
C H A P T E R  III 
E X P E R IM E N T A L

3.1 C h e m ic a ls  an d  M a te r ia ls

3 .1 .1  M aterials
p p  film s w ere purchased  from S om b oo n  P lastic C o ., Ltd (T hailand).

3 .1 .2  C h em icals
(a) Zn(NC>3 ) 2 , tech n ica l grade, w as purchased from  A jax  F in ech em

Pty Ltd.
(b) N aO H  anhydrous p e lle ts , analytical grade, w ere purchased from  

A jax F in ech em  Pty Ltd.
3 .1 .3  A ir G as for P lasm a T reatm ent

A ir zero  (h igh  purity) used  in the p lasm a treatm ent w a s  obtained  from  
Thai Industrial G as C o ., Ltd. (T hailand).

3 .2  E q u ip m e n t

3 .2 .1  W ater C ontact A n g le  M easurem ent
W ater con tact an g le m easurem ent w a s carried out at room  tem perature  

using the se s s ile  drop techn iqu e. T h e contact an g le  form ed b etw een  the 10-p l 
d istilled  w ater droplet and the p p  surface w as m easured  by a drop shape an a lysis  
system  (K riiss, D S A 1 0  M k 2). T h e reported v a lu es  w ere the average o f  five  
m easu rem en ts.

3 .2 .2  L loyd  T en s ile  T ester
M ech an ica l properties in term s o f  ultim ate ten sile  strength and  

e lon gation  at break w ere m easured b y u sin g  a u n iversa l testin g  m ach in e  (L lo yd , 
L R X ). T h e sp ec im en  w a s  cut into a dum b bell shape w ith  the d im en sio n  o f  6 m m  x 1 
m m  w ith  the gau ge area o f  6 m m  X 1 m m . The load c e ll , the ga u ge  len gth , and the 
d isp la cem en t rate used  during the testin g  w ere 2 5 0 0  N , 5 m m , and 100 m m  m in '1, 
resp ective ly . Each reported datum w a s the m ean o f  ten m easurem ents.



3 .2 .3  A T R -F T IR  S p ectroscop y
T he A T R -F T IR  sp ectroscop y  (T h erm o N ic o le t  N e x u s , 6 7 0 )  w as  

em p lo y ed  to an a lyze  the surface ch em ica l co m p o sitio n  o f  the p p  f ilm s both before  
and after the D B D  p lasm a treatm ent. A ll A T R -F T IR  spectra w ere  c o llec ted  u sin g  32  
scan s in a w aven u m b er range o f  4 0 0 0  c m '1 to 6 0 0  cm"1 at a reso lu tion  o f  4  cm"1. A ll 
PP sp ec im en s sub jected  to the A T R -F T IR  an a ly sis  w ere cut into a p recise  d im en sio n  
o f  1.0 cm  X 7.0  cm .

3 .2 .4  S can n in g  E lectron M icrosco p y  (S E M )
T he surface m orp h olog y  o f  the syn th esized  ZnO  and the p p  sp ec im en s  

w ere ob served  under a SEM  m icro scop e (H itach i, ร -4 8 0 0 ) operated  at 2 .0  k v .  T he  
sam p les w ere p laced  on a brass stub before coated  w ith  a thin layer o f  go ld  u sin g  an 
ion sputtering d e v ice  operated at 120 m A  for 2 m in . The SE M  w a s a lso  operated  in 
the en ergy  d isp ersive  X -ray (E D X ) m ode in order to q u a lita tiv e ly  d eterm in e the 
d ep ositio n  o f  z in c  o x id e  (Z nO ) on the surface o f  p p  film .

3 .2 .5  A to m ic  A bsorption  S p ectro scop y  (A A S )
A n  A A S  sp ectrop hotom eter (V arian  spectra, 3 0 0 /4 0 0 )  w a s used  for 

the quantitative an a lysis  o f  the d ep ositio n  o f  Z nO  on  the p p  film . T he sam p les  w ere  
exa m in ed  by u sin g  a h o llo w  cath od e lamp w ith  a standard w a v e len g th  o f  2 1 3 .9  nm. 
T he concentration  o f  the d ep osited  ZnO  w as ca lcu lated  from  a calibration  cu rve o f  
Z n2+ in the con cen tration  range o f  0 .4  ppm to 2 .0  ppm .

3 .2 .6  W id e A n g le  X -ray D iffraction  (W A X D ) A n a ly sis
T he crysta llin e  structure o f  Z nO  w as ch aracterized  by an X -ray  

d iffractom eter  (B ruker A X S , D 8 ad van ce) operated  w ith the u se  o f  Cu K a as the X - 
ray sou rce . The W A X D  an alysis w a s  d on e in a con tin u ou s m od e w ith  a scan  sp eed  o f  
1° min"1 cov erin g  the an g le (2 0 ) from  10° to 8 0 ° . T he W A X D  data w ere a lso  used  to 
ca lcu la te  the ZnO  grain s ize  using the Scherrer form ula:
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w h e r e  D  is  th e  gra in  s iz e , K  is  0 .8 9 , X is th e  X -ra y  w a v e le n g th  (0 .1 5  n m ), 0 is the  
B r a g g  d iffra c tio n  a n g le , and  p is  the p eak  w id th  at h a lf  m a x im u m  (F W H M ).

