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ONIUM -  TYPE COMPOUNDS AS ANALYTICAL 

REAGENTS FOR ORGANIC ACIDS

CHAPTER I  

INTRODUCTION

The g r e a t e r  number of  th e  o rg a n ic  r e a g e n t s  which  a r e  

used i n  q u a n t i t a t i v e  a n a l y s i s  a r e  a n io n s  and a r e  commonly 

used t o  e x t r a c t  o r  p r e c i p i t a t e  v a r i o u s  c a t i o n s .  Only a few 

o rg a n ic  c a t i o n s  have been  u se d ,  most o f  which  a r e  n i t r o g e n -  

c o n t a i n i n g  compounds. R e c e n t l y ,  onium-type  compounds, which 

c o n t a i n  a s  t h e  c e n t r a l  atom an e lem en t  o t h e r  t h a n  n i t r o g e n ,  

have been  used a s  p r e c i p i t a t i o n  r e a g e n t s . .  The pu rpose  of  

t h i s  r e s e a r c h  i s  t o  d e v e lo p  an  o rg a n ic  on ium -type  compound 

which  w i l l  d e te r m in e  w a t e r  s o l u b l e  o rg a n ic  and i n o r g a n i c  a c 

i d s  by p r e c i p i t a t i o n ,  s e l e c t i v e  e x t r a c t i o n ,  d i r e c t  t i t r a t i o n ,  

o r  a c o m b in a t io n  o f  t h e s e  t e c h n i q u e s .

T e t r a p h e n y la r s o n iu m  c h l o r i d e ,  t r i p h e n y l t e l l u r o n i u m  

c h l o r i d e ,  t e t r ap h e n y lp h o sp h o n iu m  c h l o r i d e ,  t r i p h e n y l t i n  c h l o 

r i d e ,  t r lp h e n y lg e rm a n iu m  c h l o r i d e ,  t r l p h e n y l s u l f o n i u m  c h l o -  

r i d e ,  t r l p h e n y l s e l e n o n i u m  c h l o r i d e ,  d i p h e n y l  m ercu ry ,  t r l -  

p h e n y l l e a d  c h l o r i d e  o r  t e t r a p h e n y l l e a d , and t e t r a p h e n y l s t i -  

boniura s u l f a t e  a r e  t h e  o rg a n ic  onium-type  compounds, o t h e r

1
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t h a n  th e  n i t r o g e n - c o n t a i n i n g  compounds, which have b e en  r e 

p o r t e d  f o r  th e  d e t e r m i n a t i o n  o f  v a r i o u s  i n o r g a n i c  a n i o n s .  

Some t r i a r y I s i l i c o n  and t r i - ,  t e t r a - ,  and p e n ta p h e n y l c h r o -  

mium compounds have been  s y n t h e s i z e d  b u t  have no t  b e en  useff 

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

( l )  has  been  used f o r  t h e  q u a l i t a t i v e  d e t e r m i n a t i o n  o f  v a r 

i o u s  o rg a n ic  a n i o n s .  I n  g e n e r a l ,  most of  t h e  i n o r g a n i c  

s a l t s  of  t h e  onium ty p e  c a t i o n s  ment ioned above a r e  t o o  s o l 

u b le  t o  pe rm i t  t h e  d e t e r m i n a t i o n  o f  most i n o r g a n i c  a n io n s  

by g r a v i m e t r i c  a n a l y s i s .  F o r  exam ple ,  Matsuo and Shinagawa 

(37) s t a t e  t h a t  t r i p h e n y l t e l l u r o n i u m  c h l o r i d e  i s  no t  s u i t 

a b l e  f o r  use  as  an a n a l y t i c a l  r e a g e n t  s i n c e  t h e  p r e c i p i t a t e s  

o b ta in e d  w i t h  m e ta l  complex i o n s  a r e  t o o  s o l u b l e .

The f i r s t  on ium-type  compound used as  an a n a l y t i 

c a l  r e a g e n t ,  however,  was t e t r a p h e n y l a r s o n i u m  c h l o r i d e .  

A lthough  o t h e r  onium-type  compounds have been  s y n t h e s i z e d ,  

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

used o f  a l l  on ium-type  compounds which c o n t a i n s  a m e t a l  as 

t h e  c e n t r a l  a tom. T h is  r e a g e n t  was f i r s t  p re p a re d  a s  th e  

bromide s a l t  by B l l c k e  and Monroe (9) u s in g  th e  G r ignard  

r e a c t i o n .  The s t a r t i n g  m a t e r i a l s  were t r i p h e n y l a r s i n e  oxide 

and phenylmagnesium b ro m id e ,  T r i p h e n y l a r s i n e  has  b e en  p r e 

pared by t h e  a c t i o n  o f  a r s e n i c  t r i c h l o r i d e  on phenylm agnes

ium bromide ( 5 l '  and by t h e  a c t i o n  o f  sodium and a r s e n i c  

t r i c h l o r i d e  on c h lo ro b e n z e n e  ( 5 4 )  o r  bromobenzene ( 4 o )  .
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W i l l a r d  and Sm ith  (74) have shown t h a t  t e t r a p h e n y l -  

a rson lum  s o l u t i o n s  can  be  s t a n d a r d i z e d  a g a i n s t  t r l l o d l d e  s o l 

u t i o n  by p o t e n t l o m e t r l o  t i t r a t i o n s .  The r e a c t i o n  was shown 

t o  be (C6H^^^As^+ = (C6H^)^As and when an e q u i v a l e n t

q u a n t i t y  of  t r l l o d l d e  has  been  added t o  t h e  t e t r a p h e n y l a r 

sonium c h l o r i d e  s o l u t i o n  t h e r e  I s  a sudden l a r g e  i n c r e a s e  I n  

t h e  o x i d a t i o n  p o t e n t i a l .  The p r e s e n c e  o f  f r e e  a c i d ,  e x c e p t  

IINOg, I n  m odera te  amounts does  no t  I n t e r f e r e .

Lamprey (32) I n  1935 showed t h a t  t e t r a p h e n y l a r s o n 

ium c h l o r i d e  cou ld  be used f o r  t h e  g r a v i m e t r i c  d e t e r m i n a t i o n  

o f  p e r c h l o r a t e ,  p e r i o d a t e ,  and th e  c h l o r i d e  complexes of 

go ld  and p l a t i n u m .  W i l l a r d  and Smith  (74) I n  1939 r e p o r t e d  

t h e  p o t e n t l o m e t r l c  t i t r a t i o n  o f  m ercury ,  t i n ,  cadmium, and 

z i n c ,  a l l  a s  t h e  c h l o r i d e  com plexes .

P o t r a t z  ( 56 ) used t e t r a p h e n y l a r s o n i u m  c h l o r i d e  f o r  

t h e  s p e c t r o p h o t ometr l c  d e t e r m i n a t i o n  o f  c o b a l t  and b i sm u th  

I n  uranium u s in g  an  e x t r a c t i o n  t e c h n i q u e .  The s p e c t r o p h o t o -  

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

t h l o c y a n a t e  has  b e en  r e p o r t e d  by A f f s p ru n g ,  B a r n e s ,  and Po

t r a t z  (2 ) .  The method has  been  e v a l u a t e d  by Pepkowltz  and 

M arley  (50) and h i g h l y  recommended n o t  on ly  f o r  t h e  d e t e r 

m i n a t i o n  ofi c o b a l t  I n  s t e e l  b u t  f o r  t h e  I n c o n e I s ,  n i c k e l ,  

chromium, and b o ro n  c a r b i d e  a s  w e l l .  C o b a l t  I s  s e p a r a t e d  

from an aqueous s o l u t i o n  by c h lo r o f o r m  e x t r a c t i o n  of  t e t r a 

p h e n y la r so n iu m  c o b a l t t h l o c y a n a t e . I n  t h e  pH ran g e  from I .9
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t o  6 . 9  o v e r  90  ̂ o f  t h e  c o b a l t  I s  removed I n  a s i n g l e  e x t r a c 

t i o n .  A l l  i n t e r f e r e n c e s  such  as  Cu'*’̂ ,  Mo"^ ,̂ M o^

which form c o lo r e d  e x t r a c t a b l e  t h i o c y a n a t e  complexes can  be 

removed by f l u o r i d e  c o m p le x a t io n .  Neeb (^5) has r e p o r t e d  

t h e  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  osmium w i t h  t e t r a 

p heny la r so n iu m  c h l o r i d e .  0 , 5  micrograms of  osmium can be 

d e t e c t e d  i n  t h e  p resen c e  o f  a 300 f o ld  e x ce ss  of ru th e n iu m .

Os forms a ye l low  p r e c i p i t a t e  w i t h  t e t r a p h e n y l a r s o n i u m  

c h l o r i d e  i n  c o n c e n t r a t e d  HCl s o l u t i o n  and can  be e x t r a c t e d  

w i t h  c h lo r o f o r m  and de te rm ined  s p e c t r o p h o t o m e t r i c a l l y . The 

p ro c e d u re  has  a l s o  been  ex tended  t o  t h e  d e t e r m i n a t i o n  o r  Fd, 

F t ,  and I r .  Smith  (66) has  r e p o r t e d  t h a t  t h a l l i u m  can be 

d e te rm in e d  g r a v l m e t r i c a l l y  by p r e c i p i t a t i o n  w i th  t e t r a p h e n y l 

a rson ium  c h l o r i d e  from a h y d r o c h l o r i c  a c id  s o l u t i o n  c o n t a i n 

in g  t h e  e lem en t  i n  t h e  t r i v a l e n t  s t a t e .  D ucre t  and Segu in  

(22) have r e p o r t e d  t h e  use  of  t e t r a p h e n y l a r s o n i u m  c h l o r i d e  

t o  p r e c i p i t a t e  t r a c e s  of  f l u o b o r a t e  i o n  and th e  su b seq u e n t  

d e t e r m i n a t i o n  o f  t h e s e  t r a c e s  by a s p e c t r o p h o t o m e t r i c  method 

a f t e r  e x t r a c t i o n  by an o rg an ic  s o l v e n t .  C o u r s i e r ,  Hure,  and 

P l a t z e r  ( 17) deve loped  a c h lo ro fo rm  e x t r a c t i o n  method f o r  

f l u o b o r a t e  i o n .  B e es to n  and Lewis (7) have r e p o r t e d  th e  

s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  of  rhenium w i th  t e t r a p h e n y l 

a rson ium  c h l o r i d e .  The p e r r h e n a t e  p r e c i p i t a t e  i s  e x t r a c t e d  

from an aqueous s o l u t i o n  a t  a pH of  8 -9  w i t h  c h lo ro fo rm  w hi le  

any molybdenum p r e s e n t  rem ains  i n  t h e  aqueous p h a s e .  Andrew
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and G en t ry  (5) have r e p o r t e d  t h e  s p e c t r o p h o t o m e t r i c  d e t e r 

m i n a t i o n  of  rhenium i n  W-Re and Mo-Re a l l o y s .  The p e r r h e n a t e  

was e x t r a c t e d  and t h e  o p t i c a l  d e n s i t y  of  th e  c h lo ro fo rm  e x 

t r a c t  was measured d i r e c t l y  a t  255  m i l l i m i c r o n s  w i t h  c h l o r o 

form as th e  r e f e r e n c e  l i q u i d .  E l l i s  and Gibson (23) have 

r e p o r t e d  t h e  use  of  t r i p h e n y lm e th y l a r s o n i u m  t h i o c y a n a t e  i n  

t h e  m i c r o e s t i m a t i o n  o f  c o p p e r .  The co p p e r  complex was tw ic e  

e x t r a c t e d  w i t h  o - d i c h l o r o b e n z e n e ,  t h e  combined e x t r a c t s  made 

up t o  25 m l . ,  and th e  a b s o r p t i o n  m easu red .  Very few m a t e r i 

a l s  i n t e r f e r e .

K o l t h o f f  and Johnson (31) r e p o r t e d  t h e  am perometr ic  

t i t r a t i o n s  o f  S r ( IV )  and H g( I I )  w i t h  t e t r a p h e n y l a r s o n i u m  

c h l o r i d e .  F o r  b e s t  r e s u l t s  t h e  c h l o r i d e  i o n  c o n c e n t r a t i o n  

should  be m a in ta in e d  a t  a p p ro x im a te ly  3-4 M. The b e s t  r an ge  

of  a c i d i t y  i s  be tw een  2-4  N. The a c i d i t y  can  be lowered t o  

IN w i th o u t  s e r i o u s l y  a f f e c t i n g  th e  r e s u l t s ,  a t  a t o t a l  c h l o 

r i d e  i o n  c o n c e n t r a t i o n  of  2 -3  N. The i n t e r f e r i n g  s u b s t a n c e s  

a r e  (a )  t h o s e  which g iv e  p o l a r o g r a p h ic  c u r r e n t s  a t  - 0 . 3  v o l t s ,  

(b)  t h o s e  which  r e a c t  w i t h  t e t r a p h e n y l a r s o n i u m  xon, and (c )  

t h o s e  t h a t  complex t i n  t o  form io n s  which a r e  no t  p r e c i p i t a t 

ed by th e  r e a g e n t .  Menis, B a l l ,  and Manning (39) have r e 

p o r t e d  a method f o r  t h e  d e t e r m i n a t i o n  o f  m e rc u r ic  i o n  i n  m i l 

l ig r a m  o r  microgram q u a n t i t i e s .

Gibson and White (26) have r e p o r t e d  t h e  use  of  t r i 

phen y lm eth y la rso n ium  c h l o r i d e  as  an  i n d i c a t o r  i n  t h e  t i t r a 

t i o n  o f  f e r r o u s  i o n s  w i t h  0 . 1  N K2Cr20y. At t h e  end p o i n t
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 ̂ formed which  im p a r t s  a y e l lo w  c o l o r

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

i s  s h a k e n .  By t h i s  p ro c e d u re  f e r r o u s  i o n  can  be t i t r a t e d  

i n  t h e  p r e s e n c e  of  such  c o lo r e d  io n s  as  C u ( I l ) ,  C o ( I l ) ,

N i ( I I ) ,  C r ( l l l ) ,  and M n ( l l ) .

The on ly  s a l t  o f  t e t r a t o l y l a r s o n i u m  io n  which  has 

been  r e p o r t e d  i s  th e  i o d i d e .  T h is  compound was p r e p a r e d  by 

Mann and Watson ( 36) by t h e  F r i e d e l - C r a f t s  r e a c t i o n .  The 

s t a r t i n g  m a t e r i a l s  were t r i - p - t o l y l a r s i n e  and p -b r o m o to lu -  

e n e ,  T a r b e l l  and Vaughan (6 9 ) p r e p a red  t r i - p - t o l y l a r s i n e  

from a r s e n i c  t r i c h l o r i d e  and p - to ly lm a g n e s iu m  bromide i n  

46^ y i e l d . Sachs and Kantorowicz  (6 0 ) p rep a red  t r i - p - t o l y l -  

a r s i n e  from p - to ly lm ag n e s iu m  bromide and a r s e n i o u s  a c i d ,  and 

M ic h a e l i s  ( 4 l )  p rep a red  t h e  compound from p -b ro rao to lu en e ,  

a r s e n i c  t r i c h l o r i d e ,  and sodium w i t h  e t h e r  as  s o l v e n t .  C a r 

son and Wong (13) p rep a red  t r i - p - t o l y l a r s i n e  ox ide  from t r i -  

p - t o l y l a r s i n e  and pheny l  b e n z e n e t h i o l s u l f i n a t e  b u t  observed  

t h a t  on exp o su re  t o  a i r  th e  p ro d u c t  became s t i c k y  and a p p a r 

e n t l y  r e c r y s t a l l i z e d  a s  n e e d l e s  t o  g iv e  th e  h y d r a t e .  They 

a l s o  observed  t h a t  t r i p h e n y l a r s i n e  ox ide  does  no t  form a h y 

d r a t e  u n l e s s  t h e  oxide  i s  b o i l e d  w i t h  w a t e r .  No e x p l a n a t i o n  

was g iv e n  a s  t o  why th e  t r i - p - t o l y l a r s i n e  o x id e  forms a hy 

d r a t e  r e a d i l y  b u t  t h e  t r i p h e n y l a r s i n e  ox ide  does  n o t .

T e t rapheny lphosphon ium  c h l o r i d e  o r  bromide  has  

been  p re p a red  by W i l l a r d ,  P e r k i n s ,  and B l l c k e  (73)# Oilman 

and Brown ( 2 7 ) ,  Lyon and Mann ( 3 5 ) ,  and C h a t t  and Mann ( 16 ) .
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I n  g e n e r a l  t h e  t e t r a p h e n y lp h o sp h o n iu m  s a l t s  a r e  more w a te r  

s o l u b l e  t h a n  t e t r a p h e n y l a r s o n i u m  s a l t s .  W i l l a r d ,  P e r k i n s ,  

and B l l c k e  (73) used te t r ap h e n y lp h o sp h o n iu m  c h l o r i d e  f o r  t h e  

g r a v i m e t r i c  d e t e r m i n a t i o n  of p e r r h e n a t e ,  pe rm angana te ,  p e r 

c h l o r a t e ,  and cadmium as  t h e  c h l o r i d e  complex.  Shinagawa, 

Matsuo, and Nezu (6 3 ) r e p o r t e d  t h e  am perometr ic  t i t r a t i o n  of  

b i s m u th  a s  t h e  I o d id e  complex w i t h  te t r a p h e n y lp h o sp h o n iu m  

c h l o r i d e ,  Medoka and E fe ro va  ( 38 ) used th e  r e a g e n t  f o r  th e  

m l c r o t l t r a t l o n  o f  z i n c ,  cadmium, and permanganate  and r e p o r t 

ed upon p o s s i b l e  I n t e r f e r e n c e s .

Neeb ( 4 6 ) ,  ( 4 7 ) ,  ( 4 8 ) ,  (49) has used t e t r a p h e n y l 

phosphonium c h l o r i d e  I n  t h e  d e t e r m i n a t i o n  of  such  p la t in u m  

m e t a l s  a s  I r i d i u m ,  p a l l a d i u m ,  p l a t i n u m ,  and osmium.

The s y n t h e s i s  o f  t r l p h e n y l s e l e n o n i u m  c h l o r i d e  I s  

d e s c r i b e d  I n  Organic  S y n th e s e s  by L e i c e s t e r  ( 3 4 ) .  Shinagawa, 

Matsuo,  and I s s h l k l  (6 1 ) have s t u d i e d  t h e  p o l a r o g r a p h ic  b e 

h a v i o r  o f  t r l p h e n y l s e l e n o n i u m  c h l o r i d e  w i t h  b i s m u th .  Very 

l i t t l e  use  o f  t h e  r e a g e n t  has  been  made I n  a n a l y t i c a l  chem

i s t r y  s i n c e  t h e  t r l p h e n y l s e l e n o n i u m  s a l t s  a r e  somewhat more 

s o l u b l e  t h a n  t h e  t r i p h e n y l t e l l u r o n i u m  s a l t s .

T r i p h e n y l t e l l u r o n i u m  c h l o r i d e  was f i r s t  p rep a red  

by L e d e r e r  (3 3 ) •  Matsuo and Shinagawa (37) I n v e s t i g a t e d  t h e  

p o l a r o g r a p h i c  b e h a v i o r  o f  t h e  r e a g e n t  and r e p o r t e d  I t s  use  

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

However, t h e  p r e c i p i t a t e s  o b ta in e d  w i t h  m e ta l  complex Ions  

a r e  t o o  s o l u b l e  t o  p e rm i t  th e  d i r e c t  use  o f  t h e  r e a g e n t  In
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q u a n t i t a t i v e  a n a l y s i s .

T r i p h e n y l t i n  c h l o r i d e  has been  s y n t h e s i z e d  by Cham

b e r s  and S c h e r e r  (15) and by Nad and Kocheshkov (44) (some 

a b s t r a c t o r s  s p e l l  I t  NadJ and Kozeschkow). T r l - p - t o l y l t l n  

c h l o r i d e  has  a l s o  been  s y n t h e s i z e d  by Nad and Kocheshkov. 

P e rhaps  th e  most s e n s a t i o n a l  work done w i t h  t r l a r y l t l n  com

pounds has been  In  t h e  use  of t h e s e  compounds t o  d e te rm in e  

f l u o r i d e  I o n .  B a l l c z o  and S c h l f f n e r  (6 ) t r e a t e d  an aqueous 

s o l u t i o n  c o n t a i n i n g  f l u o r i d e  Io n  a t  a pH from 4 t o  9 w i t h  a 

s a t u r a t e d  s o l u t i o n  o f  t r i p h e n y l t i n  c h l o r i d e  In  c h lo ro fo rm .

The two l a y e r s  were s t i r r e d  and th e n  th e  aqueous and c h l o r o 

form l a y e r s  were poured th ro u g h  a f i l t e r .  The p r e c i p i t a t e  

was washed w i t h  a l i t t l e  w a te r  and a s a t u r a t e d  s o l u t i o n  of  

t r i p h e n y l t i n  c h l o r i d e  I n  c h lo r o f o r m .  The p r e c i p i t a t e  I s  ob

t a i n e d  f r e e  o f  r e a g e n t ,  and I n t e r f e r e n c e s  by p h o sp h a te ,  b o r 

a t e ,  f e r r i c ,  aluminum, and z i r c on iu m  Io n s  a r e  a v o id e d .  The 

a c c u r a c y  I s  w i t h i n  0 . 5 # .  Horton ( 30) c l a im s  t h a t  t h i s  p r o 

c e d u re  I s  t h e  b e s t  method a v a i l a b l e  a t  t h e  p r e s e n t  t im e f o r  

t h e  d e t e r m i n a t i o n  o f  f l u o r i d e .  A l l e n  and Furman ( 3 ) have a l 

so  developed  a p ro c e d u re  f o r  th e  d e t e r m i n a t i o n  o f  f l u o r i d e  

w i t h  t r i p h e n y l t i n  c h l o r i d e .

A few v o lu m e t r i c  methods f o r  t h e  d e t e r m i n a t i o n  of  

f l u o r i d e  have be en  deve loped  b u t  most o f  t h e s e  methods a r e  

n o t  a c c u r a t e  and a r e  no t  s p e c i f i c  f o r  f l u o r i d e .  B rand t  and 

Duswalt  ( 11) d e te rm in e d  f l u o r i d e  by a t u r b l d l m e t r l c  t i t r a t i o n  

w i t h  c a lc iu m  Ion  a s  t i t r a n t .  They c la im ed t h a t  c o n c e n t r a t i o n s
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of  0 .0 1  t o  0.09M f l u o r i d e  Io n  could  be  de te rm in ed  w i t h  an 

a v e rag e  r e l a t i v e  e r r o r  of  2 ^ ,  Thorium io n  cou ld  a l s o  be used 

as  t h e  t i t r a n t  t o  d e te rm in e  f l u o r i d e  i o n  from 0 .04  t o  1 .0  M 

w i t h  an  a v e rag e  r e l a t i v e  e r r o r  of 2 ^ .  I n t e r f e r e n c e s  were ob

se rved  from a l a r g e  number of c a t i o n s  and a n io n s  b u t  no i n 

t e r f e r e n c e s  were observed from b o r a t e ,  c h l o r i d e ,  b rom ide ,  a c 

e t a t e ,  n i t r a t e ,  o r  z i n c .

Powell  and Menis (57) r e p o r t e d  t h a t  macro and m ic

r o  q u a n t i t i e s  of f l u o r i d e  could  be s e p a r a t e d  from i n o r g a n i c  

m a t e r i a l s  by a p y r o l y t i c  method.  The p y r o l y s i s  was c a r r i e d  

out  i n  a s t r e a m  of  m o is t  oxygen i n  a fu sed  s i l i c a  r e a c t o r  

t u b e .  The f l u o r i d e ,  which was v o l a t i l i z e d ,  was absorbed  i n  

a sm a l l  volume of  d i l u t e  sodium h y d r o x id e ,  and t h e n  d e t e r 

mined by e i t h e r  an a c i d i m é t r i e  o r  s p e c t r o p h o t o m e t r i c  t i t r a 

t i o n .

Simons,  Wagner, and M u l le r  (6 5 ) p r e p a red  t e t r a - p -  

to ly lg e rm an iu m  and t r i - p - t o l y l g e r m a n i u m  b ro m id e .  Brook and 

Mauris  (12) p rep a red  t r i p h e n y I s i l i c o n  c h l o r i d e  ( t r i p h e n y l -  

c h l o r o s i l a n e ) . A p p a ren t ly  t h e  t r i a r y I g e r m a n i u m  and t r i a r y l -  

s i l i c o n  c h l o r i d e s  a r e  no t  s t a b l e  i n  w a t e r  b u t  S t e e l e  and 

Kipping (6 7 ) r e a d i l y  p rep a red  t r i - p - t o l y l s i l i c o l  ( ( 0^ 8^)381  

OH).

T r ip h e n y l l e a d  c h l o r i d e  has  been  p re p a re d  by F o s t e r ,  

D ix ,  and G r u n t f e s t  (25) by a s l i g h t  m o d i f i c a t i o n  o f  t h e  meth

od o f  Gilman and Robinson ( 2 8 ) .  Gilman and Robinson (28)
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have a l s o  p repa red  t e t r a p h e n y l l e a d .  The lead  compounds have 

no t  found e x t e n s i v e  use as  an a n a l y t i c a l  r e a g e n t ,  a l t h o u g h  

Ford (24) used t e t r a p h e n y l l e a d  t o  form s a l t  d e r i v a t i v e s  w i t h  

some h igh  m o le c u l a r  w e igh t  f a t t y  a c i d s .

T r lp h e n y l s u l f o n iu m  c h l o r i d e  has  been  s y n t h e s i z e d  

by P i t t  ( 54 ) .  Shinagawa,  Matsuo and Maki (62) r e p o r t e d  t h e  

p o l a r o g r a p h ic  b e h a v i o r  of  t r l p h e n y l s u l f o n i u m  c h l o r i d e  towards  

s e v e r a l  m e t a l  I o n s .  The r e a g e n t  was used In  t h e  am perom etr ic  

t i t r a t i o n  o f  mercury and b i sm u th  h a l i d e  complexes s i n c e  th e  

p r e c i p i t a t e s  o b ta in e d  w i t h  t h e s e  complexes were I n s o l u b l e .

More good d e r i v a t i v e s  a r e  needed f o r  I d e n t i f i c a t i o n  

of  t h e  low m o le c u la r  w e igh t  a l i p h a t i c  a c i d s ,  s u l f o n i c  a c i d s ,  

and s u b s t i t u t e d  a l i p h a t i c  a c i d s .  The most common d e r i v a t i v e s  

of  o rg a n ic  a c i d s  a r e  t h e  amides ,  a n l l l d e s ,  t o l u l d e s ,  e s t e r s ,  

and complex o rg a n ic  s a l t s .  Commonly th e  a d d  c h l o r i d e  I s  

f i r s t  p r e p a re d  and s u b s e q u e n t ly  I t  r e a c t s  w i t h  ammonia or  

t h e  a p p r o p r i a t e  amine t o  form th e  amide o r  t h e  N - s u b s t l t u t e d  

amide.  The a c id  c h l o r i d e  of  an o rg a n ic  a c id  i s  o r d i n a r i l y  

p rep a red  by th e  r e a c t i o n  of  a n o t h e r  a c id  c h l o r i d e  w i t h  th e  

o rg an ic  a c i d .  Any a c id  c h l o r i d e  used t o  p r e p a r e  an o rg a n ic  

ac id  c h l o r i d e  w i l l  r e a c t  w i t h  w a t e r  I n  p r e f e r e n c e  t o  t h e  o r 

gan ic  a c i d ,  which means t h e  ac id  must be v e ry  n e a r l y  d r y .

