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Synthesis and Applications of Zinc Oxide Nanostructures

Graduate student: Shou-Jen Hsu Advisor: Dr. Hong-Cheu Lin
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National Chiao Tung University

Abstract

Zinc oxide, nanoparticles _with different sizes and zinc oxide
nanorods withgVvarious aspect ratios have been synthesized with varying
reaction conditions and identified by UV-vis spectroscopys powder X-ray
diffraction, and transmission electron micrescopy. The
methacrylatesmodified _ZnO . nanoparticles, used  together with a
photocurable monomer in the, optically. compensated bend (OCB) mode
liquid crystal display. shows an improving critical woltage. The silane
coupling agent with ‘pyridyl group has been synthesized successfully.
Pyridyl-modified ZnO nanoparticles™ and nanorods have been
self-assembled to a liquid crystalline homopolymer with smectic C phase
through hydrogen bonding. The resulting supramolecular structures were

characterized by polarized optical microscopy and X-ray diffraction.
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# % (hexamethylenetetramine, HMT) “RK7% ;72 B 573 » 4o ~ 0 § 2.

% & + (polyacrylamide, PAM, Mw = 10.000; carboxyl - modified PAM,
PAM - COOH, Mw =200 000 ) 4%t 3] 70 °C i in 30 A 4&fs &k 3§
FhsEF S I BFLL ZERGEE R 60C BE

FUHEECEZ od e 2 2 BAF R ERMYR I LM A
% (basal plane) F > @ @5 % [001] *+ B &t £ X FlFrd] > A
s FR L o

Cheng# Samulski®? % 4 2 @ * k#4244 24 2 k&
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%t (aspectratio) 2 - MZ 1R o 7 AMPEEEENZ T F M4

ABBRTRARE CREERALZBFBRE SRS LY o B

fon
%
o
@}
@
A
=
)

4 ] PTG d MRS Mok doe BRI 0 B0
L F AR B K e b BV IR e hE RIA B A 22 5 K
B S B SR AR AR T RT AL RS R 2
FOBA A TS BHELNT - 2 g R e
i it 4r (Me,NOH) Pl 3Red & ROEVE de ik & ~ F BT -
kg B R S

Yin ¢ O’Brien™ -5 g & | &gk A o el e 81 FL 4 7
SRS A T T R T R
(trioctylamine ) 27 jd falR B S5k ¥ o 10-15 » 45 P s 413 286
C Rind 23Rk FELEFFEELRB v I FIER 4
rNEROE AR ERRE A A AR RS L B ABT
BRI¥EY 22mm E RS 43nmo

Andelman £ O’Brien™ % A p| 2 4 F RiEY 4c » * b & %

\\\

#| (capping agent) » & ¥ § it & ch7) i § B f ( morphology ) &t 9

Erigrdl > =46 RAA W 5= 3% (trioctylamine, TOA ) ~ -+ = fig

(1-hexadecanol, HD) % 1-+ ~7% (1-octadecene, OD) -~ 7 & #-fis

fadrer e BAL 11 W HRES - EAHT 180 C “ﬁ;a‘f. (degas)
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C

= % & i (surface energy) ihA & - 710k F G4gs Flm o o
Kahn™ & < 1% 4 2 F & 22 > %72 b F RELET UGN

IR E L L S SR Y R

{ﬂ

 3-6nm-’ 2 B2 H Y 3-4nmok viiE 120 nm o FEHY vt
z_m Fpdr 5 dn(c-CoHjpr o~ sTdg Aule Tk & > PR 03 &)~ feim A
(ligand ) ~ J2 & ™7 # 3] 7 Ir 2 2 58 & > 4 Table 1-2-1. - Table

1-2-2. ~ Table1-2-3. #4 »

Table 1-2-1. Agglomerated ZnO Particles Prepared in the Absence

of Ligand
Cell n*  Ligand Solvent  Time [a] Overall Termp Size Morphology
(per ZnCy;) concentration [rrm)

