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Abstract 

Excess enthalpies, excess isobaric heat capacities, densities and speeds of sound of the 
mixtures, 1,3-diphenylpropane + benzene, + toluene, and + cyclohexane, were measured at 
298.15 K. For comparison, the excess isobaric heat capacity of the mixture toluene + cyc- 
lohexane was also measured at 298.15 K. The excess volumes were estimated from the density, 
and the isentropic and isothermal compressibilities and isoehoric heat capacities were estimated 
from density, speed of sound and isobaric heat capacity. The excess enthalpies of all the systems 
are positive, and that of the mixture of 1,3-diphenylpropane + toluene is nearly zero. All 
properties of the mixture of 1,3-diphenylpropane and toluene show that 1,3-diphenylpropane 
can be considered as a dimer of toluene. 

Keywords: Excess thermodynamic properties; 1,3-Diphenylpropane; Benzene; Toluene; Cyc- 
lohexane 

1. Introduction 

To clarify interactions of non-polar molecules in the liquid state, we have 
studied the physical  properties of non-polar b inary  liquid systems, concentrating 
on the two effects of the size and aromaticity o f  the molecules. For  this purpose, 

E densities we measured excess enthalpies HEm, excess isobaric heat capacities Cp. m, 
p, and speeds of sound u at 298.15K for the mixtures of 1,3-diphenylpropane 
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(DPhP) + benzene, + toluene, and + cyclohexane. From these results, excess volumes 
Vm E, excess isentropic compressibilities ~ ,  excess isothermal compressibilities r~, 
and excess isochoric heat capacitis CEv.,, for these systems are calculated. The CpEm 
value for the mixture of toluene + cyclohexane was measured to discuss the effect of 
molecular size. 

2. Experimental 

Benzene, toluene, and cyclohexane, all special grade reagents from Wako Pure 
Chemical Industry Ltd., were fractionally distilled at atmospheric pressure to exceed 
99.95% purity (GIC and moisture detection). 1,3-Diphenylpropane obtained by Wolff- 
Kishner reduction of dibenzylketone was purified by fractional distillation at a reduced 
pressure of about 1 mm Hg. The purity was above 99.8% (G1C). 

Excess enthalpies were measured with an LKB microcalorimeter (LKB 107001); 
isobaric heat capacities of the pure components and excess values of the mixtures 
were measured with a home-made flow microcalorimeter; densities with a vibrating- 
tube densimeter (Anton Paar, DMA602); and speeds of sound by a sing-around 
method (Cho-onpa Ind., UVM-2). All the values reported here are of the pro- 
perties at 298.15 K. Details of the measurements are found in previous papers 
[1-4]. 

The accuracies of the excess enthalpy, excess isobaric heat capacity, density, and 
speed of sound measurements are + 0.2%, + 0.01 J K -  1 mol- 1, + 0.00001 gem- 1, and 
+ 0.3 ms-  1, respectively. 

Details of the estimations of excess isentropic and isothermal compressibilities and 
the isochoric heat capacity are described elsewhere [3]. 

Table 1 
Physical properties of materials used at 298.15 K 

Property 1,3-Diphenyl- Benzene Toluene Cyclohexane 
propane 

p/gem- 3 0.97577 0.87362 0.86221 0.77384 
u/ms- i 1508.6 1299.6 1305.3 1254.4 
Cp,m/J K -  l tool- 1 326.9 135.76 157.29 156.01 
10 a a / K -  t 0.774 a 1.218 b * 1.09 c 1.216 b 

rs /T Pa -  1 450.30 677.73 680.72 821.25 
r r / T  Pa -  1 560.2 969.0 921.4 1128.6 
Cv,JJ K -  t mol -  1 262.7 95.0 116.2 113.6 

