ON THE VAPOR-TENSIONS OF MIXTURES OF
VOLATILE LIQUIDS.
By C. E. LINEBARGER.
[Continued from page 652 ]
TaBLE VII.

Vapor-Tensions of Mixtures of Toluene and Chloroform at 34.8°.
Vapor-Tension of Toluene at 34.8° is 46.8 mm. ofMermr_‘y.
Vapor-Tension of Chlovoform af 34.8° is 289.2 mm. of Mercury.

Molecules Molecules
. CHCly in CHCl, in

100 mole- 100 mole- Ten- Ten- Vol- Barom- Inter-

cules of culesof Grams Grams_ sionof sionof umeof eter nal
liquid gaseous CHCly in CyHgzin CHCIy C,Hg air in pressure

mixture. mixture. vapor. vapor., inmm. in mm. incc. mm. inmm,

28.74 65.29 0.4856 0.1994 64.7 34.4 1040 747 24
60.43 89.20 1.3578 o.1270 160.9 19.5 1031 754 23

TABLE VIIL
Vapor-Tensions of Mixtures of Benzene and Carbon Tetrachloride at
34.8°.
Vapor-Tension of Benzene at 34.8° is 145.4 mm. of Mercury.
Vapor-Tension of Cawbon Tetvachloride at 34.8° is 169.4 mm. of Mer-
cury.

Molecnles Molecules
CCl, in CCl, in

100 1m1dle- 100 mole- Ten- Ten- Vol- Barom- Inter-
cules of cules of Grams Grams sionof sionof umeof eter nal
liquid gaseous CCl,in CeH, in CCl, CeHsg air in pressure

mixtnre, mixture vapor. vapor. immm in mm. incec. mm, inmm.

7.21 9.66 0.1741  0.8260 14.5 135.4 1205 762 18

18.68 20.54 0.3931 0.7561  32.5 125.5 1205 758 20
28.00 35.71 0.6267 o0.5730 60.0 105.0 1016 756 12
59.19 55.03 I.1231 0.4666 9I1.3 75.6 1201 762 19
63.88 65.27 1.2699  0.3431 103.1 54.5 1219 60 27
77.89 83.01 1.5321 0.1669 117.6 31.8 1034 7%4 26

TaBLE IX.
Vapor-Tensions of Mixtures of Toluene and Carbon Tetvachloride at
34.8°.
Vapor-Tension of Toluene at 34.8° is 46.8 mm. of Mercury.
Vapor-Tension of Carbon Tetrachloride at 34.8° is 169.4 mm. of Mer-
cury.
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Molecules Molecules
Cl, in CClq in
100 mole- 100 mole- Ten- Ten- Vol- Barom- Inter-
cules of culesof Grams Grams siouof sionof umeof eter nal
liquid gaseous CCl,in C;Hgin cCl, | C.H; | air in pressure
mixture. mixture. vapor. vapor. immm. in mm. ince. mm. inmm.
30.69 58.19 0.4754 1.2046 51.5 37.0 1016 736 12
53.85 67.86 0.9305 0.1260 78.3 22.3 1022 758 17
60.00 83.67 0.9624 0.1126 9g.I 19.4 1020 759 &1
91.87 97.22 1.6063 0.0281 155.1 4.5 1017 756 13
TABLE X.

Vapor-Tensions of Mixtures of Nitvobenzene and Carbon Tetrachlo-
ride at 34.5%.

Vapor-Tenston of Nitrobenzene at 34.8° is 1.16 mm. of Mercnry.
Vapor-Tension of Carbon Tetrachloride at 31.8 is 169.4 mm. of Mer-

cury.
Molecules Molecules
CCl, in CCl, in
100 mole- 100 mole- Ten- Ten- Vol- Barom- Inter-
cules of culesof Grams Grams _ sion of sionof mnmeof eter nal
lignid gaseous CClyin CgH,NO,in CCl, c,H;NO, air in  pressnre
mixture, mixture, vapor. vapor. immm. i mm. inecec. mm. inmm.
5.37 93.51 0.3095 o.o175 18.9 1.3 1973 760 20
50.73 94.47 I.ITI1  0.0489 113.9 6.2 1020 7356 12
73.54 96.09 1.4420  0.0471 1I41.3 5.6 1022 753 18
95.21 98.61 1.7798 o.01g50 167.6 2.3 102: 753 18
I0. INFLUENCE OF TEMPERATURE ON THE VAPOR-TENSIONS

OF MIXTURES OF VOLATILE LIQUIDS.

It is a well-known fact that the higher the temperature tle
greater the vapor-tension; this is true of mixtures of liquids
as well as of tlie liquids themselves. It may be, now, that tlie
vapor-tensions of mixtures of volatile liquids exhibit a deport-
nient varying with the temiperature; but if it can be shown
that change of temperature is without influence upon the
nature of the pheuowenon presented by the vapor-teusions of
such ixtures, the experimental investigation of the subject
is much simplified, for theoretic conclusions based oun data
found at a certain temperature can be at ounce applied to
other temperatures, so that the investigation of the wvapor-ten-
sions of mixtures of various concentrations at oue temperature
suffices for the discussion and elucidation of the eutire problem.
Material which furnishes an answer to the questionasto whether
temperature has an influence upon the vapor-teusions of mix-
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tures of volatile liquids can be found in thie papers of Regnault
(doc. cit.), Raoult (Joc. cit.), aud Brown (loc, cit.).

Regnault’s determinations were made tlirough a cousiderable
rauge of tenmiperature, and, althougli, at most only three differ-
ent concentrations were examined, it is possible by rearranging
them to get an answer to our query. The mixtures which can
be utilized are five in number,—two mniixtures of carbon bisul-
phide and ethyl oxide, whose vapor-teusions were determiued
by the static method, and one mixture of the same liquids, the
vapor-tension of which was determined by the dynamnical method ;
and two mixtures of carbon bisulphide and carbon tetracliloride
of which the vapor-teusions were investigated by tne static
niethod.

The first mixture of carbon bisulphide and ether was made up
of sixty-two volunies of the first liquid and thirty-eight voluines
of the second, (‘Mélange de 62 sulphure de carbone et 38
d’éther, en volunies’’), and eleven determinatious of its vapor-
tension were niade in the temperature iuterval 4.72° to 39.44°.
If we put the specific gravity of Reguault’s carbon bisul-
phide at 1.27, and that of his ether at 0.78, the mixture cou-
tained by weight 27.35 per cent. of ether, and 72.65 per ceyt. of
catbon bisulphide; or a huudred molecules of the mixture cou-
tained 27.20 molecules of ether and 72.80 niolecules of carbon
bisulphide. The second mixture was prepared by mixing fifty-
six volumes of ether and forty-oue volumes of carbon bisulphide
(‘“Mélanges de 356 étlier et de 41 sulphure de carbone en
volunies’’). Thirteen determinations were made of the vapor-
tensions of this mixture at temperatures varying from 8.01° to
38.18°. One hundred parts by weight contained theu 45.61 parts
of ether aud 54.39 parts of carbon bisulplide; and one hundred
molecules of tlie mixture coutains 46.29 molecules of ether and
53.71 molecules of carbon hisulphide.

The third mixture of carbon bisulphide and ether was made
up of equal volumes of eacli; (**Mélange, a voluule éguax, de
sulphure de carbou et d’éther”’) about twenty-five measurements
were wade in the tewperature interval from 20.81° to 121.48°
The percentage composition of thie mixture is 61.95 per ceut. of
carbon bisulphide aud 38.05 per cent. of ethier. and the molecu-
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lar percentage composition is 61.32 niolecules of carbon bisul-
phide and 38.68 molecules of ether.

