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ABSTRACT

Excess enthelpies of binary systems of acetonitrile—acetone, chloroform—acetone and
chloroform—benzene, and ternary systems of acetonitrile—chloroform—acetone and
acetonitrile—chloroform—benzene are reported at 25°C. The results are analyzed with
thermodynamic association theory for complex ternary liquid mixtures. The theory
involves two types of self-association of acetonitrile, formation of binary complexes for
component pairs of a ternary system, and a nonspecific interaction term axpressed by the
NRTL equation between various chemical species.

Notation

C;, Dy corstants in eqgn. (48)

Géi coefficient as defined by exp(—ayry;)

g excess Gibbs free energy

Zij binary interaction parameter

hy . enthalpy of formation of a bond for head-to-head dimerization of acetonitrile

hya enthalpy of formation of ¢ bond for chain association of acetonitrile

hag, hac enthalpies of formation of chemical complexes A;B; and A;C,

hgc enthalpy of formation of chemical complex B, C;

hp,c enthalpy of formation of chemical complex B, C,;

he total enthalpy of chemical complex formation

hE excess enthalpy

K, chemical equilibrium constant of head-to-head dimerization of acetonitrile

K, chemical equilibrium constant of chain association of acetonitrile

Kap, Kaoc chemical equilibrium constants of formation of chemical complexes A;B;
. and A1C1

Kgc chemical equilibrium constant of formation of chemical complex B; C,

Kgn,c chemical equilibrium constant of formation of chemical complex B, C,

n number of moles of a particular species

R gas constant

S stoichiometric sum

T absolute temperature

x; liquid phase mole fraction of component i

ajj nonrandomness parameter of NRTL equation

i activity coefficient of component i

Tji coefficient as defined by (gj; — 8 )/RT

* To whom cormrespondence should be addressed.
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Subscripts

A acetonitrile

Ay, 4 acetonitrile monomer and i-mer

A;Bs 1 : 1 complex between acetonitrile and component B
A;Cy 1 : 1 complex between acetonitrile and component C
B,C unassociated components

B;C 1 : 1 complex between components B and C

B,Cy 2 : 1 complex between components B and C

chem chemical

£ complex formation

i,7, k components

phys physical

1,2,3 acetonitrile and nonassociating components
Superscripts

E excess

* pure acetonitrile

' head-to-head dimer

INTRODUCTION

Recently Nagata and Tamura [1] presented thermodynamic association
theory for ternary liquid mixtures containing acetonitrile and nonassociating
components such as carbon tetrachloride, benzene and n-heptane. The
theory involves two types of self-association of acetonitrile and formation
of binary complexes between acetonitrile and aromatic hydrocarbons (ben-
zene, toluene etc.) to predict well vapor—liquid and liquid—liquid equili-
bria and excess enthalpies for the ternary mixtures from only binary param-
eters. The theory neglected binary complex formation between nonassocia-
ting components.

In this work the theory will be extended to include complex ternary
systems where there is complex formation for three constituent binaries.
Nuclear magnetic resonance studies revealed that chloroform forms 1:1
molecular complexes with acetonitrile and benzene [2,3]. The thermo-
dynamic properties of the chloroform—acetone system were well described
by the ideal association model of the type A + B + AB + AB, (B = chloro-
form) [4,5], which McGlashan and Rastogi [6] derived for the dioxane—
chloroform system. Ternary excess Gibbs free energies for the acetonitrile—
acetone—methyl acetate system at 50°C were reported [7]. We report excess
enihalpies of the acetonifrile—acetone, chloroform—acetone, chloroform—
benzene, acetonitrile—chloroform—acetone, and acetonitrile—chloroform—
benzene systems at 25°C and analyze the observed results with the thermo-
dynamic association theory.
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TABLE 1
Densities and refractive indices of compounds at 25°C
.Compound Density (g cm™3) Refractive index

Exptl. Ref. 8 Exptl. Ref. 8
Acetone 0.7848 0.7844 1.3566 1.3560
Acetonitrile 0.7767 0.7766 1.3417 1.3416
Benzene 0.8737 0.8737 1.4978 1.4979
Chloroform 1.4797 1.4799 1.4429 1.4429
EXPERIMENTAL
Materials

Reagent grade acetonitrile and spectrograde carbon tetrachloride were
directly used. C.P. benzene was purified by repeated recrystallization. C.P.
chloroform was shaken with concentrated sulfuric acid to remove alcohol,
then washed with dilute sodium hydroxide and then with distilled water.
The chloroform was treated with dry potassium carbonate and fractionally
distilled. Densities and refractive indices for the compounds for experimental
work are compared with the literature values [8] in Table 1.

