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SUMMARY 

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

t h e i s o l a t i o n and c h a r a c t e r i z a t i o n o f o r g a n i c compounds . 

S i n c e t h e o c c u r r e n c e o f c o l o r e d compounds i s l e s s f r e q u e n t 

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

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

means o f d e t e c t i n g c o l o r l e s s compounds . C o l o r l e s s z o n e s on 

a co lumn may be d e t e c t e d by s t r e a k i n g w i t h an a p p r o p r i a t e 

r e a g e n t or s e r i e s o f r e a g e n t s w h i c h w i l l r e a c t t o form a 

c o l o r e d p r o d u c t . S t r e a k r e a g e n t s h a v e b e e n r e p o r t e d f o r 

s e v e r a l h o m o l o g o u s s e r i e s o f o r g a n i c compounds; h o w e v e r , no 

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

o f p h e n o l s . One p u r p o s e o f t h e p r e s e n t i n v e s t i g a t i o n was t o 

d e t e r m i n e R v a l u e s f o r a number o f p h e n o l s , and t o e v a l u a t e 

r e a g e n t s w h i c h m i g h t be a p p l i c a b l e f o r t h e i r d e t e c t i o n . 

A l a r g e number o f p h e n o l s were c h r o m a t o g r a p h e d e m p l o y i n g 

c o n v e n t i o n a l t e c h n i q u e s , t h e c o l u m n s were e x t r u d e d , and s e v e r a l 

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

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

4 - a m i n o a n t i p y r i n e w e r e t h e m o s t e f f e c t i v e . Both r e a g e n t s 

p o s s e s s g r e a t s e n s i t i v i t y ; h o w e v e r , 4 - a m i n o a n t i p y r i n e i s 

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

p h e n o l s , b u t 4 - a m i n o a n t i p y r i n e p o s s e s s e s t h e d i s a d v a n t a g e t h a t 

i t w i l l a l s o d e t e c t some a n i l i n e s o The combined u s e o f t h e 
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two r e a g e n t s and R v a l u e s s h o u l d be o f g r e a t v a l u e f o r t h e 

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

V a n i l l i n i n s u l f u r i c a c i d p r o d u c e d r e d , v i o l e t , and 

brown z o n e s w i t h r e s o r c i n o l s c a t e c h o l , and h y d r o q u i n o n e , 

r e s p e c t i v e l y , when employed a s a s t r e a k r e a g e n t i n a d s o r p t i o n 

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

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

employed t o q u a n t i t a t i v e l y d e t e r m i n e t h e i s o m e r s i n a m i x t u r e 

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

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

r e s o r c i n o l . The a b s o r p t i o n maximum was d e t e r m i n e d t o be 518 

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

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

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

a t 518 m i l l i m i c r o n s . T h i s a l o n e r e n d e r e d t h e method u s e l e s s 

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

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

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

Even t h o u g h t h e v a n i l l i n r e a g e n t c a n n o t be e m p l o y e d t o 

q u a n t i t a t i v e l y d e t e r m i n e r e s o r c i n o l , c a t e c h o l , and h y d r o q u i n o n e 

i n a m i x t u r e , i t can be u t i l i z e d i n c o n j u n c t i o n w i t h a d s o r p t i o n 

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

V a n i l l i n and 4 - a m i n o a n t i p y r i n e were f o u n d t o be v e r y s e l e c t i v e 

f o r r e s o r c i n o l , and can be u s e d t o d e t e c t m i n u t e q u a n t i t i e s 

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

The l o w e r l i m i t o f d e t e c t i o n f o r t h e r e a g e n t s i s f i v e gamma. 
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CHAPTER I 

INTRODUCTION 

Chromatography was d e f i n e d by S t r a i n ( 1 ) a s "an a n a l y t ­

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

i s made by d i f f e r e n t i a l m i g r a t i o n i n a p o r o u s m e d i a and m i g r a ­

t i o n I s c a u s e d by f l o w o f s o l v e n t . " T h i s v e r y g e n e r a l d e f i n i t i o n 

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

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

common t e r m s employed i n i t s h o u l d be d e f i n e d . The chroma­

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

t h e a d s o r p t i v e , b e t w e e n a s t a t i o n a r y p h a s e and a m o b i l e p h a s e . 

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

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

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

d e v e l o p e r . The r a t i o o f t h e r a t e , or d i s t a n c e , a s o l u t e moves 

r e l a t i v e t o t h e r a t e , or d i s t a n c e , t h e d e v e l o p e r moves i s 

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

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

A d s o r p t i o n c h r o m a t o g r a p h y p r o v i d e s a v e r y r a p i d and 

c o n v e n i e n t method f o r t h e s e p a r a t i o n and c h a r a c t e r i z a t i o n o f 

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

and c h a r a c t e r i z a t i o n o f i s o m e r s and h o m o l o g u e s . I n i t i a l l y , 

c h r o m a t o g r a p h y was a s s o c i a t e d w i t h c o l o r e d compounds and was 
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c o n s e q u e n t l y o f l i m i t e d v a l u e s i n c e t h e o c c u r r e n c e o f c o l o r e d 

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

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

c a n n o t be r e a l i z e d "without means o f d e t e c t i n g c o l o r l e s s com­

p o u n d s . The p r o b l e m o f d e t e c t i o n p r e s e n t e d by c o l o r l e s s 

compounds can be e l i m i n a t e d i f a s u i t a b l e r e a g e n t or s e r i e s 

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

t o form a c o l o r e d p r o d u c t . P o s i t i o n s o f z o n e s on a co lumn can 

be d e t e r m i n e d by d e v e l o p i n g t h e c o l u m n , e x t r u d i n g , and s t r e a k i n g 

w i t h an a p p r o p r i a t e r e a g e n t o r s e r i e s o f r e a g e n t s . I d e a l l y , a 

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

pound, but t h i s r e s u l t i s s e l d o m o b t a i n e d . A c o m b i n a t i o n o f 

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

S t r e a k r e a g e n t s f o r s e v e r a l h o m o l o g o u s s e r i e s h a v e b e e n 

r e p o r t e d ( 2 , 3 ) ; h o w e v e r , no g e n e r a l l y u s e f u l r e a g e n t h a s b e e n 

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

monly employed i n s p o t t e s t s and s e m l m l c r o q u a l i t a t i v e a n a l y s i s 

were s e l e c t e d f o r i n v e s t i g a t i o n a s p o s s i b l e s t r e a k r e a g e n t s , 

among them t h e f o l l o w i n g : n i t r o u s a c i d ( 4 ) , 5 - n i t r o s o - 8 - q u i n o -

l i n o l (5), f e r r i c c h l o r i d e (6), e e r i e n i t r a t e (7), a l k a l i n e 

p e r m a n g a n a t e ( 3 ) * c h l o r a n i l (7). £ - n i t r o b e n z e n e d i a z o n i u m t e t r a -

f l u o r o b o r a t e ( 8 ) , v a n a d i u m - o x i n e ( 9 ) , 4 - a m i n o a n t i p y r i n e ( 4 , 1 0 ) , 

v a n i l l i n ( 3 ) , and p h o s p h o m o c y b d l c a c i d ( 1 1 ) . 

Many m e t h o d s o f s t a n d a r d i z i n g a d s o r b e n t s have b e e n 

p r o p o s e d . Brockman and S c h o d d e r ( 1 2 ) d e t e r m i n e d t h e a c t i v i t y 

o f a l u m i n a by t h e c h r o m a t o g r a p h i c b e h a v i o r o f s e v e r a l s e l e c t e d 
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d y e s . M u l l e r ( 1 3 ) d e v e l o p e d a method o f d e t e r m i n i n g t h e a c t i v i t y 

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

s o l v e n t and a d s o r b e n t . S e v e r a l i n v e s t i g a t o r s ( 1 3 , H ) h a v e 

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

g r a d e s o f s i l i c i c a c i d on t h e w a t e r c o n t e n t . A d s o r b e n t s p a r ­

t i a l l y d e a c t i v a t e d by t h e a d d i t i o n o f w a t e r h a v e b e e n shown t o 

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

e n t s . R v a l u e s h a v e l i t t l e m e a n i n g u n l e s s a s t a n d a r d i z a t i o n , 

s u c h a s t h e R v a l u e o f a dye o r t h e m o i s t u r e c o n t e n t o f t h e 

a d s o r b e n t , i s r e p o r t e d . S i l i c i c a c i d and P l o r i s i l c o n t a i n i n g 

a b o u t 1 2 . 5 and 2 . 5 p e r c e n t w a t e r , r e s p e c t i v e l y , were employed 

a s a d s o r b e n t s i n t h e p r e s e n t i n v e s t i g a t i o n . 

In a r e c e n t i n v e s t i g a t i o n C a r l t o n ( 1 5 ) o b s e r v e d a v e r y 

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

and h y d r o q u i n o n e z o n e s when v a n i l l i n i n s u l f u r i c a c i d was 

employed a s s t r e a k r e a g e n t . H y d r o q u i n o n e and r e s o r c i n o l a r e 

d i f f i c u l t t o s e p a r a t e c h r o m a t o g r a p h i c a l l y ; h o w e v e r , one o f t h e 

compounds c o u l d p o s s i b l y be d e t e c t e d i n t h e p r e s e n c e o f i t s 

i s o m e r i f a s t r e a k r e a g e n t was a v a i l a b l e w h i c h w o u l d p r o d u c e 

d i f f e r e n t c o l o r s w i t h t h e compounds . 

One p u r p o s e o f t h e p r e s e n t i n v e s t i g a t i o n was t o d e t e r ­

mine R v a l u e s o f a number of p h e n o l s , and t o e v a l u a t e r e a g e n t s 

w h i c h m i g h t be a p p l i c a b l e f o r t h e i r d e t e c t i o n . A n o t h e r p u r p o s e 

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

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

and t h e a p p r o p r i a t e s t r e a k r e a g e n t s . 
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CHAPTER I I 

CHEMICALS AND EQUIPMENT 

C h e m i c a l s 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Eastman White L a b e l 

g r a d e and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

4 - A m i n o a n t i p y r l n e h y d r o c h l o r i d e 

o - B r o m o p h e n o l 

p - B r o m o p h e n o l 

n - B u t y l e t h e r 

4 - 0 h l o r o r e s o r c i n o l 

2 , 4 - D i n l t r o p h e n o l 

E u g e n o l 

H y d r o q u i n o n e monomethyl e t h e r 

2 - H y d r o x y - 1 . 4 - d l m e t h y l b e n z e n e 

4 - H y d r o x y - l t 2 - d l m e t h y l b e n z e n e 

4 - H y d r o x y - l , 3 - d l m e t h y l b e n z e n e 

5 - H y d r o x y - l , 3 - d l m e t h y l b e n z e n e 

o - H y d r o x y a c e t o p h e n o n e 

p - H y d r o x y a c e t o p h e n o n e 

_6 -Naphtho l 

5 - N l t r o s o - 8 - q u l n o l i n o l 

o - N i t r o p h e n o l 
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m - N l t r o p h e n o l 

p - f l l t r o p h e n o l 

P h e n o l 

o - P h e n y l p h e n o l 

p - P h e n y l p h e n o l 

P y r o f l a l l o l 

8 - Q u l n o l l n o l 

R e s o r c i n o l 

S a l l c y l a l d e h y d e 

S a l l c y l a m l d e 

S a l i c y l i c A c i d 

Thymol 

2 , 4 , 6 - T r l e h l o r o p h e n o l 

V a n i l l i n 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Eastman P r a c t i c a l 

g r a d e and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

4 - 0 h l o r o - 2 t 6 - d l n l t r o p h e n o l 

o - O h l o r o p h e n o l 

p - Q h l o r o p h e n o l 

m - E t h y l p h e n o l 

p - E t h y l p h e n o l 

G u a l a c o l 

p - H y d r o x y a o e t o p h e n o n e 

2 . 4 . 5 - T r l c h l o r o p h e n o l 
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The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Eastman T e c h n i c a l 

g r a d e and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

P e n t a b r o m o p h e n o l 

P e n t a c h l o r o p h e n o l 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Merck R e a g e n t g r a d e 

and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

n - B u t a n o l 

B e n z e n e 

O h l o r o f o r m 

Sodium m o l y b d a t e 

Sodium p h o s p h a t e d i b a s i c 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s J . T. Baker R e a g e n t 

g r a d e and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

Ammonium h y d r o x i d e 

N i t r i c a c i d 

S u l f u r i c a c i d 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Eastman P r a c t i c a l 

g r a d e and were r e c r y s t a l l l z e d from c h l o r o f o r m . 

