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Abstract 

The molar excess enthalpies and molar excess volumes of carbon tetra- 
chloride + hexafiuorobenzene have been measured at 298.15 K and 308.15 K. The 
values for the equimolar mixture at 298 15 K are 490 J mol-1 and 0.875 cm3 mol-1 
respectively. The results are compared with the values for other liquid mixtures 
containing a fluorocarbon as one component, and discussed in terms of solubility 
parameter theory. 

Solutions in which one of the components is an aliphatic or alicyclic fluoro- 
carbon have been extensively investigated.ls2 While some such solutions display 
positive deviations from ideality in qualitative agreement with theoretical expectations, 
many (e.g. those with aliphatic or alicyclic hydrocarbons) show anomalously large 
positive deviations leading in many cases to incomplete miscibility. Interpretations 
of this anomalous behaviour of fluorocarbon solutions have been discussed by 
Scott.' 

Following the discovery by Patrick and Prosser3 that benzene and hexafluoro- 
benzene form a 1 : 1 intermolecular compound in the solid state, there have been 
several studies of aromatic hydrocarbon+aromatic fluorocarbon systems and con- 
comitant alicyclic hydrocarbon+aromatic fluorocarbon and alicyclic hydrocarbon+ 
alicyclic fluorocarbon systems. This work has recently been re~iewed.~  Much of it 
has been discussed in terms of complex formation between the unlike molecules in 
the aromatic hydrocarbon+aromatic fluorocarbon systems. 

As a continuation of the above studies we have measured the molar excess 
enthalpies (molar heats of mixing) and molar excess volumes (molar volumes of 
mixing) of carbon tetrachloride+ hexafluorobenzene. It is believed that no complex 
formation takes place in this system and that it can consequently be discussed in terms 
of current theories of nonelectrolyte solutions. 
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Experimental 
The calorimeter was similar to that of Larkin and McGlashans and has been discussed else- 

where.6 The molar excess volumes were measured using the dilatometer discussed previously.7 
Carbon tetrachloride (BDH Analar) was dried over freshly activated molecular sieve (type 

10X) and then fractionally distilled in a column of 15 theoretical plates at a reflux ratio of 20 in an 
atmosphere of dry nitrogen, The middle fraction was degassed by successive freezing, pumping, and 
melting cycles, and was further dried over P20s. 

Hexafluorobenzene (I.S.C. Chemicals) had a purity, as indicated by g.l.c.,s of 99-97 mol % 
with pentafluorobenzene the probable impurity. 

Results and Discussion 

The molar excess enthalpies H: and molar excess volumes V: of CCl,+C6F6 
are given in Tables 1 and 2. The composition is expressed as the mole fraction x, 
of hexafluorobenzene. 

The results at 298 15 K were fitted by a least-squares computer program to the 
expressions 

rn 

H:/J mol = x2(l -x,)  C hn(l -2x2)" 
n-0 

(1) 

m 

v:/cm3 mol = x2(l -x,) 2 vn(l -2x2>" 
n-0  

(2) 

in which x, is the mole fraction of hexafluorobenzene and the h, and v, values are 

5 Larkin, J. A., and McGlashan, M L., J. chem. Soc., 1961,3425. 
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constants. The molar excess enthalpies could be fitted satisfactorily with three 
parameters and the molar excess volumes with two; these are as follows: 

H: : h, 1959, h, 1008, h, 200 (o 4.0 J mol-l) 

: v, 3.501, v1 1-249 (o 0 020 cm3 mol -') 

where o is the standard deviation defined in the usual way: 

a = [sum of squared deviations/(No. of observations-No. of  parameter^)]"^ 

The molar excess enthalpy of the system CC1,+C,F6 is positive and its tem- 
perature coefficient (the molar excess heat capacity at constant pressure) is slightly 
negative. This is the usual situation for liquid mixtures involving no complex forma- 
tion and consequently it is believed that this system should be amenable to inter- 
pretation in terms of current theories of nonelectrolyte solutions. 

Hildebrand et a1.' in discussing the behaviour of solutions containing aliphatic 
and alicyclic fluorocarbons as one component have noted that " . . . mixtures of 
fluorocarbons with certain substances (CCl,, C6H6, etc.) show reasonable agreement 
with the predictions from their solubility parameters, as do the solid solubilities of 
I, and SnI,; but with other substances (principally aliphatic hydrocarbons, but also 
including Kr), the disagreement is extreme". Solubility parameter theory was 
reasonably successful in accounting for the molar excess functions of the systems 
CC1,S.n-C,F16 and CC14+CF,C6Fll.1 It is therefore of interest to compare our 
molar excess enthalpy results for CC1,+C6F6 with the predictions of solubility 
parameter theory. 

According to the Scatchard-Hildebrand solubility parameter theory,, the 
molar excess energy at constant volume is given by 

u: = ( ~ 1 v m l + x 2 ~ m 2 ) ( ~ 1 - ~ 2 ) 2 4 1 4 2  (3) 

in which x i ,  Vmi, di ,  and 6, refer to the mole fraction, molar volume, volume fraction, 
and solubility parameter, respectively, of the component i. From equation (3), the 
maximum U: occurs at 

x2 = JVmil(liVmi + P m z )  (4) 

and has the magnitude 
E 

~m,,,, = (61-6Z2>Vm1 vm21(Jvml +zlvm2)2 (5) 

According to equations (4) and (5) the maximum molar excess energy is 
13 J mol -l and occurs at x, = 0.48. The maximum in our molar excess enthalpy at 
298 15 K is 520 J mol-l and occurs at x, = 0.39. Correcting for the volume changes 
accompanying mixing we obtain, from our molar excess enthalpy results, a molar 
excess energy U: at 298.15 K with a maximum of 227 J mol -l occuring at x, = 0 35. 
Clearly the agreement between theory and experiment is unimpressive. For the 
system CC14+C6F6 the deviations from ideal solution behaviour are very much 
larger than predicted. 
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