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@ ok Poly(p-phenylene vinylene), PPVE #3%02 33 A% 3 (electron transport layer, ETL)ol =9¥ 0% ARTZ /7] Angd3daz
(electroluminescence device, ELD)E A&stx A7) 23 S48 2Asidch Az £5A2% 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole
(PBD)E AE3T 0|3 B4R 7|4 2EAHmatrix polymer)2% stilbene?l ZEFME E331= poly(styrene-co-p-vinyl-trans-stilbene (PVTS)),
poly(styrene-co-MeO-PVTS) 2 poly(styrene-co-MeO-ST)E ¥4t ©1% ARE olgdtd o|F FEFZ ELDE AZ3IAov poly(styrene-
0-PVTS)Z 714 2ERZ £ EL 447 Ade =S derde Fstdeh. Poly(styrene-co-MeO-PVTS) 2 poly(styrene-co-MeO-ST) § Azt
23 4Ae 744 methoxy?|E #48He 714 22AE & EL 234 A3 £4%0) gle ITOPPV/Mg @3 2ash Ax7} A £ @A Y
t}. Poly(styrene-co-PVTS)E ETLe] & EL 240l QLe}Al styrene®TH 21 conjugation Zlole) Z7}7} EL 23 2HEH vlAE G 27 4
AA w3e PPVel o F2 Qojdol FAHAL

Abstract: Organic electroluminescence devices (ELD) with hetero-junction structure were fabricated utilizing poly(p-phenylne vinylene) (PPV) as
emitting layer and electron transport layer (ETL). 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,34-oxadiazole (PBD) was used as an electron transport
agent. Copolymers with stilbene type comonomers, such as poly(styrene-co-PVTS), poly(styrene-co-MeO-PVTS) and poly(styrene-co-MeO-ST) were
synthesized to be used as a matrix polymer to disperse electron transport agent (PBD). Among the hetero-junction EL devices fabricated with the above
materials, the device with poly(styrene-co-PVTS) as matrix polymer for ETL gave the highest luminance (120.7 cd/m?’, 13 V). EL devices made with
poly(styrene-co-MeO -PVTS) or poly(styrene-co-MeO-ST) matrix exhibited lower luminance than the one with polystyrene matrix and the single
layer EL (ITO/PPV/Mg) device.

Key words: Poly(p-phenylene vinylene) (PPV), Molecularly Doped Electron Transport Layer, Hetero-junction Electroluminescence Device,
Spin Coating Method

1. M 2 (p-phenylene vinylene) (PPV) ¥ 2 #E4E] ¥ ¥ &%,
7H3A9 oW Tor ds 2FFoR Bo| 241 Yok
2eju o] Al elAE tyst 2 Fds, 221 o 7 EL 249 4%& A7) 98 249 ¢4 &8 &l
A 71%5S Lt gaZyolrt B4 Aoz AYdT) 1987 E ATO-1 g3 2PHa glon, oF Hstq eRToE
d Tango] 7-39 729 MAE o]f3td {7 7| w3 27 A4 2EAS LUMO &9 559 Fermi 98 %574, 4
(electroluminescence device, ELD)Z A2H11% o] ¥, §7] ELd Ag BFol AF Bo] opjet 2HF FYAA AZFHES A
@ A7k 3238 Z7HAH2-T) #71 EL 249 233e= A AEe ol 5AE zAdE WEEel AEAUG ¥ &
A48 4718 A4t §A 2ol R full colordlt £ A F2AQA FR-eA WE dol g2 F A oY 1T Y 7=
olg EAo] gtk a8 4712 L ol48 B Az FEI ¥ EL 228 #5°] 23 888 £Y & Yo 2add9l
3, 22ke) A7) AEA §7] Aae] YT AL ok debA PPVE 2330z 31 AR Ee T 430 =9 oAF
1990 9%} R H. Friend |l o8] 224 EL 227} 712(g] ¥ 729 2¥A EL 249 A% R S4°) disted dud 2

g o] 3 we a7t Hugton AT 18Z FoA 53 poly- #Z 39HI2-14]. o1FAM PPVE 2332= g2 AR 744
24 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3 4-oxadiazole (PBD)
2 7|14 22AHmatrix polymer)$! polystyrened] ¥4tA1Z71 Az &
1t F A2} (e-mail: Ispark@bh kyungpook.ac.kr) 422 714 o) A RA EL AA7} $438 @3 ENL U
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PPV 233 4 34 $432 71 o

