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Abstract 

Antimicrobial hydrogel films are successfully prepared by casting the mixed solutions of 

carboxymethylcellulose, polyethyleneglycol, polyvinylpyrrolidone and silver nitrate using citric acid as a 

crosslinking agent. Then this solution is dried and cured to generate the polymer films . The analytical 

results from infrared spectroscopy (rR), water absorption, solubility and mechanical property reveal that 

not only the cross-links between carboxymethylcellulose and citric acid are created in the films but there 

are also interactions between polyvinylpyrrolidone and citric acid. Additionally, increasing of polyethylene 

glycol content can improve the water absorption ability of the hydrogel films. The formation silver 

particles (AgO) in the gels caused by the reduction of silver ions (Ag +) can be readily verified by UV -Vis 

spectroscopy. It can be noticed that the presence of silver particles significantly decreases the water 

absorption ability and the film strength. Nonetheless, the films containing 5,000 ppm and 10,000 ppm of . 

silver particles exhibit high antimicrobial activity against Staphylococcus aureus, Escherichia coli and 

Pseudomonas aeruginosa. Interestingly, the cell toxicity of these films is lower than the commercially 

available silver wound dressing. 
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1i 'jJlJ 'b'1 ~ (;1'llJ lJ tl t9i'1 tl'W i ~tl'lJ t C)f" ~ '\.I U 'l ~ 'l n9f1Vl (biocompatibility) ci UtI (;1'" 1 tI i ~'Vll 'l ~ln fll 'Vi 

(biodegradability) tt,,~nJ1f1l\lfl ti'W i~t~lJtt~lJ11'flUYl"lvJI'l1lY ~'l'Vi'lJi1(;1'11J1JtlfmJ1'U1'f1uYl"i~ n 

m1lJlt~'lUJ 'ltt,,~nl1n:i1'Vl~fll'Vi(;1' 'lilJfl1J'fl'fli'lJ'\.IU'ltM"1'iJlfl1J1'f1UYI" (Vloemans 1t(l~f1ru~, 200 I)
OJ OJ 

fl1 J tVl1 tllJ 131 'fI J t'iJ" (;1'1lJ1 J tl 'Vll I ~11" 1t111i~1 tI tl'W ti'W fl1 J'l'11115 fi1 til t~UlJ1tI'lilJ 1i ~ 

(crosslink) ~l vi1i 'Vl Nt fI n 1 'fltli ~(;1'1 J t~eJ lJ 1 tI'l i'W 1i ~ (crosslinking agent) tilJ i 'fill tJ" i" 1 vJ'W 

(divinylsulphone) (Anbergen u,,~ Oppermann" 1990) 11~eJfl1J'Yi'11J5mtl1t~UlJ 1t1'lilJ1i~~ltl1lifl1J 
... "" .:'1 ')I

lllVJ'l{f (Wach tt"~f1ru~, 2003, Liu tt"~f1ru~, 2005) tlJ'WVllJ 

i1eJciNYI~Vlnru cvl1(;1''fl11'f1ltYl,,~'Yi'1'iJ 1fl'ViU~tlJ B{tt,,~n ~111 ",ilVilJ t;'l'Vi1tU 'b'rJ tilJ U~lJ I ~1'flJ. 
Ii] _,I • .d "".,j ')I ,® & "" J 
!Y'4t'IJeJJ (hydro fibre) 'VllJ9feJ'Vl1'lfl1Jfl111 AQUACEL (Vloemans tt"~f1ru~,2001) C)f'lYl"Vl'\.llJ'Olfl 

19ft~tIlJfIlf'lJeJ fl ;tlJYi(lt9f"~ h (;1'~ n J~imf'W '\.IU'lfll 1 'lJU fl;llJ Yit" i'lJ (degree of carboxymethylation) 

~1 'Yii.J'J1 (;1'11J1 J tl 'I11lJ1i~tl'lJ'U1'f1UYl" I vJ l11lJ1~~ u,,~n1J J~ i1'Vl ~ fll'Vi (;1' 'lilJ fl1 J 'fI'fI i'lJ '\.I U'l tM" 1 'iJ 1fl 
OJ OJ 

fllJi~ lJ ltt~'W11 'fI UYI(I I ~1 'fI J t '0(1 i,.rn {flJ~i1t1,,'fI fllJ ~ 'fI t~U'\.I U-':)111'f1UYI" ~tJ 1 tI~ihu"" 
" 

Vfll{f'lJ 1'fl tit~ 'Vi 1~ flri lJ ~tJ 1 tlUYl" I vJ i'l1lY J11U'W" 1 fl ttllJ B fl (;1'lJ 'illl'l1~'l~ 'l tll t1'l t 11 'W ~ I ~f11f111lJ. '" 

5uef-':)t~eJ~~lJ'Vl1 rJ ~'l "'lJ ~i,.ri.h~i1'Yl~ fl1'Vi ~'llm~ l~f'lJfll1lJ(;1''W1'0 1'Wfl1JftmJ1lJ1fl~ t!'fI9flJ'fI11~'ln 
~B U'4 mm~'W (silver particles) t~ eJ'l 'iJlfleJ'4fllflt~lJlr'Wnl1J ~ i1'VlTIfll'Vi1'W fl1J 5'lJef'lt~eJ ~~'W'Yl1 Ul~ 
11mtl'b'lJ'fl ti'W S.aureus, Ecoli, Vcholera, P. aeruginosa, S. typhus "1""1 (Cho 1t(l~f1ru~, 2005, Sondi 

" " It"~ Salopek-Sondi, 2004, Morones tt(l~f1ru~, 2005) 'Yl'llJ Feng tt(l~f1f.U~ (2000) 1~'I111(;1''W eJfl" I flfl1J 
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51J5':)I~tJ E.coli U('I~ S.aureus llil 9f('l!dtJf1tJtJtJlJnNm'hit1' DNA 'IJtJ':)19Hl~~':)flril'H1UJI~V 
. " 

.. u 

fl11lJ~1lJ1'.if:l ilJfll'.i !!1i':)1'l1 (replicate) i lJ'lJtwdi~l'.i h.h~lJ~fl51J5':)fll'.iv\'1':) llJ 

lTIfll'.ill'l1- VlJtJlJfllfll~lJ iflm~'Vl1~tJdl.:)t.:) fll'HI'l1- VlJ i t1n'IJlJ lfll~ m)lJ~':) '.i~fl1JlJl i lJ ~llJlHI. 
• IIJ 91 ""'" I =a .d QC\ 1IJ • .lY.t .d """'9 91<v.d ~ll 91 

'Vl1 ~fI'I1mV11i l'lflJ 11i'Vll.:)lfllJ l1i'Vl1':) !l"f}"jllfllJ 11i !'lfH~ IlJlJl'llJ (Chou !!('I~ Ren, 2000, Starowicz 

U('I~fltw~, 2006, Henglein, 200 1) J':)~fll'.ill'l~ VlJ~1VlTI'Vl1':)lflnl~lJ lTIfll'.i ~ '1~i'1Jfl11lJlJVlJI~tJ.:) 'il1fl 

~llJl'.iml'l1- VlJtJlJfllfll~lJ~fl'.i~'il1VI'l1 i lJ ~l'.iCl~mV'1~ U('I~rl11~~ 1V ~.:)'11 rl'flfll'.i'IJtJ,:)lTI~~tJ fll'.irl1. 
115mv1~flfl')rlJltJtJtJlJ i('l'l1~~tJQilJ~l'.i('l~mV iflVi~~1'.i1-~1CJ1' l'lflJ fl'.iflUtJ~fltJ1Jfl (ascorbic acid) 

'1~fI'.i1;lJ (hydrazine) i9$I~VlJ i1J hl~'1f1'.i'fi' (sodium borohydride) l~lJl'1lJ (Sondi !!('I~fltw~, 2003, 

Zielinska U('I~flW~, 2009) J':)~'V'ItJ~!tlYl~lJ'1fl('lfltJ('I (polyethylene glycol) ~':)I~lJ~l'.i11'.i~lfl'Vl'YW~ 
IlJtJ f 11JlJ m '.i afl'lflJ fI'I1 ~.:)~ lJvmi1lJ11~I~lJ ~l'.i1- ~hCJ1' ~flJ.:)5':)I~lJ m '.i ~ n fll'.i 't~.:) llJ mll':) fll1':) 'II 11,:) 

" ,. 
i lJ 'Vl1':) fll'.i !!'Vl'Vl V!!('I~ Ifl-ff'lffl'.i '.i lJ lJ tJ fl 'ill flU 5.:) lJfll'.i i ~~1 '.i'V'l tJ ~ IlJ tJ f 1J1,:) 'lflJ fI I.y; tJ v\'1'11,r 1 Vi I~ lJ1'l1 'lf1V 

tJtJ.:) fllJ fll'.i Ifll~ '.iJlJl'l1fllJ 'II tJ.:) tJ'4fllfi l'lflJ 'Vl tJ~ 1 1lJmlfl('l fltJ ~tJ~ (polyvinylalcohol: PVA) 'Vl tJ ~ '11 

lJ('Il'Vl h~ifllJ (polyvinylpyrrolidone: PVP) l11lJl'1lJ (Zielinska UCl~fltw~, 2009) 

I'll mi 1.:j N~ I'l fitl! cyj'1'~fluflmw ~n fl1 '.i 'l11tJlJi)1f1I~lJ bf1lJ 11 '.i ~ fltJU ~.:)n fl1 '.i ~1'11,j 1V i lJ 191,:). . 
Q ,( IIJ 91 I '?I ®.l! • I 91 

'Vl1tw'lftJ !flUfl IINlJlJfI!!NCl Acticoat 9$.:)lJ'.i~fltJ1Jfl1V Absorbent core 'IJtJ.:) rayon-polyester U('I~ 

Nanocrystalline silver iflVn11'.i~iY'Vl1ifll'V'lilJfll'.iv\'lmm~tJ MRSA l~i':)u~'.i~tJ~!Jm 30 lJ1Vi~-ffmr~ 
~ <V ~ <V ~I <V Q 1/. 9 .,j 91 I ® .l! 

l'lftl (Dwm U('I~fltw~, 2004) 1~fJlJfI!H·m!!Cl~1~fJlJtJ':)fllJfll'.il'lfll'lftJ !lJ'lftJ'Vll':)fll'.ifil11 Silverlon 9$.:) 

Q i i .d .oj i Q 91 9 IIJ I ®
N('I1'l 'ill fl! 'Vl fI lJ ('I tJ fl1 '.i IfI ('I tJ 1J ('I '11 ~ I,:) lJ U 'WI ~ lJ ! tJ ! lJ ('I tJ lJ (http://silverion.com) U ('I ~ Askina 

Calgitrol® Ag ~':)I~lJ 1'~fJUflUN('I N~1'l 'il1fl!lfI('I l;tJlJ'e)('I UIlJ'VlIW~ i vllJ'V'ItJ~ ~~!'V1lJ ~ n~lJ'llili lJ fll '.i 

11 ('Ifl11ri tltJ9iCl!JtJf'1 tJtJ tJlJI~tlfll'.i 51J 5.:) I~tJ ~ ~lJ'Vl~V(http://www.bbraun.com) l11lJ~lJ 
~1m'l1I'l~1'~flUflUN('I'lflJfI~n1i11'l1~lJl~lJ tJ,:)r111'.i~fltJ1J bY1'11 i'u i ~fl1J H'{hmIN('I '1vll mY J1 

q q q 'U 

~ tl lJ ('I1fl 1'l1lJ i H'V'I V11J 1Mll':) "1 i lJ'l.h~I'Vlf1'1 'VltJJmlJ1lJ!!~1!!19l11llJ N~ I'lflW cyj''l11!'U'1~ n'.i 1fil~.. .:)lJ1fl 
" I I ., 

fl':)U'WI.y; ml1111 bffll'.i ('Ifl fll '.i-W ':)'Vl 1!'V1f1 i lJ i ('IVfl':) fl ri11'illfl~ 1,:) 11 '.i ~I 'Vlf1 !!Cl~1~ lJ fll'.i m~lJ~~1,:) fI twfll'V'l.. . 

U1JflVii1 tJ~1m'Vlfl i lJ i ('IVlJ 1 i lJ 9i('l!JtJf" 'IJtl.:)~m-UlJ i1itJ i('l'l1~!!('I~1'~fJ ~W1"1 (Saengkiettiyut !!('I~ 

ml!~, 2008) 'Vll':)fltw~m1itJ~':)lJUlJ1ftfl i lJ fll'.i vl(PJJlJ l!!~lJtJfI!!N('I~ n ~lJ'lJrli lJ fll'.i 51J5.:) l~tl'il~lJ'Vl~V.. . 
ifltJfll'.i N~lJNmlJ fl'.i '.i lJlTI fll'.i II'l~ VlJtJlJfllfll~lJ loU'l fl1J1'~flU~lJtJflUN('I~ millJ '.i 11'1 ~ i fI'.i l'il ('I U'VllJ 1'~fI 

q q 'U 'U q 

~':)'Vl tJ'I1~mr1ntJ9$~1~tJdilJ U'il 'il-UlJ lv7fl i t11 ~U~lJU fI!!NCl ~n11 '.i~iY'Vl TI fllOW i lJ fll '.iflflCJf1J'lJtJ.:)!'I1 ('11 'il1fl.. . .. 

