
CHAPTER IV
RESULTS AND DISCUSSION

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

c h a r a c t e r i z a t i o n  r e s u l t s  a r e  d i s c u s s e d  in  S e c t i o n  4 .1 .  T h e  i n f l u e n c e s  o f  t h e  d i f f e r e n t  

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

a n d  d i s c u s s e d  in  S e c t i o n s  4 .2  a n d  4 .3 ,  r e s p e c t i v e l y .  T h e  r e a c t i o n  w a s  p e r f o r m e d  in  a  

p h o t o c h e m i c a l  r e a c t o r  c o n s i s t i n g  o f  1 6  l a m p s  ( 2 5 3 .7  r u n )  a t  4 0  °c u n d e r  a t m o s p h e r i c  

p r e s s u r e .

4.1 Characterization of Palm Oil Methyl Ester and Alpha Methyl Ester 
Sulfonates C16 and 18

T h i s  s e c t i o n  d i s c u s s e s  a b o u t  t h e  c h a r a c t e r i z a t i o n  o f  m e th y l  e s t e r  ( M E )  a n d  

a l p h a  m e t h y l  e s t e r  s u l f o n a t e  C l 6  a n d  18  ( a - M E S  C l 6  a n d  C l 8 )  b y  u s i n g  s e v e r a l  

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

T r a n s f o r m  I n f r a r e d  S p e c t r o s c o p y  ( F T - I R ) .  T h e  c a r b o n  d i s t r i b u t i o n  o f  m e t h y l  e s t e r  

w a s  d e t e r m i n e d  b y  G a s  C h r o m a t o g r a p h y - M a s s  s p e c t r o m e t r y  ( G C - M S ) .  T h e  i o n s  o f  

m / z  in  n e g a t i v e  m o d e  o f  a - M E S  w e r e  a n a l y z e d  b y  E l e c t r o s p r a y  I o n i z a t i o n  M a s s  

S p e c t r o m e t r y  ( E S I - M S ) .

4 .1 .1  C h a r a c t e r i z a t i o n  o f  P a l m  O i l  M e t h y l  E s t e r

T h e  I n f r a r e d  s p e c t r u m - o f  p a l m  o i l  m e t h y l  e s t e r  w a s  i n v e s t i g a t e d .  I R  

s p e c t r u m  i s  p l o t t e d  i n  F i g u r e  4 .1 .  T h e  I R  s p e c t r u m  s h o w s  t h e  ty p i c a l  f r e q u e n c i e s  o f  

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

e s t e r ,  t h e  h i g h  i n t e n s i t y  o f  - C - 0  a n d  - C = 0  b a n d  o f  e s t e r  a p p e a r s  a t  1 ,1 7 0  a n d  1 ,7 4 2  

c m '1, r e s p e c t i v e l y .  M o r e o v e r ,  - C H 2- s y m m e t r i c  a n d  a s y m m e t r i c  s t r e t c h i n g  

f r e q u e n c i e s  o f  l i n e a r  a l k a n e  s h o w  t w o  p e a k  r a n g i n g  f r o m  2 ,8 5 2  t o  2 ,9 2 9  c m '1, w h i l e  

- C H 2-  b e n d i n g  f r e q u e n c y  a p p e a r s  a t  1 ,4 6 0  c m ' 1 ( I m a h a r a  et a l ,  2 0 0 8 ) .
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Figure 4 .1  I n f r a r e d  s p e c t r u m  o f  p a l m  o i l  m e t h y l  e s t e r  ( M E ) .

G a s  c h r o m a t o g r a p h i c - m a s s  s p e c t r o m e t r y  ( G C - M S )  w a s  u s e d  to  f i n d  

t h e  c a r b o n  d i s t r i b u t i o n  o f  p a l m  o i l  m e t h y l  e s t e r  a s  s h o w n  in  F i g u r e  4.2. T h e  

d i s t r i b u t i o n  a n d  c o m p o s i t i o n  o f  e a c h  c o m p o n e n t  a r e  c o n c l u d e d  in  T a b l e  4.1. M e t h y l  

e s t e r  u s e d  in  t h i s  e x p e r i m e n t  c o n s i s t s  o f  36.0 %  C l 6 a n d  64.0 %  C l  8.