"From densities at 298.15 and 303.15 K. 
b From Ref. [4]. 
c From Ref. [5]. 
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Table 2 
Excess enthalpies of the mixtures at 298.15 K 

x H~ x H~ 
J tool- 1 J mol- t 

x(CeHsCHz)2CH 2 + (1 - x)c-CnH12 

0.02500 138.9 0.55000 880.5 
0.05000 264.9 0.60000 844.4 
0.10000 473.3 0.65000 781.8 
0.15000 625.2 0.70000 716.4 
0.20000 750.3 0.75000 635.2 
0.25000 826.6 0.80000 541.2 
0.30000 881.4 0.85000 432.6 
0.35000 915.1 0.90000 268.6 
0.40000 920.0 0.95000 155.3 
0.45000 927.0 0.97500 84.1 
0.50000 905.4 

x(CnHsCH2)2CH 2 +(1 - x)C6H6 

0.02500 4.73 0.55000 48.84 
0.05000 9.64 0.60000 46.63 
0.10000 18.93 0.65000 43.32 
O. 15000 27.28 0.70000 39.37 
0.20100 34.92 0.75000 34.71 
0.25000 40.58 0.80000 29.43 
0.30000 44.91 0.85000 23.08 
0.35000 47.77 0.90000 15.83 
0.40000 49.76 0.95000 8.60 
0.45000 50.37 0.97500 4.17 
0.50000 50.11 

x(CnHsCH2)2CH 2 + (1 - x)C6HsCH3 

0.02499 - 0.10 0.54991 7.53 
0.04998 0.36 0.59991 7.29 
0.09997 1.03 0.64992 6.71 
0.14996 2.18 0.69993 5.83 
0.19994 3.81 0.74993 5.40 
0.24993 4.81 0.80000 4.72 
0.29993 5.63 0.84995 3.17 
0.34992 6.30 0.89997 2.13 
0.39991 6.74 0.94998 0.81 
0.44991 7.09 0.97499 0.15 
0.49991 7.61 

3. Results and discussion 

The physical properties of the components are given in Table 1. The values of HEm for 
the mixtures of DPhP +benzene, DPhP + toluene, and DPhP + cyclohexane are 

. " s ,  given in Table 2. The C~ m values for these systems are given in Table 3. The E 
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T a b l e  3 

E x c e s s  i s o b a r i c  h e a t  c a p a c i t i e s  o f  t h e  m i x t u r e s  a t  2 9 8 . 1 5  K 

