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Abstract

The goal of this research is to study the performance of organic light
emitting diodes via incorporating different kinds of nanoparticles. We
incorporate the nanoparticles by using-chemical bonding and enhance the device
performance via the character of nanoparticles: Three kinds of nanoparticles are
chosen for this study. The first part of this study was focused on the synthesis of
light emitting materials using Polyhedral Oligomeric Silsesquioxane(POSS) as a
core. The second part of this study was focused on chromophore bonding with
gold nanoparticle. The third part of this study was focused on PPV type
polymers incorporating with CdSe/ZnS nanocrystals.

In the first part of this study, we have synthesized eight novel light emitting
materials (POSS1~POSS3, POSSP1~POSSP5), which utilize polyhedral
oligomeric silsesquioxanes (POSS) as the core to link the chromophore, where
the chromophores can be fluorescence (C-1,C-2), phosphorescence (C-3) dyes
and polymer (P1~P5). Compared with the corresponding chromophores, the
incorporation of the silsesquioxane core could enhance the thermal stability and
reduce the chain mobility. POSS1~POSS3 and POSSP1~POSSP5 have similar

absorption and photoluminescent spectra. The silsesquioxane core does not

iv



affect the energy gap of light emitting materials. The annealing experiments
show that the PL spectral stabilities of star-like light emitting materials are better
than those of chromophores. These results show that the incorporation of the
silsesquioxane core could enhance the thermal and luminescent stabilities.
WAXD results show that although the crystal structure of the silsesquioxane
core is affected by the chromophores, POSS1~POSS3 and POSSP1~POSSP5
still keep nanoscale crystal structures.

POSS1~POSS3 emit blue-green to yellow-green light. The star-like light
emitting materials show good film forming property. Therefore they can be used
to fabricate devices by a spin coating process. The single-layer LED devices
(ITO/PEDOT/POSSn:PVK:PBD/Ca/Al) of POSS 1, POSS 2 show maximum
brightness of 1102 cd/m? and 1468 cd/m® respectively; maximum quantum
efficiency is 1 cd/A. .The _maximum brightness of the device
(ITO/PEDOT/POSS3:CBP/LiF/ CalAl)-is 1458 cd/m?. After blending TPBI as
the hole blocking material, the maximum quantum efficiency can be increased
up to 3.99 cd/A. In addition, the EL spectra are stable even at high voltages.
POSSP1~POSSP5 also show higher luminance and quantum efficiency because
they contain POSS as cores.

In the second part of this study, a thiol containing chromophore (S-1) was
synthesized. The chromophore S1 was linked with different amounts of gold
nanoparticles via thiol group to form the gold nanoparticle containing
chromophore Au-1 and Au-2. Both Au-1 and Au-2 were measured by FT-IR,
NMR, and TGA to make sure that chromophore S1 was linked with the gold
nanoparticles. The Au-1 and Au-2 show an UV absorption peak at 431 nm and a
PL emission peak at 497 nm. Both values are the same with those of
chromophore S-1. However, the PL quantum efficiencies of Au-1 and Au-2 are
enhanced to reach 0.47 and 0.53 respectively.

Both Au-1 and Au-2 were fabricated with the devices configuration of ITO/
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PEDOT/Au-n/Ca/Al. The Au-1 devices shows the maximum luminance of 2010
cd/m? and maximum EL quantum efficiency of 1.4 cd/A while Au-2 device
exhibits the maximum luminance of 896 cd/m? and EL quantum efficiency of
0.39 cd/A. For comparison, we also fabricate the devices using C-2 blending
with gold nanoparticle as the emitting layer. The reason we choused C-2 is it
contains the same chromophore and no thiol group to prevent any chemical
reaction. The best device shows the luminance of 1071 cd/m® and maximum
quantum efficiency of 0.67 cd/A. In this device, the weight ratio of C-2 and gold
nanoparticles is 1:0.0625. The results demonstrate that the chromophore linked
with the gold nanoparticles has much better EL device performance than the
chromophore blending with gold nanoparticles.

In the third part of this study, three sulfide group-containing light emitting
polymers (S1PPV-S3PPV) were synthesized. The sulfide group-containing
polymers were used to tether.the CdSe/ZnS nanocrystals via ligand exchange
reaction. The obtained CdSe/ZnS -nanocrystal and SnPPV composites were
characterized by FT-IR, NMR, GPC, TGA and TEM. The results demonstrate
that CdSe/ZnS nanocrystals are uniformly dispensed in the SnPPV matrix. The
PL emissions of these composites reveal in the range from 540~550 nm which is
similar to those of the original SnPPV. The cyclic voltametry measurements also
show that the energy band gaps of the composites are the same with those of
their corresponding SnPPV polymers.

Three kinds of devices based on the original SnPPV, SnPPV-CdSe
composite and blending of CdSe/ZnS and SnPPV have been fabricated. The
S1PPV device show the maximum luminance of 8285 cd/m? and maximum
yield of 0.79 cd/A. For the blending device, its maximum luminance and yield
are 8185 cd/m” and 0.86 cd/A respectively. For SIPPV-CdSe composite device,
both maximum luminance and yield increase dramatically to reach 15960 cd/m?
and 1.47 cd/A. Similar results are also obtained for the S2PPV and S3PPV
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systems. The maximum luminance and yield of S2PPV and S3PPV are 3225
cd/m? and 0.95 cd/A, and 6073 cd/m? and 0.82 cd/A respectively. However, the
S2PPV-CdSe and S3PPV-CdSe composite devices exhibit the maximum
luminance and yield of 14470 cd/m2 and 1.85 cd/A and 13390 cd/m2 and 2.25
cd/A. All these results demonstrated that the device based on the SnPPV-CdSe
composite have much better EL performance than those of the original SnPPV
and blending of SnPPV with CdSe/ZnS nanocrystals.
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Fig. 1.2 Structures of some common small molecules. [’
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Fig. 1.3 Structures of some common polymer materials.
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Fig. 1.7 The synthetic route of precursor approach in PPV
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Fig. 1.8 The structure of PPV derivates
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Poo B AR W IAMM AR DA AP E L A2 BT E DY T F P (ion
extraction)F jiF » L 4e F £ mpi A F € p LA H K chdE i > 211994
# > Brustyg B S 3rendl g = A, o E - # Z(one step) W 2 5 ¢ Rehg
2 AR F ot F £ HE RE D4 3 K B+ (monolayers
protected Au clusters, MPCs)£2 & # e & S48+ ch & = 2 £ 5 1 7
B Aenh s G BEEDLIE ot Ay FHEG &3 KRS D

= 3V 4o B ik 4 (laser ablation) 0 F %84 «fi/é (evaporation of metal in

vacuum) > 7 it & /% (electrochemlcal method) ¥ » {2 ipdt = j2 3R 2 i = Pik
AEA B ARG 0 AL A 2 3 F RS Bk S 2 B B K (aggregation) i
Fode > FIPL ¥ A ig = A fE(decomposition) iAo gt ek o g W E 7 N
EHE AR FREN - e AR o i o d M- s hE RS
EFEBAHMEERLZ I ROF RN F F @ LM FPt g -
V2Rl

1998 » Murray % % & 4.3 (841, % i AuCL g g g A 3 ot 5o
2 F P g R Ao R R F lperid B lUIE e s 5 A2 H R
HPERH T <] o ERNRT DFDS ] TAFHEMET s TR E
NN FEE O FDELEGEREFEZ N M T UEDEL G ERLA
S LR A AR B E g 2 AT 2'H NMR £ H
® ¢ JiR.line broadening cgp % B0 o £ e 5 4 chgmg w I+ B iR R
7 % 3V 7 F & #k & (high resolution transmission electron microscopy,
HRTEM)®HB 5 & % 4 3 eh4 ) 8 3393 - K7 8 % X B & Bk
(powder X-ray) e ™ ¥] 2 > f ¥ & * F & & 47 ik (thermo gravimetric
analysis) ~ % ¢} 3k ¥ ik (ultraviolet spectroscopy) % i& = *b % 3 % (Fourier
transform infrared spectroscopy, FTIR) % ik B8 (7R & o ¥ & X k4%
bt+(small-angle X-ray scatting)®" 2 #1 & M7 RenF sk > VA 2 E £ 5 f RS
E [ lS5~52nm 2 BFpF, K7 5 110~4800 B &R+ o/ £ 7 Kk
FHRFEEFT Al oK /7 A % kY 2 Xray photoelectron
spectroscopy’” & {TFEIL c BIMM | L ehg 2 AR T P E G AR
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nw

TRPIEB L NEE AT > P2 AP ET o R RELE A RS

SRR o VY Bt R &Y 5 # £ A 45 k(differential scanning

calorimetry, DSC) ~ #f§ % =p| £ % thermal desorption mass spectroscopy'”~

Bl o kg &N RF S PR e 0 553 520 B A G 0 H AN
&

&y
4.5 o 4]* Brusteh= 2 £ 2 Mehd A AT > B A £ A5 -

ul x o

P THENT I EASET ) A5k 3R] o F] > ZhongH £ 7 F7i0
Bl TR HE g 2 KT AR AR - R g
fe el 38 T A2 Fnr ) E? A47-57Tmm2 o 2 1% FiENT
+ B ACHTBLIRI 2421890 %o & 2 K S <o 7 ﬁ_t%\#%[ﬁp\ » BT
552nmo B F Aol me TR R G AL B 2 K kS 2 3k
F b IRE R o F ek VA B 2 REOT A A B AR LR

Gl o Egmfﬁ" SR E g g b kDR R ® o g
% 4 #ic(wavenumber) % BB R EA KA e H E A F
Bz 4 o g KR s me B R EF S TA 2 R

mEIRE S o @ P RIS AECEE) AR B+ G T X P
€ P B3N g 4 R (collective dipole) @ Flm & 2 £ & 7 “Ff: £ PRI %

(surface plasma resonance) » ¢t L % ¥ o % ¢b/F R k% ik P

=
34
EE:|
=
o
syl
peits
"=

7 AkFa '5 e
Tkt ek ) A H K A3 s DI =8 (red shift) & & 4 (blue
shift) 3 % o

111 mir45 2 k3B E 2 F

FiC4R(CASe) Bt TI-VI % 2 Al it &4 > G HFRT > B K3
BT HELT7eV s %k £ N 5730 nmo H A FEY FRENT L LR
(400-800nm)° @ #1990 & 4= > F|* dimethylcadmium % {Fcadmium =5
TARS o W H - A G rd B & ECdSed A H D ey
£ i h s F R ’ﬂ*ﬁ%ﬁﬁﬁﬁﬁﬁkﬁ\ﬁﬁﬁ

"-1\

B AL Ao R PSR T &SN A & o] ShCdSe R K fodnne o
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991\ 2 e HOOIOUL &[54k e 15 o CdSe % 4 do A F HARZ A ~ % &
2 g x@ww.ﬁf%7m+~%§‘wbbv%%£%#&r%ﬁ H 5]
AE RIS IEA R HEHETRS A O B FS
%ﬁz@ﬁ’ﬁ%ﬂﬁ%*’&ﬁﬁ%%ﬁé’%iﬂﬂﬁﬁ%%ﬁgi
Fef2meAd 2 Rl ] aCdSe 2 A fofe > ¥ st 7 e ik £
UV, geFig. 1164757 o 417 ABILF 0 v k= E . c g

by

[105,106] _ = 5T*j_+,[107108] 24 e [56102] 5 5 = IR I W
BABRTA 6 0 A ERHRE LI Bk RERE > < T
FrEm 4 o A b4 T T T ’%’Z—?iﬁ%@frvg %\mmmﬁ’«‘[ml a
PR IBTAZT - AR HEER X A RE LS 21V
L L ER T FTE P e F o B kR SCASe kaTH K 0 T H

£
%ﬁfﬁba%mQJ’ﬁﬁéﬁ%ﬁﬁikwmoﬁﬁ%%%:ﬁ@a
TOFEFRMBEL - FAE CLETERSS CFHARE )BT
%E?i@%iﬁﬁﬁﬁ%%j’%@ﬁﬁ‘iﬁpﬁh Pe R &
HOSI0M, L g 2 F 8 R AMERH T 30 FR P AL
APRPN TS e FLGER2ZERPE € A4 PN SEIETTOR
Bmre p 2 FABH LA F A AGd BRE S S L ER S SR
LGB ABE N THA OIS T e A o LT R L
-

e FRat b2 gr PO g g

* 5 7? ’%En‘ o
Rk 1,%’%[109'125] ST AR R K ok WA 22 < NG BAER
(thermal pyrolysis) » #cxv i+ ;£ (microemulsion) » ;% 4| #4 ;£ (solvothermal

synthesis) » ;&3\ & = ;% (wet synthesis) 2 & i* & /% (electrochemical deposition)

2

TV ST 1L

£
BHEE
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—

0N
ﬁ
m
bt}

L SR R ‘%ﬁﬁﬁﬁ%ﬁﬁ—ﬁﬁ
ét& L %] (TOP ~ TOPO) ¥ 2% 42 £ 4 5 ** 3 8 &

P ¥ R AR R OF ke Murray:t;A[W:},wa
HFE Juo F A M ZRBSe 4573 TOP # A5 $TOPSe 15> £
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#-TOPSe ¥ dimethylcadmium# 5% % ;. » TOPO 3 & ¢ & {7 &
Ay i hg o d F R EE R 24 ¥ #1.5~11.5nm2 /¥
% H G2 S e d 2 dimethylcadmium & % ;8 (120~300°C) T %
T ¥ ¢4 #7110 Brien¥ A 109“05‘? AL HE - W
5% B > 4oCd[Se;CN(CHs) ], % » B~ Murray 4 chd # 3 %
i o@mE ~TOP 2TOPO ¥ A HP » B EZRTF
18 3~6nm 5 452 F S o Peng® A Mpng e 1w 45 en
"5 > 4o @ Me,Cd ~ Cd(Ac), ~ CdO % > b PF4e » 48 28 k48
¥4E Y o 4oHDA ~ HPA - fatty acid % » & 39 s @ % 53/
LRI GEA 2 G T E R ot R 2 R AT o /ZL%»“—".L
++4]% TOPO ~ TOP ~ TDPA % k&4 lick fis & - » 7 114
B0l 10nm 2/ i AR HOH 0 7 fid 4~ HPA S HDA %<
Rk 2 A5k o e L ELATEF BIE R (200~300°C) % 0 F &
PRI EFgRT A G HBHAF R TSRS §
REEZApFEAR S
itk Gt Ap Y R B R K AT SRR R R L

\

‘”\

o

F_*

N

Mgy i
Wl o A ¢ oRGE A3 e (reverse micelle) o A {8 fefit
AR TMERES R A AN Sk o d 3N et kT ] o
Lt ARl B AT 2] o RS ] T A R A

%
[115~117] o Lok 5 B O sl @ 0 4 P
2nm PR P E 2 B BEER A G AR E T ow SR @

73 A% &éﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬂ’ac%ﬂ—iﬂﬁ

g

= '“?*,5%% oA MR L a3 R 0 A NCA 3T oSe”

