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APPENDICES

Appendix A Absorbance Spectra with Increasing the Number of Layer of 
lOmM PDADMAC/PSS Contain 1M NaCl from UV-Vis Spectrometer

The PEM fabricated by increasing the layers of lOmM PDADMAC/PSS 
containing 1M NaCl on quartz slide. The deposition time of each layer is 1 min and 
then, rinses the PEM in water 1 min for 1 time. The growth of PEM thin films were 
characterized by UV-Vis spectrophotometer to confirm that the film growth with 
increasing the number of PEM layers. The absorbance spectra under the ultraviolet 
range shown in Figure Al.

Figure Al The absorbance of PDADMAC/PSS film on quartz slide with increasing 
the number of layers.

The absorbance at 230 nm under the ultraviolet range shown in Table Al.
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Table Al The absorbance at 230 nm under the ultraviolet range

Number of layers 0 2 4 6 8 10 12 14
Absorbance 0.067 0.092 0.132 0.269 0.541 0.610 0.790 0.945

The relation between the absorbance at 230 nm with the increasing of PEM 
layers is show in Figure A2, the absorbance increase with increasing the number of 
layers in a linear relationship as a equation, that

y = 0.0675x-0.0418 _ (Al)

0 2 4 6 8 10 12 14
N u m b er o f  la y e rs

Figure A2 The absorbance at 230 nm of PDADMAC/PSS film on quartz slide with 
increasing the number of layers.
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Appendix B The Increasing of Thickness of lOmM PDADMAC/PSS Contain 
1M NaCl when Increase the Number of Layer from Ellipsometry

The thickness of PEM film fabricated by 1 OmM PDADMAC/PSS contain 
1M NaCl deposite by dip-coating on silicon wafer after pre-treatment by piranha and 
hot ammonia solution was measured by ellipsometry at angle of incidence 60 degrees 
(Delta: 174-178 and Psi: ~23 for bare silicon wafer) and air-dried every 4 layers. The 
refrative index (ท) is 3.848 and the absorption constant (k) is -0.221. The values of 
Delta (A) and Psi (T) of bare silicon wafer and when increasing the PEM layers and 
the thickness of films are show in Table B1.

Table B1 The values of Delta (A) and Psi (VF) of bare silicon'wafer and when 
increasing the PEM layers and the thickness of films

PEM 1 2 3 Thickness
layers A 4* A 4» A *F (nm)

Bare-Si 176.719 23.281 0

4 160.530 23.479 164.371 23.369 165.708 23.434 12.3367
8 131.108 26.559 131.937 26.287 132.202 26.541 45.8667

1 2 107.579 39.798 106.364 40.600 105.861 43.117 92.64
16 251.630 43.470 248.185 41.125 248.685 42.209 157.645
2 0 194.120 22:417 195.919 22.658 200.304 22.642 129.9567

Multilayer thickness as a function of the number of layers show in Figure 
Bl, the thickness increase with incrasing the number of layer in a linear relationship 
as a equation, that

y = 9.8898x- 17.421 (Bl)
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T h e  r e su lt  w a s  su p e r im p o se d  to  th e  th ic k n e ss  o f  th e  n u m b er o f  la y e r s  for  a  1 m M  
P S S /P D A D M A C  m u lt ila y e r  w ith  1 .OM  N a C l m e a su r e  b y  e ll ip s o m e te r  b y  D u b a s  et 
a l ,  1 9 9 9 . F rom  ( B l )  e q u a t io n  an d  c a lc u la te d  th e  th ic k n e s s  o f  1 3 -la y e r  P E M  eq u a l to
1 1 1 .1 4 6  n m  w h ic h  c a n  s ta te  that th e  c o a tin g  o f  P E M  o n  su r fa ce  is  in  n a n o sc a le .

