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The charac te r  of the polarographic  reduction of picolinonitrile,  nicotinonitrile, isonicotino- 
nitr i le,  i soeinchomeronic  acid dinitrile,  picolinamide, and nicotinamide on a dropping m e r -  
cury  electrode with a buffer-solution base electrolyte in the presence  of ammonium ions 
depends on the concentrat ion of the ammonium ions, which in teract  with the r ing nitrogen. 

In a study of the polarographic  behavior of cyanopyridines [1] in the presence of various base e lec-  
t rolytes  it was noted that nicotinonitri le (I) in ammonium hydroxide solution (in contras t  to alkalis) gives 
~olarograms with not one but two one-e lec t ron diffusion waves, the heights of which depend in different 
manners  on the NH4OH concentration. A similar  pattern is also observed in other e lectrolytes  that con-  
tain the ammonium ion [2]. We were unable to find information in the l i terature regar:ling the action (other 
than hydrolytic) of ammonia  solutions on cyanopyridines.  In this connection, it seemed expedient to make 
a sys temat ic  study of the effect of ammonium ions on the polarographic reduction of cyanopyridines and 
some other  pyridine derivat ives.  

The po ta rograms  of the eyanopyridines,  which were recorded  in an I z m a i l o v - P i v n e v a  bu_ffer-solu- 
t-ion base electrolyte (base electrolyte  A) with pH 8.0, demonstra ted that in the absence of ammonium ions 
I gives two waves,  the half-wave potentials of which a re  -1 .50  and -1 .96  V, and the limiting currents  are  
0.3 and 2.0/~A. The addition of ammonia  to the indicated solution has a substantial effect on the electrode 
react ions ,  since the limiting cur ren t  of the second wave is reduced to 1.0/zA (Fig. la,  curve 2), while the 
f i rs t  wave, which cha rac te r i zes  the reduction of the protonated molecules  (curve 1), inc reases ,  and its po- 
tential is shifted to the negative side. It should be noted that the effect of ammonium ions is displayed 
most  sharply  when they are  introduced into the electrolyte  in amounts that do not exceed the equimolar 

TABLE i. Polarographic Characteristics of Cyanopyridines 
(c 4 �9 10 -4 M) in Ammonium-Salt  Base Elec t ro ly tes  

Compound 

Picolinonitrile 
Nicotinonitrite 

Isonicotinoni - 
trile 

VE %. 

1,36 
1,53 
1,81 
1,18 
1,83 

0,1 A Ntl4C[ 

i, slope an  
pA 

3,2 0,060 0,97 
2,4 0,050 1,18" 
2,0 0,057 1,03" 
4,1 0,059 1,00 
6,0 0,071 0,83 

-E*/2 
V 

1,31 
1,47 
1,74 
1,14 
1,82 

o._~N (NH,):SO, l o., A, (~,H,),c~o: 

E, ~%{ , , ,  [ p ~% 

0,76 I [ ! 0,36 0,076 1,3l I 3,1 0,074 0,78 
1,85 0,053 1,10[I,48 1,85 0,053 l l,lO 
1,56 0,056 1,05[ 1,74 J2,0 [ 0,056 ll,05 
4,0 0,059 1,00 i 1,18 4,1 0,97 0,057 
9,1 0,075 0,79i 1,87 8,8 0,059 l,O0 

* The n values,  which were found by microcoulometry ,  are 1.06 
and 1.04, respect ively.  
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Fig. 2 

Fig. 1. Dependence of the l imit ing cu r r en t  and the 
ha l f -wave  potent ia ls  of 3-cyanopyr id ine  (I, c 4 �9 i0 -4 
M) on the concentra t ion of added ammonium hydrox-  
ide (base e lec t ro ly te  A, pH 8) and on the pH of the 
ammonium hydroxide solution (base e lec t ro ly te  B, 
CNH40 H 1 - 6 . 1 0  -2 M): 1) for the f i r s t  half-wave;  2) 

for  the second half -wave.  

Fig.  2. Dependence of the cu r r en t  and ha l f -wave  
potent ia ls  of nicotinamide (a), p icol inamide (b), and 
picol inonitr i le  (c) on the concentrat ion of added a m -  
monium hydroxide in base e lec t ro ly te  A (pH 7.0, 
Cde p 4 �9 10 -4 IV[): 1) for  the f i r s t  ha l f -wave;  2) for 
the second hal f -wave.  

quantity with r e s p e c t  to I. When the ammonium-ion  concentra t ion is  fur ther  inc reased ,  the ha l f -wave  po-  
tential and the cu r r en t  re ta in  constant  values .  The l imit ing cu r r en t  in this case  is  l imi ted  by diffusion. 

An invest igat ion of the polarographic  behavior  of I as a function of the pH of a un iversa l  buffer solu-  
tion for CNI_ I O,~ 1 - 6 . 1 0  -8 M (base e lec t ro ly te  B) demons t ra t ed  that  two e lec t rode  p r o c e s s e s  a re  r ea l i zed  
s imul taneous ly  (Fig. lb) in alkaline media  (pH 8-10). One p roceeds  with par t ic ipat ion of hydrogen ions 
(wave 1, AE1/2/ApHH= --33 mV/pH unit) [3], while hydrogen ions do not par t ic ipa te  in the e ther  p roce s s  
(wave 2). Both of these p r o c e s s e s  a re  one-e lec t ron  p r o c e s s e s .  The sum of the cu r r en t s  of both reduction 
waves  is  constant,  but the magnitude of the cu r r en t  of each of them depends on the pH of the medium.  I t  
should be noted that  when ammonium ions a r e  absent ,  wave 1 is p rac t i ca l ly  absent  in base e lec t ro ly te  A 
at  pI-I > 8 [1]. 