• jJ SI' • 

U1 fI !!NCl i lJ'U ru~VilJ ~lJllili lJ fll'.i 51J 5.:) I~tJ!1ufiVi (~ VtJQfll v1lJI'l11'~fJ ItJ.:) 9f.:) 'il~'lf1tJ('I flUty'l11fll'.i ~fI 
,J VI I d 311 , 

l'lftJ 'II tJ.:) Nlhv UCl~'lf1V('Iflfll1lJ I 'ilU111f1 'IJtJ.:) NlhtJ'lJw~('I tl fl!!NlJ Ufl !!N(l tJflfl 'ill fllJl fI!!N(l ifltJ i lJ fll '.i.. .. 

http:http://www.bbraun.com
http:http://silverion.com
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'VHl~llJtl{rHln1 'U f11 'j 1~1 m/lff1~ 'j 1~(1 'jllJ~.:jf11'j I~ tln1 ~f1'j ~~'Vl1 m~'U ffU l~mJ lv.:j-w'U1i:;; I~ tl.:j~ln 

I~'U m'j~iifll1lJU(1tl~iltJ~tlnu1~.:j1'U1I(1:;;1~tl~1~v..t1'u1 'U rJ~ff1l1m 'jlJtl1l1U 
'j/ 'j/ , 

· 11.:jU'il1nf11'j~nm1'Ulm.:jnul~tJilYi 1 (n'Unl'j';itU II (1:;;flru:;;, 2553) flru:;;vrl~v'~~mJ1.. 
'Vl~(1 tl.:jf11 'j I~1 VlJUH'U Yl rl'lJ 1ff 1 ~ 'j I~ (1 'ill n CMC 1 ~v1~f1'j ~~'Vl1 m1J'U ffn I~eJlJ lv.:j-w'U 1i:;; ~.:j'W U11 ii 

-W'U1i:;;wffl'VleJ{ln~~'U l~tJI~mJ lv.:j 'j:;;WjNl1~'~~'j tln~(1'UeJ.:j CMC tlul1~m{ufJn9f~f1'tJtl.:jm~.. .. 
9f'Vl1n ('j U~ 1.1) Ii' .:j~(1 1'11' CMC ~.:j I~'U 'Wtl~ IlJ eJ{~ (1:;; m vJ11~J'U In~nn IU~V'UItU(1.:jfflJ1ffi.. 
nmtJI~'U' ff 1~ 'j I ~(1 ~iifll1lJff1lJl ';it) 1'U fllH)~ciIu 11(1:;; tlm~u J 1,)1 'U l'U lJln1imtJ1'U llJW n(1 lmJ.. . 
fl11:;; 1 'Uf11'j1~1vlJ!lH'UYlrl'lJ lff1~'j 1'il(1 CMC ~1'I1'fflJ1ffi~.:j~1'U nu~~ciIuJ1 f11'j (1:;; (11tJJ1 U(1:;;fflJU~.. 
~ d ~ d 1 1" <jJ <jJ I cv ~ Q Y Y <r

19!.:jn(1'Vlll1lJl:;;fflJ iHl f11'jI~'jVlJ ~~tI 9! CMC m1lJl'UlJ'U'U 2% 'jllJnUm~9i'Vl'jnm1lJl'UlJ'U'U 5% l~tJ 

J1l1,rn'Utl.:j CMC 11(1:;;'Yl1f111tlUNi1n~eJrul1f)ij 160 eJ.:jf11I9i(1I9tElff 1~'Un(11 120 l'U1Yi ~.:jrllrlfJ'tl1'U. .. 

o 
o oJONa 

oJoNa 

~J 
heat 

LHOr n"0 ~:: ~O, oj
OH + -C;OHn 

citric acid 
o 

CMC o -c:::" 
CMC-OH / 

/ heat 

9f(1ntln 'U I~ 'j~I1J'U ff1Hf.:j~'U uiI:;; 1~'W tl~wYi~'U In(1fl eJ (1 (PEG) I~'U ffu1~1i' 11(1:;; 1~'WeJ~lTU (1 

1'W h~I~'U (PVP) 1~'Um'j'lf':ltJf1'j:;;~lt1yfl .N(1'illnf1111Im 1:;; r1m1 (1:;; mtlfleJ (1 (1eJv~'UeJ.:jmJfl1fll~'U. 
~1~1t1lJl~~1m'VlfliJfl~1-1ffl'iJ(1ff1Ufll'Vl'jfflnill'lul1 ii plasmon band u'j1n{)~u1nrufll1lJtJl1fl~'U 

U'j:;;lJlru 420 'U11'UllJ~'j ~.:jI~'Unnv'U5'U11iitl'Umfll~'Umn'Uffn(1:;;(11V 1t(1:;;N(1~lnf11'j'Vl~fftlUl~. .. 
IIff~.:j1'I1'1~'U11 m 'j(1:;;(1 1t1eJ'U fl1fll~ 'U ~1~1 tllJ l~I1J'U ffn ~iiU1:;; ff'VlTIm'Wff.:j 1'U n1 'j 5u J.:j14eJ'il~'U'Vl1 rJ. ... 
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r " • • 

rlll1fU 1m,:jtll'J~'hrvluiJ'Yi 2 U ~~alhJtll'Jfllli1'W,:jl'W~mihN~lf) 1flHf)1'JL-WlJ'Yi 1 hWt11~~ 

f)1'Jftmnvr,:j1'W,T'W19l'tJ'Wtll'J I~~ vlJUHuvhllJ'~1~'J1'ilmm~,Tu \9l flU tll'JI\9l~ VlJ tlUfllf1l~ 'W lJ1L 'l1'1 ~'W'IjfllJ~. ~ 
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.of 

'lJ'YI'YI 2 

.of 

2.1 ilT'UfI'J.J 

- mf1JtJf)~!l,J'Yi~IC!f~~ 1m,. (Carboxymethylcellulose, Sodium salt: CMC) Analytical grade N~\9l hw 
" 1J~iJ'Yl Sigma Aldrich ~thtnrf) ilJmf]~ (Molecular weight: MW) 'U'Ul\9l 250,000 \9l1Ml'U 

- m\9l91'Vl~f) (citric acid) Analytical grade N~\9l1\9lV1J~'JJ'Yl Ajax Finechem Pty. 

- 'WtJ~ltJYl~'Ulf)~fltJ~ (Polyethylene glycol: PEG) Analytical grade N~\9l1\9lV1J~iJ'Vl Fluka J1'I1tTf) 

1lJmf)~ 4,000 \9l1~1'l'U. 
- 'WtJ~lrJ'u~ll'l h~1\9l'U (Polyvinylpyrrolidone K30: PVP) Analytical grade N~\9l i\9lV Fluka JTY'itTf) 

ilJmf)~ 40,000 \9l1~1'l'U. 
- 91~ntJn'Ul\9l';j\9l (Silver nitrate: AgNO) Analytical grade N~\9l1\9lV1J~iJ'Vl BDH 

",.of 

2.2 11lfll'.i'YImltJ'l 

2.2.1 f11';jI\91~vmn';j~~mmhI1~'Uf11';j1\9l1VlJllN'U~hllJlg 1\9l';j1'il~ 

n:ifU 1er IrJ'JI1JCI CMC 

Q 'j) 'j) ~ IV Q.J 

- 1\9l';jVlJ~l';j~~mv CMC fI11lJl'UlJ'U'U 2% (w/w) 'U1'I1'Uf) 600 mlJ 
~ ~ • 

f)l'U\9l1VlmtJ'l mechanical 

stirrer 
~ '1 31 'l ~I ~ c< .,

'il'Um~'Yl'l !\9l~l';i~~mv mlJ'UI'UtJl\9lVlf)'U 

- l~lJm\9l91'Vl~f) 0.60 f)~lJ (5 % i\9lvJ1't'ltTf)'UtJ'l CMC) ~'l'l'U~l';i~~mV CMC ,rN~'U 'illf)J'U'Yh 

., 
f11';j f)l'U 'il'U m~'Vl'l m \9lC!f'Vl';j f)~~mV'I1lJ\9l 

nnu 1er IrJ'JI1JCI CMC - PEG - PVP 

.::::1 "0 Q,f Q,f ' 9J 9J 9J .::::1 ~ .c::t..c:1",1 
- 1\9l';jVlJ~l';j~~mV'Ul'l1'Uf) 600 mlJ 'VllJ';j~f)tJ1J\9l1V CMC 1'l11lJl'UlJ'U'U 2% (w/w) ll~~lJl'ltJmtJ'Vl 

~'Ulf)~l'ltJ~ (PEG) ll~~'WtJ~ll'l h~1\9l'U (PVP) 'l'UililJlW\9l1lJ~tll'l1'U\9l f)l'Uf11Vll'litJ'l mechanical 

stirrer 'il'U m~~'lIf1~l';j ~~mv'lm~'UldtJl~Vln'U 
" " - l~lJm\9l91'Vl~f) 0.60 f)~lJ (5 % 1\9lVU1'l1tTf)'UtJ'l CMC) ~'l'l'U~l';j~~mV CMC ,rN~'U 'illf)tT'U'lf)l 

f11';jf)l'U 'il'U m ~ 'rl''l m \9l91'Vl~ f)~~~ lV'I1lJ\9l 
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m6J7g T~m}'tl CMC - PEG - PVP ~iJf)1-fmflt~U 1~'Vl1fl1'Jftml1'VlmHl'l 211ifm~e:J 

11i~ 1 fl1'J11'l1t1lJe:J'Wfl1f1I~'WU~1~'1U1mlii.'Wfl1'J11'l1t11Hnnl~mtl CMC-- . 
i'l PEG J1l1'11n 0.24 ni'lJ (2% hwJ1l','I1n'lHl'l CMC) II~ll~ml'lni'W 10 ni'lJll1f111lJje:J'W 

uriffl'Hl~mtl~'WlJmu '!1 nil 80 eJ'Iff119HH~m,. 11'ltllJ n1'J,j'W nl'W ff1 Hl~mtl~ltl!!Y]'1u:J!'\1~n. .. 
QJ d d. .t:::i 

eJl'l'J 11'J1 200 'JeJU/'W1'Y1 l'l(le:Jl'l'J~tI~nmfl1'JI\9l'JtllJff1'J 

fle:JtI"1 'I1t1l'lff1'J(l~mtl 1% AgN03 mml'l'J 1.89 iJ(l~~I'l'J (~l'lll1'Wmmru Ag 1'W CMC 

IY]ltllJ 1000 ppm) (l'l1'Wff1'J(l~mtl PEG .uNI'i'W 1I'ltll~nmth~lJ1ru 30 1'W1Yi 

m'Wff1'J(l~mtl~eJ1UVn 1 'W1Yi mlll~lJff1'J(l~mtl PVP (2% 1I'ltlJ1'11'11f)'1Hl'l CMC 1l'ltll~ 

PVP 0.12 ni'lJ(l~mtll'WJ1 5.00 ni'lJ) u~lm'W~e:J1UVn 20 'W1Yi 1.l~l~ff1'J(l~mtl~!'\1~e:J'IrieJ'W 

iff 

" • ", 'jI

U1ff1'J(l~mtl.uNI'iW·mlltllJU1f1~'Wmmrufl'JlJ 600 g tl1nU'W'lf'l CMC 111'11un 12.00 ni'lJ 

<> "I. 1 'I 31 31 31 d ~I .;, ')
Il'llJ(l'lllJ nl'W l'11(l~mtl~ltl mechanical stirrer I'lltlfll1lJ!'Jl 500 rpm IlJ'Wnm 1 'In lll'l 

" l~lJf1'JI'l~'Vl1n111'11Un 0.60 ni'lJ (l'll'W{n'J(l~Cl1t1 nl'Wll1'(l~(l1t1~ ..;JtI mechanical stirrer 

u'J~mru 5 'WlYi '\1~eJ1.l'Wf1'J~i'lml'l~'Vl1n(l~mtl'l1lJl'l 

~ -:: IV Q.I 'jJ Q ~ ci" Q.I ci" 
'If'l PEG 'W1'11'Wn 0.24 mlJ !!(l11I'lll'W1n(l'W 10 mlJ m'Wtl'Wf1'J~'Vl'l PEG (l~mtl'l1lJl'l 

l~lJff1'J(l~mtl 1% AgN03 mlJ1l'l'J 1.89, 3.78,9.45, 18.9 iJ(l~~I'l'J (~l'lll1'WmlJ1ru Ag i'W 

CMC IY]lnU 1000,2000,5000,10000 ppm I'lllJcl1~lJ) fI'Wll1'ff1'J(l~mtl!'Ii'ltl'W 

JI • 11,,, 

111ff1'J(l~mtl'li'NI'i'W~fflJtllJ111n~'Wmmtl!mlJ 600 g tl1nU'W'If'l CMC 111'11'11n 12.00 ni'lJ 

<> "I. 1 'I 31 31 31 d ~I .;, ')
Il'llJ(l'lllJ m'W l'11(l~(llt1~ltl mechanical stirrer I'lltlfll1lJl'Jl 500 rpm IlJ'Wnm 1 'lflllJ'I 

" l~lJml'l~'YI1n111'\1'11f) 0.60 ni'lJ (l'li'Wff1'J(l~Cl1t1 nl'Wil1'(l~(l1t1~ltl mechanical stirrer 

u'J~mru 5 'W1Yi '\1~eJ1.l'Wf1'J~i'lml'l~'Vl1n(l~mtl'l1lJl'l 

o ~ .131 .",. ') .d .. "I~ 31 'I ,<> 0' 
- 'Vl1fl1'J'IJ'W~lJl'lltll1im'JI'YI!!UlJ (casting) 1~tI!'Vlff1Hl~Cl1t1'VlI\9l'JtllJ n l'W'Ufl 2.2.1 M l'WUll~m~ 

e:J~fl1~n 'IJ'W11'l 25 x 25 ICJi'W~llll'l'J !!~li'lYi'l'f'iJ'Wf1'J~i'li~!!N'W~rl'lJ!!l1'1ffiJ'YI 
- U1!!N'WY1rl'lJ I UeJU~l1 n ~e:Jtlm fliJ!!(l~nml'lllJri1l1'W\9l. .. 

http:3.78,9.45
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fl1'H~'"l tnHfl'Hl :::'?llU 

ffl'l'lf1J1~1(JlJ'~ im!ll?l 

!~'1umnHl~mv CMC 


'I'I~tl 'ffl':l?l~?llU CMC - PEG - PVP 


'" l1Hl 'fflHl~mU CMC-PEG-PVP-Ag 

!~lJ'ffll crosslinking agent 

Ul'ffl':l?l~ mVll!~'1 VlJ 

11!'Yl(;l.:J l'U uli~lJ'Vr 

t 
o 1~ ~ 

'Yll 11 U11.:JI l 

+ 


dl 

tl'Uv.I'Ufl 

CMC - PEG - PVP CMC-PEG-PVP-Ag 

" 
2.3.l fl11'Yl~'fftl'U~lfl1l~~~'Ul.h 

'" 
1nfl WVl ~ 'fftl 'U 

~~uYi'WYl~lJl,r~'U'Ul~ 4 x 4 191'U~!lJ~l i.:JJll1lTfluYi'WYl~lJ illmf'W'l11!1Yi'WYl~lJ~lJU'lfl'U1ifl• 
Lf1tlf~'UlluJlfli'WilllJlm 50 iJ?l~~\9l1 ~tltUl1f1iJ,rtl.:J~llJl~V~!1m~tlll1'U\9l (10 1'W1Yt U(;l~ 24 illlJ.:J). . ~ 
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lritl1'11UfhY!l.j~H1m 111up.JtJYlcllJ~tJ 1)ltl J1tlrl'tJ clflJJ1ci1tJlOtJ tltltl u~11111,ji~Jnil!tl U(1~fhtJ1ru~1 
1,jtl51ctitJ~tll)~~CJ1lJJ1 "]ltll)'Vl~{ftllJ')ltJ1tJ 3 ~l 

