THE ELECTRO-TITRAMETRIC METHOD, ETC. 1803

chlorine and phosphate in such liquids (for example, urine) no difficulties
were presented, the results being in perfect accord with those obtained
by the other methods. The advantages of the electro-titrametric method
in these latter instances are, the possibility of an exact analysis of a few
cubic centimeters, and at the same time an extremely high degree of pre-
cision.

It is necessary here to call attention to the fact that in the determina-
tion of SOy in such liquids certain complications were encountered, which
impressed us with the fact that we had to deal with a liquid of different
composition from the synthetical solution. Observing certain precau-
tions, as for example, degree of acidity, kind of reagent, etc., we were in
some instances able to obtain results which.closely agreed with those
of gravimetric determinations.

The last curve is an illustration of the acid- and base-binding capacity
of a physiological liquid, in this case urine. The previous statement
in regard to the use of indicator is especially true in this case. It should
not be overlooked, however, that the direction of the curve in such cases
is probably not entirely due to the above stated phenomena, because
other factors, such as changing viscosity, may affect the total result. It
is interesting to note that in this connection successive precipitations
were observed after the addition of certain amounts of the reagent.

It is the belief of the writers that such curves may prove to be in some
cases a more instructive demonstration of the complex properties of such
liquids and that more deductions might be drawn from such curves than
those from a turning point of an indicator.

As the nature of this publication is preliminary, the authors wish to
reserve the right to develop this field more completely in the near future.

AMHERST, MaAss.
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Section I.—Introductory Remarks.
1t is scarcely necessary to point out that the partial pressures of volatile
mixtures are not measured as such. What is really determined, is the
composition of the vapor which is in equilibrium with the liquid mixture.
The partial pressures are then assumed to be proportional to the molar
percentages of the components in the vapor, and their absolute values
become known if the total pressures have been determined manometrically.

1T gladly acknowledge my indebtedness to my research assistant, Dr. John F. W.
Schulze, for valuable help in preparing this paper for publication. M. A. R.
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The main difficulty involved is that of analyzing the vapor with sufficient
precision. The method that has been most extensively used in the past
consists in distilling off a small amount from the given mixture and anal-
yzing the distillate, on the assumption that if the relative amount of dis-
tillate is sufficiently small, its composition is very close to that of the first
trace of vapor given off by the liquid. As the precision and reliability
of this method are in many ways subject to doubt, and as the results ob-
tained have often been found to disagree with those yielded by other
methods, it appeared desirable to devise a method, the reliability of whose
results should, as far as possible, be free from doubt. Such, we believe,
is the method devised by Rosanoff, Lamb, and Breithut,! and worked out
in its practical details in these laboratories.? It consists, briefly, in pass-
ing a binary vapor of constant composition through a liquid mixture of
the same substances; as long as the liquid is not in equilibrium with the
vapor, its composition changes, and consequently both its boiling point
and the vapor escaping from it change continuously. When the composi-
tion of the liquid has finally adjusted itself to that of the vapor employed,
and equilibrium has set in, everything becomes constant: the thermom-
eter'in the liquid indicates a constant temperature; the escaping vapor has
ceased changing, and comsecutive fractions of it condensed show the
same composition. The attainment of equilibrium is thus attested in
two independent ways, and as the condensed fractions can be taken as
large as desired, the analytical difficulties disappear, and the composi-
tion of the equilibrium vapor becomes known with all precision necessary.
Unfortunately, the required apparatus is somewhat complex, and its
efficient handling calls for considerable manipulative skill, so that the
method can scarcely be recommended for ordinary use, in connection
with studies of either the theory of solutions or fractional distillation.
The method just referred to has served to demonstrate that reliable

partial pressure data can be obtained by distilling off a small fraction,
as has long been practised. Thus, the well-known results obtained by
v. Zawidzki® are doubtless very good. Only, on account of the tendency
of certain impurities, such as moisture, to accumulate in the first distil-
late, the organic liquids employed must be exquisitely purified, and the
small distillate to be analyzed must be handled with great care, if its com-
position is mnot to be grossly affected by evaporation. Furthermore,
even v. Zawidzki's apparatus is of somewhat complex construction and
calls for no little delicacy of manipulation. Thus a need still remained
for a simpler and more rapid, yet sufficiently reliable, laboratory method.

1 Rosanoff, Lamb, and Breithut, THis JOURNAL, 31, 448 (1909); Z. physik. Chem.,
66, 349 (1909).

2 Rosanoff and Easley, THIS JOURNAL, 31, 953 (1909); Z. physik. Chem., 68, 641
1910).
(o 3)Von Zawidzki, Z. physik. Chem., 35, 129 (1900).
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Such a method is described in the present communication. It was first
devised and successfully employed in these laboratories during the year
1910-1911, and a brief preliminary account of it was published in 1911.!
Since then, however, it has been used here in a number of new cases of
both binary and ternary mixtures, and to-day we feel justified in recom-
mending it as the easiest method for ascertaining the composition of vapors
in equilibrium with all sorts of liquid mixtures. We believe, further,
that it would be especially useful where the available amount of substance
is too small for the older methods to yield accurate results.

Section II.—Principle of the Method.

The problem is to ascertain the composition of the first infinitesimal
amount of vapor given off by a liquid mixture of known composition.
To this end we subject the given mixture to distillation, carefully avoid-
ing reflux condensation. The amount finally driven over may be as great
as 8o or 909, of the total original weight. And imagine that we have
. obtained knowledge of what the composition of the distillate was when
its weight was, say, 1 g.; what the composition of the distillate was when
its weight had reached 2 g., then 3 g., 4 g., 5 g., etc. If the composition
of the distillates were now plotted against their weights, a curve would be
obtained, every point of which would indicate the composition that the
distillate would have when its weight has attained any definite amount
within the range of the curve. But only a moderate extrapolation back-
ward would lead up to the composition axis, that is, to where the weight
of distillate is zero. The point of intersection would obviously indicate
the composition of the first indefinttely small amount of distillate, and thus
our problem would be solved.

This is, in fact, our procedure. Only, instead of allowing the distillate
to accumulate in the receiver, we remove seven or eight -consecutive
fractions of it, and weigh and analyze them separately. Knowing the
weights and compositions of Fractions 1 and 2, we can readily calculate
the weight and composition that would have been found if they had been
allowed to form a single combined fraction. Similarly, knowing the
weights and compositions of 1, 2 and 3, we can easily calculate what the
weight and composition would have been if these three distillates had
been allowed to form a single fraction, and so forth for the rest of the dis-
tillates obtained.