Colll - THF 17 hours/4 days  0.042 M RT - Agglomerated
nanoparticles

Collz - toluene 17 hoursf4 days 0042 M RT - Agglomerated
nanoparticles

Coll3 - pentanme 17 hours/4 days m.042 M RT - Agglomerated
nanoparticles

Colld - diethyl 17 hours/4 days 0042 M RT - Agglomerated

ether nanoparticles

-14-



Table 1-2-2.

and a Solvent

Nanoparticles

Prepared in the

Presence of a Ligand

Colln* Ligand Sovent Time |a] Overzll concentration  Temp Size |b] Morphology
{per ZrCys) o]
Colly HDA THF 17 hoursj4 days 0.042 0 K1 Bl x33xibz08nm Manorods
Cnllf nna THF 17 hours fd days 047 M ET 10+1 1 nm Nannparﬂrh:
Call? (o) THF 17 hoursj4 days 0.042 M RT 40215 nm Mznoparticles
Colll HDA Tohbene 17 hours /4 days 0.042 M RT 45% 18 nm Manoparticles
Colliz H DA Heptane 17 hours/4 days 0.042 M RT 24210 nm Manoparticles
Colll3 HDA Anisole 17 hoursj4 days 0042 M RT 3021.2nm Manoparticles
Colll 4 HDA Diethyl ether 17 hoursj4 days 0.042 M RT 37x1.2nm Mznoparticles
Cullls ada o) Tukisnes 17 hwuiaf4 daya G042 N RT 3F 20V Gmm 5 S
Colll 6 DDA Heptane 17 hours /4 days 0.042 M RT 43+20nm Manoparticle
Colll 7 DDA Anisole 17 hoursj4 days 0042 M RT 37:1.2nm Manoparticles
ol g oA Liethyl ether |/ hours/4 days 0042 M K1 jazlenm Manoparticles
Callla (7.1 Tnhiene 17 hoors fd days And7 n RT E7T+17nm N:nnp:l’"irh:
Collz0 OA Heptane 17 hours /4 days 0.042 M RT 3521 5mm Manoparticles
Coll21 oA Anisole 17 hoursj4 days 0042 M RT 31 £1.7nm Manoparticles
Coll22 OA Diethyl ether 17 hours /4 days Q042 M RT 3z1.2nm Manoparticles
Collz3 HDA THF 17 hours /4 days 0125 M RT M4257x28+0.7 nm Manorods
Collz4 HDA THF 17 hours /4 days 0.250 M RT Mixture of disks and medium size mds ~ Manorods
Collzs HDA THF 17 hours /4 days 201 M RT = 3.0 nm after 1 day Manoparticles
4.3 2 1.1 nm after 4 days

Collz9 HDA THF 5 mins/4 days 0.042 M RT 5822 7x27206nm Mancrods
Coll30 HDA THF Z weeks /4 cays Q04ZE M RT 41 £1.9nm Manoparticles
Coldl HDA THF 17 heurs/2+ hours 0.042 M ET 2:20.6nm Manoparticles
Coll32 HDA Tolene 17 hours2+ hours 0.042 M RT 41 z1.Znm Mznoparticles
Coll33 HDA Heptane 17 hours 2« hours 0.042 M RT 2421.6nm Manoparticles
Coll34 HDA Anisole 17 hours2+ hours Q042 M RT ZAE1 Znm Nnnnpnrtid::
Coll35 DDA THF 17 hours 24 hours 0.042 M RT 23zl nm Manoparticles
Coll3e DDA Tohbene 17 hours 2« hours 0.042 M RT 43%1.6nm Manoparticles
Coll3F DDA Heptane 17 hoursZ= hours 0.042 M RT i z0.6nm Manoparticles
Coll38 DDA Anisale 17 hours /2« hours 0.042 M RT 30£1.0nm Manoparticles
Coll39 OA THF 17 hours2+ hours 0.042 M RT Zizl.1nm Mznoparticles
ColK0 OA Touene 17 hours (2 hours 0042 M ET 3 E1.6nm Manoparticles
Coll41 oA Haptane 17 hours 3¢ hours 0043 M RT 25210 nm Manoparticles
Coll4z oA Anisole 17 hoursj2+ hours 0042 M RT 31 £1.2nm Manoparticles
Coll4s HDA THF 17 hours /4 days 0.042 M 45°C 37 zl.6nm (24 h) Mznoparticles

