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literature values but on the assumption that the infinite dilution
activity coefficient (<) of the reference and test compound is
equal. The latter assumption can lead to problems when GC
Is used to determine P°| for polar substances. P°y. overes-
timates P°_ by up to factors of 5-10 for some organo-
phosphate pesticides and phthalate esters. Caution should be
exercised when applying the GC method to these and other
polar substances.

Acknowledgment

Portions of this work were performed while T.F.B. was on
sabbatical leave at the National Environmental Protection Board,
Sweden. We thank Jay Gooch of Woods Hole Oceanographic
Institution for his gift of toxicant A.

Reglstry No. -HCH, 58-89-9; p,p’-DDE, 72-55-9; 0,p’-DDT, 789-02-6;
p.p’-DDD, 72-54-8; p,p’-DDT, 50-29-3; a-HCH, 319-84-6; naphthalene,
91-20-3; 1-methyinaphthaiens, 90-12-0; 1,2,3,4-tetrachiorobenzens,
634-66-2; biphenyl, 92-52-4; 2-chlorobiphenyl, 2051-60-7; 4-chiorobiphenyl,
2051-82-9; fluorene, 86-73-7; hexachlorobenzene, 118-74-1; phenanthrene,
85-01-8; anthracene, 120-12-7; aldrin, 309-00-2; 2,4,6-trichlorobiphenyl,
35693-92-6; pyrene, 129-00-0; dieldrin, 60-57-1; 2,2',5,5'-tetrachlorobi-
phenyl, 35693-99-3; fluoranthene, 206-44-0; 2,2',4,5,5"-pentachlorobiphenyl,
37680-73-2; eicosane, 112-95-8; benz[a ]anthracens, 56-55-3;
2,2,3,3',5,5',8,6'-octachlorobiphenyl, 2136-99-4; decachlorobiphenyl,
2051-24-3; benzo[e]pyrene, 192-97-2; benzo[a ]pyrene, 50-32-8; mirex,
2385-85-5; endosulfan 1, 959-98-8; endosulfan 11, 33213-65-9; endosulfan
sulfate, 1031-07-8; trans-chlordane, 5103-74-2; cis-chlordane, 5103-71-9;
cypermethrin, 52315-07-8; fenvalerate, 51630-58-1; heptachior, 76-44-8;
a-chlordene, 56534-02-2; y-chiordene, 56641-38-4; trans-nonachior,
39765-80-5; cls-nonachior, 5103-73-1; endosulfan ether, 3369-52-6; en-
dosulfan lactone, 3868-61-9; phorate, 298-02-2; diazinon, 333-41-5; methyt
parathion, 298-00-0; ethyl parathion, 56-38-2; malathion, 121-75-5; fe-
nitrothion, 122-14-5; chlorpyrifos, 2921-88-2; tris(butoxyethyl) phosphate,
78-51-3; tris(2-ethylhexyl) phosphate, 78-42-2; tricresyl phosphate,
1330-78-5; dimethy! phthalate, 131-11-3; diethyl phthalate, 84-66-2; di-n-
butyl phthalate, 84-74-2; bis(2-ethylhexyl) phthalate, 117-81-7; cis-per-
methrin, 61949-78-8; trans-permethrin, 61949-77-7.

Literature Cited
(1) Mackay, D.; Paterson, S. Environ. Sci. Techno!. 1982, 16, 654A-
660A

(2) Vaisaraj, K. T.; Thibodeaux, L. J. J. Hazard. Mater. 1888, 19, 79-99.

(3) Bidleman, T. F. Environ. Sci. Technol. 1988, 22, 361-367.

(4) Jury, W. A_; Spencer, W. F.; Farmer, W. J. J. Environ. Qual. 1984,
13, 567-588.

(5) Bidleman, T. F. Anal. Chem. 1984, 56, 2490-2496.

(6) Ettzer, B. D.; Hites, R. A. Environ. Sci. Techno/. 1988, 22,
1362-1364.

(7) Hamitton, D. J. J. Chromatogr. 1980, 195, 75-83.

(8) Martire, D. E.; Pollara, L. Z. In Advances in Chromatography; Gid-
dings, J. C., Keller, R. A., Eds.; Marcel Dekker Inc.: New York, 1965;
Vol. 1, No.10, pp 335-362.

