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ment is quite satisfactory. Similar data for solutions up to 0.1 Af have

Incn discussed by Scatchard.s#

The writer wishcs to cxpress his indebtedness and gratitude to the
$lizabeth Thompeon Scicnce Fund for providing mechanical aid in the

calculations,
Summary
" A report is made of the determination of the freczing points of aqueous
solutions of hydrachloric acid up to a concentration of 1.0 molal, making
eee of 2 platinum thcmmetuuatmnmtummmmngduim.
The activity coefficients are calculated and comparcd with those de-
rved {rom edectromotive {orce measurements,

Turns Courxos, MAMACTOSETITS

[CacRIBUTION FROM THE LAmomATORY OF THE Lo Am Paoouers Courawy)
SOME PHYSICAL PROPERTIES OF VINYL CHLORIDE
By L. 1. Daxa, J. N. Bunnies axp A. C. Jenxmns
Revmves Scrvawses 14, 1027 Frstsses Novexszn §, 1037
Slthough vinyl chloride (C.II.CI) has been known as a chemiecal com-
- wnd for a number of years, owing to the difficultics attending its prepara-
a and puﬁﬁcat:on. relatively little exact work has been done with it.
.m-c-zt progress in chemical synthesis has made this material available in
cuntily conunercially and therefore it has scemed worth while to review
-ewusworkonthcmbjectinordu-mmthepmtmud
.= wledge of the properties.

“wyond a few scattered values of the boiling point of viny! chloride,
oy litdle hu been published concerping its physical properties. Re-
'l ¥ the desirability of utilizing vinyl chloride as a refrigerating fluid
-iiing point —13.0°) has been suggested, and hence it has appeared
“rable to conduct an experimental determination of its most important
. <.ml properties. In this investigation the messuremerits of the vapor-
t.osure curve, liquid densities and freezing point are reported; in addition

-5 of its other physical properties have been estimated from theary.

Description of Experiments
V:;:or-huun Curve.—Commercial samples of vinyl chloride! were
..... nod in small steel cylinders. This liquid was purified by fractional
iition in a vacuuml insulated, low-temperature Hempel column
. was further subjected to a fractional distillation in a closed, low-

*Rmchard.'!‘m]omﬂ.m(lm Ses alwo LaMer, Trans. Amer.

R f;.&c..ll.(lm » preprint No. 58; and Van Lasr, Z. anerg. allgem. Chem., 139,
+Je2l

thMMNWmemmxﬂ
-Ci.'
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temperature fractionation apparatus, operated with a Tangmuir pump
in scrics for the purpose of removing the traces of moisture and oll
non-condcnsable gases. Finally, the samples were tested for boiling
range and pressure drop in the vapor-pressure apparatus mentioned below.
On distilling off over 25% of the sample at constant temperature, the
pressure drop was found to be lews than 2 qun. in 760 mm. of Hg, and on
distilfing off st constent pressure the temperature drop was kss than 0.05°,
It is probable that the purity was higher than 09.9%.

The vapor presames were measured over the temperature range from
~=25 to 60°, encresponding to a pressure range of 40 to 760 cm. of Hg
absolute or fromn 0.5 to 10 atm. absolute. Below and around ooe atmos-
phere a mercury manometer, with & vacuum over one arm, was employed
for the pressure messurement., From oune to five stmospheres a tall
mercury manometer was used, while above this pressure a dead-weight
piston gage served to measure the pressure, Various forms of containers
for the sample were used. In gencral the experimental technique was similar
to that used in the messurement of the vapor pressures of some panaflin
hydrocarbons,? to which work reference is made for experimental detalls.

The boiling point at ane atmosphere was determined & number of times
and was found to be —13.9, 20.1°. Bilts® gives the boiling range as
—18 to «~15°, which would seem to be much too low temperatures and
too wide & range to correspond with the pure material tested in this in-
wvestigation. In the following table are given the values of the pressures
snd corresponding temperatures obsérved for the vapor pressures.