Figure Bl T h e  th ic k n e s s  o f  lO m M  P D A D M A C /P S S  film  o n  s i l ic o n  w a fe r  w ith  
in c r e a s in g  th e  n u m b er  o f  la y e r s  m e a su r e d  b y  e ll ip so m e tr y .
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T h e  c o n ta c t  a n g le  m e a su r e m e n t o f  P E M  th in  f i lm  w h e n  in c r e a se  th e  n u m b er  
o f  la y e r s  is  s h o w  in  T a b le  C l .

Table C l  T h e  c o n ta c t  a n g le  o f  P E M  th in  f i lm  w h e n  in c r e a se  th e  P E M  la y e r s

Appendix c  The Contact Angle of lOmM PDADMAC/PSS Contain 1M NaCl
when Increase the Number of Layer

PEM 1 2 3 Contact
layers OLeft 0 Right OLeft 6 Right OLeft 0 Right angle

10 5 5 .6 2 5 5 .3 1 5 5 .7 2 5 5 .7 1 5 6 .5 0 5 2 .0 9 5 5 .1 6 ± 1 .5 6 °
2 0 3 8 .3 8 3 9 .4 4 3 9 .4 5 4 2 .5 5 3 8 .5 1 3 7 .1 9 3 9 .2 5 ± 1 .8 2 °
3 0 2 1 .6 9 2 3 .3 1 2 1 .5 8 2 3 .2 5 2 3 .8 6 2 7 .0 0 2 3 .4 5 ± 1 .9 7 °
4 0 1 4 .6 0 1 7 .3 3 1 8 .4 4 1 7 .3 3 1 8 .0 4 1 9 .8 0 1 7 .5 9 ± 1 .7 2 p

C o n ta c t  a n g le  a s  a  fu n c t io n  o f  P E M  la y e r s  s h o w  in  F ig u re  C l ,  th e  co n ta ct  
a n g le  d e c r e a se  w ith  in c r e a s in g  P E M  la y er  in  a  lin e a r  r e la tio n sh ip  a s  a  e q u a tio n , that

y  =  - 1 .3 3 8 9 x  +  6 7 .6 ( C l )

Figure Cl T h e  d e c r e a s in g  o f  c o n ta c t  a n g le  w h e n  in c r e a se  th e  n u m b er  o f  P E M  layer.
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Appendix D Absorbance Spectra of PEM when using Different Tolvent type on 
the Final Loading Curcumin into PEM from UV-Vis Spectrometer

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 s s  s lid e  
lo a d e d  w ith  0 .0 1 %  w /v  c u r c u 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 0 :1 5 , 9 0 :1 0  and  
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  s o lv e n t  w ith  lo a d in g  
t im e  3 hrs. T h e  f in d  a m o u n t o f  cu rcu m in  in  P E M  w a s  ch a r a c te r iz e d  b y  U V -V is  
sp ec tr o p h o to m e te r . T h e  a b so r b a n c e  w h e n  in c r e a s in g  %  w a te r  in  th r e e  ty p e s  o f  
s o lv e n t  sh o w n  in  F ig u re  D 1 -D 3 .

Figure D1 T h e  a b so r b a n e e  o f  th e  f in a l cu r c u m in  lo a d in g  in to  1 3 - la y e r  o f  
P D A D M A C /P S S  f ilm  u s in g  8 5 :1 5  w a te n s o lv e n t .



Ab
so

rb
an

ce

51

Wavelength (nm)

Figure D 2  T h e  a b so rb a n ce  o f  the f in a l cu rcu m in  lo a d in g  in to  1 3 -la y e r  o f  
P D A D M A C /P S S  f ilm  u s in g  9 0 :1 0  w a te n s o lv e n t .

