
CHAPTER IV
SYNTHESIS AND CHARACTERIZATION OF ORGANOCLAY-COPPER

NANOPARTICLES

4.1 Abstract

C o p p er  n a n o p a rtic les  (C u N P ) w er e  sy n th e s iz e d  v ia  a c h e m ic a l m eth o d  in  
a q u eo u s so lu t io n  u s in g  a sco rb ic  ac id  to b e  a r e d u c in g  a g e n t an d  p o ly v in y lp y r r o lid o n e  
as a d isp ersa n t w ith o u t  an y  in ert g a s  p ro tec tio n . N a r r o w ly  d istr ib u ted  C u N P s  w ith  an  
a v e r a g e  d ia m eter  o f  ab out 6  n m  w a s  p ro d u ced  and  ch a ra c ter ized  b y  X R D  to co n firm  
the fo rm a tio n  o f  p ure C u N P s. M ix in g  sy n th e s iz e d  C u N P s  w ith  B e n to n ite  o r g a n o c la y  
(O B E N ) c h a n g e d  th e X R D  p attern s o f  O B E N  s lig h tly  d u e  to  a d so rp tio n  o f  C u N P  
o n to  c la y  stru ctu re M ix in g  sy n th e s iz e d  C u N P s  w ith  B e n to n ite  o r g a n o c la y  p ro v id ed  
n a n o p a rtic le  m ix tu re  that w o u ld  b e  u se fu l for  barrier p rop erty  an d  an tib acteria l 
a c t iv ity  in  p o ly p r o p y le n e  b lo w n  f ilm  for p rep a ck ed  c h il le d  f is h  p a c k a g in g .

4.2 Introduction

C o p p er  n a n o p a rtic le s  (C u N P ) h a v e  e x h ib ite d  ex tra o rd in a ry  p ro p er tie s  and  
h a v e  p o ten tia l a p p lic a tio n s  in  sev era l f ie ld s  su c h  as lu b r ica n ts , c a ta ly s ts , therm al 
tran sfer  n a n o flu id s , e le c tr o n ic  m ater ia ls , o p tic a l d e v ic e s , an d  a n tifu n g a l-a n tib a c ter ia l 
a c t iv it ie s . T h ere h as a lso  b e e n  e v a lu a tio n  to  u se  lo w -c o p p e r  lo a d in g  in  fo o d  
p a c k a g in g  for an tib acter ia l fu n c tio n  (Ish ita n i, 1 9 9 5 , S u p p a k u l et a l ,  2 0 0 3 ) .  G reen  
c h e m istr y  h as en o r m o u s  p o te n tia l in  s te e r in g  th e r e s p o n s ib le  d e v e lo p m e n t  o f  
n a n o te c h n o lo g y  th rou gh  th e d e s ig n  o f  g reen er  n a n o sc a le  m a ter ia ls  and  th e  d isc o v e r y  
o f  g ree n  n a n o -m a n u fa c tu r in g  m e th o d s. A s c o r b ic  ac id  (h y d r o g e n p o te n tia l o f  + 0 .0 8 V )  
can  e a s i ly  red u ce  m eta l io n s  w ith  standard re d u c tio n  p o te n tia ls  h ig h e r  th an  0  V , su ch  
as C u 2+ (พ น , 2 0 0 7 ) ,  A g +, A u 3+ and Pt4+, e v e n  w ith o u t  m ild  h e a tin g , but can n o t  
red u ce  th o se  io n s  w ith  p o te n tia ls  le s s  than  0  V , su ch  as F e 2+, C o 2+, N i2+. T h e  
a n tio x id a n t p ro p er tie s  o f  a sc o r b ic  ac id  c o m e  fro m  its a b ility  to  s c a v e n g e  free  rad ica ls  
and r ea c tiv e  o x y g e n  m o le c u le s , a c c o m p a n y in g  th e  d o n a tio n  o f  e le c tr o n s  to  g iv e  the  
se m i-d e h y d r o a sc o r b a te  rad ica l and  d e h y d r o a sc o r b ic  ac id  (D H A ) .
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P ro te c tio n  o f  C u N P s  w ith  a s ta b iliz e r  su ch  a s  su rfa cta n t c a n  b e  g iv e n  as 
an o th er  s ta b iliz a t io n  m e th o d , and v a r io u s  m e th o d s  u s in g  th e s ta b iliz e r  h a v e  b een  
p r e v io u s ly  rep orted . T h e  n a n o p a rtic le s  are su rrou n d ed  w ith  th e  sta b ilizer  b y  
h y d r o p h ilic  in tera ctio n  b e tw e e n  th e n a n o p a r tic le s  an d  the s ta b iliz e r  an d /or  
c o o r d in a tio n  o f  fu n c tio n a l gro u p s o f  th e  s ta b iliz e r  to  m e ta l a to m s. H o w e v e r , the  
s ta b iliz e r  m a y  n o t p r ev en t o x id a t io n  and  a g g r e g a tio n  o f  n a n o p a r tic le s  en o u g h  
b e c a u se  o f  th e ir  m o le c u la r  m o t io n  (K o b a y a sh i et a l ,  2 0 0 9 ) .  P o ly v in y l  p y rro lid o n e  
(P V P ) w a s  u se d  to h e lp  d isp e r s io n  o f  c o l lo id a l so lu t io n  and  fo u n d  th at the ratio o f  
[P V P ]/[M e ta l io n ] p la y e d  an  im p ortan t ro le  in  c o n tr o llin g  th e s iz e ,  s iz e  d istr ib u tion  
and  m o r p h o lo g y  o f  th e  n a n o p a r tic le s  (Park  et a l. , 2 0 0 7 , พ น  et al. , 2 0 0 6 ,  Z h an g  et a l. , 
2 0 0 7 ) . M e c h a n ism  o f  P V P  in  th e  p rep ara tion  o f  s ilv e r  and  co p p e r  n a n o p a rtic le s  w a s  
w e ll  d e sc r ib e d  in  W a n g  et al. (2 0 0 5 )  and  in  Y u  et al. ( 2 0 0 9 ) .

