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Summary. 

The A r n d t - E i s t e r t S y n t h e s i s . 

A p p l i c a t i o n of the A r n d t - E i s t e r t S y n t h e s i s to 

t r i f l u o r o and t r i c h l o r a c e t i c a c i d s gave r i s e to the 

corresponding halogenated propionic a c i d s or t h e i r 

d e r i v a t i v e s ( e t h y l e s t e r s , amides and a n i l i d e s ) , thus 

demonstrating the p o s s i b i l i t y of u s i n g the s y n t h e s i s f o r the 

ascent of a homologous s e r i e s of halogenated c a r b o x y l i c a c i d s . 

Though the y i e l d s of the halogenated diazoketones compared 

favourably with those obtained from normal c a r b o x y l i c a c i d s , 

the percentage conversion of these diazoketones to the 

halogenated propionic a c i d s or t h e i r d e r i v a t i v e s was, i n 

most c a s e s , q u i t e low so the o v e r - a l l y i e l d s from the 

syntheses were not as great as those normally obtainable from 

an u n s u b s t i t u t e d a l i p h a t i c c a r b o x y l i c a c i d s e r i e s . The 

y i e l d s from t r i c h l o r o a c e t i c a c i d were higher than those from 

t r i f l u o r o a c e t i c a c i d but the s t a b i l i t i e s of the 

f l u o r i n a t e d products were g r e a t e r than those of the 

c h l o r i n a t e d analogues. 

The Rosenmund Reaction. 

Since no s u c c e s s f u l a p p l i c a t i o n s of the Rosenmund 

Reduction to f l n o r i n a t e d a l i p h a t i c a c i d c h l o r i d e s has 

p r e v i o u s l y been reported, t h i s r eduction was a p p l i e d , i n the 



v i i . 

vapour phase, to t r i f l u o r o a c e t y l c h l o r i d e i n an endeavour 

to produce t r i f l u o r o a c e t a l d e h y d e . The product c o n s i s t e d 

of a mixture of the aldehyde, a s o l i d polymer of the 

aldehyde and f l u o r a l hydrate and thus i n d i c a t e d the 

p o s s i b i l i t y of u s i n g t h i s method f o r the p r e p a r a t i o n of 

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

Halogenation of P y r i d i n e . 

The r e a c t i o n between c h l o r i n e t r i f l u o r i d e and p y r i d i n e 

i n carbon t e t r a c h l o r i d e s o l u t i o n with cobaltous f l u o r i d e 

as c a t a l y s t i n the presence of anhydrous potassium f l u o r i d e , 

l e d to the formation of 2 - f l u o r o p y r i d i n e , c h l o r o f l u o r o 

a d d i t i o n compounds of p y r i d i n e and organic t a r . There was 

no experimental evidence f o r any break down of the p y r i d i n e 

r i n g system; more evidence i s r e q u i r e d to prove 

c o n c l u s i v e l y whether or not there was any r e a c t i o n between 

the c h l o r i n e t r i f l u o r i d e and the s o l v e n t . 

A n a l y t i c a l . 

A volumetric procedure was devised whereby the 

f l u o r i n e , c h l o r i n e and ni t r o g e n content of organic compounds 

could be a c c u r a t e l y determined. The compounds were 

fused with sodium and the r e s u l t a n t f u s i o n s o l u t i o n s 

t i t r a t e d f o r f l u o r i d e , c h l o r i d e and cyanide. F l u o r i n e was 
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estimated by t i t r a t i o n w i th thorium n i t r a t e and the cyanide 

determined "by a p p l i c a t i o n of L i e b i g ' s Method i n ammoniacal 

s o l u t i o n . Removal of the cyanide by a d d i t i o n of 

formaldehyde and then the a d d i t i o n of excess s i l v e r n i t r a t e 

allowed the c h l o r i d e to be estimated by a b a c k - t i t r a t i o n 

procedure. 



An I n v e s t i g a t i o n o f the Lower Members o f 

th e S e r i e s o f Halogenated A l i p h a t i c C a r b o x y l i c A c i d s . 

V 



2 . 

I n t r o d u c t i o n . 

A t t h e ti m e when t h i s i n v e s t i g a t i o n was f i r s t under­

t a k e n v e r y few f l u o r i n a t e d a l i p h a t i c c a r b o x y l i c a c i d s had 

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

t o s y n t h e s i s a few members o f the s e r i e s CP^(CH 2) nCOOH so 

as t o compare t h e i r v a r i o u s p r o p e r t i e s . I n c o n j u n c t i o n 

w i t h t h i s work a p a r a l l e l s e t o f i n v e s t i g a t i o n s were a l s o 

t o be c a r r i e d out u s i n g the a c i d s e r i e s CCl^CHg^COOH so 

t h a t comparisons c o u l d be drawn w i t h t h e f l u o r i n a t e d analogues. 

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

t h e t r i f l u o r o m e t h y l group (-GF^) were chosen f o r 

i n v e s t i g a t i o n s i n c e t h e s t a b i l i t y o f the -CF^ group i s more 

marked t h a n t h a t o f the > CFg and :> GF groups, t h i s b e i n g 

shown by the f a c t t h a t t h e o x i d a t i o n o f an o r g a n i c compound 

1^ c o n t a i n i n g t h e -CF^ group, i f t h e s t a b a l i s i n g e f f e c t o f t h e 

group on t h e r e s t o f the m o l e c u l e can be overcome, i s an 

e x c e l l e n t p rocedure f o r t h e p r e p a r a t i o n o f t r i f l u o r o a c e t i c 

a c i d ( S w a r t s , B u l l . Acad. ro.y. B e l g . , 8, 3k3, 1922; Henne 

e t . a l . J.A.C.S., 918 , 19I4.5). I n a d d i t i o n i t , has a l s o 

been observed t h a t t h e -CF^ group i s more s t a b l e i n a l i p h a t i c 

compounds t h a n a r o m a t i c compounds, f o r example t he -CF^ 

group i n b e n z o t r i f l u o r i d e can be h y d r o l y s e d by c o n c e n t r a t e d 

h y d r o b r o m i c a c i d . ( S w a r t s , B u l l . Acad. ro.y. B e l g . , 6, 389 , 



1 9 2 0 ) . A f i n a l i l l u s t r a t i o n o f the g r e a t s t a b i l i t y o f t h e 

-CF^ group l i e s i n the p r o p e r t i e s o f f l u o r o f o r m (CHF,.), 

which shows no change when heated t o 1,150°C w i t h 

p o t a s s i u m i o d i d e . O x i d i s i n g agents have l i t t l e e f f e c t - o n 

i t eg., n i t r i c a c i d e i t h e r a lone or w i t h c o n c e n t r a t e d 

s u l p h u r i c a c i d , and o x i d e s o f n i t r o g e n or s i l v e r n i t r a t e , 

have no a c t i o n i n 15 days a t 150°C. ( S i d g w i c k , Chemical 

Elements and t h e i r Compounds, V o l . I I , p. 1 1 2 6 ) . 

T a k i n g these o b s e r v a t i o n s i n t o c o n s i d e r a t i o n i t 

appeared t h e r e f o r e t h a t the -CF^ group would be 

s u f f i c i e n t l y s t a b l e t o r e s i s t a t t a c k by r e a g e n t s used t o 

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

p r o p e r t i e s by the p r e p a r a t i o n o f s u i t a b l e d e r i v a t i v e s . I t 

was expected however t h a t t h e f l u o r i n a t e d a c i d s would be 

more s t a b l e t h a n t h e i r c h l o r i n a t e d analogues f o r i n a c i d s 

o f t h e t y p e CH^CClgCOOH t h e c h l o r i n e i s r a t h e r l a b i l e and 

the same e f f e c t may occur i n a c i d s o f the CCl-^CHg ) n C00H 

s e r i e s . 

I f t h e se halog&nated a c i d s c o u l d be p r e p a r e d i n 

s u f f i c i e n t q u a n t i t i e s i t was t h e n hoped t o c o n v e r t them 

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

s e r i e s o f h a l o g e n a t e d aldehydes c o u l d be o b t a i n e d by one 

or o t h e r o f the s t a n d a r d p r e p a r a t i v e p r o c e d u r e s . 



k. 

The f i r s t member ( t r i f l u o r o and t r i c h l o r o a c e t i c a c i d ) 

o f each o f t h e homologous s e r i e s o f h a l o g e n a t e d c a r b o x y l i c 

a c i d s can be r e a d i l y o b t a i n e d i n the pure s t a t e and so 

they were used as t h e s t a r t i n g m a t e r i a l s , i n an a t t e m p t t o 

ascend t h e h a l o g e n a t e d a c i d s e r i e s . There are f o u r p o s s i b l e 

methods a v a i l a b l e f o r t h e ascent o f s e r i e s and each i s 

o u t l i n e d below:-

( 1 ) RCOOH 

( 2 ) RCOOH 

(3 ) RCOOH 

RCOOH 

RCOCl RCHO RCHgOH 

RCHgCN RCHgCOOH. 

RCOCl RCHgOH 

RCH2C00H. 

RCOCl RC0C1M 

RCHgBr 

RCOCOOH 

RGHgBr 

RCHgCN 

RCH2COOH. 

RCOCl — > RCOCHNg — > RCHgCOOH. 

The method i l l u s t r a t e d by the l a s t sequence o f 

r e a c t i o n s (k) i s known as t h e A r n d t - E i s t e r t S y n t h e s i s and a 

survey o f t h e l i t e r a t u r e by Backmann & S t r u v e ( O r g a n i c 

R e a c t i o n s , V o l . I . , p. 38 ) showed t h a t , though i t had been 

a p p l i e d t o a wide range o f a l i p h a t i c , a r o m a t i c and 

h e t e r o c y c l i c c a r b o x y l i c a c i d s , i t had n o t been a p p l i e d t o 

any p e r h a l o g e n a t e d a l i p h a t i c c a r b o x y l i c a c i d s . The y i e l d s , 

n o r m a l l y $0% - Q0% o f those t h e o r e t i c a l l y p o s s i b l e , a re 

hi g h e r t h a n those o b t a i n a b l e by t h e o t h e r methods. I n 
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a d d i t i o n , s i n c e t h e r e a re fewer s t a g e s , t h e w o r k i n g time 

i s l e s s and thus t he method i s most a t t r a c t i v e e s p e c i a l l y 

when o n l y s m a l l amounts o f m a t e r i a l a re a v a i l a b l e . Each 

of t h e o t h e r methods i n v o l v e s r e d u c t i o n a t one stage, or 

anot h e r w h i l e the A r n d t - E i s t e r t S y n t h e s i s does n o t , so 

t h e r e would he no i n t e r f e r e n c e w i t h t h e h a l o g e n a t e d groups 

( e s p e c i a l l y t h e -CCl^ group) on t h i s account and f u r t h e r ­

more w h i l e methods ( 1 ) , (2 ) and (3) l e a d o n l y t o the n e x t 

h i g h e r homologous a c i d t h e A r n d t - E i s t e r t S y n t h e s i s can he 

adapted t o y i e l d n o t o n l y t h e homologous a c i d h u t s e v e r a l 

o f i t s d e r i v a t i v e s ( e s t e r , amide or a n i l i d e ) . F i n a l l y 

the p r a c t i b i l i t y o f u s i n g t h i s method f o r t h e ascent o f an 

a c i d s e r i e s has been demonstrated by p r e v i o u s workers f o r 

i n s e v e r a l cases two methylene groups have been added t o t h e 

c h a i n o f an a c i d by c a r r y i n g out two s u c c e s s i v e syntheses 

( P l e n t l and Bo g e r t , J. Org. Chem., 6, 669, 1941 and 

Backmann e t a l . , J.A.C.S., 62, 2250, 1940; i b i d . , 62, 

2750, 1940) . 

The evidence t h u s tends t o show t h a t t h e 

A r n d t - E i s t e r t S y n t h e s i s would be t h e most advantageous 

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

an a t t e m p t t o b u i l d up the s e r i e s o f h a l o g e n a t e d a l i p h a t i c 

c a r b o x y l i c a c i d s . 



6. 

The Mechanism o f the A r n d t - E i s t e r t S y n t h e s i s . 

T h i s s y n t h e s i s , as p r e v i o u s l y i n d i c a t e d , i s a t h r e e -

s t e p process wh i c h , when a p p l i e d t o an o r g a n i c c a r b o x y l i c 

a c i d , r e s u l t s i n the f o r m a t i o n o f t h e ne x t h i g h e r homologue 

or a d e r i v a t i v e o f the homologous a c i d ( e s t e r , amide or 

a n i l i d e ) . 

Stage I . 

The a c i d i s c o n v e r t e d t o t h e a c i d c h l o r i d e by any one 

of t he s t a n d a r d methods:-

RCOOH —-> RCOCli, 

Stage I I . 

The a c i d c h l o r i d e i s c o n v e r t e d i n t o a d i a z o k e t o n e 

by t r e a t m e n t w i t h an excess o f diazomethane and the 

o v e r - a l l r e a c t i o n mechanism can be r e p r e s e n t e d as below:-

RC0C1 + 2CH 2N 2 — > RCOCHNg + CH^Cl + Ng 

I n v e s t i g a t i o n s o f the i n t e r a c t i o n o f diazomethane w i t h a c i d 

c h l o r i d e s were c a r r i e d out by A r n d t e t a l . , ( B . , 60 , 1364> 

1927; i b i d . , 6l_, 1122 and 19U9, 1 9 2 8 ) , and a l s o by 

Robinson and B r a d l e y (J.C.S., 1310, 1928),- who showed t h a t 

the slow a d d i t i o n o f an a c i d c h l o r i d e t o a c o l d s o l u t i o n 

o f an excess o f diazomethane y i e l d e d t h e d i a z o k e t o n e i n 
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h i g h y i e l d . On the o t h e r hand N i e r e n s t e i n e t a l . , 

(J.G.S., 102, 1Z+91, 1915; J.A.C.S., UJ_, 1728, 1925; i b i d . , 

52, 150U, 1930) showed t h a t t h e a d d i t i o n o f diazomethane t o 

an excess o f an a c i d c h l o r i d e r e s u l t e d i n t h e f o r m a t i o n o f 

eaw - c h l o r o m e t h y l - k e t o n e (RCOCHgCl) and n o t t h e 

d i a z o k e t o n e . A r n d t and co-workers and B r a d l e y and 

Schwarzenback (J.C.S., 2901+, 1928) p o s t u l a t e d a s e r i e s o f 

r e a c t i o n s w h i c h would e x p l a i n these d i f f e r i n g r e s u l t s i n 

the f o l l o w i n g manner:-

(1) RG0C1 + CHgNg — > RCOCHNg + HOI 

(2 ) CH 2N 2 + HC1 — > CH^Cl + N 2 

(3) RCOCHNg + HC1 — > RCOCHgGl + Ng 

P r o v i d e d t h e r e i s a s u f f i c i e n t excess o f diazomethane 

p r e s e n t t h e n a l l t h e hydrogen c h l o r i d e formed i n r e a c t i o n 

(1) w i l l be d e s t r o y e d i n r e a c t i o n (2 ) t h u s t h e p r i m a r y 

p r o d u c t w i l l be a d i a z o k e t o n e , i f however t h e r e i s 

i n s u f f i c i e n t diazomethane p r e s e n t t o r e a c t w i t h a l l t h e 

hydrogen c h l o r i d e formed t h e n the excess hydrogen c h l o r i d e 

w i l l r e a c t w i t h the d i a z o k e t o n e t o f o r m t h e Os - c h l o r o m e t h y l -

ketone (3)« The r e s u l t s o f N i e r e n s t e i n and h i s 

co-workers can th e n be e x p l a i n e d by r e a c t i o n (3) s i n c e i n 

t h e i r e x p eriments t h e r e was an excess o f a c i d c h l o r i d e 
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p r e s e n t , w h i c h would, r e s u l t i n t h e f o r m a t i o n o f excess 

hydrogen c h l o r i d e and hence t he f o r m a t i o n of t h e 

Cu - c h l o r o m e t h y l i c e t one. 

Groups capable o f r e a c t i n g w i t h diazomethane such as 

the p h e n o l i c , a l d e h y d i c , a c t i v e methylene and and^3 

u n s a t u r a t e d c a r b o n y l groups, m i g h t i n t e r f e r e w i t h t h e . 

p r o d u c t i o n o f a d i a z o k e t o n e h u t o n l y a few a c i d c h l o r i d e s 

c o n t a i n i n g these groups have been s t u d i e d eg«, a h i g h y i e l d 

o f d i a z o k e t o n e was o b t a i n e d f r o m i + - f l u o r e n o n e - c a r b o x y l i e 

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

diazomethane (Backmann and Skeehan, J.A.C.S., 62, 2687, 1940), 

w h i l e 2-hydroxy-3~naphthoyl c h l o r i d e y i e l d e d t h e 

di a z o k e t o n e w i t h o u t m e t h y l a t i o n o f t h e h y d r o x y l group 

( K r z i k a l l a and E i s t e r t , J. p r a k t . Ghem., 143, 50, 1935)* 

I t i s n o t however c e r t a i n t h a t the a c i d c h l o r i d e group, i n 

compounds c o n t a i n i n g o t h e r a c t i v e g r o u p s , w i l l r e a c t 

p r e f e r e n t i a l l y w i t h diazomethane b u t i t was hoped, i n t h e 

case o f the h a l o g e n a t e d a c i d s , t h a t t h e known s t a b i l i t y 

o f t h e -GF, croup would be s u f f i c i e n t t o w i t h s t a n d a t t a c k 3 
by diazomethane and t h a t t h e -CCl^ group would a l s o prove 

r e s i s t a n t t o a t t a c k by t h i s r e a g e n t . 

Stage I I I . 

I n t h i s l a s t stage o f the s y n t h e s i s t h e d i a z o k e t o n e 



i s rearranged, w i t h the loss of n i t r o g e n , i n the presence 
of s u i t a b l e reagents and a c a t a l y s t ( u s u a l l y c o l l o i d a l 
s i l v e r ) ' . I n the presence of water, an a l c o h o l , ammonia or 
an amine the diazoketone rearranges t o form an a c i d , an este 
an amide or an a n i l i d e r e s p e c t i v e l y : -

RCOCHN2 

RCOCHNg 

RCOCHN2 

RCOCHNg 

The conversion of a diazoketone t o form the d e r i v a t i v e s of 
an a c i d v/as discovered by Wolff (Ann., $9k, 25, 1912) and 
t h i s stage of the synthesis i s known as the Wolff 
Rearrangement but, since he prepared the diazoketones 
by a complex series of re a c t i o n s , the rearrangement had 
no a y n t h e t i c value u n t i l the diazoketones were found t o be 
r e a d i l y obtainable from a c i d c h l o r i d e s and diazomethane by 
the i n v e s t i g a t i o n s of l a t e r workers (Arndt et a l . , and 
Robinson and Bradley). 

A f t e r t h e i r i n v e s t i g a t i o n s i n t o the f o r m a t i o n of 
diazoketones Arndt and E i s t e r t c o r r e l a t e d t h e i r r e s u l t s 
w i t h the i n v e s t i g a t i o n s of Wolff and showed t h a t the t h r e e -
step process c o n s t i t u t e d a new method f o r lengthening a 
carbon chain by one methylene group. They then c a r r i e d out 

+ H 20 — > RCHgCOOH + N 2 

+ R'OH -—> RCH2C00R' + N g 

+ NH3 — > ROHgOONHg + N 2 

+ R'NHg — > RCHgCONHE? + N g 
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the procedure on a v a r i e t y of organic c a r b o x y l i c acids 
(B., 68, 200, 1935) thus p r o v i n g i t t o be capable of 
general a p p l i c a t i o n i n the conversion of organic c a r b o x y l i e 
acids t o t h e i r next higher homologues and i t was through 
t h i s work t h a t the process became associated w i t h t h e i r 
names^thus becoming known as the A r n d t - E i s t e r t Synthesis or 
A r n d t - E i s t e r t Homologation Process." 

The rearrangement of a diazoketone resembles f o r m a l l y 
the rearrangement of a c y l azides and very probably takes 
place by a s i m i l a r mechanism (Dewar, E l e c t r o n i c Theory of 
Organic Chemistry, p. 222) the n i t r o g e n being e l i m i n a t e d 
and a short l i v e d r a d i c a l produced^which rearranges t o 
form the corresponding ketone (Waters, Physical Aspects 
of Organic Chem., p. M 8 ) . 

RCO - CH - N 2 N N 0 + 0 = G = Cli -> 0 = C = CH - R 

The ketene then reacts w i t h water, an a l c o h o l , ammonia 
or an amine t o form the desired r e a c t i o n product. A 
s i m i l a r type of r e a c t i o n mechanism was p o s t u l a t e d by 
E i s t e r t (B., 68, 208, 1935) which can be represented as 
f o l l o w s : -

+ I 
R 



RCOCHNg —> N 2 + [jRCOCH=J — > RCH = C = 0 

while Hugget et a l . , (J.A.C.S., 6i±, 30i+3, 1942) showed 
th a t t h i s type of r e a c t i o n i n v o l v i n g ketene formation would 
r e a d i l y e x p l a i n the type of products formed under the 
v a r y i n g experimental c o n d i t i o n s . From the equation:-

I I 

the carbonyl carbon atom of the s t a r t i n g a c i d becomes the 
carbonyl carbon atom i n the f i n a l product i . e . the newly 
introduced carbon atomi occupies the alpha p o s i t i o n . 
Hugget and co-workers proved t h i s t o be the case by using 
heavy C ^ f o r the carbonyl carbon atom i n benzoic a c i d and 
then c o n v e r t i n g the benzoic a c i d t o phenylacetic a c i d by 
a p p l i c a t i o n of the A r n d t - E i s t e r t synthesis. The heavy 
isotope was then detected i n the carbonyl group of the 
phenylacetic a c i d and t h i s was confirmed by decarboxylation. 
A d d i t i o n a l evidence f o r t h i s type of r e a c t i o n was provided 
by the i s o l a t i o n of a few intermediate ketenes (Schroeter, 
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B., IjC), 270k, 1916), though, normally they are converted 
i n t o a c i d d e r i v a t i v e s by the water, a l c o h o l etc.^present 
i n the r e a c t i o n mixtures. Here the diazoketones were 
formed by the i n t e r a c t i o n of an a c i d c h l o r i d e w i t h the 
diazo a c e t i c ester eg. :-

I +• I 
CJ2 CcrvCH-y, 

CH3 — C — Cxrt>C//3 

Gcrocu2 

CW-5 — C - COVCH-

The metal c a t a l y s t used i n the Wolff Rearrangement 
i s considered t o accelerate the conversion of the 
diazoketone f o r i f the c a t a l y s t i s absent no rearrangement 
occurs and the product i s a d e r i v a t i v e of the ketone eg., 
i f diazoacetophenone i s heated w i t h water at 70°C - 80°C 
benzoyl c a r b i n o l i s formed:-



C6H5COCHN2 + H 20 — > C6H5GOCH2OH + N g 

while the presence of s i l v e r c a t a l y s t causes rearrangement 
to phenylacetic a c i d ( W o l f f , Ann., 39k, 25, 1912; Arndt 
and Amende B., 6l_, 1122, 1928). Wolff also found t h a t 
powdered s i l v e r d i d not catalyse the decomposition of 
diazoacetone i n the presence of ammonia but t h a t a r a p i d 
r e a c t i o n occurred i f s i l v e r oxide or s i l v e r n i t r a t e was 
added,,thus tending to show t h a t the c a t a l y s t must be 
c o l l o i d a l l y dispersed. Arndt and E i s t e r t (B., 68, 200, 

1935) found t h a t even w i t h very pure diazoketones a small 
amount of r e d u c t i o n of the s i l v e r s a l t s took place, which 
would account f o r the produc t i o n of the desired c a t a l y s t . 
On a few occasions powdered copper of platinum have been 
used as c a t a l y s t s . b u t s i l v e r oxide i s almost u n i v e r s a l l y 
employed. An example of the use of a platinum c a t a l y s t i s 
the conversion of the diazoketone prepared from oC - f u r o y l 
bromide and methyl diazoacetate t o dimethyl-©*. -Curylmalonate 

as c a r r i e d out by Re i c h s t e i n and Morsman (Helv., XJ_, 1119, 

OLCH( 
0 

Pt COOCH,) COBr + NLCHCOOCH, C0CNoC00CH7 3 ' 2 

1934) . 

The Wolff-Rearrangement of <?< -diazoketones using 
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methanol and s i l v e r oxide has been r e p o r t e d by Newman and 
.Beal (J.A.C.S., 72, 5163, 1950) as e r r a t i c and capable of 
g i v i n g l a r g e v a r i a t i o n s i n y i e l d . They developed a new 
procedure i n which the c a t a l y s t was a s o l u t i o n of s i l v e r 
benzoate i n t r i e t h y l a m i n e and when a few mis. of t h i s was 
added t o a s o l u t i o n of an -diazoketone i n methanol at 
room temperature, n i t r o g e n was evolved and s i l v e r 
p r e c i p i t a t e d . The methyl esters on separation were s a i d 
to give d u p l i c a t a b l e y i e l d s i n reasonable q u a n t i t y (methyl 
phenyl acetate 82%, methyl p-methoxyphenylacetate 81+%, 
methyl hydrocinnamate 70%). I f the diazoketones r e a c t 
s l u g g i s h l y at room temperature they recommend r e p l a c i n g the 
methanol by t - b u t y l a l c o h o l and heating eg., obtained 
t - b u t y l - p - n i t r o phenylacetate i n 51% y i e l d . However since 
t h i s procedure only applies t o the fo r m a t i o n of methyl and 
t - b u t y l esters i t was decided i n the present work t o use 
the s i l v e r oxide method since i t s use, together w i t h the 
appropriate reagents, gives a wider choice of d e r i v a t i v e s 
f o r the f i n a l product. Furthermore a survey of the 
l i t e r a t u r e (Backmann and Struve, Organic Reactions, 1_, p. 
55 - 62 ) , showed t h a t the use of s i l v e r oxide t o rearrange 
diazoketones i n an a l c o h o l i c s o l u t i o n gives r i s e t o the 
appropriate esters i n y i e l d s equally as good as those claimed 



by Newman and Beal^who used the new technique on a 
l i m i t e d number of diazoketones, none of which had been 
obtained from the a c i d c h l o r i d e s of short chain a l i p h a t i c 

* 
c a r b o x y l i c acids. 

General Experimental Procedures. 

The f o l l o w i n g general procedures used f o r the 
p r e p a r a t i o n of diazoketones and t h e i r subsequent 
rearrangement t o acids or a c i d d e r i v a t i v e s , have been 
suggested (idem, i b i d . ) as a r e s u l t of i n v e s t i g a t i o n s by 
previous workers i n t h i s f i e l d and i t was by the a p p l i c a t i o n 
of these techniques t h a t i t was hoped to prepare the higher 
halogenated a l i p h a t i c c a r b o x y l i c acids. 

Since the a c i d c h l o r i d e s must be added t o an excess 
of diazomethane i n order t o cut the f o r m a t i o n of 
Cu -chloromethyIketones t o a minimum, an e t h e r e a l s o l u t i o n 
of the a c i d c h l o r i d e ( l mole.) i s u s u a l l y added, w i t h 
s t i r r i n g , to a c o l d e t h e r e a l s o l u t i o n of diazomethane 
(3 moles.). The e v o l u t i o n of n i t r o g e n occurs d u r i n g the 
a d d i t i o n and i n the case of most a l i p h a t i c a c i d c h l o r i d e s 
the r e a c t i o n appears complete immediately a f t e r the 
a d d i t i o n but i t i s usual t o allow the mixture t o stand f o r 
an hour or two. With aromatic and less r e a c t i v e a c i d 
c h l o r i d e s the mixture i s allowed t o stand f o r several hours 
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(10 - 2i+). The diazoketones, i s o l a t e d by evaporation of 
the ether, are s a t i s f a c t o r y f o r rearrangement w i t h o u t 
f u r t h e r p u r i f i c a t i o n and most are q u i t e s t a b l e under normal 
c o n d i t i o n s , though a small m i n o r i t y tend to decompose on 
standing. 

The a d d i t i o n of s i l v e r oxide to a hot s o l u t i o n of a 
diazoketone d i s s o l v e d i n an anhydrous a l c o h o l y i e l d s 
the ester of the homologous a c i d but there i s an appreciable 
v a r i a t i o n i n the rates at which d i f f e r e n t diazoketones 
rearrange t o form esters and times v a r y i n g from one hour 
to twenty-four hours may be r e q u i r e d t o complete the 
conversion. The completion of the r e a c t i o n can however 
be detected by treatment of a sample of the s o l u t i o n w i t h 
concentrated h y d r o c h l o r i c acidjWhen the e v o l u t i o n of 
n i t r o g e n i n d i c a t e s the presence of unchanged diazoketone 
( E i s t e r t , B., 69_, 107U, 1936) . 

A n i l i d e s can be prepared by the gradual a d d i t i o n of 
a diazoketone to b o i l i n g a n i l i n e or by heating a s o l u t i o n 
of the diazoketone and a n i l i n e i n e t h y l a l c o h o l or 
dioxane c o n t a i n i n g a small q u a n t i t y of aqueous s i l v e r 
n i t r a t e . 

To prepare an a c i d amide a 10% - 26% aqueous 



s o l u t i o n of ammonia c o n t a i n i n g a l i t t l e s i l v e r n i t r a t e i s 
added t o the warm s o l u t i o n of a diazoketone i n dioxane; 
or anhydrous gaseous ammonia can he passed i n t o a cold 
s o l u t i o n of the diazoketone i n e t h y l a l c o h o l c o n t a i n i n g 
a small amount of s i l v e r oxide. 

F i n a l l y the conversion of a diazoketone t o the 
homologous a c i d can he c a r r i e d out "by slowly adding a 
dioxane s o l u t i o n of a diazoketone t o a warm s o l u t i o n of 
s i l v e r n i t r a t e and sodium t h i o s u l p h a t e or t o a suspension 
of s i l v e r oxide i n d i l u t e t h i o s u l p h a t e s o l u t i o n . However 
a review of average y i e l d s obtainable by the Arndt-
E i s t e r t Synthesis shows t h a t the homologous a c i d i s o f t e n 
formed from the diazoketone i n a lower y i e l d than the 
corresponding ester, amide or a n i l i d e and Eonsequently, i f 
the a c i d i s r e q u i r e d , i t would o f t e n seem t o be 
advantageous t o prepare one of these d e r i v a t i v e s and then 
to hydrolyse i t t o the desired a c i d . 

I n order t o become f a m i l i a r w i t h the experimental 
techniques i n v o l v e d i n c a r r y i n g out the synthesis several 
standard preparations were undertaken i n v o l v i n g the use 
of both a l i p h a t i c and aromatic c a r b o x y l i c acids before the 
synthesis was a c t u a l l y a p p l i e d t o the halogenated a l i p h a t i c 
c a r b o x y l i c acids. The experiments c a r r i e d out i n v o l v e d 
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(a) the conversion of benzoyl c h l o r i d e t o phenylacetamide 
(Arndt and E i s t e r t , B., 68, 200, 1935) and to e t h y l 
phenylacetate ( A p p l i c a t i o n of general procedure), t b ) a c e t y l 
c h l o r i d e t o propionamide and e t h y l propionate (Arndt, 
E i s t e r t and Amende, B., 6l_, 19^9, 1928), (c) oC~naphthoyl 
c h l o r i d e to ethyl-c?£-naphthoylacetate (Arndt and E i s t e r t , 
B., 200, 1935) and f i n a l l y (d) the bishomologation of 
a d i p y l c h l o r i d e t o suberic a c i d diamide (Walker, J.C.S., 
130JU-, 19I+O). The r e s u l t s obtained are ta b u l a t e d below:-

Table I . 

S t a r t i n g M a t e r i a l Y i e l d of 
Diazoketone 

% 

P i n a l 
Product 

% Ove r a l l 
y i e l d from 

a c i d 
c h l o r i d e 

Benzoyl c h l o r i d e 90.0 Phenyl acetamide 20.0 
Benzoyl c h l o r i d e 82 .3 E t h y l phenylacetate 57.6 

A c e t y l c h l o r i d e 68.5 Propionamide 33.6 

A c e t y l c h l o r i d e 68.0 E t h y l propionate 37.0 
Naphthoyl c h l o r i d e 93.1 Ethyl-«C -naphthoyl 

acetate 
59.0 

Ad i p y l c h l o r i d e 63.5 Suberic a c i d diamide 61.8 
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The r e s u l t s agreed s u b s t a n t i a l l y w i t h those quoted i n 
the l i t e r a t u r e and tended t o show t h a t , though i n a l l cases 
the y i e l d s of diazoketones were moderately high, the best 
were obtained from aromatic a c i d c h l o r i d e s . I n a d d i t i o n 
the diazoketones from the low membered a l i p h a t i c a c i d 
c h l o r i d e s were l i q u i d s while those from the aromatic s e r i e s 
were s o l i d s . The o v e r - a l l y i e l d s from the a c i d c h l o r i d e s 
t o the homologous a c i d d e r i v a t i v e s v a r i e d considerably and 
i t seemed t h a t the f i n a l percentage y i e l d depended on the 
type of d e r i v a t i v e formed. Since the choice of d e r i v a t i v e 
t o give the best y i e l d depends on the p a r t i c u l a r diazoketone 
under c o n s i d e r a t i o n i t can only be determined experimentally 
as no set r u l e s are f o l l o w e d . 

With the p r e v i o u s l y discussed t h e o r e t i c a l and 
p r a c t i c a l techniques borne i n mind the synthesis was then 
ap p l i e d t o the halogenated a l i p h a t i c c a r b o x y l i c acids. 

A p p l i c a t i o n of the A r n d t - E i s t e r t Synthesis t o Halogenated 
A l i p h a t i c Carhoxylic acids. 

Commercially pure t r i c h l o r o a c e t i c a c i d was converted 
to the a c i d c h l o r i d e by hea t i n g the a c i d w i t h phosphorus 
t r i c h l o r i d e i n a Carius Tube. This method was found t o 
give a b e t t e r y i e l d of pure t r i c h l o r o a c e t y l c h l o r i d e than 
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the procedure of Delacre (C.Z., ±, 1197, 1902), who 
r e f l u x e d these reactants together on a water hath f o r two 
days. T r i f l u o r o a c e t i c a c i d was prepared e i t h e r "by the 
permanganate o x i d a t i o n of t r i f l u o r o t r i c h l o r o p r o p e n e 
(Henne et a l . , J.A.C.S., 918, 1945) or by the dichrornate 
o x i d a t i o n of m-aminobenzotrifluoride (Swarts, B u l l . Acad, 
roy. Belg., (5)> 8, 343, 1922), and was then converted t o 
t r i f l u o r o a c e t y l c h l o r i d e by the method of Henne and co­
workers (j.A.C.S., 70, 1968, 19U8) i n v o l v i n g treatment w i t h 
benzoyl c h l o r i d e . Both the t r i f l u o r o and t r i c h l o r o a c e t y l 
c h l o r i d e s were p u r i f i e d by d i s t i l l a t i o n before being 
reacted w i t h diazomethane and were kept as dry as possi b l e 
since any h y d r o l y s i s produces the f r e e acids, which would 
react w i t h the diazomethane and be converted to the methj'"! 
es t e r s , thus reducing the y i e l d of any diazoketones formed 
as w e l l as contaminating the products. For the same 
reason the apparatus employed f o r the synthesis must be 
kept dry. I n a d d i t i o n the presence of moisture would 
destroy some of the diazomethane and i f i t s c o n c e n t r a t i o n 
i n s o l u t i o n was lowered below a c r i t i c a l value the a d d i t i o n 
of a c i d c h l o r i d e would r e s u l t i n the produc t i o n of 
Cu -chloromethylketones as a f u r t h e r side r e a c t i o n . 



The diazomethane was prepared from acetamide v i a 
-nitrosomethylurea (Amstutz and Meyers, Organic Synthesis 

Vol. I I and Arndt, Organic Synthesis, 1J5, k, 1935)« The 
advantages of ap p l y i n g t h i s method are t h a t the 
diazomethane i s obtained i n an e t h e r e a l s o l u t i o n a t 0°C 
and can be used as such wi thout f u r t h e r need of 
p u r i f i c a t i o n . Also e t h e r e a l s o l u t i o n s of diazomethane are 
r e l a t i v e l y safe t o handle at temperatures approaching 0°C, 
while diazomethane i t s e l f i s explosive i n the gaseous s t a t e 
The c o n c e n t r a t i o n of the diazomethane i n these e t h e r e a l 
s o l u t i o n s was estimated by t i t r a t i o n w i t h benzoic a c i d 
(Marshall and Acree, B., 2323, 1910) but care must be taken 
since diazomethane i s extremely t o x i c and repeated exposure 
dven t o low concentrations, causes increased s e n s i t i v i t y 
t o i t (Sunderman et a l . , Am. J. Medical S c i . , 1_9_5_, h&9, 

1938). A se r i e s of t i t r a t i o n s c a r r i e d out on sample 
s o l u t i o n s over a p e r i o d of days showed t h a t the s o l u t i o n s 
were best used as soon as they were prepared since the 
concentration of diazomethane f e l l sharply as time 
progressed (see graph), though t h i s drop i n con c e n t r a t i o n 
could be lessened by standing the s o l u t i o n over potassium 
hydroxide p e l l e t s t o remove any traces of water w i t h which 
the diazomethane gradually r e a c t s . 