The first mixture of carbon tetrachloride aud carbon bisul-
phide contained equal volunies of the two liquids ; (‘*Mélangede
voluines éganux de chlorure de carbone et de sulphure de car-
bone’’) ten determinations of its vapor-tension were made at teni-
peratures varying from 8.75° to 48.43°. If we put the specific
gravity of Regnault’s carbon tetrachloride as equal to 1.62, and
that of his carbon bisulphide as equal to r1.27, the percentage
composition by weight of the mixture is 56.06 per cent. of carbon
tetrachloride and 43.94 per cent. of carbon bisulphide; and one
hundred nolecules of the mixture contain 61.2 molecules of the
first-named liquid and 38.8 niolecules of the last-nanied.

In indicating the composition of the second mixtures Regnault
uses the following words: ‘‘ Mélange de 6o parties sulphure de
carbone et de 145 chlorure de carbone.”” ‘T'liereis doubt hereas
to whether Regnault means by ‘‘parties,”’ parts by weight or by
volume. This is the only place where this forni of expression is
used, and in the other cases, it is expressly stated that the units
of measure are volumies. I take it, then, that in this case parts
by weight are to be understood, and in the sequel it will be seen
that the regularity of the data as represented graphically renders
this understanding of thie matter warranted. At any rate, the
difference between the results of calculations with voluines or
weights as bases is not very great, so that there is not muchdan-
ger of conimitting any very gross error. By weight the percent-
age composition of this mixture is 70.73 per cent. of carbon tet-
rachloride and 29.27 per cent. of carbon bisulphide, while one
hundred molecules of it contain 65.47 molecules of carbon tetra-
cliloride and 34.53 molecules of carbon bisulphide. I give also
the percentage molecular composition ou the assumption that
Regnault’s ‘“‘parties’’ means parts by volunie ; one liundred mole-
cules of the mixture contain 54.47 molecules of carbon tetrachlo-
ride and 45.53 molecules of carbon bisulphide.

In order to transform Regnault’s data, the following procedure
was gone through with: In a system of coordinates with tem-
peratures as abscissas and vapor-tensionsas ordinates, his meas-
urenients were plotted on a large scale; as might be expected
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of any of Regnault’s experiniental work, the points fell very close
to a regular curve. At points at this curve corresponding to o,
10°, 20°, 30°, etc., the value of tlie ordinates was carefully taken.
that is, the vapor-tensions for each of tlie above temperatures.
In this way data were obtained by uteans of whicl isothermal
curves were drawn in a system of coordinates withh coucentra-
tious as abcissas and vapor-teusions as ordinates.

An inspection of the isotliermal curves shows that 110 apprecia-
ble influence of temperature manifests itself; the wvapor-teusion
of the more volatile component of the mixture increases, indeed,
more rapidly thian that of the less volatile, but this does not affect
thie contour of the curve, its iuclination alone being soniewhat
altered.

Raoult’ made a special study of the possible influence of tem-
perature upon the vapor-teusious of mixtures of ether with
eacl of the following liquids almost nonvolatile at low temper-
atures: turpentine, aniline, perchlorethane, and benzoic acid,
tlie temperature interval being from o’ to 22°. The results of
liis experimeuts perniitted him to draw tlhie definite conclusion
tliat in the above temperature interval tlie vapor-tension is quite
independent of the temperature.

The experiments of Brown® ou the boiling-points of carbon
bisulplhide and carbou tetrachloride inay be brought forward as
evidence that the influence of tlie temiperature on the vapor-
tensions of mixtures of normal liquids is very slight; le found
tlie curves, sketched with percentage composition on the axis of
abscissas, and boiling-points on the axis of ordinates, for the pres-
sures 747 to 760, and 430 to 432 1nni. to be practically parallel.

Fromi the above considerations, we may conclude that tem-
perature lias but a vanishing influence upon the vapor-teusions
of mixtures of normal liquids; that is to say, although the higher
tlie temperature, the greater tlie vapor-tension, the regularities
found and the laws deduced from observations niade at any one
teniperature are, witliout question, applicable to any other tem-
perature, whicli, however, be it remarked as a caution, should
probably uot be too differeut frowm that of the observations.

1 Loc. ¢t
2 Loc. cit.
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X1. RELATIONS BETWEEN THE VAPOR-TENSIONS, PARTIAL
AND TOTAL, AND THE CONCENTRATION OF THE
LIQUID PHASES.

We remark first, that the tension of the mixed vapor emitted
by any of the mixtures of volatile liquids examined is always
greater than the tension of the less volatile liquid and always
less than that of the niore volatile liquid; also, that the partial
tension or pressure of either comnponent, of any mixture, is always
less than the vapor-tension of the coniponent in a $tate of purity ;'
these two properties beloug to all the mixtures investigated.
In the discussion of the other properties, we shall find it con-
venient to divide tlie mixtures into classes. In the first class we
put the mixtures of benzene and toluene with monochlor- and
monobronmibenzene ; in the second, the mixtures of chloroform
with benzene, and with toluene; in the third, the mixtures
of carbon tetrachloride with toluene, and with benzene; and in
the fourth and last, the niixture of nitrobenzene and carbon
tetrachloride.

Now the mixtures of the first class are made up of liquids
which are very similar in their chemical constitution, and it is
natural to expect that tliey will exhibit the very simplest phe-
nomena when mixed with one another. And, indeed, this ex-
pectation is realized, for the vapor-tensious of their inixtures are
seen to be linear functions of the concentration: iu the graphic
representations {abscissas = molecular percentages; ordinates
= vapor-tensions) of the determinations, these fall upon. or very
close to the straight lines connecting the points on the axes of
ordinates corresponding to the vapor-tensions of each of the
pure liquids. -In order to find the vapor-tension of any mixture
of these liquids, all that is necessary to do .is to conuect on the
axis of ordinates, the points representing the vapor-tensions of
the two liquids in a state of purity, by a straight line, and where
the perpendicular to the axis of abscissas cuts this line, the value
of the ordinate corresponding to the point of intersection gives

1 This observation does not seem to be coufirmed in the case of the partial pressure
of nitrobenzene in its mixture with carbon tetrachloride. This exception. however, 1
am inclitted to attribute to experimental errors. which made themselves particularly
felt in the investigation of mixtures of these two lignids. 1lndeed, if the allowance be
made for the degree of acenracy which we have decided the inethod capable of yielding,
it will be seen that the discrepancy can be made to disappear alinost entirely.
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the vapor-tension of the chosen concentration; of course, par-
tial teusions can be fouud in a similar way. Also. by the appli-
cation of the ‘“ rule of mixtures,”’ 1t is easy to calculate the total
or partial tensions. It may be worth while to remark, in passing,
that these four liquids, which we have put in a class by tliem-
selves, are just tlhiose which verify by far the hest the generaliza-
tious of van der Waals; undoubtedly, these liquids are to be reck-
oned as in the highest degree ** normal,’" as their beliavior ap-
proaches most nearly that theoretically predicted.

In the secoud of our classes we fiud a different behavior.
‘When chloroformn is added to benzeune or to toluene, the total
vapor teusiou is less than that resultiug from the calculation by
tlie rule of mixtures; the variation reaclhies a maximum when
100 1olecules of the miixture contain from fifty to sixty mole-
cules of cliloroforni; the curve then tends to approach the
straight line connecting the points ou the axis of ordinates rep-
resenting the vapor-teusions of the pure liquids, practically co-
inciding witl it when the number of cliloroform molecules has
passed eighty. The depression of the vapor-tension of chloro-
formi, caused by the addition of eitlier benzene or toluene, is
linearly proportional to the conceutration only in solutious con-
taining less than twenty molecules of eitlier hydrocarbon to 1co
molecules of thie mixture.

When we cousider the partial tensions of these mixtures, we
see that tlie same regularity as was observed in the first class of
liquids is found here, but only for toluene and benzene; the
partial teusion curve for cliloroform resembles closely in its con-
tour that for the total tension of the mixture. Tle departure of
chloroformi from thie straight line is not, however, very marked.

