eaustic alkali in the vold. Tt has been suggested by Seymour Jones that reconciliation of
these opposing results lies in the existence of bacteria and digestive ferments in the unhairing
baths. His analysis of the action is briefly as follows: While digestive ferments have great
difficulty in rendering adult (dying) keratin soluble, young keratin is readily dissolved by
- pepsin. The Malpighian layer is built up of young keratin cells and it. was observed on

many occasions that the lime solutions appesred to attack the lower layer (vete malpighi)
first, thus loosening the upper layer in large sheets. On the other hand, Criffiths contends
that unhairing is & purely chemical process, not involving bacterial ageney, This view,
however, is opposed to the balanee of the evidence,” p. 62.

“It may be emphasized here that little is definitely known as to how far the ‘stripping’
in lime should be allowed to proceed to secure respectively: culinary gelating, photographic
gelatins, technieal gelating, and glues. Up to the present, adjustment of this has been
largely a matter of rule of thumb. Valuable or invaluable as this may be, it appears very
probable that it should be supplemented by chemical research and control,” p. 69,

“Apart from physical and colloid-chemical characteristica (to be considered later),
there are certain special requirements for photographic gelatins. They should give clear
and nearly neutral solutions; the moisture content should not be above twenty percent, and
lower for ‘soft’ gelating; and the ash should not exceed two percent. . . . Bases and heavy

metals should not be present in more than mere traces, as they are harmful to photographic
emulsions. Sulphates and chlorides should also be low,” p. 117.

“Collagens, especially the fibrous type, swell greatly in dilute hydrochloric acid, but
shrink in concentrated acid. They also swell in quite weak alkali solutions. They are
decomposed in the cold by four or five percent solutions of caustie alkali with evolution of
ammonia, but ten percent alkali carbonate solutions at 40°C, cause neither swelling nor
decomposition. Heating in weak acid or alkali destroys the gelatin-yielding complex, but
concentrated neutral solutions do not affect collagens at 40°C.

“It would follow from this that collagen is a name for & group of bodies having
similar properties, but varying considerably, even in composition. Since gelatin and glutin
are derived from collngen by treatment with boiling water, there should exist as many gela-
tins a8 parent collagens. Gelatinization of the collagen may be accelerated by acids,

especially sulphurous acid, by heating under pressure in the presence of alkalies, or by con-
centrated ammonia solution,” p. 134.

“The osmotic properties of gelatin rolutions will be referred to in greater detail later
(Volume I1). Their variability and the indeterminateness of molecular weights of colloids
as deduced therefrom has been cspeeially treated by Moore, who suggests that the range of

‘solution aggregates’ indieated by these vapor pressure and osmotic pressure results points
to a physical rather than a chemical complexity of the protein molecule.

“The possibility of the determination of significant moleeular weights of proteins by
osmotic pressure, etc., methods, may be regarded as revived by the important work of
Sorensen on the crystallization and isolation of egg-albumin. Although this will be consider-
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ed more fully under the physical chemistry section (Volume II), certain conclusions are
of great importance in the present discussion. Sorensen's general contention is that emul-
80id colloids such as gelatin, albumin, etc., are better defined by differences in degree of
reactivity of the dispersoid (dissolved) phase with its dispergent (solvent) than by disperity
(mechanical subdivision). Henco emulsoid solutions resemble true solutions in their
hehavior, which follows the Phase Rule when the number of the components is rightly
chosen. The mccessful outcome with egg-albumin is no doubt due largely to the possibility
of purification by recrystallization as it is nearly ash-free, and free from certain less detor-
minate congeners (mucin, con-albumin),

“On the other hand, the exact determination of the conditions of crystallization with
this colloid can probably be extended to other proteins. An important result with regard
to osmotic pressure is the following. An egg-albumin solution of a given composition has a
constant well-defined osmotic pressure, the magnitude of which is dependent upon the egg-
albumin concentration, the ammonium sulphate concentration, and the hydrogen-ion con-
centration, according to definite laws. The osmotic pressure of an emulsoid solution thus
definitely defined is as definite a quantity as that of a erystalloid solution of definite com-
position,

“These conclusions are not necessarily incompatible with the solution-aggregate
hypothesis. The definite osmotic pressure, in the foregoing, would correspond to a definite
- solution-aggregate, but the magnitude of this aggregate would be determined by definite

chemieal (valency) forces, rather than indefinite phyeical forces—such as those implied by
the vague concepts capillarity, internal pressure, ete. Again, crystallization is not necessar-
ily the expression of chemical individuality. 1f the electrostatic neutralization of charged
iona can form & regular space lattice, a crystal will be formed, but need not correspond to
chemical molecular integration. This question will be taken up again in discussing the
physical chemistry of the gel condition, as also will be the theses of Pauli, Procter, and Loeh
in regard to the stoichiometric nature of gelatin reactions with acids, bases, and salts, and
their dependence upon hydrogen-ion concentration. Provisionally, the most probable
‘combining weight’ of gelatin may be taken as 840, while the ‘molecular weight’ is uncertain,”
p. 148.

While the text is written for the most part in a rather unexpectedly simple and clear
manner, there are places, pp. 184, 187, where the reviewer fails to grasp much more than the
single words, The author discusses, p. 184, the * general cycle, carrying the sitnple molecu-
lar constituents of the earth’s atmosphere and soil through the stages of relatively free
elements and complexly united proteins, and back to the simple molecular stage. . . .

“The essential link is photochemical synthesis, to which it may be suspected all bio-
chemical (enzyme) reactions can be reduced in principle,—i.e., actual reactions, to distin-
guish from ordinary thermochemical reactions which should be properly termed black radia-
tion reactions (Ferrin). The other aspect is the occurrence of the synthesis by colloids in
colloids, and persisting in colloids. Now, just as laboratory organic chemistry has not, for
excellent reasons, accomplished its synthesis from the biocentric standpoint, by biochemical
methods, 8o laboratory colloid synthesis has, for the most part, drifted from a chemical to a
mechanical conception of colloids. In particular, the chemist has, with reason, regarded
them as interfering with the progress of chemical reactions, while in vital synthesis the main-
tenance of colloid condition is both the means and the end. Hence, just as Cross and Bevan
complain that organic chemists see nothing more in cellulose, ete. (biocolloids), than a
polyanhydride of glucose, in proteins than s polyanhydride of aminc-acids, so colloid
chemists are coming to regard no colloids as more than mechanical sub-divisions of phase.

““These purely chemical and purely mechanical approximations are no doubt of much
use, and correapondingly true. There is, however, a gap which is of the greatest importance
in the case of biocolloids. That is, how, in biocolloid synthesis and catalysis, is the essential
codrdination of chemical condensation and mechanical dispersion regulated and main-
tained?”

That is a little hard reading; but the climax is reached in the eriticizm of the organic
chemical view of protein, p. 187. “All in all, it appears that in a purely arbitrary judgment
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which has decreed that the basis for color and selective absorptien of light of organic com-
pounds should be sought for in characteristic groups, (chromogens, chromophores and
atxochromes) and constitutional arrangements of atoms—in structural chemical hases,—
while the grounds for colligation (tenacity) and selective adsorption (adhesion) of matter in
other organic compounds should not be sought for in characteristic groups (collogens, col-
lophores and auxocolls), but brushed aside as purely physical or mechanical in origin.
Actually, they are measured, no doubt, as physical or mechanieal quantities,—as jelly
strength (tenacity, ete.) and surface tension. But precisely the same is true of color and
selective absorption.

“Now, inversely as modifications of the static chemical theories of color by considera-
tions of physical electronie theories and dynamic isomerism are being forced on the chemist,
8o modifications of the physical or mechanical theories of eohesion and capillarity are bheing
injected by chemists into the haphasard domain of molecular physics,

““This new departure, remarkable because experimentally founded and quantitatively
expressed, gives aid to the view that in the colloidal condition there is not only mechanical
subdivision but at the same time enhancement of the vesidual affinities of every atom and
potential atom group, and it is precisely this far-reaching nnd deep-seated dissolution of
molecular bondage which allows both the physico-chemical activity and the struetural
chemical inertia of colloids. The true antithesis is not between erystalloids and colloids,
~which dre indéed continuous, bu€ Between crystals and organisms, and the eycle whichan

atom can undergo could or should be represented in its main festures by a closed hysteresis
eycle, in which crystallization would be equivalent to disorganization. Actually, Inboratory
colloids and biocolloids tend continually, through alt changes to increase of entropy (redue-
tion of motivity) and crystallization, or, at least, segregation of definite chemical compounds
and physical phases. This has been inverted to the point of congidering colloids as essentinl-
ly dispersed systems of ultramicroscopic droplets or crystalloids. Yet this extreme view is
not entirely incompatible with the counter-theory just discussed, for it is expressly argued
by the supporters of the dispersion theory that “the surface layer of crystals consists of
relatively uncodrdinated molecules and atoms with greater free energy.” Now, as the
crystal diminishes to ultramicroscopie dimensions, its surface increases relatively to its
volume, 8o that for the postulated super-ultramicroscopic crystals of emulsoid colloids this

‘rue crystalline’ part would be an approximately negligible amount—particularly in wivo,
though tending to increase n vitro.”

Wilder D. Bancroft

A Dictionary of Applied Physics. Edited by Sir Richerd Glazebrook. Vol. 1.
E3X1Y em; pp. tz41067. New York and London: The Muocmillan Co., 1922. Price:
$16.00 per volume. In the preface the editor says: “During the past twenty-five years the
applications of Physies to Industry have grown enormously. The National Physical Labor.
atory was opened in 1900, while Universities and Technical Colleges have multiplied, and
recent years have scen the growth of the Department of Scientific and Industrial Research,
with its Research Associations in many fields, its studentships, and its skilled Research
workers. Meanwhile, the results of the labours of the past are, for the most part, scattered

in the Proceedings of learned Societies or stored in the brains of the active workers to whose
efforts they are due.

“Tofind out what are the latest methodsof Calorimetry, what exactlyisknown about
the laws of Friction, how far has the theory of the Steam Engine advanced, what are the
principles on which methods of accurate gauging or of the determination of the many factors
which come into the lay-out of a big electrical plant, the design of a Dynarmo, or the methods
of Pyrometry are based, means a long search in Libraries and, not inf requently, a futile
journey to some place where it is hoped the wished-for information may be found.

“The Science of Aeronautics, the Design of Optical Instruments, the Methods of

Metallurgy, the Construction of Clocks, Telescopes or Microscopes, the Laws of Music and
Acoustics are all based on Physics.
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““The manufacturer who is concerned with these and, indeed, with countless other
subjects must know, not perhaps all that has been done—that would be too heavy a task—
but where he may find the latest and most accurate information on the subject with which
he is mainly concerned. Thisit has been the object of the Dictionary of Applied Physies to
give. Applied Physics is a wide subject and the task has been a heavy one.

“The Dictionary will appear in five volumes of 800-1000 pages each, and, as will be
seen from the names of some of the principal contributors, the Editor has been fortunate in
zecuring the help of those most competent to write on each subjeet. His thanks are due, in
the first place, to those colleagues, without whose cordial help the Dictionary could not have
been produced. He is also indebted to a number of Scientific Societies whose Councils have
allowed use of illustrations from their Proceedings to be freely made. Among these should
be mentioned in particular the Royal Society, the Institution of Mechanical Engincers, and

the Institution of Electrical Enginecrs. The same help has been readily afforded by a num-
ber of Publishers.

“Itis clear, that, with so large o range of subjects, any individual worker will, prob-
ably, be concerned mainly with one branch, and, with this in view, the volumes have been
arranged, as far as possible, in subjects. To obtain information as to the latest advances of
Applied Electricity it will not be necessary to purchase the sections of the Dictionary dealing

~_with Aeronautics or Meteorology. The arrangement in each volume is alphabetical, but,

at the same time, it has been thought best to deal with each main subject—for example,
the Thermodynamics of the Steam Engine—in a continuous article; references are given,

each in its own alphabetical position, to the headings of the various sections of an article and
to the more important subjeets which it includes.”

The first of the proposed five volumes deals with mechanics and engineering and with
heat. Among the more important articles are: air-pumps; ealorimetry; the principles of
dynamic similarity; elastic constants; cngines; friction; heat; hydraulics; lubrication;
units of measurement; phase rule; pyrometry; refrigeration; resistance thermometers;
steam engine; temperature; thermodynamies; thermometry; steam turbine.

The chemical methods of producing high vacua “have heen little practised since the
discovery of the powerful absorption for gas of charcoa! at low temperatures. From the
discovery of the method by Dewar to the invention of the molecular pump in 1913, it was
the standard method of producing extreme vacua unattainable by liquid piston pumpse. A
glass or, preferably, silica tube containing a few grams of charcoal is attached to the vessel to
be evacuated. The charcoal is heated during the preliminary exhaustion of the vessel,
which should be carried t0 0.001 mm.; the vessel is then disconneeted from the pump and the
charcoal tube cooled in liquid air. If the vessel is Iarge and the highest vacuum is required,
two or more charcoal tubes may be attached, one being sealed off before the next is cooled,”
p. 23.

“But the most practically important process of evacuation dependent on the dis-
charge is that which involves the introduction of phosphorus vapour into the evacusted ves-
sel. Itappears to have been discovered first by Malignani; it was applied to the evacuation
of electric incandescent lamps and has been used for the same purpose continuously since
its discovery. At first it appears to have been thought that the action was chemieal, but

it is now known to be dependent on the passage of a discharge through the mixture of gas
and containing phosphorus vapour.

“The exact eonditions which determine the disappearance of the gas are still obseure.
but it may be atated generally that if a discharge is passed through any mixture of gas or
vapours containing phosphorusvapour the pressure will be reduced more rapidly and toa lower
limit than it would be if the phosphorus vapour were absent. The gas that has disappeared
can be restored by heating the walls of the vessel to a temperature at which red phosphorus
will evaporate. The latest theory of the action is that the gas is deposited on the walls and
covered with a ‘varnish’ of red phosphorus produced by the action of the discharge from the
phosphorus vapour, which prevents the re-evolution of the gas so long as the ‘varnish’
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remains; it is also supposed that the exceptional electrical properties of the phosphorus
vapour are of importance. It is known that sulphur, iodine, and nrsenic act in somewhat
the same way as phosphorus in this matter,” p, 24.

“The general theory of flash-point determination depends on the hypothesis that
Hashing takes place when the space sbove the oil contains a definite percentage of oil vapour
mixed with air. This condition will be reached for a definite temperature of the oil surface
from which evaporation is taking place, and it is generally assumed that it is this temperature
which is given by the thermometer and is the temperature taken as the Aash-point. The
rate of evaporation, however, depends upon the temperature of the surface of the oil, and
investigation showed that this temperature differed appreciably from the thermometer
reading throughout the course of a determination. Furthermore, the temperature at differ-
ont points throughout the oil varied by several degrees at any one moment. ‘The temperature
distribution depended in part on the form and dimensions of the apparatus and on the rela-
tive amounts of heat reaching the oil from different sources. . . .

“Investigation of the three types of apparatus, namely, the Abel, and the Colonial
and the German types of Abel-Pensky apparatus, showed that the temperature distribution
in each varied, so that for any definite reading of the thermometer the temperature of the
surface of the oil was different in each of the three apparatus. It was further found that the
_temperature of the surface of the oil at the moment when flashing took place was the same
in each of the three apparatus although the thermometer readings differed; the difference
in flash-point recorded in the three types of apparatus is therefore completely explained by
the consideration of the temperature distribution in the oil cups.

““The general results of the investigation showed that the Colonial type of Abel-Pen-
sky apparatus gave & flash-point 1° F. higher than the original form of Abel apparatus,
while the German type of Abel-Pensky gave results approximately 4° F. higher: further,
these differences are sensibly constant over the range 70°-100° F. Incidentally there is &
systemnatic difference amounting to about 0.5° . (taking the mean values for a large series
of observations) between apparatus of the same type but fitted with oil and gas test flames
respectively. As might be expected from the previous remarks, the gas test flame gives the
tower flash-point the flame supplying more heat to the surface of the oil, when adjusted to
the specified size,” p. 336.

““The fact that the layer of lubricant manifests static friction proves that it behaves
under tangential stress like an elastic solid. 1f it be a fluid when in the mass the effect of the
attractions of the solid faces, combined with the traction, must therefore be to confer on
a thin layer both orientation of ite molecules with respect to the normal, and also salidity.
The orientation of the molecules spoken of above is due to the fact that the attraction of
the molecules of the solid faces is not the same for all parts of a molecule of the lubricant.
We may suppose, for instance, that the attraction for the <COOH or-OH group is greater
than for the remainder of a carbon chain. The orientation of the molecules of the lubricant
will therefore be greatest at the solid faces and least midway between them, because it tends
. continuously to be upset and give way to the random relations of the interior of a fluid.
The layer of lubricant, thercefore, even if it be only two molecules thick, varies rapidly in
structure along the normal and the peculiar feature of boundary friction is that the stresses
oceur in & medium which is excessively heterogeneous along one axis, namely the normal to
the solid faces, and homegeneous along the tangential planes,” p. 578.

Bismuth “is highly crystalline and go brittle that a plate a few millimetres thick can
ba broken like a biseuit. It is readily polished, and in the process of polishing an amorphous
layer is formed covering the crystal facets which previously were easily visible to the naked
eye. This amorphous layer—which may be ealled the Beilby layer—is formed, as Beilby
showed, by & flowing of the metal, and, like a truly fluid surface, it forms under the influence
of surface tension. No polishing powder is needed to polish bismuth—the operation can be
performed by rubbing the metal on the skin of the ball of the thumb. The skin then becomes
covered thickly with a fine dust of metal, & considerable amount of material being rapidly
removed from the surface, and the dust is seen under the microscope to be composed of
spheres each 0.01 ram. in diameter. The formation of these spheres can be followed under
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the microscope. At the edge of the plate the flowing surface of the metal is detached in a
thin sheet which breaks up into drops under the influcnce of its own tension. The structure
of the dust and its mode of formation are therefore complete evidence of the fluidity of the
surface produced by rubbing,” p. 578.

“In the early part of the year 1914 an attempt was made to arrive at international
agreement a8 to the adoption of » standard or fundamental temperature seale by the three
national standardising lahoratories—viz. the National Physical Laboratory, the Bureau of
Standards, Washington, and the Reichsanstalt. The outbreak of war prevented formal
acceptance of the Centigrade Thermodynamic Scale as the ‘international’ seale of tempera-
tura. This scale has been adopted in the meantime at the National Physical Laboratory.

“Lord Kelvin showed long ago the theoretical advantages of the thermodynamie {or
abgolute) scale, and also that a perfect gas (i.e. one which obeys Boyle's law and suffers no
temperature change when subjected to free expansion with no external work) would givea
scale identical with the thermodynamie. The practical advantage of the thermodynamic
scale is that the high-temperature scale evaluated on the basis of the laws of radiation is
consistent with that of the gas-thermometer at lower temperatures.

““To promote the general use of the same temperature seale in both scientific and
industrial circles, the following alternative methods have been agreed to as a means of attain-
ing a ‘Practical Scale’ of temperature which approximates to the thermodynamic scale. A

statement of the exact relationship between the two sealesis deferred untit & sufficlent degree ™

of concordanee has been reached in the measurements. There is, however, every reason to
believe that the Practical Seale over the range 0° C. to 100° C. agrees within the limits of

experimental error with the hydrogen scale of the International Bureau of Weights and
Measures,” p. 835.

““The steam turbine is an engine or ‘prime mover’ working on the same principle as
the familiar country-side windmill. Instead of a current of air being utilised to rotate a
ghaft by means of ‘sails’, a current or blast of steam issuing from a number of fixed nozzles
is employed to rotate a shaft by means of ‘vanes', ‘buckets’, or ‘blades’.

“In the case of windmills the relatively small power obtainable from air, with a rea-
sonable sail area, and the discontinuity of the breeze, render this type of prime mover of
relatively little economic importance. With the steam turbine, however, the case is very
different. Not only is there the eonvenience of uniform rotary motion produced by a steady
torque applied to a shaft direct (in common with the windmill), but also the unfailing steam

blast generated with coal or oil fired boilers, and the enormous output obtainable from a tur-
bine of very moderate dimensions.

““The economic value, therefore, of the steam-driven rotary engine, or steam turbine,
has been the incentive to its development to the utmost, and its evolution has heen success-
fully earried out during the last thirty years in the face of all obstacles, mainly owing to the
efforts of Sir Charles Parsons and his associates, until to-day it isby far the largest and mos
economical prime mover yet devised. Its efficiency is unrivalled by any other form o
steam engine. Units of 30,000 to 40,000 horse-power are becoming commonplace in large
land power stations for the generation of electricity, whilst marine installations reach
150,000 shaft horse-power in one vessel,” p. 1027.

Wilder D, Bancroft

Some Microchemical Tests for Alkaloids. Part 1. By Charles H. Stephenson.
Part 11, Chemical Tests of the Mlkaloids used. By C. E. Parker. 23X 16 cm: pp. 110428,
Philadelphia: J. B. Lippincott Co., 1921. Price: $4.00.—Over gixty years have now
passed since the first pioneer suggested that the microscope could be advantageously em-
ployed for the identification of the plant alkaloids by taking advantage of the characteristic
appearances of the free bases and of their salts when caused to separate in crystalline forms
upon objeet slides. It was then shown that the secret of suceess would lie in discovering the

optimum conditions and so controlling them as to enable the analyst to work under repeat-
able conditions,

-
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The practicability of this method of qualitative anelysis was most effectively demon-
strated by Wormley in his classical work—The Microchemistry of Poisons. ‘The micro-
seopice identification of plant alkaloids had been employed long hefore Wormley’s rescarches
but had attracted little if any interest among chemists; to Wormley must be aceorded the
credit, therefore, of ealling the attention of analysts to the wonderful possibilities of the art
of microscopie organie chemical analysis,

No further efforts were made to gather together in book form, the existing data until
Behrens issued his treatise on the microchemical analysis of organic substances. In the
course of the diseussions in this work he deseribed reactions for thirty alkaloids, Kiey's
enlarged revision of Behrens' work (which now includes 50 alkaloids) must be regarded as
the most thorough, trustworthy, and comprehensive guide we have for the identification of
the alkaloids by means of the micrascope.

Stephenson's little book, devoted exclusively to the alkaloids, consists essentially
of an enumeration of the chemical reagents which he has found will cause the separation of
erystalline compounds when added to solutions of different alkaloids under the uniform
conditions of concentration adopted by him. The book can be justly deseribed as an enum-
eration only, for the statements contain little information other than the bare fact that a
ceriain reagent added to a neutral solution of g given alkaloid (or salt of an alkaloid) does
or does not yield a erystalline compound upon an object slide. Oceasionally the author

-states whether these crystals.polarize but no information is given as to the character of the

polarization or data as to the more easily determined optical constants of the erystalline
bodies.

A still more remarkable omission is the absence of all chemical facts. The reader is
told nothing in regard to the chemical nature of the alkaloids discussed nor is there a single
suggestion as to the probable composition of the erystals which have been caused to form.
From the viewpoint of the analytical chemist this is a most serious omission since, unless he
has information relative to the nature of the reaction taking place and as to the probable
composition of the product serving as the identification compound, a test is of little value
when applied to substances of unknown composition. This is especially true when a test
depends entirely upon the appearance of erystals under the microscope.

Following a short introduction the author givesa bibliography of eighteen titles of the
more important papers and books which have been published dealing with the microscopic
reactions for alkaloids. It would have greatly aided chemists if the several excelient works
on botanical miero-technique (as, for example, Tunmann-Pflanzen-mikrochemie) had been
included since they all contain much valuble information as to the identification of the
plant bases in the cells and tissues.

The author next deseribes the method of procedure that was adopted, the results of
which are enumerated in the book. The reviewer believes that few chemists will be willing
to adopt identical concentrations of substances to be tested and the same strength of reagent
with each individual alkaloid. Maest of us helieve that the hest results are obtained by
varying the equilibrium condition in the test drops. The methed adopted by the author
consists of adding directly to a neutral solution of the base to be tested (or its approximately
neutral solution in dilute hydrochloric acid, if the free base is insoluble) a drop of the solution
of the reagent. Concentrations of the alkaloids varying between 1 to 1000 and 1 to 50 were
employed but in each individua] test the reagent strength remains the same no matter what
base was being tested for. Such a system insures uniformity of procedure, but is seareely
good chemistry since no account is taken of the character or of the relative solubility of the
compound whose separation is desired. Inorder that a test may be wholly reliable and that
it may be properly interpreted by the analyst it would appear to be essential that he shall
be in possession of the nature of the solid phesc he wishes to produce and also of the equilib-
rium conditions under which this phase may be expected to separate in a form sufficiently
characteristic to assure its recognition. For these reasons the older method of Behrens of
allowing one drop to flow into another through r narrow channel is to be preferred.

The atkaloids are listed in alphabetical order, merely. Under each reagent giving a
crystalline deposit, a very brief statement is made of the general appearance of the crystals
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and whether they are characteristic or not. Three alkaloids—colchicine, solanine, and
apocodeine, failed to yield cryatalline compounds with all the reagents tried. The results
obtained with thirteen other alkaloids have not been recarded in the book beeause the author
considered them of doubtful purity.

The results which were obtained have been arranged in tabular form as an insert at
the end of the microscopic part of the book. This table is most interesting and will prove
invaluable to all who have oceasion to undertake the identification of alkaloids of unknown
nature after they have been obtained in & condition of approximate purity by any one of
our standard separation methods. The data here gathered together will also prove a time
and labor saver to the investigator who may be tempted to enter this intricate, but amazing-
ly fascinating, field.

The tests described are supplemented and rendered more easily interpreted by excel-
lent illustrations consisting of 27 plates comprising 162 photo-micrographs. These plates
are beautifully executed and represent an unlimited patience, good judgment and a high
degree of technical skill.

The second part of the book, pp. 84-103, is devoted to a critical study of the chemical
reactions of the alkaloids used by Stephenson. The author of this gection, C. E. Pavker, of
the Bureau of Chemistry, carefully deseribes the chemical behaviour of the alkaloids and
points out their similarity. The usual standard color, odor and precipitation tests are given

. for each alkaloid as also the source of the alkaloid (with the exception.of eight); a most ...

valuable feature, for, although it is a well known fact that certain alkaloids purchased from
different manufacturers may show marked variations in their chemical reactions, few
authors state the source of the material upon which they have worked and the reader refer-
ring to the literature not infrequently finds it difficult to reconcile the apparent discrepancies
in the descriptions given.

Part Il would have been rendered more useful for reference had the same typography
been followed as appears in Part I. A solid running page with no double spacing between
topics and no change in type, combined with the absence of an index forces the reader to
glance over page after page in order to locate a particular alkaloid whose chemical reactions
he wishes to check.

The expert will find this book of interest and value, particularly as a guide for the
development of methods for the examination of impure or complex mixtures.

E. M. Chamot

Errata

In the paper by Dhar and Sen (27, 376), seven lines from top, change 23x10 to
23X104

In the paper by Sharp and Gortner (27, 771), Figures 1 and 2 have wrong legends.
Figutes 1z, 1, and 1c are graphic representations of the data obtained with flour from which
the salts had been eziracted with water. Figures 2a, zb and 2¢ are similar data obtained on

the uneztracted flours. Whenever Fig. 1 oceurs in the text, it should read Fig. 2 and when-
ever ¥ig. 2 oceurs, it should read Fig. 1.



A REVIEW OF THE CRITICAL CONSTANTS OF
VARIOUS GABES!

BY 8. F. PICKERING?

In the following review of the literature on the critical constants of gases
an attempt has been made to include all of the available data on the more
common gases and, as far as possible, to select what appear to be the best
values,

In each case the reasons for choosing particular values are stated. These
reasons are necessarily more or less general and future researches may indicate
that the values selected are not the best.

It is thought, however, that some such selection should be made because
the average reader does not usually have the time or facilities for examining

-~the different papers himself, and the figures given itr even the modern physical - -

and chemical tables are often obsolete. Those who are especially interested
in the subject can use the references for making their own selections. The
selected results are for convenience assembled in a table at the end of the paper.

Only the more recent determinations have been eritically considered
beeause it is thought that the methods of purifying the gases and of making
the meagsurements employed by the earlier observers were not sufficiently
developed to justify their comparison with the more modern methods. These
determinations involve many experimental difficulties and the technique of
making thetn has been materially improved in recent years.

That the methods and apparatus have not been perfected even yet I8 in-
dicated by the fact that in & number of cases, that of acetylene for example, the
results obtained by recent contemporary observers do not agree. Because of
these considerations it is often impossible to select values with certainty, and
when this is the case the uncertainty is indicated in the table by question
marks.

In selecting the best values considerable weight is given to the reputation
of the observers, such as Onnes and his co-workers, who have made a special
study of this subject. The laboratories at the University of Leyden are per-
haps better equipped than any other with both the apparatus and the experi-
enced personnel necessary for making those determinations which involve low
temperatures. Cardoso has algo published a large amount of careful work on
this subject.

The critical temperature of a substance may be defined as the minimum
temperature above which the substance can not be liquefied no matter how
great the pressure. In this review the value adopted for the absolute zero on
the Centigrade scale is —273.1°, this being the value used by most of the ob-

! Published by permission of the Director of the Bureau of Standards of the Depart-
ment of Commerce.

* Associate Chemist, Bureau of Standards.
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servers. Reeent work seems to indicate —273.2° as the more probable value,
but it is thought best to retain the former figure to avoid confusion in quoting

the results of the various investigators until the newer value is more firmly
established.

If the temperature of a substance is inereased towards its critical tempera-
ture the density of the liquid phase becomes gradually lower and that of the
saturated vapor phuse becomes gradually higher, Near the critical tempera-
ture the meniscus separating the two phases begins to flatten and finally disap-
pears when the critical temperature is reached. At this temperature the
physical properties of the two phases become identical and all distinetion
between gas and liquid disappears. The pressure corresponding to the satur-
ated vapor pressure at the critical temperature is called the eritical pressure
and the density of the substance at this eritical point is called the eritical
density.

There are two general methods used for the determination of the eritical

- . temperature of a substance.. One method consists in sealing the substance in-— -

& small glass tube (the tube in which the critical phenomena are observed is
often referred to as a laboratory tube) and very gradually raising the tempera-
ture until the meniscus disappears, after which the temperature is then slowly
lowered until the meniscus appears again, the critical temperature being taken
ag the mean. Care must be taken that the right amount of substance is in the
tube in order that the phenomena can be observed; that is, just below the
eritical temperature there must be present both liquid and vapor phases
occupying preferably equal volumes. This method is not particularly accur-
rate, especially if the substance contains small amounts of imputities which
retard the establishment of equilibrium.

For further discussion of the appearance of the meniscus and the retarda~
tion caused by impurities, the reader is referred to a paper by Kuenen' This
method has the further disadvantage that it does not permit of measuring the
critical pressure.

With the other method the laboratory tube is connected to a suitable
manometer and means are provided for varying the pressure. It is very desir-
able to provide an agitator, in order to insure equilibrium of the sample. The
critical temperature is usually taken as that temperature at which a very
slight decrease in pressure causes the meniscus to temporarily appear until
the temperature of the substance reestablishes itself. This method is used by
most of the observers, although in some instances the critical point is deter-
mined in a somewhat different manner. For example, Onnes determined the
critical constants of neon and of hydrogen by making a scries of pressure
measurements at constant temperature, the range of these measurements in-
cluding the range wherein condensation oceurs. The volumes of liquid con-
densed are also determined. A series of such isothermals is obtained starting
with temperatures slightly below the critical temperature. From these data

1 Kuenen: Comm, Leyden No. 8.



the critical temperature and pressure are caleulated. Cardoso? in the case of
gases other than the so-called permanent gases uses the disappearance of the
critical opalescence as a criterion of the critieal temperature,

The critical opalescence aceording to Cardoso and others is caused hy the
formation, at temperatures slightly below the eritical temperature, of a sort of
emulsion of the vapor and liquid phases which have approximately the same
density. These minute drops of liquid disappear at the critical temperature.
According to an alternative explanation, the critical opalescence arises from
the unequal distribution of molecules oceurring at the critical temperature.

At this temperature the velocities of the molecules vary widely, and at
different points even slightly above the critical temperature there might be
momentary associations of slowly moving molecules. Beeause of their slower
motions, the temperatures of these momentary minute aggregates would be
slightly lower and while they would immediately be dispersed others would
form and thus give an opalescent appearance to the substance. According to

- this explanation the opalescence could appear at temperatures above the erit-

ical, in which case most of Cardoso’s values for the critical temperatures of the
more easily liquefied gases are slightly high.

This question has been discussed quite extensively by various authors!
but has not been definitely settled as yet.

Because of the extreme compressibility of substances near their critical
points, it is very difficult to determine the critical density accurately. Infact
the density of a substance at its critical point is not uniform because the
pressure varies at different levels. The weight of the substance itself gives
rise to a slightly greater pressure at the lower end of the container. Grey?
states that in & tube 1o em in height containing pure carbon dioxide at its

critical potnt there may be a difference of 6 per cent between the densities at
top and bottom.

The method for measuring critical densitics devised by Cailletet and
Mathias? probably yields the most aceurate results. According to this method
a series of observations of the densities of the liquid and vapor phases is made
at different temperatures below the critical temperature and extending nearly
to it. '

These determinations of densities when plotted graphically against the
temperature give a curve resembling a parabola. If one then plots a series of

t J. chim. phys., 10, 49¢ (1910).
? Kinstein: Ann. Physik, 17, 549 (1903)
Travers and Usher: Proe. Roy. Soc. 78, 247 (1906)
Young: “Stoichiometry”, 172 (1908)
Onnes and Keesom: Comm. Leyden No. 104
Young: Phil. Mag., Nov. (1910} .
Smoluchowski: Bull. Ac. des Sci. de Cracovie, Dec., 1907; Ann. Physik, 25, 205
(1908); Trana. Roy. Boc. (Londen). 2124, 165, (1912)
Rothmund: Z. %hysgk Chem., 26, 433 (1898); 63, 54 (1908)
Ostwald: Ann, Physik, 4, 35 (1912) )
Kister: “Lehrbuch der physikalische Chemie,” (1907)
3 Compt. rend., 115, 720 (1892)
4 Compt. rend., 102, 1202 (1886)
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points representing the means of the densities of the two phases at the same
temperatures, a straight line is obtained for most gases. This line is called the
rectilincar diameter of the substance and if the equation of the line in terms of
the temperature is obtained, the critieal density is given by substituting in
this equation the value for the critical temperature, for at this temperature the
densities of the two phases become equal to each other and to the mean density.
The rectilinear diameter therefore intersects the critical temperature ordinate
at the point designating the critical density. For some gases, partieularly
those having a very high critical temperature, the rectilinear diameter has a
slight curvature near the critical temperature, but in most cases it may be
considered a straight line.

There are several methods for determining the densities of the liquid and
saturated vapor phases, but their descriptions are rather lengthy and involved
and so can not be properly included in this paper. These methods have been

Acetylene
Date o e do Obs,
1870 310.13% 68.0 0.36 I
1880 3ro0* 2
1884 310.10* 68 .o* {0.32) 3
1897 308.35 61.02 4
1907 309.6 61.6 0.314 g
19090 316.15 0.2306 6
1910 308.6 61.5 7
1912 308.5+.1 61.654:.1 8
Selected f

values 300 ? 61.6 0.231

1. Ansdell: Proc. Roy. Soe. (London) 29, 209 (1879); Chem. News, 41, 75 (1880)

2. Dewar: Proc. Roy. Soc. (London) 30, 543 (1880)

3. Dewar: Phil. Mag., 18, 210 (1884)

4. Kuenen: Phil. Mag., 44, 174 (1897)

5. Meclntosh: J. Phys. Chem., 11, 306 (1907)

6. Mathias: Compt. rend., 148, 1102 (1909}

7. Cardoso and Baumé: C’ompz, rend., 181, 141 (1910)

8. Cardoso and Baumé: J. chim. phys., 10, 509 (1912)

Nole: The asterisks placed after some of the values indicate that the particular
author did not state how the value was obtained. The parentheses indicate that the en-
closed figures were calculated from other physical properties.

employed with some differences in detail by Mathias,* Amagat,?and Young and
Thomas,® and good descriptions of the methods and of the eritical phenomena
in general are to be found in Young’s “Stoichiometry” .4

For the critical data of substances not herein mentioned the reader is
referred to the various tables of physical and chemical constants, such as thoge

! Ann. de Toulouse, 189%.

* Compt. rend., 114, 1093 (1893)

3 J. Chem. Soc., 63, 1199 (1893)

f Young: “Stoichiometry”, pp. 160-181, (1go8).
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of Landolt and Bornstein. Van Laar' has published a table containing the
critical constants of a great many substances including a large number of
organic compounds. The values are selected from different tables and from
the results of certain investigators. When one considers, however, the dis-
agreement between ohservers regarding the critical constants of the more
common and more easily prepared substances, it becomes apparent that the
data in the above mentioned tables are only approximate, coming as they do
in many cases from the work of single observers.

The determinations of the critical pressure of acetylene are quite con-
cordant but those of the critical temperature differ markedly.

All of the observers mentioned below prepared acetylene from calcium
carbide and water. Melntosh purified the gas by washing with sodium hydrox-
ide and with chromic acid after which the gas was dried with concentrated
sulphuric acid and phosphorus pentoxide and then solidified. As the mano-
meter was calibrated to 40 atmospheres only, there is some doubt as to the

. accuracy of the value for the eritical pressure. The acetylene wasnot agitated = = _ .

while the observations were being made.

Mathias after removing phosphine and stibine from the acetylene, dried
the gas over caleium chloride, passed it through several bulbed tubes main-
tained at — 79° and then solidified it by means of liquid air. The two labora-
tory tubes in which the critical phenomena were observed were rinsed out with
fresh portions of acetylene seventeen times, and evacuated after cach rinsing,
The whole apparatus including the tubes of solidified acetylene, was then
evacuated to a fraction of a millimeter, after which five portions of the acety-
lene were evaporated and removed by evacuation. The gas was finally vapor-
ized into the laboratory tubes and used for the experiments.

Mathias used Young's method for making his determinations but gives
no details.

Cardoso and Baumé bubbled acetylene through potassium permanganate
and potassium hydroxide solutions and dried it with phosphorus pentoxide.
The gas was then fractionated eight or ten times and introduced into the
laboratory tube, which had been previously exhausted by & mercury pump.

Kuenen’s sample contained traces of impurity while those of MecIntosh
and of Cardoso and Baumé were quite pure, as indicated by the fact that the
pressure remained practically constant when the gas was condensed at con-
stant temperature.

It seems best, in consideration of the differences between the results of the
different observers, to take 309° as the critical temperature.

The critical pressure may be taken to be 61.6 atmospheres.

The method which MecIntosh used to determine the critical volume con-
gisted in introducing the gas into a tube provided with a sealed capillary at the
top and noting the volume at the critical point. Some of the capillary was
drawn off by means of a blow-pipe and the volume determined again. In this

' Proc. Acad. Sci. Amsterdam, 18 11, 1224 (1916)
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way several tubes were prepared which were almost exactly filled at the erit-
ieal point. These tubes containing the acetylene were weighed and the erit-
ical densities caleulated. The mean of the values so obtained was 6.314. This
method, however, is inaccurate because of the great compressibility of the gas
at its critical temperature and is inferior to the method used by Mathias as
stated in the general diseussion of the determination of the eritical density.
By substituting 310.5°, his own value for the critical temperature, in the
equation for the rectilinear diameter of acetylene Mathias obtained 0.2306 for

the critical density. If, instead, 300° is used the eritical density becomes
©.2313.

Air
Date Te P, de Obs,
1384 133 39 X
188y about r32.6 37—37.5 2
1896 132.1 39 - 3
crovp b oongzigr(a | 37acal o.35(a 4
132.47 (b 37.17(b] o.3:r (b
Selected
values 132.4 37.2 0.35 {a
o.31 (b

1. Olszewski: Compt. rend., 99, 134 (1884).
2. Wroblewski: Wied. Ann., 26, 134 (1885)
3. Witkowski: Phil. Mag,, 41, 288 (1896)

4. Kuenen and Clark: Comm. Leyden. 150b, 1917; Proc. Acad. Sci. Amsterdam
1

19 I1, 1088 (rixy)
a) it-point”.

b) “Critical point of contact”.

Wroblewski observed that near its critical point air behaves differently
from other substances. This he ascribed to the fact that air is a mixture,
although Kuenen and Clark believe that the special phenomena which he de-
scribes were largely due to insufficient mixing.

It is quite difficult to make determinations of the critical constants of air
because of the fact that mercury ean not be used directly for varying the
pressure at these low temperatures. In its place the air itself is connected by
means of a capillary tube to the outside measuring apparatus, and unless
special care is used the air fractionates to some extent through the capillary
and leaves the residue richer in oxygen.

In the case of certain binary mixtures there are, according to Kuenen!,
two critical points, the “critical point of contaet” and the “plait point”. The
temperature of the “eritical point of contact” corresponds to the ecritical tem-
perature of a pure substance as defined in the first part of the paper in that this
temperature is the highest at which liquid can exist at any pressure. The
liquid condensing just below this temperature differs in composition from the

' Kuenen: Comm. Leyden No. 4, 1892.
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vapor phase and has a different density. At a somewhat lower temperature,
the densities of the liquid and vapor phases become equal and the critical
phenomena appear. This point is called the “plait point”.

Kuenen and Clark, however, do not make themselves entirely clear in this
respect, inasmuch as their data and curve indicate that the densities are equal
at the “critical point of contact” and not at the “plait point”.

The air was free from water vapor and carbon dioxide. The presrures
were measured in a closed hydrogen manometer, while two platinum resistance
thermometers were used for temperature measurements.

The density determinations were somewhat irregular and are considered
uncertain.

Allylene |
Date To Obs.
190§ 402.6 I
1921 401.0 2
Selected value | g0r |}

1. Lespiean and Chavanne: Compt rend., 140, 1035 (1903).
2. Maass and Wright: J. Am. Chem. Soe., 43, 1078 (1921)

Lespieau and Chavanne prepared allylene from propylene bromide and
aleoholic sodium hydroxide. The precipitate formed by passing the gas
through a solution of cuprous ammonium chloride was washed and treated
with warm dilute hydrochlori¢ acid. The allylene so obtained was washed
with water and dried first over caleium chloride and then over fused potassium
hydroxide. The gas was then passed through a bulbed tube maintained at
~23°C. The allylene was then solidified and any residual gas removed by
evacuation. A part of the allylene was distilled into another tube and used
for the determination. The purity of this sample was somewhat questionable,
especially in view of the fact the purity was checked by measuring the volume
changes occurring when 2.5 cc of the allylenc was exploded with air and the
carbon dioxide produced was absorbed with potassium hydroxide. The
critical temperature was taken as the lowest temperature of appearance or
disappearance of an image formed by reflection on the surface of the liquid
enclosed in a sealed tube,

The details of the method used by Maass and Wright for the preparation
of allylene are to be published in connection with another investigation. Ex-
ceptional purity, however, is claimed for the samples used and preference is
therefore given to the value obtained by these authors.

Centnerszwer and the later observers have agreed fairly well on the crit-
ical temperature of ammonia excepting, perhaps, Cardoso and Giltay whose
result is a little higher than the others.

All of the observers took great care in the purification of their samples and
there is no one observer to whose work a preferenee can be given. It therefore
seems best to average the results for the critical temperature extending as far
back as that of Centnerszwer.
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Ammonia

Date Te P de Obs.
1884 403 .1* 1ig.o* X
1886 404 .1 I13.0 2
1903 405 .63 3
1908 405 .4 4
1910 405 .2 Yr1.3 5
1012 406 .0 112.3 6
1913 405.3 7
1918 403 .4 0.2364 8
1918 405 .4 0.2362 0

Selected value 405.5 112 ©.236

1. Dewar: Phil. Mag., I8, 210 (1884)

2. Vincent and Chappuis: J. phys., 5, 58 (1886); Compt. rend., 103, 379 (1886)

3. Centnerszwer: Z. physik Chem., 46, 456 (1903).

4. Jaquerod: Mem. Soc. phys. gendve 35, 686 (1908).

5. Scheffer: Z. physik Chem., 71, 695 (1910).

6. Cardoso.and Giltay: J.chim. phys., 10, 584 (1912).. -

. Estreicher and Schnerr: . komprimierte flilssige Gase Pressluft-Ind., 15,
161 {1913).
8. Berthoud: J, chim. phys,, 16, 434 (1918)
9. Berthoud: Helvetica Chim. Aeta, 1, B4 (1918).

Since the two recent determinations of the critical pressure differ by one
atmosphere, the whole number nearer the mean is selected.

Berthoud is the only observer who has determined the critical density.
He measured the densities of the liquid and vapor phases using the method of
Young modified by Ter Gazarian!. The value for the densities of the two
phases when equal was taken as the critical density.

Argon
Date Te P. d. Obs.
1893 152.1 50.6 I
1001 155.7 §2.9 2
1010 150.66 47 .906 o.509 (8 3
1012 0.53078 (b 4
Selected values 150.7 48.0 0.82

1. Olszewski: Trans. Roy. Boc. London 1864, 253 (1895)

2. Ramsay and Travers: Travs. Roy. Soe. London, 1974, 87 (1901)
Crommelin: Comm. Leyden. Nos. 1t (5-:, 1183 (1910}

3
4& Mathias, Onnes and Crommelin: Comm. Leyden No. 131a (1912); Proc.
Acad. Sci. Amsterdam, 15, I1, 961 (1 :13)' Ann. phys., 17, 442 (1922)
. P P
a} from equation ;-a-;r- vaia-r—t

e . cwx'
b) from rectilinear diameter

The argon used by Olszewski was not sufficiently pure to justify a serious
consideration of his work in comparison with later observations. Ramsay and

! J. chim. phys., 4, 140 (1906)
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Travers obtained their critical pressures from vapor pressure curves as inter-
polated by the rule of Ramsay and Young! and their eryostat was rather crude.

Crommelin extracted argon from the air by absorbing the oxygen and
nitrogen with a mixture of calcium earbide and ecaleium chloride (method of
Fischer and Ringe?). It was then purified by passing over the mixture of
quicklime, magnesium and sodium, recommended by Hempel3.

The temperatures were weasured by means of a piatinum resistance ther-
mometer which had been compared with a hyvdrogen thermometer. Cromme-
lin did not make an exact determination of the critical constants because he
suspected that his argon was not pure, but probably contained traces of nitro-
gen. In addition his eryostat did not maintain sufficiently constant tempera-
tures. The two values for the critical density were caleulated by Crommelin
by two different methods, the mean being used as the best value,

- Isobutane, Normal Butane |
Compound Te P,
Isobutane 406 .8 36.54
Normal Butane 426.3 35.67

Seibert and Burrell* made the only determinations on the compounds
isobutane and normal butane.

Isobutane was prepered by the action of a zine copper couple upon
isobuty! iodide and collecied over potassium hydroxide. It was then solidified
by liquid aif and all remaining gases were removed by evacuating. The gas
was fractionated ten times to remove any normal butane. It was laterfraction-
ated several times at —¢8°,

Normal butane was prepared from n-butyl iodide and the zine copper
couple, collected over potassium hydroxide and purified by fractionation.
Eachof these gases could be liquefied completely at constant temperature
without an appreciable increase of pressure. Several other tests indicated
that they were of quite high purity.

The eritical temperature was taken as that at which no meniscus was
visible when the volume was constant, but just appeared when the volume

was slightly inercased. Duplicate experiments never differed by more than
o.1°. The pressures were measured by a calibrated air manometer.

The determinations of the critical temperature of carbon dioxide all agree
remarkably well with the exception of the value given by Sarrau, which was
calculated from temperature-pressure-volume data. Dewar and Chappuis
merely give the figures attributed to them without stating the sources. The

! Phil. Mag. (5) 20, 515 (1885); 21, 33; 22, 37 (1866)
* Ber., 41, 2017 (1908),

3“Gasanalytische Methoden,” 3d Ed., p. 150.

4 J. Am. Chem. Soc., 37, 2683 (1915)
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direet determinations of the critical temperature, especially the latest ones,
indicate that 304.1° can be safely assumed to be correet within o.1°.

'The earlier determinations of the eritical pressure were high. This, how-
ever, is to be expected considering that equilibrium is rather hard to obtain,
especially if even slight amounts of impurities are present.

Carbon Dioxzide
Date T, Po cle Obs.
1869 304.2 73.0 I
1876 304 .02 77.0 0.30 2
1881 304.1% 3
1882 (305.-1) (77.0) (0.4395) 4
1884 3035.0% 17.0* (0.63) 5
1886 0.46 6
i8¢z 1 _.304.45. | 72,0 . .| o0.464 } . 1
1894 304.5 8
1896 304.1 0
1903 304.0§ 10
1903 304.08 72.03 0. 460 11
1904 304.22. 12
1906 304.083 F 0.460 13
1012 304.1%.1 72.8¢4.1 14
Selected values 304.1 72.9 0.460

Andrews: Trans. Roy. Soe. London, 159 11, 575 (1869)
Andrews: Trans. Roy. goc. London, 166 11, 421) 1876)
Hautefeuille and Cailletet: Compt. rend., 92, 840 (1881)
Sarrau: Compt. rend., 94, 718 (1882)

Dewnr: Phil. Mag., 18, 210 (1884)

Cailletet and Mathias: Compt. rend., 102, 1202 (1886)
Amagat: Compt. rend., 114, 1093 (1892)

Chappuis: Compt rend., 118, 976 (1894)

Verschaffelt: Zitt. Versl (1896)

10. Von Wesendonck: Verh. deutsch Phys. Ges., 8, 238 (1903)
11. Keesom: Comm. Leyden No. 88 (:303)
12, Brenkmann: Dissertations Amsterdam (1904)
13. Onnes and Fabius: Comm. Leyden No. 98 (1906)
14. Cardoso and Bell: J. chim. phys,, 10, 500 (1912)

W oo M b E

Keesom and Cardoso and Bell agree very well on the cnitical pressure,
which may be taken as 72.9 atm.

The latest value for the critical density is that of Onnes, who gives o.460.
This is a correction of Keesom's value of 0.469. The determinations of the
critical temperature and pressure made by Andrews in 1869 are remarkably
close to the selected figures.

The only determinations of which the details have been published are
those of Cardoso. Neither Olszewski nor Onnes states where he obtained the
figures which they used in their ealeulations.
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Cardoso prepared carbon monoxide from formic acid and sulphurie acid
and passed the gas through potassium hydroxide and phosphorus pentoxide,

testing for purity in the usual way, by observing the pressure during condensa-
tion.

Carbon Monoxide
Date T. P, de Obs.
1884 133.6 35.5 X
1913 132.0 35.9 2
1915 134.4 34.6 0.3110 3
Selected values 134.4 34.6 ©.3110

1. Olszewski: Compt. rend., 99, 706 (1884); Wied. Ann. 31, 66, 70 (1887)

2. Onnes, Mathias and Crommelin: Proc. Acad. Sci. Amsterdam, 5 LI, 1401 (1913)
Comm. Leyden No. 134 ¢

3. Cardoso. Arch. sci. phys. nat., 39, 400 (1915)

Estreicher and Schnerr and Pellaton have made the only recent deter-
minations of the critical constants of chlorine and their values for the critical
temperature differ from each other by 0.8°.

Pellaton prepared chlorine by the decomposition of gold chloride. Spec-
ially purified gold was heated electrically to 300°C in a stream of air to remove
moisture, and was chlorinated at 200°. The laboratory tubes were evacuated

to o.0o5 mm while heated with a Bunsen burner and the chlorine evolved by
heating the gold chloride was condensed in them.

Chlorine
Date Te P. de Obs.
1848 421.1 1
1884 414.1% 83.0 2
1890 419.1 93.5 3
1913 416.3 4
1915 417.1 76.1 0.573 5
Selected values 417 76 0.5%3

1. Ladenburg: Ber., 11, 818 (1878)

2. Dewar: Phil. Mag., 18, 210 (1884)

3. Knestach: Ann., 259, 100 (1890)

4. Estreicher and Schnerr: 2. komprimierte flissige Gase Pressiuft-Ind., 15, 161

(1913) :
5. Pellaton: J. chim. phys., 13, 426 (1915)

The tubes were detached with a blow-pipe and the critical constants de-

termined in the usual way by noting the appearance and disappearance of the
meniscus,

The thermometer was calibrated at 100° 130° and 154° by means of
water, chlorobenzene and bromobenzene.
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The thermostat which was immersed in 2 second thermostat maintained
the temperatures constant to 0.01°,

The above work was very carefully carried out and beecause the deserip-
tion of the details of Estreicher and Sehnerr’s work could not be obtained,

preference is given to the values of Pellatin, choosing 417° as the critical tem-
perature,

Cyanogen
Date Te Pe Obs,
1884 397.1% 6r.7* H
1010 401 .4 50.6 2
1912 401 .4 59.75 3
. 1913 399 .63 58.2 4
Selected values 401 .4 50.7

1o Dewar: Phil. Mag., 18,2101884) . .
2. Cardoso and Baumé: Compt. rend., 151, 141 (1910)
3. Cardoso and Baumé: J. chim. phys., 10, 511 (1912)
4. Crommelin (1913). Quoted in Tab. Ann. Int. de Constantset Donndes numérigues,

Vol. IV, ist. Part, p. 292, 318

Cardoso and Baumé prepared cyanogen from mercuric cyanide and mer-
curic chloride. The gas was dried over phosphorus pentoxide, condensed by
means of liquid air and fractionated about nine times.

Near the critical temperature cyanogen changes partly into paracyanogen
but these experimenters regard the solubility of paracyanogen in liquid
cyanogen as too slight to change the critical constants of the latter.

The reference to Crommelin is given in the Tab. Ann. Int. de Constants
as Proc. Acad. Sci. Amst. 1913, but no such article upon cyanogen appears in
this volume nor has any reference to work upon this gas by Crommelin been
found in the literature.

Cardoso and Baumé's values are therefore accepted. No determinations
of the critical density have been found.

Kuenen, who was the first to make very accurate measurements of the
critical constants of ethane, prepared his sample by the electrolysis of & con-
centrated solution of sodium acetate. The gas was washed in sulphuric acid
and sodium hydroxide solution. It was then passed through fuming sulphuric
acid, caustic potash, and phosphorus pentoxide, after which it was liquefied
and distilled. The laboratory tube was provided with an electromagnetic
stirrer to insure equilibrium. That the ethane still contained traces of impur-
ity was indicated by the fact that the pressure increased o.43 atm. when the
vapor was condensed at constant temperature. No details regarding the
method used for determining the critical density were given.

The ethane used by Cardoso and Bell was prepared by two methods,
namely that of Grignard and that of Frankland and Kolbe. In the former
method ethyl iodide dissolved in dry ether was slowly added to pure magnes-
ium covered with cther. The gas was liquefied, then distilled and passed
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through aleoholic potassium hydroxide, bromine water, and concentrated
sulphuric acid. This cycle was repeated seven times after which the gas was
purified from air by nine fractionations, The second method consisted of
slowly adding ethyl eyanide to sodium wire, the evolved gas being passed
through potassium hydroxide, sulphuric acid, and finally phosphorus pentox-
ide. The measurements made upon the ethane prepared by the two methods
checked very closely.

Ethane
Date T P [ de Ohs.
1884 308% 45.2 ]
188¢ 307 50.2 2
1804 305-313 50 3
1895 305.3 4
1807 305 48.8
9oz | 303.05 | 48.43 | o.206 b
1913 305.2%.1 48.83 7
191§ 305 .42 48.13 8
Selected values 305.2 48.8 0.21

Dewar: Phil. Mag., 18, 210 (1884)

Olszewski: Bull. intern. Pacad. sei. Cracovie, 27 (1889); Phil. Mag., 39, 210(1895)
Haenlin: Ann. 282, 236, 2{5 (1894)

Kuenen: Comm. Leyden No. 16?1895)

Kuenen: Phil. Mag., 44, 195 (1897)

Kuenen: Phil. Mag., 3, 628 (1g02)

Cardoso and Bell: J. chim. phys., 10, 497 (1913)

Prins: Proc. Acad. Sei. Amsterdam, 17, 11, 1095 (19135)

o indh e o=

Prins prepared ethane by electrolyzing a sodium acetate solution. The
gas wag purified by bromine water and a strong solution of jotassium hydrox-
ide, dried over sods lime and condensed by liquid air. Subsequently it was
dried over phosphorus pentoxide and fractionated by the use of liquid air.
The disappearance of the discharge in 2 Geissler tube attached to the appara-
tus served as a criterion of purity. The details of making the determinations

Ethyl Chloride
Date Tc. Pc ()h?‘..
1859 4357-2%* I
1878 435.8% 52.6% 3
1884 463 .0 3
1886 455.6 54 4
Selected values 436 ? 54 7
t.  Drion: Ann. chim. phys., 56, 221 (1859)
2. Sajotschewsky: Kiewer Univers. Unters (1878); Beibl. Ann. Physik., 3, 741 (1879)
( }3. Jouk: J. Russ. Phys. Chem. Soc., 16, 304 (1884); Beibl. Ann. Physik., 8, 08
1884
4. Vincent and Chappuis: J. phys,, 5, 58 (1886)
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of the critical constants were not stated other than that the Cailletet method
was used. The values obtained by Cardoso and Bell agree very well with those
of Kuenen and are preferred to the values of Prins because of the care with
which the determinations were made.

None of the values for ethyl chloride is reliable. Vincent and Chappuis
do not state how they prepared their sample and the others merely quote
their figures,

Until more measurements are made it scems best to use the values by
Vincent and Chappuis, taking 456° for the critical temperature.

