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In  view of Hammond's warning 6 about  the "Conspiracy 
of errors", found in the case of low values of equilibrium 
constants of charge -transfer complexes a case is made 
out for redetermining the values for the system hexa- 
methylbenzene--2,3-diehloro- 1,4-naphthoquinone. Uncertain- 
ties in the parameters  were est imated using the Liptay s matr ix  
procedure. The soIvent used was diehloromethane. The folIow- 
ing da ta  were obtained at  25 ~ g e t  = 22,220 cm- t ;  
EA = 0.99 eV; K e  ~ 2599 =L 5 7 I U ' e m  - l ' m o l - a .  .emax= 
= 1020 • 148 cm-1 . too l -1  .1;  K = 2.55 -~= 0.37 1 . m o l - 1 ;  
- - A H  = 2.7 ~ 0.3 kcal 'mo1-1 .  

Introduction 

S u b s t i t u t e d  naph thoqu inones  are known  to have  quenching ac t ion  
on the  fluorescence of pyrene  and  an th racene  1. A re la t ionship  has  been 
es tab l i shed  be tween  the  quenching cons tants  and  the  e lect ron af f in i ty  
of the  quencher  molecules ind ica t ing  a charge- t ransfer  in terac t ion .  
I t  was therefore  considered in teres t ing  to  have  the  fo rma t ion  cons tan t  
for the  complexes wi th  i m p o r t a n t  donors de te rmined  as accura te ly  
as possible.  However  the  avai lab le  resul ts  of Chatte~jee 2 on the  hexa-  
me thy lbenzene  (HMB)--2,3-dichloro-l,4-naphthoquinone (DCNQ) sys- 
t em seem to be incons is ten t  wi th  the  d a t a  ob ta ined  on the  chlorosub- 
s t i t u t ed  benzoquinones  b y  Foster s. J u d g e d  f rom the  view poin t  of 
the  K values  of 2.60 ~ 0.25 for the  H M B  complex  wi th  2,6-dichloro- 
p-benzoquinone  (DCBQ) one would expec t  n o r m a l l y  the  fo rma t ion  
cons tan t  for the  naph thoqu inones  to  be lower t h a n  tha t .  Peover ~ has 
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es t in la ted  the  e lect ron aff in i ty  of unsnbs t i t u t e d  1 ,4-naphthoquinone 
to be 0.20 eV lower t han  t ha t  of p-benzoqninone.  F u r t h e r  the  DCNQ 
complex shows a CT absorp t ion  m a x i m u m  ; c T  loca ted  abou t  1390 em - I  
higher  t h a n  that. of the  2 ,6-dichloro-p-benzoquinone complex.  Foster 
and  Matheson a have  made  a s t u d y  of H M B  complex  ~t 19.45 ~ with  
t e t r acyanoe thy l ene  (TCNE),  a ve ry  s t rong e lect ron aeeeptor  and  
t h e y  repor t  a value of only  20.48 for the  fo rma t ion  constant .  There- 
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Fig. 1. D: H M B  (1.63• A: DCNQ (6.45• M: Mixed 
solution having H M B  (1.63 • IO-1M) and DCNQ (6.45 • 10-43//) ; C : Ext ra  

absorption due to C.T. Complex 

fore by  all counts  the  K value  of 6.27 1 �9 mo1-1 for the  H M B  complex  
with  DCNQ observed by  Chatterjee seems to be unusua l ly  high. A re- 
de t e rmina t ion  is called for in view of Hammond's warning  6 and  Yoster's 
observat ions  7 on the  in sepa rab i l i t y  of K and  s values.  The Liptay 
mat r ix  procedure  s, a me thod  h ighly  recommended  b y  Mulliken 9 is 

adop t ed  for  th is  purpose.  

Experimental 
The experimental  procedure and the method of calculation of un- 

certainties in the parameters  are the same as adopted by  Liptay s. Hilger 
Uvispek spectrophotometer was used for the determination of spectra. 
Labora tory  grade hexamethylbenzene (Aldrich Chemical Co.) was re- 
crystallised twice from ethanol;  2,3-dichloro-l,4- naphghoquinone was 
F luka  grade recrystallised from glacial acetic acid. 
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R e s u l t s  a n d  D i s c u s s i o n  

The CT absorption maximum at 450 nm (22,220 cm-1) as given in 
Fig. 1, agrees with that  of Chatterjee 2. But the K vMue as now obtained 
is 2.55 ~= 0.37 1" tool -1, whereas it is 6.27 l - t oo l  -1 as obtained by Chat- 
terjee. The molar absorbance Smax. of the complex is now found to be 
1020 • 148 cm -1 ' mol-r  �9 1 which is about twice as that  reported in the 
earlier work (~ = 526). As we have taken care to quantify the error limits 
of these values by the Liptay procedure, the values can be used to get 
other secondary data. Table 1 summarises all the results obtained on this 
system. 

Table 1 

HMB--DCNQ System at 25 ~ 
in CH2CI2 

~CT 22,220 cm -1 
EA 0.99 e.v. 
K ~ 2599 • 57 12 �9 cm -1 �9 mot -2 
Cmax 1020 ~: 148 cm -1 �9 tool -1 �9 1 
K 2.55 • 0.37 1 �9 tool -1 
- -  A H 2.7 =~ 0.3 kcul �9 tool -1 

The electron aff ini ty value EA was calculated by  the Barley and 
Lyons method 1~ Tile en tha lpy  of format ion was de termined from a 
s tudy  of the var ia t ions  of K z values with temperature .  As the product  
K z values have much less relat ive errors t h a n  K values, the result  
obta ined  for A H this way has bet ter  reliabili ty.  

For  the compounds p-benzoquinone,  chloro p-benzoquinone,  2,6- 
dichloro-p-benzoquinone and  te t rachloro-p-benzoquinone the electron 
aff ini ty  values EA are in  the following order11: 0.77, 0.97, 1.20, and  
1.37 eV. Foster's s tudy  on H M B  complexes 3 with these acceptors 
shows tha t  the K values at  18 ~ t end  to show a parallel correlation, 
their  magni tudes  being 0.58 • 0.02, 1.37 ~= 0.08, 2.60 ~ 0.25, and  
10.29 ~ 0.35 respectively. The weaker the acceptor the smaller is the 
format ion constant .  As the electron aff ini ty value of 0.99 of DCiVQ 
lies between 0.97 of chloro-lo-benzoquinone and 1.20 for 2,6-dichloro- 
p-benzoquinone,  the presertt observat ion tha t  the H M B  DCNQ 
complex has its K value as 2.55 • 0.37 1. mo1-1 seems to be quite 
reasonable. 

This s tudy  highlights the importance of including a rigorous error 
analysis while working on spectrophotometr ic  methods to get the 
properties of weak electron donor acceptor complexes. Brieffleb and 
Liptay's matr ix  procedure 12 has been singularly helpful here in clearing 
an  anomalous s i tua t ion in the report ing and  in te rpre ta t ion  of charge- 
t ransfer  spectral data.  
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