Part .—The Vapour Pressures of Acetone.

By G. R. Paranjpé, M. Sc., Springer Research Scholar of the
University of Bombay.

These measurements were undertaken at the request of
Dr. H. E. Watson who required the values of the vapour tensions
of acetone at low temperatures in connection with experiments
on the losses of acetone during distillation.

The only previous measurements of the vapour pressures
of acetone are by Regnault (Mém. de 1’ Acad. Petersh. 1862, 26,
339) and they are for temperatures above 20°C.

Axn interpolation formula calculated from Regnault's
results is given by Ramsay and Young (Physico-Chemical Tables,
John Castell Evans. Vol. I p. 512). Although there is a
remarkably good agreement between the observed and calculated
figures in the whole interval from 80° to 130°C, unfortunately
this agreement ceases to exist for the extreme values, the errors
heing 10% and 29% at 20° and 140°C respectively. From this it
is evident that Ramsay and Young’s formula serves no purpose
for temperatures lower than 30° and any extrapolation below 20°
is out of the question.

Ezxperimental.

The method selected for the present series of determina-
tions was the statical one, where the liquil under examination is
enclosed in an air-free vesssel so as to remain in equilibrium with
its own vapour. The main objection to this method lies in the
difficulty of completely removing all traces of air from the sub-
stance under examination. This was overcome by repeatedly
freezing the acetome in liquid air and by exhausting the space
above the frozen substance by means of a Toepler mercury pump.
The vapour pressure of solid acetone at the boiling point of liquid
air is exceedingly small and the above method for removing any
dissolved air was found to be very effective. Amother important
condition for the successful working of the statical method is to
expose as frequently as possible a {fresh surface of the liquid to
the vapour. This was fulfilled by using a platinum stirrer which
was continuously kept in action during an experiment with the
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help of an electro-magnet and metronome.  The stirrer also ensured
the uniformity of the temperature of the liquid.

Fig. 1 shows diagramatically the general arrangement
of the apparatus. The manometer M had two branches each of
25 mm. bore mecting helow in a common tube. The lower ex-
tremity of this tube was open, and dipped intoa vessel of mercury
resling on a platform which could be raised and lowered by means
of screws. It was thus possible to take all readings with a rising
meniscus. Both the mereury surfaces were shaded in exactly the
same way. One branch of the manometer was connected to a
pump through a phosphorus pentoxide tube, and during an ex-
periment it was maintained thoroughly exhausted and drey. The
other branch was in direct communication with the tube contain-
ing acetone. The difference of levels in the manometer was
therefore always the actual vapour pressure.  The heizhts of the
mercury columns were read off directly by means of a vertical
cathctometer placed at a distance of one meter and graduated to
read to 0-01 mm. (Fig. 1. p. 56)

By exhausting the whole manometer and connectine the
two sides by means of the tap P, the cathetometer erosswire could
he levelled, and any zero eorrection determined.

The acetone under examination was contained in a thin-
walled glass tube 24 mm. diameter, 270 mm. long and provided
with a side tube fused on direetly to one leg of the manometer.
A platinum stirrer was placed inside the tube and the quantity of
the liquid adjusted to such a height that its swrface was always
broken by the action of the stirrer. This tube was closed by
means of a rubber cork carrying a thermo-couple (not shown in
the diagram) and no leakage was to be detected even on long
standing.

Por maintaining a constant temperature a large Dewar's
cyelindrical silvered vacuum vessel, filled with a suitable freczing
mixture was used. |

For determining temperatures a mercury and a pentane
thermometer were at fiest tried, but it was found that the fornier
was difficult t9 read at the lower temperatures and the latter
possessed a considerable lag, thus proving unfit for any compari-
tively rapid determinations as required in these experiments. A
copper-constantan thermo-couple consisting of two pairs of june-
tions in series was therefore made and calibirated.  Alternate
Junctions were placed together in thin-walled glass sheaths about
b mm. diameter; junctions 1 and 8 were always mmersed in ice
and junctions 2 and 4 in the bath of unknown temperature.
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The calibration was offected by measuring directly the
thermo-electromotive foree in micro-volts by means of a direct
reading potentiometer. A small Weston element was previously
compared with a standard element and was used for all measure-
ments on the potentiometer.

