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EXCESS THERMODYNAMIC FUNCTIONS, AND THERMAL PRESSURES 
FORTEN BINARY MIXTURES’ .:; 

RICHARD W. HANKS, AVINASH C- C3Jl7A” AND CAKY K. I-i. YEE 

Dcpar;ment of Chedeal Engineering, Brigham Young Uniwrsiry. Provo, Uri34502 (iLS.A.) 
(Raxivcd 7 April 1977) 

Liquid phase PIT data were obtained at OT, 45”C, and 90°C for pressures 
from I-217.7 atm for various binary mixtures for the systems benzene-acetone, 
carbon~trachloridcacetone, acetonitril~rbontetnchloi-ide. tolucn+-aoztonitrile. 
and ethanol-toluenc_ Excess volume data were obtaiued at 45°C for the same systems 
as’well as for mixtures of toluene-nilroethane. toluene-acetone, aaztonitriie-benzene, 
nitromcthane-benzene, and ethanol-benzene. 

Constant volume thermodynamic exuzss functions OF, HF, A$, GF, and ;rSk 
were computcd for c=ch of the ten systems and arc presented. It was found that mole 
fraction avera_= of each of these excess functions ag-ce almost exactly with cxperi- 
mental values. Thermal pressures were also cakulatcd for each of the ten systems 
and found to agree within l-3% with mole fraction averages. 

The ability to correlak and predict vapor-liquid equilibrium (VLE) data 

quickly and accurately for non-ideal binary and multicomponent mixtures is of great 
interest and importance in industrial design. Some theoretical models developed for 

this purpose are based cpon the assumption of constant volume mixing processes. 
Most excess property functions are derived from experimental data obtained under 
either isothermal or isobaric conditions. Therefore, if one wishes to consider constant 
volume excess functions, it is n ecessary to convert the experimental data to this basis. 
In order to make such a conversion of basis, one requires additional data on liquid 
phase compressibility and PYTbehavior of mixtures together with excess volume data. 

As part of a continuing study of VLE predictive techniques utilizing heat of 
mixing data I-3 beirg carried out in the Thermochemical Institute, it was necessary 
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to perform a numbs of such conversions. A litenturc surch =&cd 1 complete 

absence of the desired Squid phase PVT and excess volume data for the ten binary 
mixtures of imerest. Therefore, the n- ry experimental apparatus was assembled 

to allow measurement of the desired quantities This *per, and a previous papzr3, 
contain a description of the experimental apparatus u&d together with’ the complete 
results obtained for various mixtures of the ten binary systems studied. 

Scitchard’ ha5 outlined proadures for converting excess property functions 
from a constant pressure to a constant volume basis. His results are summarized 
below as 

where 

is the coefiiiient of volumeLric expansion, 

PC 2(Z-K) 
T 

is the isothermal compressibility of the fluid, and 

(6) 

is a quantity sometimes cakd the ‘thermal pressure”. 
Scvcral dinerrnt types of constant volume mixing processes have been discussed 

by Scott5_ The one of interest here is where X, moles of component 1 at an initial 
pressure P and volume e are mixed with X2 moles of component 2 at pressure P 
and volume c to form 1 mole of mixture. The pressure P,, of the mixture is then 
adjustedsothatdV”=O;thatissoth;itY,-_X,~fX,~. 

In order to obtain the values of z, fi, and PT requkd for appiication of eqns (1) 
to (4) liquid phase PVT data for mixtures are required. For the systems studied and 

described later, it was found that a eimp!e PVTexprcssion of the form 

v = QW,, T) -I- b(x,. T)p + 4x1, TP= (8) 

s&ices, where a, 6, and c are empirical functions determined from the data. Fro& 
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the experimental data as smoothed by cqn (8). one can compute all of the required 
values according to the above equations. 

Appararris and procedure 

The experimental apparatus and procedure used to obtain the liquid phase 
Pv7dst.a for this study have ken described in detail in an earlier publications_ Only 
a brief description will be presented here. A schematic flow diagram of the apparatus 
is shown in Fig i. Carefully prepared samples were placed in the sample cylinder 

and then pressurized by introduction of mercury from the Ruska piston pump. The 
system was carefully thermostated to maintain isothermal conditions. Pressures were 

read from a high precision Heise gaze and volume% were calculated from calibrated 
pump settinps. Pressures were varied over the range O-218 atm (O-3200 psi) in in- 
crements of 27 atm (400 psi) with a minimum resolution of :t 0.33 atm (+. 5 psi). 
The test cell was maintained isothermal to i 0.01 ‘C in one of three different bath 
fluids: ice-water (O’C). water (45’C) and poly~lycol (9O’C). 

