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Soda alum was discovered by Gehlen in 1815 (6), and the existence of the
double salt has been confirmed by the work of many other investigators.
Astruc and Mousseron (1) investigated the 5°, 18°% and 42°C. isotherms
and state that the salt does not exist below 11°C. or above 38°C. Dobbins o
and Addjestone (2) found that the alum does exist at 42°C., but that eon- - -~

- siderable hydrolysis océurs at that temiperature. This study was under- =~ ,
taken with the purpose of investigating further the effect of increase of
temperature on the system, and to find the full range of conditions under
which the alum can exist and to determine if other compounds may exist in
the system. The system was studied in a 10 per cent sulfuric acid solution
at 50°, 42°, and 30°C.

EXPERIMENTAL PROCEDURE

Since the alum had been found to exist at 42°C., although hydrolysis had
occurred to some extent, it was decided to cut down tlie hydrolysis by the
addition of a small amount of gulfuric acid and to raise the temperature to
50°C. A 10 per cent solution of acid was found to be necessary toeliminate
hydrolysis at this high temperaturc. Anhydrous sodium sulfate and
aluminum sulfate with 18 moles of water were used in making the solutions.
A series of solutions was prepared containing varying concentrations of
aluminum sulfate in contact with solid sodium sulfate, and another series
containing varying concentrations of sodium sulfate in contact with solid
aluminum sulfate. One hundred cc. of solution in contact with the solid
was prepared for each bottle. The bottles were placed in o constant temn-

\ _ perature bath at 50°C. Equilibrium was reached only after nine months.

BAMPLING

After equilibrium. was reached, the solutions were allowed to settle com-
pletely so that the supernatant liquid was perfectly clear. Samples of the
liquid phase were withdrawn by means of pipets, transferred to weighing
bottles, and weighed. These samples were then diluted to 250 cc.

The solid phase presented much difficulty in sampling, owing to the very
finely divided condition of the solid. The very fluffy condition of the pre-
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656 J. T. DOBBINS AND LAURA C. THOMAS

cipitate made it impossible to obtain a sample free of adhemng ,{,lxqqi
Portions of the solid with adhering liquid were transferred to wexghmg
bottles and the liquid drained off as much as possible, 'The residue was
then weighed and made up to 260 cc.

METHODS8 OF ANALYSIS

The system was analyzed for aluminum, gravimetrically, by the method
of Dobbins and Sanders (5), and for sodium, volumetrically, by the method
- of Dobbing and Byrd (4). Since additional sulfuric acid had been added

H;0

¥ 90
' Al(5G4?3 Na: 504 8H20

0 po

Alz(504)3 Na2 504
Fro. 1.' The system Na:80~AlL(80:),~H,0 at 50°C. in 10 per cent sulfuric acid

and since the determination of sulfate in the presence of large amounts of
aluminum is not very satisfactory, this determination was not made. The
sodium and aluminum were calculated to sodium sulfate and aluminum
sulfate, respectively., Since the small quantity of sulfuric acid was added
in constant amount, it has been treated with the water as one component.

EXPERIMENTAL RESULTS

The data for the 50°C. isotherm atre given in table 1 and the results are
plotted in figure 1.
An examination of figure 1 shows that the 50°C. isotherm consists of



THE SODA ALUM SYSTEM 667

three solubility curves, showing that compound formation had taken
place. Tie lines connecting the wet residue to the liquid phase show that

TABLE 1
Dala for the 60°C. tsotherm
LIQUID PHASE WET SOLIDS
Nas80, Al(BON HO Na:80, Al(8O) O
per cont pereent pur cent per cant per eend per cent
33.07 0 66.93
30.93 1.64 67 .43 75.44 0.49 24.07
30.66 2.23 67.11
20.64 2.00 68.36 28.00 12.00 60.00
28.40 2.30 60.30
27.13 3.0 60.82
24.%4 3.19 72.57
23,20 417 72.64
17.86 6.23 75.91
16.46 7.00 76.54 18.40 16.22 65.38
13.35 9.40 7.26
11.49 11.056 77.46
5.4 18.40 76.56 9.03 2.34 66.63
1.97 23.43 74.60 3.50 34.43 62.07
1.81 23.10 15.00 1.73 36.58 62.69
18.77 81.23
TABLE 2
Data for the $8°C. isotherm
LIQUID PHABD W2t 80LIDS
NesS0, Al(804)s H:O Nus80, Al(BO) H:0
per cent per eend per eend per cend per cent por senl
33.20 0 66.80
32.00 1.52 66.48 66.47 0.81 32.72
31.79 1.87 66.34 ’
28.75 1.71 69.54 27.50 9.80 62.70
24 .47 2.84 72.69
17.42 6.51 76.07
18.81 5.63 77.56
10.93 10.49 78.568 13.54 ., 18.85 67.61
4.72 17.11 78.17 9.81 26.00 64.19
1.75 18.59 78.68 1.14 38.00 60.86
0 16.45 83.55

the solid phases are anhydrous sodium sulfate, anhydrous aluminum
sulfate, and & double salt of the composition Na,S0;- Als(8O,)s- 6H,0.
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The double salt exists between the concentrations of 30.66 per cent to 1.97
per cent sodium sulfate and 2.23 per cent to 23.43 per cent aluminum
sulfate. This is & much wider range than was found for the existence of
the alum at 42°C. The hydrated double salt, Na;80,. Al(80,)s- 6H:0,
found at 50°C. has nct been reported previously in the literature. The
corresponding double salt, K80, Ak(804)s- 6H;0, has been reported and is
thought to be the most stable hydrate of this salt.

H0

Nop 504 -AI2(504)3 - 14H20

Aiz(304)3 Na250¢
F1a. 2. The system Na:SO~AlL(80)H,O at 42°C. in 10 per cent sulfuric acid

Since the alum was not found to exist under these conditions, the tem-
perature was lowered to 42°C., where the alum had been found by Dobbins
and Addlestone (2).

The data are given in table 2 and the results plotted in figure 2.

An examination of figure 2 shows that the 42°C. isotherm also consists of
three solubility curves. Analysis of the wet residue shows that the solid
phases are anhydrous sodium suifate, anhydrous aluminum sulfate, and
the double salt of the composition Na;SO04- AL(SO4);- 14H,;0, which exists
between the concentrations 31.79 per cent to 2.70 per cent sodium sulfate
and 1.87 per cent to 20.25 per cent aluminum sulfate. This double sulfate
has been reported by Mousseron and Gravier (7) as existing at 37°C. The
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TABLE 3
Data for the 30°C, {sotherm
LIQUID PHABE WET BOLIDS

NSO, Ah(BOM HiO NusSOy AsEOn | Bo
per cend per eent per cent per cend per cend per cend
34.07 0 65.93
32.09 1.38 66.53 80.08 0.55 19.36
31.80 1.72 66.48 30.00 8.62 61.38
30.03 2.19 67.78
18.45 6.22 75.03

11.69 10.66 .78

5.52 15.78 18.70 11.44 28.28 60.30 .

1.96 21.33 7.7 1.66 35.20 63.14

1.74 21.00 77.26 0.89 36.16 59.95

0 14.582 86.48

H20

Nop 504 Alz(04)3 14H,0

Al2(504)3

Nap S04

Fid. 3. The system NasSO—Aly(SO4)~H;0 at 30°C. in 10 per cent sulfurie acid

range of existence for the double salt with 14 moles of water is much wider
than for the alum under the same conditions of temperature.
Since 1o alum was found at 42°C. and since the work of Dobbins and
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Byrd (4) showed that at 30°C. the alum did form in aqueous solutions
without hydrolysis, it was decided to study the system at that temperature
to find out if any further hydration had taken place. .

The data are given in table 3 and the results are plotted in figure 3.

An examination of figure 3 shows that at 30°C. there are three solubility
curves, showing the formation of a compound. The solid phases existing
are anhydrous sodium sulfate, aluminum sulfate with 18 moles of water,
and the double salt of the composition Na80;- Al(804);- 14H,0, existing
between the concentrations 32.09 per cent to 1.98 per cent sodium sulfate
and 21.33 per cent to 1.38 per cent aluminum sulfate. A microscopic
examination of the solid phase showed octahedral crystals similar to the
alum. A comparison of the 30°C. isotherm as studied by Dobbins and
Addlestone (2) with figure 3 shows that the range of concentration for the
alum is much less than for the hydrated salt with 14 moles of water at the
same temperature.

Dilatometer readings .
THUPNRATURES CAPILLARY READINGS

*C. om.

41 .4 16.00

42 .4 17.10

42.9 17.50

43.4 18.00 1 hour
19.60 12 hours
20.01 24 hours
20.00 36 hours

4 .4 21.00

45.4 22.00

46.4 23.00

DILATOMETER DETERMINATIONS

Since two hydrated salts had been found under the conditions studied, it
was decided to determine the transition temperature at which the salt with
14 moles of water was dehydrated to the salt with only 6 moles. A
dilatometer consisting of a bulb 2 in. in length and 0.5 in. in diameter and a
very long capillary tube was used. The bulb was partially filled with
partially dehydrated alum, and then thoroughly moistened with 10 per
cent sulfurie acid; the bulb was then sealed. The remainder of the bulb
was filled with Nujol by evacuating it and allowing the Nujol to flow in.
The dilatometer, affixed to a meter stick, was then allowed to come to
equilibrium at room temperature in 8 water bath. The temperature was
slowly raised and the rise of oil in the capillary recorded. It was found
that twelve hours were needed for the mixture to come to equilibrium after
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each increase in temperature. At the transition temperature it was neces-
sary to keep the temperature constant for thirty-six hours before equi-
librium was attained. The data are recorded in table 4,

An inspection of table 4 shows that the transition of the double salt with
14 moles of water to the salt with 6 moles occurs between 42.9° and 43.4°C.
This slow transition is verified by the great length of time necessary for the
gystem to come to equilibrium.

BUMMARY

The §50° 42° and 30°C. isotherms for the system sodium sulfate-
aluminum sulfate-weter in 10 per cent sulfuric acid have been studied.
At 50°C. the double salt Nay,SO;. Al(80¢); - 6HO exists. At 42°C. and
30°C. the double salt NazSO;- Als(80y)s- 14H,0 is the stable salt.

The double salt Na;SOq-Aly(80,);-68;0 has not previously been re-
ported in the literature.

- - The transition temperature of the double salt with 14 moles-of water to- -

the double salt with 6 moles of water lies between 42.9° and 43.4°C,
A 10 per cent sulfuric acid solution prevents the formation of alum at
50°, 42°, and 30°C.
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A NEW SLIT PHOTOMETER FOR THE ANALYSIS OF THIN
SECTIONS OF COLORED SOLUTIONS: EXPERIMENTAL
CONFIRMATION OF THE DIFFUSION EQUATION
W. G. EVERSOLE anpo E. W. DOUGHTY
Division of Physical Chemistry, Tho State University of lowa, lowa Cily, Iowa

Received August 29, 1996

In previous work (2) on this problem, a mathematical relation was
derived which described the progress of a definite concentration of a dif-
. fusing substance as a function of the diffusion coefficient and the time.

. The relation gave rise to a simple.and direct method for determining dif-

fusion coefficients. In experimental work described previously (3), the
usefulness of the method was demonstrated and data were obtained for
the diffusion coefficient of the cupric ion in silica gels. However, the appa-
ratus used in this work did not permit an actual measurement of the con-
centration gradient in the diffusion front.

The purpose of the present undertaking was to devise an apparatus for
making this measurement, and to compare the experimental results with
those predicted by the equation.

APPARATUS

The diffusion apparatus used in this work was essentially a refined model
of that previously described (3). The apparatus (figure 1) consisted of a
light source, a slit system, a cell used as a container for the diffusion gystem,
and a photoelectrie cell which was connected to a suitable indicating device.
For a light source of constant intensity, a 32-c.p. bulh was operated from a
B-volt storage battery. Variable resistances in series with the lamp pro-
vided a means of adjusting the intensity of illumination: The lamp hous-
ing was surrounded by & water jacket to prevent excessive heating,

Immediately in front of the lamp was a gelatin light filter which passed
nearly monochromatic red light to the glass water cell. The position of
the lens was adjusted to illuminate the first slit with a slightly converging
beam of light. After passing through the diffusion cell, the light beam
was further confined by two parallel black plates which permitted the
passage of a light beam about 3 em. wide and 0.1 mm. thick to the photo-
electric cell, -

1 Present address: Carbide and Carbon Chemicals Corporation, South Charleston,
West Virginia.

663



664 W. G. EVERBOLE AND E. W. DOUGHTY

The diffusion cell was formed by clamping rectangular picces of plate
glass (18 em. X 10 ¢m.) on either side of a u-shaped, rubber-covered rod.
The cell was always clamped to the same uniform thickness of about 1 em.
The cell fitted into an upright conveyer (figure 2) which was so arranged on
& stand that it would be moved up or down at will by means of & screw
adjustment. The screw adjustment extended through the bottom of the

o)
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Fia. 1. Diagram of diffusion apparatus

constant-temperature air bath which was maintained at a temperature of
25°C. Readings of the height of the cell were taken to 0.01 cm. by means
of & cathetometer. A mark on the cell holder was illuminated by a minia-
ture shaded bulb, and a cloth curtain over the glass window of the thermo-
stat and the telescope of the cathetometer prevented external light from
entering the bath.



BLIT PHOTOMETER 665

The photoelectric coll was connected to & vacuum tube emplifier (fig-
ure 3). The tube was a General Electric F. P. 64, and the cireuit was
practically that of Du Bridge and Brown (1) except for changes in the con-
nections fo the control grid. The photoelectrie cell acted essentially as a
grid lesk, having a resistance which was a function of the light intensity
on thecell. Anincreased light intensity lowered this resistance, giving a
less negative grid potential and a correspondingly larger plate eurrent.
This effect was counteracted by applying a higher negative potential to
Re by means of the potentiometer. Thus light intensities were measured

Fra. 2. Diagram of cell holder

The amplifier and photoeleciric cell were carefully shielded, The bat-
tery unit, consisting of two 6-volt, 120-ampere hour storage batteries, was
contained in  lead-lined box. A heavy, air-tight iron shield enclosed the
amplifying tube and the resistance Rs. The grid lead to the photoelectrie
cell was supported in & 1-in. brass tube by three sulfur insulators. All
shielding was connected by short wire leads to & common ground.

Since the theory of this type of circuit is fully discussed by Du Bridge
and Brown (1), only a brief description of the method of adjustment will
be given,

(1) Conneet the battery and adjust the filament current to about 90
milliamperes by means of Ry, Allow the tube to warm up at this current
for an hour or more.

1t
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666 W. 4. EVERSOLE AND E. W, DOQUGHTY

(2) With the potentiometer set at zero voltage and with no light on the
photoelectric cell, adjust Ry to bring the galvanometer deflection to zero,
Have the galvanometer connceted so that the reading decreases (i.e.,
moves to the left) with a decrease in plate current.

(8) Change the filament current slowly by adjusting Re in such & direc-
tion that the galvanometer deflection is decreased. It should pass through
a rather flat minimum. If it goes off the end of the scale hefore the
minimum is reached, bring it back near the center by readjusting R,.

POTENTIOMETER _ R
é CIRCUIT WT“‘
¢ !

12 v
Fi6. 3. Diagram of photometer circuit
P. C. Visitron 71A photoelectric cell
8. C. Standard cell
R, 10,000-chm radio rheostat with 50-chm rheostat in series for fine
adjustment
R, Ayrien shunt for galvanometer
R: 2000-ohm fixed resistance
R, 10,000-ohm fixed resistance
Rs and R; 50-ohm voltage dividers with movable taps
Rs 50-ohm radio rheoatat
Rs 100-megohm fixed resistance
Ry L. & N. potentiometer

(4) If the value of the filament current at the minimum differs from the
rated value for the tube by more than 2 milliamperes, shift the tap on R
and repeat the adjustiment. With the galvanometer at maximum sensi-
tivity, make a final adjustment to the minimum by changing Re and bring
the galvanometer deflection to zero with R;.

(6) The position of the tap on Rsshould be such that the plate is 6 volts
positive to the negative end of the filament. If the plate voltage differs
more than 0.5 volt from this value, shift the tap on Ry or change the value
of Ry and repeat the adjustment. The adjustment of the taps on Rs and
Ry will not need to be changed except when changing tubes.

The amplifier unit proved to be very satisfactory, and was practlcally
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devoid of any fluctuations or drift. The eurrent drain on the batteries was
small, and it was found to be more satisfactory to leave it turned on con-
tinuously except when the hattery was being charged. _

"The light source was operated from a separate battery, and it was neces-
sary to turn it on for an hour or more before the light intensity beecame
sufficiently constant for quantitative measurements.

EXPERIMENTAL METHOD

The diffusion equation was tested by studying the diffusion of methylene
blue in gelatin gels.

v

3 ' /
: ) ﬂ/

log MQ“:J
N
\;

IV

/
lgC. (C in mgy per liter)
F1ac. 4. Calibration curve for diffusion apparatus

Eastman (ash-free) gelatin was dissolved by stirring at 40° to 50°C. to
give a 5 per cent solution. The clear solution was poured into the diffusion
cell and allowed to set at 25°C., care being taken to prevent evaporation
from the surface of the gel.  After the gel had set for several hours the zero
distance reading was taken by reading the height of the cell at the point
where the meniscus of the gel just reflected the light beam off the slit
in the photoelectric cell housing.

‘The diffusing solution was then poured on top of the gel at zero time.
The solution contained 1.0 g. of methylene blue per liter of water solution,
and the concentration was kept constant throughout the measurements by
the continuous addition of fresh solution as the excess volume was drawn
off by gentle suction.

To operate the measuring ‘circuit, the resistance Rs was adjusted to

- 0 4 3

¢
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minimum galvanometer deflection and R, was adjusted so that the galva-
nometer at maximum sensitivity gave a reading near the centor of the seale.
This adjustment was made with the potentiometer set at zero and with the
light source cut off from the photoclectric cell by means of a shutter which
was operated from outside the bath. By this means a reference position
of the galvanometer was established. The potentiometer was then set
at 2 volts, the shutter was opened, and the intensity of the light source
was adjusted until the original reading of the galvanometer was obtained
with the light passing through the clear gel in the diffusion cell. Care was
taken during this adjustment to prevent large deflections which might
change the reference position by twisting the suspension of the gal-
vanometer.

After these adjustments had been made, the potentiometer was set at
definite readings and the cell was moved downward until the original
galvanometer reading was obtained for each potentiometer setting. The

_.cell height readings and the corresponding potentiometer. readings (R) ... ... .

were recorded. The concentrations corresponding to the different poten-
tiometer readings were obtained from the calibration curve (figure 4).

The calibration curve was obtained by finding the potentiometer read-
ings for known concentrations of methylene blue in water, the intensity of
the light source being adjusted to a potentiometer reading of 2 volts with
pure water in the diffusion cell. The calibration curve was tested by
analyzing gels containing known cdncentrations of methylene blue, and
was found to be satisfactory,

RESULTS AND DISCUSSION

In previous work (2) the following diffusion equation was derived
x3 »

= mos™ 0 o)
where m is the concentration at any distance, X, from the point where the
diffusion started, ¢ is the time in seconds during which the diffusion process
has been taking place, D is the diffusion coefficient in cm.? per second,
and m, is a constant which is equal to the concentration at zero distance.
Taking the logarithm of both sides of equation 1, equation 2 is obtained.

- X
logmo —~ logm = 5o e T Dt @
Thus at any given time, ‘
Viegm, —logm = kX = k(X, -~ 4) (3)

where

1
k= 1/ 93104 D¢ )
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In equation 3, X, was takén as the distance measured by means of the
cathetometer and A was any constant error in the reading of zero distance.
Such an error might have resulted from the influence of the curvature of
the meniscus on the effective zero distance in the diffusion process, or from
the method used to make the zero reading. However, at any given time
a plot of 4/logmy — logm against X, was a straight line. K was the slope
of the straight line and gave D by equation 4, and A was the intercept on
the X, axis. Figure 5 shows the results of a representative series of mens-
urements at different times. A large number of such measurements gave

oy m~log |

0 I

2 3

Fia. 5. Experimental verification of equation 3 for different values of ¢

Xy

& value of —0.030 cm. for 4, and a mean value of 1.635 X 10—* cm.? per
second for the diffusion coefficient.

The greater part of theerrorsin these measurements resulted from varia-
tions in the optical properties of the diffusion cell and the gels. The error
involved in assuming ¢ constant over the period of time required (about
fifteen minutes) to make & set of readings was negligible after the first
twelve hours, This time error was further minimized by taking the time
as that when the lower concentrations were being measured, since in this

region (Qg) (= g‘;‘) was greatest., If the'exa.ct value of X could be deter-
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mined with certainty, these errors could be eliminated to large extent by
keeping X constant and expressing log mo — log m as a linear function of 1/¢,

In figure 6 the measured values of the concentration have been plotted
against the corresponding values of X, - 0.030 em. for a series of measure-
ments af different times. The measurements could not be extended to
values of X, less than 0.5 cn. on account of the disturbing effect of light
reflected by the meniscus of the gel. The solid curves in this figure show

§ g
-a/’

g

mg per Liter

1\
BN

Concentration in
§ g

R P,
o]

g
]

- R,
N\

o

4] ] 2 3 4
Distanea in cm.

Fig. 6. Comparison of calculated concentrations with measured values at
different times

the concentration values given by equation 1, using me = 1000 mg. per
liter and D = 1.635 X 10~° em.? per second.

It should be pointed out that all of the theoretical concentration-
distance curves are determined by & single exact measurement of m at any
known value of X and ¢. Thus the diffusion equation not only permits
accurate interpolation between two known concentrations at a given time,
but also leads to equally correct values when extrapolated to other times
in the diffusion process.
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BUMMARY

1. A new and accurate photometric apparatus for the analysis of thin
gections of colored solutions has heen devised and applied to measurements
of the diffusion of methylen; blue.

- Xt

2. The relation m = mee D" ig shown to be in agreement with the results
of experimental measurements.

3. The diffusion coefficient of methylene blue in 5 per cent gelatin gels
at 25°C. is 1.635 X 10~® cm.? per second.
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- impurities in the graphite, and that he considers that pure graphite would

THE PHYBICAL CHEMISTRY OF FLOTATION. IX

THE ADSORPTION OF XANTHATES BY ACTIVATED CARBON AND C'RAPHITE
AND I18 RELATION TO THE THEORY OF FLOTATION

fé IAN WILLIAM WARK ano ALWYN BIRCHMORE COX
Department of Chomislry, University of Melbourns, Metbourne, Australia
Received September 13, 1836

The adsorption of xanthates by graphite has been considered in a pre-
vious communication (7). However, & correspondent has suggested to
us that he attributes the adsorption of the collector to the presence of

not adsorb xanthates. In support of this view he states that experiments
have shown that the purer the graphite, the less xanthate it consumes.
Though it is true that xanthate is consumed by iron minerals, which are
present in most specimens of native graphite, these observations do not
necessarily imply that graphite itself does not adsorb a small amount of
xanthate. Perfectly pure graphite cannot be obtained easily, and if one
had to await finding & suitable specimen the question might remain open
for a long time. If, however, it can be shown that ash-free activated
carbon adsorbs xanthate, the graphite problem becomes of secondary
importance. For it will then be established that xanthate can be adsorbed
at a solid surface without the formation of metallic xanthates. The tests
to be described prove that sugar charcosl adsorbs both amyl and ethyl
xanthates and that their adsorption has a profound influence on its flota~
tion. The significance of these results for the theory of flotation has
already been considered (7).

Balfour, Riley, and Robinson (1) have shown that sugar charcoal con-
tains hydrogen that cannot be expelled by heating. To some extent it
18 therefore a hydrocarbon, and it is believed that the hydrogen atoms
are situated between flat layers of carbon atoms such as oceur in graphite,
The authors suggest that this hydrogen is available for exchange adsorp-
tion reactions; our observation that potassium ions are adsorbed is there-
fore readily accounted for, The authors claim, moreover, that other ions
and atoms may penetrate between the layers of the carbon atoms; assum-
ing that oxygen has done 8o, it would be possible for hydroxy! ions to be
produced by exchange adsorption with xanthate ions.

Investigations by Bartell and Miller (2) and by Frumkin (3) have shown
that sugdr charcoal, activated by heating in oxygen, can adsorb organic and

673
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inorganic acids but not inorganic bases. Frumkin considers that the
charcoal behaves as a gas electrode; any oxygen contained by the charecoal
can be displaced by anions, hydroxyl ions entering the solution,

Our results for potassium xanthates are similar to those obtained by
Miller (5) for potassium henzoate and potassium salicylate; both anions
and cations are adsorbed and at the same time the alkalinity of the solution
increases. Table 1 shows that with sugar chareoal more xanthate than
potassium is adsorbed; the difference, however, iz almost quantitatively
accounted for by the amount of alkali liberated, the sum of alkali and
potassium being 98 and 94 per cent of the xanthate adsorbed in two inde-
pendent tests. This would be expected if each potassium ion adsorbed
were replaced by a hydrogen ion and each xanthate ion adsorbed were
replaced by a hydroxyl ion. With graphite the alkali liberated is approxi-

TABLE 1
 Adsorplion of amyl zunthale by sugar-charcoal and graphits . .~

- H vaLus . .
SoRCaN- | voLums [rus ov] P i | atxauy | FOAS
MATERIAL watarr | TRATION 1oy gono-| con- | 7| THME | ggp. | SI0

. p .
xanTRATE| TION | TACT |Initial) End | goungpi ATED" |soppmpt

grama mféﬂw ml, |minules per cent
Sugar charcosal....| 4.0 500 50 30 (67| 7.5 86
4.0 500 50 60 94 21
4.0 500 4] 100 167 7.9 06 23
Sugar charcoal....| 3.9 | 1000 | 6 | 60 |67] 77 612 | 17.5] 81
40| 1000 | 60 | 60 |67 7.9 646 16 | 78
Graphite.......... 1.0 1000 60 60 (6.7]10.4} 71 93 Nil
4.0 | 1000 60 60 |6.7111.3] 46 106 Nil

* These are calculated as molecular pereentages of the xanthate adsorbed.
mately equivalent to the xanthate adsorbed, little or no potassium being

adsorbed. However, we have been unable to establish whether the rise |

in pH value that accompanies xanthate adsorption is due to simultaneous
adsorption of hydrogen ions (possibly as xanthic acid) or to exchange
adsorption with oxygen or hydroxyl ions.

Time was not available to make a complete study of the adsorption of
xanthates on activated earbon. Thus we did not determine the equilibria
reached nor the rate at which they are established. We have not deter-
mined whether the hydrogen content of the activated carbon has any
influenee on the relative amounts of xanthate and potassium adsorbed, nor
whether the apparently greater activity of the carbon prepared by the
sulfuric acid process is a reproducible phenomenon or merely one of those
unexplained anachronisms mentioned by MeBain and Sessions (4). A
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eareful gtudy of xanthate adsorption by standardized charccal of uniform
particle size would throw light on the adsorption process. Xanthates,
being readily prepared and purified, easily estimated, soluble in water,
and strongly adsorbed, arc eminently suitable for the study of adsorption.

EXPERIMENTAL METHODS
Preparation of sugar charcoal

Sugar that had been reerystallized by addition of aleohol o a strong
aqueous solution was earbonized in small portions by heating, and after
grinding to approximately 60-mesh size was ignited for fifteen minutes
at 900°C. in siliea vessgels in an electric muffle furnace. A slightly more
active charcoal was prepared by carbonizing sugar with strong sulfuric
acid, washing free from acid, drying at about 120°C., grinding to approxi-
mately 60 mesh, and finally igniting for fiftcen minutes at 900°C. All

samples of the charcoal were ash-free.

The graphite was hand-picked to remove as much pyrite as possible,

but it was by no means ash-free. After grinding, it was heated for 20
minutes at 900°C. before use, The major impurity was iron oxide.

Methods of analysis

Xanthate was estimated by titration against N/1000 iodine. With the
amount of xanthate usually employed (about 50 mg.) the ervor of the method
did not exceed 0.5 percent. Potassium was estimated by a modification of

the cobaltinitrite method (6) : for 5 mg. of KyO the average error was about 1
per cent. The amount of hydroxyl and/or carbonate liberated simultane-

ously with the adsorption of xanthate was determined by a titration
against N/100 hydrochloric acid to an end point of pH = 4.5. Xanthic
acids are strong acids, consequently the presence of xanthates does not in-
fluence the titration of carbonate; furthermore, xanthic acid itself does
not decompose rapidly if the acidity is not greater than pH = 4.5. pH
values were determined by means of the Hellige comparator.

Method 'of tesling

The ground carbon or graphite was shaken st frequent intervals over
the time specified for the test, with the required volume of solution. The
solution was then filtered and separate portions of the filtrate used for the
estimation of xanthate, alkali, and potassium.

EXPERIMENTAL RESULTS
Table 1 summarizes the results obtained when using neutral solutions
of amyl xanthate. Charcoal carbonized by the ignition process was

employed.
Graphite that has been heated previously in hydrochlorie acid and then
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heated to 900°C. did not liberate much alkali, but it did not adsorb more
than 13 per cent of the amount of potassium to make up the difference.
"The result is unexplained.

Since alkali is apparently liberated during the adsorption process the
influence of added alkali on the adsorption of ethyl xanthate was deter-
mined. The results are summarized in table 2.

Charcoal prepared by the sulfuric acid method was more active than
that prepared by the ignition method. In 30 minutes contact with 30 cc.
of a 1000 mg. per liter solution of ethyl xanthate 1 g. of the first mentioned
charcoal adsorbed 53 per cent of the xanthate, whereas the latter adsorbed
only 34 per cent.

Corresponding to our previous observation (7) that cyanide is without
influence on the flotation of graphite, we now find that 50 mg. perliter of
sodium cyanide has no marked influence on the amount of ethy! xanthate

TABLE 2
Influence of alkali on adsorption of ethyl xanthate by sugar charcoal = =
WBIGHT OF W”gﬁ’g’;“,i“’“ VOLUME OF | 7IME OF CON- PH viLve XANTHATE
CHARCOAL AN AT SOLUYTION TACT Initial Final ADSORBED
grama mg. per liter ml. mintles per cont

2 10090 30 80 6.5 7.9 58

2 1000 30 90 9.1 M

1 100 40 60 6.5 7.4 68

) 100 40 60 i12.0 12.0 51

! 2 40 90 6.5 6.5 02

1 20 40 00 12.0 12.0 61

adsorbed by sugar charcoal. (Since cyanide reacts with iodine, although
not as rapidly as does the xanthate, the titrations could merely prove that
if cyanide is adsorbed by charcoal it takes the place of an equivalent
amount of xanthate. Since the cyanide was not completely adsorbed and
the amount of xanthate adsorbed was greatly in excess of the cyanide
present, any adsorption of cyanide was relatively unimportant.)