I t  I s  g e n e r a l l y  n o t  d i f f i c u l t  t o  I s o l a t e  and d ry  a s o l i d  a c 

i d ;  however.  I t  I s  d i f f i c u l t  t o  I s o l a t e  and d r y  some l i q u i d  

a c i d s ,  e s p e c i a l l y  th e  low m o le c u la r  w e ig h t  w a t e r  s o l u b l e  a c 

i d s .  T h is  d i f f i c u l t y  I s  e s p e c i a l l y  t r u e  when I t  becomes
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n e c e s s a r y  t o  i d e n t i f y  an  e s t e r  o f  a low m o le c u l a r  w e ig h t  l i q 

u id  a c i d .  The e s t e r  i s  u s u a l l y  s a p o n i f i e d  w i t h  a s t r o n g  b a s e .  

The m ix tu r e  i s  t h e n  a c i d i f i e d  w i t h  a m i n e r a l  a c id  and th e  o r 

g a n ic  a c id  i s  steam d i s t i l l e d  from th e  m i x t u r e .  In  such  c a s e s  

i t  would be d e s i r a b l e  t o  make t h e  d e r i v a t i v e s  from aqueous 

s o l u t i o n s .

Reid ( 58 ) was a b l e  t o  p r e p a r e  t h e  p - n i t r o b e n z y l  e s 

t e r s  from t h e  sodium s a l t s  o f  o rg a n ic  a c i d s .  However, t h e  

m e l t i n g  p o i n t s  o f  many o f  t h e  e s t e r s  o f  t h e  low m o le c u la r  

w e ig h t  a l i p h a t i c  a c i d s  a r e  t o o  low f o r  c o n v e n ie n t  u s e .  A lso ,  

most o f  t h e  d e r i v a t i v e s  had t o  be p re p a red  i n  a l c o h o l i c  s o l u -  ' 

t l o n .  The p henacy l  e s t e r s  and th e  para  h a lo g e n a t e d  ph en ac y l  

e s t e r s  were a l s o  i n v e s t i g a t e d  by Hann, R e id ,  and Jamieson 

( 2 9 ) .  Drake and Sweeny (21) p rep a red  a s e r i e s  o f  p - p h e n y l -  

p h e n a c y l  e s t e r s  and a t  p r e s e n t  a r e  p ro b a b ly  t h e  b e s t  o rg a n ic  

d e r i v a t i v e s  t h a t  can be made i n  t h e  p r e s e n c e  o f  w a t e r .  How

e v e r ,  many o f  t h e  m e l t i n g  p o i n t s  o f  th e  d e r i v a t i v e s  mentioned 

above a r e  t o o  c l o s e  t o g e t h e r ,  lowar  t h a n  d e s i r e d ,  and t h e  p r o 

c e d u r e s  f o r  p r e p a r i n g  t h e  e s t e r s  a r e  long  and t e d i o u s .

A t tem p ts  have b e en  made t o  use s a l t s  a s  o rg a n ic  a c 

id  d e r i v a t i v e s .  Ambler and Wherry (4)  p re p a red  s a l t s  o f  some 

n a p t h a l e n e s u l f o n i c  a c i d s  u s in g  am in es .  These s a l t s  have no 

d e f i n i t e  m e l t i n g  p o i n t s .  Chambers and S c h e r e r  ( l 4 )  and l a t e r  

D onleavy  (20) r e p o r t e d  t h e  p r e p a r a t i o n  o f  S - b e n z y l th io u r o n iu m  

s a l t s  w hich  g iv e  s h a r p  m e l t i n g  p o i n t s .  However, t h e  m e l t i n g
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p o i n t s  of  t h e  homologous s e r i e s  a r e  to o  c l o s e  t o g e t h e r .  A l 

s o ,  h y d r o l y s i s  o f  t h e  s a l t s  r e a d i l y  occu rs  so Donleavy (20) 

s u g g e s t s  t h e  use  of non-aqueous s o l v e n t s  s i n c e  b e n z y l  m ercap-  

t a n  produced I n  th e  h y d r o l y s i s  r e a c t i o n s  p o s s e s s e s  a d i s a g r e e 

a b l e  o d o r .  Dewey and coworkers  ( l 8 ) ,  ( 19) p rep a red  s i m i l a r  

s a l t s  u s i n g  S -p -b ro m o b en z y l th lo u ro n lu m  h a l l d l e s  a s  t h e  r e a 

g e n t s  I n s t e a d  o f  S - b e n z y l t h l o u r e a „ The r e s u l t s  were ve ry  

much t h e  same as  t h o s e  o b ta in e d  by Chambers and S c h e r e r  ( l 4 ) .  

P o l l a r d ,  A de lson ,  and B a in  (53) p rep a red  p lperazonlura  s a l t s  

by t h e  a c t i o n  of  p i p e r a z i n e  h e x a h y d r a te  on th e  a c i d ,  b u t  t h e  

d e r i v a t i v e s  were w a t e r  s o l u b l e  and h ig h  c o n c e n t r a t i o n s  of 

p i p e r a z i n e  h e x a h y d r a t e  and t h e  o rg an ic  a c id  were r e q u i r e d  t o  

o b t a i n  a p r e c i p i t a t e .  S tem pel  and S c h a f f e l  (68) p rep a red  some 

pheny lhydrazon ium  s a l t s .  Many h a l o g e n - s u b s t i t u t e d  a l i p h a t i c  

a c i d s  such  a s  a lp h a b r o m o p r o p lo n lc , b r o m o a c e t l c ,  and be tabrom o-  

p r o p l o n l c  a c i d s  m ere ly  s p l i t  o f f  hydrogen h a l i d e  t o  y i e l d  a 

p r e c i p i t a t e  o f  t h e  c o r r e s p o n d i n g  p h e n y lh y d ra z ln e  h y d r o h a l i d e .  

S e v e r a l  a c i d s .  I n c l u d i n g  c r o t o n l c ,  s a l i c y l i c ,  and h a lo g e n -  

s u b s t i t u t e d  b e n zo ic  a c i d s ,  f a i l e d  t o  p r e c i p i t a t e .  I t  I s  no t  

c e r t a i n  w h e th e r  th e  p lp e ra zo n lu m  and phenylhydrazonlum s a l t s  

can  be p r e p a r e d  I n  aqueous s o l u t i o n .  Ford (24) p rep a red  some 

s a l t  d e r i v a t i v e s  o f  t h e  h ig h  m o le c u l a r  w e igh t  f a t t y  a c i d s .

The s a l t s  p re p a re d  were t h o s e  o f  t r i p h e n y l l e a d ,  p - t o l y l m e r -  

c u r l c ,  and p h e n y lm e rc u r ic  I o n s .  Ford a l s o  p rep a red  o t h e r  d e 

r i v a t i v e s  o f  some h i g h  m o le c u l a r  w e igh t  f a t t y  a c i d s .  The f o l 

lowing  d e r i v a t i v e s  o f  l a u r l c ,  m y r l s t l c ,  p a l m i t i c ,  and s t e a r i c
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a c i d s  were p r e p a r e d :  ( l )  N - a c y l c a r b a z o l e s ,  (2) N -aoy lpheno-

t h l a z l n e s ,  ( 3 ) N - a c y l - p - t o l u e n e s u l f o n a m i d e s ,  (4) p - p h e n y l -  

p henacy l  e s t e r s ,  (5) p - n l t r o a n l l l d e s ,  (6) N - a c y l s a c c h a r l n s ,

(7 ) 2 , 4 - d i n i t r o p h e n y l h y d r a z l d e s ,  (8) N - a c y l - 2 - n i t r o - p - t o l u l -  

d l n e s ,  ( 9 ) p - t o l y l m e r c u r l c  s a l t s ,  (lO) p h e n y lm erc u r ic  s a l t s ,

( 11) t r i p h e n y l l e a d  s a l t s ,  (12) m onou re id es ,  ( 13 ) m ono th io -  

u r e i d e s ,  ( l 4 )  p -x en y la m id e s ,  ( 15 ) p - d i p h e n y l  k e t o n e s ,  ( 16)

2 , 8  d i a c y l  c a r h a z o l e ,  ( 17 ) p -acy la ra in ob en zo ic  a c i d s ,  and 

( 18) d i a c y l b e n z i d i n e s o  The d e r i v a t i v e s  of  1 , 2 , 3 , 5 ,8  and 14 

were p repa red  by h e a t i n g  the  a c id  c h l o r i d e s  w i t h  t h e  a p p r o 

p r i a t e  compound t o  IOO-I6O d e g r e e s  w i th o u t  a s o l v e n t .  D e r i v 

a t i v e s  of  4 were p repa red  from p - p h e n y lp h e n a c y l  bromide  and 

t h e  sodium s a l t s .  D e r i v a t i v e s  o f  6 were p re p a re d  by r e f l u x -  

in g  t h e  Na s a l t  o f  s a c c h a r i n  and th e  a c id  c h l o r i d e s  i n  d ry  

c h lo r o f o r m .  D e r i v a t i v e s  of  7 were p re p a red  by r e f l u x i n g  th e  

b a se  and t h e  c h l o r i d e  i n  d ry  b e n z e n e .  D e r i v a t i v e s  o f  9 ,1 0 ,  

and 11 were p rep a red  by r e f l u x i n g  d ip h e n y lm e rc u ry ,  d i - p - t o l y l -  

m ercu ry ,  and t e t r a p h e n y l l e a d  w i t h  t h e  a c i d s  i n  x y l e n e .  De

r i v a t i v e s  o f  12 and 13 were p rep a red  by r e f l u x i n g  t h e  a c i d s  

w i t h  u rea  o r  t h i o u r e a  i n  anhydrous  p y r i d i n e .  D e r i v a t i v e s  of 

15 and 16 were p rep a red  by t h e  F r i e d e l - C r a f t s  r e a c t i o n  i n  

d ry  c a rb o n  d i s u l f i d e  and d ry  n i t r o b e n z e n e ,  r e s p e c t i v e l y .  

D e r i v a t i v e s  o f  17 and I 8 were p rep a red  by r e f l u x i n g  a c id  

c h l o r i d e s  i n  anhydrous  p y r i d i n e  w i t h  p-am inobenzo lc  a c id  and 

b e n z i d i n e ,  r e s p e c t i v e l y ,  w i t h  two e q u i v a l e n t s  o f  a c id  c h l o 

r i d e  i n  th e  l a t t e r  c a s e .
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I n  summariz ing ,  one may say  t h a t  I f  w a t e r  I s  p r e 

s e n t  I n  an o rg an ic  a c id  th e  p r e p a r a t i o n  of  an amide i s  im p ra c 

t i c a l ,  The e s t e r s  have some m e r i t  as  d e r i v a t i v e s  which can  

be p rep a red  i n  w a t e r ,  b u t  i n  many c a s e s  th e  m e l t i n g  p o i n t s  

a r e  t o o  c l o s e  t o g e t h e r  o r  t o o  low t o  be d e s i r a b l e  d e r i v a t i v e s .  

A lso ,  t h e  p r o c e d u r e s  f o r  p r e p a r i n g  e s t e r s  a r e  long  and t e d i 

o u s ,  Of t h e  s a l t  d e r i v a t i v e s  t h a t  have been  p r e p a r e d ,  t h o s e  

of  p h e n y lh y d ra z ln e  and p i p e r a z i n e  h e x a h y d r a te  a r e  t h e  b e a t  

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

r e p o r t  no use  o f  w a t e r  i n  t h e  p r e p a r a t i o n  of t h e s e  s a l t s .

The f i r s t  t e t r a a r y l s t i b o n i u m  s a l t s  were p rep a red  

i n  19^0 when C h a t t  and Mann ( 16 ) p rep a red  t e t r a p h e n y l s t i b o n 

ium bromide  and i o d i d e  by t h e  F r i e d e l - C r a f t s  r e a c t i o n .  The 

s t a r t i n g  m a t e r i a l s  were t r i p h e n y I s t i b i n e  and bromobenzene.  

M i c h a e l i s  and Reese (42) were t h e  f i r s t  t o  p r e p a r e  t r i p h e n y l -  

s t i b i n e ,  and Morgan and V in in g  (43) improved th e  t e c h n i q u e .

A method by which t r i p h e n y l s t i b i n e  i s  p re p a re d  by  t h e  r e a c 

t i o n  be tw een  an t im ony t r i c h l o r i d e  and phenylmagnesium bromide 

i s  g iv en  i n  Organic  S y n t h e s e s ,  C o l l e c t i v e  Volume One, page 

5 5 1 . W i l l a r d ,  P e r k i n s ,  and B l l c k e  (73) p re p a red  t e t r a p h e n y l 

s t i b o n iu m  c h l o r i d e  and r e p o r t e d  i t  t o  have a low s o l u b i l i t y  

b u t  used i t  f o r  th e  d e t e r m i n a t i o n  o f  p e r c h l o r a t e  and perman

g a n a t e .  W i l l a r d  and P e r k in s  ( 72 ) r e p o r t e d  t h e  use  o f  t e t r a -  

p h e n y ls t ib o n iu m  c h l o r i d e  f o r  t h e  d e t e r m i n a t i o n  o f  permangan

a t e ,  p e r r h e n a t e ,  p e r t e c h n e t a t e ,  p e r c h l o r a t e ,  p e r i o d a t e ,  f l u o 

b o r a t e ,  and some complex m e t a l  c h l o r i d e s .  P o t r a t z  (55)
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r e p o r t e d  a method f o r  t h e  d e t e r m i n a t i o n  of  f l u o r i d e  by c a r 

bon t e t r a c h l o r i d e  s o l v e n t  e x t r a c t i o n  from aqueous m ed ia .  He 

s t a t e s  t h a t  t e t r a p h e n y l s t i b o n i u m  s u l f a t e  has  a h ig h  w a t e r  

s o l u b i l i t y  b u t  t h e  t e t r a p h e n y l s t i b o n i u m  i o n  forms an i n s o l 

ub le  p r e c i p i t a t e  w i t h  f l u o r i d e  and o f f e r s  t h e  a d v an tag e  over  

o t h e r  f l u o r i d e  p r é c i p i t a n t s  i n  t h a t  i t  can  be used i n  s o l u 

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

i s  i n s o l u b l e  i n  c a r b c n  t e t r a c h l o r i d e .  C h l o r id e  and bromide 

io n s  a r e  a l s o  e x t r a c t e d ,  b u t  9 9 of  t h e  f l u o r i d e  can  be 

rec o v e re d  i f  t h e  c h l o r i d e  i o n  i s  f i r s t  removed by p r e c i p i t a 

t i o n  w i t h  e x c e s s  s i l v e r  i o n .

Shinagaw a,  Matsuo,  and O kash i ta  (64) s y n t h e s i z e d  

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

of  t h e  r e a g e n t ,  A po la ro g ram  of  t h e  t e t r a p h e n y l s t i b o n i u m  

c h l o r i d e  s o l u t i o n  showed a t w o - s t e p  wave w i t h  maxima a t  - 0 . 8  

and - 1 . 2  v o l t s  v s .  t h e  s a t u r a t e d  c a lo m e l  e l e c t r o d e  u s i n g  0 . 1  

N KOI as  t h e  s u p p o r t i n g  e l e c t r o l y t e .  The maxima were  con

t r o l l e d  by 0 .0 1 #  T r i t o n  X-100 and th e  h a l f - w a v e  p o t e n t i a l s  

were found t o  be - 0 .7 2  and - 1 ,1 1  v o l t s  v s .  t h e  S ,  0 .  E.  when 

th e  maxima s u p p r e s s o r  was p r e s e n t .  B ismuth and m ercury  were 

d e te rm in e d  as  t h e  i o d i d e  complexes by amperom etr ic  t i t r a t i o n  

w i t h  t e t r a p h e n y l s t i b o n i u m  c h l o r i d e  a t  - 0 .8 5  v o l t s  v s .  t h e

S .  Co Eo The t i t r a t i o n  e r r o r  was c la im ed  t o  be n o t  g r e a t e r  

t h a n  3#»

A f f s p ru n g  and May ( l )  used t e t r a p h e n y l s t i b o n i u m  

s u l f a t e  a s  a q u a l i t a t i v e  r e a g e n t  f o r  o r g a n ic  a c i d s .  None of
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t h e  onium ty p e  compounds have been used f o r  t h e  d e t e r m i n a t i o n  

of  o rg an ic  a n i o n s ,  and only a few of  t h e  c a t i o n  complexes 

which cou ld  form a p r e c i p i t a t e  w i t h  onium type  compounds have 

been  r e p o r t e d .  A ffsp ru n g  and May (1) say  t h a t  t e t r a p h e n y l 

s t ib o n iu m  s u l f a t e  I s  of I n t e r e s t  because  of  I t s  h ig h  w a te r  

s o l u b i l i t y  and r e l a t i v e l y  low s o l u b i l i t y  I n  o rg an ic  s o l v e n t s ,  

such  as  c a rb o n  t e t r a c h l o r i d e .  These p r o p e r t i e s  were advan

ta g e o u s  I n  t h e  use  of  t e t r a p h e n y l s t i b o n i u m  s u l f a t e  as  an a n 

a l y t i c a l  r e a g e n t .  They p repa red  t e t r a p h e n y l s t i b o n i u m  hy d ro x 

id e  and found e q u i v a l e n t  w e ig h ts  of  M50 , 453, and 451 com

pared  t o  t h e  a c t u a l  v a lu e  of  447 .  T e t r a p h e n y l s t ib o n iu m  s u l 

f a t e  s o l u t i o n  was p rep a red  by d i s s o l v i n g  a weighed amount of 

t e t r a p h e n y l s t i b o n i u m  h y d ro x id e  I n  an e x a c t  volume of  s t a n d 

a rd  s u l f u r i c  a c id  and t h e n  d i l u t i n g  In  a v o lu m e t r i c  f l a s k .

The c o n c e n t r a t i o n  was c a l c u l a t e d  from th e  w e igh t  of t h e  hy

d r o x i d e  and t h e  volume of  t h e  s o l u t i o n .  They co n c lu de  t h a t  

a new r e a g e n t  has  been  found f o r  t h e  p r e c i p i t a t i o n  and su b 

s e q u e n t  I d e n t i f i c a t i o n  o f  a number o f  o rg a n ic  a c i d s .  Some 

o f  t h e  a d v a n ta g e s  of  t h e s e  d e r i v a t i v e s  a r e :  (a)  The d e r i v a 

t i v e s  a r e  e a s i l y  p rep a red  and p u r i f i e d ,  (b) The d e r i v a t i v e s  

a r e  p rep a red  from aqueous s o l u t i o n ,  whereas  t h e  m a j o r i t y  o£ 

th e  known o rg a n ic  a c id  d e r i v a t i v e s  cann o t  be p rep a red  from 

aqueous s o l u t i o n ,  (c)  Of t h e  s a l t s  p r e p a r e d ,  t h e  m e l t in g  

p o i n t s  a r e  s u f f i c i e n t l y  f a r  enough a p a r t  f o r  i d e n t i f i c a t i o n ,

(d)  Only v e ry  s im p le  equipment  I s  r e q u i r e d ,  (e)  The r e a c t i o n s  

a r e  I n s t a n t a n e o u s ,  ( f )  The o r g a n ic  a c id  can  be e a s i l y  recov ered
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by d i s s o l v i n g  th e  s t lb o n lu m  s a l t  In  w a t e r ,  making th e  s o l u 

t i o n  b a s i c ,  f i l t e r i n g  o f f  t h e  t e t r a p h e n y l s t i b o n i u m  h y d ro x id e ,  

and e v a p o r a t i n g  th e  s o l u t i o n  t o  d r y n e s s .  Two d i s a d v a n t a g e s  

a r e :  (a )  The r e a g e n t  canno t  be purchased  a t  t h e  p r e s e n t ,  a l 

though t r i p h e n y l s t i b i n e  d l c h l o r i d e  can  b e ,  t h u s  l e a v i n g  one 

Grignard  r e a c t i o n  t o  be pe r fo rm ed ,  and (b) The c l o s e n e s s  of 

t h e  m e l t i n g  p o i n t s  o f  t h e  a c e t a t e  and p r o p i o n a t e  d e r i v a t i v e s .

C o n s id e r a b l e  I n t e r e s t  I n  o r g a n o m e ta l l l c  compounds 

by a number of wel l-known c h e m is t s  has  been  shown In  t h e  p a s t .  

Hor ton  (30) In  a r e c e n t  book has  I s s u e d  c h a l l e n g e s  f o r  f u t u r e  

I n v e s t i g a t i o n .  F o r  example,  b e t t e r  methods a r e  needed f o r  

th e  d e t e r m i n a t i o n  of  f l u o r i d e  I o n .  F l u o r i d e  I s  most commonly 

d e te rm in ed  as  CaFg o r  as  PbFCl, and th e  p r e c i p i t a t e s  a r e  g e l 

a t i n o u s ,  d i f f i c u l t  t o  f i l t e r ,  and e a s i l y  form c o l l o i d s .  T r i 

p h e n y l t i n  c h l o r i d e  has  been  used f o r  t h e  g r a v i m e t r i c  d e t e r 

m in a t io n  of  f l u o r i d e .  The p r e c i p i t a t e  has a good g r a v i m e t r i c  

f a c t o r ,  f i l t e r s  w e l l  and washes e a s i l y .  H orton  (30) sa y s  t h a t  

a l l  p r e s e n t  q u a n t i t a t i v e  methods f o r  f l u o r i d e  depend on; (a)  

P r e c i p i t a t i o n  of  an I n s o l u b l e  f l u o r i d e  which I s  w e ighed ,  (b) 

Excess  m e ta l  Ion  e s t im a t e d  by g r a v i m e t r i c  m ethods ,  (c)  Volu

m e t r i c ,  o r  (d) C o l o r im e t r i c  m ethods .  Many d i f f i c u l t i e s  a r e  

in v o lv e d  I n  p r e c i p i t a t i o n  o f  I n o r g a n ic  f l u o r i d e s  s i n c e  numer

ous o t h e r  a n io n s  a l s o  form I n s o l u b l e  s a l t s  w i t h  t h e  same m et

a l  I o n .  No f u t u r e  I s  s e en  f o r  t h e  d i s c o v e r y  o f  more s e l e c t i v e 

l y  p r e c i p i t a t e d  I n o r g a n ic  f l u o r i d e  s a l t s ,  b u t  I n v e s t i g a t i o n



18

of  o t h e r  o r g a n o m e ta l l l c  compounds might  lead  t o  t h e  d i s c o v e r y  

of  a s t i l l  more d e s i r a b l e  p r e c i p i t a n t  t h a n  t r i p h e n y l t i n  c h l o 

r i d e  ,



OBJECTIVES

The o b j e c t i v e s  o f  t h i s  r e s e a r c h  w ere :

1. To s y n t h e s i z e  a new o rg a n ic  on ium -type  compound which

w i l l  q u a l i t a t i v e l y  i d e n t i f y  o r g a n ic  a c i d s .  The d e r i v a 

t i v e s  formed by t h e  r e a g e n t  shou ld  be s t a b l e ,  have s h a r p

m e l t i n g  p o i n t s ,  and be  ea sy  t o  r e c r y s t a l l l z e . The m e l t 

i n g  p o i n t s  shou ld  be f a r  enough a p a r t  so  t h a t  th e  d e r i v 

a t i v e s  can  be e a s i l y  d i s t i n g u i s h e d .

2 .  To i n v e s t i g a t e  t h e  p o l a r o g r a p h i c  b e h a v i o r  o f  t h e  onium- 

ty p e  compound and d e v e lo p  a p o l a r o g r a p h i c  method f o r  th e  

e q u i v a l e n t  w e ig h t  d e t e r m i n a t i o n s  of t h e  d e r i v a t i v e s .  

P o la r o g r a p h y  would be e s p e c i a l l y  s u i t a b l e  f o r  t h e  d e t e r 

m in a t io n  o f  t h e  p e r c e n t  t e t r a - p - t o l y l s t i b o n i u m  of  th e  

t e t r a - p - t o l y l s t i b o n i u m  o rg a n ic  a c id  d e r i v a t i v e s ,  s i n c e  

o n ly  s m a l l  amounts o f  m a t e r i a l  a r e  needed i n  p o l a r o g r a 

p h ic  a n a l y s e s .

3 .  To examine th e  s o l u b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  

d e r i v a t i v e s  and f i n d  which d e r i v a t i v e s  were e x t r e m e ly  i n 

s o l u b l e ,  The t e t r a - p - t o l y l s t i b o n i u m  io n  would be u s e f u l  

f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h o s e  o rg a n ic  a n 

i o n s  w i t h  w hich  i t  formed e x t r e m e ly  i n s o l u b l e  p r e c i p i 

t a t e s .
19
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To c o n s i d e r  o t h e r  onium-type  compounds w i t h  d i f f e r e n t  

p r o p e r t i e s  so  t h a t  com par isons  could  be made as t o  which 

on ium -type  compound was most s u i t a b l e  f o r  a p a r t i c u l a r  

a n a l y s i s .



APPARATUS

A l l  m e l t i n g  p o i n t s  were t a k e n  I n  c a p i l l a r i e s  u s in g  

t h e  m e l t in g  p o in t  a p p a r a t u s  I n  F i g u r e  1 u n l e s s  o th e r w is e  

s t a t e d  0

The a p p a r a t u s  was f i l l e d  w i t h  s i l i c o n e  o i l .  The 

o i l  was h ea ted  by means of  a r e s i s t a n c e  w i re  c o l l  i n  c o n ju n c 

t i o n  w i th  a p o w e r s t a t ,  and s t i r r e d  by means o f  an e l e c t r i c  

s t i r r e r .  The s t i r r i n g  se rved  a tw ofo ld  p u r p o s e .  ’F i r s t ,  I t  

gave a un i form  t e m p e r a tu r e  between t h e  s t i r r e r  and t h e  w ire  

c o l l ,  t h u s  removing th e  t e m p e r a tu r e  d i f f e r e n t i a l  t h a t  might  

be In  t h e  l i q u i d  I n  t h a t  a r e a .  S e c o n d , I t  c i r c u l a t e d  t h e  o i l  

I n  a c o u n te r - c l o c k w is e  m o t ion .  Using a good p o w e r s ta t  w i t h  

t h i s  a p p a r a t u s .  I t  was no t  d i f f i c u l t  t o  f i x  t h e  r a t e  of  tem

p e r a t u r e  r i s e  a t  0 .5  d e g re e  p e r  m inute  o r  lower  when d e s i r e d ,

P o t e n t l o m e t r l c  t i t r a t i o n s  were made w i th  a Beckman 

Zeromatlc  pH m e te r .

The s o l u b i l i t i e s  of  t h e  t e t r a t o l y l s t l b o n l u m  s a l t s  

were de te rm ined  u s in g  the. t h e r m o s t a t e d  w a t e r  b a t h  shown I n  

F ig u r e  2 .

