
RESULTS AND DISCUSSION
C H A P T E R  IV

4.1 Synthesis of 1,2-O-Isopropylidene Glycerol

4.1.1 Protection Reaction

In  th i s  w o rk ,  th e  p r o te c t io n  r e a c t io n  o r  a c é to n a t io n  w a s  o b ta in e d  b y  
r e a c t in g  g ly c e r o l  w i th  a c e to n e .  T h e  / 7- to lu e n e s u l f o n ic  a c id  w a s  u s e d  a s  a  c a ta ly s t .  T o  
m o n i to r  g ly c e r o l  c o n v e r s io n  a n d  /1 ,2 - O - is o p r o p y l id e n e  g ly c e r o l  f o r m a t io n ,  th e  
p r o d u c t s  f ro m  th e  r e a c t io n  w e r e  a n a ly z e d  b y  u s in g  G a s  C h r o m a to g r a p h y  ( G C ) .  T h e  
e x a m p le  o f  G C  c h r o m a to g r a m  a r e  s h o w n  in  F ig u r e  4 .1 .

Figure 4.1 G C  c h r o m a to g r a m  o f  p r o te c t io n  o f  g ly c e r o l :  (a )  a t  6  h  r e a c t io n  t im e  
a n d  (b )  a t  16 h  r e a c t io n  t im e .
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A s  s h o w n  in  F ig u r e  4 .1 ,  it  c a n  b e  o b s e r v e d  th a t  th e  y ie ld  o f  p r o te c te d  
g ly c e r o l  ( 1 ,2 - O - i s o p r o p y l id e n e  g ly c e r o l )  w a s  in c r e a s e d  w i th  r e a c t io n  t im e . T h e  
s y n th e s i s  o f  1 ,2 - O - is o p ro p y l id e n e  g ly c e r o l  w a s  a d a p te d  f ro m  th e  w o rk  b y  Y u  a n d  
c o w o r k e r s  ( 2 0 0 3 ) .  B u t ,  in  th is  w o r k  o n ly  tw o  a d ja c e n t  h y d r o x y  g r o u p s  o n  g ly c e r o l  
w e r e  p r o te c te d  w i th o u t  u s in g  c h lo r o f o r m  a s  s o lv e n t  a n d  r e a c t io n  t im e  w a s  e x te n d e d  
f ro m  6  h  to  16 h . T h e  r e la t io n  b e tw e e n  th e  r e a c t io n  t im e  a n d  g ly c e r o l  c o n v e r s io n  
w a s  s u m m a r iz e d  in  F ig u r e  4 .2 . I t  c a n  b e  s e e n  th a t ,  a t  1 6  h  r e a c t io n ,  t im e  th e  
c o n v e r s io n  o f  g ly c e r o l  is  8 2 .4 % .

Figure 4 .2  P ro f i le  o f  th e  g ly c e r o l  c o n v e r s io n  in  th e  p r o t e c t io n  o f  g ly c e r o l  a s  a  
f u n c t io n  o f  t im e .  T h e  r e a c t io n  m ix tu r e  w a s  r e f lu x e d  a t  8 0  °c, u s in g  g ly c e r o l  to  
a c e to n e  m a s s  r a t io  o f  5 :6  a n d  / 7- to lu e n e s u l f o n ic  a c id  a s  a  c a ta ly s t  u n d e r  3 0 0  r p m  
m a g n e t ic  a g i ta t io n .

T h e  r e a c t io n  s c h e m e  fo r  p r o te c te d  g ly c e r o l  f o r m a t io n  w a s  s h o w n  in  F ig u r e
4 .3 . It c a n  b e  o b s e r v e d  th a t  g ly c e r o l  is  n o t  c o m p le te ly  c o n v e r te d  to  1 ,2 -O -  
is o p r o p y l id e n e  g ly c e r o l  d u e  to  th e  e q u i l ib r iu m  l im i ta t io n .  I t  is  k n o w n  th a t  th e  
e q u l ib r iu m  c a n  b e  s h i f t e d  b y  r e m o v in g  o n e  o f  p r o d u c t s  o r  a d d in g  th e  o n e  o f
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r e a c ta n t s .  I n  th is  c a s e , w a te r  is  a  b y p r o d u c t  ( F ig u r e  4 .3 ) ,  th e r e f o r e ,  th e  r a te  o f  
r e a c t io n  a n d  c o n v e r s io n  s h o u ld  b e  im p ro v e d  b y  r e m o v in g  o f  w a te r  d u r in g  th e  
re a c t io n .

