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T h o s e  s t r u c t u r e s  of a r o m a t i c  i m i d a z o l e s  t ha t  can  be r e a l i z e d  in p o l y b e n z i m i d a z o l e s  w e r e  
i n v e s t i g a t e d  wi th in  the f r a m e w o r k  of the c o m p u t a t i o n a l  s c h e m e  of the  P a r i s e r - P a r r -  
P o p l e  m e t h o d .  The f e a t u r e s  of the e l e c t r o n i c  s t r u c t u r e s  of the  i n v e s t i g a t e d  m o l e c u l e s  
w e r e  e x p o s e d .  /~ j u d g m e n t  i s  e x p r e s s e d  r e l a t i v e  to the s t r e n g t h  c h a r a c t e r i s t i c s  of the  bonds  
in the i m i d a z o l e  r i n g s  d u r i n g  t h e r m a l  o r  t h e r m a l  ox ida t ive  d e s t r u c t i o n  of a r o m a t i c  p o l y -  
b e n z i m i d a z o l e s .  The s t e r e o i s o m e r i s m  of d i b e n z i m i d a z o l e s  was  e x a m i n e d .  The UV a b s o r p -  
t ion s p e c t r a  of the i n v e s t i g a t e d  c o m p o u n d s  w e r e  i n t e r p r e t e d .  

The p r e s e n t  c o m m u n i c a t i o n  c o n t a i n s  i n f o r m a t i o n  on the r e s u l t s  of c a l c u l a t i o n s ,  wi th in  the f r a m e w o r k  
of the p a r i s e r - P a r r - p o p l e  m e t h o d ,  of  m o l e c u l e s  c on t a in ing  i m i d a z o l e  r i n g s .  In th i s  c a s e ,  we w e r e  f i r s t  
of a l l  i n t e r e s t e d  in s t r u c t u r e s  t ha t  m a y  be r e a l i z e d  in the c o n s t r u c t i o n  of p o l y b e n z i m i d a z o l e  m a c r o m o l e -  
c u l e s  [2]. I m i d a z o l e  (I), 2 - p h e n y l i m i d a z o l e  (II), b e n z i m i d a z o l e  (III), 2 - p h e n y l b e n z i m i d a z o l e  (IV), s t r u c t u r e s  
of c o n d e n s e d  i m i d a z o l e  and b e n z i m i d a z o l e  r i n g s  (V-VIII ) ,  and  m o d e l s  c on t a in ing  d i f f e r e n t l y  l i n k e d  b e n z i m i d -  
azo le  r i n g s  (IX-XI) ( F i g s .  1 and 2) w e r e  i n v e s t i g a t e d .  Some  of the i n d i c a t e d  c o m p o u n d s  have  a l r e a d y  been  
the s u b j e c t  of  q u a n t u m - c h e m i c a l  i n v e s t i g a t i o n  {for e x a m p l e ,  s e e  [3-5]) .  

*See  [1] fo r  c o m m u n i c a t i o n  III .  

TABLE I. Energy and Spectra Characteristics of Imidazoles 

Comp. [Eto t i 

I 92,803 
II 170,404 

Ill 143,069 
IV ]219,499 

208,967 
209,009 
360,824 
646,222 
439,529 
286,670 
286,675 
286,675 
286,691 
286.688 
286,67.4 

V 
Vi 

VI 
VII 

VIII 
IX 
IXi 
X 
xi  

XI 
XIi 

~ v  i I ! I i ! :~"~ . . . .  r 
E~b' EVR" C~R/~'IEint&'~-SUO"-eLV.':~6' calc.,sym, exptl, litera- 
eV eV 1 eV ~l eV :eV eV nrn" I ture . .  [nrn type 

9243 4367 072781 19,780] 
I9:8841 8:384 i 0:69871 0,583 ] 9,257' 
14,869 6,672 0,66721 - 9,386 
24,339 10,358 0,6474! 0,532 9,167 

I 

a 5 2 7  9,613! 0,686  - 8, 47 
[9,569/ 9,65511 0,6896 8,631 
 7,464j 16,702 i 0,6424:0,5 0 8,547 
36,462 ! 30,362 0,6600 0,508 8,546 
t9,209121,247 i 0,6640 ~ 0,532 8,780 
10,2701 13,8761 0,6938 0,532 8,835 
~0,275113,881 0,69411 0,537 8,837 
10,275[ 13,8811 0,6941] '0,537 8,799 
10,291[13,897] 0,69491 0,553 8.775 
10288 13894/ 06947 0,550  0:274113;88010:6940 t 8,806 0,536 8,796 I 