TABLE 2

Excess enthalpies of binary systems at 25°C

x1 —hE x1 —hE x1 —hE x1 —hE
J J (J J
mole™1) mole™1) mole~1) mole~1)

Acelonitrile(1)—acetone(2)

0.0281 14.1 0.301i2 97.8 0.6994 929.1 0.8582 47.1
0.0646 30.6 0.3548 104.2 0.6573 924 0.8974 35.2
0.11650 50.4 0.4303 108.5 0.7078 83.1 0.9453 19.0
0.1830 72.3 0.4966 107.9 0.7639 71.6 0.9808 6.8
0.2332 85.1 0.5517 105.1 0.8105 60.2 .
Chloroform(1)—acetone(2)

0.0156 78.2 0.2887 1327.8 0.56129 1903.8 0.77561  1475.8

0.0453 226.9 0.3421 1517.1 0.5605 1929.5 0.8243 1228.1
0.0912 451.2 0.3940 1676.2 0.6188 1899.8 0.8727 940.3
0.1355 662.6 0.4256 1756.3 0.6749 1811.2 0.9238 588.2
0.1851 891.5 0.4679 1840.5 0.7294 1657.9 0.9782 174.6
0.2352 1108.6

Chloroform(1)—benzene(2)

0.0452 55.4 0.3590 357.1 0.6729 385.2 0.8870 185.1
0.0873 106.2 04122 383.7 0.7236 354.7 0.9105 151.9
0.1701 1974 0.4902 407.4 0.7675 3214 0.9319 116.4
0.2061 234.2 0.5584 415.2 0.8144 276.0 0.9547 79.5
0.2455 275.2 0.5620 413.8 0.8642 216.8 0.9770 40.6
0.3030 321.2 0.6191 404.7
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TABLE 3
Excess enthalpies of the acetonitrile(1)—chloroform(2)—acetone(3) system 2 at 25°C

x5 = 0.2509 x5 = 0.4997 x5 = 0.7493
x3 x2 —hE x3 xa —hE x, x2 —hE
(J J C)
mole™1) mole™1) mole™1)
0.0364 0.2418 1116.8 0.0291 ( =351 1812.6 0.0263 0.7296 1566.9
0.0626 0.2352 1075.0 0.0606 <( 1694 1730.6 0.0639 0.7014 1537.9
0.1093 0.2235 1002.2 0.0949 0.2523 1643.5 0.1263 0.6546 1476.5
0.1554 0.2119 934.2 0.1343 0.4326 1544.7 0.1839 0.6114 1406.2
0.2202 0.1957 £839.0 0.1832 0.4078 14231 0.2592 0.5550 1287.2
0.2804 0.1805 753.5 0.2451 0.3772 12791 0.3393 0.4950 1165.0
0.3173 0.1713 702.7 0.3113 0.3441 1129.0 0.3717 0.4707 1108.1
0.3610 0.1603 643.9 0.3813 0.3091 976.2 0.4131 0.4398 1032.0
0.4144 0.1469 573.6 0.4503 0.2747 833.0 0.4498 0.4122 963.3
04619 0.1350 5135 0.5009 0.2494 7328 0.5082 0.3685 851.2
0.5092 . 0.1231 455.5 0.5636 0.2180 615.1 0.5687 0.3307 753.4
0.5509 0.1127 406.2 0.6230 0.1882 509.4 0.6066 0.2948 660.0
0.6089 0.0981 340.7 0.6411 0.1793 479,56 0.6499 0.2623 576.7
0.6598 0.0854 286.9 0.6913 0.1542 398.1 0.6775 0.2414 5259
0.7071 0.0735 239.2 0.7323 0.1337 334.8 0.7127 0.2151 461.0
0.7495 0.0629 198.4 0.7647 0.1176 286.6 0.7502 0.1870 392.6
0.7758 0.0562 173.5 0.7982 0.1009 238.9 0.7827 0.1627 334.3
0.8097 0.0477 143.5 0.8217 0.08%91 206.6 0.8034 0.1472 288.2
0.8213 0.0448 133.5 0.8420 0.0790 179.8 0.8286 0.1284 255.4
0.8502 0.1122 220.0
a Tem,ary mxxtttres were obtained by mixing pure acetonitrile with {xzchloroform +
£ — ar_ Yamandaes
(L T Xzjaceione y

