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Abstract 

Isothermal vapour-liquid equilibrium data for systems containing the keto and enol 
tautomers of acetylacetone and an alcohol are reproduced using a chemical model. The model 
uses the thermodynamic equilibrium constant for tautomerisation, the four association 
constants for the alcohol, the solvation constants between the tautomers and the alcohol and 
the NRTL model to describe the activity coefficients of the pseudo-three components. 
Calculated vapour-liquid equilibrium values compare well with literature ones for six binary 
systems. 

INTRODUCTION 

Acetylacetone (2,4-pentanedione) has simultaneously keto and enol forms 
due to tautomerism. These two isomers cannot be separated. A stoichiomet- 
ric binary liquid mixture containing acetylacetone may be regarded as a 
pseudo-ternary solution composed of keto tautomer, enol tautomer and an 
organic solvent. The keto fraction of acetylacetone depends not only on 
temperature but also the concentration of organic solvent. In a previous 
paper [l], we presented a chemical model to represent binary isothermal 
vapour-liquid equilibrium data at 25 o C for mixtures of acetylacetone with 
benzene, cyclohexane, carbon tetrachloride, toluene and chloroform. Kato 
[2] measured binary isothermal vapour-liquid equilibria for acetylacetone- 
alcohol mixtures and correlated the experimental activity coefficients using 
the UNIFAC model. The association model of alcohol solutions based on 
mole fraction statistics has been published from this laboratory [3]. 

In this paper we propose an extended model as a combination of the two 
chemical models in order to obtain good representation of binary isothermal 
vapour-liquid equilibria for solutions of acetylacetone with methanol, 
ethanol, propanols, 2-butanol and 2-methyl-2-propanol. 

* Author to whom correspondence should be addressed. 
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SOLUTION MODEL 

The vapour-liquid equilibrium for the pseudo-ternary systems composed 
of the enol and keto tautomers of acetylacetone and an alcohol can be 
correlated from the equation 

P = PZx,y, + P;XKyK + P;xAyA 0) 

where vapour-phase ideality is assumed and the activity coefficients of three 
constituents are given by the NRTL equation [4] 

5 QGjiXj N 

In yi = JN 
xjGij 

+c N 

C GiciX.k j %i~k 

(4 

k k 

with 

rij = aij/T 

Gij = exp( -aijrij) 

I 

?j- N 

c Gk jxk 
k 

(3) 

(4) 

All the nonrandomness parameters aii( = aji) are set as 0.3. 
The keto and enol tautomers satisfy the thermodynamic equilibrium 

constant K, as defined by 

From the vapour pressure (PO) and the equilibrium constant (xk/xi) data 
for pure acetylacetone over the temperature range 22.02-40.01°C [5], we [l] 
estimated the NRTL energy parameters aKE and aEK and coefficients of the 
vapour pressures of the keto and enol tautomers given by the equation 

log Pi” = A; - Bf/T i=K,E (6) 

These are aKE = 94.87 K, ank = -39.02 K, A; = 8.5568, Bk = 2391.03, 
Ai = 8.2710 and BE = 2154.90. 

According to the chemical model for the linear or cyclic self-association 
of alcohol molecules [3], four association constants are defined in terms of 
the mole fractions of the alcohol species. 

KA, = x*,/x:, for A, + A, = A, (7) 

G, = xA,/x~,xA, forA,+A,=A, (8) 

K.=, = xA,+,/x/+,xA, for A, + Ai = Ai+r, i > 3 (9) 

K,, = O/i = xA, (cyclic)/x,, (open) for A,(open) = Ai(cyclic), i > 4 

(LO) 
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The solvation constants between alcohol imers and the tautomers are 
defined by 

K AK = XA,K /x~,xK forAi+K=A,K (11) 

K AE = XA,E / xA,xE for Ai + E = A,E (12) 

The stoichiometric mole fractions of the tautomers and the alcohol are 
expressed in terms of their monomer mole fractions and the equilibrium 
constants. 

