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Excess Enthalpies of the Systems Acetone + Ethyl Acetate and 
Cyclohexane + Cyclohexanone 
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Microcalorimetric measurements of excess enthalpies are reported for acetone + ethyl acetate at  308.15 K, 
and for cyclohexane + cyclohexanone at  323.15 K. Redlich-Kister forms were fitted to the results. Use of 
a unified model of excess thermodynamic properties to represent simultaneously the excess enthalpy and 
vapor-liquid equilibria of the systems was investigated. The errors of representing HmE are less than 3%, 
and the mean absolute deviations between calculated and experimental vapor-phase mole fractions are less 
than 0.01. 
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Introduction 
The vapor-liquid equilibria of acetone + ethyl acetate 

(system A) and of cyclohexane + cyclohexanone (system B) 
have been investigated by Subrahmanyam and Murty (1) 
and by Boublik and Lu (21, respectively. The present study 
was undertaken to provide supplementary information about 
the excess enthalpies of these systems. 

Experimental Section 

An LKB flow microcalorimeter (model 2107-121) was used 
to measure the excess molar enthalpies, HmE. Flows of the 
component liquids were produced by infusion pumps (LKB 
2150). Details of the equipment and the operating procedure 
have been described previously (3,4). Over most of the mole- 
fraction range, the accuracies of the determinations of HmE 
and the mole fraction, xl, are estimated to be better than 1% 
and 5 X 10-4, respectively. 

Acetone (reagent grade from Shanghai AG) and ethyl 
acetate and cyclohexane (both reagent grade from Merck) 
were all purified by standard procedures (5). Cyclohexanone 
(also reagent grade from Merck) was dried over anhydrous 
sodium sulfate and fractionated in a 1-m glass column filled 
with McMahon packing. The purities of the samples used 
in the calorimetric studies were checked by density and 
refractive index measurements with an Anton Paar densimeter 
and a five-digit precision refractometer. The observed values 
of the density, p / ( k g  m-31, and refractive index, nD, both at 
293.15 K, were, respectively, 789.91 and 1.368 76 for acetone, 
900.32 and 1.372 25 for ethyl acetate, 778.56 and 1.426 59 for 
cyclohexane, and 947.76 and 1.45065 for cyclohexanone. 
These results agree reasonably well with the literature values 
(5,6). 

Results and Discussion 

The experimental values of HmE are summarized in Table 
I, and plotted in Figures 1 and 2. The equation 

Table I. Experimental Results for the Excess Molar 
Enthalpies, EmE 

HmE/ HmEI H,E/ 
x l  (J mol-') X I  (Jmol-l) x1 (J mol-') 

Acetone (1) + Ethyl Acetate (2) at 308.15 Ka 
0.1744 68.3 0.5502 133.1 0.7345 98.1 
0.2550 98.5 0.5977 126.3 0.8012 80.0 
0.3435 122.2 0.6033 125.7 0.8652 57.8 
0.4436 134.8 0.6704 114.1 0.9212 36.1 

Cyclohexane (1) + Cyclohexanone (2) at 323.15 Kb 
0.1055 318.0 0.3801 861.2 0.7646 833.9 
0.2172 587.6 0.5322 970.5 0.8515 643.6 
0.2373 629.8 0.6166 971.2 0.8730 577.4 
0.3143 769.7 0.6977 924.6 0.9060 464.9 

a HmEI(J mol-') = xlxd542.4 + 55.4(rz - XI) - 132.8(x2 - x1l2 - 
168.9(xz - xi)*]; 8 0.5 J mol-'. HmE/(J mol-') = x1x2[3836.7 - 
959.3(xa - XI) + 815.2(~2 - x d 2  - 485.6(~2 - XI)*]; s = 1.8 J mol-'. 

was fitted to the results for each system, by the method of 
least squares with all points weighted equally. The results 
of these analyses are given in the footnote of Table I, along 
with the standard deviations, s, of the representations. 

The curve for acetone (1) + ethyl acetate (2) is nearly 
symmetrical about x1 = 0.5. That for cyclohexane (1) + cy- 
clohexanone (2) shows much larger deviations from ideality, 
and is skewed toward higher mole fractions of cyclohexane. 

The excess enthalpies of both of the present systems have 
been studied previously. More than 60 years ago, Hirobe (7) 
measured HmE for system A at 298.15 K. A broken curve 
representing those results is included in Figure 1 for com- 
parison. It appears from this that (aHmE/aT)p is predomi- 
nantly negative. However, this conclusion is questionable, 
in view of the uncertainty of the older data. 

