%= e i
j d.dﬁll.u :Ilg.d \‘V—ff CJ\?&&.J s\ 0)\.0.3:" (.f° 092 gw.u.g.ﬁ BL 4.:5}..:.3 "‘J“ L;:&J}: L;q.l& MM
\dma.i.th M

I Al s elyl andlas YU (galasl ol b (sl L 5 5om

6*"““’*“3’&3 6;LML¢?)M$‘5}$‘J\>’&JS4:3J

b;jg.ﬁv a@‘: 4w.\&€.¢jﬁa.\$—.’&3|: (..>|‘9.A L;w.u.g.a U)f

OYAANTYTY &l asend Sl s —1FA4/4/TA e il ys)

Cles Vb ol 5 A alas T galul ol 4 425 L g I bkl Olgea sle i s 5L -0daSS
3 Sl ST o (g dl 3 S S eslinad b6 S 6 s il 13 a5 3550 e YU SGG (55lk 5 508
N andlian ol 55 3,138 0 0,5 Sagem s o311 5 $3955050 535 st 5 BB S e a5 5 ml s sl 515 ey
EF omed 9 S ke e Dgd g Jeu s by oS ot (J 00 059 (ST sles Jold e il ler Oljer i
2 55ns Sen 5 (FE-SEM) ildeo Jof ng) G580 g 58ms S gl 5800 oz SISk il f By Jlome L3S
S35 @38 kb 3 Jols ol b iea gl Ver ) add e o8 Slagm sl 45 35 Al (TEM) (g, 50 55501
o e sl (FT-IR) 4,8 hds 303 O3l (orwih (omes (XRD) Sl 51 Sl Ose5) (EDS) SO) 555
EF s Kb chile Oy sk Jee D3 s &5 AE et imes Mos allBL S5 5l ol ed S
4 e SN sl ol G @i Sage aen S AS (e sbml 0 B Slaeem sl 5P 03 S BB e e DU

A5 YL ol ol med 5 (2250 FESES 1AL b 56 S

JTJ\.; OsMgm Jeugdy i o L;LA‘.._\.«}ZU 18IS lacsl g

Sosk Olbmino Lo s il (h,k,1) ok Sl e (A)a
Gk Olmio 5 WSSl G5 o 4l °g Sosk Do dlols dg
g))w\)‘\.b\m;)\}d)wQ—jsjycsﬁdpdi.idm): dsds —

ugi_g);)ﬁ.x_utﬂuud_‘:ﬁ))‘d‘)lz_w;‘)é d‘e:jﬂfdu:j)li cé‘))_a U’p‘)_} Q)_?.M ﬂ‘f db)_v \)‘b J:jb‘b 6}3 be};b
Ja)‘:j_:.v nﬂﬁj&l.lj«‘st:w LQLQJJ:)[S cé)f &:‘."jj:g‘ ‘nglslf 3‘)-‘&"}—")“—44111[—“5 Q"—cbd‘@kﬁﬁ—‘:‘jéﬁ

Saeri@sku.ac.ir : S5 xS oy (3K J ghns 1 *

YV Vfoo )L@_g A e)l.a.f& ¥o JLw cw.l.'..g_njb 4.':.9}.‘:..:;' bb.a




ceandllas VU (gl Sl L (gl 80 (Lo 50 2

L oSty gl )3 o8 Sl g s 5 0,80 Slagew 55U
o Sl g 35,5 5 TSI SIS a4 J SIS sl tals
AV PSSO I e O 0N PO PRSP W SPGB Yl
LeT 3l Jols o sla s 5 odd Jom 0,8 Sor S 3 5L
o8 S5 D3 s s e B S5 S50«
Obpe Sl Cmlghys S oo Ay pglls o pmay 5
s o ke e Ly 3 e il sla bt L
Osman (iisee Joslpe 3 Sl L) o 5U ) o
Ol ke Ot s s b cdale 28Ty ol s Les
Olir 5 g o DI & Ol Jous by Cod 0 8
B g B A e S S P - SR S P PP S
el s 0,8 slaslrla 6 (655058550 5 o3Il ¢ fd
IA 5 V] das o 5l 5 50 e
Lo, SYsb b Glaem s [4] 0L 5
A3 S e Il )b b (glads et A Sl eslinad
Sheslel L1y 0,8 (lpen s 55 [V o] ObSen 5 )5S
Ll s S jow CuCly 36 Sas o s JI L ol 3
sladb, S5b LS 5 b 5 s IS slad g a5 bl s
L e Jaloes 53315 0,8 0 chale 2alS & e AgCl
P o 2 PRSI ) el 58 05 el a2
B gladils Ay 5 ol L2STy 3 eld o (sla05nS]
Jolse AL 3 I 0DSas 5 S S r Loged 551,
ol s lo i a5l S5 585 50 2 | e dlals
ST slie pd s S s JIy Al 5l eslinad L
A5 S esliul FeCly 5 AICL FeCly § ssean _olacsas
iy 08 s elie B s IS S 42 S
Wl STy s LSt 2l G b Sl e,E sl 5L
S e S Sl caale 5 D Jnl b
VY] OLLSon 5 o 308 o Sl o 85 (slapem 56 Sl L
o Gl 56 550 2 o Dl ale T 3
Al s 5 5,3 e I (o Sl esliza 15 e

Cod 3 il o o 0,80 O il Jglome clale js i5 &S

\\c°° )L@zc\ OJL«»...:L\C° Juude)JwM§|jﬁ

s sl 51 48 8 o 5 L ecilien I3l Ol
35 pa paia ol e oS Waes 0,8 CH 1S 5 R
2 YL Caglie praman VL Sl 5 Ssdlculas 1LS )
o 5 bl S S i 3 e 1S (el dnST
Rl b amslie 53 (IS5 (los st 080 3 ey jamie ol 4
Colw S s Dladlan 5 (gl 55 03 (g3 Sl 3 5L
D] ol 035 0,8 Cilises sla ksl sl