KA2KA,x:, 

(I- 4 Ii 
KA,KA,X:, 

0 -4 

xA = (l + KAKXK, + KAEXE,) xA, + 2KA2xi, + 
(1 - z)” 1 

+ 

(13) 

(14) 

05) 

where z = KAxA, and the sum S is given by 

s = xK, + xE, ’ ( KAKXK, + KAEXE,) xA, + KA2x& ’ 
[ 

KA2KA3x:, 

(I- 4 I 

f (1 + KAKXK, + KAExE,) xA, + 2 KA,x:, + 
KA~~A,*;~,(~ - 2z) 

(1 - z)” 1 
+ 

KA,KA,K/@xi, 

(1-Z) 
(16) 

The monomer mole fraction of the pure alcohol xz is obtained from eqn. 

(17). 

KA,KA3x:: KA,KA,e 
x:, + KA2x:: + (1 _z”) - Ki 

Zo2 zo3 zo4 
X ln(1 - z”) + z” + 2 + -j- f 4 1 = 1 (17) 

The chemical potentials of the stoichiometric and true species must be 
equal [6]. The activity coefficients of the tautomers of acetylacetone and the 
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alcohol can be expressed as the sum of chemical and physical contribution 
terms. 

ln Yj = fln Yi Ifhem + (ln Yi lphys i=K,E,A (181 

The physical terms of the three constituents are described by eqn. (2) and 
the chemical terms are given by 

(ln YK Lm = ln(x,,/+ > 09) 

(ln YE LIeIn = ln(x,,/x,) (20) 

(ln Y* Lem = ln( %,/x:,x*) (21) 

CALCULATED RESULTS 

Values of the vapour pressures of pure alcohols at 25°C were obtained 
from Kato [2]. We reduced the number of adjustable parameters, assuming 
that 

CL=== &A 'AE= bAK KAIC=KAE (22) 

In the correlation of vapour-liquid equilibrium data, the program of Praus- 
nitz et al. [7] was modified to provide an optimum set of the parameters 
minimizing the objective function 

iv (Pj4;)’ + (q-q” + (xu-B,j)2 + (Ylj-91iJz 
F=r: ($2 

i-l [ 
2 

UT 4 
2 (23) 

uY I 

where a circumflex indicates the calculated value and the standard devia- 
tions in the measured values were used as up = 1 Torr, eT = 0.05 K, 
uX = 0.001 and cru = 0.003. We did not use experimental values of the 
equilibrium constant (xJxn) to obtain xK in the mixtures. An iterative 
method was used to calculate xK. First, xx is set as xg, then yK and yn are 
calculated from eqn. (2). K, is a product of (xi/x:> and ( yg/yg). A new 
value of xK is calculated using x,(new) = krr(yJyK)(l - xA)/ { 1 + 
1y,(yJy,)} rearranged from eqn. (5). The next iteration starts until x,(new) 
satisfies the criterion 1 xK(new) - xK(old) ] < 10m6. These calculations are 
carried out for each set of the parameters. 

Tables 1 and 2 show the association constants for pure alcohols at 25 O C 
[3] and the solvation constants (KAK = KAE) for acetylacetone-alcohol 
mixtures at 25” C. Table 3 gives values of aKA, aAK and fl and the 
root-mean square deviations between the experimental and calculated varia- 
bles and Tables 4-9 detailed calculated results for each system. Figures 1-3 
compare the calculated results and the experimental values, showing that the 
agreement is good. 
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TABLE 1 

Association constants for alcohols at 25 ’ C 

Component K AZ K A3 K.4 8 

Methanol 70 120 100 90 
Ethanol 40 110 45 85 
1-Propanol 35 90 40 75 
2-Propanol 35 85 30 70 
2-Butanol 25 60 30 65 
2-Methyl-2-propanol 20 40 30 55 

TABLE 2 

Solvation constants for acetylacetone-alcohol at 25 Q C 

Mixture K,G ( =KAK) 

Acetylacetone-methanol 
Acetylacetone-ethanol 
Acetylacetone-1-propanol 
Acetylacetone-2-propanol 
Acetylacetone-2-butanol 
Acetylacetone-Zmethyl-2-propanol 