Experimental apparatzis and results

The continuous dilution calorimeter described préviously [9] was used to
obtain excess enthalpies for binary and ternary mixtyres. Table 2 lists binary
excess enthalpy data for the acetonitrile—acetone, chloroform—acetone, and
chloroform—benzene systems at 25°C. Tables 8 and 4 present ternary excess
enthalpy data for the acetonitrile—chloroform—acetone and acetonitrile—
chloroform—benzene systems at 25°C, respectively. Excess enthalpy data for
other component binary systems for these two temary systems have been
measured at 25°C in our laboratory: acetomtnle—chloroform [10]; aceto-

- -y

nitrile—benzene fil].

THEORY
Binary systems

In the acetonitrile (A = component 1)—nonassociating component (B =
component 2) system, we assume two self-association reactions for acetoni-
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TABLE 4
Excess enthalpies of the acetonitrile(1 )—chloroform(2)—benzene(3) system & at 25°C
x1 = 0.2505 x1 = 0.5003 x3 =0.7489
x X —hE x x —hE xy X2 —hE
(J ¢ J
mole™1) mole™!) mole™)
0.2428 0.0310 —221i.5 0.4841 0.0324 —353.1 0.7304 0.0247 —333.2
0.2318 0.0748 —127.0 0.4689 0.0627 —268.8 0.7111 0.0504 —261.4
0.2219 0.1144 —421 0.4541 0.0922 —188.5 0.6873 0.0823 —174.3
0.2109 0.1584 46.2 0.4365 0.1276 —94.4 0.6683 0.1077 —105.3
0.2030 0.1897 1069 04171 0.1663 6.4 0.6406 0.1447 —5.3
0.1923 0.2325 178.2 0.3978 0.2048 99.4 0.6135 0.1808 88.6
0.1840 0.2658 234.2 0.3748 0.2509 202.9 0.5859 0.2177 180.8
0.1750 0.3015 289.3 0.3539 0.2926 289.1 0.56576 0.2555 270.3
0.1658 0.3381 340.3 0.3335 0.3333 365.7 0.5308 0.2912 350.5
0.1571 0.3728 382.8 0.3132 0.3739 434.2 0.5048 0.3259 423.4
0.1440 0.4252 435.7 0.2925 0.4153 493.7 0.4804 0.3585 486.9
0.1312 0.4764 4741 0.2717 0.4570 542.8 0.4465 0.4038 564.7
0.1202 0.5204 496.4 0.2505 0.4993 580.4 0.4150 0.4459 624.9
0.1086 0.5665 509.5 0.2413 0.5176 592.6 0.3904 0.4788 661.7
0.0972 0.6120 510.5 0.2328 0.5346 602.4 0.3859 0.4847 670.3
0.0870 0.6527 500.9 0.2262 0.5479 609.0 0.3670 0.5100 691.9
0.0739 0.7049 473.0 0.2109 0.5784 619.0 0.3414 0.5441 715.9
0.0635 0.7466 438.8 0.1902 0.6199 621.0 0.3034 0.5948 734.5
0.0557 0.7778 4064 0.1690 0.6621 608.3 0.2669 0.6436 730.5
0.0494 0.8029 375.5 0.1421 0.7160 5719 0.2314 0.6910 704.3
0.1224 0.7554 530.0 0.2018 0.7306 665.3
0.1091 0.7820 494.8 0.1799 0.7598 627.4

a Tem?ry mixtures were obtained by mixing pure chloroform with {x'lacetonitrile +
(1 —x;)benzene} .

trile molecules as suggested in previous papers [1,12]: head-to-head dimeri-
zation and head-to-tail chain association. Chemical equilibrium constants
for these two reactions are defined in terms of mole fractions of chemical
species in the solution.