45 20.7 nm [4days)

Table 1-2-3. Nanoparticles Prepared in the

without any OtherSolvent

Presence

of a Ligand

Colln® Ligand Solvent Time |a] Overall concentration Temp Size |b] Morphology
(per ZnCy,) fnrm]
Collg HDA Mo 17 hours /4 days - RT 10.7£37=16%20.7nm Manomds
Colls DDA Mo 17 hours|4 days - RT 92+ 4.0x3.7207nm Manomds
Colll0 OA Mo 17 hours /4 days - RT T4x27x28%12nm Manomds
Collze 2 DDA Mo 17 hours /4 days - RT 17.1£34x30209nm Mznomds
Collz7 204 Mo 17 hours /4 days - RT 28+ 0.3 nm width (24h) Manomods 20-60 nm (24 h)
3.7+ 0.3 nm width (4 days) Manorods 20-120 nm (4 days)
Collz8 5O Mo 17 hours /4 days - RT 3.6+ 1.3 nm width (24 h) Manorods 30-60 nm (24 h)
4.1 %1 4 nmwidth (4 days) Manomods 30-80 nm (4 days)
Colld3 204 Mo no/4 days - RT 22+ 0.3 nm width Manorods 30-120 nm (4 days)
Colld7 HDA Mo 17 hours /4 days - 45°C Mixture Manoparticles + Manorods
Colls 10A Mo Os 17 hours| 4 deys - RT - No particle
Colldy 204 Mo H;0 17 hours /4 days - RT Mznomds
. . - o2 . B Y 3 R N
Sun 2 Sirringhaus®® B ¥ :cit Pacholski 74 # #73p 2 -
. 2. A= e T — . 2 1
FoREENZF P2 AR AEET RMAE L - F LR
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SRS BB ERY o R AT BT 60°C 0 2 F
Bed F AR BRRRE A F LY 0 YRR 60 C T E S ) P

X 15 A4 AR A A 6nm 2 2R G o BT MR 2K

RS
<._P

JePFf o B3R kSEI R A2 A A2 - 2% 0 R HEY 60 C F R

TR MAEE R A 65nm 2 F Y45 K o

[
[\
N

Ak
IES
ey
-
s
S
=K
4
H\
e

2o LR kRS 6 R By P
i

g AE A R A E* B8 2 K S Y ep A N2 & ar S Lo 4p
T% 11258 F @ p{%‘roﬁ@-}fﬁﬁ‘}*—ﬂ-z\mmn}fﬁ’ T l]) iz
L2 Kok g gl wB ik A 4+ BB (aggregation) @ "% K E

L

Tkl 2) BABRS R A1 3) BRI HG A2 TE P

—_

A

BRI 4) L ANRT R R madp il A §
l‘*%m%\ﬁﬂé’éﬁﬁ{i@«’rﬂﬂl”/ REE- SIS SRR N TR LA
IDE= S EL iR r/ S B WA

NorbergP! % A 24 3 P en L X EH T > 4o » L - 4%

(dodecylamine, DDA ) ¥ = & % Jk % % (trioctylphosphine oxide,

TOPO) % » ¢ BAHENF 42 A3 5 L 3P g -

216 -



be~ DDA (60 st F CEE RS ad o m A Rn Kbk
k5 B @ B 4o o

Guo ¥ Yang’ % A Bl A i 4e » & F (4piE HoRfRz W 0 4
»F e B2 R fetegizk (poly(vinylpyrrolidone), PVP) » & % &
TREFZnS/PVPZ B kR s (B 32 A ok B d SRR S ok o
B R G o S FPVPa B3 4r > near band edgesi¥ oF k2 k
5 B € # 4v > @ defect«inducedemist E2x L gk € "g2 0 o