Methods employed t o convert t r i f l u o r o and t r i c h l o r o -
a c e t y l c h l o r i d e s to t h e i r r e s p e c t i v e diazoketones were 
based on t h a t of Arndt and Amende (B., 6l_, 1122, 1926) f o r 

the p r e p a r a t i o n of diazoacetone from a c e t y l c h l o r i d e . I n 



each case the a c i d c h l o r i d e was observed t o react 
immediately and v i g o r o u s l y w i t h c o l d e t h e r e a l s o l u t i o n s o f 
diazomethane but, though i n the case of t r i f l u o r o a c e t y l 
c h l o r i d e the r e a c t i o n appeared complete as soon as the 
a d d i t i o n ended, the r e a c t i o n w i t h t r i c h l o r o a c e t y l c h l o r i d e 
continued f o r an appreciable time afterwards. ' The 
s o l u t i o n s were allowed t o stand overnight and the excess 
ether then removed, under s u c t i o n at room, temperature. 
Vacuum d i s t i l l a t i o n of the residues gave good y i e l d s of 
tr i c h l o r o d i a z o a c e t o n e (88$) but poor y i e l d s of t r i f l u o r o -
diazoacetone ( 2 0 % ) . Since, however, the t r i f l u o r o d i a z o -
acetone has a low b o i l i n g p o i n t i t seemed possible t h a t i t 
was being l o s t d u r i n g removal of the ether under s u c t i o n . 
Further experiments were t h e r e f o r e undertaken i n which the 
excess ether was removed by. d i s t i l l a t i o n under normal 
pressure a t 35°C through a column packed" w i t h Fenske 
h e l i c e s . Vacuum d i s t i l l a t i o n of the residue then gave 
much higher y i e l d s of t r i f l u o r o d i a z o a c e t o n e (62 .5$) thus 
s u b s t a n t i a t i n g the previous conclusions. The y i e l d of 
t r i f luorodiazoacetone was also found to depend on trie r a t e 
at which the t r i f l u o r o a c e t y l c h l o r i d e was d i s t i l l e d i n t o 
the e t h e r e a l diazomethane s o l u t i o n and best r e s u l t s were 
obtained when the r a t e of d i s t i l l a t i o n d i d not exceed 11 gm 
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of a c i d c h l o r i d e per hour. Both diazoketones appear to 
he q u i t e s t a b l e at room temperature and could be d i s t i l l e d 
under reduced pressure w i t h o u t appreciable decomposition, 
but d i s t i l l a t i o n at normal pressures was not attempted since 
i t i s known t h a t diazoacetone i t s e l f explodes under these 
co n d i t i o n s ( W o l f f , Ann., 22ik» 25, 1912). The residue 
l e f t behind a f t e r the d i s t i l l a t i o n of t r i f l u o r o d i a z o a c e t o n e 
y i e l d e d two h i g h e r . b o i l i n g f r a c t i o n s analyses of which 
showed the presence i n each of f l u o r i n e , c h l o r i n e and 
n i t r o g e n but no c h a r a c t e r i s a t i o n was p o s s i b l e , thus no l i g h t 
could be shed on the exact types of sid.e r e a c t i o n t a k i n g 
place simultaneously w i t h the p r o d u c t i o n of the 
diazoketones. 

Having s u c c e s s f u l l y prepared the r e q u i r e d diazoketones 
the next step i n the i n v e s t i g a t i o n s was the a p p l i c a t i o n 
of the W o l f f Rearrangement t o these compounds i n an attempt 
to prepare the t r i h a l o g e n a t e d p r o p i o n i c acids or t h e i r 
d e r i v a t i v e s ( e s t e r s , amides or a n i l i d e s ) i n reasonable 
y i e l d s . Since however i n many cases the esters or amides 
can be obtained i n higher y i e l d s than the corresponding 
f r e e acids (Backmann and Struve, Organic Reactions, 1_, kS) 

i t was decided f i r s t of a l l to attempt the conversion of 
t r i f l u o r o and trichlorotftiazoacetone t o the e t h y l esters of 
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t r i f l u o r o and t r i c h l o r o p r o n - o i n i c a c i d s r e s p e c t i v e l y . 
/ / 

The method:: employed i n each case was t o t r e a t a h o t 

s o l u t i o n o f the d i a z o k e t o n e i n a b s o l u t e a l c o h o l w i t h an 

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

m i x t u r e f o r s e v e r a l hours b e f o r e d i s t i l l i n g o f f t h e excess 

a l c o h o l and f r a c t i o n a t i n g the r e s i d u e . The a d d i t i o n o f 

s i l v e r o x i d e was c a r r i e d out over a p e r i o d s i n c e t h e 

o b s e r v a t i o n s of A r n d t and E i s t e r t (B., 6>9_, 1805, 1936) 

showed t h a t b e s t r e s u l t s are o b t a i n e d by t h i s g r a d u a l 

a d d i t i o n r a t h e r t h a n by a d d i n g t h e s l u r r y i n b u l k . Vacuum 

d i s t i l l a t i o n o f the r e s i d u e s , a f t e r removal o f t h e excess 

a l c o h o l , y i e l d e d the d e s i r e d e s t e r s . I t was observed, as 

i n the case o f the f o r m a t i o n o f the d i a z o k e t o n e s , t h a t 

though b o t h the i n i t i a l h a l o g e n a t e d d i a z o k e t o n e s underwent 

the same t y p e o f r e a c t i o n t h e y i e l d o f t h e c h l o r o e s t e r 

was s u b s t a n t i a l l y h i g h e r t h a n t h a t o f the f l u o r i n a t e d 

analogue ( e t h y l t r i f l u o r o p r o p i n a t e and e t h y l t r i -

c h l o r o p r o p i o n a t e 7 3 . 7 % ) . Though an a l y s e s of the compounds 

c o n f i r m e d them as b e i n g the d e s i r e d e s t e r s i t was d e c i d e d , 

i n a d d i t i o n ^ t o c a r r y out e q u i v a l e n t w e i g h t d e t e r m i n a t i o n s 

f o r f u r t h e r i d e n t i f i c a t i o n . The d e t e r m i n a t i o n s , c a r r i e d 

out by a l k a l i n e h y d r o l y s e s , worked n o r m a l l y on e t h y l t r i -
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f l u o r o p r o p i o n a t e as would "be expected s i n c e t he e s t e r s o f 

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

f l u o r i n e atoms are s t a b l e t o h y d r o l y s e s and can w i t h s t a n d 

r e f l u s i n g w i t h d i l u t e aqueous base f o r l o n g p e r i o d s w i t h o u t 

f o r m a t i o n o f f l u o r i d e i o n s (Simons, F l u o r i n e C h e m i s t r y , 1_, 

1+8), h u t w i t h e t h y l t r i c h l o r o p r o p i o n a t e a r e s u l t 

a p p r o x i m a t i n g t o one q u a r t e r o f the c a l c u l a t e d v a l u e was 

o b t a i n e d . Tests c a r r i e d out on t h e h y d r o l y s i s m i x t u r e 

r e v e a l e d t he presence o f l a r g e q u a n t i t i e s o f f r e e c h l o r i d e 

i o n and so i t seemed t h a t f o u r e q u i v a l e n t s o f a l k a l i had 

r e a c t e d w i t h one e q u i v a l e n t o f the e s t e r ^ t h u s c a u s i n g 

h y d r o l y s e s o f b o t h t he e s t e r and the t r i c h l o r o m e t h y l g r o u p s , 

w i t h t he subsequent p r o d u c t i o n o f f r e e c h l o r i d . e i o n i n the 

h y d r o l y s i s m i x t u r e . This was c o n f i r m e d by f u r t h e r 

e xperiments i n which s m a l l q u a n t i t i e s o f m a l o n i c e s t e r were 

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

scheme was t h a t on t r e a t m e n t w i t h aqueous a l k a l i t h e 

h y d r o l y s e d t r i c h l o r o m e t h y l group would spontaneously l o s e 

the elements o f water t o g i v e m a l o n i c a c i d w h i c h would 

s u b s e q u e n t l y be e s t e r i f i e d and the r e s u l t i n g e s t e r c o n v e r t e d 

t o t h e r e a d i l y c h a r a c t e r i s e d malonamide. 
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E q u i v a l e n t w e i g h t d e t e r m i n a t i o n s c a r r i e d out by a c i d 

h y d r o l y s e s y i e l d e d t he t h e o r e t i c a l r e s u l t . 

Rearrangement o f the r e s p e c t i v e d i a z o k e t o n e s i n c o l d 

a b s o l u t e a l c o h o l w i t h d r y gaseous ammonia and s i l v e r o x i d e 

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

p r opionamide i n s m a l l y i e l d s . Both compounds were f o u n d 

t o sublime q u i t e r e a d i l y and were p u r i f i e d by t h i s means. 

An a c c u r a t e a n a l y s e s c o u l d n o t however be c a r r i e d out on 

the t r i f l u o r o p r o p i o n a m i d e -since i t was d e l i q u e s c e n t so i t 

was h y d r o l y s e d t o ammonium t r i f l u o r o p r o p i o n a t e , w h i c h was 
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q u i t e s t a b l e and gave t h e c o r r e c t a n a l y s e s f i g u r e s a f t e r 

p u r i f i c a t i o n by s u b l i m a t i o n . Since t r e a t m e n t o f an 

e s t e r w i t h l i q u i d ammonia o f t e n g i v e s t h e c o r r e s p o n d i n g 

amide ( F e r n e l i u s and Bowmann, Ghem. Rev., 26, 23, 19^+0) 

a t t e m p t s were made t o p r e p a r e t h e h a l o g e n a t e d amides f r o m 

e t h y l t r i c h l o r o and e t h y l t r i f l u o r o p r o p i o n a t e s . Under 

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

th e c o r r e s p o n d i n g ammonium s a l t b u t i t was su b s e q u e n t l y 

d i s d o v e r e d t h a t t h e l i q u i d ammonia used was damp and so t h e 

amide formed i n the r e a c t i o n must have been h y d r o l y s e d t o 

the ammonium s a l t . Thus t h e e f f e c t runs p a r a l l e l w i t h t h e 

o b s e r v a t i o n s o f G-ilman and Jones (J.A.G.S., 6J5, 12+58, 19^+3)» 

who found t h a t d u r i n g the p r e p a r a t i o n o f t r i f l u o r o a c e t a m i d e 

the presence o f m o i s t u r e r e a d i l y caused h y d r o l y s e s 

r e s u l t i n g i n the f o r m a t i o n o f ammonium t r i f l u o r o a c e t a t e . 

S i m i l a r e x periments c a r r i e d out w i t h e t h y l t t i c h l o r o -

p r o p i o n a t e gave some ammonium c h l o r i d e b u t no amide. Here, 

as i n the case o f the e q u i v a l e n t w e i g h t d e t e r m i n a t i o n s 

c a r r i e d out by a l k a l i h y d r o l y s e s , t h e r e a g e n t used i n an 

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

t h e t r i c h l o r o r n e t h y l group w i t h the subsequent p r o d u c t i o n 

o f c h l o r i d e i o n and thence ammonium c h l o r i d e . A s i m i l a r 

e f f e c t was observed i f t he e s t e r -was t r e a t e d w i t h 
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c o n c e n t r a t e d aqueous ammonia f o r a brown s y r u p g r a d u a l l y 

formed w h i c h c o u l d n o t be r e c r y s t a l l i s e d , w h i l e t e s t s 

c a r r i e d out on t h e r e a c t i o n s o l u t i o n a g a i n showed the 

To r e t u r n t o the W o l f f Rearrangement o f t r i f l u o r o -

d i a z o a c e t o n e i t was f o u n d p o s s i b l e t o c o n v e r t the 

diazoketor.e t o the a n i l i d e o f t r i f l u o r o p r o p i o n i c a c i d by 

h e a t i n g i t i n dioxane s o l u t i o n w i t h a n i l i n e and s i l v e r 

n i t r a t e ; a pro c e d u r e based on t h a t used by A r n d t and E i s t e r t 

( B . , 68 , 200, 1935) f o r the p r e p a r a t i o n o f a n t h r a q u i n o n e -

2 - a c e t a n i l i d e . The y i e l d i n t h i s c o n v e r s i o n was low {3%) 

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

w h i l e the m e l t i n g p o i n t o f the pure compound agreed w i t h 

t h a t o b t a i n e d by Henne and co-workers ( j - A . C . S . , J2, 3370 , 

' i 9 5 0 ) , who p r e p a r e d i t d i r e c t l y f r o m t h e t r i f l u o r o p r o p i o n i c 

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

t r i f l u o r o and t r i c h l o r o p r o p i o n i c a c i d s by a p p l i c a t i o n o f 

the G r i g n a r d R e a c t i o n t o e t h y l t r i f l u o r o - and e t h y l 

t r i c h l o r o p r o p i o n a t e i n the f o l l o w i n g manner:-

presence o f a p p r e c i a b l e q u a n t i t i e s o f f r e e c h l o r i d e i o n . 

« C Wz OTO C^US + Ci his- UU/?T^/3r > ySttfj C - NH C$ Hr 

Otrb*G<r 

-CFd arr-CCS^ 
•64 
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were u n s u c c e s s f u l a l t h o u g h a p p l i c a t i o n o f t h i s p r o c e d u r e 

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

t r i c h l o r o a c e t a n i l i d e i n moderate y i e l d s . The use o f 

h i g h e r m o l e c u l a r w e i g h t amines i n the f o r m a t i o n o f the 

G r i g n a r d Reagent, w i t h which t he e s t e r s were t r e a t e d , d i d 

no t l e a d t o any improvement i n the. method. 

F i n a l l y , f o r the c o n v e r s i o n o f d i a z o k e t o n e s t o the 

homologous f r e e a c i d s , Walker (J.C.S., 1301+, 1940) found 

t h a t t r e a t m e n t o f a h o t suspension of s i l v e r o x i d e i n 

aqueous sodium t h i o s u l p h a t e w i t h a dioxane s o l u t i o n o f 

a d i a z o k e t o n e gave good r e s u l t s . However, a p p l i c a t i o n 

o f t h i s method t o t r i f l u o r o d i a z o a c e t o n e gave o n l y v e r y 

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

i d e n t i f i a b l e b o t h by a n a l y s e s and b o i l i n g p o i n t d e t e r m i n a t i o n s . 

However t h e sodium s a l t o f t h i s a c i d c o u l d be o b t a i n e d i n 

good y i e l d by h y d r o l y s e s o f e t h y l t r i f l u o r o p r o p i o n a t e or 

ammonium t r i f l u o r o p r o p i o n a t e and t h i s can be o b t a i n e d i n a 

pure anhydrous s t a t e by e x t r a c t i o n w i t h a b s o l u t e a l c o h o l 

a f t e r t h e proc e d u r e o f Heene and co-workers (J.A.C.S., 

918, 1945) f o r the i s o l a t i o n of pure anhydrous sodium 

t r i f l u o r o a c e t a t e . 

The r e a c t i o n between the sodium s a l t s o f c a r b o x y l i c 



a c i d s and b e n z y l t h i u r o n i u m c h l o r i d e has been examined and 

recommended as a q u i c k and e f f i c i e n t means o f i d e n t i f j ^ i n g 

a c i d s (Donleavy, J.A.C.S., 5_8, 1004, 1936 and V i e b e l e t a l . 

B u l l . Soc. chim. Pr., 5_, 1153, 1938, i b i d . , 6, 1434, 1 9 3 9 ) , 

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

s o l u b i l i t y o f i t s s a l t s makes i t p o s s i b l e t o o b t a i n a 

h i g h y i e l d f r o m a s m a l l amount o f a c i d . These S-benzyl 

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

a c e t i c a c i d s ( V o g e l , A Text Book of Organic Chem., p. 3&1 ) 

b u t n o t f o r t h e f l u o r i n a t e d s e r i e s and so the method was 

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

S-benzyl t h i u r o n i u m s a l t produced b e f o r e s u c c e s s f u l l y 

a p p l y i n g the same procedure t o the sodium s a l t o f t r i f l u o r o -

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

were the a n i l i n i u m s a l t s o f t h e two a c i d s concerned, t he 

method used b e i n g based on a procedure s i m i l a r t o t h a t 

suggested by Campbell ( Q u a l i t a t i v e Org. Chem., p. 89 , 

M c M i l l a n & Co. L t d . , 191+6). These d e r i v a t i v e s formed v e r y 

e a s i l y and t h e e q u i v a l e n t w e i g h t o f each c o u l d be e s t i m a t e d 

by s i m p l e a l k a l i t i t r a t i o n p r o c e d u r e s . A t t e m p t s t o f o r m 

the p - n i t r o b e n z y l e s t e r o f t r i f l u o r o p r o p i o n i c a c i d f r o m 

sodium t r i f l u o r o p r o p i o n a t e and p - n i t r o b e n z y l bromide 

y i e l d e d no c o n c l u s i v e r e s u l t s . A c r y s t a l l i n e compound was 



o b t a i n e d , w h i c h had a d i f f e r e n t m e l t i n g p o i n t f r o m t h e 

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

c o n t a i n e d a p p r o x i m a t e l y h a l f the f l u o r i n e r e q u i r e d o f 

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

R e c r y s t a l l i s a t i o n f r o m v a r i o u s s o l v e n t s l e d t o no 

improvement so i t was c o n s i d e r e d p r o b a b l e t h a t the 

compound o b t a i n e d was a m i x t u r e o f the two substances 

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

On the b a s i s of the r e s u l t s o b t a i n e d d u r i n g these 

i n v e s t i g a t i o n s i t appears t h a t the a p p l i c a t i o n o f t h e 

A r n d t - E i s t e r t S y n t h e s i s t o h a l o g e n a t e d a l i p h a t i c c a r b o x y l i c 

a c i d s , as e x e m p l i f i e d by t r i f l u o r o and t r i c h l o r o a c e t i c 

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

d i a z o k e t o n e s are o b t a i n e d i n good y i e l d s so p r o v i n g 

t h a t the t r i f l u o r o and t r i c h l o r o m e t h y l groups are s t a b l e 

t o a t t a c k by diazomethane, these compounds were i s o l a t e d 

as m o b i l e l i q u i d s and appeared q u i t e s t a b l e under normal 

c o n d i t i o n s f o r they c o u l d be s t o r e d f o r s e v e r a l days w i t h o u 

apparent d e c o m p o s i t i o n . Though t h e y i e l d s o f d i a z o ­

ketones a r e n o t so h i g h as those g e n e r a l l y o b t a i n a b l e f r o m 

normal a r o m a t i c c a r b o x y l i c a c i d c h l o r i d e s they compare v e r y 

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

eg. t r i c h l o r o d i a z o k e t o n e 88% and t r i f l u o r o d i a z o a c e t o n e 



62.5% as a g a i n s t d i a z o a c e t o n e 68%. T h i s r e s u l t f o r 

d i a z o a c e t o n e was o b t a i n e d by the method o f A r n d t and 

Amende (B., 6 l [ , 11 22 , 1 9 2 8) 4who do n o t quote t h e i r own 

y i e l d s .J. When they undergo t he W o l f f Rearrangement t h e 

di a z o k e t o n e s y i e l d the homologous h a l o g e n a t e d p r o p i o n i c 

a c i d s or d e r i v a t i v e s o f these a c i d s b u t the percentage 

c o n v e r s i o n o f the d i a z o k e t o n e s t o these v a r i o u s p r o d u c t s 

shows a marked v a r i a t i o n , as i l l u s t r a t e d i n Table I I : -

T able I I . 

D i azoketone I s o l a t e d P r o d u c t s % C o n v e r s i o n % C o n v e r s i o n 
f r o m A c i d 
C h l o r i d e . 

3 2 CF3CH2COO02H5 40.5 25-30 

CGl,,C0CHNo 3 2 CCl,CH oC00C oH K 3 2 2 5 73-7 65.00 

CP^COCHNg 3 2 2 13.5 8.45 ' 

GCl^COCHNg C01,0H oC0NH o j> 2 2 5.3 4.65 

CF,C0CHNo 3 2 CF,CHoC0NHPh 3 2 9.0 5.62 

CF,C0CHNo 3 2 GF,CHoC0.0H 3 2 Traces 
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I n each h a l o g e n a t e d s e r i e s t h e c o n v e r s i o n o f t h e d i a z o -

ketones t o t h e e s t e r s o f t h e homologous p r o p i o n i c a c i d s 

gave by f a r the b e s t r e s u l t s though, c o m p a r a t i v e l y , t h e 

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

o f the f l u o r i n a t e d analogue. The c o n v e r s i o n t o t h e a c i d 

amides and, i n the case of t r i f l u o r o d i a z o a c e t o n e , t o 

t r i f l u o r o p r o p i o n a n i l i d e gave low r e s u l t s w h i l e t he f o r m a t i o n 

o f t he homologous t r i f l u o r o p r o p i o n i c a c i d was v e r y poor 

indeed. These r e s u l t s t h e r e f o r e t e n d t o c o n f i r m t he 

g e n e r a l s t a t e m e n t a p p l i c a b l e t o the W o l f f Rearrangement, 

t h a t c o n v e r s i o n o f a d i a z o k e t o n e t o t h e homologous e s t e r 

or amide g e n e r a l l y g i v e s r i s e t o h i g h e r y i e l d s t h a n con­

v e r s i o n t o t h e homologous f r e e acid-* N o r m a l l y when 

a p p l y i n g t h e & r n d t - E i s t e r t S y n t h e s i s t o a r o m a t i c and 

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

are between 50% and Q0% b u t i n the case of t h e h a l o g e n a t e d 

a l i p h a t i c c a r b o x y l i c a c i d s t he o v e r - a l l y i e l d s were on t h e 

whole w e l l below the minimum o f these v a l u e s . E t h y l 

t r i c h l o r o p r o p i o n a t e p r oved an e x c e p t i o n s i n c e i n t h i s case 

the o v e r - a l l y i e l d was 65%. 

Since t he homologous e s t e r s are formed i n t h e h i g h e s t 

y i e l d s i t would appear t h a t i n any a t t e m p t s t o ascend 

h i g h e r i n the a c i d s e r i e s by means of s u c c e s s i v e A r n d t - E i s t e r t 
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Syntheses i t would be best to proceed v i a the e s t e r s , 

which would then need to be converted to the a c i d 

c h l o r i d e s . The v a r i o u s experiments c a r r i e d out on these 

e s t e r s , however, showed that while the t r i f l u o r o m e t h y l 

group i s q u i t e s t a b l e the t r i c h l o r o m e t h y l group can be 

r e a d i l y hydrolysed. Thus i t i s doubtful whether the 

conversion of t r i c h l o r o p r o p i o n i c e s t e r to t r i c h l & r o b u t y r i c 

e s t e r could be c a r r i e d out with a reasonable o v e r - a l l y i e l d . 

There seems no doubt however t h a t , given s u f f i c i e n t 

q u a n t i t i e s of t r i f l u o r o a c ^ t i c a c i d , i t should be p o s s i b l e to 

proceed to the formation of any of the higher homologues. 

However, s i n c e the b u i l d i n g up of s u f f i c i e n t q u a n t i t i e s 

of e t h y l t r i f l u o r o p r o p i o n a t e w i t h which to ascend the 

s e r i e s f u r t h e r would take an ap p r e c i a b l e length of time, i t 

was decided to i n v e s t i g a t e i n s t e a d the p r e p a r a t i o n of the 

corresponding f l u o r i n a t e d aldehydes, by one or other of the 

standard p r e p a r a t i v e techniques. 



36 

E x p e r i m e n t a l . 

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

T r i c h l o r o a c e t i c a c i d p u r i f i e d by d i s t i l l a t i o n was 

poured w h i l e s t i l l m o l t e n , i n t o a C a r i u s Tube and s e a l e d 

up w i t h s l i g h t l y more t h a n t he c a l c u l a t e d q u a n t i t y o f 

phosphorus t r i c h l o r i d e . A f t e r h e a t i n g i n a f u r n a c e f o r a 

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

tube was c o o l e d , opened and t h e r e s u l t a n t d a r k l i q u i d 

r e a c t i o n m i x t u r e d i s t i l l e d f r o m a s m a l l G l a i s e n F l a s k up t o 

a b a t h t e m p e r a t u r e o f 200°C. F r a c t i o n a t i o n o f t h i s 

d i s t i l l a t e t h r o u g h an e i g h t i n c h column packed w i t h Fenske 

h e l i c e s y i e l d e d pure t r i c h l o r o a c e t y l c h l o r i d e B.P. 118°C. 

A s e r i e s o f experiments were c a r r i e d out t o a s c e r t a i n t h e 

optimum c o n d i t i o n s f o r maximum y i e l d s o f the a c i d c h l o r i d e 

and t he r e s u l t s so o b t a i n e d t a b u l a t e d below:-

CCl^COOH 
•gm. 

PCI,, 
ml-? 

Time o f 
H e a t i n g 

h r s . 

Temperature 
Degrees C. 

Y i e l d 
gm. 

Y i e l d 
% • 

5 8 . 0 1 1 . 0 32 150 12 .1 19 .3 

6 4 . 0 1 1 . 4 48 1 50 21 .5 3 0 . 3 

6 2 . 0 1 1 . 0 96 140 25 .3 3 6 . 8 

7 7 . 5 1 4 . 4 168 1 65 5 2 . 8 61 .5 

7 6 . 0 13 .1 336 1 65 26 .8 3 1 . 8 



The maximum y i e l d (61 .5%) was reached a f t e r h e a t i n g a t 

165°C f o r 168 h r s . and any l o n g e r p e r i o d o f h e a t i n g 

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

p r o d u c t (see graph) accompanied by a c o r r e s p o n d i n g i n c r e a s e 

i n t h e amount of apparent d e c o m p o s i t i o n . 



3 8 . 

Requires C I = 7 8 . 0 1 % 

Pound CI = 77-9% 

P r e p a r a t i o n o f T r i c h l o r o d i a z o a c e t o n e . 

T r i c h l o r o a c e t y l c h l o r i d e (15 gm., O.O83 mole) 

d i s s o l v e d i n anhydrous e t h e r (.100 m l . ) was g r a d u a l l y added 

t o a c o n s t a n t l y s t i r r e d s o l u t i o n o f diazomethane ( 0 . 2 1 mole) 

i n a b s o l u t e e t h e r (600 ml.) c o o l e d a t 0°C. An immediate 

and 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 the e v o l u t i o n o f 

n i t r o g e n and, as t h i s e f f e c t was observed f o r a c o n s i d e r a b l e 

time a f t e r t h e a d d i t i o n o f t h e a c i d c h l o r i d e had been 

completed, t he 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 b e f o r e t he excess e t h e r was removed 

under reduced p r e s s u r e a t 20°C. Thi® l e f t a s m a l l volume 

o f an (©ran-ge-yellow l i q u i d w hich on vacuum d i s t i l l a t i o n , 

w i t h t h e r e c e i v e r ' c o o l e d i n an i c e - s a l t m i x t u r e , gave 

t r i c h l o r o d i a z o a c e t o n e as a p a l e y e l l o w m o b i l e l i q u i d 

B.P^ 0 60°C. Y i e l d 13 .6 gm. (88% o f t h e o r y ) . 

C^HOCl-jNg R e q u i r e s 0 1 = 5&-5% 

Pound C I = 56.7% 

0 o0Cl, 
2 k 
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P r e p a r a t i o n o f T r i f l u o r o d i a z a c e t o n e . 

T r i f l u o r o a c e t y l c h l o r i d e ( 1 1 . 7 gm., 0 .089 mole) was 

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

s o l u t i o n (600 ml.) of diazomethane ( 0 . 2 2 mole.). As i n 

th e case o f the a d d i t i o n o f t r i c h l o r o a c e t y l c h l o r i d e an 

e x t r e m e l y v i g o r o u s r e a c t i o n s e t i n accompanied by n i t r o g e n 

e v o l u t i o n h u t here the r e a c t i o n ceased as soon as a l l t h e 

a c i d c h l o r i d e had been d i s t i l l e d i n . A f t e r s t a n d i n g f o r 

s e v e r a l hours and a t t a i n i n g room t e m p e r a t u r e t h e excess 

e t h e r was removed by d i s t i l l a t i o n t h r o u g h an e i g h t i n c h 

column packed w i t h Penske h e l i c e s , on a v e r y slow stream o f 

a i r , w h i l e t he b a t h t e m p e r a t u r e was m a i n t a i n e d a t 3 5 ° C 

Vacuum d i s t i l l a t i o n o f t h e r e s i d u e a t room t e m p e r a t u r e , w i t h 

t h e r e c e i v e r c o o l e d i n an a l c o h o l - d r i k o l d b a t h , y i e l d e d 

t r i f l u o r o d i a z o a c e t o n e as a p a l e y e l l o w t o a c o l o u r l e s s 

m o b i l e l i q u i d B.P. 1 > Q 25°C. Y i e l d 7-5 gm. (62.5% o f 

t h e o r y ) . As i n the p r e p a r a t i o n o f d i a z o a c e t o n e ( A r n d t and 

Amende, B. , 6l_, 1122, 1928) i t was observed t h a t i f t he 

t r i f l u o r o d i a z o a c e t o n e was a l l o w e d t o rema i n i n t h e 

a l c o h o l - d r i k o l d b a t h .for a p r o l o n g e d p e r i o d t h e n c o l o u r l e s s 

c r y s t a l s began t o s e p a r a t e f r o m t h e l i q u i d . 

C 7H0P 7N o R e q u i r e s P = 41.3% 3 3 2 

Found F = 41.2% 
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I n t h e f o l l o w i n g e x p e r i m e n t s i n v o l v i n g t h e use of s i l v e r 

o x i d e , t h i s r e agent was p r e p a r e d by t h e a d d i t i o n o f 2N. 

sodium h y d r o x i d e t o a s o l u t i o n o f 20% aqueous s i l v e r n i t r a t e 

(20 m l . ) u n t i l p r e c i p i t a t i o n was j u s t complete. The 

crude p r e c i p i t a t e d o x i d e was t h e n f i l t e r e d under s u c t i o n , 

washed w i t h water u n t i l f r e e o f a l k a l i , washed s e v e r a l 

times w i t h a b s o l u t e a l c o h o l , sucked d r y and made i n t o a 

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

P r e p a r a t i o n o f Ethyl^/3/3/3 T r i c h l o r o p r o p i o n a t e . 

A s l u r r y o f d r y s i l v e r o x i d e i n a b s o l u t e a l c o h o l 

(50 m l . ) was g r a d u a l l y added, over a p e r i o d o f f h r . , t o 

a w e l l s t i r r e d s o l u t i o n o f t r i c h l o r o d i a z o a c e t o n e (13*63 grn. ) 

i n a b s o l u t e a l c o h o l (200 ml.) h e a t e d t o 70°G. D u r i n g 

the a d d i t i o n e v o l u t i o n o f n i t r o g e n o c c u r r e d and g r a d u a l 

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

the a l c o h o l i c s l u r r y had been completed t h e r e a c t i o n 

m i x t u r e was r e f l u x e d a t 110°C f o r 29 h r s . a f t e r w h i c h a 

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

by a . f u r t h e r i h r . r e f l u x i n g . The m i x t u r e was t h e n 

f i l t e r e d , w h i l e s t i l l warm, t h r o u g h a "Whatman No. 50 paper 

and t h e excess a l c o h o l removed f r o m t he f i l t r a t e by 



1+1. 

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

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

vacuum d i s t i l l a t i o n as a p a l e y e l l o w , s l i g h t l y v i s c o u s 

l i q u i d B.P.Ui_ :97°C. ~nj° 1 . 5 1 ^ 0 . Y i e l d 1 0 . 9 8 gm. ( 7 3 . 7 % 

o f t h e o r y ) . 

G 5 H 7 0 2 C 1 3 Requires CI = 5 1 . 8 % 

Pound CI = 51.8?? 

P r e p a r a t i o n o f Ethyl^3/3^3 T r i f l u o r o p r o p i o n a t e . 

A s o l u t i o n o f t r i f l u o r o d i a z o a c e t o n e ( 7 gm.) i n 

a b s o l u t e a l c o h o l ( 1 5 0 ml.) was c o n s t a n t l y s t i r r e d a t a 

te m p e r a t u r e o f 65°C and t r e a t e d over a p e r i o d o f ̂  Hr. w i t h 

a s l u r r y o f s i l v e r o x i d e i n a b s o l u t e a l c o h o l (1+0 m l . ) . 

On c o m p l e t i o n o f the a d d i t i o n , d u r i n g w h i c h n i t r o g e n was 

e v o l v e d and some r e d u c t i o n o f the s i l v e r t o o k p l a c e , t h e 

te m p e r a t u r e was r a i s e d t o 81+°C and t h e m i x t u r e r e f l u x e d 

f o r 18 h r s . I t was t h e n t r e a t e d w i t h a n i m a l c h a r c o a l 

f o r one hour, c o o l e d , and f i l t e r e d as i n the p r e v i o u s 

e x p e r i m e n t . The excess a l c o h o l was c a f e f u l l y d i s t i l l e d o f f 

t h r o u g h an e i g h t i n c h column packed w i t h Penske h e l i c e s 

w i t h a b a t h t e m p e r a t u r e o f 92°C. When the r e f r a c t i v e i n d e x 



h2. 

o f t h e d i s t i l l a t e showed a change f r o m t h a t o f pure e t h y l 

a l c o h o l t he r e s i d u e was t r a n s f e r r e d t o a s m a l l C l a i s e n 

F l a s k and, a f t e r removal o f the l a s t t r a c e s o f a l c o h o l , 

d i s t i l l e d i n vacuo, w i t h t h e r e c e i v e r c o o l e d i n an a l c o h o l -

d r i k o l d h a t h . The p r o d u c t , e t h y l t r i f l u o r o p r o p i o n a t e 

( 3 . 1 0 6 gm., 40.1-f/o of t h e o r y ) , was o b t a i n e d as a c o l o u r l e s s 

m o b i l e l i q u i d B.F. 1 2 50°C, n^ 1 1.39*4-0. 

C^IL^OgP^ Requires F = 3 6 . 5 % 

Found F = 3 6 . k % 

E q u i v a l e n t Weight D e t e r m i n a t i o n s o f the Halogenated E s t e r s . 

The e q u i v a l e n t w e i g h t d e t e r m i n a t i o n s were f i r s t 

c a r r i e d out hy a l k a l i n e h y d r o l y s e s and hack t i t r a t i o n o f 

the excess a l k a l i w i t h s t a n d a r d a c i d . 

a) E t h y l t r i f l u o r o p r o p i o n a t e ( 0 . 2 0 9 gm. ) heated f o r 
o 

k h r . a t 105 C w i t h a p p r o x i m a t e l y 0 . 5 N. sodium h y d r o x i d e 

( 2 5 m l . ) w h i l e a b l a n k experiment c o n t a i n i n g o n l y 25 m l . 

of a l k a l i was heated under i d e n t i c a l c o n d i t i o n s . The 

amount o f a l k a l i p r e s e n t i n each case was t h e n d e t e r m i n e d 

by t i t r a t i o n w i t h N. s u l p h u r i c a c i d . 



4 3 . 

Blank t i t r a t i o n = 1 3 - 2 1 m l . N. HgSO^ 

T i t r a t i o n on E s t e r 
s o l u t i o n = 1 1 . 9 0 m l . N. HgSO^ 

T i t r a t i o n D i f f e r e n c e = 1 . 7 )1 ml. N. Ĥ SO, 
2 4 

E q u i v a l e n t o f E s t e r = 0 . 2 0 9 x 1000 
1 . 3 1 

159 

O^E^OgP^ Re q u i r e s Equiv. Wt. = 156 

Found Equiv. Wt. = 159 and 152 

. t>) W i t h e t h y l t r i c h l o r o p r o p i o n a t e r e s u l t s 

a v e r a g i n g one q u a r t e r o f the c a l c u l a t e d v a l u e were o b t a i n e d 

Wt. o f e s t e r t a k e n = 0 . 2 5 4 gm. 

Blank t i t r a t i o n = 1 0 . 4 m l . N. E^SO^ 

T i t r a t i o n on E s t e r 
s o l u t i o n = 5 . 8 m l . N. HgSO^ 

T i t r a t i o n D i f f e r e n c e = 4 . 6 m l . N. HgSO^ 

.". E q u i v a l e n t o f E s t e r = 0 . 2 5 4 x ^ 

5_5_ 

Repeated e s t i m a t i o n s gave r e s u l t s o f the same o r d e r i . e . 

56 and 53 i n s t e a d o f the c a l c u l a t e d v a l u e o f 2 0 5 * 5 » 

However a c i d i f i c a t i o n o f the h y d r o l y s i s s o l u t i o n s w i t h 



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

n i t r a t e s o l u t i o n s showed the presence o f l a r g e q u a n t i t i e s 

o f f r e e c h l o r i d e i o n . Thus under t h e e x p e r i m e n t a l 

c o n d i t i o n s employed t h e t r i c h l o r o m e t h y l group, as w e l l as 

the e s t e r g r o u p i n g , must be a t t a c k e d by the a l k a l i . 

E q u i v a l e n t w e i g h t d e t e r m i n a t i o n s c a r r i e d out by 

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

t r i c h l o r o m e t h y l group and gave r e s u l t s as near the 

t h e o r e t i c a l v a l u e as the e x p e r i m e n t a l e r r o r s o f the method 

would a l l o w . 

Cr-H-yOoCl-, R e q u i r e s Equiv. Wt. = 2 0 5 . 5 5 7 2 j 
Found Eq u i v . Wt. = 209 

P r e p a r a t i o n o f Malonamide f r o m E t h y l T r i c h l o r o p r o p i o n a t e . 

E t h y l t r i c h l o r o p r o p i o n a t e ( 5 gm.) was r e f l u x e d f o r 

3 h r s . a t 110°C w i t h an' excess o f an aqueous s o l u t i o n 

of sodium h y d r o x i d e ( 7 . 8 gm. i n 3 0 0 ml.) and the 

r e s u l t a n t homogenous s o l u t i o n a l l o w e d t o s t a n d o v e r n i g h t 

t o ensure complete h y d r o l y s e s . The s o l u t i o n was t h e n 

n e u t r a l i s e d w i t h N. h y d r o c h l o r i c a c i d , the amount o f a c i d 

r e q u i r e d showing t h a t r o u g h l y 93% h y d r o l y s e s had o c c u r r e d . 



4 5 . 