Jdaan cdns SO algm 0350 ol pe 5l el sladle s
o5 ol las ) 5 sane b s lS Gba Ss
Ales S e sy e Sl ol 55 1) (ol
Jsan dlaad J 5 Lapes o) iy SO gla bl 50
g 3,0 S350 5 ol (o (S gla S s
i L L Uil S 515 0l Kae s 51 ol
(SN s ey pamie ol e 4 e GV
Sl (S Gl 3 SO 5 (o5 emabliae
OF 3115 63l sl slas S (S 5 S slaelSans
SLap5h 5o a5l g1 aen Ol s e S 355
Sloass 0,8 VL Jol > 5 (SO0 ol Jdsas sl &
LY=¥T 25500 slasdias Jled Sl = sl 51 (S (IS

e 8l ol GlasSSS a8 Js e b
Al gl ams Ol 51aS ol ol 3518 0 & (slapem i
pde 5 Al b (Sala Vb asil ol auza B "I
W5 slm Jledl (o) G Ol peas oy Sl 5L
OS5 3 ok 5 VU oS b o & Slapem s
Jols aul s cpl adsl STy [0] ol 65 S a3 p5as 1
VU los 53 Il Lo s (osle i) JT 6 Kb G ialS
e Olgean O30 s Sy (o5STs cal L3 ol
BLSI A3 5lS D3 aen 5 (6,5 s sl Ygome oS
Jo o3 Ladily 15 e Ve Uik 52 250
A aesly SialS 0,08 sl i S ) (ol 05 S
Ladlih VL e Gy BB cmen 5 YL sbes

YA



cedndlas Y (galal Sl b glo 8 (lagen 5L s

SIS ol a5 Ay 5 Sl el Ol
sdalS el 5 Sty 55 esliul 3550 slge S Ol sieay
A IS e S e s e 8 A 08 a0 s
i SaS 5 B g 3 el ea gl b 48 Ol e
Sy St 0 S J S Jols 5 0,8 sl 5L LSS
ssbeas (M= Olsean 50 JS01 5 O ol s eslax
s Sl 5 wial Slles (b sd o 5L ¢ phnnd
e Al By el eslanal ad sl ol se lasiie A eslana

RGO P W u’:’)‘Jf (\) J)J" L °)3'.’ LSLA("S'“')JL’

$lo 5 (Sl 5L Sl —Y-Y
ool b oJ SISl s 5 0,8 Dl 5 28l sl (sl 56
i e datl 3 e e (e alandl gy S 2815 )
A els ol oS Sl a3 We slas bl JSOUS sl
Sty Ve o/¥0 Iyl o) oo Vo il e o
A lsl (Sl B b w5 4 IS LS s s
S A e o/0 (d s pa )l 5 05500 4k33 V0 Sl ey
54t 3o IO 53 IS it Ve e Vo s
oLl Sl aids Yo iS5l ey A3 6Ll 281y G b oy
53 e Dl Y se oNY Jsdome 5l i e iy (1S
At o533l STy b 4o e [k ) s J SIS |
S 5815 5 Jaleze s iSb i J e S
sk sl b 50 Culg e Al plil 4l3s Po D
i S BT sl B 5 o e ple

S e 5SS e an G Al 3 51 e
3 5 e Oldae os 2iSTy J o (35U
L aSly byl b pt 0 5 515 SOl A
Seslitl Ly aids Yo Stowy aids 53 y3 Veoo
IR S Al Al B S e 5 A Sk Sl O 2l
JU1 Sl eslial U Jeol gy 55 01 51 s i3 S
ed i S5 Gl sl (1) S D3 A el st

Wl 0 3 51 U U sl o 3 6l plndl (sla ) 3

Y4

SN Sy o el A alg i o 56 ¥ s3lad
Slra sl G350 ol Jolo Clls B ) s
o Gk 025 3 5 s s iy olg e B
IOYT s S el Cikoen J 5 S0g0 sladss L Osdds
Lol s i LS s s ey ol 03 3 (5500 Slalllas
3 5 (553858 53 st Ol g s Ty 28T
IVEIV] 58 sl ol e o8 ol sbabsla b

ol sl S ae) pl 3 edd bl Olllae 585 w2
L il glas S, Sliios glaoy S 5 (ol 45 o
53 e Al 5S lesls alasl I L sl b5 s 5 st
Aulp oy il ol 8B A sl s ns o
52 il L s e DL 658 sl 56 ST 55
dsl b sla el 5l o o a le eas wniS gla e,
Tl os, SO ol i 55 ol ol astls s
o S S Sl S e gl oS 5 e ool
SS Sl e Aol B 5l e A SIVL ol sl b
2l Sl Lo 50 (5l ) s e S5 bl i)
3 obem U ol el i esliul La sl
$bas Ogamen Iy s b s 281, e sl
e 65 e O Jeusdy S0 se 055 (RS
TIN5 e Al B b 3 el a2l IS
A ey 2 o8 (S 56 o3I 5 (S5 50 (555 Tl
s la sl po o8 il slajlt bl gl o) o (i
Gl abaasia b 5 Culg s s e 0 SUS bl
= S Jelss s a0, 8 Gl lad gl 51 0SS
25 S o, s gla bl s (oS IS

G g, g 3l e Y
S 2,90 adgl ol e -V -Y
Ol o 5 Sl slo i Slagmr 56 Il 3 ) slitac,
L 0o Jmts oy Smads s o, oS s &
sy p S TPoooe 50000 ke JiSUse sladss

Vfoo )L@_g A e)l.a.i ¥o JLw cw.l.'..g_njb 4.':.9}.,;'..& b‘}o



ceandllas VU (gl Sl L (gl 80 (Lo 50 2

o G b I o Al 5 e3lizl 590 adgl 3150 =) >

il &S L0 et S 5 Lok oJsl osle
Sl el (C6HoNO)n - oMy s b
Ol (S AgNO;3 Ly 4474 FIRCH N
ol S e (CH20H) Loy 44/ S8 sl
Ol (S NaCl L5 4474 LS
oLl S e C3HO 1o,544/4 O sl
OWT S e C2HsOH A3 44/4 Jstl
b G 058 p Sy
3 sl am s W slas
PP

m—)

Jpoms 035 51
EG ,sNaCl

PR PTAYre B

gy O35 0 kS iz ja gga Ve

Jll 5o o glape il wids Y

Sl Al 5 5 ks L
A 5 Byl b RSy e

Jphos O35 51

EG 5 o & a3

l

ikt glagspail

) 5 ol (slod g, ) S

Sl s g o 31051 A esliul 5 kS V0 Jlasl 51
Sl 5l s LS5 SLlss pmaman 5o 8 il
e 3l IS 2 e MagniSci il 5 Jaw 5 A1
S5 eon o 5 EDS) P WSl 55 5 s
L oslinad ole Sy o (o 8 S (s 5 plooe
Philips ) (TEM) " (5, e 555530 5503 See 51 oslinal
Slam sl Il S 5l 5 S35 58550 5 (CM 120
(e U Sl s ged 53 35 ge GLaSl A ) 0 R
PHILIPS, ) (XRD)" S0l (s 5 5 il 0 g3l Sl eslizadl L
Sl 85 oY Ol ol 3l Lo (PW1730
Des a8 LSa i STVOY e dy b Ly s