Excess volume data were calculated from pycnometric measurcrnents of liquid 
densities for samples of the solutions prepared for the PVT measurements. Figure 2 
shows a schematic illustration of one of the pycnomcters which were specially 

constructed for this study. Each of the capillary stems was gnduated with 80 scribed 
markings at O.I-cm intcrvais and had an internal bore diameter of 0. I cm. The internal 

volume of the large bulb was approximately 50 cm’. Prccisc values wcrc determined 
from repeated weighins with different fillings of doubly distilled, deacrated water’_ 

A calibration of volume as a function of stem-scale reading at various temperatures 

was obtained_ 
The pycnometers were initially cleaned by boiling in a cleaning solution 

followed by rinsing with distilled water and alcohol. Subsequent purging was accom- 
plishcd by blowing dry nirrogn gas from z cylinder of compressed nitrogen through 
the pycnometer. A commercial izuda temperature bath controllable to -2 0.01 ‘C 
was used for all derzzity mtrcisurements. Temperatures were measured with a Beckman 
thermometer which had previorsly been calibrated against a NBS secondary standard 
thermometer. Wei@s were measured using a double pan chainomatic balance 
precise to & O.OOOi ,e. The weights used were calibrated against each other for internal 
consistency and a&nst an NBS standard set for absolute accuracy level. 

The binary solutions used for all PYT and Y’ measurements were prepared 
according to the following procedure. Once an approximate mole fraction had been 
decided upon, an appropriate amount of one component was carefully weighed into a 
mixing bottle. It w-as assumed that the vapor space above this liquid was saturated 

with the vapor phase of the substance. A carefully weighed amount of the second 
liquid was then introduced into the bottle by means of a long-tipped hypodermic 
syringe inserted below the liquid surface to create the mixttire. A correction was mad.: 
to the amount of the first liquid present to account for the vapor lost by displacemtat 
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or saturated air-vapor mixture when the second iiquid was introduced_ Thereafter 
the bottle was sealed, shaken, and allowed to equilibrate. Corrections were also applied 
for evaporation of the second liquid into the vapor space. In this manner, precise 
mole fractions were calculated. 

Samples were withdrawn using a iong-tipped hypodermic syringe, placed into 
the carefully dried and weighed pycnometers, weighed, and immersed in a higher 

temprature bath for a period of time sufficient to remove bubbles of dissolved air and 
dcacnte the samples. The filled pyenometers were then immersed in and equilibrated 
with the controlled temperature baths and the sample volumes determined. This 
was accomplished by reading the heights of the men&i in the two arms of the 

pycnometer, recording t; : average value, and obtaining the desired volume from the 
appropriate pycnometer calibration cume. From this volume and the measured 

weights, the density of the sample was calculated. 
Excess specific volumes were calculated from the relation 

V’ = (X,M, + X@,)jp, - X,M,/p, - X,MJpz P) 

where X,, X, are the mole fractions of components I and 2, respectively, M,, M2 
are their molecular weights, P ,, P2 arc the pure component densities, and Pm is the 
measured mixture density. 

Ekperimentui rtisulfs 

Ten binary systems were studied in this work. They are: (I) ?.oluzne(l)-nitro- 

ethsne.Q); (II) toluenc(l)-acetone(2); (III) ac~tonitril~l)-benzerze(2); (IY) nitro- 
methane( 1 >benzeneQ); (V) ethanol( 1 )-benzenH2); (Vi) benzene( I )-acetone(2); 
(VII) carbontetrachloride 1 )-acetone(2); (VIII) acetonitrile(1 )-carbontetrachloride(2); 

(IX) toluene( I)--acetonitrile(2); and (X) ethanol(l)-toluene(2). Experimental PVT 

data for systems I to V were presented earlier ‘. Table I contains liquid phase PI’7 

TABLE 1 

UQlJxD YUWAR voi_uMt5= tw Ccl4 

-- 

PIcuurc Temperature 

Ann POT 
_.___.._-_. .- - -- 

psi 45T O’C 
__-m-P.--_.. . - -.--- _.-- -.- . 

2722 
54.43 
81.65 

108.87 
136.10 
163.31 
190.53 
217.75 

4al 105.033 
800 104.538 

I200 IO?.068 
1600 103.605 

103.162 
2400 102727 

m2.293 
3200 101.876 

-_ _ _.. - . 

