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A constant volume apparatus has been used to measure the vapor pressure and single phase densities
(PVT) for 1,1,1-trifluoroethane (R143a), an ozone friendly refrigerant. The sample has a purity greater
than 99.91% by mass. The measurements were done from 244 to 365 K at pressures up to 4.4 MPa and
at densities ranging from 5% to 99% of the critical density. The uncertainties involved in the measurement
of temperature, pressure, mass, volume, and specific volume are explicitly given. Thirty-three values
for the vapor pressure and sixty-three densities along six isochores are presented and have been compared
with previously published data and correlations. A Wagner type correlation for the vapor pressure and
a Martin—Hou equation of state have been used to fit the measured data, which have been analyzed
using the average absolute deviation, bias, and standard deviation. The gas phase densities have been

used to determine the second virial coefficients.

Introduction

The Montreal Protocol of 1987 and the deliberations later
at London in 1989 and at Copenhagen in 1992 envisage
the rapid phase-out of ozone-depleting substances used in
refrigeration and other allied applications. Consequently,
the search for alternative refrigerants continues, and as it
is clear that no ideal refrigerant exists and no single
substance can easily meet all favorable property require-
ments, binary and tertiary mixtures are also being con-
sidered as suitable replacements.

The thermodynamic properties of the replacement re-
frigerants and their harmful effects on the environment
should be known before they can be considered for large
scale applications. Of the many alternative refrigerants
proposed, 1,1,1-trifluoroethane (R143a) shows promise, in
spite of its flammability, as a constituent of binary or
tertiary mixtures with difluoromethane (R32), pentafluo-
roethane (R125), and 1,1,1,2-tetrafluoroethane (R134a).
These mixtures are expected to replace chlorodifluo-
romethane (R22) and the R22/R115 azeotropic mixture
better known as R502. However, accurate and reliable
data on the vapor pressure and gas phase PVT behavior
of R143a are few, as compared to, for example, R134a.

This paper reports the vapor pressure and densities for
R143a, along with the uncertainties involved in the mea-
surements. A Wagner type correlation for vapor pressure
has been proposed, and the present measurements have
been compared with earlier values. The gas phase densi-
ties along six isochores have been verified for thermody-
namic consistency through the virial equation of state. The
measured densities were well represented by a Martin—
Hou type equation of state and the second virial coefficients
estimated.

Experimental Apparatus and Procedure

A constant volume apparatus of about 252 ¢cm? was used
to measure the vapor pressure and densities. The details
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of the apparatus and the verification of the experimental
procedure are given in detail elsewhere (Giuliani et al.,
1995), and only a brief summary will be presented here.
This apparatus was earlier used to measure the thermo-
dynamic properties of R134a (Baroncini et al., 1990), R123
and R124 (Baroncini et al., 1991), R125 (Baroncini et al.,
1992), R32 (Baroncini et al., 1993), R134a and R22 (Giuliani
et al., 1995), and R143a (Giuliani et al., 1994).

Figure 1 shows the schematic of the experimental setup
used. A stainless steel (AISI 304) spherical cell (A) of
internal diameter about 80 mm contains the refrigerant
sample and is connected to a diaphragm type differential
pressure transducer (B; Ruska Model 2413), which is
coupled to an electronic null indicator (C; Ruska Model
2416). The pressure is regulated by a precision pressure
controller (D; Ruska Model 3981). A gas-lubricated piston
cylinder dead weight gauge (E; Ruska Model 2465, full
scale 7 MPa) and a vibrating cylinder pressure gauge (F;
Ruska Model 6220, full scale 130 kPa) are used to measure
pressures. The vibrating cylinder pressure gauge is used
to measure the ambient pressure and the sample pressure
when it is lower than 130 kPa. Nitrogen gas is used as
the pressure transmitting fluid, and the nitrogen circuit
consists of a reservoir (G), expansion vessels (H), and
pressure regulating systems (I). The cell and the pressure
transducer are immersed in a principal thermostatic bath
(J) containing a mixture of ethylene glycol and water and
controlled by a PID device (K). An auxiliary bath (L) aids
in maintaining a constant bath temperature between 243
and 363 K. A 100 Q platinum resistance thermometer (M;
Minco Products Model 87929 S/N 1476) is immersed close
to the cell and is connected to a digital indicator (N; France
Corradi Model RP 7000).