Ethylene
Dﬂete Te Po do Obs.
1880 282.3 8 e.36 X
1882 286 2
1882 (274.6) (43.5) 1 (.87) | 3
1884} ~283.2% [ Wr.o 4
1886 0.22 5
1893 283.0 51.7 6
1912 282.6%.1 50.65:t.1 7
1921 283.0%.2 8
Selected values 282.6 50.7

Van der Waals: Beibl. Ann. Physik, 4, 704 (1880)
Cailletet: Compt. rend., 94, 1224 (1882)

Sarrau: Compt. rend., 94, 845 (1882)

Dewar: Phil. Mag., 18, 210 (1884)

Cailletet and Mathiss: Compt. rend., 102, 1202 (1886)
Olszewski: Phil. Mag., 39, 203 (1895)

Cardoso and Ami: J, chim. phys., 10, 505 (1912)
Maass and Wright: J. Am. Chem. Soc., 43, 1098 (1921)

KR e B

The only recent determinations of the critical constants of ethylene are
those of Cardoso and Arni and of Maass and Wright.

Cardoso and Arni prepared ethylene from sulphuric acid and ethy! alco-
hol, passed the gas through two columns of solid potassium hydroxide, two

bulbs of concentrated sulphuric acid, and dried it ever phosphorus pentoxide,
after which it was fractionated ten times,

The ethylene used by Maass and Wright was prepared by the dehydrating
action of aluminum oxide upon purified ethyl alcohol at a temperature of
350°C. The gas was then purified by several distillations, a final purifieation
being obtained by distilling five times in & vacuum, the middle portions being
retained in each instance. The temperatures were measured by a platinum
resistance thermometer for which an aceuracy of o.2° was claimed. These
authors, however, do not state how the critical constants were obtained and
preference is therefore given to the value by Cardoso and Arni, although the

difference between their observations and those of Maass and Wright is not
large.
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The determinations of the critical density are all old values and can not
be relied upon.

An accuracy of o.1° is claimed for the value which Onnes gives for the
critical temperature of helium. The critical pressure given is the lower limit;
the true value iz believed by Onnes to he slightly higher. The critical density
was derived indirectly from the densities of co-existing liquid and saturated
vapor by the method described in Leyden Comm. No. 119.

Helium
Date To P, de Obs.
IQI1 5.28 2.26 0.066 I
19158 5.20 2.20
Sclected values §.20 2.26 0.066
I

( I )Onnes: Comm. Leyden No. 124b (1911); Proe. Acad. Sci. Amsterdam, 14,
678 (1912

7 9:. Onnes and Weber: Comm. Leyden 147b (1915); Proc. Acad. Sei. Amsterdam,
18, 506 (1916)

Considering the great difficulty in reaching such low temperatures ag are
necessary, it is not surprising that even the recent determinations of the crit-
ical constants of hydrogen do not agree.

The first experimental measurements of the critical constants of hydrogen
were made by Olszewski in 1895. He used oxygen boiling under reduced

Hydrogen
Date Tc Po do Obs.
1882 (08.9) (08.9) (0.0%0) {
1885 (32.7) (13.3) 2
1893 38.6 20.0 3
1899 52* 19.4* 4
1905 32.3 13.4—15.0 5
1913 31.98% I1.0 6
1917 33.18 12.80 ©.0310 vi
1921 0.03102 8
Selected values 33.18 12.8 0.03I0

Sarreu: Compt. rend., 94, 845 (1882)
Wroblewski: Sitz. Akad. Wiss. Wien., 91, (1885); 97, 1362 (1888)
Olszewski: Phil. Mag., 39, 202 (1895)
Dewar: Proc. Roy. Soc. (tondon) 64, 227 (1899)
Olszewski: Ann Physik,, 17, 686 (1903)
Bulle: Physik. Z., 14, 860 (1913)
. Onnes, Crommelin and Cath. Proc. Acad. Sci. Amsterdam, 20, 178 (1917);
Comm. Leyden No. 151¢
8. Mathias, Crommelin and Onnes: Comm. Leyden No. 154 (1921); Ann. phys,,
17, 463 (1922)

WONBG N



I12 8. F. PICKERING

pressure as a cooling agent but was unable to reach a sufficiently low tempera-
ture. Upon expanding the gas from pressures of 8o-140 atms. he found that
the phenomenon of ebullition occurred always at 20 atms. Although he ob-
served that if the initial pressure was 70, 60, and so atms., the ebullition
appeared at 8 lower and lower pressure, viz., approximately 18, 16, and 14
atms., nevertheless he chose 20 atms. as the critical pressure. He then, by
means of a platinum resistance thermometer, measured the temperature
attained upon expanding to zo atms. where ebullition occurred, and assumed
this to be the eritical temperature.

In 1905 he determined the constants by a greatly improved method,
. using liquid hydrogen as the cooling medium. Upon observing the meniscus
he found that it appeared at 13.4 atm. and disappeared at 1¢ atm.

The work of Bulle followed in 1913, but according to Onnes it seems
unlikely that the temperatures within the apparatus were uniform.

Onnes! and his coworkers developed a special eryostat with which they
were able to maintain very constant temperatures. - Beeause of this improved-
apparatus and also the care with which the work was done, their results are
probably the most aceurate thus far obtained.

Hydrogen Bromide
Date Te Obs,
1896 364.4 I
1910 364 .1 2
1919 362.9 3
Selected values 363.5 ?

. Estreicher: Z. physik. Chem., 20, 603 (1896)

2. Estreicher and Schnerr: Z. Komprimicrte flissige Gase Presgluft-Ind., 15,
161 (1913); Dissertations Amsterdam (1910)

3- Moles: J. chim. phys., 17, 421 (1919)

They purified their hydrogen by distillation and made carfeul determina-
tions of a number of isothermals, the temperatures being measured by means
of a helium thermometer. By connecting the points which gave the beginning
and completion of the liquefaction, & parabola was obtained and the pressure
corresponding to the top of this parabola was taken as the critical pressure,
The corresponding temperature was found by extrapolation from the vapor
pressure measurements immediately below the critical temperatures.

The heterogenecous parts of these isothermals were accurately parallel to
the axis, which shows that the purity of the sample was very high.

The critical density was calculated by means of the law of Cailletet and
Mathias?, using the density data previously published.

It is interesting to note how remarkably close Wroblewski’s caleulated
values for the critical temperature and pressure come to the experimental ones.

! Comm. Leyden No. 154¢; Proc. Acad. Sci. Amsterdam, 23 11, 1185 (1922)
* Comm. Leyden Nos. 127¢ and 137
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Moles considers that Estreicher's earlier value was obtained with s some-
what impure sample. Moles prepared hydrogen bromide from metaphosphorie
acid and potassium bromide. The gas was liquefied and purified by boiling and
condensing in small laboratory tubes.

The value chosen i8 the mean of the last two determinations and is of
doubtful accuracy.

Owing to the fact that hydrogen bromide reacts with mercury, a mercury
manmeter can not be used to measure the pressures. No determinations of
eritical pressure have been published to date.

Hydrogen Chloride
Date Tc Pn do Obs,
1879 324.35 86 I
1884 325.4% 86* (0.61) 2
1886 1 3246 | 96 3
1897 325.1%.8 83 41 4
1906 324.04.2 83.0%.4 3
1910 324.5% 6
1912 324 .84.1 85.854.15 7
1913 324.1 80.49 8
Selected values 324.5 83 7

Ansdell: Chem. News, 41, 75 (1880)

Dewar: Phil. Mag., 18, 210 (1884)

Vincent and Chappuis: J. phys., 55, 58 (1886)

Leduc and Sacerdote: Compt. rend., 125, 397 (1897)

Briner: J. chim. phys., 4, 276 (1906)

. Estreicher and Schnerr: Z. komprimierte fiisgige Gase Presstuft-Ind., 18,
161 (1913); Dissertations Amsterdam (19103)

7. Cardoso and Germann: J. chim. phys., 10, 517 (1912)

8. Drozdowski and Pietrzak: Anz. Akad. Wiss. Krakau, 4, (1913).

O

The various observers agree quite well regarding the eritical temperature

* of hydrogen chloride, but their results on the critical pressure deviate widely.

The only criterion of the purity of Leduc and Sacerdote’s sample, which
was prepared from sulphuric acid and sodium chloride, was that of complete
absorption by water.

Briner does not describe his method, while the articles by Estreicher and
Schnerr and by Drozdowski and Pietrzak could not be obtained.

Cardoso and Germann used concentrated sulphuric acid and pure pre-
cipitated sodium chloride, and passed the gasthrough five bottlesof concentrated
sulphuric acid and a tube of phosphorus pentoxide. The hydrogen chloride
was then distilled ten times, and passed over phosphorus pentoxide after each
of the first six fractionations.

The value 324.5° is selected as the most reliable for the critical tempera-
ture. Because of the great divergence of the values for the critical pressure a
mean of 83 atm. is selected. No reliable figure for the critical density has been
published.
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Estreicher’s first determination of the critical temperature of hydrogen
todide was made with a sample prepared by the action of red phosphorus upon
a mixture of pulverized iodine and water. After the removal of most of the
iodine vapor with water, the gas was dried with phosphorus pentoxide and
golidified by means of & mixture of solid carbon dioxide and ether. The re-
maining jodine was removed by distillation. Aceording to these determina-
tions which were made in a sealed tube, the meniscus disappeared at 150.9°
and appeared again at 150.4°.

Hydrogen lodide
Date To Obs.
1896 423 .8 1
1910 423.9 2
Selected value 423.9

1. Kstreicher: 2. physik. Chem., 20, 605 (1896)

-2 Estreicher and Schnerr i(omprimwrte Aitssige Gaso Presslufe-Ind., 15, 161

(19!3), Dissertations Amsterdam (Iglo

This value was later checked to 0.1° by Estreicher and Schnerr and con-
stitutes the only available work upon the critical constants of this gas.

Schefler prepared hydrogen sulphide by the action of dilute sulphuric acid
on & sodium hydrosulphide solution containing barium sulphide, and purified
the gas by fractionating. His determinations were not carried out with as
many precautions as those of the later obgervers.

Cardoso and Arni prepared their samples from hydrochlorie acid and pure
precipitated ferrous sulphide. The gas was passed through a suspension of
ferrous sulphide in water and thence over caleium chloride and phosphorus
pentoxide after which it was distilled fourteen times.

Hydrogen Sulphide
Date Tq Pc ObB.
1884 373-3"* g2* I
1890 373.1 88.77 2
1897 373.1%.5 90 3
1910 372.7 88.3 4
1910 373-.53 ]
1912 373.5+.1 89.05+.1 6
Selected values 373-8 89

Dewar: Phil. Mag., 18, 210 (1884)

Olszewski: Beibl. Ann. Physik., 14, 896 (1890)

Leduc and Sacerdote: Compt. rend' 128, 307 (1897)

Scheffer: Z. physik. Chem., 71 695, (tgw)

Estreicher and Schnerr: %, komprimierte fiiissige Gase Pressluft-Ind., 15,
161 (1913), Digsertations Amsterdam 191(3

Cardoso and Ami: J. chim. phys 10, 504 (1912)

P N



REVIEW OF THE CRITICAL CONSTANTS OF VARIOUS GASES 115

They found that all the mereury as well as the gas had to be very carefully
dried, otherwise a slight decomposition would take place whieh proceeded ap-
parently until a definite xmall pressure of hydrogen was produced.

Because of the care with which their work was carried out and the close
check obtained by Estreicher and Sehnerr, their value for the critical tempera-
ture is considered the best.

Preference is given to Cardoso and Arni’s value for the eritical pressure.

No determinations of the eritical density have been made.

Krypton
Date Te Pc Obs.
{eled 210.6 54.3 3
Selected values 210.6 ? . 54.3 7

I. Ramsay and Travers: Trans. Roy. Soc. London 197, 87 (1901}
- The only determinations of the critical constants of krypton aré those of
Ramsay and Travers. They separated this gas from oxygen, nitrogen and
xenon by repeated fractionations, but becsuse of the small quantities of gas

with which they had to deal it is doubtful whether their samples were very
pure.

Methane
D&te Tc Pc dc Obg.
1882 (197.4) (46.8) 0.14% I
1884 199.6 56.8 2
1884 173.6% so* 3
1885 191.3 54.9 4
1913 190.23 45.604:.05 0.1623 5
1015 0.1623 6
1922 191.03 45%.79 ¢0.1613 -
Selected values 190.6 ? 43.7 0.162
: i

Sarrau: Compt. rend., 94, 718 (1882)

Wroblewski: Compt. rend., 99, 136 (1884)

Dewar: Phil. Mag., 18, 210 (1884)

Olszewski: Compt. rend., 100, 940 (1885)

Cardoso: Arch. sei. phys. nat., 36, 97 (1913)

Cardoso: Arch. sei. g:hys. nat., 39, 403 (1915)

Keves, Taylor and Smith: J. Math. and Phys., Mass Inst. Tech. 1 211 (1922)

T ONREE N

Cardoso does not give any details as to his method of preparation of
methane, but the purity of his sample was very high as indicated by the fact
that upon condensation at constant temperature the pressure remained con-
stant to about o.o1 atm.

Keyes, Taylor, and Smith used methane prepared by heating a mixture of
dry sodium acetate and soda lime. Any acetone formed was absorbed by 20
per cent fuming sulphuric acid, the sulphur trioxide fumes being removed by
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98 per cent concentrated sulphuric acid. The gas was passed through a caustie
soda solution and then over solid caustic and phosphorus pentoxide. Further
purification was obtained by fractional distillation. The impurities were not
in excess of one part in five hundred. The critical constants, ti is stated, were
directly observed, but the method is not deseribed. The sample was not stir-
red during the determination. The critical pressure given by these authors in

Table I (p. 223) as the observed value is 46.06, the value 45.8 being calculated
from the vapor pressure formula.

Cardoso’s values for the vapor pressure were found to be uniformly higher
than those of Keyes and his coworkers by an amount corresponding to a
temperature difference of 0.56°, and these authors therefore assume that
Cardoso’s temperature measurements ate low by this amount. On the other
hand in a footnote (p. 226) it is apparent that Cardoso’s fixed point, the freez-
ing point of toluene is too high. This contradiction taken together with the
staterment on a preceding page that the higher vapor pressures were not very

concordant because of lack of sufficient stirring would throw_doubt.upon
“the validity of the proposed correction.

The critical constants selected are the means of these two recent sets of

observations.

Methyl Chloride
Date - Te P, de Obs.
1886 414.6 73 1
1893 416.1 65.0 2
1904 416 . 1% .2 0.370 3
1904 416 .22 65.93 4
1906 416.3 65.85 5
Selected values 416 .2 65.9 0.37 7

Vineent and Chappuis: Compt. rend., 100, 1216 (1883); 103, 379 (1886)
Kuenen: Arch. néerl., 26, 368 (1893)

Centnerszwer: Z. physik. Chem., 49, 203 (1904)

Brinkmann: Dissertations Amsterdam (1904)

Baumé: J. chim. phys., 6, 1 (1908)

NP NN -

The recent determinations on methyl chloride agree quite well,

Centnerszwer purified hiz sample by passing over soda lime, caleium
chloride, and sulphuric acid, after which it was distilled into the tubes. No
variation in pressure was ohserved when the gas was condensed at constant
temperature. He did not agitate the gas while making the determinations.

Baumé passed the methy! chloride through sulphuric acid and fraction-
ated it five or six times,

The results. of these observers are averaged with those of Brinkmann.

The values which Centnerszwer obtained for the density by the method
of Cailletet and Mathias varied, within 0.01° of the eritieal temperature, from
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©.3397 to0.3790. When it is considered that his figure for the critical tempera-
ture may be in error by 0.2°, it is unlikely that the value for the critieal density
is accurate to even the second significant figure.

Neon
Date Te P. Obs.
1017 44.74 26.86 i
Selected values 44.7 26.9

. L Omnes, Crommelin and Cath: Comm. Leyden No. 151 (1917); Proc. Acad.
Sei. Amsterdam, 19, 1038 (1917)

Onnes, Crommelin and Cath have made the only published determination
of the critical constants of neon. The impure gas which they had at their
* disposal” was fre¢d from hydrogen by explosion with oxygen. It was then
repeatedly frozen and distilled over carbon cooled in liquid air. Traces of im-
purities still remained, however, as indicated by the increase of o.z atm.
pressure when the gas was liqueficd at constant temperature; and because of
these impurities the values for the eritical temperature and critical pressure are
believed by Onnes and his coworkers to differ from the true values by a few
tenths of a unit. The temperatures were measured with a helium thermometer.

Vapor pressure measurements were made and the apparatus was so ar-
ranged that the quantities of gas which were liquefied at a given tempersture
between the beginning and the end of condensation could be measured. Using
the values obtained in this manner at different temperatures in the neighbor-
hood of the ecritical temperature the critical constants were caleulated by
extrapolation over a small range.

Nitric Oxide
D&tﬁ Te, Pc Ob.‘q.
1885 179.6 ? 71.2 ? 1
Selected values 1807 71 7

1. Olszewski: Compt. rend., 100, 940 (1883)

The only determination of the critical constants of nitric oxide is that of
Olszewski in 1885. The gas was prepared by boiling ferrous sulphate with
dilute nitric acid. The gas was liquefied in a part of the apparatus which had
been previously evacuated. Olszewski found the meniscus still visible at
179.6° and 71.2 atm., but owing to bis fear that the tube might burst he did
not raise the temperature or pressure further. His sample was not well puri-
fied and it can be seen from the results on other gases that his determinations
of this early date are not in aceord with those by later observers.
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The nitrogen used by Onnes, Dorsman and Holst was prepared by boiling
a solution of sodium nitrite and sodium sulphate with ammonia. The gas was
passed over sulphuric acid to remove the ammonia. During condensation at
constant temperature there was no appreciable increase in pressure so that the
gas may be considered as quite pure.

-Nitrogen
Date Te P, do Obs.
1882 (149.3) (42.1) (0.2719) 1
1884 127 3s 2
1884 127* 3s* (0.45) 3
1885 127 33 4
1886 0.44 5
1914 125.96 33-49 , 6
1914 0.31096 7
19016 128 .4 33.68 8
- Belected values |- - r26:0-  }-3378 0.3110 -

1. Sarrau: Compt. rend., 94, 718 (1882)

2. Olszewski: Compt. rend., 99, 133 (1884); Ann. Physik., 31, 66, 70 (1887); Phil.
Mag., 39, 210 (1893).

3. Dewar: Phil. Mag., 18, 210 (1884)
4. Wroblewski: Wien, Ber., 91, 606 (1883); 92, 641 (1885)
5. Wroblewski: Compt. rend., 102, 1010 (1886)

6. Onnes, Dorsmann and Holst: Comm. Leyden No. 145b (1914) Proc. Acad.
Sci. Amsterdam, 17 11, 950 (1915) '

. 7. Mathias, Onnes and Crommelin: Comm. Leyden No. 145¢ (1914) Ann. phys.,
17, 455 (1922) )
8. Cardoso: J. chim. phys., 13, 312 (1915)

Cardoso’s sample was obtzined by heating pure potassium nitride and
passing the gas over pure calcined barium oxide, followed by drying over
phosphorus pentoxide. The purity was checked by the vapor pressure
method.

As in the case of oxygen the values of Qnnes rather than these of Cardoso
are accepted although this choice may be questioned.

The value for the critical density obtained by Mathias is the only deter-
mination available and is probably quite accurate.

The nitrous oxide prepared by Villard was evidently very pure judging
from the regular phenomena obtained near the critical point, but his values
were obtained indirectly by measuring the densities of the liquid and gas
phases.

Kuenen purified commercial nitrous oxide by passing it over caleium
chloride, caustic potash, and phosphorus pentoxide after which it was liquefied
and distilled. The increase of 0.15 atm. preasure when condensed at constant
temperature indicated a slight impurity.

The samples used by Cardoso and Arni were prepared from hydroxylamine
hydrochloride and sodium nitrite solution and purified by passing through
potassium hydroxide solution, sulphuric acid and finally phosphorus pentoxide.

(L. 73
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The gas thuse obtained was fractionated ten times. Their values are no doubt
the hest. Because of the apparent high purity of his nitrous oxide, preference
is given to Villard’s value for the critical density. More data, however, are

needed to corroborate this figure.

Nitrous Oxide
Date Te P, de Obs.
1878 300.5 73.07 I
1884 308 .5* 78* 2
1886 ©.41 3
1894 311.9 77-3 ©.454 4
1897 309.1 75.0 5
1912 300.6 71.68 6
Selected values 300.6 71.7 0.4 7

Janssen: Beibl. Ann. Physik. 2, 136 (187
' Dewar: Phil. Mag., 18, zio (1884) = - o

Cailletet and Mathias: Compt. rend., 102, 1202 (1886)

AP N

Villard' Compt. rend., 118, 1096 (1894); J. phys., 3, 441 (1894)
Kuenen: Phil. Mag., 44, 195 (1897)
Cardoso and Bell; J. chim. phys., 10, 505 (1912)

There have been only two determinations of critical temperature and
pressure made upon oxygen since 1885, one by Onnes, Dorsmann and Holst
and one by Cardoso, both published about the same time. Owing to the com-
paratively crude apparatus used in obtaining the earlier results, it is not sur-
prising that they were largely in error.

The oxygen used by Onnes, Dorsman and Holst was prepared by heating
pure recrystallized potassium permanganate in an apparatus made entirely

Oxygen
Date Tc Pc dc Obs-
1882 (167.%) (48.%) (o0.3637) I
1884 160.1*% so0* (0.63) 2
1885 155.1 50 3
1885 154 .3 50.8 4
1911 ©.4209 5
1915 154 .27 49.71 6
1915 158.1 49.3 7
Selected valuces 154.3 49.7 0.430

NP n -

Sarrau: Compt. rend., 94, 639 (1882)
Dewar: Phil. Mag., 18, 210 (1884)
Wroblewski: Ann. Physik., 25, g01 (1885); Compt. rend., 97, 309 (1883)
Oleszewski: Phil. Mag., 39, 210 (1895); Compt. rend., 100, 3
5. Mathiasand Onnes:}Comm. Leyden No. 117 (1911); Proc. Aca
13, (19})1); Ann. phys., 17, 416 (1922)

o (188s)
. Sci. Amsterdam,

Onnes, Dorsman and Holst: Proc. Acad. Sci. Amsterdam, 17, (i915); Comm.

Leyden 145b

7. Cardoso: J. chim. phys., 13, 312 (1916)
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of glass and passing the gas over heated platinized asbestos. The gas was then
cooled with liquid air and allowed to slowly evaporate, thereby eliminating

carbon dioxide and water vapor, The sample showed a constant pressure

while being condensed at constant temperature. The pressures above 20 atm.

were measured by means of a closed hydrogen manometer,

As the eritical point, Onnes and his coworkers took the point at which on
a small expansion the meniscus appeared half way up the tube and where con-
versely as the temperature reestablished itself it disappeared again at the same

level. They looked particularly for the critical opalescence but failed to find it.

The value for the eritical density was obtained from the equation of the
rectilinear diameter,

Cardoso also prepared his oxygen from pure crystallized potassium per-
manganate, and passed the gas over solid potassium hydroxide, phosphorus
pentoxide, and then through a Liebig bulb with mercury to decompose the
ozone,

- . Qwing to the fact that-Cardoso did practically alt the work alone; he had-

some difficulty in keeping the temperature constant while making his observa-
tions. His temperature measurements which were made with a pentane ther.
mometer are also open to question.

In consideration of the excellent means which Onnes had at his disposal
for making these measurements preference is given to his results.

Phosgene
Date Te Obs,
X919 456.+0.3 I

i.  Hackspill and Mathieu: Bull. 25, 482 (1919)

The only determination of the critieal temperature of phosgene is that of
Hackspill and Mathieu. These observers removed sulphur compounds from
the commercial product by fractional distillation and climinated most of the

chlorine by contact with mercury for 24 hours. Final traces of chlorine were

removed by distillation. The sealed tube containing the phosgene was placed
in a hole in the

center of a cylindrieal aluminum block which could be heated
electrically. The sample could be observed through a slot in the block, The

temperatures were measured by means of a thermometer placed in another
hole near the center of the block. Measurements indicated that the
temperatures at this point and at the place oceupied by the tube containing
the gas could be maintained equal within o.1°.

The purity of the sample is not established and the method, while suitable
for making approximate determinations at these temperatures, is not accurate,

Haenlin apparently made no effort to purify his sample of propane which
he prepared by heating propyl iodide with aluminum chloride for 20 hours at
130°C. His test for purity, which consisted of an analysis of the gas by explod-
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ing with oxygen, did not necessarily prove the ahsence of impurities. The ob-
sorvations of the eritiecal phenomena were made in & sealed tube, the eritical
pressure being obtained from the vapor pressure data., Haenlin observed that
as the temperature was raised the meniscus bheeame indistinet at 101°C and
that at 110°C sall optical difference between the liguid and gas disappeared.
Upon cooling, the eritical opaleseence appeared at 102°C which he selected as

the eritical temperature,

Propane
Date Te Pe Obs.
1889 370 44 I
1895 375 45.8 2
1905 370.6 43 3
1921 368.7 4
- Selected values - | 3687 [ 43 |

% ( Bl. }Olszewski: Bull. Int. FAcad. Seci. Cracovie, Jan. (1889); Phil. Mag. (s), 39,
1 1595

2. Haenlin: Ann. 282, 245 (1893)

3. lLcebeau: Bull. 33, 1137 (1903!

4. Maass and Wright: J. Am. Chem. Soc., 43, 1098 {1921).

Lebeau prepared propane by allowing propyl or isopropyl iodide to react
with a solution of sodium in liquid ammonia. No criteria of purity are given,
The critical temperature was determined both by the Cailletet method and by
the sealed tube method.

Maass and Wright obtained propane by the action of the zinc-copper
couple on propyl iodide. The gas was purified by passing through spirals cool-
ed to —78°C, then a number of times over the zine- copper couple moistened
with aleohol at 50°C until free from todide, then through concentrated silver
nitrate and concentrated alkali solutions, and was finally dried by phosphorus
pentoxide and condensed. The propane was further purified by five distills-
tions in a vacuum, the middle portions being retained in each instance. The
method of determining the critical temperature is not described.

Propylene
Date Te P. | Obs,
1883 370 I
1915 363.7 45.34 2
1921 36c.240.2 : 3
Selected values 364.5 7 45.3

6r8 (.818. )Nadej_dine: J. Russ. Phys. Chem., 15, 25 (1883); Beibl. Ann. Physik., 7,
76 (1383

2. Seibert and Burrell: J. Am. Chem. Soc., 37, 2683 (1915)

3- Maass and Wright: J. Am. Chem. Soc., 43, 1098 (1921)
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The value obtained by these authors is preferred to that obtained by
Lebeau because of the precautions taken to insure the purity of the sample,
On the other hand, the value for the critical pressure determined by Lebeau is
probably more aceurate than the values published by Olszewski and by Haenlin.

Nadejdine makes no statement regarding the purity of the propylene
which he used.

Seibert and Burrell obtained propylene by dehydrating propy! alcohol
with phosphorus pentoxide, collected the gas over eaustic potash and purified
it by fractionation at low temperatures. As stated in the discussion of butane,
the critical temperature was taken as that at which no meniscus was visible
when the volume was constant, but just appeared when the volume was
slightly increased. The pressures were measured by a calibrated air mano-
meter,

The propylene used by Maass snd Wright was prepared by the catalytic
action of aluminum oxide upon purified propyl aleohol at a temperature of

350°C. The gas was purified by the methods adopted in the cage of ethylene.

Sulfur Dioxide _
Dﬂte Tc Pc dc ObS.
1859 430.1 I
1578 430-434 2
1879 428.5* 78.9* 3
1882 428.1% 4
1884 428.5* 78.0* 5
1887 420.1 0.82 6
1go3 430.30x.2 ‘ 7
1906 430.3 77.95 8
1912 430.28 .1 77.65:%. 1 )
1913 430.24 10
Selected values 430.3 79.7 o.527

1. Drion: Ann. chim. phys., 56, 221 (1859)

2. Ladenburg: Ber, 11, 818 (1878)

3. Sajoschewski: Beibl. Ann. Physik., 3, 741 {(1870)

4. Schuck: Beibl. Ann. Physik, 6, 86 (1882

5. Dewayr: Phil. MML" 18, 210 (1884)

6. Cailletet and Mathias: Compt. rend., 104, 1563 (1887)

7. Centnerszwer: Z. physik Chem,, 46, 427 (1903)

8. Briner: J. chim. phys., 4, 474 (1906)

9. Cardoso and Bell: J. chim. phys., 10, 502 (1912)

0. Hein: Z. physik. Chem., 86, 409 (t913)

The two later values for the critical temperature differ by 1.5° 8o that
their mean which is the selected value may be in error by a8 much as 0.8°.

The only published experimental determination of the eritical pressure
which could be found is that of Seibert and Burrell.

The values for the critical temperature of sulfur dioxide obtained since
1887 agree remarkably well, none of the four deviating more than o.06° from

the mean of 430.3°. This figure can therefore be taken as being accurate to the
nearest tenth of a degree,

Y 2
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Critical Constants of Gases
Critieal Tem- | Critical Pres- Critical Den-
Gas perature sure sity
°C Abs.® Atm. g per ce
Acetylene........... 300 ? 61.6 0.231
Air........... e 132.4 37.2 0.35b
0.31¢
Allylene............. 401
Ammonia........... 405.5 112 0.236
Argon............... 150.7 48.0 0.52
Butane-iso........... 406.8 ? 36.5 ?
Butane-n............ 426.3 ! 35.7 ? -
Carbondioxide....... [ 304.1 72.9 0.460
Carbon monoxide. . .. 134.4 34.6 0.311
Chlorine............ 417 76 0.573
Cyanogen........... 401.4 50.7
Ethane.............. 305.2 48.8 0.21
Ethyl chloride ... ... 456 7 54 ?
Ethylene............ 282.6 £0.7
Helium............. 5.20 2,20 0.066
Hydrogen........... 33.18 12.8 0.0310
Hydrogen bromide. . . 363.5 ?
Hydrogen chloride .. 324.5 83 ?
Hydrogen iodide. . ... 423.9 ?
Hydrogen sulphide. . . 373.5 8¢
Krypton............ 210.6 ? 54.3 7
Methane............ 190.6 4%.7 0.162
Methyl chloride.. .. .. 416.2 635.9 0.37 7
Neon............... 44.7 26.¢
Nitricoxide.......... 180 ? 71 ?
Nitrogen............ 126.0 33-5 0.3110
Nitrous oxide........ 300.6 71.7 6.45 ?
Oxygen............. 154.3 49.7 0.430
Ozone.............., 268 ? 92.3 ?
Phosgene............ 456+0.5 ?
Propane............. 368.7 43
Propylene........... 364.5 ? 45.3 7
Sulphur dioxide. ... . .. 430.3 77.7 o.52 ?
Xenon ......o.oo... 289.7 s8.2 I.155

& The absolute zero is taken as 273.1°C.

b “Plait point”.

¢ “Critical point of contact”.
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Of the two recent determinations of the critical pressure, preference is
given to that of Cardoso and Bell, because their deseription shows that the
work was carefully carried out while Briner does not discuss his apparatus or
method,.

The only value for the eritical density is that of Cailletet and Mathias,
which was obtained in 1887 and ean not be accepted as very reliable,

Xenon
Date Teo Pe de I Obs,
1901 287.9 8.0 . {
1912 23¢.7 58. 2 1.13§ 2
Seleeted values 289. 7 8.2 1.155

i. Ramsay and Travers: Trans. Roy. Soe. London. 197 A, 7t (1901)
2. FPatterson, Cripps, and Whytlaw-Gray: Proc. Roy. Soc. London. 86 A, 579(1g12)

Ramsay and Travers make no claim for a high degrre of accuracy in their
determinations of the critical constants of xenon because they had only 3 ce
of gas, giving 0.006 cc of liquid, and were therefore unable to get complete
purification.

From Ramsay and Moore, Patterson and his co-workers procured 120 cc
impure xenon. After solidifying the gas and pumping off the non-condensible
gases, they boiled away the solid xenon and took the last 20 ec for their meas-
urements. The temperatures were maintained constant to 0.02°. They noted
that apparently unless certain precautions were taken xenon and oxygen

would physically associate, and later dissociate giving off oxygen which would
lower the critical density.



THE STARCH-IODINE REACTION

BY N. R. DHAR

Two distinet views have been put forward in order toexplain the mecha-
nism of the starch iodine reaction. Several authors, notably Rouvier!, Euler
and Myrbiick? and others have formulated the view that on the addition of
iodiné to starch paste, definite chemical compounds are formed. The number
of formulae denoting the compound starch-iodine has come up to thirteen, the
iodine content varying from 3 to more than 20 per cent,

In opposition to the above view, Kiister® has shown that the blue colour
of starch iodide can be easily expiained by the phenomenon of the adsorption
of iodine by starch. Padoa and Savaret, Katayama$5, Berezeller®, Baneroft?
and Lottermoser® are supporters of the adsorption view,

It is well known that starch forms & colloid when mixed with warm water
and on the addition of iodine to this colloidal stareh the well known blue sub-
stance which is certainly colloidal in nature is obtained. It appears that
colloidal starch is negatively charged and on the addition of iodine the amount
of charge on each particle is increased. Like most colloidal substance starch
has a good adsorptive power, as has heen shown by Robiron?, Lloyd®,
Rakovski! and others, Evidently there is hardly any doubt that adsorption
plays a very important part in the formation of the blue substance.

It is apparent that the blue substance, starch iodide, is colloidal in its
nature. In order to throw light on the nature and on the constitution of the
blue substance, electric conductivity measurements were carried on. Several
vears ago Duclaux®?, found positively charged ferric hydroxide sol istairly con-
dueting. In a recent paper Wintgren'® has determined the conductivity of
stannic acid peptised by alkali. Very recently Sen, Ganguly and Dhar have
found that negatively charged ferric hydroxide sol is also fairly conducting.

Fiftecn grams of Lintners’ soluble starch (British Drug Houses Ltd: Loxn-
don) were made up to 1000 ce. using warm water at the beginning. The con-
ductivity of this colloidal solution was determined. When N/ro alcoholic
solution of iodine, the conductivity of which was determined before, was
added to the starch solution, it was found that the conductivity of the blue

! Compt. rend. 117, 461.

T Ann. 428, 1 (1922); Arkiv. Kem. Min. Geol. 8, No. 9, 1 (1922).
3 Ann, 283, 364 (1891).

4 Atti, R. Acead. Lincei, 14, 1, 467 (1905).

5 Z. anorg. Chem. 56, 209 (1907).

¢ Biochem. Z. 84, 106 (1917).

7 “Applied Colloid Chemistry’’, 104 (1921).

8 7. angew. Chem. 34, 427 (1921).

* Proc. Camb. Phil. Soe. 15, 548 (1910).

1¢ J. Am. Chem. Soc. 33, 1213 (i911).

1 J. Russ. Phys. Chiem. Soc. 48, 7, 13 (1913); 46, 24 (1914).
12 Compt. rend. 140, 1468 (1go3); Kolloid-Z. 3, 126 (1908).
B3 7Z. Phys. Chem. 103, 238 (1922).
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substance thus obtained is greater than the sum of the conductivitios of the

two substances. The conduetivity measurements were carried out at 25° and
the following results were obtained:—

TaBLE |
Substance Conduchivity
Absolute alcohol 4.86X 108
N/ 10 aleoholie iodine 1.36 X1070
..N/ 1o 1odine (in aleohol) 8.76X 108
Aqueous iodine (about N/ roc0) 4.32X107°
Water 3.37X107°
..lodine (in water) o.95X 10™8
Starch (colloidal) 13 grams per litre 2.7 X1o0~%
Starch (alone) 2.36X 1078
2occ. starch4 . 1 cc N/ 10 alcoholic iodine  2.53X 10™8
L3 1 + .2 ¢C 1 » r Q.GSXIO-E
3] "4 .3 e ” 1 ' 2.74X 105
3 b} + ‘4ec »n b3 »n S.OIXIO-G
Yoo 4 gee”  ? ? 4 BeX o
5 L 4 6¢c ” 1 3 3 -93)(10_5
1 " L gec " " 4.85X 108
»” 1" + .9 ¢e n " ” 5,96XIO-5
TasLe II
Subsiance Conductivity
20 ce. starch sol 4+ 1 ec N/10 alcoholic iodine 7.74 X 10%
r 13 ¥ + 2 cc " H ] [ 3] IO.OIXI°—5
” 1 " + 3 ee 1 1] 3 Q-SZXIOHB
15 3} » + 4cC 1 ” 1) 8.86X 105
” n 1y + 5 ec ¥2 3] »n 8.28)‘(10“5
13} 14 r + 6 ce ¥ » » 7-63XI°-6
1) ) 1 »n + 7cc n 3 1} ] 7.15)(!0-5
iy »” n + 8 cc » »” 14 6.77XI°—-5
: TasrLe 111
20 c¢ starch sol + 1 ce alechol 2.28X 108
" " " + 2 ¢e ” I.QQXIO_S
» 33 »” +30€ » 1.83XIO-5
L) ¥ n +4cc tH I.ééXfO_s
n n n + 500 " I.SIXIO.—b
» ” Y §ee » [ '3‘)){10—-5
1 1 " 4 7 ¢ ”" 1.28X 10~6

From the foregoing experimental results it is quite clear that on addition
of alcoholic iodine to a sol of starch, the conduetivity is greatly increased. It
will be seen from Tables I and 11 that,as the amount of iodine goes on increag-
ing the conductivity of the mixture also goes on inereasing to a maximum and
then it falls off on further addition of iodine. This decrease in the conductivity
is certainly due to the falling off of the conductivity of starch on the addition
of absolute aleohol. The experimental results in Tables I and III conelusively
prove that on addition of absolute aleohol to starch, the conductivity gradual-

ly falls off as we go on adding more of alcohiol to a definite volume of the starch
sol.
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On comparing Tables IT and 1II we find that the ratios of conductivities
when corresponding amounts of the substances are added are 3.4, s, 5.2, 5.33,
5.45, 5.5, 5.6 and 5.8. These numbers are in increasing order of magnitude.
In other words, these ratios conclusively prove that the greater the amount of
iodine added to a definite volume of starch rol, the greater is the conduetivity
of the mixture, Consequently, the foregoing experimental results prove that
on the addition of alcoholic iodine to starch, the conductivity of the blue sub-
stance produced is much greater than the sum of the conductivities of the
reacting substances (viz starch and iodine) 1t scems,therefore, that the blue
compound is apprecially condueting and gives out some ions probably of the
micellar type. From my conduetivity experiments I am of the opinion that
this blue substance formed by the adsorption of iodine by starch is something
like an unstable chemical compound and behaves like an unstable iodide.

In order to explain the conductivity of colloids and substances like soap,
the micelle theory of ions has been advanced.! The same conception of ionic
micelle has been applied to a sol of stannic acid peptised by alkaliz. It is sup-

posed by these authors that one of the ions given out by colloids and substan-

ces like soap, which is micellar in nature, contains many atoms and is very
heavy’. It seems, probable, that with starch iodide we get a heavy micellar
ion containing starch and the other ion may be the simple iodide ion.

In order to see whether other colloids would show greater conductivity
as in the case of starch iodide several conductivity experiments were made with
weak electrolytes like acetic acid, borie acid, arsepious acid, etc., when treated
with freshly precipitated and well washed ferric hydroxide. Starting with a
sample of glacial acetie acid which is 16.5 N. I find it is practically non-con-
ducting. When freshly precipitated and well washed ferric hydroxide, which
i§ dried in air, is added to glacial acetic acid and shaken the conductivity of the
mixture is highly increased. Similarly the conductivity of 13.75 N acetic acid
in presence of freshly precipitated ferrie hydroxide is greatly increased. But
with more dilute acetic acid the reverse is the case. Thus with 2.38 N acetic
acid the conductivity is decreased on the addition of ferric hydroxide. It is
well known that a positively charged ferric hydroxide sol is obtained by shak-

ing freshly precipitated ferric hydroxide with dilute acetic acid. The whole
of the colloid can be readily coagulated by the addition of electrolytes like
(NH,),S0,, Nas80, ete. In this case practically the whole of the iron re-
mains as a colloid and not as ferric acetate. The decrease in the conductivity
of dilute acetic acid on the addition of ferric hydroxide is certainly due to the
adsorption of acetic acid by ferric hydroxide and hence the concentration of
the acid is decreased,

In a foregoing paper from this laboratory it has been shown that by shak-
ing freshly precipitated ferric hydroxide with arsenious acid a negatively

! See Zsigmondy: “Chemistry of Colloids”, 166 (1917); Pauli and Matula: Kolloid-Z.
21, 49 (1917). _

2 Wintgren: loc. cit.

*Comparc Dhar: 7. anorg. Chem. 1913, 80, 43 (1913).
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charged sol of ferric hydroxide is obtained. The deerease in the conduetivity
of arsenious acid on the addition of ferric hydroxide is also certainly due to the
adsorption of arsenious acid by ferric hydroxide, which is & good adsorbent of
arsenious acid. Exactly similar results are obtained with borie acid. With
concentrated acetic acid the case is different. If ferric hydroxide is added to
glacial or very concentrated acetic acid the conduetivity is enormously in-
creased due certainly to the formation of the electrolyte ferric acetate. That
ferric acetate and not colloidal ferric hydroxide is formed is shown by the fact
that no coagulation takes place on the addition of electrolytes to these solu-
tions. In these cases the formation of the conducting electrolyte ferric acetate
more than counterscts the adsorption of acetic acid by ferric hydroxide and
hence the conductivity is greatly increased. Henee the formation of ferric
acetate or colloidal ferrie hydroxide on the treatment of acetic acid with fresh-
ly precipitated ferric hydroxide depends on the concentration of acetic acid
and this is guided by the {ollowing mass action equilibrium

Fe(OH)s+3CHs COOH =Fe(C HiCOO)3+3H,0

Looking at the whole problem it seems that the blue substance obtained
by the adsorption of iodine by starch is something like an unstable chemieal
compound which can give off ionie micelle in water.

It will be interesting to find out whether there is any change in the con-
ductivity of the reactingsubstances(viz. sulphur dissolved in 8; Cl; or CCl, or C8;
and the raw caoutchoue). That there is some chemieal action in the process
of vulcanisation will be evident from the fact that its temperature coefficient
for & 10° rise is 1.8. This value is greater than the average temperature
coefficient of homogencous reactions.! In our experiments on the adgorption
of electrolytes by manganese dioxide no effect of temperature on the phenome-
non of adsorption was observed.

The blue colour of starch iodide is readily destroyed by chlorine, silver
nitrate, mercuric chloride, iodic acid and other oxidising agents, like nitric
acid, chromic aeid, etc. This fact can be easily explained on the view that the
blue substance is an unstable iodide. The following results were obtained in
the decolourisation of the blue substance with mereurie chloride: —

1o.cc of the starch solution with different volumes of iodine solution
titrated against M/s HgCl, Solutions.

Volume of N/xoiodine Solution. Vol. of M/5 HgCl: Sol.

0.5¢e 2.2CC
Ice 8.4 ¢c
Iece 8.4¢cc
2 CC 16.5¢C
3.cc 24.7 ¢C

In order to decolourise with nitric acid far greater quantity of the oxidis-
ing agent is necessary.

' Compare Dhar: Proc. K. Akad. Weten. Amsterdam, 21, 1042 (1919),
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10 ¢e starch and o. 5 ec of alcoholic iodine require 110 ce of 3.75 N HNO;.

There has been a great desl of controversy as to whether iodide ions are
necessary in the generation of the blue substance. In Mylius' formula of
starch iodide, HI is regarded as a part of the blue iodide of stareh. This view
has been corroborated by Roberts!, Lonnes?, Hale? and Sen®; while Rouviers,
Meineke?®, Berezeller’, Euler and Myrbiek® have shown that potassium iodide
is not necessary for the production of the blue substance. Lottermoser (loc.
cit.) appears to have taken an intermediate position and believes that jodides
are required temporarily for the production of the blue colour. I have ob-
sgerved that on the addition of a freshly prepared alecholie solution of iodine
to starch paste or colloidal starch the blue colour immediately appears. In
this case iodine did not get time to undergo hydrolysis according to the
equation 3I.+3 HsO=sHI4+HIO;, hypoiodous acid being formed as an
intermediate product. The hydrolysis of iodine being a non-ionic change is
expected to be slow; hence the immediate appearance of blue ecolour on the
-addition of alecholic iodine to colloidal starelr does not-support-the view-that
iodide ions or HI are necessary for the production of the blue colour, because
at the beginning there is hardly any HT in the mixture. Of course, according
to the conception advanced in this paper the blue substance itself is an un-
stable iodide, which gives off iodide ions in solution.

The great amount of HNO; necessary for the discharge of the blue colour
seems to be against the view that HI is necessary for the formation of the blue
colour.

The effect of several electrolytes on blue starch iodide has also been in-
vestigated. In thie line of research there has been a considerable difference of
opinion amongst previous investigators. Standard solutions of KCl, (NO,).,
Ba K,SO,, KI, AI,(SOy), KBr and BaCl; were prepared and in clean test
tubes see of each of the solutions added to 10 ce of the starch iodide obtained
by mixing 100 cc of starch (15 grams per litre) with .z or .3 or.4 or .5 ce N/10
alcoholic iodine. In all cases 5 cc of water was added instead of the electrolyte
to 1o ce of starch iodide and this tube served as the blank one for comparison
with other tubes.

The effect of electrolyte on starch iodide seems to be complicated specially
that of KI, which markedly intensifies the blue colour.

With other electrolytes the general effect seems to be coagulating in its
nature. On the addition of the electrolyte the particles of the colloidal starch
iodide coalesce with one another and become larger and hence the blue colour

EFAm. J. Sei. (3), 47, q22.

t Z.anal. Chem. 35, 409.

3 Am. Chem. J. 28, 438 (1902).

‘ Proe. K. Akad. Wet. Amsterdam (1923).
$ Compt. rend. 114, 749.

¢ Chem. Z. 18, 157 (1894).

T Loc, cit.

8 Loc. cit.

* Compare Bray: J. Am. Chem. Soc. 32, 932 (1910).
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is intensified though to a varying extent depending on the nature rather than
the valency of the ions in question. It will be interesting to investigate
whether the coagulation of blue starch iodide follow the Schulze-Hardy rule.

Summary

(1) When alcoholic iodine is added to starch sol, the conductivity of the

substance formed iz much greater than the sum of the conductivities of the
individual substances,

(2) The substance obtained by the adsorption of iodine by starch is
appreciably conducting and behaves something like an unstable iodide. It
seems probable that micellar ione are given out in sol.

(3) It seems probable that the presence of outside iodide ions is not
necessary for the formation of the blue substance. The hydrolysis of iodine
is a slow process.

_(a)  Electrolytes have the general effect of intensifying the blue colour

by the coalescence of the smaller particles into bigger ions caused by thier

coagulating effeets.
Chemical Laboratories,

Allahabad Universily,
Tidia.



THE RECOGNITION OF BLUE!

BY WILDER D, BANCROFT

Matthews?® says that “there is a peculiar variety of peeler cotton known
a8 ‘blue bender’ cotton. This fibre is characterized by a bluish color which
cannot be bleached out by the usual methods employed for the bleaching of
ordinary cotton. It receives its name from oceurring in the ‘bends’ of the
Misgissippi River valley. The exact nature of the color and the cause of its
formation in this variety of cotton are not known. By some it is supposed
that the defect arises from the plant being touched by frost too early, while
others assume that the cause is to be found in some ingredient in the soil.
Outside of its defective color and resistance to bleaching, the appearance and
. .quality of the fibre are otherwise unimpaired.” ... . ... ..

We were, of course, interested in this mysterious blue, and, through the
courtesy of the appropriate Government Bureau in Washington, we received
a good-sized sample of this ‘blue’ cotton. Unfortunately nobody in the De-
partment of Chemistry at Cornell was able to see any blue in the specimen and
consequently we were unable to aceount for what was to us an invisible color.
The cotton was not yellowish like ordinary raw cotton and was a grayish-
white to our eyes. If one harks back to what one knows about washing, one
might assume that the yellowish cotton had been turned grayish white by the
addition of a blue pigment and that in that sense it was a ‘blue’ cotton. One
could equally as well assume that the yellow had never been developed, and
this would eliminate the hypothetical blue. A letter to Washington asking
how we should look at the cotton in order to see the blue was treated with the
silent scorn which perhaps it deserved. An appeal to Dr. Matthews was not

helpful because he said that he could see blue in nearly everything, including
graham crackers.

The whole matter of the recognizing of blue is very much in the air.
Rivers?® has some definite views on the color vision of primitive races which
are interesting, even though they have not been accepted generally. Speaking
of the Murray Islanders and their ability to name colors, he says, p.s3, that
“it will be seen that there was great definiteness and unanimity on the nomen-
clature for red, rather less so for orange and yellow, less so for green, and very
great indefiniteness for blue and violet.  Soskepusoskep was evidently the
most definite word for green, while the word used most frequently for blue
and indigo was bulubulu, which was the English word reduplicated and with

! This paper is a necessarv consequence of experiments supported by a grant from the
Heckscher Foundation for the Advancement of Research, established by August Heckscher
at Cornell University.

* “Textile Fibres,” 264 (1913).

( }’ Reports of the Cambridge Anthropological Expedition to Torres Straits, 2, 48
1901 ).
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the contiguous consonants separated [no reference to Yale]. The old men
agreed that their own proper word for blue was golegole (black), and they re-
garded it as quite natural to apply this name to the brilliant blucof the skyand
sea""

“Of the four well-established and definite colour names of the Western
Tribe, it will be seen that three have the same derivation as in Murray Island.
In both tribes the common name for red is derived from blood, and the most
usual name for green from bile, while names for yellow are derived from ochre,
though in Murray Island there was a tendency to name blues and greens after
the sea (karemgausgaus, sea-green, and karemgolegole, sea-black), and in the
Western Tribe a definite name for these colours derived from the word for sea
has become established. It is noteworthy that the sea, rather than the sky,
should have been the source of the word for blue,” p. 63,

“On comparing the three colour voeabularies of Torres Straits and the
Fly River district, it will be seen that they resemble each other closely in that
in each the words for red and yellow are far more definite and well estublished
~ than those for other colours. " In each there is also a word which is especially
used for green, poroporo in Kiwai, soskepusoskep in Murray Island, and
ildegamulngs in Mabuiag, but these words are not used with the unanimity
which is present in the nomenclature for red and yellow. As regards blue,
the three languages may be taken as representatives of three stages in the
evolution of a nomenclature for this colour. In Kiwai there is no word for
blue; many blues are called names which mean black, dark, dull or dirty,
while other blues are called by the same word which is used for green. In
Murray Island there is no proper native term used for blue. Some of the
natives, especially the older men, use golegole, which means black, but the
great majority use a term borrowed from the English and modified so as to
resemble the other members of their colour voeabulary. Another word,
suserisuseri, is used occasionally for blue and also for green, and in the absence
of the borrowed word this might have been used more often.

“The language of the Western Tribe of Torres Straits presents & more
developed stage in the existence of a word, maludgamulngs, which is used
definitely for blue, but is also used for green. In this language, however,
traces of the tendency to confuse blue and black still persist in the use of such
words as inuradgamulnga and kubibudadgamulnga to denote blue.

“In dealing with Australian languages later, we shall meet with instances
of a degree of development of colour nomenclature still less developed than
that of Kiwai in which only red, black and white seem to have definite, estab-
lished names.

“There are many other languages in stages of development comparable
with those of Kiwai, Murray Island and Mabuiag. The confusion of blue and
black is very common. It has been noted in Mclanesian language by Strauch
(New Hanover and New Britain) and by Schellong (Malayta in the Solomon
Islands), and I found a distinct tendency to confuse black and blue in nom-
enclature among natives of Tanna and Lifu (see p. 85). According to Magnus,
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the same confusion is found among the Bushman and.Ovaherero of South
Africa, the Hovas and Madagasear, the tribes of the Nilgiri Hills in India and
the natives of Borneo. Andree quotes the same confusion as occurring among
the Mpongwe of the Gaboon and the Caribs of South America. Keller found
that ninety percent of the Nubians of the hills called both blue and black
‘hadel,’ while those of Suakin gave each a different name. The Nubiang ex-
amined in Germany by Virchow and others also called both blue and black,
‘hadel’. Almquist found that the Chukchis gave the same name to dark blue
as to black and Gibbs gives the same peculiarity in the Chinook language,
light blue having a different name. The modern Egyptian peasant also uses
the same words for black and dark blue. .

“There are other races who resemble the inhabitants of Murray Island
in having borrowed a word for blue from another language. The English has
been borrowed by many African races, often taking the form of ‘bru.’ The
Maoris use the English word changed into ‘puru,’ The Battas of Sumatra use
the word ‘balau,’ borrowed in a slightly modified form from the Dutch.. They
are also said to have borrowed the word ‘biru’ from the Malays, but this is
probably & modification of the English word. Some races in Borneo are said
to use a word ‘hidjan’ borrowed from the Malay, and the Berbers are said to
use a word ‘samawi’ (sky color) borrowed from Arabic. The Hindustani word
‘nil’ is used for green and blue by several Asiatic peoples including the Tamils
and Siamese.

“The Samoyeds sometimes use the Russian word ‘sjinioi’ for blue. In
the Philippine Islands the words used for green and blue by several tribes, such
as the Ilocos, Tagals, and Bisayos, have been borrowed from the Spanish, and
one of the Araucans of South America examined by Kirchhoff also called blue
‘azul.’

“The use of the same word for green and blue is very common. Many
instances are given by Andree and Magnus in the papers already cited, and
many other instances could be added. It will perhaps be sufficient to mention
that one instance occurs so near home as in the Welsh language, in which
there is only one word ‘glas’ for both green and blue,

“In some languages one finds & word used for both green and blue, and in
addition, other words by which these colours may be distinguished. In
Mabuiag the case was somewhat different. In this Island there were two
words, each used for both green and blue, but it seemed as if these words were
in process of becoming terms by means of which the two colours could be dis-
tinguished.

“Another feature which was common to the three languages of Torres
Straits and the Fly River was the absence of a word for brown. Brown papers
and wools were called red, yellow, grey or black, according to their colour tone
and shade. In Mabuiag names were given to special browns, but it was quite
certain that there were not generie terms for brown in the sense in which we use
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the word. When a number of wools were put together which the European
would call brown, the natives would not acknowledge that any one term would
apply to all or even to any considerable group of them.

“The absence of a word for brown appears to be characteristic of very
many languages, probably of the great majority of the languages of the world.
Among those which I have had opportunity of investigating, I have found no
word for brown in several Australian, Melanesian and Polynesian languages,
in Tamil, Eskimo, Welsh and the Arabic of the Egyptian peasant. The ab-
sence of a word for brown has been noted in many other races. Bastian notes
that the Siamese call brown ‘dam-deng,’ meaning ‘black-red.’ Kotelmann
found that the Lapps ealled brown ‘tscharpis roksad,’ again meaning ‘black-
red’. The Ainus call brown ‘furiambe’, red being ‘fure’. Pergens found that
of the fifty-seven Congolese examined by him, only twe could give a word for
brown; one called it ‘moindo’, which was also used for black, and the other
‘ossingaiumbayéta,’ m’bayéta being used for pink. Gatschet records that a

- word for brown is absent from several American Indian (Amerind) languages,

while in others there may be several terms for this colour. It is possible that,
in the latter case the words used were names for special browns, as in Mabuiag,
and were not true generic terms for brown. This may also be the case in other
languages, such as Patagonian, Tomgan and Araucan, in which names for
brown have been recorded.

“The records given of the colour names of several parties of Nubians
traveling in Germany show how easily mistakes may be made in such a matter.
Kirchhoff concluded that *hamasch’ was a definite word for brown, while the
same and other Nubians examined by Nachtigal and Cohn gave hamisch or
hamasch as u word for grey and for dark and impure colours generally, while
it was also used for violet.

““Schellong gives ‘mela’ as 8 word for brown in two Melanesian languages.
This is probably the same word as mera, which is a common Melanesian term
for ‘red’.

“The confusion of brown and violet is common. It will be remembered
that both occasionally received the same names in Murray Island and in
Mebuiag. Gatschet notes that the Kalapuya Indians of north-west Oregon
call violet ‘tGtélu’ and brown ‘pddschnank tutélu,’ meaning “not quite
violet.” The Greeks use oktsadi both for violet and dark brown. Xirchhoff
notes that the same confusion is still common in German villages, and that
when Halle students wearing violet caps are seen, the villagers say “Here
come the browns.” Kirchhoff also notes that the middle High German ‘britn’
was used for violet.

““There appears to have been no word in Homerie Greek which one can
regard as equivalent to brown, and I am indebted to a note from the Rev. H.
T. ¥. Duckworth that the same is true of the Greek spoken by the majority of
the inhabitants of Cyprus at the present day. They call dark brown objects
padpos, wWhich is the word in common use for black, while other brown abjects
are called «oxxivos, which is also applied to brilliant scarlet,” pp. 66-6¢.
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“The ohservations so far deseribed show that in spite of the absence or
indefiniteness of terms for blue, this colour can be recognized by the Torres
Straits islander, while different shades or tints of blue ean be distinguished
from one another, and the same is true of other races in which the same defeet
of colour nomenclature exists. [t is, nevertheless, possible that there may be
some degree of ingensitiveness to this eolour which makes a given blue a darker
and a duller colour than it is to European vision, and may help to account for
the confusion of this colour with black,” p. 7o.

“The observations on direct vision, rough though they were, brought out
one point beyond all doubt which appears to be in conflict with the other ob-
servations made with the tintometer and coloured wools. There was no doubt
that the colour blue was recognized readily, even more readily than other
colours. The colour of the pateh used was saturated, but if the colour had been
relatively dark to the peripheral retina of these people, one would certainly
have expected the size of the field to be diminished. Schdler’s more exact
... observations also show that in another race, presenting much the same defect
of nomenclatura for blue as existed in Torres Straits, blue was readily recog-
nized in indirect vision, its limit being outside that for red.

“The most ready way of reconciling the two sets of observations is to
suppose that the defective sensibility to blue is due chiefly, or altogether, to
the influence of the maeula lutea. It is well known that owing to the yellow-
red pigmentation of the region of direct vision, blue and green rays are ab-
sorbed more strongly than in the extra-macular regions of the retina. On this
account blue is a less intense colour to the macular region of the normal eye
than it is to the extra-macular region.

