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S 1 - 3 5 -CX  Nov. 14,15:20-15:40 
I m p r o v e m e n t  P h o to in d u c e d  H y d ro p h i l ic  
P r o p e r t y  o f  G la s s  b y  Z in c  O x id e  T h in  F i lm  
P r e p a r e d  b y  S o i-G e l M e th o d
p. ไรํพทpud/1 พ  Tsnthapanichakocn2 and T. Chanaparjtkul' 
“ChulaloaRfcomUniversity, Thaüacd; ‘National Nanotechnology 
Center (NANOTEC), Thailand
Z nO  thin film  could be fabricated on soda lime glass 
substrates by  sol-gel dip coating method. The ZnO  thin 
film s w hich are synthesized by using die concentration 
o f  zinc acetate ranged 0.02 to 0.75 mol/Lv withdraw al 
speed ranged 0.16 to 2 .00 mm/ร and heated  at 773 K  
have been experim entally investigated. The transparent 
an d  hydrophilic properties o f  ZnO thin film  have been 
characterized by UY-Y1S spectrophotom eter and 
contact angle m easurement, respectively. As a 
prelim inary result, the decreasing w ithdraw al speed 
cou ld  result in a decrease in film  thickness and 
photoinduced hydrophilicity.

S l - 3 6 - 0 ,  Nov 14,15:40-16:00 
S y n th e s is  a n d  P h o to c h e m ic a l  P r o p e r t ie s  o f  
L a - d o p e d  H C ii’N b jO io
Y. F. Huang./ J. H. พน. Y. M- Xie, J. M. Lia, M. L  Hoang and 
Y. L. Wei
Huaqiao University, China
T he photocatalysts senes HCa2N b3 0 ]6  doped with L a'"  
w ere synthesized by  conventional solid state method 
fo llow ed b y  an ion-exchange reaction. The samples 
w ere characterized b y  pow er X-ray diffraction, บ V--vis 
diffusive reflectance an d  scan electron m icroscope. 
The influence o f  substitution o f  La3* for Ca2* in 
H C a2N b30 j 0 had been studied on die photocatalytic 
decom position o f  w ater under u v  light irradiation 
(m ore than 290 nm ) w ith  methanol as electron donor 
and  P t as prom oter catalyst. Both the optical property 
and  photocatalytic activity o f  H ^ C a ^ sNb;jLaxO ]0 are 
varied  by  the substitution o f  La for Ca. As La coûtent 
increased the band  gap and light response range are 
changed, w hich have a positive effect on  the 
photocatalytic activity in  the water splitting reaction. 
T he results show that d ie doping o f  La im proves the 
photocatalytic activity o f  H Ca:N b ;0 101 the difference 
o f  photocatalytic activity among them  is also 
discussed.

S l - 3 7 - 0 ,  Nov. 14,16:00-16:20 
C r y s t a l  S t r u c tu r e  a n d  R a m a n  S p e c tro s c o p y  
A n a ly s is  o f  S m  a n d  C e  D o u b le -A to m  F i l le d  
S k u t i e r u d i t e s
T .X L roandX F .T m g
Wuhan University cf Technology, China
P o ty o y s taü rae  double-atom  filled  skutterudites

SmOTCenFexCo4.xSbt2 have been characterized by  the 
Rietveld refinem ent and Raman spectra. The results o f  
Rietveld refinement demonstrated that the obtained 
SmsCe^FejCo^xSbn compounds possess a filled 
skutterudite structure. The thermal param eter (B) o f  
รณ/C e is Larger than that o f  Sb, Fe and C o, indicating 
that Sm and C e ‘ rattles”  in Sb-icosahedron voids. In 
comparison w ith die Sm or Ce filling, the Sm and Ce 
double filling can enlarge die therm al param eter (B). 
Raman spectroscopy investigation shows that the 
filling atoms Sm  and Ce in voids interrelate w ith some 
o f  die lattice Vibrations in the skutterudite structure and 
lead to a  shift and broadening o f  the Sb4 n n g  breathing 
modes. In comparison w ith  the Sm or C e filling, the Sm 
and Ce double filling can increase the extent o f  move 
and w idening o f  the observed lines.

s  1 - 3 8 - 0 ,  Nov. 14.16:20-16:40 
F a b r ic a t io n  o f  M g iS i T h e rm o e le c tr ic  
G e n e ra to r  b y  S p a r k  P la s m a  S in te r in g
L. M. Zîvtttg.* M- J. vrâg L. Q. Han. Q. Shen and c. B. Wans 
Wuhan University o f  Technology, China
Elemental M g and Si powders were used to fabricate 
M g; Si bulk thermoelectric generator by  Spark Plasm a 
Sintering (SPS). M g3Si bu lk  was synthesized and 
sintered sim ultaneously at a low  tem perature (550°C) 
and a  high pressure (>]00M Pa). However. the
product could not densified w ith some m icro-cracks on 
the surface, and the reaction betw een M g and Si W'as 
not complete. Then M g and Si reacted at 550ac  to 
synthesis M g; ร! powders, and the produced powers 
were further densified by SPS under 7 5 0 °c  -20MPa. 
The sample had a high relative density (nearly 100%) 
containing pure M g2Si phase, and the M gjSi grains 
were fine and homogeneous. The pow er factor o f  the 
M g;Si bulk  thermoelectric generator was 
9.57>'10J W /m K 2 at 700°c.

