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Synopsis. Two separate equations, one cubic in
K and the other quadratic in &, have been developed for
calculating K and ¢ of molecular complexes independently
of each other. The equations on testing with various spec-
trophotometric data yielded values of K and & which agree
with those obtained by others using well known procedures.

After the important observation of Benesi and
Hildebrand? and subsequently the interpretation of
the phenomenon by Mulliken,® several equations!-3—%)
have been derived and tested for the evaluation of
equilibrium constants of molecular complexes. The
applicability of these equations are, for some obvious
reasons,”) specific. The reported values of K and
& while showing fair constancy among the values
obtained by different investigators for strong complexes
deviate widely for weak complexes. Various expla-
nations have been suggested®1®) to account for the
observed discrepancies. However, Person® has men-
tioned about some criteria for the reliable determina-
tion of equilibrium constant in the case of weak molec-
ular complexes. But this requires a previous knowl-
edge of an approximate value of the equilibrium
constant and, due to solubility restriction of the com-
ponents, it is difficult to fulfil the criteria in all cases.
Briegleb?® and Person® indicated that one difficulty
in obtaining reliable values of K and ¢ for weak
molecular complexes may be due to the difficulty in
the independent determination of K and ¢ using
spectral method, although it is easy to determine
the product Ke.

In the present communication we have developed
single parameter equations for independent evaluation
of K and ¢ from spectral data, and these equations
have been tested for different systems, including strong
and weak CT complexes, using the experimental data
of various workers from literature.

Principle and Derivation of the Equations

Equation for K Independent of &.
following equilibrium
A+D = AD 1
the equilibrium concentration, C,, in terms of the
equilibrium constant K, is given by
1+ K(C+C8) —[{K(CH—C2)}2+2K(CL +CB) + 1]v2
C. =
2K
(2)

where C,° and C,° denote the initial concentrations
of the acceptor and donor respectively. Substituting
C.,=d[el in Eq. 2, we obtain

t An abstract of this work was presented at the Il4th
European Congress on Molecular Spectroscopy held in
Frankfurt in September (3—7), 1979.
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Considering the

—(yK2 V2
le-{—Kx (pK2+2xK+1) el 3)
2K
where d=d, ,—d,9—d°, e=e;—e,—sep, | is the

optical path length, d’s are the optical densities and
¢’s the molar absorptivities and x=C,°+C,° and
I=(Cod—C
Now, the ratio of the optical densities of the ith
and jth solution
4 14+xK—(pK2+ 24K+ 1)
d; ~ 14+xK—(9;K2+ 20K+ 1)1/2
which on rearrangement gives
z+ (dyxy—djxi) K = dy( ;K2 + 2:,K+ 1)Y/2
— (K 2K LD (5)
Equation 5, on squaring and rear-

4)

where z=d;,—d,.
rangement, yields
PEE+ gK + 1 = r{(3K4 26K+ 1) (3K + 20K + 1) }/2 (6)
where

b= (dixj—dyxi)® — diy; — djx;

q = 2{(a’l-xj—djxi)Z - dﬁx,— - d}xl}
and

r= —2dd; = 2% — di — dj.
Equation 6 on squaring, rearranging and using the
following substitutions

a=p*— r2yiy; b=2(pg—rPxy;—1r2pixy),

&= @+ 2pr — r¥y; — r¥y; — 4r3xx,,

and h = 2(qr—r2x;—r%x;),
yields
aK4 + bK3 + gK2 + hK =0
or,
aK3 + bK2 4 gK + h =0 (7)
Since K0

This cubic equation in K is independent of e.
Equation 7 has been solved numerically by a general
method of root determination for real polynomials.
The Burroughs system program Library subroutine
RLPOLY has been employed for this part, which
uses a three-stage variable-shift iteration method de-
veloped by Jenkins and Traub.?)) Equation 7 is more
general than that developed and used by Nagakura?
in connection with his studies on amine-iodine systems.

