
CHEMISTRY OF HETEROCYCLIC COMPOUNDS 523 

INVESTIGATIONS IN THE FIELD OF AROMATIC HETEROCYCLES 

VIII. Po la rog raph ic  Reduct ion of P iaz th io le  and P i az se l eno l e  in 

Aqueous Solutions* 

V. Sh. Tsven ia shv i l i ,  S. I. Zhdanov, and Z. V. Todres  

Khimiya  Ge te ro t s ik l i chesk ikh  Soedinenii ,  Vol. 4, No. 4, pp. 712-718,  

UDC 547.794.3'793.3:543.253 

1968 

Piazthiole and piazselenole, like benzofurazan, studied previously, 
are reduced at the dropping mercury electrode with the consump- 
tion of six electrons and with the formation of o-phenylenediamine. 
the transfer of the first electron in acid solutions is preceded by the 
reversible protonation of the molecules. The ease of reduction rises 
in the sequence benzofurazan, piazthioie, piazselenole in accordance 
with a fall, and not with a rise, in the electronegativity of the key 
heteroatoms O, S, Se and with the decrease in the dipole moments of 
the corresponding molecules. The presence of two waves in the po- 
larogram of piazselenoie is due not to the stagewise nature of its re- 
duction but to the anodic dissolution of mercury in the presence of 
hydrogen selenide. 

The s t r u c t u r e  of benzofu razan  (I), p iazthiole  (]I), 
and p iazse leno le  (III) is not comple te ly  c l e a r  at the 
p r e s e n t  t ime .  These  compounds belong to the c l a s s  
of 1, 2, 5 - X - d i a z o l e s  and, as can be seen f rom the 
fo rmula ,  differ  only in the key he t e roa tom X. 

N / 
i X=O.  

I I  X = S 
I l l  X =$�9 

It  has been  ca lcula ted  (see, for  example,  [2]), that  
the conve r s ion  of benzene  de r iva t ives  into s y s t e m s  
I - I I I  is assoc ia ted  with a d i s tu rbance  of the equiva-  
l ence  of the bonds,  the degree  of which r i s e s  with an 
i n c r e a s e  in the e l ee t ronega t iv i ty  of the key h e t e r o a -  
tom. It was concluded that such a d i s t u r b a n c e  of the 
equiva lence  of the bonds ends  with the fo rma t ion  of 
an o-quinoid  r i n g  as a s t r u c t u r a l  e l emen t  of the c o r -  
r e spond ing  piano mo lecu l e s  [3, 4]. At the same t ime,  
a naph tha lene- l ike  s t r uc tu r e  has been  a s sumed  for 
compounds  I I - I I I  [5J and the ex i s tence  of s t r u c t u r e s  
with t e t r a v a l e n t  X-a toms  (X = S, Se) has e v e r  been  
suggested [6, 7]. The nece s s i t y  for  a f u r t he r  c r i t i ca l  
d i s c u s s i o n  of the ques t ion  of the c lose  s i m i l a r i t y  of 
these  compounds with naphthalene is a lso re f lec ted  
in the l i t e r a t u r e  [8J. 

In p reced ing  communica t i ons  of this  s e r i e s  the 
point  of view has  been  developed accord ing  to which 
the fo rma t ion  of compounds  I - I I I  is  accompanied  by 
the appea rance  of new a roma t i c  s y s t e m s  which differ  
f rom naphthalene and f r o m  one another  in the ef fec-  
t ive pa r t i c ipa t ion  of the key he t e roa tom in the f o r m a -  
t ion of an annu la r  cloud of de loea l ized  e l ec t rons .  In 
o rde r  to compa re  this  capaci ty  for  conjugat ion of O, 
S, and Se a toms with the i r  e l ec t ronega t iv i t i e s ,  we 
tu rned  to the e l ec t rochemica l  r educ t ion  of compounds 
I - I I I .  In this ,  we hoped that  t he i r  t endency  to r e d u c -  
t ion,  expres sed  through the ha l f -wave  potent ia ls ,  

*For par t  VII, see [1]. 