98.991 93.870 

98.622 33.588 
982% 93.331 
97.983 93.125 
97.658 92.909 
97.373 92716 
97.076 92525 
96.786 92.288 

s All volumes upnscd as a+ mol-1. 
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Pmsute VP VW . 
- ----_-- -_--.. .-.. ____--- 
mm Py- A-1 = 0.2162 OAS25 0.7128 0a-q 0.4323 O&W8 

27.22 
51.43 
81.65 

Jckm7 
136.10 
16331 
19053 
217.75 

74.960 78.Jb4 82158 75.670 80.988 86.722 
74.768 77.949 81.958 75.408 80.774 86491 
74.593 77.760 81.722 75.192 80.564 86.283 
74.428 nsl9 81595 75.auI 80.360 86.078 
14.2lJ n.405 81.417 74.821 80.165 85.891 
74.112 77.232 81.243 74.634 79.989 85.698 
73.956 77.058 81.072 74.448 79.793 85.270 
73.7% 76.879 8o.mcJ 74266 79.604 85.323 

--- -_-._ -.- 

W/P 

x, z&&B 
----. 
0.6486 

- _ . -.-_- 
0.8e71 

IXt‘ 
. . ---- 

0.1398 
.-__ --... . ._- - ._. -_ 

03276 05936 

27.22 
54.43 
81.65 

SOS.87 
136.10 
163.31 
190.53 
2J7.75 

n-493 65.915 57.795 58.117 68.088 
ii2zJ4 65.747 57.643 57.963 67.905 
77.101 65.592 57.509 57.820 67.756 
76.93 1 65.447 57.393 57.686 67.6% 
76.757 65.303 57.273 57.558 67.468 
76.593 65.J57 57.162 57.527 67.327 
76423 65.014 57.047 57.306 67.182 
762S6 64.872 56.927 57.170 67.04 J 

&EL015 
81.8sJ 
81.665 
81.501 
81.339 
81 I82 
81.006 

Pressxd?e 
_--- .-. ._.- . 
AIAZ pJi 

F 
. __- ._..._ -. ,-... . . . _ . . . . . 
.Y, o-3775 ObfSl oa45or 

2722 400 
55.43 800 
81.65 1200 

J08.87 1600 
136.10 
163.31 2-um 
190.53 
217.75 32m 

85.838 73.867 
85.640 73.688 
85X55 73.518 
85.275 73.359 
85.C99 73.202 
w-922 73.tH7 
85.747 72890 
84.570 72.730 

63.975 
63.808 
63.6H 
63.509 
63.366 
63230 
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TABLE3 

-- VOUlMEPFDRFIVEBINABYSY%EMS AT 45 ‘c 

Rb?sswe 

Arm psi 

27.22 4430 
54.43 800 
81.65 1200 

108.87 136.10 = 
163.31 24w 
19053 28co 
217.75 3mo 

VP 
-_._-P-P- 

XI =0.216-’ 0_4-r25 
_-.- _. --__--- -- - 

79.118 86.925 82.869 80528 
78.843 8&a!s 82.575 SOAS 
78.575 86342 82279 79.828 
78.328 86074 82008 79546 
78.100 85319 81.761 79.229 
n-865 85560 81-494 7p 4F’ 

77.631 82.312 81246 78.723 
77.40s 85.064 81.001 78.456 

.--- 
0_7128 

vzz= 
-- 
02029 

85.940 
8S.600 
85293 
84.993 
84.717 
84.438 
84.179 
r)* 018 _-me 

0.4323 0.6948 

91.962 
91.620 
91.27y 
90.977 
90.681 
90376 
90.072 
89.767 

Pressure VZW IX= 
--.--- -._------- 
Arm psi Xl - -0.3899 0.6486 os471 ii.J3!28 0.3276 05936 
-- 

27.22 
54.43 
81.65 

108.87 
136.10 
163.31 
190.53 
217.75 

82.023 69.918 61.100 61.629 71.957 86.507 
81.722 69.667 60.894 61.427 71.715 86Z6 
81.42 6!Lzf! 6o.c?M 61.22S 71.484 85993 
81.174 69.208 6oso5 61.007 71.293 85.756 
8c_92S 6K.987 6o.Wl 60.820 71.064 85.5 14 
8od34 68.778 60.194 60.615 70.854 85.286 
80.430 68.566 60.033 60.433 70&7 85.037 
80.175 68.359 59.833 60.247 70.443 84.793 