3 B CdSe® o Skt Bl 0 SHE Y 2 RAF L A
¥ it o Bldrethylenediamine ~ diethylamine & o gt /2 2_ iR gE 4 >t 4
XA G AR E > FREEE A kR
B2 m AR A SF S RS A S 0 X8~40nm e ] 4rWangE 4 'Y
WA 2 & Y453 ~» 3R % ¢ > 1Lethylenediamine 3 73 | -
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Ao rdp g B RA > AR S 3]80-100°C 0 T F F 5 5k
2. CdSe s F S s A Li% A Ul x40 ~ @ oA > W2
diethylamine§ 3 &] > B & % 4 £ 3]180°C » F 1 sc &7 o
I hokApY SRS ARES DB RER S
AERTRE A NE RIEFEER 10T E RE PR
Boo— dpifak & 2w 553 7 Al s 4+ (NaySeSOs3) 14 o
BETRBE o UK 25 by TRk E’K‘J%‘in”é
TAeBE - BRI o T QU AR MBI o @ R
WS S P> A RREETH T ARG 2pH B 0 £
door 2w TR T ER AT AN R R 0 T E R R m i 4R 2 F
542 12% o oYang % « 2 CdCL 2 Se 5 % % Bpd 0 T 7 4
Na,SO; %2 F B> pdktE%RB (dvz k) ~FRIEFETFE
2 =it ik o F B EAEY 0 Se A ENa,SO; 7% 4 =
Na,SeSO; » & fZat 11SeS0s” ¥ CA(NH;),* & 45 11CdSe 2
Sk o K s BidaiRl s

—

[CA(NH;),]*" + SeSO;” + 20H — CdSe + SO, + 4NH; + H,O

A Ma% < U2k g A3 (PVA)IF 4 i - k48

AR mitgEE NS iR a43nm 2% o

g
iU?“?*ﬁi*%%&i%@ﬁéﬁ’?%dﬁﬂ?mm&\

FORREE o~ F g fasntPla gl otk s riE 2T
AR VARl R AR R TR R AR
ﬁﬁﬁ*”%@ii#imﬁﬁﬁt”i » Ao 2 R R
PR E D WA 5 A ®F B A 6 0 Hodes® « Pl
W% CdSe %t Hdrz AT g ¢ g d 0 2 CdACLiF 5 Cd 2 KR
B M R R 28T > B R R CA(ClO,),6H0 5 CdT 2
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RipATE G BAF AN E I EREREILSE  FAa TR
Fol e e o gt b LR AR o TV IR
CEE a4 3 p I Rpd A ia 4 8 L Eagp

125]

iy
%
kil
ﬁ

S
L
5

~
=

gl

NMormalized fluorescence

1771 1033 799 a5 2%
Wavelength (nm)

Fig. 1.16 L # 2 A Hlene d g Lt ER B eod 2 LA NN L

2y
InAs ~InP ~ CdSe 2z 5 St = ,@f]‘@' g £ @i
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Section |

Syntheses and Electro-Optical
Properties.of the Star-like Light
Emitting Materials based on a
silsesquioxane(POSS) as a core



Y-F FIEH

FRFAFTERRZEWRR 2 ERFY c A2 RERY 25 0 T
FUFAT S BR T A o RF RS e e o R TRE T L A
TR EE A 2 e P e T E 2 - é*ﬁﬂﬁ?%ﬁﬁ&ﬂ’%l
Bl F I (side reaction) 2 # M 4r ey ftt > B o0 F4agrganiT Y S daafp R A
= R (excimen)shAd 2 % 0 FULE A S A BT daknl

7 M F RE RS (POSS)F e H-RIF A ST RS R
Foeng g o e gl g0 9 POSS Bl B A Y R A A
(end-capping)¥ @ ~ i hR R 2 EF2xF A o A B P FH A DI & R F A
W POSS ¥ i¢ B A T4 B EALIME EL - BH A4 o R
a,%ﬁ~§ & POSS I~ F A3 ¢ > d 2 POSS2 g A3 ¢ chy £+
o Fac ') POSS $t % & F Al Feni A 2 R -

Flt o AR HY > EG SBE BT A A POSS ¢ s I
EaEe PR E 2 gk R PR RAT L AT AF A
)% = B & (star-like) &+ Gedi o 22 JED POSS el » o s BT
MO T AR B R AT - B inA A i B e A PR o b
4259 P POSS 4 o £ 1.5nm A S R B okt - BT T B R
Flzog s S PR EWE DL F TG B M

8\
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A4

- = PR A
= X '? 56??'3 yd

S R
31 #F#

BV AT * 2 B0 WM A Aldrich ~ Merck ~ Janssen ~ Lancaster
TCI o1 27 > 25Wi B i@ * o 975 A& %R p Merck 2 Fisher =
# o f -k tetrahydrofuran (THF) 14 & ic% » ¥ 4 » benzophenone % 43
TR R F FEETROC P S AR o &k dichloromethane 12 Z it
@Ea oo F o ERTRC P S RS RH* o &K toluene 4 n-Buli iz

A B F FIEE TN PSR o

2RHRE
TR SRR TR G BARG RaRF M A R L E S b
WA o FR T AR RE

3.2.1 ¥ £ &% # & ( Nuclear-Magnetic Resonance » NMR)

% * Varian-300 MHz 2 £ 3= % - # ¢ 12 d-chloroform %3 | > & #%
" tetramethylsilane i3 6=0.00ppm % p 3RL®E > * F > H % ppm e
kT ALY 1s & or HE singlet-d £ 57 = £ doublet>t % 7t = £ % triplet

m % 7 % &% multiplet > br & 7 B FB% o

3.2.2 #c & # ¥ -+ 3+ ( Differential Scanning Calorimeter » DSC)

i# * SII EXSTAR6000 % ;% & ta 5z /4 47 % 5t o F B EE?;}?J—BK%,{"E;. 2 ~5
mg o AeFE L FrdF e ik F A B 5 20 °C/min 2 40 °C/min > * 12 & PR &2

WA R R SRR F

3.2.3 # € & 7 % ( Thermal Gravimetric Analyzer » TGA)
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i * Perkin Elmer Pyris 4t € # 47 & o § % F P & 2~10mg > & &
2 4edi 5 5 10 °C/min > 2 B 50°C~750°C> & & § § in & 100 ml/min

TORE H B RS o

324 & = ¥ % ¢ %k sk 3 &K (Fourier Transform Infrared
Spectroscopy * FT-IR)
% * Perkin Elmer instruments Spectrum One & 3% i% o F 2k ¥ #-4% 504 30

AAY 0 ARFINL e (KBr) BY P SRARITEETT s ko 2
7B 1 dic(em™) o # B 400 ~ 4000 2 # -

3.2.5 5% %% & 47 %k ( Gel Permeation Chromatography » GPC)

i# * Viscotek VE2001 & BFI &5t > B ®E 5 Viscotek T50A
differential viscometer # Viscotek LR125 Laser refractometer o ix % & * = %
- 22  American Polymer column > #73 sv'2_ gel & <} < /] & & 10° ~ 10 fe
10° A » & & * polystyrene ( PS) #EaH Sl tas 5 BRI o 4 o plaEpr iy
tetrahydrofuran (THF) % "3/ > & %4530 35°C enf @ ¢ - R Fia R 2
fefl i & 20mg B &4 %% 1.0ml 2 THF ¢ > 4 0.2 um £ Nylon filter i

TaisiEr o

3.26 % *tamprv B kiH ik (UV-Vis Spectrophotometer)

g * HP 8453 %) UV-Visible 3 & o #* r2 1 Pk &2 s jg k3% > 7
PR ARBREENTEEP DR TER T AU A0 2B

3.2.7 ¥ % k#H ik (Luminescence Spectrophotometer)

i# * ARC SpectraPro-150 2| ¥ & 2§ % o * 12 (8 Pk &2 3w bk 2% -

30



RER®® 2 g KRS 450 W 2. Xenon % 0 B RIPFEE A K 194 B B R &
Z BTk G F AT A oo 7 Bicdy & 6 o Sk (potoluminescence > PL) Sk 3 o

3.2.8 %%k k% 3+ E &(Cyclic Voltammetry » CV)

%1 * Autolab s ADC 164 2| 7 i+ ik Ricdri *-BRT > F A5
AR wA Pt § v TR 4R M Arfry & R &(standard calomel electrode,
SCE) % ¥ % % % {& (reference electrode) » 44 (Pt) & % /& & & (counter
electrode)> 4 0.1 M 7 (n-Bu)4,NBF, /acetonitrile = & f# 5 /% » 2 50 mV/sec
Gk R TR o

3.2.9 OLED = {4 % e i

A itder g R H TS > H3getk # % Photo Research PR-650

Spectra Scan 4 £ & {c § T3 sk L L TR o

3.2.10 B & X sk ¥+ % (Wide Angle X-ray Diffraction » WAXD)
%@ * BEDE DI A& %684 1% > 4F 45 5 £ iR » 2000 W 3% & > L =1.54A -

NIRRT EPREGFHRB AT 2RSSR

3211 H#Hh N T+ Bk
(Scanning Electron Microscopy * SEM)
% * HITACHI S-4000 %] ¥ =+ B ficgr > >t 25.0 kv ehdeid § B > 2%+ &

F 5100k T 0 RBA AT R G NE S AL 2 T B

3.2.12 E R B R
(surface profile » q -step)
% 12 DEKTAK 3030Alpha step " ip| 5 & k&R #FfH & B Smm > #F
o i B 5 medium o #Ffy He=w (s B-H T 35E o
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3.3 &£ XML

m ok H {8 C-1~C-3 2 % ;& & F POSS1~POSS3 2. & = ;42 8] & Scheme
3.1~Scheme 3.6 - P1~P5 2. & = /i 42 8] & Scheme 3.7~Scheme 3.10  :¥’mz_
& & J L P POSSPI~POSSPS 2 & 4 A2 [F] & Scheme
3.11~Scheme 3.12 -

331 FREHC-1~C-3ehé =
1-(hexyloxy)-4-benzyloxy benzene (1)

#- 4-benzyloxy phenol (1 g ° 5 mmole) ~ potassium carbonate (5.5 g » 0.04
mole) % fix & 2. potassium iodide ¥ *T S ¥ ® » 2 DMF /3 f% > %~ 60 °C T+
I 10 ~ 48t jF » 1-bromohexane (0.99 g»0.006 mole) > 4¢ £ ik /i 24 | p&F o
AEPE F RS 0 ser HCl KAk @ B8R » e e fig 5B R4t %
ks /ﬁ\fii\'fwff—i AR BFRRUP EFE S e8P RE 114 g
(79.1 %) » *3 8L =64 °C -

'H-NMR(300MHz, CDCls, 8ppm):7.40(m, 5H, -O-CH,-C¢Hs) » 7.00(s, 2H,
aromatic-H) - 5.01(s, 2H, -O-CHjz~) > 3.97(t, 2H, -O-CH,-) » 1.81(m, 2H,
-O-CH2-CH,-) > 1.45(m, 4H, -O-CH,-(C,Hy)-) ° 1.34(m, 4H, -O-C;5H-(C,Hy)-) °
0.91(t, 3H, -O-(CsH()-CHj;) °

1,4-Bis(bromomethyl)- 2-(hexyloxy)-5-benzyloxy benzene (2)

#- 1-[4-(benzyloxy)phenoxy]hexane(1) (1 g > 3.5 mmole) 2 paraform-
aldehyde (0.53 g » 0.0175 mole) & ** Egg#L® » re7kfppe (30 ml)i3 f# - »v §
F T o e BBF ~ hydrobromic acid (2.5 ml > 0.014 mole) > ** % iE
T F J& overnight - SR B G v 4 FEEAT S o FOBRE LS 4 ~ ok (50 mD)#
F+£20 L4t HpFe ¢ BN Bipz AT AL RN Fa d
F42 0.52(303%) 3 E =111°C-

'H-NMR(300MHz, CDCls, 8ppm) : 7.47(m, 5H, -O-CH,-C¢Hs) » 6.90(s, 2H,
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aromatic-H) > 5.10(s, 2H, -O-CH,-) » 4.53(d, 2H, -CH,-Br) - 3.99(t, 2H,
-O-CH,-CH,) » 1.81(m, 2H, -O-CH2-CH,-) » 1.55(m, 4H, -O-CH,-(C,H,)-) °
1.34(m, 4H, -O-C;H¢-(C,Hy)-) » 0.91(t, 3H, -O-(CsH,0)-CH,) °

2-(Hexyloxy)-5-benzyloxy-1,4-xylene-bis(diethyl phosphonate) (3)

#- 1,4-bis(bromomethyl)-2-(hexyloxy)-5-benzyloxy benzene(2) (1 g - 2.1
mmole) ¥ ** ¥ ggFg? > 3t glove box ¥ 4v » triethyl phosphate (1.4 g 8.5
mmole) e Ny T v w i 2] FF o 3 F 0 4vrk (Sml)> e fhe fig
P Enph4E oK RREALLBH BRI R (1248 TF AF B
Z_ triethyl phosphite) °

'H-NMR(300MHz, CDCls, 8ppm): 7.36(m, 5H, -O-CH,-C¢Hs)>7.00 (s, 2H,
aromatic-H) » 5.04(s, 2H, -O-CH,-) ’ 3.99(m, 8H, -P-O-CH,-CHj;-) » 3.92 (t, 2H,
-O-CH;-) » 3.24(d, 4H, -PO-CH>-) ;. 1.78(m;, 2H, -O-CH2-CH,-) » 1.46(m, 4H,
-O-CH,-(C,Hy)-) > 1.37(m, 4H;-0-C3He#(C,Hg)-) » 1.25(m, 12H, -O-CH,-CHj;) »
0.93 (t, 3H, -O-(CsH,)-CHs) ©

2-(E)-2-[5-(Benzyloxy)-4-[(E)-2-(9-ethyl-9H-2-carbazolyl)-1-ethenyl]-2-(hex
yloxy)phenyl]-1-ethenyl-9-ethyl-9H-carbazole (4)

H- 2-(hexyloxy)-5-benzyloxy-1,4-xylene-bis(diethylphosphonate)(3)
(16.597 g » 0.0284 mole)% 9-ethyl-9H-2-cabazolecarbaldehyde (14 g > 0.0627
mole) ¥ ** FFgEHg? o ",f k3 2. THF (300 ml)i% %2 o 34X 10 » 48 > /L
~ potassium tert-butoxide(25.55 g > 0.227 mole)z. THF ;3% ° ** 38T & i

50 o F SRS e r A BoRBEAEF R 30 A4S 0 iBm FE
MR RRITR RS FRRF I FHA 18.452(89.8%) 0 gk =228°C

'H-NMR(300MHz, CDCls, dppm): 8.21(d, 2H, -CH=CH-Carbazole)- 8.10(t,
2H, -Carbazole-H) > 7.57(t, 2H, -Carbazole-H) > 7.55(m, 4H, -Carbazole -H) -
7.44(m, 6H, -Carbazole-H) > 7.27(m, 2H, -CH=CH-Carbazole) > 7.23(m, 2H,
-Carbazole-H)5.21(s, 2H, -O-CH,-C¢Hs)*4.35(q, 4H, -N-CH,- CH;)-4.11(t, 2H,
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-O-CH,-CH,-) » 1.54(t, 6H, -N-CH,-CH3) > 1.23(m, 8H, -O-CH, -C,Hs-CH3) >
0.94(t, 3H, -O-CHQ-C4H8-CH§) °

