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T h i o a c e t a m i d e  is a well k n o w n  reagent  wh ich  is used  in bo th  qua l i t a t ive  
a n d  quan t i t a t ive  analysis  ~'2. 

In  the  p resen t  repor t ,  a rap id  a n d  accura te  p o t e n t i o m e t r i c  m e t h o d  is desc r ibed  
for the  d e t e r m i n a t i o n  of  t h ioace t amide  with a su lph ide  ion-selective m e m b r a n e  
e lec t rode.  The  p r o d u c t s  o f  the reac t ion  with silver n i t ra te  t i t ran t  have been iden-  
tified. 

EXPERIMENTAL 

E.m.f. m e a s u r e m e n t s  were t aken  with a Rade lk i s  P rec i s ion  p H  mete r  T y p e  
O P - 2 0 5  (Radelkis ,  Budapes t ,  Hungary ) .  A Radelkis  su lph ide  ion-selective e lec t rode  
T y p e  OP-S-711 a n d  a M e t r o h m  p H  glass e lect rode were  used as ind ica tor  e lec t rodes  
a n d  a sa tu ra t ed  ca lomel  e lec t rode  as reference e lect rode.  The  caloinel  electrode was  
c o n n e c t e d  wi th  the  so lu t ion  to be t i t ra ted  by a 1 M p o t a s s i u m  n i t r a t e -aga r  salt  
br idge.  

.Ul t raviole t  a n d  visible spec t ra  were  recorded  by a U n i c a m  SP 700 spee t ro-  
p h o t o m e t e r ,  a n d  the  infrared spectra  by  a Zeiss UR-10  ins t rumen t .  

All reagents  used were  o f  analyt ica l  grade. 
A t h i o a c e t a m i d e  s tock  so lu t ion  (10 -x M )  was  p r e p a r e d  by weighing a n d  

d issolv ing the a p p r o p r i a t e  a m o u n t  o f  the  reagent.  
Di lu te  s t a n d a r d  so lu t ions  were  p repa red  f rom the  s tock so lu t ion  by serial 

d i lu t ion .  

RESULTS 

The  p o t e n t i o m e t r i c  t i t ra t ion curves  of  1 0 - l " 1 0 - a  M th ioace t amide  so lu t ions  
were  es tabl ished in 1 M sod ium hydrox ide  (Fig. 1), i n 0 . 1  M s o d i u m  h y d r o x i d e  
(Fig.  2), in 0.01 M a m m o n i a  so lu t ion  (Fig.  3), in p u r e  dist i l led wa te r  (Fig. 4), a n d  
in 0.1 M acetic ac id  (Fig. 9). Silver n i t ra te  so lu t ion  o f  the equ iva l en t  concen t r a t i on  
wa s  used  as  t i t ran t  in every ease. 

I n  Figs.  5 a n d  6, the potent ia l  a n d  p H  change  a re  s h o w n  f o r  the t i t r a t ion  o f  
t h i o a c e t a m i d e  o f  the  same c o n c e n t r a t i o n ,  in 0.01-O.05 M and  0.1 M s o d i u m  
hydrox ide .  In  Figs.  7 and  8 are p resen ted  the changes  in the  course  o f  the t i t r a t ion  
o f  t h i o a c e t a m i d e  in 0.01-0.1 M a m m o n i a  solut ion.  ~ 
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Fig. 1. Po ten t iomet r ie  t i t ra t ion curves of  th ioace tamide  in 1 M sodium hydroxide.  (a)  1 0 - t  M thio- 
ace tamide ;  (b) 10 -2  M th ioace tamide ;  (e) 10 -3 M thioacetamide.  

Fig. 2. Po ten t iomet r ie  t i t rat ion curves  of  th ioaee tamide  in I0 -1  M sod ium hydroxide.  (a, b, c) As  in Fig.  1. 

In Fig. 10 are  s h o w n  the t i t ra t ion  curves  ob t a ined  in the  presence o f  0.1 M 
and  0.5 M nitr ic acid. 