would depend on the e l ec t ronega t iv i ty  of the only v a r y -  
ing por t ion  of the mo lecu le - - the  atom X. As Voitkevich 
[9] has shown, the ease  of reduc t ion  i n c r e a s e s  with 
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Fig.  1. Inf luence of ac id i f ica t ion on the po la -  
rog ram ofpiazthiole  in 0.1 M LiCIO 4 con ta in -  
ing 0.02% of gelat in .  Concen t ra t ion  of piazthiole:  
10 -3 M. Concen t ra t ion  of HCI: 1) 0; 2) 4.5 �9 10-4; 
3) 8 .6"  10-4; 4 ) , 1 . 2 4 .  10-3; 5) 1 . 5 8 - 1 0 - 3 ;  
6) 1.9 �9 10-3; 7) 2.2 , 10-3;  8) 2.48 �9 10-s;  
9) 2.74 �9 10 -3 M. The HC1 solut ion also con-  
ta ined 10 -3 M of piazthiole  so that when the 
acid was added the concen t ra t ion  of piazthiole  
r e m a i n e d  s t r i c t l y  constant .  F o r  c la r i ty ,  the 

osc i l l a t ions  have been smoothed out. 

an i n c r e a s e  in the dipole moment .  According  to Hill 
and Sutton [10], the passage  f r o m  S to Se and to O 
leads  to a sharp  r i s e  in the dipole momen t  in the s e -  
quence  of compounds I - I I I  (~ = 4.03, 1.73, and 0.94 D, 
respec t ive ly ) .  It was,  t he r e fo re ,  to be expected that 
the ease  of reduc t ion  should i n c r e a s e  in the same s e -  
quence.  It follows f r o m  chemica l  data  that compounds 
I - I I I  a r e  reduced  with the opening of the r ing  and with 
the fo rma t ion  of o -pheny lened iamine  [11]. In this  
p roces s ,  in accordance  with the f o r m u l a s  of I - I l I ,  
six o lec t rons  mus t  be consumed.  Eight e l ec t rons  
should be consumed  for  the r educ t ion  of s t r u c t u r e s  
with qua t e rva l en t  X - a t o m s .  A n u m b e r  of e l ec t rons  
consumed averag ing  be tween 6 and 8 would indica te  
an "averaged"  va lence  s ta te  of the S-a tom in p iaz th i -  
ole and of the Se atom in p iazse leno le .  

Benzofurazan  (I) can  be obtained by the d e h y d r a -  
t ion of o -benzoquinone  dioxime [12]. The fo rma t ion  
of p iazse leno le  (III) t akes  p lace  r ead i ly  when o - p h e -  
ny l ened iamine  is  oxidized with se l en ium dioxide [13]. 
It  has  been  shown [11] that the 6xidation takes  place 
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th rough the s tage  of o--quinone d i imine  o r  a d e r i v a -  
t ive  of it  capab le  of adding HC1. On the o ther  hand, 
it is known that  2 - amino th iony lan i l i ne  can be con-  
v e r t e d  into p iaz th io le  [14]. On the bas i s  of the data  
g iven  on the methods  of p r e p a r a t i o n  it  is,  of cou r se ,  
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Fig .  2. Inf luence of the pI-I on the ha l f -  
wave potent ia l  of p iaz th io le  (1), on the 
f i r s t  (2), and second (3) waves  of p i a z -  

s e l eno le ,  and of benzofurazan  (4). 

i m p o s s i b l e  to judge the f e a t u r e s  of the s t r u c t u r e  of 
the  compounds  obtained,  but it is poss ib l e  to r a i s e  
the ques t ion  of the na tu re  of the  p a r t i c l e s  f o r m e d  
as i n t e r m e d i a t e s  in the e l e c t r o c h e m i c a l  reduc t ion  
of compounds  I - I I I .  It was of i n t e r e s t  to d e t e r m i n e  
whe the r  this  p r o c e s s  involves  the s t epwise  c l eavage  
of the r ing,  whe the r  the i n t e r m e d i a t e  p a r t i c l e s  r e -  
ta in  the h e t e r o a t o m  in the s ide  chain, o r  whe ther  
c l eavage  takes  p l ace  with the f o r m a t i o n  of o - b e n z o -  
quinone d i imine .  In the l a t t e r  case ,  it mus t  be bo rne  
in mind that  the f ixa t ion  of the s tage  of the f o r m a t i o n  
of o -benzoquinone  d i imine  is unl ikely,  s ince  imino 
d e r i v a t i v e s  of ca rbonyl  compounds  a r e  r educed  m o r e  
r e a d i l y  than the ca rbonyl  compounds  t h e m s e l v e s ,  
and the wave  of o -benzoquinone  at pH = 5 has  q01/2 = 
=+0~ V [15]. In the case  of p i a z s e l e n o l e  (III), the 
a p p e a r a n c e  of the anode wave  of another  r educ t ion  
p roduc t - -hyd rogen  s e l e n i d e - - m a y  a lso  be expected  

