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Cationic Iridium(III) Complex Doped in SiO, Micropowder: Preparation and
Application in Light-emitting Diodes
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Abstract: A silica sol was prepared from tetraethyl orthosilicate by hydrolysis method, then 15wt% cationic irid-
ium(I1T) complex [Ir(ppy).(o-phen)][PFs] (ppy: 2-phenylpyridine, o-phen: 1-Ethyl-2-(4-(5-(4-tert-butylphenyl)-1, 3,
4-oxadiazol- 2-yl)phenyl)-1H-imidazo[4, 5-f][1, 10]phenanthroline) was doped after the sol being aged for 1 d. The
sol was turned into xerogel after it was heated at 45 ‘C for 3 d and kept at room temperature for 10 d, then the yel-
low luminescent micropowder was obtained after the silica xerogel being grounded and dried at 150 C for 8 h. The
luminescent micropowder was blended in epoxy resin at concentrations of 6.0wt%, 9.0wt%, 12.0wt%, 15.0wt%,
18.0wt% and 21.0wt%, and the resultant mixtures were coated on 395 nm-emitting InGaN chips as the
down-conversion luminescent materials in light-emitting diodes (LEDs). The LED prepared from poxy resin
blended with 12wt% cationic iridium(IIl) complex doped SiO, micropowder exhibited the best luminescent per-
formances, with the maximum efficiency of 51.9 Im/W at 40.0 mA forward current and 5 V reverse voltage, the

corresponding CIE color coordinate was (0.42, 0.42).

Wim BHA: 2015-04-13; WrEMEAR B HA: 2015-05-24

BEWA : HK ARRFHIEE (21262046, 21261027); 2 F64 HE )T H T H A% BT H (20112003)
National Natural Science Foundation of China (21262046, 21261027); Key Scientific Research Fund of Yunnan Prov-
ince Education Department (2011Z003)

fEEE N #1988, B, Wi+Hi5T4:. E-mail: mengguoyun@sina.com

BIAEE: UM%, ®HIFI%. E-mail: tanghuaijun@sohu.com



1196 TS| R =

&30 35

Key words: cationic iridium(IIl) complex; light-emitting diode; down-conversion luminescent materials; Sol-Gel

KOG M4 (light-emitting diodes, LEDs)F 37
—REEHA, B . KEMPEER
M RS, AR BRI R T e A
AR AT I B S AT Y R R GaN,
InGaN 2505 i IR BIRIAE A, 5 RO SEI0 T M
JEENT AN WA KRS, L, 4. 3 =3t
A B (. L) U AN A RS
PG I SE, AL 156 LEDs A 4k 11 8UT R
BT 2 I W B G A FE K9 7 1T, Sk T A
A LG X 42 R S % LEDs F4% Ff L (6 LEDs,
A NN NS & 2 /(Yo% % & /%7 NI AP K =4 ]
R M RHB R Y LEDs KOG BE M) Sk A
#2 . FHEEAILE, TR RDE R EZW T
R OGMERL, IR % B4y It FH 2] LEDs H,
FEARER LAY AR s TS A
P& A mR AL, WiEMREL . IR L. PLIR . AR ER.
R ER 250, Horh ) RSP/ T 5 (quantum dots,
QD) g — Tl 2 4 490K A2 e bR B g 50
A, IEHVFZH IR EHIAE LEDs 15 21
HI, A HLAG AU, KRR A RN
VAR S/ 13 - Al

FH &5 A HLEK (LI L 55 4 2 — 2 1 A A0 Bk 11
Jebkl, SR RCR A 100%, & IGEE ] L
I P A AR e AT RS Y, B R i R e v
A e PV R R H 4k 2% it (Light-emitting
electrochemical cells, LECs)!"S 2 MIAg /1 &t — 4
(Organic light-emitting diodes, OLEDs)' 2414545 4]
HL BB R 8 B I R OEARE . BH A HLAK (T
B 40 nT LAAA A et H A HILIEE A 5 6 (T 2 e 11 T B
B FIEHLR AR B 7 (W PRy, ClO4, BF, 25)41 %
(SRR R TN B, AEVE 2 AT NN A 1
A B W i v R IRYE, A5 5 e A R
(A R BB R RE . AU RE A2 F R
MRl R, TR, B S, ETLAMX ., i)
WICFIE AN AR A, REAR I Hh AR5 5 2%
v B A L3R T (V0 RO SRR B R, T
I S BE B3 RO R I 2 MR, R SRR
P BLIESREE. B IbAHAY B BRAGIR B VK 5E, TN
T E e S AT A 92 A 0280 AR T A e Y -
BEBE S B B AR (D)L & Y3524 3 Si0, B
W RS TS BT, T2 B B R T4 T A5 BH
B P AR AC S B A1) Si0, Toky, ke Fi
HAM R RO RN T InGaN %& LED #31