x C e p,m X CpEm 

j K - l m o l - t  j K - t m o l - t  

x ( C 6 H s C H 2 ) 2 C H  2 + (1 - x ) c - C 6 H t 2  

0 . 0 2 4 9 9  - 0 .48  0 . 4 9 9 9 4  - 3 .89  

0 . 0 4 9 9 9  - 0 . 9 7  0 . 5 4 9 9 4  - 3 .86  

0 . 0 9 9 9 8  - 1.89 0 . 5 9 9 9 4  - 3 .66  

0 . 1 4 9 9 7  - 2 .51 0 . 6 4 9 9 5  - 3 . 5 0  

0 . 1 9 9 9 7  - 2 . 9 6  0 . 6 9 9 9 5  - 2 .92  

0 . 2 4 9 9 6  - 3 . 3 4  0 . 7 4 9 9 6  - 2 .78  

0 . 2 9 9 9 5  - 3 .63  0 . 7 9 9 9 6  - 2 . 3 5  

0 . 3 4 9 9 5  - 3.81 0 . 8 4 9 9 7  - 2 .13  

0 . 3 9 9 9 5  - 3 .96  0 . 9 4 9 9 9  - 1.01 

0 . 4 4 9 9 4  - 3 .94  0 . 9 7 5 0 0  - 0 . 4 9  

x ( C 6 H s C H 2 ) 2 C H  2 + ( 1  - x ) C 6 H  6 

0 . 0 2 4 9 9  - -  0 . 1 2  0 . 5 4 9 9 3  - 1.66 

0 . 0 4 9 9 9  - 0 . 3 0  0 . 5 9 9 9 2  - -  1.65 

0 . 0 9 9 9 7  - 0 .63  0 . 6 4 9 9 3  - -  1 .46 

0 . 1 4 9 9 6  - 0 . 8 2  0 . 6 9 9 9 4  - 1.51 

0 . 1 9 9 9 5  - 1.02 0 . 7 4 9 9 4  - 1 .32 

0 . 2 4 9 9 4  - 1.22 0 . 7 9 9 9 5  - 1.21 

0 . 2 9 9 9 4  - 1.38 0 . 8 4 9 9 6  - 1.01 

0 . 3 4 9 9 3  - 1.48 0 . 8 9 9 9 7  - 0 .81 

0 . 3 9 9 9 3  - 1.61 0 . 9 4 9 9 9  - 0 . 4 8  

0 . 4 4 9 9 3  - -  1.65 0 . 9 7 4 9 9  - 0 .23  

0 . 4 9 9 9 3  - 1.65 

x ( C 6 H s C H 2 ) 2 C H  2 + (1 - x ) C 6 H s C H  3 

0 . 0 2 5 0 0  - 0 . 0 5  0 . 5 4 9 9 8  - 1 .42 

0 . 0 5 0 0 0  - 0 . 1 4  0 . 5 9 9 9 8  - 1.41 

0 . 1 0 0 0 0  - 0 .38  0 . 6 4 9 9 9  - 1.37 

0 . 1 5 0 0 0  - 0 .55  0 . 6 9 9 9 9  - 1.31 

0 . 1 9 9 9 9  - 0 . 7 0  0 . 7 4 9 9 9  - 1.29 

0 . 2 4 8 8 8  - 0 . 8 5  0 . 7 9 9 9 9  - 1.18 

0 . 2 9 9 9 9  - 1.02 0 . 8 4 9 9 9  - 1 .00 

0 . 3 4 9 9 8  - 1.13 0 . 8 9 9 9 9  - 0 . 8 0  

0 . 3 9 9 9 8  - 1.23 0 . 9 5 0 0 0  - 0 . 4 6  

0 . 4 4 9 9 8  - 1.32 0 . 9 7 5 0 0  - 0 . 2 4  

0 . 4 9 9 9 8  - 1.38 

x ( C 6 H s C H  3 + (1 - -  X ) c - C 6 H I 2  

0 . 0 2 5 0 0  - 0 .21 0 . 5 4 9 9 8  - 1 .90 

0 . 0 5 0 0 0  - 0 . 3 7  0 . 5 9 9 9 8  - 1.87 

0 . 0 9 9 9 9  - 0 . 7 5  0 . 6 4 9 9 8  - 1.77 

0 . 1 4 9 9 9  - 1.08 0 . 6 9 9 9 9  - -  1 .64 

0 . 1 9 9 9 9  - 1 .27 0 . 7 4 9 9 9  - -  1 .50  

0 . 2 4 9 9 9  - 1.52 0 . 7 9 9 9 9  - 1.31 
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T a b l e  3 (continued) 

x c,~. .  x c,~. .  
jK-t  mo1-1 j K - l m o 1 - 1  

0 . 2 9 9 9 9  - 1 . 6 6  0 . 8 4 9 9 9  - 1 . 0 7  

0 . 3 4 9 9 8  - 1 . 7 8  0 . 8 9 9 9 9  - 0 . 7 5  

0 . 3 9 9 9 8  - 1 . 8 7  0 . 9 5 0 0 0  - 0 . 4 0  

0 . 4 4 9 9 9  - 1 . 9 2  0 . 9 7 5 0 0  - 0 . 2 3  

0 . 4 9 9 9 8  - 1 . 9 2  

T a b l e  4 

E x c e s s  v o l u m e s ,  e x c e s s  i s e n t r o p i e  a n d  i s o t h e r m a l  c o m p r e s s i b i l i t i e s  a n d  e x c e s s  i s o c h o r i c  

