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Abstract

The silver (Ag) nanoparticles were prepared via the polyol process using
tripropylene glycol as the reducing agent and poly(vinylpyrrolidone) (PVP) as the
protecting agent. The Ag nanoparticles were also added into the UV-curable epoxy to
form the nanocomposite resin and its dielectric properties were investigated
accordingly. FTIR and NMR analyses revealed that tripropylene glycol transforms
into the aldehyde compound and then reduces the Ag ions to Ag particles during the
synthesis. TEM and XRD analyses revealed that the Ag particles as small as 34 nm
can be formed via the polyol process within the selected reducing agent. TGA in N,
ambient showed that the thermal stability of the nanocomposite resin deteriorates due
to addition of Ag particles which causes the incomplete polymerization. As shown by
dielectric constant measurement, the sample containing 2 wt.% of 63-nm-in-diameter
Ag nanoparticles exhibited the dielectric constant as high as 5 (the dielectric constant
of reference epoxy sample is 3). The values of dielectric constants did not change
with the measuring frequencies in the range of 100 Hz to 1 GHz, indicating the
polarization mechanism remains the same in such a frequency span. The leakage
current density was found to decrease with the increase of dielectric constant,
evidencing the promising applications of UV-curable epoxy-Ag nanocompsite films to

flexible electronics as the high dielectric constant material.
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(7> PVP RLELS f k7 2 B i i ek ﬁ'f@[ﬁl“ PV RER B R AR 0T =" BN (R
?ﬁg‘i@ﬁjﬂ\%{ﬁ;{ﬂ‘u%ﬁ{’ < B iﬁﬁ‘q f{*ﬁ EaEA R Uiy o i
U A R B oL [t o SR A [ W BAPRE BIERRA 5 2 1y
- pUFERL ﬁs"‘i S M, EEEES 10,000 55,000 7 PVP -
TR RV W }{—J PVP [ﬂ“'?ﬁ‘ ﬁ N F’\Ffﬂi" Tripropylene glycol
Fli o ‘I’?T’EJZ—%{&? T RN EERREEL > TR T 4°C P iﬁgﬁ‘ﬂ”z’%\iﬁ A =
120°C » ﬁiﬁ B3 EJJ: e 3-1 B[] f’r“‘ﬂﬁsﬁiﬁf'ij » A E F‘I’]_JF’L:’I:;Q
B (wt% ) o 7 7 P00 W e R 1 3 - 3 T ?YF_F L
ﬁfﬁl NS e R | B ﬁiﬂ’fﬁﬂﬂ FJpTo [NIF= e U PR A T
PRI 10 100 o B fES R o Hﬂg‘ﬁifﬁl“fhm“ HEEL Tt BN o
BRI 10 575+ FIPJEECHS (EBA21 - Hettich) 538 i » £kl
RHERRS 5 % k. HTBE Tripropylene glycol > PVP (88| « % 53 BENAVEALT
T H AT R W’ﬁ”?@ﬁﬂ PR it BT 3 0 00 B R O e R
( Transmission Electron Microscopy » TEM ) Z8H, I'] 55 Préilfb =7 [ A [ F RS
[ﬂ Eﬂj ot f_ﬁ‘ﬁ*r'rr 7L |=& ( Energy Dispersive Spectrometer * EDS) 75 #75% 77 ~ XRD

EIATHE A -

%31 ST R o

ﬁfﬁﬁﬁﬁ% PVP 7j— &l PVP ?,ﬁﬂ[lﬁ‘[ (wt.%)

