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Thermodynamic Properties of Compressed Liquid Methanol in the Vicinity of the
Freezing Line

Mercedes Taravillo,* Francisco J. Peez, Javier Nlfiez, Mercedes Caeres, and Valentn G. Baonza

Departamento de Qmaica Fsica |, Facultad de Ciencias Quicas, Universidad Complutense de Madrid, 28040-Madrid, Spain

We present direct measurements of the isothermal compressibiljtarfd thermal expansion coefficienty) of

liquid methanol using an expansion technique. The measuremertsveére carried out along six isotherms

from (208.17 to 298.16) K at pressures up to 101 MPa. &pmwe have measured four isobars from (0.59 to
80.03) MPa from 195 K up to 300 K. Our experimental resultagi) for the 0.59 MPa isobar exhibit a minimum
around 224 K. A clear shift of the minimum to higher temperatures is observed as the pressure increases along
the different isobars. Interestingly, the minima for the isobaxs,s) take place within a narrow range of densities,
around 26.5 metim=2 (about 3.15 times the critical density).

Introduction matter of fact, accurate values for these properties at high
densities are found with enough accuracy for only a few

The study of the thermodynamic properties of methanol has Eubstances. As we recently descriBéthe behavior of is

attracted great interest over the years bec_ause it is a prototypica ome peculiar: the isothermsaj(p) intersect at high pressures
substance for the study of hydrogen-bondlng phenomena. Therefor many liquids, a characteristic feature first described by
have been several efforts describing the effect of temperatureBridgman25 then by Cutler et 245 and Jenner and Millé¥28
and pressure on the hydrogen bond strength of methanol. A ’ : |
number of theoretical and experimental studies have been
performed to understand the thermodynamic, structural, and
dynamic properties of methanol at high densities, among others
correlations of the equation of state’* measurements of the
dielectric constant>1® refractive index,’ viscosity®1° and
elastic propertied®?*and computer simulatiorfd:23 However,
efforts to understand the high-pressure behavior of methanol
have been focused at room temperature and above. The limite
number of reliable high-pressure measurements available to dat
at temperatures close to the melting line is somewhat surprising.i
For the volumetric properties of liquid methanol, there exist

In that work, we also discussed whether the crossings take place
at a single pressuteor noe+30for different kinds of liquids.
From that analysis we could conclude that isothermal measure-
'ments of ap(p) are appropriate to characterize the pressure
dependence ak,. However, if the isotherms af,, are largely
separated in temperature (ca. 50 K or so), the curvature of
op(T) cannot be well-characterized. In order to characterize the
ressure range where the, crossings occur, it is more
onvenient to measure the variationogf with temperature at
onstant pressure instead of measuring this property along
sothermal paths. For this purpose, it is necessary to carry out
high-pressure density measurements along isobaric paths.
_ : Measurements of this kind are somewhat unusual at high
?;7'?; ;ln7d5 gg;nirg%n Ltjerqgeg[grﬁ/iptgﬁggec’fo'?‘rgiﬁgtgfg’:’een pressures and difficult to find in the literature because they
P . : require direct techniques and special experimental procedures.
between (175 _and 273.) K_atamaxmum pressure of 101 MPa, For this reason, we have performed measurements with an
those of LedW|geand Vitdlinger between (223 and 298) K and expansion technique since it allows accurate determination of
up to 300 MP& those of Sun et al. from (203 to 263) K and the curvature of,(T) isobars. Needless to say that an accurate
up to 280. MP& and those of Hrubgt al. from (205 to 321) K knowledge of bother ando, provides the most direct way to
at a maximum pressure of 50 MPaUnfortunately, some of develop a very accurate EOS for liquid methanol by integration
these data show limited accuracy, and we found important of both properties over wide ranges of pressure and temperature.

glscrefaTu?s dvyltg I(esg(;ts attrk:lghelr tetrgp;]e.r?]tures. For 'nStt?Ar;C‘e"I'hus, our goal in this paper is to provide accurate measurements
un et al. studied fiquid methanol wi Igh accuracy in Wo ¢, ang o, of compressed methanol at thermodynamic

d|f|fer(|entt t(;er?peraéurti ran?ég?%w;ave(;, the ;jenvte% propﬁrtutes conditions close to the melting line, where the effect of hydrogen
calculated from both sets of data do not match each other. bonding is expected to be stronger.