[161: 

H g +  H ~ S e  -->- H g S e + 2 H  ' + 2 d -  

This  p r o c e s s  may man i fe s t  i t se l f  s ince  Ill ,  a cco rd ing  
to p r e l i m i n a r y  r e s u l t s  [11], is r educed  at m o d e r a t e l y  
nega t ive  potent ia l s .  The  ex i s t ence  of p r o c e s s  (1) in 
the gene ra l  s c h e m e  of c o n v e r s i o n s  i m p a r t s  an a p p a r -  
ently t w o - s t a g e  na tu re  to the reduc t ion  of p i az se l eno le .  

In p r inc ip le ,  this  phenomenon is a lso  p o s s i b l e  fo r  
p i az th io le  II. 

Apar t  f r o m  the p r e l i m i n a r y  f i gu re s  ment ioned [11], 
which w e r e  obtained in ace ta t e  buffer  solution,  t h e r e  

a r e  no data  on the po l a rog raph i e  r educ t ion  of c o m -  
pounds II and III in aqueous solut ions  (le P 6 r n t e ' s  
pape r  [7] is pu re ly  analyt ica l ) .  

The po l a rog raph i c  behav io r  of benzofu razan  has 

been  studied in deta i l  aga ins t  a background of a un i -  
v e r s a l  bu f fe r  (Br i t ton-Robinson) - -aqueous- -e thanol ic  
solution containing 30% of ethanol (by volume) .  Under  

t he se  condi t ions  one s i x - e l e c t r o n  wave was found, 

which c o r r e s p o n d s  to reduc t ion  with the opening of 
the h e t e r o e y e l e  and the d i r e c t  f o rma t ion  of o - p h e n y l -  
ened iamine  [17]. In the p r e s e n t  pape r  we give the 
r e s u l t s  of a study of the po l a rog raph i c  behav io r  of 
p iaz th io le  and p i a z s e l e n o l e  in unbuffered and buf fered  

aqueous solut ions .  In o r d e r  to e o m p a r e  ~1/2 of all 
t h r e e  compounds  obtained under  s t r i c t l y  ident ical  
condi t ions,  q)1/2 fo r  benzofu razan  was d e t e r m i n e d  again 
in the buffer  solut ions  used  fo r  II and III. 

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

The polarograms were recorded with a Hungarian OH-102 elec- 
tronic polarograph. Coupled with the dropping mercury electrode, a 
saturated calomel electrode was used. 

The number of electrons was found microcoulometrically [18]. 
With the object of accumulating and identifying the reduction pro- 
ducts of piazthiole and piazselenole, the elecrxolysis of 5 ml of 
solution was carried out at a stationary mercury cathode with an 
area of about 0.5 cm 2. This experiment was carried out with a 
Czechoslovakian LP-60 electronic polarograph, with which con- 
siderable currents (up to 5 mA') can be measured. The electrolysis 
products were subjected to poiarographic and chemical qualitative 
analysis. 
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Fig .  3. Inf luenee of ae idi f iea t i  on on the pol a r o -  
g r a m  o f p i a z s e l e n o l e  (10-3M) in 0 .1M LiC104 
solut ion containing 0.02% of gela t in .  C o n c e n t r a -  
t ion of HCI: 1) 0; 2) 4.5 . 10-4; 3) 8 .6"  10-4; 
4) 1.24 ' 10-3; 5) 1.58 �9 10-3; 6) 1.9 �9 10-3;  
7) 2.2 �9 10 -3 ;  8) 2.40 �9 10 -3 ;  9) 2.74 �9 10-3; 
10) 2.98 �9 10 -3 M. The solut ion of HC1 c o n -  
tained 10 -3 M p i az se l eno le  so that the concen -  
t r a t i on  of p i az se l eno le  in the cel l  r e m a i n e d  
s t r i c t l y  constant .  F o r  c l a r i ty ,  the cu rves  have 
been  plot ted with leve ling out of the osc i l l a t i ons .  