The r e s u l t a n t n e u t r a l s o l u t i o n was t h e n e v a p o r a t e d t o 

dryness and the m i x t u r e o f sodium s a l t s l e f t was he a t e d 

f o r 39 h r s . a t 88°C w i t h a b s o l u t e a l c o h o l ( 2 0 0 ml.) 

c o n t a i n i n g c o n c e n t r a t e d s u l p h u r i c a c i d ( 6 m l . ) . T h i s 

t r e a t m e n t c o n v e r t e d any sodium malonate t o the e t h y l e s t e r . 

On c o o l i n g , t h e m i x t u r e was n e u t r a l i s e d w i t h sodium 

e t h o x i d e and t h e sodium s a l t s so p r e c i p i t a t e d were removed 

by f i l t r a t i o n and c e n t r i f u g i n g , the l a t t e r b e i n g necessary 

s i n c e p a r t ' o f the p r e c i p i t a t e was e x t r e m e l y f i n e l y d i v i d e d . 

Removal of the excess a l c o h o l by d i s t i l l a t i o n a t 

atm o s p h e r i c p r e s s u r e l e f t a s m a l l r e s i d u e o f d a r k l i q u i d ^ 

w h ich on vacuum d i s t i l l a t i o n y i e l d e d a c o l o u r l e s s l i q u i d 

B.P. 1 7 9 4 C, w h i c h was t h o u g h t t o be m a l o n i c e s t e r . Y i e l d 

0 . 3 4 gm. ( 9 * 2 5 $ o f t h e o r y ) . Treatment o f t h i s w i t h 

l i q u i d ammonia and one c r y s t a l o f ammonium c h l o r i d e as 

c a t a l y s t ( P e l l i n g e r and A u d r i e t h , J.A.C.S., 6 0 , 5 7 9 , 1 9 3 8 ) 

y i e l d e d , a f t e r slow e v a p o r a t i o n o f t h e ammonia, s m a l l 

q u a n t i t i e s o f a w h i t e c r y s t a l l i n e s o l i d . T h i s a f t e r 

r e c r y s t a l l i s a t i o n f r o m h o t water gave malonamide, m e l t i n g 

p o i n t 170°G, y i e l d 0 . 0 3 7 gm. ( 1 4 . 2 % o f t h e o r y ) . 

P r e p a r a t i o n o f / ^ ^ 3 T r i c h l o r o p r o p i o n a m i d e . 

A s l u r r y o f d r y s i l v e r oxide i n a b s o l u t e a l c o h o l 



us. 

( 5 0 ml.) was added, t o a v i g o r o u s l y s t i r r e d s o l u t i o n o f 

t r i c h l o r o d i a z o a c e t o n e ( 9 . 2 5 3 gm.) i n a b s o l u t e a l c o h o l 

( 2 0 0 m l . ) . The m i x t u r e was c o o l e d i n an i c e b a t h and d r y 

gaseous ammonia b u b b l e d i n f o r 1 h r s . a f t e r w h i c h t i m e t h e 

i c e b a t h was removed and the m i x t u r e a l l o w e d t o a t t a i n room 

t e m p e r a t u r e ( 2 0°C). Ammonia was t h e n passed f o r a f u r t h e r 

1-g- h r s . a t room t e m p e r a t u r e b e f o r e t r e a t i n g t h e m i x t u r e 

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

r e f l u x i n g a t 100°C u n t i l a l l t h e excess ammonia had been 

e x p e l l e d . F i l t r a t i o n , f o l l o w e d by d i s t i l l a t i o n o f the 

excess a l c o h o l a t at m o s p h e r i c p r e s s u r e , gave a brown s o l i d 

w h i c h was f o u n d t o sublime a t 150°C under reduced p r e s s u r e 

( 8 mm.) t o y i e l d w h i t e c r y s t a l s (O.i+6 gm., 5'27?o o f t h e o r y ) 

o f t r i c h l o r o p r o p i o n a m i d e . 

OjH^OCl^N Rea_uires CI = 6 0 . 3 % , N = 7 -9% 

Found C I = 6 0 . 1 % , N = 7,3% 

P r e p a r a t i o n o f ^ 3 ^ 3 T r i f l u o r o p r o p i o n a m i d e . 

Using a s o l u t i o n o f t r i f l u o r o d i a z o a c e t o n e (5 . I1-8I gm..) 

i n a b s o l u t e a l c o h o l ( 1 5 0 m l . ) the experiment was c a r r i e d 

out as d e t a i l e d i n the p r e v i o u s p r e p a r a t i o n . The s o l i d ? 

l e f t on removal o f the excess a l c o h o l s u b l i m e d s l i g h t l y a t 



160 C under 20 mm. p r e s s u r e b u t the h u l k formed a l i q u i d 

w h i c h on vacuum d i s t i l l a t i o n gave 0.682+ gm. o f a 

c o l o u r l e s s l i q u i d B.P.^2 130°G. T h i s l i q u i d c r y s t a l l i s e d 

t o a w h i t e compound on s t a n d i n g a t r 00m t e m p e r a t u r e h u t 

on exposure t o the a i r was found t o be q u i t e d e l i q u e s c e n t 

so t h a t a c c u r a t e a n a l y s i s c o u l d n o t be c a r r i e d o u t . 

Assuming t h i s t o be the r e q u i r e d amide i t was t r e a t e d f o r 

s e v e r a l hours w i t h the c a l c u l a t e d q u a n t i t y o f warm d i l u t e 

h y d r o c h l o r i c a c i d i n an a t t e m p t t o h y d r o l y s e i t t o the 

c o r r e s p o n d i n g ammonium s a l t o f t r i f l u o r o p r o p i o n i c a c i d . 

On e v a p o r a t i n g t he h y d r o l y s e s s o l u t i o n t o dryness a w h i t e 

s o l i d was o b t a i n e d ^ w h i c h was p u r i f i e d by s u b l i m a t i o n and 

fou n d t o be q u i t e s t a b l e under normal c o n d i t i o n s . A c c u r a t e 

a n a l y s e s c a r r i e d out on t h i s compound pr o v e d i t t o be 

ammonium t r i f l u o r o p r o p i o n a t e and t h i s showed t h a t t he 

i n i t i a l p r o d u c t was t r i f l u o r o p r o p i o n a m i d e . Y i e l d o f 

ammonium s a l t 0.7 grn., 12.k% o f t h e o r e t i c a l c o n v e r s i o n 

f r o m t r i f l u o r o d i a z o a c e t o n e . 

C-jHgO^ N. Req u i r e s p = 3 9 - 3 % , N = 9.6% 

Pound P = 39.1%, N = 9.7% 

P r e p a r a t i o n of ̂ 3/3̂ 3 T r i f l u o r o p r o p i o n a m i l i d e . 

The procedure adopted i n t h i s e x p e r i m e n t was adapted 



f r o m t h a t used by A r n d t and E i s t e r t ( B . , 6 8 , 2 0 0 , 1 9 3 5 ) 

f o r t h e p r e p a r a t i o n o f a n t h r o q u i n o n e - 2 - a e e t a n i l i d e . 

A s o l u t i o n o f a n i l i n e ( 1 5 ml.) and s i l v e r n i t r a t e 

( 2 0 m l . o f 10% aqueous s o l u t i o n ) i n dioxane ( 1 5 0 ml.) was 

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

t r e a t e d w i t h t r i f l u o r o d i a z o a c e t o n e ( 7 . 6 5 gm.). Gas 

e v o l u t i o n o c c u r r e d and as soon as the a d d i t i o n o f d i a z o -

ketone was completed t h e t e m p e r a t u r e o f t h e r e a c t i o n m i x t u r e 

was r a i s e d t o 115°C over a 2 h r . p e r i o d and m a i n t a i n e d t h e r e 

f o r 15 h r s . i n o r d e r t o complete t h e r e a c t i o n . The h o t 

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

a Whatman No. 50 paper t o remove s i l v e r r e s i d u e s and t h e 

f i l t r a t e c h a r c o a l e d . On r e f i l t e r i n g , w h i l e s t i l l h o t , a 

p a l e brown f i l t r a t e was o b t a i n e d f r o m w h i c h a w h i t e 

compound s e p a r a t e d on c o o l i n g . To o b t a i n a f u r t h e r 

q u a n t i t i e s of t h i s compound the l i q u i d volume was reduced 

t o o n e - t h i r d by d i s t i l l a t i o n and f i l t r a t i o n t h e n gave 1 .5 gm. 

of crude p r o d u c t w h i c h on r e c r y s t a l l i s a t i o n f r o m a l c o h o l 

y i e l d e d pure^3j|<3^3 t r i f l u o r o p r o p i o n a n i l i d e . M.P. 118°C. 

Y i e l d 1 . 0 gm. (8.3% of t h e o r y ) . 

CgHgOEVjN Requires F = 2 8 . 1 $ 

Pound P = 27.9% 

The m e l t i n g p o i n t o b t a i n e d agreed w i t h t h a t f o u n d by 



Henne, P e l l e y and Aim (J.A.C.S., J_2, 3 3 7 0 , 1 9 5 0) ?who 

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

P r e p a r a t i o n of^3j&p T r i f l u o r o p r o p i o n i c A c i d . 

The p r o c e d u r e was based on the i n v e s t i g a t i o n s o f 

Walker t J . C . S . , 1301+, 191+0) c o n c e r n i n g t h e c o n v e r s i o n of 

d i a z o k e t o n e s t o the homologous f r e e a c i d s . 

A s o l u t i o n o f t r i f l u o r o d i a z o a c e t o n e ( 6 . 1 2 8 gm.) 

i n warm dioxane (16 6 m l . ) was added t o a c o n s t a n t l y 

s t i r r e d suspension o f f r e s h l y p r e p a r e d s i l v e r o x i d e 

( 1 1 . 7 gm.) i n aqueous sodium t h i o s u l p h a t e (18.1+ gm. i n 

1+20 m l . ) m a i n t a i n e d a t 7 5 ° C A f t e r 1 h r s . a t t h i s 

t e m p e r a t u r e the m i x t u r e was a l l o w e d t o c o o l and s t a n d o v e r ­

n i g h t b e f o r e removing the r e s i d u e by f i l t r a t i o n . The 

f i l t r a t e was a c i d i f i e d w i t h d i l u t e n i t r i c a c i d and 

e x t r a c t e d s e v e r a l t i m e s w i t h e t h e r ( 6 x 50 ml.) the e x t r a c t 

b e i n g d r i e d over anhydrous c a l c i u m c h l o r i d e . 

F r a c t i o n a t i o n o f the e x t r a c t s a t normal p r e s s u r e l e f t , 

a f t e r removal o f the e t h e r and d i o x a n e , a dark r e s i d u e 

which on d i s t i l l a t i o n f r o m a s m a l l C l a i s e n F l a s k y i e l d e d 

a v e r y s m a l l q u a n t i t y of a c o l o u r l e s s l i q u i d B . P . 1i|.0°C. 

Th i s l i q u i d had s t r o n g a c i d i c p r o p e r t i e s and t h e a n a l y s e s 

f i g u r e s proved i t t o be t r i f l u o r o p r o p i o n i c a c i d . 



C^H^OgP^ Req u i r e s F = kk*5% 

Found . F = kh.6% 

P r e p a r a t i o n o f Ammonium T r i f l u o r o p r o p i o n a t e . 

E t h y l t r i f l u o r o p r o p i o n a t e (1 gm.) p l u s two c r y s t a l s 

of ammonium c h l o r i d e as c a t a l y s t were p l a c e d i n a "Dewav 

f l a s k and t r e a t e d w i t h an excess of l i q u i d ammonia. The 

f l a s k was c l o s e d by a soda l i m e tube and. the excess 

ammonia a l l o w e d t o eva p o r a t e s l o w l y . There remained som 

w h i t e c r y s t a l s p l u s a l i t t l e brown syrup and a f t e r 

f i l t e r i n g o f f the c r y s t a l s the syrup was a g a i n t r e a t e d 

w i t h l i q u i d ammonia and ammonium c h l o r i d e b u t no f u r t h e r 

amounts of a c r y s t a l l i n e d e r i v a t i v e was o b t a i n e d . The 

c r y s t a l l i n e d e r i v a t i v e was i n s o l u b l e i n a l c o h o l or e t h e r 

b u t was p u r i f i e d by s u b l i m a t i o n under reduced p r e s s u r e 

(136°C a t 21 mm.) and f o u n d to-be ammonium 

t r i f l u o r o p r o p i o n a t e 40.5 gm. 6 1 . 5 $ of t h e o r y ) . N o r m a l l y 

t r e a t m e n t o f an e s t e r w i t h l i q u i d ammonia and ammonium 

c h l o r i d e as c a t a l y s t g i v e s r i s e t o the c o r r e s p o n d i n g 

amide ( F e r n e l i u s and Bowmann, Chem. Rev., 2 6 , 2 3 , 1940) 

b u t s i n c e the l i q u i d ammonia used was f o u n d t o be damp i t 

was concluded t h a t t he amide o r i g i n a l l y formed had been 



h y d r o l y s e d t o the ammonium s a l t . |j&f. "the p r e p a r a t i o n 

of t r i f l u o r o a c e t a m i d e (Gilman and Jones, J.A.C.S., 65, 

1458, 1 9U3)j . 

C,H,-0oF7N. Requires N = 3.6% 3 o 2 3 
Found N = 9«7>o 

P r e p a r a t i o n o f Sodium^3^3 T r i f l u o r o p r o p i o n a t e . 

a) E t h y l t r i f l u o r o p r o p i o n a t e (1 gm.) was r e f l u x e d 

w i t h t h e c a l c u l a t e d q u a n t i t y o f d i l u t e sodium h y d r o x i d e 

(6i+.2 m l . o f 0.1N.) u n t i l a homogeneous s o l u t i o n was 

formed, T h i s was c o o l e d , n e u t r a l i s e d w i t h h y d r o c h l o r i c 

a c i d (0.1N.) and eva p o r a t e d t o d r y n e s s . The r e s i d u e was 

r e f l u x e d w i t h a b s o l u t e a l c o h o l (100 ml.) and f i l t e r e d 

w h i l e h o t . E v a p o r a t i o n o f t h e a l c o h o l l e f t t h e w h i t e , 

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

( 0 . 7 grn., 73% o f t h e o r y ) . 

C^HgOgP^Na Requires P = 38.0?$ 
Pound P = 38.0?S 

D u r i n g the l a t e r p a r t of the proce d u r e i t i s e s s e n t i a l 

t o exclude a l l t r a c e s o f m o i s t u r e or t h e s a l t i s n o t 

o b t a i n e d as a w h i t e anhydrous s o l i d , f o r l i k e sodium 

t r i f l u o r o a c e t a t e i t i s r a t h e r d e l i q u e s c e n t . 
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b) Ammonium t r i f l u o r o p r o p i o n a t e (0 .94 gm.) was 

b o i l e d w i t h the c a l c u l a t e d q u a n t i t y o f aqueous sodium 

h y d r o x i d e (65 m l . o f 0.1 N) u n t i l no more ammonia was 

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

as i n method ( a ) whereupon (0.93 gm. o f 96'fo o f t h e o r y ) pure 

sodium t r i f l u o r o p r o p i o n a t e was o b t a i n e d . 

C^HgOgP^Na Requires P, = 38.0$ 

Pound P = 38.1$ 

P r e p a r a t i o n o f the S-benzyl T h i u r o n i u m S a l t s o f 

T r i f l u o r o a c e t i c and T r i f l u o r o p r o p i o n i c A c i d s . 

a) A few droxas of m e t h y l orange were added t o a 

s o l u t i o n o f t r i f l u o r o a c e t i c a c i d (1 .14 gm., 0.01 mole) 

i n w a t e r (10 m l . ) and the s o l u t i o n n e u t r a l i s e d w i t h N. 

sodium h y d r o x i d e f o l l o w e d by a c i d i f i c a t i o n w i t h one drop 

o f 2N. h y d r o c h l o r i c ' a c i d . This was t h e n c o o l e d i n i c e 

water and added t o a s i m i l a r l y c o o l e d s o l u t i o n o f 

b e n z y l t h i u r o n i u m c h l o r i d e (2 gm.) i n water (10 m l . ) . An 

immediate p r e c i p i t a t e was o b t a i n e d b u t t h e p r e c i p i t a t i o n 

was completed by • c o o l i n g t h e m i x t u r e a t 0°C f o r two days. 

The w h i t e c r y s t a l l i n e p r e c i p i t a t e was f i l t e r e d o f f under 
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s u c t i o n , r e p e a t e d l y c e c r y s t a l l i s e d f r o m a b s o l u t e a l c o h o l 

and f i n a l l y y i e l d e d 0.25 gm. o f a pure c r y s t a l l i n e compound, 

which m e l t e d s h a r p l y a t 173°C and proved t o be the b e n z y l 

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

Pound F = 20.56% 

b) A s o l u t i o n 'of sodium t r i f l u o r o p r o p i o n a t e (0.5gm«) 

d i s s o l v e d i n water (6.6 m l . ) and a c i d i f i e d w i t h one drop 

o f 2N. h y d r o c h l o r i c a c i d was added t o a s o l u t i o n o f b e n z y l 

c r y s t a l l i n e compound g r a d u a l l y began t o s e p a r a t e out and 

as i n the p r e v i o u s experiment t he p r e c i p i t a t i o n was 

completed by c o o l i n g a t 0°G f o r two days. F i l t r a t i o n 

and r e c r y s t a l l i s a t i o n f r o m a l c o h o l y i e l d e d 0.07 gm. o f t h e 

b e n z y l t h i u r o n i u m s a l t of t r i f l u o r o p r o p i o n i c a c i d M.P. 176°G. 

CF vC00 >7 NH 
C/-H.-CH 

NH 

°1 0 H11 ° 2 F * N 2 S R e q u i r e s P = 20.36% 

t h i u r o n i u m c h l o r i d e (0.66 gm.) i n water (3»3 m l . ) . A 

+ 

3 2 C^H.CH 6"5 V 1 12 S - c 
NH 

NH 

C 1 1 H 1 3 ° 2 F 3 N 2 S R e q u i r e s P = 19.1+% 
Pound F = 19.6% 
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P r e p a r a t i o n o f t h e A n i l i n e S a l t o f T r i f l u o r o a c e t i c Acid;., 

A n a l a r a n i l i n e ( 1 . 2 5 gm.) was d i s s o l v e d i n anhydrous 

e t h e r (3 ml.) and g r a d u a l l y added t o a s o l u t i o n o f 

t r i f l u o r o a c e t i c a c i d ( 1 . 5 4 gm.) i n anhydrous e t h e r (3 m l . ) . 

A s l i g h t e v o l u t i o n o f heat o c c u r r e d and a f t e r s t a n d i n g f o r 

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

F i l t r a t i o n f o l l o w e d by r e c r y s t a l l i s a t i o n f r o m r e c t i f i e d 

s p i r i t s y i e l d e d 0 . 97 gm. (3k% o f t h e o r y ) o f the c r y s t a l l i n e 

a n i l i n e s a l t o f t r i f l u o r o a c e t i c a c i d . M.P. 1 2 1 ° - 122°G. 
+ 

CF 7C00~ H,NC£H C 3 3 6 5 

C 8 H 8 ° 2 P 3 N ' R e q u i r e s F = 27.54'^ 

Found F = 2 7 . 4 $ 

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

d i s s o l v i n g a weighed sample ( 0 . 2 5 gm.) i n w a t e r (20 m l . ) 

and t i t r a t i n g w i t h s t a n d a r d sodium h y d r o x i d e ( 0 . 1 0 1 6 N . ) 

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

Sodium h y d r o x i d e t i t r e = 11 .68 m l . 

M o l e c u l a r w e i g h t = 0 .25 x i ^ . 6 8°x ° 0 . 1 0 1 6 

210 .7 

C a l c u l a t e d Value = 207 . 
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P r e p a r a t i o n of the A n i l i n e S a l t of T r i f l u o r o p r o p i o n i c Acid. 

A s o l u t i o n of sodium t r i f l u o r o p r o p i o n a t e ( 0 . 35 gm.) i n 

water (20 ml.) was a c i d i f i e d with normal h y d r o c h l o r i c a c i d 

(6 ml.) and then e x h a u s t i v e l y e x t r a c t e d with ether 

(20 x 12 m l . ) . The e t h e r e a l e x t r a c t was d r i e d over 

anhydrous magnesium sulphate and the excess ether d i s t i l l e d 

o f f u n t i l the volume was reduced to 2 ml. To t h i s was 

added a n i l a r a n i l i n e ( 0 . 2 5 ml.) and thk s o l u t i o n allowed to 

stand f o r I4.8 hours a t 0°C. A small quantity of a white 

s o l i d separated which, a f t e r f i l t e r i n g under s u c t i o n and 

r e c r y s t a l l i s i n g from r e c t i f i e d s p i r i t s , y i e l d e d 0 .12 gm. 

of a white c r y s t a l l i n g compound of M.P. 116°C. 

A molecular weight determination was c a r r i e d out as 

i n the previous experiment (p. 5U») 

Weight of sample taken = 0 .10 gm. 

Sodium hydroxide ( 0 . 1016N. ) t i t r e = 2+.41 ml. 
£ . 1000 

• . molecular weight = 0.1 x Q ^ g j g x l+.Ltf 

223 . 2 

T h i s r e s u l t shows the product to he the a n i l i n e s a l t of 

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

C 9 H 1 0 ° 2 P 3 N Requires M.W. = 221 . 0 

Pound M.W. = 223.2 
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F l u o r i n a t e d A l i p h a t i c Aldehydes. 
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I n t r o d u c t i o n * 

Up t o the; p r e s e n t t i m e t h e p r e p a r a t i o n o f v e r y few 

f J u o r i n a t e d a l i p h a t i c aldehydes have been r e p o r t e d a l t h o u g h 

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

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

t r i f l u o r o a c e t a l d e h y d e by r e d u c t i o n o f t r i f l u o r o a c e t o n i t r i l e 

w i t h l i t h i u m a l u m i n i u m h y d r i d e a t low te m p e r a t u r e s (Henne, 

P e l l e y and Aim, J.A.C.S., J2, 3370, 1950) or by o x i d a t i v e 

n i t r a t i o n o f 1 , 1 , 1 - t r i f l u o r o p r o p a n e { S h e c h t e r and Conrad, 

J.A.C.S., J_2, 3371, 1950), w h i l e t r i f l u o r o p r o p i o n a l d e h y d e was 

o b t a i n e d by d i c h r o m a t e o x i d a t i o n o f t r i f l u o r o p r o p y l a l c o h o l 

(Henne, P e l l e y and Aim, J.A.C.S., Jg, 3370, 1950). I n 

a d d i t i o n t o t h e s e , t?/o h i g h e r membered a l i p h a t i c aldehydes 

have been r e p o r t e d ( A b s t r a c t s , Am. Ghem. Soc., 116th m e e t i n g , 

A t l a n t i c C i t y , 19U9, p. 10 K ) , t r i f l u o r o b u t y r a l d e h y d e by 

t r e a t m e n t o f t h e compound CF^CRgCHgMgX w i t h e t h y l 

o r t h o f o r m a t e (McBee) and h e p t a f l u o r o b u t y r a l d e h y d e d u r i n g 

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

c o r r e s p o n d i n g a l c o h o l (Husted and A h l b r e c h t ) . The b o i l i n g 

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

t he same as those o f the c o r r e s p o n d i n g u n f l u o r i n a t e d 

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

a p p r o x i m a t e l y kO°C below a c e t a l d e h y d e . W i t h r e g a r d t o t h e 



58 

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

out by Henne and co-workers i t i s o f i n t e r e s t t o n o t e t h a t 

Friedman ( A t l a n t i c C i t y 1914-9, p. 5 M) recommends t h e 

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

p r e p a r a t i o n o f aldehydes. 

The p r o d u c t s o b t a i n a b l e by c a r r y i n g out t h e 

A r n d t - E i s t e r t S y n t h e s i s under v a r y i n g e x p e r i m e n t a l 

c o n d i t i o n s a r e a f r e e c a r b o x y l i c a c i d , i t s e s t e r , amide or 

a n i l i d e and so t h e g e n e r a l methods a v a i l a b l e f o r 

c o n v e r t i n g these types o f compound t o t h e c o r r e s p o n d i n g 

aldehydes were f i r s t r e v i e w e d . A p p l i c a t i o n o f r e d u c t i o n 

processes t o f r e e c a r b o x y l i c a c i d s or e s t e r s do n o t r e a d i l y 

y i e l d a l d e h y d e s , though i n t h e case o f a c i d s the c o n v e r s i o n 

may be e f f e c t e d by p a s s i n g t h e v a p o r i s e d a c i d , mixed w i t h 

f o r m i c a c i d , over t i t a n i u m d i o x i d e a t e l e v a t e d t e m p e r a t u r e s . 

W i t h a c e t i c a c i d and i t s homologues y i e l d s o f 50% have been 

o b t a i n e d b u t i f t h o r i a i s used as a c a t a l y s t t h e y i e l d s a r e 

s m a l l e r ( S a b a t i e r and M a i l h e , Compt. r e n d . , 15k, 561, 1912). 

F o r m a t i o n o f aldehydes f r o m a c i d amides i s p o s s i b l e by 

r e d u c t i o n o f t h e amides u s i n g hydrogen and a c a t a l y s t 

( u s u a l l y p l a t i n u m ) b u t the y i e l d s a r e poor. The c o n v e r s i o n 

o f a c i d a n i l i d e s t o aldehydes can be b r o u g h t about by 

t r e a t m e n t w i t h phosphorus p e n t a c h l o r i d e t o y i e l d t h e 
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i m i n o c h l o r i d e , w h i c h can r e a c t w i t h stannous c h l o r i d e 

under s u i t a b l e c o n d i t i o n s t o f o r m an azomethine t h e 

h y d r o l y s i s o f which g i v e s r i s e t o t h e d e s i r e d p r o d u c t 

(Sonn and M u l l e r , B., 5_2, 1927, 1919):-

RCONHPh — » RCGl = NPh — > R - GH = NPh — > RCHO + PhNHg 

S t r a u d i n g e r (B., i^1_, 2217, 1908) d e s c r i b e d a s i m i l a r t y p e 

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

a n i l i d e s t o aldeh y d e s : -

NPh 
RCONHPh — > RCGl = KPh — > R - C ̂  — > RCH = NPh 

^ MgCl ^ 

RCHO + PhNH 2 

These t y p e s o f r e a c t i o n were however c o n s i d e r e d 

u n s u i t a b l e f o r t h e p r e p a r a t i o n o f t r i f l u o r i n a t e d aldehydes 

s i n c e Henne and co-workers (J.A.C.S., J_2, 3370, 1950) have 

observed t h a t a m i x t u r e o f f o r m i c and t r i f l u o r o a c e t i c a c i d s 

d i d n o t r e a c t on manganous o x i d e a t h i g h t e m p e r a t u r e s u n t i l 

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

reduced t o the a l c o h o l w i t h hydrogen and a p l a t i n u m c a t a l y s t 

and broke down c o m p l e t e l y w i t h sodium i n l i q u i d ammonia. 

Furthermore though t h e use o f t r i f l u o r o a c e t a n i l i d e has n o t 
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been r e p o r t e d i t i s p o s s i b l e t h a t an i m i n o c h l o r i d e would 

n o t "be formed under t h e i n f l u e n c e o f phosphorus p e n t a c h l o r i d e 

s i n c e t r i f l u o r o a c e t o n i t r i l e does n o t f o r m an imine i n t h e 

Stephens R e d u c t i o n (Henne e t a l . , l o c . c i t . ) , "the s t r u c t u r e 

o f w h i c h would he v e r y s i m i l a r t o t h a t o f an i m i n o c h l o r i d e . 

Thus i t appeared e x p e d i e n t t o i n v e s t i g a t e t h e f o r m a t i o n 

o f aldehydes f r o m o t h e r t y p e s o f f l u o r i n a t e d compounds. 

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

aldehydes can he c a r r i e d o u t by hydrogen i n t h e presence 

o f a c a t a l y s t ( u s u a l l y s u p p o r t e d p a l l a d i u m ) and t h i s 

method has been a p p l i e d w i t h success t o a wide range o f 

a c i d c h l o r i d e s , (Rosenmund e t a l . , B., 5J_, 585, 1918, i b i d . , 

5j£, U25, 2038, 2088, 1921; i b i d . , 5_5_, 2360, 1922; i b i d . , 

56, 1U81, 1923.) and i s now g e n e r a l l y known as t h e 

Rosenmund R e d u c t i o n . Henne and co-workers (J.A.C.S., 72, 

3370, 1950) r e p o r t e d t h a t t r i f l u o r o a c e t y l c h l o r i d e d i d 

n o t r e a c t i n the Rosenmund R e d u c t i o n u»r was reduced d i r e c t l y 

t o t h e a l c o h o l b u t no f u r t h e r d e t a i l s are g i v e n and s i n c e 

t h i s r e d u c t i o n process can be c a r r i e d out i n t h e l i q u i d 

or vapour phase w i t h d i f f e r e n t t y p e s o f c a t a l y s t w i t h 

or w i t h o u t t h e presence o f a r e g u l a t o r , a wide range o f 

e x p e r i m e n t a l t e c h n i q u e s a r e a v a i l a b l e . For t h i s r e a s o n 



i t was concluded t h a t a p p l i c a t i o n o f the Rosenmund 

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

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

reas o n a b l e y i e l d s . 

The Mechanism o f t h e Rosenmund R e d u c t i o n . 

The b a s i s o f t h e method i s the s e l e c t i v e h y d r o g e n a t i o n 

o f an a c i d c h l o r i d e i n t h e presence o f a s u i t a b l e c a t a l y s t 

( s u p p o r t e d p a l l a d i u m ) t o f o r m t h e c o r r e s p o n d i n g aldehyde:-

RC0C1 + H 2 — > RCHO + HC1 

I t i s e s s e n t i a l however t h a t t h e aldehyde must be capable 

o f w i t h s t a n d i n g r e d u c t i o n under t h e c o n d i t i o n s necessary 

f o r i t s f o r m a t i o n f r o m t h e a c i d c h l o r i d e or i t w i l l be 

f u r t h e r reduced t o the a l c o h o l and even to t h e h y d r o c a r b o n : -

RCHO + H 2 — > RCHgOH 

RCH2OH + H 2 — > RCHj + HgO 

I f t h i s f u r t h e r r e d u c t i o n does occur t h e n t h e a l c o h o l and 

water so formed can r e a c t w i t h t h e a c i d c h l o r i d e t h u s 

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

r e s p e c t i v e l y : -
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RC0C1 + RCHgOH — > RCOOCHgR + HOI 

RCOCl + HgO — > RCOOH + HOI 

RCOG1 + RCOOH -H> (RC0) 20 + HC1 

Rajahn and Fahr (Ann., Z±2£t, 252, 1923) s t a t e t h a t t h e 

f o r m a t i o n o f t h e a c i d a n h y d r i d e , as shown above, i s an 

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

a c i d c h l o r i d e s i f t r a c e s o f pxygen and water are p r e s e n t i n 

th e hydrogen used. Another type o f s i d e r e a c t i o n f o u n d 

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

and a l s o i n the f o r m a t i o n o f aldehydes f r o m p - a n i s o y l 

c h l o r i d e (Rosenmund, Zetzsche and Heise, B., 5Jt> 638, 1 921) 

and 2-naphthoyl c h l o r i d e ( Hershberg and Cason, Org. 

Syntheses, 21., 8k, 19M) i s t h e r e d u c t i v e removal o f t h e 

a c i d c h l o r i d e group t o f o r m t h e h y d r o c a r b o n : -

RC0C1 + H 2 — > RH + HG1 + 00 

I n p r a c t i c e t h e r e d u c t i o n i s u s u a l l y c a r r i e d out by 

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

c h l o r i d e i n x y l e n e or t o l u e n e i n w h i c h t h e c a t a l y s t i s 

suspended. P a l l a d i s e d b a r i u m s u l p h a t e (2% - 5% Pd) has 

been most f r e q u e n t l y used as c a t a l y s t and t h e r a t i o o f 

c a t a l y s t t o a c i d c h l o r i d e i s u s u a l l y 1 t o 10. The b a r i u m 

s u l p h a t e can be r e p l a c e d by o t h e r c a r r i e r s such as c h a r c o a l , 
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c a l c i u m c arbonate or k i e s e l e g u h r (Rosenmund, B., J5J±, i+25, 

1921; Rajahn and S e i t z , Ann., ^3_Z, 279, 192k; Waser, 

Helv. Ghim. A c t a . , 8, 117, 1925), w h i l e osmium, p l a t i n u m 

and n i c k e l have been used i n s t e a d o f p a l l a d i u m (Weygand 

and Meusel, B., 7_6, 503, 19U3; Rosenmund, B., £1, 585, 

1918). The i n v e s t i g a t i o n s o f Rosenmund and Zetzsche 

(B., 625, 1921) showed t h a t t h e presence o f a 

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

r e d u c t i o n o f t h e aldehyde t o the a l c o h o l e t c . , 

c o n s e q u e n t l y s p e c i a l a t t e n t i o n has s i n c e been p a i d t o t h e 

development o f s u i t a b l e r e g u l a t o r s most o f wh i c h c o n t a i n 

s u l p h u r . I n many cases however t h e use o f a r e g u l a t o r i s 

no t r e q u i r e d , w h i l e i n o t h e r s t h e i r use seems t o be 

d e f i n i t e l y d i s a d v a n t a g o u s , t h u s whether or n o t a r e g u l a t o r 

i s r e q u i r e d can o n l y be d e t e r m i n e d by experiment f o r any 

p a r t i c u l a r case. The most w i d e l y used r e g u l a t o r i s 

t h i o q u i n a n t h r e n e ( q u i n o l i n e - S ) and u s u a l l y 10 mg./gm. o f 

c a t a l y s t has been f o u n d q u i t e s a t i s f a c t o r y ( H e r s h b e r g and 

Cason, Org. Syntheses, 21., 8i+, 19I1.I). 

A l i m i t e d number o f a c i d c h l o r i d e s have been c o n v e r t e d 

t o t h e aldehydes by c a r r y i n g out t h e r e d u c t i o n i n the 

vapour phase and good y i e l d s o f benzaldehyde and 

i s o v a l e r a l d e h y d e were o b t a i n e d by F r b s c h l and Dano£f 
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( J . p r a k t . Chem., 1J4±, 217, 1936), who passed t h e a c i d 

c h l o r i d e s over p a l l a d i s e d asbestos a t t e m p e r a t u r e s 

a p p r o a c h i n g 200°C. However p h e n y l e t h y l a l c o h o l and e t h y l 

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

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

reduced p r e s s u r e w i t h n i c k e l , n i c k e l c h l o r i d e and p l a t i n u m 

as c a t a l y s t s E s c o u r r o u ( B u l l . soc. chim. F r . , ( 5 ) , 6, 

1173, 1939) reduced h i g h e r a l i p h a t i c and a r o m a t i c a c i d 

c h l o r i d e s b u t t h e r e appears t o be no advantage i n a d o p t i n g 

such a p r o c e d u r e . On the whole i t appears t h e r e f o r e t h a t 

by f a r t h e g r e a t e s t number o f i n v e s t i g a t i o n s have been 

c a r r i e d out i n t h e l i q u i d phase b u t s i n c e t r i f l u o r o a c e t y l 

c h l o r i d e has a b o i l i n g p o i n t o f -27°C i t was c o n s i d e r e d 

e x p e d i e n t t o a t t e m p t a vapour phase Rosenmund S e d u c t i o n 

i n p r e f e r e n c e t o a l i q u i d phase t e c h n i q u e . 

I n c o n c l u s i o n i t thus appears t h a t t h e Rosenmund 

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

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

a c i d c h l o r i d e s and though the y i e l d s v a r y c o n s i d e r a b l y 

most a c i d c h l o r i d e s gave y i e l d s o f over 50% w h i l e y i e l d s 

o f 80% can o c c a s i o n a l l y be o b t a i n e d . W i t h t h e a c i d c h l o r i d e s 

o f d i b a s i c a c i d s however t h e r e d u c t i o n o f t e n gdves poor 

y i e l d s o f the d i a l d e h y d e s b u t i n most cases t h i s appears due 
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t o p o l y m e r i s a t i o n o f t h e p r o d u c t s d u r i n g i s o l a t i o n and 

p u r i f i c a t i o n (Rosenmund e t a l . , 8 . , 5J±, 2888, 1921 ; i b i d . , 

5_5_, 609, 1922). A f i n a l advantage o f t h i s method i s t h a t 

no v a r i a t i o n i n y i e l d w i t h t h e q u a n t i t y o f r e a c t a n t s 

employed was observed when t h e method was used w i t h s m a l l 

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

( Hershberg and Gason, Org. Syntheses, 21_, 81+, 19M) and 

t h i s i s o f importance s i n c e t he a v a i l a b l e q u a n t i t y o f . 

f l u o r i n a t e d a c i d c h l o r i d e was q u i t e s m a l l . 

A p p l i c a t i o n o f t h e Rosenmund R e d u c t i o n t o F l u o r i n a t e d A c i d 

C h l o r i d e s . 

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

e x p e r i m e n t a l t e c h n i q u e s employed d u r i n g t h e vapour phase 

r e d u c t i o n o f a c i d c h l o r i d e s , the work o f F r b s c h l and 

Danoff ( J . p r a k t . Chem., U+J±, 217, 1936) was r e p e a t e d and 

good y i e l d s ( 8 0 % ) o f benzaldehyde o b t a i n e d f r o m b e n z o y l 

c h l o r i d e . 

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

was p r e p a r e d f r o m t r i f l u o r o a c e t i c a c i d and b e n z o y l c h l o r i d e 

(Henne e t a l . , J.A.C.S., JO, 1968, 19U8) i n p r e f e r e n c e t o 

th e a c t i o n o f phosphoros t r i c h l o r i d e on b a r i u m 

t r i f l u o r o a c e t a t e (Simons and Ramler, J.A.C.S., 65_, 389, 
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19U3) s i n c e i t i s known t h a t t r a c e s o f phosphorus compounds 

i n an a c i d c h l o r i d e can r e t a r d , or even p r e v e n t , any 

r e d u c t i o n f r o m t a k i n g p l a c e ( Z e t z s c h e and A r n d t , H e l v . Chim. 