2,5-Di[(E)-2-(9-ethyl-9H-2-carbazolyl)-1-ethenyl]-4-(hexyloxy)phenol (5)

#- naphthalene (13.425 g > 0.1047 mole) % ** gFgp¥g® > ** glove box 7
4v » lithium (0.545 g > 0.0785 mole) > ** § # T2 » 2%k 2 THF # 4= 10
Ak o B R B R d B O S F 2 o kip T oL
2-(E)-2-[5-(benzyloxy)-4-[(E)-2-(9-ethyl-9H-2-carbazolyl)-1-ethenyl]-2-(hexylo
xy)phenyl]-1-ethenyl-9-ethyl-9H-carbazole(4) 2. dry THF /% /% > %4F 0°C & &
2 ) PE o A r F (L 4RAR KA FE R 0 1 THF 3B > mfr;ﬁ;l;*,éf KRR %
e;g%-i A Fl kit ERE I FHM 11.3g(682%) B =172°C -

'H-NMR(300MHz, CDCls, dppm) : 8.23(d, 2H, -CH=CH-Carbazole) -
8.12(d, 2H, -Carbazole-H) » 7:66(t, 2H, -Carbazole-H) » 7.49(m, 4H,-Carbazole
-H) > 7.34(m, 6H, -Carbazole-H)> 7.26(m, 2H, =CH=CH-Carbazole)> 7.13(m, 2H,
-Carbazole-H) > 5.13(s, 1H, -OH)-4.34(q,  4H, -N-CH,-CH;) - 4.10(t, 2H,
-O-CH,-CH,-) » 1.54(t, 6H, -N-CH,-CHs) > 1.23(m, 8H, -O-CH,-C4Hs-CHj3) >
0.94(t, 3H, -O-CH,-C4Hs-CH,) ©

9-Ethyl-2-(E)-2-[4-[(E)-2-(9-ethyl-9H-2-carbazolyl)-1-ethenyl]-2-(hexyloxy)-
5-(vinyloxy)phenyl]-1-ethenyl-9H-carbazole (C-1)

#- 2,5-di[(E)-2-(9-ethyl-9H-2-carbazolyl)-1-ethenyl]-4-(hexyloxy)phenol
(5) (1 g~ 1.58 mmol) ~ potassium carbonate (1.75 g > 0.0127 mole)% ik & 2.
potassium iodide ¥ *~ ¥ ? > 2 DMF (30 ml)i3 f% > % 60 °C ™ #+= 10
/> 48 o jF » 3-bromo-1-propene (0.229 g » 1.89 mmole) > “4r ik jix 24 | pF o
AAPE FE S 4or HCL kg B3 ptE o #4702 BMER » ¥ 1
BArdit s ¥ 2% 4 T4 0.842(79.2 %) > *3 8 =169 °C o

1H—NMR(3OOMHZ, CDCl;, éppm) : 8.23(d, 2H, -CH=CH-Carbazole) -
8.12(d, 2H, -Carbazole-H) - 7.72(t, 2H, -Carbazole-H) > 7.57(m, 4H,
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-Carbazole-H) > 7.41(m, 6H, -Carbazole-H) > 7.29(m, 2H, -CH=CH-Carbazole) >
7.21(m, 2H, -Carbazole-H) * 6.19(m, 1H, -CH=CH,) > 5.53(d, 1H, -CH=CH,) °

5.35(d, 1H, -CH=CH,) » 4.68(d, 2H, -O-CH,-CH=CH,) » 4.36(q, 4H, -N-CH,
-CHj3) » 4.12(t, 2H, -O-CH,-CH,-) » 1.57(t, 6H, -N-CH,-CH3;) * 1.29(m, 8H, -O-
CH,-C,4Hs-CHj3) » 0.93(t, 3H, -O-CH,-C4Hg-CH,) ©

N,N-Di(4-methylphenyl)-N-phenylamine (7)

#-aniline (2 g»0.021 mole)’4-iodotoluene (9.85 g>0.045 mole)’ potassium
hydroxide (9.65 g 0.172 mole) > copper chloride (0.11 g > 0.001 mole)*
1,10-phenanthroline (0.19 g » 0.00101 mole) % **= gg¥g® > ¥ toluene (10 ml)
AR Ae#hiE G 24 ] PF o fE R R R (S 0 Mok B fig H B K‘Lﬁ_‘ré‘zi;é‘,lf 'k
BRBREAFLBA T ERTL S WE S AWIgGLII %) G =
109 ~ 110 °C »

1H-NMR(3OOMHZ, CDCls; oppm).+7.12(m, 3H, aromatic-H) > 6.93(m,
8H, aromatic-H) » 2.22(s, 6H; CHs)-°

4-[Di(4-methylphenyl)amino]benzaldehyde (8)

#- phosphorus oxychloride (0.85 g > 5.5 mmole) > N,N-dimethyl formamide
(0.41 g > 0.0056 mole) & »>* = Fg g ® » N F H T F R 15 ~ 4 o &
N,N-di(4-methylphenyl)-N-phenylamine(7) (1 g > 0.0036 mole)'? 1,2-dichloro
ethane (10 ml);% fZ{s 4 » Z FpHg Y 30 05°C T F B 24 [ FF "8 12 3818 »
PSS ee e fa P RREBER K SRR EAF 2 A 0 e BivE
i > R ¢ FHE 0.8g(72.73%) 0 B EE =98°C -

'H-NMR(300MHz, CDCls, 8ppm) : 9.78(s, 1H, aldehyde-H) > 7.61(d, 2H,
aromatic-H) > 7.12(d, 4H, aromatic-H) » 7.04(d, 4H, aromatic-H) > 6.91(d, 2H,
aromatic-H) > 2.32(s, 6H, CHj3) °
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N,N-Di(4-methylphenyl)-4-(E)-2-[5-(benzyloxy)-4-((E)-2-4-[di(4-methylphen
yl)amino]phenyl-1-ethenyl)-2-(hexyloxy)phenyl]-1-ethenylaniline (9)

#- 2-(hexyloxy)-5-benzyloxy-1,4-xylene-bis(diethylphosphonate)(3) (0.5
g > 0.9 mmole) > 4-[di(4-methylphenyl)amino] benzaldehyde(8) (0.55 g 1.8
mmole) & >t = FgFEg® o 1Y ",f kg2 THF 3 f%2 > § § T /L > potassium
tert-butoxide (0.77 g)2. THF 3% c " 3B T F R 15 P F BB L {5 4
CRRE R i 430 A 41 > BR FM Y BITE RS > TR
J F]48 0.45 g (48.7 %) > "3 8 =180°C -

1H—NMR(3OOMHZ, CDCl;, oppm) : 7.40 ~ 6.90(m, 30H, aromatic-H) -
5.13(s, 2H, aromatic-CH,-O) » 4.02(t, 2H, -O-CH,) > 2.32(s, 12H, aromatic
-CH;) > 1.81(m, 2H, -O-CH,-CH,-) > 1.57(m, 4H, -O-CH,-(C,Hy)-) > 1.29(m, 4H,
-O-C3He-(CoHy)-) > 0.85 (t, 3H, -O-(CsH, o) -CHa) -

v

2,5-Di((E)-2-4-[di(4-methylphenyl)amino]phenyl-1-ethenyl)-4-(hexyloxy)ph
enol (10)

#-naphthalene (0.23 g > 1.8 . mmole)® ** gFspsg® » >tglove box™ 4t »
lithium (0.009 g > 1.2 mmole) > ** % § T /L » 5z 2 THF 104 48 > 73
B - S A T O O S S - RLE #
N,N-Di(4-methylphenyl)-4-(E)-2-[5-(benzyloxy)-4-((E)-2-4-[di(4-methylphenyl

)/

)amino |Jphenyl-1-ethenyl)-2-(hexyloxy)phenyl]-1-ethenylaniline(9) (0.39 g,
0.4mmole)Z_ “,f K2 THF 2 7% » %4F50°CK B2/ PF o 4c » & (Y 430KiA 7% %
W KR M THF % B~ > /Eﬁﬁ-‘rﬁi‘%"f K18 R Z”Efgﬂfi AA E AR CER
+ ¢ F180.29 g (95.08 %) > "3 B =178 °C -

'H-NMR(300MHz, CDCls, dppm) : 7.39 ~ 6.94(m, 30H, aromatic-H) -
4.02(t, 2H, O-CH,) » 2.32(s, 12H, aromatic-CH;) » 1.81(m, 2H, -O-CH,-CH,-) °
1.51(m, 4H, -O-CH,-(C,Hy)-) > 1.27(m, 4H, -O-C;Hs-(C,H4)-) » 0.9(t, 3H, -O
-(CsH,0)-CHs) °
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N,N-Di(4-methylphenyl)-4-(E)-2-[4-((E)-2-4-[di(4-methylphenyl)amino]phe
nyl-1-ethenyl)-2-(hexyloxy)-5-(10-undecenyloxy)phenyl]-1-ethenylaniline
(C-2)

#-2,5-di((E)-2-4-[di(4-methylphenyl)amino Jphenyl-1-ethenyl)-4-(hexyloxy)
phenol(10) (1 g 1.2 mmole) ~ potassium carbonate (0.7 g° 5 mmole) % potassium
iodide(— /] #) B ** EFEHLY » 4 » DMF (50 ml)*+60 °CT™ #4104 45 - jf »
11-bromo-1-undecene (0.32 g 1.3 mmole) » 4c Ft ik ;24 | pFo 2 fr 3 8
e »HCI kB i@ Rospets» #4722 PR  “E i hkirHd @3R3
¢ F480.65 g (54.62 %) > 58 =183 °C -

'H-NMR(300MHz, CDCls, 8ppm) : 7.35 ~ 6.94 (m, 30H, aromatic-H) > 5.8
(m, 1H,-CH=CH,), > 4.99(d, 1H, -CH=CH,) > 4.89(d, 1H, -CH=CH,) > 4.02(t,
2H, -O-CH,) » 3.9(t, 2H, -O-CH,) > 2.32(s, 12H, aromatic-CH3) > 1.99(m, 2H,
-O-CH; -CH;,-) » 1.81(m, 2H,.s0-CH,-CH5-).> 1.51(m, 12H, -O-CH,-(C,H,)-) °
1.27(m, 12H, -O-C;H¢-(C,Hz)-)-> 0.86(m, 3H,~0-(CsH,()-CH;) °

2
|

tetrakis(2-Phenylpyridine-C*N2)( « -dichloro)diiridium (12)

#-2-phenyl-pyridine (2.29 g > 0.0147 mole) & ** g ¥ ? - >+ glove box
® 4¢ » iridium trichloride (1 g » 3.35 mole) * N, T 3= » & & Gi F i
2-ethoxyethanol (90 ml) » ¥4 5 &~ 458 £ 7 » “f F @3 3+ -k (30 ml) -
100°C ™ & Jis 24 [ pFe24 [ PFEEE D 20 BRI B AL
O60ml)~ par (60ml)yi*ie o F Bz X [ prisfg 2 100ml = & ¥ *=/3f22 o
EipF2 gt > 25ml® F% 10ml & =i ,i\fi@fg"’fé IR A 1S 4
FrimiE s d bk 1.25g(73 %) -

'H-NMR(300MHz, CD,Cl,, dppm) : 9.25(d, 2H, pyridine-H) > 7.94(d, 2H,
pyridine-H) » 7.78(t, 2H, pyridine-H) > 7.56(d, 2H, phenyl-H) > 6.82(d, 2H,
pyridine-H) > 6.62(d, 2H, phenyl-H) > 6.59(t, 2H, phenyl-H) > 5.87(d, 2H,
phenyl-H) -
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15-Hexadecene-2,4-dion (13)

#- sodium hydride (0.288 g > 0.012 mole) & ** EF5pFg? > = » "2 -Kif e
THF (20 ml) » #3- 5 4 48 {8 & jf 4 » acetylacetone (1 g > 0.01 mole) » * J&
L] pEE o 2t 0°C T M iF » TMEDA (tetramethylethyenediamine > 3.01 ml)
% n-butyl lithium (12.5 ml)> v I 2R S 424 | pFFo24 /] pris > 0°C
T 4 »~ 11-bromo-1-undecene (2.33 g 0.01 mole) » & J& s 4 » HCI -k i3 /% ¥
3t FE o Mo RGE (T B FRpLAE S K i R R ;;fégxf—i B A o L AR AT
Bk BN F S B R 035¢(18%) 0 3 gk =26°C o

'H-NMR(300MHz, CD,Cl,, ppm) : 5.79(m, 1H, -CH=CH,) > 5.46(s, 1H,
-CH=C(OH)-) » 4.92(m, 2H, -CH=CH,) » 3.54(s, 1H, -CO-CH-CO-) » 2.23(t, 2H,
-CO-CH,-CHy;-) » 2.04(s, 3H, -CO-CH3;) » 1.99(m, 2H, -CH,-CH=CH,) > 1.55(m,
2H, -CO-CH,-CH,) » 1.30(m, 14H, alkyl-H) -

Iridium(111)bis(2-phenylpyridiune-C*N’)(13-tetradecenylacetonate) (C-3)

#- 15-hexadecene-2,4-dion(13)(0.585 g > 0.0023 mole) # potassium
carbonate (0.252 g » 0.00I8 :mole) & *> F 3¢ g 7 » #7 » %% K iF 2
dichloromethane (5 ml) >+ 0 °C ™ » f$/F » n-butyl-lithium (1.44 ml) - 4%
EET RPANY - T N Sl A “# "k i& 2 dichloromethane (20 ml)i3 f& =
tetrakis(2-phenyl pyridine-C*N")( y -dichloro)diiridium(12) (0.9 g > 0.88
mmole) > ™ T IR o 4c e i 2 X 248 | pF{s 12 dichloromethane % B~ »
FRRdR fo R SR R EAR 2B AD TR R4 % 0.742(50
%) > 5 8L =157 °C -

'H-NMR(300MHz, CD,Cl,, dppm) : 8.48(d, 2H, pyridine-H) > 7.81(t, 2H,
pyridine-H) > 7.70(m, 2H, pyridine-H) > 7.52(t, 2H, phenyl-H) » 7.08(m, 2H,
pyridine-H) » 6.79(t, 2H, phenyl-H) > 6.68(t, 2H, phenyl-H) » 6.32(d, 1H,
phenyl-H) » 6.24(d, 1H, phenyl-H) > 5.81(m, 1H, -CH=CH,) » 5.18(s, 1H,
-CO=CH-) » 4.94(m, 2H, -CH=CH,) » 1.96(m, 2H, -CO-CH,-) » 1.71(s, 3H,
-CO-CHj3) » 1.38(m, 2H, -CO-CH,-CH,-) » 1.24(m, 16H, alkyl- H) °
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Octa(2-(4-chloromethyl)phenyl)octakis(dimethylsilyloxyl)silsequioxane
(POSSCHCI)

