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The r e su l t s  of ca lcula t ions  by the P a r i s e r - P a r r - P o p l e  method and the expanded H~cke l  
method of o l igomer ic  compounds and f r agmen t s  f rom which a roma t i c  polyimide m a c r o m o l e -  
cules a r e  cons t ruc ted  are  p resen ted  and d i scussed .  In connection with the con t rove r s i a l  
c h a r a c t e r  of the p rob lem of the s t ruc tu r e s  of the in te rmed ia tes  in the des t ruct ion of poly-  
imides  and the use ,  in this case ,  of the concept  of i m i d e - i s o i m i d e  r e a r r a n g e m e n t ,  the 
re la t ive  advantageousness  of the t au tomer ic  f o r m s  of imides  is evaluated,  the par t ic ipat ion 
of the imide ring in one or  another  f o r m  in conjugation is d i scussed ,  the spec t r a l  d i f fe rences  
in the f o r m s  are  es tabl i shed,  e tc .  The s t rength  c h a r a c t e r i s t i c s  of the bonds in polyimides  
were  e s t ima ted  in connection with the poss ibi l i ty  of homolyt ic  and hydrolyt ic  c leavage  of 
poly imides  at these  bonds.  

The p re sen t  communicat ion  contains the r e su l t s  of an invest igat ion,  within 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  (PPP) method and the extended H[ickel method (EHM), of o l igomer ic  compounds and 
f r agmen t s  f r o m  which a rom a t i c  polyimide m a c r o m o l e c u l e s  - r ep r e sen t a t i ve s  of one of the p romis ing  
c l a s s e s  of h e a t - r e s i s t i n g  p o l y m e r s  [2] - a re  cons t ruc ted .  Maleinimide (I), N-phenylmale in imide  (II), 

ph tha l imide  (III), N-phenylphthal imide (IV), and the i r  iso fo rms  (Ii, IIi, IIIi, and IVi, r espec t ive ly) ,  p -pheny l -  
ene-N,N ' -d iph tha l imide  (V), py romel l i t imide  (VI), N,N--diphenylpyromell i t imide (VII) and its u n s y m m e t r i c a l  
iso fo rm (VIii), d iphenyl te t racarboxyl ic  acid N,N' -d iphenyldi imide  (VIII), as well  as the d i m e r  (IX) of a r o -  
mat ic  pyromel l i t imide  (Figs. 1 and 2) were  ca lcula ted .  The methodical  deta i ls  of the calcula t ions  and the 
p a r a m e t e r s  used  were  r epo r t ed  in [3]. In addition, we note that  when the var iab le  ~ method [4,5] is used,  
the compar i son  of the quan tum-chemica l  c h a r a c t e r i s t i c s  of the molecu les ,  ca lcula ted  with the so -ca l l ed  di f -  
fe ren t  "r ing c h a r a c t e r , "  should be made quite caut iously .  Our calcula t ions  demons t r a t ed  that values  such 
as the total  e lec t ron  energy ,  the ~-bond energy ,  and the ver t i ca l  r e sonance  ene rgy  depend cons iderab ly  on 
the se t  of var ia t ion  constants  used.  The use  of the so -ca l l ed  mono- ,  b i - ,  or t r i eyc l i c  var ia t ion constants  
has v i r tua l ly  no effect  on the c h a r a c t e r i s t i c s  of the e lec t ron-dens i ty  distr ibution and, consequently,  on the 
dipole momen t s  and the energ ies  of the upper  occupied and lower vacant  MO. The r e su l t s  obtained with 
identical  se ts  of var ia t ion  constants  should, of cour se ,  be used in the compar i son .  

In the ca lcula t ions ,  al l  of the compounds were  a s sumed  to have planar  s t r u c t u r e s ;  all  of the r ings  
were  a s sumed  to be r egu l a r  polygons.  The lengths of all of the bonds in the imide and condensed (with the 
imide r ings)  a roma t i c  r ings  were  1.38 A, while the lengths of the bonds in the uncondensed benzene r ings  
were  1.40 . The exocycl ic  bonds were  d i rec ted  along the b i s ec to r s  of the cor responding  externa l  angles 
and had the following lengths: C - ~ O  1.22 A, C-----N 1 .27A,  = N - C  1.35 ~ ,  and c a r b o n - c a r b o n  bends b e -  

o 

tween the r ings  1.50 A.  

