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1,2,4,6-Substituted pyridinium perch lo ra te s  were  obtained, and their  e lect ronic  absorption 
and emiss ion spec t ra  were  studied. When e lec t ron-donor  substi tuents are  introduced into 
the para  position of the N-phenyl group, an in t ramolecular  charge- t ransfer ,  band (l a ~ re 
t ransi t ion),  with which the capacity for f luorescence  of these compounds in the crys ta l l ine  
state  is associated,  appears  in the long-wave portion of the absorpt ion spectrum. Replace-  
ment  of the methyl  groups in the he te ror ing  by phenyl groups is accompanied by hyper -  
chromic and bathoehromic effects  and by the appearance of a capacity for f luorescence in 
solutions at room tempera ture .  These phenomena are  explained by an increase  in the po- 
lar izat ion of the v -e lec t ron  sys tem of the molecules  when phenyl groups are  introduced. 

Effect ive luminophores that have high photostabili ty and a re  stable in s t rongly acidic media a r e  found 
among pyryl ium and pyridinium salts  [1, 2]. At the same time, there  is  ve ry  l i t t le information in the l i t -  
e r a tu re  regarding the in ter re la t ionship  between the optical (including luminescence) cha rac t e r i s t i c s  of 
these compounds and the s t ruc tu res  of their  molecules ;  this hinders  the d i rec ted  synthesis  of luminophores 
in these se r i e s .  
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Fig. 1. Absorption spec t ra  of pyridinium 
perch lora tes  in ethanol: 1) 1 ,2 ,4 ,6- te t ra-  
methylpyridinium (I); 2) 1-phenyl-2,4,6-  
t r imethylpyr id inium (II); 3) 1 - (4-ch loro-  
phenyl)-2,4,6-tr imethylp~Tidinium (VI); 
4) 1- (4-acety lphenyl) -2 ,4 ,6- t r imethyl -  
pyridinium (VII); 5) 1-(4-dimethylamino-  
phenyl)-2 ,4 ,6- t r imethylpyr idinium (V); 
6) 1- (4-methoxyphenyl) -2 ,4 ,6- t r imethyl -  
pyridinium (IV). 
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T A B L E  1 

R~ 

R2+R ~ 
R~ 

Com- R ~ R ~ R ~ R' mp, ~ Empirical 
pound formula 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

CH.~ 
CsHs 

p-CHaCsH4 
p-CH~OCsH4 

p- (C Hs) 2NC6H4 
p-CICsH4 

p-CH~COC6H4 
CHs 
CHs 
CHs 

CHa 
CHs 
CHs 
CHs 
CH3 
CHs 
CHs 
CHa 
CH3 
CsHs 

CHs 
CHs 
CHs 
CHs 
CHs 
CHs 
CHs 
CHs 
CsH~ 
C6Hs 

Ctts 
CHs 
CHs 
CHs 
CHs 
CHs 
CHs 
C6Hs 
CsHs 
C6H5 

205--2068 
123--124 
135--136 
106--107 
152--153 
134--135 
130--131 
180--181 
193--195 
213--2159 

CgHt4CINO4 
CI4H1sCINO4 
C~sH~sCINO4 
CIsHIsCINOs 
C~6HmCIN204 
CI4HIsClzNO4 
CI6HIsCINOs 
C~Jt~6CINO4 
C~gHIsCINO4 
C24H2oCINO4 

I Found % Cora- L 
pou'hd l c~ N 

. ,, I 

1 14,6 5,9 
II 11,6 4,5 

Ill 11,3 4,3 
IV 10,5 4,2 
V 10,2 8,1 

VI 21,4 4,1 
VII 10,3 4,2 

VIII 11,7 4.5 
IX 9,7 3,7 
X 8,2 3,2 

Calc., % 

cl N 

14,8 5,9 
1 1 , 8  4,7 
1 1 , 4  4,5 
10,7 4,3 
10,4 8,4 
21,6 4.2 
10,4 4,1 
11,8 4,7 
9,9 3,9 
8,4 3,3 

Absorption spectrum 

~'rnax' 
nm 

230, 270 
224, 270 
220, 270 
224, 27O 
224, 266, 310 
224, 270 
234, 272, 320 
286 
296 
305 

lgs 

3,53; 3,76 
4,06; 3,87 
3,90; 3,88 
4,63; 4,72 
3,92; 4,46; 3,42 
3,88; 3,90 
4,12; 3,97; 2,76 
3,93 
4,05 
4,13 

Fluores- Yield, 
c e n c e ,  * i% kmax, nm 
(ethanol) , 

-- 55 
-- 46 

-- 49 
415 (crystals 57 
480(crystals: 42 

- -  40 
- -  47 

475 36 
470 32 
450 61 

* Compounds  I - I I I  and  VI and VII do not  f l u o r e s c e .  The  a b s o l u t e  
quan tum f l u o r e s c e n c e  y i e l d s  of VI I I -X  in e thano l  a r e  0.13,  0.23, 
and  0.30,  r e s p e c t i v e l y .  