1,3,5,7,9,11,13,15-Octakis(dimethylsilyloxy)pentacyclo[9.5.1.1°°.1>"°.1"1]
octasiloxane (0.3 g > 0.29 mmole) » 4-chloromethylstyrene (0.45 g > 2.94 mmole)
Bz ogE Y o 0 ® ¥ (1 om) i o v F F 7oL~ dkGf
(Platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex)-[Pt(dvs)]> >+ %
BTF E4hris o T EmITE Uk FIEP 2 & A 0.22g (33.84%) ©

'H-NMR(300 MHz, CDCls, dppm) : 7.36~7.05(m, 32H, aromatic-H) -
4.53(s, 16H, CH,-Cl) » 2.66(t, 8H, Si-CH,, B adduct) » 2.25(s, 4H, Si-CH-CHj3;, a
adduct) > 1.57(s, 12H, Si-CH-CHj;, a adduct) » 0.94(s, 8H, CH,-phenyl) » 0.16(s,
24H, Si-CHj3, B adduct) » 0.015(s, 24H, Si-CHj;) °

Octa(2-(4-bromophenyl)ethyl)octakis(dimethylsilyloxyl)silsequioxane
(POSSBY)

B~— 25ml g5 i ~01,3,5,7,9,11,13,15-Octakis(dimethylsilyloxy)-

17°.17"° .17 octasiloxane (0.5 g , 0.5 mmole ) > 4-bromostyrene

pentacyclo[9.5.1.
(0.8g,43mmole )2 7 P 4e gz (s % 4 F 3 P52 % 0 toluene » 1wt%
[Pt(dvs)] 10 5§ 47 » F Ju¥T ¢ » 2 50°C T #4524 | 5> FF e d 0 4o~
R "t Pt(dvs) - % gt (Celite)iff jp 2 » #-Jg iR & B * K2
Chloroform % P~ - 4z & 7 # & * MgSO, 3¢ % & ik ¥ o0 £ M
Chloroform/hexane=1/1 & * &% g B 470 1 8- F P A 1.01
g AF 81 Y%

'"H-NMR (300M Hz, CDCl;, Sppm) : 0.25(S, 48H,-Si-CH;) + 0.286(t, 9H,
-Si-CH,-CH,-, B adduct) > 1.23~1.31(m, 10.5H, -Si-CH-CH; ,a adduct) -
2.15~2.2(m, 3.5H,-Si-CH-CH; ,a adduct) » 2.569 (t, 9H, -Si-CH,-CHx-(
adduct) > 6.89-6.96(m, 16H, aromatic-H) > 7.23-7.29(m, 16H, aromatic-H) °
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33.2 & A3 POSS1~POSS3, POSSP1~POSSP5 ¢4 & [0
POSS1

#7348 9-Ethyl-2-(E)-2-[4-[(E)-2-(9-ethyl-9H-2-carbazolyl)-

I-ethenyl]-2-(hexyloxy)-5-(vinyloxy)phenyl]-1-ethenyl-9H-carbazole(C-1)
(0.65 g > 0.86 mmol)% 1,3,5,7,9,11,13,15-Octakis(dimethylsilyloxy)pentacyclo-
[9.5.1.1°7.1>"°.17%octasiloxane (0.1 g > 0.098 mmole) % ** EEFFL? > = » %
‘i 2 toluene (3 mI)#4E5 A 8o e N2 T » 1 &M if » 378 2 mM 2 [Pt(dvs)]
it & » 50 °C T £ Jis overnight o & JiEi& & 154 » 4 mg 2 JE AL 2 |
preg 3 TR A o e RS R F T R LR TR > MR
Rirsdit > @5 %9 F0.16 g (53.5%) -

'H-NMR(300MHz, CDCl;, ppm) : 8.23(d, 2H, -CH=CH-Carbazole) -
8.12(d, 2H, -Carbazole-H) - 7.72(t, 2H, -Carbazole-H) > 7.57(m, 4H,
-Carbazole-H) > 7.41(m, 6H, -Carbazole-H)~ 7.29(m, 2H, -CH=CH-Carbazole) >
7.21(m, 2H, -Carbazole-H) »4.68(d, 2H, -O-CH,-CH=CH,) » 4.36(q, 4H, -N-CH,
-CHj3) » 4.12(t, 2H, -O-CH,=CH,-) »“1.57(t, 6H, -N-CH,-CH3;) » 1.29(m, 8H, -O-
CH,-C,4Hs-CH3;) > 0.93(t, 3H, -O-CH,-C,Hg-CH;) > 0.77(m, 16H, Si-CH,-)> 0.12(s,
48H, Si-CHs-) °

POSS2

#-3% k H 8 N1,N1-Di(4-methylphenyl)-4-(E)-2-[4-((E)-2-4-
[di(4-methylphenyl)amino]phenyl-1-ethenyl)-2-(hexyloxy)-5-(10-undecenyloxy
)phenyl]-1-ethenylaniline (C-2) (0.59 g » 0.86 mmole)# 1,3,5,7,9,11,13,15-

3 1>1°.17Poctasiloxane (0.1 g >

Octakis(dimethylsilyloxy)pentacyclo[9.5.1.1
0.098 mmole) & **~ EFFpFL® » 47 » drytoluene G ml)#g+E5 245 - A N, T >
YLESEF O~ 30F 2 mM 2 [Pt(dvs)]iLit & - 50 °C T F & overnight - F &%
K4 » dmg 2 F MR 2 ) E‘iﬂ“f 2 LR e R R (S RRiRIF
TR R UK AL kTS FF F FAE 0.12 g(20.1 %)
'H-NMR(300MHz, CDCls, 8ppm) : 7.35 ~ 6.94(m, 30H, aromatic-H) -
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4.02(t, 2H, -O-CH,) » 3.9(t, 2H, -O-CH,) * 2.32(s, 12H, aromatic-CH3) » 1.99(m,
2H, -O-CH»-CH,-) : 181(m, 2H, -O-CH,-CH,-) - 1.51(m, 12H,
-O-CH,-(CoHy)-) > 1.27(m, 12H, -O-C3He-(CoHy)-) > 0.86(m, 3H,
-O-(CsH,0)-CH3) » 0.57(m, 16H, Si-CH,-) > 0.12(s, 48H, Si-CH;-) °

POSS3

#3 % ¥ 48 Iridium(I11)bis(2-phenylpyridiune-C* N)-
(13-tetradecenylacetonate)(C-3) (0.65 g » 0.86 mmole)# 1,3,5,7,9,11,13,15-
Octakis(dimethylsilyloxy)pentacyclo[9.5.1.1*°.1>"°.1"
0.098 mmole) ¥ »* EEFEFL Y o 7 ~ 2 -KiF 2 toluene G m)#F+ S5 245 - & N,
T o M EF O~ 30F 2mM 2 [Pt(dvs)] LI A& 0 50 °C T & & overnight © & &
BG4 4 mg 2 iR LRI D L R ] R R R R
»EERT RARL UK FMEA M ket FRE I HM028033%)

'H-NMR(300MHz, CD>Cly, dppm)-: 8.48(d, 2H, pyridine-H) > 7.81(t, 2H,
pyridine-H) » 7.70(m, 2H, pyridine-H)>-7.52(t, 2H, phenyl-H) » 7.08(m, 2H,
pyridine-H) > 6.79(t, 2H, phenyl-H) »-6.68(t, 2H, phenyl-H) - 6.32(d, 1H,
phenyl-H) > 6.24(d, 1H, phenyl-H) - 5.18(s, 1H, -CO=CH-) > 1.96(m, 2H,
-CO-CH,-) ° 1.71(s, 3H, -CO-CH,) » 1.38(m, 2H, -CO-CH,-CH,-) > 1.24(m, 16H,
alkyl- H) » 0.57(s, 16H, Si-CH,-) » 0.12(s, 48H, Si-CHj3-) °

Joctasiloxane (0.1 g -

POSSP1
#- POSSCHCI (0.0084 g » 0.0038 mmole) » 1,4-Bis(chloromethyl)-2-

[p-(3,7-dimethyloctoxy)phenyl]-3-phenyl benzene (0.3 g°>0.62 mmole) ¥ ** = 5F
Fg¢ o vk okigz THF 3§22 3§ # T i1 ~ potassium tert-butoxide
(0.84g » 7.49mmole)2. THF (22 ml)i3 i ° >> 8 F #3# Thr & » i »
2,6-di-tert-butylphenol (0.5g » 2.42mmole)z. THF (5ml)i% ;% » 4% §48€4= 7hr >
M RRITRL TR o B RR 4 FO0.15g-

1H—NMR(3OO MHz, CDCl;, 6ppm): 7.08(s, 4H, aromatic-H) > 6.86(s, 3H,
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aromatic-H) > 6.74(s, 2H, CH=CH) > 6.59(s, 4H, aromatic-H) > 3.94(s, 2H,
O-CH,) > 1.58~0.82(m, 19H, -(CH,)s-CHs;) °

POSSP2:

#-POSSCHCI (0.016g > 0.0071 mmole) > 3-[2,5-di(bromomethyl)-4-
methoxyphenoxyJoctane (0.5g > 1.18 mmole) % ** = ggsg® » 11 “ﬁ% kg 2. THF
(2.5ml)i% f22 o > § § T ;L > potassium tert-butoxide (1.59 g > 14.17 mmole)
Z_ THF (45ml)i% 7% >+ 3 8 ™ # 4 Thr & > ;2 » 2,6-di-tert-butylphenol(0.5g °
2.42mmole)z. THF (Sml)iz % » F F 484 Thro 27 fiTE ok o F 54
=48 033 g -

1H—NMR(?)OO MHz, CDCl;, dppm): 7.51(m, 2H, aromatic-H) > 7.19(m, 2H,
aromatic-H) 3.94(m, 5H, O-CH, & O-CH3)’ 1.81~0.89(m, 15H, -(-CH,)s-CH3;) °

POSSP3

Be— 25 ml sy (B 4ESRE A LR LFR) AL EH
¢ & B 2,7-Dibromo-9,9-dihexylfluorene (0.25 g - 0.5 mmole) -
2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-  9,9dihexylfluorene (0.5
g » 0.85 mmole) » N,N-Di(4-bromophenyl)-N-(4-pentylphenyl)amine (0.16g *
0.34 mmole) ~ Pd(PPh;)4(0.01 g 0.0086 mmole) ~ K,CO;(0.55 g > 3.98 mmole)
% Aliquat 336(0.08 g, 0.20 mmole) » * & ZE K 4F (S > * &2 » 10 ml “,ﬁcf K
#F 2 toluene # 2 mldegas 2 L+ K> g F T 4cF 3 85°CinFk S * (8
4v » POSSBr (0.0174 g » 0.0068 mmole) %= 85°C & /it F &2 % » £ 4 » ¥ -
End capreagent 4,4,5,5 -tetra-methyl -1,3,2- dioxaborolan-2-yl benzene (0.174
g’ 0.85 mmole) &= 70°C * F B 1 % » FERELRF RBZRERF > 7
W12 pFiets - IR AR REBpisicd AW 525 THF 332 > £
RpRFE TR W12 IR D L AR 2B R B EY
2 THF 7% f&tc * 2 3 & 6000 cnE #0538 47 3 X {80 £ 10" R ik > #-

W TR EIC RS T 045 g FMEI SN %d o
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'H-NMR (300 MHz, CDCl;, dppm): 7.82-7.41 > 7.18~7.26 (m, 18H,
aromatic-H) - 2.54 (t, 2H, ph-CH,-(CH;);-CH;) - 1.88 (t, 4H,
fluorene-CH,-(CH,)4-CH3) » 1.60-0.78 (m, 31H, alkyl-H) °

POSSP4

Poe 25ml BEFEFL (F4BFHAE P PR PEREF ) AL 24
¢ & P 2,7-Dibromo-9,9-dihexylfluorene (0.3 g > 0.6 mmole) -
2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 9,9dihexylfluorene (0.5 g
0.85 mmole) ~ 4,7-Dibromo-2,1,3-benzothiadiazole (0.074 g > 0.255 mmole) ~
Pd(PPh3),(0.01 g > 0.0086 mmole) ~ K,CO5(0.55 g > 3.98 mmole) % Aliquat 336
(0.08 g > 0.20 mmole) > & 2K 4 (s > * £ F 2> 10 ml ‘ff 'K i8 2_ toluene
2 2 ml degas 2 3+ -k > & F F T4 # T 85°Cink S5 *(8 4v » M3
(0.0174 g > 0.0068 mmole) .85 C:k ;i & &2 % » £ 4 » ¥ — End capreagent
4,4,5,5 -tetra-methyl -1,3,2+-dioxaborolan-2-yl benzene (0.174 g > 0.85 mmole)
ETOCTF 1A FRAELSEGARERF » 7 Y 12 FiFs
- SRR R ERE BRI S3F THF 322 > £ #30%0F ~ 7 i
PR 12 ) PEIT R - SR AR 2 (8 L BB b R THF 3 f# 18 #
&+ 2 6000 ehE E RS 4T 3 X {8 0 F T B RANR 0 KB g AT R
s 045g> FHRpE S RE I o

'H-NMR (300 MHz,CDCls,  ppm): 8.01-7.66 (m, 8H, aromatic-H) » 1.86 (t,
4H, fluorene-CH,-(CH,)4,-CHj3) » 1.41~0.77 (m, 22H, alkyl-H) -

POSSP5

Bom 25 ml AL (F4RiEMe Aup X PERELF ) E 2 H
¢ & P 2,7-Dibromo-9,9-dihexylfluorene (0.3 g > 0.6 mmole) -
2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 9,9dihexylfluorene (0.5 g°
0.85 mmole) » 4,7-Dibromo-2,1,3-benzothiadiazole (0.05 g > 0.17 mmole) -
4,4,5,5-Tetramethyl-2-(2-thienyl)-1,3,2-dioxaborolane (0.04 g > 0.085 mmole) ~

43



Pd(PPh;), (0.01 g , 0.0086 mmole) ~ K,COs( 0.55 g , 3.98 mmol )% Aliquat
336(0.08 g,0.20 mmol ) > * &2 K4S > * & F 2~ 10 ml dry toluene % 2
mldegas 2 &+ K> e 5 T 443 85C ik B S ® {84 » M3(0.0174
g > 0.0068 mmole) % 85°C 1 ;i F & 2 = » f 4 » ¥ — End capreagent 4,4,5,5
-tetra-methyl -1,3,2- dioxaborolan-2-yl benzene (0.174 g » 0.85 mmole ) & 70°C
TERBLAFRERE MRS RIZRERF TR FEITS - UL
VLR RIS BRI E AT SF THF 3 32 > £ #3%0F » 7 f5v 8
12/ pFries = LAl 2 (8 L BiBipfc & cnH 482 THF 3 2 * » 3 &
6000 shL FH3faik 47 3 X 18 > £ 0P ARk 0 BB p i iE e F R0 (8
042g> FHRpEe 5% d o

'H-NMR (300 MHz, CDCls, & ppm): 7.84-7.66 (m, 14H, aromatic-H) > 1.87
(t, 4H, fluorene-CH,-(CH;)s-CHj3) > 1.36-0.75 (m, 22H, alkyl protons) °
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Scheme 3.1 Synthesis of C-1
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Scheme 3.2 Synthesis of C-2



A 0 e e /U\/U\
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Scheme 3.3 Synthesis of C-3
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Scheme 3.4 Syntheses of POSS1~POSS3
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Scheme 3.5 Synthesis of POSSCHCI
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Scheme 3.6 Synthesis of POSSBr
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Scheme 3.7 Syntheses of P1~P2
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Scheme 3.8 Synthesis of P3
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Scheme 3.9 Synthesis of P4
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Scheme 3.10 Synthesis of P5
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Scheme 3.11 Syntheses of POSSP1 and POSSP2
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Scheme 3.12 Syntheses of POSSP3~POSSP5

56



41 ER L 2|
4.1.1 ¥ LE 8 C-14- C-2

C-14=C-2 & OPV(oligo(phenylenevinylene)) sh4i7 2 1 o & = 45 Z# 1
& & 41 * Horner-Emmons-Wadsworth condensation§ # & = > /% oy 3 fa ¥
rd (carbazole) 2 = ¥ "%(tri-phenyl amine):1 7 F & ﬂi%]

R A A B A
FIR B e S LR T N A -

B0 R EERIL

4127 H % C-3

WS RS E W C3 A
4k £ H(IrCly)ig 7 £ B3I F & (cyclometalation) > 25 = & 5 & il deeh
o MU EERE fdw IR B

* fe i+ 4k 2-phenyl pyridine (ppy)¥ =

1
FeEpE Jf#(chlorlde -bridged dimer) » e Figz4.1 #751
T oo By LRAAEET W A TS iR fif (acetylacetone) F & 0 AL (W

B-CN fie i k-2 iR & 1 €3 -

z ' z ' z |
7 N\
+ IrCI3 _— Ir\CIIIr
2 2

dimer

bk &

Fig. 4.1 Synthesis of Ir dimer.

