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APPENDICES

A ppendix  A  G as C hrom atography C alculation

Preparation  o f G C sam ple
T h e  c a lc u la t io n  i s  b a s e d  o n  th e  c a l ib r a t io n  c u r v e .  I s o p r o p a n o l  i s  th e  s o lv e n t  

fo r  e x te r n a l  s ta n d a r d . T h e  v o lu m e  o f  i s o p r o p a n o l  i s  f i x e d  a t 0 .5  m l .  T h e  a s s u m p t io n  

o f  th is  c a lc u la t io n  i s  th e  c o n s t a n t  i s o p r o p a n o l  v o lu m e .  T h e  r e f e r e n c e  a r e a  o f  

i s o p r o p a n o l  is  5 0 0 0 0 0 .  In  a d d it io n ,  th e  in j e c t io n  o f  s a m p le  in  g a s  c h r o m a t o g r a p h y  is  

1 p i .  F o r  th e  p r e p a r a t io n  o f  G C  s a m p le ,  t h e  p r o d u c t  s a m p le  w a s  c o l l e c t e d  fo r  0 .5  m l.  
a n d  th e n  c o l l e c t e d  th e  p r o d u c t  s a m p le  w e i g h t  ( g r a m s )  o f  0 .5  m l  ( s a m p le  p r o d u c t ) .  
A f t e r  th a t , i s o p r o p a n o l  w a s  a d d e d  fo r  e x te r n a l  s ta n d a r d  fo r  0 .5  m l T h e  c o m b in a t io n  

o f  p r o d u c e  s a m p le  a n d  is o p r o p a n o l  m a d e  th e  G C  s a m p le  fo r  1 m l ( c o n c e n t r a t io n  

g /m l ) .  T a b le  A 2  s h o w e d  th e  p r o d u c t  s a m p le  w e i g h t s  a t d i f f e r e n t  t im e .

C alculation  o f GC sam ple (Part I)
In  th is  c a s e ,  th e  1 : 6  g ly c e r o l  t o  a c e t o n e  m o la r  r a t io  s a m p le  a t 4  h o u r s  w a s  

s e l e c t e d  fo r  c a lc u la t io n .  T h e  a r e a  o f  i s o p r o p a n o l  w a s  9 1 0 3 8 1 .8  a n d  th e  a r e a  o f  

s o lk e t a l  w a s  1 6 1 5 8 0  (T a b le  A 3 ) .  T h e  a r e a  o f  s o lk e t a l  c o n v e r t e d  to  th e  r e f e r e n c e  a r e a  

o f  i s o p r o p a n o l  a t 5 0 0 0 0 0  b y  E q u a t io n  1.

„  , 1 1 1 r  Solketal areaS o lk e ta l  a r e a  a t  r e f .  — ------------— ----------- XIsopropanol area is o p r o p a n o l  a r e a  a t  r e f . ( 1 )

S o  th e  s o lk e t a l  a r e a  a t r e f . w a s  8 8 7 4 2 .  T h e n , th e  s o lk e t a l  a r e a  w a s  c o n v e r t e d  

to  c o n c e n t r a t io n  b y  u s in g  t h e  s o lk e t a l  c a l ib r a t io n  c u r v e  ( F ig u r e  A 1  a n d  E q u a t io n  2 ) .
_ /  g \  Solketal area at r e f . *C o n c e n tr a tio n  [-— ) = -------------------- ;— —— ---------------------^ y X l O  6  ( 2 )\m U  Slope o f product calibration curve-^-
T h e  c o n c e n t r a t io n  w a s  0 .0 8 5 4  g /m l .  a f te r  th a t , t h e  c o n c e n t r a t io n  w a s  s c a le d  

u p  to  th e  to ta l  p r o d u c t  m ix t u r e  w e i g h t  b y  E q u a t io n  3 . In  th is  c a s e ,  to ta l  p r o d u c t  

w e i g h t  w a s  9 6 .9 2  g  ( g l y c e r o l  2 0 .7 5  g , a c e t o n e ,  7 5 .5  g  a n d  c a t a ly s t  0 .6 7  g ) .
Concentration—-S o lk e ta l  w e ig h t  (g )  =  pr0du~~ 5"'~ p 1'6 3 x  t o t a I p r o d u c t  w e ig h tin g )  ( 3 )