Glycerol Acetone 1,2-0-isopropvlidene glycerol Water

Figure 4 .3  S c h e m a t ic  o f  r e a c t io n  b e tw e e n  g ly c e r o l  a n d  a c e to n e  to  o b ta in  1 ,2 - 0 -  
i s o p r o p y l id e n e  g ly c e ro l .

4.1.2 Purification of 1,2-O-IsopropyIidene Glycerol
T h e  p r o d u c t  w a s  p u r i f i e d  b y  2  s te p s -d is t i l la t io n :  th e  f i r s t  d i s t i l l a t io n  h a d  

b e e n  d o n e  u n d e r  a tm o s p h e r ic  c o n d i t io n  to  r e m o v e  th e  e x c e s s  a c e to n e  a n d  th e n  
a n o th e r  d i s t i l l a t io n  h a d  b e e n  d o n e  u n d e r  v a c u u m  (1 0  m m H g )  c o n d i t io n .  A f te r  
d i s t i l la t io n ,  th e  p u r i ty  o f  th e  p r o d u c t  w a s  a n a ly z e d  b y  G C . T h e  g ly c e r o l ’s  p e a k  w a s  
d i s a p p e a r e d  a n d  o n ly  th e  p e a k  o f  1 ,2 - O - is o p ro p y l id e n e  g ly c e r o l  w a s  p r e s e n t .  T h e  
F T I R  s p e c t r a  o f  p u r i f i e d  1 ,2 - O - is o p ro p y l id e n e  g ly c e r o l  is  i l lu s t r a te d  in  F ig u r e  4 .4  
a n d  s u m m a r iz e d  in  T a b le  4 .1 .

Table 4.1 I R  s p e c t r a  o f  1 ,2 - O - is o p r o p y l id e n e  g ly c e r o l  f ro m  p r o te c t io n  s te p

Band Frequency range (cm 1)
•  O H  s t r e tc h in g 3400-3200
•  C H  s t r e tc h in g 3000-2800
•  C H  b e n d in g 1470-1350
• c o c  s t r e tc h in g 1250-1070
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Figure 4.4 IR  s p e c t r a  o f  1 ,2 - is o p ro p y I id e n e  g ly c e r o l :  ( a )  f ro m  th is  w o rk  a n d  (b )  
f ro m  G a r d a  a n d  c o w o r k e r  (2 0 0 8 ) .
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I R  s p e c t r a  p a t te r n  o f  1 ,2 - O - is o p r o p y l id e n e  g ly c e r o l  f r o m  p r o te c t io n  s te p  a s  
F ig u r e  4 .4 ( a ) ,  c o m p a r in g  to  F ig u r e  4 .4 (b ) ,  w h ic h  is  th e  IR  s p e c t r u m  o f  1 ,2 - 0 -  
i s o p r o p y l id e n e  g ly c e r o l  f r o m  G a r d a  a n d  c o w o r k e r s  ( 2 0 0 8 ) .  I t  c a n  b e  o b s e r v e d  th a t  
b o th  s p e c t r a  a r e  id e n t ic a l .