The flotation properties of charcoal prepared by the sulfuric acid process
are interesting. Despite the subsequent heat treatment the material
adsorbed a considerable amount of gas, and when the material was im-
mersed in water this gas was apparently displaced by water. During the
liberation of the gas the carbon particles were floated to the surface where
the bubbles immediately collapsed and the particles dropped to the bot-
tom. This liberation of gas continued for about ten minutés; thereafter
the carbon showed no tendency to float. Amyl xanthate was then a very
effective collector; ethyl xanthate however was only a weak collector, even

A
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at a concentration of 1 g. perliter. Treatment of the carbon with copper
sulfate did not increase the flotation of the carbon by ethyl xanthate if
the copper sulfate solution were removed before adding the xanthate.
Copper sulfate and ethyl xanthate together caused good flotation, but this
was probably due to the formation of dixanthogen, which is a good col-
lector for sugar carbon. The presence of silver nitrate did not increase
the flotation of carbon by cthyl xanthate; dixanthogen is not formed in
the reaction between these two compounds.

BUMMARY

The adsorption of xanthates by sugar charcoal has been studied, and
an attempt has been made to interpret it in terms of exchange adsorption
reactions. Some potassium ion is adsorbed simultaneously with the
xanthate jon.  Alkali is liberated corresponding to the difference between
the xanthate and potassium ions adsorbed. Addition of alkali decreases
the amount of xanthate adsorbed in-a given time. Cyanide iz without:
marked effect. With graphite the xanthate ions abstracted and the alkali
liberated are approximately cquivalent, little or no potassium being ab-
stracted. A sample of sugar charcoal prepared by carbonizing sugar with
sulfuric acid was more active than a sample prepared by heat carboniza-
tion. The xanthates are flotation collectors for sugar charcoal. It is
concluded that the flotation of graphite by xanthates is not due to any
metallic impurities contained therein.

This work was carried out for the following companies: Broken Hill
South Ltd., North Broken Hill Ltd., Zinc Corporation Ltd., Electrolytic
Zine Co. of A/asia Ltd., Mt. Lyell Mining and Railway Co. Ltd., and the

Burma Corporation Ltd.

The authors wish to express their thanks to Mr. H. Hey, under whose
general direction they have worked, for valuable discussion, and to Pro-
fessor K. J. Hartung, who has generously provided accommodation.
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I. THE REACTION BETWEEN CHROMOUS SULFATE AND BULFURIC ACID

While investigating the autoxidation of chromous sulfate it was found
by the authors that in the presence of metallic silver a solution of this
compound undergoes oxidation with the liberation of hydrogen. This

paper deals with certain conditions which influence this reaction.. .. .. ...

Reagents and mothod

The chromous sulfate was prepared by the eleotrolytic reduction of
chromic sulfate as deseribed by Asmanov (1). The salt was precipitated
by alcohol and washed by ether, these operations being earried out in an
atmosphere of hydrogen. A necessary precaution in the preparation of
the salt is the removal of moisture, ag well as dissolved oxygen and per-
oxides, from the ether used in washing. The chromous sulfate penta-
hydrate obtained by this method was 93 per cent pure, the impurity con-
sisting of the chromic salt. By sealing the salt in tubes under an atmos-
phere of nitrogen, it was possible to keep it for wecks ut room temperature
without any oxidation. This shows that under these eonditions there is
no appreciable reaction between the chromous salt and the water of
hydration.

“Molecular” silver prepared by the method deseribed by Gomberg (3)
was used as the catalyst. It was thoroughly mixed, thus providing a
product which gave samples of uniform surface. |

The method of measuring the rate at which the reaction proceeded has
been described by the semor author (2). The chromous sulfate was
weighed into glass capsules which were suspended in the necks of special
reaction flasks which contained 25 ce. of water and the substanee whose
efiect was to be studied. The flask was placed in & thermostated shaking
deviee and connected to water-jacketed burets in which the evolved hy-
drogen was measured. The starting of the shaker dropped the capsule
containing the chronmous sulfate into the flack, and after the salt was dis-

! This investigation was financed by a grant fvom the Research Committee of the
University of Wisconsin, Dean E. B. Fred, Chairman.
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golved the volume of hydrogen evolved was measured at various time
intervals. Since the reastion must be carried out in the absence of oxygen,
the air in the flask and the buret was replaced by pure nitrogen. All
measurements, unless otherwise stated, were carried out at 25°C.

L4

THE EFFECT OF BHAKING

The agitation of the solution prevents supersaturation of the hydrogen,
keeps the silver dispersed, and brings the catalyst into contact with fresh
portions of the chromous sulfate, thereby making constant the time neces-
sary for a chromous ion to reach a point at which it will be adsorbed by the
silver. In reactions which occur at an interface the shaking efficiency is
of utmost importance. When stannous chloride solutions are oxidized by
shaking with air, for example, a point is reached at which more vigorous
shaking is without effect on the rate of oxidation (5). On the other hand,
cuprous chloride solutions when shaken with air show increased speed of

~ oxidation as the sheking of the solution is increased (2). —~ -~ - - - oo

TABLE 1
Data of a typical run
Time (in min-
utes)......... 10 20 30 |40 50 &60 70 |80 |90 [100
Mg. of Hy...... 0.100] 0.188; 0.274] 0.388| 0.458] 0.551| 0.652] 0.764] 0.861] 0.968
KXI10%....... 10,0 {94 (0.1 |92 |82 |92 (9.3 194 196 | 9.7

Total volume of hydrogen = 43.4 cc. (3.36 mg.)
K = mg. of hydrogen/time in minutes.

To determine the effect of shaking, experiments were carried out in which
the speed of the particular shaker used was varied from 590 to 1162 and
then increased to 1780 “shakes per minute.”” The corresponding values
for the halflife of the chromous sulfate solution agree within experimental
error, showing that a maximum shaking efficiency had been reached.

The data of a typical run are given in table 1. The solution contained
04 g. CrSO,.5H:0, 0.1 g. Ag, and 1.5 g. Cre(80¢)s-5H,0 in 25 cec. of
0.9 N sulfuric acid. This will be referred to hereafter as the “standard
solution.” The sulfuric acid and chromic sulfate were added because the
former is a reactant, the latter is a product ané as will be shown later,
each compound has a definite effect upon the speed of the reaction. By
adding an excess of sulfuric acid and chromic sulfate to the solution, how-
ever, the changes in concentration due to the reaction are so small that
the effect on the velocity of the reaction may be disregarded. For the
first part of this reaction the values of K correspond to zero order. The
average is 9.4. In a duplicate run the value 9.36 was obtained. In gen-
eral duplicate experiments did not vary more than 5 per cent. The zero

[ .
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order holds only for about the first half of the reaction when the coneentra~
tion of chromous sulfate iz sufficiently great to saturate the surface of the
catalyst.

Effect of chromic sulfate

This substance acts as a negative catalyst. 7The data in table 2 were
obtained with the standard solution, using 0.5 g. of silver.

The constancy of the data in the last line of table 2 shows that the
retarding effect of the chromic ions is directly propotrtional to the increase
in chromic-ion concentration until the higher concentration of the salt is
reached. This effect can be explained by the adsorption of chromic jons
by the silver. -

To test thiz point the conductances of dilute solutions of chromie sul-
fate were measured before and after the addition of 0.5 g. of molecular

TABLE2

Dala obtained with the elandard soluiion

Cry{804)4-6 HyO (in grams)........... 0 | 0.25} 0.75} 1.00] 1.25] 1.560} 2.00| 3.00
Half-life (in minutes).................| 5.4 | 9.5 {16.0 [19.5 24.8 128 2 i38.83 {74.2

Increase in half-dife 1 he 4 hiag a1 [16.5 [15.2 [16.4 [22.0
Cn(8045¢-6 HyO(in grams) |

TABLE 3
The ¢ffect of increase in acid conceniralion

Ha8O: (ormality). ... ... 0.004 1.7 2.02 3.04
Half-life (in minutes). ..................... 92.4 63.3 47.0 30.1
Ho (acidity function)....................... i 0.31 -0.11 | -0.41 | —0.70

’ I

gilver. The incresse in resistance after shaking with silver showed that
some of the salt had been adsorbed. Since the data are of a qualitative
nature only, they are not given. With the higher concentrations used the
surface of the silver became so saturated that the silver was practically
without ¢ffect as a catalyst.

| Eft of acid concendration

To find the effect of infrease in acid concentration experiments were
carried out in which the acid concentration was increased to about 4 N.
The results are listed in table3. The standard solution was used.

At ligher concentrations the speed of the reaction is approximately in
diréct proportion to the normality of the acid. With hydrochloric acid
the same relationship was found to exist, the ratio of the half-life being
about 10 to 6 for equivalent solutions of hydrochloric acid and sulfuric acid.
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When the acidity funetions of the sulfurie acid (H, above) as determined
by Hammett and Deyrup (4) are plotted against the hali-life, a linear
relationship is obtained. The effect of the acid, consequently, is to increase
the speed of the reaction in direct proportion to the acidity function,

In the above experiments the reactions were zero order. With very
dilute solutions of sulfuric acid, when the relative concentrations of chrom-

ous and hydrogen ions had the value 2 to 1, second-order reaetion constants
were obtained.

Temperature effect

With the standard solution the velocity was measured at 25° 30°, and
35°C. The values of K in cc. per minute for these temperatures were

TABLE 4
Date obtained using standard solution with varying amounts of silver
" Silver (ingrams).... 0T 00) 0.2 03] 04 05 06 0
Half-life (in minutes),.............. 02 1685466 [36.2)28.2|26.56|190.5
Silver (ingrams) ' p2|137137 145 {141 |15.0| 157
Reciprocal of half-life :

TABLE &
Increase in adsorption with increasing alomic weight
BOLUTION . REUIBTANCE REBIBTANCE WITH BILVER DIFFERENCE
- ohms
0.001 N Lil 1060 1067 18
0.001 N Nal 801 827 26
0.001 N K1 810 916 106
0.001 N RbI 792 898 106

0.139, 0.124, and 0.109, giving a temperature coefficient of 1.27. This
indicates that the effect of temperature change is largely an effect on the
rate of diffusion.

Effect of silver

The data obtained using the standard solution with varying amounts
of silver follow in table 4. When the concentration of the silver is plotted
against the reciproeal of the half-life a straight linc is obtained, as evidenced
by the constancy of the values of the last line in table 4. Within the
limits of these concentraticas the velocity of the reaction is direetly propor-
tional to the concentration of the silver, These data furnish additional
confirmation of the efficiency of the shaking of the solution.
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The effect of various salls

Using the standard solution with 0.6 g. of silver results for quarter-life
periods were obtained with normal solutions of the following halides:
potassium chloride, 14.2 min.; potassium bromide, 105 min.; potassium
iodide, immeasurably slow, The quarter-life in the absence of these salts
was 14.1 min. The quarter-life period was used here because of the slow-
ness of the reaction. When the conductances of these solutions (0.001 ¥)
were measured before and after shaking 100 cc. with 0.5 g, of silver, the
following data were obtained: potassium chloride, practically no change;
potassium bromide, resistance change from 815 to 842; potassium iodide,
- resistance change from 810 to 815, These measurements show that the
effects of these salts may again be ascribed to adsorption. While no
attempt has heen made to study the nature of the adsorption, the data in
table 5 are of interest as showing that with both anions and cations
the adsorption tends to increase with increasing atomic weight.

It wag of interest to compare the efféct of other sulfates with that of the

chromic sulfate. Normal solutions of sodium sulfate, magnesium sulfate,
and aluminum sulfate gave half-life values of 13, 9.1, and 17.8 min., respec-
tively, when the standard solutions containing 0.5 g. of silver were used.
Without these salts the half-life is 7 min. The slight effect of these salts
parallels their lack of adsorption, as evidenced by practically unchanged
conductance before and after shaking with silver,

Summary

A solution of chromous sulfate in the absence of air is oxidized very
slowly at ordinary temperatures. Finely divided silver increases the rate
very slightly, The addition of hydrogen ions in the form of sulfuric acid
also causes a slight increase in the rate of oxidation.

With silver and sulfuric acid together the reaction takes place rapidly.

The presence of chromic ions retards the rate of oxidation.

The speed of reaction is directly proportional to the acidity function of
the solution, even when the concentration of the acid is forty times as
great as the chromous-ion concentration.

In this reaction a chromous ion gives an electron to a hydrogen ion, and
the latter is evolved in the form of molecular hydrogen. It seems probable
that the chromous jons are adsorbed by the “molecular silver” and that
theyreact with the hydrogenionsinsolution. Increasing the hydrogen-ion
concentration results in more impacts per unit of time. If the assumption
is made that the sutface of the silveris continually saturated with chromous
1ons the zero order of reaction would be explained, inasmuch as the sulfuric
acid is present in such a high concentration that it undergoes no appreciable
change during the reaction. It seems probable then that the adsorbed
chromousions react with the hydrogen ions in the solution rather than with

g,
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adsorbed hydrogen ions, an assumption that is supported by the linear
relationship between acid concentration and reaction velocity,

The existence of a complex resulting as the product of an equilibrium
reaction between chromous sulfate and sulfuric acid must not be over-
looked. Such a compound might be more readily oxidized than the chro-
mous sulfate, just as Ha8nCly is more rapidly oxidized than 8nCl;. The
existence of such a complex is quite in accordance with many of the results
of this study. :

Here, as in many other reactions of this kind, the lack of information
concerning the nature of adsorption and the laws which govern the forma-

tion and behavior of adsorption compounds makes it impossible to do .

more than speculate concerning the mechanism of this reaction.

Il. THE AUTOXIDATION OF CHROMOUB BULFAT!é

For the study of the autoxidation of chromous suliate by oxygen gas

“the apparatus used was similar to that deseribed in section I, the only

change being the use of an atmosphere of pure oxygen instead of nitrogen
over the chromous sulfate solutions. When this solution was shaken the
oxygen was used up, and the rate of oxidation could be followed by measur-
ing the rate of disappearance of the oxygen, the method being similar to
that used in the study of the autoxidation of stannous chloride (2).

Inhibitors

The reaction between oxygen and chromous sulfate was found to be
practically instantaneous. In an attempt to find any similarity between
this reaction and the autoxidation of stannous chloride, & number of com-
pounds which inhibit the latter reaction were investigated from the stand-
point of inhibiting the chromous sulfate oxidation.

Small amounts of the following compounds when dissolved in the chro-
mous sulfate solution were found to be without effect: tartaric acid,
acetanilide, succinic acid, thiourea, chromic chloride, ethanol, benzene,

toluene, aniline, trinitrotoluens, picric acid, p-toluidine, p-aminophenol,-

pyrogallol, pyridine, n-butyl saleohol, iodobenzene, glycine, potassium
cyanide, ammonium chloride, and acetaldehyde. Many of these com-
pounds, especially those containing nitro groups, were extremely potent as
inhibitors of the stannous chloride reaction (5). It should be noted that
these nitro compounds were in general reduced by the chromous sulfate.
The presence of sufficient water to dissolve the ehromous sulfate seems to
beessential to its rapid oxidation. In a few experiments the solid chromous
sulfate was added to such liquids as acetone, formic acid, acetic acid, and
ethanol. The salt is practically insoluble in these reagents, and in this
state undergoes practically no oxidation.

H|
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Coupled oxidation

In the autoxidation of acid solutions of stannous chloride (5), the
presence of allyl aleohol causes the absorption of an exeess of oxygen,
owing to the induced oxidation of the latter by a peroxide intermediate.
The autoxidation of chromous sulfate caused no coupled oxidation with
ally] aleohol nor with sodium arsenite, sodium sulfite, or ferrous sulfate,
It was found, however, that while a neutral aqueous solution of stannous
chloride absorbs oxygen very slowly (0.1 ce. per hour), coupled oxidation
of the stannous chloride occurs in the presence of chromous sulfate. The
coupled oxidation was complete within two minutes. This oxidation is
not due to the chromic sulfate formed, for this compound has no effect
on the speed of the autoxidation of the stannous chloride. Using equi-
molecular amounts of chromous sulfate and stannous chloride, all of the
chromous sulfate was oxidized and about 52 per cent of the stannous chlo-

ride. The amount of coupled oxidation depends upon the relative amounts. .
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of stannous chloride and chremous sulfate. It inereased with the amount
ol chromous sulfate until 95 per cent of the stannous chloride was oxidized.

The use of oxygen instead of aiv increased the amount of eoupled oxida-
tion. An increase of the oxygen pressure to 2 atmospheres increased the
amount of stannous chloride oxidized by 20 per cent. " The amount of
coupled oxidation thus appears to he dependent on the amount of chromous
sulfate and dissolved oxygen in solution.

Exposure to ultra-violet rays from a mercury are light had no effect on
the amount of coupled oxidation.

These results are best explained by the peroxide theory of autoxidation;
this postulates the formation of & very reactive intermediate peroxide which
causes the coupled oxidation of eertain oxidizable substances.

Several polarograms of chromic and chromous sulfates were made on
the polarograph, using 0.001 N solutions of the salts and a supporting
clectrolyte concentration of 0.05 N ammonium sulfate. A typical polaro-

ORI TR T U H AR L

bl

bH]

[LUEETLRNTR

(LT WE O] B | VR LE PR TR L D (L L LU BRI A



686 BURTON B. KNAPP AND JAMES H. WALTON

gram of chromice sulfate is shown by curves 1 and 2 in figure 1, which are
similar to those obtained by Prajzler (6). The first break indicates the
reduction of chromice ion to ehromous ion and the second the reduction of
chromous ion to chromium. When successive amounts of oxygen were
blown through a chromous sulfate solution, as represented in curves 3
and 4, and 5 and 6, a third Lreak in the curve was found.  This third break
indicates the presence of another compound with a higher oxidation—
reduction potential. It can not be stated definitely that this compound
is a peroxide, but thermodynamically it has an oxidation—reduction poten-
tial of the right order of magnitude.

Summary

1. The effect of a number of organic and inorganic compounds on the
oxidation of ehromous sulfate by oxygen has been studied.

2. Stannous chloride was the only substance whose oxidation could be
induced by-the autoxidation ef chromous sulfate. |

3. Evidence has been found for the formation of a peroxide mtprmedlate
in the autoxidation of chromous sulfate.
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INTRODUCTION

While investigating a problem concerned with the killing by x-rays of
Bacillus sublilis spores on the surface of an agar medium, Blank and Ker-

~sten (1) observed that, if dry agar was given a sufficient dose, & medium =

subsequently made from it would not jell as well as & control made from
unirradiated agar. In this paper a more detailed study of the effect has
been made by comparing the viscosity of sols made from agar which had
received various dosages of x-radiation.

EXPERIMENTAL

The x-rays were supplied by a copper target gas x-ray tube (2) operated
at 40 peak kv.and 10 ma. The window of the x-ray tube was made of thin
aluminum and Cellophane, so that the most intense part of the radiation
passing through it had a wave length of 1.54 A.U. Powdered agar was
irradiated in the cavity of a drop-culture microscope slide, placed about
3 cm. from the focal spot of the x-ray tube. After being irradiated, each
sample was mixed and divided into several parts, each containing 0.2 g.
These were placed in fiasks to which 250 ce. of distilled water was added.
Control samples were made in exactly the same way, except that unirra-
diated agar wasused. One flask containing the control agar, one contain-
ing agar irradiated for 15 minutes, one containing agar irradiated for 1
hour and 15 minutes, and one containing agar irradiated for 3 hours and
15 minutes were simultaneously placed in a saline bath, and held at about
105° C. for 2 hours. They were then all removed at the same time, and
allowed to cool to room temperature. The time elapsed after a sample
had reached room temperature was termed its “age.” The viscosity. of
each sample was measured at intervals by permitting 5 cc. of it to flow
through an Ostwald viscosimeter. The entire experiment was repeated
several times. The results plotted in figure 1 show that the viscosity of
all of the samples increased with their age, but that the viscosity of all of
the irradiated samples remained less than that of the control. Before
each measurement the viscosimeter was rinsed with distilled water, and
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regarded as clean when 5 cc. of distilled water at room temperature re-
quired approximately 76 seconds to flow.

To determine whether or not the dry agar “recovered’” from the effects
of the itradiation, samples were irradiated for the same length of time, and
allowed to stand in the laboratory for periods ranging from 13 minutes to
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F1o. 1. Variation of viscosity with age. The numbers next to each graph show
the number of minutes that the agar had been irradiated.
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F1g. 2. Variation of viscosity with age. The upper graph is that for unirradiated
agar. The numbers next to the lower graph show the time of the ‘‘recovery’’ of the
agar in Jays. '

seventeen days, and then carried through the procedure mentioned above.
The curves are shown in figure 2 to be so nearly coincident that one con-
cludes that the effect of the irradiation endures for at least seventeen days.

To determine whether or not the small amount of heat coming through
the window of the x-ray tube with the x-rays caused the change, a thermo-
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couple was placed in a sample of agar being irradiated, and the temperature
© found to rise only a few degrees above room temperature. A sample of
agar heated in an oven at a higher temperature, and for a longer period,
than any used in the x-ray experiments gave a viscesity curve identical
with those of eontrol samples. The effect cannot then be attributed to
heat alone.

The pH of sols made from irradiated agar was found to be glightly less
than that for sols made from unirradiated agar. Measurements were
made with indicators and with the quinhydrone electrode.

CONCLUBIONB

1. Irradiation of dry agar decreases the viscosity of the resulting sol.

2. There is no appreciable “recovery” of the dry agar from the effects of
irradiation, at least within seventeen days.

3. The effect on the agar is not due to heat emanating from the target -

- of the x-ray tube, - -~
4. Irradiation of the dry agar slightly decreases the pH of the result-
ing sol.
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It was shown recently (2) that the rate of coloring which is produced in
glass by x-rays can be represented, within the limits of experimental error,
by a simple equation, which in turn is consistent with a very simple mech-

__anism.  The results of an experimental study of some of the assumptions .

made in the earlier work, as well as a new and more scourate series of
measurements on the rate of coloring, are presented in this paper.

DISTRIBUTION OF COLORED MATERIAL IN THICK PLATES

It was assumed in the earlier work that the colored substance was not
concentrated at the surfaces of the glass plates (which were approximately
4 mm. thick) but was uniformly distributed throughout the plate. To
test this assumption, a pile of eight thin Pyrex glass plates was irradiated,
under conditions similar to those previously described (2), for twenty-
eight hours. Neither the order nor the position of the plates was dis-
turbed during the irradiation; consequently the radiation which reached
$he bottom plate had to pass through the other seven plates. The rela-
tive transparency (/1) for light of A4000 A.U. was determined for each
of the plates.? These measurements are summarized in table 1.

1
1
concentration of the colored substance in each plate. In all of the rate
measurements, plates approximately 4 mm, thick were used. Therefore
the maximum. difference in concentration which eould exigt in these plates
would be approximately 10 per cent. Moreover, since the same face was
not directed toward the x-ray tube during the entire period of radiation
of each plate, it is probable that the maximum difference in concentration
existing in these plates was less than 5 per cent. Any effect which this
relatively small inhomogeneity may have had on the results is undoubtedly

If Beer's law épplies, the quantity - log !Ifis directly proportional to the

! Present address: ‘Department of Radiology, Peiping Union Medical College,
Peiping, China.
3 The spectrophotometer used was the same as that previously described.
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692 CARL E. NURNBERGER AND ROBERT LIVINGSTON

less than the error of measurement. It should also be noted that those
glass samples which were protected by copper filters were subjected to
harder and more homogeneous x-rays, and were, therefore, even more
homogeneously colored.

TABLE 1

Measurements of the distribution of colored material in a thick plale

PLATE NUMBBR {; THICKNESS OF PLATS -%loa-i—’-’
mm.

1 (top) 0.620 1.006 0.207

2 0.819 1.016 0.208

3 0.6356 1.030 0.102

4 0.646 1.000 0.190

& 0.646 1.020 0.187

6 0.680 0.995 0.169

8 (bottom) 0.705 1.000 0.162

7
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Fia. 1. Relative absorption as & function of wave length

BPECTRAL DISTRIBUTION OF ABSORPTION

The earlier measurements (2) on the spectral distribution of color were
consistent with the postulate that “the color is due to one substance and
Beer’s law applies to the absorption of monochromatic light of all wave
lengths studied.”” Asa further test of this postulate, a spectrophotometric
analysis was made of three samples of Pyrex glass (samples A, B, and C
of the rate experiments) after they had been exposed for 233 hours to
x-rays having relative intensities of 1.000, 0.453, and 0.253, respectively.
The results of these measurements are summarized in figure 1, where the.
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. absorption of light, Iebs./Io, is plotted against wave length in AU, In
figure 1 the three samples appear to have the same distribution of color.
However a more rigid test may be applied by plotting the quantity (2)

lOg log (IO/I)A - lOg log (IB/I)&. reloronco

against the intensity of the x-rays, I.. Inspection of such a plot shows
that the quantity is, within the limits of experimental error, the same for
samples A and B for all wave lengths used. It is possible that there is
some real variation when the quantity for C (the sample exposed to the
least intense x-rays) is compared to that for A and B; however, if such a
variation exists it is no greater than the erratic errors of the measurements.
We may conclude, therefore, that our present more acourate measurements
are in agreement with those previously published (2) in supporting the
postulate stated at the beginning of this section.

~ RATE OF COLORING

 The experiments were performed as follows: Four samples of glass,

each about 1 in. square and 4.2 mm. thick, were cut from the same
plate of Pyrex glass. Three of the samples were placed in small copper
boxes at distances from the target of the x-ray tube of 34.0, 50.5, and
67.5 cm., respectively. The tube was opersted at 30 ma. and & peak
voltage of 200 kv. The x-rays which reached the samples passed through
& small window in the lead protection drum of the tube stand. The sides
of the copper boxes which faced the tube were 0.2 mm. thick; the other
sides were 1.0 mm. thick. As in the earlier experiments (2) the irradia-
tion was not continuous, but occurred during the routine treatment of
patients in the Cancer Institute of the Minnesota General Hospital.
From time to time the samples were removed and their absorptions of
light of wave lengths 4800 and 6800 A.U. were detérmined with a Bausch
and Lomb spectrophotometer, using the fourth (unirradiated) sample as
a standard. The measurements were continued until the samples had
received 1168 hours of irradiation, in contrast to the 60 hours of radiation
given the samples in the earlier experiments (2). The results are sum-
marized in figures 2 and 3, where the experimental values of log I,/1
(which is proportional to the concentration of the colored substance) are
plotted as points (circles, eto.) against the time of irradiation in hours.
It is apparent that, contrary to the assumption made in our earlier work
(2), the saturation color is a function of the intensity of the irradiation.

A kinetic interpretation, which is consistent with the new results but
retains the essentials of our former theory (2), may be stated as follows.
The initial rate of formation of the colored substance is proportional to
the product of the concentration (M — C) of some substance, which can
be transformed into the colored material, and the intensity (I,) of the
absorbed x-rays. Saturation is reached when this rate is counterbalanced
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by thermal fading and by a second process which is induced by x-rays.
The thermal rate is of the first order in respect to the colored substance.
The rate of the induced fading is proportional to the product of the con-
centrations (C) of the colored substance and the intensity of the absorbed
x-rays. The total rate of formation of the colored substance is given by

the relation ¢

.‘E‘ag = knl(M — C) — kI.C — K'C
= kI, — K'1.C - k'C (1)
where* k = koM and &' = kn + k.. Upon integration and substitution
of Becr's law, we may write

tog =T (1 - ¢) )
wheret
Y = kIs 01
8 = kI, + k"

3 It should be noted that, while k and k' are expressed in reciprocal hours, k® is
expressed in terms of an arbitrary time unit. This is necessary gince the reaction
steps corresponding to & and &' oceur only during the (intermittent) periods of
irradiation, while the thermal process occurs continuously. Strictly speaking,
equation 1 represents the total reaction as an approximation, which becomes more
accurate as the ratio of the individual periods to the total time becomes small.

¢ As in the previous paper (2), a is the Beer's law coefficient of the colored sub-

stance and [ is the thickness of the glasy.
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Equation 2 is in fairly good agreement with the experimental data, but
the differences boetween observed and computed values of log To/7 exhibit
some systematic departures which are apparently larger than the experi-
mental error,

. While better agreement might be obtained by modifying the equation
in any of a variety of ways, a simple and interesting method is to generalize
the mechanism underlying equation 1, as follows:® The x-rays produce
not merely one colored substance (at a concentration C) but rather a
whole geries of colored substances (at concentrations Cy, Cy;C—~-). While
all of these substance have the same Beer's law coefficient for visible
light of any given wave length, they have different probabilities of re-
verting to the uncolored state. If we neglect the possibility that they
may be converted directly from one to another colored form, we may
write

| -‘% sdidy =~ kilCo = %C: . (8) -
Furthermore, since |
; alC; = alC
it follows that .
; log 3 = T (1 - o) (4)
where
vi = alkd, (5)
and ’
Bi = kil, + ki (6)

It is obviously futile to attempt to apply equation 4 to the experimental
data without first imposing some limitation on the number of terms or on
the relative values of ki, ks, ete. Since no general theory has been de-
veloped to guide us in this choice, let us make the following simplifying
assumptions. The colored substance exists in only two forms, and one
of these is thermally stable. The value of k; is the same for both sub-
stances. Therefore :

B = KI. + & @ -
B = K'I. ®)

* This generalized mechanism has the additional advantage that it clearly indi-
cates the parallelism between these measurements on the rate of coloring of glass and
the extensive measurements on the decay of luminescence of “phosphors” (1).
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This equation may be adjusted to fit the experimental data quite
accurately, as is illustrated in figures 2 and 3. The points (eircles, ete.)
represent the experimental measurements; the curves are plots of equa-
tion 9, using empirical values for the several constants. The curves for
(Io/I)esm a.v. Were obtained by multiplying the corresponding values (for
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of the Beer’s lJaw coefficients for A6800 A.U. and 2800 A.U.
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To demonstrate that the experimental results are consistent with the
limited form of the theory presented here, it is necessary to show, first,
that equation 9 can be adjusted to each set of data, and second, that the
empirical values of v; and B, used satisfy equations 5, 7, and 8. These
three equations require that the several constants be linear functions of
the intensity of the absorbed x-rays. +i, vs, and f: should lie on straight
lines passing through the origin, while 8, should lie on & line parallel to
and above that representing 8;. Figure 4 illustrates that these conditions
arc satisfied. The values of the rate constants for the several reaction
steps (ky, ks, ki, etc.) may be read directly from figure 4. However, the
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special theory (represented by equation 9) is by no means the only way in
which the general theory (represented by equation 4) may be adjusted
to fit the data, and therefore we must conclude that the values of these
rate constants have little theoretical significance. It should be pointed
out that Przibram has developed (3) a theory for the eoloring of rock salt
by g-rays, which in several respects is similar to that presented here. It
is very probable that a suitable modification of his equation could be ad-
justed to present data on glass coloring. Further development of the
theory must await more accurate and extensive measurements. An
accurate study of the thermal rate of fading of glass colored by x-rays
would be particularly useful.