Figure 4 .2  T o t a l  i o n  c h r o m a t o g r a m  ( T I C )  o f  p a l m  o i l  m e t h y l  e s t e r .
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Table 4.1 F a t ty  a c i d  c o m p o s i t i o n  in  p a l m  o i l  m e t h y l  e s t e r

F a t t y  a c i d F o r m u l a
M o l e c u l a r

w e i g h t
A r e a  

( %  m o l )
P a l m i t i c  a c i d  m e t h y l  e s t e r C 1 6 : 0 C 17H 34O 2 2 7 0 3 6 .0
O c t a d e c e n o i c  a c i d  m e t h y l  e s t e r C 1 8 : l C 19H 36O 2 2 9 6 4 5 .4
L i n o l e i c  a c i d  m e th y l  e s t e r C l  8 :2 C 19H 34O 2 2 9 4 0 .5
S t e a r i c  a c i d  m e th y l  e s t e r C l  8 :3 C 19H 38O 2 2 9 8 1 8 .1

4 .1 .2  C h a r a c t e r i z a t i o n  o f  A l p h a  M e t h y l  E s t e r  S u l f o n a t e s  C 1 6  a n d  18

- c m -  o  £  I  ^ I  ^ I
-OH Stretching Ù  บ ั เ  o |  ๐  J .

Figure 4 .3  I n f r a r e d  s p e c t r a  o f  ( a )  a - M E S  C 1 6  a n d  ( b )  a - M E S  C l  8 .

T h e  I R  s p e c t r a  o f  a - M E S  C 1 6  a n d  18  a r e  s h o w n  i n  F i g u r e  4 .3  a n d  

c o n c l u d e d  in  T a b l e  4 .2 .  T h e  b o a r d  I R  p e a k  o f  h y d r o x y l  g r o u p  r e s u l t s  f r o m  w a t e r  

p r e s e n t i n g  a t  3 ,4 2 9  c m '1. S t r o n g  p e a k s  a r o u n d  2 , 8 5 0 - 2 , 9 3 0  c m "1 c o r r e s p o n d s  to  C H 2-  

s y m m e t r i c  a n d  a s y m m e t r i c  s t r e t c h i n g  f r e q u e n c i e s .  T h e  b a n d s  a t  1 ,0 4 6  a n d  1 ,2 1 0  c m ' 1
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i n d i c a t e  t h e  p r e s e n c e  o f  s u l f o n a t e  s y m m e t r i c  a n d  a s y m m e t r i c  s t r e t c h i n g  f r e q u e n c i e s ,  

r e s p e c t i v e l y  ( C o h e n  et al. , 1 9 9 8 ,  E l r a i e s  et a l . , 2 0 1 0 ) .

T h e  E S I - M S  f i n g e r p r i n t s  o f  a - M E S  C l 6  a n d  18  o b s e r v e d  in  t h e  

n e g a t i v e  m o d e  f i n g e r p r i n t s  a r e  s h o w n  i n  F i g u r e  4 .4  a n d  4 .5 ,  r e s p e c t i v e l y .  F o r  t h e  

f i n g e r p r i n t s  o f  a - M E S  C l 6 , t h e  io n  o f  m / z  3 4 9  i s  o b v i o u s l y  a p p e a r e d ,  w h e r e a s  a -  

M E S  C l  8  s h o w s  t h e  io n s  o f  m / z  3 7 7  w h i c h  i s  t h e  m o s t  i n t e n s e  in  t h e  s a m p l e .

T a b l e  4 .2  T h e  m a i n  I R  p e a k s  a n d  t h e  c o r r e s p o n d i n g  f u n c t i o n a l  g r o u p s  o f  a - M E S  

C l -6  a n d  18

P e a k  ( c m '1) F u n c t i o n a l  g r o u p s

3 ,4 2 9 O i  l s t r e t c h i n g  f r e q u e n c y

1 ,7 2 5 - C = 0  s t r e t c h i n g  f r e q u e n c y  o f  e s t e r

2 , 8 5 0 - 2 , 9 3 0 C F I2- s y m m e t r i c  a n d  a s y m m e t r i c  s t r e t c h i n g  f r e q u e n c y

1 ,4 6 7 C H 2- b e n d i n g  f r e q u e n c y
1 , 2 1 0 S O 3 a s y m m e t r i c  s t r e t c h i n g  f r e q u e n c y

1 ,0 4 6 S O 3 s y m m e t r i c  s t r e t c h i n g  f r e q u e n c y  in  R - S O 3

Figure 4 .4  E S I - M S  f i n g e r p r i n t s  o f  a - M E S  C l  6 .
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Figure 4 .5  E S I - M S  f i n g e r p r i n t s  o f  a - M E S  C l 8 .