Demir™™ L & # 15§ 1 481, PMMAs 5148 & 4 i 427 > 4 >
tert-butylphosphonic acid-(-BuPO3H5)» p%& B L5 1™ % 11) £
o A& -BuPOsH, " 3% {& > it 79 2 +F oswald ripening > 12 "% 4 F; #8 = £
# R 2) Bi%e 3 kb RO E R MMA 3 AR LR L
A2 o

PR TR 4 S R R BT AR D L S

%
ey
e
i
e
&
i

Ao AF M EEFBHL AR B Y
T - T AR T eI Y AR hE g
PoF o Flpt o BART LR IE L G BA DR e F i ARG
% (silane) 13 4% -~ 45Fifg  (titanate) i3 &F 3 & o

Jana®Y % 4 @& *  N-(2-aminoethyl)aminopropyltrimethoxysilane

(AEAPS) > it § i 42 7h K 3 9= > ¥ SREAF 2 (57 I rede


http://www.tcchem.cn/webe/TIT.html

(imine ) » A% bk st ™ » H 7 0 kg sk g 3 4 %%
(quenching) »cj » B2 87 F 5 pEAA  (aldehyde) ¢

A3 AR A I AL & 4o Figure 1-2-1. #75F o

H.:r' R
~N
H.N ~
i
SR
OHr:\"\JI
S8
NH,
=O=Ei,
N |
§ 4
Nm‘s,ayé
Al
&y
“N
\'}.-—R
H
"Photostable” "Photounstable™

Figure 1-2-1._Controlled phetostability by interaction between NH,—ZnO

nanocrystals and aldehydes.

Soares®! % 4 p| F_# L1-triethoxysilylundecal 2 4F % ¥ 1 4 3
A b o B bk amnkenag B AL H 4 T RIT Rk gk 5
B o

Hung ¥ Whang"® 1 *  3-(trimethoxysilyl)propyl methacrylate
(TPM) @ ¥ i & 2z f R+ 4 k3 &+ R+ 4L L&
2-hydroxyethyl methacrylate (HEMA) % = & & > 25 =

ZnO/PHEMA 2. 2 A7 &t o 2 0 &6 F i Aehec 2 o > i &
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Gef CBE KRS BT A SRS AL VRS BRI F A
S Y

Bourlinos®” % <« p] £ A # KB /S SR S !
(CH30)3Si(CH,);N"(CH3)(C1oHy ),ClT i3 47 § 1 & 2 f g3 » £ 12
CoH,9 CeH, (OCH,CH,)200(CH,);S05 K #-% 33 2 3> ¥ # & 28
TRAMAEFREF IHD DAL ALER RN -

Kim £  Osterloh™ g £ % 3 3-aminopropyltrimethoxysilane
(APS)i3 4F o § 1" &5 2 F 5 2udéy 22 147 + trioetylphosphineoxide

(TOPO) 2 .CdSe % ##== & fik + 9/l -NHy B % CdSe 4+

53¢ TOPO s & 3 2w finz L 8 4 Figure 1-2-2. #757 o

-~ wde b
sj/\/\nll-lz wh :3'%‘?” "}%"
f"’l NH, NH, NH, :;}'éf. NH, NH, NH,
O— 3 |
I o —
s DMSO NH,NH, NH, THF NH, NH, NH,
" 120 °C 20 °C 2R O
ZnO - APS L

Zn0 - CdSe - TOPO

Figure 1-2-2. Unidirectional light emitters were synthesized from

rod-shaped ZnO microcrystals and TOPO coated CdSe/CdS core/shell

nanoparticles.
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1-2-3 % &g h
- By Lende B d B h Rk e F A (crystalline solid) 4p % A

