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Abstract

Si0,/Ag core-shell nanoparticles were synthesized by combining modified Stober process and reverse micelle method using
acetoxime as a reducing agent in water/dodecylbenzenesulfonic acid (DDBA)/cyclohexane reverse micells. The SiO»/Ag
core-shells were studied for structure, morphology and size using UV-visible spectroscopy, XRD, SEM and TEM. The size
of a SiO,/Ag core-shell could be controlled by changing the [water]/[DDBA] molar ratio (WR) values. The size and the poly-
dispersity of SiO,/Ag core-shells increased with increase of the WR value. The resultant Ag nanoparticles exhibit a strong
surface plasmon resonance (SPR) peak at 430 nm over the amorphous SiO, nanoparticles. The SPR peak shifted to the red
side with increase in nanoparticle size. Conductive pastes with 70 wt% SiO,/Ag core-shell were prepared, and the pastes were
coated on the PET films using a screen-printing method. The printed paste film of the SiO,/Ag core-shell showed higher
surface resistance than the commercial Ag paste in the range of 460~750 p£2/sq.
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o] 7kt Aoz dEA Qlrh #A, vio]ARZ olst 2719 Sio,
Fofo| AFE ezt 42 439 Sio, Fof-d v H§A e &
A T BA Al tlste] ol BaEI §lvh2,6,12].

SiO/Ag FoJ-d YegAE A WS AN OR e
(bottom-up) 3+ A& ARSI, 78 S0, YAt AgE W
sto] AZFN3,4,6,7,12,13]. NEZS Si0, eqlabe] AZE fet-
raethoxysilane (TEOS)S 714 FHul&g o2 7lisl] & S5HHS
o% Fshs ¥4 Stober Mol LA UTH12,14].

Ag WAk A Zell= ohekst slehA ke, Fstel, 713}
A5} 5o oherst o] dEA qlom, mpo]a® wd S
At mF 9 7] o] Thsd dRE BEE S Sl A
7B R wol ARgE o] $4tH5,9,13-17]. 9 mAS H]5/ Gl
ke ARMGAA L] 2] 2HE 78 TR, EEE S 8
27F 371 2 W) 543 o] ui-el A= o] mio]a® odAE 3
Stk AnbARl Mekor sk A7 YA 349 A
A& A f18te] v 7|2 HE FoE Egste] Agd
E-gHo] ul-olx FdHET15]. Al A dist 584 Fat
o) HlE([=Y[ANLAA L EH)& WAste], AR R =&
ol(water pool)2] 7|5 HATOZMN, i R} A7 % AA =
o = QITh15]. & mlAe] AlxE gt 2L vk Y84 AlA
S 2X AADA, vlSA e S 8] Fejeh 2o vhekst
AeE & glom, 7P dibal HE o 2 H/dioctylsulfosuccinate
(AOT)/alkane ¢} w]Alo] Wo] &de#] Qlth16-21]. T3t B3] U
9] FEHeA Ag o] AN T gl ookt A7 AR
Ha glon, SAAL] 7|9 §allert F3E vesiAke 279
el e g3 mixE o= U UTH17]

2 Al 1= SioyAg Fo-A WeAE 9 Stober 579W 7
E/dodecylbenzenesulfonic acid (DDBA)/cyclohexane®] & w]Alo]x
acetoximes FHAAZ AREsh= o v|A BPHS AJE 2Fsto] 4
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$dHE Si0/Ag Fo]-d2] £/4> XRD, SEM, TEM, UV/Vis spec-
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2.1. A=z