\\c°° )L@zc\ O)LQ...:L\C° Jbuw&@ﬁ)ﬁw%ﬂ)ﬁ

Sl Sty cabies gl mal b ks b ol e s
Osdds e Jus by o J5550 035 (ST oo o
3l b s edlden s 8l U IS i J s e s
Fi 0 5l hlie (Sladisad oJsloee DO & 5 cizmen
0315 275 (1) Jpdor 3 sl ay badi poi g Ll 5 5 s

ol ol

b i o slaj il 6 gl aasiie Y-Y
3 Fow Al 5l ol SN geams (50550 ) p s shen
w}fﬂ\ “:)}L“‘}jg":‘)‘ ojsi LSL‘B(":"‘“’)"L o)\.,\_»‘ u:.:,{o )
> (MIRA3, TESCAN) (FE-SEM)Y jilicgs oS i3



cedndlas Y (galal Sl b glo 8 (lagen 5L s

o il 5l sed 51 S e Bl 2 -Y s

Lol 5 LS STy sles O3l s e s b S e & 5

(adds 55 532) OV e o) (3 S Sl ax3) (Fs 50 055 L 520)
oo Vo Ve ¥soooo Ag-1
Yoo Yo Yo T$oooo Ag2
Yoo Yo 0o T$oooo Ag-3
Yoo \o \Wo Yfoooo Ag-4
Yoo Vo \We 00e oo Ag-5
Yoo - \Ve Y$oooo Ag-6
Yoo Voo Vo ¥Soooo Ag-7
Yoo Yo W T$oooo Ag-8

Lo 8 b 5l oS 5 O i SS1 5l Jol> ol
OSJ_" Sles sluss B ) il R{EYSIH Ji&
Wo b juSly los Aulsidl bl o5 g 0,80 (slaales
pijjdij_léjsc;bbc(g—\')‘_}.{ﬁi;\J_fgﬂl_wa_q-)s
LSLA)L:?-l_WWM.u‘) Ls‘)—’L@TJiL“:}°JJSJt£‘;j
Ag- @ged boanglin js ool aly 580 6 8 IS5 glads
shedd miw slaale ol (1S sle a5 Ve sles) 1
St o515 (31,8 Bl a3 Vo (glas) Ag-2 & e
4o gad Sl el o sladds 5L 51 galdas Jas 5 Jgb s
ssbolen ol odd (g, Seslul (0 =) JSKs s 50 Ag2
U‘»‘)‘ J_.plp- LQM&%QY}_.M ch_.::u_AaMLZ.AAS
S S Od sl Pl sls ool oolal ol (28T
SlaersU b ek 5l =5l (655 0,8 Slagdl 358 5 08
L s slaoSa [VA] 550 5L VL cadas glos 4 o,
JSC) 51,8 sl ax 3 V00 b JTL STy sles il 3l
\We UUJ‘Z.SU dbb%&\f‘b&\o:ﬁ L, eJ.Z.'s S
Sl 253 S0l 55 =Y K)ol S sl ax s
th_ﬁujwdufgﬁ}ﬁ.x_;;absw
NG P J.'J.A}JL.O° S 9> ja...»:):.ojja.ébejis 6[.&(..,.«)_.1..

)

Sltp sl by o i b 035l Csa 3l ey
3pge G, B Lol 4 by e i 5 Ko a0 i
ol &ws 5l .Ji esls ilae X'Pert Highscore Ayl 5 3
(Thermo, AVATAR) "Masy; 35 A5 503 Ossle it
A eslizal STy sl b gla palli b i b slitens 5o
bl doas el Sas 53 b b 5 gy 5B

A e O 51 ol il 5 aal s o3 IS5 4 el

Cou gl Y

SSTy sles L5k -1y

SISl 5 S5 e gla Sl s ) s lareas
Ve calsie by Sl (ST 51 ol sla bl 50
Slapw s tw gl p 3l S Bl ax )3 Wo 5100 Yo
A S S slal (V) S0 Sl o &
2 1o cidie glajlrla pU Y Sls oS i)
JSi s aS sbolen das e OLES STy s slales
Iy ST bylove a5 alSs 58 o sdalice (il =)
Sl s s esls oyl 518 sl a3 Ve gles G
e e Tl ol IS gl SSL g5

J)..ﬂ}u_}v\.«ideMu..A cé.«\;u;g.:d)wu d‘}er.: cé‘ojs.;

Vfoo )L@_g A e)l.a.f& ¥o JLw cw.l.'..g_njb 4:.9}‘:..& b‘}p



cedndlas VU (galal Sl b glo 8 (lagen 5L s

Ty STy il sales 3 0,8 il syl g6 il e sy s S g s S sl —Y K
5 (I Sl a3 100) Ag-3 & 4ol (Cu(alJfg’dL.- a3 Vo) Ag-2 & ged (& (o1 Slu a5 V1 o) Agl &g (A

il gliS )5 95 50 (318 sle am 55 Vo) Ag-d &5 (5

L lap sl o) poany sBus O3 ol dlal 555 e
il il el by V] S e Ay 8 Sl ool slacans
sl ol dsams 53 1) psllae s Shes STy sles 2l
Ls oo PNA] OLKen 5 Ol (Jls Ol geas 5 S dal g5
1S Bl a3 VAO LS STy sloes il Ly 4
VA bwse Isb 5 e YA oo 3 1o & (slap 5L

S A e S

Vfoo )Lg_.: ¢\ o)Lo.o.il :\"° JLw :w.l}.g.ajb 4&3;&.& J‘ja

100 (5Laz) Ag-3 s a3l Joolo (sLapms 56 L alin 5
lez) Agd &0 3l 0l st o 5L (IS Sl ax s
et A0l (g i 5SS (], S Sl 4 s VW
2 SIS 5 e @it 53 ki Gl 5 LS
Lol medhe s d e odalin pglal (pl )3 - 500
JS gl Sl ol 5 GRSty sles riy Sl

B Ol lidlay e aS es g e mws 53 La o ol3 90

Yy



X

43.80am 60.31 nm

asdlae VL (alal G b (lo & slapem 56 52

96.30 nm

200 nm

O s s s by SLd s g0 5l ool b 0l 5w 0,8 GUamms 56 Gl JS (g5 (30 A (g gy Sen sl Y IS
Oy la gl )5 50 (FPooo0) Agd &gad (& 5 (000 °°) Ag-S & ges (Al iilises J g0 o055 b

