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INTRODUCTION

I t  h a s  b e en  known f o r  a  number o f  y e a r s  t h a t  a l k y l  

e s t e r s  o f  m o n o f lu o ro p h o s p h o r le  a c i d  have I n s e c t i c i d a l  p r o p e r t i e s .  

T h e i r  u s e  a s  I n s e c t i c i d e s ,  how ever, h a s  been  d e la y e d  m a in ly  f o r  

t h e  two f o l lo w in g  r e a s o n s :  ( a )  t h e i r  h ig h  v o l a t i l i t y ,  r e s u l t ­

i n g  i n  o n ly  te m p o ra ry  u s e f u l n e s s ,  and (b )  t h e  v e ry  low  s o l u ­

b i l i t y  in  w a te r  o f  th e  l e s s  v o l a t i l e  members o f  t h i s  g roup  o f  

compounds.

The o r i g i n a l  p u rp o s e  o f  t h i s  r e s e a r c h ,  t h e r e f o r e ,  was 

to  make a  s tu d y  o f  m ethods o f  p r e p a r i n g  a  v a r i e t y  o f  o r g a n ic  

d e r i v a t i v e s  o f  m o n o f lu o ro p h o s p h o r le  a c i d  w h ic h  w ere s o l u b l e  i n  

w a t e r  and  th u s  s a t i s f a c t o r y  f o r  s u b s e q u e n t  e v a l u a t i o n  a s  i n ­

s e c t i c i d e s ,  m o th p ro o f in g  a g e n t s ,  and g e r m ic id e s .

The f o l lo w in g  two p o s s i b i l i t i e s  w ere  c o n s id e r e d  a s  

a  means o f  a t t a i n i n g  t h i s  g o a l :

1 .  The p r e p a r a t i o n  o f  n e u t r a l  e s t e r s  w h ich  c o u ld  be made 

s o l u b l e  i n  w a t e r .  The s i m p le s t  a p p ro a c h  in  t h i s  

d i r e c t i o n  a p p e a re d  t o  b e  th e  p r e p a r a t i o n  o f  a ro m a t ic  

e s t e r s ,  w h ic h  c o u ld  be  s u l f o n a t e d  i n  th e  hope o f  ob­

t a i n i n g  p h y s i o l o g i c a l l y  a c t i v e  compounds w h ich  would  

a c t  a s  " c o l o r l e s s  d y e s t u f f s "  and  t h e r e f o r e  b e  u s e f u l  

a s  p e rm an en t m o th p ro o f in g  a g e n t s .

2 .  The s y n t h e s i s  o f  a c i d  e s t e r s ,  h ence  m o noa lky l mono- 

f l u o r o p h o s p h a t e s , w h ic h  w ould b e  s o l u b l e  in  w a t e r  a s  

s u c h  o r  a s  an  a l k a l i  s a l t .  I t  was hoped t h a t  t h e  

p h y s i o l o g i c a l  a c t i v i t y  o f  t h e  PPO g ro u p in g  i n  th e
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2

n e u t r a l  e s t e r s  would b e  r e t a i n e d  In  t h e  a c i d  e s t e r s  

and  t h e i r  s a l t s .

D u ring  t h e  c o u rs e  o f  th e  r e s e a r c h ,  t h e  p u b l i c a t i o n  

o f  i n f o r m a t io n  c o n c e rn in g  th e  a n t i - c h i o l i n e s t e r a s e  a c t i v i t y  o f  

t h e  d i a l k y l  m o n o f lu o ro p h o s p h a te s  and t h e  h i g h ly  t o x i c  and 

I n s e c t i c i d a l  p r o p e r t i e s  o f  a l k y l  e s t e r s  o f  p o ly p h o s p h o r le  

a c i d s  made i t  a p p e a r  d e s i r a b l e  t o  s h i f t  t h e  em p hasis  in  t h e  

f i n a l  p a r t  o f  t h e  r e s e a r c h  toxm rd  th e  seco n d  o f  th e  above two 

c o n s i d e r a t i o n s ,  o r  t h u s  to w a rd  th e  a c i d  e s t e r s  o f  m o n o f lu o ro -  

p h o s p h o r i c  a c i d .

The* r e s e a r c h  t h e r e f o r e  c o n s i s t e d  e s s e n t i a l l y  o f  a  

s t u d y  o f  th e  p r e p a r a t i o n  and  s u l f o n a t i o n  o f  d ip h e n y l  mono­

f lu o r o p h o s p h a te  and an i n v e s t i g a t i o n  o f  t h e  s p l i t t i n g  o f  t h e  

P-O -P l i n k a g e s  i n  a l k y l  p o ly p h o s p h a te s  by a n h y d ro u s  hydrogen  

f l u o r i d e .  The l a t t e r  i n v e s t i g a t i o n  was c o n s i d e r e d  from  t h e  

s t a n d p o i n t  o f  t h e  p r e p a r a t i o n  o f  m on oa lky l e s t e r s  (an d  

n e u t r a l  d i a l k y l  e s t e r s )  o f  m o n o f lu o ro p h o s p h o r ic  a c i d ,  and a l s o  

a s  a  means o f  f u r n i s h i n g  a d d i t i o n a l  e x p e r im e n ta l  d a t a  r e g a r d ­

in g  t h e  s t r u c t u r e s  and  c o m p o s i t io n s  o f  th e  v a r i o u s  a l k y l  

p o ly p h o s p h a te s  w h ich  had s u d d e n ly  become o f  s u c h  g r e a t  i n t e r ­

e s t  a s  p o w e r fu l  i n s e c t i c i d e s .
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HISTORICAL REVIEW

A. E a r l y  I n v e s t i g a t i o n s  o f  D ia lk y l  M o n o f lu o ro p h o s p h a te s .

The f i r s t  e s t e r s  o f  any f l u o r in e - p h o s p h o r u s  a c i d  t o

b e  r e p o r t e d  were d i a l k y l  e s t e r s  o f  m o n o f lu o ro p h o s p h o r le  a c i d ,

HgPOjF. A lth o u g h  t h e  a n h y d ro u s  a c i d  was n o t  known a t  t h a t
1

t im e ,  W. Lange and  G. v .  K ru e g e r  su c c e e d e d  in  m aking t h e  d i ­

m e th y l  and  d i e t h y l  e s t e r s  by h e a t i n g  t h e  c o r r e s p o n d in g  a l k y l  

i o d i d e  w i th  th e  s i l v e r  s a l t  o f  th e  a c i d .  The s i l v e r  s a l t  was

p ro d u c e d  from a  m ix tu r e  o f  ammonium mono- and  d l f l u o r o p h o s -  
2 "5p h a t e s  form ed by f u s i n g  p h o s p h o r ic  a n h y d r id e  w i t h  ammonium

f l u o r i d e .  A lth o u g h  t h i s  m ethod was q u i t e  l a b o r i o u s  and 

r e s u l t e d  in  low  y i e l d s ,  i t  s e r v e d  a s  a  means o f  i s o l a t i n g  t h e  

e s t e r s  f o r  a  s h o r t  s tu d y  o f  t h e i r  p h y s i c a l  and p h y s i o l o g i c a l  

p r o p e r t i e s .

W ith  r e g a r d  t o  t h e  p h y s i c a l  p r o p e r t i e s  o f  d i a l k y l  mono- 

f l u o r o p h o s p h a t e s ,  t h e y  w ere  found  i n  g e n e r a l  t o  be  f a i r l y  

s t a b l e  e s t e r s ,  i n s o l u b l e  i n  w a te r ,  b u t  s o l u b l e  i n  t h e  common 

o r g a n i c  s o l v e n t s .  The m e th y l  e s t e r ,  how ever, was r e p o r t e d  

t o  be an e x c e p t i o n ,  a s  i t  d i s s o l v e d  in  w a te r  and un d erw en t 

h y d r o l y s i s  e a s i l y .  The I n s o l u b l e  d i e t h y l  e s t e r  i s  s t a b l e  

enough  in  w a te r  t h a t  i t  can  b e  s t e a m - d i s t i l l e d  w i th  compara­

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

to w a rd  d i l u t e  aqu eo us  o r  a l c o h o l i c  a l k a l i n e  s o l u t i o n s  i s  q u i t e  

i n t e r e s t i n g ;  a l t h o u g h  th e  m e th y l  e s t e r  r e a c t s  q u i c k l y ,  t h e  

h i g h e r  e s t e r s  a r e  h y d ro ly z e d  w i t h  c o n s i d e r a b le  d i f f i c u l t y .

-  3 -
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A l k a l i n e  h y d r o l y s i s  r e s u l t s  i n  th e  s p l i t t i n g  o f  t h e  f l u o r i n e -  

p h o sp h o ru s  bond , w i t h  th e  fo r m a t io n  o f  th e  v e ry  s t a b l e  s a l t s  

o f  d i a l k y l  o r th o p h o s p h o r lo  a c i d .

The p h y s i o l o g i c a l  p r o p e r t i e s  o f  t h e s e  e s t e r s  a r e  

p a r t i c u l a r l y  I n t e r e s t i n g .  I t  was e x p e c te d  t h a t  d i a l k y l  

m o n o f lu o ro p h o s p h a te s  would be somewhat s i m i l a r  t o  t h e  c o r r e s ­

p o n d in g  d i a l k y l  s u l f a t e s ,  s i n c e  Lange^ had e a r l i e r  n o t i c e d  

t h e  s i m i l a r i t y  o f  t h e  r e a c t i o n s  o f  m o n o f lu o ro p h o s p h o r le  and 

s u l f u r i c  a c i d ,  and th e  isom o rp h ism  o f  t h e i r  s a l t s .  However, 

t h e  t o x i c i t y  o f  d im e th y l  s u l f a t e  when a p p l i e d  to  t h e  human 

s k i n  do es  n o t  o c c u r  w i t h  t h e  d i a l k y l  f l u o r o p h o s p h a t e s . The 

i n h a l a t i o n  t o x i c i t y  o f  t h e  m o n o f lu o ro p h o s p h a te s ,  on th e  o t h e r  

h a n d ,  was much more p ro n o u n ced  th a n  c o u ld  have b een  e x p e c te d  

fro m  t h e  a n a lo g y  be tw een  t h e  two s e r i e s  o f  a c i d s .  I n  f a c t ,  

a  v e r y  s t r a n g e  p h y s i o l o g i c a l  e f f e c t  was n o t i c e d .  S h o r t l y  

a f t e r  b r e a t h i n g  th e  s w e e t - s m e l l i n g  v a p o rs  o f  th e  d i e t h y l  e s t e r ,  

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

a  f e e l i n g  o f  f a i n t n e s s ,  and a  s m a r t in g  o f  th e  ey es  when 

t u r n e d  to w ard  th e  l i g h t .  T hese  e f f e c t s  u s u a l l y  l a s t  o n ly  a  

few h o u r s ,  and a p p a r e n t l y  no a f t e r - e f f e c t s  a r e  p ro d u c e d .  S in c e  

t h e r e  a r e  no h y d r o l y t i c  d e c o m p o s i t io n  p r o d u c t s  w h ich  c o u ld  

c a u s e  s u c h  e f f e c t s  on th e  n e rv o u s  sy s te m , Lange came to  t h e  

c o n c l u s i o n  t h a t  t h e  odd p h y s i o l o g i c a l  a c t i o n  must b e  a  

s p e c i f i c  p r o p e r t y  o f  th e  n e u t r a l  e s t e r  m o le c u le  I t s e l f .

The e s t e r s  were t e s t e d  i n  t h e  l a b o r a t o r i e s  o f  th e  

I .  G-. F a r  ben I n d u s t r i e  f o r  I n s e c t i c i d a l  p r o p e r t i e s ^  an d  were
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fo u n d  t o  be q u i t e  e f f e c t i v e  a g a i n s t  s e v e r a l  p e s t s .  However, 

b e c a u s e  o f  t h e  v o l a t i l i t y ,  t h e  low s o l u b i l i t y ,  and t h e  ex­

p e n s i v e  method o f  p r e p a r a t i o n  o f  th e  e s t e r s ,  th e y  w ere  con­

s i d e r e d  to  be o f  no com m erc ia l  v a lu e  a t  t h a t  t im e ,  and  so 

work on th e  e s t e r s  was d i s c o n t i n u e d  t e m p o r a r i l y .

I n t e r e s t  i n  m o n o f lu o ro p h o s p h o r le  & c id ,^ , ^ , k>7>^»9
?HgPOjjF, and i t s  s a l t s ,  a s  w e l l  a s  in  d i f l u o r o p h o s p h o r i c  a c i d ,  

HPOgFg, and i t s  s a l t s ,  l e d  t o  m ethods o f  p r o d u c t i o n  o f  th e  

a n h y d ro u s  a c i d s  by th e  r e a c t i o n  o f  an h y d ro u s  h yd rog en  f l u o r i d e  

w i t h  p h o s p h o r ic  a n h y d r id e ;  and  th e  a v a i l a b i l i t y  o f  t h e  a c i d s  

i n  r e l a t i v e l y  l a r g e  q u a n t i t i e s 1 0  l e d  t o  a  re n e w a l  o f  i n t e r e s t  

i n  t h e  o r g a n ic  d e r i v a t i v e s ,  w i th  th e  i d e a  o f  a  p o s s i b i l i t y  o f  

t h e i r  p r e p a r a t i o n  from  t h e  an h y d ro u s  a c i d s ,

B. I n s e c t i c i d a l  D eve lo pm en t.

I n  t h e  m eantim e, t h e  I .  Q-. F a r b e n i n d u s t r l e  had 

d e v e lo p e d  o v e r  a  p e r i o d  o f  a b o u t  f i f t e e n  y e a r s  th e  f i e l d  o f  

c o l o r l e s s  m o th p ro o f in g  " d y e s t u f f s "  known a s  E u la n s .

Some o f  t h e s e  E u la n s  were c h l o r i n a t e d  d i -  and  t r i p h e n y l -  

m e th a n e s  c o n ta in i n g  s o l u b i l i z i n g  s u l f o n i c  a c i d  g ro u p s ,  by 

means o f  w hich  t h e  m o le c u le  c o u ld  b e  a t t a c h e d  to  w ool f i b e r  

t o  g i v e  pe rm anen t m o th p ro o f in g  p r o p e r t i e s .  As a  m a t t e r  o f  

f a c t ,  t h e  s u l f o n i c  a c i d  g ro u p s  do even  more th a n  s o l u b i l i z e  

t h e  m o le c u le  and a l lo w  a  c h e m ic a l  u n io n  w i t h  t h e  c l o t h  

f i b e r ;  t h e  s u l f o n a t i o n  o f  t h e  a r o m a t ic  compounds a c t u a l l y  

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

i s  an a m p l i f i c a t i o n  o f  th e  e s t a b l i s h e d  f a c t  t h a t  o r g a n ic
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c o n t a c t  p o i s o n s  i n  g e n e r a l  do n o t  l o s e  t h e i r  i n s e c t i c i d a l

p r o p e r t i e s  when th e y  a r e  s u l f o n a t e d ,  b u t  i n s t e a d  a r e  c o n v e r te d

i n t o  e f f e c t i v e  s to m ach  p o i s o n s .

A n o th e r  im p o r ta n t  c o n t r i b u t i o n  t o  t h e  f i e l d  o f

p e rm a n e n t  m o th p ro o f in g  compounds was made b y  t h e  J .  R. Geigy

Company1 ^  o f  B a s e l ,  S w i t z e r l a n d .  They d e v e lo p e d  in d e p e n d e n t ly

some m o th p ro o f in g  compounds q u i t e  s i m i l a r  t o  th e  E u la n s  o f
12I .  G. Pa rben  Indus t r i e ,  a s  shown b e lo w :

The r e s e a r c h  in  t h e  Gelgy l a b o r a t o r i e s  was u n d e r t a k e n  p r i n c i p a l ­

l y  from  t h e  s t a n d p o i n t  o f  d y e s t u f f  c h e m is t r y .  They found  

t h a t  b o th  th e  p o s i t i o n  and num ber o f  s u l f o n i c  a c i d  g ro u p s  

w ere  im p o r ta n t  i n  th e  a b i l i t y  o f  t h e  m o le c u le  t o  b e h av e  a s  

a  p e rm a n en t  m o th p ro b f in g  compound; f o r  exam ple , t h e  few er  t h e  

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

m o le c u le  in  g e n e r a l  f o r  b e in g  drawn up by t h e  f i b e r .  In  f a c t ,  

m ost o f  t h e  e f f e c t i v e  m o th p ro o f in g  compounds d e v e lo p e d  by  

G elgy  c o n ta in e d  o n ly  one s u l f o n i c  a c i d  g roup  i n  th e  m o le c u le .  

T hey  r e p o r t e d ,  how ever, t h a t  t h e  f a s t n e s s  o f  t h e  " c o l o r l e s s  

d y e s t u f f "  c o u ld  n o t  be  e x p la in e d  s o l e l y  b y  t h e  l i n k a g e  o f  t h e  

s u l f o n i c  a c i d  t o  t h e  wool f i b e r ,  b u t  t h a t  o t h e r  " se c o n d a ry

HOOC COOH

E ulan  Neu 
( I .  G. F a r b e n i n d u s t r l e )

E r io e h ro m c y a n in e  R 
( J .  R. Gelgy)
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v a le n c e  f o r c e s ” w i t h i n  t h e  m o le c u le  w ere  a l s o  im p o r ta n t  in  

c a u s in g  su c h  an i n t i m a t e  a s s o c i a t i o n .

A g r e a t  amount o f  r e s e a r c h  done i n  th e  G-eigy1 ^ ' 1^ 

l a b o r a t o r i e s  a lo n g  c l o s e l y  r e l a t e d  l i n e s  r e s u l t e d  i n  th e  

d i s c o v e r y  o f  d i c h l o r o d ip h e n y l t r i c h l o r o m e t h y l m e t h a n e ,  known 

p o p u l a r l y  a s  DDT, a s  a  p o w e r fu l  i n s e c t i c i d e . T h e i r  r e s e a r c h  

on t h e  mechanism o f  c o n t a c t - p o i s o n  a c t i o n  b ro u g h t  o u t  th e  

f a c t  t h a t  th e  m o le c u le  m ust c o n t a i n ,  in  a d d i t i o n  t o  t h e  

" t o x i c  com ponent" , a  l i p o i d - s o l u b l e  g roup  w h ic h  w i l l  e n a b le  

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

l a y e r ,  i n t o  th e  n e rv e  c e l l s .  Groups c o n f e r r i n g  l i p o i d  s o l u ­

b i l i t y  on th e  m o le c u le  a r e  i n  most c a s e s  a l i p h a t i c  g ro u p s  

d e r i v e d  from  i n h a l a t i o n  a n a e s t h e t i c s ,  s u c h  a s  c h lo ro fo rm  and 

c y c lo p r o p a n e ,  o r  f a t  s o l v e n t s ,  su ch  a s  c a rb o n  t e t r a c h l o r i d e ,  

w h ic h  have a  v e r y  h ig h  o i l / w a t e r  d i s t r i b u t i o n  c o e f f i c i e n t .

The " t o x i c  com ponent" must be  s u c h  t h a t  th e  s t r u c t u r e  o f  t h e  

e n t i r e  m o le cu le  a l lo w s  a  c o m b ln a t ib n  w i t h  " c e r t a i n  p h y s io ­

l o g i c a l l y  im p o r ta n t  com ponents"  o f  th e  body . U s in g  DDT a s  

an exam ple  o f  a  c o n t a c t  p o i s o n ,  th e  l i p o i d - s o l u b l e  g roup  i s  

s e e n  t o  be th e  t r i e h l o r o m e t h y l  g ro u p .  Thus su c h  a  m o le c u le  

can  p e n e t r a t e  i n t o  th e  n e rv e  c e l l s ,  w here , b e ca u se  o f  th e  

t o x i c  n a t u r e  o f  t h e  m o le c u le ,  i t  I n j u r e s  th e  n e rv e  c e l l s  i n  

some way, p r o d u c in g  a  s t a t e  o f  e x c i t a b i l i t y ,  w h ich  in  t u r n  

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

m echanism  p ro p o se d  by th e  Geigy Company. The n e r v e - p o i s o n  

a c t i o n  o f  DDT does  n o t  a p p e a r  t o  I n v o lv e  t h e  i n h i b i t i o n  o f
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c h o l i n e s t e r a s e .

D u rin g  W orld War I I  t h e  I .  G. F a r b e n I n d u s t r i e  

d e v e lo p e d  an i n t e r e s t i n g  i n s e c t i c i d e ,  h e x a e th y l  t e t r a p h o s -  

p h a t e ,  w h ich  th e y  c a l l e d  MB la d a n " .  I t  i s  u s u a l l y  r e f e r r e d  t o  

in  t h e  U n i te d  S t a t e s  a s  HETP f o r  c o n v e n ie n c e .  G. S c h r a d e r 1 ^  

f i r s t  p r e p a r e d  t h i s  i n s e c t i c i d e  a t  E l b e r f e l d  in  a  s tu d y  o f  

s u b s t i t u t e s  f o r  n i c o t i n e  i n  th e  c o n t r o l  o f  p l a n t  l i c e  

( a p h i d s ) .  S in c e  i t  i s  c h ea p , i s  e x t r e m e ly  e f f e c t i v e  a g a i n s t  

p l a n t  l i c e ,* ®  and i s  h y d ro ly z e d  b y  w a te r  t o  n o n - t o x i c  a l k y l  

p h o s p h o r i c  a c i d s ,  i t  has  a  g r e a t  a d v a n ta g e  o v e r  n i c o t i n e .

I t  s e r v e s  a s  a  su p p lem en t t o  DDT, w h ich  i s  n o t  e f f e c t i v e  

a g a i n s t  m i te s  and a p h i d s . 2 1 ,2 2 ,2 ^

0 .  A lk y l  P o ly p h o s p h a te s .

H e x a e th y l  t e t r a p h o s p h a t e  i s  now b e in g  p ro d u ce d  on 

a  l a r g e  s c a l e ,  and i t s  e f f e c t i v e n e s s  has  s t i m u l a t e d  a  g r e a t  

amount o f  b a s i c  r e s e a r c h  in  th e  f i e l d  o f  a l k y l  p o ly p h o s ­

p h a t e s .  2^»25

S c h r a d e r ^ ’ i n i t i a l l y  p r e p a r e d  h e x a e th y l  t e t r a -  

p h o s p h a te  by means o f  t h e  f o l lo w in g  r e a c t  i o n :

POCI3 + 3 ( c 2h 5 ) 3POj  ̂ a  3C2h 5c i  +  ( c 2h 5 ) 6Ph.o1 3 .

In  l i n e  w i t h  t h i s  r e a c t i o n ,  he p ro p o se d  t h e  f o l lo w in g  s t r u c t u r e  

f o r  t h e  h e x a e th y l  e s t e r :
0

0 — p ( o c 2h 5 ) 2

/  ?
0-*-P— 0 — P(0C H_)

2 5 2
0

0 P (OCgjHpj) 2
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"but a n a lo g y  w i t h  i n o r g a n i c  c h e m ic a l  c o n s i d e r a t i o n s  i n d i c a t e d  

t h a t  su c h  a  b ra n c h e d  s t r u c t u r e  w ould  be  l e s s  l i k e l y  th a n  a  

l i n e a r  s t r u c t u r e . ^  A more r e c e n t  m ethod*^ w h ic h  h a s  been  

a d o p te d  b y  t h e  Germans f o r  p r e p a r i n g  t h e  i n s e c t i c i d e  i s  

d e s c r i b e d  by  t h e  f o l lo w in g  e q u a t io n :

4-POCl-j>  9C2 H5OH * 9HC1 3 C2 H5 CI + (CgH^J^P^O^.

The know ledge  o f  h e x a e th y l  t e t r a p h o s p h a t e  p r i o r  t o  

1947 h a s  been  re v ie w e d  by B ronson and H a i l ‘d  and  b y  R o a r k . ^

Q u i te  r e c e n t l y ,  how ever, H a l l  and  Jacobson^®  have 

r e p o r t e d  t h a t  s o - c a l l e d  h e x a e th y l  t e t r a p h o s p h a t e  i s  n o t  a  

p u re  compound, o r  even a  r e l a t i v e l y  p u re  one ; b u t  I n s t e a d  i t  

I s  a  n o n d i s t i l l a b l e  l i q u i d  m ix tu re  o f  e m p i r i c a l  c o m p o s i t io n  

(CgH^J^Pi^O^ composed o f  e t h y l  m e ta p h o s p h a te ,  t e t r a e t h y l  

p y r o p h o s p h a te ,  t r i e t h y l  o r th o p h o s p h a te ,  and  p o s s i b l e  p e n t a -  

e t h y l  t r i p h o s p h a t e .  They s t a t e d ,  f u r t h e r m o r e ,  t h a t  t e t r a ­

e t h y l  p y ro p h o s p h a te  i s  p r o b a b ly  t h e  a c t i v e  I n g r e d i e n t  o f  a l l  

t h e  t o x i c ,  n o n d i s t i l l a b l e ,  l i q u i d  e t h y l  p o ly p h o s p h a te s .  In  

t h i s  r e g a r d ,  t e t r a e t h y l  p y ro p h o s p h a te  was p r e p a r e d  b o t h  a s  

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

showed a  t o x i c i t y  t h r e e  t o  f i v e  t im e s  a s  g r e a t  a s  t h a t  o f  

HETP. T h is  i s  i n  r e a s o n a b l e  ag reem en t w i t h  t h e i r  r e p o r t  

t h a t  HETP c o n ta in s  ab o u t  20 p e f c e n t  t e t r a e t h y l  p y ro p h o s p h a te ,  

a s  shown by vacuum d i s t i l l a t i o n .  T h e i r  r e s u l t s  a r e  i n  c lo s e  

a g re e m e n t  w i t h  t h e  p r e s e n t  know ledge o f  i n o r g a n i c  p o ly p h o s ­

p h a t e s ;  P a r t r i d g e  e t  a l . ^  showed t h a t  th e  h i g h e s t  known 

member o f  th e  sy s te m  NePO^-HaijJ^Oy e x i s t i n g  a s  a  c r y s t a l l i n e
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I n d i v i d u a l  i s  sodium  t r i p h o s p h a t e ,  Na^P^O-^.

At a b o u t  th e  same t im e ,  Hansen^S r e p o r t e d  t h e  p r e s e n c e  

o f  1 0  t o  20  p e r c e n t  o f  a  " t e t r a e t h y l  p h o s p h a te "  a s  t h e  a c t i v e  

i n g r e d i e n t  i n  HETP, h u t  from  h i s  a n a ly s e s  he c o n c lu d e d  t h a t  

t h e  a c t i v e  e s t e r  was t e t r a e t h y l  p e ro x y d ip h o s p h a te .

E th y l  m e ta p h o s p h a te ,  w h ich  H a l l  and  Ja c o b so n  

r e p o r t e d  t o  be  t h e  p r im a ry  component o f  t h e  com m erc ia l  hexa­

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

an Im pure form , b y  t h e  r e a c t i o n  o f  p h o s p h o r i c  a n h y d r id e  w i t h  

d i e t h y l  e t h e r ^  o r  w i t h  t r i e t h y l  p h o s p h a t e . A c c o r d i n g  t o  a  

r e c e n t  p a t e n t ,  th o u g h ,  t h e  r e a c t i o n  w i th  d i e t h y l  e t h e r  p r o ­

d u c e s  a  s u b s t a n t i a l  p r o p o r t i o n  o f  t r i e t h y l  p h o s p h a t e . ^5 

P lim m er and  B u r c h ^  r e p o r t e d  t h a t  e b u l l i o s c o p i o  a n a l y s i s  

showed t h e  m e ta p h o sp h a te  m o le c u le  t o  b e  d i m e r ic ,  w h i le  from 

c r y o s c o p l c  d e t e r m i n a t i o n s  i t  was found  to  be  a  hexam er. They 

fo u n d  t h a t  e t h y l  m e ta p h o sp h a te  would r e a c t  w i t h  e t h y l  a l c o h o l  

t o  g iv e  b o th  mono- and  d i e t h y l  p h o s p h o r ic  a c i d s .  On t h e  o t h e r  

h a n d ,  A udrie th .37  has  s t a t e d  t h a t  i n  d e te r m in in g  t h e  m o le c u la r  

w e ig h t s  o f  su ch  e s t e r s ,  any method w hich  in v o lv e s  a  e o l v o l y t i c  

r e a c t i o n  w i l l  g iv e  ambiguous o r  u s e l e s s  r e s u l t s ;  i n s t e a d  o f  a  

m onom eric , d im e r ic ,  o r  even h e x am erlc  sy s te m , e t h y l  m etapho s­

p h a t e  i s  p r o b a b ly  a  complex m ix tu re  o f  v e ry  l o n g - c h a in  

p o ly m e r ic  m o le c u le s  o f  th e  ty p e

0 / 0 \ 0
* 1 ♦C2H50--P—CMUp 0-4-p— 0G2h5
oc2h5 \oc2h 5J oc2h5
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A lth o u g h  s e v e r a l  r e c e n t  p u b l i c a t i o n s  have a p p e a re d  

w i t h  r e g a r d  to  p o ly p h o s p h o r ic  a c i d s - ^  and t h e i r  

s a l t s , 1 + 0 r e l a t i v e l y  l i t t l e  has  b e en  p u b l i s h e d  

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

th o u g h  a  g r e a t  amount o f  work i s  b e in g  done i n  t h i s  f i e l d .  

H ence , th e  “h e x a e th y l  t e t r a p h o s p h a t e "  p ro b lem  i s  n o t  y e t  

c o m p le t e ly  s e t t l e d .

As f a r  a s  t h e i r  p r e p a r a t i o n  i s  c o n c e rn e d ,  how ever, 

p r o d u c t s  w i th  o v e r a l l  c o m p o s i t io n s  o f  a l k y l  m e ta p h o s p h a te s ,  

p y r o p h o s p h a t e s ,  t r i p h o s p h a t e s ,  and  t e t r a p h o s p h a t e s  a r e  ob­

t a i n e d  e a s i l y  from  t h e  r e a c t i o n  o f  th e  t r i a l k y l  o r th o p h o s ­

p h a t e s  w i th  th e  p r o p e r  amount o f  p h o s p h o r ic  a n h y d r id e  a t  low  

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

V i c t o r  C hem ical W orks. In  a d d i t i o n  t o  t h i s  g e n e r a l  m ethod, 

u s u a l l y  r e f e r r e d  t o  a s  t h e  Woodstock m ethod , and t h a t  o f  

S c h r a d e r ,  w hich in v o lv e s  t h e  r e a c t i o n  o f  p h o s p h o ry l  c h l o r i d e  

w i t h  t r i a l k y l  o r th o p h o s p h a te s ,  s t i l l  a n o th e r  method^® sh o u ld  

b e  m e n t io n e d ;  i t  i s  v e ry  s a t i s f a c t o r y  f o r  p r e p a r i n g  t e t r a ­

e t h y l  p y ro p h o s p h a te  and  i s  d e s c r i b e d  by  t h e  f o l lo w in g  e q u a t io n :  

(CgH^gPCjCl +  (CgH^PCfy «  C2H5C1 + (C2H5) Ij.P207

As i n t i m a t e d  b e f o r e ,  n o t  o n ly  HETP b u t  a l l  o f  t h e s e  

a l k y l  p o ly p h o s p h a te s  a r e  e f f e c t i v e  a g a i n s t  m i t e s  and a p h id s .  

They a r e  a l s o  v e ry  t o x i c  t o  humans and can be  a b s o rb e d  r e a d i l y  

t h r o u g h  th e  s k i n ,  so g r e a t  c a r e  must be  u s e d  i n  h a n d l in g
Iiii

t h e s e  l i q u i d s .  T h a t  t h i s  e n t i r e  e f f e c t  i s  c au se d  by t h e  

p r e s e n c e  o f  t e t r a e t h y l  p y r o p h o s p h a te ,  a s  H a l l  and  J a c o b s o n
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s t a t e d ,  h a s  n o t  y e t  "been shown c o n c l u s i v e l y ,  b u t  n e v e r t h e l e s s  

t h e  m ix tu r e s  a r e  a l l  q u i t e  t o x i c .  More w i l l  b e  s a i d  o f  th e  

m echanism  o f  t h i s  t o x i c  e f f e c t  b e lo w .

D. S y n th e s i s  o f  D ia lk y l  M o n o f lu o ro p h o s p h a te s .

I t  i s  d e s i r a b l e  a t  t h i s  p o i n t  t o  l e a v e  t h e  s u b j e c t  

o f  a l k y l  p o ly p h o s p h a te s  t e m p o r a r i l y  and t u r n  t o  a  ty p e  o f  

o r g a i i l c  e s t e r s  w hich  do n o t  a p p e a r ,  a t  f i r s t  g l a n c e ,  t o  be 

c l o s e l y  r e l a t e d  to  p o ly p h o s p h a te s .  T hese a r e  known g e n e r a l l y  

a s  d l a l k y l  m o n o f lu o ro p h o s p h a te s .

U n t i l  19*4-1, when McCombie and S au n d e rs  began  t h e i r  

r e s e a r c h  on new w ar g a se s  i n  t h e  Cambridge U n i v e r s i t y  C hem ical 

L a b o r a to r y  in  E n g lan d , o n ly  one paper-*- had  been  p u b l i s h e d  on 

d l a l k y l  m o n o f lu o ro p h o s p h a te s ;  t h i s  p a p e r ,  by Lange an d  K ru e g e r ,  

was d i s c u s s e d  a b o v e . The B r i t i s h  w o rk e rs  w ere  i n t e r e s t e d  in  

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

a  s t u d y  had to  b e  made f o r  t h e  p u rp o se  o f  f i n d i n g  a  more 

e c o n o m ic a l  and c o n v e n ie n t  m ethod o f  s y n t h e s i s ,  s i n c e  t h a t  

o f  Lange and K ru e g e r  was q u i t e  l a b o r i o u s  and  r e s u l t e d  in  

o v e r a l l  y i e l d s  o f  l e s s  th a n  4- p e r c e n t  o f  t h e o r y .  A f t e r  a  

c o n s i d e r a b l e  amount o f  r e s e a r c h ,  th e  B r i t i s h  p ro p o s e d  th e  

f o l l o w i n g  m ethods o f  s y n t h e s i s : ^

( 1 )
POCI3  ® P0 C:*-2̂

POClgF +  2R0H = (R 0)2P0F + 2HC1 

2(RO)-5P© +• POCl-j »  3 (R 0 )2P0C1 

(E 0 )2P0C1 -t- NaF * (RO)gPOF + NaCl
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(£ 9 $ y ie ld )  

(B0% y ie ld )  

(SM  y ie ld )

' 3R0H +  PGItj + 3C5 H5N = (RO)^P + 3 0 ^ 1 1  *HC1

(3) '  (RO)^P + Cl2  = (R0)2 P0G1 + RG1 

(RO)gPOCl + HaF *  (BO)gPOF + NaCl 

r 3ROH +  PCI3  s  (R0)2 P0H RC1 + 2HC1

(4) '  (RO)gPOH +  Cl2  * (RO)gPOCl + HOI 

.(RO)gPOCl + NaF ** (RO)gPOF •+■ NaCI

Method ( l )  was found to  be most u s e fu l  f o r  e x p lo ra to ry  pur­

p o se s ;  f o r  example, i t  was the  only method of the  fo u r  which 

a llow ed  th e  s y n th e s is  of d ia ry 1  e s t e r s  in  good y i e l d s .

Methods ( 2 ) ,  ( 3) ,  and (4-) a l l  invo lve  th e  in te rm e d ia te  forma­

t i o n  of a d ia lk y l  monochlorophosphate, which i s  then  re a c te d  

w i th  sodium f lu o r id e  to  produce th e  corresponding  d ia lk y l  

m onofluorophosphate. Alkyl and a r y l  monochlorophosphates 

have been known f o r  a long ti& e, and e a r l i e s t  methods of

p re p a r in g  them invo lved  th e  re a c t io n  o f  phosphoryl t r i c h l o r i d e
Ila I17 iigw ith  th e  c a lc u la te d  q u a n t i ty ,  o r  l e s s ,  of an a lc o h o l  * 

o r  phenol. ^9 ,5 0 ,5 1 ,5 2 ,5 3  C a ta ly s ts  suggested  f o r  th e  r e a c t io n  

in c lu d e  AICI3 , Z n C l ^  and HgClg . 5 5  Although th e  d i a r y l

m onochlorophosphates can be d i s t i l l e d  s a t i s f a c t o r i l y  under 

vacuum, th e  d ia lk y l  e s t e r s  a re  th e rm a lly  I n s ta b le  and hence 

canno t be ob ta ined  in  a pure form by t h i s  r e a c t io n ,  s in ce  

th e y  cannot be s e p a ra te d  from th e  b y - p r o d u c t s . ^

Because of th e  low y ie ld s  and low p u r i ty  of d i ­

a l k y l  monochlorophosphates made in  t h i s  way, the  B r i t i s h  

i n v e s t i g a t o r s ^  had to  look f u r th e r  fo r  a  s a t i s f a c t o r y  method 

o f  p re p a r in g  them as in te rm e d ia te s  f o r  subsequent r e a c t io n
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w i t h  sodium  f l u o r i d e .  The r e a c t i o n  o f  G -errard^? , i n  w hich  

POGl^ i s  r e a c t e d  w i th  a  t r i a l k y l  p h o s p h a te ,  makes up th e  

I p l t l a l  s t e p  o f  m ethod (2) l i s t e d  by MeCombie and S a u n d e rs .

The c h l o r i n a t i o n  o f  t r i e t h y l  p h o s p h i t e ,  a  r e a c t i o n  

w h ic h  was i n v e s t i g a t e d  by W i c h e l h a u s , i B th e  b a s i s  f o r  

m ethod  (3) s u g g e s te d  by th e  B r i t i s h  w o rk e rs  f o r  p r e p a r i n g  

d l a l k y l  m o n o f lu o ro p h o s p h a te s .  The f i r s t  s t e p  o f  t h i s  m ethod, 

i . e .  t h e  s y n t h e s i s  o f  a  t r i a l k y l  p h o s p h i t e  from  th e  a c t i o n  

o f  p h o sp h o ru s  t r i c h l o r i d e  on an a l c o h o l  i n  t h e  p r e s e n c e  o f  

an o r g a n i c  b a s e ,  had  been  r e p o r t e d  i n  1913 by M i lo b e d s k i  and 

S a c h n o w s k i . M e t h o d  (3 )  was shown to  g iv e  s a t i s f a c t o r y  

o v e r a l l  y i e l d s ,  b u t  th e  u s e  o f  a  t e r t i a r y  b a s e  made t h i s  

m ethod  to o  e x p e n s iv e  f o r  a  com m erc ia l  p r o c e s s .

W ith p l a n t - s c a l e  p r o d u c t io n  in  m ind , an a t t e m p t  

was made by th e  B r i t i s h  r e s e a r c h e r s  t o  c a r r y  ou t t h i s  same 

s e r i e s  o f  r e a c t i o n s  w i th o u t  th e  u se  o f  an o r g a n ic  b a s e .  

I n s t e a d  o f  o b t a i n i n g  a  t r i a l k y l  p h o s p h i t e  by means o f  th e  

r e a c t i o n  o f  PCl-j w i t h  an a l c o h o l ,  how ever, l e a v i n g  o u t  th e  

o r g a n i c  b a se  r e s u l t e d  i n  th e  fo r m a t io n  o f  th e  d i a l k y l  a c i d  

p h o s p h i t e , 5 5 » 6 1 » a s  Mad been  found  e a r l i e r  by G e r r a r d .^ 7  

T h is  was th o u g h t  a t  f i r s t  t o  be  a  u s e l e s s  r e a c t i o n  p r o d u c t ,  

b u t  th e n  i t  was found  t h a t  t h i s  a c i d  p h o s p h i t e  was c o n v e r te d  

by c h l o r i n a t i o n  t o  th e  c o r r e s p o n d in g  d i a l k y l  m o n och lo ro pho s-  

p h a te  i n  a  93$ y i e l d .  T h is  d i s c o v e r y  seems t o  have s t r o n g l y  

f u r t h e r e d  th e  s tu d y  o f  d i a l k y l  m o n o f lu o ro p h o s p h a te s ,  b e c a u se  

i t  a l lo w e d  a  c h e a p ,  easy  p r o c e s s  f o r  t h e i r  p r o d u c t i o n  on a
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c om m erc ia l  s c a l e ,  a c c o rd in g  to  t h e  e q u a t io n s  o f  method

( 4 ) .