(9) Yalkowski, S. H. Ind. Eng. Chem. Fundam. 1978, 18, 108-111.

(10} Miller, M. M.; Ghodbane, S.; Waslk, S. P.; Tewari, Y. B.; Martire, D, E.
J. Chem. Eng. Data 1984, 29, 184~190.

(11) Plato, C.; Glasgow, A. R., Jr. Anai. Chem. 1989, 41, 330-336.

(12} Haller, H. L.; Bartiett, P. D.; Drake, N. L.; Newman, M. S.; Cristol, S. J.;
Eaker, C. M.; Hayes, R. A.; Kiimer, G. W.; Barney, M.; Muller, G. P.;
Schneider, A.; Wheatley, W. J. Am. Chem. Soc. 1945, 67,
1591-1602.

(13) Spencer, W. F.; Cliath, M. M. J. Agric. Food Chem. 1972, 20,
645-849.

(14) Dickinson, W. Trans. Faraday Soc. 1956, 52, 31-35,

{15) Rothman, A. M. J. Agric. Food Chem. 1880, 28, 1225-1229,

(16) Balson, E. W. Trans. Faraday Soc. 1947, 43, 54-60.

(17) Parks, G. S.; Huffman, H. M. Ind. Eng. Chem. 1931, 23, 1138-1139.

(18) Dekruif, C. G. J. Chem. Thermodyn. 1880, 12, 243-248,

(19) Plato, C. Anal. Chem. 1972, 44, 1531-1534,

(20) Mackay, D.; Shiu, W. Y. J. Chem. Eng. Data 1977, 22, 399-402.

(21) Khalifa, A.; Mon, T. R.; Engel, J. L.; Casida, J. E. J. Agric. Food
Chem. 1974, 22, 653-657.

(22) Barlow, F. Presented at the 4th International Congress of Pesticide
Chemistry, Zurich, Switzerland, July 24-28, 1978.

(23) Dobbs, A. J.; Grant, C. Pestic. Sci. 1980, 711, 29-32,

(24) Murphy, T. J.; Mullin, M. D.; Meyer, J. A. Environ. Sci. Technol. 1987,
21, 155-162.

(25) Burkhard, L. P.; Armstrong, D. E.; Andren, A. W. J. Chem. Eng. Data
1984, 29, 248-250.

(26) Kim, Y.; Woodrow, J. E.; Seiber, J. N. J. Chromatogr. 1984, 314,
37-53.

(27) Woolford, M. H., Jr. American Cyanamid Co., letter to W. F. Spencer,
September 3, 1975.

(28) Marti, E. Ciba-Geigy Ag, letter to W. F. Spencer, April 23, 1976,

(29) Spencer, W. F.; Shoup, T. D.; Cliath, M. M.; Farmer, W. J.; Hague, R.
J. Agric. Food Chem. 1979, 27, 273-278.

(30) Addison, J. B. Chemosphere 1981, 10, 355-364.

(31) Hamaker, J. W. Dow Chemical Co., letter to W. F. Spencer, July 21,
1975.

(32) Smali, P. A.; Small, K. W.; Cowley, P. Trans. Faraday Soc. 1948, 44,
810-816.

(33) Howard, P. H.; Banerjee, S.; Robillard, K. H. Environ. Toxicol. Chem.
1985, 4, 653-661.

(34) Grayson, B. T.; Fosbraey, L. A. Pestic. Sci. 1982, 13, 269-278.

(35) Perry, E. S.; Weber, W. H. /. Am. Chem. Soc. 1949, 771,
3726-3730.

(36) Results of Interlaboratory Calibration Study. Final Report; OECD
Chemicals Testing Programme, Expert Group on Physical Chemistry:
Berlin, Dec 1979; Table 4.17, p 41.

(37) Wells, D.; Grayson, B. T.; Langner, E. Pestic. Sci. 1986, 17,
473-476.

(38) girayson, B. T.; Langner, E.; Wells, D. Pestic. Sci. 1982, 13,

52-556.

(39) Werner, A. C. Ind. Eng. Chem. 1952, 44, 2736-2740.

(40) Nitta, T.; Morinaga, K.; Katayama, T. Ind. Eng. Chem. Fundam.
1882, 271, 396-401.