Therefore, accurate knowledge of the thermophysical properties
at low temperatures and high densities of liquid methanol is

. ) . ) Experimental Section
required to understand the peculiar thermodynamic behavior of P

methanol in the liquid phase. Our experimental technique is based on an expansion
Here we are interested in the analysis of the isothermal Principle3 This method is based on determining the amount

compressibility £7) and the thermal expansion coefficien), of liquid contained in a sample vessel of known volume, under

which represent the first derivatives of the presstrelume— known pressure and temperature conditions, by expanding the

temperature{VT) surface of an equation of state (EOS). As a liquid to the vapor phase into a larger vessel of known volume
at constant temperature. Using the virial EOS for the gas, the

* Corresponding author. E-mail: mtaravil@quim.ucm.es. Phoh84-91- amount of liquid contained in the high-pressure vessel can be
3944139. Fax:+34-91-3944135. determined with great accuracy. Here we use the modification
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introduced by Calado et & known as the differential expansion  Table 1. Experimental Results of the Isothermal Compressibility
method (DEM). At a fixed temperature and at the maximum (kt1/GPa™) of Liquid Methanol at Various Temperatures (T) and
pressure of the used apparatus, an expansion is made to a slightlZ"eSSues #MPa)

lower pressure. A series of successive partial expansions are P KT p KT P KT p KT p KT
performed down to a pressure slightly higher that saturation T=208.17 K

pressure. Thus, if a reference density is known at room g;-gé 8-2;2 gg-;g 8-2;3 22-% 8-2;(53 gg%g 8-288 1?-3% 8-22;
pressure, the pressure dependence of the density along thego'io o' ¢1'5) ('ags 4112 0534 2009 0.602 502 0.663
selected isotherm can be easily obtained. The advantage 0f g4'30 0445 57.61 0.495 37.19 0.546 16.98 0612 211 0.678
this method is that a direct determinationsafis possible, as 79.85 0.453 53.37 0.504 33.54 0.557 13.88 0.624 0.39 0.715
one directly measures the change in density due to a decrease75.25 0.460

of pressure at constant temperature. We later modified the T=22317K

DEM to allow density measurements along an isdBarhis 98.85 0.451 73.00 0.498 49.40 0.555 29.04 0.620 10.64 0.701
procedure consists in setting the expansion apparatus to the 9420 0.454 69.05 0.506 45.78 0.566 2593 0.633 8.01 0.714
esied temperature and pressure. Once thermal equilbrium has 2393 0458 8908 0513 1223 0572 2205 o5 554 0720
been reached, the temperature is raised a few degrees, whichg; 11 0.482 56.96 0.530 35.45 0.598 16.66 0.662 1.06 0.759
causes an increase in the pressure of the system, which is 76.98 0.490 53.08 0.545 32.21 0.608 13.50 0.684

maintained at constant volume. After equilibrium, the over- T=1248.19 K

compressed liquid is expanded to restore the initial reference 100.84 0.490 75.07 0.549 51.23 0.619 33.00 0.692 15.47 0.774
pressure. The procedure is repeated up to the highesttemperature9g-;_)10 0.500 71.74 0.557 47.88 0.633 30.18 0.707 12.58 0.801

; ; ; ; 4 0518 68.31 0.566 44.76 0.645 27.31 0.719 9.88 0.818
attainable in the apparatus. This procedure allows direct 88.99 0518 6480 0575 4178 0656 2433 0730 725 0836

determination ofo,(T) at selected isobars with a high degree g5 35 0525 61.27 0.585 38.60 0.664 21.36 0.748 4.59 0.853

of accuracy. 81.89 0.531 57.93 0.599 35.67 0.684 18.45 0.762 1.68 0.860
Liquid methanol was purchased from Aldrich Chemical Co. 7841 0.541 54.64 0.609
with a minimum purity of 99.9 % and was used without further T=263.17K

rification. The liquid w nd dehvdr rior to 100.06 0522 73.03 0.588 48.96 0.672 30.60 0.756 13.92 0.862
g“. tca(tjo i € ) thrlldh'at? degassed and o{e ydﬁtidhp Ob 1079598 0.533 69.34 0597 4579 0.684 27.74 0773 1136 0.882
Its Introduction into the high-pressure apparatus, which has been o, o5 0552 6572 0.612 42.67 0.697 24.86 0.788 8.84 0.902