" 
" jI" " 

C111rn!mn1-m'lf111-111'11t.Jtlt-1tltJ11'lf111) x 100 

" o <V' " 0I 

'W1 '11 tJ tl tl tl tJ U ')j'tJ 1 

" 2.3.2 tll) 'Vl~ (ftllJ~1tll) (1~ ml'J111 

nflWVl~{ftllJ 

i~H~tJYlftlJhrij'\JtJl~ 4 x 4 19ftJ~l1lJm 4\lJ1'11tJflu~tJYlcllJ 1)lmrtJ111up.JtJYlcllJ~lJu'lfl'W{jfl• 
lfltl5~lJ)HJ1flrl'tJ,j1lJl\91) 50 lJ(1i)~\91) ~tlrul1fllJ,rtl\ll~'Wnm 24 i11lJ\l lritl1'111Jtl1'11tJ\91nm 111 

• • 'U 

~Q l!:1t:1~ c:$ ~(V

2.3.3 tll) 'Vl \91 {ftllJ {flJ lJ \911 ')j' \l fl (1 '\J tl~Url tJ-n (1lJ~ 1tJ fl11lJ 11 '\J ~ 11) ~ 11 (1 ~ tll HJ\9l \911 (Tensile strength 

11(1~ Elongation) 1I9lu1rn\911lJlJ1\91)'Y1tJ ASTM D882-02 
~ Ci.dG) 'j) ~ .d ~ , 

l1'11tl~lJtl'Vl ~')j' : lfl)tl~ universal testing machine U'I1tl Hounsfield 1tJ H 10 KM 

" tll)1\911 VlJ~'W 'Vl~ (ftllJ 

- i~~'W~1'Wl~'W),j~1'\1~l'JlJHWr1 '\JtJ1~ 120 x 10 lJ(1i)llJ\91) ')ltJ1tJi1tl{h\l(1~ 10 ~tJ~ltJ (~l'11rU.. 
" " " " 1']$''VlI9l{ftllJ~'W~ltJ')j'iJ~11,r~ 5 ~'W~ltJ U{l~'I1~\ltll)~~CJ1lJ111 5 ;tJ~ltJ)

'U 

jI I Sol "" 

'I1JJ1{jm~ tll) 'Vl~ (ftllJ~tJ~ltJ')j'i! I9lYi~1'Wtll)l9l~clflJ111 .,]1 11911 19l1'J111~tJ":l1tJ11'lf111 10 i'WlYi U~1 
• 'U 

111~tJ clflJJ lci1tJl0'W tltlfl 'iJ1mrtJ ~\l~'W ..:J1tJ1115 'W 1Yi 11~1~\l"]ltll)'Vl19l'fftllJ 

- il9lfl11lJ'I1tJ l'\Jtl~ u~tJVJcllJ t-1tltJtll)'Vl 19l{ftllJ~1V llJ i 1'11 lJl\91tl5 

nflWVl~{feJlJ 

- l']$')~v~ gauge length 50 lJ(1i)llJ\91) fl~)11~11'Wtll)~~{j19l 10 lJ(1~lAlJm~tl'WlYi (rl1'11rlJ~tJ\lltJ 
9J Q,Q I do Q,I~ df cv~ 

UlJlJU'l1~) U(1~ 50 lJ(1mlJ\91)\91tl'Wl'Vl ({f1'11)lJ')j'tJ~ltJ'VlmtJflW~119l9flJtJ1) 

Q,.I .4:9 I 0 

- U'W'Vlflfl1 Tensile strength at Max.Load (MPa) U(1~ % Elongation at break'Vl1tll)'VlI9l{ftllJ 

" i1tld1\l{l~ 5 cih 
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J'l1~ 2.2 Ifl~'fJ-:J universal testing machine 

m'l1fl LYnlJI\9l'fJ{ (Fourier Transform Infrared spectrometer: FT-IR) 

~ ~.d9 9J .d 9J I 

Iflj'fJ-:JlJ'fJ'Yl ~'lf: FT-IR Vl1'fJ Perkin - Elmer rW Spectrum One 

""'" Q 0'
1 "Ii fl1 j llfl1 l:i; 'l1'Yl~ 'ff'fJ 'IJ 

'\'llfl1jl~~'\..!'vhllj~m'l1fl\9li'lJ lw ATR (Attenuated Total Reflectance) mode l~V~l'fJ~l-:J 

w-h.JV1~m):i;~flt111'l111-:J'lJU ZnSe flat plate 1l1mTu'\'llfl1jllfljl:i;,11UGJfl-:Jfll1lJtJ11fl~U 4000 - 650 cm -I 

1~v1~ scan l'Viln1J 16 !!(l:i; resolution l'Viln'IJ 4.0 cm-
I 

~ a' ~ 9J .dt 
2.3.5 fl1jllfljl:i;'l1!!tl'IJfl1j~~fl(lU!!'ff-:J UV-visible ~1tJ!fl1'fJ-:J UVNis spectrophotometer 


.dt ~ d q 9J d 9J , 

1fl1'fJ-:JlJ'fJ'Yl ~'lf : UVNis spectrophotometer V'l1'fJ Analytic Jena AG 1U SPECORD S100 

1TII\9l1VlJ~1'fJcil-:J : t11!!t-iu~cllJ1~1~jI1l(l~5-:J~hjf·hUfl1j'fJ'lJNi1ml1'l1l1'fl 0.25 fli'lJ (l:i;mVf11vJlfliu 20 

""'" Q 0'
1 "Ii fl111lfl j l:i;'l1'Yl~ 'ff'fJ'IJ 

t111:nj(l:i;mV~1'fJ~1-:J'lJj j 111U cuvette 1l1mTj,.j'Yi'lfl1jllfl11:i;,1!!tl'IJfl1j~~fl~j,.J!l'ff-:J1u GJfl-:Jfl11lJV11 
q " 

'" <; <; 'l~ 'v 'v
fl(lj,.J 300-700 j,.Jl ~UIlJ\9lj ~~V ~'lf Integration time l'Yllfl'IJ 20 ms 11(l:i; Accumulation time l'Yllfl'IJ 10 ms 
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""'" 11i'YI~H"tJ'U1'11lJ:lJlI'1'j]ltJ AATCC 147 

9"C>d '1 '" ~ Q "".0

!'lf11i f)1 'j 'YI~ 'fftJ'U1'11lJ lJ 1\9\ 'j i ltJ AATCC test method 147 !~ tJ'YIl fI1 'j 'YI ~ 'ff tJ'U fl'U! 'lftJ~C1'W 'YI'j fJ 
.. 

1l1'W1'W 3 'lfij~ '~un Staphylococcus aureus. Escherichia coli uC1~ Pseudomonas aeruginosa ij.,T'Wl9ltJ'W 

. .. .. 
'l " "" '" '" '" 0 9 ''l "" 1. !'If Loop I'1WI'lftJ S.aureus 'I1'jtJ E.coli 'I1'jtJ P.aeruginosa 1l1'W1'W 1 Loop nr !tJtJ1'111'j!C1tJ~ 

'j.I ' j.I, r 

l'lftJI'l1C11 (Nutrient broth) U~TU1''\.MitJ~U'Wlf1~tJ~I'IJlh (shaker) VitJW'I1.f1lJ 37 tJ~fl'll9f"I;fJ'ff 1~'Wl1m 18
o '" 

24 i11lJ~ 
o ~ o::"J a d ~ V] ~'" F- ~ 44 9 r 9 ~ 

2. 'Wll'lftJ s'aureus 'I1'jtJ E.coli 'I1'jtJ P.aeruginosa 'YIll'1'jtJlJ !~lJ'j:lJlI9I'j I lJC1C1C1I91'j !'ff !'W'Wl 

m:lJlm 9 lJC1~~I9I'j U~1v-l'fflJhrl,rlti'W 
G19J d .c:S 'JJ I tI .q ~ ~.Q 

3. !'If Loop (I'VW~ Loop l~tJ1) 'IJ'Wl~I'ff'Wv-ll'WfJ''WtJflm~ 4 lJC1C11lJI9I'j 111'1~I'lftJ S.aureus 'I1'jtJ 

'" .d "" 1I]W w" .x ~ d
E.coli 'I1'jtJ P.aeruginosa 'YIll'1'jtJlJ!~ l1C11C11fl1'ff'WI'1H'U'WtJ1'111'jlC1fJ~I'lftJU'IJ~ (Nutrient Agar) ~1'W1'W 5 

1~'W mllJfJl11~'WC1~ 60 lJC1~llJl'1'j 1~tJ1'11'11~C1~I~'Wih~tJ~l,h~ti'W'\.h~lJ1W 10 iJC1~llJl'1'j 

4. 1Nl1N'WUN'Wvh1lJ'YII9I'fftJU 'IJ'W1~ 25 x 50 iJC1~llJm m~'YI"''U l~tJi~ 5 I~'W~~~11 

5. 1111)1'WtJ1m'jlitJ'll~tJ1'l.JtilJ ~mln1.fliJ 37 tJ~fl'119fC1I;tJ'ff 1~'Wl1m 24 oih1lJ'l 
o '" 

w = (T-D)/2 

1~tJVi W = 'j~tJ~ clear zone (iJC1~llJl'1'j) 
'j) ~ ~ Q Q Q 

T = fl11lJfl11~'YI'l'l1lJ~'lJtJ'l'lf'W'l1'W11C1~'U'jI1W Clear zone (lJ"C1llJl'1'j) 

9J ~ .Q Q 


D = fl11lJfl11'l'IJtJ'l'lf'W'l1'W'YI~'fftJ'U (lJC1C11lJl'1'j) 




II 

."". 

l1i'Yl~HHl'U\9l1lJlJl~':l~1'W AATCC 100 

do " ~ " ~ ~ 1 d . .. 

1. l(ltl'll'lHl s'aureus 'tntJ E.coli 'l1':lfl P.aeruginosa 'Wfll'l1l) Nutrient Broth 'YlflW'l1fllJ 37 fl'lfl'l . '" 
19fm~mll~'Wllm 18 il1lJ'l - 24 il1m 

" 
2. ~\9ll9ftl s'aureus 'l1~tJ E.coli 'l1~tJ P.aeruginosa ''W'1YtJ 1 mlJlm 100 llJ 1m~~':l 1ril'W Nutrient 

q QQ 11) 91 ~ 5 ~ ci.d' ~ d Q 

Broth 100 lJ(l(l(l~':l (\l~ ~\9ll'lftJ stock mlJ1W 10 CFU/ml) l\9ltll'lffl'VH(ltl'l !'Wfll'l1l)l'l1(ll'YlflW'l1fllJ 37 fl '1fl'1. '" 
d:;ll 0:, 1 do ~ '" I 8

19f(ll9ftl'" llJ'Wnm 18-24 'lfl !lJ'l \l~lJl'lffltJtlu':l~lJlru 10 CFU/ml.. 

VI (l05 X 100)110
8 

= 0.1 ml 

3. t11llH'WYlmJilfldl'll~'WH1'Wfl''WElf1(lN 4.5 19f'W~llJm (l1'WllJlf1'VitJ~ll~'11'UJl I lJ(l~~\9)':ll~
'" 

" ~ 
4. \9l\9ll9ftJ Stock I lJ(l~~\9l':l 'l1t1\9l'U'WHH'WYlmJilmll'l'Vl'l 2 'If\9l.. . 

o Q.I I d v ~ v ~ c:, ~ Q Q":::' 9J I d 

5. 'W1\9l1tJtI1'l 'If\9lYl I 'lf~m'll'lffl\9l1t1'W1f1(l'W'l.J(lfl\9ll'lffl 100 lJ(l(l(l~':l (\9l1t1f11':ll'Utll I 'W1Yl). 
o (l.I I d Q -& -1 9.1 0 

6. 'W1~lflt'Jl'l'lJ'\9lYl I Yll serial dilution tl'l 10 U(lJY1l spread plate method 'U'W1l1'Wfll'l11':l NA plate 

~lJ~~ru'l1 \]lJ 37 fl'lfl'll9fm~mll~'W )~t1~nm 24 il1lJ'l -Um)l'Wl'W 11'1 h~~lfi\9l~'W 1'W 1l1'W fll'l11':l l~t1'll~tJ 
7. t11iltJcil'l'lf\9l~ 2 ~'lyf'l1124 il1m U"lYl\9l"'fl'Ul'W'1r]1'Wfl'll~t11tl'Wtl'U'lf\9l~ I. . 


%R 100(B-A)fB 

A ~l'Wl'W 11'1 h~ ~ 24 il1lJ'l 

B ~l'Wl'W1fl h~ ~ 0 il1lJ'l 

19fm~t1'" l~'Wnm IS 'Wl.yj l'Wf11)Yl\9l"'tJ'Udll~l~Thennanox ® Coverslips lot 582781 l~'WiltJV1'l 
flTUfJlJ (Control) 

o'd'l v 
19f(l(lYl !'lfYl\9l"'tJ'U : Human skin fibroblast ATCC CRL 2522 passage 8 
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fllJ'Vl~nHl'U Test on extraction 


~ ~. 