A c t a . , £, 591 , 1925; i b i d . , 9_, 173, 1926). I n 

a d d i t i o n t o t h i s F r b s c h l and D a n o f f , i n t h e i r work on t h e 

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

t h a t t h e a c i d c h l o r i d e s must be f r e e f r o m t r a c e s o f 

s u l p h u r c o n t a i n i n g compounds, i n w h i c h case t h e use o f a 

r e g u l a t o r , such as q u i n o l i n e - S , would be d e f i n i t e l y 

d i s a d v a n t a g e o u s . I t i s e s s e n t i a l t h e r e f o r e t h a t t h e 

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

compounds c o n t a i n i n g these elements b e f o r e a t t e m p t i n g 

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

The a pparatus used i n these i n v e s t i g a t i o n s was a 

m o d i f i e d v e r s i o n o f t h a t developed by F r b s c h l and D a n o f f 

( l o c . c i t . ) and t h e c a t & l y s t employed ( p a l l a d i s e d a s b e s t o s , 

2.5$ t o 2.8$ Pd.) was p r e p a r e d as d e s c r i b e d by these 

i n v e s t i g a t o r s . The a p p a r a t u s , c a t a l y s t , and a c i d c h l o r i d e 

were k e p t as d r y as p o s s i b l e so as t o p r e v e n t any 

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

t r i f l u o r o a c e t i c a c i d would r e s u l t i n s i d e r e a c t i o n s o c c u r i n g 

w i t h a subsequent decrease i n the amount o f aldehyde 

produced. I n a d d i t i o n t h e aldehyde would be c o n t a m i n a t e d 



w i t h u n d e s i r a b l e m a t e r i a l s . 

R e d u c t i o n o f the t r i f l u o r o a c e t y l c h l o r i d e was f o u n d 

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

r e a c t i o n c o u l d be f o l l o w e d by t i t r a t i o n , w i t h s t a n d a r d 

a l k a l i , o f t h e hydrogen c h l o r i d e formed d u r i n g t h e pro c e s s 

CP^COCl + H 2 — } CF^CHO + HG1 

Though a s m a l l Q u a n t i t y o f f r e e t r i f l u o r o a c e t a l d e h y d e was 

produced t he b u l k o f t h e r e a c t i o n p r o d u c t was o b t a i n e d as ; 

s o l i d polymer f r o m w h i c h t h e aldehyde was l i b e r a t e d on 

a p p l i c a t i o n o f h e a t . T h i s a f f e c t agreed w i t h t h e 

o b s e r v a t i o n s o f Schechter and Conrad (J.A.C.S., 21, 3371, 

1950), who f o u n d t h a t t r i f l u o r o a c e t a l d e h y d e p o l y m e r i s e d t o 

a waxy r e s i n , w h i c h r e a d i l y decomposed i n t o t h e aldehyde 

when heated. I n a d d i t i o n t o these p r o d u c t s a q u a n t i t y o f 

f l u o r a l h y d r a t e was i s o l a t e d and p u r i f i e d by s u b l i m a t i o n 

( c . f . , Henne e t a l . , J.A.C.S., J2_, 3370, 1950). The 

f o r m a t i o n o f t h i s compound must have been due t o t h e 

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

r e c e i v e r s , f r o m t h e asbestos used as a c a r r i e r f o r t h e 

c a t a l y s t . The asbestos was baked b e f o r e use b u t i t was 

most d i f f i c u l t t o remove t h e l a s t t r a c e s o f m o i s t u r e s i n c e 

t r i f l u o r o a c e t a l d e h y d e forms a h y d r a t e w i t h g r e a t ease 

(Henne e t a l . , l o c . c i t . ) . B o t h t h e aldehyde and t h e 



h y d r a t e were c h a r a c t e r i s e d by analys e s and by t h e 

f o r m a t i o n o f the c r y s t a l l i n e 2.1j.-dinitrophenylhydra_zone 

(Henne e t a l . , l o c . c i t . ; Schechter and Conrad, l o c . c i t . 

The r e s u l t s o b t a i n e d i n t h i s i n v e s t i g a t i o n t e n d t o 

c o n t r a d i c t t h e st a t e m e n t o f Henne, P e l l e y and Aim ( J.A . C.S 

72, 3310, 1950) t h a t t r i f l u o r o a c e t y l c h l o r i d e does n o t 

r e a c t i n t h e Rosenmund R e d u c t i o n or i s reduced d i r e c t l y t o 

th e a l c o h o l , b u t s i n c e t h e y g i v e no d e t a i l s as t o the 

c o n d i t i o n s under wh i c h t h e y a t t e m p t e d t h e r e d u c t i o n i t i s 

i m p o s s i b l e t o compare any d i f f e r e n c e s i n t h e t e c h n i q u e s 

employed. However, as has been p r e v i o u s l y p o i n t e d o u t , 

t h e r e a r e a l a r g e number o f p o s s i b l e v a r i a t i o n s i n the 

e x p e r i m e n t a l c o n d i t i o n s under wh i c h a Rosenmund R e d u c t i o n 

can be c a r r i e d o u t , so the f a i l u r e o f Henne and h i s 

co-workers t o reduce t r i f l u o r o a c e t y l c h l o r i d e t o 

t£ifluoroacetaldehyde c o u l d be a t t r i b u t e d t o t h e f a c t t h a t 

t h e y d i d n o t g e t the c o r r e c t c o m b i n a t i o n o f e x p e r i m e n t a l 

c o n d i t i o n s necessary f o r t h e r e d u c t i o n t o t a k e p l a c e . 

When the t r i f l u o r o m e t h y l group i s n o t a d j a c e n t t o 

t h e c a r b o n y l group c o n t o e n t i a n a l methods can be used f o r 

the p r e p a r a t i o n o f f l u o r i n a t e d aldehydes eg., CF^CHgCHO 

by d i c h r o m a t e o x i d a t i o n o f CF^CHrjCH^OH (Henne e t a l . , l o c . 
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c i t . ) and CF 30H 90H 2CHO by t r e a t m e n t o f CF^CHgCHgMgX w i t h 

e t h y l o r t h o f o r m a t e (McBee, l o c . c i t . ) . Thus, s i n c e 

t r i f l u o r o a c e t a l d e h y d e can be o b t a i n e d by a p p l i c a t i o n o f t h e 

Rosenmund R e d u c t i o n t o t r i f l u o r o a c e t y l c h l o r i d e , t h e r e 

appears t o be no reason why t h e h i g h e r f l u o r i n a t e d 

a l i p h a t i c aldehydes s h o u l d n o t be p r e p a r e d by c a r r y i n g o u t 

the same pr o c e d u r e on the c o r r e s p o n d i n g f l u o r i n a t e d a c i d 

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

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

Hydrogen f r o m a c y l i n d e r was l e d t h r o u g h a f l o w - m e t e r 

a t a Constant r a t e (1U l / h r . ) and b u b b l e d t h r o u g h two wash 

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

s o l u t i o n and th e second d i l u t e aqueous p o t a s s i u m h y d r o x i d e . 

Fr&m thence i t was l e d t h r o u g h two l a r g e c a l c i u m c h l o r i d e 

towers and two h o r i z o n t a l c a l c i u m c h l o r i d e t u b e s . The 

pure d r y hydrogen t h e n passed over t h e s u r f a c e o f l i q u i d 

t r i f l u o r o a c e t y l c h l o r i d e (11 gm.) c o n t a i n e d i n a tube 

c o o l e d i n an a l c o h o l - d r i k o l d b a t h . By l o w e r i n g t h i s b a t h 

the a c i d c h l o r i d e was g r a d u a l l y e v a p o r a t e d ( o v e r a p e r i o d o f 

1 h r . ) and th e m i x t u r e o f hydrogen and vapour passed i n t o 

a p r e h e a t e r , w h i c h c o n s i s t e d o f a s m a l l f l a s k (100 m l . ) 

c a r r y i n g i n l e t and o u t l e t tubes t o g e t h e r w i t h a thermometer 

and which was hea t e d i n an o i l b a t h a t 170°C. The h o t 

gaseous m i x t u r e was t h e n f e d d i r e c t l y i n t o a p y r e x g l a s s 

tube ( l e n g t h 36 i n c h e s , i n t e r n a l d i a m e t e r 0.7 i n c h ) packed 

w i t h p a l l a d i s e d asbestos as c a t a l y s t , t h e te m p e r a t u r e o f 

which was c a r e f u l l y m a i n t a i n e d a t a c o n s t a n t v a l u e (205°C) 

by w i n d i n g i t w i t h an e l e c t r i c h e a t e r . The r e a c t i o n tube 

l e d i n t o two r e c e i v e r s , each c o o l e d i n an a l c o h o l - d r i k o l d 

b a t h , where the p r o d u c t s o f t h e r e a c t i o n c o l l e c t e d . The 



e x i t gases c o n s i s t i n g o f excess hydrogen and hydrogen 

c h l o r i d e formed i n t h e r e a c t i o n t h e n passed t h r o u g h a 

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

c o n t a i n i n g m e t h y l orange as i n d i c a t o r , where t h e hydrogen 

c h l o r i d e was t i t r a t e d w i t h s t a n d a r d a l k a l i . F i n a l l y t h e 

r e s i d u a l hydrogen was f e d i n t o t h e open a i r . A f t e r 

c o m p l e t i o n o f the e x p e r i m e n t , hydrogen was passed f o r a 

f u r t h e r hour t o sweep out t h e a p p a r a t u s , and t i t r a t i o n o f 

th e hydrogen c h l o r i d e w i t h a l k a l i i n d i c a t e d , a c c o r d i n g t o 

th e f o l l o w i n g e q u a t i o n : -

CF-,C0C1 + H 0 —> CFxCHO + HC1 3 2 ' 3 

t h a t 61% o f t h e t h e o r e t i c a l amount o f hydrogen c h l o r i d e 

had been prod.uced d u r i n g t he o p e r a t i o n s . 

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

r e c e i v e r s as a w h i t e s o l i d and, as such, c o u l d n o t be 

unchanged t r i f l u o r o a c e t y l c h l o r i d e s i n c e i t would b§ a 

l i q u i d a t t h e t e m p e r a t u r e s concerned. On a t t a i n i n g room 

te m p e r a t u r e t h e s o l i d formed a p a l e - y e l l o w l i q u i d ( V o l . 

5 m l . , I t . 6 gm.) which on f u r t h e r t r e a t m e n t p r o v e d t o be 

a m i x t u r e o f t r i f l u o r o a c e t a l d e h y d e , a polymer o f the 

aldehyde and f l u o r a l h y d r a t e . 

The t r i f l u o r o a c e t a l d e h y d e , w h i c h b o i l s a t -18°C 
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( S h e c h t e r and Conrad, J.A.C.S., 7_2, 337.1, 1950), was 

c o m p l e t e l y removed f r o m t h e m i x t u r e by b u b b l i n g a slow 

stream o f n i t r o g e n t h r o u g h i t a t room t e m p e r a t u r e and 

c o l l e c t i n g t h e d i s t i l l a t e i n a d r i k o l d c o o l e d r e c e i v e r 

( V o l . 0.75 m l . , Wt. 1 gnu, 18.3% y i e l d ) . The c o l o u r l e s s 

d i s t i l l a t e , as expected, r a p i d l y e v a p o r a t e d a t room 

t e m p e r a t u r e b u t d i d n o t r e a d i l y e v a p o r a t e when c o o l e d i n 

an e f f i c i e n t i c e - s a l t f r e e z i n g m i x t u r e . I t r a p i d l y 

reduced ammoniacal s i l v e r n i t r a t e and i f i t was a l l o w e d t o 

absorb m o i s t u r e a w h i t e s o l i d g r a d u a l l y formed, w h i c h c o u l d 

be r e a d i l y s u b l i m e d a t 50°C thus showing i t t o be f l u o r a l 

h y d r a t e (Henne e t a l . , J.A.C.S., 7_2, 3370, 1950):-

GPjCHO + H 2 0 — > CP 3CH(0H) 2 

A n a l y s i s o f t h e d i s t i l l a t e c o n f i r m e d i t t o be t h e d e s i r e d 

t r i f l u o r o a c e t a l d e h y d e . 

C oH0F, Re q u i r e s F = 58.17% 

Pound P = 58.0% 

W h i l e b u b b l i n g d r y n i t r o g e n t o i s o l a t e t h e 

t r i f l u o r o a c e t a l d e h y d e t h e e x i t gases were passed t h r o u g h 

w a t e r c o n t a i n i n g m e t h y l orange as i n d i c a t o r and were f o u n d 

t o c o n t a i n hydrogen c h l o r i d e . T h i s was t i t r a t e d w i t h 

s t a n d a r d a l k a l i so b r i n g i n g t h e t o t a l amount o f hydrogen 

c h l o r i d e produced i n t h e r e a c t i o n up t o 90% o f t h e 
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t h e o r e t i c a l v a l u e . I t appeared t h e r e f o r e t h a t 

a p p r o x i m a t e l y 30% o f the hydrogen c h l o r i d e formed must "be 

t r a p p e d i n t h e d r i k o l d c o o l e d r e c e i v e r s a l o n g w i t h the 

r e a c t i o n p r o d u c t s . 

A f t e r removal o f t h e t r i f l u o r o a c e t a l d e h y d e t h e 

residxie formed a brown s o l i d on s t a n d i n g a t room t e m p e r a t u r e . 

On warming, t h i s s o l i d g r a d u a l l y m e l t e d t o f o r m a brown 

l i q u i d and a c o l o u r l e s s l i q u i d d i s t i l l a t e (3*1 gm., 

38.1% y i e l d ) was c o l l e c t e d i n a d r i k o l d c o o l e d r e c e i v e r . 

$ven when t h e h a t h t e m p e r a t u r e was r a i s e d as h i g h as 92°C 

t h e d i s t i l l a t i o n t e m p e r a t u r e d i d n o t exceed room 

te m p e r a t u r e and t h i s f a c t was c o n s i s t e n t w i t h the brown 

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

known t h a t t h e aldehyde e a s i l y p o l y m e r i s e s t o a waxy r e s i n 

w h i c h , upon h e a t i n g , r e a d i l y decomposes i n t o t h e aldehyde 

( S h e c h t e r and Conrad, J.A.G.S., J2, 3371, 1950). The 

l i q u i d d i s t i l l a t e e v a p o r a t e d r a p i d l y a t room t e m p e r a t u r e , 

r e a d i l y reduced ammoniacal s i l v e r n i t r a t e and absorbed 

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

a t 50°G and proved t o be f l u o r a l h y d r a t e . These p r o p e r t i e s 

t o g e t h e r w i t h an a n a l y s i s p r o v e d the low b o i l i n g l i q u i d t o 

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

must have been a s o l i d polymer o f the aldehyde. Analyses 
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c a r r i e d out on t h e aldehyde and aldehyde h y d r a t e gave t h e 

f o l l o w i n g r e s u l t s : -

GgHOF^ Requires F 

Pound P 

GgH^OgP^ Requires P 

Pound P 

The s o l i d r e s i d u e r e m a i n i n g a f t e r removal o f t h e polymer 

was f o u n d t o sublime a t 50°C t o y i e l d a w h i t e 

c r y s t a l l i n e a o l i d (1.1 gm., 11.1+% o f t h e o r y ) w h i c h a n a l y s e d 

as pure f l u o r a l h y d r a t e : -

CgH^OgF^ Requires P = i+9.2% 

Pound P = 1+9.2% 

F i n a l l y t h e r e remained a s m a l l volume o f dark l i q u i d w h i c h 

d i d n o t subl i m e and c o u l d he d i s t i l l e d a t a h a t h 

t e m p e r a t u r e o f 110°C, though no t r u e d i s t i l l a t i o n 

t e m p e r a t u r e was o b t a i n e d due t o t h e s m a l l q u a n t i t i e s 

i n v o l v e d (0.2 gm.). Th i s l i q u i d a n a l y s e d as s l i g h t l y 

impure f l u o r a l h y d r a t e b u t t h i s i s improbable and i t i s most 

l i k e l y some t y p e o f d e c o m p o s i t i o n p r o d u c t o r polymer. 

Thus the o v e r a l l y i e l d o f aldehyde was a p p r o x i m a t e l y 

62%. 

= 58.17$ 

= 58.1% 

= U9.2% 

= 1+9.1% 
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P r e p a r a t i o n o f t h e 2 . 1 j.-dinitrophen.ylhydrazone o f F l u o r a l . 

P l u o r a l h y d r a t e (0.2 gin.) was d i s s o l v e d i n 6N. 

s u l p h u r i c a c i d (66 ml.) c o n t a i n i n g 2.L|.-dinitrophenylhydrazine 

(0.66 gm.) and t h e r e s u l t a n t s o l u t i o n a l l o w e d t o s t a n d f o r 

two days. D u r i n g t h i s t i m e an o r a n g e - y e l l o w compound 

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

i e c r y s t a l l i s a t i o n f r o m aqueous a l c o h o l , y i e l d e d 0.1 gm. o f 

an orange- c r y s t a l l i n e compound M.P. 150°0. T h i s was 

the d e s i r e d 2.i4.-dinitrophenylhydrazone o f f l u o r a l ( c . f . 

Henne e t a l . , J.A.C.S., J2, 3370, 1950; Shechter and 

Conrad, i b i d . , p. 3371•) and was o b t a i n e d i n 20.8$ y i e l d . 

C g H ^ F ^ Re q u i r e s P = 20.5$ 

Pound P = 20.h% 

F u r t h e r samples o f t h i s compound were o b t a i n e d by b u b b l i n g 

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

2 . 1 + - d i n i t r o p h e n y l h y d r a z i n e i n 6 N . s u l p h u r i c a c i d ( c . f . , 

Shechter and Conrad, l o c . c i t . ) 



The C h l o r o f l u o r i n a t i o n o f P y r i d i n e . 
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I n t r o d u c t i o n . 

As y e t l i t t l e a t t e n t i o n has been p a i d t o t h e use o f 

i n t e r h a l o g e n compounds as f l u o r i n a t i n g agents i n o r g a n i c 

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

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

no t hydrogen, by f l u o r i n e (Sharpe, Q u a r t . Reviews, 2+_, 127, 

1950) and bromine t r i f l u o r i d e has been used t o f l u o r i n a t e 

hexachlorobenzene, carbon t e t r a c h l o r i d e and carbon t e t r a i o d i d e 

(McBee e t a l . , I n d . Eng. Chem., 3_9_, 378, 19U7; N u t t i n g and 

P e t r i e , U.S.P., 1961622, 193U; EmeUeus e t a l . , J.G.S., 

2188, 192+8). So f a r no c o n t r o l l e d r e a c t i o n s have been 

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

bromine p e n t a f l u o r i d e . P r e v i o u s t o t h e i n v e s t i g a t i o n s o f 

E l l i s and Musgrave (J.G.S., 3608, 1950), c o n c e r n i n g t h e 

h a l o g e n a t i o n o f benzene w i t h c h l o r i n e t r i f l u o r i d e , no d e t a i l e d 

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

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

such r e a c t i o n s b o t h f l u o r i n e and c h l o r i n e were i n t r o d u c e d i n t o 

t h e m o l e c u l e ( P o r t e r , Chem. Eng., 5_5_, No. i+, 102, 19U8; 

B u r n e t t and Banks, Chem. Soc. Symposium on F l u o r i n e Chem., 

Nov. 19U9), w h i l e H a s z e l d i n e ( P r i v a t e Communication t o Sharpe, 

l o c . c i t . ) i n d i c a t e d t h a t t h e vapour phase f l u o r i n a t i o n o f 

benzene and t o l u e n e w i t h c h l o r i n e t r i f l u o r i d e l e d t o b o t h 

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

benzene i n carbon t e t r a c h l o r i d e s o l u t i o n ( E l l i s and 

Musgrave, l o c . c i t . ) showed t h e main process t o be one o f 

s u b s t i t u t i o n l e a d i n g t o t h e f o r m a t i o n o f b o t h f l u o r o b e n z e n e 

and chl o r o b e n z e n e , w h i l e s m a l l amounts o f a d d i t i o n 

compounds, t h o u g h t t o be c h l o r o f l u o r o c y c l o h e x a n e s , -

cyclohexenes and - c y c l o h e x a d i e n e s , were a l s o produced. 

V a r i o u s c a t a l y s t s were used d u r i n g these i n v e s t i g a t i o n s 

b u t c o b a l t o u s f l u o r i d e p r o v e d t o be t h e most e f f i c i e n t . 

Thus t a k i n g c o b a l t o u s f l u o r i d e as an example t h e f o r m a t i o n 

o f f l u o r o b e n z e n e , by t h e u s u a l i o n i c p r o c e s s , was 

p o s t u l a t e d i n t h e f o l l o w i n g manner:-

C1P 3 + 2GoP 2 — > 2CoF 3 + C1P (1) 

C1P 3 + GoP 3 — > F + + CoF^ ~ + C1P x (2) 

The f o r m a t i o n o f chlorobenzene was e x p l a i n e d by t h e 

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

a l . , J.A.C.S., 62, 267, 19U0; I n d . Eng. Ghem., 3_5_, 360, 

19I4.7). Since c h l o r i n e m o n o f l u o r i d e i s a l s o produced i n 

the c o n v e r s i o n o f t h e c a t a l y s t t o t h e t r i v a l e n t s t a t e (1) 

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

and t h e s o l v e n t , t h e f a c t t h a t t h e chlorobenzene 

was produced i n h i g h e r m o l e c u l a r p r o p o r t i o n 4than f l u o r o b e n z e n e 
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c o u l d "be r e a d i l y accounted f o r : -

C1F, + CCl. — > CC1,P + 2C1F (3) 
3 2+ 5 

C1F 3 + CCl^F — > CC1 2P 2 + 2G1F ( 2 + ) 

I n t h e d i r e c t f l u o r i n a t i o n o f o r g a n i c compounds ele m e n t a r y 

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

s i n c e i t i s d i f f i c u l t t o remove an e l e c t r o n , so as t o f o r m 

t h e p o s i t i v e i o n and t h e a r o m a t i c n u c l e u s i s a t t a c k e d by an 

atomic c h a i n mechanism., f i r s t by a d d i t i o n t o f o r m t h e 

s a t u r a t e d h e x a f l u o r i d e and t h e n by s u b s t i t u t i o n o f t h e 

hydrogen atoms i n t h i s compound ( B i g e l o w e t a l . , J.A.G.S., 

22, 22+11 , 1950). 

I n view o f t h e f a c t t h a t t h e a c t i o n o f c h l o r i n e 

t r i f l u o r i d e on benzene gave r i s e t o a r o m a t i c s u b s t i t u t i o n 

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

compounds had. n o t been d e s c r i b e d , i n v e s t i g a t i o n s were 

begun by Beaty (pfi . D . T h e s i s ) u s i n g p y r i d i n e as a t y p i c a l 

example o f a c o n j u g a t e d h e t e r o c y c l i c r i n g ? system. T h i s 

work showed, as i n the case o f benzene, t h a t t h e main r e a c t i o n 

was one o f s u b s t i t u t i o n g i v i n g r i s e t o 2 - f l u o r o p y r i d i n e and 

3 - e h l o r o p y r i d i n e . The use o f v a r i o u s c a t a l y s t s (CoFg, 

CoClg, AgF, T I F and SbF^) was i n v e s t i g a t e d and t h e y i e l d s 

o f s u b s t i t u t i o n p r o d u c t s were f o u n d t o be g r e a t e r t h a n those 

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



anhydrous p o t a s s i u m f l u o r i d e was added t o t h e r e a c t i o n 

m i x t u r e so removing any hydrogen f l u o r i d e produced d u r i n g 

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

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

so r e s u l t i n g i n r i n g f i s s i o n . As w i t h benzene, t h e use o f 

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

s u b s t i t u t i o n compounds b u t t h e a c t u a l r a t i o o f f l u o r o t o 

c h l o r o p y r i d i n e appeared t o depend t o some e x t e n t on the 

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

The p r e s e n t s e r i e s o f experiments were u n d e r t a k e n i n 

or d e r t o complete t he 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 

between c h l o r i n e t r i f l u o r i d e and p y r i d i n e i n carbon 

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

c o n d i t i o n s so as t o a s c e r t a i n t h e e f f e c t on t h e y i e l d s o f 

s u b s t i t u t i o n p r o d u c t s . Secondly, s i n c e Beaty d i d n o t 

r e p o r t t h e f o r m a t i o n o f any a d d i t i o n compounds, t h e 

presence o f which c o u l d be expected by analogs'" w i t h t h e 

benzene e x p e r i m e n t s , a t t e m p t s would be made t o i s o l a t e 

and c h a r a c t e r i s e any such compounds as were produced. 

L a s t l y i t was hoped t o d e v i s e e x p e r i m e n t s t o i n d i c a t e 

whether or n o t any r i n g f i s s i o n t o o k p l a c e d u r i n g t h e 

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

f l u o r i n a t e d compounds such as n i t r o g e n t r i f l u o r i d e , c arbon 
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t e t r a f l u o r i d e and h a l o g e n a t e d h y d r o c a r b o n s . 

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

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

f l u o r i n a t i o n o f h e t e r o c y c l i c compounds r i n g d e g r a d a t i o n 

o f t e n o c curs w i t h t h e e l e m i n a t i o n o f t h e h e t e r o c y c l i c atom 

and t h e f o r m a t i o n o f v o l a t i l e f l u o r i n a t e d m a t e r i a l s . The 

e l e c t r o l y s i s o f p y r i d i n e i n anhydrous hydrogen f l u o r i d e 

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

t r i f l u o r i d e (Simons, J. El e c t r o c h e m . S o c , ^5_j ^47, 19*4-9), 

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

f l u o r i d e method or a c a t a l y t i c method r e s u l t e d i n f i s s i o n 

o f t h e C-N bond ( H a s z e l d i n e , J.C.S., 1966, 1 9 5 0 ) . Here 

th e e l i m i n a t i o n o f n i t r o g e n f r o m t h e p y r i d i n e r i n g was 

demonstrated by i s o l a t i o n o f t h e s t r a i g h t c h a i n f l u o r o c a r b o n 

^ 5 ^ 1 2 a n c ^ o t l i e r compounds i n w h i c h c-c bond f i s s i o n had 

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

i s o l a t e d . S i m i l a r processes when a p p l i e d t o 2 : 6 - l u t i d i n e 

( H a s z e l d i n e , J.C.S., 1 6 3 8 , 1 9 5 0 ) r e s u l t e d i n t h e i s o l a t i o n 

o f s m a l l q u a n t i t i e s o f p e r f l u o r o - 2 : 6 - d i m e t h y l p i p e r i d i n e b u t 

the b u l k o f the p r o d u c t s b o i l e d below room t e m p e r a t u r e and 

were b e l i e v e d t o be f l u o r o c a r b o n s , n i t r o g e n e o u s compounds, 

eg., CF^NFg and (CF^^NF t o g e t h e r w i t h n i t r o g e n t r i f l u o r i d e 

formed by d i s s r u p t i o n o f the r i n g . F l u o r i n a t i o n o f 

q u i n o l i n e (Montgomery and Smith, J.C.S., 2 5 8 , 1 9 5 2 ) a l s o 
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g i v e s r i s e t o a m i x t u r e o f p e r f l u o r o h y d r o c a r b o n s due t o 

e x t e n s i v e d e g r a d a t i o n and f i n a l l y Montgomery and Smith ( l o c . 

c i t . ) have shown t h a t f l u o r i n a t i o n o f t h i o n a p h t h e n i n t h e 

vapour phase w i t h c o b a l t t r i f l u o r i d e l e a d s t o complete 

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

h e t e r o c y c l i c compounds l e a d s t o r i n g f i s s i o n w i t h 

e l i m i n a t i o n o f t h e h e t e r o c y c l i c atoms and f l u o r i n a t i o n o f t h e 

hy d r o c a r b o n f r a g m e n t s . 

The R e a c t i o n o f P y r i d i n e w i t h C h l o r i n e T r i f l u o r i d e . 

The p r e v i o u s i n v e s t i g a t i o n s u n d e r t a k e n by Beaty (Ph.D. 

T h e s i s ) were a l l c a r r i e d o u t a t 0°G and so, i n o r d e r t o 

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

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

were p e r f o r m e d a t room t e m p e r a t u r e ( a p p r o x i m a t e l y 20°C). 

I n t h e s e experiments t h e p y r i d i n e was d i s s o l v e d i n an 

excess o f carbon t e t r a c h l o r i d e and t r e a t e d w i t h a c o n t r o l l e d 

amount o f gaseous c h l o r i n e t r i f l u o r i d e a t such a r a t e t h a t 

t e s t s c a r r i e d out on t h e e x i t gases f a i l e d t o show t h e 

presence o f c h l o r i n e t r i f l u o r i d e , hydrogen f l u o r i d e or 

hydrogen c h l o r i d e . Gobaltous f l u o r i d e was used as 

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

remove any hydrogen f l u o r i d e formed d u r i n g t h e r e a c t i o n t h u s 

p r e v e n t i n g t h e f o r m a t i o n o f p y r i d i n i u m s a l t s . I t was 
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observed, t h a t , d u r i n g t h e course o f t h e e x p e r i m e n t s , a 

c o n s i d e r a b l e e v o l u t i o n o f heat o c c u r r e d so t h e a c t u a l 

t e m p e r a t u r e o f t h e r e a c t i o n m i x t u r e must have been 

a p p r e c i a b l y h i g h e r t h a n room t e m p e r a t u r e ( a b o u t 1|0°C). 

The l i q u i d r e a c t i o n p r o d u c t s were i n each case shaken 

w i t h anhydrous p o t a s s i u m f l u o r i d e t o ensure complete 

removal o f any hydrogen f l u o r i d e and t h e n a r a p i d reduced 

p r e s s u r e d i s t i l l a t i o n removed t h e excess s o l v e n t t h u s 

g i v i n g r i s e t o two f r a c t i o n s , ( a ) p r e d o m i n a n t l y carbon 

t e t r a c h l o r i d e and ( b ) p y r i d i n e d e r i v a t i v e s . 

Since 2 - f l u o r o p y r i d i n e d i s t i l s i n carbon t e t r a c h l o r i d e 

under reduced p r e s s u r e t h e carbon t e t r a c h l o r i d e f r a c t i o n s 

were a n a l y s e d f o r combined f l u o r i n e . I n t h i s manner an 

e s t i m a t e o f t h e amount o f 2 - f l u o r o p y r i d i n e produced i n 

the r e a c t i o n s c o u l d be o b t a i n e d ( T a b l e I ) . The p y r i d i n e 

d e r i v a t i v e s , c o n c e n t r a t e d i n t h e second f r a c t i o n , appeared 

t o be m a i n l y a d d i t i o n compounds. 

I n a l l the experiments l i s t e d i n Table I t h e p y r i d i n e 

was d i s s o l v e d i n carbon t e t r a c h l o r i d e (500 ml.) w i t h 

c o b a l t o u s f l u o r i d e (10 gm.) as c a t a l y s t , w h i l e anhydrous 

p o t a s s i u m f l u o r i d e (60 gm.) was p r e s e n t t o remove any 

hydrogen f l u o r i d e formed d u r i n g t h e r e a c t i o n . 
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Table I . 

P y r i d i n e 

gm. 

C1F, 3 2 - f l u o r o p y r i d i n e P y r i d i n e 
d e r i v a t i v e 
f r a c t i o n , 

gm. 

P y r i d i n e 

gm. gm. f l o w r a t e 
gm./hr. 

Y i e l d 
gm. 

Y i e l d 

P y r i d i n e 
d e r i v a t i v e 
f r a c t i o n , 

gm. 

1 . 50 35 12+. 0 12.9 21 .0 26.3 

2. 50 32 1 2.3 11 .8 19.2 30.2+ 

3. 50 29 11.2 12+.0 22.7 28.0 

4. 50 3k 13.6 12.7 20.7 29-7 

I n o r d e r t o v d r i f y t h e f a c t t h a t i t was 2 - f l u o r o p y r i d i n e 

p r e s e n t i n t h e carbon t e t r a c h l o r i d e f r a c t i o n s , samples 

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

t h r o u g h an e l e c t r i c a l l y c o n t r o l l e d column packed w i t h n i c k e l 

t u r n i n g s and by t h i s means samples o f 2 - f l u o r o p y r i d i n e 

were i s o l a t e d . F u r t h e r v e r i f i c a t i o n was o b t a i n e d by 

c o n v e r t i n g t h e 2 - f l u o r o p y r i d i n e t o t h e r e a d i l y 

c h a r a c t e r i s a b l e s o l i d 3 . 5 - d i b r o m o - 2 - h y d r o x y p y r i d i n e : -
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The f r a c t i o n s c o n t a i n i n g t h e c o n c e n t r a t e d p y r i d i n e 

d e r i v a t i v e s ( T a b l e I , column V I I ) , w h i c h appeared t o be 

m a i n l y a d d i t i o n compounds, were f o u n d t o t u r n r a p i d l y b l a c k 

on s t a n d i n g due t o d e c o m p o s i t i o n . T h i s b e i n g t h e case i t 

was d e c i d e d t o c a r r y o u t a r a p i d reduced p r e s s u r e 

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

i n an a t t e m p t t o i s o l a t e and analyse t h e v a r i o u s 

components b e f o r e d e c o m p o s i t i o n made any c h a r a c t e r i s a t i o n 

i m p o s s i b l e . R e s u l t s o b t a i n e d by t h i s p r o c e d u r e a r e shown 

i n Table I I . 

Each d i s t i l l a t i o n y i e l d e d t h r e e f r a c t i o n s (a,b and c) 

and a t t e m p t s were made t o an a l y s e t h e s e p r o d u c t s f o r 

f l u o r i n e , c h l o r i n e and n i t r o g e n . No re a s o n a b l e r e s u l t s 

c o u l d be o b t a i n e d f r o m t h e h i g h e r b o i l i n g f r a c t i o n s ( c ) 

owing t o t h e i r r a p i d d e c o m p o s i t i o n a t room t e m p e r a t u r e , w i t h 

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

f i g u r e s were g i v e n by the lo w e r b o i l i n g f r a c t i o n s (a and b ) , 

s i n c e they were sl o w e r t o decompose, and i t was p o s s i b l e t o 

e s t i m a t e t h e i r a p p r o x i m a t e m o l e c u l a r s t r u c t u r e ( T a b l e I I , 

column V I I ) . These showed them t o be c h l o r o f l u o r o 

a d d i t i o n compounds o f p y r i d i n e and i n no case was t h e r e any 

3 - c h l o r o p y r i d i n e d e t e c t e d ^ c . f . Beaty l o c . c i t . ) . The 

f r a c t i o n s o b t a i n e d i n each experiment were n o t i d e n t i c a l , 
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there being v a r i a t i o n s of p h y s i c a l appearance, "boiling 

point and estimated molecular formula. .This e f f e c t may 

"be due to s l i g h t v a r i a t i o n s i n the i n i t i a l halogenation 

processes g i v i n g r i s e to s l i g h t l y d i f f e r e n t a d d i t i o n 

products. 

I n each of the previous experiments i t was found, 

a f t e r shaking the r e a c t i o n products with a d d i t i o n a l 

anhydrous potassium f l u o r i d e and f i l t e r i n g , t h a t the 

volume of the f i l t r a t e was only 80% of the i n i t i a l 

s t a r t i n g volume of carbon t e t r a c h l o r i d e plus p y r i d i n e . 

S i m i l a r l y from t a b l e s I and I I the amount of organic 

m a t e r i a l i s o l a t e d was approximately 60% by weight of the 

p y r i d i n e i n i t i a l l y employed. Thus i n v e s t i g a t i o n s were 

undertaken to account f o r these l o s s e s f o r , though p a r t 

must have been due to absorption by the potassium f l u o r i d e 

and cobaltous f l u o r i d e , there was the p o s s i b i l i t y of 

r e a c t i o n between the p y r i d i n e or carbon t e t r a c h l o r i d e and 

the c h l o r i n e t r i f l u o r i d e so l e a d i n g to the formation of 

v o l a t i l e products, which would be l o s t under the r e a c t i o n 

conditions h i t h e r t o employed. 

F i r s t l y , by c a r r y i n g out blank experiments, an average 

value of the amount of l i q u i d absorbed by the potassium 
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f l u o r i d e and cobaltous f l u o r i d e present i n the r e a c t i o n 

mixture was determined. The experimental apparatus was 

then modified so that the e x i t gas, i n s t e a d of escaping 

i n t o the atmosphere, was passed through a trap c o n t a i n i n g 

s o l i d potassium f l u o r i d e f o r removal of hydrogen f l u o r i d e 

and then through two r e c e i v e r s the f i r s t cooled i n d r i k o l d 

and the second i n l i q u i d n i trogen, by means of which i t was 

hoped to condense any v o l a t i l e products produced during the 

r e a c t i o n . To reduce absorption s t i l l f u r t h e r the 

r e a c t i o n products were not shaken w i t h e x t r a potassium 

f l u o r i d e (1 gm. mol.) as p r e v i o u s l y but f i l t e r e d 

immediately. This led!' not only to a l a r g e r volume of 

f i l t r a t e but a l s o to the c o l l e c t i o n of q u a n t i t i e s of an 

organic t a r (approximately 10 ml.), which i n preceeding runs 

must have been prevented from f i l t e r i n g by the l a r g e 

excess of potassium f l u o r i d e present. Attempted vacuum 

d i s t i l l a t i o n of t h i s product l e d to decomposition with the 

e v o l u t i o n of hydr.ogen f l u o r i d e so no c h a r a c t e r i s a t i o n was 

p o s s i b l e . T h i s t a r however d i d account f o r a l a r g e p a r t 

of the l o s s of organic m a t e r i a l p r e v i o u s l y noted and i n 

each case there appeared to be f u r t h e r q u a n t i t i e s i n t i m a t e l y 

mixed w i t h the s o l i d f l u o r i d e s but the a c t u a l amounts were 

in e s t i m a b l e . 
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I n each experiment the cooled re c e i v e r s were 
allowed t o a t t a i n room temperature, w h i l e any gas 
expe l l e d was c o l l e c t e d i n an a s p i r a t o r over water and the 
volume noted. The re c e i v e r cooled i n d r i k o l d always 
contained some l i q u i d which was i n v a r i a b l y shown t o be 
carbon t e t r a c h l o r i d e . The r e s u l t s are c o l l e c t e d i n 
Table I I I . 