A, +A, =A, K, =x,,[x%, (1)
A + Ai = Ai+1’ KA =xA,-+1/xA,. XA, (2)

Acetonitrile and nonassociating component molecules are assumed to form a
1:1 complex as defined by

A, +B=A,B, KR = Xa,p/%Xa,XB, (3)

Solution nonideality is described by the sum of chemical and physical con-
tributions. The excess Gibbs free energy and the activity coefficients are
given by

gE =g§hem +g§hys (4)
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where g&, .., based on the mole fraction model is [13]

8cnem/RT =x,In(x s, /X%, %1) + x5 In(xs, /x2) (5)
and ghy s is expressed by the NRTL equation [14].

gf;‘hys/RT =2;%2[721G21 /(%1 +%2G21) + 712 G2 /(%2 + 21 G12)] (6)
where

Ti2 = (812 — £22)/RT, 721 = (821 —&u)/RT (7)
Gi2 = exp(—a12712), G2 = exp(—w21721) (8)
Then, the activity coefficients are given by

(n 71)echem =In(xa, /x3, x:) (9)
(Inv;)chem =In(xg,/x2) (10)
(In ¥y)pnys =x5[721G31 /(%1 + %2 G21)? + 712 G12/(x2 + x4 G12)?] 11)
(ln‘72)phys =x}[112G12/(%2 + %1 G12)* + 725 G [(x;1 + x2G2;)?] (12)

The monomer mole fractions, x,, and xg, , are numerically solved from the
following equations [eqn. (13) or eqn. (14) and eqn. (16)].

x1 =naf(na +ng)=(2nh, "'2 ing; *nasy)/(2ny, + 2 ina; +2n4,5, + Np,)
= [ZszzAl +xA1/(1 —KAxAl)z +KABxA1xB]_]/S (13)
x; =ng/(na +ns)=(na;s, + {lBl)/(anz + iz_i ing, +2ns.8, *ng,;)

= (Kap%a, X5, + xg, )S (14)
where the stoichiometric sum S is given by
S=2K2x2Al +xA1/(1_KAxA1)2 +2KABxA1x31 +x31 (15)

The mole fraction of each chemical species present in the solution must
satisfy

I
XAz +i§i Xa; v Xa1B; txg, =K2x,241 +x4, /(1 —Kaxa,)

+KaopXa,;Xp; +x5;, =1 (16)

The monomer mole fraction acetonitrile x3, in the pure state is obtained
from

The excess enthalpy is also expressed by the sum of chemical and physical
terms.

R® = hthem *+ ABnys (18)
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The definition of excess enthalpy gives
hghem = hf — X1 h: (19)
The total amount of enthalpy of all chemical species is

he = [hony, +ha 20 (i—1)ns, +hagna s 1/(na +ng)
i=1

= [h, szfxl +h, KAx}kl /(1 —Kaxa, )2+ hapKapXa,xs,1/S (20)
At the pure liquid condition A; reduces to hj.
hi=[haKyx3} + haKpx}] /(1 —Kpx3i,)1/S” (21)
S* =2K,x3% +x4,/(1 —Kaxi,)? (22)

hEy,ys is obtained by applying the Gibbs—Helmholtz equation to Ehhys-

g _ 9(8mys/T)

7"21 G 7'12 G2
h +
TR a(1T)

X1 %Gy x2+1%1Gi2

=Rx1x2(

_au[xl T21 G21 721 + X27T12G12712 ]) (23)

(1 +x2G21)*  (x2 +x,G12)?

where T'21 =0721/0 (llT) and Tiz =0T12/0 (llT).
We assume the energy parameters to be linearly dependent on temperature.