C a t e c h o l 

H y d r o q u i n o n e 

The f o l l o w i n g c h e m i c a l s w e r e o b t a i n e d a s Eastman P r a c t i c a l 

g r a d e and were r e d i s t i l l e d u n d e r r e d u c e d p r e s s u r e . 

o - O r e s o l 
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m - O r e s o l 

p - Q r e s o l 

P i c r i c a c i d . — J . T. Baker N a t i o n a l F o r m u l a r y g r a d e p i c r i c a c i d 

c o n t a i n i n g t e n p e r c e n t w a t e r was d r i e d a t 8 0 ° 0 f o r t w e l v e 

h o u r s . 

CC - N a p h t h o l . — J . T. Baker P u r i f i e d g r a d e oc - n a p h t h o l was r e c r y s -

t a l l i z e d from w a t e r and d r i e d i n a vacuum d e s i c c a t o r . 

F l o r l s l l . — 1 0 0 Mesh F l o r i s i l was o b t a i n e d from t h e F l o r i d l n 

Company, T a l l a h a s s e e , F l o r i d a and ground i n a b a l l m i l l f o r 

t h r e e h o u r s . I t was u s e d w i t h o u t f u r t h e r t r e a t m e n t ( s e e 

T a b l e 1 f o r a n a l y s i s ) . 

S i l i c i c a c i d . — M e r c k R e a g e n t g r a d e s i l i c i c a c i d was ground i n 

a b a l l m i l l f o r t h r e e h o u r s and t h e n d r i e d a t 150° C f o r 

t w e l v e h o u r s . An a p p r o p r i a t e amount o f w a t e r was added t o 

g i v e t h e d e s i r e d m o i s t u r e c o n t e n t , and t h e n t h e m i x t u r e was 

b l e n d e d f o r t h r e e h o u r s i n a t u m b l i n g d e v i s e ( s e e T a b l e 1 

f o r a n a l y s i s ) . 

S o l u t i o n s 

P h e n o l s o l u t i o n s . — 0 . 0 1 Molar s o l u t i o n s o f t h e p h e n o l s t o be 

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

A l k a l i n e p e r m a n g a n a t e . — A 0 . 0 0 7 5 m o l a r p o t a s s i u m p e r m a n g a n a t e 

s o l u t i o n i n 0 . 2 5 m o l a r sod ium h y d r o x i d e was p r e p a r e d . 

4 - A . m l n o a n t l p y r l n e . — One gram o f Eastman White L a b e l g r a d e 

4 - a m i n o a n t i p y r i n e h y d r o c h l o r i d e was d i s s o l v e d i n 50 m i l l i -
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l i t e r s o f "water and d i l u t e d w i t h an e q u a l v o l u m e o f 1:1 

ammonium h y d r o x i d e p r i o r t o u s e . 

Ammonium v a n a d a t e . — C . P. ammonium v a n a d a t e was o b t a i n e d 

from E. H. S a r g e n t and a s o l u t i o n c o n t a i n i n g 2 0 0 t o 3 0 0 

m i l l i g r a m s p e r l i t e r o f vanad ium was p r e p a r e d . 

O e r l c n i t r a t e . — T w e n t y grams o f G. F r e d e r i c k Smith R e a g e n t 

g r a d e e e r i e ammonium n i t r a t e was d i s s o l v e d i n 50 m i l l i l i t e r s 

o f 2 m o l a r n i t r i c a c i d . 

C h l o r a n i l , — E a s t m a n P r a c t i c a l g r a d e c h l o r a n i l was o b t a i n e d 

and a s a t u r a t e d s o l u t i o n p r e p a r e d i n d i o x a n e . 

F e r r i c c h l o r i d e . — A f o u r p e r c e n t s o l u t i o n was p r e p a r e d by 

d i s s o l v i n g t h e a p p r o p r i a t e amount o f J . T. Baker R e a g e n t 

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

P h o s p h o m o l y b d l c a c i d . — 2 , 0 grams o f sod ium p h o s p h a t e d i b a s i c , 

5 . 0 grams o f sod ium m o l y b d a t e , and 2 0 . 0 m i l l i l i t e r s o f 

c o n c e n t r a t e d n i t r i c a c i d were added t o enough w a t e r t o g i v e 

a t o t a l vo lume o f 100 m i l l i l i t e r s . 

P o t a s s i u m f e r r l c y a n i d e . — A two p e r c e n t a q u e o u s s o l u t i o n was 

p r e p a r e d from J . T. Baker R e a g e n t g r a d e p o t a s s i u m f e r r i -

c y a n i d e , 

5 - N l t r o s o - 8 - q u l n o l l n o l . — O n e gram o f Eastman White L a b e l 

g r a d e 5 - n i t r o s o - 8 - q u i n o l i n o l was d i s s o l v e d i n 100 grams o f 

s u l f u r i c a c i d . 

N i t r o u s a c i d . — O n e gram o f J . T. Baker R e a g e n t g r a d e sod ium 

n i t r i t e was d i s s o l v e d i n 100 grams o f s u l f u r i c a c i d . 
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p - N l t r o b e n z e n e d i a z o n l u m t e t r a f l u o r o b o r a t e . — j > - N i t r o b e n z e n e -

d i a z o n i u m t e t r a f l u o r o b o r a t e was p r e p a r e d ( 1 6 ) , and a one 

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

s t a b l e f o r o n l y a b o u t two d a y s , and a f r e s h s o l u t i o n s h o u l d 

be p r e p a r e d a s n e e d e d . 

8 - Q u l n o l i n o l . — E a s t m a n White L a b e l g r a d e 8 - q u i n o l i n o l was 

o b t a i n e d and a two and one h a l f p e r c e n t s o l u t i o n was 

p r e p a r e d i n s i x p e r c e n t a c e t i c a c i d . 

V a n i l l i n . — O n e gram o f Eastman White L a b e l g r a d e v a n i l l i n 

was d i s s o l v e d i n 100 grams o f s u l f u r i c a c i d . 

Equipment 

C h r o m a t o g r a p h i c t u b e s . — B o r o s i l i c a t e g l a s s , c h r o m a t o g r a p h i c 

t u b e s , number one p r e c i s i o n t a p e r , were o b t a i n e d from t h e 

S c i e n t i f i c G l a s s Company, B l o o m f i e l d , New J e r s e y . 

Vacuum pump.—A Welch mode l 1404H vacuum pump was o b t a i n e d 

from t h e W. W. Welch S c i e n t i f i c Company. Any good vacuum 

pump w i l l s u f f i c e . 



CHAPTER I I I 

PROCEDURE 

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

i n t h e f o l l o w i n g m a n n e r . A vacuum pump was c o n n e c t e d t h r o u g h 

a t h r e e - w a y s t o p c o c k t o a s u r g e t a n k . The t h r e e - w a y s t o p c o c k 

a l l o w e d t h e vacuum pump t o be v e n t e d when n o t i n u s e , and t h e 

s u r g e t a n k was employed t o e l i m i n a t e l a r g e f l u c t u a t i o n s i n 

p r e s s u r e . A s e r i e s o f T - t u b e s was c o n n e c t e d t o t h e s u r g e 

t a n k . S u c t i o n f l a s k s , w h i c h s u p p o r t e d t h e c h r o m a t o g r a p h i c 

t u b e s , were c o n n e c t e d t h r o u g h t h r e e - w a y s t o p c o c k s t o t h e 

T - t u b e s . A manometer was a t t a c h e d t o one o f t h e t u b e s . 

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

c o n s i s t e d o f a t u b e w i t h a S t a n d a r d Taper 10/18 i n n e r j o i n t 

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

o n e - h o l e r u b b e r s t o p p e r , and mounted i n t h e s u c t i o n f l a s k . 

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

was p r o v i d e d w i t h a S t a n d a r d Taper 10/18 o u t e r j o i n t s o t h a t 

t h e two s e c t i o n s c o u l d be j o i n e d . The i n s e r t s u p p o r t e d a 

c o t t o n wad w h i c h i n t u r n s u p p o r t e d t h e a d s o r b e n t . 

The a d s o r b e n t s w e r e s t o r e d i n 250 m i l l i l i t e r w i d e 

mouth b o t t l e s p r o v i d e d w i t h d e l i v e r y t u b e s . The d e l i v e r y 

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

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

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

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

co lumns w i t h a d s o r b e n t . A s m a l l wad o f c o t t o n was tamped 

i n t o t h e b o t t o m o f t h e c h r o m a t o g r a p h i c t u b e . A d s o r b e n t was 

d e l i v e r e d from t h e s t o r a g e b o t t l e i n t o t h e t u b e by r e m o v i n g 

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

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

amount o f a d s o r b e n t had b e e n d e l i v e r e d t o t h e t u b e . Uni form 

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

d o w e l rod w h i l e a p p l y i n g t h e maximum vacuum s u p p l i e d by t h e 

pump. F i n a l l y , t h e t o p o f t h e column was l e v e l e d w i t h a 

d o w e l r o d w i t h o u t e x e r t i n g p r e s s u r e on t h e a d s o r b e n t . Columns 

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

w i t h p r a c t i c e . 

With t h e vacuum s t i l l a p p l i e d , a 0 . 5 m i l l i l i t e r s a m p l e 

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

t o p o f t h e p a c k e d c o l u m n , and f o l l o w e d i m m e d i a t e l y by a s m a l l 

p o r t i o n o f t h e d e v e l o p i n g s o l v e n t . The p h e n o l was worked o n t o 

t h e co lumn w i t h s e v e r a l s m a l l i n c r e m e n t s o f d e v e l o p e r , and 

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

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

s o l v e n t r e a c h e d t h e b o t t o m o f t h e c o l u m n . The vacuum was 

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

t a n e o u s l y v e n t e d t h e s u c t i o n f l a s k . The c h r o m a t o g r a p h i c 
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t u b e was l i f t e d from t h e s u p p o r t and t a p p e d on a f o l d e d t o w e l 

u n t i l t h e co lumn o f a d s o r b e n t was l o o s e n e d . The co lumn was 

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

b u r e t t e s t a n d b a s e w i t h t h e a i d o f a d o w e l r o d . The co lumn 

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

Most s t r e a k r e a g e n t s employed i n a d s o r p t i o n chroma­

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

uncommon t o s t r e a k w i t h one r e a g e n t , and t h e n o v e r s t r e a k w i t h 

a n o t h e r t o complete the r e a c t i o n . Of the streak r e a g e n t s 

employed i n t h i s i n v e s t i g a t i o n o n l y v a n a d i u m - o x i n e , and 

4 - a m i n o a n t i p y r i n e c o n s i s t e d o f two s o l u t i o n s . To u t i l i z e t h e 

v a n a d i u m - o x i n e r e a c t i o n t h e co lumn was f i r s t s t r e a k e d w i t h 

ammonium v a n a d a t e s o l u t i o n and t h e n w i t h 8 - q u i n o l i n o l . The 

4 - a m i n o a n t i p y r i n e r e a c t i o n was a c h i e v e d by s t r e a k i n g w i t h 

a q u e o u s p o t a s s i u m f e r r i c y a n i d e , and t h e n o v e r s t r e a k i n g w i t h 

4 - a m i n o a n t i p y r i n e r e a g e n t . 

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

m e n t s w e r e made t o d e t e r m i n e t h e R v a l u e . A r u l e r g r a d u a t e d 

i n m i l l i m e t e r s was p l a c e d b e s i d e t h e c o l u m n , and t h e co lumn 

l e n g t h and t h e d i s t a n c e from t h e t o p o f t h e co lumn t o t h e 

l o w e r e d g e o f t h e z o n e w e r e r e c o r d e d . A l s o , t h e c o l o r and 

s e n s i t i v i t y o f t h e r e a g e n t s were n o t e d s o t h a t t h e r e a g e n t s 

c o u l d be e v a l u a t e d . R v a l u e s r e p o r t e d i n t h e t a b l e s a r e t h e 

a v e r a g e o f a t l e a s t two d e t e r m i n a t i o n s . 
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CHAPTER IV 

DISCUSSIONS OP RESULTS 

The R v a l u e s o b t a i n e d from t h e c h r o m a t o g r a p h y o f t h e 

p h e n o l s a r e l i s t e d i n T a b l e s 2 t h r o u g h 5 . R v a l u e s l i s t e d 

i n T a b l e s 2 and 3 a r e t h o s e f o r w h i c h s i l i c i c a c i d was 

employed a s a d s o r b e n t . P l o r i s i l was u s e d a s a d s o r b e n t f o r 

R v a l u e s c o n t a i n e d i n T a b l e s 4 and 5 . Benzene and b u t y l 

e t h e r were employed a s d e v e l o p e r s f o r t h e R v a l u e s l i s t e d 

i n T a b l e s 2 and 3 and T a b l e s 3 and 5 r e s p e c t i v e l y . Some pK a 

v a l u e s a r e a l s o l i s t e d i n T a b l e s 2 and 4 . 