ERf it

£ AT E styreneRth conjugation Zo)7} 71 2%F9] stilbene
A gRAE BT o)F o148 styrened TFTAS IS
Atk 23 FHE FFHAE 714 ZRAES Agsld AR F
% 7 (2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,34-oxadiazole (PBD))
g BAA7IT o]& A +4Z(electron transport layer, ETL)S
2 I3 o)FHE 729 EL AAITO/PPV/ETL/Mg)E A%
33 o5 WREA df RALE ZAEYU.

2.4 H

2.1 N A 1z

Poly(p—phenylene vinylene) (PPV)2] @4l AHE a, o’ -dichloro-
p-xylene? tetrahydrothiophene2 Z+z} TCI$} Aldrich Chemical At
g 13 A%E adz AEs9ed sodium hydroxide @
hydrochloric acid &892 Al8 2 FHEE ALEsto Az39

. A (dialysis)oll AH-4-% cellulose membraneS Sigma Chemical
At9] tubing(cut limit ca. 12,000 g/mol)& AAe st ALLsg)
StibeneA Hld Bxv] @4 2 AAd o]&d 4-vinylbenzyl-
chloride, triethylphosphite, 3,4-dimethoxybenzaldehyde, benzaldehyde,
NaH, NaHCO; ¥ MgSOs& Aldrich ChemicalAte] Al%Fg3 iz
olg3tAtt =3 FIFEA FAol ol¢¥ 34-dimethoxystyrene
(MeO-ST) ¥ styrenex Aldrich ChemicalAt8] A|2g& adlz
AHgsiglen, etz JHAAE 29 22-azobisisobutylonitrile
(AIBN)> WakoAte] A19%FF-2 methanol® AZA st AlL3sdt
AA #$AZ ¥ 2-(4-biphenyl)-5-(4~tert-butylphenyl)-
1,34-oxadiazole(PBD)Z TCIAIY Aot €, 714 nE8A2 Aled
polystyrene(Mw = 280,000 g/mol)2 Aldrich ChemicalAle] A}ek&
I AHgsigch whe4u) 2 wEE A o]&H uEke, o}
A€, THF, hexane, toluene 2 chloroform §& AM8&A &4 A
Aste] AHgaich EL 2419 &3 A8E &% 9.99% o]4el
MgE& A3t

2.2. PPV 4

PPV @42 Marase ¥ Karaz 5°] 2EF 49 precursor
HE o3t 2m(15], PPV precursor $49¢ spin coatingd %
& ¥ #(thermal conversion)A]# PPVE Qo)

2.2.1. c2tAo] A

a, a'~Dichloro-p-xylylene (10.00 g ; 57.12 mmol)#} tetrahydro-
thiophene (25.00 g ; 28354 mmol)2 #H&L (100 mL)d} 39 %
50 CTollA 19 hr 5 T3 AA A4 7% stolA eAAL, W
$EE 4222 WA Ug 2 LY ol HE (0 T)off Bo] A
A7 AAEE sl 348 F 4LoM B hr 5 AT A
3t PPV precursor® ©#A3l 14-phenylenedimethylene-bis
(tetramethylene sulfonium chloride)& ¢t}

yield : 74%.

'H-NMR (D0), 8747 (s, 4H, Ar), 442 (s, 4H, CHoPh), 337
(m, 8H, S"-CHy), 2.17 (m, 8H, CH).

Anal. Caled for CieHuS:Cl: C, 5469 H, 6.88; S, 1825. Found:
C, 63 H, 726, S, 17.87.