It is  c o m m o n  k n o w le d g e  that m ic r o o r g a n ism s  req u ire  lo w  co n ce n tr a tio n s  o f  
co p p er  io n s  as e s se n tia l m icro n u tr ien ts  and as v ita l c o fa c to r s  for  p r o c e s s in g  o f  
m e ta llo p r o te in s  and certa in  e n z y m e s . H ig h e r  c o n c e n tr a t io n s  o f  c o p p e r  ( 2 5 0  p p m ) can  
c a u se  in h ib it io n  o f  g r o w th  or e v e n  d ea th  o f  m ic r o o r g a n ism s . T h e  to x ic  e f fe c t  o f  
co p p e r  o n  m ic r o o r g a n ism s  o c c u r s  b y  th e d isp la c e m e n t  o f  e s s e n t ia lio n s , th ereb y  
o b stru c tin g  fu n c tio n a l g ro u p s o f  p ro te in s , in a c tiv a t in g  e n z y m e s , p ro d u c in g  
h y d r o p e r o x id e  free  r a d ica ls , and  a lter in g  m em b ra n e  in teg r ity . C o p p e r  c o m p o u n d s  
h a v e  b e e n  w id e ly  u sed  as a lg ic id e , fu n g ic id e , m o llu s c id e  and a c a r ic id e  a g en ts  in  
ag ricu ltu re . L im ited  in fo r m a tio n  on  th e  p o s s ib le  a n tim ic r o b ia l a c t iv ity  o f  n an o  
co p p e r  p a r tic le s  is  a v a ila b le . C o p p e r  (0 )  or co p p e r  o x id e  n a n o p a r tic le s  are ch ea p er  
than  s ilv e r , e a s i ly  m ix e d  w ith  p o ly m e r s  and r e la t iv e ly  s ta b le  in  term s o f  b o th  
c h e m ic a l an d  p h y s ic a l p ro p erties .