Tama I
Varox Pazuvess o7 Vorn, Cmonios
~28.73 .5 400 149.06 »N.N 430.0
-33.02 51.30 5.5 . 158.2 45.80 3.4
-=16.61 67.78 18.21 23.8 5. 87 667.6
‘=18.61 %78 . 2.73 a2.7 60.34 758.8
- 8.2 91.00 3.5 378.9 00.34 - 780.3
- 1.57 123 .48 20.72 449.2 '

The experiments] observations bave been combined into the well-
known Nernst! equation of the form
. Jogp =ad W+ 175105 T 4 cT
in which the pregsure p is expressed in atmospheres absolute and the tem-
perature T in degrees centigrade absolute, The values for the constants
are as follows ° '
e = 0.5420; b = —]1509; ¢ = «=0.002415
* Dana, Jenkina, Burdick and Timm, Refriperating Eng., 12, 387 (3028).
$ Biltz, Ber., 38, 3525 (19002). . .
4 Neast, "Theoretical Chemistyy,” Macmillan Co., New York, 1923, p. 818
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uis s ;. Om the average the agreement of the obscrved results with those computed

" re and all by the formula is within the experimental error, 03%. . - :
or boiling . Liquid Deasities.—~Thc ticthod employed for the determination of
. med belov, - the liquid densities has been described in an carlier paper by the authors,t

ature, the °  and is similar to that used by

Ig, and on *  the Burean of Standards oo | .
than 0.03°. smmonis® Preliminary experi- ‘
ments were first made i s Pyrex

~e¥o #a

‘ange from pycnometer in whick anly the
on. of Hg i cocfficient of expansios of the
3¢ atmos- liquid was mensured, since the
. employed " weight of liquid viny! cluoride
wes a tall , in the pycnometer was not as-
:ad-weight ! certaimed. The final measure.
containers °  meats were made with the EXT TVt Carriawy |
rassimilar . pycnometer, shown in Fig. 1, Grass Tuows
ie paraflin constructed of Jena 10" glass. ; *
al details, i After ealibrating the pycno- i :
ot of times " 'meter carcfully with mercury,
: range as - : the sample was condensed in .,
itures and ~ , and the pychometer scaled off, @
in this in. ' Readings of the liquid in the 7 A
prossures i stem were obscrved at various {‘, m
sures, { temperaturcs from —13 to 00° 2 H
in a thenmo-regulated bath and &
the temperatures were read by 3 ,ﬂ,‘
Prem., 2 platinum resistance thermo- o
:";": "« meter. By weighing the pycno- H
. meter full and cmpty, the core
z'r‘,‘; ) T peeted weight of vinyl ehiloride e m 20%haR bus
Ta8.6 was found to be LH.9716G g
+60.3 Enogh data were then availe ‘::.
able for computing the absolute b
the well- " density. The results for the I
. coellicient of expansion agreed
to 0.1% with those obtained _ | '
hetom- - With the Pyrex pyenometer. © @y picsometer for liquid demitios.
copstants Corsection has to be applied :

ior the quantity of vapor in the vapor space above the liquid in the pycno-

o meter, No experimental values for the vapor densities are available,

na Sowever, so that these values were computed theoretically. Since, how-

i ever, the maximum value for this correction is about 0.15% and an sccuracy
§ Cengoe and Harper, Burtau of Standards, Scientific Paper, No. 430.
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of 0.1, is claimed for the results,
* for the vapor density correction is sufficient. It is belicved that the vapor
density can be computed with much higher accurucy and as o matter of

Vol. 49
it is evident that an acauracy of 50%

interest this has been done and the resnlts are given Iater on.

1D MIR

o

Fig, SomFrocmdng-point aTarars,

The liquid deasitics of vinyl chloride

_are shown in Table IT.

It is believed thot tbe results ave
good to 0.1%,. *

An empirical formula representing
the results from —~13 to 60 is as
fallows

¢ = 0.471 — 0.001748 ~ 0.000003241
in which d is the liquid density in grams
per cc. and £ is the temperature in dee
grees centigrade.  ‘The data agree with
the formula to better than 0.1%.