Figure D 3  T h e  a b so rb a n ce  o f  th e  f in a l cu rcu m in  lo a d in g  in to  1 3 -la y e r  o f  
P D A D M A C /P S S  f ilm  u s in g  9 5 :5  w a te n s o lv e n t .
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Appendix E Absorbance Spectra of the Final Amount of Curcumin Loaded 
into PEM by Various Temperature and Solvent Composition from UV-Vis 
Spectrometer

T h e  P E M  w e r e  fab rica ted  b y  1 3 -la y er  o f  lO m M  P D A D M A C /P S S  
c o n ta in in g  1 M  N a C l o n  g la s s  s lid e  w ith  d e p o s it io n  t im e  1 m in  an d  r in se  in  w a te r  1 
m in  1 t im e . T o  stu d y  th e  lo a d in g  o f  0 .0 1 %  cu 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  50:50, 7 5 :2 5 , 8 0 :2 0 , 8 5 :1 5 , 9 0 :1 0  an d  95:5. T h e  
P E M  f i lm 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 4 ,  15, 2 8  and  50°c. 
F in a lly , m e a su r e  th e  a b so r b a n c e  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 s , 1, 2  
an d  3 hrs.

T h e  a b so rb a n ce  sp ec tra  o f  f in a l lo a d e d  cu r c u m in  in  P E M  in  ea c h  s o lv e n t  
c o m p o s it io n  at 4 ° c  are sh o w n  in F ig u re  E 1 -E 5 .

0 .3

0 .2 5

<uนç«

<

0.2
0 .1 5

0.1
0 . 0 5

3 0 0  3 5 0  4 0 0  4 5 0  5 0 0  5 5 0  6 0 0  6 5 0  7 0 0

-------- w a t e r : E t O H  ( 5 0 : 5 0 )

-------- W a t e n E t O H  ( 7 5 : 2 5 )

w a t e n E t O H  ( 8 0 : 2 0 )

-------- w a t e r : E t O H  ( 8 5 : 1 5 )

--------w a t e n E t O H  ( 9 0 : 1 0 ) -

-------- w a t e n E t O H  ( 9 5 : 5 )

Wavelength (nm)

Figure El The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 4°c when loading time is 5 mins.
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Figure E 2  T h e  a b so r b a n c e  sp ectra  o f  th e  f in d  lo a d e d  c u rcu m in  in  P E M  in  e a c h  
so lv e n t  c o m p o s it io n  at 4°c w h en  lo a d in g  t im e  is  3 0  m in s .

เมนSSCO- PPO
<

0 . 3

0 . 2 5

0.2
0 . 1 5

0.1
0 . 0 5

0

w a t e n E t O H  ( 5 0 : 5 0 )  

w a t e r : E t O H  ( 7 5 : 2 5 )  

w a t e n E t O H  ( 8 0 : 2 0 )  

w a t e n E t O H  ( 8 5 : 1 5 )  

w a t e n E t O H  ( 9 0 : 1 0 )  

w a t e n E t O H  ( 9 5 : 5 )

300 350 400 450 500 550 600 650 700
Wavelength (nm)

Figure E3 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 4°c when loading time is 1 hr.
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300 350 400 450 500 550 600 650 700
Wavelength (nm)

Figure E4 The absorbance spectra of the final loaded curcumin in PEM in each 
solvent composition at 4°c when loading time is 2 hrs.

Wavelength (nm)

Figure E5 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 4°c when loading time is 3 hrs.
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The absorbance spectra of final loaded curcumin in PEM in each solvent
composition at 15°c are shown in Figure E6-E10.

0.3
0.25
0.2

-water:EtOH (50:50) “water:Eton (75:25) water:EtOH (80:20) -watenEtOH (85:15) “water:EtOH (90:10) -watenEtOH (95:5)
o  0 1 5

0.1
0.05

300 350 400 450 500 550Wavelength (nm) 600 700

Figure E6 T h e  a b s o r b a n c e  s p e c tr a  o f  t h e  f in a l  l o a d e d  c u r c u m in  in  P E M  in  e a c h  

s o lv e n t  c o m p o s i t io n  a t  1 5 ° c  w h e n  lo a d in g  t im e  i s  5 m in s .