P P 
0,139 ! --  :201 207 13 
1,582 267 271 13 
1,387 0,431 247 245 15 
2,055 0,422284 302 16 

.]3o~' Ro 3oo 2 
1204 0,41~ ~93 ~: 295 2 
1,743 0,425 293 - -  
2,269 0,408 318 339 2 
2,566 0,406 323 - -  ' - -  

2,015 0,420293 
1,508 0,430i276 
1,547 0,430 276 
1,825 0,428 291 
1,816 0,432 289 
1,670 0432 284 
1,682 0,431 282 

Bu 
Be 
B2 

293 2 
Bu 

I 

* The Amax v a l u e s ,  which  w e r e  t aken  f r o m  [2], w e r e  ob t a ined  fo r  s o l u -  
t i ons  in H2SO4, whi l e  t h o s e  t a k e n  f r o m  [13, 15, 16] w e r e  ob t a ined  fo r  
s o l u t i o n s  in n o r m a l  h y d r o c a r b o n s .  

The c a l c u l a t e d  o s c i l l a t o r  s t r e n g t h  w a s  l e s s  than 0.08.  
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Fig. I. Molecular diagrams of aromatic imidazoles in the grotu]d state. 

-0)302 - 0)303 

+07051 . ~ N  ~ON~')$~' -t-0)051 ~ N ~  
")'0 003 0~' o -07001 ~, 0~744 0 

' , . . j  
'-o,o,A / -%\ /#'-- .o,3;9 N_.J  -%x_._J ~ 

-- 0),043 --0)012 0,7450'  -0 ,042- -0 )008  07551 O ~ k i , ~ 1  ~ ~ 

+0,377 IX +o,379 ix l_ o, 

+0w051 ~ N ~  i , ~ N , ~ , ~ l  +01.053 N 

-0)073 ~ 

LL/_~:~o,2o~Y \% # :  jF--",~ N ~ _  / . . . .  .ko, ,9 ,~/  \o,<.,,, 
+ 01302+ 0)010 ,=~ 0)468 , N 0 +O)OOg ~.~ 

"t" 0)002 -0w012 -- 0t750 
x " x l  ",',>:'+l'~..~ ~ +0p379 

- -  O) 3 0  ~, - 0 ) 3 0 2  
I*'~ 0 +OwO09 .q, 0 , .>+0~052 $ 0 H 

+ ~ 1 7 6  ~ , , ~ . : ~  . . . . .  o~."<r.+o,o,o.,,oo,~ -o ,o . .o ,ool  
0 '3"0)561~ v~= O} 0 5500~ 0 ~ ~v iV~O ~'%0)~510 ) ~ 0)7490 

N 0 0 296 0 ~ 0 295 ,0)~6 --0)30,2 o:,  o,ooo X  o,oo, 
. ) . ~ v  ~t ' - - -  0i74& t"0t050 

- 0 # 0 1 - 0 ~ 0 1 5  - 0 6 : , 0 6 - 0 , o ( 0  - - - , 

~',,, XJ i + 0,376 

Fig. 2. Molecular diagrams of s t ereo i somer ic  dibenzimidazoles  in the 
ground state.  

The details of the calculation and the parameters  used were reported in [6]. ~ l l  of the calculated 
rings were assumed to be regular polyhedra with bond lengths of 1.38/~ in the case  of imidazole  and con-  
densed rings and 1A0 A for terminal  aromatic rings.  The C - C  bond lengths between the rings were as -  
sumed to be 1.50 A .  The following energy characterist ics  (Table 1) were calculated for the investigated 
heterocycles :  total (Etot), n-bond (E~b) , and resonance (EVR) energies ,  resonance energy per ~ e l e c -  
tron {EVR/n) , energy of interaction of the heterorings with one another (Eint/m) [7], and energies  of the 
upper occupied (eUO) and lower vacant (8 LV) MO. In addition, the magnitudes of dipositive character of 
bond a of the imidazole  rings (Z 64) and the positions of the maxima of the long-wave absorption bands 
CA max) are indicated in Table 1. 