In the third class of mixtures, we nieet with a different be-
havior. Wlen beunzeie or toluene is added to carbou tetraclilo-
ride, we observe that the curve of total tension follows closely
the line connecting the points corresponding to the vapor-ten-
sious of the mixed liquids until towards the abscissas value of
eighty; the curve then commences to fall, ouly to rise again,
and pass above tlie straight line, when, finally, it changes its
direction to fall upon tlie axis of ordinates at the point standing
for the vapor-tension of the pure hydrocarbou, benzene, or
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toluene, as the case may be. As is seen, the curve las three
turning points. ‘The curve of tlie partial teusion of the carbon
tetracliloride resembles in every detail, in each mixture, that of
the total tension; but once niore it is observed that ‘the partial
pressure curve for the liydrocarbons is, so to say, a straight line.
It is truly a remiarkable result that in the niixtures wlich have
such different total tension curves, the curve for these two
liquids should turn out so simiple. There is but little doubt that
the above instances are sufficient to render very probable the
assumption that this behavior is general, and that in all binary
mixtures made up of benzene or toluene, with any other volatile
liquid whatsoever, the same normality in the behavior as regards
partial vapor-tension of these two hydrocarbons will be found.
It is even possible to go a step farther, and claim that, inasinuch
as in the mixtures of the first class, normality of the partial pres-
sure was found in the case of each component of the mixture,
this normality will persist in mixtures of tlie halogen compounds
of benzene with any other liquids.

The fact that benzene and toluene possess ‘‘straight line”’
partial pressure curves will enable us to get reliable and import-
ant inforniation as to the partial pressures of other liquids mixed
with either of the hydrocarbous, fron a kuowledge of the total
pressure of tlie mixtures; for all that is necessary to do is to
draw, in the coordinate systent adopted in this paper, the total
pressure curve and a straight line from the point, representing,
on the axis of ordiuates, the vapor-tension of beunzene at the
temperature at which the determination has been made, to the
foot of the opposite ordinate; the value of any ordinate co-
prised between these two curves gives, then, the partial pres-
sure, to a very close approxinmiation, of the other component of
the mixture.

Furtherniore, it is apparent that the partial tensions of either
chloroform or carbou tetrachloride is the same when mixed in
the same proportions with eitlier beuzene or toluene; the sini-
plicity of the behavior of the latter liquids permits of tle free
exliibition of the peculiarities in that of the fornier.

The fourth class of mixtures, of which the ouly representative
here is tlie niixture of nitrobenzene and carbon tetrachloride,

¢
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does not, in reality, belong to our subject of investigation, whicl
is to study mixtures of volatile liquids ouly, and not those of a
volatile with an almost involatile one.  Still it was thought ad-
visable to find ont what the partial tensions of mixtures of suct
liquids would be, inasmuclh as Raoult' llas made an elaborate
study of the total vapor-teusion of mixtures of ether and several
almost non-volatile liquids.  As is seen m the curve, the partial
pressure of tlie carbon tetraclhloride and the total pressure of the
uiixture are almost identical, just as would naturally be expected.
Tle curves are, if we regard the right-hand ordinate first, at the
begiuning parallel with thie straight line conmecting the points
representing tlie vapor-tensions of the pure liquids: they then
turn upwards, reacl a maximum distance from the straight line
at about tlie abscissas value of fifty, and then gradually turn
downwards towards the origin. [ was curions to sece if this De-
liavior was characteristic of the mixtures of liguids investigated
by Raoult.

Accordingly, I have recalculated his data so as to get thew
iuto a form comparable with mine. These recalculated data are
giveu in the following small tables :

Tavri A,
Lapor-Tensions of Solutions of Turpentine in Ether at 16.2°.
Vapor-Tension of Lurpentine af 16.2 is four mm. of Mercury.
apor-Tension of Lther at 16,2 0s 377 vim, of Mercury.

Molecales of turpen- Molecales of turpen-
tine in 100 moleenles  Vapor-tension ine  tine in 100 moleenles  Vapor-tension in
of sointiou. mm, of merenry. ol solutions. mm. of mercury.
59 354 355 255
12.1 332 47.9 212
23.4 294 64.3 159
TasrLi B.

Lapor-Tension of Solutions of Nitrobenzene in Ether at 16.0 .
apor-Tension of Nitrobenzene at 16.0 is four mm. of Mercury.
Vapor-Tension of Ether at 16.0° is 374 mm. of Mercury.

Molecnles of nitroben. Molecnles of nitroben- o
zene in 100 molecules  Vapor-tension in  zene in 100 molecules  Vapor-tensiou in
of solntion. mn. of mercury. in solution. mm. of mercury.
6.0 353 56.2 232
17.9 321 759 166
35.5 278 81.0 132

1 foe. ¢,
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TaBLE C.
Vapor-Tensions of Solutions of Aniline in Ether at 15.3°.
Vapor- Tension of Aniline at 15.3° is four mm. of Mercury.
Vapor-Tension of Ether at 15.3° is 364 mm. of Mevcury.

Molecules of Aniline Molecules of Aniline .
in 100 molecules Vapor-tension in iu 100 nmolecules Vapor-tension in
of solution. mn. of mercury. of solution, mm. of mercury.
3.8 349 20.5 292
7.7 335 49.6 210
14.8 308 68.7 147
TABLE D.

Vapor- Tension of Solutions of Methy!l Salicylate in Ether at 14.2°.
Vapor-Tension of Methyl Salicylate at 14.2° is four mm. of Mercury.
Vapor-Tension of Ether at 14.2° is 306 mm. of Mevcury.

Molecules of methyl Molecules of methyl

salicylate in 100 mole- Vapor-teusionin salicylate in 100 mole- Vapor-teusionin
cules of solutiou. mni. of mercury. cules of solution. mm. of mercury.

I.1 344.6 23.2 281

2.1 343.6 49.0 208

4.8 332.0 77.0 125

9.2 316.0 85.0 101

15.1 .301.0

TaBLE E.

Vapor-Tensions of Solutions of Ethyl Benzoate in Ether at 11.7°.
Vapor-Tension of Ethyl Benzoate at 11.7° is three mm. of Mevcury.
Vapor-Tenston of Ether at 11.7° is 313 mm. of Mercury.

Molecules of ethyl ben- Molecules of ethyl ben-

zoate in 100 molecules Vapor-tension in  zoate in 100 molecules Vapor-tension in
of solution. mm. of mercury. of solution. mm. of mercury.

4.9 296 53.0 167

9.6 286 75-5 94

27.1 235 94.4 39

If these results be plotted in a system of coordinates, the
curves will be found to have a close resemblance to the one
which I have found for the mixture of nitrobenzene and carbon
tetrachloride. It seems likely that this form of curve is the
general one for the total tension of mixtures of a volatile with an
almost fixed liquid.

XII. RELATIONS BETWEEN THE CONCENTRATIONS IN THE
GASEOUS AND LIQUID PHASES.
The relations between the concentration in the gaseous and
liquid phases is clearly shown by curves drawn in a system of
coordinates, of which the axis of abscissas is taken for the rep-
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resentation of tlie molecular percentage composition of the liguid
phase, aud the axis of ordinates for that of the gaseous plase.
Iu Fig. V are drawn tliese curves, the data being taken from
the first two columes of tables.

