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The absorption spectra of solutions of N-2,6-triehlorobenzoquinonimine in 
organic solvents of varying polarities are investigated. The ability of the 
compound to form molecular complexes in ethanol is discussed. The stability 
constants of the molecular complexes are determined from the spectra in mixed 
solvents. The equilibrium constant of the reaction involving the acquisition of a 
proton by the solute is calculated in water and in water--acetone mixtures. 

(Keywords. Molecular complexe.s; Solvent effects; N-2,6-Trichlorobenzo- 
quinonimine ) 

Ldsungsmitteleff e~te auf das A bsorptionsspe]ctrum yon N- 2 ,6-trichlorbenzochinon- 
irnin 

Die Absorptionsspektren wurden in LSsungsmitteln verschiedener Polari- 
t/it untersucht nnd die Ffihigkeit zur Bildung yon Molekfilkomplexen des 
Substrats in Ethanol diskutiert, wobei die Stabilit/~tskonstanten aus Messun- 
gen in LSsungsmittelgemischen errechnet wurden. Die Gleichgewichtskonstan- 
ten der Protonierung in Wasser und Wasser--Aceton wurden ebenfalls be- 
stimmt. 

Introduction 

Several investigations 1-3 showed that  the absorption spectra of p- 
benzoquinone and related substances belong to aliphatic compounds 
rather than to aromatic ones and that  they exhibit the unsaturated 
diketone conjugation. 

N-2,6-trichlorobenzoquinonimine, as a derivative from p-benzoqui- 
none, has a wide application in chemistry4-7 (e.g. as reagent in 
eolorimetric determination of eoumarin in plant material a or photo- 
metric determination of free or total phenolic acids and propyl 
thiouracil in human serum6,7). 
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The  spec t r a  of N - 2 , 6 - t r i c h l o r o b e n z o q u i n o n i m i n e  have  not  been 
ear fu l ly  r e p o r t e d  p rev ious ly .  So, it  is of in te res t  to  e xa mine  the  
cha rac t e r i s t i c  a b s o r p t i o n  p rope r t i e s  of th is  c o m p o u n d  as a func t ion  of  
the  s t r u c t u r e  of i ts  molecule.  

Experimental 

The compound under test was of pure grade, Schucha.rdt, Mfinchen, (m.p. 
65 67 °C). Purification of solvents carried out by the methods commonly used 
for spectroscopic solvents s. The spectra were recorded within the wavelength 
range 200-600 nm on a Uniea.m SP 1 750 spectrophotometer. 

Results and Discussion 

I n  e t hano l  so lu t ions  (Fig. 1, Tab le  1), the  mos t  in tense  m a x i m u m  
was obse rved  at  280 nm wi th  an  inf lec t ion  at  273 nm. A shoulder  wi th  
low i n t e n s i t y  in the  region 300-310nm is also observed.  

I n  a n a l o g y  to the  spec t r a  o f p - b e n z o q u i n o n e  9,10, the  b a n d s  obse rved  
wi th in  the  270-280nm range  for t he  c o m p o u n d  u n d e r  tes t .  a re  corre- 
spond ing  to  the  ~ =* t r ans i t ions .  The  a b s o r p t i o n  b a n d s  wi th  kma x in the  
r ange  300-315nm are  co r r e spond ing  to  the  ~ ~* t r ans i t i ons  invo lv ing  
charge  t ransfer .  The  charge  t r ans fe r  t a k e s  p lace  f rom the  n i t rogen  a tom 
to the  T:-system (n ~*). Such charge  t r ans fe r  can be r e p r e s e n t e d  as 
fol lows 

CI C1 
FN 

Cl--N O~-CI--N* 0 

C1 C1 

I n  p o l a r  so lvents ,  the  weak  n ~* b a n d  becomes  o v e r l a p p e d  b y  the  
more  in tense  ~ ~* band .  As a consequence  of  this ,  the  n a t u r e  of the  
a b s o r p t i o n  s p e c t r u m  of the  c o m p o u n d  in e t ha no l  differs  f rom those  in 
ch lo ro fo rm or  ca rbon  t e t r a c h l o r i d e  solvents .  

Table 1. Results obtained in different organic s'olvents 

=-=* =-=* ~-~* + C.T 
Solvent 

knm ff x 10 -a knm ff x 10 8 Xn m ff x 10 3 

Ethanol 280 16.8 300 5.7 310 5.14 
CHC13 305 22.2 315 24 
CCI 4 305 21.8 315 24 
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The absorption spectra in CHC1 a and CC14 are quite similar as shown 
in Table I and Fig. 1. The spectrum has two absorption maxima at 
305nm and 315nm. The energies of the electronic transitions and the 
widths of these two bands are practically identical in these two 
solvents. 