“There is, so far as I know, no actual evidence that the yellow pigmenta-
tion of the macula is greater in black-skinned than in the Caucasian races, but
there is very little doubt that this must be the case. If so, the absorption of
green and blue rays would be greater than in the European cye and may ae-
count for the relative insensitiveness to blue.

“The patch of colour shown in the tintometer was 13 mm. indiameter at a
distanee of 32 cm from the eye, i.c. with steady and direct fixation, the image
of the patch would fall wholly within the macular region. During movements
of the eye and when looking at the adjoining patch, the extra-macular regions
of the retina would be stimulated, but the influence of the macular pigment in
direct fixation would probably be of most importanee.

“If this view is correct the defective sensitiveness for blue is to be regarded
as a function of the pigmentation rather than of the primitiveness of the
Papuan visual organ. It is interesting in this connection that when Virchow
was examining natives in Berlin in 1848, he found that the difficulties in nam-
ing blue and green became very much less if he used large sheets of coloured
paper instead of small patches,” p. 70.

“T cannot guarantee the aceuracy of these vocabularies (Queensland) as 1
can those of Torres Straits languages, but I think there can be no doubt as to
the main features of the colour terminology of these tribes. In all eases there
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were definite words for black, white and red, the word for red being used also
for purple, and in some cases for orange, The Fitzroy natives scemed to
differ from those of Seven Rivers in that a fairly definite name for yellow and
green had also been evolved. Blue and violet were by nearly all given the same
name as black. There appeared to be no trace of & word for brown.

“These main features appear to be generally characteristic of Australian
languages. Kirchhoff found that some natives of the Frazer River in Queens-
land had definite names only for white, black and red, the word for black being
used for blue and dark colours in general. In addition to these definite eolour
names, Kirchhoff obtained as many as seventy names, which were almost
certainly of the same kind as those used in Mabuiag, and it is possible that
with more complete investigation I should have found the same with my na-
tives. In the Middle Burnett district in Queensland, Semon only gives names
for black, white and coloured. Roth states that the natives of North-West
Central Queensland have definite names for red and yellow, and that blue is
very often confounded with black, so far as nomenclature is concerned. It is

- perhaps worth noticing that in the comparative vocabiilary given by Matthéws

in Eaglehawk and Crow, only the words for red, white and black are included.
“The Australian languages present a lower stage of evolution than was
found in Torres Straits. In what one may regard as the lowest of the three
Papuan languages, viz. that of Kiwai, there were certainly definite terms for
red and yellow, while green was probably in progress of being distinguished by a
special term. The Fitzroy language may seem, so far as my evidence goes, to
be one in which a term has come into use for yellow and green, these colours
being still classed together, while in the Seven Rivers languages the definite
colour vocabulary appears to be limited to three terms. This stage of the
evolution of colour language has been found in other parts of the world. The
Todas of the Nilgiri Hills are said only to have words for white, black and red.
Riis states that the people speaking the Akwapim dialect of the T'shi language
in West Africa only have three adjectives for single colours, viz, fufu, white;
tuntum, black; and koko, red. They call blue ‘bru’, obviously a corruption of
the English word. According to Buchner, the Bantu have only three words
for colours, one for biack, which also means blue, one for white, which also
means yellow and light, and one for red. Moncelou states that the natives of
New Caledonia only have definite terms for black, white and red,” pp. 89.
““Although the ordinary form of colour-blindness was absent in Torres
Straite, the colour vision of the Papuans and of certain other races examined
was certainly not of the same type as that of Europeans. I may here shortly
sum up the reasons which have led me to conclude that the colour vision of the
Papuan is characterized by a certain degree of insensitiveness to blue (and
probably green) as compared with that of Europeans. To start with the
defeet of language; the races examined by me had cither no word for blue or
an indefinite one, while their nomenclature for red, and usually that for yellow,
was extremely definite. The philological argument is, however, not a very
strong one, for the defect of language might depend on many factors of which
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however, physiological insensitiveness may be one. One eannot, however,
wholly ignore the fact that intelligent natives should regard it as perfectly
natural to apply the same name to the brilliant blue of sky and sea which they
give to the deepest black. I cannot help, too, attaching importance to some
of the instances of nomenclature met with in Mabuiag. I have already de-
scribed how many of the older nativesof that island compared every colour to
some natural object, apparently showing, as regards most eolours, a high
degree of appreciation of differences of hue and shade, and yet these natives
would deliberately compare a brilliant and saturated blue to the colour of
dirty water or to the darkness of a pight in which nothing could be seen.
Every detail of the behaviour of the natives in connection with the naming of
colour was consistent with the idea that blue was to them a darker or a duller
colour than it is to us,” p. 94.

“There can be very little doubt, however, that any physiological insensi-
tiveness which may exist, can only be one of the factors determining the
. characteristic features of primitive colour nomenclature. The deficiency
which I have found in Torres Straits is only partial, and even if one were to
assume that other races would show the same peculiarity, this partial defici-
ency could not wholly account for the total absence of a word for blue which
15 a feature of so many languages. To the European eye there is a much closer
resemblance between blue and black and between green and black than there
i8 between red and black and yellow and black, and this psychological fact
was the basis of the theory of colour put forward by Goethe. The fact that
this difference exists, alone goes far to explain the earlier diserimination of red
and yellow in primitive language,” p. 9s.

“Another factor which may have contributed to the causation of the
indefinite nomenclature for blue and green is the absence of aesthetic interest
in nature on which I have already commented. The blue of the sky, the green
and blue of the sea, and the general green colour of vegetation do not appear
to interest the savage. It is the individual objects which he can take in his
hands and use in his daily life which interest him, and it is to the attributes of
these that names are given,” p. 6.

Titchener! criticizes severely the conelusion of Rivers that the Murray
Islanders are insensitive to blue. He believes that the word golegole means
uniform, even, or undifferentiated, and not black. He adds that “the absence
of & word for blue, if the fact stood alone, is no argument against sensitivity to
blue. For the savage names only what interests him, and we have seen that
his interest is directed upon the interpretation of sensory stimuli. But there
i8 in Murray Island no such sensory stimulus, no object of daily use or interest
—no pigment, for instance—of a blue color. . . . I see no reason why they

should be interested in the brilliant blue of sky and sea, for the brilliant blue
means fine weather and calm.”

! Proc. Am. Phil. Soe. 55, 221-230 (1916).
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Among us “blue flowers, blue articles of dress, blue hangings and blue
china and other [blue] houschold gear are common enough; aad experiment
shows that blue sky and green grass are more often associated than are red and
yellow to any objeet of their color. We live in a world where blue has its
acknowledged place. The Murray Islander does not. Blood he knows, and
red and yellow ochre, and the brilliant deep-green gall bladder of the turtle—
all of them objects of the highest importance in the conduct of his life; but
blue he has no dealings with.”

It has often been claimed that Homer had no especial word for blue and
this usually arouses the wrath of some Greek scholars who believe that this
means that the Greeks were color blind ov at least were insensitive to blue,
This does not follow at all though Gladstone! helieved that it did. We ean
accept his evidence without adopting his conclusions. The two possible
words for blue are xvaveos and ~yhawds. With regard to the first Glad-
stone points out that there is no one color that ean apply in all the cases

in which Homer has used the word, p. 465. -“The hood of Thetis is closely akin

to black; the prow of a ship to at least a dull red; the sand is of russet or a
lightish brown; the cloud a leaden grey; the hair and eyebrows are of a deep
but not a dull colour; the cornice in the hall of Alcinous must have been in
relief and contrast as compared with the copper wall; and sufficiently light or
clear to strike the eye at a distance, in an interior lighted at night only from the
ground. With perhaps this exception, the word ‘dark’ will cover the uses of
xvaveos; but dark derives its force from a relation to light and not to colour.”

In the palace of Alcinous the cornice is believed to be the native, blue
carbonate of copper, p. 498, and “in later Greek at least, the word acquired
other significations: such as lapis lazuli, the blue cornflower, the rockbird
(also being blue), and, lastly, a blue dye or lacquer,” p. 496; but the blueness
of the copper earbonate was not apparently the point that Homer wished to
emphasize.

Homer applies the word shavsibwv “to the eye of a lion, when,
reaching the height of his wrath, he makes his rush at the hunters. The last
of these passages seems effectually to fix the sense of the term. The word
yhaviedwy deseribes a progression.  The lion does not enhance the colour
of his eye as he waxes angry. If, for cxample, yhavkds can be taken as blue,
it certainly does not become more blue: on the eontrary, rage, when kindling
fire in the eye, rather subdues its peculiar tint by flooding it with a vivid light.
So the word seems clearly to refer to the brightening flash of the eye under the
influence of passion. Of light and its movement, as also of sound and of
beautiful form, Homer’s conceptions are even more distinet and lively than
those of colour are, if not dull, yet at least indeterminate.

“Thavkss 18 derived from yaboow; and has for its root Asw, to
gee. The meaning of bright or flashing will suit the sea as well as the
epithet blue. And it suits Minerva far better. ‘Blue-eyed’ would be for her

! Homer and Homeric Age, 3, 457 (1858).
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hut a tame epithet. The luminous eye, on the contrary, entirely accords with
her character, and belongs to a marked trait of those primitive traditions,
which she appears to represent,” p. 474. |

The general theory has been criticized by Grant Allen,! who believes
that “the colour sense must be a common property of all mankind, in every
country, and in every age.”

“Here, however, we are eonfronted by the adverse theory of Mr. Glad-
stone and Dr. Hugo Magnus, who endeavour to convinee us, on the contrary,
that the sense of colour is quite a late and post-historical acquisition of the
human race. From philological evidenee in the Vedas, in the Hebrew serip-
tures, and in the Homeric poems, they conclude that some three thousand
years ago the foremost tribes of the Semitie and Aryan races were incapable
of distinguishing hetween red, blue, green, and yellow. Starting from such an
imaginary primitive state, they trace up the development of the colour-sense
through the succeeding ages, marking out four principal stages in the growth
- of the perception. - All this startling theory they. set-forth-on purely philolog-
ical grounds. I shall give briefly the main pnints of their hypothesis, almost
in the very words of Mr. Gladstone.

““The starting-point is an absolute blindness to colour in the primitive
man. Thence, in the progressive education of the organ, three chief colours
have been successively disclosed to it, and have appeared in the order of their
greater or less refrangibility—red, green, violet. The first stage attained is
that at which the eye becomes able to distinguish between red and black. Red
comes first into our perceptions, beeause it i8 the most luminous of the colours;
but, says Geiger, in the Rigveda white and red are hardly severed. In the
next stage of the development, the sense of colour becomes completely dis-
tinct from the sense of light. Both red and yellow with their shades (including
orange) are now clearly discerned. To this stage Magnus refers the Homeric
poems, in which red and yellow colours are set forth, while no mention is made
(according to these authorities) of green or blue. The characteristic of the
third stage is the recognition of colours which in point of luminousness belong
to neither extreme, but are in a mean, namely, green with its varieties. Final-
ly, in the fourth stage of the development, we find an acquaintance with blue
begins to emerge. This is a stage not even now reached universally; for
example, in Burma (it is alleged by Bastian) a striking confusion between blue
and green is a perfectly common phenomenon, and a like confusion is not
unusual among ourselves by candle light.

Of course, the first point which strikes an evolutionist on being confronted
with this elaborate theory is the utter inadequacy of the time assigned for
the origin of such strong and fundamentally differentiated sensations as those
of colour. Had Dr. Magnus said three million, or even thirty million years,
the evolutionist could have hesitated on the score of insufficient elbow-room;
but when our author suggests three thousand years for the growth of a radi-

! The “Colour-Sense,” 202, 207, 212, 218, 254 (1892).
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cally separate set of sentient organs, our incredulity becomes absolute and
irrevocable, It would be useless, however, to oppose the doctrine on such
purely @ priori grounds, only efficient for those who aceept the general hypoth-
esis of evolution; and we must therefore seek to discover what a posteriori
arguments can be urged on the other side, against the philological evidence of
Mr. Gladstone and Dr. Magnus.

‘““There are two kinds of proof for the universality of the colour-sense in
man which we may offer in opposition. The first method consists in showing
that all human races at the present day, including the lowest savages, do
actually possess just the same sense of eolour as ourselves: whence we may
argue with considerable probability that they derive that sense from a com-
mon ancestor, and that the Homeric Akhaians were not likely to be destitute
of perceptions possessed by the Bushmen, the Australians, and the hill-tribes
of India. The second method consists in showing that works of art and other
remains of the early historical races of pre-historic man yield evidence that the
colour-sense was fully developed long before the epoach of the Iliad or the Book
of Genesis. Both these methods of proof we shall employ here.”

The Ojibways “can distinguish clearly between blue and green, and also
between blue and violet, though they have no distinctive name for the latter
colour. They have, however, no less than seven different colour-names, in-
cluding separate words for green and blue. Other correspondents mention
like facts of other tribes. In all, the power of discrimination seemsquiteequal
to our own, though the nomenclature generally extends only to four or five
most markedly different colours.”

““As regards the Malay archipelago generally, Mr. Wallace’s voeabularies
contain words for black, white, red, and blue in thirty-three Malayan lan-
guages. Mr. W.Gifford Palgrave mentions white, yellow, red, green, and blue
among the dyes used by the Philippine Islanders. . . . I may add that when-
ever I have had the opportunity of consulting intelligent travellers upon this
subject, they have always at once given their opinion that the savages with
whom they were conversant distinguished all colours perfectly. . . .

““Such are a few selected instances from the mass of evidence which might
be adduced in favour of the belief that all existing races possess a fully-devel-
oped colour-sense. [ think they will probably suffice to show the general
truth of our proposition. If savages so low as some of these actually enjoy
such high powers of discrimination, can we consistently deny the like to the
early Hebrews and Akhaians? I have not so high an opinion as Mr. Glad-
. stone of the rude Homeric warriors or the fierce conquerors of Lower Syria,
but at least I cannot believe that they were less advanced in simple sensuous
perceptions than the naked Todas or the wild half-human Andamanese.

“Now let us go on to inquire whether we cannot find abundant proofsof a
highly evolved colour-sense long before the period to which the eriticisms of
Geiger and Magnus refer. . . . An inspection of the existing remains in the
Louvre and the British Museum will sufficiently prove to the most sceptical
that the colour-sense of the Assyrians was essentially identical with our own.
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. « . A few hours spent at the British Museum, especially amongst the
mummy-cascg will do more to convince the reader of the Egyptian colour-
sense than pages of quotation.”

“We may rest content with the cases of the Egyptians and the modern
savages, having the post-historical theory here on the horns of a dilemma
which it cannot easily escape. If, on the one hand, we put forward only the
case of Egypt, it might be answered that the development of a colour-sense is
a question of relative culture, not of mere chronological order; and if, on the
other hand, we put forward only the case of modern savages, it might be
answered that the development of a colour-sense is a question of chronological
order, not of relative culture; but if we put forward the two cases together, it
will hardly be possible for any one to shirk the first difficulty by answering us
in one way, and then to shirk the second difficulty by answering us in the other.

“When we examine the extraneous arguments by which the theory is
supported, we find that they have very little real weight. Thus it has been
. suggested that colour-blindness may be a survival from this earliest type of
vision; but when we look a little deeper into the question we recollect that the
commonest form of colour-blindness is that which cannot discriminate red
from green—whereas red ought, according to the theory, to be the most univer-
sally discriminable of all—while it is yet quite able to discriminate green from
blue. Furthermore, there is a good reason for believing that colour blindness
is far commoner in civilised communities than amongst savage tribes. Accord-
ing to M. Favre, no less than 3,000,000 persons in France are afflicted with
this defect, while Stilling places the proportion in Western Europe generally
at five percent. On the other hand, the abnormality appears to be infrequent
or unknown amongst the lower races; so that it must be regarded rather as a
disease of civilisation than as a survival from the primitive state.”

“Primitive man in his very earliest stage will have no eolour terms what-
soever. He will speak of concrete objects only, and when he uses their names
he will use them as implying all their attributes. He does not need to say red
blood, for all blood is red; nor green leaves, for all leaves are green.  Blood and
leaf by themselves are quite sufficient for every one of his simple purposes.

“But when a man comes to employ a pigment, the name of the pigment
will easily glide into an adjectival sense. The earliest colour terms will thus
be produced. I learn from Mr. Whitmee that the Samoans use three kinds of
pigment— a red voleanic earth, a mollusean purple, and a turmerie; and the
names of these three pigments are applied as colour terms. So, too, many
other informants have given me like instances with other races. A large pro-
portion of our own colour terms are derived from dyes or pigments. Such as
crimson (or cramoisi) from the Arabic karmesi, the kermes; vermilion or ver-
metl, from vermiculus, because it was supposed to be the product of a8 worm;
gamboge, from Cambodia, the place of its export; indigo, from Spanish indico,
the Indian dye; and saffron, from the common English plant.

““Moreover, we saw that red is the earliest colour used in decoration, and
accordingly it is the carliest colour which receives a special name. This fact
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has been fully brought out by the researches of Geiger, Magnus, and Mr.
Gladstone; and it will not therefore be necessary to accumulate furtherproofs
in the present volume. The early prominence of red, however, has left some
eurious traces in language, as well as in art, to the present day, which deserve
a passing notice here. Thus the Indo-European dialects contain a number of
words for this colour from a common root—e-ruth-ros, rubeus, russus, ruadh,
roth, red, rouge, robbio, rouz, ruddy, ete.; while there is no such widespread and
common root for blue—caeruleus, blaw, a:ul—nor for green—chlsros, viridis,
grim. Again, we English have s great number of subordinate colour terms in
popular use to express the various shades of red, such as crimson, scarlet, ver-
malion, rosy, and pink, besides less definite words like cherry, ruddy, russe,
carnation, blushing, sanguine, or ensanguined, ruby, and roseate; but we have
few or no words to express the shades of green, while physicists have had to
introduce the conventional terms indigo and violet to designate the widely
different but unnamed hues which result from the quickest light-waves. Once
more, while the nouns of brightness and its opposite give us the verbs to
- lighten and lo darker, lo whilen and to blacken, and while the primitive art-
colour, red, gives us the verb lo redden, we have no such words in our language
as lo bluen and to greenen. And it is a significant fact, as regards the aesthetic
position of green, that whereas the use of ‘blue’ in laundries has given rise to a
technical verb of washerwoman, to blue, we have absolutely no verb meaning
to green or lo verdigris. Finally, the mixed colours, orange and purple, into
which red enters as an element, have separate popular names, but no other
mixed colours have any but technical designations; and while these red-like
words, with yellow, the adjunct of red, yicld us the verbs to purple, to crimson,
to encarnadine, to ensaffron, and so forth, I cannot call to mind a single similar
expression with reference to the less refrangible rays.

“During the period or stage in which red forms the main or only decor-
ative colour, red alone has a conventional or abstract name. All other hues
are spoken of by comparison with well-known objects. It is not the habit of
the early mind to refer to the sky as blue, or the leaves as green; on the con-
trary, it speaks of blue things as “sky-faced”’ (caeruleus), and of green things
as “sprout-like” (viridis, connected with virere; grim, green, connected with
grow). The primitive man would no more think of saying that the sky was
sky-faced, or the leaves leaf-like, than we should think of talking about an
orange orange, or a lilac lilae,

“But so soon as the blue becomes a recognized art-colour, either through
the use of pigments or of decorative jewels, a name for blue springs up. One
of the commonest in Europe is that of azure, azur, or azul, derived from the
Persian ldzur, lapis lazuli. We have already seen that this stone was very
early imported from the east, and it was natural that it should give a name to
the hue in question, because it was largely employed for artistic purposes.

Emerald and turquoise are similarly used at the present day to designate vari-
ous shades of green.
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“At this second or red-blue stage, the word for blue seems often to be
applied also to green. This is not surprising when we recollect how very little
difference really exists between these two colours. Indeed, I am convinced
that we only have separate names for them at all beeause the commonest
green in nature, that of foliage, and the commonest blue in nature, that of the
seldom-seen open sky, are so very wide-spread and so much more strikingly
different from one another than most blues and greens. But if we look at a
turquoise, it is very hard to say whether we should assign it to the former or
the latter colour; while the sea is just as often the one ag the other. The orig-
inal assumption of some natural object on the borderland between the two as
the concrete name-standard would quite sufficiently account for the common
confusion between them in language. As a matter of fact, Mr. Whitmee in-
forms me that the word for blue in Samoan is literally sea-colour, The Welsh
use glas indiscriminately for both; and the Assyrians, according to Mr. Sayce,
described green ag either blue or yellow; but we know in each case that the
colours themselves were or are aceurately distinguished. The Quiché Indians
“had also onc word raz, for green and blue;- yet there can be little doubt of
their proper perceptions. I believe that the same explanation must be offered
of the alleged fact that the Burmese confuse these two central colours; but I
have not been able myself to examine Bastian’s account, and the gentlemen
in Burma to whom I addressed inquiries on the subject did not reply to my
circulars. At any rate, in Burmese works of art, blue and green are accurately
diseriminated, and blended with great taste. Certainly, Professor Blackie
showed, at a meeting of the Royal Society of Edinburgh, that the Highland
Scots, who call sky and grass both gorm, could diseriminate perfectly between
the two colours when tried by practical tests. It may be added that certain
hues which we ordinarily class roughly together as reds, for instance that of
bricks and that of some light pink geraniums, are quite as far apart from one
another in consciousness as the green of the emerald and the blue of the sap-
phire.”

Wundt! agrecs absolutely with Grant Allen for he says that “the false
conclusion from the relation between the vocabulary and the sensation has
cven caused people to assume that the perception of blue developed later than
that of other colors because, for instance, the term for blue in Homer coincides
with the one for black.? The error in this assumption has been demonstrated
over and over again by tests on the colour sensitiveness of primitive peoples
whose colour vocabulary was more rudimentary than that of the Greeks at the
time of Homer."”

It is quite possible that blue may have been considered unconsciously as
an intermediate stage between gray and black. The blue sky certainly merges
imperceptibly into gray on the one hand and into black on the other. It is
something of a question what color one would call the sky on a moonlight
night. Most people would say blue; but nobody could say at what point the

! “Grundriss der Psychologie,” 77 (1920).
* Lazarus Geiger: ‘Zur Entwicklungs-geschichte der Menschheit” (1871).



144 WILDER D. BANCRO¥T

color changed to black with a waning moon or with increaging thickness of
clouds over the moon. A very deep blue surface cannot be distinguished from
black exeept in a good light,. |

"The confusion of blue and gray is quite extraordinary so far as the every-
day language of sportmen and breeders is concerned. We have blue pigeons,
blue rabbits, blue Andalusian fowls, blue geese, and blue foxes, all of which are
gray and not blue. There are long-haired and short-haired blue cats; and
one breed of terriers, now extinct was known as blue Paul. The blue boar is
really blue only on sign-posts of country inns and the blue roan horse is not
blue. I have never known of blue turkeys; but I have seen what were called
lavender turkeys and they were gray.

South Africa used to rejoice in the blue antelope or blauwbok, the blue-
duiker, and the brindled gnu or blue wildebeest, none of which were blue. In
India the case of the nilgai is especially interesting to chemists because the
first syllable occurs in aniline,! which was 80 named because it was first pre-
pared by the distillation of indigo. It is evident that all over the world it is,
“and has always been, the custom to confuse blue and gray, so far as the lan-
guage is concerned; but I doubt very much, whether the most enthusiastic
follower of Gladstone would claim that these people eould not distinguish blue
from gray. Blue means blue; but it is also a cuphemism for gray.

In view of the fact that the flounder can duplicate red, yellow, green, and
blue fairly well, it seems probable that even primitive man could also differen-
tiate these colors though he may not have had names for them. Of course
some men are color-blind; but, 2o far as our experience goes, there is less color-
blindness among savages than among the more civilized peoples. Parenthet-
ically it might be pointed out that it would be a very interesting and relatively
easy problem for a psychologist to determine whether color-blindness occurs
among flounders and, if so, whether the types are the same as among men.

Mr. Agassiz has put the matter pretiy clearly. “It certainly seems to me
from a physiological point of view, very hazardous to infer, as has been fre-
quently done on philological grounds, the gradual development of the sense
of color in early races of mankind, from the color descriptions of Homer and
and early Greek writers. Certainly the facility for painting and coloring,

noticeable in the pottery of the uncivilized races of the world seems un-
favorable to this theory.”

Cornell University.

' Matthews: “Application of Dyestufis”’, 410 (1920).
3 Mast: Bull. Bur, Fisheries, 34, 173 (1914); Kuntz: 38, 1 (1015).
3G. R. Agassiz: “Letters and Recollections of Alexander Agassiz,' 157 (1913).



NOTE ON NEGATIVE CATALYSIS f
BY J. A. CHRISTIANSEN -/[ . ,,f/ §

H. 8. Taylor! has recently proposed an interesting explanation of the
phenomenon of negative catalysis in homogeneous systems basged upon the
supposition that the formation of molecular compounds with the negative
catalyst prevents the molecules from reacting. Although this explanation is
possible in some cases, it seems to me that it certainly cannot be go in others.
As I discussed this problem some two years ago in a Danish paper? which has
only been translated in part into German, I should be glad to take this oppor-
tunity of discussing the matter once more.

In recent years our knowledge of bimolecular reactions has developed so
 far that we are able to form a somewhat definite picture of the mechanism
thereof. This knowledge can be traced back to a paper by Arrhenius®. The
more recent development is due to Kriigerd, Goldschmidt’, Marcelin®, W. C.
McC. Lewis? and others. The first condition for a reaction to occur is a colli-
sion between the two molecules in question. However, when the reaction is
not immeasurably fast, only a minute friction of the colliding pairs of molecules
react, viz. those whose energy exceeds a certain value. On this assumption we
are able approximately to estimate the reaction and calculation shows that
approximately
_— (1)

Here s denotes the gas-kinetic collision number and Q the mean difference
between the energy of the reacting and the non-reacting pairs of molecules.
‘The equation simply expresses that the number of molecules reacting is equal
to the product of the number of colliding molecules and the probability for a
pair of molecules to have the required energy. :

Equation (1) has been verified experimentally in several cases and there
seems at present to be no other serious objection against the underlying hy-
pothesis than that it seems to exclude the possibility of negative catalysis. If,
namely, we admit to the reacting mixture a small quantity of a foreign gas,
this gas cannot alter either the number of collisions or the energy distribution
of the colliding molecules appreciably, i.e. neither of the two factors in Equa-
tion (1). Of course the possibility exists that a certain fraction of one or both

! J. Phys. Chem. 27, 322 (1923).

* Reaktionskinetiske Studier, Diss. Copenhagen, (1921).
3 Z. phys. Chem. 4, 226 (1889).

¢ Gottinger Nachrichten 1908, pp. 1-19.

5 Physik. 2. 10, 206 (1909).

¢ Ann. phys. 3, 120 (1915).

T J. Chem. Soc. 1915 and following years.
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of the original gases can form non-reactive compounds with the foreign gas,
but this fraction must be small if the ratio between the number of molecules
of the latter and the former gas, respectively, is small,

This remark is important because it seems that Taylor does not grant its
correctness. He compares the case with that of a warden caring for one hun-
dred lunaties. “The wardens would be powerless were all the lunatics simul-
taneougly violent. Only at intervals does an occasional lunatic become a
candidate for s padded cell. The warden cares for him, the gentler ninety-nine
do not require attention.” But this analogy ig false because we eannot assume

the molecules of the inhibiting gas to be intelligent and combine just with
those molecules which they perceive being about to react.

The possibility remains that the molecules of the inhibitor are able to pre-
vent the elementary reaction by ternary encounters with the reacting pairs
of molecules, e.g. by going off with part of the energy necessary for reaction.
But just as was the case in the compound-formation theory, if the number of
inhibiting molecules is small as compared with the number of the reacting ones,

" this effect cannot alter the reaction velocify appreciably.” =~ 777777

Thus it seems, that homogeneous negative catalysis should be impossible
if the mechanism pictured above is correct. However, it is not so because we
have not yet taken into consideration the full consequences of our hypothesis,
It is necessary also to take into account that the molecules of the reaction
products just after the reaction possess an available energy greatly in excess of
the mean energy at the temperature considered. Not only do they contain the
energy (usually denoted as the critieal energy) which was necessary for the
reaction to oceur, but, as is well known, the reaction is very often accompanied
by an evolution of heat which must appear in the resulting molecules from the
reaction as kinetic energy or potential energy easily transformable into
kinetic.

Now these very “hot” molecules bave sufficient energy to activate mole-
cules of the reactants at the first encounter, and when these react, the result-
ants in their turn again are able to act as activators and so on. Consequently,

it is possible that the occurrence of one elementary reaction will give rise to a
whole series of such reactions,

That something like this sometimes will occur was supposed by M.
Bodenstein® as early as in 1913, and he used this assumption (the hypothesis
of “chain-reactions’) to explain the velocity of the photo-chemical formation
of hydrogen chloride. Later on Bodenstein himself,? Nernst® and others dis-
cussed the kinetics of such reactions in more detain and finally the hypothesie
was tested experimentally by Weigert*, who succeeded in proving it in a rather
direct way, and consequently we must admit both on theoretical and experi-

Y %. physik. Chem. 85, 346 (1913).

2 7. Elektrochem. 22, 63 (1916).

3 Die theoretischan uad experimentellen Grundlagen des neven Wiirmesatzes, p. 134
(1918).

* Weigert and Kellermann: Z. Elektrochem. 28, 456 (1922).
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mental reasons that sueh chain-reactions are in fact possible, We must add
that there is no reason to be seen why they should not oceur also when the
reaction i8 a thermal dark reaction.!

We are now able to understand the phenomenon of negative catalysis,
The velocity of the chain-reaction is obviously equal to the number of chains
starting per second multiplied by the number of links in cach chain. We
should expect that the former number could be evaluated by means of Equa-
tion (1) and consequently we cannot expeet this factor to depend on the pres-
ence of mall quantities of foreign molecules to any considerable degree. But
the latter number obviously depends on the probability of the breaking of a
chain and this probability can be altered considerably by the admixture of
small quantities of 4 foreign gas, the molecules of which are able to take up
the energy from the “hot” molecules of the reaction products or to react with
them in some way or another.

A somewhat detailed discussion of the kineties of a chain-reaction, viz.
the formation of hydrogen chloride is to be found in a paper by R. Gohring?

~ “and also in my Danish paper. “Tn these two papers it is shown that the oxygen

according to Bodenstein’s experiments and the above theory acts as an inhib-
itor by removing the active hydrogen molecules (or atoms?) resulting from the
elementary reaction, and not by inactivating the active chlorine molecules
(atoms?).

The theory enables us not only to understand the occurrence of negative
catalysis but by reversing the argument we are able to discover instances of
chain-reactions. If we find homogeneous reactions which are inhibited by
minute quantities of foreign substances, it is often possible to conclude that
chain-reactions occur in the mixture. As typical instances we might mention,
besides the hydrogen chlorine reaction, the oxidation of phosphorus at ordi-
nary temperature and the oxidations of different organic substances (e.g.
-acrolein) studied by Moureu and Dufraisse.’

Although apparently the last-mentioned reactions are not homogeneous,
a more detailed analysis probably will show that they are in faet so. Also they
both have the characteristics of chain-reactions to such a degree that it seems
impossible to explain their peculiarities by the hypothesis that the inhibitor
covers the surfaces of the oxygen acceptors,

Finally it must be remarked that the above view does not necessarily

cover the case of the dissociation of oxalic acid dissolved in concentrated sul-
phurie acid.

' In my Danish dissertation I proposed for reactions which are going on in a system in
thermal equilibrium the name homothermal reactions, while reactions which are brought
about by radiation (e.g. from the sun) or molecules (e.g. from & glowing wire not in thermal
equilibrium with the reacting mixture could be named heterothermal reactions.

? Z. Elektrochem. 27, 511 (1921).

* Compt. rend. 174, 258 (1922); 176, 624, 797 (1923).
As will be seen from the above the hypothesis set forth by these authors coneerning
the mechanism of this reaction is not sufficient to explain the inhibitory action of so small

quantities of hydrogquinone, but it becomes so if the oceurrence of chain-reactions also is
taken into account.
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Contrary to what was the case in the above reactions we have here in the
system a component (H,80, )which is reversibly dissociable with formation of
two or several substances in small coneentrations, one of these being the inhib-
itor, in this case, water. Consequently if we assume the velocity of the reac-
tion

to be determined by the concentration of 8O, i.e. if the primary reaction takes
place between (COOH); and SO; we understand at once that a small increase

in the concentration of water can give rise to decrease of the velocity on ac-
count of the displacement of the equilibrium

H.80, @ H20+SO3

That this assumption has some reality in it we see from the remark in
Bredig's* paper that addition of 1%, 8O; to the 1009, H,S0, increases the
velocity to such a degree that it becomes unmeasurably fast.

-+ ~On the other hand it-seems-to'me that the'mechanism of the inhibition
pictured by Taylor, viz. that the water forms a comound with the sulphuric
acid or (and) with the oxalic acid cannot possibly be the true one. However
complete the compound-formation between the acid and the water be, water
in small amounts can never appreciably alter the concentration of the sub-
stance ( (COOH), and H,804) which according to his picture determines the
velocity.

Generally speaking it secms that the reaction-mechanisms in the known
cases of negative catalysis are so different that they can hardly be considered
from one single viewpoint but they must be divided into several classes, one of
which includes the important cases of chain-reactions mentioned above.

Chemical Laboralory,
Unirersity of Copenhagen.

! Bredig and Lichty: Z. Elektrochem. 12, 430 (1906),



ELECTRODEPOSITION OF ANTIMONY

BY JNANENDRA CHANDRA GHOSH AND A. N. KAPPANA

Very little literature is available on the electrodeposition of antimony.
Only two baths for this purpose appear to be quite well known for a very long
time, viz: (1) the ‘tartrate bath’ or a hydrochloric acid solution of tartar
emetic, and (2) the ‘sulphide bath’ which is & solution of thioantimonate of
sodium or potassium. Very recently Mathers and Means! have published two
papers on the subject. One of these deals with the examination of certain
solutions containing antimony salts and the other with a new bath. This
-~ latter i solution of antimony fiuoride in water mixed with an excess of hydro--
fluoric acid; the authors recommend this bath as being the best one. The
present investigation was undertaken with a view to make s scientific exam-
ination of the solutions already known for the deposition of antimony, to
determine the exact conditions governing the formation of a satisfactory elee-
tro-deposition of the metal, and to devise a bath on a theoretical basis.

Experimental Details

The electrolytic vessel consisted of a beaker of 300 ce. capacity fixed in the
middle of a constant temperature water bath. By the regulation of the size of
the gas flame heating the temperature could be kept constant to within
o°.5-1°. Constant and vigorous stirring of the electrolyte was maintained
throughout in all the experiments, by means of a stirrer (glass) which rested
on the bottom of the beaker over a ground glass plate, and was connected to an
electric motor by a thread, the rate of rotation of which was regulated by
means of a high resistance rheostat put in series with the motor and connected
to the mains.

The discharge potential was measured in all cases against a decinormal
calomel half-element, while the electrolytic current was passing through the
main circuit, no commutator arrangement being made. For this purpose the
cathode used was a small strip of polished platinum zem X rem and only one
antimony anode was used.

While measuring current efficiencies a silver voltameter was interposed
in the circuit and was taken as standard.

Copper platesof size sem X 3¢m were used as cathodes to test the nature of
the deposits. These were highly polished and thoroughly cleansed before
being introduced into the bath. While taking the deposits two antimony

' Trans. Am. Electrochem. Soe. 31, 28¢ (1917).
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anodes were used, one on each side of the cathode. These anodes were sticks
about 1.sem in width of chemically pure antimony supplied by Kahlbaum.
In all cases of antimony deposition it i8 a very necessary condition that the
anodes must be of the purest possible metal; for it was found in the course of
this investigation that the anodes which were once used in the sulphide bath,
when used again even after repeated cleaning, in the bath recommended at the
end of this paper, hindered considerably the formation of satisfactory deposits,
while fresh anodes gave an entirely good deposit. This is in all probability
due to some slight tracesof sulphur carried from the sulphide bath which could
not be removed by cleaning the surfaces of the anodes,

The chemicals used in the experiments deseribed in this paper were all
chemically pure and wers those supplied by Merck and Kahlbaum. In what

follows, the term ‘critical current-density’is used to mean the current density
beyond which the deposit turns black.

- The Examination-of Some Baths -~ - - -

The Tartrate Bath:—Barclay and Hainsworth, in their treatise on ‘Elec-
tro-plating’ recommend the following bath as being a very reliable one.

Tartar emetic. ..« ............ e e, 4 lbs.
Hydrochlorie aeid.......................... 2 lbs.
Water ... 1 lb.

A solution of the same composition is also recommended by Gore!. Since
tartar emetic is the starting point for this solution, it was thought necesary
to examine & solution of this salt alone in water to find the difference in the
nature of the deposit, caused by the addition of such a large amount of hydro-
chloric acid. A half-normal solution was used and deposits taken at different
temperatures. The results are summarised in Table I1.

TasrLe I

Temp Quality of deposit Crit. C. D. Current efficiency
22°.8 Very black andspongy  ................ 87.01%
40° Greyish white 15 Milli-Amps
50° Whiterthanatgo ... 0L 87.45%
70° Resembles dull aluminium

surface ... R 87.269%,
go° Perfectly white 35 Milli-Amps 93.01%

Fig. 1 gives the curves obtained by plotting the values for discharge
potentials against current.

The solytion prepared in accordance with the formula given by Barclay
and Hainsworth (loc. cit.) was found to be ubstable as it threw down a heavy

! McMillan: ““Electro-metallurgy’ p. 251.
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precipitate after standing for some time. A few trials showed that a solution
having the following compogition was quite stable and gave a brilliant white
deposit,

Hydrochloric acid (8. G. 1,16, Merck)......... 200 CC.
Tartaremetic...........coviveiiivennrnnen. 100 gmM8
Water . ..ot e 100 ¢C

The discharge potential and current efficiency were next determined at
various temperatures up to go®. Fig. 2 gives the discharge potential curves,
The current-efficiencies are given in Table L.

TasLe Il

Temperature 20°.g 40
Current Efficiency 09.9% 65.04% 31.19%

The current efficiency fell very rap- ' I
idly with increase in temperature. ; SR A
When attempts were made to obtain a | I Y K
thick deposit on a copper plate, it was N
found that although the deposit came
out uniformly for some time, big crys-
tals began to form on the surface and
prevented uniform deposition. This
could not be remedied by varying cur-
rent density. The deposit became worse
with increase of temperature and turned
somewhat black.

The Sulphitde Bath:—Barclay and
Hainsworth! give the following formula | obrs
for the preparation of a sulphide bath. B0 0 K MY Vﬁs 15

~
-

|

™
S

&0

oW
PLLIAMPERES

L~

WO

Fig. 1
Antimony trisulphide. ............. 250 gms
Sodium carbonate................ §00 gMS8
Water .............coeoiin.t 5 litres,

The sodium carbonate was first dissolved in water and boiled. Antimony
sulphide was next added in small quantities to the boiling solution and the
whole boiled for about half an hour. The solution had to be worked while

! “Electro-plating” p. 335.
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boiling; but the deposit obtained on a copper plate was dark grey and did not

take a good polish. The current efficiency and discharge potential were not
therefore determined for this solution.

A solution of thicantimonate, prepared by dissolving & mixture of anti-
mony trisulphide and sulphur in a saturated solution of sodium sulphide,
when electrolysed at 70° and above, with the addition of some potassium

cyanide, also did not give satisfactory

] deposit. Only thin deposits of a dark
grey colour could be obtained. ‘This

27 | solution was then diluted twice, thrice
and four times and deposits taken. In
24 | no ecase was a satisfactory deposit ob-

tained. Hence the current efficiency
and discharge potential measurements

s F———}~"1- - were not made for this solution either. - -
t

The Sulphate Solution:—In the pres-

180) ence of a large amount of sulphuric
Y F acid, a small quantity of antimony sul-
l‘i% ‘ phate goes into solution. This solution
% / when electrolysed while boiling gave a

12 34— fairly good deposit which took a good
319 h{.:‘ '?b :’0 polish; but hydrogen was evolved very

9 $ ¥S| (% an copiously at the cathode even at very

low current densities and only a very
thin deposit was obtained after passing
6 —— the current for a long time. ‘This solu-~
tion is evidently unsuitable for purposes
of electro-plating, for the current effi-

_y ciency is very low.
] YOoLTS

Solutions of Anlimony Trichloride
04 06 08 0 .12 wn Organic Solvents:—Antimony trichlo-

Fig. 2 ride dissolves in various organic solvents
forming complex ions in solution. It
was thought worth while to see if the deposit obtained from any of these
solutions would be of a saitsfactory nature. Solutions were made with the
following solvents:—acetone, glacial acetic acid, nitrobenzene and benzalde-
hyde. The best deposit was obtained from the acetic acid solution; the
colour of this deposit was bluish white. Next was the one from acctone
Both these deposits peeled off after three days. The other solutions gave
very bad deposits. In general these solutions are unsatisfactory for use both
because of their high resistance and because of the unsatisfactory nature of
the deposits got from them.
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The Fluoride Bath:~—Finally the fluoride bath of Mathers (loc. cit.) was
examined. The solution prepared for thie purpose was not exactly of the same
composition as the one given by Mathers and Means. Solutions of hydro-
fluoric acid of different concentrations ranging from one percent to twenty
percent were prepared and saturated with freshly precipitated antimony oxide.
The solutions were electrolysed in a glass beaker costed with paraffin; the
glass stivrer was also paraffined. Deposits were first taken without the sddi-
tion of any extra free HF. and then

with the addition of the acid in different

proportions. It was found that the fine-

ness of the deposit was not necessarily 4| T .

dependent upon the concentration of r‘{}

antimony in the solution. In fact some 24— ~

of the deposits from the more dilute solu-

tions were far finer in structure than |CI -
“some fiom more concentrated solutions. S i - ‘ :

Deposits taken without the addition |18 ]

of free acids were in general rough and %

hard and took a polish with great diffi- la'u_- —

culty; on the addition of free acid how- N 41_

ever the deposits became far finer. The 12§ -

best deposit was obtained from a solu- N

tion which was first made by dissolving | 9%

antimony oxide in a solution of 179

HF and to which 69 of extra acid wag | 6

subsequently added. Further addition

of acid to this solution did not improve | 3

the deposit, although the addition of ex~ ' r/[@’.rs

cess of acid rendered .the deposits much 35 39 45 AT 51 55
finer. They were quite as hard as be- _

fore, for the same difficulty in polishing Fig- 3

was experienced. The addition of small quantities of aqueous solutions of
citronella and bergamot oils rendered the deposits far finer and smoother.
Fig. 3 gives the discharge-potential curve for the solution of composition
(17% HF solution neutralised with antimony oxide, 6% free HF). The
current efficiency was found to be 99.0%,.

Inferences from the above Examination

The deposit from tartar emetic solution alone at room temperature was
found to be quite black, while the solution containing both tartar emetic and
HCI gave a brilliant white deposit which was even far guperior to the deposit
from tartar emetic solution at go°. This difference was evidently due to the
influence of HC],
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To see if this property of improving the nature of the deposit was a pecu-
liar characteristic of HCI, or whether acids in general could exercise this influ-
ence, the effect of the addition of a number of acids on the nature of the deposit
was tested, the results of which are summarised in Table II1L.

TasLe I11
Acid T Temp Quality of deposit
. N. Tartarie acid 22° Dark grey and smooth,
~do- 60° Dull white and smooth.
-do- go°® Perfectly white
‘2. 2.N. -do- 22° Dull white and smooth.
-do- 60° Slightly better than at 22°,
3. N.formie acid 22° Whiter than the deposit taken
from N. tartaric acid at 60°.
~do- 60° Perfectly white.
4. 2N. Formic acid 22° Quite white and smooth.
. ~do- ... 719 Betterthanat22°,
5. Monochlor-acetic = 22% 7 Better than the deposit with
N. Formic acid and brighter.
-do- 70° Bluirh white and lustrous.

The acid solutions were first prepared and then saturated with tartar
emetic. These experiments proved beyond doubt, that the acids in general
exercised a beneficial influence on the nature of the deposit while added to the
tartar emetic bath. It was further observed that the deposit became better as
the strength of the acid and the quantity added increased.

To see if the potassium ion in tartar emetic was in any way responsible for
the dark colour of the deposit obtained from this solution without the addition
of any acid, a deposit was taken from & solution of antimony tartrate which
was prepared by dissolving antimony oxide in a beiling solution of tartaric
acid. This deposit was greyish white resembling the one taken from a solu-
tion of tartar emetic in normal tartaric acid. This meant that the elimination
of potassium radicle was as efficacious as the addition of extra tartaric acid to
tartar emetic in improving the colour of the deposit. On the addition of
hydrochloric acid to this solution of antimony tartrate the deposit became
brighter and whiter; the addition of thirty percent by volume of the acid gave
& brilliant mirror of antimony on a polished copper cathode, This solution
appeared therefore to be superior to the tartar emetic solution containing
bydrochloric acid, in so far as it required a very much lesser quantity of acid
to give a deposit of even better quality.

The solution was made as follows: 500 grams of tartaric acid were dis-
golved in a litre of water and boiled, To the boiling solution antimony oxide
wes added in small quantities until no more could go into solution. To the
filtered solution 30%, of hydrochloric acid was added. (HCL1.16 8.G) Solu-
tions of lesser concentrations did not give good-looking deposits. The cathode
potential and current-efficiency were next determined. Fig. 4 gives the cur-
rent potential curves at various temperatures. The current efficiency varied
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between 95.4% and 97.1%, when the temperature varied between z5° and 6 5%
The potential measurements showed that very low voltages were sufficient
for the deposition of the metal from this solution. The eritical current density
was found to be 75 milli-amperes per em?; but current densities above go
milli-amperes per em were found to produce very rough surfaces.

When attempts were made to ob-
tain thick deposits from this bath, it
was found that big crystals began to
form in an irregular maaoner on the sur- 27
face. Besides it was found that the de- °Q %H
posits on keeping for a day or two began A
to peel off spontaneously. Attempts were 24
next made to remedy this defect.

Addition agents such as glue, gum L
arabic, gelatine, essential oils and some
- other organie as well- as- inorganie ecom- ..
pounds have been well known to pro-
duce beneficial results in electro-plat-
ing baths. These addition agents not
only improve the nature of the deposit,
but also render certain non-adhesive
deposits adhesive. This has been to
be the case in the case of tin deposits
obtained from an alkaline bath, by Math-
ers and Bell! It was therefore hoped
that by the choice of a suitable addi-
tion agent, it would be possible to obtain
thick, uniformly smooth and adhesive

deposit. The following substances were
examined,

0 °

TN
L

@

\Jt

~
AMILLIAMTERES

9

(1). Gelatine, (2) glue, (3) gum
arabic, (4) glucose, (5) hydrosilicofluoric
acid, (6) hydrofluoric acid, (7) salicylic -
acid, (8) borosilicic acid, (g) resoreinol, | VOLTS
(10) pyrogallol, (11) sodium laurate, 27T 31 25 3—9f
(12) sodium oleate, (13) sodium'stearate, * ) R
(14) safrol, (15) eugenol, (16) geraniol, Fig. 4
(17) cinnamic aldehyde, (18) citronella oil, (x9) anise oil, (20) anethol, (21)
bergamot oil, (22) castor oil, (23) oil of turpentine.

One per cent aqueous solutions of substances (1) to (4) and (3) (g) and
(10) to (13) were made and added to the bath in small measured quantities.
The three acids (5), (6), and (8) were added directly to the bath ip small
quantities. Substances (14) to (23) were all shaken very well for nearly six

' Trans. Am. Electrochem. Soe. 38, 135 (1920).
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hours with water and allowed to stand in separating funnels for more than a

day and then the aqueous layers were separated. Small quantities of these
aqueous portions were added to the bath. The foillowing were the results:—

(x0) Gelatine gave a good and adhesive deposit only once; but when the
experiments were repeated a number of times the same result could not be
reproduced. The deposits were in general bad and not uniform.

(2) Glue when added to the bath even in very small quantities produced
fern-like figures.  Addition of larger quantities did not improve the deposit
in any way.

(3) Gum arabic. This gave a fairly good deposit when 8 c.e. of its solution
was added to 250 c.c. of the bath. This deposit peeled off on gently striking

the plate on the ground. Further additions of the solution to the bath render-
ed the deposits worse.

(4) Glucose. Very thin but fairly uniform deposits were obtained with
this addition agent which peeled off after fourdays.. .

(5) Hydro-fluosilicic acid and (6) hydrofluorie acid did not improve the
deposit. This was also the case with (7) salieylic acid.

(8) Borosilicic acid. The deposit in this case is very good but not adhe-
sive.

(9) and (10) Resorcinol and pyrogallol gave fairly smooth deposits. These
are again nonadhesive and do not take a good polish.

(r1) Sodium laurate (12) oleate and (13) stearate give excellent, deposits

which accept a vey good polish; but these deposits fall off after a very short,
time.

(14) Safrol (1s) eugenol and (16) geraniol made the deposit rough and
crystalline,

(17) Cinnamic aldehyde gave deposits which were fairly smooth but these
were not adhesive,

(18) Citronella oil. When only 2. c.c. of this solution was added to 1 50 €.C.

of the bath, a smooth and uniform deposit was obtained which took an excel-
lent polish; but this deposit peeled off in a day.

(19) Anise oil and (20) anethol. With these addition agents the deposits
were very smooth and uniform but not adhesive.

(21) Bergamot oil. The deposit with this addition agent was the best one
obtained so far and was found to be quite adhesive. However after about two
months those deposits which were thick pecled off spontaneously; but the
deposits, which were not very thick, adhered firmly and did not come off even

on striking the deposited plates hard on the ground. The deposit improved
slightly when deposited at 50°.

(22) Castor oil gave a deposit which was very bright the first few seconds

it was deposited but which rolled up like paper even while the deposition was
in progress.
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(23) Turpentine oil did not improve the deposit in any way.

Of all the addition agents that were tested, as has been stated above, only
bergamot oil gave satisfactory results. Even this addition agent could not
make thick deposita stick fast. It was therefore thought necessary to see if by
any other suitable manipulation it would be possible to make the deposit more
adhesive.

It was believed that adhesiveness could be improved if the bright copper
surface be given a thin coating of some metals which help in the formation of a
solid solution at the interface which is responsible for the adhesiveness. To see
if such a preliminary coating would improve the adhesiveness in any way, thin
contings of mereury, tin and cadmium were given on to the polished copper
surface and antimony deposited on these. In the case of tin and eadmium,
even hefore the current was put on, a black spongy layer of antimony began
to form; however by switching on the current immediately after infroducing
the plates into the bath thick deposits could be obtained which were quite
smooth and uniform. But these peeled off spontaneously. With mercury the
- deposits were quife good but peeled off after sbout 'a month,  ~ =

Deposits taken on rough, instead of smooth polished surfaces were found
to be adhesive even after the three months; but these also came off after
striking gently. In this case also thin deposits adhered firmly.

Bismuth has almost the same discharge potential as antimony. It is
therefore possible to deposit both these gimultaneously from & solution con-
taining the salts of these metals. To see if small quantities of bismuth when
deposited along with antimony would make the deposit adhesive, small
quantitics of bismuth chloride (varying in concentration from o. §%-0.5%)
were added to the bath and deposits taken. These deposits were somewhat
dark and peeled off after about & fortnight. On analysing qualitatively no
traces of bismuth could be detected in the deposit.

Deposits taken from the antimony fluoride bath containing hydrofluorie
acid were found to be very adhesive. It was therefore thought that adhesive-
ness could be imparted to the deposit from the tartrate bath while at the same
time retaining the softness of the deposit, by using hydrofluorie acid in place
of hydrochloric acid. Deposits were taken with various concentrations of
hydrofluorie acid (1%-25%); the best deposit was obtained with 17 per cent
of acid. These deposits appeared to be quite adhesive at the beginning; but,
contrary to expectations they peeled off after a fortnight.

Interpretation of Results

An electrodeposit of antimony might be obtained (1) in an inhomogeneous
form (powder or sponge) (2) in a coarsely erystalline form, (3) as a tough micro-
crystalline deposit and (4) as a bright mirror.

Beilby! has shown that the fine crystals on the surface layer of any speci-
men of antimony, under the action of the polishing lathe, pass through a liquid
condition which sets to a hard enamel-like proteeting coating when the polish-

' *‘Aggregation and Flow of Solids,” p. 87 (1921).
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ing is finished. A bright mirror of antimony is then a congealed liquid surface,
This mirror is obtained from the acid tartrate bath, only at the initial stages of
electrodeposition, for small or moderate eurrent densitics. On continuing the
electrolysis, the superimposed layers become minutely erystalline and fine-
grained. The ions in solution resemble the gaseous state; at the beginning of
electrodeposition they form a liquid layer at the cathode, which at once sets
to a vitreous solid. With time crystalline forees operate to produce devitrifi-
cation; microcrystalline bodies are formed in the initial vitreous layer, and the
forces of orientation, thus brought into play, produce a finely crystalline
structure in the superimposed layers. In this connection it is interesting to
recall the experiments of Beilby which demonstrated the parallel growth of
sodium nitrate crystals on a polished caleite surface. Though polishing has
developed over the crystal surface a true vitreous skin, still the orienting in-
fluence of the isomorphous calcite crystals beneath could make itself felt.
Varieties (3) and (4) only are suitable from a plater's point of view, and the
beneficial influence of addition agents is obvious. They are as a rule protective
‘colloids and we have the familiar explanation that ions are deposited in a
colloidal state in presence of these bodies. Mathers and Leible! have attempt-
ed to find a relation hetween the adsorption of these colloids by the plating
metal and their efficiency ag addition agents. It was found in most cases, that
larger adsorption and greater efficiency go hand in hand, If the surface ten-
sion of liquid antimony initially deposited be diminished by the adsorption of
these addition agents, the formation of small globules will be hindered. These
latter possibly devitrify into erystalline specks and destroy the smoothness of
the deposit. It is thus probable that addition agents produce a smooth uni-
form matrix of the plating metal by producing a lowering of surface tension.

Large current densities produce inhomogeneous deposits—black and
spongy. Bancroft? suggests that large currents produce strong polarisation,
the cathode film becomes dilute, resulting in the precipitation of an oxide or
basic salt. Smee reached a generslisation long ago which has been supported
by McMillar® that a deposit by a current strong enough to produce hydrogen
simultaneously is dark in colour and powdery. In the case of antimony de-
posits, it appears however, that for moderate current densities, a black sponge
is obtained at the cathode whenever it is produced there as a result of secon-
dary chemical action and not by the primary discharge of the antimony ion,
A consideration of the current potential curves will make this point clear.
Pure antimony dipped in a hydrochloric acid solution of tartar emetic has been
found to have an electrode potential of 0.26 volt against a decinormal calomel
clectrode. In Figs. 2 and 3 it will be noticed that the discharge potential plot-
ted against electrolysing current, at first increases very rapidly and then
remains constant—a curve which is characteristic of the discharge of metal
ions. The discharge potential has a value varying from 0.34 to 0.37 which is

! Trans. Am. Etectrochem. Soc. 31, 27 (1917,
2 J. Phys. Chem. 9, 28 (1905).
3 YA Treatise on Electro-metallurgy,” p. 20s.
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greater than the electrode potential of antimony in the same bath by about
o.1 volt. This difference is obviously due to what is called residual current
polarisation. In HCl solution of tartar emetic or antimony tartrate, antimony
i8 deposited by the direct discharge of 8b™* ion, and the deposit appears at
first as a bright mirror and later as a fine-grained structure.

From a solution of tartar emetic only antimony is not deposited by the
direct discharge of Sb™ ion as will be at once evident from Fig. 1. The
abscissa representing discharge potential has a magnification 1/6th that of
the 2nd and 1/3 that of the other curves, but still the current potential curve
i8 not at all steep. Evidently this case represents the discharge of a gaseous
ion on the cathode. In this case the current efficiency also did not exceed 879,
up to 70° indicating that the regction

C4H 4OuK SbO + 3H_+C QH 403KH +H20 + sb -

18 not complete, but that only 879, of H; liberated is used up in decomposing
tartar emetic. The high discharge potential indicates that on an antimony

- surface, hydrogen lias a considerable over-voltage.  The contention of Smee

and McMillan that simultaneous liberation of H, with the deposition of the
metal produces dark and powdery deposits cannot be substantiated. As will
be observed from Table II the current efficiency in a hydrochloric acid tartar
emetic bath is only 30% at 50° though the deposit, is very bright and smooth;
at 25° the current efficiency is 100%. As the current potential curve indicates
the deposit is primarily that of metallic antimony. At higher temperatures a
part of the precipitated metallic antimony dissolves immediately in hydro-

chloric acid, liberating hydrogen. The effect however from the plater’s point
of view is not disastrous.

Composition of the Bath

The only traceable regularity that has been generally observed is that
metals deposited from solutions in which they are mostly present as complex
anions, generally come down in a dense, smooth, finely-grained form. The
complex anion serves as reserve for a low constant concentration of the metal
cation, and prevents hydrolysis and the formation of a basic precipitate. This
i8 also true of antimony baths, but subject to the condition that the concentra-
tion of Sb' should be sufficient to produce antimony metal as the primary
product of electrolysis. In a neutral tartar emetic solution Jordis and Meyer!
have shown that the equilibrium concentration of Sb™ ion due to the reaction
CHO0KOSb+3H (present in pure water)

CH.OsKH+H,0+8bh™"

is very small . Hence it is intelligible that Sb s not discharged at the cath-
ode. With addition of acid, Sb™" is obtained in increased concentration re-
sulting in its primary discharge and producing an improved deposit.
Antimony fluoride has a far greater tendency towards complex formation
than the other halides, complex salts like KSbF,, NaSbF,. 2NaF, are common

' Z. angew. Chem. 17, 169, 204, 236 ( 1904},
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where the antimony exists as a negative ion the equilibrium concentration of
Sb™* ion due to the dissociation of the complex SbF, is much greater than in
the neutral tartar emetic solution. Antimony is obtained as a primary deposit
as the steep nature of the current potential curve in Fig. 3 B indicates. The
discharge potential is much higher than the electrode potential of antimony in
normal antimony chlovide solution. This iz partly due to residual current

polarisation and to the very small coneentration of Sh** present as such in the
acid fluoride bath,

Influence of Temperature

Inan acid tartar emetic bath the current efficiency fell from 100%, to 30%
as the temperature was raised from 2 5%50% while in an acid antimony tar-
trate bath, the current efficiency remained pretty nearly constant at 07%. No
satisfactory explanation is available unless it be that potassium has a marked
catalytic action on the solution of antimony by hydrochloric acid. The ad-

vantage of the latter bath is obvious, for it does not require any regulation of
temperature.