Si0, T/d2 £J5}9 tetracthoxysilane (TEOS, Sigma-Aldrich, 99%),
ammonium hydroxide (NH;OH, Junsei, 28%)5 A3} 0w, & A+
A silver(I) 2-ethylhexylcarbamate (AgL)2] A|Z=ol| silver(I) oxide
(Ag0, Sigma-Aldrich, 99%), n-butylamine (Junsei, 99%), 2-ethylhexyl
carbamic acid (TCI, 99%)& AHESitt A= acetoxime (TCI,
99%), &A= cyclohexane (Junsei, 99%), Al E/J 4= dodecylbenze-
nesulfonic acid (DDBA, Junsei, 98%)& AHE-aFA 1, &2 A slekAl
9] s ARRSISITh B3 M€ Si0/Ag To)-d VYA o]
5 =34 Ho|~EL] Alzel AFAZE polyvinylbutyral (PVB B-98,
Sigma-Aldrich), ¥AF#]2 BYK-ChemieAte] BYK-110£} BYK-346<
ARESFSlaL, SAIR @ -terpineol (TCI, 99%)9} diethylene glycol mon-
obutyl ether (Butyl Carbitol, Junsei, 99%)S AR&-3Fth

2.2. Si0; LI=&ES| M=

Fo|Z AREE Si0, WS Stober 3782 9% S A8l
s3Itk W8 A Si0, Y] A|FE cyclohexane 100 mLofl
0.4 M DDBA cyclohexane £ 5 mL (2 mmol)2} 5 0.864 g (48
mmol) 2! NH,OH 3.4 mL (24 mmol)& ¥l 25 CollA 2 h F<F wyt
3 % TEOS 1.3 g (6 mmol)S 71813l 25 CollA] 4 h F<F wHkslo]
Si0, YEe Alxsksi

2.3. Ag MAMl(AgL)2| M=

Ag ATA] AZ= silver(l) oxideE n-butyl amine™} ethylhexyl
carbamic acid®] &N} HHSA|A A ZsH5TE AP H A AF= 50
TZ 5414 14.6 g2 n-butyl amine¥} 17.3 g2] 2-ethylhexyl carbamic
acid EFHel 11.6 g silver(l) oxideE ¥ ¥ 50 CTE 213
o4 2 h FF WL, 50 mLo] HES e-&-S H718te] mem-
brane filter® ]33t oJFMN S Ag WA 2 AFEEIITH

2.4. SiO/Ag -2 LILQIXIC| &

Si0/Ag FTol-d& AZH Si0, Wl Ag o vlo]dS Hrisla
SAAZ acetoxime S AHE-SH= o wlo]Al M o g SIS} WY
211 Wholl A= WA cyclohexane 100 mLe]l 0.4 mol DDBA cyclo-
hexane &% 5 mLe} €7 [E]/[DDBA]S EH|(WR)Z 229 2]
2555 2a, 9% [Ag)[Si]Y BHI(AR)7} HES 24 ko) Ag
ATAAgL)E H7FeE - A2elA 4 h 53 witsto] Ag & wlo] 4l
& Ax3kE 6 mmol 9] Si0, theEel A7 [Ag)/[Si]e] ERIRS)7F
HEE AlxE Ag o wloldE Hrkekal A2l 4 h Bl ket
of 0.5 mL/min®] %2 2 mol acetoxime °llghe &S H7)s)
2ol 24 h FeF wHkEIITE Wik Fof] o] §AS ARe3)
947 20 mLE 33] A2 e Fof] oAl 20 mLE 33] A|23kaL 60 |
oA 6 h B¢ AT AZ3l] Si0/Ag Tol-d Y AE FAde)
o, ZASE 9GS gk YegiRke] B4 Table 100 YRS
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2.5. SiOy/Ag TO-& LI QXS] SMFAL

FH Sio/Ag Fol-de A% EAE XA 3HEA(XRD, Mini-
Flex 11, Rigaku)2] Cu k @ & ZAFSF AL, UV-Vis 133 &= 54UV
1601, Shimadzu)=>- SiOyAg Fol-dE odAZT el FAAT =2
ol= AEE Bk 5L 371 FolM 10 T/minZ 7143k
AZ 24 7](Thermo Gravimetric Analyzer, TG-TDA24, SETARAM)
2 B8k Si0yAg Fol-de 27|89k Eok2 diethylene glycol
monobutyl ether® T-2] 12]= $lof] BAAA AR & I HRA}
FAF AR} #n) 7 (FE-SEM/EDS, CZ/MIRA T LMH, TESCAN)¥} &
¥} Az} v R(TEM, JEM-2010, JEOL)C 2 FA}3Ith