P o s t e r  S e s s i o n  

N o v .  1 3 , 1 3 : 3 0 - 1 7 : 3 0

S 1 - 3 9 - P
F a b r ic a t io n  o f  Z n O  N a n o tu b e s  b y  
T e m p la te -W e tt in g  P ro c e s s
บ. A. Shaislamov,*1 G. Kmmlhbong ร. L Kim.1 ร- พ. Kim.1 
J M. Yang.1 ร. K. Hong1 and B. Yang1
'Kumcti National Institute of Technology, Korea; National Nanofàb 
Center, Korea: 3Hynix Semiconductor Inc. Korea
Recently, considerable research efforts have been 
focused on fabrication and characterization o f  
one-dim ensional ( ID ) nanomaterials because o f  their 
fundamental importance in physics and potential 
applications for realizing nano-devices. ZnO is 
recognized as a prom ising m aterial for 
short-tvavelength optoelectronic applications because
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P h o to in d u ced  h y d ro p h ilic  p ro p e r ty  o f zinc o x id e  th in  films p r e p a r e d  
by  so l-g e l d ip  c o a tin g  m eth o d
p. NUMPUD, T. CHAKINPANITKULt and พ . TANTHAPANICHAKOON*

C e n te r  o f  E x ce llen ce  in  P a r t ic le  T e c h n o lo g y , D e p a rtm e n t  o f  C h em ical E n g in e e rin g , F a c u lty  o f  E n g in e e rin g ,
C h u la lo n g k o rn  U n iv e rs ity , B a n g k o k  1 0 3 3 0 , T h a ila n d
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Z n O  t h in  f i lm s  c o u ld  b e  f a b r i c a t e d  o n  s o d a  l im e  g la s s  s u b s t r a t e s  b y  s o l - g e l  d i p  c o a t i n g  m e t h o d .  T h e  t h i n  f i lm s  f a b r i c a t i o n  c o n d i ­
t io n s  w e r e  z in c  a c e ta t e  c o n c e n t r a t i o n  o f  O .lO 0 O .5 O x  103 m o l / m 3, w i t h d r a w a l  s p e e d  o f  0.5Û1.5 X  10~3 m / s  a n d  c a l c i n a t i o n  t e m ­
p e r a t u r e  o f  500°c. T h e  f i lm  c h a r a c t e r i s t i c s  ( r o u g h n e s s ,  t r a n s p a r e n c y  a n d  p h o t o i n d u c e d  h y d r o p h i l i c i t y )  w e r e  c h a r a c t e r i z e d  b y  
a t o m i c  f o r c e  m ic r o s c o p y ,  U V - v is  s p e c t r o p h o t o s c o p y  a n d  c o n t a c t  a n g le  a n a l y z e r ,  r e s p e c t iv e ly .  I t  w a s  f o u n d  t h a t  t h e  d e c r e a s in g  
w i t h d r a w a l  s p e e d  o f  t h e  c o a t e d  f i lm  u s i n g  0 .1 0  X 1 0 3 m o l / m 3 z in c  p r e c u r s o r  c o u ld  r e s u l t  in  a  d e c r e a s e  i n  t h e  f i lm  t h i c k n e s s  a n d  
t h e  f i lm  r o u g h n e s s ,  c o n s e q u e n t l y  l e a d i n g  t o  h ig h ly  p h o t o in d u c e d  h y d r o p h i l i c i t y .©2008 The Ceramic Society of Japan. All rights reserved.
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1. Introduction
T h e  h y d r o p h i l i c i t y  o f  s u b s t r a t e  s u r f a c e  r e f e r s  t o  a  p h y s ic a l  

p r o p e r t y  t h a t  c a n  t r a n s i e n t l y  b o n d  w i t h  w a t e r  t h r o u g h  
h y d r o g e n  b o n d i n g ,  l e a d i n g  t o  s p r e a d i n g  o f  w a t e r  a c r o s s  th e  
s u r f a c e  r a th e r  t h a n  r e m a in in g  a s  d r o p l e t s .  N o r m a l l y  h y d r o ­
p h i l i c i ty  c o u ld  b e  a c h ie v e d  a f t e r  uv i r r a d i a t i o n  t o  s u b s t r a t e  
s u r f a c e  c o a t e d  w i t h  s o m e  s p e c i f i c  s e m i c o n d u c t o r .  T h is  
p r o p e r t y  c o u ld  p h y s ic a l ly  b e  i n d i c a t e d  b y  w a t e r  c o n t a c t  
a n g le .  A  s u r f a c e  w i t h  w a t e r  c o n t a c t  a n g le  l o w e r  t h a n  1 0 ” is 
c la s s i f i e d  a s  h ig h ly  h y d r o p h i l i c  s u r f a c e  w h i le  a  h ig h ly  
h y d r o p h o b i c  s u r f a c e  w ill  s h o w  w a t e r  c o n t a c t  a n g le  h ig h e r  
t h a n  150°.

