
CHAPTER III 
METHODOLOGY

3.1 Materials

3 .1 .1  C h e m ic a ls
1. 1,7 -b is - (4 -h y d r o x y -3 -m e th o x y p h e n y l) -1,6 -h e p ta d ie n e -2 ,5 -d io n e ,  

c u r c u m in
2 . P o ly (D -g lu c o s a m in e ) ,  C h ito sa n , lo w  m o le c u la r  w e ig h t , A L D R IC H , 

C h in a
3. P o ly ([ i-D -m a n n u r o n ic  a c id ) - c o -p o ly  (a -L -g u lu r o n ic  a c id ), A lg in ic  

a c id  so d iu m  sa lt, A L D R IC H , U S A
4 . P o ly (d ia lly d im e th y la m m o n iu m  c h lo r id e ) , P D A D M A C , m e d iu m  

m o le c u la r  w e ig h t , 2 0  w t.%  in  w ater,- M w = 2 0 0 ,0 0 0 - 3 5 0 ,0 0 0 ,  
A L D R IC H

5. P o ly (so d iu m  4 - s ty r e n e -s u lfo n a te ) , P S S , A L D R IC H , M w = 7 0 ,0 0 0
6 . S o d iu m  A c e ta te , C H jC O O N a , C A R L O  E R B A , 9 9 .0 -1 0 0 .5 %
7. S o d iu m  C h lo r id e , N a C l , C A R L O  E R B A , 9 9 .5 %
8 . S o d iu m  D o d e c y l  S u lfa te , S D S , C i2 H 2 5 0 4 S N a , F w = 2 8 8 .3 8  

A L D R IC H , Japan
9 . H e x a d e c y ltr im e th y la m m o n iu m  b ro m id e , C T A B , C içF L ^B rN , 

A L D R IC H , D en m a r k
3 .1 .2  S o lv e n ts

1. A c e t ic  A c id , C H 3C O O H , g la c ia l, 2 .5 L , C A R L O  E R B A , > 9 9 .9 %
2 . A c e to n e , A R
3. E th a n o l, E tO H , C 2 H 5O H , A R
4 . M e th a n o l, M e O H , C H 3O H , A R
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3.2 Equipment
3 .2 .1  A to m ic  F o rce  M ic r o s c o p e  (A F M >

A to m ic  fo rce  m ic r o s c o p e  w a s  u se d  to  m e a su r e  th e  P E M  f ilm  
th ic k n e s s  an d  r o u g h n e ss  o f  su r fa ce  b y  d o in g  a  scra tch  o n  th e  g la s s  s lid e  w ith  a  sharp  

' n e e d le  and  m e a su r in g  th e  step  h e ig h t.
3 .2 .2  C o n ta c t  A n g le

C o n ta c t  a n g le  a n a ly s is  u se  to  s tu d y  th e  h y d r o p h o b ic ity  b y  w e tta b ility  
o f  f i lm  su rfa ce . T h is  i s  e s p e c ia lly  u s e fu l in  p r o c e s s e s  lik e  c o a t in g  an d  p a in t in g  w h e r e  
g o o d  w e tta b ility  req u ired  en su r in g  g o o d  a d h e s io n . T h is  te c h n iq u e  ca n  b e  m ea su r e d  
b y  p r o d u c in g  a  d rop  o f  w a ter  o n  a  f ilm  su r fa c e . T h e  a n g le  fo rm ed  b e tw e e n  th e  
f ilm /w a te r  in te r fa c e  an d  th e  w a ter /a ir  in te r fa c e  i s  referr in g  a s  a  c o n ta c t  a n g le .

3 .2 .3  E llip so m e tr y
E llip so m e tr y  is  a n  o p tic a l te c h n iq u e  fo r  in v e s t ig a t in g  th e  d ie le c tr ic  

p ro p er tie s  o f  P E M  th in  f ilm s . T h is  te c h n iq u e  u se d  to  m e a su r e  th e  th ic k n e s s  w h e n  
in c r e a s in g  th e  n u m b er  o f  la yers.

3 .3 .4  F lu o r e s c e n c e  S p e c tr o sc o p y
F lu o r e s c e n c e  sp e c tr o s c o p y  is  a  ty p e  o f  e le c tr o m a g n e t ic  s p e c tr o s c o p y  

that e x c ite s '  th e  e le c tr o n s  in  m o le c u le s  o f  c u r c u m in  and  c a u s e s  th em  to  e m it  lig h t.  
T h is  te c h n iq u e  u se d  to  m easu re  th e  a m o u n t o f  cu r c u m in  in  th e  f ilm .