The extrapolation just mentioned indicates, as stated, the composi-
tion of the first infinitesimal amount of vapor evolved by the given liquid
mixture. But the same experiment yields also further information.
Suppose that eight distillates have been collected and that the composi-
tion of the residue had been found by analysis. Knowing, again, the
weights and compositions of Fractions 8 and 7, we can calculate the weight

! Rosanoff, J. Franklin Inst., 172, 527 (1911).
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and composition that would result if the two were mixed, or if they had
been allowed to form a single fraction. Similarly, we can find the com-
bined weight and composition of Nos. 8, 7, and 6, then of Nos. 8, 7, 6,
and 5, etc. Suppose now that the weight of No. 8 is entered as an ab-
scissa and the composition of No. 8 as the corresponding ordinate; that
the combined weight of Nos. 8 and 7 is taken as a second abscissa, and their
combined composition as a second ordinate, etc. A new curve would
thus result, and this curve again we would extrapolate to intersection
with the composition axis. The point on the curve corresponding to dis-
tillate No. 8 may be thought of as the composition of the mixture returned
to the residue when the weight returned, as if by a reversal of the actual
distillation, is that of No. 8. Similarly, the point of intersection on the
composition axis would represent the composition of the first infinitesimal
amount returned to the residue. But this is evidently nothing else than the
composition of the slight amount of vapor still in contact with the residue.
In this manner our one actual distillation teaches, not only what vapor
is in equilibrium with the original mixture, but also what vapor is in
equilibrium with the final residue. It would be easy to show that simple
enough calculation could further reveal the composition of the vapors
in equilibrium with mixtures intermediate between the original and the
residue. But we will not insist on this point, as we have not made use of °
it in our practical work.
Section III.—Apparatus and Manipulation.

In applying experimentally the simple principle just stated, an appara-
tus was devised in which reflux condensation is practically impossible.
The apparatus, drawn to scale in cross section, is shown in Fig. 1. It
consists of a pear-shaped vessel with a long neck, near the upper end of
which are four circular openings for the escape of the vapor. A glass
jacket, fused on to the rim of the neck, surrounds the flask and ends
below in a tube through which the vapors escape into a powerful worm
condenser, and thence, in liquid sform, into a receiver having 'several
compartments for the convenient collection of consecutive fractions.
The receiver communicates with the atmosphere through a tube filled
with calcium chloride, to keep out moisture. The neck of the pear-
shaped boiling-vessel is permanently stoppered above with a cork, which
is made thoroughly vapor- and liquid-tight with shellac and sealing-wax.
The cork carries an electric heater of platinum wire, and, for the intro-
duction and withdrawal of liquid, an adapter-tube reaching nearly to the
bottom of the boiling-vessel. Liquid is introduced and withdrawn with
the aid of a separatory-funnel fitted by means of a tight cork into the upper
part of the adapter-tube, as shown in the diagram. During operation the
boiling-vessel is thus surrounded by the vapor of the boiling liquid itself,
and thus reflux condensation is prevented. But to make doubly surg
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of this, the jacketed distillation vessel is all but completely immersed in a
bath, whose temperature, roughly constant, is somewhat above the high-
est temperature that may be at-

tained by the boiling mixture experi- = =3
mented upon.

The manipulation is very simple.
A mixture of known composition is
introduced into the distilling vessel
and is set boiling by means of the
electric heater. There being no re- 3
flux, the distillation is usually very =} £
rapid, each fraction taking only a -
minute or two to collect. The frac- |
tions are received in small, carefully
weighed glass-stoppered  bottles,
and in scarcely half an hour, dur-
ing which the apparatus requires
little attention, the run is complete.
Now a sample of the residue is with-
drawn for analysis, the several
distillates are weighed (with a pre-
cision of about 0.05 g.), and finally
the residue and the distillates are
analyzed as stated above.

We have not mentioned the di-
mensions of the distillation ap-
paratus. In our earlier work the
pear-shaped boiler had a capacity
of about 300 cc. and was almost
filled with the liquid mixture for a
run. To prevent the protrusion of
the platinum heater above the
liquid, the distillation was usually
interrupted when about 100 ce. of
liquid still remained in the vessel.
More recently a smaller apparatus
has been employed here, the pear-
shaped boiler having a capacity
of only 125 cc, and the shape
of the platinum heater was modified to permit of leaving a residue of barely |
25 cc. ‘There is, however, no reason why a still smaller apparatus should
not be employed when only a scanty amount of experimental material
is available. '

Fig. 1.
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Section IV.—Analytical Method.

The composition of our binary mixtures was determined on the basis
of their refractive indices by an interpolation method first recommended
by Ostwald and since used by von Zawidzki and also in this laboratory.
The indices of a number of mixtures of exactly known composition are
determined, and from these the percentages are calculated which would
correspond to these indices if the latter obeyed the rule of additivity.
The differences between the true and these ‘““ideal” percentages are
plotted as ordinates against the ideal percentages themselves. The re-
sulting curve gives the correction to be algebraically added to the ideal
percentage, the latter being calculated in any given case from the equa-
tion:

M — 1)

1n—1
where 7; is the refractive index of the isolated component whose ideal
percentage in the mixture is sought, 4, is the index of the second com-
ponent in the isolated state, and 7 is the observed index of the mixture.

Tables I-III give the corrections for a number of ideal percentages
in the case of three pairs of liquids; the data of Tables I and II are based
on new measurements; the data of Table III are calculated from the meas-
urements of von Zawidzki.! Corrections for other percentages than those
given in the tables will readily be found by graphic interpolation. All
these cortections lead to the true composition of the mixtures expressed
in molar percentages.

Ideal percentage =

TasLE 1. TaBLg II. TaeLg III
CHLOROFORM—TOLUENE. ACETONE—TOLUENE. ETuv1, IopibE—ETHYL
ACETATE.

The index of CHCl; is The index of (CH;):CO is The index of the iodide is
1.44301. Thatof CgHyCH; 1.35662. Thatof C¢HsCH; 1.51009. That of the
is 1.49323. Temp. 25.4°. is 1.49337. Temp. 25.0° acetate is 1.37012. Temp.

25.2°
Ideal 9, Correc- Ideal 9, Correc- Ideal 9% Correc-
HCl,, tion. (CH;):CO. tion. CaH;I. tion.

o) o o o o o
10 +2.04 . 10 +3.03 10 +4.12
20 +3.72 20 +3.56 20 +6.96
30 +4.72 30 +7.35 30 +8.68
40 +5.26 40 +8.56 40 +9.41
50 +5.32 50 +9.16 50 +9.42
60 +5.04 60 +9.12 60 +8.70
70 +4.43 70 +8.31 70 +6.21
80 +3.31 8o +6.52 . 80 +5.36
90 +1.68 90 +3.56 90 +2.96

100 o 100 o 100 0

! Von Zawidzki, Loc. cit.,, p. 145.
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Tables for the analysis of mixtures of carbon disulphide and carbon
tetrachloride may be found in a former communication.!

Ternary mixtures, whose partial pressures were determined by the
present method, have been analyzed according to the procedure described
by Schulze.?

Section V.—Purification of the Substances.

Our substances were purified as follows: Carbon disulfide was thoroughly
shaken with lime, allowed to stand for some time in contact with mer-
cury, dried with calcium chloride, and distilled; a large middle fraction
collected for use passed over within less than o.1° - Kahlbaum’s carbon
tetrachloride required mno further treatment than drying with calcium
chloride and redistilling, the fraction collected for use boiling again within
0.1° Chloroform from a well-known American manufacturer was washed
with dilute sulfuric acid, then with caustic potash, and next, five times
with water. After drying with calcium chloride, it was distilled in dim
light, a large middle fraction, boiling between 60.9° and 61.0° being
kept for use. A high-grade commercial ¢oluene was thoroughly washed
with water, dried with calcium chloride, and distilled, the utilized frac-
tion passing over between 109.5° and 109.6°. A quantity of commercial
acetone was boiled for ten hours with an excess of solid potassium per-
manganate, distilled off, dried with potassium carbonate, and redistilled;
the fraction kept for use passed over within 0.1° The ethyl jodide was
prepared by ourselves, from resublimed iodine, absolute alcohol, and
pure red phosphorus; the crude product was washed with a solution of
caustic potash and with water, then dried with calcium chloride, distilled,
and preserved in contact with finely divided (“molecular’) silver; the
preparation distilled over completely between 72.6° and 72.8°. Finally,
a good grade of commercial ethyl acetate was washed with a 509, solution
of calcium cploride, then dried with fused calcium chloride, and distilled,
the utilized fraction passing over between 76.6° and 76.7°.