BUMMARY

A new experimental study of the kinetics of the coloring of glass by x-
rays is presented, and a general theory of the proeess is suggested and ad-

. justed to the measuroments. In the present study, emphasis is placed -~ - -

upon the relation between the saturation color and the intensity of the
absorbed x-rays, the homogeneity of color in thick plates, and the effect
of intensity of x-rays on the spectral distribution of color.
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Recent work (1, 4, 11) with particles of microscopic dimensions in dis-
persing media of proper electrolyte concentration has led to the verifiea--

tion of the correctness of the factor, 1/4x, in the Smoluchowski equation,

_ DX
Vs
4y

for particle mobility. The significance of the individual terms is well
known. White, Monaghan, and Urban (11) have ghown, however, that

the equation is not adequate when electrolyte concentration is very low.
The Smoluchowski equation,

for electrosmotic mobility is accepted as correct. The validity of the V-
equation for the treatment of ultramicroscopic particles (radius of lower
order of magnitude) is unknown. Further, the réle of electrolyte as a
factor influencing the ratio of electrosmotic mobility, U, to electrophoretic
mobility, ¥, of micelles of this size is a matter of conjecture.

The*present investigation was undertaken to test this same factor with
these smaller particles and at the same time to note whether radius has
any effect on mobility. It was proposed to do’this by determining the
ratio, U/V, of electrosmotic mobility of liquid along a fixed relatively
flat surface to electrophoretic mobility of particles of the desired size. If
this ratio is unity the factor 1/4x in the V-equation is correct and the radius
of the particle has no effect. The theory relating to such an attack has
been discussed thoroughly in the above references, as well asin articles by
Henry (9), Kemp (10), and others. The system must be such that both
particle and plane exhibit the same chemical and physical surface. Hazel
and King (8) have shown that particles of ferric oxide in a dilute gelatin
sol take on the properties of the gelatin. Abramson and Freundlich (6)
and several -others (5, 11) have shown the same for glass. Ayres and

099 '
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Sorum (3) determined the radius of colloidal ferric oxide, assuming a
sphere, to be about 37 X 10-7 em., and it is assumed that the radius of the
gelatin agglomerates is of the order of 10~7 em. The size in the latter
case depends upon the pH of the medium. Thus the proper system may
be obtained by using an unbuffered ferric oxide-gelatin mixture in a Matt-
son-type electrophoresis cell made of Pyrex glass. It should be pointed
out that this method of approach depends upon the assumption that
gelatin adsorbed at a solid-Jliquid interface presents & smooth exterior and
that the radius of the resulting interface is largely determined by the
radius of the adsorbing material and not by the gelatin, as was suggested
by Abramson (2). If the gelatin imparted to the surface its own effective
radius, the ratio, U/V, would of necessity be unity. This follows since
the constant factor in the U-equation was arrived at by assuming an ex-
tremely large radiug. If the radius is not large and is the same as that of
the particle, the mobility ratio is the ratio of two equations having all

“terms-identical, and the constant factor in each might be either ¥/8ror--—

1/4x. The ratio would shed no light on this point.

Before proceeding with the defermination of the mobility ratio, it
seemed advisable to test the hydrodynamie equations and predictions for
the behavior of suspended particles and dispersing medium in a closed
capillary tube or cylindrical electrophoresis cell under the influence of an
applied electromotive force. Up to the present, no tests of the theory
seem to have been made with the use of ultramicroscopic particles.

EXPERIMENTAL

The electrophoresis cell was of the type described by Hazel and Ayres (7).
It had an inside radius of 1.076 mm. The distance between electrodes was
11.75 em. The applied potential was usuaily 6 to 10 volts per centimeter.

The ultramicroscope was the same as described by these same investiga-
tors. It was, however, modified so that ready adjustment and focus could
be made at any depth in the cell. The cell was clamped rigidly upon &
stage that had the solid center removed to permit the passage of light from
below into the lens. If the eyepiece were removed and the eye held in its
place, the cell could be easily centered by means of the horizontally ad-
justable stage. The microscope lens was adjusted to a desired depth by
means of a calibrated screw. The whole microscope part could be raised
or lowered to the proper position in the light beam from the arc lamp by
means of another lift screw. The technique in making observations was
the same as used previously (7).

The sols were prepared as described by Hazel and King (8). The gela-
tin concentration was 0.034 per cent instead of (.04 per cent.

A glass electrode was used for the determination of the pH. All de-
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terminations were made after the sols were mixed and just before or simiil-
taneously with the mobility observations.

Curves 1 and 2 of figure 1 and the curve in figure 2 illustrate the type of
results obtained by plotting observed mobility, V .., against per cent of
diameter from the top of the cell. Curve 1 is for a sol on the acid side of
the isoelectric point at pH 3.83. Curve 2 is for the same sol with 10~
molar potassium chloride present. The isoelectric point of the gelatin
used in obtaining the data in figure 1 was 4.3. For all of the rest of the
work reported here & new sample having an isoelectric point of 4.73 was
used. Figure 2 gives the results of a typical experiment on the alkaline
side of the isoelectric point. It is noted that the mobility in thiscase
changes sign, and that there is a large velocity gradient near the depth
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at which the stationary liquid layer exists. This probably serves to mag-
nify mobility measurement errors due to slight errors in focusing. The
symmetrical nature of the curves at the top is fair indication that proper
focus had been attained. According to the theory, the mean mobility in
the cell or the average value obtained from the mobility—depth curve
should be equal to the true electrophoretic mobility, V, which is the mo-
bility measured at the depth 0.147 of the diameter from the top. Ac-
cording to Abramson (1), this mean value is more readily obtained if
Vs, is plotied against (a®), the square of the distance from the position
" of observation to the axis of the cell, whence a straight line results. The
value of V is given by the expression
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where 7 is the radius of the cell. The value of the integral is obtained from
the area under the straight line. The V.., — a2 lines are put on the
same graphs for comparison. Table 1 gives the values of Vs, at the
0.147 depth and those caleulated from the areas under the above lines.
The agreement is found to be good.

The observed particle mobility is equal to the sum of the true mobility
of the particle and of the mobility of the liquid as shown by the expres-
sion Vovs = V 4 V., where V, is the mobility of the water at the depth
of observation. At the center of the cell Vs, = V + U, By making

TABLE 1
Calculated and observed values of elecirophoretic mobility
ELECTROPHORETIC MODILITY
Caloulated Observed
e e e e e e e e e . - pfsecfofem. + - pfseeujem. - - . . . L
Curvel, figure 1.............ovvivnrinnnnn, +1.46 41.46
Curve2, figure L...........oovvenninnn... +1.07 +1.06
Cwrve2, figure 2.........coivviinivninnins -1.70 -1.70
TABLE ¢ ‘
Comparing U calculaled by two methods as indicale
Vos—V Vod- V
ufzec./v.fem, pleec./e.fem.
—6.54 ~6.57
6.13 5.58
6.33 _ 6.35
5.90 ~ 6.05
2.10 1.78
4.11 4.00
5.57 ‘ - b.56
3.93 3.09
6.86 5.95

observations at the 0.147 and 0.50 levels, the values of both ¥ and U may
be obtained since U = Vo — V. Tt also is true that U = V + V,,
where V, is the mobility observed right at the cell wall. This latter
method of obtaining U has been said to give poor results, because the par-
ticles experience interference with their motion along the wall. During
the course of the present investigation, in which over two hundred values
of U and V were determined, it happened that in nine cases observations
were made at the zero, 0.147, and 0.50 levels. Table 2 gives the results of
caleulating U by the two methods. Of the nine, six of them show excel-
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lent agreement, while lack of agreement is pronounced in only one experi-
ment. The experiments were not performed for the purpose of making
this comparison. In all other instances U was determined by the first
method.

Early in the investigation it became apparent that U and V varied
differently with a change in pH with the sols containing 0.34 g. of gelatin
per liter. This was especially manifest on the alkaline side of the isoelec-
tric point and at higher concentrations of hydrogen ions on the acid side.
This bebavior was unexpected, as it was thought that the ratio of U to
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V would be near either 1 or 1.5. White et al. (11) make the statement
that the ratio is independent of pH. The curves in figure 8 show this
variation more clearly. The V-pH curve agrees well with one by Hazel
and King (8). It is important that both curves cross the horizontal axis
at the same point. This indicates that gelatin adsorbed on glass and on
ferric oxide has the same isoelectric point of 4.73, and that, at least at this
pH, the glass wall was covered so that it presented the same surface as the
ferric oxide-gelatin particles.

When U/V was not near 1, the addition of electrolyte caused the ratio
to approach- this value. The change came about as a result of a rapid
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decrease in U and only a slight decrease in V., Table 8 shows the effect
of salts on the alkaline side, and table 4 shows a similar effect at a pH where
the meximum occurs on the acid side. In table 4 the. U/V ratios are
stightly higher than those recorded in figure 3, as are also the individual

TABLE 3
Variation of V, U, and U/V with elecirolyte concentration
ELECTHOLYTE CONCENTRATION oy atr:: | 4 U ulv pH
AVBRAGED
moles per liter ulseo.fo.fom, ) pleec.fv.fem, o
HO............... 3 -1.78 -6.67 3.7¢ 6.03
07 eeeeesnnnns) 2 1.74 4.5 | 2.63 | 6.00
KCl 1078 . ............... 2 1.30 1.76 1.34 6.056
1078 L 2 0.82 0.94 1.15 6.03
0.6 X100 S 39 {22 [71.6 | 600
BaCl 10°4......... 1 1.4 1.70 1.30 6.00
10°%.......... 3 0.72 0.85 1.18 6.056
0.5 X16.......... 2 0.41 0.38 0.93 6.05
Ks80,0.6 X 10— ......... 1 1.44 1.83 1.27 6.00
TABLE 4

Variation of V, U, and U/V with electrolyte concentration at a pH near 8

HUMBER
RLECTROLYTE CONCENTHATION OF RUNB v 8/ uv pH
AVERAGED
moles pey liter pleec.felem, | pfsec.fofem,

HOoo e 7 +2.47 +3.04 1.60 2.99
KCl 108 ...l 4 2.16 3.25 1.51 2.99
078 . 5 1.58 1.0 1.20 2.99
104 ......... 1 2.0 3.4 1.55 3.00

K.80 0.6 X1078......... 1 1.76 2.28 1.30 3.00
= 0-......... 2 1.48 2.03 1.30 | 3.00
104......... 3 0.94 1.03 1.09 2.98
BaCly, 0.5 X 1073........... 1 2.85 2.87 1.22 3.00

valuesof U and V. The higher U and V values were due to a temperature
effect which could not be controlled. All of the data in figure 8 were
obtained when room temperature was near 22°C. The work with which
table 4 is concerned was done in the spring, when room temperature was
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between 25° and 27°C. Beveral experiments were performed to test this
point. The cell was insulated with rubber tubing, and samples of sol
were cooled to different temperatures and run through the cell for some
time, Velocity measurements were then made. The temperature inside
the cell rapidly rose to that of the room, so that only a few observations
could be made, and consequently the data obtained were not defi-
nitely reliable. The experiments, however, indicated a temperature co-
efficient of about 7 per cent for a S-degree temperature increase insofar as
V was concerned. It was not possible to determine whether or not U
varied in Yhe same way as did V. Further investigation along this line
would be desirable. :

In neither table 3 nor table 4 did the addition of 102 moles of potassium
chloride per liter cause the ratio to become exactly 1. In both cases
slight but definite particle motion was discernible at the cell wall. The

Variationin V, U, and U/V with potassium chloride concentration with sols al pH 4.16
ELECTROLYTE CONCENTRATION | 4 U wy
molea per Liter ufseefo.fem. nlaec.fv.fem.
1.19 1.18 0.95
1.12 1.12 1.00
HIO.. ............................ 1,08 1.08 1.00
1.13 1.19 1.06
[ 0.72 0.60 0.84
| {1 e P { 0.74 0.71 0.96
KCl ¢
0.46 0.4 . 0.96
[ET (ol | ow | om

use of more concentrated solutions caused considerable electrolysis. Table
5 illustrates the effect of electrolyte at & pH where U/V is already near 1.
Table 5 also demonstrates the reproducibility obtained.

White and Monaghan® report that amounts of added potassium chlo-
ride of the order of 10-* moles per liter at first increased the zeta potential
and thus the mobility of particles, and that larger amounts decreased it.
They did not note this in their first paper (11). An attempt was made to
observe this phenomenon with our sols. Pure dialyzed ferric oxide, di-
luted in the usual way with redistilled water, was added to the usual
amount of gelatin in redistilled water. With no acid, base, or electrolyte
added, the resulting pH was very close to 5. The mobility of the water
and particles was determined in this sol. Then the mobility was measured
in sols to which small amounts of pctassium chloride had been added and,
within the limits of experimental ervor, uc inerease in mobility resulted.
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No change in pH could be detected after addition of the salt. The same
results were obtained with sols very near the isoelectric point on the acid
side. Abramson (1) has reasoned that no increase should be expected in
the case of proteins. '

The results of experiments to determine the effect of gelatin concen-
tration on the values of V, U, and U/V are given in table 6. The pH
was 5.8. In one case no gelatin was used. Ferric oxide sol was diluted
to the concentiation used in the gelatin—ferric oxide sols and a pH of 6
resulted. V was found to be 43.34 and U was +1.21. This shows how
strongly ferric oxide is attracted to glass. In the event of no adsorption
U should have been about —10. ~ Another experiment at a pH near 4, in
which a more coneentrated ferric oxide sol was used, showed that U had
become positive enough to make U/V equal 0.9. Further investigation
along this line might prove interesting. It opens the possibility of study-
ing the U/V ratio with surfaces other than protein.

The effect of gelatin concentralion on the values U, V, and U/V
GELATIN |4 U vy
per cent plrec.fo fem, pleee.fv.fem.

0.017 —1.64 ~5.65 3.38
0.043 1.68 4.11 2.46
0.085 1.63 2.10 1.37
0.170 1.45 1.61 1.04
0.340 1.22 1.21 0.99
0.770 0.97 0.98 1.01

The very large change in electrosmotic mobility might indicate that
the glass wall was not covered at the lower dilutions. However, this is
not in accord with the findings of Abramson and Freundlich (6), Dummet
and Bowden (5), and White et al. (11), who report the wall to be covered
with gelatin at concentrations of gelatin lower than any used in table 6,
It was felt that the large surface of the ferric oxide present might have
reduced the effective gelatin concentration below the amount found neces-
sary by the above investigators, or that sufficient time had not been al-
lowed for equilibrium to be established at the wall. Experiments showed,
however, that the use of only one-fiftieth as much ferric oxide, which was
just enough to give & faint yellow color to the sol mixture, gave values of
U and V and of the ratio almost identical with those previously obtained.
The allowance of 100 minutes for the establishment of equilibrium instead
of the usual 15 or 20 minutes caused no change in the measured values.

The curves in figure 4 show the results of experiments, with sols on the
alkaline side of the isoelectric point, to determine the effect of pH on the
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amount of gelatin necessary to coat the glass wall. The complete data
for U and V are given in table 7. Abramson and Freundlich (6) have
performed similar experiments in the presence of M/50 acetate buffers,
and have interpreted the curves to mean that complete coating is attained
at & concentration of gelatin where the curves begin to flatten out.” They
found that 0.1 g. of gelatin per liter was sufficient at a pH of 6.6 to 7.5.
The ahove curves demonstrate that about 2 g, per liter is necessary on the
basis of the criterion mentioned. They also show that as the pH increases
the amount of gelatin necessary to cover the glass increases. Curve 4 in
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F1o.4. Showing the effect of gelatin concentration and pH on U. Alkaline side of
isoolectric point. '

figure 4 probably explains the difference between these observations and
those of the other investigators mentioned. The addition of a small amount
of sodium chloride, 10-* moles per liter, caused the glass to become coated
even at the smallest concentration of gelatin used. Thus the amount of
gelatin necessary in the presence of M /50 buffer salt would also be much
less. White and coworkers used no buffers but worked only with isoelectric
gelatin, Table 7 shows that the ferric oxide particles were covered at all
of the concentrations used.

These results explain the nature of the U-pH curvein figure 3. As the
pH increases, a given small concentration of gelatin becomes less and less
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effective in covering a glass surface. The large values of U are probably
due to partially bare glass. They also explain the abnormal effect of
salts on U asshown in table 3. The addition of electrolyte allows the small
amount of gelatin to cover the wall more effectively.* This might take
place as a result of either or both of the followmg effects. The gelatin
aggregates are dispersed by the electrolyte, thus giving a greater effective
concentration, or the negative charges on the wall and on the gelatin
particles are both reduced, making it possible for increased adsorption of

TABLE 7

Showing the effect of gelatin conceniralion on mobility on the alkalmo side of the
tsoeleclric point

GELATIN | 4 /4 uy
pH = 6.8
opereeend T 1T T plewe o fem. A R pleec.fofem. {7 U0 0T
0.017 -2.01 —B.04 4.02
0.043 _ 2.00 3.64 1.82
0.085 1.83 2.04 1.12 .
0.170 1.60 1.58 1.04
0.680 1.33 1.29 0.98

pH = 8.9; with 10~* molar NaCl

| -

0.017 -1.58 1.82 1.18
0.043 1.60 1.71 1.07
0.085 1.56 1.69 1.08
0.170 1.51 1.46 0.97
0.340 1.39 1.38 0.97
pH = 5.0
0.017 -1.12 ~3.00 2.08
0.043 1.16 2.07 1.78
0.086 Lu 1.50 1.36
0.170 1.13 1.03 0.91
0.340 0.89 0.82 0.91

the protein at a given concentration, since the forces of repulsion are
reduced.

The data plotted in figure 5 illustrate the effect of gelatin concentration
and pH on sols on the acid side of the isoelectric point. In these curves
both U and V are plotted The results are consistent with the maximum
in the U-pH curve in figure 3. It is observed that increased gelatin
concentration eliminates this maximum. Other experiments have amply
demonstrated this. The wallmust be completely coated at the lowest
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concentration of protein used. If this were not so, an increase in the mo-
bility would have resulted with an increase in the amount of gelatin, since
the glass surface is negative and the gelatin i positive, The use of ferrie
oxide in these systems makes it impossible to study the concentration
region where U is negative and finally becomes positive. 'The decreasein
the mobility shown in the curves is due to decreased dielectrie constant,
increased viscosity, and inereased ionic strength in the medium. The
behavior exhibited in the U-pH curve in figure 3 on the acid side seems
entirely anomalous. The variation from V ean not be explained by in-
sufficient covering, nor can it be rationalized by assuming a polarization
of the particles which should give them a lower mobility than exhibited
along & plain surface. However, since this maximum is removed by
electrolyte addition or by increasing the concentration of gelatin, it was
concluded that identical surfaces were not presented on particle and wall
until this latter had been done.

.
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Fia. 8. S8howing the effect of gelatin concentration and pH on U and V. Acidside
of isoelectrio point.

It has been shown that the U-~pH and V-pH curves become identical
when sufficient gelatin is used, i.e.,, U/V = 1 and is independent of pH,
and that the ratio is independent of electrolyte concentration under the
same conditions. Since under the proper conditions this ratio is 1, and
gince with particles as small as those used electrolyte up to 102 molar
should not remove the effects, as it does with larger particles (11), it was
concluded that the factor 1/4x in the Smoluchowski equation for electro-
phoresis is correct. Furthermore, the radius of curvature can have no
effect on mobility.

BUMMARY

1. The hydrodynamic tleory for electrophoresis has been tested with
the use of ultramicroscopic particles, and has been found to hold.

2. The ratio of electrosmotic to electrophoretic mobility has been in-
vestigated with the use of these smaller particles. The system used was
an unbuffered gelatin—{erric oxide mixture in & Mattson-type electrophore-

Al e
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sis cell of Pyrex glass. When the gelatin concentration was below about
2 g. per liter, electrolyte and pH had a profound influence on this ratio.
When the gelatin concentration was above this value, the ratio was unity
and independent of electrolyte or pH.

3. It was concluded that to get surfaces that were identical, other than
at the isoelectric point, and in the absence of electrolyte, about 2 g. of
gelatin per liter was necessary.

4. Since the ratio was unity when identical surfaces were obtained, it
was concluded that the factor 1/4r in the Smoluchowski equation for
electrophoresis is correet and that the radius of the particle has no effect
on mobility.
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In a recent publication (2) by J. W. McBain and W. McClatchie Thomas,
the fraction of free ehloride ion in a ferric oxychloride hydrosol was caleu-
lated by assuming that ultrafiliration effected a separation of the free
hydrochloric acid in the colloidal system. Bufficient data, however, are

- presented in that paper to evaluate the fraction of free chloride ion without . . . .

this assumption by making use of the difference of mobility existing be-
tween the chloride constituent in crystalloidal form and in the micelle.
The method of calculation which follows is applicable also to colloidal
solutions with one or more kinds of ‘‘contra” ions, as is the case when &
salt is added to & “pure’”’ hydrosol.

If a colloidal solution be electrolyzed in a Hittorf transference apparatus
the concentration change at an electrode chamber in terms of the mobility
of the bound and unbound portions of a particular constituent may be
derived asfollows: Consider the region in the transference apparatus where
the sol remains unaltered during the electrolysis. Let the area of the cross
section of this region be called 4. Then the number of grams of mieellar
constituent passing A in ¢ secondsis equal to A Vyzt, where Vis the velocity
of the micelle and z is the number of grams (per cubic centimeter) of the
constituent in the micelle. The number of grams of crystalioidal constit-
uent passing 4 in the same interval is AVy(M — z)¢, where V3 is the ve-
locity of the crystalloidal fraction which has the original concentration of
(m — z) grams per cubic centimeter. Thus at an electrode chamber the
total change, 4, of the quantity of the constituent whose original concentra-
tion was m grams per cubic centimeter ig

A = At [Viz + Vi(m — 1)] ' (1)

Replacing A by I/KE, where I is the current, K the specific conductivity
of the original sol, and E the potential gradient, we get

= I—-gt—g [V.;a: + Vi(m — z)) . (2)

711
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Betting ¥ equal to unity, V, and V, may be replaced by their respective
mobilities U, and Us, Thus

a=gwa+mmwwl 3)

Taking the particular case of their sol No. 13 (2), the data for which are
givenin table 1,one obtains by the use of equation 3 the value of 4.07 X 107
equivalents per liter of free chloride ion, which differs from the result given
by McBain and Thomas by 57 per cent,

It is to be noted that all quantities used in equation 3 to evaluate the
concentration of free chloride ion were determined experimentally except
the value for the mobility of the free chloride ion, Uy, in which case the
limiting mobility 7.91 X 10-¢ was used. Although these colloidal oxide

TABLE 1

Description of *“ferric hydroxide” sol No. 18, as given by McBain and Thomas (9)
* Concentration of Fo in equivalents per liter........ ... .... .17 0.pi2

Concentration of Cl in equivalents perliter. .................... 0.04405*

8 - L 6.3 X 1078

Bpecific conduetivity inmhos. ......... ... oo 6.70 X 104

Hittorf number forFe..............oovviinin i 70.3¢

Hittorf number for Cl (not chloride jon only)...................: ~2.51

Mobility of Fe in em. per second per volt per centimeter. ....... 4.62 X 10~

Mobility of Cl=. ....... ... ... .. . 7.91 X 10~

* See reference 3.

t Unlike the Hittorf number for Cl, the Hittorf number for Fe can furnish the
mobility of the micelle, since this element exists entirely within the micelle. This is
confirmed by the fact that McBain and Thomas found that both the Hittorf trans-

ference and the moving-boundary method gave the same values for the mobility of
the micelle.

micelles are viewed generally as giant multivalent ions, the use of the limit-
ing mobility for their contra ions may be justified to some extent by the
consideration that the interionic Torces resulting from these micelles are

more like that of a 1-1 salt. This can be seen from the result that for

every faraday of free charge, there are associatcd more than 200 chemical
equivalents of iron. Furthermore, there is evidence from another source
(4) that six groups (consisting of H,O, OH, Cl) surround each iren atom
in the form of a complex of the Werner type, thus making the distance
between like charges on the micelle 10 or more Kngstrﬁm units.

The caleulated specific conduetivity of sol No. 13, on the basis that there
exist 4.07 X 10~ equivalents per liter of negative charge balanced by the
positive charge on the micelles and hydrogen ions,! each ion moving with

' The contribution of the hydrogen ions to the conductivity of the sol is 4 per cent.

A
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its respective mobility, is 5.1 X 10~*mhos. This value does not consider
the contribution that the conductivity may receivefrom the contamination
of the gol by the dialyzing membrane (Cellophane) in which the sol was
kept for several weeks. The contribution from this source may be sot
equal to 0.2 X 107 mho? giving finally a caleulated conduetivily of
53 X 1074 as compared with the observed value of 5.7 X 10-4,

The difference of 7 per cent between these two figures does not in any
way indicate the correctness of the value used for the mobility of the free
chloride ion, but rather it shows the validity of the experimental measure-
ments, particularly ‘the transference number for chloride and the
mobility of the colloidal particle.

BUMMARY

It has been shown that the fraction of a constituent that is unbound
may be determined in & colloidal solution by means of mobility data with-

~.out including the usual procedure of ultrafiltration and its concomitant. . = ... -

assumption.

The author is grateful to Prof. A. W. Thomas for his suggestions in con-
nection with this work.
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INTRODUCTION

" A decade ago a preliminary study was attempted of the relative stability ™~~~

of oleic and elaidic acids and of their methyl esters from a comparison of
the energy contents of the best samples of these substances which were
available at the time (1).

With regard to the acids it was found that the heat of combustion of
oleic acid was higher than that of elaidic acid by a much larger amount
than could be accounted for merely by the difference between the states
of aggregation of the two acids before combustion. This observation,
when taken in conjunction with Stohmann’s rule, led to the conclusion
that, in agreement with observations derived from other fields, oleie
acid should be regarded as the ¢is-form and elaidie acid as the lrans-form
of the same chemical structure.

With regard to the methyl esters, however, the sole pair to be investi-
gated at the time, the differences between the heats of combustion were
so small (1 part in 10,000 only) as to be within the limits of the experi-
mental error for the calorimetric measurements (1 in 10,000 also) and well
within these limits for the extent of the purification process for these
substances, No definite conclusion could therefore be drawn as to the
relative stability of these two esters. _

It is with a view to the removal of this ambiguity that the work to be
described in the following pages has been attempted. Instead, however,
of limiting the comparison to the methyl esters only, the ethyl, n-propyl,
and n-butyl esters have been examined as well.

CONTROL OF THE PURITY

All the esters considered in this paper are liquids at ordinary tempera-
ture; the elaidates remain so down to the region of the melting point of

715
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ice and the oleates down to some 20°C, lower. The melting point and
the setting point are therefore not very useful for testing the purity of
these substances, the more so that the values of these constants are not
known, at least with any degree of exactness, from the literature. The
same remark applies, though to a lesser extent, to oleic acid itself. As
for elaidic acid, the International Critical Tables give values as far apart
as 44° and 51°C. From our own experience, it is the former of these
which is in the immediate neighborhood of the true value for the setting
point, but as it changes only slowly with further purification, its usefulness
is extremely limited as a criterion of purity.

When, however, the elaidic acid is obtained from samples of oleic acid
which have been previously freed from polyethylenic impurities (as was
shown to be possible in & previous paper on the purification of oleic acid
(2)), the determination of the iodine value gives & true indication of the
extent of the purification, without any ambiguity. The purification of

elaidic acid was actually carried on until the iodine value was raised to =~

~‘the theoretical value for that substance and went no further. As an
additional control of the purity, the heat of combustion of a large number
of different fractions was determined; only small variations were found
for that constant, except for the early tail fractions, which were therefore
rejected for the preparation of the esters. The purity of the elaidates
and oleates was also controlled by comparison of the observed with the
theoretical jodine values, under the same conditions of non-ambiguity.

DISCUSSION

In order to facilitate the discussion of the results detailed in table 1,
the molecular heats of combustion of the various esters have been calcu-
lated and collected in table 2. The value of the energy increment (repre-
sented by ACHj in the table) when passing from one member of the series
to the next higher homolog has also been calculated. The corresponding
values observed for the series of the alcohols which were used in building
up the two series of esters have been added for the sake of comparison.
(For the difference between the methyl and ethyl alcohols, the latest
value, namely that of Rossini (4) has been taken, while for the other
alcohols, the values of Richards (3) were selected.) Finally the heat of
transformation for each member of the cis-series to the corresponding
member of the lrans-series has been reported.

The first striking fact is the complete parallelism between the series of
energy increments for the elaidates and for the parent alcohols; it indi-
cates that the replacement of the hydrogen atom of the alcohol by the
heavy radical CH;(CHy)q: (CH2);CO— has not deeply altered the strue-
tural relationships inside the liquid molecule. On the other hand, the
nearly perfect constancy of the increment between the second and fifth

)
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members of the claidate series and of the alcohol series provides a strong
argument in favor of the additive character of the molecular heat of com-
" bustion of organic liquids whose molecules possess a large number of
carbon atoms, as is the case for the elaidates, or whose terminal groups
are not endowed with strong residual affinities, as is the case for the
alcohols. |

In the case of the oleates, however, such regularities are not apparent,
though they possess the same number of carbon atoms as the correspond-
ing claidates. This difference in behavior might be explained by one
of the following alternatives;

(1). While the successive elaidates were all prepared from the same
pure sample of elaidic acid (iodine number = 89.9), the various oleates
were derived from different samples of oleic acid (iodine number about
0.3 to 0.4 unit lower than the theoretical), none of which was quite as
pure as the elaidic acid, and amongst which there may therefore have

been slight; discrepancies hetween the energy contents. In order toin-

vestigate that possibility, & new series of oleates was built up, starting now
each time from the same sample of oleic acid (iodine number = 88.9).
Though this new sample was, like the earlier ones, quite free from poly-
ethenoid acids, it contained a slightly higher proportion of saturated
impurities, so that the values obtained for the heats of combustion of the
derived esters cannot be strictly compared with those of table 2; but the
value for the energy increment per CH; is naturally more accurate in this
than in the earlier cass. The values of the successive increments actually
observed with these new samples of esters were as follows:

s Gl olels deis
ACHgin kg-cal........coccovvuiinn 152.5 165.5 " 156.1 for oleates
as against.......coiiiiiiiiiiiieias 163.0 155.8 1566.0 for alcohols
115 PR 163 2 166.8 166.9 for elaidates

The agreement is therefore much better than before.

(2). Another reason that may be put forward in order to explain the
differences betwsen the energy increments of the various esters depends
on their mode of preparation. Indeed, while the members of the first
series of oleates were all obtained by fractional distillation, on the con-
trary not a single one of the second series of oleates or of the elaidates was
submitted to such treatment. As a consequence, the older oleates may
have been obtained in & slightly different thermodynamic state than the
later ones, this difference being made apparent through the irregularities
observed in the values for the energy increment.

(3). A third possibility that should not be overlooked is that the
state of association of the earlier samples of ethyl oleate (which had been
distilled and burnt directly afterwards) may not have been the same as
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for the corresponding ethyl elaidate, which had not been distilled at all!
One should indeed remember in this connection that there has often
been observed & striking anomaly between the methyl and the ethyl
members of homologous series, and that such anomalies may possibly be
of quite different degree for the elaidates and for the oleates, as is empha-
sized further here by the change of sign of the heat of transformation

between the ethyl members of the two ester series. For the other pairs
of esters, the heat of transformation has not only the same sign, but it
seems to have very nearly the same value, namely 1.6 4 0.1; this shows
a very striking constancy, considering the great difficulty of obtaining
pure samples and the fact that the samples of oleic acid used for the build-
ing of the first series of oleates were all different.