In th is  ch ap ter, o r g a n o c la y -c o p p e r  n a n o p a r tic le  m ix tu re  w a s  p rep ared  w ith  
C u N P  lo a d in g  o f  5, 10, 15 , an d  2 0  w t% . C u N P s  w e r e  s y n th e s iz e d  v ia  a o n e -s te p  
g ree n  rou te  rep orted  b y  พ น  et al. T h en , th e  sy n th e s iz e d  C u N P s  w e r e  in co rp o ra ted  
in to  B e n to n ite  o r g a n o c la y  to  p ro d u ce  n a n o p a r tic le s  for  furth er m ix  in  p o ly p r o p y le n e  
f ilm  in  ord er to  m o d ify  p e r m e a b ility  and  a n tib acter ia l a c t iv ity  o f  p o ly p r o ly le n e n  film  
for  p rep a ck ed  c h ille d  f ish  p a c k a g in g . C h a ra c ter iza tio n  o f  n a n o p a r tic le s  w a s  s tu d ied  
b y  m e a n s  o f  tr a n sm iss io n  e le c tr o n  m ic r o s c o p y  (T E M ) an d  X -ra y  d if fr a c tio n  (X R D )
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te c h n iq u e s , and p a rtic le  s iz e  d istr ib u tio n  o f  sy n th e s iz e d  co p p e r  n a n o p a rtic le s  w a s  
a lso  d eterm in ed .

4.3 Experimental

4 .3 .1  M a ter ia ls
B e n to n ite  o r g a n o c la y  (O B E N )  w a s  prepared  in  ou r lab oratory  b y  

u sin g  so d iu m  a c tiv a te d  b en to n ite  (k in d ly  su p p lie d  b y  T h a i N ip p o n  C o ., L td ., 
T h aila n d ) and d is te a r o y le th y l h y d r o x y e th y lm o n iu m  m e th o su lfa te  and ce tea ry l 
a lc o h o l. P o ly v in y l-p y r r o lid o n e  (P V P , M W  4 0 0 0 0  g /m o l)  and co p p e r  (II) n itrate  
(C u ( II )N 0 3 -5 H 2 0 ) w a s  p u rch ased  fro m  S ig m a -A ld r ic h , G erm a n y . L -a sc o r b ic  ac id  
w a s p u rch ased  from  A ja x  F in e c h e m , A u stra lia .

4 .3 .2  S y n th e s is  o f  C op p er  N a n o p a r tic le  (C u N P )
C o p p er  n a n o p a rtic le s  w e r e  p rep ared  w ith  a f ix e d  ratio  o f  c h e m ic a ls  in  

order to  p ro d u ce  th e sa m e  p artic le  s iz e  d istr ib u tio n  as d isc u sse d  in  พ น  et al.{2 0 0 6 ) .  
5 0  m l a q u e o u s  so lu t io n  o f  0 .4  M  L -a sc o r b ic  a c id  and 0 .8  M  p o ly v in y lp y r r o lid o n e  
(P V P ) w e r e  d ir e c tly  m ix e d  w ith  an o th er  5 0  m l a q u e o u s  so lu t io n  o f  0 .01  M  co p p er  
(II) n itrate and 0 .8  M  P V P  under stirrin g . T h en , the m ix tu re  w a s  k ep t at 4 5  °c 
w ith o u t an y  inert g a s  p ro tec tio n . A fte r  ab o u t 1 hour, th e  in itia l p recu rsor so lu t io n  
w ith  lig h t b lu e  c o lo r  c h a n g e d  red c o llo id a l slu rry , in d ic a tin g  th e  form a tio n  o f  C u  
n a n o p a rtic le s . T h e  r e a c tio n  w a s  k ep t fo r  3 h ou rs to  c o m p le te  r e d u c tio n  rea c tio n  o f  
co p p er  (II) io n  in to  c o p p e r  (0 )  n a n o p a rtic le s . T h e  c o llo id a l slu rry  w a s  k ep t to  m ix  
w ith  o r g a n o c la y  in  th e  n e x t  step .