T h e  la s t  s t e p  c a lc u la t e d  th e  c o n v e r s i o n  w h ic h  b a s e d  o n  l im i t i n g  r e a c ta n t  

( g l y c e r o l )  b y  E q u a t io n  4 .  T h e  c o n v e r s io n  o f  g ly c e r o l  w a s  7 3 .9 2 %
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% C o n v e r s io n  = (mol) X g g g g g —  ( J L )  X 100Solketal M.w. K '  Glycerol weight(g) Kmoly ( 4 )

T able A1 S o lk e t a l  c a l ib r a t io n  c u r v e

S o lk e t a l C o n c e n t r a t io n ( p g /m l ) A r e a

5 % V o l . 6 7 4 0 0 3 9 8 9 5 .1 6

1 0 % V o l . 1 2 0 8 0 0 1 0 4 7 6 2 .2 4
5 0 % V o l . 5 4 5 1 0 0 5 7 4 9 8 1 .7 4

S o l k e t a l  C a l i b r a t i o n  c u r v e
800000

y =  1.0395X
600000 R2 = 0 .99__♦

ะ 400000<
200000 ♦ Solketal Calicration curve

0 <
0 100000200000300000400000500000 600000

Concentration (ng/ml)

Figure A1 S o lk e t a l  C a l ib r a t io n  c u r v e .

T able A2 S a m p le  w e i g h t  o f  1:6 g ly c e r o l  t o  a c e t o n e  m o la r  r a t io  a t  d i f f e r e n t  t im e
E x p en d  d rop  w e ig h t(g ) D ro p  +  sa m p le  w e ig h t (g ) S a m p le  w e ig h t (g )

2hr 1 .0 2 7 5 1 .3 8 9 0 .3 6 1 5
4hr 0 .9 7 3 1 .3 4 8 7 0 .3 7 5 7
6hr 0 .9 7 9 1 .3 4 2 0 .3 6 3
8hr 1 .0 0 2 7 1 .3 6 3 5 0 .3 6 0 8
lOhr 0 .9 9 2 7 1 .3 6 0 3 0 .3 6 7 6
12hr 0 .9 6 3 7 1 .3 3 9 4 0 .3 7 5 7
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T ab le A3 A r e a  s o lk e t a l  o f  1:6 g ly c e r o l  to  a c e t o n e  m o la r  r a t io  a t d i f f e r e n t  t im e
Isop ro p a n o l area S o lk e ta l area % C o n v ers io n

2hr 1 2 0 1 7 4 3 1 9 5 1 5 0 7 0 .2 9
4hr 9 1 0 3 8 1 .8 1 6 1 5 8 0 7 3 .9 2
6hr 1 1 1 2 2 7 2 .7 2 2 5 2 0 7 .1 7 6 .81
8hr 1 1 6 6 0 1 5 .4 2 1 6 6 2 8 8 0 .5 7
lO hr 1 2 1 8 2 5 9 .4 2 2 6 2 0 0 .7 7 9 .0 4
12hr 9 5 9 2 5 0 .9 1 8 9 4 7 5 8 2 .2 7

C alculation  o f GC sam ple (Part II)
In  th is  p a r t, th e r e  a re  t w o  m a in  a s s u m p t io n s .  T h is  c a l c u la t io n  i s  b a s e d  o n  

b e n z y l  a lc o h o l  c o n v e r s i o n  o n ly .  F o r  th is  a s s u m p t io n ,  th e  s e l e c t i v i t y  o f  p r o d u c t s  th a t
c o n c e r n e d  in  th is  c a lc u la t io n  a re  b e n z y l  s o lk e t a l  e th e r ,  b e n z y l  g ly c e r o l  e th e r  a n d  