The w a t e r  was s t i r r e d  v i g o r o u s l y  by means of a 

l a r g e  e l e c t r i c a l l y  powered s t i r r e r .  Two therm om eters  were

21
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used t o  a d j u s t  t h e  t h e r m o s t a t  c o n t r o l  box t o  th e  p r o p e r  s e t 

t i n g .  One of  t h e  the rm om eters  was c a l i b r a t e d  I n  h u n d re d th s  

o f  a d e g r e e .  The w a t e r  I n  t h e  b a t h  was hea ted  by an e l e c t r i c  

h e a t e r  and coo led  by means o f  a c o l l  t h r o u g h  which c o o l  w a t e r  

cou ld  be c i r c u l a t e d .  At tw en ty  d e g r e e s  t h i s  a p p a r a t u s  k e p t  

t h e  t e m p e r a t u r e  a t  20 + 0 . 1  d e g r e e s .  A m ic ro  s e t  th e rm o re g 

u l a t o r  was u s e d .

C u r r e n t - v o l t a g e  c u rv e s  were o b ta in e d  by means of  

t h e  S a r g e n t  Model XXI Record ing  P o la r o g r a p h  shown I n  F ig u r e

2 .  An H - o e l l  was used t o  make th e  po la ro g ram s  w i t h  a s a t u 

r a t e d  c a lo m e l  e l e c t r o d e  I n  o n e - h a l f  of  t h e  c e l l .  The o t h e r  

h a l f  o f  t h e  c e l l  was used t o  hold th e  s o l u t i o n  t o  be a n a l y z 

e d .  The S .  C, E .  h a l f  c e l l  was s e p a r a t e d  from th e  s o l u t i o n  

t o  be a na lyzed  by a porous  s i n t e r e d - g l a s s  d i s k .  A d iagram  

o f  t h e  c e l l  I s  shown I n  F ig u r e  2 .



REAGENTS USED

Eastman Kodak -  w h i t e  l a b e l  g rad e  

Formic a d d  

A c e t i c  a c id  

P r o p i o n i c  a c id  

n - B u t y r i c  a c id  

I s o b u t y r i c  a c id  

n - V a l e r i c  a c id  

I s o v a l e r i c  a c id  

a lp h a -B ro m o p ro p io n ic  a c id  

b e ta -B ro m o p ro p io n ic  a c id  

m-Hydroxybenzoic  a c id  

p -Hydroxybenzoic  a c id  

m -Iodobenzo ic  ac id  

p - I o d o b e n z o ic  ac id  

r a - N i t r o b e n z e n e s u l f o n i c  a c id  

o-Bromobenzolc  ac id  

Eastman Kodak -  y e l lo w  l a b e l  

Furaaric  a c id  

Matheson Co. -  r e a g e n t  g rad e  

m -N i t ro b e n z o io  a c id

m-Bromobenzoic a c id

p-Bromobenzoic a c id

D i c h l o r o a c e t i c  a c id

o -C h lo ro b en z o ic  a c id

m -C hlorobenzoic  a c id

p -C h lo ro b en z o ic  a c id

o -T o lu ic  ac id

m-Toluic  ac id

p -T o lu ic  a c id

p - T o lu e n e s u l f o n i c  a c id

a lp h a - C h lo r o p r o p i o n i c  a c id

b e ta - C h l o r o p r o p i o n i c  ac id

F u r o ic  a c id  ( 2 - F u r o i c )

Sodium 5 - n i t r o - 6 - c h l o r o -  
T o lu e n e - 3 - B u l f o n a t e

23
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M a l l i n c k r o d t  -  a n a l y t i c a l  r e a g e n t

C h l o r o a c e t l c  a c id  Oxal ic  a c id

Po tass ium  f l u o r i d e  Sodium bromide

Merck -  r e a g e n t  g rade

S u l f o s a l l c y l l c  a c id  

J* To B aker  Co, -  ana ly ze d  r e a g e n t  

T r i c h l o r o a c e t i c  a c id  

Elmer and Amend Co. -  r e a g e n t  g rade  

D i c h l o r o a c e t i c  ac id  

B a k e r  and Adams -  A. C. 8 .  r e a g e n t  

Sodium c h l o r i d e  

F i s h e r  S c i e n t i f i c  Co. -  c e r t i f i e d  r e a g e n t  

Po tass ium  n i t r a t e  

Coleman and B e l l  Co, -  r e a g e n t  

Po tass ium  B l p h t h a l a t e
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FIGURE 1 

M el t ing  P o in t  Appara tus
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FIGURE 2

The P o la r o g r a p h ic  Assembly, Made Up of a Tank of  N i t r o g e n ,  
H -C e l l ,  Therm osta ted  W ate r  B a th ,  and S a rg e n t  Model XXI 
P o l a r o g r a p h .



CHAPTER I I  

EXPERIMENTAL 

P r e p a r a t i o n  of  p - B r o m o te r t l a r y b u ty l b e n z e n e

A m ix t u r e  o f  98 grams (0 .7 3  mole) of t - b u t y l b e n z e n e  

and 1 gram of  i o d i n e  was p lac ed  i n  a f l a s k  w i t h  s t i r r e r  and 

r e f l u x  c o n d e n s e r  and 120 grams ( 0 .7 5  mole)  o f  bromine was 

added d r o p w i s e .  The r e a c t i o n  was co o led  w i t h  i c e w a t e r .  The 

r e a c t i o n  b e tw een  t h e  t - b u t y l b e n z e n e  and t h e  bromine  p ro ce ed s  

v i g o r o u s l y  and HBr fumes a r e  g iv e n  o f f .  A f t e r  a l l  o f  t h e  

bromine  was added ,  t h e  r e a c t i o n  m ix tu re  was h e a ted  on a steam 

b a t h  and t h e n  w i t h  an  e l e c t r i c  h e a t e r  t o  remove bromine  v a 

p o r s .  The o i l y  p r o d u c t  was washed w i th  d i l u t e  sodium c a r b o n 

a t e  u n t i l  t h e  o i l  became a l i g h t  y e l lo w  i n  c o l o r ,  and th e n  

was washed t w i c e  w i t h  d i s t i l l e d  w a t e r .  The o i l  was d r i e d  

o v e r n i g h t  ov e r  anhydrous  c a lc iu m  c h l o r i d e ,  f i l t e r e d ,  and d i s 

t i l l e d .  The f r a c t i o n  d i s t i l l i n g  from 229-233 d e g r e e s  was 

k e p t .  Y ie ld  was 106 grams (685É y i e l d ) .

P r e p a r a t i o n  o f  T r i - p - t e r t i a r y b u t y l -  
b e n z e n e s t l b i n e  D i c h l o r i d e

A G r ig n a rd  r e a g e n t  was p re p a re d  by d r o p p in g  106

27
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grams (0 .5 2  mole) of  p - b r o m o t e r t l a r y b u t y l b e n z e n e  d i s s o l v e d  

i n  250 m l .  e t h e r  i n t o  a f l a s k  c o n t a i n i n g  11.4 grams (0 .4 7  

mole) of  magnesium i n  75 m l .  o f  d r y  e t h e r .  The r e a c t i o n  was 

i n i t i a t e d  by g r i n d i n g  th e  magnesium w i t h  a s t i r r i n g  r o d .  Af

t e r  t h e  r e a c t i o n  had s u b s i d e d ,  25 grams (O.IO9 mole) of a n t i 

mony t r i c h l o r i d e  d i s s o l v e d  i n  250 m l .  of  e t h e r  was added drop- 

w ise  and a t a n  p r e c i p i t a t e  which  g r a d u a l l y  darkened  was fo rm 

e d .  A f t e r  a l l  of  t h e  ant imony t r i c h l o r i d e  had been  added,  

th e  m ix tu r e  was r e f l u x e d  on a s team b a t h  f o r  4 h o u r s .  The 

r e a c t i o n  m ix tu r e  was decomposed by p o u r in g  t h e  m ix tu re  i n t o  

100 m l .  o f  co ld  1:10  h y d r o c h l o r i c  a c i d .  The aqueous l a y e r  

was s e p a r a t e d  and e x t r a c t e d  w i t h  two 100 m l .  p o r t i o n s  of e -  

t h e r .  The combined e t h e r  e x t r a c t s  were e v a p o ra te d  on a steam 

b a t h  and t h e  v i s c o u s  o i l  was d i s s o l v e d  i n  25O m l.  of c a rb o n  

t e t r a c h l o r i d e  and o x id iz e d  w i t h  c h l o r i n e  g a s .  No a t t e m p t  was 

made t o  c o o l  th e  r e a c t i o n  m ix t u r e  which became h o t  d u r i n g  t h e  

r e a c t i o n  b u t  i n  f u t u r e  p r e p a r a t i o n s  an a t t e m p t  shou ld  be made 

t o  keep t h e  r e a c t i o n  m ix tu re  c o o l  t o  p r e v e n t  s i d e  r e a c t i o n s  

from o c c u r r i n g .  The r e a c t i o n  m ix tu r e  changed c o l o r s  from a 

cream t o  an orange  t o  a l i g h t  brown d u r i n g  th e  o x i d a t i o n  and 

became a d a r k  brown when t h e  volume of  t h e  s o l u t i o n  was e v ap 

o r a t e d  t o  100 m l .  A p r e c i p i t a t e  formed on c o o l i n g  and tu rn e d  

w h i t e  when washed w i t h  a l i t t l e  c a rb o n  t e t r a c h l o r i d e .  The 

compound was r e c r y s t a l l i z e d  from b e n z e n e - e t h e r . Y ie ld  of
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pure  t r l - p - t e r t l a r y b u t y l b e n z e n e s t l b l n e  d i c h l o r i d e  was 2 5 .1  

grams (37^)•  I t  i s  b e l i e v e d  t h a t  t h e  y i e l d  could  be i n c r e a s 

ed i f  t h e  carbon  t e t r a c h l o r i d e  s o l u t i o n  i s  kep t  c o o l  a t  a l l  

t i m e s .  I t  i s  sugges ted  t h a t  th e  ca rb o n  t e t r a c h l o r i d e  s o l v e n t  

be removed by a s t ream  of a i r  when c o n c e n t r a t i n g  th e  s o l u t i o n .  

The m e l t i n g  p o i n t  of  t h e  r e c r y s t a l l i z e d  p ro d uc t  was 308-309 

d e g r e e s .  The c a l c u l a t e d  p e rc e n ta g e s  of  ca rbo n  and hydrogen 

i n  t h e  compound a r e  6 0 .83 #  and 6 .6 4 # ,  r e s p e c t i v e l y .  The p e r 

c e n t a g e s  of  ca rbon  and hydrogen found by exper im en t  were 

6 0 . 59#  and 6 . 80# ,  r e s p e c t i v e l y .

P r e p a r a t i o n  o f  T e t r a - p - t e r . t i a r y b u t y l -  
b e n ze n es t ib on iu m  S u l f a t e

D uring  th e  e f f o r t  t o  d e v e lo p  a r e a g e n t  which would 

form e x t r e m e ly  i n s o l u b l e  p r e c i p i t a t e s  w i th  t h e  o rg an ic  a c i d s ,  

t h e  s y n t h e s i s  of t e t r a - p - t e r t i a r y b u t y l b e n z e n e s t i b o n i u m  s u l 

f a t e  was a t t e m p t e d .  This  r e a g e n t  would have a m o le c u la r  

w e igh t  of 1405 compared t o  a m o le c u la r  w e ig h t  o f  956 f o r  

t e t r a p h e n y l s t i b o n i u r a  s u l f a t e ,  and t h e r e f o r e  could  be e x p e c t 

ed t o  form more i n s o l u b l e  p r e c i p i t a t e s  w i t h  t h e  o rg a n ic  a c i d s .

T r i - p - t e r t i a r y b u t y l b e n z e n e s t i b i n e  d i c h l o r i d e  i s  

ve ry  i n s o l u b l e  i n  e t h e r  so t h a t  i t  i s  d i f f i c u l t  t o  pe rform  

t h e  l a s t  r e a c t i o n  s t e p  i n  which th e  compound i s  r e a c t e d  w i th  

e x c e s s  Grignard  r e a g e n t .  2 3 .6  grams o f  t r i - p - t o r t i a r y b u t y l -  

b e n z e n e s t i b i n e  d i c h l o r i d e  was f i n a l l y  d i s s o l v e d  i n  120 ml.  

b en zen e ,  300 ml.  t e t r a h y d r o f u r a n ,  and 250 m l .  e t h e r ,  and t h i s
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m ix t u r e  was r e a c t e d  w i th  an ex cess  of t h e  G r ignard  r e a g e n t  

of  p - h r o m o t e r t i a r y h u t y l h e n z e n e . The r e a c t i o n  m ix tu r e  was r e 

f lu x e d  f o r  4 h o u r s  and a llowed t o  s tand  f o r  1^ d a y s .  The r e 

a c t i o n  m ix tu r e  was decomposed i n  500 ml.  of  co ld  1 :20 s u l f u r i c  

a c i d .  The aqueous l a y e r  was s e p a r a t e d  and e x t r a c t e d  w i t h  two 

100 m l.  p o r t i o n s  of  e t h e r  and t h e  combined e t h e r  e x t r a c t s  

e v a p o r a te d  u n t i l  an o i l  r em a in ed .  The o i l  was e x t r a c t e d  w i t h  

two 125 m l . p o r t i o n s  of  ho t  d i l u t e  (1 :2 0 )  s u l f u r i c  a c id  b u t  

no p r e c i p i t a t e  was o b ta in e d  when th e  e x t r a c t s  were made b a s i c  

w i t h  ammonium h y d r o x id e .  The t e t r a - p - t e r t i a r y b u t y l b e n z e n e -  

s t ib o n iu m  s u l f a t e  was so  i n s o l u b l e  i n  w a t e r  t h a t  a s o l u b l e  

s a l t  cou ld  n o t  be  found and as  a consequence  th e  compound 

could  no t  be used as  an o rg an ic  r e a g e n t .

P r e p a r a t i o n  of  T r i b i p h e n y l s t i b l n e  D i c h l o r i d e

A c t iv a te d  magnesium was p rep a red  by ad d ing  5 ml.  

of  d r y  e t h e r  d ropw ise  t o  a w e l l - s t i r r e d  m ix tu r e  of  5 grams 

30.-80 mesh Mg powder, 100 ml.  of  d ry  ben zen e ,  and 2 . 5  grams 

of  i o d i n e .  When t h e  c o l o r  of  th e  i o d i n e  had c o m p le t e ly  d i s 

a p p e a re d ,  t h e  s o l v e n t  was d i s t i l l e d  w i t h  t h e  a id  of  an o i l  

b a t h ,  t h e  s o l i d  r e s i d u e  b e in g  m a in ta in e d  a t  15O -I60 d e g r e e s  

f o r  abou t  10 m i n u t e s .  The a c t i v a t e d  Mg was t r a n s f e r r e d  t o  

a d r y  r u b b e r - s t o p p e r e d  b o t t l e .  R e a c t i v a t i o n  b e f o r e  use  i s  

recommended and may be e f f e c t e d  by h e a t i n g  i n  a t e s t  tu b e  un

t i l  gas  e v o l u t i o n  c e a s e s  and th e  c o l o r  o f  i o d i n e  a p p e a r s .

About 0 . 2  gram o f  a c t i v a t o r  was s u f f i c i e n t  t o  i n i t i a t e  a r e 

a c t i o n .
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A Grignard  r e a g e n t  was p rep a red  by r e f l u x i n g  2 .5  

grams o f  a c t i v a t e d  Mg, 19 grams of  p -b ro m o b ip h e n y l ,  and 40 

m l .  d r y  e t h e r  f o r  12 h o u r s .  The p-b ipheny lm agneslum  bromide 

( 0 ,0 8 1 5  mole)  was r e a c t e d  w i t h  5°24 grams (0 ,023  mole) of 

an t im ony t r i c h l o r i d e  i n  15O ml.  e t h e r  f o r  5 h ou rs  u n d e r  r e 

f l u x .  The r e a c t i o n  m ix tu r e  was decomposed i n  d i s t i l l e d  w a t e r  

and a w h i t e  f l o c c u l e n t  p r e c i p i t a t e  was form ed.  The p r e c i p i 

t a t e  was e x t r a c t e d  w i t h  HCl t o  remove any Sb(0H)2 p r e s e n t  

and th e  u n d i s s o lv e d  p r e c i p i t a t e  was removed by f i l t r a t i o n .

The r e s i d u e  was d i s s o l v e d  i n  ca rbon  t e t r a c h l o r i d e  and c h l o 

r i n a t e d  w i t h  C lg .  Some c r y s t a l s  formed and t h e  s o l v e n t  was 

removed on a s team b a t h .  The d a rk  r e s i d u e  was d i s s o l v e d  i n  

benzene  and r e p r e c i p i t a t e d  w i t h  a l c o h o l .  A y e l l o w i s h  w h i te  

f l o c c u l e n t  p r e c i p i t a t e  formed and was removed by f i l t r a t i o n .  

The p r e c i p i t a t e  was d r i e d  and y e l l o w i s h  w h i t e  c r y s t a l s  form

ed which m el ted  a t  136-143 d e g r e e s .

An u n s u c c e s s f u l  a t t e m p t  was made t o  p r e p a r e  t e t r a -  

b i p h e n y l s t i b o n i u m  s u l f a t e  b u t  t h e r e  was ve ry  l i t t l e  r e a c t i o n  

be tw een  t r i b i p h e n y l s t i b i n e  d i c h l o r i d e  and p-b iphenylmagnesiura  

b ro m id e .  T r i b i p h e n y l s t i b i n e  d i c h l o r i d e  i s  on ly  s l i g h t l y  s o l 

u b le  i n  benzene  and i s  a lm o s t  c o m p le t e ly  i n s o l u b l e  i n  e t h e r  

so  t h a t  t h e  l a s t  s t e p  o f  t h e  s y n t h e s i s  o f  t e t r a b i p h e n y l s t i -  

bonium s u l f a t e  i s  d i f f i c u l t  t o  p e r fo rm .  A lso ,  p -b rom ob iphen-  

y l  i s  so  u n r e a c t i v e  t h a t  i t  i s  d i f f i c u l t  t o  form t h e  Grignard  

r e a g e n t .
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P r e p a r a t i o n  of  p-Brom oto luene  

p-Brom oto luene  was p re p a re d  by a s l i g h t  m o d i f i c a 

t i o n  of  t h e  method d e s c r i b e d  In  Organic  S y n t h e s e s , C o l l e c t i v e  

Volume 1, p .  1 3 6 . A m ix tu re  of 63 grams (0 .2 5  mole) of  cop 

p e r  s u l f a t e  p e n t a h y d r a t e ,  20 grams (O .31 gram atom) of  cop

p e r  t u r n i n g s ,  114 grams ( l . l  moles)  sodium brom ide ,  30 grams 

( 16 .3  CO, 0 . 2 8  mole) o f  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  and one 

l i t e r  of  w a t e r  was r e f l u x e d  ove r  a f lame f o r  3 t o  4 hours  

u n t i l  t h e  c o l o r  became y e l l o w i s h .

When t h e  hydrobromlc  a c i d - c u p r o u s  bromide s o l u t i o n  

was p r e p a r e d ,  a s o l u t i o n  of  107 grams (1 mole) of  p - t o l u l d l n e  

and 196 grams (107 c c ,  1 .9  moles)  o f  c o n c e n t r a t e d  s u l f u r i c  

a c id  In  one l i t e r  of w a t e r  was coo led  below 20 d e g re e s  and 

d l a z o t l z e d  w i t h  a s o l u t i o n  o f  70 grams (1 mole) of sodium 

n i t r i t e  I n  125 cc of  w a t e r .  The sodium n i t r i t e  s o l u t i o n  was 

added I n  s m a l l  p o r t i o n s  w i t h  s t i r r i n g .  The m ix tu re  was a l 

lowed t o  s ta n d  f o r  30 m in u te s  w h i l e  t h e  t e m p e r a tu r e  was m ain 

t a i n e d  be tween 15 and 20 d e g r e e s  by means of  an I c e  b a t h .

A 5 l i t e r  round-bo t tom ed  f l a s k  c o n t a i n i n g  t h e  hy-  

d robrom ic  a c i d - c u p r o u s  bromide s o l u t i o n  was a r r a n g e d  f o r  

s team d i s t i l l a t i o n .  A f t e r  t h e  c o p p e r  s o l u t i o n  was h e a ted  t o  

b o i l i n g ,  t h e  d iazon ium  s o l u t i o n  was g r a d u a l l y  added from a 

s e p a r a t o r y  f u n n e l  and a v ig o r o u s  c u r r e n t  o f  steam was passed  

th r o u g h  th e  r e a c t i o n  m ix tu r e  a t  t h e  same t im e .  This  p r o c e 

d u r e  r e q u i r e d  abou t  2 h o u r s .
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The aqueous d i s t i l l a t e  was made a l k a l i n e  w i t h  so d 

ium h ydrox ide  s o l u t i o n  and th e  p -b rom oto luene  was s e p a r a t e d  

from th e  w a t e r  l a y e r .  The c rude  p ro d u c t  was washed once w i t h  

c o n c e n t r a t e d  s u l f u r i c  a c i d ,  and th e n  w i th  w a t e r .  The p ro d u c t  

was d r i e d  over  c a lc iu m  c h l o r i d e  o r  anhydrous sodium s u l f a t e ,  

f i l t e r e d ,  and d i s t i l l e d .  The y i e l d  of pure  p ro d u c t  was abou t  

110 grams (ab o u t  60^  y i e l d )  and was d i s t i l l e d  a t  I 83-185  d e 

g r e e s  ,

P r e p a r a t i o n  o f  T e t r a - p - t o l y l a t l b o n l u m  S u l f a t e

T e t r a - p - t o l y l s t l b o n l u r a  s a l t s  have no t  been  r e p o r t 

ed upon and s a l t s  o f  t h e  t e t r a - p - t o l y l s t l b o n l u m  Ion  must be 

p r e p a r e d .  To p r e p a r e  t e t r a - p - t o l y l s t l b o n l u r a  s u l f a t e  3^3 

grams o f  p -b rom oto luene  was d i s s o l v e d  In  900 ml,  of  e t h e r  

and added d ropw ise  t o  48 ,64  grams of magnesium In  400 ml,  

o f  e t h e r .  A f t e r  t h e  r e s u l t i n g  G r ignard  r e a g e n t  was p rep a red  

114.1  grams antimony t r i c h l o r i d e  was d i s s o l v e d  I n  400 m l ,  

e t h e r  and added s lo w ly  w i th  s t i r r i n g  over  a 40 m inute  p e r i o d .  

Two hundred m l ,  of  e t h e r  was added and th e  m ix tu re  was r e -  

f lu x ed  and s t i r r e d  f o r  a p e r io d  of  1-| h o u r s .  The m ix tu re  

was a l lowed t o  s ta n d  o v e r n ig h t  and th e  a d d i t i o n  compound was 

decomposed w i th  1 l i t e r  of  co ld  w a t e r  and 40 ml,  of  h y d ro 

c h l o r i c  a c i d .  The aqueous l a y e r  was s e p a r a t e d  and washed 

w i t h  two 200 m l.  p o r t i o n s  of e t h e r .  The e t h e r  was e v a p o r 

a te d  on a steam b a t h  and t h e  r e s i d u e  was r e p e a t e d l y  e x t r a c t 

ed w i t h  c a rb o n  t e t r a c h l o r i d e .  The t r l - p - t o l y l s t l b l n e  was
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o x id iz e d  i n  t h e  c a rb o n  t e t r a c h l o r i d e  s o l u t i o n  w i th  c h l o r i n e .

A gummy r e s i d u e  which f l o a t e d  was removed and th e  ca rb o n  t e 

t r a c h l o r i d e  was e v a p o ra te d  w i th  a s t r e am  of  a i r .  The ca rb o n  

t e t r a c h l o r i d e  s o l u t i o n  must be cooled  d u r i n g  th e  o x i d a t i o n  

and e v a p o r a t i o n  t o  p r e v e n t  s i d e  r e a c t i o n s  from o c c u r r i n g .

The t r i - p - t o l y l s t i b i n e  d i c h l o r i d e  was r e c r y s t a l l i z e d  from 

b e n ze n e-h ex an e  m i x t u r e s .  The m e l t i n g  p o i n t  was 15 6 , 0 - 157.5  

d e g r e e s .  The y i e l d  was 154 grams,  o r  66^  based  on th e  a n t i 

mony t r i c h l o r i d e .  One hundred and t h i r t y - s i x  grams (O .29 

mole)  o f  t r i - p - t o l y l s t i b i n e  d i c h l o r i d e  was d i s s o l v e d  i n  220 

m l .  benzene  and 950 m l .  e t h e r .  T h is  s o l u t i o n  was added t o  a 

s o l u t i o n  o f  a G r ignard  r e a g e n t  p rep a red  from 2 1 .6  grams of 

magnesium and 152 grams p -b rom oto luene  i n  600 ml. of  e t h e r .  

The m ix tu r e  was s t i r r e d  and r e f l u x e d  f o r  4 h o u rs  and a l lowed 

t o  s t a n d  f o r  3 d a y s .  The a d d i t i o n  compound was decomposed 

w i t h  1 :10  s u l f u r i c  a c i d .  The aqueous p o r t i o n  was s e p a r a t e d  

and e x t r a c t e d  w i th  t h r e e  100 ml.  p o r t i o n s  o f  e t h e r .  The o r 

g an ic  l a y e r  was e v a p o ra te d  t o  200 m l .  and e x t r a c t e d  3 t im e s  

w i t h  h o t  d i l u t e  ( 1 :7 5 )  s u l f u r i c  a c i d .  The e x t r a c t s  were com

b in e d  and e x c e s s  ammonium c a r b o n a t e  was ad ded .  A voluminous 

p r e c i p i t a t e ,  a p p a r e n t l y  t h e  c a r b o n a t e ,  a p p e a r e d .  T h is  was 

f i l t e r e d  and washed w i t h  w a t e r .  The p r e c i p i t a t e  was th e n  

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

f i l t e r e d .  The h y d ro x id e  o f  t e t r a - p - t o l y l s t i b o n i u m  i o n  was 

t h e n  p r e c i p i t a t e d  by t h e  slow a d d i t i o n  of  0 .2N ammonium hy

d r o x i d e .  The f i r s t  gummy p a r t i c l e s  of  p r e c i p i t a t e  were



35

removed and d i s c a r d e d .  Very pure  t e t r a - p - t o l y l s t i b o n i u m  hy

d r o x i d e  cou ld  be o b t a in e d  i f  t h e  p r e c i p i t a t i o n  was c a r r i e d  

out  s lo w ly  and c a r e f u l l y  w i t h  s t i r r i n g .  The p a r t i c l e s  of 

p r e c i p i t a t e  which  formed as  t h e  p r e c i p i t a t i o n  w i t h  ammonium 

h y d ro x id e  was c o n t in u e d  were c o n t i n u a l l y  removed and d i s c a r d 

ed u n t i l  a v e ry  w h i t e ,  powdery p r e c i p i t a t e  was o b t a i n e d .  The 

h y d ro x id e  was washed w i th  w a t e r  and d r i e d  i n  a vacuum d e s i c 

c a t o r  f o r  l i  d a y s .  The e q u i v a l e n t  w e ig h t  of  t h e  h ydrox ide  

was d e te rm in e d  by d i s s o l v i n g  a known amount i n  an e x c e s s  of  

s t a n d a r d  s u l f u r i c  a c id  and b a c k - t i t r a t i n g  w i t h  s t a n d a r d  so d 

ium h y d r o x i d e .  A pH m e te r  was used t o  d e te r m in e  th e  e q u i v a 

l e n c e  p o i n t .  The e q u i v a l e n t  w e ig h t  was found t o  be 507, as  

compared t o  t h e  t h e o r e t i c a l  v a lu e  o f  5 0 3 . Methyl  red  was 

shown t o  be  a s u i t a b l e  i n d i c a t o r  f o r  t h e  t i t r a t i o n .  A l i s t  

o f  t h e  an t im ony  compounds p r e p a r e d ,  a lo n g  w i t h  t h e i r  m e l t i n g  

p o i n t s  and c a r b o n - h y d r o g e n  a n a l y s e s  i s  shown i n  T ab le  1.

