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T h e electrochemical reduction of 4-ni trosodiphenylamine , 3-methyl-4-amino-5-nitrosouraci l 
and l ,3-dimethyl -4-amino-5-ni trosouraci l was studied in connect ion with the deve lopment 
of methods of electrosynthesis of s o m e a m i n o derivatives, intermediate c o m p o u n d s in the pro
duct ion of medicinal preparations and ant ioxidants of polymeric materials. 

A single diffusion-controlled four-electron wave is observed in the po l a rog ram s 
of 4-n i t rosodiphenylamine (/) at p H above 9 (at lower p H / is unstable) and con
cent ra t ions below 5 . lO""^ mol/ l and of 3-methyl-4-amino-5-ni t rosouraci l ( / / ) and 
] ,3-dimethyl-4-amino-5-ni t rosouraci l ( / / / ) and a t p H from 1 to 7. By the me thod 
of cyclic vo l t ammet ry it was shown tha t such po la rograph ic behav iour is explained 
by reduct ion of these c o m p o u n d s accord ing to the E .C.E . m e c h a n i s m ' ~*. 

O n the vo l t ammet r i c curves in the first cycle of voltage applicat ion at p H above 9 
a n d voltage scanning ra te lower t han 0-16 V/s for / and in the entire p H range and 
at voltage scanning rates up to 50 V/s for II and / / / ca thodic peaks are observed 
with potent ia ls cp^ close to fpi/, of these c o m p o u n d s under similar condi t ions (Fig. l ) . 
Beginning f rom p H 7 peaks of ox ida t ion of the cor responding a m i n o derivatives 
/ ' , / / ' a n d / / / ' fo rmed in the ca thod ic reac t ion a p p e a r wi th cp^ from —0-2 to 0-4 V 
depend ing on solut ion p H . 

U p o n repeated voltage appl ica t ion to the same d r o p in solut ions with p H 7 ano the r 
ca thodic peak may be observed with (p^ close to (Pp of I', IT and / / / ' . This peak is 
p resumably due to the reduct ion of p roduc t s of / ' , W and III' oxidat ion . The oxida
t ion p roduc t s of 4-aminodiphenylaiTiine (/ ' ) a n d of subst i tu ted 4 ,5-diaminouraci ls 
( / / ' and / / / ' ) in a wide p H range and on var ious electrode mater ia ls are the a p p r o 
pr ia te imino derivat ives: N - p h e n y l q u i n o n e di imine (/") and 4,5-di imino-uraci ls 
( / / " and Iiry. The peaks of reduct ion of I", 11" and III" are displayed at potent ia ls 
which are less negative by 0 - 4 - 0 - 6 V than the ca thodic peaks of / , / / a n d / / / . 
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At voltage scanning rates above 0-16 for I and 50 V/s for / / and III ano the r anod ic 
peak appears which forms a c a t h o d e - a n o d e system with reduct ion peaks of J, / / a n d / / / 
and which is the oxidat ion peaks of the in termedia te reduct ion p roduc t , the cor
responding hydroxy lamino derivative (/"', / / " ' and / / / " ' ) (Fig. 2.). At voltage applica
t ion rates of 1 V/s and higher the height ra t io of the anodic peak of /" ' and ca thodic 
peak of / becomes equal to unity and independent of the voltage apphca t ion rate 
(Fig. 3). The potent ia l difference between the ca thodic and anodic peaks is 0 0 2 8 V 
which is close to the cor responding value for a reversible electrochemical process 
with par t ic ipa t ion of two electrons. F o r / / and / / / equali ty of anodic and ca thodic 
peak heights is no t observed even at vol tage scanning rate up to 200 V/s. 

FIG. 1 

Cyclic vo l tammogram of 3-methyl-4-amino-
-5-nitrosouraciI (pH 9 2 , 0-5 V/ s , 6-25 . 1 0 " * 
mol/1). Beginning of the second voltage ap
plication cycle is indicated by dashed line 

CycUc vo l tammogram of 4-nitroso-diphenylamine (OT inol/1 N a O H , 1 V/s , 6 - 6 . 10 * mol / l ) . 
Beginning of the second voltage application cycle is indicated by dashed line 
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The first e lectrochemical stage involves add i t i on of two electrons and p r o t o n s with 
fo rmat ion of the appropr i a t e hyd roxy lamino derivative which dehydra tes yielding 
q u i n o n e imine which in its t u r n is reduced with par t ic ipa t ion of two electrons and 
p r o t o n s in to the a m i n o derivat ive at potent ia ls less negat ive by 4 0 0 - 6 0 0 m V as 
c o m p a r e d the the initial n i t roso c o m p o u n d . F o r / / and / / / the rate of the chemical 
stage is considerably higher as c o m p a r e d with / . The first electrochemical stage 
is potent ia l -de termining. 

The ra te of the chemical react ion is considerably affected by t empera tu re . The peak 
of / " ' oxidat ion appears at significantly higher vol tage appl icat ion ra tes : 0-16, 0-5, 
I'O and 4-0 V/s at t empera tu res of 20, 30, 40 and 60°C respectively. 

U n d e r certain condi t ions the single four-electron wave of / and / / is separa ted 
in to two and in the case of / / / even in to three steps. According to d a t a of prepara t ive 
electrolysis and cyclic vo l t ammet ry a t p la t eau potent ia ls of all waves the same 
p r o d u c t is formed, the cor responding a m i n o c o m p o u n d . 