B e s id e s  IR  c h a r a c te r iz a t io n ,  th e  p u r i f i e d  p r o d u c t  f ro m  p r o te c t io n  s te p  w a s  
a ls o  id e n t i f i e d  b y  N u c le a r  M a g n e t ic  R e s o n a n c e  S p e c t r o s c o p y  ( N M R ) . T h e  c h e m ic a l  
s h i f t  o f  p u r i f i e d  1 ,2 - O - is o p r o p y l id e n e  g ly c e ro l ;  'H - N M R :  Ô =  1 .3 4 6  ( 3 H ) ,  1 .4 1 5  
( 3 H ) ,  3 .5 4 9  ( 1 H ) ,  3 .6 8 0  ( 1 H ) ,  3 .7 7 9  ( 1 H ) , 4 .0 2 6  ( 1 H ) ,  4 .2 1 3  ( 1 H )  a n d  4 .2 2 3  (1 H ) ; 
]3C - N M R : 8  =  2 5 .2 3 0 ,  2 6 .6 6 0 ,  6 2 .0 7 5 ,  7 6 .1 0 6  a n d  1 0 9 .3 9 1 . F r o m  I R  a n d  N M R  
r e s u l t s ,  i t  c a n  b e  c o n c lu d e d  th a t  th e  1 ,2 - O - is o p ro p y l id e n e  g ly c e r o l  s y n th e s i s  w a s  
s u c c e s s f u l .  I n d e e d , th e  r e a c t io n  o f  g ly c e r o l  w i th  a c e to n e  in  th e  p r e s e n c e  o f  a c id  
c a ta ly s t  s h o u ld  g iv e  th e  tw o  p o s s ib le  c y c l ic  k e ta ls ,  1 ,2 - O - is o p r o p y l id e n e  g ly c e r o l  a n d  
1 ,3 - d io x a n e  (a s  i l lu s t r a t e d  in  F ig u re  4 .5 ) .

a b
Figure 4.5 R e a c t io n  o f  g ly c e r o l  w i th  a c e to n e  in  th e  p r e s e n c e  o f  a c id  c a ta ly s t  
( M i l jk o v ic  e t.a l.,  2 0 0 9 ) .

H o w e v e r ,  f ro m  N M R  r e s u l t  r e v e a ls  th a t  1 ,3 - d io x a n e  f o r m a t io n  is  
in s ig n i f ic a n t .  T h e  r e a s o n  w h y  th e  f o r m a t io n  o f  1 ,3 - d io x a n e  is  n e g le c t e d  is  s ix -  
m e m b e r e d  O - i s o p r o p y l id e n e  k e ta l  is  d i s f a v o r a b le  b e c a u s e  o n e  m e th y l  g r o u p  m u s t  
ta k e  th e  a x ia l  o r ie n ta t io n  in  th e  c h a i r  c o n f o r m a t io n  o f  1 ,3 - d io x a n e  r in g  b  a n d  th is  
c o n f o r m a t io n  is  e v e n  le s s  f a v o r a b le  s in c e  th e  C - 0  b o n d s  a re  s h o r t e r  (1 .4 3  Â )  th a n  th e  
C -C  b o n d s  ( 1 .5 4  À ) .
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4.2.1 Effect of Molar Ratio of Protected Glycerol to Refined Palm Oil 
on Transesterification

T h e  p r o te c te d  g ly c e r o l  is  th e n  t r a n s e s t e r i f e d  w i th  r e f in e d  p a lm  o il. 
T h e  s c h e m a t ic  d i a g r a m  o f  th is  r e a c t io n  is  s h o w n  in  F ig u r e  4 .6 . T h e  t r a n s e s t e r i f ic a t io n  
w a s  p e r f o r m e d  b y  u s in g  s o d iu m  h y d r o x id e  a s  h o m o g e n e o u s  c a ta ly s t  a t  1 %  b y  w t. 

( b a s e d  o n  th e  p r o te c te d  g ly c e r o l ) .  T h e  r e a c t io n  w a s  c a r r ie d  o u t  a t  1 4 0  °c f o r  5 h  
u n d e r  n i t r o g e n  a tm o s p h e r e  a n d  3 0 0  r p m  m a g n e t ic  a g i ta t io n .  T o  in v e s t ig a t e  th e  e f f e c t  
o f  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o il  m o la r  r a t io  o n  p r o te c te d  m o n o g ly c e r id e  
f o r m a t io n ,  th e  m o la r  r a t io  w a s  v a r ie d  a t  5 : 1 ,7 : 1 ,  1 0 :1 , 1.3:1 a n d  1 7 :1 .