b e a t  c a p a c i t i e s  a t  2 9 8 . 1 5  K 

vl ~ ~ c ~ Y.m 
c r n  3 m o l -  l T P a -  i T P a  - i J K -  a m o l  - i 

x ( C 6 H s C H 2 ) 2 C H  2 + (1 --  x ) c - C 6 H t 2  

0 . 0 2 5 1 8  0 . 0 2 2  - 5 . 3 1  - 4 . 2  - 0 . 7 4  

0 . 0 5 0 0 8  0 . 1 0 1  - 9 . 2 1  - - 7 . 1  - -  1 . 3 8  

0 . 0 9 9 9 4  O. 1 7 0  - 1 7 . 2 0  - 1 3 . 3  - -  2 . 5 0  

0 . 1 4 9 7 6  0 . 2 2 1  - 2 2 . 0 7  - 1 8 . 2  - 3 . 3 9  

0 . 1 9 9 8 5  0 . 2 5 2  - 2 6 . 1 5  - 2 2 . 0  - 4 . 1 4  

0 . 2 4 9 6 9  0 . 2 6 8  - 2 9 . 0 5  - -  2 4 . 9  - 4 . 7 5  

0 . 3 0 0 3 4  0 . 2 8 2  - 3 0 . 6 7  - 2 6 . 6  - 5 . 2 4  

0 . 3 4 8 4 2  0 . 2 8 8  - 3 1 . 5 1  - 2 7 . 4  - 5 . 5 9  

0 . 4 0 0 7 5  0 . 2 8 5  - 3 1 . 2 1  - 2 7 . 6  - 5 . 8 3  

0 . 4 5 3 0 6  0 . 2 8 3  - 3 0 . 4 9  - 2 7 . 2  - 5 . 9 3  

0 . 5 0 4 5 2  0 . 2 6 5  - 2 8 . 9 9  - 2 6 . 0  - -  5 . 8 9  

0 . 5 4 9 9 7  0 . 2 4 3  - 2 7 . 4 1  - 2 4 . 7  - 5 . 7 5  

0 . 5 9 5 2 5  0 . 2 2 1  - -  2 5 . 5 5  - 2 3 . 2  - 5 . 5 3  

0 . 6 5 1 7 5  0 . 2 0 2  - 2 2 . 6 1  - 2 0 . 6  - -  5 . 1 4  

0 . 6 9 8 9 9  O. 1 7 5  - 2 0 . 0 2  - -  1 8 . 3  - 4 . 7 4  

0 . 7 5 0 4 8  0 . 1 5 3  - 1 6 . 8 9  - 1 5 . 5  - 4 . 2 4  

0 . 8 0 1 9 8  0 . 1 2 1  - 1 3 . 6 7  - 1 2 . 5  - 3 . 6 7  

0 . 8 5 1 3 8  0 . 0 8 8  - 1 0 . 4 4  - 9 . 6  - 3 . 0 5  

0 . 9 0 0 8 1  0 . 0 6 3  - 7 . 0 3  - 6 . 4  - 2 . 2 8  

0 . 9 5 0 3 3  0 . 0 2 4  - 3 . 6 6  - -  3 . 3  - 1 . 3 2  

0 . 9 7 6 9 2  0 . 0 1 7  - 1 . 6 8  - -  1 .5  - -  0 . 6 7  

x ( C 6 H s C H 2 ) 2 C H  2 + (1 - x ) C 6 H  6 

0 . 0 2 2 2 1  - 0 . 0 2 5  - 3 . 7 6  - 3 . 6  - 0 . 2 7  

0 . 0 5 1 7 0  - 0 . 0 5 1  - 8 . 0 3  - 7 . 6  - 0 . 6 3  

0 . 1 0 0 2 2  - 0 . 0 8 6  - 1 3 . 3 2  - 1 2 . 6  - 1 . 1 6  

0 . 1 5 1 8 4  - 0 . 1 1 2  - 1 7 . 1 2  - 1 6 . 2  - 1 . 6 2  

0 . 2 0 5 8 8  - 0 . 1 3 3  - 1 9 . 3 5  - 1 8 . 3  - 2 . 0 6  

0 . 2 4 8 8 1  - 0 . 1 4 5  - 2 0 . 3 7  - 1 9 . 3  - 2 . 3 3  

0 . 3 2 3 7 8  - 0 . 1 5 1  - 2 1 . 0 1  - 1 9 . 9  - 2 . 6 9  

0 . 4 0 0 6 2  - 0 . 1 5 1  - 2 0 . 3 8  - 1 9 . 3  - 2 . 9 0  

0 . 4 2 8 1 2  - 0 . 1 5 1  - 1 9 . 8 2  - 1 8 . 8  - 2 . 9 3  
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Table 4 (continued) 

