(26) Guevara, F, A,, McInteer, B. B, Wageman W. E., Phys.
Fluids, 12, 2493 (1969).

(27) Guevara F. A,, Stensland G., tbid., 14, 746 (1971).

(28) Hanley, H. J. M., Childs, G. E., Science, 159, 1114 (1968).

(29) Ishida, Y., Phys. Rev., 21, 550 (1923).

(30) Iwasaki, H., Kestin, J., Nagashima, A., J. Chem. Phys., 40,
2988 (1964).

(31) Johnston, H., Grilly, E. R., J. Phys. Chem., 46, 948 (1942).

(32) Johnston, H., McCloskey, K. E., ibid., 44, 1038 (1940).

(33) Kalelkar, A, S., Kestin, J., J. Chem. Phys. 52, 4248 (1970).

(34) XKestin, J. (Comment), Trans. ASME, 78, 1288 (1958).

(35) Kestin, J., Leidenfrost, W., Physica, 25, 537, 1033 (1959).

(36) Kestin, J., Nagashima, A., J. Chem. Phys., 40, 3648 (1964).

(87) Kestin, J., Ro, 8. T., Wakeham, W. A, Trans. Faraday Soc.,
67, 2308 (1971).

(38) XKestin, J., Wakeham, W. A., Watanabe K., J. Chem. Phys.,
53, 3773 (1970).

39) Kestin, J., Whitelaw J. H., Physica, 29, 335 (1963).

(40) Kestin, J., Yobayashi, T., Wood R. T., ibid., 32, 1065
(1966).

(41) Kopsch W, Dissertation, Halle, 1909; see Ann. Physik, 30,
393 (1909).

(42) Lambert, J. D., Cotton, K. J., Pailthorpe, M. W., Robinson,
A. M, Scrivins, J., Vale, W. R. F.,, Young, R. M., Proc.
Roy. Soc., A231, 280 (1955).

(43) Maitland, G. C., Smith, E. B., J. Chem. Phys., 52, 3848
(1970).

(44) Maitland, G. C., Smith, E. B., J. Chim. Phys., 67, 631
(1970).

(45) Mason, E. A, Rice, W. E,, J. Chem. Phys., 22, 843 (1954).

(46) Michels, A., Botzen, A., Schuurman, W., Physica, 23, 95
(1957).

(47) Michels, A., Sengers, J. V., Vande Klundert, J. L. M., ibid.,
29, 149 (1963).

(48) Nasini, A. G., Rossi, C., Gazz. Chim. Ital., 58, 433 (1928).

(49) Pal, A. K., Barua, A. K., J. Chem. Phys. 47, 216 (1967).

(50) Pal, A. K., Baura A, K., 7bid., 48, 872 (1968).

(561) Rammler, E., Breitling, K., Die Warme, Z. Dampfkessel
Maschienen betrieb, 60, 620 (1957).

Some Solubility Data for Ethane

JOHN A. WATERS! and GEORGE A. MORTIMER
Monsanto Co., Texas City, Tex. 77590

The solubility of ethane in n-hexane is

(532) Rankine, A, Q., Proc. Roy. Soc., A83, 516 (1910).

(53) Rankine, A. Q., tbid., A84, 181 (1911).

(54) Rankine, A. O,, Smith C. J., Phil. Mag., 42, 615 (1921).

(85) Raw, C, J. G., Ellis, C. P., J. Chem. Phys., 28, 1198 (1955).

(56) ](Reynes, E. G, Thodos, G., J. Chem. Eng. Data, 11, 137

1966).

(57) Rietveld, A. Q., Van Itterbeck, A., Van den Berg, G. J.,
Physica, 19, 517 (1953).

(58) Rigby, M., Smith, E. B., Trans. Faraday Soc., 62, 54 (1966).

(59) Thorton, E., Proc. Phys. Soc., 76, 104 (1960).

(60) Thornton, E., 7bid., 77, 1166 (1961).

(61) Thornton, E., Baker, W. A. D., tbid., 80, 1172 (1962).

(62) Trappeniers, N. J,, Botzen, A., Van den Berg, H. R., Van
Qosten, J., Physica, 30, 985 (1964).

(63) Trappeniers, N. J., Botzen, A., Van den Berg, H. R., Van
Qosten, J., 7bid., 31, 945 (1965).

(64) Trautz, M., Baumann, P. B., Ann. Physik, 2, 733 (1929).

