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P a r t  I . -  I n t r o d u c t i o n

( i )  NITRAMIM28

A u i t r a i i i in e  i s  th e  compound form ed by th e  s u b s t i t u t i o n

o f  a  n i t r o  g roup  f o r  an  amine h y d ro g e n .  The N - n i t r o

compound th u s  form ed may be d e s ig n a te d  a s  .W-NOo*
R : ^

VKhere R i s  an a l k y l  g ro u p , and R’ i s  h y d rogen , th e  compound 

i s  a p r im a ry  n i t r a m i n e ;  where b o th  R and R' a r e  a l k y l  

g ro u p s  th e  compound i s  a se co n d a ry  n i t r a m i n e .  S u b s t i t u t i o n  

by an a c y l  g roup  i s  a l s o  p o s s i b l e ,  th e  compound i s  th e n  the  

c o r re s p o n d in g  n i t r a m id e .  A l e s s  e x t e n s i v e  s e r i e s  o f  compounds 

e x i s t s  i n  w hich  s u b s t i t u t i o n  by a r y l  g ro u p s  h a s  been  e f f e c t e d .  

The n i  t r  am ines fo rm  a l i m i t e d ,  b u t  i n t e r e s t i n g  g roup  o f  

o r g a n ic  compounds. The c h e m is t ry  o f  th e s e  compounds h a s  n o t  

b ee n  e x t e n s i v e l y  i n v e s t i g a t e d ,  b u t  t h e i r  i n t e r e s t  a s  

e x p l o s iv e s  h a s  l e d  to  much r e s e a r c h  r e g a r d i n g  p o s s i b l e  m ethods 

o f  s y n t h e s i s .

The f i r s t  r e c o r d e d  i n s t a n c e  o f  a n i t r a m in e  b e in g  i s o l a t e d  

was i n  1869 , In  t h a t  y e a r  P .  G r ie s s  p r e p a r e d  a m ix tu re  o f  

i s o m e r ic  c a rb o x y p h e n y ln i t r o u r e a s  by t r e a t i n g  2 - c a rb o x y p h e n y lu re a  

w i th  c o ld  c o n c e n t r a t e d  n i t r i c  a c id  ( 1 ) ,  In  1877 k ,H ,  M artens 

p r e p a r e d  N , 2 , 4 , 6 - t e t r a n i t r o - K - m e t h y l a n i l i n e  by th e  a c t i o n  o f  

b o i l i n g  n i t r i c  a c id  upon d im e th y l  a n i l i n e  ( 2 ) ,  In  th e  

f o l lo w in g  t h i r t y  y e a r s  a l a r g e  number o f  n i t r a m in e s  were 

s y n th e s i s e d ,  and t h e i r  c h e m is t ry  i n v e s t i g a t e d  ( 3 , 4 , 5 , 6 , 7 , 8 ) ,
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R e l a t i v e l y  l i t t l e  work was done i n  t h i s  f i e l d  d u r in g  th e  

y e a r s  1914-1939 , b u t  th e  i n c r e a s i n g  im p o r ta n c e  o f  

n i t r a m i n e s  a s  e x p l o s iv e s  h a s  l e d  to  a c o n s id e r a b le  amount 

o f  r e s e a r c h  i n  th e  p a s t  d e c a d e .  The g r e a t e r  p a r t  o f  t h i s  

work, how ever, re m a in s  u n p u b l i s h e d .

T here  a r e  t h r e e  common m ethods o f  s y n t h e s i s  o f  N - n i t r o  

compounds, nam ely , d i r e c t  n i t r a t i o n ,  n i t r o l y s i s ,  and 

c a t a l y s e d  n i t r a t i o n .  D i r e c t  n i t r a t i o n  may be u sed  f o r  th e  

p r e p a r a t i o n  o f  n i t r a m id e s  from  th e  c o r r e s p o n d in g  am id e s .

Very few  p r im a ry  n i t r a m i d e s  a r e  known; th e  r i g o r o u s  

c o n d i t io n s  o f  n i t r a t i o n  may w e l l  p r e v e n t  th e  i s o l a t i o n  

o f  o t h e r s .  D i r e c t  c o n v e r s io n  o f  the  m o n o a lk y la te d  am id es , 

R ,C O ,i#R*, i n t o  th e  se c o n d a ry  n i t r a m i d e s ,  R,CO,N(NOg )R% 

i s  g e n e r a l l y  r e a d i l y  e f f e c t e d  by a b s o lu t e  (9 8 -1 0 0 ^ )  n i t r i c  

a c id  a lo n e ,  a l th o u g h  m ix tu r e s  o f  n i t r i c  a c i d  w i th  s u l p h u r i c  

a c id  o r  a c e t i c  a n h y d r id e  have a l s o  b een  u s e d .  I n  a  r e v ie w  

o f  n i t r a m in e  c h e m is t ry  (9 )  A,H, I^amberton concedes  t h a t  th e  

u s e  o f  th e  a c e t i c  a n h y d r id e  i s  o f t e n  a d v a n ta g e o u s ,  b u t  

e x p r e s s e s  a doub t a s  to  w h e th e r  th e  s u l p h u r i c  a c id  e x e r c i s e s  

an i n f l u e n c e  com parable  w i th  t h a t  shown i n  a ro m a t ic  n i t r a t i o n .  

A l i p h a t i c  p r im a ry  n i t r a m in e s  a re  r a p i d l y  decomposed 

by c o n c e n t r a t e d  a c i d s ,  and can n o t be p r e p a re d  by d i r e c t  

n i t r a t i o n  o f  th e  c o r re s p o n d in g  am in e s ,  fh© m ost u s u a l  

method o f  p r e p a r a t i o n  i s  n i t r a t i o n  o f  th e  a c y la t e d  amine to  

fo rm  a se c o n d a ry  n i t r a m id e ,  fo l lo w e d  by d e c o m p o s i t io n  to  

g iv e  th e  s a l t  o f  th e  r e q u i r e d  n i t r a m i n e .
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The c l a s s i c a l  m ethod o f  p r e p a r in g  a l i p h a t i c  se c o n d a ry  

n i t r a m i n e 8 i s  t o  u se  th e  n i t r o l y s i s  o f  s u i t a b l e  d ia lk y la m id e s  .
M'-

I n  n i t r o l y s i s ,  a s  opposed  to  n i t r a t i o n ,  r u p t u r e  o f  a 

c a r b o n - n i t r o g e n  bond o c c u r s :  th e re  a r e  th u s  two p o s s i b l e

p r o d u c t s  to  th e  r e a c t i o n ,

X.CO.NRg  HNG3 —> X.OOgH + RgN,N%

 H N O g-^ X .O D .N (N O g).R  + ROE

The m ethods o f  p r e p a r a t i o n  m en tio n ed  above ca n n o t 

g e n e r a l l y  be a p p l i e d  to  the  a ro m a t ic  s e r i e s .  The d i r e c t  

n i t r a t i o n  o f  s u i t a b l e  { u s u a l ly  w eakly b a s i c )  a n i l i n e s  can 

be e f f e c t e d  by s u c c e s s iv e  a d d i t i o n  o f  a b s o lu t e  n i t r i c  a c id  

and a c e t i c  a n h y d r id e  to  a s u s p e n s io n  o f  th e  a n i l i n e  i n  

a c e t i c  a c id  ( 1 0 ) ,  A s i m i l a r  method o f  p r e p a r a t i o n  i s  th e  

" d e h y d ra t io n "  o f  th e  s o l i d  b a se  n i t r a t e  s a l t  by ad d in g  i t  to  

a c e t i c  a n h y d r id e  ( 1 1 ) ,  A ry l p r im a ry  n i t r a m i n e s  w i th o u t  . 

n u c l e a r  n i t r o  g ro u p s  a r e  b e s t  p r e p a re d  by o x i d a t i o n  o f  th e  

a p p r o p r i a t e  d i a z o t a t e s  ( 1 2 ) ,

C0 % ,N:NOk —  0 —>

The work o f  GJ* W right and o t h e r s  a t  T oron to  h as  

r e s u l t e d  i n  th e  t h i r d  method o f  p r e p a r in g  n i t r a m i n e s  ( 1 3 ) ,

When N ,N -d ic h lo ro a m in e s  i n  an e x c e s s  o f  a c e t i c  a n h y d r id e  a r e  

t r e a t e d  w i th  an h y d ro u s  n i t r i c  a c id ,  th e  N - c h lo r o n i t r a m in e  may 

be i s o l a t e d ,

R.NClg - H W g — Ac£ 0 ->  R ,N (» £ )C 1  -  R.NH.NOg

The h a lo g e n  i n  compounds o f  t h i s  ty p e  i s  p o s i t i v e  i n  n a t u r e .
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and can be removed by s im p le  r e d u c in g  r e a g e n t s  to  g iv e  th e  

p r im a ry  n i t r a m i n e ,

W right a l ,  found  t h a t  n i t r a t i o n  v i a  th e  ch lo ra m in e  

co u ld  a l s o  be a p p l i e d  to  se co n d a ry  am ines ( 1 4 , 1 5 ) ,  I t  was 

found  e a s i e r  to  s y n t h e s i s e  th e  c h lo ra m in e  i n  s i t u  th a n  to  

i s o l a t e  i t .  The a d d i t i o n  o f  a sm a l l  amount o f  a  c h l o r i d e  

s a l t  to  a m ix tu re  o f  th e  amine n i t r a t e  and a c e t i c  a n h y d r id e  

ca u sed  c o n t in u o u s  f o rm a t io n  o f  th e  i n t e r m e d i a t e  c h lo ra m in e .  

The r o l e  o f  th e  c h l o r i d e  s a l t  l e d  to  t h i s  p r o c e s s  b e in g  

d e s ig n a t e d  a s  " c a t a l y s e d  n i t r a t i o n " .

The n a t u r e  o f  th e  c a t a l y t i c  a c t i o n  was i n v e s t i g a t e d  i n  

a  s e r i e s  o f  p a p e rs  ( 1 5 , 1 6 , 1 7 , 1 8 , 1 9 ) ,  I t  was found  t h a t  

e l e c t r o p o s i t i v e  c h l o r i n e  e x i s t e d  i n  th e  r e a c t i o n  m ix t u r e s ,  

and t h a t  t h i s  p o s i t i v e  c h l o r i n e ,  p r o b a b ly  i n  th e  form  o f  

c h l o r i n e  a c e t a t e ,  c o n v e r te d  th e  s e c o n d a ry  amine i n t o  th e  

c o r re s p o n d in g  c h lo ra m in e .  The a c t i o n  on d i a l k y 1 c h lo ra m in e s  

o f  n i t r i c  a c i d ,  o r  o f  n i t r i c  a c i d - a c e t i c  a n h y d r id e  m ix tu r e s ,  

was a l s o  i n v e s t i g a t e d .  I n  m ost c a s e s  a s a t i s f a c t o r y  

c o n v e r s io n  i n t o  th e  n i t r a m in e  was a c c o m p l is h e d .  S in ce  

e l e c t r o p o s i t i v e  c h l o r in e  was r e g e n e r a t e d ,  th e  c a t a l y s e d  

n i t r a t i o n  o f  th e  p a r e n t  am ines co u ld  be c o n s id e re d  a s  a s e l f  

s u s t a i n i n g  c h a in  r e a c t i o n ,

CHgOO.OCl + RgNH------------------ > RgNCl + Ci%OD.OH

RgNCl + HNOg -------- > RgN^NOg + HDd

BDCl 4 0 5 3 0 0 , 0 , CO,GHg------- > CHgCO.OH + Ci^CO.OCl
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E x am in a tio n  o f  th e  b y - p ro d u c ts  r e s u l t i n g  from  th e  n i t r a t i o n  

o f  c h lo ra m in e s  seemed to  i n d i c a t e  t h a t  ch lo ra m in e  n i t r a t i o n ,  

r a t h e r  th a n  c h lo ra m in e  f o rm a t io n ,  was th e  r a t e  d e te rm in in g  

s t e p  i n  th e  r e a c t i o n ,

W righ t h as  shown t h a t  th e  f o rm a t io n  o f  an N - n i t r o  

compound from  an amine i s  d ep e n d en t  upon th e  b a s i c i t y  o f  

th e  amino group ( 1 5 , 2 0 ) ,  The b a s i c i t y  i n  a c e t i c  a c id  

o f  a s e r i e s  o f  s e c o n d a ry  airiines was d e te rm in e d ,  and 

compared w i th  th e  e a se  o f  n i t r a t i o n .  I t  was found  t h a t  

am ines w hich  were n i t r a t e d  i n  good y i e l d  w i th o u t  th e  

n e c e s s i t y  o f  a c a t a l y s t  were weaker th a n  m o rp h o l in e .

Amines w i th  a  b a s e  s t r e n g t h  g r e a t e r  th a n  t h a t  o f  m o rp h o lin e  

co u ld  n o t  be n i t r a t e d  w i th o u t  a c a t a l y s t ,  w h i le  s t r o n g  

am ines , such  a s  d i - a - b u ty l a m in e ,  were n i t r a t e d  b e s t  when 

th e  c a t a l y s t  was p r e s e n t  i n  e q u im o le o u la r  p r o p o r t i o n .

T hree  c o n c lu s io n s  were drawn from  th e s e  o b s e r v a t i o n s :

( i )  The cus tom ary  r e p r e s e n t a t i o n  o f  th e  p r o to n - a c c e p t in g  

te n d e n c y  o f  an amine i s  shown i n  th e  f o l lo w in g  e q u i l i b r i u m  

a r ra n g e m e n t

R g m  + RgNH.HN0g^-^=-4 +  NOg"

S in c e  ea se  i n  n i t r a t i o n  i s  i n v e r s e l y  p r o p o r t i o n a l  to  th e  

p r o t o n - a c c e p t i n g  te n d e n c y  o f  th e  amine i t  would seem t h a t  

th e  no rm al e l e c t r o v a l e n t  ammonium s a l t  i s  n o t  th e  r e a c t i v e  

s p e c i e s  i n  th e  n i t r a t i o n ,  ( i i )  S in c e  such  am ines a s  

 ̂ d ip h en y lam in e  and d ia c e ta m id e  can n o t be n i t r a t e d ,  th e  

c a p a c i t y  to  form  a s a l t  i s  e s s e n t i a l  f o r  n i t r a t i o n .
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( i i i )  The a c t i o n  o f  th e  c h l o r id e  c a t a l y s t  m ust be to  

d e c r e a s e  th e  p r o t o n - a c q u i r i n g  te n d en c y  o f  th e  am ine ,

W right s u g g e s te d  t h a t  th e  n i t r a t i o n  o f  se c o n d a ry  

am ines p ro cee d ed  th ro u g h  th e  f o r m a t io n  of a n i t r o g e n -  

n i t r o g e n  bonded complex o f  th e  amine and n i t r i c  a c id  ( 2 0 ,1 7 ) ,  

The n i t r i c  a c id ,  i n  th e  fo rm  I ,  i s  d e p i c t e d  a s  r e a c t i n g  

w i th  th e  lo n e  p a i r  o f  e l e c t r o n s  o f  th e  amino n i t r o g e n .

The n i t r a m in e  i s  th e n  form ed by t r a n s  e l i m i n a t i o n  o f  HOX,

X b e in g  e q u i v a l e n t  to  Cl i n  th e  c a t a l y s e d ,  and H i n  th e  

u n c a t a l y s e d  r e a c t i o n .  The complex can  be  r e g a r d e d  a s  an  

i o n i c  form  I I  i f  d e s i r e d ,  h e re  l o s s  o f  X p ro d u c e s  th e  

n i t r a m i n e ,
-k

0X 0
I J  .

R-N: + TN-0

X 0

R-N-N-0
I - h ,

R 0
H

R 0 
H

R-N-NM) + m .X
I +
R

r + x  0"
I I

R-N-NcO OH
I +
R

I I

I t  was h e l d  t h a t  su ch  a complex would n o t  be form ed 

by th e  n o n - b a s ic  d ia c y la m in e s ,  and t h a t  th e  s t r o n g l y  b a s i c  

am ines would form  e l e c t r o v a l e n t  s a l t s  r a t h e r  th a n  com plexes 

o f  t h i s  t y p e .

I n  p o s t u l a t i n g  t h i s  mechanism W right d is c o u n te d  r e c e n t  

e v id e n c e  o f  th e  e x i s t e n c e  o f  th e  n i t r o n iu m  io n  a s  a
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n i t r a t i n g  e n t i t y ,  A.H, Lam berton  h a s  p o i n t e d  o u t  (9 )  t h a t  

i t  i s  p o s s i b l e  to  r e i n t e r p r e t  th e  m echanism  i n  th e  l i g h t  o f  

r e c e n t  d e v e lo p m e n ts .  Union o f  th e  f r e e  am ine b a s e  w i th  th e  

n i t r o n iu m  io n  NOg'*‘ would y i e l d ,  d i r e c t l y ,  th e  c a t i o n  o f  

W rig h t’ s com plex I I ,  I f  t h i s  i s  p o s s i b l e ,  th e n  amine 

n i t r a t i o n  may w e l l  be c o n s id e r e d  a s  th e  r e s u l t  o f  two 

com peting  b im o le c u la r  r e a c t i o n s ,  A and B, The e j e c t i o n  o f  

a  h y d ro g en  i o n  from  th e  com plex I I I  r e s u l t s

RgNH + NO2 .GH ^ = » N 0 g .0 H . . . .N H .R 2  + HgNRg (A)

B *
RgNH + KOg+ '^-==^ RgN.NOg RgN.NOg + H+ (B)

I I I

i n  th e  f o r m a t io n  o f  th e  N - n i t r o  compound,

T h is  m echanism  d i f f e r s  from  t h a t  p o s t u l a t e d  f o r

a r o m a t ic  n i t r a t i o n  i n  th e  e x i s t e n c e  o f  a co m p etin g

r e a c t i o n  A, I t  a l s o  d i f f e r s  i n  th e  c o m p a ra t iv e  s t a b i l i t y

a t t r i b u t e d  to  th e  complex I I I  i n  c o n t r a s t  to  e i t h e r  th e

t r a n s i t i o n  s t a t e  C., , o r  to  th e  i n t e r m e d i a t e  compound
I I H

Ar H(KOg) p o s t u l a t e d  by In g o ld  e t  ( 2 1 ) .  The e x i s t e n c e  

o f  th e  two com peting  r e a c t i o n s  f u r n i s h e s  an  e x p l a n a t i o n  f o r  

th e  e f f e c t  o f  amine b a s i c i t y  upon n i t r a t i o n .  S t ro n g  b a s e s  

a r e  p r o b a b ly  c o n v e r te d  a lm o s t  e n t i r e l y  i n t o  th e  q u a t e r n a r y  

ammonium fo rm  by m eans o f  r e a c t i o n  A, On th e  o t h e r  hand 

i t  i s  l i k e l y  t h a t  b a s e s  w eaker th a n  a c e ta m id e  a r e  u n a b le  to  

r e a c t  v / i th  th e  n i t r o n i u m  i o n .  E x p e r im e n ta l  e v id e n c e  f o r  

th e  r e v e r s i b i l i t y  o f  th e  n i t r a t i o n  p r o c e s s  B i s  f u r n i s h e d
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f o r  su c h  ooiiipouxids a s  n i  t r  ou r e th a n e  ( 2 2 ) ,  N - in e th y lx i i t ro -  

u r e th a n e  ( 9 ) ,  N , 2 , 4 , 6 - t o t r a n i t r o - H - m e t h y l a n i l i n e  ( 2 3 ) ,  

n i t r o g u a n i d i n e  ( 2 4 ) ,  and o t h e r s ,

Erom th e  f o r e g o in g  i t  w i l l  be s e e n  t h a t  i n  o r d e r  to  

a c c o m p l is h  s u c c e s s f u l  n i t r a t i o n  i t  i s  n e c e s s a r y  to  r e d u c e  

th e  p r o to n  a c q u i r i n g  te n d e n c y  o f  an  amine t c  below  a 

c r i t i c a l  l e v e l .  The p r o c e s s  o f  c a t a l y s e d  n i t r a t i o n  

a c c o m p l is h e s  t h i s  by s u b s t i t u t i n g  a  c h lo ra m in e  f o r  th e  

p a r e n t  am in e , An i n t e r e s t i n g  com mentary on  t h i s  th e o r y  i s  

a f f o r d e d  by  th e  v/ork o f  1 ,D . Hughes and h i s  c o l l a b o r a t o r s  ( 2 5 ) ,  

I n  an  i n v e s t i g a t i o n  o f  th e  n i t r a t i o n  o f  d im e th y l  a n i l i n e  

i t  was fo u n d  t h a t  n u c l e a r  s u b s t i t u t e d  pheny  Ime t h y l n i  t r  amine s 

were p ro d u c e d  a s  i n t e r m e d i a t e s  i n  th e  p r e p a r a t i o n  o f  

N , 2 , 4 , 6 - t e  t r a n i  tro -N -m e t h y l a n i l i n e , Such n i t r a m i n e s  

s u f f e r e d  " d é n i t r a t i o n "  o f  th e  N - n i t r o  g ro u p  u n d e r  a c id  

c o n d i t i o n s ,  fo l lo w e d  by s u b s e q u e n t  f u r t h e r  n u c l e a r  n i t r a t i o n ,  

Hughes e t  co n c lu d ed  t h a t  th e  r e a r r a n g e m e n t  of th e  n i t r o  

g ro u p  to o k  p la c e  th ro u g h  an i n t r a m o l e c u l a r  m echanism ,

. T h is  c o n c lu s io n  was b a s e d ,  among o t h e r  t h i n g s ,  upon th e  

o b s e r v a t i o n s  ( i )  t h a t  i n  th e  r e a r r a n g e m e n t  o f  p - n i t r o p h e n y l -  

m e th y ln i t r a m in e ,  n i t r i c  a c i d  i s  n o t  p ro d u c e d  to  a d e t e c t a b l e  

e x t e n t ,  and n o t  f a s t  enough to  e n a b le  i t  to  be c o n s id e r e d  a  

p o s s i b l e  i n t e r m e d i a t e :  ( i i )  t h a t  i n  th e  r e a r r a n g e m e n t  o f

2 , 4 -  d i  n i  t  r  ophenylm e thy  I n i  t r a m i n e , n i t r i c  a c i d  i s  p ro d u ced  

q u i c k l y  enough to  e n a b le  i t  to  be c o n s id e r e d  a s  a  p o s s i b l e  

i n t e r m e d i a t e ,  ( i i i )  b u t ,  t h a t  n i t r i c  a c i d  c a n n o t  be an
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i n t e r m e d i a t e  o f  any im p o r ta n c e ,  b e c au se  i t  d o es  n o t  e f f e c t  

th e  n e c e s s a r y  n u c l e a r  n i t r a t i o n  w i th  s u f f i c i e n t  f a c i l i t y :

( i v )  i n  th e  r e a r r a n g e m e n t  o f  2 , 4 , 6 - t r i n i t r o p h e n y l m e t h y l -  

n l t r a m i n e  n i t r i c  a c i d  i s  p roduced  q u ic k ly  and i n  l a r g e  

q u a n t i t i e s .  I n  t h i s  c o n t e x t  n i t r i c  a c id  i s  u se d  to  

d e s i g n a t e  e n t i t i e s  c a p a b le  o f  e f f e c t i n g  n i t r a t i o n ,  no 

d e f i n i t i o n  o f ’ th e  a c t u a l  fo rm  ( v i z ,  n i t r o n iu m  i o n ,  

m o le c u la r  n i t r i c  a c i d )  i s  a t t e m p t e d .  I t  can be o b s e rv e d  

t h a t  th e  e a s e  o f  " d e n i t r a t i o n "  to  y i e l d  n i t r i c  a c id  i n c r e a s e s  

w i th  d e c r e a s i n g  b a s e  s t r e n g t h  o f  t h e  a n i l i n e  compound. T h is

i s  f u l l y  i n  a c c o rd  w i th  th e  i d e a  t h a t  r e a c t i o n  B t a k e s  

p red o m in an ce  a s  th e  b a s e  s t r e n g t h  o f  th e  amino g roup  

d e c r e a s e s .
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( i i )  NITRATING AGENTS

I n v e s t i g a t i o n  o f  th e  e f f e c t  o f  s u b s t i t u e n t s  upon 

r e a c t i v i t y  and o r i e n t a t i o n  i n  th e  b en z en e  n u c le u s  h a s  l e d  to  

an  e x t e n s i v e  amount o f  th e o ry  r e g a r d i n g  th e  m echanism  o f  

a r o m a t ic  n i t r a t i o n .

An a c c e p t a b l e  t h e o r y  i n  th e  l i g h t  o f  modern know ledge 

i s  t h a t  n i t r a t i o n  i s  an  e l e c t r o p h i l i c  d i s p la c e m e n t  r e a c t i o n .  

I n  su ch  a r e a c t i o n  th e  n i t r o  g ro u p  from  th e  n i t r a t i n g  

r e a g e n t  becom es a t t a c h e d  to  a c a rb o n  atom , w h i l s t  the  

h y d ro g en  atom a t t a c h e d  to  th e  c a rb o n  atom  i s  e i t h e r  

s im u l ta n e o u s ly  o r  s u b s e q u e n t ly  e x p e l l e d  a s  a  p r o t o n .

W r i t in g  th e  n i t r a t i n g  a g e n t  a s  NOgX th e  r e a c t i o n  i s

-t- HOgX C ''^%  .
I I II I  > II I » s "

H .............

NO2

The s u g g e s t i o n  t h a t  th e  n i t r a t i n g  a g e n t  u n d e r  c e r t a i n  

c o n d i t i o n s  m ig h t  be  th e  n i t r o n iu m  i o n  NOg was f i r s t  made 

by H. von E u le r  i n  1903 ( 2 6 ) ,  and was s u b s e q u e n t ly  

r e i t e r a t e d  by o t h e r  w o rk e rs  ( £ 7 , 2 8 , 2 9 ) .  I n  r e c e n t  y e a r s  

ample e v id e n c e  h a s  b e e n  adduced  by p h y s i c a l  m ethods to  

c o n f i rm  th e  e x i s t e n c e  o f  th e  n i t r o n i u m  io n  a s  a  s t a b l e  

e n t i t y .  The k i n e t i c s  o f  a  number o f  n i t r a t i o n s  u n d e r  

d i f f e r e n t  c o n d i t i o n s  have  b e e n  i n v e s t i g a t e d ,  and shown to  

be c o n s i s t e n t  w i th  th e  c o n c e p t  t h a t  th e  n i t r o n iu m  io n  i s
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th e  a c t u a l  n i t r a t i n g  a g e n t .

The n a t u r e  o f  s o l u t i o n s  o f  n i t r i c  a c id  i n  a n h y d ro u s  and 

i n  c o n c e n t r a t e d  aqueous  s u l p h u r i c  a c id  h a s  been  th e  s u b j e c t  

o f  many i n v e s t i g a t i o n s ,  B e n n e t t ,  J .C .D .  B rand , and

Gwyn W il l ia m s  h av e  c a r r i e d  o u t  a s u rv e y  o f  th e  a v a i l a b l e  

e v id e n c e  c o n c e rn in g  th e  p o s s i b l e  e x i s t e n c e  o f  an  a c t i v e  fo rm  

o f  n i t r i c  a c i d ,  p r e s e n t  i n  s u l p h u r i c  a c id  m e d ia ,  t h a t  c o u ld  

be r e s p o n s i b l e  f o r  n i t r a t i o n  ( 3 0 ) ,  From t h i s  th e y  

c o n c lu d ed  t h a t  an  i o n i s a t i o n  to o k  p la c e  t h a t  r e s u l t e d  i n  th e  

f o r m a t io n  o f  a n i t r o n iu m  c a t i o n ,  a c c o r d in g  to  th e  e q u a t io n  

NOgOE + BHgSO^ NOg"̂  + 0 %"^ + 2 HSO4 "

T h is  r e a c t i o n  th u s  p o s t u l a t e s  th e  r e v e r s i b l e  f o r m a t io n  o f

w a te r  p r i o r  to  th e  a c t u a l  i r r e v e r s i b l e  n i t r a t i o n ;  t h i s

c o n c e p t  had  a l s o  b e e n  a d o p te d  b y  F ,H , W estheim er and

M ,S, K h arasch  ( 3 1 ) ,

The e v id e n c e  l e a d i n g  to  t h i s  v iew  was drawn from  many

s o u r c e s .  The u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  f o r  s o l u t i o n s

o f  n i t r i c  a c id  i n  c o n c e n t r a t e d  s u l p h u r i c  a c id  had  b een

m easu red  by A, H a n tz sc h  ( 3 2 ,3 3 ) ,  and by H, von  H alban  and

J ,  E is e n b ra n d  ( 3 4 ) ,  These w o rk e rs  had  fo u n d  t h a t  th e

a b s o r p t i o n  b an d s  c h a r a c t e r i s t i c  o f  th e  n i t r a t e  i o n ,  and th o s e

o f  th e  u n d i s s o c i a t e d  n i t r i c  a c i d  m o le c u le  were e i t h e r  a b s e n t ,

o r  g r e a t l y  r e d u c e d  i n  i n t e n s i t y  u n d e r  su ch  c o n d i t i o n s .

I n v e s t i g a t i o n  o f  th e  Raman s p e c t r a  o f  s o l u t i o n s  o f  n i t r i c
/

a c i d  i n  s u l p h u r i c  a c i d  had  l e d  J ,  C hedin  ( 3 5 ,3 6 )  to  th e  

c o n s i d e r a t i o n  o f  two c h a r a c t e r i s t i c  l i n e s ,  a t  1050 cm,“ ^



1 . 1 2 .

and 1400 T hese l i n e s  w ere n o t  c h a r a c t e r i s t i c  o f

e i t h e r  th e  n i t r i c  a c id  o r  th e  s u l p h u r i c  a c id  m o le c u le .

Chedin  a t t r i b u t e d  th e s e  two l i n e s  to  d i n i t r o g e n  p e n to x id e ,  

b u t  s i n c e  s o l u t i o n s  o f  d i n i t r o g e n  p e n to x id e  i n  o r g a n i c  

s o l v e n t s  gave a d i f f e r e n t  Raman s p e c t r a ,  assumed t h a t  such  

d i n i t r o g e n  p e n to x id e  was p r e s e n t  i n  n i t r i c  a c id  o r  s u l p h u r i c  

a c id  i n  some s p e c i a l  fo rm .

The v a p o u r  p r e s s u r e  o f  n i t r i c  a c i d  i n  s o l u t i o n  i n  

s u l p h u r i c  a c i d  had  b een  m easu red  by  A, S ap o sch n ik o v  (3 7 )  and  

o t h e r  w o rk e rs  ( 3 8 , 3 9 ) .  I t  had  b e e n  fo u n d  t h a t  t h e  v ap o u r  

p r e s s u r e  o f  n i t r i c  a c i d  r e a c h e d  a maximum o v e r  a s o l u t i o n  

c o n t a in i n g  e q u im o le o u la r  p r o p o r t i o n s  o f  s u l p h u r i c  a c i d  and 

w a t e r .  The v a p o u r  p r e s s u r e  o f  th e  n i t r i c  a c i d  d e c l i n e d  to  

z e ro  above s o l u t i o n s  t h a t  c o n ta in e d  a l a r g e  e x c e s s  o f  e i t h e r  

w a te r  o r  o f  s u l p h u r i c  a c i d .  T hese  v a r i a t i o n s  c o u ld  be  

a c c o u n te d  f o r  by th e  c o n v e r s io n  o f  m o le c u la r  n i t r i c  a c id  i n t o  

n i t r a t e  io n  i n  th e  more aq u eo u s  s o l u t i o n s ,  and i n t o  some 

o t h e r  l e s s  v o l a t i l e  fo rm  i n  th e  more a c i d  r e g i o n .  Thus th e  

maximum c o n c e n t r a t i o n  o f  m o le c u la r  n i t r i c  a c id  would be i n  

t h a t  s o l u t i o n  w here th e  r a t i o  o f  w a te r  to  s u l p h u r i c  a c id  

( HgO/% 80^) i s  u n i t y ;  su ch  was th e  c a s e .

A s e r i e s  o f  c r y o s c o p ic  m easu rem en ts  upon s o l u t i o n s  o f  

n i t r i c  a c i d  i n  s u l p h u r i c  a c i d  had  b e e n  c a r r i e d  o u t  by  

H a n tz sc h  ( 4 0 , 4 1 , 4 2 , 4 3 , 4 4 ) ,  and l a t e r  by  C.R, R o b le s  and 

E , M oles ( 4 5 ) .  B o th  s e t s  o f  m easu rem en ts  showed t h a t  when 

n i t r i c  a c i d  was d i s s o l v e d  i n  s u l p h u r i c  a c i d  th e  van  t ’ Hoff
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f a c t o r  i  was g r e a t e r  th a n  two, t h u s  i n d i c a t i n g  th e  p r o d u c t io n  

o f  more th a n  two p a r t i c l e s  p e r  added m o le c u le  o f  n i t r i c  a c i d .  

A f t e r  n o t i n g  t h a t  s o l u t i o n s  o f  n i t r i c  a c id  i n  s u l p h u r i c  a c id  

had  a h ig h  e l e c t r i c a l  c o n d u c t i v i t y ,  th u s  i n d i c a t i n g  io n  

f o r m a t io n  ( 3 7 , 4 6 , 4 7 ) ,  H a n tz sc h  had  s u g g e s te d  t h a t  n i t r i c  a c id  

was c o n v e r te d  i n t o  some new s p e c i e s  o f  io n  when i n  s o l u t i o n  

i n  s u l p h u r i c  a c i d ,  H a n tz sc h  had f u r t h e r  s u g g e s te d  t h a t  

t h e s e  io n s  w ere p ro d u ced  by n i t r i c  a c i d  a c t i n g  a s  a b a s e  i n  

s u l p h u r i c  a c i d ,  and th u s  fo rm in g  th e  n i t r a c i d i u m  c a t i o n s  

H2NO3+ and H3 NO3++,

In  an  e f f o r t  to  p r o v id e  a more c o n c r e te  p r o o f  f o r  th e  

p r e s e n c e  o f  t h e  n i t r a c i d i u m  i o n s  H a n tz sch  had  made an 

u n s u c c e s s f u l  a t t e m p t  to  i s o l a t e  th e  s a l t s  ( )

and (HgNOg"*"*" ) ( E8 G^~ ) g . A p a r t i a l  c o n f i r m a t io n  o f  t h i s  

th e o r y  was p ro v id e d  by  th e  i s o l a t i o n  o f  two c r y s t a l l i n e  

s a l t s  fo rm ed by th e  d i r e c t  c o m b in a t io n  o f  n i t r i c  and  

p e r c h l o r i c  a c i d s .  To t h e s e  s a l t s  H a n tz s c h  had a s s ig n e d  th e  

fo rm u la e  (% N 0 3 + ) ( C 1 0 ^ " )  and ( HgNOs**’’*') { GIO4 -)^  ̂ . The i o n i c  

n a t u r e  o f  th e s e  s a l t s  h a d  b e e n  c o n f irm ed  by i n v e s t i g a t i o n  

o f  th e  e l e c t r i c a l  c o n d u c t i v i t y  and t r a n s f e r e n c e  phenomena 

o f  t h e i r  s o l u t i o n s  i n  n i t ro m e th a n e  ( 4 8 ) ,  The r e s u l t s  

o b t a in e d  d e f i n i t e l y  e s t a b l i s h e d  th e  c o n v e r s io n  o f  n i t r i c  

a c i d  i n t o  a  p o s i t i v e  io n  i n  s o l u t i o n s  o f  t h e s e  compounds.