2.6. MM HOIAES| HZE X SMZAL

APAQ ARA Aol AES] AxE FIE Si0/Ag T4 v
AAFE- 500 Tl 1 h F<F 22338 Fof Si0yAg Fo-40] 70 wt%
HEE Adst oFe gl diethylene glycol monobutyl ether (14.8
wt%), @ -terpieol (10 wt%), A3 PVB (4 wt.%), e-4 BYK110
(1 wt.%) % BYK346 (0.2 wt.%)™} <333 vortex mixer (VM-200,
Thinky, Japan)= 2 min &<} 2,000 rppm o= WHHE £35S 3-roll
mill (80S, Exakt Tech, Germany)® FAFAIA A 23815 c)

A Flo|AEL] 28§ B7kebr] flste] Az Si0yAg FolA
EE PET ZE(100 pm, TORAY)ol| 23 T8-S 8k1, ZHE Fo]
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Table 1. Details of the Reaction Parameters and Characteristics of the SiO,/Ag Core-shell Nanoparticles

Sample Concentration of Concentration of Molar ratio of Molar ratio of Particle size SPR peak
P Ag (mM) water (mM) [water]/[DDBA] [Ag])/[Si] by XRD (nm) position (nm)
SAgl 2 10 5 0.3 60.5 426
SAg2 2 20 10 0.3 79.7 432
SAg3 2 40 20 0.3 131.9 447
SAg4 2 80 40 0.3 145.1 454
SAg5 1 20 10 0.2 69.1 427
SAg6 2 20 10 0.3 79.7 432
SAg7 3 20 10 0.5 120.9 436
SAg8 4 20 10 0.7 161.2 434
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Figure 1. XRD patterns of SiO,/Ag core shells synthesized with di-

fferent water ratio (WR) at silver ratio (SR) of 0.3: (a) SAgl (5), (b)

SAg2 (10), (c) SAg3 (20), and (d) SAg4 (40).
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3.1. SiOy/Ag TO-E LIQIRIC| S4

SMJE SiOyAg FoI-4 LheQiAke] XAl S (XRD) WE-S- Figure
139} Figure 200 LFERJQITE BE AJB5S oF 381, 442, 64.5 2
77.4°% 260 #ollX Ag UAFS] face-centered cubic phase®] (111),

(200), (220) 2 311)A EJ(Ref. Code.: 01-087-0717)= F&sHA 1}
ERISItH22,23]. XRD 3|4 9]FZH5E| Debye-Scherrer 3245 AR
310I[22,23] SiOJ/Ag Fo)-4 Lheglate] Wit IAA71S AkEIS
o, o]Z Table 1°] HERASITE
Figure 1= [£]/[DDBA]S] &H|RW)E ®IStA7|H A3 SiOy/Ag

Fof-d vhedzke] X-A 3 H((XRD) SHES VERYSITE [|]) [DDBA]
o] ERRW)7} F7FEESE ZF 9)A8] A7l ke theiAke]
7% 7Rk Ao vERdth A Aol gk Ee] En 1( W)
7F S7Vehd wlola gl e] E31ele] A7 FrkskaL, oEd

25kt Ml 32 A M 1 F, 2021

Figure 2. XRD patterns of SiO,/Ag core shells synthesized with di-
fferent silver ratio (SR) at water ratio (WR) of 10: (a) SAg5 (0.2),
(b) SAg7 (0.5), and (c) SAg8 (0.7).