H, c  O*^
I , 2-O -îsopropyIidene glycerol

Triglycerides

Protected m onoglyceride

OOCR*

2-m onoglyceride

Figure 4.6 S c h e m a t ic  o f  t r a n s e s t e r i f ic a t io n  o f  r e f in e d  p a lm  o i l  w i th  p r o te c te d  
g ly c e r o l .

A f t e r  t r a n s e s t e r i f i c a t io n  w a s  te r m in a te d ,  th e  l iq u id  w a s  s e p a r a te d  in to  
tw o  p h a s e s .  T h e  u p p e r  p h a s e  is  o i l - s o lu b le  p h a s e  c o n s is t in g  o f  u n re a c te d  
t r ig ly c e r id e s ,  d ig ly c e r id e s  a n d  p r o te c te d  m o n o g ly c e r id e s ;  a n d  th e  lo w e r  p h a s e  is
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e x c e s s  u n r e a c t  p r o te c te d  g ly c e r o l  p h a s e .  T h e  t r a n s e s t e r i f i e d  p r o d u c t s  in  o i l - s o lu b le  
p h a s e  w e r e  a n a ly z e d  b o th  q u a l i ta t iv e ly  a n d  q u a n t i t a t iv e ly  b y  H P L C .
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Figure 4.7 E f f e c t  o f  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l  m a s s  r a t io  o n  p r o te c te d  
m o n o g ly c e r id e  f o r m a t io n .  T h e  r e a c t io n  w a s  c a r r ie d  o u t  a t  1 4 0  °c f o r  5 h  u n d e r  
n i t r o g e n  a tm o s p h e r e  a n d  3 0 0  r p m  m a g n e t ic  a g i ta t io n .