Conclusion

The composition of the acid tartrate bath has been arrived at on theoret-
ical grounds after a eritical examination of the baths already known as well as
certain other solutions. With oil of bergamot as addition agent this bath
gives a very smooth, uniform nice white deposit, which on polishing assumes a
silvery appearance. Thin deposits of thickness 0.025, mm have been found
to be quite adhesive; this thickness is quite sufficient for plating purposes.
High current densities can be employed (5o milli-amperes per em) and the
current efficiency is as high as 97%. These and other points of advantage

mentioned in the paper above, mark the bath as specially suitable for plating
on a large seale.



THE PREPARATION OF MEMBRANES WITH UNIFORM
DISTRIBUTION OF PORES
(G

F, E, BARTELL AND M, VAN LOO!

In a recent paper by Bartell and Carpenter? methods were given for the
preparation of collodion membranes. It was found to be possible to prepare
different membranes with practically the same degree of permeability. It was
also shown that membranes of the same or of different permeability, baving
in every case practically the same number of pores per given area of membrane
could be prepared. This was proven through the agreement between the rela-
tive pore diameters as measured and as calculated according to Jurin’s law and
according to Poiseuille’s law. When Poigeuille’s formula Q=KnPD'T/L was

~ applied and the value n (representing number of pores per given area) kept

constant, resulis for D, the pore diameter, were in every case in close agreement
for the pore diameter as calculated by the method based upon Jurin's law.
This result was a bit surprising, until a study of the behavior of the material
during the course of the setting of the membrane was carried out.

In the following table results are given which show the relative pore

diameters as determined by the Jurin Law method and by the Poiseuille Law
method.

MeMBrANE Pore Si1ze

Relative Pore diam. | Relative Pore Diameters
Permeability | in mierons |  Jurin’s Law Poiseuille’s
(Jurin’s Law) ! Method Law Method

Least permeable . 0.701 | 1.00 1.00

membrane
Medium permeable

membrane 1.978 0.934 1.33 1.38
Very permeable !

membrane 7.353 1.681 2.39 2.31

During the course of the original work, and subsequently in later study, it
was observed that our most satisfactory methods gave us membranes with a
surface exhibiting distinetly cellular configurations. The surface appeared tobe
covered with a fine net-work of honey-comb structure of remarkable uniform-
ity, if proper care were taken to avoid disturbing air currents, ete. Subse-
quent observation of the drying and setting of similar systems, composed of
volatile and non-volatile components, in which we employed readily visible
solid particles in suspension, enabled us to arrive at an explanation of the
mechanics involved in the formation of such configurations as above noted.

! Holder of Acme White Lead and Color Works Fellowship.
! J. Phys. Chem. 27, 252-269 (1923). See also ibid. 27, 101-116 (1923).
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When such a system is observed microscopically during the course of the
drying, it is found that the eseape of the volatile gives rise to a distinet vortex
action. When the film is first applied to the miocroseope slide, the surface
appears to be in rather violent motion, of a somewhat random nature. Almost
at once, however, the surface hecomes raised in certain places over the entire
area of the film. It then becomes evident that the volatile is escaping from
the apices of these rounded surfaces, leading to a regular vortex action with
these apices as centers. Due to the practical impossibility of producing a
liquid medium with perfeetly uniform distribution of the volatile, and of
maintaining absolutely uniform conditions of evaporation, certain of these
vortices are stronger than others, and overcome them. As a result of the
redistribution of the forces, the film progresses from the stage of a large num-
ber of small vortices to a uniform arrangement of a small number of more
powerful ones, similar in magnitude of strength. Since such vortex action
sets up curved surfaces, by the mutual thrust of these gurfaces, one on the
_other, there results a condition of closest packing, i.c. cach one is in contact

with six others at the surface. Hence, the surface appears as ar, aren of hexar

gonal cells.

In the case of colored suspensions in a similar system made up of a non-
volatile plus a high eoncentration of a readily volatile constituent, a compara-
tively clear spot appears in the center of each cell. The individual particles
of the suspended matter come up through the center of each vortex, pass
radially outward along the surface of the cell, then downward at the cell wall,
then inward along the bottom of the cell to the center, where they may again
pass upward and repeat the circuit. Similar circuits appear in the interior
of the cell where particles may be entrained in surrounding cireuits, and
eventually appear at the surface. Each cell, of course, comprises one vortex
—more exactly, a modified vortex-ring. Fig. 1 below shows a section of the
surface, illustrating the formation of hexagonal cells, as a result of the im-
pression of six adjacent vortices on one vortex, and indicates the motion of the
suspended particles at the surface. Fig. 2. shows a eross-gection of a cell, —the
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right half showing complete circuits and the left, the possible entrainment of
suspended particles from the center to the exterior circuits,

A similar phenomenon of vortex action has heen deseribed by other
observers. Kerr Grant! reported vertex action in emulsions of radic-active
minerals in alcohol, ete., Prof, James Thomson? observed the same cellular
structure, due to convection currents in soapy water; E. H. Weber® in 188;
observed the same cellular arrangement of conveetion currents in emulsions,
as described in O, Lehmann’s “Molekular-physik”. Harold Wager! reported
the same with minute mobile organisms in water, while W. M. Flinders Petrict
reported this type of surface arrangement in suspensions of powered Oriental
coffee in milk and water. B. A. Keen® observed it in suspensions of clay in
ammonia and in alecohol. M. Henri Benard’ has done considerable work on
vortex motion in cells, using convection currents as the agents for producing
the same effect in permanent media, such as paraffin, ete. The earliest refer-
ence we found to this phenomenon was that mentioned by Kortewegi—the

. .notes of Christian Huvgens reprinted in -his “Oeuvres’’—where he deseribes- -

exactly this vortex motion in drops of urine on tale, under the date of Sept. 3,
1678,

When a collodion film is prepared, such & vortex action as above deseribed,
always occurs. The average collodion film used in osmotic work represents
the stage of uniform distribution of the stronger vortices,—the stage subse-
quent {o the transition from the large number of smaller cells to the limited
number of large cells, as above deseribed. Henee, the number of eclls in the
average membrane are the same when prepared in a uniform fashion as des-
cribed by Bartell and Carpenter. That the center of each cell represents a
pore in the membrane will be understood from the following, somewhat super-
ficial explanation, which is based on a study of the mechanics of the removal
of the volatile, during the sctting of the membrane,

At the instant of the application of the film of liquid, a certain amount of
evaporation of the volatile oceurs from practically all poinis on the surface.
Such an evaporation cools the surface, and inereases its density relative tothe
hody of the film, because of the decrease in the coneentration of the volatile.
These two cffeets, the temperature gradient, and the density gradient, both
tend to set up vertieal convection currents through the film. These eurrents
naturally suffer deflection from the true vertical as a result of A number of
causes. There are always certain solid or semi solid partieles suspended
throughout the body of the medium, around which the currents must pass.
Furthermore, any variation in the concentration of the volatile as a result of
the impossibility of effecting a perfeetly homogencous mixture of all the con-

' Nature, 93, 162 (1914)
* Nature, 93, 213 (1014)
3 Nature, 93, 213 (1914)
¢ Nutture, 93, 240 (1913)
* Nature, 93, 269 (1914)
¢ Nature, 93, 321 (1914)
T Nature, 93, 584 (1914)
s Ann. Chim, Phys., 23, 62-144 (1901)
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stituents, tends to set up horizontal diffusion ecurrents as well. Hence we have
horizontal a8 well as vertical components of motion set up, and & vortex-ring
results,

It is apparent that in the upper part of the cirenit the moving liquid is
exposed to the air, and must continually lose volatile, which it then partially
recovers by diffusion, etc., in passing around the lower part of its path. Hence,
the center of the cell represents the point of maximum volatilization, as here
the concentration of the volatile is the highest, while the cell wall marks the
lowest point in concentration of the volatile constituent. The prerequisite
conditions for the maintenance of the vortex action are thus continuous,
although decreasing in relative magnitude. Initially, of course, we have a
considerable ares of liquid at the center of the cell with a very high concentra-
tion of the volatile. This area decrenses as the total concentration of the vola-
tile diminishes, i.e., as the violence of the vortex action decreases. In the
original work, water was added after certain intervals of time, to remove the
__remaining volatile, which would leave an opening or pore at the center of each

cell. The size of this pore is proportional to the amount of volatile presentat =~

the time the water was added, and hence, the permeability (which is largely
dependent en the pore diameter) is closely related to the time element in the
experimental manipulation.

There is continually a gravitational force on the solid sugpended particles
which would lead them to flow into the centers of the cells as the violence of
the vortex action decreases. In fact, if the system retains sufficient fluidity
subsequent to the removal of most of the volatile to permit such an action, the
surface tension effects and the gravitational effects may cause the central
portions of the cells to close in, and in extreme cases completely eradicate the
cell structure. As we have said, to prevent such an action, in the original work
on collodion membranes in this laboratory, water was added to remove the
volatile before the porosity had decreased too far. A membrane of sufficient
rigidity to maintain a permanent configuration was thus obtained. It is at
once apparent, in the light of the above discussion, that the porosity or
permeability of membranes can be reproduced or varied at will by arresting
the vortex action at the proper stage. That was exactly the function of the
water.

From the above described experiments, it seems entirely reasonable that
the number of hexagonal cells within a given area of surface determines the
number of pores which open into that surface. [t must follow that, with a
system of a given composition at a definite temperature, the distribution of
the pores will be the same in any membrane prepared from that system under
comparable conditions. From the nature of their composition, the membranes
produced as in the work cited must of necessity have the same number of pores
per given area, Therefore, the original assumption to that effect is corrobo-
rated. The different degrees of permeability obtained through the removal
of the volatile at different stages, is easily accounted for in our experiments,
through the fact that the vortex action is arrested in varying states of activity.
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Summary
. Previous work by Bartell and Carpenter has shown that membranes
with different degrees of permeability may he prepared with the same number
of pores per given area of membrane.

2, Our study has shown that as a result of vortex action in drying, collo-
dion membranes have a cellular rtructure. It is assumed that the pores in the
membranes are the centers of the cells, so that the number of cells determines
the number of pores. Membranes prepared from the same medium have the
same number of cells per given area, and therefore, the same number of pores.

3. ‘The permesbility, which is largely dependent on the pore diameter,
may be varied by arresting the vortex action at different states,by the removal
of the volatile,

University of Michigan,
Ann Arbor, Mich.



b B ittt sk

5
t
+
i

a1 it e s G

£ s b g

[

- e

THE ACCURATE CALIBRATION OF CAPILLARY TUBES

J 6%(; BY K. J. IBAAC AND IRVINE MASSON

In connexion with work on the compressibility of gaseous mixtures by
Dolley and one of us}! it was found that the methods of ascertaining the bore
or volume of capillary glass tubes, described in the literature, are generally
subject to serious errors. Improved methods were therefore worked out which
enabled us to know the volumeof any length of a soem. capillary of aboutt mm.
bore with an accuracy of one part in several thousand. The most eonvenient
of these methods is here described, because similar knowledge is required for

- many purpeses, and it is hoped that other workers may thereby be saved con-

siderable labour.

It may be premised that the tubes with which we are concerned are closed
at one end of the capillary, a fact which calls for certain experimental arrange-
ments whose simplification will be obvious to anyone who applies the general
method to tubes which can be left open at both ends.

Mercury is used as the calibrating fluid; and we have found the very
simple method deseribed by Dixon and McKee? to be entirely adequate. No
process of measurement which involves horizontal threads of mercury is reli-
able, since in such a thread the meniscus sags, and its volume cannot be esti-
mated; further, the shape is variable from point to point even in elean tubes
of small bore, so that its effect does not cancel out in successive measurements
of length. Consequently the tube must be used and calibrated vertically;
and in this case, since the diameter of the tube is approximately known,
measurement of the height of the meniscus affords a very close estimate of its
volume when the data of Schalkwijk? are applied.

The clean, dry, and dust-free tube is mounted, as shown in Fig. 1, in a
jacket kept at constant temperature, preferably that at which the tube is
eventually to be used. 1n our tubes, direct graduation was not permissible,
since they would have been less able to resist high internal pressures; a light
glass scale was therefore attached to each tube, during calibration and use, by
means of tight rubber bands. Relative movement of scale and tube is guarded
against by taking readings of the external top end of the tube, which point
serves as the zero mark in all the measurements.

! Masson: Proe. Roy. Soc. 103 A, 524 (1923)
t J. Chem. Soc. 123, 895 (1923)

* Comm Phys. Lah. Leiden, No. 67 (1901); Verslag. Kon. Akad. Wet. Amst., 1900,
p. 462; 1901, 3512
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Whatever reading-instrument is used in conjunection with the scale must
provide measurements of height-differences which are reliable to about o.01
mm. We ure a telescope provided with a spirit-level and with a Hilger micro-
meter eyepiece, which gives about 100 drum-divisions per millimetre read at a
distance of gevera feet.

The foot of the capillary, which is to be dispensed with when the tube is
eventually in actual use, passes through the bung of the jacket and carries the
side tube with tap B, besides having a
capillary tap C whose stem is drawn out
to a very fine jet. This stem also bears
a small rubber cork for the attachment

of the weighing-vessel A, The tap 48
B communicates with a high-vacuum | 47
pump, such as on¢ ‘of the mercury éon- - - W
densation type; doubtless a Toepler

pump combined with a cooled charcoal - L 2

bulb would also serve. A7 c‘%"zﬁ’ﬁmr
TEMIPPERA TLURE

The vessel A, containing pure
mercury, i8 placed in position, and a
Fleuss or other oil vacuum pump is
temporarily connected with its side arm
by a rubber tube. Taps B and C are
opened and the tube is exhausted, the
oil pump serving to prevent the mercury
from rising as far as tap C.  When
exhaustion is complete, the taps are
shut and the oil pump is disconnected;
tap C is now opened slowly until the
mercury has risen just above it, when the
exhaustion is continued for a while in ‘
order to remove any air trapped at the Fig. 1
opening. Tap B is then finally closed and the mercury is allowed to rise to a
point convenient for the lowest reading of level.

The jacket temperature, the level of the tip of the meniscus, and the

height of the meniscus, are noted. The vessel A is removed, weighed, and
replaced.

TO RPUNMS

The oil pump is re-connected, and a partial vacuum is produced in A o
that when C is opened the mercury falls slightly; this is neceseary in order to
remove any trapped air from the jet. C is closed, the oil pump is removed,
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and the mercury is allowed to rise to a new level about zem. above the first;
a fresh set of readings of heights and weight is then taken. This process is
repeated at intervals of about 2cm. until the tube iz completely full of mercury.
If the tube be of height greater than the barometric, a cycle pump can replace
the oil pump in the last stages,

This completes the first calibration; and the mereury is now to be drawn
down again, and a second calibration is made in the same way, the intervals
overlapping those of the first set.

Finally, a single “overall” determination is made as a cheek, ope weighing
being made when the tube is completely full and the other when the mercury

has been withdrawn and then allowed to rise to near the lowest mark, A
“rising” meniscus is better-shaped than a “falling”, hence the need for the

latter manoeuvre.

Calculation. Al distances along the capillary are measured from the

" external top of the tube. The observations of temperature, heights, and
weight of mercury being recorded tabularly, each set is treated thus:—From
the data of Schalkwijk (loe. cit.) a table can readily be drawn up to show the
volume, and hence the equivalent cylindrical height, of any mercury meniscus
of measured height in a tube of approximately known bore. (For r mm. tubes,
the equivalent cylinder has practically one half the height of the meniscus).
The observed level of the mereury is, accordingly, corrected to what it would
be if its surface were flat. These corrected distances, each about 2cm. apart,
correspond with the measured weights of mercury, and hence with volumes,
due corrections being of course applied for buoyancy, scale-errors, and the
like. The mean cross section or volume per linear centimetre within each of
these 2em. sections is thus found, and the values are plotted on squared paper,
using the distances from the external end of the tube as abscissae. The
“curve” takes the form of a series of steps, the horizontal lines marking the
mean vol./cm. between the points indicated by the vertical lines. A smooth
curve is now drawn through the mid-points of the vertical lines of the steps,
and this shows the vols. per cm. along the length of the tube to near the closed

end.

The results of the second calibration are now drawn in the same way on
the same paper. A mean curve is then drawn, by eye, between the two. The
usual maximum deviation of either curve from the mean is little more than
o.co001 ¢m.?}, 8o that from the mean curve may be read, with great exactness,
the cross section at any point. By summation, the aggregate volume of the
tube is obtained, and is compared with the experimental “overall” aggregate.
Any difference—and we find differences of not more than 1 in 6oco—is dis-
tributed proportionally over the length of the tube, as being probably due to
cumulative error in the meniscus-correction; and so the final table is drawn
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up. This shows, for each em. of the tube, the total volume and the mean
volume between it and the point 1 em. beyond it, which interval in the case of
ordinarily uniform tubes is ample for purposes of calibration.

It may, finally, be mentioned that we have re-calibrated some of our
tubes after they had been ured for some months in experiments at 25° up to
130 atmospheres pressure, without finding any significant change in capacity;
nor do they suffer detectable temporary dilatation during exposure to ro atm.
internal pressure. The accuracy sccured by the method of calibration is thus
not illusory,

The Sir William Ramsay Laboratories
of Inorganic and Physical Chemisiry,
University College, ELondon.



THE EFFECT OF THE CONCENTRATION OF COLLOIDAL CLAY
UPON ITS HYDROGEN ION CONCENTRATION!

BY RICHARD BRADFIELD

In a recent study of the effect of the soil-water ratio upon the H-ion con-
centration of soil mixtures, Salter and Morgan? found with most of the soils
studied & logarithmical relationship which could be made to satisfy the ad-
sorption isotherm of Freundlich. Since some of the solid phase remained
undissolved at all dilutions, they conclude that their results “discredit any
theory of soil acidity which assumes that the acid reaction is due to highly
insoluble acids, either organic or inorganic which must under conditions of

- equilibrium form . saturated solution and give. an approximately constant.

H-ion concentration.” They believe instead that the acidity must be due to
the preferential adsorption of the OH-ion by soil colloids.

Recent work in this Laboratory on the nature of the acidity of the colloidal
clay extracted from an acid soil indicates that this material acts in many re-
spects as a true acid. It has long been known that soils have many proper-
ties which are peculiar to colloidal systems. Few attempts were made until
recently to separate the more active colloidal fraction from the relatively
inert non-colloidal material which makes up the great bulk of the soil mass.
Moore, Fry and Middleton? have found that the amount of colloidal material
in soils i* much larger than had previously been supposed. Stevenson!,
Knight®and others have shown that the buffer action and titratable acidity of
8oils is proportional to the amount of colloida! material present. Soil acidity
is considered due to the leaching of bases from the complex mineral silicates.
If that is true it would be quite logical to expect to find that the colloidal
fraction of soils would be the most thoroly weathered and consequently the
most strongly acid. '

It has been found® that if dilute standard solutions of strong bases are
titrated with acid colloidal clays by either the conductivity method or the
hydrogen electrode method, that definite end points can be obtained, that
equivalent quantities of bases are neutralized by equal amounts of the colloidal
acid, and that the curves obtained by hoth methods are of the type that are
characteristic of the neutralization of a strong hage by a weak acid. By means

of such measurements it becomes possible to assign a definite normality to the
colloidal acid.

ot Af %qntribt;tion from the Soils Laboratory, Agricultural Experiment Station. Un.
tveratty of Missouri,

Y J. Phys. Chem. 27, 117-40 (1923).

* J.Ind. Eng. Chem. 13, 527-30 (1921).

¢ Boil Science, 12, 145 (1921).

& J. Ind. En%. Chem.z 12, 465 (1920).

* Bradfield: J. Am. Chem. Soc. 45, 2669-87 (1923).



THE EFFECT OF THE CONCENTRATION OF COLLOIDAL CLAY 171

That the acid colloidal clay is a true acid has heen substantiated further
by studies of the relation hetween H-ion concentration and the flocculation
of an acid colloidal clay. The electrolyte requirement! was found to increase
about ten-fold in the case of potassium mixtures when the Sorensen value was
changed from 6.5 to 8.5 . Further increases in alkalinity were without effect,
indicating that the acid colloidal clay had been neutralized and all converted
into the K salt. After the salt had been formed, the excess of OH-ions had no
influence upon the amount of K-ions required to produee flocculation. Neu-
tral colloidal clays were found to show no such change in electrolyte require.
ment as the H-ion concentration was changed, due apparently to the fact that
in the ease of such clays there was no appreciable acidity to be neutralized by
the OH-ion and consequently KOH was ahout as cfficient as a flocculant ag
KCl.

A study of the effect of the H-ion concentration upen the absorption of
bases by the acid colloidal clay shows that there is a very marked inerease in
- the amount of base absorbed when the pH value is raised above the neutral
point, then hecomes about constant, which likewise indicates that a true
neutralization of the acid colloid has taken place. Gordon and Starkey?
found a simialr relationship between the H-ion concentration and the absorp-
tion of K by silica gel.

Salter and Morgan discredit the true acid theory of soil acidity because
they found an exponential relation between the H-ion coneentration and the
soil-water ratio. Their conclusions were hased upon the supposition that they
were dealing with a saturated solution of any soil acid which might be present.
This assumption is not necessarily true. The soil is a complex system made
up largely of relatively coarse, inert particles which are coated over more or
less, by a layer of colloidal material. If soil acidity is due largely to this colloid-
al fraction, it does not. follow that the mixture is saturated with the soil acid.
because some of the coarser, inert, crystalline material, such as quartz, remains
undissolved. In fact, it would seem highly improbable that the amount of
active colloidal acid should reach the saturation point even in the most con-
centrated mixtures studied by them. The curves indicate that such a point
is being approached. It is of interest to note also that the two soils which
seemed abnormal were the only clays and consequently the only highly colloid-
al soils studied. In the case of these soils at the higher concentration (17 .880
to 1000 g of soil per liter H,0) the depression of the H-ion concentration was
80 great that it was “impossible to calculate an adsorption isotherm which
would satisfy any three points on the curve.” This would scem to indicate
that, in the case of these highly colloidal soils, the concentration of the colloidal
acid was approaching rather closely the point at which the H-ion concentra-
tion would become constant.

The fact that certain data can be fitted to an adsorption isotherm does
not necessarily indicate that the relationship is caused by adsorption. The

! Bradfield: J. Am. Chem. Soc. 45, 1243-50 (1922).
? Soil Seienee, 14, 1-7 (1922).
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Freundlich equation is purely empirical and as pointed out by Fisher,! by
altering the constants involved, a series of curves can be obtained which will
fit nearly any set of experimental points with the desired degree of accuracy.
In his study of the effect of dilution upon the H-ion concentration of acetic
acid Walpole? found that the relationship was exponential at the concentra-
tions studied. In fact, most acids show the same tendency noted by Salter
and Morgan, to increase in H-jon concentration with increased acid concen-
tration, but at a slower rate, in concentrations above that known as infinite
dilution, at which point dissociation becomes complete and the relationship
linear. The curves of Salter and Morgan become practically linear at the
higher dilutions,

If soil acidity is due to a true acid of colloidal dimensions, as the work
cited above indicates, it would seem that the failure of Salter and Morgan to
obtain & constant H-ion concentration at even the 1:1 goil-water ratio might be
due to the fact that the colloid content of these soils was so low that the con-

. centration required for the constant H-ion concentration could not be reached.
If this were true it should be possible to attain the desired coneentration by

eliminating the relatively inert coarse material which makes up the bulk of
the soil and working with the colloidal material itself. This study includes
therefore, the preparation of a concentrated solution of acid colloidal clay, a
study of the effect of dilution upoen its H-ion eoncentration and s similar study

of the effect of dilution upon the H-ion concentration of acetic acid to be used
for comparison.

Experimental

A fresh, acid clay soil was suspended in five parts distilled water by
churning for three hours in an ordinary barrel churn. No defloceulant was
used because any chemical added to the soil in sufficient quantities to defloc-
culate it will cause considerable alteration in its natural properties. It was
found® that, if a fresh soil were used about the same amount of colloidal
material could be recovered without the use of a defloceculant as eould be
separated from an air-dry soil with a deflocculant. The suspension was
allowed to settle undisturbed for ten days to eliminate the coarsest of the non-
colloidal material. The fraction still in suspension was siphoned off and passed,
at the rate of one liter per minute, thru a Sharples super-centrifuge, generat-
ing a centrifugal force of 30,000 times gravity. This application was sufficient
to remove the great bulk of the non-colloidal material. The solution was then
passed thru the centrifuge a second time at the rate of twenty liters per hour.
The solution emerging was truly colloidal, perfectly clear when examined by
transmitted light and showed no tendency whatsoever to settle out on pro-
longed standing. This solution contained about one percent of oven-dry
(105°) material. In order to obtain the concentrated solutions desired for this
study, this dilute colloid was passed thru the centrifuge at the rate of one liter

! Trans. Faraday Sec. 17, I1, 310 (1922).

* J. Chem. Soc. 108, I1, 2521 (1914).
* Bradfield: Missouri Ag. Ex. Sta. Res. Bull. 60 (1923).
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per hour, This prolonged application of the high centrifugal force was suffi-
cient to depoeit the great bulk of the colloidal material upon & celluloid sleeve
placed inside the centrifuge bowl. After a sufficient amount had heen depos-
ited, the sleeve was removed and the colloid, now having much the consistency
of ordinary axle grease, seraped off by means of a spatula,

After a sufficient amount of this material had been obtained, it was
diluted with water until it had the consistency of a very thick sirup. This so-
lution was found to contain 12.8%, of oven dry material. Dilutions containing
6.4%;, 3.2%, 1.6%, 0.8%, 0.4%, 0.2%, 0.1%, 0.05% and o0.025% were pre-
pared from this stock solution and their H-ion concentrations determined by
the hydrogen electrode method, using a Type “K” Leeds and Northrup
potentiometer, a saturated KCl calomel electrode and a modification of the
Hildebrand type of hydrogen electrode. All measurements were made at
about 25° in an inside basement room of rather constant temperature. The
water used for the dilutions was ordinary distilled water which when freed
from CO, was slightly alkaline: the Sirensen value was about 7.45. A series
“of aceticacid mixtures was prepared using asa hasea 0.1078 iormal solifion and
diluting to half the original concentration each time. The H-ion concentra-
tion of both the acetic acid and the acid colloidal clay series were measured
simultaneously against the same calomel electrode. The data are presented
in Table [ and graphically in Fig. 1.

TaBLE 1
The Effect of Concentration upon the H-ion Coneentration of the Colloidal
Clay Acid and Acetic Acid

Colloidal Clay Acid Acetic Acid
goggfcigg t’:f n PH Qoncentraligion PH
oven dry material in normality

12.8 4.02 .1078 2.88
6.4 4.10 .05390 3.03
3.2 4.15% 0260 3.14
1.6 4.30 .0134 3.30

8 4.30 .0067 3.43

4 4.8% .0033 3.61

.2 6.26 .0016 3.83

.T 6.93 .oco8 3.01

.05 7.15 .0004 4.18

025§ 7.30 0002 4.40

H,0 used 7.45% .0001 4.73
.00005 5.40
00002} 5.86

Discussion of Results

The portion of the colloidal clay curve for concentrations up to 2-3
(Fig. 1.) is almost identical in form with those of Salter and Morgan. With
higher concentrations the curve flattens and the pH value becomes almost.
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constant. The similarity between the acetic acid and the colloidal clay curves
is 80 striking as to make it seem highly improbably that in the case of the
former, we are dealing with a truc acid and in the case of the latter, not with
an acid, but an adsorption phenomenon. The coneentration of colloidal mate-
rial in soils is such that it is only in the cxeeptionally heavy clay soils that the
flat region of the curve is reached even at the 1:r soil-water ratio. Rice and
Osugi' found that the amount of sugar inverted by an acid soil was greatly
increased by increasing the ratio of soil to water. The H-ion concentration of
CONCENTRATION OF ACETIC ACID th;e colloid-free aqueous extracts of these

02 04 06 08 .10 s0ils was found to be neutral. Salter
3.0 ___,,o.‘?c-g‘a;""” and Morgan lay this observation to
| ACE faulty technique? But it is quite well

known that the colloid-free aqueous ex-
tracts of soils when carefully freed from

36

a2 —t oo Smar <Ay | sults of Rice and Osugi are exactly what
would be expected if they were dealing
E ”f with an acidity due to colloidal acids.

40 The mineral acid theory of soil
acidity has not been as widely accepted

5-4 as it seems to deserve because its advo-
cates have always been searching for an

col acid, the particles of which were of or-
dinary crystalloidal dimensions. When

66“ ggﬁggﬁgﬂfrdf we ccTnsid.er the grreat complexity of
: >4 6 B 10 the soil minerals, which are salts of the
Fig. 1 goil acids it would seem much more

The Effect of Concentrationof Col- likely that the acid would be so complex
Hodal Clay and Acetic Acid upon Hion g\ the molecules so large, that they
Concentration.

would reach colloidal size. In faect,
silicic acid, the simplest possible acid of this group is stable only when in

colloidal condition. It may be prepared as a crystalloid but rapidly changes
to a colloid on standing.

Conclusions

The relation between the concentration of an acid colloidal clay and its
H-ion concentration is practically linear at higher dilution (0—0.4%), expo-
nential at intermediate dilutions and (0.49—3.5%) practically constant at
higher concentrations (3.5—12.8%). The curve of the acid colloidal clay and

! Soil Science, 3, 333-50 (1018).

b b3 CO, are frequently acid free.  The re-
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that of acetic acid are so similar in every respect that it seems highly improb-
able that the acidity in the case of the former is due to the preferential adsorp-
tion of the OH-ion and in the case of the latter to true acidity. The differences
in the Sorensen values yielded by the two acids are probably due to differ-
ences in their strength, the colloidal clay acid being & much weaker acid than
acetic. The fact that one is colloidal and the other crystalloidal is due merely

to differences in the complexity of their molecules and not to any fundamental
difference in the nature of their acidity,

Columbia,
Missour:



NOTE ON COLLOIDAL NICKEL HYDROXIDE

BY O. F. TOWER

In an article! published about a year ago reference was made to the pecu-
liar behavior of nickel hydroxide formed in a glycerine solutiop. This has
been investigated further in order to ascertain what concentrations of the con-
stituents are necessary to bring about the results observed.

In the first place a solution was prepared containing 4 grams Ni(C.H;0,),.
4Hg0 in roo c.c. of Baker's C. P. glycerine. The most favorable conditions
for reproducing the behavior just referred to were obtained by mixing 16 e.c.
of this solution with 8 c.c. of normal potassium hydroxide in alechol. This set
- to-& jelly within-24 hours and-later syneresis-began, sometimes slower, some- -
times faster, but in general the same stages were observed as deseribed in the
previous paper. In case relatively less of the potassium hydroxide solution
were employed, either no jelly formed or only a very mobile one; with more
potassium hydroxide solution, the jelly was much firmer but little or no synere-
sis oceurred.

Two new methods of preparing colloidal nickel hydroxide will now be
deseribed.

1. To 24 c.c. of the glycerine solution mentioned above was added 10
c.c. of normal potassium hydroxide in alcohol and 10 c.c. additional aleohol
(95%). These were shaken together thoroughly and the resulting solution
remained clear and limpid indefinitely. After several days standing this
could be diluted with water without precipitating nickel hydroxide, and, after
dialyzing, a clear gelatinous mass of the hydroxide remained.

2. By carefully warming it was found that 100 c.c. of glycerine would
dissolve 6.7 grams of nickel acetate, although some acetic acid was lost in the
process. To 16 c.c. of this solution was added 6 c.c. of normal potassium
hydroxide in aleohol and 2 c.c, of distilled water. When such & mixture does
not gelatinize, which oceurs about two-thirds of the time, after standing sever-
al days it can be diluted with water without producing & precipitate. When
this is dialyzed a clear semigelatinous mass of nickel hydroxide remains,

The most rapid method of obtaining a colloidal solution of nickel hydrox-
ide is that given in the former paper (p. 731). Additional proof hag been ob-
tained that the peptization of the hydroxide is due to small amounts of potass-
ium chloride remaining in the solution. Nickel hydroxide was prepared as
described there, but was settled by means of & centrifuge, and by thiz means

! Tower and Cooke: J. Phys. Chem. 26, 733 (1922).
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the amount of potassium chloride remaining mixed with the precipitate could
be regulated very exactly, After settling by this means additional distilled
water was added, the precipitate settled again by centrifuge, and this con-
tinued as long as desired. The precipitate could be washed fifteen times this
way in an hour and a half, which would remove the potassium chloride prac-
tically completely. Nickel hydroxide prepared in this manner and left stand-
ing in distilled water over night would not go into colloidal solution. Neither
would it, if it were washed by centrifuge only two or three times, for in this
case t00 much potassium chloride was present. However, if it were washed
this way six or seven times and allowed to stand in contact with distilled water
it would pass into colloidal solution in a few hours.

To see whether nickel hydroxide, as it is ordinarily precipitated from
solutions as an apple-green gelatinous mass is really Ni(OH) or is NiO with
adsorbed water, a method used by van Bemmelen! in investigating gelatinous
silica and ferric oxide has been employed. Samples of nickel hydroxide ob-
- tained- by - precipitating both from hot and from cold solutions were used:
These were air-dried, pulverized, and left in & vacuum desiceator over sulfuric
acid of increasing concentration until the weight became constant. The tem-
perature of the room in which the desiccation was carried on was maintained
at 20° £1°. The samples were kept on watch glasses with ground edges, and
during weighing this was covered with a second one clamped tightly to it in
order to prevent absorption of moisture from the air. Weighings were made
every day and continued until the weight became constant. The sulfuric acid
in the desiccator was then replaced by the next more concentrated solution,

and the process repeated until finally the weight became constant over the
089 acid.

Sulphuric Acid in Desiccator | Tengion of
Percent- [Density | Aqueous

Composition | age at 20° | Vapor at Sample 1. Sample 2.
20° Grams Grams

mm. Orig. Wt. | 2.3902 | 2.3020

H,S0, sH,0 52.13 | 1.416 5.79 |After 2 wks| 2.3808 | 2.2992
H.80, 4H,0 57.65 1 1.473 3.73 |After 3 wks| 2.3221 | 2.2465
H.80, 3H,0 64.47 | 1.547 2.24 |After 3 wks| 2.2516 | 2.1843
H.80, :H,0 73.13 1 1.647 1 o0.85 |After3 wks| 2.1805 | 2.1251
H,S0, H,0O 84.48 | 1.774| o.15 |After3z wks| 2.1858 | 2.1217

H,80, 08 1.836 - After 2 wks| 2.1845 | 2.1209

In the accompanyirg table the first three columns give the composition
and density of the sulfuric acid used, the fourth column gives the tension of
aqueous vapor over the acid, and the fifth and sixth columns give the weights

of the samples of nickel hydroxide after constancy had been attained over the
corresponding solution of sulfuric acid.

' Z. anorg. Chem., 13, 315 (1897)
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Sample 1 was prepared from hot solutions and sample 2 from cold solu-
tions. No difference was noticed in their conduct, except that sample 2 was
a little more hygroscopic after it was dry. The loss of water in both samples
was fairly regular and shows no probability of the existence of a hydrate over
the range investigated. The composition of the final material was determined
by estimating the nickel electrolytically with the following results:

Sampler Sample2  Theoretical for Ni{OH),
Percentage found 63.14 63.08 63.30

The substance dried to constant weight in a vacuum over concentrated sulfurie

acid therefore appears to be Ni(OH). and not NiO or any intermediate hy-
drate.

Morley Chemical Laboratory,
Western Reserve Universily,
Cleveland, Ohio.



NOTE ON SIMPLICITY OF MECHANISM OF REACTION AS ONE
OF THE FACTORS CONDITIONING CATALYSIS

BY E. R. BULLOCK!

Increage of velocity of reaction between a metal and a reducible substance
in aqueous solution by a salt of another metal is of somewhat frequent occur-
rence. When the second metal is more noble than the first 1t becomes deposit-
ed on the latter, and the increase of reaction velocity can be electrically ex-
plained. When, however, the second metal is less noble than the first, this
explanation is precluded, and the phenomenon represents a case of catalysis,

In a number of photographic after-processes (Ozobrome, Kodachrome,
bromoil, ete.) a solution containing a dichromate and a bromide, with other
substauces, is used for the purpose of converting a silver image into silver bro-
mide together with a chromium compound which alters the properties of the
gelatine in a desired manner. The reaction between silver in gelatine and a
solution of potassium dichromate and bromide slightly acidified with acetic
acid is impractically slow but is greatly quickened by the addition of potas-
sium ferricyanide or copper sulphate, which is found unaltered in the solution
after use, and has therefore acted as a catalyzer. It scems probable that a
clue to the explanation of the effect may be found in a principle of simplicity.
Considering the case of the reaction between silver and the bleach solution of
the Kodachrome process, vi:.,

Potassium bromide 2.8 .
Alum (potassium, aluminum) 2.5 g.
Potassium dichromate 1.9 &
Potassium ferricyanide 1.0g.
Acet’s acid (glacial) 0.3 cc.
Water to make 100.0 CC.

in the absence of the potassium ferrieyanide the net result of the reactions is
represented by the equation —

6Ag+6Cr0O;+46KBr=6AgBr+Cr;CrOs+ 3K:CrO,,

but the initial ionic reaction is that between silver and sexavalent chromium,
3 Ag+Crtttttta s Ag+4 Crt++ in which three atoms of silver partici-
pate. The equation for the reaction between silver and ferrieyanide, Ag+
Fe(CN)s™~"=Ag++Fe(CN)s~ ™~ 7, requires only one atom of silver and it
thus seems intelligible that, notwithstanding the smaller potential difference,
the velocity is greater in the reaction between silver and ferricyanide than in
that between silver and dichromate. Copper sulphate actslikewise, the initial
phase of the catalyzed reaction being Ag+Cutt=Agt+Cut

! Communication No. 186 from the Research Lahoratory of the Eastman Kodak
Company.
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A search through the 7o-page subject index of Woker's “Die Katalyse”
for further examples of catalyzed reactions of this type disclosed only the case
of the increage of velocity of the reaction between zinc and a dilute solution of
potagsium permanganate and sulphuric acid by the addition of a trace of pure
nitric acid.' This fact, which can be readily confirmed, may be explained on
the basis of the relative simplicity of the reaction Zn4+-NY=Zn*T4+N', Ag
a further test of the validity of the view that, other conditions being the same,
the reaction velocity is greater the fewer atomsof the metal participate in the
initial stage, the effect of ferric sulphate or nitrate on the reaction between
silver and bromic ‘acid was considered. In this case, six atoms of silver are
required in the direct reaction between silver and bromic acid, and only one
atom in the first stage (between silver and ferric ion) of the indirect, catalyzed
reaction, and from this, together with the fact that ferrous jon is re-oxidized to
ferric with immeasurable rapidity by bromic acid in solution, it appeared very

probable that a ferric salt would catalyze the reaction between silver and
bromic acid. |

Ezxperimentel. A solution was prepared containing potassium bromate
and sulphuric acid equivalent to N/20 HBrOs, and the action of this solution
upon strips from a roll of pesitive cinematograph film containing a series of
uniformly exposed and developed images from one and the same negative
1mage, after prolonged washing in distilled water, was observed, and compared
with the simultaneous action of a solution containing in addition N/10,000
ferric ammonium sulphate or ferric nitrate. The rate of action of the latter
solutions, as followed by the “bleaching” of the silver image, was the same and
in each case several times as fast as that of the solution to which no ferric salt
had been added. In order to avoid any complication due to tanning of the
gelatine through liberation of bromine from traces of eoluble bromides, the
solutions were then treated with a little silver nitrate to produce the maximum
slight opalescence, and a bath of dilute silver nitrate solution was interposed
in the distilled water washing of the film strips; under these conditions the
reaction velocity was increased in all cases; but the iron-containing golutions
still bleached the image several times as fast as did the iron-free solution. Ad-
dition of silver nitrate in increasing amounts in excese of the amount required
to combine with the trace of bromide failed to show any further increase in
reaction velocity, and it seems probable therefore that the silver nitrate by
combining with bromide prevented the inhibiting effect of the liberation of a
trace of bromine. Addition of sulphuric acid to the N/20 bromie acid to a
concentration ten times that which would be produced by the complete hydrol-
ysis of N /10,000 ferric ammonium sulphate did not produce any observable
increase in reaction velocity, and it is therefore concluded that it is to the
ferric ion alone that the observed catalysis must be ascribed. To observe the
effect in the absence of gelatine, 235 ce. of the iron-free and 25 cc. of the iron-

! DeKoninck: “Lehrbuch der qualitativen und quantitativen chemischen Anaylse,”
1, 517 (1904).
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containing bromic acid were left alternately for 2 hours in a silver crucible at
20° C., and the loss of weight after washing in this sulphate solution, noted:
the mean loss in the former case was o.4 mg. and in the latter 4.5 mg., showing
a velocity inerease of the order of ten times, due to the presence of N/10,000
ferric sulphate in N/20 bromic acid.

Conclusion. The catalysis of the reaction hetween silver and potassium
dichromate in aqueous solution by potassium ferricyanide or copper sulphaste,
that between zinc and potassium permanganate with sulphuric acid in dilute
solution by nitric acid, and that between silver and bromic acid by ferric
sulphate may be explained in part by the consideration that the first stage of
the indirect (catalyzed) reaction is of greater simplicity, as regards the number
of atoms of the metal participating, than the direct reaction. Further instances
of systems in which catalysis may be expected on this consideration should
however be sought for and tested before the suggested principle is accepted as
valid.

April 18, 1923.
Rochester, N. Y.
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Surface Tension and Surface Energy. By R. S. Willows and E. Hatschek. Third
edition. 8X6 cm; pp. viii+136.  Philadelphia: P. Blakiston’s Son and Co,, 1928, Price
$2.00.—"“The present edition of this small book has been enlarged so as to inelude an account
of the work revently done on the properties of thin films, polarised molecules, and boundary
lubrication. This work points to possible connections between surface tension and other
chemical and physieal properties of liquids, and in addition opens up many fascinating
avenues for research. 1f the account here given leads readers to refer to the original papers,
ite object will have been gained. Other small additions and changes have also been made.”

The results obtained by using the Edtvos-Ramsay-Shields formula do not “agree in
all cases with those following from Walden’s formula: thus, benzene is associated according
to Walden and non-associated according to Ramsay., The discrepancy i partieularly
striking in the case of sulphuric acid, which has aggregates consisting of as many as thirty-
two molecules according to Ramsay, while Walden finds aggregates of two molecules only,”
p. 42. :
- M the preceding pages we haveavailed otrselves of only onie'of the theories of sur-
face tension, that of Laplace. It has led us direetly to recognise an important property of
liquids—their cohesion or intrinsic pressure—and has enabled us to establish several theo-.
retical relations between surface tension and other constants. It is, however, incomplete
in one particular, inasmuch as it assumes that there iz a perfectly sharp line of demareation
bstween the two media bounding the surface, for instance, between liquid and air. We need
not discuss whether such an abrupt transition is intrinsically probable, as there is a large
amount of evidence, principally optical, to show that there is a gradual change in density
and in other properties from those of one medium to those of the other. It can, for instance,
be shown that plane polarised light should be reflected again as plane polarised light, and,
therefore, be capable of being completely extinguished by a Nicol prism, if the transition
from one medium to the other were abrupt. Actually this isnever theeasewithan old surface,
especially in the case of metals, but the light is always elliptically polarised. With perfectly
fresh surfaces this is not the case; thus Lord Rayleigh showed that the ellipticity nearly dis-
appeared at the boundary air-water if the surface of the latter was constantly renewed, and
Drude proved its absence from the surface of a freshly split erystal.

“To account for the phenomenon it is necessary to assume a film of different density
on the surface, of which the order of magnitude of the thickness can be calculated, approxi-
mately; it isabout 107 cm. for the surface crown glass-sir. We shall have oceasion to refer
to thissurface film again. There is also other experimental evidence for its existence; it is, for
instance, o common experience in vacuum tube work that, after first pumping down and
allowing the apparatus to stand, the pressure rises ngain owing to gas coming off the walls.
Baly and Ramsay found it nearly impossible to test Boyle's law at very low pressures owing
to this released gas, the amount of which varies with temperature and pressure,” p. 48.

“In view of the fundamental importance of the Gibhs-Thomson formula, and the
magnitude of the discrepancies between the figures ealeulated from it and the experimental
results, it is of obvious interest to inquire to what causes the deviations may bhe due. The
first point to be noticed is that the complex substances which exhibit them most markedly
form, at leust at higher concentrations, colloidal and not true solutions. It is, therefore, very
probable that they may form gelatinous or semi-golid skins on the adsorbent surface, in
which the concentration may be very great. There is a considerable amount of evidence to
support this view. Thus Lewis finds that, if the thickness of the surface layer be taken as
equal to the radius of molecular attraction, say 2 X 1/~ ems., and the concentration caleu-
lated from the observed adsorption, it is found, for instance, for methyl orange, to be about
39% whereas the solubility of the substance is only about 0.078%. The surface layer,
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therefore, eannot possibly consist of a more concentrated solution of the dye, which is the
only ease that can be dealt with theoretically, but must be formed of a semi-solid deposit,”
p- 78.

“1¢ 18, however, by no means certain that the results obtained by the ‘waterfall-elec-
trification’ method are comparable with those obtained by cataphoresis, or, in other words,
that the origin of the double layer is the same in both cases. Thus, in experiments according
to Quincke’s method made by one of the suthors, fuchsin did not reverse the charge on the
air bubble even in concentrations a thousand times greater than those found effective by
Rohde. Similarly discordant and very important results are ohtained by McTaggart, who
investigates the eataphoresis of a gas bubble by an improved method. The bubble is placed
in the axis of a wide rotating tube filled with liquid and is thercfore as freely movable as the
particles in the U-tube employed for examining colloidal rolutions. He finds that air bubbles
are negatively charged in distilled water and travel with a veloeity, independent of their
size within limits, of about 4x10™ ems. per second in a field of 1 volt/em. This is in very
good agreement with the behaviour of colloidal particles in the same conditions. On the
other hand, he finds that in this arrangement hydrogen bubbles are, like air, negatively
charged, whereas in waterfall experiments this gas is positive against water. The effect of
various cations was found to be similar to that on colloidal particles, ions of high valency
. having @ much greater effect in neutralising and. eventually. reversing. the charge on the
bulL.ble, while exhibiting—as in their action on sols—specific peculiarities.

“In a further series of experiments McTaggart investigated the electric state of the
air bubble in mixtures of water and of geveral aleohols, and the results obtained are of par-
ticular interest, s showing a definite connection between surface tension and electric charge.
In the pure alcohols no cataphoresis could be observed. In mixtures of the alcohols and
water the velocity of the bubble decreased with increasing alcohol content, and this decrease
in velocity—and therefore in electric charge—was the greater the more the aleohol lowered
the surface tension of water. The electric charge was therefore reduced by increasing
adsorption of aleohol at the surface air-solution, and it is reasonable to assume that with an
increased ratio of alcohol in the surface layer, ions would be displaced out of that layer, with
a corresponding decrease in the total chavge. A further very striking fact was observed; if
the gize of an air bubble in the water-alcohol mixture was gradually reduced, the velocity,
and therefore the charge, increased, approximately more and more to that in pure water.
To explain thia it is necessary to assume that with decreasing didmeter and the consequent
change in surface tension the adsorption of aleohol decreases, or, in other words, the per-
centage of water in the surface layer, and with it that of ions increases. This would be
analogous to the change in vapour pressure with the curvature of the surface, which has
heeu fully discussed in a previous chapter. It is possible that the polar molecules of aleoho)

have greater difficultyein arranging themselves on the highly curved surface of the smaller
bubble.

“On the whole McTaggart’s experiments, as far as they arc at present capable of
interpretation, strongly support the view that the double layer is largely or entirely due to
the ordinary adsorption of ions,” p. 104.

Wilder D. Bancroft

Kolloide in der Technik. By Raphael E. Liesegang. 22X 15 em; pp. 181. Dresden
and Leipzig: Theodor Steinkopff, 1928. Price: 78 ets.—This volume aims to give the recent
developments in the colloid chemistry of the following subjects: glue and gelatine; other
adhesives; protecting colloids; plustic masses; tanning; soap; oils and resins; rubber;
paper; textiles and dyeing; metals; ceramies; foods; photography. Although necessarily
much condensed, the text is quite satisfactory and no one ean read the volume without find-
ing & number of new and interesting things.

Glue is properly a mixture of gelatine and gelatose. Gelatine has a bigh jelling and a
low adhesive power . Glue bas o very high adhesive power and only a slight tendency to
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form jellies. When the splitting of the gelatine has gone further, both the adhesive and the
jelling powers become zero, p. 7.

Michaelis has found that the hydrogen ion concentration at which casein preeipitates
is affected by the presence of saits, a strongly adsorbed cation being equivalent to an acid
and & strongly adsorbed anion to an alkali. With rubidium chloride and sodivm acetate the
two ions are apparently adsorbed so nearly equally that these two salts have no effect on the
point for optimum precipitation, p. 22.

Dilute solutions of olive oil and of tallow soaps are not readily affected by electrolytes,
while solutions of cocoanut oil and palmnut oil soaps are very sensitive to electrolytes, p. 43.
The tendency of soap solutions to foam varies very much with the nature of the soap. The
author points out that potassium soaps give smaller and more stable bubbles than sodium
soaps and are therefore used in shaving soaps; but he does not explain why, p. 48, Itis
admitted quite frankly, p. 50, that the theory of washing with soap is not yet in an absolute-
ly satisfactory form. Attention is drawn, p. 56,—though not under washing—to the extra-
ordinary emulsifying power of water-glass solutions for vegetable and animal oils, p. 56.

The discussion of the vuleanization of rubber, p. 71, is distinetly unsatisfactory, the
author evidently not having understood Spence's work at all. Under coagulation of latex,
p. 68, one would have liked to have seen something more about the relation between the size
- -of the globules and preeipitation by centrifuging. There iz some confusion, perfiaps natural-
ly, in the discussion of the rosin sizing of paper, p. 81. For the same reason the paragraph
on mordunts, p. 91, is not so good as it might be. In fact the whole chapter on dyeing is not
up to standard.

Three pages are devoted to addition agents in electroplating, p. ra6. There is a very
interesting discussion, p. 109, on the cause of spots in slip-casting. Under food products we
find a discussion of the rising of cream, p. 120; of the making of butter, p. 121; and of whip-
ped cream. There are two pages on bread, p. 124, and one on beer, this latter topic coming
for some unknown reason between bread and vitamines, p. 127. The book closes with nine-
teen pages on photography.

Wilder D. Bancroft

The Principles of Organic Chemistry. By James F. Norris. Second edilion.
21 X156 em; pp. vi+631. New York: McGraw-Hill Book Company, 1922. Price: $3.00.
The first edition was reviewed over ten years ago (17, 280). In the preface to this edition
the author says: “The development which has taken place in organic chemistry since this
book was published has made it necessary to prepare a new edition. This development has
been marked on both the theoretical and the practical sides of the subject. While the ad-
vances in the pure science have been largely of such a character that they should not be
included in an elementary textbook, the development of industrial organic chemistry has
tended to vitalize the subject and to arouse the interest of the beginner. As the result of the
recent war there was an increased demand for a large number of organic compounds of
industrial importance. The search for new methods of preparing these substances on the
Inrge scale led to the utilization of reactions which were formerly of theoretical interest only,
or to the application of newer methods such as those of catalysis and electro-chemistry.

These new industrial processes have been emphasized as fully as is consistent with the scope
of the book.

“The growth of the dyestuff industry in America made it desirable to broaden to
some extent the treatment of the aromatic compounds and to include brief deseriptions of
the more important intermediates and of the sulphur and vat dyes. The inereasing use of
the organic derivatives of mercury and of arsenic in combating disease made it necessary to
introduce an elementary consideration of the general reactions underlying the preparation of
such compounds.

“The renewed interest in the application of organic compounds in warfare hasled to
the description of the more important war gases and the new explosives, The consideration
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of the chemistry of fats, carbohydrates, and proteins has been extended to include the
physiological aspects of the subject.

“The additions to the text in the field of the pure science have been limited in number.
It is the opinion of the author that the newer theories, such, for example, as the interpreta-
tion of the reactions of organie compounds by means of the clectronie conception of matter,
should not be ineluded in the first elementary presentation of the subject, with the resultant
exclusion of important theoretical material based on a more substantial experirnental foun-
dation. In this edition the theory of partial valence and the relation between chemical
structure and color are briefly discussed. There is given, also, an account of the recent
work on the structure of tannins and the coloring matter of flowers.”

The fact that over twenty tho'wand copies have been printed shows that the author
has found a large public and is the hest proof that this is the kind of book that a great many
people want. As one glances through the volume, one is not surprised at its popularity.

Wilder D. Bancroft

The Phase Rule and its Applications. By Alezander Findlay. Fifth edition. 22 15
cm; pp. zva-+298. New York and London. [Fongmans, Green and Co., 1923. Price:
$3.60.—~In the preface to the new cdition, the author says:—"“The incressing attention
*“which has been paid in recent years to heterogeneous equilibria and the re-investigation of
some of the important problems connected therewith, have necessitated a complete revision
and re-writing of certain sections and the addition of much new matter. The sections on
sulphur and phosphorus, for example, have heen re-written, the attention being directed
more egpecially to the pseudo-binary nature of these systems. The section on iron-carbon
alloys, also, has been revised in the light of recent work and, as far as space would permit,
the most important work on four-component systems and the sales of the Stassfurt deposits
has been discussed. The opportunity has also been taken of explaining more fully the graph-
ical methods of representation of multi-component systems, and more especially the graph-
ical methods suggested by Jiinecke which are now very widely employed. The importance
of the Phase Rule in the study of mineralogical problems has been emphasized by a discussion
more especially, of the conditions of formation of the caleium aluminum silicates. It is
hoped that the considerable extension of the work which has thereby been brought about
and the addition of twenty-four new dingrams will add to the usef ulness of thehook.” This
i the standard hook on the phase rule. There is nothing else that can come anywhere near
it. It should he—and probably is—used as the text-book everywhere that the subject is
taught and that is now everywhere. We rejoice that Findlay has brought this book up to
date. Owing to the war it has been cight yenrs since a new edition has-appesred.

Wilder D. Bancroft

Les Progrés de la métallurgie du Cuijvre. By Auguste Conduché. 20X 13 cm. pp.
w+254. Paris: Masson and Cie, 1922. Price: 14 francs.—This is the second volume in
the gecond series of the Encyclopédie Léauté. The first part of the book deals with: the
properties of copper; the copper alloys; the properties of the copper salts; the copper
minerals; and the output of copper. The second part deals with the treatment of the ores
and the chapters are entitled: roasting the ore; making the matte; pyritic fusion; making
matte in a reverberatory furnace; conversion of the matte into raw copper; metallurgy of
the complex ores; extraetion of copper by the wet way; refining copper in the furnace and
electrolytically.

The author suggests, p. 23, that the beneficial effect of copper in preventing atmos-
pheric corrosion of steel may be due to the formation of cuprous sulphide. Interesting also
ig the statement, aseribed to Guillet, p. 20, that the solid solutions of malleable metals like
silver and copper are also malieable. The data in regard to electrolytic refining of copper
are taken mostly from the Great Falls plant of the Ansconda Company.

Wilder D. Bancroft
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A Dictionary of Applied Physics. Edited by Sir Richard Glazebraok. Vol.ll. 283X 17
em; pp. vii+1104.  New York and London: The Macmillan Co., 1922. Price $15.00 per
rolume, This is practically a treatise on electricity arranged alphabetieally instead of sys-
tematically. Among the important headings are: alternating current instruments and
measurements; arc lamps; primary and secondary batteries; electrical capaeity; clectro-
lytic condensers; menufacture of carbons for ares; dielectries; direct current indicating
instruments; systems of electrical measurements; electrolysis and electrolytic conduction;
technical applications of electrolysis; electromagnet; electron theory; electrons and the
discharge tube; galvanometers; incandescence lamps; inductance; magnetic measure-
ments; modemn theories of magnetism; photoelectricity; piezo-clectricity; positive rays;
potentiometer; radio-frequency measurements; resistance; stray current electrolysis;
switch gear; telegraph; telephone; thermionics; transformers; units of eleetrical measure-~
ments; watt-hour meters; wireless telegraphy and telephony; X-rays.

“An ordinary earbon are burning in air will always hiss when the current density in
the positive carbon exceeds the critical value for that particular carbon. Hissing will begin
below this value with a short arc. It may also start if a sudden increase of current eauses the

arc streamn to expand beyond the rim of the crater, or if one of the carbons is moved sideways
or the arc is blown sideways.

T "“When hissing starts there is always o sudden fall in the arc voltage, and-this full- -

practically all occurs near the positive crater region. Mrs. Ayrton gives the results of a long
series of tests on hissing ares. Her conelusions are that the hissing and the fall of potential
are due to the oxygen of the air getting to the crater surface, because an arc will not hiss if
surrounded with nitrogen or carbon dioxide. The explanation suggested for the quick move-
ments is that air first combines with the carbon on part of the crater surface, then the prod-

ucts of combustion temporarily shield the surface but afterwards disperse, and a fresh supply
of air rushing in the action is repeated,” p. 48.