P r e p a r a t i o n  o f  T e t r a - p - t o l y l s t i b o n i u m  D e r i v a t i v e s

A l l  o f  t h e  d e r i v a t i v e s  o f  t h e  t e t r a - p - t o l y l s t l b o n -  

ium io n  o b t a in e d  from o rg a n ic  a c i d s  were p re p a red  i n  a s im 

i l a r  m anner .  About 20-30 m l .  o f  a s o l u t i o n  o f  t h e  s a l t  of  

t h e  o r g a n ic  a c id  were a d j u s t e d  t o  a pH s l i g h t l y  l e s s  t h a n  7 

w i t h  d i l u t e  ammonium h y d ro x id e  and s u l f u r i c  a c i d ,  and t r e a t e d  

(With 8-10  m l .  o f  O.O5 M t e t r a - p - t o l y l s t i b o n i u m  s u l f a t e .  A 

p r e c i p i t a t e  u s u a l l y  formed im m e d ia te ly .  I f  a p r e c i p i t a t e  d id  

n o t  a p p e a r  a t  room t e m p e r a t u r e ,  i t  appea red  when th e  s o l u t i o n
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was coo led  i n  an i c e  b a t h .  I n  each  ca se  t h e  p r e c i p i t a t e  was 

f i l t e r e d  and washed w i t h  a l i t t l e  co ld  w a t e r .  I n  t h e  c a se  

o f  t h e  a c e t a t e ,  f o r m a te ,  p r o p i o n a t e ,  and some o f  t h e  s u l f o n i c  

a c i d s ,  25 m l . o f  0 .2  N a c id  was t r e a t e d  w i t h  d i l u t e  ammonium 

h y d ro x id e  u n t i l  a pH o f  5 . 8- 6 .2 was r e a c h e d .  F i f t e e n  m i l l i 

l i t e r s  o f  t h e  r e a g e n t ,  a p p ro x im a te ly  O.05  m o la r ,  was added 

and th e  volume reduced  t o  25-30  m l . w i t h  a s t r e a m  of  c l e a n  

a i r .  Diamond-shaped c r y s t a l s  were formed whose m e l t i n g  p o i n t s  

were s h a r p  and which d id  n o t  change a f t e r  r e c r y s t a l l i z a t i o n  

of  t h e  s a l t  from n - h e x a n e .  The a c e t a t e ,  f o r m a t e ,  and p r o 

p i o n a t e  d e r i v a t i v e s  were  r e c r y s t a l l i z e d  from n -hexane  by d i s 

s o l v i n g  t h e  d e r i v a t i v e  i n  t h e  ho t  s o l v e n t  and a l l o w i n g  th e  

s o l u t i o n  t o  c o o l  t o  room t e m p e r a t u r e .  D e r i v a t i v e s  o t h e r  t h a n  

t h e  low m o le c u l a r  w e ig h t  a l i p h a t i c  a c i d s  can  be r e c r y s t a l l i z 

ed from b e n ze n e-h ex an e  o r  from e t h y l  a l c o h o l  and w a t e r .  Us

u a l l y  b e t t e r  l o o k in g ,  more c r y s t a l l i n e  d e r i v a t i v e s  w i t h  s h a r p 

e r  m e l t i n g  p o i n t s  can be o b ta in e d  by r e c r y s t a l l i z a t i o n  from 

b e n z e n e - h e x a n e .  The d e r i v a t i v e  s a l t s  were  d i s s o l v e d  i n  t h e  

minimum amount o f  b e n z e n e ,  f i l t e r e d ,  and t r e a t e d  w i t h  n - h e x 

ane u n t i l  t h e  s o l u t i o n  became c lo u d y .  The s o l u t i o n  was h e a t 

ed u n t i l  t h e  c l o u d i n e s s  d i s a p p e a r e d  and t h e n  c h i l l e d  i n  an 

i c e  b a t h  o r  i n  a r e f r i g e r a t o r .  The d e r i v a t i v e  s a l t s  were 

f i l t e r e d  on p a p e r  w i t h  s u c t i o n  and a l lowed t o  d r y  a t  a tem

p e r a t u r e  o f  abou t  60 d e g r e e s ,  and t h e  m e l t i n g  p o i n t s  were 

t a k e n  i n  c a p i l l a r i e s .  Each s a l t  was r e c r y s t a l l i z e d  u n t i l  a
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c o n s t a n t  m e l t i n g  p o i n t  was o b t a i n e d .  U s u a l ly  two r e c r y s t a l 

l i z a t i o n s  were a d e q u a te .  Each s a l t  was p repa red  i n d e p e n d e n t 

l y  a t  l e a s t  two t i m e s .  The h e a t i n g  r a t e  of  th e  b a t h  averaged  

0 .5  d e g r e e s  C. p e r  m inute  a t  t h e  m e l t i n g  p o i n t .  A l i s t  of  

th e  d e r i v a t i v e s  and t h e i r  m e l t in g  p o i n t s  a r e  shown i n  Table  

2 .

Although t e t r a - p - t o l y l s t i b o n i u m  s u l f a t e  i s  q u i t e  

s o l u b l e  i n  w a t e r ,  t h e  r e a g e n t  i s  i n s o l u b l e  i n  hexane and i f  

a d e r i v a t i v e  i s  t o  be r e c r y s t a l l i z e d  from hexane o r  from b e n 

zene and hexane ,  t h e n  f i l t e r i n g  i s  recommended as  soon as  th e  

d e r i v a t i v e  i s  d i s s o l v e d  i n  hot  hexane o r  benzene and b e f o r e  

the- s o l u t i o n  i s  a l lowed t o  c o o l .

Some d i f f i c u l t y  was encoun te red  i n  th e  p r e p a r a t i o n  

of  t h e  d e r i v a t i v e s  when th e  o rg an ic  a c i d s  were no t  p u r e .

Some o f  th e  h a l o g e n - s u b s t i t u t e d  o rg an ic  c c i d s  were impure 

and p u r i f i c a t i o n  o f  th e  o rg an ic  a c i d s  was r e q u i r e d  b e f o r e  

s h a r p  m e l t i n g  d e r i v a t i v e s  could  be o b t a i n e d .  The l i q u i d  a c 

i d s  and some of  t h e  s o l i d  a c i d s  were d i s t i l l e d  t o  a ch iev e  

p u r i f i c a t i o n  u n l e s s  th e  b o i l i n g  p o i n t s  were so  h ig h  t h a t  d e 

c o m p o s i t io n  o c c u r r e d .  Most of  th e  s o l i d  w a t e r - i n s o l u b l e  a r o 

m at ic  a c i d s  were r e c r y s t a l l i z e d  from s u l f u r i c  ac id  and ammon

ium h y d r o x id e .  Some of  t h e  a c i d s  were r e c r y s t a l l i z e d  from 

e t h a n o l  and w a t e r .

The s o l u b i l i t i e s  of  t h e  t e t r a t o l y l s t i b o n i u m  s a l t s  

o f  f o r m ic ,  a c e t i c ,  p r o p i o n i c ,  and benzo ic  a c i d s  were d e t e r 

mined. I n  each  c a s e  a c o n c e n t r a t e d  s o l u t i o n  of  th e  s a l t  was



TABLE 1

The M e l t in g  P o i n t s and A n a ly ses  of Some Organic  Antimony Compounds

Organic  
Sb Compound

M e l t in g  P o in t The
% C

ory
% H

F ound *
% C ^  H

T r l - p - t o l y l s t l b l n e 1 2 5 .0 - 126 .0

T r l - p - t o l y l s t l b l n e
d l c h l o r l d e

1 5 5 . 5 - 157 .0 5 4 .0 7 4 .52 53 .8 7
54 .0 9

4 .58
4 .5 3

T e t r a - p - t o l y l s t l b o n l u m
c h l o r i d e * *

2 2 7 .0 - 2 2 8 .5 6 4 .4 6 5 .4 1 64 .21 5 .5 0

T r l - p - t e r t l a r y b u t y l -
b e n z e n e s t l b l n e
d l c h l o r l d e * *

3 0 8 . 0 - 3 0 9 .0 *** 6 0 .8 3 6 .64 6 0 .5 9 6 .8 0

T r l - p - b l p h e n y l -  
s t l b l n e  d l c h l o r l d e * *

1 6 3 . 0 - 166.0

T e t r a - p - t e r t l a r y b u t y l -
b e n z e n e s t l b o n lu m
c h l o r i d e

v a r i e d 6 9 .6 1 7 .60 6 6 .6 1 7 .7 1

* A n a ly se s  by G a l b r a i t h  M lc ro an a l y t i c a l  L a b o r a t o r i e s ,  K n o x v i l l e ,  Tenn.

♦* New Compounds

*♦» Taken on m e l t i n g  p o i n t  b l o c k

uooo
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TABLE 2

M e l t in g  P o i n t s  o f  Some T e t r a - p - t o l y l s t l b o n l u m  
Organic  Acid S a l t s

S a l t  M e l t in g  P o in t

Formate  1 1 0 .5 - 1 1 1 .0

A c e ta t e  157 .O -15 8 . I

P r o p i o n a t e  119 . 1- 120.6

n - B u t y r a t e  1 2 7 .7 - 1 2 9 «0

I s o b u t y r a t e  12 3 . 5 - 125.0

n - V a l e r a t e  1 0 7 -0 -1 0 8 .7

I s o v a l e r a t e  1 2 5 -0 -1 2 6 .5

C h l o r o a c e t a t e  12 0 . 8- 122,0

D l c h l o r o a c e t a t e  1 5 3 -5 - 15^-9

T r l c h l o r o a c e t a t e  2 0 9 - 5 - 2 1 1 .0

beta-Brorao P r o p i o n a t e  2 1 7 -5 - 2 1 9 ,0

b e t a - C h l o r o  P r o p i o n a t e  2 2 5 - 5 - 2 2 7 .0

a l p h a - C h lo r o  P r o p i o n a te  1 3 6 , 5 - 138.3

a lpha-Bromo P r o p i o n a t e  13O .O -I3 1 .O

L a c t a t e  13 7 -2 -1 3 9 -2

P u r o a t e  1 67 -0 - 168.5

Hydrogen Mesaconate  1 9 4 ,0 - 1 9 5 - 8

Hydrogen M a lea te  1 6 2 ,8 - 1 6 4 ,0

P i c r a t e  1 2 8 ,5 - 1 3 0 ,0

Hydrogen Fumarat e  2 2 3 , 5 - 2 2 4 ,0
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TABLE 2 
(C on t inued)

S a l t M e l t in g  P o in t

Hydrogen O x a la te

Hydrogen p h t h a l a t e

2 ,5  D i c h lo r o  Benzene S u l f o n a t e

S u l f o s a l i c y l a t e

p-T o luene  S u l f o n a t e

m -N itrobenzene  S u l f o n a t e

Benzene S u l f o n a t e

5 - N i t r o - 6 - C h l o r o - T o l u e n e - 3 - S u l f o n a t e

S a l i c y l a t e

o - T o lu a te

m -To lua te

p - T o lu a te

A c e ty l  S a l i c y l a t e

m-Hydroxy B enzoa te

p-%rdroxy B enzoa te

o-Brotno B enzoa te

m-Bromo B enzoa te

p-Broniio B enzoa te

3 , 4 , 5 ,  T r im ethoxy  B enzoa te

A n i s a t e

o -C h lo ro  B en zo a te

2 3 5 . 0 - 2 3 6 .1

1 7 7 .7 - 1 7 8 .8

1 5 1 . 8 -1 5 3 .0

14 3 .0 - 145.0

15 9 . 0 - 160.0

1 3 2 . 7 - 134.0

1 67 .0 - 168.5

1 3 9 .0 -1 4 1 .0

1 9 3 .6 - 195.0

1 2 9 . 5 - 131.0

1 80 . 5 - 182.0

1 9 1 . 8- 193.3

1 9 3 .0 -1 9 4 . 3

1 8 2 .5 - 1 8 4 .0

2 1 8 . 0 - 219 .5

1 9 4 . 5 - 196.0

178 . 0 - 179 .8

1 5 0 . 5 - 152.0

18 9 . 5 - 191.0

1 9 1 .0 - 192.7  

1 9 5 . 2 - 196.7
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TABLE 2 
(Continued )

S a l t M e l t in g  P o in t

m-Chloro Benzoa te 1 81 . 5 - 183.0

p-C h lo ro  B enzoa te 172 . 2 - 174.0

m-Iodo Benzoa te 165 . 2 - 167.0

p - Io do  Benzoate 2 3 2 .0 - 233 .0

m -N i t ro  Benzoa te 1 9 2 . 5 - 193.5

o-Methoxy Clnnamate 1 5 4 .0 - 156.0

m-Methoxy Clnnamate 1 5 1 . 5 - 152 .8

p-Methoxy Clnnamate 1 7 8 .6 - 180.2

Benzoa te 169 . 5 - 171.1

P e r c h l o r a t e 214 . 5 - 2 16 .0  ■

Hydroxide 90 ( I n i t i a l )

C h lo r id e 2 2 7 .0 - 2 2 8 .5

Bromide 2 2 8 . 5 - 2 3 0 .0

F l u o r i d e 1 5 3 . 5 - 155.4

N i t r a t e 1 7 2 .0 - 173.0
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FIGURE 3

P lo t  of  Ml. 0.1251  N NaOH v s .  pH i n  t h e  E q u i v a l e n t  Weight  
D e t e r m in a t io n  of  0 ,8859  gm. T e t r a - p - t o l y l s t i b o n i u m  Hy
d r o x id e  D is so lv e d  i n  5 0 .0 0  Ml. o f  0 .1282  N HgSO^.
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m

W in a  •
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p re p a re d  I n  h o t  w a t e r  and t h e n  coo led  and t h e r m o s t a t e d  a t  

2 0 .0  + 0 . 1  d e g r e e s  o v e r n i g h t .  A l i q u o t s  were t a k e n  and ev ap 

o r a t e d ,  a t  t e m p e r a t u r e s  no t  e x ce ed in g  60 d e g r e e s  C . ,  u n t i l  

a l l  e x c e s s  w a t e r  was removed.  F i n a l l y  t h e  r e s i d u e s  were 

d r i e d  t o  c o n s t a n t  w e ig h t  I n  a vacuum d e s i c c a t o r  and th e  s o l 

u b i l i t i e s  c a l c u l a t e d . A few sam ples  were t h e n  p laced  I n  an 

oven a t  110 t o  115 d e g r e e s  C. f o r  s e v e r a l  h ou rs  w i th  no f u r 

t h e r  l o s s  I n  w e ig h t  b e i n g  observed  I n  any c a s e .  I n d i c a t i n g  

t h a t  no s im p le  h y d r a t e s  were formed and t h a t  t h e  d e s i c c a t o r  

d r y i n g  was a d e q u a t e .  A l i s t  o f  t h e  s o l u b i l i t i e s  o f  some 

t e t r a - p - t o l y l s t l b o n l u m  s a l t s ,  a lo n g  w i t h  t h e i r  m e l t i n g  p o i n t s  

and c a rb o n -h y d ro g e n  a n a l y s e s ,  a r e  shown I n  T ab le  3 «

P o l a r o g r a p h i c  B e h a v io r  o f  T e t r a - p -  
t o l y l s t i b o n l u m  Compounds

As can  be s e e n  from t h e  s u rv e y  o f  p r e v i o u s  work on 

on ium -type  compounds, c o n s i d e r a b l e  s u c c e s s  has  b e e n  a ch iev ed  

I n  t h e  use  o f  t h e s e  compounds I n  p o la r o g r a p h y  and amperomet-  

r l c  t i t r a t i o n s .

As a b r i e f  I n t r o d u c t i o n  we may sa y  t h a t  voltamme- 

t r y  I s  an e l e c t r o c h e m i c a l  t y p e  o f  a n a l y s i s  w hich  depends up

on th e  r e l a t i o n  be tw een  t h e  c u r r e n t  I n  amperes f lo w in g  th r o u g h  

th e  e l e c t r o l y s i s  c e l l  and t h e  p o t e n t i a l  I n  v o l t s  a c r o s s  th e  

c e l l .  Voltararaetry w i t h  a d r o p p in g - m e r c u r y  e l e c t r o d e  I s  gen

e r a l l y  c a l l e d  p o l a r o g r a p h y ,  and t h e  I n s t r u m e n t s  employed a r e  

c a l l e d  p o l a r o g r a p h s .

Some a d v a n ta g e s  o f  t h e  d r o p p ln g - m e r c u r y  e l e c t r o d e



TABLE 3

S o l u b i l i t i e s and A n a ly ses of  Some T e t r a - p - • t o l y l s t i b o n i u r a  D e r i v a t i v e s

T e t r a - p - t o l y l s t i -  
bonium S a i t

The o ry  

^  C 56 H

Pound*

$  C 56 H

S o l u b i l i t y  g .  S a l t  
p e r  100 g .  W ater  a t  
2 0 . 0  + 0 . 1  Deg. C.

Form ate 65 .5 6 5 .5 0 65 .7 4 5 .5 1 1 . 2 9 , 1 .35

A c e t a t e 6 6 .08 5 .7 3 66 .24 5 .9 2 0 . 4 6 ,  0 .34

P r o p i o n a t e 6 6 .5 7 5 . 9 5 6 6 .60 5 .74 0 . 3 92 , 0 .3 8 6

C h lo r id e 6 4 .4 6 5 .4 1 6 4 .2 1 5 .5 0

Benzene S u l f o n a t e 6 3 .4 7 5 .1 7 6 3 .6 2 4 .96

* A n a ly se s  by G a l b r a i t h  M ic roana l y t i c a l  L a b o r a t o r i e s ,  K n o x v i l l e ,  Tenn.

Xr-
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a r e :  (a)  Hydrogen has a ve ry  h igh  o v e r v o l t a g e  on a mercury 

s u r f a c e ,  which means t h a t  i t  i s  p o s s i b l e  t o  exceed th e  d e 

c o m p o s i t io n  p o t e n t i a l s  o f  many a c t i v e . m e t a l s  which could  not  

be s t u d i e d  a t  a p la t in u m  c a th o d e ,  (b) The m e ta l  s u r f a c e  con

t i n u a l l y  renews i t s e l f  and t h e r e f o r e  canno t  become fo u le d  o r  

p o i s o n e d .

The m a th e m a t ic a l  t h e o r y  of  t h e  p o la r o g r a p h  has  been  

worked ou t  and th e  e q u a t io n  r e s u l t i n g  from th e  t h e o r y  i s  known 

as  t h e  I l k o v i c  e q u a t i o n :  e q u a l s  60? nD^'^^ Cm^/3 t ^ / ^  where

I j  i s  t h e  a v e rag e  c u r r e n t  i n  microamperes d u r in g  th e  l i f e  of 

th e  d ro p ,  n i s  t h e  number o f  f a r a d a y s  of  e l e c t r i c i t y  r e q u i r e d  

p e r  mole o f  t h e  e l e c t r o d e  r e a c t i o n ,  D i s  t h e  d i f f u s i o n  c u r 

r e n t  o f  t h e  r e d u c i b l e  o r  o x i d i z a b l e  s u b s ta n c e  i n  th e  u n i t s  

cm ^ /sec ,  C i s  th e  c o n c e n t r a t i o n  i n  m i l l im o l e s  p e r  l i t e r ,  m 

i s  t h e  r a t e  o f  f low o f  m ercury  from t h e  d ro pp in g  e l e c t r o d e  

c a p i l l a r y  e x p re s s e d  i n  t h e  u n i t s  m g/sec ,  and t  i s  t h e  d rop  

t im e  i n  seconds  and i s  u s u a l l y  measured a t  t h e  h a l f -w a v e  po

t e n t i a l .  The t e m p e r a tu r e  i s  no t  mentioned i n  t h e  I l k o v i c  e -  

q u a t i o n ,  b u t  each  terra i s  t e m p e r a tu re - d e p e n d e n t  t o  some e x 

t e n t ,  and D i s  a f u n c t i o n  of t h e  t e m p e r a t u r e .  The d i f f u s i o n  

c u r r e n t  1^ I n c r e a s e s  a t  t h e  r a t e  of 1 o r  2 ^  p e r  d eg re e  i n  

t h e  v i c i n i t y  of  room t e m p e r a t u r e .  The t e m p e r a tu re  of t h e  

e l e c t r o l y s i s  c e l l  should  t h e r e f o r e  be c o n t r o l l e d  t o  a t  l e a s t  

+ 0 . 5  d e g r e e s .

Many f a c t o r s  which a r e  d i f f i c u l t  t o  h an d le  i n  a
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p o l a r o g r a p h l c  a n a l y s i s  may be avo ided  by making on ly  r e l a t i v e  

m easu rem en ts .  To do t h i s  i t  i s  n e c e s s a r y  t o  p r e p a r e  a s t a n d 

a rd  s o l u t i o n  o f  th e  d e s i r e d  io n  and d e te rm in e  i t s  c u r r e n t -  

v o l t a g e  cu rve  under  t h e  same c o n d i t i o n s  as  t h e  unknown. Then 

t h e  I l k o v i c  e q u a t i o n  can be a p p l i e d  i n  th e  s i m p l i f i e d  form 

e q u a l s  KC. The p r o p o r t i o n a l i t y  c o n s t a n t  can  be e v a l u a t e d  

g r a p h i c a l l y  and need not  be r e s o l v e d  i n t o  i t s  t h e o r e t i c a l  e -  

q u i v a l e n t .

Ions  can  be i d e n t i f i e d  by t h e i r  h a l f -w a v e  p o t e n 

t i a l s .  The h a l f -w a v e  p o t e n t i a l  i s  d e te rm in e d  by th e  i n 

t e r s e c t i o n  o f  t h e  c u rve  by a h o r i z o n t a l  l i n e  drawn midway b e 

tween th e  two h o r i z o n t a l  p o r t i o n s  o f  a c u r r e n t - v o l t a g e  c u r v e .  

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

p a r t i c u l a r  s u p p o r t i n g  e l e c t r o l y t e .  The v a lue  of  E^ has no 

r e l a t i o n  t o  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of  th e  m e t a l .

The l i m i t i n g  c u r r e n t  i s  t h e  sum of  t h r e e  components ;  

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

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

w i l l  f low even i n  t h e  absence  of  a r e d u c i b l e  i o n .  The r e s i 

d u a l  c u r r e n t  c u rv e  shown i n  F ig u r e  4 i s  t y p i c a l .  The m ig r a 

t i o n  c u r r e n t  i s  due t o  th e  r e d u c t i o n  o f  r e d u c i b l e  i o n s ,  such  

as  t h e  t e t r a - p - t o l y l s t i b o n i u m  i o n s ,  which a r e  a t t r a c t e d  t o  

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

t i c a l  work by  t h e  a d d i t i o n  o f  a r e l a t i v e l y  h ig h  c o n c e n t r a t i o n  

of  a s u p p o r t i n g  e l e c t r o l y t e  such  a s  p o ta s s iu m  s u l f a t e  whose
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FIGURE 4

R e s i d u a l  C u r re n t  Curve of 0 .1  N ICS Ou S u p p o r t in g  
E l e c t r o l y t e  Made Up 0 .0 1 ^  i n  T r i t b n  X-100.
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i o n s  a r e  n e i t h e r  reduced  o r  o x id iz e d  a t  t h e  m i c r o e l e c t r o d e  

w i t h i n  t h e  p o t e n t i a l  r an g e  b e in g  s t u d i e d ,

A, Polarograra  of  t h e  s u p p o r t i n g  e l e c t r o l y t e .

The S a r g e n t  Model XXI P o la r o g r a p h  was 

used t o  o b t a i n  a l l  p o la r o g r a m s .  The S a r g e n t  Model XXI was 

s e t  a t  2 v o l t s  on SPAN, 0 v o l t s  on INITIAL, 3 v o l t s  span  on 

DC EMP, t h e  INITIAL EMF was s e t  a t  OFF, t h e  DAMPING was s e t  

a t  1, t h e  DME a t  minus ,  and UPSCALE and DOWNSCALE a t  0 .  The 

f i r s t  po la rog ram  was t h e  r e s i d u a l  c u r r e n t  c u rve  shown i n  F i g 

u re  4 ,  A p o tas s iu m  s u l f a t e  s o l u t i o n  0 . 1  N i n  p o ta s s iu m  io n  

was made 0 .0 1 #  T r i t o n  X-100. The s o l u t i o n  was d e a e r a t e d  w i t h  

a s t r e a m  o f  n i t r o g e n  f o r  15 m in u te s  and t h e  c u r r e n t - v o l t a g e  

c u rv e  was o b ta in e d  w i t h  th e  s a t u r a t e d  c a lo m e l  e l e c t r o d e .  A 

d iagram  of  t h e  assem bly  used t o  o b t a i n  p o la ro g ra m s  i s  shown 

i n  F i g u r e  2 .

B, Po la rogram s of  t e t r a - p - t o l y l s t i b o n i u m  s u l f a t e .
-4A 5 X 10 M t e t r a - p - t o l y l s t i b o n i u m  s u l 

f a t e  s o l u t i o n  c o n t a i n i n g  a s u p p o r t i n g  e l e c t r o l y t e  of  p o t a s s 

ium s u l f a t e  which was O.IM i n  p o ta s s ium  i o n  was d e a e r a t e d  

w i t h  n i t r o g e n  and c u r r e n t - v o l t a g e  c u rv e s  were o b ta in e d  w i th  

t h e  S .  C. E. a s  r e f e r e n c e  e l e c t r o d e .  A tw o -s te p p ed  r e d u c t i o n  

wave was o b ta in e d  w i t h  t h e  f i r s t  h a l f - w a v e  p o t e n t i a l  a t  - 0 .6 6  

V and t h e  second h a l f - w a v e  p o t e n t i a l  o ccu r red  a t  - 1 . 1 1  V.

The f i r s t  wave had a maximum, which was su p p re s s e d  by  making 

t h e  s o l u t i o n  0 .0 1 #  i n  T r i t o n  X-100, Maxima o c c u r r i n g  w i t h
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s t ib o n lu m  c o n c e n t r a t i o n s  of  1 t o  2 x 10“^ M can be su pp re ssed  

by making th e  s o l u t i o n  0 .0 0 5 #  I n  T r i t o n  X-100, b u t  a r e  ob

se rved  f o r  h i g h e r  s t ib o n lu m  c o n c e n t r a t i o n s  u n l e s s  t h e  T r i t o n  

X-100 c o n c e n t r a t i o n  I s  r a i s e d  t o  0 .0 1 # ,  The c u r r e n t - v o l t a g e  

cu rve  o f  t e t r a - p - t o l y l s t l b o n l u m  s u l f a t e  I s  shown I n  F i g u r e  5»

C. R e l a t i o n  be tween  t h e  h a l f -w a v e  p o t e n t i a l  o f  t e 

t r a - p - t o l y l s t l b o n l u m  s u l f a t e  and pH.