o] Agt o8] EHE FTeto] Y§iRke] 77t Sokehe Al
2 B %3 9Jvh24]. Figure 2= 123 % [£])/[DDBA]S ZH|(RW)
Al [Agl/[Silel EXIRS)E ®ISIA7|H AZ3E Si0/Ag Fof-4d v
ARk X-A 3E(XRD) #HElS YERASITE Sio,ef ot Ag«l &)
(RS)7} F7Fahz 5ol vhegizke] 2717 S7bkl oM, ol Sio,
9] 0] el B Ag T FAVE S7FE] WEo® ®elvkh
Figure 37} Figure 4% SiOyAg Fo|-4¢] UV-vis &% §F 54%&
ERJATE Agel 22 5% Y dAellA A% w(conduction band)
9} A7} w(valence band)= A2 wl§- 71 HAIsk] o] & Alo]
oA AR7F A SRl o] ] 55 B A Wi A}
fr A27E A kst | ol gl Sekxute) ow, i Eet
Z FB(SPR)E Uizt 39 A9 A ii=ollA dape] et
A1 o17](excitation)E WEFALH25]. & BH ZE=E FH(SPR)S
2 Q2 B4 B3 A =G Alolo] deh o] Hu
E 540 the ol R Qs P AT B
He Bolghen, 53] vhegiAtellA 55221 SPR (localized
SPR, LSPR)Z &7 o3t X152 o :Lxlﬂrﬂﬂﬁr =%k
wlo] x714e] 2E-g FiAT]a At £ UERITH23].
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Figure 3. Optical absorbance spectra of SiO,/Ag core shells dispersed

in ethylene glycol for different water ratio: (a) SAgl (5), (b) SAg2

(10), (c) SAg3 (20), and (d) SAg4 (40).
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Figure 4. Optical absorbance spectra of SiO,/Ag core shells dispersed
in ethylene glycol for different silver ratio: (a) SAg5 (0.2), (b) SAg6
(0.3), (¢c) SAg7 (0.5), and (d) SAg8 (0.7).

EfE YERATH2,25].

SPR ¢7] Zof dfdt o4& t=d#te] 7] aa= 2 = gl
o mj$- ZAY F Yieqlx= SPR WI=9] HElS Zadita o
A Qlar, 34 YglAteld AE Aate] 7] =3Ajo] SPR WIS
SelA ®rh26]. v dAb=719] Frae] mE SPR WME Fo] St
= W A Edel Sl AR dRRe) Algle] 7118k, v 1Ak
A717F AR SPR W= Z2- HALo] o] gJste] thA] Hlojxith
[26]. W&ol T 57 3ol SPRO &2 SPR o7& Q1% =
2 Zlocal field)®] 23tE AAste= g S83 QAT AREHVE
gt} wbde] SPR oA 8] 7] oS thad M8t Mie ©|
E 28 A Q7|98 o] A} A718] FHAel &%
SPR F3r8] wabgo z o] A o] 5 o SF3HA|RE, AN A A
= ezt =717 el wkel SPR Fulre] Aubgo 2 o] A A o]
Fo] HuE 3 QtH26]. Peng S{27]°l wk=W AilolA oleylamine
(0A) =R Hdste 9 Ag WY&+ A9 3717} 20 nm
o4 12 nm= 743 SPRE 4 o]F-& YERNAIRE, 12 nm 7]
oA ME AAolF o7 M= o2 et Lismont S{19] 40,
807} 100 nm =71¢] Ag Fo Si0, WheAtellA Zhzt vEh = 41623,
47077 493.9 nm2] SPR E4 I == QA =2719] ZF7tol] wat 2
o5& vehH, ol Uizl gl $&H Sioell o8 fr=H =
2 FAEL F7tel| ZIdstha sk

Figure 3= Sioll o3k Age] EH|(RS)2} A acetoxime?] FE+=
173ta AlHE A DDBACY gt £ ER|RW)E HstA71H
A3t SiOyAg Fol-de] UV-vis 13 &5 542 YeERiiTh 430
mmelA ol 55 I35 YR oH 340 nmelME &5 BAS
eIt [E)/[DDBA]S] EH|(RW)7} 5, 10, 20, 4022 71814
430 nm 9919 Hoj E4° 9T 418, 425, 435, 450 nmE 2N o] &
< YERN O 340 nm 992l S 9139 3 o5 A YERY
] ¢33k} ©1% 340 nm 937 430 nm D99 F 9FAEL Si0, T

