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The absorpt ion s pec t r a  of a number  of pyridine and pyridine N-oxide der iva t ives  in media  
of different  acidi ty  functions have been investigated.  The ba thochromic  shift  of the shor t -  
wave absorp t ion  band in oleum is in te rpre ted  as a consequence of the addition of a proton 
to the conjugate acid.  The fo rmat ion  of a hydrogen bond between the 3 -hydroxy  der iva t ive  
of the he te rocycl ic  compounds invest igated and the oleum,  appear ing  as a hypsochromic  
shift  of the long-wave absorpt ion  band, has been detected.  This  phenomenon is absent  in 
the case  of the 2 -methoxy  der iva t ive .  

Pyridine,  pyridine N-oxide,  and the i r  der iva t ives  posses s  bas ic  p rope r t i e s .  In the spec t r a  of the 
conjugate acids of der iva t ives  of these  he te rocyc les  the sho r t -wave  band is shifted ba thochromica l ly  [1] 
in compar i son  with the s pec t r a  of the neut ra l  molecules  and the re  is no change in the posit ion of the long- 
wave band. Calculation has conf i rmed  that  protonat ion has l i t t le  effect  on the posit ion of the absorpt ion 
bands,  although they a r e  due to different  types  of e lec t ronic  t rans i t ions  in the cation and in the neut ra l  base  
[2]. The s p e c t r a  of der iva t ives  of pyridine and of its N-oxide in oleum have not been desc r ibed  previous ly .  
We have compared  the absorp t ion  s p e c t r a  of methyl  and hydroxy der iva t ives  of pyridine and of pyridine 
N-oxide in wa te r  and in media  of different  acidi ty  functions: +1.09, - 2 . 1 2 ,  -4 .78 ,  - 7 . 5 8 ,  - 9 . 0 6 ,  and 
- 1 1 . 9 8 .  The r e su l t s  obtained a r e  given in Tables  1 and 2. Since the e lec t ronic  s t ruc tu re s  of pyridine and 
benzene a r e  s im i l a r ,  we applied to the s pec t r a  of the he te rocyc les  under considera t ion the c lass i f ica t ion  
of the bands adopted for  benzene,  namely ,  the sho r t -wave  band was denoted by K and the long-wave band 
b y B .  

TABLE 1. Dependence of the Posi t ion of the K and B Absorp t ion  
Bands of Pyr id ine ,  Pyr idine N-Oxide, and The i r  2-Methyl -Sub-  
st i tuted Der iva t ives  on the Acidity of the Solvent 

pyridine 

K I B 

Xmax flog e) 
2-methylpyri- 
dine 

K I B 

pyridine 
N-oxide 

K I 

2- methylpyridine 
N - ox id e 

* 199 (3,46) 
+I,091202 (3,40) 
--2,12 202 (3,39) 
-4,78 202 (3,38) 
--7,58 ]202 (3,44) 
-9,06 202 {3,42) 

-II,98 2o5 (333) 

256 (3,61) 202 (3,51) ~ (3,57) 207 (4,20) 255 (3,99) 208 (3,98 
256 (3,69)]204 (3,41}' (3,75)1207 (4,06)]255 (3,95)1209 (4,04 
256 (3,65)]204 (3,66):262 (3,90) 219 (3,70)1259 (3,43)]219 (3,50 
256 (3,69)1205 (3,53),264 (3,80) 219 (3,70)1259 (3,48)1214 (3,50 
256 (3,71)j205 (3,42) 264 (3,84),216 (3,58)~257 (3,43)'211 (3,58 

(3,83 (3,42)'263 (3,42)I257 256 (3,74)]204 (3,80)[~16 (3,27) 206 
256 (3,67)t208 (3,11)1263 (3.65) i 17 (3,60)1257 (3,55)1213 (3,67 

252 (3,63) 
254 (3,69) 
265 (3,55) 
265 (3,55) 
264 (3.63) 
263 (3,62) 
265 (3,86) 

* Solvent: wa te r .  
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T A B L E  2.  D e p e n d e n c e  of  t he  P o s i t i o n s  of  the  K and B A b s o r p t i o n  
B a n d s  in D e r i v a t i v e s  of  3 - H y d r o x y p y r i d i n e  and 3 - H y d r o x y p y r i d i n e  
N - O x i d e  on the  A c i d i t y  of t he  Solvent  