As can  be seen  I n  F i g u r e  6 t h e  h a l f -w a v e

p o t e n t i a l  o f  th e  f i r s t  wave remained c o n s t a n t  a t  - 0 .6 6  v o l t s

v s .  th e  S ,  Co Eo a t  pH v a lu e s  be tween 2 and 6 ,  whereas  t h e

h a l f - w a v e  p o t e n t i a l  o f  t h e  second wave s h i f t e d  t o  more n e g a 

t i v e  p o t e n t i a l s  w i t h  I n c r e a s i n g  pH. A Beckman Zerom at lc  pH 

m e te r  w i t h  a g l a s s - c a l o m e l  e l e c t r o d e  assem bly  was used f o r  

t h e  d e t e r m i n a t i o n  o f  th e  pH v a lu e s  o f  th e  s t a n d a r d  t e t r a - p -  

t o l y l s t l b o n l u m  s u l f a t e  s o l u t i o n .  An a t t e m p t  was made t o  use  

KHS02J as  s u p p o r t i n g  e l e c t r o l y t e  I n s t e a d  of  po tass ium  s u l f a t e ,  

b u t  I n  t h e  r e l a t i v e l y  s t r o n g  a c id  s o l u t i o n s  a l a r g e  hydrogen 

wave deve loped  a t  a p o t e n t i a l  o f  abou t  - 0 . 9  v o l t s  v s .  t h e  S ,  

Co E .  and I n t e r f e r e d  w i t h  t h e  d e t e r m i n a t i o n  o f  th e  h e i g h t  of  

t h e  f i r s t  wave o f  t h e  t e t r a - p - t o l y l s t l b o n l u m  s u l f a t e .  The 

s o l u t i o n  became t u r b i d  a t  pH v a lu e s  above 6 . 5  u n l e s s  v e ry  

pure  t e t r a - p - t o l y l s t l b o n l u m  h ydrox ide  was used In  p r e p a r i n g  

th e  s t a n d a r d  s o l u t i o n s .  I f  pure  h y d ro x ide  I s  u sed ,  t h e  s o l u 

t i o n s  do no t  become t u r b i d  u n t i l  t h e  pH exceeds  7 .  As can  

be  s e e n  from F i g u r e  3, t e t r a - p - t o l y l s t l b o n l u m  Ion forms th e  

I n s o l u b l e  h y d ro x id e  when th e  pH exceeds  7 .
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FIGURE 5

C u r r e n t - V o l t a g e  Curve f o r  5 x 10““' M T e t r a - p - T o l y  1- 
s t ib o n iu m  S u l f a t e  Made up 0 .1  N in  as KpSOh and 
0 .0 1 #  In  T r i t o n  X-100 and Adjus ted  t o  a pH of 3 *7 .
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FIGURE 6

P l o t  of  Half-wave P o t e n t i a l  v s .  pH f o r  5 x 10“^ M,Tetra- 
p - t o l y l s t i b o n i u m  S u l f a t e .  S o l u t i o n  i s  0 . 1  N i n  K as  
KgSO^ and 0 .0 1 #  i n  T r i t o n  X-100.
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D. The dependence  o f  w a v e - h e lg h t s  on th e  c o n c e n t r a 

t i o n s  of t e t r a - p - t o l y l s t l b o n l u r a  s u l f a t e  «

The p o la ro g ram s  o f  t e t r a - p - t o l y l s t l b o n l u m

s u l f a t e  s o l u t i o n s  were o b ta in e d  a t  c o n c e n t r a t i o n s  be tween
-31 .0  X 10 t o  1 .0  X 10 M. A p l o t  of  wave h e i g h t  v s .  co n 

c e n t r a t i o n  was made f o r  a s e r i e s  o f  s t a n d a r d  s o l u t i o n s  and 

a s t r a i g h t  l i n e  was o b ta in e d  f o r  t h e  f i r s t  wave. The p l o t  

f o r  t h e  second wave d id  no t  show a l i n e a r  r e l a t i o n .  The 

p l o t  f o r  t h e  f i r s t  wave I s  shown In  F ig u r e  7 .  S in c e  th e  wave 

h e i g h t  I s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  f o r  th e  f i r s t  

wave, I t  i s  p o s s i b l e  t o  use p o l a r o g r a p h y  f o r  t h e  q u a n t i t a t i v e  

d e t e r m i n a t i o n  o f  t e t r a - p - t o l y l s t l b o n l u m  Ion o r  I t s  s a l t s .

E,  The r e l a t i o n  between t h e  wave h e i g h t  of t e t r a -  

p - t o l y l s t l b o n l u m  s u l f a t e  and th e  h e i g h t  o f  t h e  m ercury  c o l 

umn.

Because  th e  d i f f u s i o n  c u r r e n t  I s  p r o p o r 

t i o n a l  t o  t h e  q u a n t i t y  any v a r i a t i o n s  of m o r  t

w i l l  c ause  c o r r e s p o n d i n g  changes  o f  t h e  d i f f u s i o n  c u r r e n t .  

Numerous a u t h o r s  have shown t h a t  (and t h e r e f o r e  t h e

d i f f u s i o n  c u r r e n t )  I s  p r o p o r t i o n a l  t o  t h e  s q u a re  r o o t  o f  t h e  

e f f e c t i v e  p r e s s u r e  o f  m ercu ry .  T h is  I s  t h e  b a s i s  of  a s im p le  

and f r e q u e n t l y  used method of  a s c e r t a i n i n g  w h e th e r  t h e  h e i g h t  

o f  a wave I s  d i f f u s i o n - c o n t r o l l e d :  I f  I s  no t  co n 

s t a n t  w i t h i n  e x p e r i m e n t a l  e r r o r  over  a wide r a n g e  o f  mercury  

p r e s s u r e s ,  t h e  c u r r e n t  must be  p a r t i a l l y  o r  w h o l ly  governed
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FIGURE 7

P l o t  o f  Wave H eight  v s .  C o n c e n t r a t i o n  f o r  T e t r a - p -  
t o l y l s t l b o n l u m  S u l f a t e  S o l u t i o n s  Made 0 . 1  N I n  KT as
KgSOi, and 0 .0 1 #  In  T r i t o n  X-100.
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by t h e  r a t e  of  some p r o c e s s  o t h e r  t h a n  d i f f u s i o n  t o  t h e  e l e c -
-4t r o d e  s u r f a c e .  A s o l u t i o n  was made 5 x 10 M i n  t e t r a - p -  

t o l y l s t i b o n i u m  s u l f a t e ,  0 , 1  M i n  as  K^SOj^, 0 .0 1 #  i n  T r i t o n  

X-100, and a d j u s t e d  t o  pH 3*7 w i t h  d i l u t e  ammonium h y d ro x id e  

and s u l f u r i c  a c i d .  The s o l u t i o n  was d e a e r a t e d  w i t h  n i t r o g e n  

as  u s u a l ,  and po la ro g ram s  were o b ta in e d  a t  a number o f  d i f 

f e r e n t  m ercury  column h e i g h t s .  A p l o t  o f  t h e  s q u a r e  r o o t  of  

t h e  h e i g h t s  o f  t h e  m ercury  column v s .  t h e  c o r r e s p o n d i n g  d i f 

f u s i o n  c u r r e n t s  a t  t h o s e  h e i g h t s  y i e l d e d  a s t r a i g h t  l i n e .

The d a t a  a r e  shown i n  F i g u r e  8 .  T h is  e x p e r im e n t  d e m o n s t r a t e s  

t h a t  t h e  c u r r e n t  i s  d i f f u s i o n - c o n t r o l l e d .

P .  A n a ly s i s  o f  t e t r a - p - t o l y l s t i b o n i u m  o rg a n ic  ac id  

s a l t s  by p o l a r o g r a p h y .

A l though  t h e  m e l t i n g  p o i n t s  l i s t e d  f o r  

t h e  v a r i o u s  o r g a n ic  a c id  d e r i v a t i v e s  s e r v e  a s  a good method 

of  i d e n t i f i c a t i o n ,  an a n a l y s i s  o f  a g iv e n  d e r i v a t i v e  would 

be h i g h l y  d e s i r a b l e .  A s im p le  method f o r  th e  d e t e r m i n a t i o n  

o f  t h e  p e r c e n t  t e t r a - p - t o l y l s t i b o n i u m  of  a number o f  d e r i v a 

t i v e s  was d e v e lo p e d .  S ta n d a r d  t e t r a - p - t o l y l s t i b o n i u m  s u l f a t e  

s o l u t i o n s  o f  c o n c e n t r a t i o n s  o f  2 , 4 , 5 , 6 ,  and 8 x 10"^ M were 

made 0 . 1  M i n  a s  KgSOjif and a d j u s t e d  t o  pH 's  be tw een  3 .5  

and 4 . 0  by means o f  s u l f u r i c  a c id  and ammonium h y d r o x i d e .

The t e t r a - p - t o l y l s t i b o n i u m  o r g a n ic  a c id  d e r i v a t i v e s  were c a r e 

f u l l y  weighed on an a n a l y t i c a l  b a l a n c e ,  d i s s o l v e d  i n  t h e  min

imum amount o f  s u l f u r i c  a c i d ,  made 0 .1  M i n  K* a s  KgSO^j, and
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FIGURE 8

P l o t  o f  Wave H e igh t  v s .  t h e  Square  Root o f  t h e  H e igh t  of  
Mercury Column f o r  5 x 10“^ M T e t r a - p - t o l y l s t l b o n l u m  S u l f a t e

A  1 XT 4  -w* t r »  'XT C I A . J  A  A  1 4  _  FTI__4 J_ V  1 A A  TT ^  PT
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a l s o  a d j u s t e d  t o  pH's  be tween 3«5 and 4 .0  w i t h  s u l f u r i c  a c id  

and ammonium h y d r o x i d e ,  Po larogram s o f  t h e  s t a n d a r d  s o l u t i o n s  

and t h e  t e t r a t o l y l s t l b o n l u m  o rg an ic  a c id  s o l u t i o n s  were made, 

and t h e  wave h e i g h t s  o f  t h e  f i r s t  waves were d e t e r m i n e d . A 

s t a n d a r d  c u rv e  was made by p l o t t i n g  th e  wave h e i g h t s  v s .  t h e  

c o n c e n t r a t i o n s  o f  t h e  d i f f e r e n t  s t a n d a r d  s o l u t i o n s .  The co n 

c e n t r a t i o n s  o f  t h e  t e t r a t o l y l s t l b o n l u m  o rg a n ic  a c id  s o l u t i o n s  

were  d e te rm in e d  from t h e i r  p o s i t i o n s  on th e  s t a n d a r d  c u r v e .

The c o n c e n t r a t i o n s  o f  t h e  t e t r a t o l y l s t l b o n l u m  o rg an ic  ac id  

s o l u t i o n s  d e te rm in e d  by p o la ro g ra p h y  a re  compared w i t h  th e  

c o n c e n t r a t i o n s  d e te rm ined  from th e  w eigh t  of  t h e  o rg an ic  a c id  

d e r i v a t i v e  I n  s o l u t i o n ,  and th e  r e s u l t s  a r e  shown I n  T ab le  4 .

S o l u b i l i t y  C h a r a c t e r i s t i c s  of  t h e  Organic  S a l t s  
o f  T e t r a - p - t o l y l s t l b o n l u m  Ion

I n  g e n e r a l  t h e  o rg an ic  s a l t s  a r e  s o l u b l e  I n  c h l o 

r o fo rm ,  a c e t o n e ,  a l c o h o l ,  and b e n ze n e .  The a l i p h a t i c  ac id  

d e r i v a t i v e s  a r e  more e a s i l y  s o l u b l e  I n  hexane t h a n  a r e  t h e  

a ro m a t ic  a c id  d e r i v a t i v e s .

The b e s t  method found ,  i n  g e n e r a l ,  f o r  t h e  r e o r y -  

s t a l l l z a t l o n  o f  an unknown o rg a n ic  a c id  d e r i v a t i v e  was t o  

d i s s o l v e  t h e  s a l t  I n  t h e  minimum amount of  b e n z e n e ,  f i l t e r ,  

add hexane u n t i l  t h e  s o l u t i o n  became c lo u d y ,  warm t h e  s o l u 

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

s o l u t i o n  and c o o l .  U s u a l l y  b e a u t i f u l  d iamond-shaped c r y s t a l s  

formed whose m e l t i n g  p o i n t s  d id  no t  change when r e c r y s t a l l l z -  

ed a second t i m e .  A few of  t h e  a c id  d e r i v a t i v e s  formed n e e d le



TABLE 4

P o l a r o g r a p h l c  A n a l y s i s  o f  Some T e t r a - p - t o l y l  
D e r i v a t i v e s  by P o la r o g r a p h y

D e r i v a t i v e ï e t r a - p - t o l y l s t l b o n l u r a  
Theory  Found

Run 1 Run 2
Theory

^  Carbon 
Found 

Run 1 Run 2

Formate 9 1 .5 3 9 0 .4 1 90.24 6 5 .5 6 6 4 ,7 6 6 4 ,6 4

A c e t a t e 8 9 .1 7 91 .85 88 .20 6 6 .08 6 8 .0 7 6 5 .3 6

P r o p i o n a t e 86.94 85 .03 8 6 .2 7 6 6 .5 7 6 5 .1 1 6 6 .06

Benzene S u l f o n a t e 7 5 .5 7 7 5 .5 7 7 5 .8 0 6 3 .4 7 6 3 .4 7 6 3 .6 6

p -T o lu en e  S u l f o n a t e 7 3 .9 7 75 .15 71 .0 0 63 .94 64 .96 6 1 .3 7

B u t y r a t e 8 4 .8 1 88 .20 85 .69 6 7 .0 3 6 9 .7 1 6 7 .7 3

I s o b u t y r a t e 84 .8 1 84 .00 82 .41 6 7 .0 3 6 6 .3 9 6 5 .1 3

V a l e r a t e 8 2 .7 9 8 2 .7 9 82 .79 6 7 .4 8 6 7 .4 8 6 7 .4 8

I s o v a l e r a t e 8 2 .7 9 8 4 .7 8 85 .20 6 7 .4 8 6 9 .1 0 6 9 .4 4

C h l o r o a c e t a t e 8 3 .8 7 83.54 84 .65 6 2 .1 5 6 1 .9 1 6 2 .7 3

2 - F u r o a t e 8 1 .4 1 7 8 .7 6 80 ,65 6 6 .3 5 6 4 .1 9 6 5 .7 3

U1
-4



TABLE 4 
( C o n t in u e d )

D e r i v a t i v e JbTetra-
Theory

- p - t o l y l s t i b o n i u m  
Found 

Run 1 Run 2
The ory

% Carbon 
Pound 

Run 1 Run 2

Hydrogen Mesaconate 79 .02 7 8 .5 0 7 9 .6 8 64 .41 6 3 .9 9 64 .95

L a c t a t e 84 .52 83 ,00 82 .1 0 6 4 .7 1 6 3 .5 5 62 .86

A lp h a c h l o r o p r o p io n i c 81 .89 80 .42 82 .47 6 2 .7 0 6 1 .5 7 6 3 .2 5

A lphabrom oprop ion ic 7 6 .1 9 7 5 .2 1 78 .62 58.34 5 7 .5 9 6 0 .2 0

B e ta b ro m o p ro p io n ic 7 6 .1 9 7 5 .5 8 78.34 58.34 5 7 .8 7 5 9 .9 9

Hydrogen P h t h a l a t e 7 4 .6 5 7 4 .3 5 7 5 .0 0 6 6 .3 8 6 6 .1 1 6 6 .69

Hydrogen Ma l e a t e 8 0 .8 7 80,22 80.22 6 3 .9 1 6 3 .4 0 6 3 .4 0

o - T o lu ic 7 8 .2 5 74 ,89 78.54 6 9 .5 8 6 6 .5 9 69 .84

m-ToIuic 7 8 .2 5 7 7 .1 2 7 8 .2 8 6 9 .5 8 6 8 .5 8 6 9 .6 1

p -T o lu io 78 .25 7 5 .9 1 77 .10 6 9 .5 8 6 7 .5 0 6 8 .5 6

B en zo a te 80.06 8 1 .1 8 8 1 .1 8 6 9 .2 1 7 0 .1 8 7 0 .1 8

Ln
00



59

l i k e  c r y s t a l s  and some of  t h e  d e r i v a t i v e s  formed l e a f l e t s .

Some of  t h e  low m o le c u l a r  w e ig h t  a l i p h a t i c  a c id  d e r i v a t i v e s  

were so  s o l u b l e  i n  benzene  and i n  hexane  t h a t  i t  was u s u a l l y  

b e s t  t o  d i s s o l v e  such  a d e r i v a t i v e  i n  t h e  minimum amount of  

h exane ,  f i l t e r ,  remove some o f  t h e  s o l v e n t  w i t h  a s t r e a m  of  

a i r  u n t i l  t h e  s o l u t i o n  became c lo u d y ,  warm t h e  s o l u t i o n  u n t i l  

t h e  c l o u d i n e s s  d i s a p p e a r e d ,  and t h e n  c o v e r  t h e  s o l u t i o n  and 

c h i l l .  The a c e t a t e ,  f o r m a t e ,  and p r o p i o n a t e  d e r i v a t i v e s  were 

r e c r y s t a l l i z e d  i n  t h i s  manner .  B e t t e r  r e s u l t s  were u s u a l l y  

o b ta in e d  when t h e  benzene and hexane s o l u t i o n s  were f i l t e r e d  

t o  remove any i m p u r i t i e s  p r e s e n t  which  were n o t  s o l u b l e  i n  

benzene  o r  hex an e .

W ater  was a p oor  r e c r y s t a l l i z i n g  s o l v e n t  f o r  th e  

o r g a n ic  s a l t s  when used a l o n e .  The l a r g e  m a j o r i t y  o f  th e  

s a l t s  were t o o  i n s o l u b l e  i n  w a t e r  t o  p e rm i t  i t s  use  a s  a r e -  

c r y s t a l l i z i n g  s o l v e n t .  Most of  t h e  o r g a n ic  s a l t s  were to o  

s o l u b l e  i n  a l c o h o l  t o  p e rm i t  i t s  use  a s  a r e c r y s t a l l i z i n g  

s o l v e n t .  A c o m b in a t io n  of  a l c o h o l  and w a t e r  was used s u c 

c e s s f u l l y  i n  t h e  p u r i f i c a t i o n  o f  some of  th e  d e r i v a t i v e s ,  

b u t  q u i t e  o f t e n  t h e  d e r i v a t i v e s  formed were powdery o r  s l i g h t 

l y  o i l y .  I n  a l l  o a s e s ,  t h e  o rg a n ic  a c id  d e r i v a t i v e s  could  

e i t h e r  be r e c r y s t a l l i z e d  from benzene  and h ex an e ,  h ex an e ,  o r  

from a l c o h o l  and w a t e r .  No o rg a n ic  o r  i n o r g a n i c  a c id  d e r i v 

a t i v e  has  been  p re p a re d  which c an n o t  be r e o r y s t a l l i z e d  from 

a t  l e a s t  one o f  t h e  s o l v e n t  c o m b in a t io n s  ment ioned  above .
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I f  t h e  d e r i v a t i v e  d id  n o t  r e c r y s t a l l i z e  w e l l  from benzene  and 

hex ane ,  t h e  s o l v e n t s  were removed by a s t r e am  of  a i r  o r  by a 

c o m b in a t io n  o f  h e a t  and a s t r e am  of  a i r .  The r e s i d u e  was 

t h e n  r e o r y s t a l l i z e d  from hexane and i f  t h e  r e c r y s t a l l i z a t i o n  

was u n s a t i s f a c t o r y ,  t h e  hexane was removed by a s t r e am  of  a i r  

and t h e  r e s i d u e  would be r e o r y s t a l l i z e d  from a l c o h o l  and wa

t e r .  B e s t  r e s u l t s  i n  t h e  use of a l c o h o l  and w a t e r  as a r e 

c r y s t a l l i z i n g  s o l v e n t  c o m b in a t io n  were o b ta in e d  when as  l i t 

t l e  w a t e r  was used as  p o s s i b l e .

The o r g a n ic  a c i d s  s a l t s  a r e  t o o  s o l u b l e  i n  a c e to n e  

t o  make i t  u s e f u l  as  a r e c r y s t a l l i z i n g  s o l v e n t .  (A l i t t l e  

work has  been  done w i t h  t h e  use  of  c a rb o n  t e t r a c h l o r i d e  o r  

cy c lo h ex a n e  a s  r e c r y s t a l l i z i n g  s o l v e n t s  b u t  t h e s e  compounds 

o f f e r  no a d v a n ta g e  over  t h e  s o l v e n t s  u s e d ) .

The D e t e r m i n a t i o n  o f  t h e  Water  S o l u b i l i t i e s  of  Some 
Organic  S a l t s  o f  T e t r a - p - t o l y l s t i b o n i u m  Ion

The w a t e r  s o l u b i l i t i e s  of  t e t r a - p - t o l y l s t i b o n i u m  

f o r m a t e ,  a c e t a t e ,  p r o p i o n a t e ,  f l u o r i d e ,  and b e n z o a te  were d e 

t e r m i n e d .  Each s o l u b i l i t y  was d e te rm in e d  a c c o r d i n g  t o  th e  

f o l l o w i n g  g e n e r a l  p r o c e d u r e ;  An e x c e s s  of  th e  pure  s a l t  was 

added t o  a b o u t  10 m l .  o f  d i s t i l l e d  w a t e r  i n  a 25 m l.  E r l e n -  

meyer f l a s k .  The m ix tu re  was h e a ted  30-40 d e g re e s  above room 

t e m p e r a t u r e  w i t h  s h a k i n g .  The sample  was p e r m i t t e d  t o  s t a n d  

s e v e r a l  h o u rs  a t  t e m p e r a t u r e s  above 25 d e g r e e s .  I n  eac h  ca se  

t h e r e  was s o l i d  t e t r a - p - t o l y l s t i b o n i u m  s a l t  i n  e q u i l i b r i u m
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w i t h  t h e  s o l u t i o n .  The f l a s k  was th e n  p laced  i n  a t h e n n o -  

s t a t e d  w a t e r  b a t h  which had been  p r e v i o u s l y  a d j u s t e d  t o  2 0 ,0  

+ 0 . 1  d e g r e e s .  See F ig u r e  2 .  The s a l t  s o l u t i o n  was p laced  

i n  th e  t h e r m o s t a t e d  b a t h  f o r  3 t o  5 hou rs  and was f r e q u e n t l y  

sh a k en .  A p i e c e  o f  f i l t e r  p a p e r  was wrapped t i g h t l y  around 

t h e  end of  a c l e a n  p i p e t t e  and kep t  i n  p la c e  w i t h  a r u b b e r  

b a n d .  While  t h e  s o l u t i o n  remained i n  th e  b a t h  a sample  of 

t h e  s a l t  s o l u t i o n  was p i p e t t e d  t h ro u g h  th e  f i l t e r  p a p e r  and 

t r a n s f e r r e d  t o  a weighed 25 m l ,  Erlenraeyer  f l a s k .  The sam

p l e  was weighed and th e  w a t e r  was e v a p o ra te d  s lo w ly  by means 

o f  h e a t  and a s t r e a m  of  c l e a n  a i r .  When n e a r l y  d r y ,  i t  was 

removed from t h e  h e a t  and e v a p o ra te d  t o  d r y n e s s  i n  a vacuum 

d e s i c c a t o r .  The s o l u b i l i t y  was c a l c u l a t e d  on th e  b a s i s  of  

grams o f  s a l t  i n  100 grams of  w a t e r .  A sample o f  t e t r a - p -  

t o l y l s t i b o n i u m  a c e t a t e  was h e a ted  i n  an oven a t  105 d e g re e s  

f o r  3 h o u r s  a f t e r  d r y i n g  i n  a vacuum d e s i c c a t o r ,  and th e  a d 

d i t i o n a l  w e ig h t  l o s s  was 0 ,2 5  rag. p e r  100 mg. o f  s a l t .  The 

s m a l l  l o s s  o f  w e ig h t  shows t h a t  no h y d r a t e  of t e t r a - p - t o l y l -  

s t l b o n iu m  a c e t a t e  was fo rm ed .

P r e p a r a t i o n  o f  T r i - p - t o l y l a r s i n e  

S i x t y - f i v e  grams (2 .8 3  gram atoms) of  s m a l l  chunks 

o f  sodium was p la c e d  i n  a 2 l i t e r ,  3 n eck ed ,ro u n d -b o t to m e d  

f l a s k  and covered  w i th  ^50 m l ,  o f  benzene  made 2^  i n  e t h y l  

a c e t a t e .  The b e n z e n e - e t h y l  a c e t a t e  m ix tu re  was s t i r r e d  w i th  

t h e  sodium f o r  a t  l e a s t  30 m inu tes  i n  o r d e r  t o  a c t i v a t e  th e
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sodium . The f l a s k  was f i t t e d  w i t h  a c o n d e n s e r ,  m ec h an ica l  

s t i r r e r ,  and a 500 m l .  d ro p p in g  f u n n e l  c o n t a i n i n g  a m ix tu r e  

o f  85 grams ( 0 . 4 ?  mole) of  a r s e n i c  t r i c h l o r i d e  and 153-1 

grams ( 1 .2 1  moles)  o f  p - c h l o r o t o l u e n e . About 15 m l . o f  t h e  

a r s e n i c  t r i c h l o r i d e  and p - c h l o r o t o l u e n e  m ix tu r e  was dropped 

i n t o  th e  f l a s k ,  and t h e  r e a c t i o n  m ix tu r e  was h e a ted  and s t i r 

r ed  on a steam b a th  u n t i l  i t  da rkened  and b o i l e d  s p o n t a n e 

o u s l y .  The r e m a in d e r  o f  t h e  a r s e n i c  t r i c h l o r i d e  and p - c h l o -  

r o t o l u e n e  m ix tu re  was added d ro p w ise ,  w i t h  s t i r r i n g  and h e a t 

i n g ,  o v e r  a p e r io d  o f  1- 1 .5  h ou rs  a t  such  a r a t e  t h a t  g e n t l e

b o i l i n g  was m a i n t a i n e d .  When th e  a d d i t i o n  was c o m p le te ,  t h e

m ix tu re  was s t i r r e d  and h e a ted  u n de r  r e f l u x  on a steam b a t h

f o r  4 h o u rs  and a l lowed t o  s ta n d  o v e r n i g h t .

The ne x t  day th e  h o t  r e a c t i o n  m ix tu r e  was f i l t e r e d  

t h r o u g h  a l a r g e  Buchner  f u n n e l  i n t o  a 2 l i t e r  f l a s k .  The 

r e s i d u e  was washed w i t h  two 100 m l .  p o r t i o n s  of  ho t  ben zene ,  

and t h e n  t r a n s f e r r e d  t o  a 1 l i t e r  b e a k e r ,  b o i l e d  w i t h  300 

m l .  o f  b e n ze n e ,  and f i l t e r e d ,  t h e  same f u n n e l  and f l a s k  b e in g  

u s e d .  This  e x t r a c t i o n  p r o c e s s  was r e p e a t e d  3 t i m e s .

