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ABSTRACT 

Excess volumes of mixing, YE, for binary mixtures of 1,2_dichloroethane with ben- 
zene, toluene, o-, m-, and p-xylenes have been determined at 305.15 K over the complete 
compostion range. VE is positive for all these mixtures and varies in the order m-xylene > 
o-xylene > p-xylene > benzene > toluene. The experlmental data have been analyzed in 
terms of the Prigogine’s average potential cell model coupled with Balescu’s theory. The 
calculated VE values do not ag-ree with the corresponding experimental values. 

INTRODUCTION 

1,2-Dichloroethane exists as tram and gauche conformational isomers and 
the equilibrium between these isomers depends on the stabihzation of the 
gauche form by either a medium of high dielectric constant or by a polari- 
zable surrounding. Wilhelm et al. [ 11, from their heat capacity measure- 
ments on 1,2dichloroethane + benzene systems, have inferred that the rota- 
tion of both the components of these mixtures is hindered. However, aroma- 
tic hydrocarbons are potential electron donors and their mixtures with such 
simple compounds as carbon tetrachlonde have been interpreted [2], m 

terms of charge-transfer interactions between the x electrons of the aromatic 
rmg and the empty 3d levels of halogens in carbon tetrachlonde. It would 
thus be interesting to know as to how far this conclusion is true in the inter- 
action of these aromatic hydrocarbons with 1,2dichloroethane which has a 
permanent dipole moment of 2.94 D [ 31. 

Analytical grade (BDH) benzene, toluene, o-, In- and p-xylene were puri- 
fied as described earlier [4]. 1,2-Dichloroethane was purified as described 
elsewhere [ 51. The purity of the final samples was checked by density deter- 
minations at 298.15 f 0.01 K (293.15 -+ O-01 K in the case of m-xylene) 
which agreed to within +0.00005 g/ml with the corresponding literature 
values [ 6-91. 

The excess volumes of mixing as a function of composition were measured 



dllatometrically as described earlier [lo]. The temperature of the water bath 
was controlled to 7 0.01 K 

RESULTS 

The molar escess volumes of mising, V”, data for 1,2-dlchloroethane + 
benzene, toluene, o-, III- and p-sylenes at 305.15 K are recorded in Table 1 
The Irk' data were fitted to the equation 

VQ,(l -s,) = r;” + Vl(ZY, - 1) + 1;,(2s, - 1)’ (1) 

TABLE 1 

Esperlmentnlly measured escess volumes of mwlng \‘E for 1,2-dlchloroethane (1) + nro- 
matic 111 drocarbon (2) mlutuees at 3OS.15 K 

Mole fraction of (1) 1-E (cm” mole-’ ) >Iole fraction of (1) VP (cm3 mob-’ ) 

I._“-DlcAloroctharIc (II f bcrzt~rlc~ I) 
0.1523 0.123 
0.3491 0.206 
0.4195 0 31.5 
0.5243 0.319 
0.61S9 0.199 
0.6913 0 181 
O.iS16 0.14s 
0 SS79 0.079 

I .2-Dlchloroc tharw (I) + tolucrw (2) 
O_O’;S5 0.036 
0 1481 0 066 
0 214s 0 093 
O_34’74 0.139 
O-46 16 o.zi3 
0 5709 O.lSO 
O.i309 0.1-i-l 
0.7SOl 0 13i 
0 s3s1 0 116 
0 8679 0 096 
0.900’7 0 0’7s 
0 9674 0.026 

I.~-Utchloroc111arlf II 1 + m-xylerle 12) 
0.0571 0 043 
0.1425 0.111 
0.2917 0 241 
0.4514 0.350 
0.5695 0.372 
0.6684 0.359 
O.-i-L92 0.319 
0.8369 0.241 
0.8879 0.184 
0.9629 0 066 

l.P-Dicl~loroclhar~c (11 f o-s~~lcr~c (3) 
0.0692 0 065 
0.160s 0 132 
0.2339 0 1s2 
0 3564 0 245 
0.4316 o_f?s5 
0 5202 0.311 
0.5606 0_31i 
0.760s 0 261 
0 8395 0 19i 
0.!3975 0.13s 
0.9483 0.0775 