0.3
0.25
0.2

1 , 15
-C< 0.1

0.05

300 450 500 550
Wavelength (nm)

650 700

Figure E7 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 15°c when loading time is 30 mins.
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0.3

0.25

0.2I 0,5

0.1

0.05

watenEtOH (50:50) —water:EtOH (75:25) 
watenEtOH (80:20)—watenEtOH (85:15)

/ " \
water:EtOH (90:10)watenEtOH (95:5)

\A%
1- ;■ - ft-;--

300 350 400 450 500 550
Wavelength (nm) 600 650 700

Figure E8 The absorbance spectra o f  the final loaded curcumin in PEM in each 
solvent composition at 15°c when loading time is 1 hr.

0.3

0 .2 5

J.:
0 .0 5

0300 350 400 450 500 550 600 650 700
Wavelength (nm)

w a t e r : E t O H  ( 5 0 : 5 0 )

--------w a t e n E t O H  ( 7 5 : 2 5 )

------- w a t e r : E t O H  ( 8 0 : 2 0 )

/ A \ w a t e n E t O H  ( 8 5 : 1 5 )

w a t e r : E t O H  ( 9 0 : 1 0 )

w a t e r : E t O H  ( 9 5 : 5 )

Figure E9 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 15°c when loading time is 2 hrs.
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0.3
0.25

, เ :
0.05

0300 350 400 450 500 550 600 650 700Wavelength (nm)

Figure E10 The absorbance spectra o f the final loaded curcumin in PEM in each 
solvent composition at 1 5 ° c  when loading time is 3 hrs.

The absorbance spectra o f  final loaded curcumin in PEM in each solvent 
composition at 28°c are shown in Figure El 1 -E l 5.

Wavelength (nm)

Figure E ll The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 2 8 ° c  when loading time is 5 mins.
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Figure E12 The absorbance spectra o f  the final loaded curcumin in PEM in each 
solvent composition at 2 8 ° c  when loading time is 3 0  mins.

0.3
0.25
0.2

o 015J2c 0.1
0.05

watenEtOH (50:50) 
watenEtOH (75:25) watenEtOH (80:20) 
watenEtOH (85:15) watenEtOH (90:10) 
watenEtOH (95:5)

300 350 400 450 500 550
Wavelength (nm) 600 650 700

Figure E13 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 2 8 ° c  when loading time is ใ hr.
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Figure E14 The absorbance spectra o f the final loaded curcumin in PEM in each 
solvent composition at 2 8 ° c  when loading time is 2  hrs.

300 350 400 450 500 550Wavelength (nm) 600 650 700

Figure E15 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 2 8 ° c  when loading time is 3 hrs.
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T h e  ab so rb a n ce  sp e c tr a  o f  f in a l lo a d ed  c u rcu m in  in  P E M  in  e a c h  so lv e n t  
c o m p o s it io n  a t 5 0 ° c  are s h o w n  in  F ig u re  E 1 6 -E 2 0 .

0.35

! „ , s

300 350 400 450 500 550
W a v e l e n g th  f n m l

600 650 700

F i g u r e  E 1 6  T h e  a b so rb a n ce  sp ectra  o f  th e  fin a l lo a d e d  cu rcu m in  in  P E M  in  e a c h  
s o lv e n t  c o m p o s it io n  at 5 0 ° c  w h e n  lo a d in g  t im e  is  5 m in s .

water:EtOH (50 :50 )  
waterrEtOH (75:25)  
water:EtOH (80:20)  
water:EtOH (85:15)  
water:EtOH (90:10)  
water:EtOH (95:5)

300 350 400  450 500 550
W a v e l e n g t h  ( n m )

600 650 70C

Figure E17 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 50°c when loading time is 30 mins.
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water:EtOH (5 0 :5 0 )  
watenEtOH (7 5 :2 5 )  
water:EtOH (8 0 :2 0 )  
watenEtOH (8 5 :1 5 )  
watenEtO H (9 0 :1 0 )  
watenEtOH (9 5 :5 )

300 350 400 450  5DO 550
W a v e l e n g t h  ( n m )

600 650 700

F i g u r e  E 1 8  T h e a b so r b a n c e  sp ec tra  o f  th e  fin a l lo a d e d  c u r c u m in  in  P E M  in  ea c h  
s o lv e n t  c o m p o s it io n  at 5 0 ° c  w h e n  lo a d in g  t im e  is  1 hr.