The R143a refrigerant samples with a stated purity of
99.91% by mass were obtained from Ausimont SpA and
were degassed to remove noncondensible gases. Gas
chromatographic studies conducted in our laboratory con-
firmed the sample purity to be greater than 99.91% by
mass. The sample mass in the cell was determined by
weighing it with an electronic balance (Sartorius MC1).
After filling the cell, the pressure was measured at different
temperatures along the saturation curve and in the gas
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Figure 1. Schematic of the experimental apparatus: (A) constant volume spherical cell, (B) differential pressure transducer, (C) electronic
null indicator, (D) precision pressure controller, (E) gas-lubricated dead weight pressure gauge, (F) vibrating cylinder pressure gauge, (G)
nitrogen reservoir, (H) expansion chambers, (I) automatic pressure control system. (J) thermostatic bath, (K) PID temperature controller,
(L) auxiliary bath, (M) platinum resistance thermometer, (N) digital temperature indicator.

phase. When sufficient measurements had been completed
with one filling, a new sample was added and the measure-
ments were continued.

The uncertainty in the temperature measurement is due
to the thermometer and the bath instability. The Pt
resistance thermometer was calibrated according to ITS-
90 at the Istituto Metrologico G. Colonnetti (IMGC), Turin,
and has an uncertainty of £10 mK for temperatures above
248 K and +20 mK for temperatures below 248 K.
Preliminary experiments were conducted to understand the
thermostatic bath instability so as to estimate the total
uncertainty in the temperature measurement (67); this is
estimated to be £15 mK for temperature measurements
above 268 K and +30 mK for temperature measurements
below 268 K.

The uncertainty in the pressure measurement is due to
the transducer uncertainty and null indicator system (£0.3
kPa) and uncertainties in pressure gauges. The vibrating
cylinder gauge has an uncertainty of +26 Pa, while the
dead weight gauge has an uncertainty of £0.01% of the
reading. The constant term in the pressure uncertainty
(8P, ) is given by

0P /kPa = +[0.3% + 0.026° + 0.0001P%kPal®® (1)

where P is the measured pressure.

The uncertainty in the measurement of the sample mass
(dm) is estimated to be within +0.04 g. The volume (V) of
the cell, the piping, and the cavity of the pressure trans-
ducer was measured using distilled and deaerated water
at 295 K and is estimated as 252.2 cm?® with an uncertainty
(V) of £0.3 ecm?3. The variations in cell volume due to
temperature and pressure have been taken into account.

The total uncertainty associated with the calculation of
specific volume (Jv) was estimated from the following

equation:

dv = i[(%v)Q + (Vn‘; )Z]O's 2)

For a sample mass of 5 g, v is estimated to be about 0.06
dm3kg~!, while it is 0.002 dm®>kg~! for a sample of 150 g.

The total uncertainty in pressure in the vapor pressure
measurement (0P,,) was estimated as the sum of error
propagation as

6P, = £[0P + 0Py, "1 (3)

with the uncertainty due to the bath instability calculated
from

8P,y = £(dP/ATVOT (4)

where the derivative dP/dT of the vapor pressure curve is
calculated using the Wagner equation for the vapor pres-
sure of R143a presented later and 67T is the uncertainty in
the temperature measurement.