M e

TABLE 2
Tsothermal molecular heat of combustion (in vacuo) under constant volume and al the
conslant lemperalure of 20°C,
MOLECULAR MOLSCULAR
zoran “veoay | | aEAror | aCH: TRArORA-
Methyl oleate.................. 296.28 2837.2 +1.8
161.0
Ethyl oleate.................... 310.30 2088.2 -0.7 .
n-Propyl oleate................ 324 .31 3148.2 +1.5 "
166.1
n-Butyl oleate................. 338.33 3302.3 +1.7
n-Amyl oleate..................| 852.36
Methyl elaidate................ 206.28 2835.7
163.2
Ethyl elaidate.................. 310.30 2088.9
166.8
n-Propyl elaidate............... 324.31 3144.7
165.9
n-Buty! elaidate............... 338.33 3300.6
- 186.9
n-Amyl elaidate................ 352.36 3456 .6
Methyl alcohol.................
163.0
Ethyl aleohol...................
155.8
n-Propyl alcobol...............
166.0
n-Butyl aleobol................
. 166.1
n-Amyl alcohol................
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All the regularities exhibited in table 2 should be considered as supply-
ing a strong, though indireet, prool of the amount of trustworthiness
that may be accorded to the values tabulated,

BUMMARY

1. The isothermsl heat of combustion of the four lower members of
the alkyl oleate series was found to have the following values:

g-col.us per gram kg.-cal.ay per mole
Methyloleate ...... . . .. ... .. ... ......... 987156.8 2837 2
Kthyloleate. ............. .. ... .. .. . .. 9630 0 2088 2
Propyloleate..................... ........... 9701 .4 3146.2 .
Butyloleate................................... 9761 .5 3302 3

2. The isothermal heat of combustion of the five lower members of the
alkyl elaidate series was found to have the following values:

. greabupergram.. . hkpcalupermole.. ... ..

Methyl elaidate....... ... ... .. ... ......... . 08703 2836.7
Ethylelaidate..... ........................... 8632.1 2088 9
Propylelaidate................................. 9697.0 3144.7
Butylelaidate.............. ... ............... 9766.7 3300.6
Amylelaidate....................... .. ... . ... 9810.2 3460 .6

3. While the energy increment per addition of a CH; group was found
to be remarkably constant for the liquid elaidates and practically equal
to that for the corresponding parent aleohols, it was, to say the least,
less constant for the corresponding oleates, Several possible reasons
were indicated for interpreting this apparent anomaly.

4. The heat of transformation of each of the oleates into the correspond-
ing elaidate was shown to be very nearly constant for three out of the four
members available for comparison; in the case of the fourth, the ethyl
member, it changed sign.
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THE EFFKCT OF BETAINE ON THE CONDUCTIVITY OF
SODIUM HYDROXIDE SOLUTIONS!

RALPH F. NIELSEN
Department of Chemiglry, SI. Benedict’s College, Atchison, Kansus

Received December 18, 1936

According to Bjerrum (1) betaine exists in solution as the zwitterion
¢

(CHy)sN . CH,CO;. In fairly concentrated solutions, therefore, betaine
should lower the equivalent conduetivity of an electrolyte by contributing
+

_ to the ionic strength, Bince the acid (CHy)sN. CHiCOOH is not & strong

clectrolyte (6), such studies ean only he made in basic golution. In the ™ 77

experiments to be described, the effect on the conductivity of adding vari-
ous amounts of betaine to sodium hydroxide solutions was nmieasured.

The apparatus (figure 1), of Pyrex glass, is similar to one used by Brgn-
sted and Nielsen (2,4). The eapacity of the cell in the apparatus of figure 1
is small compared to that of the reservoir. Thig, together with the three-
way stopcock and capillary (to avoid trapping of liquid), made possible
the withdrawal and measurement of a considerable number of samples from
the reservoir. An atmosphere of carbon dioxide-free air, saturated with
water at the temperature of the measurements, ‘was maintained by making
connections at the openings shown. The reservoir was paraffined. Ad-
vantages of this apparatus have been discussed previously (2, 4).

A Jones bridge (3) with oscillator and amplifier, all built by Leeds and
Northrup Co., was used for the measurements. The thermostat bath, of
distilled water, was maintained at 26°C. £0.002°,

Betaine monohydrate was prepared from the hydrochloride by the
method of Stolzenberg (5), and also by treating the hydrochloride with
silver oxide. In each case the product was twice recrystallized from abso-
lute aleohol. It was found to remain dry when stored over 60 per cent
sulfuric acid. It dissolved completely to give a clear solution which
showed no tests for the inorganic ions involved in the preparation. Tests
for traces of organic acids could not easily be made, but the fact that the
two preparations gave the same results in the experiments was taken as
evidence of purity.

Standard sodium hydroxide solutions were prepared from the saturated
solution and ““‘conductivity water,” and stored with the usual precautions.

! Contribution from the Chemical Laboratory of the University of Minnesota.
723



724 RALPH F, NIELSEN

'The paraffin had been washed with het, dilute sodium hydroxide, then
thoroughly washed with hot distilled water and dried by heating.

PROCKDURE

A measured volume of sodium hydroxide solution of known concentra-
tion was put into the paraffined reservoir, the entire apparatus being of
course first flushed out with the carbon dioxide-free air. Some of the
solution was then run into the cell to a definite height above the electrodes,
and the resistance measured. This was then withdrawn from the cell
into a buret, and a weighed amount of betgine added to the remaining solu-
tion through the side opening in the reservoir. During the addition of
the betaine, a slow stream of the carbon dioxide-frec air bubbled through

g

-

|
?
J

= A e

Fia. 1. The apparatus

the solution, while a faster stream entered at the top. A sample was then
again run into the cell. A number of additions of betaine were made in
cach run. Occasionally this procedure was carried out without the
addition of betaine, as a check on the purity of the air. The solutions
that were run into the cell were not returned to the reservoir, for fear of
the effect of the glass and electrodes.

In order to ealculate the exact normality of sodium hydroxide and
hetaine for each measurement, the partial molal (or specific) volume of
the betaine must be known. By means of a dilatometer, the partial
specific volume was found to be nearly constant at 0.85 (2-0.01) over the
range of concentrations of betaine and sodium hydroxide used in the
conductance measurements.
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TABLE 1
Effect of betaine on the equivalent conductivity of sodium hydrozide solutions at 85°C.
conomyron | CESEIBATN | pomon | oo, | conseoruy
moles per liter moles per liler per cent moles per liter

0.05 0.0500 (224 .00)
0.0016 0.02 0.0516 224.00

0.0087 0.10 0.0586 224.00

0.0204 0.23 0.0703 223.59

0.0325 0.37 0.0822 223.06

0.0587 0.67 0.1084 222.38

0.1 0.1000 (218.20)
0.0050 0.06 0.1050 218.01

0.0085 0.10 0.1084 217.02

0.0127 0.15 0.1126 217.70

0.0269 0.31 0.1266 217.33

- 00483 - 0851 0.14TF - 21665

0.1* 0.1000 (218.20)
0.0021 0.02 0.1021 218.17

0.0064 0.07 0.1063 218.11

0.0146 0.17 0.1144 217.87

0.0354 0.41 0.1380 217.32

0.2 0.2000 (210.00)
0.0012 0.01 0.2012 210.07

0.0121 0.14 0.2118 209.76

0.0268 0.30 0.225% 2089.29

0.0402 0.46 0.2393 208.83

0.0575 0.66 0.2562 208.32

0.5 0.56000 (195.00)
0.0023 0.03 0.5022 194.59

0.0060 0.07 0.6057 195 04

0.0148 0.17 0.5140 104 .60

0.0201 0.3¢ 0.5274 194 60

0.0446 0.61 0.5420 194 .28

0.0703 0.81 0.5663 183.73

1.0 (1.0000) (176 .00)
0.0021 0.02 1.0019 175.96

0.0080 . 0.07 1.0063 175.88

0.0130 0.15 "1.0115 176.72

0.0238 0.27 1.0211 176.60

0.0409 0.47 1.0362 176 .08

0.0593 0.68 1.05661 174.86

* This run was made with betaine prepared by the use of silver oxide.
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RESULTS

The results are tabulated in table 1 and plotted in figure 2, Concentra-
tions are in moles per liter of solution. The last column gives the equiva-
lent conductivity of the sodium hydroxide as calculated from its concen-
tration (corrected for dilution) and the resistance of the solution. The
results have been multiplied by a factor which gives the value taken from
the International Critical Tables (by extrapolation in the case of the
two most concentrated solutions, with the aid of the more complete data
at 18°C.), for the initial concentration of sodium hydroxide in each run.
The first column gives the concentration of the betaine, the second the

%0

F4l)
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Fia. 2. Effect of betaine on the equivalent conductivities of sodium hydroxide
solutions.

per cent increase in volume (dilution of the sodium hydroxide) due to the
betaine, and the third the total concentration of the two solutes. Runs
were also made with 0,005 N and 0.02 N sodium hydroxide, but no appre-
ciable increase in the resistance of the solutions was observed on addition
of betaine, probably due in part to “hydrolysis” of the betaine.

In figure 2 a curve has been drawn through the values taken from the
International Critical Tables. Apparently the effect of the addition of
hetaine is only about half that produced when the ionie strength isincreased
by the addition of an equimolal quantity of sodium hydroxide. There are,
of course, a number of factors which cause electrolytes of similar valence
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types to differ in regard to the effect of concentration on equivalent con-
ductivity in the range studied. The fact, however, that the “zwitterion”
has no conductivity of its own may, it seems, be a basis for an explanation
of the magnitude of the observed offeet. It is hoped that further study
with, for instance, solutions containing neutral salts in addition to a strong
base, will prove enlightening.

BUMMARY

The effect of small amounts of betaine on the equivalent conductivities
of sodium hydroxide solutions of several concentrations, up fo 1 N, was
studied. :

The observed effect, at concentrations from 0.05 N to1 N , Was only
about half that produced when the ionic strength is increaged by the addi-
tion of an equimolal quantity of sodium hydroxide.
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THE DIELECTRIC PROPERTIES OF WATER-DIELECTRIC
INTERPHASES

HUGO FRICKE axo HOWARD J. CURTIS

Waltsr B. James Laboratory for Biophysics, The Biological Laboraiory, C‘old Spring
Harbor, Long Island, New York

Recoived February 8, 1987

When a dielectric dispersed in water is placed in an electrical field a
part of the current passes through the system at the interphases and these
become polarized, as shown under certain conditions by the oceurrence of

_ electrochemical reactions (1,3). For thisreason the dielectric propertiesof . . .

such gystems are generally different from what would be expeeted from
the contributions of the single phases, on the basis, for example, of the
Clausius-Massotti-Maxwell theorem, for the particular case of a suspen-
sion of spherical particles, This influence of the interphases is especially
pronounced when measurement is made with direct current or with al-
ternating current of low frequency, in which case the dielectric properties
may be radically different from those of either of the components, as
measured in the bulk.

Recent measurements by Fricke and Curtis (11, 12) of the dielectric
constant and electric conductance of suspensions show this influence
of the interphases clearly; there is a rapid increase of the dielectrie con-
stant and a deorease of the conductance as the frequency decresses, the
change in both being approximately as powers of the frequency. The
high dielectric constant often found for colloidal solutions is undoubtedly
also of this orgin (6, 11, 14, 15, 16, 20, 21). This property was first
obgerved by Errera on colloidal vanadium pentoxide (6), and explained by
him as due {0 electric moments of the colloidal particles.

In spite of the importance of these interphasial properties for the
dielectrie characteristics of & number of important systems, such as living
cells (6, 9), soil (7, 23, 24), and many of the insulating (hygroscopic)
materials used in the electrical industry (paper, fabries, rubber) (19, 25),
experimental data suitable for reaching an understanding of their nature
are largely lacking. The present study is based upon alternating current
measurements of the dielectric constant and electric conductance of sus-
pensions, particularly those with particles of spherical form.

The measurements were made with 8 Wheatstone bridge by a substitu-
tion method which is based upon the comparison of the suspension with a

7290



730 HUGO FRICKE AND HOWARD J, CURTIS

potassium chloride solution. The solutions were measured in cells con-
structed as shown in figure 1. The cells are of Pyrex glass, cylindrical,
and with one platinum electrode sealed into one end, while the other
electrode is movable and mounted on a micrometer screw reading to an
accuracy of 0.002 mm. The purpose of the design is to make it possible
to correct for electrode polarization by measuring at different electrode
distances.

In making the measurements two similar cells are used, one containing
the suspension and the other a potassium chloride solution of approxi-
mately the same specific resistance. The cell with the suspension (the
measuring cell) is placed in the bridge, and equilibrium established by
varying a resistance box and a condenser in one of the other arms of the

—=MICROMETER  3CHEW

TLTE

SLASS TUBLS

- TOP CLECTROME

BOTTOM ELECTRODE

Fi1c. 1. Electrolytic cell

bridge. 'The measuring cell is now replaced by the comparison cell and
equilibrium reéstablished for resistance, by varying the electrode distance,
and for capacitance by varying a condenser (the measuring condenser) in
parallel with the cell. The resistance of the comparison cell is thereafter
measured by substitution against a resistance box, this measurement being
made at low frequency.

The following terms are used: The complex admittance 1/7 is given by

1/Z2 = 1/R + juC

where B (ohms) and C (f) are termed resistance and capacitance of the
sugpension. The specific values of B and C are termed the resistivity

M it s o miiin
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R (ohms-cm.) and capacity C (f-em.~), respectively, and the conductivity
¢ and the diclectria constant ¢ are determined by

¢=1/R ()
¢ = 36xC X 101 (2)

Neglecting for the present the influence of electrode polarization, the
capacitance of the electrolytic cell is the sum of two parts, of which one,
Cy, is the capacitance of the solution in the cell, and the other, C;, the
capacitance derived from the space outside the solution. The value of

01 is
Ci = ¢ 10/(36x-K) - puf

where K ig the cell constant determined as the ratio of the resistance,
measured with a standard potassium chloride solution in the cell, to the
“specific resistance of this solution. For the experimental conditions used
here the value of Cy can with sufficient accuracy be taken as independent
of the solution, and therefore C; cancels out in the comparison between
the two cells when the comparison is made with equal electrode distances,

The dielectric constant, ¢, of the unknown solution consequently is
determined by

¢-10/(36r. K) = (0-10/36x-K) + C' 4+ C”

where K is the cell constant for the measuring cell, ¢’ is the difference
in readings on the measuring condenser (in upf), and ¢ is the dielectric
constaut of the potassium chloride solution, which in the present meas-
urements can be taken as equal to that of water. The value of C” is the
change in the capacitance of the comparison cell as the electrode distance
is changed from that used in the measurement to that used in the meas-
uring cell. The values of C” are obtained by a calibration in which the
measuring and comparison cells are compared with potassium chloride
solutions in both. The concentration of the solution in the measuring
cell is kept constant, while the concentration of the solution in the com-
parison cell is changed to give clectrode distances over the desired range.

One difficulty encountered in this work is that the dieleetric constant
and particularly the conductance are not perfectly reproducible for sus-
pensions because of settling, and for colloids apparently because of changes
in their internal structure. For this reason, relative values of ¢ and o,
referred to those obtained at some standard frequency, can be obtained
withmuch greater accuracy than can their absolute values. Under the best
conditions such relative values can be measured with an accuraey of one
partin 100,000 for o-and of 0.1 for ¢, and so perfectly satisfactory frequency
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curves for o and ¢ can be obtained, although the absolute values of o and ¢
are not reproducible with this accuracy.

The inductance of the measuring condenser was shown to be negligible
by comparing it against a specially built fixed condenser, consisting of two
plates clamped close together and attached directly aeross the binding
posts to the electrolytic cell; this condenser has a very much smaller in-
ductance than the measuring condenser. The comparison of the two
condensers showed no frequency dependence over the range of frequencies
used. The capacity of the fixed condenser was 50 puf, which is as large a
capacity as is ever used at the highest frequency.

The influence of electrode polarization is eliminated by making measure-
ments at two different electrode distances. After completing the measure-
ments at the greater distance, the electrodes are brought together to a
suitable closer distance and measurements taken at such frequencies for
which the electrode polarization is appreciable. In order to take into

- consideration any slight change in the electrode polarization during these . - ... .

two sets of measurements, the electrodes are thereafter brought back to
the original distance and the measurements at the low frequencies repeated.
When the electrodes are moved, a slight change may occur in the absolute
values of ¢ and 0. This error is eliminated by measuring the rates of
change of ¢ and ¢ with frequency, rather than their absolute values.

The electrode polarization acts as a capacity (Cp) and a resistance (&)
in series with each other and with the cell. In the present measurements
1/Cw is always small compared to the resistance of the cell, which is the
condition under which the formulae now to be given can be used. Desig-
nate by AC, and AR; the non-corrected values for the difference in capaci-
tance and resistance of the suspension, at the two successive frequencies
w and 2w, and for the greater electrode distance. Similarly, for the smal-
fer electrode distance, AC; and AR;. Furthermore, designate by AC? and
AR? those parts of AC and AR which are due to the electrode polarization,
and by AC* and AR* the true values of these two quantities. The follow-
ing equalities hold:

AC) = ACT + AC)

AC; = ACT (Ri/R3)' + AC (C3/CY)
giving

AC; — AC: (Ry/RY)’ @)
1— (C3/CY) (R/RY)'

ARy = AR} + AR

ORy = AR} 4 AR (Ry/RY)

AC) =

. AR - AR,
= T @
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The ratios C3/Ci and Ri/R} are obtained as the values of Cy/C) and
Iy/Ry at such & high frequency that the electrode polarization is negligible.
Owing to settling, in coarser suspensions these ratios may deviate some-
what from the ratio of the cell constants.

In order to decrease the polarization, the electrodes are electrolytically
covered with platinum black, from a 3 per cent platinum chloride solution
containing 0.025 per cent of lead acetate. With palladium black the po-
larization may be still further reduced, but the greater constancy of the
platinum black makes it more satisfactory.

Most of the work has been carrted out with two types of cell, of which
one has a cross-sectional area of 1.0 em.? and a length of 20 cm., and the
other an area of 2.9 cm.2 and a length of 5 em. In a few measurements

7
KLOCYCLES PER SECOND

Fi6. 2. Logarithmic graphs of (¢ — ¢,) and Ao for various suspensions. Curve 1,
33 per cent cream (natural); curve 2, 12 per cent homogenized cream (commercial
brand); curve 3, 3 X latex (63 per cent); curve 4, 25 per cent mineral oil (diameter
0.5u) in 2 per cent oleic acid 4 1 per cent triethanolamine; curve 5, 20 per cent rouge
(diameter 2g) in 1.5 per cent isoelectric gelatin; curve 8, 46 per cent kaolin (diameter
0.5u) in 0.0005 a1 KCI; curve 7, 456 per cent kaolin (diameter 0.5x) in 0.5 per cent
sodium oleate; curve 8, b per eent cellulose in water.

we have used a third pair of cells, the cross-sectional area of which is 10
em? and the length 20 em. Before using any pair of. cells they were
compared, at all frequencies, with potassium chloride solutions in both.

The measurements were usually made with the cells in air in & room
kept at the constant temperature of 21.4°C. In some cases, when a
steadier temperature was desired, the cells were kept in an oil bath.

Data obtained for a variety of suspensions are shown in figure 2. The
figure contains logarithmic graphs ageinst the frequency of the quantities
(¢ — &,) and Ae. The value ¢_ is the nearly constant value of ¢ obtained
at high frequencies and can be taken to represent the contribution of the
suspending and suspended phases to the dielectric constant, the value of
(¢ — ¢,) therefore representing the contribution of the interphases. The
value Ac(w) = o(2w) — olw) represents the change in o resulting from a
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twofold increase in the frequency. The change of o with the frequency
iz small and has not been mensured for all systems. The values of (¢ — ¢_)
and Ac usually vary approximately as powers of the frequency, al-
though this is not so apparent in the particular measurements shown in
figure 2. The exponent for (¢ — ¢,) is negative and is usually near —1.
The difference between the two exponents is approximately equal to 1.
The theoretical reason for this relation will be given below.

For comparison, we have shown in figure 3 a series of dielectric measure-
ments on soil, which were made by SBmith-Rose (23). The moisture con-

R S S B R T T R
KROCVCLES PER SECOND
F14. 3. Values of (¢ — ¢,) for soil, moisture content 25 per cent. [From Smith-

Rose (23).]
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F1c. 4. Test of formula (8) for 46 per cent kaolin in 0.5 per cent sedium oleate
(values of o, ¢, and m from figure 2). The left ordinates represent the values of
[0 ~ 1)/ (er — &)} X 10"(D) and (10/38x)[(2-= — 1)tan (mx/2)/(1 — 27=)}(O).

tent of this soil was 25 per cent. In passing we may remark that the rapid
increase in the conductance of soils observed at frequencies above 1000
ke. per second can also be accounted for as due to the influence of the
interphases (12).

The values of A(e — ¢,)/Aw and of As/Aw obtained for any particular
system are theoretically interrelated (10, 22). The relation is generally
of a complicated form but becomes simple when (¢ — ¢,) varies as a power
of the frequency (10). Let us first consider this special case. Represent
the complex impedance of the system by

Z =R+ 1/jC'w

d

h™



WATER-~DIELECTRIC INTERPHASES 735

and assume

' ¢ = Colu™
The following equality holds (equation 6, referonce 10)

C'wR’ = tan (mr/2)
Introducing € and R (as defined above) instead of C' and R’, we obtain
C = C'/l1 4 (C'wR")Y = Cyw™ cos? (mx/2)

and

1/R = 1/R' .[(C'uR')*/1 + (C'wR')}] = Cq'w “— sin (mx/2) cos (mn/2)

Designate by Ry, C, and R, C; the values of R and C at the consecutive
frequencies w and 2w respectively, and we obtain

Cy — Cy = Cy'o™ (1 — 2-") cos? (mr/2)

YR = VR = (Clotm) (1 — 20~ ) gin (mr/2) cos (mr/2) - -

(1/By — Y/Ry)/(C, - Cilow = (1 — 20-) tan (mx/2)/(1 — 2—™)
Introduce (e — ¢,) and ¢ instead of C and R:

1/R = o
C = [{e — ¢.) (10/36x)] X 10-1

and we obtain (5)

[(02 ~ a1}/ (&1 ~ &)w] X 102 =
(10/36x) [(24 — 1) tan (mn/2)}/(1 — 2—)

This formula was derived with the assumption that (¢ — ¢,) varies as
a power of the frequency, (¢ — ¢, )~w™. Since the right-hand side of
equation b is independent of the frequency, it follows that Ae = 03 — o
also varies as a power of the frequency with an exponent equal to (1 —
m). The difference between the exponents equals 1, as remarked upon
above,

The variation of the observed values of (¢ — ¢,) is only approximately
as 8 power of the frequency, but we can test equation 5 by using for each
particular value of w, as the corresponding value of m, that given by the
slope of the logarithmic graph for (¢ — ¢,) between the frequencies w
and 2¢. The agreement hereby obtained is usually quite good, the
difference between the experimental values of [(cs — 0)/(ey — &)w] X
10" and those given by the right-hand side of equation 5 being seldom in
excess of 10 per cent. A typical case is shown in figure 4.

The following experiments were carried out to determine the dependence
of (¢ — ¢,) on the size of the suspended particles of a suspension. Pow-
dered Pyrex glass was separated into three different size groups by sedi-
mentation, the average particle diameters being 80, 20, and 2.5u, respec-
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tively, and suspensions were prepared from each in 0.005 M potassium
chloride. The measurements were made on the settled suspensions, the
values of (¢ — ¢,) as functions of the frequency being given in figure 5.
The graphs are parallel and the distances between them are 4; = 0.50
and A = 0.95, respectively. These values are within the experimental
accuracy equal to the values log (80/20) = 0.60 and log (20/2.5) =
0.90, respectively, showing that (¢ — ¢,) varies inversely as the particle
diameter.

(€~€o

wE

i 1

' 3
4 Ve 1 4 8
KUOCYCLES PER SECOND

F1a. 5. Values of (¢ — ¢,) for suspensions of Pyrex of different particles diameter.
(a) 80x; (b) 20u; (¢) 2.60

Zs

Fi10. 6

Consider a unit element A of interphase (figure 6) and represent the
complex admittance of this element in the direction parallel to the inter-
phase a8 1/Z, = ¢, 4+ jCw, where o, is referred to as the surface conduc-
tivity and C, as the surface capacity. The value of 0, is to represent the
total conductance at the interphase including the conductance due to the
ionic atmosphere present in the aqueous phase close to the interphase.
In general the complete representation of the dielectric properties of A

Y

A

e i g——
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requires the addition of 1/Z, as the complex admittance in the direction
perpendicular to the interphase, this admittance representing the oceur-
rence of electrolytic polarization resulting from the flow of current between
the aqueous phase and the interphase. The simplest explanation of the
finding that (¢ — ¢,) varies inversely as the particle diameter is that
1/Z, is so high that its influence is negligible, under the conditions of
these experiments. Assuming this to be the case, we shall now proceed
to calculate ¢, and €, in terms of o and (¢ — ¢.), limiting ourselves for the
present to the case of & suspension of spherical particles.

The suspended particle itself is assumed to have a negligible conductance
and dielectric constant, and the presence of surface admittance is intro-
duced by surrounding each particle with a concentric region of thickness
Aa, the specific complex admittance of which is given by

(1/4a) (o, + jCw)

" The admittance of the suspension and suspetiding fluid are Y/Z = o 4+ -

JCo and 1/Z, = o, + jCiw, respectively. For a suspension of this type,
but for which the different phases are characterized by conductances
alone, Maxwell (18) has derived the formula

(0/o) — 1 _ (8s/0r) — 1 6)
(o/o) + 2  (aafor) + 2

where o and o, are the conductivities of the suspension and the suspending
fluid, respectively, and &; is given by

(203 + a3) (6 + 8a)" — 2oy — 03) @°
(205 -+ o3) (@ + Aa)* + (o3 — 03) @°

The values o; and oy are the conductivities of the sphere and the surface
region, respectively. Taking o = 0 and assuming for the present. that
Aa/e is small, we obtain

¢ =

gy = 203 Aa/ a ‘ (7)

We introduce now the complex admittances, as defined above, instead
of conductances in equations 6 and 7 and obtain:

(@ + jCw)/(or 4 jCw) — 1 _ (2/0) (0, 4 jCw)/ (o1 + jCw) — 1 8)
(0 + jCw)/(o. + jCw) + 2 (2/a) (o, 4 jCiw)/ (o1 4 jCw) + 2

We derive from equation 8:

o (18C./a)p
C == T F Gofary (1 = AP +1(1 = 5 GCw/aep
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(21 - ) + (2ou/aon) (1 + 20011 + 2) + (20./0a:)
(l - P)l + (1 - p) (l + 2?) (20@/“1) (10)
[ + 2) + (2o,/as) (1 — ) + [(1 - p) (2Cw/ao))]?

where €, is the capacity of the suspension for €, = 0.
Usually Cuw is 50 small (compared with ao1) that the terms containing
(2Caw/acy)? can be neglected, in which case we obtain

g =g} *

(lSC&/ﬂ) *p
€= GTFoT e @ =pF (11)
2(1 — p) + (20./a0:) (1 + 2p) (12)
g = &}

(e + 2) 4 (20./a04) (1 — p)

Introducing dielectric constants instead of capa,clttes we obtain from equa-
tions 11 and 12:

- {(18/a}pC; e
[(P + 2) + (Z0./a0) (1 AT

C, = (10/361) (3/18) [(P 4= 2) +p(20:/a°'1) (1 - ﬂ)] e — E“) (14)

(0/o)) (o +2) — 201 ~p) (15)
T +2) - @/a)T=p)

In figure 7 the values of (¢ — ¢_) (from equation 13) are plotted against
p, for different values of « = 20./as, taking as unity the value of
(¢ — ¢)forp = 1. [(6 — €)pmt = 72r.C,/10e)].

We may now return to the experiments in which the relation of (¢ — ¢,)
to particle diameter was determined. The conductivity of the sus-
pending Auid (0.005 M potassium chloride) was o; = 0.00067 ohms—.
The value of o, for Pyrex glass in 0.005 M potassium chloride is approxi-
mately o, = 1.5 X 10-° (13). The diameter of the smallest particles
used was 2a¢ = 2.5 X 10~ em., giving o = (2/1.256 X 10~%) (1.5 X 10-%/
0.7 X 10~%) ~ 0.03, while for the larger particles « is still smaller. For
such small values of «, equation 13 is approximately

¢ — ¢, = [(36x)/10) [(186C./a)/(p + 2)] (16)

showing that (¢ — ¢ ) varies inversely as the particle diameter 2a, in ac-
cordance with the experimental result.

For highly dispersed systems, according to equation 13 (¢ — ¢,) de-
creages with decreasing particle size, if we can assume C, and o, to be
independent of the size. When p is small, (¢ — ¢,) reaches its maximal

e — g, = (36«/10)

Ty = (0/2)

* In equations 18 and 14 C, is given in ppuf.

(3
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value for a = (2/a) (0./ay) = 2, or 2 = 2¢.,/6;. For example, for o,
= 10~¢ chms™! and ¢. = 0.5 X 10~ ohms*, the maxima! valueof (¢ — ¢.)
is reached for 2a = 0.1u.

The dependence of (¢ — ¢.) on p has been determined experimentally
for glass and for kaolin in various suspending fluids. At the higher
volume concentrations, the rise of (¢ — ¢ ) with p is generally found to be
slower than that given by equation 13. To some extont this is due to the
non-spherical particle form of the suspensions used, but the chief reason
may be the occurrence of aggregation. In heavy suspensions (e ~ e,.)

100

Y SRS &

020 040 260 a0 o
VOLULE  CONCENTRATKN, p

Fi1c. 7. Representation of (¢ — ¢ ) as a function of p, for different values of
a = %s/ aogy

L 1 i |

L i L L A1 5
4 5 2 1B W M BN R B W
VOLLME  CONCENTRATION, %

Fio. 8. Measurements of (¢ — ¢,) for different volume concentrations of suspen-
sions of (I) kaolin (diameter 0.5x) in (a) 1 per cent sodium oleate, (b) 0.00006 M
sodium carbonate; and (2) Pyrex (diameter 1.0g) in 0.00006 M sodium carbonate,
Frequency: 2 ke. per second. The broken curves are caleulated from equation (13).

may even decrease with increasing p. Representative data are shown
in figure 8, in which the theoretical course of the curves, calculated from
equation.13, is shown by the broken lines.

