
Thermochimica Acta, 149 (1989) 393-394 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

393 

Note 

COMMENT ON “ULTRASONIC VELOCITY AND VISCOSITY 
OF BINARY LIQUID MIXTURES” 

WILLIAM E. ACREE, Jr. 

Department of Chemistry, University of North Texas, Denton, TX 76203-5068 (U.S.A.) 

(Received 3 January 1989) 

ABSTRACT 

The isentropic compressibility of an ideal binary solution is discussed from the standpoint 
of basic thermodynamic relationships. The derived expression clearly shows that ideal 
solution isentropic compressibility is not a simple mole fraction average of pure component 
isentropic compressibilities, but rather a fairly complex expression containing isobaric heat 
capacity and coefficient of thermal expansion terms. 

In a recent paper appearing in this journal, Islam and Quadri [l] calcu- 
lated the excess isentropic compressibilities of binary benzyl alcohol + 
isoamyl alcohol and benzyl alcohol + isopropyl alcohol mixtures as 
p; = pSmixture _ &ideal 

(1) 

i.e. the difference between the observed isentropic compressibility and that 
of an ideal solution Pideal. The isentropic compressibility of an ideal solution 
was represented as 

Pideal = x,P,f: + x2&; (2) 
i.e. the mole fraction average of the isentropic compressibilities of the pure 
liquids pSy. The authors interpreted the very large negative fi,“” values, 
particularly for the benzyl alcohol + isopropyl alcohol system, in terms of 
molecular interactions. Negative /$:’ indicated that the association between 
unlike molecules predominates over the dissociation of aromatic alcohol 
molecules. 

Interpretation of molecular interactions in solution requires the correct 
calculation of excess properties. While many thermodynamic and physical 
properties of an ideal solution are correctly described by mole fraction 
averages, the isentropic compressibility is not one of these properties. The 
isentropic compressibility is related to the isothermal compressibility K, by 

18, = JG(C,/C,) (3) 

&= -(aln V/aP), (4) 
K,= -(Cl In V/U). (5) 
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i.e. the ratio of heat capacities at constant volume and pressure, which are 
themselves related through 

C, - C, = a’VT/K, (6) 

where the coefficient of thermal expansion (Y = (a In V/iW),. The isother- 
mal compressibility of an ideal binary solution can easily be shown to be 
equal to the volume fraction ( $D~) average of the isothermal compressibilities 
of the two pure liquids 

K;d”“’ = 
W,: + +2q (7) 

and the isobaric heat capacity to be equal to the mole fraction average of the 
heat capacities of the pure liquids 

c;=i = xicP; + x2c,f; (8) 

Combining eqns. (3-8) gives the following expression for the isentropic 
compressibility of an ideal binary solution 

Pideal = +,( PST + V* (a? )‘/c,f;} + +2( Bsf: + TV cc )‘/c,t;) 

- T( x,v,” + X2v2”>( +,a? + 926 I’/( wgyl + x2q) (9) 

which in no way resembles a mole fraction average of the individual &T, 
except in the very special case when the molar volumes, isobaric heat 
capacities and isobaric thermal expansivities of both components are identi- 
cal. It should be noted that eqn. (9) is identical to equations derived by 
Bertrand and Smith [2] and Benson and Kiyohara [3,4]. The large deviations 
in psex noted by Islam and Quadri in the binary benzyl alcohol + isopropyl 
alcohol system may well vanish when the excess values are calculated 
properly. Benzyl alcohol and isopropyl alcohol are dissimilar in molecular 
size, with molar volumes of V = 104.0 and 77.3 cm3 mol-‘, respectively. 
Numerical differences will exist between mole fraction (eqn. (2)) and volume 
fraction (eqns. (7) and (9)) averages of pure component properties. 
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