Similarly, the total uncertainty in the pressure measure-
ment in the gas phase (dPpyr) is also influenced by
temperature fluctuations due to bath temperature instabil-
ity and by specific volume uncertainty, and was estimated
from

8Ppyp = £[0P 2 + 6P, + 0P *1°° (5)
where
0Py = +(3P/aT), 9T (6)
and
OP. = £(8P/dv)y dv (7

respectively, where the partial derivatives are calculated
from the proposed Martin—-Hou equation of state.
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Table 1. Summary of experimental vapor pressure data
for R143a

no. of

T/K sample exptl.

ref range purity/% uncertainty points
Russell et al. (1944) 173—225 99.95 +0.013 kPa 9
Fukushima (1993) 275—-345 99.98 +5 kPa 18
Widiatmo et al. (1994) 280—340 99.9 +10 kPa 12
Higashi (1994) 283-338 +0.5% 13

Giuliani et al. (1994) 244-345 99.8 (mol) +0.5 kPa 62
this work 244-345 99.91 as given 33
Table 2. Experimental Vapor Pressure of R143a

6P, /kPa 0P, /kPa
Tso'K P/kPa (eq 3) Teo/K P/kPa (eq 3)

244.42 226.2 +0.4 304.06 1469.3 +0.7
245.07 231.9 +0.4 308.23 1628.1 +0.8
246.55 245.9 +0.4 313.21 1837.6 +0.8
248.02 260.2 +0.5 318.24  2066.0 +0.9
253.03 314.2 +0.5 323.29 23177 +1.0
256.99 361.8 +0.5 323.32  2318.8 +1.0
263.79 457.6 +0.6 326.29 24782 +1.0
268.07 527.2 +0.7 328.18  2585.9 +1.1
268.16 528.3 +0.7 328.22  2588.2 +1.1
273.37 624.7 +0.5 333.31 28904 +1.1
278.95 739.6 +0.5 336.34 3083.1 +1.2
283.21 838.6 +0.5 338.13  3202.8 +1.2
286.59 922.4 +0.6 343.11  3557.2 +1.3
294,54 1148.3 +0.6 343.20  3563.2 +1.3
296.64 1213.9 +0.7 345.21 3717.3 +1.3
298.22  1265.1 +0.7 345.21 3717.3 +1.3
298.22  1264.8 +0.7

Results and Discussion

The results were compared with previously published
data using the statistical parameters, namely, the absolute
average deviation (AAD), the bias, and the standard
deviation (o) defined as

N (P Pcalc)
= —2100| | (8)
(P - Pcalc)
bias =—)» 100 —— 9
1as fV:E: P
0.5
o= [—Z(P Pcalc)z] (10)

Vapor Pressure. Table 1 summarizes the status of
previous vapor pressure measurements along with the
uncertainties in the pressure measurements.

Thirty three vapor pressure values from 244 K to the
critical temperature are given in Table 2 along with the
uncertainties calculated using eq 3. A change in the
pressure uncertainty values at 268.15 K is due to the
influence of the uncertainty contributed by the bath
instability, and the maximum uncertainty is 1.3 kPa at a
pressure of about 3.7 MPa.

The results presented in Table 2 were used along with
the critical temperature from Higashi (1994) to fit a three-
coefficient Wagner type equation as:

In P, = (UT)a,(1 - T)M + ay(1 — T

(11)
where P, = P/P, and T, = T/T.. The critical pressure was
obtained from eq 11 as P, = 3.7697 MPa with T, = 345.88

K and a; = —7.38516851, a; = 1.81847362, a5 =
—2.380 153 13.

T.) +ay1 -
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Figure 2. Vapor pressure deviations of R143a data from eq 11
with uncertainties.
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Figure 3. Vapor pressure deviations of R143a from eq 11: (O)
Giuliani et al. (1994), (®) Widiatmo et al. (1994), (©) Higashi
(1994), (®) Fukushima (1993), (O) Russel et al. (1944), (thick line)
Arnaud et al. (1991), (thin line) Mears et al. (1955).
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Figure 2 shows the deviation of the present results from
eq 11 with the uncertainties of the pressure shown as error
bars. The goodness of fit between the data and eq 11 was
calculated in terms of o, AAD, and bias as 0.6285 kPa,
0.0388, and —0.008 32, respectively, indicating the close-
ness of fit.