110 
55 
45 
35 
40 
35 

TABLE 3 

Calculated results obtained from vapour-liquid equilibrium data reduction for binary mix- 
tures of acetylacetone with alcohols at 25 o C 

Number Parameters Root-mean-square deviations Variance 
of data 
points TKy 

‘AK B SP 6T 6x Sy of fit a 

(K) (Torr) (K) (~10~) (x10’) 

Acetylacetone- 
methanol 10 188.91 154.03 1.20 0.54 0.00 0.1 2.8 1.71 

Acetylacetone- 
ethanol 8 124.54 290.62 1.06 0.98 0.00 0.0 5.1 6.21 

Acetylacetone- 
l-propanol 12 167.36 274.99 0.81 0.51 0.00 0.0 10.3 15.97 

Acetylacetone- 
2-propanol 10 97.02 262.97 1.09 0.97 0.00 0.1 3.9 3.82 

Acetylacetone- 
2-butanol 9 b 59.81 388.06 0.94 0.72 0.01 0.5 12.5 27.23 

Acetylacetone- 
2-methyl- 
2-propanol 12 181.70 114.95 1.28 0.62 0.01 0.6 3.9 3.26 

’ Variance of fit = (sum of squared, weighted residuals)/(number of data points-number of 
parameters). 

b We rejected one experimental point which deviated greatly. 
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Fig. 1. Va~ur-liqujd equilibria for pseudo-ternary systems at 25OC. Experimental data of 
Kato [2]: 1, acetylacetone-methanol (0); 2, acetylacetone-ethanol (0). Calculated (-, 

----I -_-_- ). 

We may conclude that the present model is useful in the correlation of 
vapour-liquid equilibria for solutions containing the tautomers of acetylace- 
tone and an alcohol. 

Fig. 3. Vapour-liquid equilibria for pseudo-ternary systems at 25 o C. Experimental data of 
Kato [2]: 1, acetylacetone-2-methyl-2-propanol (0); 2, acetylacetone-2-butanol (0). C&u- 
lated (-, - - - -, ------). 
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Fig. 2. Vapour-liquid equilibria for pseudo-ternary systems at 25°C. Experimental data of 
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(-, _ - - _) -___-). 
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LIST OF SYMBOLS 

K A2 
K 

A3 

K -KM AE’ 

KT 
P 

pi0 
R 

T 

xi 
Yi 
z 

Greek letters 

“ij 

P 

Subscripts 
A, E, K 
A,, E,, K, 

A,E, A,K 

them 
i, j, k, l 
phys 

NRTL interaction parameter for i-j pair 
coefficients of vapour pressure equation defined by eqn. (6) 
coefficients of vapour pressure equation defined by eqn. (6) 
objective function as defined by eqn. (23) 
coefficient as defined by exp( - oij7ij) 
equilibrium constant for open-chain polymer formation of 
alcohol, i > 3 
equilibrium constant for dimer formation of alcohol 
equilibrium constant for open-chain trimer of alcohol 
solvation constants between the enol and keto forms of 
acetylacetone and open-chain polymers of alcohol 
equilibrium constant for cyclisation of open-chain polymer 
of alcohol as defined by 8/i, i > 4 
thermodynamic equilibrium constant 
total pressure 
vapour pressure of pure chemical species i 
universal gas constant 
absolute temperature 
liquid-phase mole fraction of chemical species i 
vapour-phase mole fraction of chemical species i 
coefficient as defined by KAxA, 

~onrandomness parameter for i-j pair 
constant 
activity efficient of chemical species i 
standard deviations in pressure, temperature, liquid-phase 
mole fraction and vapour-phase mole fraction 
coefficient as defined by a,/T 

alcohol, enol and keto forms of acetylacetone 
monomers of alcohol and enol and keto forms of acetyiace- 
tone 
chemical complexes composed of open-chain polymer of 
alcohol imer and one of the tautomers of acetylacetone 
chemical 
chemical species 
physical 

pure liquid state 
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