d ib e n z y l  e th e r . F o r  th e  s e c o n d  a s s u m p t io n ,  th e  m a s s  r a t io  o f  b e n z y l  s o lk e t a l  e th e r  to  

b e n z y l  g ly c e r o l  e t h e r  e q u a ls  t o  a r e a  r a t io  o f  b e n z y l  s o lk e t a l  e th e r  to  b e n z y l  g ly c e r o l  

b e c a u s e  o f  w i t h o u t  c o m p a r e d  s ta n d a r d s  a s  s h o w n  in  E q u a t io n  5 .
. . . The weights o f benzyl solketal etherA r e a  r a t io  =  m a s s  r a t io  =  — ------- — — 7  " 1 —- fThe weight o f benzyl glycerol ether ( ร )

In  t h is  c a s e ,  th e  1:1 i s  th e  m o d e l  f o r  c a l c u l a t i o n  th e  s e l e c t i v i t y  o f  th e  

p r o d u c t s  m ix t u r e .  T h e  b e n z y l  a lc o h o l  c a lc u la t io n  i s  f o l l o w i n g  P a rt I ( E q u a t io n s  1 to  

4 )  b y  c h a n g in g  s o lk e t a l  to  b e n z y l  a lc o h o l  a s  s h o w n  in  T a b le  A 7 .  D i b e n z y l  e t h e r  is  

a ls o  c a l c u la t e d  b y  E q u a t io n  1 to  3  b y  c h a n g in g  s o lk e t a l  to  d i b e n z y l  e th e r .  T h e  r e s u lt  

o f  d ib e n z y l  e th e r  i s  s h o w n  in  T a b le  A 8 . E q u a t io n  ( 6 )  s h o w s  th e  o v e r a l l  m o l e  b a la n c e  

b a s e d  o n  b e n z y l  a lc o h o l  c o n v e r s io n .  In  th is  c a s e ,  t h e  in i t ia l  m o le  o f  b e n z y l  a l c o h o l  is  

f i x e d  a t 0 .1 5 2  m o le s .  T h e r e  a r e  t w o  v a r ia b le  p a r a m e t e r s  w h i c h  a r e  M o l e s  a n d  M o Ib g - 
T h e  c o m b in a t io n  o f  E q u a t io n  6  a n d  7  c a n  s o l v e  t h e s e  p a r a m e t e r s .  T h e  r e s u l t s  a re  

r e p o r te d  in  T a b le  A 9 .

M oIba ,ร ~  M ° Iba ,r =  M o lBS +  2  M o lBG +  M o lDB
M o Ib a ,ร M o l e s  o f  s ta r t in g  b e n z y l  a lc o h o l

M o 1b a ,r M o l e s  o f  r e m a in in g  b e n z y l  a lc o h o l

M o le s M o l e s  o f  b e n z y l  s o lk e t a l  e th e r

M o Ibg M o le s  o f  b e n z y l  g ly c e r o l  e th e r

M o Id b M o l e s  o f  d ib e n z y l  e th e r



Benzvl olvcerol ether MW _M o la r  r a t io  =  a r e a  r a t io  X  y  ; , 3 ไ 1 , 1 . .  Z '  ( 7 )Benzyl solketal ether M.w.
A f t e r  s o l v e d  a l l  p a r a m e t e r s ,  th e  s e l e c i t i v i t y  o f  p r o d u c t s  a re  c a lc u la t e d  b y  

E q u a t io n  8 A  to  8 C . In  a d d it io n ,  th e  r e s u lt s  o f  th e  s e l e c t i v i t y  o f  p r o d u c t s  f r o m  b e n z y l
a l c o h o l  a re  r e p r e s e n t e d  in  T a b le  A 1 0 .