Section VI.—Results for Carbon Disulfide—Carbon Tetrachloride.
TaBrLg IV.—RUN A.

Weight of distillate. Molar 9%,
No. of distillate. Grams. Index of refraction. of CSs.
S 16.48 1.53177 59.35
2 19.43 1.53108 58.96
P 15.86 1.52815 57.21
P 16.00 1.52491 55.25
. 23.75 1.52088 52.73
Bt e e e 17.80 1.51639 49.85
27 25.23 1.51181 46.79

It would have been advantageous to express the composition of the dis-

1 Rosanoff and Easley, Loc. cit., p. 970.
? Schulze, THIS JOURNAL, 36, 498 (1914).
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tiallates, not in wmolar, but in weight percemiages, as the former compli-
cate the calculations unnecessarily. We will, however, reproduce all re-
sults in this paper in the form in which they were originally obtained and
used.

From the figures of Table IV, calculation gives the following:

TaBLE V.
Combined Combined
Com- compo- Com- compo-
bined sition. bimed sition.
Distillates weight. (Molar Distillates weight, (Molar
combined, Grams. % CSi1.) combined. Grams, 9% CSs.)
D T 16.48 59.35 Now 7ooriiiiiniiiininienes 25.23 46.79
Nos. 142, 00ivueinnnrnsenns 3591 59.11 Nos. 74+6.0ieviiinnnrnrinns 43.03 48.07
Nos. 1424+3000iicnransinnns 51.77 58.55 Nos. 74645...cvviiiinnnnn 66.78 49.76
Nos, 14+24344....c0vvinnns 67.77 57.79 Nos, 74+6+5+4.....000v00ns 82.78 50.86
Nos. 1+2434+44+5.000cvuesn 91,52 56.51 Nos. 74+6+54+44+3....00.... 98.64 51.92
Nos. 1 +24+3+4+5+6....... 109.32  55.47 Nos. 74+64+5+4+3+2....... 118.07 53.10
Nos. 14+2+34+4+5+6+7.... 134.55 53.92 Nos, 7+6+5+4+3+2+1.... 134.55 53.92
The original mixture (refractive index = 1.49780) contained 36.77

molar per cent CS;. The third column of Table V shows, by graphic

extrapolation, that the vapor in equilibrium with the original mixture

contained 60.35 molar per cent CS,.

g - The residue (refractive index =
=

Pal 1.48000) contained 22.18 molar per
cent CS;. ‘The sixth column of T'able
V shows, by graphic extrapolation,
that the vapor in equilibrium with the
residue contained 44 .85 molar per cent
L |4 CS..
The results of Table V are shown
graphically by the pair of curves
1 marked A in Fig. 2. The curves, it
will be seen, are very smooth, and the
slight extrapolation introduces prac-
AL s - tically no uncertainty. Only the
i first point on the upper curve, corre-
sponding to the first distillate, fails
| B e to agree with the rest. The cause
~ of this was doubtless a trace of mois-
vew OWOXLI T ture contained in the original mix-
Fig. 2. —Carbon disulphide—carbon ture, and if one distillate only had been
tetrachloride. examined, as is done in the older
procedures, an error of at least 19, would have been introduced, prob-
ably more. On the other hand, the shape of our curve and its ex-
trapolation are scarcely rendered less certain by the irregularity of that
one point.

L

SURVARYS

\/
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TaerLg VI—Run B.

No. of Weight of distillate, Index of Molar 9%
distillate, Grams, refraction, of CSq.
) P et e 13.67 1.55285 70.78
2N ... 18,01 1.55168 70.19
T 16.22 1.54901 68.80
Beveret e s 21.43 1.54582 67.14
S e 12,14 1.54200 65.08
2 17.76 1.53890 63.43
TaBrLe VII.
Com- Com-
bined bined
Distil- Com- compo- Distil- Com- compo-
lates bined sition, lates bined sition.
com- weight. (Molar com- weight. (Molar
blned. Grams. 9, CSz.) bined, Grams. 9, CS2.)
D T 13.67 70.78 D L T T 17.76 63.43
Nos. 142, ivinniinennien 31.68 70.44 NoOS. 645, .t iviiineinnnenins 29.90 64.10
Nos. 14+24+3.......cvvivnen. 49.90 69.89 Nos. 6+5+4.......covvvnnnn. 51.33 65.39
Nos. 14+24+34+4............. 69.33  69.05 Nos. 6+5+4+3.....000vvvnnn 67.55 66.22
Nos. 1 4+2+3+4+5.......... 81.47 68.48 Nos. 64+54+4+3+2............ 85.56 67.08
Nos. 14+2+43+4+5+6....... 99.23 67.60 Nos. 6+5+4+3+2+1......... 99.23 67.60
Original mixture (refractive index = 1.51680)................. 50.119% CS.
Corresponding vapor (by extrapolation)...................... 71.509%, CS:
Residue (refractive index = 1.49889).............0ivveninrn. 37.62% CS:
Corresponding vapor (by extrapolation) ...................... 62.309, CSe

1811

The results of Table VII are shown graphically by the pair of curves B

in Fig. 2.
TasrLE VIIIL.—Run C.

Weight of
distillate.
No. of distiliate, Grams, Index of refraction. Molar 9, of CSa.
18.25 1.56573 77.28
2 et 16.80 1.56465 76.57
S 16.66 1.56219 75.37
Boviee i i i e 14.37 1.56002 74.33
SN 14.50 1.55767 73.20
< 15.54 1.55486 71.81
TaBLgE IX,
Combined Combined
compo- compo-
Combined sition, Combined sition,
Distillates weight. (Molar Distillates welght, (Molar
combined. Grams. % C$;.) combined. Grams, % C8a.)
No L. iiiiiiiiiiiiainians 18.25 77.28 No.6..ovveviniineniea.. 1554 71.81
Nos. 142, viivinaenionss 35.05 76.94 Nos. 645, veivrenennnnnnn, 30.04 72.48
Nos. 14243, ..0ivvvivinnnn 51.71 76.4% Nos. 6454+4................ 4441 73.09
Nos, 1+24344......c.0vvnus 66.08 75.99 Nos. 64+54+4+3............. 61.07 73.72
Nos. 1+24+34+44+5.......... 80.58 75.49 Nos. 6+5+4+34+2.......... 77.87 74.34
Nos. 1+243+4+44+54+6....... 96.12 74.91 Nos. 64+5+4+3+2+1....... 96.12 74.91
Original mixture (refractive index = 1.53056)................. 58.€69% CS:
Corresponding vapor (by extrapolation)...................... 77.70%, CS:
Residue (refractive index = 1.51440)................ . conun. 48.529, CS:
Corresponding vapor (by extrapolation)...................... 70.90% CS:

The results of Table IX are shown graphically by the pair of curves

C in Fig. 2.
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TaBrLg X.—RuN D.
Weight of
distillate,

No of distillate. Grams, Index of refraction. Molar 9, of CSa.
Titeieennonanaanasnsesnass 15.94 1.57393 80.88
2o, Ceeaiaeaieaasaas 15,02 1.57336 80.62
Beiiiiiiiiireaiiiaaaanses 17.54 1.57171 79.86
PP 16.86 1.56966 78.93
Betercnararraarrienesea. 14,66 1.56771 78.02
6..... s iea .. 16,87 1.56534 76.88

TasLE XI.
Com- Com-
bined bined

Distil- Com- compo- Com- compo-

lates bined sition, bined sition.

com- weight, (Molar Distillates weight, (Molar
bined, Grams, 9, CS:2.) combined, Grams, %C8.)

