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KINETICS OF THE REACTION OF THIOUREA WITH METHYL IODIDE

K in e t ic s  o f  th e  r e a c t io n  o f  th io u re a  w ith  m ethyl io d id e  
in  aqueous s o lu t io n s  a t  th e  te m p e ra tu re s  25°» 35° and 40°C 
h a s  been in v e s t i g a t e d .

The r e a c t io n  was found to  be d i tn o le c u la r .  The r a t e  o f  
th e  r e a c t io n  i s  n o t  a f f e c te d  by pH o f  s o lu t io n  w ith in  th e  
ra nge  4 ,0 0 -9 .0 6 .  A c tiv a t io n  energy o f  th e  r e a c t io n s  i s  
74 .07  K J/mole K.

Th iuron ium  s a l t s ,  b a s i c  compounds f o r  o b ta in in g  t h i o l s  a re  
m ost f r e q u e n tly  s y n th e s iz e d  by S - a lk y la t io n  o f t h io u re a s  w ith  
a lk y l  h a l id e s  w hich a re  e a s i ly  a c c e s s ib l e  compounds and se c u re  
good e f f ic i e n c y  o f  S - a lk y la t io n  r e a c t io n .

K in e t ic s  o f  th e  r e a c t io n  o f th io u re a  w ith  s e l e c t e d  a lk y l  ha-
l i d e s  i n  a lc o h o l  env ironm e nt was examined by P e a r s o n ,  
S o b e l ,  S o n g s t a d  [ 1 ]  and B h a t  t  i  and ft a 1 - 
h a n  [ 2 ] .  P e a r s o n ,  S o b e l  and S o n g s t a d  
[ 1 ] d e te rm ine d  a c o n s t a n t  r a t e  o f  th e  re a c t io n  o f  th io u re a  w ith  
m ethyl io d id e  in  m ethanol a t  th e  te m pe ra tu re  25°C un der c on d i-
t i o n s  o f  p s e u d o - f i r s t - o r d e r  r e a c t io n  a t  h ig h  e x c e s s  o f m ethyl 
i o d id e  in  th e  s o lu t io n .

I n v e s t ig a t io n s  o v e r th e  k i n e t i c s  o f th e  re a c t io n  o f  th io u re a  
w ith  e th y l  brom ide and a lk y l  c h lo r id e  in  e th a n o l  le d  B h a t -  
t  i  and R a l h a n  [ 2 ]  to  a c o n c lu s io n  t h a t  th e  r e a c t io n s  
a r e  d im o le c u la r .  The a u th o rs  e x p la in  th e  mechanism o f  t h i s  r e a c -
t i o n  by a sim p le  e l e c t r o p h i l i c  a t t a c k  on s u lp h u r .  T h is  p a p e r 
p re s e n t s  th e  r e s u l t s  o f i n v e s t ig a t i o n s  o v e r th e  k i n e t i c s  o f  th e  
r e a c t io n  o f th io u re a  w ith  m ethyl io d id e  in  aqueous env ironm en t 
w hich a llow e d  u s to  work o u t  . a  th io m e rc u r im e tr ic  method o f quan-
t i t a t i v e  d e te rm in a tio n  o f h a l id e a lk a n e s  [ 3 ] .  ¿ a te r  was chosen



a s  a s o lv e n t  i n  o rd « r  to  a vo id  s id e  r e a c t io n s  w hich may o cc u r 
i n  a lc o h o l  env ironm en t when a c id s  a r e  p r e s e n t  in  i t .