Freezing Point.—Since relatively
large quantitics of vinyl ckoride, puri-
fied by fractional distillation for the
vapor-pressure measurements, had
been prepared, it was decided to de-
termine the freczing point by direct
immersion of the thermometer in &
larzesample. The apparatusisshown

_ in Fig. 2, ' Throughout the measure-

ments the sample was handled in a
closed system to keep out moisture.
Liquid air was employed as the cool-
ing medium. With a sicgle tube the
rate of cooling was too rapid; hence &
double-walled tube was used. This
also had the effect of producing a uni-
form temperature gradient in the
freezing-point sample. Preliminary
determinations with a calibrated, pro-
pane filied, low temperature thermo-
meter resttied in the value =139,
e fizal and ot ascurate detennina.

tande thermometer widck Bad previ-

ousiy been calibraved at tke freezizg point of mereury, ke sublismstion

poiat of carbon dioxide azd the boiling point of oxyzen.® The pesiod of

freezing lasted about seven minutes and the freezicg temperature was

R - i
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constant to within 0.1° at-—=159.7°, Considering the purity of the sample
it is safe to claim an sccuracy of 0.1° for this freezing point. -
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. Tamx IT
Ligoro Dexsrrmxs or Vi, CriLonmos
J# U«H‘Jd:dv- 'l'!.-c.u. Ucﬁ:f.:ﬂr.
-=13.906 0.0002 .57 0.5733
1.32 43 48.20 .B558
13.49 ] 50.91 5310
28.11 055

Estimated Vapor Densities and Latent Heats

Since the vapor densities were required for correction terms to the liquid
densitics, it appueared worth while to estimate them as accurately as possible
so that the values might be of use elsewhere. At the same time, since
the vapor-pressure curve was sucasured, the latent heats could be estimated

with the aid of Clapeyren's cquation, .
Unfortunately the criticn! constants of viuyl cfuride are not known

* so that the law of correspomding stales could not be employed direetly;

but van Laar® has described methods based on empirical relationships
by mcans of which the critical constants may be computed, which in turn
serve in other relationships from which the specific velumes can be ascer-
tained. By these mothods the estimated critical pressure is 52.2 atm.
while the estimated critical temperature is 142°,

In the following table the estimated specific volumes of the saturated
vapor, cstimated by the method of van Laar, are given.

Tams ITT
ESTIMATED Srzcrric VOLUMES OF SATURATED Varor oF Vikrl Caronins
- wpe TR o
=30 835 20 105.4
-20 418 0 .7
~-10 284 40 G60.3
0 109 50 48.3
+10 143.3 ] a8.

To compute the latent heats the above values for the specific volumes
were used and the siopes of the vapor-pressure curve were determined
graphically. .

The latent heats' were also computed by means of the law of corre-
sponding states, comparing with the values given by FHolst’ for methyl
chioride.#: At the boiling point the values by the two methods agree to 1%,
while at 50° they agree to 5%.

8 Van Laar, “Die Zustandsgleichuhg,” Leopold Voss, Leipaig, 1924, pp. 186, 21.
1 Holst, Comm. Phys. Lab. Univ. Leiden, No. 14de.
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Tamx IV
TsMATHD LATENY JTEATS or ViNve Crtosms
Nnw of p————iaivet beat, col/s. ~—————
ﬁw’\.. '.'-:m'::.'-' Ny Clapryran's !-m-u"'

“~ wm. ol Jle/"C. woponi ey sialry
- 204 W] R%.7
-3 and LIW R

' 0 - 47.1 81.2 ®1.0
+10 G1.8 .8 B1.7

x .7 .7 0.2

L o) 100.2 70.2 78.5

40 124 .2 76.0
« 50 151 70.1 4.4

Summary

The vapor prossure of vinyl chloride was measured from —28 to 00°,
The normal boiling point was found to be ~13.9, =0.1°,

‘The liquid densitics were measured over the temperature range =13 to
60°.

