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The Optimization of Synthesis of Silver Nanowire by the Polyol Methods and
Its Application to Transparent Conducting Film

Lee Ho Jun

Department of Chemistry, The Graduate School,
Pukyong National University

Abstract

Silver nanowire (Ag-NW) film meets the requirements of transparent conducting
electrodes for many applications and can be an immediate ITO replacement for touch
panel electrodes. In order to fabricate high-quality Ag-NW-transparent conducting films,
the morphology of Ag-NW that has thin thickness (< 100 nm) and long length (>10
pm) is critical. One of the most promising methods to synthesize Ag-NW is a
so-called polyol method where polyvinylpyrrollidone (PVP) and ethylene glycol are used
as a template for one-dimensional growing and a reducing agent of silver precursor,
respectively. In this thesis we have investigated the critical factors for synthesizing
thinner and longer Ag-NW in two different types of polyol methods, self-seeding and
pre-seeding methods. The effects of the various control agents such as NaCl, KCI,
CuCl2 -+ 2H20 and KBr and the final synthetic temperature were investigated in the
self-seeding method. where Ag-NW grew from Ag-precursor itself as the reaction
temperature increased. In the Pre-seeding method where Ag nanoparticle was first
synthesized at a constant temperature and served as a seed for growing Ag-NW the
effects of the mixing rate of Ag-precursor, molecular weight of PVP and the ratio of
PVP vs Ag precursor were investigated. The most desirable Ag-NW was reproducibly
obtained from the self-seeding method where both NaCl and KBr were used as
control agents. The morphology of the synthesized Ag-NW is of about 40-50 nm in
thickness and 15-20 pm in length.

Utilizing the optimized Ag-NW and a polymer binder Ag-NW transparent conducting
films were prepared on the flexible substrate of polyethylene terephthalate and its
optical and electrical properties were characterized. The prepared Ag-NW film showed
85-90% of visible light transmittance, 2.5-4% of haze and 35-110 Q/sq of sheet

resistance depending on the thickness of the film.
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I. Introduction
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of o3& AL ol AXs= FAFQA WHOZ = silver precursor,
Ag'E LA 77] A3 dd8m, %7] silver particle Fejoll A Ag-NW
o FY= HAL %Eé}% capping agent (template) Al 7}A|7} 7] 23]
o7 aFFRY. Z7]dE  “hard-template” & H&5+= 7]358HH
ZxWog  CNT®  porouspolycarbonate’, alumina membranes®,
mesoporous silica?’ <& o] g3te] HISWAE AAS 53 Ag-NWE A
%349 1, “soft-template” 2 E-83% = DNA chain® rod-like micelles®,
peptidenanotubes®, hexagonalliquid-crystallinephase®5-& o] 43 A$ =
Aot sHA| T o] 2 g WH 2 templateZt AAE Ag-NWo A=A F3F

= F7] wWZol templateE A A7l AT MlHo] BasiH AH Aol
4%3}] E3lt) o]Z ¥slr] ¢3te] templateES A &= WHo =R
29| 3L o] g3 WO Z gelatin protein®, 7SR TEAT € 3
Ae} capping agente] S-S EAld st citrate®E A LF A= B
" oHk o SRR folA AEE e FRdSoE A5
o] H& J&9 aspect ratio’} DoJAA| ¥k, & =3I =2 ot

A= templateE &3 Ag-NWe] A4S B7iastm 7]&o A=A
o7 template & Xia®%= poly-vinyl pyrrolidone(PVP)E template® =
£33 Al Hx Fievet ol oA AZHE polyole $HY&m2 ALg
sl wlo] AR ofste] A7]9 H&% AAE= *é%x—'gi 733k polyol
He E9ste @24 e & UEdAE #49 271¢r Fe=E 4
sttt Yem = A8EE polyol & Xia¥=-ethylene glycol® AgNO3
AR83te] =2 aspect ratios ZFe= Ag-NWE 160C oA &Ad3stARth
o3 WHo R FAI Ag-NWE 71E9] © templated} IAAS AL
g R o)A FHY &S HAFAT Polyol'Hs Sste] &
Y= Ag Nanoparticles< spherical, cubic, octahedral, decahedrals 2]
o] 7HA dHe ABoE A Hojd 471 A o]F F decahedral
e o] MTP(mutliple-twinned particle) A& wo] Ag-NW=Z AAZAE F%
3t 4 9o o]E seeddtx WHWET Qth Scheme 13} scheme 20 A
Xia®, Fievet*5o] A= polyoldS o] &3t A7)0
decahedral &Eeje] MTP seedoll AHH {100}H-& PVPQ}EI O-Ag A% o
2 Qs PVP7} A A He whd {111} 24 WS wat Ag'el ol
o3 Ag-NWHEIZ A3 He Ae RoF1 o
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Scheme 1. Schematic illustration of the mechanism proposed to
account for the growth of Ag-NW with pentagonal cross sections™

—E CHz—THﬂ— —E CHz—CHﬂ— —E CH—CHzﬂ—

Scheme 2. Possible coordination and reaction process for PVP and
Ag'ion®
Xiase XRD EXE Esto A" Ag-NWe| diffraction patterno]
FCC(face centerd cubic)7%%& 7}A|+= Ag decahedron ZA 2] A3} &5
< Bote {111 WIFo=Ewt AAS it S SFHsA
Ag-NWe] &eje} asepct ratios= PVP2} AgNOsze] En]o] xjolo] ulg} =
A 9GS wom ZAHI Bule 6 lojgtn dFstn Ak Touji' s

S AgNOs¢} PVP7} ethylene glycolol &3tEojds 48 Lo ub

Collection @ pknu



SAA Ag-NWE A=xstH o™ o5 AT = seed’t BAEAEH &
Aol ethylene glycololl ¢]3le] 3AH Agrl seedol] F&3ke] Ag-NW7h
AP om o] WHE  “self-seeding®” olgtx AFstm ;. Xia®
5o AFoAE polyolHelA Clol&o] H7FE <l3te]  decahedron
seedd] HAS FX AE F A+S Hol2, seedd HAHES 2 AZ
4 A+ control agent®] &3} seed precursor HTFS FAO F=
PtClzo] 7} 160C o] ethylene glycol &<4o] PVP$} AgNOs7t 2zt
2315 ethylene glycolS F7Fgto 2 Ag-NWe] aspect ratios &g~
2 ¢ Tk o] e UM dFHE Xia 59 WyldE g4 ws
21 (D,2)%E5 53t $AHoZ Pt seedE AHAHAANZ H 3YdH AgE
A7)+ “pre-seedingH” & F3to] Ag-NWE AT AgNO3=
FE]S] Ago]&o] ethylene glycole] ®&ubSo]  oF  AHAHH
acetaldehydeoll <zl =] ®ES2 @A AAHH seedoll JF2HE A
HiE w2 (MM BoFa gl

>

£

v}

< ethylene glycol®] &<5kS >
2HOCH2-CH20H — 2CH3CHO + 2H20 -— (D

< decahedral & €]e] seed &4 >
2CH3CHO + PtCl2 — CH3CO-COCHs + Pt + 2HCl --- (2)

< ethylene glycolell ]+ ‘AgNO3e| g >

2CH3CHO + 2Ag" — 2Ag + 2H" + CH3COCOCH3 --- (3)
A3 E seed PtAA 2 face centered cubic®] HENES ztr] uj&o Ag
2bo] o] Fojd 4 Ut EZ o] AFE HIE O E Xiavw PtCle A
st Ag-NW st olA PVPeF AgNO3e] dropping ZZAd] uwgb A
He Ag-NWe a3 dyrl @eixe AnE BoFa® ole
A WM E AEY FAGH mat Aot ol A+ 3
Ae BT Aok o] AFelA= AgNO37F ethylene glycolel

3
5
=]

ox, oo 1o

A

oo 1o i md
42 o rlo

of Zdo]l & u), F 71X Z7] 79 & YA dAo] HA FHH,
kAl H#d3 AAS Aol dojys= A= 5 nmolsle] &
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g Edd 2R AHsteE Afoe 20~30 nm
o] & A&7t Aol Ity R 3t o w AAE 20~30 nm)
= F3o] Hol ¢ & FHEY & dAE A
A HH, dHLx ojAoA 5 nmolste] & YA+ Ostwald
ripening &@7doll <3l %‘ﬂ,*gi H% = o] Ag'7F Al ethylene glycol
of o5t ghelo] Hol 1xUZR] Fej 2 FAo] 7hHssiA Ao g
tt. Decahedral MTP= *3*31‘4 l X3 dAEY A+ AAHe {111
AZH O 2 AEAR] S stA Xete Aol vE FEEe 4%
o] o]Fojx|A Hi I <& cubic, bipyramid, triangular, planes 2] <
2 FE7E A