E x p e rim en tal

R eage n ts and s o lu t io n s :  t h io u re a  c r y s t a l l i z e d  from  w a te r t . t  
180°C, m ethyl io d id e  w ere d i s t i l l e d  and f r a c t io n  was c o l le c t e d  
a t  th e  te m p e ra tu re  41 .5 -42°C , I n i t i a l  c o n c e n t ra t io n  o f  aqueous 
s o lu t io n s  o f  t h io u r e a  was t e s t e d  by d e s u lp h u r iz in g  [4 ]._  Concen-
t r a t i o n  o f  aqueous s o lu t io n  o f  m ethy l io d id e  was d e te rm in e d  by 
th io m e rc u r im e tr ic  method [ 5 ] .  P ro g re ss  o f  the  in t e r a c t io n  b e-
tween th io u re a  and m ethyl io d id e  was in v e s t ig a t e d  by d e te rm in a -
t i o n  o f  th e  in c r e a s e  i n  c o n c e n tra t io n  o f  S -m e th y lis o th io u re a .

C o n c e n tra tio n  o f  S -m e th y lis o th io u re a  was d e te rm ine d  a s  f o l -
low s: a sam ple o f  th e  s o lu t io n  was in tro d u c e d  to  a s e p a ra to ry  
fu n n e l  and th e n  e x t r a c t e d  w ith  th e  same volume o f  carbon  t e t r a -
c h lo r id e  i n  o rd e r  to  remove u n re a c te d  m ethyl i o d id e .  A p a r t  o f 
th e  s o lu t io n  c o n ta in in g  no m ethyl io d id e  was t i t r a t e d  w ith
5 • 1 0 '3 mole/dw^ s o lu t io n  o f  o -hy d rox ym e rc u r ibe nz o ic  a c id  (HMB) 
a t  th e  p re se n c e  o f  d i t h io f lu o r e s c e in  a f t e r  S -m e th y lis o th io u re a  
had been decomposed to  t h i o l  and ammonium s a l t s  h a s  been ad -
d e d . The c o u r se  o f  th e  r e a c t i o n  was o bserv ed  a t  th e  te m p e ra tu re  
25°,  35° and 40°C.

I n i t i a l  m olar c o n c e n t r a t io n s  o f  t he  s u b s t r a t e s  r a nged  from 
0 .0 1 -0 .0 0 3  mole /dm^. The e f f e c t  o f  pH o f  s o l u t i o n s  was i n v e s t i -
g a t e d  w i th in  the  ra ng e 4 .0 0 -9 .0 6  u s ing  B r i t t o n ' s  and R ob in son ’s 
b u f f e r s  and th e  e f f e c t  of* h y d ro c h lo r i c  a c id  on -the  course- o f  
r e a c t i o n  was examined w ith in  th e  c o n c e n t ra t io n  ra nge 0 . 1 - 1 .0  
modWdm^;

D isc us s io n  and c ondus lons



g -  -  to [TM] • [C H ,J]a t  * L*“ J Lw*3° 

w here :
x -  c o n c e n t ra t io n  o f  S -m e th y lis o th io u re a .

Such c o u rs e  o f  th e  re a c t io n  i s  i n d ic a t e d  by a  l i n e a r  depen-
dence

F i g . ' l .  C ou rse  o f  r e a c t io n  betw een th io u re a  and m ethy l io d id e  in  
[C H ,Jl -  x

th e  sy stem  lg  - f TM] - T ~  “ f  a t  te,nPe r a tu r e  25 C

1 -  [CH3J ] 0 -  0 . 0 3 9 2  m ole/dm 3, [TM]0 -  0 . 0 1 5 9  m ole/dm 3 ( s c a l e  I )
2  -  CCHoJlo -  0 . 0 1 6 9  m ole/dm 3,* [TM]0 -  0 . 0 3 1 9  m o l e / d r a 3 s c a l e  I I I )
3 -  [C H jJJo -  0 . 0 3 7 9  m ole/dm 3, [TM]0 -  0 . 0 3 1 9  m o l e / d o J ( s c a l e  I I )



[ C H ,J] -  x
l g ----- ¿— Hi-------

[TM]q  -  x

a s  a fu n c t io n  o f tim e p re s e n te d  in  F ig ,  1 and 2 . [CH yj]Q and
[TM] d e n o te  i n i t i a l  m o lar c o n c e n t ra t io n  o f  m ety l io d id e  ando
th io u r e a  r e s p e c t i v e l y .