‘The freezing point was found to be —159.7, %0.1°. -

Estimated values of the vapor densities and latent heats were computed
from theoretical relationships, '

Burrawo, Nxw Yorx

NOTE

Calculation of Heats of Combustion.—Kharasch and Sher? have
applied the electronic conception of valence to the calculation of heats
of combustion of organic compounds. ‘They find that the emergy change
which accompanies the displacemient of one valence eleetron from the posi-
tion which it occupics in methane, a carbon chain or the benzene aucleus
to the position after combustion in earbon dioxide is 26.05 kg. cal. per mole.
‘Thus the heat of combustion of a hydrocarbon is given by the product
26.05 3 N, where N is the number of electrons displaced.? Electrons
associated with bonds other than C—C and C—H are accompanicd by an
additional energy change during combustion. To the term 20.05 N,
Kharasch and Sher add 26 kg. cal. for each aliphatic ether group, 13 kg.
cal. for each ethylenic linkage, primary alcohol, ester or aromatic ether
group and 0.5 kg. cal. for each sccondary alcohol or ketone group. No
correction is added for tertiary alcohol, phenol or acid groups. In most
cases this method gives good results, but for aromzatic compounds the cal-
culated values are uniformly higher than the experimenial values and the

$ Kharasch and Sher, J. Phys. Chem,, 20, 625 (1925).
# Each bond corresponds to two electrons.  In oxygen compounds the two oxygen
bonds sre disregarded. Thus N is 8 for methane, 30 for benzene, 58 [of phenyl benzoate,

3
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coviath: u-%ecome greater as Lo vamber of benzene nucled increases.  ‘This
pecessitates a correction for each benzene nucleus.  The method proposed
jor this correction follovws.

Tic clectrons associated with three of the bonds of the hcnumc nuclcus
(s electrons) will be assumed *» differ in energy relations from those of
the other cyclve (A electons).*  There is an encrgy change of 24.85 and
26.05 kg. cal. per mole, respectively, for cach u and A clectron present in
tke compound being buned. The heat of combustion in kg. cal. per mole
at cozstant pressure of compounds containing C and K, or C, H and O,
is gives by the equation® Q, = 26.05\ + 24.85z + 22.7 for each ether
group <+ 19.5 for each aldehyde group + 13 for each ethylenic linkage,
primary alcohol or ester group + 6.5 for each secondary alcohol group
+ 3.2 for cach phenol or tertiary alcobol group + 0.0 for mh acid or
ketose group.

Of the 57 aromatic compounds containing C and H, or C, H and O,
wkose heats of combustion were calculated by Kharasch and Sher, the
new method gives results closer to the experimental values in 37 cases and
the same in 7 cases. The average per ceat. diflerence between experi-

"meatal and calculated values is lowered from 0.52 to 0.329. Table I

sbows per cent. difference betwcen calculated and experimiental values
for 171 aromatic compounds of different types,

Tamx 1

D:FFERENCE BETWEEN CALCULATED AXD ExrEmiMExTal HEATs orF CouavsTion
Aroriatic ermpausds . Differcace batween caleulated
roniaining C and H, Nea, of and experimental vulues

o C, Hand O malculations Toal B Average %
turated hydrocarbons

E:kylenic hydrocarbons

Pheaels

Etkers

Aldchydes

Aetones

Adids

Exters

Twtal

CoNTRMIMUTION ¥ROM TIN J. K. Snviin
DurakTatiiNy o Clantmsmy,

TR VUNNSVLVANIA STATE CoLLiGR,

Sravio CunLne:, IMENNsTLY ANIA

Kacuivity Masen 11, W’.
 SRTINT VT l\o\r.uul.u &, 1027

1 See Pauling, Trrs Joumnat, 48, 1132 (1026).

¢ and p are the pumbers of A and u elcctrous present.  In aliphatic compounds
ibere are Do 4 electrons and A is the same as N in Kharasch and Sher's equation. Each
benzece nucleus contains § u electrons. Thus A = ufwhum A =48 u = 18 for
aatkracene; A = 46, » » 12 for pheny] benzonte, ete.
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