L okt (isotropic liquid) > i ¥ Z.5d ¥ - sEAZ % o

;

P RPd SHANIIF e R HEICF &5 S B AP
BoF| W EFP Fh-BAIBEANLELFAMWE L e B PR WEF Y T
4P (mesophases)e d *tigt P Fipens F X E A A ELFAEE R 9

i M 4700t fngi B SR R e 4 8 AR

FIP w0 Gak 0 © ATt PO AP A RT AT st F < S5
(1) disordered erystal mesophases © =" 42 = " # 548 | (plastic
crystals) ° 254§ A FIFEGK (globular).s ¢ % 25240 & = ¥ 5 =
B 3w @5 Mangge Bl H S E kg o g e &
% B i (2) ordered ofluid mesophases™ 3 % A5 iR fL & 48
(liquid crystals) Tr— f& i fiik o o d >0t 4p % d & %R (rod-like) &
4%k (dise-like) eha F #rle ot h A - A3 £.0 =8 &= B

p 4

by % 1
SERKR R

a

e X AMEfped S p s FE g 7
- TARR B o
1-2-3-1 3% o A 4

R do Ty ARG S P AP R e R UG BTG R
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S IR A TR R LR RS S A 5 R

R d TAEREE SIS Te ko 2 AAH

(1) i g m/”‘ﬁﬁ"ﬁ—'—i’ %‘ o B8 e fy ’%’.%‘é’;'ﬁ'—

(2) VRSB FAMERIE > g3 2R J R FRM L HE K

FEE el Al

Y

(3) e RH ~ kB E I A F P A A

TR Rl A= IR AARE S = 5 1) R BE RNV AR, 8 UF) N B VIVA L 3| § < S 1
=2 N7 Aps B F AR dey (thermotropic liquid crystal ) ~ 7% &
A% & (lyotropic liquid-crystal )| =wt 2f o £ AR & 5 7 kIR

FET G R SR S BT AT ks R R

S

ek b Rl et el A g i T RRE R B

{

A
Tg

AR 0 2t Ei—‘t‘]/&aa % l?%&"‘#"‘wm«f"?“’ o g R Pr- AR S 5|

x
G

B H o w & 8 S %33 (nematic) % 48 ~ & 7|4 (smectic)
S 4P ~ "2 E AR Al (cholesteric ) 7R & 4p o w F AR & Ad F HE
Aok R SGROR R RGBT LI § S ek

A0 &7 AR &R G FEFEAD DR L AR & - Ko

P AR 0 B K BTACELT 2§ IS 5 2 MR T AR b
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Wit o 1 W A TR ETL > 4o Table 1-2-4. 17

Table 1-2-4. The Classification of Liquid Crystalline

i A% & (thermotropic liquid crystal )

e A% & (lyotropic liquid crystal )

A3 RS N R A

w 7]7] (nematic) ;% &b

R 71 A1 o smectic) i &

P2 7% ] (cholesteric) i s

[f1 4 % (discotic) i &

INETE RN

= N 3 N = N ZE
B A % dp A 48R T

P48 B A 0% &

A % g

hud
=

& 4F 4]/% & (reentrant liquid-crystal )

T % & (ferroelectric liquid crystal )

1-2-3-2 7% & 12
YRR A

URg = X

BHZEHZ R AETL S AR R

(1) /¢ 8w (dielectric anisotropy ) @ i &~ + ¥ — 4% 2

SRS T

(4 CNSFCl) 4o b i o o 3 hT + B
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WA o GER AT AAER A2