Clro] 2ol 23 MTP & ele| decahedral seed®] A4l $lo] Goia™
Al o] Clojo] H7kEo] AX7A FAsyE doju vl A%
F5 4 = decahedral FEj9] twinned HEfQ) Ag seed’} Wk %
of WA= YL AFs YUtk Xia?e Aol AgNOsst PVP,
ethylene glycolell 2]3+ polyolsollA =mgFe] NaClS #H7}sles Hb-32
Fold Z7]o AAE single crystal, twined, multiply twinned structure
FEE 71A 2 9o o] = decahedral FEje] MTP7} wre %3 o
UAE 7FAaL 7] ool 4b&el s A &3 Atz ®Histay la
o]& “oxidative etching” o|2ka Zslal it} 4ka+= decahedron 24

o]
o

o |r

N

< A&7 WEol Ag-NWe| Fa AA7ZIH, o] A% &4 Al
MaE AAToEA AgNWIF ARHAE AnE B o F
Korte™s] @AFel A Clol A7bslol $4 WAL Agllel Ko
Ag7t A H oA L£xot A#A o] Ag-NWo| A wHAUES dF3t
al )\)\E]'-

Pre-seeding® & 7|¥to.2 3&}e] CuCle, CuCl¥5e Zw e control
agentE A7t U=zl Cu ZAA o] 4AH49 BF3E 3l Ag-NP &
Hell F2EAY AAE wjstolrty Ag-NWE +H3H "3”7\1
g7} it} Decahedral @eje] MTPe] “oxidative etching” ¢ <
o]7] YA Wiley” 5o AFolAE argon E7]ol A Ag-NWE
A, a7 E2AE o =7 4™ twinned FE| 9
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(Ag-NP)7} 4bA= Q1ste] A &3fxm o] uf Ag-NP7} o] 23lg o=
S ARAS A=Y Jdwdtal Atk Scheme 3049} o] AgZE
of F3d 4kAE HrbE CuClrb s AAH"E CuD7F 34
Al 7 42k3lEl Cu(lDE ethylene glycolell osiA thA] Cul)
2 FAFHEA AEHA 4FAE Ag seedZHEH 2 HTHA Aol ¢S
=5 By st ok o] o ks ged® Cu 2Fo] A4
ace centered cubic TZ7} ofE=E ZHAS Ag-NW
of Ao #HoAstx] A=tk T3 NaCleks H7bsls S wol= Ag-NW
AAAE A ekgkoy CuCleE NaClyt &35t UKo =R Ag-NWe
Astg Bmyo”

A
Ag

Ag* + Cu- =/ AgCls)

Scheme 3. Schematic illustration depicting the role of Cu-containing
salts in the polyol synthesis of Ag-NW™

A self-seeding® & 283 Tsuji’e] ATolAE NaClghe
of dAT WHOo=E Cud A glol= FHsiA Ag-NW7F A4
AN, HES] 2FAE bubblingsle] Ag-NWe] aspect ratio®} <
FAAZI Ao R Hol self-seeding® ¥ pre-seeding®H ol Ao Ak
ALE o3t ZoE AHE.

o
i
-
ol
-

Huel ATolde= pre-seedingt®& 283te] AgCle FH7bste] wh
2 WY HEe Tl seed7t AAHE F Ag-NWIF A2 F U=

H A
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< decahedral &Eej¢] seed &A >
2CH3CHO + 2AgCl — CH3CO-COCHs3 + 2Ag + 2HCl -—- (4)

Zhu''e] AT A= 150C 9] ethylene glycolell control agente] 7}
o] PVPe} AgNO37} &3l¥ ethylene glycol £<99+8 22+ dropping &}
of self-seeding® & 53] Ag-NWE &A-stH L o] o PVPe] Ex}&F
H3lo] mE Ag-NWel e W3l 9 #8o] &4 2 + o= A4
4%‘ Ji}\}\]:]—.

7 Fel Bag polyoldoll ©g Ag-NWe| 452 2dllxte] wet
W37l A3 A-AsH77F og FHol gler=E, B Aol A= polyol
W ZF self-seeding™y 3} pre-seeding®t ol 4] 714 583 control factorE
zhol AlAA 9lal aspect ratio’} & Ag-NWE 43317 98t vln

7 st I8 FA8E Ag-NWE EXud o2 A &o] 7153t

HIEAT AxE 93] Ag-NW9| aspect ratioE 71 4743 Ay
U5 FFAIA olF o] &3 FHASE AxsA 1, Alxd FHAT9

B35 4718 542 BAsAt
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II. Experimental
L Aok 2 Am

Aol ARE-3E deionized water+= ¥ & 71719 water purification system

= o]&st A3 o] 182 MOl AS AHEITh FAEFo] 55,0009
PVP K-30099.8%)3 #=}=o] 800,00091 PVP K-90(99.8%) Sigma-Aldrich
ol FJ3 AL AEITE AgN03(99.8%)+= A FEFAIA AFS
Abga1ar. KCI(99.5%), CuClz - 2H20(97.0%), NaCl(99.5%), AgCl(99.5%),
ethylene glycol(99.5%) Junseirle] AleF& ARE-3ith Acetone(99.98%)3%
ethanol(94.00%)-2 SK chemical®] A& AF&3Th Aol ALES ZE A
°oF2 HEO AHAAAHES AXA L FUT HH IHE ARSI
polyethylene terephthalate ZE& UW ofad THAX 7} HoUE
TorayAFe] 188um 7 (Haze : 1.6)9] AL A3}

2. Ag-NWel ¢4 3 ZA

2.1. Self-seeding ¥4

o =S g AHEE AES BEE AYs 2= Tsujid
=24 =25 A 0.93 M AgNOse] ethylene glycol (EG) €& 9

o]3t gkdo] Uojux] A F<4 folZ 2 30 ml vlo]d QoA A9
A oty g \i2 500 rpme] 52 wHbste] A 25k 3, 0.01 M NaCl
o] ethylene glycol&HS Aeoix Az dFch PVP K-30 4.652 g<&
ethylene glycolel 19 &<t vpaug HlE o]&3)] 700rpme] £=2 o
Hhate] AeoA &A1 A 100 ml X o g WFETE Scheme 40 A <}
Zo] S 9 PVP K-30-8% 73.6ml= 500mle] round-bottom =&}
Fo) o]z 2 HNL o] 83 Wi 24ml9] NaCl §< nfo]z2 73
< ol g3 ArE F AeolA 108 F<F 500 rpmo.2 vhIuE wykg

AFstAT. 1 ¥3 F82~3E sand-bathell AXAIZ] & &40
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oJUA %EZ sand-bath® Hoz Wtk 1 & wute] A= 9l
FEfol A AgNOs &9 4mIZ vlo] A2 AL o] gl HrtH H &
o] #UHA EHD =S 1E F WA F F 160T 7HA wut

=& 500 rpmoi %X]%}Eﬂ/ﬂ 64°C/mm9] &5 g 2o AT H
o]

N2 e

rpme] S vlIauvE wRke AdsiY AGe7tA] A
o} KBro] w%o] 293k Ag-NWel w3}l d1S 23]
ethylene glycol&<4-& A %3] O0ml, 4ml, 8ml, -12ml® Z+z} 718k
t}. Control agente] Ff/ol wWE Ag-NWe #sls &
0.01 M KCI, 0.01 M NaCl, .0.005 M. CuCl2 - H2O®] ethylene glycol<
A zshe] 24m1¥  FHriste dASEE AgCle 0.01 Mo NaCle] 2.4
ml ethylene glycol&o] 7HA= CIT =858 U4 HUtEES
AgCl AAE E4st] F7IstATh. Bbs == W& Ag-NWo| ¥st=
skelsly] st 6.4C/Mming &SE= 140, 150, 160, 170C 71A
heating mantle 255 AAst T2 HEF 3T

rB
Oft
=
N
fo
Oft
=
£

1) PVP in EG

2) KBr in EG

3) KCl or NaCl or CuClz in EG
4) AgNOs in EG

20°C — 160°C

Scheme 4. Illustration of self-seeding method with NaCl
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2.2. Pre-seeding &4