Equation jfor & Independent of K. Considering
a pair, 1th and jth of solutions, we get from the
equation

1

(G —Co) (Cr—Ce)

K/C, =

an equation
4 _ S;el+-dj —d;x el (8)
d; S22 +-d} —dixiel
where §=CiCs. Equation 8, after suitable rearrange-
ment and substitution yields
me¥lt — nel + f =0 9
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where
m = d;S; — d;S;, n=did;(x;—x;), and f=did;(d;—d;).
Equation 9 is quadratic in & and yields
& = [ (12— 4mf)/2]/2 ml (10)
which is independent of K. Only one value of ¢ is
accepted, neglecting the physically inadmissible one.

Results and Discussion

Equations 7 and 10 have been solved by Burroughs
6700 systems using our program for calculating the
values of K and ¢, independent of one another, of
a large number of wide variety of molecular com-
plexes, using the experimental data of different in-
vestigators from existing literature. These include the
data on strong and weak complexes, wavelength de-
pendence of K and ¢ and also the effects of solvents.
Some representative results are shown in Table 1.
The noted differences in many cases may be due to
the different approach of the two types of methods.
While our procedure evaluates K and ¢ independent
of each other, the reported ones require the separation
of K and &, through the intercept and slope of linear
plots, from the product Ke occurring in the derived
equations.

The accuracy of the proposed method like any
pairwise evaluation procedure depends on the pre-
cision of the experimental data. With precise data
our equations yield values of K and & whose standard
deviations lie within 1 to 129%,.

Sincere thanks are due to Prof. S. K. Siddhanta,
Head of the Department of Chemistry, Burdwan
University for constant encouragement received during
progress of the work.

TasrLe 1.
K/mol I-* &/lmol- cm—1
System ~ y M
s g:flxod Reported ggtrhod Reported
TCPA®-Phenanthrene??) 7.5 7.3 712 714
TCPA-Biphenyl®? 2.6 2.9 552 500
TCPA-Quinoline®) 30.75 26 130 132
TCPA~2-Methylquinoline?®?) 14.6 15 228 226
‘TBPA®-~Phenanthrene (CHCL;)%) 0.8 0.9 612 513
‘TBPA-Phenanthrene (CgHqg) 3.49 3.41 470 455
‘TBPA-Acenaphthene (CHCI,)) 2.97 2.8 878 909
‘TBPA-Acenaphthene (CgHqg)*) 1.29 1.46 1084 769
DDQ»-Toluene?® 0.94 0.92 2214 2332
DDQ -Biphenyl*® 0.95 0.96 1212 1366
DDQ ~Phenanthrene®) 14.15 14.54 2041 2000
DDQ,~Fluorenc®) 15.22 14,60 1612 1666
Chloranil~Indole2® 2.83 2,86 1557 1510
1 3,5-Tncyanobcnzcne-TM1’D“) ') 4.07 4.0 369 354
1,3,5-Trinitrot yl 28) 0.5 0.4 1410 1390
ICl-onxanc (335 nm)”) 22,94 23.86 814 830
ICl-Dioxane (345 nm) 21.97 23,12 1123 1146
ICl-Dioxane (355 nm) 22.47 23,07 1338 1391
ICl-Dioxane (365 nm) 22,77 23.03 1357 1509
Br,-Naphthalene®? 0.235 0.23 5608 5660
I,-DMA® (CH,Cl,)3 1.32 1.4 661 624
I,-Naphthalene®) 0.25 0.26 7479 7250
I,~Pyrenct?sh) 1) 40 43 143 161
T,-&-Picoline??) 50,52 50 1032 1000
T,~Tsoquinoline3?) 40.1 89.4 1607 1538
I,~Pyridine’? 47.29 43.74 947 952
a) TCPA: tetrachlorophthalic anhydnde, TBPA: tctrabromophthalic anhydride,
DDQ: 2,3-dichloro-5,6-dicyano-p q , TMPD: N,N,N’,N’-tetramethyl-p-
pheny diamine, DMA: dimethyl ide. b) For Pyrcne-xodme system the

iterative value of X obtained by ptocessmg the data in Ref. 32 is 43 moll-% The
xecalculated value of molar absorptivity is 1401mol-? cm™%,

[Vol. 54, No. 2

References

1) H. Benesi and J. H. Hildebrand, J. Am. Chem. Soc.,
70, 2832 (1948); 71, 2703 (1949).