Mjo-A 10,000 10

M;o-B 10,000 15

M;o-C 10,000 20

Mss-X 55,000

Mss-Y 55,000 2

Mss-A 55,000 10

Mss-B 55,000 15

Ms;s-C 55,000 20
Mizo0-A 1300,000 10
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SR~ & RS SURS R BT A i Pt DR O S RIS
(PUEELRE =85 ST e [ VARl BRI Pl BT (Epoxy) = 7
a1 - B AR 2,2-Bis(4-glycidyloxyphenyl)-propane ( DGEBA )
L4t > 4 R 3.4-epoxyeyclohexylmethyl 34-epoxycyclohexanecarboxylate -
(LKA [+ 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate i
IOF (RGBT KL R AR BN SRR A )54 DGEBA £
B IR B - f BRI R SO VT AR SR B H R
PRI S T RARRBRT [0S 2. 1 BT 2 200 = R Silane F ] -
iR 1 [ > £ Triarylsulfonium Hexafluoroantimonate Salts
RS> BPO ZIEHEH] > A2t 111 Bl sy e et s A
ﬁfj’iﬁﬁ i A58 30 2 40 536 0 A 32 R IR AR fﬁ;ﬁ /ey o
}H"J;grs[[jﬁah);y I/ﬁ’{[[ ﬁﬁ%ﬁu&ﬁﬁ" L;“,I—L[Ll%gf I/?{‘; /H o E ERl- }{}“EJH )
S AR EAP SR T UV BSEES (CU-1000 > & 317 30) T Ry
HHUV U S0F) » Kb TRl o TR AT PR 365 nm » SFHEC R
7% 80 W/em ©

A5~ R A S5 VG IR P e B H S BRI

- f"FﬁFf'” Vo JLA FREE SR T SR DI | RS L ]
Eale= INRNIDEE R [ﬂ@fgzﬁ@ S TV B
RN Ry BLACT SR SRR M, = 55,000 7 (R 55 b gL
S PATRT R > TPl A o B S T

l
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H 32 AR -

B Ao PVP : Monomer Ag : Epoxy
Mss-Al 10 - 100 0.135 100
Mss-B1 15 : 100 0.135 100
M;s-Cl 20 100 0.135 - 100
Mss-A2 10 100 0.5 : 100
Mss-B2 15:100 0.5 - 100
M;ss5-C2 20 100 0.5 : 100
Mss-A3 10 100 2:100
Mss-B3 15:100 2:100
Ms5-C3 20 100 2 100

Silane : Epoxy =1 : 100

BPO : Epoxy =2 : 100

Initiator : Epoxy = 15 : 100 (Hr=. f““[hﬂ’ff £ wit.% )

3.3~ BRI

331~ %lf'ﬁ?“%i%ﬁ% (TEM)

TEM 2P |1 1% 550 g5uf 3 BRI X o W] A2 S TEM it
E}ﬁrrﬁjﬁ i ‘5% (EDS)> FEJr—ff Ry b= F&mifl AL o Pk«bﬁ% J TEM %A, &
B R EE SR S ST BT Pﬁlﬁ?%%i@ﬁﬁéﬁ['ﬁﬁ 30 5J
B (B S YRR > PR S A TEM 7)

P SRR > 1] 90°C HEapdtez > J5t ey TEM 344 -

3.3.2 ~ £ #7 (Thermal Analysis)

TGA *]] (E[Jﬁiﬁp[[ ?EH“\ 5 wt.%E 1 El Eﬂj AU S i#E % (Thermal decomposition
Temperature > T,;) > {2 [V Ti&/" | BI9REL Q500 » TA Instruments o 3 1R ﬁvﬁ’ﬁl
VBl S = 10 mg > T E GBI o ] 10°C/ min U] IR gl RNESRIEVE

40°C +| = 700°C » FHFifi<s ﬁilf# J Td%!‘ VR = 100°C EJJ: Fﬁiﬂ 10 7564 > F!
VR, Bﬁﬁ’ﬁﬁ ZLERT % 0 FUENRIY AN L H ) -
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3.3.3 + X-LE4t B (XRD)

XRD H[I') 5372 by 1 G505 E#lﬁcjﬁﬂj , J\}E,_'J[rvp—%—,gg RS g T o 30
UURERERAEG /R e L AUS S Gl i o T A V3SR XRD

H 30 = 90°J/'I'§f£l7'} '”rTJ )y ?ﬁﬁ JCPDS
( Joint Committee on Powder Diffraction Standard ) {