“The modern negative carbon for searchlights and cinema projectors is made small
in diameter and has also special means for keeping the current-path central. It is provided
with & high conductivity core of hard carbon and the core is heavily coated with copper.
This core is virtually the electrode proper—the use of the outer shell is chiefly to support the
core and to protect it from oxidation. The positive carbon is also made small in diameter,
the current density being increased until it is as near the hissing point as is practical,” p. 49.

“Arcs burning in vacuum or inert gases are of no use for illumination, mainly because
it is necessary to carry away from the arc all the material which is evaporated. If any of it
condenses on the carbon unsteadiness results. Even in air a short are will “mushroom’—
that is, carbon will build up on the negative, destroy its symmetrical shape, and cause un-
steadiness, besides blocking the light. However, in “enclosed” lampa and lamps fitted with
economisers advantage is taken of gases less active than pure air. In enclosed lamps the
oxygen becomes exhausted by combustion of the carbon, also the heat in the enclosure rare-
fies the gases. The inlet for fresh air and the size of the globe are adjusted until the burning
away of the earbon is just fast enough to keep the ends clean. The carbons become prac.
cally flat on the burning ends and the arc is continually moving about burning each part in
turn—the area of the carbon being much greater than the area of the are,

“When flame carbons are used in enclosed lamps it is necessary to deposit the fumes
on surfaces other than the enclosing globe. This is done in several ways, but all depend on
convection currents carrying the gases into additional chambers and over large cool surfaces
on which the fumes are deposited, the gases returning to the globe after they have been
clarified. It ia necessary to keep the globe hot to prevent condensation on its surface, and

therefore it is generally surrounded by another globe which keeps the cool outer air away
from the inner globe,” p. s51.

“The action of ozone (proeduced by high-tension static discharges) on rubber dielec-
trics exposed thereto at cable ends trimmed of their coverings to prevent sutface leakage,
furnishes a remarkable instance of an abstruse kind of detetioration, which often appears in

Y
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the form of splits or eracks. The writer has demonstrated that this only oceurs when the
rubber is under tension, as on the outer periphery of a bend, and not when the cable end is
straight and therefore free from tensile stress at any part of its suxface. In the former case
the defect may occur within a few minutes of the exposure of the rubber to the gos, whereas
practically no deterioration occurs—as judged by the effect of heat tests on the rubber—in

the latter after long exposure.

“A point of interest in this connection iz that vuleanised bitumen is quite immune
from this peculiar effect, but admixture of a very small percentage of rubber with it destroys
this immunity. The cause of this phenomenon has not been determined,” p. 100.

“Experience shows that solid laying in bitumen-filled troughs is not a preventive
against electrolytic action on the cable, in fact under some circumstances it may aggravate
it, because the virtual electrode area is very restricted, and therefore the current density is
likely to be high and the corrosion effects correspendingly severe. Again, for similar reasons,
metal-sheathed wiring in damp situations in buildings, particularly if run in wood easing, is
liable to be badly attacked unless special precautions are taken. These precautions consist
in metallically bonding all sheathings together, and earthing them at the source of supply.
Intermediate earth plates may be necessary in some cases where the electrolytic survey
indicates that current would enter or leave the sheath, so that it can do so by a metallic path.
" Care hus to he taken, however, o avoid inviting vagrant currents on to the cable sheaths.

“In principle, the whole matter smounts to short circuiting all the potential eleetro-
Iytic paths so that any current flowing from or to sheathings passes along metallic conduct-
ors instead of by electrolytic paths.

““This general principle, first enunciated by the writer many years ago, in opposition
to the principle then being largely supported of segregating the sheaths of adjacent lengths
of cable, together with the Board of Trade restrictions bearing on maximum earth return
voltages, has rendered electrolytic troubles on large networks in this country almost negli-
gible, so far as vagrant currents from external sources (such as electric tramways} are con-
cerned. It has also permitted the free use of metal-sheathed wiring in buildings, which for
many years was under an inexplicable cloud owing to troubles which were-—though usually
attributed to other causes—due to electrolytic action arising from leakage currents from the
wires and cables themselves. At the present time the strictest attention is paid to con-
tinuity bonding and earthing in metal-sheathed wiring systems; in fact the chief features
of most of the special systems now in vogue bear on the matter of efficient and permanent
bonding,” p. 100.

“When passages exist in a negative cable—even of & capillary order—water is foreed
along them for considerable distances and up to appreciable pressures by the endosmotic
effect. In rubber cables, for instance, blisters full of water are sometimes found to be pro-
duced, and on cutting a badly affected cable, water will sometimes spurt for a considerable
distance,” p. 101.

“Condensers of very large capacity can be constructed without difficulty of metal
plates immersed in suitable electrolyte. The metal used must belong to the class known as
‘valve metaly’, such ns aluminum, magnesium, or tantalum, which have the property, when
made the anode in certain electrolytes, of forming on their surface a thin, porous, adhesive
layer separated from the actual metal by o thinner layer of gas having an extremely high
resistance, which, even with & very small current, allows a high voltage to be maintained.
If the applied (direct current) voltage is raised above a certain maximum, which depends on
the nature of the electrolyte used, the gas layer breaks down and numerous discharges with
sparking occur. For example, for aluminum in solution of sodium sulphate the maximum is
40 volts, whereas in solution of ammonium phosphate it is 460 volts. With aluminum one
of the best electrolytes is o saturated solution of ammonium borate (NHOHBYO,. Two sets
of plates are immersed in this, care being taken to insulate the conductors as they pass out
of the liquid surface; by the application of (say) 100 volts (direct current) for several days
to the two sets in parallel against a platinum cathode, the plates are ‘formed.’ The two sets
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are then separated and form an electrolytic condenser which can be used with alternating
voltages as high as 9o volts, and with this voltage it shows a power factor of about 0.03,”
p. 123.

Arc carbons are usually made from a mixture of lamp-black and ground petroleum
coke or pitch coke held together by a suitable binder such as piteh or tar. The highest grade
carbons may contain up to eighty percent of lamp-black, while lower grade carbons may run
as low as twenty percent in {amp-black. The rods are made by pressing through a die.
Where cored carbons are required, the hole is formed by means of a suitable steel needle in
the die. Pressures of five tons to the square inch are used. The carbon rods are calcined
slowly up to a temperature of 1200°. The cored carbons then have to have the core canal
filled. “The cored carbons which are used in ordinary open type or enclosed type lamps,
for the so-called pure carbon arc, have the core canal filled with & mixture of carbon and
potassium silicate. The carbon is in the form of a very fine powder, which is mixed with a
solution of potassium silicate until it has the consistency of a fairly thick ercam. This mix-
ture is then injected into the core canal, which it completely fills, and the carbon is then
dried at a temperature sufficiently high to drive off all the moisture in the coring mixture.
The core is then in the form of a dry powder held together in its place by the dry silicate of
potash. The function of the silicate of potash is not only to act as a, binding material, but

-to lower-the resistance of the are and, as has been oxplained elsewhere, to centralise the are. .

at the end of the carbon. For flame ares, suitable chemieals are introduced in the form of
powder into the coring mixture; calcium fuoride is used when a yellow flame arc is required:

cerium fluoride for a white lame are: other compounds can be used for producing special
colours,” p. 145.

“The original flame carbon had the flame-producing material distributed throughout
the mass of the carbon, the ingredients being introduced into the original mixing before
pressing. Experience showed, however, that in open type flame lamps better results could
be obtained by concentrating the ingredients in the core. In recent vears, however, the
development of the enclosed type flame lamp, where the carbons burn in an enclosure from
which the air is largely excluded, have necessitated the manufacture of a flame earbon in
which the ingredients are introduced into the original mixture, and which is therefore homo-
geneous throughout its seetion. Carbens burning under these conditions naturally do not
taper to a point but burn with a practically flat end, and it is thevefore necessary for the
flame-producing material to be evenly distributed instead of concentrated in a central core.
Open type lamps have also been recently developed for which the most suitable type of
carbon is one consisting of an outer shell of pure carbon with an inner solid carhon containing
flame-producing material. To manufacture such carbons, the two parts are prepared sep-

arately and the inner rod inserted in the shell, either before or after baking, and suitably
cemented to it,” p. 146.

The sections on systems of electrical measurements and on electrical units are sur-
prisingly good. The reviewer was interested also in the section on photoclectricity. The
pages on positive rays were written by Aston and those on electron theory and spectrum

analysis by the elder Bragg. Jewett wrote the section on telephony and Richardson the one
on thermionics.

The editor has had the best of assistance and the volume is one to he proud of.

Wilder D. Baneroft

Absorption of Nitrous Gases. By H. W. Webb. £23X15 em; pp. viie 872. New

York and London: Longmans, Green and Co., 1993. Price: $§8.60. ‘In peace and war

alike the supply of fixed nitrogen is of vital importance to the exestence of the nation. In
almost all processes for the fixation of nitrogen the production of oxides of nitrogen is one of
the fundamental intermediate stages. It cannot be said at the present time, however, that
the problem of the technical utilization of nitrous gases (which are usually largely diluted
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with air) has met with a satisfactory solution. ‘The enormous number of patents relating to
the process which appear each year would scem to be sufficient evidence of the truth of this
statement. It is the common practice at the present time to absorb the nitrous gases in
water with the production of dilute nitric acid, which acid is cither concentrated or converted
into solid nitrates. In this country, where nitrous gases are produced (in the majority of
cases) only as by-products, the chemical principles underlying the process have not been
studied to a very great extent, and it is very often the case that the absorption process is
conducted on rule-of-thumb methods. While the loss of fixed nitrogen in such plants may
not be a very serious factor in the series of industrial operations with which it is connected,
the same view cannot possibly be held when the recovery of the nitrous gazes is one of the
main objeets of those industrial operations. Furthermore, it has long been evident that we,
in this country, must ultimately adopt some process for the fixation of nitrogen, in view of
the fact that we import nearly all our fertilizers,

“With these points in view, the author has endeavoured to discuss the ahsorption of
nitrous gases in water, both from a theoretieal and an industrial standpoint. The most im-
portant types of absorption processes, other than water ahsorption, which have been devel-
oped are also considered, and an attempt has been made to classify and compare thens, in
order to survey the present position, so far as this particular branch of the nitrogen-fixation
induatry is eoncerned.. It has also been thought necessary to review briefly- the-methods-
available for the commercial utilization of the dilute nitrie acid normally obtained from the
water-absorption process.”

The chapters are entitled: oxides and oxyacids of nitrogen; theoretical problems of
absorption; construction of absorption towers; filling material for absorption towers; gas
cireulation and measurement; the handling of nitric acid in the absorption system; pro-
duction of concentrated nitric acid; production of synthetic nitrates and nitrites; analytical
control.

In the introductory chapter is the statement, p. s, that the first oxidation product of
nitrogen at high temperatures is nitrous oxide and that this can be isolated in fair vield.
There is & good discussion of the action of nitric acid on metals, pp. 64-87, though the re-
viewer would have welcomed laying more emphasis on what we do not know.

“If alkaline liquids are used as absorbents of nitrous gases, large quantities of liquid
have to be evaporated. If, on the other hand, dry metallic oxides such as zine oxide or
aluminum oxides are used, these are so weakly hasie that their absorbing effect is very small.
In this connection Halvorsen proposes to use as the absorbent a mixture of caustic soda and
oxides of zinc, or iron, or aluminum, in the form of hriguettes. . . . This suggestion is
theoretically attractive for use with very dilute nitrous gases. So far as can be ascertained,
however, it has not yet been applied to large-scale practice, and it is probable, 8s is 8o often
the case, that the practical difficulties in the way of the process outlined have outweighed
any theoretical advantages. One of the chief troubles in all these processes in which solid
oxides and salts are used as absorbents is caused by the presence of moisture in the nitrous
gases being absorbed. Equilibria are set up, and the reaction is hence incomplete and the
process inefficient. It is very difficult to see that such modifications of the absorption process
are economical, since it would seem that any saving in the initial cost of tower construction
would be more than compensated by the operation costs of such concentration processes,
Furthermore, it appears to be cheaper to treat the products of absorption of dilute nitrous
gases to obtain the final concentrated product required, rather than carry out any concentra-
tion process on the nitrous gases themselves. The position would depend to some extent,
however, on the available market for the final product of absorption,” p. 121.

“The concentration of nitrous gases by liquefaction has been frequently suggested
for consideration in recent years as an adjunct to water-absorption systems for nitrous gases,
und particularly in plants where moderate concentrations of nitrogen are available, ie. in
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which liquefaction can be obtained quickly and completely by cooling alone without resort
to increased pressures,” p. 122. ‘“There are three important disadvantages to sych lique-
faction processes,

“1. Unless very low temperatures and very high pressures are used it will not be
possible to liquefy the whole of the nitrogen oxides from a dilute mixture with air, and oper-
atien, even at the temperature of liquid air, would appear to be uneconomical.

“In this connection some figures communicated to the author on gases from ammonia
oxidation, containing about 7 pereent of nitrogen tetroxide (a8 NO,) mixed with air, showed
that 6o percent of the tetroxide could be liquefied at -50°C at atmospheric pressures, and
90 percent ut -80°C. This indicates that quite low temperatures would be required to
secure efficient results from more dilute nitrous gases, as in the arc processes, for example .

“2. The second disadvantage of the liquefaction process lies in the fact that both
nitrogen oxides and nitric acid are present in the equilibriumn mixture. The complete trans-
formation of a given quantity of liquid tetroxide into nitric acid will hence require several
operations, in each of which there will be g certain logs of nitrogen oxides, both dissolved in
the nitrie acid and also a8 vapour.

“3. The third disadvantage is that the use of oxygen for oxidizing the nitrous acid
- formied is expensive, and, if air is used, & correspondingly - greater foss occurs of nitroges
oxides mechanically carried away by the inert gas.

“Against these disadvantages, combined with the cost of compression and the pro-
duction of low temperatures, must be offset the commercial value of concentrated nitrie acid,
containing 95 percent HNOy, to dye-works and explosives works, and rimilar industries,
where the mixed acids used require only & minimum percentage of water. For the general
production of fertilizers, nitrites, ete., the method is obviously uneconomical,” p. 126.

Under the theory of absorption, p. 144, the author says: “The difficulty of securing
good distribution in a square tower is greater than with a tower of circular section, owing to
the ‘collecting’ action of the cornersin the square tower, which tend to send the liquid down
in relatively large streams. The difficulty also increases with increasing diameter of the
tower,

“It has been suggested that a grenter efficiency of initial distribution eould be ob-
tained if the absorbent were caused to pass through & layer of fine sand, from which it would
be delivered on to the packing in a large number of droplets, homogencously distributed,
owing to the capillary action of the sand particles. It seems a frutiful field of investigation
to examine the possibility of utilizing capillary action for initial distribution instend of
depending on earefully adjusted constant-level apparatus.

“It is sometimes the practice also to fix intermediate distribution plates at different
levels in the tower. The object of this is apparently to colleet up the liquid after it has fallen
through a certain distance in the tower, and redistribute it, and also to give intermediate
support to the packing. The procedure is, however, erroneous, since it i desirable to main-
tain the liquid continually as a thin film over a large area, rather than to collect it up into
streams of relatively little surface. When such a device is considered necessary in a tower,
it is time to consider whether the filling material is efficient so far as distribution of gas and
liquid is concerned. It may be taken asa general principle that wherever a liquid absorbent
i delivered on to packing material in the form of & pencil of liquid, the danger of channelling
is always accentuated.

“There is little doubt that the best initial distribution of the absorbent is obtained
when the liquid is sprayed or pumped into the tower under pressure, and especially if an
atomizing jet is used. Whether such devices are economical in practice, however, is open to
doubt. Fine sprays, for example, are quickly put out of action by grit and slime. In the
cage of high towers (60-80 feet) a very heavy initial pressure is required to give 10-15 Ib/sq.
in. necessary at the top of the tower for efficient spraying, and it is difficult to obtain acid



NEW BOOKB 19X

maing which will withstand the pressure for any length of time, or even to obtain pumps or
blowing eggs for nitrie acid which will work satisfactorily under such conditions.

““The gravity feed, therefore, in spite of its relative ineficieney, is more reliable, and
it i relinbility which is a fivst esgential in the flooding of absorption towers, since a failure
in the supply means heavy losses of fixed nitrogen.”

““The possibility of speeding up the absorption eycle is the motive behind a great deal
of the recent research work earried out on absorption. It is obvious from what has been
said before that it is the regeneration and oxidation of nitric oxide in the eycele which constj-
‘tutes the main ‘time reaction,’ and although a number of patents suggest the removal of the
regenerated NO, and ita oxidation in special chambers, before admission to the tower system,
the modifieation does not increase the capacity of the system, .

*“The action of chlorine in the cycle has been specially mentioned, because it is almost
invariably a constituent of the nitrous gases passing to the adsorption towers, in the pot

process for nitric acid manufacture, owing to the presence of sodium chloride in the nitre
used,” p. 148.

It has been found that chlorine has a marked accelerating effect on the absorption,
presumably owing to the intermediate formation of nitrosyl chloride. *“While chlorine is
- not a-suitable substance for the ncceleration of the reaction in Inrge-seale practice, its action

suggested that the present enormous size required for absorption towers may yet be consid-
erably reduced by development of methods in which such a principle is applied, particularly
where very dilute nitrous gases have to be dealt with,” p. 152.

“The type of absorption tower which has up to the present been developed is based
on the assumption that the provision of oxidation and absorption space in the same tower is
equivalent to the alternate absorption and subsequent reoxidation of the regenerated nitrie
oxide as two separate stages. In fact, it is not, as will readily be seen by a consideration of
the reactions invelved. The absorption of N0, molecules in water gives rise to nitrous acid
and nitric acid. The former decomposes into nitric acid and nitric oxide, and the nitric
oxide must subsequently be re-oxidized. It makes a great difference, however, whether or
not that nitrie oxide is reoxidized in the presence of liquid absorbent. The veloeity of
oxidation ig at firat rapid, and then falls off as the concentration of NO decreases. There will
be formed almost inst antaneously, therefore, molecules which will react effectively towards
water as N4Os, the result being that nitrous acid is exclugively formed, and must subsequent-
ly decompose into nitric aeid and nitric oxide. If however the nitric oxide originally present
had been allowed to oxidize in the absence of liquid absorbent, it would, given sufficient
time, have been oxidized completely to N.O, molecules. This would then have given both
nitric and nitrous acids on dissolving in water, and an ingpection of the equations concerned
will show that the amount of nitric oxide regenerated in the one ease is twice that in the
other. In other words, the system of allowing the regenerated nitrie oxide to oxidize com-
pletely to nitrogen tetroixde doubles the capacity of the actual absorption tower. On the
other hand, the time required for the complete oxidation of nitrie oxide to the tetroxide is
considerable, especially when the gas is dilute. The total eapacity of the system would
therefore be deereased if complete oxidation to N4O. molecules were aimed at.

“It 18 quicker to allow the nitric oxide to form only N,Ojy and a little N;O,, and to
allow this oxidation to go on in the presence of the liquid absorbent. Although only one-
third (approx.) of the resulting nitvous acid is converted into nitric acid, the cyele of reac-
tions is so much quicker as to be advantageous over the alternative system, when the oxides
of nitrogen are very dilute. This is the underlying consideration in modern ahsorption
practice. As much oxidation as possible is allowed to £0 on in the towers, by using packing

with high free space, but the oxidation is allowed to take place in the presence of the liquid
absorbent,” p. 202.
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“It is & matter of common observation that the exit gases from an absorption aystem
rontain appreciable quantities of nitric acid vapour. This mist is formed to some extent
even when alkaline absorbents are used in the end towers of the system, and is somewhat
similar to sulphur trioxide in the difficulty of its condensation. Taylor Capps and Coolidge
used a form of Cottrell precipitator to remove the mist, sitnilar to that used in sulphuric
acid manufacture, and obtained nitric acid containing 13-25 percent HNO;. The formation
of this acid must take place quite readily when the gases contain more than a certain per-
centage of moisture. In large-scale work the pereentage of nitric acid in such acid mist has

been found to be as high as 40 percent HNO,, and the loss due o acid carried over in this_
way may be considerable,

“In many systems where the gases are drawn directly through a fan at the end of the
system, a small amount of such mist is centrifuged out, and the quantity of ‘fan drip’ acid so
obtained gives some idea of the total loss which may oceur in this way. In present-day
absorption practice, even when using a final alkaline absorbent, the efficiency obtained does
not exceed 97-97.5 percent as a maximum, calculated on the basis of total fixed nitrogen
recovered. The 2.5-3.0 percent loss obtained includes g handling loss of approximately 1
percent, the remainder being due to the escape of acid mist and nitrie oxide from the system.
Where no final alkaline absorbent is used, the efficiency of the absorption system lies be-

tween 92-95 percent if fairly concentrated nitrous gases are available, In this case the loss
due to acid mist lies between 2.5-3 percent of the total output of the towers.

“The Badische Anilin und Soda Fabrik propose to dissipate a nitric mist by means of
a high-tension electric discharge. Their apparatus seems (o be quite similar to the Cottrel!
and Lodge precipitators used in this country. A recent French patent gives details of an
electrieal precipitation apparatus whieh has been used in the nitrie acid industry. The
potential difference used varies from 20,000-40,000 volts. The clectrodes consist of alum-
inum plates, one of which is smooth and the other covered with asbestos fibre. It was

found that with an apparatus of this type nitrie acid up to 1.41 sp.gr. (65 percent HNO,)
could readily be condensed.

“It seems very probable that the appliea&ion of electrical precipitation on a much
wider scale to absorption practice is a very likely development in the near future,” p. 212.

“As is well known, Portland cement ig quite readily disintegrated by dilute or con-
centrated nitric acid, and, although it may be used for foundation work in many construc-
tions, it is a potential source of danger if it is likely to come in contact with nitric acid. The
behaviour of brickwork under such circumstances iz well known, the lifting effect being so
powerful as to destroy the security of any structure evected nbove jt. For this reason ordi-

nary cement and mortar should be used with great caution in the construction of plant for
the treatment of nitrie acid.

“The commonest type of hard-setting cement, which finds extensive application in
acid manufacture, is a mixture of sodium silicate with various finely powdered siliceous
materials. As long as it is resistant to acids, almost any type of siliccous material will do.
Quartz, sand, asbestos, brick, ete. in a finely ground condition are all efficacious. The
sodium silicate used in these cements should be of the non-vitreous type, As is well known
a considerable change in the properties of sodium silicate (soluble giass) occurs on heating
the solution to dryness. The product becomes relatively insoluble, and cements made from
it form weak, friable masses which are readily disintegrated. In this connection it should be
mentioned that R. M. Caven states that if a finely subdivided alkaline silicate is mixed with
25-38 percent of its weight of water, heated to a temperature between 20°100°C yntil the
mass becomes vitreous and miscible with water and is then cooled, a hard solid is obtained,

which can be ground to powder, and when stirred with water readily dissolves, only about
1.5 percent remaining insoluble,” p. 274.

Wilder D. Bancroft.



A DILUTION LAW FOR UNI.UNIVALENT SALTS
BY BOHDAN 82YS8ZKOWBKI!

The faet that the solutions of strong electrolytes do not obey Ostwald’s
dilution law, and consequently the law of mass action in respect of the equilib-
rium between the undissociated molecules and the ions, was apparent since the
beginning of Arrhenius’ theory of electrolytie dissociation. As, on the other
hand, the law of mass action follows directly from Planck’s characteristic
thermodynamical function ® (p,T,no, ny, ns. . .) by equating ite variation
at constant pressure (p) and temperature (T) to zero, under the assumption
that the intrinsic energy (U) and the volume (V) are linear functions of the
number of molecules ng, ny, ny. . . ., all hypotheses underlying the ealculation

[N R R

- of the intrinsic energy must be considered and analyred before a definitestep~

can be taken towards improving the theory.

The numbers of molecules of different kind, no, ny, ne. . ., where suffix
o applies to the solvent, suffix 1 to the undissociated molecule, and suffixes
2 and 3 to positive and negative ions, depend in the first place upon the degrees
of dissociation a which are not measured directly but calculated from con-
ductivity data or from the data of other methods, e.g., from the lowering of the
freezing point.

The calculation of « from the conductivity data, which are the most reli-
able and precise within a8 very wide range of concentrations, involves an
arbitrary hypothesis regarding the influence of viscosity (n) upon the mobility

of the ions, namely, it can be assumed that a=2A/N, or a=Ag/Xn, or more
M(n)

generally o = ot n) where \ denotes the equivalent conductivity and Xo the
equivalent conductivity at infinite dilution.

As there is no method allowing of the choice between the great variety of
possible forms of the function 1(n)/{(n) the values of the degree of dissociation
o remain completely undetermined, and, therefore, cannot be used as funda-
mental experimental data for the verification of different theories of electro-
lytie digsociation. This is the reason why, in spite of the greatest ingenuity
displayed in that direction, no satisfactory theory explaining the anomaly of
strong electrolytes has yet been forwarded. ,

The aim of the present paper is to show that by rejecting the classical
coneeption of partial dissociation of strong electrolytes into ions, and by ad-
mitting Ghosh’s hypothesis of complete dissociation of salts into ions inde-
pendently of the concentration of their solutions, a theory of electrolytic dis-
sociation compatible with experimental data ean be established. As the first
step towards the general solution of the problem, a thermodynamical theory
of dissociation of strong clectrolytes of uni-univalent type in aqueous solutions

! Professor of Physieal Chemiatry at the University of Krakow.
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has been worked out and verified by the author. The thermodynamical
method has been chosen here because it does not imply any assumption regard-
ing the mechanism of electrolytic dissociation.

Let ue suppose with Ghosht that strong electrolytes are completely disso-
ciated, and with Planck? that their behaviour is due to the fact that their in-
trinsic energy is not a linear function of the number of molecules, If we denote
by U, 8, C and ¢ the intrinsic energy, the entropy, the Gibbs’ congtant of
entroly and Planck’s characteristic function of the solution, further by u, and
S, the intrinsic energy and the entropy of 1 gram-molecule of the solvent, by
u and s the intrinsic energy and the entropy of one gram-molecule of the electro-
lyte, i.e. of the cation and anion jointly (u=u,+u,8==8,4+8,), and by no,
ni=n, the number of gram-molecules of the solvent and of both jons ; if we

take further for the definition of the concentration of ions Cr=C2= --=—31, and
[\
consequently calculate on this assumption the concentration of the molecules

- of the solvent ¢y=1r—2¢; then, in ease of complete dissociation, the-intrinsic -
energy of the solution would be U= nyu,+nyu, according to the classical con-
-ception that U is & linear function of the number of molecules, and Ghosh’s
hypothesis would consist in the addition of & non-linear term U =nquy+4n;
[u~Ge'3], in which expression G denotes the constant of Ghosh. Ghosh’s
term, — Ge'’3, takes aceount of the electrostatie field due to the ionic charges.
The negative sign points to the fact that the resulting force acting between
tons is attractive. As Ghosh’s constant G caleulated from conductivity data
does not keep constant, but first rises, passes through a maximum and then
. falls with dilution, it is obvious that his assumption regarding the second term
of the intrinsic energy, —Ge', is not corrcet. On the other hand, his
formula does not allow either of a physical interpretation, because although
the value of u~Ge'3, as ¢ tends to the limit zero, approaches u in accordance
with the classical theory, the fact however that dissociated ions do not recom-
bine cannot be explained by a formula in which only attractive forces acting
hetween ions are taken into consideration.

But if, instead of Ghosh's funetion, the following function for the intrinsic
energy be adopted
U=nety+m [u— B (c13)"+  (c1/2)™) (1)
A complete agreement between the theory of electrolytic dissociation and
experimental data is reached. '

In the last two terms of this formula expressing the energy of the electro-
static field account is taken of attractive[— 8 (¢!/3)"] and repulsive [+ v (¢V/ 3Hm
forces, and as m >n the repulsive forees fall more rapidly with the dilution
than the attractive, and at the limit, as the concentration approached zero,
first vanish the repulsive and then the attractive forces. With increasing con-
centration a point is reached when attractive and repulsive forces balance each
other, and consequently — B (¢V*)"4 4 (c**)™ =0, for still higher concen-

! Ghosh: Z. physik. Chem. 98, 211 (1921).
* Planck: “Vorlesungen uber Thermodynamik,” §273 (1921).
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trations the sum of both terms assumes a pogitive value, i.e, the repulsive
forces predominate and do not allow to dissociated ions to recombine into
neutral molecules.

By assuming with Planck® zero for the constant value of the pressure,
p=o, which is equivalent to the assumption that the measurements are
effected 7n vacuo instead of under atmospherie pressure, the differential equa-

Vv, ,
tion of the entropy, ds=9-‘it,1-f’~9-— can be brought to a simpler form
dswg—; (2)

and consequently the entropy of the ions at constant temperature will be

The entropy of the solution will assume then the form

8 =ngsy+ns+C (4)
where C stands for Gibbs’ constant

C = —R{ndoge,+ 2n;loge) (5)

If we introduce further the abbreviations ¢ for the terms which depend upon
the temperature and the pressure but are independent of the numbers of

u . e .
molecules ng, 0. . . (@ =S— 7 ), Planck’s characteristic function

u. | * .
$ (p,T,ng, 01 =S— T in virtue of equations (1), (3) and (4) assumes the form

bmnrtnlot S LEMIHC (@)

for the solution, and
¢! = nglgy! (1)

for the vapour or solid phase in cquilibrium with the solution. The vapour or
solid phase consists here obviously of the pure solvent.

The condition of equilibrium between the liquid and vapour, or liquid
and solid phase will follow from the variation of &4&* at constant tempera-
ture and pressure

(d3'+d®, 1) =0 (8)

As the variatione of the numbers of molecular species present are to each other

in the relation
o
dno:dn;:dn'o-—- — 1,0,
Mo

! Planck: “Vorlesungen uber Thermodynamik,” § 273 (1921).
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where m, and m', denote the molecular weights of the solvent in liquid and
vapour or solid phase, equation (8) assumes the form

W - ?. /o Y s iatinym =
i ¢o+nsz(c ) de(c Y 4+dC=0 (g)

or considering that ¢,=1—2¢, and
dC = — Rlogeydny, = 2Re

and

nt m
d(}"-"-‘ — =

n%dm iy

it follows

nf o+ my P 1 om
— 4 S ———— o el St =l
2¢ ; BT ¢ T RT® R (m,owo o)) =logK  (10)

The value of log K, at constant temperature and pressure, is constant, and
for the pure solvent, where ¢=o, is obviously equal to zero, On the other
hand, under the same conditions the freezing or boiling point of the solution
(T) is evidently equel to the freezing or boiling point of the pure solvent (Ty)

(log K)y wy, =0 (1)

Expanding the difference logK — (logK)T =17, with regard to temperature into
Taylor’s series and breaking with the first term,
dlogK

log K— (log K)p o, = 3T (T—To) (12)

vr s dlog K r .
and considering further that ( 9T )P = BT where r is the latent heat of

the transformation, we obtain from equations (10), (x1) and (12) the equation

_r cop( LB 2 my 3
RToQ(T To) = 2¢(1 : RTc 3 + 5 RTO ) (13)
which allows of the calculation of the lowering of the freezing point or of the

raising of the boiling point (T—T,) as a function of the number of molecules
present in the solution and of the constants 8 and 7.

2
T-Tomze(i— 2b o 4 B Y c”'”)&? (14)

6 RT 6 RT

Ag, on the other hand, the lowering or the raising of the transformation
point on the basis of the claseical theory is given by the expression

RTg
T—To=(14a)e —';?-- (13)

where « denotes the degree of dissociation, the comparizon of equations (14)
and (r3) yields the relation between the degree of dissociations of the old
theory and the constants 8 and ¥ of the new theory
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= _n B o3y DY qmfs
a=1 ; RT +3RT (16)
or
B _alima)  moygy” (x7)

RT (c*/ “")“ n RT

It is assumed further, in correspondence with experimental data, that
m = 2n, which gives to equation (17) a very convenient form for experimental
verification
ﬁ LS (I ) Y f3yn
RT @ TIRTC G8)
(¢!/%)® is taken here instead of ¢* in order to compare more conveniently the
author's constant (18) with Ghosh's constant

¢

Formula (18) was verified on Kohlrausch’s conductivity data from which
the degree of dissociation was calculated a3 a=A/h. On this assumption
eg. (16) takes the form

X=N(IHE%‘ I‘N'3+ 2: I;YT 030/3) (20)

It is obvious from eq. (20) that the equivalent conductivity N, and conse-
quently the mobility of ions increases with dilution, and for ¢ =o reaches its
limiting value Ap. On the other hand, in order to satisfy the condition that,
at concentration c=1, A must be smaller than Ao, (\)c=1<No, the following
inequality must occur between the constants

/B > [2v/ (21)

In the tables below, the constants B/RT (eq.18) and Ghosh's constants G
(eq. 19) are caleulated for salt solutions, at the temperature 18°, within a
range of concentrations from o.coor norm. to 1 norm. In the the headings of
columns ¢ denotes the concentration (Kohlrausch’s original non-recaleulated

data), o the degree of dissociation (o= -—%—) , G Ghosh’s constant (eq. 19),

s(1—a)

(et/)"

constant 8/RT. The value of ——

(c'/%)", G'=

the firet term of eq. (18), and in the last column the

R T is given as the numerical coefficient of

(¢'/%)" in the equation B/RT = G‘+2 (c’/ %) above the headings.
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TasLE |
Potasstum Iodide
N=131.1 B/RT =Gt40,6(c'/3)**
e a G (c*/3)¥ Gt B/RT

I I.0 0.7902 0.629 1.000 0.496 I.10

2 0.5 o0.8110 0.711 ©0.7464 0.59s 1.04

3 o.1 0.8604 0.847 0.3772 0.8:18 1.07

4 o0.05 0.8043 0.861 o0.2813 o.888 1.06

5§ ©.02 0.9237 0.843 0.1008 ©.044 1.06

6 o.o1 0.9414 0.816 0.1423 0.9%2 1.06

7 ©0.00% ©.9559 ©.774 0.1061 0.981 1.05

8 o0.002 0.9703 0.707 ©0.07202 ©.974 1.02

9 0.001 0.9781 o.657 0.05370 ©.904 1.00
to- ooooy - o.g837 0 0.616 [ 0.03743 " rlo26” [T Tog I
II  0.0002 0.0881 o.610 ©0.02717 1.0§1 1.0%
12  0.000I  ©.9002 0.634 0.02026  1.184 1.15§

B/RT=1.06+5(x35%)
Kohlrausch und von Steinwehr: Sitzungsber. Berl. Akad. 1902, 583.
Tasre II
Potassium Bromide
hN=132.3 B/RT=G'+0.6(c'/3)"*°
c a G (c'/3)r-3° G B/RT

I 0.5 0.7064 0.770 0.7406 0.033 .08
2 0.2 0.8343 o.8350 ©.49078 o.768 1.0%
3 o.1 0.8634 0.8¢6 0.3684 0.856 .} 1.08
4 0.05 o.89go04 0.803 0.270% 0.935 1.10
5 0.02 ©.9208 0.875 0.1835% 0.996 1.11
6 o.ol 0.0401 0.834 1.1359 1.019 I.10
%  ©0.008 0.9554 0.783 0.100% 1.023 1.08
8 o.002 0.9699 0.71%7 0.06760 1.037 1.07
0 0.00Y 0.9781 0.6357 0.0§012 1,009 1.04
10 ©0.000% 0.9833 0.631 0.03713 x.038 1.06
11 0.0002 o.0886 0.508 0.0249060  1.0%4 1.07
12 0.0001 0.9913 0.562 0.01847 1.08% 1.10

B/RT=1.08%2(*29%)
Kohlrausch und von Steinwehr: Sitzungsber. Berl. Akad. 1902, 585.
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Tasre I
Potassium Chloride
No=130.10 B/RT =Gt4o0.6(c' /)"
¢ a G (/3 B/RT

1 1.0 ©.7554 ©.734 ¥ .0000 ©.544 1.44

2 O0.§ 0.78%2 o.804 0.7328 0.646 1.00

3 0.2 0.8299 0.873 0.4846 0.780 1.0%

4 oO.1 0.86G12 o.897 0.3548 0.86¢ t.08

5 ©.0% 0.8808 0.8¢7 0.2507 0.943 1.10

6 o.02 0.9223 0.859 0.1681 1.028 1.14

7 ©.01 ©.9412 o.819 0.1250 1.038 I.11

8 o0.003 0.9563 0.4606 0.09215 1.054 1.11
g oneez — o.g709° - o.6gy T oTobror 1oy | rio

10  ©.00f 0.9790 6.630 0.04407 1.04% 1.07

11 ©.000§ 0.0847 0.577 ©.03273 1.030 1.06

12 ©.0002 0.9g02 ©.503 0.02165 1.006 1.02

13 ©.000I 0.9922 0.504 0.01585 1.093 1.ro0 °

B/RT=1.10%4(24%)

Kohlrausch und Maltby: Wiss. Abh. Reichsanstalt 3, 154 (1900); Landolt's
Tahellen, 1102z (1912).

TasLe IV
Caesium Chloride
N=133.6 B/RT =G'4o0.6{c'/3)'**
¢ a G (c!/3)1-32 G! B/RT
I 0.% 0.8500 0.970 0.3631 0.939 1.16
2  ©0.01 0.9371 0.8%6 0.1318 1.084 1.16
3 ©.00§ ¢.9503 0.767 0.09718 1.022 1.08
4 0.002 0.9690 0.738 0.06494 1.08g I.12
5 0.o001 ©.9779 0.663 0.04786 1.040 1.08
6 o0.0005 0.0833 0.637 0.03532 1.074 .10
7 ©0.0002 0.9881 o.610 0.02357 1.148 1.16
8 o©.0c001 ‘0.9904 0.621 0.01738 1.253 1.2

B/RT=1.1234(£4%)
Kohlrausch und von Steinwehr: Sitzungsher. Berl. Akad. 1902, 58s.
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TaBLE Y

Potassium Sulphocyanale

ho=121.3 B/RT =G'+o0.6(c' %)
¢ a G (¢'/3)1-38 Gt B/RT

I 1.0 0.7533 0.734 1.0000  ©.344 1.14

2 0.5 0.4801 0.797 0.7328 0.640 1.08

} o.1 0.8401 1.034 0.3548 I.00} 1.21

4 ©0.0% o .8886 ¢.007 0.2507 0.953 I.1F

§ ©0.02 ©.9200 0.884 0.1720 1.034 1.14

6 o.o1 0.9396 ¢.841 Q.1250 1.066 T.14

7  ©0.003 0.0548 0.793 0.009215 1.087 1.15

8 0.002 0.9701 0.712 o.06102 1.089 1.13

9 0.001 0.9783 0.651 0.04467 1.080 1.11

10 0.0003% 0.9842 0.597 0.03273 1.07% 1.10
“HE o 0.0002 0ug89s ) 0Is30 7 0.02168 rirzg T[T iS¢
12  ©.0001 0.g9I13 0.562 o.01885 r1.220 1.23

Kohlrausch und von Steinwehr: Sitzungsber. Berl. Akad. 1902, s85.

B/RT=1.14+6(+5%]

TasLe VI
Sodium Chloride
N =109.0 B/RT=G'+o0.6(c'/3)"4°
e a G (¢!/3yre G B/RT
t 1.0 0.6822 0.953 1.0000  ©0.681 1.28
2 0.§ 0.742% 0.073 0.7244 0.7062 1220
3 0.2 o.8048 1.001 0.4710Q 0.887 1.17
4 oO.1 0.8443 I.007 0.3414 0.9%7% .18
§ 0.0§ 0.8780 0.904 0.2471 1.058 1.21
6 o.02 0.9141 0.950 o.1611 1.143 1.24
7 0.0l 0.9353 0.9o1 0.1166 1.190 1.26
8 o.00% 0.9810 0.844 0.08437 1.222 1.27
g 0.002 0.068s 0.750 0.05503  I.227 I.26
10 0.00I 0.09772 0.684 0.03081 1.227 .28
It 0.000% 0.9833 0.631 0.02884 1.241 1.26
12  ©.0002 0.0803 0.339 c.01878 1.108 I.21
1} ©.0001 0.0Q17 0.537 0.01350 1.308 1.31
B/RT=1.24+6(x5%)
Kohlrauseh und Maltby:

1102 (1912}

Wiss. Abh. Reichsanstalt 3, 154 (1900); Landolt’s Tabellen,
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TasLE VII
Potassium Chlorate
N=119.7 B/RT =G'"40.6(c'/?)"¥®
e a & (9113)1.33 Gt B,!er‘
1 0.3 0.7124 1.086 o.7278 c.8s59 1.30
2 0.2 0.7818 1.110 0.4769 C.904 1.32
3 S.1 o .8287 ¥.105% ©.3467 1.074 1.32
4 0.05 o .8066 I.004 ©.2521 1.150 I.30
5 0.02 ©.QOgo 1.006 o.1612 v.229 1.32
6 0.01 0.9324 0.042 0.1202 1.223 1.29
7 0.00§ ©.95l0 0.860 0.08740 1.219 I.29
8 0.002° 0.9679 o.764 0.05§735 I.217 1.25
) 0.001 ©.9770 o.6g0 c.04160 1.1y9 1.22
10 o005 0.9831 | 0.639 | o.03034 1.211 [.23
1§ 0.0002 0.0888 0.575 0.01984 1.228 5.24
12 0.0001 0.9013 0.562 0.01445 r.308 1.32
B/RT=1.28+4(3.5%)
Kohlrausch und von Steinwehr: Sitzungsher. Berl. Akad. 1902, 58s.
TasLe VIII
Potassium Nitrate
N=1206.4 B/RT =Gl40.6(c' /)4
¢ o G (c'/3)'48 G? B/RT
1 .0 o.636% 1.0go I .0000 0.7%2 1.35
2 0.5 o.7060 I. XYY 0.7161 0.849 1.28
3 o.2 0.7811 Y.123 0.4503 0.980 1.26
4 O.1 0.8288 I.107 0.3286 1.078 1.2%
5 0.05 0.8692 1.06% 0.2381 r.182 1.20
6 o0.02 0.0114 ©.979 0.1500 1.214 1.32
7 o.01 0.9353 0.Qol o.1080 1.240 1.31
8 o0.003 0.9528 c.828 0.07725 1.2064 r.31
9 ©0.002 0.960p 0.717 0.04962 r1.25;% .20
10 0.00t 0.9779 ©.0663 0.03548 1.288 1.31
It ©.000% 0.9840 o.6og5 0.02847 1.302 1.32
12 ©.0002 0 .0H04 0.403 o.o1b29 1.230 1.24
13 ©.0001 ©.0026 ©.478 0.01164 1.31% 1.32

B/RT=1.30+4(%3%)
Kohlrausch und Maltby: Wiss. Abh. Reichsanatalt 3, 210 (1900).
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Tasre IX
Lithium Chloride
Ae=98.8¢ B/RT=G'40.6(c*/3)"#
¢ a G (e'/3)r4 G ! B/RT

[ 1.0 ©.6406 1.078 I.0000 0.749 .35

2 0.§ 0.7150 1.07% 0.72E1 0.83% .27

3 0.2 0.7879 1.088 0. 4668 0.9bo 1.24

4 0.1 0.8333 1.077 ©.3362 ¥.047 1.28

§$ 0.0% o.8708 1.0§1 ©.2450 1.114 1.26

6 o.02 0.9090 1.006 0.1569 1.284 ¥.35

¥ 0.0l 0.9317 0.9§J . 1131 1.273 1.34

8 0.00% 0.9497 0.882 o.08145 1.304 1.38

9 0.002 o.gb70 ¢.786 ©.05270 I1.320 .38

10 o.00r  ©0.9759 | ©.723 | o.o3802 . 1.330 }. .36 |
11 0.0005 0.9826 0.658 0.02742 1.310 r.33

12 0.0002 0.0893 0.549 0.01774 1.2%74 1.29

13 0.0001 0.9024 0.491 0.01278 1.256 1.26

B/RT =1.3245(+4%)
Kohlrausch und Maltby: Wiss. Abh. Reichsanstalt 3, 210 (1900).
Tasr X
Sodium Nilrale
ho=105.33 B/RT=Gt40.6(c'/3)"S
¢ a G (c*/3)t4 G! B/RT

I 1.0 0.6253 1.124 1.000 0.775 1.37

2 0.% 0.7031 1.122 0.7101 0.858 1.20

3 0.2 0.7812 1.123 ©.4593 ©.986 r.26

4 oO.1 o.8283 I.110 0.3286 1.081 r.28

5§ ©.05 o.868c 1.07% 0.2351 1.102 1.30

6 o.02 0.9084 1.016 ©.1500 1.260 1.35

7 ©.ol 0.09322 0.044 o.1080 1.200 .38

8 0.003 ©.9499 0.879 0.07725  1.342 1.39 F

9 ©0.002 0.9672 0.781 0.04962 1.368 I.40
10 0.001 0.0763 o.711 0.03548 1.382 I.40
II  0.0003§ ¢.0828 0.65%0 0.02541  1.401 1.42
12 ©.0002 0.9803 0.549 0.01630 1.350 1.37
13 ©.0001 0.9026 0.478 0.01166 1.313 1.32

B/RT=1.35%£7(£5%)

Kohlrausch und Maltby: Wiss. Abh. Reichsanstalt 3, 154 (1900); Landolt's Tabellen,
1102 (1912). -
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TanLg X1
Lithium Nitrate
As=05.18 B/RT=G'40.6(c'/3)"43
e a G (cz !3)1.43 Gt B /RT
I 1.0 0.6348 Y.083 1.0000 0.750 1.36
2 0.% 0.7144 1.079 0.7104 0.833 1.29
3 0.2 0.7881 1.084 0.4643 0.958 I.24
4 0.1 0.8320 1.086 0.3336 1.056 .26
5 0.08 0.8690 1.067 0.2308 1.147 I.29
6 0.02 0.9078 1.019 0. 1549 1.248 1.34
7. 0.01 0.0309 0.962 O.II14 1.302 1.37
8 0.005 ©.9488 0.808 o.0B002  1.343 ¥.39
9 o.co2 ©0.g661 0.806 ©.08190  1.375 1.41
T0 T 0.00T 6.9754 | 0.738 ] 6.e371s  1.300 1.41
11 0.0005 ©0.9824 0.665 0.02673 1.381 1.40
12 0.0002 0.980r1 0.5§0 0.01%725  1.32% 1.34
13 0.0001 0.0024 0.401 o.o1240 1.286 1.29
B/RT =1.34%7(£5%)
Kohirausch und Malthy: Wiss Abh. Reichsanstalt 3, 154 (1900).
Tasre XI1I
Silver Nrtrate
ho=115.8 B/RT =G!4o0.6(c*/?)"+
c a G (¢'/3)r4 Gt B/RT
L 1.0 o0.583% 1.249 1.0000 c.850 1.45
2 0.% 0.60692 1.250 0.7129 ¢.047 1.38
3 0.1 0.8145 1.199 0.3230 I.170 .36
4 0.0% 0.8592 1.147 0.2304 I.248 1.30
5 0.01 0.9309 0.962 0.1047 I.347 1.41
6 0.005 ©0.0500 o.867 0.07456  1.3%2 1.40
7 0.002 0.9683 0.755 0.04760 1.350 1.30
8 ©.00I  0.9763 0.71x 0.03388  1.446 1.46
9 0.0005 ©0.9833 0.631 0.02415 Y. .411 1.42
10 0.0002 ©.9893 0.549 0.01540 r.386 .40
11 0.0001 ©.9031! 0.446 o.01006 1.284 1.20

B/RT=r1.40%5(£3.5%)
Kohlrausch und von Steinwehr: Sitzungsber. Berl. Akad. 1902, 585.
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TasrLe X1
Thallivin Nitrate
No=127.75% B/RT =t 4-0.6(c'/¥)"+
¢ a Q ((‘.“’3)1'"’4 ! B/RT
! 0.1 0.7920 Y.343 0.3311 1.308 1.51
2 0.0§ 0.8448 1.204 0.2320 1.361 1.50
3 0.0t 0.9268 .1.020 o.1006 1.391 1.46
4 0.005 ©0.0477 0.918 0.07861 1.386 1.43
3 0.002 0.9663 0.802 o.o5065 1.386 ¥ .42
6 0.001I  0.9737 ©.729 0.03631 1.304 1.41
7 0.0005 0.9831 0.639 0.02600 1.357 1.37
8 0.0002 0.9879 0.621 o0.01677 1.303 1.81
9 0.0001 0.4013 0.562 0.01202 1.508 1.5%

B/RT=1.45+6(+4%)

Kohlrausch und von Steinwehr: Sitzungsber. Berl. Akad. 1902, 385; Landolt’s
Tabellen, 1102 (1912).

TasLe X1V
Potassium Todate
No=08.50 B/RT =G40 .8(c' /3"
c a G (cs !3) 1.43 Gt B/RT

I 0.2 0.734b 1.250 0.4643 1.100 1.48
2 o.1 0.8087 1.237 0.3336 1.201 1.47
3 0o.0s 0.8533 1.195 0.2397 1.283 1.47
4 o0.02 0.80997 1.109 0.1540 1.358 1.48
5§  0.0I 6.9262 1.028 0.1114 1.301 1.48
6 0.003 0.9458 0.051 0.08002 1.421 1.40
7  0.004 0.9510 0.926 0.07104 1.420 1.49
8 o.o02 0.9047 0.840 0.05171  1.432 1.47
g 0.00r 0.9750 0.780 0.03715 1.412 1.44
10 0.0003 0.9817 0.692 0.026073 1.436 1.46
IT 0.0002 0.988:s o0.610 6.01723 I.447 1.46
12 0.0001 ©.9910 o.582 o.01240 1.480 1.50

B/RT =1.47%3(%2%)
Kohlrausch: Sitzungsher. Berl. Akad. 1900, 1002
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TaBLE XV
Sodium Iodate
No=177 .42 B/RT =G'+1.0(c'?)"4*
e a G (ctls)t-asE Gt 8 /RT
I 0.2 0.7164 £.485 0.4521 1.272 1.92
2 0.1 0.7809 1.417 0.3210 r.38;3 t.70
3 ©0.05 0.8326 360 0.2281 1.488 1.72
4 ©0.02 0.88s57 1.264 0.1451 1.597 I.74
5 ©0.0I 0.9154 1.170 0.103F 1.603 1.77
6 0.00% 0.9380 1.087 0.07324 1.716 1.79
7 '0.004 0.0441 1.056 0.06561  1.723 I.%9
8 o©.002 0.9508 0.0957 0.04662  1.747 1.79
0 0.001 0.9712 0.864 0.033F1  1.703 1.80
10 0.000% . 0.9797...}. 0.707.. } 0.02355 . 1.747. } L.77
i1t  ©0.0002 0.0874 0.646 0.01497 1.700 1.72
12 0.0001 0.9906 0.607 o.01063 1.792 r.80
B/RT=1.75+5(&2.5%)
Kohlrausch: Sitzungsber. Berl. Akad. 1900, 1003.
TAaBLE X VI
Lithium Iodate
Ao=67.34 B/RT =G4 1.0(c"/3)"5?
¢ a G (¢'/3)"5? 3! B/RT
[ 1.0 0.4420 1.672 f .0000 1.100 2.10
2 0.5 0.5788 I.502 0.7047 1.180 .89
3 o0.2 0.6060 1.560 0.4424 1.356 1.80
4 0.1 0.7647 1.52% 0.3114 1.401 1.80
5 0.05 0.8206 1.461 0.2192 1.615 1.83
6 o0.02 0.8770 1.359 0.1377 1.762 1.90
7 o©.0t 0.9005 1.2071 o.09606 1.843 1.04
8 o0.003 0.0340 1.158 c.06825 1.909 .98
9 0.002 0.9572 1.019 0.04201 1.0068 2 .01
o 0.00I 0.9692 0.924 0.03020 2.0I3 2.04
I o.o000§ 0.9784 0.816 o0.02128 2.004 2.02
12 0.0002 0.9870 0.6067 0.01336 1.921 1.93
13  ©.0001 0.9908 0.50% 0.000404 1.032 1.94

B/RT =1 .94=12(+69%)

Kohlrausch: Sitzungsber. Berl. Akad. 1900, 1003.
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TaBLk XVII
Ammoniim Chloride
No=129.5 B/RT =Gt+o.6(c'/?)"3
¢ a Q (c!/3)1-37 Gt ﬁ/RT
I 1.0 0.7491 0.753 I .0000 ©.549 I.1§
2 0.§ 0.1829 0.82y ©.720% 0.0652 1.09
3 0.3 0.8044 0.876 ¢.5771 0.742 .09
4 0.2 o.8224 0.9I1 0.4795% o0.81¢ 1.08
5§ 0.1 0.8544 0.041 0.3403 0.913 1.12
6 o.os o.8896 0.8gg 0.2540 0.950 1.10
7  0.03 0.9097 0.878 0.2017 0.087 [.11
8 o.o2 0.9237 0.843 0.107% 0.097 1.10
9 o.01I 0.0428 0.797 0.1221 1.027 1.10
10 ©.003 0.9586 0.726 0.08896 1.019 o7
11 ©.002 0.977% 0.541 0.05855 ©.954 ©.90
12 0.001 0.9828 0.516 0.04266 ©0.883 0.0l
13  0.0005 0.9891 0.412 0.03112 0.707 0.79
14 ©0.0002 0.90471 0.272 0.02040 ©0.567 0.58
B/RT=r.10%4(£4%)
Kohlrausch: Landolt’s Tabellen, 1103 (1912).
XVIII
Polassium Acetale '
N=09.60 B/RT=G'4-0.6(c"/3)"5?
c a G (c'/3)"s2 G! B/RT

I 1.0 0.6365 1.obo 1.0000 0.608 1.30
2z 0.§ 0.7190 1.062 0.7047 0.788 1.21
3 0.3 0.7688 1.036 0.5444 ¢.840 1.17
4 o©.2 ©.7950 I.052 0.4424 0.9I§ 1.18
§ o.r 0.8412 I.02% 0.3114 1.007 1.19
6 o.05 0.8804 0.074 0.2102 1.077 1.21

7 ©0.03 ©.9026 0.040 0.1692 1.136 1.24
8 o0.02 0.9185 0.001 0.1377 r.168 1.2§
g o.01I 0.9436 0.786 0.00606 1.148 1.21
10 0.003 o.96o5 | o0.601 _0.06670 r1.171 | 1.21
11 ©0.002 ¢.9788 0.505§ 0.0429LI  0.975 1.00
12 0.001 o.9870 0.390 0.03020 0.8350 0.87
I3 ©0.0003 0.9028 0.272 0.02128 0.6353 0.66

B/RT=1.23+6(+5%)

Kohlrausch und Holborn: *“Leitvermégen der Elektrolyfe”, 159 (1898); Landolt’s
Tabellen, 1103 (1912).
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TasLe XIX
Hydrochloric Acid
No=379.35 B/RT=G'+o.4(c*)*5
¢ a G (czla)z.ss G B /RT
1t 1.0 0.7932 0.620 | 1.0000 ©0.400 o.80
2 0.§ 0.8580 ©.$37 0.6082 ©.303 0.67
3 ©O.2 0.9016 0.50% 0.4353 0.438 o.6b1
4% o.1 0.92064 0.47% 0.3043  ©0.468 0.59
5 ©0.0§ 0.9450 0.448 0.212¢ 0.501 .50
6 o0.03 ©.9§5%7 0.428 0.1634 ©0.525 0.59
7 0.02 0.9636 Q. 402 0.1324 0.532 0.50
8 o.o1 0.0736 0.368 0.09262 o©.§52 ©.59
0 ©.00% 0.9822 0.312 0.00474 ©.532 0.356
1o  ©0.002.  ©.9803. | .o.255. | o©.04033  o©.5¥6- }-- 053 -
LY 0.00I} 0.09902 0.257 0.03398 ©.550 .57
12 0.001 0.ggo8 0.2%76 0.02818 0.632 o .64
I3 ©.00075 ©0.0917 0.274 0.02429 0.661 0 .67
14 ©.0005 0.9938 0.240 0.01972 ©.608 o.62
B/RT=0.62+6(+10%)
*Kohlrausch und Holborn's “Leitvermogen der Elektrolyte" (1898).
¢3Goodwin and Haskell: Z. physik. Chem. §2, 630 (1905) (Abstract).
TaBLE XX
n +/RT  B/RT A0 Class
1 KI I.27 0.3 1.06 +35%
2 KBr 1.30 0.3 1.08 +29,
3 KCl 1.35 0.3 1.10 +4% 1,
4 CsCl I.32 0.3 1.12 +49;
5 KSCN 1.3§ 0.3  I1.14 + 59, o
6 NaCl 1.40 0.3 1.24 +5%
i KCl10, .38 0.3 1.28 +3.5%
8 KNO; 1.48 0.3 1.30 +3% 2
9 LiCl 1.42 0.3 1.32 +49%, '
10 NaNO, 1.45 0.3 1.38 +35%
I LING; 1.43 0.3 .34 + 5%,
12 AgNO; 1.47 0.3 .40 *3.39
13 TINO; 1.45 0.3 1.4% +4%, 3.
14 K10, .43 0.4 .47 +2%
1g NalOs 1.48 0.5 1.7% +2.5%, 4
16 LilO, Y.52 0.5 1.04 +6%, '
Xy NHCL 1.37 0.3 I.10 +4% 1.
18 KCH3CO, 1.52 0.3 I.23 +57, 2.
19 HC) 1.55 6.2 0.62 109
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The tabulation of results according to ascending values of 8/RT allows of
a classification of uni-univalent salts. Four classes can be distinguished with
the following characteristics:

Class B/RT B/RT n n/3 v/RT
I 1.0§—1.1§ 1.10 1.32 0.44 0.3
IX 1.20—1.3% 1.30 1.42 0.47 0.3
Il 1.40—1.50 1.48 1.48 1.48 ©.3—0.4
IV ' 1.70—2.00 1.83 1.50 0.50 0.5

‘This classification is very closely related with the ionic mobility. To the
first class belong salts whose cations and anions possess simultaneously the
highest mobility (on the average 66); to the second class those salts or one
both of whose ions do not belong to the quickest type comprised by class I, but
neither belongs to the slowest type (average mobility 33); this class is the

" most common and embraces the majority of salts; the fourth class contains

salts one or both of whose ione belong to the slowest type (average mobility
33) but neither to the quickest type. LilO; whose cation and anion both
possess the lowest mobility 33 is the most striking representative of this class
all its constants B/RT, v/RT and n reaching the highest value.