535 O L lesl ol sdallie J pamn 53 (6t
Sleslial b1 6, (slapem b T s S50 53 [14] O,1SCen
il J o Sse la0ss L Osdd s Jeus d slad S5
(S rnchy 0 Jsb oS w8l 3 5 S e I di 3 s
o Ll o8 s G gkl il (5 S 05 age 1B
Oddsm Jvsdh J5S50 035 Gl L AT Shas 53 S
Yo Sleds o Gl sl s Slas Aeoooe 4 V000

A oS 5 gl s osll s il I a5 44

LA s Ol S ¥
SN e bl IS a0 5 55 slaa s
LS o e 1 o8 glaslla 5L ol (555850 &S
Mo JeuS gy S o sSes See pslas () IS
il clacbale 5l asliial U1, o5 Ciliiee oo ksl
e e ol Al o b sl IS e S
Sl 555 53 3 58 g0 odaline (I -F) K s &5 bokea
S5 OS5 s S5 o il 3 g IS e
355 (Lo 50 L Laadio 5 0,8 (e S ol sl
Ay 4 e SIS slads Ol (ST alde 0o g8 el 4l
TA] 35 e 08 Slonras 56 S5 3 i 5 5 Silnal

S3dam Jrrad e 055 S -Y-Y
gl odiS S Josle Ol mean O s s b
S e Ll Iy e 3 o G 0 Sl
sl il se Visane 055 s by slad S0
SN pamn 558050 J S Gl o i ke 05 S
s OF o Jl 53 e el Sy Sl Jol ol
S 35d gn by e OF S 3030 53 055,25 5 03| Slagd)
ot Gladls S 75k 655 ey ml Sl 4
O30 S L cedd i 0,8 loapw sl o311 0 5 e
(O7) St AT A8 (oo i 050y Jn e S50
S LS s s S Sy S sl
SEad s Shpe 5 asitad U 1y st s o8 sLapem sl
500000 bage JoSdge slalss L 05l Jsns
aS A 58 e odalin &S 5 bOles das e LI YFoo 00
A esli 000 e e S STgs 055 Jawsio b 0o s e Jous b
Voo sptm dagie i Lo slnn b (Y IS2)
L o 3 . di el s 0,8 S35 355 55 e 5l
Sl 6 D00 00 J S50 O35 Jawsin b 055 Jous b
b 09ad g s b slad Sse sl eslinad Lo
SN s e0n L LT KD WPeeee [ S 055

Voo sl o) esla Fo Jlu ( puwdign 55 ab iy 5l



cedndlas VU (galal Sl b glo 8 (lagen 5L s

..\g_,ls (.a...\.»&qadk."uﬁ:u»}‘ a:u:.nnfdifl.: %i;j‘yb&‘ﬂwd|@%ﬂ}) d};ﬁ‘ %}iﬁjﬁ:ﬂﬁju fJSJ

[Tt g o\aiS )5 53 (Y gs oo Vo o) Ag-T & gai (CJ (GYs0 o Vo) Ag-d 4505 (0 (G g0 s j200) Ag-6 & god (I

el a3 03353 Sl s el 28Ty sl
D5 e s 0 Sl s Sy e 03 4 JiS
Soslinl Lo 8 A IS slacasta il 1S5 () 23 S adls
Ulen 2ol (Y (oS n (gl Joms Ol oy 0T LIS Glal
o i s halS Wy, 0d AS (F 5 Jskows 3 33T 0
s G153 ol i 05585 (e ST U sloee
e 5 GRS1y 53 el b Slal ST odr
S e 3 3t o8 sladls s ) et Glad 5]

IV] sy e g 1) sl (sladils 42,

Vfoo )Lg_.: ¢\ o)Lo.ojf :\c° JLw :w.l}.@.a‘)b 4&3;&,& J‘ja

Sty J o 53 e ey 8l (6 IS (glasy s A1l L
Sl Lok Glage 5 (= S Ve L Ve e 4
LIS i (§ ey Sae Sy 34 ple 5 N golal (gla
SLlss st e stalie 53 (=) IS0 s 45 ) 5b0kes
S Al il o (5 S o3l 55 0,8 ST 5 (glapaw b
D;\u;ﬁwi;jl}u_b);auu}j_él@)sﬁww
LSBT SN G PUE WA EED RUNE P A [
G S5 A e oS 0ls ) GRS ) ol Y e
Sl St 0 il (sLae 3l Lo IS 3
25 S slad s pldl 4 (il slaosll 5 (SG L o8 IS

Y¥



274.20 nm

200 nm
|

‘ﬁbfki ﬂ‘;%bﬁ‘dutjwaupbﬁ ‘qub;.'Ldst ;é""f‘.}?"fd:‘n” 3;;&“ &ﬂjﬁﬁjw—oh}ﬁ

il gl glaif )5 3 (akds 4o 593 \Yoo) Ag-8 & 4ed (Cj(yj(@.sﬁjp\"M)Ag-S & go3 (A

2 edd e o8 bl la gt She LS o)
sbolea das e 0l Ty STy il Lol slag 5
o 8 S 5U Ty 2515 65 alKin 355 0 salie &S
A D) S plasl adds 55 0 Yoo LYt 5 o
F ol Veoe spd bagte a3 Lo 8 sl sU (I
535U 3l Ol eSS L U i LS
3 (=0) sl o pslas j5 4S5 boles sy 5
Jydoms BVl & 5 ity Bl L ol e el (7 -0)

C;_..o.;.f AJ_E-.? LSL“(":""')"L JAL&L@SAM}M&L@J J)M

Yo

asdlae VL (alal G b (lo & slapem 56 52

dolowe LY 5 5 3T —F-¥
Slap b Iy 3 2l 250 o el i L
e e Olgs s 5 ol Sl (S Bl 5108
Jodomn LY 5 U550 Lisd o M5 STy 51 Jol>
Il 5 1S o S 0 1 0 sl b 3 5 J b
TF e Sl ) s D3 5 e E slas) mesd
B P g e
SISl ol olg SN pame (salal il 5 (S50 5
SN s Seo pslas ©) S [Yo] el IS 3G

Vfoo )Le_.: A e)w Feo Jls o lge 2 w)”":'ﬁ 5‘}‘



asdlae VL (alal i b (lo & (lagem 56 52

At gl iS5 55 A 4 gad 5l 0dd s 0 B (SLaem 56 ($) 98 S9N 5K Sn sl —F JSS

i e sdaliia 5 (Gl —F) JSid 53 oS 5 bolaa
Aol p b s Osds s s ey 5 0B e RS e
S ok 3l sl Gl O st ok Slagn 5L s
ol 0l alb s & S 5L o5 s