4.«
Y

BOTE 2 K BEHLA B

Aot F Attt T ARG ES A2 R R ®EE(induced dipole ) ©

Y G ZASZg//-gLo ,E;E?Pi‘ﬁaaal”\:"iﬁ?ﬂ@'ﬁ_i%éiﬁ'—ﬁ

Bl AT APEER ERIEET A T AT e As < 0

(2) TREI TR fe £ 72 Ptk

=
o
a
EH
e
N
4
b
:
bl
=
N
s
=g

bR A ERED b R AR B AR e SRR

S % PR (response time) o LR Z £ &

AR 0 N HEE s A TR R A R M - A R

Tk

cell gap ¥4 & 15 um "=
() AEF M I R A S itk it 4 T A IR F i B EAF
ZoA ol h B ARl 0 B el o AR HEBA S F RN SRR A
FEB A - A TR BATERAAAS TR AT AR
Fopt R E TR ST R B ERApIRL - @ N ERR R A 3
e b e ARF A TR ¢

(4) & ¢+ (cuvature elastic property ) & 3B % Hc¥tin & & hi & 22

w

T = A TREF PR R e o R TR AP R
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FEF PR Ao iR fy 2 B BB AT A T B AR R R E
B R R A A o Y Bl i K o

(5) #r5+F  (refractiveindex ) § — & 2Li& (b kil 35— H S 4 pF >
€)= 2 KT P AR R A S BI75 (birefringence ) © E?B,Tf‘u
A - fAH P > B - AITET o F RE N - R SR
TSRS w B S kb E BF > AL 5 ordinary ray > H37e¢F G

n.o

i

n, 5 i fu %k T {7 30L& extraordinary ray o H 475 5

An=n,-n. =n-n,
An =0 — liquid

An # 0 — crystal or liquid erystal (birefringence )

Sz PFr R LB S, 2 FaS 4 4R E v (anisotropic
polarizability ) #7Tg 2wt % 22 4 T B b 2 ROFIEE 0L o Rk § AT
TAlGTH S R et A IR G E R
a) »&EEEF > e e s+ L gh (director,n) = @ik (r &
RSk g e AP w0 22 FRAEY Ny > oo ¥ kKR
BITES AE s BT FE Sy, L G ed S ov. i
BT )

b) ¥ T » sk g kR R (_ﬁ‘fﬁ\%]ﬁ] . ];ﬂff;,;le) 3 kS B
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bo

C) VM-~ EFiG kIR D Lk A kB AR S %#Tr}?K

RARSANE F B ¢ 2 R Tt AR e iR S An T R BT

—\\

SH G s

-rs\<

(6) mBIEF 2 AR B AT T REIRET o d AR AR
A B RPIE 2 P s F R 2B R R AT R

BoA S HAARR M BT R Nl o

1-2-3-3 7% § AP TP BR T %

RS AR G B SRR By H sk phiRlhe e B 2k
Fhir > phpoe = R0 B ek FIETNE o de DR A B e 5 )
e fa s F o200 AetE EE A R fa 2l KEhR BT s e - K e H kS
BE S f oo iRl RS B L R R R 5 7 It iR kA

B PLER B o ShEEAT bk B MR B A S B -

3

>\

!

BEE R HER LR e R TRE ST 4

14
3=

RIRER A E AR AP ESIER T AR SRR I

FiR iR A R ATREBIGEE RIEL ¢ RS om0 - R

N

Bﬂaﬂb 4#»:1’!‘*5“’4» gq”"r_}/xi’ga/év\""ﬂi Fendom \',@,«‘i?aﬂa/”\;‘
. A ~, vz, Y A4 - - ’ 2
AREE R HAp? SEREIRD FHEEFDIR o

R 2 ol E 5 e PR TS AT R R o % AR &t i



AriEATY > A E S e MR m RS LG § ok Tk R IE
(droplet texture) 4 = > H=xigu | zk¢ 2 &> FL&a 2@haky
72 (threaded texture) % schlieren texture o & 7| 3]/% & &% > w |+
R EARET P > A g f #ieeni@ gk W32 (batonet texture) % & K
X1 (star texture) IR PR M-E 4 R EA XA DHRR