The piazthiole and piazseleuole were synthesized by Hinsberg's 
method [13]. Lithium perchlorate was used as the inert electrolyte 
in the unbuffered solutions. The components of the buffer mixtures-- 
according to Walpole (sodium acetate and hydrocMoric acid) for 
pH = 0.68-6.2 and according to Britton and Weiford (monopotassium 
phosphate and sodium hydroxide) for pH = 8.8-12--were additionally 
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purified by recrystall ization. The hydrochloric acid solutions were 

prepared from Fixanal products. Only double-disti l led water was 
used to prepare the solutions. The oxygen was displaced from the 

solutions with argon. 
Piazthiole is appreciably volat i le .  When the dissolved air was 

displaced by argon, part of the piazthiole  was lost. To find the 
true value of the l imit ing current, polarograms were recorded after 

various intervals of t ime with the passage of argon through the 

solution between measurements. The dependence of the height of the 

wave on the t ime of passage of argon was extrapolated to zero t ime.  

In some experiments ~ e  t ime of passage of argon was reduced to the 

necessary minimum. Benzofurazan is even more volat i le .  Piazsele- 

nole is nonvolatile. 
Piazthiole (II). In the polarogram of piazthiole  in an unbuf- 

fered medium, namely on a support of 0.1 M aqueous LiC104, there 
are two waves. The first wave is an adsorption prewave. If the 

solution contains gelat in to suppress the maxima,  this wave does not 

appear. 
The half-wave potential of the second, main wave, is -1.22 V. 

Its l imit ing current is proportional to the concentration of piazthiole 

and is determined by the rate of its diffusion. 
It was established by microcoulometric measurements that six 

electrons take part in the reduction of one molecule  of piazthiole.  

On the polarogram of partially reduced piazthiole,  in addition to 

the wave of the reduction of the remainder of the piazthiole,  there 

is an anode wave which, from al l  indications, corresponds to the 

anodic dissolution of the mercury in the presence of the accumulated 

sulfide ion with the formation of mercury sulfide. In an acidified so- 
lution the smell  of hydrogen sulfide can be distinctly detected. The 

qual i ta t ive  reaction for the S 2- ion is positive. 
Hydrogen ions must be consumed in the reduction of piazthiole.  

To investigate the stoiehiometry of the reaction with respect to hy- 
drogen ions, an experiment was carried out with the acidification of 
an unbuffered solution of piazthiole (Fig. 1). On the polarogram of 

a weakly acidic solution of piazthiole a new wave arises approx- 
imate ly  0.5 V more positive than the piazthiole wave in a neutral 

medium. When the concentration of acid is increased, the new wave 

rises at the expense of the main wave. The combined l imiting 

currents of the two waves do not change until the new wave takes 

over the main wave completely.  Further acidif icat ion leads to the 

appearance of yet another wave with a half-wave potential  of -1 .5  V, 

which corresponds to the discharge of the superfluous hydrogen ions; 
the piazthiole  wave with a half-wave potential  of about -0.7 V no 

longer appears. 

By means of the theory of latent l imit ing currents [19, 20], the 

number of protons (q) participating in the reduction of piazthiole 
was found to be 5.5. The reduction of piazthiole  in an unbuffered 

neutral medium can be expressed by the equation: 

pounds. There is also, however, a fundamental difference which is 
due to the simultaneous occuxrence of the anodic dissolution of the 

mercury in the presence of the selenide ion arising in the reduction 

of the piazselenole. 

~A 

Fig. 4. Polarograms ofpiazselenole (2 �9 i0 -~ M) 
in buffer solutions, pH: I) 0.5; 2) 1.6; 3) 2.8; 
4) 3.7; 5) 4.7; 6)5.2; 7) 7.0; 8) 8.4; 9)10.4; 

10)  1 1 . 5 .  