ool Al AF3 self-seeding FAHFAE 2 HYPo g L7} Lo F
FA1H Aejoll A precursorel AgNO3Z droppingste] Ag-NWE A %3}%]
o o] e Hu'e =R AF3 WHS uees 34 scaled 10
vl Sk AdEjol A Al WA AdelA 0.77M AgNO3el 10 ml
ethylene glycol &4 "W-& 2tkdt AejolA 500rpme =2 vl 1y
Bl WS A|3)Ele] A 235 a1, PVP K-30 3.4%2] ethylene glycol &<
S 19 B9 vty g vlE 700 rpme] &£=F wHEste] PVP K-302 4
S04 £3IAA 500 ml SRz WEYUTH AgCl £LS wjAptz 2
Aot 1L dAe FEE FHlsty Ho| =F AIZ|A FS AGH A
BASEA T Scheme 594 <} 2ol WA 500 ml round-bottom &2}2==
M KBr¢] ethylene glycol €<} 10 mlz} PVP K-30 &%
190 ml& FY3t 5 160C7FA] oil bathol A mHE BS o] &3] wHb &
TE 100rpme.E st S A1tk 160C oA AgCl 0.5 g 7+ & 15
A1ty 2 3 peristaltic pumpE ©] 83 0.048 ml/s2]
AgNO3 €< 10 mlE #HEs~7] <toll droppingste] 713t
: A2 AgNOs7E FdH7] A7MA = dxzdAe Hort
AgNOs7} dropping lE] A g3 A droppinge] ¥E¥H 3o AI7HA
AMo=w v F HE FAMoE v}y B
o] XY= += ?_ %E 3715 AR kAL &R A o] ni
B AANAE 2T IAZHERE B2 At BAES A
AN wIUE vtE wekE ot WA ZY. KBrol wx¥ Ag-NW9
H3lE Folslr] sk 0 0.08 Me] KBr ethylene glycol &4
10mE 2+ Hriste] §A4e Aldsd . AgNO3s dropping €= 2
Sk Ag-NWe] W3lE &9Qlslr] $9|5}e] peristaltic pumpE o] &35}
0.007 M AgNO3 ethylene glycol &S Z+zb 0.048, 0.017, 0.008
ml/se] =& 7} st {AES AlAstATE PVPY EAFe] o3
Ag-NW¢e| Ztol& &Qlstr] st &EAF=Fo] 55,00091 PVP K-30 3.4
wt%, EAFEFo]l 800,00091 PVP K-90 3.4%2] ethylene glycol &<
190ml & Z+z+ HUbsted  RESAI AT PVP/AgNOsze]  Exlo] o3t
Ag-NWe] wstE Felstr] 98t 037, 111, 3.4, 514, 7.08 wt%

%
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PVP K-309] ethylene glycol-& <& A zst] 27t A S Al)sl o

1) PVPinEG 3) AgCl powder 4) AgNOs in EG
2) KBrin EG

1 Slowly
I

20°C — 160°C

Scheme 5. Illustration of the pre-seeding method with AgCl.

2.3. Ag-NW A

Ey Wk2-E 30 mlo] 150 ml®] acetoneS F7}sle] Ag-NW=
ARANZIL A< o8] A5dS E8alWl F deionized water 30
£ U7}t Ag-NWE A EAAA \lIY Y dvlZ2 308 59 awks
33t 1 A acetoneS 150ml F7le] A HH Ag-NWES E 3}
23 4L 102+ HHE 3 acetoned &L FI oz HU S A
A3k Jefol A ethanololl &4 AA Ag-NW 0.5 wt%e] HZF 4
A ZsA T Ag-NW E4FAS A Z% 7 A4 U= Ag-NWe] thdo] Zb
Y H =S 10 wt%e] PVP K-302} ethanol8&4 <= 5o Ag-NW %
oiHl 0.5%¢] PVP K-300] @7t 4 Q=& PVP K-30 H4kele A 7}s)
o] 500 rpm®] £x== vwlIUE wRES 1AZF Al

3. Ag-NW EHIAEHF9 A=
0.5 wt%2] Ag-NW ethanol &4+ 10 mle| PET film/del Ag-NW-& X

A 7171 93t PUD(poly urethane dispersant) ®FQIT  T&LAF]
CRP-2600% 0.42 ml A7} AlA MeyerdtE o]&3to] Ao A £o
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= PET filmell Z® 3 5 150C oA 32 & XA AT

T E Ag-NWE acetoned} deionized waterE o]£3+ 108l HA 2
AHE T3 Ag-NPE B3l Ag-NW EHo| F2HE o] 3l& PVPY
EAE 1-2nm7FA] A AF the, ethanole] E4MAIZ1 & uHiQIglE PUD
(poly urethane dispersion)S AH&3] PET (PET haze:1.6)7dol 10cmX10cm
o] WA F7|E Meyer vlZ FH S 3o 4 probe WA =H7]|E o] &
3 dolE 10xXs A5l A& W 54 OB AP Fos o
H] haze& UV-Vis spectrometer& o]&3te] A3ttt Hazed #e
UV-Vis spectrometer®] lampollA 2 Hoj samp es Tyt HEF
2 AAEL o] HE2 A E&ToA H“\POP"# FaAte] HBetA #
ok FgaAe ot FgE He ASH A
o|E|7} displayell &= =HA Hm, o]o whdt ALk #s il
g & W Hlo] Fio] oste] B
o

plateo] ol WHALE|A] =i o &
F3 Bage EE F A= AARH 98 oty (5),6)4= 535+
SAFTE S 7 A A
HCLZG(%) _ diffuse transmission X100 )
Ttotal transmission
Ttotal transmission Tparellel tmnsmission+ Tdiffuse transmission (6)

Ag-NWE o] &3 FHASIEEY #3344 F4& tiHl hazes SH 357
#)sted JascoAbe] UV-Vis spectrometer V670 EE -2 o]&3te 60 m

HAETE AREE] 380 nmolA] 780 nme] Alole] HY & Zﬂo}ME}
Ag-NW7F Z"E E59 7MA% E3#E&2 film holderg o]83te] 200
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nmol| A 2500 nm7bA| S8R th vlolaE o g FE3 0.1 mle
Ag-NW A ES 10 ml¢9 ethanold?t &3+l sample holderel F7
10 mme] quartz cell <ol ethanolZ baselineS &A% ¥ Ag-NW 3|4
Hol F4E-S 300 nmollA 800 nm FH7tA] SAHSIAT. Ag-NWe| F
A Aol 27@% ?lsl filed emission-scanning electron microscopy
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RS WA 9] P ET ée el Ag-NWE 103] A —?F
PUD HIRIT & H7}etA il ethanolit e = #4HA|A Meyervt 2 838}
S x7] AAdES 49 tFel ethylene glycol

PVP7} AAE oA A8t ¢17] wfo] AAHES 15000 rpme] &
T2 YARYE SR, ASAE rvlejmz oz AAT H,

AR A | A R e 2 TR
7 Ag-NW Bkl oz 83 PET AlH-S 3,00001E ©]ste] Auwje
stk =3 FE-SEMS HitachiAbe] S-4800 =<3} FEIA
S AFE3al, SEM2 HitachiAle] S-240022 & 9]
g3 ojmx|Z At} zkelA o2 PET film Aol ZE H Ag-NWES
skelslr] el K-MACAFS] ST4000-DLX =deo] 333t& w7
o AlE F9] Ag-NWel EHo] Eoj8le PVP &S &<lstry] %
Qo2 TAHSEE PVPY d48S sI0lsy] 95
2} ethanole] d24kd &4-5 150TCoA 3021 3
Ag-NW  3}+-$-HJ & Perkin-Elmer(U.S.A)AFS]  TGA 7 2d& o] &3}
TGAE 25~800C oAl =AelATE. Ag-NWoll FHo] Eojd+= PVPZ
o] FA o 2 Ag-NW, Ag-NP9 &) #AZS 3] 10 ml
ethanol&<Ho] 0.1 ml Ag-NW<] FAA=E  FAstd  JeolAte
JEM-2100=4 & M-TEM} Jeol AL JEM-2100F ¢ HR-TEM&
=A3lA . Gride= carbon lacey gride} copper grids AF&sFA T
XRDE PhlipsAte] X'Pert-MPD  System= =S AFR3151 E2 e o
Az" Ag-NWE 30° oA 85° & 3xZol|A SAHsIAT. FHATIE
o] HAYES =H3r] Y3+  Dasolrbe]  SIN-4011-12 =dol 4
probe A} ZA7E AHESIRLL, S8 Fovitk WAPE S
o] 10 cm X 10 cme] Al ¢HollA 10 SAS & FH#aS W
Atk FAel AEE AHE AgNO3 &9 droppingstr]  $13l
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MasterflexAle] 7518-00=9 2] Peristaltic pump& AF&3FR AL, silicon
tubex= MasterflexAte] W7ol 0.8 mm<el AL FHUH AF&Ich
Heating mantle2  MTOPSAFe] MS-DMS 63429 Akg3a, ¥z
+ PMTARY TLC10-32€ S AHE3th 7HAE Fig =

9] transmission meterE AF&3th WA EE 7]+ HanilAhe] Supra 22K
o] RdS ARSI
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II. Results and discussion

1. Self-seeding'§oll 2J3F Ag-NW<2] §HA]

1.1. NaCl control agentZ A E Ag-NW2| EA

Self-seeding® & AgNO37} ethylene glycolel]l ol o] o] Fojzd uj
F Ao Cl'o]&& X3FslE control agentol] 93] FgEH+E Clole2o 4
3o 2 decahedral FEje] seed7t A wHEo|A W PVPS Ag AR
{100} 2AH o= O-Ag Aol sl {111} He g HUAH AA=
St Ag-NWEO FHE 5= FAH S /A= A2 d8A 3l
ol Tsuji” 5ol AF&3 s o] 94 NaClg control agent® 3}od
S AEstY WSS 180T 714 $233S u, o] yF