Acidity Position }'max (log ~) of the derivat.ives' 
of the 3-hydroxypyridine 3-hydroxypyridine N-oxide 

function, H methyl K B K B 

+ 1,09 

-2,12 

-- 4,78 

-- 7,58 

-9,06 

- -  I 1 ,98 

--2,6-- 

--2,6-- 

--2,6-- 

--2,6-- 

202 (4,12) 
202(4,13) 
202 (4,35) 
202 (4,25) 
198 (4,25) 
199 (4,32) 
200 (4,43) 
200 (4,51) 
198 (4,27) 
199 (4,36) 
200 (4,45) 
200 (4,44) 
198 (4,23) 
199 (4,26) 
200 (4,45) 
201 (3,34) 
198 (4,27) 
199 (4,47) 
200(4,44) 
199 (3,91) 
210 (3,22) 
210 (4,53) 
211 (4,40) 
213 (4,33) 

284 (3,83) 
286 (3,87) 
291 (3,94) 
295 (4,06) 
282 (3,72) 
287 (3,94) 
290(3,95) 
295 (4,14) 
282 (3,83) 
286 {3,98) 
289 {3,96) 
295 (4,18) 
280 (3,76) 
285 (3,74) 
288 (3,88) 
29l (4,28) 
28O (3,82) 
285 (4,02) 
286 (3,99) 
294 (3,65) 
261 (3,73) 
268 (4,83) 
269 (3,98) 
276 f4,66) 

206 (4,17) 
2O6 (4,33) 
205 (4,31) 
204 (4,31) 
203 (4,34) 
203 (4,48) 
203 (4,42) 
203 (4,41) 
202 (4,37) 
2O3 (4,45) 
202 {4,42) 
203 {4,63) 
201 (4,31) 
202 (4,42) 
201 (4,32) 
202 (4,63) 
201 (4,37) 
202 (4,40) 
203 (4,46) 
204 (2,23) 
218 (3,61) 
214 (3,91) 
213 (4,57) 
214 (4,49) 

254 (3,74) 
254 (3,65) 
251 (3,65) 
251 (3,05) 
285 (3,70) 
290 (3,91) 
292 (3,77) 
296 (3,95) 
285 (3,75) 
288 (4,95) 
289 (3,78) 
298 {3,90) 
283 (3,75) 
286 (3,76) 
288 (3,78) 
292 (4,10) 
282 (3,77) 
287 (3,91) 
290 (3,81) 
291 (4,02) 
263 (3,61) 
272 (4,12) 
271 (4,58) 
278 (4,74) 

T A B L E  3. C o m p o s i t i o n s  of  the  So l -  
v e n t s  and T h e i r  A c i d i t y  F u n c t i o n s  

Solvent Acidity func- 
tion, H 0 

0,1 N HCt 
H2SO4 : H20=I 4 
H2SO4 : H20=2.3 
H2804 : H20=4 . 1 
H_~SO4 cp-grade 
7,3% oleum 

+ 129 [81 
-2,12 
- 4,78 
-7,58 
- 9 , 0 6  

- I 1 ,98 

A s  can  be  s e e n  f r o m  T a b l e  1, the  K band  of p y r i d i n e  and of  
i ts  2 - m e t h y l  d e r i v a t i v e  is  sh i f t ed  b a t h o c h r o m i c a l l y  t w i c e :  the  
f i r s t  t i m e  on c o m p a r i n g  the  a b s o r p t i o n  s p e c t r a  in w a t e r  and  in 
h y d r o c h l o r i c  a c i d ,  and  the  s e c o n d  t i m e  wi th  an  i n c r e a s e  in the  
a c i d i t y  func t ion  of the  s o l v e n t  f r o m  - 9 . 0 6  to - 1 1 . 9 8 .  In  the  
s p e c t r u m  of p y r i d i n e  N - o x i d e  and i ts  2 - m e t h y l  d e r i v a t i v e  the  
p a t t e r n  is  s o m e w h a t  m o r e  c o m p l i c a t e d .  S ince  t h e s e  a r e  w e a k e r  
b a s e s  than  p y r i d i n e  [3], a f t e r  a f i r s t  b a t h o c h r o m i c  sh i f t  wh ich  
t a k e s  p l a c e  a t  H 0 = - 2 . 1 2 ,  the  K band  u n d e r g o e s  a s e c o n d  h y p s o -  
c h r o m i c  sh i f t ,  and  in o l e u m  sh i f t s  s e c o n d a r i l y  in the  r e d  d i r e c -  
t ion .  In the  s p e c t r a  of the  3 - h y d r o x y  d e r i v a t i v e s  of  the  c o m -  
pounds  s t u d i e d  in o l e u m  t h e r e  is  l i k e w i s e  a b a t h o c h r o m i c  sh i f t  