described in detail elsewheté Temperatures were measured  gg.07 0.547 62.28 0.621 39.59 0.711 22.00 0.807 6.36 0.920
with accuracies of 0.01 K using a Leeds and Northrup calibrated 84.12 0.557 58.83 0.632 36.56 0.726 19.27 0.826 3.92 0.942
platinum resistance thermometer. Temperatures were controlled 80-31 0.568 55.43 0.646 33.55 0.741 16.58 0.842 142 0.964
to within + 0.01 K in both high-pressure and expansion cell 4 0578 52.17 0.658

baths. High pressures were measured with a calibrated Sensotec98 1 0544 72.68 0611;:4%71381705392 ph 88 0826 1192 0.947
TJE1108-20 pressure transducer with an accuracy of 0.02 %. o, 5 '547 6516 0624 4571 0.711 2214 0.856 917 0.962
The expansion pressures were measured with a calibrated gg 03 0563 65.79 0635 42.29 0721 19.75 0.872 7.10 0.982

Druck PDCR110/W low-pressure transducer with an accuracy 86.55 0.573 62.51 0.646 38.72 0.729 17.51 0.890 5.05 1.003
of 0.06 %. 83.15 0.582 59.21 0.657 30.87 0.791 15.43 0.912 3.00 1.021

A d ab ¢ densi dth d Viria) 7963 0.590 55.98 0673 27.90 0.810 1332 0.925 101 1.052
s noted above, a reference density and the second virial 7517 0602 5269 0679

coefficientB of the substance under study are requited/e

. T=298.16 K
used the following valuesp(298.15 K, 0.1 MPaj= (24.547+ 98.44 0.602 69.96 0.689 47.18 0.796 26.99 0.937 11.95 1.087
0.005) motdm™3 andB(298.15 K)= —1.9 dn¥-mol*, as given 94.83 0.605 66.99 0.703 44.45 0.814 24.71 0.959 9.92 1.118
in refs 34 and 35, respectively. The estimated uncertainties of 91.29 0.617 63.90 0.714 41.74 0.830 2249 0.982 7.97 1.137

by " . 84.45 0.637 58.04 0.743 36.55 0.865 18.19 1.018 4.23 1.185
1 3
kK™% in ap, and less than 0.01 mdm™ in density along both 80.99 0.649 55.32 0.757 34.09 0.885 16.08 1.045 2.36 1.217

isothermal and isobaric pathways. 77.32 0.655 52.59 0.768 31.70 0.899 14.02 1.062 0.74 1.266
73.41 0.665 49.87 0.783 29.29 0.923

Results and Discussion ) , R,
the typical trend found in most molecular liquids (i.e., a smooth

Isothermal Behavior of the Compressibility in Liquid  decrease as the pressure increases and an almost linear
Methanol. We have measured six isotherms at the following dependence on the temperature at a given pressure).

temperatures: 208.17, 223.17, 248.19, 263.17, 273.17, and In earlier works we have confirmed thai follows a power
298.16 K. Each isotherm consists of about 30 measurementsjaw in the pressure along isothermal pathd According to
between (0.1 and 100) MPa. The experiments were carried outthis, x(p) can be represented by the following phenomenological
at small pressure steps (2 to 5 MPa) to obtain accurate valuesexpression:

of k1. Table 1 summarizes our experimental resultgs;ofThree

selected isotherms are compared with available résefts2.16 k() = K [p— Pl 1)

in Figure 1. It must be emphasized that data from other sources

are calculated from isothermga(p) measurements. Overall, good whereps; is the divergence pressure at the spinodal ctfve,
agreement is observed, with the exception of the results derivedand«* is the pseudocritical amplitude fasrr. Both parameters
from the equation proposed by Good{imvhich is supposed  depend on temperature onfyis the pseudo-critical exponent,
to be accurate between (176 and 673) K and up to 70 MPa.which is independent of temperature and characterizes the
Figure 1 confirms that this equation yields unreliable results of divergence ofr(p) as the spinodal curve is approached. In the
it at low temperatures. We speculate that the reason for suchstable liquid range, the pseudo-critical exponent is close to
disagreement is that most of the data correlated by Goodwin 0.8536-401In Table 2, we record the parameters of eq 1 obtained
were at temperatures above room temperature, so extrapolatiorfrom fitting the six isotherms ok given in Table 1.

to low temperatures must be done with caution. Nevertheless, The experimental measurementsg{p) also allow us to

all data sets confirm thatr(p, T) of liquid methanol follows obtain the pressure dependence of the molar densitp( the
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Figure 1. Isothermal compressibilityxf) of methanol along the iso-
therms: 223.17, 263.17, and 298.16 &; experimental results of this work.
Literature sourcesv, Amagat! 0, Seitz et al2 ¢, Moriyoshi and Inubushi; 105k ° o o]
®, Machado and Streetty, Easteal and Wooff;®, Kubota et al’ O, Sun ' ‘i_gﬁ"fée}’_ogv? .