Pressfm? XI 
--. - _--_ -- _.__ -_. __ -.__ __--_ 
Arm psi X; i O-U75 OA-JSJ 084s.l 

27.22 
54.43 
81.65 

108.87 
136.10 
163.31 
190.53 
217.75 

4x3 90.275 
8m so.027 

1200 89.746 
1600 89.4% 

89.240 
2400 88.689 

88.746 
3200 88-495 

77384 67221 
77,116 66978 
76.879 66.759 
‘766S.4 66.555 
76.4M 66.351 . 
76214 66mJ49 
75.99s 6S.%7 
75.780 6x774 



PIruVrr VP VW 
____ _ -__-. x, - o_iJii 0_4& 

_ __ .._-. _ - --_-_____ 
cllrlt psi 0.7128 02x9 0.4%?3 OJWM 
_ .__- - ____ -. ,- _--_-----. -, 

,77.x! 400 s-17-z 88A61 92444 86-479 91.757 98.101 
51.43 800 83.708 8a.OU 92a2 85.957 91.243 97.556 
51.65 :-TX) 83.400 87.6J3 91.630 85AtiO 90.763 97.055 

108.87 :600 83.017 87.190 91.2M Sk981 90286 96.600 
J.?&IO “ooo 82.649 86.799 90.861 &a.%3 89.849 96.153 
163.31 XaI XL300 86.418 Cm.482 M.114 89.414 95.704 
No.53 :800 81.951 86.050 90.118 83.695 as.983 95-312 
2 I 7.75 I2aJ 81.609 85.6m 89.76 I 83.308 88.555 w-897 
_ ----- - -_-_- .-_. - __- ---. ----.. --- 

PWSSlWF 
-_-. _ -___ 

Am Pri 

2333 
St_43 
81.65 

108.87 
136.10 
163-31 
190.53 
217.75 

b’JJJ* 
_..-__ -_.__ _- .--__-. _. -. -- 
x. --0.3809 O-.6186 -&7J 

x7.427 73.9m 
m_cm 73.607 
86.589 73.245 
86.194 72.901 
85807 72.563 
85.4H 7x241 
85.064 71.937 
85.705 71.627 

65.131 
64.832 
64.557 
6a.27: 
isml4 
63.740 
63.45’0 
63.238 

IX= 
-___.__ ._,- -_ .__.. 
0.1398 0.3_,76 

65.730 
65.M3 
65.141 
M.&t2 
64.576 
64.296 
64.037 
63.772 

76.517 91.52!i 
76.153 91.157 
75.824 90.799 
75.505 90.454 
75.21 I 90.160 
74.932 89.783 
74.643 89.457 
74.297 89.142 

_. ~_-. ------ _- ---.--- _-me _---_-o-e-.. -- -----m--w-- 

Pressure x’ 
_.__ . -.. _ _ _.- - .__-.-- -. _-__-_._ 
Alnl Pu’ XI -0-3775 O.HSJ 08450 
_--.- - .-- ___..__- .____ _- .-__ .- _ ----.-------_____--_ 

z22 al 95.560 81-975 71.163 
s-t3 800 95.226 s!l.6a 70.827 
81.65 1-m 94.851 812A2 ‘io.512 

108.87 1600 91.476 80.916 70.219 
135.10 94.1~A 
163.31 24a3 93.765 Et= 

69.930 

i 90.55 93-436 791977 
69.649 
6y.377 

217.75 3200 93m5 79.642 69.109 
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TABLE 5 

System P w IlP Iv* v= 
_I_--- __._. -. -- 

XI F’ Xl 
vp. x, . -- .yp__- x, -._. ~_ . . .-___ -.-_ 

Xl YE 
-_--.-- .--_ - -- _-_.__- ______.___. ---- 

0.144 - 0.063 0.147 -0.172 0.273 -0.183 0.291 0.102 0.276 0.1+2 
0.309 - 0.093 0.316 -0.280 3.530 -0.075 OSM 0.168 0.503 O&i8 
0.504 --Qo9S 0.409 --O-318 0.719 - 0.024 0.713 0.172 0.692 0.026 
0.671 -o.OM 0.510 -0.321 0.836 fO.124 0.862 0.100 0.820 -0.035 
0.764 -- 0.055 0.735 --0.201 0.968 0.03 1 0.937 0.053 0.9cN.l -o.ou 
--mm-.----__-- -e---P_-. -.- --- _- .- --_ -. m-m . __._ ____ -_ -_ -_ . . .__ .___ _ 

