
C H A R G E - T R A N S F E R  C O M P L E X E S  O F  P H E N O T H I A Z I N E  

D E R I V A T I V E S  W I T H  r - E L E C T R O N  A C C E P T O R S  

D.  S i m o v ,  L .  K a m e n o v ,  
a n d  S t .  S t o y a n o v  

UDC 547.869.2:541ot9 

Charge - t r ans fe r  complexes (CTC) of some phenothiazine derivatives with ~-e lec t ron accep-  
tors were obtained. They were used to determine the ionization potentials of the investigated 
donor compounds. The complexing constants of phenothiazine and some of its N-substituted 
derivatives were found. The experimental  data obtained make it possible to draw conclu-  
sions relative to their configurations.  

The investigation of the effect  of complexing on the optical and magnetic proper t ies  of organic com-  
pounds elicits great  in teres t  in view of the possibil i ty of the use of the molecular  complexes as organic 
semiconductors ,  catalysts  in organic synthesis ,  biocatalysts ,  etc. 

Phenothiazine and its der ivat ives  have c lear ly  expressed e lec t ron-donor  cha rac te r  and biological 
action [1-3]. The semiconductor  proper t ies  o fapheno th iaz ine - iod ine  complex were detected in [1] and the 
development of a cation radical  during complexing was established. The ionization potentials of a number 
of phenothiazine derivatives were determined by means of the cha rge - t r ans fe r  complexes (CTC) [2, 3], 
and the problem of the geometry of the CTC of phenothiazine with sym-t r in i t robenzene  was examined by 
x - r a y  diffraction analysis [4]. 

We have previously  shown [5, 6] that the electronic absorption spect ra  of a number of phenothiazines,  
the electronic density,  and the bond o rde r  depend both on the charac te r  of the substituents and on the three-  
dimensional s t ruc ture  of the phenothiazine molecule; i .e. ,  substitution at the nitrogen a tom of the he tero-  
ring leads to an in t ra-  or  extraconfiguration of the compound. This shows that the e lec t ron-donor  cha r ac -  
ter ,  which is associated with the ionizat ion potential,  of various phenothiazine derivatives will depend on 
both the charac te r  and orientation of the substituents and on the three-dimensional  s t ruc ture  [7]. 

It is known that when a CTC is formed,  one can observe  one or  several  bands in the absorption spec -  
t rum that are  not affiliated with either the donor o r  the accepter .  This band (or bands) is associated with 
charge t rans fe r  f rom the donor to the acceptor .  In conformity with [8], the cha rge - t r ans f e r  transit ion en- 
ergy (/kE = hvCT) depends on the electron affinity of the acceptor  (EA), the ionization potential of the do- 
nor  (Ip), and the dissociat ion energy of the excited state (W) : 

h~CT--1~-eA-~7 (1) 

If we consider  a number of complexes of the same acceptor  with different e lect ron donors ,  we can, 
proceeding f rom [8], to a good approximation write 

hVcT = I p + const (2) 

This l inear dependence between hVCT and Ip of the donor is observed for various CTC [3, 9, 10] and 
makes it possible to determine unknown ionization potentials of various donors by means of an exper imen-  
tal determination of the cha rge - t r an s f e r  energies (hv CT). 

In the p resen t  communication,  we presen t  data relative to the ionization potentials of some pheno- 
thiazine derivat ives ,  which were  determined in accordance with Eq. (1) by means of the CTC of a number 
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T A B L E  1. C h a r g e - T r a n s f e r  T r a n s i t i o n  E n e r g i e s  and Ion i za t i on  
P o t e n t i a l s  

Chloranil aceeptor . . . . . . . .  Te._tr.a.Cy_a_n?ethylen e aeeep to r  

Compound [hu CT' e I I~ xp, eV 

Anthracene 
Butylamine 
Diethylamine 
Benzylamine 
N,N-Dimethylaniline 
a-Naphthylamine 

*Our  d a t a .  