*See [1] for  communicat ion II .  
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Fig .  1. Molecu la r  d i a g r a m s  of imide  fo rms  (PPP method) .  
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Fig .  2. Molecu la r  d i a g r a m s  of i so imide  fo rms  (PPP method).  

R E S U L T S  A N D  D I S C U S S I O N  

Molecu la r  D i a g r a m s .  The d i s t r ibu t ions  of the e l ec t ron  dens i t i e s  in the ground s t a t e s  of the i n v e s t i -  
gated molecu les  a r e  p r e sen t ed  in the fo rm of m o l e c u l a r  d i a g r a m s  in F i g s .  1 and 2. A l a rge  nonuniformity  
in the d is t r ibut ion  of the cha rges  on the a toms and a cons ide rab le  d i f fe rence  in the o r d e r s  of the bonds in 
the imide r ings  a re  common to a l l  of them,  which may  be evidence for  the i r  low a roma t i c  c h a r a c t e r .  There  

a r e  ~ - ~  bonds and a l a r g e  e x c e s s  of e l ec t ron  dens i ty  on the oxygen a toms of the ca rbonyl  groups  in all  of 
the imide r i ngs .  

The effect  of the addition of a benzene r ing  to the imide  r ing  at the N atom or  of condensat ion (annela-  
tion) of these  r ings  on the e l e c t r o n - d e n s i t y  d i s t r ibu t ion  in the imide  r ing can be judged f rom a c om p a r i son  
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T A B L E  1. C h a r a c t e r i s t i c s  of  t he  E l e c t r o n  T r a n s i t i o n s  

and  C a l c u l a t e d  D i p o l e  M o m e n t s  of  t h e  G r o u n d  (u g r )  and  
E x c i t e d  ~ ex)  S t a t e s  

Structure ] pgr, D L .~ ,  nm fo-a ex ~a , D  

I I 0 , 0 4  

Ii 1,42 

II 1,12 

H i  1 , 8 8  

III 1,95 

IIIi 2,02 

IV 2,44 

IVi 2,31 

Viii 1,83 

VIII 2,24 

300 
247 
259 
247 
370 
285 
359 
302 
304 
286 
288 
260 
333 
266 

355 
284 

391 
361 

34l 
336 

0,01 0,73 
0,92 0,63 
0,70 3,92 
(1,3,4 3,78 
0,03 14,62 
0 18,57 
0,95 10,68 

~0  11,81 
0,09 5,34 
0,02 8,30 
0,11 5,14 
0,43 7,53 
0,01 13,95 

NO 19,70 
0,86 10,60 

~0  14,16 
0,72 15,26 
0,20 18,55 
0,03 5,19 
0,07 6,35 

T A B L E  2.  C a l c u l a t e d  C h a r a c t e r i s t i c s  of  I m i d e s  w i t h  D i f f e r e n t  
S t r u c t u r e s  * 

S~'UC~.I E AE Ey. R ~V.O.  ~ l a v .  PN--Ar E6 + 

I 12,459 
Ii 11,710 
II 23,172 
IIi 22,592 
III 20,377 

IIl i  19,587 
IV 31,096 

IVi 30,454 
V 52,128 

VI 30,563 
VII 51,988 

VIi i  51,365 
VIII 62,770 

IX 93,918 

0,749 

0,580 

0,790 

0,642 

0,623 

3,775 
3,480 
7,864 
7,738 
7,237 
6,901 

11,332 
11,144 
19,224 
10,967 
19,144 
18,975 
23,242 
34,924 

[0,4719 0,--5~ - -  ] 0,4350 
10,5617 0,655 

[0,55270,57510,60310,824 0,824 

0,6296 0,~1 0,~1 
0,6191 [ 0,809 0,809 
0,6408 1,3t6 0,658 

10,6093 
0,6381 1,309 0,655 
0,6325 
0,6456 0'661 t 10'661 
0,6467 0,578 0,578 

1,308 0,654 

- -  1 1 , 0 5 t  
-- 10,673 

-- 9,823 
--9,483 

-- 10,734 
-- 10,421 
--9,723 
"9,345 
--9,333 

- -  10,998 
-- 9,878 
--9~552 
--9,761 
-- 9,659 

-- 3,422 
-- 3,300 
--3,511 
-- 3,506 
-- 2,972 
-- 2,880 
-- 3,050 
--3,122 
- -  3 , 0 0 9  
-- 3,806 
- -  3 , 9 0 8  
- -  3,862 
-- 3,458 
--3,916 

0,280 
0,378 

0,283 
0,368 
0,283 

0,280 
0,371 
0,282 
0,303T 
0,281 

0,544 

0,582 

0,~5 

0,592 

0,593 
0,553 
0,590 

0,592 
0,591 

* T h e  e n e r g y  v a l u e s  a r e  g i v e n  in e l e c t r o n  v o l t s .  