Z in c  O x id e  ( Z n O )  is  o f  g r e a t  i n t e r e s t  d u e  t o  i ts  u n i q u e  
o p t i c a l ,  e le c t r i c a l  a n d  p h o t o - c a t a l y s t  p r o p e r t i e s . 1,_5) Z n O  
t h in  f i lm  c a n  b e  c o a t e d  o n  g la s s  o r  p l a s t i c  s u b s t r a t e  w i th  
e x c e l le n t  t r a n s p a r e n c y ,  w h ic h  w ill  n o t  o b s t r u c t  t h e  s u b s t r a t e  
o p t i c a l  v i s ib i l i ty ,  a n d  c a n  p r o v i d e  p h o t o i n d u c e d  h y d r o p h i l i c  
f u n c t i o n .  S o l - g e l  m e t h o d  is  w id e ly  e m p l o y e d  f o r  p r e p a r i n g  
Z n O  b e c a u s e  o f  i t s  s i m p l i c i t y ,  s a f e t y  a n d  lo w  c o s t .  
M o r e o v e r ,  i n c o r p o r a t i o n  o f  d i p  c o a t i n g  m e t h o d  c o u ld  
s im p ly  p r o v i d e  a  s m o o t h  t h i n  f i lm  o f  Z n O  o n  s u b s t r a t e  w i th  
l a r g e  a r e a .  รน ท  e t  a l . 8  r e p o r t e d  t h a t  uv i r r a d i a t i o n  c a n  
g e n e r a te  e l e c t r o n - h o l e  p a i r s  o n  s u b s t r a t e  s u r f a c e  c o a t e d  w i th  
Z n O  a n d  l e a d s  t o  h y d r o p h i l i c  p r o p e r t y  d u e  t o  s o m e  o f  th e  
h o l e s  r e a c t i n g  w i th  l a t t i c e  o x y g e n  t o  p r o d u c e  s u r f a c e  o x y g e n  
v a c a n c ie s .  H o w e v e r ,  t h e r e  is  a  r e m a i n i n g  i s s u e  t h a t  p r e f e r e n ­
t i a l  a d s o r p t i o n  o f  w a t e r  o n  t h e  c o a t e d  s u r f a c e  c a n n o t  la s t  
l o n g  a n d  r e v e r s ib ly  t u r n s  t o  i ts  i n i t i a l  c o n d i t i o n  a f t e r  s t o r a g e  
in  t h e  d a r k . 6)_9)

T h e  m a in  p u r p o s e  o f  t h e  p r e s e n t  w o r k  w a s  t o  in v e s t ig a te  
t h e  p h o t o i n d u c e d  h y d r o p h i l i c  p r o p e r t y  o f  g la s s  s u b s t r a t e  
c o a t e d  w i th  Z n O  t h i n  f i lm  w h ic h  w a s  p r e p a r e d  b y  s o l - g e l  
p r o c e s s  i n c o r p o r a t e d  w i th  d i p  c o a t i n g  t e c h n i q u e .  T h e  h y d r o ­
p h i l i c  s u r f a c e  w a s  c h a r a c t e r i z e d  b y  A F M ,  c o n t a c t  a n g le  
m e a s u r e m e n t  a n d  U V -v is  s p e c t r o s c o p y .  T h e  e f f e c t  o f  w i t h ­
d r a w a l  s p e e d  a n d  p r e c u r s o r  c o n c e n t r a t i o n  o n  t h e  t r a n s m i t -

f C o rre sp o n d in g  a u th o r :  E -m a il:  c ta w a t@ c h u la .a c .th

t a n c e  o f  t h e  Z n O  t h i n  f i lm  w a s  c o n s e q u e n t l y  in v e s t i g a te d  f o r  
f i n d in g  s y s te m a t i c  m e a n s  t o  i m p r o v e  p r e p a r a t i o n  o f  h ig h ly  
h y d r o p h i l i c  c o a t e d  g la s s  s u b s t r a t e .

2. Experimental
S t a r t i n g  p r e c u r s o r  w a s  p r e p a r e d  u s i n g  z in c  a c e t a t e  ( 9 5 %  

p u r i t y ,  M  =  2 1 9 .4 9 ,  Z n ( C H 3C 0 0 ) 2. 2 H 2 0 ,  A j a x  C h e m f i n e  
A u s t r a l i a ) ,  a b s o l u t e  e t h a n o l  ( 9 9 .9 9 %  p u r i t y ,  M  =  4 6 .0 7 ,  
C H 3C H 2O H ,  M e r c k ) ,  a c e t i c  a c i d  ( 9 9 .9 %  p u r i t y ,  M  =  4 6 .0 7 ,  
C H 3C O O H ,  M e r c k )  a n d  d e io n i z e d  w a t e r .  T h e  z in c  a c e ta t e  
w a s  d i s s o lv e d  in  0 .0 5  X  1 0 ~ 3 m 3 o f  a b s o l u t e  e t h a n o l  a t  r o o m  
t e m p e r a t u r e .  D e i o n iz e d  w a t e r  a n d  a c e t i c  a c i d  w e r e  r e s p e c ­
t iv e ly  a d d e d  t o  t h e  m ix t u r e  s o l u t i o n  w i th  m o l a r  r a t i o  o f  2 :1  
a n d  0 .0 1 :1  w i t h  r e s p e c t  t o  t h e  z in c  a c e t a t e  m o l a r  c o n c e n t r a ­
t i o n .  T h e n  t h e  s o l u t i o n  w a s  s u b j e c t  t o  h e a t i n g  a t  6 0 ° c  w i th  
m a g n e t ic  s t i r r i n g  f o r  3 6 0 0  ร u n t i l  a  t r a n s p a r e n t  a n d  h o m o ­
g e n e o u s  s o l u t i o n  w a s  o b t a i n e d .  T h e  c o n c e n t r a t i o n  o f  z in c  
a c e ta t e  w a s  v a r i e d  f r o m  0 .1 0  t o  0 .5 0  X  103 m o l / m 3. T h e n  t h in  
f i lm  w a s  d e p o s i t e d  o n  c le a n e d  g la s s  s u b s t r a t e  ( 0 .2 5  m m  X 