~/RT for the first two classes is constant and equal to 0.3. In the last
class the value of y/RT is 0.5. KIO; which is composed of a cation of the
highest and of an anion of the lowest mobility occupies a transitive position
between the fourth and the third class. The ipequality (21) /8> /2v/
obtains in all investigated cases,

The average clase value of the exponent n changes symbatically with the
class value of 8/RT, but within a class the oscillations of n are irregular.

The experimental error A%, oscillates between 2%, and 5%. Considering
the wide range of concentrations from o.00o1 norm. to 1 norm. and the fact
that the theory has been decided for dilute solutions, where different defi-

‘s . n ny m
nitionsof the concentrations,suchas¢=——,orc= ore = -—
Do no+n1+n,..., Liter,

are practically equivalent, the agreement between the theory and experimen-
tal data can be considered just as satisfactory as for the dilution law of
Ostwald.

Salts undergoing hydrolytic dissociation with liberation of hydrogen
(NH.C]) or hydroxyl ions (KCH;CO,) behave normally down to the concen-
tration o.003, as can be infered from Tables X VII and XVIII, and possess a
constant characteristic of their class; below this concentration and down to
o0.0002 norm. the constant falls rapidly, As the degree of hydrolysis increases
with dilution and is inversely proportional to the square root of the concentra~
tion—the rapid and continuous fall of the constant is due to the increasing
influence of the exchange of slow salt ions for very mobile hydrogen or hydro-
xyl ions,

D P T e L] " a
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Hydrochloric acid (Table XIX) behaves differently from salts. In the
first place its constant 8/RT can be calculated only to o.g norm!, and even in
thie shorter range the oscillations of its value reach 10%; in thesecond place,
the exponent n, which analogously with results obtained for salts should be
less than for KI is, on the contrary, greater than for LilOs, namely r.g5s.
Here, obviously, formula (18) which is characteristic of the behaviour of salts
cannot be applied with the same degree of accuracy. Thus, the behaviour of
strong acids is in some way different from that of salts.

Physical Interpretation

The exponent n/3 is very characteristic. In Ghosh’s theory its value is
1/3, and ¢'/”® measuree the reciprocal value of the distance between ions,
But this statical conception, as was demonstrated by Debye and Hiickel?, is
not correct. The treatment of the problem by the methods of statistical
mechanics leads to the square root of the concentration instead of the cubic

 root of Ghosh’s theory i.e. to the_value of the exponent 1/2 instead of 1/3. . .

The value of the exponent, o0.44—o0.51, calculated in the present paper
yields a strong experimental support to Debye’s theory?,

Debye has given a scientific foundation to Ghosh’s hypothesis but did not
develop it, therefore, the fact that Debye’s formula is applicable only to very
dilute solutions can be considered as a definite proof of the incompleteness of
Ghosh’s conception. Debye and Ghosh consider the ions as points or volumes
carrying uniform positive or negative electric charges, and do not take account
of the constitution of the ions which follows from Bohr’s theory and Kossel's
conceptions according to which the ions of the elements adjacent from both
sides to the group zero of the periodic system possess the same constitution as
the corresponding inert gases of this group. In this way they are constituted
of a nueleus carrying a positive charge, and, on the outside, of a very stable
kinematic system of eight negative electrons. The difference between positive
and negative ions would consist on this assumption in the fact that for positive
ions the positive charge of the nucleus is greater than the total negative charge
of all the electrons of the ion, while for negative ions it is smaller. At great.
distances i.c. at great dilutions the integral positive or negative charge of the
ions is characteristic of their behaviour, and cations and anions can be consid-
ered as positively or negatively charged spheres attracting each other, as is
assumed in Debye's theory. But with decreasing distance, i.e., with increasing
concentration the repulsion of negatively charged outer rings becomes more
and more prominently superposed to the attraction. In the last term of the
intrinsic energy of formula (1), +vy(c!/%)", account is taken of this repulsion
and, as in this way a very satisfactory agreement with experimental dats is
reached, it must be considered as an important experimental support of treat-
ing the ions of electrolytic dissociation as clectrostatic spheric doublets with’

' At 1.0 norm. the deviation of the constant from the average value attains 30%! -
! Debye und Hiekel: Physik. 7. 24, 185 (1932).

* The results of this paper were communieated to the Polish Chemical Congress in
Warsaw, April 4th, 1923, before Debye’s paper appeared (May 1923).
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positive charge in the centre and negative on the surface of the sphere, From
this point of view the stability of the exterior electronic ring of the ions is
answerable for the fact that oppositely charged ions cannot recombine just in
the same way and on the same ground, as for the fact that atoms of inert gases
do not combine into molecules with atoms of the same species or into chemical
compounds with atoms or molecules of other species, Therefore, this paper
must be considered as a strong experimental support of Kossel’s hypothesis.

The value of the constant 8/RT is characteristic of the electrostatic field
created by the ions. In the first class of salts the constant is the lowest and
consequently the electric field the weakest. This is in perfect agreement with
the fact that K, RC, Cs and Cl, Br, I ions possess the highest mobility, the
mobility of ions heing on Born’s theory! the greater the smaller is the electric
field created by the ion. On the other hand the ions of class IV, e.g., Li
possess the highest value of 8/RT and the lowest mobility 33, at the same time
their electrostatic field reaches the highest value.

~_ The_univalent ions of groups I B and IIT B of the periodie systema s Ag -

and T1 behave somewhat differently; inspite of their high mobility 55 and 66
their constant 8/RT is greater than for the K and Na ions (8/RT=1.43).
This points to the difference in the stability of the exterior electronie system in
groups zero and eight of the periodic system.

The exceptional constitution of the hydrogen ion which consists of a
single positive elementary electric charge is answerable for the fact that acids
_even the strongest as the hydrochloric acid, are partially dissociated while the
electrolytic dissociation of salts is complete. There is no exterior ring of elec-
tronz in the hydrogen ion preventing its recombination with anions into a
neutral molecule. This ig the reason why hydrochloric acid dees not obey the
same dilution law as the salts (formula (8) and why the majority of organic
anions recombines so greatly with the hydrogen ion as to form very weakly
dissociated acids. ‘

The same tendency of the hydrogen ion to recombine with corresponding-
ly eonstituted anions is answerable for the hydrolysis of salts of weak acids.
Analogous constitutional reasong, although they are not so obvious, must
apply also to the hydrolytic activity of hydroxyl ions.

The physical meaning of formula (20) is obvious. It can be written in the

form
U=U,(1— -3- -l-fg—f 34 ? '1':;1,1“; ¢*"/3) (22)

where U denotes the mobility of the ion.

- According to Born? the energy of a uniform electrostatic field in which
ions move will be used up not only towards the contributions of veloeity to
ions, but also towards the reconstruction of the eleetrie field whose uniformity
is constantly disturbed by the irregular superposition of electrostatic fields

due to ionic charges, and towards the setting of the axes of the electrostatie

' Born: Z. Elektrochem. 26, 401 (1920)
¥ Born: Z. Elektrochem. 26, 401 (1920).

- v k. €T Setw MIF
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doublets of the molecules of the solvent which are continually deviated from
the direction of the exterior electrostatic field by collisions with other molecules
The work used up for this purpose will be the greater the greater are the elee-
trostatic moments of the molecules of the solvent, but these according to the
theory of 8ir J. J, Thomson' will be increased under the influence of ionie
charges which induce upon the molecules of the solvent an additive eleciro-
static moment. The stronger will be the ionic field, i.e., the greater the con~
centration, the greater will be also the induced moment, and consequently
the greater the energy of the exterior eleetrostatic field required for the setting
of the axes of the doublete. Therefore, the motion of ions in the electric field
will be continuously hampered with increasing concentration and the ionic
mobility will decrease.

According to this theory the decrease of the equivalent conductivity with
concentration is exclusively due to the decrease of the ionic mobility, and thus,

Wi - M
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the theory of electrolytic dissociation of salts is brought to great simplicity =~

“and clearness, and these remains no ambiguity created in the old theory by the
necessity of defining and interpreting the degree of dissociation,

Formula (18) ie yet capable of further improvement. If we admit with
Debye the square root of concentration as a fundamental relation, we can,
instead of postulating m = 2n, keep n constant and equal to 1/2, n=1/2, and
consider m as variable,

B/RT= 2002 4am T

an—1I

RV z2m f{_'f‘ ¢ ? (23)
This would follow from the assumption of the function
U =NoUp+ Nyfu—Be'/* +cy™} (24)

instead of function (1) for the intrinsic energy m would be here slightly differ-
ent, from 1, and its value would be characteristic of the repulsive forces acting
between the exterior rings of ions, and consequently of the constitution of the
ions.

As the calculations of constants presented in this paper was effected before
the appearance of Debye’s article I could not make use of his square root rela-
tion and therefore could not establish if formula (23) would show as good or a
better agreement with experimental data as formula (18). At any rate, before
a theory of the phenomenon based on statistical mechanics will be worked out
the difference between both formulae must be coansidered as purely formal.
Nevertheless the consideration of formulae (23) and (24) makes it intelligible
why the exponents n calculated on the ground of formula (18) are not constant
and equal to 1/2 but vary from 0.44—o0.51. Still another reason for the
variation of the exponent m can be looked for in the fact that, according to
Debye’s theory, the constant § is a function of the dielectric constant of the
solvent, which increases its value in a yet unknown way with progressing ionic
concentration. Such a stipulation is a consequence of electrostatic moments
induced upon the electrostatic doublets of the molecules of the solvent by the
ionic charges of a strong electrolyte.

t J. J. Thomson: Phil. Mag. 27, 757 (1914).
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A STUDY OF THE ELECTROLYTIC DISSOCIATION OF SOME
SALTS IN FURFURAL

BY FREDERICK H. GETMAN

According to the familiar Nernst-Thomson! hypothesis, the dissociating
power of a solvent is largely determined by the magnitude of its dielectric con-
stant. In general, those solvents which possess high dielectric constants eause
greater dissociation of a given solute at a given concentration than solvents
whose dielectric constants are low. Furfural, C;H,0,, has long been known to
possess a relatively high dielectric constant, its mean value at 2 g° being 38,
If the more common solvents are arranged in the order of their dielectric con-
stants, furfural is found to stand above such well-known dissociating agents as

- methyl aleohol, ethyl alechol, acetonitrile and acetone. Notwithstanding this - -

fact, & search of the literature has failed to reveal sufficient experimental data
to warrant any conclusion being drawn as to whether furfural solutions do
or do not conform to the Nernst-Thomson generalization.

A few measurements of the conductance of solutions of ferric chloride in
furfural were made by Lincoln? in the course of a comprehensive study of the
conduetance of non-aqueous solutions, while Walden?® has measured the con-
ductance of solutions of his so-called “normal” electrolyte, tetraethylammon-
ium iodide, in furfural at o® and 25°. Aside from thege two series of measure-

ments, there appears to have been little or no attention given to the dissociat-
ing power of this solvent.

With a view to contributing something toward this hiatus in the literature
of non-aqueous solutions the present investigation was undertaken.

Preparation of Materials. The furfural used in this investigation was
obtained from the manufacturer admixed with a relatively small quantity of
water. Its purification was effected by a method essentially the same as that
deseribed by Mains', A soo ce. portion was first distilled with the addition of
1 gram of sodium carbonate to neutralize any pyromucic acid which might
have been formed as a result of oxidation of the aldehyde. The portion boiling
between 159° and 161° was collected and redistilled: the second distillate,
consisting of the portion coming over between 160° and 162° generally
possessed some color. After adding granular caleium chloride, the distillate
was stored in tightly stoppered flasks in a dark room until required for use, In
the final distillation only that portion boiling between 161° and 162° was col-
lected. The mean boiling point, corrected to 760 mm. was 161.7°. The re-
fractive index of the purified solvent was determined and found to be n, =

' Nernst: Z. phys. Chem., 13, $31 (1894); Thomson: Phil. Mag., (5) 36, 320 (1893).
? Lincoln :J. Phys. Chem., 3, 464 (1899).

? Wladen: Z. phys. Chem., 54, 150 (1903).

 Maina: Chem. Met. Eng. 26, 779 (1922).
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1.§2717 at 20°, & value in close agreement with that found by Brihl.! Because
of the rapidity with which the substance polymerizes, a {resh portion was dis-
tilled in the preparation of each solution, care being taken to protect the
receiver from the light. Notwithstanding the precautions taken in its prep-
aration, the specific conductance of the different portions of furfural was
found to vary from 1.38X10™ to 4.77 X 107 reciprocal ohms, The mean
values of the specific conductance of the furfural used by Lincoln and Walden,?
respectively, were as follows: 25,6107 and 1.45X 1078 reciprocal ohms,

The solutes studied in this investigation were the iodides of lithium,
ammonium, sodium, potassium and rubidium. The salts were obtained in
chemieally pure condition and were carefully recrystallized and dried accord-
ing to the usual prescribed methods. After purification, the salts were preser-
ved in desiccators over sulphuric acid until required for use, when portions
were removed and dried to constant weight before dissolving in the solvent and
diluting to & definite volume.

. Apparatus. . The conduetance of the solutions was measured ip the usual

manner by means of the Kohirausch method. A drum-wound slide-wire
bridge with extension coils was used in measuring the conductance of the solu-
tions, an air condenser being employed to balance the effect capacity in the
circuit. . The resistance boxes were used ip series; one & three-dial box
ranging in capacity from 1 to 999 ohme and having an accuracy of o.1 per
cent, and the other a two-dial box consisting of Curtis-wound coils ranging in
capacity from 1000 to 110000 ohms and having an accuracy of o.04 per cent.
An audio-oscillator giving a frequency of 1000 cycles was used as the source of
current together while a specially tuned set of telephone receivers served to
determine the position of the tone minimum on the bridge. The conduectance
cells were of the Arrhenius type with tight-fitting stoppers and sealed-in
electrodes. Owing to the ease with which furfural undergoes oxidation, the
clectrodes were not only not platinized but also were rendered as smootb as
possible by polishing with fine emery cloth. The cell constants were deter-
mined by means of a o.o1 N potassium chloride solution the specific
conductance of which was taken to be o.001412 reciprocal ohms at 25°. This
solution was prepared according to the directions laid down by Kraus and
“Parker®. The values of the cell constants were frequently checked throughout
the entire investigation. ‘

All measurements were made at 25°, an electrically controlled thermostat
serving to maintain this temperature constant to within o.01°.

All volumetric apparatus was carefully calibrated for use at prevailing
room temperature.

Method and Experimental Results. 'The mother solutions were prepared
by direct weighing, and never more than a single dilution was made from the
same mother solution. This procedure was followed in order to minimize

! Brithl: Ann. 235, 1 (1886).
? Loe. cit.
3 Kraus and Parker: J. Am. Chem. Soc., 44, 2422 (1922).



214 FREDERICK H. GETMAN

errors due to polymerization or oxidation of the solvent. In viewof the possi-
bility of the solvent undergoing gradual alteration, the conductance of one or
more of the solutions was redetermined after an interval of several hours, but
in no case was any appreciable change detected. In fact, judging by the grad-
ual change in the color of the pure solvent, on the one hand, and that
of the iodide solutions on the other, one is inclined to suspect that the presence
of the dissolved substance exerts a stabilizing influence on the solvent, No
difficulty was experienced in checking any of the conductance measurements,
notwithstanding the comparatively unstable character of the solvent.

The smoothed values of the conductances of the different solutions at even
concentrations, as derived from the mean experimental data, are given in the
subjoined tables. In these tables C denotes the concentration of the solute in
mols per liter of solution, v the corresponding volume, A the equivalent con-
ductance, A, the limiting conductance, and a the conductance ratio, A/Ao.

For comparison, Walden’s data for tetraethylammonium iodide! are also
 tabulated.. -

TaBLE ]
Conductance of Lithium Iodide in Furfural
C v A “""’A/Ao
0.1 10 22.9% 0.651
0.0§ 20 20.25 0.74%
0.02 50 29.65 0.841
0.0l 100 31.40 0.801
0.205% 200 32.68 0.927
0.002 500 33.67 0.95§
0.001 1000 34.10 0.968
0.0005% 2000 34.40 o0.g76
0.0 % (35.24) I.0C”
TaABLE 11
Conductance of Sodium Iodide in Furfural
¢ v A a=A/Ao
0.00 16.69 31.1§ 0.763
0.03 20 31.08 0.786
0.02 50 35.62 0.876
0.01 100 37.92 0.927
©.003% 200 39.15 0.962
0.002 500 39.03 0.981
6.001 1000 40.29 0.990
0.0005 2000 40.46 0.904
0.0 e (40.70) 1.000

1 Walden: Z. phys. Chem. 54, 150 (1905).
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Tasre 111
Conductance of Potassium lodide in Furfural
C v A a"’A/Ao
0.1 X0 30.50 0.708
0.0% 20 33 .81 0.784
0.02 50 37 .60 0.872
0.01 100 30.90 0.028
0.00§ 200 41.43 0.961
0.002 500 42 .20 0.979
0.001 1000 42 .40 0.984
0.000%§ 2000 42 .50 0.986
0.0 ® (43 .10) 1.000
TapLe IV
Conductance of Rubidium Iodide in Furfural
C v A
s X e R 14.20 7 33.33°° 7 770,740
0.06 16.69 34.10 0.758
0.0§ 20 34.9% 0.776
0.02 50 39.00 0.867
0.01 100 41.10 0.913
0.00§ 200 42 .40 0.042
0.002 500 43 .50 0.967
0.001 1000 44 .00 0.978
©.0005 2000 44 .30 0.985
0.0 oo (45.00) I.000
TanrLe V
Conductance of Ammonium Iodide in Furfural
C v A “=A/Ao
0.0% 14.290 26.47 0.573
0.06 16.67 27.74 0.602
0.0§ 20 29 .22 0.632
0.02 50 35.43 0.769
0.01 100 38.70 0.840
0.003 200 40 .85 - 0.886
©.002 500 42 .67 ©.923
.00l 1000 43 .65 C.04;
0.0005 2000 44 .30 0.00¢
0.0 - (46.10) 1.C00
TasLe VI
Conductance of Tetraethylammonium Xodide in Furfural
C v A a=A/A.
©.00§ 200 41 .40 0.856
0.003 333.3 43 -25 0.892
0.002 500 44 .13 0.014
0.001 1000 45 .47 0.040
©.0003 2000 406.22 0.95%
0.0 o (48. 40) 1.000
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The difficulty of securing satisfactory readings at concentrations below
o.0005 N, together with the increase in the magnitude of the errors introduced
in corrections for the specific conductance of the solvent,rendered inexpedient
any attempts to secure accurate measurements at greater dilutions. The value
of the limiting conductance was determined by means of the extrapolation
formula recently proposed by Walden!, He has furnished a large number of
examples of non-aqueous solutions for which the limiting conductance can be
satisfactorily caleulated by means of the formula—

Ao = As(ve)™ ¥ — Ay(vy) o
ST TS W )

in which A; and A; are the equivalent conductances ab the dilutions v, and vs,
rvespectively, The values of A, for the solutions of the iodides in furfural, cal-
culated by the above formula, were found to be in almost perfect agreement
with the values of A, determined by the graphic method proposed by Noyes

and Falk® in which the reciprocal of the equivalent conductance, A, is plotted .

against (CA)™, m being assigned such a value as shall cause the experimental
data to fall on a straight line.

The data of the foregoing tables are also presented in graphie form in Fig.
1 in which the values of the equivalent conductance are plotted against the
cube roots of the corresponding concentrations.
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I. Lithium icdide.
1. Ammonium jodide.
Y. Sodium iodide.
1V. Potassium iodide.
V. Rubidium iodide.
ViI. Tetraethylammonium iodide

! Walden: Z. anorg. Chem. 118, 57 (1921).
? Noyes and Falk: J. Am. Chem. Soc. 34, 454 (1912).
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Discussion of Results, 1t will be observed that the eurves shown in Fig,
1 tend to arrange themseclves in two distinet groups according to the rate at
which the conductance changes with the concentration. The first group com-
prises the iodides of lithium, sodium, potassium and rubidium, while the second
includes the iodides of the ammonium radical. This difference in the slope of
the conduetance curves of the alkaline iodides, on the one hand, and of the
ammonium iodides, on the other, is noteworthy. In aqueous and aleoholic
. solutions, the form of the conductance curves of ammonium salts, in general,
hears a close resemblance to that of the salts of the alkali metals. If tetra-
ethylammonium iodide, Walden’s typical binary electrolyte, behavesin furfural
in a perfectly normal manner, then it follows that the iodides of the alkali
metals are abnormal in their behavior in this solvent. On the other hand, the
difference in the form of the two groups of conductance curves may be

attributed to the tendency of aldehydes to form complexes with the ammo-
nium radical,
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. It is also of interest to point out that none of the six salts under considera-

tion conform to an interesting relation recently discovered by Walden!, in.
volving the dielectric constant and the viscosity of the solvent. Walden has
shown that for & large number of dilute solutions, the product of the viscosity,
n, and the dieleetric constant, D, of the solvent, multiplied by the dilution,
(v)*4, and the corresponding value of Ao—A,=d, is equal o a constant,
§1.4; i.e.,
| K=yD(v)*%d,=51.4. (2)

The values of K for dilute solutions of the salts included in this investigation
are given in Table VII,

TaBLe VII
Values of K =D(v)*%d, for Furfural Solutions
. *°=0.0149, Des- =38,
Dilution Lil Nal KI Rbi NHJI (C.H;) NI
500 14.57 7.14  8.35  31.92 31.84 38.70
1000 14.4% §.20 8.84 12.68 31.06 37.15
2000 14.53 4.16 8.66 12.13 31.18  37.76

(14.52) (5.50) (8.63) (12.01) (31.36) (37.87)

Although the values of X for the individual salts are approximately constant
they differ widely from each other and from the mean value 51.4, found by
Walden for several binary electrolytes in sixteen different solvents. It would
be of interest to know why furfural solutions fail to conform to this relationship.

The fact that the values of the conductance of the iodides of lithium,
sodium, potassium and rubidium in furfural stand in the inverse order of the
molecular weights of the solutes may be regarded as an indication of ionie
solvation. The degree of ionic solvation may be calculated, according to
Walden?, from a knowledge of the limiting conductance, A., of the solute, its

' Walden: Z. anorg. Chem. 115, 73 (1921).
* Walden: 2. Elekirochem. 26, 65 (1920).
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molecular weight, M, the viscosity of the solvent, 5, and the molecular
weight, M, of the latter. Walden showed that the value of the constant in
the equatiop

Aoo=K’, (3)

it dependent upon the melecular weight of the solute; and that for solutions of
different solutes in various solvents, the product of the limiting value of the
conductance, the viscosity of the solvent and the square root of the molecular
weight of the solute remains constant at 25°; i.e.,

Aolov/M = 11.75 (4)

When the ions of the solute are solvated, its molecular weight will obviously
be increased. Under these conditions, if the solute is not polymerized, the
value of the constant in equation (4) will be less than rr.15, and the weight of
solvent associated with the ions will be given by the equation

r 11.1§
M
Ams) o 9

Hence, the number of mols ot' solvent associated with the ions will be W/M,.
Walden states that the iodide ion is not solvated in ethy! alcohol, methyl
aleohol, acetone or nitrobenzene; therefore, it may be assumed that its tend-
ency to undergo solvation in furfural is negligible. On this assumption the
degree of solvation of the cations of the six salts included in this investigation
has been calculated as shown in the following table.

TasLe VIII
Degree of Solvation of Cations in Furfural

Solute Lil Nal KI RbI NHJI (C:Hg) NI
W/M, 3.30 3.52 1.44 ©0.67 1.24 o

On the assumption that the chloride ion is not hydrated, the caleulated values
of the degree of hydration of some of the above ions in water is as follows:—
Ii, 4.7, Na 2.0, 8nd K 1.3 These ﬁgures,itwﬂlbeseen,areofthesame
order of magnitude as t.hose calculated for the same ions in furfural as a sol-
vent.

The variation of the conductance of the iodide solutions in furfural with
concentration is found to be accurately expressed by the equation derived by
Storch?, who showed that the functional relation between conductance and
concentration can be expressed by means of the equation

Ao—A=KAC™ (6)

The exponent = is varied as required by the experimental data. In the case of
aqueous solutions, this equation has been found to apply over a comparatively
wide range of concentrations, The Storch equation has the advantage that it

! Washburn and Millard: J. Am. Chem. Soe., 37, 604 (1915).
* Storch: Z. phys. Chem., 19, 13 (1895).
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expresses the concentrations of both the dissociated and undissociated portions

of the solute as & function of each other. This becomes apparent when equa-
tion (6) is written in the form

C{Ao—A) =K(AC)", (7
which is obviously equivalent to
C(x—a) =Constant X (Cqa)", (8)

where ¢ is the conductance ratio, A/A,. On plotting the values of 1/A
against those of (CA)™, where m=n—1, and assigning successive numerical
values to the exponent until the pointa fall as nearly as possible on & straight
line, the three arbitrary constants, n, K and A, can be evaluated, The sub-

joined table gives the values of n thus obtained for the six different salte in
furfural solution.

Tasig IX
Values of # in the Function C(A,— A) =K(CA)” at 2 5°.

 Solute LI Nal KI RbI NHI (CH)NI

n 1.7% 1.80 1.8 .98 1.9o 1.40

The mean value of n for aqueous solutions of these same salte is approximately
1.50. As has already been mentioned, the values of A, as determined by the
graphic method deseribed above are in remarkably close agreement with
those obtained by means of Walden'’s extrapolation formula.

In conclusion attention should be directed to the fact that the values of
the conductance ratio, A/A., in Tables I-VY, are relatively high. If this ratio
affords a true measure of the degree of electrolytic dissociation of these salts
when dissolved in furfural, it follows that the latter is to be ranked among the

best known dissociating agents, and offers additionsal confirmation of the
validity of the Nernst ~Thomson relation.

Summary. (1) The conductance of solutions of six different binary
electrolytes (Lil, Nal, KI, RbI, NHI and (CsHg)NI) in furfural has been
studied. The value of the limiting conductance, Ao, has been determined by
extrapolation and the values of the conductance ratio, A/ Ao at concentrations
ranging from o.x N to o.cco5 N have been calculated. These ratios are found
to be relatively high, from which it follows that furfural is to be regarded as a
solvent possessing high dissociating power, provided that the conductance
ratio affords a true measure of the degree of electrolytic dissociation.

(2) When the conductances are plotted against the cube roots of the
concentrations, it is found that the values of the eonductance of solutions of
ammonium iodide and tetracthylammonium iodide increase more rapidly with
dilution than do the corresponding values of the conductance of solutions of
the iodides of lithium, sodium, potassium and rubidium. This difference
between the behavior of the ammonium salts on the one hand, and that of the
alkali iodides on the other, may be due to the tendency of the ammonium rad-
ical to react with the aldehydic solvent, or it may be aseribed to some abnor-
mality in the dissociation of the alkali iodides in furfural,
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(3) None of the furfural solutions studied in this investigation conform
to the relation deduced by Walden involving the viscosity and the dielectric
constant of the solvent, viz,,

K=1D(v)*%dy=31.4

(4) The degree of solvation of the cations of the different salts has been
calculated and found to be approximately of the same order of magritude as in
aqueous solutions,

(s) The Storch equation has been shown to express the functional rela-
tion between conductance and concentration of the solutions of the different
salts with considerable accuracy, the value of the exponent, n, in the equation

C(A—A0)=K(CA")
being greater than in the case of the corresponding aqueous solutions.
Hillside Labaralory

Stlamford, Comn,
June 80, 1693.



THE INFLUENCE OF CERTAIN CHEMICALS ON THE RATE OF
REPRODUCTION OF YEAST IN WORT
BY NORMAN A. CLARK

In a paper! “The Rate of Formation and Yield of Yeast in Wort” I have
shewn that if wort be seeded with “normal” actively-budding yeast cells and
the culture be properly shaken and aerated, at 25°C the rate of reproduction
follows the “logarithmic law”? log C/C,=k.t from the moment of seeding
until the cgpp reaches 100 million cells per cubic centimeter when the alcohol
formed during fermentation begins to have an effect; diluting the wort with a
solution of sugar and salts, or adding small amounts of alecohol have no effect
on the (initial) rate of reproduction. The experiments described in the
present paper were carried out in the winter of 1920~21 together with those

just referred to; all measurements were made at 25°C; yeast. wort and appar-

" atus were the same as in my experiments with alcohol, and the technique was ~

that deseribed in my previous paper except that the counting was done
under the microscope without the use of photography.

Phenol

In Table I (and in the other tables) the numbers under ¢ give the time in
hours between seeding and counting; those under log C give the common

TABLE I (Phenol)

0.009 0.02 0.049 0.06
t A}Logc t %Bgc t mﬁgc t Egc
0.0 1.46 0.0 1.46 0.0 1.46 0.0 1.46
6.0 2.42 1.3 1I1.57 1.6 1.62 2.0 1.69
24.0 3.1I 2.8 1.7% 3.0 1.84 3.2 1.8
6.3 2.33 6.7 2.34 6.8 2.37
24.0 3.I0 24.0 3.02
0.08% 0.10% 0.12% 0.14%
0.0 1.46 0.0 1.46 0.0 1.46 0.0 1.4
1.3 1.82 1. 1.58 1.7 .52 1.8 r.5§
2.5 1.73 2.6 1.68 2.8 1.69 3.0 1.58
5.0 2.1I0 5.2 1.98 5.4 1.96 5.6 1.92
24.0 3.00 6.6 z2.14 6.8 2.14 7.0 2.02
24.0 2.03 24.0 2.82 24.0 2.66
0.16% 0.18% 0.20% 0.22%
0.0 I.4% 0.0 1.43 0.0 1.4% 0.0 I.4§
1.9 1.47 2.1 1.45§ 2.2 1.45 26.0 1.4%
2.7 1.50 2.8 1.48 3.0 1.4%
5.0 1.§% 5.2  I.49 0.5 1.47
7.%  1.74 4.3 I1.54 8.2 1.48
9.0 1.81 8% 1.60 24.2 1.54
10.8 1.38 rr.xr  1.64
25.0 2.33 24.4 1.98

! J. Phys. Chem. 26, 42 (1922)

tk=0.160; C=count at the time t; C,=count at t=0; t=interval in hours
between seeding and counting. The “count” multiplied by 250000 gives the number of
yeast cells in one cubic centimeter of the culture medium.
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logarithm- of the “coint™ the number of cells per'cc of culture medium is
250000 C. The number of grams of phenol contained in 1o00ee of the culture
medium is given at the head of the columns as “9 phenol”. In Fig, 1, log C

is plotied against ¢; the straight line gives the values of log C that would be
obtained in absence of phenol (k=0.160).

Inspection shews that in solutions containing 0.06% phenol the rate of
reproduction is just distinguishably less than in pure wort; with o.10% the
retardation is unmistakable, and increases with further increase in the concen- -
tration of the phenol. In wort containing o.22%, phenol reproduction ceases
entirely, no increase in the number of cells could be observed after seven days
at 25°C; this might be faken as evidence that all the cells were promptly
killed by the poison, but after 48 hours only 4%, of them were stained by
methylene blue!. To settle the matter, cultures were made after 48 hours and
after 72 hours in the 0.22%, phenol; the cells were removed by filtration,
washed with sterile water, placed in & shaker tube with fresh wort at 25°C, and
counts made as usual (see Table II). After a resting period of about three
hours, reproduction set in at the normal rate (k=o0.16); phenol of this
concentration (o0.2:%) evidently prevents reproduction without destroying
life; no evidence of spore formation was observed; data in Fig. 2.

TaBLE II (Phenol)

After 48 hours After 72 hours
t LogC t LogC
0.0 0.95 c.0 o0.87
2.5 0.04 1. o0.87
3.3 1.03 2.5 0.89
§.2 1.38 3.3 o.06
6.5 1.63 7.0 1.33
8.4 1.64

! Fraser: J. Phys. Chem. 25, 20 (1921}
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Values of log C for =6 and various concentrations of phenol from

0.06% to 0.20%, phenol (abfained by interpolation from Table I) are shewn - - -

in Fig. 3; the points fall on a straight line, and (for t=6) log C/C,=6(0. 20
~9%); for lower concentrations of phenol the count is much less than corre-
sponds to this equation, due no doubt to the influence of the alcohol formed
during the fermentation; the same explanstion may be put forward to
account for the form of the log C eurves for t = 10 and t = 24 of the same figure,

Moethyl Green

The effect of methyl-green on yeast has been studied by Fraser!; it has
gince been found to act very much like ammonium fluoride®, Yeast can become
“acclimatized” to it i.e. by gradually increasing the concentration of the
methyl-green yeast can be bred to reproduce in solutions in which ‘‘normal”
yeast will not increase. Like ammonium fluoride, too, methyl-green causes
the yeast cells to grow in clusters; the cell buds in the usual way, but the
daughter-cell develops slowly, and before it has attained full size the mother-
cell buds again in a different place; seven or eight daughter-cells each rather
more than half the normal size have been seen attached to the same mother-
cell; frequently the daughter-cells bud without separating from the parent.
When these bunches are large, accurate counting is an impossibility.

As shewn in Table III and Fig. 4 the initial rate of reproduction is not
greatly affected until the methyl-green reaches a concentration of 0.01%:
with five times that concentration no reproduction was observed in 1o hours,
but after six days the count was four times as great as at the moment of seeding.
At t=6,log C/C,=33(0.03—%) for values of %, fromo.0 to 0.027.

[r—

' J. Phys, Chem. 28, 20 (1921)
2 Fulmer: J. Phys. Chem. 28, 10 (19217
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Tasre 111 (Methyl Green)
0.001 0.0037 0. 0. 010
t Is.t?gé{} t io/og(} t oof?gc tw{g’%(} ?0,1%g0
0.0  1.43 0.0 1.43 0.0 .43 0.0 .43 ©0.0 1.43
I.95 1.68 2.0 1.69 2.2 1.74 2.6 198 2.0 1.6%
6.2 2.3% $.5 2.9 §.2  2.11 4.8 2.00 4.78 2.0
0.014% 0.016% 0.02% 0.024% 0.027%
0.0 1.43 0.0 1.43 0.0 .43 0.0 I.43 0.0 .43
2.2 1.58 2.3 I.§1 1.8 1.52 2.0 T1.45 2.3 1.4%
5.2 1.86 §.5 .82 3.3 .52 5.2 §1.54 5.3 1.50
7.3 2.06 7.6 1.97 5.0 1.80 7.3 1.62 7.9 1.83%
7.t 1.79 188 2.02 18,5 1.96
19.0 2.16 24.0 2.21 24.0 2.08
24.0 2.51X
0.03% 0.035% 0.04% 0.05%

: . : o 1.43
- E.48 3.3 146 - 81 r.s0 6.0 r1.42

5.5 .49 5.7 .50 17.5 1.60 8.3 1.40
18.3 1.96 7.9 1.49 24.0 1.80 17.3 1.54
24.0 2.12 17.9 1.98 21.3  1.49
24 0 1.9% 24.0 1.%4

Acetone

One gram of acetone in 1ooce of its solution in wort (1.0 % acetone) -
barely slowed the rate of reproduction; (gee Table IV and Fig. 5); after 24
hours in 5.5%, acetone reproduction had hardly commenced and methylene-
blue stained 34% of the cells, after 48 hours there were about four times as
many cells present as originally added. In these strong solutions the cells
were 8 good deal bunched, but in dilute acetone solutions the bunching is
noticeably less than in pure wort'. Taking advantage of this peculiarity,
the measurements were repeated (Table V) with a low seeding, about one-

seventieth of that employed in the experiments of Table IV; the results con-
firm those already obtained.

! A small addition of phenol to wort also reduces the bunching.
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Tasue IV (Acetone)
1% 2% 3%

t Log C t Log C t logC
0.0 1.37 0.0 1.37 0.0 1.37
2.2 1.6 2.4 I1.8% 2.7 1.47
4.8 2.06 5.0 I.97 §.3 1.81
7.3 2.3% 7. 2.28 7.7 2.00
24.0 3.99 24.0 3.12 24.0 2.08

4% 5% 5-54%
0.0 .37 0.0 I1.3% 0.0 .37
2. 1.42 2.4 1.38 2.2 .38
4.8 1.46 4.6 1.36 5.0 1.37
6.1 1.56 6.2 1.38 9.7 .37
10.1 1.90 10.0 I1.43 13.2 1.3
24.0 2.7% 13.4 .52 23.0 1.46

23.2 1.86 48.0 1.98

f l‘;'l | “‘;’I %
T
S
HEY
1 - " |
Fodo ¢ Ao
el | 1)

H w?es"’ 6 % 1015

Fia. 5

TasLe V (Acetone)

0.0% 1% 2%

t IogC t LogC t Log C
0.0 —0.46 0.0 —0.40 0.0 —0.46
9.5 $+I.00 9.8 +1.08 10.0 +0.74
12.8 1.68 11.8 1.36 12.2 1.0}
14.7 1r.08 1.1 1.88 15.4 I.§I
24.0 3.10 24.0 3.04 17.5 1.82

24.0 2.59
3% 4% 5%

0.0 —0.460 0.0 —0.40 0.0 —0.46
15.0 4+0.82 17.2 4+0.34 34.2 fo.1%
17.4 1.10 20.6 0.52
20.8 1.50 24.0 0.60
24.0 1.9%

The relation between the crop at 6, 1o, or 24 hours and the percentage of
acetone in the wort is represented fairly well by the equation log C/Co=
0.039 t (5.0—9%), which holds both for light and for heavy seeding for con-
centrations down to 1.0% (below which the rate is not affected) or until
log C=2.6 (interference by alcohol) whichever occurs first.



226 NORMAN A. CLARK

Tanre VI (Acetono)

t 0.0 10.8 15.8 24.3
Log C 1.48 2.0l 2.3% 2.62

In an experiment in which a 59, solution of acetone in wort was rocked at
25° C for 24 hours before seeding with yeast, reproduction began at once
without the delay observed when the acetone was added immediately before
seeding, and proceeded regularly (k=o0.05) for 24 hours (see Table VI);
this observation seems to indicate some slow reaction between the acotone
and wort or one of its constituents. Another experiment affords direct evi-
dence of adaptation of the yeast to acetone:—Ten hours after seeding a 59
solution of acetone in wort, when reproduction was just beginning, the yeast
cells were filtered off and placed in a freshly prepared 5% solution (Table
VII A). while the filirate was geeded with normal yeast (Table VII B); the
treated yeast (A) began reproduction at once (k=0.03), while the normal

__ yeast delayed for three hours, and then multiplied withk=0.08

Tasie VIT (Acetone)
VIIA
t 0.0 3.8 6.6 7.6 12.1
Log C 1.8y 1.93 2.00 2.10 2.21
VIIB
t 0.0 3.9 6.6 12.0

Log C 1.6g 1.72 1.04 _ 2.38

Sodium Bicarbonate

Addition of sodium bicarbonate to wort produces a heavy precipitate ;
this was removed by a centrifuge and the elear liquid inoculated ete as usual.
Besides the results recorded in Table VIIT and Fig. 6, measurements were
made with solutions prepared from 0.0, 0.011, 0.022, 6.033, 0.043, 0.056,
o.067 and 0.078 formula weights NaHCO; per litre of wort; in all these solu-
tions reproduction followed the logarithmic law with k=o0.16, s0 there is no
need to record the figures. The results of Table VIII shew that up to o.116
NaHCO, per litre reproduction is the same as in pure wort (k=0.16). but
that at 0. 175 there was a pause, or period of very slow reproduction followed
by reproduction with k=o0.12; further increase in the amount of bicar-
bonate increased the duration of the pause and decreased the subsequent
rate of reproduction, until with o. 58 NaHCO; per litre no reproduction took
place even after 108 hours. After 6o hours in this concentrated golution, ¢8
to 99% of the cells were stained by methylene-blue, but even after 84 hours
some were still alive, for at that time o. 5 ¢c of the suspension was mixed with
pure wort, and in two days active fermentation had set in, and the culture
contained a large number of cells.
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Tasiw YI1I (Sodium Bicarbonate)

0.080FW 0.116FW 0.175FW 0.203FW
t Log C t JLogC t Log C t TogC
0.0 I.I§ 0.0 I.1§ 0.0 .18 o.0 1.06
0.75 1.23 1.0 1.27 r.o 1.18 1.0 1.03
1.2 1.26 2.2 1.42 1.7 1.10 3.2  1.17
2.0 1.42 §.0 1,00 2.5 r.26 4.3 1.23
4.7 1.99 7.7 2.32 4.3 1.48 5.7 1.32
7.8 2.38 .5 I.8§ 4.0 1.56
6.8 1.75 9.2 .03
7.8 1.88 1.1 1.04
10.2  2.31
1.7 2.36
0.232FW 0.201FW 0.580FW
0.0 I.I§ 0.0 1.1§ 0.0 1.06
1.3 ¥.19 1.5 1.18 1.4 1.0§
2.9 1I.22 3.2 1.20 . _.4.5.
4.7 "1.42° 777 4.8 1.22 6.r r.06
$.0 1.49 6.2 1.34 2.7 1.03
7.2 1.72 7.4 Y.48 10.7 1.08
8.2 1.96 8.5 1.46 13.5 1.08
10.6 .97 10.7 1.66 23.5 1.0%
12.1 2.14 20.5 1.04
36.3 1.02
47.0 1.0%§
§5.0 I1.0%
108.0 +1.0%

16 6

Mr. P. J. Moloney was kind enough to help me determine the Py values
given in Table IX using his new form of hydrogen electrode!; taken in

1 J. Phys, Chem. 28 758 (1921).

I T T

o
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conjunction with the results of Table VIII, they shew that reproduction

occurs at the normal rate only when the solution is on the acid side of the
neutral point.

TasLe IX (Sodium Bicarbonate)
NaHCO; per L. 0.00 0.116 0.175 0.201
Pu 4.11 6.80 7.08 7.31

In a few experiments sodium bicarbonate was added to wort-agar (2%
agar), and after seeding with yeast plates were poured; the effect of the
alkali was much more pronounced than in the liquid medium. With o. 328,
0.208 or eved o.116 NaHCO; per litre of wort, only one or two colonies
appeared on each plate, while the check plates with no alkali shewed fifty.

Hydrochloric Acid

Table X and Fig, 7 give the rate measurements, and Table XI the Py
measurements. Up to o.o055 formula-weights HCl per litre (Pg=3.06) the
rate of reproduction is normal (k=o0.16), but with 0.06 HCl (Py=2 .98)
there. is. pereeptible-retardation; . with- o. 105 HCl the count increases only
25% in 12 hours, and with o.115 HC] the increase in 36 hours was hardly
perceptible. The “initial lag” (period of rest or very slow reproduction) was
less marked than with bicarbonate; with o.08 HC} per litre, where & lies
between o.12 and o.13, five determinations made at intervals during the first
go minutes shewed no sign of varistion in the rate of reproduction; with

0.09 HCl there was some indication of an initial pause, and this was quite
pronounced with o. 10 HCI, -

TasLe X (Hydrochloric Acid)

0.00FW 0.011FW 0.024FW 0.055FW 0.060F W
t LogC t JogpC t logC t LogC t log C
0.00 1.40 0.00 1.49 0.00 1.40 0.00 I.49 0.00 I.32
4.7 2.34 .o 1.54 1.2 I1.51 0.8 1.3509 .o 1.32
5.0 2.32 2.0 1.72 1.8 1.63 1.0 1.42
3.2 1.04 2.9 1.80 2.9 1.67
5.2 2.27% 4.8 2.14 5.6 2z2.02
5.8 2.38 7.2 2.24
0.070FW 0.080FW 0.090FW 0.095F\WV 0.105FW
0.0~ I1.32 0.0 1.32 0.0 1.32 0.0 1.5 0.0 I.54
1.25 1.32 1.3  1.33 2.5 I.3¥ .o ,1.58 12,6 .1.6%
2.2 1.82 2.3 1.42 3.3 I1.44 2.6 1.60
2.7 1.7 3.1 1.62 4.5 1.66 .
5.3 2.0 4.9 1.91 6.5 1.79
7.8 2.29 7.9 2.19 8.0 1.98
T et o T3 THT T4
“'E:’,@f ST TS
zol() § N ,L?? folt y S, 8 @?!'
A I N 3
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TasLe X1 (Hydrochlorie Acid)

HCi per L 6.00 0.0I1 0.0§5§ 0.000
H . 4.03 3.84 3.06 2.47

On two per eent agar-wort plates addition of o.08 HCI per litre caused
no decrease in the number of colonies, but their growth was somewhat slow;
with o.10 HC! duplicates were difficult to obtain, and with o.xr5 HCl no

colonies appeared. After five hours in wort with o. xo HCI, six per cent of the
cells stained with methylene-blue.

Acetic Acid

The results recorded in Table XII and Fig. 8 shew that equivalent
quantities of acetic and hydrochloric acids have much the same effect on the
reproduction of yeast; they have very different effects on the acidity of the
solution (Table XIII, Py). Reproduction is retarded between o.o6 and
o.07 CeH,O; per litre as compared with o.06 HCl; initial lag is noticeable in
solutions containing o.og formula-weights per litre of either acid; in solutions

0.110
2.20

containing o. 13 C;HO; per litre there is no-appreciable reproduction in the— -

first ten hours, the same was true with o. 105 HCl, On wort-agar plates, o .06
CH,0: per litre gave the same number of colonies as the check plates and they
developed as quickly; with o.og9 CyH,0; the colonies appeared later, and in
most cases were slightly less numerous than the checks.

TasLe XII (Acetic Acid)

0.04FW 0.06FW 0.07FW 0.08FW 0.09FW
t LogC t LogC t Log C t Log C t Log C
0.0 1.42 c.0 1.38 o.o0 1.38 0.0 I.44 0.0 I.46
1.0 1.56 1.2 1.62 ©.§ .40 0.6 1.47 I.1 1.53
2.5 1.85 2.§ 1.069 1.4 I.5% 1.2 1.49 2.8 1.66
6.0 2.20 2.8 1.92 1.4 1.56 5.3 1.89
5.§ 2.0% 2.7 1.6% 6.9 2.07
3.2 1.72
5.2 2.04
6.7 2.26
0.10FW o.1tFW o.12FW 0.13FW
0.0 1.48 0.0 I1.54 0.0 1.%4 0.0 1.54
1.3 .52 1.§ I.59 1.9 1.8% 0.75 I.5%4
3.0 1.57 3.2 1.56 3.4 1.49 2.0 I.53
3.7 1.76 5. 1.6% 6.4 1.5 B.o 1.53
7.2  1.0§ 7.3 .72 7.7 1.64
8.5 2.14 10,2 2.08 10.5 1.73
! ] i
o |y ¢ &
— s ..Q"l '{q H;
QQ"‘, ?f ° {'."ll P.l"
O o AN )
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TasLe XIII (Acetie Acid)
CoH,0; per L ©.00 0.04 0.08 0.10 6.13
Py 4.03 3.90 3.8 3.76 3.69

In view of these results, the effects produced by the two acids can not be
ascribed to the hydrogen-ion concentration, which was about rco times as
great in one solution as in the other; on the other hand, it seemed possible that
the acids might be neutralizing and thus rendering inactive the bios in the
wort. If this were the case, the same concentration of acid in the culture
Buid should prove more harmful if some of the wort were veplaced by an equal
volume of a golution of sugar and salts. Table XIV gives the results obtained

TaBLe X1V (Acetic Acid)
0.c0FW 0.02FW 0.04FW 0.06FW
b LogC-- -t LgC - -t L€ LegC
0.0 1.41 0.0 1.41 0.0 I.41 0.0 1.4I
1.0 X.49 .2 1.46 I.5 1.49 2.0 1.84
4.8 2.26 5.2 2.29 5.4 2.18 5.5 2.16
0.08FW .0.10FW 0.12FW
0.6 1.4%1 0.0 .41 0.0 1.41
2.1  1.4% 2.2 I.41 2.5 I.41
5.7 1.99 5.8 1.58 6.0 1.48

by adding acetic acid to a solution made up of equal volumes of wort and the
“artificial medium” used in my experiments on the yield of yeast in diluted
wort'. Asshewn in Fig. g, the phenomenas are the same as thoge in pure wort;
at 0.06 C,H(Q, per litre the points are just dropping from thelinek = o.16.
The Py values are slightly less than with pure wort; for 0.08 C;H,O; per
litre Py = 3.69 as against 3.80 (Table XIII). Evidently it is not by des-
troying the bios that the acids reduce the rate of reproduction,

! J. Phys. Chem. 26, 49 (1922)
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Summary

The effect on the rate of reproduction of yeast in wort, produced by add-
ing various amounts of phenol, methyl-green, acetone, sodium bicarbonate,
hydrochloric acid or acetic acid has been determined at 25° C,

In general there is a concentration for each poison below which the
addition has no influence on the rate; higher concentrations cause an initial
pause, followed by slow reproduction.

Absence of reproduction in the poisoned solution does not necessarily
imply death of all the cells.

My thanks are due to Prof. W. Lash Miller under whose direction these

measurements were carried out, and to Messrs. G. H. W. Lucas and F. Eldon
for help in making the counts.

The University of Toronlo
May, 19£8.



ADSORPTION BY PRECIPITATES. VI.
BY HARRY B. WEISER

Adsorption from Mixtures of Electrolytes; Ionic Antagonism

In a paper published in the Autumn of 1921 was reported the results of a
series of experiments dealing with adsorption during the precipitation of
colloids by mixtures of electrolytes!,

The cxperiments indicated that two
factors influenced the precipitating action of mixtures of electrolytes: the
effect of the presence of each precipitating ion on the adsorption of the other ;
and the stabilizing action of the ions ha

ving the same charge as the colloid. If
the influence of both of these factors was smal] the precipitation value of mix-

tures was approximately additive while if the influence of both factors was
large the precipitation value wag greater than would be expected from the
ceritical valies for the separate salts,
servations, Freundlich and Schols? reported on the results of similar experi-
ments in & paper entitled “Coagulation by Mixtures of Electrolytes”. A study

was made of the precipitation with various mixtures of clectrolytes, of colloidal

gold prepared by Donau’s method,? of colloidal As,8, and of colloidal sulphur

prepared by both von Weimarn’s method* and Oden’s method?.

The results seemed to show that with gold sol and von Weimarn’a sulphur
8ol the action of the precipitating cations showed an additive relationship,
while the precipitating action was not additive with As:8, 80l and Oden’s sul-
phur sol particularly with mixtures of iong having widely varying precipitating
power that are said to be highly hydrated. Since von Weimarn's sulphur sol
is not hydrous while Oden’s sol is hydrous, Freundlich and Scholz conclude
that the hydration of the colloid and of the precipitating ions is of primary im-
portance in . producing ionic antagonism and o in determining whether the
precipitation values of mixtures shall be additive or sbove the additive value.
They are thus led to believe that As.S, is a hydrophile sol although it is not
usually so considered; and finally, they suggest that the behavior of colloids
with mixtures is 2 suitable means of determining to what extent the stability
i8 influenced by hydration. “We believe with Neuscholsz,” say Freundlich
and Scholz, ““that the ionic antagonism observed in s tost tube is closely related
to the phenomenon which has been recognized as such in the biological action
of electrolytes and has been followed by J. Loeb, 8. Lillic and others. As an
example of this kind of biological action of electrolytes may be mentioned a
series of investigations by 8. Lillie', The cilia of the larva of & vingworm,

! Weiser: J. Phys. Chem., 28, 665 (1921)

* Kolloidchem. Beihefte, 16, 267 (1922)

* Donau: Monatsh., 26, 525 (1905)

* Von Weimam and Malyschew: Kolloid-Z., 8, 214 (1911)
*Oden: “Der kolloide Schwefel”, (1912)

* Liltie: Am. J. Physiol,, 10, 433 (1904)

. “A year after the publication of my ob-
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Arenicola, is liquefied by a solution containing sodium ion: the addition of a
small amount of a divalent cation stops this process, At the first glanes, our
observations seem to be different in certain respects from this kind of biological
action of electrolytes and from the ionic antagonism observed by Neuscholgz'
using lecithin sol. In both of the latter cases it was frequently observed that
the action of univalent cations could be nullified by the addition of divalent
cations while with sulphur sol the action of divalent cations was decreased
under the influence of univalent cations. This is probably only a superficial
difference, The coagulation of the sulphur sol is realized only at such concen-
trations of univalent cations that small concentrations of divalent cations can
not annul their influence by displacing their adsorption. If we had studied
phenomena like the biological action of electrolytes which could he observed at
smaller concentrations of univalent cations, we could have nullified their effect
by divalent cations. According to the view arrived at in this paper we believe
that in these biological processes as well as in the coagulation of hydrophile

- sulphur sol, pure. electrical influences of pronounced ionic antagonism can not - -

be produced; for ionic antagonism a hydration influence is always necessary,
such a8 appears with increasing strength when we go from gold sol or Weimarn
sulphur sol to As,8, sol and finally to hydrophile sulphur sol”.

From this account it is evident that Freundlich and Scholz are convinced
that the extent of hydration of a colloid is the most important factor in causing
the ionic antagoniem which results in precipitation values for certain mixtures
of electrolytes that are considerably above the additive values. It is a great
pity that this conclusion was jumped at from a study of but one sol that
appears to belong definitely to the class of hydrophile or hydrous colloids. The
conclusions of Freundlich and Scholz would have been'more eonvineing if they
had extended their observations to the sols of the hydrous oxides which are
quite as representative of the class of hydrophile colloids as is colloidal sulphur.
Moreover the preliminary experiments reported in my paper, previously re-
ferred to, seemed to indicate that the general conclusions of Freundlich and
Scholz were open to question. Accordingly a series of experiments bearing on
these points was carried out, with the results recorded in the following section,

EXPERIMENTAL
Experiments with Hydrous Chromic Oxide

Since chromic oxide is very highly hydrous, the colloidal solution of this
substance was used in the initial experiments. The positively charged colloid
was prepared according to the method of Neidle? by dialysis in the hot of the
hydrous oxide peptized by chromie chloride. The dialysis was continued for
several days until the dialysate contained but a trace of chloride and the pH of
the solution was slightly less than that of pure water. The concentration was
adjusted to exactly 2 g Cr;0, per liter. The colloid was stored in a pyrex flask
and pyrex vessels were used in all experiments.

! Pfiiiger's Arch., 181, 17 (1920)
? J. Am. Chem. Soc., 39, 71 (1907)
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Precipitation experiments. The precipitation value of the colloid was
determined in the following manner: In one test tube was placed 10 ce of sol
and in & second test tube, a suitable amount of electrolyte diluted to 1o ce,
The sol was then added rapidly to the electrolyte and the mixture was poured
back and forth a number of times. The tube containing the mixture wag stop-
pered and was set aside for exactly 24 hours, after which it was shaken vigor-

ously and centrifuged for 2 minutes at 3oco r.p.m. The presence of complete

precipitation was evidenced by the entire absence of color in the supernatant

liquid. After getting the approximate precipitation value the exact value was
determined by carrying out a series of experiments with electrolyte concentra~
tions that varied not more than o.o1 t0 0.02 ee, The sharpness of the value
obtained was increased by the long period of standing before examining for
complete precipitation.

The precipitation value of mixtures was obtained jn the same manner as

for single electrolytes, the total volume of the mixture being made up to 10 ¢
- before adding to the colloid. . The results of ex

of electrolytes of widely varying and of similar precipitating power are given
in Tables I, II and III. Instead of expressing the precipitation value in the
usual way, I have given simply the number of cubic centimeters of the standard

solutions necessary for precipitation in a total volume of z0 ec. In other re-
specta the tables are self-explanatory.

TasLe I

. Precipitation of Colloidal Cry0, with Mixtures of KCI and K.80,
N/2KCI N/100 K80, to complete coagulation
taken taken calculated difference

ee cc ee cc |  percent

2.27

1.38

0.8 0.85 X.0% —0.20 - X0

r.o 0.65 0.75 —=0.10 -13

I.s 0.37 0.4S§ —0.08 —18

2.0 0.13 0.16 —0.03 —18

TapLg 11
Precipitation of Colloidal Cr,0; with Mixtures of KCl and K,C;0,
N/2 KCl N/100 K4Ci0, to complete coagulation

taken taken ! ealculated difference

A ce ' ce ce | percent
2.27

1.50

0.5 0.92 1.10 -0.18 — 16
I.o 0.65 0.70 —0.14 —~18
1.8 0.40 0.47 -0.07 —15
2.0 .14 0.1 ~0.03 —18

periments using different pairs - - -
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Tasrg 111
Precipitation of Colloidal Cr,0, with Mixtures of K,80, and K.C.0,
N/100K,80, N/ 100 K,C40, to complete coagulation
taken taken caleulated difference
ec oe ec ce { percent
I.38
.40

0.50 0.86 o.88 —0.02 —2
0.675 .70 0.70 0.0 o
1.00 0.35 0.36 ~0.01 -3

The above results with the highly hydrous chromic oxide are clearly not
in aecord with the conelusions of Freundlich and Scholz. It will be noted that
mixtures of electrolytes having widely different precipitating power such as

KC] and K80, do not give values considerably above the additive valuesueh.. . .. . ...

as Freundlich and Scholz would prediet. On the contrary the values for such
mixtures are actually less than additive by a quite appreciable amount. Such
a result is altogether in accord with what one might cxpeet if the antagonistic
action of the precipitating ions was slight at concentrations below the precipi-
tation value of each. From the slope of the usual adsorption isotherm it is
clear that adsorption is relatively greater at lower concentrations. The ad-
sorption of Cl’ ion is relatively greater at concentrations below its precipita~
tion value 80 that relatively less sulphate or oxalate is necessary to bring the
combined adsorption above the critical value necessary for neutralization and
coagulation. As before stated such a result would follow only in case there is
little or no antagonistic action between chloride jon and sulphate or oxalate
ion in the sense that the presence of each decreases the adsorption of the other
at eoncentrations below the precipitation value. That such is the case is
evident from the results given in the subsequent paragraph.

