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ABSTRACT

A method is proposed for calculating isothermal vapour-liquid equilibria for binary
mixtures of acetylacetone with non-associating components. It uses the thermodynamic
equilibrium constant of the tautomerization of acetylacetone and the NRTL equation for
expressing the activity coefficients of the keto and enol tautomers of acetylacetone and
non-associating components. Calculated values agree satisfactorily with experimental results,
showing the utility of the proposed method.

INTRODUCTION

Acetylacetone (2,4-pentanedione) has two tautomers of enol and keto
forms, which cannot be separated experimentally. A binary mixture of
acetylacetone and an organic solvent is considered as a pseudo-ternary
mixture of two tautomers of acetylacetone and an organic solvent. Inoue et
al. [1] measured the vapour-liquid equilibria of pure acetylacetone and
various acetylacetone—organic solvent mixtures, namely acetylacetone—
cyclohexane, —carbon tetrachloride, —toluene, —benzene and —chloroform at
25°C over the whole concentration range, and calculated the activity
coefficients for keto and enol tautomers of acetylacetone and solvents by
means of the Wilson equation using experimental results on the tempera-
ture-dependence of the tautomerization and the effect of solvents on the
keto—enol equilibrium. Dallos and Ratkovics [2] presented a method for
calculating isothermal vapour-liquid equilibria for three binary mixtures out
of the five studied by Inoue et al.: acetylacetone—benzene, —cyclohexane and
~carbon tetrachloride [1]. Dallos and Ratkovics [2] used the thermodynamic
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equilibrium constant of the tautomenzation K, defined by the activities of
the tautomers

Ky = (xgve)/(xgve) = (xerx)/(xeve) (1)

where the activity coefficients of the tautomers are calculated from the
UNIQUAC model [3] and the mole fractions of the tautomers in the solvent
can be estimated in the whole range of solvent composition (0 < xg<1)
using experimental values of the ratios of the tautomers in pure acetylace-
tone and in infinitely diluted solution.

In(xg/xg ) = (1 = x5) In(xp/xg ) + x5 In(x¥ /x) ()

We present another approach to correlate isothermal vapour-liquid equi-
libria for the five mixtures cited above.

SOLUTION MODEL

We also use the thermodynamic equilibrium constant K given by eqn.
(1) for the keto—enol equilibria in pure acetylacetone and in binary mixtures
of acetylacetone with solvent components. The activity coefficient of any
chemical species i is expressed by the NRTL model [4]

N
Z'r G X N G Zx,f,jG,j
Iny=-F—+ Z N P (3)
Z Grixp Zijxk Z ijxk
Kk K k

with 7, =a, /T and G,; = exp(—q,,7;;), where the non-randomness parame-
ters a,;(= ;) are taken as 0.3 throughout this work.

The vapour pressures over the temperature range 22.02-40.01° C and the
equilibrium constants x§/xg in the range 10-40° C for pure acetylacetone,
measured by Inoue et al. [1] are represented by egns. (4) and (5)

log P(Torr) =8.09857 —2119.52/T (4)
log(x%/x2) = —477.9/T + 0.9578 (5)

Assuming the vapour phase ideality of acetylacetone, we can express the
total pressure of acetylacetone as the sum of the partial pressure of the
tautomers of acetylacetone

P, = PRxyyp + PaxQye (6)

where the subscripts K and E denote the keto and enol forms, respectively,
and the vapour pressures of the tautomers are represented by

log P? (Torr) = A, — B,/T I=K,E (7)
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Two NRTL energy parameters, axy and agy, and the coefficients of eqn.
(7) can be obtained by minimizing the sum of the squares of the deviations
between calculated and experimental total pressures. A simplex method was
used for minimization [5]. The values obtained are

age=94.87 K; age = —39.02 K (8)
log P2 (Torr) = 8.5568 — 2391.03/T (K) (9)
log P2 (Torr) = 8.2710 — 2154.90/T (K) (10)

We assume that acetylacetone tautomers and chloroform form 1:1 chem-
ical complexes and hence their solvation constants are defined by

X
Kge=—=& for xg + Xc, =X 11
KC K, T Xc, KC
*Kk,%c,
XEC
KEC = o x fOI‘ xE] + xCl == xEC (12)
E,"C,

The nominal mole fractions of the tautomers of acetylacetone are related
to the true mole fractions of chemical species present.