3 .2 .6  U V -V is  S p e c tr o sc o p y
U V - V is  sp e c tr o p h o to m e te r  u se  to  f in d  o u t th e  a m o u n t o f  c u r c u m in  in  

th e  P E M  film s  b e c a u s e  cu rcu m in  is  a  natural p ig m e n t  that s h o w  y e l lo w  c o lo r  a b o u t  
4 4 0  n m  to  sta te  th e  a m o u n t o f  c u r c u m in  in  P E M  th in  f ilm s .
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3.3 Experimental Procedures
3 .3 .1  P aram eter  C o n tr o llin g  th e  L o a d in g  o f  C u r c u m in  in to  P E M

3.3.1.1 Effect o f  the Number o f  Layers on the Thickness o f  PEM  
P rep are a  s to c k  so lu t io n  o f  lO O m M  P D A D M A C  an d  P S S  in

d is t ille d  w a ter . D ilu te  th e  s to c k  so lu t io n  to  reach  th e  c o n c e n tr a tio n  o f  lO m M  an d  
a d d in g  1M  N a C l to  ad ju st th e  io n ic  stren g th . A fte r  d ip p in g  th e g la s s  s l id e  in  e a c h  
so lu t io n  fo r  1  m in , r in se  w ith  w a te r  fo r  1  m in u te  ( 1  t im e )  an d  f in a lly  d ry  at air  
c o n d it io n s .

T h e  P E M  w e r e  fa b r ica ted  b y  in c r e a s in g  th e  la y e r s  o f  lO m M  
P D A D M A C /P S S  c o n ta in in g  1M  N a C l o n  q u artz s lid e . T h e  d e p o s it io n  t im e  o f  e a c h  
la y e r  is  1 m in  an d  th en , r in se s  th e  P E M  in  w a ter  1 m in  fo r  1 t im e . T h e  g r o w th  o f  th e  
P E M  th in  f i lm s  w e r e  c h a ra c ter ized  b y  U V - V is  sp ec tr o p h o to m e te r  to  c o n fir m  that th e  
f i lm  g ro w th  w ith  in cr e a s in g  th e  n u m b er  o f  P E M  la yers.

3.3.1.2 Effect o f  Polymer Type on the Final Dipped Coating on PEM  
T h e  P E M  p r im ers w e r e  p rep ared  w ith  tw o  d if fe r e n t  s o lu t io n

sy s te m s:  5 m M  c h ito sa n /a lg in a te  in  a c e t ic -a c e ta te  b u ffer  p H  5 .5  an d  5 m M
P D A D M A C /P S S  in  a c e t ic -a c e ta te  b u ffe r  p H  5 .5  w h ic h  w a s  c o a te d  o n  th e  su r fa c e  o f  
su b stra te  b y  in c r e a s in g  th e  n u m b er  o f  la y e r s  4  an d  8  la y e r s  u s in g  L b L  d e p o s it io n  
p r o c e s s . T h e s e  m ater ia ls  an d  th e ir  ord er  w e r e  c h o s e n  b a se d  on  th e  p o ly e le c tr o ly te  
in tera c tio n  b e tw e e n  o p p o s ite  c h a r g e s  to  o b ta in  a  s ta b le  an d  u n ifo rm  c o a tin g . T h en , 
a d d in g  1M  N a C l in to  s o lu t io n  an d  stir  to  h o m o g e n e o u s . T h e  su b stra te  w e r e  d ip  in  to  
e a c h  c o a tin g  s o lu t io n  for 1 m in u te  and  e x c e s s  c o a tin g  w a s  a l lo w  to  d rip  o f f  fo r  2 0  s e c  
(3  t im e s )  b e fo r e  su b m e r g in g  th e  su b stra te  in to  th e  n e x t  so lu t io n .