As is seen, thie curves prove to be very regular, and group
theimselves ou either side of the diagounal of the square, according
as the comnpouent cliosen to increase from left to right iu the dia-
gram is more or less volatile thau tlie otlier ; asthis was taken
to be the compouent containing a halogen, the curve is below
tlie straight line wlen the halogen-containing liquid is less
volatile than the otlier, and above, when it is more volatile.
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Abscissas == molecules of one liguid in 100 molecules of mixture of lignids.
Ordinates = molecules of one vapor in 100 molecules of mixture of vapors.
.Toluene-chloroform.
Toluene-carbon tetrachloride.
.Benzene-chloroform.
.Benzene-carbon tetrachloride.
.Toluene-monochlorbeuzene.
.Benzene-mouochlorbenzene,
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Furthermore, the greater the difference in the volatility of the
two liquids in the mixture the greater the curvature. Itis very
probable that mixtures of two normal liquids with the same
vapor tension would give off vapors with identical composition
in both liquid and gaseous state.

XIV. HEAT OF DILUTION AND SOLUTION. IDEAL CONCEN-
TRATED SOLUTIONS.

Kirchoff' developed by thermodynamic considerations an
equation sliowing a relation betweenthe heat of dilution of a solu-
tion and its vapor-tension. If we designate by dQ the heat
brought into play when the small quantity @7 of water is added
to the solution, and if p' represent the vapor-tension of the solu-
tion aud p that of the pure solvent, while 7" is the tenmiperature
and R the gas constant measured in units of heat, he found that

dQ k log 2

(A) = RT— 2

This equation was more particularly developed for the case of
solutions of fixed substances, and has in fact been compared
with the experiments done on the vapor-tensions and heat of
dilution of sulphuric acid dissolved in water. Recently, how-
ever, three quite similar formulas have been obtained which ap-
ply directly to tlie heat given out or taken in when two liquids
are mixed, and the corresponding changes of the elastic forces
of the vapors. LeChatelier® developed for the case of a mixture
of two liquids the formula

! !

(B) nfi;%-n'%—,—soo,zL—‘—*#“—t—ldT:O
wherein p and p' are vapor-tensions, L, and Z, latent heats of
vaporization, A the heat disengaged on mixing -2’ molecules
of two liquids, and 7 is the temperature. As is readily seen,
this formula is a special adaptation of Kirchoff's formula; in
reality, they may be considered as expressing similar relations.

Nernst® by carrving out a closed cycle in the thermodynamic

1 Ueber einen Satz der Mechanischen Wiarmetheorie und einige Anwendungen des-
selben : Ann. der Phys, Pogg.. 103, t77, 1885.

2 Loc. cit., 281.
3 Theor. Chem., 102-105.
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sense of the terni. in whicl semi-permeable mewmbranes play a
couspicuous role, has arrived at this equation :

‘/ (/n ’. “+x/n P")

ar s p r

i which Q) is the lieat of mixture,—equal to tlie decrease of
the internal energy,— A and 7 have the same signification as in
formula (.1), p, and 7, are the vapor-tensions of the pure liquids.
aud p and £ the vapor-tensions at tlie moment of mixing, and
x the nmuber of molecules of one component to one molecule of
the other. Asis evident, this formula is quite similar to that
of Kirchoff. wlhich, Nerust claims, is but a special case of his
more general one,

Duliem' has, by the application of tlie thermodyunamic poten-
tial, which lhias proveun so fruitful in his hauds, developed the
following formulas, eachi of which is applicable to thie leat
evolved or absorbed when to a solution of two liquids, certain
masses of either liquid, 0 37, or 6 M, are added :
:4.'_2_R 7 a_l- log /)LL{Q)_
a, @, a7 P (T
%zR 7 (I] loo /)_‘-’ (.'1__._‘ &) :
@, @, a7 Py
in the formulas £ is tlie mechanical equivalent of heat; Z and
L, heats of solution : 2 tlie specific volume of liydrogeu in nor-
mal couditions of temperature aud pressure: # a constant hav-
ing the sanie value for all ideal gases; @, and «, atomicities ;
@, aud ®, molecular masses, 7 the temperature; p, and p, the
vapor-tensious of the solutions; and 7, aud 7, the vapor-teusions
of pure liquids. It is at ouce apparent that this equation, if
Duliem’s comiplete, but rathier prolix manner of writing be suit-
ably transformed, is identical with the omne developed by
Kirchoff.

An important conclusion can be drawn from the above equa-
tions, in case the heat of solution turns out to be eqnal to zero:

(©) Op=—RT"

(D) s

(Dbis)  FL, =

I3 )
then, d. log :ﬁ— becomes equal to zero too. and the ratio /;;- is

d7
independent of the temperature. That,inreality,toa very close

1 Dissolutions et Mélanges; Troisiénie Mémoire; l.es Mélauges Doubles : Travaux
et Ménioires des Facultés de Lille, 100, 7897
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approximation such is the condition of affairs for certain dilute
solutions has been known since 1857 ; and such solutions are
said to follow the law of vou Babo,! which says that the heat of
dilution must be zero.

Now we have found thiat the mixtures of the first class at
least, that is, those made up of benzene, toluene, monochlor-
and monobrombenzene, have vapor-tensious which are practic-

ally indepeudent of the temperature, that is, the fraction ‘;— ‘has

the same value for all temperatures. It follows then that no
thermal cliange should acconipany the act of mixing of the
liquids ; their heat of solution of dilution is zero. No experi-
ments so far as I know, which can give evidence as to thie cor-
rectness of this statement, have been performed ; but there can
be no questioning of the truth of the relation developed and it is
not at all probable that the determinations of tlie vapor-tensious
are niuch in error.

In order to put this prevision of tlieory to the test of expe-
rience, I have made a number of determinations of the thermal
effect of mixing liquids, especially those of the first class. Two
methods were employed, that requiring the use of a Bunsen'’s ice-
calorimeter, and that depending upon the measurement of the
change of temperature.

The ice-calorimeter which was employed was of comparatively
large size, the inner tube having an internal bore of twenty mm.,
and a length of 200 mni. within the outer tube. The calorime-
ter was filled, set up, and manipulated nearly as recomniended
by Schuler and Wartha, the amount of mercury absorbed or ex-
pelled being weighed.

After the calorimeter had been gotten into normal working
condition, it was found that a continuous formation of ice was
occurring around the inner tube. The amount was, however,
not ouly slight, but also very constaut, so that it was possible to
apply an entirely reliable correction for it.

The cooling of the liquids to o° and their subsequent mixing
was acconiplished in the following mianner : A thin glass tube
closed at one end and of such internal diameter as to permit of

1 Berichte iiber die Verhandlungen der Gesellschaft fiir Beforderung der Naturwis-
seuschaften au Freiburg in Brisgau. January.1 57, 282.
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its being easily but suugly slipped iuto the inuer tube of the cal-
orimeter was of such length that abont an inch of it projected
out of the calorimeter. A cylindrical pipette, fitting easily into
the glass tube just described, liad its lower orifice directly below
thie bulb, and was closed by meaus of a glass rod runuing axially
up thirough the pipette aud ground accurately into the orifice;
a bit of rubber tubing was slipped over the glass rod, which
could be pushed dowu between thie rod aud the stem of the
pipette, tlius closing the latter above. Tlie pipette was lheld in
place in tlie tube by means of a tightly fitting cork.

A piece of aluminu foil was for abont two-thirds of its length
cut into in several places along each side nearly to the middle,
and tlie parts thus formed were so bent that, when the otlier
third of the foil was rolled into cylindrical shape and slipped over
thie lower part of the bulb of the pipette, where it was held by
its own elasticity, they formed a nuinber of small paddles, tliose
o otle side directed upwards, those ou the other directed dowu-
wards. Such a stirrer perits of a rapid and complete mixing of
lignids.