An e x a m i n a t i o n o f t h e t a b l e s w i l l r e v e a l t h a t R v a l u e s 

and a c i d s t r e n g t h s c a n n o t be c o r r e l a t e d d i r e c t l y . Prom 

T a b l e 2 , p h e n o l and h y d r o q u i n o n e h a v e t h e same pK v a l u e and 

y e t t h e r e i s a d e c i d e d d i f f e r e n c e i n t h e R v a l u e s . F u r t h e r ­

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

s i m i l a r , and y e t t h e a c i d s t r e n g t h s d i f f e r by 8 . 6 0 pK u n i t s . 

Even t h o u g h a c i d s t r e n g t h s and R v a l u e s c a n n o t be c o r r e l a t e d 

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

and t h e a v a i l a b i l i t y o f t h e e l e c t r o n p a i r s on t h e p h e n o l i c 

o x y g e n a t o m . 

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

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

o f s o l v e n t , a d s o r p t i v e , a d s o r b e n t , and t h e i r c o m p l e x i n t e r -
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a c t i o n s i s e s s e n t i a l . However , t h e b e h a v i o r o f many s y s t e m s 

may be u n d e r s t o o d on t h e b a s i s o f s t e r i c e f f e c t s , i n t e r n a l 

h y d r o g e n b o n d i n g , i n d u c t i v e e f f e c t s , and r e s o n a n c e e f f e c t s . 

O a r l t o n and Bradbury ( 1 7 ) s t u d i e d a s e r i e s o f p h e n o l s , 

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

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

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

R v a l u e s i n o r t h o d i s u b s t i t u t e d b e n z e n e s ( 1 8 ) and a n i l i n e s 

( 2 ) . In t h e p r e s e n t i n v e s t i g a t i o n t h e R v a l u e s o f o » - c r e s o l , 

o i - c h l o r o p h e n o l , ^ - b r o m o p h e n o l , o i - h y d r o x y a c e t o p h e n o n e , and 

g u a i a c o l w e r e l a r g e a s compared t o t h e c o r r e s p o n d i n g meta 

and p a r a i s o m e r s , and i s i n c o m p l e t e a g r e e m e n t w i t h t h e 

s t e r i c i n t e r p r e t a t i o n . OC-Naphthol e x h i b i t s l e s s a d s o r p t i o n 

t h a n ^ § - n a p h t h o l . T h i s can be e x p l a i n e d on t h e b a s i s o f 

s t e r i c h i n d r a n c e i f t h e c a r b o n atom i n t h e e i g h t p o s i t i o n 

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

an o r t h o m e t h y l g r o u p . Compare OC-naphthol and ^ 5 - n a p h t h o l 

w i t h £ - c r e s o l and m - c r e s o l , r e s p e c t i v e l y . The s p a t i a l 

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

n a p h t h o l and t h e c o r r e s p o n d i n g e r e s o l , and t h e R v a l u e s would 

be e x p e c t e d t o be s i m i l a r . T h i s was found t o be t r u e . 

F r e q u e n t l y an o r t h o s u b s t i t u t e d a r o m a t i c compound w i l l 

e x h i b i t an R v a l u e v e r y n e a r 1 . 0 0 , and t h u s i n d i c a t e l i t t l e 

o r no a d s o r p t i o n . In mos t o f t h e s e c a s e s a d j a c e n t g r o u p s a r e 

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

b o n d i n g t o t h e a d s o r b e n t . Such an e f f e c t i s e x h i b i t e d by 

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

R v a l u e s o f 0.90 and 1.00, r e s p e c t i v e l y , when s i l i c i c a c i d 

and b e n z e n e a r e employed a s a d s o r b e n t and d e v e l o p e r . 

The f a c t o r s l i s t e d p r e v i o u s l y can u s u a l l y be u t i l i z e d 

t o q u a l i t a t i v e l y p r e d i c t t h e d e g r e e o f a d s o r p t i o n a compound 

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

p a r t i c i p a t i n g i n t h e a d s o r p t i o n p r o c e s s . I f two or more 

g r o u p s may p a r t i c i p a t e i n a d s o r p t i o n t h e t a s k o f p r e d i c t i n g 

R v a l u e s i s more d i f f i c u l t . 

S e v e r a l compounds s t u d i e d p o s s e s s e d R v a l u e s w h i c h 

would n o t be e x p e c t e d , and w i l l be d i s c u s s e d . £ - H i t r o p h e n o l , 

m - n i t r o p h e n o l , j D - n i t r o p h e n o l , 2 , 4 - d i n i t r o p h e n o l , and 

2 , 4 , 6 - t r i n i t r o p h e n o l h a v e R v a l u e s o f 1.00, 0.21, 0.15, 

0.70, and 0.11, r e s p e c t i v e l y ( s i l i c i c a c i d a d s o r b e n t and 

b e n z e n e d e v e l o p e r ) . The l a r g e R v a l u e o f £ - n i t r o p h e n o l i s 

e x p e c t e d , and i s i n c o m p l e t e a g r e e m e n t w i t h t h e i n t e r n a l 

h y d r o g e n b o n d i n g i n t e r p r e t a t i o n . A l s o , t h e R v a l u e s o f 

m - n i t r o p h e n o l and ] D - n i t r o p h e n o l would be e x p e c t e d t o be 

somewhat s m a l l e r t h a n t h e R v a l u e o f p h e n o l p r o v i d e d t h e 

n i t r o g r o u p p a r t i c i p a t e s i n a d s o r p t i o n . A d s o r p t i o n by t h e 

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

e x p l a i n t h e R v a l u e s o f 2 , 4 - d i n l t r o p h e n o l , h o w e v e r , t h e 
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v e r y s m a l l R v a l u e o f 2 , 4 , 6 - t r i n i t r o p h e n o l c a n n o t be e x p l a i n e d 

by t h e s e f a c t o r s . 

Hydrogen b o n d i n g i s assumed t o p l a y a m a j o r r o l e i n 

t h e a d s o r p t i o n p r o c e s s . There a r e two ways a h y d r o g e n bond 

may be formed b e t w e e n t h e a d s o r p t i v e and t h e a d s o r b e n t . 

F i r s t , t h e a d s o r b e n t may a c t a s h y d r o g e n donor and t h e 

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

may be r e v e r s e d so t h a t t h e a d s o r b e n t a c c e p t s a h y d r o g e n 

d o n a t e d by t h e a d s o r p t i v e . 

Now c o n s i d e r 2 , 4 , 6 - t r i n i t r o p h e n o l . The p h e n o l i c 

h y d r o g e n wou ld be e x p e c t e d t o be h i g h l y e l e c t r o n e g a t i v e , 

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

bond i n w h i c h t h e a d s o r p t i v e a c t s a s h y d r o g e n d o n o r . 

2 , 4 , 6 - T r i n i t r o p h e n o l h a s a pK o f 0 . 8 0 , and i s t h u s a b o u t 

32 p e r c e n t i o n i z e d i n a q u e o u s s o l u t i o n . A l t h o u g h t h e 

compound w i l l c e r t a i n l y be somewhat l e s s i o n i z e d i n t h e 

l e s s p o l a r d e v e l o p e r s , one must n o t o v e r l o o k t h e p o s s i b i l i t y 

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

t h e a b o v e c a s e s s t e r i c h i n d r a n c e by t h e l a r g e o r t h o - n i t r o 

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

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

e x h i b i t e d by 2 , 4 , 6 - t r i n i t r o p h e n o l i s p r o b a b l y due t o a 

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

t h e n i t r o g r o u p s . 

An e x a m i n a t i o n o f t h e t a b l e s w i l l a l s o r e v e a l t h a t i n 

a l l c o m b i n a t i o n s o f a d s o r b e n t s and d e v e l o p e r s t h e R v a l u e s o f 
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£ - n i t r o p h e n o l a r e l e s s t h a n t h e c o r r e s p o n d i n g R v a l u e s o f 

m - n i t r o p h e n o l . B o t h t h e p h e n o l i c g r o u p and t h e n i t r o g r o u p 

may be r e s p o n s i b l e f o r a d s o r p t i o n , and r e s o n a n c e e f f e c t s 

may o p e r a t e from t h e p a r a p o s i t i o n b u t n o t from t h e meta 

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

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

g r o u p i s d e c r e a s e d . 

S e v e r a l i n t e r e s t i n g f a c t o r s a r e n o t e d by c o m p a r i n g 

t h e R v a l u e s l i s t e d i n T a b l e s 2 t h r o u g h 5 and t h e c o r r e ­

s p o n d i n g a d s o r b e n t s and d e v e l o p e r s . B u t y l e t h e r i s a much 

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

E l e c t r o n p a i r s o f t h e e t h e r e a l o x y g e n compete w i t h t h e 

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

o f t h e a d s o r b e n t . S i l i c i c a c i d c o n t a i n i n g a b o u t t w e l v e and 

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

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

P l o r i s i l e x h i b i t s a marked a f f i n i t y f o r n i t r o compounds , 

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

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

c a n be e x p l a i n e d by p o s t u l a t i n g a s i x membered c h e l a t e 

r i n g formed by j o i n i n g o x y g e n a toms o f t h e p h e n o l i c and 

n i t r o g r o u p s t o t h e magnes ium i o n o f P l o r i s i l . The f o r m a ­

t i o n o f a s i x membered c h e l a t e r i n g w i l l c e r t a i n l y t a k e 

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

g e n b o n d i n g . S i l i c i c a c i d d o e s n o t o f f e r t h e p o s s i b i l i t y o f 
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c h e l a t e f o r m a t i o n . Thus , i n t e r n a l h y d r o g e n b o n d i n g o p e r a t e s 

and l a r g e R v a l u e s r e s u l t when t h i s a d s o r b e n t i s e m p l o y e d . 

Compounds c a p a b l e o f f o r m i n g f i v e and s i x membered 

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

and s u p p o r t t h e c h e l a t e r i n g i n t e r p r e t a t i o n . A l t h o u g h 

F l o r i s i l i s a p p a r e n t l y a s l i g h t l y s t r o n g e r a d s o r b e n t t h a n 

s i l i c i c a c i d , t h e d e c i d e d d e c r e a s e i n R v a l u e s on F l o r i s i l 

compared t o s i l i c i c a c i d f o r compounds c a p a b l e o f f o r m i n g 

f i v e and s i x membered c h e l a t e r i n g s c a n n o t be a s c r i b e d o n l y 

t o t h i s f a c t o r . The f o l l o w i n g compounds a r e c a p a b l e o f 

f o r m i n g f i v e or s i x membered r i n g s and s u p p o r t t h e a b o v e 

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

£ - n i t r o p h e n o l , 2 , 4 - d i n i t r o p h e n o l , 2 , 4 , 6 - t r i n i t r o p h e n o l , and 

4 - c h l o r o - 2 , 6 - d i n i t r o p h e n o l . 

S e v e r a l r e a g e n t s w e r e e v a l u a t e d w h i c h may be a p p l i c a b l e 

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

r e a g e n t s a r e l i s t e d i n T a b l e s 6 t h r o u g h 1 1 • S o l u t i o n s o f 

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

e x t r u d e d , and s t r e a k e d w i t h t h e v a r i o u s r e a g e n t s . B l a n k s 

i n t h e t a b l e s i n d i c a t e t h a t t h e c o r r e s p o n d i n g p h e n o l s were 

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

S e v e r a l r e a g e n t s e m p l o y e d a r e u s e f u l f o r s t u d y i n g R 

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

l i m i t e d by t h e i r a b i l i t y t o d e t e c t v a r i o u s c l a s s e s o f com­

p o u n d s . A l k a l i n e p e r m a n g a n a t e and j D - n i t r o b e n z e n e d i a z o n i u m 

t e t r a f l u o r o b o r a t e a r e members o f t h i s g r o u p . A l k a l i n e 



p e r m a n g a n a t e i s r e d u c e d by any e a s i l y o x i d i z a b l e compound; 

t h e z o n e a p p e a r s brown o v e r a p u r p l e s t r e a k . ^ - N i t r o b e n z e n e 

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

a c t i v e p h e n o l s i n t h e o r t h o or para p o s i t i o n s . However , 

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

c o n d i t i o n s t o form d i a z o a m i n o b e n z e n e s o r t h e r e a r r a n g e d 

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

m e d i a , and o v e r s t r e a k i n g t h e j D - n i t r o b e n z e n e d i a z o n i u m t e t r a ­

f l u o r o b o r a t e r e a g e n t w i t h 6 N" sodium h y d r o x i d e i n c r e a s e s 

t h e d e t e c t i o n l i m i t s . 