821 —8&u =Cy +D(T —273.15), g12 —&22 =C2 + D(T —273.15) (24)

For the chloroform (B =component 1)—acetone (C =component 2)
system the ideal associated solution model of the type B+ C + BC + B,C
is verified [4,5].

Two complex-forming reactions are shown as follows.

B+C= B1 Cl s KBC = XByCy /xBl Xcy (25)
2B+ C= BgC1 s KB;C =szC1/x%1xCI . (26)

The excess Gibbs free energy is given by
gE/RT =% ln(xBl/xl) + X2 ln(xcl/xz)

Xg 1—x3
=x, In—L +x,1In 1 27
T %, > (1 + Kgoxs, + Kp,c x3,) %, (27)

The true mole fractions of the species B, BC, B,C, and C are interrelated by
the following equations.

L = xp, + X3¢, * 2%p,c, _ (1 + Kgc)xgp, + Kp,cx3,(2— xp,)
Xp; + szlcl + 3szcl + Xcy 1+ KBCxEI(z —xBl) + KBsz%I(a - szl)
(28)

— 2 -_—
X, +XB,c; T XByc; T ¥c, =%, + KpcXg,Xc, + Kp,c*%,%c, +*c, =1 (29)
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For a given x,, the monomer mole fractions, xp, and xc, are obtained from
eqns. (28) and (29).
The excess enthalpy is expressed by

hE = (hgcnp,c, + hB,chB,c,)/(ns *nc)
=xg,Xc, (hac Kc *+ hp,cKp,c*8, )/S (30)

where the stoichiometric sum S is

S =XB; + 2xB101 + 3x3201 + Xc; T%B; + 2KBCxBl Xc, + 3KB;Cx?l§1x01 +x01
(31)
hgc and hg,c are the enthalpies of formation of BC and B,C complexes,
respectively. According to the assumption for this system, &5hys and Al
vanish.
In the chloroform—benzene system, we will consider the B + C + BC type
of association except for a physical interaction term.

Ternary systems

In the acetonitrile (A = component 1)—chloroform (B = component 2)—
acetone (C = component 3) system, we assume that acetonitrile self-associates
according to eqns. (1) and (2) and forms binary complexes with chloroform
and acetone (AB and AC), and chloroform and acetone molecules form two
kinds of complexes BC and B.C. g, ., and gy for the system are given as
follows.

E5%em = RTIx1In(x s, /xh, x1) + %3 In(xp, /x5) + x5 In(xc, /%3 )] (32)

3
3 E T,-,-G,-,-xj

E5hys = RT 20 x, (33)
i=1 3
Z; Gk,'xk
k=1
where
i = (& —&u)/RT (34)
G;; =exp(—ay;Tj;) (35)

The mole numbers of acetonitrile, chloroform, and acetone are related to
the sum of mole numbers of chemical species.

—_ ’ e 5

nap = 2nA2 + _Z) 12T +nA131 +nA1c (36)
i=1 i 1

ng =na,m, ¥+ N,c, ¥ 2ns,c,; * iy, (37)

ng =na,c; t”B;cy Y MByc; TRy (38)

The nominal mole fractions are given by
x1 =np/(np +tng+nc)=
= [2K2x£l +xA1 /(1 _KAxAl)z +KABxA1xBl + KACxAGCI]/S (39)
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X2 =ng/(na + ng + ng) = [KapXxa,xn, + Kpc*p,Xc, + 2Kp,cX%, X, + *5,1/S

(40)
X3 =ng/(ns +np+ng) = [Kackxa,*c, + KpcXp,Xc, + Kp, c*%, Xc, +%c,1/S
(41)
where the stoichiometric sum S is expressed by
S= 2K2szl + XA, /(1 —KAxAl)z + ZKAB;’:.‘. XBy + 2KAch1 Xcy
+ ZKchlecl + 3ngcx12;1 Xg, +x31 + Xc, - (42)
The sum of mole fractions of all chemical species should be unity.
xh., + E Xa: + + :
Ar T At xaB Y XA T ¥Bic +XB,cy; TXxB; X,
=Kax%, +x4,/(1 —Kaxa,) + KapXa, %8, + KacXa,Xc; + Kpc®s*c;
+ KBzch!xcl +x31 +x01 =1. (43)

The monomer mole fractions are obtained by solving smultaneously eqns.
(39), (40) [or eqn. (41)], and (43).