S u b s e q u e n t ly ,  th e  t r a n s e s t e r i f i e d  p r o d u c ts ,  w e r e  a n a ly z e d  b y  H P L C . 
A s  i l lu s t r a t e d  in  F ig u r e  4 .7 ,  th e  p r o te c te d  m o n o g ly c e r id e s  ( 1 ,2 - O - i s o p r o p y l id e n e  
m o n o g ly c e r id e s )  in c r e a s e d  w i th  th e  in c r e a s in g  m o la r  r a t io  o f  p r o te c te d  g ly c e r o l  to  
r e f in e d  p a lm  o il .  A t  th e  m o la r  r a t io  o f  5:1 a n d  7 :1 ,  th e  t r ig ly c e r id e s  c o n te n t s  in  o i l-  
s o lu b le  p h a s e  w e r e  s ti l l  h ig h  (6 0 .2  %  a n d  2 9 .9 %  r e s p e c t iv e ly ) .  M o r e o v e r ,  th e  
c o n v e r s io n  o f  t r ig ly c e r id e s  a t  r a t io  o f  5:1 a n d  7 :1 ,  a s  s h o w n  in  F ig u r e  4 .7 ,  w e r e  n o t  
c o m p le te ly  t r a n s e s t e r i f i e d  ( 3 9 .8 %  a n d  7 0 .1 % , r e s p e c t iv e ly ) .  O n  th e  o th e r  h a n d ,  i f  th e  
p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l  m o la r  r a t io  w a s  in c r e a s e d  to  1 0 :1 , 13 :1  a n d  
1 7 :1 , t r ig ly c e r id e s  w e r e  c o m p le te ly  c o n v e r te d  to  o th e r  e s te r s ,  a s  s u m m e r iz e d  in
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F ig u r e  4 .8 .  B e s id e s ,  th e  h ig h e r  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l  m o la r  r a t io ,  
p a r t i c u la r ly  1 0 :1 , 13:1 a n d  1 7 :1 , r e s u l te d  in  o th e r  e s te r  f o r m a t io n ,  th e  p r o te c te d  
m o n o g ly c e r id e s  c o n te n t  in c r e a s e d  ( 3 5 .1 % , 7 6 .3 %  a n d  8 2 .4 % , r e s p e c t iv e ly )  w h i le  th e  
m o n o g ly c e r id e s  d e c r e a s e d  (4 3 .0 % , 9 .6 %  a n d  6 .8 % , r e s p e c t iv e ly )  a s  w e l l  a s  
d ig ly c e r id e s  c o n te n t  d e c r e a s e d  (2 1 .8 % , 1 4 .2 %  a n d  1 0 .9 % , r e s p e c t iv e ly ) .  T h e  
e x p la in a t io n  f o r  th is  p h e n o m e n a  is  th a t  a t  lo w  r a t io  o f  p r o te c te d  g ly c e r o l  to  r e f in e d  
p a lm  o i l ,  th e  t r a n s e s t e r i f i e d  p r o d u c ts ,  c o n s is t in g  o f  p r o te c te d  m o n o g ly c e r id e ,  
m o n o g ly c e r id e s  a n d  d ig ly c e r id e s ,  w e r e  p r o d u c e d  f ro m  o n ly  r e a c t io n  b e tw e e n  
p r o te c te d  g ly c e r o l  a n d  t r ig ly c e r id e  s o  t r a n s e s t e r i f i e d  p r o d u c ts  f o r m a t io n s  in c r e a s e d  
w i th  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o il  m o la r  r a t io .  N e v e r th e le s s ,  a t  h ig h  m o la r  
r a t io  o f  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l ,  n o t  o n ly  th e  t r a n s e s t e r i f i c a t io n  
b e tw e e n  p r o te c te d  g ly c e r o l  a n d  t r ig ly c e r id e  w a s  in  th e  s y s te m  b u t  th e  
t r a n s e s t e r i f i c a t io n  b e tw e e n  p r o te c te d  g ly c e r o l  a n d  m o n o g ly c e r id e s  o r  d ig ly c e r id e s  
w e r e  in  th e  s y s te m  a ls o . H e n c e ,  a t  h ig h  r a t io  o f  p r o t e c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l ,  
th e  m o n o g ly c e r id e s  a n d  d ig ly c e r id e s  f o r m a t io n  d e c r e a s e d  s in c e  th e s e  f o r m e d  e s te r s  
w e r e  f u r th e r  t r a n s e s t e r i f i e d  to  p r o te c te d  m o n o g ly c e r id e .
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5:1 7:1 10:1 13:1 - 17:1
Protected glycerol to refined palm oil molar ratio

Figure 4.8 E f f e c t  o f  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l  m a s s  r a t io  o n  t r ig ly c e r id e s  
c o n v e r s io n .  T h e  r e a c t io n  w a s  c a r r ie d  o u t  a t  140 °c f o r  5 h  u n d e r  n i t r o g e n  a tm o s p h e r e  
a n d  300 r p m  m a g n e t ic  a g i ta t io n .

A s  a  r e s u l t ,  th e  p r o te c te d  m o n o g ly c e r id e s  c o n te n t  in c r e a s e d  w i th  
p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l  m o la r  r a t io  in c r e a s e d  b e c a u s e  th e  e x c e s s  
a m o u n t  o f  p r o te c te d  g ly c e r o l  le a d in g  to  a v o id  th e  o th e r  b y p r o d u c t  f o r m a t io n  s u c h  a s  
m o n o - ,  d ig ly c e r id e s  a n d  g ly c e r o l  a n d  p r o v id e  h ig h  c o n v e r s io n  o f  t r ig ly c e r id e s  a n d  
y i e ld  o f  p r o te c te d  m o n o g ly c e r id e s .  S to ic h io m e tr ic a l ly ,  a s  s h o w n  in  F ig u r e  4 .9 ,  f o r  
e v e r y  o n e  m o le  o f  t r ig ly c r e d ie s ,  it  r e q u i r e s  th r e e  m o le s  o f  p r o te c te d  g ly c e r o l  to  y ie ld  
th r e e  m o le s  o f  p r o te c te d  g ly c e r o l  a n d  o n e  m o le  o f  g ly c e r o l .
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1 ,2-O -isopropylidene g lycero l