B S EoA ol BASIHI HEgol ' W 7] & w

2 A ekt $RHE AYAFE-S deionized waterol] ©H 484

Jo

t

3
7= Ag-NW BAES 95 F 9
THELE i AU
Tsujio] Ad@A= T2A 2 HAFdAe= F75d4 23S IAPsHAA
T, Tsujio] A A = 180CANA 37 A FAo] AFdE A= 39l
Hol gas bubblinga} 2% A<l 3 °
TolA TFAHE Ag-NW AHAES 108 M2 % ethanolz E4Fste] U
2ol Ag Ux=UAHAg-NP)7F AAR Ag-NWS £e F Atk Ag-NW
o FeE AUty st 108 M E Ag-NWe| EAbde] nlle &
H718kx e JejolA PET fimel ZEale] FE-SEMS =4 s}
Figure 1o Yebdet. vkl Ag-NWe| F77F 60~70 nm, Z2o]7}
510 m<! A& AT 5 ATk Tsuji 59 AFolAe 18T H2
£=¢} air bubblingell 9ste FA7E ¢ 35 nm, Aol7} 5~30 o] HE
Ag-NWE 4131, 180C oA air bubblingS E3] F77F 30 nm, Zo]7}
0.15~0.55 um?l Ag-NW7} AA A= olo] Hls), ¥ @& %2l 16
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0C ol A air bubblinggle] B E&Ho 2 Ag-NWE AT F+ AT

E(U) 50.0um UNIST 8.0mm x80.0k SE(U)

Figure 1. FE-SEM images of Ag-NW synthesized by a self-seeding
method with NaCl as a control agent. (magnification : (a)1,000,
()80,000.)

Figure 2= Ag-NW ethanol £4S AZXAIAH BLIEHZEZ Ao A3+
XRD pattern< BoZt}. (11D, (200), (220), (311), (222)llA4] diffraction
peake] YeERFEI (111), (200), (220)2] lattice constantE Z=A3tH S o
27y 4084, 4.09A, 4.07A 2 Age] face centered cubic 7+x¢ FL3H
4.08 & o] lattice constant® Rl QW (JCPDS, File No. 04-0783),
(11D¥ ] main peak®t =& intensitysS 2HQldte] nISHA AFo=
Ag-NW7F AAE AL 828 4 9t} ol= Xia®'So] self-seeding™ 2
Z NaClo] ZA3FA &= ejol A PVPS} AgNOseto 2 4% Ag-NW
o] XRD &l uls] (11D/(200)9] peake] HIz} X ©f A Yepwtth
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(111)
200 |

150 4

100 4

S5 200) (220) -
) (222)

T L T L) T L) T ! T L) T ] 1
30 40 50 60 70 80 90
2 theta

Intensity

Figure 2. XRD pattern of Ag-NW synthesized with NaCl as a control
agent by a self-seeding method.

Figure 32 &71 AdEFR Id = A5 22al 103 AlHE Ag-NW
o] ethanol ¥4+8S A z3le] PET filmAtell PET film &3 71X % £3
£0] 89% = z‘s}ﬂl E| == Meyer bar2 =B 3 F 150C oA 30x3t
HAzA2 Al?i% BAnEd o R SARE ol Aotk AlH kA ¢k
7] AR EANH e Ag-NWeF Ag-NP7}L o] EAjst= 1S & &
FHd= F2 Ag-NP o] Holr] AHH Ag-NW fdojr= A
Ag-NP7} Holx] ¢+ A& &9l & F AUt

Supernatant 10times washing
\

(a) (b) (©)
Figure 3. The optical microscopic images of the films on PET substrate
prepared with (a) an initial reaction product Ag-NW solution (b) a

supernatant solution after 5times washing and (c) Ag-NW solution after
10 times washing.
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Ag-NW g9 9]

THA =
intensityE ®.o]aL Ut
AzE Ag-NWe| Aoy}, Tsuj
93t self-seedingtH o2 Hth ¢
Hstal 9} o Ag-NWo] <59]
o]# = 380 nmollA =
ATH

intensity &

=0

s A W

1

3}415}7]

UV-Vis absorption spectrum-=-

O

o]

spectrum=-

&< spectrum< plasmon resonanceol|
longitudinal#} transverse F7}A2 UEATh Xia¥E<e ATl
o2 Ag-NW7F FAE RS o 350 nme} 380 nmEF oA =&
main peak’} YEY 410 nmI FGolA =
H] & Xia<]

intensity = =
B =FoAM 9] self-seedingH o2 FAH
#3l "S- E< ethanoldll
=43t} Figure 404 H+&=
M Ho] FHA e Ag-NWe] dAd<he]
1 shoulderE 350 nmol| A X.o]il

ZA3RS W 410 nm 9 main peakE 7R+ &HRHSH

& A
S

p/]

011 lo

]_

feore 4 2

o M oot

o8 YHe
air bubbhngtﬂ]
T A A
410 nm&| kgt FHdo] B

ffyl /\ﬁl c‘ég _/,:

Ag-NW
3] 4 A7
nhs} ol
peake| K
ZEIRNEE D

self-seeding] I =
5o AT AFgoAE
==} Ag-NWE A Z&F
=2 A7

5

2L

EH
—

2=

7d%-o 385 nmoA F
o} 53] washinggk

e o] spectrum= Eol5=31 Qt}. Colloidal 3 Efe] Ag-NPe] ¢ 1 =
Z17F ¢F 10 nm¥ = 400 nm FHelA main peaks 7FAWH, =277}
NEEE Fug Bog oFdE ASE By Hu U B A
S 2 Figure 304 Rl Hiel o] FE-SEMS =H3A S w A5

F&o] Ag-NPAT= A& FIstAth. Figure 33 Figure 404 H&
niel ko] AFdo EA8 = Ag-NP= T3t a7|& 7HAAL glon
410nme] peak®] intensity’fF & A S 2 Ko}l 50nme]ste] Ag-NP7} &

/‘_] /\] /\].1:1-?‘,]: Agﬂgo] Z‘]X']] /\loﬂ X'“74H

o=z Azt 5]1;]_42 7=

FUsA @2 Touji’ 5o AFATNAN RAE S1:>ect1rumQ o 231 &

o 410nmPF 9] intensity7} A 2 AS Hol ©§ &7 Ag-NWe
AGRES Ao HAog B3 £ Qi
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1.5 4

(a)
(b)

Absorbance

0.0

300 400 500 600 700 800
Wavelength(nm)

Figure 4. UV-Vis absorption spectra of (a) Ag-NW product solution
synthesized by a self-seeding method and (b) the supernatant after

washings 5times.

Ag-NWE 53] 3l 103] A23 % HR-TEM o]r]A]

£ =A3}to] Figure 5
of YehiAH. Ag-NWe| EHo] Holgle PVPSe &AL = 3o
PVPE A2 Folo] T/t Aasdee HAF 4 Yt 53 A%
F 5ol PVPO] FA7F 5~6nmelvt 103] AlH-s 7 Bfole FA=
122 nmFEoz SoE Ae AT 571 AT
After washing Stimes After washing 10times

() (b)

Figure 5. HR-TEM images the edges of Ag-NW synthesized by a
self-seeding method.
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13] 2 43] A HA Ag-NW EZo] TGA data® =A3}
Aot o] AlFE 3o whe} weight loss7t Fol=s AS
©m, Mondragon®e] dFollA AF3 Ag-NWe| TGA A=

A8y 73
PVP &4 F3F<l 400C F Aol A weight loss7t 4384 =718t AS

stolal e}, 13 A3 Ag-NWRTH 43] A "89S el weight loss7}
Dad A Bol Boj od MA A Ag-NWe Two] Eoild

PVPZ9] 37t &alHo] FA7F rafvks A& Figure 59 Axo}
A BEs] SAH AT
100 -
AN After washing 1 time
- \ After washing 4 times
& 984 N
g p !
S 964
5
2 /n
22
o | w0 400 w0 800

Temperature (T )

Figure 6. The' thermogravimetric curves of Ag-NWs synthesized by a
self-seeding method.