* T h e s e  v a l u e s  c h a r a c t e r i z e  t h e  c a r b o n - c a r b o n  b o n d s  in the  d i -  
p h e n y l  f r a g m e n t .  

of  t h e  m o l e c u l a r  d i a g r a m s  of  I w i t h  II  o r  I I I  (see  F i g .  1).  In bo th  c a s e s ,  one  n o t e s  an i n c r e a s e  in t h e  o v e r -  
a l l  e f f e c t i v e  p o s i t i v e  c h a r g e  on t h e  a t o m s  f o r m i n g  the  C - N  bond  [Z6 +(Y-~+= 6 0 + 6 ~ ) ] ,  and i t  i s  s o m e -  
w h a t  g r e a t e r  f o r  I I .  

T h e  e l e c t r o n - a c c e p t o r  e f f e c t  of  t h e  b ~ n z e n e  r i n g  w i t h  r e s p e c t  to  t h e  i m i d e  r i n g s  in the  c a s e  of  N -  

a d d i t i o n  of  t h e  b e n z e n e  r i n g  i s  e v i d e n t  f r o m  t h e  o v e r a l l  p a t t e r n  of  the  e l e c t r o n - d e n s i t y  r e d i s t r i b u t i o n .  In 

t h i s  c a s e ,  t h e  m e s o m e r i c  m o m e n t  of  t h e  N - *  C6H 5 g r o u p  i s  d i r e c t e d  t o w a r d  t h e  b e n z e n e  r i n g  and  i s  abou t  

0.5 and  0.6 D f o r  II  and  IV,  r e s p e c t i v e l y  (Tab le  1).  T h e  v a l u e s  o b t a i n e d  a r e  s o m e w h a t  h i g h e r  t han  t h o s e  in 
the  l i t e r a t u r e  [6, 7], bu t  o u r  e s t i m a t e  s e e m s  m o r e  r e a s o n a b l e  t o  u s .  

T h e  f o r m a t i o n  of  p y r o m e l l i t i m i d e  s t r u c t u r e  VI  a g a i n  l e a d s  to  a c e r t a i n  a d d i t i o n a l  r e d i s t r i b u t i o n  of  t he  
e I e c t r o n  d e n s i t y  a s  c o m p a r e d  w i t h  t h e  a d d i t i v e  s u m m a t i o n  of  t h e  c h a r g e s  of  t h e  two  p h t h a l i m i d e  r i n g s .  H o w -  
e v e r ,  the  e l e c t r o n  d i s t r i b u t i o n  c h a r a c t e r i s t i c s  t h a t  we  o b t a i n e d  do n o t  c h a n g e  f u r t h e r  d u r i n g  the  f o r m a t i o n  
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Fig. 3. Calculated energies ~max) and 
osci l la tor  forces  (f) of the electron 
t ransi t ions  to the singlet excited s ta tes .  

of s t ruc tures  that are  mos t  likely rea l ized in polypyromel l i t -  
imides (see V, VII, and IX) and can be considered to be those 
for the corresponding f ragments  of the polymer  molecule.  

Let  us examine the effects of N-phenyl substitution and 
annelation of the imide ring, as well as an increase  in the 
chain length of the molecule and different methods of bonding 
the f ragments ,  if this is judged f rom such computational 
cha rac te r i s t i c s  as a change in the ~-bond energies  (E~), a 
change in the ver t ical  resonance energies  (EvR), ' and a 
change in some spec t ra l  cha rac te r i s t i c s  (Table 2). 

Because of the different number  of bonds in the mo le -  
cules being compared,  we will compare  the effects of N-  
phenyl substitution and annelation f rom the resonance energy 
per  ~ electron,  E V R / n .  F r o m  the data in Table 2 it is seen 
that, as compared  with I, the EVR/n  value for III is appre-  
ciably l a rge r  than for II, which may be evidence for a cer tain 
advantageousness in the real izat ion of the phthalimideoring 
ra ther  than N-phenyl substitution of maleinimide.  Transi t ion 
to IV and then to VII is accompanied by a fur ther  increase  in 
EVRfn .  