of  the  K band  ( see  T a b l e  2) .  The b a t h o c h r o m i c  sh i f t  of  the  K band  of the  con juga te  a c i d s  of the  p y r i d i n e  
and p y r i d i n e  N - o x i d e  d e r i v a t i v e s  o b s e r v e d  in a m e d i u m  of h igh  a c i d i t y  is  a p p a r e n t l y  a c o n s e q u e n c e  of a 
change  in the  s t r u c t u r e  of  the  m o l e c u l e  t h r o u g h  the  a d d i t i o n  of  a s e c o n d  p r o t o n .  In f a v o r  of t h i s  h y p o t h e s i s  
is  the  s y n t h e s i s  of  double  s a l t s  of p y r i d i n e  N - o x i d e  [4]. F u r t h e r m o r e ,  a c c o r d i n g  to Denis  and  G i l b e r g  [5], 
in t he  p y r i d i n e  c a t i o n  abou t  80% of the  c h a r g e  on the  p r o t o n  is  d e l o c a l i z e d  on the  p r o t o n a t e d  p y r i d i n e  
m o l e c u l e ,  w i th  60% r e t a i n e d  b y  the  n i t r o g e n  and 20% by the  two n e i g h b o r i n g  c a r b o n  a t o m s .  T h e  l a t t e r  m a k e s  
t he  a d d i t i o n  of  a p r o t o n  to t he  c o n j u g a t e  a c i d s  of  p y r i d i n e  and  i t s  d e r i v a t i v e s  in a m e d i u m  of h igh  a c i d i t y  
func t ion  p r o b a b l e .  

Since  in a n e u t r a l  m e d i u m  an  e q u i l i b r i u m  b e t w e e n  n e u t r a l  and  b i p o l a r  s t r u c t u r e s  is  c h a r a c t e r i s t i c  
fo r  d e r i v a t i v e s  of  3 - h y d r o x y p y r i d i n e  [6] and  of  p y r i d i n e  N - o x i d e  [7], T a b l e  2 does  not  g i v e  the  a b s o r p t i o n  
bands  in w a t e r .  In t he  a b s o r p t i o n  s p e c t r a  of  t he  h y d r o x y  d e r i v a t i v e s  in o l e u m ,  the  B band  is  sh i f t e d  10-20  
n m  in the  s h o r t - w a v e  d i r e c t i o n .  When  the  h y d r o g e n  of  the  h y d r o x y  g r o u p  is r e p l a c e d  b y  a m e t h y l  g r o u p ,  
the  b l u e  sh i f t  of the  l o n g - w a v e  band  d i s a p p e a r s  ( see  F i g .  1). T h e  h y p s o c h r o m i c  sh i f t  of the  B band  i s  
p r o b a b l y  due to t he  i n t e r a c t i o n  of  the  h y d r o x y  g r o u p  in p o s i t i o n  3 wi th  t he  s o l v e n t  in the  m a n n e r  of  

O 
IJ 

- - O H . . .  O = S  . Judg ing  f r o m  the  m a g n i t u d e  of  the  e f fec t  ( see  T a b l e  1), no s i m i l a r  bond a r i s e s  b e t w e e n  the  
II 
O 

s o l v e n t  and  the  h y d r o x y  g r o u p  f o r m e d  a s  a r e s u l t  of  t he  p r o t o n a t i o n  of  the  N - o x i d e  g r o u p .  When  an  e l e c -  
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Fig. i. Absorption spectrum in kh. ch. 
["chemical ly  pure"]  sulfur ic  acid (1) and in 
oleum (2) of 3 -hydroxy-2 -me thy lpy r id ine  N- 
oxide (a) and of 3 -me thoxy-2 -me thy lpy r id ine  
N-oxide (b). 
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Fig. 2. Absorp t ion  spec t r a  in c p - g r a d e  su l -  
fur ic  acid (1) and in oleum (2} of 3 -hydroxy-  
pyridine N-oxide (a}, 3 - h y d r o x y - 2 - n i t r o p y r i -  
dine N-oxide (b), 3 -hydroxy-2 -me thy lpy r id ine  
(c), and 3 - h y d r o x y - 2 - m e t h y l - 4 - n i t r o p y r i d i n e  (g}. 

t ron-accep t ing  nitro group is p r e sen t  in the molecule ,  the posit ion of the B band is s tabi l ized (Fig. 2), ap-  
pa ren t ly  as  a consequence of the fo rmat ion  of an in t r amolecu la r  hydrogen bond between the ni tro and hy- 
droxy groups  in the or tho posit ion to one another  [7]. 

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

The absorp t ion  s pec t r a  of the purif ied pyridine and pyridine N-oxide der iva t ives  w e r e  taken on an 
SF-8 spec t ropho tome te r  in r ec t angu la r  quar tz  cel ls  with a l ayer  th ickness  of 1 cm.  The concentra t ion of 
the solutions was 10 -5 M. As s tandards  were  used solvents  with definite values  of the acidi ty  function. 
The composi t ions  of the solvents  a r e  given in Table  3. 

The acidi ty  functions of the solvents  p r e p a r e d  f r o m  sul fur ic  acid were  de te rmined  as desc r ibed  by 
Paul and Long [9]. 
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