The combined benzene f i l t r a t e s  were p laced  i n  a 

b e a k e r  and e v a p o ra te d  u n t i l  a th e rm o m ete r  p laced  i n  t h e  l i q 

u id  r e g i s t e r e d  230 d e g re e s  C. The r e s i d u e  s o l i d i f i e d  on c o o l 

i n g  t o  a c r y s t a l l i n e  mass,  and was a lm o s t  pure  t r i - p - t o l y l -  

a r s i n e .  The t r i - p - t o l y l a r s i n e  was r e c r y s t a l l i z e d  by d i s s o l v 

i n g  th e  compound i n  t h e  minimum amount o f  benzene  and ad d in g
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an e q u a l  volume o f  e t h y l  a l c o h o l .  The m ix tu r e  was a l low ed  

t o  s t a n d  i n  a r e f r i g e r a t o r  o v e r n i g h t .  Sm all  l i g h t - y e l l o w  

diamond-shaped c r y s t a l s  formed which m el ted  a t  1 4 7 .0 - 1 4 8 .5  

d e g r e e s .  S e v e n ty  grams of  c r y s t a l s  were o b t a i n e d .  The f i l 

t r a t e  was c o n c e n t r a t e d  by b o i l i n g  and a second c ro p  of  c r y s 

t a l s  was o b t a i n e d .  T o t a l  y i e l d  was 02 grams,  o r  5 ^  y i e l d  

based  on t h e  p - c h l d r o t o l u e n e .

An a t t e m p t  was made t o  p r e p a r e  t r i - p - t o l y l a r s i n e  

by  s u b s t i t u t i n g  t o l u e n e  f o r  benzene  as  s o l v e n t  w i t h  no e t h y l  

a c e t a t e .  An a t t e m p t  was a l s o  made t o  p r e p a r e  t r i - p - t o l y l 

a r s i n e  by u s i n g  benzene as  s o l v e n t  w i t h  no e t h y l  a c e t a t e  p r e 

s e n t .  Very poor  y i e l d s  were o b t a in e d  i n  t h e  l a s t  two o a s e s ,  

i n d i c a t i n g  t h a t  t h e  p r e s e n c e  o f  e t h y l  a c e t a t e  i s  e s s e n t i a l

t o  a c t i v a t e  t h e  sodium m e t a l  and a l lo w  t h e  r e a c t i o n  t o  go t o

c o m p l e t i o n .  I n  o r d e r  t o  o b t a i n  b e t t e r  y i e l d s ,  i t  i s  a l s o  

su g g e s te d  t h a t  t h e  combined benzene  f i l t r a t e s  be  e v a p o r a t e d  

from an  open b e a k e r  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  l i q u i d  

r e a c h e s  230 d e g re e s  r a t h e r  t h a n  d i s t i l l  t h e  m ix tu r e  a t  a 

low er  t e m p e r a t u r e  u nd e r  reduced  p r e s s u r e ,  s i n c e  some t r i - p -  

t o l y l a r s i n e  may be  d i s t i l l e d  u n d e r  reduced  p r e s s u r e  i f  t h e

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

The r e s i d u e  from t h e  benzene  e x t r a c t i o n s  sh o u ld  be 

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

b e in g  d i s c a r d e d .
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P r e p a r a t i o n  o f  T r l - p - t o l y l a r s l n e  Oxide

A 2 l i t e r ,  3 necked ,  round-bo t tom ed  f l a s k  was e -  

qu ipped  w i t h  a s t i r r e r ,  the rm om ete r ,  and a 60 m l .  d ro p p in g  

f u n n e l .  7 1 .5  grams (0 .2 0 5  mole) o f  t r i - p - t o l y l a r s i n e  d i s 

s o lv e d  i n  abo u t  1 l i t e r  o f  a c e to n e  was added t o  th e  f l a s k .  

T r i - p - t o l y l a r s i n e  i s  q u i t e  i n s o l u b l e  i n  co ld  a c e to n e  and c a r e  

must  be t a k e n  t o  p r e v e n t  r e p r e c i p i t a t i o n  when th e  s o l u t i o n  i s  

c o o l e d .  T w en ty -n in e  grams (0 .2 5 5  mole) o f  hydrogen p e r 

o x id e  was added d ro p w ise  w i t h  s t i r r i n g  o v e r  a p e r io d  of  30 

m i n u t e s .  Any t r i - p - t o l y l a r s i n e  which was p r e c i p i t a t e d  when 

t h e  a c e to n e  s o l u t i o n  was co o led  t o  room t e m p e r a t u r e  d i s s o l v e d  

a s  t h e  hydrogen  p e ro x id e  was a dded .  T h e r e f o r e ,  i t  may be p o s 

s i b l e  t o  use  l e s s  a c e to n e  i n  f u t u r e  p r e p a r a t i o n s .  Care must 

be  t a k e n  t o  p r e v e n t  t h e  r e a c t i o n  m ix tu re  from becoming to o  

h o t  when th e  hydrogen  p e ro x id e  i s  ad ded .  When th e  a d d i t i o n  

o f  hydrogen  p e ro x id e  was c o m p le te ,  s t i r r i n g  was c o n t in u e d  f o r  

30 m in u t e s ,  and t h e  a c e to n e  was removed by d i s t i l l a t i o n .

The f l a s k  c o n t a i n i n g  th e  r e s i d u a l  ye l lo w  o i l  was 

f i t t e d  w i t h  a w a t e r  t r a p  and c o n d e n s e r ,  and 125 m l .  o f  b e n 

zene  was a dd ed .  The w a t e r  was t h e n  removed by a z e o t r o p i c  

d i s t i l l a t i o n .  T h is  p r o c e s s  was r e p e a t e d  t w i c e .  The f l a s k  

c o n t a i n i n g  th e  t r i - p - t o l y l a r s i n e  ox ide  was s to p p e re d  and a l 

lowed t o  s t a n d  f o r  2 h o u r s ,  and when th e  f l a s k  was shaken  t h e  

o i l  q u i c k l y  c r y s t a l l i z e d  t o  a w h i t e  s o l i d .
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P r e p a r a t i o n  of  T e t r a - p - t o l y l a r s o n i u m  C h lo r id e

The t r i - p - t o l y l a r s i n e  oxide  was d i s s o l v e d  i n  l400 

m l.  of  ho t  b e n z e n e .  Care  was t a k e n  t o  p r e v e n t  c o n t a c t  of  

t h e  t r i - p - t o l y l a r s i n e  ox ide  w i t h  t h e  a i r .  To t h i s  s o l u t i o n  

was added d ropw ise  w i th  s t i r r i n g  a s o l u t i o n  of p - t o ly l m a g n e s -  

ium bromide  which was p rep a red  from 8.26  grams (0 .3^  mole) 

magnesium, 5 2 .8  grams (0 ,3 0 9  mole)  p -b ro m o to lu en e ,  and 250 

m l .  d r y  e t h e r .  A brown v i s c o u s  s o l i d  s e p a r a t e d  and c a r e  was 

t a k e n  t h a t  t h e  G r ignard  s o l u t i o n  was n o t  added to o  f a s t  t o  

p r e v e n t  th e  s o l i d  from forming a l a r g e  v i s c o u s  b a l l .  The 

m ix tu r e  was s t i r r e d  f o r  15 m inu te s  and th e n  s t i r r e d  and r e 

f lu x e d  f o r  1 h o u r .  The h e a t i n g  was d i s c o n t i n u e d  when th e  

v i s c o u s  p r e c i p i t a t e  became more waxy and v e ry  d i f f i c u l t  t o  

s t i r .  The s o l u t i o n  was a l lowed t o  s tand  f o r  3 hours  and th e  

brown p r e c i p i t a t e  became c o n s i d e r a b l y  more v i s c o u s  and waxy. 

The m ix tu r e  was s t i r r e d  and r e f l u x e d  f o r  30 m inu te s  bu t  t h i s  

p ro c e d u re  was d i s c o n t i n u e d  when th e  p r e c i p i t a t e  became ex

t r e m e l y  waxy. The m ix tu re  was f i l t e r e d  ho t  th ro u g h  a Buch

n e r  f u n n e l .  I t  was observed  t h a t  th e  f i l t r a t e  became c lou d y  

on t h e  s u r f a c e  when exposed t o  t h e  a i r ,  p o s s i b l y  i n d i c a t i n g  

t h a t  no t  a l l  of  th e  Grignard  r e a g e n t  had been  used u p .  The 

p r e c i p i t a t e  was washed w i t h  two 100 m l.  p o r t i o n s  o f  benzene 

and t h e n  h e a ted  and s t i r r e d  w i t h  abou t  500 m l .  w a t e r .  A 

f l o c c u l e n t  w h i te  p r e c i p i t a t e  formed which d i s s o l v e d  when 

t r e a t e d  w i t h  a l i t t l e  c o n c e n t r a t e d  HCl, and formed a r e d -  

brown o i l .  A t o t a l  of 250 ml,  of  c o n c e n t r a t e d  HCl was added
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t o  t h e  s o l u t i o n  and th e  m ix tu re  was s t i r r e d  and p lac ed  In  

t h e  r e f r i g e r a t o r  o v e r n i g h t .  A s m a l l  amount of  benzene  was 

removed th e  n e x t  day w i t h  a s e p a r a t o r y  f u n n e l  and th e  s o l u 

t i o n  a g a i n  p laced  I n  t h e  r e f r i g e r a t o r .  No c r y s t a l s  formed 

and t h e  a c id  was removed and t h e  o i l  d i s s o l v e d  I n  c h lo r o f o r m .  

The s o l u t i o n  was f i l t e r e d  and th e  c h lo ro fo rm  was removed by 

e v a p o r a t i o n .  C o nc en t ra ted  HCl was a g a i n  added t o  t h e  o i l  

and th e  m ix tu re  was a l lowed t o  s t a n d  f o r  a few d a y s .  A few 

n e e d l e s  formed, bu t  no t  enough o f  t h e  m a t e r i a l  was o b ta in ed  

t o  a l low  e x t e n s i v e  I n v e s t i g a t i o n  o f  t h e  m a t e r i a l .  A few n e e 

d l e s  were a l s o  formed when t h e  o i l  was e x t r a c t e d  w i t h  b o i l i n g  

w a t e r  and th e  w a t e r  t r e a t e d  w i t h  s o l i d  sodium c h l o r i d e  u n t i l  

t h e  s o l u t i o n  became s a t u r a t e d .

A l i s t  o f  t h e  a r s e n i c  compounds p re p a re d  and t h e i r  

m e l t i n g  p o i n t s  I s  shown I n  T ab le  5 .

P r e p a r a t i o n  o f  T e l lu r iu m  T e t r a c h l o r i d e

F i f t y  grams o f  t e l l u r i u m  (0 .392  mole)  was p laced  

I n  a d r y  250 m l .  f l a s k  f i t t e d  w i t h  a s ld e a rm  c o n t a i n i n g  a 

number o f  ampoules .  A slow s t r e a m  of  c h l o r i n e  was I n t r o d u c e d  

I n t o  t h e  f l a s k  and h e a t  was a p p l i e d  t o  t h e  f l a s k  t o  I n i t i a t e  

t h e  r e a c t i o n  be tween  th e  e l e m e n t s .  A f t e r  t h e  r e a c t i o n  had 

s t a r t e d ,  h e a t  was no l o n g e r  n e c e s s a r y  I n  t h e  e a r l y  s t a g e s  o f  

t h e  r e a c t i o n .  The p r e s e n c e  of  t e l l u r i u m  ( l l )  c h l o r i d e  I s  I n 

d i c a t e d  by th e  murky b l a c k  l i q u i d  t h a t  f i r s t  fo rm s .  As soon 

as  an e x c e s s  o f  c h l o r i n e  had been  added t o  com ple te  t h e
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TABLE 5

M e l t in g  P o i n t s  of  Some Organic  A rsen ic  
and T e l lu r iu m  Compounds

Compound M e l t in g  P o in t

* T r i - p - c  umy la  V 3  i  ne 1 4 0 .8 - 1 4 2 .8

* T r i - p - c u m y l a r s i n e  ox ide  
(may be t r i - p - c u m y l a r s i n e  
d i h y d r o x id e )

l 6 8 - l 6 9 (decomposes

T r i - p - t o l y l a r s i n e 1 4 7 .0 - 1 4 8 .5

T r i - p - t o l y l a r s i n e  oxide

T r i - p - t o l y l a r s i n e  d ih y d r o x id e

D i p h e n y l t e l l u r i u m  d i c h l o r i d e 163-166

T r i p h e n y l t e l l u r o n i u m  i o d i d e 2 4 8 .2 - 2 4 9 .5

T e t r a - p - t o l y l a r s o n i u m  i o d id e 253-255

♦ New Compounds
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c o n v e r s i o n  o f  t h e  t e l l u r i u m  t o  t e l l u r i u m  (IV) c h l o r i d e ,  t h e  

l i q u i d  changed t o  d a r k - r e d  c o l o r  and became c l e a r .  A y e l lo w  

v a p o r  was produced by h e a t i n g  t h e  red  l i q u i d .  T h is  condensed 

a s  a y e l l o w i s h - w h i t e  c r y s t a l l i n e  m a t e r i a l  on th e  c o o l  p a r t  of 

t h e  s id e a rm  and g r a d u a l l y  f i l l e d  t h e  am poules .  By c a r e f u l  

h e a t i n g  th e  t e l l u r i u m  (IV) c h l o r i d e  was d i s t i l l e d  i n t o  th e  

ampoules  and th e  ampoules were s e a l e d  o f f  w i th  an oxygen t o r c h .  

The slow s t r e a m  o f  c h l o r i n e  was c o n t in u e d  th r o u g h o u t  t h e  d i s 

t i l l a t i o n  and s e a l i n g  o p e r a t i o n s .  With  c a r e  i n  d i s t i l l a t i o n  

f a i r l y  good y i e l d s  were o b t a i n e d .

T e l lu r iu m  t e t r a c h l o r i d e  was a l s o  p re p a re d  by a n o t h 

e r  m ethod.  2 5 -5  grams o f  t e l l u r i u m  m e ta l  was ground t o  a 

powder i n  a m o r t a r  and t r e a t e d  w i t h  100 ml.  of s u l f u r  c h l o 

r i d e  ( p r a c t i c a l )  w i t h  s t i r r i n g .  The r e a c t i o n  was s t i r r e d  f o r  

6 - 8  h o u r s  and t h e  e x c e s s  s u l f u r  c h l o r i d e  was poured o f f .  The 

c ru d e  t e l l u r i u m  t e t r a c h l o r i d e  was re c o v e re d  by e x t r a c t i o n  o f  

t h e  i m p u r i t i e s  w i t h  c a rb o n  d i s u l f i d e .  The y e l l o w i s h - g r e e n  

p r e c i p i t a t e  was d i s s o l v e d  i n  e t h e r  and f i l t e r e d  t o  remove any 

t e l l u r i u m  m e t a l  p r e s e n t .  The e t h e r  was removed by an o i l  v a c 

uum pump. Y ie ld  o f  c ru d e  t e l l u r i u m  (IV) c h l o r i d e  was abou t  

45 grams (84# y i e l d ) .

P r e p a r a t i o n  o f  T r i p h e n y l t e l l u r o n i u m  I o d id e

A s o l u t i o n  of phenylmagnesium bromide  was p re p a re d  

from th e  r e a c t i o n  o f  30 grams o f  bromobenzene and 4 . 6 , grams 

o f  magnesium i n  150 m l .  e t h e r .  The r e a c t i o n  m ix tu r e  was
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r e f l u x e d  f o r  1 h o u r ,  t h e n  cooled  In  an i c e  b a t h  and 10 grains 

o f  t e l l u r i u m  t e t r a c h l o r i d e  d i s s o l v e d  I n  150 m l.  of  e t h e r  was 

added r a p i d l y  w i t h  s t i r r i n g .  A b l a c k  p r e c i p i t a t e  was formed 

Im m e d ia te ly .  The r e a c t i o n  m ix tu re  was decomposed I n  100 ml.  

o f  co ld  1 :10  h y d r o c h l o r i c  a c i d .  The b l a c k  s o l i d  was s e p a r a t 

ed from t h e  e t h e r  and w a t e r  l a y e r s  by f l l t a t l o n ,  washed w i th  

c o ld  e t h e r ,  and e x t r a c t e d  w i t h  h o t  95^ e t h a n o l .  The s o l v e n t  

was e v a p o r a te d  on a steam b a t h  and t h e  r e s i d u a l  s o l i d  o b t a i n 

ed was e x t r a c t e d  w i t h  b o i l i n g  w a t e r  and f i l t e r e d .  A s o l u t i o n  

o f  p o ta s s iu m  I o d i d e  was added t o  t h e  f i l t r a t e  and a y e l l o w i s h -  

o range  p r e c i p i t a t e  formed upon c o o l i n g .  The p r e c i p i t a t e  was 

r e o r y s t a l l l z e d  from w a t e r  and a s m a l l  y i e l d  o f  y e l l o w l s h -  

w h l t e  n e e d l e s  was o b t a i n e d .  The n e e d l e s  m el ted  a t  2 4 8 .2 -  

2 4 9 .5  d e g re e s  C . ,  which c o r r e s p o n d s  t o  t h e  m e l t i n g  p o i n t  of  

t r l p h e n y l t e l l u r o n l u m  I o d i d e  a s  r e p o r t e d  by L e d e re r  ( 3 3 ) .

An a t t e m p t  was made t o  c o n v e r t  t h e  t r l p h e n y l t e l l u r 

onlum I o d i d e  t o  t h e  c h l o r i d e  by b o i l i n g  t h e  t r l p h e n y l t e l l u r o n 

lum I o d i d e  w i t h  s i l v e r  c h l o r i d e  f o r  1 h o u r .  The p r e c i p i t a t e s  

tu r n e d  l ime g r e e n .  When th e  f i l t r a t e  from th e  r e a c t i o n  was 

e v a p o r a te d  v e ry  few c r y s t a l s  were o b t a i n e d .  Some o f  t h e  o-  

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

used t o  make q u a l i t a t i v e  t e s t s  w i t h  v a r i o u s  a n io n  s o l u t i o n s .

P r e c i p i t a t e s  were o b ta in e d  w i th  p e r i o d a t e ,  pe rm angana te ,  d l -
—2 “2c h ro m a te .  I o d i d e ,  SnCl^ , and HgCl^ . No p r e c i p i t a t e s  were 

o b ta in e d  w i th  a c e t a t e ,  p r o p i o n a t e ,  and s e v e r a l  o t h e r  s o l u t i o n s
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of  o rg a n ic  a n i o n s .

Very poor  y i e l d s  were o b ta in e d  f o r  t h e  s y n t h e s i s  

o f  t r l p h e n y l t e l l u r o n l u m  c h l o r i d e  by t h e  method d i s c u s s e d  a -  

bove,  so  an a l t e r n a t i v e  method of  p r e p a r a t i o n  was s o u g h t .  

A l though very  l i t t l e  work h as  been  r e p o r t e d  on t r l a r y l t e l -  

lu ron lum  and t r l a r y l s e l e n o n l u m  compounds. I t  a p p e a r s  t h a t  

t h e s e  compounds a r e  q u i t e  s i m i l a r  I n  n a t u r e .  L e i c e s t e r  (34) 

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

se len iu m  t e t r a c h l o r i d e  was t o o  complex In  a l l  c a s e s ,  and p r o 

posed t h a t  t r l p h e n y l s e l e n o n l u m  c h l o r i d e  be p re p a re d  from d l -  

phen y lse len on lu m  d l c h l o r l d e .  An a t t e m p t  was made t o  p r e p a r e  

d l p h e n y l t e l l u r o n l u m  d l c h l o r l d e  by a method s i m i l a r  t o  t h a t  

used by L e i c e s t e r  t o  p r e p a r e  d lp h e n y l se le n o n lu m  d l c h l o r l d e .

P r e p a r a t i o n  o f  D l p h e n y l t e l l u r l u m

One hundred and e i g h t y  grams o f  powdered p o ta s s iu m  

h ydrox ide  (3 .2 0 5  moles)  and 194 grams ( 1 .52  m oles )  of  powder

ed t e l l u r i u m  were t h o r o u g h ly  mixed and h e a ted  on an o i l  b a t h  

t o  140 d e g r e e s ,  a t  which t e m p e r a t u r e  th e y  fused  t o g e t h e r  t o  

form a p u r p l e  m ass .  An I c e  co ld  s o l u t i o n  of  d l a z o t l z e d  a n i 

l i n e  h y d r o c h l o r i d e  p rep a red  from 69  grams (0 .74  mole) of  a n i 

l i n e  was added s lo w ly  and I n  s m a l l  p o r t i o n s  a t  a t im e t o  a 

s o l u t i o n  o f  th e  fused  mass I n  400 m l .  of  I c e  w a t e r .  To com

p l e t e  th e  r e a c t i o n ,  th e  s o l u t i o n  was s e p a r a t e d  from t h e  v i s 

cous t e l l u r i u m - c o n t a i n i n g  b l a c k  mass I n  t h e  bo t tom  o f  th e  r e 

a c t i o n  v e s s e l  and h e a ted  t o  b o i l i n g .  While  s t i l l  ho t  t h i s
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was poured back  th ro u g h  th e  v i s c o u s  b l a c k  mass, which was 

t h e n  s t i r r e d  w i t h  t h e  l i q u i d .  The p r e c i p i t a t e  o f  t e l l u r i u m  

was f i l t e r e d  o f f ,  and th e  low er  l i q u i d  l a y e r  o f  t h e  f i l t r a t e  

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

was washed w i t h  e t h e r  and th e  w ash ings  combined w i t h  t h e  d i 

ph en y l  t e l l u r l d e .  The combined l i q u i d s  were p lac ed  In  a 

f l a s k  c o n n ec ted  t o  a w a t e r  a s p i r a t o r  and h e a te d  t o  120 d e g re e s  

I n  an o i l  b a t h .  A red o i l  r e m a in e d .

P r e p a r a t i o n  of  D l p h e n y l t e l l u r l u m  D l c h l o r l d e

The red o i l  was d i s s o l v e d  In  an  e x c e s s  o f  con ce n 

t r a t e d  n i t r i c  a c id  and t r e a t e d  w i t h  c o n c e n t r a t e d  h y d r o c h lo 

r i c  a c i d .  A l a r g e  amount o f  gas  was evolved  and no p r e c i p i 

t a t e  was o b t a i n e d .  T h is  method was used I n  t h e  p r e p a r a t i o n  

o f  d lp h e n y l s e le n lu m  d l c h l o r l d e  from d l p h e n y l s e l e n l u m ,  b u t  

e v i d e n t l y  I s  no t  a p p l i c a b l e  I n  t h e  p r e p a r a t i o n  o f  d l p h e n y l 

t e l l u r l u m  d l c h l o r l d e  from d l p h e n y l t e l l u r l u m .  R h e ln b o ld t  and 

P e t r a g n a n l  (59) su g g e s te d  t h a t  d l p h e n y l t e l l u r l u m  d l c h l o r l d e  

be  p re p a red  by  th e  c h l o r i n a t i o n  o f  d l p h e n y l t e l l u r l u m .

Phenylmagneslum bromide  was p rep a red  from 1 4 .6  grams 

o f  magnesium and 9 4 .2  grams ( 0 .6  mole) o f  bromobenzene I n  200 

m l .  e t h e r .  The r e a g e n t  was d i l u t e d  w i t h  300 m l.  o f  d r y  b e n 

zene  and added d ropw lse  ( w i t h i n  30 m in u te s )  t o  an I c e  w a t e r  

c o o le d  and v i g o r o u s l y  s t i r r e d  s o l u t i o n  of  2 7 .0  grams ( 0 .1  

mole)  o f  t e l l u r i u m  t e t r a c h l o r i d e  I n  300 m l .  e t h e r  and th e  r e 

a c t i o n  m ix tu r e  was r e f l u x e d  and s t i r r e d  f o r  2 h o u r s .  The
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r e a c t i o n  m ix tu r e  was decomposed I n  a co ld  d i l u t e  ammonium 

c h l o r i d e  s o l u t i o n .  The aqueous l a y e r  was s e p a r a t e d  from th e  

o r g a n ic  l a y e r  by means of  a s e p a r a t o r y  f u n n e l  and th e  o rg an ic  

l a y e r  was washed 3 t im e s  w i t h  50 ml* p o r t i o n s  of  d i s t i l l e d  

w a t e r .  The o r g a n ic  l a y e r  was d r i e d  o v e r  anhydrous  magnesium 

s u l f a t e  and e v a p o ra te d  by low h e a t  t o  a s m a l l  volume. The 

r e m a in d e r  o f  t h e  o rg an ic  s o l v e n t  was removed w i t h  an o i l  vac 

uum pump. The r e d - o r a n g e  o i l  was d i s s o l v e d  i n  100 m l .  of 

c a rb o n  t e t r a c h l o r i d e  and t r e a t e d  w i t h  c h l o r i n e  gas u n t i l  t h e  

c o l o r  o f  t h e  s o l u t i o n  tu rn ed  d a r k  g r e e n .  A w h i te  p r e c i p i t a t e  

formed when some of  th e  s o l v e n t  was e v a p o r a te d  and p e t ro leu m  

e t h e r  was added t o  com ple te  t h e  p r e c i p i t a t i o n .  Some of  the  

p r e c i p i t a t e  was r e c r y s t a l l i z e d  w i t h  b e n z e n e -p e t ro le u m  e t h e r .  

The m e l t i n g  p o i n t  was 163- I 66 d e g r e e s ,  and th e  y i e l d  was 10 .5  

grams (a b o u t  30#» y i e l d ) .  R h e ln b o ld t  and P e t r a g n a n l  (59) r e 

p o r t e d  a m e l t i n g  p o i n t  o f  I 62-163  d e g r e e s .

An a t t e m p t  was made t o  p r e p a r e  d i p h e n y l t e l l u r i u m  

d l c h l o r l d e  i n  a s e p a r a t e  e x p er im en t  by d i s s o l v i n g  t h e  d a r k  

r e d - o r a n g e  o i l  o b ta in e d  i n  t h e  above ex p er im e n t  i n  t h e  m i n i 

mum amount o f  ca rb o n  t e t r a c h l o r i d e  and t r e a t i n g  t h e  s o l u t i o n  

w i t h  e x c e s s  s u l f u r y l  c h l o r i d e .  However, no p r e c i p i t a t i o n  o f  

w h i t e  n e e d l e s  o c c u r r e d ,  n o r  d id  any p r e c i p i t a t i o n  o c c u r  when 

p e t r o le u m  e t h e r  was a d d e d .

A l i s t  of  t h e  t e l l u r i u m  compounds p re p a re d  and 

t h e i r  m e l t i n g  p o i n t s  i s  shown i n  T ab le  5 .
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P r e p a r a t i o n  of  p-Brotnocumene 

339 grams of  cumene and l6  grams o f  i o d in e  were 

p lac ed  I n  a 2 l i t e r  f l a s k  and 1 pound of  bromine was added 

d ro p w lse  w i t h  s t i r r i n g .  The s o l u t i o n  was coo led  I n  an I c e  

b a t h  d u r i n g  t h e  r e a c t i o n .  I t  I s  n e c e s s a r y  t o  ru n  th e  r e a c 

t i o n  I n  t h e  hood s i n c e  c o n s i d e r a b l e  HBr fumes a r e  g iv en  o f f

d u r i n g  th e  r e a c t i o n .  The r e a c t i o n  m ix tu re  was e x t r a c t e d  w i th  

d i l u t e  sodium c a r b o n a t e  s o l u t i o n  u n t i l  t h e  o i l  tu rn ed  l i g h t  

y e l l o w .  The o i l  was washed tw ic e  w i th  w a t e r ,  d i s s o l v e d  I n  

e t h e r ,  and d r i e d  ove r  anhydrous  sodium s u l f a t e .  The o i l  was 

t h e n  h e a ted  t o  170 d e g r e e s  w i t h  a w a t e r  a s p i r a t o r  and v i o l e t

fumes were g iv e n  o f f .  The o i l  was th e n  d i s t i l l e d  a t  a tm os

p h e r i c  p r e s s u r e  and th e  f r a c t i o n  which b o i l e d  a t  214-217 d e -  

g r e e s  was k e p t .  The y i e l d  of  pure  p-bromocumene was about  

417 g ram s .  ( 7 4 .3 #  y i e l d ) .