300 350  400 450 500 550
W a v e l e n g t h  ( n m )

600 650 700

Figure E19 The absorbance spectra of the final loaded curcumin in PEM in each
solvent composition at 50°c when loading time is 2 hrs.
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0 .3 5

0 .3

0 .2 5

0 .2

l „ , s

-w a te n E tO H  ( 5 0 :5 0 )  
-w a te r :E tO H  (7 5 :2 5 )  
~ w a ter:E tO H  ( 8 0 :2 0 )
— w ater:E tO H  (8 5 :1 5 )
— w ater:E tO H  ( 9 0 :1 0 )
— w a ter : EtOH (9 5 :5 )

4 5 0  5 0 0  5 5 0
W a v e l e n g t h  ( n m )

7 0 0

F i g u r e  E 2 0  T h e  a b so rb a n ce  sp ectra  o f  th e  fin a l lo a d e d  cu rcu m in  in  P E M  in  e a c h  
s o lv e n t  c o m p o s it io n  at 5 0 ° c  w h e n  lo a d in g  t im e  is  3 hrs.

T h e  a b so r b a n c e  at 4 3 5  n m  a s a  fu n c t io n  o f  t im e  o f  th e  lo a d in g  ca n  sta te  th e  
satu rated  o f  c u r c u m in  in  P E M  in  ea c h  c o n d it io n . T h e  k in e t ic  p rop erty  o f  th e  lo a d in g  
o f  c u rcu m in  in to  P E M  th in  f i lm s  in  ea c h  tem p era tu re  are  s h o w  in  F ig u r e  E 2 1 -E 2 4 .
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F i g u r e  E 2 1  T h e  k in e t ic  p ro p erty  o f  th e  lo a d in g  c u rcu m in  in to  P E M  f i lm s  at 4 ° c .

Figure E22 The kinetic property of the loading curcumin into PEM films at 15°c.
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F i g u r e  E 2 3  T h e  k in e t ic  p rop erty  o f  th e  lo a d in g  cu r c u m in  in to  P E M  f ilm s  at 2 8 ° c .

F i g u r e  E 2 4  T h e  k in e t ic  p rop erty  o f  th e  lo a d in g  c u r c u m in  in to  P E M  f ilm s  at 5 0 ° c .
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A p p e n d i x  F  A b s o r b a n c e  S p e c t r a  o f  t h e  F i n a l  A m o u n t  o f  C u r c u m i n  L o a d e d  i n t o  

P E M  a f t e r  S u r f a c t a n t  M o d i f i c a t i o n  f r o m  U V - V i s  S p e c t r o m e t e r

T h e  9 - la y e r  P E M  fab rica ted  b y  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 e r e  d ip p ed  in to  S D S  su rfa cta n ts  in  w a te r  a t c o n c e n tr a tio n  o f
0 .7 2 5 , 1 .5 , 3 ,  6 , 10 , 1 4 , 18  and  2 2 m M  fo r  1 h ou r. T h en , lo a d in g  w ith  0 .0 1 %  w /v  
cu rcu m in  at 9 0 :1 0  w a terT itO H  so lv e n t  fo r  3 h ou rs. T h e  a b so r b a n c e  sp ectra  o f  th e  
f in a l lo a d e d  cu r c u m in  in  P E M  w ith  S D S  s h o w  in  F ig u r e  F I .

F i g u r e  F I  T h e  a b so r b a n c e  sp ectra  o f  th e  fin a l lo a d e d  cu rcu m in  in  P E M  w ith  S D S .