0 .3 0  m m  X 0 .0 1  m m )  b y  t h e  d i p  c o a t i n g  t e c h n i q u e ,  in  w h ic h  
t h e  g la s s  w a s  im m e r s e d  i n t o  t h e  p r e c u r s o r  s o l u t i o n  f o r  a  
c e r t a i n  p e r io d  o f  3 0  ร a n d  t h e n  w i t h d r a w n  f r o m  t h e  s o l u t io n  
w i th  a  d i f f e r e n t  w i t h d r a w a l  s p e e d  ( 0 .5 ,  1 .0  o r  1 .5  X 1 0 - 3  m /  
ร) u n d e r  a m b i e n t  c o n d i t i o n  b y  a  s t e p  m o t o r .  T h e  c o a t e d  f i lm  
w a s  c a l c i n e d  in  a i r  a t  a  h e a t i n g  r a t e  o f  0 . 0 5 ° c / s  a n d  h e ld  f o r  
3 6 0 0  ร a t  5 0 0 ° c .  A  U V - A  l a m p  ( S A P H I T  A . J . L .  S u p p l i e s ,  
T h a i l a n d )  w i t h  e m i s s io n  w a v e le n g th  in  a  r a n g e  o f  3OO046O 
n m  a n d  o u t p u t  o f  2 0  พ  is  e m p l o y e d  t o  i r r a d i a t e  e a c h  c o a t e d  
g la s s  s p e c im e n  in  p r i o r i  t o  w a t e r  c o n t a c t  a n g le  i n v e s t i g a t i o n .  
O p t i c a l  t r a n s m i s s i o n  o f  t h e  Z n O  t h i n  f i lm s  w e r e  c h a r a c t e r ­
iz e d  b y  c o m p a r i s o n  w i t h  u n c o a t e d  s u b s t r a t e  u s i n g  a  P e r k i n -  
E lm e r  L a m b d a  6 5 0  U V - V is  s p e c t r o p h o t o m e t e r .  T h e  p a r t i c l e  
s iz e ,  r o u g h n e s s  a n d  u n i f o r m i t y  o f  Z n O  c o n s t i t u t i n g  in  t h e  
f i lm s  w e r e  c h a r a c t e r i z e d  b y  a n  a t o m i c  f o r c e  m ic r o s c o p y  
( A F M ) . T h e  h y d r o p h i l i c i t y  o f  t h e  t h i n  f i lm s  w a s  t h e n  e x a ­
m in e d  b y  m e a s u r i n g  t h e  c o n t a c t  a n g le  o f  w a t e r  d r o p l e t s  b y  a  
c o n t a c t  a n g le  m e t e r .  W a t e r  d r o p l e t s  w i t h  c o n s i s t e n t  v o l u m e  
o f  0 .0 1 2  X  1 0 ~ 6 m 3 w e r e  p l a c e d  a t  f iv e  d i f f e r e n c e  p o s i t i o n s  o n
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(a)

(b)

(c)

Fig. 1. A F M  im ages o f  su rfa ce  o f  Z n O  c o a tin g  film s p re p a re d  
fro m  O .lO x lO 3 m o l/m 3 zinc  a c e ta te  w ith  d if fe re n t  w ith d ra w a l 
speed s o f  (a )  0 .5  X 1e r 3 m /s ,  (b )  l .O x  1 0 '3 m /s  a n d  (c ) 1.5 X 10~3 
m /s .

e a c h  c o a t e d  s u b s t r a t e  s a m p le  f o r  m e a s u r i n g  t h e  c o n t a c t  
a n g le .

3. Results and discussion
F i g u r e s  l a ,  b  a n d  c  r e p r e s e n t  t y p ic a l  A F M  im a g e s  o f  

t h e  m o r p h o l o g y  o f  Z n O  t h i n  f i lm s  p r e p a r e d  f r o m  0 .1 0 X  103 
m o l / m 3 z in c  a c e t a t e  w i th  t h r e e  d i f f e r e n t  w i t h d r a w a l  s p e e d s  
o f  0 . 5 , 1 . 0  a n d  1 .5  X 1 0 ~ 3 m / s ,  r e s p e c t iv e ly .  I t  c o u l d  b e  c l e a r ­
ly  o b s e r v e d  t h a t  t h e  g r a in  s iz e  d e p e n d s  o n  t h e  w i t h d r a w a l  
s p e e d .  T h e  g r a in  s iz e s  o f  Z n O  in  t h e  c o a t e d  f i lm s  p r e p a r e d  
f r o m  t h e  s a m e  z in c  a c e ta t e  c o n c e n t r a t i o n  a r e  1 8 .0 ,  1 9 .5 , 2 3 .0

T a b le  1. S u rface  R o u g h n e ss  a n d  A v erag e  G ra in  S ize o f  Z n O  th in  
F ilm s w ith  D iffe re n t z in c  A c e ta te  C o n c e n tra t io n s  a n d  W ith d ra w a l 
S peeds

Zinc acetate 
concentration 
(xio3 mol/m3)

withdrawal speed 

(x l03m/s)

แททร

(nm)

average gram size 

(nm)