To make a determination, a certain amount of one liquid is
introduced into the pipette and weighed tlierein. Tlie other
liquid is weighed in the tube whicli is provided provisionally
witll a cork. The aluminum stirring coutrivauce is then slipped
over the bulb of the pipette, and the latter passed into tlie tube,
beiug held iu place by a tightly fitting cork; tlhie pipette is 1ot
puslied deep eunough into the tube to have its orifice dip iu the
mixture of liquids, aud the paddles reach to the bottom of the
tube. A weighed dish of niercury is allowed to catcli the ex-
pelled mercury of the enipty calorimmeter for exactly half an hour
before the liquids are introduced; by this meaus the calorinieter
correction just before the determination is obtained. After the
introduction of the tube and pipette, the calorimeter is allowed
for a half liour or so to get again into its normal state. After
this has come to pass, a freshi dish of mercury is put under the
mercury tube, the cork liolding the pipette is lifted, the glass rod
is raised a little, and the liquid in the pipette allowed to run out.
The pipette is then tightly closed, and twisted around for a half
winute or so to thoroughly mix the two liquids. The cork is
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again inserted in the tube, and the whole left for exactly halfan
hour. At the expiratiou of that time, the mercury vessels are
changed, and the calorimeter left to itself for another half hour,
when the mercury vessels are again changed, and the tube
and pipette removed. The pipette is again weighed, and the dif-
ference between the two weights gives the amouut of liquid. The
amount of mercury expelled from the apparatus during the last
half hour should, if the thermal equilibrium, disturbed by the
heat evolved or absorbed by the mixture of the liquids, hasrees-
tablished itself, and if uo change in the velocity of the freezing
of the water itself has superveued, be equal to the amount ex-
pelled in the first half hour; in other words, the corrections in
each case should be equal. This I found to be invariably the
case. 'The heat effect of the mixing of the liquids is accordingly
to be obtained from the excess or deficit of the amount of mer-
cury expelled or absorbed iu the uext to the last half hour com-
pared with that expelled during tlie first and the last half hours.
This difference divided by o.01544 gives the number of lesser
calories nieasuring the heat effect of the mixing of the liquids.

By a most scrupulous attention to details in manipulation and
to observance of time, as well as to care in weighing, I think that
the determinations are exact to one-tenth calorie, and even to
less than that.

I give in the following experiments the data obtained in the
determination of the thermal effect of mixing such liquids as
have been found in the foregoing pages to show the simiplest be-
havior, and have hence been grouped into the first class. The
negative sign before a datum is indicative of an absorption of
heat, and consequent formation of ice and expulsion of niercury,
while the positive sign indicates an evolution of heat etc.

Experiment 1 —Heat effect of mixing chlorbenzene and tol-
uene:

Chlorbenzene - «vvvvvvnrnnnen beeeaes Ceeeee e 3.0028 grams.
T OIUENE v v v v trrrnnmessvssssnssscsnsnsssssemensns 4.3032 €«
Calorimeter correction in weight of mercury...... —0.0013 ¢
Weight of mercury moved «.ocovvvvveiin it —0.0018 ¢

o« “ ¢ due to mixing of liquids —o0.0005 ¢
Thermal effect measured in lesser calories........ —0.032 ¢
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Experiment 2.—Heat effect of mixing chlorbenzene and tol-
ucene:

Chlorbenzene ..ot vt iie i e i iiea i 3.7715 grams.
10003 U o TP 1.2190 B
Calorimeter correction in weight of mercury..... —0.0014
Weight of mercury moved . ..ooovvni e, —0.0020  *
oo ‘e © due to mixing of liquids—a.0006 B
Thermal effect measured in lesser calories ....... —0.033 "

LExperiment 3.—Heat effect of mixing brombenzene and tol-
uelle :

Brombenzemne ..o i e 1.G530 grams,
TS ) BT & U< NN 4_368‘0 A
Calorimeter correction in weight of mercury..... —0.0009 "
Weight of miercury moved.....ovvviviiiiii - —0.0020 ‘
v " * dne to mixing of liquids—o.0011 s
Thermal effect measured in lesser calories....... -—0.072 "

FExperiment y —Heat effect of mixing brombeuzene and tol-
uene:

Brombenzene vt it ittt i 1.1611 grams.
O Il e v s et e e e it te ettt v esset sneean et aaanes ;,3887 i
Calorimeter correction in weight of mercury..... —o0.0010 ¢
Weight of mercury moved «...covvevvnnvan —0.0005 .
o - “  duetomixing of liguids4o.0005 !
Thermal effect measured in lesser calories....... +0.032 o

Iuasmuch as benzene solidifies at a temperature somewhat
above that of welting ice, was uot possible to carry out deter-
winations i the ice-calorimeter with it in the pure state: ac-
cordiugly I prepared a mixture coutaining 97.37 per cent. ben-
zene and 2.63 per ceut. clilorbenzene, which was used in exper-
inlent five.

Fxperiment 5. —Heat effect of mixing benzene aud chlorbeu-
zene:

Mixture of benzene and chlorbenzene............ 3.0208 grams.
CHIOIBCIMZEME v evr vt et ettt crae tves saeanetans 6.3470 e
Calorinmeter correction in weight of mercury..... —0.0013 "
Weight of mercury moved ....covvvvviiieinn.s —0.0030 ¢
o ' “due to wmixing of ligunids—o.0017 o
Tlermal effect measured in lesser calories....... —0.101 "

An inspection of the above data shows that none of the heat
effects is much above the limit of accuracy of whiclh tlie niethod
was judged capable. It was deenied worth while, liowever, to
make sonie determinations of the heat effects brought about by
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mixingliquids by nieausof thermometric measurements, especially
for mixtures of benzene and other liquids, as benzene inthe pure
state could not be used in the ice-calorimeter. The apparatus
used, although simple, is capable of telling with considerable ac-
curacy whether there occurs a chiange in temperature when two
liquids are mixed. It consisted of a large U tube, in one branch
of whicli was fitted a thermometer graduated in hundredthsofa
degree, such as described by Beckmann,' aud recommended for
cryoscopic and ebullioscopic work, and in the otlier a pipette
siniilar to the one described above in connection with the ice-
calorinieter. The | tube had a very narrow side tube towards
the top of one branch, which when stopped with cotton wool
permitted the egress of air without any evaporation of the liquids
in the large tube to speak of. Tle stirrer eniployed was similar
to the one used with the pipette in the ice-calorimeter.

A weighed quantity of one liquid was put into the U tube, and
a quantity of the other liquid was weighed in the pipette. The
thermometer and pipette were put in the tube tightly by means
of good corks, the whole apparatus supported on a retort stand,
and wrapped snugly with a thick laver of cotton wool. The ap-
paratus was then set in a room the temperature of which could
be easily kept within twenty-five to thirty degrees C. for several
hours. By working at this rather high temperature, the dis-
turbing effect due to the proximity of the person of the operator
was considerably lessened. When the apparatus had remained
in the room for a couple of hours, the therniomneter was read off
at intervals of a minute for ten minutes, the contents of the
pipette made to flow into the U tube, the two liquids were mixed
as rapidly as possible by a twirling and up aud down motion of
the pipette, around which was clasped the aluminum stirrer,
and then the temperature was read off at each minute for ten
minutes louger. The pipette was then again weighed so as to
get the actual amnount of the liquid discharged by it, since it
never occurred that it emptied itself completely.

The experinients carried out by mieans of this thermochemical
apparatus limit themselves to mixtures of benzene with miono-
chlorbenzeue and with chloroform. They, together with those

Y Zischr., phys. Chem., 2, 644, 1888.
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carried out witl tlie ice-calorimeter, are perhaps sufficient to
serve as experiniental corroboration of tlie theoretical relations
between heat of solutioun and vapor-tension.

It is perhaps best to append thie wlole series of determinations
in order that the reader may judge for liimself of the accuracy of
the results.

CHANGY, OF TEMPERATURE ON MIXING FOUR GRAMS MONOCHLORBEN-
ZENE AND 26.524 GRAMS BENZEXNE.