B e fo re  l e a v i n g  th e  s u b j e c t  o f  th e  s y n t h e s i s  o f  

d l a l k y l  m o n o f lu o ro p h o s p h a te s ,  some m en tion  s h o u ld  be made o f  

t h e  f i n a l  s t e p  In  t h e  s y n t h e s i s  a c c o r d in g  t o  m ethods ( 2 ) ,  (3 ) 

and (M-) , nam ely , th e  c o n v e r s io n  o f  d l a l k y l  m onoch lo rophos­

p h a t  es  t o  th e  c o r r e s p o n d in g  m o n o f lu o ro p h o s p h a te s  by h e a t in g  

f o r  a  s h o r t  t im e  w i th  sodium  f l u o r i d e .  T h is  p ro c e d u r e  f o r  

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

w i t h  t h a t  u se d  by D av ies  and Dick in  c o n v e r t i n g  s u l f o n y l

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

c a r r i e d  o u t th e  r e a c t i o n s  i n  c a rb o n  t e t r a c h l o r i d e  r a t h e r  th a n  

i n  w a te r .  T h is  s t e p  was n o t  s u c c e s s f u l  in  t h e  p r e p a r a t i o n  o f  

a r o m a t i c  e s t e r s ,  how ever, so  th e y  were r e q u i r e d  to  r e s o r t  t o  

t h e  r e a c t i o n  o f POOlpF ty l th  p h e n o ls  to  o b t a i n  d e r i v a t i v e s  o f  

d i p h e n y l  m o n o f lu o ro p h o s p h a te .

F l u o r l n a t i n g  a g e n t s  o t h e r  th a n  sodium  f l u o r i d e  

w h ic h  have been  u se d  in  s i m i l a r  r e a c t i o n s  i n c l u d e  AsF^, SbF-j, 

ZnFg, I F ,  KHFg, and NH^F. D av ies  and Dick showed t h a t  

s u l f o n y l  f l u o r i d e s  c o u ld  b e  p r e p a r e d  c o n v e n ie n t ly  from  th e  

c o r r e s p o n d in g  s u l f o n y l  c h l o r i d e s  by b o i l i n g  f o r  a  s h o r t  t im e  

w i t h  aqueous s o l u t i o n s  o f  p o ta s s iu m ,  sod ium , o r  ammonium 

f l u o r i d e ,  o r  w i th  a  s u s p e n s io n  o f  z in c  f l u o r i d e  in  w a te r .  

A ntim ony t r i f l u o r i d e  was u se d  s u c c e s s f u l l y  in  th e  c o n v e r s io n  

o f  b e n z o y l  c h l o r i d e  t o  b e n z o y l  f l u o r i d e ,  in  w h ich  

V o z n e s e n s k i i^ ?  r e p o r t e d  a Jb p e r  c e n t  y i e l d .  In  th e  p r e p a r a t i o n
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o f  a l k y l  f l u o r o s l l l c a t e s  from  th e  c o r r e s p o n d in g  c h l o r o -  

s i l i c a t e s ,  i n o r g a n i c  f l u o r i d e s  d id  n o t  g iv e  s a t i s f a c t o r y  

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

r e p o r t e d  by P e p p a rd ,  Brown, and Jo h n so n  t o  be  a  c o n v e n ie n t  

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

E. P h y s i o l o g i c a l  P r o p e r t i e s  and  A n t i - c h o l i n e s t e r a s e  A c t i v i t y  

o f  D la lk y l  M o n o f lu o ro p h o s p h a te s .

A th o ro u g h  s tu d y  was made by McComble and  S a u n d e r s ^  >^9 

o f  t h e  i n h a l a t i o n  t o x i c i t y  r e c o r d e d  p r e v i o u s l y  by Lange, and 

t h e s e  r e s u l t s  have  been  su p p le m e n te d  r e c e n t l y  by K i lb y  and 

K ilby^®  in  a  s tu d y  o f  th e  i n h a l a t i o n  t o x i c i t y  i n  man and 

a n im a l s .  I t  was found  t h a t  a  m io t i c  e f f e c t  ( a  c o n s t r i c t i n g  

e f f e c t  on th e  p u p i l  o f  t h e  eye) and  a  h ig h  t o x i c i t y  by i n ­

h a l a t i o n  u s u a l l y  w ent t o g e t h e r ;  and  t h e s e  e f f e c t s  w ere  

e x c e e d in g ly  p ro n o u n ce d  in  th e  c a s e s  o f  e s t e r s  o f  s e c o n d a ry  

a l c o h o l s ,  su ch  a s  i s o p r o p y l ,  s e c . - b u t y l ,  and  c y c lo h e x y l  

a l c o h o l .

In  194-2, McCombie and S a u n d e rs^ 1  r e p o r t e d  t h a t  

a l k y l  e s t e r s  I n h i b i t  t h e  a c t i o n  o f  th e  enzyme c h o l i n e s t e r a s e ;  

and  t h e  d i i s o p r o p y l  e s t e r ,  known as  DFP, was found  t o  be 

a c t i v e  in  e x t r e m e ly  low c o n c e n t r a t i o n s  (a b o u t  I C T ^ M ) . No 

o t h e r  enzyme was found  to  b e  i n a c t i v a t e d  by d i i s o p r o p y l  

m o n o f lu o ro p h o s p h a te ;  r e c e n t  f i n d i n g s , 72 how ever, i n d i c a t e  

t h a t  d i a l k y l  m o n o f lu o ro p h o s p h a te s  a r e  n o t  s p e c i f i c  i n h i b i t o r s  

o f  c h o l i n e s t e r a s e .

None o f  t h i s  r e s e a r c h  was p u b l i s h e d  u n t i l  194-6,
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a f t e r  s e c r e c y  o r d e r s  had b een  l i f t e d  from su c h  w ar r e s e a r c h .

In  th e  m ean tim e, th e  work had  been  t r a n s f e r r e d  t o  t h e  C hem ical 

W a r fa re  S e rv ic e  o f  th e  U. S. Army. At t h e  end o f  t h e  w ar, 

t h e  a p p l i c a t i o n  o f  d i i s o p r o p y l  m o n o f lu o ro p h o sp h a te7 3 > 7 ^  t o  

p e a c e - t im e  u s e s  r e c e i v e d  much a t t e n t i o n  in  th e  form o f  

m e d ic a l  r e s e a r c h .  For exam ple , i t  was found  t o  have  p r o b a b le  

b e n e f i c i a l  e f f e c t s  i n  th e  t r e a tm e n t  o f  t h e  eye c o n d i t i o n  

g la u c o m a ,75 > 7 6 ,7 7  and  in  t h e  t r e a tm e n t  o f  d i s e a s e s  c h a r a c t e r i z e d  

by  m u s c u la r  w eakness  known a s  m y a s th e n ia  g r a v i s .

Most o f  t h i s  r e s e a r c h  on th e  p h a rm a c o lo g ic a l  u se s  

o f  d i i s o p r o p y l  m o n o f lu o ro p h o s p h a te ,  commonly a b b r e v i a t e d  t o  

"DFP", has  d e a l t  w i t h  o r  h as  b e en  b a s e d  on i t s  i n h i b i t i o n  o f  

c h o l i n e s t e r a s e .  A c co rd in g  t o  t h e  p r e s e n t  c h e m ic a l  t h e o r y  o f  

t r a n s m i s s i o n  o f  n e rv e  im p u ls e s  th r o u g h  t h e  n e rv o u s  sy s te m , 

t h e  r a p i d  s p l i t t i n g  o f  a c e t y l c h o l i n e  by means o f  t h e  h i g h ly  

s p e c i f i c  enzyme c h o l i n e s t e r a s e ,  i s  n e c e s s a r y  f o r  n o rm al 

f u n c t i o n i n g .  NachmansobnT^*7 9 * 8 0 ,3 1 ,8 2 ,$3 ,g h  Jiag p r e s e n -t;efj

e v id e n c e  t h a t  th e  r a p i d  r e l e a s e  and rem ova l o f  a c e t y l c h o l i n e  

i s  an i n t r a c e l l u l a r  p r o c e s s ,  and t h a t  t h e  r a t e  o f  m e tab o lism  

o f  t h i s  e s t e r  by means o f  c h o l i n e s t e r a s e  i s  g r e a t  enough t o  

p a r a l l e l  t h e  r a t e  o f  e l e c t r i c a l  ch anges  p ro d u c e d  a lo n g  th e  

n e r v e  f i b e r s ;  hence  t h i s  r a t e  o f  e n zy m atic  s p l i t t i n g  i s  

d i r e c t l y  r e l a t e d  t o  t h e  n e rv e  a c t i o n  p o t e n t i a l .  A ccord ing  

t o  t h i s  t h e o r y ,  i t  can be  se en  t h a t  t h e  i n h i b i t i o n  o f  

c h o l i n e s t e r a s e  r e s u l t s  in  a  d e c r e a s e d  r a t e  o f  m e ta b o l ism  o f  

a c e t y l c h o l i n e  an d , t h e r e f o r e ,  in  a  c o r r e s p o n d in g  lo w e r in g  o f
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t h e  n e rv e  a c t i o n  p o t e n t i a l .  P h y s o s t lg m in e  and  n e o s t ig m in e  

a r e  known t o  i n h i b i t  r e v e r s i h l y  th e  a c t i o n  o f  c h o l i n e s t e r a s e ,  

b u t  s t u d i e s  on th e  i n h i b i t i o n  by DFP^5 i n d i c a t e  t h a t  th e  

p o s t u l a t e d  e n z y m e - i n h i b i t o r  complex i s  n o t  r e a d i l y  r e v e r s e d ,  

so  t h e  c h o l i n e r g i c  a c t i o n  o f  DFP a p p ro a c h e s  more n e a r l y  an 

i r r e v e r s i b l e  i n a c t i v a t i o n  o f  c h o l i n e s t e r a s e .

F . A P ro p o se d  Mechanism o f  T o x ic i t y  o f  D i a lk y l  M onofluo ro ­

p h o s p h a te s  and A lk y l  P o ly p h o s p h a te s .

The r e a l  c h e m ic a l  m echanism o f  t h e  i n a c t i v a t i n g  

e f f e c t  o f  DFP and o t h e r  d i a l k y l  m o n o f lu o ro p h o s p h a te s  tow ard
F>fec h o l i n e s t e r a s e ,  how ever, i s  n o t  known. A c c o rd in g  t o  Lange, 

t h i s  mechanism may in v o lv e  a  p h o s p h o r y l a t i n g  a e t i b n ,  s i n c e  

t h e s e  e s t e r s  a r e  a l l  c a p a b le  o f  e x h i b i t i n g  su c h  an a c t i o n .

He came upon t h i s  i d e a  w h i le  s e a r c h i n g  f o r  t h e  c h e m ic a l  

m echanism  o f  th e  t o x i c  a c t i o n  o f  h e x a e th y l  t e t r a p h o s p h a t e .

He fo u n d  HETP t o  be a  p o w e r fu l  p h o s p h o r y l a t i n g  a g e n t ,  

r e a c t i n g ,  f o r  exam ple , w i th  k e y  com ponents o f  enzyme s y s te m s .  

He showed a l s o  t h a t  th e  o t h e r  l i q u i d  a l k y l  p o ly p h o s p h a te s  

w ere  r e l a t i v e l y  s t r o n g  p h o s p h o r y la t  in g  a g e n t s ; ^  and  s i n c e  

d i a l k y l  m o n o f lu o ro p h o s p h a te s  l i k e w i s e  e x h i b i t  a  p h o s p h o r y l a t -  

ing< e f f e c t ,  Lange s u g g e s te d  th e  p o s s i b i l i t y  t h a t  t h e  r e a c t i o n  

m echanism  o f  t o x i c i t y  o f  b o t h  ty p e s  o f  e s t e r s  I n v o lv e s  a 

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

enzym ic  sy s te m .

H is p ro p o se d  mechanism  i n v o lv e s  t h e  f o l lo w in g

s t e p s ;
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(1 ) The e s t e r  m o le c u le ,  I . e .  d l a l k y l  m o n o f lu o ro p h o s -  

p h a te  o r  a l k y l  p o ly p h o s p h a te ,  r e a c h e s  t h e  c h o l i n e s -  

t e r a s e  In  th e  n e r v e s  i n t a c t .

(2) In  t h e  p r e s e n c e  o f  c h o l i n e s t e r a s e ,  t h e  e s t e r  m o le cu le  

i s  s p l i t  by  an enzyme, i . e .  a  m o n o f lu o ro p h o s p h a ta s e  

o r  a  p y r o (p o ly )  p h o s p h a ta s e ,  w i th  an im m ed ia te  phos­

p h o r y l a t i o n  o f  c h O l i n e s t e r a s e  by th e  s p l i t  e s t e r s .

T h a t  s t e p  (1 )  may be  t r u e  i s  shown by  t h e  f a c t  t h a t  f l u o r i d e  

i o n s ,  s a l t s  o f  m o n o f lu o ro p h o s p h o r ic  a c i d ,  an d  s a l t s  o f  p o ly -  

p h e s p h o r i c  a c i d s  do n o t  g iv e  so  g r e a t  an i n a c t i v a t i o n  e f f e c t  

on e h o l i n e e t e r a s e  a s  do t h e  d l a l k y l  m o n o f lu o ro p h o s p h a te s .

W ith  r e g a r d  to  s t e p  ( 2 ) ,  th e  e x i s t e n c e  o f  a  p y ro p h o s p h a ta s e  

i s  w e l l  known; and  v e ry  r e c e n t l y  M a z u r ^  r e p o r t e d  t h e  e x i s ­

t e n c e  i n  a n i f t a l  t i s s u e  o f  a  m o n o f lu o ro p h o s p h a ta s e  c a p a b le  o f  

s p l i t t i n g  t h e  f l u o r in e - p h o s p h o r u s  bond o f  d i a l k y l  m o n o f lu o ro ­

p h o s p h a t e s .  T h is  f i n d i n g  g iv e s  a d d i t i o n a l  w e ig h t  t o  th e  

p o s s i b i l i t y  o f  a  p h o s p h o r y l a t i o n  m echanism . S in ce  Lange p r o ­

p o s e d  t h i s  m echanism , f u r t h e r  ag reem en t w i t h  h i s  i d e a s  has 

b e e n  i n d i c a t e d  b y  means o f  a  s tu d y  o f  DuBols and Mangun^O o f  

t h e  i n  v iv o  and i n  v i t r o  i n h i b i t i o n  o f  c h o l i n e s t e r a s e  by 

h e x a e th y l  t e t r a p h o s p h a t e , i n  w h ich  a  s t r o n g  i n h i b i t o r y  e f f e c t  

■was o b s e rv e d .  In  f a c t ,  B u r g e n ^  e t  a l .  have shown t h a t  th e  

a l k y l  p o ly p h o s p h a te s  a r e  more a c t i v e  th a n  d l i s o p r o p y l  mono- 

f l u o r o p h o s p h a t e  i n  r a t s ,  b o t h  In  v iv o  and i n  v i t r o ,  and t h e s e  

f i n d i n g s  were c o n f i rm e d  by Chadwick and H i l l  i n  t e s t s  on th e
cn

A m erican  ro a c h .- '
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DISCUSSION OF RESULTS

A. E f f o r t s  D i r e c t e d  T ovara  t h e  S y n th e s i s  o f  a  Perm anent 

M o th p ro o f in g  A g e n t .

1 .  D ip h en y l M o n o f lu o ro p h o sp h a te .

A m ethod h a s  b e en  d e v e lo p e d  w h ich  a l lo w s  th e  sy n ­

t h e s i s  o f  d ip h e n y l  m on o flm o ro p h o sp h a te ,  (C^H^)gPO^P, o r  in  

g e n e r a l  ArgPO^P, in  s a t i s f a c t o r y  y i e l d s .  T h is  m ethod may "be 

d e s c r i b e d  s c h e m a t i c a l l y  by means o f  th e  f o l lo w in g  r e a c t i o n  

e q u a t i o n s :

(1 )  2C6H50H + POCI3 = (C^Hpj) gPO^Cl +-2HC1

(2) 2 (C 6H5 ) 2P03 C1 +  CaP2  = 2(C 6H5 ) 2P0^F + 0 a C l2

S te p  ( l )  d e s c r i b e s  a  r e a c t i o n  w h ich  has  been  known 

f o r  n e a r l y  s e v e n t y - f i v e  y e a r s  and h a s  b e en  discussed e x t e n s i v e ­

l y  in  p u b l i c a t i o n s .  Hence, o n ly  t h e  seco n d  s t e p  o f  th e  p r o c e s s  

i s  o f  i n t e r e s t  t o  us from a  s t a n d p o in t  o f  r e s e a r c h .

From t h e  r e s u l t s  o f  D av ies  and D ic k j^  who c o n v e r te d  

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

s u l f o n y l f l u o r i d e s  by  h e a t i n g  w i t h  aqueous s o l u t i o n s  o f  a l k a l i  

f l u o r i d e s  o r  w i t h  aqueous s u s p e n s io n s  o f  z in c  f l u o r i d e ,  and 

a l s o  from  th e  r e s u l t s  o f  McCombie and  S a u n d e r s , ^  who o b ta in e d  

d l a l k y l  m o n o f lu o ro p h o s p h a te s  from  t h e  m o n o ch io ro p h o sp h a te s  

b y  h e a t i n g  s h o r t l y  w i th  sodium  f l u o r i d e  i n  c a rb o n  t e t r a c h l o r i d e  

o r  b e n z e n e ,  i t  w ould a p p e a r  t h a t  a l k a l i  f l u o r i d e s  o r  z in c  

f l u o r i d e  s h o u ld  b e  s a t i s f a c t o r y  f l u o r i n a t i n g  a g e n t s  f o r  th e  

r e a c t i o n  d e s c r i b e d  by e q u a t io n  ( 2 ) .  T h is  was fo u n d  n o t  be  

t h e  c a s e ,  how ever. The u s e  o f  sodium  f l u o r i d e  r e q u i r e d  a

-  20 -
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r e a c t i o n  t e m p e r a t u r e  o f  140° C. t o  g i v e  a p p r o x i m a t e l y  50 P©r  

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

o f  35 h o u r s ,  w h i l e  z in c  f l u o r i d e  p ro d u c e d  c o n s i d e r a b l e  p h e n o l i c  

s p l i t t i n g  o f  t h e  m o n o c h lo ro p h o sp h a te  w i t h  a  r e s u l t i n g  low y i e l d  

o f  n o t  g r e a t e r  t h a n  20 p e r  c e n t  m o n o f lu o r o p h o s p h a t e .

P r e c i p i t a t e d  c a l c iu m  f l u o r i d e  was found  t o  be t h e  

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

d u c i n g  y i e l d s  o f  65  t o  JO p p r  c e n t  o f  t h e o r y .  I n  a  s i n g l e  

r e a c t i o n  w i t h  f i n e l y - g r o u n d ,  h i g h - g r a d e ,  n a t i v e  f l u o r s p a r  

1C a F g ) , however,  a  y i e l d  o f  on ly  15  t o  20 p e r  c e n t  o f  t h e o r y  

was o b t a i n e d .  The d i f f e r e n c e  in  y i e l d s  may be due t o  a  

d i f f e r e n c e  i n  t h e  p a r t i c l e  s i z e  o f  t h e  two t y p e s  o f  c a l c iu m  

f l u o r i d e ,  b u t  i t  seems l i k e l y  t h a t  t h e  a c i d i t y  o f  t h e  p r e ­

c i p i t a t e d  f l u o r i d e  may add t o  I t s  e f f e c t i v e n e s s .

D ipheny l  m o n o f lu o ro p h o s p h a te  i s  a  s t a b l e ,  c o l o r l e s s  

l i q u i d  a t  room t e m p e r a t u r e .  I t  m e l t s  a t  J  t o  10°  C. and b o i l s  

a t  140 t o  14-2° 0 .  u n d e r  a  p r e s s u r e  o f  3 mm. o f  m e rc u ry ,  but  

d i s t i l l a t i o n  a t  p r e s s u r e s  above 12 b r  15  mm. r e s u l t s  in  

n o t i e e a b l e  d e c o m p o s i t i o n .

The e s t e r  was r e p o r t e d  i n  19^6 by  McGomble and 

S a u n d e r s , ^5 vho p r e p a r e d  i t  by t h e  r e a c t i o n

(3 )  P0C12F +  2C6H50H «  ( C g H ^ P O j F  4- 2HC1

2 .  S u l f o n a t l o n  o f  D ip h e n y l  M o n o f lu o r o p h o s p h a t e .

The o b j e c t  o f  t h e  s t u d y  o f  t h e  s u l f o n a t i o n  o f  d i p h e n y l  

m o n o f lu o r o p h o s p h a t e  was t o  p r e p a r e  a  m o n o - s u l f o n a t e d  d e r i v a t i v e ,  

w h ic h  m igh t  be  e x p e c t e d  t o  have th e  i n s e c t i c i d a l  p r o p e r t i e s  off
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t h e  u n s u l f o n a t e d  e s t e r  and a t  t h e  same t im e  c o n t a i n  a  group  

t h r o u g h  w h ich  a  c h e m ic a l  c o m b in a t io n  w i t h  p r o t e i n  f i b e r s  c o u ld  

b e  e f f e c t e d .  Hence i t  was hoped t h a t  a  " c o l o r l e s s  m o th p ro o f ­

i n g  d y e ” c o u ld  b e  o b t a i n e d  i n  t h i s  way. D i s u l f © n a t i o n  o f  t h e  

m o l e c u l e ,  t h a t  i s ,  i n s e r t i n g  one s u l f o n i c  a c i d  g ro up  i n t o  e a c h  

o f  t h e  two p h e n y l  g ro u p s  o f  t h e  e s t e r  m o le c u l e ,  would  be  

e x p e c t e d  t o  r e s u l t  i n  a  l e s s  e f f i c i e n t  and l e s s  p e rm an en t  d y e -  

s t u f f ,  .so t h e  em phas is  i n  t h i s  s t u d y  was d i r e c t e d  to w a rd  t h e  

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

m o n o f lu o r o p h o s p h a t e .

S ince  sodium c h l o r o s u l f o n a t e  and  t h e  a d d i t i o n  p r o d u c t  

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

t o  b r i n g  a b o u t  any r e a c t i o n  a t  a l l ,  t h e  ben ze n e  r i n g s  o f  t h e  

e s t e r  m o le c u le  were shown t o  be  d e a c t i v a t e d .  This  was in  

a g re e m e n t  w i t h  t h e  a s s u m p t io n  t h a t  t h e  f l u o r o p h o s p h a t e  group  

a t t a c h e d  t o  t h e  r i n g s  would d i r e c t  any incom ing  c a t i o n o i d  

s u b s t i t u e n t s  to  t h e  mete, p o s i t i o n s  w i t h  d e a c t i v a t i o n .

The more a c t i v e  s u l f o n a t i n g  a g e n t s ,  however ,  gave 

m i x t u r e s  o f  mono- and  d i s u l f o n a t e d  p r o d u c t s .  C r y s t a l l i z a t i o n  

o f  t h e  m o n o su l fo n ic  a c i d  c o u ld  n o t  be  e f f e c t e d ,  e i t h e r  by 

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

a p p r e c i a b l e  amounts o f  t h e  d i s u l f o n i c  a c i d  a s  an i m p u r i t y .

The e x t e n t  o f  c o n t a m i n a t i o n  w i t h  t h i s  i m p u r i t y  in  t h e  v a r i o u s  

e x p e r i m e n t s  s u g g e s t e d  t h a t  t h e  s u l f o n a t i o n  s t a t e  o f  one 

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

on t h e  e a se  o f  s u l f o n a t i o n  o f  t h e  se co n d  r i n g ;  i n  o t h e r  words,, 

t h e  two benzene  r i n g s  a p p e a r e d  to  be n e a r l y  i n d e p e n d e n t  o f  one
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a n o t h e r  i n  t h e  s u l f o n a t i o n  r e a c t i o n .  A g r a p h  ( F i g .  1 , p .  7 0 ) 

h a s  b e en  d r a m  t o  show t h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e  mono- 

and  d i s u l f o n i c  a c i d s  a s  a  f u n c t i o n  o f  t h e  amount o f  s u l f u r  

t r i o x i d e  r e a c t e d .  S ince  no r e a s o n a b l y  p u r e  m o n o s u l f o n a t e d  

d e r i v a t i v e  was a b l e  t o  be l s o l a t b $ ,  t h e  p r e p a r a t i o n  o f  a  

p e rm a n e n t  m o th p r o o f in g  compound by  t h i s  method was c o n s i d e r e d  

t o  b e  u n s a t i s f a c t o r y .

B. D i e t h y l  M o n o f lu o r o p h o s p h a t e .

1 .  G-eneral .

The d i a l k y l  m o n o f lu o r o p h o s p h a t e s  a r e  i m p o r t a n t  to  

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

w ere  d i s c u s s e d  on p r e c e d i n g  p a g e s .  The d i e t h y l  e s t e r  was 

s y n t h e s i z e d  f i r s t  by Lange and  K r u e g e r , 1 by  h e a t i n g  t h e  

s i l v e r  s a l t  o f  m o n o f lu o r o p h o s p h o r ic  a c i d  w i t h  e t h y l  i o d i d e  in  

a  s e a l e d  t u b e ,  b u t  y i e l d s  were  low and t h e  o v e r a l l  p r o c e d u r e  

was q u i t e  t e d i o u s .  McCombie and  S a u n d e r s ^  were  a b l e  t o  make 

t h e  e s t e r  i n  good y i e l d s  by f i r s t  p r e p a r i n g  t h e  d i a l k y l  a c i d  

p h o s p h i t e ,  t h e n  c h l o r i n a t i n g  t o  form t h e  d l a l k y l  m ono ch lo ro -  

p h o s p h a t e ,  and f i n a l l y  h e a t i n g  s h o r t l y  w i t h  sodium f l u o r i d e .

2.  S y n t h e s i s  from T e t r a e t h y l  P y r o p h o s p h a t e .

A new and  c o n v e n i e n t  method has now been  found  f o r  

p r o d u c i n g  d i e t h y l  m o n o f lu o r o p h o s p h a te .  I t  was shown t h a t  p u r e  

t e t r a e t h y l  p y ro p h o s p h a t e  can  be  s p l i t  a lm o s t  q u a n t i t a t i v e l y  

by a n h y d ro u s  h y drogen  f l u o r i d e  a c c o r d i n g  t o  t h e  f o l l o w i n g  

e q u a t io n ; !
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(4 )  ( 0 ^ 5) 1^207 +  HF -  ( °2 H r )2 P03P + (G2H^) 2HP0i^

The b o i l i n g  p o i n t s  o f  t h e  two r e s u l t i n g  e s t e r s  a r e  s u f f i c i e n t ­

l y  f a r  a p a r t  t o  a l l o w  e a sy  s e p a r a t i o n  b y  vacuum d i s t i l l a t i o n ,  

and  so  t h e  p u r i f i c a t i o n  o f  d i e t h y l  m o n o f lu o r o p h o s p h a te  i s  

q u i t e  s i m p le .

Even t h e  u se  o f  t e c h n i c a l  o r  com m erc ia l  g r a d e s  o f  

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

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

t h a n  when a  p u r e  p y r o p h o s p h a t e  i s  u s e d .  F o r  exam ple ,  t e t r a ­

e t h y l  p y r o p h o s p h a t e  which  was p r e p a r e d  a t  room t e m p e r a t u r e  b y  

t h e  r e a c t i o n

(5) P2 ° 5  +  MC2H5 ) 3 POh = 3(C2H5 )i |P207

a n d  w h ic h  c e r t a i n l y  c o n t a i n e d  o t h e r  e t h y l  p o l y p h o s p h a t e s  and 

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

r e a c t e d  w i t h  an h yd ro u s  hydrogen  f l u o r i d e  t o  g i v e  d i e t h y l  

m o n o f lu o r o p h o s p h a te  i n  a  y i e l d  o f  35  p e r  c e n t  o f  t h e o r y .  

C o n s e q u e n t l y ,  t h i s  r e a c t i o n  i s  o f  i n t e r e s t  f rom a  p r a c t i c a l  

o r  com m erc ia l  s t a n d p o i n t .

F u r t h e r m o r e ,  on t h e  b a s i s  o f  p r e l i m i n a r y  e x p e r i m e n t s ,  

t h i s  method a p p e a r s  t o  be a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  o f  

o t h e r  d i a l k y l  m o n o f l u o r o p h o s p h a t e s . I t  seems t h a t  t h i s  

a p p l i c a t i o n  i s  l i m i t e d  m a in ly  by t h e  l a c k  o f  a v a i l a b i l i t y  o f  

t h e  v a r i o u s  t e t r a - s l k y l  p y r o p h o s p h a t e s .

3* M i s c e l l a n e o u s  Methods o f  S y n t h e s i s .

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

a t  e l e v a t e d  t e m p e r a t u r e s  and p r e s s u r e s  to  g iv e  a l k y l
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p h o s p h a t e s , ^  t h e  c o r r e s p o n d i n g  r e a c t i o n  o f  m o n o f lu o ro p h o s -  

p h o r i c  a c i d  t o  form d i a l k y l  m o n o f lu o r o p h o s p h a t e s  h a s  n o t  bea i  

fo u n d  t o  be s u c c e s s f u l .

L ik e w is e ,  t h e  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  t r i ­

e t h y l  o r t h o p h o s p h a te  w i t h  d i f l u o r o p h o s p h o r i c  acid.,  a c c o r d i n g  

t h e  t h e  e q u a t i o n

( 6 ) ( c 2h 5 ) 3 p o ^ +  hpo 2 f 2 = ( c 2h 5 ) 2po3f  + ( c 2h 5 )hpo3 f ,

showed t h a t  t h i s  r e a c t i o n  d o e s  n o t  o c c u r  u n d e r  t h e  c o n d i t i o n s  

o f  t e m p e r a t u r e  and  p r e s s u r e  u s e d  .

The r e a c t i o n  o f  an t im ony  t r i f l u o r i d e  w i t h  t r i e t h y l  

p h o s p h a t e ,  p ro v ed  t o  be more s u c c e s s f u l .  Upon u s i n g  t h e  s t o i ­

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

( 7 )  SbF3 + 3(G2H5 ) 3 POi|. -  3(C2 H5 ) 2P03 F + Sb(OC2H5 ) 3

and  u s i n g  SbClp a s  s. c a t a l y s t ,  y i e l d s  up t o  21 p e r  c e n t  of  

t h e  t h e o r e t i c a l  amount o f  d i e t h y l  m o n o f lu o ro p h o s p h a te  were 

o b t a i n e d .  In  t h i s  r e a c t i o n  t h e  s t a r t i n g  m a t e r i a l s  were  m ere ly  

h e a t e d  t o g e t h e r  i n  a d i s t i l l i n g  f l a s k ,  and  t h e  v o l a t i l e  p r o ­

d u c t s  were d i s t i l l e d  as  t h e  b a t h  t e m p e r a t u r e  was s lo w ly  i n ­

c r e a s e d .  I t  would a p p e a r  t h a t  t h e  u s e  o f  an e x c e s s  o f  an t im ony 

t r i f l u o r i d e  s h o u ld  r e s u l t  in  i n c r e a s e d  y i e l d s  o f  t h e  d e s i r e d  

e s t e r ,  b u t  i n s t e a d  i t  was found  t o  l e a d  t o  t h e  f o r m a t i o n  o f  

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

t i l l a t i o n ,  and c o n s e q u e n t l y  lo w e r  y i e l d s  a c t u a l l y  were  o b t a i n e d .

0 .  S y n t h e s i s  o f  E t h y l  M o n o f lu o ro p h o sp h o r1c Acid  from E th y l  

P o lypho  sp h a t  e s .

1 .  G e n e ra l

One d i s a d v a n t a g e  i n  t h e  u s e  o f  d l a l k y l  m o n o f lu o ro -
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p h o s p h a t e s  i s  t h e  low s o l u b i l i t y  o f  t h e s e  n e u t r a l  e s t e r s  i n  

w a t e r .  In  an a t t e m p t  t o  overcome t h i s  d i s a d v a n t a g e  and a t  

t h e  same t im e  r e t a i n  t h e  p h y s i o l o g i c a l  p r o p e r t i e s  o f  t h e  

e s t e r s ,  a  s tu d y  h a s  been made o f  t h e  c o r r e s p o n d i n g  a c i d  e s t e r s  

o f  m o n o f lu o r o p h o s p h o r ic  a c i d ,  t h a t  i s ,  compounds o f  t h e  t y p e  

RHPO-jF in  which  R i s  an a l k y l  g ro u p .  Such compounds would 

be  e x p e c t e d  t o  have s o l u b l e  a l k a l i  s a l t s ,  and t h e r e f o r e  

s o l u t i o n s  o f  t h e  s a l t s  would  be  c o n v e n i e n t  f o r  i n j e c t i o n  i n t o  

b o d i e s  o f  t e s t  a n i m a l s ,  f o r  g e r m i c i d a l  t e s t s ,  e t c .

A l l  t h e  methods w h ich  have b een  u s e d  s u c c e s s f u l l y ,  

d u r i n g  t h e  c o u rs e  o f  th e  p r e s e n t  r e s e a r c h ,  in  p r e p a r i n g  e t h y l  

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

p h o s p h a t e ,  have i n v o l v e d  t h e  s p l i t t i n g  o f  e t h y l  p o l y p h o s p h a t e s  

by means o f  a n h y d ro u s  hydrogen  f l u o r i d e .  F o u r  p o l y p h o s p h a t e s  

h a v e  been  i n v e s t i g a t e d  i n  c o n n e c t i o n  w i t h  t h i s  r e a c t i o n ,  and 

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

d i f f i c u l t y  i n  a l l  o f  t h e s e  s t u d i e s  xyas t h e  l a c k  o f  p u b l i s h e d  

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

t h e  v a r i o u s  p o ly p h o s p h a te s  used..

E th y l  m o n o f lu o r o p h o s p h o r ic  a c i d ,  (CgH^)HPO^F, has  

n o t  been  r e p o r t e d  h e r e t o f o r e  i n  any p u b l i c a t i o n .  I t  I s  a  

m o b i l e ,  w a t& r-w h i te  l i q u i d  a t  room t e m p e r a t u r e ,  b u t  i t  u n d e r ­

g o e s  v e r y  s low  d e c o m p o s i t i o n  even when s t o r e d  i n  a  c l o s e d  

p l a t i n u m  b o t t l e .  T h is  t h e r m a l  d e c o m p o s i t i o n  may t a k e  s e v e r a l  

f o r m s ,  as  shown by e q u a t i o n s  ( g ) ,  ( 9 ) ,  ( 1 0 ) ,  ( 1 1 ) ,  and ( 1 2 ) .
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{ * )

(9)

( 10)

( n )

(12)

E x p e r i m e n t a l  r e s u l t s  i n d i c a t e  t h a t  a l l  o f  t h e s e  t y p e s  may o c c u r  

t o  a  v e r y  sm a l l  e x t e n t  even a t  room t e m p e r a t u r e ,  and t h e  d e ­

c o m p o s i t i o n  becomes more p ro n ou n ced  a t  e l e v a t e d  t e m p e r a t u r e s .

F o r  t h i s  r e a s o n ,  p u r i f i c a t i o n  r e q u i r e s  r e p e a t e d  s h o r t - p a t h  

vacuum d i s t i l l a t i o n s  i n s t e a d  o f  a  c o n v e n t i o n a l  vacuum d i s t i l l a ­

t i o n  a s  a  means o f  f r a c t i o n a t i o n . .  The p u re  a c i d  e s t e r  can be  

d i s t i l l e d  s a t i s f a c t o r i l y  by  means o f  s h o r t - p a t h  d i s t i l l a t i o n  

by a p p l y i n g  t e m p e r a t u r e s  o f  35  t o  6 0 °  C. a t  p r e s s u r e s  o f  0 .0 0 1  

mm, o r  l e s s .  I t  d o e s  n o t  s o l i d i f y  even a t  -SO0 C. E x p e r i m e n t a l  

v a l u e s  o f  r e f r a c t i v e  i n d e x  (np°)  and  d e n s i t y  ( i f 0 ) were  1 .366S  

and  I . 3 1 S5 r e s p e c t i v e l y .

C2H50 - P - g 2h 5po3 HF

0

|02H^p-P-0H = HPO3 +  CpHpjF

ID

C 2H50 - P - ^ + J 2 ^ o ) . P - O H  = (C^H^gPOjF

p F

0 0

C2H50 - P - @ L ^ C ^ H 50 - | ' - 0 H «  (C2H5 )P02 F2

p

h 2P0 3 F

( c 2h 5 ) h 2po^

c 2h 5o - p - o h P-OH *  (C2H5 ) 2HP0ij. + hpo2 f 2
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S e v e r a l  s a l t s  were  p r e p a r e d  by n e u t r a l i z i n g  e t h y l  

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

m e t a l  h y d r o x id e  and e v a p o r a t i n g  t h e  r e s u l t i n g  n e u t r a l  s a l t  

s o l u t i o n s  i n  a vacuum d e s i c c a t o r .  Hone o f  t h e  s a l t s  made in  

t h i s  way c o n t a i n e d  w a t e r  o f  c r y s t a l l i z a t i o n .

The sodium and p o t a s s i u m  s a l t s  were s u b j e c t e d  t o  

g e r m i c i d a l  and t o x i c o l o g i c a l  t e s t s  by ¥ .  L a n g e ^  and some 

i n t e r e s t i n g  r e s u l t s  were n o t e d .  The s a l t s  a p p a r e n t l y  show 

no s p e c i f i c  t o x i c i t y  f o r  r a t s ,  w he reas  t h e  c o r r e s p o n d i n g  

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

L i k e w i s e ,  no b a c t e r i c i d a l  e f f e c t  o f  t h e  s a l t s  was o b s e r v e d .

Of t h e  two y e a s t s  t e s t e d ,  a  g e r m i c i d a l  e f f e c t  was 

o b s e r v e d  o n ly  i n  t h e  c a se  o f  t h e  d i s t i l l e r s '  t y p e  y e a s t  

Saccharornyces c e r e v l s i a e ,  f o r  which k i l l s  Of b e t t e r  than  99 

p e r  c e n t  were r e p o r t e d .

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

m o ld s .  In  e x t r e m e l y  s m a l l  c o n c e n t r a t i o n s ,  however ,  t h e  s a l t s  

p r o d u c e d  a  t e m p o r a r y  m u t a t i o n ,  c h a r a c t e r i z e d  by t h e  I n a b i l i t y  

o f  t h e  o rg an ism s  t o  p ro du ce  t h e i r  t y p i c a l  p i g m e n t s .  A l th o u g h  

t h i s  o b s e r v a t i o n  has  no p r a c t i c a l  s i g n i f i c a n c e  a t  t h e  p r e s e n t ,  

i t  i s  o f  c o n s i d e r a b l e  i n t e r e s t  a s  a  p h y s i o l o g i c a l  phenomenon.

H y d r o l y s i s  s t u d i e s  on t h e  p o t a s s i u m  s a l t s  showed t h e  

e t h y l  m o n o f lu o ro p h o s p h a te  i o n ,  (CgH^PO^F)-*, to  be s u r p r i s i n g ­

l y  s t a b l e .  B o i l i n g  a  n e u t r a l  Or s l i g h t l y  a l k a l i n e  aqueous  

s o lu t io n  o f  t h e  s a l t  r e s u l t e d  in  h y d ro ly s is  o f  t h e  s a l t  a t  a  

r a t e  o f  l e s s  t h a n  0 . 1  p e r  c e n t  p e r  hbur, w h ile  in  aqueous
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N /lO  HC1 a t  room tem peratu re  th e  average r a t e  of h y d ro ly s is  

over a p e r io d  of two days was l e s s  than 0 .2 5  Pe r  cen t per 

h o u r .