57



42 B A F & &3R50

d 3% HPOSS 5 &5 8 Si-H Fac AT 3 = E RSP > Flpt#1é
Mg RHEMY Ly e a2 R 4 i (Hydrosilylation) ~ J& o
# & i (Hydrosilylation)iF Ji 1 4 Fig. 4.2 #77% B g T8 1 h
3 & e it olefins q“%%@ifi;%%t’ S I RN A - ¥
(migration) T olefins F & i* H g4 > BFHFRAE B Em D 4 Frerp v &
P F s F % s o 3B 7 Hydrosilylation * B PF » B 5 @ % eniglit & 5
platinum divinyltetramethyldisiloxane[Pt(dvs)] > F] 5 H & B#r1F 2. A P B % >
Rl A T o e
Fpt o A~ P u 2mM [Pt(dvs)]s i 7 olefins ¥ Si-H 82 4@ i & Jo
FOR S 2275 R SR 2 "’Tf A EFI R TR BT A
# POSS1~POSS3 % ;}k 3 sk 41 jfkis
% POSSP1~POSSP2:2_ & & = G B 2L 41 * Hydrosilylation ¥ J& &
= 11 POSSCHCI > £ f1* Gilch route :& {7 #.& ~ & ¥ 3] POSSP1~POSSP2 -
. POSSP3~POSSP5 z_ & =« mos et Jiﬁf | * Hydrosilylation 2. 5 J& & =
11 POSSBr > £ 1 * Suzuki coupling &7 & & » J& ¥ 3| POSSP3~POSSPS -

' M
RySi P M]
+ HSIRg
SiRa . SiRg
[M]-CHzCH,R MI-H
+ N
SiR
J ~M-H
Rl

Fig. 4.2 The mechanism of hydrosilylation(Chalk-Harrod’s).
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43 B R L F B ET
4.3.1 & > F bk k¥ RFT

Fig. 4.3~Fig. 4.10 % POSS-SiH ~ % £ £ ¥ 22 % ;& & 5 :h FTIR k3§ o
POSS-SiH i & # % 5 2143 em'(Si-H stretching) @ 1256cm™ (Si-CH;
stretching) 2 1098 cm™ (Si-O-Si stretching)!** o d 2143 cm™ 2. Si-H j& % ¢
i35 > ¥ g% Hydrosilylation % 2% % > - B ® POSSI~POSS3 >
POSSCHCI 2 POSSBr 112143 cm™ 2. Si-H j& % % % >} % » % ;v POSS }
HSI-H W 2 2F o ¥ e d 1098 em” 2 Si-O-Si 2 1256 cm™ 2. Si-CH;
¥ g 77 4 fF 50 0 POSS1~POSS3 % POSSP1~POSSPS s 7 3 POSS &

ERT

C-1

POSS 1

POSS-SiH

Vin -

\Y

Si-0-si —— ™

! T ! T ! T ! T ! T
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4.3 FT-IR spectra of POSS-SiH > C-1 and POSSI1
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C-2

POSS 2
POSS-SiH
v -~ V

SiH sios —

T T T T T T T T T T
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4.4 FT-IR spectra of POSS-SiH - C-2 and POSS2

C-3

POSS 3

POSS-SiH

‘v v/

Si-H Si-O-Si

T T T T T T T T T T
3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 4.5 FT-IR spectra of POSS-SiH > C-3 and POSS3
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WM
POSSP1

POSSCHCI

POSS-SiH

T T T T T T T T T T
3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 4.6 FT-IR spectra of POSS4SiH. > POSSCHCI > P1 and POSSP1

P2

POSSP2

POSSCHCI

POSS-SiH v
e Si-CH3
Vo V

—_—

Si-0-Si —

T T T T T T T T T
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4.7 FT-IR spectra of POSS » POSSCHCI » P2 and POSSP2
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P3

POSSP3

POSSBr
POSS-SiH Vo o
Ve v

Si-O-Si

T T T T T T T T T T
3000 2500 2000 1500 1000 500

Wavenumberi(cm™)

Fig. 4.8 FT-IR spectta of POSS-SiH » ROSSBr > P3 and POSSP3

W
POSSP4

POSSBr

POSS-SiH
VSi»CHS —
Vet -
i-H . .
Si-O-Si
T T T T T T T T T T
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4.9 FT-IR spectra of POSS-SiH > POSSBr » P4 and POSSP4
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P5

POSSP5

mmm
POSS-SiH Voo
VSi-H -~ v

si-o-si — ™

T T T T T T T T T T
3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4.10 FT-IR spectra ef POSS-SiH - POSSBr » P5 and POSSP5

4.3.2 "H-NMR #%_

POSS-SiH ** '"H-NMR $ & B jc# » — 4 Si-H(S= 4.71 ppm) ; ¥ —
% Si-CH;( 6 = 0.23 ppm)- % POSS1 ~ POSS3 1 'H-NMR % 3> § = 4.7 ppm
HITW EEL > F 0= 0.12 ppm iT 5 Si-CH; egF i » Flt > 7 10483
POSSI~POSS3 i &4 ¢ %} POSS ‘4> # SiHF i A% 2F 5o ¥ 7>
B4ty Si-H £ 2 & 9 Si-CHy-» 2 'H-NMR 4% POSSI % 0.8 ppm >
POSS2 2 POSS3 R 413t 0.6 ppm *fiT o @ & POSSCHCI 2 POSSBr ¥ -
Pk 7 LRI E Si-CHs( 6= 0.23 ppm)z #Facd » krrzn POSS 17 fdF st
POSSCHCI 2 POSSBr ® » * Si-H(5=4.71 ppm)2 j}' 2 » ¥ %P Si-H 7 &
e % >F b o & POSSPI~POSSP5 ¥ » H 4 pci + % v 5 B &~ PI~P5 2
B > 5= 0.14 ppm AT BLIB| N Acss 2 Si-CHs 2 45 #ci o
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4.3.3 GPC & Bl

GPC thE R 7 W @ h ka2 A3 B4 ]2 A20F o d 3
POSS1~POSS3 & 2 12 POSS % 7 v ~ L AW 5 A L engif > Flot > &
+ B g PG B4t POSSI~POSS3 e L e o igm v 4w i@ & ke + 2
LR A

Table 4.1 5 POSS1~POSS3 %2 POSSP1~POSSP5 2. GPC #c¥; FF32 o
POSSI~POSS3 5 | 4+ 44 - d Mn = | doik @ w7 POSS hf £
(1017) » 4 r2 5 % L B(C-1~C-3)cha + £ » ¥ 12 17 POSSI~POSS3 chi &
B u s 46-77% 640

d ¢ ¥ 4o POSSI ~ POSS2 ~ POSS3 #_12 POSS & ¢ w o *Hi3 sk A8
% A k2. & R (star-like) s kAL o

@ POSSCHCI 2 POSSBr ) #4i#, MALDI-TOF-MS» 7z T H 4 5 £ 4
WG 2223 2 2579 - A1 dpl g s oo LS 8o

POSSP1~POSSP5 4 & A+ d &7 ¥ % 7 > POSSPI~POSSP5
A F BARET PI~PS 0 3 RAc2ABgS Bor B DA L 2 B R A
IR o S E NI Sl A &

Table 4.1 POSS1~POSS3 2 POSSP1~POSSP5 2. &% £ 2 &~ F & ~ i

. Mn? Mw” PDI Average grafting
Material (x107) (x107) (Mw/Mn) number
POSS1 4.1 4.2 1.03 4.6
POSS2 8.3 9.2 1.10 7.7
POSS3 5.8 7.4 1.27 6.4
P1 92.1 142.2 1.53
POSSP1 511.7 586.2 1.15 5.56
P2 21.0 58.4 2.78
POSSP2 132.2 192.6 1.46 6.2
P3 4.5 7.2 1.58
POSSP3 26 96.7 3.69 5.14
P4 8 14 1.87
POSSP4 28.6 84.9 2.96 3.26
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P5 9.87 20.9 2.12
POSSP5 30.6 97.9 3.2 2.84

a:#p TiELsrSFE

b:EeETLsF§

PDI(polydispersity) : Mw/Mn » % 77 & F & & 1 % /|

4.4 # 'H_’FT & 7
4.4.1 # € £ 7 ik TGA(Thermal Gravimetric Analyzer)

Table 4.2 % POSS1 ~ POSS2 ~ POSS3 #4148 T 14 (TGA) 2. FIZ o 1L igf &
HAger Rk ka3 2 TGA 68 M #kAM#I POSS 14+ A3 Ty
FH T 520~90C o Flpt o T OB F RS T BT U
PegfErlton g A F 265 ¢ > d Table4d2 ® ¥ 4> Pl > P4> P54r
POSSP1~POSSPS5 # # 5| j#ifl & 35 & 400C 1+ B+ H 5§ 7 452 BIEE
Boem P22 P32z |32 o HEAZER L 378°C% 372 °C » P2 2. R 7]
Foapd 3H A 4ART b PR @ P3 2 R FIV i 0 F B R TR o
& _POSSP1~POSSP5 2. #icdf ® 75 7 3 it » POSS 14 » ' 7 # 4c H #4148 %
B RHH S Z gRRI B LT RER > PRE2Z RTFE B AT
ﬁwéﬂ’HES%%iwwj%%¢&4%@%oﬁﬂ%ﬁéiWEﬁ%
bl A REF o A A LR 0 HEAP 2 BRI
o ek

4.4.2 i % # & 47 ik DSC(Differential Scanning Calorimeter)

PARABEE S A S AL PR EEFHE TR M4 EHRA
PR, R SRR T AL RO E FIREDE
oo BT A L L E R F A By
FHRAIGERA D F et H o SRR R TR 2 A g A
REARE R FAR L FREHERT RS REAFRRT -

65



~

AT IR R T A AT 5 G RS gk A2 g )

FOARRI R Rl g G RIS R R IGA 4 @ 4k R(defect) 7 B AT R
@ % 0 B I 48 B & (T, glass transition temperature) £ 45 & Ty 11 T F¥ > &
Av\:*#ﬁliﬁf‘%éi R Ed A F A FM(rigid) e §EANEE Ty pF 2

® A+ ABD GBI B Apigd o o e F_d 733 it (Glass State) # % 3| #9% i
(Rubbery State) » 4yt — &k » B A F 481 5 1% ¢ HRAIF 5] > Table 42 3
POSS1 ~ POSS2 ~ POSS3 2_jig £ #u = 47 Hicdp 2o BIT o ¢ Sk ZL B P % + POSS
fo Ty 2 FE2PA od ¥ ard % POSS 0351 > » 7 0" Mo 5

&

i d o kA W A g4 %8 g & g Table 42 ¢ 7 o
Boo PPV 2 579 2Pl 2 T, 5 120 Oc’;gc} %~ POSS - # T, 7 # =2
% 145°C e @ P2 77 d > POSS 2. ¥ » » i3 & T,#% < 3 142°C - @ & PF 2
47 s 8 T, 77 d 3 POSS 2 # » @ @ 3[#% = » & POSSP3 ¢ % 110°C >
% POSSP4 ¢ % 120°C » %.POSSP5 ¥ 5-127°C -

Table 4.2 POSS 1~POSS 3 %/ POSSP1~POSSP5 2. TGA % DSC #x

Material T4 (°C) T, (°C)
C-1 328 81.2
POSSI1 384 88.8
C-2 300 85
POSS2 386 -
C-3 314 43.9
POSS3 336 128.4
P1 423 120
POSSP1 430 145
P2 378 79
POSSP2 405 142
P3 372 81.57
POSSP3 413 110.36

66



P4 410 107.54

POSSP4 427 120.78
P5 414 106.04
POSSP5 428 127.86

Td: %% 5 et B4 S%2 B R

45 LB BT
RS AL

o
d 3 AT 7 Rk JL B Y POSS P ow A5 a0 B R B e 5 F]pt
el T A fER s A u AR e R el L F % s e

POSS & $1%0 5 % % 3§ eni® * 2 20fits

4.5.1 73 | 2 F g

Fig. 4.11~Fig. 4.26 & %] 2" 4F J2L H %2 C-1~C-3> P1~P5 & & e3¢ -k & 5
POSS1~POSS3 > POSSPI~POSSP5 *t 7 e i3 & % JE 3T 2. wifx ~ bk 34 o
A |21 % & 4| 5 Dichloromethane (CH,Cl,) % Toluene » # ¢ CH,Cl, & 2&
FIRMF 2 A A 0 Toluene 5 FIRIFZ A » @ % M3 g2 A&V R IF X
L4 30 IR 9 (Aggragation) 2. 85 1 H godg o 5 Table 4.3 2 Table 4.4
¢ o

Table 4.3 % L H 4§ C-1~C-3 2 % k4 £ &+ POSS1 ~POSS 3 2 & &+ 5

: UV (Amax(nm)) PL (Amax(nm))
Material
ateriais CH,Cl, Toluene Film CH,Cl, Toluene Film Q.E.
Cl 409 411 413 464 461 496 0.39
POSSI1 408 410 413 471 469 496 0.46
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C2
POSS2
C3
POSS3