(MISXHF » MacScience ) #57ifl1 -

AL HEEL XU
b Co-KARAFHA TR PU L 0.154 nm > 7 [EFER FEEST HIEL 200 mA = 50KV
jﬁ}ﬁ:@ R 5% 55

3.34 - ﬁﬁiﬂﬁiﬂﬁﬁ%%% (FTIR)

FTIR [i955 FERLAS = (4 40550 9Ll el S50 ~ ORI =gt - 4 el
RLPERER L5 (KB B4 BRI FTIR {15748 e
{1 FTIR E[#£%} FT-IR Spectrometer Spectrum 100 -

3.3.5 ~ LA =& (Nuclear Magnetic Resonance » NMR)
NMR FLH | e grto (™ F,f}ﬂpuy

T

FERR  HIP R L RO B
iF[JFjEfF‘E,HPBL[SFﬂI I AR O PRI SRER s [T~ A Tﬁ E ear NG

HWEVD ANE[CHT )V NMR » F'Jy‘Ft VARIAN 300 MHz NMR -

336  FAVEHTE (GC-MS)

GC-MS — A5 [0~ R KRR [ A
PR T EE T IPRT > F RS RIS R A R

R R B
BB N Befl 1oV AtV - EI9REL Micromass TRIO-2000 GC-MS -

3.3.7~ E{?@‘J’J%% (Ultramicrotomy )
%?Elf’j}_—ﬁ ;f;_;&ﬁl

EIE - s
;H SN -

b W PR R T 53 ) e TR
PEREL 7 e - RS SR 24 (P IR) R RIS SR RRR
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F[JEIJ{EJF[ H[ ) jJ*/\—Tr /‘-‘fﬁfF[H[ ’ ;L_E[E\I Z._;(L} 70°C }ﬁ}:f—;‘ 72 ’Jﬁﬁ%@ﬁ I'L'» , FJ}FT E[Jiﬁj
VEEA fgﬂﬂ‘%?ﬁr “IH #% (Leica Ultrathin microtome) f[1 > I'J&#7~/*JH{ 100 nm

B VEV O T AR VIR > At 2R et TEM B

338~ fi ”ﬁ?ﬁ}‘i‘x’fﬁi?ﬂﬂ

IR 38 S VAT TR 5 22 em? 4TS o IS U AT
300pm jﬁF, [ EFET HPAI94A v HPA291B EIIfSLE" - > HPA194A [ E5Ady
BEES 0.5 em > IR BANEL HP 4194A % HP 4291B [='4fe;5 476 (Impedance
Analyzer) » 7 LR FEFES2V VIR o I HP 4194A ENJJ 100 Hz % 2 MHz &

K] HP4291B £ 1 MHz = 1 GHz gl V¥4 [l 44 ( Tangent Loss °
Fr g

tané’) IE[ ’ %“Fl C gg— [/FT,JI, M%ETL[ IE";:&‘}_I‘ [/)/?F':“T_Lﬁ EJ’T°

339» 3%&%%@??![1

Vi *F-%\],Lﬁ} 02T R &8 HP4156B- 4 E-l?%‘ 2§57 P& ( Semiconductor
Parameter Analyzer) > *[I'] ENF[Z4H, HEJ[F 1= bﬁgiﬁ o ﬁEHEH SR T, 1
40V o kR KR R I S i LU (spi#S002

Structure Probe ) > f?fﬁf FHEEEENT) 50°C HHPE 12 o) Ef JErE 15«[[%('95”?'”}4@‘ ’

MR BRI
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SIE
HREHR

4.1 ~ BRI D $k
RN Y R R LIRS USRS ST
Tl e e ST | iR RUREER PR ] PR S S R RO - S
AP ER PE Hwig 278~ Tt (Sol-gel Reaction ) £ if fii H117% 1%
(31 (e vA-208 ™ Tl VR R O ff KRS - 917 A. Babapour 557~ il APV L
AR Pk (290 129t > P RL D LE R Rl = 320« A #rEeil™ Jgagﬁ
PR BG (UV-curable Epoxy) » PHUT & LgERUs 1o £

/\
—C—C— | Ef}{%*ép‘glijp T %‘Wﬁ“ St 115 2 JF:Li ﬁﬁ[)ijﬂﬂ}ﬁ;’?ydﬁﬂﬁﬁ@l@lﬁ@@
LT U R AR R P D R