d h’itromdaanc(l~baucm(2). 
= Ethanol(i)-bcnznc(2). 
t All P arc in cd gmd-1. V2lucs zre precise 

to + 0.003 cd gmnl-‘. 
-- ..,-- m-q_ -__--_ _-__ -__-.-__-.-..-- _._ _ _- _.___ _._. ____ 

sysmn VI= Vlfh VIII‘ 1x1 XL.’ 
..-..--_ __ _ -. -____--se __ - - -.-._ -__ -- --.._..- 
Xl VS XI VW Xl VE XI V” Xl V’j 
.-m-e- -- --_. -_-_-___ _ . ..-..__. _ -__. .___ -. -- -.__ ._- -___ _. -_ __ _ 

0.171 -0.062 0.160 -0.048 0.315 -0.048 0.110 -- 0.033 0.312 - 1.22 
0.355 -0.069 - - 0.552 - 0.057 0.247 - 0.074 0.547 - 1.12 
0.556 -0.107 0.433 -0.047 - - 0.426 -0.151 0.732 -1.07 
0.768 -. 0.083 0.534 -0.080 0.880 -0.084 0.665 -0.239 0.880 -0.973 
0.882 -- 0.034 0.750 -0.003 0.943 -0m7 0.816 -0.172 0.942 - 0.888 
- --e---_--s --- s-m_- -- .-- __-._ __._. - .-_ -_ .--.-se 

= Bcnztne<l)-acctonc(2). J l-olucnc(l)-~1onit~iie(2). 
h Cabonta~hloddc(l)-acctonc(2). k Ethanol( I )-tolum(t). 
1 Acetonitttk(l) carbontctrachioridc(2). ’ 7- r-: 35°C for tk data. 

data for Ccl,. Tables 2-4 contain liquid phase PI7 data for various mixtures of the 
five binzuy systems VI-X. Data for benzene, zctonc, accLomtrilc and ethanol wcrc 
presented earli&. 

Pure component liquid densities for seven of the eight substances used in the 
present study were prescnted earfier ‘. The density of CCIA as determined pycno- 
metrically at 45’C was 1.5457 i 0.0001 g cm- ‘. The value determiued by cxtra- 
polation of the PVTdata to atmospheric pressure was 1.548 k 0.002 g cm-“. These 
compare favorably with the literature value of 1.5422 g crnm3 and 1.5456 g cmV3 
reported by Brown and Smith’ and Gunter et al.“, respectively. 

Table 5 contains the excess volume data obtained for all ten systems. F&e 3 
is a plot of the PWdata for system IX zt 90°C which illustrates typical behavior for 
ail of the five systems VI to X at all temperatures. 

From these data and eqns (i) throu& (8), vzks of various excess therm* 
dynamic functions at constant volume were calculated. Tables 6 through 8 contain 
the resuks of these calcuIations_ The thermodynamic functions Us, HF, AZ, GE and 
TsE arc presented for each of the ten systiems. The constant volume excess thermo- 



dynamic functions are displayed graphically in Figs. 4 and 5 for systems I and X, 
respectively, to illustrate typical behavior of the systems studied. 

The hbor involved in obtainins liquid phase PYTdata and VE data for mixtures 
and then converting .&fF to ME (ME, ME are respectively the exass thermodynamic 
function ME on constant pressure or volume basis) is considerable. It would be most 
cksirable, if one could adequately ukulate values for mixtures as mole fraction 
averages of the pure component values; that is, compute 

M; = XcMYc + X2MYI 

Average values such as this were calculated for each of the energy functions 
tabulated in Tables 6 through 8 and almost perkct agcement was found. This is 
illustrated for system III in Table 9 as a typical case. clearly, the use of mF cahlated 
according to eqn (IO) is perfkctly adequate in place of MF measured experimentaily- 
This represents great savings in time and labor_ 

Table 10 contains values of thermal pressures, PT. as computed from the data __- 
according to eqn (7) for each of the systems. Also included are Pr vaiucs computed 
according to eqn (10) for comparison purposes_ The awment between Pr and 3; 