2.2.2. PPV precursore 4 9 geig
1,4-Phenylenedimethylene-bis(tetramethylene sulfonium chloride)

(50 g, 14 mmol)& WE&(30 mL)ol &3HAF| T ice-bathE o] &

3] 0 TR Wz Atk o] $99 sodium hydroxide 4&9(04

13 ART2 EL 279 A% 4 54 m

oH
a(}b—@—mza L) auon Esmz—@m,s@
s 50 °C @° °q

P —Xylylene chloride tetrahydrothiopene

NaOH, 0 °C

(sj 1. dialysis, 3 days

°
)
0 2. spin coating a
-—
m @ n-m 3, thermal conversion n
140 °c
vacuum, 3 hr

¢

-]

PPV precursor

Scheme 1. Synthesis of PPV precursor and thermal conversion
to PPV.

mol/L, 14 mmol)& 20% E<el AA H3lslm 608 WAl F
Hh-3-8°] hydrochloric acid #8%(04 mol/L)& 7leto] okaty
(pH=68)0] HE% stE2A vhe-g FPAHATL dolle: A&
3 2 FAEES AAS] da e E 298 58 cellulose
membrane®] ¥ I FHF7F 27 $71UdAM 3Y 9 B4 5L
EAd o8 HAE PPV precursor 44& ITO $2 9 34
E¥8n A2 F 140 T AF LEIAM A7 ste} PPVE A
FAZ o149 PPV $4348& Scheme 10] UElN o8 PPV
9 IR ¥4 tg3} Zairh

IR (KBr), em™ 3023 (Ar CH), 2930 (aliphatic CH), 964 (trans
vinylene CH).

2.3. Matrix Polymer2 Stilbene| Citxl|o] &M ol 2=
2.3.1. p-Vinyl-trans-stilbene (PVTS) % 3,4-dimethoxy-4'-
vinylstilbene (MeO-PVTS)9| &M

4-Vinylbenzy! chloride(l eq.)$} triethylphosphite(l eq)& &%
¢ F 120 TR 4889 1247 S¢A T NeE 3 nug
triethylphosphitet> 743t AAszm, Zd¥ Aoy
(EtOAc/Hexane =1:1)& AM-3t9 Homer-Emmons phosphonate
(6] 20%9] +&2 dAY. Fo|= Horner-Emmons phosphonate
(103 g, 405 mmol)$} benzaldehyde (2.86 ¢ 27 mmol) 2 NaH
(038 g, 324 mmol)E THF 50 mLel £3jA1A 36 A7 Qb mut
ATk v ARAL FFSY ethyl etherZ 22813, $7]122
NaHCO:2 4ol ¥ & MgSO.2 A=284ch 408 2dsatolA
AAS L 7 A2olE T 9)(EtOAc/Hexane = 3: )2 a5t
58 p-vinyl-trans-stilbene (PVTS)E Y9Itk =3 34-dimethoxy-
benzaldehyde (448 g, 27 mmol)$} Horner-Emmons phosphonate
(103 g, 405 mmol)E PVTS @43 $Yd ZdoA w71
A &43 trans-34-dimethoxy-4’-vinylstilbene (MeO-PVTS)
& YAUHScheme 2 #%).

(a) PVTS

yield : 78%, Ama 31610 nm, THF.

"H-NMR (CDCl3), 6:7.12~760 (m, 11H, Ar and CH=CH), 6.72
~6.80 (g, 1H, vinyl CH), 5.80~5.29 and 5.28~5.36 (m, 2H, vinyl
CHz).

IR(KBr), cm = 3021 (Ar CH), 2924 (aliphatic CH), 1623 (C=C).

(b) MeO-PVTS

yield : 85%, Amax 34280 nm, THF.

'H-NMR (CDC), &:686~748 (m, 9H, Ar and CH=CH), 668
~6.78 (g, 1H, vinyl CH), 5.74~580 and 523~527 (m, 2H, vinyl
CHz), 391~3% (d, 6H, OCHs).
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} 9
NaH
G)Ln 0 — ‘ S
THF, rt, 36h
PVTS

bezaldehyde

(@)
I 9
NaH
H . g ———m8m—» O N
THF, rt, 36h
MeO 0
MeO

3,4-dimethoxy benzaldehyde MeO-PVTS

(b)

Scheme 2. The synthetic route to (a) PVTS and (b) MeO-PVTS.

%CH:-——CH%CH: %CHZ—CH%CHI—-CH

(@)

‘ﬁcm_fu%cuz_ H)’
MeO

: MeO
()

Figure 1. The structures of coploymer as polymer matrix for
electron transport layer ; (a) poly(styrene-co-PVTS), (b) poly-
(styrene-co-MeQ-PVTS), (c) poly(styrene- co-MeO-ST).

IR (KBr), cm ™" 3004 (Ar CH), 2929 (aliphatic CH), 1595 (C=C).