P r e p a r a t i o n  o f  T r l - p - c u m y l a r s l n e  
by t h e  G r ignard  R e a c t io n

3 6 .0  grams o f  Mg and J O O  m l.  e t h e r  were p laced  I n  

a f l a s k  and 299  grams of  p-bromocumene d i s s o l v e d  In  300 ml.  

e t h e r  was added s l o w l y .  A f t e r  t h e  G r ignard  r e a g e n t  was p r e 

p a r e d ,  7 2 .0  grams o f  AsCl^ was d i s s o l v e d  I n  200 m l.  d ry  b e n 

zene and added s lo w ly  t o  t h e  G r ignard  r e a g e n t .  Near  th e  end 

o f  t h e  a d d i t i o n  o f  t h e  AsCl^ s o l u t i o n  a red-brow n p r e c i p i t a t e  

fo rm ed .  The m ix tu re  was r e f l u x e d  f o r  2 h o u rs  and th e n  d e 

composed I n  a s o l u t i o n  made up o f  7OO m l.  co ld  w a t e r  and 50 

m l .  HCl, A l a r g e  amount o f  o d o r l e s s  gas was e v o lv e d .  The
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o rg a n ic  p o r t i o n  was s e p a r a t e d  from t h e  aqueous p o r t i o n  by 

means of  a s e p a r a t o r y  f u n n e l  and th e  o rg a n ic  p o r t i o n  was e -  

v a p o ra ted  t o  abou t  200 m l.  on a ho t  p l a t e .  The r e s i d u a l  r e d -  

d l sh -b ro w n  o i l  was e x t r a c t e d  s e v e r a l  t im e s  w i t h  h o t  e t h y l  a l 

c o h o l .  The a l c o h o l i c  e x t r a c t s  were combined, b o i l e d  t o  a 

lower  volume, and c o o l e d .  An o i l  s e p a r a t e d  which hardened 

when l e f t  In  t h e  r e f r i g e r a t o r  f o r  s e v e r a l  h o u r s .  The s o l i d  

y e l l o w i s h  p r e c i p i t a t e  was d i s s o l v e d  I n  hexane and f i l t e r e d .  

Some of  t h e  hexane was removed by h e a t i n g  and a w h i t e  p r e c i p 

i t a t e  was o b ta in e d  which m el ted  a t  136-140 d e g r e e s  C. A s e c 

ond r e c r y s t a l l l z a t l o n  from e t h y l  a l c o h o l  gave a m e l t i n g  p o i n t  

of  1 3 7 .5 - 1 4 0 .5  d e g r e e s  C. About 1 l i t e r  o f  h o t  a l c o h o l  I s  

n e c e s s a r y  t o  d i s s o l v e  20 grams of  t r l - p - c u m y l a r s l n e .  A t h i r d  

r e c r y s t a l l l z a t l o n  from a c e to n e  gave a compound which m el ted  

a t  1 4 0 .8 - 1 4 2 ,8  d e g r e e s  C. Y ie ld  o f  t r l - p - c u m y l a r s l n e  (pure), 

was 20 grams (1 1 .7 ^  y i e l d ) .

P r e p a r a t i o n  of  T r l - p - c u m y l a r s l n e  
by  t W  W u r t z - P l t t i g  R e a c t io n

130 grams ( 5 .6 5  gram atoms) of  s m a l l  s l i c e d  sodium 

chunks were p laced  I n  a 2 l i t e r ,  3 necked f l a s k  and covered  

w i t h  900 m l .  o f  d ry  b e n z e n e .  The f l a s k  was f i t t e d  w i t h  a 

s t i r r e r  and a c o n d e n s e r ,  and a 5OO m l ,  d r o p p in g  f u n n e l  which 

c o n ta in e d  17O grams (0 .94  mole) of  AsOl^ and 482 grams (2 .4 2  

moles)  of  p-bromocumene was p laced  I n  t h e  t h i r d  neck  o f  t h e  

f l a s k .  About 20 m l ,  o f  th e  AsCl^-p-bromocumene m ix tu re  was 

dropped I n t o  t h e  f l a s k  and t h e  r e a c t i o n  m ix tu r e  was s t i r r e d
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and h e a te d  on a steam b a t h  u n t i l  i t  darkened  and b o i l e d  s p o n 

t a n e o u s l y ,  The steam b a t h  was removed and th e  r e m a in d e r  o f  

t h e  AsCl^ m ix tu re  was added d rop w lse  w i th  s t i r r i n g  ove r  a 

p e r io d  of  1 - 1 . 5  h ours  a t  such  a r a t e  t h a t  g e n t l e  b o i l i n g  was 

m a i n t a i n e d .  When t h e  a d d i t i o n  was com ple te  t h e  m ix tu r e  was 

s t i r r e d  and h e a ted  on a steam b a t h  f o r  12 h o u r s .

The r e a c t i o n  m ix tu r e  was f i l t e r e d  w h i l e  ho t  t h r o u g h  

a l a r g e  Buchner  f u n n e l  and t h e  f i l t r a t e  was combined w i t h  t h e  

f i l t r a t e s  o b ta in e d  from th e  e x t r a c t i o n s  o f  t h e  r e s i d u e  w i t h  

s e v e r a l  200 m l .  p o r t i o n s  of  b o i l i n g  b e n z e n e .  The combined 

f i l t r a t e s  were h ea ted  on a s team b a t h  t o  remove most o f  t h e  

b e n z e n e .  The f l a s k  c o n t a i n i n g  t h e  r e s i d u a l  red  o i l  was c o n 

n e c te d  t o  a w a t e r  a s p i r a t o r  and h ea ted  u nder  reduced  p r e s s u r e  

i n  an  o i l  b a t h  f o r  2 hours  a t  120-130 d e g r e e s  C. t o  remove 

u n re a o te d  s t a r t i n g  m a t e r i a l s .  When c o o le d ,  t h e  c rud e  t r i -  

p - o u m y la r s in e  s o l i d i f i e d  t o  a l i g h t  y e l lo w  s o l i d  which m el ted  

a t  139-142 d e g r e e s  C. The c ru d e  p ro d u c t  was washed w i t h  50 

m l .  o f  h o t  a l c o h o l  t o  remove y e l l o w i s h - o r a n g e  i m p u r i t i e s .

The r e s i d u e  was d r i e d  and t h e n  d i s s o l v e d  i n  th e  minimum a -  

mount o f  h o t  a c e t o n e ,  f i l t e r e d ,  and a l lowed t o  c o o l  i n  t h e  

r e f r i g e r a t o r  o v e r n i g h t .  Pure w h i t e  t r i - p - c u m y l a r s i n e  was 

o b ta in e d  which mel ted  a t  l 4 0 - l 4 2  d e g re e s  C.

P r e p a r a t i o n  o f  T r i - p - c u m y l a r s i n e  Oxide

80 grams (0 .1 9 1  mole) o f  pure  t r i - p - c u m y l a r s i n e  

was d i s s o l v e d  i n  65O m l .  of  a c e to n e  and p laced  i n  a 2 l i t e r .
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3 necked f l a s k  w i t h  s t i r r e r  and c o n d e n s e r ,  30 grams (0 .2 6  

mole)  o f  30/  ̂ hyd rogen  p e r o x i d e  was added w i t h  s t i r r i n g  o v e r  

a p e r io d  o f  20-30  m i n u t e s .  An i c e  b a t h  was used t o  keep  th e  

t e m p e r a t u r e  of  t h e  s o l u t i o n  a t  30-35 d e g r e e s  C, d u r i n g  th e  

r e a c t i o n .  A f t e r  t h e  hydrogen  p e ro x id e  was added t h e  s o l u t i o n  

was s t i r r e d  f o r  30 m in u te s  and th e  a c e to n e  removed by d i s t i l 

l a t i o n ,  The f l a s k  c o n t a i n i n g  t h e  r e s i d u a l  y e l lo w  o i l  was f i t 

t e d  w i t h  a c o n d e n s e r  and t r a p  and t r e a t e d  w i t h  100 m l.  o f  b e n 

z e n e ,  The w a t e r  was t h e n  removed by a z e o t r o p i o  d i s t i l l a t i o n .  

The p r o c e s s  was r e p e a t e d  and w h i t e  n e e d l e s  o f  t r i - p - c u m y l 

a r s i n e  o x id e  began  t o  form upon c o o l i n g .  The c r y s t a l s  were 

c o l l e c t e d  on a B uchner  f u n n e l ,  washed tw ice  w i t h  25 m l .  p o r 

t i o n s  o f  co ld  b e n z e n e ,  and r e c r y s t a l l i z e d  from b e n z e n e - h e x -  

a n e .  The m e l t i n g  p o i n t  o f  t h e  pure  t r i - p - c u m y l a r s i n e  oxide  

was 168-169  d e g r e e s  C. w i t h  d e c o m p o s i t i o n .  The y i e l d  o f  pure  

t r i - p - c u m y l a r s i n e  o x id e  was 65 grams (7 8 , 3#) from t r i - p - c u m y l 

a r s i n e  ,

5 5 .7  grams (0 .124  mole) of  t r i - p - c u m y l a r s i n e  ox ide  

was d i s s o l v e d  i n  500 m l .  benzene  and added t o  a G r ig n a rd  s o l u 

t i o n  p re p a re d  from 6 grams ( 0 .2 5  gram atom) of  Mg, 44 grams 

( 0 ,2 2  mole) o f  p-bromocumene, and 200 m l ,  o f  d ry  e t h e r .  No 

p r e c i p i t a t e  formed and t h e  m ix t u r e  was s t i r r e d  f o r  15 m in u te s  

and t h e n  r e f l u x e d  and s t i r r e d  on a s team b a t h  f o r  30 m i n u t e s .  

The m ix t u r e  was a l low ed  t o  s t a n d  o v e r n i g h t  and th e  n e x t  day 

200 m l .  o f  e t h e r  was added and a w h i t e  p r e c i p i t a t e  fo rm ed.

The a d d i t i o n  p r o d u c t  was h y d ro ly z e d  w i t h  100 m l.  HgO and 5
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m l . c o n c e n t r a t e d  HCl and t h e  h y d r o l y s i s  m ix tu re  was t r a n s 

f e r r e d  t o  a 1 l i t e r ,  round-bot tom ed f l a s k  w i t h  c o n d e n se r  and 

t r e a t e d  w i t h  500 m l .  c o n c e n t r a t e d  HCl. No p r e c i p i t a t e  was 

o b t a i n e d .  The t r i - p - c u m y l a r s i n e  ox ide  was a p p a r e n t l y  reduced  

t o  t r i - p - c u m y l a r s i n e  by th e  G r ignard  r e a g e n t .



CHAPTER I I I  

CONCLUSIONS

A ffsp ru ng  and May ( l )  s a id  t h a t  two f a c t o r s  a r e  

Im p o r ta n t  I n  t h e  use o f  onium-type  compounds a s  a n a l y t i c a l  

r e a g e n t s  f o r  o rg an ic  a n i o n s ,  namely th e  m e l t i n g  p o i n t s  of 

th e  d e r i v a t i v e s  and th e  s o l u b i l i t i e s  of  t h e  s a l t s  I n  w a t e r  

and o rg an ic  s o l v e n t s .  They a l s o  th o u g h t  t h a t  I t  was p o s s i 

b l e  t o  change t h e  o rgan ic  g roups  a t t a c h e d  t o  th e  c e n t r a l  a n 

timony Io n  and o b t a i n  d e r i v a t i v e s  w i t h  t h e  o rg a n ic  a n io n s  

t h a t  would p o s s e s s  more f a v o r a b l e  s o l u b i l i t y  c h a r a c t e r i s t i c s  

and a b e t t e r  range  o f  m e l t i n g  p o i n t s .  I f  t h e  onlum Ion  I s  

sy m m e t r ic a l  t h e  d e r i v a t i v e s  have h i g h e r  m e l t i n g  p o i n t s ,  and 

p a r a - s u b s t l t u t e d  phen y l  groups  I n  onlum-type  compounds have 

been  shown t o  form d e r i v a t i v e s  w i t h  h i g h e r  m e l t i n g  p o i n t s  

t h a n  compounds w i t h  m e t a - s u b s t l t u t e d  pheny l  g roups  ( 36 ) .

From t h e  p o s i t i o n  o f  t e l l u r i u m  I n  t h e  p e r i o d i c  t a 

b l e  I t  was p r e d i c t e d  t h a t  t r l a r y l t e l l u r o n l u m  c h l o r i d e  would 

be  a s u i t a b l e  r e a g e n t  f o r  t h e  d e t e r m i n a t i o n  of  o rg a n ic  and 

i n o r g a n i c  I o n s .  D ur ing  e a r l y  e x p e r i m e n t a t i o n  w i t h  t h i s  com

pound, however,  an a r t i c l e  by Matsuo and Shlnagawa (37) ap 

peared  which r e v e a l e d  t h a t  t h e  d e r i v a t i v e s  of  t r l p h e n y l t e l -

78
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l u r onlum Ion  were t o o  s o l u b l e  t o  p e rm i t  t h e  d i r e c t  use  of  

t h e  r e a g e n t  a s  an a n a l y t i c a l  r e a g e n t .

I t  was n e x t  t h o u g h t  t h a t  from t h e  p o s i t i o n  of  b i s 

muth I n  t h e  p e r i o d i c  t a b l e  t e t r a a r y l b l s m u t h o n l u m  compounds 

m ight  be s u i t a b l e  a s  a n a l y t i c a l  r e a g e n t s  f o r  o rg a n ic  and I n 

o r g a n ic  a n i o n s .  An a t t e m p t  was made t o  p r e p a r e  t e t r a p h e n y l -  

b lsmuthonium c h l o r i d e  from t r l p h e n y l b l s m u t h l n e  d l c h l o r l d e  

and phenylmagneslum bromide b u t  a p u r p l e  c o l o r  was observed  

and no t e t r a p h e n y lb l s m u th o n lu m  h a l i d e  was o b t a i n e d .  The 

p u r p l e  c o l o r  observed  I n  t h i s  r e a c t i o n  I s  I n t e r e s t i n g  and 

s u g g e s t s  t h a t  a k i n e t i c s  s tu d y  might  p rove  f r u i t f u l .  W l t t l g  

and C la u s s  (75) p re p a re d  t e t r a p h e n y lb l s m u th o n lu m  c h l o r i d e  by 

t h e  d e c o m p o s i t io n  o f  p e n ta p h e n y lb l sm u th  and observed  t h a t  I t  

decomposed a t  room t e m p e r a t u r e  t o  t r l p h e n y l b l s m u t h  and c h l o -  

r o b e n z e n e .

S ince  t h e  I n c r e a s e  I n  m o le c u l a r  w e ig h t  o f  t h e  c e n 

t r a l  m e t a l  Io n  d id  n o t  p roduce th e  d e s i r e d  s o l u b i l i t y  b e h av 

i o r ,  t h e  m o le c u l a r  w e ig h t s  o f  t h e  g roups  around t h e  c e n t r a l  

Io n  were I n c r e a s e d  I n  t h e  hopes o f  o b t a i n i n g  a r e a g e n t  w i th  

t h e  d e s i r e d  s o l u b i l i t y  c h a r a c t e r i s t i c s .  I n  t h e  e f f o r t  t o  

d e v e lo p  a s t lb o n lu m  r e a g e n t  which would form e x t r e m e ly  I n 

s o l u b l e  p r e c i p i t a t e s  w i t h  t h e  o rg a n ic  a c i d s ,  t h e  s y n t h e s i s  

o f  t e t r a - p - t e r t l a r y b u t y l b e n z e n e s t l b o n l u m  s u l f a t e  was a t t e m p t 

e d .  T h is  r e a g e n t  would have a m o le c u l a r  w e ig h t  of  1405 com

pared  t o  a m o le c u l a r  w e igh t  o f  956 f o r  t e t r a p h e n y l s t l b o n l u m  

s u l f a t e ,  and t h e r e f o r e  might  form v e ry  I n s o l u b l e  p r e c i p i t a t e s
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w i t h  th e  o r g a n ic  a c i d s .  T r i - p - t e r t i a r y b u t y l b e n z e n e s t i b i n e  

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

b rom ide  b u t  t h e  a d d i t i o n  p r o d u c t  was i n s o l u b l e  i n  a l l  a c i d s ,  

w a t e r ,  b e n z e n e ,  and e t h e r .  An a t t e m p t  was a l s o  made t o  p r e 

p a re  t e t r a - p - b i p h e n y l s t i b o n i u m  s u l f a t e ,  b u t  i t  i s  b e l i e v e d  

t h a t  compounds w i t h  such  h i g h  m o l e c u l a r  w e ig h t  as  t h e  two 

m ent ioned  above w i l l  be t o o  i n s o l u b l e  t o  use a s  a n a l y t i c a l  

r e a g e n t s .

T e t r a p h e n y la r so n iu ra  c h l o r i d e  has  be en  used f o r  t h e  

d e t e r m i n a t i o n  o f  a number o f  i n o r g a n i c  a n io n s  and m e ta l  com

p l e x  i o n s ,  b u t  t h e  l a r g e  m a j o r i t y  of  t h e  d e r i v a t i v e s  o f  t h i s  

r e a g e n t  a r e  t o o  s o l u b l e  t o  p e rm i t  t h e  use  o f  th e  r e a g e n t  f o r  

t h e  q u a l i t a t i v e  o r  q u a n t i t a t i v e  a n a l y s i s  o f  t h e s e  d e r i v a t i v e s .  

T e t r a p h e n y la r s o n iu r a  i o n  does  n o t  form t h e  i n s o l u b l e  h y d ro x ide  

i n  b a s i c  s o l u t i o n ,  so  i t  was t h o u g h t  t h a t  p e rhaps  a h i g h e r  

m o l e c u l a r  w e ig h t  a rson ium  io n  would form more i n s o l u b l e  p r e 

c i p i t a t e s  w i t h  c e r t a i n  a n i o n s .  An a t t e m p t  was made t o  p r e 

p a re  t e t r a - p - c u m y l a r s o n i u r a  c h l o r i d e  and t e t r a - p - t o l y l a r s o n i u m  

c h l o r i d e ,  b u t  o n ly  v e ry  s m a l l  y i e l d s  were o b t a i n e d .  The p a r a -  

s u b s t i t u t e d  p h e n y l  g roups  c a u se  a c o n s i d e r a b l e  change i n  t h e  

p r o p e r t i e s  o f  t h e  a r s e n o o r g a n i c  compound. F o r  i n s t a n c e ,  t r i -  

p h e n y l a r s i n e  o x id e ,  which  i s  one o f  t h e  s t a r t i n g  m a t e r i a l s  

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

form a h y d r a t e  when exposed t o  t h e  a tm o s p h è r e .  However, Car

so n  and Wong (13) r e p o r t  t h a t  t r i - p - t o l y l a r s i n e  oxide i s  v e ry  

h y g r o s c o p ic  and q u i c k l y  becomes s t i c k y  when exposed t o  t h e
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a tm o s p h e r e .  T h is  b e h a v i o r  has been  observed  f o r  b o t h  t r l - p -  

c u m y la r s ln e  ox ide  and t r l - p - t o l y l a r s l n e  ox ide  In  t h i s  l a b 

o r a t o r y .  No e x p l a n a t i o n  has b e en  o f f e r e d  by Carson  and Wong 

a s  t o  why t r l - p - t o l y l a r s l n e  ox ide  forms t h e  h y d ro x id e  o r  hy

d r a t e  and t r l p h e n y l a r s l n e  ox ide  does n o t .  B l lo k e  and C a ta -  

l l n e  (8) p re p a re d  a number of  t e t r a a r y l a r s o n l u m  compounds by 

t h e  r e a c t i o n  o f  t r l a r y l a r s l n e  ox ide  w i th  ary lmagneslum b r o 

m ide ,  and r e p o r t e d  t h a t  I n  many c a s e s  on ly  gummy p r o d u c t s  

were o b t a i n e d .  Sm all  y i e l d s  o f  t e t r a - p - t o l y l a r s o n l u m  Io d id e  

were o b ta in e d  by r e a c t i n g  t r l - p - t o l y l a r s l n e  w i t h  p -b ro rao to l -  

uene and anhydrous  aluminum c h l o r i d e ,  b o i l i n g  t h e  m ix tu re  

w i t h  N o r l t e ,  f i l t e r i n g ,  and t r e a t i n g  t h e  f i l t r a t e  w i th  p o t a s 

sium I o d id e  a c c o r d i n g  t o  t h e  method of  Mann and Watson ( 3 6 ) .

A new r e a g e n t ,  t e t r a - p - t o l y l s t l b o n l u m  s u l f a t e ,  was 

s y n t h e s i z e d  and found t o  be v e ry  good f o r  t h e  q u a l i t a t i v e  

I d e n t i f i c a t i o n  o f  a l a r g e  number of  o rg a n ic  a c i d s  and a num

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

ed and p u r i f i e d .  Some of  th e  a d v a n ta g e s  of  t h e s e  d e r i v a t i v e s  

a r e s  They a r e  p re p a re d  from a w a t e r  s o l u t i o n ,  whereas  a ma

j o r i t y  o f  t h e  o r g a n ic  a c id  d e r i v a t i v e s  c an n o t  be made from 

w a t e r  s o l u t i o n s  ( 2 4 ) ,  Of t h e  s a l t s  p r e p a r e d ,  t h e  m e l t i n g  

p o i n t s  a r e  s u f f i c i e n t l y  f a r  a p a r t  f o r  I d e n t i f i c a t i o n .  Very 

s im p le  equ ipm ent  may be u s e d . The r e a c t i o n s  a r e  I n s t a n t a n 

e o u s .  As may be s e e n  a l a r g e  number o f  d i f f e r e n t  ty p es  of  

s a l t s  may be p r e p a r e d .  I n c l u d i n g  th o s e  o f  t h e  a ro m a t ic  s u l 

f o n i c  a c i d s ,  a l l  o f  which  g iv e  good m e l t i n g  p o i n t s .  The
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f o rm a te ,  o x a l a t e ,  and fu m ara te  s a l t s  decompose a t  t h e i r  m e l t 

in g  p o i n t s  w i th  t h e  e v o l u t i o n  of  a ga s ;  however , t h e  decom

p o s i t i o n  a p p a r e n t l y  t a k e s  p la c e  a f t e r  th e  compound has  m e l t e d ,  

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

I t  was n o t  c o n s id e r e d  n e c e s s a r y  t o  a n a ly z e  a l l  of 

t h e  s a l t s  s i n c e  t h e  p r e c i p i t a t e s  formed r a p i d l y ,  which i n d i 

c a t e s  an i o n i c  r e a c t i o n ,  and t h e r e  a r e  p r a c t i c a l l y  no o t h e r  

p r o d u c t s  p o s s i b l e  from t h e  r e a c t a n t s .  I n  g e n e r a l ,  th e  m e l t 

i n g  p o i n t s  o f  th e  t e t r a - p - t o l y i s t i b o n i u r a  d e r i v a t i v e s  a r e  

s l i g h t l y  h i g h e r  and th e  s o l u b i l i t i e s  a r e  lower  t h a n  th o s e  of 

th e  t e t r a p h e n y l s t l b o n l u m  i o n .  A lso ,  t e t r a - p - t o l y l s t i b o n i u m  

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

w a te r  s o l u t i o n  of  t h e  low m o le c u la r  w eigh t  a ro m a t ic  s u l f o n i c  

a c i d s ,  A com par ison  of  t h e  m e l t i n g  p o i n t s  and s o l u b i l i t i e s  

o f  th e  same o rg a n ic  a c id  d e r i v a t i v e s  of  t e t r a - p - t o l y l s t i b o n -  

ium and t e t r a p h e n y l s t l b o n l u m  io n s  i s  g iven  i n  Table  6 .

One of  t h e  o u t s t a n d i n g  a d v a n ta g e s  of  t h e  t e t r a - p -  

t o l y l s t i b o n i u m  d e r i v a t i v e s  i s  t h e  d e s i r a b l e  range  of m e l t i n g  

p o i n t s  r e p o r t e d  f o r  th e  l a r g e  number o f  d e r i v a t i v e s .  None 

o f  th e  d e r i v a t i v e s  m el t  a t  l e s s  th a n  100 d e g re e s  C, and y e t  

none o f  t h e  d e r i v a t i v e s  m el t  h i g h e r  t h a n  240 d e g re e s  C. As 

can  be seen  i n  T ab le  7 ,  many of  th e  amide and e s t e r  d e r i v a 

t i v e s  m el t  a t  t e m p e r a t u r e s  l e s s  t h a n  100 d e g re e s  C. which 

means t h a t  i t  i s  d i f f i c u l t  t o  d ry  t h e s e  d e r i v a t i v e s ,  p a r t i c 

u l a r l y  when t h e  d e r i v a t i v e s  a r e  r e c r y s t a l l i z e d  from w a t e r  o r
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TABLE 6

Comparison of  M e l t in g  P o i n t s  and S o l u b i l i t i e s  of Some T e t r a -  
p h e n y ls t ib o n iu m  and T e t r a - p - t o l y l s t i b o n i u m  D e r i v a t i v e s

d a l t M e l t in g  P o in t s  
1 2

S o l u b i l i t i e s  
1 2

Formate 121 111 0 .8 5  1 .32

A c e ta te 133 158 1.10  0 .4 0

P r o p io n a te 135 120 0 .5 5  0 .3 9

B enzoa te 162 171 0 .0 9  0 .0 3 6

Hydrogen O xa la te 229-233 236

C h l o r o a c e t a t e 135-137 122

n - B u t y r a t e 106 128

I s o b u t y r a t e 112 124

n - V a l e r a t e 94 108

I s o v a l e r a t e 121 126

Hydrogen P h t h a l a t e l 8 l 178

S a l i c y l a t e 175 195

o - T o lu a te 165 131

m -Tolua te 154 182

p - T o lu a te 187 193

1.  T e t r a p h e n y l s t ib o n i u m  s a l t s

2 .  T e t r a - p - t o l y l s t i b o n i u m  s a l t s



TABLE 7

M e l t i n g P o i n t s o f  D e r i v a t i v e s  of Organic Ac Id s

Acids Amides* E s t e r s S a l t s **
1 2 4 - .5  ..... 6 7

Formic 53 50 31 74 135 121 111

A c e t i c 147 114 78 111 85 133 158

P r o p io n ic 124 106 31 102 63 135 120

n - B u t y r l c 75 96 35 89 63 106 128

I s o b u t y r l c 109 105 ------- 89 77 112 124

n - V a l e r l o 74 63 ------- 69 75 94 108

I s o v a l e r i c 107 110 — — 76 68 121 126

1 ,  p - T o l u l d l d e  2 .  A n l l l d e  3* p - N l t r o b e n z y l  e s t e r  4 .  p -Pheny lphen-  

a c y l  e s t e r  5 .  p-Bromophenacyl  e s t e r  6 .  T e t r a p h e n y l s t l b o n l u m  s a l t

7 .  T e t r a - p - t o l y I s t lb o n lu m  s a i t  

* Cannot be made I n  w a t e r  s o l u t i o n s  

** M e l t in g  P o i n t s  g iv e n  I n  round numbers

00
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from e t h a n o l  and w a t e r .  Some d e r i v a t i v e s  of  t h e  t e t r a a r y l 

a rson lu m ,  t e t r a a r y l p h o s p h o n l u m ,  and t r l a r y l t l n  i o n s  m e l t  a t  

h ig h  t e m p e r a t u r e s ,  which u s u a l l y  means t h a t  s h a r p ,  a c c u r a t e  

m e l t i n g  p o i n t s  canno t  be o b t a i n e d .  A lso ,  i t  i s  i n c o n v e n ie n t  

t o  t a k e  m e l t i n g  p o i n t s  a t  h ig h  t e m p e r a t u r e s .