430 432 430
404 405 393
457 463 465
457 464 466

496
495
534
534

486
493
535
534

502
492
539
539

0.31
0.36
0.36
0.58

Table 4.4 3 & &~ + P1~P5 2 % jk 3¢ £ & 5 POSSP1 ~ POSSP5 2. & £ 4 &

Materials UV (Ainax(nm)) PL(Amax(nm))
THF Toluene  Film THF Toluene Film Q.E.
P1 436 436 422 494 496 501 0.74
POSSP1 436 441 434 491 493 502 0.79
P2 494 498 509 554 559 585 0.22
POSSP2 494 498 501 554 559 581 0.26
P3 378 381 385 443 453 449 0.8
POSSP3 375 378 380 441 442 449 0.83
P4 369(432)373(434) 376(443) 541 554 555 0.48
POSSP4 370(432)370(434) 373(439) 538 551 552 0.52
P5 371(520) 376(521) 377(530) 630 650 654 0.38
POSSP5 371(520)375(521) 377(529) 631 651 652 0.41

@ 1R hE > C-n 2 POSSn & § 4p I 938 5k 2L 8] » #8@ POSSn *+73
ek BT 20 PL-Anax AR 3T Con 5z 245 o4 P) 0 TR % 8_F) 5 POSSn # 4 &
AWM TF POSS ¥ Prerm it m 1T 1 5k AA T B enpEas @ 95 % A2

Bendp 3 (5% B 4c » #7020 POSSn»S 3k BT A 4 o infp o

FAE B AN ERSR AL T > POSSD 2 PL- A pax * AP #Y Con 5 E A o
iz A_d %t POSSn F1 & * RSB 45 0 % (X7 POSS 8 %A 3 3 dn &

25 AV i b e BT R BT 2 PL- A 30/ POSS % ¢ P Con
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REEH A% Fde 2T F BACHL(SEM) % gLl H s> v 3 3 & POSS1
~POSS3 ¢ » ¢ 224 B £+ 5 20nm DAk F > T8 G - s T oo
4e Fig. 4.27~Fig. 429 #r5 o

A b d gk g - B A £33 e 44 2 PL k3 > POSSn Fl4-
hen2 fem A4 k@R ¥ Cnl o
@ %8 &+ POSSP1~POSSP5 1?5@.&;%% o PRERENERRAN

REFZ AT AE A 2 BT A Ao A R mg«ﬁ,gg\@%@

POSS g A F H e #ribz W G pROT A ] A F Y ¥ 72 B3 > &id
FHARAKS B2 Kl > AT TR AF AT HAL PI~PSe 2
Bl imF d 3 POSS 2 x5 @ t M H kAR > 40 POSSP2 %
POSSP3 -

R A 7 0 51~ POSS R chi s TR R ALk S R AR

T T R DR RA A L ik e

1.1
1 —=—UVinCHCI,
1.0 1 - .
] i R -a--PLin CH,CI,
0'9'_ W ---A---UV in toluene
0.8 - —2— PL in toluene
= 1 : - - -UVin film
A 0.7 4 , \v4 . .
S | \ . --v--PLin film
2 06 :
0 I -
c B
L 054
E ]
0.4
0.3
0.2
0.1 e
1 T
0.0 = 24

—
300 350 400 450 500 550 600 650 700
Wavelength (nm)

Fig. 4.11 UV and PL spectra of C-1 in different solution and film states
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] --e--PLinCHCI,
0.9 Vi -
] s --4--UVin toluene
0.8 4 L —2— PL in toluene
. 1 -v--UVin film
5 077 -7+ PLin film
3 |
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2 05
Q |
£ 044
0.3
0.2
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4 v
0.0

T | T | T = | T | T | T | T | T
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Fig. 4.12 UV and PL spectra of POSS1 in different solution and film states
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& 064~
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Fig.4.13UV and PL spectra of C-2 in different solution and film states
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- - -PL in toluene
--¥--UVin film
--x--PLin film
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0.0 — — = =S a—"
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Fig.4.14 UV and PL spectra’of POSS2 in different solution and film states
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\C.G/ 06_
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Fig. 4.15 UV and PL spectra of C-3 in different solution and film states
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Fig. 4.16 UV and PL spectra’of POSS3 in different solution and film states
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Fig. 4.17 UV and PL spectra of P1 in different solution and film states
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Fig. 4.18 UV and PL spectra of POSSP1I in different solution and film states
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Fig. 4.19 UV and PL spectra of P2 in different solution and film states
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Fig. 4.20 UV and PL spectra of POSSP2-.in different solution and film states
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Fig. 4.21 UV and PL spectra of P3 in different solution and film states
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Fig. 4.22 UV and PL spectra of POSSP3 in.different solution and film states
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Fig. 4.23 UV and PL spectra of P4 in different solution and film states
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Fig. 4.24 UV and PL spectra of POSSP4 in.different solution and film states
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Fig. 4.25 UV and PL spectra of P5 in different solution and film states
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Fig. 4.27 SEM figure of POSS 1
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Fig. 4.29 SEM figure of POSS 3
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Fig. 4.30 PL spectra of P1 and POSSP1 under different concentration
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Fig. 4.31 PL spectra of P2 and POSSP2 under different concentration
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Fig. 4.33 PL spectra of P4 and POSSP4 under different concentration
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Fig. 4.34 PL spectra of P4 and POSSP4 under different concentration
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Fig. 4.35 Normalized UV-Vis absorption and photoluminescence (PL) spectra of

C1 and POSSI spin-coated film after the following treatment: (a) fresh
film and annealed at (b)100 (c)150 (d)200 °C for 1h each
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Fig.4.36 Normalized UV-Vis absorption and photoluminescence (PL) spectra of
C2 and POSS2 spin-coated film after the following treatment: (a) fresh
film and annealed at (b)100 (¢)150 (d)200 °C for 1h each
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Fig. 4.37 Normalized UV-Vis absorption and photoluminescence (PL) spectra of

C3 and POSS3 spin-coated film after the following treatment: (a) fresh
film and annealed at (b)100 (c)150 (d)200 °C for 1h each
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Fig. 4.38 Normalized UV-Vis absorption and photoluminescence (PL) spectra of
P1 and POSSP1 spin-coated film after the following treatment: (a) fresh
film and annealed at (b)100 (c¢)150 (d)200 °C for 1h each
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Fig. 4.39 Normalized UV-Vis absorption and photoluminescence (PL) spectra of

P2 and POSSP2 spin-coated film after the following treatment: (a) fresh
film and annealed at (b)100 (c¢)150 (d)200 °C for 1h each
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Fig. 4.40 Normalized UV-Vis absorption and photoluminescence (PL) spectra of
P3 and POSSP3 spin-coated film after the following treatment: (a)
fresh film and annealed at (b)100 (c)150 (d)200 °C for 1h each
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Fig.4.41 Normalized UV-Vis absorption and photoluminescence(PL) spectra of
P4 and POSSP4 spin-coated film after the following treatment: (a)
fresh film and annealed at (b)100 (c)150 (d)200 °C for 1h each
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Fig.4.43 FT-IR spectra of P3 and POSSP3 film after baking at 100, 150, 200°C
for 1 hr. The spectra shows themagnified
C=0 stretching mode at721cm’!
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Fig.4.44 FT-IR spectra of P4 and POSSP4 film after baking at 100,150,200°C
for 1 hr.The spectra shows the magnified C=O stretching mode at
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%+ 7 4& o ¥ 11 ferrocene/ferrocenium(Fe/Fe ) 4 p %% % = 6 &4 5 T
T o BPIFFIL 50mV/sec chiE T esrE F VB R oA A

ot kR 2 7 3 #54a ( lonization potential » IP )& § 3+ A 4
( Electronic affinity )#cdp cnB&=t8 > il ¥ o 2 fj&;{u CV # ¥ e &
UV-visible &3 2. sz b & Bedp R 8 o — g k4L IP~EA 2 &t K
( Energy gap » E, )ik 2 & 57 (2 4 F L

| HOMO | =IP=4.8+ on,onset

| LUMO | =EA=48+ Ered,onset

E,=IP - EA
H 9 ¥ # 4.8 5 ferrocence #p 3T E 7 sy £ #icd

L
B

3 g AF A AEZR CV 2R NGB R e Fo ke b g

S IRm EEY e ERPPE AL DRRY RT PR Fla gFE
D BEA & s 3 A F A B iF - ﬂkfﬁﬂ UV-visible £ 7 g

£k g T E (Agpser) K3 E
E; = 1240 /honset

HY honset 25 nm > #7{8 E, el =5 eV
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&gy b ik > %> #-C-1 ~C-3~P1~P5-POSS1~POSS3 2 POSSP1~POSSP5
% ferrocene & # F-4& &+ F1¥ HOMO -~ LUMO #cig » 4c Table 4.5 #7151 o d
P T AT g R T LG FIPOSS enil r @ o & e &k
SRR E NPT TR

Table 4.5 % £ ¥ 48 P1~P5 % & #: % % & 3 POSSP1~POSSP5 2 it F# #ic¥h

UV(onset) Eqqonl€V) Energy level (eV)
' HOMO LUMO Eg
C-1 474 0.29 5.09 2.47 2.62
POSS1 473 0.25 5.05 2.43 2.62
C-2 488 0.36 5.16 2.62 2.54
POSS2 486 0.38 5.18 2.63 2.55
C-3 521 0.41 5.21 2.83 2.38
POSS3 520 0.46 5.26 2.88 2.39
P1 490 0.81 5,61 3.08 2.53
POSSP1 492 0.7 3.5 2.98 2.52
P2 590 0:374 5.17 3.07 2.1
POSSP2 583 0.344 5.14 2.95 2.12
P3 423 0.86 5.66 2.73 2.93
POSSP3 436 0.85 5.65 2.81 2.84
P4 525 1.04 5.84 3.48 2.36
POSSP4 512 0.97 5.77 3.34 2.42
P5 645 0.97 5.77 3.84 1.92

POSSP5 623 0.96 5.76 3.77 1.99

96



Electron energy (eV)

Electron energy (eV)

A Vaccum level =0 eV

ITO

Ep=4.7

IP=52 1p_505

EA =243

EA =2.63

POSS1

POSS2

EA =2.88

PEDOT

IP=5.18

POSS3

EF=

IP =5.27

Fig. 4.46 Energy.level of POSS1~POSS3
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Fig. 4.47 Energy level of POSSP1~POSSP5
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Fig. 4.48 Cyclic voltammetry curve of C-1
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Fig. 4.49 Cyclic voltammetry curve of POSS1
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Fig. 4.50 Cycliewoltammetry curve of C-2
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Fig. 4.51 Cyclic voltammetry curve of POSS2
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Fig. 4.52 Cyclic voltammetry curve of C-3
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Fig. 4.53 Cyclic voltammetry curve of POSS3
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Fig. 4.54 Cyelic voltammetry curve of P1
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Fig. 4.55 Cyclic voltammetry curve of POSSP1
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Fig. 4.56 Cyclic voltammetry curve of P2
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Fig. 4.57 Cyclic voltammetry curve of POSSP2
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Fig. 4.58 Cyclic voltammetry curve of P3
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Fig. 4.59 Cyclic voltammetry curve of POSSP3
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Fig. 4.60 Cyclic voltammetry curve of P4
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Fig. 4.61 Cyclic voltammetry curve of POSSP4
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Fig. 4.62 Cyclic voltammetry curve of P5
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Fig. 4.63 Cyclic voltammetry curve of POSSP5
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T8 k- Ayt g iF
4.7.1 ITO pattern ¢ i

*F ATk * angh 33 L7 5 Merck Display Tecnology = # 2. [ & 5 20
Q/ square £ indium-tin oxide (ITO B3y » & * BFT *» 2] 5 3 x 3 cm’ 2

PR F 2R

A5 o d AP A g 1T 2 A it B350 ((patterning ) 0wl GEF 4T 2

3

(1) F ket ApTgorie * 2 K5 £ 4 A g ig k3 T2 @ AF5040 i
FOEE .

(2) ®# ko EEATE B0 & 300 ~400 nm £ % oh L H] k30 F) o

B) B 1% ~2% £ F A RRZMEHRBRER -

(4) & % : BB (5 N ITO g3 4702 » 50 “Cenik M3 e 4% 4

30 45 e
(5) 2 k1 1 1%~3% FEFARELE F I GoRiF Rz L

F175 1 14 7 ITO LIy = B M5 o ot e BR1s » TP % kv s 5 &
At g oo

Cleaning step Time
Detergent 10 min
H,O 10 min
NaOH(aq) 10 min
D.I water 10 min
Acetone 10 min
IPA 10 min

Oven 150°C 12 hr

Glass-cleaning process
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472 F L~ itk

i

B EE - fBW A2 $ 5 ITO/PEDOT/polymer/Cathode ¥ K &
# - # ¢ PEDOT ¥ 5 & iF @K H41s Poly(dioxyethylene thienylene)
(PEDOT)(#H4rT)E 5 B $T A2 fFffi et > 2 d »wH L kip
Flph € F B kg S ~%H%’%ﬂ&%1ﬁ%’ﬁiﬁﬁﬁﬁu
#A o

QQ@@Q@

O H SO H SO H soOo

PEDOT

DA RR) AR M e e > B RS (B A g ki an
LUMO g o fe F4FIE g (Cede R g ped BB B aved » SE LA~
E3 AR E BRI Fo A AP Y T - BEERHITR
R eninE o

Ak Hplafel S g o EEG E A MEE FIEAES BRI 45 um
éh Telfon & + gt i@imis » MORIER G n™ 3820500 ITO Attt 0 5K
MR R AR AR N Y E 2 R 9x 107 torr T 0 F4E L 35/100
nm & 4 Ca/Al -

d ¥ kP ame e~y ivl 3 2R F R m T RAF
KBRS IRIIET o
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473 ¥ L E oI FRAE m”ﬁ_ﬁ’ kT F(POSS1 2 POSS2)

> u]#-POSSI ~POSS2 B 45 1,2-= % ¢ *2 53 ®|fe % & 15 mg/ml th
Ak o g S N A A2 (Device 1: ITO/PEDOT/POSSn/Ca/Al) o
Device I 0% & -7 B-» 5 B4 Fig. 4.64~Fig. 4.65 #7577 o ~ E 4 H L M7 &
i FF 0 d B g pE Bk 298 (Fig. 4.46) - & *+ POSS1 2 POSS2 1 LUMO
GEE Behin BF A 54 0 TR P g S T S AU B Kk e o
# fcdy ) 355> Table 4.6 ¢ o

AP - FlF o AP A B Rk E RS FIH A PVK 2
PBD!"*Y(Device II : ITO/PEDOT/ POSSn : PVK : PBD/Ca/Al) - # ¥ ¢ PVK
SRk @ iEr o5 PBD G T Bk R~ PVKSPBD éhp hE A
g 3;\—“11,: ~e@yis (48T 7 ¥ ¥ 2 PVK 2 PBD ¥ i%
Host » ¥ %4~ 3 H @ % Guest > ¥ 7 »ce#- Host hit £ # 4 3 Guest
o Fig. 4.66~Fig. 4.69 % Device IL % & -%, B ~»cF -7 BBl - d B ¥ ipi
# POSS1~POSS2 4 uli-x PVK:PBD # - /g i 18~ 2 0 F01 % 15
Aod RATE hR R (cdm)TLE e S o oo B2 3 8T 1 ed/Ae