Figure 3 shows the deviation between eq 11 and the
results of Giuliani et al. (1994), Higashi (1994), Widiatmo
et al. (1994), Fukushima (1993), and Russell et al. (1944)
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Table 3. Experimental PVT Properties of R143a

6Ppyr/ O Ppyr/
o/ kPa of kPa
(kgm™3) Too/K PkPa (eq5) (kgm™3) To/K P/kPa (eq5)
o/o. = 0.051 o/o. = 0.319
22.00 267.96 502.6 +3.1 137.45 330.08 2594.9 +1.9
21.99 273.12 516.1 +£3.2 137.43 332.73 2656.1 2.0
21.99 278.14 5293 +34 13742 33522 27105 =£2.1
21.98 283.09 542.1 =+3.5 13740 338.02 27714 <23
21.98 288.23 555.1 +3.6 137.38 340.43 28219 =£24
21.97 293.05 567.2 =+£3.7 137.36 343.29 2883.1 2.5
21.96 298.16 579.9 =38 137.33 346.48 2950.9 *2.6
2195 308.24 6049 =+4.0 137.31 350.33 3031.1 =+2.8
21.94 318.19 629.2 +4.2 137.28 354.51 3117.3 =£3.0
21.93 328.29 653.7 +4.4 137.25 358.42 31969 =£3.1
21.92 33829 6775 +4.6 13722 363.03 3291.6 =+3.3
oo = 0.196 o/o. = 0.361
84.64 313.22 1779.2 +2.3 155.66 335.71 2865.9 =1.8
84.62 318.22 18415 =+2.5 15565 336.96 28989 +1.9
84.59 323.27 1902.6 +2.7 15564 338.61 2941.3 2.0
84.57 328.30 19645 +2.9 15560 342.70 3044.1 =+2.2
84.55 333.29 2021.5 +3.0 155.59 344.74 30944 £2.3
84.53 338.35 2082.5 +3.2 155.56 347.73 3168.6 +2.4
84.50 343.43 2141.1 +34 155.56 347.76 3169.3 +2.4
84.48 34839 21975 +£3.5 155.54 350.69 3241.3 +2.5
84.46 353.15 2250.0 +3.6 155.51 353.80 3316.1 =+2.7
84.46 353.47 22544 +£3.7 15549 356.79 3387.7 £2.8
84.44 358.65 2311.2 +3.8 15544 362.84 3532.6 =+3.1
84.42 363.59 2368.3 +4.0
0/oc. = 0.261 0/o. = 0.996
112.61 323.36 2239.6 +£2.1 429.18 345.92 3768.3 =+4.4
112.59 326.39 2291.8 +2.2 429.18 346.01 37758 =+4.4
112,57 329.91 2352.8 +2.4 429.18 346.11 37834 =*4.4
112,55 333.38 2412.1 +£2.5 429.18 346.14 3786.2 4.4
112.52 338.31 2494.5 =+2.7 429.18 346.29 3797.7 4.4
112.49 343.31 2576.5 +£2.9 429.13 348.25 3956.7 4.4
112.47 347.42 26438 +£3.0 429.07 350.47 4136.3 +4.7
112.43 353.39 2740.0 +3.3
112.41 358.45 2821.5 +3.4
112.38 363.32 28979 +3.6

(above 200 K). A difference between the present results
and the earlier values (Giuliani et al., 1994) is in the purity
of the sample. The two sets agree well, and the differences
are larger only at lower temperatures (below 250 K) and
near the critical temperature. Fukushima (1993) reports
an uncertainty of +5 kPa, and except one value (close to
the critical temperature), all are within his uncertainty and
his critical temperature is higher. The results of Widiatmo
et al. (1994) are higher than the present results but within
the +£10 kPa uncertainty reported by them, while the
results of Higashi (1994) are lower than the present
correlation but within his uncertainty of +=0.5%. Extrapo-
lation of eq 11 to temperatures between 200 and 225 K
and comparison with the results of Russell et al. (1944)
(above 200 K) show a maximum deviation of less than 1
kPa (+0.6%), while it is higher at lower temperatures. The
correlations of Arnaud et al. (1991) and Mears et al. (1955)
have also been drawn, which also show good agreement
when the uncertainties and the deviation between their
equation and their data are considered. Equation 11 is,
therefore, expected to be valid from 200 K to the critical
temperature.