Adsorption experiments. Adsorption of oxalate ion during the coagulation
of colloidal hydrous chromic oxide by mixtures of KCl and K2Cy04 was deter-
mined both below and above the precipitation value. The procedure was as
follows: To 30 cc portions of colloid in a 60 ec bottle were added various mix-
tures of KCl and K.C,0; made up to 30 cc. After allowing the mixture to
stand until the precipitate started to settle out, it was centrifuged for 1o
minutes thereby matting the precipitate in the bottom of the bottle. The
supernatant liquid was poured off and a 5o cc portion was acidified with
H:80,, heated to 70° and titrated with N/ 50 KMnO, in the usual way using a
2 c¢ pipette graduated in tenths of a ce. The results of a series of experiments
are given in Table IV,

The first three experiments in Table IV show that a relatively large
amount of chloride has no appreciable effect on the adsorption of oxalate below
the precipitation value of the latter. A very large excess of chloride decreases
measurably the adsorption of oxalate above the precipitation value but it will
be noted the adsorption of oxalate is decreased less than 4 percent by the
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TanLe IV
Adsorption by Hydrous Chioiuic Oxide of Oxalate in the Presence of Chloride

Mixtures added to 30 cc colloid ' '
containing 0.06 gms. CrO;4 Oxalate adsorbed

N/2KCY + N/1wo KGO, H0 | ¢e N/1oo  |Gms per moleCr,0O,
4.50 .38 24.18 1.3§ I.50§
3.00 1.9% 25.08 1.08 2.174
.50 2.8g 25.06% 2.85 - 3.179
0.00 4.20 25.80 4.20 '4.682
0.00 8.50 21.50 7.34 8.182
21.80 8.50 ©.00 6.66 7.42%
0.00 12.00 18.00 0.42 10. §00
18.00 12.00 ©.00 8.83 0.842
15.00 15.00 ©.00 10.68 11.908
©.00 20.00 10.00 12 .46 13.88¢g
10.00 20.00 0.00 12.38% 13 .66

presence of go times its concentration of chloride (Exp. 7) and less than 1 per
cent by 25 times its concentration of chloride (Exp. 8). In the light of these
observations it is evident that the relatively high precipitation value of K(Cl ie

due to weak adsorption of chloride ion associated with but slight adsorption
of the stabilizing potassium ion.

Experiments with Colloidal Stannic Oxide

While the results with colloidal chromic oxide furnish fairly conclusive
evidence that a concentration far above the additive value is not necessarily
required to precipitate a highly hydrous colloid with mixtures of electrolytes
having widely varying precipitating power, still it seemed desirable to make
additional observations on a negative colloid using electrolytes with cations
that are supposedly highly hydrated, as Freundlich did. For this purpose the
highly hydrous colloidal stannic oxide prepared by Zsigmondy’s method! was
employed and precipitations were made with mixtures of the chlorides of
lithium and barium and of lithium and magnesium. The method of pro-
cedure was identical with that described above for colloidal chromic oxide.
After allowing to stand 24 hours and centrifuging, the supernatant liquid was
tested for complete precipitation by adding an excess of BaCl,. Theabsence of
a trace of gelatinous precipitate on standing indicated complete coagulation.

The results are given in Tables V and VI. The colloid contained 7.6 g Sn0O,
per liter.

! Zsigmondy: Ann., 301, 361 (1808)
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TapLe V
Precipitation of Colloidal 8nO; with Mixtures of LiCl ard BaCl,
N/10 LiCl N/ 100 BaCl; to complete congulation
taken taken caleulated difference
ce cc cc . ee |  percent
§.10
3.10
1.00 2.28 2.50 ~-28 —10
2.5%0 1.38 1.58 - 23 —~18
4 .00 0.5% 0.6y —12 — 18
TasrLe VI

Precipitation of Colloidal 8nQ, with Mixtures of LiCl and MgCl,

C N/roLiCt N/1oo MgCly to complete coagulation - -~ - - - -
taken taken caleulated - difference
ce ce ce ce | percent
5.10
3-35
2.00 1.g8 2.04 . —~0.06 -3
3.50 1.00 1.00 —0.06 -6

‘The observations with hydrous stannic oxide merely confirm the results
with chromic oxide. Here again the precipitation values of mixtures of univa-
lent and bivalent precipitating ions of varying degrees of hydration are appre-
ciably less than the additive values. The results are so nearly in line with
those obtained with hydrous chromic oxide that there is doubtless little if any

antagonistic action between the precipitating cations below the precipitation
value of each.

Experiments with Colloidal Arsenious Sulphide

From our earlier observations with arsenious sulphide sol it was known
that there is an appreciable antagonistic action bewteen electrolytes containing
univalent and bivalent precipitating cations in the sense that relatively more
of each must be used to cause precipitation in case the other is also present in
the solution. Since arsenious sulphide sol is usually classed as a hydrophobe
colloid and since the pairs of ions employed (K with Ba or 8r) are said to be
but slightly hydrated, it is difficult to reconcile our observations with the view
that ionic antagonism is a result chiefly of high hydration of the colloid and the
precipitating ions. 'Thig view seems all the more improbable since the results
with highly hydrated colloids using hydrated precipitating ions, show a tend-
ency opposite to those with arsenious sulphide. To explain our earlier results
with As,8; we assumed that the adsorption of Ba'* ion, say, was decreased
appreciably by the presence of XK' ion below the precipitation value so that a

AL
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higher concentration of the former was required to cause the adsorption neces-
sary {oi ucubrmlization when the latter was present. Freundlich would reject
this explanation on the ground thet KCl precipitates only in high concentra-
tions indicating such a low adsorption of K- jon that the presence of the latter
in concentrations helow the precipitation value can have no appreciable influ-

ence on the adsorption of Ba'* fon. The weak point in this argument is that
8 high precipitation value for an electrolyte does not necessarily indicate very
low adsorption of the precipitating ion!.

This is true only in case the adsorp-
tion of the stabilizing jon is relatively slight. In the case under consideration

the adsorption of K’ ion may be fairly large, but in spite of this, a high concen-
tration of KCl may be necessary since the adsorption of Cl ion at certain
concentrations below the precipitation concentration may be comparable to
that of K" ion. It is thus a question of fact, whether the adsorption of K~ jon
by colloidal AseS; below the precipitation value is or is not sufficiently great
to influence appreciably the adsorption of Ba ' ion. This problem is dealt

_ with in the subsequent experiments. . S -

Precipitation experiments. Colloidal As,8s was prepared by dropping
slowly a solution of As,Q; saturated at 30° into H,8 water through which was
bubbled continuously a stream of H,S, purified by passing through three wash-
bottles containing water. The excess H,8 was washed out by bubbling a
stream of hydrogen through the solution after which the latter was filtered into
a dark glass bottle. Approximately four liters of colloid containing 22.3 g per
liter were prepared. It was necessary to have a colloid that was fairly strong
in order to get sufficient adsorbent in a reasonable volume, The colloid was
kept in an atmosphere of hydrogen in a dark bottle. To do this the space
above the liquid in the bottle was filled with hydrogen and after inserting the
stopper the bottle was inverted thus preventing the escape of the gas.

Precipitation values were carried out in much the same manner as for the
hydrous colloids except that the time of standing after mixing with electrolyte
was decreased to 2.5 hours. The mixture was shaken after the first and second
hour and again at the conclusion of the ». 5 hour interval. Since the precipita-
tion value of mixtures was the same whether the electrolytes were added
separately or together, the latter process was followed as in the previous

cases®. To test whether precipitation was complete, the supernatant liquid
wag filtered into a test tube and examined for the presence or absence of the

greenish opalescence that characterizes the very dilute colloid. Since KCJ
with BaCl; or 8rCl; was used in our earlier experiments it seemed desirable to
use different pairs of electrolytes in this work. The results in Tables VII,

VIII, IX and X were obtained with mixtures of LiCl and BaCl,, LiCl and
MgCls, BaCl; and MgCly, HCl and MgCl,.

* Weiser: J. Phys. Chem., 25, 680 (1921)
3 Cf. Freundlich and Scholz: Kolloidehem. Beihefte., 16, 281 (1922)
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TasLe VII
Precipitation of Colloidal As.S; with Mixtures of LiCl and BaCl,
N/2 LiCl N/100 BaCls to complete coagulation
taken taken caleulated difference
ce ce ce ce i percent
4.05
4.03
0.5 4.80 3.54 0.96 27
I.0 4.2% 3.03 1.22 38
2.0 3.76 2.03 1.73 84
3.0 2.2§ 1.03 1.22 1 § 21
TasLg VIII
Precipitation of Colloidal As.S, with Mixtures of LiCl and MgCl.
N/2 LiCl N/100 Mg(l, to complete coagulation T
" taken taken caleulated difference
cc ce ce ee i percent
4.05
4.35
0.5 5.15 3.81 1.34 35
I.0 §.20 3.27 1.03 59
2.0 4.2% 2.20 2.0% 03
3.0 2.2§ 1.13 1.42 120
Tarre IX
Precipitation of Colloidal As,S; with Mixtures of BaCl; and MgCl,
N/ 100 BaCl; N/100 MgCl; to complete coagulation
taken taken calculated difference
ce ce cc ee | percent
4.03
4.35
2.00 2.20 2.19 ©.01 0.5
3.00 1.1§ I.11 0.04 4.0
TasLE X
Precipitation of Colloidal As;S; with Mixtures of HCl and MgCls
N/s HCI N/100 MgCl, to complete coagulation
taken taken calculated difference
ce cc ce ce percent
4.75
4-35
1.0 4.65 3.83 0.82 22
2.0 4.45 2.92 I.§3 52
3.0 3.35 2.00 1.35 68
4.0 2.00 1.08 0.92 85
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As observed in the case of hydrous chromie and stannio oxides the precipi-
tation value of mixtures is almost additive in case the precipitating power of
each is similar (Table IX). On the other hand, with the mixtures containing
both & univalent and bivalent precipitating ion there is a wide variation from
the additive value as indicated in Tables VII, VIII and X.

Adsorption. Experiments. Since the quantitative estimation of barium
can be made with a high degree of aceuracy, a study was made of the effect of
lithium on the adsorption of barium at the precipitation concentration of
various mixtures of the chlorides of the metals, The procedure was as follows:
125 cc of colloid containing 2.84 g As:8s was precipitated in & wide mouth
bottle with the precipitation concentration of electrolyte or electrolytes as
given in Table VII, The total volume was 250 cc. After allowing to stand
2.5 hours the mixture was centrifuged 1o minutes at 3000 r.p.m. and 200 cc of
the supernatant liquid was removed for analysis. This solution was first acidi-
fied with HCl and allowed to stand for 24 hours. As the concentration of

electrolytes was 8o near the precipitation value, there was always a trace of
- Asy8; that settled out after the acidified solution had stood over night. This
was filtered off, after which the solution was heated to boiling and the barium
precipitated with an excess of HySQ,. To render the results of a series of
experiments comparable it was necessary to add the required amount of LiCl
or LiCl and MgCl, to the solution that was free from it originally. It goes

without saying that the volume of solution and the amount of precipitant were
kept constant.

TaBLE XI
Adsorption by Arsepious Sulphide of Barium in the Presence of Lithium
Mixtures added to 125 cc of Ba804 remaining _ Barium adsorbed
colioid containing 2.84 g As,S; in 200 ce gms m&e;;mole
3
N/z LiCl {N/1oo BaCl;; H,0 _Average
o 50.80 74.20 0.0288 | 0.0284 0.0140 1.214
o 50.80 74 .20 0.0280
o 56.25 68.75 0.0316 | 0.03190 0.0I§1 1.310
0 56.23 68.75 0.0322
6.25 56.23% 62.50 0.0371 | 0.0373 0.0112 0.971
6.25 56.25 62.50 0.0378
) 53.10 71.90 0.0304 | 0.0302 0.0143 1.250
o 53.10 71.90 0.0301
12.§ 53.10 $0.40 0.0363 | 0.0365 0.000% o.841
12.§ $3.10 50.40 0.0368
o 47.00% | 713.00 ©.0259 | 0.0260 | ©.0132 I.143
0 47.00 73 .00 o .0200 o
25.0 47.00% 48 .00 0.0358 | 0.0357 0.0600 0.420
25.0 47 .00 48 .00 ©.0355
* -+5 ce MgCly
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Experiment 1 gives the adsorption of Ba™* ion at the precipitation con-

centration for BaCly; experiments 2, 3 and 4 give (a) the adsorption of Ba™ "

jon from BaCl; alone at the concentration necessary to cause precipitation
from the mixture with LiCl and (b) the adsorption of Ba’ " ion in the presence
of Li' ion. Inexperiment 4 the concentration of BaCl, is below the precipita-
tion value, necessitating the addition of some MgCls. Since the precipitating
power of these two salts is very nearly the same, the presence of the small
amount of Mg’ ion can have little or no effect on the adsorption of Ba" " ion
at this concentration. Attention should be called to the fact that the concen-
trations of LiCl and BaCl; used in experiments 2, 3 and 4 correspond to those
for o.5, 1.0 and 2.0 cc of LiCl, respectively, in Table VII. The results are
given in detail in Table X1,

The observations recorded in Table X1 show conclusively that concentra-
tions of lithium below the precipitation value have a marked effect on the
adsorption of barium. Thus at the precipitation concentration of a mixture

1t T TR

. eontaining one-eighth the precipitation value of LiCl aloncthe adsorptionof - =~

Ba ° ion is lowered more than 25 percent; while from a mixture containing
one-half the precipitation value of LiCl alone, the adsorption of Ba " is de-
creased g3 percent. This marked effect of Li' ion in concentrations below the
precipitation value on the adsorption by As;S; of the strongly adsorbed Ba -
ion is thus a factor of primary importance in raising the precipitation value of
BaCl; in the presence of LiCl. ‘The high precipitation value of LiCl cannot be
due to very low adsorption of Li" ion which would displace but little Ba’ " ion
at concentrations below the precipitation value; but is due to fairly marked
adsorption of Li"ion associated with appreciable adsorption of the stabilizing
Cl’ ion within the concentration limits investigated. While the adsorption of
the stabilizing ion of an electrolyte is usually disregarded since in many cases
the effect is small compared to that of the precipitating ion, the time-honored
statement is certainly incorreet that only the anions of an electrolyte determine
its precipitation value for a positive colloid and only the cations for a negative
colloid. Indeed it is not improbable in the case at hand that at certain concen-
trations of LiCl or KCl below the precipitation value, the adsorption of ClI’
ion is actually greater than that of the cation, particularly in the presence of a
divalent ion such as Ba’™ " ion'.

Another possible interpretation of the high precipitation value of LiCl is
that neutralization is compensated for in part by a hydration influence which
tends to stabilize the colloid. This hypothesis is untenable since the precipita-
tion value of NaCl is almost as high as of LiCl and that of KCl is of the same
order of magnitude although Nsa' and K’ ions are said to be hydrated much
less than Li' ion. A further objection to this hypothesis is that the relative
degree of hydration of the ions is still largely & matter of conjecture, In dis-
cussing this paper at the Milwaukee meeting Professor Bancroft called atten-
tion to the results of some recent investigations of Baboroveky? which seemed

} Cf. Weiser: Loe. cit.
* Rec. trav. chim. (4} 4, 229 (1923)
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to reverse the usually aceepted order of hydration of the ions. Until we have
-more definite lfurmation un this point it would seem to be a waste of time to
attempt to establish some relationship between the stability of a colloid and
the hydration of an adsorbed ion.

Returning to Table VII and VIII it will be noted that LiCl has a more
marked effect on the precipitation value of MgCly than of BaCls. This is
exactly what one should expect in view of the fact that the adsorption of Mg*"
ion is not so great as that of Ba™ " ion as evidenced by the higher preeipitation
value of MgCl;. However, the variation for mixtures is less marked than that
observed by Freundlich and Scholz. Referring to their observations the latter
investigators say: “From the standpoint of the effect of hydration it is not at
all surprising that the peptizing action of Li' ion stabilizes the solution to a
different degree against cations of the same valence. The coagulation value
of Mg ion is much greater than that of Ba’ion in a solution eontaining
LiCl although Mg " and Ba " ions have almost the same coagulating power

~ in pure solution.” Unfortunately Freundlich and Schola scem to have ever-

looked the fact that small differences in precipitation value do not necessarily
mean small percentage differences, As a matter of fact they found the precipi-
tation value of MgCls to be 20 percent greater than that of BaCls & difference
that is certainly not negligible. Indeed the percentage difference between the
precipitation values of LiCl and KCl was found to be no greater; yet this was
clearly recognized as a difference because the actus! figures representing the
precipitation values were larger. As our figures show, the difference between
the precipitation values of MgCly and BaCl, is but seven percent as compatred
with twenty percent ohserved by Freundlich and Scholz. This is doubtless
the chief cause of the variation between Freundlich’s values and our own in
the precipitation with mixtures. The percentage difference in precipitation
value of pure electrolytes is not the same on account of the wide difference in
the concentration of the sols. Freundlich and Scholz used a very dilute sol,
.4 g AssS; per liter, for some unknown reason, while we employed a fairly
concentrated sol for the reason already given. That the curves representing
the precipitation values of ions diverge more markedly the greater the dilution
has been demonstrated and an explanation offered in a recent paper from this
laboratory!. 1In case adsorption studies are not contemplated one would
ordinarily not employ such a strong As.S; 8ol as we have used for obtaining
precipitation data. On the other hand there seems no good reason for working
with an As:S; sol as dilute as o.04 percent, particularly since it is difficult to
get accurate precipitation data with a sol of this concentration. This may,
account for the approximate values frequently given in Freundlich and
Scholz's tables.

Comparing the results in Tables VIII and X it will be seen that slightly
more MgCl, is necessary to complete coagulation of the sol in the presence of
LiCl than of HCL. This isreadily explained when we consider that two factors
enter into a comparison of this sort; the neutralizing action of the adsorbed

' Weiser and Nicholas: J. Phys. Chem., 28, 742 (1921)
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Li" ion o1 IT' jon and the uniagonistic effect of the presence of these ions on the
adgorption of Mg' * ion. Onaccount of its greater adsorption, the antagonistic
action is greater than that of Li’ but so is its precipitating power: the net
result is that a somewhat smaller concentration of Mg’ ion is necessary to
bring about precipitation in the presence of H' ion than of Li  ion.

The results given in Table X are interesting from another point of view.
Tartar' and his pupils have recently put forth the view that the precipitation
value of all electrolytes for colloids is approximately the same at the same
hydrogen ion concentration, This can not be even approximately true in
the case cited. The precipitation value of MgCl; may be the same at
relatively enormous differences in the hydrogen ion coneentration. As al-
ready pointed out the effect of difference in the H' ion concentration on the
precipitation values of another cation for colloidal As,S; is determined by the

relative adsorbability of the two ions and by the effect of the presenee of

variable amounts of each on the adsorption of the other,

Summary and Conclusions

1. The precipitation values of mixtures of pairs of electrolytes of similar
and widely varying precipitating power have been found for positive hydrous
chromic oxide sol and for negative hydrous stannic oxide sol and arsenious
sulphide sol; and the adsorption of certain ions from mixtures of eectrolytes
during the precipitation of solg has been determined.

2. 'The precipitation value of an electrolyte for a colloid is that concen-
tration which results in sufficient adsorption of the precipitating ion to neutral-
1ze the combined adsorption of the original stabi'izing ion and the stabilizing
ion added with the electrolyte. The adsorption of the stabilizing ion varies
widely but is never negligible if the electrolytes precipitate only in high con-
centration as is usual with electrolytes having univalent precipitating ions.

3. The precipitation values of mixtures of electrolytes of similar precipi-
tating power show an approximately additive relationship because the “ionie
antagonism” between the precipitating ions is not marked.

4. The precipitating values of mixtures of pairs of electrolytes of widely
varying precipitating power and of different degrees of hydration may be less
than the additive values. Thus mixtures of KCl and either K,80, or K»C30,
precipitate hydrous chromic oxide at concentrations less than the additive
values; and the same is true for mixtures of LiCl and either BaCl, or MgCl,
with hydrous stannic oxide,

5. A study of the effect of chloride ion on the adsorption of oxalate ion
both above and below the preclpitatzon concentration of the latter discloses
the absence of any marked ionic antagonism. The high precipitation value of
KCl for hydrous chromic oxide is thus due to weak adsorption of chloride ion
associated with but slight adsorption of the stabilizing potassium ion. The

! Tartar and Gailey: J. Am. Chem. Soc., 44, 2212 (1922); A supplementary report
was read at the Milwaukee meeting of the Amencan Chemical Society.
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absence of appreciable ionic antagonism accounts for the precipitation con-
centrations of mixtures not rising above the additive values in the several
cases referred to in (4). That the precipitation values in these cases are lower
than the additive values is accounted for by the well known fact that adsorp-
tion is proportionately greater at lower concentrations of the adsorbed ion.
"Thus the adsorption of chloride ion is relatively greater at concentrations well
below its precipitation value so that relatively less sulphate or oxalate ion is

necessaly to bring the combined adsorption above the eritical value necessary
for neutralization and coagulation.

6. The results given in (4) and (3) are not in accord with the conclusions
of Freundlich and Scholz that the hydrationof s colloid and of the precipitating
ions i8 of primary importance in producing ionic antagonism and that the
behavior of a colloid with mixtures may furnish a suitable means of distinguish.
ing a hydrophobe from a hydrophile eolloid.

7. The precipitation values of mixtures of electrolytes that vary widely
~ in their precipitating power may be much greater than the additive values,

This was observed on As;S; sol using mixtures of LiCl with either BaCl; or
MgCl, and mixtures of HCl and MgCl,. '

8. The adsorption of barium ion is decreased to a marked degree by the
presence of lithium helow the precipitation concentration of the chlorides of
the metals. The adsorption of lithium ion is also influenced by the presence of
barium ion. This cationic antagonism is the important factor in raising the
precipitation concentrations of certain mixtures above the additive values,

9. The high precipitation value of alkali chlorides for colloidal As,S, ie
not due to very weak adsorption of the cation but results from fairly strong
adsorption of the cation associated with appreciable adsorption of the anion.

This accounts at once for the high precipitation values of alkali chlorides and
for the displacing power of alkali cations.

10 The precipitation value of magnesium chloride is increased more than
that of barium chloride in the presence of the same amount of lithium chloride.
This is not due primarily to the difference in the hydration of the precipitating

ions but resulte for the mogt part from stronger adsorption of barium ion than
of magnesium ion.

11. Theinfluence of the hydrogen ion concentration on the precipitation
values of another cation for colloidal As,S, is determined by the relative ad-
sorbability of the two ions and by the effect of the presence of variable amount
of each on the adsorption of the other. It is thus possible to have the same

precipitation value for a given electrolyte at widely different hydrogen ion
concentrations,

Department of Chemistry
The Rico Tnstitute
Houslon, Texas



THE EQUILIBRIUM BETWEEN IODINE AND BARIUM IODIDE
IN AQUEOUS SOLUTIONS

J. N. PEARCE AND W. G\ EVEREOLE

Since the discovery of the fact that iodine dissolves more readily in
aqueous solutions of metallic iodides than in pure water the nature of.the
eq1ilibria existing in these systems has been the subject of numerous investi-
gations. That a compound is formed between the iodine and the jodide is
generally accepted. Although the literature covering these investigations is
extensive in scope, reference will be made only to those articles which bear
directly upon the present work.

Jakowkin! was the first to make a systematic study of the ethbna in-

volved. He assumed the reaction: MI+4I;=MI - I;, and he has calculated .-

"~ the corresponding equilibrium constants by means of the relation,
CMI * CI:
CMI;

In the case of barium iodide Jakowkin assumed that both iodine atoms of the

salt are equally active in combining with the dissolved iodine and he has based

his caloulations upon the reaction represented by the equilibrium,
1/2Balg=1/2Bal;+1 .

The corresponding equilibrium constant is given by the relation:

K f2a= G-k
b—x

where a is the original concentration of the barium iodide, b is the total con-
. eentration of the iodine as determined by titration and x is the concentration
of the free uncombined iodine, all in moles per liter in the water layer. For
equivalent concentrations of the iodides studied Jakowkin has found that at
" 25° the equilibrium constants thus caleulated are approximately equal to
0.0014.

Herz and Kurzer?® also have carried out a short series of determinations,
using different concentrations of iodine with only one concentration of the salt.
They assumed that only one of the two iodine atoms of barium iodide com-
bines with iodine and they have based their calculations upon the equilibrium:
Bal,=Bal;4I;. The expression representing this equilibrium is,

I el Ul 33
K b—x

The values of K thus calculated show a fair degree of constancy over the
range of iodine concentration studied.

K=

1 Jakowkin: Z. physik. Chem., 13, 539 (1894); 20, 19 (1896).
? Herz and Kurzer: Z. Elektrochem., 16, 869 (1910).

LA Y KA



246 J. N. PEARCE AND W. G. EVERSOLE

The most recent work on the study of iodine-polyiodide equilibria is that
of Van Name and Brown!. They have investigated the iodides of 7ine, strone
tium, nickel, cadmium, mercury and lanthanum, and they have recaleulated
the data of Herz and Kurzer § os barium iodide, using the method of Jakowkin.
They conclude that the constant calculated by Jakowkin, rather than that of

Herz and Kurzer, holds in g neral not only for the iodides of the bivalent
metals, but also for the iodide of the trivalent metal lanthanum.

In & series of papers Van Name and his co-workers? report the results of a
study of the rate of reaction of metals with halogens dissolved in aqueous solu-
tions of metallic halides. They found that the rate of reaction of metals with e
given solution of a halogen, e.g., iodine dissolved in a solution of potassium
iodide, is independent of the nature of the metal and depends only on the rate
of diffusion of the iodine to the metal. Thisis in harmony with the diffusion

theory of heterogeneous reactions. Moreover, the rate of reaction was found

to be markedly increased by increasing the concentration of the potassium
iodide,

. In & studyof the rate of diffusion of jodine in solutions of potassium

iodide Edgar and Diggs® have found that the rate of diffusion increases with
the concentration of potassium iodide and, furthermore, thet the increase is
distinetly of the same order of magnitude as the increase in the velocity con-
stants for the reaction between the metals and dissolved iodine. Believing
that an inerease in the potassium iodide concentration may increase the rate
of diffusion of iodine indirectly, i.e., by influencing the fluidity, they deter-
mined the rate of difusion of iodine in and the fluidity of solutions over a wide
range of potassium iodide concentration. They found that the increase in the
rate of diffusion is much too great to be accounted for by the increase in fluid-
ity alone. They assume that KI; molecules are present and that these mole-
cules diffuse more slowly than the I7ion. Since an increase in the potassium
iodide concentration must repress the ionization of the K1, the rate of dif-
fusion of the iodine for this reason decrease as the concentration of the potas-

sium iodide is increased. No satisfactory explanation for the influence of the
salt on the diffusion of iodine was found,

It seemss very probable that these authors have overlooked one possible
and plausible explanation of the mechanizm of the process whereby the rate
of diffusion of iodine may be increased by increasing the concentration of the
potassium iodide. If we consider a potassium iodide solution containing dis-
solved iodine in contact with an equivalent solution of the potassium iodide
alone, diffusion of iodine may take place in two ways. (1) Owing to the differ-
ence in concentration of the KI; molecules and their ions (K and I7)in the
contiguous phases these species will diffuse from higher to lower concentra-
tion. Obviously, at the same time KI molecules and their jons will diffuse in
the opposite direction. (2) At the same time iodine may be transferred by a

' Van Name and Brown: Am. J. Sei., 44, 105 (1917).
* Van Name and co-workers: Ibid., 29, 237; 32, 207.
* Edgar and Diggs: J. Am. Chem. Soc., 38, 253 (1916).
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second process. Buppose a molecule of iodine, I, temporarily free, diffuses
from lelt to right, thus
=17 =17 Jo - I7 — ]y .

When it comes in contact with an I” ion, or with a KI molecule, it will combine
with this to form the tri-iodide ion, or molecule, This in turn may again dis-
sociate and liberate free I, to be taken up by succeeding I” ions or KI mole-
cules. As a homely illustration of the process meant we need but reeall the
old-fashioned bucket brigade in action at a fire. The iodine molecules may be
likened to the buckets which are passed on from man to man. Thus, the dis-
tance passed over in the diffusion processin a given time has been increased by
the diameter of the I” ion or KI molecules. Incidentally the actual rate of
transfer of KI molecules and I' ions in the opposite direction has been in-
creased by this tranefer of iodine, The polyiodides are relatively unstable.
Hence there is always some free iodine in the solution and the interchange of
iodine molecules between molecules of KI or I ions within the solution will

. become easier and more frequent as the eoneentration of-the potassium-odide -

is increased. Excepting for possible differences in fluidity, the rate of diffu-
sion of iodine of & given concentration should be the same in any given concen-
tration of any alkali iodide. The general direction and velocity of the diffu-
gion process will be governed by the concentration gradient of the polyiodide,

In a study of the system, potassium iodide-iodine-alechol-water, Parsons
and Corliss! conclude, from phase rule considerations, that no solid polyiodides
are formed and that probably no polyiodides exist in solution. While experi-
ence teaches that the solubility of iodine in alcohol is decreased by the addi-
tion of water and that the solubility of potassium iodide in water is decreased
by the addition of alcohol they find that the solubility of iodine and potassium
iodide together is nearly the same in 409 or 609 alcoholic solutions asin pure
alcohol or pure water. They believe that the increase is solubility is due to the
mutual solvent cffect of the iodine and potassium iodide on each other. They
state that “the mutual solubility of the potassium iodide and iodine increages
in proportion to the amount of the other present”. As proof of the nonexist-
ence of polyiodides these authors offer the results of a few diffusion experiments
in which an agar cup separates a solution of potassium iodide from a second
solution of this salt saturated with iodine. They assume that the ions diffuse
through the agar at the same rate as through the solvent. While this may be
true for very dilute agar sols it is not necessarily true for solid emulsoids, and
the specific effect on the diffusion speeds will be different for different ions.
Fuyrthermore, their agar cup walls were about 1r mm. thick and were made
by dissolving agar in an o.1 N solution of potassium iodide. Obviously, the
actual concentration of the salt in the free water of the solid agar is greater
than o.1 N because of the water taken up by the agar on swelling. Henee,
because of unequal osmotic pressures, when this agar membrane is placed in
an o.1 N KI solution water will either pass into the agar or potassium iodide
will pass into the solution. For the purposes of this discussion it will be neces-

! Parsons and Corliss: J. Am. Chem. Soe., 32, 1637 (1910).
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sary to review briefly the experiments performed by Parsons and Corliss, In
the first experiment as.16 N selution of potassiui iudide sslurated with iodine
was placed in the cup and the whole then immersed in an 0.1 N solution of the
salt. According to the authors, “if the tri-iodide is formed, as shown by
Jakawkin and others, the initial condition of the two solutions will be

Outer solution Inner golution
0.08 NKI
(A) 0.t N KI “Ig&" 0.08 N KI,
0.0013 N1,

and the KI will diffuse from left to right, I, however, no compound is formed,
the initial condition will be

QOuter solution Inner Solution'
agar 0.16 N KI
(B) o.t NKI ! KI 0.0813 N1,

and KI will diffuse from right to left.”

~ They did find that an appreciable amount of KI did diffuse into the 6.1 N
solution ahead of any iodine, and hence concluded from this that no poly-
iodide is formed. Another experiment apparently confirming this was ar-

ranged in which an o.1 N golution of potassium iodide surrounded the cup con-
taining a similar solution saturated with iodine, thus

Outer solution Inner solution
2 o.o5 N KI
(C) 0.1 NKI A | 6.05 NKI,
KI
o.0013NIL

“If a compound is formed KI should pass from left to right. But if no com-
pound is formed then we should have as the initial conditions,”

Outer solution Inner solution
agar | o.1 NKI

(D) .1 NKI KI o.0513 N1,

and the concentrations of the potassium iodide being equal at the start they
should remain 20 during the diffusion of the iodine. This they aetually found
to be the case. Hence they reasoned that the iodine is free and uncombined.
It is obvious at a glance that they are basing their conclusions gsolely upon the
relative concentrations of the potassium iodide as indicated in the initially
chosen conditions.

It will be interesting to observe that the results obtained are exactly what
one might predict on the assumption of the existence of polyiodides. Let us
consider the cases (A) and (C) only. In respect to the I” ion the outer solution
i8 in each case hypertonic to the inner solution, and for this reason the salt
should diffuse from left to right as Parsons and Corliss have assumed. Let
ug now take case (A). Both KI and KI, are strong electrolytes and hence at
the dilutions used they are highly dissociated. Asa rough approximation we
may consider them as completely dissociated without vitiating the argument,
The difference in concentration of the K+ ion is roughly 0.06 N, that of the
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I7 ion is about 0.02 N and that of the Is " iono.08 N. These differences in con-
centration of the respective ions represent the diffusion pressure gradients of
the ions, the dominating pressure gradient being that of the potassium ion.
Under these conditions the K +and I, ~ ions must diffuse into the outer solution.
The dissociated ions from a molecule electrostatically attract each other ; the
speed of the slower moving ion is accelerated by that of the faster, and vice
versa. The velocities of the K and I~ ions are approximately equal, that of
the Is~ is leas. Therefore, in diffusing the K+ ions will drag with them both
[” and I5” ions, and possibly more of the faster moving I” jon than of the I, ion.
The concentration of the I" ion thus increased in the outer solution later ad-
justs itself to an isotonic condition by diffusing into the cup, accompanied
simultaneously by the outward diffusion of I~ ions and the outward transfer-
ence of iodine by the process described above. In case (C) the inner and outer
solutions are initially isotonic with respect to the K+ ions; the concentration
gradients of the I" and I5” ions are equal and opposite. The I, ions and the

Iz, by secondary diffusion; diffuse outward; the I~ ionsdiffusetothoinnersolu-

tion and the extent of this latter diffusion is less than it would be pormslly by
the number of I~ ions set free in the secondary diffusion of iodine. Itisobvious
therefore that the conclusions of Parsons and Corliss regarding the nonexist-
ence of polyiodides in solution are entirely untenable.

In the previous work upon this subject the concentrations for the most
part have been expressed in gram-mols, or gram-equivalents, per liter of solu-
tion. It isevident that if very large concentration ranges are used there will be
a considerable variation in the amount of solvent present. When the resulis
for the different concentrations are compared on this basie the explanation of
any variations in the equilibria observed must take into consideration not only
the concentration of the iodide and the iodine, but also of the solvent present.
The present work was undertaken with the purpore of eliminating effects due
to variation in the amount of solvent by expressing all coneentrations in gram-
mols per 1000 g, of solvent.

Purification of Materials

Barium Iodide. The pure salt which had been twice recrystallized from a
solution containing hydriodic acid was mixed with a small quantity of freshly
prepared solid ammonium iodide and fused in a stream of dry nitrogen. The
resulting product is a white crystalline solid which can be kept indefinitely
over phosphorus pentoxide. The purity of the salt was tested by repeated
accurate determinations of both the jodine and the barium content.

lTodine. Baker's resublimed iodine was sublimed once from an intimate
mixture with pure solid potassium iodide and once alone. All iodine deter-
minations were made with an approximately o.04 N solution of pure sodium
thiosulphate which was frequently standardized against a freshly prepared
iodine solution. 'This in turn was previously checked against a solution of
sodium arsenite made from resublimed arsenie trioxide.

il B i
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Carbon Teirachloride. A large sample of this solvent was washed with
water containing a small amount of sodiuin bydivside. 10 was bhen repeatedly
washed with pure water and allowed to stand over solid abhydrous caleium
chloride. Before use the solvent was decanted and redistilled.

Solubility of Iodine in Water

The solubility of iodine in water at 25° was determined by shaking an
excess of pure iodine with conductivity water in tightly stoppered bottles of
Jena glass. These were rotated in a large thermostat until equilibrium was
established. Samples were withdrawn by means of accurately calibrated
pipettes and run into tared glass stoppered erlenmeyer fasks containing a
solution of potassium iodide, and quickly weighed. The exact weight of the
iodine golution was determined by difference and the iodine titrated with the
thiosulphate solution. The solubility was calculated in mols of iodine dissol-

~ ved in 1000 g: of water. - 8ix successive deterniinations gave ‘the following

values: o.0013201, 0.0013203, 0.0013287, 0.0013204, 0.0013202, 0.0013296,
The mean value, viz., 0.001320, agrees well with the value of o.cox 32 obtained

by Bray and MacKay! for mols of iodine in reoo e.c. of a saturated water solu-
tion.

The Distribution of Iodine between Carbon Tetrachloride and Water

In making these determinations carbon tetrachloride, conductivity water
and solid iodine were placed in glass-stoppered bottles, carefully sealed and
then rotated in the thermostat at 25° until the iodine was completely dissolved
and the distribution equilibrium was attained. 25 c.c. portions of the water
layer and 10 c.c. portions of the carbon tetrachloride layer were quickly trans-
ferred without loss of iodine or solvent to tared glass-stoppered flasks contain-
ing an excess of a strong solution of potassium iodide and then quickly weighed,
The iodine was determined by titration and the weights of the solvents by
difference. From the data obtained the distribution ratio was calculated on
the basis of 1000 g. of cach solvent. This constant is not to be confused with

the constant as determined by Linhart? on the basis of 1000 g. of saturated
solution. He found for X the value 56.75.

The results of these determinations are given in Table I. The constancy
of the ratios is all that can be expected when one considers the extremely low
concentrations of the iodine in the water layer and also the fact that slight

errors are considerably multiplied in reducing concentrations to mols per 1000
g. of solvent,

! Bray and MacKay: J. Am. Chem. Soc., 32, 914 (1910).
? Linhart: J. Am. Chem. Soc., 40, 158 (1918).
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TasLe 1
The Distribution of Iodine between Water and Carbhon Tetrachloride.
Grams I, Grams 1, I. (roco g. CCly) I (1000 c.c, CCly)
1000 € HoQ) 1000 g, CCl, Iz (rooo g, Ho0)) I (1000 c.c. H:0)
0.0745 3.8¢g0 52.3§ 82.60
0.1020 5.3584 §2.§3 82.62
0.1078 5.6775% 52.64 82.86
0.1432 7.5145% 52.40 82.69
0.2432 12.6930 §2.21 82.37
Mean 52.¢ 82.6

The distribution ratio of iodine between water and earbon tetrachloride
has also been determined by Jakowkin.! He calculated his results on the basis
of 1000 e.c. of solution and found that the ratio increases from 8o.s in dilute
solutions to & value of 89 as the concentration of the iodine is inereased. We

have found that the value of the ratio for the range of concentrations usedia™ =~~~

independent of the concentration of the iodine when caleulated on either basis.
The mean value of the distribution ratio (K=g2.5) is used throughout the
work which follows:

Solubility of Iodine in Barium Iodide Solutions

For thir purpose solutions of an approximate definite normality were first
prepared from the purified salt and air-free conductivity water. Accurately
weighed samples of these solutions were taken and the barium precipitated as
barium sulphate. The concentrations were then ealculated on the basis of
mols of barium iodide in 1000 g. water. To make the different dilutions used
accurately measured volumes of these solutions were transferred to previously
weighed 100 c.c. volumetric flaske and weighed. The solution was then diluted
to 100 ¢.c. at 25° with air-free water and again weighed. From these data it is
possible to calculate the concentration at all dilutions on both the weight and
volume basis. The solutions were then transferred to dry glass stoppered
bottles and an excess of solid iodine was added. The bottles were sealed and
rotated in the thermostat for 24 hours, and then allowed to stand in the bath
until the finely divided solid iodine had completely settled. Definite samples
of the saturated solution were then transferred to accurately tared flaskes
containing solutions of potassium iodide, weighed and the iodine determined
by titration. From the weight of iodine found, the weight of the sample taken
and the concentration of the barium iodide solution we calculated the total
concentration of the dissolved iodine.

The results of these determinations are shown in Table II. The molal
concentration of the combined iodine was obtained by subtracting the molal
solubility of iodine in water from the total amount of the dissolved iodine.

! Jakowkin: Z physik, Chem., 13, 539 (1894).
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TasLy 11
The Solubility of Iodine in Barium Iodide Solutions at 28°
‘Mols Bal, Mols I, Mols I, Mols I,
1000 g. HiO 1000 g. H:0O (combined) Mols Bal,
0. 000000 0.001329 0.000000
0.000686 0.002044 0.000715 I.042
0.00%120 0.004482 0.003183 I.010
0.000628% 0.007874 0.000245 ©.993
0.031674 0.032109 ©.00308% ©.975
0.047716 0.048413 0.04702 a.98s
©0.080477 (0.079370) ©.07804 (0.969)
0.1649% 0.16872 0.16739 1.013
0.34880 Q.30500 ©.3036% 1.129
0.39633 0.45460 0.45327 1.144
0.5718¢ 0.81690 0.81g557 I.426
0.87640 1.4674 1.4661 r.673
1.1922 2.2880 2.2867 1

918

Particularly interesting and significant are the data of the last column.

It will be observed that the ratio of the mols of combined iodine to the mols of
barium iodide decreases to a minimum with increasing concentration of barium
iodide and then increases rapidly again as the concentration of the salt is

further increased. Furthermore, the value of the ratio approaches 2 at the
highest concentration,

The Distribution of Iedine between Carbon Tetrachloride and Barium
Todide Solutions

These experiments were made by taking a series of concentrations of
iodine in an approximately given concentration of barium iodide. A sample
of barium iodide, accurately weighed to 1 milligram, was transferred to a dry
hottle and dissolved in exactly 75 c.c. of nir-free water, 25 c¢.c. of carbon
tetrachloride were then added and finally a quantity of solid iodine insufficient
to saturate the two layers. The bottle was tightly sealed and rotated in the
thermostat for 24 hours. After allowing the bottles to stand until the gepara-
tion of the two layers was complete definite portions of each layer were care-
fully run into weighed freshly prepared solutions of potassium iodide, again
weighed and the iodine determined by titration. The titration mixtures from
the water layer were then acidulated with hydrochloric acid and the barium
lodide content determined by precipitation as sulphate. The weight of the
water was determined by difference. The concentration of the free uncom-
bined iodine in the water solution was found by dividing the iodine coneentra-
tion in the carbon tetrachloride by 52.5. From these data we have caleulated
the molal concentrations of the barium iodide, the free iodine and the combined

iodine, and the equilibriumn constants. The results of the determinations are
tabulated in Table 111,
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TasLg I
Equilibrium Constants for Barium Todide Solutions unsaturated with Iodine.

. 3.05,,_ P - ..

Mols Bal;c Mols I, Freel;r Ky-10' Kpvo'! Ki-10t  Ky-107
8 . b X+ 10%
0.02308 ©.003053 1I1.3590 6.85 2.05 15.06 4.16
0.02200 ©0.004806 1.6%4 6.53 2.48 14.73 5.1%
0.02205 ©0.0006080 2.633 6.37 4.27 15.37 8.80
0.02289 ©.000544 3.865 5.79  §.97 15.45 13-44
0.02312 ©0.000813 3.93% 5.72 6.03 15.39 13.66
0.02202 ©.012686 $5.603 4.99 8.73 15.57 20.66
0.04600 ©.004508 o©.799 7.34 1.23 15.48 2.54
0.04582 o©0.009g902 1.8390 6.79 2.82 1§.41 5.07
0.04647 ©.017210 3.406 5.07 5.23 15.35 11.62
0.04627 ©0.023040 §.038 5.30 7.8 15.62 18.30
- ©0.00867 o©.008051 0.054 . 7.27 . 1.46 - ¥5.8%
0.06834 o©.01550% 1.957 6.78 3.03 15,51 6.46
0.06010 0.026387 3.629 6.01 5.68 15.64 12.68
0.06893 ©0.036852 5.550 5.00 B.6s 15.58 20.38
0.13828 o©0.060679 4.240 5.50 6.46 15.24 14.92
0.13830 0.088340 6.993 4.04 10.54 15.08 25.8¢9

The four simplest assumptions that can be made in regard to the equilib-
rium conditions are these,
1. We may assume with Hers and Kurzer that only one of the iodide
ions of barium iodide is capable of combining with iodine, and it combines
with one molecule, thus Bal - I,=Bal,+I;. The equilibrium constant for this
is :

K= [a—(b—x)Ix
[b—x]

2. Only one of the iodide ions is capable of combining with iodine and it
combines with two mols of jodine. This assumption is represented by the
chemical equation: Bal.I;=Bal;+2I;, The corresponding constant is

K,= [3-;:;’]"’ .
-1
3. Both iodide ions are equally active in combining with iodine and each
combines with one molecule only. This is the assumption of Jakowkin and
the chemical equation may be written, Bal,=Bal+-I;. For this the constant is
_ [2a—(b—x)lx

o [b—x]
4. Each of the two iodide ions may combine with two molecules of iodine,

viz., Bal; =Bal+ 21, where ba corresponds to a half-atom of barium. In this
case
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The values for these four constants have been calculated and are tabulated for
the different concentrations in Table 11,

Using the solubility data of Table I we have caleulated the corresponding
values for these constants for solutions saturated with respect, to iodine, In

these caleulations we have assumed the molal solubility of the free iodine (x)
to be 0.001329. The results are given in Table IV,

Equilibrium Constants for Barium Todide Solutions ssturated with Iodine.

Mols BRIQ
. 000000
000686
. 003120
.00628¢
.03107
04772
.08048
- 16497
.34880
.39633
.57189
.87640

14722

~ 000000000 QOCO

Total Mols I,
001329
.002044
.004482
-Q07574
.03220
04841
07937
. 16872
- 39500
45460
.81690

~0 000000000 O0

TaprLe IV
Kirot  Kp.107
—0.%4 16. 27
—0.14 17.30
0.09 I7.90
0.3§ 18.58
- o0.20  18.18
(0. 41 18.76
—~0.19 17.15
—1.§2 13.04
—1.06 13.23
—3.95 7-1X
—5.3% 3.46
—-6.36 0.%76

1

K:- 10t

I2.

13

0 0O

21

. 0%
13.
13.
13.
14.
12.
10.

- 54.82

Ko

50.17
53.28

§3-47

54.03
§5.18)
53.10
44.94
44.12
31.88
24.57
19.17

A survey of the data for solutions of barium iodide unsaturated with
respect to iodine (Table ITT) shows that the values of K are fairly constant

for concentrations up t0 0.14 M. Evidentl
each of the iodide ions of the salt

y then we are safe in assuming that
is capable of combining with one molecule of

todine to form the compound Ba(ls),. This confirms the work of Jakowkin
and of Van Name and Brown, It is clear also that the values of K,, based on
the assumption of Herz and Kurzer, do not even approximately represent the
equilibrium conditions. The values of K, for each single concentration of
barium iodide decrease rapidly with increase in the concentration of the iodine.

Equally valueless for these concentrations are the relations indicated by X,

and K.g.

The data of Table IV show a striking anomaly with regard to the equilib-
rium conditions. If the equilibria in solutions of barium jodide saturated with

iodine are to be explained by the formation of a higher polyiodide,

iodide formed is very probably Ba(l,),,

active. Under these conditions we shou
for the values of K,.

the poly-

since the two iodide ions are equally
Id expect a fair degree of constancy

The maximum variation in the values of K : between the

concentration limits 0.003 M and 0.16 M is about 4 percent. On the other
hand, the values for K, and K, for the same range of concentrations are equally
good. The values of K; (H. and K.) are for the most part negative. It should

be observed also that the values for all four equilibrium constas
distinet maxima at about 0.03 M Bal,,

its pass through
and then decrease rapidly with further
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increase in the concentration of the salt. Further, the concentration giving
the maximuin value for K is that coneentration at which the ratio [;/Bal; is a

minimum.

We assume far ternary clectrolytes a step-wise dissociation with dilution
for moderate concentrations. It is also known that in concentrated solution
some ternary electrolytes undergo polymerization and subsequent ionization
forming complex ions. Our present ignorance of the nature and extent of the
ionization of barium iodide in concentrated solutions renders impossible the
calculation of the equilibrium constants for solutions of barium iodide saturated
with iodine.

Summary

1. The solubility of iodine in water and in aqueous solutions of barium
iodide at 25° has been determinad. -

2. 'The distribution ratios of iodine between carbon tetrachloride and

- water have been redetermined on. the basis of mols in- 1000 g. of solvent.

3. We have calculated the equilibrium constants based on four different
assumptions of possible equilibria for barium iodide solutions both saturated
and unsaturated with respect to iodine, For dilute solutions unsaturated with
iodine Ba(ls)2 appears to be the only polyiodide present. For concentrated
solutions saturated with iodine the data indieate a mixtureof thetri- and penta-

iodides.

Physical Chemisiry Laboratory,
The State University of Iowa.
lowa City, Ia.



BAUDRIMONT AS COLLOID CHEMIST

BY WILDER D. BANCROFT

Last spring Mr. W. A. Bender, chief chemist of the Douglas Pectin Cor-
poration, told me that in the Traité de Chimie, published in 1844-1846,
Baudrimont had included a great deal of very good colloid chemistry. After
some difficulty I succeeded in securing a copy of the book and I find that M.
Bender had not exaggerated things in the Jeast,

In the second volume, pp. 842-850, Baudrimont has a chapter on the
general characteristics of particulate or non-crystallizable substances. Since
particulate is not a word in common usage, I am going to substitute for it the
word granular, which means the same thing. *“Organic substances oecur in
a series of stages, rising from the level of inorganic compounds to the strueture

of organized bodies.  In the lowest stage they are like inorganie compounds..
Like them they occur and react in definite proportions; they are solid, liquid,
or gaseous; their molecules have fixed axes which give them a structure and a
definite crystalline form; but they are characterized by their origin and by
the nature of the elements which constitute them, typical instances being
sugar, alcohol, and the gaseous carbides {hydrocarbons), ete. In the next
stage the substances do not have compositions described by the law of definite
proportions, they combine in varying proportious, they are formed of particles
visible under the microscope and having no definite axes. When left to them-
selves the particles either remain free and take the form of a liquid, like albu-
min, or they agglomerate and form tuberculous masses like the gums and the
resine. At a still higher stage the particles arrange themselves under the influ-
ence of definite forces, forming organic tissues, like the cellular tissues, the
muscles, and the nerves. Finally they assume forms and methods of arrange-
ment which vary with the beings to which they give rise.

““The first stage is that which is represented by organic compounds in the
strict sense of the word, by the substances described in the first part of the
organic chemistry under molecular or definite compounds. The second stage
i§ represented by substances, whose constituent parts, though still subject to
the laws of mechanics, adopt nevertheless the form of the constituents of the
organic tissues. They are represented by spheroidal particles which are either
liquid or seem to be; particles which are formed under the influence of forees
peculiar to or inherent in them, if we may use such a phrase. These substances
I have called granular and they will be described in the second part of the
organic chemistry. At the next higher stage, if exterior forces supervene, the
granular constituents agglomerate according to certain laws and form organ-
ized beings as has been said. These last two groups of substances belong
necesaarily under general anatomy and physiology and need not be discussed
in & treatise on chemistry, although they have really been studied by chemists.

There are now text-books on anatomy and physiology which include all the
chemical ideas which are needed.
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““The granular substances are formed of spherical or spheroidal particles
having diameters varying from two hundredths of a millimeter to about one
millimeter, This enormous variation in volume can be observed in some cases
with a single kind of particle, starch, for instance. When the particles are
brought in contact with certain liquids, they either take up the liquids and
swell considerably or they yield a part of the liquid they contain to the sur-
rounding fluid and shrink. The first phenomenon occurs strikingly with
starch grains in boiling water or in hot acidulated water; with histose, the
cellular tissue of animals, in presence of boiling water, The second phenomenon
can be observed by putting grains, such as gum arabic, into alechol after they
have swelled in water. _

“When the particles are swollen very much and are held in suspension in a
liquid, they seem to be dissolved but they are not. Albumin and gum arabie
are usually called soluble in water; but they are not really soluble and only

seern to be, their special structure permitting the particles to slide one upon

another and thus duplicate in mass the properties of a liquid, while they also
give this seeming liquid a special viscosity because of the mutual adhesion.

“If the liquid in contact with the grains has some chemical substance in
solution, this substance may penetrate the grains and be held there by a
variable force, of a nature similar to that which causes solution and capillary
phenomena. Very soluble salts may therefore be retained by the particles even
after & number of washings. It is for this reason that it is almost impossible
to remove potassium acetate which has been adsorbed by protein. The gran-
ular substance may even protect the adsorbed substance so completely that
the latter will resist a chemical attack which would ordinarily dissolve it.
Fibrin will retain phosphates so that only with extreme difficulty can hydric
salts [acids] dissolve them readily under ordinary conditions. There seems
to be a sort of adhesion which holds together the particles and the substance
fixed by them.

“The substances held in & state of pseudo-combination by the granules
modify the pupperties of these latter remarkably. Since the granular sub-
stances are generally not soluble and would lose all their characteristics prop-
erties if they were soluble, the adsorption may prevent them from expanding
[dispersing] sufficiently in a liquid to appear soluble and we therefore say that
they have become insoluble. Substances, which make the granules contract,
may precipitate them.

“Among the modifications of the granules when in pseudo-combination,
two are very remarkable. In one the particles become visible and may be
said to be solidified; but they remain isolated. This oecurs with barium
hydroxide and albumin. In the other case the particles contract and agglom-
erate to form a clot. In other words, cosgulation oceurs. We get this when
aleohol, chloromercuric acid, or the mineral acids, with the exception of
phosphoric acid, react with albumin. To what is due the repulsion or adhe-
sion? What gives rise to these differences? These are questions with which
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the future will have to ocoupy itself and which will perhaps elear up what
happens in the organs of living beings when the constituents which form them
are fixed, '

“The union just described is very different from chemical combination ;
it does not affect the molecules and is not according to definite proportions.
The amounts which combine are proportional o the time [?] and to the tem-
perature. This accounts readily for the fact that chemists have believed in ap
increasing saturation capacity which nevertheless gave definite compounds.
Instances of this are the facts observed by M. Frémy in his work on pectin
and by M. Mulder in his work on fibrin. The latter chemist elaims that
fibrin obtained from blood from the jugular vein of a cow gave a sesquifibrate
of silver, while fibrin prepared from arterial blood obtained by cutting the
carotid artery of the same animal gave quadrifibrates. All the alleged, definite
compounds of albumin, fibrin, pectin, pectic acid, ete., are indefinite com-
pounds in varying proportions, which, may nevertheless have a definite limit;

but this limit is comparable to the limiting amount of water which aspongecan

take up,

““There is one conclusive proof of the views which have just been put for-
ward. Solong as a granular substance is not destroyed, it keeps its particulate
state no matter what combination is formed. I have treated pectin with a
number of reagents, obtaining apparent compounds and double decomposi-
tions. In every case the new compounds were particulate and when one

regenerated the pectin from a series of compounds, it had its original proper-
ties and its granular form.”

““The extraction and purification of granular substances is a very special
problem. They cannot he dissolved and allowed to crystallize; they cannot
be distilled or sublimed. If one were to dissolve them, to make them form real
compounds or to change their physical state, they would lose entirely the strue-
ture which characterizes them and they would not regain it, if we assume that
this structure us usually the result of organic functions. We must therefore
purify granular substances by a series of treatments which will not alter them
but which will destroy the impurities which are present. We obtain cellulose,

protein, and casein for instance, by treating them successively with acids,
alkalies, ether, aleohol.

““The occurrence of inorganic compounds in the granular substances in-
terferesvery much with the aceuracy of the analytical results that one gets, We
usually assume that the weight of the organic portion is equal to the difference
between the total weight of the substance and the weight of the ash obtained

by combustion. The ashes, however, are not necessarily in the same state of

combination as in the original substance. The iron may be ferric and not be
ferrous; there may be carbonates instead of salts of organic acids. If such
analyses are to be significant, it is essential to know the form in which the
inorganic bases oceur in the organic substance, to make an accurate analysis
of the ash, to caleulate the form in which the bases were, and to correct the
experimental data ip accordance with this.

¢
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““As has already been said the granular masses behave like liquids, jellies,
or amorphous and vitrecus substances. Liquids coutaining particles in a
state of pseudo-solution {eolloidal solution] are always viscous., If the visco-
sity increases, that is if the granules become more adherent, they unite and
form & jelly, like starch, paste, the mucilaginous gums, pectin, gelatin, and
chondrin. In the solid state they form lumpy masses like the gums, the starch-
es, the fats, and cellular tissue. The property of forming a viscous liquid or of
setting to a jelly is so limited to the granular substances that I have not found
a single substance with this property which did not have a particular structure.
Typical cases are the glairy substance in mineral waters, the mucus of viscous
fermentation, the pseudo-solutions of gums, albumin, animal jellies, etc. All
these owe their properties to the granular nature of their constituents. Ieven
dare to add that all substances, like the gums, which are amorphous and
vitreous are particulate and that so are potassium silicate jelly, viscous sul-

phur, the different forms of glass, the hydrated silica obtamed by M. Ebelmen,

~ hyalite, the resins, agate, ete. -

“The particles are formed by the dnsperswn of a prmx:stent liquid or by
the formation of one liquid in another liquid which cannot dissolve it. A small
amount of liquid left to itself in the mass of another liquid will tend to become
spherical and will become spheroidal under the influence of gravity or other
forces. Oneseesthisif one drops mercury on a table or disperses oil in mucilage.
One must therefore assume that all the organiec granules have passed through
the liquid stage. . . .

“The kncwledge of the granular state of organized bodies clears up many
facts hitherto inexplicable and leads to many applications. It explains the
formation of organie substances, a number of physiological phenomena, the
part played by mineral fertilizers, the constitution of the skeleton, the dyeing
of textiles, the tanning of skins, ete.