] o T 2.3 BRI TR-RETE S PP E N TGS R ROk (241 27
ﬁ%ﬁ@@%ﬁ@%ﬂ@%ﬁﬁﬂ%@ﬁ%ﬂﬁﬁwﬁ%ﬁﬂTﬁ@%%@ﬁ%
T EH SR RYE BARPA R TR NI EERTUER T Polyol HIA -

POE TR S R RURUR] & fﬁ 3-ethyl-3-oxetanemethanol ~ Tripropylene glycol -
Polycaprolactone triol &> B[kl 2=+ > [X Polycaprolactone triol ?j%’tﬂ%%f By
Ao B EE-OR » 32 ) (X B R 0o Pl = ye w2 (B =7 2 ab o iy
3-ethyl-3-oxetanemethanol » Tripropylene glycol ifHJ £[—OH =4l - F’]T SUERURLEE
oo GERFIE S IR B 4-1 2 4-2 ERAERERUR R S 55 LY TEM
~ EDS i Aahifd o ERE T o [T SR T o

HEGR 3-ethyl-3-oxetanemethanol % Tripropylene glycol ’FT [ ERE - e
(EV e e pl RS > 7 [l ™~ TR - 3-ethyl-3-oxetanemethanol fUgELt #Y &
=k = Tripropylene glycol [%> =' %ﬁﬁ#‘%ﬁ[tﬁﬂfl R o bﬁﬁ[ﬁ'#‘ 5Bl
f&t 5 E {8 Tripropylene glycol Eb "~ = RIBVRUH] « It » o drReer| i@ g8 — 2
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EXEF ﬂ J}{ YogE SRR > SRS AURINE? EY Tripropylene glycol ™ (17
Ry HEE A RN EL T EE A 1 Eiéflfiﬁ]f@%wgéjﬁﬁ ’73?-7{@%@%3’
iﬁﬁﬂ‘%ﬁ&,n%{ﬁfﬁ?j » [N £ & [w'i%lr}%'l%"‘i’ iy fﬁ] AU TN E i

s AR SRUBAL R 1 5 [ RO - [ 4-3 5 S

-V TEM %% -

(a) (b)

L]

100 nm it it i 1 Y
[jif 4-1~I'] 3-ethyl-3-oxetanemethanol Fliat pif] F 157 €1l 1 TEM BN - (a )

Fr="9t 8 (b) EDS 5 7773 A -

“ : . o (a> (b)
- Y & =
= J - 4
. * L
‘ a
. L
L4 o
" " -
* o
% .m
- J i l L

0.2 Mm £ L ‘e 480 00 120 1650 00 00 400 : n;u" u;u :

[j# 4-2 ~ I'}] Tripropylene glycol bR R 5y ) eifiitfid.V TEM @il (a) B

< It (b) EDS "y 55
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il 4-3 ~ BIRPEUEITY TEM 1351 -

q&,ﬂ 4-4 £ R ST 7 XRD fEe sfd o S5 Pierre-Yves Silvert =7 & 3%

Ui [20] > =% ICPDS e R ES SR A - 4 ket 55 Ve~ nb Dy L -

—A

1000 - (111)ag 9
800 -

2

=]