4.2 Effect of Different Reactants and Initiators

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

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

T h e r e  a r e  f o u r  s y s t e m s  a s  f o l l o w s :  U V /02, O3/O2, U V /O 3/O 2, a n d  U V /O 3 . I n  t h i s  c a s e ,  

f l o w  r a t e  o f  S O 2 a n d  O 2 w e r e  f i x e d  a t  1 0 0  m l / m i n ,  w h e r e a s  O 3 w a s  a t  0 .5  1 /m in  

( T a b l e  4 .3 ) .  T h e  r e a c t i o n  w a s  p e r f o r m e d  a t  4 0  ๐c  u n d e r  a t m o s p h e r i c  p r e s s u r e  f o r  4  

h o u r s .

Table 4.3 E x p e r i m e n t a l  d e s i g n  f o r  s t u d y i n g  t h e  e f f e c t  o f  d i f f e r e n t  r e a c t a n t s  a n d  
i n i t i a t o r s

System
Experimental Set :--\v V <*^: V.

AbbreviationInitiator Reactant Reaction 
time (hr)u v (1/min) SO2(ml/min) o2

(ml/min)
1 Y E S 0 1 0 0 1 0 0 4 U V / O 2
2 N O 0 .5 1 0 0 1 0 0 4 O 3/ O 2
3 Y E S 0 .5 1 0 0 1 0 0 4 U V / O 3/ O 2
4 Y E S 0 .5 1 0 0 0 4 U V / O 3
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4 .2 .1  C o n v e r s i o n  C a l c u l a t i o n

A f t e r  a n  u p p e r  l a y e r  i n  a  s e p a r a t o r y  f u n n e l  w a s  t r a n s f e r r e d  to  a  r o t a r y  

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

e s t e r  w a s  w e i g h e d  to  c a l c u l a t e  c o n v e r s i o n .  C o n v e r s i o n  p e r c e n t a g e s  a r e  r e p o r t e d  in  

T a b l e  4 .4 .  T h e  f i r s t  a n d  s e c o n d  s y s t e m s  w e r e  s t u d i e d  s o  a s  to  i n v e s t i g a t e  t h e  e f f e c t  o f  

d i f f e r e n t  i n i t i a t o r s ,  u v  l i g h t  a n d  O 3 a r e  i n d i v i d u a l l y  u s e d  a s  a n  i n i t i a t o r  f o r  t h e  f i r s t  

a n d  s e c o n d  s y s t e m s ,  r e s p e c t i v e l y .  T h e  c o n v e r s i o n  o f  t h e s e  t w o  s y s t e m s  is  7 .5  % พ / พ  

a n d  6 .9  % พ / พ ,  w h ic h  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  H o w e v e r ,  w h e n  u v  l i g h t  a n d  O 3 

a r e  u s e d ' t o g e t h e r  in  t h e  t h i r d  s y s t e m ,  c o n v e r s i o n  i n c r e a s e s  u p  t o  a p p r o x i m a t e l y

1 3 .5  % w / w ,  w h i c h  is  i m p r o v e d  b y  6 .0  % พ / พ  a n d  6 . 6  % พ / พ  f o r  t h e  f i r s t  a n d  s e c o n d  

s y s t e m s ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  t h e  e f f e c t  o f  t h e  p r e s e n c e  o f  <ว2 w a s  s t u d i e d  in  t h e  

t h i r d  a n d  f o u r t h  s y s t e m s .  I t  e a n  b e  n o t i c e d  t h a t  w h e n  O 2 i s  n o t  f e d  i n t o  t h e  s y s t e m ,  

c o n v e r s i o n  d r a m a t i c a l l y  d r o p s  f r o m  1 3 .5  % พ / พ  t o  3 .6  % พ /พ .  T h i s  c a n  b e  c o n c l u d e d  

t h a t  o x y g e n  p l a y s  a n  i m p o r t a n t  r o l e  in  g e n e r a t i n g  s u l f o n a t e  g r o u p s .  A c c o r d i n g  to  E q .  