The surface conductance is, to an important extent, derived from the
ionic atmosphere present in the suspending fluid close to the interphase;
this part (¢,’) of the surface conductance can be calculated when the
electrokinetic potential is known (4, 13), and thus it is possible to obtain
that part (¢,”) of the surface conductance which is derived from the inter-
phase itself. We shall refer to ¢,” as the interphasial conductance and to
o." + jC«o as the interphasial admittance.
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The interphasial admittance for Pyrex in solutions of potassium chloride
was determined by measurements on suspensions of Pyrex spherules of
diameter 1.7u; the volume concentration was p = 0.21 and the potassium
chloride concentration was varied between 0.0001 and 0.004 M. The
results obtained at 0.50 ke. per second are given in table 1, the values of

o, and C, being calculated from equations 14 and 15. Further deétails as
to the experimental procedure will be found in the reference given (13).
The values of C, as well as of ¢,” appear to be independent of the salt con-
centration, their averages being respectively C, = 0.005 uuf and ¢,” =
0.2 X 10~° ohms~t at 0.50 ke. per second. The values of C, and o,”
as functions of the frequency are given in figure 9. The interphasial con-
duetivity ¢.” can, at the most, represent only in part a true conductance
current at the interphase. From the fact that C, decreases with increas-
ing frequency it follows (10) that the polarizafion of the interphase is

Diglectric data for suspensions of Pyrez spherules in solulions of potassium chioride

p = 021; 2a = 1.7u; frequency 0.50 ke. per second

BUSBPERDING FLUID
Milli- -4 o, e, e C
moles | Conduetivity ®
ohms~t em. L ohnmu~t ohmst oAyt wuf
0.123 | 17.1 X 107% | 443 [0.38 X 1077 0.18 X 107° 1 0.20 X 10-° | 0.60 X 10~?
0.31 43.0 X 107° | 445 [ 0.63 X 1077[0.20 X 107°!10.24 X 10~° | 0.62 X 10~?
063 | 730X 10% 1} 456 10.59 X 107910.40 X 10*|0.19 X 1021 0.50 X 10
1.87 264 X 106 | 630 {0.82 X 10°%[0.69 X 10-*{0.13 X 10-* | 0.53 X 10
3.67 494 X 1079 | 561 11.33 X 107*10.91 X 1077 0.42 X 10*}{ 0.57 X 10~*

associated with an energy loss and this loss would be measured as & con-
ductance. Because of the rapid variation of C, with the frequency (ap-
proximately as 1), this conductance would be expected to be many
times greater than the admittance Cw and may completely account for the
observed interphasial conductance.

In several other cases we have determined the effect of adding potas-
sium chloride to the suspending fluid of suspensions, inereasing the elec-
tric conductance. up to one-hundredfold, and have found C, to remain
wholly or nearly unchanged. It may be assumed that changes would
occur under conditions where the electrolyte is adsorbed at the interphase
and this deserves further study. What is immediately important is the
fact that these experiments give added evidence that C, originates at the
dielectric side of the interpbhase. That C, is greatly sensitive to the pres-
ence of surface-active molecules, such as soap, is shown by the data in

A

K
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figure 2. There is some indication (14, 15) that C, is dependent upon the
electric charge on the interphase, C, heing generally smallest when the
charge is zero. The following experiments may he cited in support of
this. Powdered Pyrex glass was surpended (p = 0.23) in three different
solutions of 1 per cent gelatin at pH = 3.0, 4.9, and 7.0, respectively, the
solution'at pH = 4.9 being prepared from isoelectric gelatin, and the other
two solutions by adding hydrochloric acid and sodium hydroxide, respec-

1w
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1 7 t ¢ 4 8
KAOCYELES PER SECOND

Ki6. 9. The interphasial conductivity (s,”) and capacity (C,) for Pypex glass in
solutions of potassium chloride.
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Fia. 10. Values of (¢ — <) for sugpensions of kaolin in 1.5 per cent gelatin for
different pH values. () pH = 4.9; (b) pH = 2.78; (¢} pH = 7.72.

tively, to the isoelectric solution. The results are showw in figure 10,
The dielectric constant is smallest for the isoclectric solution, but is still
very high. The influence of the charge on the dielectric constant may, of
course, be an indirect one, owing to an incrensed aggregation of the sus-
pended particles in the isoelectric solution. In this connection it may be
worth remarking upon a certain similarity between the dielectric proper-
ties of interphases and those of solid dielectrics. The dielectric constant
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of solid dielectries also generally increases rapidly at low frequencies and
approximately as a power of the frequency, the exponent, however, being
smaller than usually found for interphases.! This is particulatly interest-
ing, sinee it is generally accepted that this rise in the dielectric constant of
solid dielectrics is due to the presence of loosely bound ions which can be
transferred over considerable distances (as compared with molecular di-
mensions) under the influence of an electric stress. The establishment of
a direct relation between the dielectric properties of the interphases and
their degree of electrification thus becomes important in strengthening
the view suggested by the above considerations as to the origin of these
properties, and we expect to make a more careful study of this subject
later.

- ] ﬁ’" .
Jot €
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1
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[+ 'o‘
. 3 i L ] i 10‘.
6 64 a1 4 16 44

WEOCYCLES PER  second

Kla. 11, Values of (e — ¢,) and e for various colloidal solutions. Curve 1, 2 per
cont FegOy (17); curve 2, 1 per cent VoOs (2), (a) freshly prepared; (b) 3 months old;
vurve 3, 1 per cent AlO; (8); curve 4, 0.5 per cent soap (commercial}; curve 5, & per
cent soluble potato starch,

We could probably learn a good deal about. the origin of the dielectric
properties of interphases if we could determine the variation of the inter-
phasial admittance with the size of the suspended particles, as this is
reduced towards molecular dimensions. Data which we have obtained
for & number of colloidal solutions are interesting from this point of view.
Besides the solutions shown in figure 11, measurements have also been
made on solutions of gum arabic (5 per cent) and isoelectric gelatin (1.5
per cent), both of which showed dielectric properties only slightly different
from those of water.

11t is generally found that the anomalous charging current of solid dielectrics
varies according to i ~ ¢~ (¢, time), where m is around 0.80. From this it follows
theoretically thet the dielectric constant, as determined by alternating current
measurement, varies inversely as a power of the frequency with an exponent equal to
1 —m,
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From the data it is clear that the dielectric constant of colloidal solutions
generally decreases as the degree of dispersion increases, 1t is not possible,
however, to conclude from this that the interphasial capacitance itself
decreases with deecreasing particle size, because the value of 2¢,/00) in
equation 13 would generally be high, and the dielectric constant would
therefore decrease with decreasing particle size, even though the inter-
phasial capacitance itself remained constant. Until the value of 2¢,/av,
can be determined it is therefore not possible to proceed further jn the in-
terpretation of the data. Another complicating factor may be an appre-
ciable electrolytic polarization of the interphases, which would cause a
decrease of the dielectrie constant to an increasing extent as the disper-
sion increases. Nevertheless it appears likely, on general grounds, that
the interphasial dielectric properties are developed only at interphases
composed of g great number of molecules, and that this is the chief reason
for the disappearance of these properties in solutions of molecular dis-

_.persion. . If this were true, dielectric studies should be of considerable .

value in solutions intermediate between colloidal and molecular dispersion.
The high dielectric constants in starch and soap as compared with the
smell value in gum arabic may be remarked upon in this conneetion.

The results for colloida! vanadium pentoxide are of particular interest
beeause of Errera’s original work with this colloid (6). The solution was
prepared according to Bilta (2), and measurements were made immediately
after preparation and three months later. The dielectric constant in-
creases with aging, as already found by Frrera, but the form of the fre-
quency curve for (¢ — ¢,) remains unchanged. This increase of dielectric
constant with aging is probably due to a decrease in dispersion.

SUMMARY

The dielectric properties of dielectrics dispersed in water are derived
from the interphases to an important extent, a fact essential to the di-
electric behavior of a number of important systems, such as living cells,
soil, and insulators of the hygroscopic type, such as paper and fabrics.
These interphasial dielectric properties have been studied by alternating
current measurements of the dielectrie constant and electric conductance
of suspensions, including a study of the dependence of these quantities
upon the frequency of the alternating eurrent, the volume concentration
of the suspension, the size of the suspended particles, and the charaeteris-
tics of the interphase and of the suspending fluid. The measurements
were made over a frequency range of 0.25 to 2000 ke. per second by a sub-
stitution method based upon the comparison of the suspension with a
potassium chloride solution. The most important error is clectrode
polarization, which was eliminated by making measurements at different
electrode distances in electrolytic cells especially designed for this purpose.

A unit element of interphase should generally be characterized by two
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complex admittances, for the directions parallel to, and perpendicular o,
the interphase, respectively. The influence of the latter is found to be
negligible for the suspensions studied, and the former is expressed as
a” 4~ jCw, where ¢,” is termed the interphasial conductivity (s,” does
not include the conduetivity of the ionic atmosphere in the aqueous phase)
and C, the interphasial capacity. The theory is given for calculating
¢,” and C, from observable quantities, for the case of & suspension of
spherules.

The value of C, increases and ¢,” decreases as the frequency is decreased,
AC./Aw and Ae,”/Aw varying approximately as powers of the frequeney.
They are connected by a theoretical relation which has been derived
under simplifying assumptions and found to be in satisfactory agreement
with the experimental results. The values of o,” and C, show no depend-
ence upon the ionic strength of the aqueous phase, but are very sensitive
to the presence of surface-active substances; there is some indication that

they depend upon the electric charge of the inferphase, being generally ..

smallest when the interphase is uncharged. For Pyrex glass in potassium
chloride we find ¢,” = 0.2 X 10~? ohm~tand C, = 0.005 gpf at 0.50 ke.
per second, independent of the potassium chloride concentration between

0.0001 and 0.003 M.
The high dielectric constants observed for colloid solutions, first dis-

covered by Errera for vanadium pentoxide, appear generally to be due to
the interphasial capacitance. Data for a number of colloidal solutions are
given -and the importance of these measurements in colloidal studies is
pointed out, particularly with reference to the disappearance of the in-
terphasial properties in systems of molecular dispersion.
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THE ELECTRON DIFFRACTION INVESTIGATION OF THE
FLUOROCHLOROMETHANES

L. 0. BROCKWAY
Guates and Crellin Laboralories of Chemistry, Californic Institule of Technology,
Pasadena, Californiat
Received December 19, 1936

The structures of the fluorine compounds of the non-metallic elements
are of special interest because many of ‘them exhibit abnormal interatomic
distances. The investigation of the structures of the fluorochloromethanes

has shown that the abnormalities observed in the values of the interatomio .. ... _

~ distances may be related to the chemical properties of these substances.
These relations have been published as a part of thé recent Symposium on
Molecular Structure held at Princeton University (2). In the present
paper the structural investigation is described for these compounds, includ-
ing methyl fluoride; difluoromethane, fluorochloromethane, difluoro-
chloromethane, fluorodichloromethane, difluorodichloromethane, and flu-
orotrichloromethane.

Methyl fluoride was prepared by heating a dry mixture of potassium
methyl sulfate and potassium fluoride. The gas evolved was bubbled
slowly through an alkaline solution, dried, and then fractionated to remove
any traces of methyl ether. Vapor pressure measurements on various
fractions indicated that the sample was homogeneous and had about the
right boiling point, —78°C.

Difluoromethane, fluorodichloromethane, and difluorodichloromethane
were furnished by Mr, Thomas Midgley, Jr., and Dr. A, L. Henne of
the Midgley Foundation in Columbus, Ohio. Fluorochloromethane, di-
fluorochloromethane, and fluorotrichloromethane were supplied through
the courtesy of Kinetie Chemicals, Inc., Wilmington, Delaware, Each of
these substances was fractionated by repeated vacuum distillations in
which the first and last portions were discarded at each stage. A sample
was taken for the electron diffraction experiments when the vapor pressure
changed by only a few millimeters during the course of a single distillation.
Sinee the preparation of these compounds consists in the substitution of
fluorine for chlorine or bromine, the separation by fractionation is very
good because of the 40° to 50° differences in the boiling points of the sub-
stances involved, .

1 Contribution No. 578.
747



748 L. 0. BROCKWAY

The samples were used as liquids, each at a temperature where the vapor
pressure was from 100 to 300 mm.

/./I\M\ CHyF

l l \// CHaFe

CHR,O!

\_ GHFCl,

\cro,

RAYYIW

10 15 70 29 30
AU

Fic. 1. Radial distribution curves for the fluorochloromethanes. The arrows
show the values of the interatomic distances as determined with the aid of theoretical

intensity curves.

‘The details of the electron diffraction method of investigating gas mole-
cules have been given elsewhere (1). In these experiments the electron
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wave length was always 0.0611 A.U, and the camera distance was 10.85 cm.
From ten to twenty photpgraphs were taken of each substance. The
averages of the visually measured diameters of the maxima and minima
on from six to nine of the best negatives are tabulated for each compound
as “observed 8! values, where ¢ is 4 (sin 9/2)/A, 8 is the total scattering
angle, and X is the clectron wave length. The estimated intensities given
in the tables under the column heading I were combined with the observed
8 values to give the radial distribution curves (4) shown in figure 1. The
position of the highest maximum in each curve represents the value of the
corresponding interatomic distance to within 0.02 A.U.; the other points
may be somewhat less reliable. The positions of the arrows mark the
values of the interatomic distances as determined by comparison of the
photographs with theoretical intensity curves, and their heights show the
relative contributions of the various interatomic separations within a given

molecule.

-~ :The comparison with the photographs of theoretical intensity curves - -~

for various molecular models is also given in the tables. The “ealculated s
values represent the positions of the maxima and minima on the curves
shown in the figures. The ratios of caleulated and observed s values are
multiplied by the distances assumed for the molecular models to give the
observed distances at the foot of the columns of ratios. The assumed dis-
tances for the carbon-hydrogen bonds were always 1.06 A.U., and the hy-
drogen~-carbon-hydrogen bond angles were 109°28’.

The final values for the interatomic distances and the angles depend
upon the choice among the molecular models. The basis for this choice
and the result in cach case are given in the following paragraphs. In
general the agreement between the qualitative appearance of the photo-
graphs and of the theoretical intensity curves is very good, so that the
appearance of the photographs may be inferred from the curves and the
cstimated relative intensities.

Methyl fluoride

The two curves (figure 2) calculated for methy! fluoride correspond to
models with carbon-fluorine distances of 1.36 A.U. (model 1) and 1.41 A.U.
(model II), respectively. In the quantitative comparisons of table 1
both eurves lead to very nearly the same observed distance, and the final
value for the C-F distance is 1.42 4 0.02 A.U. This is supported by the
radial distribution result, 1.41 A.U.

Difluoromethane

The three models of difluoromethane correspond to F~C-F bond angles
of 109°28', 112°, and 115°, respectively, with assumed C-F distances of
1.36 A.U. Model III is unsatisfactory because its curve (figure 2) shows a
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F1a. 2. Theoretical intensity curves for methy! fluoride and difluoromethane. In
this and the following figures the positions of the maxima and minima measured on
the photographs are shown by the arrows.

TABLE 1
Methyl fluoride
i CALCULATED
MAXIMUM MINIMOM ! b P bwaitroahiaiie opyls
%
1 5 6.31 6.12 0.970
2 8.21 8.17 0.995
2 6 9.87 9.97 1.010
3 11.87 11.86 0.998
3 3 13.91 13.91 1.000
4 ' 16.41 16.90 1.030
4 2 18.64 19.14 1.027
5 20.96 21.18 1.010
5 1 23.29 23.20 0.996
AV e . o it e e e i i 1.004
Averagedeviation.... ... ... o ittt 0.014
L LA 1.418

Final value: C-F = 1.42 4+ 0.02 A.U.
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small maximum at 8 = 16.6 where & minimum is observed on the photo-
graphs. Moreover, the asymmetric maximum near s = 10 has the shape
indicated in curves I or I rather than that of curve III. These two fea-
turesof the photographs are best represented by a curve nearer to I than II,
and the probably correct value for the bond angles of 110° +1°,

In the caleulation of the bond distances (table 2) values from the third
maximum and its shelf and the maximum numbered 5a are unreliable
because of the 8t. John effect, which produces a shift in their measured
positions on the photographs. The final value averaged from the remain-

TABLE 2
Methylene fluoride
CALCOLATED
MAXIMUM MINEMUy’ 1 Bt VALURS 07 ¢ 8yl
8
2 (4.63)
2 20 6.24 6.20 0.994
3 8.08 8.03 0.996
3 6 (9.57) 9.89 St. John effect
3a 2 11.85 8t. John effect
q 13 .33 12.93
4 6 14 .86 14 .83 0.998
b 16.73 16.78 1.003
fa 1 18.1 3t. John effect
b 2 20.0- 10.98 1.00
] 1 23. 23.68 1.0}
AV OB, .ottt ittt it e e i, 1.000
Averagedeviation.................cocviiiiiriiiriinannnn,. 0.004
0 L 1.360
| O 2.220
A L O 109°28’

Final values: C-F = 1.36 £ 002 A.U.; £ F-C-F = 110° + 1°

ing six points is C-F = 1.36 4-0.02 A.U. The bond distance in thig com-
pound is definitely 0.05 or 0.08 A.U\. shorter than in methyl fluoride.

Fluorochloromethane

In the photographs of fluorochloromethane the fiftth maximum has
about one-third the intensity of the fourth and about half that of the sixth.
Inspection of the curves for this compound in figure 3 shows that this
fact eliminates model IV, in which the assumed distances were C-F = 1.42
AU, and C-Cl = 1.73 A.U. and the angle F-C-Cl = 110°.

In models.I and II the tetrahedral angle 109°28’ was assumed with
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Fie. 3. Theoretical intensity curves for fluorochloromethane

TABLE 3
Fluorochloromethane
CALCULATED
MAXINUM MINIMUM !. it VALUES OF ¢ /s
1

1 3 (3.27)

2 (4.12)
2 10 5.44 5.28 0.971
3 6.88 6.56 0.981
3 8 7.85 7.92 1.010
4 9.19 9.24 1.006
4 6 10.43 10.45 1.002
5 2 12.39 12.48 1.007
8 13.62 13.61 0.999
6 4 14 .82 14.06 1.009
AV B . oo e e e s 0.998
Averagedeviation..... ... ... ... i 0.011
7 2.596
L 1.7566
) 1.417

P O & 109°28’

Final values: CI-F = 2.89 & 0.03 A.U.; C-Cl = 1.76 + 0.02 A.U.:

C-F = 1.40 4- 0.03 AU., £ZP-C-Cl = 110° 4 2°
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carbon-fluorine distances of 1.36 and 1.42 A.U,, respectively. Model 11}
has an assumed carbon-fluorine distance of 1.36 A.U. and a bond angle
of 112°. Forall three the carbon~-chlorine distance is 1.76 A.U. The CI-F
distance is 2.69 & 0.03 A.U. The next most important term, carbon-
chlorine, varies only a little and the C-C) distance is fixed at 1.76 --0.02
A.U. The C-F distance and the bond angle cannot be directly deter-
mined within & range of about 3 per cent. The angles of 110° and 112°

TABLE 4
Difluorochloromethane
CALCULATED
MAXIMUM MINTM UM 1 VALUES Oy |- LUT8OFS Syyy/e
o1t
1 3 (3.50) 3.2
2 (4.44) 4.96
2 10 5.57 b4 | o083

. S -3 -——- e Aol ""6.8'2" 6‘87 I w?
3 8 7.97 8.05 1.010
4 9.25 9.22 0.997
4 8 - 10.43 10.51 1.008
5 11.67 11.73 1.006
53 3 12.7¢ 12 .65 0.989
i 14.06 13.77 0 979
6 | 6 15.23 16.23 1 000
7 16.63 16.65 1.00}
7 2 17.90 17.88 0 999
8 | 2 20.34 20 08 0 986
AVOPABO. . oo 0 998
Averagedeviation.................... ... ... .. ... . 0 007
O 2 554
G- e [ 1. 3567
O 1.726
LF-C-Foo { 111°
LF-C-Clooo i 111°

Final values: CI-T' = 2.66 + 0.03 A.U.; C-F = 1.36 + 0.03 AU.;
C-Cl = 1713+ 003 A.VU.; £ CI-C-F = /£ F-C-F = 1104° 4 1°

observed in difluoro- and dichloro-methane, respectively, together with
the evidence from fluorotrichloromethane that the chlorine-fluorine repul-
sion is appreciably less than that of chlorine-ehlorine (for these atoms
attached to the same carbon atom) support a value of 110° £2° for the
- F-C-Cl angle in fluorochloromethane. The corresponding C-TF distance
i8 1.40 A.U. with an uncertainty of -+0.03 A.U,

In fluorochloromethane the carbon-chlorine bond distance is not appre-
ciably different from the values observed in the chloromethanes. The



754 L. 0. BROCKWAY

carbon-fluorine distance is less certain, but it is definitely not as short
a8 in difluoromethane and tetrafluoromethane.

Diftuorochloromethane

Four models were tried for diffuorochloromethane which would test for
possible shortening in either the carbon-fluorine or the carbon-chlorine
bondsorboth. Theassumed distancesand angles upon which the caleulated
s values in table 4 are based are the following:model I, C-F = 1.36,C-Cl =
1.76, £ F-C-F = 109°28'; model II,C-F = 142,C-Cl = 1.76, £ F-C-F =
109°28'; model II1, C-F = 1.36,C-Cl = 1.73, £ F-C-F = 111°;model IV,

CHF,CI

|
\

/
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\V//N\\/
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F1c. 4. Theoretical intensity curves for difiuorochloromethane

C-F = 136, C-Cl = 1.70, £ F-C-F = 112°. In view of the results on
difluoromethane and fluorochloromethane the F-C-F and F-C-Cl angles
are probably equal to within a degree and their equality was assumed here.
The four curves in figure 4 all show good qualitative agreement with the
photographs, and although the observed relative intensities are best
reproduced in curve III, the differences among the curtes are not striking.

The chlorine-fluorine separation, which gives rise to the strongest inter-
ference term, is fixed by all four models as well as by the radial distribution
curve at 2.56 +0.03 A.U. The evaluation of other interatomic distances
is facilitated by an sssumption regarding the bond angles. From the
results obtained for related molecules it is very probable that in this
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molecule also the F-C-F and F-~C-Cl bond angles are close to 110° or111°.
With this assumption the photographs definitely require that the C-F
. and C-Cl distances be less than the single-bond values. The radial dis-
tribution curve (with peaks at 1.36 A.U. and 1.75 A.U.) indicates that the
shortening is greater for C~F than for C-Cl. Considering also the data
of table4, we are accordingly led to the following model for diftuoro-

/\ CHF Cl,

U { ) |
s 1 ¢ 15 %

Fia, 5. Theoretical intensity curves for fluorodichloromethane

chloromethane: C-F = 1.36 + 0.03 AU, C-Cl = 1.73 +0.03 A.U,,
Cl-F = 2.56 £0.03 A.U,, £ F~C-Cl = /F-C-F = 110}° =+1°

Fluorodichloromethane

Curves were caleulated for six models of fluorodichloromethane. The
bond distances and angles used were the f ollowing: model I, C-F = 1.36,
C-Cl = 1.76, £ CI-C-Cl = /£ F-C-C] = 109°28'; model II, C-F = 1.4],
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C-Cl= 1.78, £ CI-C-Cl = £ F-C-Cl = 109°28’; model 111, C-F = 1.36,
C-Cl = 170, CI-C~C} = F-C-Cl = 109°28'; model 1V, C-F = 141,

C-Cl = 1.73, £ CI-C-Cl = 112°, F-C-C| = 111°; model V, C-F = 1.41,

C-Cl = 1.76, £ CI-C-Cl = 112°, £ F-C-Cl = 110°; model VI, C-F =
141, C-Cl = 1.73, £ CI-C-Cl = 112°, £ F-C-Cl = 108°40. Of these,
models I1, 111, and I'V are eliminated by the fact that their curves (figure 5)
fail to show the fifth maximum observed on the photographs. Model I

TABLE 5
Fluorodichloromethane
CAICULATED
BARIMUM MINTMUM 1 v%gg\'g?‘ VALUES OF & vy /e
Vi
1 3 (3.19) 2.96
2 (4.13) 3.86
2 10 5.27 5.056 0.995
T TR T S 685 | g3 " ome
3 10 8.05 7.97 0.965 '
4 g.71 9.97 1.026
4 8 10.97 11.36 1.035
5 12.24 12.50 1.022
5 2 13.25 13.20 0.997
6 14 38 14.19 0.987
6 5 15.46 15.50 1.002
7 16.73 16.84 1.006
7 P 17.83 18.06 1.014
F ] F U 1.002
Avernge deviation..................... ettt eeeheranteseinanens 0.017
2 (R 2.565
4 - 2.876
G & S e 1.734
L L O 1.413
L - e e 112°
LF-C-Cl........... e esenserreeareraateraananearas e 108°40'

Final values: CI-F = 2.86 4 0.03 A.U.; Ci-Cl = 2.87 + 0.03 A.U.;
C-Cl = 193+ 004 AU.; C-F = 1.41 4+ 0.03 A.U.;
LCIC-Cl = 112° £ 2°; £ F-C-Cl = 109° & 2°

is not satisfactory beeause the CI-C-Cl angle should very probably be
larger than the regular tetrahedral value, as it is observed to be in dichloro-,
trichloro-, and fluorotrichloro-methane. Models V and VI agree in their
results for the more important distances: CI-F = 2.56 +0.03 A.U.;
Cl-Cl = 287 +£0.03 A.U,; and C-Cl = 1.73 40.03 A.U. Model VI was
devised as a modification of model V which would give better agreement
hetween the assumed and the observed distances; the 0.5 per cent smaller

o
Y

— e

e et . ™S
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deviations in the average for model VI indicate that model VI is probably
better than model V. ‘The C-F distance accordingly is 1.41 40,03 AU,
the range of the estimated probable error allowing a possible decrease in
this value to 1.39 A.U., asfound for model V., The corresponding F-C-Cl
angle is 108° +2°,

The results for fluorodichloromethane show that in this ease the carbon-

fluorine bond is not appreciably shortened, but that there may be a small
shortening in the carbon-chlorine bond. '

TABLE 6

Difiuorodichloromethane
CALOULATED

MAXIMUM utNIgoM H VALoLaYED | YaLUEsovs syy/e

Svy

1 10 (3.20) 3.06
2 ‘ 15 5.44 6.32 0.978
3 6.77 6.71 0951
3 12 8.16 8.14 0.998
4 9.67 9.65 0.998
4 10 10.80 10.91 1.010
6 12.04 12.12 1.007
b & 13.15 13.15 1.000
6 14.34 14.26 0.994
i) 10 16.48 15.64 1.004
7 16.79 16.85 1.004
7 3 17.97 18.11 1.019
AVOEaEO. vt e e, 1.000
Averagedeviation..............iiiiiii i e, 0.008
O L e e e 2.520
L L 2.900
e T 1.730
L S 1.360
LOICCL. ..., e e 113°44/
L. e 108°50’

Final values: CI-F = 2,52 = 0.02 A.U.; CI-Cl = 2.90 + 0.03 AU.;
C-Cl = 1.74 + 0.03 A.U.; C-F = 1.35 + 0.03 A.U.;
£ Cl-C-Cl = 118° + 2°; £ F-C-F = 108° &+ 2°

Diftuorodichloromethane

The six models for difluorodichloromethane were caleulated with the
following assumed distances and angles: model I, C-F = 136, C-Cl =
176, £ CI-C-Cl = ZF-C-F = 109°28'; model II, C-F = 1.36, C-Cl
1.76, CI-C-Cl = 112°, ZF-C-F = 117°; model ITII, C-F = 1.41, C-Cl
1.76, £CI-C-Cl = £ F~C-F = 109°28'; model IV, C-F = 1.36, C-ClI

I |
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1.73, £ Q-C-Cl = LF-C-F = 100°28'; model V, C-F = 1.33, C-Cl =
1.76, £ Cl-C-Cl = 111°, £ F-C-F = 112°; model VI, C-F = 136,
C-Cl = 1.7, £ CI-C-Cl = 113°44', Z F-C-F = 108°50’.

Model I, with the very large F-C-F angle, 117°, was arranged to have
the same bond distances as model I and at the same time to have the value
2.52 A.U. for the important CI-F distance which was fixed by the radial
distribution curve. This model is undoubtedly incorrect, since all of the
- existing evidence indicates that the F-C-F angle should be considerably
smaller than 117° and indeed smaller than the CI-C-Cl angle. Models I,

,CFCl,,
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Fia. 6. Theoretical intensity curves for difluorodichloromethane

III, and IV are unsatisfactory, because in the curve for each (figure 6)
the fifth maximum is considerably less prominent than in the photographs.
Moreover, their respective values for the ratios of ealeulated and observed
8 values show deviations which are significantly larger than those for
models Vand VI. The curvesfor these two models are both in good quali-
tative agreement with the photographs. .

The CI-F and CI-Cl distances are reliably determined to have the respec-
tive values 2.52 +0.02A.U. and 2.90 4: 0.03 A.U. The C-F and C-Cl dis-
tances each differ by 0.03 A.U. in the results of models V and VI and the
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final values chosen are intermediate, namely, C-F = 1.35 +0.03 A.U.
and C-Cl = 1.74 +0.03 A.U, :

In difluorodichloromethane the carbon-fluorine bond has the shortened
distance observed in some of the foregoing compounds, and the carbon-
chlorine bond appears to be shortened by a smaller amount,

Fluorolrichloromethane

The diffraction pattern of fluorotrichloromethane has the regular appear-
ance of the one for carbon tetrachloride, with the fifth and seventh maxima
each stronger than the one preceding it. Ten rings were measured on these

CFCl;
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i 1 1 1
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Fia. 7. Theoretical intensity curves for fluorotrichloromethane’

photographs. The models considered were fixed by the following parame-
ters: model I, C-F = 1.36, C-Cl = 1.76, £ CI-C-Cl = 109°28’; model II,
C-F = 1.42,C-Cl = 1.76, £ C1-C-Cl = 109°28'; model III, €-F = 1.36,
C-Cl = 1.76, £ CI-C-Cl = 111}°; model IV, C-F = 1.42, C-Cl = 1.76,
CI-C-Cl = 111}.°

The comparison with observed s values with all of the models leads to
a chlorine-chlorine separation of 291 +0.08 A.U. The corresponding
distance in carbon tetrachloride is 2.87 A.U. and in chloroform 2.93 A.U.;
the bond angles are 109°28’ and 112°, respectively. It is very probable
that the CICCl angle is no greater in luorotrichloromethane than in chloro-
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form and that the C-Cl distance is not greater than in the chloromethanes,
1.76 A.U. These assumptions, together with the observed Cj~Cl separa~
tion, fix the CICCI angle at 111} °+ }° and the C-Cl distence at 1.76
+0.02. A.U. The fluorine atom cannot be located to within several
hundredths of an .&ngstrﬁm unit because its scattering power is 80 much

TABLE 7
Fluorotrichloromethane
CALCULATED
MAXTMUM MTNTMUM ! Bt VALOES OV 8 syo/s
orv

1 8 2.97

2 3.9
2 20 5.03 4.92 0.978
3 6.21 8614 0.989
3 15 7.30 7.32 1.002
¢ b 8.97 9.00 1.004
5 10.04 10.07 1.003
b 12 11.08 11.26 1.018
6 12.33 12.85 1.002
6 4 13.34 13.31 0.908
7 14.43 14.29 0.990
7 12 16.44 16.44 1.000
8 16.72 18.66 0.996
8 6 17.72 17.86 1.007
9 18.95 18.89 0.997
9 2 20.04 19.91 0.994
10 21.28 21.06 0.990
10 1 22.32 22.28 0.908
F 7 T 0.999
Averagedeviation........ ... ... ... . 0.007
OOl o 2.907
7 R 2 .877
Gk e 1.758
A %0 P 1113°
ZECC. L e et ie it e 1074°

Final values: Cl-Cl = 2.91 4 0.03 A.U.; CI-F = 2.56 4- 0.04 A.U.;

o C-Cl= 176+ 002A.U.; C-F = 140 + 0.4 A.U.;
£ CI-C-Cl = 1113° + 1°

less than that of the three chlorine atoms. The position of the chlorine-
fluorine peak in the radial distribution curve supports a carbon-fluorine
bond distance of not less than 1.40 A.U.  Accordingly this distance is

reported with a large probable error, 4-0.04 A.U.