1.2. Control agento] FF/ol we FAH Ag-NWo] 54 W3

=]
o A AgNWEl MERY B0 $ED 4 Adn AFHD A

o]#l decahedral seed?] AMAS ZZA717] YA Clo]2o] T23 o
&S ot dustal ok AgNOsel 1e8lal PVPE =5 EG &9 &
gtate]  160C ol A Ag-NWS A x3}= self-seedingH oAl e A3 x
AL HASA] Far Clo]&2] &Aof oA Ag-NW7F A=A &9l
st7] 98t %_‘?1 z7 st NaCls H7bshA] g2 AEjolA I =
A =stA k. =g NaCl 4l AgCls 71 NaCl H7bee] 59 Cl'e &
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Figure 704 X+= nie}
2ol AgNOSUPO—E_ g e Al A5 NaCls HA7sls wWebe tE2A,
385 nmollA] main peak”} SRIEHZR] &= ASE Hol Ag-NWe| A4 o]
Ao o] FojA|A] & AOoE HATHT olet & AgCls H7MEH A+

Zul= 2 7}3}04 S AE3H T HEgo] B Fof HEg-E-S ethanol
o
=

o & main peake] 430 nmZ ©o]&3stY =l ol Ag-NWe| o] & A
of 7|Qlste A= B A2oA kel AgNOsze| A2 NaCle
A7Fek= Aol H7HE CI o] Ag'el Adste] d84 AgCls 84

stE 2 AgNO3<} NaCls &3k A3 NaCl th4ilel] AgCle 71sk AL 4
A= ztol7t gls ACE st oy 48 AHdAe FE3 zol&
HAFT olH3 Aate Hrhd AgCle) dA7E AR AgCle] AR
o AR AA LA &8 2o zpold 7]dskE Aol oldrt AZtE
t}. Korte®5-& control agentZA] CuCle} CuNO3)2E #H7}sle] CuCl
o] H7tEAS wl, AT AgClol 93] Ag-NW7} A=, CuNO3):2
£ FUel S wol= Ag-NPZ} A EH= Z1S BRI,

Absorbance

0.3 __-\ ;o Particle T ITe—e— o

T T L T 4 T K T L 1
300 400 500 600 700 800
Wavelength(nm)

Figure 7. UV-Vis absorption spectra of the reaction products in ethanol
by the self-seeding method with (a)NaCl and (b)AgCl as control agents
and (c)without a control agent.
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S ANEdH e NaCl Ao} vlwstdot. Figure 8& ZF 7% g
H Ag-NWE 1038] A3 % PET film 4ol ZE3le =A% FE-SEM
imageE< RHAET ¥hgol FoAste (ol 3d&Ee F/o oz
Ag-NWe| el t=2A AAstdern, o & NaClo] 7Hd -3
aspect ratio® X4t} Chen": Pt-nano particle$ polyol'§ & & A =3}
= FHAolA FeClsek FeCls H7iete]l 5 nm &8 Aolg Zts
Pt-NWE A z3th o213 FeDe 9&& CuD} mp7ix =2 Korte™
5& CuCl22 AF&3}e] ethylene glycolell 2J3l A= Cuo] HHgo]
P = < Ag AA A F2EHA Y= AAE wstol CulDE 4] =] HA]
Ag-NW7} st 34 Foll 4Ab&el ZHYEE =3+ decahedral
seed?] “oxidative etching” & WXA|s}7] W&o HlSHA Ao ¢S =
29 ¢ Jqva FAsa Fgoem 150 151.5C oA FAE Ag-NW
o] FA+= 100 nmelstRar, dol= 10~50 imF T B =729 Aol A
CuClze] H7F=E s wiolE Kortesel A3 ®Hoh © F7% 200 nme
FAE 7 o™ NaClel o3k 23 B I8 F7& Ag-NW7F &4
o] H& Zo] &4ttt KCl= H7IsE Afol= HAl Ag-NW7t A4 =]
QAT NaClRth ©] & nanowireE AR AATH Wiey? 5o <7
AE CI'a 020 93 decahedron Ag 234 AAS oxidative etching]
oA AgstAA, NaCla KCI1o) ztol&= gl A oE Hiusgn 1
Hy B =FoA4 NaCl ti4l KCI& #H7zlste Ag-NWE A 3A
uj, Figure 894 X+ wie} o] KCIL 713k 7% NaCle] A-$-xHtt
FAZE 28] A= H FAAHoHY BER) ol{fE @ BACNAE Hst
7] oJH o

ox
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Ir
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XS80000

©

Figure 8. FE-SEM images of the synthesized Ag-NWs using (a)KCI,
(b)NaCl, (c)CuClz2 as control agents the by self-seeding method.
(Inset image is 80,000 magnification.)

Table 1. The sizes of the synthesized Ag-NW. using KCl, NaCl and
CuClz as control agents in the self-seeding method.

KCl NaCl CuClz - H20
7| (nm) 115~130 60~70 190~200
4 ©](um) 10~15 10~20 15~20

1.3 g5 mE Ag-NWe] Hs}
Polyol oA & #&=7o] 198C el ethylene glycole &wj= A&3ta

S Ag'el FYAEA AEHATY =7 LFASFE ethylene
glycol®] CH3CHOZ o] W34 57] el AA A<l CHCHOS <o)
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S7Hshel wet AgUt = kol BolAH Ag-NWe edgee] {111} A
Ado] BA He FF &5 =3 webd Aot Kim®5S 100C ¢ 4t
TEEoAE HITHA Aol od Ag-NW=E Ao Hdasg &4
NUAA 7} B5317] wjEol THAES 3 Ag-NPE 2] A o] o]Fofzt}h
3 ety o ESE o] AFdAE REF2ETF ZolA S Ag-NWe
7ol o] o] Fojx Ag-NWe HoldAo] FojdEtta A3t 3
o ¥ T wE 3

Ag-NWe] Hejusts 3lstr] flshked NaCl =3
A FAHLEE 140C, 150C, 160C, 170C =

PAh FAH 57 BEEFE Aol WA Ye AR AEE
AZko]l F7 ek om, Ag-NWe| F7+ ¢ Z
o= Ftch

r

Ho
<
N
o
A
rH
o O
=
2
o
fu
1IN

Figure 95 =¥ =Z 43 Ag-NW= 103 A& 3 5 ethanolol
w4kste] PET & Eoll Meyervt2 83 F HFT2EA 0= Ax &
FE-SEM& =% 3l o]u]Xx]o]t}. Figure 9(a)= 140C=Z FHAE Ag-NW2
FE-SEM o]u]x|olt}. F7l+= 88nmeoll Al 230nm7FA] thFsglk EX 2 &4
st o F WESAIZHE 2417t0] AQHQ oW FAA HE Ao
2 WHl= AZZEA 1AZE 30890] A9 F QT Figure 99 (b)+= 150C =
S8l AlxE Ag-NWe] FE-SEM o]u]x|olt), F7l= 60nmol A
150nm7bA] thekdk Ex g2 ER)3F 01 Figure 99 (@A 8 wHig&
55 10Tt FAsAS i ittE 74 \AAxE S5t e
F HFSAIZES IAZE 2080 285 SoH, HF FDMoE WHIl=
NA = 1A1ZEe] 2R FH A} Figure 99 (0= 160C=E 5235l A

Ag-NW¢] FE-SEM o]u|z]o]t}, 7= 40nmol| 4] 70nm A}o] % o™
AZEE oF 1AIZEo] A8 FHAA =9 Ago] Ao g Wt
7 A= oF 3080 42 FJt. Figure 99 (= 170C=E <=3}
H Ag-NWe] FE-SEM o|r|x]o|t}, F7]+= 40nmeolA 50nm A}o]
F HESAIZES oF ATl A8 FH A HEgEe] o] Faao
oF 25%-0] AR5t} Figure 99 (@<} (d)E ¥
WA W B2V Fobd w FAUE ghotAlE AEFE Eoen #
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X80.000

(@) (b)

X80.000
A

©) (d)

Figure 9. FE-SEM images of Ag-NWs synthesized by the self-seeding
method with NaCl as a control agent at various temperatures : (a)l4
0C, (M150C, (©160C, (M170C

Table 2. The sizes of Ag-NWs synthesized at various temperatures by
the self-seeding method with NaCl as a control agent.

32 140°C 150°C 160°C 170°C
7 (nm) 88~230 60~150 40~70 40~50
Aol (um) 5~10 10~20 15~20 15~20

Ag-NWel F7o ¥3E & F AUs 84 Ag7h S50 Ag-NW
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W AR B Aol 2 A dojy+= equilibrium controlel ¢]3F 1

242 7hed WEelga FEEH.
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PVP layer Decahedral Ag seed Ag-NW

Scheme 6. Illustration of Ag-NW growth to X and Y axis.
1-4. 3712121 control agent®= A 9] KBreo| &}
Hu4°4 O\Hoﬂﬁ% KBro] 7&7@ Q13ked Ag—NWA Tvﬂ% E
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= AoE HuFHIPY. B =Fo self-seedingH ol A NaCl9HS control
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Figure 10. UV-Vis absorption spectra of the reaction products in EtOH
by the self-seeding method with NaCl and KBr as control agents.

KBr/NaCl 3.5 &#0]9] A-%E Alstar vksAd=<s Felsted 103 Al
Z % ethanolell. £4+sle] PET filmArol Z8ste] =43k FE-SEM o]n|
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Figure 11. FE-SEM images of Ag-NWs synthesized by the self-seeding
method with various molar ratios of NaCl and KBr as control agents :
(a) NaCl only, (b) KBr/NaCl = 1.2, (c) KBr/NaCl = 2.3.