2 .1 4 ,  O 2 c o l l i d e s  w i th  R S O 2' i n  o r d e r  t o  f o r m  R S C b O O ',  w h i c h  f u r t h e r  r e a c t  a n d  

b e c o m e  R S O 3H  a s  a  d e s i r e d  p r o d u c t  ( R a m a k r i s h n a n ,  2 0 0 6 ) .  T h e r e f o r e ,  O 2 i s  o n e  o f  

t h e  m a i n  f a c t o r s  f o r  s y n t h e s i z i n g  M E S .

T a b l e  4 .4  C o n v e r s i o n  o f  e a c h  s y s t e m

Systems Conversion (%w/w)
1 U V / O 2 7 .5
2 O 3/ O 2 6 .9
3 U V / O 3/ O 2 1 3 .5
4 U V / O 3 3 .6

4 . 2 .2  C h a r a c t e r i z a t i o n  o f  P r o d u c t s

4.2.2.1 F ourier Transform  In frared  Spectroscopy
W h e n  r e a c t i o n  w a s  d o n e ,  p r o d u c t  o u t l e t s  w e r e  m i x e d  w i t h  

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

u n r e a c t e d  m e t h y l  e s t e r  in  a n  u p p e r  p h a s e .  U n r e a c t e d  m e th y l  e s t e r  o f  a l l  s y s t e m s  w a s  

i n v e s t i g a t e d  b y  F T - I R  i n  o r d e r  to  c o m p a r e  w i t h  p a l m  o i l  m e th y l  e s t e r .
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F r o m  F i g u r e  4 .6 ,  t h e  s p e c t r a  o f  u n r e a c t e d  m e th y l  e s t e r  f r o m  

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

H o w e v e r ,  i t  c a n  b e  c l e a r l y  s e e n  t h a t  t h e r e  a r e  t w o  s e p a r a t e d  p e a k s  a t - 1 ,7 0 0  -  1 ,7 2 5  

c m ' 1 i n  u n r e a c t e d  m e t h y l  e s t e r .  T h e  f i r s t  p e a k  a t - 1 ,7 2 5  c m ' 1 r e f e r s  t o  a  c a r b o n y l  

g r o u p  o f  e s t e r ,  w h e r e a s  t h e  o t h e r  a t - 1 ,7 1 0  c m ' 1 r e p r e s e n t s  a  c a r b o n y l  o f  s a t u r a t e d  

c a r b o x y l i c  a c i d s  ( A m o m s i t  et a l ,  1 9 9 1 ) .  I n  a d d i t i o n ,  t h e  l o w  a n d  b r o a d  b a n d  a r o u n d  

2 ,5 0 0  -  3 , 5 0 0  c m '1, w h i c h  o v e r l a p  w i t h  t h e  C - H  r e g i o n ,  r e p r e s e n t s  O - H  s i n g l e  b o n d  

s t r e t c h i n g  b a n d  o f  c a r b o x y l i c  a c i d  ( S o d e r b e r g ,  2 0 1 4 ) .  T h e  c a u s e  o f  c a r b o x y l i c  a c i d  

m a y  b e  d u e  t o  m e th y l  e s t e r  g r o u p s  a r e  h y d r o l y z e d  b y  w a t e r  to  b e c o m e  c a r b o x y l i c  

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

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

c a t a l y s t  a s  s h o w n  in  E q .  4 .1  ( P r a t e e p c h a i k u l  et a l ,  2 0 0 7 ) .  A s  a  r e s u l t ,  u n r e a c t e d  

m e t h y l  e s t e r  c a n  b e  r e u s e d .

H +
R C O O H  +  C H 3O H  . . -  R C 0 0 C H 3 +  H 20  E q .  4 .1

R e g a r d i n g  t h e  a q u e o u s  p h a s e ,  a f t e r  s e p a r a t i o n  a n d  

p u r i f i c a t i o n  s t e p s ,  l i q u i d  s a m p l e s  w e r e  n e u t r a l i z e d  w i t h  3 0  % พ / พ  N a O H  a n d  w e r e  

t e s t e d  b y  F T - I R .  F i g u r e  4 .7  s h o w s  t h e  I R  s p e c t r a  o f  a - M E S  C l 8  c o m p a r e d  to  t h o s e  

o f  s y n t h e s i z e d  M E S  f r o m  f o u r  s y s t e m s .  I t  i s  f o u n d  t h a t  a l l  s y n t h e s i z e d  M E S  s a m p l e s  

s h o w  t h e  s a m e  f r e q u e n c i e s  a s  a - M E S  C l 8 , w h i c h  a r e  3 ,4 5 6  c m ' 1 ( O H  s t r e t c h i n g ) ,  