V a n i l l i n i n s u l f u r i c a c i d i s an e x c e l l e n t s t r e a k 

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

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

r e a g e n t , h o w e v e r , s t r o n g w i t h d r a w i n g g r o u p s i n h i b i t t h e 

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

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

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

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

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

4 - A m i n o a n t i p y r i n e h a s b e e n employed a s a c o l o r 

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

m i n u t e q u a n t i t i e s o f p h e n o l i n w a t e r ( 1 0 ) . The s e n s i t i v i t y 

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

p h e n o l s i n a d s o r p t i o n c h r o m a t o g r a p h y . T a b l e s 6 and 7 r e v e a l 

t h a t 4 - a m i n o a n t i p y r i n e i s more g e n e r a l t h a n t h e v a n i l l i n 

r e a g e n t f o r t h e d e t e c t i o n o f p h e n o l s . A l s o , v a n i l l i n i n 
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s u l f u r i c a c i d p r o d u c e s a dark s t r e a k t h e e n t i r e co lumn l e n g t h 

when employed i n c o n j u n c t i o n w i t h b u t y l e t h e r d e v e l o p e r , 

4 - A m i n o a n t i p y r i n e d o e s n o t e x h i b i t t h i s u n d e s i r a b l e e f f e c t . 

A n i l i n e and t h e t o l u i d i n e s may be d e t e c t e d w i t h t h e r e a g e n t , 

a n d , o f c o u r s e , t h i s i s a d i s a d v a n t a g e . However , t h e r e a g e n t 

w i l l n o t d e t e c t c h l o r o , bromo, and n i t r o a n i l i n e s , and c o n s e ­

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

t i o n o f p h e n o l s . 

M a r t i n ( 1 0 ) o u t l i n e s t h e f o l l o w i n g r e a c t i o n f o r p h e n o l 

and 4 - a m i n o a n t i p y r i n e . 

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

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

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

S e v e r a l o t h e r r e a g e n t s were i n v e s t i g a t e d and a l l w e r e 

f o u n d t o be o f l i t t l e o r no u s e f o r d e t e c t i n g p h e n o l s . P h o s p h o -

m o l y b d i c a c i d i s c a p a b l e o f d e t e c t i n g o n l y a l i m i t e d number o f 

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

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

t i o n o f p h e n o l s a s i t i s n o t v e r y s e n s i t i v e , and i s a l s o 

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

l i n e s . C h l o r a n i l and v a n a d i u m - o x i n e were f o u n d t o be o f no 

C H 3 T 

C « H s C 6 H 5 
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u s e f o r t h e d e t e c t i o n o f p h e n o l s . N i t r o u s a c i d may be 

employed f o r t h e d e t e c t i o n o f p h e n o l s ; h o w e v e r , t h e r e a g e n t 

i s v e r y u n s t a b l e and s i m i l a r r e s u l t s can be o b t a i n e d w i t h t h e 

much more s t a b l e j 3 - n i t r o b e n z e n e d i a z o n i u m t e t r a f l u o r o b o r a t e . 

F e r r i c c h l o r i d e w i l l n o t d e t e c t many p h e n o l s , but h a s 

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

c a p a b l e o f c h e l a t e f o r m a t i o n . P u r p l e t o b l a c k c o l o r s a r e 

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

p y r o g a l l o l . 

Of t h e r e a g e n t s e v a l u a t e d v a n i l l i n i n s u l f u r i c a c i d 

and 4 - a m i n o a n t i p y r i n e w e r e f o u n d t o be e x c e l l e n t s t r e a k 

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

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

more p h e n o l s , p o s s e s s e s g r e a t s e n s i t i v i t y , and i s a l m o s t 

s p e c i f i c f o r p h e n o l s . V a n i l l i n i s an e x c e l l e n t r e a g e n t a l s o , 

and t h e combined u s e o f t h e two r e a g e n t s and R v a l u e s w i l l 

s e r v e t o i d e n t i f y m o s t p h e n o l s . 
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T a b l e 1. P a r t i c l e S i z e D i s t r i b u t i o n o f A d s o r b e n t s 

S i l i c i c A c i d 
Weight o f A d s o r b e n t R e t a i n e d on 

S c r e e n S i z e (U . S . ) S c r e e n from a 100 g . Sample 

80 0.64 g . 

100 17.60 g . 

140 56.87 g . 
170 14.44 g . 

200 0.42 g . 

325 2.12 g -

>325 7.04 g . 
P l o r i s i l 

Weight o f A d s o r b e n t R e t a i n e d on 
S c r e e n S i z e (U . S . ) S c r e e n from a 100 g . Sample 

80 14.23 g . 

100 36.31 g . 

140 30.91 g . 

170 7.80 g . 

200 2.34 g . 

325 5.38 g . 

>325 1-89 g . 



2 4 

T a b l e 2. R V a l u e s and Some pK V a l u e s o f a S e r i e s o f P h e n o l s 
on S i l i c i c A c i d A d s o r b e n t w i t h B e n z e n e D e v e l o p e r 

Compound R PK 

P h e n o l 0.38 10.0 
C a t e c h o l 0.12 9.4 
R e s o r c i n o l 0,00 9.4 
H y d r o q u i n o n e 0.00 10.0 
P y r o g a l l o l 0.00 7.0 
CC-Naphthol 0.51 
£ - N a p h t h o l 0.40 
£ - C r e s o l 0.47 10.20 
m - C r e s o l 0.37 10.01 
j D - C r e s o l 0.36 10.17 
m - E t h y l p h e n o l 0.41 
j D - E t h y l p h e n o l 0.40 
2 -Hydroxy-1 ,4 -dimethylbenzene 0.56 
4 - H y d r o x y - 1 , 2 - d i m e t h y l b e n z e n e 0.36 
4-Hydroxy-1,3-dimethylbenzene 0.53 
5 - H y d r o x y - 1 , 3 - d i m e t h y l b e n z e n e 0.42 
E u g e n o l 0.65 
Thymol 0.69 
£ - N i t r o p h e n o l 1 .00 7.21 
m - N i t r o p h e n o l 0.21 8.00 
j ) - N i t r o p h e n o l 0.15 7.16 
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Table 2 . ( c o n t i n u e d ) 

Compound R PK 

2 , 4 - M n i t r o p h e n o l 0 . 7 0 4 . 0 

2 , 4 , 6 - T r i n i t r o p h e n o l 0 . 1 1 0 . 8 0 

2 - B r o m o p h e n o l 0.70 
J D - B r omo p h e n o l 0 . 4 1 

P e n t a b r o m o p h e n o l 1 . 0 0 

£ - C h i o r o p h e n o l 0.72 
J D - C h l o r o p h e n o l 0 . 3 7 

2 , 4 , 5 - T r i c h l o r o p h e n o l 0 . 8 2 

2 , 4 , 6 - T r i c h l o r o p h e n o l 0.72 
P e n t a c h l o r o p h e n o l 0 . 7 8 

4 - C h l o r o r e s o r c i n o l 0 . 1 1 

4 - C h l o r o - 2 , 6 - d i n i t r o p h e n o l 0 . 4 5 

Gruaiacol 0 . 6 3 

H y d r o q u i n o n e monomethyl e t h e r 0.23 
^ - H y d r o x y a c e t o p h e n o n e 0 . 7 6 

j D - H y d r o x y a c e t o p h e n o n e 0 . 1 3 

S a l i c y l i c a c i d 0.15 
S a l i c y l a m i d e 0.15 
S a l i c y a l d e h y d e 0 . 9 0 

j D - H y d r o x y b e n z a l d e h y d e 0 . 1 4 
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T a b l e 3* R V a l u e s o f a S e r i e s o f P h e n o l s on S i l i c i c 

A c i d A d s o r b e n t w i t h B u t y l E t h e r D e v e l o p e r 

Compound R 

P h e n o l 0.87 

C a t e c h o l 0.59 

R e s o r c i n o l 0,35 

H y d r o q u i n o n e 0,32 

P y r o g a l l o l 0.26 

c t - N a p h t h o l 1.00 

£ - N a p h t h o l 0.85 

o - C r e s o l 1.00 

m - C r e s o l 0.88 

j ) - C r e s o l 0.86 

m - E t h y l p h e n o l O.89 

£ - E t h y l p h e n o l 0.90 

2 - H y d r o x y - 1 , 4 - d i m e t h y l b e n z e n e 0.93 

4 - H y d r o x y - 1 , 2 - d i m e t h y l b e n z e n e 0.87 

4 - H y d r o x y - 1 , 3 - d i m e t h y l b e n z e n e 0.96 

5 -Hydroxy-1,3 -dimethylbenzene O.87 

E u g e n o l 0.90 

Thymol 1.00 

o - M t r o p h e n o l 1.00 

m - N i t r o p h e n o l 0.87 

£ - N i t r o p h e n o l O.78 



T a b l e 3* ( c o n t i n u e d ) 

Compound R 

2 , 4 - D i n i t r o p h e n o l 0.62 
2 , 4 , 6 - T r i n i t r o p h e n o l 0.10 
o_-Bromophenol 0.94 
£~ Br omo p h e n o l 0.85 
P e n t a b r o m o p h e n o l 1.00 
£ ~ C h l o r o p h e n o l 0.91 
J D - C h l o r o p h e n o l 0.88 
2 , 4 , 5 - T r i c h l o r o p h e n o l 1 .00 
2 , 4 , 6 - T r i c h l o r o p h e n o l 1.00 
P e n t a c h l o r o p h e n o l 1 .00 
4 - C h l o r o r e s o r c i n o l 0.56 
4 - C h l o r o - 2 , 6 - d i n i t r o p h e n o l 0.29 
G u a i a c o l 0.82 
Hydroqu inone monomethyl e t h e r 0.73 
£ - H y d r o x y a c e t o p h e n o n e 1 .00 
j 3 - H y d r o x y a c e t o p h e n o n e 0.34 
S a l i c y l i c a c i d 0.62 
S a l i c y l a m i d e 0.30 
S a l i c y l a l d e h y d e 1.00 
j s - H y d r o x y b e n z a l d e h y d e 0.46 



Table 4. R V a l u e s and Some pK V a l u e s o f a S e r i e s o f 

P h e n o l s on F l o r i s i l A d s o r b e n t and B e n z e n e D e v e l o p e r 

Compound R PK 

P h e n o l 0.36 10.0 
C a t e c h o l 0.00 9.4 
R e s o r c i n o l 0.00 9.4 
H y d r o q u i n o n e 0.00 10.0 
P y r o g a l l o l 0.00 7.0 
OC-Naphthol 0.43 
, 8 - N a p h t h o l 0.34 
o - C r e s o l 

mmm 0.46 10.20 
m - C r e s o l 0.34 10.01 
j a - C r e s o l 0.34 10.17 
m - E t h y l p h e n o l 0.40 
j D - E t h y l p h e n o l 0.37 
2-Hydroxy-1,4-dimethylbenzene 0.51 
4-Hydroxy-1,2-dimethylbenzene 0.32 
4-Hydroxy-1,3-dimethylbenzene 0.46 
5-Hydroxy-1,3-dimethylbenzene 0.35 
E u g e n o l 0.28 
Thymol 0.66 
j o - N l t r o p h e n o l 0.30 7.21 
m - N i t r o p h e n o l 0.17 8.00 
j D - N i t r o p h e n o l 0.10 7.16 
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T a b l e 4. ( c o n t i n u e d ) 

Compound R PK 

2,4-Dinitrophenol 0.00 4.0 
2,4,6-Trinitrophenol 0.00 0.80 
£ - B r o m o p h e n o l 0.54 
2 - B r o m o p h e n o l 0.36 
P e n t a b r o m o p h e n o l 0.10 
£ - C h l o r o p h e n o l 0.61 
J D - C h l o r o p h e n o l 0.39 
2,4,5-Trichlorophenol 0.30 
2,4,6-Trichlorophenol 0.26 
P e n t a c h l o r o p h e n o l 0.10 
4 - C h l o r o r e s o r c i n o l 0.09 
4-Chloro-2,6-dinitrophenol 0.00 
G u a i a c o l 0.44 
H y d r o q u i n o n e monomethy l e t h e r 0.22 
o - H y d r o x y a c e t o p h e n o n e 0.32 
J D - H y d r o x y a c e t o p h e n o n e 0.00 
S a l i c y l i c a c i d 0.00 
S a l i c y l a m i d e 0.00 
S a l i c y l a l d e h y d e 0.17 
2 - H y d r o x y b e n z a l d e h y d e 0.05 
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T a b l e 5 . R Values o f a Series o f Phenols on Plorisil 