% S e le c t i v i t y  o f  b e n z y l  s o lk e ta l  e th e r  = ( 1n ■ร - — )  X 1 0 0  ( 8 A )

% S e le c t i v i t y  o f  b e n z y l  g ly c e r o l  e th e r  =  ( - —  ------M°1BG--------— \  X  1 0 0  ( 8 B )J K(MolBS+MolBG+MolDBy
% S e le c t i v i t y  o f  d ib e n z y l  e th e r  =  ( - — 7------ \DB-----------7— r ) X 1 0 0  ( 8 C )J  J  K MolRc+MolRn+MolnnY v y

T able A 4  B e n z y l  a l c o h o l  c a l ib r a t io n  c u r v e
B e n z y l  a lc o h o l  C o n c e n t r a t io n ( p g /m l )  A r e a

0 % V o l .  “ไ  0  5
1 0 % V o l .  1 1 5 4 0 0  1 8 7 5 5 8 .3 8 4 1
3 0 % V o l .  3 2 1 5 0 0  6 1 6 6 8 6 . 8 3 2 9

T ab le A 5  D i b e n z y l  e th e r  c a l ib r a t io n  c u r v e
D i b e n z y l  e th e r  (% w t) C o n c e n t r a t io n ( p g /m l ) A r e a

5 4 .6 3 2 3 9 2 7 2 6 1 4 .3 7 7 5 9 0 7 0 .2 3 4 5
7 6 .7 0 0 7 3 7 9 4 3 2 . 2 4 7 9 8 2 4 8 2 . 6 2 5 4
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8 8 .3 8 4 5  4 3 5 8 1 7 .3 9 1 1  9 9 6 6 6 0 .0 0 6 3
9 4 .4 3 6 4 3  4 6 6 2 8 0 . 5 1 5 3  9 6 1 8 1 5 . 5 3 4 6

D i b e n z y l  e t h e r  c a l i b r a t i o n  c u r v e
1200000  
1000000  
800000 

I  600000
<  400000

2 0 0 0 0 0  
0

0 100000 200000 300000 400000 500000
Concentration (ng/ml)

Figure A 3  D i b e n z y l  e t h e r  c a l ib r a t io n  c u r v e .

T able A 6  S a m p le  w e i g h t  o f  1 :1 s o lk e t a l  t o  b e n z y l  a l c o h o l  a t d i f f e r e n t  t im e
E x p e n d  d r o p  w e i g h t ( g )  D r o p  +  s a m p le  w e i g h t ( g )  S a m p le  w e i g h t ( g )

2 h r 0 .9 5 1 .4 8 7 8 0 .5 3 7 8
4 h r 0 .9 4 8 4 1 .5 0 1 8 0 .5 5 3 4

6 h r 0 .9 9 3 3 1 .5 4 8 7 0 .5 5 5 4

8 h r 0 .9 6 3 2 1 .4 7 2 6 0 .5 0 9 4

lO h r 1 .0 1 8 3 1 .5 8 9 0 .5 7 0 7
1 2 h r 1 .0 0 3 7 1 .5 9 2 0 .5 8 8 3
1 2 h r 0 .9 7 8 7 1 .5 2 7 6 0 .5 4 8 9

T able A 7  B e n z y l  a lc o h o l c o n v e r s io n

I s o p r o p a n o l  a r e a B e n z y l  a lc o h o l a r e a  B e n z y l  a lc o h o l  ( m o l ) % C o n v e r s io n
2 h r 8 2 0 4 2 8 .5 3 1 2 5 9 7 .8 5 0 . 0 6 4 6 4 0 6 3 5 5 7 .5 3 5 3 4 9 1 1
4 h r 7 6 9 9 3 5 .4 5 1 6 7 1 5 5 .6 5 0 . 0 3 5 8 2 2 3 2 3 7 6 .4 6 7 0 8 7 2 2
6 h r 7 2 7 2 1 0 .0 5 1 0 1 8 5 1 .3 0 . 0 2 3 0 3 2 5 7 9 8 4 .8 6 9 1 0 8 8 4
8 h r 9 1 1 2 2 9 .0 5 7 5 7 3 5 .6 0 .0 1 4 8 8 8 0 0 3 9 0 . 2 1 9 5 6 0 0 9

lO h r 7 2 5 2 7 7 .1 5 5 9 5 8 6 .8 0 .0 1 3 1 4 9 6 0 8 9 1 . 3 6 1 5 7 1 0 9
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1 2 ๒  8 4 6 8 5 9 .6  5 8 6 9 3 .2  0 . 0 1 0 8 5 6 2 9 7  9 2 .8 6 8 1 2 5 9 8