The energy of interaction ~Eint)  of the aromatic  rings 
with the maleinimide, phthalimide, or pyromell i t imide r ings 

due to 7r-electron delocalization is, respect ively ,  0.655, 0.661, and 0.655 eV and remains  pract ical ly  inde- 
pendent of the chain length of the molecules .  A comparison of VH with VIII demonst ra tes  that the N - A r .  
bond is strengthened somewhat when a pyromell i t ic  acid grouping in the monomer  link is replaced by a di-  
phenyltetracarboxylic  acid grouping, and the c a r b o n - c a r b o n  bond in the diphenyl f ragment  proves  to be 
considerably  weaker than the N - A r  bonds (from the bond o rders  and AEin t values).  

It is apparent that destruct ive p rocesses  in the polyimides should be accompanied by homolytic and 
heterolyt ic  cleavage of the bonds. F r o m  an analysis  of our resul ts  with respec t  to the bond orders ,  it can 
be concluded that the N - C A r  bond is weaker than the analogous bond within the ring for homolytic cleavage 
of aromat ic  imides,  and this relat ionship is retained for all types of imides and is independent of the length 
of the macromolecule .  

We will use the Z5 + values as a measure  of the tendency of a molecule to undergo hydrolysis ,  a s sum-  
ing that an increase  in Z 5 + on the atoms of a bond undergoing hydrolysis  favors  cleavage of the bond or 
ass i s t s  in attack of one of the atoms of the bond by a nucleophilic agent [8]. It then turns  out (see Table 2) 
that s t ruc tures  V, IV, and VII should be hydrolyzed most  readily,  whi le  I will be the least  inclined to under-  
go hydrolys is .  

Electronic  Absorption Spectra .  Let us compare  the calculated energies  and osci l la tor  forces  of the 
electron t ransi t ions (these data are  presented schemat ical ly  in Fig.  3) with the available experimental  data.  

It is known [9] that the long-wave absorption baud in the uV spec t rum of maleinimide has Xma x 265 
nm (e - 800, n-hexane) and experiences a long-wave shift on passing to polar solvents.  According to the 
resul ts  of calculations (Fig. 1), the long-wave v ,~ * band is of low intensity and cor responds  to a transit ion 
to a more  polar excited state {Table 1), but is position differs by about 35 nm f rom the experimental ly  ob- 
served value. It is t rue that one should make the reserva t ion  that the indicated transi t ion possibly should 
have been compared  with the long-wave absorption band of N-a lkyl -subs t i tu ted  maleinimide & max 300 nm 
[9]), in which p rec i se ly  that state of the l r -unshared pair  of N which was more  adequately assumed in the 
P P P  method is rea l ized,  r 

The calculated spec t rum of N-phenylmaleinimide contains severa l  long-wave electron t ransi t ions  
that have very  small  osci l la tor  force values, and all of these t ransi t ions are  associated with considerable  
charge  t rans fe r  f rom the benzene r ing to the imide ring (Table 1). The transit ion that is of the same 
nature  as the long-wave transit ion of maleinimide has Amax 242 nrn ( f  0.797) in N-phenylmaleinimide.  The 
experimental  ~max  value is 322 nm (e -- 400) [9]. 
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Fig. 4. Molecular d iagrams of maleinimide (I) and its i soform (Ii) 
[extended H~cke l method (EHM)]. 

According to the data in [10], the long-wave absorption band of phthalimide (III) has ~max 297 nm, 
and Gladchenko and co -worke r s  experimental ly  ascribed it to a iT ,~ * t ransi t ion,  Calculation gives )~ max -~ 
304 nm for the long-wave transi t ion,  and this excitation is associated with an increase  in the dipole mo-  
ment  to 5.34 D (from 1.95 D in the ground state) (Table 1), and the principal fraction of the charge migra tes  
f rom the 1 and 4 positions (Fig. 1) of the benzene ring to the carbonyl  groups of the hnide ring. The 
charges  on the nitrogen atoms do not change. The more  intense of the calculated t ransi t ions  ~ max -~ 248 
nm) is accompanied by a still  g rea te r  migrat ion of the 7r electrons (u ex = 8.30 D) to the carbonyl  groups,  
during which the 2 and 3 positions of the benzene r ings  should be activated. 

The s t ruc tura l  band of phthalimide f luorescence in alcohol beginning at ~25,000 cm -I (r ~ 0.55 sec) 
was observed in [11], and it was noted that its position and the quantum yield are  markedly  dependent on 
the nature of the solvent.  We obtained a value of ~526 nm for the s i ng l e t - t r i p l e t  splitting, i.e., a value that 
differs considerably  f rom the experimental  value. 