2.3.2. Matrix Polymerg& 33842 =

AR54E (ETL) 34¢ 9% 714 28 matrix polymer)2
A styrene® PVTS &% &4 [poly(styrene-co-PVTS)], styrene
7 MeO-PVTSY EFHA [poly(styrene-co-MeO-PVTS)] %
styrene® MeO-ST (34-dimethoxy styrene)®] F5#A [poly
(styrene-co-MeO-ST)] 59 3EH7&E ?Mfs};ﬂ‘u}

Styrene(0.12 mol) @ PVTS(0.06 moD)E EFalel 20 wt %
£33 o] £ AIBN /HAA 0026 g& 7Fetd 34712

$7) WRE a2 AFALF TE3 80 TAA 15 A2 7821
¢ 7D 9 W et FRAE A, o, AF

3 & A% A3 poly(styrene-co-PVTS)E A&t 54
3 Wy o2 styrene 012 mol®+ MeO-PVTS 0.05 mol$ ©}43td]
poly(styrene~co-MeO-PVTS)E @A4stalen, 2€d 012 moldt
MeO-ST 0075 mol& ©l&3te poly(styrene-co-MeO-ST)E &

34sts, Al 9 F A5 &, 1998

‘A

A
T .

PPV <—
ITO «—
Glass substrate <—

Mg (4,000 A) <] I
{ETL) Polymer matrix 4 PBD <*—
1

(a) EL device with electron transport layer

by

e QL0
(b) PBD

Figure 2. EL device with heterojunction and structure of

electron transport agent (PBD).

FFEAY T

=
x5

&g, o4 ETL #Ad A4" 3FH
Figure 19 YeERASAh

2.4, 0|& MEFE EL &Xt9| HE

289 AHg ITO %8 $19 PPV precursor +&4& Hshe
% 500 rpm (102), 2000 rpm (30%)9) Aoz 3)H =¥ ¥
o)g JF 47 ol AFsn 140 T #Y (1~2 mmHg) 3telA
3A17t B9 Hglsted PPV precursors PPVE € ¥(thermal
conversion) 32 24 ITOA] PPV4 (ITO/PPV)E dAsdth &
A £420 YA g8 & AN FAE 4 FFHAS AT
479 PBDE 1:19) ¥l &2 &t 01 wt %9 ¥E2 chloroform
o] g813kek o) £4L ITO/PPVE §lo A7kstel 1000 pm(G
%), 1500 rpm(15%)9] ZACZ A T¥d tie 50 T LE4
147 B¢ Azsach Mg AL W35 27](Thermal Evaporator
System KVT-420, Korea Vacuum Co.)& Atg3te] ZAFE 20X
107 torr ©l8}A electron-beam 0.2 FZ3gch EF g

712 9ste, ETLY 71A 2EAE  polystyrene(Mw = 280,000
g/mol)& Algste] 91t FYE zAo2 EL 4xE AFsAC

ol4e] B8] oa) A=Y EL £3HITO/PPV/ETL/Mg) 2 PBD
o} F%Z Figure 29 YeRgith

25 &8 ¥ &4

Bis-sulfonium salt, PVTS 2 MeO-PVTSe §4& &8
$l5te] 300 MHz 'H-NMR(Varian*}, Unify plus 300)& AH8-38%
on £9E D0 2 CDCLE AH43l9z WEEE AEE TMSE -
ol 43tgr). =g FAHE A=e HM AHEHE KBr pellet'i &
2 Midac FT-IR ¥3%35A4E AH43t9 2 cm”' resolution® 2 7
Ak Z F7h49] 9A2AL Carlo Elba model 1106 9484
718 A3t A8F C, H, S9 IFE Taigich $A4E 3FF
TZE49 EAFL styragel HR 5E columng AHE-3te, 410
differential refractometerst 510 HPLC pump’} %% WatersA
GPCZ 2R gt oW THFE 42 AM&dty 5E45EE 10
mLZ stgon polystyrened EFAEE AMEstd FTFHAY F
g0 2 % 47 EAEE 7 #4E 35U 4L
UV 238dyoe Faen, 7]712% Shimadzu UV-2100&
ol &3ttt &ule THFE 28lx, UV cell® 49 cell& AHE-3}
gt 479 EL 2HEH SHL OMA4 CCD detector7} 5-2H€l
Optical multichannel analyzer(EG & G. PARC. USA)E A}-835
th. EL 49 #5& fslde DCHAY (0~60V) (Dual DC
Regulated Power Supply, Model HC-2330A, Hyun Chang Product
Co. Ltd)# pulse (1 kHz, 50% duty cycle) A& A7katcth A