The p o t a s s i u m  s a l t  i s  s o l u b l e  in  w a t e r  and  9 5 $ 

e t h y l  a l c o h o l ,  m o d e r a t e l y  s o l u b l e  in  a b s o l u t e  e t h y l  a l c o h o l ,  

and  i n s o l u b l e  in  e t h e r .  I t  un d e rg o es  a  t r a n s i t i o n  a t  71  t o  

7 3 °  C . » and t h e  r e s u l t i n g  m o d i f i c a t i o n  m e l t s  a t  1 6 6  t o  1 6 7 ..5 0

C. T h i s  t r a n s i t i o n  d oes  n o t  In v o lv e  any  d e c o m p o s i t i o n .  When 

t h e  s a l t  i s  c r y s t a l l i z e d  from a l c o h o l  o r  p r e c i p i t a t e d  w i t h  

e t h e r ,  i t  a p p e a r s  u n d e r  a  p o l a r i z i n g  m ic r o s c o p e  a s  i s o t r o p i c  

c r y s t a l s  e x h i b i t i n g  no w e l l - d e f i n e d  c r y s t a l  p a t t e r n  and no 

d i s p l a y  o f  c o l o r s .  A h e a t i n g  s t a g e  was n o t  a v a i l a b l e  f o r  

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

m i c r o s c o p e .

2 .  D i e t h y l  P l a c i d  P y r o p h o s p h a t e .

S ince  a n h y d ro u s  h yd rog en  f l u o r i d e ,  HF, was shown 

t o  r e a c t  w i t h  t e t r a e t h y l  p y r o p h o s p h a te  t o  y i e l d  an e q u im o la r  

m i x t u r e  o f  d i e t h y l  m o n o f lu o ro p h o s p h a te  and d i e t h y l  o r t h o -  

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

p h a t e  would be e x p e c t e d  to  f o l l o w  t h e  same g e n e r a l  mechanism 

a s  shown by t h e  e q u a t i o n

T h i s  mechanism o f  c o u r s e  assum es  a  s y m m e t r i c a l  m o le c u l e .  I f  

t h e  m o le c u le  i s  n o t  s y m m e t r i c a l ,  however ,  t h e  r e a c t i o n  c o u ld  

f o l l o w  one o r  b o t h  o f  t h e  two f o l l o w i n g  schem es .
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4 i 4
(1 4 )  ( C 2H50 ) 2P— O i-P  (OH) 2 + HF = (G2H5 ) 2HP0ij. +  HgPO^F

0 ! 0
4 : 4

( 1 5 )  (C2H50 ) 2P-4-0— P (0H )2 ♦ HF *  (C2H5 ) 2P03 F +

E x p e r i m e n t a l  r e s u l t s  show t h a t  t h e  e s t e r  u s e d  i n  t h i s  r e a c t i o n  

must  have  b een  s u b s t a n t i a l l y  s y m m e t r i c a l  i n  s t r u c t u r e ,  r e a c t ­

i n g  a c c o r d i n g  t o  e q u a t i o n  ( 1 3 ) ,  b u t  enough o f  t h e  r e a c t i o n  

p r o d u c t s  o f  r e a c t i o n s  (14) and  (15) were  found, i n  d i s t i l l a t e s  

and  r e s i d u e s  t o  a c c o u n t  f o r  e i t h e r  a  s m a l l  p r o p o r t i o n  o f  un-  

s y m m e t r i c a l  m o le c u l e s  in  t h e  o r i g i n a l  es te i?  o r  e l s e  a  decom­

p o s i t i o n  o f  (o2 h 5 ) h p o ^ f .

The d i e t h y l  d i a c i d  p y ro p h o s p h a t e  u s e d  i n  t h i s  s t u d y  

was o n ly  a  t e c h n i c a l  o r  com m erc ia l  g r a d e ,  b u t  a f t e r  r e a c t i o n  

w i t h  a n h y d ro us  hydrogen  f l u o r i d e ,  e t h y l  m o n o f lu o r o p h o s p h o r ic  

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

a s  86  p e r  c e n t  o f  t h e o r y  by means o f  s h o r t - p a t h  d i s t i l l a t i o n .

Of a l l  t h e  e t h y l  p o l y p h o s p h a t e s  u s e d  i n  p r e p a r i n g  

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

p h a t e  was found t o  be  t h e  most  c o n v e n i e n t .  A l th o u g h  p e r c e n t ­

age  y i e l d s  o f  t h e  a c i d  e s t e r  were  l o w e r  t h a n  t h o s e  a f f o r d e d  

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

d i s t i l l a t e  w i t h  ( C2Hpj) 2HP0|j., (C2H^)^P0^, e t c . ,  and so  a

r e l a t i v e l y  p u r e  h a l f - e s t e r  was a b l e  t o  be  o b t a i n e d  w i t h  

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

u s e d  a s  a  s t a r t i n g  m a t e r i a l .
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3 .  B t h y l  M e ta p h o s p h a te .

By a n a l o g y  w i t h  t h e  r e a c t i o n  o f  m e ta p h o s p h o r te  

a c i d  w i t h  a n h y d ro us  hydrogen  f l u o r i d e ,

(1 6 )  HF + HPOj *  HgPO^F,

w h ic h  R. L i v i n g s t o n ^  r e p o r t e d  t o  he q u a n t i t a t i v e ,  i t  would

a p p e a r  t h a t  e t h y l  m e ta p h o s p h a te  sh o u ld  r e a c t  w i t h  hydrogen  

f l u o r i d e  i n  t h e  same manner t o  g i v e  a  q u a n t i t a t i v e  y i e l d  o f  

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

e q u a t i o n :

(17)  HF + C2H5P03 -  (C2H5 )HP03F

However,  a  knowledge  o f  t h e  c o m p o s i t io n  and  s t r u c t u r e  o f  

e t h y l  m e ta p h o s p h a te  and o f  o t h e r  e t h y l  p o l y p h o s p h a t e s  i s  

n e e d e d  to  u n d e r s t a n d  t h e  r e a s o n  f o r  y i e l d s  somewhat l e s s  t h a n  

q u a n t i t a t i v e .

A l th o u g h  e a r l i e s t  a n a l y s e  i n d i c a t e d  t h a t  e t h y l  

m e ta p h o s p h a te  was a  d im e r  o r  a  hexamer,  t h e  d e t e r m i n a t i o n s  

were  a p p a r e n t l y  made w i t h o u t  c o n s i d e r a t i o n  o f  t h e  s o l v o l y s i s  

a c t i o n  I n v o l v e d  i n  t h e  e b u l l i o s c o p i c  and c r y o s c o p i c  methods 

u s e d .  The r e c e n t  t r e n d  o f  tho u gh t  a lo n g  t h e  l i n e s  o f  compo­

s i t i o n  and s t r u c t u r e  s u g g e s t s  t h a t  e t h y l  m e ta p h o s p h a te  i s  

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

0
4

C2H5O P  0-

o c 2h 5

0 0
44

p — 0 

o c 2h 5/  o c 2h 5

p — 0C2h 5

i n  w h ich  n a t t a i n s  an  a v e r a g e  v a l u e  h i g h  enough t h a t  t h e  end 

g r o u p s  have  l i t t l e  e f f e c t  on t h e  e m p i r i c a l  f o r m u la ,  which  i s  

fo u n d  t o  be  CgH^PO^.
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Commercial  p r e p a r a t i o n s  o f  e t h y l  m e ta p h o s p h a t e ,  

h o w ev er ,  a p p e a r  t o  c o n t a i n  a p p r e c i a b l e  amounts  o f  l o v - m o l e c u -  

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

t r i p h o s p h a t e .  T h is  i s  q u i t e  u n d e r s t a n d a b l e  when we c o n s i d e r  

t h e  V i c t o r  Chemica l  Works p a t e n t * ^  f o r  p r o d u c t i o n  o f  a l k y l  

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

e t h y l  m e ta p h o s p h a t e ,  h e x a e t h y l  t e t r a p h o s p h a t e ,  p e n t a e t h y l  

t r i p h o s p h a t e ,  and  t e t r a e t h y l  p y r o p h o s p h a te  b y  means o f  t h e  

r e a c t i o n  o f  one mole o f  p h o s p h o r i c  a n h y d r i d e  w i t h  1 , 2 , 2 . 5 , 

a n d  4- m oles  o f  t r i e t h y l  p h o s p h a t e  r e s p e c t i v e l y .  S in c e  t h e r e  

i s  no a n a l y t i c a l  method o f  d e t e r m i n i n g  th e  p u r i t y  o f  e t h y l  

m e ta p h o s p h a t e ,  and  s i n c e  o n ly  a  comm erc ia l  g r a d e  o f  t h e  e s t e r  

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

w i t h  hydrogen  f l u o r i d e  i s  o b v i o u s l y  u n c e r t a i n .

The r e a c t i o n  o f  e t h y l  m e ta p h o s p h a te  w i t h  an hydrous

h y d ro g en  f l u o r i d e  would be  e x p e c te d  t o  f o l l o w  t h e  e q u a t i o n :

0 / 0 \  0
t  I  f  \  I

( l g )  C2H50 --- P------- 0-4— P----- 0—j-P----OC2H5 + (n -t- l )H F

o c 2h 5 V o c 2h 3 ^  o c 2n^

= (C 2H5 ) 2HP0ij. +  (G2E5 ) 2P03F ♦  n tC g H ^ H P O jF

The g r e a t e r  t h e  a v e r a g e  v a l u e  o f  n ,  t h e  l a r g e r  t h e  p r o p o r t i o n  

o f  (C2HF})HP0t;F, and  t h e  s m a l l e r  t h e  p r o p o r t i o n  o f  ( c 2h 5 ) 2po3 f  

and  ( 02Hfj)2BP0i{. i n  t h e  r e a c t i o n  p r o d u c t .  Hence t h e  p r e s e n c e  

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

i n  t h e  f o r m a t io n  o f  c o r r e s p o n d i n g l y  g rea te i?  amounts o f
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(GgHp^gPQ-jF and ( CgH^) gHPOij. a s  I m p u r i t i e s  i n  t h e  r e a c t i o n  p r o ­

d u c t  .

E x p e r i m e n t a l  r e s u l t s  o f  t h e  i n v e s t i g a t i o n  o f  t h i s  

r e a c t i o n  show t h a t  a b o u t  3 - 8 $  (CgH5 )gHPOi|., 6 - 1 3 $  (C2H5 )H2POll., 

2 - 3 $  HgPO^F, and  2 - 5 $  (CgH^) gPO^F a r e  p r e s e n t  as I m p u r i t i e s  

i n  t h e  r e a c t i o n  p r o d u c t ,  a lo n g  w i t h  a t  l e a s t  JO p e r  c e n t  o f  t h e  

d e s i r e d  (CgHc)HPO^F.. T h is  i n d i c a t e s  t h e  p o s s i b i l i t y  t h a t  

h y d r o l y s i s  o r  a l c o h o l y s l s  o f  t h e  p o l y p h o s p h a te  has  o c c u r r e d ,  

p r o b a b l y  b e f o r e  r e a c t i o n  w i t h  hydrogen  f l u o r i d e .  I n  o t h e r  

w o r d s ,  i t  may be  t h a t  t h e  a p p e a r a n c e  o f  ( Cgll^) H^PO^ i n  t h e  

r e a c t i o n  p r o d u c t  i s  a  r e s u l t  o f  i t s  p r e s e n c e  in  t h e  com m erc ia l  

e t h y l  m e ta p h o s p h a t e ,  o r  t h e  compound may have  been  fo rm ed  by  

t h e  r e a c t i o n  o f  HF w i t h  a c i d  p o l y p h o s p h a t e s .  A l c o h o l y s l s  o f  

e t h y l  m e ta p h o s p h a te  i s  known t o  p ro d u c e  b o t h  ( CgHpj.)gHPO^ and 

(CgH^)HgPO^., and i t  i s  c o n c e i v a M e  t h a t  s u c h  a  r e a c t i o n  has  

o c c u r r e d  to  a  s l i g h t  e x t e n t  i n  t h e  impure e t h y l  m e ta p h o s p h a te .

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

may be ,  t h e  e x p e r i m e n t a l  r e s u l t s  show t h a t  t h e  p r e d o m i n a t i n g  

r e a c t i o n  which  o c c u r s  when a n h y d ro us  hydrogen  f l u o r i d e  and 

e t h y l  m e ta p h o s p h a te  a r e  mixed i s  d e s c r i b e d  s a t i s f a c t o r i l y  by 

e q u a t i o n  (1 8 ) ,  i n  w h ic h  t h e  a v e r a g e  v a l u e  o f  n i s  g r e a t  

enough to  g iv e  s a t i s f a c t o r y  y i e l d s  o f  e t h y l  m o n o f lu o ro p h o s ­

p h o r i c  a c i d .

This  r e a c t i o n  makes av© .l iab le  t h e  h i g h e s t  p r o p o r t i o n  

o f  e t h y l  m o n o f lu o r o p h o s p h o r ic  a c i d  p e r  mole o f  e t h y l  p o l y ­

p h o s p h a t e  u s e d .  However, t h e  p r e s e n c e  o f  a p p r e c i a b l e  amounts
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o f  (CgH^) gHPQjj. In  t h e  d i s t i l l a t e  from t h e  r e a c t i o n  p r o d u c t  

makes p u r i f i c a t i o n  more d i f f i c u l t  t h a n  i s  t h e  c a s e  when d i ­

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

I f  a  b e t t e r  method o f  f r a c t i o n a t i o n  can be  d e v e lo p e d ,  e t h y l  

m e t a p h o s p h a t e  s h o u l d  s e r v e  as  an e x c e l l e n t  s o u r c e  o f  e t h y l  

f l u o r o p h o s p h o r i c  a c i d .

4 .  H e x a e th y l  T e t r a p h o  s p h a t e .

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

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

i n t e r e s t i n g :  now to  s t u d y  t h e  e x p e r i m e n t a l  r e s u l t s  o f  t h e  

r e a c t i o n  o f  t h e  t e t r a p h o s p h a t e  w i t h  a nhydrous  hydrogen  

f l u Q r l d e ,  i n  t h e  l i g h t  o f  t h e s e  p r o p o s e d  c o m p o s i t i o n s  and 

s t r u c t u r e s .

The r e a c t i o n s  were c a r r i e d  o u t  by f i r s t  a d d in g  one 

mole o f  "1 0 0$  h e x a e t h y l  t e t r a p h o s p h a t e ” (Monsanto C hemica l  

Company) t o  t h r e e  moles  o f  an hydrous  hydrogen  f l u o r i d e  a t  a  

low t e m p e r a t u r e  w i t h  f r e q u e n t  a g i t a t i o n .  S u b seq uen t  d i s t i l ­

l a t i o n s  have a l l o w e d  thfe f o l l o w i n g  a p p r o x i m a t i o n s  r e g a r d i n g  

t h e  c o m p o s i t io n  o f  t h e  r e a c t i o n  p r o d u c t :

4 9 -5 0 $  (C2H5 )HPOj F

3 1 - 3 3 $  (CpHc)pHPOi. ( i n c l u d i n g  any d i s t i l l a b l e ,  u n r e a c t e d
p o l y p h o s p h a t e s )

1 2 -1 4 $  ( CgH^)gPO^F ( i n c l u d i n g  p o s s i b l y  HPOgFg)

5 - 6 $  U n d i s t i l l e d  m a t e r i a l  ((C2H5 )H2P0l}., (C2H c)2HP0i+, 
HrjPO^F, u f t r e a c t e d  p o l y p h o s p h a t e s ,  e t c . )

I f  we assume f i r s t  t h a t  S c h r a d e r ’s ^  p r o p o s e d  

s t r u c t u r e  I s  c o r r e c t ,  t h e  a c t i o n  o f  hydrogen  f l u o r i d e  would
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be e x p e c t e d  t o  t a k e  t h e  f o l l o w i n g  c o u r s e :

0 
f

0 P (OCgHp) 2

0

(19)  0-<—P---0  P(0C2H5 ) 2 +■ 3HF

0

*0-----P(0C2 H5 ) 2

0 0 0
t  I  t

= ( CgH^O) 2P - 0 - P - 0 - P  ( OC2H5 ) 2 + (C2H5 ) 2P0^F +■ 2HF

OH

? ?= (C2H30 ) 2P - 0 -P (0 H ) 2  + 2(C2H5 ) 2P03 F + HF

^ ( C g H ^ O j F  + HtjPOij.

= or

, 2 ( c 2h 5 ) 2 po3 f  + H2P03 F + (C2H5 ) 2HPO^

A c c o rd in g  t o  t h i s  mechanism, a t  l e a s t  h a l f  t h e  r e a c t i o n  p r o ­

d u c t  would have to  be d i e t h y l  m o n o f lu o ro p h o s p h a te ,  w he reas  

o n l y  12 t o  I k  p e r  c e n t  was found  e x p e r i m e n t a l l y .  A l s o ,  a  

d i s t i l l a t i o n  r e s i d u e  o f  25  p e r  c e n t  sh o u ld  be fo u nd ,  b u t  o n ly  

5 t o  6 p e r  c e n t  was n o t  d i s t i l l e d .  T h e r e f o r e ,  S c h r a d e r ' s  

s t r u c t u r e  c e r t a i n l y  i s  n o t  s a t i s f a c t o r y .

The second  s t r u c t u r e  p r o p o s e d ,  a  l i n e a r  p o lym er ,  

would  be e x p e c te d  t o  r e a c t  w i t h  hydrogen  f l u o r i d e  a s  f o l l o w s :
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0  0  0  0
♦ ♦ t ♦

(20)  OgHgO j>------0 ---P------- 0--- P-------0--- P------0 0 2H5 + 3HF

OC2H5 o c 2h 5  o c 2h 5 o c 2 h 5

= (CgH^JgHPOi!, +  2 (C 2H5 )HP0^F +  (C gH ^gPO ^F

The e x p e c t e d  amount o f  (C2H^)HP0^F c o i n c i d e s  w i t h  t h e  e x p e r i ­

m e n t a l  v a l u e ,  and  t h e  (C2H^)2HP0 .̂ c o n t e n t  i s  n o t  t o o  f a r  o u t  

o f  l i n e ;  however,  t h e  amount o f  (0 2 H5 )H2P0 ^  fo u n d  i n  t h e  

r e a c t i o n  p r o d u c t  amounts t o  o n ly  o n e - h a l f  t h e  c a l c u l a t e d  v a l u e .  

T h i s  means no more t h a n  h a l f  o f  t h e  o r i g i n a l  h e x a e t h y l  t e t r a -  

p h o s p h a t e  c o u ld  p o s s i b l y  have been  a  l i n e a r  t e t r a m e r  a s  shown 

a b o v e ,  and  t h e r e f o r e  t h i s  s t r u c t u r e  does  n o t  d e s c r i b e  th e  

e s t e r  s a t i s f a c t o r i l y ,  a t  l e a s t  n o t  i n  t e rm s  o f  a  p u r e  compound.

The t h i M  c o m p o s i t i o n  o f  h e x a e t h y l  t e t r a p h o s p h a t e ,  

w h ic h  was p ro p o se d  by H a l l  and  J a c o b s o n , ^0 i S >  as  was m en t io n ed  

p r e v i o u s l y ,  i n  c l o s e  ag reem en t  w i t h  t h e  knowledge o f  i n o r g a n i c  

p o l y p h o s p h a t e  s y s t e m s .  These a u t h o r s  s u g g e s t e d  t h a t  h e x a e t h y l  

t e t r a p h o s p h a t e  was a  m ix t u r e  c o n s i s t i n g  o f  e t h y l  m e ta p h o s p h a te  

c o n t a i n i n g  a b o u t  20 p e r  c e n t  t e t r a e t h y l  p y r o p h o s p h a t e  and 

p o s s i b l y  some p e n t a e t h y l  t r i p h o s p h a t e  and  t r i e t h y l  o r t h o p h o s ­

p h a t e .  Keeping  i n  mind t h e  e x p e r i m e n t a l  r e s u l t s  o f  t h e  

r e a c t i o n s  o f  hydrogen  f l u o r i d e  w i t h  t h e  i n d i v i d u a l  components  

o f  t h e  m ix t u r e ,  t h e  r e s u l t s  o f  t h e  r e a c t i o n  w i t h  " h e x a e t h y l  

t e t r a p h o s p h a t e "  ( s e e  p .  J k )  s u g g e s t  t h a t  t h e  t e t r a p h o s p h a t e  

u s e d  i n  t h e  e x p e r i m e n t s  may have  h ad  a  c o m p o s i t i o n  a p p ro a c h ­

i n g  t h e  f o l l o w i n g  m i x t u r e :
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20$ T e t r a e t h y l  p y ro p h o s p h a te  

2 -1 0 $  P e n t a e t h y l  t r i p h o s p h a t e

5 0 -5 2 $  E t h y l  m e ta p h o s p h a te  

1&% D i e t h y l  p h o s p h o r i c  a c i d  

I t  i s  d i f f i c u l t  t o  s e e  how s u c h  a  g r e a t  p r o p o r t i o n  

o f  (C2H5 ) 2HPOI}. c o u ld  be a c c o u n te d  f o r  i n  any way o t h e r  t h a n  

by a ssum in g  t h a t  some o f  i t  i s  p r e s e n t  i n  t h e  s t a r t i n g  m a t e r i a l .  

As may be remembered,  t h i s  i s  t h e  same c o n c l u s i o n  a t  which  we 

a r r i v e d  i n  t h e  s t u d y  o f  t e c h n i c a l  e t h y l  m e ta p h o s p h a t e .  Hydro­

l y s i s  o r  a l c o h o l y s l s  o c c u r r i n g  in  t h e  p o l y p h o s p h a te  c o u ld  

h a v e  c au se d  t h e  f o r m a t i o n  o f  t h i s  i m p u r i t y .

B e s i d e s  a f f o r d i n g  some a d d i t i o n a l  e x p e r i m e n t a l  d a t a  

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

s t u d y  o f  t h e  r e a c t i o n  w i t h  hydrogen  f l u o r i d e  h as  shown t h a t  

e t h y l  m o h o f lu o r o p h o s p h o r ic  a c i d  can be  p r e p a r e d  i n  r e a s o n a b l e  

y i e l d s  by  t h i s  m ethod.  A l th o u g h  l o w e r  y i e l d s  a r e  o b t a i n e d  

t h a n  by th e  r e a c t i o n  o f  hydrogen  f l u o r i d e  w i t h  e t h y l  meta­

p h o s p h a t e ,  t h e  t e t r a p h o s p h a t e  i s  v e ry  c o n v e n i e n t  t o  work w i t h  

b e c a u s e  o f  i t s  m o b i l i t y ,  w h i l e  t h e  m e ta p h o s p h a te  i s  v e r y  

v i s c o u s  and hence  d i f f i c u l t  t o  work w i t h ,  p a r t i c u l a r l y  from 

t h e  s t a n d p o i n t  o f  e x c l u d i n g  m o i s t u r e  from s y s te m s  a t  low tem­

p e r a t u r e s .

5* P e n t a e t h y l  T r i p h o s p h a t e .

T h is  e s t e r ,  (G g H ^)^ P ^ io *  h a s  n o t  b e e n  r e p o r t e d  a s  

a  p u r e  compound i n  p u b l i s h e d  l i t e r a t u r e . ^ 0  Prom t h e  r e s u l t s  

o f  t h e  p r e s e n t  r e s e a r c h ,  i n  which  i t  was d e s i r e d  t o  i s o l a t e
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t h e  p u r e  e s t e r  f o r  s u b s e q u e n t  r e a c t i o n  w i t h  a n h y d ro u s  hydrogen  

f l u o r i d e ,  i t  a p p e a r s  t h a t  t h e  r e a s o n  no one has  r e p o r t e d  t h e  

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

w i t h s t a n d  even h igh-vacuum ,  s h o r t - p a t h  d i s t i l l a t i o n  a t  tem­

p e r a t u r e s  o f  90 t o  100°  G. In f a c t ,  i t  a p p e a r s  t h a t  t h e  

e s t e r  may u n d e rg o  a  d i s p r o p o r t l o n a t l o n  ty p e  o f  d e c o m p o s i t i o n  

even  a t  a  t e m p e r a t u r e  as  low a s  5 0 °  C•

In  an a t t e m p t  t o  p r e p a r e  t h e  p u r e  e s t e r ,  e t h y l  

i o d i d e  was r e a c t e d  w i t h  t h e  c o r r e s p o n d i n g  s i l v e r  s a l t ,  wh ich  

was p r e p a r e d  in  t u r n  from a  p u r e  sodium s a l t ,  

t h e  p u r i t y  o f  w h ich  had been  checked  c a r e f u l l y  by x - r a y  

a n a l y s i s .  S ince  t h e  s i l v e r  s a l t  was p r e c i p i t a t e d  c o m p l e t e ly  

w i t h i n  15  m in u te s  a f t e r  d i s s o l v i n g  t h e  sodium s a l t  in  d i s ­

t i l l e d  w a t e r  a t  room t e m p e r a t u r e ,  t h e r e  i s  no r e a s o n  to  

b e l i e v e  t h a t  any s i l v e r  o r t h o p h o s p h a t e ,  p y r o p h o s p h a t e ,  o r  

m e ta p h o s p h a t e  was p r e s e n t  i n  t h e  p e n t a s i l v e r  t r i p h o s p h a t e  

p r e p a r e d  i n  t h i s  way. In  t h e  n e x t  s t e p ,  'how ever ,  e t h y l  

i o d i d e  was r e a c t e d  w i t h  t h e  s i l v e r  s a l t  be lo w  3 2 °  C. ,  and 

a f t e r  t h e  r e s u l t i n g  s i l v e r  i o d i d e  was removed by f i l t r a t i o n ,  

t h e  s o l v e n t  ( d i e t h y l  e t h e r )  was e v a p o r a t e d  a t  a t m o s p h e r i c  

p r e s s u r e ,  u s i n g  a  b a t h  t e m p e r a t u r e  o f  l e s s  t h a n  50° C.

A l th o u g h  th e  r e s u l t i n g  l i q u i d  e s t e r ,  w h ich  was e x p e c t e d  t o  

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

amount o f  p h o s p h o r u s , i t  i s  q u i t e  p o s s i b l e  t h a t  i t  was a c t u a l l y  

a  m i x t u r e  o f  e t h y l  p o l y p h o s p h a t e s .  T h is  was s u g g e s t e d  by t h e  

r e s u l t s  o f  t h e  r e a c t i o n  o f  t h e  l i q u i d  w i t h  hydrogen  f l u o r i d e ,
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w h ic h  would have b e e n  e x p e c t e d  t o  p r o c e e d  a c c o r d i n g  t o  t h e  

e q u a t i o n

6c2H5
=5 (C2H5 ) 2HPOij. +  ( c2h5 )hpo3 f  +  ( c2h5 ) 2po3 f

Hence ,  an e q u im o la r  m ix t u r e  o f  t h e  t h r e e  r e s u l t i n g  e s t e r s  

would  have been o b t a i n e d  i f  t h e  t r i p h o s p h a t e  had  b e e n  p u r e .  

I n s t e a d ,  t h e  r e a c t i o n  p r o d u c t  was found  t o  have  t h e  f o l l o w i n g  

a p p r o x i m a t e  c o m p o s i t i o n :

4-3.4$ ( c 2h 3 )hp o 3f

3 6 . 5$  (C2H5 ) 2HPOij., i n c l u d i n g  p r o b a b l y  (G gH ^jPO ^

1 7 . ( c 2b 5 ) 2p o 3f

2 . 3$  n o n v o l a t i l e  m a t t e r  

The low v a l u e  f o r  d i e t h y l  m o n o f lu o ro p h o s p h a te  can a c c o u n t  f o r  

o n ly  a b o u t  3 6 $  (C2H3 )ij.P207  o r  54-$ (C2^ )  i n  t h e  p o l y ­

p h o s p h a t e  u s e d  f o r  t h e  r e a c t i o n  w i t h  HF, i n d i c a t i n g  t h a t  a  

d e c o m p o s i t i o n  o f  some k i n d  had  o c c u r r e d  i n  t h e  p e n t a e t h y l  

e s t e r .  The d e c o m p o s i t i o n  seems t o  have r e s u l t e d  i n  t h e  

f o r m a t i o n  o f  a  c o n s i d e r a b l e  amount o f  e t h y l  m e ta p h o s p h a te ,  

a s  t h a t  a p p e a r s  t o  b e  t h e  o n ly  l o g i c a l  e x p l a n a t i o n  f o r  t h e  

f a c t  t h a t  e t h y l  m o n o f lu o r o p h o s p h o r ic  a c i d  was fo rm ed ,  i n  t h e  

r e a c t i o n  w i t h  hy drogen  f l u o r i d e ,  i n  a  s u b s t a n t i a l l y  g r e a t e r  

amount  t h a n  was d i e t h y l  o r t h o p h o s p h o r i c  a c i d .  S in c e  no 

t e m p e r a t u r e  g r e a t e r  t h a n  5 0 °  C- had b e en  imposed on t h e
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t r i p h o s p h a t e  s a l t s  and e s t e r  d u r i n g  t h e  e n t i r e  s e r i e s  of  

r e a c t i o n s ,  i t  seems,  t h e r e f o r e ,  t h a t  p e n t a e t h y l  t r i p h o s p h a t e  

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

S h o r t - p a t h  d i s t i l l a t i o n  o f  t h e  l i q u i d  e s t e r  a t  a  

t e m p e r a t u r e  o f  90  t o  1 0 0 °  0 . and  a  p r e s s u r e  o f  l e s s  t h a n  one 

m ic ron  r e v e a l e d  more c l e a r l y  t h e  i n s t a b i l i t y  o f  p e n t a e t h y l  

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

o f  t h e  p y r o p h o s p h a t e ,  a  s m a l l  amount o f  o r t h o p h o s p h a t e ,  and 

a  r e s i d u e  which  seemed to  be l a r g e l y  t h e  m e t a p h o s p h a t e .  T h is  

t y p e  o f  d e c o m p o s i t i o n  seems t o  f i t  q u i t e  s a t i s f a c t o r i l y  i n t o  

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

T r i e t h y l  o r  t  hop ho s p h a t  e i s  q u i t e  s t a b l e .  T e t r a e t h y l  p y r o ­

p h o s p h a t e  decomposes ,  i n  p a r t ,  t o  t h e  m e ta p h o s p h a te  and o r t h o ­

p h o s p h a t e  upon h lgh-vacuum  d i s t i l l a t i o n . ^ ®  The t r i p h o s p h a t e  

now does  n o t  a p p e a r  t o  be  s t a b l e  a t  50° C . , and i t  i s  d o u b t f u l  

i f  h e x a e t h y l  t e t r a p h o s p h a t e  i s  c a p a b le  o f  e x i s t e n c e  a s  a  

p u r e  compound.

B e s i d e s  y i e l d i n g  e x p e r i m e n t a l  d a t a  r e g a r d i n g  t h e  

s t a b i l i t y  o f  p e n t a e t h y l  t r i p h o s p h a t e ,  t h i s  s t u d y  h as  -given 

a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  th e  s y n t h e s i s  o f  t h e  mono- 

and  d i e t h y l  e s t e r s  o f  m o n o f lu o r o p h o s p h o r ic  a c i d  b y  s p l i t t i n g  

t h e  P - 0 -P  l i n k a g e s  o f  e t h y l  p o l y p h o s p h a t e s  w i t h  a n h y d ro us  

h yd ro g en  f l u o r i d e .  A l th o u g h  a  p u re  t r i p h o s p h a t e  e s t e r  was 

n o t  u s e d  i n  t h e  r e a c t i o n  w i t h  HF, no p e n t a e t h y l  t r i p h o s p h a t e  

o f  g r e a t e r  p u r i t y  h a s  been  r e p o r t e d ,  and  so  t h i s  r e p r e s e n t s  th e  

b e s t  r e s u l t s  p o s s i b l e  u n t i l  more i s  known a b o u t  p e n t a e t h y l  

t r i p h o s p h a t e .
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T h is  i s  t h e  l a s t  o f  t h e  s e r i e s  o f  r e a c t i o n s  o f  

a n h y d ro u s  hydrogen  f l u o r i d e  w i t h  e t h y l  p o l y p h o s p h a t e s .  The 

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

p r o c e e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  g e n e r a l  mechanism:

0
♦

( 2 2 ) P(OC2H5 ) 2 + (n  + l )HF

=■ (C2H5 ) 2 HP01j. + n (C 2H^)HP0^F + ( C ^ J g P O j F .
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EXPERIMENTAL

A. Methods o f  A n a l y s i s ..

D u r in g  t h e  c o u r s e  o f  t h e  p r e s e n t  r e s e a r c h ,  a  l a r g e  

number o f  f l u o r i n e  and p h o sp h o ru s  a n a l y s e s  were  r e q u i r e d .  The 

m e th o ds  u sed  f o r  t h e s e  a n a l y s e s  a r e  d e s c r i b e d  b e low .

F l u o r i n e  a n a l y s e s  were c a r r i e d  o u t  a c c o r d i n g  t o  

t h e  Rowley and C h u r c h i l l m o d i f i c a t i o n  o f  t h e  W i l l a r d  and 

W i n t e r ^  m ethod.  A c c o r d i n g l y ,  a  sam ple  c o n t a i n i n g  a p p r o x i m a t e l y

0 . 0 1  g .  o f  f l u o r i n e  was weighed  i n t o  a  2 5 0 - m l .  C l a i s e n  f l a s k ,

5 ml. o f  6 0 $  HClOij. was add ed ,  and ,  w h i l e  t h e  f l a s k  was h e a t e d  

w i t h  a  f l a m e ,  w a t e r  was add&d c o n t i n u o u s l y ;  d i s t i l l a t i o n  was 

c o n t i n u e d  u n t i l  75 ml* o f  d i s t i l l a t e  had been  c a u g h t .  To 

t h i s  d i s t i l l a t e  was added  & d r o p s  o f  0 . 05$  aqueous  sodium 

a l i z a r i n e  s u l f o n a t e .  The a c i d i t y  was a d j u s t e d  b a ck  and  f o r t h  

w i t h  2fo NaOH and 1 :2 0 0  HCl u n t i l  t h e  s o l u t i o n  re m a in e d  v e r y  

s l i g h t l y  a c i d i c .  Then 1 ml. o f  b u f f e r  s o l u t i o n  was added;  

t h i s  b u f f e r  was p r e p a r e d  by  d i s s o l v i n g  9 - ^ 3  g* o f  mono- 

c h l o r o a c e t i c  a c i d  and 2 .0 0 0  g .  o f  NaOH in  100 ml.  o f  w a t e r .

The b u f f e r  s o l u t i o n  was t h e n  t i t r a t e d  w i t h  N/lO th o r iu m  

n i t r a t e  t o  t h e  f i r s t  pe rm an en t  p in k  c o l o r .

To d e t e r m i n e  t h e  ph o sp h o ru s  c o n t e n t  o f  m a t e r i a l s  

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

f i r s t  t o  remove t h e  f l u o r i n e  t o  a l l o w  a c c u r a t e  and r e p r o d u c i b l e  

r e s u l t s .  T h e r e f o r e ,  a  method q u i t e  s i m i l a r  t o  t h a t  d e s c r i b e d  

by R. L i v i n g s t o n - ^  was u s e d .

-  lj-2 -
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A c c o rd in g  t o  t h i s  method,  a  sample c o n t a i n i n g  0 .0 3  

t o  0.04- g. o f  p h o sp h o ru s  was weighed  i n t o  a  s i l v e r  c r u c i b l e ,

3 t o  5 ml. o f  d i s t i l l e d  w a t e r  was ad d ed ,  and  2 o r  3 p e l l e t s  

o f  s o l i d  KOH were  d rop p ed  c a r e f u l l y  i n t o  t h e  s o l u t i o n .  The 

c o n t e n t s  were  e v a p o r a t e d  c a u t i o u s l y  t o  c o m p le te  d r y n e s s  and 

t h e n  f u s e d  g e n t l y  o v e r  an open f lam e  f o r  a b o u t  o n e - h a l f  h o u r .  

The f u s e d  mass was d i s s o l v e d  and  washed i n t o  a  40 0 -m l .  b e a k e r ,  

where  t h e  s o l u t i o n  was n e u t r a l i z e d  w i t h  a  few d r o p s  o f  con­

c e n t r a t e d  n i t r i c  a c i d ,  u s i n g  m ethy l  r e d  as an i n d i c a t o r .

A f t e r  a d d i t i o n  o f  10 ml. o f  N/2  AgNO-j, a  2$ s o l u t i o n  o f  KOH 

was ad d ed  d ro p w lse  u n t i l  d a r k  AgOH was j u s t  b e g i n n i n g  t o  fo rm .  

A f t e r  a t  l e a s t  4- h o u r s  o f  a g i n g ,  t h e  p r e c i p i t a t e d  s i l v e r  

p h o s p h a t e  was removed by f i l t r a t i o n ,  w ash ing  w i t h  c o ld  N/10 

AgKO^. The s i l v e r  s a l t  was t h e n  d i s s o l v e d  i n  h o t  2 . 5 $  HKO^, 

and  t h e  s i l v e r  was p r e c i p i t a t e d  by  t i t r a t i n g  t h e  h o t  s o l u t i o n  

w i t h  l / l  HCl, a d d in g  a  s l i g h t  e x c e s s  t o  a s s u r e  c o m p le te  p r e ­

c i p i t a t i o n .  A f t e r  f o u r  h o u r s  o r  more o f  a g i n g ,  w i t h  o c c a s i o n a l  

s t i r r i n g ,  t h e  s i l v e r  c h l o r i d e  was removed by f i l t r a t i o n ,  

w a sh in g  w i t h  K/lOO HNO-j. To t h e  f i l t r a t e ,  w h ich  c o n t a i n e d  

t h e  p h o sp h o ru s  a s  f l u o r i n e - f r e e  o r t h o p h o s p h a t e ,  were added 

2 d r o p s  o f  m e th y l  r e d  a s  i n d i c a t o r  and 10 ml.  o f  m agn e s ia  

s o l u t i o n .  A f t e r  t h e  s o l u t i o n  was c o o le d  i n  an i c e  b a t h ,  con­

c e n t r a t e d  ammonium h y d r o x id e  was added  d ro p w ise ,  w i t h  good 

s t i r r i n g ,  u n t i l  t h e  s o l u t i o n  was s l i g h t l y  a l k a l i n e .  S t i r r i n g  

was c o n t i n u e d  u n t i l  most  o f  t h e  magnesium ammonium p h o s p h a te  

had  p r e c i p i t a t e d ,  and  th e n  an a d d i t i o n a l  5 o f  ammonium
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h y d r o x i d e  was a d d e d .  Onoe more a  H-hour  p e r i o d  o f  a g i n g  was 

a l l o w e d ,  and th e n  magnesium ammonium p h o s p h a t e  was s e p a r a t e d  

b y  f i l t r a t i o n ,  washed w i t h  1 :2 0  ammonium h y d r o x i d e ,  and 

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

p h a t e .

B. D ip h e n y l  M o n o f lu o r o p h o s p h a te .

1 .  S y n t h e s i s .

An e a r l y  a t t e m p t  t o  p r e p a r e  d i p h e n y l  m o n o f lu o ro ­

p h o s p h a t e  i n v o l v e d  t h e  f o l l o w i n g  r e a c t i o n :

(1 )  3 (C 6H5 )3POi|. 4* SbP3 *  3(C6H5 ) pPOj F +  Sb(OC6H5 ) 3 .

In  t h i s  e x p e r im e n t  326 g .  o f  t r i p h e n y l  p h o s p h a t e  was r e a c t e d  

w i t h  t w i c e  t h e  c a l c u l a t e d  q u a n t i t y  o f  sublifflted an t im ony  t r i ­

f l u o r i d e ,  u s i n g  0 .2 3  p e r  c e n t  an t im ony p e n t a c h l o r i d e  a s  a  

c a t a l y s t .  The r e a c t a n t s  were  h e a t e d  i n  a  5 00-m l .  g l a s s  f l a s k  

f o r  1 2  hou rs  a t  a  b a t h  t e m p e r a t u r e  o f  1 5 0 °  0 . and t h e n  f o r  

16 t o  17  h o u rs  a t  210 t o  225° C. The h e a t i n g  r e s u l t e d  i n  a  

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

p h e n o l i c  odor  was e v i d e n t . Vacuum d i s t i l l a t i o n  o f  t h e  p r o ­

d u c t  y i e l d e d  a l a r g e  amount o f  p h e n o l  as  t h e  o n ly  d i s t i l l a t e ,  

and so  t h i s  method was d i s c a r d e d  a s  b e i n g  i m p r a c t i c a l  f o r  

p r o d u c i n g  t h e  d i p h e n y l  e s t e r .