P rep are 2%  w /v  c h ito sa n  ( lo w  m o le c u la r  w e ig h t )  s o lu t io n  in  
a c e t ic -a c e ta te  b u ffe r  c o n ta in in g  d y e  (L a n a se t  B o r d e a u x  B .) . C h ito sa n  w a s  add  to  th e  
0 .5 %  a c e t ic  a c id  w h ile  stirr in g  o n  a  m a g n e tic  stirrer u n til to ta l d is s o lu t io n  o f  th e  
c o m p o s it io n s  w a s  reach ed , th e n  ad ju st th e  so lu tio n  to  h a s  pH  5 .5  b y  a c e t ic -a c e ta te  
b u ffer . D ip p in g  th e  su b strate  c o a t in g  w ith  P E M  in to  2%  w /v  c h ito sa n  fo r  5 m in  an d  
dry in  air  c o n d it io n . T h e  o b ta in e d  PEM " la y ers  c o a t in g  w ith  c h ito sa n  w e r e  
ch a ra c ter ized  b y  m ea su r in g  th e  w e ig h t  o f  2%  c h ito sa n  d ip p e d  o n  P E M .
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3.3.1.3. Effect o f  Solvent Type on the Loaded o f  Cur cumin into PEM  
T h e  P E M  p rim er w a s  p rep are w ith  lO m M  P D A D M A C /P S S  

in  w a ter  th a t c o a te d  o n  g la s s  s l id e  fo r  13 la y ers b y  L b L  d e p o s it io n  p r o c e s s . T h e n ,  
ad d in g  1M  N a C l in to  so lu t io n  and stir  to  h o m o g e n e o u s . T h e  g la s s  s l id e  w e r e  d ip  in  
to  ea ch  c o a t in g  so lu t io n  fo r  1 m in u te  an d  e x c e s s  c o a t in g  w a s  a l lo w  to  drip  o f f  fo r  1 

m in u te  (1 t im e )  b e fo r e  su b m e r g in g  th e  su b strate  in to  th e  n e x t  so lu t io n . F in a lly , 
prepare th e  0 .0 1 %  w /v  cu r c u m in  w a s  d isp e r se s  in  E tO H  to  g e t th e  c u rcu m in  s o lu t io n  
(k e e p  in  d ark ).

T h e  1 3 -la y e r  o f  lO m M  P D A D M A C /P S S  c o n ta in in g  1M  N a C l  
o n  g la ss  s l id e  lo a d e d  w ith  0 .0 1 % w /v  cu rcu m in  in  d if fe r e n c e  s o lv e n t  c o m p o s it io n  
8 5 :1 5 , 9 0 :1 0  an d  9 5 :5  w a te n s o lv e n t  w h ic h  u s in g  E tO H , M e O H  and  a c e to n e  a s  
so lv e n t  w ith  lo a d in g  t im e  3 h ou rs. T h e  fin a l a m o u n t o f  c u rcu m in  in  P E M  w a s  
ch a ra cter ized  b y  U V - V is  sp e c tr o p h o to m e te r  (S c h e m e  3 .1 ) .

Scheme 3.1 P ara m eters c o n tr o llin g  th e  lo a d in g  in to  P E M .
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3 .3 .2  T em p era tu re  M e d ia te d  L o a d in g  o f  C u rcu m in  in  P E M  T h in  F ilm s
P rep are th e s to c k  so lu t io n  lO O m M  P D A D M A C  and P S S  in  d is t ille d  

w a ter . D ilu te  th e  s to c k  so lu t io n  to  reach  th e  c o n c e n tr a tio n  lO m M  an d  a d d in g  1M  
N a C l to  ob ta in  th e  io n ic  stre n g th . A fter  d ip p e d  th e  su b stra te  in  ea c h  s o lu t io n  for  1 
m in u te , r in se  w ith  d is t illa te d  w a te r  fo r  1  m in u te  ( 1  t im e )  and  f in a lly  dry at air  
c o n d it io n s .

T h e  P E M  w e r e  fab r ica ted  b y  1 3 - la y e r  o f  lO m M  P D A D M A C /P S S  
c o n ta in in g  1M  N a C l o n  g la s s  s l id e  w ith  d e p o s it io n  t im e  1 m in u te  an d  r in se  in  w a ter  
1 m in u te  fo r  1 t im e . T o  stu d y  th e  lo a d in g  o f  0 .0 1 %  c u rcu m in  in  w a ter :E tO H  so lv e n t  
b y  v a r io u s  th e  s o lv e n t  c o m p o s it io n  to 5 0 :5 0 , 7 5 :2 5 , 8 0 :2 0 , 8 5 :1 5 , 9 0 :1 0  an d  9 5 :5 .  
T h e  P E M  f ilm s  w e r e  d ip p ed  in  e a c h  so lu t io n  at v a r io u s  tem p era tu re  a s  4 ,  15 , 2 8  and  
5 0 ° c .  F in a lly , m e a su r e  th e  a b so r b a n c e  at 4 4 0  n m  at v a r io u s  lo a d in g  t im e  b e g in  w ith  
5 , 3 0  m in u te s , 1 , 2  and  3 h o u rs  to  stu d y  th e  k in e t ic  o f  lo a d in g  cu rcu m in  in  P E M . T h e  
e f f e c t  o f  w a ter:E tO H  c o m p o s it io n  and  lo a d in g  t im e  at in c r e a s in g  tem p era tu re  w er e  
s tu d y  b y  U V -V is  sp e c tr o p h o to m e te r  (S c h e m e  3 .2 ) .