T h e  8 - la y e r  P E M  w er e  d ip p e d  in to  C T A B  su rfa cta n ts  in  w a te r  at 
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  fo r  1 hr. T h en , lo a d in g  w ith  0 .0 1 %  
w /v  cu r c u m in  at 9 0 :1 0  w a te n E tO H  s o lv e n t  fo r  3 h rs. T h e  a b so r b a n c e  sp ectra  o f  th e  
f in a l lo a d e d  c u rcu m in  in  P E M  w ith  C T A B  s h o w  in  F ig u r e  F 2 .
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F i g u r e  F 2  T h e  a b so r b a n c e  sp ec tra  o f  th e  f in a l lo a d e d  c u rcu m in  in  P E M  w ith  C T A B .
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A p p e n d i x  G  A F M  I m a g e s  a n d  C h a r a c t e r i z a t i o n  D a t a  o f  P E M  S u r f a c e  

M o d i f i c a t i o n  b y  S D S  S u r f a c t a n t

T h e  1 3 -la y e r  P E M  fa b r ica ted  b y  lO m M  P D A D M A C /P S S  c o n ta in  1M  N a C l  
o n  g la s s  s lid e  w e r e  d ip p ed  in to  lO m M  S D S  su rfa cta n ts in  w a ter  fo r  1 hr. T h en , 
lo a d in g  w ith  0 .0 1 %  w /v  cu rcu m in  at 9 0 :1 0  w a ter:E tO H  s o lv e n t  fo r  3 hrs.

S t a t i s t i c s M i n ( n m ) M a x ( n m ) M i d ( n m ) M e a n ( n m ) R q ( n m )
R e d  lin e - 4 .4 6 0 2 6 .3 8 5 1 0 .9 6 2 2 .7 8 4 7 .4 4 8

W h o le  re g io n - 2 3 .1 3 4 3 9 .7 1 0 -  8 .2 8 8 0 4 .0 1 2

F i g u r e  G 1  C h a ra cter iza tio n  d a ta  o f  1 3 -la y e r  lO m M  P D A D M A C /P S S  c o n ta in  1M  
N a C l P E M .
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S t a t i s t i c s M i n ( n m ) M a x ( n m ) M i d ( n m ) M e a n ( n m ) R q ( n m )
R ed  lin e - 3 6 .3 8 8 2 1 .0 4 2 - 7 .6 7 3 0 .2 7 5 9 .0 7 6

W h o le  r e g io n - 5 8 .5 7 4 1 4 2 .4 2 2 4 1 .9 2 4 0 6 .2 0 7

F i g u r e  G 2  C h a ra c ter iza tio n  d a te  o f  P E M  after lo a d in g  0 .0 1  % w /v  cu r c u m in  3  h rs.

nm I3b-*SDS (1)

S t a t i s t i c s M i n ( n m ) M a x ( n m ) M i d ( n m ) M e a n ( n m ) R q ( n m )
R ed  l in e - 1 8 .6 2 6 2 7 .4 5 9 4 .4 1 6 0 .6 8 3 7 .4 1 8

W h o le  r e g io n - 3 5 .8 4 3 4 2 .8 9 7 3 .5 2 7 0 7 .0 6 2

F i g u r e  G 3  C h a ra cter iza tio n  d a te  o f  P E M  im m e r se d  in  lO m M  S D S  fo r  1 hr.
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nbAEncj/1»  /Il

S t a t i s t i c s M i n ( n m ) M a x ( n m ) M i d ( n m ) M e a n ( n m ) R q ( n m )
R e d  l in e - 2 2 .5 6 2 2 8 7 .0 3 1 1 3 2 .2 3 5 1 2 .8 0 2 6 0 .4 8 6

W h o le  r e g io n -4 0 .8 7 3 3 0 2 .1 0 3 1 3 0 .6 1 5 0 2 1 .1 9 8

F i g u r e  G 4  C h a ra c ter iza tio n  data  o f  P E M  im m e r se d  in  S D S  an d  lo a d in g  w ith  
cu rcu m in .
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