Received for review June 9, 1989. Accepted February 21, 1990. This work
was supported by the South Carolina Sea Grant Consortium. Portions of this
work were presented at the Society of Environmental Toxicology and Cemis-
try Seventh Annual Meeting, Alexandria, Virginla, November 2-5, 1986.
Contribution No. 805 of The Belle W. Baruch Instttute.

Vapor Pressures and Gas-Phase PVT Data for

1,1-Dichloro-2,2,2-trifluoroethane

L. A. Weber

Thermophysics Division, Center for Chemical Technology, National Institute of Standards and Technology, Gaithersburg,

Maryland 20899

We present new data for the vapor pressure and
gas-phase PVT surface of 1,1-dichioro-2,2,2-triflucroethane
(refrigerant 123) in the temperature range 338-453 K at
densities up to 0.87 mol/L. The data have been
represented analytically to demonstrate the precision and
to facliitate calculation of thermodynamic properties.

Introduction

1,1-Dichloro-2,2,2-trifluoroethane (CCIL,HCF, or R 123) has
been suggested as a possible substitute for CCI,F (R11) for use
in the blowing of polyurethane and phenolic foams. Since large
quantities of these blowing agents are released directly into the
atmosphere, it is desirable that they have a short atmospheric
lifetime.

This article not subject to U.S. Copyright. Published 1990 by the American Chemical Society
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This work is part of an experimental program to determine
the thermophysical properties of environmentally acceptable
chiorofluorocarbons. In this paper we present measurements
of the vapor pressure and gas-phase PVT surface for R 123.
The data were measured in an existing apparatus, which has
been proven capable of making measurements of high preci-
sion and accuracy. In the next section we give a brief de-
scription of the apparatus and measurement techniques and,
following that, a discussion of the results. Comparisons are
made where possible with the very few data available for this
fluid.

Experimental Section

The Burnett/isochoric PVT apparatus has been thoroughly
documented in earlier publications (7-3), and only a brief de-
scription is given here. The sample cell is a heavy-walled nirkel
vessel with two chambers, gold-plated on the inside. The top
chamber communicates via a small tube with a very sensitive
diaphragm-type pressure transducer. This apparatus is
mounted in a circulated and thermostated oil bath. The trans-
ducer separates the sample from an external argon-filled ma-
nifold that has several precision pressure gauges and an au-
tomated piston-type gas injector, which balances the argon
pressure against the sample pressure. Temperature of the
sample is measured with a platinum resistance thermometer
calibrated on the IPTS-68 temperature scale. A feedback
circuit using the thermometer, an AC bridge, a signal condi-
tioner, and a programmable power supply controls the tem-
perature of the oil bath. A microcomputer sets the desired
temperature, monitors equilibration, and measures temperature
and pressure in the automatic mode, which is used for data
acquisition on isochores. For the Burnett expansion data, on
isotherms, pressure is measured with a gas-operated dead-
weight pressure balance, which is not automated.

The Burnett expansion mode is used to establish a base-line
isotherm on which density can be calculated as a function of
pressure. Thereafter, data are measured as pressure versus
temperature on isochores with a pressure measurement on the
base-line isotherm being used to determine the density of each
isochore.

The range of the apparatus is 273-473 K at pressures from
0-20 MPa. Temperatures are measured to about 1 mK. With
the dead-weight gauge, pressures are thought to be accurate
to within 2 X 10-° MPa, and the uncertainty with the automated
pressure gauge is about 2 X 10~* MPa. Gas-phase densities
are accurate to within several hundredths of 1%.

The very pure samples used were availabie from a supplier
with a stated purity of 0.9995. They were loaded into a sample
cylinder and degassed by pumping while frozen with liquid ni-
trogen. The freezing and pumping cycle was repeated several
times until a final measurement of residual pressure indicated
the presence of no more than about 10 ppm air. The water
content was determined in two different laboratories (4, §), and
the vaiues 23 and 12 ppm were found. The only other impurity
found (4) was a small (unmeasurable) amount of R 123a (C-
CIFHCCIF,). The cylinder was attached to a sample supply
manifold, and both were insulated and heated in order to be able
to fill the sample cell at elevated temperatures and pressures.