TABLE 6 

Xl I” II= 
-mm- -_- -_-._. _- 

UV WrK A+ GVK -KS+ 76” 1ivK Al+ GFL xsv= 
- -_ -_-- --__- -.---- --- 
0.1 38.06 28.12 4249 32S4 - 4.42 28.04 JI_22 38.05 21.23 - IGLOO 
a.2 6x94 48.80 75m S8_05 - 9.26 5J90 i8.81 67.51 34.42 -15.61 
0.3 84.00 63.04 9893 77.95 -14.92 69.38 23.61 88.43 42.72 -19-M 
O-4 93.12 7J.00 I1406 91.95 -20.94 xx56 26.03 JOOS9 47.36 -21.33 
05 94.08 72.91 120.64 99.47 -26.56 8201 2624 JO493 4. J 5 -2292 
0.6 87.58 GPJ.99 ‘I 18.32 99.72. -30.74 X.81 24.62 loo.58 e-33 -23.77 
0.7 7429 59.55 Jo638 91.64 -32.09 is.57 ZJAS 87.90 M.78 -2.034 
0.8 54.77 44.91 83.72 73.85 -- 28.95 6.38 16.78 6G92 37.31 -23.53 
O-9 z9.58 25.42 48.88 44.71 - 19.29 23.87 IO.35 37.61 24.09 - 13.74 

Xl m* IV= 

WV” Hv” A# Gv” 7sF 
_-__-_----- 
r&s Hv” A+ Gv” Tsv” 

.- --- 

0.1 5253 w-05 6253 39m -JO_aQ 62.75 6p% 63.69 50.90 -0.94 
0.2 8699 53.46 107.78 742S -20.78 JJO.74 I26.lJ 114.60 129.97 -33.86 
0.3 107.96 74.64 138.16 104.83 -30.20 145.37 170.02 15221 176.86 -6.83 
0.4 II9zrJ 9zM 155.48 12sw3 -X(5.22 167.92 Xbl_35 J7ci.01 WA5 -8.09 
0.5 123.11 lb5.21 la-J.115 14291 -37.72 J78A7 21X.93 I85.M 226.41 -6.83 
0.6 JZLZI 111.55 154.68 146.02 -34-47 176.% 220.74 HO.14 2Ef.H --3.18 
0.7 109.62 10&43 J36.77 135.57 -27.14 161.19 203.96 159.42 20289 -1.77 
0.8 88.91 92.13 I&i19 109.41 -17-u m.82 164.!?0 122.83 159-56 i5.99 
0.9 54.w 58.04 6J3S 6535 - 7.31 76.36 98.99 69.85 9L89 i6.53 

--.. --..-- - .- - ----.-_I_-_ 

L AJl functiom apresscd ah Cal: gmol-‘- 4 Aec!onilrik(l)-~2)_ 
b Tolucau(J)-nitrcKthsnc(2). l Kitro,methax@I)-krmm$2). 
= ToJume(l )-acctonc(2). 



0.1 
O-2 
0.3 
0.4 
OS 
0.6 
0-i 
0.8 
0.9 

ur= HE--” 
_.. _- - __-- 

I%.19 ‘Il.33 
291.46 314.95 
318.83 345.48 
MS.JJJ 3m.19 
270.50 m.00 
227.83 239.45 
183.38 186.71 
136.55 133.54 
79.35 75.25 

-.-- ,- _.-__ 
A+ Gw” 

-- .- -- _..- 

121.58 136.72 
2oJ.91 225.39 
249.05 275.70 
269.49 2!x.50 
268.19 287.69 
248.54 2tXI.16 
21240 215.73 
160.04 157-O? 
90.18 85.48 

-__-- 
7s” 

74.62 
89.56 
69.78 
35.69 

231 
-20.71 
- 2!xo2 
- 23.49 
- 10.23 

VI= 
--- 
c/r= 
__.- 
14.39 
?6at 
34.83 
41.23 
45.15 
46-16 
43.46 
35.84 
21.75 

Hw’5 Aw” Gv” 

IO.92 2254 19.07 
18.00 4127 33.27 
23.03 55_73 43-93 
26.58 65.49 SO&a 
28.84 70.08 53.78 
29.63 69.07 5253 
28.38 6zOo 4692 
24.14 48.43 36.73 
15.61 27.91 21.78 

-- 
TSvE 
-- 

-- 8.15 
- IS.27 
-2090 
- 242s 
- 24.93 
-2291 
- IS.54 
-I259 
- 6-17 

XI VIP v/m 
_ _--. ._.--- _.____-__-- -.-_ - .-_-__-_ ---__._-__ -_ 
,?J+ J&l? AvE Gr” nw” &E Hwii A,.” G,,” 7&E 