et al.8° +, Papaioannau and Panayiotdu), Ledwig and Wuflinger.16 ° e TR 20.01MPa

-
. : X 1.00f
Curves are results calculated for these isotherms from the equations proposed x ° all
in references:—, Goodwin® — —, Hruby et all3 & ° v 8.
095] = o /%.\.D{M_ﬁ Oiﬁ%‘:’/ |
Table 2. Parameters of Equation 1 and Standard Deviationsd) 0.90| 8 | P 45.10MPa |
Obtained from the Fit to the Results Recorded in Table 1 ' o -
% o 7
108%* Psp o 0.85} 80.03 MPa h”"?"i...%“.“.‘é?:.‘é .
TIK MPa 015 MPa GPal P A
208.17 41.60k 0.47 ~125.13+ 2.15 0.0070 180 200 220 240 260 280 300 320
223.17 42.68t 0.44 —115.50+ 1.85 0.0041 T/IK
248.19 44785 0.41 —101.91+1.51 0.0036 Figure 2. Thermal expansion coefficientf) of liquid methanol as a
g?gg jiggt 822 :gigi 1(2)2 88%; function of temperature. (a) Experimental results of this work at 0.59 MPa
29816 45,885 0.30 6957+ 0.79 0.0076 and from literature at 0.1 MPa. (b) Results for the isobarp &f (20.01,

45.10, and 80.03) MPa®@, this work;, Seitz et al. (at 20.27, 45.10, and

Table 3. Parameters of Equation 2 and Standard Deviationsd) for 81.06 MPa); —, McKinney et al}* 0, Reisler et al®® %, Hales and

the Isotherms (, p) of Liquid Methanol Ellender® a, Machado and Streetty, Easteal and Wooff;+, Riembauer
et al.19 O, Sun et al.89 Curves are results calculated for the isobars of
T 10°%* Psp Psp g (0.59, 20.01, and 45.10) MPa from the equations proposed in references:
K MPa-0-15 MPa motdm3 mol-dm—23 —, Goodwin® — —, Hruby et al13 Arrows represent the coordinates where
208.17 4278 067 —13175:3.18 1503017 0.0009 trP;(sel;lstcs)bars oby(T) have a minimum, in accordance with our experimental
223.17 42.8%¢ 055 —116.82+2.37 14.92£0.14 0.0008 '
248.19 44.63:0.44 —101.53+1.64 14.34£0.10  0.0006 . o
263.17 44.89:0.38 —91.12+1.30 14.1%:0.09  0.0009 (T). Our results are recorded in Table 2 and compared in Figure
273.17 4487037 —86.50+1.21 14.10:0.08  0.0059 2a with previous results at room pressure (formally 0.1 MPa).

29816 4572:0.25 —69.48+069 13.800.06  0.0013 The three remaining isobars obtained in this work are plotted

in Figure 2b. Good agreement is observed with available results,
although significant differences are observed at low tempera-
tures. The differences can be explained as follows. First, the
older data from Seitz et & have limited accuracy. On the other

_ o+ a-f hand, as already mentioned, the results of Sun et al. at low
P(P) = psp eXP{m [P — P } 3 temperaturés(203 to 263 K) are not consistent with their own
data at higher temperatufe263 to 333 K), the differences

Equation 2 is obtained from direct integration of e#4*where being more significant at high pressures. Furthermore, the data
the parameteps,is the divergence density of the liquid branch  from ref 11 appear to be inconsistent with the rest of the
of the spinodal curve at the considered temperature. Equationexperiments below 220 K. Finally, Figure 2b confirms that the
2 with 5 = 0.85 has been used to represent experimental 45.10 MPa isobar af, as calculated from the EOS of Goodin
densities of many liquids within their estimated uncertainties, predicts higher values than other sources.

and the results are of a quality comparable to those obtained |n any case, an interesting feature deduced from Figure 2 is
from other well-known isothermal EOS valu€s'? Table 3 that theoy,(T) isobars present minima as a function of temper-
summarizes the results of the fits of our experiments. ature. Arrows in Figure 2 indicate the minima coordinates