72 (fan-shaped texture) % mosaic texture o £ 2 §_» frimpF & 5

Ak g G chiral smecticCr (o AR L) G & 7 G o b S o
R ER AR de Pt WA T ek PERARA R T BR-C P LI

W dcynde pF o B O A% 3 aE et B 3R Sk g3 planer texture © % & f&

i g0 2 5 IR EE A TEf e B o

1-2-3-4 3 »= 4 2 3] % % (Polymer Stablized Liquid Crystal)
Vorflusev i Kumar> ) Sosdpsi s b m LB L 5 > 3 4 5 fe

R A F g A A A B A R E BRI UV RS g A

od iR g Bl ¢ AR 38 A7 > 4o Figure 1-2-3. #7577 o
=, — UV Lamp
P B
Glass Substrate
— Electrode
2| & solidified
ymer
— —— LC
— - __ Alignment
Glass Substrate T~ E;S:f_rmd .

Figure 1-2-3. Schemtic of the phase-separated composite films (PSCOF)

structure.
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foAp A B 0 B 3 R R o g AR UV kiR
BRAHF AT B KWL > FEFFRIE UV RRARS > 97

SRS 0 A KRR R AR P F A R ) Gk

FAR e
BN e
(a) i (b}s i ff g,ﬂ g
4
i
=
i
AR it
¥ -
Figure 1-2-4. ?lj.bto-grapﬁrs taken through a nué'}dg_;,d'ope with samples

F £
between crossed polaﬂzgrs 'From (a) to (d) -the UV dosage applied varied

from 0.75 to 20 mJ/cm?>. L .

gt g B PFE RS A T O T AN KGR

bl Al
*%_Dl —é+¢ _héﬁggL

VR gl A AR A g S EMAMRAF 2 b cell
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E & > @ vy & Flory-Huggins theory =12 ¥ i¥* % # (interaction
parameter) > J, ¥ 4% 47/ 5 (diffusion current) °

Chen*! % 4 %+ 2006 # Japanese Journal of Applied Physics * -
#* %0 1 * 3 A F kfew B polymer-aligned liquid-crystal Pi
Cell ¢ > splay-to-bend transition 2 f&# % /& (critical voltage) € %€ ¥
% fp curing TR @ 2% 4e Figure 1-2-5. #7177 » 3 v curing voltage

¥ q & critical voltage {4 % & = e

Monomer-A-doped cells

Cntical Voeltage (V)

30 40 50 60
Curing Voltages (V)

Figure 1-2-5. Dependence of critical voltage for splay-to-bend transition

on curing voltage (V,y) for monomer-A-doped cells.
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1-3 =3 B4
k& &5 4+ % (Optically Compensated Bend (OCB) Mode ) % &
Brires - fARdhsd DI THRHERI S5 R p AR HHE

W2 % & BE T B > 4o Figure 1-3-1.97 57 >

Polarizer
Birefringent film

Bend-alignment cell

Direction of
larization
Zt Y PO
L

Figure 1-3-1:.Construction of a typical OCB-cell“**

£ 3 R#R & (wide viewing angle) 1 % % & ¥ (fast response )

EA4F i o
b 7‘// 77/7/

\\\\\ \\\ l l l”

\\\

Qﬁ W\

-40
-60)

-80

Gibbs free energy (UW/m*m)

Applied voltage (V)

Figure 1-3-2. Schematic liquid crystal director orientation of
splay-to-bend transition in OCB-cell and a calculated Gibbs free energy
vs. applied voltage in splay and bend states.!**®!