Sl ased 53 3 ol 5 leed S5 e G
A olinal oSO (55 S5 55 O3l 3 0 (laamn b
S5 00 SsSh a5 5 o8 Sl sU WSl b
g0 gl 355 e edalie oS 5 bilen .ol sk esls OLES (V)
S 355 OF s S5eS] oo e h ol e e
S g g eals a5 0,8 1y 0F o QA 51 i oS (gl Sa
ol 0395 IS 0T Ao s g3 )

Glap 5l SOl 555 3l ST (A) Ko s
b olan ol ok e3ls OLES 52 gl 51 ol o
Lol sla YO s 3l slacKy o33 oo sdkalie S
s b S A s VWA 5 FY/A FE/A XA
Sl (FV) 5 (YYe) (Too) ()Y Sl a5,
Slasy (oromer died o E 5 S e e b nSe
o 3kl LS U g Sl ol ol
ib s 50 s s S L1 (01 =2 AR-TYYY)
3 S alis s b sdasOlll a5 W gl e sdalin
amio VL U [YV] Conl $gad 53 0,8 L IS LS 5
Slio (2l 3 o8 Gl Bl o 5 s 5 (DY)
el el OLZS 0,8 Slapa 56 Sl 1) Il S

Voo slg o) oslad Fo Jlo cpuwdige 3 4 iy 5l 4e

593V o) VUL B3l &5 53 Iy (Sl il L ias
el Sglize o g glajlitlo U IS 5 63100 (ai3s o
sl Bl g ol s Jll ST sle oY g
0B Shrs S 5 Shn b Slaslla sl Sl oS 5l
pd e odalie 35 (0 -0) K5 55 a5 jsboles (Liles s
S 03 g ease G el Sls 08 (gliame (Lo 5L
oMl Ayl (g ite by 2 Sy b 5l ks gl
JS3 53 5 YL Bl & 551 Jol e S el 56
Sy oo odalie pgeal a5 bl 0dd asiia (G—O)
AL laeslil (2SS Jol g S Y a8
Al 65 mly alal s by 5 il e gL Yoo S
Dot 5 i Gl L oS 23S e Ul o ol
SLag5 s s 50 gy DlMe & Cnsd (S 5 s 53 397 30
3 S Sas Db s bl b dagen sU L3 5l i 08U S
A LS il glas3ll b o i oaSo
bovs o, i lapsil Jiws S ble 5 555850
2 At o B S0 SN s S S 0 A
Slap il e S g Ss Soe sl (F) S
Jeol gl ol ol 3l OLES Agd & pai S ok s o
Fmr 2l Jgmme 45 o0 OLE b 50 sl )
03y ol 00 3ol o gie o Lo & Sl b Jald o
S5 53 slas pl 5l Jols sl e dle o
e 03l QLS b s 5 ) L 56 S5 5 o

Y



ceasdllas VU bl o b (sle 5 sl 56 s

- Agla

cps/eV

N CIK

5

Elements | Line | Intemsity | Weight | Atomic
(cfs) Y% %
Cl Ka 62.3 147 4.34
Ag La 1564.3 98.53 95.66
Total 100.00 100.00
Y (
10 keV

Agrd 6503 5 ok o 0 B Slape 6 oS S5 Lo oot g5 4 Y S

4000+

30004

Intensity

20004

10004

0

30

10 20

40

(111)

(200) ° °

50 60 70 80

2Theta (degree)

Ag-4 &30 3l 0dd s 0 B Gl 56 S8l 5555 Bl oS A JSS

= IS S esma b (oS Jliy S 405
syban oS sy dss e 1N S S a3 &3l
Wl PNoof Jliy S e 51 SIS (slabde LB
LN amis 5568 Glapem U oplply (Ao s VAD)
A3 e P
ol 3V Jole Sl G A il e
DNV amios gl o Bl S ol 45 das o LS 450

v

dg ol lal e B 6831 el dinlows oS3 20l
sty 03 2 SSUFAY Ll (V) ey 5 IV ] Slomis

g CJJL&TY/OA; oLl u::)\jf)l_)iam&_l;)_,é‘)wi
N — M)

4 g Sl 3 gm0 (Gt dal LA St a8 sl OLES & ol
58S bl 5l csay jallt o & sl iU Ag-4

Vfoo )L@_)g\ e)l.a.ic‘f° chdww)bwﬁﬁ b‘}p



ceandllas VU (gl Sl L (gl 80 (Lo 50 2

OLes 5 o0 S

100

el
=

2869.30
C-H

o0
>

2929.78

8 3
3831.77

% Transmittance
wn
=)

1712.97 1390.84

1631.78
-C=0

472.99

1263.74
569.81

“C-N-

1096.63

1050.85 (all)

3500 3000 2500

2000 1500 1000 500

Wave numbers (1/cm)

-
=]

=]
(=

2956.09

% Transmittance
iy wn
s S

9%}
=

3436.32

20
10

845.07.

737.65

647.04
572.41

1662.08

1495.06

(<)

3500 3000 2500

2000 1500 1000 500

Wave numbers (1/cm)
by an fds 5 09l b -4 ISe
Yroooo Jsge 055 bwse b all Ooddysm Jeushy sk (@508 Gl 5L g, (I

ot S s a8 LS 5a 3 05l glaceb (4) S
SN e 055 wse U el Osd s Js b ks
(il =) S s oS 5 sbolen diledd asls 0L Foooos
Freile Y9V 50 b il Sy 50 e edalie
o313 0L 15 (O=H) oS 5 pden 65,5 228 lilas,|
ol 035 W sles 53 J SIS AT STy 51 5L &S e
= YASFe 5 YAYAVA L 3lS 5 5s i slacy

\\c°° )L@zc\ O)L«p.f:u\c° JL«&LJNW‘)JWMJ‘)A

3 58 5 im (G55 Camed i) ol VO 5 iy o
gose el o3 OT Yoo} i j5 Bl Sy s
4 gad Sl el w6 8 6%1.&);1; S Sl plskasplis
LYY 50T dzes VL (oalal o 15 Ag-4
sskea 50 a8 LA e 3 0l aeecib Ol
SRS e 5 08 Glapen iU o pland Sl pn)
53 At esliul DA Jaih ok 5 o8 G (S