4 .3 .3  M ix in g  o f  C u N P  in to  B e n to n ite  O rg a n o c la y  (O B E N /C u N P )
B e n to n ite  o r g a n o c la y  (O B E N )  w a s  d isp ersed  an d  a llo w e d  th em  to

sw e ll  in  d is t ille d  w a ter  for  12 hours. T h en , th e  sy n th e s iz e d  c o p p e r  c o llo id a l slu rry  
w a s  ad d ed  in to  s w o lle n  o r g a n o c la y  slu rry w ith  v ig o r o u s  stirr in g  to  a l lo w  g o o d  
d istr ib u tio n  b e tw e e n  th em  for 2 0  m in . T h e  w e ig h t  o f  C u N P  a d d in g  in to  o r g a n o c la y  
w a s c a lc u la te d  to v a r y  n om in a l c o n te n ts  o f  0 , 5 , 10 , 15 , an d  2 0  w t% . T h e  
ab b rev ia tio n  for O B E N -C u N P  m ix tu re  is  d e n o te d  as O B E N -C u N P x , w h ere  X is  the  
am o u n t o f  co p p er  n a n o p a rtic le  c o n ten t (0 , 5 , 10 , 15 , and 2 0  w t% ) in  th e  p o w d e r  
m ixtu re.
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T h e  O B E N -C u N P x  m ix tu re  w a s  a llo w e d  to  se d im e n t  for 12 hours. 
R e m o v a l o f  e x c e s s  P V P  s o lu t io n  w a s  p er fo rm ed  b y  p o u r in g  o u t w a ter  a b o v e  th e  
se d im e n t and ad d in g  fresh  d is t ille d  w a ter  in to  su sp e n d e d  m ix tu r e s  u n til c lea r  w ater  
w a s o b se r v e d  a b o v e  th e  se d im e n t. T h e  se d im e n t w a s  d ried  in  a  v a cu u m  o v e n  at 8 0  °c 
for 2 4  h ou rs, and  th en  grin d ed  b y  h an d  to p r o d u ce  fin e  p o w d e r .

4 .4 .4  N a n o p a rtic le  C h a racter iza tio n
T r a n sm iss io n  e le c tr o n  m ic r o sc o p y  o f  sy n th e s iz e d  cop p er  

n a n o p a rtic le s  w a s  p erfo rm ed  o n  JE O L  J E M -2 1 0 0  m o d e l and  an  a c c e le r a tin g  v o lta g e  
o f  150  k v .  S a m p le s  for the T E M  im a g in g  w e r e  prep ared  b y  p la c in g  a d rop  o f  th e  
c o llo id a l so lu t io n  on  a co p p er  grid . P artic le  s iz e  d istr ib u tio n  o f  sy n th e s iz e d  cop p er  
n a n o p a rtic le s  w a s  a ls o  d eterm in ed  b y  a p artic le  s iz e  a n a ly zer  (M a lv e r n  In stru m en t).

P o w d e r  X -ra y  d iffr a c tio n  pattern s w er e  m ea su r e d  on  a B ru k er A X S  
M o d e l D 8  d if fra c to m eter  w ith  C u K a rad ia tion  op era te  at 4 0  k v  and 3 0  m A . T h e  

O B E N /C u N P  p o w d e r  w a s  o b se r v e d  o n  the 2 9  ran ge o f  2 -8 0  d e g r e e  w ith  a sc a n  sp eed  
o f  2  d e g r e e /m in  and  sca n  step  o f  0 . 0 1  d eg ree .