O th e r  t h e o r i e s  t h a t  had b ee n  s u g g e s te d  c o n c e rn in g  th e  

n a t u r e  o f  s o l u t i o n s  o f  n i t r i c  a c i d  i n  s u l p h u r i c  a c i d  w ere t h a t
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t h e y  c o n t a i n  NOg.O.SOsH ( 49)  o r  N 0 2 '^ (2 6 ,£ 8 ) . P .  Walden 

had  s u g g e s te d  t h a t  th e  n i t r o n iu m  i o n  e x i s t e d  i n  th e  anhydrous  

a c i d ,  p o i n t i n g  o u t  t h a t  th e  s p e c i f i c  e l e c t r i c a l  co n d u c tan c e  

a t  2 5 ^ 0 ,  r e q u i r e s  t h a t  th e  n i t r i c  a c i d  sh o u ld  be c o n s id e r a b ly  

s e l f  i o n i s e d  ( 2 7 ) ,  As an e x p l a n a t i o n  f o r  t h i s  Walden had  

s u g g e s te d  t h a t  n i t r i c  a c i d  m ig h t  be  r e g a r d e d  a s  an a m p h o te r ic  

e l e c t r o l y t e ,  and t h a t  th e  f o l lo w in g  e q u i l i b r i u m  was s e t  up

HNOg H+ + NO3 " OIT + NOg+

In  r e v ie w in g  t h i s  w ork, B e n n e t t ,  B rand , and W ill ia m s  

r e c a l c u l a t e d  th e  c r y o s c o p ic  f a c t o r s  o f  H a n tz s c h .  H a n tz sc h  

had  r e p o r t e d  a  van  t ’ Hbff f a c t o r  o f  3 f o r  s o l u t i o n s  o f  

n i t r i c  a c i d  i n  s u l p h u r i c  a c i d ,  b u t  B e n n e t t  e;t a l .  n o te d  

t h a t  some o f  th e  b e s t  r e s u l t s  were o b ta in e d  f o r  s o l u t i o n s  

o f  p o ta s s iu m  n i t r a t e  i n  s u l p h u r i c  a c i d .  A f t e r  a l lo w a n c e  

h a s  b ee n  made f o r  th e  p o ta s s iu m  h y d ro g en  s u l p h a t e  fo rm e d , 

t h e s e  s o l u t i o n s  have  an x f a c t o r  more n e a r l y  e q u a l  to  f o u r .

Summarising the p o s s ib le  m ethods o f  i o n i s a t io n  in  

su lp h u r ic  a c id :

( 1 ) 2 HNO3  + Il£S0 4 <^=-> K2 O5 + H3 O+ + HS0 4 “ = 1 ,5

(2 )  HHOg + 8 H2 SO4  "-=^NOgOSOgOH + % 0+  + HSO4 " 3

(3 )  HNO3  + %SÛ4  ^■=-»HgN0 3 '  ̂ + HSO4 " 2

(4 )  HMO3  + 2 % S 0 4  H3 N03 '*’'*’ + 2 HB0 4 " 3

(5 )  HNO3  + 2H2 SO4  ^^=^N02* + H3 O+ + 2 HSO4 " 4

i t  w i l l  be  s e e n  t h a t  th e  r e a c t i o n  p ro d u c in g  th e  n i t r o n iu m  

io n  ( 5 ) u n iq u e ly  h a s  an  i  f a c t o r  o f  f o u r ,  R . J .  G i l l e s p i e
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and c o l la b o r a to r s  have r e c e n t ly  r e p e a te d  th e  c r y o sc o p ic  

work o f  H a n tzsch , u s in g  a more a cc u r a te  tech n iq u e  ( 5 0 ) ,  

and o b ta in ed  a van t ’H o ff f a c t o r  o f , 3 . 8 3  fo r  s o lu t io n s  o f  

n i t r i c  a c id  in  su lp h u r ic  a c id #  S o lu t io n s  o f  d in itr o g e n  

p e n to x id e  and d in itr o g e n  t e t r o x id e  in  su lp h u r ic  a c id  were 

a ls o  examined c r y o s c o p io a l ly  by th e  same a u th o r s , and found  

to  have l - f a c t o r s  o f  6 ,  w hich  i s  in  accord  w ith  the  

io n i s a t io n s

( 6 )  NgOg + 3 H g S 0 4 < ^  SNOg'*' + + SHSO^"

(7 ) NgO  ̂ + SHgSO^^-^NOg* + NO"̂  + HgO"*" + 3HS0^”

l . P .  Kiahn h as confirm ed  th e  c r y o sc o p ic  m easurem ents fo r  

s o lu t io n s  o f  n i t r i c  a c id  in  su lp h u r ic  a c id  ( 5 1 ) ,  and has  

a ls o  found an j^ -fao tor  o f  5 f o r  s o lu t io n s  o f  e t h y l  n i t r a t e  

in  su lp h u r ic  a c id ,  w hich i s  c o n s is t e n t  w ith  the io n i s a t io n

(8 ) Bt.O.NOg + 3HgS04 <— » NOg"̂  + HgO'*’ + EHSO^" + Et.O.SOgH 

T his in t e r p r e t a t io n  i s  su p p orted  hy th e  s i m i l a r i t y  in  th e  

u l t r a - v i o l e t  a b so r p tio n  s p e c tr a  o f  such  s o lu t io n s  to th a t  o f  

s o lu t io n s  o f  n i t r i c  a c id  in  su lp h u r ic  a c id .

B e n n e t t , Brand, and W illia m s made a stu d y  o f  the Eaman 

s p e c tr a  r e s u l t s  o f  Chedin ( 3 0 ) ,  and a s  a  r e s u l t  a s s ig n e d  th e  

l i n e  a t  1400 cm."^ u n iq u e ly  to  th e  n itron iu m  io n .  The 

accom panying l i n e  a t  1050 cm .” ^ was a s s ig n e d  e i t h e r  to th e  

n i t r a t e  io n  NOg” ,  o r ,  in  th e  p r e se n c e  o f  su lp h u r ic  a c id ,  to  

th e  b is u lp h a te  io n .  T his in t e r p r e t a t io n  o f  th e  s p e c tr a  

h a s b een  co n firm ed , and e x ten d ed , by th e  work o f  D . J .  M ilie n
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on th e  Raman s p e c t r a  o f  s o l u t i o n s  o f  n i t r i c  a c id  i n  o t h e r  

s t r o n g  a c i d s  ( 5 2 ) ,

A, H a n tz sc h  made an u n s u c c e s s f u l  a t t e m p t  to  d e m o n s t r a te  

th e  t r a n s p o r t  o f  n i t r i c  a c i d  to  th e  ca tl io d e  d u r in g  th e  

e l e c t r o l y s i s  o f  s o l u t i o n s  o f  n i t r i c  a c id  i n  s u l p h u r i c  a c id  

( 5 2 ) .  T h is  work was r e p e a t e d ,  w i th  some d e g re e  o f  s u c c e s s  

by B e n n e t t ,  B rand , and V /ill iam s ( 6 3 ) ,  wlio w h ile  u n a b le  to  

i s o l a t e  n i t r i c  a c i d  a t  th e  c a th o d e ,  were a b l e  to  d e m o n s t r a te  

th e  m ig r a t io n  o f  n i t r i c  a c id  away from  th e  a n o d e .  The 

f a i l u r e  to  i s o l a t e  n i t r i c  a c id  a t  th e  c a th o d e  was a t t r i b u t e d  

to  e x c e s s iv e  r e d u c t i o n  o c c u r r in g  t h e r e . C o n f i rm a t io n  of 

t h i s  th e o r y  i s  fo u n d  i n  t h a t  the  a u t h o r s  w are a b l e  to  

i s o l a t e  n i t r i c  e c i d  a t  th e  c a th o d e  a f t e r  e l e c t r o l y s i s  i n  

oleum s i n  t h i s  c a se  th e  s u l p h w  t r i o x i d e  had  b e e n  

p r e f e r e n t i a l l y  r e d u c e d .

The f o r m a t io n  o f  s a l t s  o f  n i t r i c  a c id  h a s  a l s o  b een  

r e i n v e s t i g a t e d ;  D.R. Groddard, E .D . H ughes, and O.K. I n g o ld  

h a v in g  s t u d i e d  i n  d e t a i l  th e  s o l i d  p h a se  fo rm ed  be tw een  n i t r i c
w

a c id  and p e r c h l o r i c  a c i d  ( 5 4 ) .  A vacuum te c h n iq u e  was 

u sed  to  e n s u r e  th e  co m p le te  a b sen ce  o f  w a te r ,  and to  p r e v e n t  

c o n ta m in a t io n  by s o l v e n t s .  By th e s e  means a d ry  s o l i d  

c o r r e s p o n d in g  to  th e  c o m p o s i t io n  (HgHOg******) ( CIO^"* )g was 

o b t a i n e d .  T h is  s o l i d  was shown to  be an  e q u im o le o u la r  

m ix tu r e  o f  n i t r o n i u m  p e r c h l o r a t e  ( ) ( CIO^* ) ,  and th e

w e l l  known p e r c h l o r i c  a c i d  h y d r a t e  (HgO"^)( GIO^" ) .  These 

w o rk e rs  were u n a b le  to  o b t a i n  a d ry  s o l i d  o f  th e  c o m p o s i t io n
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( ) ( C l0 4 "" ) ,  b u t  p o i n t e d  o u t  t h a t  c o m p o s i t io n s

a p p ro x im a t in g  to  t h i s  c o u ld  r e s u l t  from  th e  o c c l u s i o n  o f 

n i t r i c  a c id  to  th e  m ix tu re  o b t a i n e d  a b o v e .  The i o n i c  

n a t u r e  o f  th e  n i t r o n iu m  p e r c h l o r a t e  was d e m o n s t r a te d  by 

th e  Raman s p e c t r a  o f  th e  s o l i d  s a l t ,  w hich  c o n s i s t e d  o f  th e  

known s p e c t r a  o f  th e  n i t r o n iu m  and p e r c h l o r a t e  i o n s  ( 5 5 ) ,  

and was c o n f irm e d  by an  X -ray  s tu d y  o f  th e  c r y s t a l  s t r u c t u r e  

o f  th e  s o l i d  ( 5 6 ) .

U sin g  the  same te c h n iq u e  Goddard ej^ a l .  were a b le  t o  

p r e p a r e  and i s o l a t e  a number o f  o t h e r  n i t r o n iu m  s a l t s  ( 5 4 ) .  

Thus i n  a d d i t i o n  to  n i t r o n iu m  p e r c h l o r a t e  ( ) ( CIO4 " ) ,

n i t r o n iu m  h y d ro g en  d i s u l p h a t e  ( ) #  n i t r o n iu m  

d i  s u lp h a  t e  ) ,  n i t r o n iu m  t r i  s u lp h a t e

(NOg'*‘)g( ) ,  and n i t r o n i u m  f l u o r o s u l p h o n a t e  ( NOg"*" ) ( FSOg" )

w ere p r e p a r e d  a s  c r y s t a l l i n e  s a l t s .  The a s s i g n e d  i o n i c  

s t r u c t u r e s  w ere s p e c t r o s c o p i c a l l y  e s t a b l i s h e d  f o r  a l l  t h e s e  

compounds, w i th  th e  e x c e p t i o n  o f  n i t r o n i u m  t r i s u l p h a t e .

I n  th e  same vfork c r y s t a l l i n e  d i n i t r o g e n  p e n to x id e  % 0 g, was 

shown to  be  n i t r o n iu m  n i t r a t e  ( ) ( NOg"),  and th u s  a

member o f  th e  same s e r i e s .  O th e r  n i t r o n iu m  s a l t s ,  su c h  

a s  n i t r o n i u m  h y d ro g en  s u l p h a t e ,  n i t r o n i u m  c h l o r o s u l p h o n a te ,  

and n i t r o n iu m  p o l y s e l e n a t e s  c o u ld  be i s o l a t e d ,  b u t  n o t  i n  

a p u r e ,  o r  s t a b l e ,  fo rm .

The e v id e n c e  g iv e n  above c l e a r l y  e s t a b l i s h e s  th e  

e x i s t e n c e  o f  t h e  n i t r o n iu m  i o n  u n d e r  c e r t a i n  c o n d i t i o n s  i n
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th e  n i t r i c  a c i d - s u l p h u r i c  a c i d - w a t e r  s y s te m .  Chedin h a s  

q u a n t i t a t i v e l y  i n v e s t i g a t e d  t h i s  sy s tem  by  o b s e r v a t i o n  o f  

th e  i n t e n s i t y  o f th e  1400 cm ."^  l i n e  i n  th e  Raman s p e c t r a  

o f  su c h  s o l u t i o n s .  The t r i a n g u l a r  d ia g ra m , F i g .  1 , was 

c o n s t r u c t e d  by B e n n e t t  e t  f rom  th e  d a t a  o f  Chedin 

and i l l u s t r a t e s  th e  c o n c e n t r a t i o n  o f  th e  n i t r o n i u m  io n  i n  

such  a s y s te m .  I t  w i l l  be s e e n  t h a t  i n  100^ s u l p h u r i c  

a c i d ,  s o l u t i o n s  o f  l e s s  t h a n  18 m oles  ^  o f  n i t r i c  a c id  a r e  

p r a c t i c a l l y  c o m p le te ly  i o n i s e d .  T h is  c o n c l u s i o n  i s  b a s e d  

upon  th e  f a c t  t h a t  th e  f r e q u e n c i e s  o f  the  n i t r i c  a c id  a r e  n o t  

d e t e c t a b l e  i n  s o l u t i o n s  w i t h i n  th e s e  c o n c e n t r a t i o n s .  The 

d ia g ra m  a l s o  shows t h a t  th e  n i t r o n iu m  io n  fo rm ed by a 

s o l u t i o n  o f  n i t r i c  a c i d  i n  an  e x c e s s  o f  s u l p h u r i c  a c id  i s  

n o t  c o m p le te ly  d e s t r o y e d  by th e  a d d i t i o n  o f  w a te r  u n t i l  

s u f f i c i e n t  h a s  b e e n  added t o  f o r m th e  m o n o h y d ra te  o f  

s u l p h u r i c  a c i d .  These s p e c t r o s c o p i c  r e s u l t s  have  been  

co n firm ed  by m easurem ent o f  th e  p a r t i a l  v a p o u r  p r e s s u r e  o f 

n i t r i c  a c i d  i n  t h i s  sy s tem  ( 3 9 ) .  F o r  th o s e  s o l u t i o n s  i n  

w hich  m o le c u la r  n i t r i c  a c i d  i s  u n d e t e c t a b l e ,  th e  v ap o u r  

p r e s s u r e  o f  n i t r i c  a c id  i s  to o  s m a l l  to  m e a s u re .  The 

a d d i t i o n  o f  w a te r  to  a s o l u t i o n  o f  n i t r i c  a c i d  i n  s u l p h u r i c  

a c id  i n i t i a l l y  r a i s e s  th e  v a p o u r  p r e s s u r e  o f  th e  n i t r i c  

a c i d ;  t h i s  i s  due t o  th e  r e p r e s s i o n  o f  th e  i o n i s a t i o n  o f  

th e  n i t r i c  a c i d  by th e  m ass e f f e c t  o f  th e  hydroxonium  and 

b i s u l p h a t e  i o n s .
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HgO + HgSO^ + HSO4 "

HKOg + 2 H g 8 0 4 ^ N 0 g +  + H3O+ + 2HSO4 -

The e v e n t u a l  i o n i s a t i o n  o f  th e  n i t r i c  a c i d  to  n i t r a t e  i o n  

f i n a l l y  r e s u l t s  i n  a  lo w e r in g  o f  th e  v ap o u r  p r e s s u r e  o f  th e  

n i t r i c  a c i d .  I t  may be c o n c lu d e d  t h a t  s u l p h u r i c  a c id  

p r o v id e s  a s t r o n g l y  a c i d i c  medium i n  w hich  n i t r i c  a c id  a c t s  

a s  a b a s e ,  fo rm in g  th e  n i t r o n i u m  i o n  a c c o r d in g  to  e q u a t io n  ( 5 ) .  

The e l e c t r o n i c  th e o r y  o f  r e a c t i o n s  r e q u i r e s  t h a t  th e  

n i t r a t i n g  a g e n t  f o r  th e  b en zen e  r i n g  s h o u ld  be  c a t i o n o i d  

o r  e l e c t r o p h i l i c .  I n  a c c o rd a n c e  w i th  t h i s  c o n c e p t ,  

d ,H , B e n fo rd  and  C ,^ ,  I n g o ld  ( 57)  s u g g e s te d  t h a t  th e  n i t r a t i n g  

a g e n t  a lw a y s  h ad  th e  fo rm  îîOg-X, v/here X i s  an  e l e c t r o n  

a t t r a c t i n g  g r o u p .  I t  f o l l o w s  t h a t  th e  n i t r o n iu m  i o n ,  

c a r r y i n g  an i n t e g r a l  p o s i t i v e  c h a rg e ,  s h o u ld  be th e  m ost 

a c t i v e  o f  a l l  n i t r a t i n g  a g e n t s .
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( I l l )  a c i d i t y  f u n c t io n s

In  1932 L .P .  Hammett and A . J .  Deyrup p o in t e d  o u t  th e  

n e e d  f o r  an e x p e r i m e n ta l  c r i t e r i o n  o f  a c i d i t y  i n  s t r o n g  

a c i d s ,  and o f  a  g e n e r a l  method o f  m e a su r in g  su ch  ( 5 8 ) ,

Vvhen th e  a c i d i t y  o f  a s o l u t i o n  i s  d e te rm in e d  by  means o f  a 

s im p le  b a s i c  i n d i c a t o r  th e  q u a n t i t y  a c t u a l l y  m easu red  i s  

t h e  te n d e n c y  o f  th e  a c id s '  p r e s e n t ,  u n d e r  th e  c o n d i t i o n s  

p r e v a i l i n g ,  to  t r a n s f e r  h y d ro g en  io n  to  a  n e u t r a l  o r g a n ic  

m o le c u le ,  th e  i n d i c a t o r  b a s e ,  c o n v e r t in g  i t  i n t o  a p o s i t i v e  

i o n .  Hammett and Deyrup e m p h a s i s e d , t h a t  th e  " a c i d i t y  i n  

te rm s  o f  a  b a s i c  i n d i c a t o r "  i s  a  m ost s i g n i f i c a n t  q u a n t i t y ,  

c e r t a i n l y  f o r  th e  e q u i l i b r i u m  i n  any  r e a c t i o n  i n  vvhich 

h y d rogen  io n  i s  added to  a n e u t r a l  m o le c u le ,  and p r o b a b ly  f o r  

o t h e r  fo rm s  of a c i d  c a t a l y s e d  r e a c t i o n s .  Making th e  

a s su m p tio n  t h a t  th e  r e l a t i v e  s t r e n g t h  o f  tvfo b a s e s  o f  th e  same 

c h a rg e  ty p e  i s  in d e p e n d e n t  o f  th e  medium i n  w h ich  th e y  a r e  

com pared, th e  a u t h o r s  m easu red  th e  a c i d i t y  o f  s u l p h u r i c  a c i d  

and p e r c h l o r i c  a c id  o v e r  a l a r g e  r a n g e  by em p loy ing  a  s e r i e s  

o f  s im p le  b a s i c  i n d i c a t o r s .  The i n d i c a t o r s  u se d  w ere su ch  

t h a t  th e  r a n g e s  o f  a c i d i t y  i n  w hich  th e y  h ad  v a r y in g  

i o n i s a t i o n  s u c c e s s i v e l y  o v e r l a p p e d ,  A s im p le  b a s i c  

i n d i c a t o r  was d e f in e d  a s  a n o n - i o n i s e d  o r  n e u t r a l  s u b s ta n c e  

c a p a b le  o f  a d d in g  one h y d ro g e n  i o n  p e r  m o le c u le  w i th o u t  

any f u r t h e r  c o m p l ic a t in g  r e a c t i o n s ,  ( a  m o b ile  ta u to m e r is m  o f  

e i t h e r  i o n  o r  b a s e  b e in g  s p e c i f i c a l l y  a l lo w e d ) ,  and i n  su ch  

a  way t h a t  a  c o lo u r  change i s  d e te rm in e d  by th e  e x t e n t  o f
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th e  i o n i s a t i o n .  The s t r e n g t h  o f  th e  i n d i c a t o r ,  o r  o f  any 

o t h e r  m onoacid  b a s e ,  e n t e r i n g  th e  e q u i l i b r i u m

B + H+ BH^

Was d e f in e d  By th e  f u n c t i o n

pK* = -  l o g  «H*- %  .  -  l o g  (B+) (b ) _ l o g  ^B
®BH  ̂ (BH+) fBHf

where a  i s  a c t i v i t y ,  ( )  i s  c o n c e n t r a t i o n ,  and f  th e  

a c t i v i t y  c o e f f i c i e n t  ,

The fo rm  o f  t h i s  f u n c t i o n  f o l l o w s  from  th e  d e f i n i t i o n  

o f  piC* i n  te rm s  o f  th e  s t r e n g t h  o f  th e  c o n ju g a te  a c i d  BH^, 

The a c t i v i t i e s  i n  a l l  s o l v e n t s  w ere  r e f e r r e d  to  th e  same 

r e f e r e n c e  s t a n d a r d ,  a d i l u t e  aq u eo u s  s o l u t i o n .  I n  such  a  

s o l u t i o n

lo g  ^B = 0  and pK’ = -  l o g  ( 0 %'*') (b )
^BH+ (BH^)

From t h i s  i t  f o l l o w s  t h a t  i f  th e  i o n i s a t i o n  r a t i o s  o f  two 

b a s e s  B and C a r e  d e te rm in e d  i n  any g iv e n  s o l u t i o n , ( w h e r e  

th e  c o n c e n t r a t io n s  o f  B and C a r e  so  s m a l l  a s  n o t  to  a f f e c t  

th e  a c t i v i t i e s  o f  th e  medium c o n s t i t u e n t s )

-  P ^ r  -  -  l o g  -  l o g

The f i r s t  te rm  o f  th e  r i g h t  hand  s id e  may be m easured

c o l o r i m e t r i c a l l y ,  th e  se co n d  te rm  i s  z e ro  i f  th e  a s su m p tio n

t h a t  f 3 / 1 3 3 + i n  a  g iv e n  s o l u t i o n  i s  th e  same f o r  a l l  b a s e s

i s  c o r r e c t .
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The a c i d i t y  f u n c t i o n  i s  d e f in e d  by th e  e q u a t io n

H e  = ^^8  + pKl *= -  lo g
(BHt) f%g+

In  d i l u t e  aqueous s o l u t i o n s  th e  a c i d i t y  f u n c t i o n  i s  . 

e q u i v a l e n t  to  th e  pH, and i n  a c e t i c  a c id  to  th e  o f

H .F . H a l l  and J ,B ,  Comiant ( 5 9 ) ,

A s e r i e s  o f  b a s e s  o f  the  a n th r a q u in o n e  o r  n i t i o a n i l i n e  

ty p e  w ere em ployed to  m easu re  th e  a c i d i t y  o f  s u l p h u r i c  

a c i d  o v e r  th e  r a n g e  O-IOO^L Uuch b a s e s  i o n i s e  a s

A + % 8 0 ^  <-=^ AH+ + HS04"

and th u s  g iv e  a Van t - H o f f  f a c t o r  o f  2 : c r y o s c o p ie  e v id e n c e

was u se d  a s  th e  b a s i s  o f  s e l e c t i o n  o f  i n d i c a t o r s .  The 

v a l u e s  o f  o b ta in e d  a r e  p l o t t e d  i n  F i g ,  2 ( p l u s  an  a d d i t i v e  

c o n s t a n t  o f  - 0 ,2 9  u n i t ) .  Save i n  th e  im m ed ia te  n e ig h b o u rh o o d  

o f  p u re  w a te r  and p u re  s u l p h u r i c  a c i d ,  w here r a p i d  change i s  

t o  be e x p e c te d  on a l o g a r i t h m i c  p l o t ,  th e  cu rv e  i s  

s t r i k i n g l y  f r e e  from  su d d en  changes  o f  d i r e c t i o n ,  ev en  i n  

th e  r e g i o n  o f  s u l p h u r i c  a c i d  m o n o h y d ra te .  The l i m i t i n g  v a lu e  

o f  th e  a c i d i t y  f u n c t i o n  f o r  100^6 s u l p h u r i c  a c id  was - 1 0 ,6 0 ,  

1 7 ,0  u n i t s  more a c i d  th a n  w a t e r .  In  1954 L ,P ,  Hammett and 

M.A, P a u l  made a more a c c u r a t e  s tu d y  o f  th e  a c i d i t y  o f  d i l u t e  

a c i d s ,  u s i n g  th e  s t r o n g e r  b a s e s  b e n z e n e az o d ip h e n y la ra in e  and 

am inoazobenzene  a s  i n d i c a t o r s  ( 6 0 ) ,  The i o n i s a t i o n  o f  th e s e  

b a s e s  c o u ld  b e  m easu red  c o l o r i m e t r i c a l l y  i n  s o l u t i o n s  of 

h y d r o c h l o r i c  a c i d  so  d i l u t e  t h a t  th e  a c t i v i t y  o f  h y d ro g en  io n  

c o u ld  be  s e t  e q u a l  t o  th e  m o l a r i t y  o f  th e  a c i d .  As a  r e s u l t ,
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s in c e  th e  ra n g e  o f  a c i d i t y  i n  w h ich  th e s e  i n d i c a t o r s  co u ld  

be u sed  o v e r la p p e d  t h a t  o f  th e  lo w e s t  em ployed in  p r e v io u s  

w ork, an a c c u r a te  v a lu e  f o r  th e  z e ro  on th e  s c a le  o f  th e  

a c i d i t y  f u n c t i o n  co u ld  b e  e s t a b l i s h e d .  T h is  z e ro  was 

0 ,2 9  u n i t  lo w e r  th a n  t h a t  p r e v io u s ly  p r o v i s i o n a l l y  

ad o p te d  by  Hammett and D eyrup ( 5 8 ) ,  Thus a l l  v a lu e s  o f  

pK’ and Hçj g iv e n  i n  th e  e a r l i e r  w ork sh o u ld  be c o r r e c t e d  

by th e  s u b t r a c t i o n  o f  0 ,2 9  u n i t ,

Hammett and  P a u l a l s o  o b s e rv e d  t h a t  i t  was p o s s i b l e  

to  c o r r e l a t e  th e  b e h a v io u r  o f  su c h  t y p i c a l  a c i d - c a t a l y s e d  

r e a c t i o n s  a s  s u c ro s e  i n v e r s i o n  and e s t e r  h y d r o ly s i s  on  th e  

b a s i s  o f  th e  a c i d i t y  o f  th e  s o l u t i o n  ( 6 1 ) ,  I f  th e  

lo g a r i th m  o f  th e  r a t e  o f  r e a c t i o n  was p l o t t e d  a g a in s t  H^ 

a  s t r a i g h t  l i n e  w i th  a  u n i t  s lo p e  was o b ta in e d .  T h is  

am ounts to  a  d i r e c t  p r o p o r t i o n a l i t y  b e tw een  th e  r e a c t i o n  

r a t e  and th e  m easu re  o f  h y d ro g en  io n  c o n c e n t r a t io n  o r  

a c t i v i t y  g iv e n  by th e  i n d i c a t o r  m ethod o f  m e asu rem e n t.

The a u th o r s  p o in te d  o u t  t h a t  t h i s  can o n ly  r e s u l t  fro m  th e  

f a c t  t h a t  b o th  th e  a c id  c a t a l y s i s  and th e  i n d i c a t o r  r e a c t i o n  

depend  upon th e  a d d i t i o n  o f  th e  h y d ro g en  io n  to  a  n e u t r a l  

o r g a n ic  m o le c u le  o f  b a s i c  p r o p e r t i e s ,  th e  s u b s t r a t e  i n  one 

c a s e  and th e  i n d i c a t o r  b a s e  i n  th e  o t h e r .  A cc o rd in g  to  

th e  i o n i s a t i o n  th e o r y  d is c u s s e d  b y  B ro u s te d  th e  o b s e rv e d  

r a t e  o f  r e a c t i o n  i s  th e  r a t e  o f  f u r t h e r  change o f  th e  

io n  SBt fo rm ed  by  a d d i t i o n  o f  h y d ro g en  io n  to  th e  s u b s t r a t e  S , 

The r a t e  o f  f o rm a t io n  o f  th e  io n  SHt i s  so r a p i d  com pared
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w ith  t h a t  o f  f u r t h e r  r e a c t i o n  t h a t  e q u i l ib r iu m  e x i s t s  

b e tw een  th e  io n  and s u b s t r a t e .  The r a t e  o f r e a c t i o n  r  

i s  th e n  g iv e n  by  r  = kg 8 g ajj+ j— i —  = I c o f ^ la ^
fsH+

S in c e  th e  r a t i o  fa /fg H +  may be  e x p e c te d  to  be  th e  same a s  th e  

c o r re s p o n d in g  r a t i o  any  o th e r  b a s e ,  in c lu d in g

th e  i n d i c a t o r s ,  and s in c e  by d e f i n i t i o n  « -  lo g  a g f  ,

th e  s p e c i f i c  v e l o c i t y  k  « ^ / ( s )  g iv e n  by

lo g  k  + *= lo g  kg w h ich  i s  the e q u a t io n  o f  th e  s t r a i g h t

l i n e  p r e v io u s ly  o b ta in e d .

In  1935 L .A , f l e x s e r ,  L .P , Hammett, and A, D in g w all 

d e m o n s tra te d  t h a t  u l t r a - v i o l e t  a b s o r p t io n  m ethods co u ld  

be u se d  to  m easure  th e  degree»: o f  i o n i s a t i o n  o f  an  o r g a n ic  

b a s e ,  and h ence  th e  a c i d i t y  f u n c t io n  o f  s u i t a b l e  s o lu t i o n s  (6 2 ) 

In  1946 F ,H , W estheim er and M ,S, E h a ra sc h  d e m o n s tra te d  

t h a t  th e  r a t e  o f  n i t r a t i o n  o f  n i t r o b e n z e n e  i n  8 5 -9 5 ^  

s u lp h u r ic  a c id  co u ld  be c o r r e l a t e d  to  th e  a c i d i t y  o f  , th e  

n i t r a t i n g  medium ( 3 1 ) ,  To do t h i s  th e y  em ployed an 

i n d i c a t o r  o f  th e  t r i a r y l c a r b i n o l  ty p e  i n  p la c e  o f  H am m ett's  

s im p le  b a s e .  T hese two ty p e s  o f  i n d i c a t o r s  i o n i s e  i n  

d i f f e r e n t  ways i n  s u lp h u r ic  a c id

A + AHt + H30^“

, ROE + 2 H2 SO4  R+ + OHg+ + 2HS04*

Vdxile n o t e x p l i c i t l y  d e s ig n a te d  a s  su c h , a  new s c a le  

o f  a c i d i t y  had  b een  in tro d u c e d  by t h i s  w ork . T h is  new
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a c i d i t y  f u n c t io n  was d e f in e d ,  and th e  r a n g e  e x te n d e d  by  th e  

w ork o f  A,M, Lowen, M,A, M urray and Gwyn W illia m s  ( 6 3 ,6 4 ) ,

T hese a u th o r s  d e f in e d  and Kg a s  th e  therm odynam ic 

e q u i l ib r iu m  c o n s ta n t s ,  d e f in e d  i n  te rm s  o f  a c t i v i t i e s ,  

f o r  two c a r b in o l  i n d i c a t o r s  ROH and SCH, I f  th e  two 

i n d i c a t o r s  a r e  p ie c e d  i n  th e  same s u lp h u r ic  a c id - w a te r  

medium, in  c o n c e n t r a t io n s  so sm a ll a s  n o t to  a f f e c t  th e  

a c t i v i t i e s  o f  th e  medium c o n s t i t u e n t s ,  th e n , in d e p e n d e n t ly  

o f  th e  fo rm  o f  K

-  P ^  " lo g  -  lo g  + lo g  ^SOH

I t  was shown, e x p e r im e n ta l ly ,  t h a t  f o r  th e  c a r b in o l  

i n d i c a t o r s  u se d  fn+ZfROH “  • S in c e  piCg,and

pEg a r e  therm odynam ic c o n s ta n t s ,  in d e p e n d e n t o f  medium

lo g  -  lo g  = C o n s ta n t ( in d e p e n d e n t  o f  m edium ),
(r CH) (SCH)

The i o n i s a t i o n  o f  t r i a r y l c a r b i n o l  i n d i c a t o r s  i s  s i m i l a r  to

t h a t  o b s e rv e d  f o r  n i t r i c  a c id

HHO3 + 2BfeS04 NGg+ + 0% + + 2H8O4-

I t  i s  r e a s o n a b le ,  t h e r e f o r e ,  to  e x p e c t  t h a t

lo g  liHîP _ lo g  . =  C o n s ta n t ( in d e p e n d e n t  o f  m edium ). 
(RQH) (N O g.C e)

I f  th e  r a t e  o f  n i t r a t i o n  o f  a  compoimd AiH , i s  g iv e n  by

r  = ( a th )

= k^O g.Q H ) (At H) (NOg'^J

(W c . oh;
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Then, i f  (HNOg^ d e n o te s  th e  s t o i c h io m e t r i c  c o n c e n t r a t io n  

o f  t o t a l  n i t r i c  a c id

r  — k  (HNÛ3 )(A rH j(N Û 2 ‘̂ )

(NO g.O H )

p ro v id in g  t h a t  th e  e x t e n t  o f  i o n i s a t i o n  o f  n i t r i c  a c id  i s  

sm a ll ( e , g ,  i n  s u lp h u r ic  a c id - w a te r  m edia below  85^ 

s u lp h u r ic  a c i d ) .  E x p e r im e n ta l ly  i t  h a s  b ee n  shown t h a t  

r  ■= kg (m i03) ( A r H )

i n  w hich  kg v a r i e s  w ith  th e  medium c o m p o s it io n . T h e re fo re

lo g  kg = lo g  r  -  lo g  (HNO3 )  ( a t h )

= lo g  k  + lo g  (NOg'*')
(NOg.CH)

“  lo g  k  + lo g  + C o n s t, ( in d e p e n d e n t  o f  m edium ).

P ro v id in g  t h a t  k  i s  c o n s ta n t  o v e r  th e  medium ra n g e

exam ined , th e  v a r i a t i o n  o f  lo g  kg w i th  medium c o m p o s itio n

sh o u ld  ru n  p a r a l l e l  w i th  t h a t  o f  lo g  . T h is  was
(pOE)

fo u n d  to  be  th e  c a se  f o r  th o s e  o r g a n ic  m o le c u le s  whose 

k i n e t i c s  c o u ld  be  exam ined  in  th e  medium ra n g e  7 2 -8 5 ^  

s u lp h u r ic  a c i d .  T here  was no p a r a l l e l i s m  b e tw een  th e s e  

l i n e s  and  H am m ett’ s a c i d i t y  f u n c t i o n  1 ^ .

W illia m s  e t  a l . ,  w i th o u t  s p e c i f y in g  th e  fo rm  o f  e i t h e r  

Kg o r  Hg e x p l i c i t l y ,  o th e r  th a n  i n  te rm s  o f  ag + /a g o g  , 

d e f in e d  th e  a c i d i t y  f u n c t i o n  Hr  w h ich  m easu red  th e
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c a p a c i ty  o f  a medium to  i o n i s e  a t r i a r y l c a r b i n o l  i n d i c a t o r .