P r e p a r a t i o n  o f  D ip heny l  M o n o c h lo ro p h o sp h a te .

S e v e r a l  e x p e r i m e n t s  were p e r fo rm e d  i n  a  s t u d y  o f  

t h e  r e p l a c e m e n t  o f  t h e  c h l o r i n e  atom w i t h  a  f l u o r i n e  atom i n  

d i p h e n y l  m ono ch lo rop h osp h a . te . The c h l o r o - e s t e r  u s e d  f o r  t h e s e  

e x p e r i m e n t s  was p r e p a r e d  by r e a c t i n g  p h e n o l  w i t h  a  s l i g h t
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e x c e s s  o f  p h o s p h o r y l  c h l o r i d e ,  POClj .  The r e a c t a n t s  were 

h e a t e d  u n d e r  r e f l u x  u n t i l  t h e  e v o l u t i o n  o f  HC1 c e a s e d ,  and 

t h e  p r o d u c t  was d i s t i l l e d  u n d e r  vacuum. A c o n s i d e r a b l e  

p r o p o r t i o n  o f  p h e n y l  d l c h l o r o p h o s p h a t e  was o b t a i n e d  a s  a  

l o w - b o i l i n g  f r a c t i o n ,  and some t r i p h e n y l  p h o s p h a t e  r em a in e d  

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

d i s t i l l e d  a t  9 3 * 5  "to 9 5 ° 0 • u n d e r  a  p r e s s u r e  o f  2  mm. o f  

m e r c u r y ,  and at  103  t o  1 0 h °  0 . a t  if t o  5 The b o i l i n g

p o i n t  o f  d i p h e n y l  m o n o ch lo ro p h o sp h a te  was fou n d  t o  be  16 7  "to 

1 6 5 °  C. a t  a  p r e s s u r e  o f  2  mm., end c h l o r i n e  a n a l y s i s  showed 

1 3 . 2 $  0 1 , w h ich  i s  t h e  t h e o r e t i c a l  v a l u e  c a l c u l a t e d  f o r  t h i s  

e s t e r .

The R e a c t io n  o f  D ip heny l  M on o ch lo ro ph o sph a te  w i t h

Sodium F l u o r i d e .

A f t e r  McCombie and  Saunde rs  r e p o r t e d  t h e  p r e p a r a t i o n  

o f  d i a l k y l  m o n o f lu o r o p h o s p h a te s  from t h e  c o r r e s p o n d i n g  mono­

c h l o r o p h o s p h a t e  s by h e a t i n g  s h o r t l y  w i t h  sodium f l u o r i d e  i n  

c a rb o n  t e t r a c h l o r i d e ,  t h e  same r e a c t i o n  c o n d i t i o n s  were  u s e d  

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

(2)  (C6H5 ) 2P0 ^C1  +  NaF =  (CfcH^gPO^F + NaCl.

I n  t h i s  e x p e r im e n t ,  50  g .  o f  (CpH^)2PG3 CI was r e f l u x e d  f o r  20 

h o u r s  i n  CClip w i t h  a  100$ e x c e s s  o f  HaF. However, a f t e r  

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

and  vacuum d i s t i l l a t i o n  o f  t h e  e v a p o r a t i o n  r e s i d u e ,  t h e  

v a r i o u s  d i s t i l l a t i o n  f r a c t i o n s  were a n a l y z e d  an d  were  a l l  

fo u n d  t o  be  m i x t u r e s  o f  t h e  c h l o r o -  and f l u o r o - e s t e r s .
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A p p ro x im a te ly  20$ c o n v e r s i o n  t o  d ip h e n y l  m o n o f lu o ro p h o s p h a te  

o c c u r r e d ,  a ssum ing  a l l  t h e  f l u o r i n e  found  i n  t h e  d i s t i l l a t e  

was p r e s e n t  as  t h i s  e s t e r .

These r e s u l t s  s u g g e s t e d  t h e  u se  o f  a  h i g h e r - b o i l i n g  

s o l v e n t ,  and so t h e  r e a c t i o n  was r e p e a t e d  u s i n g  x y l e n e ,  w h ic h  

b o l l s  a t  abou t  lM-O0 C . , a s  a  means o f  c o n t r o l l i n g  t h e  r e a c t i o n  

t e m p e r a t u r e .  20  g. o f  d i p h e n y l  m o n och lo ro p h o sp h a te  was h e a t e d  

w i t h  7 * 0  g* o f  sodium f l u o r i d e  i n  H-2 g .  o f  d r i e d  x y l e n e  f o r  

20 h o u r s .  Again  t h e  p r o d u c t  was f i l t e r e d ,  t h e  s o l v e n t  evapo­

r a t e d ,  and  t h e  r e s i d u e  d i s t i l l e d .  A n a l y s i s  o f  t h e  d i s t i l l a t e s  

f o r  f l u o r i n e  and c h l o r i n e  c o n t e n t  a g a i n  showed them t o  be  

m i x t u r e s  o f  th e  c h l o r o -  and f l u o r o - e s t e r s ,  and t h e  r e a c t i o n  

r e s u l t e d  i n  a 4-0$ c o n v e r s i o n  t o  d i p h e n y l  m o n o f lu o r o p h o s p h a te .

The r e a c t io n  w ith  sodium f lu o r id e  was rep e a te d  on 

a s l i g h t l y  l a r g e r  s c a le ,  and th e  r e a c t io n  time was In creased  

to  35 hours. 6 O. 5  g- (0 . 2 2 5  moles) of (C^H^gPO^Cl was 

r e a c te d  w ith  26 g. (0 .62  moles) o f KaP in  118 g. of xy lene . 

A f te r  working up th e  p roduct in  the  u su a l manner, a d i s t i l l a t e  

of 3 1 .5  g. was o b ta in ed  which con ta ined  0 . 57$  01  and 7 * 0 1  to  

7 .07$  F. The d i s t i l l a t i o n  re s id u e  amounted to  21 g. and 

con ta ined  0 .37$ 01 and 0 .163$  P. These an a ly ses  in d ic a te d  

t h a t  only about 3$ o f  the o r ig in a l  (C^H^JgPO-^Ci remained un­

r e a c te d ,  and a t  l e a s t  5 3 $ was converted  to  (CgHppgPO^F.

R e f r a c t i o n a t i o n  o f  t h e  d i s t i l l a t e  gave 18 t o  20 grams o f  

w a t e r - w h i t e  l i q u i d  c o n t a i n i n g  7 * 3 6  t o  7 *3 9 $  F, w h ich  c o r r e s ­

po n ds  t o  ( O^H^JgPO^F w i t h  a  p u r i t y  o f  a b o u t  p e r  c e n t .
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The R e a c t i o n  o f  D ip h e n y l  M o n och lo rop h osp h a te  w i t h  Zinc 

F l u o r i d e .

As i t  seemed d e s i r a b l e  t o  s t u d y  t h e  e f f e c t  o f  a  

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

c h l o r i n e - f l u o r i n e  r e p l a c e m e n t ,  z i n c  f l u o r i d e ,  ZnF^, was u s e d  

i n  s u c h  a  r e a c t i o n ,  w i t h  CCl^ a s  a  r e f l u x  medium. A f t e r  h e a t ­

i n g  39 g .  o f  (C^H^)2^0^01 w i t h  e x c e s s  ZnF^ in  CClij. f o r  5 h o u r s ,  

t h e  p r o d u c t  was t r e a t e d  i n  t h e  u s u a l  manner .  Almost  no 

d i p h e n y l  m on o ch lo ro -  o r  m o n o f lu o ro p h o s p h a te  was fo u n d  i n  t h e  

d l s t i l l a t e ,  b u t  i n s t e a d  a  g r e a t  amount o f  p h e n o l  d i s t i l l e d .  

Hence ,  t h e  r e a c t i o n  o f  z in c  f l u o r i d e  seems to  have been to o  

v i g o r o u s  a t  t h e  b o i l i n g  p o i n t  o f  c a rb on  t e t r a c h l o r i d e .

With t h i s  i n  mind, a  s i m i l a r  r e a c t i o n  was c a r r i e d  

o u t  i n  w h ich  CCl^ was r e p l a c e d  by e t h e r  a s  a  r e f l u x  medium.

3 6 . 5  g .  o f  (CgH^JgPO-jGi was r e a c t e d  w i t h  1 2 . 7  g* o f  ZnFg by 

h e a t i n g  t o  r e f l u x / 3 1 .5  6* o f  d i e t h y l  e t h e r  f o r  4- h o u r s .

A f t e r  s t a n d i n g  f o r  3 t o  d a y s ,  t h e  s o l i d  m a t t e r  was removed 

f ro m  t h e  p r o d u c t  by f i l t r a t i o n ,  and t h e  f i l t r a t e  was washed 

w i t h  a  d i l u t e  s o l u t i o n  o f  sodium h y d r o x i d e ,  d r i e d  o v e r  C a C ^ ,  

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

amount o f  p h e n o l .  A n a l y s i s  o f  a  h i g h e r - b o i l i n g  f r a c t i o n  o f  

3 g .  and  a  r e s i d u e  o f  3 -5  g .  showed t h a t  a  1 0 -1 2 $  c o n v e r s i o n  

t o  t h e  f l u o r o - e s t e r  had o c c u r r e d ,  w h i l e  o n ly  *1 t o  5$ c h l o r o -  

e s t e r  had rem a ined  u n r e a c t e d  and undecomposed.  These r e s u l t s  

i n d i c a t e d  t h a t  t h e  r e a c t i o n  c o n d i t i o n s  were s t i l l  t o o  s e v e r e .

In  an a t t e m p t  t o  d e c r e a s e  t h e  amount o f  d e c o m p o s i t i o n
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o f  d i p h e n y l  m o n o ch lo ro p h o sp h a te  d u r i n g  t h e  r e a c t i o n  w i t h  z i n c  

f l u o r i d e ,  25  g. o f  t h e  c h l o r o - e s t e r  was s t i r r e d  w i t h  25  g. 

o f  ZnF2 i n  117 g. o f  CCl^ a t  15  t o  22°  0.  f o r  8 h o u r s .  A f t e r  

s t a n d i n g  o v e r n i g h t  a t  22 t o  2k °  C . , i t  was s t i r r e d  2 ho u rs  

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

Some d e c o m p o s i t i o n  o f  t h e  m o n o f lu o ro p h o s p h a te  a p p a r e n t l y  

o c c u r r e d  d u r i n g  t h e  d i s t i l l a t i o n  a t  11 t o  16 mm. o f  m ercu ry ,  

a s  f l u o r i n e  a n a l y s i s  o f  t h e  6 .5  g .  o f  d i s t i l l a t e  showed S . 8$  F. 

The r e s u l t s  i n d i c a t e d  t h a t  a p p r o x i m a t e ly  17$  c o n v e r s i o n  o f  

t h e  m o n o c h lo ro p h o sp h a te  t o  t h e  m o n o f lu o ro p h o s p h a te  had  o c c u r r e d .

The R e a c t i o n  o f  D ip heny l  M o n och lo rop h osp h a te  w i t h

C alc ium  F l u o r i d e .

S ince  z in c  f l u o r i d e  seemed t o  be to o  s t r o n g  f o r  t h e  

d e s i r e d  c h l o r i n e - f l u o r i n e  r e p l a c e m e n t ,  i t  was d e c i d e d  t o  

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

a g e n t  f o r  t h i s  r e a c t i o n .

In  t h e  f i r s t  e x p e r im e n t  in  w h ich  c a lc iu m  f l u o r i d e  

was u s e d ,  J o . k  g . o f  (C^H^)gPO^Cl and 13.-3  g- o f  CaFg were 

r e f l u x e d  in  x y l e n e  f o r  25  h o u r s .  A f t e r  f i l t r a t i o n ,  

e v a p o r a t i o n ,  and d i s t i l l a t i o n ,  a n a l y s i s  o f  t h e  1 7 - 5  grams o f  

d i s t i l l a t e  showed i t  t o  c o n t a i n  5*^9$ F and 0 .63$  Cl. Calcu­

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

c o n v e r s i o n  o f  a t  l e a s t  K8% was a t t a i n e d  by t h i s  m ethod .  The 

e n t i r e  e x p e r im e n t  seemed t o  be more c o n v e n i e n t  and  l e s s  

t e d i o u s  th a n  t h e  p r e v i o u s  e x p e r i m e n t s  w i t h  sodium and z in c  

f l u o r i d e s .
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The e x p e r im e n t  was r e p e a t e d ,  r e a c t i n g  $4-.4- g. of  

(C6H5 ) 2P°3C1 w i t h  37 g. o f  CaP2 i n  ?1 g- o f  x y l e n e  f o r  33 

h o u r s .  A d i s t i l l a t e  o f  51*9 g* ( 1 5 0 - 1 5 2 - 5 °  C./4- mm.) was 

f o u n d  t o  c o n t a i n  8 .1  to  8 . 2 % F, and t h e  r e s i d u e  o f  14- grams 

c o n t a i n e d  0 . 6 1 $  F.  From t h e  r e s u l t s ,  t h e  c o n v e r s i o n  t o  mono- 

f l u o r o p h o s p h a t e  was a p p r o x i m a t e l y  68$ o f  t h e o r y .  R e d i s t i l l a t i o n  

o f  t h e  m o n o f lu o ro p h o s p h a te  f r a c t i o n  gave a b o u t  4-5 g. o f  

w a t e r - w h i t e  l i q u i d  b o i l i n g  a t  14-0.7 t o  14-1.0° 0 .  a t  3 mb* o f  

m e r c u r y ;  a n a l y s i s  showed 7*4$ F, a s  compared w i t h  t h e  

c a l c u l a t e d  v a l u e  o f  7* 53$ F.

A t h i r d  r e a c t i o n  o f  CaFr, w i t h  (C^H^JgPO^Ol was 

p e r f o r m e d .  The c h i e f  p u r p o s e  o f  t h i s  e x p e r im e n t  was t o  o b t a i n  

a  l a r g e  amount o f  t h e  m o n o f lu o ro p h o s p h a te  f o r  s u b s e q u e n t  

r e a c t i o n s ,  and so 196 g. o f  m o n o ch lo ro p h o sp h a te  was u s e d ,  

r e f l u x i n g  w i t h  GaFg i n  x y l e n e  f o r  4 l  h o u r s -  D i s t i l l a t i o n  

r e s u l t e d  in  a  f r a c t i o n  b o i l i n g  a t  14-0 t o  143° C. (3 mm.) w h ich  

w e ighed  115 t o  120 grams.  As t h e  o r i g i n a l  m o n o c h lo ro p h o sp h a te  

c o n t a i n e d  an a p p r e c i a b l e  amount o f  t r i p h e n y l  p h o s p h a t e  a s  an 

i m p u r i t y ,  t h e  y i e l d  o f  d i p h e n y l  m o n o f lu o ro p h o s p h a te  was 

g r e a t e r  th an  6 5 $  o f  t h e o r y .

In  t h e  f o u r t h  r e a c t i o n  w i t h  c a lc iu m  f l u o r i d e ,  341 g. 

o f  d i p h e n y l  m o n o c h lo ro p h o sp h a te ,  c o n t a i n i n g  t r i p h e n y l  p h o s ­

p h a t e  a s  an i m p u r i t y ,  wan r e a c t e d  w i t h  114 g .  o f  CaFg In 

x y l e n e  f o r  Jb  h o u r s .  An a t t e m p t  was made t o  u se  a  w a t e r  

a s p i r a t o r  t o  p ro d u c e  t h e  vacuum f o r  t h e  s u b s e q u e n t  d i s t i l l a t i o n ,  

b u t  a t  a  p r e s s u r e  o f  27  t o  28 mm. o f  m ercu ry  a  b a t h  t e m p e r a t u r e
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o f  3 0 0 °  0 . was n o t  s u f f i c i e n t  t o  a l l o w  d i s t i l l a t i o n  o f  th e  

m o n o f lu o r o p h o s p h a t e .  I n s t e a d ,  a  p h e n o l i c  s p l i t t i n g  o c c u r r e d ,  

and  t h e  y i e l d  o f  t h e  m o n o f lu o ro p h o s p h a te  on l a t e r  d i s t i l l a t i o n  

a t  a  p r e s s u r e  o f  ^  t o  5  * .  o f  m erc u ry  amounted t o  o n ly  3 t o  

4$  o f  t h e o r y  b e f o r e  t h e  d i s t i l l a t i o n  r e s i d u e  su d d e n ly  became 

s e m i - s o l i d .  These r e s u l t s  d e m o n s t r a t e d  t h a t  an o i l  pump 

was n e c e s s a r y  f o r  vacuum d i s t i l l a t i o n  o f  d i p h e n y l  m o n o f lu o ro ­

p h o s p h a t e .

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

o u t  w i t h  100 g.  o f  (CgHtj)gPO^Cl, 45 g. o f  CaFp , and 100 g .  

o f  x y l e n e .  A r e a c t i o n  t im e  o f  3^ h o u rs  was a l l o w e d ,  and 64 

to  67  grams o f  t h e  m o n o f lu o ro p h o s p h a te  was r e c o v e r e d .

In  t h e  s i x t h  and f i n a l  r e a c t i o n  c a r r i e d  o u t  w i t h

PG^Ql was

r e a c t e d  w i t h  100  g .  o f  Ca? 2  i n  x y le n e  f o r  35  h o u r s ,  and 

l 6 o g .  o f  (O^H^J^PO^F was o b t a i n e d  on s u b s e q u e n t  d i s t i l l a t i o n .  

T h is  r e p r e s e n t s  a  r e c o v e r e d  y i e l d  o f  o f  t h e o r y ,  and

ev en  t h i s  c o u ld  have been  i n c r e a s e d  by e f f i c i e n t  e x t r a c t i o n  

o f  t h e  m o n o f lu o ro p h o s p h a te  which  was r e t a i n e d  in  t h e  f i l ­

t r a t i o n  r e s i d u e  o f  OaFg and CaGlg.

Comparison o f  P r e c i p i t a t e d  Calc ium F l u o r i d e  w i t h  H a t iv e  

F l u o r s p a r .

In the experiments d e s c r i b e d  ab ov e ,  p r e c i p i t a t e d  

c a l c i u m  f l u o r i d e  was u sed . .  When a  h i g h  g ra d e  o f  n a t i v e  

f l u o r s p a r ,  CaFg, g round  to  - 2 0 0  mesh, was u s e d  i n  p l a c e  o f  

t h e  p r e c i p i t a t e d  c a lc iu m  f l u o r i d e ,  r e a c t i o n  w i t h  2 9 .2  g . o f

p r e c i p i t a t e d  c a l c iu m  f l u o r i d e ,  242 g. o f  (CgHc)g
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(CgH5 ) gPO-^Cl in  x y l e n e  f o r  35  h o u r s  gave a  p r o d u c t  c o n t a i n i n g  

5 t o  6 g. o f  m o n o f lu o r o p h o s p h a t e ,  wh ich  i s  e q u i v a l e n t  t o  17  t o  

20$ c o n v e r s i o n  d u r i n g  t h i s  r e a c t i o n .  Most o f  t h e  u n r e a c t e d  

m o n o c h lo ro p h o sp h a te  was a b l e  t o  be  r e c o v e r e d .  These  r e s u l t s  

show t h e  f i n e l y - g r o u n d  f l u o r s p a r  i s  q u i t e  i n f e r i o r  t o  p r e ­

c i p i t a t e d  c a l c iu m  f l u o r i d e  as  f a r  as  t h i s  p a r t i c u l a r  r e a c t i o n  

i s  c o n c e rn e d  .

The R e a c t io n  o f  Monophenyl D l c h lo r o p h o s p h a t e  w i t h  M e ta l  

F l u o r i d e s .

While  t h e  r e a c t i o n  o f  d i p h e n y l  mon0 c h lo r o p h o s p h a t e  

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

i n v e s t i g a t i o n  was made o f  t h e  f o l l o w i n g  r e a c t i o n :

(3 )  CgH^POgClg + ' 2MF =  C6H5P0 2F2 +• 2MC1.

The f i r s t  f l u o r i d e  u s e d  was sodium f l u o r i d e .  3& g* 

o f  C^H^P02 C12 was h e a t e d  w i t h  2J .B  g .  o f  NaF in  x y l e n e  a t

14-0° 0 . f o r  2 h o u r s ,  and t h e  r e a c t i o n  p r o d u c t  was f i l t e r e d ,

e v a p o r a t e d ,  and d i s t i l l e d .  A l a r g e  amount o f  p h e n o l  was 

o b t a i n e d ,  a lo n g  w i t h  a  d i s t i l l a t e  o f  4 t o  6 grams c o n t a i n i n g  

some p h e n o l ,  7*7$ and no C l .  The c o n v e r s i o n  t o  t h e  

d l f l u o r o p h o s p h a t e  c o u ld  n o t  have b een  more th a n  5 or  1 °$  o f  

t h e o r y .

Sodium f l u o r i d e  was u se d  n e x t  a t  a  r e a c t i o n  t em p era ­

t u r e  o f  76 t o  77°  C• In t h i s  e x p e r im e n t ,  4-1.7 g. o f  CgH^POgClg, 

c o n t a i n i n g  3 3 -4 $  01,  was h e a t e d  w i t h  33*7 g* o f  NaF i n  140 g .

o f  CCI14. u n d e r  r e f l u x  f o r  10 h o u r s .  The p r o d u c t  was worked up

a s  u s u a l .  D i s t i l l a t i o n  a t  a  p r e s s u r e  o f  40 mm. o f  mercury
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g a v e  a  f r a c t i o n  o f  J g- 90 "to 136°  0 . ,  most  o f  t h e  l i q u i d  

d i s t i l l i n g  o v e r  a t  a b o u t  122 and 162°  0 .  A n a l y s i s  o f  t h e  

d i s t i l l a t e  showed 1 0 . 4 $  F and 1 0 ,9 $  01, w h ich  i s  e q u i v a l e n t  

t o  4 3 . 9 $  d i f l u o r o p h o s p h a t e  and  3 2 . 5$  d i c h l o r o p h o s p h a t e , a l ­

t h o u g h  some p h e n y l  c h l o r o f l u o r o p h o s p h a t e  may have b e e n  p r e s e n t .

Calc ium f l u o r i d e  was i n v e s t i g a t e d  n e x t  a s  a  

f l u o r i n a t i n g  a g e n t  f o r  r e a c t i o n  ( 3 ) ,  s i n c e  i t  had  b e en  so 

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

m o n o c h lo r o p h o s p h a te .

When p h e n y l  d i c h l o r o p h o s p h a t e  was r e a c t e d  w i t h  

p r e c i p i t a t e d  c a l c iu m  f l u o r i d e  i n  x y l e n e  u n d e r  r e f l u x ,  a  

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

The r e a c t i o n  w i t h  c a lc iu m  f l u o r i d e  was a t t e m p t e d  

n e x t  i n  carbon  t e t r a c h l o r i d e .  25 g .  o f  G^H^POgClg was r e a c t e d  

f o r  22 h o u r s  w i t h  an e q u a l  w e ig h t  o f  CaF2 i n  60 t o  JO g .  o f  

GClij,. Upon f i l t r a t i o n ,  e v a p o r a t i o n ,  a nd  d i s t i l l a t i o n  as  

u s u a l ,  a l l  b u t  a  v e r y  s m a l l  d i s t i l l a t i o n  r e s i d u e  was o b t a i n e d  

a t  95 1° 115° C. a t  a  p r e s s u r e  o f  12 mm. o f  m e rc u ry .  The 

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

p h a t e  c o n t a i n i n g  0 . 5 W  F, w h ich  i s  e q u i v a l e n t  t o  a  c o n v e r s i o n  

o f  o n ly  2$  o f  t h e o r y .

As t h e  r e a c t i o n  t e m p e r a t u r e  was a p p a r e n t l y  to o  low, 

t o l u e n e  ( b . p .  1 1 0 . 3 °  C.) was u se d  t o  r e p l a c e  ca rb o n  t e t r a ­

c h l o r i d e  ( b . p .  J b . 8°  0 . ) .  In  t h i s  e x p e r im e n t  39 S* o f  

c 6 h 5p o 2 c i 2 was h e a t e d  w i t h  a p p r o x i m a t e l y  an e q u a l  w e ig h t  o f  

CaFg i n  t o l u e n e  f o r  20 h o u r s .  D i s t i l l a t i o n  o f  t h e  f i l t e r e d
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r e a c t i o n  p r o d u c t  gave  a  f r a c t i o n  o f  1 3 * 5  t o  14-.0 g .  b o i l i n g  

a t  J 1 t o  7 3 °  C* u n d e r  a  p r e s s u r e  o f  2b t o  27  mm. o f  m erc u ry .  

A n a l y s i s  gave t h e  f o l l o w i n g  r e s u l t s :

0 .1 1 9 7  g. : 9 .3 2  ml.  o f  0 . 1 2 2  N T h lN t^ ) ^  s o l u t i o n .

C a l c u l a t e d  f o r  C6 H5PO2 F2 : 2 1 .3 #  F.

Found; 2 0 .0 #  F.

A f r a c t i o n  o f  2 t o  4- grams was a l s o  o b t a i n e d ,  b o i l ­

i n g  a t  93 t o  1 0 1 .5 °  C. a t  2 5  t o  26 mm. o f  m e rc u ry .  A n a l y s i s  

o f  t h i s  f r a c t i o n  was as  f o l l o w s :

0.1204- g .  : 5 .1 2  ml. o f  0 .1 2 2  N Th(NO^)j|.

0 .1 3 2 7  g .  ; 6 .0 5  m l .  o f  N/ 1 0  A^TOj.

C a l c u l a t e d  f o r  C^H^POgClF: 1 0 .3 5 #  F;  1 9 . 3 #  01.

Found: 1 0 .3 #  F ;  1 6 . 2 #  01.

T h e r e f o r e ,  t h e  l o w - b o i l i n g  f r a c t i o n  i s  c e r t a i n l y  p h e n y l  d i -  

f l u o r o p h o s p h a t e ,  o b t a i n e d  in  a  y i e l d  o f  39 o r  40# o f  t h e o r y ,  

w h i l e  . the  sm a l l  h i g h - b o i l i n g  f r a c t i o n  a p p e a r s  t o  be  p h e n y l  

c h l o r o f l u o r o p h o s p h a t e  c o n t a i n i n g  a b o u t  1 5 #  o f  a  m ix t u r e  o f  

p h e n o l  and p h e n y l  d l f l u o r o p h o s p h a t e .

In t h e  n e x t  e x p e r im e n t  a  lo w e r  r a t i o  o f  c a lc iu m  

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

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

1 0 0  g .  o f  C^H^POgClg was r e a c t e d  w i t h  60  g .  o f  d r y  CaFg in

20 g. o f  t o l u e n e  f o r  20 h o u r s .  However, t h e  d i s t i l l a t e

o b t a i n e d  from t h i s  e x p e r im e n t  amounted t o  o n l y  1 1  m l.  o f  

impure  p h e n y l  d i f l u o r o p h o s p h a t e ,  and no c h l o r o f l u o r o p h o s p h a t e .

Upon r e p e a t i n g  t h e  r e a c t i o n  o f  C^H^POgC^ w i t h  an
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e q u a l  w e ig h t  o f  CaFg In t o l u e n e ,  SO g.  o f  p h e n y l  d i c h l o r o p h o s -  

p h a t e  was u s e d .  A f t e r  20 h o u r s  u n d e r  r e f l u x ,  and t h e n  f i l ­

t r a t i o n  and e v a p o r a t i o n ,  d i s t i l l a t i o n  a t  25  mm. gave t h e  

f o l l o w i n g  t h r e e  f r a c t i o n s ;  1$ g .  a t  a b o u t  71°  G . » 3 t o  5 g .  

a t  101 t o  105° G . , and  1 5  g .  a t  12 6  t o  133°  G. These  r e p r e s e n t  

y i e l d s  o f  a p p r o x i m a t e l y  2jfo C g H ^ P O ^ ,  4- t o  1% C ^ P O g C l F ,  

and  1 9 ^  u n r e a c t e d  O^H^POgClg, r e s p e c t i v e l y .

2 .  S u l f o n a t i o n  o f  D ip h e n y l  M o n o f lu o r o p h o s p h a t e .

As e x p l a i n e d  b e f o r e ,  a  m o n o s u l f o n ic  a c i d  d e r i v a t i v e  

o f  d i p h e n y l  m o n o f lu o r o p h o s p h a te  was d e s i r e d  a s  a  pe rm anen t  

m o t h - p r o o f i n g  compound. A t t e m p t s  t o  p r e p a r e  i t  a r e  d e s c r i b e d  

b e lo w .

Fuming S u l f u r i c  Acid  as  a  S u l f o n a t l n g  A g e n t .

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

e s t e r ,  a  method was u s e d  w h ich  was p r e v i o u s l y  shown t o  be 

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

f l u o r o p u l f o n i e  a c i d ,  H S O j F . ^  7 . 5  g. o f  (CkH^^PO^F was added  

d r o p w i s e ,  w i t h  c o n t i n u o u s  s t i r r i n g ,  t o  50  6 * o f  fuming 

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

h e l d  a t  16  t o  1 9 . 5°  0 . by c o o l i n g  c o n t i n u o u s l y  in  a  w a t e r  

b a t h  k e p t  a t  a b o u t  10°  C. S t i r r i n g  was c o n t i n u e d  a t  16 t o  

2 0 ° 0 . f o r  a b o u t  2 h o u r s  a f t e r  a l l  t h e  m o n o f lu o ro p h o s p h a te  

had  b e en  added ,  and  th en  t h e  s o l u t i o n  was p o u re d  i n t o  a  

s a t u r a t e d ,  i c e - c o l d  s o l u t i o n  o f  sodium c h l o r i d e .  The o n ly  

sodium s a l t  t o  c r y s t a l l i z e  from t h e  r e s u l t i n g  c o ld  s o l u t i o n  

was sodium c h l o r i d e .  In  o t h e r  words ,  i f  s u l f o n s . t l o n  d id
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o c c u r  a c c o r d i n g  t o  t h e  e q u a t i o n

(*0 (C6H5 ) 2PC>3F + S03 =  (CgH5 )(C6l%S03H)P03F,

t h e  sodium s u l f o n a t e  must have  been  more s o l u b l e  t h a n  t h e  

c h l o r i d e .

The e x p e r i m e n t  was r e p e a t e d ,  and i d e n t i c a l  r e s u l t s  

were  o b t a i n e d .  T here  was a  n o t i c e a b l e  amount o f  h e a t  

l i b e r a t e d  upon a d d i t i o n  o f  t h e  e s t e r  t o  t h e  a c i d ,  a n d  t h i s  

s u g g e s t e d  t h a t  a  s u l f o n a t i o n  was o c c u r r i n g  b u t  t h a t  t h e  

sodium s u l f o n a t e  was q u i t e  s o l u b l e .  In  a  t h i r d  e x p e r i m e n t ,  

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

o f  i n t o  a  c o ld  s o l u t i o n  o f  sodium c h l o r i d e .  The r e s u l t i n g  

a q u eo u s  s o l u t i o n  was shaken  w i t h  e t h e r ,  b u t  e v a p o r a t i o n  o f  

t h e  d h i e d  e t h e r  l a y e r  gave no a p p r e c i a b l e  amount o f  r e s i d u e .  

S in c e  t h e  u n s u l f o n a t e d  e s t e r  was known t o  be  s o l u b l e  i n  

e t h e r  and i n s o l u b l e  in  w a t e r ,  t h e  l a c k  o f  an e v a p o r a t i o n  

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

b u t  t h a t  r e c o v e r y  and p u r i f i c a t i o n  were  t o  be  t h e  d i f f i c u l t  

p r o b l e m s .

In  t h e  f o u r t h  s u l f o n a t i o n  e x p e r i m e n t ,  an a t t e m p t  

was made t o  e x t r a c t  t h e  sodium s u l f o n a t e  from a  s o l i d  s u l -  

f o n a t e - s u l f a t e  m i x t u r e .  A c c o r d i n g l y ,  5*6 g. o f  d i p h e n y l  

m o n o f lu o r o p h o s p h a te  was r e a c t e d  w i t h  52  g. o f  oleum i n  t h e  

u s u a l  manner;  t h e  r e a c t i o n  p r o d u c t  was p o u re d  i n t o  a  s o l u t i o n  

o f  sodium h y d r o x i d e ,  so t h a t  t h e  r e s u l t i n g  s u s p e n s i o n  was 

v e r y  s l i g h t l y  a l k a l i n e ;  some s u l f a t e  c r y s t a l s  were  removed by
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f i l t r a t i o n ;  t h e  f i l t r a t e  was e v a p o r a t e d ;  and t h e  b u lk y  e v a p o r a ­

t i o n  r e s i d u e  was t r e a t e d  w i t h  h o t ,  a b s o l u t e  e t h y l  a l c o h o l  and 

f i l t e r e d .  Only one gram o f  s o l i d  m a t t e r  was e x t r a c t e d ,  and 

i t  c o n t a i n e d  0 . 7 $  F, which  i s  e q u i v a l e n t  t o  o n ly  0 . 1 3  grams 

o f  t h e  m o n o e u l fo n a te d  e s t e r .

A f i f t h  e x p e r im e n t  was d e s i g n e d  to  e x t r a c t  t h e  

s u l f o n i c  a c i d  from aqueous  s o l u t i o n  w i t h  amyl a l c o h o l .  In  

t h i s  e x p e r im e n t  6 . 6  g. o f  m o n o f lu o ro p h o s p h a te  was u s e d ,  s u l -  

f o n a t i n g  as  u s u a l .  The r e a c t i o n  p r o d u c t  was p o u re d  s lo w ly  

o v e r  c h ip p e d  i c e ,  and  t h e  aqueous  s o l u t i o n  was e x t r a c t e d  

t w i c e  w i t h  n -am yl  a l c o h o l .  The a l c o h o l  was f i l t e r e d ,  and 

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

r e s i d u e  o f  6 to  7 grams was v e r y  a c i d i c  and had a  s t ree t  

e s t e r  odor ,  i n d i c a t i n g  an amyl s u l f o n a t e  o r  s u l f a t e .  The 

r e s i d u e  was n e u t r a l i z e d  w i t h  a  1 0 $  aqueous  s o l u t i o n  o f  

p o t a s s i u m  h y d r o x i d e ,  and a  brown, o i l y ,  e t h e r - s o l u b l e  l a y e r  

was fo rm ed .  The aqueous  l a y e r  was e v a p o r a t e d  t o  r e c o v e r  any 

s o l u b l e  p o t a s s i u m  s a l t s .  T r e a t i n g  t h e  s m a l l  e v a p o r a t i o n  

r e s i d u e  w i t h  h o t  e t h a n o l  showed on ly  a t r a c e  o f  i t  t o  be 

s o l u b l e  and so t h i s  method was d i s c a r d e d .

N e u t r a l i z a t i o n  o f  t h e  S u l f on a t i o n  Pr o d u c t  w i t h  Ca(OH)P.

In a s i x t h  s u l f o n a t i o n ,  6 g .  o f  (CgH^)gPO^F was 

r e a c t e d  w i t h  ^7  6 * o f  6 $  fum ing  s u l f u r i c  a c i d  a s  u s u a l ,  

and  t h e  r e a c t i o n  p r o d u c t  wfts a l lo w e d  t o  d r i p  s lo w ly  i n t o  a  

s u s p e n s i o n  o f  39 g. o f  C a (0 H) 2  c o n t a i n i n g  1 . 1  g .  o f  NaOH, 

a t  a  t e m p e r a t u r e  o f  0 t o  11°  0 .  The p r e c i p i t a t e d  c a lc iu m
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s u l f a t e  was removed by f i l t r a t i o n ,  and  t h e  f i l t r a t e  was 

e v a p o r a t e d  to  d r y n e s s .  The e v a p o r a t i o n  r e s i d u e  was t r e a t e d  

w i t h  h o t  a l c o h o l ,  and a f t e r  f i l t r a t i o n ,  a d d i t i o n  o f  e t h e r  t o  

t h e  a l c o h o l  s o l u t i o n  y i e l d e d  1 . 1  grams o f  w h i t e  s o l i d  c o n t a i n ­

i n g  2 . 2 9 $ F .  The p u r e  sodium s a l t  o f  t h e  m o n o s u l f o n a t e d  e s t e r  

s h o u l d  c o n t a i n  5 -3 6 $  F, and t h a t  o f  t h e  d l s u l f o n a t e d  e s t e r  

s h o u l d  c o n t a i n  4-.17$ F. © v j i o n  i'©sicl\x© *V?£tS l3I*©9/fc©cL

a g a i n  w i t h  a l c o h o l ,  t h i s  t im e  c o n t a i n i n g  3*2$  HC1, In  an 

a t t e m p t  t o  e x t r a c t  t h e  s u l f o n a t e  a s  t h e  f r e e  a c i d .  Evapora ­

t i o n  o f  t h e  a l c o h o l  gave 6 t o  7 grams o f  w h i t e  s o l i d  c o n t a i n ­

i n g  o n ly  0 . 5 $  F .  From t h e s e  r e s u l t s ,  t h e  f l u o r i n e  e q u i v a l e n t  

t o  o n l y  16 o r  17  p e r  c en t  o f  t h e  o r i g i n a l  d i p h e n y l  m o no f lu o ro ­

p h o s p h a t e  could, be  a c c o u n te d  f o r .

Th is  e x p e r im e n t  was r e p e a t e d ,  u s i n g  7*3 g* o f  

( c 6h 5 ) pPO-jF, 4 1 .3  g. o f  0  fuming s u l f u r i c  a c i d ,  and a  s u s ­

p e n s i o n  o f  40 g. o f  Ca(OH) 2 i n  JOO ml. o f  w a t e r  c o n t a i n i n g

1 . 5  g .  o f  NaOH. The p r e c i p i t a t e d  c a l c iu m  s u l f a t e  was 

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

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

f i l t e r  cake  was t h e n  b ro ken  up t o  a l l o w  q u i c k e r  d r y i n g  a t  

1 1 0°  0. A n a l y s i s  showed t h a t  t h i s  r e s i d u e  c o n t a i n e d  0 . 3 5  bo 

0 . 4 0 $  F,  which  a c c o u n te d  f o r  a b o u t  70$ o f  t h e  m o n of lu o ro ­

p h o s p h a t e  u sed  in  t h i s  e x p e r i m e n t .  A n a l y s i s  o f  t h e  f i l t r a t e  

gave  a v a l u e  o f  0 . 1 1 4 $  F, w h ich  a c c o u n te d  f o r  21$ o f  t h e  

o r i g i n a l  f l u o r o - e s t e r .  B ecause  o f  t h e  s o l u b i l i t y  o f  c a lc iu m  

s u l f o n a t e s ,  t h e s e  r e s u l t s  i n d i c a t e d  t h a t  t h e  fuming s u l f u r i c
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a c i d  had  c a u se d  a  s p l i t t i n g  o f  t h e  f l u o r i n e - p h o s p h o r u s  

bond  o f  t h e  d i p h e n y l  e s t e r ,  and hence  most  o f  t h e  f l u o r i d e  

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

r e s i d u e  a lo n g  w i t h  c a lc iu m  s u l f a t e .  No i n s o l u b l e  s i l v e r  o r  

l e a d  s u l f o n a t e  c o u ld  be o b t a i n e d  from t h e  f i l t r a t e ,  e i t h e r  

b e c a u s e  o f  t h e  g r e a t  s o l u b i l i t y  o f  t h e  s a l t s  o r  b e c a u s e  no 

s u l f o n a t e d  d i p h e n y l  m o n o f lu o ro p h o s p h a te  was p r e s e n t  a s  such  

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

P y r i d i n e  -  S u l f u r  T r l o x l d e  as  a  S u l f o n a t l n g  A g e n t .