___- _ _- _. _..- .- ---.-- -__---_ 

0-J IO.65 13.81 42.81 45.97 -32.16 121.24 117.73 12CkoO 116.48 + 124 
0.2 22.76 2323 76-75 77.22 - 53.99 188.48 182.82 20225 196.59 - 13.77 
0.3 36.23 3263 JO268 39.08 -66.45 218.7’2 21237 253.64 247.29 -34.92 
0.4 50.67 43.83 120.82 113.98 -iO.lS 22538 218.69 279.50 27161 -53.92 
0.5 64sa 56.76 J3a78 122.96 -66.20 218.38 210.43 283.58 275.63 -6520 
0.6 75.41 69.39 131.52 125.50 --%.I1 m-21 39267 268.09 258.55 -65.87 
0.7 79.53 77.59 121.41 119.48 -41.88 177.89 166.85 233.67 Z62 -55.77 
0.8 722 75.09 98.16 101.02 -2!i_* 141.94 130.74 179.42 da.23 . . 37.48 
0.9 47.71 53.28 58.87 M-43 - II.15 86.53 78.50 JO287 94-M -16.34 
_.. . . __-_. - --. .-... -__ - 

= AJJ rlxdorrr cq?escd as Cal gmol-‘. a Carbon~Jod~J~I.o~2). 
b EthsiiJ(J~bcmme(2)- c AcctoniIrik( I)-carbonrcUaddorick(2). 
= EIcmmc( I)-2atonc(2). 

TABLE 8 

CCXXXAST YCKLKUUE lJCff_SS TlCERWODYSAMIC FbXTTlO* IOU BINARY MIXTURES iX A?rD X AT 45°C 
--. .__-_._ --- 

Xl IXb - X’ 
_- _._._ - . .- ____ --- -..- -__- --_ -. -.__- _.._ -__- __ --_ 
ih-” H+ A,& GFk TSL-” UP Hv” Aw” Gv” 7%” 

__.-_-- --.- _ -.---.----. - ---__ 
0.1 M-75 54.59 74.47 77730 -17.72 155.92 171.24 135.33 150.65 +20.59 
0.2 97-J-t 87.43 127.56 117.86 - 30.43 229.70 24834 m-48 239. I2 i- 9.22 
0.3 Ins 102.87 162.45 I4279 -- 39.91 248.95 26394 267.56 282.55 - 18.61 
0.4 JM.66 J(#.SJ? 181.51 ISJ.~ -4&87 236.14 243.sJ 286.06 293.15 -49.91 
0.5 IX.02 96.01 186.41 147.40 -51.39 207.84 205.41 28287 ‘DO.43 -75.03 
0.6 I 24.92 80.38 157.92 133.38 -53.00 174.68 163.49 26228 25J.09 -87-60 
0.7 1 OS.48 60.62 156.13 III.27 -50.65 141.37 124.40 225.95 208.98 -8458 
0.8 77.61 39.36 120.32 8207 -42.71 106.75 88.89 J72_93 155.06 -ail7 
0.9 4201 18.94 69.03 45.96 -27.01 63.77 51.54 99.66 87.42 - 3589 

s All furdons cxpascd as cal @noI-l. 
b Tolucne(J)-ace1onitriJc$20). 
c E&am1(J)-mlmnc(~). For this syslan T = 35 ‘C. 
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TABLE 9 

axtPAxLsoNoFMoLE JTUC7KX.S AVERAGE a5 TliEWMC FUXClWw WITH FXPJ3UMEWTAI. 

YALUkS FOSt SYSTEM IJIb AT 45% 
~ ------_-._.- ._ -.. - _ 

Xl Uv” 
----7 &b c &” --ii 

._ -a- __- __ 
Ifv AvE Av’= GvR G# ZSv= ?-%E 

--- -- 
0.1 52.53 52.91 w-05 29.12 6253 633 39.05 38.74 - 10.00 - 9.62 
02 86.99 87.54 53.46 53.56 107.78 107.78 74.25 73.79 -20.78 -20.23 
0-S 107_96 lORS2 7-i.M 74.72 l.fS.16 138.lh ltM.84 104.37 -30.20 -W-65 
0.4 119.26 119.71 9226 92.31 155.48 155.48 128.48 i28.08 -36.22 -3S.76 