No. lL......... [APIR vie... 1594 80.88 D L T - T U 16,87 76.88

Nos. 142, vvivinniiinins .. 3096 80.73 Nos. 6+5......... v 31.53 77.42

Nos. 14243......0000uuiens 48.50 80.43 77.96

Nos. 14+2+4+34+4....... N 65.36 80.05 Nos. 64+54+4+3............... 6593 78.46

Nos. 14+424+3+4+5.......... 80.02 79.68 Nos. 6+5+4+3+2........ .... 80095 78.87

Nos. 1 4+2+34+44+5+6....... 96.89 79.20 Nos. 64+5+4+3+2+1......... 96.89 79.20
Original mixture (refractive index = 1.54167)............ veess 64.949% CS
Corresponding vapor (by extrapolation)............ [ 81.22% CS,

Residue (refractive index = 1.52583)...... 55.829, CSy
Corresponding vapor (by extrapolation)... 76.13% CS:

The results of Table XI are shown graphically by the pair of curves
D in Fig. 2.

TaBrLg XII.—Run E.

Weight of
No. of distillate, Index of Molar
distillate. Grams. refraction. % of CSa.
... 18.09 1.59875 91.00
-2 PN ve... 18,28 1.59848 90.88
Beveenaninens et 21.23 1.59751 90.51
Bovereonaonnnrnn visessian.s 15,70 1.59634 90.06
e reitaae s  ee.... 15,78 1.59520 89.60
[+ N eveeee... 17.78 1.59370 89.02

TaBrLE XIII,

Com-
bined
Distil- Com- compo- Com.
lates bined sition. bined
com- weight., (Molar Distillates weight,
bined. Grams, %, CS:z.) combined. Grams.
18.09 92.70 NO 6evevvirnnvnnnvssnns oo 17,78
36.37 90.94 Nos. 645 ccvvievnieiinns . 33.56
57.60 90.78 Nos. 64+54+4..0c0vevvniiiienn 49.35
73.39 90.63 Nos. 6+5+4+3...cc0cvvnnnn 70.58
89.17 90.45 Nos. 64+5+4+3+2.........0 88.86
Nos. 14+24+3+44+5+6....... 10695 90.21 Nos. 6+5+4+3+2+1...... . 106.95
Original mixture (refractive index = 1.57895)................. 83.04% CS2
Corresponding vapor (by extrapolation)..............ccvvvuen 91.31% CSe
Residue (refractive index = 1.56701)........o0vvvvinniinnnnns 77.699, CS,

Corresponding vapor (by extrapolation)...................... 88.639%, CS:

Com-
bined
compo-
sition.
(Molar
% CSs.)
89.02 °
89.29
89.54
89.83
90.04
90.21
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The results of Table XIII are shown-graphically by the pair of curves
E in Fig 2. The relation between the composition of liquid and vapor is,
on the basis of all the data given in this section, exhibited by the curves
of Fig. 3. Here the lower curve indicates the boiling points of the various

T N ] ] T
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mixtures. Any horizontal line through the two curves will indicate the
composition of a vapor (point of intersection with the upper curve) and
of the liquid (point of intersection with the lower curve) in equilibrium
with it.

The case of carbon disulfide—carbon tetrachloride was experimentally
a somewhat difficult one, owing to the two liquids interdiffusing rather
slowly. Nevertheless, the results obtained by the present method are in
satisfactory agreement with those yielded by the standard method mien-
tioned above.!

1 Rosanoff and Easley, Loc. cit., p. 984.
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Section VII.—Results for Chloroform—Toluene.
TaBrLE XIV.—RUN A.

Weight of
distillate,

No. of distillate, Grams. Index of refraction. Molar 9, of CHCla.
Tt ittt 16.37 1.44482 97.00
2t e 20.32 1.44503 96.68
PN 24.32 1.44532 96.18
- 17.07 1.44552 95.84
- S 20.51 1.44562 95.68

TasLE XV.
Combined Combined
compo- compo-
Combined sition. Combined sition.

Diatillates weight. (Molar Distillates weight. (Molar

combined. Grams. 9% CHCls.) combined. Grams, % CHCls.)

No. Lloiiiiiirnnnnnennnnns 16.37 97.00 No. Soiiiiiiiiiiniininnes 20.51 95.68

Nos. 142, ciiivinennnnanes 36.69 96.82 95.62

Nos. 1+243....ciiinunnns 61.01 96.57 95.92

Nos. 14+2+3+4...cvvnnns 78.08 96.41 . S5+44342......... .. 96.11

Nos. 14+2+3+4+5........ 98.59 96.26 Nos. 5+4+3+2+1......., 98.59 96,26
Original mixture (refractive index = 1.45153).............. 85.889%, CHCls
Corresponding vapor (by extrapolation).................... 97.25% CHCl;

Residue (refractive index = 1.45523)..........c0o0vvvvnn.. 79.549% CHCIls
Corresponding vapor (by extrapolation).................... 95.409, CHCIls
&t

&5

4

a7 Uz o3 i Uz U 07 a8 03 7
Fig. 4.—Carbon disulphide—carbon tetrachloride.

The results of T'able XV are shown graphically by the pair of curves A
in Fig. 4.
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TasrLg XVI.—Run B.