Table I I I . 

Npflow 
r a t e 
1/hr. 

O I P 3 Volume 
of 

f i l t r a t e 
ml. 

Volume 
absorbed 

by KP 
& C 6 ? 9 

ml. 

0 C l k i n 
d r i l o l d 
r e ceiver, 

ml. 

V o l . 
l o s s 
on 

550ml. 
ml. 

Volume of 
gas 

c o l l e c t e d . 
ml. 

Npflow 
r a t e 
1/hr. gm<> 

f l o w 
r a t e 
gm/hr. 

Volume 
of 

f i l t r a t e 
ml. 

Volume 
absorbed 

by KP 
& C 6 ? 9 

ml. 

0 C l k i n 
d r i l o l d 
r e ceiver, 

ml. 

V o l . 
l o s s 
on 

550ml. 
ml. 

Volume of 
gas 

c o l l e c t e d . 
ml. 

1 10 33 1 2.2+ 2+67 2+0 17 26 

2 10 3k 13.5 465 2+0 15 30 550 

3 10 3h 15 .5 2+58 2+0 21 31 500 

k 5 35 7 .8 2+70 i+0 10 30 3000 

Consideration of Table I I I shows the loss of l i q u i d i n 
each experiment t o average 30 ml. i . e . 5*5% of the i n i t i a l 
volume but i t was impossible t o give an estimate of the 
amount h e l d i n the t r a p c o n t a i n i n g s o l i d anhydrous potassium 
f l u o r i d e . 
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I n experiment (1 ) the gases were not c o l l e c t e d i n an 
a s p i r a t o r "but were bubbled d i r e c t l y through bromine t o t e s t 
f o r unsaturated m a t e r i a l s . Though the l i q u i d n i t r o g e n 
cooled r e c e i v e r contained a small amount of a v o l a t i l e 
l i q u i d , the gas produced had no r e a c t i o n whatsoever w i t h the 
bromine and so excluded the presence of unsaturated products. 
The volume of gas c o l l e c t e d i n experiments ( 2 ) and ( 3 ) 

could n e a r l y a l l be accounted f o r by expansion on warming 
the r e c e i v e r s t o room temperature but samples were analysed 
using a standard Orsat gas analyses apparatus. These 
analyses showed the gas samples t o con s i s t mainly of i n e r t 
gas together w i t h small q u a n t i t i e s of oxygen and traces of 
carbon d i o x i d e . Experiment (k) y i e l d e d l a r g e r volumes of 
gas due t o the f a c t t h a t , as i n experiment ( 1 ) , the 
n i t r o g e n cooled r e c e i v e r contained some v o l a t i l e l i q u i d . 
Analyses c a r r i e d out agreed s u b s t a n t i a l l y w i t h those 
obtained i n experiments ( 2 ) and ( 3 ) but owing t o the l a r g e 
increase i n volume of the gas c o l l e c t e d i t was thought 
possible t h a t the i n e r t p o r t i o n , i n a d d i t i o n t o n i t r o g e n , 
may have contained n i t r o g e n t r i f l u o r i d e and halogenated 
sat u r a t e d hydrocarbons formed by break down of the p y r i d i n e 
during the r e a c t i o n w i t h c h l o r i n e t r i f l u o r i d e . 

Since the a l k a l i metals, when heated j u s t above t h e i r 



m e l t i n g p o i n t s , react w i t h n i t r o g e n t r i f l u o r i d e (Simons, 
F l u o r i n e Chemistry, 1_, p. 86, Academic Publishers I n c . , 
New York, 1950) t o give n i t r o g e n and a l k a l i f l u o r i d e s , a 
sample of the gas from experiment (k)>freed from traces of 
oxygen and moisture, was condensed i n a Carius tube and 
fused w i t h sodium at : a* temperature s l i g h t l y higher than 
the m e l t i n g p o i n t of the metal. Tests c a r r i e d out on the 
r e s u l t a n t f u s i o n mixture d i s c l o s e d the presence of c h l o r i d e 
hut merely traces of f l u o r i d e . Further samples were then 
fused f o r longer periods a t temperatures considerably i n 
excess of the m e l t i n g p o i n t of sodium but the r e s u l t s were 
i n no way a l t e r e d . These r e s u l t s tended t o show t h e r e f o r e 
t h a t t h e r e was no n i t r o g e n t r i f l u o r i d e present i n the gas 
f o r under the c o n d i t i o n s employed r e a c t i o n would have 
occurred w i t h the sodium so r e s u l t i n g i n the f o r m a t i o n o f 
appreciable q u a n t i t i e s of f l u o r i d e . Furthermore, since 
n i t r o g e n t r i f l u o r i d e i s produced d u r i n g the d i r e c t 
f l u o r i n a t i o n of p y r i d i n e owing to degradative processes 
(Simons, l o c . c i t . , Haszeldine, l o c . c i t . ) i t would appear 
t h a t no degradation occurs d u r i n g i t s r e a c t i o n w i t h c h l o r i n e 
t r i f l u o r i d e and t h i s r e a c t i o n must t h e r e f o r e be much 
mild e r than t h a t i n v o l v i n g f l u o r i n a t i o n w i t h f l u o r i n e , 
c o b a l t i c f l u o r i d e or hydrogen f l u o r i d e (Idem I b i d ) . There 
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i s however the p o s s i b i l i t y of a s l i g h t r e a c t i o n t a k i n g 
place between the carbon t e t r a c h l o r i d e solvent and the 
c h l o r i n e t r i f l u o r i d e l e a d i n g t o the fo r m a t i o n of 
chlorofluor©methanes. This could be expected since the 
temperature of the r e a c t i o n mixture r i s e s t o l4.0°C d u r i n g 
the experiments and i t i s known t h a t carbon t e t r a c h l o r i d e 
i t s e l f when t r e a t e d w i t h c h l o r i n e t r i f l u o r i d e a t t h i s 
temperature and under s i m i l a r c o n d i t i o n s gives r i s e t o 
m o n o f l u o r o t r i c h l o r o and difluorodichloromethane ( E l l i s , 
Ph.D. Thesis). Since these v o l a t i l e l i q u i d s r e q u i r e h i g h 
temperatures t o ensure t h e i r complete f u s i o n w i t h sodium, 
temperatures much higher than those used i n the previous 
Cariua tube f u s i o n s , i t was possi b l e t h a t i t was the 
incomplete f u s i o n of these m a t e r i a l s which l e d to the 
d e t e c t i o n of appreciable q u a n t i t i e s of c h l o r i d e but merely 
traces of f l u o r i d e i n the previous experiments. However 
as the greatest volume of gas was c o l l e c t e d i n the 
experiment where the lowest n i t r o g e n and c h l o r i n e t r i f l u o r i d e 
f l o w r a t e s were employed (Table I I I , experiment k) f u r t h e r 
i n v e s t i g a t i o n s w i l l be r e q u i r e d t o v e r i f y t h i s p o s s i b i l i t y . 
Large volumes of the gas need t o be c o l l e c t e d and 
condensed so t h a t the r e s u l t a n t l i q u i d could be d i s t i l l e d 
through a low temperature f r a c t i o n a t i o n column and the 
products analysed. 
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The r e s u l t s so f a r obtained from the i n v e s t i g a t i o n 
of the r e a c t i o n "between p y r i d i n e and c h l o r i n e t r i f l u o r i d e 
i n carbon t e t r a c h l o r i d e s o l u t i o n , show the f o r m a t i o n 
of 2 - f l u o r o p y r i d i n e , c h l o r o f l u o r o a d d i t i o n compounds of 
p y r i d i n e and organic t a r . These products were formed i n 
s u f f i c i e n t q u a n t i t i e s t o account f o r p r a c t i c a l l y a l l the 
p y r i d i n e employed and there was a d d i t i o n a l evidence t o 
i n d i c a t e t h a t no degradation of the p y r i d i n e occurred, thus 
the r e a c t i o n was much milder than the d i r e c t f l u o r i n a t i o n 
of p y r i d i n e undertaken by other workers. Though the 
p y r i d i n e reacted p r e f e r e n t i a l l y w i t h the c h l o r i n e t r i f l u o r i d e 
there was the p o s s i b i l i t y of a l i m i t e d r e a c t i o n between the 
l a t t e r reagent and the carbon t e t r a c h l o r i d e solvent but f u r t h e r 
experimental evidence i s r e q u i r e d to determine t h i s p o i n t 
c o n c l u s i v e l y . 
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Experimental. 

The complete apparatus employed i n the 
i n v e s t i g a t i o n s i s i l l u s t r a t e d i n diagram I . The n i t r o g e n 
flowmeter, made of pyrex glass w i t h the top h a l f 
c a p i l l i a r y t u b i n g , contained carbon t e t r a c h l o r i d e as the 
manometric l i q u i d and the c a l i b r a t i o n was such t h a t the 
n i t r o g e n f l o w - r a t e was 2^1./hr./cm. d i f f e r e n c e between the 
l i q u i d l e v e l s . Gaseous c h l o r i n e t r i f l u o r i d e was passed 
through a s p e c i a l flowmeter made p a r t l y of metal and p a r t l y 
of pyrex glass t u b i n g (diagram I V ) . The n i c k e l rod was a 
s l i d i n g f i t i n t o the n i c k e l tube and using carbon t e t r a ­
c h l o r i d e as the manometric l i q u i d a f l o w - r a t e of 5 gm. 
c h l o r i n e t r i f l u o r i d e / h r . / c m . d i f f e r e n c e i n the l i q u i d 
l e v e l s was obtained. Gas t i g h t glass t o metal j o i n t s 
were obtained as shown i n diagram V and the use of neoprene 
wajshers i s recommended owing t o t h e i r s t a b i l i t y t o a t t a c k 
by c h l o r i n e t r i f l u o r i d e . On the whole t h i s type of 
flowmeter was found t o be h i g h l y s a t i s f a c t o r y , i t had a 
high s e n s i t i v i t y and allowed a constant f l o w - r a t e when once 
i n o p e r a t i o n . Both the r e a c t i o n vessel (diagram I I ) and 
the hydrogen f l u o r i d e t r a p (diagram I I I ) were c y l i n d r i c a l 
m i l d s t e e l vessels and each c a r r i e d copper i n l e t and o u t l e t 
tubes. The lower p o r t i o n of each vessel had a k n i f e 
edge round the r i m while the l i d s had a r i n g of lead l e t 
i n t o t h e i r undersides so t h a t when the two p o r t i o n s were 
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b o l t e d together the k n i f e edge b i t i n t o the lead r i n g 
and thus produced a gas t i g h t s e a l . I n a d d i t i o n the 
r e a c t i o n vessel was f i t t e d w i t h a mercury sealed s t i r r i n g 
device, w h i l e the hydrogen f l u o r i d e t r a p was f i t t e d w i t h 
p e r f o r a t e d t r a y s on which t o c a r r y s o l i d anhydrous 
potassium f l u o r i d e . The brass t r a p between the flowmeters 
and the r e a c t i o n vessel was included i n case, d u r i n g the 
course of an experiment, any l i q u i d tended t o suck back out 
of the r e a c t i o n vessel. A l l the metal t o metal j o i n t s 
between the various component p a r t s of the apparatus were 
as shown i n diagram V and found t o be p e r f e c t l y gas t i g h t . 
Both the d r i k o l d and l i q u i d nitroged. cooled r e c e i v e r s 
f i t t e d beyond the hydrogen f l u o r i d e t r a p were made of 
pyrex glass and f i t t e d i n t o Dewar f l a s k s . They were 
connected t o the apparatus by rubber connections and the 
o u t l e t from the n i t r o g e n cooled r e c e i v e r was connected 
to a bubbler f i l l e d w i t h carbon t e t r a c h l o r i d e . This 
procedure served the double purpose of i n d i c a t i n g whether 
or not there was a blockage i n the apparatus and of 
pre v e n t i n g any atmospheric oxygen condensing i n t o t h e cooled 
r e c e i v e r . 

I n a l l the experiments the i n i t i a l r e a c t i o n mixture 
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consisted of p y r i d i n e (50 gm.) dis s o l v e d i n carbon 
t e t r a c h l o r i d e (500 ml.) together w i t h cobaltous f l u o r i d e 
(10 gm.) as c a t a l y s t and anhydrous potassium f l u o r i d e (60 gm.) 
w i t h which t o remove any hydrogen f l u o r i d e formed d u r i n g 
the r e a c t i o n . This mixture was v i g e r o u s l y s t i r r e d and 
i n t o i t was passed gaseous c h l o r i n e t r i f l u o r i d e d i l u t e d w i t h 
n i t r o g e n . The gaseous mixture was f e d i n a t a 
c o n t r o l l e d r a t e and when the r a t i o of p y r i d i n e t o c h l o r i n e 
t r i f l u o r i d e reached 1 mole t o mole then the supply of the 
l a t t e r gas was cut o f f and n i t r o g e n was blown through the 
apparatus t o ensure t h a t a l l the c h l o r i n e t r i f l u o r i d e was 
swept i n t o the r e a c t i o n vessel. During the course of 
these experiments the temperature of the r e a c t i o n mixture 
rose from room temperature t o approximately i|.0oG and so 
i n d i c a t e d t h a t considerable q u a n t i t i e s of heat were 
always evolved. I t i s e s s e n t i a l t h a t the apparatus must 
be d r y " and a l l reagents anhydrous or an explosion may 
occur when the c h l o r i n e t r i f l u o r i d e i s introduced. 

The f i r s t s e r i e s of i n v e s t i g a t i o n s concerned the 
fo r m a t i o n of 2 - f l u o r o p y r i d i n e together w i t h c h l o r o f l u o r o 
a d d i t i o n compounds of p y r i d i n e and du r i n g these 
experiments the e x i t gases from the r e a c t i o n vessel were 
allowed t o escape i n t o the atmosphere, being t e s t e d w i t h 
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s t a r c h i o d i d e paper, a moist glass rod and s i l v e r 
n i t r a t e s o l u t i o n f o r traces of halogens, hydrogen f l u o r i d e , 
and hydrogen c h l o r i d e r e s p e c t i v e l y , hut i n no case were 
these gases detected. I n the second s e r i e s of 
experiments however the aim was t o a s c e r t a i n whether or 
not any "break down of the p y r i d i n e occurred, w i t h the 
f o r m a t i o n of gaseous products, thus i n these cases the 
complete apparatus (diagram I ) was employed i n attempts 
to condense any v o l a t i l e products contained i n the e x i t 
gases i s s u i n g from the r e a c t i o n v e ssel. 

Series I . 

Chlorine t r i f l u o r i d e (32 gm.) was passed i n t o the 
v i g o r o u s l y s t i r r e d r e a c t i o n mixture over a p e r i o d of 
approximately three hours w i t h a n i t r o g e n stream of 
1 0 l . / h r . A f t e r blowing n i t r o g e n through the apparatus f o r 
an a d d i t i o n a l hour the r e a c t i o n mixture was poured onto 
anhydrous potassium f l u o r i d e (100 gm.) and shaken f o r 
two hours t o remove any remaining traces of hydrogen 
f l u o r i d e . During t h i s p e r i o d the colour of the s o l i d 
m a t e r i a l changed from dark green t o black and the colour 
of the s o l u t i o n from pale orange t o yellow-brown. On 
f i l t e r i n g the m i x t u r e , the volume of the f i l t r a t e was 
U5k ml. i . e . a loss of 96 ml. on the i n i t i a l volume of 
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l i q u i d i n the r e a c t i o n vessel. The residue was washed 
w i t h a d d i t i o n a l carbon t e t r a c h l o r i d e and the combined 
f i l t r a t e and washings (660 ml.) r a p i d l y d i s t i l l e d under 
reduced pressure t o remove the excess carbon t e t r a c h l o r i d e , 
u s i n g two r e ceivers i n s e r i e s the f i r s t cooled i n 
a l c o h o l - d r i k o l d m ixture and the second i n l i q u i d n i t r o g e n . 
The carbon t e t r a c h l o r i d e d i s t i l l e d o f f as a c o l o u r l e s s 
l i q u i d (volume 598 ml.) at l4.0°C under 80 mm. pressure and 
l e f t behind a red l i q u i d residue (volume 25 ml.) which 
contained p y r i d i n e d e r i v a t i v e s , so the t o t a l loss of 
l i q u i d d u r i n g the d i s t i l l a t i o n was 37 ml. 

Since 2 - f l u o r o p y r i d i n e d i s t i l s i n carbon 
t e t r a c h l o r i d e s o l u t i o n under reduced pressure the solvent 
f r a c t i o n was analysed f o r combined f l u o r i n e a f t e r t e s t s 
had shown the absence of f r e e f l u o r i d e i o n . A sample 
was fused w i t h sodium and the r e s u l t a n t f u s i o n s o l u t i o n 
t i t r a t e d f o r f l u o r i d e : -

Weight of sample fused = 0.2326 gm. 
2"Q Thorium n i t r a t e t i t r e = 0.6 ml. 

This r e s u l t i n d i c a t e d 11.3 gm. of 2 - f l u o r o p y r i d i n e i n 
598 ml. of earbon t e t r a c h l o r i d e s o l u t i o n . To v e r i f y t h i s 
f i g u r e 500 ml. of the s o l u t i o n were d i s t i l l e d down t o 
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100 ml. u s i n g an e l e c t r i c a l l y c o n t r o l l e d f r a c t i o n a t i n g 
column packed w i t h n i c k e l t u r n i n g s and having a 
t h e o r e t i c a l platage value of 28 w i t h a take o f f r a t i o of 
one i n t h i r t y . This concentrated s o l u t i o n turned y e l l o w 
on standing, an e f f e c t c h a r a c t e r i s t i c of 2 - f l u o r o p y r i d i n e 
s o l u t i o n s , and a sample (0.261+ gm.) on f u s i o n gave a 
N/20 thorium n i t r a t e t i t r e of 2 .88 ml. thus i n d i c a t i n g 
9.53 gm» of 2 - f l u o r o p y r i d i n e i n the s o l u t i o n . Taking 
i n t o account decomposition d u r i n g the d i s t i l l a t i o n 
process and the time of standing t h i s f i g u r e agreed 
s u b s t a n t i a l l y w i t h t h a t p r e v i o u s l y obtained. 

I n order to prove c o n c l u s i v e l y t h a t i t was 
2 - f l u o r o p y r i d i n e present i n the carbon t e t r a c h l o r i d e a 
sample (500 ml.) of the concentrated s o l u t i o n was 
f r a c t i o n a t e d through an e l e c t r i c a l l y c o n t r o l l e d , 35 cm. 
d i s t i l l a t i o n column packed w i t h Fenske h e l i c e s u n t i l the 
volume was reduced to k ml. This l i q u i d residue was 

20 20 dark y e l l o w i n colour 1 .i+687 as against 1.1+678 

f o r 2 - f l u o r o p y r i d i n e (Roe and Hawkins, J.A.C.S., 69_, 2kh3y 

19̂ 4-7) - Further d i s t i l l a t i o n from a small b l a i s e n f l a s k 
y i e l d e d : -

a) a small q u a n t i t y of impure carbon t e t r a c h l o r i d e 



"b) 1 p . of 2 - f l u o r o p y r i d i n e B.P. 128. N j u 1.1+677. 

c) 0.7 gm. of t a r . 

This showed tha t although the amount of 2 - f l u o r o p y r i d i n e 
i n the carbon t e t r a c h l o r i d e could he estimated by 
t i t r a t i o n , i t s i s o l a t i o n i n v o l v e d a l a r g e amount of 
decomposition so t h a t the a c t u a l amount i s o l a t e d was much 
lower than t h a t estimated. 

The remaining 50 mis. of concentrated carbon 
t e t r a c h l o r i d e s o l u t i o n were r e f l u x e d w i t h concentrated 
h y d r o c h l o r i c a c i d f o r 8-5- hours a t 100°C. and a f t e r c o o l i n g 
the r e s u l t a n t a c i d l a y e r was separated o f f and 
n e u t r a l i s e d w j t h concentrated sodium hydroxide s o l u t i o n . 
On a d d i t i o n of excess bromine water a white p r e c i p i t a t e 
was obtained, which was f i l t e r e d o f f , r e c r y s t a l l i s e d 
from water and y i e l d e d 0.35 gm. of a white c r y s t a l l i n e 
compound of m e l t i n g p o i n t 208°C. This was 
3«5-dibromo-2-hydroxypyridine and confirmed the presence 
of 2 - f l u o r o p y r i d i n e i n the carbon t e t r a c h l o r i d e s o l u t i o n . 

To r e t u r n t o the red l i q u i d residue (25 ml.) l e f t 
a f t e r removal of the carbon t e t r a c h l o r i d e s o l u t i o n by 
reduced pressure d i s t i l l a t i o n , i t was found t h a t 
decomposition r a p i d l y set i n t u r n i n g the l i q u i d b lack i n 
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colour. I n an attempt t o ch a r a c t e r i s e the components 
of t h i s l i q u i d , before decomposition occurred t o any 
great extent, the l i q u i d was r a p i d l y d i s t i l l e d from a 
small Claisen f l a s k and the f o l l o w i n g f r a c t i o n s c o l l e c t e d 
i n r e c e i v e r s cooled i n an a l c o h o l - d r i k o l d f r e e z i n g 
m i x t u r e : -

1) B.P. 1 2 20°-30°C Weight 14.1 gm. Colourless l i q u i d 
Np°1.4S50 

2) B.P.12 31°-kO°C Weight 6.2+4 gm. Pale y e l l o w l i q u i d 
20 

>o , ~o 
u vveigut o»i4n. gm. 

Ng v 1.4770 

3) B.P. 1 2 54°-56°C Weight 1.145 gm. Colourless l i q u i d . 
1.4840 

4) B.P. 1 2 65°-70°C If e i g h t 1.455 gm. Pale brown l i q u i d 
Decomposes w i t h 
e v o l u t i o n of HF 

5) Residual t a r Weight 7.00 gm. 

F r a c t i o n I , which s o l i d i f i e d a t the temperature of the 
a l c o h o l - d r i k o l d bath, was s l i g h t l y impure carbon 
t e t r a c h l o r i d e and had no e f f e c t on d i l u t e permanganate 
s o l u t i o n or bromine water. F r a c t i o n 2 however slowly 
decolourised these reagents while f r a c t i o n s 3 and 4 
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r a p i d l y decolourised them, so showing the three l i q u i d s 
to be a d d i t i o n compounds. Analyses were c a r r i e d out 
on f r a c t i o n s 2 and 3 f o r c h l o r i n e , f l u o r i n e and n i t r o g e n 
"but t h i s procedure could not he f o l l o w e d w i t h f r a c t i o n 1+ 

since i t r a p i d l y decomposed w i t h the e v o l u t i o n of 
hydrogen f l u o r i d e : -

F r a c t i o n 2. F = lU.8fi% F r a c t i o n 3 F = 17*9% 

CI = 13.39$ CI = 20.73% 
N = 11.27% N = 9,122$ 

These f i g u r e s i n d i c a t e the compounds to be a d d i t i o n 
compounds of the form Ĉ  QH^NgFgCl and C1QHyNgF^Clg 
r e s p e c t i v e l y but no absolute i d e n t i f i c a t i o n was p o s s i b l e . 
F r a c t i o n 1 was analysed f o r combined f l u o r i n e and a sample 
^0.1205 gm.) a f t e r f u s i o n gave a N/20 thorium n i t r a t e 
t i t r e of 0.81}. ml. so i n d i c a t i n g 0.1+525 gm. 2 - f l l u o r o p y r i d i n e / 
11+. 1 gm. 

The t o t a l organic m a t e r i a l recovered i n t h i s 
experiment was 28.1 gm. and consisted of 2 - f l u o r o p y r i d i n e 
(11.75 gm., 19$ y i e l d ) , c h l o r o f l u o r o a d d i t i o n compounds of 
p y r i d i n e (9*337 gm.) and organic t a r (7»0 gm.) and thus 
represented 56.2$ by weight of the i n i t i a l p y r i d i n e 
employed. 
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Several s i m i l a r experiments were c a r r i e d out, the 
r e s u l t s of which are c o l l e c t e d i n Tables I and I I 
(pages 8k and 86). 

Series I I . 

Here the complete apparatus (diagram I ) was 
employed. 

The r e a c t i o n mixture was t r e a t e d w i t h c h l o r i n e 
t r i f l u o r i d e (35 gm.), d i l u t e d w i t h a n i t r o g e n stream of 
k 1/hr., over a p e r i o d of k-k hours and the apparatus 
was then swept out w i t h n i t r o g e n f o r a f u r t h e r hour. 
F i l t r a t i o n of the r e a c t i o n mixture y i e l d e d an orange 
l i q u i d (14-58 ml.) on the surface of which was a l a y e r of 
organic t a r (12 m l . ) . Thus the apparent l o s s of l i q u i d 
d u r i n g the r e a c t i o n was 80 ml. However blank 
experiments showed t h a t a mixture of potassium f l u o r i d e 
(60 gm.) and cobaltous f l u o r i d e (10 gm.), which i s 
present i n the a c t u a l r e a c t i o n m i x t u r e , was capable 
of absorbing kO ml. of l i q u i d when added t o a s o l u t i o n of 
p y r i d i n e (50 gm.) i n carbon t e t r a c h l o r i d e (500 ml.) and 
so t a k i n g t h i s i n t o account the loss of l i q u i d d u r i n g the 
r e a c t i o n was reduced t o i+0 ml. The organic t a r was 



separated o f f "but attempts t o d i s t i l i t under reduced 
pressure l e d to decomposition w i t h the e v o l u t i o n of 
hydrogen f l u o r i d e . 

The r e c e i v e r cooled i n an a l c o h o l - d r i k o l d bath was 
allowed t o a t t a i n room temperature and the gas evolved 
(130 ml.) was c o l l e c t e d over water i n an a s p i r a t o r . 
There remained i n the r e c e i v e r a small volume of a 
colo u r l e s s l i q u i d (10 ml.) and t h i s b o i l e d a t 77°C 
(•NJJ 1.1+618) so pro v i n g i t t o be pure carbon t e t r a c h l o r i d e . 
A l l o w i n g f o r t h i s f u r t h e r q u a n t i t y of carbon t e t r a c h l o r i d e 
the l o s s of l i q u i d d u r i n g the halogenation process was 
f u r t h e r reduced t o 30 ml. The r e c e i v e r cooled i n l i q u i d 
n i t r o g e n contained an appreciable q u a n t i t y of a 
colou r l e s s v o l a t i l e l i q u i d and on a t t a i n i n g room temperature 
3700 ml. of gas were c o l l e c t e d i n the a s p i t a t o r . 
I n t h i s case there was no l i q u i d residue l e f t i n the 
re c e i v e r . 

A sample of t h i s gas (100 ml.) was analysed i n a 
standard Orsat gas analyses apparatus and found t o c o n s i s t 
of i n e r t gas (&9»7%), oxygen (9*9$) and carbon d i o x i d e 

To a s c e r t a i n whether or not the i n e r t p o r t i o n of 
the gas contained n i t r o g e n t r i f l u o r i d e and sat u r a t e d 
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halogenated hydrocarbons, formed by break down of the 
p y r i d i n e d u r i n g the r e a c t i o n , f u r t h e r analyses were 
c a r r i e d out. A f u r t h e r sample of the gas was bubbled 
through a l k a l i n e p y r o g a l l o l t o remove any oxygen and 
passed over phosphorus pentoxide t o remove traces of 
moisture, i t was then condensed i n a Carius tube, cooled 
i n l i q u i d n i t r o g e n , c o n t a i n i n g m e t a l l i c sodium. The 
tube was then heated i n a furnace f o r 1^ hours a t 
110° - 115°C and the r e s u l t a n t f u s i o n mixture worked up 
as i n a normal sodium f u s i o n . T i t r a t i o n of samples of 
the f u s i o n s o l u t i o n w i t h thorium n i t r a t e and s i l v e r 
n i t r a t e showed the absence of f l u o r i d e but amounts of 
c h l o r i d e , equivalent t o a t i t r e of i+.5ml. of N/20 AgNO^, 
were detected. The experiment was repeated but the tune 
was: fused f o r 18 hours a t l4-50°C and here traces of f l u o r i d e 
( e q u i v a l e n t t o 0.6 ml. N/20 ThtNO^)^) were detected as 
w e l l as c h l o r i d e ( e q u i v a l e n t to 9*1 ml. of N/20 AgNO-^). 

Since only minute q u a n t i t i e s of f l u o r i d e were 
detected i t was u n l i k e l y t h a t the gas contained any 
n i t r o g e n t r i f l u o r i d e since under the f u s i o n c o n d i t i o n s 
employed the gas would react v i g o r o u s l y w i t h the sodium 
to y i e l d n i t r o g e n and sodium f l u o r i d e (Simons, F l u o r i n e 
Chemistry, 1., p. 86). The gas may however have 



106. 

contained traces of chlorofluoromethanee formed "by 
r e a c t i o n between the carbon t e t r a c h l o r i d e solvent and 
the c h l o r i n e t r i f l u o r i d e , f o r these compounds r e q u i r e much 
higher temperatures than those h i t h e r t o employed i n 
order to b r i n g about complete f u s i o n w i t h the sodium. 
This could e x p l a i n the d e t e c t i o n of appreciable q u a n t i t i e s 
of c h l o r i d e but merely traces of f l u o r i d e , however 
more experimental evidence i s r e q u i r e d t o prove t h i s 
p o i n t a b s o l u t e l y . 

Other experiments were c a r r i e d out under s i m i l a r 
c o n d i t i o n s and the r e s u l t s are l i s t e d i n Table I I I 
(page 89) . 
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A N A L Y T I C A L 

S E C T I O N . 



The Volumetric Determination of 

F l u o r i n e , Chlorine and Nitrogen 

i n Organic Compounds. 
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I n t r o d u c t i o n . 

To enable complete c h a r a c t e r i s a t i o n of the products 
obtained i n the halogenation of p y r i d i n e w i t h c h l o r i n e 
t r i f l u o r i d e , an a n a l y t i c a l method was r e q u i r e d whereby the 
f l u o r i n e , c h l o r i n e and n i t r o g e n content of these compounds 
could be a c c u r a t e l y determined. Assuming t h a t the f l u o r i n e , 
c h l o r i n e and n i t r o g e n can be q u a n t i t a t i v e l y converted t o 
sodium f l u o r i d e , c h l o r i d e and cyanide r e s p e c t i v e l y , by 
f u s i n g samples of the compounds w i t h m e t a l l i c sodium i n a 
N i c k e l bomb, the simplest procedure would be by means of 
v o l u m e t r i c determinations i n v o l v i n g the t i t r a t i o n of f l u o r i d e , 
c h l o r i d e and cyanide i n the r e s u l t a n t f u s i o n s o l u t i o n s . 

Accurate methods f o r e s t i m a t i n g the f l u o r i n e and 
c h l o r i n e content of organic c h l o r o f l u o r o compounds, by 
f u s i n g these compounds w i t h sodium f o l l o w e d by t i t r a t i o n of 
the f l u o r i d e and c h l o r i n e i n the f u s i o n s o l u t i o n s , have been 
known f o r some time: Musgrave and Smith ( w i t h Tatlow J.O.S. 
19U9, 3026). I n these methods the f l u o r i d e i s t i t r a t e d 
w i t h thorium n i t r a t e and the c h l o r i d e w i t h s i l v e r n i t r a t e 
u s i n g sodium a l i z a r i n sulphonate and d i c h l o r o f l u o r e s c e i n 
r e s p e c t i v e l y as i n d i c a t o r s . I f however cyanide i s present 
i n the f u s i o n s o l u t i o n s the c h l o r i d e e s t i m a t i o n becomes 
imp r a c t i c a b l e owing t o the f o r m a t i o n of s i l v e r cyanide, 
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though the f l u o r i d e t i t r a t i o n remains unimpaired. 
Beaty (Ph.D. Thesis) has s t a t e d t h a t the sodium f u s i o n 

method can be extended to compounds c o n t a i n i n g f l u o r i n e , 
c h l o r i n e and n i t r o g e n , the f l u o r i n e being estimated as 
above, w h i l e the cyanide i s estimated by t i t r a t i o n w i t h 
s i l v e r n i t r a t e u n t i l permanent t u r b i d i t y i s produced i . e . 
L i e b i g ' s Method. A f i g u r e f o r the combined cyanide plus 
c h l o r i d e content was s a i d t o be obtained by p r e c i p i t a t i n g 
the c h l o r i d e and cyanide as t h e i r s i l v e r s a l t s w i t h excess 
s i l v e r n i t r a t e and then back t i t r a t i n g the r e s i d u a l s i l v e r 
n i t r a t e w i t h potassium bromide. From the cyanide and 
cyanide plus c h l o r i d e f i g u r e s , the c h l o r i d e content could 
then be obtained by d i f f e r e n c e . A p p l i c a t i o n of t h i s method 
to the products derived from the halogenation of p y r i d i n e , 
however, gave inaccurate r e s u l t s . F i r s t l y the cyanide 
t i t r a t i o n , as s t a t e d , i s c a r r i e d out i n s o l u t i o n s 
approximately 0.25N. i n sodium hydroxide and i t was found 
t h a t an accurate end p o i n t was extremely d i f f i c u l t t o o b t a i n . 
I t appeared t h a t under these c o n d i t i o n s of a l k a l i n i t y the 
p r e c i p i t a t i o n of s i l v e r oxide took place, obscuring the end 
p o i n t and so g i v i n g low t i t r a t i o n f i g u r e s . Secondly when 
the f i g u r e f o r cyanide was taken from t h a t f o r the cyanide 
plus c h l o r i d e i t was found t h a t o f t e n the r e s u l t i n g c h l o r i d e 
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f i g u r e had a negative value i . e . the potassium bromide 
t i t r a t i o n was i n d i c a t i n g t h a t the amount of s i l v e r n i t r a t e 
l e f t a f t e r r e a c t i o n w i t h the cyanide and c h l o r i d e was 
greater than the amount o r i g i n a l l y added, which i s of course 
an impossible s t a t e of a f f a i r s . Consequently a f t e r 
repeated attempts the method was r e j e c t e d and a method 
capable of g i v i n g accurate r e s u l t s was devised as described 
below. 

Since methods are a v a i l a b l e f o r the de t e r m i n a t i o n of 
f l u o r i d e i n the presence of c h l o r i d e and cyanide; and 
c h l o r i d e separately i n the presence of f l u o r i d e , the 
problem resolved i t s e l f i n t o the separate e s t i m a t i o n of 
c h l o r i d e and cyanide when present together i n s o l u t i o n s also 
c o n t a i n i n g f l u o r i d e . Consideration of t h i s problem showed 
three main avenues of approach:-

a) Since the cyanide i o n i s capable o f ' f o r m i n g 
complexes w i t h a wide v a r i e t y of reagents, 
there was the p o s s i b i l i t y of forming some 
complex whereby the cyanide would be com­
p l e t e l y removed from s o l u t i o n so l e a v i n g the 
c h l o r i d e t o be determined by one of the 
standard v o l u m e t r i c procedures. 

b) L i e b i g ' s method of e s t i m a t i n g cyanide by 



t i t r a t i n g w i t h s i l v e r n i t r a t e u n t i l 
permanent t u r b i d i t y i s produced, i s not 
a f f e c t e d by the presence of hal i d e s since 
a l l s i l v e r s a l t s , except the sulphide, 
are r e a d i l y soluble i n an excess of a 
s o l u t i o n of an a l k a l i cyanide. Therefore, 
even though the method d i d not work i n 
sodium hydroxide s o l u t i o n , there remained 
the a l t e r n a t i v e of t r y i n g to o b t a i n good 
r e s u l t s i n n e u t r a l s o l u t i o n s e i t h e r by 
t i t r a t i n g u n t i l permanent t u r b i d i t y i s 
produced i n the normal way or by u s i n g 
diphenyl carbazide to i n d i c a t e the end 
p o i n t . Another v a r i a t i o n t h a t appeared 
possible was t o ca r r y out the t i t r a t i o n 
i n ammoniaeal s o l u t i o n w i t h potassium 
io d i d e as i n d i c a t o r , f o r here s i l v e r i o d i d e 
i s p r e c i p i t a t e d a t the end p o i n t and i t i s 
much easier t o observe than the t u r b i d i t y 
obtained i n the s t r a i g h t forward t i t r a t i o n . 

I t i s po s s i b l e i n g r a v i m e t r i c analyses t o 
determine c h l o r i d e or cyanide a c c u r a t e l y by 
p r e c i p i t a t i n g them q u a n t i t a t i v e l y as t h e i r 
s i l v e r s a l t s . I n a s o l u t i o n of cyanide and 
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c h l o r i d e i t ought t h e r e f o r e t o he 
p o s s i b l e , by the a d d i t i o n of excess 
s i l v e r n i t r a t e , t o cause q u a n t i t a t i v e 
p r e c i p i t a t i o n of both s i l v e r c h l o r i d e 
and s i l v e r cyanide. Back t i t r a t i o n of 
the excess s i l v e r n i t r a t e should then 
give an o v e r - a l l f i g u r e f o r the combined 
c h l o r i d e and cyanide i n s o l u t i o n . I f 
the a c t u a l amount of one of the ions i s 
known by methods a) or b) then by 
d i f f e r e n c e the amount of the other i o n 
can be determined. 

With these considerations i n view i n v e s t i g a t i o n s were . 
undertaken t o devise a method by which the f l u o r i n e , c h l o r i d e 
and n i t r o g e n content of an organic compound could be 
determined t o w i t h i n -0.2% of the t h e o r e t i c a l value. 