1,981 ~0 7,55 ~8 
2,271" 8,7P a 
2,067* 8,0113 
2,206* 8,56 ~3 
1,86 ~~ 7,2014 
1,905 ~0 7,3012 

Compound t hv CT, eVlI~xP, eV 

Naphthalene 
Phenol 
Furan 
Phenanthrene 
Aniline 
N- Methylaniline 
N,N-Dimethylaniline 

2,206* 
2,525* 
2,75519 
2,31719 
2,03218 
1,928 TM 

1,76llS 

8,1217 
8,52 ~ 
8,89 ~3 
8,03 Is 
7,7013 
7,38 ~3 
7,2014 

T A B L E  2. A b s o r p t i o n  Bands  and C h a r g e - T r a n s f e r  T r a n s i t i o n  
E n e r g i e s  of the I n v e s t i g a t e d  CTC 

Compound 
I Chloranil a ~ o r  /Tetracvanoethyleneacceptor 
]XcT. nmpc  r.  eVIIcT, eV !XCT. nmlh'cT.eVl ICT, eV 

Phenothiazine 
N- Methylphenothiazine 
N- Ethylphenothiazine 
N- Propynylphenothiazine 
N- Aeetylphenothiazine 
N- Aeetyl-  3, 7- dibromophenothiazine 
N - Methyl- 3, 7- dibromophenothiazine i 
3, 7-Dibromophenothiazine ] 
3, 7-Dichlorophenothiazine 
Diphenylamine 

725 
686 
670 
675 
662 
656 
680 
710 
715 
652 

1,71 
1,81 
1,85 
1,84 
1,88 
1,89 
1,82 
1,75 
1,74 
1,90 

6,57 
6,96 
7,I0 
7,07 
7,23 
7,27 
7,00 
6,72 
6,68 
7,31 

887 
880 
870 
838 
680 
654 
695 
815 
810 
758 

1,40 
1,41 
1,43 
1,48 
1,80 
1,90 
1,79 
1,52 
1,53 
1,64 

6,58 
6,60 
6,64 
6,72 
7,35 
7,44 
7,25 
6,79 
6,81 
7,00 

T A B L E  30 A b s o r p t i o n  Bands  and C h a r g e - T r a n s f e r  T r a n s i t i o n  
E n e r g i e s  of CTC of  An i l i ne  and P h e n o t h i a z i n e  D e r i v a t i v e s  
wi th  C h l o r a n i l  

Compound XCT' rexp eV XCT' Iexp eV nm -p , Compound nm ] p ' 

Aniline 
N- Methylaniline 
N,N-Dimethylaniline 

5309 
5909 
6759 

7,70 ~3 
7,3813 
7,20 ~4 

Phenothiazine [ 725 6,57 
N - Methylphenothiazine[ 686 ! 6,96 
N- Ethylphenothiazine [ 670 I 7,10 

of  pheno th i az ine  d e r i v a t i v e s  wi th  c h l o r a n i l  and t e t r a c y a n o e t h y l e n e  in c h l o r o f o r m .  

Since  one should e x p e c t  tha t  the t h r e e - d i m e n s i o n a l  s t r u c t u r e  of the dono r s  wi l l  a f f ec t  the t h r e e - d i =  
m e n s i o n a l s t r u c t u r e  of the CTC as  we l l  a s  the r a t e  of i t s  f o r m a t i o n ,  we m e a s u r e d  the r a t e  c o n s t a n t s  for  
the  f o r m a t i o n  of the CTC of p i c r i c  ac id  as  the a c c e p t o r  a t  20 ~ in c h l o r o f o r m .  Us ing  l i n e a r  dependence  (2), 
we d e r i v e d  equa t ions  tha t  l ink h u C T  and Ip for  c h l o r a n i l  and  t e t r a c y a n o e t h y l e n e .  In d e r i v i n g  this  d e p e n -  
dence  we used  a s  e l e c t r o n  d o n o r s  the compounds  ind i ca t ed  in Table  1, in which the e x p e r i m e n t a l  Ip va lues  
t aken  f r o m  [11-15] and the hVCT v a l u e s  a r e  a l so  p r e s e n t e d .  By t r e a t m e n t  of  t h e s e  da t a  by the method of  
l e a s t  s q u a r e s  we ob ta ined  the fo l lowing  e q u a t i o n s ,  which  l ink Ip and hu CT: 