Hp “  + p 2p  -  lo g  
^  ^  (RCH)

So lo n g  a s  n i t r i c  a c id  i o n i s e s  i n  th e  same way a s  a

t r i a r y l c a r b i n o l

^  “ '*"'P^NOo.OH '  ^
(NOg . oh)

T h e re fo re  lo g  kg = lo g  k  + P % c ^ ,o H  “ %

w here ^ O g .O H  ® therm odynam ic e q u i l ib r iu m  c o n s ta n t  f o r

th e  i o n i s a t i o n  o f  n i t r i c  a c i d .  B eing  d e f in e d  i n  te rm s 

o f  a c t i v i t i e s  P%Q o (H i n v a r i a n t  w ith  change o f  m edium,
A  *

P ro v id e d  t h a t  k  d o es  n o t  v a r y  o v e r  th e  medium ra n g e  

exam ined , lo g  kg sh o u ld  t h e r e f o r e  be l i n e a r  w i th  r e s p e c t  

to  %  , and a  l i n e  c o n n e c tin g  th e  two sh o u ld  h av e  a  u n i t  

s lo p e .  W ith o u t know ing pK^ f o r  some c a r b in o l  i n d i c a t o r ,

%  c a n n o t be  d e te rm in e d  i n  a b s o lu te  v a l u e s ;  v a lu e s  r e l a t i v e  

to  an  a r b i t r a r y  z e ro  may, h o w ev er, b e  com puted . When 

v a lu e s  f o r  kg f o r  th e  n i t r a t i o n  o f  t r i m e t h y l a n i l i n e  io n  

and tr im e th y l-p - to ly la jm a o n iu z n  io n  w ere p l o t t e d  a g a i n s t  

su ch  v a lu e s  o f  %  a s t r a i g h t  l i n e  w i th  a  s lo p e  o f  1 . 2 0  was 

o b ta in e d .

The n a tu r e  and ra n g e  o f  th e  t r i a r y l c a r b i n o l  ty p e  

i n d i c a t o r s  h a s  s in c e  b ee n  e x te n d e d  ( 6 5 ) ,
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( iv )  G u an id in e  and H itro g u a n id in e  

G u an id in e  was f i r s t  i s o l a t e d  by  W, S t r e c h e r ,  a s  an  

o x id a t io n  p ro d u c t  o f  g u an in e  ( 7 1 ) ,  The ch e m ica l 

l i t e r a t u r e  r e c o r d s  t h r e e  m ain s o u rc e s  o f  g u a n id in e  s a l t s ,  

n am ely , from  d ic y a n d ia m id e , from  cyanam ide s o l u t i o n s ,  

and from  cyanam ide s a l t s ,  A re v ie w  o f  th e  h i s t o r y ,  and 

m ethods o f  p r e p a r a t io n  o f  g u a n id in e  n i t r a t e  i s  c o n ta in e d  

i n  a r t i c l e s  by  G ,B ,L , S m ith  a t  ( 6 6 ) and G ,F , W rig h t 

e t  a l . ( 7 2 ) ,  I n  a l l  c o n v e n ie n t m ethods o f  s y n th e s i s  

hom ologous b y -p ro d u c ts  ( ammonium n i t r a t e ,  b ig u a n id e  

n i t r a t e  e t c . ) a r e  fo rm e d . U n le s s  e x te n s iv e  p u r i f i c a t i o n  

i s  c a r r i e d  o u t  su ch  b y - p ro d u c ts  w i l l  a f f e c t  th e  n i t r a t i o n  

o f  g u a n id in e .  As v f i l l  be shown l a t e r ,  ammonium ty p e  s a l t s  

have a m arked e f f e c t  upon  th e  y i e l d  and r a t e  o f  n i t r a t i o n  

i n  s u lp h u r ic  a c i d .

In  1892 V, T h ie le  (7 3 ) p re p a re d  n i t r o g u a n id in e  fro m  

g u a n id in e  n i t r a t e ,  and a l s o  from  g u a n id in e  th io c y a n a te ,  by  

th e  a c t i o n  o f  n i t r i c  a c id  i n  fum ing s u lp h u r ic  a c i d ,  T h ie le ,  

and p r e v io u s ly  G, P e l l i z z a r a  (7 4 )  showed t h a t  th e  p ro d u c t  

o b ta in e d  by L , J o u s s e l i n  (7 5 )  by th e  a c t i o n  o f  n i t r i c  o r  

s u lp h u r ic  a c id  on g u a n id in e  was n i t r o g u a n i d in e ,  and n o t 

n i t r o s o g u a n id in e  a s  had  b een  r e p o r t e d .  In  1921 T, Ewan 

and J ,H , Young i n v e s t i g a t e d  p o s s i b l e  m ethods o f  p r e p a r a t io n  

o f  n i t r o g u a n i d in e  ( 7 6 ) ,  These a u th o r s  w ere co n ce rn ed  o n ly  

w i th  th e  o v e r a l l  y i e l d  o f  n i t r o g u a n i d in e ,  and u se d  

c o n c e n t r a t io n s  s i m i l a r  to  th o s e  u se d  c o m m e rc ia lly . The
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f a i l u r e  to  s p e c i f y  a c c u r a te ly  th e  ^  s u lp h u r ic  a c id  u s e d  ro b s  

t h i s  w ork o f  much o f  i t s  v a lu e ,  b u t  th e  f i n a l  c o n c lu s io n ,  nam ely 

t h a t  th e  a c t i o n  o f  9 2 -9 8 ^  s u lp h u r ic  a c id  on g u a n id in e  

n i t r a t e  ( I c c . /g m ,  s a l t )  f o r  a p e r io d  o f  48 h o u rs  b e fo r e  

d i l u t i o n  i s  th e  m ost s a t i s f a c t o r y  p r o c e s s  ( y i e l d  > 8 0 ^ ) , 

i s  v a l i d ,  ü.'wan and Young a l s o  s tu d i e d  th e  n i t r a t i o n  o f  

g u a n id in e  n i t r a t e  i n  c o n c e n tr a te d  n i t r i c  a c i d .  U sing  a  

" r e d d i s h  c o lo u re d "  n i t r i c  a c id  ( 8 7 ,6 ^ ,  3 c c ,/g m , s a l t )  a 

64,5^0 y i e l d  o f  n i t r o g u a n i d in e  was o b ta in e d  i n  96 h o u r s .

L ess  t im e , o r  a  lo w er r a t i o  o f  a c i d / s a l t  r e s u l t e d  i n  lo w er 

y i e l d s ,

T ,L , D a v is , A,A, Ashdown, and H .R , Crouch w ere a b le  to  

i s o l a t e  two d i f f e r e n t  c r y s t a l  fo rm s o f  n i t r o g u a n i d in e  ( 7 7 ) ,  

w hich  how ever p o s s e s s  i d e n t i c a l  ch e m ic a l p r o p e r t i e s ,  D av is  

a l s o  s tu d ie d  th e  n i t r a t i o n  o f  s u b s t i t u t e d  g u a n id in e s  (7 8 )  

and c o n c lu d ed  t h a t  o n ly  th o se  a l k y l  g u a n id in e s  w hich  c o n ta in  

an u h s u b s t i t u t e d  am ino g roup  can  fo rm  N - n i t r o  compounds by  

d i r e c t  n i t r a t i o n ,  • C onclud ing  th a t  th e  m echanism  o f  

n i t r a t i o n  was n o t  a  s t r a i g h t f o r w a r d  d e h y d ra t io n  o f  th e  

n i t r a t e  s a l t ,  D av is  t r e a t e d  g u a n id in e  n i t r a t e  w i th  p h o s p h o r ic  

a c id  and p h o sp h o ro u s  p e n to x id e .  A f te r  30 m in u te s  a t  6 5 ^ 0 ,,

o r  30 h o u rs  a t  room te m p e ra tu re  95^  o f  th e  g u a n id in e  was 

r e c o v e r e d ;  a f t e r  48 h o u rs  a t  room  te m p e ra tu re  a n  8 2 ^  y i e l d  

o f  n i t r o g u a n i d in e  was o b ta in e d .  The a u th o r s  e x p la in  th e s e  

r e s u l t s  a s  b e in g  due to  th e  f o rm a t io n  o f  n i t r i c  o r  n i t r o p h o r i c
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a c id ,  b u t  th e y  make no s u g g e s t io n  a s  to  th e  a c t u a l  

m echanism  o f  th e  r e a c t i o n ,

T ,L , D av is  and A , J , J .  Abrams s tu d i e d  th e  b e h a v io u r  

o f  n i t r o g u a n id in e  in  s u lp h u r ic  a c id  ( 7 9 ) ,  and fo u n d  t h a t  

i t  d e a r r a n g e 8 in . tw o  m odes, to  fo rm  n i t r o a m id e  and cyanam ide, 

o r  to  fo rm  ammonia and n i tro c y a n a m id e . They a l s o  fo u n d  t h a t

a  s o l u t i o n  o f  n i t r o g u a n id in e  i n  c o n c e n tr a te d  s u lp h u r ic  a c id  

was an e x c e l l e n t  n i t r a t i n g  a g e n t ,  T h ie le ,  a f t e r  due
m

c o n s id e r a t i o n  ( 8 0 ) ,  a s s ig n e d  th e  s t r u c t u r e  11 ( I )
NHg-O-KHNOg

to  n i t r o g u a n id in e  b u t  W righ t have  ad v an ced  e v id e n c e  to
N-Hpg

s u p p o r t  th e  a l t e r n a t e  s t r u c t u r e  (I ( I I ) .  B oth
HHg— C-îîHg

arg u m en ts  a r e  adduced  from  e v id e n c e  o b ta in e d  i n  d i l u t e  

aqueous s o l u t i o n s ,  and a s  w i l l  be  se e n  l a t e r  n e i t h e r  s t r u c t u r e  

h a s  a  s t r i c t  p h y s ic a l  m eaning when a p p l ie d  to  s o l u t i o n s  o f  

n i t r o g u a n id in e  i n  c o n c e n tr a te d  s u lp h u r ic  a c i d .
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I I .  The K in e t i c s  o f  N i t r a t i o n  o f  G uan id ine  
i n  S u lp h u r ic  A c id .

The o b j e c t  o f  t h i s  r e s e a r c h  was to  s tu d y  th e  m echanism

o f th e  c o n v e rs io n  o f  g u a n id in e  n i t r a t e  i n t o  n i t r o g u a n id in e

i n  a  s u lp h u r i c  a c id  m edium ,

( i )  R e v e r s i b i l i t y  o f  t M  f^m m etlon.

When g u a n id in e  n i t r a t e  i s  d i s s o lv e d  i n  s u lp h u r ic  a c id

th e  n i t r i c  a c id  c o n c e n t r a t io n  f a l l s  v e ry  r a p i d l y  to  a

c o n s ta n t  v a lu e  w hich  i s  n o t  z e r o .  T h is  b e h a v io u r  i s

i l l u s t r a t e d  by  th e  two e x p e r im e n ts  g iv e n  i n  T ab le  I ,

T ab le  I

I n i t i a l  c o n c e n t r a t io n  g u a n id in e  n i t r a t e  0 ,2  0 0 0  M.

Temp. 25^C .

E z p t ,  78 Medium 100^ E x p t.  82 Medium 8 7 ,8 ^

Time Cone. IINO3 Time Cone. HHO3

m ln . M. m in . M.

0 ( 0 . 2 0 0 0 ) 0 { 0 .2  0 0 0 )

8 .7 0 .1674 9 .2 0 .0126

1 2 .2 0.1672 1 3 .0 0 .0 1 2 2

1 7 .0 0,1679 1 6 .5 0 .0 1 2 4

2 0 .8 0 .1 6 7 1 2 1 .4 0 .0127

2 7 .6 0 .1 6 6 6 2 7 .2 0 .0 1 2 4

5 4 .1 0 .1 6 5 0 3 6 .3 0 .0125

67 .4 0 .1 6 7 2 5 2 .3 0 .0 1 2 5
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On t h e  b a s i s  t h a t  t h e  d i s a p p e a r a n c e  o f  t h e  n i t r i c  a c i d  

i s  c o n n e c t e d  w i t h  t h e  f o r m a t i o n  o f  n i t r o g u a n i d i n e  t h e  r e s u l t s

s u g g e s t  t h a t  g u a n i d i n e  n i t r a t e  an d  n i t r o g u a n i d i n e  e n t e r  i n t o
/

an  e q u i l i b r i u m  i n  s u l p h u r i c  a c i d  s o l u t i o n ,  t h e  c o m p o s i t i o n  

o f  t h e  e q u i l i b r i u m  m i x t u r e  b e i n g  d e p e n d e n t  o n  t h e  medium 

c o m p o s i t i o n .  T h i s  s u g g e s t i o n  i s  c o n f i r m e d  by e x p e r i m e n t s  

w i t h  n i t r o g u a n i d i n e  a s  a  s t a r t i n g  m a t e r i a l .  When n i t r o 

g u a n i d i n e  i s  d i s s o l v e d  i n  a  s u l p h u r i c  a c i d  m edium  n i t r i c  

a c i d  i s  f o r m e d ,  t h e  c o n c e n t r a t i o n  o f  w h i c h  r a p i d l y  r i s e s  

t o  a  c o n s t a n t  v a l u e ,  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  f r o m  

g u a n i d i n e  n i t r a t e  ( i n  a p p r o p r i a t e  c o n c e n t r a t i o n )  a s  a 

s t a r t i n g  m a t e r i a l .  T h u s ,  t h e  same e q u i l i b r i u m  c o m p o s i t i o n  

may b e  a p p r o a c h e d  f r o m  e i t h e r  s i d e ,  f r o m  i n i t i a l  g u a n i d i n e  

n i t r a t e ,  o r  f r o m  i n i t i a l  n i t r o g u a n i d i n e .  I n  m e d i a  b e lo w  

8 3 ^  s u l p h u r i c  a c i d  t h e  r a t e  o f  a t t a i n m e n t  o f  e q u i l i b r i u m  

i s  s m a l l  e n o u g h  t o  p e r m i t  t h e  p r o g r e s s  o f  t h e  r e a c t i o n  t o  

b e  f o l l o w e d .  E x p e r i m e n t s  i l l u s t r a t i n g  t h e  i d e n t i t y  o f  t h i s  

e q u i l i b r i u m  a r e  g i v e n  i n  T a b l e  1 1 ,  and  i n  F i g ,  1 1 ,
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E x p t .  87 

Time

Medium 9 7 . 8 ^  H2 SO4

I n i t i a l  g u a n i d i n e  
n i t r a t e  0 . 2 0 0 0  M.

T em p.  2 5°C  

E x p t .  29

Time

I n i t i a l  n i t r o g u a n i d i n e  
0 . 2  000  M.

C o ne . Hl'fOg Cone.  HN0 j5

r a in . M. m i n . M.

8 . 4  ' 0 . I I 8 4 1 .8 0 . I I 2 9

5 . 3 0 . I I 3 3 0 . I I 3 3

9 . 0 0 . I I 3 0 9 . 8 0 . I I 3 4

1 8 . 7 0 . I I 2 2 1 3 . 3 0 . I I 4 0

1 9 . 1 0 . I I 8 I 1 9 . 7 0 . I I 4 O

3 2 . 1 0 . I I 8 I 3 6 . 0 0 . I I 3 8

5 5 . 8 0 . I I 0 5 5 9 . 3 0 . I I I 9

The d a t a  u s e d  i n  e s t a b l i s h i n g  t h e  e q u i l i b r i u m  

c o m p o s i t i o n s  w a s  o b t a i n e d  b y  a n a l y s i n g  t h e  r e s i d u a l  n i t r i c  

a c i d  by t h e  m o d i f i e d  K o l t h o f f  m e th o d  o f  n i t r a t e  a n a l y s i s  

{ s e e  e x p e r i m e n t a l  s e c t i o n ) , I f  a  s o l u t i o n  o f  g u a n i d i n e  

n i t r a t e  i n  s u l p h u r i c  a c i d  i s  a n a l y s e d  by t h e  T r e a d w a l l  a n d  

V o n t o b e l  m e th o d  o f  n i t r a t e  a n a l y s i s  ( 6 9 )  a v a l u e  c o r r e s p o n d i n g  

t o  1 0 0 ^  n i t r i c  a c i d  i s  o b t a i n e d .  S i m i l a r l y ,  when n i t r o 

g u a n i d i n e  i s  u s e d  a s  t h e  s t a r t i n g  m a t e r i a l ,  t h e  v a l u e  

o b t a i n e d  f o r  t h e  n i t r i c  a c i d  c o n c e n t r a t i o n  i s  t h a t  w h i c h  

w o u ld  be  e x p e c t e d  i f  t h e  e q u i l i b r i u m

G u a n i d i n e  + N i t r i c  a c i d  N i t r o g u a n i d i n e  + W a te r  ( I )
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l a y  1 0 0 ^  to  th e  l e f t *

The e x p la n a t io n  o f  t h i s  anom aly  l i e s  i n  th e  f a c t  t h a t  

th e  T re a d w a ll and V o n to b e l m ethod o f  a n a l y s i s  i s  done i n  

s n lp h n r io  a c id  o f  a  s t r e n g t h  g r e a t e r  th a n  90^* I n  su ch  

an a c id  th e  r a t e  o f  a t ta in m e n t  o f  e q u i l ib r iu m  i s  v e ry  

g r e a t ,  and th e  r e s u l t  o f  t i t r a t i n g  th e  o r i g i n a l  r e s i d u a l  

n i t r i c  a c id  w i l l  be  to  s h i f t  th e  e q u i l ib r iu m  i n  su ch  a m anner 

a s  to  p ro d u ce  more n i t r i c  a c id *  S in c e  th e  e q u i l ib r iu m  

s h i f t s  v e ry  r a p id l y  th e  p r o c e s s  c o n t in u e s  u n t i l  a l l  th e  

p o t e n t i a l  n i t r i c  a c id  h a s  b een  u se d  up* T y p ic a l  e x p e r im e n ta l  

v a lu e s  a r e  g iv e n  i n  T a b le  I I I ,

T a b le  I I I

W eight W itro g u a n id in e gm. HNOg fo u n d
M oles HNOg fo u n d

M oles n i t r o g u a n id in e

0 .0 7 4 1  gm. 0 .0448 0 .9 9 8

0 .1 0 6 7 0 .0 6 4 3 0 .9 9 5

0 .0 8 4 1 0 .0 5 0 8 0 .9 9 7

Aqueous s o l u t i o n s  a r e  u se d  i n  th e  K o l th o f f  m ethod o f  

a n a l y s i s ;  below  70^ s u lp h u r ic  a c id  th e  r a t e  o f  a t ta in m e n t  

o f  e q u i l ib r iu m  i s  so low  t h a t  s o l u t i o n s  can  be a n a ly s e d  

w ith o u t  in d u c in g  a  change in  th e  e q u i l ib r iu m  c o m p o s it io n .
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(1 1 ) I o n i s a t i o n  o f  g u a n id in e  and n i t r o g u a n i d in e .

In  v iew  o f  th e  s t r o n g  b a s i c  p r o p e r t i e s  o f  g u a n id in e  ( 8 8 ) ,

i t  m ust e x i s t  a s  a  c h a rg e d  io n  when in  s o l u t i o n  i n  s u lp h u r ic

a c i d .  Such an  u p ta k e  o f  a  p r o to n  may be r e p r e s e n te d  a s

m  m o *
I I  ^  I I

NHe-C-HHg + H*" NHg-C.mg ( I I )

o r  more c o n c i s e ly  G + H*" <=_), UH*‘

A. H a n tz sc h  and W. G e id e l m easu red  th e  c r y o s c o p ie  

d e p r e s s io n  o f  a  s o lu t i o n  o f  g u a n id in e  i n  1 0 0 ^  s u lp h u r i c  a c id ,  

and fo u n d  t h a t  g u a n id in e  was p r e s e n t  a s  a  t r i p l y  c h a rg e d  

io n  ( 8 1 ) ,  I f  t h i s  i s  s o , th e n  th e r e  a r e  th e  f u r t h e r  e q u i l i b r i a  

N%+ Nifo+
I I  I I

mg-G-NHg + ir^>MH2-C-MHg+ ( I I I )

NHg+ N%+
i r  P

NH2 -C-NS3+ + a ^ (= * m g -c -m g +  ( i v )

T h ere  i s  no e v id e n c e  a s  to  th e  c o n c e n t r a t io n  o f  s u lp h u r i c  

a c id  i n  v iiic h  th e s e  i o n i s a t i o n s  o c c u r ;  i t  w ould seem l i k e l y  

t h a t  th e  d e g re e  o f  f u r t h e r  i o n i s a t i o n  d o es  n o t  become e x te n s iv e  

u n t i l  h ig h  c o n c e n t r a t io n s  o f  s u lp h u r ic  a c id  a r e  r e a c h e d ,  s in c e  

no s im p le  d o u b le  s a l t  h a s  e v e r  b een  i s o l a t e d ,

iVhen a  s a t u r a t e d  s o lu t i o n  o f  n i t r o g u a n i d in e  i n  c o n c e n tr a te d  

s u lp h u r ic  a c id  i s  d i l u t e d  w ith  w a te r  th e  n i t r o g u a n id in e  i s
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p r e c i p i t a t e d  a s  a  s u lp h a te  s a l t ,  w h ich  i s  s t a b l e  im 

c o n c e n t r a t io n s  o f  s u lp h u r ic  a c id  g r e a t e r  th a n  3 0 ^ ,

i t t t r o g u a n id in e  i s  t h e r e f o r e  p r e s e n t  i n  a n  io n i s e d  

fo rm  when i n  s o l u t i o n  i n  s t r o n g  s u lp h u r i c  a c id ,  a l th o u g h  

i t  i s  n o rm a lly  c o n s id e re d  a s  b e in g  la c k in g  i n  b a s i c  

p r o p e r t i e s  ( 8 2 ) ,  I h i s  i o n i s a t i o n  may be r e p r e s e n te d  a s

UH NHo'*’
II  +  11

+ H NHg-C-HHNOa (V)

o r  m ore c o n c is e ly  R + H*’ RB*

o r
+

N-NOo HN -NOp
II ^  IIM2-C-N% + (VI)

L eav in g  th e  c o n s id e r a t i o n  o f  w h ich  i s  th e  m o st 

a p p r o p r ia te  fo rm  o f n i t r o g u a n i d in e  io n  u n t i l  l a t e r ,  we 

may th u s  b e t t e r  r e p r e s e n t  th e  r e v e r s i b l e  r e a c t i o n  ( 1 ) ,  ( i n  

th e  s im p le s t  c a s e ) ,  a s

+ HNOg >RE* + % 0 (VII)



I I . 7 .

( l i i )  B im o le c u la r  n i t r a t i o n .

E x p ts .  1 5 /6  and 2 3 /4  i n  E ig ,  11 show t h a t  th e  a t t a in m e n t  

o f  e q u i l ib r iu m  i s  v e ry  r a p i d  i n  8 5 ,6 ^  s u lp h u r ic  a c id  w ith  

0 ,027  M, r e a g e n t s  ( c . f , e x p t s ,  2 7 /9  a t  0 ,2  M ,) ,  W ith  0 .0 1 8  M, 

r e a g e n ts  i n  8 0 .7 ^  s u lp h u r ic  a c id  ( e x p t s ,  1 8 /9 ) ,  h o w ev er, 

th e  a p p ro a c h  to  e q u i l ib r iu m  ta k e s  a m e a s u ra b le  t im e , b e in g  

in c o m p le te  a f t e r  one h o u r .  I t  may be assum ed , t h e r e f o r e ,  

t h a t  th e  a c t u a l  c h e m ic a l r e a c t i o n  i s  v e ry  r a p i d  i n  m edia  

o f  g r e a t e r  th a n  85^  s u lp h u r ic  a c id ,  and n o rm al k i n e t i c  

m easu rem en ts  a r e  im p o s s ib le .  Below 85^  s u lp h u r i c  a c id  i t  

i s  p o s s i b l e  to  f o l lo w  th e  a t t a in m e n t  o f  e q u i l ib r iu m ,  and  

th u s  to  m easu re  th e  r a t e  o f  r e a c t i o n .

The r a t e  o f  a p p ro a c h  fro m  th e  l e f t  hand  s id e  to  

e q u i l ib r iu m  in  th e  r e v e r s i b l e  sy s te m  (V II )  h a s  b ee n  m easu red  

i n  s u lp h u r i c  a c id  i n  th e  m ed ia  r a n g e  7 1 -8 3 ^  s u lp h u r i c  a c i d .

The r a t e s  w ere m easu red  by m ix in g  a  s o l u t i o n  p r e p a re d  by 

d i s s o lv in g  g u a n id in e  c a rb o n a te  i n  a  g iv e n  medium w ith  a  

s o l u t i o n  o f  a n h y d ro u s  n i t r i c  a c id  i n  th e  same medium, and 

th e n  f o l lo w in g  th e  f a l l  o f  n i t r i c  a c id  w ith  t im e .  The 

m ethods o f  m ix in g , and  o f  a n a l y s i s ,  a r e  d e s c r ib e d  i n  th e  

' e x p e r im e n ta l  s e c t i o n ,  G u an id in e  c a r b o n a te ,  G^.EgODs, I s  

n o t  an  i d e a l  m a t e r i a l  f o r  th e  p r e p a r a t i o n  o f  s o l u t i o n s  o f  

g u a n id in e  io n ,  in asm u ch  a s  th e  r e a c t i o n

+ 2EgS0^ 2GHt + 2 HSO4 " + HgO + COg 

r e s u l t s  i n  th e  p r o d u c t io n  o f  one  h a l f  m ole o f  w a te r  p e r  

m ole o f  g u a n id in e  i o n .  The f a i l u r e  to  o b t a i n  a  p u re
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g u a n id in e  s u lp h a t e ,  Gg.SgSO^, r a t h e r  th a n  th e  h e m i-h y d ra te ,  

Gg.HgSO^.-^HgO, l e f t  no a l t e r n a t i v e  to  i t s  u s e .  Some 

specim en  r e s u l t s  o f  th e  r e a c t i o n  c u rv e s  o b ta in e d  a r e  

shown i n  P i g .  1 1 ,

Vdien 1 /  (HNOg]or lo g  , ( a c c o rd in g  to  w h e th e r
(GH+]

th e  i n i t i a l  r e a c t a n t  c o n c e n t r a t io n s  a r e  e q u i v a l e n t  o r  n o t ) ,  

i s  p l o t t e d  a g a in s t  tim e , th e  p l o t  i s  i n i t i a l l y  l i n e a r ,  a s  

i s  shown i n  P i g s .  1 3 ,1 4 .  T h is  c i r c u m s ta n c e  s u g g e s ts  t h a t  

th e  e q u a t io n

-d  CHNOg] / d t  = kg rH NO gj(® ^) ( V I I I )

i s  v a l i d  f o r  th e  n i t r a t i o n  p r o c e s s .  The p r o g r e s s iv e  

d e v i a t i o n  fro m  l i n e a r i t y  may b e  a t t r i b u t e d  to  th e  i n c r e a s i n g  

in f lu e n c e  o f  th e  r e v e r s e  r e a c t i o n  ( d e n i t r a t i o n ) , I n  th e  

r e a c t i o n s  w i th  g u a n id in e  s a l t  and  n i t r i c  a c id  a s  s t a r t i n g  

m a t e r i a l s ,  tiae e q u i l ib r iu m  e n d - p o in t  g e n e r a l l y  c o r re s p o n d s  

to  a 6 0 -9 5 ^  c o n v e rs io n  o f  th e  i n i t i a l  r e a g e n t  p r e s e n t  i n  

d e f e c t ,  t h a t  i s ,  e q u i l ib r iu m  V II  l i e s  s u b s t a n t i a l l y  to  th e  

r i g h t .  In  co n seq u en ce  th e  i n i t i a l  s ta g e  o f  n i t r a t i o n  may 

be c o n s id e re d  to  be  r e l a t i v e l y  l i t t l e  d i s t u r b e d  by  th e  

r e v e r s e  r e a c t i o n ,  and  th e  t e s t  a p p l ie d  to  th e  n i t r a t i o n  i n  

F i g s ,  1 3 , 14 i s  more r e l i a b l e  th a n  th e  a n a lo g o u s  t e s t  

a p p l ie d  to  th e  d e n i t r a t i o n  ( s e e  P a r t  I I  ( i v ) ) .  C o n f irm a tio n  

o f  th e  v a l i d i t y  o f  e q u a t io n  V I I I  i s  fo u n d  i n  t h a t  p l o t s  

o f  lo g  (HDiOg] a g a i n s t  tim e a r e  i n i t i a l l y  c u rv e d  ( F i g . 1 4 ) ,

The e v id e n c e  fro m  th e  i n i t i a l  s t a g e s  o f  i n d i v i d u a l  n i t r a t i o n
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e x p e r im e n ts  i s  t h e r e f o r e  i n  f a v o u r  o f  th e  b im o le c u la r  

e q u a t io n  V I I I ,  and a g a i n s t  a  u n im o le c u la r  e q u a t io n  i n  w h ich  

th e  r a t e  i s  r e p r e s e n te d  a s  b e in g  in d e p e n d e n t  o f  th e  

g u a n id in e  io n  c o n c e n t r a t i o n .  T hese c o n c lu s io n s  a r e  

s u p p o r te d  by  th e  r e s u l t s  o f  v a ry in g  th e  i n i t i a l  c o n c e n t r a t io n s  

o f  th e  r e a c t a n t s  i n  a g iv e n  m edium .

( a )  I n f lu e n c e  o f  i n i t i a l  n i t r i c  a c id  concen tra tlo :B ^ .

The v a lu e s  o f  v e l o c i t y  c o e f f i c i e n t s ,  k g , s e t  o u t  i n  

T a b le  IV , w hich  w ere d e r iv e d  g r a p h i c a l l y  fro m  e q u a t io n  V I I I  

f o r  th e  i n i t i a l  s t a g e s  o f  n i t r a t i o n ,  show t h a t  kg i s  c o n s ta n t  

f o r  a  1 3 - f o l d  v a r i a t i o n  o f  th e  i n i t i a l  n i t r i c  a c id
I

c o n c e u t r a t i o u ,  ïh e  r a t e  o f  n i t r a t i o n  i s  th u s  p r o p o r t i o n a l  

to  th e  n i t r i c  a c id  c o n c e n t r a t io n ,  w hich  i s  i n  a c c o rd a n c e  

v fith  e q u a t io n  V I I I ,

T ab le  IV

E x p t ,  N o.

Medium 7 5 .4 7 ^  HgSO^

G u an id in e  -  i n i t i a l  
c o n e , M.

Temp, 2 5 °C ,

HNOg -  i n i t i a l  
c o n c . M.

kg X 1 0 ^

Z06 0 .2 0 2 4 0 .0 5 0 0 3 .5 6
BOS ■ 0.2025 0 .0 8 1 5 3 .6 2
BOB 0 ,2 0 2 7 0 .0 9 9 6 3 .5 5
198 0 .2 0 2 0 0 .1 4 8 1 3 .6 0
190 0 .2 0 2 5 0 .2 0 3 7 3 .6 0
208 0 .2 0 2 6 0 .2 4 4 6 3 .7 3
209 0 ,2 0 1 9 0 .2 9 7 4 3 . «9
2 1 0 0 .2 0 2 2 0 .3 7 4 4 3 .5 9
2 1 1 0 ,2 0 1 9 0 ,5 1 9 0 3 .6 0
2 1 2 0 .2 0 2 3 0 .6649 3 .9 1
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(jb) I n f lu e n q e  o f  I n i t i a l  G u an id in e  C o n c e n t r a t io n .

The v a lu e s  o f  v e l o c i t y  c o e f f i c i e n t s ,  k g , s e t  o u t  i n  

T a b le  V w ere d e r iv e d  g r a p h i c a l l y  fro m  e q u a t io n  V I I I  f o r  

th e  i n i t i a l  s t a g e s  o f  n i t r a t i o n .  I n  any one medium th e  

c o e f f i c i e n t  kg f a l l s  s u b s t a n t i a l l y  w i th  r i s i n g  i n i t i a l

c o n c e n t r a t io n  o f  g u a n id in e  i o n ,  N e v e r th e le s s ,  kg i s  n o t
'

i n v e r s e ly  p r o p o r t i o n a l  to  th e  i n i t i a l  c o n c e n t r a t io n  o f  

g u a n id in e  i o n ,  h en ce  th e  v a r i a t i o n  d o es  n o t  mean t h a t  th e  

r e a c t i o n  i s  f i r s t  o rd e r  { i . e .  w i th  th e  r a t e  in d e p e n d e n t  

o f  th e  g u a n id in e  c o n c e n t r a t i o n ) , The v a r y in g  c o e f f i c i e n t s ,  

k g , o f  T a b le  V w ould  seem to  be i n c o n s i s t e n t  w ith  e q u a t io n  V I I I ,  

b u t  t h i s  d is c r e p a n c y  may b e  e x p la in e d .  I t  i s  known t h a t  

v a r i a t i o n  o f  th e  g u a n id in e  io n  c o n c e n t r a t io n  a l t e r s  th e  a c i d i t y  

o f  th e  s u lp h u r i c  a c id  m edium . As  w i l l  be  d i s c u s s e d  l a t e r ,  

t h e r e  i s  some e v id e n c e  t h a t  th e  in d u c e d  change i n  a c i d i t y  i s  

s u f f i c i e n t  to  a c c o u n t f o r  th e  v a r i a t i o n  i n  th e  c o e f f i c i e n t s  

kg u n d e r  v a r y in g  i n i t i a l  c o n c e n t r a t io n s  o f  g u a n id in e  i o n .
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Table V

V a r i a t i o n  o f  I n i t i a l  G u an id in e  C o n c e n tr a t io n  Temp. S5^C.

Medium
Hg30^

E x p t. I3q . G u an id in e  - 
i n i t i a l  co n c , 

M.

HliOg - i n i t i a l  
c o n c , M.

kg X l ( f

8 1 .1 4 16 2 /1 6 3 0 .0 9 5 7 0 .1 9 2 3 369
1 6 0 /1 6 1 0.1907 0 .1 9 3 0 209
16 4 /1 6 5 O.38J02 0 .1 9 2 3 158

7 8 .3 3 1 8 2 /1 8 3 0 .0 4 9 4 0 .1 9 8 8 2 5 .4
17 7 /1 7 8 0 .0 9 8 7 0 .1 9 9 0 2 3 .0
181 0 .1 4 8 6 0 .1 9 8 5 1 8 ,5
1 7 5 /1 7 6 0 .1 9 7 9 0 .1 9 8 5 1 8 ,9
1 7 9 /1 8 0 0 .2 9 5 1 0 .1 9 9 7 1 5 ,2

7 5 .4 7 194 0 .0 5 0 8 0 .2 0 2 8 6 ,5 2
193 0 .1 0 1 3 , 0 . 2 0 2 % 5 .0 2
192 0 .1 5 2 5 0 .2 0 3 0 4 .3 6
190 0 .2 0 2 5 0 .2 0 3 7 3 .6 0
191 0 .5 0 5 4 0 .2 0 4 0 2 .8 5

( c) I n f lu e n c e  o f  I n i t i a l  Equim oleoulax^ G u an id in e  and  N i t r i c  
A cid  C o n c e n t r a t io n s .