The total enthalpy of complex formation obtained by mixing acetonitrile,
chloroform, and acetone is given by

he = [han}y, + hy iz=>1 (i—1)na; +hagna,p, *hachac

+ hpchp,c; + ﬁnzc ng,c,1/(na +np +nc) (44)
hi = [hanf, *ha 21 (i—1)n},lini (45)
Then, h5, e is given by
hhem =hs —%1h1
= [thzxil +haKaxi, /(1 —EKaxa,)? +hagKasXa,Xs,;
+hpacKac*a,*c, + hecKncXs,%c, + hs,cKs,0%8,%c,1/S
—x1[R2Kax33 +ha Kaxi1/(1— Kaxi,)?1/8* (46)

where S and S* are expressed by eqns. (42) and (22), respectively. hEpnys is
obtained by differentiation of ggnys With respect to temperature.

3

3(11:Gji) < 3 :
3 2 X 8(111/11‘; leffiG"‘x" k§ X a?ﬁkf*)
hE...=R :E x| = — = (47)

3 3 2
27 Gpixr (E Gkixk)
| k=1 k=1

The energy parameters are assumed to have a linear temperature dependence.
&ji — &;; = C; + Dy(T — 273.15). (48)
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For the acetonitrile—chloroform—benzene system we put Kg,c =0,
because chloroform and benzene molecules form cnly a 1:1 complex.
In the acetonitrile—benzene—carbon tetrachloride system K,c=Kg,c=
0. In the acetonitrile—acetone—methyl acetate system Kg,c = Kgc = 0.

ANALYSIS OF RESULTS AND DISCUSSION

The chemical equilibrium constants and enthalpies of complex forma-
tion due to self-association of acetonitrile are K, = 8.35, K, = 2.1 at 45°C,
h,=—8.9 kJ mole™ and k, = —6.7 kJ mole™ [1,12]. The van’t Hoff equa-
tion fixes the temperature dependence of the equilibrium constanf. The
enthalpy of complex formation is assumed independent of temperature.

The enthalpies of complex formation of the acetonitrile—nonassociating
component systems were estimated by taking the difference between the
value of h, of acetonitrile and the limiting value of hE/x;x, for the aceto-
nitrile—nonassociating systems at infinite dilution of acetonitrile: —5.2
kd moleé ! for acetonitrile—benzene; —11.0 kJ mole™! for acetonitrile—
chloroform; —7.5 kd mole™! for acetonitrile—acetone. The enthalpy of com-
plex formation between chloroform and benzene molecules was estimated
as —4 kJ mole™ from the difference between the limiting value of h® /xx,
for the chloroform——cyclohexane system [15] and that for the chloroform—
benzene system at infinite dilution of chloroform.

Lin and Tsay [3] obtained the equilibrium constants of complex forma-
tion for the acetonitrile—chloroform and chloroform—benzene systems at
26°C and their values are used in this work, but that for the acetonitrile—
chloroform system was extrapolated to 40°C. In a previous paper {1], we
neglected complex formation in the benzene—carbon tetrachloride system.
However, in the present work, we assume a 1:1 complex between ben-
zene and carbon tetrachloride molecules in accordance with the analysis of
McGlashan et al. [16] for this system and use the equilibrium constant and
enthalpy of complex formation given by McGlashan et al. [18]. The equilib-
rium constants of the chloroform—acetone system at 25°C are the same as
given by Kearns [4] and the enthalpies of complex formation were fitted to
the experimental results by the method of least squares. Table 5 compares
the enthalpies of complex formation with the literature values. Table 6 lists

TABLE 5
Enthalpies of formation of chloroform(A }—acetone(B) complexes at 25°C

hA B hA B Ref.
(kd mole™1) (kd mole?)