x v .  ~ ,¢~ ,~ Cv,m 
e m  3 too l -  t T P a -  ~ T P a -  ~ J K -  1 too l -  

0 . 4 7 5 0 1  - 0 . 1 4 7  - 1 8 . 7 3  - 1 7 . 7  - 2 . 9 4  

0 . 5 6 6 2 3  - 0 . 1 3 1  - 1 6 . 0 9  - 1 5 . 2  - 2 . 8 5  

0 . 5 7 2 7 8  - 0 . 1 2 8  - 1 5 . 8 7  - 1 5 . 0  - 2 . 8 3  

0 . 6 1 4 0 3  - 0 . 1 2 2  - 1 4 . 4 4  - 1 3 . 7  - 2 . 7 3  

0 . 6 2 6 4 3  - 0 . 1 1 8  - 1 4 . 0 3  - 1 3 . 3  - 2 . 7 0  

0 . 7 0 9 3 4  - 0 . 1 0 0  - 1 1 . 0 7  - 1 0 . 4  - 2 . 3 9  

0 . 7 8 3 6 0  - 0 . 0 7 4  - 8 . 2 6  - 7 . 8  - 2 . 0 1  

0 . 7 9 6 3 6  - 0 . 0 7 4  - 7 . 8 8  - 7 . 4  - 1 . 9 4  

0 . 8 3 6 0 0  - 0 . 0 5 9  - 6 . 2 5  - 5 . 9  - 1 . 6 6  

0 . 8 6 4 1 4  - 0 . 0 5 0  - 5 . 1 8  - 4 . 8  - 1 . 4 5  

0 . 9 4 1 4 6  - 0 . 0 2 0  - 2 . 3 1  - 1 .6  - 0 . 7 3  

0 . 9 6 7 0 1  - 0 . 0 1 4  - 1 . 2 8  - 1 .2  - 0 . 4 3  

0 . 9 7 0 6 4  - 0 . 0 0 9  - 1 . 1 2  - 1 . 0  - 0 . 3 9  

x ( C e H s C H 2 ) 2 C H  2 + (1 - x ) C 6 H 6 C H  3 

0 . 0 2 3 7 6  - 0 . 0 2 4  - 3 . 9 1  - 3 . 8  - 0 . 2 7  

0 . 0 4 9 2 7  - 0 . 0 7 3  - 7 . 4 4  - 7 . 3  - 0 . 5 4  

0 . 1 0 4 0 0  - 0 . 1 3 6  - 1 3 . 3 9  - 13 .1  - 1 . 0 9  

0 . 1 5 0 3 5  - 0 . 1 7 6  - 1 6 . 9 9  - 1 6 . 5  - 1 . 5 0  

0 . 1 8 9 3 1  - 0 . 2 0 0  - 1 9 . 3 2  - 1 8 . 8  - 1 . 8 2  

0 . 2 4 2 3 9  - 0 . 2 2 8  - 2 1 . 1 3  - 2 0 . 5  - 2 . 1 6  

0 . 2 8 7 6 8  - 0 . 2 4 6  - 2 1 . 8 3  - 2 1 . 2  - 2 . 3 8  

0 . 3 4 3 0 7  - 0 . 2 6 0  - 2 2 . 1 2  - 2 1 . 5  - 2 . 5 9  

0 . 3 9 4 4 5  - 0 . 2 6 6  - 2 1 . 8 8  - 2 1 . 2  - 2 . 7 1  

0 . 4 3 2 6 5  - 0 . 2 6 4  - 2 1 . 2 0  - 2 0 . 6  - 2 . 7 4  

0 . 4 9 8 9 4  - 0 . 2 5 1  - 1 9 . 6 9  - 1 9 . 1  - 2 . 7 3  

0 . 5 4 1 0 6  - 0 . 2 4 3  - 1 8 . 5 1  - 1 8 . 0  - 2 . 6 8  

0 . 5 9 8 2 1  - 0 . 2 2 7  - 1 6 . 6 6  - 1 6 . 2  - 2 . 5 4  

0 . 6 2 0 1 9  - 0 . 2 2 1  - 1 5 . 8 7  - 1 5 . 4  - 2 . 4 7  

0 . 7 0 0 8 7  - 0 . 1 8 8  - 1 2 . 8 9  - 1 2 . 5  - 2 . 1 6  

0 . 7 4 0 7 1  - 0 . 1 6 6  - 1 1 . 2 2  - 1 0 . 9  - 1 . 9 7  

0 . 7 9 8 5 0  - 0 . 1 3 1  - 8 . 8 4  - 8 . 6  - 1 . 6 5  

0 . 8 4 6 2 3  - 0 . 1 0 4  - 6 . 7 5  - 6 . 5  - 1 . 3 3  

0 . 8 9 5 6 7  - 0 . 0 7 5  - 4 . 6 3  - 4 . 5  - 0 . 9 7  

0 . 9 4 8 2 7  - 0 . 0 3 7  - 2 . 3 3  - 2 . 3  - 0 . 5 2  