Results

Vapor Pressure. A set of 44 vapor pressure data were
measured in the range 338-453 K with the cell approximately
half-full of liquid. These results are shown in Table I. An
equation of the form

nP=a/T,+b+cT, +dT3+e(1-T)5 (1)

Table I. Vapor Pressure Data for R 123
T, K P, MPa T, K P,MPa

338.143  0.3300 398.171  1.3272
338.251 0.3310 398.264 1.3298
343.107 03778 403.127 1.4604
348.122 0.4313 403.247 1.4639
350.821  0.4623 408.114 1.6043
353.164 0.4906 408.258  1.6087
358.141 0.5549 413.118 1.7591
363.179 0.6262 413212  1.7622
368.172  0.7035 418.147 1.9256
373.153  0.7875 418.239 1.9291
378.169  0.8794 423.160 2.1034
383.115 0.9776 423.240 2.1067
388.134 1.0854 428.146  2.2924
393.124 1.2011 428.210  2.2951
393.295 1.2054 433.080 2.4924

T,K P, MPa

433.081 2.4920
433.119 2.4938
433.260 2.5001
434.163  2.5379
438.133  2.7107
438,152 2.7115
438.241 2.7159
443.100 2.9404
443.154  2.9430
443.217 2.9462
448.109 3.1881
448.213 3.1938
453.126  3.4543
453.135 3.4563
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Figure 1. Deviation of the vapor pressure data from eq 1: (@) this
work; (O) ref 7.

100(Pexp-Pcal)/Pexp

fit the data quite well with a standard deviation of 0.01% in
pressure. The reduced temperature, T, = T/T,, was calcu-
lated by using the value 456.87 K for T, which we reported
earlier (6). The best values for the parameters were found to
be, a = -8.42429, b = 11.27015, ¢ = -1.81144, d =
0.265 28, and e = 1.787 25 with Pin MPa and T in Kelvin. This
equation yields a value of 3.668 MPa, with an estimated un-
certainty of £0.004 MPa, for the critical pressure. The ex-
perimental data extend from a reduced temperature of 0.74 to
0.992. Thus a short extrapolation of eq 1 to T, = 0.7 allows
us to estimate the accentric factor for R 123. We find a value
of w = 0.280.

We found only one other set of documented vapor pressure
data for R 123 in the literature, Kubota et al. (7). Their data
are less precise but extend over a wider range, 273 Kto T .
Figure 1 shows a comparison of the two data sets with eq 1
in the range of our data. The figure shows that our pressures
are higher than those of ref 7 over most of the temperature
range. In some cases, this could indicate the presence of a
volatile impurity in our sample. Because of the care taken in
its preparation and handling, we do not feel that such is the
case here.

PVT Data. A temperature of 433.074 K was chosen for the
Burnett expansion. A higher temperature would have been
desirable because it would have allowed us to make PVT
measurements to higher densities, but operating the expansion
valve at high temperatures shortens valve life. Two runs with
a total of 9 expansions (11 pressures) were measured, and the
resuits are given in Table I1. The data were analyzed by the
Burnett method of analysis from ref 8, using an isotherm of the
form