$eh o REE PBD M b end e 0 A end Ly § 9T L R o PBD vt b

Y

B

MPE S T3 i RS > T T ek Fla 2 B E 2 PBD gt i)
WEEF > dNPBD B A S Vg AL REA R AT R
Bk m i o Flpt o 2 kRl B &g g cnPBD R &t 5] 5 $F POSSI
m % PVK :PBD = 10:7 & 5 if % 5 @ POSS2 B| & 10:8 - 4 % :#-POSS1 #
POSS2 *t Device II g7 i 44 57 A 32 5t Table 4.7 @ -

- BEEARL NI A g 51 r POSS B C-1~C2 #HH
T 4p e iE 2 2. it Kb de > &€ Fig. 4.70~Fig. 4.75 2. ~ i 2 Bl kL% >
w551 ~ POSS . *f#mPOSSvaPOSSZ HAERRZELF jglsp AF ek IR o
SV A AF G 3~ POSS 14 0 @ @ HRBAE TR T, b2 0 Fa KA
A
poh s amt gk BB B Gk o S 2 BL GEGE o AR Y TR 7
#4_POSSI # £ POSS2 > 42+ POSS % R M ficz o » 2 B L 3 TR

fyr

H‘-

=g N I
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Bk g L H Rk o

Table 4.6 POSS1 ~ POSS2 ** Device I e~ i 2 F

. Luminance Yield
Material EL Apax(nm)  Vigrn on(V) 5 C.LE. 1931(x,y)
(Max)(cd/m*)  (Max)(cd/A)
POSS1 500 13 70.79 0.02 (0.27,0.45)
POSS2 496 7 115 0.07 (0.24,0.52)

(Device I : ITO/PEDOT/POSS n/Ca/Al)

Table 4.7 POSS1 ~ POSS2 » C-1~C-2 ** Device II &7~ 2 |4 &7

. Luminance Yield
Material EL Apax(nm)  Vigrn on(V) 5 C.LE. 1931(x,y)
(Max)(cd/m”)  (Max)(cd/A)
C-1 500 13 448 0.33 (0.20,0.40)
C-2 520 8 241 0.49 (0.28,0.57)
POSS1 476 8 1102 0.87 (0.17,0.33)
POSS2 496 8 1469 0.8 (0.22,0.49)

(Device II - ITO/PEDOT/POSSa - PVK “PBD/Ca/Al)

80

1 —o— Luminance
- . e—e [-0.020
709 —e—Yield =
604
N
% - 0.015
o 50 <
) 1 1 r 2
o
e 404 .
& ] o—e—0—0—90/0 -0.010 &
E -
S 304 g Z
- ] /
20 /D - 0.005
104 L
i /D/D/j
0 I e e e B e e S m e e 0.000
0 2 4 6 8 10 12 14 16 18 20

Voltage (V)

Fig. 4.64 L-V-Yield curve for the device ITO/PEDOT/POSS1/Ca/Al
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0.08
1204 —o— Luminance I
| —e—VYield /° : - 0.07
100+ . L 0.06
NE / L
3 80 o ) I 0.05 g'
S / | o
() —~
% 0. . L 0.04 2
£ I 2
= ] d - 0.03
o}
3 404 L
] - 0.02
20 - I
E/: L 0.01
0 e B e & T/- T T T T T 0.00
0 2 4 6 8 10 12
Voltage (V)

Fig. 4.65 L-V-Yield curve for the'device ITO/PEDOT/POSS2/Ca/Al

——1.5% POSS 1

1200 ~—e— 0.5% POSS 1(1% PVK+0.5% PBD)
12—0.5% POSS 1(1% PVK+0.6% PBD)
—o—0.5% POSS 1(1% PVK+0.7% PBD)

1000

800 +

600

Luminance (cd/m?)

400 +

200

T T T T ! T T T T
0 5 10 15 20 25

Voltage (V)

Fig. 4.66 L-V curve for the device ITO/PEDOT/POSS1:PVK:PBD/Ca/Al with
different contents of PBD
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1.0

1 —A—15%POSS 1
0.9+ o —e—0.5% POSS 1(1% PVK+0.5% PBD)
1 \O\O —2—0.5% POSS 1(1% PVK+0.6% PBD)
0.8 1 \_ —9—0.5% POSS 1(1% PVK+0.7% PBD)
07 e
—~~ 1 \O A
% 06 \AfA\
1 o
o ~, N\
%’ 0.5+ ./ .\. O\ g\A
~ ] ) NN A
> 044 / LN
| AN N
0.3 [ )
0.2
0.1
0.0 ] A s A A A A AAAAA, 444
. . : . , ; , . , . ,
0 5 10 15 20 25
Voltage (V)

Fig. 4.67 Yield-V curve for the device ITO/PEDOT/POSS1:PVK:PBD/Ca/Al
with different contents of PBD

1600
|-e—1.5% POSS2

1400 44— 0.5% POSS 2(1% PVK+0.6% PBD) A
—2—0.5% POSS 2(1% PVK+0.8% PBD) o
T-0—0.5% POSS 2(1% PVK+1.0% PBD)

1200 A

1000 - £

800 —

Luminance (cd/m?)

l o)
A
600 +
J A o)

A/

400 S
_ / /!
S

200 o
O
4 ./.\ /O/
o P NP NP NI NI NEN ,\—A/Xi(\féfg/o
T T T T T T T T
0 5 10 15 20
Voltage (V)

Fig. 4.68 L-V curve for the device ITO/PEDOT/POSS2:PVK:PBD/Ca/Al with
different contents of PBD
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0.9 4—®—1.5% POSS 2
|—a—0.5% POSS 2(1% PVK+0.6% PBD) o
0.8 {—2—0.5% POSS 2(1% PVK+0.8% PBD) A 0—0—0_ /
A I AN 00" O—g
|0—0.5% POSS 2(1% PVK+1.0% PBD)
A
0.7 4 N O \A\A
0.6 - / \
g 0.5 - O
ie] el A
\9/ | / A/A\& /
o N A
@ 0.4 S
> /)
0.3+ A
A o
0.2 s /
A S
0.1+ /A/
| e A e
0.0 T T T T T
0 5 10 15 20
Voltage (V)

Fig. 4.69 Yield-V curve for the device ITO/PEDOT/POSS2:PVK:PBD/Ca/Al
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1200

with different contents of PBD

1000
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| —o—POSS 1

—eo—C-1

Voltage (V)

Fig. 4.70 L-V curve for the device C-1 and POSS1
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1.0

—0—POSS 1
1—e—C-1
O\O\O
0.8 1
\o
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\o
< 06+ \O
8 N
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o \,-O
3 o
S 044
_e—e_o_
. b ® o g o
o’
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O e ) ) T
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Voltage (V)

Fig. 4.71 Yield-V.curve for the device C-1 and POSS1
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0.0 . ; . , . ,
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Wavelength (nm)

Fig. 4.72 EL curves of C-1 and POSSI1
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Fig. 4.73 L-V-curveifor the.device C-2 and POSS2
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d To—o
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> °
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Fig. 4.74 Yield-V curve for the device C-2 and POSS2
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—o— POSS2
104 —e-C2
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3
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D
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E 0.4
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0.0 . , . , : ,
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Wavelength (nm)

Fig. 4.75 EL curves of C-2 and POSS2

4.7.4 5% & f o 3 %%m“m“ﬁ;% 1 F (POSS3)

AT AR chpgE k48 r RELTd 25 7 5 3k & % (concentration
quenching) i) & 4 > Fl Brsds @ dr s AU > £ 48R 1 3 3 5k (host)
oo B4 & F A BE kR P R ot % % i 3 f8 (host)
CBP(4,4-N,N’-dicarbazole-biphenyl)*"! -

d 3502 POSS 4 ¢ wprehh kA ST %R fehs 24 PLED
S e SRR B A 5 POSS3 ML BT » AP 3 ARE B
Al A3 CBP® &= &% 5 Device I : ITO/PEDOT/POSS3 :
CBP/Ca/Al - B ¢ gik$ AR5 % > LA~ 2 Hd G r P
e %&%’Eﬁé’ﬁ‘ﬁ At X b pEs d A R8T E B8 e £ 19 ¥ (energy transfer) -7 =

2 BREF AL S

>4

€33 = kR BRhFAS A 4 o Fig. 4.76~Fig. 4.77
TEFRREE VT2 A B g d IR 16 mg/ml kA T %R
18 wt% 1 POSS3 *+ CBP 2L #8 ¥ » ¥ 1 if B B4 o 2% o gL ¢b > | ¢
FEFIR RAPRBIRIL T o %2 B2 CBP kR FEES £ BB A
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ER AR

4 REIE 5 Table 4.8 ¢ o

Table 4.8 POSS 3 %7 Ir ik & 2 W b e i 1L i

Material ELda(im)  Vimen(V) HRARCE Yield C.LE. 1931(x,y)
(Max)(cd/m”)  (Max)(cd/A)
8mg/ml 10wt% 524 7 441 0.23 (0.33,0.61)
12mg/ml 14wt% 524 9 828 0.68 (0.34,0.62)
12mg/ml 18wt% 524 10 497 0.46 (0.33,0.62)
14mg/ml 18wt% 524 13 465 0.81 (0.34,0.62)
16mg/ml 18wt% 524 12 1008 1.04 (0.34,0.61)
20mg/ml 22wt% 540 17 225 0.30 (0.38,0.59)

(Device I : ITO/PEDOT/POSS 3 : CBP/Ca/Al)

Ak o A g L M R A 5 B S e S R & T R
JEATIE F 2 6E % 5 2% e %2 e mg/ml kB T 438 18 wi%:h POSS3
% CBP 2 &8 7 4 Fig. 4.78~Fig'480 2 Table 4.9 #77 o % 4 R » 27
POSS #is ® wirenphikde C30 HABIE JRA T % K3F 5 o indd 2
i AR B0 CBP | A+ 4 2 Afi(host) » 1S (5 e 5 A s ey
FRF - TR PE B A AR e B AP g

12 POSS 3 ¢ s prard) & ek ks 3 B ama § et S eic L o

Table 4.9 POSS3 ¥ C-3 ** Device | %fﬁm;u CEER NS ¥

Luminance Yield

Device 1 EL Apax(nm)  Vigen on(V) 5 C.LE. 1931(x,y)
(Max)(cd/m?)  (Max)(cd/A)
POSS3 524 12 1008 1.04 (0.34,0.61)
C-3 526 9 285 0.99 (0.32,0.62)

(Device I : ITO/PEDOT/POSS 3 : CBP/Ca/Al)
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“,’TT 7 Device I : ITO/PEDOT/POSS3 : CBP/Ca/Al enlg b » 2 i £-4¢
Fo A it et S o 4 W4 3 Ca(35 nm)/AI(100 nm) ~ LiF(3 nm)/Al(100 nm)
% LiF(0.4 nm)/Ca(15 nm)/Al(100 nm) 3 = f& 1% #& 5% 4 > 4 Fig. 4.81~Fig. 4.82
% Table 4.10 #1777 o 5 % % 3> L LiIF/Ca/Al i 5 otk R R %2 225 & F o
TAF A3~ LiIF P Mg AFee2 s A ia > R T {35 d £

r> 3w 7]0/%] ¢ [142]

ER

Table 4.10 POSS3 : CBP ** 7 [r iR B Hen~ 22 it i

Luminance Yield

POSS3 EL Amax(nm)  Viurn on(V) (Mazjedhm)  (Max)(ed/A) C.LE. 1931(x,y)
Device I 524 12 1008 1.04 (0.34,0.61)
Device II 524 13 642 0.97 (0.33,0.62)

Device III 524 9 1458 1.62 (0.33,0.62)

(Device I : ITO/PEDOT/POSS 3 CBP/Ca/Al)
(Device II - ITO/PEDOT/POSS 3 + CBP/LiF/Al)

(Device II1 : ITO/PEDOT/POSS 3 " CBP/LiF/Ca/Al)

cg::i.ﬂ’jg;rf; v LT ﬁrgmli%,::«,@;}%m¢ é‘;ufi:‘;:é‘-*#ﬂ b N P
¥ IE3% & (hole blocking layer » HBL) ' FE 4+ edfdic » #-= £ i e+ "L
A@,lné] d o By 1y F i F ¢k o = i+ 31 ~  TPBI
(1,3,5-tris(2-N-phenylbenzimidazolyl)benzene) it & & i FE 4% & B R-5:8-2
B e sz g (Device IV @ ITO/PEDOT/POSS3 : CBP:TPBI/LiF/Al) -

Fig.4.83~Fig.4.84 % Table 4.11 ¥ 125 4} » 4c » TPBI {& ~ * & & & jicd~

A ok e A bgeee L o d 07 de o TPBLAES 7 I dE Tk i 0 e
FERUAE R Y A gk WD o B o 12 50 % TPBI M pih
S SN

/JS

e
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&1 % POSS3 e 2575 5 *t Device I @ ITO/PEDOT/POSS3 :
CBP/LiF/Ca/Al ™ » $ % 2 B % 1458 cd/m®» B4 »c% % 1.62 cd/A; 8 ~
TPBI #4 (ITO/PEDOT/POSS 3 : CBP:TPBI/LiF/Al) > $ + »c% 7 if 3.99 cd/A »

Table 4.11 POSS3 : CBP ** % ¢ TPBI %™ 2. ~ 2 2 F 1t i

Luminance Yield
POSS3 EL Amax(mm)  Viurn on(V) ) C.LE. 1931(x,y)
(Max)(cd/m”)  (Max)(cd/A)
0 %TPBI 524 13 642 0.97 (0.33,0.62)
25%TPBI 524 14 1148 3.10 (0.33,0.62)
50%TPBI 524 13 1172 3.99 (0.33,0.62)
75%TPBI 524 13 1246 3.16 (0.33,0.62)
100%TPBI 524 12 741 2.08 (0.33,0.62)
(Device IV : ITO/PEDOT/POSS 3 :+«CBP : TPBI/LiF/Al)
1100
1—e— 8mg/ml 10wt%
10009 —o— 12mg/ml 14wt% A/"A
000 4 —4— 16mg/ml 18wi%
{—*— 20mg/ml 22wt% o /
800 4 —a=— 14mg/ml 18wt% g *
N,g 2001 —2— 12mg/ml 18wt% O/ /
E eoo—- / A
§ 5004 3 A
£ 0] /° o o
5 SR
300 / 5 & &
2001 /. / A/ A Ea/ i
T o/ // Va
100 /0 /A AR &
PPN ?‘4/;‘@/.235@0%4;4 A

10 12 14 16 18 20 22 24 26 28 30
Voltage (V)

Fig. 4.76 L-V curve for the device ITO/PEDOT/POSS 3:CBP/Ca/Al with

different concentration and wt%.
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Yield (cd/A)

Fig. 4.77 Yield-V curve for the device ITO/PEDOT/POSS 3:CBP/Ca/Al with

Luminance (cd/m?)