A galvanometer of the uni-pivot type was simultaneously
calibrated in terms of micro-volts and in terms of temperatures
throughout its scale.

The degree of accuracy which it was hoped to attain
in making the temperature measurements was 0°1°C.  Several
difficulties were however experienced and it is doubtful whether
the values can be eonsidered accurate to more than 0-3° or perhaps
at hest 0027, An attempt was first made to use the melting points
of bromobenzene, mercury and chlorobenzene as given by Tim-
mermanns  (Proe. Roy. Dub. Soe. 1912, 25, 310) for the fixed
points. By ecarefully drying and redistilling bromo- and chloro-
henzene into a elosed freezing-point. apparatus and stirring with
a macnetic stirrer, sharp freezing points were obtained. The
freczing point of mercury was also determinod several times with
consistent results and  in addition the transition point of sodium
sulphate.

The E. M. F. s in micro-volts and the assumed tempera-
tures were :—

. 10% - t°C
Sodium sulphate +1212 +32-38
Bromobenzene 1033 -30'6
Mercury -1309 -38:89
Chlorohenzene 1479 - 450

The B. M. . 8 actually measured were twice the above,
as two couples in series wore used.

On attempting to draw a curve through these points,
however, there seemed to be a very decided irregularity if the
freezing points of the organic substances were to be included.
Consequently two parabolic formulae were constructed and ex-
amined to find out, if possible, the probable extent of any deviation
in the region between 07 and—30°. The value—38-89° recently
obtained by Henning (Ann. d. Physik 1914, 43, 282) was taken
for the freezing point of mercury.

A curve passing through the freczing point of mercury,
zero and the transition point of sodium sulphate is given by the
equation B = 3571t 4 00529 t* while one through zero, the
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freezing point of mercury and a sample of liquid air for which t
was assumed to he—190° and E found to be—1710 micro-volts is
represented by B = 8595 t + 0:0555 t*.  All temperatures bet-
ween 0° and—>50° corresponding to the same E. M. F. and calculat-
ed by these two equations agree with each other within 017, 5o
that it is highly probable that the equations represent the true
shape of the curve. Consequently it was decided to use the first
equation for determining temperatures and t'o xms:l(:ct t'hc val}lcs
from the freezing points of the organic liquids. It is interesting
to note that the values obtained for bromobenzene and chloro-
Dhenzene respectively, when this was done, were--30-3° and-—1-1-3° or
0:2° and 0:6° hicher than Timmermanns’ values, allowing for the
difference between the mercury values adopted. It is difficult to
account for these discrepancies.

The galvanometer deflection ¢ was very nearly a linear
function of the B. M. F. as may be seen from the following table.

d x 30 E
300 291
600 b9k
900 899
1200 1209
1500 1525

It would naturally have been possible to obtain an
equation conneeting directly the galvanometer deflection and the
temperature, but it was thought preferable to introduce the E. M.
F. 5 as well hecause a galvanometer constant may vary, while the
E. M. I, isan absolute measure available for future reference, also
one parabolic equation was not suited to express hoth the gal-
vanometer scale and the temperature variations with the B. M. I

Before starting an experiment, the glass tube, platinum
stirrer and thermo-couple were carefully cleaned and washed with
the pure acetone. The cork was inserted into the tube, cemented
with a mixture of heeswax and resin and the acetone in the glass
tube was frozen in liquid air with constant stirring. The air,
contained in the space above, was removed by means of a
mercury pump. The acetone was then allowed to warm up to
room temperature and frozen in lHquid air for the second time. In
this operation only a small quantity of occluded air could be
obtained and on repeating this process a few times, it was possible
to remove all the occluded air. At this staze the measurements of
vapour pressure were made. By changing the temperatures of the
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liquid, in which the acetone tube was immersed, and noting the
corresponding pressures as indieatzd by the manometer, a number
of points could be obtained.