Adsorbent w i t h B u t y l E t h e r Developer 

Compound R 

P h e n o l 0 . 8 7 

C a t e c h o l 0.20 

R e s o r c i n o l 0 . 4 0 

H y d r o q u i n o n e 0 . 3 8 

P y r o g a l l o l 0 . 0 0 

OC-Naphthol 0 . 9 5 

£ ~ N a p h t h o l 0 . 8 3 

2 - C r e s o l 0.92 

m - C r e s o l 0 . 8 8 

2 - C r e s o l 1 . 0 0 

m - E t h y l p h e n o l 0 . 8 9 

J D - E t h y l p h e n o l 0 . 8 6 

2 - H y d r o x y - 1 , 4 - d i m e t h y l b e n z e n e 0 . 9 6 

4 - H y d r o x y - 1 , 2 - d i m e t h y l b e n z e n e 0 . 8 8 

4 - H y d r o x y - 1 , 3 - d i m e t h y l b e n z e n e 0 . 9 6 

5 - H y d r o x y - 1 , 3 - d i m e t h y l b e n z e n e 0 . 8 9 

E u g e n o l 0 . 5 1 

Thymol 1 . 0 0 

o - N l t r o p h e n o l 0 . 4 1 

m - N i t r o p h e n o l 0 . 5 9 

J D - N i t r o p h e n o l 0 . 3 9 
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T a b l e 5. ( c o n t i n u e d ) 

Compound R 

2 , 4 - D i n i t r o p h e n o l O.OO 

2 , 4 , 6 - T r l n i t r o p h e n o l 0 . 0 0 

£ - B r o m o p h e n o l 0 . 7 6 

J D - B r o m o p h e n o l 0.82 

P e n t a b r o m o p h e n o l 0 . 1 2 

£ - C h l o r o p h e n o l 0 . 8 6 

J D - C h l o r o p h e n o l 0 . 8 4 

2 , 4 , 5 - T r i c h l o r o p h e n o l 0 . 1 4 

2 , 4 , 6 - T r i c h l o r o p h e n o l 0 . 3 4 

P e n t a c h l o r o p h e n o l 0 . 1 1 

4 - C h l o r o r e s o r c i n o l 0 , 4 2 

4 - C h l o r o - 2 , 6 - d i n i t r o p h e n o l 0 . 0 0 

G u a i a c o l 0 . 6 4 

H y d r o q u i n o n e monomethy l e t h e r 0 . 6 4 

j o - H y d r o x y a c e t o p h e n o n e 0.52 

£ - H y d r o x y a c e t o p h e n o n e 0.25 

S a l i c y l i c a c i d 0 . 0 0 

S a l i c y l a m i d e 0 . 1 0 

S a l i c y l a l d e h y d e 0.28 

2 - H y d r o x y b e n z a l d e h y d e 0 . 3 0 
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T a b l e 6 , C o l o r s P r o d u c e d w i t h V a n i l l i n 

R e a g e n t and V a r i o u s P h e n o l s 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d -
B u t y l E t h e r 

F l o r i s i l -
Benzene 

P h e n o l Gray Y e l l o w 

C a t e c h o l V i o l e t Brown V i o l e t 

R e s o r c i n o l Red Red Red 

H y d r o q u i n o n e Brown Green-brown Brown 

P y r o g a l l o l Gray Red-brown Red 

CC -Naphthol B l u e - g r e e n V i o l e t 

^ - N a p h t h o l Gray Green V i o l e t 

o - C r e s o l V i o l e t R e d - o r a n g e 

m - C r e s o l V i o l e t R e d - o r a n g e 

J D - C r e s o l V i o l e t 

m - E t h y l p h e n o l P u r p l e Brown Y e l l o w -
o r a n g e 

£ - E t h y l p h e n o l P u r p l e Green Y e l l o w -
o r a n g e 

2 - H y d r o x y - 1 , 4 -
d i m e t h y l b e n z e n e 

R e d - o r a n g e Brown Red-brown 

4 - H y d r o x y - 1 , 2 -
d i m e t h y l b e n z e n e 

V i o l e t Brown Red-brown 

4 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

Y e l l o w 

5 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

Red 

E u g e n o l V i o l e t Brown Red-brown 

B u t y l E t h e r 

V i o l e t 

Thymol 

£ - H i t r o p h e n o l 

R e d - o r a n g e Red Red 



33 
T a b l e 6 . ( c o n t i n u e d ) 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d - P l o r i s i l - P l o r i s i l -
B u t y l E t h e r Benzene B u t y l E t h e r 

m - N i t r o p h e n o l 

£ - N i t r o p h e n o l 

2 , 4 - D i n i t r o p h e n o l 

2 , 4 , 6 - T r i n i t r o ­
p h e n o l 

jo-Br omo p h e n o l 

2 - B r o m o p h e n o l V i o l e t 

P e n t a b r o m o p h e n o l 

£ - C h l o r o p h e n o l 

£ - C h l o r o p h e n o l Gray 

2 , 4 , 5 - T r i c h l o r o ­
p h e n o l 

2 , 4 , 6 - T r i c h l o r o -
p h e n o l 

P e n t a c h l o r o p h e n o l 

G u a i a c o l V i o l e t Green 

H y d r o q u i n o n e Brown Green P i n k 
monomethyl e t h e r 

£ - H y d r o x y -
a c e t o p h e n o n e 

j D - H y d r o x y - V i o l e t 
a c e t o p h e n o n e 

S a l i c y l i c a c i d 

S a l i c y l a m i d e 

S a l i c y l a l d e h y d e V i o l e t 

f - H y d r o x y -
e n z a l d e h y d e 
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T a b l e 7 . C o l o r s P r o d u c e d w i t h 4 - A m i n o a n t i p y r i n e 

and V a r i o u s P h e n o l s 

S i l i c i c 

Compound 
A c i d -
Benzene 

S i l i c i c A c i d -
B u t y l E t h e r 

P l o r i s i l -
Benzene 

P l o r i s i l -
B u t y l E t h e r 

P h e n o l Red Red Red Red 

C a t e c h o l Brown P u r p l e Brown P u r p l e 

R e s o r c i n o l Red-brown Red-brown Red-brown Red 

H y d r o q u i n o n e P u r p l e Red-brown Red-brown 

P y r o g a l l o l R e d - o r a n g e P u r p l e Red-brown 

CC-Naphthol Red-brown Brown P u r p l e Green 

£ - N a p h t h o l Orange Green Red Red-brown 

£ - C r e s o l Red Orange Red Red 

m - C r e s o l Red Orange Red Red 

j > - C r e s o l P i n k Y e l l o w Red 

m - E t h y l p h e n o l Red Orange Red-brown Red-brown 

£ - E t h y l p h e n o l P i n k Red-brown Red-brown 

2 - H y d r o x y - 1 , 4 -
d i m e t h y l b e n z e n e 

Orange Orange Red-brown Red-brown 

4 - H y d r o x y - 1 , 2 -
d i m e t h y l b e n z e n e 

B l u e - g r a y Red-bi:own Red-brown 

4 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

Red-brown 

5 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

P u r p l e P u r p l e P u r p l e P u r p l e 

E u g e n o l Green Red-brown 

Thymol 

o - N i t r o p h e n o l 



T a b l e 7 - ( c o n t i n u e d ) 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d -
B u t y l E t h e r 

P l o r i s i l -
Benzene 

F l o r i s i l -
B u t y l E t h e r 

m - N i t r o p h e n o l Red-brown 

j D - N i t r o p h e n o l 

2 , 4 - D i n i t r o p h e n o l 

2 , 4 , 6 - T r i ­
n i t r o p h e n o l 

•o-Br omo p h e n o l Red Red Red-brown Red-brown 

j D - B r o m o p h e n o l Red V i o l e t Red-brown Red-brown 

P e n t a b r o m o p h e n o l B l u e - g r e e n P i n k Red-brown 

£ - C h l o r o p h e n o l Red Red Red-brown Red-brown 

£ - C h l o r o p h e n o l Red V i o l e t Orange Red-brown 

2 , 4 , 5 - T r i c h l o r o ­
p h e n o l 

Orange Orange P ink Red-brown 

2 , 4 , 6 - T r i c h l o r o -
p h e n o l 

Red-brown Orange P ink Red-brown 

P e n t a c h l o r o -
p h e n o l 

B l u e - g r e e n P i n k Red-brown 

G u a i a c o l Red Red Red-brown Red-brown 

Hydroqu inone 
monomethyl e t h e r 

Red Red-brown Red Red 

o - H y d r o x y -
a c e t o p h e n o n e 

Orange P i n k Red-brown 

J D - H y d r o x y -
a c e t o p h e n o n e 

S a l i c y l i c a c i d 

S a l i c y l a m i d e Red Red Red-brown Red 

S a l i c y l a l d e h y d e P i n k P i n k 

^-Hydroxy-
e n z a l d e h y d e 
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Tab le 8 . C o l o r s Produced w i t h j 3 - N i t r o b e n z e n e d i a z o n i u m 

T e t r a f l u o r o b o r a t e and V a r i o u s P h e n o l s 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d -
B u t y l E t h e r 

F l o r i s i l -
Benzene 

P l o r i s i l -
B u t y l E t h e r 

P h e n o l Red-brown Y e l l o w Red-brown Brown 

C a t e c h o l Red-brown Red-brown Red-brown 

R e s o r c i n o l Orange Orange Red-brown Orange 

Hydroquinone O r a n g e -
brown 

Red-brown Red-brown 

P y r o g a l l o l Red-brown Red-brown Red-brown 

Ct-Naphthol R e d - o r a n g e Red-brown Red-brown Brown 

£ - N a p h t h o l Orange Orange R e d - o r a n g e Orange 

£ ~ C r e s o l Y e l l o w -
o r a n g e 

Y e l l o w Red-brown Brown 

m - C r e s o l Orang e Y e l l o w Red-brown Red-brown 

J D ~ C r e s o l Y e l l o w -
o r a n g e 

Y e l l o w Orange Orange 

m - E t h y l p h e n o l Orange Orange Red-brown Orange 

J D - E t h y l p h e n o l Orange Y e l l o w Orange Orange 

2 - H y d r o x y - 1 , 4 -
d i m e t h y l b e n z e n e 

R e d - o r a n g e Y e l l o w - o r a n g e Brown Brown 

4 - H y d r o x y - 1 , 2 -
d i m e t h y l b e n z e n e 

Y e l l o w -
o r a n g e 

Y e l l o w Orange Orange 

4 - H y d r o x y - 1 , 3 -
d ime t h y 1 b e nz en e 

Orange Y e l l o w Red-brown Orange 

5 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

Orange Orange Red-brown Orange 

E u g e n o l Orange Y e l l o w - o r a n g e Brown Orange 
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T a b l e 8 . ( c o n t i n u e d ) 

S i l i c i c 
A c i d -

Compound B e n z e n e 

Thymol Orange 

£ - N i t r o p h e n o l 

m - N i t r o p h e n o l 

£ - N i t r o p h e n o l 

2 , 4 - D i n i t r o p h e n o l 

2 , 4 , 6 - T r i -
n i t r o p h e n o l 

£ - B r o m o p h e n o l Orange 

£ - B r o m o p h e n o l Orange 

P e n t a b r o m o p h e n o l 

£ - C h l o r o p h e n o l Orange 

£ - C h l o r o p h e n o l Orange 

2 , 4 , 5 - T r i c h l o r o - Orange 
p h e n o l 

2 , 4 , 6 - T r i c h l o r o -
p h e n o l 

P e n t a c h l o r o p h e n o l 

Cruaiacol Orange 

H y d r o q u i n o n e V i o l e t 
monomethyl e t h e r 

£ - H y d r o x y -
a c e t o p h e n o n e 

J D - H y d r o x y -
a c e t o p h e n o n e 

S i l i c i c A c i d - P l o r i s i l - F l o r i s i l -
B u t y l E t h e r Benzene B u t y l E t h e r 

Y e l l o w 

Y e l l o w 

Y e l l o w 

Brown Red-brown 

R e d - o r a n g e 

Orange 

P u r p l e 

Brown 

Red 

Red 

Brown-
o r a n g e 

V i o l e t 

Brown 

Red 

Orange 

Orange 

Red 

Y e l l o w 

Y e l l o w - o r a n g e P u r p l e Brown 

Orange Red-brown Orange 

Y e l l o w -
o r a n g e 

Red-brown 

S a l i c y l i c a c i d 
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T a b l e 8 . ( c o n t i n u e d ) 