YA



cedndlas Y (galal Sl b glo 8 (lagen 5L s

S domi =¥
5 Ghm i) o8 cadiie glaslilo gU ¢ iag s ol o
«Dld ades 31 OSU S la IS0 5 o310l L (s SO
AU s e la Il a5l eslizal b 5 Laaks
055 (oSl loss O smen STy ilis sloa ully
S sl J gl Clle O s Jus b e J5S 50
S350 50 Soo Jsme LI & 5 (pioman 5 IS 0l
JETIRV- U SURS Ut I I WE R PYRLE) NS RH
Sy STy slas (il sl b ol sty il ol
bSis gl Jmled ool Sl a3 WVe LS\ Yo
534S slao Sa il Ll e @ sl SO gla il 5
bsie b Lo slagem sU ool S Sl a3 We gles
Sl G el 5 e 5 LS e e 86 00 sl
ok sladsSse (J5850 05 SRl anils 55 L
b S s olad ol Ll e 55 O
N 855 Gl LS S pd A e &
FFoooe ay 0000 5l Oyl Jos b lad S e
by s el 6 VL olal el Loy lags 5L
Jodome 035580 50 o3 il 2alS 55 T Jav g2
S A Gasie Slo il Gl U i dul B S
e Ole S U e 05518 ale (131G Jgloee ()
s 5o Y alal ol Lo )8 Glapen 5L L2540 s
23 el o Sl ST a5 05 o0 0,8 D3 S
Lo, adsl slaadls sl 51 ol glal5nST 5 ST
Sl Jsdome DI & 5 s il (pomen LS 0 o
A8 5 Jsb Jsde BAisl 5 05508 4S5l 0L 5
Slaps) maasd Jlaml 5 S5 1) ol s Slagen 5L
Ol e ol gy s o alS 5o 1) B ol 56,8
g e o L STy bolest] il sl S b S asms
slaced Lo, s SealsSh glapm il 1855 4 s
F e B S el s ) s AV ol

‘%)1M@W‘L§F-MJJJJ_?}A Ly

Y4

i Sty (C—H) 4l gy 228 Sl )) 55 e sl
s slad 5050 5 AT SOMS w IS8 !
23 S8 e Sy pzen Sl eals QLS| O 5 5
s S 05,8 S Sl ) 55 e le , VSTV/VA
J=o b slad 55 05 O5ad s il (—C=0)
oA 0l il Laglis jo il enls QLS Ol s
S SRl s devah @ b w8 RS
Sl s Jin S Ghale 05 S e S (o A
VETVVA s e sl g VEPY/OA 5115 Sl i o,
S Ams e 0L sl o o3l 0L e sl
Qi S 5 05y Jis sl slad 5550 o L
Al SalS 3l Glal g oS elSs el
2 S oS b S S il Sl L
GRS 2 od gz (g gttt Sl ey 0 8 Sl SU D
OLE 05y sy oy 5 08 m s ome e
L VYSTVE LS s e S [14] a0l
3 (mC=N=) Uy 528 Slib )y me sl
el 0303 OLES 5 05 el slad 550 5

o by anysh fds pe 8Osl b o S bokes
- Sy b edalin 5o (-4 S2) 0,8 Slagaw 56 sy
led s Chas Dl O s e Jeus b s 4 by gla
Ot dressh ladsSse i o S8 015 o ol 2l
Sy leds Bl ol 0,5 Slapam 3 s (555 5
o8 Sl sl gy 4 by e b 3 50 s b
oy Sl e s Y JSES Sl 5L S asle s sdalie
sl o8 Slanw sl (Sl o 55 Ol Ls b
N S s S sl 53 (RS eh i i Al s
edalio - s B pay 5 (=P JSD) 0,8 Gl sl o5
b sl sm s b slad s 5l gl (Kos lews s
Sl s =S G b 51 A0 Osnlus, 55 A 5y sl
T S S Jele 0s S 53 05eST o3l (S g 8
I¥Y] ok o om0 5 olgs (sl pmms i

Vfoo )L@_g A e)l.a.i ¥o JLw cw.l.'..g_njb 4.':.9}.,;'..& b‘}o



ceandllas VU (gl Sl L (gl 80 (Lo 50 2

:\j_au_w.L@ﬁnjjjaj}j_;oK_.iibjT&ngSJ&w
ELSE Y WO RUN PP :;MQK:JBJ.«J;,@_AJJ:MM\:

NNk WDD —

.LSL;A @\JJJ@} S_m;“‘gj}j_;

polyol

polyvinylpyrrolidone (PVP)

glycolaldehyde (GA)

Ostwald process

aspect ratio

mixing rate

field emission scanning electron microscopy (FE-SEM)

. Janardhanan, R., Karuppaiah, M., Hebalkar, N., and

Rao, T.N., “Synthesis and Surface Chemistry of
Nano Silver Particles”, Polyhedron, Vol. 28, No. 12,
pp. 2522-2530, 2009.

Li, Y., Wang, Y., Chen, L., Li, X., Han, W., and Xie,
E., “Controlled Synthesis on Ag Nanowires for
Conductive Transparent Electrodes”, Materials and
Manufacturing Processes, Vol. 30, No. 1, pp. 30-33,
2015.

. Sofiah, A. G. N., Samykano, M., Kadirgama, K.,

Mohan, R. V., and Lah, N. A. C., “Metallic
Nanowires: Mechanical Properties-Theory and
Experiment”, Applied Materials Today, Vol. 11, pp.
320-337, 2018.

. Abbasi, N. M., Yu, H.,, Wang, L., Amer, W. A.,

Akram, M., Khalid, H., Chen, Y., Saleem, M., Sun,
R., and Shan, J., “Preparation of Silver Nanowires
and Their Application in Conducting Polymer
Nanocomposites”, Materials Chemistry and
Physics, Vol. 166, pp. 1-15, 2015.

Trung, T. N., Arepalli, V. K., Gudala, R., and Kim,
E. T., “Polyol Synthesis of Ultrathin and High-
Aspect-Ratio Ag Nanowires for Transparent
Conductive Films”, Materials Letters, Vol. 194, pp.
66-69, 2017.

Wiley, B., Sun, Y., Mayers, B., and Xia, Y.,
“Shape-Controlled Synthesis of Metal
Nanostructures: The Case of Silver”, Chemistry—A
European Journal, Vol. 11, No. 2, pp. 454-463,
2005.

Coskun, S., Aksoy, B., and Unalan, H. E., “Polyol
Synthesis of Silver Nanowires: An Extensive
Parametric Study”, Crystal Growth & Design, Vol.

\\c°° )L@zc\ OJL«»..::L\C° Jbuw&@ﬁ)ﬁw%ﬂ)ﬁ

s Laake sl dagrw sl 13 5l 8 O SUS lasssl s, s
JuJu.Z:J:gJJ alise Lgbhe)‘.)u‘bo)s.: Lf&) 6_5;4...54 be

G Rl 5 S5

8.
9.

10.
11.
12.
13.

10.

11.

12.

13.

14.