2 , 8 5 9 - 2 , 9 2 8  c m 2 1 ( - C P I 2-  s y m m e t r i c  a n d  a s y m m e t r i c  s t r e t c h i n g ) ,  1 ,7 4 2  c m ’ 1 ( - C = 0  

s t r e t c h i n g  o f  e s t e r ) ,  1 ,4 5 7  c m ' 1 ( - C H 2-  b e n d i n g ) ,  1 ,2 0 0  c m ' 1 (S O 3  a s y m m e t r i c  

s t r e t c h i n g ) ,  a n d  1 ,0 4 0  c m ' 1 (S O 3  s y m m e t r i c  s t r e t c h i n g  i n  R -S O 3 ). T h i s  c a n  b e  u s e d  to  

c o n f i r m  t h a t  M E S  p r o d u c t s  a r e  s u c c e s s f u l l y  s u l f o n a t e d  v i a  th e  s u l f o x i d a t i o n  r e a c t i o n .
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0  <y
II tso  พ

W a v e n u m b e r s  ( c m - 1 )

F i g u r e  4 .6  In f r a r e d  s p e c t r a  o f  a )  M E  c o m p a r e d  to  u n r e a c te d  M E  f ro m  d i f f e r e n t  s y s te m s  

b )  U V / 0 2 c )  0 3/ 0 2 d )  U V / O 3/ O 2 e )  U V / O 3 .
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F i g u r e  4 .7  In f r a r e d  s p e c tru m  o f  a )  a lp h a  M E S  C l 8 c o m p a r e d  to  n e u tr a l iz e d  M E S  f ro m  

d i f f e r e n t  s y s te m s  b ) U V /O 2  c )  O 3 /O 2  d )  U V /O 3 /O 2  e )  U V /O 3 .
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4.2.2.2 G as C hrom atography-M ass Spectrom etry
G C - M S  w a s  u s e d  t o  c a r r y  o u t  t h e  r e l a t i v e  s u l f o n a t a b i l i t y  o f  

d i f f e r e n t  h o m o l o g s  ( C l 6  a n d  C l 8 ) . A s  m e n t i o n  b e f o r e ,  s t a r t i n g  m e t h y l  e s t e r  c o n s i s t s  

o f  C 1 6  a n d  C l  8 . W h e n  m e th y l  e s t e r  w a s  s u l f o x i d i z e d ,  t h e  c o m p o s i t i o n  o f  u n r e a c t e d  

m e th y l  e s t e r  w a s  c h a n g e d  a s  s h o w n  in  T a b l e  4 .5 .  T h e  r e s u l t s  s h o w  t h a t  a  s m a l l  

a m o u n t  o f  C l 2  a n d  C l 4  m e th y l  e s t e r  i s  o c c u r r e d  a f t e r  t h e  r e a c t i o n  is  f i n i s h e d .  T h e  

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

f i r s t  r e a s o n  i s  d u e  to  o z o n o l y s i s  a t  d o u b l e  b o n d s  o f  m e th y l  e s t e r  ( S o r i a n o  J r  et a l ,
2 0 0 3 ) .  T h e  s e c o n d  r e a s o n  is  p h o t o l y s i s ,  w h i c h  i s  a  c h e m i c a l  p r o c e s s  t h a t  m o l e c u l e  

a r e  b r o k e n  d o w n  i n t o  s m a l l e r  u n i t s  t h r o u g h  t h e  a b s o r p t i o n  o f  l ig h t .  I n  t h i s  c a s e ,  u v  
c a r r i e s  e n o u g h  e n e r g y  t o  b r e a k  c a r b o n - c a r b o n  b o n d s  s in c e  u v c  a t  w a v e l e n g t h  o f

2 5 3 .7  n m  c o n t a i n s  a b o u t  4 .9  e V  ( H a v i n g a ,  1 9 9 1 ) ,  w h i c h  i s  h i g h e r  t h a n  t h e  e n e r g y  o f  

a  c a r b o n - c a r b o n  b o n d  ( 3 .6  e V )  ( L u o ,  2 0 0 2 ) .  A s  a  c o n s e q u e n c e ,  u v  c a n  d e c o m p o s e  

t h i s  s i n g l e  c a r b o n - c a r b o n  b o n d  to  b e c o m e  s h o r t e r  c a r b o n  c h a i n .  I n  a d d i t i o n ,  i t  c a n  b e  

s e e n  t h a t  t h e  r e l a t i v e  c o n t e n t  o f  C l  8  s t a r t i n g  M E  i s  l e s s  t h a n  t h a t  o f  C l 8  u n r e a c t e d  