As in the case of piazthiole,  in neutral unbuffered solution piaz- 

selenole forms two waves with hag-wave  potentials of about -0.75 

and -1.05 V, the first of which is an adsorption wave and the second 

a diffusion wave. The diffusion coefficient of piazselenole was found 

from the Ilkovi[  equation to be 5.8 �9 10-6 cm2/sec. 

From the results of microcoulometrie measurements for piazsele-  

nole, again n = 6. On a polarogram of a partially reduced solution of 

piazselenole the anode wave of the selenide ion appears. If air is 

admitted to the cell,  the mercury on the bottom is rapidly covered 

with a red deposit of elementary selenium and the anode wave dis- 

appears. 

As in the ease of piazthiole,  when an unbuffered solution of 

piazselenole is acidified a new wave appears on the polarogram (Fig. 

3). With an increase in the concentration of the acid it rises at the 

expense of the main wave; after reaching the height of the main wave 

its rise ceases and the wave of the discharge of the excess hydrogen 

ions appears. As can be seen from Fig. 3, in acid solutions a new 

adsorption wave again appears which is higher than the adsorption 

preliminary wave in neutral solution. Moreover, the new diffusion 

wave is split (curves 6-10).  These phenomena are connected with 

the anodic dissolution of mercury in the presence of selenide ions. 

The number of protons q participating in the reduction of the piaz- 

selenole was found to be 6. This corresponds to the occurrence of the 
over-a l l  reaction (in a neutral medium): 

NH 2 
(2) 

~ N H 2  
~'N\sr +6e~ 6H20 ~ +H2Se + 6 OH 

N / NH 2 
(3) 

The reaction products are o-phenylenediamine and an equimolar 

mixture of Hz S and HS-. 
In a buffer solution, piazthiole gives a single diffusion wave over 

the whole pH range. The half-wave potential becomes more negative 

by 70 mV with a rise in the pH of 1 unit (Fig. 2, curve 1). An analy- 

sis of the shape of the piazthiole wave in a buffer solution showed that 
the coefficient 2.3RT/cxnF from the wave equation is 50 mV and the 
transfer coefficient ct = 0.2. Consequently, the reduction of piazthi-  

ole is a completely irreversible process. Therefore the appearance of 

a new wave in unbuffered acid media and the dependence of the half-  

wave potential on the pH in buffer solutions are due to preliminary 

protonation. 
Using the Ilkovie equation, the diffusion coefficient of piazthiole 

was calculated from the l imit ing current in 0.1 M LiC104. It is 
5 .10-s  cmZ/sec. 

Piazseleuole (III). in the polarography of piazselenole there is 
much in common with that of piazthiole,  which is due to the s imi-  
larity of the structures and the chemical  properties of these two corn- 

In buffer solutions at pH > 9, there is only one diffusion wave on 

the potarogram of piazselenole; in the range pH ~ 3-8  there are two 

diffusion waves and at pH < 3 there are three waves of which the first 
is an adsorption wave (Fig. 4). The half-wave potentials of the 

diffusion waves depend on the pH, the dependence being more pro- 

nounced for the first wave (0r = 87 mV) (see Fig. 2, curve 2) 

than for the second wave (0r = 36 mY) (Fig. 2, curve 3). 

In considering the data presented, we adopt the following mecha- 
nism of the electrode processes. Let the reduction of piazselenole take 

p lace  according to reaction (3) over the whole range of potentials, 

i. e . ,  with the transfer of six electrons in a single stage. At the po- 

tentials of the first wave with pH < 8, the anode reaction (1) may 
take place simultaneously with reaction (3) and the over-al l  process 

must be represented by the equation: 

N/Se~, H g t  411+ 4e- ~ i tl~$~ (4) 
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Then, with a shift of the potential in the negative direction a value 
of it will be reached at which reaction (1) ceases and, because of 
this, a second step appears on the polarogram. The total limiting 
current will correspond to the transfer of six electrons and not to four 
as before. Thus, the presence of two waves on the polarogram of 
piazselenole need not be connected with a stage mechanism of its 
reduction. 