PPV 233 9 A4 £438 713 oF /7= EL 239 A% 2 54 713

Table 1. Yield, Copolymer Composition and Molecular Weight of
Copolymers

Yield Copolymer Compositi(l)n M, X 10

Copolymer ©) (stryen?r;;;)r;oo)nomer) (g/mol)
Poly(styrene-co-PVTS) 26.4 713 : 287 1975
Poly(styrene~co-MeO-PVTS) 37.2 744 : 256 873
Poly(styrene-co-MeO-ST) 297 8.9 : 131 797

'comonomer : PVTS, MeO-PVTS and MeO-ST.

F &2 Model 8902A Digital Multimeter (Hyun Chang Product
Co. Ld)g 4831, =542 Minoltarl luminance meter
LS-10090 close-up lense (No. 110, ¢ =405 mm)g RZ3steo] A&
oA WFAAE HE 20 cm ol EolM SAs AT

3. &nt o ¥

3.1. A 4 U =4 24

F4% PVTS, MeO-PVTS 2 MeO-ST @249} styreneS €
Fq guldA 27 FFFsn FEEAY 2HEN £ EAFL
ZA4T HE FFEAY ZAHRHL UV £F24YE o)¢
A w4 478 Bxo|(PVTS, MeO-PVTS 2 MeO-ST)E
o] &3te] Fro] WE FHE WS ZASY HAAME BHE ¥
TEHAY UV spectrums 21, AFH 2 3589 FR=E
ol g3t FF A 2A4E ALY I GPCE FAHE TF
gAY £AFE FAH oY, 1 ARE FEFEAY 243 @A
Table 16 YJerAAL}

Table 19 B3 ZAH AN & 4= Y=A methoxy7)E &
e F9FA(MeO-PVTS, MeO-ST)E A& 7% methoxy7]
& EsA g GFA(PVTS)ET Eake] @i vehdcl o
£ methoxy7]dll &g A& olF W) 7]AR Aoz AZHU

3.2. O|ZYYUTZ EL 2ol HE Y 3T EA

#7] EL 24 9339 LUMO(the Jowest unoccupied molecular
orbita)ol 4 HAFo2HE Az F¢ % HOMO(the highest
occupied molecular orbital) level 28-€] A }o] o|gof] 23 R F o)
FYo| o] Fojxx o] AAY Al 3 singlet excitono]
A5 excitono] VIAMEHZE Hol2 wf 7[AF g9 We Y
A doh f71 EL 4£219] e @ @3 3837 BAste A7 F
YEOE FFoZRE $F202 Az FYo] YAY EE A
AolAe] 242 <Qldta] exciton 44 Egol RopAtn LA
Ak w2tA &5 AT BFF Abold AA £4%F (ETL)S ¥
Aot §FoAM FYHE ARl PFFoge AL Lo|a
I FFAA TAHE HFL dFEo ¥ 5oz BPE
AA Azt AFe Aol J& exciton FHEES Fol= R
7HsatH17) o1& fstode Azl £4419) 7152 2= 84 8
e T2 ohe} o] BAANZ VA nEAY F2E 4IPS
oA Ho Ao dFATA 1A 1EZEA polystyrenes
AHE3tgl S o EL 429 #=7} PMMA, polycarbonate 5 th&
LEAEG A dERdy] B2, ¥AF stibened EA
styrene$ AMS-314 poly(styrene-co-PVTS), poly(styrene-co-MeO-
PVTS) % poly(styrene-co-MeO-ST)9] A 279 EF&AE o
1 7)o AR 4424 PBDE $4AA 82 ETLES 717
olF JA¥Tx EL 2A45 Asid T3 71F 2424 poly-
styreneS 714 ZEAZ ALEE ITO/PPV/PS-PBD/Mg 24 2

—— PS

—i— poly(styrene-co-PVTS)
—a&— poly(styrene-co-MeO-PVTS)
—w— poly(styrene-co-MeO-ST)
140 —&— No ETL -

120 +

Py

o

o
1

o]
o
|

60

Luminance (cd/mz)

40

20

Voltage (V)
Figure 3. Luminance vs. voltage profile of ITO/PPV/ETL/Mg

device.