0.10 0.5 2.1 18.0
1.0 2.4 19.5
1-5 2.2 23.0

0.25 0.5 3.7 19.0
1.0 3.2 25.5
1.5 9.2 29.0

0.50 0.5 4.3 22.5
1.0 4.6 20.5
1.5 55 26.0

n m  a s  s h o w n  in  F ig .  l a ,  b ,  a n d  c ,  r e s p e c t iv e l y .  T h e  s u r f a c e  
r o u g h n e s s  a n d  a v e r a g e  g r a i n  s iz e  o f  t h e  Z n O  t h i n  f i lm s  w i th  
d i f f e r e n t  z in c  a c e t a t e  c o n c e n t r a t i o n  o f  0 .1 0 ,  0 .2 5 ,  0 .5 0  X 103 
m o l / m 3 a n d  d i f f e r e n t  w i t h d r a w a l  s p e e d  w e re  a l s o  s u m m a ­
r i z e d  in  T a b l e  1 . I t  w a s  f o u n d  t h a t  w i th  t h e  h ig h e s t  c o n c e n ­
t r a t i o n  o f  0 .5 0  X 10 3 m o l / m 3 t h e  s u r f a c e  r o u g h n e s s  m e a n  
s q u a r e  ( r m s )  o f  t h e  c o a t e d  f i lm s  i n c r e a s e d  f r o m  4 .3  t o  5 .5  
n m  w h e n  t h e  g la s s  s u b s t r a t e s  w e r e  w i t h d r a w a l  f r o m  t h e  s o l u ­
t i o n  w i t h  t h e  s p e e d  o f  0 .5  t o  1 .5  X 1 0 ~ 3 m / s ,  r e s p e c t iv e ly .  
T h e  in c r e a s e  in  f i lm  t h ic k n e s s  w h ic h  is  s u b j e c t  t o  t h e  
w i t h d r a w a l  s p e e d  is  a t t r i b u t e d  t o  c o m p e t i t i v e  e f f e c t s  o f  
g r a v i t a t i o n a l  a n d  f r i c t i o n a l  v i s c o u s  f o r c e s  a c t i n g  o n  t h e  
l iq u id  c o a t i n g  f i lm  a n d  e v a p o r a t i o n  o f  s o l v e n t .  I0)' 12)

F i g u r e  2  r e v e a ls  t h e  o p t i c a l  t r a n s m i t t a n c e  s p e c t r a  o f  th e  
Z n O  f i lm s  c o a t e d  o n  g la s s  s u b s t r a t e s  u s i n g  z in c  a c e t a t e  c o n ­
c e n t r a t i o n  o f  0 .1 0  a n d  0 .5 0  X 10 3 m o l / m 3 w i t h  d i f f e r e n t  
w i t h d r a w a l  s p e e d  o f  0 .5 ,  1 .0  a n d  1 .5  X 1 0 ” 3 m / s .  A l l  o f  th e  
f a b r i c a t e d  f i lm s  e x h ib i t e d  t r a n s m i t t a n c e  o f  a b o v e  90% w i th  
r e s p e c t  t o  t h e  r a n g e  o f  v i s ib le  l ig h t  (4 0 0 0  7 0 0  n m ) , p o i n t i n g  
o u t  t h e  e v id e n c e  o f  t h e i r  s u p e r i o r  t r a n s p a r e n c y .  M e a n w h i le ,  
i t  c o u ld  a ls o  b e  s e e n  t h a t  a l l  c o a t e d  s u b s t r a t e s  e x h ib i t e d  
r e m a r k a b l e  u l t r a v i o l e t  a b s o r p t i o n  a t  a r o u n d  3 8 0  n m ,  w h ic h  
is  a t t r i b u t e d  t o  t h e  i n t r i n s i c  b a n d  g a p  o f  Z n O .  L e e  e t  a l  c o n ­
f i r m e d  t h a t  Z n O  f in e  p a r t i c l e s  s y n t h e s i z e d  b y  s o l - g e l  m e t h o d  
c o n t a i n  io n iz e d  o x y g e n  v a c a n c y  w h ic h  c o u l d  e m i t  p h o t o n s  
w i th  s p e c if i c  w a v e le n g th  o f  ~ 5 0 0 n m  d e p e n d i n g  o n  t h e i r  
c r y s t a l  s t r u c t u r e . 13) I n  o u r  i n v e s t i g a t i o n  c h a n g e  o f  w i t h d r a w ­
a l  s p e e d  p r o v i d e s  a n  a p p r e c i a b l e  e f f e c t  o n  t h e  t r a n s m i t t a n c e  
o f  t h e  c o a t i n g  f i lm  b e c a u s e  t h e r e  w a s  d i f f e r e n c e  in  t h e  g r a in  
s iz e  o f  Z n O  f i lm  o n  e a c h  s u b s t r a t e .  W i t h  0 .1 0  X 103 m o l / m 3 
z in c  a c e t a t e ,  s u b s t r a t e s  w i th  t h i c k e r  c o a t i n g  l a y e r  c o u ld  
s o m e h o w  a b s o r b  u l t r a v i o l e t  s p e c t r a  w i t h  h i g h e r  in t e n s i t y .  
T h i s  r e s u l t  is  i n  g o o d  a g r e e m e n t  w i t h  t h a t  o f  B e r b e r  e t  ฝ  e v e n  
t h o u g h  t h e y  u s e d  s p i n  c o a t i n g  t e c h n i q u e  t o  p r e p a r e  t h e  Z n O  
t h i n  f i l m .5> H o w e v e r ,  i t  is  i n t e r e s t i n g  t h a t  w i t h  0 .5 0 X  103 
m o l / m 3 z in c  a c e t a t e ,  t h e  d i f f e r e n t  t r e n d  c o u ld  b e  o b s e r v e d .  
S i g n i f ic a n t l y  lo w  t r a n s m i t t a n c e  a n d  t r a n s p a r e n c y  c o m p a r e d  
w i t h  t h o s e  o f  0 .1 0  X 103 m o l / m 3 z in c  a c e t a t e  w o u l d  b e  
a t t r i b u t e d  t o  t h e  i n c r e a s in g  c r y s t a l l i n i t y  d u e  t o  t h e  h ig h e r  
c o n c e n t r a t i o n .