Extraction vehicle : '<]j'tll'111Jt'V'l1~t'HJ':)t<]j"Hl Dulbecco's Modified Eagle's medium 

serum free (DMEM) 

o I Q.I I QJ ~f
Extraction period and condition: 'VllfllJU'lflVlltltlNf1'U Extraction vehicle tlJ'UJ~[J~nm 

. . " 
24 il1lJ':) VimU'I1frlJ 37 tl.:)ffW1HU;my ''UlPi't'V'll~t~rJ'It9fmf. ~ ~ 

I ~Q,.I ~.db'J'lI]9J~ ..:::Soli)
Exposed period : 'UlJt'V'll~t9f(j(jf1'U"'1J Extraction vehicle 'Vl'l'Vl ~lJ ~~tlltlllNUo~'I'l'Ull1J 

t~tl'iJ1':) 2 t'vil til'UJ~rJ~nm 24 il1lJ':) 

fllJ 'I'l~ £Hl'Ut~tl i'~mlJl ru t 9f(j ~~~;11V1 

1~tI'~"'1J 3-(4,5-dimethyithiazoi-2-yl)-2,5-diphenyHetrazoiium bromide (MTT) U(j~i'~ 

" 'YllfllJ'Vl~"'t1'UIPi".wdl'1(j~ 5 CJfl 
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. 

<=i 

lJ'YI'YI 3 

" 3.1.1 {1"lJlliif11)fI~CJ1'IJt11H(l~f11)(l~mV.. 

" " I'l11fi'1~vl,*m)(l~mfJ CMC lhVI1Jf) llJ!(lf)(l 250,000 fl11lJ!.,]mi''W 2% 1f1m.JTrnrf)~mRlJW1) ~1lJn'IJ 
q 

" " PVP fl11lJ!.,]lJ.,]'W 1% 1~vt11'I1tJmJfl-:J CMC U(l~'1,*mfl~'Yl~f)fl11lJ!"]lJ"]'W 5% 1f1Vl.JTl1tJf)'\Jfl-:J CMC 

lflVI'llfll)fff1'l:nlhmruf11)l,* PEG ~)~~'lJfl1llJ!,,]lJ,,]'I..I 0,0.5, I, 2 U(l~ 4% lflmhl1tJf)'\Jfl-:J CMC U(l~ 

I'llf11)fl'IJHiJf)~flrul1f1iJ 160 fl-:J\1'Wl1(l!CUV{1" l1J'I..I!1m 120 1'W1Yi ~-:JH(lfn)'YlmH)'lJf11)~flCJ1'IJJ1!!(l~f11) 
q '" '" 

1!H'I..IYl"lJh1~)!1l(l~i~1fi'!~lJ PEG 1~Vii~1f11)(l~mvJl~~1f)'",il U(l~!rlm~lJ PEG lYilJ~'I..I'\)'W~-:J 4% 

'W'lJill1H'I..IYl"lJii~1f11)~fli'IJJlmV'I1~-:Jf11)l1iJll1J'I..I11m 24 i11m{1"-:J~-:J 2196% 11~ii~1f11)(l~mV{1"-:J
'" '" '" 

"" f:)-:J 56% 
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2500 

2000 

"....., 

~ 0 
'-' 1500~ 

• .;t 

~~ 
(;: 
(;:~.,. 
~ 1000 
c 
~ -co: 

500 

0 

60 
c=:J 10 sec 

_ 24hrs
50 

-.Ir-- %n1ffi~f\1U 

40 "....., 

~ e..., 
Q;l, 
(t;;


30 ~~ 
(t;;.,.
, 
c 

~ -co:20 

10 

0 

0% 0.5% 1% 2% 4% 

mlJ1W PEG (%) 

QQ 'jJ'jJ 'jJ'jJ .d Q,I' '3JVI 0 ~.d 
9fVI':iflfl11lJ1'IJlJ'IJ'W 5% PVP fl11lJl'IJlJ'IJ'W 1% U~~ PEG 'VI':i~~lJfl11lJ1'IJlJ'IJ'W1'l1.:J"l U~~'VI1fll'H)1J~'Wfl'VI 

VtU'l1flij 160 V.:Jft'W}j'~l9ftJLY !~'Wnm 120 1'W1Yi 
• OJ 

''Wm&~llil~!~lJ PEG J'W~nf)1'j'VI~LYVlJLYV~fl~V.:JnlJ':iltJH\.m~fl1':il,rtJ''W1J~ 1 ~'VilJ11 fl1':i 

'~m'j~~~ltJ CMC ~LYlJ11lJnlJm~~'VI1flLYlm'jtll\9i~tJlJUN'Wyh)lJ~iJLYlJlJll\91\91cirlJ'Jll~ l~~N'illfl CMC 
OJ 

'VI1milmrl~!~ 'W LY~'Vil'W!~VlJ rll'l1 ~lJ~~f)1'j'VI~~~.:Jciiifl1':i1 '* PEG Un:::PVP !vilJ1~lJl.ulm''Wm'j~~mtJ 

~.:J'VilJ111'W 'lf1.:J~ iifl n''* PEG ill mtU llilfl'W 2% J'WiJ~,,'Yil h1'UN'W Yh~lJ'~1\91':i L'ilniif)1 'j~~cirlJtl1U n::: 
~ ~ . 

~~mml11~.u~tJ~.:J 1'WL1i~.:J~'W~.:Jif'WiJ'I:l~1'W11 PEG U~~/'l11V PVP t.il'i1:::ii5'WI'l'jmtJlnlJm~~'VI1flYiiJ~n 

'Vil i,rlfl~1m.:J'tiltJ1 l.:JLL'l1 i 'W llJLn fJn'IJ~.:J CMC mfl~'W tlVl.:J 1 'j ~l'lllJ1~tl.:J 'il1fl i 'Wf)1'j'VI\91 ~v.:JciiJillmw 

m~~'VI1flUn::: PVP fl.:J~V~~ 5% U~::: 1% 1~tJJ1'l1Uf)'lJV.:J CMC mmhilJ ~.:J'VilJ11 f)1'jL~lJ PEG lvilJ .. 
J.::I 'jJ I G' ~ ~ b1 9J ~ I ~.c:i ~ ~ ~ I0 (V d 

mfl'U'W lJ ~n'Vl11 'l1 H~'WYln lJ~ \919flJ 'W1U~:::n:::~ ltJl.Jl !~mfl'U'W ULY\91.:J11 PEG 9f.:J lJ LYlJlJl'l'lWlJl.Jl'W'W 'W l'i1:::lJ 

lJ'VIUl'VI ''Wf)1) U 'VImI'i1tl~''W CMC 'Yil i l1'iJmmWmllJ'l1'W1U t.!'W 'IJ~.:J crosslink n\91 ~.:Jun:::iJf)1)~~cirlJJ1 
OJ OJ 
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l~lJlfl~'W lJlflfl11~~~ihYlJllill'Wfll'nf1~LlBm(Jl crosslink tl'Um~~'Yl1fl ~,nr'W~-:Jm~11 'WeJfl~lfl CMC 

m11 ~11~~ril'W1 llJ1 'Wfll1 'YilLlBm (lltl'Ufl'i ~~'Yl~ fl~'J(J~~eJ PVP 

1'Wfll1f1flm'Yl~(l eJ-:JU 'il~(l~l'WmlJlW fll1lJ !.,JmJ'W'IJeJ-:J PEG U"~m1~1 'WflneJ'U rl'U mhr'Ji''U fln 

!Cfl1 (llJUH'WvhllJ 1~1~1! ~(l'Yil '~1~(l1'If'~lHl~ f1l(l CMC Jll1UflllJl(l fJ(l 2S0,000 fll1lJ! .,JlJ.,J'W 2% 1~(l 

In'JUfl~eJmlJlCfl1 11lJtl'U PVP mllJ!.,JlJ.,J'W 1 % l~(lJll1l1'fl'IJe)-:J CMC !!(l~1'lf'fl'i~~'Yl~flfll1lJ!.,JlJ.,J'W 
" . 

S% 1~(l11111Ufl'\JeJ-:J CMC 1~(l'Yilfll1~mnmmwfln1'lf' PEG .yh~~'Ufll1lJ!.,JlJ.,J'W O.S, 1.0 U(l::; 2% lCf1(l 

Jll1l1'fl'UeJ-:J CMC !!(l~'Yilfll1~mnml~fllH)'U~fUfl~fJWl1iJiJ ISO eJ-:JfI'Wll(l!91(l~ !tl'Wnm 240 l'Wl-Yi, 

fJWl1iJiJ 160 fl-:JfI'l!9m!91(l~ !tl'Wnm 120 11.Jl-Yi U(l~~fJWl1iJiJ 160 eJ-:JfI'l!9HH91fJ~ !tl'Wn(ll ISO l'Wl'Yi 

'Yl~~fl'U 1~(lu'liuH'WvhllJ1'UJ1!tl'Unm 10 l'Wl'Yi t!'U fll1!~lJfJWl1fJiJfll1eJ'UHUfl'illfl IS0°C !tl'W 160°C 

!!~(l~1~(l~nm"-:Jfli-:J11~-:J~eJ'illfl 240 l'Wl-Yi !tl'W 120 1'Wl-Yi l'l'U11 UH'U~~lJ~Hl'Wfll1eJ'Uf-lUfl~flWl1JliJ 
• <U 

180 - 220% 

o<:::!. .do d iJ 
nm 1201'Wl'Yll(lfl'WB(l 
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3500 
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~ 0 2029'-' 

• ';f 
.- 2000 

~~ 
(;;: 
(;;:..,. 1500.
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0 


0.50% 

'" I 

~W'\11JlJU"::;:l::;tI::;llmVll..:J"l 
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1% 

U'hmu PEG (%) 

3072 

o 150C 2405 
1258 

.160C 1205 

160C 1505 

2% 
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100 

-tl-150C 2405
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80 
 ____ 160C 1205 

68
.-, 64 


~ 70 
 -.- 160C 1505 

~ 
;;;) 60 

r
(t:D 46
~~ 50 
 42
(t:D 39 =I 44
If" 
r- 40 i 

c 40
1=37r

-<>: 30 


20 


10 


0 

0.50% 1% 2% 

'1Jhnw PEG (%) 

'" . 
~rul"IlJlJU~~J~ tI~!1{1 WI 1~'l 

'Uru~il.1t1f1l'l'U 'h fllJ !~lJ PEG NtnJ~ llJlw ill lllrumllJ!.u'miu 2% l;1'~lf\lllJ!!~~!!HIPi flll J ~~~'UU!~il.1tJf) 

"ff~tyil!!~uYl~lJ~lli!~N"fflJ PEG !!~~ PVP lh~lllru 2 l'Vil !!1Pi!rifl1~lJilllJlru PEG !tlu 4% mllJ!l~~m~ 
" 
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~~1~ 'W t~11 r-lCl tll'j 'Vl fI bHl'lJftlJU1il;.:J tlCl'tltl.:Jtt~'W Yl cl'lJ'tI ru~liJ tJ mY'W ri tl'W .uN tl'tl fI 1'1 ci'tl.:J ti'lJ tl'lJml 

tllHlflcJfml1'tltl.:JttN'WYlcl'lJ ~.:Jymi.:Jtlril';ltl1iU1tJlkh PVP ~l~lJl.ul'lhrm,i1~~iJr-lCll'llll1'illlJ1w11'1'j.:j~ltJ.. 

" " 111tlvl'W lm.:JtI'~N'l1'W PEG ~~l.,jl't1tt'Vl'jtli':ltlciltJ l1'1'j.:j~ltJ~Ntt'l1't1tl.:J llJ!CltlCl CMC l'W'tIW~l~tJln'Wtl1'j.. .. . 

100 
80.72 

90 78.71 
,.-... 80 r- t-
en +~ 53.7370 1::E 
'-' 
..c: 60.... 
i:)J) 

c: 1<l) 50 
J.... +..... 
rI) 40 o Dry 

~ 
rI) ~Wet = 30 1
<l) 

20 J~ 

10 

J 1.92 0.900.79 
~0 

0% 2% 4% 

" "f111lJ!"UlJ"U'U PEG (%) 

~ 'V I Q,I Q Q 'jJ 'J,J 'JJ 'jI d Q.I 

CMC fl11lJl't1lJ'tI'W 2% 'jllJtl'lJfl'ifl9i'Vlmfl11lJl't1lJ'tI'W 5% PVP 1'1l1lJt'tllJ'tItJ 1% ttCl~ PEG 'Vl'j~~'lJ1'111lJ 

l.,jlJ.,j'W~l.:JCJ ltCl~l'lltl1'jtl'lJJ:""Wtl~tlW'I1.fllJ 160 tl.:Jffll9iCll;tJtI' 11l'Wt1Cll 120 i'WlVi. .. 

http:l~lJl.ul
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120 

.-.. 100 
~ 0 
'-' 
.!:( 

80C<l 
~ 
I.. 

..c... 
60C<l 

!: 
.9 OOry... 