M E  in  a l l  s y s t e m s  (1 - 4 ) .  O n  t h e  o t h e r  h a n d ,  t h e  r e l a t i v e  c o n t e n t  o f  C l 6  u n r e a c t e d  

M E  f o r  a l l  s y s t e m s  i n c r e a s e s  c o m p a r e d  t o  t h a t  o f  c  16 s t a r t i n g  M E .  I t  m e a n s  t h a t  t h e  

s u l f o n a t a b i l i t y  o f  t h e  C l  8  M E  i s  h i g h e r  t h a n  t h a t  o f  C 1 6  M E .  T h i s  i s  b e c a u s e  C l 8  

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

r e a c t a n t s  ( S O 2 , O 2 , a n d  O 3 ) t o  c o l l i d e  w i t h  c a r b o n  c h a i n  ( C o h e n  et a l ,  2 0 0 6 ) .

Table 4.5 S u l f o n a t a b i l i t y  o f  m e th y l  e s t e r  a n d  u n r e a c t e d  m e t h y l  e s t e r

Carbon 
Chain 

Length of 
Methyl ester

Starting 
M ethyl 
Ester 

(% mol)

: . 1 ..บ . น . ' ' ' * ’ m -ifr k
Unreacted Methyl ester 
of each System (%mol)

1 ) u v /o 2
1 ij!& A. y* ^

2) O3/O 2 3) UV/O3/O2 4) u v /o ,
C12 0.0 0.5 1.1 1.2 3.3
C14 0.0 4.6 7.0 8.0 11.8
C16 36.0 * 46.8 45.1 43.0 48.7
C18 64.0 48.1 46.8 47.8 36.1
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4.2.2.3 E lectrospray Ion iza tion  M ass Spectrom etry
M E S  p r o d u c t s  w e r e  a n a l y z e d  b y  d i r e c t  i n f u s i o n  n e g a t i v e  i o n  

m o d e  e l e c t r o s p r a y  i o n i z a t i o n  m a s s  s p e c t r o m e t r y  ( E S I - M S ) .  A l l  f i n g e r p r i n t s  ( F i g u r e

4 . 9  ( a  -  d ) )  d i s p l a y  io n s  o f  m / z  3 6 1 ,  3 7 9 ,  3 9 3 ,  4 4 3 ,  4 5 9 ,  4 7 3 ,  a n d  4 9 1  w i t h  v a r i o u s  

i n t e n s i t i e s .  T h e  i o n s  o f  m / z  3 6 1 ,  3 7 9 ,  a n d  3 9 3  r e p r e s e n t  m o n o s u l f o n a t e s  o f  C l 8 , 

w h e r e a s  4 4 3 ,  4 5 9 ,  4 7 3 ,  a n d  4 9 1  r e f e r  t o  d i s u l f o n a t e s  o f  C l 8 . A c c o r d i n g  to  t h e  

s u f o x i d a t i o n  m e c h a n i s m  in  E q  2 .1 1 - 2 . 1 0 ,  t h e r e  a r e  m a n y  i n t e r m e d i a t e s  h a p p e n i n g  

d u r i n g  t h e  r e a c t i o n ,  s u c h  a s  R S O 2', R S C > 3 ', a n d  R S O 4 '. I t  c a n  b e  n o t e d  t h a t  t h e  t h r e e  

l a r g e  p e a k s  a t  3 6 1 ,  3 7 9 ,  a n d  3 9 3  m a s s  u n i t s  c o r r e s p o n d  t o  m o n o s u l f o n a t e s  in  t h e  

f o r m s  o f  R S O 2H ,  R S O 3H ,  a n d  R S O 4H ,  r e s p e c t i v e l y .  F u r t h e r m o r e ,  t h e  f o u r  p e a k s  

h a v i n g  t h e  m a s s e s  4 4 3 ,  4 5 9 ,  4 7 3 ,  a n d  4 9 1  r e p r e s e n t  d i s u l f o n a t e s .  T h e  f i r s t  p e a k  a t  