2) R. S. Mulliken, J. Am. Chem. Soc., 74, 811 (1952).

3) J. A. A. Ketelaar, C. Vande Stolpe, A. Goudsmit,
and W. Dzcubas, Rec. Trav. Chim., 71, 1104 (1952).

4) R. L. Scott, Rec. Trav. Chim., 75, 787 (1956).

5) R. Foster, J. Chem. Soc., 1957, 5098.

6) N. J. Rose and R. S. Drago, J. Am. Chem. Soc., 81,
6138 (1959).

7) J. Rose, “Molecular Complexes,”
pp. 37—39.

8) W. B. Person, J. Am. Chem. Soc., 87, 167 (1965).

9) P. H. Emslie, R. Foster, C. A. Fyfe, and I. Horman,
Tetrahedron, 21, 2843 (1965).

10) S. Carter, J. Chem. Soc., A, 1968, 404.

11) S. D. Ross and M. M. Labes, J. Am. Chem. Soc., 79,
76 (1957).

12) G. D. Johnson and R. E. Bowen, J. Am. Chem. Soc.,
87, 1655 (1965).

13) S. Carter, J. N. Murrel, and E. J. Rosch, J. Chem.
Soc., 1965, 2048.

14) D. W. Tanner and T. C. Bruice, J. Phys. Chem., 70,
3816 (1966).

15) J. D. Childs, S. D. Christian, and J. Glundness, J.
Am. Chem. Soc., 94, 5657 (1972).

16) R. Foster, “Organic Charge-transfer Complexes,”
Academic Press, London and New York (1969), pp. 160—
165 and 171—173.

17) 8. D. Christian and E. E. Jucker, J. Phys. Chem.,
74, 214 (1970).

18) R. S. Mulliken and W. B. Person, ‘“Molecular com-
Wiley-Interscience, New York, N. Y. (1969), pp.

Oxford (1967),

plexes,”
92—100.

19) G. Briegleb, “Elektronen-Donator-Acceptor-Kom-
plexe,” Springer-verlag, Berlin (1961).

20) G. Briegleb, ‘“Elektronen-Donator-Acceptor-Kom-
plexes,” Springer-verlag, Berlin (1961), p. 203.

21) M. A. Jenkins and J. F. Traub, Tech. Report No.
CS 138 (1969), Computer Science Dept., Stanford University,
California.

22) M. Chowdhury and S. Basu, Trans. Faraday Soc.,
56, 335 (1960).

23) M. Chowdhury, J. Phys. Chem., 65, 1899 (1961).

24) R. D. Srivastava and P. D. Gupta, Spectrochim. Acta,
Part A, 24, 373 (1968).

25) R. D. Srivastava and G. Prasad, Spectrochim. Acta,
Part A, 22, 825, 1869 (1966).

26) R. Foster and P. Hanson, Trans. Faraday Soc., 60,
2189 (1964).

27) R. Foster and J. J. Thompson, Trans. Faraday Soc.,
59, 2287 (1963).

28) R. Foster, D. Hammick, and A. A. Wardley, /. Chem.
Soc., 1953, 3817.

29) A. I. Popov, C. C. Bisi, and W. B. Person, J. Phys.
Chem., 64, 691 (1960).

30) R. S. Drago, T. F. Bells, and R. J. Niedzielski, J.
Am. Chem. Soc., 88, 2717 (1966).

31) N. W. Blake, H. Winston, and J. A. Patterson, J.
Am. Chem. Soc., 73, 4437 (1951).

32) R. Bhattacharya and S. Basu, Trans. Faraday Soc.,
54, 1286 (1958).

33) J. Nagchaudhuri and S. Basu, Trans. Faraday Soc.,
55, 898 (1959).

34) B. K. Seal, A. K. Mukherjee, and D. C. Mukherjee,
Bull. Chem. Soc. jJpn., 52, 2088 (1979).





