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The molecular  Ker r  constants [oo (inK2)] were measured  for pyridine, 2- and 4-methylpyr id-  
ines,  quinoline, and acridine in dioxane. The molecular  moments  of pyridine and 4 -methy l -  
pyridine are  di rected along the axis of maximum polarizabil i ty.  The AB = B12 - B 1 values 
for dilute solutions of azaaromat ic  compounds In dioxane are  proport ional  to T -2. 

The double ref rac t ion effect (the Ker r  effect) [1] In recent  years  has found application in the study of 
var ious  types of molecular  complexes [2-7]. In connection with measurements  of the Ker r  effect in dioxane 
for complexes of 7r acids with bases of various types [8], it was n e c e s s a r y  to study this effect for the bases 
themselves  in dioxane solutions. This was done in [5, 9-11] for aliphatic and aromat ic  amines;  in the case 
of heterocycl ic  nitrogenous bases ,  the Ker r  effect in benzene solution has been studied only for pyridine 
[12], piperidine [9], and piperazine and its derivatives [10]. 

We have measured  the concentrat ion and tempera ture  dependence of the Kerr  constant (]312) for solu- 
tions in dioxane of the following he terocycl ic  compounds: pyridine, 2- and 4-methylpyr idines ,  quinoline, 
and acridine.* The apparatus for measur ing  the B constant is descr ibed in [13]. The neces sa ry  values of 
the dielectr ic  permeabi l i ty  (~12), density (P12), and ref rac t ive  index (Ii12) of the solutions as a function of 
concentrat ion (c in weight percent) that were n e c e s s a r y  for calculating the molecular  Ker r  constant 
[oo (inK2)] were measured ,  respect ively ,  with a Dipol' DP-4  apparatus,  by the method of hydrostat ic  weigh- 
ing, and with an IRF-23 r e f r ac tome te r  (at 546 nm). The ~o (inK2) values of the compounds, calculated from 
the formula  proposed In [14], are  presented in Table 1, while the resul ts  of measurements  of the ]312 values 
of solutions of some of them at various t empera tures  (T) f rom 25 to 65 ~ are presented in Table 2. 

The AB = •12 - B1 value (t31 is the Ker r  constant of pure dioxane) for all of the studied compounds in- 
c r ea se s  l inear ly  with increasing c.  

The co (inK2) values of most  of the compounds examined Increases  almost  l inear ly  with increasing ~ 2 
is the dipole moment  of the molecules  in dioxane [15]). The s t ruc ture  of the molecules  of these com-  

pounds is apparently such that the dipole t e rm 

l 
0 2 = - -  p,2(2b3-b2-bl) (1) 

45k2T 2 

plays the major  role in the ~ (inK2) value when the dipole moment lies on the axis of maximum polarizabil i ty 
or  is close to it.  The ~ (inK2) c values,  calculated f rom the assumption of a planar s t ruc ture  for the indi- 
cated molecules  and assuming that the axis of maximum polarizabil i ty passes  through the oppositely situated 
H - C  bond and ring ni t rogen,  viz.,  

*These compounds were graciously  given to us by the Institute of Organic Synthesis of the Academy of 
Sciences of the Latvian SSR. 
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TABLE 1. Molecu la r  K e r r  Cons tan t s  of He t e rocyc l i c  Compounds  

Compound ~, wt.% ~ ~ 

2Pyridine 0,069 0,104 0,153--1,840 
-Mefi).yl- 0,070 0,040 0,157--2,990 
pyrlame 0,070 0,152 4-Methyl- 2,180--6,160 
pyridifie 

QuinoHne 0,075 0,062 0,168--0,768 
Acridine 0,074 0,03 0,094--1,156 

• 
r (rng:) ,calm 
~'~ ~'~4 - (inK2) exp. 

125 1,072 1,043 0,645 4,08 23,05 lt4 0,92 
61 1,249 1,252 0,800 2,2 23,3 107 1,75 

231 1,229 1,198 0,800 2,4 51,4 226 0,98 

1178 1,712 1,886 1,066 6,35 28,4 142,9 1,21 
78,72,296 [2,677 ll,469]13 [37,5 ]210 t 2,7 

*a is an independent  t e r m ,  and b is the s lope  in the equat ion Bl2 = 
a + b c .  