The experimental data agree with these ideas. The dependence 
of ~i/z of the first wave on the pH reflects the protonation preceding 
the slow transfer of the first electron from the electrode to the pro- 
tonated molecule. 

The magnitude 0~0i/2/0pH for the second wave (36 mV) closely 
corresponds to that which should exist for reaction (1). The equation 
of the wave for reaction (1) has the form: 

2.3RT Ig i~t--i --2.3~TpH 
9:q~176 Hg ~§ --~ 2F - -z  -- - -2--F- 

and 0rp/0pH=2"aRT~29 inV. (6) 
2F 

Reaction (1) must be fast and even reversible. This was con- 
firmed by special experiments with alternating-current polarography. 

Berazofurazan (I). Measurements of polarograms of benzofurazan 
over a wider pH range than in the preceding work [t7] showed that 
~0i/z depends on the pH over the whole range of pH values (Fig. 2, 
curve 4). The straight lines ~oi/z = f(pH) for benzofurazan and pi- 
azthiole are parallel. The differences in the values of ~l/z for ben- 
zofurazan in the previous work [17] and those in this paper are obviously 
due to the fact that the measurements were carried out in different 
buffer solutions. 

When an unbuffered solution of benzofurazan was acidified, as in 
the two previous cases a new wave appeared, corresponding to the 
reduction of previously protonated benzofurazan. When benzofurazan 
was added to a solution of acid, the total limiting current did not 
change. Consequently, q = n and the reaction in a neutral unbuffered 
medium takes place in accordance with the equation: 

o* 6~+ s.,,o - -  +6o.- (6) 
N /  ~ Nil:, 

The diffusion coefficient of benzofurazan calculated from its limiting 
current by means of the Ilkovi~ equation is 6 �9 10 -s cm2/sec. 

DISCUSSION OF  T H E  R E S U L T S  

It f o l l o w s  f r o m  wha t  h a s  b e e n  sa id  tha t  b e n z o f u r a -  

zan,  p i a z t h i o l e ,  and p i a z s e l e n o l e  u n d e r g o  r e d u c t i o n  
in an i d e n t i c a l  m a n n e r  in a q u e o u s  s o l u t i o n s :  s ix  e l e c -  
t r o n s  a r e  c o n s u m e d  p e r  m o l e c u l e  and o - p h e n y l e n e -  
d i a m i n e  is  f o r m e d .  T h e  c o n s u m p t i o n  of s ix  e l e c t r o n s  
in t h e  r e d u c t i o n  of p i a z t h i o l e  o r  p i a z s e l e n o l e  m e a n s  
tha t  the  X - a t o m s  in t h e  m o l e c u l e s  of t he  c o m p o u n d s  
t a k i n g  up t h e  e l e c t r o n s  a r e  p r e s e n t  in f a c t  in t he  

b i v a l e n t  s t a t e .  The  t w o - w a v e  p o l a r o g r a m  of p i a z s e l e -  
n o l e  in a c i d  m e d i a  d o e s  not  r e f l e c t  t he  s t a g e w i s e  n a -  
t u r e  of the  p r o c e s s ,  only  the  p e c u l i a r  b e h a v i o r  of the  

s e c o n d  r e d u c t i o n  p r o d u c t - - h y d r o g e n  s e l e n i d e .  T h e  
a b s e n c e  of s t a g e s  in t h e  r e d u c t i o n  of p i a z t h i o l e  i s  
due  to the  f a c t  t ha t  the  anode  p r o c e s s  wi th  t he  su l f ide  
ion  f r o m  the  p i a z t h i o l e  t a k e s  p l a c e  in a p o t e n t i a l  
r a n g e  tha t  h a s  not  b e e n  i n v e s t i g a t e d .  T h e  s low s t a g e  
in t he  r e d u c t i o n  of c o m p o u n d s  I - l l I  i s  t h e  t r a n s f e r  of 

t he  f i r s t  e l e c t r o n ,  and al l  t h e  s u b s e q u e n t  c o n v e r s i o n s  
t a k e  p l a c e  r a p i d l y .  As  was  a s s u m e d ,  the  c o m p l e t e  
s p l i t t i n g  off of t h e  h e t e r o a t o m  t a k e s  p l a c e  and t h e  p r o -  
c e s s  d o e s  not  s top  at  t h e  s t a g e  of t he  f o r m a t i o n  of o -  
qu inone  d i i m i n e .  

