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Duedall by as much as 0.18 X 10 bar' at 2 °C and 0.13 m.
The difference in AB, if integrated over the pressure range at
2 °C and 0.13 m, would indicate that the density of Duedall is
~150 X 10 g cm™2 higher than our value at 900 bar. Since
our density is only 23 X 10-® g cm™ higher than that of Chen,
Emmet, and Millero, which is well within the combined precision
of these two studies, we suspect that the work of Duedall may
have been subjected to some systematic error for MgCl, solu-
tions.

The agreement of our AS data for Na,SO, and MgSO, with
the data of Duedall is well within the combined precision of the
two studies. The good agreement substantiates the validity of
our sound-derived equations and suggests that the direct density
measurement of Chen, Emmet, and Millero (2) for MgSO, may
be too low.

In summary, we have presented what we feel are the best
availabie high-pressure properties for NaCl, MgCl,, Na,S0O,, and
MgSO, solutions from 0 to 1000 bar, 0 to 40 °C, and 0 to 1
m.
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Solubilities of Vinyl Chiloride and Vinylidene Chioride in Water
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A review of the published data for the solublilties of vinyl
chloride and vinylidene chiorlde in water is presented, and
data from new experiments are offered. A consensus
existed among the vinyl chioride data sources. Our new
data agreed with the majority position. The solubility of
vinyl chloride in water was found to be nearly constant at
0.95 wt % over the range 15-85 °C. Llittle vinylidene
chloride data have been published, and no consensus
existed. Our data showed the solublilty of vinylidene
chloride In water to be nearly constant at 0.25 wt % over
the range 15-90 °C.

Introduction

The solubilities of vinyl chloride and vinylidene chloride in
water are valuable data for understanding any process which
involves water and either of these monomers. They are es-
pecially important for the polymerization and finishing of hom-
opolymers or copolymers of these monomers. The purpose of
this paper is to provide this valuable solubility information in one
place.

Vinyl Chloride. A Review

Six sources of vinyl chioride solubilty data were found.
Gerrens et al. ( 7) reported the solubility of vinyl chioride in water
to be 1g/100 mL, or 1.0 wt %, at 50 °C. The value was given

0021-9568/81/1726-0274$01.25/0

without explanation or reference.

Hayduk and Laudie (2) reported extensive studies of the vinyl
chloride-water system. Their solubility experiments were
performed over a wide range of temperatures. Although they
did not directly measure the solubility of vinyl chloride in water
at the vapor pressure of vinyl chloride, they were able to ex-
trapolate. They started with a known volume and partial
pressure of vinyl chloride in a thermostatted bomb. They in-
troduced a known amount of water to the bomb and adjusted
the volume of the bomb to maintain the starting pressure. The
vinyl chloride lost from the vapor phase was assumed to have
dissolved in water. At 0.2, 25, 50, and 75 °C, they performed
experiments at two or more vinyl chloride partial pressures.
These data were then extrapolated to the vapor pressure of
vinyl chloride by using a general form of Henry’s law, eq 1,

P=HCk (1)

where P is the partlal pressure (or vapor pressure) of vinyl
chioride, H’is a solubllity coefficient which is exactly the Henry's
law coefficient when k = 1, Cis the concentration of vinyl
chloride in the water, and k is an adjustable parameter. Res-
tatement of their data gives the solubiilty of vinyl chloride in
water as 0.90 wt % at 0.2 °C, 0.87 wt % at 25 °C, 1.01 wt
% at 50 °C, and 1.28 wt % at 75 °C.

Berens (3) reported the solubility of vinyl chloride in water at
30 and 50 °C. He determined the solubility of vinyl chloride by
measuring the pressure at apparent equilibrium in a stirred,
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thermostatted bomb of known volume containing weighed
amounts of water and vinyl chloride. Any vinyl chloride not
accounted in the vapor phase was assumed to have dissolved
in the water. Berens reported the equilibrium concentration of
vinyl chloride in water at several partial pressures for both
temperatures. He reported directly the solubility at 30 °C. We
have extrapolated his data to obtain the solubility at 50 °C. His
results for the solubility of vinyl chloride in water are 0.83 wt
% at 30 °C and 1.04 wt % at 50 °C.

One secondary reference (4) reported that at 25 °C 0.11 g
of vinyl chloride dissolves in 100 g of water, or 0.11 wt %.