4 4 3  r e f e r s  t o  C l 8  h a v i n g  - S O 2H  a n d  - S O 3H . T h e  s e c o n d  p e a k  a t  4 5 9  r e f e r s  t o  C l 8 

h a v i n g  t w o  g r o u p s  o f  - S O 3H . T h e  t h i r d  p e a k  a t  4 7 3  r e f e r s  t o  C l 8  h a v i n g  - S O 3H  a n d  - 

S O 4H . F i n a l l y ,  t h e  m a s s  a t  4 9 1  r e f e r s  t o  C l  8  h a v in g  t w o  g r o u p s  o f  - S O 4H . F i g u r e

4 .8  s h o w s  t h e  p o s s i b l e  s t r u c t u r e  o f  m o n o -  a n d  d i s u l f o n a t e s  p r e s e n t i n g  in  M E S  

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

s u l f o n a t e d  s p e c i e s .  T h e r e f o r e ,  t h e  E S I  r e s u l t s  o n l y  i n d i c a t e  t h a t  t h e r e  a r e  b o t h  m o n o -  

a n d  d i s u l f o n a t e s  in  M E S  p r o d u c t s .

F i g u r e  4 .8  T h e  p o s s i b l e  s t r u c t u r e  o f  m o n o -  a n d  d i s u l f o n a t e s  i n  M E S  p r o d u c t s .



D i s u l f u n a t e s
< ---------------------------------------------- >

F i g u r e  4 .9  E S I - M S  f i n g e r p r i n t s  in  t h e  n e g a t i v e  i o n  m o d e  o f  a )  U V /O 2  b )  O 3 /O 2  c )  U V /O 3 /O 2  d )  U V /O 3 .
tsj
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4.3 Effect of Reaction Time

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

t im e .  A c c o r d i n g  to  s e c t i o n  4.2, w h e n  b o t h  u v  a n d  O 3 w e r e  u s e d  a s  a n  i n i t i a t o r ,  it  

p r o v i d e s  t h e  h i g h e s t  c o n v e r s i o n  c o m p a r e d  to  u s i n g  i n d i v i d u a l  u v  o r  O 3. T h u s ,  t h e  

U V /O 3 /O 2  s y s t e m  w a s  u s e d  t o  s t u d y  t h e  e f f e c t  o f  r e a c t i o n  t i m e .  R e a c t i o n  t i m e  w a s  1, 

2, 4, a n d  6 h o u r s .  T h e  f l o w  r a t e s  o f  S O 2  a n d  O 2 w e r e  f i x e d  a t  100 m l / m i n ,  w h e r e a s  

t h a t  o f  O 3 w a s  a t  0.5 1 /m in . T h e  r e a c t i o n  w a s  p e r f o r m e d  a t  40 °c. T h e  e x p e r i m e n t  

d e s i g n  a n d  c o n d i t i o n s  f o r  s t u d y i n g  t h e  e f f e c t  o f  r e a c t i o n  is  s h o w n  in  T a b l e  4.6.

Table 4.6 E x p e r i m e n t a l  d e s ig n  f o r  s t u d y i n g  t h e  e f f e c t  o f  r e a c t i o n  t im e

%  ะ '

System
■ V-' ■

Experimental Set
Initiator Reactant é :

Reaction 
time (hr)

r  • 1 - Abbreviation
UV O 3

(1/min)
S O 2

(ml/min) ๐ 2(ml/min)
5 Y E S 0 .5 1 0 0 1 0 0 1 I U V / O 3/ O 2
6 Y E S 0 .5 1 0 0 1 0 0 2 2 U V / O 3/ O 2
7 Y E S 0 .5 1 0 0 1 0 0 4 4 U V / O 3/ O 2
8 Y E S 0 .5 1 0 0 1 0 0 6 6 U V / O 3/ O 2

4 .3 .1  C o n v e r s i o n  C a l c u l a t i o n

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

r e p o r t e d  in  T a b l e  4 .7 .  A s  e x p e c t e d ,  c o n v e r s i o n  a n d  t h e  w e i g h t  o f  t o t a l  p r o d u c t s  

i n c r e a s e  w i t h  r e a c t i o n  t im e .  C o n v e r s i o n  is  a p p r o x i m a t e l y  4 .7 ,  1 0 .2 ,  1 3 .5 ,  a n d

1 4 .7  % w t  f o r  1, 2 ,  4 ,  a n d  6  h o u r s ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  t h e  t o t a l  M E S  p r o d u c t s  

f o r  1, 2 ,  4 ,  a n d  6  h o u r s  a r e  a b o u t  5 .9 ,  1 3 .0 ,  1 7 .5 ,  a n d  2 0 .8  g ,  r e s p e c t i v e l y ,  w h e n  u s i n g  