The  a i m  of the  p r e s e n t  s tudy  w a s  an i n v e s t i g a t i o n  of the e l e c t r o n i c  a b s o r p t i o n  and e m i s s i o n  s p e c t r a  
and the quan tum y i e l d s  of  the  f l u o r e s c e n c e  of 1 , 2 , 4 , 6 - s u b s t i t u t e d  p y r i d i n i u m  p e r c h l o r a t e s  ( I -X,  Tab le  1). 
T h e s e  p y r i d i n i u m  s a l t s ,  the m a j o r i t y  of  which  have  not  been  d e s c r i b e d  in the  l i t e r a t u r e ,  w e r e  s y n t h e s i z e d  
v i a  the  m e t h o d  d e s c r i b e d  in [3] by r e a c t i o n  of the  a p p r o p r i a t e  2 , 4 , 6 - t r i s u b s t i t u t e d  p y r y l i u m  p e r c h l o r a t e s  
wi th  m e t h y l a m i n e  o r  s u b s t i t u t e d  a n i l i n e s .  The e l e c t r o n i c  s p e c t r a  of the  c o m p o u n d s  ob t a ined  w e r e  m e a -  
s u r e d  by s t a n d a r d  m e t h o d s .  

Two bands  wi th  m a x i m a  a t  224 and 270 nm (F ig .  1), which  a r e  a s s o c i a t e d  wi th  v - ~ v  * t r a n s i t i o n s  in 
the  h e t e r o r i n g ,  the  v - e l e c t r o n  s y s t e m  of which  i s  p o l a r i z e d  u n d e r  the  i n f luence  of a p o s i t i v e l y  c h a r g e d  
h e t e r o a t o m ,  a r e  o b s e r v e d  in  the  a b s o r p t i o n  s p e c t r u m  of  an e thano l  so lu t ion  of 1 , 2 , 4 , 6 - t e t r a m e t h y l p y r i -  
d in ium p e r e h l o r a t e  (I). T r a n s i t i o n  f r o m  I to N - p h e n y l - 2 , 4 , 6 - t r i m e t h y l p y r i d i n i u m  p e r c h l o r a t e  (II) i s  no t  
a c c o m p a n i e d  by any a p p r e c i a b l e  c h a n g e s  in  the  a b s o r p t i o n  s p e c t r u m  - only  a c e r t a i n  b r o a d e n i n g  and an i n -  
c r e a s e  in the  i n t e n s i t y  of the  l o n g - w a v e  band  a r e  o b s e r v e d  (F ig .  1). T h i s  e f f ec t  i s  a p p a r e n t l y  a s s o c i a t e d  
wi th  the  s u p e r i m p o s i t i o n  of  the  K band of the N - p h e n y l  g roup  on the l o n g - w a v e  a b s o r p t i o n  band of  the  
h e t e r o r i n g .  The  f a c t  t ha t  i t s  m a x i m u m  i s  b a t h o c h r o m i e a l l y  sh i f t e d  to 270 n m  f r o m  the u s u a l l y  o b s e r v e d  
r e g i o n  a t  250 nm a t t e s t s  to i n t e r a c t i o n  of the  N - p h e n y l  g roup  wi th  the  p y r i d i n i u m  r i n g  and with  the  s t r o n g  
e l e c t r o n - a e c e p t o r  s u b s t i t u e n t .  Th i s  a s s u m p t i o n  i s  c o n f i r m e d  by the f ac t  tha t  e l e c t r o n - a c c e p t o r  s u b s t i t u -  
e n t s  in the  p a r a  p o s i t i o n  of the  N - p h e n y l  g r o u p  do not  change  the  a b s o r p t i o n  c h a r a c t e r i s t i c s  of  the  c o m -  
pounds  u n d e r  c o n s i d e r a t i o n .  The  only  excep t ion  to th i s  i s  N - ( 4 - a c e t y l p h e n y l ) - 2 , 4 , 6 - t r i m e t h y l p y r i d i n i u m  
p e r c h l o r a t e  (VII), the  s p e c t r u m  of  which  c o n t a i n s  an a dd i t i ona l  band wi th  a m a x i m u m  a t  320 nm,  which  i s  
a s s o c i a t e d  wi th  an n-~ v* t r a n s i t i o n  in the  c a r b o n y l  g roup .  The  a s s i g n m e n t  of the  l o n g - w a v e  band in the  
a b s o r p t i o n  s p e c t r u m  of  VII  to an n - - c *  t r a n s i t i o n  i s  c o n f i r m e d  by a c o m p a r i s o n  of i t s  s p e c t r u m  with  the  
a b s o r p t i o n  s p e c t r u m  of  a c e t e p h e n o n e ,  in  which  the  i n d i c a t e d  band i s  a l s o  o b s e r v e d .  In t h i s  c a s e ,  h o w e v e r ,  
a t t en t ion  i s  d i r e c t e d  to the  f ac t  t ha t  the  band of the  n - - C *  t r a n s i t i o n  in  the  s p e c t r u m  of  VII  h a s  a h i g h e r  i n -  
t e n s i t y .  Th i s  f ac t  can  be e x p l a i n e d  s t a r t i n g  f r o m  the a s s u m p t i o n  tha t  the  i n t e n s i t y  of  the  band of the  n - - w *  
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Fig. 2. Absorption (1-3) and fluorescence (la-3a) spectra of 
pyridinium perchlorates in ethanol: 1 and la) 1-methyl- 
2,4-dimethyl-6-phenylpyridiniurn (VIII); 2 and 2a) 1-methyl- 
2-methyl-4,6-diphenylpyridinium (IX); 3 and 3a) 1-methyl- 
2,4,6-triphenylpyridinium (X). 