We were unable to find data on the absorption or luminescence spec t ra  of N-phenylphthalimide, but 
calculation demonst ra tes  that the long-wave band in its spec t rum should lie 30 nm c lose r  to the visible po r -  
tion of the spect rum,  and, f rom its nature,  it is the band of charge t r ans fe r  f rom the benzene r ing to the 
phthalimide r ing.  The longest-wave transi t ion for which redistr ibution of charge occurs  only in the 
phthalimide ring has ~ max "~ 263 nm and is quite intense. 

Pyromel l i t imide  should have long-wave absorption in a region that is still c lose r  to the visible r e -  
gion. This band is shifted bathochromical ly  in N,N'-diphenylpyromell i t imide (VII). 

I m i d e - I s o i m i d e  Rear rangement .  Many authors (see [12, 13], for example) use the concept of i m i d e -  
isoimide r ea r r angemen t  in explaining the high yields of CO 2 in the destruction of polyimides,  par t icu lar ly  
polypyromell i t imides ,  and to explain data on their  paramagnet i sm [14]. Within the f ramework  of the quan- 
tum-mechan ica l  examination, there  is a possibi l i ty for est imating the relat ive advantageousness of the 
imide and isoimide fo rms  and the effectiveness of the conjugation of the imide ring in one or the other  
tau tomer ic  form,  for establishing the spec t ra l  difference of the forms,  the nature of the paramagne t i sm of 
polypyromel l i t imides ,  etc.  

An examination of the molecular  d iagrams of the isoimide forms (Fig. 2) shows that CO 2 can actually 
be formed during the destruct ion of  the isoimide ring - the orders  of the CO bonds in the CO 2 f ragment  are  
a maximum in the ring, while the o rders  of the bond with carbon are a minimum. 

We present  a more  detailed picture of the distribution of the electron densi ty of the valence layer  for 
the imide and isoimide forms in Fig. 4 for maleinimide (I); the effective charges  and bond o rders  ca lcu-  
lated f rom Mulliken analysis  of the extended H~ckel method (EHM) MO are presented on the molecular  dia-  
g rams .  An examination of the molecular  d iagrams demonst ra tes  that the N atom in Ihas surplus total electron 
density (6 = 0.455 e), which attests to predominance of its a-accept ing capacity over  the v-donor capacity.  The 
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electron density was distributed over  the orbitals as follows : 2s l"4~176176 (compare this with the e lec t ron-  
ic configuration of the free atom-2s22p12p2). Competition between the ~-accepting and v-donor capacit ies  is 
also observed for the C atoms:  predominance of the f i rs t  effect leads to a charge of - 0.018e on C. The carbonyl  
oxygen atoms are s trong accepters  of both ~ and v e lec t rons .  In this case,  a large e lectron deficit is noted 
on the C atoms attached to them. 

The hydrogen atoms are  cr donors with respec t  to both the sp2-hybridized C atoms and the nitrogen 
atoms of the "pyrrole"  and "pyridine" types. 

The transit ion of maleinimide to the isoimide form leaves the charac te r i s t i c s  of the ring C = C  bond 
prac t ica l ly  unchanged. Considerable redistr ibution of the ~r component of the electron density occurs :  the 
3-C and 4-C atoms acquire different polari t ies ,  and there  is a cer tain strengthening of the bonds in the 
2,3 and 4,5 posit ions.  The newly formed C - O  bonds prove to be of lower orders ,  while the C = N  bond 
should be re la t ively s t ronger .  

To est imate the relat ive advantageousness of the imide and isoimide forms of identical compounds 
E imide -E i~  s~ since the s t ruc tures  being we will use the differences in the v-bond energies ,  AE v = - v  

compared  are  isoelectronic and have the same number  of bonds. We will make a compar ison of compounds 
with a different number  of e lectrons with respec t  to E V R / n .  It is seen f rom the data in Table 2 that the 
imide forms of all of the investigated imides are  more  favorable than their  iso fo rms .  Individually, N- 
phenyl substitution leads to a decrease  in the advantageousness of the imide forms,  while aunelation resul ts  
in a cer ta in  increase  in AETr, which, however,  should not be considered to be a manifestation of the in-  
c r ease  in the advantageousness of the imide fo rms ,  since an increase  in AE v, for example, in III as c o m -  
pared with I, may be a consequence of the presence  of a large number  of v e lect rons  in III. However, a 
compar ison of III and I, as well as II and I, with respec t  to EVR/n  demonst ra tes  that both N-phenyl sub-  
stitution and annelation lead to a cer ta in  decrease  in the advantageousness of the imide fo rms .  