2 600

L2

2

g

5

g 400 -

200

30 I 40 I 50 I 60 I 70 I 80 I 90
20 (°)

[ 4-4 ~ % S5 1 XRD [ <

M F 5 EE=. (Tripropylene glycol ) Eﬂ?ﬁ’ﬁ%ﬁ’ E Rl Ao & ﬁfj‘ﬁiﬁfj;{’g‘i_

RURIER 7 A 2T R RLI AR AP PVP (REZRIVIHR] © S5 PVP V(G
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(8] E ISR IS = i % 55> % Pierre-Yves Silvert 7~ 1 #iY Polyol Process
S AR (20 - 1) o= TR i) 2 BURH] » AT PVP IR -
WER R > HURRIH 6 PR 1200C & 3 o] [ i ”Qﬁﬁiﬁﬁzﬁ«‘:ﬂi S
c-[;\gwﬁg SRy S M *ﬁ’gﬁw PVP TFJ“ Ry =" i) Andrew R. Siekkinen
SN APUPTE IR [30] 0 R B 190°C B e pﬂﬂﬁ:ﬁé/wﬁ-ﬂ@
(=C=0) P{f=FLfuadfy > = 2 I~ 5] (Sodium Sulfide ) Eg»fle,'g [~ > +
FiE ORI TR > VR (o)~ T IES 26 T 5 = Bl ™ I
Tripropylene glycol &'FUf| » 7 :jﬂ* U PVP e H RAFCRVREAESS o 2 4
W R R R R e PR kg
FERFITTE RURURYT=RL - (PN BB I B 3L - PN Be- Bilgy
THRPIERTH (SR - (4-1) ZORT EREHD Rl o s ST

SIATT R RS L R -

2HOCH—(OC;H), —OH — 20C;H; —(OC,H, ), H +2H,0
24¢"+20C,H,—(0OC,H,), H — H(OC,H,), -C;H,0-OC,H,(OC;H), H | (4-1)

+2Ag+2H"

[ 4-5 (a) % Tripropylene glycol J FTIR q%ﬂ‘ﬁ[ | 4-5 (b) ELEEEfiksL
R 7 FTIR [ﬁ[FF' I[ﬁglll H‘F[ MVERERE E] f@fg,apj[ﬁlm%’@'%r pJ[ﬁIPFI
%717 1720 cm” lﬁfﬁf‘éﬂ' > R B RE-C=0 RFLIIS AL Rl P25 P T 2
A R TR iﬂ“ FIPEEL AP > HZH T 1650 cm™! N TRIPF B L
Glycol /-C-O %ﬁg@wf (351 pAot izl 4-6 () PC-NMR S F B 1
GRS (59554 20712 ppm [ LN PERERIUFEE - =55 ChemNMR fif
PSR NMR ﬁ%’,l% ChLIR' 4-6 (b)) > =0k /A E—C=0 EFL I - [RE =5
VAR TR £ 9 YRR [ BRI SRR P
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(Fo=faesiy ™ TPl st T FERL O

100 (a)
80 -
S 60 -
S ] —-C-0O
2 40
1 1650
20 |
—-C-H
™
0 \ _OH
T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
W (cm)
(b)
S

T T T
4000 3500 3000 2500 2000 1500 1000 500
S L -1
W (cm™)

q*{‘q\‘ 4-5 ~ Tripropylene glycol [ (a) 5’I,Eﬁlj kX (b) E‘?ﬁj‘@\%ﬂ@ ’ﬁ‘%féi?ﬁ@ﬁf FTIR

qg[l% o
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(a)
207.012 ppme

200 180

L ‘ | ;N
: ! N
T e r— .
\‘\. L1 I 140 L] ] L] L]
“"H__l"-’
‘l |
—C=0 | I ‘
| |
i

200 100 0
PPM

[Fﬁ[ 4-6 ~ (a) Tripropylene glycol = ’FF LA ] V‘%,ﬁdfkﬁz I/ BC-NMR k2% (b)

il
ChemNMR ji EE‘TELE{‘—FI U NMR q%ﬂIFF'

AR T TR HNMR U » E U 47 (a) %
47 (b) 7. » HIP Tripropylene glycol SHHfIEHL I/ [l A0 2o el s AP
R 1) TLC 4 (kg [’“‘E?*]Elﬁéﬁfﬂﬁ?ﬁ S P RPEPITT > T R
S ] PR S ) PRSP AT GOMS
PITTR =+ 53 BIPTPEOTT  F I HIENRIRIS 7 B 5 [ 48 (a) 2 4-8
(b) £ it GC-MS EHHRER » FLEFT 2 [0 s 0 £ BT ) > S
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PPkl = ity iy AR 1 AR [Pt ST [ GCMS
BRI IR« P ¢ = i Tripropylene glyeol fi953 i it 1 ¥ 479
g 7 UG 2 IS » 1) Tripropylene glycol REHAIIT {7
RSB P TR S pLYS E L TSR pURRA - NI R
FEN ST T+ 4] %J:'F;dj\{\ﬂ[[ [ [ [ 8 PSP SRR UEAES S L TpY -