T ri g lycerid es

Figure 4.9 S c h e m a tic  o f  r e a c t io n  o f  th e o r e c t ic a l  t r a n s e s t e r i f i c a t io n  o f  t r ig ly c e r id e s  
w i th  p r o te c te d  g ly c e r o l .

N e v e r th e le s s ,  th e  t r ig ly c e r id e s  m a y  n o t  to ta l ly  t r a n s e s t e r i f i e d  w i th  
p r o te c te d  g ly c e r o l  o r  th e  fo rm e d  g ly c e r o l  c a n  a ls o  r e a c t  r e s u l t in g  in  o th e r s  g ly c e r id e s  
s u c h  a s  m o n o g ly c e r id e s  a n d  d ig ly c e r id e s .  T h is  s h o u ld  b e  t a k e n  in to  a c c o u n t  th a t  th e  
c h e m ic a l  r e a c t io n  f o r  t r a n s e s t e r i f ic a t io n  r e p r e s e n te d  a s  F ig u r e  4 .9  is  a  s im p l i f ic a t io n ,  
s in c e  it  c o n s id e r s  th e  f o r m a t io n  o f  th e  p r e d o m in a n t  p r o te c te d  m o n o g ly c e r id e s  o n ly . 
T h u s ,  th e  h ig h  y ie ld  o f  p r o te c te d  m o n o g ly c e r id e s  c a n  b e  r e a c h e d  b y  u s in g  th e  e x c e s s  
a m o u n t  o f  p r o te c te d  g ly c e r o l  in  o r d e r  to  p r o v id e  h ig h  c o n v e r s io n  o f  t r ig ly c e r id e s  a n d  
y i e ld  o f  p r o te c te d  m o n o g ly c e r id e s .

4.2.2 The Effect of Reaction Temperature on Transestérification of 
Refined Palm Oil with Protected Glycerol

T o  s tu d y  th e  e f f e c t  o f  r e a c t io n  te m p e r a tu r e ,  th e  t r a n s e s t e r i f i c a t io n  
w i th  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o il  m o la r  r a t io  o f  17 :1  ; 5 h  r e a c t io n  t im e  a n d  
c a ta ly s t  c o n c e n t r a t io n  1 %  w t. w a s  p e r f o rm e d  a t  v a r io u s  r e a c t io n  te m p e r a tu r e s  
r a n g in g  f ro m  1 2 0  ๐c  to  1 8 0  ๐c .  T h e  r e s u l t s  w e r e  s h o w n  in  F ig u r e  4 .1 0 .

'J.
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Figure 4.10. E f f e c t  o f  r e a c t io n  te m p e r a tu r e  o n  p r o te c te d  m o n o g ly c e r id e  f o rm a t io n .  
T h e  r e a c t io n  w a s  c a r r ie d  o u t  u s in g  f ix e d  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o il m o la r  
r a t io  o f  17 :1  w i th  v a r io u s  t e m p e r a tu r e s  f o r  5 h  u n d e r  n i t r o g e n  a tm o s p h e r e  a n d  3 0 0  
r p m  m a g n e t ic  a g i ta t io n .