In fluorotrichloromethane the ¢arbon—chlorine bonds are not shortened,

*
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and although the ecarbon-fluorine bond distance cannot be accurately
determined it is apparently not much shorter than in methyl fluoride.

SUMMARY OF RESULTS

The results of the measurements on the foregoing compounds are col-
lected in table 8, together with those previously obtained for the chloro-
methanes (5) and for carbon tetrafluoride (3). The relative certainty of
the observed values for the various interatomic distances is indicated by
the estimated probable errors.

The tabulated values for the bond angles show that in general the
chlorine—carbon—chlorine angle is larger than the chlorine-carbon-fluorine
angle, which in turn is larger than the fluorine-carbon-fluorine angle.
The high electronegativity of fluorine apparently has little effect on the
angles between carbon-fluorine bonds.

The fluorine compounds listed in table 8 apparently fall into two groups:

- -those having carbon-fluorine bond distances close to the value 1.4 AU, -

and those having distances close to the value 1.36 A.U. In the first group
are methyl fluoride, fluorochloromethane, fluorodichloromethane, and prob-
ably also fluorotrichloromethane., In the second group are difluoro-
methane, tetrafluoromethane, difluorodichloromethane, and difluorochloro-
methane. The significance of this distinction in the earbon~fluorine bond
distances and the close analogy with the variations in the chemical proper-
ties of these compounds have been explained in the previous discussion (2)
in the light of a suggested theory of the chemical reactivity of carbon
compounds containing fluorine,

I am indebted to Mr. T. E. Midgley, Jr. and Dr. A. L. Henne of the
Midgley Foundation and to Mr. R. J. Thomson of Kinetic Chemicals, Inc.,
for supplying the materials, and to Dr. Sidney Weinbaum and Messrs.

Verner Shumaker, Darrell Osborne, and Kenneth Palmer for special

assistance,
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NEW BOOKS

Gmelins Handbuch der anorgantschen Chemie. 8 Auflage. Hersusgegeben von der
Doutschen Chemischen Gesellschaft, Bystem Nummer 23: Ammonium. Licfer-
ung 1. 26 x 17 ¢m,; pp. 1-242. Berlin: Verlag Chemie, 1936. Price: 28 RM.
The present volume of the great treatise deals with the occurrence (minerals) of

ammonium, the free radical, the ion, analysis, compounds with hydrogen and oxygen

(the system NH-H,0), nitrogen (including oxy-salts), fluorine, chlorine (including

oxy-salts}, bromine, and iodine. Tho section on the free radical is rather briel,

Among tho descriptions of the salts that on ammonium nitrate is noteworthy, the

different modifications and its modes of decomposition being well covered. The

manufacture of ammonium salts is to be dealt with in another volume. The present
volume is one of considerable interest from many pmuts of view, and the snb;ect

. has been dealt with in.an admirable manner. . :

J . R. Paa'rmc'ron.,

Gmelins Handbuch der anorganischen Chemie. 8 Auflage. Herausgegeben von der
Deutschen Chemischen Gesellschaft. System Nummer 4: Stickstoff. Lieferung
4. 26 x 17 em.; pp. 868-1038. Berlin: Verlag Chemie, 1938. Price: 25.15 RM.
With the publication of the present section the volume on nitrogen and its com-
pounds is completed. The Editor is to be congratulated on having seen through the
whole volume in a commendably short time and on the high standard of the work.
The present section deals with compounds of very considerable interest: nitroxyl,
hydroxylamine, mtro«- and nitroso-hydroxylamine, nitramide, nitrosamide, hyponi-
trous, nitrous, nitrie, pernitrous, and pernitric acids, and some doubtful compounds.
The section on nitric acid deals with its action on metals and with the absorption of
nitrous gases.

J. R. PARTINGTON,

Glastechnische Fabrikationsfehler. By H, JEBSEN-MARWEDEYL. 28 x 20 cm.; 295 pp.;
441 figs.; one colored plate. Published under the auspices of the Deutsche Glas-
teehnische Gesellschaft., Berlin: Juliue Springer, 1936, Price: paper covers,
45 RM.; bound, 48.60 RM.; less 25 per cent in England and less a further 20 per
cent to members of the D.G.G. _

The subject of the defects in glass and glassware arising during the course of manu-
facture is dealt with in a comprehensive and very competent manner such as one has
come to expeet from an author who has made valuable original contributions to our
knowledge of glass-making processes. The subject matter is divided intonine chap-
ters, each with numerous sections. Chapter 1. General. Glass production in Ger-
many; graphic representation of data about defects during production; comparative
degrees of homogeneity in various types of commercial glass; interconnection of
several eauses of defects; technical field of multicomponent systems from which
glasses are derived. Chapter I1. Defects in the Glass Mass. Cords, veinsand strings
in glass, their various origins. Chapter I1I. Gases in Glass. Bubbles and seed.
Chemicsl reactions in glassmaking leading to gas evolution. Solution in and extrac-
tion of gases from glass. Refining processes. Chapter IV. Solid Inclustons in Glass.
Stones of various kinds derived from raw materizls and refractory materials. Corro-
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gion and solution of refractory materials. Chapter V. Crystals in Glass. Devitrifi-
cation, Chapter VI. The Color Tint of Glasses. Variation in color tint due to
displacement of equilibrium between ferrous and ferric iron through furnace and
other conditions. Theory and practice of decolorizing glass. Chapter VIL. Defects
Arising in Production. Deformation and misshaping of articles of glassware {rom
various causes, Chapter VIII. Defects in the Surface of the Glags. Reaction and
corrosion phenomena due to action of gases, fumes, moisture, ete. Chapter IX.
Cracks and Crizzles in Glass. (Internal Stresses, Fracture.) Brittleness and its
definition. Tensile and compressive forces in unannealed glass. The annealing of
glass. Fracture systems in glass, Glass cutting.

The above outline of the contents gives but slight indication of the thoroughness
of the treatment of thesubject. The book consists of no mere collection of empirical
facts; in every case there is endeavor to relate the various types of defects and their
practical origin to scientific principles. The textin fact contains some 660 references
to original literature. ‘The section on the tint in glass, and particularly on the
theory of decolorizing, has been done in a more satisfying way than in any provious
texthook on the subject,

The book is very well printed and, despite a few errors in the spelling of foreign—

‘particularty English—names, it does not appear to contain any serious errors. - Phe -~~~

diagrams are good and the numerous photographic reproductions reach a high
standard.

The price of the Look, especially to English and American readers, is high, but
all things considered the volume is very well worth the money. It is, indeed, in the
reviewer's opinion, indispensable to all glass technologists; and many workers in
physical chemistry and physics may find by perusal of this work dealing with glass
numerous instances of phenomena which arise in substances of high viscosity.

W. E. 8, TusNER,

The Scientist in Action: A Scientific Study of His Methods. By WiLviaxm H. GEoRGE.
21.5 x 14 cm.; 355 pp. London: Williams & Norgate, Lid., 1936. Price: 10 s. 6d.
Probably most scientisis have never read a book on scientific method, and think

they would gain nothing by doing so. Well, it depends upon the book, but in this

case gain should certainly result for many: in pleasure, in the fuller realization of

what they are doing, and in the stimulus to further thought. And it is not unlikely

that many would be surprised to discover their lack of scientific method outside their
professional researches. Even concerning these researches Dr. George stresses the
fact that a scientific worker is human but cannot escape being part of his apparatus:
“in interpreting the results of research it becomes necessary to examine to what ex-
tent they depend upon the human factor.” The influence of the human factor is
carefully discussed.

A deterrent to the reading of books on scientific method is often their *“dryness.”
But here Dr. George’s astonishingly wide knowledge of all kinds of subjects, from
ancient to ultra-modern, is combined with much humor, yet thorough earnestness and
care, to give his theses illustrations which are always pleasantly interesting, and
often, as ICai Lung would say, ‘‘gravity removing.”

Chapter XI is certainly controversial, as Dr. George points out, but the facts
brought forward are arresting, to say the least.

Not only professional scientists, but all interested in the meaning of science and
its connection with civilization, should be able to read this book with ease, profit,

and delight.
L. F, GILBERT.
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Elementary Physical Chemistry. By Huan 8. Tavion and H. Avstin Tayvror.
Second edition. 22 x 15 em.; ix 4 064 pp.; 112 figs. New York: D. Van Nostrand
Co., Ine., 1937, Price: 83.75.

The first-edition of this hook, published in 1927 and well known to all teachers
and students of physical chemistry, was *‘adapted from the two-volume T'reatise on
Physical Chemiatry which appeared under the author’s editorship.” . .« A need had
“been felt in several quarters for a single volume of a more elementary nature which
should follow the general lines of development in the larger treatise, without, how-
ever, its dotail.”

The present second edition, written under the joint authorship of Professor Hugh
8. Taylor and hig brother, Professor H, Austin Taylor, says of itself:

. “The main lines of development that have heen achieved by research in physical

chemistry during the ten years which have elapsed since the first issue of this cle-

mentary exposition of the subject are concerned with problems of atomie and molecu-
lar structure and their general bearing upon the field of reaction kinetics.

“The more intimate knowledge of the energies of atomic systems resulting from
spectroscopy, the newer techniques for the elucidation of structure of molecules, and
the keener theoretical analysis of the problems of molecular energies have, together
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_ with the isolation, in pure form, of isotopes and derived isotopic compounds, given .. . .

considerable impetus to new efforts towards the elucidation of problems of mechanism
and veloeity in chemical processes. This is true not only of thermal processes but
also of reactions produced through the agency of outside sources of radiation.’’

“The present volume attempts to adjust the content of the elementary course in
physical chemistry to these changes. . . . It recognizes that much of the content of the
classical course in physical chemistry is now to be found in modern courses of general
chemistry, at least in the more advanced presentations of this subjeet. - 1t assumes
that physical chemists should no longer ignore this state of affairs and, consequently,
should incorporate into their courses an elementary presentation of those aspects
of the subject which will enable the student to sensc some of the present vivid prog-
ress in the scionce.'’

A doubt arises in the mind of the reviewer as to the justification of assuming that
the student in our average or even better than average general chemistry courses
absorbs much background in physical chemistry; and even if so, whether it is not
highly desirable to devalop the topical materisl in an elementary treatment of physi-
cal chemistry in very easy stages. Also, if the authors of our textbooks of physical
chemistry could forget their dignity and find it possible to strike a much less formal
note, their writings would aasuredly be far more readable and useful to the student
struggling to understand what it is all about. One also wonders why our various
authors do not develop explicitly, in their books, some of the simpler aspects of the
theory of probability, with its extraordinarily powerful and enlightening approach
to the problems of physical chemistry.

On the whole, the present book by the Taylor brothers is & most excellent job.
It is well written, its expositions are reasonably clear, the emphasis is fair and just,
and the subject matter very well chosen indeed. The contente are as follows: 1, The
Atomie Concept of Matter; IT, Energy in Chemical Systems; 111, The Gaseous State,
I; IV, The Atomic Concept of Energy—Energy Quanta; V, The Gaseous State, 11- VI,
The States of Aggregation. II, The Liquid State; VII, The Crystalline State; VIII,
Velocity and Mechanism of Gascous Reactions; IX, The Direction of Chemical
Change; X, Solutions; XI, Homogeneous Equilibrium; X1I, Heterogencous Fqui-
librium; XIII, Electrical Conductance and Ionization; XIV, Jonic Equilibria, 1.
Weak Electrolytes; XV, Ionie Equilibria, 11. Strong Electrolytes; XVI, Photo-
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chemistry; XVII, Colloid Chemistry; Appendix I, 1I, III; Author Index; Sube
ject Index. _

This text not only presents a well-reasoned treatment of the main elemonts of
classical physical chemistry but, as it seems to the reviewer, offers the best handle,
among the list of available introductory textbooks of physical chemistry, by which
the student may take hold of the newer developments in the field.

Epwarp Mack, Jr.

Ions in Sotution. By R. W. GuaNey, 200 pp.;44 figs. Cambridge: The University

Press. New York: The MacMillan Company, 1036.

I have seldom read a scientific hook with greater pleasure and interest than I
experienced in going through this small volume by Dr. Gurney. I can heartily
recommend it to the attention of my fellow physical chemists. From the most mod-
ern point of view, Dr. Gurney discusses such topies as solvation energy, the interac-
tions of gas ions among themselves and with a metal electrode, the properties of ions
in asolvent and their deposition on electrodes, the formation of double layers at phase
boundaries, the electromotive force of cells, the properties of an assembly of dipoles,
the conditions restricting the codxistence of ions in a solvent, the electrochemical
series, and many other phenomena of great importance o the physicist and ohemist.

- The treatment adopted by Dr. Guniey employs only the simplest mathematios bvtby

frequent use of diagrams (particularly potential-energy diagrams) the author is able
to give to the reader an illuminating account of the phenomena under consideration.
The book should be of great interest to all physical chemists and especially to all
students of electrochemistry.

Dr. Gurney announces that the ideas and methods outlined in the present hook
will be elaborated in a second volume. The appearance of the second volume will be
awaited with great interest. '

F. H, MacDovoaLy,

Reagent Chemicals and Standards with Methods of Assaying and Testing Them. By
Joserd Rosiv. 630 pp. New York: D. Van Nostrand Company, Inc.,, 1937,
Price: $6.00,

A book of this nature should be of value to anyone who makes use of chemicals.
Various examples could be quoted from the literature showing that the results of some
physicochemical researches were invalidated by the fact that the authors worked with
impure chemicals. .

One of the outstanding features of the book is that the maximum limits of impuri-
ties as indicated by the tests are specified. These tests conform, as a rule, tothe re-
quirements of ‘‘reagent chemicals,”” and are of much moreimportance than the assays
given in many cases. If barium nitrate (p. 71) should contain, for example, less than
0.2 per cent impurities its assay should be at least 99.8 per cent. The minimum assay
given is 99 per cent, and the difference may be interpreted as due to.the presence of
water (for which a separate test could be made) or to inaccuracies in the quantitative
procedure described. In testing reagent chemicals such assays are of much less value
than the tests for impurities, unless a highly refined analytical procedure is employed.

A short description of the various chemieals is given. It would be of value to add
simple tests of identification as well.

In general the tests are adequate, although one might in certain cases prefer sim-
pler procedures. Calcium carbonate, for example, ean be tested simply for alkalies
by direct sensitive reactions for potassium and sodium. The assay for glycine can be
simplified by making use of the formaldehyde reaction. In examining the primary
standard silver nitrate, a test for included water should be given.
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These fow suggestions, to which more could be added, do not detract from the
valuoe of the book, which we should like to see in the hands of all chemists who wish
to rely upon the purity of their chemicals, :

. I. M. Kowrnorp.

A Commentary on the Scientific Writings of J. Willard Gibbs. Vol. I, Thermodynamics.

r\ xxiii -+ 742 pp. Vol. II, Theoretical Physice. xx 4+ 605 pn. LEdited by F, G.

Donnan and Arbhur Haas. New Haven: Yale University Press, 1936. Price:
$10.00.

“These volumes," in the words of the editors, “have been prepared with a twofold
purpose,~~to honor the memory of J. Willard Gibbs, and to meet what is believed to
be & real need. They are designed to aid and supplement a careful study of the
original toxt of Gibbs’ writings and not, in any sense, to make such a study un-
necessary."”

Volume I contains an outline of Gibbs' lectures on ‘“Thermodynamics” by E. B,
Wilson, a presentation (pp. 81-180) of the ‘“General Thermodynamic System’’ of
Gibbs by J. A. V. Butler, ‘‘Osmotic and Membrane Equilibria, including Electro-
chemical Systems” by E. A, Guggenheim, a paper on various thermodynamic poten-

__tials by E. A, Milne, “The Phase Rule and Heterogeneous Equilibrium’ by G. W.

Morey, “Graphic Representation of Equilibria in Binary Byst¢ms by Means of the ™~~~

Zeta Function” by F. A, H, Schreinemakers, “Equilibrium under the Influence of
Gravity’’ by D, H. Andrews, “Equations of Ideal Gases and Gas Mixtures’ by F. G.
Keyes, “The Thermodynamics of Strained Elastic Solids’ (pp. 395-504) and “‘Sur-
faces of Discontinuity’” (pp. 506-708) by James Rice, and finally ‘“The Genera.l Prop-
erties of a Perfect Electrochemical Apparatus’” by H. 8. Harned.

Volume II consists of the “Thermodynamic Principles as Extended and Perfected
by Gibbs’’ (pp. 1-58) by A. Haas, ‘‘Application of Gibbs' Method to Modern Prob-
lems of Thermodynamics’ by Paul 8, Epstein, “Gibbs’ Contributions to the Theory
of Light"’ by Leigh Page, ‘“The Contributions of Gibbs to Vector Analysis'’ by E. B.
Wilson, '‘Gibbs and the Statistical Conception of Physica'’ by A. Haas, ‘“The Chief
Results of Qibba’' Statistical Mechanics” by A. Haas, *“‘Special Commentary on
(Gibhs’ Btatistical Mechanics' by A. Haas, “Critical Appreciation of Gibbs’ Statis-
tical Mechanica’’ by Paul 8. Epstein, *“Gibbs’ Methods in Quantum Btatistics” by
Paul 8. Epstein, and “Commentary on Gibbs’ Papers on Dynamics’ by A. Haas.

There is a good desl of repetition in the various papers on thermodynamies and in
those on statistical mechanics. This repetition was more or less unavoidable; in
fact, it may serve the useful purpose of making the ideas of Gibbs more readily under-
gtood. Inany case the two volumes contain a wealth of material sufficient to rejoice
the heart and mind of the discerning chemist or physicist. Inseveral papers (notably
those by Epstein) the pregsentation goes beyond thatof Gibbs and takes into account
the latest developments.

The only serious error that I have noticed occurs on page 22 in Volume I, in the
paper by A. Haas on the thermodynamic principles of Gibbs. The chemical potential
of a component of a phase is quite correctly defined as the partial derivative of the
energy with respect to the mass of this component, the masses of the remaining com-
ponents, the total volume, and the total entropy being kept constant. However, it is
then erroneously stated that the condition that the total entropy shall be constant is
equivalent to the condition that the process considered (viz. an increase in the mass
of a certain component of a phase by the addition of some of this subatance) shall be
carried out adiabatically.

F. H. MacDoveair.
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Hydrozyde und Ozydhydrale. By R. Fricke and G. F. Hirrie, wish the codperation
of H. Zocher and H. Saechtling. 640 pp. Leipeig: Akademische Verlagsgesell-
gchaft, m.b.H., 1037,

This volume constitutes Part 1X of the Handbuch der allgemeinen Chemie edited
by Paul Walden. Every worker interested in the physical and chomical properties
of oxides, hydroxides, and their hydrous products will welcome the publication of this
monograph, The literature in this field is extremely extensive and full of contra-
dictory statements, Fricke and Hittig, both of whom have contributed so much to
the subject, have succeeded in writing a critical and systematic review with full
consideration of the world literature.

Particular emphasis is laid on the structural relationships between, and physico-
chemical properties of, the metal oxides, hydroxides, and ‘hydrous products. Not
all the properties are discussed in an exhaustive way, but s multitude of references
to the literature, Gmelin Kraut, and, regarding the colloid chemical properties, to
Weiser’s T'he Hydrous Oxides and Hydrozides onable the reader to find more complete
sources of information,

The book ia divided into & speeial part (502 pages) and a general part. In the
former the properties of the individual metal oxides and hydroxides are given, in-

cluding a highly successful chapter on the system 8i0s-HO by Zocher of almost 100

. pages, and a-chapter on the rare earths and the platihum metals by Saechtling and
Zocher. The general part comprises chaptors on x-ray analysis with detailed dis-
cussion regurding the perfection of the crystal lattices, aging (unfortunately, not
much has been said about thermal treatment, although a summary of Hiittig's own
work would have been very valuable), aqueous vapor pressure, kinetics of dehydra-
tion, thermochemical data showing the different enorgy contents of oxides and
hydroxides as a function of the degree of perfection of the lattices, magnetioc sus-
ceptibility, and diclectric constants.

‘The book will be of great use in defining a compound as an oxide hydrate, hydrous
oxide, hydroxide, hydroxide hydrate, or hydrous hydroxide. The detailed table of
contents with the subject and author index are helpful in finding the wealth of infor-
mation offered in this book. The print and appearance are excellent. Chemists
owe a debt of gratitude to the authors for their painstaking work of collecting all the

important data on this subject into one volume,
1. M. Kournorp.

Relativity Theory of Prolons and Elecirons, By A. 8. EppINGTON.

This unusual book contains & review and “summing up” of the theory which Pro-
fessor Eddington has heen developing for the last several years in an effort to bridge
the gap between the theory of relativity and quantum mechanics. In reviewing
& book of this type, in which there is such a departure from customary theory and
notation, it is only possible to sketeh the highlights of what the reader may expect to
find there. This is not a textbook, either of relativity theory or of quantum mechan-
ics. Consequently the reader must be already well grounded in both of the theories
and their associated mathematics, and must expect that the main emphasis will be on
the author’s ideas about their relationships,

With this word of warning, we may turn to a brief discussion of the book itself.
The first portion is devoted to the study of the complete set of sixteen anticommuting
operators built up from the four Dirae operators as basis. This leads to the intro-
duction of a 16-space and of & caleulus of vectors and tensors in this space, This
forins the first part of the mathematical bridge between relativity and quantum
méchanies,

Apart from this purely mathematical theory the most interesting portions of the
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hook are the diseussions of the author's ideas on the composition of two or more simple
systems to form a complex system, the Pauli exelusion principle, and the sharp dins-
tinction hetween “internal’’ and “external” wave functions. These must be studied
to understand the basis for the startling results which the author has predicted from
his theory: the value of 1/137 for the fine structure constant, the mass ratio of the
proton and electran, ete. The sophisticated reader will undoubtedly find here many
things with which he will want to disagreo, but the reviewer believes that if he ap-
proaches the theory at all sympathetically he will also find much that is stimulating
and provocative of further thought.

E. L. Hur.

Applied Chemistry for Engineers. By A. F. H. Warp. 19 x 12 em.; xi and 127 pp.

London: Longmans, Green and Co., 1936. Price: 8s.

The writing of an easily understandable hook on applied chemistry for engineers
is no easy task. The present hook is intended, the author tells us in his preface,
to provide a practical course in applied chemistry for students of mechanical, munici-
pal, or eleotrical engineering in technical colleges and universities. As an alterna-
tive, its use ia suggested to students of pure chemistry needing an introduction to

~ applied chomistry, The book may appesl mare to the latter. The method of in.. . ... ...

struction adopted is theorctical description followed by experiment to be performed;
general references to textbooks or pamphlets are added at the end of each part.
Almost half the volume is allotted to water, domestic and industrial, its analysis and
treatment. This branch of the subject is dealt with in detail; alternative and latest
methods are given with, in some cases, literature references.

The difficult problem of metal corrosion, including a consideration of overvoltage
and the passive state, occupies the next thirty-odd pages, the clectrochemical theory
only of corrosion being considered. :

The rest of the text of the volume is concerned with cosl and oil. In contrast to
the section on water, the information is scanty, in the case of coal only proximate
analysis being mentioned, and no calorific determination in the case either of coal
or of oil. -

Some mistakes occur, for instance, an obvious misprint in the equation on p. 56,
the high value of the Faraday (p. 73), and the deseription of methyl orange as a weak
scid indicator (p. 116). However, the book as a whole serves a useful purpose, and a
future edition might be extended with advantage.

W. H. PATTERSON.

Elektronentheorie der Metalle. By H, Fréurion. 22x 14 em.; vii and 386 pp. Berlin:

Julius Springer, 1936. Price: 27 RM.; cloth-covered, 28.80 RM,

Dr, Frohlich gives an exhaustive and detailed account of the modern electron
theotry of metals, The mathematical physicist will find the book full of useful in-
formation; in particular the chapters on the optical properties of metals are worth
mentioning. This group of problems, 40 which the author himself made valuable
contributions, is particularly cloarly exposed. The book appeals also to experi-
mentalista who want to acquaint themselves with the theory, and only the elements
of wave mechanics are assumed to be known to the reader. But Dr. Frohlich wants
the full attention of his reader, and a superficial glance at the hook may not lead to
much benefit. This holds particularly for an English reader, who may be scared
by the double difficulty of rather involved German constructions expressing involved
asrguments with many afterthoughts. He will, however, be rewarded for his patience
by much interesting information, and a very detailed list of references opens the way
for further studies. The hook represents a fair summary of the present position.
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The number of slight slips or misunderstandings which have crept in is, considering
the involved subject, remarkably small.

R. Peiprus.

Gmelins Handbuch der anorganischen Chemie. Herausgegeben von der Deutschen
Chemischen Gesellschalt. Bystem-Nummer 36: Gallium. 26x18em.; Pp. xviii 4
100. Berlin: Verlag Chemie, 1938. Price: 13.87 RM.

Previous to 1915 gallium was 30 rare as to be of little general interest. 1t was then
found to oecur in zinc distillation vesidues, and more recently it has been extracted
from Mansfeld copper residues, Metallic gallium has been used for thermometer
filling, since it is easily superfused and has a high boiling point. Gallium vapor-~
discharge lamps show some promise, and gallium compounds have been used as
catalysts and in medicine, A comprehensive survey of the chemistry of gallium
from the modern standpoint is provided by the present volume, which deals also with
the physics of the metal and its compounds. The doubtful compounds are clearly
distinguished from those whose existence is well established, and this eritical attitude
is one of the most valuable features of the handbook as a whole.

J. R. PARTINGTON.

- Gmeling Handbuck der anorganischen Chenite.  Herausgegeben von der Deutschen

Chemischen Gesellschaft. System-Nummer 37: Indium. 26 x 18 cm. ; pp. xviii 4

116. Berlin: Verlag Chemie, 1838, Price: 15.756 RM.

The uses of indium so far proposed include alloys with.tin and gallium for high
temperature thermometers, plating or alloying with silver, dental amalgams, and in
the form of compounds for coloring glasses and in medicine. A drawback to its
applications is its great rarity and high price. Indium occurs in most zino blendes
and it some other minerals and in metallurgical products. It is found in marked
amount (0.01 per cent) in tin and in some rare tin ores. The present volume deals
very comprehensively with the oceurrence, extraction, and purifieation of indium,
the various sourves being covered exhaustively from the point of view of the litera-
ture. The properties of the metal are fully discussed, including the nuclear trans-
formations of the atom and the spectra. The analytical chemistry of indium is
dealt with, Indium alloys are described, with phase rule diagrams. The com-
pounds of indium are described, The existence of a gaseous hydride is considered
improbable and only the oxides Ins0, InO, and InyO, are regarded as individuals,
The halogen compounds include the three chlorides, InCl, InCly, and InCl,. Other
compounds are the sulfides and sulfates and the interesting acetylacetonate,
In(CeH104)s. The volume contains a very thorough review of the literature and some
previously unpublished communications. It constitutes a valuable monograph on
indium.

J. R. PArTINGTON,

Gmeling Handbuch der anorganischen Chemie. Herausgegeben von der Deutschen
Chemischen Gesellschaft., System-Nummer §9: Eisen. Teil D. Magnetische
und elektrische Eigenschaften der legierten Werkstoffe. 26 x 18 em.; pp. xviii +
466. Berlin: Verlag Chemie, 1936, Price: 57.756 RM.

The present volume extends the series already published on iron by a very full
and up-to-date account of the magnetic and electrical properties of ferrous alloys,
many of which are of great technical importance, It is richly provided with tables
and curves. Some sections which may be singled out for special mention are those
dealing with silicon-iron, silicon-carbon steels, chromium and molybdenum steels,
nickel steels (‘“‘permalloy’’), cobalt steels, and the modern cobalt-nickel steels
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(‘‘perminvar’’). Somo of these are closcly associated with modern permanent mage-
net construction and cable transmission. In all cases the magnetic and electrio
properties are discussed according to a definite plan, go that it in easy to find what
is required from the table of contents. The literature used extends far heyond chem-
ical journals, and the volume is one which will be of great serviee not only to chemists
and physicists but also to electrical engineers und metallurgists. At the head of
each of the larger scctions is a general bibliography including books and review
articles, and the literature throughout is truly international, American and Japanese
workers being well represented. The subject is critically treated and attention is
often drawn {o errors detected in the literature used. The curves have also often
heen redrawn in a more useful form. At the end is a general survey of the whole
subject, especially from the point of view of technical uses, and a brief summary of
the alloy systems in & series of tables.
J. R. PARTINGTON.

Chemiker-Taschenbuch, FEin Hilfsbueh ftir Chemiker, Physiker, Mineralogen,
Hittenmiinner, Industrielle, Mediginer und Pharmazeuten. Als Chemiker-
Kalonder begriindet von R. BieperManN, fortgefihrt von W. A. Rorn, herausge-

geben von 1. Koreer. 58 Auflagein drei Teilen. 15 x9em.; iv 4498 4 vi 4 616

pp. Berlin: Juliua Springer, 1937.

The Chemiker-Kalender, which now appears under & new name in one volume, ig
too well known to require detailed description. It contains a full series of tables
of the properties of inorganie and organic compounds, sections on analysis, accounis
of the latest developments in chemistry, including atomic structure, and concise but
comprehensive monographs on & variety of subjects, including the important parts
of physical chemistry. Among the new additions are sections on vapor pressures of
condensed gases and organic liquids, dielectric constants, and latent heats of fusion,
Each section is written by a specialist. The book is one which should be in every
chemioal laboratory, for it could almost take the place of a whole library. The book,
which is very handy in size and unusually well printed in very amall but extremely
clear type, will appeal to physical chemists, since it not only covers the field of older
discoveries but also takes in very modern developments, both in deseriptive articles
and in critical collections of numerical data.

: J. R. PARTINGTON.