1 ‘-Dichlr~roctllunc (I 1 + II-_\> Icne 12) 
0.13i4 0-09s 
0 29.56 0.19.5 
0 4so3 0 055 
0.5123 0.273 
0.65i6 0 271 
0 ‘7221 0.251 
0 ‘7946 0.218 
0 s532 0.175 
O-9330 O-OS9 
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TAJLE 2 

Paramaters of eqn (1) along with the standard deviations a( VE) in cm3 mole-', for 1,2-di- 
chloroethane (1) + aromatic hydrocarbon (2) at 308.15 K 

System v, VI V, a( VE) 

Benzene + 1,2-dichloroethane 0.8714 -0.0913 0.0332 0.003 
Toluene + 1,2-dichloroethane 0.6942 0 2111 -0 0131 0 002 
o-Xylene + 1,2-dichloroethane 1.2174 0.3161 0.0250 0.001 
fn-Xylene + 1,2-dlchloroethane 1.1289 0.6056 -0 1544 0 002 
p-Xylene + 1,2-d~hloroethane 1 0785 0 3839 9.0635 0.002 

where V,,, V, and V2 are disposable parameters and X, IS the mole fraction 
of 1,2-clichloroethane. These parameters have been evaluated by fitting 
VF-/x, (1 - s, ) to espression (1) by the method of least squares, and are 
glvcn togcthcr with the standard deviation of the molar escess volume of 
nilsing a( I”-) in Table 2 

DKCUSSIOS 

The escess volumes of mixing for 1,2-dlchloroethane + aromatic hydro- 
carhens are positive at all compositions and vary m the order: In-xylene > 
o-sylene > p-sylene > benzene > toluene. At the simplest qualitative level 
the escess volume of mising data can be accounted for if we assume that: 

(1) these mlstures are characterized by electron donor--acceptor type 
lntcrartlons m which hydrocarbons behave as electron donors, and 

(11) there IS sterlc repulsion between the components of these binary mix- 
tures 

_-Issummg that the free rotation of 1,2-dlchloroethane and benzene in 
their bmnry misture 1s hindered by electron charge-transfer mteractions 
hctween them, the introduction of a-CHJ substituents m benzene as in 
toluene, would thus render the r-cloud of the aromatic rmg in toluene to be 
more labile. so that compared to benzene, toluene should interact strongly 
with 1.2-dichloroethane. This would mean that V" for 1,Zdichloroethane + 
toluene should be small compared to 1,2-dlchloroethane + benzene. The 
esperimental data support this conJecture On the other hand, the introduc- 
tion of 2-CH3 substituents in benzene, as in sylenes, although increasing the 
r-electron donatmg capacity of these compounds, conslderably increases 
the sterlc repulsion between these bulky CHj groups and the atoms of 1,2- 
dlchloroethane. From such the VE value for 1,2-dichloroethane + xylenes 
would be expected to be more positive than that for 1,2-dichloroethane + 
benzene or 1,2-dichloroethane + toluene. The experimental data also sup- 
port this. -Again, withm the sylenes the steric repulsion for p-xylene would 
be mmimum as compared to that for o- and m-xylenes so that VE for 1,2- 
dlchloroethane +p-xylene should be less positive than that of 1,2-dychloro- 
ethane + o-xylene or 1,2-dlchloroethane + m-xylene This has m fact been 
observed_ Such a scheme of interaction would then mean that charge-trans- 
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fer and steric hmdrance are the predominant factors characterizing these 
mixtures. 

The presence of a permanent dipole in 1,2dichloroethane would contri- 
bute to the potential and hence to the excess volumes of mixing. Conse- 
quently it was thought worthwhile to analyze the VE data for these mix- 
tures 111 terms of the Prigogine’s average potential cell model theory (which 
takes into account the contribution of central forces to the excess thermo- 
dynamic functions) coupled with Balescu’s theory (this theory considers 
dlpolar interactions as small perturbations to the interaction due to the 
central forces). VE was then expressed as 

vE = v; + VpE (2) 
where VE and I$ are the contributions to p due to the central and dipolar 
forces, respectively, and were evaluated from the following expressions [ll, 
121. 