Picol inoni t r i le ,  the amides  of picolinic and nicotinic acids (Fig. 2), 4-cyanopyr id ine  (II, E 1 / e  = --1.30 
V*), and 2,5-dicyanopyridine (III, El~2 = - 1 . 2 2  V*) a re  reduced like I in ammonia  solutions on a dropping 
m e r c u r y  e lec t rode .  However,  the changes in the cu r r en t  and hal f -wave potent ia ls  a re  l e s s  Significant in 
the case  of II and III. 

The r e s u l t s  of the invest igat ion of the polarographic  behavior  of n i t r i l es  of pyr id inecarboxyl ic  acids 
in ammonium-sa l t  base  e l ec t ro ly te s  a re  p resen ted  in Table  1. In this case ,  two waves  with ha l f -wave  po- 
tent ia ls  of ~ - 1 . 5  and - 1 . 8  V are  obse rved  on the p o l a r o g r a m s  of I. The f i r s t  wave has  a well  e x p r e s s e d  
l imit ing cur ren t .  M e a s u r e m e n t  of the cu r r e n t  of the second wave is  h indered because of reduct ion of a m -  
monium ions.  As in the ammonium hydroxide base  e lec t ro ly te ,  both waves  co r re spond  to r e v e r s i b l e  one-  
e tec t ron  reduction.  I t  is  cha r ac t e r i s t i c  that  I i s  reduced  in one step in K + Na +, and Li + sa l t  base e lec -  
t ro ly tes .  I t  i s  n e c e s s a r y  to note that  the inves t iga ted  s tar t ing  m a t e r i a l s  do not undergo hydrolyt ic  t r a n s -  
fo rmat ions  under  the desc r ibed  conditions. 

Thus the r e su l t s  of the expe r imen t s  showed that  p r o c e s s e s  that  indicate the in te rac t ion  of ammonium 
ions with the depo la r i ze r  occur  during the reduct ion of n i t r i l e s  and amides  of pyr id inecarboxyl ic  acids on 
a dropping m e r c u r y  e lec t rode  in buffer solutions in the p re sence  of ammonium hydroxide.  The s t ruc tu re  
of the subst i tuent  at tached to the pyridine r ing apparent ly  does not have a decis ive  ef fec t  on this react ion,  
s ince the action of ammonium ions both on cyanopyr id ines  and on the cor responding  amides  is  by and l a rge  

* Base  e lec t ro ly te  A, pH 7.0. 
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similar, in both eases, the greatest effect from the presence of ammonium ions is manifested for an equi- 
molar ratio of ammonium ions and the investigated substance. It should be noted that when the pH in- 
creases due to ammonium hydroxide, the dependence of the magnitude of the current of the nitriles and 
amides of pyridiae-2-earboxylic acid and pyridine-3-carboxylic acid on the pH is the same as in the case 
of an increase in the concentration of hydrogen ions [I]. Moreover, when ammonia is present, new waves 
do not appear on the polarograms of these pyridine derivatives, and one observes only that the waves of 
the reduction of the protonated molecules increase, and the waves corresponding to the electrode processes 
in which hydrogen ions do not participate decrease. Considering this, the nature of this phenomenon can 
be explained by interaction of the ammonium ions, which are proton donors [4], with the nitrogen atom of 
the pyridine ring. The reaction is completed by transfer of a proton to molecules of the reduced pyridine 
derivatives. When CNH40 H < Cdep, the addition of NH4 + to the ring nitrogen is apparently realized in the 
n e a r - e l e c t r o d e  space ,  while when CNH40 H > Ode p i t  i s  r ea l i zed  in the depths of the solution, since theheight  
of wave i depends on CNH40 H in the f i r s t  case  but is  independent of it  in the second case .  The second step 
of the above- indica ted  reac t ion  (addition of an e lec t ron  and fo rmat ion  of an H - N  bond) p roceeds  on the 
e lec t rode  sur face .  

The elucidated r egu la r i t i e s  make i t  poss ible  to conclude that  the quanti tat ive determinat ion of p y r i -  
dine de r iva t ives  in the p r e s ence  of ammonium ions should be c a r r i e d  out when CNH40 H > Cde p. 

EXPERIMENTAL 

The polarograms were recorded with a PE-312 electronic polarograph in a thermostatted cell at 
25 • 0.2 ~ The oxygen was removed from the solutions with a jet of argon saturated with water vapors. 
The half-wave potentials were determined from graphs of the dependence of log [i/(ilim-i)] on E and were 
corrected with allowance for the cell resistance. The comparison electrode was an external calomel half 
cell. The pH values of the solutions were measured with a pH meter. The capillary had the following 
characteristics (for E = 0 and h=40.4 cm): m=3.1 mg/sec, t = 1.3 sec, mZ/3tt/6= 2.04 mg2/3sec-i/z. The 
base electrolytes used were the Izmailov-Pivneva aqueous buffer solution [5] with lithium hydroxide (base 
electrolyte A) and universal buffer solutions prepared from phosphoric, boric, and acetic acids [6], the pH 
of which was brought up to 8-10 with aqueous ammonium hydroxide (base electrolyte B). 
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