B FAE Ag Ao SPR F Ao 7 deA Qi
340 nm GG Y= 55 vas 73 ¥4 SRR 3
izel] Yepe, Wiz 7] Sotell mE 340 nm &5 929
ol so] YEhA] ¢kormw HME AR At Lo & Wt glvt
I 2 % 9Jth Ding S28]% ©|EF 07 WAl Az} of|1#] &4l A
EHS 53] Monte Carlo?] TAFS} WS ARS-3F0] 3.7 (333 nm) U
7.5 eV (165 nm) A4 SPR |2 $X| & ALt 333 nm &
AolA el 723 B ZEk2E v g njekdt W Zakar
EAS AGESHAEL 165 nm A 2] ¥aE EH W Ho ofr)e] %
o oJat B4 o7 ettty 312tk Yeshchenko 52619 AT-olA
Si0, T2Eof WAE Ag YieQlAFe] SPR &4 57014 340 nm
A9 FF HaE gl 7] 7t whet 3ol FrobAlE
A} ol-go] YERsom, o] FA o]5d Ak ARk Abet £ W
slo]l 71918 Bkt

430 nm QoJellA b= Aol F5 939 ezt 3271 F
7ol whE A o]l5-2 gt A7)9] JI A YAk B, A7E
X, A (dielectric) #1732 zfolell ogk 2102 HATH23]. AHE
341 DDBAC] uidt £2 EH|RW)7F S71skd XRD 4 A
(Figure 1)olA] We=dzke] 2717 S7keks 02 YEelskor, SEM
(Figure 5)2} TEM (Figure 6)°] ZA¥}ellx] DDBAC] that 2] =H]
®RW)7F S7Feta Ak 2719 S7kek A AR 2RI STk
Ae B 4 vk

Slistan-Grijalva 5{29]=> oll€@lZe] el 4k 3~80 nm 27 <]
Ag 78 Yegrre] A7] wiglel wE SPR & W] 91X 410~
470 nm GelA QIA=A719) F7tel wheh 71 SO R olFshe A
A oliS Yehdithal 12 el Mie 0|20 2 AXFeto] o =31t
gk §1Ak717F 15~20 nm G elX FFA1719 HXE vebdct
T &3 oM, 4.1 nm9) Ag AR ST SPR S5 BA O o]
= 435 94538tk Figure 32 430 nm 999 SPR &5 542
0)E[29] Halel dR|sh= A¥E YERYSITE Lismont 5{19]S 40,
802} 100 nm =1712] Ag o] Si0, LheiAtel A ZH vEhui= 416.3,
470.7¥ 493.9 nm®] SPR 54 ¥|A+= YAt 21718 F7bel| wef A A
olF& YERH, o= vt floll §54 Sioyol d3 e =
& ZHEY STl 7]Qlstal sk8it). Misran 5{2]€] SiO,-Ag th=
Lol Wit UV-vis 55792 ATolA 71284 =E AMH-¥ Sio, Z
oAk F5 T2E A HERIA AR Si0s-Ag YRR 423
~435 nm®] 7Fgk SPR &7 a5 YERSIoH, Ag/sie] 17t S0t
ghol] whe} o= SPR T2 A4 o]F& WERYITE Slistan-Grijalva
51111 PVP (polyvinylpyrrolidone) o]~ EA A Ag L]
2tE] 438 nmellA12] UV-vis &5 I+ Ag()7F SH=o] Ag0)2
Az FAE 2o 16 nme Ag L= Ake] EXF A2 Bk
t} T3 Mie o] 22 ARE8I] A4S 1~26 nme] A&+ A5l 3]
= SPR &5 Y3+ 425~457 nme] 49S YeEhglon, ixk=7)7}
6 nm O[O Tkt SPR & Wo] fAX7E 21 vp o] A4
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Figure 5. SEM images (x 100,000) of SiO»/Ag core shells synthesized
with different water ratio (WR) at silver ratio (SR) of 0.3: (a) SAgl
(5), (b) SAg2 (10), (c) SAg3 (20), and (d) SAg4 (40).
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Figure 6. TEM images of SiO,/Ag core shells synthesized with di-
fferent water ratio (WR) at silver ratio (SR) of 0.3: (a) SAgl (5), (b)
SAg2 (10), (c) SAg3 (20), and (d) SAg4 (40).