VE 0 
- = (;) ~,P[O(X, 
XISl 

-x,)+;6+yp] 

+ TV,‘[-20 + 9p’ + 0’ -; 6’ + 60(1 + 2X2) 

- ($)PO + ($)P8 + (+)PW, --X-r) 

+ 4 T’V;‘[O’ - (i)6’ + 60(1+ 2x2)] (3) 

x=[-q(T’; +9(2+0+3p+ 
XIX2 

+ (Xl --x2)(6 + 3p)) + ; 6(x, + ;) 
2 1 

++v; +~)(l+x,(O+6/2+fp))--(t)6x;l 

+ rzz 
[( 

TV; + 2 (1 + 3p + (0 - 6/2 - ($)/I)%) 

+;s l+xz ( 11) 2 I- 
, (4) 

The parameters 6, p, ril, rl,, in these equations were calculated from the 
following relations [ 11,121. 

(1 + 6,) = T,2/TZ (5) 

(1 + p# = P;T:/P,2T; (6) 

r,l = ~~/E~ir~~KT”’ ru = PaPJ2I(e,,e,,)“2 (rP, + V;)I”KT (7) 

E 11 = (E&j)“* r,i = (rII + r,, )/2(~ I = 1, 2) (8) 

where the various symbols have then usual meanings [ 11,121. The critical con- 
stant data and the dipole moments, p, were taken from the literature [13, 
141. The values of e Z22 and rzz for 1,2dichloroethane, o-, m-, p-xylenes and 
toluene were calculated by takmg ell = r1 1 = (the co-ordinate of the mini- 
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TABLE 3 

Comparison of VE values calculated according to Prigoqne and Balescu’s theory with the 
corresponding m experimental values at XI = 0.3, 0.5 and 0.7 at 308 15 K for 1,2-dl- 

chloroethane (1) + aromatlc hydrocarbons (2) 

System Mole fraction of 1,2-dlchloroethane 

0.3 0.5 0.7 a 

Benzene (1) + 1,2-dichloroethane (2) 
(1) as ref 
(2) as ref. 
Exp. 

Toluene (1) + 1,2-dlchloroethane (2) 
(1) as ref. 
(2) as ref. 
Exp. 

o-Xylene (1) + 1,2-dichloroethane (2) 
(1) as ref. 
(2) as ref 
Exp. 

m-Xylene (1) + 1,2-dlchloroethane (2) 
(1) as ref. 
(2) as ref. 
Exp. 

p-Xylene (1) + 1,2-dlchloroethane (2) 
(1) as ref. 
(2) as ref. 
Exp 

-1.023 0.217 139 0.613 
-0.352 0.217 1.43 0.563 

0.192 0.217 0.176 - 

-2 250 0.173 2.50 0.694 
-2.033 0.173 2.106 0.758 

0 129 0.173 0.165 - 

--I.030 0.304 -I.50 0.858 
-3 984 0.304 4.50 1.195 

0 227 0.304 0 286 - 

-4.020 0.357 4.61 0.83-I 
-3.862 0 357 4 64 1132 

0.244 0.357 0.346 - 

-6 554 0.269 3.373 0.899 
-4.357 0 269 4.803 1 200 

0.196 0 269 0.261 - 

mum in the potential energy curve for benzene from the relations [ 151 

(1 + 6,) = 62/E,, (9) 

(1 + PI Y = (T,&-, I)” (10) 

Evaluation of and VE from eqns. (3 and 4) required a knowledge of the 
value of 0. Smce the geometric mean law is obeyed by simple molecules and 
as there are no independent methods of its evaluation, it, was evaluated by 
fitting VE data for an equimilar composition to eqn. (2). It was, however. 
observed that this procedure yleided imaginary values of 8 and to overcome 
this problem we (as a first approximation) neglected the terms m 0’ in eqns. 
(3 and 4) and agam evaluated 0 for an equimolar mixture. This value of 0 
was next used to evaluate V" at _rl = 0.3 and 0.7 This procedure was 
repeated with both components of the mixture taken as references. The cal- 
culated VE values are recorded in Table 3 and they fail (as expected) to des- 
cnbe the general behaviour of VE with composition 
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