The Determination of Chloride i n the presence of Cyanide and 
F l u o r i d e . 

I n a s o l u t i o n c o n t a i n i n g c h l o r i d e and cyanide the 
l a t t e r i o n can be completely removed by the a d d i t i o n of 
formaldehyde Graham. ( J . Assoc. O f f i c i a l Agr. Chem. 1_0, 150, 

1927, see Am. A b s t r a c t s , 2352, 1927) w i t h which i t reacts 
t o form hexamethylene tetramine Kohn (M. 20, 904 see 
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B e i l s t e i n I , 5 6 5 ) . The f r e e c h l o r i d e i s then reacted w i t h 
an excess of s i l v e r n i t r a t e and the r e s i d u a l s i l v e r n i t r a t e 
determined by t i t r a t i o n w i t h standard thiocyanate s o l u t i o n 
i . e . Volhard's Method. Using standard s o l u t i o n s of c h l o r i d e 
plus cyanide experiments were c a r r i e d out t o a s c e r t a i n the 
con d i t i o n s necessary f o r the complete removal of the cyanide 
by formaldehyde, f o l l o w e d by t i t r a t i o n of the c h l o r i d e w i t h 
s i l v e r n i t r a t e . With a c t u a l f u s i o n s o l u t i o n s the con­
c e n t r a t i o n of f l u o r i d e , c h l o r i d e and cyanide would be 
approximately N/100 and i n order t o get a t i t r a t i o n f i g u r e 
of reasonable magnitude the s i l v e r n i t r a t e , used t o estimate 
the c h l o r i d e , would have t o be of s i m i l a r s t r e n g t h . At 
t h i s d i l u t i o n the reddish-brown c o l o u r a t i o n given at the end 
p o i n t of the Volhard Method, due t o the f o r m a t i o n of the 
complex thiocyanate i o n , i s u n s a t i s f a c t o r y and so, instead 
of adding excess s i l v e r n i t r a t e , i t was decided f i r s t of a l l 
to attempt d i r e c t t i t r a t i o n of the c h l o r i d e using some 
adsorpt i o n i n d i c a t o r t o give a sharp end p o i n t . 

D i c h l o r o f l u o r e s c e i n was chosen f i r s t f o r i n n e u t r a l 
s o l u t i o n s t h i s i n d i c a t o r can be used down t o 0 .0005N.C1 . 

T.B. Smith ( A n a l y t i c a l Processes p. 161.). Standard sodium 
c h l o r i d e was t i t r a t e d w i t h s i l v e r n i t r a t e using t h i s 
i n d i c a t o r and then various q u a n t i t i e s of formaldehyde, 
cyanide, f l u o r i d e and a l c o h o l were added t o a s c e r t a i n t h e i r 
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i n d i v i d u a l and combined e f f e c t s on the t i t r a t i o n . The 
r e s u l t s obtained are t a b u l a t e d below: 

Table I . 

NaOl. 
0.025N. 

ml. 
KCN. 

0.0768N. 
ml. 

EtOH. 
ml. 

HGHO. 
0.1 ON. 

ml. 
NaP. 
0.1 ON. 

ml. 
AgNOjj • 
0.1 ON. 

ml. 

1. 10.0 - - — - 5.02 
2. 10.0 - - 1.0 - 5.02 

3. 10.0 - - 2.0 - 5.01 

u. 10.0 - - 3.0 - 5.01 

5. 10.0 - - i+.O - 5.01 
6. 10.0 2.0 - 1.0 - No end 

p o i n t 
7. 10.0 2.0 - 2.0 - 5.01 
8. 10.0 2.0 - 2.0 - 5.01 

9. 10.0 2.0 - 2.0 2.0 5.02 
10. 10.0 2.0 0.2 2.0 2.0 5.02 
11 . 10.0 2.0 0J+ 2.0 2.0 5.01 

Results 1-5 i n d i c a t e d t h a t the presence of 
formaldehyde d i d not a f f e c t the t i t r a t i o n . S o l u t i o n s 
6-11 were made up c o n t a i n i n g 1 ml. of 2N. sodium hydroxide 
and then n e u t r a l i s e d t o phenolphthalein w i t h 2N. n i t r i c a c i d 
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b e f o r e t i t r a t i n g , so showing t h a t t h e a c t u a l a l k a l i n e 

f u s i o n s o l u t i o n s c o u l d he n e u t r a l i s e d w i t h no adverse 

e f f e c t s . That formaldehyde c o m p l e t e l y d e s t r o y e d t h e 

c y a n i d e p r e s e n t was i l l u s t r a t e d i n r e s u l t s 7-11 and, where 

no c l e a r end p o i n t was o b t a i n e d as i n 6, i t was assumed 

t h a t t h e r e was i n s u f f i c i e n t f ormaldehyde p r e s e n t t o 

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

f l u o r i d e and t r a c e s o f a l c o h o l i n s o l u t i o n s 9, 10 and 11 

showed no tendency t o i n t e r f e r e and t h i s i s e s p e c i a l l y 

i m p o r t a n t s i n c e a l c o h o l i s used t o d e s t r o y t h e excess sodium 

i n t h e q u a n t i t a t i v e f u s i o n s and t r a c e s p e r s i s t i n t h e f i n a l 

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

q u a n t i t i e s o f a l c o h o l have been observed t o i n t e r f e r e when 

d i c h l o r o f l u o r e s c e i n i s used i n a normal c h l o r i d e e s t i m a t i o n . 

Prom t h e above r e s u l t s i t appeared p r a c t i c a b l e t o 

a p p l y t h i s method t o a c t u a l f u s i o n s o l u t i o n s . Samples 

(a p p r o x . 0.1 gm.) of pure o - c h l o r o - n i t r o b e n z e n e , s e a l e d i n 

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

s o l u t i o n s , a f t e r e v a p o r a t i o n , were each made up t o a 

s t a n d a r d volume (100 m l . ) . Formaldehyde (2 ml. ) was 

added t o 10 m l . a l i q u o t s w h i c h were t h e n n e u t r a l i s e d t o 

p h e n o l p h t h a l e i n w i t h 2N. n i t r i c a c i d and t i t r a t e d w i t h N/20 

s i l v e r n i t r a t e u s i n g t h r e e drops o f d i c h l o r o f l u o r e s c e i n as 
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i n d i c a t o r . However i n no case c o u l d an end p o i n t t o 

any o f these t i t r a t i o n s be o b t a i n e d . R e t u r n i n g t o 

s t a n d a r d s o l u t i o n s i t was fo u n d t h a t i n the same way no 

end p o i n t c o u l d be o b t a i n e d i f t r a c e s o f sodium s i l i c a t e 

were p r e s e n t . I t was c o n s i d e r e d t o be q u i t e p o s s i b l e t h a t 

t r a c e s o f t h i s were p r e s e n t a f t e r f u s i o n , w i t h sodium i n a 

g l a s s capsule and e v a p o r a t i o n o f t h e f u s i o n s o l u t i o n i n a 

g l a s s beaker i n t h e presence o f sodium h y d r o x i d e . A 

s o l u t i o n was t h e r e f o r e made up c o n t a i n i n g w a t e r (150 m l . ) , 

a l c o h o l (50 m l . ) , 2N. sodium h y d r o x i d e (k m l . ) and N./10 

sodium c h l o r i d e (10 ml.) and eva p o r a t e d down under 

c o n d i t i o n s s i m i l a r t o t h e f u s i o n s o l u t i o n s . T i t r a t i o n s 

c a r r i e d out on t h i s y i e l d e d c o r r e c t r e s u l t s and t h e r e f o r e 

no t r a c e s o f s i l i c a t e c o u l d have been o b t a i n e d f r o m t h e 

g l a s s e v a p o r a t i o n v e s s e l . F u r t h e r samples o f 

o - c h l o r o - n i t r o b e n z e n e were t h e n f u s e d i n a n i c k e l c a p s u l e 

b u t a g a i n no end p o i n t was d i s c e r n a b l e when t h e f u s i o n 

s o l u t i o n s were t i t r a t e d and t h i s removed any p o s s i b i l i t y 

t h a t t r a c e s o f s i l i c a t e were b e i n g i n t r o d u c e d by f u s i n g i n 

g l a s s c a p s u l e s . 

I f t h e f u s i o n s o l u t i o n s were t i t r a t e d i n s l i g h t l y 

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

gave a g r a d u a l c o l o u r change f r o m green t o p i n k b u t no 

sharp end p o i n t was o b t a i n e d so i t was d e c i d e d t o c a r r y o u t 
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the t i t r a t i o n s i n d i s t i n c t l y a c i d s o l u t i o n . 

D i c h l o r o f l u o r e s c e i n i s a weak a c i d and can "be used w i t h 

a pH. as low as f o u r h u t t o c a r r y out t h e t i t r a t i o n o f 

c h l o r i d e i n h i g h l y a c i d s o l u t i o n s b a s i c d.yes are b e s t used 

s i n c e t h e y are more h i g h l y i o n i z e d under these c o n d i t i o n s . 

B e a r i n g t h i s i n mind t he use o f P h e n o s a f r a n i n e was 

i n v e s t i g a t e d s i n c e i t can be used i n s o l u t i o n s up t o O.3.N. 

i n n i t r i c a c i d T.B.Smith ( A n a l y t i c a l Processes p. 1 6I4.) and, 

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

changes s h a r p l y f r o m r e d t o b l u e . When P h e n o s a f r a n i n e 

was t e s t e d out on s t a n d a r d c h l o r i d e s o l u t i o n s , w h i c h were 

0.3N. i n n i t r i c a c i d and c o n t a i n e d v a r i o u s q u a n t i t i e s o f 

form a l d e h y d e , c y a n i d e , f l u o r i d e and a l c o h o l , as i n t h e 

case o f d i c h l o r o f l u o r e s c e i n ( T a b l e I ) , a v i o l e t c o l o u r 

spread t h r o u g h o u t t h e s o l u t i o n o b s c u r i n g t h e expected 

c o l o u r change on t h e p r e c i p i t a t e . T h i s e f f e c t appeared 

t o be due t o t h e presence o f excess formaldehyde i n t h e 

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

s o l u t i o n , made 0.3N. i n n i t r i c a c i d , was t i t r a t e d w i t h 

s i l v e r n i t r a t e t h e P h e n o s a f r a n i n e gave a c l e a r c o l o u r 

change on t h e p r e c i p i t a t e a t t h e c o r r e c t t i t r a t i o n f i g u r e 

b u t i f t h e n a s m a l l amount o f formaldehyde was added t h e 

p r e c i p i t a t e and s o l u t i o n t u r n e d v i o l e t . Thus i t appeared 

t h a t t h e formaldehyde was r e a c t i n g w i t h t h e f r e e amino 
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groups p r e s e n t i n " t h e dye:-

IVH2 

JO 
\ 
a 

so a l t e r i n g i t s n a t u r e and c a u s i n g the observed v i o l e t 

c o l o u r a t i o n . A t t e m p t s were made t o d e s t r o y any excess 

formaldehyde by t h e a d d i t i o n o f e t h y l a m i n e t o t h e 

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

b u t , a l t h o u g h t h e presence o f e t h y l a m i n e i t s e l f d i d n o t 

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

e s t i m a t i o n f r o m t a k i n g p l a c e . 

I n t h e p r e v i o u s methods t h e t e c h n i q u e employed has 

been t o d e s t r o y any c y a n i d e w i t h an excess o f formaldehyde 

f o l l o w e d by d i r e c t t i t r a t i o n o f t h e c h l o r i d e w i t h s i l v e r 

n i t r a t e i n t h e presence o f an a c i d or b a s i c a d s o r p t i o n 

i n d i c a t o r . T h i s t e c h n i q u e h a v i n g been so f a r w i t h o u t 

success an e x p e r i m e n t a l procedure based on V o l h a r d ' s Method 

was t h e n d e v i s e d i n t h e f o l l o w i n g manner. I f t h e c y a n i d e 

was d e s t r o y e d w i t h formaldehyde as b e f o r e , t h e c h l o r i d e 

c o u l d t h e n be p r e c i p i t a t e d w i t h an excess o f s i l v e r n i t r a t e 

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

would r e s u l t . A d a p t i n g t h e p r o c e d u r e o f V o g e l (Qnant. 

I n o r g . A n a l y . p. 95.) t h e t i t r a t i o n o f t h e r e s i d u a l 

s i l v e r n i t r a t e c o u l d be r e a d i l y c a r r i e d out w i t h bromide as 

t h e p r e c i p i t a t i n g agent and Rhodamine 6G. as i n d i c a t o r . 

A sharp end p o i n t i s g i v e n , t h e p r e c i p i t a t e t u r n i n g v i o l e t , 

i n s o l u t i o n s up t o 2N. i n n i t r i c a c i d , though 0.3N. i s 

p r e f e r a b l e T.B. Smith ( A n a l y t i c a l Processes p. U51)• The 

b a s i c i n d i c a t o r Rhodamine 6G.:-

has no f r e e amino groups and s h o u l d n o t t h e r e f o r e on t h a t 

account r e a c t w i t h excess formaldehyde as i n t h e case o f 

p h e n o s a f r a n i n e , w h i c h has two amino groups i n t h e m o l e c u l e . 

Now i n t h e e s t i m a t i o n of c h l o r i d e by Volhardi's • 

Method t h e r e are two e q u i l i b r i a d u r i n g t h e t i t r a t i o n o f t h e 

excess s i l v e r i o n s w i t h t h i o c y a n a t e V o g e l (Quant. I n o r g . 

A n a l . p. 92) i . e . :-

o c 6 CODCo Hs" 

y 



A g + + C l " ^ — AgCl 

A g + + GNS" ^ AgCNS 

The two s p a r i n g l y s o l u b l e s a l t s w i l l be i n e q u i l i b r i u m 

w i t h t h e s o l u t i o n hence:-

roil) _ SAgCl _ 1.2 x 1 0 " 1 0 _ 1 ? 0 

fcNsJ SAgCNS 7.1 x 10" •13 

When a l l t h e excess s i l v e r i o n has r e a c t e d t h e excess o f 

CNS~ may r e a c t w i t h s i l v e r c h l o r i d e , s i n c e s i l v e r 
r c l - l 

t h i o c y a n a t e i s t h e l e s s s o l u b l e s a l t , u n t i l t h e ratio*? =, 
\CTSfS~J 

i n s o l u t i o n i s 170 
AgCl + CNS" ^ AgCNS + C I " 

T h i s t a k e s p l a c e b e f o r e r e a c t i o n occurs w i t h the. f e r r i c 

i o n s i n t h e s o l u t i o n and so t h e r e w i l l be a c o n s i d e r a b l e 

t i t r a t i o n e r r o r , w h i c h can be p r e v e n t e d by t h e removal o f 

s i l v e r c h l o r i d e . 

I n an a t t e m p t t o e s t i m a t e excess s i l v e r n i t r a t e w i t h 

p o t a s s i u m bromide and Rhodamine 6G. as o u t l i n e d above, a 

s i m i l a r t y p e o f e f f e c t must be t a k e n i n t o c o n s i d e r a t i o n . 

Here t he two e q u i l i b r i a d u r i n g t h e t i t r a t i o n o f excess 

s i l v e r w i t h bromide w i l l be:-

A g + + C I " AgCl 

A g + + B r " ^ AgBr 

file:///CTSfS~J
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and again two s p a r i n g l y s o l u b l e s a l t s w i l l be i n 

e q u i l i b r i u m with the s o l u t i o n hence:-

S Ag C I = 1.2 x 1 0 ~ 1 Q
 = 

SAgBr 3-5 x 1 0 ~ 1 3 

A f t e r a l l the excess s i l v e r ion has r e a c t e d the excess of 

bromide may r e a c t w i t h s i l v e r c h l o r i d e , as the s i l v e r 

c h l o r i d e i s the most s o l u b l e s a l t , u n t i l the r a t i o 
Cci'l . 
p — = r i s 3U3-
L B r J 

AgCl +• Br" ^ AgBr + C l " 

The r a t i o [Cli!/§r3 i s much gr e a t e r than the r a t i o Jc i^ /JTcNsfJ 

obtained i n the Volhard Method so the t i t r a t i o n e r r o r could 

be correspondingly g r e a t e r and t h e r e f o r e care would be 

needed to remove the p r e c i p i t a t e d s i l v e r c h l o r i d e from 

s o l u t i o n before t i t r a t i o n of the excess s i l v e r n i t r a t e . 

The most e f f e c t i v e method would be to f i l t e r o f f the 

p r e c i p i t a t e and then back t i t r a t e f i l t r a t e and washings, 

though coagulation of the p r e c i p i t a t e before back t i t r a t i o n 

(by b o i l i n g or a d d i t i o n of ether or nitrobenzene thus making 

i t more d i f f i c u l t to s e t up an e q u i l i b r i u m ) should be almost 

as e f f e c t i v e . 

T h i s method of c h l o r i d e e s t i m a t i o n having been proved 
p o s s i b l e i n theory, i t was then a p p l i e d to s y n t h e t i c 
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s o l u t i o n s of c h l o r i d e plus cyanide i n order to t e s t i t s 

p r a c t i c a l p o s s i b i l i t i e s . As there was no Rhodamine 6G-. 

r e a d i l y a v a i l a b l e another dye of the same s e r i e s was used. 

Th i s was Rhodamine BS:- ^ 

which l i k e Rhodamine 6G. has no f*ee amino groups i n i t s 

s t r u c t u r e and should not be e f f e c t e d by formaldehyde. 

1G ml. samples of s i l v e r n i t r a t e (N/100), made 0.3N. i n 

n i t r i c a c i d , were t i t r a t e d w i t h potassium bromide (N/100) 

u s i n g three drops of Rhodamine BS. ( 0 . 0 5 % aqueous s o l u t i o n ) 

as i n d i c a t o r and i n each case a sharp end point was 

obtained, which was as good as that d e s c r i b e d f o r Rhodamine 

6<2. Various amounts of formaldehyde were then added to the 

standard c h l o r i d e s o l u t i o n to see i f i t a f f e c t e d the 

i n d i c a t o r but i n each case an e x c e l l e n t t i t r a t i o n f i g u r e was 

CHt> 

XX s 

o 2̂ 5-" 

Is. 
CU-k ccrocxH$-
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obtained showing that formaldehyde i n no way impaired the 

p r o p e r t i e s of Rhodamine BS, (see Table I I ) . I t was found 

expedient, however, to c a r r y out the t i t r a t i o n as r a p i d l y 

as p o s s i b l e f o r the i n d i c a t o r began to tu r n blue 1 0 - 1 2 

minutes a f t e r s t a r t i n g to add the potassium bromide whether 

or not the t i t r a t i o n was complete. 

Table 2. 

AgN0 3 

0.0101 5N. 
ml. 

Concentrated 
HNO-2 3 
ml. 

Rhodamine 
BS 

No. of drops 

HCHO 
0.1 ON. 
ml. 

KBr 
0.0256N. 

ml. 

10.12 0.2 3.0 - 4.01+ 

10.12 0.2 3.0 - 4.05 

10.12 0.2 3.0 1.0 4.05 

10.12 0.2 3.0 2.0 k.ok 

10.12 0.2 3.0 3.0 h.OU 

To approximate to the c o n c e n t r a t i o n s of f l u o r i d e , 

c h l o r i d e and cyanide present i n a c t u a l f u s i o n s o l u t i o n s , a 

s y n t h e t i c s o l u t i o n was prepared being 0.01007N. i n sodium 
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c h l o r i d e , 0 .01025N. i n sodium f l u o r i d e and 0 .01032N. i n 

potassium cyanide. The method employed to estimate the 

c h l o r i d e was then as f o l l o w s : -

Add formaldehyde (2 ml.) to an a l i q u o t (10 .12 ml.) of 

s o l u t i o n and n e u t r a l i z e to phenolphthalein with 2N. n i t r i c 

a c i d . Then add concentrated n i t r i c a c i d (2 ml.) and 0 .05N. 

s i l v e r n i t r a t e ( 10 .12 m l . ) . F i l t e r through a Whatman 

Number 50 paper and make f i l t r a t e and washings up to a 

standard volume ( 100 .5 m l . ) . A l i q u o t s (10 .12 ml.) p l u s 3 

drops of Rhodamine BS. were then t i t r a t e d w i t h potassium 

bromide (O . 0256N. ) and a t i t r e of 1 .60 ml. was obtained. 

I n the f o l l o w i n g c a l c u l a t i o n i t was assumed that 100.5 ml. of 

o r i g i n a l standard s o l u t i o n were obtained by f u s i n g 0 .13 gm. 

of organic compound, i n order to get a percentage f i g u r e 

f o r the c h l o r i n e content and compare i t w i t h the c a l c u l a t e d 

v a l u e . 

C a l c u l a t e d Value. 

10 .12 ml. of 0 .01007N. NaCl 

C h l o r i n e content 

= 27.61%. 

= 2 .038 ml. of 0 .05N. AgNO^ 

2.038 x 0 .05 x 35.k& x 100 x 100.5 
1000 x 0 .13 x 10 .12 
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Determined Value. 

KBr t i t r e = 1.60 ml. 

Equ i v a l e n t to amount of 
excess s i l v e r n i t r a t e i n , r 0.0256 100.5 -, 
10.12 ml. a l i q u o t of = 1 , 0 x 0.05 10.12 rax' 
o r i g i n a l s o l u t i o n . 

= 8.132 ml. AgNO^. 

thus s i l v e r n i t r a t e used 
by G l " = 10.12 - 8.132 ml. 

= 1.988 ml. 

• C h l o r i n e content - 1 * 9 8 8 x x X 1 0 0 x 1 0 0 ^ . . o a i o r i n e content - 1 0 0 0 x Q ^ x 1 0 # 1 2 

= 26,93% 

The r e s u l t obtained was 0,67% lower than the c a l c u l a t e d 

v alue and was beyond the d e s i r e d ^0 .2% margin of e r r o r but 

the method was then a p p l i e d to f u s i o n s o l u t i o n s , to see i f the 

same degree of accuracy could be obtained, before attempting 

to make the method more a c c u r a t e . Samples of 

orchloro-nitrobenzene (22.5*+% c h l o r i n e ) were fused and a f t e r 

evaporation the f u s i o n s o l u t i o n s were i n each case made up 

to a standard volume (100.5 m l . ) . 10.12 ml. a l i q u o t s were 

then t r e a t e d w i t h formaldehyde, n i t r i c a c i d , and s i l v e r 

n i t r a t e , and t i t r a t e d w i t h potassium bromide as i n the 

case of the standard s o l u t i o n . 
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(1) Weight of sample 0.1740 gm. 

KBr t i t r e on 10.12 ml. a l i q u o t i s 1.53 ml. 

Excess AgNO-j i n 10.12 ml. a l i q u o t of o r i g i n a l f u s i o n 

s o l u t i o n . _ „ 0.0256 100.5 m l - 1.53 x Q t 0 3 x 1 0 - 1 2 mi. 

= 7.776 ml. 
AgNO, re q u i r e d = 10.12 - 7776 ml. = 2.344 ml. 
by C I " 

C h l o r i n e _ 2.344 * 0.05 x 35.46 x 100 x 100.5 
con?en? ~ 10o6 x 5.1740 x 10.12 

= 23.7195. 

(2) Weight of sample = 0.1534 gm. Ch l o r i n e content = 24.84% 

(3) Weight of sample =0.1121 gm. C h l o r i n e content = 24.50% 

(4) Weight of sample = 0.1369 gm. Ch l o r i n e content = 24.17% 

The r e s u l t s gave f i g u r e s f o r the c h l o r i n e content which 

were from 1.17% to 2.3% higher than the c a l c u l a t e d v a l u e . 

C o n s i d e r a t i o n of the t i t r a t i o n f i g u r e s , i l l u s t r a t e d above, 

however showed t h a t a very s m a l l e r r o r i n the amount of s i l v e r 

n i t r a t e added to the a l i q u o t of f u s i o n s o l u t i o n or i n the 

f i n a l potassium bromide t i t r a t i o n f i g u r e , would have an 

exaggerated e f f e c t on the f i n a l f i g u r e f o r the c h l o r i n e content. 

For example, i n f u s i o n I , i f i n s t e a d of 2.344 ml. the amount 

of s i l v e r n i t r a t e used by the C l ~ had been 2.228 ml., the 

r e s u l t would have been c o r r e c t i . e . a d i f f e r e n c e of 0.116 ml. 
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o f s i l v e r n i t r a t e make an e r r o r o f 1.17$ i n t h e f i n a l 

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

0.022 m l . i n t h e KBr t i t r a t i o n f i g u r e and was w i t h i n t h e 

l i m i t s o f e x p e r i m e n t a l e r r o r . Since i n two stages o f t h e 

method 10 m l . a l i q u o t s were t a k e n f r o m volumes o f 100 m l . , 

any e r r o r became m u l t i p l i e d one h u n d r e d f o l d and so, i n o r d e r 

t o g e t more a c c u r a t e r e s u l t s , l a r g e r a l i q u o t s would have t o 

he t a k e n and/or t h e c o n c e n t r a t i o n s o f the r e a g e n t s r educed 

i n o r d e r t o improve t he s e n s i t i v i t y o f t h e f i n a l "bromide 

t i t r a t i o n . The e f f e c t o f i n c r e a s i n g t h e a l i q u o t o f s o l u t i o n 

t a k e n was t r i e d f i r s t . A sample o f o - c h l o r o - n i t r o b e n z e n e 

was f u s e d and t h e s o l u t i o n f i n a l l y made up t o a s t a n d a r d 

volume (100 m l . ) . A 50 m l . a l i q u o t o f t h i s was t r e a t e d w i t h 

formaldehyde (10 m l . ) , n i t r i c a c i d (1 ml.) and excess s i l v e r 

n i t r a t e (10 ml.) as u s u a l , h u t a f t e r f i l t e r i n g , t h e f i l t r a t e 

and washings were e v a p o r a t e d down t o a s m a l l volume and t h e n 

made up t o 50 m l . The whole o f t h i s 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 p o t a s s i u m bromide and gave a f i g u r e f o r the 

c h l o r i n e c o n t e n t s t i l l 2.06$ h i g h e r t h a n t h e c a l c u l a t e d v a l u e . 

T h i s tended t o show t h a t t h e s i z e o f the a l i q u o t t a k e n was n o t 

the most c r i t i c a l f a c t o r i n t h e e s t i m a t i o n and tiha t even though 

t h e m u l t i p l i c a t i o n f a c t o r was f u r t h e r reduced by t i t r a t i n g 

t h e t o t a l f i l t r a t e and washings, a f t e r e v a p o r a t i o n and 

making up t o a c o n v e n i e n t volume, t h e method was s t i l l 
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i n s u f f i c i e n t l y a c c u r a t e . A f u r t h e r attempt was made, 

us i n g a s y n t h e t i c s o l u t i o n , to i n c r e a s e the accuracy of the 

method by t a k i n g a l a r g e a l i q u o t (50 m l . ) , t i t r a t i n g the 

f i l t r a t e and washings without evaporating or making up to 

a standard volume; and a l s o by reducing the s t r e n g t h of the 

s i l v e r n i t r a t e and potassium bromide to approximately N . /100. 

Assuming f o r the purpose of c a l c u l a t i o n t h a t 100 ml. of 

s y n t h e t i c s o l u t i o n was produced by f u s i n g a c e r t a i n weight 

(0.16 gm.) of organic compound, t h i s procedure gave r e s u l t s 

of 22.33% to 22.35$ c h l o r i n e as a g a i n s t a c a l c u l a t e d value of 

22.36%. These f i g u r e s are p r a c t i c a l l y i d e n t i c a l w i t h the 

c a l c u l a t e d v a l u e so i t appeared that under these c o n d i t i o n s 

the e r r o r s i n the method were s u f f i c i e n t l y reduced to give 

r e s u l t s w e l l w i t h i n the r e q u i r e d ±0.2% margin of e r r o r . T h i s 

procedure was then a p p l i e d to f u s i o n s o l u t i o n s of 

o-chloro-nitrobenzene (22.54% c h l o r i n e ) w i t h the f o l l o w i n g 

r e s u l t s : -

I . Weight of sample = 0.1239 gm. C h l o r i n e content = 22.1+8% 

I I . ?/eight of sample = 0.11+58 gm. Chl o r i n e content = 22.1+5% 

I I I . Weight of sample = 0.1376 gm. Ch l o r i n e content = 22.1+5% 

Compared w i t h the t h e o r e t i c a l v a l u e of 22.54% these 

r e s u l t s r epresent a maximum e r r o r of 0.09% which shows the 

method to be emminently s u i t a b l e when a p p l i e d to f u s i o n 
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s o l u t i o n s of organic compounds c o n t a i n i n g c h l o r i n e , f l u o r i n e 

and n i t r o g e n . 

I t was found t h a t , i f the s i l v e r c h l o r i d e was not 

f i l t e r e d o f f , the r e s u l t s obtained were s t i l l w i t h i n -0.2% 

of the t h e o r e t i c a l v a l u e . I n view of the c a l c u l a t i o n 

concerning the i n t e r a c t i o n of s i l v e r c h l o r i d e and Br" ion, 

from which one would expect a more i n a c c u r a t e t i t r a t i o n 

f i g u r e than t h i s , i t seems probable that the s i l v e r c h l o r i d e 

was extremely w e l l coagulated and so v i r t u a l l y removed from 

s o l u t i o n , there being no time f o r i t to r e a c t before the 

excess bromide i n s o l u t i o n caused the i n d i c a t o r change. 

However i t was s t i l l considered best to remove the s i l v e r 

c h l o r i d e by f i l t r a t i o n and so to e l i m i n a t e any p o s s i b l e source 

of e r r o r i n the t i t r a t i o n f i g u r e s . 

I n view of the r e s u l t s put forward the e s t i m a t i o n of 

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

cyanide can be summarized as f o l l o w s : -

Fuse 0.1 to 0.2 gm. of the organic compound and, a f t e r 

evaporation, make the f u s i o n s o l u t i o n up to a standard 

volume (100 m l . ) . Treat h a l f of the s o l u t i o n with N/10 

aqueous formaldehyde (10 ml.) and n e u t r a l i s e to phenolphthalein 

w i t h 2N. n i t r i c a c i d . Then add concentrated n i t r i c a c i d 

(2ml.) followed by an excess of N/100 s i l v e r n i t r a t e . F i l t e r 



o f f the s i l v e r c h l o r i d e u s i n g a Whatman Number 50 paper 

and wash the p r e c i p i t a t e s e v e r a l times with s m a l l q u a n t i t i e s 

of d i s t i l l e d water. F i n a l l y t i t r a t e the f i l t r a t e and 

washings with N/100 potassium bromide u s i n g 6 drops of 

Rhodamine BS. (0.05$ aqueous s o l u t i o n ) as i n d i c a t o r . 

The Attempted Determination of Cyanide i n the presence of 

Chlo r i d e and F l u o r i d e . 

Since the method devised f o r the e s t i m a t i o n of c h l o r i d e , 

i n the presence of cyanide and f l u o r i d e , gave accurate 

r e s u l t s the next stage i n the problem was to i n v e s t i g a t e the 

methods f o r determining the cyanide content of s i m i l a r 

s o l u t i o n s . 

As p r e v i o u s l y s t a t e d the t i t r a t i o n of cyanide w i t h 

s i l v e r n i t r a t e ( L i e b i g ' s method) d i d not give a c c u r a t e 

r e s u l t s when c a r r i e d o u t ^ i n s o l u t i o n s approximately 0.25N. 

i n sodium hydroxide, but i t was s t i l l considered p o s s i b l e 

that a c c u r a t e r e s u l t s could be obtained i f the method was 

ap p l i e d to n e u t r a l or ammoniacal s o l u t i o n s . Here i t was 

hoped to get an accu r a t e end point by t i t r a t i n g w ith s i l v e r 

n i t r a t e u n t i l permanent t u r b i d i t y was obtained, as i n the 

u s u a l manner, or by a d d i t i o n of a s u i t a b l e i n d i c a t o r ; 

diphenyl carbazide i n n e u t r a l , or potassium iodide i n 

ammoniacal s o l u t i o n . 
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The theory of the r e a c t i o n i n n e u t r a l and ammoniacal 
s o l u t i o n s was i n v e s t i g a t e d i n order t o a s c e r t a i n t h e i r 
s u i t a b i l i t y f o r q u a n t i t a t i v e estimations of cyanide and t o 
c a l c u l a t e what t i t r a t i o n e r r o r s could be expected: 

(1) N e u t r a l s o l u t i o n s . 

When s i l v e r n i t r a t e i s gr a d u a l l y added t o a s o l u t i o n of 
an a l k a l i cyanide a white p r e c i p i t a t e f i r s t forms but t h i s 
r e d i s s o l v e s owing t o the f o r m a t i o n of a sol u b l e complex 
cyanide:-

AgNOj + 2KCN. ^ K.^A^CN^ + KNO^ ( l ) 

or Ag + + 2GN". ^Ag(CN) 2J" (2) 
Completion of the above r e a c t i o n i s i n d i c a t e d when f u r t h e r 
a d d i t i o n of s i l v e r n i t r a t e y i e l d s the i n s o l u b l e s i l v e r 
argentocyanide:-

Ag + + [Ag(CN.)^]~ — > Ag j T A g t C N . ) ^ (3) 

The for m a t i o n of permanent t u r b i d i t y t h e r e f o r e 
i n d i c a t e s the end p o i n t of the r e a c t i o n . A p p l i c a t i o n of 
the Law of Mass A c t i o n t o equation (2) gives the d i s s o c i a t i o n 
or i n s t a b i l i t y constant of the complex a t normal temperatures. 
Vogel (Quant. In o r g . Anal. p. 23.):-
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Lg-J f c M ^ = 1 > 0 x 1 q . 2 1 ( 4 ) 

[Ag(CN)2"'J 

As an i l l u s t r a t i o n , i f an amount of potassium cyanide 
equivalent t o 10 ml. of 0 . 1 N . s i l v e r n i t r a t e i s used and the 
volume a t the end p o i n t i s 100 ml., then the co n c e n t r a t i o n of 
the complex K |Ag(CN. ) 2 "^ j w i l l "be 0 .01 molar. Then a t t h i s 
p o i n t any s i l v e r i o n and cyanide i o n present i n s o l u t i o n w i l l 
he due t o the d i s s o c i a t i o n of the complex. At the 
s t o i c h i o m e t r i c p o i n t : -

£gN.~J = 2jAg"^J 2 * 

r 2 1 _ [A%+][C®-]2 _ (cp x ( 2 * ) 2 

t h e r e f o r e 1.0 x 10 
Ag (CN) 2"3 0 .01 

and so CAS+3 = 1-36 x 1 0 - 8 and £cN~J = 2 . 7 2 x 10 

From Smith (Anal. Processes p. 21+8) the s o l u b i l i t y product:-

[Ag + J J^Ag(CN) 2"^ = 2 .25 x 1 0 ~ 1 2 ( 5 ) 

t h e r e f o r e p r e c i p i t a t i o n of the complex w i l l occur when, 

- 1 2 0 o c „ „ ^ - 1 2 

- 8 

> 2 ' 2 ^ * 1 0 > 2.25 x 10-J J A g + l > 2 2 5 x 10-^ 
L —' [ A g ( C N ) 2 j ' 0.01 

Since the £~Ag+J a t the t h e o r e t i c a l end p o i n t i s 1.36 x 10~ 8 

p r e c i p i t a t i o n w i l l occur j u s t before t h i s but the t i t r a t i o n 

d i f f e r e n c e i s so small (0.0002 ml.) t h a t i t can be neglected 

and i n any case the t h e o r e t i c a l end p o i n t w i l l be 

-10 



exceeded i n order t o produce s u f f i c i e n t p r e c i p i t a t e t o be 
v i s i b l e . I n theory, t h e r e f o r e , t h i s method should be 
capable of accurate r e s u l t s but one p r a c t i c a l d i f f i c u l t y -
would be t o see when permanent t u r b i d i t y was f i r s t produced. 

Using diphenyl earbazide as i n d i c a t o r , the end p o i n t i s 
marked by the colour of the i n d i c a t o r changing from pink t o 
pale v i o l e t . I n d i l u t e s o l u t i o n s (ca. 0.01N.) t h i s change 
takes place on the c o l l o i d a l p r e c i p i t a t e before opalescence 
i s v i s i b l e , Vogel (Quant. I n o r g . Anal. p. 3 2 7 .), w h i l e i n 
0.1N. s o l u t i o n s the change i s observed on the p r e c i p i t a t e d 
s i l v e r , argentoeyanide. 

(2) Ammoniacal s o l u t i o n s . 

I f an ammoniacal s o l u t i o n of cyanide i s t i t r a t e d w i t h 
s i l v e r n i t r a t e s o l u t i o n s using potassium i o d i d e as i n d i c a t o r , 
the s i l v e r argentocyanide i s not p r e c i p i t a t e d as i t i s r e a d i l y 
soluble i n ammonia:-

AgjAg(CN.) 2J + itfJH^OH — > 2jAg(NH 3)JJcN. + 1^0 ... 

and at the end p o i n t s p a r i n g l y soluble s i l v e r i o d i d e w i l l 
be p r e c i p i t a t e d since the cyanide, i n which i t i s soluble^: i s 
no longer present i n s o l u t i o n . 

2 j A g ( K f f 3 ) J c N + 2KI + i+H20 — } 2AgI + 2KCN. + l+NH^OH .. 

The i n s t a b i l i t y constant of the complex c a t i o n ^Ag(NH^) 2J + 

i s : -
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I A g

+ J [ M L ] 2 

3_i_ 

2 1 NH,) 
7 x 1 0 ( 8 ) 

and i t s r e l a t i v e l y l a r g e value compared w i t h t h a t f o r the 
argentocyanide anion shows the amine t o be the less s t a b l e 
complex and t h e r e f o r e when s i l v e r n i t r a t e i s added t o the 
mixture of cyanide and ammonia, the greater p a r t w i l l form 
the negative complex i o n but the end p o i n t of the t i t r a t i o n 
may be i n f l u e n c e t o a p e r c e p t i b l e extent by a considerable 
q u a n t i t y of ammonia. Smith ( A n a l y t i c a l Processes p. 2 5 0 ) . 