Weight of
distillate.
No. of distillate. Grams, Index of refraction. Molar % of CHCls.
13.24 1.44945 89.36
200000, P . 15.86 1.44958 8g.12
3eeion . e e 15.80 1.45013 88.21
4... PN [ . 20.88 1.45098 86.79
K 17.06 1.45183 85.38
6....... . e 20.05 1.45293 83.53
TaBLE XVII.
Combined Combined
compo- compo-
Combined sition. Combined sition.
Distillates weight, (Molar Distillates weight. (Molar'7
combined. Grams, 9, CHCl;.) combined. Grams, 3
No. Loooiiiiieiiennnin, 13.24 89,36 No. 6., 20.05 83.53
Nos. 14+2.......000viivnnn 29.10 89.23 Nos. 645..0civieninninnns 37.11 84.37
Nos. 14+243.......0c0vvvnn 44.90 88.87 Nos. 64+5+4............00u. 57.99 85.24
Nos, 14+24+3+4........... 65.78 88.21 Nos. 6+5+4+3............. 7379 85.88
Nos. 14+24+3+4+5........ 82.84 88.87 Nos. 64+5+4+34+2.......... 89.65 86.45
Nos. 14+243+4+5+6..... 102.89 86.82 Nos. 6+5+4+3+2+1....... 102.89 86.82

Original mixture (refractive index
Corresponding vapor (by extrapolation),..
Residue (refractive index
Corresponding vapor (by extrapolation)

65.33% CHCls
89.53% CHCh
51.309, CHCls
82.55% CHCl

1.46295)

= 1.47015)

The results of Table XVII are shown graphically by the pair of curves

B in Fig. 4.
TasLg XVIII.—RuN C,
Weight of
distillate,
No. of distillate, Grams. Index of refraction. Molar ¢ of CHCls.
I..... v F N 16.74 1.44712 93.20
2.0, e cee 16.11 1.44743 92,68
K P e 18.69 1.44783 92,01
Bovonen i einnianan . 20.98 1.44833 91.19
ettt i 16.81 1.44883 90.36
(- TS . . . .. 19.51 1.44958 89.12
Tasre XIX.
Combined Combined
compo- Com- compo-
Combined sition. bined  sition,
Distillates weight. (Molar Distillates weight. Molar 9
combined. Grams., % CHCL.) combined. Grams, CHChS
No. livvivsinniniiineanns 16.74 93.20 No.6...ovvvviiienennaee... 1951 89.12
Nos. 142.......0verninnn. 32.85 92.95 Nos. 6+5. 36.32 89.69
Nos. 1+243......c0vvvnnn 51.54 92.23 Nos. 64+5+4....00vvvvinn., 57.30 90.24
Nos. 1 4+24+34+4........... 72.52 92.19 Nos. 64+5+4+3..0cc0vven.n. 75.99 90.67
Nos, 14+243+44+5........ 89.33 91.85 Nos. 64+54+44+34+2.......... 92.10 91.02
Nos. 14+2434445+6..... 108.84 91.36 Nos. 6+5+4+34+2+1.....,. 108.84 91.36
Original mixture (refractive index = 1.45843).............. 73.779, CHCL
Corresponding vapor (by extrapolation)..... [ 93.389, CHCLs
Residue (refractive index = 1.46490)..................v... 61.59% CHCls

Cortespondlng vapor (by extrapolation)

88.20%, CHCl
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The results of Table XIX are shown graphically by the pair of curves
C in Fig. 4.
TaBLE XX.—Run D.

Weight of
No. of distillate. Index of Molar
distillate, Grams, refraction, % of CHCl;,
I 18 () 1.45393 81.80
- {9 71 1.45473 80.40
S 18.05 1.45563 78.83
- 14.75 1.45693 76.50
Seviirnnnn Cieseaa e 17,31 1.45818 74.23
Bt i i ittt 22,70 1.46012 70.65
TaBLE XXI.
Com-
Combined bined
compo- compo-
Distil- Com- sition. Com-  sition.
lates bined (Molar bined (Molar
com- weight, 9, Distillates weight, %
bined. Grams, CHCls.) combined Grams, CHCl.)
No. l......v.s. TSN viees. 1519 81.80 No.6....... it 22.70 70.65
Nos. 14+2......... v «oe. 3193 81.06 NoOS. 645, 00neiinrannninans 40.01 73.19
Nos. 14+243...... erceeasa. 4998 80.25 Nos. 6+54+4.......0000vne .. 5476 73.34
Nos. 1+2434+4......... vees 6473 79.39 Nos, 64+54+4+3..0ciivennnes 72.81 74.69
Nos. 14+24+34+4+5.......... 82.04 78.29 Nos. 64+5+4+3+2.......... 89.55 75.75
Nos, 1+24+34+44+546....... 10474 76.61 Nos. 64+5+4+3+2+1....... 104.74 76.61
Original mixture (refractive index = 1.46956).............. 52.479% CHCl
Corresponding vapor (by extrapolation).................... 82.609%, CHCl
Residue (refractive index = 1.47820)......cccieivnrannrnan 34.649, CHClLy
Corresponding vapor (by extrapolation)......... N 68.599%, CHCls

The results of Table XXI are shown graphically by the pair of curves

D in Fig. 4.
TaBrLE XXII.—RuN E.

Weight of
No. of distillate, Index of (Molar
distillate. Grams, refraction, % of CHCL.)
) S P Cerreeaees 14047 1.45853 73.60
2iiiiiaas P vieeiies 15.49 1.45982 71.21
B N P 14.02 1.46091 69.18
N ererereeess 19,31 1.46255 66.09
Sttt 13,44 1.46450 62.37
6.uinnn e P 14.55 1.46649 58.50
TasLg XXIII,
Combined Combined
compo- compo-
Combined sition, Combined sition.
Distillates weight. (Molar % Distillates weight. (Molar %,
comblned, Grams, CHClL.) combined. Grams, CHCI.
No. 1...... enenas P 14.47 73.54 D T TN i4.55 58.50
Nos, 142, 000vienniininns 29.96 72.33 Nos, 645...cocvivniinninen 27.99 60.35
Nos. 14+2+3...... Cenee . 43.98 71.32 "Nos. 64+5+4........covnnt. 47.30 62.68
Nos. 14+243+4........... 63.29 69.71 Nos. 6+5+4+3............. 61.32 64.14
Nos. 1+2+4+3+4+5........ 76.73 68.41 Nos, 6+5+4+3+2.......... 76.81 65.55
Nos, 1+243+4+5+6..... 91.28 66.81 ° Nos. 6+5+4+3+2+1....... 91.28 66.81
Original mixture (refractive index = 1.47442).............. 42.619, CHCl
Corresponding vapor (by extrapolationn}).................... 74.809% CHCls
Residue (refractive index = 1.48218)...................... 26.029, CHCls

Corresponding vapor (by extrapolation).................... 56.529, CHClL
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The results of Table XXIII are shown graphically by the pair of curves
E in Fig 4.

TaBrLg XXIV.—RuUN F.
Weight of distillate.

No. of distillate. Grams, Index of refraction. Molar %, of CHCla,
O 8.05 1.46559 60.26
2 7.41 1.46589 59.68
K S 5.82 1.46813 55.31
Bt e e e 6.04 1.46837 54.83
L T 5.38 1.46926 53.06
Bt e e 7.93 1.47030 51.00

TasLe XXV.
Combined Combined
Distillates weight. composition.
combined. Grams. (Molar 9, CHCls.)

D T 8.05 59.97
Nos. 142, 0o iiiiiiiiii i 15.46 59.98
Nos. 14243 0o 21.28 58.70
Nos. 14+24+344... .. iiiiiiiinia, 27.32 57.84
Nos. 142434445 .00t iiiniivenns 32.70 57.04
Nos. 14+2434+4+5+6.....0.000vunns 40.63 55.83

Original mixture (refractive index = 1.48074).............. 29,139, CHCls

Corresponding vapor (by extrapolation)..........c.cocuvvnnn 61.479, CHClL

The residue in this case could not be analyzed.
The results of Table XXV are shown graphically by the upper curve
of pair F in Fig. 4.