‘““The opinion has already been expressed that organic tissues were formed
of granulest and this view was rejected for many reasons, among others that
some of the infusoria have organs smaller than the smallest granules and that
consequently all animal tissues cannot be particulate. That may be true but
they have credited the infusoria with many orgsns which they do not possess
and I am also prepared to state that many of the infusoria are formed éntirely
of globules. Anyhow, this does not invalidate anything which has been said
because we have been talking about beings higher in the organic scale, for
which the proof is positive and not to be overthrown by any objections.

“We may therefore consider all the statements in the preceding para-
graphs as absolutely accurate. They are true for all the substances which are
to be discussed in the remaining pages of this volume. It is in consequence of
unpublished microscopic observations and tests, covering a period of nearly -
twenty years, that I am able to gather together and to correlate all these
results, which create a new branch of chemistry.”

! Here Baudrimont is apparently using the word in the sense of cells.
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Baudrimont considers that the particles of gelatine, for instance, swell
in water and thereby hecome invisible. He does not scem to have considerad
the possibility of their being dispersed into smaller particles and consequently
we cannot credit him with a knowledge of peptization. Baudrimont did not
know that the soaps form true solutions in alcohol and colloidal ones in water
and he believed in colloidal substances rather than colloidal states; but so did
Graham and, for that matter, so did the rest of us up to relatively few years
ago.

On the other hand Baudrimont was perfectly clear that the second sub-
stance in a colloidal solution is not in solution but only appears to be. Heknew
about adsorption and, though he never heard of an adsorption isotherm, he
knew that adsorption may soon reach a practical limit with increasing concen-
tration. He knew that suspended particles may swell without forming definite
hydrates and he knew that jellies are formed by the partial agglutination of the
suspended parficles. He knew that adsorption may change the apparent

- physical and chemical properties of the adsorbed substance and that the ad- - -

sorbed substance may coagulate and precipitate the adsorbing colloid. He
knew that most of the alleged compounds with colloids did not exist. Inshort,
Baudrimont knew a great deal more about colloid chemistry ninety years ago
than some distinguished scientific men do now.

One or two special quotations will emphasize Baudrimont’s point of view.
“Gum arabic appears to be soluble in water but does not dissolve in it. The
particles separate, imbibe liquid, become soft and flexible, and therefore share
the dynamic conditions of equilibrium of the water which holds them in sus-
pension. The viscosity of the liquid is increased considerably by the adhesion
of the particles of gum arabic. Alcohol cannot break apart the particles of
gum arabic and hold them in suspension as water does. When one adds alco-
hol to the seeming solution of gum arabic, it causes them to contract and pre-
cipitate,” p. 853. “Casein occurs in milk and appears so completely dissolved
that it is impossible to see it. The only particles that one sees directly are
those of the butter fat. Nevertheless suitable reagents cause the casein to
contract and the particles then become visible. For a long time casein was
considered {o be soluble in water; but, quite independently of my observations.
M. Rochleder has shown that water does not dissolve any casein when the
latter is pure,” p. 849. Casein is not considered by Baudrimont to form defi-
nite compounds either with acids, alkalies, or salts.

““Albumin occurs in the form of absolutely invisible particles when one
examines it without any additions; but when a suitable reagent is added the
particles become readily visible and easily recognized. Barium hydroxide
solution is the best reagent for this purpose. When made visible in this way,
the particles of blood albumin are much smaller than the red blood corpuseles

-and are only o.00§ mm in diameter. The particles of egg albumin from two
lots of hen’s eggs were 0.006 mm in diameter,” p. 884. “Gelatine is particu-
late, solid, transparent, colorless, denser than water, hard like horn, fragile,
and with a conchoidal fracture when it is very dry, while it is flexible, very
elastic, and very tough when it is & bit damp. . . . Put in contact with water
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at room temperature, it swells, losing its limpidity and solidity. If, after it is
pormeated by water {uob bydimbed], it is heated to so° or 00°, the gelatine
appears to dissolve completely; but it is really only held in suspension, as can
be shown by microseopical examination after treatment with suitable reagents,
and a8 is also proved by the gelatinous state to which it returns on cooling,”
p. 806.

In the first volume Baudrimont points out, p. 198, that probably all
solids show what we now call selective adsorption, especially when they are
porous with fine pores. He considers, p. 81, that dyes are taken out of solu-
tion by the textile fibers and made apparently insoluble without forming any
definite compounds. The phenomenon i analogous to the decolorizing by
charcoal, which everybody knows does not involve the formation of definite
chemical compounds. Even the taking up of cochineal by cofton mordanted
with alumina is thought to be a case of adsorption, p. r98.

Although very clear on the subject of dyeing, the question of mordants

~ was rather too much for Baudrimont.!  “Alun alone doés not cause any pre-

cipitate in a solution of carmine; but it has the remarkable property of fixing
the carmine on textiles. A textile can be immersed in a solution of carmine
without being dyed in the least. It only soaks upthe.dye which can be removed
completely by a few washings. Alum does not precipitate carmine and vet,
if the textile has previously been impregnated with an alum solution, the
coloring matter becomes fixed on the cloth and cannot be removed ay any num-
ber of washings. This is a general phenomenon. Infusions or solutions of
coloring matters can only be fixed upon textile by metallic salts. Such salts
are called mordants.”

What Baudrimont has overlooked is that impregnating cloth with a solu-
tion of alum precipitates in the fibers either alumina or a hasic salt. FEither of
these will take carmine out of solution in the absence of the cloth. One must
not hold this minor slip up against him in view of what he goes on to say about
dyeing. ‘“Under the conditions just mentioned, the cloth, or the threads irom
which it is made, function by some sort of capillary action, for they are not
destroyed. The dye is only fixed on their particles forming a special type of
compounds in which the molecules are not changed. Such compounds have
been ealled particulate |indefinite or adsorption compounds]. For any coloring
matter, inorganic or organic, to unite with a textile and dye it in a durable
manner, the dye must be dissolved in a medium so that it can impregnate the
textile and be made insoluble by it. This is the fundamental principle in alt
dyeing. A few instances will suffice. Orpiment [arsenious sulphide] is used
a8 a dye by dissolving it in ammonisa, dipping the cloth in the bath, and letting
the ammonia evaporate, when the cloth will be found to be dyed. One can
produce double decomposition in the fabrie, as in dyeing yellow, by impreg-
nating the cloth in a solution of a lead salt and then dipping it in a solution of
potassium chromate which reacts with the lead salt to form lead chromate.
Dyeing with Prussian blue is done in a similar way. Indigo white, dissolved

! Traité de Chimie, 2, 24, 756 (1846).
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in water, will penetrate the threads and becomes insoluble and blue on contaot
with the oxygen of the air. As has been mentioned, dyes may be fixed on the
tabric by mordants. The sole function of mordants is not to fix dyes, Differ-
ent mordants may give different colors and a single immersion in 8 madder

bath may dye the cloth five or six different colors according to the mordants
printed on the cloth in advance.”

Baudrimont' might have discovered the mass law years before Guldberg
and Waage if he had done a few experiments instead of merely talking about
them. He calls attention to the extraordinary fact that iron oxide can be
reduced to metalliciron by hydrogen with the formation of water and that iron
can be oxidized to an oxide by steam with the formation of hydrogen. He
points out that these apparently contradictory vesults are due to the effect of
mass. “It ie the preponderance of the water vapor over the hydrogen in the
one case which causes the iron to be oxidized and keeps the oxide from being
veduced. 1t is the preponderance of hydrogen over water vapor in the other

_ case which causes the oxide of iron to be reduced and keeps the.metal thus

produced from being oxidized. Perhaps it would be possible to make & mix-
ture of hydrogen and water vapor which would be without action either on iron
or iron oxide. If 8o, the ratio of the two quantities of these substances would

give that of their chemical masses. An experiment of this sort would be easy to
do with carbon monoxide and carbon dioxide.”

The experiments apparently never were made: but I hope that these
quotations will show that Baudrimont was not a man to be forgotten profitably
even though his work along these lines had absolutely no effect so far as we
now know. It is n discouraging point of view; but apparently a good ides at
the wrong time or by the wrong man, which is perhaps the same thing, is appar-
ently as much wasted as though it had never oceurred. One ean congole one-
self however by assuming that if it were not for these preliminary and appar-
ently futile efforts, the right time and the right man would never come. Emer-
gon did not love the Irishman but he thought up a use even for him.

Cornell University.

! Traité de Chimie, 1, 183 (1844).



THE DETERMINATION OF SOFTENING TEMPERATURES BY
THE FLUIDITY METHOD

BY EUGENE C. BINGHAM

The determination of the melting-point of a soft solid which melts to a
very viscons liquid has long presented a difficult problem, so that many sub-
stances are said to have a “softening temperature’” rather than a melting-
point and it is not clearly understood whether a definite transition temperature
really exists. If waxes, resins, pitches, ef cet. do show a sharp transition tem-
perature from the viscous to the plastic regime and vice versu, the fact may
have an important bearing on the control of colloidal materials, as previously
pointed out!. Some of the plastics used in dentistry seemed to afford an oppor-

~ tunity for studying the. poseibility of using the viscometer or plastometerin . . . .

attacking this problem.

In making artificial dentures, it is necessary to obtain a very accurate
impresgion of the inside of the patient’s mouth in order to obtain a well-fitting
plate. For this purpose Plaster of Paris was formerly used but plastics have
recently been devised which will become soft enough to mold very readily at
temperatures which can be tolerated in the mouth; yet at the temperature of
the body the materials are rigid enough to hold their shape permanently.
These plastics are made from varnish resins mixed with stearic acid, tale and
coloring matter.

Two compounds designated T and E, obtained from the S. 8. White
Dental Mig. Company were studied. The resin content in both was the same.
Compound T contained 40%, stearic acid by weight. In compound E, 6%, of
stearic acid was replaced with mineral oil of viscosity 187 Saybolt seconds at
50°C.

To compound T, 44.5% tale by weight or 22.0%, by volume was added,
the mixture becoming TB,

To compound E, 509, tale by weight or 269, by volume was added
orming mixture ER.

The coloring matter made up an inappreciable percentage of the whole.
The instrument used was the plastometer already described in Bulletin 278
of the U. 8. Bureau of Standards. A capillary was used having a length of
7.09 em. and a radius of o.0504 cm.

The data obtained are given in Table 1 and plotted in Figure 1. ¥f the
materials used are plastic solids, the fluidity should continually decrease as the
shearing stress is lowered. In none of the materials was there any evidence of
this, hence we must assume that the materials have such a small yicld value,
if any at all, that they behave as viscous liquids. In certain cases the volume
of flow was very small (0.04 g.) hence the percentage of error is much higher

! Bingham: Ind. Eng. Chem. 14, 1014 (1922).
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than nced be with a more favorable digposition of apparatus. In these prelim-
inary experiments a long and narrow eapillary was preferred,

The fluidity of each material deereacee in o kinasy manner as thé e
perature is lowered so that each material has a definite transition temperature
from the plastic to the viscous condition. Moreover, this transition temper-
ature is not affected by the addition of solid materinl like tale. The substitu-
tion of 6%, of oil for an equal per cent of stearie acid increnses the Ruidity of the
compound and lowers the traneition temperature from 4 5.2°C 10 42.4°C. The
addition of tale to either wax base lowers the fluidity rapidly, but in a peculiar
menner. Thus & given percentage of tale lowers the fluidity & constant per-
centage of its value, irrespective of what the fluidity may be, due to the changes
in temperature. This is quite similar to the behavior of suspensions in water
studied by Bingham and Durham. From a practical point of view, this lower-
ing of the temperature coefficient of finidity bas the effect of extending the
temperature range over which the material is workable. It may be noted that

both materials containing tale are made up to have practically the same .

fluidity at 55°C.  Sirice the base T has a much lower fluidity (21.9) than the
bage E (36.0), the percentage of tale necessary to be added to the former is
only 44.4 per cent whereas the latter required 30 per cent.

The material ER has the advantage over TB in that it would have a con-
siderably greater range of temperature in actual use, during which the material
could be molded, but it would presumably have the disadvantage that at the
temperature of the body (37°C) the material would be so near the transition
temperature that conaiderable care would be necessary in handling. On the
other hand, the material TB would be expected to have a higher yield value,
but it should be used at the highest practicable temperature,

Earlier work would lead one to suppose that the tale would lower the
fluidity in & linear manner and we would expect that the same percentage of
tale would be necessary with either base, in order to obtain zero fluidity. As-
suming a specific gravity for tale of 2,75 the mixture TB contains 22 per cent.
by volume and the composition having zero fluidity would eontain 26.7 per
cent. The mixture ER contains 26 per cent. of tale by volume and the mix-
ture of zero fluidity would contain 29.3 per cent. by volume. These figures are
not quite identical as they should be. This may be explained by the difficulty
of removing the air which is incorportated with the tale in the material, More
of this remains in that mixture having the higher percentage of tale and the
air naturally adds to the fluidity of the mixture.

A most interesting question is in regard to the nature of the transition
point. It is obviously not a melting-point hecause when pure liquids are cooled
the fluidity reaches the zero value asymptotically unless erystallization inter-
venes, in which case there is a sudden drop in the fluidity. In these waxes
there is no sudden drop and yet the zero value is not approached asymtotically.
When the materials have zero fluidity, they must possess a strueture which
obstructs the flow. If the structure does not develop suddenly it must develop
gradually as the material is cooled. Moreover the structure must be due to the
stearic acid since that is the constituent which affects the temperature of zero
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TapLe I
THE FLUIDITY OF DENTAL WAXES
Compound “T"
Tempera- | Pressure Efflux Fluidity X 10°
ture gm. per em? gm./seeX 10° Observed Avg. | Cale.
55° 317 23.5§ 22.0 21.9 21.9
55 647 49.7 22.8
55 1245 93-3 22.3
55 1658 114.3 20.6
50 1658 57.1 10.1 10.2 10.7
50 124§ 44.0 10.4
50 647 22.3 10.X
47.5 1658 33.0 5.0 8.1
46 1658 3.8 0.7 .8
¢=(T—45.2)2.23X10™"
Compound “TB” ,
g8 .. ] 1686 . .} .. 30.3 3.9} 3.0 3.8
55 1968 36.0 3.9
50 1656 14.4 1.9 1.9
¢=(T—45.2) 0.385 X 10~°
Compound “E”
55 827 103 37.5 36.0 36.2
55 1243 I41. 34.0
$S 1658 208. 37.7
55 1245 144. 34.7
52 1248 116.2 27.8 27.6
50 1245 89.9 21.3 21.7
48 1245 66.8 15.7 16.1
45 1658 42.6 7-4 7.5
$p=(T—42.4)2.87X10™°
Compound “ER”’
53 1245 25.6 4.2 4.0 4.0
55 1658 3.2 3.1
55 1968 443 4.6
50 1968 21.0 2.2 2.4
45 1968 8.2 0.8 0.8
$=(T—42.4)0.317X10™°
Fila. 1 ?!:
Fluidity-temperature relationships for: 3:\:.
Eixact impression compound =E >
Do. with tale and color (red) =ER I 55
Tray impression compound =T N
Do. with tale and color (black)=TB Iy
-5
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fluidity, at the concentrations studied. The conclusion therefore scems to be
necessary that a part at least of the stearic acid is present not a8 a truesolution

intheresinone suhetoncehut incolleidaloclution, Asthotempeintuicisluwered
the particles of stearic acid increase either in number, or in size, or both, until
they come within range of each other and flow isinterferred with, Thisisthen
the transition temperature.

Below the transition temperature the material is still soft and therefore
plastic. It is hoped to measure the plasticity and elasticity later. From the
work which has been done with suspensions it might be expected that these
materials would exhibit pseudo-plastic flow with small though measurable
yield values well above the transition point, But if this eccentricity of flow is
due to seepage it is not surprising that it is absent from such extraordinarily
viscous material as that with which we are here dealing,

In the table the pressures are corrected for hydrostatic head. The
eflux from the capillary is given in grams per sec. X 10® in column 3. The
fluidity in absolute unitsX 1o® is given in the fourth column, while in the

last column are.given the fluidities calculated by linear formuls, given in the

table,

Since for these experiments the radius of the capillary was determined
merely by the weight of a mercury thread, the values of the Auidity are not
elaimed tobe exact, and for the present there is no need that they should be.
However it is hoped later to test these conclusions with other capillaries, Mur-
ray has proved that for absolute measurements of flow, capillaries must be
mensured with great care,

Another source of embarragsment in measurements of the flow of very
viscous materials should be mentioned. They often contain solid particles,
filter shreds et cet. which are accidentally present but which may greatly
change the character of the flow through capillary tubes if not removed. The
material studied in this paper contains particles which do not become dis-
integrated as the temperature is raigsed. Similarly nitrocellulose iz not
completely soluble in acetone or other solvents, a residue remeining which
partly settles out on standing. Also rubber is not completely soluble in
benzene. The insoluble part will not pass through the capillary of the
viscometer but it is very difficult to separate it by filtration.

Conclusions

1. Varnich gumsmixed with stearic acid, with or without mineral oil, show
& sharp transition temperature between the viscous and plastie conditions.

z. 'The fluidity-temperature curves of these materials are linear over the
range studied.

3. The addition of finely-powdered solid matter (talc) to these mixtures
greatly lowers the vemperature coefficient of fluidity without changing the
transition temperature between the viscous and plastic condition.

4. The transition temperature can be readily lowered by substituting
mineral oil for part of the stearic acid.

Lafayetle Coilege.
Easton, Pa.
Sept. 17, 19%3.



THE ADSORPTION OF BINARY MIXTURES BY ANIMAL CHAR-
COAL AND A COMPARATIVE STUDY OF THE ADSORPTIVE
POWER OF DIFFERENT VARIETIES OF CHARCOAL

BY N. A. YASNIK AND TANA CHAND RANA

The phenomenon of adsorption is of very great importance both from
theoretical and practical points of view, It plays a great part in the domain
of the organic world. Some of the most important industries are besed upon
this principle. On the theoretical side it presents various related phenomena
for investigation but up till now very little work has been done on this inter-
esting subject which undoubtedly deserves 2 greater amount of attention than

- has been hitherto shown to it and up till very recently the subject had beeng . -

neglected one. On consulting the literature, the latest work on the subject
was by Nikili Bchilaw and Ledi Lepin. Their work throws a fleed of light on
the nature of phenomenon itself and opens up many new lines for further
investigations. One of the subjects studied by them is that of adsorption of
mixtures, but, as they have restricted their work in detail to a few substances,
it was cousidered advisible to carry on further investigation on the subject and
to see if it would be possible to find out whether the adsorption of mixtures
follows any definite rule whether the results could be expressed by any stoichio-
metric relations.

1. Purified charcoal from Messrs Baker and Co., London wag used.
It did not require any further heating for it did not contain any tarry matter;
but it was subjected to the following operations previous to its use in experi-
ments. It was erushed very fine and put in a solution of HCl and HNO; for
five days after which it was washed free of acid with boiling distilled water.
It was then dried and powdered, passed through a sieve to secure uniformity
of the size of particles, and then stored in corked bottles. The electrolytes
used were the chlorides of sodium, potassium, magnesium, lithum, barium and
caleium; and KOH, NaOH, HC], HNO;, (COOH,), Na;CO,.

Experiments were performed in small flasks which contained s known
weight of charcoal (z grams) in which 25 cc of a solution of known coneentra-
tion were introduced and left for 20 minutes. During this time the flasks were
occasionally shaken. The amount adsorbed was determined by finding out
the concentration of s solution after it was acted on by charcoal, the initial
coneentration of that solution being known.

A number of preliminary experiments were performed to check the ad-
sorbing property of each new portion of charcosl that was used. Temperature
and dilution effects were also observed. It was found that the temperature
effect is very small and is positive i.e. a very small increase of adsorption takes
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place with & great increase in temperature. The effect of the change of con-

centration is remarkable. At low concentrations the relative amount of ad-
Rﬂrpﬁnu i g’"‘ﬂﬂtﬂ!' {hgn at high v nnwbrnd s

A S AT R T 1TTAN FRTS

Preliminary Experiments

(&) Control experiments,

As a large number of experiments were performed with animal chareoal
the adsorbent property of each new portion that was prepared was controlled
by a few experiments. They are shown in Table I. The solutions with their
concentration are given in the first end column. In these and the following
experiments C, and C; indicate the original and final concentrations, A the ad-

sorbed amount and (A X 100)/C; is the ratio of the adsorbed amount to the
original concentration of the solutions.

Solutions C Cy A (A X 100)/Cy
and cone.

HCI N/go (1) 25.0 16.50 8.50 34.0
oo (2) 25.0 16.40 8.60 34.40
noon (3) 25.0 16.30 8.70 34.80
weoow (4) 25.0 16.45 8.55 34.20

NaOH N/40 (1) | 25.0 14.00 11.00 44 .60

” ” (2) 25.0 13.95 X1.0§ 44 .20
" ' (3) 25.0 14.05  10.93 43 .20
” 7 (4) 25.0 14.10 10.90 43 .60

It can be seen from the above table that the adsorbed amounts in each
experiment in both the cases are fairly constant. This shows that the charcoal
must have undergone a similar treatment during the purification. Adsorption
values obtained with each portion of charcoal can be compared with s fair
degree of accuracy.

(b) Temperature effect.

Before proceceding with the main work a large number of experiments
were performed in order to find out the effect of temperature and concentra-
tion upon adsorption. Experiments were performed the same way as already
mentioned with the same weight of charcoal unless otherwise stated and with
the same time schedule. The solutions were maintained at constant tempera-
ture in a thermostat. Experiments were performed at 25°, 50°, 75° and at the
temperature of boiling water which was 9g.8° and they are given in Table II.
Cy, Cy, A, 2nd (AX 100)/C; have the same meaning as before. The solutions
worked with and their concentrations are shown in the front column.
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‘TaBLE I
Oxalic acid C C; A (A X100} /C,
‘ Temp. 25°
:N 25.00 22.3 2.70 10.80
N 2§ .00 19.15 .85 23 .40
N/z 2§.00 17.00 8.00 32 .00
N/4 25.00 16.25 B.75 38.00
N/8 25.00 16.00 9.00 36.00
Temp. 50°
2N 25.00 21.39 3.41 13.64
N 25 .00 18.62% 6.37% 25.50
N/2 25.00 16.25 8.7¢ 35.00
N/4 25.00 15.75 .28 . 37.00
N/8 25.00 15.00 10.00 40 .00
Temp. 75°
2N 26.00 21.57% 3.428 13.70
N 25.00 18.25 6.7 2% .00
- N/2 .2§.00-. - - §6.3§ - o BL6g
N/a 25.00 15.70 8.30 37 .70
N/8 25.00 15.00 10.00 40.80
Temp. 99.8°
2N 26.00 206.62 4.38 17.82
N 2§.00 17.18 7.22 28 .88
N/2 25.00 16.30 8.70 34.80
N/4 25.00 15.50 0.50 38.00
N/8 25.00 14.50 10. 50 42 .00
KOH Cx Cz A {AX IOO)/C[
Temp. 25°
2N 2§.00 21.20 3.80 14.20
N 25.00 20.7% 4.25 17.00
N/2 25.00 19.50 5.50 22 .00
N/a 25.00 17.825 7.173% 28 .50
N/8 25.00 9.28 15.75 63 .00
Temp. 50°
2N 2§.00 20.225 4.775% 19.10
N 25.00 20.02 4.98 19.92
N/2 25.00 i8.45 6.26 24.00
N/s 25.00 17.77 7.23 28 .92
N/8 25.00 8.25 16.75 67 .00
Temp. 75°
aN 25.00 20.04 4.06 10.84
N 25.00 18.63 6.36 25 .44
N/2 25.00 15.98 g.02 36.08
N/a 25.00 15.35 g.65 38.60
N/8 25.00 8.7% 16.25 63.10
Temp. 99.8°
aN 2§.00 20.10 4.00 19.60
N 25.00 18.40 6.60 26 .40
N/2 25.00 15.33 9.67 38.68
N/a 25.00 15.235 9.76% 30.00
N/8 25.00 8.64 16. 56 66.25

These results are for four grams of charcoal

34.60__ e e e =
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On summatrising the results obtained above at different temperatures we
get +—

Nvalie acid ae® 3 $3° ¥y, 8°
2N 10.80 13.64 13.70 17.52
N 23.40 25.50 2% .00 28 .88
N/2 32.00 35.00 34.60 34 .80
N/4 35.00 . 37.70 37.90 38.00
N/8 36.00 40.00 40.80 42 .00
KOH 25° 50° 75° 99.8°
2N 14.20 19.10 190.84 19.60
N 17.00 19.92 25.44 26.40
N/2 22.00 25.00 36 .08 38.68
N/4 28.50 28.92 38 .60 39.06
N/8 63 .00 | 67.00 65.10 66.25
Interpretation of Results

It is seen from the column under (AX 100)/C; that this ratio for a sub-

_stance at one concentration snd with different temperature does not vary. very

much on the whole and so the effect of temperature on the sdsorbed amount is
very small. If experiments are performed at room temperature without a
thermastat, no serious error i8 involved. These results are confirmed by the
results of Schmidt and Freundlich. Similar conclusions have been arrived
at by Walker and Appleyard.

The increase of adsorption with increase in temperature, though very
small, has been traced to the removal of air from hollow spaces within the
body of charcoal and to the decrease in the solubility of air at high tempera-
tures.

(e) Conceniration effect.
For experimental work see Table II.

Interpretation of results. It is also seen from the above tables that a
substance is adsorbed relatively more at low concentrations than at high con-
centrations. Comparison of numbers for one substance under (A X 100)/C; at
one temperature with increasing dilution shows that this number increases
but it may be observed that the absolute amount of adsorbed substance is
more at high concentrations than at low concentrations. In other words the
adsorbed amount is a direct function of the cohcentration.

The relative increase of the adsorption with dilution is not to be ascribed
to the increase in dissociation of an electrolyte in solution for non-dissociation
of an electrolyte in solution for non-dissociating substances or non-electrolytes
also behaved similarly. This may be due to the greater mobility of molecules
in solution with decrease in concentration and hence to the greater number of
contacts to which a charcoal particle is subjected.

Actual Experiments
Adsorpiion of single substances.
Before the efiect of a foreign substance on the adsorption of another sub-
stance can be found out, the adsorption of the former when alone should be
tried first and so the following experiments have been devoted to the adsorp-
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tion of pure substances, The method of these experiments is the same as
already described except that they were performed at room temperature with-
vub o bermosiai.  Weighit of ciiarcosi used in each experiment was two grams
and the time was twenty minutes,

_ Tasre 111
Solutions C Cq A (A X 100)/C,
and conc.
HCI N/10 25.00 18.0g 18. 50 27. %0
» N/zo0 25.00 17.50 7.50 30.00
» N/40 25,00 16. 50 8.50 34.00
H:80, N/10 25.00 16.38 8.62 34.50
" N/z0 25.00 15.28 9.75§ 39.00
” N/40 25.00 13. 50 I1.50 - 46.00
HNO; N/ro 25.00 16.45 8.2% 33.00
»” N/z0 25,00 15.25 9.7% 39.00
” N/40 25.00 12.45 12.53§ 0.2
(COOH); N/1o 25.00 9.8% 1§.18 60.6
" N/40 25.00 5.0 20.0 80.0
Na,CO;s N/i1o 25.00 18, 2% 6.73 27.00
7 N/20 25.00 16.75 8.25 33.00
” N/40 25.00 15.50 9.% 38.0
NaOH N/ro 25.00 15.50 9. 50 38.00
» N/20 25.00 14.50 10.50 42 .00
" N/40 26.00 14. 10 10.90 43 .60
KOH N/1o 25.00 13.375 11.62% 46.50
" N/z20 25.00 13.00 12.00 48 .00
» N/40 25.00 11.00 14.00 86.00
KC(Cl N/s 26.00 23.43 1.87 6.28
» N/20 25.00 23.10 1.81 7.24
7 N/40 2%.00 22.94 2.06 8.24
NaCl N/2 25.00 23.57§ I.42% 5.70
»” N/s 25.00 23.50 I.50 6.00
" N/z20 25.00 23.50 I.80 6.00
" N/40 25.00 23.40 1.60 6.40
MgCl;, N/g 25 .00 24.30 0.90 2.80
” N/10 25.00 24.18 0.82 3.20
" N/20 25,00 23.873 I.125 4.50
" N/40 25 .00 23.50 .50 6.00
LiCl N/s 25.00 24.125 0.873 3.30
” N/10 25.00 24.06 0.04 3.76
” N/20 25.00 23.84s I.125§ 4.50
” N/g0 25.00 23.75 1.25 5.00
SrCl, N/s . 25.00 23.3$ 1.65 6.60
” N/20 25.00 23.10 1.90 7.60
”? N/so 25.00 23.08 .95 7.80
CaCl;, N/ 2§.00 23.875% I.12§ 4.50
” N/20 25.00 23.50 I.50 6.00
» N/40 2§.00 22.7% 2.2¢ 9.00
Interpretation of Results

The effect of dilution in the above results is remarkable. The relative
adsorption increases with fall in concentration. With some exceptions the
sequence of the atomic weight has a noticesble effect on the adsorption.
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Adsorption of mizlures.

Mixtures of the above electrolytes have been made use of in the deter-
mination of the effect of one electrolyte on another. The method of experi-
ments 18 similar to that m the previous cases but with some modifications.
This will be clear from the following example:—

2 sce of & mixture of N/zo HCl and N/20 LiCl were prepared by mixing
12.5¢c of N/1o HCl and 12.5¢c of N/1o LiCl. Solutions at other concentra-
tions were prepared in like manner.

‘The representation of results is a little more complicated. Under C, there
are two columns, (a) represents end concentrations when a substance before
which & value in the tables is put, is acted upon by charcoal when alone; i.e.
in a pure condition, (b) when mixed with other substances. The meaning of
two columns under each of the two heads (A) and (A X 100)/C; is to he inter-
preted similarly. D represents the difference between the two columns under
(AX 100)/Cy. It shows the direction and amount of change which the pres-
ence of a foreign substance has effected on the adsorption of another substance.

- The method of work is quite the same as informer cases. Estimationsof the

solutions were made when they were neutral.

TasrLe IV
KCL Ci= 2s.00cc,
Solutions Cs A (AX 100)/C, D
and Cone. (a) (b) (a) (b) (a) ()
Sept. Toget.  Sept. Toget. Sept. Together
N/20KCl 23.19 23.00 181 2.00 7.24 800 +0.76
+N/20 HCI 17.50 18.25 7.50 6.4% 30.00 27.00 —3.00
N/20KCl 23.19 22.88 181 2.12 7.24 8.48 +1.24
+N/40HCI 16.50 17.00 8.50 8.00 42.00 42.00 —2.00
N/z0 KCl 23.19 24.25 1.8 o0.75 7.24 3.00 —4.24
+N/20H:80, 15.25 17.50 ¢.75 7.50 39.00 30.00 =g.00
N/20 KCl 23.19 23.25 1.8t 1.7§ %.24 4.00 —o0.24
+N/40H80;  13.50 14.50 11.50 10.50 46.00 42.00 —o0.20
N/20 KCI 23.19 23.60 1.8x 1.40 7.24 §.60 —1.64
+N/20HNO3  15.25 14.12 9.75 10.88 309.00 43.52 -+4.52
N/20 KCl1 23.19 23.60 1.81 1.40 7.24 §5.60 —1.64
+N/4go HNOs  12.43 11.50 12.55 11.530 10.20 46.00 ~—4.20
N/20 KCl 23.19 22.50 1.81 2.75 7.24 11.00 +3.76
+N/20(COOH); 7.95 8.61 17.05 16.390 68.20 65.56 —2.54
N/20 KCI 23.19 22.00 1.81 3.00 7.24 12.00 +4.76
+N/40(COOH): s5.00 8.25 20.00 16.75 80.00 67.00 —13.00
N/20 KCl 23.19 22.75 1.8t 2.28 %.24 ¢g.00 +1.76
+N/20(KOH) 13.00 14.75 12.00 10.25 48.00 41.00 “7.00
N/z20 KCl 23.19 21.95 1.8t 3.28 %.24 12.90 +45.66
4+N/4oKOH  1x.00 13.25 14.00 11.95 354.00 47.00 =—7%.00
N/20 KCl 23.19 23.25 .81 1.7 7.24 7.00 —o0.24
+N/20Na,COs 16.75 18.38 8.256 6.62 33.00 26.48 ~6.52
N/20 KCl1 23.10 22.75 1.81 2.25 7.24 Q.00 —1.%6
+N/40 N2;COz 15.50 17.25 9.50 7.75 38.00 3I.00 =—%.00
N/z0 KCl 23.19 22,00 1.8t 3.00 7.24 12.00 +4.76
+N/20NaOH 14.5 19.21 10.50 6.790 42.00 23.06 —8.94
N/20 KC}, 23.19 2r.00 1.81 4.00 7.24 16.00 +8.46
+N/40NaOH 14.10 17.75 10.90 7.25 43.60 20.00 —14.60

= — L - = -
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Tasre V
Nu(‘.l (.‘-35:95 o
Solutions C,
and conc, (a) (b) (a) (b)
Sept. Toget. Bept.  Toget.
N/20 NaCl 23.50 23.75 1.0 1.2§
+N/z20 HCI 17.50 16.75 7.30 8.28
N/20 NaCl 23.50 23.30 1.50 1.50
+N/40 HC] 16.5 15.50 8.50 9.50
N/20 Nael 23.50 24.2§ 1.56 0.7%
+N/20H80, 15.25 17.98 9.75 7.2%
N/20NaCl 23.50 23.7§ 1.§0 1.2%
+N/40H80, 13.50 17.50 11.80 7%.350
N/zo0 NaCl 23.80 23.50 1.0 1.50
+N/20HNO;  15.28 15.95 0.75 0.25
N/20 NaCl 23.80 23.50 1.50 I.80
+N/40HNOs  12.45 13.355 12.88 1¥1.4%
N/zoNaCl ~  23.80 23.75 1.50 1
Tk N/20(COOH)2 7.95 12.50 17.0§ 12.50
N/20NaCl 23.40 23.50 1.50 1.50
+N/40(COOH); 5.00 11.50 20.00 13.50
N/20 NaCl 23.30 23.45 1.50 I.5%
+N/20 KOH 13.00 14.28 12.00 10.7§
N/20 NaCl 23.50 2I1.50 1.50 3.80
+N/20KOH 11.00 13.00 14.00 12.00
N/20 NaCl 23.40 23.75 1.50 1.25%
+N/20Na.CO; 16.75 19.25 8.28 35.7%
N/z0 NaCl 23.50 21.00 1.§0 4.00
+N/40Na, CO; 15.50 17.50 9¢.50 7.50
N/20 NaCl 23.50 23.00 1.0 2.00
+N/20 NaOH 14.50 19.25 10.50 §.43
N/z20 NaCl 23.50 22.75 1.50 2.25
+N/40NaOH 14.10 18.00 10.90 7.00
Tasre VI
MgCly, Cy=235.00cc
Solutions C, A
and conc. (a) (b) (a) (h)
Sept. Toget.  Sept. Toget.
N/20 MgCl, 23.875 23.73 1.125 1.28%
+N/20 HCI 17.500 17.50 7.500 7.50
N/20 MgCl. 23.875 23.50 1.125 1.%0
+N/20 HCI 16.500 16.50 8.520 8.30
N/20 MgCl, 23.875 23.50 1.125 1.50
+N/20H:80;, 15.25 18.50 9.750 6.0
N/20 MgCl, 23.870 23.25 1.125 1.9%
+N/40H:80;s 13.500 15.50 11.50 g.30
N/z20 MeCl, 23 .875 24.25 1.12§5 O.7§
+N/20HNOs  15.25 16.25 ¢.75 8.75
N/20 MgCl, 23.875 24.00 ¥.125 1.00
+N/4oHNO;  12.450 15.00 12.350 .00
N/20 MgCl, 23.875 23.75 1.12§ 1.3
+N/20(COOH); 7.950 14.25 17.05 10.75§
N/20 MgCl, 23.875 23.50 1.125 1.50
+N/40(COOH); 5.000 12.00 20.000 13.00

25 .

(A X 100)/C,
(a) (b)
Bept.
6.00
30.00
6.00
34.00
6.00

30.00
6.
46.

00
00
6.00
00
o)

Toget.
§.00
33.00
6.00
38.00
3.00
20.00
5.00
30.00
6.00

3%.00
6.00

45.80

39.
6.

50 .00
. 6.00.
68 .20
6.00
80 .00
6.00
48 .00
6.00
54 .00
6.00
33.00
6 .00
38.00
6.00
472 .00
00
6o

80,00
6.00

§4.00
6.20

43 .90
14.00
48 .00

5.00
23 .00
16.00
30.00
8.00
23 .00
9.00
28 .00

6.
43 .

(A X 100)/C,
(a) (b}
Sept. Toget.
4.50 §.00
30.00 30.00
4.50 6.0o0
34.00 34.00
4.50 6.00
39.00 206.00
4.50 7.00
46.00 38.00
4.50 3.00
39.00 34.00
4.50 4.00
50.20 36.00
4.50 §.00
68.20 43.00
4.50 6.00
80.00 52.00

§.00.

2713

D

- 1.00
+-3.00
©.00
4-4.00
—3.00
- 10.00
— .00
~¥6.00
c.00
—2.00
0.00
—4.20

e I ¢°Q.. e

—18.20
0.00
—26.00
+0.20
-~ §.00
+ 8 .00
—6.00
—1.00
—10.00
+10.00
—8.00
+2.00
- 10.00
+3.00
—185.60

+1.
+1

+1.50
—13.
+2.50
.00
-1.50
—5.
—0.50
—14.20
+0.50
—25.20
.50
—~28.

.$0
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Solutions
and cone.

N/z20 1iCl

+N/20HCI
N/z20 LiCl

+N/40 HCI
N/zo0 LiCl

+N/ 20 H:SO4 _
N/20 LiCl

+N/40 H;80,
N/z0 LiCl

+N/20 HNO,
N/z0 LiCl
- +N/4oHNOQ, -
N/20 LiCl

+N/20(COOH),
N/zo0 LiCl

+N/40(COOH),

Solutions
and cone.

N/zo0 8:Cl,
+N/20HCI
N/20 8rCl,
+N/40HCI
N/z0 8rCl,
+N/20 HNO,
N/zo0 StCl
+N/ 40 HN03

Solutions
and cone.

N/20 CaCls
4+N/20 HNO,
N/20 CaCl,
+'N / 4OHN03

N. A. YAIJNIK AND TANA CHAND RANA

TasLe VI
LiCl Cy=25.00c¢
® ) @ " o
a a
Sept. Toget.  Sept. Toget.
23.875 1.125%
17.500 18.28 1.500 6.7%
23.875 24.00 1.12§5 1.00
16.500 17.00 8.300 8.00
23.875 24.00 1.¥25 1.00
I§.250 19.25 9.75 5.75
23.8983 24.00 1.12% 1.00
13.50 18.50 11.50 6.50
23.875 23.95 1.125 1.28
[5.250 14.00 0.750 11.00
23.878 23.30 1.12§ (.30
12.440 1325 - ¥2. 550 ¥V .7%
23.875 23.75  1.7285 1.28
7-950 17.25 17.050 7.7§
23.875 23.750 1.12§ 1.2§
5.000 15.25 20.00 8.75
TasLe VI1I
SrCly Cy=23.00cc
Cs A
(a) (b) (a) (b)
Sept. Toget. Sept.  Toget.
23.10 22.00 1.00 3.00
I7.30 17.25 7.850 7.75%
23.10 2X.50 1.00 3.50
16.50 15.00 &8.50 9.00
23.10 22.50 1.90 2.50
15.25 14.25 9.75 10.75
23.10 2I.50 1.0 3.50
12.45 12.00 ¥2.55 13.00
Tasre IX
CaCly Ci=235.00cc
Cy A
(@ (b) (a) b
Sept. Toget. Sept. ng)et.
23.50 23.00 1.§0 2.60
15.25 15.30 0.7% 0.0
23.50 22.85 1.50 2.125
12.45 12.95 12.85§ 12.1§

(A X100} /C,

a
Sopk.
4.50
30.00
4.50
34 .00
4.50
39.00
4.%0
46 .00
4.40
39.00
4.50

§0.30 -

4.50
68 .20
4.50
80.00

(b)
Toget.

] Y e
Gt NP W R B

»

(A X100)/C,

a
Sopt.
¥.60
30.00
7.60
34.00
7.60
39.00
7 .60
50.20

(b}
Toget.
12.00
31.00
14.00
36.00
10.00
43 .00
14.00
§2.00

(AX 100);’01

(a)
Sept.
6.00
39.00
6.00
50.20

(b)

Toget.

8.00
38.80
0.00
48.60

D

~3.00
~0.50
—-3.00
—0.50
—16.00
—0.50
—20.50
+0.50
+5.00
+1.50

4-0.50
—37.20
+4-0.50
—45.00

+4.40
+1.00
+6.40
+32.00
+2.40
+4.00
+6.39
+2.00

+2.00
—0.20
+3.00
—-1.62
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TasLe X
Wiixtures of KCi and NaCl
Solution Gy A {AX 100)/C, D
and cone.
(8) (b) (8) (b) (a) (b)
Sept. Toget. Sept. Toget. Bept. Toget.
N/20 NaCl 23.50 .50 6.00 .
+4N/20 KCl 23.19 23.20 1.8t 1.80 7.24 7.20 ~—6.04
N/20 NaCl 23.500 22.27§ I.8§0 6.00
+N/40 KCl 22.04 2.06 2.728 8.24 10.000 —3.34
N/40 NaCl 23 .40 1.60 6.40
+N/z20 KCl 23.19 22.86 1.8t 2.14 7.24 8.56 -5.08
N/ 40 NaCl 23.40 22.80 1.60 2.20 6.30 8.80
+N/40 KCI 22.04 2.06 8.24 —5.84
Interpretation of Results

Adsorption of a binary mixture is not completely additive. It is not the

“sim of the adsorption of the constituents of a mixture. It cannot be, for each
effects a change in the adsorption of the other. The presence of a foreign
substance may increase or decrease the adsorption of a substance and some-
times it has no effect and the value of the latter remains the same. If one of
the substances of a mixture is adsorbed strongly, it takes place at the cost of
the other. The second substance is said to be poisoned in technical language.
This phenomenon is of importance in the manufacture of sulphuric acid by
the contact process for the adsorbability of platinum is decreased in the pres-
ence of arseni¢ or its compounds and the platinum i8 said to be nnisoned. in
view of the present investigation this cannot be attributed to a special property
of arsenic alone for other substances also behaved similarly. Ob the other
hand, there may be substances which increase the adsorbability of platinum
and investigations in this direction are worth trying for. This phenomenon is
called by Michael Lach' and by Schmidt? the displacement principle and it
follows no general law.

A few deductions that are possible from the above experiments may be
summarized as follows.

If an increase or decrease of adsorption of twe subsfances in a mixture
takes place at one concentration then at a lower concentration the effect is
much more in the same direction. For instance in a mixture of KCl and HCI
an increase in adsorption of KCl is observed at both concentrations of HCl
but the effect is much more at the lower concentration of HCl. In thig partic-
ular case the change takes place in the positive direction; but there are cases
where a decrease takes place and this follows the same law.

Both substances in a binary mixture are practically independent of the
influence of one another. Such a phenomenon is observed in certain cases.
This result is important for it throws some light over the nature of adsorption
phenomenon itself. Adsorption is independent of the degree of dissociation of
a substance.

! Kapillarchemie, p. 184.
3Z. physik. Chem. 74, 689, (1910).
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Both substances exert a mutual effect over one another corresponding to
the “displacement principle”. Many cases are seen where adsorption is lower.
In & mixture of KCl and HNO, a decrease in adsorption takes place and the
same effect can be found in ease of other substances also.

Adsorbability of & substance is increased in the presence of a foreign body.
It is interesting to find out that in a mixture with one ion common adsorption
of one is increased at the cost of the other. The adsorption of KCl for in-
stance is increased in presence of HCI.

How and why a particular change in » particular direction takes place
eannot at present be answered. No generalisation regarding the behaviour of
8 substance in presence of another foreign substance can be made as far as
adsorption is concerned. It is claimed by some that complex ion formation

takes place when adsorption of a substance in a binary mixture is lowered, but
no confirmation to it comes from other authors.

Experiments with Three Different Kinds of Wood Charcoal

-+ The secorid part of the work was performed with wood charcoal, Char-

coal was obtained from Thali, acacia, and mulberry wood, Methods of prepar-
ation and purification of charcoal are the same as in the case of animal char-
coal with the difference that wood charcoal was prepared by burning wood in 2
small furnace in the laboratory.

Each experiment was carried on in the same way as before by bringing a
solution of known concentration (N/40) in contaet with two grams of char-
coal and left for twenty minutes. After this time the solution was separated
- from the charcoal and its concentration was estimated by means of a standard
silver nitrate solution. The adsorbed amount was found by subtracting the
final concentration from the initial one. It was found that mulberry charcoal
was best of the three kinds of charcoals examined.

Solutions

They were prepared in the same way as before N/40 concentration solu-
tions were throughout used.

In this case also the method of representation is the same as in previous
cases. C;and C; denote the initial and final concentration (A X 100)/Cy and
A have the same meaning as before. The results obtained with different
charcoals can be compared from the following tables.

TasLE XI
Tali Wood Chareoal
Solutions C; C, A (A X 100) /C,
HNO, 25.00 18.50 6.75 27.00
H,80, 25.00 20.80 4.20 16.80
HQCl 25.00 10.58 5.45 21.80
KOH 25.00 18.40 6.60 26. 40
NaOH 25.00 18 .20 6.80 27.20
Na,CO, 25.00 20.35 4.623 18.50
NaCl 25.00 22.60 2.40 9.60
KCl 25.00 22 .50 2.50 10.00
Mg(Cly 25.00 24.1% 0.8g 3.40
LiCl, 25.00 23.28 1.78 6.00
SrCl, 25.00 23 .15 1.8g 7.40
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TasLE X11
Acacia Wood Charcoal
Solutions C Gy A (A X 100}/C,
HCl 25.00 19.20 6.00 24 .00
H;SO, 25.00 19.20 5.80 23.20
HNO, 25.00 18.73 6.25 24.00
COOH 25.00 4.25 20.7§ 83 .00
NaCl 25.00 23 .40 1.60 6.40
KCl 28.00 23.18 1.8g .40
8rCl, 28.00 23.45 .48 §.60
CaCl, 2§.00 20.83 4.18 15.60
MgCl, 25.00 23 .60 I.40 §.40
LiCl 25.00 24.12% 0.875 4.37$
CaCl. 2§.00 23.000 2,000 8 .000
TasLe XII1
— - Mulberry Wood Charcoal -~
Solutions Cy Cs A {A X 100) / Cy
HCI 25.00 18.75 6.25 25.00
H:80, 25 .00 19.625 $.375 21.50
HNO, 28.00 17.250 7.780 38.7%
CH,COOH 25.00 16.7% 8.25 41.2%
KOH | 2§.00 17.87g 7.128 28.50
NaOH 2§ .00 18.875 6.125 24.50
Na;CO, 25.00 17.10 7.90 31.60
KCl 25.00 22.00 3.00 12.00
NaCl 25.00 23 .00 2.00 8.00
MgCl 25.00 23.70 I.30 5.20
LiCl 25 .00 23.375 1.623 6.50
SrCly 2§ .00 23.25 1.75 7.00
TasLe XIV
Comparative Results of Adsorption Power of Charcoal of Tali, Acacia, Mul-
berry, and Animal Charcoal '
Solutions Acacig Tali Mulberry Animal
charcoal
HCl 24 .00 21.80 25.00 34.00
H,S80, 23.20 16.80 21.50 46.00
HNO, 25.00 27.00 38.7% $0.20
(COOH), 83 .00 20.00
CH,COOH 41.28
NaOH 297.20 24.80 43 .60
KOH 26.40 28.50 56.00
Na;CO, 18.50 31.60 38.00
NaCl 6.40 9.60 8.00 6.40
KCl 7.40 16.00 12.00 8.24
MgCl, 5.40 3.40 5.20 6.00
LiCl 4.375 6 .00 6.50 5.00
CaCly 15.60 13.40 0.00
SrCl, 5.80 7.40 7.00 7.80
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Interpretation of Results

1. Adsorption power varies with the nature of substance. It also varies
 with different charcoals.

2. On the whole mulberry charcoal appears to be the best of the three
so far as regards adsorption is concerned.

Conclusions
They may be summarised briefly as follows:—

1. Temperature has very little effect on adsorption of a substance by
charcoal. Increase of temperature produces an inerease in adsorption.

2. With an inerease in dilution of a substance in solution, the relative
adsorption amount increases, but at higher concentration the absolute amount
of adsorption is greater than at lower concentration.

3. Adsorption depends to some extent upon the chemical nature of a

substance. NaCl, KCl, LiCl, MgCl, all belonging to the same group inthe

- periodic table possess lower adsorption values than SrCl; or CaCls.
4. In adsorption of binary mixtures three things may be observed:—

(a) Presence of a foreign substance may have no effect on the adsorption

of another substance and so adsorption depends very little on ionization of a
substance. :

(b) A substance may be adsorbed less in presence of another substance,
than it would be if it were alone in solution. In other words adsorbent may be
poisoned with regard to one substance by the presence of another substance.

(¢) Adsorption of a substance may be increased in the presence of anoth-
er substance or of one may be increased at the cost of the other.

5. Adsorption of mixtures follows no general rules and so the effect of
one substance over the adsorbability can not be predicted.

6. Adsorption of wood charcoal approximates or even exceeds to that
of animal charcoal when the former has undergone a heat treatment.

7. With some exceptions the adsorption numbers with different charcoal
can be arranged in the same order. This shows that adsorption also depends
upon the chemical properties of s substance.

8. The different kinds of charcoal have different adsorption -power..
Mulberry charcoal adsorbs more than that from Tali or acacia.
Chemistry D

epariment.
Forman Christian College
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THE PHCTO-CUBMICAL FROTFERTIES OF CUFRGUS OXIDE

BY ALLEN GARRISON®

In & report entitled “The Behavior of Cuprous Oxide Photo-voltaic
Cells” the changes in potential of various cuprous oxide electrodes when
illuminated were explained by the assumption that the oxide becomes more
soluble to an extent which is proportional to the intensity of illumination. A
number of determinations of normal electrode potentials and photo-potentials
led to this conclusion but in view of the fact that this postulates a distinctly
new type of photo-chemical reaction a careful investigation of the case has
been made by the conductivity method to obtain evidence from a source other
than that of electromotive force measurements.

- The Experimental Procedure =
The purpose of this investigation was to determine whether or not a sys-
tem consisting of pure water saturated with cuprous oxide would have its
conductivity increased on illumination as the theory apparently demands.
The solubility of cuprous oxide was found to be approximately 10™° moles
per liter. In order, therefore, to make an observation of a photo-chemically
induced change in conduetivity of such a system a finely divided suspension of-

the oxide in pure water was prepared of density sufficient to permit the light
to penetrate several centimeters of the liquid.

Water was purified by triple distillation, first from an alkaline permanga-
nate, second from dilute sulfuric acid and finally from very dilute potassium
hydroxide. The still and receiver were of Pyrex glass and the eondenser of
block tin. Water thus prepared had a conductivity of r.05 X 10 ~® reciprocal
ohms, :
C. P. powdered cuprous oxide was washed with the conductivity water a
large number of times until the suspension gave constant conductivity at 25°,

A Pyrex glass cell having platinized electrodes was prepared for the con-
ductivity measurements. The platinum wires were flattened into a ribbon and
the edges sharpened before they were sealed into the glass thus providing a
water tight seal without the use of any substance in the cell other than Pyrex
glass and platinum. The lower part of the cell consisted of & bulb, containing
the vertical electrodes, and a large tube in the form of & ring leading from the
top to the bottom of the bulb. A glass vane driven by a small motor was
placed in this tube so that the suspension could be circulated through the bulb
between the electrodes. The cell was placed in a thermostat and kept at 25°
while measurements were being made. The thermostat was also glass ena-
bling the cell to be illuminated by a beam of white light from a 500 candle

* National Research Fellow in Chemistry.
t J. Phys. Chem. 27, 601 (1923)
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power tungsten lamp. Measurements of conductivity were made with a highe

grade Wheatstone bridge of standard make having variable air condensers for
balancing the cell capacity.

The conduectivities of the suspensions varied from 4.40X 107 to 6.65%
10~ reciprocal ohms, giving for the conductivity of the oxide 3.35X 10~ to
5.60X 107% If the mobility of the cuprous ion is taken to be the same as that
of the eupric ion this would give for the solubility of the oxide 1.gX107% to
2.5X 10" moles per liter. These values are large compared to those obtained
by clectrode potential methods, due probably to the presence of cupric jons
formed either by electrolytic equilibrium or atmospheric oxidation,

The Results of illuminating the Cuprous Oxide Suspensions

Within the range of sensitivity of the bridge, 1 part in 3000, no change in
the conductivity of the cuprous oxide suspensions could be observed in white
light of approximately sun light intensity. This ie apparently contrary to the

theory under discussion since the effects observed on the electrode potentials
~ would demand an observable change in conduetivity. The conditions are not
strictly comparable, however, beeause the electrodes used in the previous in-
vestigation were copper coated with a thin layer of cuprous oxide. The pres-
ence of the copper is apparently important. Its influence on the solubility of
the oxide is probably negligible but, in view of the fact that the amount of sub-
_stance in solution is small and the area of the finely divided particles large, an
induced photo-potential could not be neglected due to the eleetrostatic attrac-
tion of the particles and the removal of ions in the formation of the electro-
lytic double layers. It was found that the density of the layer of oxide which
determined the amount of metallic copper in contact with the electrolyte had
a marked influence on the photo-potential of the electrode.

The Influence of the Amount of Copper on the Photo-Potential
Table I gives results which were digcovered in a qualitative way in the
previous work.,
TABLE I

The Influence of the Density of the Oxide Layer on the Normal Potential
and the Photo-Potential of the Copper Electrode

(1) (2) (3) (4) (s) (6)
Time :
No. coated Ecu + dE dEy Ey 4
1 5 sec. —0.156 + +0.050 —o.831
2 30 —0.155 + 4-0.004 —0.831
3 6o —0.144 —o0.021 ~0.001 —0.832
4 120 —-0.112 —0.024 -0.023 —~0.831
§ § min, —0.110 ~0.,06% —0.040 —0.831
6 Repeatedly. —0.102 —0.200 —~0.070 —0.832
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Bix copper electrodes indicated by the numbers in column 1, were coated
with different densities of euprous oxide by placing for & short time in a dilute
selution of cypric chloride and completely hydrulysuig bire resuitan lnyer of
cuprous chloride in running distilled water. The density of the resultant
oxide depended on the time of forming the chloride as indicated in column 2.

The electrodes were then placed in o.1N K804 solution and the potential
of each in the dark compared to that of a o.IN calomel electrode. These
values are recorded in column 3. The electrodes were increasingly positive
in the order of increasing density of cuprous oxide deposit. The hydrogen ion
concentration in the K.80, solution was measured by a platinized gold elec-
trode saturated with hydrogen gas at atmospheric pressure. Its potential
was constant to o.001 volt for all the determinations as shown in column 6,
From the simple mass law relations there was thus at equilibrium a constant
concentration of cuprous iong in the vicinity of eachelectrode, Fromtherelation

. + 4 BRI, (Cut)

E=ecy + 5 log Co)

it |3 evident that the variations in E in column 3 are due to a variation in the
“concentration” of the metallic copper in contact with the electrolyte. Asthe
oxide coating was thickened the underlying copper became isolated from the
solution and its active concentration diminished. As proof of this, electrodes
s and 6 were seratched with a large number of fine lines to expose the under-
lying copper and their normal potentials reduced almost to those of Nos. 1 and
2. This affords experimental evidence for the assumption of “diluted copper”
made in the previous investigation and based on different considerations.

The initial changes in potential induced by white light are recorded in
column 4 and the change after 5 minutes exposure to the light in column s,
'The important thing in this connection is the fact that the diminution in the
amount of copper is accompanied by a large negative photo-potential,

The particles of cuprous oxide used in the conductivity measurements
contained an infinitely small amount of metallic copper. Each particle acting
as an electrode would develop a negative charge relative to the electrolyte on
illumination. The resultant electrolytic double layer would require positive
ions of the solution to balance the charge at the surface of the solid. Therefore,
even though cuprous and hydroxide ions were liberated by the radiation, the
cuprous ions may be held in the double layer as well as some of the more
mobile hydrogen ions thus preventing an increase in conductivity in the body
of the electrolyte. In order to test this theory, suspensions were made of
copper having a thin oxide deposit of the electrode type having a positive
rather than a negative photo-potential. Powdered copper just fine enough to
be held in suspension by gentle stirring was coated with oxide by the method
already described. After the chloride had been completely hydrolyzed the
suspengions were washed in pure water to constant conductivity and placed

in the apparatus desoribed above.
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The Results of illuminating the Copper-Cuprous Oxide Suspensions

Suspensions of copper having a thin deposit of copper oxide were found
tn have 8 higher conductivity in light than in the dach, The difference ig
large compared with any temperature effect which could have been induced by
the light. During the ohservation of the effect of light the temperature of the
cell did not vary more than o.1°. Table I shows the magnitude of the light
effect compared with the temperature coefficient of three different observa~
tions. If the effects observed were due to the heating effect of the light there

TasLe 11
The Temperature Coefficients and Light Effects of the Copper—Copper

Oxide Systems "
Conduetivity Conductivity Conduetivity
in Park at 25° in Dark at 26° in Light at 25°
7.16X 1078 7.49X 1678 8.00X10™°
4.41 " 4.5t 7 4.62 "
.08 " s.22 " 548 "

-~

would have been a rise in temperature of at least 2°, an oceurrence which could
not have escaped notice.

The magnitude of the light effec