Scheme 3 .2  T em p era tu re  m e d ia te d  lo a d in g  o f  c u r c u m in  in  P E M  th in  f i lm s .
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3 .3 .3  S u rfa cta n t M o d if ic a t io n  o f  P E M
T h e  P E M  p rim er w a s  p rep ared  w ith  lO m M  P D A D M A C /P S S  in  

d is t illa te d  w a ter  th a t c o a te d  o n  g la s s  s lid e . T h e n , a d d in g  1M  N a C l in to  s o lu t io n  and  
stir to  h o m o g e n e o u s . T h e  su b stra te  w e r e  d ip  in  to  ea c h  c o a t in g  so lu t io n  fo r  1 m in u te  
and  e x c e s s  c o a tin g  w a s  a l lo w  to  d rip  o f f  for  1 m in u te  ( 1  t im e )  b e fo r e  su b m e r g in g  the  
su b stra te  in to  th e  n e x t  so lu tio n . T h e  8  and  9  la y ers  P E M  w e r e  p rep ared  o n  g la ss  
s lid e s  to  d ip p ed  in  su rfa cta n t s o lu t io n .

P rep are  su rfa cta n ts  s o lu t io n  so d iu m  d o d e c y l su lfa te  ( S D S )  in  w a te r  in  
c o n cen tra tio n  o f  0 .7 2 5 ,  1 .5 , 3 , 6 , 10 , 14 , 18 an d  2 2 m M . (C M C  o f  S D S  is  a b o u t 6 - 
8 m M ). D ip p in g  th e  g la s s  s l id e  c o a t in g  w ith  9 - la y e r  P E M  in to  v a r io u s  c o n c e n tr a tio n  
o f  S D S  fo r  1 h o u r  r in se  in  w a ter  an d  d ry  at a ir  c o n d it io n . P rep are su rfa cta n ts  so lu t io n  
h e x a d e c y l tr im eth y l a m m o n iu m  b r o m id e  (C T A B )  in  w a ter  in  c o n c e n tr a tio n  o f  0 .1 2 5 ,  
0 .2 5 , 0 .5 ,  1, 2  an d  4 m M . (C M C  o f  C T A B  is  a b o u t Im M ). D ip p in g  th e  g la s s  s lid e  
c o a tin g  w ith  8 - la y e r  P E M  in to  v a r io u s  c o n c e n tr a tio n  o f  C T A B  fo r  1 h o u r  r in se  in  
w a ter  an d  d ry  at a ir  c o n d it io n .

P rep are  s to c k  0 .0 1 %  w /v  c u rcu m in  in  e th a n o l E tO H . D ilu te  cu rcu m in  
s o lu t io n s  b y  ad d  2 m l 0 .0 1 %  w /v  c u rcu m in  in  4 0 m l o f  w a ter .E tO H  (9 0 :1 0 ) . D ip p in g  
th e  g la s s  s l id e  c o a t in g  w ith  P E M  an d  d ip p ed  in  su rfactan t in to  cu rcu m in  s o lu t io n  for  
3 h ou rs an d  dry a t a ir  c o n d it io n . T h e  lo a d in g  o f  cu rcu m in  in  P E M  w a s  c h a ra c ter ized  
b y  u s in g  U V -V is  sp e c tr o p h o to m e te r  for  รณ d y  th e  a m o u n t o f  c u rcu m in  in  P E M . 
T h en , รณ d y  th e  m o r p h o lo g y  o f  1 3 - la y e r  P E M  th at h as h ig h e s t  am o u n t o f  c u rcu m in  
b y  A F M  and  rep ort th e  h y d r o p h o b ic ity  o f  f ilm  su rfa ce  b y  c o n ta c t  a n g le  m e a su r e m e n t  
c o m p a re  to  th e  P E M  an d  P E M  w ith  o u t su rfactan t treatm en t. (S c h e m e  3 .3 )
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Scheme 3.3 S u rfa cta n t m o d if ic a t io n  o f  PEM th in  f ilm s .


	CHAPTER III METHODOLOGY
	3.1 Materials
	3.2 Equipment
	3.3 Experimental Procedures