F o r  th e  5 h - r e a c t i o n  t im e , th e  t r a n s e s t e r i f i c a t io n  te m p e r a tu r e  a t  120 °c 
p r o v id e d  lo w e s t  s e le c t iv i ty  o f  p r o te c te d  m o n o g ly c e r id e s .  O n  th e  o th e r  h a n d ,  th e  
p r o te c te d  m o n o g ly c e r id e s  s e le c t iv i ty  in c r e a s e s  w i th  t r a n s e s t e r i f i c a t io n  te m p e r a tu r e  
( 1 4 0 ,  1 6 0  a n d  1 8 0  ° C ) . I t  c a n  b e  e x p la in e d  th a t ,  r e a c t io n  ta k e s  p l a c e  in  th e  o i l  s o lu b le  
p h a s e ,  a n d  a t  lo w e r  t e m p e r a tu r e ,  th e  s o lu b i l i ty  o f  p r o te c te d  g ly c e r o l  in to  o i l - s o lu b le  
p h a s e  is  lo w , th e r e f o r e ,  th e  h ig h  y ie ld  o f  p r o te c te d  m o n o g ly c e r id e s  c a n n o t  b e  
o b ta in e d . T h e  r e a c t io n  w i l l  p r o c e e d  f a s t e r  a s  p r o te c te d  g ly c e r o l  s o lu b i l i ty  in  th e  o i l-  
s o lu b le  p h a s e  in c r e a s e s ( F e r r e t t i  e t. a h ,  2 0 0 9 )  a n d  a ls o  th e  r a te  o f  r e a c t io n  in c r e a s e s  
w i th  te m p e r a tu r e  ( C o r m a  e t. a h ,  1 9 9 8 ) . M o r e o v e r ,  th e  d a r k e r  c o lo r  o f  th e  r e a c t io n  
m ix tu r e  a t  1 8 0  ๐c  s u g g e s t s  th a t  a t  h ig h e r  t e m p e r a tu r e ,  th e  m o r e  d e g ra d e d  p r o d u c ts  

a r e  fo rm e d . A s  a  r e s u l t ,  th e  h ig h  r e a c t io n  te m p e r a tu r e  ( a b o v e  1 8 0  ° C )  is  n o t  s u g e s te d  
b e c a u s e  i t  is  n e a r  its  b o i l in g  p o in t  a n d  le a d in g  p r o te c te d  g ly c e r o l  to  d e te r io r a te .
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4.2.3 1,2-O-isopropyIidene Monoglycerides Identification by Fourier 
Transform Infrared Spectroscopy (FTIR)

Wavelength(cm'')

Figure 4.11 I R  s p e c t r a  o f  1 ,2 - O - is o p ro p y l id e n e  m o n o g ly c e r id e s  ( p r o te c te d  
m o n o g ly c e r id e s )  s y n th e s is .

F ig u r e  4.11 i l lu s t r a te s  th e  F T I R  r e s u l t  o f  t r a n s e s t e r i f i e d  p r o d u c t  f ro m  
t r a n s e s t e r i f i c a t io n ,  w i th  p r o te c te d  g ly c e r o l  to  r e f in e d  p a lm  o i l  m o la r  r a t io  o f  17 :1  a t  
140 °c f o r  5 h r  u n d e r  n i t r o g e n  a tm o s p h e r e  a n d  300 r p m  s t i r r in g  a g i ta t io n .  T h e  
s p e c t r a  o f  t r a n s e s t e r i f i e d  p r o d u c t  is  i l lu s t r a te d  in  T a b le  4.2. T h e  c a r b o n y l  s t r e tc h in g  
b a n d  (1750-1700 c m '1) c a n  b e  o b s e r v e d ,  w h ic h  in d ic a te s  th e  p r e s e n t  o f  e s t e r  g r o u p  in  
th e  s a m p le .
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Table 4 .2  IR  s p e c t r a  o f  1 ,2 - O - is o p ro p y l id e n e  m o n o g ly c e r id e  f ro m  
t r a n s e s t e r i f i c a t io n  s te p

Band Frequency range (cm 1)
•  C H  s t r e tc h in g 3000-2800
•  C O  s t r e tc h in g 1750-1700
•  C H  b e n d in g 1470-1350
• c o c  s t r e tc h in g 1250-1070