PVT. Sixty-three gas phase densities for R143a along
six isochores are presented in Table 3 with the critical
density taken from Higashi (1994) as 431 kgm™3. The
uncertainty in the pressure from eq 5 for each triplet is
also given. The range of the density is from 21 to 429
kg'm3, temperature is from 268 to 363 K, and pressure is
from 0.50 to 4.13 MPa.

The gas phase data have been used to fit the Martin—
Hou equation of state (Martin and Hou, 1955) given below:
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Figure 4. Pressure deviations of R143a from the Martin—Hou
equation of state (eq 12): (O) this work, (@) Giuliani et al. (1994),

ppa = BT A, + B,T + Cpe*"
(v —-1b) (v —b)y
Ay +B,T+Cpe™ A,  A;+B.T+Cse*T
(v —-b)? (v - b)* (v - b)Y
(12)

with T, = T/T,, R = 0.098 932 6 kPam®kg~! - K1, b =
0.000 404 6 m*kg™!, and & = 5.475.

Ay =-0.1812
A3=3.6953 x 107*
Ay=—3.7831 x 10°7
A5 =1.8594 x 1071 Bs;=3.1761 x 10713

B;=1.9587 x 107 (Cp= —3.7592
B3 = —3.6648 x 107 C3 = 7.7033 x 1073

Cs = —8.4211 x 107°

Equation 12 is based on data from 0.05¢., to 0.99¢. and
the fit between the data and the equation is good as shown
by the following statistical parameters: AAD = 0.0389; bias
= —0.007 47, and o = 1.077 kPa. Figures 4 and 5 show
the deviation in pressure between the results and eq 12 as
a function of reduced density and temperature. Out of 63
data covering a range from 0.05¢. to nearly the critical
density, the maximum deviation is 0.15%. Arnaud et al.
(1991) have given a Martin—Hou equation of state based
on data having a density range between 0.06¢. and 0.26¢.,
and a comparison between their correlation and eq 12
shows that the maximum deviation is 2.3%. Considering
their uncertainties and the difference between their data
and their correlation, the agreement with the present study
is good. Mears et al. (1955) made measurements between
0.11¢. and 0.49¢.. Their correlation shows a systematic
deviation on the order of 3—4% when compared with eq
12, but their uncertainties in pressure, temperature, and
volume measurements are thought to be higher. Arnaud
et al. (1991) also show higher deviation when comparing
their data with those of Mears et al. (1955). Besides, the
limited data used to fit the equation of state are also
probably the cause for such large deviations. This system-
atic difference is also evident when a comparison with the



Journal of Chemical and Engineering Data, Vol. 40, No. 4, 1995 907

4 T T T T T T T
3F .
L o A
2 - W e
§ | ' 4
T "Oooao. ]
't§0 Or\nu
& L OOOAG'@@ ]
& L _
2k i
- A -
3k -
4 L]

o o o
L S

r T 7171711

QO [ N S R I

100(P - Py ¥P

LI LR L

Y A T W VS S W T
260 280 300 320 340 360 380

T/K
Figure 5. Pressure deviations of R143a from the Martin—Hou
equation of state (eq 12): (O) g/g. = 0.051, (O) g/o. = 0.196, (a)

0/0c = 0.261, (¥) olg. = 0.319, () o/o. = 0.361, (O) o/o. = 0.996,
(@) Giuliani et al. (1994) (¢/g. = 0.057).