Before mixing. After mixing.
Minutes. Thermometer readings. Minutes. Thermometer readings.
1 2.242° I 2.339°
2 2.258° 12 2.348°
3 2.272" 13 2.369"
4 2.291~ &1 2.381%
5 2.307% 15 2.388°
6 2.318" 16 2.390"
7 2.330° 17 2.396"
8 2.344~ 18 2.394"
9 2.352" 19 2.388%
10 2.365° 20 2.380"

CHANGE OF TEMPERATURT ON MIXING 6.55 GRaMS MONOCHLORBENZENE
AND 17.54 GRAMS BENZENE.

Before mixing. After mixing.
Minutes., Thermometer readings. Minutes. Thermometer readings.
I 2.591° 11 2.709"
2 2.603" 12 2.751°
3 2.618¢ 13 2.803
4 2.622° 14 2.820
5 2.630" 13 2,829"
6 2.638~ 16 2.838~
7 2.641° 17 2.8477
8 2.649" 8 2.853"
9 2.651° 19 2,861+
10 2.655" 20 2.872¢

CHANGE OF TEMPERATURE ON MIXING 10.86 GRAMS MONOCHLORBEN-
ZENE AND 7.31 GRAMS BENZENE.

Before mixing. After mixing.
Minutes. Thermometer readiugs. Minutes. Thermometer readings.
1 1.830° I 1.421°
2 1.803° 12 1.400°
3 1.790” 13 1,395
4 I-775‘_’ 4 1.372~
5 1.762% 15 1.370%
6 1.760" 16 1.420°
7 1.761° 17 1.435"
8 1.733° 18 1.4507
9 1.710° 19 1.445°
10 1.691- 20 1.438°
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CHANGE OF TEMPERATURE ON MIXING 12.81 GRAMS CHLOROFORM AND
11.87 GRAMS BENZENE.

Before mixing. After mixing.
Minutes. Thermometer readings. Minutes, Thermometer readings.
1 1.489° I1 3.316°
2 1.520° 12 3.348°
3 1.531° 13 3.321°
4 1.540° 14 3.280°
5 1.561° 15 3.262°
6 1.573° 16 3.236°
7 1.582° 17 3.186°
8 1.608"- 18 3.160°
9 1.621% 19 3.138°
10 1.632° 20 3.132°

It is apparent from these results that the change of tempera-
ture when benzene and monochlorbenzene are mixed does not ex-
ceed but a few hundreths of a degree, and even when the relative
amounts of the liquids are about the same the change is in one
case positive, in another negative, so that it is perhaps legiti-
mate to judge that the change of teniperature is largely due to
the probability that the two liquids are at slightly different tem-
peratures to begin witli, and that in reality no or but an exceed-
ingly slight heat effect occurs wlen these two liquids are mixed.

In the mixing of benzene and chloroform, however, there is
a considerable rise of temperature, as indeed might be expected,
since niixtures of chloroform and benzene do not in their vapor-
tensions present the siniplest phenomena. I have experimented
with several other mixtures of liquids not belonging to the first
class, especially with the ice-calorinietric method, and have
found that they present certain abnormalities, some absorbing
heat, and some evolving heat; these determinations, together
with certain theoretical considerations, will form the substance of
a subsequent paper.

Considering the above experiments as a whole, we may con-
clude that they are in entire corroboration of the formulas (A),
(B), (C), and (D).

Nernst' found by the comparison of the theoreticalconclusions
with certain experimental data that the maximum of work, ob-

1 Ueber die mit der Vermischung Konzentrirter Losungen verbundene Aenderung der

freien Energie : Sonderabdiuck aus Nr. 12 der Nachrichten von de Ko6niglichen gesell-
schaft der Wissenschaften zu Géttiugen, v. J.. 1892,
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tainable by mixing two coucentrated solutions with the same
solvent, is “‘often”’ equal to the concurrent thermal change.

He tlien proposes to call "' a lLomogeneous mixture of twa
substances, of whiclh the maxiunnm of work wluel can be ob-
tainted by a cliauge of its composition, is uteasured by the con-
comitant thiermal phenomena.”” an “‘ideal concentrated solu-
tion."”

The coutrast between ‘‘ideal dilute solutions™ and ' ideal
concentrated solutions’ is best sliown by a cousideration of the
equation whichh rules over all Nature's lappenings: this,
according to Helwholtz,' is

F—Q=7

X3

o[

(\'"} 3

wlierein /" represents tlie decrease in the '“free cuergy’’ (freie
Euergie) ; O that of the "’ total eunergy”’ (Gesamtenergie), and
7" the initial and final temnperature, assumed to be tlie same in
tlie operation under cousideration. The characteristic of the
*“ideal dilute solutions’" is thiat Q = o and that of the ‘‘ideal
coucentrated solutious’ is that =z Q.

My object in mentioning these acute distinctions by Nernst is
to call attention to the fact that tliere arc certain combinations
of substauces (liquids) whicli, wlen mixed, develop 1o or very
little lieat, no matter what the relative proportions may be ; that
is, there exist “ ideal dilute solutions” which may have any
composition whatsoever, or, in othier words, coucentrated solu-
tions may often follow the laws supposed to belong exclusively
to dilute solutions. It is questionable, tlien, whetler tlie notion
of ‘“ideal concentrated solutions™ is 1ecessary i scieuce.

15. VAPOR-TENSIONS OF MIXTURES OF ACETIC ACID WITH BEN-
ZENE AND WITH TOLULNE.

Two series of deterniinations were carried ont on tlie mixtures
of benzene and acetic acid, one at 35° aud one at 20°, but one,
however, for the mixtures of toluene aud acetic acid, at 35°.
In order to apply to the experimental results of tlie work, our
niode of calculation of the vapor-teusious, itis necessary to kuow
the molecular mass of gaseous acetic acid at the above two teni-
peratures. Now acetic acid even in the vaporous coudition is

1Zur Thermodynamik chemischer Vorgange. Sitzunygs-Berichte der Berliner
A kedemie, 22, 7882,
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made up in part of polymerized niolecules, sothat it is not legiti-
mate to set its molecular mass equal to that corresponding to the
formula C;H,O,. What the actual molecular nass of the gas-
eous acid at 33° aid 20° is, can be easily calculated by the aid
of tlie vapor-density determinations of Bineau' which are the
niore applicable to the case in hand as his vapor-deusity nieas-
urenients were made under the same conditions as my vapor-
tension determinations ; that is to say, Bineau measured the
anount of acetic acid that diffused iuto a definite volume of air
at a fixed temperature. ‘The molecular mass of acetic acid as
deduced froin Bineau’'s observatious, is 104 for 35° and 110 for
20°. It may be worth while to remark that an error of five in
the molecular mass will not entail an error of one millinieter in
the vapor-tension : we niay with all coufidence then adopt the
above niolecular masses of acetic acid in state of vapor as quite
accurate.

The necessary data of the experiments are given in tables XI
to XIII, the superscriptiou to each vertical column renders any
explanation of them here superfluous.

TasLk XI.
Vapor-Tensions of Mixtuves of Benzene and Acetic Acid at 35°.
Vapor- Tension of Benzene at 35° 1s 146 mm. of Mercury.
Vapor-Tension of Acetic Acid at 35° is 26.5 mm. of Mercury.