A n o t h e r  f e a t u r e  of t h e  p o l a r o g r a p h i c  b e h a v i o r  of 

c o m p o u n d s  I - I I I  i s  tha t  t he  t r a n s f e r  of t he  f i r s t  e l e c -  
t r o n  is  p r e c e d e d  by r e v e r s i b l e  p r o t o n a t i o n .  T h e  d e -  
p e n d e n c e  of c~l/2 on the  pH in b u f f e r  m e d i a  wh ich  t h i s  
e x p l a i n s  i s  o b s e r v e d  o v e r  t he  who le  pH r a n g e  s tud ied  

f r o m  0 to 12. S ince  c o m p o u n d s  I - I l l  e x i s t  in t he  f o r m  
of s a l t s  only  in s t r o n g l y  ac id  s o l u t i o n s ,  t he  r e c o m b i -  
na t i on  of I - I l l w i t h  p r o t o n  d o n o r s  u n d e r  p o l a r o g r a p h i c  
c o n d i t i o n s  m u s t  t a k e  p l a c e  at  h igh  r a t e s .  It is  p o s s i b l e  
t ha t  p r o t o n a t i o n  i s  f a c i l i t a t e d  by the  r e d u c t i o n  of c o m -  
pounds  I - I l l  not  on ly  b e c a u s e  of t he  a p p e a r a n c e  of an  
e f f e c t i v e  p o s i t i v e  c h a r g e  on t h e m  but  a l s o  b e c a u s e  of 

a d e f i n i t e  c h a n g e  in t h e  e l e c t r o n i c  s t r u c t u r e  of t he  

m o l e c u l e .  
I d e n t i c a l  r e d u c t i o n  m e c h a n i s m s  a r e  a c o n d i t i o n  

the  f u l f i l l m e n t  of wh ich  is  a n e c e s s a r y  r e q u i r e m e n t  
f o r  a c o m p a r i s o n  of t he  v a l u e s  of qOl/2 in e l u c i d a t i n g  

the  c o n n e c t i o n  b e t w e e n  the  s t r u c t u r e  of t h e  m o l e -  
c u l e s  and t h e i r  r e a c t i v i t i e s .  S ince  in t h i s  c a s e  the  
r e d u c t i o n  m e c h a n i s m s  a r e  i den t i c a l ,  r  can  be  
u s e d  f o r  a q u a l i t a t i v e  c o m p a r i s o n  of t he  e l e c t r o n  
a f f i n i t i e s  of t he  m o l e c u l e s  I - I l l .  S ince ,  h o w e v e r ,  

t h e  p r o c e s s  is  i r r e v e r s i b l e  and opt/2 i s  a f u n c t i o n  of 
the pH,  a s i m p l e  c o m p a r i s o n  of ~0i/2 canno t  g ive  a q u a n -  
t i t a t i v e  p i c t u r e  of the  r e a e t i v i t i e s  of the  m o l e c u l e s  

I - I I I ~  T h e  i n f l u e n c e  of t h e  s t r u c t u r e  of t he  e l e c t r i c  

doub le  l a y e r  on ~0i/2 of t h e  i r r e v e r s i b l e  w a v e  i n t r o -  
d u c e s  an i n d e t e r m i n a c y ,  s i n c e  i t  i s  d i f f e r e n t  a t  
d i f f e r e n t  v a l u e s  of ~01/2. In t h e  s e c o n d  p l a c e ,  w h e r e  
~ i / 2  d e p e n d s  on t h e  pH., ~Pi/2 is  c o m p a r e d  at  a s i n g l e  
pH v a l u e .  S ince  the  a c i d - b a s e  p r o p e r t i e s  of c o m -  
pounds  I - I l l  c anno t  be  t he  s am~ ,  th i s  m e t h o d  of c o m -  
p a r i n g  ~01/2 is  not  u n o b j e c t i o n a b l e .  T h e s e  two c i r c u m -  
s t a n c e s  m a k e  t h e  i n f l u e n c e  of f ine  s t r u c t u r a l  e f f e c t s  
p r o b l e m a t i c a l  but,  a p p a r e n t l y ,  c anno t  a f f e c t  t h e  
q u a n t i t a t i v e  e v a l u a t i o n  of m o r e  c o n s i d e r a b l e  d i f f e r -  
e n c e s .  A c o m p a r i s o n  of t h e  r e a c t i v i t i e s  of c o m p o u n d s  
I - I I I  i s  i n c l u d e d  a m o n g  such  s i m p l e r  p r o b l e m s .  