S ince  a  s t r o n g l y  a c i d i c  s u l f o n a t l n g  a g e n t  a p p e a re d  

t o  have  cau se d  c o n s i d e r a b l e  d e c o m p o s i t i o n  o f  t h e  e s t e r  mole­

c u l e ,  i t  seemed d e s i r a b l e  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  a  n o n -  

a c l d i c  s u l f o n a t l n g  a g e n t .

In t h e  e i g h t h  s u l f o n a t i o n ,  t h e r e f o r e ,  s u l f u r  t r i -  

o x id e  was u se d  i n  t h e  form o f  i t s  a d d i t i o n  p r o d u c t  with, 

p y r i d i n e .  This  was p r e p a r e d  a s  a  w h i t e  s o l i d  by r e a c t i n g  

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

i n g  t o  t h e  f o l l o w i n g  e q u a t i o n :

(55 CISQ3 H + 2 CpjHpjN =■ *SO3 + C ^ N ' H C l . 59

The p y r i d i n i u m  c h l o r i d e  was s o l u b l e  i n  c h lo r o f o r m ,  and so t h e  

p r e c i p i t a t e d  p y r i d i n e - s u l f u r  t r i o x i d e  was s e p a r a t e d  e a s i l y  

by f i l t r a t i o n .  2 .B  g .  o f  C3H3K• SO3 was h e a t e d  w i t h  4-.4 g .  o f  

(C^H^JgPO^P in  a  60 -m l .  g l a s s  b o t t l e .  The r e a c t i o n  m ix tu re  

d i d  n o t  become c o m p l e t e ly  l i q u i d  u n t i l  t h e  h e a t i n g  b a t h  had  

r e a c h e d  a  t e m p e r a t u r e  o f  a b o u t  130° C . , and two l i q u i d  l a y e r s
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w ere  s e en  t o  e x i s t  a t  t h a t  p o i n t .  Upon h e a t i n g ,  t h e  r e a c t i o n  

b o t t l e  a t  1 9 5  203° C . , t h e  b o t to m  l a y e r  g r a d u a l l y  i n ­

c r e a s e d  i n  s i z e ,  and a f t e r  a b o u t  4- h o u r s  a t  t h a t  t e m p e r a t u r e  

o n ly  one l i q u i d  l a y e r  r e m a in e d .  The c o o le d  p r o d u c t  was a 

b rown,  v i s c o u s  l i q u i d ,  and a l t h o u g h  i t  c o n t a i n e d  t h e  

t h e o r e t i c a l  amount o f  f l u o r i n e  f o r  t h e  o y r i d in i u m  m o n o -s u l fo n ­

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

p r o d u c t s .

T h is  e x p e r im e n t  was r e p e a t e d  in  an a t t e m p t  t o  c a r r y  

o u t  t h e  r e a c t i o n  a t  low er  t e m p e r a t u r e s  w i t h  s t i r r i n g .  A f t e r  

h e a t i n g  t h e  r e a c t a n t s  9 h o u r s  a t  I 5 0 0 C. and 20 h o u r s  a t  

l 6o °  C . , t h e  r e a c t i o n  p r o d u c t  was s t i l l  p r e s e n t  a s  two l i q u i d  

l a y e r s .  D ecom pos i t ion  s e t  in  when t h e  t e m p e r a t u r e  was r a i s e d  

s h o r t l y  t o  1 7 0  t o  1 S>0 °  C.

In  an e f f o r t  t o  b r i n g  ab o u t  t h i s  r e a c t i o n  in  one 

p h a s e  r a t h e r  th a n  a t  a  l i q u i d - l i q u i d  i n t e r f a c e ,  t h e  r e a c t a n t s  

w ere  h e a t e d  In  p y r i d i n e  as  a  s o l v e n t ,  a l l o w i n g  t h e  p y r i d i n e  

t o  r e f l u x  a t  i t s  b o i l i n g  p o i n t  o f  1 1 9  t o  116° C. 7 * 2  g . o f  

(C6h 5 ) 2P ° 3 f  was r e a c t e d  w i t h  4-.2 g .  o f  C ^ N . S C ^  f o r  17  h o u r s  

i n  t h i s  m anner .  The e x c e s s  p y r i d i n e  was removed by d i s ­

t i l l a t i o n ,  and d r y  c h lo r o f o r m  was added t o  t h e  r e s i d u e .  About 

2 grams o f  an i n s o l u b l e  s o l i d  r e s i d u e  was s e p a r a t e d  f rom  t h e  

c h lo r o f o r m  l a y e r  by  f i l t r a t i o n .  I t  c o n t a i n e d  o n ly  1 . 2 $  P, 

w h ic h  would r e p r e s e n t  a  maximum y i e l d  o f  a b o u t  5 p e r  c e n t  

p y r i d i n i u m  s u l f o n a t e .  An o i l y  l a y e r  f l o a t i n g  on t h e  c h l o r o ­

fo rm  i n  t h e  f i l t r a t e  was e x t r a c t e d  w i t h  w a t e r ,  n e u t r a l i z e d
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w i t h  sodium h y d r o x i d e ,  and. e v a p o r a t e d .  A t t e m p t s  t o  p u r i f y  

t h e  sodium s a l t  showed t h a t  i t s  h i g h  f l u o r i n e  c o n t e n t  was 

p r e s e n t  as  sodium f l u o r i d e .

T h is  e x p e r im e n t  was r e p e a t e d  w i t h  7*1 S* o f  mono­

f l u o r o p h o s p h a t e  and !+.h g. o f  p y r id in e - S O ^  in  e x c e s s  d ry  

p y r i d i n e .  A f t e r  r e f l u x i n g  f o r  12 h o u r s ,  d i s t i l l a t i o n  o f  

s o l v e n t ,  end t r e a t m e n t  w i t h  d r y  c h lo r o f o r m ,  o n ly  a  v e r y  sm a l l  

amount o f  i n s o l u b l e  s o l i d  was removed by f i l t r a t i o n ,  and i t  

c o n t a i n e d  l e s s  th a n  0.3% F. The c h lo r o f o r m  l a y e r  was shaken 

w i t h  w a t e r ,  t h e  aqueous  l a y e r  was e v a p o r a t e d ,  and t h e  r e s i d u e  

was d i s s o l v e d  i n  warm a l c o h o l ,  c o o le d ,  and f i l t e r e d .  The 

d r i e d  f i l t r a t i o n  r e s i d u e  weighed  1 gram and c o n t a i n e d  a b o u t  

37% F . T h is  a c c o u n te d  f o r  n e a r l y  a l l  t h e  o r i g i n a l  m o n o f lu o ro ­

p h o s p h a t e ,  showing  t h a t  e x t e n s i v e  d e c o m p o s i t i o n  had  o c c u r r e d  

i n s t e a d  o f  mere s u l f o n a t i o n .

The Use o f  Sodium C h l o r o s u l f o n a t e  a s  a  S u l f o n a t l n g  A g e n t .

Sodium c h l o r o s u l f o n a t e ,  MaSO^Cl, was t h e  n e x t  s u l -  

f o n a t i n g  a g e n t  t o  be  i n v e s t i g a t e d  i n  t h i s  s t u d y .  I t  was 

p r e p a r e d  by  a d d in g  s m a l l  p o r t i o n s  o f  d r y  sodium c h l o r i d e  t o  

f r e s h l y - d i s t i l l e d  c h l o r o s u l f o n i c  a c i d  a c c o r d i n g  t o  e q u a t i o n  ( 6 ) .

(6 )  HSOjCl +■ NaCl *  NaSO^Ol +  HC1.

The r e a c t i o n  p r o d u c t  was h e a t e d  s h o r t l y  a t  $0° C. and th en  

f o r  5 h o u r s  a t  k-3 t o  5 °°  C. A f t e r  c o o l i n g  t o  room tem p era ­

t u r e ,  t h e  s s . l t  was c o m p l e t e ly  s o l i d ;  i t  was powdered and u se d  

a s  su c h  f o r  s u l f o n a t i o n  e x p e r i m e n t s .

The r e a c t i o n  w i t h  sodium c h l o r o s u l f o n a t e  was c a r r i e d
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o u t  i n  d r y ,  d i s t i l l e d  c a rb on  t e t r a c h l o r i d e ,  u s i n g  1 0 .6  g .  o f  

( CfcHtj)2PO3 F, 5 .S  g .  o f  NaSO^Cl, and 105 g .  o f  CClty.. The 

r e a c t a n t s  were h e a t e d  a t  (̂-0 ° 0 . f o r  J t o  H- h o u r s  w i t h  c o n t i n u o u s  

s t i r r i n g ,  b u t  no t r a c e  o f  HC1 was e v o lv e d  d u r i n g  t h a t  t im e ,  

and  so i t  was assumed t h a t  n e i t h e r  s u l f o n a t i o n  n o r  p h e n o l i c  

s p l i t t i n g  had o c c u r r e d .

A s i m i l a r  r e a c t i o n  was t r i e d  i n  t e t r a e h i o r o e t h a n e  

( b . p .  lk-2 t o  l h b °  C . ) ,  u s i n g  1 0 . 3 g.  o f  m o n o f lu o ro p h o s p h a te  

a nd  5 .7  g .  o f  NaSOjCl in  100 g .  o f  C2H2 01^ .  F o l lo w in g  t h e  

r a t e  o f  t h e  r e a c t i o n  by means o f  t h e  amount o f  HG1 e v o lv e d  

showed t h a t  t h e  r e a c t i o n  was l e s s  t h a n  5$  c o m p le te  a f t e r  h e a t ­

i n g  2 t o  3 ho u rs  a t  80 t o  1 1 0 ° 0 . ,  and a b o u t  20  t o  25$  com­

p l e t e  a f t e r  30  t o  3 5  h o u r s  a t  1 10  t o  1 2 $°  0 . 5 .8  g .  o f  s o l i d

was s e p a r a t e d  from t h e  p r o d u c t  by f i l t r a t i o n ,  and a n a l y s i s  

showed i t  t o  c o n t a i n  on ly  0 . F ,  w h ic h  i s  e q u i v a l e n t  t o  a  

y i e l d  o f  l e s s  t h a n  5 p e r  c e n t  o f  t h e o r y .  F l u o r i n e  a n a l y s i s  

o f  t h e  f i l t r a t e  a c c o u n te d  f o r  t h e  r e m a in d e r  o f  t h e  u n r e a c t e d  

m o n o f lu o r o p h o s p h a t e .  These r e s u l t s  showed c l e a r l y  t h a t  a  

s t r o n g e r  s u l f o n a t l n g  a g e n t  was n e c e s s a r y  f o r  t h e  r e a c t i o n .

S u l f o n a t i o n  w i t h  C h l o r o s u l f o n l c  Acid  i n  Carbon

T e t r a c h l o r i d e .

C h l o r o s u l f o n l c  a c i d 1 0 0  i s  known t o  be a  s t r o n g  

s u l f o n a t l n g  a g e n t ,  and i t  was i n v e s t i g a t e d  n e x t .  10  g .  o f  

(C5 H5 ) 2p 0 j$F was r e a c t e d  w i t h  4-.2> g. o f  HSO^Cl in  5° S* o f  

CGlj|, ( b . p .  7 6 . 3 °  C . ) .  The b a t h  t e m p e r a t u r e  was h e l d  a t  

9 0 ° C. f o r  2 h o u r s ,  b u t  no s e p a r a t i o n  o f  an i n s o l u b l e  l a y e r
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o c c u r r e d .  When th e  b a t h  t e m p e r a t u r e  was i n c r e a s e d  t o  115 o r  

1 2 0 °  0 . ,  t h e  s o l u t i o n  became c lo u d y ,  and c o n t i n u e d  h e a t i n g  a t  

t h a t  b a t h  t e m p e r a t u r e  f o r  a b o u t  10  h o u r s  gave an o i l y  l a y e r  

w e i g h in g  12 grams.  The s e p a r a t e d  o i l y  l a y e r  was s u b j e c t e d  t o  

vacuum t r e a t m e n t  w i t h  warming, and 10  t o  1 0 .5  g .  re m a in e d .  

A n a l y s i s  o f  t h i s  l i q u i d  gave 4 . 4 $  f ,  0 . 7 3 $  01 ,  and an a c i d i t y  

e q u i v a l e n t  t o  336$ RSO^H, where  R i s  d i p h e n y l  m o n o f lu o ro p h o s ­

p h a t e .  The f l u o r i n e  c o n t e n t  was e q u i v a l e n t  t o  77$ RSOjjF, and 

t h e  c h l o r i n e  c o n t e n t  was e q u i v a l e n t  t o  2.4-$ u n r e a c t e d  HSO-^Cl; 

t h e s e  two v a l u e s  seemed q u i t e  s a t i s f a c t o r y ,  b u t  t h e  h i g h  

a c i d i t y  was q u i t e  d i f f i c u l t  t o  e x p l a i n .  I t  was a p p r o x i m a t e l y  

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

o r  t e t r a - s u l f o n i c  a c i d  was q u i t e  i i a p r o b a b le .  At any r a t e ,  

c h l o r o s u l f o n l c  a c i d  a p p e a r s  t o  have been  s t r o n g  enough to  

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

f o n i c  a c i d  from t h e  v i s c o u s  l i q u i d  p r o d u c t  by c o o l i n g ,  however ,  

were  n o t  s u c c e s s f u l .

The p r e c e d i n g  e x p e r im e n t  was r e p e a t e d ,  b u t  t h i s  

t im e  u s i n g  a  2 :1  m o la r  r a t i o  o f  HSO-^Gl t o  ( CgHc)gPO-jjF i n s t e a d  

o f  a  1 : 1  r a t i o .  A c c o r d i n g l y ,  10 g .  o f  m o n o f lu o ro p h o s p h a te  

was h e a t e d  w i t h  9 . 4  g. o f  HSO^Cl in  20 g.  o f  CCl^ f o r  a  t o t a l  

o f  16 h o u r s ,  u s i n g  a  b a t h  t e m p e r a t u r e  o f  2>0 to  95°  C• A 

v i s c o u s  l i q u i d  l a y e r  o f  a b o u t  16  grams rem a in ed  a f t e r  rem ova l  

o f  t h e  s o l v e n t  l a y e r  by d e c a n t i n g .  The s o l v e n t  l a y e r  (55 t o  

60  g . )  was found  by a n a l y s i s  t o  c o n t a i n  o n ly  0 .4 5 $  a v a i l a b l e  

C l , i n d i c a t i n g  t h a t  l i t t l e  HSO-^Cl c o u ld  have r e m a in e d  in  t h a t
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l a y e r .  The 16  grams o f  O C l ^ - i n s o l u b l e , v i s c o u s  l i q u i d  was 

s u b j e c t e d  t o  vacuum t r e a t m e n t  f o r  9 h o u r s ,  and  l h  grams o f  

e v a p o r a t i o n  r e s i d u e  rem a in e d ,  a n a l y s i s  o f  w h ich  gave th e  

f o l l o w i n g  r e s u l t s :

0 .2 2 3 5  g. : ^ . 0 3  ml. o f  0 .1 2 6  N Th(N0^)ij.,

O.6 2 6 5  g .  : k.k-J  ml.  o f  N/ 1 0  AgMO- .̂

C a l c u l a t e d  f o r  1 : 1  m o la r  m ix tu r e  o f  RSOgCl and HgSOij.:

7 . 9$  C l ,  4 .2 5 $  F.

C a l c u l a t e d  f o r  1 : 1  m o la r  m ix t u r e  o f  RSO^H and HgSOjj.:

0% C l ,  4 .52fo F .

Found:  2 . 5$ C l ,  4 .3 6 $  F.

The r e s u l t s  i n d i c a t e d  a  m ix t u r e  o f  t h e  s u l f o n i c  a c i d  and 

s u l f u r i c  a c i d ,  con ta in ing*  some c h l o r o s u l f o n l c  a c i d  o r  t h e  

s u l f o n y l  c h l o r i d e  o f  t h e  d i p h e n y l  e s t e r .  About h a l f  t h e  

a c i d  m ix t u r e  was n e u t r a l i z e d  a t  0 t o  10°  C. w i t h  10$  KOH, and 

t h e  n e u t r a l  s o l u t i o n  was e v a p o r a t e d .  The 5*9 S* o f  powdered 

e v a p o r a t i o n  r e s i d u e  c o n t a i n e d  2 . 53$  s u g g e s t i n g  a b o u t  e q u a l  

w e i g h t s  o f  t h e  p o t a s s i u m  s u l f o n a t e  and s u l f a t e  were p r e s e n t .  

E x t r a c t i o n  o f  t h e  d r y  s a l t  w i t h  h o t ,  an hy d ro us  a l c o h o l  gave 

a  y i e l d  o f  l e s s  th a n  1 0 $ a l c o h o l - s o l u b l e  s a l t ,  and i t  con­

t a i n e d  o n ly  1 . 6 $  F .

The Use o f  C h l o r o s u l f o n l c  Acid  in  t h e  Absence  o f  a  S o l v e n t .

The e f f e c t  o f  c a r r y i n g  o u t  t h e  r e a c t i o n  o f  d i p h e n y l  

m o n o f lu o r o p h o s p h a te  w i t h  c h l o r o s u l f o n l c  a c i d  in  t h e  a b s e n c e  

o f  a  s o l v e n t  was s t u d i e d  n e x t .  In  t h i s  r e g a r d ,  9*3 S* (0 .0 6  

m o le s )  o f  HSO^Cl was added d ro p w ise  t o  10 g .  ( 0 . 0 4  m oles)  o f
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(C6H5 ) 2P ° 3F. H ea t  and some HC1 v a p o r s  were l i b e r a t e d  d u r i n g  

t h e  a d d i t i o n .  A f t e r  s u b s e q u e n t  h e a t i n g  and vacuum t r e a t m e n t s ,  

17.4- g .  o f  a  v i s c o u s  l i q u i d  r e m a in e d .  A n a l y s i s  o f  t h i s  

r e s i d u a l  l i q u i d  gave 4-.3 6 $  F ,  which  i s  n e a r l y  i d e n t i c a l  w i t h  

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

o b t a i n e d  when a  s o l v e n t  was u s e d  ( s e e  page 6 3 ) .  However, b.1% 

C l  was shown t o  be  p r e s e n t ,  and  a  c o n s i d e r a b l e  p o r t i o n  o f  t h e  

r e a c t i o n  p r o d u c t  was found  t o  be  u n r e a c t e d  d i p h e n y l  mono­

f l u o r o p h o s p h a t e  by means o f  i t s  i n s o l u b i l i t y  i n  d i l u t e  a l k a l i .  

A l l  t h e s e  r e s u l t s  i n d i c a t e d  t h a t  t h e  r e a c t i o n  w i t h  c h i o r o -  

s u l f o n i c  a c i d  gave a  m ix t u r e  o f  t h e  s u l f o n i c  a c i d ,  t h e  

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

d i p h e n y l  m o n o f lu o r o p h o s p h a te ,  and s u l f u r i c  a c i d .

S u l f o n a t i o n  w i t h  Dry S u l f u r  T r l o x i d e  V ap o r* .

S in c e  t h e  p u r i f i c a t i o n  o f  t h e  d e s i r e d  s u l f o n i c  

a c i d  had a p p e a re d  t o  be q u i t e  d i f f i c u l t ,  i t  was f e l t  t h a t  a  

s u l f o n a t i o n  r e a c t i o n  y i e l d i n g  a l e s s  complex m ix t u r e  o f  p r o ­

d u c t s  would be more s a t i s f a c t o r y .  With t h i s  i n  mind, a  

s t u d y  o f  SO^ a l o n e  a s  a  s u l f o n a t l n g  a g e n t  was u n d e r t a k e n .

A s u l f o n a t i o n  a p p a r a t u s  was s e t  up so t h a t  d ry  

a i r  c o u ld  be  p a s s e d  th r o u g h  fuming s u l f u r i c  a c i d  a n d  th e n  

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

The a p p a r a t u s  c o n s i s t e d  o f  t h e  f o l l o w i n g  p a r t s :  (1)  a m ercury

s a f e t y  t r a p ;  (2) a  drying:  to w e r  c o n t a i n i n g  KOH p e l l e t s ;  (3) a  

2 - f o o t  v e r t i c a l  column f i l l e d  w i t h  an i n t i m a t e  m ix t u r e  o f
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PpOp; and  g l a s s  b e a d s ;  (^)  a  gas  w ash ing  b o t t l e ,  c o n t a i n i n g  

20% fuming s u l f u r i c  a c i d ,  submerged in  a  h e a t i n g  b a t h ;  ( 5 ) a  

b y - p a s s  a round  t h e  fuming s u l f u r i c  a c i d  b o t t l e ;  (6) a  g l a s s -  

w oo l  t r a p  t o  remove any d r o p l e t s  o f  s u l f u r i c  a c i d ;  (7)  a  

r e a c t i o n  b u l b ;  and (&) a  wash b o t t l e  c o n t a i n i n g  c o n c e n t r a t e d  

HgSOij. t o  p r e v e n t  any  b a c k - d  I f  f u s i o n  o f  m o i s t u r e .  A l l  

c o n n e c t i o n s  were  made w i t h  s t a n d a r d - t a p e r ,  g r o u n d - g l a s s  j o i n t s .

In t h e  f i r s t  e x p e r im e n t  i n  which  d r y  a i r  c o n t a i n ­

i n g  v a p o r s  o f  SO^ was p a s s e d  t h r o u g h  d i p h e n y l  m on o f lu o ro p h o s ­

p h a t e ,  10 g .  o f  t h e  e s t e r  was u s e d .  A f t e r  a  few h o u r s ,  t h e  

e s t e r  was no l o n g e r  c o m p le t e ly  s o l u b l e  i n  an e x c e s s  o f  d ry  

c a rb o n  t e t r a c h l o r i d e .  A f t e r  JO h o u r s  t h e  r e a c t i o n  p r o d u c t  

was washed  w i t h  001^ and s e p a r a t e d .  I t  was p a r t i a l l y  s o l u b l e  

i n  w a t e r ,  and i t  became n e a r l y  g l a s s y  on c o o l i n g ,  b u t  no 

c r y s t a l s  fo rm ed.  A f t e r  h e a t i n g  f o r  s e v e r a l  h o u r s  a t  JO t o  

SO0 C. u n d e r  a  p r e s s u r e  o f  10 to  15  mm. o f  Hg, t h e  v i s c o u s ,  

amber l i q u i d  c o n t a i n e d  J . j 6% F .

C a l c u l a t e d  f o r  RSO^H; 5 . 72$  F .

C a l c u l a t e d  f o r  R(S0^H)2 ; k . 6% F.

A ga in  an a t t e m p t  t o  o b t a i n  a  c r y s t a l l i n e  s u l f o n i c  acid ,  by 

c o o l i n g  t h i s  l i q u i d  was o f  no a v a i l .  A l l  o f  t h e s e  r e s u l t s  

seemed t o  i n d i c a t e  t h a t  an a p p r e c i a b l e  amount o f  a  d i s u l f o n l c  

a c i d  was be in g  fo rm ed ,  a s  t h a t  c o u ld  a c c o u n t  f o r  t h e  low 

f l u o r i n e  c o n t e n t  and p r o b a b ly  f o r  t h e  l a c k  o f  c r y s t a l l i z a t i o n  

o f  a  m o n o s u l f o n ic  a c i d .

When t h e  r e a c t i o n  was r e p e a t e d ,  a  l i q u i d  p r o d u c t  was
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o b t a i n e d  -which c o n t a i n e d  F, and a g a i n ,  no c r y s t a l l i z a ­

t i o n  o c c u r r e d  upon c o o l i n g .

A b s o r p t i o n  o f  a  Known Weight o f  S u l f u r  T r l o x l d e  V ap or .

The n e x t  e x p e r im e n t  was c a r r i e d  o u t  on a  q u a n t i t a t i v e  

"bas is , ,  u s i n g  an a c c u r a t e l y  weighed  amount o f  d i p h e n y l  mono­

f l u o r o p h o s p h a t e  (9.4*44 g . )  and p a s s i n g  SOj v a p o r s  t h r o u g h  i t  

u n t i l  t h e  i n c r e a s e  i n  w e i g h t  was e q u i v a l e n t  t o  t h e  f o r m a t io n  

o f  a  m o n o S u l fo n lc  a c i d .  However, t h e  v a p o r  p r e s s u r e  o f  t h e  

u n r e a c t e d  e s t e r  was g r e a t  enough t h a t  some was l o s t  on p a s s ­

i n g  so much d r y  a i r  t h r o u g h  i t ,  and so an i n c r e a s e  i n  w e ig h t  

o f  o n ly  2 .9 6 1  g .  was a l lo w e d  i n s t e a d  o f  t h e  c a l c u l a t e d  v a l u e  

o f  3*000 grams.  A n a l y s i s  o f  t h e  r e a c t i o n  p r o d u c t ,  a f t e r  i t  

had  rem a ined  i n  a  vacuum d e s i c c a t o r  f o r  s e v e r a l  d a y s ,  gave 

5 . 1 *  F, a s  compared w i t h  t h e  t h e o r e t i c a l  v a l u e  o f  5*7$ F f o r  

t h e  m o n o su l fo n ic  a c i d .  The s u l f o n a t e d  e s t e r  was a l lo w e d  t o  

s t a n d  i n  a  vacuum d e s i c c a t o r  f o r  s e v e r a l  d a y s ,  and th e n  an 

a t t e m p t  was made t o  d e t e r m i n e  i t s  f r e e z i n g  p o i n t  f o r  com par i ­

son w i t h  t h a t  o f  t h e  u n s u l f o n a t e d  e s t e r  (m .p .  7 t o  10°  C . ) .  

However,  t h e  r e a c t i o n  p r o d u c t  co u ld  n o t  be  s o l i d i f i e d  on 

p r o l o n g e d  c o o l i n g ,  and., a s  a  m a t t e r  o f  f a c t ,  no c r y s t a l s  

w ere  o b t a i n e d  upon s e e d i n g  t h e  v i s c o u s  l i q u i d  w i t h  c r y s t a l s  

o f  p - t o l u e n e s u l f o n i c  a c i d  m on o h y d ra te .  These f a c t s  a g a in  

s u g g e s t e d  t h a t  some d i s u l f o n a t i o n  had o c c u r r e d .

T h is  e x p e r im e n t  was r e p e a t e d  w i t h  6 g .  o f  (0^H^)2 

PO-jF, b u t  s u l f o n a t i o n  was c o n t i n u e d  o n ly  u n t i l  t h e  f l u o r i n e  

c o n t e n t  o f  t h e  p r o d u c t  had d e c r e a s e d  t o  t h e  v a l u e  c a l c u l a t e d
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f o r  m o n o s u l f o n a t l o n .  A f t e r  11 h o u r s ,  d r y  a i r  was p a s s e d  

t h r o u g h  t h e  r e a c t i o n  p r o d u c t  t o  remove f r e e  SO3 , and a n a l y s i s  

gave  5*91% A f t e r  a n o t h e r  h o u r  o f  r e a c t i o n ,  d r y  a i r  was 

p a s s e d  t h r o u g h  t h e  p r o d u c t  f o r  a b o u t  20  h o u r s ,  and a n a l y s i s  

gave 5.15% P, a s  compared w i t h  t h e  c a l c u l a t e d  v a l u e  o f  5 *7 2$  ^  

f o r  t h e  m o n o s u l fo n a te d  e s t e r .  A ga in ,  a l l  a t t e m p t s  t o  o b t a i n  

a  c r y s t a l l i n e  p r o d u c t  by  c o o l i n g  and by s e e d i n g  w i t h  p - t o l u e n e -  

s u l f o n i c  a c i d  were u n s u c c e s s f u l .  T h is  was e x p l a i n e d  when t h e  

r e a c t i o n  p r o d u c t  was found  t o  be  o n ly  p a r t i a l l y  s o l u b l e  in  

w a t e r ;  hence  i t  was p r o b a b l y  a  m ix t u r e  o f  t h e  m o n o s u l f o n ic  

a c i d  w i t h  a b o u t  e a u a l  w e i g h t s  o f  t h e  d i s u l f o n i c  a c i d  and 

u n s u l f o n a t e d  e s t e r .

The P r o b a b i l i t y  o f  S im u l ta n e o u s  Mono- and  D l s u i f o n a t l o n .

When t h e  e x p e r im e n t  was r e p e a t e d ,  i d e n t i c a l  r e s u l t s  

w e re  o b t a i n e d .  T h is  i n d i c a t e d  t h a t  an a p p r e c i a b l e  amount 

o f  d i s u i f o n a t i o n  was o c c u r r i n g  b e f o r e  m o n o s u l f o n a t i o n  was 

c o m p l e t e .  In  f a c t ,  t h e  amount o f  u n s u l f o n a t e d  e s t e r ,  and 

t h u s  t h e  d i s u l f o n i c  a c i d ,  was l a r g e  enough t o  s u g g e s t  t h a t  

t h e  s u l f o n a t i o n  o f  one b en zen e  r i n g  o f  t h e  e s t e r  m o le c u le  

seemed t o  be in d e p e n d e n t  o f  w h e th e r  t h e  o t h e r  ben ze n e  r i n g  

o f  t h e  m o le c u le  a l r e a d y  c o n t a i n e d  a s u l f o n i c  a c i d  g ro u p .  

Assuming t h i s  was t r u e ,  a  d i f f e r e n t i a l  e q u a t i o n  was s e t  up 

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

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

f u n c t i o n  o f  th e  amount o f  SOj r e a c t e d :

(7)  R +• SO3 = RSO3 H
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( g )  RSO3H + SO3  «  R( S0jH) 2

i n  which. R r e p r e s e n t s  t h e  u n s u l f o n a t e d  e s t e r ,  (G^H^JgPO^F.

The e q u a t i o n  ( 9 ) f i t t i n g  t h e  above a s s u m p t io n s  was d e r i v e d  

a s  f o l l o w s ;

L e t :

x * m oles  o f  m o n o s u l f o n ic  a c i d  p r e s e n t  
y = m oles  o f  d i s u l f o n i c  a c i d  p r e s e n t  
E * moles o f  u n s u l f o n a t e d  e s t e r  p r e s e n t  
S * m oles  o f  s u l f u r  t r i o x i d e  r e a c t e d

where

8  »  x  2 y 
E -  1 - x - y

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

dy = k - ~ - p  d s ,  where  k i s  assumed t o  b e  1 , in
a c c o r d a n c e  w i t h  t h e  above c o n s i d e r a ­
t i o n s .

dy = - j z f

-  s - 2y
dS "  1 -y

To c o n v e r t  t h i s  e q u a t i o n  t o  a  homogenous one ,  l e t :

y* = y—1 
S '  » 3 -2

Thus

=  i i  .  iS.Li.SL.- g < ,y ' .♦  i )  .  Si.! - s '  .  f ( S ' ,
As OS 1 -  ( y 1 1 )  y '

S in c e  t h i s  i s  homogenous, l e t :  

y 1 =  v S '

Then

f ( l , v )  =  * v + S 1 ^ r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6 9 .

<161 _ vdv _ _ vdv 
S* = 2 v - l - v 2 ” ~ Tv-1  >'2

- I n  S = - + I n ( v - l )  -  c
- I n  S ’ s  p r g r  + I n  ^ ^ r '- -  0

-t„ta n \   S-2  , I n  y-s»l _ n
- I n ( S-2)  -  ( y - 1 ) -  ( S-2)  + S-2

In ( y -  S + l ) =  4- 0y-
When S =  0 ,  y *  0 

T h e r e f o r e  C = '  2 

and

(9)  I n  (y -S + l )  =  y § i E r  +■ 2

The g r a p h  o f  t h i s  e q u a t i o n  i s  shown in  P i g .  1,

p a g e  7 0 .

A l th ou g h  t h e  s u l f o n a t i o n  o f  one b en ze n e  r i n g  may 

n o t  be  a b s o l u t e l y  i n d e p e n d e n t  o f  t h e  s u l f o n a t i o n  s t a t e  o f  t h e  

o t h e r ,  t h i s  a t  l e a s t  g i v e s  a  good i d e a  o f  t h e  r e s u l t i n g  

c o m p o s i t i o n s ,  and i t  shows t h a t  a low d e g r e e  o f  s u l f o n a t i o n  

w i l l  be  r e q u i r e d  t o  g iv e  a  r e a s o n a b l y  g r e a t  r a t i o  o f  t h e  

mono- to  t h e  d i s u l f o n a t e d  e s t e r .

With t h i s  in  mind, t h e  n e x t  e x p e r im e n t  was a l lo w e d  

t o  p r o c e e d  o n ly  u n t i l  0 . t o  O.b  moles  o f  SOj had r e a c t e d  

p e r  mole o f  d i p h e n y l  m o n o f lu o ro p h o e p h a te  u s e d .  In  t h i s  

e x p e r i m e n t  1 3 .1 9 3  S* o f  m o n o f lu o ro p h o s p h a te  was p l a c e d  i n  

t h e  r e a c t i o n  b u l b ,  and d ry  a i r  c o n t a i n i n g  S0^ v a p o r s  was 

p a s s e d  t h r o u g h  t h e  e s t e r  u n t i l  t h e  i n c r e a s e  i n  w e i g h t  o f  t h e
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F ig u re  1

A g ra p h  showing t h e  c o m p o s i t io n  a s  a  f u n c t i o n  o f  

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

s i m u l t a n e o u s l y - o c c u r r i n g  r e a c t i o n s :

4 * - o  ■ o - f < i >
F  F

0 ° T ° -0  * ̂  - <Z>°t°^5
F  SO 3H WOj S P  S O jr t
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"bulb amounted  t o  1 .6 7 1  g . , w h ich  i s  e q u i v a l e n t  t o  0.4- moles 

o f  SO^ p e r  mole o f  e s t e r .  A n a l y s i s  gave 6.4- t o  6 . 5$  F, 

w h ic h  i s  e q u i v a l e n t  t o  a  v a l u e  o f  0 .5 5  0 .6  moles  o f  SO^

p e r  mole o f  e s t e r  u s e d .  The r e a c t i o n  p r o d u c t  was shaken 

t w i c e  w i t h  an e x c e s s  o f  d ry  GGlj| in  a s e p a r a t o r y  f u n n e l  to  

e x t r a c t  any  u n r e a c t e d  e s t e r ,  and t h e  s e p a r a t e d  CClty .- insoluble  

l a y e r  was s u b j e c t e d  t o  h i g h  vacuum f o r  s e v e r a l  t o u r s  t o  

remove any r e m a in i n g  s o l v e n t  and f r e e  SO3 . A n a l y s i s  o f  t h e  

s u l f o n a t e d  e s t e r  was found  th e n  t o  be ^.6% F, a s  compared 

w i t h  t h e  v a lu e  o f  5 *7 2 $  F c a l c u l a t e d  f o r  t h e  m o n o su l fo n ic  

a c i d  o f  d i p h e n y l  m o n o f lu o r o p h o s p h a t e .  On f r e e z i n g  f o r  s e v e r a l  

h o u r s  w i t h  d ry  i c e ,  a  g l a s s  was formed which  e x h i b i t e d  no 

c r y s t a l l i n e  p r o p e r t i e s  w h a t s o e v e r  u n d e r  t h e  p o l a r i z i n g  m ic ro ­

s c o p e .  The same r e s u l t  was o b t a i n e d  on p r o l o n g e d  c o o l i n g  a t  

- 1 $ °  G. On t r e a t i n g  th e  s u l f o n a t e d  e s t e r  w i t h  w a t e r ,  an 

a p p r e c i a b l e  p r o p o r t i o n  was o b s e r v e d  t o  be i n s o l u b l e ,  which  

means t h a t  t h e  u n s u l f o n a t e d  e s t e r  was n o t  removed c o m p l e t e ly  

by t h e  p r e v i o u s  t r e a t m e n t  w i t h  CCl^ . The w a t e r - s o l u b l e  

p o r t i o n  was n e u t r a l i z e d  w i t h  a  s l u r r y  o f  B a(0 H)2 , t h e  Ba** 

was p r e c i p i t a t e d  a s  BaCO^ by a d d i t i o n  o f  t h e  r e q u i r e d  amount 

o f  NapCO^, and ,  a f t e r  f i l t r a t i o n ,  t h e  s l i g h t l y  a l k a l i n e  

s o l u t i o n  o f  sodium s a l t s  was e v a p o r a t e d  i n  a  p l a t i n u m  d i s h  

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

The r e s u l t i n g  w h i t e  s o l i d  was e a s i l y  powdered ,  and on a n a l y ­

s i s  i t  was fou n d  t o  c o n t a i n  3-^5% F, a s  compared w i t h  t h e  

v a l u e  o f  5*36$ F c a l c u l a t e d  f o r  t h e  sodium s a l t  o f  t h e
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m o n o s u l f o n a t e d  e s t e r .  I t  c o n t a i n e d  t h e  sodium s a l t s  of  

b o t h  t h e  mono-- and d i s u l f o n i c  a c i d s ,  a s  w e l l  a s  a  t r a c e  o f  

sod ium  c a r b o n a t e .

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

1 3 .0 2 2  g .  o f  (CgHp^PO-jF. A n a l y s i s  o f  t h e  s u l f  o n a t e d  e s t e r  

gave  7 .0 2 #  F,  w h ich  i s  e q u i v a l e n t  t o  0 .2 5  moles o f  SO^ p e r  

mole o f  e s t e r  u s e d  i n  t h e  r e a c t i o n .  The r e a c t i o n  was com­

p l e t e l y  s o l u b l e  i n  CCllj., and  so t h e  CCl^ s o l u t i o n  o f  t h e  

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

e s t e r .  The aqueous  e x t r a c t  was n e u t r a l i z e d  w i t h  sodium 

h y d r o x i d e ,  u s i n g  m e th y l  r e d  as  an i n d i c a t o r ,  and t h e  n e u t r a l  

s o l u t i o n  was e v a p o r a t e d  o v e r  HgSOij, i n  a  vacuum d e s i c c a t o r .

The r e s u l t i n g  p in k  s o l i d  was s l i g h t l y  h y g r o s c o p i c .

0 .1 5 0 5  g . : 2 .7 5  ml. o f  0 .1 2 2 5  N Th(N0^)4_.

C a l c u l a t e d  f o r  C ^ ( G ^ S 0 ^ ) ? 0 ^ F  : 5 . 3 6 $  F.

C a l c u l a t e d  f o r  ( C ^ S O j ^ P O - j F  : k. lGfo  F.

Found:  k M %  F.

A ga in  a  m ix tu r e  o f  mono- and  d i s u l f o n i c  a c i d  s a l t s  seems t o  

have  been  p r e s e n t .

The f i n a l  e x p e r im e n t  i n  w h ic h  d r y  a i r  c o n t a i n i n g  

s u l f u r  t r i o x i d e  v a p o r s  was p a s s e d  t h r o u g h  d i p h e n y l  m o n o f lu o ro -  

p h o s p h a t e  as a  means o f  s u l f o n a t i n g  th e  e s t e r ,  was a l l o w e d  

t o  p r o c e e d  f o r  a l o n g  t im e  i n  hopes o f  p r e p a r i n g  a  f a i r l y  

p u r e  d i s u l f o n i c  a c i d .  In t h i s  s u l f o n a t i o n  1 1 .5 5 1  g .  o f  

( 0 6 h5 ) 2po3f  was u s e d .  A f t e r  s e v e r a l  day s  o f  r e a c t i o n ,  t h e  

v e r y  v i s c o u s  l i q u i d  c o n t a i n e d  5 . 3 5 $  F.  A c c o rd in g  t o
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F i g .  1 ,  page 70,  t h e  f l u o r i n e  v a l u e  c o r r e s p o n d s  t o  a  composi­

t i o n  o f  a b o u t  1 9 % u n s u l f o n a t e d  e s t e r ,  ~31$> m o n o s u l f o n ic  a c i d ,  

and d i s u l f o n i c  a c i d ,  on a  m o la r  b a s i s .  T h e r e f o r e ,  a f t e r

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

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

y i e l d  o f  on ly  ^9 m o la r  p e r  c e n t .  At s r y  r a t e  the  v i s c o u s  

l i q u i d  was washed w i t h  d ry  c a rb on  t e t r a c h l o r i d e  t o  remove t h e  

u n s u l f o n a t e d  e s t e r ,  and t h e  s e p a r a t e d  s u l f o n i c  a c i d  m ix tu r e  

was n e u t r a l i z e d  w i t h  a  c o ld  s u s p e n s io n  o f  b a r iu m  h y d r o x i d e .  