Per cent
Per cent, of CGH,0, Grams Grams Baroni- Inter-
of C,H, O, in C,H,0, CeH, Tension Tensiou Volume eter nal
in liquid = gaseous in va- inva- of CgH,0, of C¢Hj of air in pressure
mixture. mixture. por. por. inmn, immm. iumm. mm. inmm

6.44 2.45 0.0461 1.3759 3.5 140.0 1955 758 14
15.17 4.74 0.0834 1.3580 6.4 129.2 1958 758 15
37.10 8.25 0.0700 1.5840 10.5 117.0 1020 767 16
43.99 11.02 0.0867  0.5243 13.2 106.5 o019 766 16
49.86 12.26 0.0931 0.4849 140 103.1 1020 766 17
§3.24 13.33 0.0969  0.4731 14.9 97.6 1020 766 17
54.65 13.82 0.0990  0.4630 15.3 97.3 1020 766 17
56.60 14.62 0.71063  0.4677 16.4 g6.0 1020 766 17
73.87 20.18  o.1156 04585 184 72.7 rorg 766 16
80.00 26.91 0.1351 0.2751  22.3 59.3 1020 766 17

TaBLE XII.
Vapor-Tensions of Mixtures of Benzene and Acetic Acid at 20°.
Vapor-Tenston of Benzene at 20° is 75.6 mm. of Mevcury.
Vapor-Tension of Acetic Acid at 20° is 11.7 mm. of Mercury.

1 Recherches sur les Relations des Densités des Vapeur avec les Equivalent
Chimiques : Aun. chinm. phys., 18, 226, 1846.
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Der cent,
Per cent. of €;1{,0, Grams Grams Baromn. luter-
of C,H40, in gase. C,H, 0, Cald, Tension Tension Volume eler nal
i liquid ous in va. in va. of C,H O, of C4H, of air in pressnre
mixture, mixinre. por. por. inmm.  inmm. in cc. noun.  in mo.
53.24 11.99 0.0440 0.2291 6.6 48.7 1018 760 16
So0.00 21.97 0.0576  0.2100 9.1 33.0 1018 760 16

95.28 64.66 0.0674 0.0276  II'4 6.2 1018 760 16

Tasrr XIIIL.
Lapor-Tensions of Mixtures of Toluene and Acetic Acid at 35°.
Papor-Tension of Toluene at 357 is y7.2 mm. of Mercury.
Papor-Tension of Acetic Acid at 35° 1s 26.5 mon. of Mercury.

I'er cenl.
Percent, of C,H,0, Grams Grams Barom. Inter.
of C,11,0, in gase- C,l1,0, C.14, Tension Tension Volmne eler nal
in liguid ous in va. in va-  of C,H,0, of C;Hy of air in pressure
mixinre,  wixture, por. por. inmm. inmm. incc. mm. in mm.

49.00 32.66 0.091T 0.1661  15.0 31.8 1020 760 18

60.88 37.91 0,1025 0.1485 17.4 28.5 1020 760 18

83.37 56.36 0.1232 0.0858 22.2 16.7 1020 760 18

From the above data curves were constructed on a large scale
with perceutages of composition as abscissas and vapor-tensions
as ordinates (oue inclh on the axis of abscissas correspouded to
five per cent.: one inch on axis of ordinates to ten mni. of pres-
sure); these proved to be perfectly regular, and passed directly
thirough most of the points.

The poiuts for acetic acid either fell upon or very close to the
straight line conuecting the left hand origin of the coordinate
system with the point on the right liand axis of ordinates corres-
pounding to the value of the vapor-tension of pure acetic acid at
thie temmperature in question, wiz.: 26.3 for 357, and 11.7 for
20°, tlie acetic acid vapor-tension curve is simply a straight
line, then, when the composition is expressed in percentages.
Au interesting conclusion to be drawn from this fact is that the
partial teusion of acetic acid is tlie same, be it mixed with ben-
zene or with toluene: the specific influence of the diluting liquid
seeuls to be extremiely slight; if, indeed, there is any at all.
This circumstance also indicates that the miolecular condition
of the acid is tlie same when it is dissolved in either of the
liydrocarbous so as to foru solutions of the sanie strength; this
insight into the molecular structure of acetic acid enables us to
determine by a little calculation its molecular niass not only in
the dissolved but also in tlie pure state. In the following section
will be set forth the modus operandi,
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From the curves drawn as just described above, the partial
pressures of the various constituents of the mixtures were taken
for concentrations correspouding to ten, twenty, thirty, ......
ninety per cent. of acetic acid; the data thus obtained are given
in Table XIV.

TaBLE XIV.
Partial Pressures of Benzene, Acetic Acid, and Toluene.
Per cent. Partial Partial Partial Partial Partial
of C,H, 0y pressure pressure pressure pressure pressure
in of CxHg at of C,H,0, at of Cli-{R at of C4H, at of CuH,04 at
liquid 35°in 35°1n 35°in 20° in 20° 1n
mixture. mm. nm. mm. mm. nin.
10 138.4 2.8 44.5 71.4 1.2
20 130.9 5.6 41.6 67.5 2.3
30 122.2 8.2 38.6 63.1 3.5
40 112.6 I1.1 35.0 58.2 4.8
50 102.4 13.6 31.9 53.2 6.0
60 90.7 16.2 27.8 47.1 7.2
70 76.7 19.1 23.1 40.1 8.4
8o 59.1 21.7 18.4 37.1 9.6
90 35.1 24.2 I1.1 18.5 10.7

16. THE MOLECULAR MASS OF LIQUID ACETIC ACID AND & GEN-
ERAL METHOD OF DETERMINING MOLECULAR MASSES OF
LIQUIDS.

The data given in the preceding section on the vapor-tensions
of mixtures of acetic acid and benzeue, taken in connection
with the fact that the partial tension of benzene in its so-
lutions is directly proportional to its concentration, permit of de-
termining the molecular mass of the acid when diluted to any
degree whatsoever with the liydrocarbou; and this special case
may be generalized so as to permnit of universal applicatiou.
Furthermore, if the molecular mass of a substance be knowu in
solutions of every degree of concentration, it is possible by a little
extrapolation to pass over to the molecular mass of the pure
liquid. It is, of course, assumed in making such an extrapola-
tion that no break occurs in the continuity of the phenomenon,
that is, the addition of very small quantities of a normal liquid
to an associated omne occasions correspondingly small changes in
the degree of complexity of the niolecules of the latter.

The way in which I have gone about to get at the molecular
mass of acetic acid in benzeue and toluene solution is as follows :

In a system of coordinates, molecular masses of acetic acid
from o to 100 were laid off on the axis of abscissas (twenty inches
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long), and on the axis of ordinates, the vapor-tensions were taken
from o to 130 nini. of mercury (fifteen inches long). A straight
line was drawn fromn tlie poiut rco on the axis of abscissas and o
on the right-liand axis of ordinates to the point o on tlie axis of
abscissas aund 146 (benzene at 33°), 55.6 (benzeue at 20°), and
17.2 (tolueue at 357). Upou this straight linue must lie all the
poiuts corresponding to tlie partial tensions of beuzene or toluene
dissolved in acetic acid. So poiuts were marked along it giving
tlie value of the partial teusious of beuzene aud toluene in solu-
tions coutaining ten, twenty, thirty, etc., per cent. of acetic acid,
the data being taken froin table XIV.

The value of tlie abscissas whicl thiese points determine give
the number of miolecules of acetic acid contained in roo mole-
cules of tlie inixture. All that lias to be doile now is to solve for
every case this problen1 : Given a mixture containing = parts of
d liquid 4, having a molecular mass 2, and » parts of aliquid 7,
liaving a molecular mass y; thie mixture is made up of » wole-
cules of A4, and s molecules of 7. What is the value of x in the
terms of ¥, m, n, #, and s?

In thie case before us, we will takeacetic acid for the liquid A4,
aud beuzene, or toluene as tlie case may be, for 7; then = is eqnal
to (100—m), and s to (100—7).

It is easily found that the solution of our problem is

msy n (100—7r)y
— I OF = e—— =
rn (100—m)7r
In the accompanyiug tables, XV, XVI, and X VII, the values

of m, », and x, are given.