and C E values are estimated from the density, speed of sound and isobaric heat V,m 
capacity of the mixture and are shown in Table 4. 

The excess values are plotted against mole fraction of DPhP in Figs. 1-5, together 
with the curves expressed by the Redlich-Kister equation 

F ~ = x (1  - x )  [1 - G(1 - 2 x ) ] -  l ~ Ai(1 _ 2x) i -  1 (1) 

where A i are parameters estimated by the least-squares method with iterative G and 
given in Table 5. 
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Fig. 1. Excess enthalpies of the mixtures 
x(CeHsCH2)2CH 2 +(1 - x)C6HsCH3; [7, 
(1 -- X)c-C6H 12' 

0 0 . 5  1 

X 

at 298.15K: O,  x (CeHsCH2)~CH2+( I -x )C~H6;  O, 
x(C~HsCHz)2CH 2 +(1 -x)c-C6H12; - - ,  xC6HsCH 3 + 

For all systems, the Hem values are positive over the whole range of concentration, 
as seen in Fig. 1. Those of the mixtures of DPhP + benzene and DPhP ÷ toluene 
are much smaller than those of the mixture of DPhP + cyclohexane. The Hem value of 
the first mixture is very similar to that of the mixture of toluene and benzene [6]. The 
breaking of aromatic-aromatic interactions between the fike molecules is recovered by 
the formation of aromatic-aromatic interactions between the unlike molecules. The 
Hem value of the third mixture also corresponds to that of the mixture of toluene and 
cyclohexane [7], considering DPhP as a dimer of toluene. Aromatic-aromatic interac- 
tions are broken by mixing and show large endotherms. Hem is determined by the 
constituents of the component molecules. The order of the HEm values corresponds to 
the differences in the ratio of the aromatic part to the whole molecule. In this respect, 
DPhP is similar to toluene, not so different from benzene, but different from cyc- 
lohexane. In Fig. 2, this tendency is also found in the C~. m values which are negative, 
and follow the same order as the positivities of Hem, confirming that molecules interact 
more favorably with like molecules than with unlike ones. The differences among the 
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Fig. 2. Excess isobaric heat capacities of the mixtures at  298.15 K: ©, x(C6HsCH2)2CH 2 + (I - x)C~H6; 
0 ,  x(C6HsCH2)2CH; + (I - x)C6H~CH3; D, x(C~HsCH2)2CH2 + (l - x)c-C6Ht2; Z~, xC6HsCH3 + 
(I - x)c-C~H12. 