P = RTp(1+ Bp + Cp? (2

This truncated virial equation fit the data very well with a



Table I1. PVT Data on the Burnett Isotherm at 433.074 K

pressure, density, pressure, density,
MPa mol/L MPa mol/L
1.808 96 0.67223 1.38154 0.468 26
1.15883 0.37740 0.84765 0.26272
0.69841 0.21183 0.499 48 0.14744
0.40763 0.11890 0.28803 0.082761
0.23378 0.066 729 0.164 13 0.046 459
2.08154 0.834 16
Table II1. Gas-Phase PVT Data for R 123
P, density,
T, K MPa mol/L
433.052 1.8088 0.6722
428.230 1.7715 0.6723
422.709 1.7281 0.6725
418.232 1.6923 0.6726
413.154 1.6512 0.6728
443.086 1.8857 0.6719
453.119 1.9611 0.6716
433.081 1.8093 0.6722
433.119 1.1590 0.3774
383.133 0.9614 0.3782
385.102 0.9701 0.3782
387.238 0.9790 0.3781
389.201 0.9870 0.3781
393.194 1.0032 0.3780
398.178 1.0233 0.3779
402.982 1.0425 0.3779
408.056 1.0625 0.3778
413.198 1.0826 0.3777
418.070 1.1015 0.3776
423.083 1.1208 0.3775
428.043 1.1398 0.3775
443.144 1.1968 0.3772
453.093 1.2340 0.3771
433.225 1.1596 0.3774
433.043 0.6984 0.21183
359.175 0.5483 0.21249
361.159 0.5527 0.21247
363.158 0.5569 0.21245
368.148 0.5675 0.21241
373.144 0.5780 0.21236
378.225 0.5885 0.21232
383.164 0.5987 0.21227
389.170 0.6110 0.21222
393.160 0.6191 0.21219
398.117 0.6291 0.21214
403.047 0.6391 0.21210
408.059 0.6490 0.21205
413.061 0.6590 0.21201
418.081 0.6690 0.21196
423.047 0.6787 0.21192
428.083 0.6887 0.21188
443.107 0.7179 0.21174
453.162 0.7374 0.21165
433.137 0.6986 0.21183
433.097 0.4077 0.11891
358.091 0.3277 0.11928
363.148 0.3332 0.11926
368.125 0.3387 0.11923
373.141 0.3441 0.11921
377.170 0.3494 0.11918
383.195 0.3548 0.11916
388.148 0.3601 0.11913
393.109 0.3654 0.11911
398.026 0.3706 0.11909
403.042 0.3760 0.11906
408.061 0.3813 0.11904
413.013 0.3865 0.11901
418.074 0.3918 0.11899
422.994 0.3969 0.11896
428.143 0.4024 0.11894
443.130 0.4180 0.11886
453.086 0.4284 0.11881
433.177 0.4078 0.11891
433.105 0.4077 0.11891
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Table IV. Coefficients for Equation 3 with Pressure in
Megapascal and Density in Moles per Liter

B, = 2.47362 C, = 14.0967
B, = -1.80284 X 102 C, = -8.87889 X 102
B, = 4.62679 X 10° C, = 1.86475 X 10¢
B, = ~4.41843 X 104 C, = -1.30148 X 10°
R = 0.008314 41
0 T
200 —\\ ]
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Figure 2. Virial coefficients calculated by eq 3. Dashed portions are
extrapolations beyond the range of the data.

standard deviation of 0.13 kPa in pressure. Values of
-0.408 43 L/mol and 0.048 45 (L/mol)? were found for B and
C, respectively.

A total of 64 PVT data were measured at 4 densities with the
isochoric method. Temperatures varied from 358 to 453 K, and
ensities ranged from 0.119 to 0.67 mol/L. The resuits are
shown in Table I1I, where the data are listed in chronological
order to show that there were no leaks during an isochoric run.

A virial surface, utilizing eq 2 with 8 and C being functions
of temperature, was fit to the PVT data. B and C were ex-
pressed as

B(T) = By + By + B,r% + Byr®
C(T) = Co + C1T + 027.2 + 037'3 (3)

with 7 = T-Y2, The coefficients are given in Table IV. This
surface fits the data very well, with a standard deviation of 0.17
kPa in pressure, or 0.03% in density (maximum deviation
0.087%). At a temperature of 433.074 K, the calculated
values of B(T) and C(T) are -0.4087 L/mol and 0.048 84
(L/mol)?, respectively, and these agree quite well with the values
found above for the Burnett isotherm. Solution of eqs 1-3
allows calculation of the density of the saturated vapor up to
a density of 0.67 mol/L. Extrapolation to a density twice this
value should cause errors no larger than 0.3% in the calculated
density. B(T) and C(T) are plotted as functions of temperature
in Figure 2. This surface, along with ideal gas values, allows
the calculation of the thermodynamic properties of the gas
phase. At the time of this writing, we are not aware of any
other published gas-phase PVT data for R 123.

Registry No. R123, 306-83-2,
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Isobaric Vapor-Liquid Equilibria in Mixtures of Acetaldehyde and

Methyl Iodide

Benjamin C.-Y. Lu,” Jin-Min Yu, and George C. Benson

Department of Chemical Engineering, University of Ottawa, Oftawa, Canada K1N 9B4

Vapor-liquid equilibrla at 750 Torr were measured for
acetaldehyde with methyl lodide. The NRTL equation was
used to correlate the experimental resuits. There was no
evidence of a binary azeotrope at high mole fractions of
acetaldehyde.