S i l i c i c 
A c i d -

Compound B e n z e n e 

S a l i c y l a m i d e Orange 

S a l i c y l a l d e h y d e 

2 - H y d r o x y -
b e n z a l d e h y d e 

S i l i c i c A c i d - F l o r i s i l -
B u t y l E t h e r Benzene 

Y e l l o w 

F l o r i s i l -
B u t y l E t h e r 

Brown Orange 

R e d - o r a n g e 

Red-brown 
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T a b l e 9 . C o l o r s Produced w i t h j 3 - M t r o b e n z e n e d i a z o n i u m 

T e t r a f l u o r o b o r a t e O v e r s t r e a k e d w i t h 6 N Sodium 

H y d r o x i d e and V a r i o u s P h e n o l s 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d -
B u t y l E t h e r 

F l o r l s i l -
B e n z e n e 

F l o r i s i l -
B u t y l E t h e r 

P h e n o l V i o l e t Red Brown P u r p l e 

C a t e c h o l Gray P u r p l e B l u e - b l a c k 

R e s o r c i n o l P u r p l e P u r p l e B l u e - b l a c k B l u e - g r e e n 

H y d r o q u i n o n e Gray Brown. P u r p l e 

P y r o g a l l o l P u r p l e P u r p l e Br own 

OC-Naphthol P u r p l e P u r p l e Green B l u e - g r e e n 

£ - N a p h t h o l V i o l e t Green P u r p l e 

_o~Cresol V i o l e t V i o l e t Brown P u r p l e 

m - C r e s o l V i o l e t V i o l e t Brown P u r p l e 

J D - C r e s o l V i o l e t P u r p l e Brown P u r p l e 

m - E t h y l p h e n o l V i o l e t V i o l e t B l a c k P u r p l e 

£ - E t h y l p h e n o l P u r p l e P u r p l e P u r p l e P u r p l e 

2 - H y d r o x y - 1 , 4 -
d i m e t h y l b e n z e n e 

V i o l e t P u r p l e Brown P u r p l e 

4 - H y d r o x y - 1 , 2 -
d i m e t h y l b e n z e n e 

V i o l e t P u r p l e Brown P u r p l e 

4 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

P u r p l e P u r p l e B l a c k P u r p l e 

5 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

P u r p l e Red-brown Brown P u r p l e 

E u g e n o l P u r p l e P u r p l e Brown P u r p l e 

Thymol P u r p l e P u r p l e B l a c k B l u e - g r e e n 

_ o - M t r o p h e n o l 
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T a b l e 9 . ( c o n t i n u e d ) 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d -
B u t y l E t h e r 

F l o r i s i l -
Benzene 

F l o r l s i l -
B u t y l E t h e r 

m - N i t r o p h e n o l V i o l e t Red-brown 

J D - M t r o p h e n o l 

2 , 4 - D i n i t r o p h e n o l 

2 , 4 , 6 - T r i -
n i t r o p h e n o l 

c>-Bromophenol Red-brown Red P u r p l e V i o l e t 

j 3 - B r o m o p h e n o l P u r p l e V i o l e t P u r p l e P u r p l e 

P e n t a b r o m o p h e n o l P u r p l e V i o l e t Red 

£ - C h l o r o p h e n o l Red-brown Red P u r p l e V i o l e t 

j > - C h l o r o p h e n o l P u r p l e V i o l e t P u r p l e P u r p l e 

2 , 4 , 5 - T r i c h l o r o -
p h e n o l 

P u r p l e P u r p l e V i o l e t 

2 , 4 , 6 - T r i c h l o r o -
p h e n o l 

P u r p l e V i o l e t 

P e n t a e h l o r o -
p h e n o l 

P u r p l e 

G-uaiacol P u r p l e Red-brown P u r p l e P u r p l e 

H y d r o q u i n o n e 
monomethyl e t h e r 

P u r p l e P u r p l e B l u e - g r e e n B l u e - g r e e n 

£ - H y d r o x y -
a c e t o p h e n o n e 

P u r p l e V i o l e t Red 

£ - H y d r o x y -
a c e t o p h e n o n e 

Brown 

S a l i c y l i c a c i d P u r p l e V i o l e t 

S a l i c y l a m i d e Orang e Red-brown P u r p l e Red-brown 

S a l i c y l a l d e h y d e P u r p l e Brown 

, -Hydroxy-
e n z a l d e h y d e 
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Tab le 10* C o l o r s Produced w i t h P h o s p h o m o l y b d l c A c i d 
and V a r i o u s P h e n o l s 

Compound 

P h e n o l 

C a t e c h o l 

R e s o r c i n o l 

H y d r o q u i n o n e 

P y r o g a l l o l 

OC -Naphthol 

£ - N a p h t h o l 

£ - O r e s o l 

m~Creso l 

2~Cresol 

m - E t h y l p h e n o l 

2 - E t h y l p h e n o l 

2-Hydroxy-1 ,4-
d ime t h y l b enz ene 

4-Hydroxy-1 ,2-
d i m e t h y l b e n z e n e 

4-Hydroxy-1,3-
d i m e t h y l b e n z e n e 

5-Hydroxy-1,3-
d i m e t h y l b e n z e n e 

E u g e n o l 

Thymol 

£ - H i t r o p h e n o l 

S i l i c i c 
A c i d -
B e n z e n e 

S i l i c i c A c i d - P l o r i s i l - P l o r i s i l -
B u t y l E t h e r B e n z e n e B u t y l E t h e r 

B l u e - g r a y Gray 

B l u e - g r a y B l u e - g r e e n 

B l u e - g r a y B l u e - g r e e n 

B l u e - g r a y 

Gray 

B l u e - g r a y 

Green Green 

Green B l u e - g r e e n 

B l u e - g r e e n B l u e - g r e e n 

Green Green 

B l u e - g r e e n B l u e - g r e e n 

B l u e - g r e e n B l u e - g r e e n 

B l u e - g r e e n 

Green 

Green 

Green 

B l u e - g r e e n B l u e - g r e e n 

Green 
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T a b l e 1 0 . ( c o n t i n u e d ) 

Compound 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d - P l o r i s i l - P l o r i s i l -
B u t y l E t h e r Benzene B u t y l E t h e r 

m - U i t r o p h e n o l 

£ - I i t r o p h e n o l 

2 , 4 - D i n i t r o p h e n o l 

2 , 4 , 6 - T r i ­
n i t r o p h e n o l 

£ - B r o m o p h e n o l 

jo-Bromophenol 

P e n t a b r o m o p h e n o l 

£ - C h l o r o p h e n o l 

J D - C h l o r o p h e n o l 

2 , 4 , 5 - T r i c h l o r o - Green 
p h e n o l 

2 , 4 , 6 - T r i c h l o r o -
p h e n o l 

P e n t a c h l o r o p h e n o l 

G u a i a c o l Red-brown 

H y d r o q u i n o n e B l u e - g r a y B l u e - g r e e n B l u e - g r e e n B l u e - g r e e n 
monomethyl e t h e r 

^ - H y d r o x y -
a c e t o p h e n o n e 

J D - H y d r o x y - B l u e - g r a y 
a c e t o p h e n o n e 

S a l i c y l i c a c i d 

S a l i c y l a m i d e 

S a l i c y l a l d e h y d e B l u e - g r e e n 

p~Hydroxy- B l u e - g r e e n 
o e n z a l d e h y d e 
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T a b l e 1 1 . C o l o r s P r o d u c e d w i t h C e r i c N i t r a t e 

and V a r i o u s P h e n o l s 

Compound 

P h e n o l 

C a t e c h o l 

R e s o r c i n o l 

H y d r o q u i n o n e 

P y r o g a l l o l 

CC -Naphthol 

£ - N a p h t h o l 

jo- C r e s o l 

m - C r e s o l 

J 3 - C r e s o l 

m - E t h y l p h e n o l 

2 - E t h y l p h e n o l 

2 - H y d r o x y - 1 , 4 -
d l m e t h y l b e n z e n e 

4 - H y d r o x y - 1 , 2 -
d i m e t h y l b e n z e n e 

4 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

5 - H y d r o x y - 1 , 3 -
d i m e t h y l b e n z e n e 

E u g e n o l 

Thymol 

o - N i t r o p h e n o l 

S i l i c i c 
A c i d -
Benzene 

S i l i c i c A c i d - P l o r i s i l -
B u t y l E t h e r Benzene 

Red-brown 

Red-brown Red-brown 

Red-brown 

Red-brown Brown 

Red-brown 

Red-brown 

Red-brown 

Brown 

P l o r i s i l -
B u t y l E t h e r 

Green 

Red-brown Red-brown 

Red-brown 

Red-brown Orange 

Red-brown Orange 

Red-brown 

Red-brown 

Red-brown Y e l l o w - o r a n g e R e d -B2* o w n Red-brown 

Y e l l o w - o r a n g e Red-brown 

Red-brown Red-brown 

Red-brown 

Red-brown 

Red-brown 
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T a b l e 11. ( c o n t i n u e d ) 

S i l i c i c 
A c i d -

Compound Benzene 

m - N i t r o p h e n o l Red-brown 

J D - N i t r o p h e n o l Red-brown 

2 , 4 - D i n i t r o p h e n o l 

S i l i c i c A c i d - F l o r i s i l - F l o r i s i l -
B u t y l E t h e r Benzene B u t y l E t h e r 

Red-brown Brown 

Brown 

2 , 4 , 6 - T r i ­
n i t r o p h e n o l 

£ - B r o m o p h e n o l Red-brown Brown 

J D - B r omo p h e n o l Red-brown 

P e n t a b r o m o p h e n o l 

£ - C h l o r o p h e n o l Brown Brown 

£ - C h l o r o p h e n o l Red-brown 

2 , 4 , 5 - T r i c h l o r o ­
p h e n o l 

2 , 4 , 6 - T r i c h l o r o -
p h e n o l 

Pentachlorophenol 
Q u a i a c o l Red 

H y d r o q u i n o n e 
monomethyl e t h e r 

£ - H y d r o x y -
a c e t o p h e n o n e 

Red-brown 

J D - H y d r o x y -
a c e t o p h e n o n e 

S a l i c y l i c a c i d 

S a l i c y l a m i d e 

S a l i c y l a l d e h y d e 

2 - H y d r o x y -
b e n z a l d e h y d e 

Red-brown Y e l l o w 

Brown 

Red-brown Red-brown 

Red-brown 

Red-brown Red-brown 

Red-brown Red-brown 

Brown Red-brown 

Red-brown 

Red-brown Brown 

Red-brown Y e l l o w - o r a n g e Brown Red-brown 

Red-brown Red-brown 

Orange 

Red-brown Brown 
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PART I I 

AN EVALUATION OP VANILLIN AS A COLOR PRODUCING 

AGENT POR QUANTITATIVELY DETERMINING RESORCINOL 
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CHAPTER I 

INTRODUCTION 

L e R o s e n , Moravek, and C a r l t o n (1) r e p o r t e d t h a t v a n i l l i n 

i n s u l f u r i c a c i d c o u l d be employed a s a s t r e a k r e a g e n t f o r 

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

by C a r l t o n (2) v a n i l l i n i n s u l f u r i c a c i d was o b s e r v e d t o p r o ­

duce r e d , v i o l e t , and brown z o n e s w i t h r e s o r c i n o l , c a t e c h o l , 

and h y d r o q u i n o n e , r e s p e c t i v e l y , The d e c i d e d d i f f e r e n c e i n 

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

q u a n t i t a t i v e l y d e t e r m i n i n g one o f t h e compounds i n t h e p r e ­

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

I s o l a t i o n and c h a r a c t e r i z a t i o n o f t h e c o l o r e d r e a c t i o n 

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

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

c e d u r e . A l s o , n e c e s s a r y c o n d i t i o n s may be d e t e r m i n e d f o r 

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

Sen and S i n h a ( 3 ) p r e p a r e d a c o n d e n s a t i o n compound o f r e s o r ­

c i n o l and v a n i l l i n and r e p o r t e d t h e p r o d u c t 2J m e t h o x y 

3 ' h y d r o x y b e n z e l n . 
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The r e s o r c i n o l - v a n i l l i n r e a c t i o n was c h o s e n f o r i n v e s ­

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

was much g r e a t e r t h a n t h a t o f t h e o t h e r two z o n e s , and a c o n ­

d e n s a t i o n compound o f r e s o r c i n o l and v a n i l l i n i n s u l f u r i c a c i d 

had b e e n r e p o r t e d . 