’ 
g-2 
017 

120.21 123.11 123.42 120.36 105.21 111.55 105.23 111.55 164-M 154.68 160.84 1!w68 14293 l46.02 1426S 145.86 -3l.47 -37.72 -:7Al -34.32 
109.62 109.65 lO#.43 108.42 136.77 136.77 135.57 135.53 -27.14 -- 27.11 

0.8 88.91 88.86 9213 9212 106.19 106.19 109.41 lO!X45 -17.28 - 17.33 
0.9 54.04 53.98 58.04 58.03 61.35 61.35 65.35 65.40 - 7.31 - 7.37 
-._--.-- . -_--m-_-B- -- -_----_ -----.m-- -----.- 
* All functions apmscd as cd pgxal-‘. 
b AocCcniuilc(l)-knzmc(2). 
c 0vertar flues computed by cqn (IO). 

TABLE 10 

THERMAL. PRESSWR- FOR TES BISARY SYSTELIS AT 45% 
A__ _- -.-... .__-__ .-_-- ---.-_-- . -- _ - -_ -. _ _-_ 

Xl P If= IIP IV yl - 
---_ ._ -- - .__. .._ -___ .- _.._ --_.._ ._,. __._.__. __-___ .._ 

. . . -.. --. 
Pr PT PT PT PT PT PS PT PT Pi 

--__ -_-mm_-. - ---a- .-_--.-____ -_-._ - 
0.1 3924 4C19 3fMl 3009 3636 3768 3668 3848 3444 3711 
0.2 3817 3877 3059 3027 3597 3732 37m 3900 3376 3619 
e.3 3719 3749 3077 3015 3557 3692 3744 3958 3300 3525 
0.4 3623 3637 3@M 3062 3514 3649 3789 4021 3217 3426 
0.5 3551 3438 3111 3080 1170 3604 3Ml 4093 3126 3324 
0.6 3481 3479 3130 3099 3423 3556 3900 4i76 3217 
O-7 3417 3375 3149 3120 337-1 3506 3972 4276 E 3105 
0.8 3361 3307 3170 3142 3321 3453 4080 4xX 28is 2987 
0.9 3310 3246 3193 3167 3264 33% 4174 4583 2708 2863 
-_ --m-m- .---- _-_-_-.--B-m -__ _. -_ m-s- _-____-_ _ ..- ___- 
Xl VP VW VIII’ IX’ XL 

_.... -_- - -__ - _-_._ -- .__ -_--_ --- -- __-__-. --- 
PT 

. - _.. 
PT PT PI PT PT PT PT PT PT? 

.--. . --.--- --. -__-.__I-_-___.----_-_._--_ ___-_._ ___-__-_-. 

0.1 3007 3059 2926 2983 2970 2941 3352 3310 3511 m 

0.2 3073 3129 2929 2976 29% 2966 3334 3288 3462 3362 
0.3 3140 3202 2932 2967 3020 2991 3317 3267 3410 3314 
0.4 3210 3278 w35 w59 3050 3024 3302 3249 3355 3263 
05 32g I 3357 2938 2951 30x3 Xl61 338 3232 32% 3208 
0.6 3355 3439 2942 2945 3120 3101 3275 3218 32% 3lso 
0.7 3431 3524 2947 2938 3163 3146 3264 3206 3166 3l)88 
0.8 .x09 3613 2951 2933 3212 3198 3255 3198 3094 3022 
0.9 3588 3704 2956 2927 3270 3259 3248 3;93 3015 2950 
.-----._--- - _.. ._-._--. --- 
s All whs uprcssai in am. L wlI-amcn&). 
b Toll!ux$l)-nitmthyrd2). h Carbonkmchkxidc(I)-aceonc(Z). 
= Toltlaw(l)+aCelonc(2). 1 AcclcniuildI)-carbonleeuachloridc(Z). 
d Acrmitik(l~bauad2). J Tolucnc(l)-acctonitrilc(2). 
c Nitromclkan&~2). k Ethad(l)-toluax@. Tanpcraturc = 35’C. 
c E.Ibanol(l M===U). I Oerbar value5 computed by eqn (10). 
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FL 5. Tlmmodynarnic excess funhom at constant volume for the ethanol(l)_toluc&Z) system 
at 3S”C 

is not quite as close as was observed between MS_ and a?_ However, for all of the 
systems except V, Fi a_- with PT to within 2-3 % on the average. For system V, Pi 

differs from PT by S-7”/, over the pressure range. Thcsc results suggest that for most 
purposes where PT data would be needed, Pi should be an acceptable substitute for 
P T- 
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