C<l 40e.o 
!: 

aWet 
0 

~ 20 

0 
0% 2% 4% 

11 11 
muu'U'IJ'U'W'Uel-:.t PEG (%) 

9" v V I IV Q Q V 'jI 9J 91 . ~ Q.I1fW ~'lf CMC flJl1J1'U1J'U'W 2% Jl1Jf)'Uf1';)f'lClI'YIJf)flll1J1'U1J'U'W 5% PVP flll1J1'U1J'U'W 1% 11"~ PEG 'YIJ~ f'I'U 

flJl1J1'ii'1J'\j''W~VJ'11m~yjlmJtJm-rWf)~~ru'l1iJ~ 160 tJ~ftl1Cl1mCUfJbf 1thmm 120 1'W1Yi 

'JJ '" 'JJ
3.1.3 H"'OlJ\91Jl'ilbftJ'U 1fl H bfJ 1~'YI1~1f11JWHJ FT-IR 

1'ii'1J'ii''W 1% 11(l~ PEG flll1J1'ii'1J'ii''W 2% 11(l~1i' crosslinking agent fitJ mf'l~'YI1f)flll1J1'ii'1J'ii''W 5% l1,, ~ yjl 

mJtJ'UHi1f)~mU'l1f1~ 160 tJ~ftl1Cl1"19rtJbf l~'Wnm 120 1'W1Yi ~bJyjlf)lJ11f1Jl~111lI7tJ\91JJ'ilbftJ'U 1m~bf~1~ 
q " 

'YI1~lflljf1'lm'YIfliJfI FT-IR 1111 tJ'lJ1 Yi tJ'Utl'lJ11~'Wyh11J1fl1f'1 J 111 "~1\911 tJ1J~'W 1 f'I tJ 1 i' CMC J:'H\'1JtllJ mfl~'YI1 f) 

(J1.J~ 3.6) ~'U ':h 1'i'111'1111~Ylf) (peak) ~Lhflty~~l~mtJf)«fi'Elw'UtJ~ 1WrlfJ'" CMC ~1i'1~'W1\91Q ~'Ui~I'i''W 

. .. 
0' -I d .dl d dOl -I .:::2.& , 

\911Ul1'W~ 2893 cm 'YIUbff'l~f1~ C-H stretching 11"'~~f)'YI\911Ul1'W~ 1585 cm CJj'~l1bff'l~f1~ stretching 'UtJ~l1lqJ 

carboxylate \9111J"1~'U (Pourjavadi l1"'~flru~, 2004) 
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9 

, 	 , 
old 0 <V ~ _( ~ & 	 r ' 

absorption peak 	\9l1!!'I1'W-:J'YlfflfltyrHl 1730 cm C)j'-:JHfffl-:JfI-:J C=O stretching 'UV-:J'I1lq! ester carbonyl (Lin 

"ljeS """" 'lJ lJJ'l "'",.Jmt~f1ru~, 2005) C)j'-:JID'WfnHI'WtJ'Ul1 flltJi'w lm-:J'ff':iN llJmfJ~'UeJ-:J lff lfl':iHl~ CMC 'Vl!\9l':itllJ'U'W 1'Uf)1':i 

'Vlfl~ 8-:Jihri'W 1i~ Wffl'VlV{~!fifl~'W 'i)lf)LJ~m tJlW'CH'YlV1vhfl'lf'W (esterification) ':i~'I11N CMC nlJf))fl91'Vl1 f) 

"'9 'lJ ~I'Vl1'lfllJ'W crosslinking agent 

1'W'Uw~~f)1':iI\9l1tJlJHf-i'WYl~lJlg l~m'i)~ lfltJl~ CMC r-lfflJjllJnlJ PEG ,PVP !m~crosslinking 

agent 'Y'llJll OH- stretching band ~\9l1H'I1,.j-:J 3368 !m~ 3226 cm-
I ~~f)EH.u~I1J'W!!f1lJf)11-:JlJlf)~'W ~-:J!!fffl-:J 

~I & &' 	 I I d Q.I 

1730 cm C)j'~!!'fffl-:JfI-:J C=O stretching 'UeJ~'I1lJ ester carbonyl 1'lf'UlfltJlf1'W 
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~ 
Q) 
u 
C 
I'll.... 

.'!:: 
E 
III 
C 
I'll 

~ 

I 
3457 

I 

2953 

CMC 

PEG 

CMC hydrogel 

~------------------~~~---

I 
3368 3226 

\ 

2893 

1585 

4000 3600 3200 2800 2400 2000 1600 1200 800 


Wavenumber (em·l ) 


liJ~ 3.6 IR spectrum 'tJe),mr.h.jVlrl'lJ'ffi~mHl~I~~t1lJ'iJln CMC 1I(;l~~I~~tJ:IJ'i11flm)1~ CMC r·HYlJ~1lJnlJ 

PEG 1I(;l ~ PVP ,Bmw, 2% l!(l~ 1% i~£Jl.htnrfl'\J~~ CMC ~llHll~lJ 1~t11~m~~'Vl~nmllJl.umj'W 5% 

i~t1Jn1lrfl'Utl~ CMC ItJ'Wcross1inking agent tI~~'Yilm)tllJrfUfl~'Qw,'l1iJiJ 160 tlWf1lGjfm~VLY 1~'WI1m 

120 1'W1Vl ImVlJl'Yi{JlJnlJ spectrum 'U~'lrt~ CMC, PEG 1I(;l~ PVP ~1~llllJ1~Q~lJ1'Um)'Vl~~~'l 
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I • , I 

o I -1 ..::::to Q ~ lid .a ~ !lJ 1.c:1.£j 

1'l1H'I1'U'l 1659 cm !'V'UHl'llJlJ1WJtl9l'l!lJtl'Yl'ill'HU1'illfl IR spectrum 'lJtl'l PEG U(l~ PVP U(lTVrU11 Ylfl'Yl 

I'llU'I1U'li'lfl~11~tl C=O stretching 'lJtl'l PVP IfltI'Yl'tJil Vifli'lflcil1~f11)'lJ5iJ'illflI'l1!Ll1U'l 1672 em" 111 

tl~~ 1659 em" ~'ltlTIiJl(Jl~11!~'WrI(l'illflfln~ C=O stretching 'lJtl'l pyrrolidone ring (~t1~ 3.7) !flfl!) 

I9IU'U'UCJ! (resonance) flltl1~ ring 'V11 (hrtl~l'ltllJ! 'U II'l)!'il'Uli'fffllYl!~'U11)~~iJ1fl~'ffllJ1HHflflU) 'l~'l~flf1iJ 

11l,j COO' 'lJtl'lmfl9f'Vl~fl 'I11tltll'il~f11'Hflfl"r'U1i'~h·lfI)!'il'U~'U)~,.dHI1l,j C=O U(l~COOH (Kowalonek
~ ~ 

U(l~ Kaczmarek, 2010, Wang H(l~f1o!~ 20 11) 

.1"; 1 'JI '" 
~u'Vl 3.7 ~m'l'ffJHYI1'l!f1lJ'lJtl'l polyvinylpyrrolidone 

1~ PVP rI'fflJ'idlJf1iJ CMC l~mUYll~1'UmiU~1~ PEG mlJ1o!f111lJ!.,rmj''W~11 u~'UthllJ~'l~U'U1hYlJ111' 

f11)~~i'IJJ1~lfl111'U'lJru~~~mllJU~'lu)'l'ff'lfl11U~'Url"lJl~I~)!'il(l CMC ~!l,jl~rI'fflJ PVP U(l~ PEG 
~ ~ 

tl'lffl!9I(l!9W'ff !~'Unm 120 U(l~ 150 1'Ul~ (~11~ 3.8) 'il~',1'U!~11 OH- stretching band ~l'll'mU'l 3368 

!m~ 3226 cm" 'lJtl'lU~'Url"lJ~~l'Uf11)tlm.j'um~'Unm 150 1'Ul~ lifl11lJ!.,rlJ~lfll1 ~'l,j'liJtlflilUvi'Url"lJ 

~f11)~~iiJJl In'UIlJ!(lf)(lI~Utl(JflilU~'UYl"lJ~~l'Wf11JtliJrliim~'Unm 120 l'Ul~ 
~. . 



23 

'*
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u 
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,,--
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4000 3600 3200 2800 2400 2000 1600 1200 800 
Wavenumber (em'l) 

~'!J~ 3.8 IR spectrum 'tiel~m,h.jw~lJ'~1~ 'H'iHl~I\P11tJlJ1l1f1fll'jl'lf' CMC Nb1'lJ~1lJnD PEG II"::; PVP mlJlru 

2% 11(1::; 1% l~tJJll1Uf1'tiel~ CMC \P11lJrll~D 1~tJli'm~9ii'l1f1f111lJl'1J'mj''U 5% l~wJll1,rfl'tiel~ CMC 

11J'U crosslinking agent 1I"::;vi'lfl1'jVDNUf1~fJrul1.fJiJ 160 el~fYll9f"I91ml 11J'Unm 120 1m::; 150 l'U1-n 

'1 'Uf11'jffml1i'l~(lel~fll'j 1\P11 tJlJlI~'U~~lJ '31~'j 11l(l~ij Ag 11J'U el~rltl 'j::;flelD '~I~elfl't~1liflnl\P11tJlJ 

,~1~'j1'il" l~tJl~ CMC fI11lJl'1J'lJ'1J''U 2% ~1lJnDm~9ii'l~f)fnllJl.ulJ'1J''U 5% H' pVP fI11lJl'1J'lJ.u'U 1%11(1::; 

, " .. 
I QI V" d QJ fj) ~ 1 0 QJ " QJQ

'j1lJflll PVP f111lJl'tilJ'ti'U 1%11"::: PEG i'l'j::;~Dfl11lJl'tilJ'ti'U 2% ~tJ'Ull1'Ufl'tiel~ CMC l'l'jellJi'l..:tlJf1U 

f11DfJlJfJrul1iJiJ~ 80 ~..:tfYll9f"I91tJb1' l~el'1'Y'i1~m1mfl Ag lIa1~..:tI~mN CMC ,,~1'U{n'j(l~mtJ~~f1ci111~el 
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2. 


ffl'Hl:;;t'llV~lh::;m)'lJf1",w Ag+ ~1lJnlJ PVP fl11lJ!.,j'lJ.,j''U 1% llt'l:;; PEG ~':i:;;~lJfl11lJ!.,j'lJ.,j''U 2% hHJ 

J111tTf)'\Jtl~ CMC hHJl'i'lf11HlfflJ~tltU'YIflih1'tl~ \llf)J'U~~!~lJr.j~ CMC t'l~i'Uffnt'l:;;mV~~f)ri11!~tl
• OJ 

~ v ~ 

!~mJlJff1':it'l:;;mv CMC 'VI'U'VI 

J~~ Nt'lf11':i'VI~t'ltl~!~1-VlJll~'WvhllJ18hm\lt'l ~1.h:;;m)lJf1'1v Ag flJ1lJ!,JlJ.,j''W 1,000 ppm \llf)J~ 2 
. 

11if11':i 'Y'llJ ';i1 'YI~~\llf)~l'Uf11':itllJN'Wf)-ntltU'YIfliJ 160 tl~fY1!9ft'l!9fVff !~'U!JCl1 120 i'U1-y) ll~'UVl-tllJij
• OJ 

J i'j) . ~ <I ,.,; "" , ~ <I v ~ J ~, 'j) i '''' i . lJ'Y'llJ!'lftl Saureus mv ~llN'Ul"imJ ll~'VIlJ':i!Jtu'\JtllJL!N'Ul"it'llJV~fI~lJ!'lftl Saureus '\J'WtlVlJ1~ llt'l:;; lJlJ 
OJ 

clear zone ri1'UmiU'\Jtl~ll~'WU~L!Ht'l!m~f11':ifi'1'lfiJ~~ij Ag !~'Utl~y;J1.h:;;f)tllJ tT'W 'Y'llJ11 ij1.h:;;iY'VITI.fI1'Y'l\J~ 

1'Wf11':i 5lJJ~!~tl~~'U'VI1 rJ ~~n1'U if1'\llf)f11':i!f)~ clear zone ':itllJ;'W~l'Utl~Ni'~!~'U. 
Q,I 1 Q fI Q,I ~ l Q d. t/ X ~ I I 0' 

~1f) t'l f)ll tu::;'\Jtl~ llH'U Yl t'llJ l! t'l:;; Ht'l f11':i 'VI ~ fftllJ f11':i VlJVWlftl ~ft 'W 'VI ':i V1 'U! lJ tl ~ ~ 'W 'Y'llJ 11 llN'U Vl t'llJ. 
" " ", II I 

18im!\lft-nijtl'Wmfl!1'W9f~ if1'~lf)f)'j':ilJ11if)n !~1 vm1~ 2 11itT'U 1'l1'Nft-Y) 1~!!~f1\P)1~n'W ~~tT'U!~'m~'U f11':i. 
~ 9 .::s 0 9 ".0 d d ~ & ~ 9 ~qd d 

t'l~'\J'U~-e:J'U !'Uf)n!~':iVlJ'Yl1 !'YIlJfl11lJff::;~1f)!W:;;nm':i1V~'\J'U ~~!t'ltlf) !'lf11lf11':i!~ 'WlJffnt'l::;ft1V CMC 

~ 1lJ n1J ffn ~i~1 'U f11':i!~1- VlJ tl'Wmfl!1 'W -ff1'Y1flJ t~t 'Wf11':i ~f)1l1f1'1'U f)n !~1VlJ ll~'UYl "lJ181~ ':iH) ft~ lj. 
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1'l1'JVl~ 3.1 ~lJ1J~m'J 51JJ~!~tJ~~'UYf~v Staphylococcus aureus "tJtJ~w-.i'WYJrl'lJl~ l'fl'J!m'l~ljm~mflt'~'U!~'W 

tJ~rllh::;f1tJ1J~ !1'l1 tllJ '1~~1f1 m'J 'Yl'fl~ tl~!1n tlU!l1 V1Jn1JU~'UlI'fl!!~~!fl 'J 'fl m'J r11 1'flV1~nm'J'Yl 'fl~tJ1Jl'lllJ 

lJ1'fl'j!1'U AATCC 147 

Antimicrobial activity at 24 hrs contact time 

1~ Ag+ ~~lJl'W"tJ'Wl'ltJ'Wm'j 

!1'l1t1lJm'j~::;mtl CMC 
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" " ~1f)f)1'.i'YlrltH)1J1h·:::1:Y'Yl1l.fl1l'1f)1'.iV'lJV\l1~'e)~~h.JY1~V 3 ')j'ijrl (S.aureus, E.coli UC1::: P. Aeruginosa) 

~lllllWI'.i ll'U AATee 147 ll~rI\ll'U~l'.il\l~ 3.2 1rltJt1111~'U~rl'1I1~ lr1'.i l~C1~ij m-J.fl1rJ1~'U'.i:::imr)11l 
~~ fC> ~ .J'~;,. 

l'UlI'U'U 1000, 5000 1m::: 10000 ppm 1m:::w-I'Uilrl11~C11f)'jrltll'.im11\1'lJ'U'e)T)11'.i1C1tJ\l1'lfml'l'e)~'.i1'il~'e)'lJ 

lh:::1:Y'Ylll fll'Yi tll'.i V'lJJ\l1~'e) ~ ~'U'Yl1 V l'I'lJ ';11 ll~'UvMlI~ iliijf)1'.i~~1I'e)~mfH1'U 11 C1:::11~'UVlrl'lI~ililJ1ru 
c> 11] fa c>.1 1 ~ c> a 0' 