As  f o l l o w s  f r o m  F i g .  2, b e n z o f u r a z a n  is  r e d u c e d  
wi th  t h e  g r e a t e s t  d i f f i cu l t y .  P i a z t h i o l e  o c c u p i e s  an 
i n t e r m e d i a t e  p o s i t i o n ,  and p i a z s e l e n o l e  is  r e d u c e d  

m o s t  e a s i l y .  F o r  the  l a t t e r  the  v a l u e  of ~ol/2 f o r  t he  
f i r s t  w a v e  m u s t  be  t aken .  Thus ,  at  pH = 7, t h e  v a l -  

u e s  of qol/2 f o r  I - I l l  a r e ,  r e s p e c t i v e l y ,  - 1 . 0 5 ,  - 1 . 0 0 ,  
and - 0 . 6 5  V. C o n t r a r y  to wha t  was  e x p e c t e d ,  t he  
e a s e  of r e d u c t i o n  r i s e s  in t h e  s e q u e n c e  b e n z o f u r a z a n ,  
p i a z t h i o l e ,  p i a z s e l e n o l e  in a c c o r d a n c e  wi th  a r i s e ,  
and no t  wi th  a fa l l ,  in t he  e l e c t r o n e g a t i v i t y  of the  key  
h e t e r o a t o m s  O, S, and Se and wi th  a d e c r e a s e  in t he  
d i p o l e  m o m e n t s  of t h e s e  m o l e c u l e s .  T h i s  c o n c l u s i o n  
a l so  f o l l o w s  f r o m  the p o s i t i o n  of the  l ine  1 b e t w e e n  the  

l i n e s  4 and 2 d r a w n  t h r o u g h  t h e  s y s t e m  of e x p e r i m e n -  
t a l  po in t s  in F i g .  2. At pH v a l u e s  f r o m  3 to  4 t h e  
c o n c r e t e  v a l u e s  of q)l/2 f a l l  in t he  s e q u e n c e  I l l ,  I, II .  
T h e  d i f f e r e n c e  b e t w e e n  the  v a l u e s  of  ~Ol/2 f o r  b e n z o -  
f u r a z a n  and p i a z t h i o l e  i s  a n o m a l o u s l y  s m a l l  in c o m -  
p a r i s o n  wi th  t h e  d i f f e r e n c e  b e t w e e n  the  v a l u e s  of 
cpi/2 f o r  p i a z t h i o l e  and p i a z s e l e n o l e .  N e v e r t h e l e s s ,  the  
e l e c t r o n e g a t i v i t y  of t h e  key  h e t e r o a t o m  c h a n g e s  f a r  
m o r e  s t r o n g l y  on p a s s i n g  f r o m  o x y g e n  to s u l f u r  t han  
in t h e  s u b s e q u e n t  p a s s a g e  f r o m  s u l f u r  to  s e l e n i u m .  
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Whether these anomalies reflect deeper structural  
differences in compounds I - I I I  or are  connected with 
the above-mentioned difficulties in comparing qh/2 
cannot yet be decided. The polarography of com-  
pounds of the 1, 2, 5-X-diazole ser ies  in an aprotic me -  
dium will perhaps throw additional light on this prob- 
lem. 

The waves of benzofurazan, piazthiole, and piaz-  
selenole are convenient for  analytical use. Thanks to 
"the presence of a rapid s tage  of the anodic dissolu- 
tion of mercury  in the presence of hydrogen selenide, 
piazselenole can be determined in very low concen- 
trations by al ternat ing-current  polarography. 
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