TABLE 2. T e m p e r a t u r e  Dependence  of AB for  Solut ions of H e t e r o -  
cyc l i c  Compounds  in Dioxane 

. t~ridinc (c 1.55%) 2.-Mcthylpyridine (c_ 2.99~o4-Methylpyridine(c2.18a/~ 
t, ~ ABe" 107 ABE' 107 t ABe' 107 ABe " 10r ABe' 10r ABe' 107 

25 04)84 
35 0,083 
45 0,082 
55 0,076 
65 0.070 

0,084 0,124 
0,078 0,123 
0,075 0,119 
0,069 0,117 
0,065 0,094 

0,124 
0,116 
0,109 
0,102 
0,096 

0,304 
0,282 
0,253 
0,241 
0,210 

0,304 
0,285 
0,277 
0,251 
0,236 

a r e  p r e s e n t e d  in Tab le  1. 

The ca lcu la t ion  was  m a d e  f r o m  known dependences  [2] fo r  0 t and 0 2 values  f r o m  the f o r m u l a  

2nNo (0,+02). (2) (inK) =--~--- 

The bi va lues  [the axes  of  the  po l a r i zab i l i t y  t e n s o r  adopted for  the ca lcu la t ion  of (inK 2) of these  m o l e -  
cu les]  a r e  p r e s e n t e d  in Tab le  1. As expec ted ,  the  (inK2) c va lues  obta ined (Table 1) a r e  in good a g r e e m e n t  
with the  expe r imen t a l  (inK) e va lues  only in the  c a s e  of pyr id ine  and 4 - m e t h y l p y r i d i n e ,  and a r e  a p p r e c i a b l y  
w o r s e  for  quinoline and, p a r t i c u l a r l y ,  2 - m e t h y l p y r i d i n e  and ac r id ine ,  fo r  which the m o m e n t  is s loped s o m e -  
what  to  the axis  of m a x i m u m  po la r i zab i l i t y .  

Since the dipole t e r m  (0 2) m a k e s  the ch ie f  cont r ibu t ion  to the m o l e c u l a r  K e r r  cons tan t  for  the a z a -  
a r o m a t i c  compounds  that  we s tudied,  it can be expec ted  that  the AB = B12 - B 1 value for  so lu t ions  of  low 
concen t r a t i ons  will ,  fo r  a suf f ic ien t ly  s a t i s f a c t o r y  approx imat ion ,  be p ropor t i ona l  to T-2.  Itl fact ,  the AB 
va lues  o b s e r v e d  at va r ious  t e m p e r a t u r e s  in the c a s e  of  solut ions  of pyr id ine  and 2-  and 4 - m e t h y l p y r i d i n e s  
a g r e e  s a t i s f a c t o r i l y  with the va lues  ca lcu la ted  f r o m  the  e x p r e s s i o n  

(3) 

1 .  

2. 
3.  
4 .  
5. 
6. 

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

J .  K e r r ,  Ph i l .  Mag. ,  50, 446 (1875). 
H. S tuar t ,  Molecu la r  S t r u c t u r e  [Russian t r ans la t ion ] ,  ONTI (1937), p. 189. 
A.  E .  Lutsk i i ,  N. N. Ivanova ,  and V. T,  Chalyi ,  Ukr .  F i z .  Zh.,  12, 262 (1967). 
A.  E .  Lutsk i i ,  V.  T .  Chaly i ,  and N. N. Ivanova,  Ukr .  F i z .  Zh.,  12,  266 (1967). 
A.  E.  Lutsk i i ,  V.  T .  Chaly i ,  and N. N. Ivanova ,  T e o r .  i l~ksper. Khim. ,  4 ,  545 (1966). 
C.  P o w e r s  and L.  P e t i c o l a s ,  J .  P h y s .  Chem. ,  71, 3191 (1967). 

9 1 0  



7. A . E .  Lutski i ,  L.  B. Vasi lenko,  V. T.  Chalyi,  and N. N. Ivanova, Optika i Spektroskopiya,  3_.0_0 , 119 
(19"/1). 

8. L.B. Vasilenko, Candidate's Dissertation [in Russian], Kharkov Polytechnieal Institute (1970). 
9. M. Aroney and R. Le Fevre, J. Chem. Soc., 3002 (i958). 

I0. M. Aroney and R. Le Fevre, J. Chem. Soc., 2161 (1960). 
II. IY[. Aroney, R. Le Fevre, Z. Radorn, and G. Ritchie, J. Chem. Soe., B, 50 (1968). 
12. C. Le Fevre, R. Le Fevre, B. Rao, and M. Smith, J. Chem. Soc., 1188 (1959). 
13. V.T. Chalyi and A. E. Lutskii, Vestnik Khar'k. Politeklm. Inst., ICnirn. i Khim., Tekhnol. Organ. 

Veshehestv., 23, 71 (1967). 
14. C. Le Fevre arid R. Le Fevre, Rev. Pure Appl. Chem., 5, 261 (1955). 
15. V.V. Prezhdo, Candidate's Dissertation [in Russian], Kharkov Polytechnical Institute (1970). 

911 