Table I. Isobaric Vapor-Liquid Equilibria for
Acetaldehyde (1)-Methyl Iodide (2): Boiling Temperature,
t, and Liquid- and Vapor-Phase Mole Fractions, x, and y,,
at 750 Torr

Introduction

The vapor-liquid equilibrium of the acetaldehyde-methy!
iodide system is of interest in the production of vinyl acetate.
Since a search of the literature failed to find useful information
about this equilibrium, the present study was undertaken.

Experimental Section

Chemicals. The acetaldehyde was a BDH laboratory reag-
ent with 99.5 mol % minimum purity. In the course of the
work, samples of methyl lodide from two different sources were
used: analyzed reagent with 99.8 mol % minimum purity from
the J. T. Baker Chemical Co. and material with specified boiling
point 41-43 °C from Anachemia Chemicals Ltd.

Pure methyl iodide is a colorless liquid but becomes pale
yellow or violet on standing due to the liberation of free iodine.
The coloration can be removed by immersing a thin strip of
copper or a drop of mercury. Apart from this treatment, the
component liquids were used as received without further pu-
rification.

Measurements. Vapor-liquid equilibria were established at
750 Torr in a modified Dvorak and Boublik circulating still { 7).
The auxiliary equipment for measuring the temperature and
pressure was the same as used by Hull and Lu (2). Preliminary
experimental runs showed that the previous operational pro-
cedure (7, 3) needed modification in view of the low boiling
point of acetaldehyde, the extremely large difference in the
densities of the two components, and the possible reaction
between acetaldehyde and free iodine released during operation
of the still. Consequently, the insulation of the stili was in-
creased around the equilibrium chamber, the liquid and con-
densate reservoirs, and the mixing vessel. The entire still was
covered with aluminum foil to reduce exposure of the contents
to light; small windows were provided for occasional observation
of the operation. The still was filled with nitrogen prior to in-
troducing the liquid. Vigorous stirring of the liquids in the res-
ervoirs was initiated before starting to heat the mixing vessel.
It was crucial to keep the liquid level in the mixing vesse!
somewhat lower than that maintained in our previous work, in
order t0 avoid any “air lock” occurring in the tube connecting
the liquid reservoir with the mixing vessel.

yi(caled) ~ [t(caled) -
EN Y1 t/°C v, (exptl) t(exptl)]/°C
Set 1
1.0000 1.0000 19.94
0.9642 0.9686 19.95 -0.0024 0.01
0.9578 0.9618 19.95 -0.0011 0.02
0.9320 0.9390 19.99 0.0006 0.04
0.8990 0.9120 20.07 0.0029 0.06
0.8464 0.8740 20.29 0.0054 0.06
0.8134 0.8526 20.49 0.0062 0.02
0.6662 07678  21.55 0.0072 ~-0.05
Set 2
0.0000 0.0000 41.72
0.0128 0.0559 40.32 0.0001 0.05
0.0443 0.1692 37.42 -0.0013 0.08
0.1092 0.3112 33.33 0.0094 —0.08
0.1283 0.3412 32.33 0.0120 —0.04
0.1895 0.4188 29.81 0.0180 0.00
0.2518 0.5070 27.80 -0.0050 0.08
0.3220 0.5658 26.18 -0.0037 -0.01
0.4128 0.6282 24.52 -0.0009 -0.07
Set 3
0.3730 0.6060 25.06 —0.0059 0.08
0.4081 0.6258 24.49 -0.0016 0.04
0.5170 0.6880 23.02 0.0037 -0.04
0.6026 0.7346 22.06 0.0055 0.00
0.6710 0.7694 21.48 0.0083 -0.02
0.7250 0.8000 21.08 0.0075 -0.02

The temperature of the cooling medium used in the operation
of the still was reduced to -4 °C or lower. Vapor formation
in the sampling tube was avoided as much as possible by
keeping the time of the sampling procedure as short as possible
and by maintaining the temperature of the sampling tube and
the covered sample container below 4 °C. Immediately after
the sampling, the containers were placed in a refrigerator near
the still.

A precision digital densimeter (Anton Paar, Modei DMA 02C)
was used for the analysis of the samples. It was kept at 4 °C
by water circulating from a constant-temperature bath cooled
by a Neslab bath cooler (Model PBC-4). At least two analyses
were carried out for each sample. In the event of disagree-
ment, a new sample was taken from the still.

Results and Discussion

The experimentally determined liquid and vapor compositions,
x,and y,, and Celsius temperatures, t, for the isobaric equi-
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