—10.1 —13.8 4
—10.3 —13.0 17
—10.1 —13.0 18
—10.3 —20.1

S5
—10.6 —13.2 This work
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TABLE 6
Equilibrium constants and enthalpies of complex formation between unlike molecules
System t K h
cC) (kJ mole™1)

A cetonitrile—acetone 50 2.5 —7.5
Acetonitrile—benzene 45 0.2 —5.2
Acetonitrile—chloroform 40 2.8 —11.0
Acetonitrile—methyl acetate 50 2.3
Benzene—carbon tetrachloride 25 0.215 —5.28
Chloroform—acetone

1 : 1 complex 25 0.967 —10.5

2 : 1 complex 25 1.117 —13.2
Chloroform—benzene 0.36 —4.0

26

the equilibrium constants and enthalpies of complex formation for binary
systems.

Calculated results of vapor—liquid equilibria and excess Gibbs free ener-
gies, and excess enthalpies for binary systems are presented in Tables 7 and 8,
respectively. We have used the nonrandomness parameter o;(= ay;) = 0.3 for
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Fig. 1. Representation of excess functions for the acetonitrile(1)—chloroform (2) system.
Experimental: 4, g€ at 40°C [20];®, AE at 25°C [10]. Calculated:

PShemme - - - - -

Fig. 2. Representation of excess Gibbs free energies for three systems at 50°C. Experi-
mental [7]: 1, acetonitrile(1)—methyl acetate(2), ®; 2, acetone(l)—methyl acetate(2),
4; 3, acetonitrile(1)—acetone(2), &. Calculated:

;g (-ies R -
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Fig. 3. Representatlon of excess functions for the acetonitrile(1)—acetone(2) system
Expenmental 4 gE at 50°C; ®, hE at 25°C (this work). Calculated: s 8% em>

Fig. 4. Representatxon of excess enthalpies for the benzene(l)—carbon tetrachloride(2)

system at 25°C. Experimental: ®, hE (this work). Calculated: ————; hchm, ------ .
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Flg. 5. Representation of excess functions for the chloroform(1)—acetone(2) system at
25°C. Experimental: A, gE [4]; 4, gE [5]; m, hE {17]; o, hE [25]; e, RE (this work).
Calculated: .

Fxg. 6. Representation of excess enthalpies for the chloroform(1)—benzene(2) system at
25°C. Experimental: A, hE [25]; ® hE [<6]; ®, hE (this work). Calculated: ——;
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Fig. 7. Prediction of ternary excess enthalpies for the acetonitrile(1)—chloroform(2)—
acetone(3) system at 25°C. Experimental (this work): @, x3 = 0.2509; 4, x5 = 0.4997;
B, x; = 0.7493. Calculated, . The ternary mixtures used in this work were obtained
by mixing pure acetonitrile with {x;chloroform + (1 —x5)acetone }.

Fig. 8. Prediction of ternary excess enthalpies for the acetonitrile(1)—chloroform(2)—
benzene(3) system at 25°C. Experimental (this work): ®, x} = 0.2505; 4, x} = 0.5003;
B, x7 =0.7489. Calculated, . The ternary mixtures used in this work were obtained
by mixing pure chloroform with {x}jacetonitrile + (1 —x})benzene }.

all binary systems studied here. The simplex method [27] was used to obtain
C; and D;. Figures 1—6 show how well the association theory reproduces the
binary experimental excess functions, illustrating the magnitude of the
chemical coniribution to the excess functions.

Prediction of the ternary excess functions was attempted for four systems;
the results are shown in Table 9. Figures 7 and 8 compare experimental
and predicted values for the excess enthalpies at 25°C for the three runs of
the acetonitrile—chloroform—acetone and acetonitrile—chloroform—benzene
systems, respectively. In conclusion, the association theory developed pre-
viously by Nagata and Tamura has been shown to be satisfactory for the pre-
diction of excess functions of ternary liquid mixtures containing acetonitrile
and nonassociating components from binary parameters alone.
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