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Heat of Mixing and VaporLiquid Equilibrium of 
Acetophenone-2-Butanol System 

Kenneth J. Miller' and Jiann-long Wu 
Department of Chemistry, Northeast Louisiana University, Monroe, La. 71201 

The heat of mixing of the acetophenone-2-butanol 
system exhibits an endothermic maximum of 541 cal/mol 
of solution close to 0.50 mole fraction at temperatures 
close to 25°C. Vapor-liquid equilibrium data of this 
system are reported at 1 atm pressure over the entire 
composition range. 

The acetophenone-2-butanol system can be expected 
to deviate from ideality owing to hydrogen bonding be- 
tween both like and unlike species. This work is part of a 
continuing study of phase equilibria and heat of mixing of 
alcohol-ketone systems. The heat of mixing absorbed in 
this system indicates the degree of the formation of alco- 
hol-ketone hydrogen bonds with the loss of alcohol-alco- 
hol hydrogen bonds, with the endothermic heat of mixing 
indicating a net decrease in number of hydrogen bonds. 
Activity coefficients calculated from the vapor-liquid equi- 
libria data of this system also indicate solution nonideal- 
ity. 

Experimental 

Details of the apparatus and the experimental methods 
used in this work have been described (2, 6). The 2-bu- 
tanol used was reagent grade, obtained from Eastrnan 
Kodak Co., acetophenone used was chromatoquality, ob- 
tained from Matheson Coleman & Bell. Reagents were 
purified by fractional distillation. Boiling points and re- 
fractive indices at 25°C of 2-butanol and acetophenone 
used were 99.5"C and 1.3946 and 202.1"C and 1.5313, 
respectively. Equilibrium data were obtained by use of an 
improved Othmer still, and refractive index measure- 
ments were used for analysis. The overall reliability of 
equilibrium data is estimated to be f0 .005 mole fraction. 

The calorimeter consisted of a 500-cm3 Dewar flask 
fitted with a Beckman and a standardized calorimetric 
thermometer and a stirrer. Liquids were mixed in all 
cases by crushing a thin-walled bulb of a capsule con- 
taining one component against the bottom of the Dewar 
flask which contained the other component. Heat capaci- 
ty of the system was determined by passing a known cur- 
rent through a calibrated resistance wire which was 
wound about the glass stirrer. The power supply used 
was a Kepco unit, Model 430D, and was voltage regulat- 
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ed. The calorimeter was warmed prior to mixing to give a 
temperature change with an average temperature of 
25°C. 

Results and Discussion 

Experimental results are shown in Figures 1 and 2 and 
tabulated in Tables I and I t .  The activity coefficients cal- 
culated and shown in Table l indicate considerable non- 
ideality. The latter nonideality is supported by the heat of 
mixing absorbed for the system at 25°C as seen in Figure 
2, which exhibits a maximum of 541 cal/mol of solution 
at approximately 0.5 mole fraction. 
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Figure 1. Boiling point-composition curve for acetophenone-2- 
butanol system 
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Table I. Vapor-Liquid Equilibrium Data at 1 Atm Pressure 
of Acetophenone(l)-2-Butano1(2) System 
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Figure 2. Heat of mixing-composition curve for acetophenone- 
2-butanol system 

Activity coefficients were calculated, correcting for 
nonideal gas behavior ( 4 ) ,  for experimental equilibrium 
points using the equation: 

Vapor pressures used for calculation of yi were taken 
from smooth plots of data reported for 2-butanol ( 7 )  and 
for acetophenone (5). 

As with many other systems where strong association 
owing to hydrogen bonding occurs, we could not satis- 
factorily represent the vapor-liquid equilibrium data of this 
system by use of the Gibbs-Duhem equation. Examina- 
tion of an equation which can be derived from the Gibbs- 
Duhem equation shows that the heat of mixing per mole 
of solution, H M ,  as a function of temperature, is neces- 
sary for a conclusive thermodynamic test of the data: 

1 

AQ = [log 71/72 - ( H M / 4 . 5 7 6  F )  X 

( b T / d ~ l ) p ]  dxi = 0 (2) 

where Q, the Redlich-Kister (3) function, is defined in 
terms of. the excess free energy change per mole of solu- 
tion, AGE: 

(3) 

In Equation 2, ( d T / d x l ) p  can be obtained from the liquid 
curve of Figure 1, but HM must be known at the experi- 
mental temperatures involved. Such heat of mixing data 
as a function of temperatures are not presently available 
for this system. 
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Table I I .  Heat of Mixing Data at 2 5 O C  of Acetophenone(1)- 

x1 W, cal/mol of solution 

2-Butanol(Z) System 

0.039 
0.081 
0.129 
0.165 
0.228 
0.321 
0.389 
0.440 
0.496 
0.611 
0.679 
0.760 
0.798 
0.888 

127 
206 
304 
353 
439 
488 
520 
522 
541 
535 
477 
396 
345 
224 

Nomenclature 

yi = liquid phase activity coefficient of component i 
P = total pressure, torr 
pio = vapor pressure of pure component i ,  torr 
X i  = mole fraction of component i in liquid phase 
yi = mole fraction of component i in vapor phase 
Zi = correction factor for perfect gas law deviations 
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