TaBLE XXVI.—RuN G.
Weight of

No. of distillate. Index of Molar
distillate, Grams. refraction, % of CHCla.
N 7.98 1.47261 46.34
2N 9.75 1.47344 44.65
B SO 4.87 1.47526 40.86
Bviie e e 5.62 1.47535 40.68
S 6.79 1.47624 38.81
[ 2 6.48 1.47712 36.95
TaBLE XXVII.

Combined Combined
Digtillates weight. compositlon,
combined. Grams. (Molar 9%, CHCls.)
D T P 7.98 46.34
Nos. I4+2.....00iiii i, 17.73 45.41
Nos. 14243, . ..ottt 22.60 44.42
Nos. 14+24+34+4...cviviiiin i, 28,22 43.67
Nos. 142434445, .0ovvvvinnns 35.01 42.72
Nos. 14+243+44+54+6.........c..... 41.49 41.80
Original mixture (refractive index = 1.48483).....c000vv.nn 19.999% CHCls
Corresponding vapor (by extrapolation)........cccovevrveen 47.23%, CHCL

The residue in this case could not be analyzed.
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The results of Table XXVII are shown graphically by the upper curve
of pair G in Fig. 4.

The results of all our measurements in the case of chloroform—toluene
are exhibited by the curves of Fig. 5.

V7
1205t

106

55

ar a7 73 da 03 U8 /74 X/ R % 4

Fig. 5.—Acetone—toluene.

Section VIII.—Results for Acetone—Toluene.

TaBLE XXVIII.—RuUN A.
Weight of

No. of distillate. Index of Molar %,

distillate. Grams. refraction, of acetone.
P 10.42 1.36086 98.10
2 12.57 1.36104 98.01
O 9.61 1.36130 97.89
Bovine i e 10.12 1.36148 97.82
- S 11.48 1.36175 97.72
-2 11.29 1.36219 97.52
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TaBLE XXIX.

MIXTURES. 1819

Combined Combined
compo- compo-
Combined _sition, Combined sition,
Distillates weight. (Molar 9, Distillates weight. (Molar 9,
combined. Grams. acetone.) combined. Grams. acetone.)
No. loooovoviiiiinain, 10.42 98.10 No. 6vvinireiiinnnans 11.29 97.52
Nos. 1420 .ceiiiinnnannn.. 2299 98,05 NOS. 65 eeeirerraennn. 2277 97.62
Nos. 142430 .0aennn., 3260  98.00 Nos. 645+4..ccuvnnnin.. 32.89  97.68
Nos. 1424+3+4........... 42,72 97.96 Nos. 6+5+4+3.cceeu.nn.. 42.50  97.73
Nos. 14+24+3+4+5........ 5420  97.91 Nos. 64+5+4+34+2.......... 55.07  97.79
Nos. 14+24+3+4+5+6..... 65.49 97.84 Nos. 6+5+4+3+2+1....... 65.49  97.84
Original mixture (refractive index = 1.37023).............. 93.829%, acetona,
Corresponding vapor (by extrapolation)................... 98.10%, acetone
Residue (refractive index = 1.37640)..... 90.67%, acetone
Corresponding vapor (by extrapolation).. 97.409% acetone
TaBLE XXX.—RUN B.
Weight of
. distillate, . Molar 9, of
No. of distillate. Grams. Index of refraction. acetone.
) S [P 9.19 1.36487 96.27
2. PPN 9.43 1.36505 96.22
Beienn e s . 11.42 1.36532 96.08
4ovennn . [N 11,83 1.36600 95.76
Seviinnn e . 9.42 1.36677 95.42
[« T . e 10.63 1.36727 95.19
TaBLg XXXI.
Combined Combined
compo- compo-
Combined sition, Combined sition.
Distillates weight, (Molar 9, Distillates weight. (Molar %,
combined. Grams, acetone,) combined. Grams. acetone,)
No. Lo, 9.19 96.27 10.63 95.19
Nos. 14+2....cvviviiin. 18.62 96.25 . 20.05 95.29
Nos. 14243.....000vivnnn 30.04 96.18 31.88 95.50
Nos. 14+24+3+4........... 41.87 96.08 Nos. 64+5+4+3............. 43.30 95.63
Nos. 14+243+4+5........ 51.29 95.94 Nos. 64+54+4+3+2.......... 52.73 95.74
Nos. 14+2+3+44+5+6..... 61.92 95.82 Nos. 6+5+4+3+2+1....... 61,92 95.82

87.119%, acetone
96.359%, acetone
80.799%, acetone
94.909%, acetone

Original mixture (refractive index = 1.38294)..............
Corresponding vapor (by cxtrapolation)
Residue (refractive index = 1.39361)

Corresponding vapor (by estrapolation)

TaBLE XXXII.—RuN C.

Weight of
No. of distillate, Index of Molar 9,
distillate. Grams, refraction. of acetone.
S 8.62 1.36968 94.07
-2 e 12,68 1.36986 93.99
2 PPN 11.58 1.37050 93.66
PN . 13.45 1.37160 93.13
St PN 9.53 1.37252 92,65
6,000t . N 10.22 1.37354 92.14
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TaBLE XXXIII.

Combined Combined

Distil- Com- compo- Distil- Com- eompo-
lates bined  sition. lates bined sition.
com- weight, (Molar 9, com- weight, (Molar %
bined. Grams. acetone.) bined. Grams. acetone.
No.l .ovvviiiiiaont, 8.62 94.07 No. 6.0 vviviiiiiinnennen 10.22 92.14
Nos. 14+2.....00viiiinnn 21.30 94.02 Nos, 645...cc0vvivininn.. 19.75 92.37
Nos. 14+243.....000iat 32.88 93.90 Nos. 64+5+4.............. 33.20 92.69
Nos. 14+243+4........... 46.33 93.73 Nos. 6+5+4+3........... 44.78 92.94
Nos. 1 +2+4+3+44+5........ 55.86 93.50 Nos. 64+5+4+34+2........ 57.46 93.17
Nos. 14+243+4+5+6..... 66.08 93.29 Nos. 6+5+4+3+2+1..... 66.08 93.29

Original mixture (refractive index = 1.39651).............. 79.02% acetone

Corresponding vapor (by extrapolation)................... 94.109%, acetone

Residue (refractive index = 1.41311)............c.c.uvn.. 67.879%, acetone

Corresponding vapor (by extrapolation)................... 91.709%, acetone

TaBLE XXXIV.—RuUN D.