T o  e x a m in e  t h e  h y d r o p h i l i c i t y  o f  t h e  c o a t e d  g la s s  s u b ­
s t r a t e s ,  a v e r a g e  w a t e r  c o n t a c t  a n g le  i s  p l o t t e d  a g a i n s t  t h e  uv 
i r r a d i a t i o n  t im e  a s  s h o w n  in  F i g .  3 .  W h e n  0 .1 0 X  103 m o l / m 3

415



JCS-Japan Numpud et al.: Photoinduced hydrophilic property of zinc oxide thin films prepared by sol-gel dip coating method

W a v e le n g th  /  n ra

W a v e le n g th  /  n m

Fig. 2 . O p tica l t ra n s m itta n c e  sp e c tra  o f  Z n O  film s p re p a re d  by d ip  
c o a tin g . A b o v e : in 0 .1 0  X 103 m o l /m 3 o f  z in c  a c e ta te  w ith  w ith d ra w ­
al speed  o f  ( a )  0 . 5 x l O “ 3 m / s ,  (b )  1 . 0 x l 0 “ 3 m /s  a n d  (c )  1 .5X  
10 “ 3 m /s ,  B elow : in  0 .5 0 X 103 m o l /m 3 o f  z in c  a c e ta te  w ith  
w ith d raw a l speed  o f  (d )  0 .5  X 1 0 “ 3 m /s ,  (e ) 1.0 X 10“ 3 m /s  a n d  ( f)  
1.5 X 10“ 3 m /s .

u v  i r ra d ia tio n  tim e  / ร

Fig. 3. D e p en d en ce  o f  w a te r  c o n ta c t  a n g le  o f  Z n O  film s o n  u v  
i r ra d ia tio n  tim e  ( A ;  w ith d ra w a l sp eed  =  0 .5  X 1 0 " 3 m /s ,  I I I ;  
w ith d raw a l speed  =  1.0 X 10 “ 3 m /s  a n d  w ith d ra w a l sp eed  =  1.5 X 
10“ 3 m /s ) .

z in c  a c e ta t e  w a s  p r e p a r e d  t o  c o a t  o n  t h e  g la s s  s u b s t r a t e  w i th  
d i f f e r e n t  w i t h d r a w a l  s p e e d  o f  0 .5 ,  1 .0 ,  1 . 5 x l O “ 3 m / s ,  i t

F ig . 4 . E ffec t o f  p re c u rso r  c o n c e n tra t io n  on  w a te r  c o n ta c t ang le  o f  
th e  c o a ted  film  a f te r  u v  i r ra d ia tio n  fo r  1 ,800 s ( [ 3 ;  z inc  a ce ta te  
c o n c e n tra t io n  =  0 .1 0  X I0 3 m o l/m 3, Ê 2 ; z inc  a ce ta te  c o n c e n tra t io n  =  
0 .25  X 103 m o l/m 3 a n d  [ 3 ;  z inc  a ce ta te  c o n c e n tra t io n  =  0 .5 0  X 103 
m o l /m 3) .

c o u ld  b e  o b s e r v e d  t h a t  h ig h ly  h y d r o p h i l i c  s u b s t r a t e s  w i th  t h e  
w a t e r  c o n ta c t  a n g le  lo w e r  t h a n  5° c o u ld  b e  o b t a i n e d  w i th  u v  
i r r a d i a t i o n  f o r  o n l y  1 8 0 0  ร. A s  t h e  w h o le  t e n d e n c y ,  t h e  l o n ­
g e r  t h e  U V  i r r a d i a t i o n  t im e  w a s  s p e n t ,  t h e  lo w e r  t h e  w a t e r  
c o n t a c t  a n g le  w a s  a c h ie v e d .  T h e r e f o r e ,  w i th  t h e  lo w e s t  
w i t h d r a w a l  s p e e d  o f  0 .1  X 1 0 “ 3 m / s  t h e  a v e r a g e  w a t e r  c o n ­
t a c t  a n g le  b e c a m e  s i g n i f i c a n t l y  s m a l l e r .  T h i s  w o u l d  b e  
a t t r i b u t a b l e  t o  t h e  f o r m a t i o n  o f  t h i n n e r  c o a t i n g  f i lm  c o n t a i n ­
i n g  s m a l l e r  c r y s t a l  w h ic h  c o u ld  a d s o r b  m o r e  u v ,  r e s u l t i n g  in  
h i g h e r  h y d r o p h i l i c i t y .