3 .2 .7  S u r fa ce  P rob e M ic r o sc o p y  (S P M )
T h e  su r fa ce  to p o g r a p h y  o f  th e  p o ly m e r ic  su b stra tes  w a s  in v e stig a te d  

b y  u s in g  a s c a n n in g  p rob e m ic r o sc o p e  (S P M ) (V e e c o , N a n o s c o p e  IV ) w ith  the  
ta p p in g  m o d e  in air at room  tem peratu re. T h e  o b ta in ed  m icro g ra p h s  w e r e  m in im a lly  
f la tte m e d , and h ig h  fre q u e n c y  n o ise  w a s  d im in ish e d  in ord er to fa c ilita te  data 
a n a ly s is .

3 .2 .8  X -r a y  P h o to e le c tr o n  S p e c tr o sc o p y  (X P S )
T h e  c h e m ic a l c o m p o s it io n  o f  treated  p p  f ilm  an d  Z n O  c o a ted  p p  f ilm s  

w e r e  a lso  a n a liz e d  b y  K ratos A x is  U ltra  D L D  w ith  the a c t iv e  area 2  m m 2. T h e  X P S  
sp ec tra  w e r e  e x c ite d  b y  th e A1 K a  X -ra y  so u r c e  (1 4 8 6 .6  e V ) .
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3 .3  M e th o d o lo g y

F ig u r e  3.1 F lo w  chart o f  the entire exp erim enta l procedure.
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3 .4  P la sm a  T r e a tm e n t  an d  S a m p le  P r e p a r a tio n

T h e P P -film s w ere cut into a square shape w ith  the d im en sio n  o f  2 cm x  2 
cm  b efore  treated w ith  the D B D  p lasm a. T he op tim u m  operating con d itio n s for the 
D B D  p lasm a treatm ent w ere se lec ted  at the v o ltag e  o f  50  k v ,  the frequ en cy  o f  32 5  
H z, and the electrod e gap o f  4  m m  under air en viron m en t (O nsuratoom  et al., 2 0 0 9 ). 
A fter that, the treated P P -film  w as d ipped into an aq u eou s Z n (N 0 3 ) 2  so lu tio n  at 
different con cen tration s, fo llow ed  by a drop w ise  addition  o f  a 2 .5  M  N aO H  so lu tio n . 
N ex t, the sam p le  w as w ashed  w ith  an e x c e ss  am ount o f  d e io n ized  w ater and dried in 
air at the room  tem perature.

Power Supply

CD ๐ o

F ig u r e  3 .2  E xperim ental setup o f  D B D  p lasm a instrum ent used in the present w ork .
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3 .5  A n t ib a c te r ia l A c t iv ity  T e s t in g

T he E. coll and ร. aureus w ere se lected  as rep resen tatives o f  G ram -negative  
and G ram -p ositive  bacteria, resp ective ly . T h e antim icrob ial ac tiv itie s  o f  ZnO  
n an op article-coated  D B D  plasm a-treated  p p  f ilm s w ere determ ined based on  the tw o  
m eth od s.

A ntibacteria l properties o f  Z nO -coated  p p  film  w ere evaluated  based  on  the 
c o lo n y  count m ethod using A S T M  E 2 1 4 9 -0 1 . First, a culture m edium  w a s prepared  
by m ix in g  0.3 g o f  b e e f  extract w ith  0 .5  g o f  p ep ton e in 100 m l w ater. T he bacterial 
in o cu lu m s w ere prepared by transferring on e c o lo n y  o f  each  m icroorgan ism  into 20  
ml o f  a culture m ed iu m . A fter that, the m ixture w a s  incubated in a shak ing incubator  
at 150 rpm and 3 7  °c for 2 4  h. A b o u t 1 m l o f  the as-prepared in ocu lu m s w a s added  
into several v ia ls  o f  9 ml o f  0 .85%  sterile N aC l aqueous so lu tio n . Standard serial 
d ilu tion  m ethod w as used to obtain  an appropriate bacterial con cen tration , i.e ., 10’6 
for ร. aureus and 10'5 for E. coli. N e x t, the test sam p le  w as cut into square sh ap e w ith  
the d im en sio n  o f  2 .0  cm  X 2 .0  cm  before added to the bacterial su sp en sion . The 
su sp en sion  m ixture w a s then incubated  in a sh ak in g  incubator at 150 rpm and 3 7  °c. 
A fter the contact tim e  interval o f  3 h, 100 pi o f  the su sp en sion  w as w ithdraw n and 
su b seq u en tly  spread on the ster ilized  agar p late. B acterial grow th  w as v isu a lized  
after an overn igh t incubation  at 3 7  °c for 2 4  h (W atthanaphanit et al. , 2 0 1 0 ). The 
p ercen tage o f  bacteria l reduction w a s  determ ined b y u sin g  the fo llo w in g  equation:

1,  . , 1 . (V iab le  c e ll count at 0 h -  V iab le  ce ll cou n t at 24  h) 1 ^B acterial reduction  = --------------------------------------------------------------------------------- X 100V iab le  ce ll cou n t at 0 h
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