Divis ion of the wave of / is no t connected with var ia t ion of the p r o t o n - d o n o r 
activity of the med ium since the wave height ra t io is independen t of p H a n d buffer 

D I S C U S S I O N 

It may be assumed tha t reduct ion of / , / / a n d / / / proceeds according to the following 
schemes: 
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capaci ty of the solut ion. Wave division occurs with increase of the concentra t ion 
of / , the l imiting current of the first step acquir ing a kinetical character . At concentra
t ions of / above 1-6 . 10"^ mol/1 the first wave again becomes diffusional its height , 
however, d rops to the two-electron level (Fig. 4). Decrease of the four-electron 

FIG. 3 

Cyclic v o l t a m m o g r a m of 4-nitrosodiphenyI-
amine ( 0 1 mol/1) N a O H , 6-6 . 1 0 " * mol/1) 
at vol tage appl icat ion rates: a 0-08; b 0-16; 
c 1 V / s and d the dependence of peak height 
ratio o n voltage application rate 

FIG. 4 

Dependence of of the 1 first; 2 overall waves , and 3 o f calculated value of ly^^^ for the 
two-electron process on 4-nitrosodiphenylaraine concentration in the presence of 0-1 mol/1 N a O H . 
Alcoho l content 20% vol 
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wave of / reduct ion to a two-electron one is also observed a t low concent ra t ions 

when the end reduct ion p roduc t ( i ' ) or ex t raneous surfactants (e.g. c amphor ) are 

added to the solut ion. The region of potent ia ls of the second wave beginning CO-

FIG. 5 

/[in, M p H dependence for 1 , 1 ' the first; 2,2' second; 3, 3 ' third wave of reduction of 
3-methyl- and l ,3-dimethyl-4-amino-5-nitrosouraci ls 

Fio. 6 

Polarograra of l ,3-dimethyl-4-amino-5-nitrosouraci l ( M . 10 
1 0 " ^ raol/1 of l -3-diethyl-4,5-diaminouraci l 2 and of 1-7 
8-4; 4 background curve 

mol/1 1 and with addit ions of 
1 0 " ' m o l / 1 of camphor 3 at p H 
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incides with the potent ia l of c a m p h o r desorp t ion , de termined from the effect of the 
latter o n the residual po la rograph ic current . Therefore I' appear ing as a result 
of reduct ion causes decelerat ion of the chemical reaction which follows reversible 
transfer of the first two electrons. At higher tempera tures the observed effects dis
appear ; this is explained by decrease in the surface activity of I' and by increase 
of the chemical react ion rate . 

Wave division in the case of / / and HI is due to their ac id-base proper t ies . It is 
known tha t , uracils display weak basic proper t ies and undergo pro tona t ion* . 

Waves of 77 and 777 divide in the p H region of 7 —8, while the overall wave retains 
its diffusional character . The wave height ra t io depends on p H , buffer capacity and 
on concentra t ion of 77 and 777 (Fig. 5). Wi th increase of p H the first wave diminishes 
and at p H > 8 - 5 - 9 - 4 it d isappears . Lower ing of the concentra t ion of a m m o n i a 
buffer solut ion conta in ing 1-4. 1 0 " ' M of 77 or 777 to 0-01 mol/1 results in wave 
separa t ion which is absent in more concent ra ted solut ions. 

The UV spectra o f / 7 and777 in the range of p H 1 - 7 display one absorp t ion band 
with m a x i m u m at 315 n m indicating cons tancy of the ni t rosouraci l s t ructure in the 
given p H range. U n d e r these condi t ions they apparent ly exist in the form of neut ra l 
molecules. In 0-6 mol/1 solut ion of sulphuric acid a new absorp t ion band appears 
with m a x i m u m at 260 n m which presumably cor responds to the p r o t o n a t e d form 
of the c o m p o u n d s s tudied. The band belonging to the neut ra l molecule is retained. 
In 3-75 mol/1 solut ion of sulphur ic acid uracils are present only in the p ro tona ted 
form. 

The observed division of waves of 77 and 777 in the range of p H 7 — 8 m a y be as
sociated with reduct ion of the p r o t o n a t e d and n o n p r o t o n a t e d forms of these com
pounds . Since the p r o t o n a t e d form of ni t rosouraci ls is absent in the solution bulk 
at these p H accord ing to U V spectral da ta , under condi t ions of po la rograph ic 
reduct ion surface p ro tona t i on of the neut ra l molecule presumably takes, place. 

Study of the effect of react ion p roduc t s o n the po la rograph ic behaviour of 77 
and 7/7 shows that their addi t ion to the solut ion leads to suppression of the first 
wave (Fig. 6). A similar effect is caused by ext raneous surfactants , e.g. c a m p h o r . 
These addi t ions do no t affect the height of the overall wave. 

Ano the r wave appea r s at p H 11 for II and a t p H 7 for / / / in the region of more 
negative potent ia ls . Wi th increase of p H the height of the more positive wave decreases 
and of the negative one increases. The overall current of bo th waves remains cons tant 
and is of diffusional na tu re . The more positive (second) wave has a kinetical na ture . 

The U V spectra of / / and / / / in the region of p H 10—14 exhibit a new absorp t ion 
band with m a x i m u m at 297 n m which apparen t ly cor responds to the an ions of / / 
and / / / . The height of the more positive wave is evidently de termined by the recom
binat ion ra te of / / and / / / an ions into neut ra l molecules. F o r / / / in the region of p H 
7-5 — 9-5 all three waves m a y be observed cor responding to reduct ion of the p ro tona ted 
form, the neut ra l molecule a n d the anion. 
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