The v a lu e s  o f  v e l o c i t y  c o e f f i c i e n t s ,  k g , s e t  o u t  i n
t*

T ab le  VI w ere d e r iv e d  g r a p h i c a l l y  fro m  e q u a t io n  V I I I  f o r  th e  

i n i t i a l  s t a g e s  o f  n i t r a t i o n .  In  th e  e x p e r im e n ts  th u s  

sum m arised  g u a n id in e  and n i t r i c  a c id  w ere  k e p t  i n  e q u im o le -  

o u la r  p r o p o r t i o n s  w h ile  th e  i n i t i a l  c o n c e n t r a t io n s  w ere  v a r i e d .  

I n  an y  one medium th e  c o e f f i c i e n t  kg f a l l s  w i th  r i s i n g  i n i t i a l  

c o n c e n t r a t i o n  o f  th e  r e a g e n t s .  The v a r i a t i o n  o f  th e  

c o e f f i c i e n t  kg i s  n o t  so g r e a t  a s  i n  T a b le  V I, a l th o u g h  

p ro b a b ly  c a u se d  by  th e  same e f f e c t .
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f a b l e  VI

V a r i a t i o n  o f  I n i t i a l  G n an id iu e  -  M t r i o  A cid  C o n c e n tr a t io n     ---------------------

Madinm £ixpt, ifo , G oanldlne •  HM)g -  i n i t i a l  kg i  l ( f
^ % 80^ i n i t i a l  c o n e , c o n e , M.

7 0 ,5 3

7 5 ,4 7

185 0 ,1 0 4 0 0 ,1 0 4 9 1 8 ,1
186 0 .1 3 3 5 0 ,1 8 4 5 1 9 .9
17 5 /1 7 6 0 ,1 9 7 9 0 ,1 9 8 5 1 8 ,9
184 0 .2 3 4 9 0 ,2 3 7 4 1 6 ,6

205 0 ,0 5 0 6 0 ,0 5 0 9 4 ,1 5
204 0 ,0 6 1 2 0 ,0 8 1 2 4 ,4 4
2 0 1 0 ,0 9 9 3 0 ,0 9 9 4 4*26
2 0 0 0 .1 3 2 9 0 ,1 3 3 1 4 ,0 7
199 0 ,1469 0 .1 4 8 0 4 ,0 0
197 0 ,1 7 5 2 0 ,1 7 7 3 3 ,5 3
190 0 ,2 0 2 5 0 .2 0 3 7 3 ,6 0

(a) l a f l a a n c e  o f  % ln k n r i c  A cid  MediTOi,

The v a lu e s  o f  v e l o c i t y  c o e f f i c i e n t s ,  k g , s e t  o u t  i n  

T a b le  V II  w ere d e r iv e d  g r a p h i c a l l y  fro m  e q u a t io n  V I I I  f o r  th e  

i n i t i a l  s t a g e s  o f  n i t r a t i o n .  W ith a  c o n s t a n t  i n i t i a l  

c o n c e n t r a t i o n  o f  g u a n id in e  and n i t r i c  a c id  ( 0 ,2  M ,) th e  

v e l o c i t y  c o e f f i c i e n t  kg v a r i e s  by  a n  o r d e r  o f  4 x  10® o v e r  

th e  s u l p h u r i c  a c id  r a n g e  7 1 ,5 - 8 3 ,0 ^ ,  The v a r i a t i o n  o f  k g , 

s u b je c t  to  e x p e r im e n ta l  e r r o r ,  i s  l i n e a r  w i th  r e g a r d  to  th e  

f, s u lp h u r i c  a c i d :  th e  i m p l i c a t i o n s  o f  t h i s  w i l l  b e

d i s c u s s e d  l a t e r .
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T ab le  V II

V a r i a t i o n  o f  S u lp h u r ic  A cid  Medium Temp, 25®C,

Medium
^  HgSOa

E x p t .  Kb, G u an id in e  -  
i n i t i a l  c o n e , M,

-  i n i t i a l  
c o n e , M.

%2

8 2 .9 4 2 2 5 /2 2 6 0 .2004 0 .2 0 2 3 9 .9 5

8 1 .1 4 1 6 0 /1 6 1 0 .1 9 0 7 0 ,1 9 3 0

7 9 .2 4 2 2 1 /2 2 2 0 ,2 0 7 0 0 .2 0 9 3 0 ,7 3 0  V

7 8 ,3 3 175 /176 0,1979 0 ,1 9 8 5 0 ,1 8 9

7 5 ,4 7 190 0 ,2 0 2 5 0 .2 0 3 7 0 ,0 3 6 0  'Z

7 1 ,4 8 22 3 /2 2 4 0 .2099 0 ,2 0 8 1 0 , 0 0 2 5 4 'Z
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( I t )  ü n im o le o ti la r  D é n i t r a t i o n ^

The r a t e  o f  ap p ro ac h  fro m  th e  r i g h t  h and  s id e  to  

e q i i i l ih r i t im  i n  th e  r e v e r s i b l e  sy s te m  (V I I )  h a s  b e e n  m easu red  

i n  s u lp h u r ic  a c id  i n  th e  medium ra n g e  7 1 -8 3 ^  s u lp h u r i c  a c i d .  

The r a t e s  w ere m easu red  by d i s s o l v i n g  a  known am ount o f  

n i t r o g u a n id in e  i n  a  g iv e n  medium and th e n  f o l lo w in g  th e  

r i s e  o f  n i t r i c  a c id  w i th  t im e .  The m ethod o f  m ix in g , and 

o f  ana ly^siS i i s  d e s c r ib e d  i n  th e  e x p e r im e n ta l  s e c t i o n .

I f  lo g  fBH***] i s  p l o t t e d  a g a i n s t  t im e , th e n  f o r  th e  i n i t i a l  

s ta g e  o f  d e n i t r a t i o n  th e  p l o t  i s  a p p ro x im a te ly  l i n e a r  

( F i g ,  1 5 ) ,  T h is  s u g g e s ts  t h a t  th e  e q u a t io n

- d  f f i t f - J /d t  = kj_ /'RH*-} - ( IX )

i s  v a l i d  f o r  th e  d é n i t r a t i o n  p r o c e s s .  The p r o g r e s s iv e  

d e v i a t i o n  f ro m  l i n e a r i t y  may b e  a t t r i b u t e d  to  th e  i n c r e a s i n g  

in f lu e n c e  o f  th e  fo rw a rd  r e a c t i o n  ( n i t r a t i o n ) .  I n  t h i s  

m ed ia  r a n g e  th e  e q u i l ib r iu m  V II  l i e s  s u b s t a n t i a l l y  to  th e  

r i g h t ,  and  th e  p r o c e s s  o f  d e n i t r a t i o n ,  (w h ich  a t  th e  

e q u i l ib r iu m  e n d - p o in t  am ounts to  4C^ a t  m o s t)  c a n n o t p ro c e e d  

f a r  b e f o r e  b e in g  h e a v i ly  i n t e r f e r e d  w i th  b y  th e  n i t r a t i o n  

p r o c e s s .  T hus th e  r e a s o n a b le  ra n g e  o f  v a l i d i t y  o f  p l o t s  

su ch  a s  i? ig ,  15 e x te n d s  o v e r  so  s m a ll  a c o n v e r s io n  ra n g e  

t h a t  th e  l i n e a r  p l o t  i s  f a r  fro m  r e l i a b l e  a s  a  c r i t e r i o n  f o r  

th e  a p p l i c a b i l i t y  o f  e q u a t io n  IX , N e v e r th e le s s ,  when th e  

i n i t i a l  c o n c e n t r a t io n  o f  n i t r o g u a n i d in e  i s  m u l t i p l i e d  

e i g h t - f o l d  i n  a  g iv e n  medium, th e  tim e  ta k e n  f o r  5^ 

d e n i t r a t i o n  r i s e s  by  no m ore th a n  5 0 ^ ; i t  w u l d  seem
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t h e r e f o r e  t h a t  e q u a t io n  IX  i s  th e  b e s t  s im p le  e x p r e s s io n  

f o r  th e  r a t e  o f  d é n i t r a t i o n .

( a )  I n f lu e n c e  o f  I n i t i a l  M itro g u a n id in e  C o n c e n t r a t io n ,  and 
o f  S u lp h u r ic  A cid  M e d ia .

The v a lu e s  o f  v e l o c i t y  c o e f f i c i e n t s ,  s e t  o u t  i n

T a b le  V I I I ,  w ere d e r iv e d  g r a p h i c a l l y  fro m  e q u a t io n  IX

f o r  th e  i n i t i a l  s t a g e s  o f  d e n i t r a t i o n .  In  any  one  medium

th e  v e l o c i t y  c o e f f i c i e n t  f a l l s  s u b s t a n t i a l l y  w i th  r i s i n g

i n i t i a l  c o n c e n t r a t io n  o f  n i t r o g u a n i d in e  io n ,  b u t  i t  i s  n o t

i n v e r s e l y  p r o p o r t i o n a l  to  th e  i n i t i a l  c o n c e n t r a t i o n  o f

n i t r o g u a n i d in e  i o n .  W hile a  v a r i a t i o n  i n  th e  c o e f f i c i e n t  k%

w ould seem  to  be  i n c o n s i s t e n t  w i th  e q u a t io n  IX , th e

d is c r e p a n c y  may, l i k e  t h a t  o f  kg w i th  i n c r e a s i n g  i n i t i a l

g u a n id in e  io n  c o n c e n t r a t io n ,  be e x p la in e d  a s  a  r e s u l t  o f  th e

in h e r e n t  change i n  th e  a c i d i t y  o f  th e  s u lp h u r ic  a c id  m edium .

The v e l o c i t y  c o e f f i c i e n t  f o r  d e n i t r a t i o n ,  k ^ , l i k e

th e  v e l o c i t y  c o e f f i c i e n t  f o r  n i t r a t i o n ,  k g , f a l l s  w i th

d e c r e a s in g  s u lp h u r i c  a c id  c o n c e n t r a t i o n .  The v a r i a t i o n

i n  k i  i s  l i n e a r  w i th  r e s p e c t  to  ^  s u lp h u r ic  a c id ,  b u t  th e

m a g n itu d e  o f  th e  change {« 1  x 1 0 ^ )  i s  n o t  so  g r e a t  a s  i n

th e  c a s e  o f  k g .
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T ab le  V I I I

V a r ia t lo Q  o f  I n i t i a l  M lt ro g u a a i f t ln a , Temp. 2 5 °C .

Medium E x p t, No. N i t r o g u a n id in e  - k-,
HgSO^ i n i t i a l  c o n c . M.

T in» f o r  5 ^  
D e n i t r a t i o n  
(m in )

8 2 .9 4 2 3 5 /2 3 7 /
238

0 .2 0 8 4 0 .0 2 7 7

7 9 .2 4 232 0 .0 5 0 0 0 .0 0 6 8 2 8 . 0
231 0 .1 0 4 1 0 .0 0 6 4 5 8 .5
230 0 .1 5 6 2 0 .0 0 5 7 6 9 .7
228 /229 0 .2 0 8 4 0 .0 0 5 5 5 8 .7
233 0 .3 0 4 7 0 .0 0 4 8 0 9 .7
234 0 .4 1 4 6 0 .0 0 4 1 5 1 2 .3

7 5 .4 7 2 1 6 /2 1 7 0 .1 0 0 0 0 .0 0 1 0 6 50
2 0 7 /2 1 3 /
214

0 .2 0 2 4 0 .0 0 0 9 4 5 57

2 1 5 /2 1 8 0 .4 0 0 0 0 .0 0 0 6 8 0 77

7 1 .4 8 2 3 9 /2 4 0 ■ 0 .2 0 8 2 0 .0 0 0 1 8 0

(b )  E q u i l ib r iu m  C o n s ta n ta

A f u r t h e r  exam ple o f  th e  v a l i d i t y  o f  e q u a t io n  V I I I  f o r  

n i t r a t i o n  and e q u a t io n  IX f o r  d e n i t r a t i o n  i s  a f f o r d e d  by  

co m p ariso n  o f  th e  v a lu e s  o f  th e  e m p i r i c a l  e q u i l ib r iu m  

c o n s ta n t  E o f  e q u a t io n  V II  (d e te rm in e d  fro m  e n d - p o in t  

m e a s u re n » a ts ,  th e  s u f f i x  e  d e n o t in g  e q u i l ib r iu m  c o n c e n t r a t io n s )

E
(HNps)

(X)

w ith  v a lu e s  o f  e q u i l ib r iu m  c o n s ta n t  c a l c u l a t e d  from  th e  

i n i t i a l  r e a c t i o n  r a t e s  by th e  r e l a t i o n  K « T h is

h a s  b e e n  done i n  T a b le  V i l l a ;  a  good m easu re  o f  ag reem en t i s
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shown i f  due a l lo w a n c e  i s  made f o r  th e  s i z e  o f  th e  

e x p e r i m e n ta l  e r r o r .  19 shows t h a t  th e  e q u i l i b r i u m

c o n s t a n t s  K o b t a in e d  i n  t h i s  manner a r e  i n  good a g re e m e n t  

w i th  th o s e  o b t a in e d  by e n d - p o in t  m e asu rem e n ts  o v e r  th e  r a n g e  

8 3 -1 0 0 ^  s u l p h u r i c  a c i d .

Medium 
^  HgSO^

T a b le  V i l l a

k g / k i K

8 2 .9 4 359 324

7 9 .2 4 132 115

7 5 .4 7 3 8 .1 4 0 .7

7 1 .4 8 1 4 .1 1 3 .8

(v )  The R e v e r s i b l e  K i n e t i c  E q u a t io n

C o m bina tion  o f  e q u a t i o n s  V I I I  and 1% g iv e s  u s  an  

e q u a t i o n  w hich  i s  an e x p r e s s i o n  o f  t h e  r e a c t i o n  r a t e  i n  th e  

r e v e r s i b l e  r e a c t i o n  f o r  a g iv e n  medium.

= kg ( hn% )  -  k i(RH +) ( x i )

L e t £  b e  th e  i n i t i a l  c o n c e n t r a t i o n  o f  g u a n id in e  i o n ,  and  b 

th e  i n i t i a l  c o n c e n t r a t i o n  o f  n i t r i c  a c i d ;  and l e t  x and z  

be  th e  c o n c e n t r a t i o n s  o f  n i t r o g u a n i d i n e  a t  t im e  t  and  a t  

e q u i l i b r i u m  r e s p e c t i v e l y .  Then e q u a t io n  XI t a k e s  th e  fo rm  

d x / d t  « k g C a -x K b -x )  -  k^x  ( X II )

and t h i s  can  be i n t e g r a t e d  to  th e  fo rm  ( o f .  W alker and
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Appleyard ( 8 3 ) )

« 2.3Q5Z lo g  r   ̂ ( a b - x z )  ] ( X I I I )
( a b - z ^ )  L a b  ( z - x )  )

E q u a t io n  H I I  can  be t e s t e d  by  p l o t t i n g  l o g  *[(ab-»xz)/( z - x ) j  

a g a i n s t  t im e .  F i g .  16 shows t h a t  l i n e a r  p l o t s  r e s u l t  

when t h i s  i s  done f o r  e x p e r im e n ts  i n  w h ich  th e  e q u i l i b r i u m  

c o n c e n t r a t i o n  z i s  known. I n  th o s e  e x p e r im e n ts  w h e re in  

th e  r e a c t i o n  was n o t  f o l lo w e d  to  e q u i l i b r i u m ,  a  j u d i c i o u s  

e x t r a p o l a t i o n  e n a b le s  one  to  p l o t  th e  f u n c t i o n  a b o v e .

T h is  h a s  b e e n  done f o r  a number o f  e x p e r i m e n t s ;  F i g ,  17 

shov/s how th e  sh ap e  o f  th e  p l o t  i n d i c a t e s  th e  v a l i d i t y  o f  

th e  e x t r a p o l a t e d  v a lu e  o f  z .  More a c c u r a t e  v a l u e s  o f  th e  

v e l o c i t y  c o e f f i c i e n t  kg o b t a i n e d  from  e q u a t i o n  X I I I  a r e  

sum m arised  i n  T a b le  IX; v a l u e s  w hich  depend  upon  

e x t r a p o l a t i o n  a r e  shown i n  b r a c k e t s .  I n  o r d e r  t o  

d i f f e r e n t i a t e  from  v a l u e s  o f  th e  v e l o c i t y  c o e f f i c i e n t  

o b t a i n e d  from  th e  i n i t i a l  s t a g e s  o f  n i t r a t i o n ,  th o s e  

v a l u e s  o f  t h e  v e l o c i t y  c o e f f i c i e n t  o b ta in e d  by u s e  o f  

e q u a t i o n  X I I I  h av e  b ee n  d e s i g n a t e d  a s  k g ( c o r r . ) .  I t  w i l l  

be n o te d  t h a t  th e  v a l u e s  o f  k g ( c o r r . )  do n o t  show th e  

d i s c r e p a n c i e s  i n  v a r i a t i o n  e x h i b i t e d  by  v a l u e s  o f  k g .

I n  some I n s t a n c e s  t h e r e  i s  a s u b s t a n t i a l  d i f f e r e n c e  b e tw e en  

th e  two v a l u e s  o f  th e  v e l o c i t y  c o e f f i c i e n t  ( e . £ .  v a l u e s  f o r  

75.47J^ s u l p h u r i c  a c i d )  . The a l t e r n a t i v e  v a l u e s  g iv e n  f o r  

kg i n  E x p t .  204 show t h a t  much d ep e n d s  upon  th e  ch o sen  

s e c t i o n  o f  th e  p l o t  o f  e q u a t i o n  V I I I ,  i f  t h i s  i s  b o rn e  i n
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T ab le  IX

Medium
1o

E z p t .  iM 6 . G .f .  T a b le %2 Kg ( c o r r . )

8 2 .9 4 225 /226 V II 9 .9 5 f l l . O )

8 1 .1 4 1 6 2 /1 6 3
1 6 0 /1 6 1
1 6 4 /1 6 5

V
V ,V II
V

3 .6 9
2 .0 9
1 .5 8

3 .7 4
2 .5 9
1 .6 1

7 9 .2 4 2 2 1 /2 2 2 V II 0 .7 3 0 0 .6 4 8

7 8 .3 3 185
186
1 7 5 /1 7 6
184

VI
VI
V ,V I ,V II  
VI

0 .1 8 1
0 .199
0 .1 8 9
0 .1 6 6

f0 .2 1 7 )  
(0 .2 0 9 )  . 
(0 .171) 
(0 . 1 *2 )

1 8 2 /1 8 3
1 77 /178
181
175 /176
1 7 9 /1 8 0

V
V
V
V ,V I ,V II
V

0 .2 5 4
0 .2 3 0
0 .1 8 5
0 .1 8 9
0 .152

0 .2 7 2
0 .2 4 1
0 .2 2 8

(0 .1 7 1 )
(0 .1 5 6 )

7 5 .4 7 205
2041
20 4 )
2 0 1
2 0 0
199
197
190

VI
VI
VI
VI
VI
VI
VI
IV ,V ,V I ,V II

0 .0 4 1 5  
f 0 .0 4 4 4  , 
1 0 .0 4 8 0  

0 .0 4 2 6  
0 .0 4 0 7  
0 .0 4 0 0  
0 .0 3 5 3  
0 .0 3 6 0

/0 .0 5 5 5 )  
(0 .0 5 5 5  > 
( 0 ,0 5 3 0  ) 
(0 .0 5 1 7 )  
(0 .0489) 
(0 .0 4 3 4 )  
0 .0 4 1 0

194
193
192
190
191

V
V
V
IV ,V ,V I ,V I I
V

0 .0652
0 .0 5 0 2
0,0436
0 .0 3 6 0
0 .0 2 8 5

0 .0 6 9 1  
0 .0 6 0 7  

(0 .0 4 8 4 )  
0 .0 4 1 0  

, ' (0 .0 3 6 6 )

206
205
2 0 2
198
190
208
209
2 1 0  
2 1 1  
2 1 2

IV
IV
IV
IV
IV ,V ,V I ,V II
IV
IV
IV
IV
IV

0 .0 3 5 6
0 .0 3 6 2
0 .0 3 5 5
0 .0 3 6 0
0 .0 3 6 0
0 .0 3 7 3
0 .0379
0.0359
0 .0 3 6 0
0 .0 3 9 1

m  m

(0 .0 3 6 2 )

0 .0 4 1 0

«ar 4M
0 .0 4 3 5

7 1 .4 8 2 2 3 /2 2 4 V ,V I ,V II 0 .00254 ( 0 .00310 )
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m ind t o g e t h e r  w i th  th e  e r r o r  i n t r o d u c e d  by an  e x t r a p o l a t i o n ,  

th e n  p ro b a b ly  th e  d i s c r e p a n c y  i s  n o t  to o  m ark e d .

( T i )  The P ro b a b le  Mechanism o f  N ^ n i t r e t i a m .

The v e l o c i t y  c o e f f i c i e n t  kg o f  e q u a t i o n  V I I I  o r  X II  

f a l l s  by a  f a c t o r  o f  4 x 10^ i n  th e  m ed ia  r a n g e  8 3 -7 1 * 5 ^  

s u l p h u r i c  a c i d .  The e f f e c t i v e  n i t r a t i n g  e n t i t y  i n  t h i s  

r a n g e  o f  m ed ia  c o u ld  be  th e  r e s i d u a l  n i t r o n i u m  io n  NOg‘*‘

{ th e  n i t r o n iu m  io n  c o n c e n t r a t i o n  fo rm ed  by  i o n i s a t i o n  o f  

n i t r i c  a c i d  i n  s u l p h u r i c  a c id  m edia  o f  t h i s  r a n g e  i s  

e x t r e m e ly  s m a l l ,  s e e  F i g ,  1 ) ,  th e  n i t r i c  a c id  m o le c u le  HOgOH, 

o r ,  p o s s i b l y ,  th e  n i t r a c i d i u m  io n  HgHOg ( 8 4 ) .

The N m n i t r a t io n  o f  th e  g u a n id in e  io n  t a k e s  p l a c e  a t  

m enriu rab le  s p e e d s  i n  t h e  same m edia  r a n g e  a s  d o e s  th e  n u c l e a r  

n i t r a t i o n  o f  th e  p - to ly l t r im e th y la m m o n iu m  i o n  ( 8 5 ) ,  The 

r a t e s  o f  n i t r a t i o n  f o r  th e  two io n s  a r e  a lm o s t  I d e n t i c a l  i n  

th e  m ed ia  r a n g e  s t u d i e d ,  and n i t r a t i o n  by th e  n i t r i c  a c i d  

m o le c u le  i s  u n l i k e l y ,  s i n c e  th e  r a t e  o f  n i t r a t i o n  f a l l s  f a r  

more s t e e p l y  th a n  d o es  th e  v a p o u r  p r e s s u r e  o f  n i t r i c  a c i d  o v e r  

s o l u t i o n s  o f  n i t r i c  a c i d  i n  th e  same m e d ia ,  N i t r a t i o n  by 

th e  n i t r a c i d i u m  io n  would in v o lv e  a  s im p le  r e l a t i o n  b e tw e e n  

th e  v e l o c i t y  c o e f f i c i e n t s  kg f o r  n i t r a t i o n  and  th e  a c i d i t y  

f u n c t i o n  s i m i l a r l y  n i t r a t i o n  by th e  n i t r o n i u m  io n  w ould

in v o lv e  a  s im p le  r e l a t i o n  b e tw e en  th e  v e l o c i t y  c o e f f i c i e n t s  kg 

f o r  n i t r a t i o n  and th e  a c i d i t y  f u n c t i o n  I n s p e c t i o n  o f

P i g .  18 shows t h a t  th e  p l o t  o f^kg  a g a i n s t  %  i s  a  s t r a i g h t  

l i n e  o f  u n i t  s l o p e .  The e q u a t i o n  o f  t h i s  s t r a i g h t  l i n e  may
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b e  d e r i r e d  s im p ly :

I f  th e  e x p e r im e n ta l  e q u a t io n  f o r  r ,  th e  r a t e  o f

n i t r a t i o n  o f  a compound YH, i n  a g iv e n  medium, i s

r  « kgtïHXHKOg'J = kg (YE) (NOg+ + NOgOH j  (XIV)

and i f  t h e  t h e o r e t i c a l  e q u a t i o n  i s

r  ■= k°g  (YSXNO2+) (XV)

th e n

kg “  k° 2 ____^ 2 ^ _____  (XVI)
(NOg+ + NO^OH]

l o g  kg •= l o g  k° 2  + lo g  (^Q 2~*'̂ . -  l o g  A  + ^  | ( X V I I )
fNOgCH} I £K(̂ OH ĵ

i'rom th e  d e f i n i t i o n  o f  %

Eg » +pX_ -  l o g  jJE ld  (X V III )
^  ^  i E ( M )

l o g  kg “  l o g  k°g P % P g Q H  -  %  -  l o g  f l  +  1  ( X I X )
jWOgOH^J

I f  (nO^OH) »  (MOg+J , 

th e n  l o g  kg = lo g  k®g ■+- OH " %  (XX)

A l l  a v a i l a b l e  e v id e n c e  p o i n t s  t o  th e  f a c t  t h a t  (^NOgCH) 

i s  v e r y  much g r e a t e r  th a n  (^N0^+]in 7 0 -8 5 ^  s u l p h u r i c  a c i d ,  and  

one  would t h e r e f o r e  e x p e c t  e q u a t i o n  XX to  b e  v a l i d  i f  

n i t r a t i o n  i n  t h i s  r e g i o n  i s  e f f e c t e d  by  th e  n i t r o n iu m  i o n .  

T h a t  t h i s  i s  th e  c a se  may be  s e e n  i n  ? i g .  18 , w here  t h e  

l o g s  o f  th e  v e l o c i t y  c o e f f i c i e n t s  kg f o r  th e  n i t r a t i o n  o f  

p - to ly l t r im e th y la m m o n iu m  i o n ,  p h en y l tr im e th y lam m o n iu m  i o n .
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and  g u a n id in e  io n  a r e  p l o t t e d  a g a i n s t  % .

The p o i n t s  f o r  th e  p l o t  o f  th e  n i t r a t i o n  o f  th e  

g u a n id in e  io n  a r e  r a t h e r  s c a t t e r e d ,  b u t  th e  s l o p e ,  c a l c u l a t e d  

by th e  m ethod o f  l e a s t  s q u a r e s ,  f o r  th e  b e s t  s t r a i g h t  l i n e  

th r o u g h  them, i s - 1 .0 4 ;  t h i s  i s  i n  good a g re e m e n t  w i t h  

e q u a t i o n  XX. By s i m i l a r  a rg u m e n ts  i t  can  be  shown t h a t  i f  

t h e  n i t r a c i d i u m  io n  w ere t h e  n i t r a t i n g  a g e n t  th e  p l o t  o f  

lo g  kg a g a i n s t  s h o u ld  be a  s t r a i g h t  l i n e  w i t h  u n i t  s l o p e ,  

t h i s  p l o t  i n  ? i g .  18 h a s  a  s lo p e  o f - 2 . £ .  g i g .  18 shows 

c l e a r l y  t h a t  th e  c o n c e p t  o f  H - n i t r a t i o n  by th e  n i t r o n i u m  i o n  

i s  p r e f e r a b l e  to  t h a t  o f  n i t r a t i o n  b y  th e  n i t r a c i d i u m  i o n ,  

b u t  th e  c o n fo rm a t io n  o f  th e  e x p e r i m e n ta l  p o i n t s  to  th e  b e s t  

l i n e

l o g  kg = 1 .0 4  ( - % )  + 3 .0 0 5  (XXI)

i s  n o t  e x a c t ,  f o r  i t  w ould  be p o s s i b l e  to  draw  a s h a l lo w  

c u rv e  th ro u g h  th e  p o i n t s .  The c u r v a t u r e  ( i f  r e a l )  c o u ld  

b e  due ( a )  t o  e x p e r i m e n ta l  e r r o r ,  (b )  t o  a  v a r i a t i o n  o f  th e  

r a t i o  o f  i n d i c a t o r  i o n i s a t i o n  w i th  m e d ia ,  ( e )  to  a  medium 

v a r i a t i o n  o f  k° 2  i n  e q u a t io n  XX. I n s u f f i c i e n t  i n f o r m a t i o n  

i s  a v a i l a b l e  a t  p r e s e n t  to  d e c id e  b e tw e en  t h e s e  p o s s i b i l i t i e s .



I v i l )  I n f l uence  o f  C o n s t i t u e n t s  on A c i d i t y

I t  h a s  b een  shown above t h a t  th e  m a jo r  v a r i a t i o n s  i n  

t h e  v e l o c i t y  c o e f f i c i e n t s  kg a r e  d i r e c t l y  r e l a t e d  to  ch an g es
W'

i n  th e  a c i d i t y  o f  th e  medium, a s  m easu red  by  th e  a c i d i t y  

f u n c t i o n  The a d d i t i o n  o f  r e a g e n t s  to  a  s u l p h u r i c  a c i d

medium m ust i n f l u e n c e  th e  a c i d i t y  o f  i t ,  and  i t  i s  p r o b a b le  

t h a t  the  v a r i e d  e f f e c t s  o f  i n i t i a l  c o n c e n t r a t i o n s  o f  

r e a g e n t s  may be a c c o u n te d  f o r  by  th e  r e s u l t a n t  change  o f  

a c i d i t y ,

( a )  E f f e c t  o f  Added S a l t s .

The e f f e c t  upon  th e  v e l o c i t y  c o e f f i c i e n t ,  k £ ,  o f  

in d u c e d  ch an g es  i n  a c i d i t y  may b e  m ost s im p ly  s t u d i e d  i n  

th e  c a s e  o f  added s a l t s .  The v a l u e s  o f  v e l o c i t y  

c o e f f i c i e n t s ,  kg, s e t  o u t  i n  T ab le  X w ere  d e r i v e d  g r a p h i c a l l y  

from  e q u a t io n  V I I I  o r  X I I I  f o r  th e  r e a c t i o n  o f  e q u im o la r  

q u a n t i t i e s  o f  g u a n id in e  i o n  and n i t r i c  a c i d  i n  a  s u l p h u r i c  

a c i d  medium to  w hich  e i t h e r  p o ta s s iu m  a c i d  s u l p h a t e ,  o r  

ammonium s u l p h a t e  had  b een  a d d e d .

T a b le  X

Medium 81.149b S u ln h u r i c  A c id , Temp, 2 5 ^ C,

I n i t i a l  R e ag en t C o n c e n t r a t io n s  0 ,2  M,

E x p t ,  Ho, Added S a l t  Conc, S a l t  kg kg ( c o r r . )

1 6 0 /1 6 1 m 2 .0 9 2 .5 9

168 JSHSOa 0 .2 9 9 1 .6 3 2 .1 5
169 Tt ^ 0 .5 5 7 1 .5 4 1 .9 4

172 0 ,2 8 5 1 .1 4
173 ft 0 .599 0 .7 8 7
174 « 0 .8 6 1  . 0 .4 7 5
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Oüiy p r e l i m i n a r y  m easu rem en ts  h av e  b e e n  made o f  th e  

e f f e c t  o f  added m a t e r i a l s  upon c a r b i n o l  i n d i c a t o r  i o n i s a t i o n ,  

and  th e  v a l u e s  g iv e n  i n  T a b le  XI m ust b e  a c c e p te d  w i t h  

r e s e r v e .  T hese  v a l u e s ,  how ever, may b e  u se d  to  c a l c u l a t e

T a b le  XI

Added S u b s tan c e  Medium -  ^  H2 SO4  A E ^ / l t o l e ,

G u an id in e  C arbona te
(G%)gCOg

P o ta s s iu m  B i s u lp h a t e  
EHSO4

Ammonium S u lp h a te
{ m ^ ) 2 S 0 ^  -

W i t r i c  A cid
HHO-o

7 1 .4 8 - 1 .9 8 (/>H/2--1.0)

8 2 .9 4 - 1 .8 2 t e / 2 - '0 . 9 )

7 8 -8 5 - 0 .2

7 9 .7 9 - 0 .6 2

8 3 .6 4 - 0 .9 7

7 1 -8 3 0 .2

th e  a c i d i t y ,  a s  m easu red  b y  % ,  f o r  th e  s o l u t i o n s  u se d  i n  

th e  e x p e r im e n ts  i n  T a b le  X. The l o g  o f  th e  v e l o c i t y  

c o e f f i c i e n t  kg h a s  b e e n  p l o t t e d  a g a i n s t  th e  c a l c u l a t e d  

a c i d i t y  ( F i g . 1 8 a ) ,  and a c l o s e  a p p ro a c h  to  a  s t r a i g h t  l i n e

w i t h  u n i t  s l o p e  h a s  b een  a c h ie v e d .  T h is  shows t h a t  t h e  

m a in  e f f e c t  o f  added  s a l t  on th e  v e l o c i t y  c o e f f i c i e n t  kg 

i s  a c c o m p lish e d  by  th e  a l t e r a t i o n  o f  th e  d e g r e e  o f  i o n i s a t i o n  

o f  th e  n i t r i c  a c i d .

(b )  E f f e c t  o f

B ecause  o f  th e  i n a c c u r a c i e s  in v o lv e d  i n  ( 1 )  th e
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d e t e r m i n a t i o n  o f  k g , ( 1 1 ) th e  d e t e r m i n a t i o n  o f  and

( i l l )  th e  v a l u e s  o f  A H^/M ole, any c a l c u l a t i o n  s e e k in g

to  c o r r e l a t e  th e  e f f e c t  o f  i n i t i a l  c o n c e n t r a t i o n  upon

th e  v e l o c i t y  c o e f f i c i e n t s ,  k g , m ust a t  b e s t  be e x t r e m e ly

a p p r o x im a te .  I t  i s ,  how ever, p o s s i b l e  t o  i n d i c a t e  t h a t

th e  v a r i a t i o n s  o f  kg in v o lv e d  m ig h t  be  a c c o u n te d  f o r  i n

te rras  o f  the  in d u c e d  change i n  t h e  d e g r e e  o f  i o n i s a t i o n

o f  th e  n i t r i c  a c i d  ( a c i d i t y ) ,  Prom th e  v a l u e s  g iv e n  i n

T ab le  XI i t  i s  p o s s i b l e  to  c a l c u l a t e  th e  d e c r e a s e  I n  
1 * 

a c i d i t y  c a u sed  by th e  a d d i t i o n  o f  th e  i n i t i a l  g u a n i d i n e ,

to  t h i s  v a l u e  i s  added  th e  i n c r e a s e  i n  a c i d i t y  c a u se d  by

th e  a d d i t i o n  o f  th e  i n i t i a l  n i t r i c  a c i d ;  one  t h e n  h a s  a

v a lu e  f o r  th e  a c i d i t y  o f  th e  medium i n  w h ich  th e  r e a c t i o n

a c t u a l l y  to o k  p l a c e .  T h is  h a s  b e e n  done f o r  th e  e x p e r im e n ts

c a r r i e d  o u t  i n  75,47jS s u l p h u r i c  a c i d ,  and lo g  kg p l o t t e d

a g a i n s t  th e  r e s u l t i n g  v a l u e s .  As can  b e  s e e n  i n  P i g . l S à

th e  s c a t t e r  o f  p o i n t s  i s  b a d ,  b u t  i t  i s  p o s s i b l e  to  c o n s i d e r

them  b e in g  g ro u p ed  a ro u n d  a  s t r a i g h t  l i n e  w i t h  a  s lo p e  o f

- 1 , 3 ,  T h is  w ould seem to  i n d i c a t e  t h a t  some o f  th e  e f f e c t

o f  i n i t i a l  c o n c e n t r a t i o n  upon th e  v e l o c i t y  c o e f f i c i e n t  kg

i s  a c c o m p l is h e d  by  th e  a l t e r a t i o n  o f  th e  d e g r e e  o f

i o n i s a t i o n  o f  the  n i t r i c  a c i d .