-200 T T T T T T T T T T T
250
-300

-350

-450

B / cm’ mol

-500

-550

600

T T 17 T 17 71 T virr o r T

[ T N VA N N O A T I T OO S |

650 I [ S B N S
240 260 280 300 320 340

W
(=)
o

Temperature / K
Figure 6. Second virial coefficients of R143a: (@) Bignell and
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second virial coefficient is made, as shown later. A
comparison with one data series of Giuliani et al. (1994)
shows a maximum deviation of 0.24%.

Second Virial Coefficients. The virial equation of state
truncated to the third term was fitted to the observed
density results. The temperature dependence of the second
virial coefficient can be described (Tillner-Roth and Baehr,
1992) by

B(1)

B,
where B, = 1 cm®mol~! and r = T/T with b, = —6.6991 x
1074, b2 = 1.0381 x 1073, b3 = —6.3778 x 10~%. and shown
in Figure 6. Three measured second virial coefficients by
Bignell and Dunlop (1993) at 290, 300, and 310 K have

also been given. The differences between eq 13 and the
measured values are 0.16, 0.75, and 1.4%, respectively,

= b7+ byt'® + b,i*® (13)
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Figure 7. Deviations of Z from eq 14: (O) g/p. = 0.051, (®) g/o.
= 0.196, (O) g/o. = 0.261, (®) g/o. = 0.319, (O) g/o. = 0.361, («)
0/oc = 0.996.

indicating the thermodynamic consistency of our measured
data. The same Figure 6 shows the comparison with
derived second virial coefficients due to Smith and Srivas-
tava (1986) (who used data from Mears et al. (1955)) and
to Weber (1994).

The truncated virial equation of state has the form

Z=1+F (1) + Fy(1)8° (14)

with Z = (PM)/(oRT), where M = 0.084 041 kgmol™!, 6 =
0/oo with go = 1 kgm ™3, and R = 0.008 314 471 kJ"-K-1mol ..
Fi(1) and Fy(r) are functions of temperature given by

F (1) = B(t)oyM (15)

and

Fy(1) = Cln)pyM (16)
with B(z) from eq 13 and C(zr) from eq 17 as

C) =c¢,7° + ¢,7° (17

with c; = 2.6244 x 1077 and ¢, = 2.668 8 x 1078,

The deviations of Z between the data and eq 14 have
been drawn in Figure 7. The absolute average deviation
is 0.28%, and the maximum deviation is 0.56%; in terms
of the compression factor Z, the average deviation is
0.0018Z and the greatest deviations are +0.0031Z and
—0.0039Z.

Conclusions

New accurate data on the vapor pressure and gas phase
PVT of refrigerant R143a have been presented with a
Wagner type correlation for vapor pressure and a Martin—
Hou type of equation of state for PVT behavior. The data
and correlations have been compared with existing data
in the literature. Consistency checks on the gas phase PVT
data have been done by comparison with the second virial
coefficients.

Acknowledgment

The authors are grateful to Ausimont SpA and to Dr.
Ezio Musso for supplying the refrigerant sample and
conducting gas chromatographic studies.

Literature Cited

Arnaud, D.; Macaudiere, S.; Niveau, L.; Wosinski, S. Proprietes
thermophysiques d’un nouveau fluide frigorigene le 1,1,1-trifluoro-
ethane (HFA 143a). New challenges in Refrigeration, Proceedings
of the XVIII International Congress of Refrigeration, Montreal,
Canada, 1991; International Institute of Refrigeration: Paris,
France; Vol. 11, 664—668.

Baroncini, C.; Giuliani, G.; Pacetti, M.; Polonara, F. Experimental
study of thermodynamic properties of 1,1,1,2-tetrafluoroethane



908 Journal of Chemical and Engineering Data, Vol. 40, No. 4, 1995

(R134a). Thermophysical properties of pure substances and mixtures
for refrigeration. IIR Commission Bl Meeting, Herzlia, 1990;
International Institute of Refrigeration: Paris, France; pp 83—88.

Baroncini, C.; Giuliani, G.; Pacetti, M.; Polonara, F. Experimental
vapour pressures and PvT properties of refrigerants R123 and R124.
New challenges in Refrigeration, Proceedings of the XVIII Interna-
tional Congress of Refrigeration, Montreal, 1991; International
Institute of Refrigeration: Paris, France; Vol. II, pp 448—452.