A f t e r  t h e  r e q u i r e d  amount o f  sodium c a r b o n a t e  was added and 

t h e  p r e c i p i t a t e d  b a r iu m  c a r b o n a t e  was removed by f i l t r a t i o n ,  

t h e  s a l t  s o l u t i o n  was e v a p o r a t e d  i n  a  vacuum d e s i c c a t o r  as  

u s u a l .  A n a l y s i s  o f  t h e  dry  sodium s a l t  showed o n ly  1.8>0$ F, 

w h e re a s  th e  sodium d i s u l f o n e t e  s h o u ld  c o n t a i n  4-.17# F and t h e  

m o n o s u l f o n a t e  5• l]<f° F . S in c e  t r l -  and t e t r a - s u l f o n a t i o n  a r e  

q u i t b  im p ro b a b le ,  t h e  s a l t  must  have been  c o n ta m i n a t e d  w i t h  a  

c o n s i d e r a b l e  amount o f  NapCOj and HapSOij..

The Use o f  S t a b i l i z e d  L iq u i d  S u l f u r  T r i o x i d e  as  s.

S u l f o n a t i n g  A g e n t .

The n e x t  s e r i e s  o f  i n v e s t i g a t i o n s  r e g a r d i n g  th e

s u l f o n a t i o n  o f  d i p h e n y l  m o n o f lu o ro p h o sp h a te '  i n v o l v e d  t h e  u s e

o f  a  s t a b i l i z e d  s u l f u r  t r i o x i d e ,  which  i s  s o l d  i n  l i q u i d  form
i moy G e n e r a l  Chemical  Company u n d e r  t h e  name of  " S u l f a n  B". 

S o l u t i o n s  o f  t h e  d e s i r e d  s t r e n g t h  were made up by t r a n s f e r r i n g  

a  known w e ig h t  o f  l i q u i d  SO3 t o  t h e  d e s i r e d  amount o f  dry  

CClij. o r  CgHgClji i n  a  g l a s s - s t o p p e r e d  b o t t l e .  A l a r g e  g l a s s  

b u l b  w i t h  a  l o n g  t i p  was found  to  be  q u i t e  s a t i s f a c t o r y  f o r
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s a m p l i n g ,  w e ig h in g ,  and t r a n s f e r r i n g  t h e  s u l f u r  t r i o x i d e .

In  t h e  f i r s t  e x p e r im e n t  i n v o l v i n g  t h e  u s e  o f  

" S u l f a n  B", 22 g .  o f  a  1 s o l u t i o n  o f  SOj i n  GClij. was added

d r o p w i s e  t o  a  c o ld  (10°  C .)  s o l u t i o n  o f  5*^ S* o t  (O^Hc^gPO^F

in  20 t o  3°  ml- o f  001^ w i t h  c o n t i n u o u s  s t i r r i n g .  The

r e s u l t i n g  s o l u t i o n  was a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  room

t e m p e r a t u r e ,  and t h e  n e x t  day  t h e r e  were  d r o p l e t s  o f  a  v e r y  

v i s c o u s  l i q u i d  f l o a t i n g  on t h e  CCli| s o l u t i o n .  Only 1 o r  2 

grams o f  t h e  v i s c o u s  l i q u i d  rem a in e d  a f t e r  two w a sh in g s  w i t h  

d r y  GGlij_, and i t  c o n t a i n e d  o n ly  2 ,5 $  F; h e n c e ,  t h e  e x t e n t  

o f  t h e  r e a c t i o n  a p p e a re d  t o  be  vehy low.

T h is  e x p e r im e n t  was r e p e a t e d  on a  l a r g e r  s c a l e .  

A c c o r d i n g l y ,  1*10 g .  o f  s o l u t i o n  o f  7*^3$ SO^ in  CClij. was 

ad d ed  s lo w ly  to  2*1.3 g .  o f  ( C ^ ^ P O ^ F  in  g .  o f  CCl^ a t  

1 0 °  0 .  w i t h  m e c h a n ic a l  s t i r r i n g .  A f t e r  s t a n d i n g  a t  room 

t e m p e r a t u r e  f o r  two weeks, however ,  no o i l y  l a y e r  had  fo rm ed ,  

and  so  i t  was f e l t  t h a t  p o s s i b l y  too  much s o l v e n t  had  been  

u s e d  t o  a l l o w  a  r e a s o n a b l e  r a t e  o f  r e a c t i o n .

A s o l u t i o n  o f  1 1 . 5 $  o f  30^ in  CGlij. was p r e p a r e d ,  

and  21 g .  of  t h e  s o l u t i o n  was added  a t  room t e m p e r a t u r e  t o

7*5 g- o f  d i p h e n y l  m o n o f lu o r o p h o s p h a te .  No a p p a r e n t  change

o c c u r r e d  upon s t a n d i n g  s e v e r a l  d a y s  a t  room t e m p e r a t u r e .  The 

r e a c t i o n  p r o d u c t  was a l l o w e d  t o  r e f l u x  s lo w ly  f o r  7 h o u r s ,  

b u t  o n l y  a  v e r y  few o i l y  d r o p l e t s  were fo rm ed .

These r e s u l t s  i n d i c a t e d  t h a t  a s t i l l  g r e a t e r  con­

c e n t r a t i o n  o r  e l s e  a  h i g h e r  r e a c t i o n  tempe r a t  t i re  m ig h t  be
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n e c e s s a ry ,  and the  e f f e c t  of  the l a t t e r  was I n v e s t i g a t e d  next.

A s o lu t io n  of 9 .9 7 $  SQj in  CgHgClq ( b . p .  1 ^ 2 -1 4 4 °  C.) 

was made up, and 33 g* o f  t h e  so lu t io n  was added to  1 0 .0  g. 

o f  t h e  e s t e r  a t  room t e m p e r a t u r e .  The r e a c t a n t s  were heated  

a t  t h e  b o i l i n g  p o i n t  of CgHgClij. fo r  s e v e r a l  hours w ithout  

any observed formation of an in so lu b le  l i q u i d  l a y e r .

" S u l f an B 11 was used without  d i l u t i o n  In th e  nex t  

s u l f o n a t io n .  A f t e r  cooling; 9*0 g* o f  the e s t e r  t o  - 1 0 °  C. ,

2 .5  g. of l i q u i d  SO3  was added dropwlse by means of  a  dropping 

f u n n e l .  A co n s id e rab le  amount of hea t  was l i b e r a t e d  dur ing  

th e  r e a c t i o n .  S t i r r i n g  was d isc o n t in u e d  a f t e r  the a d d i t io n  

o f  SO3  was complete,  and the  temperature  of  the  r e a c t io n  

p ro d u c t  was allowed to  r i s e  slowly to 2 5 ° C . , du r ing  which 

t ime the  l i q u i d  g ra d u a l ly  became dark and v isc o u s .  A f te r  

s t a n d in g  a t  room tem pera tu re  f o r  about 4 h o u r s , the  l i q u i d  

was shaken w ith  dry  CCl^, and a small  dark  l a y e r  sep a ra ted  

from the  s o lv e n t .  However i t  would not  c r y s t a l l i z e  on pro­

longed coo l ing ,  and i t  appeared to co n ta in  0. co n s id e rab le  

amount of decomposit ion p ro d u c ts .

One more s u l f o n a t io n  was under taken ,  t h i s  time u s in g  

a 33$ s o lu t io n  of SO3  in  CCl^. A s o lu t io n  of  1 .9  g~ of  SO  ̂ in

t u r e  of  4 to  25° C. w i th  s t i r r i n g .  No g re a t  hea t  of  r e a c t io n  

was n o t i c e d ,  and the  product was s t i l l  a s i n g l e  l i q u i d  l a y e r  

a f t e r  s tan d in g  s e v e r a l  hours .  Addit ion of  excess  GCllp f a i l e d  

t o  cause the  formation of a second l i q u i d  l a y e r ,  and so the

3*2 g. of CCllj. was added to  6  g. of (CgH^JgPO^F a t  a tempera-
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r e a c t i o n  which  had occurred  on u s in g  pure SOj d id  no t  occur 

on u s in g  a  33$ s o lu t i o n  of SÔ  in CClij..

0 .  The R e a c t i o n  o f  E th y l  P o l y p h o s p h a t e s  w i t h  Anhydrous 

Hydrogen F l u o r i d e .

1 .  E t h y l  M e tap h o sp h a te

A com m erc ia l ,  o r  t e c h n i c a l ,  g r a d e  o f  e t h y l  m e taphos­

p h a t e  was u s e d  i n  t h e  i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n ,  which  

was e x p e c t e d  t o  p r o c e e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n :

(10)  CgH^PO-j + HP =  (C g H ^H P C y 1.

A sam ple  o b t a i n e d  from Monsanto Chemica l  Company was u se d  in  

t h e  e a r l y  e x p e r i m e n t s ,  b u t  most o f  t h e  i n v e s t i g a t i o n s  were 

c a r r i e d  o u t  w i t h  a  p r o d u c t  o b t a i n e d  from V i c t o r  Chemica l  

Works. The V i c t o r  m e ta p h o s p h a te  was p ro d u c e d  by t h e  r e a c t i o n  

o f  t r i e t h y l  o r t h o p h o s p h a t e  w i t h  an e q u im o la r  q u a n t i t y  of  

p h o s p h o r i c  a n h y d r i d e . ^

The s o u r d e  o f  a n h y d ro us  hydrogen  f l u o r i d e  f o r  t h e s e  

e x p e r i m e n t s  was a  c y l i n d e r  o b t a i n e d  from Harshaw Chemical  

Company. The c y l i n d e r  was f i t t e d  w i t h  a  s t a i n l e s s - s t e e l  

a d a p t e r  so t h a t  t h e  HP c o u ld  be d i s t i l l e d  c o n v e n i e n t l y  i n t o  

any  d e s i r e d  r e c e i v e r  o r  r e a c t o r .

The f i r s t  r e a c t i o n  o f  e t h y l  m e ta p h o s p h a te  w i t h  HF 

was c a r r i e d  ou t  i n  a  s t a i n l e s s - s t e e l  v e s s e l .  A p p ro x im a te ly  

21 g. o f  anhydrous  hydrogen  f l u o r i d e  was c o n d en se d  r a t h e r  

t e d i o u s l y  i n  a p a r a f f i n - l i n e d  g l a s s  f l a s k  and  t h e n  p o u re d  

q u i c k l y  i n t o  114- g.  of  e t h y l  m e ta p h o s p h a te  in  t h e  s t e e l
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r e a c t i o n  v e s s e l .  A c o n s i d e r a b l e  amount o f  h e a t  was ev o lv e d  

on m ix in g .  The r e a c t i o n  v e s s e l  was s e a l e d  and  th e n  hea.ted 

f o r  20 h o u r s  a t  a b o u t  6 5 0 C. U s in g  a  w a t e r  a s p i r a t o r ,  vacuum 

was a p p l i e d  f o r  a b o u t  3 h o u r s  to  remove e x c e s s  hydrogen  

f l u o r i d e .  65  g. o f  t h e  l i q u i d  was u se d  f o r  d i s t i l l a t i o n  a t  

3 0  mm. o f  m erc u ry .  29 g. o f  d i s t i l l a t e  was c a u g h t  a t  a  tem­

p e r a t u r e  o f  95 t o  117° C . ; a n a l y s i s  showed 1 6 . 9 $  F. The 

r e s i d u e  o f  26 grams c o n t a i n e d  4 .0 3 $  F, and a b o u t  10 g .  was 

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

p o s i t i o n .  The d i s t i l l a t e  was r e d i s t i l l e d  a t  3 mm* o f  m ercu ry  

y i e l d i n g  7*5 g- o f  l i q u i d  b o i l i n g  a t  4-3 t o  2>5° C. and 9 g* 

a t  ^5 t o  1 1 3 ° 0 . ,  a lo n g  w i th  a  n o n - d i s t i l l a b l e  r e s i d u e  of

6 g .  o f  v i s c o u s  l i q u i d .  Hence d e c o m p o s i t i o n  c e r t a i n l y  had

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

A 25 - gram p o r t i o n  o f  t h e  above r e a c t i o n  p r o d u c t  

was n e u t r a l i z e d  w i t h  c a rb  on a t  e -  f  r  e e NaOH s o l u t i o n  a t  a  t em p era ­

t u r e  o f  a b o u t  10°  0 . ,  and t h e  n e u t r a l  s o l u t i o n  was shaken  

.w i th  e t h e r  t o  e x t r a c t  any w a t e r - I n s o l u b l e  i m p u r i t y , such  a s  

d i e t h y l  m o n o f lu o r o p h o s p h a t e . E v a p o r a t i o n  o f  t h e  s e p a r a t e d  

and d r i e d ' e t h e r  l a y e r  gave on ly  1 t o  2 g .  o f  v i s c o u s  l i q u i d  

c o n t a i n i n g  5*^5$ F .  From t h e s e  r e s u l t s  i t  was c a l c u l a t e d  t h a t  

no more th an  5 o r  10$ o f  t h e  r e a c t  ion  p r o d u c t  c o u ld  have been  

d i e t h y l  m o n o f lu o r o p h o s p h a t e .

The above r e a c t i o n  was r e p e a t e d  on a  s m a l l e r  s c a l e .

In  t h i s  e x p e r i m e n t , however ,  t h e  hydrogen  f l u o r i d e  was d i s ­

t i l l e d  d i r e c t l y  f rom t h e  HF c y l i n d e r  i n t o  a  w e l l - c o o l e d  1 0 0 - ml.
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p l a t i n u m  b o t t l e ,  and th e  e t h y l  m e ta p h o s p h a te  was ad d ed  in  

sm s. l l  p o r t i o n s .  In  t h i s  manner ,  3k g- o f  e t h y l  m e ta p h o s p h a te  

was r e a c t e d  w i t h  $ .3  g .  o f  a n h y d ro us  hydrogen  f l u o r i d e  i n  t h e  

p l a t i n u m  b o t t l e .  A f t e r  h e a t i n g  s h o r t l y  a t  50° C. ,  t h e  c o n t e n t s  

o f  t h e  f l a s k  were a n a l y z e d  and found to  c o n t a i n  1 5 . 1 $  F,  a s  

compared w i t h  t h e  d e s i r e d  v a l u e  o f  I k . £ k $  F, w h ich  i s  t h e  

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

a c i d .  A sm a l l  amount o f  t h e  r e a c t i o n  p r o d u c t  was n e u t r a l i z e d  

w i t h  a. s u s p e n s io n  o f  ba r ium  h y d r o x i d e ,  b u t  a  n o n f i l t e r a b l e ,  

m i lk y  s o l u t i o n  c o n t a i n i n g  a  r a t h e r  s l im y  p r e c i p i t a t e  was 

fo rm ed .  A second  l a r g e r  p o r t i o n  (15 g . ) o f  t h e  r e a c t i o n  p r o ­

d u c t  was d i s t i l l e d ,  u s i n g  a  s h o r t ,  p a ck e d  column f o r  f r a c t i o n a ­

t i o n  a t  a  p r e s s u r e  o f  1 t o  2 mm. o f  m e r c u r y .  Only 3 g . was 

d i s t i l l e d  a t  k l  t o  k g . 5° C. s,s t h e  b a t h  t e m p e r a t u r e  c l im b ed  

f ro m  130 t o  210° 0 .  Roughly o n e - f o u r t h  of  t h i s  f r a c t i o n  was 

i n s o l u b l e  i n  w a t e r ,  and i t  was assumed t o / d i e t h y l  m o n o f lu o ro -  

p h o s p h a t e .  A n o th e r  3 g. o f  l i q u i d  was c au g h t  i n  t h e  d ry  i c e  

t r a p  ( 2 0 . 5 $  F ) ,  and  a  r e s i d u e  o f  7 S* r e m a in e d .  The d i s t i l l a ­

t i o n  shows t h a t  d e c o m p o s i t i o n  o c c u r s  to  a  c o n s i d e r a b l e  e x t e n t  

when s u c h  h i g h  t e m p e r a t u r e s  a r e  u s e d .

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

h y d ro g e n  f l u o r i d e ,  3 0 .5  g. o f  t h e  e s t e r  was added in  sm a l l  

p o r t i o n s  t o  6 .0  g . o f  HP i n  a  p l a t i n u m  b o t t l e  w i t h  c o o l i n g ,  

and  a f t e r  s t a n d i n g  2 ho u rs  a t  room t e m p e r a t u r e  w i t h  o c c a s i o n a l  

a g i t a t i o n ,  th e  r e a c t i o n  p r o d u c t  was found  t o  c o n t a i n  I k . 9$ F. 

The p r o d u c t  was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r
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3 d a y s ,  and th e n  d ry  a i r  was bubb led  t h r o u g h  t h e  l i q u i d  f o r  

6 h o u r s ,  a f t e r  w h ich  th e  f l u o r i n e  c o n t e n t  was found  t o  be 

1 4 . 6 5 $  F .  T h is  i s  o n ly  s l i g h t l y  be low  t h e  v a l u e  o f  1 4 .2 4 $  F

JHPO^F. S ta n d in g  o v e r n i g h t  i n  a  s e a l e d  

p l a t i n u m  b o t t l e  seemed t o  c a u se  a. s l i g h t  d e c o m p o s i t i o n ,  a s  

i n d i c a t e d  by t h e  c h a r a c t e r i s t i c  od o r  o f  HF.

About 2 . 5  S* o f  t h e  r e a c t i o n  p r o d u c t  was n e u t r a l i z e d  

w i t h  a  s u s p e n s io n  o f  Ba(0H5g, and most  o f  t h e  p r e c i p i t a t e d  

s o l i d  m a t t e r  was removed from t h e  m i lk y  s o l u t i o n  w i t h  d i f f i c u l t y  

by  f i l t r a t i o n .  A d d i t i o n  o f  t h e  r e q u i r e d  amount o f  NagCOj as  

an aqueous  s o l u t i o n  and s u b s e q u e n t  r em o va l  o f  t h e  p r e c i p i t a t e d  

BaCO-j by f i l t r a t i o n  gave a  c l e a r  f i l t r a t e ,  w h ich  was then  

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

in  a  vacuum d e s i c c a t o r .  The e v a p o r a t i o n  r e s i d u e  was a  s l i g h t l y  

s t i c k y ,  h y g r o s c o p i c  powder c o n t a i n i n g  2 .6 5 $  F ,  w h ich  i s  a bou t  

t w o - t h i r d s  o f  t h e  v a l u e  o f  1 2 .7 $  F c a l c u l a t e d  f o r  t h e  d e s i r e d  

CgH^NaPO^F.

A d e s t r u c t i v e  d i s t i l l a t i o n  was p e r fo rm e d  on 1 2 . 5  g .  

o f  t h e  above r e a c t i o n  p r o d u c t  a t  a t m o s p h e r i c  p r e s s u r e .  The 

f i r s t  fuming o c c u r r e d  a t  a. b a t h  t e m p e r a t u r e  o f  120°  C . ,  and a  

d i s t i l l a t e  o f  2 .1  g . was c a u g h t  a t  a  b a t h  t e m p e r a t u r e  o f  

202 t o  330°  0. A n a ly se s  o f  t h e  f r a c t i o n s  o f  t h i s  d i s t i l l a t e  

r a n g e d  from 1 7 -5  t o  23.4-$ F. The r e s i d u e  o f  10 g.  c o n t a i n e d  

1 0 . 4 $  F. These r e s u l t s  showed l i t t l e  e x c e p t  t h a t  t h e  a c i d -  

e s t e r  d oes  n o t  decompose s im p ly  t o  form t h e  n e u t r a l  mono- 

f l u o r o p h o s p h a t e  and t h e  d i b a s i c  a c i d  a s  o r i g i n a l l y  e x p e c t e d .

c a l c u l a t e d  f o r  (CgHc
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The Grea t  S o l u b i l i t y  o f  S a l t s  o f  E t h y l  M o n o f luo rop h os-

p h o r l c  A c id ,  and  t h e  P r e p a r a t i o n  o f  I n s o l u b l e  S a l t s  o f

Some o f  t h e  I m p u r i t i e s .

An a t t e m p t  was made t o  p r e p a r e  some i n s o l u b l e  s a l t s

o f  t h e  acici e s t e r ,  u s i n g  t h e  above r e a c t i o n  p r o d u c t .  An

e q u im o l a r  m ix t u r e  o f  p y r i d i n e  w i t h  t h e  r e a c t i o n  p r o d u c t ,

c a l c u l a t e d  a s  ( CgHP)HPO-^F, was a  homogeneous l i q u i d  which

a f f o r d e d  no c r y s t a l s  o f  a  p y r i d i n i u m  s a l t  a t  a l l .  When d r y ,

g a s e o u s  ammonia was b u b b l e d  t h r o u g h  a  p y r i d i n e  s o l u t i o n  o f  t h e

r e a c t i o n  p r o d u c t ,  a  c r y s t a l  s lu d g e  s e p a r a t e d  o u t .  A n a l y s i s  o f

t h e  c r y s t a l s  gave t h e  f o l l o w i n g  r e s u l t s :

0 . 0 / 3 6  g. : 4 .4 7  ml. o f  0 .1 2 3 5  N ThCNOj)^.

0 .1 4 1 4  g. : 4 . 0 5  ml. o f  0 . 4 3 4  N HC1.

C a l c u l a t e d  f o r  (C2Hr)N% P0 3 F : 1 3 . 1$  F; 9 . 6 5$  N.

C a l c u l a t e d  f o r  (NHi^gPO^F : 1 4 . 2 $  F; 2 0 .9 $  N.

Found:  1 3 -9 $  F; 1 9 . 4 $  N.

Hence t h e  o n ly  c r y s t a l l i z e d  ammonium s a l t  was dlammonium mono-

f l u o r o p h o s o h a t e .  When t h e  e x p e r im e n t  was r e p e a t e d  a s  a  means

o f  d e t e r m i n i n g  t h e  amount o f  H PO F p r e s e n t ,  7 .2 7  g. o f  t h e
2  3

r e a c t i o n  p r o d u c t  gave 1 . 3  g. o f  t h e  ammonium s a l t ,  wh ich  i s  

e q u i v a l e n t  t o  a b o u t  IS  o r  1 9 $ HgPO^F p r e s e n t  as  an i m p u r i t y .

I d e n t i c a l  r e s u l t s  were  o b t a i n e d  when t h e  diammonium s a l t  was

p r e c i p i t a t e d  by n e u t r a l i z i n g  t h e  r e a c t i o n  p r o d u c t  d i r e c t l y  

w i t h  c o n c e n t r a t e d  ammonium h y d r o x i d e .

A t te m p ts  t o  p r e p a r e  b r u c i n e  and s t r y c h n i n e  s a l t s  

g a v e  o n ly  f l u o r i n e - f r e e  s a l t s  assumed t o  be t h o s e  o f  m onoethy l
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o r t h o  p h o s p h o r i c  acid . .

A t te m p ts  t o  p r e p a r e  t h e  s i l v e r  and l e a d  s a l t s  gave 

o n l y  s m a l l  amount o f  m i x t u r e s  o f  s a l t s  o f  HgPO^F, and

( O g B g j H g P O * .

When 0 .95  S* of  the crude ac id  e s t e r  was n e u t r a l i z e d  

w i th  KOH and an excess of  co n cen tra ted  n i t r o n  a c e t a t e  s o lu t io n  

was added, 0 .6  g. of  pink s a l t  was ob ta in ed .  I t  con ta ined  

7 - 9 $  F ,  whereas the  n i t r o n  s a l t  of HPOgFg co n ta in s  9*2$ F and 

t h a t  of (C2H5 )HP0 3 F should con ta in  4 .3$  F .  P r o b a b l y  the  

p r e c i p i t a t e d  n i t r o n  s a l t  was a mixture of th e s e  two.

A ttem pts  t o  P u r i f y  t h e  E t h y l  M o n o f lu o r o p h o s p h o r i c  Acid  

by D i s t i l l a t i o n .

In  t h e  n e x t  r e a c t i o n  o f  hydrogen  f l u o r i d e  w i t h  t h e  

m e ta p h o s p h a t e ,  7*^5 S* o f  HF was r e a c t e d  w i t h  4-0.9 S* o f  th e  

e s t e r ,  and t h e  p r o d u c t  was found to  c o n t a i n  o n l y  1 2 ,3 3 $  F, 

w h ic h  i s  e q u i v a l e n t  t o  an 33$ s p l i t t i n g  o f  t h e  m e ta p h o s p h a te  

w i t h  HF. When 4-0 g .  o f  t h e  r e s u l t i n g  l i q u i d  was t a k e n  f o r  

d i s t i l l a t i o n  ( F i g .  2 , page  32), 2 . 5  g- o f  v o l a t i l e  m a t e r i a l  

was t r a p p e d ,  by  means o f  d ry  i c e ,  a t  a  b a t h  t e m p e r a t u r e  o f  

up t o  5 3 ° C. and a  p r e s s u r e  o f  0 .0 3  mm. o f  m ercury  a s  d r y  

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

t i l l i n g  f l a s k .  The t r a p p e d  l i q u i d  c o n t a i n e d  23*5$ F .  

D i s t i l l a t i o n  o f  t h e  r e m a in in g  37* 5 S* in  a  s h o r t - p a t h  s t i l l  

( F i g .  3 ,  page  33) gave 20 g. o f  d i s t i l l a t e  c o n t a i n i n g  1 5 .3 $  F 

and  13  t o  14- g.  o f  r e s i d u e  c o n t a i n i n g  3*5$ F. R e d i s t i l l a t i o n  

o f  1 9  g .  o f  th e  d i s t i l l a t e  gave a b o u t  1 5 * 5  &’• o f  l i q u i d  b e lo w

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F ig u re  2

A s m a l l  s t i l l  

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

a  j a c k e t  t e m p e r a t u r e  of  82° C. a t  a  p r e s s u r e  o f  0 . 1  mm. o f  

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

r e s u l t s :

0 .0 6 5 7  g. : 3 . 9 5  to  4 .0 0  m l. o f  0 .1 2 2  N Th(NO^)

0 .2 0 5 3  g . : 1 4 .7 7  m l. o f 0 .1 0 2  N NaOH.

C a lc u la te d  f o r  (CgH^jHPO^F : 1 4 .2 4 $  F ; M.W. 1 2 2 .0 5 .

Found:  l 4 . 7  t o  1 4 . 9 $  F; M.W. 1 3 5 - 6 .

The barium  s a l t  o f  t h is  a c id  was p re p a red  by  

n e u t r a l i z in g  i t  w ith  an aqueous suspension o f  EaCOHjg'SHpO, 

f i l t e r i n g ,  and e v a p o ra tin g  th e  f i l t r a t e  o v e r c o n c e n tra te d  

HgS0|j_ in  s. vaouum d e s ic c a to r .  A f t e r  d ry in g  f i n a l l y  o ver  

p h o s p h o ric  a n h y d r id e , a n a l y s i s  o f th e  barium  s a l t  gave 8 . 25 $  !F ,

w hereas BatCpHpPO^F)p shou ld  c o n ta in  9 -7 $  F .
W e~

A n o th e r  r e a c t i o n  o f  HF w i t h  e t h y l  m e ta p h o s p h a te  was 

u n d e r t a k e n  i n  w h ich  c a r e  was t a k e n  to  have a  s l i g h t  e x c e s s  

o f  HF i n  t h e  r e a c t i o n  p r o d u c t .  When 75 S’- o f  t h e  r e s u l t i n g  

l i q u i d  was s u b j e c t e d  t o  c o n v e n t i o n a l  vacuum d i s t i l l a t i o n  

t r e a t m e n t ,  t h e r e  was found to  be l e s s  t h a n  2 g. o f  v o l a t i l e  

m a t e r i a l  be low 60°  C. A d i s t i l l a t e  o f  22 g .  ( 1 6 . 5$  F) was 

c a u g h t ,  a l o n g  w i t h  15  g. o f  t r a p p e d  v a p o r s ,  a t  a  b a t h  tem p era ­

t u r e  o f  SO t o  105°  C. and a  p r e s s u r e  o f  Q.07 mm. o f  Hg ov e r  a

p e r i o d  o f  3 h o u r s .  R e d . i s t i l l a . t i o n  gave 1 6 .5  g .  o f  l i q u i d  

c o n t a i n i n g  15*7 t o  1 6 .1 $  F a,nd a  m o le c u l a r  w e ig h t  o f  132.  

I n d i c a t i o n s  were t h a t  th e  h i g h  t e m p e r a t u r e s  r e q u i r e d  in  t h e  

c o n v e n t i o n a l  t y p e  o f  d i s t i l l a t i o n  ( F i g .  2 ) c a u se d  some de­

c o m p o s i t i o n .  However, t h i s  d i s t i l l a t e  was u se d  i n  p r e p a r i n g
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ammonium, sodium, and p o tass ium  s a lts  o f  th e  a c id  a s t e r  by  

n e u t r a l i z a t io n  w i th  aqueous s o lu t io n s  o f th e  c o rres p o n d in g  

bases and e v a p o ra t in g  o v e r HgSOij. in  a vacuum d e s ic c a to r .  The 

e x p e r im e n ta l r e s u lts  o f th e  f lu o r in e  a n a ly s e s , a lo n g  w ith  th e  

c a lc u la te d  v a lu e s  in  p a re n th e s e s , a re  as fo l lo w s :

NHj^OgH^PO^F, 1 3 - 2 $  F ( 1 3 . 1 ) ;  NaCgH^PO^F, 1 3 . 3 $  F (12 .  J ) ; and 

KCgH^PO^F, l l . S f o  F ( 1 1 . ^ ) .

The n e x t r e a c t io n  o f  e th y l  m etaphosphate w ith  

hydrogen  f lu o r id e  was u n d e rta k e n  w ith  th e  id e a  o f  d i s t i l l i n g  

th e  r e a c t io n  p ro d u c t in  a s h o r t -p a th  s t i l l  a t  a p re s s u re  low- 

enough to  a v o id  a p p re c ia b le  d ecom position  d u r in g  th e  d i s t i l l a ­

t i o n .  A c c o rd in g ly , f b  g . o f  a crude e th y l  m o n o flu o ro p h o sp h o ric  

a c id  c o n ta in in g  1 5 . 6 $  F was s u b je c te d  to  a p re s s u re  o f  0 .0 5  mm. 

in  th e  s h o r t -p a th  s t i l l .  P r a c t i c a l l y  no l i q u i d  appeared  in  

th e  d r y - ic e  t r a p  u n t i l  th e  ja c k e t  te m p e ra tu re  o f  th e  d i s t i l l i n g  

f la s k  had c lim bed  to  about 9 0 °  C . ,  hence showing th a t  no 

a p p r e c ia b le  amount o f  HPOgFg, (CPH ^)gP0^F ,  CgH^POgFg, o r  

CgH^OH was p re s e n t in  th e  o r ig in a l  p ro d u c t from  th e  r e a c t io n  

o f HF w ith  th e  m etaphosphate . As th e  ja c k e t  te m p e ra tu re  was 

in c re a s e d  from  90  to  1 2 0 ° C . , how ever, 10 to  1 5  g . o f  l i q u i d  

a p p eared  in  th e  d r y - ic e  t r a p  as 1 to  2 g . o f  l i q u i d  was 

d i s t i l l i n g .

The Use o f a M ercu ry  D if fu s io n  Pump in  an A ttem p t to

O b ta in  Minimum D ecom position  d u r in g  S h o r t-p a th  D i s t i l l a t i o n .

O nly an o i l  pump had been used to  produce th e  vacuum 

in  p re v io u s  e x p e rim e n ts , b u t from  th e  above r e s u l t s ,  a m ercury
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d i f f u s i o n  pump a p p e a r e d  t o  be  n e c e s s a r y  i n  o r d e r  t o  a v o id  

d e c o m p o s i t i o n .  In  t h e  n e x t  e x p e r im e n t ,  s h o r t - p a t h  d i s t i l l a t i o n  

was u n d e r t a k e n  w i t h  such  a  pump in  t h e  sy s te m ,  and *1-9 g .  o f  a  

r e a c t i o n  p r o d u c t  gave 1 7 .2  g. o f  l i q u i d  ( l 6 . 0 $  F) a t  60  t o  

90°  C. and a p r e s s u r e  o f  l e s s  th a n  one m ic ro n .  H e a t i n g  a t  

90 t o  120° C. gave an a d d i t i o n a l  d i s t i l l a t e  o f  9*5 S* ( 1 2 .4 $  F ) . 

The r e s i d u e  o f  1 2 . g .  o f  v i s c o u s  l i q u i d  c o n t a i n e d  5*2$ F and 

had a  m o l e c u l a r  w e ig h t  ( n e u t r a l i z a t i o n  e q u i v a l e n t )  o f  a bou t  

1 0 0  w i t h  a bou t  an e q u im o la r  d i s t r i b u t i o n  o f  mono- and d i b a s i c  

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

i n  th e  same m anner ,  and t h e  combined f r a c t i o n s  were r e d i s ­

t i l l e d ,  g i v i n g  32 g. o f  l i q u i d  ( 1 6 .9  t o  1 6 . 0 $  F) a t  a  j a c k e t  

t e m p e r a t u r e  o f  53 t o  74-° C. i n  t h e  s h o r t - p a t h  s t i l l  a t  a  

p r e s s u r e  of  l e s s  t h a n  one m ic ro n .  A secon d  r e d i s t i l l a t i o n  

gave 3 . 5  g . ( 1 9 .7 $  F) a t  35  t o  4-0° 0 . ,  12 g .  ( 1 6 . 1 $  F) a t

4-0 t o  50° C . , and 9 g. ( 1 4 . 4 $  F, M.W. 137) a l s o  a t  40 t o  50° 0. 

T h e -m id d le  f r a c t i o n  was r e d i s t i l l e d ,  and 0 g.  o f  d i s t i l l a t e  

c o n t a i n i n g  1 4 . 9 $  F was o b t a i n e d  a t  a  j a c k e t  t e m p e r a t u r e  be low  

3 7 °  C* i n  t h e  s h o r t - p a t h  s t i l l .  T h is  f r a c t i o n  was n e u t r a l i z e d  

w i t h  aqueous  KOH, and a f t e r  e v a p o r a t i o n  o v e r  H^SO^ and d r y i n g  

o v e r  PgOtj, a n a l y s i s  o f  t h e  r e s u l t i n g  p o t a s s i u m  s a l t  gave th e  

f o l l o w i n g  r e s u l t s :

0 .1 1 1 0  g. : 5 .2 2  ml. o f  0 .12 9 0  N Th(H0j)ij..

C a l c u l a t e d  f o r  KCpH^PO^F ; 1 1 .4 2 $  F.

Found: 1 1 .5 $  F.

T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no w a t e r  o f  c r y s t a l l i z a t i o n  in  

t h e  p o t a s s i u m  s a l t .
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2.  D i e t h y l  P l a c i d  P y r o p h o s p h a t e .

The d i e t h y l  d i a c i d  p y r o p h o s p h a t e  u s e d  i n  t h e  i n ­

v e s t i g a t i o n  o f  t h i s  r e a c t i o n  was a  com m erc ia l  p r o d u c t  o b t a i n e d  

f rom  V i c t o r  Chemical  Works. They had p r o d u c e d  i t  a c c o r d i n g  

t o  t h e  f o l l o w i n g  r e a c t i o n :
Pit

(11)  PoO* + 2CpHpOH =  (C2Hr) 2H2P207 .£- C. ^  y  I

The d e t e r m i n a t i o n  o f  t h e  n e u t r a l i z a t i o n  e q u i v a l e n t ,  or  hence  

t h e  e q u i v a l e n t  w e ig h t  as an a c i d ,  o f  t h i s  v i s c o u s ,  amber l i q u i d  

gave  t h e  f o l l o w i n g  R e s u l t s :

0.2204- g .  : 4-.4-0 ml. o f  0.4-24- N NaOH.

C a l c u l a t e d  f o r  (CgH^)2H2P20y : E.W. 117.

Found:  E.W. 120.

In t h e  f i r s t  r e a c t i o n  o f  t h i s  p y r o p h o s p h a t e  w i t h  

a n h y d ro u s  hydrogen  f l u o r i d e ,  113-3  S- o f  t h e  e s t e r  was added 

i n  s m a l l  p o r t i o n s  t o  1 1 .3  S- o f  HF i n  a  p l a t i n u m  b o t t l e .  

A n a l y s i s  showed t h e  r e s u l t i n g  l i q u i d  t o  c o n t a i n  2 .2 5 $  F, while 

a  s t o i c h i o m e t r i c  v a l u e  o f  J . 4 2 $  F was c a l c u l a t e d  f o r  th e  

f o l l o w i n g  r e a c t i o n  e q u a t i o n :

(12)  (C2H5 ) 2H2P2°7  + HF = (CgH^HgPOij. +  (CpH^HPO^F

Dry a i r  wa.s b u b b l e d  t h r o u g h  t h e  l i q u i d  f o r  2 o r  10 h o u r s ,  b u t ,  

a s  a  r e s u l t ,  t h e  f l u o r i n e  c o n t e n t  d r o p p e d  o n l y  t o  2 .2 0 $  F .

When 1 .2 7  g. o f  t h i s  r e a c t i o n  p r o d u c t  was n e u t r a l i z e d  and

t h e n  t r e a t e d  w i t h  e x c e s s  n i t r o n  a c e t a t e  s o l u t i o n ,  0 . 2  g. of  

s a l t  p r e c i p i t a t e d .  T h is  i s  e q u i v a l e n t  t o  2 . 0% HP02F2 as  

an i m p u r i t y .  When 1 . 2  g.  o f  t h e  same r e a c t i o n  p r o d u c t  was 

n e u t r a l i z e d  and s o l i d  s i l v e r  n i t r a t e  was a d d e d ,  some y e l l o w '
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s i l v e r  o r t h o p h o s p h a t e  p r e c i p i t a t e d  a l o n g  w i t h  a  c o n s i d e r a b l e  

amount o f  t h e  e x p e c t e d  Ag2 (C2H^)P0 ^F.

A p p ro x im a te ly  60 g. o f  t h e  above p r o d u c t  from t h e  

r e a c t i o n  o f  HF w i t h  t h e  p y r o p h o s p h a t e  was u s e d  in  an a t t e m p t e d  

d i s t i l l a t i o n  a t  a  p r e s s u r e  o f  2 mm. of  m ercu ry  i n  a  c o n v e n t i o n a l  

t y p e  s t i l l .  A b a t h  t e m p e r a t u r e  o f  l e s s  t h a n  l6o° C. d i d  n o t  

c a u s e  t h e  a p p e a ra n c e  o f  any l i q u i d  in  t h e  d r y - i c e  t r a p ,  t h u s  

show ing  t h a t  no I m p u r i t i e s  a s  v o l a t i l e  a s  d i e t h y l  m o n o f lu o ro -  

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

am o u n ts .  The d i s t i l l a t i o n  o f  e t h y l  m o n o f lu o r o p h o s p h o r ic  a c i d ,  

h o w ev er ,  was a c c o m p l i s h e d  o n ly  w i t h  g r e a t  d i f f i c u l t y  and w i t h  

n o t i c e a b l e  d e c o m p o s i t i o n .

S h o r t - p a t h  d i s t i l l a t i o n  -was more s a t i s f a c t o r y ,

h o w e v e r ,  1 1 .8  g .  o f  t h e  same r e a c t i o n  p r o d u c t  gave 4- g. o f

w a t e r - w h i t e  d i s t i l l a t e  (12.34-$ F, M.W. 132) a t  a  j a c k e t
o

t e m p e r a t u r e  o f  1 0 5  t o  112 C. and  a  p r e s s u r e  of* 0 . 0 1  t o  0 .1 0  

mm. o f  m ercu ry .  An a d d i t i o n a l  1 . 5  g. o f  l i q u i d  ( 1 0 . 6 $  F,

M.W. 120-124-.5 ) d i s t i l l e d  a t  110 t o  137° C . ,  and 5 g .  of 

v i s c o u s ,  amber l i q u i d  (1 . 5$ F) rem a in e d  as  a r e s i d u e .

