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Thermodynamics of binary mixtures: excess -enthalpies
of 1,2-dibromoethane mixtures with benzene, cyclo-
hexane, carbon tetrachloride and dioxane at 25¢C

B. S. MAHL, Z S. KOONER AND J. R. X<HURMA
Deparmxm of Chemistry—Biochemistry, Punjab Agm:ulmml University, Luﬂuana (Indxa)
(Recuved 22 March 1976) : -

In previous communications®+2, we reported the excess volumes of mixing and
excess  Gibbs free energies of mixing of the mixtu. 2= of l,2-d1bromoethane+benzene, +
cyclohexane, +carbon tetrachloride and +1 4—dxoxane. In the present paper, we
report excess enthalpies measurements for these systems at 25°C with the aim to
examine the cell model theory? of Prigogine and Flory’s theory* for mixtures in
which one of the components is slightly polar. The results have also been examined
for molecu]ar interactions in 1 2—d1bromoethane+C5H5 and +choxane mlxtuns

MATERIAI.S AND METHODS

~_‘The materials were purified and their purity checked as reported earlier>".
Excess enthalpies were measured in a previously described® calorimeter, the working
of which was checked by measuring the excess enthalpies of mixing of carbon tetra-
chloride + benzene at 25°C. The temperature of the water-bath in whxch the measure-
ments were made was controlled better than +0.001°C. :

,RBU'LTS

Thie excess enthalpx&c of dlﬁ'erent mole fracuons of these systems at 25°C are
given ia Table 1 and were fitted to the expression: :

E

=h°+h,(x,;x2)+hz(x; —x,)2_+h3(x1—,xz)% PR - 6))
S - . o v:- R

. where ho, b,, Izz and h; are the constants and x; and x; are the mole ﬁ'actlons of
. components 1 and 2 in the mixture. These constants were evaluated by fitting the
‘experimental values of H* to eqn (1) by the method of least squares. The values

- obtamed a!ong thh the standard devxatlons are gzven in Table 2.
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TABLE 1

ENTHALPIES OF MIXING H® AT MOLE FRACTIONS x, OF
1,2-DIBROMOETHANE AT 25°C

Xy . HE (cal mol— %) x5 HE (cal mol— 1Y)
1,2-Dibromoethane(I) ¥ cyclohexane(2) I1,2-Dibromoethane(l) + carbon tetrachloride(2)
0.1521 149.52 0.1710 63.14
0.2124 200.03 0.2335 80.96
0.2995 : -251.65 0.2975 94.93
0.3616 ) 277.55 - 0.4473 110.84
0.4206 290.31 o 0.5274 ' 112.34
0.4545 29763 - 0.5821 110.60
0.5506 - 296.92 T 0.6066 108.95
0.6601 276.15 ' 0.7511 86.57
0.7469 24421 07719 81.70
08506 ) 17580 0.8491 58.50
1,2-Dibromoethane(I)+ benzene(2) 1,2-Dibromoethane(I)+ 1 ,4-dioxane
0.2227 - 37.11 ’ 0.1376 —32.51
0.2687 44 06 0.1965 —43.66
0.3484 52.72 o 0.2743 —57.96
0.4222 58.14 0.3305 —66.09
0.4665 59.70 ) 0.4289 —72.80
05115 60.02 0.4784 : —73.30
0.6464 55.90 0.5637 —70.81
0.6842 52.50 0.6505 —64.97
0.8765 27.21 0.7035 —59.37

: 0.8559 —34.65
DISCUSSION

The mnlts were examined for Flory S theory and the cell model theory? of
Pngogme. Accordmg to the reﬁned theory of Pngogme et al.®

HE

xl X2

_{('rc,,—h,)(—29+9p2)+yrc;,l[92—}52+59(1+2xz)]} )

The parametezs 3, p and 8 were evaluated from critical constant data, where C,,
and &, are the heat capacities and configurational enthalpics for the pure components,
and C;. is the first derivative of C,, with respect to temperature. These parameters
have been calculated as described earlier®©. The H* values for an equimolar composi-
tion computed in this way by ta.kmg a non-pola.r compunent as the reference are
recorded in Table 3. .
Aecordmg to Flory’s* theory, H‘E is given by
- HE= le: Vt [l "}"'J + *zP‘ 24 I-L - —J +x; V1 02 X12Pai 3)
o s . I-vZ B vﬂl ’ R

Us - Ul
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TABLE 2

VALUES OF THE CONSTANTS OF EQN (I) AND
STANDARD DEVIATIONS (6H®) AT 25°C

System - . ko hy h, ~ ks (cH®)
- : “(calmol™") (calmol~*) (calmol~*) (calmol-?) (calmol—')
1,2-Dibromoethane(1) + o : . .
cyclohexane(?) . 119838 2200 166.67 . 278.50 .38
1,2-Dibromoecthane(1) + ) - .
carbon tetrachloride(2)  451.87 16.00 ) 11.32 - —16.90 0.73 -
1,2-Dibromoethane(1)+ ) S
benzene(2) 240.95 13.65 —33.40 - 4513 024
1,2-Dibromocthane(l) + '
1,4-dioxane(2) y ~—293.73 24.02 33.52 —63.25 0.59
TABLE 3

COMPARISON OF THE CALCULATED AND EXPERIMENTAL H® VALUES AT
25°C AT EQUIMOLAR COMPOSITION

System o HE (cal mol—")

Expil. Prigpginé Flory
1,2-Dibromoethane + cyclohexane ' 229.6 10933 3769
1,2-Dibromocthane +carbon tetrachloride : 1129 51.13 1529
1,2-Dibromoethane + benzene 603 67.69 1734
I.Z-Dibroumcth;pg+ 1,4-dioxane —735 97.67 190.7

.
-t
0

The various paramcicrs have thc sane significance as discussed by Flory and were
evaluated as described earlier'®. 0, X, , was evaluated? from the experimental values!
of VE HE values were then calculated at equimolar composmons and have been
recorded in Table 3. Examination of Table 3 shows that, but for qualitative agreement,
both the theories correctly predict the sign of H* for all the systems except for 1,2-
dibromocthane + dioxane mixture.

The examination of the present data also gives an indication of the pmce of
weak interactions of 1,2-dibromoethane with benzepe and dioxane. Ethylene dibro-
mide is weakly polar and thus it has Iarge positive heats with cyclohexane and carbon
tetrachloride as is evident from Table 1. The values of H= in 1,2-dibromoethane+
benzene ‘mixture is also positive but in this case the magmtude is comparatively small.
The sharp decrease of HE values of 1,2-dibromoethane with benzene as compared to
that with cvclohexane (although their sizes are approximately the mmc) may be due to
weak complex formation of 1,2-dibromoethne with -benzene through its m-electron
system. On the other hand, the negative HE values of - 1,2-dibromoethane with dioxane
'mdxmte the existence of some specific interactions in the system. The interaction in this
system is probably due to the presence of the vacant d-orbital on the bromine atom
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in 1,2-dibromoethane which has the tendency to attract the lone pair of electrons
on the oxygen atom in dioxane. However, it is difficult to comment specifically
about the nature of these mteractlons in the absence of spectroscopic data.
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