EL intensity (a.u.)

(b)
(@

T T T T T T T T
300 350 400 450 500 550 600 650 700 750 8

Wavelength (nm)

Figure 4. EL spectra of (a) ITO/PPV/Mg and (b) ITO/PPV/
ETL/Mg EL device.

ARFEF] gl ITOPPV/Mg AAE At o]4m o)
AZE 559 EL Ao g3 AL-IAx E4L Frisigen 1
Z3E Figure 39 YeEh)Ac)

Figure 3°14 %4 9%el ETLE 712 ZEAEA poly-
(styrene-co-PVTS)& AH-319€ 244 F=(1207 cd/m’, 13 V)7}
ITO/PPV/Mg 27H70.06 cd/m’, 11 V)% oje} ETL=9) 714 1
EAE polystyreneS AHE-¥ ITO/PPV/PS-PBD/Mg 4& (1152
cd/m’, 11 V)BT BA Jeldse olRe PVIS ZuaA e
conjugation Zo] F7to] W& Az} o]F %o Z7 @ PVTS wHE

J. of Korean Ind. & Eng. Chemistry, Vol. 9, No. 5, 1998
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ool AAe EL 23 #xd9 sl gEez AZHU ¥
methoxy”] & 7HAE poly(styrene-co-MeO-PVTS)E 714 ZEA
2 AL8# AAH2819 cd/mt, 14 V) 2 poly(styrene-co- MeO-ST)
2 A48 A7 (7985 cd/nf, 14 V)9 AL A=/t w2 At
=2 dehiE AYE A4 vt A 182 A8 3T
34 ol MeO-PVTS 2 MeO-ST uwr&d9 3] 30 mol %
ol3tz W E 73 polystyrene B5 FRART =T} R
A vehd Re AR Bojuer]e) 4AE 744 methoxy7] e} EA
2 s S2oenee Az FYo At FAA ¥4 &
Zozo) o]5L WAGE /5E Ay AR HYE FUR
Poly(styrene-co-PVTS)E ol g3te] Azd o|F HETx 27
s} ITO/PPV/Mg 44 EL spectrumg Figure 4o ehiich
Figure 4914 510 nmg] Ht} @3 slojad] 2 W37} e AL
22¥ poly(styrene-co-PVTS)9) conjugation Z¢| F7}7F EL 2
3 ~fEH gk A @3 AA 232 PPV o3 F= 4
ojde ¢ F ATk

Z

4, 2

PPVE wpzo g 31 ANFEFETLIE 2E oF AR72
o] EL AZHITO/PPV/ETLMg)E AZsder, add Az
4, 24 2 A9 EL 249 B4 #1% AdE 0 2
ket

1) A% 4449 PBDE 2447171 1% 714 2EA4 FAM
poly(styrene-co-PVTS)7} methoxy”|& E#3HE poly(styrene-
co-MeO-PVTS) 2 poly(styrene-co-MeO-ST)E BT &40l ¥
A vebsoh

2) AR $42ETL)E 714 ZEAZA PS, poly(styrene-co-
PVTS), poly(styrene-co-MeO-PVTS) & poly(styrene-co-MeO-
ST)E ojgdld] ARY o|2HF 729 EL 24 FoA poly-
(styrene-co-PVTS)E 2 7ZA$7 Hulel HEE dehhed,
poly(styrene-co-MeO-PVTS) 2 poly(styrene-co-MeO-ST) %
ZZ2FAY methoxy’|2 T 714 nERE & ZF4E
polystyrene 7| R8AZ 2 EL 2480 $%7} Zasich

3) Poly(styrene-co-PVTS)E ETLE 714 Z¥22 AT 44
conjugation Z¢] 717} EL @3 ¥ e gFe 27 431 4
A 2Fe PPVl 93 F2 Yol s & & JATh

zAtel 2

2 7= '6uE IR AaA o d7AYMinistry of
Education Research Fund for Advanced Materials)oll 2|3 o] o]
Hon old ZL& ZAE =YYk

Zdseh A9 A A5 F, 198

Qg% - A7) -
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