Nilsson et al. (5) conducted vinyl chloride solubility experi-
ments between 15 and 60 °C. They injected measured
amounts of vinyl chloride into a bomb containing only a known
amount of water. They measured the equilibrium partial pres-
sure within the bomb and calculated the amount of vinyl chloride
which had not dissolved. This gave them the amount of vinyl
chloride which had dissolved, and they were able to describe
partition coefficients. They did not report the results of specific
experiments, but, rather, stated that eq 2 (a form of Henry's

S=8.8 X 10°%P/P,) )

law) holds from 15 to 60 °C, where S is the concentration of
vinyl chloride dissolved in water (g of VCM/g of H,0) in equi-
librium with a partial pressure of vinyl chloride P when the vapor
pressure is P,. By setting P = P, and adjusting the units of
solubility, they determined the solubility of vinyl chloride in water
to be constant at 0.87 wt % from 15 to 60 °C.

Recently, Patel et al. (6) measured the partition of vinyl
chloride between water and the vapor phase. They performed
experiments at several vinyl chloride partial pressures at each
of several temperatures between 25 and 85 °C. They added
water to a bomb and evacuated the air from the headspace.
Next, a known amount of vinyl chloride was added to the bomb.
After equilibrium was reached in a thermostatted environment,
the pressure in the bomb was measured. The vapor phase of
the bomb was sampled, and the concentration of vinyl chloride
was determined chromatographically. This served as a check
on the pressure measurement. Finally, the water phase of the
bomb was sampled, and the concentration of vinyl chloride was
determined chromatographically. Experiments at several partial
pressures at each temperature demonstrated that Henry’s law
was obeyed. We have extrapolated their data to the vapor
pressure of vinyl chloride at 25, 55, 65, 75, and 85 °C and
found the solubility of vinyl chloride in water to be 0.87, 1.21,
1.22, 1.16, and 1.06 wt %, respectively.

Thus, solubility data for vinyl chloride are available over a
wide temperature range, and there is a good consensus among
the various works. It is interesting that such good agreement
resulted since, with the exception of one experiment by Berens
(3), the solubility has been extrapolated from lower pressure
experiments. Yet, the various authors disagree on the depen-
dency of the solubility coefficient on the partial pressure of vinyl
chloride. Hayduk (2) showed that Henry's law is obeyed at 50
°C, but not at 0, 25, or 75 °C. Berens (3) showed that Henry's
law is obeyed at 30 °C but not at 50 °C. Nilsson (5) did not
offer specific data, but did claim that Henry's law is obeyed from
15 to 60 °C. Patel (6) showed that Henry's law is obeyed from
25 to 85 °C. However, since the extrapolations to the vapor
pressure are small for the data of these four sources, their
consensus will be used as a validation test for the experiments
to be described herein. The report by Hardie (4) is discarded.

Vinylidene Chloride. A Review

Five sources of vinylidene chloride solubility data were found.
Weiner (7) limited his study to 25 °C. He found the solubility
of vinylidene chloride in water to be 0.64 wt %. The experi-
mental technique involved adding small known amounts of vi-
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Figure 1. Cutaway view of the solubility bomb.

nylidene chloride vapor to a closed vessel containing a known
amount of water and headspace. The pressure in the vessel
was monitored after each increment. When a constant pres-
sure was reached, the amount of added vinylidene chloride was
adjusted for the headspace volume, and the remainder was
assumed to have dissolved in the water.

Jaeger and Stringer (8) studied the solubility of vinylidene
chloride in water from 4 to 25 °C. Their experimental methods
were not published; however, their solubility at 25 °C, 0.25 wt
%, was much less than Weiner's value. At 4 and 16 °C, they
found the solubility to be 0.35 and 0.30 wt %, respectively.

Three secondary references reported the solubility of vinyl-
idene chioride in water. They neither disclosed the original
reference nor described the experimental procedures. The first
reference (9) reported the solubility to be 0.01 wt % at 25 °C.
The second reference ( 10) reported the solubility to be 0.021
wt % at 25 °C. The third reference ( 77) reported the solubility
to be 0.04 wt % at 20 °C.

With only one exception, the available data were taken near
room temperature. The values at 25 °C range from 0.01 to
0.64 wt %. The need for new experimental data was apparent.

New Experiment

The solubilities of vinyl chloride and vinylidene chloride in
water were determined directly with the following simple me-
thod.