M o l e c u l a r  D i a g r a m s  

The diagrams of the distribution of the x electrons for all of the investigated molecules  are pre-  
sented in Figs .  1 and 2. The imidazole ring itself  (D is character ized by an uneven distribution of the ~ - 
e lectron density (Ucalc -~ 3.5 D). A significant fraction of the unshared pair of e lectrons of the pyrrole 
nitrogen, namely,  about 0Ae,  migrates  to the remaining atoms of the ring, so that they all have excess  
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e lec t ron  densi ty .  The m o s t  nucleophil ic  of the r ing ca rbon  a toms turns out to be C(@. The data on the 
dis t r ibut ion of cha rges  in the imidazole  r ing are  in good a g r e e m e n t  with the known high po la r i ty  of imid-  
azole ~u -~ 3.8-4.0 D [8]) and its r eac t iv i ty  (e lectrophi l ic  substi tut ion in the neu t ra l  f o r m  of the molecule  
occurs  at  the 5, 4, and - to a somewhat  l e s s e r  e x t e n t -  2 posi t ions [9]). Of the bonds between the carbon 
and ni t rogen a toms  in the he t e ro r ing ,  the N(t)-C(@ (bond e in the imidazole  ring) has  the lowes t  o r d e r  and 
i t  can the re fo re  be cons ide red  to be the l e a s t  r e s i s t a n t  to homolyt ic  d is in tegra t ion .  The moIecu l a r  d ia -  
g r a m  of I obtained in the p r e s e n t  study s e e m s  p re f e r ab l e  to the one p resen ted  in [5] if only because  the 
C(2 ) a tom in [5] turns  out to be the cen te r  of a t tack by a nucleophilic agent,  while it is known [10] that  
imidazole  is ineapable~ for  example ,  of undergoing aminat ion at this carbon a tom.  

Judging f rom the m o l e c u l a r  d i a g r a m s ,  the phenyl group in the 2 posit ion of imidazole  (see II) leads 
to a ce r t a in  i nc rea se  in the a roma t i c i t y  of the he te ro r ing .  This is p a r t i c u l a r l y  mani fes ted  in the tendency 
for  equal izat ion of the bond o r d e r s .  Despi te  the genera l  e l e c t r o n - a c c e p t o r  c h a r a c t e r  of the benzene ring 
with r e s p e c t  to the imidazole  r ing,  the o rde r  of bond e i n c r e a s e s  somewhat .  

The pr inc ipa l  e f fec t  of annelation of imidazole  and benzene r ings  (III) f rom the point of view of the 
e lec t ron  dis t r ibut ion in the imidazole  r ing should be cons ide red  to be the appearance  of a diposi t ive 
+ 4- 
C - N  bond (bond a of the imidazole  ring); according  to the exis t ing concepts  [11], this should lead to the 
poss ib i l i ty  of hydrolyt ic  d is in tegra t ion  of the he te ro r ing  at this bond. A m e a s u r e  of the diposi t ive c h a r -  
a c t e r  of this bond is the magnitude of the overa l l  effect ive posi t ive charge  on the a toms  that  make up this 
bond (~5+). In benzimidazole  (III), the e lec t ron  densi ty  is shifted to a cons iderable  degree  f rom the imid -  
azole r ing to the benzene r ing .  Moreove r ,  the o r d e r  of bond e is reduced  cons ide rab ly .  

The diposi t ive c h a r a c t e r  of bond a An 2-phenylbenzimidazole  (IV) is reduced  as c o m p a r e d  with 
benz imidazole ,  but bond e in this case  has somewhat  i nc reased  o r d e r .  

The fo rmat ion  of benzodi imidazole  s t ruc tu re  (V) is c h a r a c t e r i z e d  by an apprec iab le  change in the 
dis tr ibut ion of the e lec t ron-dens i ty .  Moreover ,  the diposit ive c h a r a c t e r  of bond a is somewhat  reduced,  
and the d e c r e a s e  in the o rde r  of bond e is e x t r e m e l y  not iceable .  A compar i son  of the molecu la r  d i ag rams  
of V and d ibenzimidazoles  on the bas is  of diaminobenzidine (IX) shows an inc rease  in the l a t t e r  of the 
o rde r s  of bond e and the 2~5 + va lues .  S imi l a r  e f fec ts  are  obse rved  when VI is c o m p a r e d  with VIII .  We 
also note tha t the  c a r b o n - c a r b o n b o n d  between the benzimidazole  r ings  in VIII has only a somewhat  l a r g e r  
o rde r  than the co r respond ing  bonds between the he te ro r ings  and the t e rmina l  phenyl g roups .  

