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NOTE

Effect of Solvent Polarity on the Association Constant of the
Charge Transfer Complex between 2,4-dinitrotoluene and
Diphenylamine
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In the present work, we describe the charge-transfer complexation of
24-dinitrotoluene, with diphenylamine in different solvents. A linear
correlation was obtained between In K and ©t* solvent polarity parameter
of the solvents.
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The charge-transfer complexation of 2,4-dinitrotoluene and diphenylamine
was studied in a number of solvents. As expected solvent polarity has shown a
profound effect on the association constant of the complex. A linear correlation
was obtained between In K and 7* solvent polarity parameter of the solvents.

2,4-Dinitrotoluene (DNT) and diphenylamine (DPA) were AR grade reagents
from E. Merck (Darmstadt) and BDH (Poole, England) respectively, and were
used as received. All the solvents were AR grade and used as received. The
association constants were determined by optical spectroscopy using the Benesi-
Hildebrand equation';

- Bh__1 .1
A " Ke[D], €
where [A], is the initial concentration of the acceptor (DNT), [D], the initial
concentration of the donor (DPA) and K the association constant. A and € are the
absorbance and the molar absorptivity of the complex. Absorbance was measured
at 400 nm and the absorbance of DNT was cancelled by taking an equal
concentration of DNT in the reference cell—a method first developed by
Mulliken?. [A]y was kept constant and [D], varied and kept in excess over [A]y,
A plot of [A]y/A vs. 1/[D], is a straight line with intercept equal to 1/€ and slope
equal to 1/Ke. K was obtained by dividing intercept by slope.

2,4-Dinitrotoluene-diphenylamine complex has been well characterized as a
charge transfer complex® in CCl,. Since the association constant is only 0.23 L
mol™! it implies that there is no likelihood of any ion formation even in polar
solvents. Therefore, the position of equilibrium may be indicative of solvent
polarity. The value of association constant K was measured in eleven solvents
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given in Table-1. The value of K increases with the solvent polarity of the
solvents. A near exact linear relationship is obtained between In K and 7t* solvent
polarity parameter? of the solvents (Fig. 1). Effect of solvent polarity on the

1.6

Fig. 1. A plot between In K and ©t* for some solvents. The solvents are numbered according to
Table-1.

 TABLE-1
VALUE OF EQUILLIBRIUM CONSTANT K OF 2,4-DINITROTOLUENE
DIPHENYLAMINE COMPLEX AND In K IN DIFFERENT SOLVENTS

S. No. Solvent K (L mole™!) InK
1. t-Butanol 0.25 -1.39
2. 1-Butanol 0.31 -1.14
3. 2-Propanol 045 -0.80
4. Acetic acid 0.50 -0.70
- S. 1-Propanol 0.54 -0.68
- 6. Ethanol 0.69 -0.37
7. Chioroform 076 -0.27
8. Methanol - 080 . -0.22
9. Acetone 0.00 0.69
10. . Ethylene glycol 0.82 1.57

—
—

Formamide . 8.88 2.18
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association constants of charge-transfer complexes may have been studied before,
but no such relationship has been obtained so far>S, Such a linear relationship
may be useful in predicting the solvent polarity of solvents or mixed solvents by
measuring K of DNT-DPA complex in them.
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