Fig. 4.78 L-V curve for the device C-3 and POSS 3
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—24—12mg/ml 18wt%

e
///

A

A

"/
A

2 8
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10 12 14 16 18 20 22 24 26 28 30

different concentration and wt%.

10004 —©—POSS3 o
—e— (C-3 /o/
800 | /o
600 | d
400 /
O

./.-.\././.-.

200 O
s
_® d/
Of—=araa g aaa o 00
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Yield(cd/A)

—0—POSS 3 0O
1.0 1
e C3 . o\ /O/ o\
YAY. i
[ ]
0.8 [ \
o) O
/A \
0.4 1 °
J \
*\
0.2 1 .,
\.
0.0 S — T a—are I T T T
0 5 10 15 20
Voltage (V)

Fig. 4.79 Yield=V curve-for the device C-3 and POSS 3

Intensity (a.u.)

1.0+

0.8 1

o
o
1

©
~
1

0.2 1

0.0

—o— POSS3

—o—C-3

—a

400

500 600 700 800

Wavelength (nm)

Fig. 4.80 EL curves of C-3 and POSS3
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1600

1400 + .
| —a— LiFrcasal

1200

Luminance (cd/m®)

400

200

1000
800

600

| —o— Ca/Al

—eo— LiF/Al

Voltage (V)

Fig. 4.81 L-V curve for the device ITO/PEDOT/POSS 3:CBP/Cathode with

different Cathodes
1.8
{ —o— caAl
16- —e—LiF/Al A
{ —A— LiF/Ca/Al /N
1.4 /A A\
1.24 A A
T s \
3 104 e u
s ] -
£ 08 VAR AN
] ) / 0
0.6 D/ ® \u
. / N
0.4 1
_ /
0.2 1 /
00 ------- - m o= e

Voltage (V)

Fig. 4.82 Yield-V curve for the device ITO/PEDOT/POSS 3:CBP/Cathode with
different Cathodes
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—u— 0 wt% TPBI
1200 —o— 25 wt% TPBI a /
1100] —A— 50 wt% TPBI x N

—o— /A
4 0
1000.] —2— 75 Wt% TPBI D/ A/

—a— 100 wt% TPBI

Luminance (cd/m?)

Voltage (V)

Fig. 4.83 L-V curve for the device ITO/PEDOT/POSS 3:CBP:TPBI/Cathode
with different TPBI wt%

—u— 0 wt% TPBI
44 —o—25wt% TPBI
—A— 50 wt% TPBI
—4—T75 wt% TPBI
—8— 100 wt% TPBI

Yield (cd/A)

/ T

0 mmlmmdrmmlmmdrm

0 5 10

30

Voltage (V)

Fig. 4.84 Yield-V curve for the device ITO/PEDOT/POSS 3:CBP:TPBI/Cathode
with different TPBI wt%
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475 g A~ F 2 e 3 g AT Y
(POSSP1~POSSP5)

> ] #- POSSP1~POSSP5 = #14 " % (toluene) 5 /% & fiz & = 5 mg/ml
AR o MRS R B N & <2 (ITO/PEDOT/POSSPn/Ca/Al) » o »t
f S 3~ POSS A+ 2 B T g R » 22§ 5 @ﬁﬁji"{% 2Dk
@ gk 2 ] A F e A e o Table 4.11 B] 3 POSSP1~POSSPS
P1~P5 2. = % 4 B e & o

Fig. 4.85~Fig. 4.87 % P1 2 POSSPI z_ = i+ £ 3+ j¢ B ¢ ¥ % 3 POSSP1
2 AREFAMFPPL REF > AL 2RT 927cd/m’» B 2 F §
12cd/Ae g AR RRZ2aFH B2 3 Flo A& Fd 0 RETP2 B4
AR adEITEATAE 2 2 defect B0 > AT FETFRGEL > BT AE S 2
exciton # % A& defect *7w5fc » & F R & 2 22K % 3 #TH{ 4 o @ LB H EL
HRFH 5 Pl 22 F G POSSPL decnfy— s vh o 305 & 4 2 s e

Fig. 4.88~Fig. 4.90 % P2.# POSSP2 2. = i* £ 3. » POSSP2 z_ 2 & % »%
FAEP2 KER 0 Bk TR H1458 cd/m’ &% 2xF 4 0.15 cd/A - jE_EL
ek B P 0 VU I POSSP2 2 £ B RAREST P20 O] 2 4BF o

Fig. 491~Fig. 493 % P3 2 POSSP3 2 ~ 2 £ 1> htpk TR T »
POSS-P3 e k2 B39 P3R4 » ¥ 4 1SV @ - P3 § &% 2 & 719 cd/m’

m POSS-P3 2 % & & % 1580cd/m® » % P3¢n2 2 o mpmipld &4 2 &

Tz EL k@ 7 2R P32 X3 5 POSSP3 £#F %> # 4 650nm
P B e At - P ER A o R EIFT-IR % i L Sz BicdpAp 3 B o

Fig. 4.94~Fig4.96 5 P4 2 POSSP4 2. ~ i £ 3 » o 7~ ¥ B F] > &%
FHPOSS-HARZ »F ¢4t B-HARI 2568 cd/m’ 2 1 3274
cd/m? - L d EL %k B)2¥ o Kff 7 P4z £ 3 58 POSSP4 %k e — & ¢
RSP B s

Fig. 4.97~Fig. 499 % P5 2 POSSP5 2 ~i* £ 7> # 2 & d 642 cd/m’
£ 7% 1263cd/m’> @ 2 EL ek B2#Y » ¥ g PS5 g 7R
B R AR A POSSPS 2. X 3 K in iR A2 #cE -
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JEe 2 e v Ao L POSS & ¢ e prenk R B4 & PPV kSRR
HARZ»F %3 978 > A & d WHEET 2 M4 A8 AR IERET
A4z defect B 0 ERIRTIEFTHRLELE > Hor g 4 2 exciton # 5
defect #7ex x> # # & & % 2% ¥ *)5 STH] 4u o & PF 4730y bk
BRfr kg A+ HHORIENHE MDA FHR o A& EE D
POSS s B> 1 F 4 3 g3a - 8 £ excimers 775 = > T % 4 7 keto defect

A4 o A EHRR oS g .

Table 4.11 POSSP1 ~ POSSP5 » P1~P5 2 ~ & {4

Luminance Yield
polymer EL Apax(nm)  Vigrn on(V) (Max)(cd/mz) (Max)(cd/A) C.LE. 1931(x,y)
P1 504 8 352 0.14 (0.26,0.6)
POSSP1 504 8 927 1.2 (0.27,0.6)
P2 576 5 1026 0.08 (0.53,0.47)
POSSP2 576 4 1458 0.15 (0.54,0.46)
P3 448 10 719 0.27 (0.192,0.209)
POSSP3 448 10 1580 0.28 (0.198,0.199)
P4 540 5 2568 0.99 (0.386,0.568)
POSSP4 540 5 3274 1.14 (0.385,0.571)
PS5 656(700) 7 642 0.13 (0.679,0.32)
POSSP5 652 6 1263 0.24 (0.678,0.319)
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Fig. 4.85 L-V curve for the devices of POSSP1 and P1
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Fig. 4.86 Yield-V curve for the devices of POSSP1 and P1
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1.0 —A— POSSP1
' —e—P1

0.8

e

< 0.6

2

‘0

o

E 0.4
0.2
0.0 —a—a—=as T T T T T

400 500 600 700

Wavelength (hm)

Fig. 4.87 EL spectrum for the devices of POSSP1 and P1

1600

{1 —o—-P2
14004 —e— POSSP2

1200 +

1000 +

. //
' -

Luminance (cd/m?)

)

400 T / o
200 1 /

" » " T T
0 2 4 6 8 10 12
Voltage (V)

N

Fig. 4.88 L-V curve for the devices of POSSP2 and P2
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0164 —o—P2

—eo— POSSP2 [ ]
0.14
0.12 +
—~ 0.10 1 [ ]
< /
3 ]
~— 0.08 4 o—eo m]
z . « ‘
> 0.06 /
1 [ ] Oo——0d
0.04 /D/
0.02 m
E |
0.00 — T/T T T T T T
0 2 4 6 8 10 12
Voltage (V)

Fig. 4.89 Yield-V curve for the device of POSSP2 and P2
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Fig. 4.90 EL spectrum for the device of POSSP2 and P2
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Fig. 4.91 L-V curvefor the'devices of POSSP3 and P3
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Fig. 4.92 Yield-V curve for the device of POSSP3 and P3
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E)
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‘®
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Fig. 4.93 EL spectrum for the device of POSSP3 and P3

35001 —m— P4
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(@]
1500

Luminescence (cd/m?)

500
| o

|
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Fig. 4.94 L-V curve for the devices of POSSP4 and P4
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Fig. 4.95 Yield-V.curve forthe dévice of POSSP4 and P4
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Fig. 4.96 EL spectrum for the device of POSSP4 and P4
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Fig. 4.97 L-V curvefor the devices of POSSP5 and P5
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Fig. 4.98 Yield-V curve for the device of POSSP5 and P5
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Fig. 4.99 EL spectrum for. the device of POSSP5 and P5
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4.8 &k a3 2 2 K SHF

~ /1%[144] Pdp o HARBEOF F RRSIOs(T) > 55 & 5 dhit
(crystalline) » ¥ 352 4 o[ 44 1.5 nm = > £ % % 5 88 (hexagonal
crystal structure » * ¥ 4L % rhombohedral % 35) > p #% Si-Si 3 B enE /5.9
& 0.54nme — &3~ AL = A (alkyl)em § = (Tg) 0 ¥ o cndi R B HEF AR S
- B ANBEE BN AREFRMEY o TR T POSS & F AT
A3 TG FAjae s S k2R8> 4o Fig. 4.100 #757

A POSS BT 2K 2 FenfFf A &R HE I+ f &£ X
% Y8t ik (Wide Angle X-ray Diffraction » WAXD) » & & 47 & ;& 2 & 4134
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Fig. 4.100 Schematic of hexagonally packed POSS molecules
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4.8.1 B & X 3k ¥4 ik (Wide Angle X-ray Diffraction - WAXD)
¥ Xeray(A = 1.54 A) 5Bt & bens 3 pF > 43504 F ¢ F PR 7| eh
ST o § A2 DG o i5d B EQO)x | ERRE > T LA A
oo e e fEaE 2 < o o WAXD o323 A 5 # 2 (Bragg) Tk > o740
2dsin@ =nA
4
20 : itk
d: s hRTae e
A ¢ X-ray & (1.54 A)
AT T TR * A POSS B 47 F 8 BBk A% 5 -OSi(CH;),H - ¢ Fig.
4101 2. WAXD 020 ¥ 12 & 41 POSS e/ & 35 f > T -dcdy #7230 Table
413 ¢ o

Table 4.13 POSS 2z = *.48 & & & 18

20 (deg) d-spacing(A) HkI Intensity*
8 11.04 101 VS
10.7 8.25 110 M
18.7 4.74 113 M
24.2 43.68 312 M

* VS,very strong;M,middle

“r o g jE(d-spacing) i o~ 2 3 B A2 G gE (N 1) e R

POSS = = S %42 a=165A>c=174A-

1 4 2 2 2
Hexagonal: — = g(w) + I—,, ...... (1)

- i c*

- o A I L 3k BBk k2 sk 4 POSS1~POSS3 %
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POSSP1~POSSP5 £ H * 59 POSS fatt # > 4 Fig. 4.101~Fig. 4.103 #151 - %

RHEM o B F RIS 2 WAXD Bl# 2 5 3 7.3 deg & 7.5 deg '

T SRR > H AR DMERTE T 88 kA F ¥~ @ 4w 245 4P (amorphous)
SRR o gt b o BB LR HE K - B ESE & B P R H 5 POSS chidEitiE

(8.0deg) k18] » g F T EQIsing =n)A)¥ g F i 505k

7 B> POSS } > # 7 POSS /¢ i o JE% < > #cdpi57]*t Table 4.14 -

Table 4.14 % ;}& & 3 22 POSS 2. d-spacing ‘" &

260 (deg)  d-spacing (A) hkl

POSS 8.0 11.04 101
POSSI 7.35 12.01 101
POSS2 7.30 12.09 101
POSS3 7:30 12.09 101
POSSPI1 7.34 1203 101
POSSP2 7.56 11.68 101
POSSP3 7.34 12.03 101
POSSP4 7.56 11.68 101
POSSPS 7.34 12.03 101

Ol R R A SRR S G R % % (broader) e % > ¥ L
(baseline)+ % 73 T & » it A KB4~ | R AiEIE e T4 0 f
fe 7| h K gt (disorder) g v 8¢ & F B4R P PR AL B0 S
(anisotropic) ° ’K Fid A R T E 2 - o

TR FSI ML E A Y w1 POSS 2 KRBy Lecgo Al
A7 d WAXD 5 B g k8 Fl5 POSS ez i 55 2 58 2+ ihd

LEEHE

“Iﬂ"‘\

135



POSS
4 -
S POSS 1
G 31
2
m -
c
(O]
£ 24
POSS 2
14
POSS 3
0 T T T T T T T T T T T T T T
5 10 15 20 25 30 35 40
29 (degree)
Fig. 4.101 WAXD of POSS and POSS1 ~ POSS3
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Fig. 4.102 WAXD from 5 deg to 15 deg of POSS and POSS1~POSS3
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Fig. 4.103 WAXD of POSS and:POSSP1~POSSP5

4.9 kAo G2 A F R

Fig. 4.104~Fig. 4.106 = POSS 1~POSS 3 z_ ~ i* & & P3¢ R » #75 ~ &
ZBEE Y A M ATRR R R R A A e HRIEER -
dOF Y FET W POSS A fh 0 d SR AE R AL RN B 4o B
A2 R AApEOTE B F RS Cl~C3 % & K e 2 4B%

=
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Fig. 4.105 Life time curve of POSS2 and C2
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Fig. 4.106 Life time curverof POSS3 and C3
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POSS & ¢ wirink jegf IGHET Mt fok 2 S B 0 @ AR A e o
VS G g s o b BRI  UV-PL kA TP e
FRAERAp 02 0 £ § FAINTPOSS @ 2k d i H o 27 B
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E IR 1 o s F e : 399 cd/A e et RN AR TRT ED
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EL k3% > Rl 3 % ~» POSS v " M H L 3 52 d >t 3adp §_keto effect
#1 A& 4 2_ shoulder -

B & X kit &k (WAXD) e 5 B om0 @ o 1% POSS 2§, 128 713 %
sl ~ @ 5 e (d-spacing % <) 7 & K kv Fl 7 3 POSS
MEF AN A R

=

141



	Binder1.pdf
	目錄.pdf
	封面.pdf
	摘要.pdf

	第一章 序論.pdf
	第二章 研究動機.pdf
	第三章 實驗部份.pdf
	第五章 結論.pdf
	第四章 結果與討論.pdf
	謝誌.pdf