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

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

b a s e d on t h e v a n i l l i n r e a c t i o n f o r q u a n t i t a t i v e l y d e t e r m i n i n g 

r e s o r c i n o l , c a t e c h o l , and h y d r o q u i n o n e i n a m i x t u r e , and t o 

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

r e a c t i o n . 
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CHAPTER I I 

EXPERIMENTAL 

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

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

s m a l l amount o f r e s o r c i n o l was r e q u i r e d f o r d e t e r m i n a t i o n . 

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

i s o l a t i n g a v e r y s m a l l q u a n t i t y o f r e s o r c i n o l a c c u r a t e l y and 

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

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

t o r e q u i r e an amount o f r e s o r c i n o l l a r g e enough t o p e r m i t 

a c c u r a t e w e i g h i n g on an a n a l y t i c a l b a l a n c e . A s o l u t i o n c o n ­

t a i n i n g 150 m i l l i g r a m s p e r l i t e r was found t o be c o n v e n i e n t . 

A s u i t a b l e a l i q u o t o f t h i s s o l u t i o n was p i p e t t e d i n t o a v o l u ­

m e t r i c f l a s k and t h e s o l v e n t e v a p o r a t e d . R e p r o d u c i b l e r e s u l t s 

were n o t o b t a i n e d when t h e s o l v e n t was removed by h e a t i n g . 

The s o l v e n t was a l s o removed by p a s s i n g a j e t o f a i r o v e r 

t h e s o l u t i o n ; h o w e v e r , r e p r o d u c i b l e r e s u l t s were n o t a c h i e v e d . 

A l t h o u g h t h e p r o b l e m of i s o l a t i n g a v e r y s m a l l amount 

o f r e s o r c i n o l was n o t s o l v e d , a t t e n t i o n was d i r e c t e d t o f i n d i n g 

a c o n v e n i e n t method o f d e v e l o p i n g t h e c o l o r b e t w e e n v a n i l l i n 

i n s u l f u r i c a c i d and r e s o r c i n o l , , P r a c t i c a l l y no c o l o r a t i o n 

r e s u l t e d when s o l i d r e s o r c i n o l and t h e v a n i l l i n r e a g e n t were 

m i x e d . The c o l o r i n t e n s i t y was e n h a n c e d by h e a t i n g , h o w e v e r 9 

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

an a q u e o u s s o l u t i o n o f r e s o r c i n o l p r o d u c e d a v e r y i n t e n s e r e d 

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

amount o f w a t e r p r e s e n t , and an e x c e s s o f w a t e r p r e v e n t e d 

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

d i r e c t l y w i t h t h e v a n i l l i n c o n c e n t r a t i o n e v e n t h o u g h an e x c e s s 

was p r e s e n t . The u s e o f an a q u e o u s r e s o r c i n o l s o l u t i o n was 

n o t o n l y an e x c e l l e n t method o f c o l o r d e v e l o p m e n t , but a l s o 

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

To d e t e r m i n e t h e a n a l y t i c a l a p p l i c a b i l i t y o f t h e method 

s o l u t i o n s were p r e p a r e d by a d d i n g o n e , t w o , and t h r e e m i l l i ­

l i t e r s o f a s t a n d a r d r e s o r c i n o l s o l u t i o n (.1502 g / l ) t o 25 
m i l l i l i t e r v o l u m e t r i c f l a s k s and d e v e l o p i n g t h e c o l o r by 

a d d i n g a m e a s u r e d vo lume o f v a n i l l i n i n s u l f u r i c a c i d . The 

vo lume o f r e s o r c i n o l s h o u l d be no more t h a n t h r e e m i l l i l i t e r s ; 

a c o n v e n i e n t c o n c e n t r a t i o n o f v a n i l l i n i s 0.25 p e r c e n t by 

w e i g h t . The solutions were a l l o w e d t o c o o l t w e n t y t o t h i r t y 

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

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

maximum d e t e r m i n e d t o be 518 m i l l i m i c r o n s ( s e e F i g u r e 1). 

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

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

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

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

t h e same amount of w a t e r . The a b s o r p t i o n maximum o f a s o l u t i o n 

o f v a n i l l i n i n s u l f u r i c a c i d and w a t e r was d e t e r m i n e d t o be 
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518 m i l l i m i c r o n s a l s o . The c o l o r was d e v e l o p e d i n a q u e o u s 

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

maxima d e t e r m i n e d . A Beckman DU s p e c t r o p h o t o m e t e r w i t h q u a r t z 

c e l l s was employed f o r a l l o f t h e a b o v e m e a s u r e m e n t s . 

The p o s s i b i l i t y o f d e v e l o p i n g t h e c o l o r d i r e c t l y on 

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

c i n o l was p l a c e d on a s i l i c i c a c i d c o l u m n . The co lumn was 

d e v e l o p e d w i t h b u t y l e t h e r , e x t r u d e d , s t r e a k e d w i t h v a n i l l i n 

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

and a p p r o p r i a t e amounts o f w a t e r and v a n i l l i n r e a g e n t added 

t o d e v e l o p t h e c o l o r . A n o t h e r method i n v o l v e d e x t r a c t i o n o f 

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

s i l i c i c a c i d . 

The f o l l o w i n g p r o c e d u r e was u t i l i z e d i n an a t t e m p t t o 

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

sample o f 6 . 6 grams o f d r i e d r e s o r c i n o l and 4 . 6 grams o f v a n i l ­

l i n were i n t i m a t e l y m i x e d and added l i t t l e by l i t t l e t o a b o u t 

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

was h e a t e d f o r one h o u r a t 1 1 0 ° c e n t i g r a d e . The mass was 

a l l o w e d t o c o o l t o room t e m p e r a t u r e , t r e a t e d w i t h i c e w a t e r , 

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

i n sod ium h y d r o x i d e s o l u t i o n , and t h e n r e p r e c i p i t a t e d w i t h 

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

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

washed w i t h w a t e r and d r i e d i n a vacuum d e s i c c a t o r . A s o l i d 

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

f i e d so t h a t a minimum o f s u l f u r i c a c i d was e m p l o y e d , and was 

added t o t h e m i x t u r e o f r e s o r c i n o l and v a n i l l i n . 

An a t t e m p t t o r e c r y s t a l l i z e t h e m a t e r i a l from e t h a n o l 

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

t h e s o l v e n t . The m a t e r i a l c o u l d be r e c o v e r e d by t h e a d d i t i o n 

o f w a t e r t o t h e e t h a n o l s o l u t i o n , b u t an amorphous mass a l w a y s 

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

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

and a s o l i d m a t e r i a l r e c o v e r e d from t h e f l a s k . V i s i b l e and 

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

r e m a i n e d i n t h e f l a s k and i n t h e t h i m b l e . The a b s o r p t i o n 

maximum i n t h e v i s i b l e r e g i o n was d e t e r m i n e d t o be 4 4 0 m i l l i ­

m i c r o n s when s u l f u r i c a c i d was employed a s s o l v e n t . The 

m a t e r i a l was c h r o m a t o g r a p h e d on F l o r i s i l w i t h e t h a n o l 

d e v e l o p e r . 

A l a r g e vo lume o f c o l o r e d s o l u t i o n o f t h e a q u e o u s r e s o r ­

c i n o l , v a n i l l i n r e a c t i o n was p r e p a r e d i n t h e f o l l o w i n g m a n n e r 0 

A m i x t u r e o f 1.7 grams o f r e s o r c i n o l and 1 . 2 grams o f v a n i l l i n 

were d i s s o l v e d i n 60 m i l l i l i t e r s o f w a t e r and 2 0 0 m i l l i l i t e r s 

o f s u l f u r i c a c i d , r e s p e c t i v e l y . The s o l u t i o n s w e r e m i x e d 

c a r e f u l l y and a l l o w e d t o c o o l . The m i x t u r e was d i l u t e d t o 

a b o u t a l i t e r w i t h w a t e r , and e x t r a c t e d w i t h b u t a n o l . The r e d 

m a t e r i a l was e f f e c t i v e l y e x t r a c t e d w i t h b u t a n o l , and b o t h t h e 

o r i g i n a l m i x t u r e and t h e b u t a n o l l a y e r were n o t e d t o f l u o r e s c e . 

The l a y e r s were s e p a r a t e d and a s o l u t i o n o f sod ium b i c a r b o n a t e 
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added t o n e u t r a l i z e any s u l f u r i c a c i d p r e s e n t i n t h e b u t a n o l 

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

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

r e s c e . The b u t a n o l l a y e r was washed w i t h w a t e r s e v e r a l t i m e s , 

and t h e s o l v e n t was removed by p a s s i n g a j e t o f a i r o v e r t h e 

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

m a t e r i a l i n s u l f u r i c a c i d p o s s e s s e d a b s o r p t i o n maxima a t 440 

and 518 m i l l i m i c r o n s . The b i c a r b o n a t e l a y e r was a c i d i f i e d 

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

n o l was t h e n washed w i t h w a t e r and t h e m a t e r i a l r e c o v e r e d by 

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

m a t e r i a l a l s o p o s s e s s e d maxima a t 4 4 0 and 518 m i l l i m i c r o n s . 

The h e i g h t o f t h e a b s o r p t i o n . m a x i m u m a t 440 m i l l i m i c r o n s was 

found t o i n c r e a s e a t t h e e x p e n s e o f t h e maximum a t 518 m i l l i ­

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

f o r a week or more a t room t e m p e r a t u r e . 

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

was p r e p a r e d a s d e s c r i b e d p r e v i o u s l y , and t h e n e x t r a c t e d w i t h 

b u t a n o l . The f l u o r e s c e n t compounds were s e p a r a t e d c h r o m a t o -

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

d e v e l o p e r . The co lumn was e x t r u d e d and t h e v a r i o u s z o n e s 

i s o l a t e d . The r e d m a t e r i a l was removed from t h e co lumn w i t h 

w a t e r , and t h e y e l l o w f l u o r e s c e n t s u b s t a n c e s were removed w i t h 

e t h a n o l . A l l m a t e r i a l s were a m o r p h o u s . The r e d m a t e r i a l was 

r e c o v e r e d from t h e a q u e o u s s o l u t i o n by e v a p o r a t i n g t h e s o l v e n t 

a t 35° c e n t i g r a d e . A r e d amorphous m a t e r i a l was r e c o v e r e d 
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•which was s o l u b l e i n a l c o h o l s and w a t e r . T h i s m a t e r i a l was 

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

c i n o l o r v a n i l l i n . A f t e r h e a t i n g t h e m a t e r i a l was f o u n d t o be 

i n s o l u b l e i n a l c o h o l s , c o n t a i n e d s u l f u r , and m e l t e d a b o v e 3 0 0 ° 

c e n t i g r a d e . 
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CHAPTER I I I 

DISCUSSION OP RESULTS 

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

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

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

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

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

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

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

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

when s u l f u r i c a c i d was t h e o n l y v a r i a b l e . C o l o r i n t e n s i t y o f 

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

a c i d was i n c r e a s e d by h e a t i n g . S i m i l a r l y , t h e i n t e n s i t y o f 

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

was p r o b a b l y d e p e n d e n t on t h e amount o f h e a t p r o d u c e d by t h e 

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

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

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

same f a c t o r s . 

O p t i c a l d e n s i t i e s were d e t e r m i n e d a t t h e a b s o r p t i o n 

maximum, and p l o t t e d v e r s u s c o n c e n t r a t i o n f o r v a r y i n g amounts 

o f r e s o r c i n o l . The p l o t was c u r v e d upward , F i g u r e 2 . I n v e s t i ­

g a t i o n i n d i c a t e d t h a t t h e c o l o r i n t e n s i t y was d e p e n d e n t on t h e 

amounts o f w a t e r p r e s e n t . A l so , , v a n i l l i n i n s u l f u r i c a c i d and 
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w a t e r p r o d u c e d a s l i g h t a b s o r p t i o n maximum a t 518 m i l l i m i c r o n s . 

O p t i c a l d e n s i t i e s were d e t e r m i n e d f o r a s e r i e s o f s o l u t i o n s 

c o n t a i n i n g t h e same amount o f w a t e r and c o r r e c t e d f o r t h e 

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

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

a p p r o x i m a t e l y l i n e a r , F i g u r e 2 . 