T able A 8 D i b e n z y l  e th e r  c a lc u la t io n
I s o p r o p a n o l  a r e a  D i b e n z y l  e th e r  a rea D i b e n z y l  e th e r  ( m o l )

2 ๒  8 2 0 4 2 8 .5 2 6 9 0 7 5 .5 0 . 0 2 6 0 2 8 5 7 2
4 ๒  7 6 9 9 3 5 .4 5 2 7 4 6 1 9 .4 5 0 .0 2 7 5 1 3 1

6 ๒  7 2 7 2 1 0 .0 5 2 7 7 1 3 4 .5 0 .0 2 9 2 8 1 0 2 2
8 ๒  9 1 1 2 2 9 .0 5 2 7 8 2 5 3 .3 5 0 .0 2 5 5 4 4 5 5 2

1 0 ๒  7 2 5 2 7 7 .1 5 2 7 9 1 2 1 .5 0 .0 2 8 7 3 4 7 4 1
1 2 ๒  8 4 6 8 5 9 .6 2 8 7 3 5 0 .5 0 . 0 2 5 0 6 9 0 6 3

T able A9 B e n z y l  s o lk e t a l  e th e r  a n d  b e n z y l  g ly c e r o l  e th e r  c a lc u la t io n

M oIbs a n d  M a s s M o la r  r a t io B e n z y l  g ly c e r o l  B e n z y l  s o lk e t a l

M oIbg r a t io ( B S /B G ) ( B S / B G ) e th e r  ( m o l ) e t h e r  ( m o l )

2 ๒ 0 .0 3 5 5  1 .1 3 9 0 0 .9 3 3 8 0 .0 1 8 4 0 .0 1 7 2

4 ๒ 0 .0 6 1 4  0 .7 1 1 1 0 .5 8 3 0 0 .0 3 8 8 0 . 0 2 2 6

6 ๒ 0 .0 7 0 6  0 .5 1 8 9 0 .4 2 5 4 0 . 0 4 9 6 0 :0 2 1 1

8 ๒ 0 .0 8 6 2  0 .4 1 5 9 0 .3 4 1 0 0 .0 6 4 3 0 .0 2 1 9

1 0 ๒ 0 .0 8 1 6  0 .2 9 9 2 0 .2 4 5 3 0 .0 6 5 5 0 .0 1 6 1

1 2 ๒ 0 .0 9 1 2  0 .4 0 0 2 0 .3 2 8 1 0 .0 6 8 7 0 .0 2 2 5

T able A 10 T h e  s e l e c t i v i t y  o f  b e n z y l  s o lk e t a l  e th e r ,  b e n z y l  g ly c e r o l  e t h e r  a n d
d ib e n z y l  e th e r

% S e le c t iv i t y  B S % S e le c t iv i t y  B G % S e l e c t i v i t y  D B

2 ๒ 1 9 .5 8 6 3 2 0 .9 7 5 3 5 9 .4 3 8 5
4 ๒ 1 9 .4 1 7 5 3 3 .3 0 9 1 4 7 .2 7 3 4
6 ๒ 1 6 .3 1 4 9 3 8 .3 5 4 8 4 5 .3 3 0 3
8 ๒ 1 5 .9 6 7 5 4 6 .8 3 1 9 3 7 .2 0 0 6

1 0 ๒ 1 1 .5 5 8 8 4 7 .1 1 7 9 4 1 . 3 2 3 4
1 2 ๒ 1 5 .9 4 3 5 4 8 .5 8 9 6 3 5 .4 6 6 9



6 5

A ppendix  B F T -IR  Spectra for C haracteriazation  o f  R eactants

F igure B2 F T - I R  s p e c tr a  o f  a c e t o n e .
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