C~, m values of these three systems are not so remarkable as among the HEm values. It has 
to be noted that the sign of H~ for the mixture of DPhP + toluene is expected to change 
from positive to negative with an increase in temperature of ten degrees, in consider- 
ation of H i and Cp~ m at 298.15 K in this system. 

Vm E depends on the difference in molecular sizes as well as on energetical consider- 
ations. In Fig. 3, the values of Vm E for the mixture of DPhP + cyclohexane are positive, 
as expected from the positive HEm; this is attributed to the difference between the 
constituents of the two components. They are less than the values of the tol- 
uene + cyclohexane mixture [6], owing to the difference in the molecular sizes of 
the components. However, Vm ~ values for the mixtures of DPhP + benzene and 
DPhP + toluene are negative, contrary to expectation from Hm E. This may be ascribed 
to the difference in molecular sizes. When two components of different sizes are mixed, 
the free volume found in the pure state of the larger molecule, in the present case DPhP, 
will be occupied by the smaller molecule. Consequently the molecules are more closely 
packed and volumes of the solutions are reduced. This situation does not occur in the 
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Fig. 3. Excess volumes of the mixtures at 298.15K: O,  x (C6HsCH2)2CH2+(I -x )C~H6;  Q, 
x(C6HsCH2)2CH2 + (l - x)C~HsCH3; [:], x(C~HsCH2)2CH 2 + (I - x)c-C6Hl2. 

mixtures of toluene + benzene [8] and toluene + cyclohexane [6], where the molecular 
sizes are similar. The positive Vm E for the mixture of toluene + benzene is also reduced to 
a negative value for the mixture of DPhP + benzene, as is the case in cyclobexane 
mixtures. 

More information on the local arrangement of the molecules is obtained from 
r~-. The x~ and Xs E values are negative sign for all the systems, as illustrated in 
Figs. 4 and 5. This suggests that molecules are confined to a specified region around 
the DPhP. DPhP has two types of regions around itself: one prefers aromatic 
or unsaturated hydrocarbons which reduces the volume of the solution; the other 
prefers and attracts saturated hydrocarbons, which enlarges the volume, because 
of unfavorable occupations of the major aromatic site of DPhP by the aliphatic 
molecules. The negative x~ of the DPhP + cyclobexane mixture, together with 
its positive limE, informs US that cyclohexane breaks the aromatic-aromatic inter- 
action of DPhP and the conformation of DPhP is so restricted that cyclohexane 
is confined to the small aliphatic region around DPhP and leaves the rest of the space 
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Fig. 4. Excess isentropic compressibilities of the mixtures at 298.15 K: C), x(C6HsCH2)2CH2 + (1 - x)C6H6; 
Q,  x ( C 6 H s C H 2 ) 2 C H  2 -k (1 - x )C6HsCH3;  FI, x ( C 6 H s C H 2 ) 2 C H  2 + (1 - x)c-C6H12. 

free for aromatics. The aromatic-aromatic interaction forms a stiff network. The 
negative pc~ value confirms that the smaller molecule is restricted to a like-site of DPhP, 
whichever type it is. 

Negative K~ and gs E values suggest that molecules are localized at a favorable site of 
DPhP, that stable aromatic-aromatic interaction is dominant in any system, and that 
the interaction is considerably stiff. 

CE V.m is of the order of CpEm and seems to be more negative. We cannot, however, 
comment any further on this because of neglecting the excess expansion coefficient ~E 
on estimation of Cv. m and ~T. However, g'~ may be less than 10- s K -  1 as usual in 
non-polar mixtures and then the effect of ~E can be negligible. These system may 
correspond to such a case. 

As a result, the DPhP molecule is a toluene-like molecule and can be regarded as 
a dimer of toluene for cyclohexane, benzene, and toluene. 
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Fig. 5. Excess  i so the rma l  compressibi l i t ies  o f  the  mix tures  a t  298.15 K:  O ,  x ( C 6 H  s C H 2  )2 C H 2  + (1 - x ) C 6 H e ;  

0 ,  x ( C ~ H s C H 2 ) 2 C H  2 + (1 - x ) C 6 H s C H 3 ;  D ,  x ( C 6 H s C H 2 ) 2 C H 2  + (1 - x )c -CeH12.  