Gmelins Handbuch der anorganischen Chemie, Hernusgegeben von der Deutsehen
Chemischen Gesellachaft. System-Nummer 23: Ammonium, Lieferung 2. Ver-
bindungen bis Ammonium und Kalium. Hydrazonium. Hydroxylammonium.
26 x 18 em. ; pp. xviii + 243-602. Berlin: Verlag Chemie, 1936. Price: 44.25 RM.
‘This volume continues the chemistry of ammonium and includes compounds (also

oxy-salts) with sulfur, selenium, tellurium, boron, carbon, cyanogen compounds,

formate, acetate, oxalate, and tartrate, compounds with silicon, phosphorus, arsenie,
antimony, bismuth, lithium, sodium, and potassium, and the technical produétion of
ammonia and ammonium salts. At the end are sections on salts of hydrazine and
hydroxylamine. The treatment on the purely chemical gide ig on the whole entirely
satisfactory, although the technically important question of the oxidation of am-
monium sulfite and that of the conversion of ammonium carbamate into urea could
with advantage have heen dealt with in greater detail. The excuse that technical
detrils are incompatible with the scope of the work will not hold, since in other vol-
umes dealing with metals great attention has been paid to this side of the subject,
and some are for all purposes treatises on metallurgy. The discussion of the sulfates
includes an account of the double salts of ammonium sulfate and ammonium nitrate,



772 NEW BOOKS

and a summary of the researches on the explosive properties of Leunasaltpeter after
the disastrous explosion at Oppau. It appesrs that the salt can be exploded by vio-
lent detonation, the explosibility falling rapidly with increase of cubio density.
The section on the technical production of ammonium salts is too byief, occupying
only ten pages, although it is perhaps the best short survey available. It is true that
aminonia synthesis has been fully dealt with in a previous volume and that the au-
thors give some reasons for the very brief treatment, yet the reviewer feels that many
readers will be disappointed by the sketchy character of the toxt, as compared with
the exhaustive detail given in other volumes on purely physical properties of little
chemical interest. For example, although the recovery of by-product ammonia is
treated, there is no mention of the very important question of purification, particu-
larly from pyridine. The reviewer thinks attention should be drawn to this.tendency
to limit the purely chemical side at the expense of the physicochemical, or even of
pure physics, and to express the opinion that it is not advantageous to the work.
He has, before expressing this opinion, read the justification given by the authors for
their procedure,
J. R. PARTINGTON.

Enzyme Chemisiry. By HeExry Tauser. 18 x 23 em.; xii + 241 pp.; 28 figs, New

-~ York: John Wiley and Sons, Fne., 1937 Prive: $3.00. 7

The fact that most physical chemists are interested in the phenomens of catalysis
and that enzymes are probubly the most important catalysts known to the chemist
justifies a brief review of this volume in a journal devoted to physical chemistry.

The author defines enzymes a8 “‘catalysts which are produced by the living cell,
but whose action is independent of the living cell, and which ure destroyed if their
solutions are heated long enough.” He adds that there are two other classes of bio-
chemical catalysts which he does not classify as enzymes. In one class he places
those ‘‘catalysts produced by the living cell, active in vitro as well as in vivo, their
activity, however, depending upon the unimpaired cell. They are destroyed on
heating and their activity ceases on mechanical destruction of the cell. Examples:
the catalyst affecting the synthesis of urea in the liver, and the dehydrogenetic funce-
tion of certain bacteria.”

In the third class he places those “‘catalysts elaborated by the living cell, their
action being independent of the living cell. They are not destroyed when their
solutions are heated. Examples: glutathione, ascorbie acid.”

In the preface the author frankly states that he makes no claime to have exhaus-
tively deslt with the subject of enzyme chemistry or to have duplicated material
available in earlier monographs. Instead he desives to present some of the more
recent advances in the field. In this respect the reviewer feels that ke has been very
successful and that the prospective reader may safely purchase this volume; by perus-
ing it he will become familiar with the direction of modern thought in explaining
enzyme phenomena and with what has been achieved in the chemistry of enzyme
reactions. '

The volume is divided into cleven chapters, as follows: Introduction and General
Considerations; Esterases; Proteolytic Enzymes and Peptidases; Amidases; Catbo-
hydrases; Catalase; Oxidizing Enzymes; The Flavin Oxidation System; The Zymase
Complex and Aleoholic Fermentation; Carbonie Anhydrase; and Luciferase. Com-
plete citations, including titles of papers, are given to 796 literature sources. The
text, in conjunction with these refercnces, makes the volume well adapted for an
advanced course in enzyme chemistry, supplemented, of course, with other material
which the lecturer would provide. For those whose fields lic outside of enzyme

. a Y W &
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chomistry it affords an excellont prospestive of recent trends and advances in the
subject.
Ross Arxen GORTNER.

Praktische Einfahrung in die physikalische Chemie. Evrster Teil: Molekulo und Krdfte,
By Kanw Lorrar Wour and Hang-Grone TrimscaMany, 22x 14 om.; vili + 114
pp. Braunschweig: Vioweg & Bohn, 1987, Price: unbound, 4.60 M.,

This introduction to practical physical ohemistry, of which the present volume
forms the first part, is pianned for the future advance of the science. A wide inter~
pretation is given to chemistry., The text is divided into theory, exercises based
thereon, partial experiments (being either short tests or allusions to fuller investiga-
tions for which references are given to well-known textbooks), and aotual work to he
carried out. The experiments in the last category, of which there are forty-four,
include, in addition to the usual routine of practical physical chemistry, the deter-
mination of the characteristics of a valve, the photography of Raman spectra, extinc-
tion coefficients, pars- and dia-magnetism, and measurement of the viscosity of gases,
Thus the treatment of the subject isnovel and opens up new ground; it would bewilder
the average student who used it as astart for his work, but it should prove interesting
 and serviceable to those with more mature knowledge.

Katalytische Umselzungen in homogenen und enzymatischen Systemen. By W,
FRANKENBURGER. 444 pp. Leipzig: Akademische Verlagsgesellschaft, m.b.H.,
1937. Price: 36 RM.

A little more than a hundred years ago Berzelius (1835) introduced the word
“‘catalysis’’ and defined a catalyst as a substance which affects the rate of a reaction
without occurring in the stoichiometric equation. It is a tribute to Berzeliug’ vision
that this definition, presented at & time when nothing was known of the kinetics and
mechanism of catalytic reactions, still holds at present.

Frankenburgsr’s book reviews our past and present knowledge of homogeneous
and microheterogeneous catalysis. It includes an introduction of 5§ pages, in which,
after s short historical development, & modern review of reaction kinetics is given.
Homogeneous catalysis (in geseous and liquid phases) constitutes the main bulk of
the book, and the last 100 pages are devoted to enzymatic reactions which are of
primary importance in biology.

Considering the wide field covered, the book is of interest not only to chiemists, but
also to biologists. The book.is outstanding regarding the kinetics of the various
reactions, which are presented in a modern fashion and can be understood by readers
who have no mathematical background. A great number of catalytic reactions are
discussed in detail, and numerous references to the literature are found. On the
other hand, one misses & comprehensive treatment of our present views of certain
particular subjocts. .Acid-base catalysis (100 pages), for example, cannot be well
understood without a modern picture of acidity and basicity in general, and particu-
larly of the medium effect. In this part one also looks in vain for a discussion of
Hammett's “‘acidity function” and its usefulness in the kinetic analysis of various
acid-base catalyses. In the discussion of oxidation-reduction eatalysis no mention
is made of a selection on the basis of free energy relations of substances which may
have a catalytic effect. .

In spite of these limitations the book is strongly recommended to those interested
in catalysis from the chemical or biological viewpoint.

I. M. Kouraory.

W. H. Pavresson.
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Vakuumspekiroskopic. By H. Bomxe, 22 x 14 em.; x + 248 pp. Leipzig: J. A, -

Barth, 1937. Price: 17.70 RM.; bound, 19 RM.

Although the vacuum spectrograph has played a very important part in problems
of analysis of both atomic and molecular spectra, Lyman’s Spectroscopy of the Eztrems
Ultra-violet is the only book that has hitherto dealt oxclusively with this subject,
When the second edition of that well-known monograph appeared in 1928, the region
first penetrated to 1250 A.U. by Behumann with & fluorite spectrograph had been
extended to about 500 A.U. by Lyman and to 136'A.U. by Millikan and Bowen with
coneave gratings at normal incidence. At that time, too, Thibaud and Hoag had
used gratings (plane and concave, respectively) at grazing incidence, an arrangement
which had vreviously been used by A. H. Compton for x-rays only, and which has
advantages over the uormal-incidence mounting in vegard to compactness, intensity,
and dispersion; they did not sueceed, howsver, in reaching Millikan’s 136 A.U. Jimit.
Working from the soft x-ray side and using glass gratinge (plane and concave, re-
spectively) at grazing incidence, Thibaud and Osgood had extended the upper limit
of wave-length measurements, and Osgood’s obser vations had closed the gap between
x-ray and optical wave lengths, It is since the appearance of Lyman’s second edi-
tion, however, that the most rapid progress has bheen made, In 1829 Erieson and

Edlén, working in Siegbahn’s laboratory at Uppsala, announced their first results

*on the measurement sad inferpretation of very short wave lengths emitted by highly
ionized light atoms. Since then grazing-incidence grating technique has been further
improved, and the apparent optical limit is now about 30 A.U. (Edlén, 1936),

Bomke's connected account of all this work is welcome; no worker in the extreme
ultra-violet can afford to be without it. About one half of the book deseribes the
instruments and methods employed, and most of the other half deals with the results
obtained. The treatment of atomic spectra is fuller and much better than that of
molecular spectra. The tables include Edlén’s standard wave lengths between 1871
and 160 A.U., aund the ground states and ionization potentials of all the atomic emit-
ters; the latter table will be found particularly useful, but could be set out in & rather
more compact and instructive form involving less printing of spectroscopic notation.
Not the least valuable feature of the hook is a list of 626 references.

W. Jevons,

Anschauliche Quanlentheorie. By P. JorpaN. 24 x 17 em.; xii + 320 pp. Berlin:

J. Springer, 1936. Price: 12 RM.

This book is an important contribution to the literature, coming as it does from
such a well-known worker on various aspects of the quantum theory. It may perhaps
be doubted, in apite of its fundamental importance, if it is the kind of book which is
likely to attract the attention of the average physical chemist,.

It is & very different type of work from that of Pauling and Wilson, for example,
where a successful effort was recently made to transmit to the experimental chemiat
and physicist the technique involved in the working out of applications of the theory.

Dr. Jordan's book is concerned much more with the gkeleton, the bones, and sinows
of the quantum theory itself than with its applications. His book is divided into five
chapters, the first of which contains a very elear account of the fundamental experi-
ments of quantum physics. This is followed by an equally clear theoretical analysis
of these experiments; Schrddinger’s equation is not in fact dealt with until page 110.
The third chapter is rather hard going and deals with quantum and wave mechanics
in some detail; this part of the book involves discussion of matrices and statistical
transformation theory. The fourth chapter is concerned with many-body problems
and elementary parficles. Finally there is a somewhat philosophical chapter on the
relation between atoms and organisms,

- & n
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‘T'o those with the nacessary mathematical and physical background this will eer-
tainly prove a most interesting book.
In view of the title the average reader may perhaps be pardoned for thinking that
Dr. Jordan’s perceptions are more than usually acute.
J. T. RANDALL.

Blatter fir Geschichis der Technik, Herausgegeben von Osterreichen Forschungs-
institut fir Geschichte der Techpik. Heft 3, 26 x 18 em.; 101 pp.; one plate.
Vienna: Julius Springer, 1036, Price: 8.60 RM. '
‘This number contains a biography of the inventor of the Kaplan turbine, an ae-

count of the Welsbach exhibition in Viennsa in 1936, a bibliography of the history of

Austrian industrial firms, and other matter.

J. R. PARTINGTON.

Thermodynamic Theory of Affinity. By Tu. De Donogr and Pierre VAN RysseLe
BEROHB, xx + 141 pp.; 4 fig. Stanford University, California: Stanford Uni-
versity Pross, 1986. Price: $3.00.

We quote from the preface: “In presenting to the English-speaking physical chem-
_iats the thermodynamio theory of affinity, we are convinced that this synthetic work
will be of definite usefulness to them. The systematic application of the various
concepts upon which the theory is based (degree of advancement of the reaction,
uncompensated heat, affinity considered as a function of the instantaneous state of
the system, etc.) should not only result in greater formal clarity in the discussion
and interpretation of experimental results but should also lead to new developments
in fields where a partioularly accurute thermodynamic treatment is required.’’

The reviewer does not believe that the high hopes expressed by the authors will be
completely fulfilled; he can, however, recommend the hook to the attention of ad-
vanced students of thermodynamics.

F. H. MacDovaaLrr.
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Nothing But the Very Best . .

HAT would you say to a medical journal which, you could be

positive, included nothing but articles of the highest signifi-
cance—one whose contributors are confined to men of the rank of
genius, Would you subscribe? of course,

Precisely such a journal is now to be had. Its contributors are
the scintillant geniuses of the profession—such as Richard Bright,
Dupuytren, Lord Lister, James Paget, Parkinson, McBurney, and
a host of others. In short the cream of medical literature of all

time,

MEDICAL CLASSICS

compled by Emerson Crosby Kelly, M.D.
is published in & handsome format, appropriate to the dignity of such an
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made medical history.
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MecBurney’s Point, Fowler’s Position, Halsted’s Method, and 8o forward; the
best portrait of the author obtainable; & schematic vita of the author; & com-
plete bibliography of his works, showing those which may be found in several
of the leading libraries of the country; a brief historical sketch of the subject
treated in the author’s paper, showing the attitude toward this subject before
and since the original publication; a modern English translation if the original
paper is in a foreign language; the paper itself, in its entirety.

The publication of MEDICAL CLASSICS is undoubtedly a contribution,

to current medical literature, of the first rank,
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AN X-RAY DIFFRACTION STUDY OF THE ACTION OF LIQUID
AMMONIA ON CELLULOSE AND ITS DERIVATIVES

G. L. CLARK anp E. A, PARKER!
%Q Department of Chemisiry, University of Illinois, Urbana, Ilinois

¢ V4
q) % ?‘/ Recetved February 20, 1937

INTRODUCTION

The mercerizing action of sodium hydroxide on cellulose has been long
known, Hess and coworkers (15, 24, 11, 13, 26), Schramek (22, 23), and
others (18, 4, 5, 17, 20, 21) have studied in detail the addition compounds

- of cellulose and sodivin hydroxide; even &.9 per cent solution will forman

addition compound. In contrast to the vast amount of work which ap-
pears on the action of sodium hydroxide there is none on the action of
agmmonium hydroxide, and only two papers have appeared as yet on the
action of liquid ammonia on cellulose.

Trogus and Hess (25) have studied the action of hydrazine, ethylenedia~
mine, and tetramethylenedinmine on cellulose. Apparently a compound
is formed in each case, as the x-ray pattern goes through the same transi-
tion as in acetylation, where the reaction is of the micellar heterogeneous
type and the pattern of the reaction product does not show until half of
the material is acetylated. This same type was found with the diamines,
and a pure pattern obtained when the ratio of diamine fo glucose residue
was 1:1. On treating these reaction products with water the original
materials, native or mercerized cellulose, were obtained. According to
Katz (14), such swelling would be called permutoid-intramicellar swelling
combined with compound formation between swelling agent and cellulose.

Barry, Peterson, and King (2) found the same type of swelling in cellu-
lose by the use of liquid ammonia. Though they found maximum swelling
when the ratio of NH; to Cq groups wag 1:1, the ammonia evaporated
immediately on removal of the fibers from the liquid ammonia bath unless
a thin protective coating was used, i.e., light paraffin oil. If the ammonia
complex was immediately put into water, dilute acetic acid, or ammonium
hydroxide, native cellulose was regenerated, but if mercerized cellulose
was used as starting material the regenerated product gave an x-ray dia-
gram too diffuse to permit interpretation.

If the ammonia was allowed to evaporate spontaneously or on heating,

! Textile Foundation Fellow.
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s third x-ray pattern was obtained. At first glance it looked much like
that of mercerized cellulose, but further study showed that only one difirac-
tion spot appeared for 002 and 101 planes, This material, which they
designated as cellulose 11, could also be obtained from mereerized cellulose.
Though the patterns were identical the materials were not, ag the reverse
process gave different products. A summary of the course of reaction is:

¥

NH.-Cellulose im8, Gollulose 11
Ul og8e W uiose

NHs(l)

n-Cellulose “fo

m-Cellulose NEW), NH;-Cellulose Houting, Cellulose II
“NH:LD

1}1:0
Amorphous pattern

 These authors also determined the space lattice of both the complex

and the new modification, cellulose II. The main differences are: (1)
the angle 8 from 84° in native and 62° in mercerized cellulose changed to
53.5° in the complex and 58° in cellulose II, and the interplanar distance of
101 planes changed from 6,28 A. U. in native and 7.7 A. U. for mercerized
cellulose t0 8.88 A. U. in the complex and 7.9 A. U. in the new modification.

Hess and Trogus (12) immediately published a note on the work that
they had already done on the action of liquid ammonia on cellulose. They
found no appreciable swelling, in contrast with the work of Barry, Peter-
son, and King (2), who noticed considerable swelling. On distilling the
ammonia, the fibers were identical in appearance with the original, but
the x-ray pattern compared favorably with Barry's swollen ammonia-
cellulose. If the new modification, which Hess and Trogus designated as
cellulose 111, was treated with concentrated aqueous ammonia the pattern
they obtained was identical with that of mercerized cellulose, with the

exception that the 101 planes had a value of 8.90 A. U.instead of 7.4 A. U.
If cellulose ITI was treated with methanol, a pattern was obtained which
matched Barry's cellulose IT, In no case were they able to get the original
material from cellulose I11.

In view of these many obviously contradictory statements, it was decided
to repeat all of the above work. If the ammonia is 8o easily lost, there
ought not to be any compound formation, and also it should be possible
to follow the change in the interplanar distance of the 101 planes as the
am.monia evaporates, If both native and mercerized cellulose give the
same ammonia complex and the same new modification, then on retracing
the steps only one product should be obtained from the complex.

If the new modification is as stable as the above authors believe, then
its reactions with various chemicals should be examined. Will it give
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the mereerized form on treatment with 20 per cent sodium hydroxide?
Will it give the same acetates on treatment with the usual acetylating
agents? Is it more susceptible to intramicellar swelling than native and
mereerized celhulose, as Hess and Trogus elaim?  Can mercerized cellulose
he converted to native cellulose through these intermediates?

EXPERIMENTAL

A Philips Metalix, copper target, x-ray tube was used operating at 28 kv.
and 25 ma. For patterns of the anmunonia complex a speeimen-to-plate
distance of 3 em. and an exposure time of one hour were used. For the
study of the reactions of the third modification, which we shall call cetlu-
lose I1I in agreement with Hess and Trogus, a speeimen-to-plate distanee
of 5 em, and exposure times of three to five hours were used.  The x-ray
heam was defined by a pinhole system of 0.030-in. and 0.025-in. pinholes,
6 em. apart.

. Bamples of native and mereerized cellglose (with x-ray patterns shown
in figures 1 and 2) in the form of bundles of ramie and cotton were immersed
in liquid ammonia at a temperature of —75°C. for varying lengths of time
On removal from the liquid ammonia they were immediately placed in
paraffin oil cooled to a very viscous state by the use of liquid air.  Aftera
few minutes the bundle of fibers was removed, and the excess paraffin oil
removed by the use of filter paper. These samples were immediately
x-rayed (figure 3). The fibers increased in diameter about threefold
immediately after immersion in the liquid ammonia.  When the sample
was ready for x-raying it had about normal size, since much of the am-
monia eseaped in spite of the paraffin oil.  Samples were taken from one
hour to ten months after treatment, in order to study the effeet of time on
this reaetion if it is such,

Other samples treated with liquid ammonia in the same manner were
not treated with paraffin oil, but were allowed to stand in air for a few
minutes and then immediately x-rayed.

Still other samples were removed from the liquid ammonia and imme-
diately placed in water, dilute and concentrated acctic acid, and coneen-
trated ammonium hydroxide (28 per cent); after a few minutes they were
removed, dricd, and subjected to x-ray analysis,

Samples of cellulose ITT were boiled with water for three to fifteen hours,
treated with glaeial acetie acid for twenty-four hours, treated with coneen-
trated aqueous ammonia for several days, dried at 105°C. for two weeks,
allowed to stand in air for a year, treated with chloroform, treated with
20 per cent sodium hydroxide for fifteen minutes, washed, and dried; after
these varied treatiments the samples were then x-rayed.

Collulose 111 was acetylated at 55°C. and 100°C. by the method of Hess
and Trogus (10, 8, 9, 27, 7), using acetic anhydride and sulfurie acid as a
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atalyst.  Benzene was used at the Jower temperature as a diluent, and
toluene at the higher temperature.  The aeetates were obtained in the
form of the original fibers in most cases, although serious disintegration had
already taken place in most of the samples at higher temperatures, The

Fra. 1 Fia. 2

Fre. 1. Diffraction pattern for native ramie.  Copper radiation. Speeimen-to-
plate distance, 3 em.
Fia. 2. Diffraction pattern for mereerized ramie dried under tension

¥16. 3 Fia. 4
Fre. 3. Diffraction pattern for ammonia-cellulose
Fic. 4. Diffraction pattern for cellulose TI1

folfowing materials were acetylated: native eellulose, mereerized eellulose,
and eelluloge ITI from both native and mercerized cellulose.  Samples
were taken from time to time during the course of the reaction for x-ray
study, and also analyzed for acetic acid content by the following method,



ACTION OF LIQUID AMMONIA ON CELLULOSE 781

which is & modification of most of the methods reported in the literature
(16 3,1,19,6): A 0.5-g. sample of the dried purified fibers was suspended
in 25 ce. of alcohol end an excess of standard sodium hydroxide (50 cc. of
0.15 N solution) was added and the mixture allowed to stand overnight at
35°C. An excess of standard acid was added with a drop or two of phenol-
phthalein solution, and allowed to stand several hours after the pink color
had disappeared from the fibers. The solution was then poured off and
titrated. The fibers were washed thoroughly, and the washings were
added to the solution to be titrated.

X-ray patterns were taken of thesaponified fibers to determine the modi-
fication of cellulose present.

Samples of commercial cellulose triacetate and cellulose “triester”
(monobutyl diacetate) were treated with liquid ammonia for a week,
During this time the solution slowly formed & thick gel, after which the
ammonia was allowed to evaporate and the residue extracted with water,
_The residues were then x-rayed. Samples of the gel were also x-rayed

before the evaporation of the gel and also after evaporation of the am-

monia.

DISCUSSION OF RESULTS

X-ray patterns showed that it was necessary to have some kind of a
protective coating in order to keep the ammonia in the fiber. Collodion
did not help, and a small cell with mica windows gave no better results.
When cold paraffin il (—70°C.) was used, most of the ammonia escaped at
once and the eross-sectional diameter decreased to almost the original size,
but appreciable swelling of the 101 plane was found in the x-ray pattern.
Table 1 gives a comparison of the patterns obtained in this work with that
of Barry, Peterson, and King (2). * It will be noticed at once that in gencral
most of the spacings agree, but the most striking difference is in the value
of the 101 plane, which Barry and coworkers listed as 8.88, while in this
work a value of 10.3 A. U. was found. Exposures of five to twelve hours
were used by Barry, Peterson, and King (2), while in this work only an
hour was necessary to get a good pattern, and three hours gave a pattern
in which the very weakest interferences could be measured.

With the idea in mind that a sample could lose enough ammonia during
such long exposures, a series of patterns were taken on the same sample
after different lengths of time. Table 2 shows the progress:ve change in
101 planar distance as the ammonia evaporated.

From table 1 it is seen that Barry and his coworkers obtamed only a
value of 8.9 A. U. when their exposures were of the order of ten hours.
Table 1 also shows that maximum swelling did not take place at a concen-
tration such that the ratio of NH; to Cs group was 1: 1, but that the entire
process was continuous and only a case of intermicellar swelling. Mer-
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cerized cellulose, treated in the same manner with ammonia, gave a pattern
identical with that from native cellulose.

TABLE 1
Ammonia-cellulose
BABRRY AND COWORKERS THIs WORKE
INTERPERENCEH

AU, Intensity A.U. Tutensity
AL it tie e 8.86 vs 10.3 8
Attt 4473 | ms
S 4.467 vvs 4.57 8
T 4 040 va 3.83 W
. 3.27 vw 3.10 w
. PN 2.48 ww
. O PP 2.247 w 2.28 w
| OO 412 [ ww
2 2.383 vw 2.60 ww
B § IR R AR ORISR : 00 7: 3 St SRR SR SIRERY 5 79 {: hatill SN : S

5.1568 ms
| § S 4.50 \'4' 4 .51 w
| 3.38 ms 3.37 ms
Haooovinvvvnn e e 3.17 W
 § 1 3.87 ms
| 1 § T 3.225 ms 3.27 ms
Ml oo 2.673 vw 2.70 w
| A2 N 2.045 m 2.64 ms
IV e e e e 2.26 w
2 - 2.02 w

* Used as standard to determine accurately the specimen-to-plate distance.

TABLE 2
Progressive change in 101 planar distance as the ammonia evaporated
INTERPLANAR DISTANCE IN ANGSTROM
UNITH
TIMB L

101 Plane 307 and 002 Planes

Immediately....cooveveiiiniiiiiniiiiii e, 10.3 4. .57

After 3 OUIB. . oot i iiiircnrnrnvrnanenaneinaannes 0.8 4.53

After 8 MOUIS. . . oottt it e e cmae e an 8.85 . 4.47

After 21 ROUEB. . ... .ottt i tieiiie i 8.06 _ 4.42

After 48 hOUIB. . .. vttt ettt craaannann 7.70 4. 40

Celluloge Y11, ... i e 7.66 4.30

If the swollen ammonia-cellulose from native cellulose was immediately
placed in concentrated aqueous ammonia the pattern obtained was that of
native cellulose, which is in agreement with the results of Barry and co-
workers and in opposition to those of Hess and Trogus, whofound no such
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reversion. If mercerized cellulose was the original materijal the reversion
was not so complete,—the pattern showing a combination of about 70
per cent hydrate and 30 per cent cellulose ITI, as determined from relative
intensities of the superposed interferences, Barry and coworkers obtained
a pattern too diffuse to measure.

If the ammonia-swollen native cellulose was treated with water imme-
diately a pattern was obtained which consisted of equal amounts of native
cellulose and cellulose 1T, while if mercerized cellulose was used the some-
what ill-defined pattern was that of cellulose III. If, instead of water,
dilute acetic acid was used the reversion was even less: native, 30 per cent;
cellulose III, 70 per cent; and hydrate, 0 per cent; cellulose III, 100 per
cent. Barry and his coworkers found complete reversion in the case of
native cellulose, even in the case of dilute acetic acid, dilute ammonia, and
water. Hess and Trogus found no reversion in any case,

If no protective coating for the fibers was used the pattern was essen-
_ tially that of cellulose III with the interplanar distance of the 101 planes

about 8.0 A. U., showing that a smail amount of ammonia had been ve- "

tained. On further standing or heating in an oven at 105°C. cellulose
III was obtained (figure 4). Mercerized cellulose gave the same pattern
after this treatment.

Table 8 gives a comparison of the data of Barry and his coworkers (2),
of Hess and Trogus (12), and of the present work.

On treating cellulose IIX from native cellulose with concentrated aqueous
ammonia for twelve hours, the x-ray pattern showed about 40 per cent
native and 60 per cent cellulose III. If the original material was mer-
cerized cellulose, there was practically no reversion.

After boiling cellulose III from both sources in water for fifteen hours
some reversion took place, the patterns indicating, respectively, 40 per
cent native cellulose and 60 per cent cellulose III, and 10 per cent mer-
cerized cellulose and 90 per cent cellulose ITI. When these samples were
further treated with aqueous ammonia, the reversion was increased about
5 to 10 per cent. If cellulose 11T was treated with glacial acetic acid, no
changes could be detected on the x-ray pattern. Barry, Peterson, and
King found no changes whatsoever on treating cellulose III with dilute
acetic acid or concentrated ammonium hydroxide, or on baking it at 105°C.

When cellulose I1I was treated with 20 per cent sodium hydroxide (mer-
cerizing strength) for fifteen minutes and then the sodium hydroxide was
completely washed out, the pattern obtained was that of mercerized cellu-
lose. This definitely shows that cellulose III is a metastable form, as is
native cellulose.

From a study of the acetylation of cellulose III, it was found that the
acetate produced was identical with that obtained from native and mer-
cerized cellulose. The most important factors influencing the rate of
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acetylation are the amount of swelling prior to acetylation and the amount
of catalyst used. If the fibers were not prefreated for several days with
water or acetic acid, acetylation did not proceed. If a very small amount
of sulfuric acid was used as a catalyst, the reaction did not proceed to
completion,

The course of acetylation was followed in every case and all the curves
were similar,

TABLE 3
Cellulose I11
lsuntmoowoam HEHS AND TROQUS THI8 WORE
INTERF."RENCE
“gn Intonsily “d" | Intensity ug" Intensity

T T feresaerareneans 7.56 8 8.90 B 7.48 B8
Agr ittt reeneanan 4.30 vvse 4.45 vs 4.31 vE
; PO Cerrniiraaanes 3.78 vw 4.17 ms
Abeieiiiiiierinnnenns o340 ) m T T T
A; ...................... 2.80 w
A: ...................... 2.48 vw
P 2.24 Yw 2.25 vw
| F . 3.99 vw
13 ....................... 3.23 Yw
I; ....................... 2.73 vw
2 .45 m 2.38 VW
5.14 vs b.156* 8
II; ...................... 4 .43 B 4 .47 ms
II: ...................... 4.28 8
| 4 P 3.33 vw 3.3 W
IL ...................... 3.03 vw
| § P, 2.84 vvw
| 8 P I 3.17 ms 3.26 ms
1H1,. 2.68 mw 2.59 w
III; ..................... 2.66 vw
| ) 5 P 2.00 v 2.25 vw
| 2.4 W
IV| ..................... 2.43 vw
IV e 2.21 W 2.2 vw
|

* Used as standard to determine accurately the specimen-to-plate distance.

The main difficulty in analyzing the acetate fibers for acetic acid content
was the fact that the fibers held the cxcess sodium hydroxide very tena-
ciously, but this was eliminated by adding an excess of acid and allowing
to stand for a few hours. The acid was very easy to wash out, With the
strength of alkali used it was necessary to have alcohol present and to
maintain the material at a temperature above 30°C. for complete saponi-
fication.
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Two forms of acetates were produced, which are the low- and high-
temperature forms, respectively. These modifications are dependent not
on the original cellulose but on the diluent and the temperature of the
acetylation process, On saponification with 0.1 aleoholic sodium hydrox-
ide the low-temperature form yielded & rather diffuse native cellulose
pattern with the A; and A, interferences of equal intensity, showing that
there has been some mercerizing effect. The high-temperature form or
acetate II on saponification always gave the mercerized structure. These
facts are all in agreement with the vast amount of work done in this field
by Hess and coworkers (10, 8, 9, 27, 7).

If the acetates were treated with liquid ammonia a clear solution was
obtained which gelled on standing for several days, A pattern of this gel
agrees very well with ammonia-swollen cellulose. On evaporation of the
ammonia, cellulose III was obtained, Therefore the acetate had been
saponified by the liquid ammonia.