transition, which is localized on the carbonyI group, is due to the magnitude of the effective positive charge 
on the carbon a~m of the carbonyl group. However, the latter should have a higher value in the substituted 
pyridintum molecule than in the acetophenone molecule because of the strong electron-accepter effect of 
the heteroring. 

Electron-donor substituents in the para position of the N-phenyl group cause a small hypsochromic 
shift of the long-wave band and increase its intensity markedly (Fig. i). The first of the indicated effects 
can be explained by weakening of the polarization of the ~:*-electron system of the heteroring under the in- 
fluence of an electron-donor substituent. The increase in the intensity of the long-wave band is apparently 
associated with an increase in the probability of the electronic transition in the substituted phenyl group, 
which is strongly polarized because of the interaction of substituents of different electronic natures. 

However, this assumption is inadequate to explain the more appreciable increase in the intensity of 
the band under consideration in the spectrun] of 4'-methoxy-substituted compound IV as compared with the 
spectrum of dimethylamino-substituted compound V. The indicated anomaly can be explained by the fact 
that the long-wave band in the absorption spectrtm] of IV contains, in addition to the absorption bands of 
the heteroring and the substituted N-phenyl group, a band in the long-wave region that is associated with 
intrarnolecular charge transfer (l a ~ ~* transition). The presence in the N-phenyl group of a dimethylamino 
group intensifies the donor-accepter interaction, and this leads to a bathochromie shift of the intramolec- 
ular charge-transfer band, such that for V this band is observed separately (Fig. i). In this case, the in- 
tensity of the band of the ~r -~ ,v* transition is reduced. 

The presence in the molecules of IV and V of states with intramoleeular charge transfer leads to the 
appearance in them of a capacity for fluorescence in the crystalline state. This fact confirms the conclu- 
sions in [4], in which it is shown in the case of carbonyl derivatives of benzene that one of the conditions 
for the appearance in them of a capacity for fluorescence is the presence in the molecule of a donor-ac- 
cepter interaction, the basis of which is the effective intramolecular transfer of charge. 

On the basis of an examination of the optical characteristics of N-phenyl-substituted 2,4,6-trimethyl- 
pyridiniu~n perchlorates (II-VID, one can conclude that the effect of the fr-electron systems of the heteroring 
and the N-phenyl group on the electronic absorption spectra is additive. Consequently, the indicated por- 
tions of the molecule display the properties of isolated w-electron systems. 