Weight of
No. of distillate. Index of Molar %,
distillate. Grams. refraction. of acetone,
b 9.90 1.37534 91.23
-2 10.22 1.37558 91.10
Bttt e .. 10.57 1.37651 90.61
foiinn [ 11.84 1.37790 89.88
L T e 12,00 1.37950 8g.01
6..oiun PN 12.12 . 1.38167 87.82
TaBLE XXXV,
Combined Combined
compo- compo-
Combined sition. Combined sition.
Distillates weight. (Molar 9, Distillates weight. (Molar 9
combined. Grams. acetone.) combined. Grams. acetone.
D = D 9.90 91.23 No. 6.iiiiiniiiiininiiiinns 12.12 87.98
Nos. 14+2....0.0ivivins 20.12 91.17 Nos. 645..c00viiviviiinn.. 24.12 88.41
Nos. 14+243.......00vvts . 30.69 90.98 Nos. 64+54+4.....0vivvvivnn. 35.96 88.90
Nos. 14+2434+4........... 42.53 90.68 Nos. 64+54+4+3............. 46.53 89.29
Nos. 14+2+34+4+5........ 54.53 90.31 Nos. 6+5+4+3+2..... ... 5675 89.62
Nos. 1+24+34+4+54+6..... 66.65 89.86 Nos. 6+5+4+3+2+1....... 66.65 89.86
Original mixture (refractive index = 1.41202).............. 68.64% acetone
Corresponding vapor (by extrapolation)................... 91.559% acetone
Residue (refractive index = 1.43452)..................... 51.85% acetone
Corresponding vapor (by extrapolation)................... 87.00% acetone

TaBLE XXXVI.—RUN E.

Weight of
distillate. Molar 9,
No. of distillate, Grams. Index of refraction. acetone,
10.44 1.38101 87.68
-2 O 12,12 1.38280 87.20
K PP [ 11.52 1.38470 86.10
F. e 11.56 1.38499 85.95
L SN 11.46 1.38965 83.22
6.ovvii e 11.80 1.39312 81.11
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TaBLE XXXVII.

Combined
compo-
Combined sition.

MIXTURKS. 1821

Combined
compo-
Combined sition.

Distillates weight. (Molar 9, Distillates weight. (Molar %,
combined. Grams. acetone.) combined. Grams. acetone.)
No. loooiiiiiiiviiinaa, 10.44 87.68 No. 6..terinnns 11.80 81.11
Nos. 14+2.........0ovuit, 22.56 87.42 Nos. 645 oo ivvennnn. .. 23.26 82.10
Nos. 14243.......cc0vt 34.08 86.98 Nos. 64+5+4................ 34.82 83.43
Nos. 14+24+3+4........... 45.64 86.72 Nos. 64+5+4+3............. 46.34 84.10
Nos. 1 +24+3+44+5........ 57.10 86.03 Nos. 64+54+4+3+2.......... 58.46 84.75
Nos. 1 4+24+3+4+5+6..... 68.90 85.20 Nos. 6+5+4+3+241....... 68.90 85.20
Original mixture (refractive index = 1.42767).............. 57.159% acetone

Corresponding vapor (by extrapolation).................
Residue (refractive index = 1.45463)...................

.. 88.309%, acetone
.. 35.439, acetone

Corresponding vapor (by extrapolation)................... 80.159% acetone
TaBLE XXXVIII.—RUN F.
Weight of
No. of istillate Index of Molar %
distillate, ms. refraction. of acetone.
4.58 1.3930%2 81.16
- RN 5.71 1.39574 79.49
K PURN e e 3.85 1.39943 77.18
Bovione e e 5.80 1.39943 77.18
S e PN 3.44 1.40041 76.54
<2 3.80 1.40247 75.19
TaBLE XXXIX. .
Combined Combined
Distillates weight. composition.
combined. Grams. (Molar % acetone.)
No. Lo 4.58 81.15
Nos. 142, it it 10.29 80.23
Nos. 14243, oo 14.14 79.41
Nos. 142434+4...... v 19.94 78.77
Nos. 14+24+34+4+5....¢. o, 23.38 78.44
Nos. 14+2434+4+54+6........cov.n. 27.18 77.99
Original mixture (refractive index = 1.45143).............. 38.299%, acetone
Corresponding vapor (by extrapolation)................... 81.1 9, acetone
The residue in this case could not be analyzed.
TaBLE XL.—RuN G.
Weight of
No. of distillate. Index of Molar %
distillate, Grams. refraction. of acetone,
3.04 1.42067 62.40
-2 PN 4.27 1.42267 60.92
e 5.53 1.42762 57.18
P A N 4.74 1.43197 53.83
1S 4.33 1.43518 51.33
< 2 5.79 1.43994 47.55
TaeLe XLI.
Combined Combined
Distillates weight. composition.
combined. Grams. (Molar 9, acetone.)
No. Lo it 3.04 62.39
Nos. 142, .. 7.31 61.54
Nos. 14243, ... it 12.84 59.68
Nos. 14+24+34+4......cciiivinini.. 17.58 58.14
Nos. 142434445, .ccieriiin. 21.91 56.83
Nos. 14+2434+4+5+6.....c0vvnvinn. 27.70 54.95
Original mixture (refractive index = 1.47359).............. 18.709% acetene

Corresponding vapor (by extrapolation)................

... 63.60% acetome
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The residue in this case could not be analyzed.
TaerLy XLIIL.—RuN H.

Weight of
distillate. Molar %, of
No. of distillate. Grams. Index of refraction. acetone,
5.36 1.44386 44.38
2 e e 3.86 1.44838 40.70
P 5.99 1.45233 37.37
Y 5.90 1.45547 34.72
ST 4.94 1.45898 31.70
< 6.64 1.46340 27.88
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Fig. 6.—Chloroform—toluene,
Tasrg XLIII,

Combined Combined
Distillates weight. composition.
combined. Grams, (Molar 9, acetone.)
.= T 5.36 44.38
Nos. 142, ittt 9,22 42,85
Nos. 14243, .. ittt 15.21 40,73
Nos. 14+2434+4....civiiiiiiiiiin, 21.11 39.08
Nos, 14+24+34+44+5.....vvvviiinn, 26.05 37.7L
Nos. 1+24+34+44+5+6....covivnont. 32.69 35.78
Original mixture (refractive index = 1.48221).............. 10.779%, acetone

Corresponding vapor (by extrapolation).............vvvn. 44.909, acetone
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The residue in this case could not be analyzed.

1823

The results of all measurements in the case of acetone—toluene are ex-

hibited by the curves of Fig. 6.

Section IX.—Results for Ethyl Iodide—Ethyl Acetate.

TasrLe XLIV.—RuUN A.

Weight of distillate, Index of
No. of distilflate. Grams. refraction, Molar % of CsHil.
PP 14.21 1.38261 12.78
2 e e 11.90 1.38246 12.64
PPN 12.56 1.38210 12,28
T 12.50 1.38167 11.86
1 PPN 13.13 1.38133 11.55
<2 11.66 1.38106 11,28
S 12.62 1.38053 10.76
TasLe XLV.
Combined Combined
compo- Com- compo-
Combined sition. . bined _sition,
Distillates weight. (Molar  Distillates weight, (Molar 9,
combined. Grams. 9, CsHsl.) combined. Grams. C:Hil.)
No. loiooiiiviiiiiins, 14.21 12.78 No. 7.0 iieiiiiiinnenen.. 12.62 10.76
Nos. 14+2.......0coiviinn 26.11 12.72 Nos. 746...civveiiinenannn 24.28 11.01
Nos. 14243, .0t 38.67 12.57 Nos. 74+64+5...cc.ccvviient. 37.41 11.20
Nos. 14+243+4........... 51.17 12.40 Nos. 74+64+5+4............. 49.91 11.36
Nos. 1+24+3+4+5........ 64.30 12.23 Nos. 74+6+5+4+3.......... 62.47 11.55
Nos. 14+24+34+4+5+6..... 75.96 12.08 Nos. 7+6+5+44+34+2....... 74.37 11.72
Nos. 14+243+4+5+6+7.. 88.58 11.89 Nos. 74+6+4+5+4+3+2+1.... 88.58 11.89
Original mixture (refractive index = 1.37875)............... 9.019, C:H;I
Corresponding vapor (by extrapolation).................... 12.959, CyHsI
Residue (refractive index = 1.37678)............ccvvvnnnen 7.059% C:H:I

Corresponding vapor (by extrapolation)....................