A c o m p a r i s o n  of the m o l e c u l a r  d i a g r a m s  of VI and VII con f i rms  the judgment  we e x p r e s s e d  in p r e -  
vious communica t ions  r ega rd ing  the invar iab le  c h a r a c t e r  of the d is t r ibut ion of cha rges  when the chain of 
the m a c r o m o l e c u l e  is lengthened (also see [12]). 

Thus an ana lys i s  of the mo lecu l a r  d i a g r a m s  obtained makes  it poss ib le  to conclude: 1) the weakes t  
bond in the imidazole  r ings of po lybenz imidazoles  for h o m o l ~ i c  d is in tegra t ion is bond e, while the mos t  
e lec t rophi l ic  bond is bond a .  This  means  that  the d is in tegra t ion  of the imidazole  r ing of po lybenz imid-  
azole should occur  p r i m a r i l y  due to homolyt ic  d is in tegra t ion  of the N(1 )-C (5) bonds and hydro lys i s  (or 
o ther  type of nucleophil ic cleavage)  of the N(D-C (,~) bonds;  2) a phenyl group in the 2 posit ion in all s t r u c -  
tu res  leads to a ce r ta in  s t rengthening of weak bonds, i .e. ,  to an i nc r ea se  in the homolyt ic  s tabi l i ty  of the 
imidazole  r ings ;  the h e t e r o l ~ i c  s tabi l i ty  is also inc reased  in this case ;  3) the e lec t ron  densi ty on the 
ni t rogen a toms in the he t e ro r ings  changes only s l ight ly when a phenyl group is introduced into the 2 pos i -  
tion, while annelation with a r ing of a roma t i c  c h a r a c t e r  leads to a sha rp  dec r ea se  in the effect ive posi t ive 
charge  on NH and an inc rease  in the e lec t ron  densi ty on the pyridine ni t rogen atom; 4) the s imul taneous  
p re sence  of acid and bas ic  p r o p e r t i e s  in the imidazole  r ings  should p romote  assoc ia t ion  of the polybenz-  
imidazole  m a c r o m o l e c u l e s  through the fo rmat ion  of s t rong hydrogen bonds; 5) the imidazole  r ings in 
po lybenz imidazoles  based  on diaminobenzidine should be more  r e s i s t a n t  to homolyt ic  r eac t ions  and l e s s  
r e s i s t a n t  to hydro lys i s  than in the case  of analogs based on t e t r aminobenzene .  

C h a r a c t e r i s t i c s  o f  t h e  E x c i t e d  S t a t e s  

The calcula ted  e lec t ron ic  absorpt ion s p e c t r a  of the inves t iga ted  compounds are  r e p r e s e n t e d  s c h e m a t -  
i ca l ly  in Figs .  4 and 5. The mo lecu l a r  d i ag rams  of the s ta tes  co r respond ing  to the long-wave e l e c t r o n -  
ic exci ta t ion are  p re sen ted  in Fig .  3. 
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In the opinion of Leandri  and c o - w o r k e r s  [13], the absorption of imidazole at 207-208 nm is due to 
convers ion of the symmet r i ca l  and s t ruc tura l ly  covalent compound to the a symmet r i ca l  and polar  

NH=CH--~N--CH=CH. However,  f rom our  data it turns out that in the presence  of long-wave excitation 
i J 

there  is considerable impover ishment  in v e lec t rons  of all the ring carbon atoms,  such that the carbon 
atoms in the 4 and 5 positions are conver ted  f rom nucleophilic centers  of the molecule to electrophil ic  
cen te r s .  The orders  of the C -----C and C ----N bonds are reduced in this case (by a factor  of approximately 
two). If one judges f rom the change in the charge  on the nitrogen atoms,  the acidity of the NH groups de-  
c r e a s e s  during excitation, while the bas ic i ty  of the pyridine nitrogen atom inc reases .  