4.4 Results and Discussion

4 .4 .1  C h a racter iza tio n  o f  C o p p er  N a n o p a r t ic le s  (C u N P )  b y  T E M
F ig .4 .1  sh o w s  T E M  im a g e s  o f  sy n th e s iz e d  co p p e r  n a n o p a rtic le s  

(C u N P ) in  a ty p ic a l ex p e r im e n t w ith  d ifferen t s c a le  b ars. It is  s e e n  that the  
sy n th e s iz e d  C u N P  c o n s is t in g  o f  n ea r ly  sp h er ica l and sm a ll s iz e d  p a r tic le s  in  
n a n o sc a le  ran ge. C o a ted  la yer  o f  P V P  c o u ld  n o t  b e  o b se r v e d  fro m  th e  T E M  im a g e s . 
P V P  w a s  u sed  to  s ta b iliz e  and co n tro l th e  c o p p e r  n a n o c lu ste r s  g ro w th . It is  b e lie v e d  
that P V P  can  c o o rd in a te  to the p a r tic le s  su r fa ce  v ia  O -C u  c o o r d in a tio n  b o n d  and  
w rap  arou n d  the p a r tic le s  w ith  its  lo n g  and so ft  p o ly v in y l c h a in  to  sto p  th eir  gro w th  
and  a g g r e g a tio n  to w a rd  b u lk  p artic le s.
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Figure 4.1 T E M  im a g e s  o f  sy n th e s iz e d  c o p p e r  n a n o p a rtic les .

In th is  research , th e  C u N P  w er e  sy n th e s iz e d  w ith  th e  o p tim iz e d  
[P V P ]/[C u 2+] ra tio  as d e sc r ib e d  in  พ น  et al. (2 0 0 6 )  w h e r e  th e y  rep orted  that ab out 
9 2 .9 %  o f  the to ta l p artic le s  w e r e  in  the ran g e  o f  1 .3 - 4 .7  n m , and 7 8 .2 %  o f  th e  tota l 
w er e  in  the ran g e  o f  2 .2 - 3 .7  n m , in d ic a tin g  a  n ear ly  m o n o d isp e r se  d istr ib u tio n . T h ey  
sta ted  that P V P  w a s  v e r ifie d  as an  id ea l c a n d id a te  for s ta b iliz in g  and c o n tr o llin g  the  
co p p e r  n a n o c lu ste r s  gro w th . C o m p a red  to พ น  et al. ( 2 0 0 6 ) ,  th e  a v era g e  C u N P  s iz e  
d eterm in ed  fro m  T E M  im a g e s  is  ab o u t 2 .5 - 5 .0  n m  w h ic h  a g g lo m e r a tio n  o f  C u N P  
w a s  o b serv ed . S in c e  th e  C u N P  are m u ch  d en se r  than  w a ter  (d e n s ity  o f  c o p p e r  is  8 .9 4  
g /c m 3), their  c o l lo id a l  p a rtic le s  can  se d im e n t v e r y  fa st in  a q u eo u s  m e d iu m . T h e  
p a rtic le  s iz e  d istr ib u tio n  o f  C u N P  w er e  a lso  d e term in ed  b y  a  p artic le  s iz e  a n a ly zer  
and fou n d  that th e  a v era g e  p a r tic le  d ia m eter  w a s  6 .5 7 9  n m  as p resen ted  in  F ig .4 .2  
and  T a b le  4 .1 . H o w e v e r , it is w o r th  to n o te  that the h is to g ra m s o f  p a r tic le  s iz e  
d istr ib u tio n  w e r e  n o t  sta b le  im p ly in g  fa st se d im e n ta tio n  o f  C u N P  in  m e d iu m  (w ater)  
d u rin g  the test.
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Size Distribution by Volume

Figure 4.2 P a rtic le  s iz e  d istr ib u tio n  o f  sy n th e s iz e d  cop p er  n a n o p a rtic le s .