A secon d  r e a c t i o n  o f  d i e t h y l  d i a c i d  p y r o p h o s p h a te  

w i t h  hydrogen  f l u o r i d e  was c a r r i e d  o u t  so  t h a t  t h e  s h o r t - p a t h  

d i s t i l l a t i o n  c o u l d  b e  r e p e a t e d .  In t h i s  e x p e r im e n t  113 g .  o f  

t h e  p y r o p h o s p h a te  was r e a c t e d  i n  th e  u s u a l  manner w i t h  1 1 .0  g .  

o f  a nhydrous  hydrogen  f l u o r i d e ,  and a n a l y s i s  t h e n  showed t h e  

l i q u i d  p r o d u c t  t o  c o n t a i n  0 . 2 $  F, which  r e p r e s e n t s  a b o u t  10$ 

e x c e s s  f l u o r i d e .  L es s  t h a n  2 g. o f  v o l a t i l e  m a t t e r  c o u ld  be
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removed from 1 2 0  g. of the r e a c t io n  p roduc t ,  i n d i c a t in g  l i t t l e  

contam inat ion  w i th  (GgHc)2 PO3 F, HPO2 F2 , o r  u n reac ted  HF. A 

mercury d i f f u s io n  pump was used to produce a p re s s u re  of l e s s  

than  0 . 0 0 1  mm. of  mercury in  the  s h o r t - p a t h  s t i l l  used  in 

d i s t i l l a t i o n  of 6 3  g. of the  above l i q u i d .  At a ja c k e t  tem­

p e r a t u r e  of 30 to  100° C. ,  10 g. of  l i q u i d  (1 5 . 0 $  F) was 

d i s t i l l e d .  1 0 . 5 g. ( 1 3 . 1 $  F) d i s t i l l e d  a t  100 to  120° G . , and 

a n o th e r  1 0 . 5 g. (10.33$ F) was ob ta ined  a t  1 2 0  to  1 35 °  C. The 

r e s id u e  of  2 3 . 5  g. con ta ined  only 0 .94$ F, and the 3*5  g* of 

l i q u i d  which appeared in the  t r a p  dur ing  d i s t i l l a t i o n  was 

no t  ana lyzed.  The dec reas ing  f l u o r i n e  co n ten ts  were the 

r e s u l t  of i n c re a s in g  amounts of  monoethsGL phosphoric  ac id  in 

th e  d i s t i l l a t e s .  From th e  r e s u l t s  of t h i s  d i s t i l l a t i o n ,  about 

43 to  4-6$ of the  r e a c t io n  product  was accounted  f o r  as e th y l  

monofluorophosphoric ac id ,  and t h i s  i s  eq u iv a le n t  to  a y ie ld  

of  35 to  9 1 $ of th eo ry ,  which i s  q u i t e  s a t i s f a c t o r y  f o r  a 

r e a c t i o n  invo lv ing  a commercial grade of the  pyrophosphate .  

R e d i s t i l l a t i o n  of  th e  f i r s t  two f r a c t i o n s  gave a f r a c t i o n  of

2 .5  g~ a t  2p to  4-0° C. w i th  a r e f r a c t i v e  index (nj“°* 5) of 

1 .3632 ,  and ano ther  f r a c t i o n  a t  4-0 to  5 2 ° C. g iv ing  the 

fo l lo w in g  a n a l y t i c a l  r e s u l t s :

O.O7 6 I  g. : 4.64- ml. o f  0 . 1 2 9  N Th(NO^)^.

0 .2 1 0 6  g. : 1 4 .1 7  ml* o f  0 .1 1 5 3  N NaOH

C alcu la ted  f o r  (CgH^HPO-^F : 14.34$ F; M.W. 1 2 3 .0 5 .

Found: 14 .9$  F; M.W. 123-129;

n ^0 *2 1 . 3 6 5 0 .
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P o t a s s i u m  E t h y l  M o n o f lu o r o p h o s p h a t e .

The l a t t e r  f r a c t i o n  (ho t o  52° c . )  was n e u t r a l i z e d  

w i t h  c o n c e n t r a t e d ,  aqueous  3£0H, and t h e  s a l t  s o l u t i o n  was 

e v a p o r s . t e d  t o  d r y n e s s  o v e r  H^SO^ in  a  vacuum d e s i c c a t o r .  The 

d r y  s a l t  was d i s s o l v e d  i n  t h e  minimum ©.mount o f  a b s o l u t e  

e t h y l  a l c o h o l ,  t h e  s o l u t i o n  was f i l t e r e d  t o  remove any  u n d i s ­

s o l v e d  KF, d ry  e t h e r  wad ad ded  t o  t h e  f i l t r a t e ,  and t h e  

p r e c i p i t a t e d  p o t a s s i u m  s a l t  was d r i e d  o v e r  PgO^. A n a l y s i s  

o f  t h e  s a l t  gave t h e  f o l l o w i n g  r e s u l t s :

o . ioh-2 g.

0 .2 0 0 2  g. 

0 . 2002> g.

5 . oh ml. o f  0 .1 2 9  H ThCHO,)^.

0 .1 3 3 6  g .  Of Mgr

0 .1 3 3 2  g. o f  Mg2P2o7 .

C a l c u l a t e d  f o r  K C ^ P O j F  : 1 1 . hh^ F; l g . 65#  P.

Found:  1 1 .6 $  F; 1 6 . 6 0 ,  1 6 .5 5 $  P.

The s a l t  was found t o  s i n t e r  a t  71 t o  73°  2 . ,  hence  

a p p a r e n t l y  u n d e r g o i n g  a  t r a n s i t i o n  be low  i t s  m e l t i n g  p o i n t .  

The r e s u l t i n g  m o d i f i c a t i o n  m e l t e d  a t  166 t o  1 6 7 . 5 °  2 .  When 

O.9 1 6 6  g .  o f  t h e  s a l t  was h e a t e d  a t  1 70  t o  2 0 0 °  C. in  a  

c l o s e d  p l a t i n u m  c r u c i b l e ,  no l o s s  o f  w e ig h t  w h a t s o e v e r  was 

d e t e c t e d  a f t e r  c o o l i n g .  A c o n c e n t r a t e d  aqueou s  s o l u t i o n  

o f  a  p o r t i o n  of t h e  r e s u l t i n g  m e l t  gave no p r e c i p i t a t e  on 

a d d in g  a  l a r g e  c r y s t a l  o f  AgNCbj, showing t h a t  d e c o m p o s i t i o n  

t o  s a l t s  o f  B^PO-jF, (OgHppHgPOlj., e t c .  d i d  n o t  o c c u r .  Ho 

p o l a r i z i n g  m ic ro sc o p e  f i t t e d  w i t h  a  h e a t i n g  s t a g e  was a v a i l ­

a b l e  f o r  v i e w in g  t h e  t r a n s i t i o n ,  and so an a t t e m p t  was made
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t o  o b s e r v e  a  d i f f e r e n c e  i n  c r y s t a l  s t r u c t u r e  a f t e r  c h i l l i n g  a  

m e l t  o f  t h e  s a l t .  However t h e  o r i g i n a l  p o t a s s i u m  s a l t  and 

t h e  c h i l l e d  m e l t  b o t h  a p p e a r e d  u n d e r  t h e  p o l a r i z i n g  m ic ro sc o p e  

a s  i s o t r o p i c  c r y s t a l s  w i t h  no w e l l - d e f i n e d  c r y s t a l  p a t t e r n  and 

no d i s p l a y  o f  c o l o r s .  Hence t h e  a l l o t r o p i c  t r a n s i t i o n ,  i f  

t h a t  i s  what a c t u a l l y  o c c u r r e d ,  was n o t  a b l e  t o  be  o b s e r v e d  

s a t i s f a c t o r i l y .

A h y d r o l y s i s  s t u d y  o f  p o t a s s i u m  e t h y l  m o n o f lu o ro -

p h o s p h a t e  was c a r r i e d  out  w i t h  0.35&^ S* "the p r e c i p i t a t e d

s a l t .  An aqueous s o l u t i o n  o f  t h e  s a l t  was a l l o w e d  t o  r e f l u x

w h i l e  s t a n d a r d  N/10 sodium h y d r o x id e  was added  from t im e  t o

t im e  t o  keep  t h e  s o l u t i o n  s l i g h t l y  a l k a l i n e  t o  p h e n o l p h t h a l e i n .

A f t e r  10 hours  a t  100°  C. ,  h y d r o l y s i s  o f  t h e  P -P  bond was 
he

c a l c u l a t e d  t o / a p p r o x i m a t e l y  7$ c o m p le te ;  d u r i n g  t h e  f o l l o w i n g  

$ h o u r s  t h e  a v e r a g e  h y d r o l y s i s  r a t e  was 0.0£>$ p e r  h o u r .

T h is  h y d r o l y s i s  s t u d y  was r e p e a t e d ,  u s i n g  a p o t a s ­

s ium  s a l t  ( 1 1 .5 $  F) p r e p a r e d  in  e x p e r im e n t s  in  w h ich  e t h y l  

m e ta p h o s p h a te  had  b e en  u se d  a s  a  s t a r t i n g  m a t e r i a l .  H ydro ly ­

s i s  was o n ly  2 . 6 $  c o m p le te  a f t e r  3$ h o u r s  a t  100° C. i n  t h i s  

c a s e ,  and. t h e  r a t e  was a p p r o x i m a t e l y  0 .0 2 $  p e r  h o u r  a f t e r  t h e  

f i r s t  16 h o u r s .

A sample  o f  t h e  p o t a s s i u m  s a l t  m e n t io n e d  in  th e  

p r e c e d i n g  p a r a g r a p h  was d i s s o l v e d  i n  N/10 HCl and a l l o w e d  t o  

s t a n d  f o r  two d a y s  a t  room t e m p e r a t u r e .  T i t r a t i o n  o f  t h e  

r e s u l t i n g  s o l u t i o n  w i t h  s t a n d a r d  sodium h y d r o x i d e  s o l u t i o n  

showed t h a t  t h e  i n c r e a s e  i n  a c i d i t y  on s t a n d i n g  was e q u i v a l e n t
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t o  1 1 . 6 $  h y d r o l y s i s .  The r a t e  o f  h y d r o l y s i s  o f  KCgH^PO-^F in  

t h e  a c i d  s o l u t i o n  was t h e r e f o r e  l e s s  t h a n  0 . 2 5 $  p e r  h o u r .

A n a l y t i c a l  D a ta  f o r  P u re  E t h y l  M o n o f lu o ro p h o sp h o r ic  A c i d .

In o r d e r  t o  o h t a i n  a  l a r g e r  su p p ly  o f  e t h y l  mono­

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

t o  i n c re a . s e  t h e  s u p p ly  o f  t h e  p o t a s s i u m  s a l t ,  a  t h i r d  

r e a c t i o n  w i t h  d i e t h y l  d i a c i d  p y ro p h o s p h a t e  was p e r f o r m e d .  On 

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

23 g .  o f  w a t e r - w h i t e  l i q u i d  d i s t i l l e d  a t  55 "fc0 5$° C.

0 .0 3 2 9  g. : 5 .0 0  ml.  of  0 .1 2 9  N Th(HO^)^.

0 .2 0 9 5  8. : 0.13*1-2 g .  o f  Mg2P20y.

7 .1 2 3 1  g .  ( 2 0 . 0 °  C.)  : 73 .1177  g .  o f  Hg(24-.9° c . )

C a l c u l a t e d  f o r  (C9Hp-)HPQ7F : 1*1-.3*1-$ F ;  2*1.19$ P .
— > J

Found: 1*1-.3$ F;  2*1-.*1-7$ P;

n | °  1 .3 6 6 3 ;  d | °  1.31&5.

The d e n s i t y  d e t e r m i n a t i o n  was made w i t h  a  pycn o m ete r  c a l i ­

b r a t e d  w i t h  d i s t i l l e d  m erc u ry ,  and a l l  w e ig h in g s  were 

c o r r e c t e d  f o r  buoyancy  of  a i r .

3 .  H e x a e th y l  T e t r a p h o s p h a t e .

In  t h e  I n v e s t i g a t i o n  o f  t h e  s o l v o l y t i c  s p l i t t i n g  o f  

h e x a e t h y l  t e t r a p h o s p h a t e  by hydrogen  f l u o r i d e ,  a  3 : 1  m o la r  

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

was a  commercia l  g ra d e  p r o d u c e d  by Monsanto Chem ica l  Company 

u n d e r  t h e  name "100$ H e x a e th y l  T e t r a p h o s p h a t e " .

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

s t e e l  c o n t a i n e r .  100 g, o f  h e x a e t h y l  t e t r a p h o s p h a t e  was
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w e ig h ed  i n t o  t h e  r e a c t o r ,  and 1 1 .9  g .  o f  a n h y d ro us  HP, which  

had b e en  condensed  i n  a  p a r a f f i n - l i n e d  g l a s s  f l a s k ,  was p o u r e d  

i n  q u i c k l y ,  r e s u l t i n g  in  a  n o t i c e a b l e  l i b e r a t i o n  o f  h e a t .

The s t e e l  c o n t a i n e r  was s e a l e d  and th e n  h e a t e d  20 h o u r s  a t  

60 t o  6 5 ° 0. o v e r  a  p e r i o d  o f  t h r e e  d a y s .  A f t e r  a  3 - h o u r  

vacuum t r e a t m e n t ,  t h e  l i q u i d  p r o d u c t  was found  t o  c o n t a i n  

o n ly  7 . ^ 3$  F, a s  compared w i th ,  t h e  d e s i r e d  v a l u e  o f  1 0 .0 7 $  F. 

A l th o u g h  s p l i t t i n g  had t h e r e f o r e  n o t  been  c o m p le te ,  b e c a u s e  

o f  l o s s  o f  HF by  v o l a t i l i z a t i o n  b e f o r e  r e a c t i o n ,  60 g .  o f  t h e  

l i q u i d  was t r a n . s f e r r e d  t o  a c o n v e n t i o n a l  t y p e  © t i l l  and 

s u b j e c t e d  t o  d i s t i l l a t i o n  a t  3 ram. o f  m e r c u r y -  8 g.  o f  w a t e r -  

w h i t e  l i q u i d  ( 1 1 .3 $  F) d i s t i l l e d  a t  t o  5^° C. as  t h e  b a t h  

t e m p e r a t u r e  was i n c r e a s e d  t o  1 3 6 °  0 . ,  and  26 g.  ( 3 . 9 $  F) 

d i s t i l l e d  w i t h  some d e c o m p o s i t i o n  a t  37 1° 119° C. a s  t h e  

b a t h  t e m p e r a t u r e  c l im b ed  t o  213° C. The f i r s t  f r a c t i o n  was 

p r e d o m i n a n t l y  d i e t h y l  m onof lm orophospha te  ( 1 2 .1 7 $  F ) .

When t h e  e x p e r im e n t  . was r e p e a t e d ,  a  p l a t i n u m  

b o t t l e  was u s e d ,  and an e f f o r t  was made t o  see  t h a t  a  s l i g h t  

e x c e s s  o f  hydrogen  f l u o r i d e  was p r e s e n t  t o  a l l o w  complete  

s p l i t t i n g  o f  t h e  p o l y p h o s p h a t e .  C o n s e q u e n t ly ,  7 -3  S* 

a n h y d ro u s  HF was co ndensed  in  a  100-rni .  p l a t i n u m  b o t t l e ,  and 

53 S* o f  h e x a e t h y l  t e t r a p h o s p h a t e  was added  i n  s m a l l  p o r t i o n s  

w i t h  a g i t a t i o n  and c o o l i n g .  A f t e r  d ry  a i r  was p a s s e d  t h r o u g h  

t h e  l i q u i d  f o r  abo u t  one h o u r ,  a n a l y s i s  showed t h e  r e a c t i o n  

p r o d u c t  t o  c o n t a i n  1 0 .5 $  F, w hereas  t h e  v a l u e  c a l c u l a t e d  f o r  

a  } : 1  r a t i o  o f  a c i d  t o  e s t e r  i s  1 0 .0 7 $  F. When 2 g .  was
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n e u t r a l i z e d  w i t h  c o n c e n t r a t e d  NaOH and a  l a r g e  c r y s t a l  o f  

s i l v e r  n i t r a t e  was added ,  0 .2 3  g. o f  s i l v e r  s a l t  was p r e c i p i ­

t a t e d .  A n o th e r  0 . 1 2  g. was o b t a i n e d  on a d d in g  a l c o h o l .  The 

t o t a l  w e ig h t  o f  s i l v e r  s a l t  was t h e r e f o r e  e q u i v a l e n t  t o  a b o u t  

b.^fo  (CpHip) gHPOi}. in  t h e  o r i g i n a l  r e a c t i o n  p r o d u c t .  L ik e w is e ,  

0 .3 3 2  g. o f  a n i t r o n  s a l t  was o b t a i n e d  on a d d in g  an e x c e s s  o f  

n i t r o n  a c e t a t e  s o l u t i o n  t o  a  n e u t r a l i z e d  s o l u t i o n  o f  1 .9  g* 

o f  t h e  r e a c t i o n  p r o d u c t , i n d i c a t i n g  t h a t  a s  much a s  4-.2% 

HPOgFg may have been  p r e s e n t  as  a n o t h e r  i m p u r i t y .

Vacuum d i s t i l l a t i o n  o f  30 6 - ,  u s i n g  a  s h o r t ,  

p a c k e d  column, gave no d i s t i n c t  f r a c t i o n s  b u t ,  i n s t e a d ,  s low 

d i s t i l l a t i o n  w i t h  some d e c o m p o s i t i o n .  I t  a p p e a re d  t h a t  t h e  

u s e  o f  a f r a c t i o n a t i n g  column r e q u i r e d  b a t h  t e m p e r a t u r e s  h i g h  

enough  t o  cau se  d e c o m p o s i t i o n  t o  o c c u r ,  and ,  b e c a u s e  o f  t h e  

p r e s e n c e  o f  d e c o m p o s i t io n  v a p o r s ,  i t  was q u i t e  d i f f i c u l t  t o  

m a i n t a i n  t h e  r e q u i r e d  low p r e s s u r e s  in  t h e  sy s te m .

When 22 g .  o f  t h e  same r e a c t i o n  p r o d u c t  was d i s ­

t i l l e d  by means o f  a s h o r t - p a t h  s t i l l ,  ab o u t  3*2 g .  of  v ap o r  

was t r a p p e d  as  a  l i q u i d  i n  t h e  d r y - i c e  t r a p  b e f o r e  a c t u a l  

d i s t i l l a t i o n  b e g a n .  A j a c k e t  t e m p e r a t u r e  o f  fO t o  126°  0 .  

y i e l d e d  S . 5 g .  o f  w a t e r - w h i t e  l i q u i d  ( 1 6 . 3 $  F, M.W. 132*^) 

a n d  an e q u a l  w e ig h t  of  r e s i d u e  (6 . 9$ F ) .

In  o r d e r  t o  o b t a i n  enough m a t e r i a l  t o  r e p e a t  t h e  

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

t e t r a p h o s p h a t e  was n e c e s s a r y .  In  t h i s  e x p e r im e n t  9*3 6* of  

HF was r e a c t e d  w i t h  7^*3 g* o f  t h e  e s t e r ,  and t h e  r e s u l t i n g
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l i q u i d  c o n t a i n e d  1 0 .3 $  F ,  which  i n d i c a t e d  t h a t  a  v e r y  s l i g h t  

e x c e s s  o f  HF had b e en  u s e d .  84- g .  o f  t h i s  l i q u i d  was sub­

j e c t e d  t o  vacuum d i s t i l l a t i o n ,  and a b o u t  6 g .  o f  l i q u i d  ( 1 2 .9 $  F) 

a p p e a r e d  i n  t h e  d r y - i c e  t r a p  a s  th e  b a t h  t e m p e r a t u r e  was 

r a i s e d  t o  45° 0 .  a t  a  p r e s s u r e  o f  0 .0 1  to  0 . 1  mm. o f  m e rc u ry .

Then 4§ g. o f  t h e  r e s i d u e  was t r a n s f e r r e d  t o  a s n o r t - p a t h  

s t i l l ,  and d i s t i l l a t i o n  was c a r r i e d  out a t  a b o u t  0 .0 0 1  mm. o f  

m e r c u r y .  A j a c k e t  t e m p e r a t u r e  o f  50 t o  70° C. gave 2 g. o f  

d i s t i l l a t e ,  JO t o  86° 0. gave 16 g .  w a t e r - w h i t e  l i q u i d  ( 1 3 .2 $  F ) ,  

86 t o  125°  C. gave 22 g .  ( 7 . 6 $  F ) , and a r e s i d u e  o f  2 t o  3 g .  

r e m a in e d .  A lso ,  3*5 g.  was c au gh t  i n  t h e  d r y - i c e  t r a p  d u r i n g  

t h e  d i s t i l l a t i o n ;  i t  was i n s o l u b l e  i n  w a t e r ,  and- a p p a r e n t l y  

was m o s t ly  d i e t h y l  m o n o f lu o r o p h o s p h a t e .  A f t e r  two r e d i s t i l l a ­

t i o n s  o f  t h e  16-gram  f r a c t i o n ,  a  f r a c t i o n  b o i l i n g  a t  3$ t o  

40°  0 .  was o b t a i n e d  w h ich  had a  d e n s i t y  (dj~^) o f  1 .3 1 3  and a  

r e f r a c t i v e  in d e x  ( n | ° )  o f  1 . 3 6 7 .

From t h e  r e s u l t s  o f  t h e  above d i s t i l l a t i o n s , i t  was 

c a l c u l a t e d  t h a t  t h e  r e a c t i o n  o f  hydrogen  f l u o r i d e  w i t h  h e x a e t h y l  

t e t r a p h o s p h a t e  gave a  p r o d u c t  o f  t h e  f o l l o w i n g  a p p ro x im a te  

c o m p o s i t i o n :

4 9 - 5 0 $  (CgH^jHPC-jF.

3 1 - 33$  (CgHrJgHPOij. ( i n c l u d i n g  any d i s t i l l a b l e ,  u n r e a c t e d
e t h y l  p o l y p h o s p h a t e s ) .

1 2 -1 4 $  (GgH^JgPO^F ( i n c l u d i n g  p o s s i b l y  some HPOgFg). '

5 -6 $  n o n d i s t i l l a b l e  l i q u i d .
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4 .  P e n t a e t h y l  T r i p h o s p h a t e .

The g r e a t e s t  p ro b lem  i n v o l v e d  in  t h i s  s t u d y  was t h e  

p r e p a r a t i o n  o f  a  r e l a t i v e l y  p u re  p e n t a e t h y l  t r i p h o s p h a t e .  I t s  

p r e p a r a t i o n  was n e c e s s a r y  b e c a u s e  t h e  p u r e  e s t e r  has  n o t  been- 

r e p o r t e d  i n  l i t e r a t u r e ,  and n o t  even e x p e r i m e n t a l  sam ples  o f  

t h e  c ru d e  e s t e r  were  a v a i l a b l e  from t h e  most  l i k e l y  s o u r c e s .

A t t e m p ts  t o  P r e p a r e  P e n t a e t h y l  T r i p h o s p h a t e .

In  t h e  f i r s t  a t t e m p t  t o  make t h e  p e n t a e t h y l  e s t e r ,  

p u r e  NacjP-^O^x^HgO was u s e d  a s  a  s t a r t i n g  m a t e r i a l ;  i t s  

p u r i t y  had been  a s c e r t a i n e d  by means o f  x - r a y  a n a l y s i s .  3 0 * 4 g .  

o f  t h e  sodium s a l t  was d i s s o l v e d  i n  one l i t e r  o f  d i s t i l l e d  

w a t e r  a t  room t e m p e r a t u r e ,  and a b o u t  150  ml. o f  2B% AgNQ^ 

s o l u t i o n  was added  s lo w ly  from a  b u r e t .  The p r e c i p i t a t e d  

s i l v e r  s a l t  was s e p a r a t e d  by f i l t r a t i o n ,  w ash ing  t h o r o u g h l y  

w i t h  c o ld  w a t e r .  The s a l t  was d r i e d  f o r  s e v e r a l  days  i n  a  

vacuum d e s i c c a t o r ,  and t h e  w e ig h t  o f  t h e  d r y  s i l v e r  s a l t  

amounted  to  5°*5 S*» w hereas  t h e  w e ig h t  e q u i v a l e n t  t o  g .

o f  t h e  sodium s a l t  i s  5 0 .6  g . I t  was found  by a n a l y s i s  t o  

c o n t a i n  66.  5 % Ag a s  compared t o  t h e  t h e o r e t i c a l  v a l u e  of  

6 6 . 0 6 $  Ag c a l c u l a t e d  f o r  Ag^P^O-^.

To 4-9.5 g- o f  t h e  s i l v e r  s a l t  i n  70  S* ° f  d i e t h y l  

e t h e r  was added 4 6 .5  &’• o f  e t h y l  i o d i d e , a n d  t h e  r e a c t a n t s  

w ere  s t i r r e d  f o r  5 h o u rs  a t  20 t o  5 0 ° C. and  1 h o u r  a t  50 t o  

6 4°  C. The s o l i d  m a t t e r  was removed by s u c t i o n  f i l t r a t i o n ,  

w a sh in g  t h e  r e s i d u e  s e v e r a l  t i m e s  w i t h  d r y  e t h e r .  The s o l v e n t  

was e v a p o r a t e d  a t  r e d u c e d  p r e s s u r ' e ,  and  an e v a p o r a t i o n  r e s i d u e
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o f  11 g .  o f  s l i g h t l y  y e l lo w  l i q u i d  r e m a in e d .  T h is  w e ig h t  was 

e q u i v a l e n t  t o  a  *1-3*5$ y i e l d  of  t h e  e t h y l  e s t e r .  When th e  

r e s i d u e  was s u b j e c t e d  t o  h igh-vacuum  s h o r t - p a t h  d i s t i l l a t i o n ,  

( s e e  F i g u r e  4 ) ,  however ,  t h e  f o l l o w i n g  r e s u l t s  were  o b t a i n e d  

on h e a t i n g  t o  a  J a c h e t  t e m p e r a t u r e  o f  110° C . :

n t 0  °*
F r a c t i o n  Weight D_________

in  d r y - i c e  t r a p  1 . 0  g .  1 . (2*4-.S)

d i s t i l l a t e  6 . 2  g .  1.*4-150 (2*k6)

r e s i d u e  3*2> g .  1 .  *4-263 (2*4-.6)

Comparison o f  t h e s e  r e s u l t s  w i t h  T a b le  I  would 

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

m i x t u r e  o f  t r i p h o s p h a t e  and m e ta p h o s p h a te  made up  t h e  r e s p e c t i v e  

f r a c t i o n s  o b t a i n e d  on d i s t i l l a t i o n .

T a b le  I

P o l y p h o s p h a t e  R e f r a c t i v e  in d e x  (np^)

(C p H ^ P O i^  1 . *4-039 1 7 .0

(C2H5 )ijP207 l.*4-lg 2 1 .3 5

^G2H5^5P3°10  1 .  *4-2*4-* 23**4-

( CpH^) 6P*4-013 l.*425# 2*4-.5

(C2H5PO^)n l.*i-33* 23.7

* v a l u e s  f o r  com m erc ia l  g r a d e s  p r e p a r e d  from P20^ and

( c 2H5 )3POi^.2i|-
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T ha t  t h e  d i s t i l l a t e  was p r e d o m i n a n t l y  t e t r a e t h y l  p y r o p h o s ­

p h a t e  was c o n f i r m e d  by a  p ho sp h o ru s  a n a l y s i s ;  t h e  e x p e r i m e n t a l  

v a l u e  was 2 0 .2 $  P.

The e x p e r im e n t  was r e p e a t e d ,  s t a r t i n g  w i t h  56 g . o f  

p u r e  NatpPjOiQ* &HgO. The d r y  s i l v e r  s a l t  d e r i v e d  from i t  

w e ig h ed  91 g . , w h ich  a g a in  was n e a r l y  t h e  s t o i c h i o m e t r i c  

v a l u e .  The f o l l o w i n g  a n a l y t i c a l  r e s u l t s  were o b t a i n e d :

0 .2 9 9 7  g .  * 0 .2 6 7 2  g .  o f  AgCl.

0 .3 0 1 7  g. : 0 .1 3 1 3  g .  o f  Mg2 P2 0 j .

0.3004- g.  : 0 .1 2 9 0  g .  o f  Mg2P20 y .

C a l c u l a t e d  f o r  Ag^P^Oio : 63.021$ Ag; 1 1 . 7 3 $  P.

Found : 6 7 . 1 $  Ag; 1 1 . 9 5 ,  1 2 .1 $  P .

When S7 g .  o f  t h e  s i l v e r  s a l t  was r e a c t e d  w i t h  

32 g. o f  e t h y l  i o d i d e ,  t h e  t e m p e r a t u r e  o f  t h e  m ix t u r e  was k e p t  

a t  room t e m p e r a t u r e  f o r  one day a f t e r  a  s p o n ta n e o u s  r i s e

t o  n e a r l y  40° C. f o r  2 o r  3 h o u r s .  The r e a c t i o n  p r o d u c t  was

f i l t e r e d ,  w ash ing  w e l l  with, d r y  e t h e r .  Removal o f  t h e  s o l v e n t  

by  e v a p o r a t i o n  gave a  n o n v o l a t i l e  l i q u i d  r e s i d u e  o f  yo  g . , 

w h ic h  c o u ld  be c a l c u l a t e d  i n  te rm s  o f  p e n t a e t h y l  t r i p h o s p h a t e  

a s  a  y i e l d  o f  30$ o f  t h e o r y .  I t  c o n t a i n e d  2 2 . 9 $  P,  com­

p a r e d  w i t h  t h e  c a l c u l a t e d  v a l u e  o f  23.4-$ P ( s e e  T a b le  I ) .

When a  s m a l l  amount o f  t h e  l i q u i d  was s u b j e c t e d  t o  s h o r t - p a t h  

d i s t i l l a t i o n ,  however ,  a p p r o x i m a t e l y  o n e - h a l f  o f  i t  d i s t i l l e d  

i n  t h e  form of  t e t r a e t h y l  p y r o p h o s p h a t e ,  w h ich  was i d e n t i f i e d  

by i t s  r e f r a c t i v e  i n d e x  (n*p*°  1.4-173).
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R e a c t i o n  w i t h  Anhydrous Hydrogen F l u o r i d e .

As t h e  t r i p h o s p h a t e  was n o t  a b l e  t o  be p u r i f i e d  by 

d i s t i l l a t i o n ,  i t  was u s e d  a s  su ch  in  a  r e a c t i o n  w i t h  an h yd ro u s  

h y d ro g en  f l u o r i d e ,  which  would be e x p e c t e d  t o  p r o c e e d  in  

a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  e q u a t i o n :

(12/) (C2H5 ) 5P3010  + 2HP *  (0 2H5 ) 2HPOh + (CgH^HPO^F

♦ ( C g H ^ g P O j F .

In  t h i s  r e a c t i o n ,  29»3 6 * o f  t h e  e s t e r  was added t o  3*7 S* o f  

HF. D i s t i l l a t i o n  o f  t h e  r e a c t i o n  p r o d u c t  and  f l u o r i n e  a n a l y ­

s i s  o f  th e  v a r i o u s  f r a c t i o n s  a l lo w e d  t h e  f o l l o w i n g  a p p r o x i ­

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

(C2H5 )HP0jF

3 6 . 5 $  (CpHcj)2HP02|, i n c l u d i n g  p r o b a b l y  some t r i e t h y l
o r t h o p h o s p h a t e .

1 7 . (CgH^JgPO^F 

2 . 3 $  n o n v o l a t i l e  m a t e r i a l .

An e q u im o l a r  m ix t u r e  o f  t h e  t h r e e  e s t e r s  would have been  

e x p e c t e d  from pu re  p e n t a e t h y l  t r i p h o s p h a t e .

5* T e t r a e t h y l  P y r o p h o s p h a t e .

Two e x p e r im e n t s  were c a r r i e d  o u t  i n  t h e  i n v e s t i g a ­

t i o n  o f  t h i s  r e a c t i o n ,  w h ich  was e x p e c te d  t o  p r o c e e d  a c c o r d i n g  

t o  t h e  f o l l o w i n g  e q u a t i o n :

(13)  (C2H5 )^P 20 7 +  HF =  (C2H5 ) 2HP0^ 4* (C2H5 ) 2P03F.

The t e t r a e t h y l  p y r o p h o s p h a te  u s e d  i n  th e  f i r s t  

e x p e r im e n t  if a s  a  w a t e r - w h i t e  l i q u i d  o f  a p p r o x i m a t e ly  95$  

p u r i t y .  I t  was o b t a i n e d  f rom t h e  r e s e a r c h  l a b o r a t o r i e s  o f  

t h e  V i c t o r  Chemical  Works, where  i t  was p r e p a r e d  by a  method
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w h ic h  has n o t y e t  been p u b lis h e d . b b . 5 g . o f  t h is  e a t e r  was 

added in  s m a ll p o r t io n s  to  3 * 2  g . o f  anhydrous hydrogen  

f l u o r i d e ,  and th e  r e s u lt in g ' l i q u i d  c o n ta in e d  5 *^$  ^ by a n a ly s is ,  

w h ic h  is  a p p ro x im a te ly  9 5  p e r  cen t o f  th e  s to ic h io m e tr ic  v a lu e .  

When 2 2 .2  g . o f  t h i s  l i q u i d  was t r a n s fe r r e d  to  a s m a ll con­

v e n t io n a l  ty p e  s t i l l ,  1 0 . 3  g- o f  l i q u i d  was tra p p e d  w ith  d ry  

ic e  as th e  d i s t i l l a t i o n  f la s h  was h ea te d  to  2 5 °  0 . a t  a 

p re s s u re  o f  0 .0 0 3  mm. o f m ercury . A n a ly s is  o f  th e  l ic iu id  

gave th e  fo l lo w in g  r e s u l t s :

0*0757 g .  : 3*70 m l. o f  0 .1 2 9  N Th(N 07 )^ .

O . 3 2 7 0  g . : 0 .7 0  m l. o f  0 .1 0 1 1  N NaOH.

C a lc u la te d  f o r  (C2H5 ) 2P0 3 F : 1 2 .1 7 $  F .

Found: 1 2 .0  % F: a c id i t y  e q u iv a le n t
to  O.K3% HF.

The re s id u e  (1 1 .9  g . ) was s u b je c te d  to  s h o r t -p a th  d i s t i l l a t i o n  

a t  a p re s s u re  o f  0 .0 1  mm. o f  m ercu ry . D i s t i l l a t i o n  began a t  

a b o u t 5 0 °  C . , b u t most o f  th e  l i q u i d  d i s t i l l e d  a t  a ja c k e t
f)

te m p e ra tu re  o f  105 Cl O n ly  a t r a c e  o f  re s id u e  re m a in ed , and 

2 - 3  drops o f  l i q u i d ,  most o f  w h ich  was d ie t h y l  m o n o flu o ro -  

p h o s p h a te , was found in  th e  d r y - ic e  t r a p .  A n a ly s is  o f  th e  

-second f r a c t io n  ( 1 0 . 7  g . ) gave th e  fo l lo w in g  r e s u l t s :

0 .1 7 3 0  g .  : 1 .0  ml. o f 0 .1 2 9  N

0 .1 2 2 0  g. : 2 .1 0  m l. o f  0 .1 0 1 1  N NaOH (M e th y l R ed );
8 .1 5  m l. o f  0 .1 0 0 7  N NaOH (P h e n o lp h th a le in ) .

C a lc u la te d  fo r  (C g H ^H P Q lj. ; 0% F , M.W. 1 5 1 .

Found: l . b $  F , M.W. lb 9 .

C o n s eq u en tly , i t  appears  th a t  th e  r e a c t io n  o f hydrogen f lu o r id e
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with, t e t r a e t h y l  p y r o p h o s p h a t e  was a s  n e a r l y  q u a n t i t a t i v e  as  

t h e  p u r i t y  o f  t h e  o r i g i n a l  e s t e r  and t h e  r e l a t i v e  w e i g h t s  o f  

r e a c t a h t s  co u ld  a l l o w .

The s e c o n d  e x p e r im e n t  was c a r r i e d  o u t  w i t h  an impure 

g ra d e  o f  t e t r a e t h y l  py rophospha te  p ro d u ce d  a t  room t e m p e r a t u r e  

a c c o r d i n g  t o  t h e  r e a c t i o n  

(1*0 O C g H ^ P O i .  + p 2o 5 »  3 (C 2H5 )i}.P207,

w h ich  i s  i n c l u d e d  in  a  p a t e n t  o f  t h e  V i c t o r  Chemica l  W o r k s .

To p ro d u ce  t h e  c ru d e  t e t r a e t h y l  p y r o p h o s p h a t e ,  2 0 .7  g .  o f  

was added  t o  a  s o l u t i o n  o f  1 0 6 .0  g .  o f  p u r e  t r i e t h y l  o r t h o ­

p h o s p h a t e  i n  12 7  £• o f  d r y  c h lo r o f o r m  a t  room t e m p e r a t u r e .  

A f t e r  a  few h o u r s ,  most o f  t h e  s o l v e n t  was d i s t i l l e d  o f f  a t  

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

1 3 . 6$  u n d i s t i l l e d  c h lo r o f o r m ,  was u se d  a s  su c h  f o r  R e a c t i o n  

w i t h  hydrogen  f l u o r i d e .  A c c o r d i n g l y ,  105*5 S* o f  t*le  c rude  

e s t e r  wds added t o  6 .5  g .  o f  HF, and 79 g .  of  t h e  r e a c t i o n  

p r o d u c t  was u se d  f o r  d i s t i l l a t i o n .  N e a r l y  20 g .  o f  d i s t i l l a t e  

was c au g h t  a t  a  p r e s s u r e  o f  15  t o  20 mm. o f  m ercury  and a  

h a t h  t e m p e r a t u r e  o f  60 t o  9 0 °  C . , w h i l e  s e v e r a l  grams o f  

c h lo r o f o r m  a p p e a r e d  i n  t h e  d r y - i c e  t r a p .  The p r e s s u r e  was 

d e c r e a s e d  t o  a b o u t  3 mm., and 10  o r  1 5  g. o f  t r i e t h y l  o r t h o ­

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

R e d i s t i l l a t i o n  o f  t h e  l o w - b o i l i n g  f r a c t i o n  a t  a tm o s p h e r i c  

p r e s s u r e  gave a b o u t  2 g .  o f  d i s t i l l a t e  be low  170° C . , J .8  g„ 

a t  1 7 0  t o  1 7 I 0 C. ,  and a  r e s i d u e  o f  *+.5 g .  , w h ic h  r e p r e s e n t e d  

t h e  h o l d - u p  o f  t h e  f r a c t i o n a t i o n  column. A n a l y s i s  o f  t h e
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m id d le  f r a c t io n  gave th e  fo l lo w in g  r e s u l t s !

0.123*1- g . : 5 .3 2  n il. o f  0 .1 2 9  N T h (K O ^)l|.

0 .2 0 6 2  g . : 0.1*1-25 g . o f  Mg2P2 0y .

C a lc u la te d  f o r  (CgH^JgPOjF | 1 2 .1 7 $  F , 1 9 .^ 5 $

R ep o rted  by Lange and K ru e g e r:^  1 2 .3 0 $  F , 1 9 .6 2 $  P,

n ^ ' * 2 1 . 3 7 2 9 , d 2 2 ,2  1.1*14. 