'e)~.fl1fH\I'U 1000 ppm 11111 clear zone 1f)rI'U'U LrltJl'I'lJ1'lf'e)~C1'U'Yl'.itJ s'aureus, E.coli 11C1::: P. aeruginosa 

c> .1 d c> ~ ~ ~ c> f ~ 0' 'I .Id 0'" f 

1f)rI'U'U'Yl'lJ'.i!1ru'U'e)'lJrll'U'Ul\lllC1:::'lJ'Ul'I'U~lU~'U~C111 11~rI\ll'U'.i1J'Yl 3.9, 3.10 UC1::: 3.11 ~ll1mrl'lJ ~1'U 
<u 

U~'UVlrl'lI~ij'e)~fllrH~'U~'.i:::i'lJ 5000 ppm UC1::: 10000 ppm 'jll1J\l11~'Ullrlll~mf)'jrlf)1'.irilij clear zone 

1nrl~'U'e)~l\lirl1'il'U lr1m1~'UVlrl'1I~ii'e)~mrJ!~'U~'.i:::i'lJ 10000 ppm UC1:::11~'Ullrl11~mf)'jrlf)1'jrilii'j:::tJ::: 

clear zone lJ1flfl'jlH~'UVlrl'1I~ij'e)~mrJ1~'U~'j:::i'lJ 5000 ppm ,j'.i:::1I1ru 2 l'yil 

" . v v 
'U Uf)'illf)U lljU'}11f) 1 '.i~ 'j l'il~U'lJ,j'.i:::1:Y'Ylllilll'l f)1'j V'lJV\l1~U~~'U 'Yl1 vl'U 1~\lililJ1ru lr1 tJ l'lf'lJ1~'.i ll'U 

AATee 100 l'l'lJil 11~'UVlrl':IJ~iiu~mrJ!~'U~'.i:::i'lJfl111l!~lJ'lj''U 10000 ppm 11C1:::11H'UtlrlH~C1!f)'jrlf)1'.ir1'l 

U~rI\I,j'j :::1:Y'Ylllfll'Yif)1'j V'lJJ\I!~U 'il~'U'Yl1 vJ\I 3 'lfiJrI 1J1f)f) il 99 % (~l'.il\l~ 3.3). 
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, " " 
~1'.l"l\lil3.2 lh:::ffYiTIfIlYlf11'HJ1JrJ'l195tl s'aureus, E.coli U{l~ P.aeruginosa \9l1lJlJ1~)~1h1 AATCC 147 'IHl 'l 

Test 

Microorganisms 

Sample T 

(mm.) 

W 

(mm.) 

Staphylococcus 

aureus 

Blank NZINI 0 

1,000 NZII 0 

5,000 28.66 1.83 

10,000 31.33 3.16 

commercial 29.33 2.16 

Escherichia coli 

Blank NZINI 0 

1,000 NZII 0 

5,000 29.33 2.16 

10,000 33.66 4.16 

commercial 29.00 2.00 

Pseudomonas 

aeruginosa 

Blank NZINI 0 

1,000 NZII 0 

5,000 26.66 0.83 

10,000 29.00 2.00 

conunercial 29.33 2.16 

NZ = No clear zone, NI = No inhibition of growth under the sample, I = Inhibition of growth under the sample 
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Blank 1,000 5,000 

10,000 commercial 

d ... 1 ~ Q cv ~ X d ~1 
11l'Vl 3.9 m1'Vl~bH)UlJ1~b1'Vl1if11'VHln(JU(J-.1t'IHl s'aureus mlJlJ1\9l')~l'W AATee 147 'Vlnm 24 '111 IlJ-.1.. .. 

Blank 1,000 5,000 

10,000 commercial 

I " tI • I 

JllYi 3.10 m1'Vl~b1'Vu1l1:::iY'Vl1if11l'if111iJuiJ-.1t~'V E.coli ~llJlJl~1~1'W AATee 147 Yinm 24 i1 ilJ-.1 
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Blank 1,000 5,000 

10,000 commercial 

I " " I 


JtJYi 3.11 fll'.i'l'l~HH)1JtJ'.i:dh&fl1y.jfll'.ieJ1JeJ'H9ffl P.aeruginosa \911lJlJl\91'.i~l'W AATCC 147 Yinm 24 


cJr11lJ'l 
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, ~ rI d.c::t aa cv 91 V "1 i ~ 
UrllJY'iJ;)lJ'VllJtJ'4f11f1t.:jlJ'i~~1J'fldllJt'IJlJ'lJlJ 500011""::; 10000 ppm t~(J 'lflJW1'ijJllJ AATCC 100 

Test Microorganisms Sample The number of 

bacteria 

CFU/ml (0 h.) 

1.6 x 10
6 

The number of 

bacteria 

CFU/ml (24 h.) 

0/0 

Reduction 

-

s'aureus 

Blank 7.9 X 10 
4 

5,000 - 6.6 X 10
3 

99.58 

10,000 - < 1.0 X 10
2 

99.99 

99.99Commercial - < LOx 10
2 

E.coli 

Blank 7.0 x Id >3.0 x 10
6 

-

5,000 ppm - 1.8 x 10
5 

74 .28 

10,000 ppm - 2.0 x 10
3 

99.71 

commercial - < 1.0 X 10
2 

99.99 

P.aeruginosa 

Blank 8.9 x 10
5 

>3.0 X 10
6 -

5,000 ppm - < 1.0 X 10
2 

99.99 

10,000 ppm - <1.0 x 10
2 

99.99 

commercial - < 1.0 x Id 99.99 
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Blank 5,000 10,000 Commercial 

s'aureus 

.... 1 Q Q Q..I ~ ~ 
u ':i ~ 'rl'Ylli.flli'l fll'HJ'IJ tJ'I !'lfU Staphylococcus aureus, Escherichia coli II" ~ Pseudomonas 
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" 3.2.2 1JlJlliifl11" ~~9T1J't11U":::fl11" ,,~mfJ.. 

iYuiJ1:1l1tJ11 t.h~::: ltlU ~"~1f)fl11" lfi~H H~,:j~~1":::1111,:j'lh::: ~'UJf)'\n),:j Ag+ tl'U'lh::: ~(;'l'U'UeJ,:j COO' 1u 

lm,:j1J~l,:jh'l~1"t'il" CMC ~,:jii~mhlM'llJt(;'lf)" CMC tJtnf)"'9f~tlUlJ1f)~U ~,:j~~qf'UJ1'~UeJfJ(;'l,:j
• 'U 'U 

c::::J 10 sec 

24 hrs 

---.- %n1n't::1'l1tJ 

5000 10000 

100 

90 

80 

70 
..-. 
~ c60 '-' 
<;) 
r

SO (C; 
H 
(C; 
If" 
r

40 c:: 
r-co: 

30 

20 

10 

a 

1400 

1200 

..-. 1000~ c 
'-' 
r•0;:e 

800~~ 
c;;: 
~ 
If" 
r- 600c:: 
r-co: 

400 

200 

a 

1258 

a 1000 2000 

'lIhmu Ag (ppm) 
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I a' ~ " .:::1 al d I & I tic:: tI .:S QI 

llrl'UVl mJ'Yl'l 'lJru~ll11 '11!"~ 'tI ru~ l1JtI fllJfllfllllJ I! 'tI'I1! J '1'fl ell! J '1~ '111"~ fll!Uel J l"b''U 'fl fl1 'j tI~'fll{l ~ {I 'I 

111 fll!~'WVl ellJ~ ili l~l~lJel'Will fll~'W ~'1 IY'U-WfJ 'iT 1'U -)1 fllJli el'Uillfll~'W l! 'Yl 'j fllPi1 el cii 'W 1flJ 'I &1'~1'11ff1 ~ 'j l ~ {I
q; dIIlI q; cu 

"~(I'I &f'l rlm11 hr!!~'UYlellJ i 'W 'tIru~1! r1'1iJflllmu'n~ &fl'U 1'U'tIru ~atJtlfl~iJfllllJ !!~'1m '1,reltlfl-)lu"~!n~ 

fl1J'tIl~ '~~lt1fl-)ll!~'UYMlJ~hili mpllfll~'W 

3.141!{I~ 3.15) 

90 78.71 

80 

--C': 
~ 

~ 
'-" 

70 

60 50.25 

64.47 

Ii 
.r:..... 
b.O 
c:: 
Q.j 
s... ..... 
'" 

50 

40 
+ 

DOry 
~ .;;; 
c:: 

30 .Wet 
Q.j 20E-< 

10 1.92 0.87 1.23 
0 ~ 

o 5000 10000 

mUUl! Ag (ppm) 

~tJ~ 3.14 ~ lfllllJU~'1I!H~ elll H ~'1't1ru~u r1'111{l ~'tIru~!tJ tlfl'tlel'lU~'W~ ellJ 1 ~ 1~ J ll1{l CMC ~iJmlJ lru 

el~illfl!~'U~'j~i'\Jflllm.umj''W 5000 I!"~ 10000 ppm lmtl'lJtlitllJfl'lJll~'W~ellJh 1~'j!11{l CMC ~lliiJ 

"" el'Will. rH'I'W 
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120 

76.80 ,-.. 100 
~ 0 
'-' 
~ 
ell 80 
<l.I,., 

..c .... 
ell 60 
c: o Dry.£.... 
ell 40 .Wetc: 
~ 

rJ 
eo 

20 

0 

0 5000 10000 


U'hnw Ag (ppm) 

mlJlUn)'4fllfl11'U~)~~Ufll1lJ1.u'lJ.,j''U 500011(1::: 10000 ppm 1mtlu1i1t1unUu~'UYMlJ13if!)1~(1 CMC ~ 

1l-iiJU'Ufllfl11'U. 

1l1f)f)1J11111~'U~~lJ13iflJ 111 (1~iJU'4fllfl11'UmlJlUlfll1lJ1.u'lJ.u''U I0000 ppm hl'l'l1f1lJl1f1'll:::l'f' 

1Ylufl)1~1;n)1J ifl)-:lbf~1'lYl1'llfliJ~ltJ1Y1flUfl IT-IR 1m tJ1J1 i1tJ1Jnuw·i'UvMlJ~ 1l-i1~1~lJu'Ufllfl11'U (J1J~. ... 

I d 0 f -1 ~ dl 

"tJU'll1lq! ester carbonyl 1W::: absorption peak Ylfll11'11'U'l 1653 cm 9f'lUbffl'ltl'l C=O stretching "tJU'l 

pyrrolidone ring V'lfl 'l1l J 1f)~~'U ~ ~lU'\1t.A 'll~lJ 1l-i1'i1'l hJ 111 f)U~'U ~t1lJh ifl) 1~ (1~ ll-iiJ U'4 fllfl1~'U ul'i 

ff'llflfl'WU ':h O-H stretching band ~~lumj'l 3368 1W::: 3226 cm" "tJU'lw.i'U~t1lJ~iJU'4fllm~'U 10000 ppm 

J'UiJfll1lJ1'1fm.i' U tlf)-)l ~ 'lll bffl 'lG'l f)1JiJJ11'U ilJ W f)WUU 'l bf1 H1~Uf)1 Jtfi~~'U n::: 13if! J 11l'U ~'!.i'UtJf)-)l. 
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·········0 ppm 

--10000ppm 

*' 
QI 
u 
c: ....C1l 

'E 
III
c: 
C1l .... 
I

~~-~-'r-'-'-' I I-'I-'I-'r-.r-'r-''''-'' I-'-''--rl-'I-'-'-'~I I-'-'-'I-'~r"r-"-' -' I I 

4000 3600 3200 2800 2400 2000 1600 1200 800 
Wavenumber (em·l ) 

.Id ,~o' "1 '1 dd.r.= "" d." 'J} 'J}

JU'Yl 3.16 IR spectrum 'tItl 'mf-l'WY'l(IlJ !~ !'fl'j!'i)(l CMC 'YllJudlJ1UW'4.f11f1I~'W'Yld~'fl'Ufl11lJl'UlJ'tI'W 10000 

ppm Im(J1Jli1(J1Jfr'UIIN'W~cllJh l'fld I\H'l CMC ~ '1:uiitl'4fl1f1I~'W 

"" 0' a
3.2.5 rH'lfl1d1Iml~l'ff)1d'fl'flfH'l'Wl!bl'l UV-Visible.. 