B S P K 506 395 nm)
1 KEHZE

1.1 FERFIFN S

WK BH & T 5K L A W [Ir(ppy)2(o-phen) ] [PFg]
h AT A B i, T L SCRR[21]0 SEAh 3 o [
SHTARF, FEARRAE. OFE. HR. A
BRI . PR IR . (8% ¥4 Jobin Yvon ]
Fluorolog-3 %¢ Y66t 1X; 78 E Netzsch A STA
449F3 R HTL; B HPS2000 Ye il {; 3%
[¥l FEI /A #] Quanta 200 i FHBL(SEM); 1 I H;
MEAR; FIHGRIEEA
1.2 PFRBEFH(INESYIELR SiO, MM
il &

FH &5 77 HLEC (T AL 5 2 [Ir(ppy )2(o-phen) ] [PF4]
ZWOCHR[210 6 B, B8 B (o [ AR, TC 5 40 45 A Tt ]
1 7R SiO, B IR Wil f e I 4 2 2% SC k(27
2917R A e #F 10 mL 2848 /K 5 55 mL B K
CEHRAL, BN 0.5 mL 3R, SREIPEHE N 2218
I 13.5 mL fERR PR, KT AR iR Sa 4t 1 h A,
TEZM N 24 h f32TE(UE I Si0, Bk, ek
SiO, B4 3.6 g, FREUHE FHIIDAC A 0.635 g(Rl
AR 15.0%) ¥ il (e DU AR (29 15 mL)H, 18
PeHE P s ik Wnsete)a, AR
BN 150 mL BEtrrh, FIE 2R £ 0 7 T e AF
FUIF AR R i L5, A B 4L LA N FLBL R
UE A AMSESE4), 78 45 °C AR 3 d 5 BB,
BRI . R TTE D, SIESCE 10 d 51
FPRE B PR T BEIR (LA 2(2))s

W BT A3 Tk AE L B R T I OB R, PRI
B2 B THE A 150 CHE 8 h, BN 2 FT 5 K BH
B TERAUDAC S B AN A Si0, Tk, 1EERAMT
N HEA W EATOC(LE 2(b)). 4 B (SEM)
WoR, B AR LT-#7E 100 pm BLR, 10~30 pum

= 5 *
|
/N N 0.
W < )= P
Z N bf N N-
A 2 =

K1 BHE A B A AL 2 S5 R X
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Fig. 2 (a) Cationic iridium(Ill) complex doped in SiO, xe-
rogel and (b) in SiO, micropowder under UV light, and (c, d)
SEM images of cationic iridium(IIl) complex doped in SiO,
micropowder
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Fig. 4 Normalized excitation (Ex) and emission (Em) spectra of the
cationic iridium (III) complex in CH,Cl, solution (1.0x10° mol/L),
doped in SiO, micropowder and pure cationic iridium (III)
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Fig. 5 Normalized emission spectra of the LEDs prepared
from epoxy resin blended with different concentrations of ca-
tionic iridium(IIl) complex doped SiO, micropowder at 20 mA
forward current and 5 V reverse voltage
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Table 1 Performances of LEDs prepared from iridium(III) complex doped SiO, micropowder with
different blending concentrations

Blending concentration/wt% Forward current/mA Luminous flux/Im "y, ma/ (1MW) Amax/TM CIE/(x, y)
6.0 20.0 0.57 8.2 576 (0.43, 0.45)
9.0 20.0 0.84 12.0 577 (0.44, 0.46)
12.0 20.0 1.93 32.2 577 (0.47, 0.49)
12.0 40.0 7.26 51.9 579 (0.42, 0.42)
12.0 60.0 4.97 23.6 582 (0.39, 0.37)
15.0 20.0 0.75 10.8 578 (0.48, 0.49)
18.0 20.0 0.73 10.4 578 (0.49, 0.49)
21.0 20.0 0.59 8.4 578 (0.48, 0.49)
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Fig. 6 Normalized emission spectra at different forward cur-
rent of the LED prepared from epoxy resin blended with
12wt% cationic iridium(I1I) complex doped SiO, micropowder
(at 5 V reverse voltage)
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