_Isobaric Response of the Thermal Expansion Coefficient  yeqyced from our experiments. The minimum is found around
in Liquid Methanol. We measured, along four isobars atthe 55, ¢ 4t 0.59 MPa. Furthermore, as the pressure increases a

foII0W|_ng selected pressures: 0.59, 20.01, 45.10, and 80.03 Mpa'shift of the minimum to higher temperatures is observed. To
Each isobar consists of ca. 40 measurements at temperature

ranging from (195 to 300) K. The 0.59 MPa isobar includes find the minima coordinates, we used a parabolic function for
several experimental runs to check the reproducibility of our each isobar, that is,

data. Again, the experiments were performed at relatively small

temperature steps (2 to 3 deg) to obtain reliable resultsifor ay(T) = a1+ at) 3)

six measured isotherms. We include such data in tabular form
in Table S1 of the Supporting Information. These isothermal
molar density values have been fitted with
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Table 4. Experimental Results of the Thermal Expansion
Coefficient (op/kK ~1) of Liquid Methanol at Various Pressures ()
and Temperatures (T/K)

T

op T

Op

T op

T

Op

T op

run 1

218.19
220.16
222.14
224.15
226.15
228.15
230.17
232.18
234.16
236.16
238.17
240.17
242.17
244.18
246.19

208.16
210.16
212.17
214.17
216.17
218.17
220.18
222.17
224.17

210.17
212.17
214.17
216.17
218.18
220.18
222.18
224.17
226.16

196.97
199.30
201.61
203.94
206.30
208.68
211.07
213.46
216.00

1.111 250.18
1.127 252.18
1.114 254.18
1.114 256.17
1.116 258.17
1.122 260.18
1.118 262.17
1.132 266.17
1.132 268.17
1.124 270.16
1.123 276.12
1.124 278.16
1.119 280.16
1.120 282.15
1.116 284.14

1.055 226.17
1.039 228.16
1.037 230.16
1.037 232.17
1.039 234.17
1.043 236.17
1.042 238.17
1.045 240.25
1.039 242.25

0.966 228.16
0.968 230.17
0.963 232.17
0.964 234.17
0.965 236.17
0.962 238.17
0.966 240.17
0.960 242.17
0.962 244.18

0.894 220.38
0.894 222.80
0.891 225.25
0.891 227.72
0.888 230.17
0.886 232.57
0.883 234.98
0.880 237.42
0.874 239.85

p=0.59 MPa

1.125
1.128
1.132
1.136

288.16 1.165
290.16 1.165
292.16 1.173
294.16 1.175
296.16 1.167
298.17 1.175
300.16 1.193
run 2
196.17 1.123
198.11 1.122
200.13 1.118
202.14 1.120
204.09 1.125
206.06 1.122
208.02 1.120

p=20.01 MPa

1.038
1.037
1.053
1.044
1.034
1.043
1.035
1.032
1.027

24419 1.034
246.19 1.041
248.17 1.036
250.17 1.041
252.18 1.033
254.18 1.030
256.17 1.032
258.17 1.044
262.17 1.025

p=45.10 MPa

0.958
0.957
0.959

248.17 0.942
250.17 0.939
252.18 0.938
254.18 0.940
256.18 0.937
258.18 0.937
260.18 0.932
262.17 0.936

p=80.03 MPa

0.872
0.867
0.863
0.861
0.860
0.869

242.29 0.853
24474 0.851
247.21 0.847
249.69 0.847
252.20 0.842
254.72 0.837
257.20 0.840
259.68 0.841

211.93
213.91
215.90
217.87
219.84
221.82
223.82

227.95
230.04
232.14
234.19
236.18

264.17
266.17
268.16
270.16
274.15
276.15
278.15
280.15

264.17
266.17
268.17
272.14
274.14
276.14
278.13
280.14

262.21
264.77
267.34
269.32
272.52
275.11
277.69
280.28

248.19 1.123 286.15 1.180 209.97 1.122 run 3

1.114 202.14
1.116 204.09
1.123 206.06
1.125 208.02
1.125 209.97
1.114 211.93
1.115 213.91

1.131
1.122
1.120
1.122
1.138
1.121
1.113

225.86 1.112 215.90 1.121

1.115 run 4

1.114 289.13
1.119 291.13
1.121 293.12
1.121 295.12

297.12 1

1.030 282.15
1.034 284.14
1.027 286.15
1.036 290.14
1.044 292.15
1.043 294.14
1.043 296.14
1.040 298.15

0.938 282.13
0.942 284.13
0.934 288.14
0.940 290.13
0.947 292.14
0.938 294.13
0.940 296.13
0.940 298.13