This i n f l u e n c e can be i l l u s t r a t e d by the f o l l o w i n g 
examples:-

Suppose volume of s o l u t i o n = 100 ml. and [~NH Ĵ = 0 . 2 

Then j[*Total cyanide] = 0 . 0 2 = 2jAg(CN.) 2"^] + [pN."^J . . . . ( 9 ) 

a) a t equivalence p o i n t 

t h e r e f o r e 

T o t a l s i l v e r [Ag(0N.) 2 J + [ l g ( N H 3 ) 2
+ J + \Ag+J ( 1 0 ) 0 .01 

[Ag(0N.) 2"l>> f 
+ > > M Ag(NHj 

From ( 9 ) and ( 1 0 ) j_CN~] = 2 [ A g ( N H 3 ) 2
+ ] | 

Put [ A g ( N H 3 ) 2
+ J oL and s u b s t i t u t e ( 8 ) 

1.75 x 10 ^ 

s u b s t i t u t e t h i s value i n t o (k) and assume 
[ C N . - J 

/Ag(CN) 2"J t h a t 0 .01 

i . e . neglect t h e r e f o r e , 
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, -6 

. n - 2 1 _ ( 1 . 7 5 x 1 0 " ^ )(2oQ 2 

l u " 0 .01 

then JL = J T A g ( N H 3) 2
+J = 1.13 x 1 0 ~ 6 

2<* = £oN~]] = 2 .26 x 1 0 ~ 6 

1.75 x 1 0"dL= f A g + J = 1.97 x 1 0 ~ 1 1 

j~Ag(CN. )2~J = 0 .01 - SJCIT] = 0 .01 - 1.13 x 10" 

These are the concentrations at the i d e a l end p o i n t , 
(b) At an a c t u a l end p o i n t when no s p e c i a l 

i n d i c a t o r i s used:-

Prom (5) [Vj = 2-2loi10''2 ' 2-25 X 1 0 " 1 0 

s u b s t i t u t e t h i s value i n ( 8 ) whence Ag(NH^ ) 2

+ J = 1.3 x 10 

s u b s t i t u t i n g the value f o r [ A g + J i n (k), £cN~J = 2 . 1 x 1 0 - 7 

t h e r e f o r e [Ag(CN . ) 2 " J = 0 .01 - O^fc^fJ = 0 .01 - 1.1 x 1 0 7 

From ( 1 0 ) : -

[ j o t a l Ag+J = ( 0 . 0 1 - 1.1 x 1 0 ~ 7 ) + 1.3 x 1 0 - i + + 2 .25 x 1<f 

The d i f f e r e n c e between t h i s and the i d e a l value of 0 .01 i s 

^0 

then: • 
•1.1 x 1 0 ~ 7 + 1.3 x 10'^ + 2 .25 x 1 0 " 1 0 = 1.3 x 1 0 " ^ 

Hence the r e s u l t w i l l be 1.3$ too h i g h , due almost e n t i r e l y 
t o the f a c t t h a t ^Ag(NH^ ) 2

+ J ^> than a t equivalence p o i n t s . 
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(c) At; the a c t u a l end p o i n t when KI i s used 
as i n d i c a t o r : -

Suppose at end p o i n t ["l"^J = 0.1 

t h e n [ A g + ] = JSL. = ^ = 1 0 " ^ 
u J [ I J 1 0 

Hence from (8)• [ A g ( N H 3 ) 2 " Q = 5.7 x 1 0 ~ 1 0 

and from (k) [ ~ G N ^ ] = 10 _ i + (assume j^Ag(GN)2~J = 0.1 ) 

j\Ag(CN) 2"j[ = 0.01 - 5 x 10~ 5 

The e r r o r i n t h i s case i s -5 x 10~^ + 5.7 x 1 0 ~ 1 0 + 10~ 1^ = 
.5 x 10~^ i n 0.01 i . e . -0.5% (0.05 ml. i n a 10 ml. 
t i t r a t i o n , which i s about experimental e r r o r ) . I n 
p r a c t i c e , however, i t w i l l be less than t h i s because a 
small q u a n t i t y of extra s i l v e r n i t f i a t e w i l l be r e q u i r e d t o 
produce a v i s i b l e p r e c i p i t a t e of s i l v e r i o d i d e . No 
appreciable e r r o r i s t h e r e f o r e caused by the presence of 
ammonia and i t s presence i s advantageous because the 
p r e c i p i t a t e , which tends t o form when the t i t r a t i o n i s 
nearing completion, r e d i s s o l v e s more r e a d i l y than does the 
s i l v e r argentocyanide i n the o r i g i n a l method. 

The previous c a l c u l a t i o n s having shown t h a t t h e o r e t i c a l l y 
good r e s u l t s can be obtained by a p p l y i n g L i e b i g ' s Method 



138 

t o n e u t r a l or ammoniacal s o l u t i o n s of a l k a l i cyanides, 
experiments were c a r r i e d out on s o l u t i o n s c o n t a i n i n g 
f l u o r i d e , c h l o r i d e and cyanide t o t e s t the p r a c t i c a l 
p o s s i b i l i t i e s of-the method. 

A s o l u t i o n was made up c o n t a i n i n g sodium c h l o r i d e 
(0.01002N.), sodium f l u o r i d e (0.0100N.) and potassium 
cyanide (0.01078N.) and a l i q u o t s (10 ml.) t i t r a t e d w i t h 
s i l v e r n i t r a t e (0.01001+N.). For the purpose of o b t a i n i n g 
a f i g u r e f o r the c a l c u l a t e d n i t r o g e n content and comparing 
i t w i t h the experimental values obtained, i t was assumed 
t h a t 100 ml. of t h i s s o l u t i o n were obtained by f u s i n g 
0.15 gm. of an organic compound. 

10.11 ml. of 0.01078N. KCN. 5 5.U29 ml. of 0.01001+N. AgNOj 
^ * T 1 4. A w + 5.U29 x .010014- x 28 x 100 x 100 
t h e r e f o r e c a l c u l a t e d Nitrogen= 1000 x 15 x 10 11 
content 

= 10.07$ 

a) S t r a i g h t forward t i t r a t i o n of t h i s s o l u t i o n , which 
i s very s l i g h t l y a l k a l i n e due t o the a l k a l i cyanide, w i t h 
s i l v e r n i t r a t e u n t i l permanant t u r b i d i t y was produced gave 
t i t r a t i o n f i g u r e s averaging 0.1 ml. lower than the 
c a l c u l a t e d value of 5.U29 ml. This gave a f i g u r e of 
9.879% f o r the n i t r o g e n content, which i s 0 . 191$ too 

low and since t h i s represented the extreme l i m i t of accuracy 
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desired i n the e s t i m a t i o n i . e . -0.2% i t was necessary 
to t r y diphenyl carbazide as i n d i c a t o r , i n an attempt t o 
get a sharper end p o i n t . When t h i s i n d i c a t o r was used, 
however, the r e s u l t s d i d not improve as i t was found 
d i f f i c u l t t o a s c e r t a i n w i t h accuracy the exact p o i n t a t 
which the i n d i c a t o r gave the colour change from p i n k t o 
v i o l e t . 

The d i f f i c u l t y i n o b t a i n i n g a sharp end p o i n t 
l i e s i n the f a c t t h a t s i l v e r cyanide i s o f t e n p r e c i p i t a t e d 
i n a curdy form, which does not r e a d i l y r e d i s s o l v e and 
t h i s obscures the end p o i n t tending t o give a premature 
t u r b i d i t y so leadi n g t o low t i t r a t i o n f i g u r e s . 

b) To t r y and overcome t h i s e f f e c t the t i t r a t i o n s o l u t i o n 
was made ammoniacal w i t h ammonium hydroxide and a small 
q u a n t i t y of potassium i o d i d e added as i n d i c a t o r . The 
end p o i n t of the t i t r a t i o n was i ^ d i c a t e t by the 
p r e c i p i t a t i o n of s i l v e r i o d i d e , which proved much easier 
t o detect than the previous permanent t u r b i d i t y and so 
l e d t o improved r e s u l t s . 

A l i q u o t s (10 ml.) of s o l u t i o n were t r e a t e d w i t h 6N. 
ammonium hydroxide (2 ml.) and N/10 potassium iod i d e 
(2 drops) before t i t r a t i n g w i t h s i l v e r n i t r a t e (0.01 OOi+N.) 
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u n t i l a permanant p r e c i p i t a t e of s i l v e r iodide was 
detected. 

Table I I I . 

S i l v e r N i t r a t e 
t i t r e . 

ml. 
% Nitrogen 

Content 
% V a r i a t i o n from 
Calculated value 

of 10 .07 $ 

5.U5 10 .1 0 .03 

1 0 . 1 6 0 .09 

5.U7 10.11+ 0 .07 

5.U8 1 0 . 1 6 0 .09 

Since the r e s u l t s obtained were a l l w e l l w i t h i n the 
-0.2$ margin of e r r o r , the method was then a p p l i e d t o 
a c t u a l f u s i o n s o l u t i o n s of o-chloro-nitrobenzene (8.888$ 
n i t r o g e n ) . As f o r the c h l o r i d e e s t i m a t i o n , samples of 
the compound (approximately 0.1 gm.) weife sealed i n - g l a s s 
capsules, fused w i t h excess sodium i n a n i c k e l bomb and 
a f t e r evaporation the r e s u l t a n t f u s i o n s o l u t i o n s made up 
to standard volumes (100 m l . ) . A l i q u o t s (10 ml.) were 
n e u t r a l i s e d w i t h 2N.HN0, and then t r e a t e d as i n the case 

3 
of the standard s o l u t i o n and gave the f o l l o w i n g r e s u l t s : -
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Table IV. 

Wt. of cpd. 
taken, 

gra. 
C alculated 

s i l v e r n i t r a t e 
t i t r a t i o n , 

ml. 

Observed 
T i t r a t i o n 

ml. 
/^Nitrogen 
Content. -

^ V a r i a t i o n from 
Calculated value 

of 8 .888 % 

0 .1099 3 .478 1 .67 4.268 4 . 6 2 

0 .1355 4 . 2 8 9 2 .40 4 . 9 7 9 3 .909 

0 .1910 6 .046 3 . 0 0 4 . 4 1 6 4 . 4 7 2 

I n each case a t i t r a t i o n f i g u r e was obtained which 
i n d i c a t e d a n i t r o g e n content approximately 50% of the 
ca l c u l a t e d value and the end p o i n t s were not d i s t i n c t but 
were marked by a blue opalescence i n the t i t r a t i o n s o l u t i o n , 
which g r a d u a l l y turned t o a ye l l o w p r e c i p i t a t e as more s i l v e r 
n i t r a t e was added. V a r i a t i o n of the amounts of ammonium 
hydroxide and potassium iodide added t o the s o l u t i o n d i d not 
improve the r e s u l t s so i t was concluded t h a t : -

a) There was some substance present i n the f u s i o n s o l u t i o n s 
which was e i t h e r causing a premature end p o i n t to the s i l v e r 
n i t r a t e t i t r a t i o n or r e a c t i n g w i t h the cyanide and so removing 
p a r t of i t from s o l u t i o n . 
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b) The sodium f u s i o n d i d not give q u a n t i t a t i v e 
conversion of the n i t r o g e n , i n the organic compound, t o 
cyanide. When samples of the s y n t h e t i c s o l u t i o n , con­
t a i n i n g traces of sodium s i l i c a t e , were t r e a t e d as b e f o r e , 
t i t r a t i o n f i g u r e s of 5 ml. s i l v e r n i t r a t e were obtained 
i . e . , the t i t r a t i o n f i g u r e was lowered by 0.1+5,ml. to 
0.i+8 ml. so g i v i n g a n i t r o g e n content of approximately 
9.0 % as against the c a l c u l a t e d value of 10.07^. I t 
seemed t h e r e f o r e t h a t traces of s i l i c a t e could not be 
responsible f o r the 50?o e r r o r when the method was 
applied t o f u s i o n s o l u t i o n ; t h i s i s confirmed by t e s t s 
c a r r i e d out d u r i n g the c h l o r i d e e s t i m a t i o n which showed 
t h a t l i t t l e or no s i l i c a t e was obtained by f u s i n g the 
organic compound i n glass capsules and evaporating the 
f u s i o n s o l u t i o n down i n glass beakers. To p r o v e . t h i s , 
a l i q u o t s (10 ml.) of the f u s i o n s o l u t i o n s were n e u t r a l i s e d 
w i t h 2N. n i t r i c a c i d and then an excess of 2N. n i t r i c a c i d 
(2 ml.) was added. The s o l u t i o n was then d i s t i l l e d t o 
dryness, so l e a v i n g behind any s i l i c a t e , borate e t c . , and 
the d i s t i l l a t e , a f t e r n e u t r a l i s i n g w i t h 2N. sodium hydroxide, 
was t r e a t e d as before and t i t r a t e d w i t h s i l v e r n i t r a t e . 
The same blue opalscence was observed i n each case and the 



143 

t i t r a t i o n f i g u r e s s u b s t a n t i a l l y agreed w i t h those 
p r e v i o u s l y obtained so showing t h a t s i l i c a t e was not 
causing the low r e s u l t s . I t would seem from t h i s t h a t 
e i t h e r something i n the f u s i o n s o l u t i o n was r e a c t i n g w i t h 
the cyanide or t h a t the n i t r o g e n was not completely 
converted t o cyanide, f o r any other i n t e r f e r i n g substance 
would be l e f t behind when the s o l u t i o n s were d i s t i l l e d 
t o dryness. Before i n v e s t i g a t i n g t h i s problem f u r t h e r 
i t was considered expedient to attempt to devise an 
o v e r a l l method f o r determining cyanide plus c h l o r i d e , from 
which the cyanide value could be obtained by d i f f e r e n c e , 
since as has already been seen the c h l o r i d e content could 
be a c c u r a t e l y obtained. 

The Attempted Determination of Cyanide plu s Chloride i n the 
presence of F l u o r i d e . 

The proposed method, by which i t was hoped t o o b t a i n 
a value f o r the combined c h l o r i d e plus cyanide content of 
f u s i o n s o l u t i o n s , was b a s i c a l l y the same as t h a t employed 
t o determine c h l o r i d e i n the presence of f l u o r i d e and 
cyanide. By o m i t t i n g the formaldehyde, which would remove 
the cyanide, the a d d i t i o n of excess s i l v e r n i t r a t e should 
r e s u l t i n the q u a n t i t a t i v e p r e c i p i t a t i o n of s i l v e r c h l o r i d e 



and s i l v e r cyanide. Back t i t r a t i o n ©f the r e s i d u a l s i l v e r 
n i t r a t e w i t h bromide should t h e r e f o r e give a f i g u r e f o r 
the combined c h l o r i d e plus cyanide present i n the 
s o l u t i o n s . 

I f the p r e c i p i t a t e d s i l v e r s a l t s are l e f t i n contact 
w i t h the s o l u t i o n , there w i l l be three e q u i l i b r i a d u r i n g 
the t i t r a t i o n of excess s i l v e r i o n w i t h potassium bromide:-

Ag + + 0 1 " Aj rd 
Ag + + ON" M ?CN 
Ag + + Br~ M ;Br 

and the i n s o l u b l e s a l t s w i l l be i n e q u i l i b r i u m w i t h the 
s o l u t i o n hence:-

[ c i ~ ] SAgCl _ 1.2 x 1 0 ~ 1 0 

[ B r " ] SAgBr 3 . 5 x 10~ 1^ 

["cN~7 SAgCN _ 2.8 x 1 0 ~ 1 2 

[Br"] SAgBr • 3-5 x 1 0 ~ 1 3 

343 

8 .3 

When the excess s i l v e r i o n has reacted, then the excess 
bromide can re a c t w i t h AgCl u n t i l the r a t i o [ p l ~ J / [^Br-] 
i n s o l u t i o n i s 3k3 and w i t h AgCN u n t i l the r a t i o 
[pN"] / [ f i r " J i s 8 . 3 . 
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AgCl + Br AgBr + C l " (1 ) 

AgCN + Br" ^ AgBr + CN~ (2) 

Under these c o n d i t i o n s one would expect a considerable 
t i t r a t i o n e r r o r , l a r g e r than t h a t t h e o r e t i c a l l y possible 
i n the c h l o r i d e e s t i m a t i o n where r e a c t i o n ( 1 ) only takes 
place, so once again t o avoid any t i t r a t i o n e r r o r s the 
p r e c i p i t a t e should be removed from s o l u t i o n before t i t r a t i n g 
w i t h bromide. Vogel (Quant. I n o r g . Anal. p. 9 2 ) . A 
standard s o l u t i o n was prepared c o n t a i n i n g sodium c h l o r i d e 
(0 .01002N.),sodium f l u o r i d e (0.01028N.) and potassium cyanide 
(0.01078N.) w i t h which t o i n v e s t i g a t e the proposed method. 
F i r s t of a l l , t o a s c e r t a i n what magnitude of t i t r a t i o n 
e r r o r could be expected i f the p r e c i p i t a t e was not removed 
from s o l u t i o n , t h e f o l l o w i n g technique was adopted. 

An a l i q u o t (10.11 ml.) of s o l u t i o n was n e u t r a l i s e d t o 
phenolphthalein w i t h 2N. n i t r i i S a c i d , concentrated n i t r i c 
a c i d (1 ml.) and excess s i l v e r n i t r a t e (25-2 ml.) was then 
added. The s o l u t i o n was then t i t r a t e d w i t h potassium 
bromide (0.01276N.) us i n g 3 drops of Rhodamine BS as 
i n d i c a t o r . The observed t i t r e was 5 » 0 5 ml. of potassium 
bromide. 

I n the f o l l o w i n g c a l c u l a t i o n and i n a l l subsequent 
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c a l c u l a t i o n s i n v o l v i n g standard s o l u t i o n s , i t was assumed 
t h a t 100 ml. of o r i g i n a l s o l u t i o n was obtained by f u s i n g 
0 . 1 6 gm. of an organic compound. 

T h e o r e t i c a l Nitrogen Content. 

10 .11 ml. 0 .01002 N.NaCl = 10 .11 ml. 0 .01002 N.AgNO^ 

10.11 m l . 0 .01076 N. KCN = 1 0 . 8 6 ml. 0 .01002 N. AgNO^ 

Excess AgNO^ added = = 2 5 . 2 ml. 

the r e f o r e AgNO^ re q u i r e d t o p r e c i p i t a t e t o t a l c h l o r i d e plus 
cyanide = 2 0 . 9 6 ml. 

.*. T i t r a t a b l e residue = 4.21+ ml. AgNO^ = 3 .329 ml. KBr 

* T - + 4. + 10 .86 x .01002 x 14 x 100 x 100 Nitrogen content = 1000 x O.16 x 10 .11 

= 9.419 % 

Experimental Nitrogen Content. 

KBr t i t r e = 5 .05 ml. = 6 .433 ml. AgNÔ . 

.*. S i l v e r n i t r a t e r e q u i r e d 
t o p r e c i p i t a t e c h l o r i d e plus 
cyanide = 2 5 . 2 - 6 .433 ml. 

= 18 .767 ml. 

Assuming t h a t the c h l o r i d e reacts w i t h the t h e o r e t i c a l 
amount of s i l v e r n i t r a t e (as shown by the r e s u l t s obtained 
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i n the c h l o r i d e e s t i m a t i o n ) then:-

AgNCU re q u i r e d t o p r e c i p i t a t e 
t o t a l cyanide = 18.767 - 1 0 . 11 ml. 

- 8 .66 ml. 

+ W A „ Q „ + 8 .66 x .01002 x 14 x 100 x 100 
Nitrogen Content = TT^F. ^ * d * ̂  a * 

B 1000 x 0.16 x 10.11 
= 7*509 %. 

The low r e s u l t s obtained i n d i c a t e d t h a t i t was e s s e n t i a l 
t o remove the p r e c i p i t a t e before t i t r a t i n g the s o l u t i o n , 
as was p r e d i c t e d by the t h e o r e t i c a l c o n s i d e r a t i o n , but 
since good r e s u l t s have been obtained, w i t h o u t f i l t r a t i o n , 
i n the c h l o r i d e e s t i m a t i o n i t appealed t h a t the e r r o r was 
due to the presence of s i l v e r cyanide only. I t i s p o s s i b l e 
t h a t the r e a c t i o n : -

AgCN + Br" ^ AgBr - + CN~ 
goes w i t h a greater v e l o c i t y than the r e a c t i o n : -

AgCl + Br" ^ AgBr + C l ~ 

due perhaps t o . t h e s i l v e r cyanide being i n a more- c o l l o i d a l 
s t a t e than the s i l v e r c h l o r i d e , and thus causing an 
appreciable t i t r a t i o n e r r o r before the i n d i c a t o r colour ( 
change. 

A second a l i q u o t was s i m i l a r l y t r e a t e d but the s o l u t i o n 



1U8 

was f i l t e r e d through a Whatman Number 50 Paper and the 
p r e c i p i t a t e washed w i t h small q u a n t i t i e s of d i s t i l l e d water. 
When the f i l t r a t e and washings were t i t r a t e d w i t h potassium 
bromide a t i t r e of k»0 ml. was obtained which gave a 
ni t r o g e n content of 8.661+ %. This was a d i s t i n c t 
improvement but was s t i l l 0,775^ too low and since t h i s 
method of f i l t r a t i o n y i e l d e d e x c e l l e n t r e s u l t s i n the c h l o r i d e 
e s t i m a t i o n , then the e r r o r must be due t o traces of 
c o l l o i d a l s i l v e r cyanide passing through the f i l t e r . 
Assuming t h i s t o be s o l e l y responsible f o r the t i t r a t i o n 
w rror various methods of coagu l a t i n g the p r e c i p i t a t e , before 
f i l t e r i n g , v/ere i n v e s t i g a t e d . I n each case 10.0 ml. 
a l i q u o t s of s o l u t i o n were used and 30 ml. of excess s i l v e r 
n i t r a t e were added. 

Table V. 

Method of coagulating 
p r e c i p i t a t e . 

KBr t i t r e 
ml. 

% Nitrogen 
Content. 

% V a r i a t i o n from 
c a l c u l a t e d value 

of % 

1 . 1 ml. Nitrobenzene 
added. 8 8.6U 0.779 

2. 5 ml. ether added 7.92 8.73 0.689 

3. S o l u t i o n heated and 
then cooled. 7.92 8.73 0.689 
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These r e s u l t s showed a l i t t l e improvement but were s t i l l 
too low t o make the method p r a c t i c a b l e f o r accurate 
analyses. D i f f e r e n t methods of f i l t r a t i o n were t r i e d 
next - a) f i l t e r through a t h i c k charcoal pad based on a 
No. 50 f i l t e r paper. b) f i l t e r through a No. k 

s i n t e r e d glass c r u c i b l e , w i t h and w i t h o u t an asbestos pad. 
The r e s u l t s showed no great improvement whether or not 
ether and nitrobenzene were used t o coagulate the p r e c i p i t a t 
before f i l t e r i n g , values obtained v a r i e d from 8.53% t o 
8.6k% f o r the n i t r o g e n content, i . e . 0.889$ t o 0.779$ 

lower than the c a l c u l a t e d value. 

Since the above v a r i a t i o n s i n the f i l t e r i n g technique 
and the coagulation of the p r e c i p i t a t e w i t h ether or 
nitrobenzene d i d not lead t o improved r e s u l t s , other 
m o d i f i c a t i o n s i n the method were desired. Vogel (Quant. 
In o r g . Anal. p. U-75 and 578) s t a t e s t h a t , i f the p r e c i p i t a t e 
i s washed w i t h pure water i t may become c o l l o i d a l and pass 
through the f i l t e r , so washing w i t h a s u i t a b l e e l e c t r o l y t e 
(0 .01 N., n i t r i c a c i d) i s recommended. Also, t o p r e c i p i t a t e 
s i l v e r cyanide, the col d s o l u t i o n of an a l k a l i cyanide 
should be t r e a t e d w i t h an excess of s i l v e r n i t r a t e f a i n t l y 
a c i d i f i e d w i t h n i t r i c a c i d . 



150. 

Bearing these recommendations i n mind the procedure 
was modified accordingly and gave r e s u l t s 0 .619$ lower 
than the c a l c u l a t e d value f o r the n i t r o g e n content and 
represented a s l i g h t improvement on the previous values 
obtained. S t i l l i n the b e l i e f t h a t traces of c o l l o i d a l 
s i l v e r cyanide, passing through the f i l t e r i n t o the 
t i t r a t i o n s o l u t i o n , were responsible f o r the t i t r a t i o n 
e r r o r , the method was app l i e d t o a s o l u t i o n of pure 
potassium cyanide (0.01007 N.). 10 ml. a l i q u o t s were 
used and the r e s u l t s obtained gave a n i t r o g e n content of 
8.56$ as against the c a l c u l a t e d value of 8.878$ i . e . 
0.318% too low. This was a d e f i n i t e improvement on the 
r e s u l t s obtained from s o l u t i o n s of f l u o r i d e , c h l o r i d e and 
cyanide but since the amount of s i l v e r cyanide passing 
through the f i l t e r cannot be of a constant value, then 
s l i g h t v a r i a t i o n s are bound to occur. Further a l i q u o t s 
were t r e a t e d w i t h s i l v e r n i t r a t e but were made up to a 
standard volume (50 ml.) before f i l t e r i n g and an a l i q u o t 
(25 ml.) of the f i l t r a t e t i t r a t e d w i t h bromide. This 
removed the neccessity of washing the p r e c i p i t a t e and so 
i t was hoped to cut down the p o s s i b i l i t y of c o l l o i d a l 
s i l v e r cyanide passing through the f i l t e r . A r e s u l t of 
8.896$ was obtained f o r the n i t r o g e n content which agreed 
to w i t h i n 0.018$ of the c a l c u l a t e d value, since t h i s was 



w e l l w i t h i n the desired - 0.2% margin of e r r o r the method 
was a p p l i e d to a s y n t h e t i c s o l u t i o n c o n t a i n i n g sodium 
c h l o r i d e (0.01002 N.)» sodium f l u o r i d e (0.01028 N.) and 
potassium cyanide (0.01003 N.), which had a c a l c u l a t e d 
n i t r o g e n content of 8.861%. A series of r e s u l t s were 
obtained which averaged a constant of 0.3% lower than the . 
ca l c u l a t e d value and the use of ether or nitrobenzene t o 
help coagulation of the p r e c i p i t a t e , before f i l t r a t i o n , 
d i d not increase the percentage, accuracy. 

I n f u r t h e r attempts t o increase the e f f i c i e n c y of the 
f i l t r a t i o n f o u r thicknesses of number 50 paper were used and 
here r e s u l t s averaged 0.221% below the c a l c u l a t e d value. 
'Finally the use of s i x thicknesses of f i l t e r paper gave 
f i g u r e s of 8,.816%, 8.95%, 8.976%, 8.869% and 8.923% f o r 
the n i t r o g e n content, a l l of which were w i t h i n -0.2% of 
the c a l c u l a t e d value (8.861%) so the f i l t e r must now be 
capable of r e t a i n i n g p r a c t i c a l l y a l l of the c o l l o i d a l s i l v e r 
cyanide. The v a r i a t i o n between the maximum and minimum 
values obtained (0.115%) was. thought t o be due i n p a r t t o 
the a c i d i t y of the s o l u t i o n s , i n which the bromide t i t r a t i o n s 
were c a r r i e d out (approximately 0.3 N. i n n i t r i c a c i d) 
f o r the a c i d i t y used was t h a t recommended f o r Rhodamine 6 G. 
T.B. Smith ( A n a l y t i c a l Processes, p. 251) and i t may not 
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be the best value when using Rhodamine B S. A s e r i e s of 
estimations were t h e r e f o r e c a r r i e d out i n which the pH of 
the t i t r a t i o n s o l u t i o n ( 2 5 ml.) was considerably v a r i e d , 
and gave the f o l l o w i n g r e s u l t s . (Shown i n Table 6) 

A l l estimations gave r e s u l t s w i t h i n -0.2% of the 
co r r e c t value but the most accurate r e s u l t s were obtained 
when O.k ml. of concentrated n i t r i c a c i d were added t o 
the t i t r a t i o n s o l u t i o n ( 2 5 m l . ) . A l l o w i n g 1 drop from 
the b u r e t t e t o have a volume of 0 . 0 3 ml., then, from the 
t a b l e , 1 . drop i n the t i t r a t i o n w i l l make a d i f f e r e n c e of 
approximately 0.06% i n the f i n a l n i t r o g e n content f o r a 
t i t r a t i o n of 2 . 5 ml. Thus i f the t i t r a t i o n f i g u r e were 
considerably increased by adding more excess s i l v e r n i t r a t e , 
there would be a l a r g e r margin of e r r o r p o s s i b l e i n the 
t i t r a t i o n f i g u r e before an appreciable change could be 
detected i n the f i n a l n i t r o g e n content. 

Prom the preceeding r e s u l t s the method was considered 
s u f f i c i s n t l y accurate to apply t o a c t u a l ( f u s i o n s o l u t i o n s 
i n the f o l l o w i n g manner:-

Make the f u s i o n s o l u t i o n up t o a standard volume 
( 1 0 0 ml.) and n e u t r a l i s e a l i q u o t s ( 1 0 ml.) t o 
phenolphthalein w i t h 2 N . n i t r i c a c i d . Add an excess of 
s i l v e r n i t r a t e ( 0 . 1 0 N.), s l i g h t l y a c i d i f i e d w i t h n i t r i c 
a c i d ( 0 . 2 ml. cone. H N 0 7 / 1 0 0 ml. AgNO,) and make s o l u t i o n 
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Table V I . 

Calculated, n i t r o g e n content = 8.861%. 

Amount of concentrated 
HNO, added t o t i t r a t i o n 

-'solution (25ml . ) 
ml. 

KBr t i t r e 
ml. 

Nitrogen 
Percentage 

fo V a r i a t i o n 
from c a l c u l a t e d 

value. 

0.0 2.65 8.748 - 0.113 

0.0 2.69 8.686 - 0.175 

0.1 2.66 8.730 - 0.131 

0.1 2.67 8.720 - 0.141 

0.2 2.65 8.748 - 0.113 

0.2 2.65 8.748 - 0.113 

0.3 2.61 8.861 - 0.045 

0.3 2.63 8.782 - 0.079 

0.4 2.60 8.835 - 0.026 

0 .4 2.58 8.869 + 0.008 

o.U 2.53 8.950 + 0.089 

0.4 2.53 8.923 + 0.062 

0 .4 2.60 8.835 - 0.026 

0.5 2.53 8.950 + 0.089 

0.5 2.55 8.923 + 0.062 



up t o a standard volume (50 m l . ) . F i l t e r the s o l u t i o n 
but do not wash the p r e c i p i t a t e and t i t r a t e an a l i q u o t 
(25 ml.) of the f i l t r a t e , a f t e r the a d d i t i o n of 
concentrated n i t r i c a c i d (O.k m i s . ) , w i t h potassium bromide 
(0.10 N.) using 3 drops of Rhodamine B S (0.5$ aqueous 
s o l u t i o n ) as i n d i c a t o r . 

The method was ap p l i e d t o f u s i o n s o l u t i o n s obtained 
from three types of organic compound:-

a) Those c o n t a i n i n g n i t r o g e n only, 
e.g. p. n i t r a n i l i n e (N = 20.29$) 

b) Those c o n t a i n i n g n i t r o g e n and c h l o r i n e , 
e.g. o-chloro-nitrobenzene (N = 8.888$, CI = 22.5k%) 

c) Those c o n t a i n i n g n i t r o g e n , c h l o r i n e and f l u o r i n e 
e.g. the compound C11HgOgNClF^. (N = 5.008$, 
CI = 12.7$, F = 20.39$) 

I n each case, knowing the amount of compound fused, the 
q u a n t i t y of s i l v e r n i t r a t e r e q u i r e d t o give t o t a l 
p r e c i p i t a t i o n of cyanide or cyanide plus c h l o r i d e was 
c a l c u l a t e d and an excess of s i l v e r n i t r a t e added so as t o 
give a f i n a l bromide t i t r e of approximately 5 ml. The 
n i t r o g e n content of each compound so determined, was i n 
each case w e l l below the t h e o r e t i c a l value. 
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Table V I I . 

Compound 
fused. 

Weight of 
sample 
gm. 

Nitrogen Content % Compound 
fused. 

Weight of 
sample 
gm. Calculated Pound 

p . n i t r a n i l i n e 0.1361+ 20.29 12.7 

o-chloro n i t r o 
benzene 0.1809 8.888 5.76 

0.185U 8.888 5.166 

0.21+79 8.888 5.516 

0.181+1 5.008 ^+.392 

0.1937 5.008 1+.260 

The percentage c h l o r i d e was then estimated i n o-chloro 

nitrobenzene and the c h l o r i d e and f l u o r i d e estimated i n 
C 1 1 I i 9 ° 2 N G l F 3 a n d t l i e r e s u l t s obtained were w i t h i n 0 . 1 ^ of 
the c a l c u l a t e d values so showing t h a t there was no f a u l t 
i n the a c t u a l sodium f u s i o n s . Since p . n i t r a n i l i n e and 

C^H^OgNClF^ were s o l i d s and d i d not t h e r e f o r e r e q u i r e f u s i n g 
i n a glass capsule i t appeared t h a t traces of sodium 
s i l i c a t e or borate were not responsible f o r the low r e s u l t s . 
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The o-chloro nitrobenzene was melted, introduced i n t o a 
glass capsule and then fused and since the r e s u l t s obtained 
i n t h i s case are of the same degree of e r r o r then the 
preceeding statement i s merely f u r t h e r s u b s t a n t i a t e d . With 
any one compound the r e s u l t s obtained by t r e a t i n g several 
a l i q u o t s of the same f u s i o n s o l u t i o n are p r a c t i c a l l y 
i d e n t i c a l but vary from t h a t obtained from other f u s i o n 
s o l u t i o n s of the same compound. This tends t o show t h a t 
the e r r o r l i e s i n the a c t u a l f u s i o n , where perhaps complete 
conversion of n i t r o g e n t o cyanide does not accur, or 
•in the evaporation of the f u s i o n s o l u t i o n where p o s s i b l y 
some cyanide i s l o s t since these stages are the only ones 
which can not be c a r r i e d out under e x a c t l y i d e n t i c a l 
c o n d i t i o n s . I t was also observed t h a t , when adding 
concentrated n i t r i c a c i d before t i t r a t i n g w i t h bromide, 
there was a b r i s k effervescence as though considerable 
q u a n t i t i e s of carbonate were present i n the t i t r a t i o n 
s o l u t i o n . This e f f e c t d i d not occur w i t h standard 
s y n t h e t i c s o l u t i o n s but as yet no mechanism could be 
pos t u l a t e d t o e x p l a i n t h i s d i f f e r e n c e s a t i s f a c t o r i l y . The 
r e s u l t s obtained w i t h C^H^OgNCl?^ i n d i c a t e d t h a t the 
percentage e r r o r f a l l s r a p i d l y when the n i t r o g e n content 
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i s f a i r l y low (approximately 5%) so i t was possible t h a t 
the method devised by Beaty (Ph.D. Thesis) gave good 
r e s u l t s on compounds w i t h a low n i t r o g e n content but was 
not s a t i s f a c t o r y when ap p l i e d t o compounds w i t h a l a r g e r 
n i t r o g e n percentage (approximately 10% - 20%). 

Tests were next c a r r i e d out, using s y n t h e t i c s o l u t i o n s , 
t o see i f the evaporation of the f u s i o n s o l u t i o n s r e s u l t e d 
i n a loss of cyanide and i f so t o f i n d by how much the 
f i n a l f i g u r e s were thrown out. A s o l u t i o n was made up 
co n t a i n i n g N/10 sodium c h l o r i d e (10 m l . ) . N/10 sodium 
f l u o r i d e (10 m l . ) , N/10 potassium cyanide (10 m l . ) , a l c o h o l 
(100 m l . ) , 2N. sodium hydroxide (10 ml.) and water (200 ml.) 
and evaporated down i n a glass beaker i n a s i m i l a r manner 
to t h a t employed w i t h f u s i o n s o l u t i o n s . A f t e r evaporation 
the s o l u t i o n (approximately 30 ml.) was made up to a 
standard vol\ame (100 m l . ) . This made the s t r e n g t h of .the 
re s p e c t i v e ions i n s o l u t i o n 0.01 N. and gave a c a l c u l a t e d 
n i t f o g e n content of 8.8%, w h i l e estimations c a r r i e d out on 
the s o l u t i o n gave an experimental value of 6.9% so showing 
t h a t the presence of a l c o h o l and/or the a c t u a l evaporation 
had caused a drop of 1.9% i n the f i n a l n i t r o g e n content. 
The experiment was repeated several times w i t h o u t a l c o h o l . 
and i t was found t h a t the r e s u l t s obtained v a r i e d from 
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1 .9$ t o 2.3$ lower than the c a l c u l a t e d value. This must 
t h e r e f o r e be due t o loss of cyanide d u r i n g evaporation, 
whether or not a l c o h o l i s present, and must depend t o some 
extent on the time taken t o evaporate the s o l u t i o n down. 
The r e s u l t s showed a drop of approximately 2$ i n 9$ and so 
would not account f o r a l l the descrepancy found i n a c t u a l 
f u s i o n s o l u t i o n s , where the drop was approximately 8$ i n 
20$ and 3*5$ i n 9$ but i f t h i s e r r o r could be e l i m i n a t e d 
a s u b s t a n t i a l improvement would r e s u l t . A possible 
mechanism f o r the loss of cyanide, which takes place on 
evaporation of the f u s i o n s o l u t i o n , i s t h a t the cyanide 
hydrolyses t o sodium formate, oxalate and carbonate. 
(Gmelin Handbook of Inorganic. Chem. 21, 796) . The 
complete hydrolyses of aqueous sodium cyanide s o l u t i o n s : -

2NaCN + i+H20 — > 2NH^ + Na2C0^ + H 2 + CO + i+6.2 Kg.cals. 

goes i n the f o l l o w i n g temperature stages:-

1) 100°C - 200°C. 2NaCN + 1+HgO — > 2NH3 + 2NaHC02 + 61+ Kg.cals. 