MUojb

zigzag

X-ray energy dispersive spectroscopy (EDS)
transmission electron microscopy (TEM)

X-ray diffraction (XRD)

fourier transform infrared spectroscopy (FT-IR)
multiply twinned

&y
11, No. 11, pp. 4963-4969, 2011.
Zhang, P., Wyman, 1., Hu, J., Lin, S., Zhong, Z., Tu,
Y., Huang, Z., and Wei, Y., “Silver Nanowires:
Synthesis Technologies, Growth Mechanism and
Multifunctional Applications”, Materials Science
and Engineering: B, Vol. 223, pp. 1-23, 2017.
Lee, J. H., Lee, P., Lee, D., Lee, S. S., and Ko, S. H.,
“Large-Scale Synthesis and Characterization of Very
Long Silver Nanowires via Successive Multistep
Growth”, Crystal Growth & Design, Vol. 12, No. 11,
pp. 5598-5605, 2012.
Korte, K. E., Skrabalak, S. E., and Xia, Y., “Rapid
Synthesis of Silver Nanowires through a CuCl-or
CuCly-Mediated Polyol Process”, Journal of
Materials Chemistry, Vol. 18, No. 4, pp. 437-441,
2008.
Lin, J. Y., Hsueh, Y. L., and Huang, J. J., “The
Concentration Effect of Capping Agent for Synthesis
of Silver Nanowire by using the Polyol Method”,
Journal of Solid State Chemistry, Vol. 214, pp. 2-6,
2014.
Lin, J. Y., Hsueh, Y. L., Huang, J. J., and Wu, J. R.,
“Effect of Silver Nitrate Concentration of Silver
Nanowires Synthesized using a Polyol Method and
Their Application as Transparent Conductive Films”,
Thin Solid Films, Vol. 584, pp. 243-247,2015.
Lin, J. Y., Hsueh, Y. L., and Huang, J. J., “The
Concentration Effect of Capping Agent for Synthesis
of Silver Nanowire by using the Polyol Method”,
Journal of Solid State Chemistry, Vol. 214, pp. 2-6,
2014.
Johan, M. R., Aznan, N. A. K., Yee, S. T., Ho, I. H.,
Ooi, S. W., Darman Singho, N., and Aplop, F.,



P\ e 5 53 (S5 olie 03533 G

“Synthesis and Growth Mechanism of Silver
Nanowires through Different Mediated Agents
(CuCl, and NaCl) Polyol Process’, Journal of
Nanomaterials, Vol. 2014, 2014. . (Article ID
105454, 7 pages, 2014. https://doi.org/10.1155/
2014/105454).

15. Ferraro, G., and Fratini, E., “A Simple Synthetic
Approach to Prepare Silver Elongated
Nanostructures: From Nanorods to Nanowires”,
Journal of Chemical Education, Vol. 96, No. 3, pp.
553-557,2018.

16.Ma, J., and Zhan, M., “Rapid Production of Silver
Nanowires Based on High Concentration of AgNO;
Precursor and Use of FeCl; as Reaction Promoter”,
RSC Advances, Vol. 4, No. 40, pp. 21060-21071,
2014.

17.Wang, H., Wang, Y., and Chen, X., “Synthesis of
Uniform Silver Nanowires from AgCl Seeds for
Transparent Conductive Films via Spin-Coating at
Variable Spin-Speed”, Colloids and Surfaces A:
Physicochemical and Engineering Aspects, Vol. 565,
pp. 154-161, 2019.

18.Sun, Y., Yin, Y., Mayers, B. T., Herricks, T., and
Xia, Y., “Uniform Silver Nanowires Synthesis by
Reducing AgNOs; with Ethylene Glycol in the
Presence of Seeds and Poly (vinylpyrrolidone)”,
Chemistry of Materials, Vol. 14, No. 11, pp. 47364745,
2002.

A

19.Zhuy, J. J., Kan, C. X., Wan, J. G., Han, M., and
Wang, G. H., “High-yield Synthesis of Uniform Ag
Nanowires with High Aspect Ratios by Introducing
the Long-Chain PVP in An Improved Polyol
Process”, Journal of Nanomaterials, Vol. 2011,
2011. (Article ID 982547, 7 pages, 2011.
https://doi.org/10.1155/2011/982547.

20. Amirjani, A., Fatmehsari, D. H., and Marashi, P.,
“Interactive Effect of Agitation Rate and Oxidative
Etching on Growth Mechanisms of Silver Nanowires
During Polyol Process”, Journal of Experimental
Nanoscience, Vol. 10, No. 18, pp. 1387-1400, 2015.

21.Banica, R., Ursu, D., Nyari, T., and Kellenberger, A.,
“Two Step Polyol-Solvothermal Growth of Thick
Silver Nanowires”, Materials Letters, Vol. 194, pp.
181-184, 2017.

22.Mao, H., Feng, J., Ma, X., Wu, C., and Zhao, X.,
“One-Dimensional Silver Nanowires Synthesized by
Self-Seeding  Polyol  Process”, Journal of
Nanoparticle Research, Vol. 14, No. 6, pp. 1-15,
2012.

23.Gao, Y., Jiang, P., Liu, D. F., Yuan, H. J., Yan, X.
Q., Zhou, Z. P., Wang, J. X., Song, L., Liu, L. F.,
Zhou, W. Y., and Wang, G., “Evidence for the
Monolayer Assembly of Poly (vinylpyrrolidone) on
the Surfaces of Silver Nanowires”, The Journal of Physical
Chemistry B, Vol. 108, No. 34, pp. 12877-12881, 2004.

Y44 dl.’l.w.a) ¥ ajw A JLw ‘J‘“’J""@‘A B 4:.9}.&.& b‘}&



JOURNAL OF
ADVANCED MATERIALS\

IN ENGINEERING,

Quarterly Journal of Advanced Materials in Engineering, Vol. 40, No. 1, 2021.

SYNTHESIS OF HIGH ASPECT RATIO SILVER NANOWIRES:
PARAMETRIC STUDY OF THE POLYOL PROCESS

R. Karimi-Chaleshtori, M. R. Saeri* and A. Doostmohammadi
Department of Materials Engineering, Faculty of Engineering, Shahrekord University, Shahrekord, Iran

(Received: 18 December 2020; Accepted: 12 March 2021)

ABSTRACT

Silver nanowires (AgNWs) are considered as one-dimensional nanostructures, which have received much attention due
to their nanoscale size, high aspect ratio, high electrical and thermal conductivity, optical transparency and high
mechanical stability. Preparation of AgNWs by polyol process is remarkably sensitive to the interactions between
synthesis parameters. In this study, the effect of the simultaneous change of four synthetic parameters, namely the
reaction temperature, the molecular weight of polyvinylpyrrolidone (PVP) stabilizer, the amount of sodium chloride, as
well as, the solution mixing rate by the polyol process was reported. The results of field emission scanning electron
microscopy (FE-SEM) and transmission electron microscopy (TEM) confirmed that the synthesized AgNWs were
below 100 nm. X-ray energy dispersive spectroscopy (EDS), X-ray diffraction (XRD) analysis, as well as, Fourier
transform infrared spectroscopy (FT-IR) confirmed that the formed AgNWs were free of impurities. It was also found
that temperature, molecular weight of PVP, salt concentration and solution mixing rate caused a significant change in
the morphology of AgNWs. More importantly, a strong interaction was created in the preparation process of AgNWs by
adjusting the parameters.