TaBLE XV.
Molecular Mass of Acetic Acid dissolved in Benzene at 35-.
Percent. C;H,0, in Molecules C,H,Q), in 100 Molecular mass of
liquid mixture. molecules of liguid mixture. acetic acid.
10 5.2 158
20 10.6 164
30 16.6 167
40 23.1 173
50 30.0 182
60 37.7 193
79 47.2 203
8o 59.3 213
g0 75.6 227

100 100.0 240
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TaBLE XVIL
Molecular Mass of Acetic Acid dissolved in Benzene at 20
10 5.1 161
20 10.5 166
30 16.2 172
40 22.6 177
50 29.6 186
60 37.2 198
70 46.7 208
80 58.7 218
90 75.2 231
100 100.0 244
TABLE XVII.
Molecular Mass of Acetic Acid dissolved in Tolubne at 35°.
Per cent. of C,H,0; in Molecules C;H, 0, in 100 Molecular mass of
liquid mixture. molecules of liquid mixture. acetic acid.
10 6.1 159
20 12.4 163
30 19.0 168
40 26.5 170
50 32.8 188
6o 41.3 196
70 51.2 204
80 61.1 213
90 78.4 228
100 100.0 240

Considering tables XV and XVTI first, we see that the values
of x are approximately the same, the niolecular niass of the acid
becoming less and less as it is more and more diluted with ben-
zene or toluene. It is remarkable that these two series of values
for x fall out so nearly the same, for in the mixture of toluene
and acetic acid, the differences of their vapor-tensions is so slight
that the line of partial pressures of toluene is nearly horizontal,
and an error of one millimeter in the determination of the partial
pressure niay occasion an error of four units in the molecular
concentration; in the miixture of benzene and acid, however,
the error arising from this source is not more than three-teuths
of a uuit, the angle made by the line of partial pressures being
considerably greater than in the case of the other mixture.

For the determinatious carried out at 20° oun the mixture of
benzene and acetic acid, it is seen that the number of molecules
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of acid is less, and lience their molecular mass is greater, than
when tlie determinations were carricd ont at 33°.  This is just
what is to be expected for tlie lowering of temperature has been
found to be invariably accompanied by an increase in tlie con-
densation of the molecule.

I have sketclied the curves corresponding to tlie values of m
and x given in the foregoing tables. in a system of coordinates
with percentage composition as axis of abscissas and wolecular
masses as axis of ordinates.

The curves for tlie mixture of acetic acid aud benzene at 35°
practically coiucides witll that of tlie mixture of acetic acid and
toluele at 35°, while the curve for the mixture of benzene and
acetic acid at 20° is parallel and slightly above the otlier two.
The curves are perfectly regular in forni, aud if prolouged to cut
the right-land axis of ordinates caunot give values varying by
niore thian one unit; accordingly it may be claimed that the
point where thic axis of ordinates is cut by tlie extrapolated curve
gives to about one unit the molecular mass of acetic acid in the
liquid state at the temperature taken for the determiinations.
The results of my extrapolations gives as the molecular mass of
liquid acetic acid at 35°, 240, and, at 20°, 244.

It is interesting to compare these'results with those obtained
by Ramsay and Slhields.” These investigators found by tlie de-
termination of the superficial tension of acetic acid that its nio-
lecular mass between tlie temperature liniits, 16° and 46°, was
equal to 217.2 (60 X 3.62): althougl thiis result leaves room for
cousiderable uicertainty as to what the molecular mass of the
acid is at any given temperature between these limits, it is in
corroboration of my results: for, as lias beeu well establishied,
the degree of association iu tlie molecules of a complex liquid is
greater tlie lower the temperature, and my results pertain to tem-
peratures wlicli are lower or about tlie sauie as the mean of the
two extreme temperatures given by the two English cliemists.

The method of determining the molecular masses of liquids
described in this section is the only one as yet devised, whicl
peruiits of tlie deterwination at any given temperature of the
mass of the miolecule.

1Teber die Molekulargewichie der Fliissigkeiten, Zrschr. phys. Chem., 12, 470, 1895.
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It is founded on empirical results and depends upon no hypoth-
esis other than the universally recognized one of Avogadro. It
is applicable to all cases where the substances under examina-
tion can be accurately analyzed. It calls for no special appara-
tus, even a modest laboratory being provided with the necessary
pieces. It requires no great amount of manipulative skill, aud
the results are obtained in relatively short time. I hope that it
will be rigidly tested by chemists, and any omissious of thisiere
sketch be supplied.

RESUME.

The main results of this article may be sumined up as follows:

1. A niethod of deteriiining the partial pressures of niixtures
of liquids has been elaborated, and its sources of error discussed.

2. Although the method can be said to give the vapor-tensious
of pure liquids with an accuracy equal to that obtainable by the
best of other methods only when the liquids are not very vola-
tile, the results obtained by it for mixtures of liquids of not too
different volatilities are accurate enough to serve as tlie experi-
niental basis for theoretical deductions and geueralizatious.

3. A number of mixtures of representative liquids have been
investigated as regards their vapor-teusious.

4. Iu some cases, extreniely simiple relations were found; in
others, certain complexities presented thiemselves.

5. A recalculation of Regnault’s determinatious of the vapor-
teusious of sonie mixtures of normal liquids as well as a cousid-
eration of Raoult’s couclusions aud Brown’s work ou the boiling-
poiuts of solution sliowed that it was perissible to apply what
was found true for any one temperature to any otlier.

6. The relations between tlie concentrations iu the gaseous aund
liquid pliases were found to be quite simple and entirely in ac-
cordance with the provisious of tlie tlieoretical relatious estab-
lislied by Planck and Nernst.

7. The clhianges of temperature occurring wlien certain liquids
were mixed were found to be very small, and the resulting
niixtures were those which exlibited tlie simplest relatious in
their vapor-teusions.

8. The vapor-teusious of mixtures of acetic acid with benzeue
aud with toluene were deternmined, aud tlie results were such as
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to permit of thie determination of tlie molecular mass of the dis-
solved aud liquid acid.

9. A geuneral method for the determination of tlie molecular
masses of associated liquids at any given temperature was de-
veloped and illustrated with acetic acid.

The experimental part of this investigation was done i1 a lab-
oratory iu the School of Mines at Paris, placed at my disposition
by the antliorities of that noble iustitution; aud I liere take the
pleasaut privilege of thanking them for the courtesy thus ex-
tended ta me. My cordial thauks are also due to M. Emilio Da-
wour, /ngénienr civil des Mines, for his foresceing kindness in
furuishing me with apparatus and material; especially are wmy
thanks due, however, to M, H. LeChatelier, /ugénicur cn chef
des Mines, whose wise direction and good couunsel liave been of
great value to me throughout the work.

CHICAGH, May 1. 1803,

WARNING AGAINST THE USE OF FLUORIFEROUS
HYDROGEN PEROXIDE IN ESTIMA-
TING ‘'TITANIUM.

By W. F, H1LLEURAND.

Rucvived May =, 18,

UNNINGTON!' has pointed out a source of error to be

guarded against in estimating titanium in rocks and min-
erals by Weller's niethod, due, as lie believes, to tlie partial
reversion, in certain cases, of ordinary titanic to meta-titaunic acid,
which does not afford a vellow color with hydrogen peroxide.
It rewaius for me to indicate another source of error in the pos-
sible presence of fluorine in the liydrogen peroxide.

For two years tlie colorimetric method has given reasonable
satisfaction iu this laboratory, but recently a new lot of hydrogen
peroxide was purchased of a different braud from that hitherto
used, and, after a time, it was noticed that the results obtained
were in some instances far too ligl, and that 1o two determina-
tious agreed.

It is kuown that hiydrogen peroxide does not produce a yellow
color in titaniuwm solutious carrying hiyvdrofluoric acid or fluorides.
and moreover tlie addition of even a drop of tlie dilute acid to

1 This Jonmal, 13, 210.