The thermostat vessel was filled with ice for the tempera-
ture of 0°C.; for temperatures down to—15°C. various mixtures of
ice and salt werc employed and the temperature could be held
constant for long periods. Aleohol cooled in liquid air supplied the
other temperatures as far as—50°C. A number of observations
were taken in cach case, with rising and falling temparatures, since
it was not quite casy to maintain these low temparatures constant
longer than a quarter of an hour. The difference between the
values obtained was, however, very slight, as it was found that
equilibritun between vapour and liquid was reached quite rapidly,
the usual time being about two minutes.

Results.

The experiments extended for a considerable period and
there was good agreement between results obtained at different
times.  The accompanying table I contains the values observed
from —50° to 0°C, and also a few figures above the latter temper-
ature obtained with a calibrated mercury thermometer, for a
sample of acetone which had been made by a fermentation
proeess. It appeared to be very pure but its specific gravity at
25° was only 0-7909 which corresponds to a water content of 2.0%
according to the measurements of Squibb  (Journ. Amer. Chem.
Soc. 1895, 17, 187.) The measurements could not be extended to
higher temperatures, as it was not possible to measure pressures
above 150 mm. in the apparatus.

The first column gives the galvanometer deflexions.

The second column gives the thermo-electromotive force
expressed in miero-volts.

The third column gives the observed vapour pressures in
millimeters of mercury corrected for temperature and reduced to
sea level and 447 latitude, the latter being an appreciable quantity
in Bangalore.

The fifth column gives the pressures in millimeters cal-
culated from a smoothed curve as explained below.



52

TABLE 1.
Vapour pressures of Fermentation Acetone, d33=0 7909.

defl. E.M.F.10"%volts. t°C p. mm. (obs.) p. mm. (smoothed)
144 1390 1396
14-2 138-2 1380
101 112-7 1132
52 8663 8863
00 0-0 0-0 67-22 67-22
— 21 — 81 - 11 6190 6150
— 41 — 121 — 34 5579 56-17
— 81 — 237 - 67 4687 46-87
— 82 — 240 — 68 46-68 1668
— 83 — 243 - 69 46-48 16-46
— 89 — 261 - 71 1510 45-10
—-10.8 — 318 - 90 41-09 41-08
—110 — 324 — 92 4073 10-64
—12'1 — 3857 —101 3871 3547
—12:2 — 360 —10-2 3816 3825
—129 — 3805 -10-8 3704 370t
—150 — 4435 =127 33:03 3319
—169 — 5005 —143 3013 3612
—-17'2 ~ 5095 —146 29-72 29-70
—178 — 5275 151 2863 2863
—188 — 558 —16-0 2742 27-36
—20°1 ~ B97 —-17-2 2527 2536
—220 - 6545 —189 2273 2292
—24°6 - 7314 —21-2 19-68 19-80
—264 — 7885 —229 1805 17 85
—~271 — 810 —235 17-36 1721
—279 —~ 8345 —24-2 1661 16-18
—28.0 — 8376 —243 16-29 1644
—31-5 — 945 —276 13-15 13268
—382-8 — 985 —28-8 12:30 12-26
—331 — 994 —29-1 1188 12-03
—34-1 —1025 —30-0 1134 11-30
—-319 —1050 —308 1072 10-72
—351 —1056 —310 10-60 10-62
—-376 —113385 —834 890 9-00
—382 —1152-5 —34°0 866 864
—38-3 —1158 —34'1 870 8-57
—41-0 —1240 —36°7 715 715
—418 —1266 —376 671 B-74
—431 —1307 —38-8 6:09 613
—44°1 —1338 —39-8 579 571
—44°8 —1361 —405 548 539
—449 —1364 —40°6 529 534
—450 —1367 —40-7 528 533
—471 —1433 — {20 451 451
—477 —1452 — 135 427 4-27
—48'5 —1477 — 143 397 403
—488 --1480 —444 402 402
—19-0 —1493 —44:8 394 387
—51-0 —1556 —16 & 32 3214
—47°7 302 302