D I S C U S S I O N  

As m a y  be seen in Figs. 1-4, th ioace tamide  can  b e  t i t rated in the  con-  
cen t ra t ion  range  1 0 - x - 1 0  -3 M in distilled water ,  or  in the presence  of  0.1 o/" 1 M 
s o d i u m  hydrox ide  o r  in 0.01 M a m m o n i a  so lu t ion  with s t andard  silver n i t ra te  
solut ion.  The  changes which  occur  dur ing t i t ra t ion are  sensit ively fo l lowed b y  the 
su lphide  ion-selective e lect rode.  However ,  the t i t ra t ion of  10 -4  M t h i o a c e t a m i d e  
takes  a long t ime in a q u e o u s  medium,  as  the sett ing up  o f  the  equi l ibr ium po ten t i a l  
at  the e l ec t rode  is slow a t  these  low concent ra t ions .  

In m o s t  eases, one  po ten t i a l  j u m p  can be  obse rved  o n  the t i t ra t ion  curves  
at  a l~ositi0n cor respond ing  to the  s to ichiometr ic  reac t ion  o f  th ioace tamide  with 
silver ni trate.  

The  t i t ra t ion curve  o b t a i n e d  with 10 -1 M th ioace t amide  at p H  12 is 
different, exhibit ing two potent ia l  jumps ,  the second o f  which  can be  used for  the 
d e t e r m i n a t i o n  of  t h ioace t amide  (Fig.  3). 

In o r d e r  to establ ish the reason  for the first po ten t ia l  j u m p  on  cu rve  "a'" in 
Fig. 3, po ten t i a l  a n d ' p H  m e a s u r e m e n t s  were made  a t  c o n s t a n t  t h ioace t amide  a n d  
varying a lkal i  concen t ra t ions  (Figs.  5--8). 
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Fig. 3. Po ten t i omet r i c  t i t ra t ion  curves o f  th ioacetarnide in 10 -~ M ammon ia .  (a, b, c) As in FiB. 1. 

Fig.  4. P o t e n t i o m e t r i e  t i t ra t ion  cu rves  o f  t h i o a e e t a m i d e  in p u r e  dis t i l led water .  (a) tO-  1 M th ioace ta rn ide ;  
(b)  10 - 2  M ' T h i o a e e t a m i d e ;  (c) 10 - a  M t h i o a c e t a m i d e ;  (d) 10 - 4  M th ioace tamide .  

A compa r i son  of  the sulphide e lect rode potent ia l  curves with the pH  curves 
shows tha t  the  potential  of  the sulphide e lect rode changes  suddenly at  the same 
vo lume  of  s t andard  solut ion a d d e d  as a sudden  p H  change  occurs. This  is indicative 
o f  a r e m a r k a b l e  change  in sulphide  concen t r a t ion  (first potential  j u m p s  in Figs. 5 
a n d  7). 

A s to ichiometr ic  reac t ion  proceeds  also in 0.1 M acetic acid. The  equivalent  
weight  of  th ioace tamide  is equal  to half  its molecu la r  weight  in these ti trations. 

In the direct m e a s u r e m e n t  of  th ioace tamide  by means  of the sulphide ion- 
selective electrode,  a 30-mV change  in e lect rode potent ia l  cor responds  t o  a decade  
change  in th ioace tamide  concen t r a t i on  in the range 10 -a to 10 -3 M,  in 0.1 M 
a n d  1 M s o d i u m  hydroxide .  This also shows that  the  electrode measures  the 
p r o d u c t  o f  the  hydrolysis. 

In the presence of  0.1 M nitric acid  the reac t ion  proceeds in the same w a y  
as in a lkal ine m e d i u m  or  in p u r e  distilled water,  i.e., one  molecule  of  th ioace tamide  
reacts  wi th  two molecules o f  silver nitrate.  In 0.5 M or  m o r e  concen t ra ted  nitric 
acid solut ions,  however,  a different react ion takes place, and  one m o l e  of  thio- 
ace t amide  reacts with only  one  m o l e  of  silver nitrate. In  this case the equivalent  
weight  of  th ioace tamide  is equal  to its molecula r  weight.  