T h e  e f f e c t  o f  c o n c e n t r a t i o n  o f  z in c  a c e ta t e  p r e c u r s o r  o n  
t h e  w a t e r  c o n t a c t  a n g le  o f  t h e  c o a t i n g  f i lm s  is d e p ic t e d  in  
F i g .  4 .  A s  s u g g e s te d  b y  t h e  e x p e r i m e n t a l  r e s u l t s  s h o w n  in  
F i g .  3 ,  a ll  t h e  s u b s t r a t e s  w e re  p r e p a r e d  u s in g  d i f f e r e n t  c o n ­
c e n t r a t i o n  o f  z in c  a c e ta t e  a n d  d i f f e r e n t  w i t h d r a w a l  s p e e d  
w i th  a  c o n s t a n t  u v  i r r a d i a t i o n  t im e  o f  1 ,8 0 0  ร. H o w e v e r ,  t h e  
w h o l e  e x p e r i m e n t a l  r e s u l t s  s u g g e s te d  t h e  c o m p l i c a t e d  d e p e n ­
d e n c e  o f  th e  w a t e r  c o n t a c t  a n g le  o n  t h e  f i lm  p r e p a r i n g  
p a r a m e t e r s .  W h e n  t h e  0 .1 0  X 103 m o l / m 3 z in c  a c e ta t e  p r e c u r ­
s o r  w a s  e m p l o y e d  t h e  i n c r e a s in g  w i t h d r a w a l  s p e e d  g a v e  r i s e  
t o  w o r s e  h y d r o p h i l i c i t y  w h ic h  w a s  in d ic a te d  b y  t h e  h ig h e r  
w a t e r  c o n ta c t  a n g le .  T h i s  m ig h t  b e  a t t r i b u t a b l e  t o  t h e  
in c r e a s in g  g r a in  s iz e  a n d  s u r f a c e  r o u g h n e s s ,  w h ic h  c o u ld  a ls o  
b e  c o n f i r m e d  in  F ig .  1. H o w e v e r ,  w i th  t h e  h ig h e s t  p r e c u r s o r  
c o n c e n t r a t i o n  o f  0 .5 0 X  10 3 m o l / m 3, o p p o s i t e  t r e n d  o f  th e  
c o n t a c t  a n g le  d e c r e a s in g  w i th  t h e  in c r e a s in g  w i t h d r a w a l  
s p e e d  w a s  o b s e r v e d .  A s  a l r e a d y  m e n t i o n e d ,  t h e  c o a t e d  s u r ­
f a c e  r o u g h n e s s  i n c r e a s e d  w i t h  t h e  in c r e a s in g  w i t h d r a w a l  
s p e e d .  T h e  h y d r o p h i l i c i t y  o f  t h e  c o a t e d  f i lm  w o u ld  b e  c o n ­
t r o l l e d  b y  b o t h  p h y s i c a l  a n d  c h e m ic a l  f a c t o r s ,  w h ic h  in c lu d e  
c h a n g e  o f  s u r f a c e  r o u g h n e s s  d u e  t o  p h y s ic a l  g r a in  g r o w th  
a n d  c h a n g e  in  s u r f a c e  p o l a r i t y  d u e  t o  c h e m ic a l  a d s o r p t i o n . 141 
T h e  r e m a in in g  is s u e s  w o u l d  b e  h o w  t h e  h y d r o p h i l i c i t y  c o u ld  
b e  im p r o v e d  a n d  k e p t  l o n g e r  a f t e r  u v  i r r a d i a t i o n .  F u n c t i o n ­
a l  g r o u p s  c o n t a i n i n g  s t r o n g e r  h y d r o g e n  b o n d i n g  w o u ld  h a v e  
t o  b e  t a k e n  i n t o  a c c o u n t  t o  e x p la i n  h o w  d is s o c ia t iv e  a d s o r p ­
t io n  o f  w a t e r  m o le c u le s  o n  t h e  d e f e c t i v e  s i te s  o f  U V - in d u c e d  
s u r f a c e  c o n t r i b u t e s  t o  t h e  f o r m a t i o n  o f  s u p e r i o r  h y d r o p h i l i c  
Z n O  c o a te d  s u r f a c e .
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4. Conclusion
W it h  s o l - g e l  d i p  c o a t i n g  m e t h o d ,  z in c  a c e t a t e  c o u ld  b e  

u s e d  f o r  p r e p a r i n g  t r a n s p a r e n t  Z n O  f i lm  c o a t e d  o n  g la s s  
s u b s t r a t e s .  A l l  Z n O  f i lm s  c o a t i n g  o n  g la s s  s u b s t r a t e s  c o u ld  
e x h ib i t  t h e  e x c e l l e n t  t r a n s p a r e n c y  w i t h  9 0 %  v is ib le  l ig h t  
t r a n s m i t t a n c e s .  I t  w a s  a l s o  f o u n d  t h a t  t h e  Z n O  g r a in  s iz e , 
s u r f a c e  r o u g h n e s s  a n d  h y d r o p h i l i c i t y  o f  t h e  c o a t i n g  f i lm s  
w e r e  c r u c ia l ly  a f f e c t e d  b y  t h e  p r e c u r s o r  c o n c e n t r a t i o n  a n d  
w i t h d r a w a l  s p e e d .  W i t h  u v  i r r a d i a t i o n  f o r  1 ,8 0 0  ร, t h e  h i g h ­
ly  h y d r o p h i l i c  Z n O  t h i n  f i lm s  c o u l d  b e  p r e p a r e d .  W i t h  th e  
z in c  a c e ta t e  c o n c e n t r a t i o n  o f  0 .1 0 X  10 3 m o l / m 3, t h e  lo w e r  
w i t h d r a w a l  s p e e d  w o u l d  l e a d  t o  t h e  t h i c k e r  a n d  r o u g h e r  
c o a t i n g  f i lm  w i th  t h e  w a t e r  c o n t a c t  a n g le  o f  5 ° , w h ic h  
e x h ib i t e d  b e t t e r  h y d r o p l i c i ty .

A c k n o w le d g e m e n t  T h is  w o r k  is  a  p a r t  o f  s e l f -c le a n in g  g la ss  
p r o je c t  w h ic h  is  s u p p o r te d  b y  N a t io n a l  N a n o te c h n o lo g y  C e n te r ,  
N a t io n a l  S c ien c e  a n d  T e c h n o lo g y  D e v e lo p m e n t  A g e n c y . A ls o , 
p a r t i a l  s u p p o r t  o f  S ilv e r  J u b i le e  F u n d  o f  C h u la lo n g k o r n  
U n iv e rs i ty  to  C e n te r  o f  E x c e lle n c e  in  P a r t ic l e  T e c h n o lo g y  is 
g ra te fu lly  a c k n o w le d g e d .
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Part A: Effect of solvents and preparation condition on thin film properties

C alcined a t 3 0 0  t  — —  C alcined a t 4 0 0 ^
--------- C alcined a t 5 0 0  c