4.3 Deprotection of Protected Monoglycerides

S e le c t iv e  d e p r o te c t io n  o r  r e m o v a l  o f  1,2 - O - is o p r o p y l id e n e  p r o te c t in g  g r o u p  
is  a n  i m p o r t a n t . s te p  to  c o n v e r t  p r o te c te d  m o n o g ly c e r id e s  ( 1 ,2 - O - is o p r o p y l id e n e  
m o n o g ly c e r id e s )  to  g ly c e r o l  m o n o g ly c e r id e s .  F ir s t ly ,  / 7 - to lu e n e s u l fo n ic  a c id  w a s  
u s e d  a s  a c id  h o m o g e n e o u s  c a ta ly s t  fo r  e th a n o ly s i s  b u t  th e  y ie ld  o f  g ly c e r o l  
m o n o g ly c e r id e s  w a s  v e r y  lo w  d u e  to  th e  h y d r o ly s is  o f  e s te r  g r o u p  ( Y u  e t . a h ,  2 0 0 3 ) .  
H e n c e ,  D o w a x ® M - 3 1  (w e t)  io n - e x c h a n g e  r e s in  w a s  th e n  a p p l ie d  to  u s e  a s  a c id  
h e te r o g e n e o u s  c a ta ly s t  in s te a d  o f  / 7 - to lu e n e s u lfo n ic  a c id , th e  r e a c t io n  h a d  b e e n  d o n e  
b y  a d d in g  10 g  o f  t r a n s e s t e r i f ie d  p r o d u c t  in  e th a n o l  ( 9 5 % )  4 0  m L , th e n  r e f lu x e d  fo r  3 
h  in  th e  p r e s e n c e  o f  D o w a x ® M - 3 1  (1 .0  g ) . T h e  r e a c t io n  s c h e m e  w a s  s h o w n  in  
F ig u r e  4 .1 2 . A f te r  f in i s h  th e  r e a c t io n ,  th e  c a ta ly s t s  w a s  e a s i ly  f i l t r a te d  o u t ,  a n d  th e n  
th e  d e p r o te c te d  p r o d u c t  w a s  a n a ly z e d  b y  H P L C  a n d  F T IR .

H,c

Protected monoglycerides

E thanol 95%  

D ow ax®

HO ■ .̂ \^  OR'
HO ^

Glycerol monoglycerides

Figure 4.12 D e p r o te c t io n  o f  p r o te c te d  m o n o g ly c e r id e s  ( i s o p r o p y l id e n e  g r o u p  
r e m o v a l ) .
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A f te r  A l te r a t io n , th e  p r o d u c t  w a s  a n a ly z e d  b y  H P L C , th e  r e s u l t  r e v e a l s  th a t  
th e  y ie ld  o f  g ly c e r o l  m o n o g ly c e r id e  w a s  6 5 .8 %  w h ic h  is  h ig h e r  th a n  th e  y i e ld  o f  
r e a c t io n  w h e n  / 7 - to lu e n e s u lfo n ic  a c id  w a s  u s e d  a s  a  c a ta ly s t .  H o w e v e r ,  th e  y i e ld  o f  
g ly c e r o l  m o n o g ly c e r id e  (6 5 .8 % )  f ro m  e th a n o ly s i s  w i th  D o w a x ® M - 3 1  ( w e t)  io n -  
e x c h a n g e  r e s in  w a s  s t i l l  lo w  s in c e  th e  w a te r  s lo w  d o w n  th e  r e a c t io n  r a te  a n d  th e  
h y d r o ly s is  p r o d u c t  o f  e s te r  g r o u p  w a s  in c re a s e d .  A l th o u g h ,  th e  w a t e r  a d d in g  m a y  
a f f e c t  to  r e a c t io n  r a te ,  w a te r  is  s t i l l  n e c e s s a r y  in  th i s  d e p r o te c t io n  s te p  in  o r d e r  to  
d e c r e a s e  c a ta ly s t  s w e l l in g .  D u e  to  w a t e r  c o n te n t  l im i ta t io n ,  th e  e x te n d e d  r e a c t io n  
t im e  s h o u ld  b e  f u r th e r  in v e s t ig a te d .
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