Table 3. The sizes of Ag-NWs synthesized by the self-seeding method
with various molar ratios of NaCl and KBr as control agents.

KBr/NaCl mol
T/NaCINTOl 0 1.2 23 3.5
ratio
=7 (nm) 60~70 35~40 25~35 —
Ao (um) 15-20 15-20 20~25 -

Figure 11014 E+&= nle} o] KBrol &&o] NaCle ¢ F #i7tA &=
Ag-NWeo| F7A7} ZH4asty Zol= <7t ZojA aspect ratioZ} -3 A
= A¢S BRI} Figure 12+ NaClghS control agentZ AFE-3l3 S w
WS- A7 UV-Vis &% spectrume B3 ok wH-& AlZhol A 128
7HA = W] Ao FAloA Axgos HAd sy on 12845
B w45t Aoz wsty] AlAskT. F3 spectrumell A 0~4&
AN ME Ag UedAtell o 2o 2 ¥ 405nme] main peak <}
530nme] «RHFE FAdo] yEbka, o] 4~1287kA & HESAIRE F<
530nme| &RHEE (A2 TAl AT 1285 H AAdo] o
3t A 425nme] intensity7} =718F7] AlZFERATE o] 3] HES A=

i)
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405nm<e] main peak”} 385nm=z e Figure 7(a)oll A 9} Zo] tit}<:
o] Ag-NW7F AAEAS IIHQ spectrum= UEM AT SR o] Ao

AsHA WMste AZE T 3080 &AL ¥t ¥HH Figure 13- KBr
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Figure 12. UV-Vis absorption spectra of the reaction product in EtOH
according to reaction time by the self-seeding method with NaCl only
as a control agent.
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Figure 13. UV-Vis absorption spectra of the reaction products in EtOH
by the self-seeding method with NaCl and KBr as-control agents (KBr :
NaCl = 23 : D
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2. Pre-seedingoll 23+ Ag-NW2] 4]

2.1. AgCle] ol 23] YA D seedZHE TP Ag-NWo| B4

Ag'2 5 E Seeds} Aol A o] FoIA A Ag-NWe| FHE A=
£ self-seeding® ¥} &2 pre-seedingd-& AgNO37}F F = 7] Ao HA
1204 ethylene glycolol ¢J3] AgCle 3FAA#A decahedrald ef ¢
seedE AAANZ 2 AgNOsS H7bsle] 3" AgE T nlsiA
AL fEstE W7UES zH=th Sun®e PtClE seed precursor &
AHE3te] Pt oseedE AAAZ & SAEHE AgNOsel sl A 7Ast
Ag-NW= A x5ttt 36~42 nme] FA ¢ 1.5-2.3 e ZolE 7IAE
B =% A 283 pre-seeding-& AgClS seed precursorZA 3 7}sf
of poA dF BaEHIH FAY seedE FAZsHA He= WHolth
Seed7} WA AAHE to Ag'E H7Iste] Ag-NW= AAA 717 W&
o seedol|l «575H seedol] VIS = 4 U= £ 2dst] Ag-NW
o] aspect ratios Ao =7 FHS £ A2 Ho= AZISY). Figure
14+ PVP, KBr, AgCle] &3&|% ethylene glycol &S 160C 2 &5 <
] seedE AAAIZ] & AgNO39| ethylene glycol-&-S H7lste] A4
Ag-NWE 103 AMlH3stol SA4HE FE-SEM A&

Ag-NWe] FA= oF 60~70 nm, Zol= ¢F 5~10 m= SAHF AT ©]

kA H3l self-seeding® ol-4] NaCleH-2 control agentZ 3t FHAEH
Ag-NWel A= SAMeh dol= bl A58 ®ojzth, Huel o)
Al Bzl AE Al AgClell 93l seed’t A== HHolm Ag-NWe
FAZ =9 4 A+ control agent® AFHE KBro] H7FE el A
A

T QAAT 30-50 nme] FAE ZHE Ag-NWE A=
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Figure 14. FE-SEM images of Ag-NW synthesized by the pre-seeding
method with AgCl as a seed precursor and KBr as a control agent.
( Left : 5,000 magnification, Right : 80,000 magnification )

Figure 159 pre-seeding'l o2 A4 d Ag-NWe] XRD patterns X o
Fu glon, Ui self-seedingHolx FAH F=7A7F 60 nm, Zolr}
15~20 m<! Ag-NWe] XRD patternd Bl ste] JeEliit. & A=
7o) AFE patterng RojFa 9ok

o] —— Ag-seeding method

350 _ Self-seeding method

" JL/\ I X

150

Intensity

100

50

T L T ¥ T . T ¥ T L T L 1
30 40 50 60 70 80 90
2 theta

Figure 15. XRD patterns of Ag-NWs synthesized by pre-seeding and
self-seeding methods.

Figure 162 ®HSAAA=S olehE
spectrum- self-seeding &2 FA4E AP} vlwste BRAFa Ao F
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spectrum< A2 FAFSE IS HoFu Q=4 self-seeding H ol A]
KBro] control agentZ F7} EHUS A= 8l pre-seedingd o A=
KBro] 7} F02d % 731 spectrume] W3l= Q1Ach

(@)
ko (b)

~—

T i T ¥ T Y T i T T T
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Absorbance

iy
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Figure 16. UV-Vis absorption spectra of the reaction products in EtOH
prepared by (a)pre-seeding method with AgCl and KBr as seed
precursor and control agent, respectively and (b)self-seeding method
with NaCl as'a control agent.

2.2. AgNO3e] A7} &5 o3 Ag-NW 54 W3}

Xia®5<& 719 ¥ PtClol F7+E ethylene glycol&<el PVPS] ethylene
glycol &4} AgNO3e] &d-5 FAlel dropping 3t WA= Ag-NWE
AN Z = PVP9F AgNOs7F L3 =2 REgol %L"#@E‘r = o
T 80| dropping=& Ao wel AaEo] ¢ d

olop7] skl YTt F 22 FEY AEE FAES
38 o8 Ag-NW¢ FHeHe= ggd 9}3}.
pre-seeding* ol A AgNO3¢] ethylene glycol &<H<e] %7
of AIZVF Ag'el FEHE 2HE R} Figure 172 pre-seeding
oAl Ag'e] FEEE wEt FHHE Ag-NWE 103] Al st 43
FE-SEM¢] o|n|x]Zo]t}. AgNO3 &89 H7l £%71 714 wE 0.048
ml/secEZ Z43 A9 AAHE Ag-NW+ F77F ¢F 60 nm, Zo]7} 10~15
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mel AL RAF Yo £5E =9 0.017 ml/secEZ 3+ HFole F
100 nm, Zo]7} 8~15 mmZE aspect ratio’} EAAEJT. H7} S5
24 0.008 ml/secZ 3+ A= F7= 200 nm, dol= 5~10 imZE A

ATV}

A A o7 aspect ratio’} ZHAH ATk wEtkA AgNOse]l H7M<&x=7F w
ET5 Ag-NWe FAE 7FsoAAa dole ZojA = AFAHE B
Table 4¢ Ag precursor®] 7} &% wE Ag-NWe] morphologys A
2] st

Figure 17. FE-SEM images of Ag-NWs synthesized by the pre-seeding
method at the different AgNO3 dropping rates : (a)0.048 ml/sec, (b)0.017
ml/sec (c)0.008 ml/sec.
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Table 4. The morphologies of Ag-NW synthesized by the pre-seeding
method at the different AgNO3 dropping rate.

AgNO3 H7F &%= 0.048 ml/sec 0.017 ml/sec 0.008 ml/sec
-7 (nm) 60 100 200
4o (um) 10~15 8~15 5~10
Aspect ratio 166~250 80~150 25~50

Pre-seeding' ol A= %7 YAttt KBr#k  AgClel <3l
decahedral Ag seed®] =717} AgNOs7} H7F H7] Aol Aezlo)ln A3
Aemw Ag-NW morphology ¥3lt= Ag'e] & &H=o ofsf Mz o
2 AAF =Y o] £EE AASE AR o] WHAAA Age FF
olt}. wetx ZEZ O Z self-seedingB I} mlz7R =2 Ag el 3

b mESE WFY Aol WL L F Yk,

B
oKt

2.3. Control agent KBr 5 =09 w}& Ag-NWe| e A3}t

Pre-seeding "ol 4] control agent KBre] T =] 23t J3gFS &<ls}r]
st AgNOzel H7tEEE dAsHA skef KBro AgClel s 0, 0.12,
0.18¢] ZH|E Hrlstel FAS Al=strt Figure 182 KBr 3o o}
g2t A Ag-NW9l imageE<S HEoF1 Utk KBro] H7b=EA] ¢ H
9 Ag-NW<e] F7= 200 nm= wj-¢- FH2 WHH) KBr v%=71 71
TE Ag-NW9 FA7} Z4stes As gl 71 it 0.04 Me H
71k Z4%-ol= 60 nm, 0.18 4|2 H7IgE A= 45 nm=Z HAH ¢
sfolxlth. o]+ self-seeding "ol KBr 55 =4S oo Ao}
AR AFAEE BEAo I8y A7 KBro] HIUFEHSIIS wele
Ag-NP7} A== AFE HATH
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() (b) (©)