—518
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Table 11 gives similar results for a sample of commercial
“ pxtra pure” acetone which was dried with calcium chloride
before use.  The centre fraction with boiling point constant to
within 0-1° was distilled directly into the measuring tube. Two
such samples were prepared, and were slightly different from each
other, the one having d33 0°7871 corresponding to 0-74 per cent
of water (Squibb loc. cit.), and the other having d2% 0-7865 cor-
responding to 048 per cent of water. This difference, however,
did not appreciably affect the vapour pressures of the two sam-
ples and therefore the results obtained with both of these are in-
cluded in the table.

TABLE II.
Vapour pressures of commercial “ extra pure ”
Acetone d32=07865.

deﬁ Mi'ir. ’V[ . FIO“‘6 vcﬁés. t°C p- mm (obs.) p.mm. (smoothed)

18-8 5575 153 154-39 1644
17-8 527-5 145 148:32 1484
175 5185 14.2 14663 1466
00 00 00 69°51 69-51
— 41 — 121 — 34 57-90 58-12
— 49 — 14% — 41 5745 56-26
— 78 — 223 — 63 49-67 49-58
—13-2 — 3895 —111 3808 37-81
—14°5 — 4285 —12:2 36°13 35-22
—147 — 434°5 —12°4 3481 3482
—16°8 — 4975 —14°2 31-48 31-30
—20°2 — 600 —17'3 2626 26:08
—23-1 -— 688 —19-9 22°36 22°29
—242 — 7215 —20-9 2099 2095
—24°6 — 7335 —R21°2 2069 2049
—219 — 743 —21°5 19'98 20'12
—31°1 — 933 —27°2 1424 1407
—316 — 948 —R1-7 13-85 13-83
—341 —1025 —30-0 11-64 11-69
—350 —1053 —30'9 11-14 11-04
—355 —10685 —314 10-68 11:69
—359 —1081 —31-8 10-40 1039
—36°1 —1087 —32°0 1027 1024
—38'5 —1162 —34°3 8-83 876
—410 —1240 —367 7-48 739

—479 —1458 —437 443 437
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To eliminate, as far as possible, experimental errors the
values found were smoothed as follows.

The logarithms of the pressures were plotted against the
temperatures giving an approximately straight line. This could
be represented by the equation Y=0028X4-1.80 where Y is the
logarithm of the pressure and X the corresponding temperature.

The length of the perpendicular upon this line from a
point X!, Y* is proportional to Y'—0028 X'—1-80. The lengths of
these perpendiculars from all experimental points were calculated
and another curve was constructed in which the lengths of the per-
pendiculars were plotted against respective temperatures.  All
slight deviations were magnified in this diagram and it was there-
fore possible to run a smooth curve through the various points.
From this curve the “smoothed’ pressures were calculated back
for the given temperatures.

Separate smooth curves were constructed for Tables 1
and 1T and it is to be seen that the vapour pressures in the first
sample are lower than those in the second; this is also natural
since the substance employed in later experiments contained less
water.

It is also to be seen that the corresponding vapour pres-
sures in both the tables are proportional, the ratio being 0-9670
throughout the series.

Values are calculated for the vapour pressures of acetone
from the results entered in table II for definite intervals of tem-
perature. They are given in the accompanying table TII.
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TABLE III.

Vapour pressures of Acetone.

t°C p. mm,
+15 , 1513
+10 1174
+ 6 90-36

0 6951
-5 5327
—10 4012
—15 30-02
—20 22:05
—25 1626
—30 1170
—35 8:32
—40 5:81
—45 3:92
—50 254

My best thanks are due to Dr. H. E. Watson for his
constant advice and guidance in the work and to Dr.J. J. Sud-
borough for permitting me to work in the Institute laboratories.
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DIAGRAM 3
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