1 7 2  g  ( 2 0 0  m l )  o f  m e t h y l  e s t e r  i n  e a c h  b a t c h .
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Table 4.7 C o n v e r s i o n  a n d  w e i g h t  o f  t o t a l  p r o d u c t s  a t  1, 2 ,  4 ,  a n d  6  h r s

System Reaction 
Time (hr)

Conversion Total products
( % w / w )  ( g )

I U V / O 3/ O 2 1 4 .7 5 .9
2 U V / O 3/ O 2 2 1 0 . 2 1 3 .0
4 U V / O 3/ O 2 4 1 3 .5 1 7 .5
6 U V / O 3/ O 2 6 1 4 .7 2 0 . 8

4 .3 .2  S e l e c t i v i t y  C a l c u l a t i o n

F o r  s e l e c t i v i t y  c a l c u l a t i o n ,  H P L C - U V  w a s  u s e d  to  c a l c u l a t e  p e a k  

a r e a s  o f  m o n o -  a n d  d i s u l f o n a t e s .  In  t h i s  s tu d y ,  s e l e c t i v i t y  i s  t h e  r a t i o  o f  

m o n o s u l f o n a t e s  t o  d i s u l f o n a t e s .  F i g u r e  4 . 1 0  s h o w s  c h r o m a t o g r a m  o f  a - M E S  C l 8 , 

w h i c h  p r e s e n t s  o n e  i n t e n s e  p e a k  a t  5 .4  m i n .  H P L C  c h r o m a t o g r a m s  o f  t h e  U V / O 3/ O 2 

s y s t e m  a t  d i f f e r e n t  r e a c t i o n  t i m e  a r e  s h o w n  i n  F i g u r e  4 .1 0  -  4 .1 4 .  E S I - M S  

f i n g e r p r i n t s  ( F i g u r e  4 .1 5  a n d  4 . 1 6 )  a r e  u s e d  t o  i d e n t i f y  t h a t  t h e  f i r s t  p e a k  a t - 4 .7  m i n  

r e p r e s e n t s  d i s u l f o n a t e s  a n d  t h e  s e c o n d  p e a k  a t - 5 .7  -  6 .1  m i n  r e f e r s  t o

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

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

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

t i m e  a s  r e p o r t e d  in  T a b l e  4 .8  a n d  p lo t t e d  i n  F i g u r e  4 . 1 7 .  T h e  s e l e c t i v i t y  o f  e a c h  

s y s t e m  i s  r o u g h l y  1 1 .7 ,  1 0 .9 ,  7 .9 ,  a n d  5 .3  f o r  1 , 2 ,  4 ,  a n d  6  h o u r s ,  r e s p e c t i v e l y .

Table 4.8 P e r c e n t  c o m p o s i t i o n  o f  s u l f o n a t e s  a n d  s e l e c t i v i t y  a t  1 , 2 ,  4 ,  a n d  6  h r s

System Reaction 
Time (hr)

% Di 
sulfonates

%Mono
sulfonates

Selectivity
I U V / O 3/ O 2 1 7 .9 9 2 .1 1 1 .7
2 U V / O 3/ O 2 2 8 .4 9 1 .6 1 0 .9
4 U V / O 3/ O 2 4 1 1 .3 8 8 .7 7 .9
6 U V / O 3/ O 2 6 1 6 .0 8 4 .0 5 .3
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Figure 4.10 Liquid Chromatogram of a-MES C l8 solution.
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Figure 4.11 Liquid Chromatogram of MES solution of 1UV/O3/O2 at 30 °c.
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Figure 4.12 Liquid Chromatogram of MES solution of 2 UV/O3/O2 at 30 °c.
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Figure 4.13 Liquid Chromatogram of MES solution of 4 UV/O3/O2 at 30 ๐c .
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Figure 4.14 L i q u i d  C h r o m a t o g r a m  o f  M E S  s o l u t i o n  o f  6 U V / O 3/ O 2 a t  3 0  ๐c .
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Figure 4.15 ESI-MS fingerprints of 4 UV/O3/O 2 at ~ 4.7 min.
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Figure 4.16 ESI-MS fingerprints of 4 UV/0 3 /0 2 at ~5.7 min.
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