F ig .  2 .  C ou rse  o f  r e a c t io n  betw een th io u re a  and m ethyl i o d id e  in
[C H ,J] -  x 

th e  system  lg  [TM] -  x  ■ f  ( t  )

1 -  [CH3J ] 0 -0 .0 1 3 1  mole/dm?, Ct m ]0 -  0.03^19 joo le /dm 3 t/smp. 35°Ç 
( s c a l e  I I I ) ,  2 -  [CH3J]0 -  0 .03 24  m ole/dm 3, [TMj0 -  0 .01 59  r m o le/ 
/d m 3 tem p. 35°C ( s c a le  I ) .  3 -  [CH3J]0 -  0 .0157  m o le/dm 3, [ TM]0 -
-  0 . 1 5c-i m ole/dm 3 tem p. 35 C ( s c a l e  I I ) ,  4 -  LCHjJJq -  0 .031 8  

m ole/dm 3, [TM]0 -  0 .0 159  m o le/dra3 tem p. 40°C ( s c a l e  I )



C o n sta n t  r a t e s  o f  r e a c t io n s  f o r  g iv e n  m easu rem ents s e r i e s  
w ere d ete rm in e d  by» g ra p h ic  m ethod. F o r te m p e ra tu re s  25°» 35° 
an d  40° th e y  w ere 1 .89  * 10"*^, 5 .1 7  • 10"^ and 7 .5 3  '1 0 ” ^ (mole 
"’1s e c ” 1 dm^ ) r e s p e c t iv e ly .  A c tiv a t io n  en ergy  c a l c u l a t e d  from  
A rrh e n iu s  fo rm u la  i s  74 .0 7  K J/mole K.

I t  was a l s o  found  t h a t  v a r i a t i o n  o f  pH w i th in  th e  rang e 
4 .0 0  to  9 .0 6  does  n o t  a f f e c t  th e  change o f  th e  c o u rse  o f  k in e t i c  
c u r v e s .  Thus th e  i n v e s t i g a t e d  p ro c e s s  I s  n o t  a r e a c t io n  o f  a c id -  
-b a s e  c a t a l y s i s  t y p e .  The p re s e n c e  o f  h y d ro c h lo r ic  a c id  w ith in  
th e  c o n c e n tr a t i o n  ran ge  0 .1 -1  mole/dm'* does  n o t  in f lu e n c e  th e  
c o u rs e  o f  th e  above r e a c t io n .
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KINETYKA REAKCJI TIOMOCZNIKA Z JODKIEM METYLU

Badano k in e ty k ą  r e a k c j i  tio m oc z n ik a  z Jodkiem  m ety lu  w ro z -
tw orach  wodnych w te m p e ra tu rz e  25, 35, 40°C. S tw ie rd zo no , ż e  
J e s t  to  r e a k c j a  dw ucząs teczkow a. Na szybkość r e a k c j i  n ie  wpływa 
pH ro z tw oru  w z a k r e s i e  4 .0 0 - 9 .0 6 .  E n e rg ia  a k ty w a c ji  r e a k c j i  wy-
n o s i  7 4 .07  k J /m o l K.



BoaceHHa Ma3ypKHeBjm

KHHETiiKA PEAKIJHH THOMCWEBHHfcl C ttOUUCTHM MET MJI OM

HcJiê OBaHO KHH6TKKy peaKUHH THOMOtteBHHbt O HOflHCTHM MSTHJIOM B 
Ternie paiypax 25, 35, 40°C. PeaKijHH OKa3auiacb 6nM0jieKyji/ipH0ft pH 
peaKUMOHHaft cpe^w b npeĄejiax 4. 00 -9 .06  ne HMeeT bjihhhkh Ha cko - 
pocTb peaKunii. 3Heprna aKTHBaiiHH H3y«iaeHoft peaKijHH paBHa 74 .07  
KJ/mOJIb K.