On th e  b a s i s  t h a t  n i t r i c  a c i d  h a s  a  H /îfo le  o f  0 ,2

o n e  w ould  n o t  e x p e c t  th e  v e l o c i t y  c o e f f i c i e n t  kg to  r e m a in
>

c o n s t a n t  f o r  a  1 3 - f o l d  v a r i a t i o n  o f  th e  i n i t i a l  n i t r i c  a c i d  

c o n c e n t r a t i o n  (T a b le  I V ) ,  C a r e f u l  e x a m in a t io n  o f  th e
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v a l u e s  o b t a i n e d ,  how ever, i n d i c a t e s  t h a t  kg i s  a c t u a l l y  

i n c r e a s i n g  s l i g h t l y  w i th  i n c r e a s i n g  i n i t i a l  c o n c e n t r a t i o n  

o f  n i t r i c  a c i d .  S in ce  n i t r i c  a c id  i s  th e  o n ly  c o n s t i t u e n t  

p r e s e n t  t h a t  co u ld  i n c r e a s e  th e  a c i d i t y  o f  th e  medium 

any i n c r e a s e  i n  th e  v e l o c i t y  c o e f f i c i e n t  may be  s a f e l y  

a t t r i b u t e d  to  th e  e f f e c t  o f  th e  n i t r i c  a c i d  on t h e  a c i d i t y .  

The s i g n  and s m a l ln e s s  o f  ^  H/Mole o f  n i t r i c  a c i d  would 

a c c o u n t  f o r  i t s  e f f e c t  n o t  b e i n g  r e a d i l y  n o t i c e a b l e ,

( v i i i )  E f f e c t  o f  T e m p e ra tu re  uuon  N i t r a t i o n .

The p r o g r e s s  o f  th e  r e a c t i o n  be tw een  g u a n id in e  i o n  

and n i t r i c  a c i d  i n  s u l p h u r i c  a c i d  was f o l l o w e d ,  f o r  g iv e n  

m e d ia ,  o v e r  a 2 0 ^ r a n g e  o f  t e m p e r a t u r e ;  th e  v e l o c i t y  

c o e f f i c i e n t s  c a l c u l a t e d  g r a p h i c a l l y  f ro m  th e s e  o b s e r v a t i o n s  

a r e  g iv e n  i n  T a b le  X I I ,  On p l o t t i n g  l o g  kg a g a i n s t  l / T
I. ■

s t r a i g h t  l i n e s  were o b t a i n e d  ( E i g ,  £ 4 ) ,  and from  th e  s l o p e s  

and i n t e r c e p t s  o f  th e s e  l i n e s  i t  was p o s s i b l e  t o  c a l c u l a t e  

t h e  c o n s t a n t s  i n  t h e  e q u a t io n

f o r  th e  g iv e n  m e d ia .  The v a l u e s  o b t a i n e d  a r e  g iv e n  

i n  T a b le  X I I .
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Table XII

V a r i a t i o n  o f  th e  V e lo o l ty  O o e f f l o l e n t  kg w i t h  T e m p e ra tu re

Medium 
^  HgSO^

T®0.
^ 2 ^ 2

( c o r r . )
Ea

C a l/M o le .
A

MO les""^
-  l i t r e s ”  • Sec

8 1 .1 4 1 4 .8 3
2 4 .9 1
3 5 .0 3

1 .0 3
2 .0 9
3 .0 9  .

2 .5 9 8 ,9 4 0 8 .1 5  X 1 0 ®

7 8 .3 3 1 4 .8 3
2 4 .9 1
3 5 .0 3

0 .0 7 2 6  
0 .1 8 9  
0 ,3 7 0  _

0 .1 7 1 1 3 ,2 3 0 1 .6 0  X lo"^

7 5 .4 7 1 4 .8 3
2 4 .9 1
3 5 .0 3

0 .0 1 5 6  
0 .0 3 6 0  
0 .0 8 7 2

0 .0 4 1 0 13 ,7 9 0 7 .7 1  X 1 0 ?

( i x )  A l i m i t i n g  R a te  o f  S i t r a t i o n .

I t  c a n  be  s e e n  i n  P i g .  18 t h a t  t h e  n i t r a t i o n  o f  g u a n i d in e  

and  o f  p - to ly l t r im e th y la m m o n iu m  i o n  p r o c e e d  a t  a lm o s t  i d e n t i c a l  

r a t e s .  Inasm uch a s  p - to ly l t r im e th y la m m o n iu m  io n  was s y n t h e s i s e d  

a s  a  c o n fo u n d  t h a t  w ou ld  n i t r a t e  a t  an  o b s e r v a b le  r a t e  i n  7 5 -8 5 ^  

s u l p h u r i c  a c i d ,  s i m i l a r  r a t e s  o f  r e a c t i o n  may b e  o n ly  a  c o i n 

c i d e n c e .  T h ere  i s  a  p o s s i b i l i t y ,  h o w e v e r ,  t h a t  th e  r a t e s  o f  

r e a c t i o n  o b s e rv e d  i n  th e s e  c a s e s  c o u ld  r e p r e s e n t  a  lo w e r  l i m i t  

to  t h e  r a t e  o f  n i t r a t i o n .  The i o n i s a t i o n  o f  n i t r i c  a c i d  h a s  

a lw a y s  b e e n  assum ed to  b e  a  f a s t  r e a c t i o n ,  and  h e n c e  o f  no 

NOgOH + 2 H g S 0 4 '^  NOg+ + OEg+ + SHSO^"

k i n e t i c  s i g n i f i c a n c e .  I t  i s  p o s s i b l e ,  h o w e v e r ,  t h a t  i n  m e d ia  

o f  th e  r a n g e  7 0 -8 0 ^  s u l p h u r i c  a c i d  th e  i o n i s a t i o n  o f  n i t r i c  

a c i d  h a s  become a  s low  r e a c t i o n ,  and  t h u s  t h e  r a t e  d e t e r m in in g  

s t e p  i n  n i t r a t i o n .  I f  t h i s  i s  th e  c a s e  t h e  n a t u r e  o f  t h e
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o r g a n ic  compound cannot ca u se  a  n i t r a t i o n  f a s t e r  than  th e  

l im i t in g  r a te *  In an a ttem p t to  show th a t  th e  r a te  o f  

n i t r a t i o n  o f  gu an id in e  i s  n o t d eterm ined  by th e  l i m i t i n g  

c a s e  th e  p r o g r e ss  o f  th e  n i t r a t i o n  o f  to lu e n e -p -s u lp h o n io  

a c id  was ob served *  When a 0 ,0 8  M olar s o lu t io n  o f  t o lu e n e -  

p -su lp h o n io  a c id  in  79 0̂ su lp h u r ic  au>id was m ixed w ith  a  0*2  

M olar s o lu t io n  o f  n i t r i c  a c id  in  su lp h u r ic  a c i d ,  a t  3 0 ° 0 . ,  

th e  in tr o d u c t io n  o f  th e  f i r s t  n i t r e  group was sc  r a p id  a s  to  

be oom plete by tiie  tim e th e  f i r s t  sam ple w as tak en  (1*8 m in e )* 

Inasmuch a s  g u a n id in e  ta k e s  o v er  80 m in u tes  to  n i t r a t e  und er  

s im i la r  c o n d it io n s *  i t  would seem th a t  th e  r a te  o f  p r o d u c tio n  

o f  n itro n iu m  io n  i s  n o t th e  r a t e  d e term in in g  s te p  in  th e  

n i t r a t i o n  o f  g u an id in e*  The r e le v a n t  ex p er im en ts  a re  

summarised in  Table I l i a *

Table I l i a .

N it r a t io n  o f  G u an id in e* 
Bxpi* No*

I n i t i a l  O on oen tration  
G uanid ine »  0*2070 M* 

I n i t i a l  O on oen tration  ENOg
0 ,2 0 9 6  M.

N it r a t io n  o f  T o lu en e -p -  
su lp h o n io  A c id .

Eapt* No* 642  
I n i t i a l  C o n cen tr a tio n  
T o lu e n e -p -su lp h o n ie  A cid  
-  0*08497
I n i t i a l  C o n cen tra tio n  ENOg 

0*2089

tfm in s ) T®C. Conon.ENOg M t  (m ine) T®0, Ocncn.ENOg M,

0 .0 2 6 .0 0 .2 0 9 6 0 .0 30 0 .2 0 8 9
6 .4 2 4 .9 0 0 .1 2 2 4 1*6 3 3 .2 0 .0 6 1 6
8 .8 2 8 .0 0 0 .0 9 9 7 8 .1 2 9 .6 0 .0 6 2 0

1 6 .4 2 4 .9 8 0 ,0 7 0 3 4 ,7 2 7 .4 0 .0 6 0 6
2 6 .8 2 4 .9 3 0 .0 6 3 0 6*6 2 6 .2 8 0 .0 5 8 6
4 0 ,4 2 4 .9 2 0 ,0 4 4 7 8 .4 2 8 .8 0 0 ,0 8 8 7
5 1 .3 2 4 .9 0 0 ,0 4 1 6 1 0 .4 2 8 .8 0 0 .0 5 9 0
7 6 .1 24*88 0 .0 4 1 4 1 2 .2 2 5 .4 0 0 .0 6 0 1
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(k )  A g o a a i b l e  gf  D é n i t r a t i o n .

The v e l o c i t y  c o e f f i c i e n t  o f  e q u a t io n  XX o r  X II  

f a l l s  b y  a  f a c t o r  o f  1 0 ^ i n  th e  m edia  r a n g e  8 3 - 7 1 .5 ^  

s u l p h u r i c  a c i d .  D é n i t r a t i o n  may be c a u se d  by e i t h e r  th e  

d e c o m p o s i t io n  o f  th e  n i t r o g u a n i d i n e  i o n ,  o r ,  more l i k e l y ,  

by th e  d e c o m p o s i t io n  o f  a  com plex fo rm ed  f ro m  th e  n i t r o 

g u a n id in e  i o n .  The d e c o m p o s i t io n  o f th e  n i t r o g u a n i d i n e  i o n  

i n t o  u n c h a rg e d  g u a n id in e  and th e  n i t r o n i u m  io n  i s  a  m o s t

RH+ 6  + HOg'*' ( m i )

u n l i k e l y  p r o c e s s  f o r  a  h i g h l y  p o l a r  medium, su c h  a s  

s u l p h u r i c  a c i d  i n  th e  m ed ia  r a n g e  u n d e r  c o n s i d e r a t i o n .

A more p r o b a b le  m echanism  i s  th e  u p ta k e  o f  a p r o t o n  by th e  

n i t r o g u a n i d i n e  io n  to  fo rm  th e  u n s t a b l e  n i t ro g u a n id o n iu m  

i o n ,  w h ic h  th e n  b r e a k s  down i n t o  a  g u a n id in e  io n  and  a  

RH+ + ^  GH*- + HOg+ ( X X III)

n i t r o n i u m  i o n .  I f  su c h  i s  th e  c a s e ,  t h e  r a t e - d e t e r m i n i n g  

s t e p  may be e i t h e r  ( a )  th e  u p ta k e  o f  th e  p r o to n  to  fo rm  

t h e  n i t ro g u a n id o n iu m  i o n ,  o r  (b )  th e  breakdow n o f  th e
I

n i t ro g u a n id o n iu m  i o n .

( a )  I f  p r o to n  u p ta k e  i s  t h e  s lo w , r a t e - d e t e r m i n i n g  s t e p ,  

t h e n  th e  r a t e  o f  d é n i t r a t i o n ,  r ,  f o r  a g iv e n  medium, i s

r  = k 'g  ( m v )

and th e  e x p e r im e n ta l  e q u a t i o n  f o r  r  i s

r  = kj^(RH*‘) (IX )

th e n  k i  = k 'g [H + )  (XXV)



’̂rom th e  e q u a t io n  Hg80^<^=^H+ + HSO^- 

we may s u b s t i t u t e

“ ^ ’2*Kc.(HgSÛ4)

(Ë8 Ô% 3

log .  log k.g .  l o s l g ^ J   ̂ ,o o o t« ,t
(% S 04)
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(XXVI)

(XXVII)

(X X V III)= lo g  k ’g -  Hg + c o n s t a n t

T hus, a  p l o t  o f  l o g  k% a g a i n s t  th e  a c i d i t y  f u n c t i o n  

Hq s h o u ld  be  a  s t r a i g h t  l i n e  w i th  n e g a t i v e  u n i t  s l o p e .

( b )  I f  t h e  breakdow n of th e  n i t ro g u a n id o n iu m  i o n  i s  th e  

s lo w , r a t e - d e t e r m i n i n g  s t e p ,  th e n  th e  r a t e  o f  d e n i t r a t i o n ,  r ,  

f o r  a g iv e n  medium, i s

r  ■= k ° l  (XXIX)

and th e  e x p e r i m e n ta l  e q u a t i o n  f o r  r  i s

r  = ki(RB*^ 

th e n  k i  = k°i(RHg

(rh*-̂

lo g  k^ = l o g  k®2  -  lo g

= lo g  k ° i  -  EL,, 

w here  H+ i s  an  a c i d i t y  f u n c t i o n  d e f i n e d  a s

(IX )

(XXX)

(XXXI)

(XXXII)

(XXXIII)
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T hus, a  p l o t  o f  k% a g a i n s t  th e  a c i d i t y  f u n c t i o n  

s h o u ld  b e  a  s t r a i g h t  l i n e  w i t h  n e g a t i v e  u n i t  s l o p e .

As i s  shovm i n  F i g .  18 , th e  p l o t  o f  lo g  k^  a g a i n s t  

a p p r o a c h e s  a  s t r a i g h t  l i n e  w i t h  a s l o p e  o f " 1 . 4 .  T h ere

i s  no i n f o r m a t i o n  a v a i l a b l e  a b o u t  a c i d i t y  f u n c t i o n s  o f  t h e  

ty p e  , a l t h o u g h  t h e i r  e x i s t e n c e  h a s  lo n g  b e e n  p o s t u l a t e d  

( 5 8 ) ;  b u t  u n d o u b te d ly  v a r i e s  w i th  th e  s t r e n g t h  o f  

s u l p h u r i c  a c i d  i n  a  s i m i l a r  m anner t o  E g . I f  su c h  i s  th e

c a s e ,  t h e n  th e  s i g n  o f  th e  s l o p e  o f  th e  lo g  k^  p l o t  i s

c o r r e c t ,  and th e  n u m e r ic a l  v a l u e  may w e l l  be c l o s e r  t o  

u n i t y .  W ith o u t f u r t h e r  i n f o r m a t i o n  i t  i s  im p o s s ib l e  to  

make a c h o ic e  b e tw e e n  th e s e  tv^o m e ch an ism s ,

( x i  ) E q u i l i b r i u m  C o n s t a n t s .

I n  m ed ia  o f  g r e a t e r  s t r e n g t h  th a n  8 3 ^  s u l p h u r i c  a c i d ,  

t h e  r a t e  o f  r e a c t i o n  i s  to o  g r e a t  to  p e r m i t  n o rm a l k i n e t i c  

m e asu rem e n ts  to  be m ade. As was shown i n  p a r t  ( i )  th e  o n ly

s t o i c h i o m e t r i c  m easu rem en t t h a t  can  be made i s  t h a t  o f  th e

e q u i l i b r i u m  c o m p o s i t i o n .  The e q u i l i b r i u m  c o n c e n t r a t i o n s  

d e te r m in e d  i n  t h i s  f a s h i o n  may be u s e d  to  c a l c u l a t e  an 

e m p i r i c a l  c o n s t a n t

K -  --------------------  = k p / k ,  (X)
(GHjjHNOgJe

M easurem en ts  o f  K ( f o r  c o n s t a n t  i n i t i a l  e q u i m o le c u la r  

c o n c e n t r a t i o n )  w ere  made i n  m ed ia  o v e r  th e  r a n g e  7 5 -1 0 0 ^  

s u l p h u r i c  a c i d ;  m e asu rem e n ts  w ere a l s o  made w i t h  v a r y i n g

i n i t i a l  e q u im o le c u la r  c o n c e n t r a t i o n s .  s h e  v a l u e s  a r e  g iv e n  
i n  T a b le s  X I I I  an d  ^1^•
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Table X III

I n i t i a l C o n c e n t r a t io n G u an id in e N i t r a t e  0 .2 0 0 0 M. Temp. 25®G,

Medium
HgSO^ K l o g  K I03  K/U,

%

1 0 0 1 .1 7 0 .0 6 8 2
9 8 .9 5 1 .9 2 0 .2 8 3 3
9 8 .8 7 2 .5 0 0 .3 9 8  0
9 8 .6 4 2 .0 3 0 .3 0 7 5
9 8 .4 0 2 .7 4 0 .4 3 7 1
9 7 .2 2 7 . ( 8 0 .8 5 0 0
9 7 .1 1 5 .6 4 0 .7 5 1 0
9 5 .7 4 1 4 .1 1 .1 5 2 6
9 3 .9 5 5 1 .2 1 .7 0 9 3
9 3 .8 5 5 8 .3 1 .7 6 5 6
9 1 .6 0 255 2 .4 0 7 2
9 0 .9 6 387 2 .5 8 7 7
9 0 .9 1 398 2 .5 9 9 9
8 8 .6 1 1027 3 .0 1 1 5
8 7 .8 4 1 1 2 1 5 .0 4 9 6
8 7 .1 6 1115 3 .0 4 7 2
8 6 .7 0 915 2 .9 6 1 4
8 5 .0 3 629 2 .7 9 8 7
8 4 .9 0 543 2 .7 3 4 8
8 3 .7 9 441 2 .6 4 4 1
8 3 .0 9 385 2 .5 8 5 5
8 2 .9 4 294 5 5 5 ' 2 .4 6 7 6 2 .5 2 2 0
8 1 .8 4 235 «M m 2 .3 7 1 1
8 1 .1 4 2 1 2 225 2 .3 2 5 9 2 .3 5 1 5
7 9 .2 4 114 1 4 8 ' 2 .0 5 5 7 2 .1 6 3 8
7 8 .3 3 MM m - 1 1 0 2 .0 4 2 4
7 5 .4 7 4 4 .6 4 7 .1 1 .6 5 0 8 1 .6 7 3 3
7 1 .4 8 mm m 1 4 .7 1 .1 6 6 4
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T ab le  XIV

Medium 
i o  H g S O ^

I n i t i a l  Concn. 
G u a n id in e  N i t r a t e

I n i t i a l  Concn, 
N i t r o g u a n id i n e

VI» mI* W  ^  WAAAfi/ V  V  #

l o g  Z

9 8 .9 5 0 .2 0 0 0 0 .2 8 3 3
0 .3 9 9 1 0 .5 0 5 1
0 .6 0 0 0 0 .7 0 6 7

9 7 .2 2 0 .1 0 0 0 0 .7 1 6 0
0 .2 0 0 0 M  mm 0 .8 5 0 0
0 .4 7 9 2 mm mm 1 .1 5 6 7

9 5 .7 4 0 .2 0 0 0 1 .1 5 2 6
0 .4 0 0 0 mm «# 1 .2 8 9 1
0 .6 0 0 0 ## m 1 .4 5 4 8

9 3 .9 5 0 .2 0 0 0 ## am 1 .7 0 9 3
0 .4 0 0 0 m mm 1 .8 8 9 9

9 0 .9 1 0 . 2 0 0 0 2 .5 9 9 9
0 .4 0 0 0 2 .7 2 3 5
0 .6 0 0 0 2 .8 2 9 3

8 7 .8 4 0 . 2 0 0 0 m am 3 .0 4 9 6
0 .4 0 0 0 m  mm 3*0522
0 .6 0 0 0 mmmmt 3 .0 0 4 3
0 .8 0 0 0 am m 2 .9 7 0 8

8 3 .0 9 0 . 2 0 0 0 m mm 2 .5 8 5 5
0 .4 0 0 0 2 .5 5 0 2
0 .6 0 0 0 2 .4 9 6 9

7 9 .2 4 0 .2 0 8 2 2 .0 2 5 6
wm M 0 ,0 5 0 0 2 .3 4 0 4
«■ m 0 .1 0 4 1 (2 .1 6 4 1 )

0 .1 5 6 2 2 .2 3 1 0
0 .2 0 8 8 2 .0 8 5 7

mm m 0 .3 0 4 7 2 .1 0 8 1
m m 0 .4 1 4 6 (2 ,1 1 8 4 )

7 5 .4 7 0 .1 0 0 0 (1 .7 5 6 5 )
m mm 0 .2 0 2 4 1 .6 5 0 8
mm m 0 .4 0 0 0 1 .6 2 2 2
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( a )  V a r i a t i o n  o f  ICquilibrix im  C o n s ta n t  Z  w i th  Meditun.

The v a l u e s  o f  the  e q a i l i b r i u i a  c o n s t a n t  K g iv e n  

i n  T a b le  À1Ï1  h av e  b e e n  p l o t t e d  a s  a  f u n c t i o n  o f  th e  

s u l p h u r i c  a c i d  ( F i g ,  1 9 ) ,  The sh ap e  o f  th e  c u rv e  

o b t a i n e d  i s  s i m i l a r  to  t h a t  o b t a i n e d  when th e  r a t e  o f  

n i t r a t i o n  o f  a r o m a t i c  s u b s t a n c e s  i s  p l o t t e d  a g a i n s t  ^  

s u l p h u r i c  a c i d .

The e q u i l i b r i u m  c o n s t a n t  K i s  th e  r a t i o  o f  th e  

v e l o c i t y  c o e f f i c i e n t s  f o r  n i t r a t i o n  and  d e n i t r a t i o n ,  and 

v f i l l  t h u s  be a  f u n c t i o n  o f  s u l p h u r i c  a c id  w i th  two d e p e n d e n t  

v a r i a b l e s .  The v e l o c i t y  c o e f f i c i e n t ,  k g , f o r  n i t r a t i o n  

w i l l  v a ry  w i th  th e  s t r e n g t h  o f  s u l p h u r i c  a c i d  i n  a  s i m i l a r  

m anner to  th o s e  o f  su c h  compounds a s  n i t r o b e n z e n e ,  

d i n i t r o t o l u e n e  and  a n t h r a q u i n o a e .  T h e re  i s  no p r e c e d e n t  to  

p r e d i c t t h e  c o n t in u e d  b e h a v io u r  o f  th e  v e l o c i t y  c o e f f i c i e n t ,  

k%, f o r  d e n i t r a t i o n ,  b u t  i t  m ig h t  b e  r e a s o n a b l e  t o  assum e t h a t  

i t  w i l l  c o n t in u e  to  b e  l i n e a r  w i t h  r e s p e c t  to  ^  s u l p h u r i c  

a c i d  ( a c i d i t y ) .  The v a r i a t i o n  o f  K w i th  ^  s u l p h u r i c  a c i d  

s h o u ld  t h e r e f o r e  b e  s i m i l a r  to  th e  v a r i a t i o n  o f  th e  r a t e  o f  

n i t r a t i o n  o f  a r o m a t i c  compounds i n  s u l p h u r i c  a c i d ,  b u t  more 

e x tre m e  i n  i t s  b e h a v i o u r .

The phenonemon o f  a  maximum sp eed  o f  n i t r a t i o n  i n  a  

s u l p h u r i c  a c i d  medium o f  a b o u t  9 0 ^  was f i r s t  n o te d  by 

H. M a r t in s e n  ( 8 6 , 8 7 ) ,  and  h a s  b e e n  s u b j e c t  to  v a r i o u s  

e x p l a n a t i o n s  by d i f f e r e n t  a u t h o r s .  The p r e s e n c e  o f  a  maximum 

r a t e  o f  n i t r a t i o n  may b e  e x p l a i n e d  by th e  c o n c e p t ,  f i r s t
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ad v an ced  b y  R. R o b in so n  ( 8 8 ) o f  n i t r a t i o n  a s  a  d u a l  p r o c e s s  

o f  a t t a c h m e n t  o f  th e  c a t i o n  t o ,  and re m o v a l  o f  a p r o to n  

fro m , a  c a rb o n  a to m . T h i s  c o n c e p t  r e q u i r e s  t h a t  t h e  s p e e d  

o f  n i t r a t i o n  be  m u tu a l ly  d e p e n d e n t  upon b o th  f a c t o r s ,  and 

R o b in so n  f u r t h e r  s u g g e s te d  t h a t  th e  c o m p o s i t io n  o f  th e  

medium i n  w hich  th e  r a t e  o f  n i t r a t i o n  i s  a  maximum m ig h t  

r e p r e s e n t  a  b a l a n c e  be tvm en  th e  a c i d  f u n c t i o n  o f  th e  

s o l v e n t ,  ( t o  g iv e  th e  n i t r o n i u m  i o n ) ,  and  i t s  b a s i c  f u n c t i o n  

a s  a  p r o t o n  a c c e p t o r ,  B e n n e t t  and W il l ia m s  (8 9 )  a s c r i b e d  

th e  b a s i c  a c t i o n  o f  th e  medium p r i n c i p a l l y  to  th e  b i s u l p h a t e  

i o n ,  a l t h o u g h  a l s o  assu m in g  t h a t  th e  s u l p h u r i c  a c i d  m o le c u le  

was a  p r o t o n  a c c e p t o r ,  i f  l e s s  e f f e c t i v e .  From t h i s  t h e o r y  

i t  f o l l o w s  t h a t  an  i n c r e a s e  i n  w a te r  c o n t e n t  i n c r e a s e s  th e  

b i s u l p h a t e  i o n  c o n c e n t r a t i o n ,  and th u s  e n h a n c e s  p r o t o n  

re m o v a l  f ro m  th e  o r g a n i c  compound. An i n c r e a s e  i n  w a te r  

c o n t e n t ,  ho w ev er, s im u l t a n e o u s l y  d e c r e a s e s  th e  a c i d i t y  o f  

th e  medium, w hich  i n  t u r n  r e s u l t s  i n  a lo w e re d  n i t r o n i u m  io n  

c o n c e n t r a t i o n .  T h e re  w i l l  th u s  be an optim um  medium, 

r e p r e s e n t i n g  a  b a l a n c e  b e tw e e n  th e s e  two f a c t o r s .  The 

work o f  L , M e lan d e r  and o t h e r s  (9 1 )  h a s  shom i t h a t  t h i a  

t h e o r y  was b a s e d  on f a l s e  c o n c e p t s ;  a s  a n  e m p i r i c a l  t r e a t m e n t  

o f  t h e  v a r i a t i o n  o f  th e  r a t e  o f  n i t r a t i o n  i t  i s  s t i l l  v a l i d .  

T h i s  e x p l a n a t i o n  was s p e c i f i c  f o r  n i t r a t i o n  i n  s u l p h u r i c  

a c i d  m e d ia ,  b u t  C .k .  I n g o ld  and c o l l a b o r a t o r s  have ad v a n ce d  

an a l t e r n a t e  t h e o r y ,  w h ich , i t  i s  c la im e d ,  i s  e x t e n s i b l e  to  

n i t r a t i o n  i n  th e  s o l v e n t  s e r i e s  , s u l p h u r i c  a c i d ,  n i t r i c  a c i d .
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n i t ro m e th a n e ,  a c e t i c  a c i d ,  and  w a te r*  A c c o rd in g  to  t h i s  

t h e o r y  th e  p o l a r i t y  o f  th e  medium h a s  a l a r g e  p a r t  i n  

d e t e r m in in g  th e  sp e e d  o f  n i t r a t i o n .  The d e c r e a s e  i n  th e  

r a t e  o f  n i t r a t i o n  o f  th e  aq u e o u s  s i d e  o f  th e  maximum i s  h e l d  

to  b e  due to  th e  d e c r e a s e  i n  n i t r o n i u m  io n  c o n c e n t r a t i o n .

The d e c r e a s e  i n  th e  r a t e  o f  n i t r a t i o n  i n  th e  medium r a n g e  

90-1QO^. s u l p h u r i c  a c i d ,  where th e  n i t r o n i u m  io n  c o n c e n t r a t i o n  

i s  l a r g e l y  c o n s t a n t ,  i s  a t t r i b u t e d  to  two f a c t o r s .

I n c r e a s i n g  s u l p h u r i c  a c i d  c o n c e n t r a t i o n  i s  accom pan ied  by 

i n c r e a s i n g  s o l v a t i n g  power ; b u t  a n  i n c r e a s e  i n  s o l v a t i o n  

w i l l  r e s u l t  i n  a lo w e r  r a t e  o f  r e a c t i o n .  O v e r la y in g  t h i s  

e f f e c t  i s  a s t r o n g e r  f a c t o r ,  due to  th e  f o r m a t i o n  o f  s a l t -  

l i k e  co m p lex es  i n  s t r o n g  s u l p h u r i c  a c i d .  T h e re  i s  e v id e n c e  

t h a t  many o r g a n i c  compounds b eh a v e  a s  b a s e s  i n  s u l p h u r i c  

a c i d ,  fo rm in g  h y d ro g e n  bond com plexes  w i th  th e  a c i d ,  w h ich  

may th e n  undergo  i o n i s a t i o n  i n t o  th e  c o n ju g a te  a c i d  and 

b i s u l p h a t e  i o n .  I t  m ig h t  be e x p e c te d  t h a t  th e  p o s i t i v e  

f i e l d  in d u c e d  i n  t h e  a r o m a t i c  n u c l e u s  by th e  f o r m a t i o n  o f  

th e  h y d ro g e n  bond w ould  r e t a r d  n i t r a t i o n ,  w h i le  th e  s t r o n g e r  

f i e l d  a r i s i n g  from  th e  f r e e  p o l e  p ro d u c e d  by i o n i s a t i o n  o f  

th e  com plex s h o u ld  r e t a r d  n i t r a t i o n  s t i l l  f u r t h e r .  Once 

t h e  i o n i s a t i o n  o f  th e  n i t r i c  a c i d  i s  c o m p le te  t h e s e  two 

f a c t o r s  m ust r e s u l t  i n  a  d e c r e a s e  i n  r a t e  o f  n i t r a t i o n ;  

u n f o r t u n a t e l y  no q u a n t i t a t i v e  e v id e n c e  i s  a v a i l a b l e .

The o v e r a l l  r e a c t i o n  i n  th e  n i t r a t i o n  o f  g u a n id in e  i s ,  

i n  th e  s i m p l e s t  c a s e ,

GH+ + m)g+ RH'*' + g+ (7 1 1 )
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w h ich  may a l s o  be e x p r e s s e d  a s

QH* + + HSO4 ■<"=-> R i f  + % S 0 4  ( X m V )

From e q u a t i o n  aXXIV, a n  e q u i l i b r i u m  c o n s t a n t ,  may be 

d e f i n e d ,  i n  te rm s  o f  c o n c e n t r a t i o n s ,  by th e  e q u a t i o n

iG if  j(H0 g+X H S 0 4 " )

To i n t r o d u c e  th e  s t o i c h i o m e t r i c  n i t r i c  a c i d  c o n c e n t r a t i o n  

[HWOgJ, w r i t e

i ---------------
( m o g ]  1  + (OHst? [H3 0 4 -]

% ( XXXVI)

Kc (IH2 SO4J

K.Q b e in g  th e  c o n c e n t r a t i o n  e q u i l i b r i u m  c o n s t a n t  o f  th e  s y s te m

HOgOH + 2H gS0^ < -^H O g+  + GHg"  ̂ + EHSO^" ( X O V I I )

Then Kq = iRH+J • . 1 (XXXVIII)
(G if j  (HNOg] [HSO4 -J  Q

= K /rQ  (XXXIX)

i n  w h ich  r  = [H5 O4  J ^ /^ 2 8 0 4 ]  , and K i s  th e  e m p i r i c a l  c o n s t a n t  

g iv e n  by e q u a t i o n  X  T h e r e f o r e

l o g  = l o g  K -  l o g  r  - l o g  Q, (XL)

o r

lo g  K ■= (Hjj + l o g  Q) + c o n s t a n t .  ( X U )

I f  th e  d e g r e e  o f  i o n i s a t i o n  o f  n i t r i c  a c i d  i s  s m a l l ,  t h e n  

(^HNOgJ = [NOgCE^ and lo g  Q, = -  %  . I n  s u l p h u r i c  a c i d  

m e d ia  be low  8 S^ th e  d e g r e e  o f  i o n i s a t i o n  o f  n i t r i c  a c i d  i s  

s m a l l ,  and  th u s  t h i s  s u b s t i t u t i o n  i s  v a l i d .  T h e r e f o r e ,
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f o r  aq u e o u s  s u l p h u r i c  a c i d  m edia

lo g  E = Hg -  %  + c o n s t a n t  (X L II)

V. Gold h a s  shown t h a t

H r *= + l o g  (HgO) = ( X L I I I )  (9 0 )

w here  (H^O) i s  th e  a c t i v i t y  o f  w a t e r ,

Thus, f o r  aq u e o u s  s u l p h u r i c  a c id  m e d ia ,

l o g  K = -  l o g ( % 0 )  + c o n s t a n t  (XLIV)

and a p l o t  o f  lo g  E a g a i n s t  th e  lo g  o f  a c t i v i t y  o f  v /a te r

s h o u ld  b e  a  s t r a i g h t  l i n e  w i t h  n e g a t i v e  u n i t  s l o p e .

F i g ,  20 shows t h a t  a s t r a i g h t  l i n e  i s  o b t a i n e d ,  th e  s lo p e  

o f  w h ich  i s  - 1 , 0 4 ,

VJhen th e  d e g r e e  o f  i o n i s a t i o n  o f  n i t r i c  a c i d  i s  l a r g e  

th e  above s u b s t i t u t i o n  i s  i n v a l i d ,  t h i s  i s  th e  c a se  i n  

s u l p h u r i c  a c i d  m edia above 9 0^ s u l p h u r i c  a c i d ,  T.G, B onner 

h a s  c a l c u l a t e d  v a l u e s  o f  Q f o r  m edia i n  th e  r a n g e  8 5 -1 0 0 ^  

s u l p h u r i c  a c i d  ( 6 8 ) .  U s in g  th e s e  v a l u e s ,  one m ig h t  

e x p e c t  a p o s i t i v e  a s y m p to t i c  c u rv e  i f  one p l o t t e d  lo g  K 

a g a i n s t  th e  com bined f u n c t i o n  ( Eg -k l o g  Q ); i n  p r a c t i c e ,  

a s  F i g ,  2 1  show s, a  c u rv e d  l i n e  i s  o b t a i n e d .  I n  v iew  o f  

th e  s m a l l  v a r i a t i o n  o f  Q th e  p l o t  seem s e x c e s s i v e l y  c u r v e d . 

P o s s i b l e  r e a s o n s  f o r  t h i s  d i s c r e p a n c y  a r e ,  ( i )  th e  fo rm  o f  

th e  com bined f u n c t i o n  ( +  l o g  Q), ( i i )  t h e  e f f e c t  th e  

i o n i s a t i o n  o f  g u a n id in e  n i t r a t e  w i l l  h av e  upon  t h e , a c i d i t y  

o f  a  s t r o n g  s u l p h u r i c  a c i d  medium, o r  ( i i i )  v a r y in g  

i o n i s a t i o n  o f  e i t h e r ,  o r  b o t h ,  g u a n id in e  o r  n i t r o g u a n i d i n e  ; 

b e c a u s e  o f  i n s u f f i c i e n t  d a t a  F i g ,  21 was p l o t t e d  o n  th e
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b a s i s  o f  th e  a c i d i t y  o f  s u l p h u r i c  a c i d  m ed ia  b e f o r e  th e  

a d d i t i o n  o f  g u a n i d in e  n i t r a t e .

