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Chemical contribution to excess enthalpy for the
binary mixture of chloroform with benzene and toluene
have been calculated assurning 1 : 1 complex formation.
The difference in the calorimetric and calculated excess
enthalpy is attributed to physical (non-complextng)
contribution.

WE reported- excess enthalpies of binary mixtures
of chloroform with aromatic hydrocarbons and

concluded qualitatively that hydrogen bonding were
the predominant interactions in these mixtures
without any mention of the physical (non-com-
plexing) contribution. However, the observed
excess enthalpy may conveniently be divided into
physical (non-complexing) and chemical contribu-
tions, the latter being due to complex formations.
Chemical contribution to excess enthalpy can be
calculated from equilibrium constant data obtianed
from spectral studies. The difference between the
calorimetric excess enthalpy and spectroscopically
calculated excess enthalpy should be related to the
physical contribution. In this note we have estimat-
ed the physical and chemical contributions to excess
enthalpies for the binary mixtures of chloroform with
benzene and toluene.

There is good evidence for association of chloroform
(A) with aromatic hydrocarbons (B) to form 1: 1
complex in the solid state" and in the liquid statt3-5,

via hydrogen bonding. The association of chloroform
with aromatics is represented by

.. , (1)

The equilibrium constant of the association re-
presented by Eq. (1) would be given by Eq. (2),

K=r(l-r)/(xAxB-r+r2) ••• (2)
where r represents the ratio of the amount of the
complex AB formed at equilibrium to ~he sum. of
the stoichiometric amounts of A and B 1Jl the mix-
ture; XA and XB are the stoichiometric mole fractions
of A and B respectively.

The chemical contribution of excess enthalpy H~ of
complex formation due to hydrogen bond inter-
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action can be calculated from the relation (3),

H~ = r(~H) ... (3)
\\:he.re ~H is t~e e?thalpy of hydrogen bond asso-
ciation. SubstJtntlJlg the value of r from Eq. (2) in
Eq, (3), we obtain an expression for H~ as a function
of mole fr2.ctions of the two components A
and B.

However, the calorimetric excess enthalpy HE
may ?e taken as the Sum of physical and chemical
contributions,
HE = HE+HE (4)pc ...
where H~ and H~ represent the physical and chemical
contributions respectively.

In Fig. (1) are compared the calorimetric- excess
enthalpies with the chemical contributions arising
from the formation of the CHCI3.CsHs and CHCI3.

C6H5CH3 complexes. The equilibrium constant and
~H values for both the systems are those reported
1Jl references (5) and (6) respectively.

The chemical contribution to excess enthalpy is
greater than the calorimetric excess enthalpies for
both of the binary mixtures. This clearly indicates
that the physical contribution to excess enthalpy
should be positive, which is obvious because the
excess enthalpy for a mixture of carbon tetra-

+300r--------------------[-b-I------------~
+200

, .... ----- .._-- ...
".,<1"'"

".----;~::=,'- -- -------- [_QI-- ,. --" ... -;""; --------

-200

i
0
E -4~-wx:

-600

i
i
i
i
i
i
i
i
i
i

/.'
I

;"
/.I

I;
/

I./

[bl ,,/
..•..•..._.,..

-800

-1000~--..,._!,_----:t_:_--__:__:__---:!-::----~o ·2 0'4- 0·8 0-8
Mole fro of chlOroform

Fig. 1 - Comparison of excess enthalpies for (a) chloroform
+benzene and (b) cbloroform-j-toluene [(-) calorimeteric
data (ref. 1); (-.-) spectroscopic data (Eq. 3); and (----)

physical contribution (Eq. 4)]
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chloride-l-cyclchexane is positive? where a pure
physical interaction would be expected.

The complex bonding between chloroform and
aromatic hydrocarbons similar to other hydrogen
bonds, is essentially electrostatic in character, but is
considerably less stable than the more common
hydrogen bond due to weak ionic character of the
C-H bond. This is consistent with the lower value
of chemical contribution to excess enthalpies of
chloroform with benzene and toluene, which are
-0·5 and -0·9 kJ mole'< respectively for equimolar
mixtures.
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