Found: 1 1 . 6$  F , 1 9 . 2 5 $  P,

n§° 1.3734, 4 °
In  th e  l i g h t  o f  th e s e  r e s u l t s ,  f u r t h e r  p u r i f i c a t i o n  o f  th e  

d ie t h y l  m onofluorophosphate  was f e l t  to  foe un n ecessary  f o r  

i d e n t i f i c a t i o n .  A n a ly s is  o f  a m ix tu re  o f  th e  lo w - and h ig h -  

b o i l in g  f r a c t io n s  gave a v a lu e  o f  3 .3 $  F , and hence i t  was 

c a lc u la te d  th a t  th e  t o t a l  y ie ld  o f  th e  o v e r a l l  r e a c t io n ,  

s t a r t i n g  w ith  p h o sp h o ric  a n h y d rid e  and t r i e t h y l  phosphate and 

th e n  ad d in g  hydrogen f lu o r id e ,  amounted to  a p p ro x im a te ly  

35$ o f  th e o ry . The low  o v e r a l l  y ie ld  a p p a re n t ly  came as a 

r e s u l t  o f  th e  po or r e a c t io n  o f (CpH^)^POi). w i th  P2 O5 , s in c e  

th e  s p l i t t i n g  o f  t e t r a e t h y l  pyrophosphate  w i th  HF was shown 

in  th e  p re v io u s  exp erim en t to  foe n e a r ly  q u a n t i t a t iv e .

D* O th e r  Methods In v e s t ig a te d  f o r  th e  P re p a ra t io n  o f  D ie th y l

I-Io n o flu o ro p h o s p h a te .

1 .  The R e a c tio n  o f  T r le t h y l  O rthophosphate  w ith  Antim ony  

T r l f l u o r l d e .

T h is  r e a c t io n  was in v e s t ig a te d  as a p o s s ib le  method 

f o r  th e  p r e p a ra t io n  o f  th e  n e u t r a l  and a c id  e s te rs  o f  H2P0 ^F 

a c c o rd in g  to  th e  e q u a tio n
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(1 5 )  (C g H ^ P O i^  ■»■ HPOgFg =  (C ^ J g P O jF  +  (C pH ^H PC ^F.

Two e x p e r im e n t s  were  c s . r r l e d  o u t  i n  t h e  I n v e s t i g a t i o n ,  one a t  

a t m o s p h e r i c  p r e s s u r e  and t h e  o t h e r  a t  a  p r e s s u r e  o f  200  pounds 

p e r  s q u a r e  i n c h .

In  t h e  f i r s t  e x p e r im e n t  195 6 * ( 1 . 0 7  m oles)  o f  t r i ­

e t h y l  o r t h o p h o s p h a te  was r e a c t e d  w i t h  109 S* ( 1 .0 7  m oles)  of  

d i f l u o r o p h o s p h o r l c  s .cid  by m e re ly  m ix ing  a t  a . tm ospher ic  

p r e s s u r e  In a s t a i n l e s s - s t e e l  v e s s e l .  The m ix ing  r e s u l t e d  i n  

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

z a t i o n  o f  t h e  r e s u l t i n g  homogeneous l i q u i d  w i t h  aqueous  KOH 

y i e l d e d  no o b s e r v e d  i n s o l u b l e  d i e t h y l  m o n o f lu o ro p h o s p h a te  and  

l i k e w i s e  no t y p i c a l  o d o r  o f  t h a t  e s t e r .

The s e co n d  e x p e r im e n t  was c a r r i e d  o u t  by w e ig h in g  

12>9 • 5 S* o f  t h e  o r t h o p h o s p h a t e  and 1 0 7 -7  g* o f  t h e  a c i d  i n t o  

a s t e e l  a u t o c l a v e ,  and t h e n  b u i l d i n g  up t h e  p r e s s u r e  o f  t h e  

a u t o c l a v e  by means o f  com pressed  n i t r o g e n .  The r e a c t a n t s  

were  h e a t e d  12  h o u r s  a t  a  t e m p e r a t u r e  o f  $0 ° 0 . and  a  p r e s s u r e  

o f  90 t o  120 p . s . i .  The r e a c t i o n  p r o d u c t ,  however ,  gave no 

e v id e n c e  o f  th e  p r e s e n c e  o f  d i e t h y l  m on O f luo rop h osp ha te  upon 

n e u t r a l i z a t i o n  w i t h  aqueous KOH. E x t r a c t i o n  o f  t h e  n e u t r a l  

s o l u t i o n  w i th  e t h e r  and s u b s e o u e n t  e v a p o r a t i o n  c o n f i rm e d  t h e  

a b s e n c e  o f  t h e  n e u t r a l  d i e t h y l  m o n o f lu o r o p h o s p h a te ,  and so 

t h e  i n v e s t i g a t i o n  was d i s c o n t i n u e d .

2. The R e a c t i o n  o f  T r i e t h y l  O r th o p h o s p h a t e  w i t h  Antimony 

T r i f l u o r i d e .

In  t h e  hope t h a t  t h i s  r e a c t i o n  would p ro c e e d
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a c c o rd in g  to  th e  e q u a tio n

(16)  3 ( C 2h 5 ) 3P ° i s_ SbFj =  3 (C 2H5 ) 2P0-jF +■ SblOC2H5 ) 3 ,

i t  was in v e s t ig a te d  as a n o th e r  method o f p ro d u c in g  d ie t h y l  

m o no fluorop hosph ate  ,

In  th e  f i r s t  e x p e rim e n ts , e q u im o ia r m ix tu re s  o f  

th e  re a c ta n ts  w ere h ea te d  a t  about 2 0 0 ° C. f o r  1 o r  2 h o urs , 

using; SbCln as a c a ta ly s t  f o r  th e  r e a c t io n .  In  each case th e  

c o o le d  r e a c t io n  p ro d u c t was a g ra y , s o l id  mass from  w h ich  

v e ry  l i t t l e  o f  th e  d e s ire d  m ono fluorop hosph ate  c o u ld  be 

re c o v e re d  by tre a tm e n ts  w ith  w a te r , a lc o h o l,  o r  e th e r .

To a v o id  the  in co n v e n ie n c e  o f th e  s o l id  m a tte r ,  i t  

was d e c id e d  to  a tte m p t to  d i s t i l l  th e  e s te r  d i r e c t l y  from  th e  

r e a c t io n  p ro d u c t, as t h is  ty p e  o f  p ro ced u re  had been used
A

s u c c e s s fu lly  by Peppard e t  a l .  °  in  th e  p re p a r a t io n  o f e th y l  

f l u o r o s i l i c a t e  from  e th y l  s i l i c a t e  and an tim on y f lu o r id e .  

C o n s eq u en tly , 9 3 * 6  g. ( 0 . 5 1 ^ m oles) o f  ( C2H c j ) 6 2 . 9  g* 
(0.351 m oles) o f  SbF^, and 1 .1  g . o f  S h C lj w ere h e a te d  to ­

g e th e r  in  a 5 0 0 -m l. d i s t i l l i n g  f la s k .  A t a  b a th  tem p e ra tu re  

o f  210 to  257° G. a p p ro x im a te ly  23 g . o f  l i q u i d  d i s t i l l e d ,  

even though th e  r e a c t io n  m ix tu re  had become c o m p le te ly  s o l id  

a t  a b a th  te m p e ra tu re  o f  2 3 0 ° 0 . The d i s t i l l a t e  c o n ta in e d  

2 .2  to  F, whereas th e  v a lu e  c a lc u la te d  f o r  (C ^H j-^O ^F is

1 2 .1 7 $ ' F. T h is  re p re s e n ts  a 19$  re c o v e ry  o f  th e  d e s ire d  

d i e t h y l  m o n o flu o ro p h o sp h ate . R e d i s t i l l a t i o n  th ro u g h  a s h o rt  

f r a c t io n a t io n  column y ie ld e d  11 g . o f  l i q u i d  a t 162 to  1 7 6 °  C. 

c o n ta in in g  1 1 . 9$  F . The amount o f  d ie t h y l  m onofluorophosphate
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r e c o v e r e d  i n  a  r e a s o n a b l e  d e g r e e  o f  p u r i t y  was t h e r e f o r e  a b o u t  

14- p e r  c e n t  o f  t h e o r y .

The e x p e r im e n t  was r e p e a t e d ,  u s i n g  a  s m a l l e r  e x c e s s  

o f  an t im ony  t r i f l u o r i d e .  A c c o r d i n g l y ,  97 g. ( 0 .5 3 2  moles)  o f  

( C ^ ^ P C l * . ,  3 2 .7  g .  (0 .1 8 3  m oles)  o f  SbF-^, and  3 g .  o f  SbCl^ 

w ere  h e a te d  t o g e t h e r ,  and th e  d i s t i l l a t e  w h ic h  was c a u g h t  a t  

a  b a t h  t e m p e r a t u r e  o f  225  t o  -2 5 ^ °  0 . was r e f r a c t i o n a t e d  t h r o u g h  

a  s h o r t  column a t  a t m o s p h e r i c  p r e s s u r e .  About 22 g. o f  l i q u i d  

( 9 . 7 $  F) d i s t i l l e d  a t  169  t o  201° 0 . ,  and 30 g. o f  d i s t i l l a t e ,  

m o s t ly  u n r e a c t e d  t r i e t h y l  o r t h o p h o s p h a t e ,  was c a u g h t  a t  201 

t o  216°  C. The 22Pgram f r a c t i o n  r e p r e s e n t e d  a  21$ r e c o v e r y  

o f  d i e t h y l  m o n o f lu o r o p h o s p h a t e .

These r e s u l t s  show t h a t  o n ly  s m a l l  y i e l d s  o f  t h e  

d i e t h y l  e s t e r  can be p r e p a r e d  i n  t h i s  manner ,  b u t  t h e  p r o ­

c e d u r e  i s  so s im p le  t h a t  t h e  m eth o d  may be c o n s i d e r e d  u s e f u l .

3 .  The R e a c t i o n  o f  E th y l e n e  w i t h  M o n o f lu o ro p h o s p h o r lc  

Acid .

This  r e a c t i o n ,  w h ic h  was e x p e c te d  to  p r d c e e d  a c c o r d ­

in g  to  t h e  equa . t ion

(17)  HgPGjF + 2C2H1}. s  (C2H5 ) 2P 0 jF ,

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

s u p e r a t m o s p h e r i c  p r e s s u r e s ,  b u t  no d i e t h y l  m o n o f lu o ro p h o s p h a te  

was i s o l a t e d ,  r e g a r d l e s s  o f  t h e  r e a c t i o n  c o n d i t i o n s  imposed.

In  t h e  f i r s t  e x p e r i m e n t ,  3 g. o f  HgSOij. i n  1 5  ml.  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  was added  to  100  m l .  o f  an hydrous  

m o n o f lu o r o p h o s p h o r lc  a c i d  i n  a  gas w ash ing  b o t t l e ,  and th e
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m i x t u r e  was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  a s  d ry  

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

17 h o u r s .  E th y l e n e  was th e n  p a s s e d  t h r o u g h  t h e  r e a c t i o n  

m ix t u r e  f o r  4-0 h o u r s  a t  8 0 ° C. b e f o r e  t h e - p r o d u c t  was n e u t r a ­

l i z e d  by p o u r i n g  s lo w ly  i n t o  ICOH s o l u t i o n  w i t h  good s t i r r i n g  

and c o o l i n g .  Ho i n s o l u b l e  d i e t h y l  m o n o f lu o ro p h o s p h a te  was 

o b s e r v e d ,  however,  and o n ly  a  v e r y  f a i n t  e s t e r - l i k e  odor 

c o u ld  be  d e t e c t e d .

The e x p e r im e n t  was r e p e a t e d ,  u s i n g  3 g- AgpSOij, in  

p l a c e  o f  HgSO^. I d e n t i c a l  r e s u l t s  were o b t a i n e d ,

A t h i r d  e x p e r im e n t  was c a r r i e d  o u t  a t  14-0 t o  14-5° C . , 

b u t  t h e  a c i d  m ix t u r e  was decomposed q u i c k l y  a t  t h a t  t em p era ­

t u r e .

Two e x p e r im e n t s  were u n d e r t a k e n  t o  s tu d y  t h e  e f f e c t  

o f  a d d in g  d io x a n e  to  th e  r e a c t i o n  m ix t u r e  a s  a  means o f  i n ­

c r e a s i n g '  t h e  s o l u b i l i t y  o f  e t h y l e n e  i n  t h e  m o n o f lu o r o p h o s p h o r lc  

a c i d .  In  one o f  t h e  e x p e r i m e n t s ,  0 . 3  g. of  HggSOij., 5 m l. 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 5 S* o f  d io x a n e  were added  t o  

4-0 g .  o f  mon 0 f l u  o r  opho sp h o r  i  c a c i d ,  w h i l e  i n  t h e  secon d  

e x p e r i m e n t  KgSC)^ was u se d  i n  p l a c e  o f  Hg-2 S0 l|.. In  b o t h  c a s e s ,  

e t h y l e n e  was p a s s e d  t h r o u g h  t h e  a c i d  m ix t u r e  f o r  o v e r  100  h o u r s  

a t  room t e m p e r a t u r e .  N e u t r a l i z a t i o n  w i t h  aqueo us  KOH r e q u i r e d  

n e a r l y  t h e  amount o f  a l k a l i  c a l c u l a t e d  t o  n e u t r a l i z e  t h e  a c i d  

m i x t u r e  b e f o r e  t r e a t m e n t  w i t h  e t h y l e n e ,  i n d i c a t i n g  l i t t l e ,  i f  

a n y ,  r e a c t i o n .  No i n s o l u b l e  d i e t h y l  m o n o f lu o ro p h o s p h a te  c o u ld  

b e  i s o l a t e d  from t h e  n e u t r a l  s o l u t i o n ,  b u t  t h e  o d o r  o f  t h e
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e s t e r  c o u ld  be d e t e c t e d .

A c e t i c  a c i d  a n h y d r i d e  was u s e d  i n  t h e  n e x t  e x p e r i ­

ment a s  a  c a t a l y s t  f o r  th e  e s t e r i f i c a t i o n  r e a c t i o n .  A p p ro x i ­

m a t e l y  l b  t o  20 moles  o f  d ry  e t h y l e n e  was p a s s e d  t h r o u g h  a 

s o l u t i o n  o f  204' g .  o f  I^PO-jF and 19  ml. (20 t o  21 g . ) o f  

a c e t i c  a n h y d r i d e  o v e r  a  p e r i o d  o f  73 h o u r s ,  I n c l u d i n g  53 h o u r s  

a t  a  t e m p e r a t u r e  o f  95 t o  120° G. The r e a c t i o n  p r o d u c t  was 

n e u t r a l i z e d  w i t h  aqueous  KOH, b u t  e x t r a c t i o n  o f  t h e  r e s u l t i n g  

s o l u t i o n  w i t h  e t h e r  and s u b s e q u e n t  e v a p o r a t i o n  o f  t h e  s o l v e n t  

y i e l d e d  no d i e t h y l  m o n o f lu o r o p h o s p h a t e .

S in c e  t h e  r e a c t i o n  was n o t  s u c c e s s f u l  a t  a tm o s p h e r i c  

p r e s s u r e ,  th e  n e x t  e x p e r im e n t  was c a r r i e d  o u t  i n  a  s t a i n l e s s -  

s t e e l  a u t o c l a v e  u n d e r  a  p r e s s u r e  o f  a b o u t  200 pounds p e r  s q u a r e  

i n c h .  223 g .  o f  HrjPO^F and 12 g .  o f  100$ HpSOlj. were weighed 

i n t o  t h e  a u t o c l a v e ,  and e t h y l e n e  was f o r c e d  in .  f rom  a  p r e s s u r e  

c y l i n d e r .  The a u t o c l a v e  was shaken  f o r  10 h o u r s  a t  room 

t e m p e r a t u r e  end. 2 h o u rs  a t  95° 0 . ,  b u t  l i t t l e , i f  any ,  e t h y l e n e  

a p p e a r e d  t o  be r e a c t i n g ,  a s  t h e r e  was no g r e a t  d ro p  i n  th e  

p r e s s u r e  in  t h e  r e a c t o r .

A s i m i l a r  i n v e s t i g a t i o n  was c a r r i e d  out  a t  a  

p r e s s u r e  o f  350 t o  4-00 p . s . i . ,  u s i n g  95*5 S* o f  EqFOjF, 19-3  S* 

o f  100$ HgSOij., and  5 t o  6 g . o f  HgSOi},. E th y l e n e  was f o r c e d  

i n  t o  b u i l d  up -the p r e s s u r e  o f  th e  sys tem  t o  a b o u t  35°  pou nd s .  

The a u t o c l a v e  was h e a t e d  f o r  35 h o u r s  a t  20 t o  120°  0.  w i t h  

a g i t a t i o n ,  and t h e  r e a c t i o n  p r o d u c t  was n e u t r a l i z e d  a t  3 t o  

1 0 °  C. w i t h  aqueous  KOH. E x t r a c t i o n  w i t h  e t h e r  and s u b s e q u e n t
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e v a p o r a t i o n  o f  t h e  s o l v e n t  gave no d i e t h y l  m o n o f lu o r o p h o s p h a t e .  

The n e u t r a l  aqueous  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  and t h e  

s o l i d  s a l t  was c r u s h e d  and h e a t e d  w i t h  a b s o l u t e  a l c o h o l ,  b u t  

p r a c t i c a l l y  no a l c o h o l - s o l u b l e  s a l t  was r e c o v e r e d , '  S in c e  t h e  

sodium s a l t  o f  m onoethy l  m o n o f lu o r o p h o s p h o r lc  a c i d  would  be  

e x p e c t e d  t o  be s o l u b l e  i n  a l c o h o l ,  t h e  i n v e s t i g a t i o n  showed 

t h a t  n e i t h e r  mono- n o r  d i - e s t e r i f i c a t & o n  o c c u r r e d  u n d e r  t h e  

r e a c t i o n  c o n d i t i o n s  u s e d .

E. The G-ermlcldal and  T o x i c o l o g l c a l  E v a l u a t i o n  o f  Sodium and

Potassium Ethyl  M onof luorophosoha te .^
  ■   ii - i i - -   **■ ■ ■ ■ -  -A — - ■ ------- — - -

1 .  T o x ic o lo g y .

An a c u t e  t o x i c i t y  t e s t  was c a r r i e d  ou t  w i t h  a  2.5%° 

s o l u t i o n  o f  NaCgH^PO-^F by a d m i n i s t e r i n g  I t  t o  r a t s  i n t r a p e r i -  

t o n e a l l y  a t  a  l e v e l  of' 250  mg. p e r  k i l o g r a m  o f  body w e i g h t .

A s l i g h t  i r r i t a t i o n ,  a s  m a n i f e s t  by t h e  way t h e  a n im a l s  

a c r a t c h e d  t h e i r  n o s e s ,  was n o t i c e a b l e  ab o u t  2 .5  h o u r s  a f t e r  

i n j e c t i o n ;  however,  t h i s  I r r i t a t i o n  d i s a p p e a r e d  a  s h o r t  t im e  

l a t e r .  The a n im a l s  were s a c r i f i c e d  a f t e r  one week, b u t  no 

p a r t i c u l a r  a b n o r m a l i t i e s  were  o b s e r v e d .

Skin s e n s i t i v i t y  t e s t s  gave n e g a t i v e  r e s u l t s  when 

1 % s o l u t i o n s  o f  t h e  sodium and p o t a s s i u m  s a l t s  were p a i n t e d  

o n t o  t h e  shaved  b a c k s  o f  r a t s ,  and l i k e w i s e  when t h e  a p p l i ­

c a t i o n s  were r e p e a t e d  t h r e e  days  l a t e r .

2 .  G e r m ic id a l  A c t i v i t y .

T a b le s  I I  and I I I  show t h e  r e s u l t s  o f  g e r m i c i d a l  

t e s t s  on b a c t e r i a  and y e a s t s .  The t e s t s  were  c a r r i e d  ou t  in
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n u t r i e n t  media, a t  pH 6 .2  i n  t h e  a bsen ce  o f  a d d i t i o n a l  o r g a n i c  

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

t h e  sodium and p o t a s s i u m  s a l t s  u n d e r  i d e a l i z e d  c o n d i t i o n s .

5 m l .  o f  aqueous s a l t  s o l u t i o n  was t r a n s f e r r e d  a s e p t i c a l l y  i n t o  

s t e r i l e  t e s t  t u b e s ,  which  were th en  p l a c e d  in < a  c o n s t a n t -  

t e m p e r a t u r e  w a t e r  b a t h  a t  37° C. A f t e r  t h e  t u b e s  and c o n t e n t s  

had  b e en  a l lo w e d  t o  r e a c h  t h e  t e m p e r a t u r e  o f  t h e  b a t h ,  t h e y  

w£re  s e e d e d  w i t h  0 . 5  ml* o f  an 1 2 -  t o  20 - h o u r  b r o t h  c u l t u r e  of  

t h e  t e s t  o rg a n is m .  A f t e r  15 m in u te s  c o n t a c t  o f  t h e  o rgan ism  

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

(0 .0 1  m l . )  o f  t h e  m ix tu r e  was removed from t h e  c o n t a c t  tu b e  

a nd  s u b c u l t u r e d  i n t o  b r o t h .  One ml. o f  t h e  same m ix tu re  was 

p l a t e d  on s o l i d  medium f o r  t h e  e s t i m a t i o n  o f  th e  number o f  

s u r v i v i n g  o r g a n i s m s .

T ab le  I I  i n c l u d e s  S t a p h y lo c o c c u s  a u r e u s ,  Pseudomonas 

a e r u g i n o s a ,  and a  s p o r e - f o r m i n g  o rg an ism  i s o l a t e d  from powdered 

g l u e  a s  o rg an ism s  r e p r e s e n t a t i v e  o f  p a t h o g e n i c ,  i n t e s t i n a l ,  

a n d  a i r -  and d u s t - b o r n e  b a c t e r i a ,  r e s p e c t i v e l y .  I d e n t i c a l  

r e s u l t s  were o b t a i n e d  w i t h  t h e  sodium and p o t a s s i u m  s a l t s .

Ho g e r m i c i d a l  a c t i v i t y  a g a i n s t  t h e  t h r e e  t e s t  o rg an ism s  was 

o b s e r v e d .

In  T ab le  I I I ,  i t  sh o u ld  be m en t io n ed  t h a t  t h e  low 

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

e x p e r i e n c e d  in  g e t t i n g  t h e  o rgan ism  t o  grow on p o u re d  p l a t e s .
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T a b le  I I

15-•Minute C o n ta c t  o f  Organism w i t h  (1 ) 0 . 0 9 5 ;t a n a ( 2 ) 0 . 95$  of KC2H5PO3 P o r  NS.C2H5PO3 F.

3. a u re u s P .  a e r u g i n o s a S p o r e - f o r m in g  a,erobe

( l ) T o t a l  o r i g i n a l  inoculum > 5  x io 9 1 . 5 7  x 109 4 .2 5  x 1 0 6

T o t a l  o rg an ism s  a f t e r  
c o n t a c t > 1 0 6 > 1 0 6 > 1 0 6

T o t a l  o rg an ism s  a f t e r  
c o n t a c t  and 1 :1 0 0 0  
d i l u t i o n  ( s u b c u l t u r e ) grow th g ro w th grow th

( 2 ) T o t a l  o r i g i n a l  inoculum 3 .1 0 5  x io 9 h .9 5  x 1 0 g 2 . 5  x  1 0 6

5 .2  x 1 0 5 1 .6 3  x  1 0 9 ------

T o t a l  o rg an ism s  a f t e r  
c o n t a c t > 1 0 9 > 1 0 5 > 1 0 9

> 1 0 9 > 1 0 9 >1 0 9

T o t a l  o rg an ism s  a f t e r  
c o n t a c t  and 1 :1 0 0 0  
d i l u t i o n  ( s u b c u l t u r e ) growth g r o w th g row th
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T a b le  I I I

15 -■Minute C o n t a c t  o f Organism w i t h 0 . 35% KCoHcPO^F o r  NaCpHpPO^F.
C . j  s

O rganism

T o t a l  
I n i t  i a l  
Ino cu lum

T o t a l
a f t e r

K

Organisms
C o n tac t

Na

T o ta l  Organism s 
A f t e r  C o n ta c t  and 
th e n  1 :1000  D i l u t i o n  
( s u b c u l t u r e )

L a c t o b a c i l l u s
c a s e i 2 9 , 2 5 0 ,0 0 0 > 1 0 b > 1 0 6 growth

S t r e p t o c o c c u s
f a e e a l i s 3 , 7 5 0 ,0 0 0 < 1 0 ^ 2  x  IQ* growth

P r o t e u s
v u l g a r i s 7 3 ,5 0 0 ,9 0 0 > 1 0 6 > 1 0 6 growth

T o r u l a
u t i l i s 1 4 4 ,0 0 0 > 1 0 ^ > 1 0 ? growth

Saccharomyces
c e r e v i s i a e 1 1 9 ,0 0 0 200 200 growth
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L a c t o b a c i l l u s  a c i d o p h i l u s ,  an o rg an ism  found  i n  t h e  

mouth.,, i s  associated, with d e n t a l  c a r i e s  by t h e  p r o d u c t i o n  o f  

a c i d .  S ince  f l u o r i n e  compounds in  g e n e r a l  a r e  o f  c o n s i d e r ­

a b l e  i n t e r e s t  i n  o r a l  h y g i e n e ,  i t  was d e s i r e d  t o  t e s t  th e  

e f f e c t  o f  t h e  sodium and p o t a s s i u m  s a l t s  o f  e t h y l  m o n o f lu o ro -  

p h o s p h o r i c  a c i d  on t h e  a c i d  p r o d u c t i o n  o f  t h e  o rg a n i s m .  The 

e x p e r i m e n t a l  r e s u l t s ,  w h ich  a r e  shown in  T a b le  IV, i n d i c a t e d  

t h a t  n e i t h e r  s a l t  was e f f e c t i v e  in c o n c e n t r a t i o n s  o f  0 . 1% 

even  a f t e r  a  c o n t a c t  p e r i o d  o f  96  h o u r s .

T a b le  IV

I n h i b i t i o n i o f  a c i d  p r o d u c t ! on o f  L ac toba 'c i l l u s  a c i d o p h i l u s

a s  i n d i c a t e d  by pH v a l u e s .

C o n ta c t ______,  PH
t im e  in  

h o u r s
C u l t u r e  medium 

( b l a n k )
0.1% K s a l t  

in  medium
0 . 1^  Na s a l t  

i n  medium

24 5 .7 0* 5-23

43 4 ,3 3 ,  4 , 7 2 ,  5-31 4 . 3 2 ,  4 . 3 ,  5 .35*  4 . 9 3 ,  4 , 5 ,  4 . 9

72 6 . 1 * ,  5 .2 6 .5 9 * ,  4 . 7 5 .5 3 ,  4 . 3 2

96 4 . 5 6 , 5 .0 9 4 . 3 3 ,  4 .5 3 4 . 9 9 ,  4 .6 5

* c o n ta m in a te d
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The e f f e c t  o f  t h e  sodium and p o t a s s i u m  s a l t s  on 

mold g row th  on a  s o l i d  medium and i n  l i q u i d  media  i s  shown in  

T a b l e s  V and VI r e s p e c t i v e l y .  I t  i s  s e en  t h a t  t h e r e  was no 

e f f e c t  on t h e  o rg an ism s  i n  l i q u i d  media ,  w h i l e  on a g a r  th e  

A s p e r g i l l u s  molds were found t o  be q u i t e  s e n s i t i v e .  At v e ry  

low c o n c e n t r a t i o n s  t h e  s a l t s  p r o d u c e d  a  tem p o ra ry  m u ta t i o n  

in  A. n i g e r ,  w i t h  a r e s u l t i n g  l o s s  i n  i t s  a b i l i t y  t o  p roduce  

a s p e r g i l l l n ,  t h e  t y p i c a l  b l a c k  p igm ent  i n  t h e  s p o r e s  o f  t h e  

o r g a n i s m  ( s e e  F i g .  5 ,  page  1 1 5 ) .  C o lo r  deve lopm en t  r e t u r n e d  

a f t e r  t h e  second  t r a n s f e r  t o  f l u o r i d e - f r e e  m ed ia .

ma b l e  V

0 . 2  cc. o f  0 . 1 $  s o l u t i o n  o f  t h e  F compound added  t o  a  cup c u t  

i n t o  t h e  a g a r  l a y e r  in  a  P e t r i  p l a t e .

D ia m e te r  o f  zone o f  i n h i b i t i o n  (mm.) on Czapek- 
_____________________ Pox Agar________________________

Mold I  s a l t  Na s a l t

P e n l c i l l i u m
n o ta tu m  no zone no zone

A s p e r g i l l u s
n i g e r  15 (43 P}*, 14 (4o P) 12 (4-9 P ) , 16 (47 P)

A s p e r g i l l u s
f i a v u e  3k- p ,  35 P, 35 p ,  31 p 31 P, 35 P, 33 P, 23  (4.2 P)

* ( V a lu e s  f o l lo w e d  by P i n d i c a t e  zones o f  p a r t i a l  I n h i b i t i o n ,  

r e s u l t i n g  in  t h e  p r e v e n t i o n  o f  t h e  f o r m a t io n  o f  p ig m e n t .

See F i g .  5 -)
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F i g u r e  5

The e f f e c t  o f  t r a c e s  o f  sodium and p o ta s s iu m  

s a l t s  o f  (CgH^HPO^F on t h e  p ig m e n t - p r o d u c i n g  

a b i l i t y  o f  A. n i g e r  ( s e e  Table  V), showing a 

s m a l l  d a r k  zone o f  dead  o rg a n is m s ,  a  v i d e  

w h i t e  zone o f  o rg an ism s  p r o d u c in g  c o l o r l e s s  

s p o r e s ,  and ,  beyond t h a t , a  d a rk  zone c o n s i s t ­

in g  o f  u n a f f e c t e d  mold o r g a n i s m s .

-  I I P  -  «*» — ̂
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T a b le  VI

0 .0 9 9 $  t h e  F compound in  Czapek-Dox b r o t h .

Medium w i t h o u t  
Mold F compound K s a l t Ha s a l t

P e n i c l l l i u m
n o t a t u m  +  4- +  + * +  +  4-4- +  +  +  +

A s p e r g i l l u s
n l g e r  +  +  +  + +  +4-4* 4-4-4-4*

A s p e r g i l l u s
f l a v u s  4- + +

* d e g r e e  o f  g ro w th .

F .  I s o p r o p y l  M o n o f lu o ro p h o s p h o r ic A c id .

P r e l i m i n a r y  e x p e r im e n t s  on t h e  p r e p a r a t i o n  o f  i s o -  

p r o p y l  m o n o f lu o r o p h o s p h o r ic  a c i d  and i t s  p o t a s s i u m  s a l t  were 

c o m p le t e d  a f t e r  t h e  t y p i s t  had begun work on t h e  f i r s t  p a r t  

o f  t h i s  t h e s i s ;  t h e r e f o r e ,  on ly  a  l i m i t e d  d e s c r i p t i o n  can 

be g i v e n  a t  t h i s  t im e .

No i s o p r o p y l  p o l y p h o s p h a t e s  were a v a i l a b l e  f o r  

r e a c t i o n  w i t h  hydrogen  f l u o r i d e ,  and hence  i t  was n e c e s s a r y  

t o  p r e p a r e  them by t h e  r e a c t i o n  o f  t r i i s o p r o p y l  o r t h o p h o s ­

p h a t e  w i t h  p h o s p h o r i c  a n h y d r i d e ,  i n  a c c o r d a n c e  w i t h  t h e  method 

d e s c r i b e d  f o r  a l k y l  p o l y p h o s p h a te s  in  th e  p r e v i o u s l y - d i s c u s s e d  

p a t e n t  o f  t h e  V i c t o r  Chemical  Works . ^  As t h e  o r t h o p h o s p h a t e

was n o t  a v a i l a b l e  e i t h e r ,  i t  was made by t h e  f o l l o w i n g  

method
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(13)  3 C3H7OH + PC01^ + 3 C5H5N *  (C^Hy)^POlj. + 3C5H5N-HC1

When t r l I s o p r o p y l  o r th o p h o s p h a t e  was r e a c t e d  w i t h  

p h o s p h o r i c  a n h y d r i d e  a t  room t e m p e r a t u r e  i n  t h e  s t o i c h i o ­

m e t r i c  r a t i o  a c c o r d i n g  t o  t h e  e q u a t io n

( 1 9 ) (O^Hy) jjPOty. + PgO^ *  3 ( C^Hy) Ij-PgOy,

t h e  r e a c t i o n  seems t o  have gone o n ly  as  f a r  a s  t h e  m etaphos­

p h a t e  s t a g e ,  a s  shown in  t h e  f o l l o w i n g  e q u a t i o n :

(2 0 ) (C^Hy^POij. + P20 5 a 3C3HyPC>3.

T h i s  was seen  from t h e  r e s u l t s  o f  t h e  s p l i t t i n g  o f  t h e  p o l y ­

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

p r o d u c t  was shown by d i s t i l l a t i o n  methods  t o  c o n t a i n  a lm o s t

no d i i s o p r o p y l  m o n o f lu o r o p h o s p h a te ,  which  s h o u l d  have  been 

fo rm ed  on s p l i t t i n g  t e t r a i s o p r o p y l  p y r o p h o s p h a t e .  I n s t e a d ,  

h igh -vacuum  s h o r t - p a t h  d i s t i l l a t i o n  a t  60  t o  1 0 0 °  0 . y i e l d e d  

f r a c t i o n s  o f  u n r e a c t e d  o r t h o p h o s p h a t e  c o n t a i n i n g  as  much as  

7 2  p e r  c e n t  I s o p r o p y l  m o n o f lu o r o p h o s p h o r ic  a c i d ,  a c c o r d i n g  

t o  s o l u b i l i t y  e x p e r im e n t s  and f l u o r i n e  a n a l y s e s .

In a n o t h e r  e x p e r im e n t  t r i i s o p r o p y l  o r t h o p h o s p h a t e  

was r e a c t e d  w i t h  p h o s p h o r i c  a n h y d r i d e  a t  room t e m p e r a t u r e  

and t h e n  a l l o w e d  t o  s t a n d  s e v e r a l  d a y s ,  d u r i n g  w h ich  t im e  

t h e  c lo u d y  s o l u t i o n  became c l e a r .  Subsequen t  r e a c t i o n  w i t h  

h ydrogen  f l u o r i d e  gave a  l i q u i d  c o n t a i n i n g  a m ix t u r e  o f  

(C^H7 ) 2P0 j F ,  (C^HjJ^PO^, (G3 H7 ) 2HPOI(, an a  (CjftyjHPOjF, and 

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

f l u o r o p h o s p h o r i c  a c i d  by means o f  two s h o r t - p a t h  d i s t i l l a t i o n s ,  

i t  was n e u t r a l i z e d  w i t h  p o t a s s i u m  h y d r o x id e  s o l u t i o n .  The
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n e u t r a l  s o l u t i o n  was e v a p o r a t e d ,  and t h e  r e s i d u e  was t r e a t e d  

w i t h  d ry  e t h e r  t o  remove any t r i i s o p r o p y l  o r t h o p h o s p h a t e .  

A f t e r  d r y i n g  o v e r  PgOcj, a  h y g r o s c o p i c ,  w h i t e  powder re m a in e d .  

A n a l y s i s  gave 6 . 5 0 ^  F, a s  compared w i t h  t h e  t h e o r e t i c a l  

v a l u e  o f  1 0 .5 5 $  F, t h u s  i n d i c a t i n g  a  p u r i t y  o f  &0% 

(i-CjjHy)KPO^F.

The p o t a s s i u m  s a l t  w i l l  be e v a l u a t e d  f o r  i t s  

g e rm ic id e , !  and t o x i c o l o g i c a l  p r o p e r t i e s .
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SUMMARY

A method has  been  d e v e lo p e d  f o r  t h e  p r e p a r a t i o n  o f  

d i p h e n y l  m o n o f lu o ro p h o s p h a te  In y i e l d s  a p p r o x i m a t i n g  s e v e n ty  

p e r  c e n t  o f  t h e o r y  a c c o r d i n g  t o  t h e  f o l l o w i n g  e q u a t i o n : 

2 (C6H5 ) 2P0 3 C1  CaP2 = 2 ( 0 ^ )  gPO^P +  Ca012 .

A l l  a t t e m p t s  t o  p r e p a r e  a  m o n o s u l f o n ic  a c i d  of  

d i p h e n y l  m o n o f lu o r o p h o s p h a t e ,  however ,  r e s u l t e d  i n  m ix t u r e s  

o f  mono- and d i s u l f o n a t e d  e s t e r s .  The m o n o s u l f o n ic  a c i d ,  

w h ic h  was d e s i r e d  f o r  s u b s e q u e n t  e v a l u a t i o n  a s  a  pe rm anen t  

m o th p r o o f i n g  a g e n t  f o r  w ool ,  c o u ld  n o t  be i s o l a t e d  from 

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

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

e t h y l  p o l y p h o s p h a t e s  has  i n d i c a t e d  t h a t  t h e  g e n e r a l  r e a c t i o n  

o c c u r s  a c c o r d i n g  to  the  f o l l o w i n g  mechanism:

R0-
f
P OR +  (n + 1)HF

0
♦

0 0
4 4

=  R0-P-0H + n P-P-OH + F-P-OR
I I

ORAr o r

A c c o r d i n g l y ,  i t  was shown t h a t  t e t r a e t h y l  p y r o p h o s p h a t e

(n a  0) o f  95% p t i r i t y  was s p l i t  by hydrogen  f l u o r i d e  t o  form 

an e q u im o la r  m ix t u r e  o f  d i e t h y l  p h o s p h o r i c  a c i d  and d i e t h y l  

m o n o f lu o r o p h o s p h a t e  i n  n e a r l y  q u a n t i t a t i v e  y i e l d s .  This

r e a c t i o n  r e p r e s e n t s  a  new and c o n v e n i e n t  method o f  p r e p a r i n g
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d i a l k y l  m o n o f lu o r o p h o s p h a t e s .

Commercial  g r a d e s  o f  t h e  e t h y l  p o l y p h o s p h a t e s  were 

shown t o  he m i x t u r e s ,  i n  ag re em e n t  w i t h  r e c e n t  l i t e r a t u r e ,  and 

t h e y  were  found  t o  r e a c t  w i t h  hydrogen  f l u o r i d e  t o  g i v e  con­

s i d e r a b l e  amounts o f  mono- and d i e t h y l  m o n o f lu o ro p h o s p h a t e s ,  

d e p e n d in g  upon t h e  r e l a t i v e  ©.mounts o f  t h e  v a r i o u s  p o l y ­

p h o s p h a t e s  making up t h e  m i x t u r e s .  E t h y l  m e ta p h o s p h a t e ,  

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

p e n t a e t h y l  t r i p h o s p h a t e  were  a l l  found  t o  he  s a t i s f a c t o r y  f o r  

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

p y r o p h o s p h a t e  was t h e  most  s a t i s f a c t o r y  f o r  o b t a i n i n g  d i e t h y l  

m o n o f lu o r o p h o s p h a t e .

Sodium and p o ta s s i u m  s a l t s  o f  e t h y l  m o no f lu o ro p h o s­

p h o r i c  a c i d ,  a  new compound, e x h i b i t e d  an u n e x p e c te d  g r e a t  

s t a b i l i t y  tow ard  n e u t r a l ,  s l i g h t l y  a l k a l i n e ,  and even a c i d i c  

s o l u t i o n s .  They showed no s p e c i f i c  t o x i c i t y  t o  mammals and 

no g e r m i c i d a l  a c t i o n  tow ard  b a c t e r i a  and y e a s t s ,  w i t h  t h e  

e x c e p t i o n  o f  Sac c h a r  omyces e e r e v i s i a . e .  The new compounds were  

found  t o  be  q u i t e  e f f e c t i v e  g e r m i c i d e s  f o r  m o lds .  In  m inu te  

t r a c e s ,  i . e .  i n  c o n c e n t r a t i o n s  lo w e r  t h a n  t h e  g e r m i c i d a l  d o s e ,  

t h e  s a l t s  were fo u n d  t o  p ro d u c e  a  t e m p o ra ry  m u ta t i o n  i n  

m o ld s ,  whereby t h e  p i g m e n t - p r o d u c i n g  a b i l i t y  o f  t h e  molds 

was i n h i b i t e d  t e m p o r a r i l y .  The p o s s i b i l i t y  o f  p h a r m a c o l o g i c a l  

u s e s  o f  t h e s e  s a l t s  i s  i n d i c a t e d .

I s o p r o p y l  m o n o f lu o r o p h o s p h o r ic  a c i d  and i t s  

p o t a s s i u m  s a l t  have been  p r e p a r e d  in  impure form.
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