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ENERGETICS OF n ~ *  AND ~r~* CHARGE-TRANSFER 
COMPLEXES FORMED BETWEEN AMINE DONORS AND 
CHLORANIL AS ~r-ELECTRON ACCEPTOR 
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The heats of formation of n4t* and ~t-~t* charge-transfer interactions have been com- 
puted from the charge-transfer spectra of molecular complexes formed in the pyridine- 
ehloranil and aniline-chloranil systems. 

Introduction 

The antioxidant N-phenyl-2-naphthylamine acts as a booby trap for 
biochemists, because it is found as a contaminant of liquid extracts contain- 
ing vitamin K, and is a result of charge-transfer (CT) complex formation be- 
tween antioxidant and vitamin K derivatives [1]. Such complex formation is 
highly probable because phenolic and amine oxidant in general possess com- 
paratively low ionization potentials (7-9 eV) [2] and are therefore expected 
to act as powerful electron donors under favourable circumstances. Since 
quinone-type structures are present in vitamin K as well as due to analytical 
utilization of the interactions between halonils as aceeptors and amines [3] 
as electron donors, spectroscopic studies on the formation of CT complexes 
between quinones and amines have been reported by various workers [4-20]. 
However,  the energetics of these complexes have not bee studied in detail 
and even where the experimental data on the energy parameters of these 
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complexes are reported, they are not very reliable, as pointed out by 
Dwivedi and Rao [5]. The experimental techniques are sometimes less useful 
in the examination of CT complexes in relation to their heats of formation 
(AH), for AH may be subjected to an uncertainty of several kJ.mo1-1 and 
where AH cannot be determined experimentally when the CT formation is 
kinetically controlled. Here, theoretical relations, though empirical in na- 
ture, should be competitive and may frequently provide better results. For 
those complexes for which there are no experimental data, theoretical AH 
should replace the speculative guesswork often presented in the literature 
[21]. In view of this, as a continuation of our studies on the energetics of 
molecular complexes in relation to AH [22], we have now extended the work 
to n-~* and ~-z~* CT complexes formed in the pyridine-chloranil and 
aniline-ehloranil systems. 

The energy parameters were computed by employing the model of Son- 
nesa and Daisey [23] and the empirical relationship reported earlier [24], 
i.e. 

b 2 AH 

hv cr  

The calculated values of the energy parameters, together with the ex- 
perimental and predicted value of AH from the empirical relationship, are 
recorded in Tables 1-3. The meanings of the various symbols used in the text 
are explained in the Appendix. The theoretical AH data for n-~* (Table 1) 
and ~-~z* (Table 2) ground-state complexes formed in the pyridine-chloranil 
system could not be compared with the observed data, since these systems 
are kinetically controlled. The agreement between the observed and calcu- 
lated values of AH for the aniline-chloranil.systems is not very good, but the 
theoretical values follow the expected trend of the observed values 
(Table 3). This may be due to the following reasons: 

i) it is likely that the equilibrium constants reported earlier [20] are in 
error since the method of evaluation [25] of these quantities is very sensitive 
to [donor], and 

ii) it is difficult to measure experimentally the energetics of CT com- 
plexes because of the weak interaction between donor and aceeptor and also 
because of the interactions of the solvent with donor and acceptor. Hence, 
we feel that the computed values of AH are more reliable than the ex- 
perimental values reported earlier [20]. 

Y. Tho.m~ AnaL, 37, 1~1 
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Fig 1 The behaviour of  enthalpy of formation (-A/-/) of  n-0r* charge transfer complexes with 
charge transferred (%0 in pyridinc-chloranil system 
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Fig. 2 The behaviour of enthalpy of formation (-AH)of n--~* charge transfer complexes with 
charge transferred (%F) in pyridine-chloranil ~Tstem 
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In the pyridine-chloranil systems, the values of F and -AH for n-~r* com- 
plexes follow the expected trend of the values of pKa (except for pyridine) 
and ionization potential (I.P.) (except for y-picoline) of n-donors.  A similar 
behaviour of F and -AH with the I.P. of ~-donors  (except for a-picoline) 
has also been noted. The descending sequence of the strength of the com- 
plexes, based on the values of F and -AH, is: isoquinoline >quinoline > col- 
l idine> lutidine >/3-  picoline > y-picoline > a -picoline for ~-~r* 
complexes; and eollidine > lutidine > y-picoline > a -pieoline > fl-- 
pieoline > isoquinoline > quinoline > pyridine for n-~* complexes. Similar 
trends have been observed between F and -AH and the I.P. of n-donors of 
n-~* complexes formed in the aniline-ehloranil systems. The sequence of 
donicity in the aniline-ehloranil systems on the basis of F and - A H  is: N,N-  
dimethylaniline > diphenylamine > p- to luidine> o-toluidine > m -  
toluidine > aniline. 

7.7 ~ o  
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~" 7.3 

7.2 

7.1 

7 . 0  I i i I I t t I 
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F 

Fig. 3 The behaviour of ionization potential (I. P.) of n--at* charge transfer complexes with 
charge transferred (%/7) in aniline--ehloranil system 

I. Thermal Anal., 37, 1991 
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The plots between various parameters in Figs 1-3 reveal that there are 
linear correlations between different parameters. The linear correlations be- 
tween the various quantities are: 

pyridine-chloranil systems: 

I.P.(;z) = 13.011 - 0 .371F (r =0.9877) (i) 

I.P.(;z) = 14.562 +1.096 AH (r =0.9899) (ii) 

pKa =-17.240 + 1.28 F (r = 0.8823) (iii) 

pKa =-19.443 - 3.380 AH (r =0.8689) (iv) 

AH ( ;z ) = -  1.584 - 0.325 F (r = 0.9996) (v) 

AH ( n ) = -  0.956 - 0.363 F (r = 0.9989) (vi) 

aniline-chloranil systems: 

I.P.(n) = 8.095 - 0.0166 F (r = 0.9630) (vii) 

The values of various parameters predicted from the linear correlations 
for n-;z* and ;z-z* complexes are also given in Tables 1-3. The agreement 
between the literature values and the values of the various parameters com- 
puted from the correlations seems to be good. The maximum uncertainty in 
the case of I.P. (;z) has been found to be of the order of __.0.15 eV and is 
• in the case of the pKa values of n-donors for the pyridine-chloranil 
systems. The I.E of diphenylamine predicted from the linear correlation be- 
tween I.P. and F (eqn. vii) fits well with the expected trend of I.P. of donors 
(Table 3, col.2). 

Appendix 

VCT-- frequency of the CT band 
a and b - Weighting factors for the no-bond and dative structures of the 

CT complexes 
F - Charge transferred in the CT complex formation 
Rs - Resonance interaction energy of the ground state of the CT com- 

plexes 
h - Planck's constant 
13o - Resonance integral in the ground state of the CT complexes 
S0~ - Overlap integral in the ground state of the CT complexes 
A - Energy difference between the dative and no-bond structures 
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Zusammenfassung  - - A n h a n d  der Charge-Transfer-Spektren yon Molekiilkomplexen aus 
Pyridin-Chloranil und Anilin-Chloranil wurde die Warme ffir die Bildung yon n-x*  und 

- ~r* Charge-Transfer-Wechselwirkungen berechnet. 