Since simultaneous i someriza t ion of adjacent r ings is unlikely in polymeric  imides in general  and in 
polypyromell i t imides in par t icular ,  the effect of isomerizat iou of one of the adjacent imide rings was es t i -  
mated in the case of VII. Our data show a cer ta in  decrease  in the advantageousness of the imide s t ruc tu re  
in this case  (AETr = 0.623 eV). However, this effect is associated with transit ion to ' a  new sys tem containing 
three condensed rings ra ther  than with lengthening of the molecular  chain.* C~e should not therefore  ex-  
pect an increase  in the relat ive advantageousness in polypyromell i t imides .  

In the case of maleinimide we verified whether the conclusion regarding the advantageousness of the 
forms when the ~ -va lence  electrons are taken into account is a legit imate one. The appropriate  ca lcu la -  
tions were per formed within the f ramework  of the EHM. It was found ('Fig. 4) that the imide form 
~ E t o  t ~ 1 eV) is also the more  favorable form with respec t  to the total electron energies  (Etot). 

The use of the interaction energy ~Ein  t) as a measure  of the effect iveness of interaction between the 
benzene and imide rings In the various tautomeric  fo rms  [1] {Table 2) is evidence for a s t ronger  interaction 
with the isoimide r ings .  

We also ar r ive  at the conclusion that there  is s t ronger  conjugation In compounds with r ings in the 
isoimide form on analyzing the calculated absorption spect ra ,  taking the bathochromie cha rac te r  of the 
long-wave band as a measure  of the conjugation. In fact, it is apparent f rom the data presented in Fig.  3 
and Table 2 that the long-wave bands in the spec t ra  of the iso forms of II, IV, and VII are  shifted to the red 
region and are  considerably more  intense than the bands of the same nature in the spec t ra  of the imides.  
A compar ison  of the molecular  d iagrams of the ground and excited s tates  of the molecules  demonstra ted 
that the long-wave absorption is accompanied by charge  t ransfer  f rom the benzene rings to the imide r ings,  

The resul ts  obtained in the present  study may be useful for the identification of isoimide forms of the 
investigated imides.  Data on the spectra l  difference between the imide and iso forms are contained in 
Fig.  3. For  example, in I the long-wave band of the imide is shifted by ~40 nm to the red  region and is of 
much lower intensity than the corresponding band in Ii. The long-wave absorption in both forms is accom-  
panied by this sor t  of migrat ion of the electron cloud, which can be depicted as 

O O- 

\ c ~  \ ~  
/IIN--~..~C / -- I N--  

�9 / G ~ C  / 

II I 
0 0 -+ 

*The resul ts  of our previous studies [1, 15] are  evidence for the invariance of the energy cha rac te r i s t i c s  
of the molecules as their  chains grow longer.  
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The following electron transitions in I and li are also of the same nature - the v-electron density is con- 
centrated on the C --C bond, and the transitions have approximately the same energy (~max 247 nm) but 
differ in intensity by a factor of three. A comparison of the calculated spectra (Fig. 3) demonstrates that 
the tautomeric forms are spectrally different in the remaining investigated imides. If the iso form were 
present in appreciable concentrations in real imide systems, it would therefore be detected by UV specto- 
scopy. 

Proceeding from the energy difference between the isoimide and imide forms bE ~" 0.6 eV) calcu- 
lated in this study, we will estimate their concentration ratio. Thus at room temperature this ratio is 
~-I0 -i~ . The explanation of the starting paramagnetism of aromatic polypyromellitimides invoking the con- 
cept of isomerization of the imide rings should therefore be considered to be absolutely groundless, espe- 
cially because there is no need for this, since, as demonstrated above, the imide ring itself participates 
quite effectively in conjugation. 

At higher temperatures (400-500 ~ the concentration of the iso form increases considerably, but it 
remains inadequate (10-5-10 -4) to explain the formation of CO 2 during the destruction of polypyromellit- 
imides by disintegration of the isoimide rings. It therefore seems more valid to us to associate the forma- 
tion of CO 2 with the incompleteness of cyclization in polyimides [16] and with the possibility of hydrolysis 
of the imide ring with subsequent decarboxylation. 
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