(1) Approximately 60 mL each of deaerated, distilled water
and vinyl chloride or vinylidene chloride were placed in a
stainless steel bomb (see Figure 1). The vinylidene chloride
in these experiments usually contained MEHQ (the monomethyl
ether of hydroquinone). This was necessary since auto-
polymerization is expected when this inhibitor is absent. Ex-
perimentally, the presence of MEHQ did not affect the solubility.

(2) The bomb was closed, and the headspace was briefly
evacuated to remove air.
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Figure 2. Solubllity of vinyl chloride in water.
Table I. Solubility of Vinyl Chloride in Water (This Work)

temp, solubility, temp, solubility, temp, solubility,
°C wt % °C wt % °C wt %
15 0.95 29.5 0.89 55 0.95
16 0.995 35 0.94 65 0.92
20.5 0.915 41 0.89 72.5 0.98
26 0.88 46.5 0.88 80 1.00
85 1.12

(3) The bomb was placed into a thermostatted bath and
mechanically shaken for periods of 6-24 h.

(4) The bomb was lifted from the bath, and the water phase
was sampled immediately by inserting a gas-sampling syringe
through the septum.

(5) The water sample was immedilately injected through a
septum into a measured aliquot of DMAC (dimethylacetamide).
For the vinyl chloride experiments, 0.25 mL of water solution
was sampled and injected into 99.75 mL of DMAC to achieve
a 1:400 dilution. For the vinylidene chioride experiments, 0.25
mL of water solution was sampled and injected into 24.75 mL
of DMAC to achieve a 1:100 dilution.

(6) The DMAC solutions were analyzed with a gas chroma-
tographic technique. Five microliters of DMAC solution was
injected into a 6-ft glass column packed with Chromosorb 103
80/100M. The column temperature was 90 °C for vinyl chlo-
ride and 110 °C for vinylidene chioride. A flame Ionization
detector was used. Hellum was the carrier gas. Standard vinyl
chloride/DMAC solutions were prepared every 1 or 2 days.
Standard vinylidene chloride/DMAC solutions were used no
longer than 3 days. Relative peak heights were used to cal-
culate the amounts of vinyl chloride or vinylidene chloride in the
samples.

These experiments required several safety precautions.
Since vinyl chloride and vinylidene chioride are potentially haz-
ardous, they were used in a well-ventilated fume hood with
spark-proof electrical equipment. Goggles and gloves were
worn during all handling procedures. Since vinyl chloride and
vinylidene chloride have high vapor pressures in the tempera-
ture ranges of these experiments, the experimental bomb was
equipped with a 300 psi pressure relief valve which was pointed
toward the rear of the hood. Special caution was used when
handling DMAC since it is toxic by topical application.

Data and Discussion

The measured solubility of vinyl chloride in water is shown
in Table I and Figure 2. The precision of the data with three
or more trlals at each temperature is about 5 relative percent.
There was no systematic variation of the data as a function of
equilibrating time over the experimental range, 6-24 h. In fact,
in some cases a second or third temperature was tested with
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Figure 3. Solubility of vinylidene chloride in water.
Table II. Solubility of Vinylidene Chloride in Water (This Work)

temp, solubility, temp, solubility, temp, solubility,

°C wt % °C wt % °C wt %
15 0.24 38.5 0.22 71 0.295
17 0.255 45 0.21 74.5 0.25
20.5 0.25 S1 0.23 81 0.295
25 0.225 55 0.21 85.5 0.37
28.5 0.24 60 0.24 90.5 0.35
29.5 0.255 65 0.225

the same charge of vinyl chloride and water, and those data
with effective equilibrating times up to 72 h showed no sys-
tematic difference from data gathered at the same temperature
with a shorter equilibrating time. These data agree with the
literature concensus as much as the consensus values agree
with each other. Hence, we consider the technique validated.
Table II and Figure 3 show the measured solubility of vi-
nylidene chioride in water. The precision of the data with three
or more trials at each temperature is about 11 relative percent.
There was no systematic variation of the data as a fuunction
of equilibrating time. These data are in good agreement with
the data of Jaeger and Stringer (8). The vinylidene chioride
solubility data of all other sources seem to be incorrect.

Summary

These experiments agree with the majority of the available
data for the solubility of vinyl chioride in water. The solubility
of vinyl chloride in water is nearly constant at 0.95 wt % over
the range 15-85 °C. These experiments indicate that nearly
all of the available data for the solubility of vinylidene chloride
in water are incorrect. The solubility of vinylidene chloride in
water is nearly constant at 0.25 wt % over the range 15-90
°C.
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