o)%5-& YeRtlaL 319t} Sakthisabarimoorthi 2+ Martin[4]2] SiO@Ag
T4 AFeM AgE BAITHA & Si0,= UV-Vis S 325
ERfA] 949 Si0, EHel Ag YIRS EXEHE 410 nmollA
$F SPR ¥A5 YERAITE AgZt @A HA] 92 Si0, WeAks =
S MEA oUfx] dEo) 300~800 nm FolA] FEHE F5 WS
ERIA] 9225 o538 4= QltH4). Flores S[8] 54 % Stober
O 7 Az Sio@Ag Fol-de] AP UV-vis T F=1+ 417 nm
ol Yehdtial B kit Singha S{17]1 & w]Alol] 2]3k AgNPs
o] A A [E[AEEAA, ATO1Q) ¥I7} S71ebd LegiAte]
717v STV, JAREEET} HojA & Ag 54 Bl dynamic light
scattering) ¥} TEM Q] A2 FRIsI3 0w, [E)[AHEAA, ATO]2
H] 9] Wigle] W SPR W O] 92| Wgh= x| Z7]9} HrEe] o
kol 7]Qlgtchar 3otk

35kt M 32 A A1 F 2021
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Figure 3014 [&]/[DDBA]S] &H](RW)7} 5, 10, 20, 4002 F7}3f
® 450 nm BT} 71 3¢ gl g 9aE sl vERb SPR
M=l e skl AAdo® g Ael |4s verdgl
o} olo} 2 A= AF A719] Skl YAt vhEalgel S7kst
7] WO 2 Helt} [E)[DDBA]S] EHI((RW)7} 718k 4%
Ak A719] ks A fdAke] vHERAMd el Sk ddE
SEM (Figure 5) % TEM (Figure 6)°] 4] Az= 213 4= Q)GITt.
SPR Hu] &5 ¥]39] $IR|9} 2 ER] Z2 Ag theqake] 7]
we} =74 gtk B Qei1,17]. Petit S{30] Mie o] 2]
7|z3to] thaFst A7) 22 Ag WheflAbe] 4 AFERS BAL
3 siich 152 A2 A7) = YoM SPR AHEY £ Ag o
e P M L IS 2 = A i s L AT S e o B B A
Jzke] Qab 717 AAAshd s A7 B & wiitel] s-d A
2te] okslEl Q¥ o R SPR H| T oA A oS ek 4 lth31].
T AFEY F2 egiRke] F7] wAe) @Fko] plEE A7
0] apolof] whE ko ® wishd 4= gk SolTh17]. o S
o] AA w3 WAe] FrkeE YAb 1k 31A0] SIS YE
U o= 239 F771 fvhar d#A QlomR(25], ARt =719
7kl e 93 WA Frh=s g3ol HASS vERirh v
Zpe] Zaka B st S wo v nithe 2dE 5 9o
H[28], 450 nm PG| iz YA} 2719] STkl W SPR A= Z2
Holde BAke] 7halel] oJate] vhebd & gltH26).

Figure 4= AlAE/dA] DDBAC] tht =<] EH|((RW)SF SHA2
g sk Sioll gk Age] EHIRS)E WSAIZIH TS Sioy
Ag F0]-49] UV-Vis ¥4 &5 545 eIt Figure 30149}
o] 430 nmelA Hoh FF I3 E HERSI ™, 340 nm ¥l
T 5 5AS vERISItE sioll disk Age] EH|(RS)S] WSl whE
Y=ke] 7] W3kE XRD w4 A#(Figure 2)el4 Tz 319101} 430
nm 2] F5 939 o]F-2 A YERER] ekgkom, ol FAdH
Ag Y RAe] Bek A7) BAdelA & At} gles vERd
7 Atk Ag WieqlAke] A719) Fotell w450 nm F9 ] F5 ¥
2] Z3kE SPR WTe] ¥4 WHo] Skt 9lom, ol & v
dAke] 3] A WeltH25]. 340 nm FGolA yehie &5
Y3 e 2i SR 39S YeRdH, Sioll tidk Agel Eh)
(RS)2] F7tell W 340 nm T ¥ =22 o] Fo] YEhA| gom g
A% AR Akt el £ gl Qokal 2 4 ITH28]. UV-Vis
A5 0183 Ag A SPR 5 W9 B 0% SiO/Ag F
of-dl vhegiakel 5798 Agstar whEA ZARE 4 Qlolth