Figure 18. FE-SEM images of Ag-NW with synthesized by pre-seeding
method the different amounts of KBr : (a)No KBr, (b)0.12 molar ratio
of KBr/AgCl and (c)0.18 molar ratio of KBr/AgClL

AgNO3Z H7}8}7] A KBrak AgClo] 160C oA EEs= A9 AgClo
2ol o3 A AHE = decahedral Ag seede] =Z7]7} Brol ols] I&FS
Htom Ag'e] U7l ol Mg Trl st Heols AFHHO=E seed
o] 7|7} Ag-NWe] Age] 943Fe =5 A= AyZ4HT), Self-seeding
Ho e} vzt A| 2 Brio] Ag seedg& Al RE=o] Ag-NW<e &717F 7}

EoAE Ao FAHD
2.4. PVP & Bl EA& o wE Ag-NWe| FejHs}

Xia*' ¢} Nguyen®%-& PVPe} AgNO3e] Zujo] wa} Ag-NWel A4 2
H7t GeA = ALo=Z HASEHT. Pre-seeding'H ol A PVPLF AgNO3<9]
=Hlo W& Ag-NWe 443 Fejwsto] iz #AE &dstr] sk
AA 8 WA BIE FASFHA EAFo] 55,0008] PVP w25
ZA3tod PVP/AgNO3e] &H1E 0.5, 1.5, 4.5, 7, 1002 3l FAHE A=
stATE Figure 190 zF Zfof d48"d =S AF Fof AT
FE-SEM imageE RoF1 Jqth PVP/AgNO3 E4H|7} 0.5014 77HA &=
PVP &% S7tel w2} nanowirert O 7hsil Z2A AREHA=S I
4 At} 22y PVP/AgNOse] ZnH17F 459 79 W& wwsygde o 7
]

EH7F 1002 F71etS W= nanowire Ag7o] & o] R A ¥k
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o} wetA HE kel PVPE Agdl RIS A
ratio’} & Ag-NWE A 7] HidHe| #%=3k PVP
A< JAI8te] nano particle?t FAE = 2o g Ao

© (d

(e)

Figure 19. FE-SEM images of Ag-NW synthesized by the pre-seeding

method with different PVP/AgNO3 molar ratios : (2)0.5, (b)1.5,

(©)4.5, (D7 (e)10. (the dropping rate of AgNO3 is 0.048 ml/sec)
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Table 5. The morphology difference of Ag-NW synthesized by the
pre-seeding method with different PVP/ AgNO3 molar ratios.

=H]
. 0.5 15 45 7 10
PVP/Ag
=) (nm) 50~150 50~120 50~70 40~50 -
2 0] (um) 5~10 10~20 15~20 10 -

Xia’'5-& control agent’} HA7}E A &L self-seeding 22 ¢k 100 nm
A= FA9 10 molste] ZolE ZE Ag-NWE A XA PVPY
AL O] ‘%é—’?% cubic, tetrahedral 5 o2 e ZAAS FE317]

M | .
Pre-seeding® ol Al o2 272 ®WASIA &3 EAFo] 55,0001 PVPE
i 2lske] E2kske] 800,000¢1 PVPE Y ERIE 3t A& Aldste
Hlﬂﬁ}ﬁit‘r Figure 202 ##&F zkolo] W& Ag-NWe] FE-SEM image
= BoF3 gt} PVP/AgNOs®] =H17F 4.5 o, &AkF<] 800,000¢!
PVP K-90& ol &sll &8s 25 &4 =5 FAHoA 5] ¢
oju} ko] A&stA o] FoJA|A| %Al o= PVPY THEI =2 A
HolA % T3 7] uFo|zgta FIEHE T PVP/AGNO3e] EH]7} 0.5,
1.5 o, doide=z ve w59 FAE] 800,000%1 PVP7E H7HE ]
omg pYpe] BExlgko] &=kl A = Sxlo] Ao}z e AL
A A&t A Al E AT Figure 20 (@<2F (b9l 749 PVP/AgNO3 &E4H|7}
/\H—,H;@l o5 wo ﬁoi o] tq] GL/HQ‘— Ag NW-/] 40157} ”H'?— ;%401
AR 2 2AFS] PVPE AT W 252 U 235 HAFU
o old3t AFAPL Figure 209 (@< DelA Ee= diep o
PVP/AgNO3e] =HIE 152 &3& Wx S4dsA yestth oA PVP
=H] WSt wWE AYoA Ay ESERo] PVPY wEAIQ vinyl
pyrrolidone®] s%=7F 4 FFo o]E w7tAE =53 Ag-NWe| A
E0o| FokAIH, Ag-NW&| F7 |7 o=t A o] 9101511:} Table
6ol PVP Ex&3} PVP/AgNO32] &Ho] & A Ag-NWe| dAS A
2] 5t A T
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Figure 20. FE-SEM images -of Ag-NWs synthesized by pre-seeding
method with PVPs ~of  different ' molecular -~ weights and different
PVP/AgNO3 molar ratios : (a) PVP MW 55,000, PVP/AgNO3 = 0.5, (b)
PVP MW 800,000, PVP/AgNO3 = 0.5, (c) PVP MW 55,000, PVP/AgNO3 =
1.5, (@ PVP MW 800,000, PVP/AgNO3 = 1.5.
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Table 6. The morphologies of Ag-NWs synthesized by the pre-seeding
method with PVPs of different molecular weights and different
PVP/AgNO3 molar ratios.

PVP/Ag' 0.5 1.5 45

PVP 55000 | 800,000 | 55,000 | 800,000 | 55,000 | 800,000
Bk | (PVP-K30) | (PVP-K90) | (PVP-K30) | (PVP-K90) | (PVP-K30) | (PVP-K90)
AGm) | 50~150 | 40~100 | 50-120 | 40~50 50~70 -
Zolm) | 5-10 5~10 10~20 15~20 15~20 -

Pre-seeding® ol A1 PVP/AgNO32] EHx]7} 1.5¢
800,000%!

PVP<}

4ol
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g3 S

o,

=9

o, Al 55,000¢!
Ag A1

ol
3

spectrum-s =43t Figure 219 YEM AT, F 49 Z5F 350 nmol| A

shoulder band”} YE}

W%ar, MW 55,0009 PVP7F AH8-# 749 385 nmell

A1, MW 800,000%1 PVPE AH&3+ 749 380 nmeollA] main peak’} -kt

ol<

7

2fo] o
PVP/AgNO39]  &H]7} 6 :
Ag-NW7F A E QI A g2 go vk
S< o 350 nme] shoulder2} 390 nme] main peakE HoFAth &
oA AEstnes wol=

o %

AoZ

AZtEnh Xia¥'se] dAFolMe
14 o 50 nm* o F74% 100 nm F7 9
E°] &34 spectrume =AH3}

X

T

MW 55,000 PVPe] 7 -9-ol Ag-NW< T”ﬂ T

Z7F 50 nmollA 120 nm7FAIE L o= QIsiA Ag-NWe| HHF FA7F
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Figure 21. UV-Vis absorption spectra of the reaction products in EtOH
prepared by the pre-seeding method with- PVPs of different molecular
weights and 1.5 molar ratio of PVP/AgNO:s.

3. Ag-NW FAEA A9 Az 3 54

QA A E  ulel o] self-seeding®F  pre-seedingHol A AR
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] 2o wep FAEHE Ag-NWe FH7]et Zolrt ztol7h e Felst
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aspect ratio’} & ¥4S 7HEFE Fosin wEbA oA AEE 44
W = self-seeding® ol NaCl3} KBr& confrol agent® 160°C ol A &4
H Ag-NWZE polyurethane dispersion (PUD)S- binder2 A}&3}a] bar
coatingS &}o] substrate’} 188 um F7<¢! PET fimdol] FHAEA 2
S5 AZstET 74 30 nm 4de] 20~25 e Ag-NW= IZ& # uhqt
o FAe ZF 1 wm mwez AT £ 9tk Figure 22 bar
coating Al Meyer bare] MEE ZEste] FAE th=24 A& Ag-NW
Frguteko]l FE-SEM images HoF1 ot Z®W 471 F79 A5

Ag-NWEo] H FFo] 2Rste] d2A0l o< &UT + At

_43_

Collection @ pknu



UNIST 8.0mm x2.00k SE(U) 8/12/2014

() (b)

Figure 22. FE-SEM images of Ag-NW conducting films on PET
prepared by bar coating with different numbers of Meyer bar.