(a)

(b)

I
« A

)

q&,ﬂ 4-7 ~ Tripropylene glycol (a) E‘Eﬁ'ﬂg" (b) E‘?ﬁj\f@%ﬁ@ ’ﬁ%%ﬁ?‘ﬂﬁﬂ/ 'H-NMR
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Ag120
97041515
100 132

5.00

Ag120
97041515 318 (16.4586)
100 9

31
58
%
41 4o
46
38 57
56
g5 |61
0 L
40 60

Scan El+

1.41e7

(a)

16.46
16.87
(17.08
——— o T
10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00
Scan El+
w54 3.36e5
103
17
104 161
1
130 183
72 15 207
73 499 118 177
85 87 147 174
mfz
80 100 120 140 160 180 200 220 240 260 280 300

[l 4-8 - 5’7,%\%2??‘{3[723/ GC-MS (a) ¥FIHG f“‘?*%’?fﬁ%ﬁr%? (b) 7’?955@'@ °

i
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4.2 ~ PVP (NEHpuE#
4.2.1 -~ PVP ?7J’§‘J|:I§l VI

q*éﬁ‘ 4-9 £51'] Mw = 55,000 7 PVP £ (i FEH] > .ij [ﬂ RIE Eﬁﬁ’?fﬁ%«b%j%'j/ ]
TEM @150 o T [t B SRV RGERER b pogalpt il 5
ST Gs o BESE ST e RRIp R (2R PSS RIS RS > iyl PVP ‘A'[
BHETOM S AU R g T o SRR R @ S o TR A
fii (ImagePro 5.0) ¥f TEM Al {5t ="l £ 1 [0 S5 ARy > 3@5&}#}'[’%«%&1 ﬁ
BITE 10 we %l » 0 SIS 2 95 Bef e » 27 Bl ET 7 £ 74.09 nm 5
PVP FA[EH‘[ F'JE 15 wt. %Ef Fb = EI Ak %] 63.41 nm ; ﬁi&}{—]% pEl 15 Z[ 20
wi YR > BT ] = 3441 nm o ST 2 RLET, S DRRIPED 10 we %k
IR RGP = a2 [l 4-10 A[JEEEY G0 A pps o3 A > fl

PI A  (UGERIS sp Bty s g i | 20 =7 ] N RS

[""F[fJE IF[%J o

[fil 4-11 ELIE 4-9 J/?ﬁﬁﬂiﬁ%'  ER=RITEEE N Jﬁﬁi’ﬁ%ﬁ%é
;;gf[fj_gyj%af , T @,&;{fipg»—x\,} L\,LTJ _I—F[J‘Ejjs';ﬁejﬂtﬁjui«;; E['ﬁ' |”’F[17 3 I—DJF d
o %@Jﬁiﬁ%ﬁiﬁq ) YRV LIRS o AT o pUR 4-12 R
Tl F,Elﬁfé [l figafeqf = CAspect Ratio ) Bffiliefigfyas 1> 5~ 24
Fe = AR R T e il B FORBEU S TP T ¢

FHERER L5 PVP (Mw = 10,000) (G878 = A [FIP R
A PN S B B LSy i sl = N (RSN 40 Mw = 55,000 1
PVP {47+ &' 2 5 1 G R AP s N S O R %
b= VRN > FEARERL T~ RV o GRS 2 el el o (A
e Se raf‘zﬁﬁ [RE &S > | 4-13 J]E Mw =10,000 .V PVP % 5%

VRt TEM Bl -
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¥ |
e () |
T R
ORI
3 - z l":.gx