T E Si0/Ag Fo1-d eqIAle] SEM #43 A3 Figure 5
o} 2tk SEMS] A¥E ®d AHE/dA] DDBACY tidk £2] &)
RW)7} 58} 10Q) SAgl ¥} SAg29] AlE+= 100 nm ©]&ke] §-5o] 4
& w3 73 2 2715 JEhiSItE 22y DDBACY thgt
E9 EH(RW)7} 207} 4002 TV SAg3S) SAgdS] AlReA=
200 nm °]’3e] SHE YRS XS vt A7) EqrEs B
S YERYSITE SioyAg Fol-A W= Ake] TEM #41 A= Figure
6° YERASITE Agt Si0, Bt F317] wjitel Ag7t ZHE YAk
EWL 1o} oA VERH[19,32], DDBAC] thet E2] EU|(RW)
7} F7¥skel et A= 17L Sk YAkar] REER SRR
SEM9] A}e} 22 Jzte] 5498 veRigltt o]& SEM¥} TEMS)
AN ANEdA DDBACY tish £ EHRW)E HIAA o 1]
Aoja E-gol(water pool)2] 715 ZHsHA T LAt
INE QA 228E & 5 AAH17.
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Figure 7. TGA profiles of SiO,/Ag core shells synthesized with di-
fferent water ratio (WR) at silver ratio (SR) of 0.3: (a) SAgl (5), (b)
SAg2 (10), (c) SAg3 (20), and (d) SAg4 (40).
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Figure 8. Resistivity of the film containing SiO,/Ag core shells syn-
thesized with different water ratio (WR) at silver ratio (SR) of 0.3:
(a) SAgl (5), (b) SAg2 (10), (c) SAg3 (20), and (d) SAg4 (40).
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Shal, 260~350 C 4<le] 2wHAl= BRE=S] AlAC 71180 [18,33]
360 ~450 C G2 3etAlE 2 BrE=e] Esllof] 7]k AR
BRIt} o9} & Axp= Si0, Wil FHE Ag M7A] B4
7} 7Vl whet Ag AFAE TS BRhEe] 2 ool S
= grletH, 450 C FEeA A 2= $ds] el Eo] AlA
28 YeRITH22).

3.2. M=y HO|AES| &Y

HdE SiOyAg FoI-A YRS 500 CTollA 1 h 59t 243
Fof Si0/Ag ToJ-do] 70 wt% 7t HEE HAEA Ho)~EE A3}
I 538 A1 A d A DDBAC] digh E2] EH|(RW)2
Hglo] W Ho|AES] EUA S Figure 8o LERNS M, Siol
st Agll EH|(RS)S] W3}el| i Flo] AES] THAFS Figure 9
ofl eItk DDBACY thdt 2] E0|(RW)S] 571l Sioll tish Ag
o] EH|RS)S] Tl whet A o] Fhashe AdE YRSt
DE NE8E BUAE0] 460~750 pR/sq F9S HERIOH, iz
T2 ARE AE 60 nm9] 5 Ag WA Al2d H|o)]AEQ)
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800
= f
£ 600 }
El b
2 400
=
k]
2 200
o<

0
0 0.2 0.4 0.6 0.8

Ratio of [Ag]/[Si]

Figure 9. Resistivity of the film containing SiO,/Ag core shells syn-
thesized with different silver ratio (SR) at water ratio (WR) of 10: (a)
SAgS (0.2), (b) SAg6 (0.3), (c) SAg7 (0.5), and (d) SAg8 (0.7).
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