Although  a l l  of  t h e  t e t r a - p - t o l y l s t i b o n i u m  d e r i v a 

t i v e s  m e l t  w i t h i n  th e  100-240 d e g re e  r a n g e ,  t h e  m e l t i n g  p o i n t s  

a r e  no t  "bunched t o g e t h e r "  l i k e  t h o s e  of th e  s a l t  d e r i v a t i v e s  

shown i n  Table  8 b u t  a r e  sp re ad  o v e r  a wide range  so  t h a t  very  

l i t t l e  c o n f u s i o n  w i l l  o c c u r  c o n c e rn in g  i d e n t i t y  o f  t h e  d e r i v a 

t i v e .  As might  be e x p e c te d ,  most o f  t h e  a ro m a t ic  a c id  d e r i v a 

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

s e r i e s .

Some o f  t h e  d i s a d v a n t a g e s  i n  t h e  use  o f  t e t r a - p -  

t o l y 1 s t ibonlum s u l f a t e  i n  the  q u a l i t a t i v e  i d e n t i f i c a t i o n  of  

o r g a n ic  a c i d s  a r e :  The r e a g e n t  canno t  be pu rchased  a t  t h e

p r e s e n t  t im e and must be p r e p a r e d ,  T e t r a p h e n y la r s o n iu m  c h l o 

r i d e  may now be bough t  c o m m erc ia l ly ;  t h e r e f o r e  i t  i s  p ro b a b le  

t h a t  when t h e r e  i s  more demand f o r  t e t r a - p - t o l y l s t i b o n i u m  s u l 

f a t e  i t  w i l l  a l s o  be p rep a red  c o m m e rc ia l ly .  The r e a g e n t  i s  

n o t  d i f f i c u l t  t o  p r e p a r e  and f a i r l y  good y i e l d s  a r e  o b t a i n 

a b l e  i n  a l l  s t e p s  o f  t h e  s y n t h e s e s .  A no the r  d i s a d v a n t a g e  i s  

t h e  f a c t  t h a t  t h e  r e a g e n t  forms t h e  i n s o l u b l e  h y d ro x id e  a t  

pH 's  h i g h e r  t h a n  7*0 .  Some o f  th e  h i g h e r  m o le c u l a r  w e igh t  

a ro m a t ic  a c i d s  a r e  q u i t e  i n s o l u b l e  i n  a c id  s o l u t i o n  so  t h a t  

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



TABLE 8

M e l t i n g  P o i n t s  o f  S a l t  Type D e r i v a t i v e s  o f  Organic  Acids

S a l t B enzy l
Thiouronium

Phenyl
Eydrazonium

Piperazon iu tn  T e t r a p h e n y l  
S t ib on iu m

T e t r a - p - t o l y l
S t ibo n ium

Form ate 146 143 ----------- 121 111

A c e t a t e 134 129 209 133 158

P r o p i o n a t e 146 157 124 135 120

n - B u t y r a t e 146 102 121 106 128

I s o b u t y r a t e 148 140 90 112 124

n - V a l e r a t e — — — 109 113 94 108

I s o v a l e r a t e 153 — — 139 121 126
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th e  t e t r a - p - t o l y l s t i b o n i u m  r e a g e n t  as  t h e  h y d ro x id e  and th e  

o rg a n ic  a c i d .  However, I f  a very  pure  r e a g e n t  i s  u se d ,  no 

p r e c i p i t a t i o n  o f  th e  r e a g e n t  w i l l  occu r  a t  a pH of  l e s s  t h a n  

7 .

A p o l a r o g r a p h ic  method was deve loped  f o r  t h e  e q u i v 

a l e n t  w e ig h t  d e t e r m i n a t i o n s  o f  t h e  w a t e r - s o l u b l e  o rg a n ic  a c 

i d s ,  and t h i s  method s e r v e s  w i t h  t h e  r e p o r t e d  m e l t i n g  p o i n t  

o f  t h e  o rg a n ic  a c id  as  a double  check  on t h e  i d e n t i t y  of  t h e  

a c i d .  As mentioned above ,  some of  th e  h ig h  m o le c u l a r  w e igh t  

a ro m a t ic  a c i d s  were i n s o l u b l e  i n  s u l f u r i c  a c id  s o l u t i o n ,  so  

t h a t  some of  t h e  e q u i v a l e n t  w e ig h ts  of  t h e s e  d e r i v a t i v e s  

cou ld  no t  be o b ta in e d  by th e  p o l a r o g r a p h ic  method.  However, 

i t  was q u i t e  s im p le  t o  o b t a i n  t h e  s o l i d  a ro m a t i c  ac id  from 

th e  o r i g i n a l  o rg an ic  ac id  s o l u t i o n ,  and th e  m e l t i n g  p o i n t  of  

t h e  s o l i d  o r g a n ic  a c id  se rved  w i t h  t h e  m e l t i n g  p o i n t  o f  th e  

t e t r a - p - t o l y l s t i b o n i u m  d e r i v a t i v e  as  a dou b le  check  on th e  

i d e n t i t y  o f  t h e  o rg a n ic  a c i d .

The p r e c i s i o n  o b ta in ed  i n  t h e  p o l a r o g r a p h ic  d e t e r 

m i n a t i o n  o f  t h e  t e t r a - p - t o l y l s t i b o n i u m  d e r i v a t i v e s  as  c a l c u 

l a t e d  i n  T ab le  4 compares f a v o r a b l y  w i t h  t h e  p r e c i s i o n  r e 

p o r t e d  by o t h e r  w orke rs  f o r  t h e  p o l a r o g r a p h i c  d e t e r m i n a t i o n  

o f  o t h e r  m a t e r i a l s .  The f a c t o r s  I n f l u e n c i n g  th e  v a r i a b l e s  

o f  t h e  I l k o v l c  e q u a t i o n  were a na lyzed  by T a y lo r  and Buckley  

( 70 ) .  They concluded t h a t  w i th  r e a s o n a b l e  c o n t r o l  o f  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  v a lu e s  o f  th e  d i f f u s i o n  c u r r e n t  con

s t a n t  can  be de te rm ined  w i t h  a p r e c i s i o n  of  + 2 .% . The use
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of  t h i s  c o n s t a n t  i n  t h e  I l k o v l c  e q u a t i o n  p e r m i t s ,  u n d e r  a 

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

c e n t r a t i o n  t o  t h e  same p r e c i s i o n .

The p r e c i s i o n  o b t a in e d  I n  ou r  work I s  s a t i s f a c t o r y  

when I t  I s  t a k e n  I n t o  a c c o u n t  t h a t  on ly  t e n  m i l l i g r a m s  of t h e  

t e t r a - p - t o l y l s t l b o n l u m  d e r i v a t i v e  I s  n e c e s s a r y  f o r  an a n a l y 

s i s .  One o f  t h e  a d v a n ta g e s  In  u s in g  p o l a r o g r a p h y  f o r  t h e  

e q u i v a l e n t  w e ig h t  d e t e r m i n a t i o n  o f  t h e  t e t r a - p - t o l y l s t l b o n 

lum d e r i v a t i v e s  I s  t h a t  o n ly  s m a l l  amounts of  m a t e r i a l  a r e  

r e q u i r e d  f o r  a n a l y s i s .  C o n s id e r a b ly  l a r g e r  amounts o f  m a t e r 

i a l  would be r e q u i r e d  I f  I t  were n e c e s s a r y  t o  o b t a i n  b e t t e r  

p r e c i s i o n  I n  th e  a n a l y s i s  o f  th e  d e r i v a t i v e s  by a n o t h e r  m eth

od .

The p o l a r o g r a p h i c  method I s  c o n s id e r e d  t o  be su p e 

r i o r  t o  c a r b o n - h y d r o g e n  a n a l y s e s  f o r  t h e  d e t e r m i n a t i o n  o f  

t e t r a - p - t o l y l s t l b o n l u m  d e r i v a t i v e s ,  s i n c e  c a rb o n -h y d ro g e n  

a n a l y s e s  do n o t  q u a l i t a t i v e l y  I d e n t i f y  t h e  d e r i v a t i v e s .  The 

t e t r a - p - t o l y l s t l b o n l u m  Io n  can  be q u a l i t a t i v e l y  I d e n t i f i e d  

I n  p o l a r o g r a p h i c  a n a l y s e s  by I t s  h a l f -w a v e  p o t e n t i a l  which 

o c c u r s  a t  - 0 . 6 6  v o l t s  v s ,  t h e  s a t u r a t e d  c a lo m e l  e l e c t r o d e .

Commercial  m l c r o a n a l y t l o a l  l a b o r a t o r i e s  a c h i e v e  a 

p r e c i s i o n  o f  ab ou t  + 0.5/^ I n  ca rb o n  a n a l y s e s .  As can  be s e e n  

I n  T ab le  3# s e v e r a l  o f  t h e  t h e o r e t i c a l  c a rb o n  p e r c e n t a g e s  of  

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

a s  t o  be w i t h i n  t h e  m arg in  o f  e x p e r i m e n t a l  e r r o r  f o r  a c a r 

bon a n a l y s i s .  F o r  exam ple ,  t h e  t h e o r e t i c a l  c a rb o n  p e r c e n t a g e
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f o r  t e t r a - p - t o l y l s t l b o n l u m  a c e t a t e  l a  w i t h i n  0 „52^  of  t h e  

t h e o r e t i c a l  c a rb o n  p e r c e n ta g e  f o r  t e t r a - p - t o l y l s t l b o n l u m  f o r 

mate and w i t h i n  0 .4 9 0  o f  th e  t h e o r e t i c a l  c a rb o n  p e rc e n t a g e  

f o r  t h e  p r o p i o n a t e .  The t h e o r e t i c a l  p e r c e n t a g e  o f  t e t r a - p -  

t o l y l s t l b o n l u m  In  t e t r a - p - t o l y l s t l b o n l u m  a c e t a t e  I s  w i t h i n  

2 ,3 6 0  o f  t h e  t h e o r e t i c a l  t e t r a - p - t o l y l s t l b o n l u m  p e rc e n ta g e  

o f  t h e  fo rm a te  and w i t h i n  2 .2 3 0  o f  t h e  t h e o r e t i c a l  t e t r a - p -  

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

g r a p h i c  method I s  c o n s id e r e d  t o  be a s  good o r  b e t t e r  t h a n  

c a rb o n  a n a l y s e s  f o r  t h e  I d e n t i f i c a t i o n  of  t e t r a - p - t o l y l s t l 

bonlum d e r i v a t i v e s .

The p r e c i s i o n  o b ta in e d  by commerc ia l  l a b o r a t o r i e s  

f o r  hydrogen  a n a l y s e s  I s  ab ou t  + 50# which means t h a t  h y d ro 

gen a n a l y s e s  a r e  p r a c t i c a l l y  u s e l e s s  f o r  t h e  I d e n t i f i c a t i o n  

o f  t e t r a - p - t o l y l s t l b o n l u m  d e r i v a t i v e s .

B u c k le y  and T a y l o r  (70) s t a t e  t h a t  th e  no rm al  p r e 

c i s i o n  o f  a p o l a r o g r a p h i c  a n a l y s i s  I s  + 2 0 .  The p r e c i s i o n  

I n  w e igh ing  t e n  m i l l i g r a m s  o f  d e r i v a t i v e  I s  no b e t t e r  t h a n  

10# s i n c e  m a t e r i a l s  can n o t  be weighed on th e  a n a l y t i c a l  b a l 

ance  more p r e c i s e l y  t h a n  + 0 . 1  m i l l i g r a m .  T h e r e fo r e  t h e  min

imum e x p e r i m e n t a l  e r r o r  f o r  p o l a r o g r a p h i c  a n a l y s e s  I s  + 3 0 .

I f  c o n s i d e r a t i o n  I s  made o f  t h e  p i p e t t i n g  e r r o r s  I n  p r e p a r 

i n g  s o l u t i o n s  of  t h e  d e r i v a t i v e s ,  t h e  minimum e r r o r  I s  s l i g h t 

l y  more t h a n  + 30 . The p r e c i s i o n  f o r  our  a n a l y s e s  I s  some

what l e s s  t h a n  + 30 .
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T e t r a - p - t o l y l s t l b o n l u m  s u l f a t e  has  a l l  o f  th e  a d 

v a n ta g e s  t h a t  t e t r a p h e n y l s t l b o n l u m  s u l f a t e  has  f o r  t h e  q u a l 

i t a t i v e  a n a l y s i s  o f  o rgan ic  a c i d s  p lu s  a w id e r  a p p l i c a t i o n .

I t  a l s o  a p p e a r s  t h a t  th e  r e a g e n t  can be used f o r  t h e  q u a n t i 

t a t i v e  a n a l y s i s  of  some o f  t h e  a c i d s  which g iv e  t h e  more I n 

s o l u b l e  s a l t s .  F i n a l l y  I t  may be s a id  t h a t  th e  s a l t s  o f  th e  

o rg a n ic  a c id  and t e t r a - p - t o l y l s t l b o n l u m  io n  p r e c i p i t a t e  from 

d i l u t e  s o l u t i o n s  w i th  a minimum of  p r e l i m i n a r y  p r e p a r a t i o n s .  

The d e r i v a t i v e s  a r e  s t a b l e ,  I n s o l u b l e  In  w a t e r ,  and e a sy  t o  

r e c r y s t a l l l z e .

In  c o n c l u s i o n .  I t  may be s a id  t h a t  t e t r a - p - t o l y l 

s t l b o n lu m  s u l f a t e  I s  t h e  b e s t  r e a g e n t  f o r  t h e  q u a l i t a t i v e  

d e t e r m i n a t i o n  o f  o rg an ic  a c i d s  a t  t h e  p r e s e n t  t im e .  No o t h e r  

r e a g e n t  f o r  t h e  d e t e r m i n a t i o n  of  o rg a n ic  a c i d s  can  compare 

w i t h  t h e  a d v a n ta g e s  of  t h i s  r e a g e n t  f o r  t h e  q u a l i t a t i v e  1-  

d e n t l f l c a t l o n  o f  o rg an ic  a c i d s .

The p o l a r o g r a p h ic  method deve loped  I s  c o n s id e r e d  

t o  be s u p e r i o r  t o  C-H a n a l y s e s  f o r  t h e  d e t e r m i n a t i o n  o f  t e t r a -  

p - t o l y l s t l b o n l u m  d e r i v a t i v e s .  A p o l a r o g r a p h ic  a n a l y s i s ,  a lo ng  

w i t h  t h e  m e l t i n g  p o i n t  d a t a ,  s e r v e s  a s  a d o u b le  check  on th e  

I d e n t i t y  o f  an o rg a n ic  a c i d .  I n  n e a r l y  a l l  c a s e s  t h e  m e l t 

i n g  o r  d e c o m p o s i t io n  p o i n t s  o b ta in ed  a re  s u f f i c i e n t l y  s h a rp  

and f a r  enough a p a r t  f o r  t h e  I d e n t i f i c a t i o n  o f  many o rg an ic  

a c i d s .



BIBLIOGRAPHY

1. A f f s p ru n g .  H. E , ,  and May, H. E . ,  A na l .  Chem. 32, 1164
(1960).

2 .  A f f s p ru n g ,  H. E . , B a rn e s ,  N. A . ,  and P o t r a t z ,  H. A,,
I b i d .  2^ ,  1680 (1 9 5 1 ) .

3 .  A l l e n ,  N . , and Furman, N. H . , J .  Am. Chem. S o c . 54,
4625 ( 1 9 3 2 ) .

4 .  Ambler , J ,  A . ,  and Wherry, E , T . ,  I n d .  and Eng. Chem.
12 , 1085 ( 1920) .

5 . Andrew, T.  R . ,  and G e n t ry ,  C , H. R . ,  A n a ly s t  82,  372
( 1957) .

6 .  B a l l c z o ,  H . ,  and S c h l f f n e r ,  H . ,  Z. A na l .  Chem. 152, pp.
1-18  ( 1956) .

7 . B e e s to n ,  J ,  M., and Lewis,  J .  R . , A na l .  Chem. 25,  6 5 I
( 1953) .

8 .  B l l c k e ,  P ,  P . ,  and C a t a l l n e ,  E .  L , ,  J .  Am. Chem. Soc.
6 0 ,  423 ( 1938 ) .

9 .  B l l c k e ,  P .  P . ,  and Monroe, E . ,  I b i d .  720 (1 9 3 5 ) .

10.  B l l c k e ,  P ,  P . ,  W i l l a r d ,  H. H,, and T a r a s ,  J ,  T . ,  I b i d .
6 1 , 88 ( 1939) .

11.  B r a n d t ,  W, W., and D u sw a l t ,  A. A . ,  J r . ,  A na l .  Chem. % ,
1120 ( 1958) .

12.  Brook, A. G. ,  and M aur is ,  R, J , ,  J .  Am. Chem. Soc .  79,
971 ( 1957) .

1 3 . C a rson ,  J .  P . ,  and Wong, P .  P . ,  J .  Org. Chem. 26,  1467
( 1961) .

1 4 . Chambers, R. P . ,  and S c h e r e r ,  P .  C . ,  I n d .  and Eng. Chem,
16 , 1272 ( 1 9 2 4 ) .

91



92

15 .  Chambers,  R, F , ,  and S o b e r e r ,  P, C. ,  J .  Am. Chem. Soc .
1054 ( 1926) .

1 6 . C h a t t ,  J . ,  and Mann, F ,  G . ,  J .  Chem. S oc ,  143, I I 92
(1 9 4 0 ) .

1 7 . C o u r s i e r ,  J . ,  Hure,  J . ,  and P l a t z e r ,  R . ,  A n a l .  Chim.
Aota 3^, 379 ( 1 9 5 5 ) .

1 8 . Dewey, B. T . ,  and Shasky ,  H. G . ,  J .  Am. Chem. Soc .  6 3 ,
3526 ( 1 9 4 1 ) .  ~

1 9 . Dewey, B ,  T . ,  and S p e r r y ,  R« B , ,  I b l d . 6 1 , 3251 ( 1 9 3 9 ) .

2 0 .  D on leavy ,  J .  J . ,  I b l d ,  1004 ( 1 9 3 6 ) .

2 1 .  D rake ,  N. L . ,  and Sweeney, J .  P . ,  I b l d .  2059 ( 1 9 3 2 ) .

2 2 .  D u c r e t ,  L . ,  and S e g u in ,  P . ,  A n a l .  Chlm. Acta ] J ,  207
( 1957 ) .

2 3 . E l l l s ,  K. W., and G lbson ,  N. A ,,  I b l d .  £ ,  368 ( 1 9 5 3 ) .

2 4 .  F o r d ,  G, M., lowa S t a t e  C o l l e g e ,  J .  S e l .  12, 121 ( 1 9 3 7 ) .
C. A. ] 2 ,  4 9 4 3 .

2 5 . P o s t e r ,  L, S , ,  D ix ,  W. M., and G r u n t f e s t ,  I .  J . ,  J .  Am.
Chem. Soc .  § 1 ,  1685 ( 1 9 3 9 ) .

2 6 . G lbson ,  N, A , ,  and W hite ,  R. A . ,  A na l .  Chlm Acta 12, 413
( 1955 ) .  “

2 7 . Gllman, H . ,  and Brown, G, E . ,  J .  Am. Chem. Soc .  824
( 1945 ) .

2 8 . Gllman, H . ,  and R ob inson ,  J . ,  I b l d .  51 , 3112 ( 1929 ) .

2 9 . Hann, R, M., He ld ,  E ,  E . ,  and Jam ieson ,  G. S . ,  I b l d .  52,
818 ( 1930) .

3 0 . H o r to n ,  C.  A, Advanees I n  A n a l y t i c a l  C h e m is t ry  and I n -
81 r u m e n t a t l o n .  New York:  I n t e r s c l e n c e  P u b l i s h e r s .
w : -----------------

3 1 . K o l t h o f f ,  I ,  M., and Joh nso n ,  R. A , ,  J .  E le c t ro o h e ra .  Soc .
2 8 , 231  ( 1951) .

3 2 . Lamprey, H . ,  T h e s i s ,  U n i v e r s i t y  o f  M ich igan  (,1935).

3 3 . L e d e r e r ,  C . ,  B e r .  44., 2289  ( 1911) .

3 4 . L e i c e s t e r ,  H, M., Organic  S y n t h e s e s  I 8 , 30 ( 1938) .



93

35 .  Lyon, D, R . ,  and Mann, F» G , ,  J .  Chem. Soc .  145, 666
(1942)

36.  Mann, F .  G , ,  and Watson, J* ,  I b l d .  150, 505 ( 1 9 4 7 ) .

37 .  Matsuo, H . ,  and Shlnagawa,  M,, J .  S e l .  Hiroshima U n i v . ,
S e r .  Ac 22,  No. 1 ( 1 9 5 8 ) .

38 .  Medoka, G. V . ,  and E f e r o v a ,  L* V , ,  Uch. S ap ,  S a r a t o s k
U niv .  121 ( 1 9 5 4 ) .

39 .  Menls,  0 . ,  B a i l ,  R, G», and Manning, D. L , ,  A na l .  Chem.
2 2 ,  245 (1 9 5 7 ) .

4 0 .  M l c h a e l l s ,  A . ,  Ann. 321, l60  ( 1 9 0 2 ) .

41 .  M l c h a e l l s ,  A . ,  I b l d .  321 , 201 ( 1 9 0 2 ) .

4 2 .  M l c h a e l l s ,  A . ,  and R eese ,  A . ,  I b l d .  233,  42 ( 1 0 8 6 ) .

4 3 . Morgan, G. T . .  and V ln ln g ,  D, C , ,  J .  Chem. Soc .  117,
777 ( 1920) .

44 .  Nad, M. M,, and Kocheshkov, K, A , ,  J .  Gen. C hem .(U .S .S .R . )
8, 42 ( 1938) .

4 5 . Neeb, R , ,  Z.  A na l .  Chem. 1 ^ ,  17 ( 1 9 5 7 ) .

4 6 .  Neeb, R . ,  Z.  A n a l .  Chem. 159, 401 (1 9 5 7 ) .

4 7 . Neeb, R . ,  I b l d .  177, PP. 20-34 ( 1960) .

4 8 .  Neeb, R . ,  I b l d .  177, 420 ( 196O ) .

4 9 . Neeb, R . ,  I b l d .  179, 21 ( 196I )  .

5 0 . Pepkow ltz ,  L, P , ,  and Marley ,  J .  L , ,  A n a l .  Chem. 27,
1330 ( 1955) .

5 1 . P f e i f f e r ,  P . ,  and P l e t s o h ,  H . ,  B e r .  4621 ( 1 9 0 4 ) .

5 2 . P l t t ,  H. M., U. S .  P a t e n t  2 ,8 0 7 ,6 4 8 .

5 3 . P o l l a r d ,  C, B . ,  A de lson ,  D, E , ,  and B a in ,  J ,  P . ,  J .  Am.
Chem. S o c .  1759 ( 1 9 3 4 ) .

5 4 . Pope, W, J , ,  and T u r n e r ,  E ,  E . ,  J .  Chem. Soc .  117, 1447
( 1920) .

5 5 . P o t r a t z ,  H. A , ,  A na l .  Chem, 28 ,  1356 ( 1 9 5 6 ) .



94
5 6 .  P o t r a t z ,  H, A , ,  A n a l y t i c a l  Chem is t ry  of t h e  Manhat tan

P r o j e c t . New York;  McGraw-Hill Book C o . ,  I n c . ,  T95O.

5 7 . P o w e l l ,  R. H , ,  and Menis,  0 . ,  A na l .  Chera. 30, 1546
( 1 9 5 8 ) .

5 8 . R e id ,  E .  E . ,  J .  Am. Chetn. 8 0 0 . 124 (19 1 7 ) .

59 .  R h e in b o l d t ,  H . , and P e t r a g n a n i ,  N . , B e r .  89 , 1270 (1 9 5 6 ) .

6 0 . S a c h s ,  F . ,  and Kan torow lcz ,  H . , I b i d ,  2769 ( 1908 ) .

6 1 . Shlnagawa,  M., Matsuo, H . , and I s s h i k i ,  S . ,  Japan  A n a ly s t
1 ,  199 (1 9 5 4 ) .

6 2 . Shlnagawa,  M., Matsuo, H.,  and Maki, N . ,  I b id  5 ,  80
( 1956) .

6 3 . Shlnagawa.  M,, Matsuo, H . , and Nezu, H . ,  I b i d .  5, 20
(1 9 5 6 ) .

6 4 .  Shlnagawa,  M., Matsuo,  H., and O k a s h l t a ,  H . ,  I b i d .  7,
219  ( 1958) .

6 5 . Simons,  J .  K , ,  Wagner, E , C. ,  and M u l le r ,  J ,  H . ,  J .  Am.
Chem. Soc .  3705 (1 9 3 3 ) .

6 6 .  Sm i th ,  Wm. T . ,  J r . ,  A na l .  Chem. 20,  937 (1 9 4 8 ) .

6 7 . S t e e l e ,  A, R , ,  and K ipp ing ,  P .  S . ,  J .  Chem. Soc .  132,
357 ( 1929) .

6 8 .  S te m p e l ,  Q, H . ,  and S c h a f f e l ,  G, S . ,  J .  Am. Chem. Soc .
6 4 ,  470 ( 1942) .

6 9 . T a r b e l l ,  D« S . ,  and Vaughan, J .  R . ,  J r . , I b i d .  pp.
4 1 - 4 3 ,  144-148 (1 9 45 ) .

7 0 . T a y l o r ,  J* K . ,  and B uckley ,  F . ,  T r a n s .  E le c t r o c h e m .  Soc.
81,  469 ( 1945) .

7 1 . V e l b e l ,  M. S . ,  Chem. Ana l .  12 (1 9 5 9 ) .

7 2 . W i l l a r d ,  H. H . ,  and P e r k i n s ,  L. R . ,  A n a l .  Chem. 1634
( 1953) .

7 3 . W i l l a r d ,  H. H*, P e r k i n s ,  L. R . ,  and B l l c k e ,  F .  F , ,  J .  Am.
Chem. Soc .  %0, 737 (1 9 48 ) .

7 4 . W i l l a r d ,  H. H«, and Sm ith ,  6 .  M., I n d .  and Eng. Chem.
A n a l .  Ed.  11, pp .  186- I 88 , 269-274 ,  305-306 (1 9 3 9 ) .

7 5 . W l t t l g ,  G. ,  and C lau se ,  K . ,  Ann. 578, 136 (1 9 5 2 ) .