F o r  e h l o r a n i l :  Ip = 3.906 hVCT (eV) - 0 . 1 1 2  �9 0.1; (3) 

F o r  t e t r a e y a n o e t h y t e n e :  Ip = 1.704 hVCT (eV) + 4.20 =~ 0.1.  (4) 

The e x p e r i m e n t a l  ~CT and hUCT v a l u e s  of  the i n v e s t i g a t e d  CTC and the c a l c u l a t e d  [ f rom Eqs .  (3) and 
(4)] i on i za t i on  p o t e n t i a l s  of  the i n v e s t i g a t e d  p h e n o t h i a z i n e  d e r i v a t i v e s  a r e  g iven  in Table  2. I t  is s een  
f r o m  Tab le  2 tha t  the i n t r o d u c t i o n  of ha logen  into the be nz e ne  r ings  in the p p o s i t i o n  r e l a t i v e  to the imino  
g roup  of  p h e n o t h i a z i n e  l e a d s  to a s m a l l  i n c r e a s e  in the i on i za t i on  po t en t i a l  b e c a u s e  of  the weak  e l e c t r o n -  
a c c e p t o r  e f f ec t  of  h a l o g e n s .  R e p l a c e m e n t  of  the h y d r o g e n  a t o m  a t t a c h e d  to the n i t r o g e n  by an acy l  g roup  
l e a d s  to the g r e a t e s t  i n c r e a s e  in Ip,  whi l e  s u b s t i t u t i o n  by an a lky l  group l eads  to an i n c r e a s e  in the c h a r g e -  
t r a n s f e r  t r a n s i t i o n  e n e r g y  and h e n c e  to an  i n c r e a s e  in Ip. 

In a d i s c u s s i o n  of  the s p a t i a l  o r i e n t a t i o n  of the a lky l  g roup  a t t ached  to the n i t r o g e n  a t o m  [16], i t  was  
e s t a b l i s h e d  that  t h e r e  is  a p o s s i b i l i t y  of the d e v e l o p m e n t  of  two c o n f i g u r a t i o n s  ( in t r a  and ex t r a )  tha t  d i f f e r  
wi th  r e s p e c t  to the  s p a t i a l  o r i e n t a t i o n  of the u n s h a r e d  e l e c t r o n  p a i r  of the n i t r o g e n  a t o m .  
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Fig. 1. Dependence of [A] �9 I / d  on 
1/[D] for eomplexing of picr ic  acid 
With phenothiazine (I), N-methylphe-  
nothiazine (2), and N-ethylphenothia- 
Zine (3). 

The spatial orientation of the alkyl 
the geometry of the CTC and hinders the 

When the hydrogen atom attached to the nitrogen is r e -  
placed by an alkyl group, a hypsoc hromic shift of the long-wave band 
by 10-15 nm is observed in the electronic absorption spect ra  [5]. 
In addition, a shift in the signal of the c~-protons in the aromat ic  
rings by 0.3-0.4 ppm to weaker field as compared with the ~ -  
protons of unsubstituted phenothiazine was observed in an �9 
tigation of the PMR spect ra  of these derivatives [6]. These facts 
can be explained by a decrease  in the part icipation of the un- 
shared pair  of e lect rons  of the nitrogen atom to the overall  r -  
e lect ron conjugation due to a change in the configuration under 
the influence of bulky alkyl substituents.  This transit ion f rom 
the intra to ext ra  configuration leads to weakening of the e lec-  
t ron-donor  proper t ies  of N-substituted phenothiazines and to a 
decrease  in the energy of the upper bonding MO [16]. Hence one 
should expect a hypsochromic shift of the cha rge - t r ans fe r  band. 
In fact, it is seen f rom Table 2 that the N-substituted derivatives 
have a higher ionization potential than phenothiazine. If configu- 
ration changes do not occur ,  replacement  of the hydrogen atom 
by an alkyl group should lead to a decrease  in the ionization po-  
tentials as a resul t  of the +I effect of the substitutent,  as occurs  
for aniline and its N-substituted derivat ives (Table 3). The data 
obtained f rom the spec t ra  of the CTC with tetracyanoethylene 
display the same regular i t ies  as in the case of chloranil .  Here, 
however,  the cha rge - t r ans fe r  band of N-alkyl derivatives of 
phenothiazine is expressed more weakly. 

radicals  in phenothiazine derivatives has a substantial effect on 
interaction between the donor and the acceptor .  