Ifl1v'I UY/visible spectrophotometer ~'I f-I(I 'i)1f)flldt11l!~'W~ cllJ '1~ l'fl dl'i)(l CMC ~ f-IbllJ PEG, PVP, 

crosslinking agent l!(l~ AgN03 l'flviimlJ1W Ag ~d~imnllJl'l1lJ'I1'W 5,000 ppm ~'IiJ'I'1:U'1~Nl'\.Jf)11tl'U 

f-lilf)lJlv11fl1dj;'l~mtJJl l'I1J -)1 bl1dj;'l~mvi'lf)ril1ii~1!!l1U'If)ld'fl'fl f)~'W!!bl 'Ibl'lbl'fl~1J~ !1tU 423 'W11WlJl'll 
<u <u q 

. " ...::::S .d1 4 dC:V..:::::t ~ do f 

'Yl!lbl'fl'ltl'l surface plasmon resonance band 'U tl'ltl'4.f11f11'l'W 'W Vf)'i) 1f)'W V'IlJ flldt) 'flf) j;'l'Wl! bl '1\1 'I ~'fl'Yl\Pll!l11'W 'I 

350 'Ul hmJ~l (JU~ 3.17) ~'Iln'fl'i)lf) multipole transitions 'Utl'l surface plasmon fl'Wl~tl'llJ1'(Jif)tl'4fl1f1 
Q odd 9 ,J I 9 od.d 0 11'... 1 9JQ.I rjJ

t'l'W'YllJ'tI'WWl !l'Iqj'tl'W (Bhui ml~f1W~, 2009) bl1'W !'Wmtu'Yl'W1blld(l~mtJl'fj;'l'lflldf-lbllJtl'lflu1~f)tl1J'U1'1~'W 

lJ 1v11fll1llm1~,1Y1'Wi1 'i)~ l:Ul'I1J f) ld'fl 'flf)~'W!!bl'l~~11 tl1U'Ii'lf)ri11 f-Ij;'lf) ld 1Ifl11~r1i'l f)ri l1~'Ifj'WV'W '1 rrt~ 'W 
<u 

" " t1tl fl tl ~H') 'W (Ag+)'i):; bl1lJ 11 tl Ifl 'fl f) 1 ';i1~ 1 qff) (I 1m1J'W tl'4.f11 fI t~ 'W (AgO) l~ i'ltT'W i 'W f)11 'Yl'fl j;'l tl'lij~'11 ~ 

tl'WfI1f11~'Wmjfl1tJ '1 'W!t~'W ~cllJ '1 ~ l'fl dt'i)j;'l\9l1lJ~tl'l flld 
q '" 
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I1 
1 

A 

- I 

1.2 


1 
l 
B 

0.8 
~ c 
!II -e 0.6 
o 
III 
.c 
ex: 

0.4 

0.2 


o 

300 350 400 

J1J~ 3.17 HtllJfll'.i~~f1~lJUb'I'-3 UV-visible '\Jtl-3b'1'1'.i~::::mtJ CMC-PEG-PVP ~r.lb'I'11 AgNOJ CP)1tJ'.i::::fllJfl11lJ 

!~lJ'Ij'U Ag 11'1lnlJ 5000 ppm ntllJf11nhl1J~lJJ1J (A) U~::::b'I'l'.i~::::mtJ'\Jtl-3!l~UYlrl'11!~l~'.il'il~~li Ag 

.~ v ~ .9 I .1.1 ~ 
1J'.imtl.!fl1111!'\J11'\JlJ 5000 ppm ''If-3r.11lJf11'.i'\JlJJ1JU~1 (B) 

450 500 550 600 650 700 

Wavelength (nm) 

~I ~ t 0' '1 GJ ~~ 
r.I~f11'.i'YI~b'I'tJlJfl1111!1JlJYfl:llflm"lf~~ Hwnan skin fibroblast ATCC CRL 2522 passage t~tJ ~'lf11i 

ell .... E o'dd..a.. 'jJ ~ I I ~ 'jJ d I 9J 
Test on extraction U~::::11f11J'.ilJ1UH"lf(1~lJ'lf11f1~1tJTIi MTT assay YllJ11 Ur.llJ1J~!!r.I(1!m~f11'.im11fl1'.itltJ(1:::: 

'\Jtl-31"lf(1rl'~li~11f1!~tJ-3 5.18% rll'MflJ!!~lJYM11 1~1~'.i!'il(1~lim~mfl!1lJ'.i::::fl'IJml111~11~U 5000 U(1:::: 10000 

ppm tTlJ li1'l1~tltJ(1::::'\Jtl-31"lf(1rl'~li~1\91~-3f1';i1U~lJYlrl'11!mlflf11'.iri'1~tliJrh!'vilnlJ 49.80% U(1:::: 7.36% 

\91111 rllfllJ !lb'l'~ -31 ,11,1lJ -;11 !!~lJYlrl'11~'i\l>lJlJ l~lJ tT lJ lib'l'11llilml11!1:1lJ l~ll~ m"lf(1rl'~ltlilW~lJ1] ~UH~!m~ 

f11 '.i ri'l~li1(1 '11:::: 11lJ!1:1 lJ tl-3 f1'1J '.i::::tl tllJ 1.1 fltl 'ill tl~ lrl mi1f11'.i'YI ~b'I'tJ'IJ cP)1 tJiii!~ fl 'il 1-3 b'l'l'J b'l'n~ 'ill tlU~lJYl rl'11(1-3 

2 ll'h V-3YllJil !!~lJYMlJ~l~\l>lJlJl~'Uli~l~fltJ(1::::'\Jtl-3!"lf(1rl'~iJ~l\91lJ1tltlil!l~lJil~ur.lmm~f11'.iri'l~-3 10 !'vh 

fl-3!!b'I'fl-31lJ\911'.i1-3~ 3.4 

J1J~ 3.18 Ub'l'~-3rl'tllltl.!:::l"lf(1rl' Hwnan skin fibroblast ATCC CRL 2522 passage 8 .fl1tJ'Mrl'-3tl1'.i'UlJ 

ll'il::::1"lf(1rl'nlJb'I'1'.ib'l'n~'illtlIPl1fl~N (Extraction vehicle) 11:1lJnmlJllJ 24 i1111-3 'il::::di'Uil !''If(1rl'~~111Yll:::: 

cP)1tJ b'l'1'.i b'l'n~ 'ill tl 1Pl1fl ~1-3 mru '\Jfl-3~1fl~1-3fl 1lJfl11!!~::::U~UYJrl'11 i ~1fl'.i 1'il~~ l11iJfllJ.fl1fl!~lJ 'il::::iJrl'tlll tl.!::::! 111.1 
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L-fflJi~ tJ1tJll~'1U""~'1()'1!9Hl ~~ij;l\Pl ri1lJ m ru ~1l1Hl~ 1~ ~1tJ""lJ ""n~ \11 ni1tlVl'1!!HlJ~~lJ19l~ J!\1~~]j 

tJ'4mi'lL~lJlflJ'Yildl !9f~~ Human skin fibroblast iJmJLiJ~tJlJUlJ~'IJiJ~1'1'illnrl'nllU.!d~tJ1tJ11n[l1tJ!~lJ 

!~~~ tllJ.u1'1 n~ lJ ~'I!! bY~'I() '1'111U 1lJL9f~~~ J tl~9il\Pl iJill lJlU.! ~~ ~'I J'Id ill lJlUH9f~ ~~iJ9ilYl \1~ ~~ iH 

, " 
mJ 1'1 !,1lJ hii~ llJ n J ru '\J tJ'I! 9f~ ~9!~. Vi L'Yi l:::L~ tJ'I ~1tJ bY 1 J bYn ~ \11 n i1 tl V1'1 UH lJ 1] ~!!f-l ('l 1m ~m J r1'111 ('l~ 

Y11J1'1~ 3.4 IIM1'1~1~mJ~:::'tItl'lL9f~~ human skin fibroblast ATCC CRL 2522 passage 8 ViiJ~l\Pl (% 

" ,Q.I Q <V Q.I QJ I Q.I QJ I .c:! ~ 

viability) mtJll ~'IL'Yi1~wtJ'In'UbY1J bYn~ \11nYl1tlm'l (Extraction vehicle) 1I~g:;bY1J bYn~\11f1Y11tlm'l'l'l~m\1 tJ 

'il1'1 2 nil (2-fold dilution of extraction vehicle) lJllJ 24 i11m 

I <J} fI d..::::1dQ 

mJtJtJ~:::'\JtJ'IL9f~~ human skin fibroblast 'VllJ9!1Y1 (% viability) 

Thermanox 102.46 100.30 

Blank 41.30 53.98 

Hydrogel-Ag 5000 ppm 49.80 64.20 

Hydrogel-Ag 10000 ppm 7.36 52.84 

Commercial Ag wound dressing 5.18 4.62 
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~Ul9lCl ci''l[~ ~lifJ~ntH)1'l11'JlYll::: lifJ'll9lCl ci' 

DMEM' ~l~u'li:ff,Hl'Uu~'UYMlJh l~'Jl'ilCl~'hjij 

Bl1f11Al~'U (Blank) 11:J'UldCll 24 il1lJ~ 

d~ l' ,~ , ® ~I 
'Y1 L~lll'lf~lewl~m1JfllJ Thermanox llJ'UldCl124 

il1lJ~ 

~M!l'li%u~l'UW.j'UY1ci'lJ '1~1~'Jl 'ilCl~ijB'\.jfllAl~'U 
A11lJl.ulJ'If'U 5000 ppm 11J'U11C11 24 il1lJ~ 

.d'1 v I <l.I f 

'Y1 L~!l'lf~lBfJl~ Commercial Ag wound dressing 

11J'Uldm 24 il1lJ~ 

· ," 
..':itJVi 3.18 ..':itJil'l~fl1JW~'\Jtl'll9Hl~ Human skin fibroblast Vil,*'Yl~bH)1J mV'l1~'lfl1':i!'Wl~t~V'ln1Jbn':ibH)~ 
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. 

ci 

111'l1'l 4 

I 11 11 , 

fll'll\P11 VlJU~'UYh1lJ 1 ~ 1\P1 'll~(lV;ij (l'lJlli1v'IJ V'1l9feJ~•~'U 'Vl1 V'Vi1 h),hw l\P11 VlJ(l'l'l(l::;(llVV;LJ 'l::;f)eJm)'--,w 

~'Vl~f)U~1 V'1ijeJ'U\P1'lmf.mnlPl~'U 'l::;l1':i1'1~eJ~11-u(l'~ 1 'l~11Pl'Uti'IJmlPl~'Vl~m)'1v ~'1ij~·m'Vi1hru~'UvhllJ 

i~ llPl'll'il(lijfll'llPllPlctl'IJ J1CllPl (l '1 i 'U "tItu::;~ijm1lJU~'1U 'l '1'(1' '1~'U ri1'U f11'll~lJ1BlJltlA~V~wn~'U If)(lflV(lJ'Uij 
~ ~ 

fieJ fll'll~(l'l'l(l~mV CMC fl11lJloUmj''U 2% llPlvJ1'l1tTf)~m0lJl\P1'l ~(l'lJ~1lJti'IJ PVP, PEG U(l~mlPl~'Vl~f)~ 

fl11lJloUlJoU'U 1%, 2% U(l~ 5%1IPlvJ1'l1tTmW'1 CMC \P11mi'W)'IJ U(l::;l~1TIf11'leJ'IJ~ilfl~fJtlmfJiJ 160 eJ'1ft1 

19f(ll9fV(l' l~'Ut1m 120 1'U 1i1 ~'1~'lJ11 u~'UVl~lJ~'1f)ci11ij~lfll'llPllPlctllJJ1fl1V'l1 ci'1fll'lUiu~'UVl ~lJ i'U Jll1]'U 
~ 

. " 
ffl'I11'IJfl1'll\P11I'JlJ ,~ 1 IPl 'l t'il(l.yjijV'Ufl1fll~'UtT'U '(I'llJ l'ltl i ~l'Vlflij flVl -1fft'U(l ~nLJfl1\P1 'l (l' 1flll\P1 n 'il (l'eJ'IJ. ~ 

~ " " VWJ'U '1~11ijfl1'llnlPleJl-lfl1fll1'U"tI'U11lv i 'U i~ llPl'll ~ (l'il1flLJBm tI11~f)'If'U "tI eJ'19fCll1eJfieJeJv'U i'1ufl1'l iiVl-l11lfl 

l~'\.Jl~'UeJ'1flth~f)eJ'lJl 'Uu~'UVl ~lJ i~11Pl'll'il(lij~(l'Vi11 ,r~lfll'l~lPlctl'IJJ1U(l::;~lfl11lJU~'1U'l '1"t1eJ'1U~'UVl~lJClIPl(l'1 

(JrJ1'1 '1 'l ~\P11lJ 'il1flfll'l'Vl1Pl '(I'eJ'IJ (l'lJ'lJl1fll'l rJ''lJ5'1l~eJ ~ ~'U 'Vl1 V~'IJ 11 u~'U Vl ~lJ ~ij eJ'UillfH1'\.Jl~'U V'1flLJ 'l ~fleJ'IJ~ 
q • 

, "" " )J
t1m 24 'lf1 ilJ'1 t'vilti'IJ 828% U(l~ 753% \P11mi'1~'IJ'W'U ijlJ'l::;ff'Vlnfl1~i'Uf)urJ''lJrJ''1l9feJ s'aureus l"1l'V E.coli 

)J I/] 3/"" 'I .d "" ~I "". ~ ~ • ':'1 3/ .d "" 1 "" ~I 
U(l~l"1l'eJ P.aeruginosa blPl'f1 b'U 'lJtu~'VllJfl11lJllJ'U~El\P1m9f(l(l\P11f)11U~'U lJIPlU~mmlPlfll'lm'VllJ (l'l1~l'1W1J'U 

eJ'1flLJ 'l ~ fl eJ'IJ 
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PREPARATION AND ANTIMICROBIAL ACTIVITY OF SILVER 
NANOPARTICLES STABILIZED BY POLYVINYLPYRROLIDONE 

Kanokwan Saengkiettiyut,I: Pranee Rattanawaleedirojn,l Tanit Singhaboonponi 

I Metallurgy and Materials Science Research Institute, Chulalongkom University, Bangkok 
10330, Thailand 
2 Faculty of Science, Chulalongkom University, Bangkok 10330, Thailand 
*e-mail: kanokwan.s@chula.ac.th 

Abstract: Silver nanoparticles were synthesized by reduction of silver nitrate with 
polyethyleneglycol (pEG) as reducing agent. Effects of concentration of stabilizer, polyvinyl 
pyrrolidone (PVP), were investigated. UV -Vis spectrum for colloidal silver solutions showed 
a strong plasmon band which confirmed silver nanoparticies in the aqueous phase. The 
information of silver particles was also provided by electron microscopy technique. The 
results showed that diameter size of silver particles was in a range of 10-50 run. 
Antimicrobial studies indicated that these nanoparticles were very active as antimicrobial 
agents. 

Introduction: The area of silver nanoparticles research has tremendous growth during the 
past few decades. The considerable interests are related to the multifunctional characteristic 
of silver nanoparticles. It has a broad application in various fields such as catalysts, 
biosensors, solar cell [I, 2, 3]. 

There is a wide variety of silver nanoparticles preparation techniques, such as 
chemical reduction, electrochemical reduction, photochemical reduction, radiation chemical 
reduction, gas condensation, thermal decomposition, sonochemical deposition and 
nanostructured templates. One of the popular preparation methods is chemical reduction 
because of its convenient operation and simple equipments needed. Compared with the major 
reducing agents reported to date, such as ascorbic acid, citrate, hydrazine and sodium 
borohydride, ethylene glycol is an environmentally benign material. Ethylene glycol and 
polyols, including polyethylene glycol, have been widely used by many researchers through 
the so-called polyol process at high temperature. For example, Luo et al. [4] specified the 
synthesis of silver nanoparticles with sizes in the range from 5 to 10 nm by reduction of silver 
nitrate in PEG (MW 2000) at 80D C for 1 hr. The main problem of silver particles preparation 
process is the stability of the formed nanoparticles. It is possible to manipulate the shape and 
size of silver nanoparticles by using protecting agents, such as polyvinyl pyrrolidone (PVP), 
polyvinyl alcohol (PV A), sodium dodecylsulphate (SDS), cetyltrimethy lammonium chloride 
(CTAC). Although PVP, as an excellent dispersant, was used in combination with a number 
of reducing agents, there are few reports about PVP in polyol route. In this work, the 
synthesis of silver particles using silver nitrate with PEG as a reducing agent and PVP as a 
stabilizer was studied. The obtained colloidal silver solutions were characterized by UV
visible spectroscopy, zetasizer, TEM and their antimicrobial activities were evaluated. 