2) 200°C - 360°C. 2NaHC02 — ^ NagCgO^ + H 2 - 3 Kg.cals. 

3) over l4-00°C. NagCgO^ — > NagOO^ + CO - 1U-8 Kg.cals. 

since the evaporation of the f u s i o n s o l u t i o n s takes place 
at 100°C r e a c t i o n (1 ) would be the primary e f f e c t but over 
the p e r i o d necessary t o complete the evaporation r e a c t i o n s 



159. 

(2 ) and (3 ) may occur t o a l i m i t e d e xtent. This would 
also e x p l a i n i n p a r t the effervescence observed when 
concentrated n i t r i c a c i d was added t o the t i t r a t i o n s o l u t i o n s 
f o r r e a c t i o n (3 ) r e s u l t s i n the pr o d u c t i o n of carbonate. 

Prom these r e s u l t s i t was decided not to evaporate 
down the f u s i o n s o l u t i o n s as before but t o destroy excess 
sodium w i t h a minimum of a l c o h o l , wash the bomb w i t h a 
minimum of water and then t o warm the s o l u t i o n g e n t l y f o r 
a few minutes before f i l t e r i n g and making the f i l t r a t e and 
washings up t o a standard volume (150 m l . ) . This 
meant t h a t the estimations would have t o be c a r r i e d out 
i n the presence of appreciable q u a n t i t i e s of a l c o h o l so 
experiments were undertaken t o a s c e r t a i n the e f f e c t of 
al c o h o l on the e s t i m a t i o n . 10 ml. a l i q u o t s of a s y n t h e t i c 
s o l u t i o n of c h l o r i d e , cyanide and f l u o r i d e were t r e a t e d 
w i t h amounts of a l c o h o l up t o 10 ml. and i t was found t h a t 
the e s t i m a t i o n s t i l l gave r e s u l t s w e l l w i t h i n the -0.2% 

margin of e r r o r . 

Since the presence of a l c o h o l d i d not have an adverse 
e f f e c t on the e s t i m a t i o n , a sample of o-chloro nitrobenzene 
was fused and a f t e r t r e a t i n g as described the f u s i o n 
s o l u t i o n was made up t o 150 ml. When the, e s t i m a t i o n was 
ap p l i e d t o a l i q u o t s (10 ml.) of t h i s s o l u t i o n the r e s u l t s 



gave a value of 6.45% f o r the n i t r o g e n content as against 
the t h e o r e t i c a l value of 8.888%. This was a considerable 
improvement on r e s u l t s p r e v i o u s l y obtained w i t h t h i s 
compound and could only be due t o the f a c t t h a t i n the 
previous cases a s u b s t a n t i a l q u a n t i t y of cyanide has been 
l o s t d u r i n g evaporation of the f u s i o n s o l u t i o n s . Here 
however i n order to c a r r y out the c h l o r i d e e s t i m a t i o n and 
so get the n i t r o g e n content by t a k i n g t h i s value from the 
combined c h l o r i d e plus cyanide f i g u r e s , an a l i q u o t of the 
f u s i o n s o l u t i o n had t o be evaporated down since i n the 
presence of a l c o h o l the formaldehyde added d i d not remove 
a l l the cyanide present and so high r e s u l t s f o r the c h l o r i d e 
f i g u r e s were obtained l e a d i n g t o very low f i g u r e s f o r the 
n i t r o g e n content. 

Consideration of the organic compounds, which had so 
f a r been fused and found t o give low n i t r o g e n f i g u r e s , 
showed t h a t i n each case there was oxygen i n the molecule 
e i t h e r i n the form of a n i t r o group or as a carboxyl group. 
I t was t h e r e f o r e thought possible t h a t , d u r i n g the sodium 
f u s i o n , some oxygen combined w i t h the n i t r o g e n t o form 
traces of cyanate so c u t t i n g down the amount of cyanide 
formed and l e a d i n g t o low n i t r o g e n f i g u r e s . I f t h i s were 
the case i t would al s o account f o r traces of carbonate i n 
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the r e s u l t a n t f u s i o n s o l u t i o n since an aqueous s o l u t i o n 
of cyanate decomposes on standing, f a s t e r by warming, t o 
form sodium carbonate and ammonia (Gmelin Handbook of 
Inorganic Ghem. 21_, 799) . The r e a c t i o n goes according 
to the equation:-

and as more carbonate i s formed the r e a c t i o n increases i n 
v e l o c i t y . Though the r e a c t i o n i s said t o be g r e a t l y 
reduced by the presence of a l k a l i hydroxide, which would 
be present i n the f u s i o n s o l u t i o n s , i t was thought possible 
t h a t the r e a c t i o n would occur at l e a s t to a l i m i t e d extent. 

To t e s t t h i s assumption compounds were fused which 
d i d not conta i n oxygen and the f u s i o n s o l u t i o n s were 
worked up wi t h o u t evaporation and then the n i t r o g e n content 
estimated. (See Table V I I I ) . The a n i l i n e and p y r i d i n e 
estimations gave r e s u l t s 2.1% to 2.57/'° below t h e o r e t i c a l 
w h i l e the a n i l i n e hydrobromide gave a r e s u l t w i t h i n the 
-0.2% margin of e r r o r . Since the a n i l i n e and p y r i d i n e are 
l i q u i d s they were fused i n glass capsules while the s o l i d 
a n i l i n e hydrobromide was fused w i t h o u t the use of glass, 
t h i s being the only d i f f e r e n c e i t was concluded t h a t the 
presence of glass d u r i n g the f u s i o n had an adverse e f f e c t 

i+NaCNO + 6ft' 0 (NH, )0CCU + C0(NH o) 2Na„C0 h'2^3 
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Table V I I I . 

Compound fused. Nitrogen Content %. 
Err o r % Calculated Pound. Err o r % 

A n i l i n e 15.05 12.1+8 2.57 

15.05 12.55 2.50 

P y r i d i n e 17.72 15.^5 2.27 

17.72 15.61 2.11 

A n i l i n e hydrobromide 8.0U6 8.031+ 0.01 2 

8.02+6 8.866 0.1 80 

on the produ c t i o n of cyanide. I t was also observed t h a t 
the p r e c i p i t a t e , obtained by treatment of an a l i q u o t of 
the f u s i o n s o l u t i o n w i t h excess s i l v e r n i t r a t e , was yellow 
i n the case of a n i l i n e and p y r i d i n e . This l a t t e r e f f e c t 
was put down t o some r e a c t i o n caused by having glass 
present when a n i l i n e and p y r i d i n e were o r i g i n a l l y fused. 
Also when n i t r i c a c i d was added to the t i t r a t i o n s o l u t i o n s 
i n no case was a vigorous effervescence observed so 
showing t h a t the p r o d u c t i o n of carbonate had been g r e a t l y 
reduced. Since c o r r e c t r e s u l t s f o r the n i t r o g e n content 



were obtained w i t h a n i l i n e hydrobromide i t was, as a 
matter of i n t e r e s t , decided to apply L i e b i g ' s Method t o 
an a l i q u o t of the f u s i o n s o l u t i o n t o see what r e s u l t s would 
be given now t h a t the e f f e c t s , due t o evaporation of the 
f u s i o n s o l u t i o n and the presence of oxygen i n the compound 
fused, had been e l i m i n a t e d . An a l i q u o t (10 ml.) of the 
f u s i o n s o l u t i o n was t r e a t e d w i t h 6N. ammonium hydroxide 
(7 ml.) and N/10 potassium i o d i d e (2 drops) and then 
t i t r a t e d w i t h N/100' s i l v e r n i t r a t e u n t i l permanent 
t u r b i d i t y was obtained, the t i t r e y i e l d e d a value of 
8.136% f o r the n i t r o g e n content which was only 0.09% 

higher than the t h e o r e t i c a l value. Thus i t i n d i c a t e d t h a t , 
when the method had been p r e v i o u s l y applied t o f u s i o n 
s o l u t i o n s of o-chloro nitrobenzene, i t had been the 
prod u c t i o n of cyanate and the p a r t i a l hydrolyses of the 
cyanide formed, which had caused the low r e s u l t s . 
A p p l i c a t i o n of t h i s method t o the f u s i o n s o l u t i o n s of a n i l i n e 
and p y r i d i n e y i e l d e d r e s u l t s which were approximately 
1.1% below the t h e o r e t i c a l n i t r o g e n f i g u r e and so were 
nearly 1.0% higher than the r e s u l t s obtained by the 
bromide back t i t r a t i o n method. 

Samples of a n i l i n e and p y r i d i n e were ne&t fused i n 
n i c k e l capsules to remove any e f f e c t due t o the presence of 



162*. 

glass and the back t i t r a t i o n method y i e l d e d r e s u l t s of 
13.2li!$ and 15*9% r e s p e c t i v e l y f o r the n i t r o g e n content, 
which were s l i g h t l y higher than those obtained when glass 
capsules were used. L i e b i g ' s method, however, y i e l d e d 
r e s u l t s of 15.08% and 17*18% r e s p e c t i v e l y which were w e l l 
w i t h i n the margin of e r r o r desired of the experiment 
(-0.2) so i t appeared t h a t L i e b i g ' s method could no* be 
su c c e s s f u l l y a p p l i e d t o f u s i o n s o l u t i o n s of organic compounds 
when the compounds contained no oxygen i n t h e i r s t r u c t u r e 
and the fusions were c a r r i e d out i n n i c k e l capsules. 

Since the r e s u l t s were s t i l l too low when the back 
t i t r a t i o n method was used and the p r e c i p i t a t e d s i l v e r 
cyanide was s t i l l of a yell o w colour i t was concluded t h a t 
the e f f e c t was not t o t a l l y due t o the presence of glass as 
p r e v i o u s l y s t a t e d but the copper washer used t o seal the 
bomb during f u s i o n was i n some way g i v i n g traces of a 
complex w i t h the cyanide so causing the low r e s u l t s . I t 
was also found t h a t i f a d i l u t e s o l u t i o n of copper sulphate 
was t r e a t e d w i t h a d i l u t e s o l u t i o n of potassium cyanide 
u n t i l the blue colour was discharged, then a d d i t i o n of 
s i l v e r n i t r a t e y i e l d e d a p r e c i p i t a t e which had a d e f i n i t e 
y e l l o w c o l o u r a t i o n and might be due t o a complex of the 
form [Cu (GN). ] 3 I f a soluble copper complex of the 
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type Na^jjDu (G'N)^"j were formed d u r i n g the sodium f u s i o n 
then the a d d i t i o n of s i l v e r n i t r a t e would give r i s e to 
Ag^|cu (CN)^J which would only r e q u i r e 3Ag + per j^Gn ( C N ) ^ J ^ ~ 
and so less s i l v e r n i t r a t e would be r e q u i r e d than i f 
the f o l l o w i n g r e a c t i o n were t a k i n g place:-

AgNCXj + NaCN — > AgCN + KNO^ 

Other p o s s i b l e types of complex are Nafcu (CN)g"J and 
Na 2[pu (CN)-j~] which tend to form at high d i l u t i o n s . 
Sidgwick (Chern. Elements and t h e i r Compounds, Vol. I , p. 133) 
That a n i l i n e hydrobromide y i e l d e d good n i t r o g e n f i g u r e s when 
a copper washer was used, could be explained by the f a c t 
t h a t being s o l i d i t fused i n the lower p a r t of the bomb and 
so d i d not come i n t o i n t i m a t e contact w i t h the washer, 
while the l i q u i d s a n i l i n e and p y r i d i n e vapourised and so 
came i n t o i n t i m a t e contact w i t h the surface of the washer 
where some i n t e r a c t i o n could p o s s i b l y occur d u r i n g the 
f u s i o n w i t h molten sodium. To bear t h i s out i t was observed 
i n p r a c t i c e t h a t , the fused mass obtained from the 
hydrobromide was caked i n the bottom of the bomb l e a v i n g 
the surface of the copper q u i t e clean, while a f t e r f u s i o n 
of the l i q u i d s considerable q u a n t i t i e s of the fused masses 
adhered to the surface of the copper washers. To t e s t t h i s 
idea samples of a n i l i n e were fused i n a n i c k e l capsule 
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using a n i c k e l washer and the r e s u l t s obtained f o r the 
n i t r o g e n content rose to 1k.35% i . e . 0.7% "below the 
t h e o r e t i c a l value, but the e r r o r was s t i l l too l a r g e t o 
permit the use of the method f o r accurate analyses. However 
the p r e c i p i t a t e d s i l v e r cyanide now appeared white and was 
i n no way t i n g e d w i t h y e l l o w as i n previous estimations. 
I t may be t h a t n i c k e l from the bomb i t s e l f forms a n i c k e l -
cyanide complex t o a very small extent and t h a t t h i s 
causes the e r r o r s i n the estimations but i t would be r a t h e r 
s u r p r i s i n g i f t h i s were a c t u a l l y the case. I f a n i c k e l 
complex d i d form however i t could be expected t o be of the 
type Na 2[Ni(CN)^"] • Sidgwick (Chem. Elements and t h e i r 
Compounds, V o l . I I . p. 11+38) the d i s s o c i a t i o n constant of 
which:-

K = !>^ C N>J4 " 1 = 5.6 x 1 0 - 1 3 

[ N i + + ] [ C N - ] ^ 

shows i t t o be q u i t e s t a b l e i . e . i f c o n c e n t r a t i o n of n i c k e l 
2+ —3 complex i s normal t h a t of f r e e Ni would be 2.8 x 10 ̂ N. 

Prom the r e s u l t s obtained i t would seem t h a t a 
source of e r r o r a r i s e s when the f u s i o n mixtures come i n t o 
i n t i m a t e contact w i t h the copper washer of the bomb. Since 
the tendency of copper t o form complexes i s so stron g t h a t 
i t w i l l d i s s o l v e i n concentrated potassium cyanide s o l u t i o n 
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w i t h the e v o l u t i o n of Hydrogen, Sidgwick (Chem. Elements 
and t h e i r Compounds, Vol. I , p. 133) i t seems reasonable t o 
suppose the f o r m a t i o n , i n very small amounts, of a copper 
complex under the f u s i o n c o n d i t i o n s . However, t h i s does 
not f u r n i s h a complete explanation of the experimental 
observations since, even w i t h a copper washer, the 
e s t i m a t i o n of cyanide i n a f u s i o n s o l u t i o n by L i e b i g ' s Method 
gives accurate r e s u l t s although none of the reagents used 
appear capable of decomposing a copper cyanide complex. 

Whilst no doubt, answers t o the two problems:-

a) The e f f e c t on the f u s i o n of the m a t e r i a l of 
which the bomb was made. 

b) The e f f e c t "of the copper washer 
could be determined by c a r r y i n g out experiments i n which 
the m a t e r i a l s of the bomb and washer were v a r i e d , i t was 
f e l t , since the o r i g i n a l aims of the i n v e s t i g a t i o n had 
been f u l f i l l e d and good methods had been evolved f o r the 
determination of c h l o r i d e and n i t r o g e n i n f u s i o n s o l u t i o n s 
t h a t time would now be more p r o f i t a b l e spent on f u r t h e r 
f l u o r i n a t i o n studies r a t h e r than proceeding f u r t h e r w i t h 
t h i s i n v e s t i g a t i o n . 

The methods of o b t a i n i n g the n i t r o g e n content of 
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an organic compound, which does not c o n t a i n oxygen, can 
be summarised as f o l l o w s : -

Fuse a'sample of the compound (0.1 t o 0.2 gm.) w i t h 
sodium i n a n i c k e l bomb using e i t h e r a copper or n i c k e l 
washer. Destroy the excess sodium w i t h a minimum of 
al c o h o l and wash the bomb w e l l w i t h a minimum of d i s t i l l e d 
water. Warm the f u s i o n s o l u t i o n f o r a few minutes then 
eool, f i l t e r , and make the f i l t r a t e and washings up t o a 
standard volume (150 m l . ) . 

a) L i e b i g ' s Method. 

Use a copper or n i c k e l washer f o r the f u s i o n . 
. Treat an a l i q u o t (25 ml.) of the f u s i o n s o l u t i o n w i t h 

6N. ammonium hydroxide (7 m l . ) , N/10 potassium io d i d e 
(2 drops) and t i t r a t e w i t h s i l v e r n i t r a t e (0.01N.) u n t i l 
a permanent t u r b i d i t y of s i l v e r i o d i d e i s obtained. 
Results obtainable are w i t h i n -0.2% of the t h e o r e t i c a l value 
so making the method eminently s u i t a b l e f o r accurate 
analyses. 

b) The b a c k - t i t r a t i o n method. 
This method i n i t s present form i s only capable of 

g i v i n g r e s u l t s t o w i t h i n -0.7^ of the t h e o r e t i c a l value. 

Fuse compounds using a n i c k e l washer. 



N i c k e l Bomb f o r Sodium Fusions. 

S t e e l Screw, n 
i Steel Bar. 

B a l l Bearing. 

Copper or Nickel 
Washer. 
Steel Cradle. 

N i c k e l Bomb. 



Take an a l i q u o t of the f u s i o n s o l u t i o n ( 10 m l . ) , 
n e u t r a l i s e to phenolphthalein w i t h 2N. n i t r i c a c i d and add 
an excess of s i l v e r n i t r a t e ( 0 . 0 1 N . ) s l i g h t l y a c i d i f i e d 
w i t h n i t r i c a c i d ( 0 . 0 2 ml. cone. HNO^/100 ml. AgNO^). Make 
the s o l u t i o n \rp t o a standard volume (50 ml.) and f i l t e r 
through s i x thicknesses of Whatman Ho, 50 Paper. T i t r a t e 
an a l i q u o t (25 ml.) of the f i l t r a t e , plus concentrated 
n i t r i c a c i d (O.k m l . ) , w i t h potassium bromide (0.01N.) 

using 3 drops of Rhodamine B.S. as i n d i a c t o r . This r e s u l t 
gives a f i g u r e f o r the s i l v e r n i t r a t e equivalent t o the 
t o t a l cyanide or t o t a l cyanide plus c h l o r i d e i n the s o l u t i o n . 
I n the l a t t e r case the c h l o r i d e content, as separately 
estimated, must be taken from the combined r e s u l t so y i e l d i n g 
the n i t r o g e n content. 

The methods so devised were a p p l i e d t o the products 
from the Halogentation of P y r i d i n e w i t h Chlorine T r i f l u o r i d e 
and were found capable of g i v i n g good r e s u l t s f o r the 
e s t i m a t i o n of the f l u o r i d e , c h l o r i d e and n i t r o g e n content 
of these compounds as i n no case oxygen was present i n t h e i r 
s t r u c t u r e . 

c o NOV 1952 
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Acid Chlorides 
a c e t y l c h l o r i d e 18,22. 
a p p l i c a t i o n of Rosenmund Reduction 

to f l u o r i n a t e d members of 65 
general a p p l i c a t i o n of Rosenmund Reduction t o .. 60,61 
benzoyl c h l o r i d e 65 
t r i c h l o r o a c e t y l c h l o r i d e 19,23,36,35 
t r i f l u o r o a c e t y l c h l o r i d e . . .20,23,39,60,67,70 

Ac e t y l Chloride 
a p p l i c a t i o n of A r n d t - E i s t e r t Synthesis t o 18 
conversion t o diazoacetone 22 

A f l d i t i o n compounds of P y r i d i n e 
f o r m a t i o n and i s o l a t i o n of 85 
p r e p a r a t i o n of 97 
i s o l a t i o n and analyses of 100, 101, 102 

Aldehydes. 
by a p p l i c a t i o n of the Rosenmund Reduction 

to a c i d c h l o r i d e s 61,62 
by r e d u c t i o n of acid s , amides and esters ...... 58 
p r e p a r a t i o n from a n i l i d e s .. 59 

Amides 
by the a c t i o n of l i q u i d ammonia on esters 28 
general methods of fo r m a t i o n from diazoketones. 16 
p r e p a r a t i o n of - malonamide 27,44 

propionamide 18 
suberic a c i d diamide 18 
t r i c h l o r o p r o p i o n a m i d e 27,45 
t r i f l u o r o a c e t a m i d e 28,59 
t r i f l u o r o p r o p i o n a m i d e 27 f,46 

r e d u c t i o n of i 58 

Ammonium T r i f l u o r o p r o p i o n a t e 
a l k a l i n e hydrolyses of 30,52 
by hydrolyses of t r i f l u o r o p r o p i o n a m i d e 27,47 
by a c t i o n of l i q u i d ammonia on 

e t h y l t r i f l u o r o p r o p i o n a t e 28 ,50 

A n i l i d e s 
attempted formation v i a Grignard Reagents 29 
conversion to aldehydes 59 
p r e p a r a t i o n from diazoketones 16 
p r e p a r a t i o n of t r i f l u o r o p r o p i o n a n i l i d e 29,47 
t r i f l u o r o a c e t a n i l i d e 59 
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A n i l i n i u m Salts 
of t r i f l u o r o a c e t i c a c i d 31.54 
of t r i f l u o r o p r o p i o n i c a c i d 31 >55 

A r n d t - E i s t e r t Synthesis 
a p p l i c a t i o n to - a c e t y l c h l o r i d e 18 

a d i p y l c h l o r i d e 18 
benzoic a c i d 11»32 
benzoyl c h l o r i d e 18 
halogenated a l i p h a t i c 

e a r b o x y l i c acids 19 
general a p p l i c a t i o n of 4 
mechanism of .,. 6 
y i e l d s when a p p l i e d to halogenated acids 33»34 

Benzaldehyde 
by vapour phase r e d u c t i o n of benzoyl c h l o r i d e . 65 

Benzene 
r e a c t i o n of w i t h c h l o r i n e t r i f l u o r i d e 78 

B e n z o t r i f l u o r i d e 
hydrolyses of 2 

Benzoyl Chloride 
vapour phase r e d u c t i o n of 65 

Benzyl Thiuronium S a l t s 
of t r i f l u o r o a c e t i c a c i d 31»52 
of t r i f l u o r o p r o p i o n i c a c i d 31*53 

Carbon T e t r a c h l o r i d e 
use of as solvent between:-

c h l o r i n e t r i f l u o r i d e and p y r i d i n e 82 ,92,103 
c h l o r i n e t r i f l u o r i d e and benzene 78 

r e a c t i o n of w i t h c h l o r i n e t r i f l u o r i d e 92 

Carboxylic Acids 
r e d u c t i o n of 58 

3 - c h l o r o p y r i d i n e 
f o r m a t i o n of 79 

w-ehloromethyl ketones 
mechanism of for m a t i o n of 7 
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Chlorine T r i f l u o r i d e 
r e a c t i o n of w i t h - organic m a t e r i a l s 77 

benzene 78 
p y r i d i n e ..82,97,103 
carbon t e t r a c h l o r i d e 92 

Cobaltous F l u o r i d e 
as c a t a l y s t i n r e a c t i o n between:-

c h l o r i n e t r i f l u o r i d e and benzene 78 
c h l o r i n e t r i f l u o r i d e and p y r i d i n e 79,82,96 

Chloride 
t i t r a t i o n of w i t h s i l v e r n i t r a t e 109 
i n t e r f e r e n c e of cyanide i n t i t r a t i o n of 109 
determination of i n presence of f l u o r i d e 

and cyanide 113 
e s t i m a t i o n of by Volhard's Method 111+ 
use of d i c h l o r o f l u o r e s e e i n i n t i t r a t i o n of 109,114 
use of phehosafranine i n t i t r a t i o n of 118 
e s t i m a t i o n of by b a c k - t i t r a t i o n procedure 119,130 
use of Rhodamine B.S. and Rhodamine 6G as 

i n d i c a t o r s i n e s t i m a t i o n of 120, 123, 130 
e s t i m a t i o n of w i t h cyanide i n presence 

of f l u o r i d e 11+3,1 68 

Copper 
e f f e c t of presence of complexes of on 

cyanide e s t i m a t i o n ...161+ 

Cyanide 
i n t e r f e r e n c e of i n t i t r a t i o n of c h l o r i d e 109 
r e a c t i o n of w i t h formaldehyde 113,114 
t i t r a t i o n of i n presence of c h l o r i d e and 

f l u o r i d e 131 
e s t i m a t i o n of by L i e b i g s 1 Method:-

i n n e u t r a l s o l u t i o n 132 
i n ammoniacal s o l u t i o n ... 134,163,168 

e s t i m a t i o n of w i t h c h l o r i d e i n presence 
of f l u o r i d e 11+3.168 

hydrolyses of i n aqueous s o l u t i o n 158 
e f f e c t of copper and n i c k e l complexes on 

est i m a t i o n of 161+,166 
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Cyanate 
form a t i o n of and hydrolyses of 

i n fusion s o l u t i o n s 160,161 

Diazoacetone 
p r e p a r a t i o n of 22 
s t a b i l i t y of 21+ 
y i e l d s of 18 ,33 

Diazoacetophenone 
conversion t o benzoyl c a r b i n o l 12 
rearrangement of to phenylacetie a c i d 13 

Diazoketones 
diazoacetone 22,24,33 
diazoacetophenone 12 
f o r m a t i o n of from a c i d c h l o r i d e s 6 
f o r m a t i o n of 1§» 
conversion t o - esters 16 

a n i l i d e s 16 
amides 17 
acids 17 

mechanism of Wolff Rearrangement of 9 
t r i c h l o r o d i a z o a e e t o n e 22,32,33*38 
t r i f l u o r o d i a z o a c e t o n e 23,32,33*39 

Diazomethane 
r e a c t i o n of w i t h a c i d c h l o r i d e s 6 
p r e p a r a t i o n of 21 
p r o p e r t i e s of • 21 
r e a c t i o n of with-groups other than-COCl .... 8 

t r i f l u o r o a c e t y l c h l o r i d e . . . 23,39 
t r i c h l o r o a c e t y l c h l o r i d e . . . 23»38 

t i t r a t i o n of 21 

3 . 5-dibromo - 2-hydroxypyridine 
f o r m a t i o n of from 2 - f l u o r o p y r i d i n e 84,100 

D i c h l o r o f l u o r e s c e i n 
as i n d i c a t o r i n c h l o r i d e estimations 109,114 

2 . 4-dinitrophenylhydrazone of f l u o r a l 
p r e p a r a t i o n of from f l u o r a l hydrate 74 
f o r m a t i o n of from t r i f l u o r o a c e t a l d e h y d e .... 75 
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Diphenyl Carbazide 
as i n d i c a t o r i n cyanide t i t r a t i o n s 134 

Esters 
a c t i o n of l i q u i d ammonia on 28 
a p p l i c a t i o n of Grignard Reaction t o 29 
conversion t o sodium s a l t s 30 
f o r m a t i o n of diazoketones 16 
p r e p a r a t i o n of ethyl-c*-naphthoyl acetate 18 

ethylphenyl acetate 18 
e t h y l propionate • 18 
e t h y l t r i c h l o r o p r o p i o n a t e 25»40 
e t h y l t r i f l u o r o p r o p i o n a t e 25,41 

r e d u c t i o n of 58 

E t h y l T r i c h l o r o a e e t a t e 
a p p l i c a t i o n of Grignard Reaction t o 30 

E t h y l T r i c h l o r o p r o p i o n a t e 
equivalent weight determinations o f 26 ,42 
a c t i o n w i t h l i q u i d ammonia 28 
a p p l i c a t i o n of Grignard Reaction to 29 
conversion to malonamide 27,44 
p r e p a r a t i o n of 25,40 
y i e l d s of •. .• 33 

E t h y l T r i f l u o r o p r o p i o n a t e 
a p p l i c a t i o n of Grignard Reaction to ........... 29 
conversion to - sodium t r i f l u o r o p r o p i o n a t e .... 30,51 

ammonium t r i f l u o r o p r o p i o n a t e .. 28,50 
equivalent weight determinations of 26,42 
p r e p a r a t i o n of 25>41 
y i e l d s of 33 

Equivalent Weight Determinations 
of a n i l i n i u m s a l t s 54,55 
of e t h y l t r i c h l o r o p r o p i o n a t e 43,44 
of e t h y l t r i f l u o r o p r o p i o n a t e 42 

F l u o r i d e 
t i t r a t i o n of w i t h thorium n i t r a t e 109 
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F l u o r a l Hydrate 
conversion to the 2.l|.-dinitrophenylhydrazone .. 75 
formation of 67 
p r e p a r a t i o n of 72,7k 
p u r i f i c a t i o n of 67,73 

P l u o r i n a t e d Aldehydes 
b o i l i n g p o i n t s of 57 
heptafluorobutyraldehyde 57 
methods of fo r m a t i o n of 56,67,68,69,70 
t r i f l u o r o a c e t a l d e h y d e 57,67,70,61 
t r i f l u o r o b u t y r a l d e h y d e 57 
t r i f l u o r o p r o p i o n a l d e h y d e 57 

Formaldehyde 
use of f o r removal of cyanide 113,11U 
e f f e c t on phenosafranine 18 

2 - f l u o r o p y r i d i n e 
by i n t e r a c t i o n of c h l o r i n e t r i f ^ - u o r i d e 

and p y r i d i n e 77 
e s t i m a t i o n of i n s o l u t i o n 83,98 
i s o l a t i o n of 8U,99 
p r e p a r a t i o n of 97 

. conversion t o 3 . 5-dibro.rno - 2-hydroxypyridine ... 81+, 100 

Grignard Reaction 
a p p l i c a t i o n t o - e t h y l t r i c h l o r o a c e t a t e 30 

e t h y l t r i e h l o r o p r o p i o n a t e .... 29 
e t h y l t r i f l u o r o p r o p i o n a t e .... 29 

Halogenated Garboxylic Acids 
a p p l i c a t i o n of A r n d t - E i s t e r t Synthesis t o 19 
conversion t o a c i d c h l o r i d e s 6,19,20,36 
formation from diazoketones 17 
k e p t a f l u o r o b u t y r i c a c i d 57 
methods a v a i l a b l e f o r ascent of series k 
p r e p a r a t i o n of - a n i l i n i u m s a l t s of 31,5k,55 

benzyl thiuronium s a l t s of ... 31,52,53 
sodium s a l t s of 30,51,52 
t r i f l u o r o a c e t i c a c i d 20 
t r i f l u o r o p r o p i o n i c a c i d 30,1+9 

H e p t a f l u o r o b u t y r i c Acid 
r e d u c t i o n of 57 
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Hep.taf l u o r o b u t y r i e Aldehyde 
by r e d u c t i o n of h e p t a f l u o r o b u t y r i c a c i d 57 

Interhalogen Compounds 
use of i n organic chemistry 77 

Ketenes 
fo r m a t i o n of i n Wolff Rearrangement 10 
i s o l a t i o n of 11 
r e a c t i o n s of 10 

L i e b i g s ' Method 
f o r e s t i m a t i o n of cyanide 

- i n n e u t r a l s o l u t i o n 132,134 
i n ammoniacal s o l u t i o n 134,163,168 

Malohamide 
fo r m a t i o n of from e t h y l t r i c h l o r o p r o p i o n a t e .... 27,44 

N i t r i l e s 
t r i f l u o r o a e e t o n i t r i l e 57,60 
r e d u c t i o n of $8 

N i c k e l 
e f f e c t of traces of complexes of i n 

cyanide t i t r a t i o n s 1 66 
Nitrogen T r i f l u o r i d e 

from r i n g degradation of p y r i d i n e 81 
method of d e t e c t i o n of 91 ,104 

Phenosafranine 
use of i n c h l o r i d e t i t r a t i o n 118 
e f f e c t of formaldehyde on 118 

Polymer of Tr i f l u o r o a c e t a l d e h y d e 
conversion t o f r e e aldehyde 67,73 
f o r m a t i o n of 67,73 

Potassium Bromide 
f o r t i t r a t i o n of excess s i l v e r n i t r a t e 143,168 

Potassium F l u o r i d e 
use of i n r e a c t i o n between p y r i d i n e 

and c h l o r i n e t r i f l u o r i d e s 80,82 ,87,96 
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Potassium Iodide 
use of i n L i e b i g s ' Method of 

cyanide e s t i m a t i o n 134,163,168 

P y r i d i n e 
r e a c t i o n of w i t h c h l o r i n e t r i f l u o r i d e 79,82,97,103 
e l e c t r o l y s e s of i n anhydrous hydrogen 

f l u o r i d e 81 
d i r e c t f l u o r i n a t i o n of 81 
degradation of •• 81 

Rhodamine 6G 
i n d i c a t o r i n t i t r a t i o n of excess s i l v e r 

n i t r a t e 120 

Rhodamine BS 
i n d i c a t o r i n t i t r a t i o n of excess s i l v e r 

n i t r a t e 143,130,168 

Rosenmund Reduction 
a p p l i c a t i o n to - ear b o x y l i c a c i d c h l o r i d e s . 60 

benzoyl c h l o r i d e 65 
f l u o r i n a t e d a c i d c h l o r i d e s . 65 
t r i f l u o r a c e t y l c h l o r i d e s .. 60,70 

mechanism of 61 
vappur phase techniques of 65 

Sodium T r i f l u o r o a c e t a t e 
conversion t o - a n i l i n i u m s a l t 31,54 

benzyl thiuronium s a l t ...... 31,52 

Sodium T r i f l u o r o p r o p i o n a t e 
conversion t o - a n i l i n i u m s a l t 31,55 

benzyl thiuronium s a l t ..... 31,53 
p r e p a r a t i o n of 30,51,52 

Stephens Reduction 
a p p l i c a t i o n o f • t r i f l u o r o a c e t y l c h l o r i d e .... 60 

T r i c h l o r o a c e t i c A c i d 
conversion of to a c i d c h l o r i d e 19 



179. 

Trichlorodiazoaeetone 
conversion t o - tri c h l o r o p r o p i o n a m i d e 27,45 

e t h y l t r i c h l o r o p r o p i o n a t e 25,1+0 
p r e p a r a t i o n of 38 
p r o p e r t i e s of 32 
y i e l d s of 33 

Trichloropropionamide 
p r e p a r a t i o n of 27,45 
y i e l d s of 33 

T r i f l u o r o a c e t a l d e h y d e 
"b o i l i n g p o i n t of 57 
by r e d u c t i o n of t r i f l u o r o a e e t o n i t r i l e 57 
by o x i d a t i o n of t r i f l u o r o p r o p a n e 57 
"by a c t i o n of heat on polymer 67,73 
f o r m a t i o n of hydrate of 67,72,74 
p o l y m e r i s a t i o n of 67 
p r e p a r a t i o n of 70 
p r e p a r a t i o n of 2 . 4-dinitrophenylhydrazone of ... 75 

Trifluoroacetamide 
hydrolyses of 28 
r e d u c t i o n of 59 

T r i f l u o r o a c e t a n i l i d e 59 

T r i f l u o r o a e e t o n i t r i l e 
r e d u c t i o n of 57 
a p p l i c a t i o n of Stephens' Reduction t o .. 60 

T r i f l u o r o a c e t i c Acid 
a n i l i n i u m s a l t of 31,54 
benzylthiuronium s a l t of 32,52 
conversion t o a c i d c h l o r i d e 20 
p r e p a r a t i o n of 20 
r e d u c t i o n of .. 59 

T r i f l u o r o a e e t y l Chloride 
a p p l i c a t i o n of Rosenmund Reduction to 60,67,70 
conversion t o diazoketone 23,39 
p r e p a r a t i o n of 20,65 
p u r i t y of 66 
r e a c t i o n of w i t h diazomethane 23 

T r i f l u o r o b u t y r a l d e h y d e 
p r e p a r a t i o n of 57,69 
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T r i f l u o r o d i a z o a c e t o n e 
conversion to - t r i f l u o r o p r o p i o n i c a c i d 30,1+9 

e t h y l t r i f l u o r o p r o p i o n a t e 25.1+1 
t r i f l u o r o p r o p i o n a m i d e 27,1+6 
t r i f l u o r o p r o p i o n a n i l i d e 29,1+7 

T r i f l u o r o m e t h y l Group 
e f f e c t on carbonyl group 68 
s t a b i l i t y of 23.32 

T r i f l u o r o p r o p a n e 
o x i d a t i v e n i t r a t i o n of 57 

Trifluoropropionaldehyde 
p r e p a r a t i o n of 57,68 

T r i f l u o r o p r o p i o n i c Acid 
p r e p a r a t i o n of 30,1+9 
f o r m a t i o n of - a n i l i n i u m s a l t of 31,55 

benzyl thiuronium s a l t of 31,53 
Sodium s a l t of 30,51,52 
ammonium s a l t of 27,28,1+7, 

y i e l d s of 33 

Trifluoropropionamide 
hydrolyses of 28,1+7 
p r e p a r a t i o n of 27,1+6 
p r o p e r t i e s of 27 
y i e l d s of 33 

T r i f l u o r o p r o p i o n a n i l i d e 
p r e p a r a t i o n of 2 9 ,kl 
y i e l d s of 33 

T r i f l u o r o p r o p y l Alcohol 
dichromate o x i d a t i o n of 57,68 

Volhards Method 
f o r e s t i m a t i o n of c h l o r i d e 111+ 
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¥\/olff -Rearrangement 
a p p l i c a t i o n of t o - t r i c h l o r o d i a z o a c e t o n e .. 25,27,40,45 

t r i f i l u o r o d i a z o a c e t o n e .. 25,27,29,30 
41 ,^6,1+7,49 

mechanism of 9 
the use of various c a t a l y s t s i n 12,13,14 
y i e l d s when ap p l i e d to halogenated 

diazoketones 33 