I D E N T I F I C A T I O N  O F  T H E  P R O D U C T S  O F  T I T R A T I O N  

In  t h e  t i t rat ion of  th ioace tamide  with  silver n i t r a t e  in distilled w a t e r  and  in 
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Fig. 5. Potentiometric ti tration curves of 10-1 M thioacetamide in the presence of sodium hydroxide. 
(a) 0.01 M; (b) 0.02 M ;  (c) 0.03 M;  (d) 0.04 M'; (e) 0.05 M;  (0  0.1 M. 

Fig. 6. pH titration curves of 10 -a M thioacetamide in the presence of sodium hydroxide. (a-t) As in 
Fig. 5. 
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Fig. 7. Potentiometric t i tration curves of 10- 1 M thioacetamide in a mmon i a  solution. (a-f) As in Fig. 5. 

Fig. 8. pH titration curves of 10 -a M thioacetamide in a m m o n i a  solution. (a-f)  As in Fig. 5. 
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Fig.  9. P o t e n t i o m e t r i c  t i t r a t i o n  c u r v e s  o f  t h i o a c e t a m i d e  in 10 - I  M ace t ic  acid.  (a )  10 - t  M th io -  
a c e t a m i d e ;  ( b )  1 0 - '  M t h i o a e e t a m i d e ;  (c)  10 - a  M t h i o a c e t a m i d e .  
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Fig.  10. P o t e n t i o m e t r i e  t i t r a t i o n  c u r v e s  o f  10 - I  M t h i o a c e t a m i d e  in I0  - t  M (b)  a n d  5~ 1 0 .  l M (a )  
n i t r i c  acid.  

sl ightly acidic o r  a lka l ine  so lu t ion ,  a black prec ip i ta te  was formed.  The  prec ip i ta te  
was  ana lyzed  and  found to be silver sulphide.  

I t  is a s sumed  that  ace toni t r i le  a n d  nitr ic  acid are  fo rmed  du r ing  the reac t ion  
in a d d i t i o n  to silver sulphide.  F u r t h e r m o r e ,  the  acetoni t r i le  is a s s u m e d  to hydro lyse  
g iv ing  a m m o n i u m  acetate,  wh ich  then  in the  presence  o f  the  nitr ic  acid f o r m e d  
d u r i n g  the  react ion t r ans fo rms  to acetic acid and  a m m o n i u m  ni t ra te  accord ing  to 
the  fol lowing react ion  e q u a t i o n s :  

S ~ I C H a  = ~ " N H 2  + 2 A g N O a  ---+ AgzS  -I- C H a C N  + 2 H N O a  

CHaCN+2 n 2 0  --~ C H a C O O N H  4 

C H a C O O N H 4  + 2 H N O a  --* C H a C O O H  + N H 4 N O  a + H N O  a 

The  silver su lph ide  p rec ip i t a t ed  in the  first s tep o f  the  reac t ion  was ident if ied 
by e lementa l  analysis.  A n  u l t rav io le t  s p e c t r u m  o f  the  filtrate was  t aken  a n d  
c o m p a r e d  with the  s p e c t r u m  of  pu re  a m m o n i u m  ni trate ,  the  a s s u m e d  final p r o d u c t  
o f  react ion.  The two spect ra  (Fig.  11) were  comple t e ly  identical .  

In  0.5 M nitric acid, the r eac t ion  of  t h i o a c e t a m i d e  wi th  silver n i t ra te  was  
ent i re ly  different. At  a 1:1 mo la r  ra t io  a light, pear ly  prec ip i ta te  was  formed. Th i s  
was  identified by e lementa l  analys is  a n d  infrared spec t roscopy .  O n  this basis t he  
fo l lowing react ion was a s s u m e d  to t ake  place in 0.5 M nitr ic  acid between the  
t a u t o m e r  o f  th ioace tamide  a n d  silver n i t ra te :  