= xg, + Kgcxg Xc, _ Xk, + chxx,xc‘ (13)
K Xg, + 2xgc + xg, + 2xgc + X, 1+ Kycxg xc, + KgcXg X,
xg, + KgeXg Xc, (14)
x —_—
ET 14 Kygcxg Xc, + KpcXg Xc,
e Xc, + KKCxK‘xC‘ + KECxElxCt (15)
c 1+ Kgexg Xc, ¥ KecXg Xc,

The total vapour pressure P of acetylacetone—organic solvent systems is
given by

P = Pxyyy + Pexgye + Poxsys (16)
and the vapour phase mole fraction of acetylacetone is calculated by

Ya= Y tye  _ PexxYi + PEXgve
AT yktYetYs  POxgvg + PUxpve + Poxgvs

17)

where PQ is the vapour pressure of the pure organic solvent. In the
expressions of the activity coefficients for three components, the keto and
enol forms of acetylacetone and the non—polar organic solvent, the nominal
mole fractions xg, x; and xg are used, and the activity coefficients for the
acetylacetone-chloroform system were calculated from In y; =In (x, /x,) +
eqn. (3), I=K, E, C. Four energy parameters agg, dgx, 9gs and ag: are
obtained in fitting the model to the experimental vapour-liquid equilibrium
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data. A parameter estimation program is similar to that described by
Prausnitz et al. [6] minimizing the objective function

al Pi“ﬁiz Ti_fiz xf_£~2 '“‘Aiz
F=Z ( 5 ) +( = ) +( 1 21() +(yll 2yl) (18)

-1 op or o; o,

where the standard deviations are as follows: o, =1 Torr; 0,=0.05 K;
o, = 0.001; o, = 0.003, and a circumflex represents the calculated value.

In order to reduce the number of adjustable energy parameters we
assumed that

aps = Bags; asg = Bagk (19)

For the acetylacetone—chloroform system Kg-=1.2 and K¢ =2 at 25°C
were used and for the other systems Ky.= Ky-=0. Values of P? were
taken from Inoue et al. [1].

150 1 T Y T
acetylacetons — cyclohexane °
— carbon fetrachiorids A
A — toluene n

Pressure , torr

Activity coefficient

1 L 1 I

(o] 0.2 04 06 0.8 1.0

Mole fraction of acetylacetone

Fig. 1. Vapour-liquid equilibria for pseudo-ternary systems at 25° C. Experimental (@, 4, B).
Calculated (

[ i ) ""_')-
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CALCULATED RESULTS

Table 1 summarizes calculated results for the five binary systems and
detailed results are given in Tables 2—-6. The vapour phase keto fractions of
acetylacetone in the systems studied are calculated and shown in Tables 2—-6
as 100yg /y,. A constant value of yy/y. means that the solvents have no
effect in the vapour phase. The keto fractions of acetylacetone in the liquid
phase increase with increase in acetylacetone composition as shown by
experimental results [1]. Figures 1 and 2 illustrate the experimental and
calculated results for the five binary systems.

§ keto
% 10 | chioroform
.E‘ enol
§
05 1 1 1 1
(o} 0.2 04 06 08 1.0

Mole fraction of acetylacetone

Fig. 2. Vapour— hqmd equilibria for pseudo-ternary systems at 25° C. Experimental (®, a).
Calculated (——, ------ ).
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CONCLUSIONS

The proposed method is able to reproduce successfully isothermal
vapour-liquid equilibria for the five binary systems of acetylacetone with
non-associated components studied. The method does not use experimental
results of the effect of solvents on the keto—enol equilibrium for acetylace-
tone in organic solvents and it will be applied for predicting ternary phase
equilibria on mixtures of acetylacetone with non-associated components
without any additional ternary information. The present approach is ex-
tended to correlate isothermal vapour-liquid equilibria for mixtures of
acetylacetone with associating components. This work is in progress.
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Superscripts
0 pure liquid state
00 infinite dilution
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