The long-wave absorption bands of II are associa ted with charge migrat ion toward the aromat ic  
r ing.  In this case the multiplici ty of the bond between the r ings increases  by a factor  of 1.5. If one fol-  
lows the position of the bands of this nature in the investigated 2-phenyl-subst i tuted imidazoles ,  their  
ba thochromic  shift, which can be in terpreted as an increase  in the effect iveness of conjugation in the c o r -  
responding macromolecu les ,  is apparent .  A bathochromic shift of the long-wave absorption of 50-100 nm 
on passing f rom the spec t rum of the model to that of the polymer  was exper imenta l ly  noted in [2]. 

F r o m  the d iagrams of the distr ibution of e lec t ron  density in the excited states of the molecules  it 
is seen that the weakest  bond in the excited states is bond e, i.e., homolytic cleavage of the imidazole 
r ings in the excited s tates  also should occur  p r imar i l y  at these bonds. 

S t e r e o i s o m e r i s m  of  D i b e n z i m i d a z o l e s  

In polybenzimidazoles  based on diaminobenzidine one can imagine s t ruc tu res  in which the imidazole 
r ings are in the cis and t rans  positions relative to the bond that links the r ings .  In addition, cis or  t rans  
positions of the NH groups are possible for one or another position of the imidazole r ings .  In other  words,  
six s t e r eo i somer s  can exist  in dibenzimidazoles .  All of the indicated s t e r e o i s o m e r s  were calculated, and 
the resul ts  are presented  in Table 1 and in Figs .  2 and 5. 

A compar ison  of the molecular  d iagrams of all of the possible i somers  shows ve ry  insignificant 
changes in the cha rac t e r i s t i c s  of the e lec t ron  distr ibution.  Moreover ,  sine the energ ies  of interact ion of 
the benzimidazole r ings (Eint) proved to be about 0.5 eV/ l ink ,  it is difficult to conceive of the possibi l i ty 
of s t e reo i somer iza t ion  at room tempera tu re .  It is possible only in the presence of these or  other  energy  
effects .  The energy  cha rac t e r i s t i c s  of the i somers  under considerat ion (Table 1) also differ only sl ight-  
ly. However,  a compar i son  of them makes it possible to note that t rans orientation of both the r ings them- 
selves and the NH groups is somewhat  more  favorable f rom an energy  point of View in all cases .  

Thus rea l  polybenzimidazoles based on diaminobenzidine may, with equal probability,  contain all of 
the six s t e r e o i s o m e r s .  The predominance of one or another i somer  should be determined by, for example, 
the requi rements  of dense packing of the macromolecu les  r a the r  than by the energies  of the ~ e lec t rons .  

An attempt might have been made to solve the problem of the concentrat ion predominance of one or  
another s t e r eo i som er  by means of UV spec t roscopy .  The resul ts  of a theore t ica l  examination (Table 1 
and Fig.  5) have shown that s t e r eo i somer s  with different types of fusion of the benzimidazole r ings (5 ,5 ' - ,  
6 ,6 ' - ,  or 5,6'-)  are spec t ra l ly  different;  however,  one should not expect  differences in the UV spec t ra  of 
dibenzimidazoles  with a eis or t rans  orientation of the imidazole r ings .  We also note that the exper iment -  
al long-wave absorption (kmax) for po ly -2 ,2 ' - t e t r amethy lene-6 ,6 ' -d ibenz imidazo le  (293 nm) [2] is in good 
agreement  with the resu l t s  obtained by calculation (291 nm). This may serve as a confirmation of the 
co r r ec tne s s  of the s t ruc ture  proposed  in [2] for this polymer .  The UV absorption on the shor t -wave wing 
of the long-wave band should increase  in the case of the possible existence of products of prototropic 
t ransformat ion ,  for example,  5-5'  i s o m e r s .  

In conclusion,  we repor t  one of the interest ing proper t ies  of polybenzimidazole films, namely,  the 
deepening of their  color  on heating and disappearance of color  when the film is removed f rom the heat  
source .  This t h e r m o c h r o m i s m  of polybenzimidazole films was previously  descr ibed  in [14] but has not 
yet been given a sa t i s fac to ry  theore t ica l  in terpreta t ion.  Unfortunately, the data on the e lectronic  s t ruc -  
ture of the macromolecu le  of aromat ic  benzimidazole that were obtained in the presen t  study are insuffi-  
cient  for the exposition of the true reasons  for  the presence  of t he rmoch romism in p01ybenzimidazoles.  
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