(65) Trautz M., Binkele H. E., 1bid., 5, 561 (1930).

(66) Trautz, M., Heberling, R., ibid., 10, 155 (1931).

(67) Trautz, M., Heberling, R., 1bid., 20, 118 (1934).

(68) Trautz, M., Kurz, F., ¢bid., 9, 981 (1931).

(69) Trautz, M., Ludewigs, W., ibid., 3, 409 (1929).

(70) Trautz, M., Melster, A., ibid., 7, 409 (1930).

(71) 'Trautz, M., Narath A,, 1bid., 79, 8640 (1926).

(72) Trautz, M., Sorg, K. G., ¢bid., 10, 81 (1931).

(73) . Trautz, M., Stauf, F. W., 1bid., 2, 737 (1929).

(74) Trautz, M., Weizel, W, 1bid., 78, 8305 (1925).

(75) Trautz, M., Zimmermann, H., tbid., 22, 189 (1935).

(76) Trautz, M., Zink, R., ibid., 7, 427 (1930).

(77) Van Itterbeck, A., Claes, A., Physica, 3, 275 (1936).

(78) Van Itterbeck, A., Van Paemel, O., tbid., 5, 1009 (1938).

(79) Van Itterbeck, A., Van Paemel, O., ibid., 7, 265 (1940).

(80) Vasilesco, V., Ann. Physique, 20, 137, 292 (1945).

(81) Wobser, R., Muller, F., Kolloid-Bethefte, 52, 165 (1941),

(82) Yen, K., Phil. Mag., 38, 582 (1919).

Accepted December 28,

REecEIVED for review October 19, 1971.
G. C. M. thanks the Salters’ Co. for a scholarship award.

1971.

in n-Hexane

reported for temperatures of 0-30°C. The

data contradict some rather old existing literature reports for hexane but fall in line

with other data for C~C; hydrocarbons.

We wish to report some solubility data for ethane in n-hexane
at 0~30°C. The results contradict existing literature values
for this system (3, 4) but fall in line with results for n-nonane,
n-octane, and n-heptane (§).

The solubility measurements were carried out in duplicate
according to a recently described technique (6). In this
method the amount of gas required to saturate a known volume
of liquid at a known temperature and partial pressure of gas
was determined. Determination was made by measuring the
change of pressure of the gas in the reservoir (a 286.4-ml bomb)
after the previously evacuated absorption vessel had been filled
and the liquid in it had been saturated by the gas. The gas

! To whom correspondence should be addressed.

flow to the liquid was controlled by two diaphragm-type regula-
tors (Fisher-Governor Co., Marshalltown, Iowa) set to give
the desired final pressure above the liquid. The solvent (300
ml at 23°C) was degassed by pumping out at 1074 mm Hg at
liquid nitrogen temperature in a 500-ml flask before being
saturated with ethane while being stirred by a magnetic stirring
bar and held at the desired temperature. The pressure in the
reservoir was measured by a Heise gage calibrated with a
Model 145 Digital Pressure Gage from Texas Instruments
Co. (Houston, Tex.). This gage in turn had been calibrated
against NBS standards to =0.002 psia. Solvent vapor pressure
and gas partial pressure were measured with a mercury manom-
eter, and solvent temperature was controlled by a 1-gal Cel-
losolve bath maintained to within £0.1°C of the desired
temperature.
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The solubility of the ethane in the n=hexane was calculated
using the expression

Solubility K (mol/1) = ~£* [(Pofo — Pf)V. X 273.16

04 or L 22414 (27316 + T)

AN 273.18
’ o /] 22414 \273.18 + ¢

where p, = density of solvent at bath temperature

or = density of solvent at 23 = 1°C

P, = initial gage reading, atm

P, = final gage reading, atm

P, = partial pressure of gas at bath temperature, atm

fo = a factor for converting gas pressure to ideality
at pressure Py

fi = a factor for converting gas pressure to ideality at
pressure P;

T = temperature of bomb and gage, °C

t = bath temperature, °C
V1 = volume of gas reservoir, liters
V. = volume of absorption vessel, liters

Ethane was 99.99, pure research grade from Matheson Co.
(La Porte, Tex.) and n-hexane was high-purity material from
Phillips Petroleum Co. (Borger, Tex.), the maximum impurities
being benzene (0.5%) and methylcyclopentane (0.5%,). The
purities were checked by gas chromatography on a 5-ft X
8/14-in. column of Porasil B at 50°C using a hydrogen flame
detector, The hexane was passed through 3A Molecular
Sieves and dried over sodium ribbon under argon before being
degassed for use.