T a b le  4 .1  P a rtic le  s iz e  d istr ib u tio n  (b y  v o lu m e )  o f  sy n th e s iz e d  co p p e r  n a n o p a rtic le s

Diameter (nm) Volume (%) Width (nm)
Peak 1 6.579 99.9 3.893
Peak 2 5362 0.1 674.4

4 .4 .2  X -r a y  D iffr a c tio n  P attern s o f  O r g a n o c la y -C o p p e r  N a n o p a r t ic le s  
(O B E N -C u N P )
F ig .4 .3  sh o w s  th e  X R D  patterns o f  O B E N  an d  O B E N -C u N P x  at 2 9  

b e tw e e n  2 -8 0  d e g r e e s . In a ll O B E N -C u N P x  sa m p le s , th ere  are th ree  m a in  

ch a ra cter istic  d if fr a c tio n  p eak s o f  co p p er  at 2 9  =  4 3 .2 , 5 0 .4  an d  7 4 .0 , co rr e sp o n d in g  
to (1 1 1 ) ,  (2 0 0 )  and  (2 2 0 )  crysta l p la n e s  r e sp e c tiv e ly . T h is  c o n fir m s  th e fo rm a tio n  o f  
pure fe e  co p p e r  n a n o p a rtic le s  s im ila r ly  to th o se  rep orted  in  พ น  et al. X R D  pattern s  
o f  co p p er  o x id e s  o c c u r  at d ifferen t 2 9 . Z h a n g  et al. (2 0 0 7 )  rep orted  th e X R D  pattern  
o f  cu p ro u s  o x id e  (CU2 O) n a n o p a rtic le s  to  b e  at 3 6 .4 , 4 2 .3 , an d  6 1 .5  c o r r e sp o n d in g  to  
(1 1 1 ) , (2 0 0 ) ,  (2 2 0 )  cry sta l p la n e s  r e sp e c tiv e ly . R u p arelia  et al. ( 2 0 0 8 )  p repared  
cu p ric  o x id e  (C u O ) w h ic h  th e  X R D  p attern s w er e  3 8 .3 , 4 8 .8 , an d  6 7 .9 8  
co rr esp o n d in g  to  ( 1 1 1 ) ,  (2 0 0 )  an d  (2 2 0 )  crysta l p la n es  r e s p e c t iv e ly . F rom  th e  X R D
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patterns, it indicates the efficiency of PVP to stabilize the growth of the copper
nanoparticles during the reduction reaction of Cu2+ by ascorbic acid.

Figure 4.1 X R D  p attern s o f  O B E N  an d  O B E N -C u N P x  p o w d e r .
( x  -  c o p p e r  n a n o p a rtic le  c o n te n t  in  w t%  a d d in g  in to  O B E N -C u N P  m ix tu r e ) .
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Figure 4.1 X R D  p attern s o f  O B E N  an d  O B E N -C u N P x -r a y  a t 2 0  b e tw e e n  2 -1 6  
d e g r e e , (x  =  co p p e r  n a n o p a rtic le  c o n te n t in  w t%  a d d in g  in to  O B E N -C u N P  m ix tu r e ) .