Methodology: The silver colloid was prepared by chemical reduction method. All solutions 
of reacting materials were prepared in distilled water. PEG solution was prepared by 
dissolving 4 g of PEG (MW 4000) in 10 ml of distilled water. The solution was heated up to 
80 DC with magnetic stirred. Then 10 mol of 1 % (w/v) silver nitrate solution was added in the 
PEG solution. The resulting solution was magnetic stirred at this temperature for 30s. PVP 
solution which was separately prepared by dissolved 0.4 g or 0.8 g (equal to 1.6% or 3.2% 
(w/v) of total volume of the mixture) of PVP in 5 ml of distilled water was added into the 
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solution mixture. The reaction was carried out under continuously magnetic stirring at 80°C 
for 20 min. At the end of reaction time, the solution mixture was suddenly cooled to room 
temperature and distilled water was added to adjust the total volume of solution to 25 m!. 

The absorption characteristics of samples in the range of250-700 om were studied by 
using UV-vis spectrophotometer (Analytikjena, specord S 1 00). The average particle sizes of 
the samples were measured on Malvern Instruments Zetasizer 4. The size and the 
morphology of the particles were examined by transmission electron microscope (TEM). The 
antimicrobial properties of silver solutions were quantitatively evaluated against 
Staphylococcus aureus according to AATeC 100 test method. The antimicrobial activity was 
expressed in term of percentage reduction of the organism after a contact with the test 
specimen compared to the number of bacterial cells surviving after contact with the control. 
The percentage reduction was calculated by using the following equation, 

% R = [(B-A)IB] *100 

where R is the percentage reduction of bacteria, B is a number of bacterial colonies from 
control specimen after 0 hr contact time, and A is a number of bacterial colonies from treated 
specimen after 24 hrs contact time. 

Results, Discussion and Conclusion: 
Effect of PVP concentration 

In the system without PVP addition, it was found that the mixture solution of silver 
nitrate and polyethylene glycol at 80 0 e appeared yellow color after 5 minute of reduction. 
After 20 minute the solution turned into grayish brown cloud and finally formed dark grey 
precipitate. 

When PVP was used as stabilizing agent, the solution was stable in clear yellow color 
without precipitate. It could be observed that the yellow color of the solution with 3.2% PVP 
was lighter than at 1.6% PVP. This indicated that PEG could gradually reduced silver ion to 
silver particles. For longer time of reaction, the coalescence of particles was developed and 
larger particles were formed. Addition of PVP at the very beginning reaction process might 
provide some barrier to slow down the agglomeration process. 

UV-Vis Spectroscopic study 

To characterize the silver colloids, the UV-vis spectra analysis was performed (Figure 
1). Compare to the UV-vis curve of silver ion solution, when only PEG was exposed to silver 
ion, the main peak at 450 which corresponded to the dipole resonance of silver nanoparticles 
was appeared [4]. However, the shoulder at 527 run implied the particles agglomeration 
and/or increase in particle size [5]. In the case of 1.6% PVP addition at the beginning of 
reduction reaction, a symmetric blue-shifted peak at 424 nm was observed. The change of 
peak indicated that the finer with rather spherical particles were formed. At higher 
concentration of PVP, the wide and low intensity band with 435 nm maxima was detected 
which indicated that a lot of small particles had been fabricated [6]. This was explained to be 
the stabilizing effect of PVP by generating a covered layer on the silver particles to inhibited 
agglomerations process [7]. 
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Figure I. Absorbance spectra of silver colloidal solutions with different PYP concentrations. 

Particles size analysis 

It was found that the as-prepared products were nanoscale particles. With increase in 
the concentration of PYP, the particles size decreased from 64 to 50 nm. However, larger 
particles were also detected in the blank solution which contained only PEG and 1.6% PYP. 
Thus, the particles size of the products should be reconfirmed by other analysis techniques. 

Table I. Average particle size of synthesized silver particles. 

Sample 
I 

Particle size (nm) 

2 3 4 5 

Average particle size 
(run) 

Blank 463.9 485.8 112.0 159.8 93.4 263.0±195.1 

1.6% PVP 83.4 61.8 60.1 58.9 57.2 64.3±10.8 

3.2% PVP 66.6 48.5 47.9 43.4 43.7 50.0±9.6 

Morphology of the particles 

TEM micrograph (Figure 2) presented that the silver nanoparticles prepared by 
reduction of silver nitrate with PEG and using 1.6% PYP as stabilizer were in irregular 
shapes. The diameter of the particles was in a range of 10-50 nm. The EDS spectrum of the 
particles showed obvious signals of silver at around 3 keY in addition to the copper signals 
from the TEM copper grid. 
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Figure 2. TEM micrograph of silver nanoparticles. 

Antimicrobial activities 

The antimicrobial activity tests were performed against Staphylococcus aureus at 
various concentrations of silver. From the results in Table 2, it was evident that the 
synthesized silver particles, even at low concentration (25 ppm), were capable of inhibiting 
s'aureus with activity as high as 99.99%. The inhibition efficiency results of silver particles 
obtained by using 1.6% PVP were not different from those of using 3.2% PVP. 

Table 2. Antimicrobial activities of silver colloid against Staphylococcus aureus. 

Concentration of PVP 
(%) 

Concentration of Ag 
(ppm) 

Reduction of bacteria 
(%) 

25 99.99 
1.6 50 100 

100 100 
25 99.99 

3.2 50 100 
100 100 
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In conclusions, silver nanoparticles were prepared by chemical reduction method 
using polyethyleneglycol (PEG) as a reducing agent and polyvinylpyrrolidone (PVP) as a 
stabilizer. PVP in colloidal solution leads to protect silver nanoparticles from growth and 
agglomeration. The size of silver particles was about 10-50 nm. The antimicrobial studies 
showed that the silver particles were capable of inhibiting s'aureus with activity as high as 
99.99%. 
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Abstract: In this work, carboxymethyl cellulose hydrogels were prepared by chemical 
crosslin king method using citric acid. The hydrogel films were cast from aqueous polymer 
solutions and the influence of the concentration ofcrosslin king agent and curing condition 
were studied. The Fourier transform infrared analysis indicated the formation of ester 
linkage between hydroxyl group of carboxymethyl cellulose and carboxylic group of citric 
acid. It was found thai the hydrogel film having the optimal characteristics of water 
absorption, water solubility and mechanical properties could be achieved when 
carboxymethyl cellulose with 5% citric acid was used and cured at 160 'C for 120 seconds. 

Keywords: hydrogel, carboxymethyl cellulose, citric acid 

1. INTRODUCTION 

Hydrogels are water swellable, network polymers synthesized from hydrophilic 

monomer polymerization or crosslinking of the preformed polymers. Because of their 

tissue-like high water content and elastic properties, hydrogels have received considerable 

attention to be used in many applications, such as biomedical devices, wound dressing and 

controlled release of drug. In such applications, the biodegradable and biocompatible 

polymers are usually desired. Thus, a number of superabsorbent polymers with those 

properties have been developed. Among them, a water-soluble cellulose derivative, namely 

carboxymethyl cellulose (CMC), has reported to be one of the ideal materials for hydrogel 

preparation. Several methods were studied to prepare CMC hydrogels, including metal ion 

crosslinking (II and radiation method [21 . In this work, we focused on hydrogels fabricated 

from CMC by using citric acid, a non-toxic and low cost chemical, as crosslinking agent and 

the properties of the formed CMC hydrogels were investigated. 

2. EXPERIMENTAL 

2.1 Materials 

Carboxymethyl cellulose (CMC, Mw = 250,000) was supplied by Sigma-Aldrich Co. 

Citric acid monohydrate (CA) was purchased from Ajax Finechem Pty. Ltd. These 

chemicals were analytical grade and used as received. 
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2.2 Method 
The CMC solution was prepared by dissolving 6 g of CMC powder in 300 ml of 

distilled water and mechanically stirred at speed of 500 rpm for I h. Citric acid, as 
crosslinking agent, was added to the solution (1-7% on weight of CMC), The dissolved 

solution was then cast onto a levelled acrylic mould (size: 25 x 0.6 x 25 cm). The casting 
was dried at ambient condition, After peeled off the mould, the film was cured at a specified 
temperature and time using Labtec laboratory mini-dryer, model M-3. 

2.3 Characterization 

2.3.1 Determination ofswelling values 
The test specimen was cut into 4 x 4 cm sized piece, weighed and then 

immersed into 50 ml of distilled water at room temperature for 24 h. The excess water on 
the surface of the specimen was removed by blotting with filter paper. The weight of 
swollen specimen was measured. 

Water absorption % = [(W2-WI)/wI] x 100 (I) 

Where W I is the initial weight of the specimen, and W2 is the final weight 

after immersion in water. 

2.3.2 Water solubility 

The test specimen was cut into 4 x 4 cm sized piece and weighed. The 
specimen was placed in a beaker containing 50 ml of distilled water at room temperature for 
24 h. Undissolved dry matter was determined by removing the specimen piece from the 

beaker and then oven dried at 105°C for 24 h. 

Water solubility % = [(WI-W2)/Wl] x 100 (2) 

Where W I is the initial weight of the specimen, and W2 is the weight of the 

undissolved dried specimen after immersion in water. 

2.3.3 FT-/R analysis 
Infrared spectra of the samples were examined using Fourier transform 

infrared spectrophotometer (FT-IR: Perkin-Elmer, Spectrum One). The films were applied 
onto the ZnSe flat plate and scanned from 650 to 4000 cm'! at 4 cm' ! resolution. 

2.3.4 Mechanical properties test 
Tensile strength and elongation of the rectangular specimens (12.0 x 1.0 cm) 

were measured according to ASTM D882-02 using Instron universal tester, model 5583. 

Initial grip separation was set at 50 mm and cross-head speed was set at 10 mm/min. The 

properties data were averaged over five specimens. 

3. RESULTS AND DISCUSSION 

3.1 FJ'-ffi analysis 
FT-IR spectra of the unmodified CMC and the crosslinked CMC are shown in Fig.!. 

The CMC exhibited the following characteristic bands: (a) broad band at 3240 cm'! due to 
OH stretching of anhydroglucose units; (b) C-H stretching absorption band at 2919 cm'!; (c) 
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absorption bands at 1584 and 1411 cm-' attributed to asymmetric and symmetric stretching 
of carboxylate group [31. In the case of CMC with CA addition, the appearances of new peak 

at 1725 cm-' which increased with CA concentration was observed. This absorption peak 

was related to C=O stretching band of ester carbonyl group (4] and gave supporting evidence 

for esterification crosslinking between carboxylic group of citric acid and hydroxyl group of 

CMC (Fig. 2) . 
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Fig. I FT-IR spectra of CMC hydrogels prepared by using various concentrations of CA 

after cured at 160°C for 90 seconds. 
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Fig. 2 Esterification reaction between CMC and citric acid . 

3,2 Water absorption and water-solubility 
The effect of citric acid concentration on the water absorption and water solubility of 

hydrogel CMC after curing at 160°C for 90 seconds was summerized in Fig. 3. The data 

showed that at low concentration of CA (~ 3%), the CMC films were still highly water 

soluble. At 5% CA, the transparent, highly swollen hydrogel film was formed. The value of 

water absorption was 2,600% with 57% solubility after 24 h of water immersion. When the 
amount of CA was increased to 7%, the water absorption property of the hydrogel was 
remarkably decreased. 
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3 5 7 

Citric acid concentration (%) 

Fig. 3 Effect of citric acid concentration on water absorption and water solubility of CMC 

hydrogel films after cured at 160°C for 90 seconds. 
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Fig. 4 Effect of curing condition on water absorption and water solubility ofCMC hydrogel 

films prepared by using 5%CA. 

The effect of curing condition on the properties of CMC hydrogels with 5%CA was 

studied. Fig. 4 presented that water absorption property of the films was sensitive to curing 

temperature. The values decreased rapidly when the curing temperature was changed from 

160°C to l70°C. At longer time of curing, the decrease of water absorption values was also 

observed. From the experiment, the CMC hydrogel with ::;;50% water solubility reached the 

maximum water absorption value at 1,280% when the sample was cured at 160°C for 120 

seconds. 
The experimental results indicated that CMC could be changed from water soluble 

polymer to swellable solid polymer after exposure to cross linker and curing step. At higher 
crosslinking density, however, caused the lower swellability of the hydrogel. 
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3.3 Mechanical properties 
The tensile strength and elongation as a function of curing time for the specimens 

prepared by using 5% CA and cured at 160°C are represented in Table 1. The results 

showed that curing process improved the tensile strength of the hydrogel films, while the 

elongation values tended to decreased. The cured films become rigid and lost its elasticity. 

This could be due to the increase of crosslinkage in the CMC network structure. Too long 

curing time may also lead to the decrease of the film strength as a result of polymer 

degradation. In this experiment, the maximum value of tensile strength was 68 MPa when 

curing time for 120 seconds was used. 

Table I The effect of curing condition on mechanical properties of CMC hydrogel films 

prepared by using 5%CA. 

. Tensile strel1g(h (MPa) Elongation (0/0) 
Blank 49.11 20.47 
160C 120s 68.18 17.15 
160C 150s 60.78 18.33 

4. CONCLUSION 

CMC hydrogel could be prepared by using cltnc acid as crosslinking agent. 

Concentration of cross linking agent, curing temperature and curing time showed significant 

effect on water absorption and mechanical properties of the prepared hydrogel. From this 

experiment, it was found that the hydrogel film having the optimal properties could be 

achieved when CMC with 5% citric acid was used and cured at 160°C for 120 seconds. FT

IR analysis provided the evidence of ester crosslinkage in CMC molecules and the 

mechanism of the reaction had been suggested. 
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