, ~ H a  ~ 2 H a  
HS-C~NI. .  I + A g N O a  ---*AgS-C~,N H + H N O a  
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v I = 3 3 2 0 0 c r ~  1 = 3 0 0 n r n  

IV,t= 3 3 2 0 0  c nT'tl = 3 0 0  n m  

( a )  ( b )  

F i g .  11 .  U l t r a v i o l e t  s p e c t r a  o f ( a )  t h e  p r o d u c t  o f  t h e  t i t r a t i o n  o f  t h i o a c e t a m i d e  w i t h  s i l v e r  n i t r a t e  f o r m e d  
i n  a d d i t i o n  t o  s i l v e r  s u l p h i d e ;  ( b )  p u r e  a m m o n i u m  n i t r a t e  s o l u t i o n .  
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F i g .  12 .  I n f r a r e d  s p e c t r a  o f  ( a )  p u r e  t h i o a c e t a m i d e ;  a n d  ( b )  s i l v e r  t h i o a c e t a m i d e  p r e c i p i t a t e .  

In Fig. 12 are presented  the infrared spectra  of  th ioacetarnide a n d  of  its 
c o m p o u n d  with  silver nitrate.  The  spectra  seem to conf i rm the above  reaction, 
a conc lus ion  also suppor ted  by e lementa l  analysis. 

S U M M A R Y  

The  sulphide ion-selective e lec t rode has  been found t o  be appl icable  to the 
de t e rmina t i on  of  th ioace tamide  in the concen t r a t i on  range o f  10-1-10  -3 M by 
direct  po t en t iome t ry  and  t i t ra t ion with silver nitrate.  The effects of  the acid and 
alkali  con ten t  of  the solut ions on the t i t rat ion react ion have  been studied. In 
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alkal ine and  slightly acidic solutions the p roduc t  of  the react ion  is silver sulphide;  
in solutions in which  the acid concen t ra t ion  exceeds 0.5 M, a precipi ta te  of  silver 
th ioace tamide  is formed.  If  the alkali  concen t ra t ion  of  the solut ion is lower  than 
tha t  cor responding  to the a m o u n t  o f  acid fo rmed  dur ing  the t i t rat ion,  ano the r  
potent ia l  j u m p  occurs  before the end-poin t  owing to the decrease of  su lphide:con-  
cent ra t ion  governed  by hydrolysis.  

RI~SUMI~ 

L'61ectrode s61ective ionique au sulfure peut  ~tre utilis6e p o u r  le dosage  de 
la thioac~tamide en concen t ra t ions  de l 'ordre de 10-a /t 10 -3 M, par  potent io-  
m6trie directe et t i t rage au  moyen  de ni t rate  d 'argent .  On  examine  l ' influence de 
racidi t6 et de l 'alcalinit6 sur  la r6action de titrage. 

ZUSAMMENFASSUNG 

Die sulfidionen-selektive E lek t rode  kann  ftir die Bes t immung  yon  Thio-  
ace tamid  im Konzen t ra t ionsbere ich  1 0 - 1 - 1 0 - 3  M mittels direkt~r Po ten t iomet r i e  
und  Ti t ra t ion mit  Silbernitrat  ve rwende t  werden.  Der  Einfluss der  S~iure- und  
Alkaligehalts der  L6sungen  auf  die Ti t ra t ionsreak t ion  wurde  untersucht .  In alkali-  
schen und  schwach sauren  L/Ssungen ist das R e a k t i o n s p r o d u k t  Silbersulfid; in 
-l_~Ssungen, in denen  die S~iurekonzentrat ion 0.5 M tiberschreitet,  ents teht  ein 
Niederschlag yon Si lber th ioacetamid.  Wenn  die Alka l ikonzen t ra t ion  geringer ist, 
als der wiihrend der  Ti t ra t ion gebi ldeten S~iuremenge entsprieht ,  tritt vor dem 
E n d p u n k t  ein ande re r  Poten t ia l sprung  auf, der  durch  die Herabse tzung  der  du reh  
Hydrolyse  bedingten  Sul f idkonzent ra t ion  hervorgerufen  wird. 
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