Figure 232 Ag-NW7} Z¥® = PET filme] UV-Vis-NIR 3% spectrum
°2 Ag-NW7l ZEHA e PET fimy} ®laste yehfAoh
300~500 nm A}ele] Ag-NW<e] plasmon resonance absorptione] X o]il
FAZF 57 el & scatteringol] od FHE AAE HO|X|NE THAIA
FIANA A A BF AY 80% FHES Holil vt 380~780 nm
o 7MNA A FGolA Blol=xE A A T wEt 2.7-42%%
F7HE & gletdnh =3 SA3E dmASe 112~34 Q/J= FA7F F
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Figure 23. UV-Vis-NIR transmission spectra of Ag-NW films coated on
PET with different numbers of Meyer bar. (a) X axis is 200~2500 nm,
(b) X axis is 300~500 nm.
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Table 70 FA o] WE Ag-NW A=A Hute] 33ty W7y EAS
skt

Table 7. The optical and electrical characteristics of Ag-NW
conducting films on PET substrate.

No. of Meyer bar #5 #12 #20
A3 F4E 0 Tt (%) 89.7 87.2 84.7
Haze (%) 2.7 3.5 4.2
M43 (ohm/sq) 112 52 34

FAAE Ag-NW= AlFHIGAANA 4 Ag-NPE AAS= A Ag-NW
o EHo| ol PVPE AASE F Aol Fasith AgNP7h @
ol H® hazesh 27bE 7bsAo]l glen] PVPe] gEFo] gow
wire Afole] HHolA AER T4E AL AT o|dF aHE I
QA5tr] gskel MARFE F AgNWE filme FHT o+ B3
=43 AE4d 4 ulaslngtc. Table 8o A2 ® niol o] A%
52 5319 1032 o filme AT Aol ANA AFH FHe
o= A9 =ol7} ey} haze= 5394l 3.2% 1039 A 2.8%=

J

u

Ir

Ao WAEge A HelE BTttt 539 A= 100 Qf
[0 o9 #s B A AxdS BoFA gtort 103 AH3 A

S 100 Q/OFEE st Bet AEd SH s 2E PVP]
AA Aol W Faste e A

Table 8. The optical and electrical characteristics of Ag-NW conducting
films prepared with different washing times of Ag-NW.

A=A Sl 53] 103)
AFA E3E& 0 Tt (%) 89.5 89.8
Haze (%) 3.2 2.8

A A8 (ohm/sq) >10° 105

(the film was prepared with #5 meyer bar)
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LT FAES A= IZES ddA I
m, Ag-NWe| Aol7} FopdE o3t 4 EFo=

Fa= 7HAA HH, FAZE FAARCE st 8le] qbgho] 713}
haze7} S7vst= Aoz Az

ek
4
z0
o

Table 9. The optical and electrical characteristics of Ag-NW
conducting films prepared with different aspect ratios of Ag-NW.

Ag-NW 120/5 50/15 30/25

A (nm)/2 ©] (um)
Aspect ratio of Ag-NW 42 300 833
AFgA B34S 0 Tt (%) 89.8 89.5 89.7
Haze (%) 5.8 3.1 2.7
M 23 (ohm/sq) >10° 130 112

(the film was prepared with #5 meyer bar)
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Aol 55,0009 PVPE =B Az Al ZF FH7lste H7MEZA
S A wws] Btk PVPE AlHE Ag-NW 3 o
n g A7FebAth Figure 24 PVP7F 7bd A9 H7EEA &
9] Auj& FE-SEM o|m|A| = fime] w24 zlol& & F Utk A
A=A Ao A el PVP AA= filme] M= wi$ F83%s 3 u
RoBZ H7ME PVP/F AEAS ZAaAZ & ds 754 =1
T A AEAE vl BEded HskE vkek g8 239 =
AZ H7FE PVP= AEAS FdAA FAT Z4HAE Hobe v &
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Figure 24. FE-SEM images of Ag-NW conducting film prepared with
different dispersion conditions of Ag-NW.

Table 10. The optical and electrical characteristics of Ag-NW
conducting film prepared with different dispersion . conditions of

Ag-NW.
HzE2k7] PVP u] 2 7} A7
AFA EFE 0 Tt (%) 89.4 89.7
Haze (%) 3.6 2.7
™ 2 8} (ohm/sq) 146 112

(the film was prepared with #5 meyer bar)
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IV. Conclusion

Ag-NWE fAshe oz 7Hg de %} == polyethylene glycol<
g 2 FJAAZ AL PVPE wire AHS 93 templateZ AH&-3}
+ polyol'H2 o27FA WgE=2 <l 754/} Hoz FAHEE Ag-NWE=

Ze WHol7l dojudr), B AT A= Ag seed®] A nanowire2] 43
AE A o] Fo Ag—NW% A5 self-seeding® 3+ AgClS 3+
AA HA seedE A & Ag-NWe AA-ES fFE3= Pre-seeding
M vlw B3t $A4 5 vl A control agent® A&+ Cl o

EA= wire A4S & 4 A& decahedral 7+%9] seedE A A7+

Ao 2 FHT} self-seeding® ol A Ag-NW <
aspect ratios &F/JA17171 9135ked NaCl= control agent®2 3 7}sle] YA
= AgCloll ol Ag-NW¢&| §tAdo] o] Fofx&= ALS gUstAtt. &4
Al HPO%E% 140cC, 150C, 160C, 170CZ =Aste Ag-NWe 3
4 2 FEY WslE glskls w 160C oA Tt E& Ao em,
Cr 0]%01 x3teE o8 control agent & NaCl, KCl, CuChkE 2833
< o, NaCle] control agentZA X7} = wf FA7ZL ¢z Aoz} 2
Ag-NWE A & AUk o] o Ag-NWe] aspect ratios 7
A v F7H4<Q control agentQl KBre FH7betaiar, NaCl thw]
KBro] ZwlZ 0, 12, 23, 352 =Asdw KBrel 55 Z7}o] wa}
FAZE ka1 Aolr) AojA= Ag-NWE AT £ Aoy 1 Hriws
o o] & w Ag-NWeJ aspect ratiox= U= &Fdd <+ Aoy,
dA o= Ag-NPO A Fo] Sojdo=n &2 Ag-NW &4 o]
o] Fo{ x| R Fott}. Self-seeding oA control agent® NaCl& A&
ste] 160C ol A &Adske] NaCl thH] KBr EH]E 2302 39S w F
A7F ¢F 30 nm, Zol= 20~25 md T oA Ag-NWE AT
T+ A} Control agent® AgCle  FH7}3t  pre-seeding® ol A
Ag-NWe] e HIE F7] 93 AAEA Ag9 FuEEE =4
3l7] 918l AgNO3 899 HI/MEEE -, Ag'Y T3] =34
T Ag-NWe] aspect ratio= &&340o]# Xstdth AgCl tiH] KBre
EHE 2SI Ag-NWE dA43tRe W, KBro| #5271 Eobdss=
self-seeding™H ol A 9} %ol F7A|7}F QFolA|al Aol7} HojAl&= AL &
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olaldth FrkAe AFo=w PVPY Extgkm PVP/AgNO3e] EH|E
0.5, 1.5, 4.5, 7, 1002 WHASIY TFAES AEsP, 1 EX|7F =7}
2 FUskar aspect ratioZ FAE Ag-NWE A8 F A=
PVPe] &7} o]l 2 u, Ag-NWeo| APEE AstHe= Ae &<
slRTh o we] AHA PVP/AgNO3e] =4l+= 4.5% 131, PVP/AgNO3e] &
HE 0.5, 15, 45& 3lo PVPY EAFE 55,000, 800,0000.2 WA
sto] AR S ul, ExAFEFo] 800,00091 PVPE A E3tH S w Ht}
A3 BHE 7AW FACE gferw, dolrt 11 Ag-NW7F A E=
Ae FAsYth  Pre-seedingHollA FAE s dsd A
AZF 50 nm, ZAeo]7} 15~20 wmo]RU S, self-seeding*H 3}
Ag-NWe] aspect ratio’} £#] ZE3deom A8 24 =
St Y5l ST Self-seedingtH o= A3 SH FA7F 30
Aol7F 20~25 m& we] Ag-NW EAF IR NS ISt Ewd

5>

7

Z

=

T
y

4

I
Kl
ol
b4t/
flo
=)

A= AxsiaL, =0l 3 Alx sl S7kgkel whet Ag-NWo
FHo| F&HUY PVPe] hEFFo] troffe wel §84%0 Aeds
= Ag-NW BEBAd=S35e A= = AV, 1 molste] FA
/H Meyer bare] WHEE wWAstY FAES ZJAZ24E A3A 7HA%
&0°] YolAH, hazes S7Fstq oy HMAFLS Yolx= A
O]_)\}\]:]'. Meyer bar #5Wo 2 HES 3l Ag-NWeo Eyn=g
AFA BE3go] 89.7%Y wl, 2.7%2] haze, ¢F 112 Q/1¢] A71H 3#
2 EAS BAth (PET haze 1.6% 7]15).

flo
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