Baroncini, C.; Giuliani, G.; Latini, G.; Polonara, F. Experimental
evaluation of thermodynamic properties of refrigerant R125 (CHF»-
CF3). Energy efficiency in refrigeration and global warming impact,
IIR Commission B1/B2 Meeting, Ghent, 1992; International Insti-
tute of Refrigeration: Paris, France; pp 207—-213.

Baroncini, C.; Camporese, R.; Giuliani, G.; Latini, G.; Polonara, F.
Experimental study of thermodynamic properties of difluoromethane
(R32). High Temp.—High Pressures 1993, 25, 287—292.

Bignell, C. M.; Peter J. Dunlop. Second virial coefficients for seven
fluoroethanes and interaction second virial coefficients for their
binary mixtures with helium and argon. J. Chem. Phys. 1993, 98.
6, 4889—4891.

Fukushima, M. Measurements of vapour pressure, vapour liquid
coexistence curve and critical parameters of HFC 143a. Trans. Jpn.
Assoc. Refrig. 1993, 10 (1), 87-93.

Giuliani, G; Kumar, S.; Polonara, F; Zazzini, P. Experimental deter-
mination of vapour pressure of 1,1,1-trifluorcethane (R143a). Pro-
ceedings of the International Conference CFC’s, the day after,
Padua; pp 1994, 525—-531.

Giuliani, G; Kumar, S.; Polonara, F. A constant volume apparatus for
vapour pressure and gas phase PvT measurements:validation with
data for R22 and R134a. Fluid Phase Equilib. 1995, in press.

Higashi, Y., Iwaki Meisei University, Japan, private communication,
1994.

Martin, J. J.; Hou Yu-Chun. Development of an equation of state for
gases. Al ChE J. 1955 (1. 2), June, 142—-151.

Mears, W. H.; Stahl, R. F.; Orfeo, R..; Shair, R. C.; Kells, L. F;
Thompson, W.; McCann, H. Thermodynamic properties of haloge-
nated ethanes and ethylenes. Ind. Eng. Chem. 1955, 47 (7), 1449—
1454.

Russell, H. Jr.; Golding, D. R. V.; Yost, D. M. The heat capacity, heats
of transition, fusion and vapourization, vapour pressure and entropy
of 1,1,1-trifluorcethane. J. Am. Chem. Soc. 1944, 66, 16—20,

Smith, B. D.; Srivastava R. Thermodynamic data for pure compounds.
Part B. Halogenated hydro carbons and alcohols. Physical Science
Data 25; Elsevier: Amsterdam, 1986.

Tillner-Roth, R.; Baehr, H. D. Burnett measurements and correlation
of gas phase (p,0,T) of 1,1,1,2-tetrafluoroethane (R134a) and 1,1-
difluoroethane (R152a). J. Chem. Thermodyn. 1992, 24, 413—424.

Weber, L. A. Estimating the virial coefficients of small polar molecules.
Int. J Thermophys. 1994, 15 (3), 461—482.

Widiatmo, J. V.; Sato, H.; Watanabe, K. Saturated Liquid Densities
and Vapor Pressures of 1,1,1-Trifluorcethane, Difluoromethane, and
Pentafluoroethane. J. Chem. Eng. Data 1994, 39, 304—308.

Received for review December 28, 1994. Accepted March 25, 1995.%
This research was sponsored in part by the Commission of
European Communities in the framework of the Joule II program
and by the Ministero della Universita e della Ricerca Scientifica e
Tecnologica, Government of Italy. S.K. is thankful to the
International Centre for Theoretical Physics (ICTP) program for
training and research in Italian Laboratories, Trieste, Italy, and to
the Department of Science and Technology, Government of India,
for providing all support to complete this study.

JES402841

® Abstract published in Advance ACS Abstracts, May 15, 1995.