( b )  V a r i a t i o n  o f  E q u i l i b r i u m  C o n s ta n t  K w i th  Added S a l t s .

The th e o r y  o f  B e n n e t t  and W il l ia m s  c o n t a i n s  an  i n h e r e n t  

e x p l a n a t i o n  o f  th e  e f f e c t  o f  ad d ed  b i s u l p h a t e  s a l t s  upon 

th e  r a t e  o f  n i t r a t i o n .  On th e  b a s i s  o f  th e  t h e o r y ,  

a d d i t i o n  o f  b i s u l p h a t e  i o n  s h o u ld  a c c e l e r a t e  n i t r a t i o n  

i n  m ed ia  c o n t a i n i n g  a h i g h e r  s u l p h u r i c  a c i d  c o n c e n t r a t i o n ,  

and r e t a r d  n i t r a t i o n  i n  m ed ia  c o n t a i n i n g  a lo w e r  s u l p h u r i c  

a c i d  c o n c e n t r a t i o n ,  th a n  th e  optim um . On th e  a c i d  s i d e  

o f  th e  optim um  su c h  a d d i t i o n  w i l l  i n c r e a s e  th e  b i s u l p h a t e  

i o n  c o n c e n t r a t i o n  w i th o u t  s e n s i b l y  a f f e c t i n g  th e  d e g r e e  o f  

c o m p le te n e s s  w i t h  w h ich  th e  n i t r o n i u m  io n  i s  f o rm e d .  On 

t h e  aq u e o u s  s i d e  o f  t h e  maximum th e  r a t e  o f  n i t r a t i o n  w i l l  

be  d e c r e a s e d  b e c a u s e  th e  d o m in a t in g  e f f e c t  o f  ad d ed  

b i s u l p h a t e  w i l l  be t o  r e p r e s s  th e  f o r m a t i o n  o f  n i t r o n i u m  

i o n .  As a c o r o l l a r y  to  t h i s ,  i n c r e a s i n g  th e  n i t r i c  a c i d  

c o n c e n t r a t i o n  s h o u ld  have  a s i m i l a r  e f f e c t ,  s i n c e  t h i s  

i n c r e a s e s  th e  b i s u l p h a t e  i o n  c o n c e n t r a t i o n .  Such e f f e c t s  

h a v e  b e e n  o b s e rv e d  by a number o f  a u t h o r s .

S i m i l a r  e f f e c t s  w ere  a l s o  fo u n d  i n  t h i s  w o rk .  As 

T a b le  XV show s, th e  e f f e c t  o f  ad d ed  b i  s u l p h a t e  i n  m edia  

g r e a t e r  th a n  88^0 s u l p h u r i c  a c i d  i s  to  i n c r e a s e  th e  v a l u e  o f  

th e  e q u i l i b r i u m  c o n s t a n t  K, w h i le  a d d i t i o n  o f  b i s u l p h a t e  

to  a  medium b e low  8 9 ^  s u l p h u r i c  a c i d  lo w e rs  th e  o b s e rv e d  

v a l u e  o f  K. Some s u p p o r t  f o r  th e  v a l i d i t y  o f  e q u a t i o n  TJJ
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i s  p r o v id e d  by t h i s  work ; i n  m ed ia  above 9 5 ^  s u l p h u r i c  

a c i d  Q e q u a l s  u n i t y ,  and a d d i t i o n  o f  b i s u l p h a t e  s a l t s  

w i l l  n o t  a f f e c t  th e  i o n i s a t i o n  o f  th e  n i t r i c  a c i d  

a p p r e c i a b l y .  Any change i n  K c a u se d  by t h e  a d d i t i o n  o f  

b i s u l p h a t e  s a l t s  m ust t h e r e f o r e  b e  due to  th e  e f f e c t  o f  th e  

s a l t s  o n  t h e  a c i d i t y  I n  98.64^: s u l p h u r i c  a c i d  A

p e r  m ole o f  ad d e d  p o ta s s iu m  b i s u l p h a t e  i s  0 . 4 5 ;  i t  i s  th u s  

p o s s i b l e  to  c a l c u l a t e  th e  r e s u l t a n t  a c i d i t y  ( I ^ )  when 

p o ta s s iu m  b i s u l p h a t e  i s  ad d ed  to  m edia  o f  t h i s  s t r e n g t h .

I n  P i g .  22  th e  o b s e rv e d  l o g  K i s  p l o t t e d  a g a i n s t  th e  

c a l c u l a t e d  % ;  th e  p l o t  i s  a s t r a i g h t  l i n e  w i th  u n i t  s l o p e ,  

a s  i s  c a l l e d  f o r  by e q u a t i o n  XLI.

T a b le  XV

I n i t i a l C b n c e n t r a t io n G u a n id in e  N i t r a t e 0 .2 0 0 0  M. 1 e n $ .2 5 ° C .

Medium
f, Hg3%

M o la r i  t y  
KHSO4 K l o g  Z

8 5 .0 3 0 . 0 0 6 2 8 2 .7 9 8 0
0 .4 4 621 2 .7 9 3 1
0 .6 5 643 2 .8 0 8 2
0 . 8 8 568 2 .7 5 4 3

9 8 .5 4 0 . 0 0 0 2 .0 3 0 .3 0 7 5
0 . 2 2 2 3 .0 6 0 .4 8 5 7
0 .4 4 6 3 . 8 0 0 .5798
0 .7 4 8 5 .1 3 0 .7 1 0 1
1 .0 7 1 7 .4 3 0 .8 7 1 0
1 .4 2 8 9 .4 9 0 .9 7 7 3
1 ,6 5 8 1 5 .4 1 1 .3 7 3 8
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The e f f e c t  o f  added  n i t r i c  a c i d  on th e  e q u i l i h r i n m

c o n s t a n t  was n o t  s t u d i e d  a s  s u c h ,  b u t  t h e r e  a r e  f i g u r e s

a v a i l a b l e  f o r  th e  e f f e c t  o f  i n c r e a s i n g  i n i t i a l  g u a n id in e

n i t r a t e  upon  th e  e q u i l i b r i u m  K ( T a b le  X IV ). S in c e  th e

a c t i o n  o f  th e  g u a n id in e  w i l l  b e  to  fo rm  b i s u l p h a t e  i o n ,  th e

e f f e c t  upon  th e  e q u i l i b r i u m  c o n s t a n t  w i l l  be  a d d i t i v e .  As

was p r e d i c t e d ,  above  th e  optim um i n c r e a s i n g  i n i t i a l

c o n c e n t r a t i o n s  i n c r e a s e  th e  e q u i l i b r i u m  c o n s t a n t  K, and

belov/ th e  optim um  d e c r e a s e  i t .  I t  i s  i n t e r e s t i n g  to  n o te

t h a t  a lm o s t  a t  th e  maximum { 8 7 ,8 4 ^  s u l p h u r i c  a c i d )  th e

e q u i l i b r i u m  c o n s t a n t  r e m a in s  a lm o s t  c o n s t a n t  w i t h  i n c r e a s i n g

i n i t i a l  c o n c e n t r a t i o n  o f  g u a n id in e  n i t r a t e ,

{ c) V a r i a t i o n  o f  E q u i l i b r i u m  C o n s ta n t  K w i t h  ^ r g e  I n c r e a s e s  
i n  I n i t i a l  C k>ncent¥ations o f  G u an id in e  N i t r a t e .

I t  h a s  b e e n  shown t h a t  t h e  maximum v a lu e  f o r  th e  

e q u i l i b r i u m  c o n s t a n t  K o c c u r s  a t  a  d e f i n i t e  s t r e n g t h  o f  

s u l p h u r i c  a c i d .  I n  view  o f  t h e  v a r i a t i o n  o f  th e  e q u i l i b r i u m  

c o n s t a n t  w i th  th e  c o n s t i t u e n t s  o f  t h e  s o l u t i o n  i t  i s  b e t t e r  

t o  s a y  t h a t  th e  maximum v a l u e  o c c u r s  a t  a d e f i n i t e  a c i d i t y ,  

( £ , f ,  W esth e lm er  and X h arasc h  ( 3 1 ) ) ,  I t  h a s  a l s o  b e e n  

shown t h a t  th e  e f f e c t  o f  a d d in g  g u a n id in e  n i t r a t e  to  a  

s u l p h u r i c  a c i d  medium i s  to  lo w e r  t h e  a c i d i t y .  I t  m ig h t  

t h e r e f o r e  b e  p r e d i c t e d  t h a t  i n  a  medium o f  h i g h  a c i d i t y ,

( e , £ ,  one  g r e a t e r  t h a n  9 0 ^  s u l p h u r i c  a c i d ) ,  a s  th e  i n i t i a l  

c o n c e n t r a t i o n  o f  g u a n id in e  n i t r a t e  was r a i s e d  th e  e q u i l i b r i u m  

c o n s t a n t  K w ould  r i s e  to  a maximum v a l u e  and  th e n  f a l l  a g a i n .  

T a b le  XVI and  I ' i g ,  23  show t h a t  t h i s  p r e d i c t i o n  h a s  b e e n
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c o n f irm e d  e x p e r i m e n t a l l y .  As m ig h t  have b e e n  e x p e c te d ,  

th e  maximum v a l u e  o f  th e  e q u i l i b r i u m  c o n s t a n t ,  K, f o u n d ,  

i s  i d e n t i c a l  w i t h  t h a t  o b t a i n e d  w i t h  c o n s t a n t  i n i t i a l  

c o n c e n t r a t i o n s  and  v a r y in g  s u l p h u r i c  a c i d  m e d ia .

g a b le  X71

V a r i a t i o n  o f  E q u i l i b r iu m  C o n s ta n t  K w i t h  I n i t i a l  C o n c e n t r a t io n

S u l p h u r i c  A cid  9 7 .1 1 Temp. 2 5 ° C.

E x p t .  No, I n i t i a l  Concn, 
G u a n id in e  N i t r a t e .

l o g  K

117 0 .2 0 0 0  M. 5 .6 4 0 .7 5 1 0
118 0 .5788 1 4 .5 1 .1 5 6 1
1 2 1 0 .9 9 1 3 3 3 .0 1 .5 1 7 9
119 1 .4 4 8 8 2 .2 1 .9 1 4 7
180 1 .8 3 5 194 2 .2 8 8 3
182 8 .1 3 5 386 2 .5 8 6 5
123 8 .7 5 2 1255 3 .0 9 8 7
124 3 .3 8 1 1377 3 .1 3 9 1
185 3 .9 2 5 843 2 .9 8 5 9
187 4 .7 4 2 254 2 .4 0 4 1

From  th e  v a r i a t i o n  o f  t h e  e q u i l i b r i u m  c o n s t a n t  K w i t h  

m ed ia  one  may c a l c u l a t e  th e  n e c e s s a r y  t o  o b t a i n  t h e

maximum v a lu e  o f  K f o r  any g iv e n  m edium . From F i g .  83  one 

may c a l c u l a t e  th e  amount o f  g u a n i d in e  n i t r a t e  n e c e s s a r y  to  

b r i n g  a b o u t  a  s i m i l a r  c h a n g e .  By e q u a t i n g  t h e s e  two f a c t o r s  

o n e  may o b t a i n  p r o v i s i o n a l  v a l u e s  f o r  ^ B q / M o I s ,  f o r  

g u a n i d in e  n i t r a t e .  On th e  b a s i s  t h a t  a maximum v a lu e  o f  

t h e  e q u i l i b r i u m  c o n s t a n t  K. o c c u r s  a t  an  a c i d i t y  o f  Bq ® - 7 . 9 3



1 1 , 5 0 .

( 8 7 ,8 4 ^  s u lp i i u r i c  a c i d ) ,  B q /M o le . f o r  g u a n id in e  n i t r a t e ,  

i n  97 ,11;^ s u l p h u r i c  a c i d ,  i s  0 . 3 5 ,

( x i i  ) V a r i a t i o n  o f  th e  E q u i l i b r i u m  C o n s ta n t  K w i t h  
T e m p e ra tu re .

M easurem ent o f  th e  e q u i l i b r i u m  c o n c e n t r a t i o n s  i n  th e  

sy s te m  g u a n id in e  u l t r a t e - n i t r o g u a n i d i n e  w ere  c a r r i e d  o u t ,  

f o r  g iv e n  m e d ia ,  o v e r  a 45^ r a n g e  o f  t e m p e r a t u r e ;  th e  

e q u i l i b r i u m  c o n s t a n t s  b a s e d  on t h i s  d a t a  a r e  g iv e n  i n  

T a b le  X Y II, I t  was fo u n d  t h a t  l o g  K was l i n e a r  w i th  

r e s p e c t  to  l / T  f o r  any g iv e n  m ed ia  ( F i g ,  S 4 ) ,  and  i t  was 

t h u s  p o s s i b l e  to  c a l c u l a t e  v a l u e s  f o r  a. H f o r  th e  r e a c t i o n .  

I t  i s  p o s s i b l e  t h a t  th e  p l o t  o f  l o g  K h a s  a s l i g h t  c u r v a t u r e  

w i t h  r e g a r d  to  l / T  i n  a c i d s  o f  a s t r e n g t h  g r e a t e r  th a n  9 7 ^ , 

b u t  i n  v ie w  o f  th e  m u l t i p l i c a t i o n  o f  e r r o r s  i n t r o d u c e d  i n  

c a l c u l a t i n g  K to o  much r e l i a n c e  s h o u ld  n o t  b e  p la c e d  on t h i s  

f a c t .  The v a l u e s  o b t a i n e d  f o r  a h ,  w h ich  a r e  g iv e n  i n  

T ab le  X V III ,  show a  l i n e a r i t y  w i th  r e s p e c t  to  th e  s t r e n g t h  

o f  th e  s u l p h u r i c  a c i d  medium ( F i g ,  2 5 ) ;  th e  v a l u e s  i n v o l v e d ,  

p a r t i c u l a r l y  i n  th e  more a c i d  r e g i o n s ,  a r e  lo w , a  f a c t  w h ich  

s u g g e s t s  t h a t  r e l a t i v e l y  l i t t l e  d i s t u r b a n c e  o f  s t r u c t u r e  i s  

t a k i n g  p l a c e .
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Table  XVII

I n i t i a l  C o n c e n t r a t i o n s  o f G u a n id in e  :N i t r a t e  0 .2 0 0 0  M.

Medium
$  H2 SÛ4

S x p t .
Ko.

TOC. K l o g  K

8 3 .7 9 145 1 4 .8 3 639 2 .8 0 5 3
144 2 4 .9 1 441 2 .6 4 4 1
143 3 5 .0 3 307 2 .4 8 7 1
142 4 5 .0 8 235 2 .3 7 0 7

9 1 .6 0 137 - 0 . 1 0 447 2 .6 5 0 1
138 1 4 .8 3 316 2 .4 9 9 5
139 2 4 .9 1 255 2 ,4 0 7 2
140 3 5 .0 3 213 2 .3 2 9 1
141 4 5 .0 8 178 2 .2 5 0 4

9 3 .8 5 147 - 0 . 1 0 7 7 .8 1 .8 9 1 1
148 1 4 .8 3 6 8 .7 1 .8 3 6 8
149 2 4 .9 1 5 8 .3 1 .7 6 5 6
150 3 5 .0 3 5 1 .8 1 .7 1 4 6
151 4 5 .0 8 4 7 .5 1 .6 7 6 4

9 7 .1 1 130 1 4 .8 3 6 .7 9 0 .8 3 2 0
117 2 4 .9 1 5 .8 4 0 .7 6 6 2
128 3 5 .0 3 5 .7 7 0 .7 6 1 1
129 4 5 .0 8 5 .3 8 0 .7309

9 8 .4 0 156 - 0 . 1 0 3 .5 5 0 .5 5 1 0
155 1 6 .3 0 3 .0 3 0 .4 8 2 0
154 2 4 .9 1 2 ,7 4 0 .4 3 7 1
153 3 5 .0 3 2 .7 0 0 .4 3 1 4
158 4 5 .0 8 2 , 7 2 0 .4 3 4 3

9 8 .8 7 135 1 4 .8 3 2 .6 1 0 .4 1 6 2
134 2 4 .9 1 2 .5 0 0 .3 9 8 0
133 3 5 .0 3 2 .3 9 0 .3 7 8 3
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T a b le  X V III 

V a r i a t i o n  of^H  w i t h  r e s p e c t  to  Medium.

Medium - $  % 8 0 ^  S lo p e  log ^H( C a l .  A îole. )

8 3 .7 9 1320 6040

9 1 .6 0 782 3575

9 3 .8 5 495 2265

9 7 .1 1 287 1315

9 8 .4 0 237 1085,

9 8 .8 7 165 754
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The S t r u c t u r e  o f  K i t r o g u a n i d i n e  I n  S o l u t i o n  i n  
S n lp h n r i c  A c id .

As was d i s c u s s e d  i n  an  e a r l i e r  s e c t i o n  ( I l - i i ), t h e r e  

a r e  two p o s s i b l e  s t r u c t u r e s  f o r  n i t r o g u a n i d i n e ,  (A) and ( B ) .

NH N-KOg
(A) I I  II (B)

KHg - c-HHg

These s t r u c t u r e s ,  how ever, a r e  b a s e d  upon  r e a c t i o n s  i n  

r e l a t i v e l y  n o n - p o l a r  m e d ia ,  and t h e r e  i s  a d e q u a te  e v id e n c e  

t h a t  i n  s t r o n g  s u l p h u r i c  a c i d  n i t r o g u a n i d i n e  t a k e s  up a  

p r o to n  and a d o p t s  an  i o n i s e d  f o r m .  The i o n i s e d  fo rm s ,

{ C) and  (D ) ,  o f  s t r u c t u r e s  (A) and (B ) ,  a r e  i d e n t i c a l ,

NSb I'iHHCb
(C) I I  I I  (D)

NHg-C-HHNOg 0-MBg

a p a r t  f ro m  th e  f o r m a l  p la c e m e n t  o f  t h e  c h a r g e .  I n  t h i s  fo rm  

t h e r e  i s  a d i r e c t  r e l a t i o n s h i p  t o  th e  s t r u c t u r e  o f  i o n i s e d  

g u a n id in e  ( E ) .
+

I I  ( E )
WHg- CJ-MHg

The p o s i t i o n  o f  th e  c h a rg e  i s  p r o b a b ly  b e s t  r a t i o n a l i s e d  by 

c o n s i d e r i n g  th e  m ean ing  o f  t h e  s t r u c t u r e  a s  v T i t t e n .  I t  

w ould b e  a  m is t a k e  to  r e g a r d  t h e  c a r b o n - n i t r o g e n  d o u b le  

bond a s  any m ore th a n  a  c o n v e n t i o n a l  r e p r e s e n t a t i o n ,  and 

th e  s t r u c t u r e  o f  i o n i s e d  g u a n i d in e ,  p o s s e s s i n g  t h r e e  d e g r e e s  

o f  r e s o n a n c e ,  w ould  be b e t t e r  p i c t u r e d  a s  ( î* ), w here  th e
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c h a rg e  i s  s p r e a d  o v e r  a l l  th e  m o le c u l e .  S i m i l a r l y  th e  

s t r u c t u r e  o f  i o n i s e d  n i t r o g u a n i d i n e  i s  b e s t  w r i t t e n  a s  ( 0 ) .

A *
Ii (G)

^ ■ - C - | H g  J
B ecause  o f  th e  e l e c t r o p h i l i c  p r o p e r t i e s  o f  th e  n i t r o - g r o u p  

t h e r e  w i l l  be a  c o n c e n t r a t i o n  o f  th e  c h a rg e  a ro u n d  th e  

and a to m sj to  th e  e x t e n t  t h a t  i t  i n d i c a t e s  t h i s  s t r u c t u r e  

( C) i s  p o s s i b l y  th e  b e s t  c l a s s i c  r e x > r e s e n ta t i o n .

The b e h a v io u r  o f  s t r u c t u r e s  (A) and {B) i n  d i l u t e  

a l k a l i  s o l u t i o n s ,  i s  beyond  th e  s c o p e  o f  t h i s  r e s e a r c h ,  b u t  

i t  i s  p o s s i b l e  to  a d v a n c e  a  t h e o r y  t o  a c c o u n t  f o r  th e  f a c t  

t h a t  i t  i s  s t r u c t u r e  (B) t h a t  i s  fo rm ed  by  th e  n i t r a t i o n  o f  

g u a n id in e  i n  s u l p h u r i c  a c i d .  On th e  b a s i s  o f  th e  e v id e n c e  

t h a t  n i t r a t i o n  t a k e s  p l a c e  b y  a t t a c k  o f  th e  n i t r o n i u m  i o n ,  

th e  g u a n id in e  i o n  (P )  m ust a t  o n e  p o i n t  fo rm  a com plex o f  

th e  ty p e  (H ) ,  w h ich  w i l l  e i t h e r  s im u l t a n e o u s l y ,  o r  s u b s e q u e n t l y

l o s e  a p r o t o n  t o  g iv e  th e  i o n i s e d  fo rm  o f  n i t r o g u a n i d i n e .  

F u r t h e r  l o s s  o f  y e t  a n o t h e r  p r o t o n  w i l l  y i e l d  th e  u n c h a rg e d  

n i  t r o  g u a n id in e  -  t h i s  o c c u r s  when a  s o l u t i o n  o f  i o n i s e d  

n i t r o g u a n i d i n e  i s  d i l u t e d  w i t h  w a t e r .  I n  th e  i o n i s e d
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f o r m  ( G-), b e c a u s e  o f  t h e  e l e c t r o p h i l i c  n a t u r e  o f  t h e  

n i t r o - g r o u p ,  t h e  p o s i t i v e  c h a r g e  i s  c o n c e n t r a t e d  a r o u n d  

t h e  ^  a n d  n i t r o g e n  a t o m s ,  a n d ,  c o n v e r s e l y ,  t h e  

r e s o n a t i n g  e l e c t r o n s  w i l l  be  c l o s e  t o  t h e  ^  n i t r o g e n .  

The h y d r o g e n  a t t a c h e d  t o  t h e  n i t r o g e n  i s  e s s e n t i a l l y  

t h e  a c i d i c  h y d r o g e n  o f  a  p r i m a r y  n i t r a m i n e ,  a n d  i s  much 

m ore  l o s e l y  b o u n d  t h a n  t h o s e  a t t a c h e d  t o  t h e  ^  a n d

n i t r o g e n s .  I n  t h e s e  c i r c u m s t a n c e s  i t  v j i l l  b e  t h e  

a c i d i c  h y d r o g e n  t h a t  i s  l o s t  a s  a  p r o t o n ,  l e a v i n g  t h e  

s t r u c t u r e  (B)  a s  t h e  u n i o n i s e d  f o r m .



I l l

P a r t  I I I  -  E x p é r im e n ta l

( i )  P r e p a r a t i o n  o f  m a t e r i a l s  and m edia  

Gruaaidine n i t r a t e . The m a t e r i a l  u s e d  was s u p p l i e d  by th e  

k in d n e s s  o f  D r .  T.M, W alte rs .)

T h is  s a l t  was o f  a  h i g h  d e g r e e  o f  p u r i t y ,  and  f u r t i i e r  

r e c r y s t a l l i s a t i o n  p ro d u c e d  no change i n  p r o p e r t i e s .  The 

p r o p e r t i e s  u se d  a s  c r i t e r i a  o f  th e  p u r i t y  v/ere th e  m e l t i n g  

p o i n t ,  and th e  v a l u e  o f  th e  e q u i l i b r i u m  i n  a  s p e c i f i c  medium, 

I n  p r a c t i c e  th e  s a l t  was r e c r y s t a l l i s e d  tw ic e  f ro m  b o i l i n g  

w a t e r ,  d r i e d  a t  1 0 0 *̂ 0 .  f o r  f o u r  h o u r s ,  g round  to  1 0 0  mesh 

and t h e n  d r i e d  a t  8 0 -1 1 0 ^ C, f o r  tw e n ty  h o u r s .

Some sam p les  o f  co m m erc ia l  g u a n i d in e  n i t r a t e  w ere  

h e a v i l y  c o n ta m in a te d  w i t h  s u lp h u r  com pounds, b u t  a f t e r  

e x t e n s i v e  r e c r y s t a l l i s a t i o n  f ro m  w a te r  th e  p r o d u c t  was 

i d e n t i c a l  w i th  t h a t  a b o v e .  The m e l t i n g  p o i n t  o f  t h e  

p u r i f i e d  g u a n i d in e  n i t r a t e  was 2 1 5 ° C. ( u n c o r r e c t e d ) ; th e  

r e c o r d e d  m e l t i n g  p o i n t  i s  2 1 7 °C , ( 6 6 ) .  C a lc u l a t e d  f o r

CH6%0g* C, 9 . 8 4 ;  H, 4 . 9 5 ;  W, 4 5 .9 0 ^ ,  F o u n d ; C, 1 0 .3 5 ,  

1 0 .4 2 ;  H, 4 .9 4 ,  5 . 0 3 ;  H, 4 5 .1 6 ,  4 4 .4 4 ^ .

G u a n id in e  c a r b o n a t e .  " A n a la r"  g u a n id in e  c a r b o n a te  was 

d i s s o l v e d  i n  one volum e b o i l i n g  w a te r  and f o u r  vo lu m es  o f  

e t h a n o l  a d d e d .  The p r e c i p i t a t e d  s a l t  was f i l t e r e d  o f f  and 

d r i e d  o v e r  PgOg a t  10mm. and 50°C . f o r  f o r t y - e i g h t  h o u r s .

The d r i e d  s a l t  was g ro u n d  t o  30  mesh b e f o r e  u s e .
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C a lc u l a t e d  f o r  G, £0 . 0 0 ; H, Ô .7 1 ; E, 4 6 .6 6 ^ .

P ound : C, £ 0 ,5 0 ,  1 9 .8 4 ;  H, 6 .5 5 ,  6 ,£ 1 ;  N, 4 6 .5 7 ,  4 7 .0 0 ^ ,

N it r G u a n i d i n e . The m a t e r i a l  u s e d  was s u p p l i e d  by th e  

k in d n e s s  o f  D r ,  T.M. W a l te r s ,

B e fo re  u s e  th e  n i t r o g u a n i d i n e  was d r i e d  o v e r  PgOg a t  lOram, 

and 6 5 ^ 0 ,  f o r  s e v e n te e n  h o u r s .  The c o n s ta n c y  o f  th e  

e q u i l i b r i u m  v a l u e  i n  any s p e c i f i c  medium was u s e d  a s  a  

c r i t e r i o n  o f  t h e  p u r i t y  o f  th e  m a t e r i a l .  The n i t r o g u a n i d i n e  

s u p p l i e d  gave an  e q u i l i b r i u m  v a l u e  i n  a g re e m e n t  iv i th  t h a t  

o b t a i n e d  when g u a n id in e  n i t r a t e  was t h e  o r i g i n a l  c o n s t i t u e n t ,  

N i t r o g u a n i d i n e  t h a t  had  b e e n  r e c r y s t a l l i s e d  f ro m  b o i l i n g  

w a te r ,  o r  f ro m  o t h e r  s o l v e n t s ,  gave  d i v e r g e n t  v a l u e s  o f  

t h i s  e q u i l i b r i u m .  T hus:

^  S u lp h u r i c  a c i d  *= 97 .££

M o l a r i t y  o f  i n i t i a l  c o n s t i t u e n t  *= 0 ,2 0 0 0

E x p t .
Ko.

I n i t i a l  c o n s t i t u e n t . E q u i l i b r i u m  c o n c e n t r a t i o n  HNOg 
(Mean o f  7 d e t e r m i n a t i o n s )

27 G u an id in e  N i t r a t e 0 . 1 1 2 2

28 - G u an id in e  N i t r a t e 0 .1 1 1 6

32 - G u an id in e  N i t r a t e - 1 0 .1 1 1 4

29 N i t r o  g u a rd  d in e 0 .1 1 3 5

30 N it r o g u a n i d i n e - 1 0 .1 1 5 8

31 N i t r o g u a n i d i n e - 1 0 . 1 1 6 0 ,
%

55 Hi t r o g u a n i d i n e -2 0 .1 1 6 7

34 N it r o g u a n i d i n e - 3 0 .1 2 1 5
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{ G u an id in e  n i t r a t e - 1  and n i t r o g u a n i d i n e - 1  w ere t h e  

o r i g i n a l  m a t e r i a l s  a f t e r  r e c r y s t a l l i s a t i o n  f ro m  b o i l i n g  

w a t e r .

K i t r o g u a n i d i n e - 2  was th e  o r i g i n a l  m a t e r i a l  t h a t ,  a f t e r  

r e c r y s t a l l i s a t i o n  f ro m  b o i l i n g  v /a te r ,  h ad  b e e n  g ro u n d  u n d e r  

an  ammonium c a r b o n a te  s o l u t i o n ,  w ashed w i t h  w a te r  and 

v f i th  e t h e r ,  and d r i e d .

H i t r o g u a n i d i n e - 3  was th e  o r i g i n a l  m a t e r i a l  t h a t ,  a f t e r  

r e c r y s t a l l i s a t i o n  f ro m  b o i l i n g  5 K. ammonium a c e t a t e  

s o l u t i o n ,  had  b e e n  w ashed w i t h  w a te r  and  w i t h  e t h e r ,  and  

d r i e d , )

T h a t th e  amount of. d e c o m p o s i t io n  ca u sed  by th e  

r e c r y s t a l l i s a t i o n  was s m a l l  i s  shown by th e  e f f e c t  upon  

th e  m e l t i n g  p o i n t .  The o r i g i n a l  n i t r o g u a n i d i n e  m e l t e d  

( w i t h  d e c o m p o s i t io n )  a t  2 £ 4 -2 2 6 °C , The r e c r y s t a l l i s e d  

n i t r o g u a n i d i n e - 1  m e l te d  ( w i t h  d e c o m p o s i t io n )  a t  227-228®C,

A m ix tu r e  o f  th e  two ( 5 0 /5 0 )  s t a r t e d  s i n t e r i n g  a t  221 .5® , 

and m e l te d  ( w i t h  d e c o m p o s i t io n )  a t  2 2 4 ,2 -2 2 5 ® C, M e l t in g  

p o i n t s  r e c o r d e d  i n  th e  l i t e r a t u r e  v a r y  f ro m  2 2 2 ® to  255®C, 

N i t r a t i o n  m e d ia . S im ple  n i t r a t i o n  m e d ia  w are  p r e p a r e d  by 

a d d in g  w a te r  to  98^c s u l p h u r i c  a c i d ,  F o r  a n a l y s i s ,  0 ,8  gm, 

s a m p le s  o f  th e  medium, w eighed  f ro m  a  lu n g e  p i p e t t e ,  w ere  

d i l u t e d  i n t o  w a te r  and  t i t r a t e d  w i t h  n o rm a l sod ium  

h y d r o x id e  s o l u t i o n .  S c re e n e d  m e th y l  o ra n g e  was u s e d  a s  a n  

i n d i c a t o r .  A s e c o n d a r y  s t a n d a r d  s o l u t i o n  o f  n o rm a l
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h y d r o c h l o r i c  a c i d  was u se d  to  s t a n d a r d i s e  th e  a l k a l i  

s o l u t i o n .

I n  e a c h  a n a l y s i s  s i x  t i t r a t i o n s  w ere made, and a 

g e o m e t r ic  mean t a k e n .  I n  c a s e s  w here  t h e r e  was a s e r i o u s  

d iv e r g e n c e  o f  more th a n  0 ,0 8 ^  i n  th e  r e s u l t s  th e  a n a l y s i s  

was r e p e a t e d ,  A t y p i c a l  s e t  o f  t i t r a t i o n s  f o r  one medium 

gave  8 2 .7 6 7 ,  8 2 ,6 8 5 ,  8 2 .8 4 7 ,  8 2 .8 9 5 ,  8 2 .7 6 0 ,  8 2 ,9 3 1 ^  

s u l p h u r i c  a c i d .  G eo m etr ic  mean 82.814jb s u l p h u r i c  a c i d .

N i t r a t i o n  m edia  c o n t a i n i n g  n i t r i c  a c i d  were made by 

a d d in g  lOC^ n i t r i c  a c id  t o  a  p r e v i o u s l y  s t a n d a r d i s e d  

s u l p h u r i c  a c i d - w a t e r  medium, The m o l a r i t y  o f  th e  r e s u l t a n t  

n i t r i c  a c i d  s o l u t i o n  was d e te rm in e d  by  t h e  f u l l  m o d i f ie d  

K b l th o f f  m ethod  o f  a n a l y s i s .  I n  e a c h  d e t e r m i n a t i o n  f i v e  

t i t r a t i o n s  w ere made, and  th e  g e o m e tr ic  mean t a k e n .  A 

t y p i c a l  s e t  o f  t i t r a t i o n s  f o r  one s o l u t i o n  gave  0 .4 1 6 7 ,  

0 .4 1 6 3 ,  0 ,4 1 6 7 ,  0 .4 1 7 7 ,  0 .4 1 5 7  M olar n i t r i c  a c i d .  G eo m etr ic  

mean 0 ,4 1 6 6  M olar n i t r i c  a c i d .  The n i t r a t i o n  medium th u s  

s t a n d a r d i s e d  would be u se d  f o r  th e  b u lk  o f  a s e r i e s  o f  

e x p e r i m e n t s .  The c o n c e n t r a t i o n  o f  th e  s t a n d a r d  n i t r i c  a c i d  

s o l u t i o n  m ig h t  be a l t e r e d  f o r  i n d i v i d u a l  e x p e r im e n ts  by th e  

f u r t h e r  a d d i t i o n  o f  e i t h e r  1 0 0 ^  n i t r i c  a c i d ,  o r  o f  more 

s u l p h u r i c  a c i d - w a t e r  medium. Such I n d i v i d u a l  n i t r a t i o n  

m edia  w ere s t a n d a r d i s e d  i n  d u p l i c a t e  by  t h e  K o l t h o f f  m e th o d . 

T y p ic a l  a n a l y s e s  f o r  su ch  s o l u t i o n s  were 0 .1 0 3 5 ,  0 ,1032  and 

0 .5 9 1 4 ,  0 .5 9 1 3  M olar n i t r i c  a c i d .
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N i t r a t i o n  m edia  c o n t a i n i n g  e i t h e r  p o ta s s iu m  b i s u l p h a t e  

o r  ammonium s u l p h a t e  w ere a l s o  u s e d .  To p r e p a r e  t h e s e ,  th e  

s a l t  was w e ig h ed  i n t o  a v o l u m e t r i c  f l a s k  and made up to  

volume a f t e r  s o l u t i o n  was c o m p le te .  Ammonium s u l p h a t e  

d i s s o l v e d  i n  s u l p h u r i c  a c i d - w a t e r  m ed ia  e a s i l y  and r a p i d l y .  