F ig .4 .4  s h o w s  th e  X R D  p attern s o f  O B E N  and O B E N -C u N P x  at 2 0  o f
2 - 1 6  d e g r e e . It is  s e e n  th at th e  O B E N  h a s th e  ch a ra c ter is tic  p ea k s  at 2 0  =  5 .6 7 °  and  
4 .0 9 °  w h ic h  c o r r e sp o n d in g  to  d -sp a c in g  o f  1 .5 6  and  2 .1 5  n m , r e sp e c t iv e ly . T h e  d- 
sp a c in g  o f  2 .1 5  n m  in d ic a te s  that th e  a m m o n iu m  io n s  are in terca la te d  b e tw e e n  th e
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s il ic a te  la y ers  th u s  e x p a n d in g  th e b asa l sp a c in g  to  b e  h ig h e r  than  th e  d -sp a c in g  o f  
1.51 n m  o f  th e  p r istin e  B e n to n ite  c la y . In X R D  o f  a ll O B E N -C u N P x , it is  o b se r v e d  
that the d -s p a c in g  o f  2 .1 5  n m  are s lig h tly  d ecrea sed . T h e  r e d u ctio n  in  d -sp a c in g  o f  
O B E N  w o u ld  b e  attributed  w ith  the a d so rp tio n  o f  C u N P  o n to  th e  c la y  stru ctu res. 
Z h iro n g  et al. (Z h ir o n g  et al. , 2 0 1 1 )  fou n d  th e X R D  p attern s o f  the C u (II )- lo a d e d  N a -  
b en to n ite  c la y  sa m p le s  s h o w in g  a d e c r e a se d  sh ift  in  th e  p o s it io n  o f  th e  dooi p eak  
from  1 4 .2 9  to  1 2 .4 8  and 1 2 .2 3  A 0  and a s lig h t  d e c r e a se d  sh if t  in  th e  p o s it io n  o f  the  
d ( ) 2 0  p eak  fro m  4 .4 9  to  4 .4 8  and  4 .4 7  A 0. T h e y  p u rp o sed  that th e  r e d u c tio n  in  th e  
b asa l sp a c in g  o f  th is  fea tu re r esu ltin g  from  a d ecr e a se  in  th e  n u m b er  o f  w a ter  la y ers  
in  th e  in ter lay er  sp a c e  as a c o n s e q u e n c e  o f  the C u (II) a d so rp tio n  o n  th e  stru ctu re o f  
c la y  m in era ls . T h e y  u se d  F T IR  resu lts  to  argu e that th e  C u (II) c a t io n s  rep la ced  th e  
o r ig in a l m eta l io n s  in  the in ter la y er  or lo c a te d  in to  h e x a g o n a l c a v it ie s  o f  S i - 0  sh ee t  
in  th e  C u (II )- lo a d e d  N a -b e n to n ite  sa m p le s . C o n stru c tio n  m o d if ic a t io n  o f  tetrahedral 
sh e e ts  d u e to  th e  p r e se n c e  o f  C u (II) c a t io n s  e ith er  in h e x a g o n a l h o le s  an d /o r  in  th e  
p r e v io u s ly  v a c a n t oc ta h ed ra l s ite s  in d u ced  c h a n g e s  in  th e  S i - 0  v ib ra tio n  m o d e s .

4.5 Conclusions

C o p p e r  n a n o p a rtic le s  w e r e  sy n th e s iz e d  v ia  a  c h e m ic a l m e th o d  in  a q u eo u s  
so lu t io n  u s in g  a sc o r b ic  a c id  to  b e  a r e d u c in g  ag en t an d  p o ly v in y lp y r r o lid o n e  as a  
d isp ersan t w ith o u t  an y  inert g a s  p ro tec tio n . F rom  T E M  im a g e s , it is  s e e n  that the  
C u N P s w e r e  n e a r ly  sp h er ica l w ith  sm a ll s iz e  in n a n o sc a le  ran g e , h o w e v e r , co a te d  
la y er  o f  P V P  c o u ld  n o t b e  o b se r v e d . N a r r o w ly  d istr ib u ted  c o p p e r  n a n o p a r tic le s  w ith  
an a v era g e  d ia m e te r  o f  a b o u t 6  n m  w a s  o b ta in ed  and  c h a ra c ter ized  w ith  X R D  to  
c o n firm  th e fo r m a tio n  o f  pure co p p e r  n a n o p a rtic le s . M ix in g  s y n th e s iz e d  co p p er  
n a n o p a rtic le s  w ith  B e n to n ite  o r g a n o c la y  ch a n g ed  th e  X R D  p attern s o f  O B E N  
s lig h t ly  d u e  to a d so rp tio n  o f  C u N P  o n to  c la y  structure.
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