0.841 282.88
0.839 285.53
0.835 288.17
0.834 290.79
0.831 293.40
0.835 296.02
0.835 298.65
0.833 301.27

Table 5. Coefficients of Equation 3 and Standard Deviationsd)
Obtained from the Fit to the Isobars of Liquid Methanol Recorded
in Table 42

p

To

Om

MPa

K

kK=1

a

ag

Pm

kK1 mol-dm3

0.59
20.01
45.10
80.03

223.6- 2.3 1.118+0.001
248.9- 2.4 1.034+0.001
272.2£2.5 0.938+ 0.001
285.4-4.0 0.835+ 0.001

0.54+ 0.05
0.46+ 0.09
0.6% 0.07
0.81+ 0.06

0.007 26.740.10
0.006 26.420.07
0.004 26.3% 0.05
0.005 26.62 0.04

aThe last columndy) records the density for the coordinates To) of
the minima inoy(T).

wheret = 1 — T/To, andam and T are the coordinatesp, T)
of the minimum. Table 5 records the fitting parameters of eq 3, Within this model the EOS of a given liquid can also be
the standard deviation, and the densities of the coordinates ofcharacterized by five characteristic parametgys; e, «o*, A,
the minima. As can be observed, an interesting finding is that andw. We have correlated ther(p, T) of Table 1 to eqs 7 to
the minima for the isobars @f,(p) occur within a narrow range
of densities (26.7 to 26.3 malm™3, 3.18 to 3.13 times the
critical density) between (220 and 290) K.
Properties CorrelationsAs mentioned above, in a recent
publicatiorf* we analyzed the general behavior @f as a
function of pressure and temperature for a number of liquids. fit to our «1(p, T) results is 0.0064 GPa. Calculated values of

1.175
1.180
1.191
1.200
.183

It was concluded thaby,(T) isobars may present maxima,
minima, or both extrema. So the isothermsgfas a function

of pressure present characteristic crossings at high
pressures. Such analysis allowed us derive the followifg
based EOS:

oy =a*(p—py) @)

(@ — T
psp(T) = pvap(T) + p* T (5)
o*(T) = a;;[l + A(%*_m)w] ©)

where T; and p; are the critical temperature and pressure of
the substance, respectivelp(T) is the vapor pressure
(which constitutes a negligible correction, except at
temperatures close to the critical point). The complete EOS of
a given liquid, methanol in this case, is characterized by
five parameters: p*, ¢, o*;, A, and w, which with the
exception of the scaling pressup® are always positive. For
our present purposes, the relevant parameter in such an EOS
is the exponentw that determines the curvature of an
isobar ofoy(T). We have correlated they(p, T) of Table 4 to

egs 4 to 6, usingl, = 512.6 K, p. = 8.0946 MPa, and
pva(T) results given in ref 6. We obtained the following
characteristic parametergi’ = (—140.724 6.94) MPa, 3 =
(2.008 + 0.141), 00" = (8.847 £ 0.260) MP&->kK 1, A =
(0.46451+ 0.08), andw = (1.90647+ 0.186). We provide
more digits than those statistically significant to minimize round-
off errors. With these parameters, the standard deviation of the
fit to our ap(p, T) results was 0.0058 kK. Calculated values

of o(p, T) with these equations at rounded values of pressure
and temperature are included in Table S2 of the Supporting
Information.

We have recently derived a new correlation schemecfor
data using a quite simple but general expression to evaluate
the temperature dependencecdfWe have not used polynomi-
als since their predictive power out of the experimental
range is quite restricted, making them unpractical for most
purposes. Such correlation scheme is in the line of others
proposed by us in earlier work3.The correlation scheme is
based on the eq 6 far*(T) and the relation between, andx
by means of the thermal pressure coeffictentithin this
scheme amt-based EOS is obtained, which can be written as
follows:

ir(p, T) = k(TP — P % (7)

(1 — Tm)*]¥2
psp(T) = pvap(T) + p* T (8)
KH(T) = K’S[l + A(_psp(z*— pc)w] (ddesp)_l ©

9, usingT, = 512.6 K, p; = 8.0946 MPa, angb,dT) results
given in ref 6, with the following characteristic parameteps:
= (—154.284+ 5.4) MPa, 3 = (2.442+ 0.097) k¢* = (15.55
+ 0.75)MP&8%kK 1, A = (1.4925+ 0.26), andw = (1.5355
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