T a b l e  5 

P a r a m e t e r s  o f  Eq .  (1) a n d  s t a n d a r d  dev i a t i ons  s o f  the  p rope r t i e s  o f  the  mix tu re s  a t  298.15 K 

P r o p e r t y  A 1 A 2 A 3 A 4 G s 

x ( C 6 H s C H 2 ) 2 C H  2 + ( 1  - x ) c - C 6 H I 2  

H~/J m o l -  ~ 3642.4 871.6 975.5 602.7 

C~.m/J K -  x m o l -  l - 15.62 - 16.43 - 5.90 - 0.80441 

V~/cm 3 t o o l -  1 1.051 0.675 0 .310 

~:sE/TPa -1  --  116.71 - - 6 5 . 0 4  - -24 .61  
I¢~. /TPa-  t - 105.0 - 48.8 - 8.9 

C~,m/J K -  t , m o l -  1 - 23.46 - 22.78 - 5.26 - 0 .82463 

x ( C 6 H s C H 2 ) 2 C H  2 + (1 - x ) C 6 H  6 

H~/J t o o l -  1 201.14  36.25 - 6.96 - 24.88 
C~,m/J K -  1 m o l -  1 - 6.65 0.92 - 1.26 

V~/cm3 m o 1 - 1  - 0 . 5 7 0  - 0 . 3 1 4  - - 0 . 1 7 3  
K ~ / T P a -  1 - 71.98 - 54.41 - 34.62 - 16.92 

~ - / T P a -  1 - 68.2 - 50.7 - 30.8 - 20.0 

Cv~ m / J K - I  tool  -1  - 1 1 . 7 1  - 0 . 5 8  - 1 . 5 6  

7.9 

0.08 

0 .008 

0.20 

0.1 

0.03 

0.26 
0 .04 

0 .002 

0.11 

0.1 

0.03 
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Table 5 (continued) 
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Property A~ A 2 A 3 A 4 G s 

x(C6HsCH2)2CH 2 + (1 - x )C6HsCH 3 

HEm/J tool-  1 30.25 - 4.32 - 17.07 
C~,m/J K -  l tool-  1 - 5.45 1.61 - 1.22 2.15 
V~/cm3 mo1-1 - 1.016 - 0 . 3 9 2  - 0 . 1 3 9  
K~/TPa-  1 - 78.64 - 52.75 - 28.75 - 11.34 
r ~ / T P a -  1 - 76.3 - 50.9 - 28.1 - 12.6 
CvE m / J K  -1 tool -1 - 10.92 - 1.36 - 0 . 1 8  

x C 6 H s C H  3 + (1 - x)c-C6H 12 

C~.m/J K -  1 tool-  1 - 7.72 0.01 - 1.08 

0.26 
0.02 
0.004 
0.06 
0.1 
0.02 

0.02 

References 

[1] I. Fujihara, M. Kobayashi  and S. Murakami,  J. Chem. Thermodyn.,  15 (1983) 1. 
[2] H. Ogawa and S. Murakami,  Thermochim. Acta, 88 (1985) 255. 
[3"] S. Miyanaga,  K. T amura  and S. Murakami,  Thermochim. Acta, 198 (1992) 237. 
[4"] K. Tamura ,  K. Ohomuro  and S. Murukami ,  J. Chem. Thermodyn.,  15 (1983) 859. 
[:5"] J.A. Riddick and W.B. Bunger, Organic Solvents, 3rd ed., John Wiley and Son, New York, 1970. 
[6"] S. Murakami,  V.T. Lain and G.C. Benson, J. Chem. Thermodyn.,  1 (1969) 397. 
[7"] K.-Y. Hsu and H.L. Clever, J. Chem. Thermodyn.,  7 (1975) 435. 
[8"] K. Tamura ,  S. Murakami  and S. Doi, J. Chem. Thermodyn.,  17 (1985) 325. 