1. An x-ray pattern of cellulose swollen with liquid ammonia was
obtained.

2. The inerease in gize of the 101 interplanar distance was much greater
than reported by previous workers.

3. A study of the decrease in size of the 101 plane was made as the
ammonia evaporated.

4. The swollen ammonia-native cellulose may be completely reverted to
native cellulose by treatment with concentrated aqueous ammeonia. The
awollen ammonia-mercerized cellulose was only 70 per cent reverted.

5. Slow evaporation of ammonia from the swollen cellulose gave-a new
modification of ecellulose,~—cellulose III.

6. The action of heat, dilute and concentrated ammonisa, acetic acid,
and boiling water on cellulose III was studied. The material derived from
native cellulose was easier to revert to its original state than that derived
from mercerized ceflulose.

7. Sodium hydroxide of mercerizing strength converted cellulose III
from both sources to mercerized cellulose.

8. A study was made of the acetylation of cellulose ITL.

0. Commercial cellulose acetates are saponified by liquid ammonia.
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THERMODYNAMIC CONDITIONS AND EFFICIENCIES OF THE
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Y. INTRODUOTION: GENERAL CONSIDERATIONS AND FORMULAS

In 1931 Burk (3) published in this journal a very interesting discussion
of the thermodynamics of coupled reactions in biological systems. This
fundamental subject has also been treated by several other authors, Very

- complete references can be found in the reviews published by Wilsenand - ... ...

Peterson (8) and by Borsook (1).
In the present paper we wish to show how a considerable amount of

elegance and elarity can be introduced into this subjeet through the use of
the thermodynamie method recently expounded by De Donder and Van
Rysselberghe (4), and how certain principles which have been suggested
by Burk (3) and others can be exactly formulated.

We are dealing with irreversible simultaneous reactions for which the
first and the second law of thermodynamics give us definite conditions
valid fer any infinitesimally small period of time d¢. The differential d¢

is always positive:
dt>0 (1)

Let us consider a system in which two simultaneous reactions are taking
place:

0= vaM, ' (2.1)
Y

0 =2 v M, (2.2)
'

The »,’s are the stoichiometric coefficients of the various reactants and
products; the M,’s their molecular masses. The »,’s are positive for
products, negative for reactants. Some of the components y may appear
in both reactions, but we may extend the summations to all chemical
specics present in the system by assigning the value zero to the coefficients
vy of the components which do not react.

787
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Example: The reactions by which nitrate ion is reduced to ammonium
ion by the alga Chlorelle (5) can be represented by

NO; + 2H' 4 H;0 — NH; + 20,
-éCcH:zOo + Og— COp + K0

The only component appearing in both reactions is Os, for which we have:
VO:.I = 2 yo:a, = _'1
We also have:
ozt = —1 ¥noy.s = 0, ete.

We consider the system as closed. It consists, therefore, of the total
volume containing all the components taking part in the reactions (source

- of oxygen; which also contains the earbon dioxide produced, efc.).. . .. .

During the time d! we have, according to the first law of thermody-
namics,

dQ = dE 4 pdV (3)
and, according to the second law,
dQ = TdS — d¢’ (4)
with
dg’ > 0 C®

d@ is the heat received, dE the increase in energy, p the external pressure,
dV the increase in volume, dS the increase in entropy, and dQ’ the un-
compensated heat.

The affinities 4; and 4, of reactions 2.1 and 2.2 are defined by

__[G - _{9G
4= (Eg)p.r 4s (3&)::.!' (©)

@ being the total thermodynamic potential or free encrgy of the system,
and & and & the degrees of advancement of the two reactions. We have

dt; = dny dt, = dnp (7)
vyl Pyt
and
dny = vpdé + vadé (8)
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dn, being the increase in the total number of moles of component y. We
have (4)

dQ’ = AdE + Audfs 2> 0 (9)
Dividing by d¢ > 0 we get
dQ ‘ff‘ + As df’ >0 (10)
¢
Introducing the reaction velocities
_ d& - 9k
L= Vo= (1)
and placing
_4a¢
we obtain
P=Avi 4 4wy 20 (13)

The quantity P is the power of the system.
For & finite period of time At we have

At . |
Q= A (A41vi 4 4avg)dt 2 0 (14)
or
51 £s
14 ‘-‘-‘*l Aydé +£ Axdéa 2> 0 (15)

In biological systems the states may usually be regarded as constant
over rather long periods of time, The affinities A, and A; being functions
of the state are, therefore, also constant and formula 15 may be written

Q =A5+ 4ab 20 (16)

1I. THERMODYNAMICS OF COUPLED REACTIONS: EXACT FORMULATION OF
BURK'S ‘‘MACHINE EFFICIENCY”’ (THERMODYNAMIC EFFICIENCY)

Let us imagine that for some particular state of & system in which the
above reactions are taking place we have

Ay <0, 43> 0,ve > 0 (17)
Formula 13 gives us |
w< “ﬁ—’% (18)

1
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Division by Ay < 0requires the change in the sign of the inequality. The
upper limit of v, is positive, We thus see that reaction 1 can take place
in its unnatural direction with a velocity which cannot exceed the value
—- ﬁ“’fﬁ.

If we consider a long period of time for which the inequalities in 17 hold,
we deduce from formula 16 that

i £ ""g{ & (19)

Reactions 1 and 2 are independent, but we could also represent the
chemical transformations taking place in the system by means of any two
linear combinations of reactions 1 and 2. The corresponding affinities and
the variables ¢ would be similarly combined. Which set of reactions

should one adopt?

“"'In the study of biological systems the following choice is advisable: The

coupling reaction describes the metabolism of the system, i.e., the com-
bustion with oxygen of & certain metabolite. It should be written in such
a manner that the reaction velocity is positive. This will be reaction 2
of our discussion. The coupled reaction should be written in such a man-
ner that its velocity be positive and that the metabolite of the coupling
reaction be neither a reactant nor & product.

Ezample: The combustion of hydrogen with simultaneous reduction of
carbon dioxide by Bacillus pycnoticus, studied experimentally by Ruhland
(5) and theoretically by Burk (3), is described by the following independent
reactions:

1.931

CO! + 0931H20 b 4 éCoHuxtmuOn + TOQ

2H; 4 Oy — 2H.0

Hydrogen plays here the part of a metabolite; reaction 1 is written in such
a manner that hydrogen does not appear in it, This system could also
have been described by means of the following two sets of reactions

~

1.931H; 4+ COp — %CaHuxmmlos + H;0

1.931

%Caﬂwxo.mog + TO; - CO; 4- 0.931H;0
\

1.931

g s

CO; 4+ 0.931H,0 — %CeHuxo.mOu +

%Conxo,mOs + w‘—éil’oﬂ — COy + 0.931H,0

L
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in which the carbohydrate plays the part of the metabolite but also appears
in reaction 1. Another possibility is the following:

1.931H;5 4 CO3— %CeHssxo.mOe + HO
2H, <+ 03— 2H«30

Here again the metabolite H; appears in both reactions. The velocities of
all these reactions are positive, and the affinity of reaction 1 is negative in

each sef,
If we had adopted the set

2H; + Oy — 2H0

1~92310, — COs + 0.931H0

%Ccﬁmxo.mou +-

““the veloeity of the second reaction would be negative, the affinity of the. . ... __

first one positive, and the set is seen to be equivalent to the first one above.
Adopting then the first set of reactions as the most suitable for a thermo-
dynamic discussion, we get from Burk’s data:

A = A, An, = — 106,140 X An,

in which An, represents the number of moles of 3 CeHys x 0.5n0s synthesized,
and
Ang,

Aaty = A 378 — 108 460 X .

2

in which Any, represents the number of moles of ¥ consumed.

The absolute value of the ratio f}:g-' is what Burk calls the machine

&
efficiency. It is important to realize that a significant efficiency can only

be obtained if the reactions are written according to definite rules such as

those adopted above.
In the present case one has

-‘1‘-' = 0.969

4
c=ozmt 7

The “machine efficiency” is thus

Ak
. — . 4
) o 0.22

An efficiency of 1.000 would correspond to a total @' equal to zero. Fur-
ther on we suggest replacing the term machine efficiency by thermodynamic

effictency.

1
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I, STOICHIOMETRY OF COUPLED REACTIONS: EXACT FORMULATION OF
BURK'S “SECOND-LAW EFFICIENCY”’ (STOICHIOMETRIC EFFICIENCY)

It seems fairly certain that coupling of a reaction with negative affinity
by a reaction with positive affinity is possible only if at least one reactant
or product is common to both reactions. Let ¢ be this component. If ¢
is produced in the coupled reaction, the condition for the maintenance
of the coupling is that ¢ be consumed in the coupling reaction. Vice versa,
if 7 is consumed in the coupled reaction, it should be produced in the
coupling reaction. In the case of Bactllus pycnoticus, oxygen is liberated
in reaction 1 and consumed in reaction 2, This is also the case in the re-
duction of nitrate to ammonium by Chlorella.

In the synthesis of urea by liver tissues (2) carbon dioxide is produced
in reaction 2 and absorbed in reaction 1:

2NH; 4+ CO; — CO(NHy); + HeQ
%CeHmOo 4+ 0 — CO: + H30 R

The transfer of energy from the coupling to the coupled reaction is then
actually occurring through this common component.

According to a prineiple proposed by Burk (3) the amount of free energy
or, better, of uncompensated heat @’ provided by reaction 2 which can
actually be used by reaction 1 is given in our theory by

Qo = Astr >0 ' (20)

vi
Yiz

in which »; and vy are the stoichiometric coefficients of the eommon com-
ponent ¢ in reactions 1 and 2, The uncompensated heat for reaction 1 is

Qr=A4A:6>0 (21)
Burk’s principle is then formulated as follows:
Q' = A& + Aaby E%;—;l 20 (22)
or, since & is positive,
[ As| o | 7a
lAQ - Vig (23)

Coupling of reaction 1 with negative affinity A, by reaction 2 with positive
affinity 4. is thus possible only il the inequality in 23 is satisfied. If
4,
Az

al
’-;-fl .ar pen to be equal, we have
2

Q@+ Q1 =0 (24)
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According to Burk we then have perfect reversibility, because the portion
of Q; which can be utilized by reaction 1 is actually entirely utilized. Such
& coincidence occurs in the case of Bacillus pycnoticus for which we have:

4y raj 1931
i 0.969 vl = 3 0.966
The second-law efficiency introduced by Burk is defined as follows:
Aﬂ’t‘%
" Asgvy
For Bacillus pycnolicus we have
0.969
The total Q' is obviously larger than or equal to @] + Qs.1:
or
At 4 Asts 2 Arh + Ash ;E (26)
We have, therefore, since &, £, and A are positive:
&>\ (20
& Vi
Now, according to Burk's principle, coupling can only occur if
A Vil
i < - (28)
If coupling occurs, its extent is limited by condition 19:
A _ &
CHed 29
YRS (29)
The two conditions of occurrence and extent can be combined as follows:
Ay val &
el ¥ 30
Azl vl T & (30)
In general only the inequality signs will hold:
Ay it )
= b hls 1
y: < Viz < & (3 )
Introducing the machine efficiency or thermodynamic efficiency
Argrl
t = |18 32
Ll b v (32)
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and the second-law efficiency (Burk)

AIV“
H = 3
Aa?n (3 )
we may also write
7w <’ <1 (34)
The portion
Al &
<1 or il I
1 1@l <& (35)

of this general statement is 8 direct consequence of the second law and is
unquestionable, since it is highly probable that the second law always
applies to biological systems. The portion

_{1_£
Ag

Vil
Vi

"T"" < 1. op - .

of expression 34 is very plausible, and experimental data so far obtained
agree with this principle. Disagreement with it, however, would in no
way imply disagreement with the second law. It would merely require
some other explanation for the mechanism of transfer of energy from cou-
pling to coupled reaction, The efficiency 5’ is the real second-law efficiency
and we would suggest calling it thermodynamic efficiency. For the ef-
ficiency 9" we would suggest the name stoichiometric effictency. This latter
efficiency is independent of the degrees of advancement &; and & or of the
reaction velocities v; and v, while the efficiency ' directly depends on
these quantities.

Our discussion has been limited to cases such that one single reaction is
coupled by the coupling reaction. Let us consider a case for which, be-
sides reaction 1, there is some other coupled reaction, perhaps unknown.
Burk's so-called second-law efficiency would then be computed as follows:

Let An; be the algebraic value of the increase in the number of moles of
the common component z during the finite period of time Al. The amount
of component ¢ produced by the coupling reaction 2 is equal to vaés. The
amount produced by the coupled reaction 1 and the other coupled reaction
is then (all values are algebraic)

An,- —_— P,fgfa = A'ni (37)

The portion of An; corresponding actually to reaction 1 aloneis vufi. The
efficiency considered by Burk for a case of this sort is given by the formuls

Ava
An Pi1

Al”t‘?

Asviy

vad _
An;

n:

g = vak (38)

An; — vake

@8
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The value of & is deduced from the increase in the number of moles of any
component appearing in reaction 1 alone (the ammonium jon in the case
of Chlorella (3,7)). One easily sees that formula 38 reduces to formula 33
when reaction 1 is the only one coupled by reaction 2. We have, indeed,
in such a case,

An; — vigks = vk (39)
and |
m o |Arn
Aﬂ”ﬂ (40)

Even when formula 38 should be applied we prefer to call o’ the stoichio-
melric ¢fficiency.

“The efficiency 4" defined by formule 38 has as an upper limit 4" defined
by formula 33. This upper limit is actually reached when reaction 1 is
__ the only one coupled by reaction 2.

We believe that very interesting dévéiopménts'couId'Hebbtaiﬁed‘in"this T

field by studying instantaneous properties starting from our equation 9
to equations 13 and 18. The power P might very well be a periodic func-
tion of time, oscillating between zero and a maximum value, Considera-
tions involving finite periods of time and finite increments &, &, rather than
the instantaneous velocities (—idf;, %—?, may actually hide some important
intimate properties of living matter, We have published considerations
of this type elsewhere (6). The main object of the present communication
was to put in simple mathematical form the interesting ideas of Burk and

other authors,

SUMMARY

1. Thermodynamic properties of systems in which simultaneous reac-
tions are taking place are briefly reviewed.

2. The thermodynamic conditions for the coupling of & reaction with
negative affinity by a reaction with positive affinity are established. Rules
are proposed for the choice of independent reactions in the case of biologi-
cal systems, ‘The machine sfficiency (Burk), which we prefer to call thermo-
dynamic efficiency, is formulated.

3. The stoichiometric condition for the coupling (Burk) is expressed in
simple mathematical form.

The second-law efficiency (Burk), which we prefer to call sloichéomelric
effictency, is formulated.
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THE SYSTEM AMMONIA-SELENIC ACID-WATER AT 30°C.
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Relatively few studies of the solubility of selenates in selenic acid appear
to have been made. Several acid selenates have been isolated, but no
systematic study of their formation has been reported. Macalpine and
Sayce (3) investigated the system CuSeOH8e¢0,HiO. The hydrates
*CuBeO;- HyO and CuBeQ,.5HO were indicated, but there was no evidence

for the formation of acid salts. Friend (1) determined the solubility of

neodymium selenate in ditute solutions-of selenic acid. - Meyer-(4) deter- .

mined the solubility of ThLO; in sulfuric acid solutions and in selenic acid
solutions. Similar solubility relationships in the two acids were found.

In order to obtain further information relative to the formation of acid
selenates and to compare the solubility of selenates in selenic acid solutions
with the solubility of sulfates in sulfuric acid solutions, it has been pro-
posed to study ternary systems of the type selenate-selenic aeid-water.
This data would also be useful in a consideration of the crystallization of
selenates from solution.

As far a8 the author is aware there are no data available on the system
smmonia-selenic acid-water other than that normal ammonium selenate
((NH,):80,) is known, as well as ammonium hydroselenate (NHHSeOy).
Tutton (7) has determined the solubility of the normal selenate in water,
bu# the solubility in sclenie acid solutions has not been determined. Am-
monium hydroselenate was prepared by Topsde (6) by the addition of an
excess of selenic acid to aqueous ammonia. The hydroselenates of po-
tassium and sodium have been prepared similasly. "

EXPERIMENTAL
Preparation and purificalion of materials

Selenic acid was prepared by a method previously described (2). The
acid was recrystallized to a melting point of approximately §6°C. It gave
no test for the presence of selenite. Ammonium selenate was prepared by
neutralizing selenie acid with ammonia. The solution was concentrated,
and the salt recrystallized twice.

797
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Apparalus and method of procedure

Ammonium selenate was dissolved in solutions of selenic acid of various
concentrations. To prepare & saturated solution, ammonium selenate
was dissolved in a mixture of selenic acid and water at a temperature of
approximately 70°C. On the basis of preliminary experiments, the pro-
portions were so regulated that a considerable quantity of solid would be

- obtained when the solution was cooled to 30°C, The tubes containing
the solutions were then placed in an electrically controlled thermostat
which was maintained at a temperature of 30°C. 4 0.05°. It was neces-
sary in some cases to seed the solution with the proper phase to cause
crystallization of solid. The solutions were kept in the thermostat with
frequent agitation until equilibrium had been established. ‘This required
only a few days time for the more dilute selenic acid solutions, but a some-
what longer period for the viscous and more concentrated acid solutions. -

It was found that all solutions reached equilibrium with the solid phase

within two weeks time, By means of a centrifuge, the crystals of the solid
phase were obtained in the bottom of the tube in a compact form.

Methods of analysis

After equilibrium had been established, samples of the solution were
pipetted off and weighed. After draining the excess of solution from the
solid phase, the crystals were transferred to a weighing bottle and weighed.
This method of procedure was very satisfactory for analysis of the solid
phase obtained in the more dilute acid solutions. In the solutions con-
taining more than 50 per cent selenic acid, the wet residue was filtered
rapidly through a small weighed Gooch crucible, the filtering device being
kept at a temperature of approximately 30°C. A small amount of suction
was used in the very concentrated solutions to free the solid phase from
as much of the adhering solution as possible. This gave quite satisfactory
results. The Gooch crucible with the solid residue was weighed, after
which the solid was dissolved in water, and the solution filtered. The
samples of solid and solution were each diluted to 100 cc., and 20-cc. ali-
quots were taken for analysis. All analyses were made in duplicate.

The selenic acid was determined by titration with standard alkali, using
p-nitrophenol as an indicator. This indicator was found to be very satis-
factory for the titration of the acid, giving a sharp and distinct color change
at the end point. The ammonium selenate was determined by distilling
the ammonia from an alkaline solution into standard acid solution. The
excess acid was determined by titration with standard alkali. The com-
positions of the solid phases in equilibrium with the solutions were deter-
mined graphically by the method proposed by Schreinemakers (7). The
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resuits of all analyses are given in table 1 and represented graphically in
figure 1,

Three solid phases may exist in equilibrium with solutions of selenic
acid at 30°C. From 0 to 10.8 per cent selenic acid, the solid phase in
equilibrium with the solution is (NH)¢SeOy; from 10.8 to 28.1 per cent
selenie acid the solid phase is 3(NH,):5e0,. HaSeOy; and from 42.5 to 67.4
per cent selenic acid the solid phase is NHHS8eQ,. The first and third

TABLE 1
The system (NH (}28¢0~H38e0,~-H0 at 30°C.
SOLUTION RESIDUE
BOLID PHARE
(NH;}:8e0¢ HiBeOy {NHi):BoOy Hj8e0,
weighl per cent | weight pey cent | weight per cent | weight per cont

55.12 0.0 (NH.):8e0,
53.82 3.56 75.98 1.67 (NH):8¢0,

..5303 | .53 | 87 | 147 (NH,),8e0,
53 .22 9.08 78.38 349 |7 (NH)SeO
54 .40 10.75 66 .47 7.8 (NH):8e0,
53.11 12.73 82.12 8.77
50 .48 14 88 71 35 19 61 3(NH4)38004' H:&Oc
48.40 19.24 71.10 22.18 3(NH,)s8e0,-H;8e0
46.36 24.18 73.40 22 .80 3(NH,):8¢0,-HsBeO,
4b.49 28.08 52.31 26 .80 3(NH,):8e0,-HsSeO,
43.62 34.13 60.63 31.40
4.74 34.62
.41 42 50 54.76 46.10 (NH ():8e0-H;S¢0,
24.13 5053 48 08 46 .32 (NH();SBO“H;SEO;
23 .41 b0.77 47.88 46 .19 {NH):8e04- H,SeO,
20.04 65.26
18.47 58 61 46.94 48.54 (NH{)18¢0, HyS8eO,
17.27 60.74 43.07 49 .96 (NH)sSe04- HsSeO,
17.40 61.08 45.57 " 48.85 (NH.):8e0,-H,8¢0,
17.20 63.28 46.95 49.73 (NE )48e0,- H,8e0,
23.79 67.38 43.38 b2.82 (NH (}y8e0,- H:8e0,
29.72 66.23 46.85 50.51 (NH )58¢0,- H;8e0,

compounds are known, but the compound 3(NH,);SeQ,-H:SeO has not
been reported, as far as the authoris aware. ‘The latter compound crystal-
lizes in small needies. A similar compound of (NH):80, and H;SO, of the
composition 3(NH,)sS0,-H:SO, has been reported (8). Solubility data
from the system (NH,):SO~H:S0,~H:0 at 30°C. (8) have been plotted in
figure 1 (broken line curve). The solubility of the ammonium sulfate
follows rather closely the solubility of ammonium selenate, particularly
in acid concentrations of more than 20 per cent.
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It may be concluded from table 1 that ammonium selenste may be
crystallized from solutions in which the concentration of selenic acid is less
than 10.8 per cent. Crystallization of ammonium hydroselenate may be
made from solutions in which the eoncentration of selenic acid is greater
than 42.5 per cent.

Hgo

(8Hg) o800, A B HpBe0,4

Fig. 1. Solubility relationships in the system (NH,);Se0+H;8e0~H,O at 30°C.
The compositions of the two acid salts are represented on the diagram by A and B.
A has the compasition 3(NH,),8¢0, H,8eO, and B the composition (NH):%O0¢
H,8e0,. The broken line curve represents the solubility of (NH,)80 in solutions
of H,50 at 30°C. (taken from data of van Dorp (8)).

BUMMARY

1. The solubility relations in the system ammonia~-selenic acid-water
have been investigated at 30°C.

2. The existence of the compound 3(NH ):SeQ¢- HoSeO, has been shown.

3. The solubility of ammonium selenate in solutions of selenic acid is of
approximately the same order as the solubility of ammonium sulfate in
solutions of sulfuric acid. |
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The study of certain ternary systems involving selenic acid and selenates
sugeested the desirability of a method by which free selenic acid and sele-
nates could be rapidly and accurately determined in a mixture of the salt
and acid. As far as the authors are aware, no attempts have been made
to estimate selenates electrometrically. The purpose of this investigation

Was to apply electrometric methods to these determinations.

- Although selenic acid has long been recognized as a-strong acid and has . .

been treated as such in titrations with bases, no study of potentiometric
titrations appears to have been made. Macalpine and Sayce (5) titrated
selenic acid with sodium hydroxide, using methyl orange as an indicator,
in the study of the ternary system copper selenate—selenic acid-water.
One of the authors (2) titrated the free acid with sodium hydroxide, using
p-nitrophenol as mdmator, in the study of the system ammonia-selenic
acid-water.

An attempt was made to estimate total selenate in solution by titration
with lead nitrate solution, using & lead electrode in contact with the solu-
tion. Owing to chemieal action an encrustation was soon formed on the
lead electrode, and values obtained were erratic.

Kolthoff (4) hes made use of a ferrocyanide—ferricyanide electrode for
the direct titration of sulfates. He has pointed out that “if we have a
mixture of ferricyanide and lead ferrocyanide in contact with platinum, the
system behaves both &s a lead and as a ferrocyanide electrode.” Since
lead selenate is of the same order of solubility as lead sulfate, it was pro-
posed to apply the above principle, if possible, to the estimation of sele-
nates.

EXPERIMENTAL
Preparation and purification of materials

"The preparation of selenic acid has previously been described (3). The
acid was twice recrystallized and gave a melting point of approx]mately
56°C. It gave no test for selenite with sulfur dioxide. Solutions of vari-
ous concentrations of the acid were prepared, and their strength deter-

803
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mined by titration with standard alkali. This standardization was
checked by determination of available oxygen by the method described
by Seott (7).

Ammonium and magnesium selenates were prepared by neutralization
reactions. The recrystallized salts were used for preparation of solutions,

Lead ferrocyanide was prepared from lead acetate solution and potassium
ferrocyanide. The precipitate was washed several times with distilled
water. The solid was then kept covered with distilled water until used.
It was found that, if the latter procedure was followed, the solid remained
finely divided and when added to the solution being titrated came to
equilibrium rapidly with the ferricyanide in solution. Solid lead ferro-
cyanide which had been dried functioned satisfactorily, but came to equilib-
rium very slowly. Other reagents used were of c.r. quality or better.

Apperatus and method of procedure

A glass electrode of the type described by McInnes and Dole (6) was .=

used to measure hydrogen-ion concentrations. The electrode was stand-
ardized with standard buffer solutions.

The ferrocyanide-ferricyanide electrode (4) was formed by introducing a
bright platinum wire into the solution to which had been added a few small
crystals of potassium ferricyanide and enough solid lead ferrocyanide to
form a saturated solution. A normal calomel electrode served as the
reference electrode.

The voltage measurements were made by means of a Leeds and North-
rup student potentiometer in conjunction with a modification of the therm-
ioni¢ amplifier described by Gelbach and Compton (1). The measuring
circuit is shown diagrammatically in figure 1,

The apparatus was adjusted by substituting a low-range milliammeter
for the galvanometer G, and by varying the grid bias on the 222 tube by
means of potentiometer Ry, until optimum sensitivity was obtained. By
meuns of the variable resistor Rs the current flowing through the milliam-
meter was reduced to zero, after which the galvanometer was reconnected
and final adjustment made for zero deflection.

The potentiometer, P, was standardized in the usual manner against
the standard cell, Es. These adjustments having been made, the appara-
tus was then ready for operation.

The titrating cell containing the glass and calomel electrodes was con-
nected at X, and switches S; and 8; were thrown so as to connect the titrat-
ing cell and potentiometer into the grid circuit with the potentiometer
voltage opposing that of the titrating cell. The potentiometer was then
adjusted until the two voltages became equal, being indicated by a null
reading on the galvanometer.
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E: and Ey 1.5 volts

E‘, EI, Btld E} 22-5 Vﬂltﬂ R‘

E¢ 6 volta
E; 90 voita

.. By . Weston standard cell .

E., 2 volts

R; 15-ohm potentiometer

Ry 6-ohm resistor

\ Y222

Ux20/A
fil

Ff'ﬁm

Fira. 1. The measuring cireuit
Rs 0.25-megobm resistor

4-ohm resistor

Rs 1000-ohm rheostat
Rs 300-chm rheostat

£

8, double pole double throw awitch

8056

8: single pole double throw switech

Gy and Gy L and N portable galvanometers

TABLE 1
Solutions of selenates titraled with 0.09918 M lead nilrats using o ferrocyanide~
Jerricyanide eleclrode
voLous | volous | ¥EEO-
SELENATES IN SOLUTION CONGENTBATION TAREN | oo M | Tron
anatysis | Pb{NOs)s | nzacrion
o0, [~ €C.

H;S8e0, 0.01004 M 25 2.56 2.83
H,8e0, 0.05020 M 25 127 | 12.66
H,SeQ; 0.1004 M 10 10.14 10.13
H:86Q, 0.1004 M 25 26.21 | 25.32
H48e0, 0.3818 M b 19.32 | 19.27
(NH,),8e0, . | 0.3066 g. in solution 1722 | 17.30
(NH,):8e0¢ <+ HsSeO, | 0.3066 g (NH):S8e¢0( + ‘27.80 | 27.43

0.14566 E. 33330(
MgBeQ 4 HyB0, 0.0428 g. MgSeO, 4+ 0.00136 2.62 2.62

8. Htseoi
MgSeQ, + H,8e¢0, 0.0341 g. MgBeO, + 0.0078 2.60 2.69

g, HaBeOy

Titration of selenic acid

Samples of standard selenic acid of several concentrations were titrated

potentiometrically. It was found that the end point was determinable
within 0.05 cc. The titration curve was typically that of a strong elec-

trolyte.
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Titration of selenates

Solutions containing soluble selenates and mixtures of selenates and free
selenic acid were titrated using the ferrocyanide-ferricyanide electrode (4),
It was found that the titrations could be carried out more satisfactorily in
alcoholic solution, the initial concentration being approximately 75 per
cent alcohol, Results obtained in aqueous solutions were not reproducible.
A mechanically driven stirrer was used during the addition of the lead

1_
: |

E.MF

P M
o oF PuNoy,

F1a. 2. Titration of selenate solutions with 0.09012 M lead nitrate, using ferro-
cyanide-ferricyanide electrode,

I 0.0428 g. MgSeO, + 0.00136 g. H,8¢0, 4 25 cc. HiO + 75 cc. alcobol.
II 0.3066 g. (NH,)s8e0 + 0.1456 g. H:8e0, + 25 ce. HyO 4- 76 ce. aleohol, Add
23 to the ce. of lead nitrate seale,
11 0.3066g. (NH)8eO4 + 25 ce. HyO 4 75 ce. aleohol. Add 9 to co. of lead nitrate
scale,
1V 25 cc. of 0.0502 M H,SeO, 4 76 cc. alcohol. Add 3 to cc. of lead nitrate scale.
YV 25ce. of 0.1004 M Hy8eQy 4 75 ce. alcohol. Add 13 fo ce. of lead nitrate acale.
VI 6 cc. of 0.3818 M HySeO, 4 20 cc. H.O 4 75 co. alcohol. Add 5 to ce. of lead
nitrate scale,

B3 B

nitrate titrating solution, As the end point was approached a period of
three to five minutes was required after each addition of titrating solution
in order to obtain a steady voltage reading, requiring on the average about
thirty minutes for each titration. In table 1 8 summarization is given of
a number of typical analyses; in figure 2 corresponding titration curves are
shown. The effect of foreign salts on the titrations has not as yet been
determined, |
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BUMMARY

1. Potentiometric titrations of selenic acid were made using a glass-
calomel electrode system; the end point was determinable within 0.05 ce.

2. Selenate determinations were made in solutions of selenie acid and
mixtures of the acid and its salts, using a ferrocyanide—ferricyanide clec-
trode. Results were very reproducible.
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Most of the temperature-controlling devices for water baths in use at
the present time ivi chemical laboratories have, somewhere in the assembly,
& relay which operates on & very small current and permits the passage of
a comparatively heavy current through the heating coils of the bath. As

long as the points in the relay never stick, these devices work very satis-

“factorily, -~ -

While the construction of supersensitive relays has been brought to a
very high point of excellence, one failure in the operation of the relay may
have serious consequences, and the elimination of such a part in the con-
trolling device is something to be desired. In the assembly abouf to be
described, the current passing through the ‘ thermoregulator points is
reduced to approximately 2 milliamperes. Because of the elimihation of
the relay and the reduction in thermoregulator current, the regulator is
trouble-free. '

The authors make no claim for originality in the use of the gas-filled
triode in controlling temperatures (1), but recommend this circuit for its
simplicity and reliability.

Transformers are not necessary in this circuit and, with the exception
of the gas-filled triod<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>