TasLE XLVI.—RuN B.

10.459, C.HiI

Weight of distiliate. Index of
Ne. of distillate. Grams. refraction, Molar % of CsHil.
S 10.93 1.39167 21.26
2 16.39 1.39158 21.15
S PP 15.63 1.39080 20.47
Boviin i e e 14.64 1.39023 19.94
- S 15.64 1.38956 19.35
2PN 19.62 1.38870 18.55
TasrLeE XLVIL.
Combined Combined
compo- compo-
Combined sition. Combined sition.
Distillates weight. (Molar 9, Distillates weight, (Molar
combined, Grams. C:Hsl.) combined. Grams, % CiHsl.)
No. looiiiiiiiiiiiiian, 10.93 21.26 No. 6.iveriiiiiiiniinnnn 19.62 18.55
Nos. 14+2........0ivinn. 27.32 21.19 Nos. 645, 00 viiininininen, 35.26 1891
Nos. 1+243......cvvvnnnn 42.95 20.93 Nos. 64+54+4...ccvviiinin. 49.90 19.21
Nos. 14+2434+4........... 57.59 20.68 Nos. 64+5+4+3............. 65.53 19.51
Nos. 14+243+4+5........ 73.23 20.39 Nos. 6+5+4+34+2.......... 81.92 19.83
Nos. 14+24+34+4+5+6..... 92.85 20.00 Nos. 64+5+4+3+2+1....... 92.85 20.00
Original mixture (refractive index = 1.38589)............... 15.909 C.H;I
Corresponding vapor (by extrapolation).......,............ 21.75% C:Hsl
Residue (refractive index = 1.38242).........vivvvievninnn. 12.599% C:H;I

Corresponding vapor (by extrapolation)....................

18.009, CHsI
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TaBrLe XLVIII.—Rux C.

L Weight of distillate. Index of
No. of distillate. Grams. refraction, Molar 9%, of C:Hsl.
16.59 1.40119 29.74
-2 16.88 1.40070 29.31
B e 14.76 1.39992 28.63
- 12.29 1.39943 28 .21
S 16.91 1.39884 27.68
G 15.49 1.39802 26.96
TaBrLE XLIX.
Combined Combined
compo- compo-
Combined sition. Combined. sition.
Distillates weight. (Molar Distillates weight. (Molar
combined. Grams. 9 C:Hsl.) combined. Grams. % C:H;l.)
No. 1l........... ... .. .. 16.59 29.74 No. 6. .ccvvvniniiiiii 15.49 26.96
Nos. 14-2.. 33.47 29.52 Nos. 645.........covvvinnns 32.40 27.33
Nos. 142-L3.. ... 48.23 29.25 Nos. 64514 44.69 27.57
Nos. 14+243+4........... 60.52 29.04 Nos. 64+5+4+3 59.45 27.84
Nos. 14+24+3+4+5........ 77.43 28.74 Nos. 6+5+4+3+2.......... 76.33 28.16
Nos. 14+243+4+5+6..... 92.92 28.44 Nos. 64+5+4+3+2+1....... 92.92 28.44

Original mixture (refractive index
Corresponding vapor (by extrapolation).
Residue (refractive index

Corresponding vapor (by extrapolation).

20

é v/ 26 3
Fig. 7.—Ethyl iodide—ethyl acetate.
Abscissae = molar per cents ethyl iodide

in liquid.

Ordinates = molar per cents ethyl iodide
in vapor.

1.39390)

1.39013)....

23.269%, CzHil
30.109%, C:Hsl
19.879%, C:H;sI
26.429%, CoHsI

The results in the case of ethyl
iodide—ethyl acetate are exhibited
by the curve of Fig. 7, in which
the abscissae show the composition
of the liquid and the ordinates that
of the corresponding vapor. Owing
to lack of material, only three runs
were made in this case, yielding six
points, within a range of about 259,
of iodide in the liquid phase.

Section X.—The Boiling Tempera-
tures of the Mixtures.

The boiling point curve of mix-
tures of carbon disulfide and carbon
tetrachloride, shown in Fig. 3, is
based on measurements (under 760
mm.) reported in an older communi-
cation.! The curvesforchloroform—

toluene (Fig. 5) and acetone—toluene (Fig. 6) reproduce observations tabu-

lated below.

In the course of these observations, carried out with the aid of

an Oddo ebullioscope and standardized thermometers, the barometric

pressure varied irregularly within one or two millimeters.

No measures

were taken to avoid this, since such variations of pressure could have no
appreciable influence on the composition of the vapors.

1 Rosanoff and Easley, Loc. ctt., p. 982.
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TaBLE L.—BoILING PoINTS OF TasLE LI.—BowiNc PoINTS OF
MIXTURES oF CHLOROFORM AND MIXTURES OF ACETONE AND
TOLUENE. BAR. PRESSURE, ToLUENE. BAR. PRESSURE,
743.7 = 2 mm. 751.3 = 0.2 mm,

Molar 9, CHCl. Boiling point. Molar 9, (CHas)z0. Boiling point.
o 108.92° o 109.43°
7.86 103 .58 14.99 88.28

15.96 98.72 34.63 74.93
25.46 93.38 5I.42 68.77
34.64 88.30 65.98 64.37
43.33 83.94 78.71 61.22
54.44 78.17 89.99 58.71
64.66 73.65 100 56.50
74.70 69.67

86.54 65.35
100 61.33

Summary.

A method and apparatus are described for determining the composi-
tion of vapors in equilibrium with liquid mixtures; the method is rapid
and requires no special experience on the part of the manipulator. Also,
results of measurements are given for the following four cases: Carbon
disulfide—carbon tetrachloride, chloroform—toluene, acetone—toluene,
and ethyl iodide—ethyl acetate. These data were needed here in con-
nection with a study of fractional distillation, and the measurements were
therefore carried out isopiestically, under ordinary atmospheric pressure.

It is a pleasure to gratefully acknowledge that the work described in
this communication was rendered possible by a grant from the Rumford
Fund of the American Academy of Arts and Sciences.
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The transition temperatures of hydrated crystalline salts probably
afford the most convenient and exact means of fixing points on the thermo-
metric scale between 0° and 100° C. A number of these have been de-
termined in this laboratory, chief among which are the transition tempera-
ture for sodium sulfate,! the dekahydrate of sodium chromate into hexa-
hydrate and into tetrahydrate,? the dihydrate of sodium bromide into the
anhydrous salt,® the transition of manganese chloride from the tetra-

1 Richards, Am. J. Sci. (1898); Richards and Wells, Proc. Am. Acad., 38, 431 (1902).

2 Richards and Kelley, Ibid., 47, 171 (1911); THIS JOURNAL, 33, 847 (1911).
$ Richards and Wells, Proc. Am. Acad., 41, 435 (1906).