Keywords: Silver nanowires, Polyol, Polyvinylpyrrolidone.

1. INTRODUCTION

Among all types of nanowires, the synthesis of
silver nanowires (AgNWSs) is one of the active
research levels, due to the high electrical and
thermal conductivity of bulk silver [1,2]. Many
techniques have been reported for the synthesis of
AgNWs over the past few years. The polyol
process has been known as the ideal method for
producing high quality AgNWs due to its low
cost, high efficiency, process simplicity and
simple equipment [3]. The primary reaction of
this process involves the reduction of an inorganic
salt (the precursor) by polyol at an elevated
temperature.  Polyvinylpyrrolidone (PVP) is
commonly added as a stabilizer to prevent
agglomeration of the colloidal particles. Reasons
for the popularity and versatility of this synthesis
process include the ability of polyols to dissolve
many precursor salts, their highly temperature-
dependent reducing power, and their relatively high
boiling points [4-6].

*: Saeri@Sku.ac.ir

A careful review of the studies in this field
indicates that many researchers have taken
different approaches to improve the polyol
process. There are also reports that indicate the
effect of different parameters on the process of
polyol synthesis of AgNWs in which only the
influence of a few parameters of the synthesis
process have been studied. In the present study, a
simple, fast and reasonable polyol method was
presented for synthesizing uniform AgNWs with
high aspect ratios followed by an -effective
purification method to eliminate impurities.
Besides, a parametric study of various important
variables of the process including reaction
temperature, the molecular weight of PVP, the
concentration of sodium chloride species added
during the synthesis process, and the mixing rate
of solution was investigated on the morphology
and size of AgNWs.

2. MATERIALS AND METHODS

All high-purity chemical materials of reagent
grades (as starting raw materials) were bought
from Merck Co. and Sigma-Aldrich Co. Silver
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Figure 1. FE-SEM images of synthesized nanowires at
170 °C using PVP with the average molecular weights
of 55,000 gr/mol (a) and 360,000 gr/mol (b)

nanowires were synthesized by reducing AgNO;
with Ethylene Glycol (EG). In the synthesis
process, a certain amount of EG was preheated in
an oil bath at 170 °C for 1 h to remove the water.
Then, different concentrations and molecular
weights of PVP were added into the above
solution over a period of 15 min. Finally, 10 mM
NaCl solution was added dropwise into the mixed
solution. The same procedure was repeated with
0.12 M AgNOs solution. The nanowires were
formed after 60 min and then the one-pot reaction
was quenched by cooling. Cooled-down solution
was centrifuged (7000 rpm, 20. min). The
precipitate was washed with ethanol to remove
excess solvent and other impurities in the
supernatant using ultrasonic cleaning. The
synthesized Nanowires were characterized using
FE-SEM, TEM, XRD and FTIR methods.

3. RESULTS AND DISCUSSION

3.1. The Reaction Temperature

Four different temperatures of 110, 130, 150 and
170 ° C were selected for the synthesis of AgNWs

MRECRT . G ]
Figure 2. TEM image of the synthesized nanowires
at 170 °C using 10mM NaCl and PVP molecules
with the average molecular weight of 360,000

in order to investigate the effect of temperature on
the morphology and size of the nanostructures. It
was found that as the reaction temperature
increased to 170 °C, twin particles began to form
and their tendency to grow towards silver rod
structures increased. Figure 1 Shows the FE-SEM
images of the synthesized nanowires at this
temperature.

3.2. The Molecular Weight of PVP Stabilizer
Comparing of the FE-SEM images in figures la
an 1b showed that not only the aspect ratio of the
synthesized AgNWs increased (i.e. the thickness
of the synthesized nanowires was decreased), but
also their uniformity was increased as the average
molecular weights of the used PVP molecules
increased from 55,000 to 360,000. This finding is
consistent with the results of a similar study
conducted by Zhu et al. [7].

3.3. The Amount of Sodium Chloride

FE-SEM and TEM studying showed that in the
absence of sodium chloride salt, only irregular
silver particles were formed and there was no
possibility of formation of one-dimensional silver
nanostructures (nanorods or nanowires). A
significant change in the morphology of the
reaction  products  occurred  while  the
concentration of sodium chloride added during the
reaction increased excessively up to 100 mM
resulting in the formation of a precipitate of silver
chloride particles with different sizes. Figure 2
shows TEM images of AgNWs with optimum
adding sodium chloride and PVP molecules with
the average molecular weight of 360,000.

3.4. The Mixing Rate
The results of FE-SEM and TEM investigations
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Figure 3. XRD pattern of synthesized nanowires at

170 °C using PVP molecules with the average
molecular weight of 360,000

showed that there was an optimum mixing rate.
Various morphologies of silver, such as
nanowires, nanorods, and spherical and cubic
silver particles with different sizes were also
formed with further increase of the mixing rate in
the synthetic system.

The result of XRD of a typical sample (Figure
3) shows that the intensity of peak (111) planes of
silver is more than 2.5 times (theoretical ratio
value) greater than that of the (200) planes. This
indicates that the synthesized AgNWs have a high
aspect ratio. Besides, the FTIR spectrum showed
that the majority of PVP molecules have been
removed from the surface of the produced silver
nanowires as a result of the purification process.

4. CONCLUSION

According to the obtained results, the tendency to
form one-dimensional silver nanostructures
increased with increasing the polyol reaction
temperature from 110 °C to 170 °C. AgNWs with
an average diameter of about 50 nm were
synthesized with a high aspect ratio at 170 °C.
Increasing the molecular weight of PVP also led
to an increase in the aspect ratio of the final silver
nanowires. Besides, the results showed an optimal
amount of sodium chloride solution leading to the
formation of silver nanowires with a high aspect
ratio without formation of any undesirable silver
particles.

It also can be concluded that increasing the
mixing rate to an optimal value led to the
formation of more uniform AgNWs with higher
aspect ratios. However, various morphologies of
silver, such as nanorods, and spherical and cubic
silver particles with different sizes were formed
with further increase in the mixing rate of the
synthetic system over an optimum value.
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