The s o l u b i l i t y  o f  p o ta s s iu m  b i s u l p h a t e  i s  low  i n  s u l p h u r i c  

a c i d  o f  th e  r a n g e  7 5 -9 5 ^ ,  and  t h e  r a t e  o f  s o l u t i o n  i s  v e ry  

s m a l l .  S o l u t i o n s  o f  p o ta s s iu m  b i s u l p h a t e  i n  s u l p h u r i c  

a c i d - w a t e r  w ere b e s t  p r e p a r e d  by  i n t e r m i t t e n t l y  s h a k in g  a  

m ix tu r e  o f  th e  s a l t  and medium a t  4 5 ^ C, o v e r  a  p e r i o d  o f  

h o u r s .  The s o l u t i o n s  t h u s  o b t a i n e d  w ere y e l l o w i s h  i n  

c o l o u r .  P ro lo n g e d  o r  e x c e s s i v e  h e a t i n g  te n d e d  to  i n c r e a s e  

th e  d e p th  o f  d i s c o l o r a t i o n ,

lOÔ /o s u l p h u r i c  a c i d  was p r e p a r e d  by a d j u s t i n g  a  weak o leum  

to  maximum f r e e z i n g  p o i n t  by  th e  a d d i t i o n  o f  a s u l p h u r i c  

a c i d - w a t e r  medium. An oleum  was p r e p a r e d  b y  d i s t i l l i n g  

s u lp h u r  t r i o x i d e  i n t o  9 9 ^  a c i d .  The d i s t i l l a t i o n  was 

c a r r i e d  o u t  i n  an  a l l  g l a s s  a p p a r a t u s  w hich  had  p r e v i o u s l y  

b e e n  w ashed w i th  c o n c e n t r a t e d  s u l p h u r i c  a c i d  t o  rem ove 

a l l  t r a c e s  o f  o r g a n i c  m a t t e r .  The w e ig h t  o f  t h e  d i s t i l l a t e  

was o b s e r v e d ,  and  th u s  th e  s u lp h u r  t r i o x i d e  c o n t e n t  o f  th e  

o leum  c o u ld  b e  c a l c u l a t e d ,  A weak o leu m  was made by 

a d d in g  t o  a  l a r g e  volum e o f  9 9 ^  s u l p h u r i c  a c i d  s l i g h t l y  

more o f  th e  p r e p a r e d  oleum  th a n  was r e q u i r e d  to  n e u t r a l i z e  

a l l  th e  w a te r  p r e s e n t .  The p e r s i s t e n c e  o f  fum ing  o v e r  t h e
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s u r f a c e  o f  th e  medium was t a k e n  a s  a  s i g n  o f  p o s i t i v e  

s u lp h u r  t r i o x i d e  c o n t e n t ,  A sam p le  o f  a b o u t  250 m l ,  o f  

t h i s  o leum  was t a k e n  and t h e  f r e e z i n g  p o i n t  d e t e r m in e d .

The sam ple  was r e t u r n e d  to  th e  m a in  b u l k ,  a  known s m a l l  

q u a n t i t y  o f  9 9 ^  s u l p h u r i c  a c i d  a d d e d ,  and th e  f r e e z i n g  

p o i n t  r e d e t e r m i n e d .  T h is  p r o c e s s  was c o n t in u e d ,  u s i n g  

d e c r e a s i n g l y  s m a l l  am ounts o f  9 9 ^  s u l p h u r i c  a c i d ,  u n t i l  

a  medium w i th  a  f r e e z i n g  p o i n t  o f  10 ,50® 0 , was o b t a i n e d .

The b e l i e f  t h a t  t h i s  was a maximum f r e e z i n g  p o i n t  was 

c o n f i rm e d  when a  v e r y  s l i g h t l y  more d i l u t e  sam ple  o f  t h e  

medium had  a lo w e r  f r e e z i n g  p o i n t .

D e te r m in a t io n  o f  th e  f r e e z i n g  p o i n t .  The f r e e z i n g  p o i n t s  o f  

th e  m ed ia  w ere  d e te r m in e d  u s i n g  t h e  a p p a r a t u s  shown i n  

F i g ,  4 ,  A bout 2 50  m l ,  o f  th e  medium was p l a c e d  i n  th e  

lo w e r  h a l f  o f  th e  a p p a r a t u s  and  t h e  h e a d  f i r m l y  f i t t e d  o n .

The lo w e r  h a l f  o f  th e  a p p a r a t u s  and c o n t e n t s  w ere  c o o le d  

t o  n e a r  0 °C , b y  im m e rs io n  i n  i c e - w a t e r .  C r y s t a l l i s a t i o n  

o f  th e  o leum  was i n i t i a t e d  by r u b b in g  t h e  s i d e  o f  t h e  

f l a s k  w i t h  s o l i d  c a rb o n  d i o x i d e , Im m e d ia te ly  c r y s t a l l i s 

a t i o n  h a d  s t a r t e d  th e  f l a s k  was p l a c e d  i n  t h e  a i r  j a c k e t s ,  

a g i t a t i o n  s t a r t e d ,  and  t e m p e r a tu r e  r e a d i n g s  t a k e n  a t  

30 se c o n d  i n t e r v a l s .  The th e rm o m e te r  u s e d  was c a l i b r a t e d

f ro m  - 1 1  to  50®C. i n  0 , 1  d i v i s i o n s ,  an d  p o s s e s s e d  a  

N ,P ,L ,  c e r t i f i c a t e  o f  e x a m in a t io n .  The s c a l e  was r e a d  

w i t h  th e  a i d  o f  a  s m a l l  l e n s U ,
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The m e rc u ry  s e a l e d  j o i n t  s e r v e s  a n  a d d i t i o n a l  f u n c t i o n  

beyond i s o l a t i n g  th e  c o n t e n t s  o f  th e  f l a s k .  The bu o y an cy  

o f  th e  m e rc u ry  a c t s  a s  a s p r i n g  when th e  a g i t a t o r  i s  

d e p r e s s e d ,  and th u s  th e  s o l u t i o n  may b e  s t i r r e d  w i t h  a  

minimum o f  e f f o r t .  S in c e  th e  c o n t e n t s  o f  th e  f l a s k  a r e  

i s o l a t e d  th e  f r e e z i n g  p o i n t  o f  any sam ple  may be r e p e a t e d  

a t  w is h ,  w i th o u t  f e a r  o f  d i l u t i o n  o f  t h e  medium by  a tm o s p h e r ic  

w a te r  v a p o u r ,

S to r a g e  o f  m e d ia . IVhere p o s s i b l e  m e d ia  were s t o r e d  i n  

f l a s k s  t h a t  had  b e e n  f i t t e d  w i t h  th e  m a le  h a l f  o f  a  cone 

g ro u n d  j o i n t ,  t h e  f e m a le  h a l f  b e in g  a d a p te d  f o r  u s e  a s  a 

c a p .  I n  some c a s e s  m e d ia  had  to  b e  s t o r e d  i n  f l a s k s  

f i t t e d  w i t h  th e  n o rm a l ty p e  j o i n t s ,  o r  o c c a s i o n a l l y  i n  

o r d i n a r y  g l a s s  s t o p p e r e d  " W in c h e s te r s ” , Where t h i s  was 

done th e  n e c k  and s t o p p e r  o f  th e  c o n t a i n e r  w ere w iped  d r y  

a f t e r  o p e n in g ,  and  b e f o r e  c l o s i n g  th em . T h is  e n s u r e d  t h a t  

no d i l u t i o n  o f  medium o c c u r r e d  by a c i d  a t  th e  n e c k  a b s o r b in g  

w a te r  f ro m  th e  a i r  and  th e n  r u n n in g  b a c k  and d i l u t i n g  th e  

m ain  s t o c k .  As a  f u r t h e r  p r e c a u t i o n ,  "V ^incheste r"  b o t t l e s  

when u s e d ,  were f i t t e d  w i t h  a  g l a s s  cap  s e a t i n g  o n to  a  

r u b b e r  g a s k e t  ( P i g .  5 a ) ,  T h is  p r o v id e d  some p r o t e c t i o n  

a g a i n s t  i l l  f i t t i n g  g ro u n d  g l a s s  s t o p p e r s .  W ith  t h e s e  

p r e c a u t i o n s  i t  was fo u n d  t h a t  m ed ia  m a in ta in e d  t h e i r  

c o m p o s i t io n ,  w i t h i n  th e  l i m i t s  o f  a n a l y s i s ,  o v e r  a  p e r i o d  

o f  m o n th s .
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lOOSü n i t r i c  a c i d  was o b t a i n e d  by  d i s t i l l i n g  a m ix tu r e  o f  

2 vo lum es o f  lO ĵo n i t r i c  a c i d  and 3 vo lum es o f  9 8 ^  s u l p h u r i c  

a c i d .  The d i s t i l l a t i o n  was done i n  an  a l l  g l a s s  a p p a r a tu s  

a t  0 . 1  mm. and 2 0 ^ 0 , ( P i g .  6 . ) ,  The c o n d e n s in g  t r a p s  w ere  

c o o le d  by means o f  a  s o l i d  c a rb o n  d i o x i d e - e t h a n o l  m i x t u r e .

The f i r s t  2 0 ÿJ o f  th e  d i s t i l l a t e  was d i s c a r d e d  on p r i n c i p l e ,  

th e  r e m a in d e r  was c o l l e c t e d  a s  w h i te  c r y s t a l s ,  w h ich  

m e l te d  to  g iv e  a l i m p i d ,  c o l o u r l e s s  l i q u i d .  T h is  n i t r i c  

a c i d  was added im m e d ia te ly  to  th e  r e q u i s i t e  s u l p h u r i c  a c i d -  

w a te r  m i x t u r e .  No a t t e m p t  was made to  s t o r e  10 0 ^  n i t r i c  

a c i d  a s  s u c h .

P o ta s s iu m  H ydrogen S u l p h a t e .  The " A n a l a r ” s a l t  was g ro u n d  to  

1 0  mesh, d r ied *  a t  1 1 0 ®C. f o r  tw e n ty  f o u r  h o u r s ,  and  k e p t  

o v e r  c a lc iu m  s u l p h a t e  u n t i l  u s e .

P o ta s s iu m  n i t r a t e .  The " A n a la r "  s a l t  was d r i e d  a t  l l o P c .  

f o r  t w e n t y - f o u r  h o u r s ,  and k e p t  o v e r  c a lc iu m  s u l p h a t e  

u n t i l  u s e .

Ammonium S u l p h a t e .  The " A n a l a r ” s a l t  was d r i e d  a t  6 ( f  

f o r  e i g h t e e n  h o u r s ,  and k e p t  o v e r  c a lc iu m  s u l p h a t e  u n t i l  

u s e .

P o ta s s iu m  d ic h ro m a t e .  The " A n a l a r ” s a l t  was g ro u n d  to  

20 mesh and d r i e d  a t  110®C, f o r  s i x  h o u r s .  A s t a n d a r d  

s t o c k  s o l u t i o n  was made by  d i s s o l v i n g  a b o u t  1 0 0  gm. o f  t h e  

d r i e d  s a l t  i n  w a te r  and m aking  up to  2 l i t r e s  i n  v o lu m e t r i c  

g l a s s w a r e .  The n o r m a l i t y  o f  th e  s o l u t i o n ,was c a l c u l a t e d  

by  th e  e x p r e s s i o n :
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N o rm a l i ty  = W eigh t o f  s a l t  z  6000
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S ta n d a rd  s o l u t i o n s  f o r  u se  i n  a n a l y s i s ,  w ere  made u p ,  

a s  r e q u i r e d ,  by d i l u t i n g  2 0 0  ml* a l i q u o t s  o f  th e  s t o c k  

s o l u t i o n  to  1 0 0 0  m l . ,  u s i n g  v o l u m e t r i c  g l a s s w a r e ;  su ch  

s t a n d a r d  s o l u t i o n s  w ere  k e p t  u n d e r  c a rb o n  d i o x i d e . The 

n o r m a l i t y  o f  th e  a n a l y t i c a l  s o l u t i o n  was t a k e n  a s  b e in g  one 

f i f t h  o f  t h a t  o f  th e  s t o c k  s o l u t i o n .  P o ta s s iu m  d ic h ro m a t e  i s  

i t s e l f  a s a t i s f a c t o r y  p r im a ry  s t a n d a r d ,  b u t  o c c a s i o n a l l y  th e  

s t a n d a r d i s a t i o n  o f  th e  a n a l y t i c a l  s o l u t i o n s  was ch e ck e d  

by an  a l t e r n a t i v e  m e th o d .  P o ta s s iu m  d i c h ro m â te o x i d i s e s  

p o ta s s iu m  i o d i d e  a c c o r d in g  to  th e  e q u a t i o n

KgCrgOy + 6KI + 7H2SO4 « 4K28O4 + GrgC 3 0 4 ) 3  + 7HgO + 3 Ig  ( I )

U s in g  t h i s  r e a c t i o n  a  p o ta s s iu m  d i  chroma te  s o l u t i o n  may be 

s t a n d a r d i s e d  a g a i n s t  a t h i o s u l p h a t e  s o l u t i o n ,  w hich  i t s e l f  

h a s  b e e n  ch ecked  a g a i n s t  th e  p r im a ry  s t a n d a r d  p o ta s s iu m  i o d a t e .  

The r e s u l t s  o f  a  t y p i c a l  a n a l y s i s  a r e  a s  f o l l o w s :

9 7 .0 5 0 3  gm, o f  p o ta s s iu m  d ic h ro m a te  w ere made up to  2 l i t r e s  

o f  s o l u t i o n .

T h e r e f o r e  c a l c u l a t e d  n o r m a l i t y  ** 0 .9 9 0 0  

2 0 0  m l .  o f  s t o c k  s o l u t i o n  w ere  d i l u t e d  to  1 0 0 0  m l .

T h e r e f o r e  c a l c u l a t e d  n o r m a l i t y  « 0 .1 9 8 0

4 .9 1 9  m l .  a l i q u o t s  o f  th e  d i l u t e  p o ta s s iu m  d i  chrom a t e  

s o l u t i o n  w ere u s e d  to  l i b e r a t e  i o d i n e ,  em p lo y in g  th e  r e a c t i o n  

a b o v e .  The f r e e  i o d i n e  was t i t r a t e d  w i t h  0 .0 8 0 6  N p o ta s s iu m
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t h i o s u l p h a t e  s o l u t i o n ,  The t i t r e s  o b t a i n e d  w ere  1 2 .1 0 ,

1 2 .1 3 ,  1 2 .1 2  m l .  Mean v a l u e  1 2 ,1 2  m l .  T h e r e f o r e

e x p e r i m e n ta l  n o r m a l i t y  = = 0 .1 9 8 6
4 ,9 1 9

A d e v i a t i o n  o f  0.3ÿ^ i s  w i t h i n  th e  bounds o f  e x p e r i m e n ta l  

a c c u r a c y .

D 'errous Ammonium S u l u h a t e . A s a t u r a t e d  s o l u t i o n  o f  th e  

" A n a la r "  s a l t  i n  1 i'd. s u l p h u r i c  a c i d  was k e p t  a s  a  s to c k  

s o l u t i o n .  The s t o c k  s o l u t i o n  was d i l u t e d  w i th  1 N. 

s u l p h u r i c  a c i d  to  g iv e  s o l u t i o n s  f o r  a n a l y s i s .  The 

a n a l y t i c a l  s o l u t i o n s  w ere made up  to  a  r a n g e  0 .0 5  -  0 .5  

N orm al, a c c o r d in g  to  th e  s t r e n g t h  o f  th e  n i t r a t e  s o l u t i o n  

b e in g  a n a ly s e d ,  su c h  s o l u t i o n s  w ere s t o r e d  u n d e r  c a rb o n  

d i o x i d e .  The s o l u t i o n s  o f  f e r r o u s  ammonium s u l p h a t e  

f o r  a n a l y s i s  w ere s t a n d a r d i s e d  d i r e c t l y  a g a i n s t  t h e  s t a n d a r d  

p o ta s s iu m  d ic h ro m a te  s o l u t i o n s .  Two end p o i n t s  c o u ld  be  

u s e d  f o r  t h i s  r e a c t i o n ;  e i t h e r  th e  "d e ad  s t o p "  end  p o i n t  

o f  A .T . Bqwden and C.liV. f o u l k e  ( 6 7 ) ,  o r  one u s in g  " f e r r o i n "  

i n d i c a t o r .  I d e n t i c a l  v a l u e s  w ere o b t a in e d  w i th  e i t h e r  

m e th o d .

P o ta s s iu m  I o d a t e .  The " A n a la r"  s a l t  was g ro u n d  to  20 mesh 

and d r i e d  a t  6 5 ^ C, f o r  tw e n ty  h o u r s .  The d r i e d  s a l t  was 

made up i n  v o lu m e t r i c  g l a s s w a r e  to  g iv e  a p r im a ry  s t a n d a r d  

s o l u t i o n .

P o ta s s iu m  I o d i d e .  The " A n a la r "  s a l t  was u s e d .

P o ta s s iu m  T h i o s u l p h a t e .  The " A n a la r "  s a l t  vm s made up to  a
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1  K, s o l u t i o n ,  v/hich vms s t a n d a r d i s e d  a g a i n s t  the  p o ta s s iu m  

i o d a t e  p r i ra a ry  s t a n d a r d  s o l u t i o n ,  u s in g  th e  r e a c t i o n s  

iCIOg + DICI + ÔHC1 -  ÔKC1 f  3 % 0  + 3 Ig  ( I I )

and Ig  + + 2NaI ( I I I )

No i n d i c a t o r  was u s e d ,  A t y p i c a l  a n a l y s i s  was :

2 0 .0 0  m l ,  o f  0 ,9 6 7 9  N, p o ta s s iu m  i o d a t e  s o l u t i o n  r e q u i r e d  

t i t r e s  o f  2 3 ,9 9 ,  2 3 ,9 0 ,  2 3 ,7 8 ,  2 3 .9 6 ,  2 5 .9 3 ,  2 5 .9 2  m l ,  

p o ta s s iu m  t h i o s u l p h a t e  s o l u t i o n .

Mean t i t r e  « 2 3 ,9 4  m l.  N o rm a l i ty  o f  p o ta s s iu m  t h i o s u l p h a t e  

= 0 ,8 0 8 5

H y d ro c h lo r ic  a c i d . C o n c e n tr a te d  h y d r o c h l o r i c  a c i d  (3 6 ^ )  

was d i l u t e d  to  g iv e  a 1 N, s o l u t i o n .  U sing  r e a c t i o n s  I I  

and  I I I  th e  h y d r o c h l o r i c  a c i d  was s t a n d a r d i s e d  a g a i n s t  t h e  

p o ta s s iu m  t h i o s u l p h a t e  s o l u t i o n ,  A t y p i c a l  a n a l y s i s  w as:

2 0 .0 0  m l ,  o f  h y d r o c h l o r i c  a c id  r e q u i r e d  t i t r e s  o f  1 8 ,3 2 ,

1 8 .2 9 ,  1 8 .3 0 ,  1 8 .3 1 ,  1 8 .3 0  m l ,  o f  0 ;8085  M. p o ta s s iu m  

t h i o s u l p h a t e ,

Kean t i t r e  = 1 8 .3 0  m l ,  N o rm a li ty  o f  h y d r o c h l o r i c  a c i d  »= 0.7399 

In  th e  k o l t h o f f  m ethod  o f  a n a l y s i s  f o r  n i t r a t e  i o n  "May and  

B aker 36^  h y d r o c h l o r i c  a c id "  was u s e d .

Sodium H y d ro x id e . The "A n a la r"  s a l t  was u se d  to  make up a  

1 N, s o l u t i o n .  The sodium  h y d ro x id e  s o l u t i o n  v/as t i t r a t e d  

w i th  th e  se c o n d a ry  s t a n d a r d ,  h y d r o c h l o r i c  a c i d ,  u s in g  

s c r e e n e d  m e th y l  o ran g e  a s  an  i n d i c a t o r ,  A t y p i c a l  a n a l y s i s  

was 2
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1 9 ,9 2  m l ,  o f  sodium  h y d ro x id e  r e q u i r e d  t i t r e s  o f  1 7 .7 0 ,  

1 7 .7 0 ,  1 7 .7 0  m l.  o f  0 ,8 7 5 4  N, h y d r o c h l o r i c  a c i d .

Mean t i t r e  = 1 7 ,7 0  m l,  N o rm a l i ty  o f  sodium  h y d ro x id e

= 0 .9 8 5 1

I n  th e  k o l t h o f f  method o f  a n a l y s i s  f o r  n i t r a t e  i o n  

a 50^ (w /v )  s o l u t i o n  o f  th e  " A n a la r"  s a l t  i n  d i s t i l l e d  

w a te r  was u s e d .

Ammonium M o lv b d a te . A 1^  s o l u t i o n  o f  th e  " A n a la r"  s a l t  

was u s e d  a s  a  c a t a l y s t  i n  th e  k o l t h o f f  m ethod  o f  a n a l y s i s  

f o r  n i t r a t e  i o n .

S c re e n e d  M ethy l O ra n g e .  The co m m erc ia l i n d i c a t o r  (m e th y l  

o ra n g e  s c r e e n e d  w i th  x y le n e c y d n o l  f . f . )  was a d j u s t e d  by 

th e  a d d i t i o n  o f  m e th y l  o ra n g e  i n d i c a t o r  s o l u t i o n  u n t i l  a  

"grey end  p o i n t  was o b t a i n e d  when t h r e e  d ro p s  w ere u se d  i n  an 

a c i d - b a s e  t i t r a t i o n ,

" f f e r r o i n " . One gm, o f  o r t h o - p h e n a n t h r o l i n e  h y d r a te  and 

1 ,4  gm, o f  F e r r o u s  S u lp h a te  h e p t a - h y d r a t e  were made up  w i th  

w a te r  t o  200  m l.  F iv e  d ro p s  o f  t h i s  i n d i c a t o r  would c a u s e  

a  c o lo u r  change o f  o r a n g e  to  g r e e n  i n  a f e r r o u s  s u l p h a t e -  

p o ta s s iu m  d ic h ro m a te  t i t r a t i o n .
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( i l )  V e lo o i t .y  M easurem en ts  

T em p e ra tu re  c o n t r o l . An e l e c t r i c a l l y  c o n t r o l l e d  w a te r  

t h e r m o s t a t  was u s e d  to  m a i n t a i n  a c o n s t a n t  t e m p e r a tu r e  

th ro u g h o u t  th e  r e a c t i o n .  The r e a c t i o n  v e s s e l  and th e  

r e a g e n t s  w ere p la c e d  i n  th e  t h e r m o s t a t  f i f t e e n  m in u te s  

b e f o r e  th e  s t a r t  o f  a  r e a c t i o n  t o  a t t a i n  th e rm a l  

e q u i l i b r i u m .  The t e m p e r a tu r e  o f  th e  t h e r m o s t a t  was 

r e c o r d e d  by an  N ,P ,L ,  s t a n d a r d i s e d  th e rm o m e te r .  The 

th e rm o m ete r  was g r a d u a te d  from  -1 1  to  50°C . i n  0 ,1 ^  

d i v i s i o n s ,  and was a c c u r a t e  t o  -O.OE^. The t h e r m o s ta t  

was m a in ta in e d  a t  an  e x a c t  th e rm o m ete r  r e a d i n g  and 

c o r r e c t i o n s  a p p l i e d  i f  r e l e v a n t .  The o b se rv e d  and  a c t u a l  

t e m p e r a tu r e s  w e re ;

O bserved  t e m p e r a tu r e :  0 ,0 0  1 5 ,0 0  2 5 ,0 0  3 5 ,0 0  4 5 ,0 0 ^ 0 ,

A c tu a l  t e m p e r a tu r e ;  - 0 ,1 0  1 4 ,8 3  2 4 ,9 1  3 5 ,0 3  4 5 ,0 8

The th e rm o m ete r  was r e a d  w i th  th e  a i d  o f  a s m a l l  le n a ; - ,

A s i m i l a r  th e rm o m ete r  was u sed  in  th e  th e rm o m ete r  w e l l  i n  

th e  r e a c t i o n  v e s s e l .

S t a r t  o f  R e a c t i o n .  T h ree  m ethods were u s e d  to  mix th e  

r e a g e n t s  a t  th e  s t a r t  o f  a r e a c t i o n ,

( i )  The f i r s t  m ethod was u se d  w here th e  r e a c t i o n  was to o  

f a s t  to  ad m it o f  v e l o c i t y  m e a su re m e n ts ,  A d ia g ra m  o f  

th e  a p p a r a tu s  em ployed i s  shown i n  F i g ,  5 b . A known 

amount o f  th e  n i t r a t i n g  medium was w eighed  i n t o  a  100 m l .
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ro u n d  b o tto m ed  f l a s k .  The f l a s k ,  w hich  was f i t t e d  w i th  

a B/24 s o c k e t  n e c k ,  was s to p p e r e d  and p la c e d  i n  th e  

t h e r m o s t a t .  The c a l c u l a t e d  amount o f  s o l i d  r e a g e n t ,

( v i z .  g u a n id in e  n i t r a t e ,  n i t r o g u a n i d i n e ) ,  was w eighed  

i n t o  a s m a l l  c o n t a i n e r .  T h is  c o n t a i n e r  c o n s i s t e d  o f  a 

h o llo w  B /24 cone , f i t t e d  w i th  a c a p .

The ro u n d  b o tto m ed  f l a s k  was removed from  th e  th e rm o 

s t a t  and th e  s to p p e r  r e p l a c e d  by  th e  h o l lo w  c o n e .  The 

s o l i d  r e a g e n t  was th u s  p r e c i p i t a t e d  upon th e  s u r f a c e  o f  

th e  medium. The t im in g  o f  th e  r e a c t i o n  was s t a r t e d  f ro m  

t h i s  moment. V ig o ro u s  s h a k in g  was em ployed to  a i d  

s o l u t i o n  o f  th e  s o l i d .  When a hom ogeneous s o l u t i o n  had  

b e e n  a t t a i n e d  th e  c o n t e n t s  o f  th e  f l a s k  w ere t r a n s f e r r e d  to  

th e  r e a c t i o n  v e s s e l  i n  th e  t h e r m o s t a t .

The tim e  ta k e n  f o r  s o l u t i o n  v a r i e s  w i t h  th e  medium.

In  100^5 s u l p h u r i c  a c id  s o l u t i o n  was c o m p le te  w i t h i n  

f i f t e e n  s e c o n d s .  I n  8 1 ,1 4 ^  s u l p h u r i c  a c i d  s i m i l a r  s o l u t i o n  

to o k  a b o u t  n in e  m in u te s .  T h is  m ethod o f  m ix in g  th e  

r e a g e n t s  c o u ld  n o t  be  u s e d  f o r  n i t r o g u a n i d i n e  i n  s u l p h u r i c  

a c id  o f  a  s t r e n g t h  g r e a t e r  t h a n  93%» Above t h a t  r e g i o n  ■

th e  h e a t s  o f  s o l u t i o n ,  and o f  d e c o m p o s i t io n  o f  th e ^ n i t ro g u a n id in e j  

a r e  so g r e a t  a s  to  i n i t i a t e  an  e x p l o s i o n ,
I

( i i )  The se co n d  method o f  m ix in g  th e  r e a g e n t s  was u se d  f o r  , !

th e  m a j o r i t y  o f  th e  v e l o c i t y  m e a su re m e n ts .  I n  t h i s  c a se  ‘

s e p a r a t e  s o l u t i o n s  o f  n i t r i c  a c i d  i n  s u l p h u r i c  a c i d ,  and 

o f  g u a n id in e  i n  s u l p h u r i c  a c i d ,  were m ixed t o g e t h e r  to  i



s t a r t  th e  r e a c t i o n ,  A 50 m l,  v o l u m e t r i c  f l a s k  was f i l l e d  

w i th  a s o l u t i o n  o f  n i t r i c  a c id  i n  s u l p h u r i c  a c i d ,  ( s e e  

p r e p a r a t i o n  o f  m a t e r i a l s  and m e d ia ) ,  and  th e n  p la c e d  i n  

th e  t h e r m o s t a t .  I n t o  a n o t h e r  50 m l ,  v o lu m e t r i c  f l a s k  

th e  c a l c u l a t e d  amount o f  g u a n id in e  c a r b o n a te  was w e ig h e d .

The f l a s k  was c h i l l e d  to  O^C, i n  an  i c e - w a t e r  b a t h ,  and  

a b o u t  40 m l.  o f  s u l p h u r i c  a c i d - w a t e r  medium added  c a r e f u l l y .  

The f l a s k  was th e n  t r a n s f e r r e d  to  th e  t h e r m o s t a t ,  and  

a f t e r  th e rm a l  e q u i l i b r i u m  h ad  b e e n  r e a c h e d ,  made up to  

vo lum e .

The s o l u t i o n  o f  g u a n id in e  th u s  p r e p a r e d  was t r a n s f e r r e d  

t o  th e  r e a c t i o n  v e s s e l  and s t i r r i n g  commenced. T h is  d o n e , 

th e  s o l u t i o n  o f  n i t r i c  a c i d  was a l s o  added  to  th e  r e a c t i o n  

. v e s s e l .  A d d i t io n  o f  th e  n i t r i c  a c i d  s o l u t i o n  was p e r fo rm e d  

a s  r a p i d l y  a s  p o s s i b l e ,  g e n e r a l l y  t a k in g  a b o u t  30 s e c o n d s .  

The t im in g  o f  th e  r e a c t i o n  was s t a r t e d  when th e  a d d i t i o n  

o f  th e  n i t r i c  a c id  was one h a l f  c o m p le te d .  From th e  m ass 

o f  th e  d r a in a g e  r e s i d u e s  l e f t  i n  th e  f l a s k s  th e  am ounts o f  

c o n s t i t u e n t s  p r e s e n t  i n  th e  r e a c t i o n  c o u ld  be  c a l c u l a t e d .

Much th e  same p r o c e d u re  was f o l lo w e d  when a co m p lex . 

n i t r a t i o n  medium, su ch  a s  p o ta s s iu m  b i s u l p h a t e  -  s u l p h u r i c  

a c i d - w a t e r ,  was u s e d .  The s u l p h u r i c  a c i d  s o l u t i o n  

o f  t h e  i n o r g a n i c  s a l t  was f i r s t  made up  t o  volume i n  a 

50 m l,  v o lu m e t r i c  f l a s k .  The c o n t e n t s  o f  t h i s  f l a s k  w ere 

th e n  added  to  th e  g u a n id in e  c a rb o n a te  a s  a b o v e .
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( i l l )  The t h i r d  m ethod  o f  m ix in g  th e  r e a g e n t s  was u se d  when 

th e  r a t e  o f  r e a c t i o n  was v e ry  h i g h ,  A s e r i e s  o f  10 m l ,  

f l a s k s ,  f i t t e d  w i th  B/19 s o c k e t  j o i n t s ,  w ere made ( F i g , 5 c ) .  

F o r  e a c h  f l a s k  a  h o l lo w  cone j o i n t ,  w i th  a  c a p a c i ty  o f  

5 m l . ,  was m ade. S o l u t i o n s  o f  g u a n i d in e ,  and o f  n i t r i c  

a c i d ,  i n  s u l p h u r i c  a c i d ,  were made up a s  a b o v e .  F iv e  m l ,  

a l i q u o t s  o f  th e  s o l u t i o n  o f  n i t r i c  a c i d  w ere th e n  p l a c e d  

i n  e a ch  co n e , and 5 m l .  a l i q u o t s  o f  g u a n id in e  s o l u t i o n  i n  

e a c h  10 m l ,  f l a s k .  The cones  w ere f i t t e d  t o  t h e  r e s p e c t i v e  

f l a s k s  and sh a k en  v i g o r o u s l y .  The t im in g  o f  th e  r e a c t i o n  

was s t a r t e d  a t  t h i s  moment,

W ith d raw a l o f  s a m p le s . T liree  m ethods o f  v / i th d ra w in g  

sam ples  w ere  em p loyed ,

( i )  The f i r s t  method was u s e d  i n  e x p e r im e n ts  where th e  

e q u i l i b r i u m  b e tw e e n  th e  c o n s t i t u e n t s  had a l r e a d y  b ee n  

a t t a i n e d .  Two m in u te s  b e f o r e  th e  sam ple was to  be  w ith d raw n  

s t i r r i n g  was s to p p e d  i n  o r d e r  t o  p r e v e n t  o c c l u s i o n  o f  a i r  

b u b b l e s .  Sam ples were w ith d raw n  th ro u g h  the  m a le  n e c k  o f  

th e  r e a c t i o n  v e s s e l ,  A 5 m l ,  p i p e t t e  t h a t  h ad  b e e n  f i t t e d  

w i t h . a  s to p c o c k  ( F i g , 7 a )  was u se d  f o r  t a k in g  s a m p le s .  The 

u s e  o f  a s to p c o c k  i n  c o n j u n c t i o n  w i th  a s u c t i o n  tu b e  

e n a b le d  th e  p i p e t t e  to  be v e ry  e a s i l y  f i l l e d  to  a b o u t  2 -3  mm, 

above th e  g r a d u a t i o n  m ark . The p i p e t t e  c o u ld  th e n  be v e ry  

a c c u r a t e l y  l e v e l l e d  o f f  a t  l e i s u r e .  T h is  d e v ic e  e n s u re d  

t h a t  e x p o s u re  o f  th e  r e a c t i o n  m ix tu r e  was k e p t  to  a  minimum. 

The a l i q u o t  was drowned o n to  55 m l ,  of w a te r  i n  a
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350 m l.  f l a s k ,  and th e  w a l l s  o f  th e  f l a s k  washed down w i th  

15 m l, o f  v m te r .

The t im in g  o f  th e  sam ple  was t a k e n  a s  b e in g  th e  

moment th e  p i p e t t e  s t a r t e d  to  em p ty . The p i p e t t e  was 

empty i n  a b o u t  20  s e c o n d s ,  d r a i n i n g  and " m i lk in g '’ to o k  

a b o u t  a n o th e r  tw en ty  s e c o n d s .

The p i p e t t e  was w ashed t h r e e  t im e s  w i th  w a te r ,  and  

th e n  t h r e e  t im e s  w i th  a c e t o n e .  A f t e r  a f i n a l  r i n s e  w i th  

d ry  e t h e r ,  a i r  f rom  a f o o t  b e l lo w s  was bloivn th r o u g h  th e  

p i p e t t e  f o r  a t  l e a s t  n i n e t y  s e c o n d s .  T h is  l e f t  th e  

p i p e t t e  r e a d y  f o r  th e  n e x t  s a m p le .

A f t e r  th e  p i p e t t e  h ad  b een  d r i e d ,  ( a b o u t  two m in u te s  

a f t e r  d row ning  th e  s a m p le ) ,  30 m l ,  o f  50^ (w /v )  sodium  

h y d ro x id e  s o l u t i o n  were ad d ed  to  th e  c o n t e n t s  o f  th e  f l a s k .  