Prior studies of the excess enthalpies of system B (8-12) 
have also been limited to 298.15 K. Zhou et al. (12) have 
compared some of these sets of data. The broken curve in 
Figure 2 represents the results of the most recent of the 
investigationsat 298.15 K (12). Figure 2 indicatesthat (8HmE/ 
amp is positive for 0 < x1 < 0.8, and that it is essentially zero 
beyond that range. For an equimolar mixture, (aHmEIaT)p 
= 1 J K-' mol-'. 
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Table XI. Values of Model Parameters from Fit of Eauation 2 to HmE Data 
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system 01 Aczl/(J mol-') Acld(J mol-') (16HmEI)I(J mol-') lo(16HmEIHmEI) 
acetone (1) + ethyl acetate (2) 4.7035 -105.539 
cyclohexane (1) + cyclohexanone (2) -1.0165 -1234.105 
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Figure 1. Excess molar enthalpies, HmE, of acetone (1) + 
ethyl acetate (2) as a function of the mole fraction, xl, of 
acetone: present work at  308.15 K (-1; Hirobe (7) at 298.15 
K (- - -). 
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Figure 2. Excess molar enthalpies, HmE, of cyclohexane (1) 
+ cyclohexanone (2) as a function of the mole fraction, XI, of 
cyclohexane: present work at  323.15 K (-1; Zhou et al. (12) 
at 298.15 K (- - -). 
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Figure 4. Comparison of calculated total pressures, P, and 
vapor mole fractions, y1, with experimental results at liquid 
mole fractions, xl, for cyclohexane (1) + cyclohexanone (2) 
at 323.15 K: present calculation (-); Boublik and Lu (2) 
liquid-vapor results (A, A). 

The unified model of excess thermodynamic properties, 
developed by Shen et al. (13), was used to represent 
simultaneously theHmE and vaporliquid equilibria of systems 
A and B. According to this model 
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and the excess molar Gibbs energy, GmE, is given by 

i , j = l , 2  i # j  

and 

2 

4i = x i r i / C  xi rj 
1'1 

2 

The values of the molecular area parameter qi, volume 
parameter ri, and saturated liquid volume VJ(cm3 mol-'), 
tabulated for component i by Gmehling et al. (14), were 
adopted in the calculations. They are, respectively, 2.3360, 
2.5735, and 74.05 for acetone; 3.1160, 3.4786, and 98.49 for 
ethyl acetate; 3.2400,4.0464, and 108.75 for cyclohexane; and 
3.3400, 4.1433, and 104.18 for cyclohexanone. 

Assuming that the three model parameters a, Aezl, and 
Aq2 were temperature independent over a modest temper- 
ature interval, their values were determined for each system 
by simultaneously fitting the model to the present HmE data 
and the vapor-liquid equilibria (1,2). The results of these 
calculations are summarized in Table 11, where the mean 
absolute and relative deviations, ( 16HmEI) and (16HmEIHmY), 
of the fits are also listed. 
In Figure 3, curves of calculated T plotted against XI and 

against calculated y 1  values are shown, together with the 
experimental T-xl and T-yl data for acetone (1) + ethyl 
acetate (2) at 101.32 P a  (I). The mean absolute deviations 
between calculated and experimental vapor-phase mole 
fractions, (16yll), and equilibrium temperature, (ISq), are 
0.0058 and 0.17 K, respectively. Similarly in Figure 4, curves 
of calculated P plotted against XI and against calculated y1 
values are compared with the experimental and P-yl 
data for cyclohexane (1) + cyclohexanone (2) at 323.15 K (2). 
The mean absolute deviations (16yll) and (164) for this system 

are O.OO60 and 0.31 kPa, respectively. Thus, for both system, 
the simultaneous representations of HmE and vapor-liquid 
equilibria are satisfactory. 

Glossary 
Aij 
GmE excess molar Gibbs energy 
HmE excess molar enthalpy 
P pressure 

: 

parameter in eqs 2 and 3, defiied by eq 4 

molecular area parameter for component i 
molar gas constant, 8.31451 J K-1 mol-' 

ri 
T 
Vi 
X i  
Yi 
2 

a 
SQ 

ACij 
&,Vi 

molecular volume parameter for component i 
thermodynamic temperature 
molar volume of saturated liquid component i 
mole fraction of component i in liquid phase 
mole fraction of component i in vapor phase 
coordination number, assumed to be 10 
model nonrandomness parameter (eqs 3 and 4) 
deviation between calculated and experimental 

model energy parameter (eqs 2-4) 
volume, modified volume, and surface fractions 

of component i, defied by eq 5 

values of Q (Q t HmE, P, T, ~ 1 )  

,Bi 
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