The results were confirmed to within +=2% by an additional
gas chromatographic method. In this, a known quantity of
ethane was equilibrated with the solvent in a vessel of known
volume at a given temperature and pressure. An assay for
ethane in the gas phase was then made by injecting samples
into a helium flow of 456 ml/min passing through the above-

Table I. Some Solubility Data for Ethane in n-Hexane
o as
Gas solubility measured
by pressure- by gas
Temp, change method, Av value chroma-
°C mol/l. at 1 atm. for ao tography
0 0.381 = 0.006 8.54 = 0.13 8.68
10 0.317 £ 0.010 7.10 £ 0.22 7.14
20 0.264 £ 0.005 5.89 = 0.11 5.68
25 0.247 =+ 0.005 5.54 £ 0.11
30 0.225 £ 0.012 5.04 £ 0.27 4.96
Table ll. Solubilities of Ethane in Linear Ce—Cs
Hydrocarbons at +25° and +30°C
Temp,
°C Solvent o Author

+25 n-Nonane
+25 n-Octane
+25 n-Heptane
+25 n-Hexane

.28 Thomsen and Gjaldbaek (5)
71 Thomsen and Gjaldbaek (5)
Thomsen and Gjaldbaek (5)
.62 Thomsen and Gjaldbaek (5)

EESIEETS
—
o

extrapolated

+25 n-Hexane 5.54 This work

+30 n-Hexane 5.04 This work

+30 n-Hexane 2.87 McDaniel and Rosenthal
(8, 4)

s Believed by us to be erroneous.

mentioned column of Porasil B at 33°C and comparing the
height of the ethane peak with that from a known ethane—
argon blend, This method was only intended as a rough but
independent check of the solubility values obtained by the
primary method. Values for &, from the primary method are
given in Table I and are averages of two measurements. oo is
the Bunsen coefficient (defined as the volume of gas converted
to STP absorbed into unit volume of solvent at 1 atm partial
preassure of gas at the temperature concerned).

The results from primary measurements varied generally by
+=3% or less, an exception being the measurements at 30°C
which showed variations of +=5%,. The average values from
the primary results differed from those from the chromato-
graphic method by 3.5% or less.

The ag value for ethane in n-hexane at 30°C has been re-
ported by McDaniel (3) to be 2.8680 which is only 57% of our
measured value. Possible reasons for errors in McDaniel’s
work could be (a) he synthesized his own gases which might
not have been pure, (b) his technique of eliminating consider-
ation of solvent vapor pressure was not valid, or (¢) he made an
error in determining the volume of his apparatus. It is curious
that results of Rosenthal for ethane in n-hexane and n-heptane-
(4) agree with those of McDaniel to three places of decimals
and yet both sets of results contradict ours for ethane in n-
hexane and those of Thomsen and Gjaldbaek (6) for ethane in
n-heptane. The work of McDaniel and Rosenthal is made
even more suspect on the basis of their results for ethylene in
toluene which disagree with ours, and by the work on ethylene
in benzene which disagrees with that of Horiuti (2).

We graphically extrapolated the solubilities given by Thomsen
and Gjaldbaek for ethane in n-nonane, n-octane, and n-heptane
at +25°C (Table II). A plot of o vs. the number of carbons is
almost linear and appears to predict a value of 5.5 for n-hexane
at this temperature. Later we tried to find a simple mathe-
matical dependency based on the number of carbon atoms in
the solvent and found that the data conform to the relationship

ap = 0.015 n? — 0.665 n + 9.07 (n = the number of carbon
atoms in the sclvent molecule)

When n = 6, oy becomes 5.62 (both extrapolated values
being close to our value of 5.54 at this temperature). Consider-
ing the other several contradictions of McDaniel’s and Rosen-
thal’s data in the literature (2, 5, 6), we have little doubt that
they are erroneous. Our results for ethane in n-hexane are
therefore a correction of their data.

Considering that the solubilities of ethane in higher n-
alkanes were not accurately predicted by the Hildebrand-
Scott equation (), we offer no correlation of our results with
theory using analogous solubility parameters for n-hexane.
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