<

[ﬁ' 4-9~(a) 0 (b)2 (c) 10 (d) 15= (e) 20 wt.% PVP Fﬁfg{ﬁf 7Yy I sk =

TEM #5500 -
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: 7
80 — (a>
day = 74.09nm
° w=2131
é ] Aspect =1.23
g 40 -
20
0 - T T T T T T T T T e
0 20 40 60 80 100 120 140
diameter (nm)
RS .
120 /\
1 dyy = 63.41nm
100
| W=19.12
5 80 Aspect = 1.36
.E 4
3 60
40 -
20 -
0 T T T T T T T T T T L T T
0 20 40 60 80 100 120 140
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180 (¢) —
160—-
| day = 34.41nm
140 -
1 W=11.53
120 —
5 100 ] Aspect = 1.32
E -
2 80 -
60—-
40—-
20
0 | i y T i T i T y T y T y T y T
0 20 40 60 80 100 120 140

diameter (nm)
ngl 4-10 ~ E‘@@ﬁﬁﬁﬁ’?ﬁﬁﬁw Mw= 55,000 .V PVP - ﬁﬁ% £5(a)10(b) 15= (¢)
20 wt.% % 1y VSR A S
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[ 4-11 ~ [ 4-0. /8 Pty -
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( a) 180 - ( b )
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i 160
n . . " 1
M 140
| i ]
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( #2F
s by g S
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4 w e L1 . o
j Fenl - ]
i
PR e,
i ¥ -
4 + + 4
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I
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: NE
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200 nm Q

il 4-13 1) Mw=10,000 1 PVP » (3£

S~ TEM BlEififl o

tEy (a) 10 (b) 15" (¢) 20 we.% % Ry

4.22~ PVP ;37 &l V3%

B AR TIPS AR 5 = RIS = 2 RS ORGSR b IR M=
10,000 + 55,000 % 1300,000 = 75 7+ il 73 " &1V PVP [pGANE 7 Urke - [ 4-14 15
Tl (W B TEM 15550 HLBET - Mw= 10,000 H > & 78 %

SR ST - ) Mw = 1300,000 # - BERE o ST E ) PERARE S - (R
53 T RO AR, > AT Mw= 55,000 H b NS RIER B
SR s P [l BB 0 TR 2-10 BIAY [22] 0 I
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F1 NS AR - B T RIS A G - 00 =7 R U P R g
(PR @E o3 BHE ] o (R ATl PR ORI R R ot =7 2 %
o ISR RO R o R

ﬁ%ﬁ‘ 4-14 ~ FA'IE 10 wt.% > PVP V Mw=(a) 10,000 (b) 55,000 (c) 1300,000 *

7y V=T 7 TEM #l%siikfl o

4.3 ~ RIS AE 4 RS R8
Ko S IR B R R M S P A 5T P ALY
Ul BV S R L R U A ﬁﬁfﬁﬁﬁf%@ P& R
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e B P ORI > SR e S R - 4 R
HRLE AU T e AT S TR FORLES lﬁ'fﬁ'?ﬁzf IFI\J%\LE"%:J'JFTFJ‘:%,%\
BURUS L & E RS EE T SRR SR PVE Y > W 4-15 KRS R IS
B 24 /[ RASTEN o WERRT RTEAE S s T o BT TR R AR s T
sk o O I 3 [ RS S I AT 4% 5 T o [ T 24 U
B SR A 80% % (L TEM B pl1 ISR > ™ TR I S S
Mot o H 3 R OSUES ] TR A SRR T
SRR R ORERIRT ) o (AT TR s B S ]
R s o R R T R 3 1

X 'l
vMYI ﬁ

[f' 4-15~ I'f (a) 3= (b) 24 [ i~ i ] 4 55 1 88U~ 7 TEM BI5 (PVP

S =10 wt.% ; Mw =55,000) °

- l

4.4 ~ MR B BR 220 W PR R A

oo R Vgl B RSB S R G P
P ERER L SO Ryl PR VR TR > ST
I R 1 I UV K R T R
YR SR P R T AR TR 35 TR 607 T
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E SPER T ] JF“,i 100 nm I'J ™~ > FA»IEIJJ‘J;'TQ?} 2wt%I )™ 5 AT

= VR S L NR AN o [ 4-16 FATGR B -0 F B O PR
f F j j
W -

[ 4-16 ~ (a) KRBT (b) AR BUEAI-0200 o W PRt i -
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