(a) (b)
100 

9 0

^  8 0  
2  7 0

I  "
เ ร ุ 5 0  

I  4 0  
I  3 0  

*  20 
10 
0

3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 0 0

Wavelength (nm)
---------- C a lc in ed  a t 300” c  — ”  C a lc in ed  a t  4 0 0 t

C a lc in ed  a t 5 0 0  c

(c)
Figure B1 Optical transmittance spectra of ZnO films prepared with zinc acetate 
concentration of 0.75 M and calcined temperatures at 300°, 400°, 500°c and coated at 
withdrawal speeds of (a) 1.0 cm/min, (b) 3.0 cm/min and (c) 6.0 cm/min
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Appendix B1 The elemental of ZnO film coated on glass substrates (zinc acetate 
concentration of 0.75 M, coated at different withdrawal speeds, calcined at 500°C)
and glass substrate using as standard

Element พร=1.0cm/min พร=3.0 cm/min พร=6 .0cm/min standard

wt% atomic% wt% atomic% wt% atomic% wt% atomic%
c 8.06 14.17 6.52 11.79 6.75 11.87 6.97 6.97
o 35.00 46.19 32.98 44.78 34.18 45.12 69.54 69.54
Na 7.57 6.96 8.62 8.15 8.59 7.89 7.97 7.97
Mg 2.01 1.75 2.12 1.90 2.49 2.17 1.91 1.91
A1 0.85 0.66 1.08 0.87 0.92 0.72 1.52 1.52
Si 33.11 24.89 34.26 26.50 37.22 27.98 12.09 12.09
Ca 5.12 2.70 5.90 3.20 5.26 2.77 - -

Zn 8.28 2.68 8.51 2.83 4.59 1.48 - -
พร = withdrawal speed

Wavelength (nm)
m  concentration^. 10M zn concerrtratbn=0.25M
zn concentration=0.50M ■  -  ' zn concentration^.75M

Figure B2 Optical transmittance spectra of ZnO films prepared withdrawal speed of 
6.0cm/min, calcined temperature at 500°c and difference precursor concentration



6 6

Wavelength(nm)
—....zn concentration^. 5 OM(Condition I)

- -  'znconcentratbn=0.10M(ConditbnI) 
——— zn concentratbn=0.50M(Conditbn II) 

zn concentratbn=0.1 OM(Conditbn II)

Figure B3 Optical transmittance spectra of ZnO films prepared with different 
solvents and precursor concentrations and withdrawal speed of 3.0 cm/min and 
calcined temperature at 500°c
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------ withdrawal speed=3.0cnVmin
—  withdrawal speed=6 .0crn/min 

— withdrawal speed=9.0cm/min

Figure B4 Optical transmittance spectra of ZnO films prepared zinc acetate 
concentration of 0.10 M coated at different withdrawal speeds and calcined 
temperature at 500°c
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-------withdrawal speed=3.0cm/min
——— withdrawal speed=6.0cm/min 
*■**—— withdrawal speed=9.0cm/min

Figure B5 Optical transmittance spectra of ZnO films prepared zinc acetate 
concentration of 0 .50  M coated at different withdrawal speeds and calcined 
temperature at 5 0 0 ° c

Appendix B2 Comparison the transmittance of ZnO films using air and glass 
substrate as reference

Solvent
Calcined at 
temperature

(๐๑

Average 
transmittance 

(%) (400- 
700nm) 

(ref.=air)

Average 
transmittance 

(%) (400- 
700nm) 

%T=%(TS/Tg) 
(ref.-air)

Average 
transmittance 

(%) (400- 
700nm) 

(ref.=glass)

2-methoxyethanol
300 85.5 93.4 95.5
400 86.3 94.3 96.1
500 87.2 95.3 98.0

ethanol 500 90.8 99.2 99.5
%T of glass substrate = 91.5% (ref.=air)
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Part B: Effect of preparation conditions and number of layers on thin film 
improved photoinduced hydrophilic property

Spindle speed (rpm)
zn concentration^. 1OM

-•— zn concentration^.50M
■  zn concentratbn=0.25M

Figure B6 The effect of spindle speed on the viscosity of the precursor with different 
concentrations
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Figure B7 AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.10 M with different withdrawal speeds of (a) 3.0 cm/min, (b) 6.0
cm/min and (c) 9.0 cm/min
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(c)

Figure B8 AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.25 M with different withdrawal speeds of (a) 3.0 cm/min, (b) 6.0
cm/min and (c) 9.0 cm/min
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(a ) (b)

( c )

Figure B9 AFM images of surface of ZnO coating films prepared from zinc acetate
concentration of 0.50 M with different withdrawal speeds of (a) 3.0 cm/min, (b) 6.0
cm/min and (c) 9.0 cm/min
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(a ) (b)

(c)

Figure BIO AFM images of surface of ZnO coating films prepared from zinc acetate 
concentration of 0.10 M with withdrawal speeds of 3.0 cm/min and different number 
of coating cycles (a) 1 layer, (b) 2 layers and (c) 3 layers
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Appendix B2 Durability of ZnO films under the alternation of u v  irradiation and 
dark storage for 7 days

UV irradiation time (min)
0 min 10 min 20 min 30 min 60 min

UV
irra­
dia­
tion

- - -
4 :  X .

J.■ |; .. ' Ïi  - Ï

0(°) 34.4±2.4° 21.9±5.8° 17.1±6.1° 9.8±2.9° 10.4±3.7°

0 = water contact angle
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Appendix B3 Number of coating cycles on water contact angle of ZnO films
Number

of
coating
cycles

0 min

u v  irradiation time (min)

10 min 20 min 30 min 60 min

0 = water contact angle
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