A phenyl group "in the ~ position of the pyridinium ring (VIII) causes more appreciable changes in 
the spectral characteristics of the examined compounds than an N-phenyl group: considerable broadening 
and a bathoehromie shift of the long-wave band are observed in the absorption spectrum, and the capacity 
for fluorescence appears. Further introduction of phenyl groups in the ~ and ~ positions (IX, X) is ac- 
companied by hyperchremic and bathochromic effects in the absorption spectrum (Fig. 2). In addition, the 
fluorescence quantum yield increases. It is interesting that the accumulation of phenyl groups in the het- 
erocyclic ring leads to a short-wave shift in the emission band (Fig. 2). This fact can be explained by a 
change in the relative position of the potential energy curves, which is associated with the decrease in the 
difference in the equilibrium internuclear distances of the ground and excited states [i0]. The reason for 
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the indicated effect  m a y  be red is t r ibut ion  of the ~ -e l ec t ron  densi ty in the molecu le s  of the invest igated 
compounds on pass ing  f rom the ground to the exci ted state.  

On the bas i s  of the data p resen ted  above, i t  can be a s sumed  that the ~ -e l ec t ron  sy s t em of the inves -  
t igated compounds in the ground state is  c h a r a c t e r i z e d  by a tendency toward equalization of the bonds, 
which leads  to a dec rease  in the effect ive posi t ive charge  on the he te roa tom.  However ,  the exci ted s ta te  
is  cha r ac t e r i z ed  by intensif icat ion of the polar iza t ion  of the molecule ,  which is faci l i ta ted by accumulat ion 
of phenyl groups;  this also explains the obse rved  long-wave shift  of the absorpt ion band. 

E X P E R I M E N T A L  

2~4,6-Tr imethyl - ,  2 -Methyl -4 ,6-d iphenyl - ,  2 ,4 -Dimethy l -6 -pheny l - ,  and 2 , 4 , 6 - T r i p h e n y l p y r y l i u m  
P e r c h l o r a t e s .  These  compounds were  obtained by the methods  desc r ibed  in [5-7]. 

1 ,2 ,4 ,6 -Te t rasubs t i tu ted  Pyr id in ium P e r c h l o r a t e s  (I-X, Table 1). The appropr ia te  p r i m a r y  amine 
(2 mole) was introduced into a sa tura ted  ref luxing solution of pyry l ium sal t  (1 mole) in ethanol, and the 
mix tu re  was ref luxed for  1 h. I t  was then cooled and diluted with an equal volume of water .  The resu l t ing  
c r y s t a l s  were  r e m o v e d  by f i l t rat ion,  washed on the f i l ter  with water ,  and purif ied by two to three  c r y s t a l -  
l izat ions f rom ethanol with decolor iza t ion by act ivated charcoal .  

The UV spec t r a  of 10-3-10 -5 M solutions in ethanol were  m e a s u r e d  with an SF-4A spec t rophotomete r .  
The f luorescence  spec t r a  and quantum yields  (c 10-4-10 -5 M) were  m e a s u r e d  with a luminescence  a p p a r a -  
tus with a ZMR-3 m onoch rom a t e r .  An Fl~U-68 photomult ipl ier  ca l ib ra ted  for  quantum spec t r a l  sens i t iv i ty  
was used  as the emiss ion  detector .  

L I T E R A T U R E  C I T E D  

i. V.G. Tishchenko, USSR Author's Certificate No. 167,866 (1965); Byull. Izobr., No. 3, (1965). 
2. E.G. Protsenko, V. G. Tishchenko, and B. G. Distanov, Summary of Papers Presented at the All- 

Union Conference on Luminophores [in Russian], Stavropol' (1971), p. 82. 
3. K. Dimroth, Angew. Chem., 72, 331 (1960). 
4. V.G. Tishchenko and M. M. Fetisova, Optika i Spektroskopiya, 30, 23 (1971). 
5. O. Diels and K. Alder, Ber., 6__00, 716 (1927). 
6. S.V. Krivun, Zh. V. Shiyan, and G. N. Dorofeenko, Zh. Obshch. Khim., 3_~4, 167 (1964). 
7. W. Dilthey, J. Prakt. Chem., 101, 77 (1921). 
8. A.T. Balaban, V. E. Sahini, and E. Keplinger, Tetrahedron, 9, 163 (1960). 
9. K. Dimroth, K. Wolf, and H. Kroke, Ann., 678, 183 (1964). 

10. N. Turro, Molecular Photochemistry, Benjamin. 

336 