We determined the constants of complexing of phenothiazine and N-methyl -  and N-ethylphenothiazine 
with picr ic  acid in ch loroform by the method in [17]: 

[A] .l _ I F 1 I 
d Soompl ~pl' [-~-] ' 

where [D] is the donor concentrat ion in g ram . moles per  l i ter,  [A] is the acceptor  concentration is g ram * 
moles per  l i ter,  d is the absorption of the complex at a selected wavelength, I is the cuvette thickness in 
centimeters-, Kc is the complexing constant  in l i ters per mole,  and ecompl is the molar  extinction coeffi-  
cient of the cha rge - t r ans f e r  band of the complex. 

The dependence of [A] " I / d  on l /[D] is shown in Fig. 1, f rom which the K c and ecomp 1 values (Table 
4), respect ively ,  were obtained. It is seen that when the hydrogen atom attached to the nitrogen is r e -  
placed by an alkyl group the complexing constant (Kc) dec reases .  This is in agreement  with the above con- 
clusions regarding the change in the spatial orientation of the unshared pai r  of e lectrons attached to the 
nitrogen atom in N-substituted phenothiazines.  

u s ing  the Hffckel method (LCAO MO), we determined the energies of the upper occupied MO (E m) 
for some of the donors used in this study. P a r a m e t e r s  taken f rom [6, 16], which correspond to the ap-  
propr ta te  configurations,  were used in the calculations.  It is apparent  (Table 5) that there is agreement  

TABLE 4. ecompl  and Kc Values 
for Complexing of Phenothiazine 
Derivatives with P ic r i c  Acid 

- -  t Kc, liter �9 
Compound I compl mole -1 

Phenothiazine I 380 [ 1,17 
N - Methylphenothiazine 280 0,47 

256 N- Ethylphenothiazine 0,38 

TABLE 5. 
Trans fe r  Energies 

r 

Compound 

Energies of the Upper Occupied MO and Charge-  

Phenothiazine 
3, 7- Dibromophenothiazine 
3, 7 - Diehlorophenothiazine 
N- Methylphenothiazine 
N- Methyl- 3, 7- dibromophenothiazine 

Configuration Era, B units 

intra 0,485 
intra 0,507. 
intra 0,499 
extra 0,686 
extra 0,694 

hv CT' ekl 

1,71 
1,75 
1 , 7 4  
1,81 

1,82 

Ip, eV 

6,57 
6,72 
6,68 
6,96 
7,00 
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between the exper imenta l  h~CT values and the theoret ical  E m values;  this is also in ag reemen t  with the 
configurat ion change when the hydrogen of the imino group is replaced by an alkyl group~ 

EXPERIMENTAL 

Concentrations of the order of 10 -2 M for the donors and 10 -3 M for the accepters in chloroform were 

used to obtain the CTC with chloranil. The picric acid concentration in the determination of the complex- 

ing constants of phenothiazine and its N-methyl and N-ethyl derivatives was i~ �9 10 -2 M~ The molar 

concentration of the donor in all cases was the same - from 2 o I0 -I to 5 o I0 -i M~ In view of the facile 

oxidation of phenothiazine and its derivatives, the solutions of the donors were prepared in vessels covered 

with lightproof paper, and the electronic absorption spectra were recorded immediately after preparation 
of the solutions. The absorption spectra at 400-750 nm were recorded with an SF-10 speetrophotometer, 

while the spectra above 750 nm were recorded with an SFD-2 spectrophotometer. 
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