1.4 

/ ~ 2 ~  [C°mp°und]=Sxl~)5 M 3  

1.0 / " 1- In ethanol 

c /~\ ,' i 3-1n CHCI 3 
2, / ! 

. I  o.6 ~ /,1 i /  

I I 
250 300 350 h (nm) 

Fig. 1. Spectra in different organic solvents 

The absorption spectrum of the compound in 1 .2NHCt  differs 
considerably Kom those of the ethanolie or CC14 solutions. A new band 
is observed at 275nm and the spectrum does not possess any shoulder 
in the 300-315nm region. Also there is a considerable change in the 
c01our of the solution, from pink in aleohol to green blue. All these 
observations suggest a considerable change in the structure of the 
moleeule owing to salt formation.  

Comparing the speetrum of the eompund in ethanol with its 
analogous derivatives which were previouslyl~ studied, it is found that  
replacement of chlorine a tom in the =N---CI group by a more effective 
electron donating group such as - - P h ,  - - P h ( ) H ,  PI~OCH a or 
- -PhN(CHa)  2 produces a bathoehromic shift in the long wavelength 
band with an increase in its intensity. In this case the efti~ct of the 
carbonyI group or the chlorine a toms at tached to the ring is similar to 
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tha t  of typical  electron accepting groups. The electron accepting 
properties become more pronounced with increase of the effectivness of 
the electron donating group. 

F rom the chromophore - -auxochrome point of view the chromo- 
phore in the above compounds is the quinonimine group. In t roduct ion 
of such auxochromic groups as P h O H ,  PhOCH 3 or PhN(CH3) 2 produces 
a bathochromic shift. All this is associated with an intensification of 
electron conjugation. 

The effect of increasing amounts  of ethanol on the spectra of the 
compound under test dissolved in CC14 were investigated as shown in 
Fig. 2. The increase of ethanol causes a decrease in the intensi ty of the 
charge transfer  band. This indicates the existence of complex species 
resulting probably  from the blocking of the lone pair  on both C = 0 and 
nitrogen a tom through hydrogen bonding with ethanol. 

X + n R O H  ~--X . . . . . . .  R (0H)n  

[ X . . . R ( 0 H ) n ]  
K =  

(X) (ROH) ~ 

For such an equilibrium, the following equation may  be used: 

A o - - A  
- l o g K  + n log C~oi~ (1) 

log A - - A  rain 

A 0 A vs. log CRouis a linear relation from which The plot of log A - - A  min 

n was found to be 1.9, indicating that  2:1 molecular complexes are 
probably  formed. Values of K and A H were calculated and were found 
to be 25 x 10 -4 and 2.2 kcal/mol respectively. These values reveal tha t  
these molecular complexes are not very stable. 

Increasing acidity has its strongest effect on the absorption spectra 
of the compound as shown in Fig. 3. The range of hydrogen ion 
concentrat ion made it possible to observe the shift of equilibrium from 
the cationic to the molecular form 

0 0 : H+ 

N N :H + 
I I 

c1 C1 
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Fig  2. Effect of increasing amounts of EtOH 
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Fig. 3, Effect of [H +] on the spectrum 
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The p ro tona t ion  is directed on to the more basic centres at the C = 0 
g roup  and the ni t rogen atom. 

The isobestic point  observed at 284nm (Fig. 3) indicates the 
existence of such an ac id - -base  equil ibrium. The equilibrium constant  
was calculated based on the appl icat ion of equat ion (2). 

A - - A m i  n 
log [H +] = p K  + lOgAmax__A t- log,( (2) 

A ---Ami n 
A plot of the term log A m ~ x - - A  a.s a funct ion of  log [H +] yielded a 

linear relat ionship allowing to calculate a p K  value o f - - 0 . 1 2 .  
Such a small p K  value of  the react ion involving the acquisit ion of a 

pro ton  by  the compound  can be explained by  recalling tha t  electron 
migra t ion in these molecules appears  to  occur under  the influence of  
two opposite effects t2. On the one hand.  the unshared (p) electrons of 
ni t rogen are displaced towards  the r ing:  on the other  hand,  there is a 
t endency  for the 7: electrons to localize at the oxygen and ni t rogen 
atoms,  as the most  electron negat ive  ones relat ive to the carbon atom. 

The p K  value of  this compound  was also calculated in 50~, 
water  acetone mix ture  and was found to be - -0 .19 .  This value shows 
the dependence  of  the p K  value on the  na tu re  of the solvent  12. The 
polar  environment,  p robab ly  facil i tates the t rans i t ion  of  the molecules 
into a more p ro toaecep to r  form, and this has an effect on the shift of  the 
cationic fo rm of the  substance.  
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