A f t e r  a d d in g  b o i l i n g  c h ip s  th e  b a s i c  s o l u t i o n  c o u ld  be 

s a f e l y  l e f t  f o r  a n a l y s i s ,

( i i )  The se co n d  m ethod o f  w i th d ra w in g  sam p les  was q u ic k e r  

t h a n  th e  f i r s t  and  was u se d  i n  th e  m a j o r i t y  o f  th e  v e l o c i t y  

m e a su re m e n ts .  The p i p e t t e  and  method o f  w i th d r a w a l  u se d  

were th e  same a s  a b o v e .  I n  p la c e  o f  r i n s i n g  and d r y in g ,  

th e  p i p e t t e  was hung i n  a v e r t i c a l  p o s i t i o n  to  d r a i n ,  A 

l e n g t h  o f  16 mm, g l a s s  t u b i n g ,  s e a l e d  a t  th e  lo w e r  en d , was 

u sed  to  h o ld  th e  p i p e t t e  w h i le  d r a i n i n g .  The p i p e t t e  

hung i n s i d e  t h i s  tu b e ,  b e in g  s u p p o r te d  by th e  b a r r e l  o f  th e  

s to p c o c k  a t  th e  t o p ,  ( P i g ,  7 b ) ,  The p i p e t t e  h o l d e r  was 

im m ersed i n  th e  t h e r m o s t a t ,  and th u s  th e  p i p e t t e  was k e p t  a t
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th e  same te m p e r a tu r e  a s  th e  r e a c t i o n  m i x t u r e .  B e fo re  

t a k i n g  a  new sam ple t h e  d r a in a g e  d rop  a t  the  p i p e t t e  t i p  

was blow n o u t ,  and th e  o u t s i d e  o f  th e  p i p e t t e  w iped d r y  

w i th  f i l t e r  p a p e r ,  T re a tm e n t  o f  th e  drowned sam ple v/as 

th e  same a s  a b o v e .  A l i q u o t s  c o u ld  be t a k e n  ev e ry  two 

m in u te s  u s i n g  t h i s  m e th o d ,

( i i i )  The t h i r d  method o f  t a k in g  sam p les  was an  i n t e g r a l  

p a r t  o f  th e  t h i r d  m ethod o f  m ix in g  th e  r e a g e n t s ,  liVhen a  

sam ple was d e s i r e d  th e  cone and 10 m l,  f l a s k  w ere  s e p a r a t e d  

and th e  c o n t e n t s  p o u re d  th ro u g h  a  s h o r t  stemmed f u n n e l  

i n t o  10 m l ,  o f  w a te r  i n  a 350 m l .  f l a s k .  The t im e  o f  th e  

sam ple v/as ta k e n  a s  b e in g  a t  t h i s  moment. The s m a l l  

f l a s k  and th e  cone were b o th  r i n s e d  t h r e e  t im e s  w i th  w a te r ,  

th e  w a sh in g s  b e in g  added  to  the  drowned sa m p le .  I t  was 

e s s e n t i a l  t h a t  the  w ash ing  be done r a p i d l y ,  and th e  p r o c e s s  

was b e s t  p e r fo rm e d  by two p e o p l e .  U sing  t h i s  m ethod a 

sam ple c o u ld  be w ith d raw n  w i t h i n  s i x  s e c o n d s  o f  th e  t im e  o f  

m ix in g .  By u s in g  a  s e r i e s  o f  f l a s k s  sam p les  c o u ld  be 

w ith d raw n  a t  t h r e e  se c o n d  i n t e r v a l s  i f  r e q u i r e d .  The 

d i f f i c u l t y  o f  a s s i g n i n g  th e  moment o f  d row ning  p r e v e n te d  a 

more r a p i d  sa m p lin g  th a n  t h i s .

T im in g . A s to p w a tc h  c a l i b r a t e d  i n  m in u te s  and f r a c t i o n s  

o f  a  seco n d  was u se d  f o r  t im in g  th e  r e a c t i o n .  The 

s to p w a tc h  was a c c u r a t e  to  w i t h i n  t h r e e  s e c o n d s  on  tw enty*  

f o u r  h o u r s .  The m a j o r i t y  o f  v e l o c i t y  r e a c t i o n s  w ere tim ed  

to  th e  n e a r e s t  d e c im a l  f r a c t i o n  o f  a m in u t e .  Very r a p i d
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r e a c t i o n s ,  v i z .  th o s e  sam pled  by m ethod t h r e e ,  were tim ed  

t o  th e  n e a r e s t  d e c im a l  f r a c t i o n  o f  a s e c o n d .

The r e a c t i o n  v e s s e l . The r e a c t i o n s  were p e rfo rm e d  i n  a  

t h r e e  necked  250 m l ,  ro u n d  b o tto m e d  f l a s k  ( P i g . 7 c . ) ,  The 

c e n t r e  n ec k  c o n ta in e d  a m ercu ry  s e a l e d  s t i r r e r ,  w h ich  was 

d r i v e n  by a 1 / 5 0 th  h o rsep o w er  e l e c t r i c  m o to r .  One o f  th e  

s id e  n e c k s  h e ld  a th e rm o m ete r  w e l l ,  w h ich  e x te n d e d  c l o s e  to  

th e  b o t to m  o f  th e  f l a s k ,  The t h i r d  neck  was u s e d  f o r  

w i th d ra w in g  sam p les  f rom  th e  r e a c t i o n  m i x t u r e .  T h is  n eck  

was f i t t e d  w i th  a m ale g round  g l a s s  j o i n t  and a c a p .  The 

m ale  j o i n t  e n s u re d  t h a t  no d r a in a g e  d ro p s  o f  s u l p h u r i c  a c id  

c o u ld  r u n  back  to  d i l u t e  th e  r e a c t i o n  m i x t u r e .  The 

r e a c t i o n  v e s s e l  was k e p t  i n  an e l e c t r i c a l l y  c o n t r o l l e d  w a te r  

t h e r m o s t a t .

C a l i b r a t i o n  o f  g l a s s w a r e m A ll  g la s s w a r e  was c a l i b r a t e d  

b e f o r e  u s e .  I n  th e  c a se  o f  v o lu m e t r i c  f l a s k s  o n ly  th o s e  

p o s s e s s i n g  a  g ra d e  A c e r t i f i c a t e  o f  c a l i b r a t i o n  w ere u s e d .

A l l  p i p e t t e s  u s e d  f o r  aqueous  s o l u t i o n s  w ere c a l i b r a t e d  by 

w e ig h in g  th e  amount o f  d i s t i l l e d  w a te r  t h a t  t h e y  d e l i v e r e d  

a t  2 0 ^ 0 , B u r e t t e s  w ere c a l i b r a t e d  a t  5 m l .  i n t e r v a l s  by  

th e  same m e th o d . The m i c r o b u r e t t e  was c a l i b r a t e d  a t  0 ,5  m l.  

i n t e r v a l s .  P i p e t t e s  u s e d  f o r  w i th d ra w in g  sa m p les  were 

c a l i b r a t e d  by w e ig h in g  th e  am ount o f  c o n c e n t r a t e d  s u l p h u r i c  

a c i d  d e l i v e r e d  a t  2 5 °C , T .G . Bonner (68 )  r e p o r t s  t h a t  th e  

volume o f  s u l p h u r i c  a c i d  d e l i v e r e d  by a 5 m l.  p i p e t t e  d o es
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n o t  v a ry  by more th a n  0 ,02  m l .  o v e r  a 12^  r a n g e  o f  

s u l p h u r i c  a c i d .  I n  t h i s  w ork , b e c a u s e  o f  b r e a k a g e s ,  no 

p i p e t t e  was u se d  o v e r  more th a n  a r a n g e  o f  s u l p h u r i c  

a c i d .  T y p ic a l  f i g u r e s  f o r  th e  c a l i b r a t i o n  o f  a p i p e t t e  a r e :

Volume Mean.
I « 1 ,6 6 9 9 )

25^^

Vfeight o f  s u l p h u r i c  a c i d  
d e l i v e r e d  ( d e n s i t y  « 1 ,6 6 9 9 )o kO

8 .2 6 8 5 gm. 4 ,9 5 1 6 m l.

8 .2 7 8 2 If 4 .9 5 7 3 It

8 .2 7 7 9 ft 4 ,9 5 7 1 ft
4 .9 S 5 S  m l .

8 .2 6 9 9 n 4 .9 5 2 3 Tf

8 .2 7 9 2 ft 4 ,9 5 7 9 If

The e f f e c t  o f  t e m p e r a tu r e  upon th e  volum e o f  s u l p h u r i c  

a c i d  d e l i v e r e d  was s i g n i f i c a n t ,  and p i p e t t e s  were c a l i b r a t e d  

a c c o r  d i n g l y , Thus :

Volume o f  9 0 ,9 2 ^  
s u l p h u r i c  a c i d  
d e l i v e r e d ; 4 ,8 2 4 9

T e m p e ra tu r e ^ C , ; 0 . 0

4 ,8 4 0 8  4 ,8 6 1 3  4 ,8 8 9  9 4 ,9 0 9 1  ml,

1 5 .0  2 5 .0  5 5 ,0  4 5 ,0
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( i i i )  M ethods o f  a n a l y s i s  

Two m ethods  o f  a n a l y s i s  f o r  n i t r a t e  io n  w ere u s e d ,

( i )  The b e s t  m ethod o f  a n a l y s i s  o f  n i t r a t e  i o n  i n  

c o n c e n t r a t e d  s u l p h u r i c  a c id  i s  t h a t  d e v e lo p e d  by 

W.D. T re a d w a l l  and H, V o n to b e l  ( 6 9 ) ,

In  t h i s  method th e  n i t r i c  a c id  i n  s o l u t i o n  i n  a 

f a i r l y  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  ( g r e a t e r  th a n  7 5 ^ ) ,  i s  

t i t r a t e d  w i th  a f e r r o u s  s u l p h a t e  s o l u t i o n .  The end p o i n t  

i s  b e s t  o b s e rv e d  e l e c t r o m e t r i c a l l y , The r e a c t i o n  goes

a c c o r d in g  to th e  e q u a t io n :

m O g + 2TeS04 + % S04  « HNOg f  fe^CSO^)^  + HgO (IV)

U n f o r t u n a t e l y ,  a s  o u t l i n e d  i n  th e  d i s c u s s i o n ,  th e  

re m o v a l o f  th e  n i t r i c  a c i d  by th e  above r e a c t i o n  a l lo w s  a 

r a p i d  s h i f t  o f  th e  e q u i l i b r i u m  to  t a k e  p l a c e .  Thus 

s o l u t i o n s  .of g u a n id in e  n i t r a t e  i n  s u l p h u r i c  a c i d  a lw a y s  

a n a ly s e d  f o r  100^  o f  th e  n i t r i c  a c i d  p r e s e n t  a c c o r d in g  

to  t h e o r y , S i m i l a r l y  s o l u t i o n s  o f n i t r o g u a n i d i n e  i n  

s u l p h u r i c  a c i d  a n a ly s e d  f o r  100^  o f  th e  n i t r i c  a c i d  t h a t  

would be p r e s e n t  a l lo w in g  f o r  co m p le te  c o n v e r s io n  to  

g u a n id in e  n i t r a t e ,

( i i )  The m ethod o f  a n a l y s i s  t h a t  was u l t i m a t e l y  u s e d  was 

a m o d i f i c a t i o n  o f  t h a t  p ro p o se d  by I ,M , - K o l th o f f ,

E ,B , S a n d e l l  and  B, M o sk o v itz  ( 7 0 ) ,  K o l th o f f  an d  h i s  

c o -w o rk e rs  em ployed aqueous  s o l u t i o n s .  N i t r i c  a c i d ,  i n  

a  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  s o l u t i o n ,  was a l lo w e d

to  r e a c t  w i th  e x c e s s  f e r r o u s  ammonium s u l p h a t e ,  i n  th e



1 1 1 .2 5 .

a b s e n c e  o f  oxygen , and in  th e  p r e s e n c e  o f  an ammonium 

m o ly b d a te  c a t a l y s t ,  th e  n i t r a t e  io n  was q u a n t i t a t i v e l y  

r e d u c e d  to  n i t r i c  o x i d e .  The r e a c t i o n  i s

3?e++ + NO3 " + 4H+ = 3^8+++ + KÛ + 2 i^ 0  (V)

A f t e r  th e  a i t r i o  o x id e  h a i  b e e n  e x p e l l e d  from  th e  

s o l u t i o n ,  th e  e x c e s s  f e r r o u s  ammonium s u l p h a t e  c o u ld  be  

b a c k  t i t r a t e d  w i th  a p o ta s s iu m  d ic h ro m a te  s o l u t i o n .

The c o n s t i t u e n t s  o f  tlie s o l u t i o n  to  b e  a n a ly s e d  w ere ,  

n o m in a l ly ,  n i t r a t e  i o n ,  t h e  g u a n id in e  n u c l e u s ,  n i t r o g u a n i d i n e ,  

and  d i l u t e  s u l p h u r i c  a c i d .  The K o l t h o f f  method o f  a n a l y s i s  

was s a t i s f a c t o r y  f o r  s o l u t i o n s  o f  n i t r a t e  io n  i n  s u l p h u r i c  

a c i d .  T hus: A 0 .0 9 8 9 5  M olar s o l u t i o n  o f  p o ta s s iu m  n i t r a t e

i n  c o n c e n t r a t e d  s u l p h u r i c  a c id  was drowned on to  w a te r  and 

a n a ly s e d  by th e  K o l th o f f  m e th o d .

M o la r i ty  o f  n i t r a t e  io n  f o u n d :  0 ,0 9 9 5 , 0 ,0 9 9 3 ,  0 ,0 9 7 7 , 

0 , 0 9 9 9 , 0 ,0 9 9 1 ,  Mean v a l u e :  0 .0 9 9 1  ^  e r r o r  : 0 ,1 5 ^ ,

S o l u t i o n s  o f  g u a n id in e  n i t r a t e  i n  s u l p h u r i c  a c i d  c o u ld  

a l s o  be a n a ly s e d  w i t h  a c c u ra c y  by t h i s  m etiiod . T hus:

A 0 .0 8 7 0 4  t o l a r  aq u eo u s  s o l u t i o n  o f  g u a n id in e  n i t r a t e  was 

p o u re d  o n to  10^ s u l p h u r i c  a c i d  and a n a ly s e d  by th e  K o l t h o f f  

m e th o d . M o la r i ty  o f  n i t r a t e  io n  f o u n d :  0 ,0 8 7 5 2 ,  0 ,0 8 7 4 6 ,  

0 ,0 8 7 4 6 , 0 ,0 8 7 7 5 , 0 ,0 8 7 8 9 ,  0 ,0 8 7 3 4 , 0 ,0 8 7 5 2 ,

Mean v a lu e  0 .08756  ^  e r r o r  % 0 , 6 ^ ,

When n i t r o g u a n i d i n e  was added  to  an  aqueous s o l u t i o n  

o f  n i t r a t e  i o n  th e  m ethod o f  a n a l y s i s  no lo n g e r  gave



1 1 1 .2 6 ,

a c c u r a t e  r e s u l t s . ‘Thus :

M o la r i ty  n i t r o g u a n i d i n e :  0 ,2 2 0 ,2 6 0 .1 0 0 .2 4 0 .4 7

M o la r i t y  n i t r a t e  
( c a l c , ) s 0 ,2 9 0 0 .3 1 2 0 .4 4 7 0 .2 4 7 0 .3 5 5

t o l a r i t y  n i t r a t e  
( f o u n d ) ; 0 ,2 1 8 0 .2 6 0 0 .4 5 7 0 ,2 6 0 0 ,3 7 6

f, e r r o r ; 2 4 ,8 8 .5 2 .2 5 .3 5 .9

Ni t r o g u a n i d i n e can b e  decomposed by th e a c t i o n o f

a l k a l i ,  t h e  r e a c t i o n  b e i n g :

m
NHg-C-NBNOg ---- % 0  + m g  + COg ( VI )

Thus th e  n i t r o g u a n i d i n e  c o u ld  be c o m p le te ly  d e s t r o y e d  by  

b o i l i n g  th e  s o l u t i o n  o f  n i t r a t e  and n i t r o g u a n i d i n e  w i th  

sodium  h y d ro x id e  b e f o r e  s t a r t i n g  th e  a n a l y s i s .  T h is  

p r o c e d u r e  was c o m p le te ly  s u c c e s s f u l .  T hus;

t f o l a r i t y  n i t r o 
g u a n i d in e :  0 , 0  . 0 , 0  0 , 0  0 ,0  0 ,2  0 ,2

M o l a r i t y  n i t r a t e  0 ,0 7 9 2 5  0 ,0 7 9 2 5  0 ,0 7 9 2 5  0 ,7 9 2 5  0 ,0 7 9 2 5  0 ,07925  
( c a l c , };

M o l a r i t y  n i t r a t e
( f o u n d ) :  ,07836 ,07876  ,07906  ,07896 ,07856  ,07949

,07808
^  E r r o r :  1 ,1  0 ,6  0 ,2  0 ,4  0 ,9  0 ,3  1 ,4

Mean fo u n d  v a l u e ;  0 .0 7 8 7 5

The m ethod o f  a n a l y s i s  a s  f i n a l l y  u se d  was a m o d i f ie d
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v e r s i o n  o f  th e  K o l th o f f  v e r s i o n .  The p r o c e d u r e  was a s  

f o l l o w s .  D iagram s ox th e  a p p a r a tu s  u s e d  a r e  g iv e n  i n  

u ' i g s ,  8 ,9  and lU ,

The sam ple  from  th e  r e a c t i o n  m ix tu r e  h a d  b ee n  drowned 

and made b a s i c ,  a s  d e s c r i b e d  i n  th e  m ethods  o f  s a m p l in g .

I n  t h i s  c o n d i t i o n  th e  s o l u t i o n  was p e r f e c t l y  s t a b l e  w i th  

r e g a r d  to  th e  n i t r a t e  i o n .  The n i t r i c  a c i d  had  been  

f i x e d  a s  sod ium  n i t r a t e ,  and th e  n i t r o g u a n i d i n e  was b e in g  

decom posed by th e  a l k a l i  s o l u t i o n .  The a n a l y s i s  was 

s t a r t e d  by b o i l i n g  th e  b a s i c  s o l u t i o n .  H eat was s u p p l i e d  

by a B unsen f la m e ,  a t  th e  r a t e  o f  22 K .c a l  p e r  m in u te .

H e a t in g  was c o n t in u e d  f o r  tw e lv e  m in u te s ,  th e  f l a s k  was th e n  

t r a n s f e r r e d  to  th e  c o o l in g  t a n k .

The c o o l in g  ta n k  ( i i ' ig .B a)  was a  m e ta l  t a n k  24 x 20  x 24 cm, 

w i th  a  c l o s e - f i t t i n g  c o v e r .  I n t e r n a l l y  a w i r e  s c r e e n  

d iv id e d  th e  b o t to m  t h r e e - q u a r t e r s  o f  th e  t a n k  i n t o  e q u a l  

p o r t i o n s .  T h is  s c r e e n ,  o f  n in e  c e n t im e t r e  m esh, t h u s  

made two co m p artm en ts ,  e a c h  12 x 2 a  x 16 cm. The ta n k  

was f i l l e d  to  a d e p th  o f  15 cm, v / i th  a  s l u r r y  o f  c ru s h e d  

i c e  and w a t e r ,  A c o n s t a n t  i n e r t  a tm o sp h e re  was m a in ta in e d  

a b o v e _th e  l i q u i d  by b u b b l in g  i n  c a rb o n  d io x id e  g a s  a t  t h e  

r a t e  o f  36 l i t r e s  p e r  h o u r ,  J ' l a s k s  w ere p la c e d  i n  t h e  

i c e - w a t e r  w i th  t h e i r  n e c k s  s u p p o r te d  by th e  w ir e  g r i l l e ,  

and w ere th u s  c o o le d  i n  an  oxygen  f r e e  a tm o s p h e re .

A f t e r  two and  one h a l f  m in u te s  c o o l in g  th e  f l a s k  was 

rem oved from  th e  c o o l in g  t a n k  and th e  c o n te n t s  a c i d i f i e d  by
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th e  a d d i t i o n  o f  75 m l .  o f  56^ h y d r o c h l o r i c  a c i d .  The 

a c i d i f i c a t i o n  o f  th e  sodium  c a rb o n a te  fo rm ed by th e  

c a rb o n  d io x id e  and b a s i c  s o l u t i o n  i n  th e  c o o l in g  p e r i o d  

e n s u re d  t h a t  th e  i n e r t  a tm o sp h e re  was m a in ta in e d  above 

th e  s o l u t i o n  i n  th e  f l a s k ,  o i l  owing th e  a c i d i f i c a t i o n  

15 -2 5  m l,  o f  a p p r o x im a te ly  0 ,2  Iw. f e r r o u s  ammonium s u l p h a t e  

s o l u t i o n  was added f ro m  an a u to m a t ic  b u r e t t e  (Jj’i g , 9 a ) ,

The f l a s k  was s to p p e r e d  im m e d ia te ly ,  and h e a t i n g  recom m enced. 

The r a t e  o f  h e a t i n g  was th e  same a s  b e f o r e .

Through th e  r u b b e r  s t o p p e r  p a s s e d  th e  m outh o f  a 7 m l.  

d ro p p in g  f u n n e l  and a  s im p le  s t i l l  head  ( f i g , 8 b ) .  The 

lo w e r  end  o f  th e  s t i l l  head  vms c o n n e c te d  t o  one o f  th e  

i n l e t s  o f  a g a s  a b s o r b t i o n  c a sc a d e  by means o f  a  s l e e v e  

o f  r u b b e r  t u b i n g .  The g a s  a b s o r p t i o n  c a s c a d e  c o n s i s t e d  

o f  a l e n g t h  o f  V ig re u x  column p a s s i n g  i n t o  a s i d e  n eck ed  

f l a s k .  At th e  head  o f  th e  column w ere two i n l e t  tu b e s  

and a w a te r  j e t ,  W ater f lo w e d  down th e  colum n, th ro u g h  

th e  w a te r  s e a l  a t  th e  b o t to m , and o u t  o f  th e  s i d e  arm .

The h y d ro g e n  c h l o r i d e  and s te am  g iv e n  o f f  d u r in g  th e  

b o i l i n g  o f  th e  a c id  s o l u t i o n s  were a b s o rb e d  i n  th e  c o n s t a n t  

s t r e a m  o f  w a t e r .

A f t e r  5 -4  m in u te s  h e a t i n g  th e  y e l lo w  a c i d  s o l u t i o n  

s t a r t e d  to  b o i l .  About 6 m l,  o f  a  1^ s o l u t i o n  o f  ammonium 

m o ly b d a te  was r u n  i n t o  th e  f l a s k  from  th e  d ro p p in g  f u n n e l .

The c o lo u r  o f  th e  a c i d  s o l u t i o n  changed  f ro m  y e l lo w  to  

g r e e n ,  and  a f t e r  f u r t h e r  b o i l i n g  f a d e d  to  an  o r a n g e .  The
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a p p e a ra n c e  o f  th e  o ra n g e  c o lo u r  s i g n i f i e d  t h a t  th e  r e a c t i o n  

b e tw een  th e  f e r r o u s  io n  and th e  n i t r i c  a c id  was c o m p le te .

The r e a c t i o n  was g e n e r a l l y  co m p le te  a f t e r  a b o u t  10 m in u te s  

h e a t i n g .  H e a t in g  o f  th e  a c id  s o l u t i o n  was c o n t in u e d  u n t i l  

th e  volume was re d u c e d  to  a b o u t  10 0 m l.

A f t e r  b e in g  h e a te d  f o r  a4 m in u te s  th e  a c id  s o l u t i o n  

was p la c e d  i n  th e  c o o l in g  t a n k .  F o u r  m in u te s  c o o l in g  

r e d u c e d  th e  te m p e r a tu r e  o f  th e  s o l u t i o n  t o  a b o u t  lO^C.

At t h i s  t e m p e r a tu r e  th e  c a t a l y s e d  o x i d a t i o n  o f  f e r r o u s  io n  by  

a tm o s p h e r ic  oxygen s h o u ld  be n e g l i g i b l y  s lo w .  F o r  th e  

p u rp o s e s  o f  t i t r a t i o n  th e  c o n t e n t s  o f  th e  f l a s k  w ere  w ashed 

o u t  i n t o  a  180 m l .  b e a k e r .  The c o o l in g  o f  th e  h o t ,  

c o n c e n t r a t e d ,  a c i d  s o l u t i o n  g e n e r a l l y  r e s u l t e d  i n  th e  

p r e c i p i t a t i o n  o f  sodium  s a l t s .  Any o c c lu d e d  f e r r o u s  s a l t  

would l e a d  to  low r e s u l t s  i n  th e  a n a l y s i s ,  b u t  by m aking th e  

volume o f  th e  s o l u t i o n  up to  140 m l ,  th e  s a l t s  were fo u n d  to  

be  d i s s o l v e d  by th e  end o f  th e  t i t r a t i o n .

The b e a k e r  was u se d  a s  a  r e a c t i o n  v e s s e l  f o r  an 

e l e c t r o m e t r i c  t i t r a t i o n .  The e x c e s s  f e r r o u s  armionium s u l p h a t e  

p r e s e n t  was b a c k  t i t r a t e d  w i t h  a s t a n d a r d  p o ta s s iu m  d ic h ro m a t e  

s o l u t i o n ,  From th e  amount o f  f e r r o u s  s a l t  u se d  a v a lu e  f o r  

th e  o r i g i n a l  n i t r a t e  c o n c e n t r a t i o n  c o u ld  be  c a l c u l a t e d .  The 

r e s u l t s  o f  a  t y p i c a l  a n a l y s i s  w e re ;

Volume o f  0 ,2 2 9 9  N, f e r r o u s  ammonium s u l p h a t e  added « 1 2 .4 4  ml 

Back t i t r e  o f  0 ,1 9 3 7  N, p o ta s s iu m  d ic h ro m a t e  « 8 ,0 0  m l.

Volume o f  sam ple = 4 ,9 4 4  m l .
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Volume o f  f e r r o u s  ammonium s u l p h a t e  u s e d

-  1 2 .4 4  -  8 .0 0  % 0 .13S7
0 .2 2 9 9

-  5 .7 0  m l.  ^

1 m l .  o f  0 .1 0 0 0  K. f e r r o u s  ammonium s u l p h a t e  

= 3 .3 7 0  ragm. KNOg

= mgm. HNOg
101.1

T h e r e f o re  M o l a r i t y  o f  s o l u t i o n

= S .5 7 0  a: 6 3 .0 2  x  5 .7 0  z  0 .2299  x  1000 
1 0 1 .1  X 0 .1 0 0 0  X 4 .9 4 4  X 63080

= 0 .0 8 8 3 5  Hii%

A llow ing  t im e  f o r  th e  t i t r a t i o n ,  th e  c o m p le te  a n a l y s i s  

to o k  a b o u t  48 m in u t e s .  Much t im e  c o u ld  be sav ed  by a n a ly s in g  

a s e r i e s  o f  sam p les  c o n s e c u t i v e l y .  By s t a g g e r i n g  th e  

p r o c e d u r e s ,  v i z .  by s t a r t i n g  th e  second  sam ple w h i le  th e  

f i r s t  b a s i c  s o l u t i o n  was c o o l in g ,  a b a t c h  o f  t e n  sam ples  

c o u ld  be a n a ly s e d  i n  t h r e e  h o u r s .

The T i t r a t i o n . A s im p le  r e d o x  r e a c t i o n  was u s e d  f o r  

e s t i m a t i n g  th e  f e r r o u s  ammonium s u l p h a t e .  The end p o i n t  

u se d  was o f  th e  e l e c t r o m e t r i c  '*dead s to p "  v a r i e t y .  When a 

p o t e n t i a l  d i f f e r e n c e  o f  th e  o r d e r  o f  f i f t e e n  m i l l i v o l t s  

i s  a p p l i e d  a c r o s s  two p la t in u m  w ir e  e l e c t r o d e s  i n  an  a c id  

f e r r o u s  s a l t  s o l u t i o n ,  a c e r t a i n  amount o f  c u r r e n t  p a s s e s .

When t i t r a t i n g  w i th  an  o x i d i s i n g  a g e n t ,  a s  th e  end  p o i n t
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i s  c l o s e l y  a p p ro a c h e d ,  p o l a r i s a t i o n  o c c u r s  a t  th e  e l e c t r o d e s ,  

and th e  r a t e  o f  f lo w  o f  c u r r e n t  a l t e r s .  As th e  end  p o in t  i s  

a b s o l u t e l y  r e a c h e d  a d e f i n i t e  change i n  c u r r e n t  d e n s i t y  i s  

n o t i c e a b l e .

The a p p a r a t u s  u s e d  i s  shown i n  F i g ,  9 b ,  A g i t a t i o n  o f

th e  s o l u t i o n  was e f f e c t e d  by r a p i d  s t i r r i n g .  The s t i r r e r

was d r i v e n  by b e l t  d r i v e  from  a 1 /5 0  t h ,  h o r s e  power e l e c t r i c  

m o to r .  The s t a n d a r d  p o ta s s iu m  d i  chroma t e  s o l u t i o n  vms 

d e l i v e r e d  from  a  10 m l,  m i c r o b u r e t t e ,  m o d if ie d  f o r  a u to m a t ic  

f i l l i n g ,  A s m a l l  s t r e a m  o f  c a rb o n  d io x id e  g a s  was k e p t  

b u b b l in g  th r o u g h  th e  s u r f a c e  o f  th e  f e r r o u s  s o l u t i o n  

th ro u g h o u t  th e  t i t r a t i o n .  A ro u g h  g u id e  o f  th e  a p p ro a c h  

o f  th e  end p o i n t  c o u ld  be had by o b s e rv in g  the  change i n  

c o lo u r  o f  th e  s o l u t i o n .  T h is  v a r i e d  from  an i n i t i a l  

o r a n g e - y e l lo w  to  a  y e l l o w i s h  g r e e n  a t  th e  a c t u a l  end p o i n t .

At th e  b e g in n in g  o f  t h i s  work th e  end p o i n t  was fo u n d  

by u s in g  a  s im p le  g a lv a n o m e te r .  T h is  was s u i t a b l e  when th e  

n o r m a l i t i e s  o f  th e  s o l u t i o n s  were o f  th e  o r d e r  o f  0 , 3  N,

When s o l u t i o n s  w i th  a  n o r m a l i t y  o f  0 ,0 5  were u se d  d e t e c t i o n

o f  an a c c w a t e  end  p o i n t  vms v e ry  d i f f i c u l t .  A c c o rd in g ly ,

a s im p le  D,C. a m p l i f i e r  was u s e d  to  a m p l i f y  th e  change i n  

c u r r e n t  d e n s i t y .

The p o t e n t i a l  d i f f e r e n c e  a c r o s s  t h e  e l e c t r o d e s  was 

a p p l i e d  a s  a  p o t e n t i a l  to  th e  g r i d  o f  a t r i o d e  th e rm io n ic  

v a l v e .  Thus s m a l l  ch a n g es  i n  th e  e l e c t r o d e  c u r r e n t ,  when 

a p p l i e d  th ro u g h  th e  g r i d ,  c a u se d  l a r g e  ch an g es  i n  th e
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anode p o t e n t i a l  o f  th e  v a l v e .  The ch an g es  i n  anode 

p o t e n t i a l  c o u ld  be  m e asu red  by p l a c i n g  a  g a lv o n o m e te r  

b e tw e en  th e  anode and a f i x e d  r e f e r e n c e  p o i n t .  U s in g  th e  

a p p a r a tu s  d e s c r i b e d  be low , and t i t r a t i n g  w i th  0 . 1  M, 

s o l u t i o n s ,  th e  g a lv o n o m e te r  s t a r t e d  to  " k ic k "  o v e r  one 

s c a l e  d i v i s i o n  when a b o u t  0 ,5  m l,  b e f o r e  th e  end p o i n t .

The s i z e  o f  th e  " k ic k "  i n c r e a s e d  a s  th e  end p o i n t  vms 

a p p ro a c h e d .  At th e  end p o i n t  th e  " k ic k "  was a b o u t  e i g h t y  

s c a l e  d i v i s i o n s .  Im m e d ia te ly  th e  en d  p o i n t  had b e e n  p a s s e d  

th e  g a lv o n o m e te r  swung i n  a d i r e c t i o n  o p p o s i t e  to  th e  one  i n  

w h ich  i t  had b e e n  p r e v i o u s l y  " k i c k i n g " .  The b e h a v io u r  o f  

th e  g a lv o n o m e te r  a lw a y s  f o l lo w e d  t h i s  p a t t e r n .  The 

m a g n itu d e  o f  th e  movements o f  th e  g a lv o n o m e te r  v a r i e d  w i th  

th e  s t r e n g t h  o f  th e  s o l u t i o n s  b e in g  t i t r a t e d ,  and th e  

c o n d i t i o n  o f  th e  D .C, a m p l i f i e r .  The m ost n o t a b l e  ch an g es  

w ere  ca u se d  by  v a r i a t i o n s  i n  th e  f i l a m e n t  c u r r e n t .  The 

g a lv o n o m e te r  was l e s s  s e n s i t i v e  to  ch a n g es  i n  th e  anode 

p o t e n t i a l .

The c i r c u i t  u se d  f o r  th e  D.C. a m p l i f i e r a i s  shown i n  

F i g , 1 0 ,  The u s e s  o f  a v i t c h e s  A, B, and  o b v io u s .

S w itc h  D was u se d  to  t e s t  th e  c i r c u i t  a s  a  w h o le .  The 

t i t r a t i o n  was n o rm a l ly  c a r r i e d  o u t  w i th  t h i s  s w i tc h  c l o s e d .  

O pening i t  p u t  an i n f i n i t e  r e s i s t a n c e  b e tw e en  th e  e l e c t r o d e  

l e a d s ,  and th e  o b s e rv e d  e f f e c t  on  th e  g a lv a n o m e te r  was 

s i m i l a r  to  t h a t  o f  th e  end  p o i n t .  S w itch  E was i n c o r p o r a t e d  

to  t e s t  th e  s i g n a l  f ro m  th e  v a l v e ,  i t  was o n ly  u s e d  a f t e r
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r e c h a r g i n g  th e  b a t t e r i e s ,  The t i t r a t i o n  i s  n o rm a l ly  

c a r r i e d  o u t  w i th  t h i s  s w i tc h  o p e n .  The a m p l i f i e r  was 

s c r e e n e d ,  and s c r e e n e d  c a b le  v/as u s e d  f o r  th e  e l e c t r o d e  and  

g r i d  l e a d s .  The g a lv o n o m e te r  t h a t  was u s e d  was a 

Cambridge s p o t  galvonom e t e r ” -  c a t a l o g u e  No. 4 1 1 5 9 . The 

c h a r a c t e r i s t i c s  w e re :  r e s i s t a n c e  4 0 0  ohms, c r i t i c a l  

dam ping 1 4 ,0 0 0  ohms, p e r i o d  2 s e c o n d s ,  s e n s i t i v i t y  170 mm. 

p e r  m ic ro a m p e re .  T h is  i n s t r u m e n t  was s h u n te d ,  a s  shown 

i n  th e  c i r c u i t  d ia g ra m , to  g iv e  a n  a p p r o p r i a t e  s e n s i t i v i t y .  

B lan k  e r r o r . T h i s  method o f  a n a l y s i s  was s u i t a b l e  f o r  

e s t i m a t i n g  n i t r a t e  s o l u t i o n s  o v e r  a l a r g e  r a n g e  of 

c o n c e n t r a t i o n s .  A t  low  c o n c e n t r a t i o n  t h e  a c c u ra c y  i s  

d im in i s h e d ,  and  i t  i s  i m p o s s ib l e  to  e s t i m a t e  amounts o f  l e s s  

. th a n  1 .5  mgm, o f  n i t r i c  a c id  w i th  any d e g re e  o f  a c c u r a c y .  

D e s p i t e  a l l  r e f i n e m e n t s  th e  m ethod c o u ld  n e v e r  b e  made to  

g iv e  c o n s i s t e n t  r e s u l t s  t h a t  w ere  1 0 0 .0 ^  a c c u r a t e .  The 

v a l u e s  o b t a i n e d  from  th e  a n a l y s e s  w ere  a lw a y s  r a t h e r  l e s s  

th a n  Ifo h i g h .  T h is  e r r o r  c o u ld  b e  a l lo w e d  f o r ,  b u t  n o t  

e l i m i n a t e d .  I t  was p o s s i b l y  due to  s l i g h t  i m p u r i t i e s  i n  

th e  c h e m ic a ls ,  p o s s i b l y  to  a s l i g h t  a i r  l e a k a g e .  More 

p r o b a b ly  i t  was t h e  r e s u l t  o f  a  number o f  su c h  f a c t o r s .

A b l a n k  e r r o r  vias c a l c u l a t e d  fro m  a l a r g e  number o f  

e x p e r im e n ts  and s u b s e q u e n t ly  a p p l i e d  to  a l l  e s t i m a t i o n s .
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