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

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

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

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

maxima a n d , o f c o u r s e , t h i s r e n d e r e d t h e method u s e l e s s a s a 

q u a n t i t a t i v e t e c h n i q u e f o r t h e d e t e r m i n a t i o n o f one o f t h e 

compounds i n t h e p r e s e n c e o f i t s i s o m e r s . However , t h e method 

c o u l d be employed f o r q u a n t i t a t i v e l y d e t e r m i n i n g t h e compounds 

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

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

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

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

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

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

method u s e l e s s . S i l i c i c a c i d became s u s p e n d e d i n t h e s u l f u r i c 

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

m e n t s . B u t y l e t h e r was d i f f i c u l t t o remove from t h e co lumn and 

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

S e v e r a l d e v e l o p i n g s o l v e n t s were employed but d i s c o l o r e d i n 

s u l f u r i c a c i d and were o f no u s e , R e s o r c i n o l was s e p a r a t e d 
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from s i l i c i c a c i d by a d d i t i o n o f w a t e r and c e n t r i f u g i n g , but 

b u t y l e t h e r was p r e s e n t and r e a c t e d w i t h s u l f u r i c a c i d . 

The p r o c e d u r e o f Sen and S inha ( 3 ) f o r t h e p r e p a r a t i o n 

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

l o w e d i n an a t t e m p t t o c h a r a c t e r i z e t h e c o l o r p r o d u c i n g p r o d u c t 

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

r e p o r t e d . The s o l u b i l i t y seemed t o i n c r e a s e on h e a t i n g b u t 

would n o t c r y s t a l l i z e on c o o l i n g . The a b s o r p t i o n maximum i n 

t h e v i s i b l e r e g i o n was 4 4 0 m i l l i m i c r o n s and d i d n o t c o r r e s p o n d 

t o t h e maximum o b s e r v e d when an a q u e o u s s o l u t i o n o f r e s o r c i n o l 

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

The c o n d i t i o n s employed f o r d e v e l o p i n g t h e c o l o r o f an 

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

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

and S i n h a . A l a r g e vo lume o f t h i s s o l u t i o n was p r e p a r e d and 

a r e d amorphous m a t e r i a l r e c o v e r e d by e x t r a c t i n g t h e s o l u t i o n 

w i t h b u t a n o l and e v a p o r a t i n g t h e s o l v e n t w i t h a j e t o f a i r . 

The v i s i b l e s p e c t r u m had a b s o r p t i o n maxima a t b o t h 4 4 0 and 518 

m i l l i m i c r o n s , and i n d i c a t e d t h a t t h e amorphous m a t e r i a l c o n ­

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

w e l l a s a n o t h e r s u b s t a n c e or s u b s t a n c e s . 

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

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

e t h a n o l a s d e v e l o p e r . The f o l l o w i n g s e p a r a t i o n r e s u l t e d : r e d 

z o n e R . 0 0 , y e l l o w f l u o r e s c e n t zone R . 0 8 , y e l l o w f l u o r e s c e n t 

zone R . 2 0 , and a v e r y i n t e n s e y e l l o w f l u o r e s c e n t zone R . 9 3 . 

The m a t e r i a l s were r e c o v e r e d , h o w e v e r , a l l were a m o r p h o u s . 
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The a b s o r p t i o n peak a t 518 m i l l i m i c r o n s was n o t e d t o 

d e c r e a s e and t h e peak a t 4 4 0 m i l l i m i c r o n s t o i n c r e a s e i f t h e 

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

a l l o w e d t o s t a n d a t room t e m p e r a t u r e f o r a week or m o r e . T h i s 

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

v a n i l l i n r e a c t i o n was c o n v e r t e d t o t h e p r o d u c t p r e p a r e d when 

more s e v e r e c o n d i t i o n s were e m p l o y e d . The s h i f t i n t h e s p e c ­

trum can p o s s i b l y be e x p l a i n e d by p o s t u l a t i n g t h e f o l l o w i n g 

two s t e p c o n d e n s a t i o n . The p r o d u c t (A) o f the f i r s t s t e p i s 

p o s t u l a t e d t o be t h e m a t e r i a l w h i c h a b s o r b s a t 518 m i l l i ­

m i c r o n s , and compound B c o r r e s p o n d s t o t h e m a t e r i a l w i t h 

a b s o r p t i o n maxima a t 4 4 0 m i l l i m i c r o n s . 
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Milliliters of Resorcinol (.1502 g/l) 
Figure 2 . Absorbanee Versus Milliliters of Resorcinol (.1^02 g/l) 
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CHAPTER I 

INTRODUCTION 

F r e q u e n t l y an a n a l y s t i s c o n f r o n t e d w i t h t h e p r o b l e m of 

d e t e c t i n g a t r a c e amount o f a s u b s t a n c e p r e s e n t i n a m i x t u r e 

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

d e t e c t i o n o f a m i n u t e amount o f a compound i n t h e p r e s e n c e o f 

i t s i s o m e r s . A p r e l i m i n a r y i n v e s t i g a t i o n (1) d e m o n s t r a t e d 

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

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

when employed a s a s t r e a k r e a g e n t i n a d s o r p t i o n c h r o m a t o g r a p h y . 

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

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

d e t e c t i o n o f r e s o r c i n o l i n t h e p r e s e n c e o f i t s i s o m e r s . A l s o , 

s e v e r a l o t h e r r e a g e n t s were e v a l u a t e d . 
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CHAPTER I I 

CHEMICALS, EQUIPMENT, AND PROCEDURE 

C h e m i c a l s 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Merck R e a g e n t g r a d e 

and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

B e n z e n e 

C h l o r o f o r m 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Eastman White L a b e l 

g r a d e and were u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

4 - A m i n o a n t i p , y r i n e h y d r o c h l o r i d e 

n - B u t y l e t h e r 

R e s o r c i n o l 

V a n i l l i n 

The f o l l o w i n g c h e m i c a l s were o b t a i n e d a s Eastman P r a c t i c a l 

g r a d e and were r e c r y s t a l l i z e d from c h l o r o f o r m . 

C a t e c h o l 

H y d r o q u i n o n e 

The f o l l o w i n g c h e m i c a l was o b t a i n e d a s J . T. Baker R e a g e n t 

g r a d e . 

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

S i l i c i c a c i d and P l o r i s i l were p r e p a r e d a s i n P a r t I o f t h i s 

t h e s i s . 
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S o l u t i o n s 

4 - A m i n o a n t i p y r i n e . — O n e gram o f Eastman White L a b e l g r a d e 

4 - a m i n o a n t i p y r i n e h y d r o c h l o r i d e was d i s s o l v e d i n 50 m i l l i ­

l i t e r s o f w a t e r and d i l u t e d w i t h an e q u a l vo lume o f 1:1 

ammonium h y d r o x i d e p r i o r t o u s e . 

p - N i t r o b e n z e n e d l a z o n i u m t e t r a f l u o r o b o r a t e . — J D - M t r o b e n z e n e d i a -

zonium t e t r a f l u o r o b o r a t e was s y n t h e s i z e d ( 2 ) and a one p e r 

c e n t a q u e o u s s o l u t i o n was p r e p a r e d . 

P o t a s s i u m f e r r i c y a n i d e . — A two p e r c e n t a q u e o u s s o l u t i o n was 

p r e p a r e d from J . T. Baker R e a g e n t g r a d e p o t a s s i u m f e r r i c y a n i d e . 

V a n i l l i n . — O n e gram o f Eastman White L a b e l g r a d e v a n i l l i n was 

d i s s o l v e d i n 100 grams o f s u l f u r i c a c i d . 

Equipment 

The e q u i p m e n t u s e d was t h e same a s t h a t d e s c r i b e d i n 

P a r t I o f t h i s t h e s i s . 

P r o c e d u r e 

R v a l u e s l i s t e d i n T a b l e 12 i n d i c a t e t h a t c a t e c h o l can 

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

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

c a n be e f f e c t e d w i t h e i t h e r P l o r i s i l or s i l i c i c a c i d a d s o r b e n t 

when b u t y l e t h e r i s e m p l o y e d a s d e v e l o p e r . In o r d e r t o d e t e r ­

mine w h i c h a d s o r b e n t was b e s t s u i t e d f o r t h e s e p a r a t i o n a 

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

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

The c o l u m n s were e x t r u d e d and s t r e a k e d w i t h s u i t a b l e r e a g e n t s 
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t o d e t e c t t h e v a r i o u s z o n e s . S i l i c i c a c i d was found t o o f f e r 

a b e t t e r s e p a r a t i o n and w i l l be employed a s a d s o r b e n t i n t h i s 

i n v e s t i g a t i o n . 

S i n c e c a t e c h o l c a n be s e p a r a t e d from i t s i s o m e r s c h r o -

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

d i f f e r e n t i a t i n g r e s o r c i n o l and h y d r o q u i n o n e . A s t a n d a r d s o l u ­

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

c h l o r o f o r m . A s u i t a b l e amount was c h r o m a t o g r a p h e d on a s i l i c i c 

a c i d c o l u m n , t h e co lumn was e x t r u d e d , and s t r e a k e d w i t h t h e 

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

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

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

form s a t u r a t e d w i t h h y d r o q u i n o n e . C o n v e n i e n t amounts o f t h e s e 

s o l u t i o n s were c h r o m a t o g r a p h e d , e x t r u d e d , and s t r e a k e d w i t h t h e 

r e a g e n t s t o be e v a l u a t e d . These c o l u m n s w e r e compared t o a 

co lumn w h i c h was p r e p a r e d by c h r o m a t o g r a p h i n g an e q u a l vo lume 

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

r e s s i v e l y d i l u t e s o l u t i o n s were c h r o m a t o g r a p h e d and s t r e a k e d 

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

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

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

t h i s manner . 
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CHAPTER I I I 

DISCUSSION OF RESULTS 

V a n i l l i n and 4 - a m i n o a n t i p y r i n e can be u t i l i z e d a s s t r e a k 

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

f e r e n t i a t e r e s o r c i n o l , c a t e c h o l , and h y d r o q u i n o n e i n a m i x t u r e . 

Tab le 12 r e v e a l s t h a t c a t e c h o l can p o s s i b l y be s e p a r a t e d from 

i t s i s o m e r s c h r o m a t o g r a p h i c a l l y e m p l o y i n g e i t h e r F l o r i s i l or 

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

c h o l c a n be s e p a r a t e d from i t s i s o m e r s i n d i l u t e s o l u t i o n s 

w i t h e i t h e r a d s o r b e n t , h o w e v e r , s t r e a k i n g o c c u r s when a s a t u ­

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

F l o r i s i l . N o t i c e t h a t t h e c a t e c h o l zone i s a b o v e t h e o t h e r 

z o n e s when F l o r i s i l i s e m p l o y e d a s a d s o r b e n t , and s t r e a k i n g 

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

S t r e a k i n g d o e s n o t o c c u r on s i l i c i c a c i d c o l u m n s , and i f i t 

d i d o c c u r no i n t e r f e r e n c e w o u l d r e s u l t a s t h e c a t e c h o l z o n e 

i s b e l o w t h e o t h e r z o n e s on t h e c o l u m n . S i l i c i c a c i d p o s s e s s e s 

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

s e p a r a t i o n . C a t e c h o l can be c h a r a c t e r i z e d by i t s R v a l u e , 

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

h y d r o q u i n o n e . 

V a n i l l i n and 4 - a m i n o a n t i p y r i n e a r e c a p a b l e of d i f f e r e n ­

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

and brown z o n e s w i t h r e s o r c i n o l and h y d r o q u i n o n e , r e s p e c t i v e l y . 
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4 - A m i n o a n t i p y r i n e p r o d u c e s a r e d - b r o w n z o n e w i t h r e s o r c i n o l 

and a p u r p l e zone w i t h h y d r o q u i n o n e . The l o w e r l i m i t o f 

d e t e c t i o n f o r e a c h r e a g e n t i s f i v e gamma. 

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

r a t i o n and c h a r a c t e r i z a t i o n of c a t e c h o l , and t h e u s e o f e i t h e r 

v a n i l l i n o r 4 - a m i n o a n t i p y r i n e t o d i f f e r e n t i a t e r e s o r c i n o l and 

h y d r o q u i n o n e s h o u l d p r o v e t o be o f g r e a t v a l u e f o r t h e d e t e c ­

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

i s o m e r s . 
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Table 1 2 . R V a l u e s o f t h e D i h y d r o x y B e n z e n e s on F l o r i s i l 

and S i l i c i c Ac id A d s o r b e n t s w i t h B u t y l E t h e r D e v e l o p e r 

Compound S i l i c i c A c i d F l o r i s i l 

C a t e c h o l . 5 9 . 2 0 

R e s o r c i n o l . 3 5 . 4 0 

H y d r o q u i n o n e . 3 2 . 3 8 
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