Pk B £ 4 H 4 (photocurable monomer) ™% & £ » ARk
FE 15 €= 4p 4~ 34f & &% (phase-seperated composite film
(PSCOF)) - 24 3~ F £ 73]% & (polymer-stablized liquid crystal
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(PSLC)) o ¥ - * 5 d >+ F it 43 5

"a:L
<l
>
=
=
N
f;\‘:‘,ﬂ(
v
<
2
4y
SN
e
(‘r\]’

ARrd g P A EFALAFT2ZEAT VT F VDT RH (wide
band gap ) #2> @ Sk g A7 Ak ks F]pt B 5 A ang P
BMHREF R R BRI R TERDTE AT R R
ot AR R EPEM o NE A PHEZNRFT AT LT AR
A A EBRTETRLULRFRERS - HEHI LT

.H-_?ﬁ' °
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2-1 RAHRE

1. 27 %% (Vacuum Line & Schlenk line)
2. kA4 (Polarized Optical Microscope )
3|5 : LEICA DMLP

W K BE HTaEL L B 5 Sk B S b Mettler FP900 ¥ FP82HT ‘e &

2 A EEE S BRE S AN L IriERY BB IR B T A
H e AT L R Sl 2 B AR fasie R R o - AT iRk

" f % polarizers bk ¥ flgeanalyzers FUF sk P L & 5 90°
3. AR E R & IR R ¥ R—CNuclear Magnetic. Resonance)

4] 85 @ Varian Unity-300

sk 2 L B &R 0 desolvent B I kR 9 2 TH g PCok
HETIC £ dr 2 S OE oL e N ppm (B) % £ F B

Hz > # * 2. d-solvent 4% 5 CDCl; ~ DMSO-d; ~ D,O -

d-solvent 'H (ppm, 3)

CDCl; 7.26
DMSO-d, 2.49
D,O 4.72

4. # € » 7% (Thermogravimetric Analysis )
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2|5 : TA TGA Q500

5. =z ¢t &k ik (Infrared Spectrometer )
A 85 Perkin-Elmer Spectrum 100 3]

6. =~ % ~ 17 &% (Elemental Analyzer)

| 8, © Perkin-Elmer 240C

JREAEREREY < SRS -

7. 7 A4k FE T (Differe s Calorimeter, DSC)

8. X ki =¥

R 7 o 45 5%

9. oh kg

Eiha 5 A DR : g 115 K4/60

AE/07 F1 0 A RRE L F PR HE [ 12.7%30.5%25.4
cm °

10. sk # ¥ P+ (Optical Power Meter)
4185 Newport 1830-c
11. =g A3,2 2 B (Function Generation)

4152 ¢ GW GFG-813
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12. #iz7 4 % (Digital Oscilloscope)

7| 8, © Tektronix TDS 301213

13. % % % % (He-Ne Laser)

485 © Unipgase » 10 mW » ;4 £ 633 nm

14. % & LRk 2~ & (High Speed Power Amplifier)

352 HPA20H10M
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7% A R Té
Acetone ECHO
Dichloromethane Seechem
Ethyl Acetate ECHO
n-Hexane ECHO
Tetrahydrofuran Mallinckrodt
Ethanol Showa
Diethyl Ether TEDIA
Toluene TEDIA
Triethylamine TEDIA
Chloroform TEDIA
Methanol ECHO
Heptane ECHO

#% g ok e THF §_07 & B4Nse'® » &b a8 s 8 & ke CHCly

A

v CaH, o' > %™ 74 a9 &-ken EGN £ CaH, §0% > &

V\i-‘-—:) 44?’
7 ﬁ’égfrﬂ =+ ©

A Y
Potassium carbonate SHOWA
Potassium 1odide SHOWA
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Tert-butylchlorodimethylsilane ACROS
n-Butyllithium ACROS
Imidazole ACROS
2-Isopropoxy-4,4,5,5-teramethyl-1,3,2-dioxaborolane | Aldrich
4-Todopyridine ACROS
Tetrakis(triphenylphosphine)palladium Ultra Fine
Tetra-n-butylammonium floride Alfa Aesar
3-(Triethoxysilyl)propyl isocyanate TCI
Dibutyltin dilaurate TCI
Lithium bis((triflueromethyl)sulfonyl)amide ACROS
Magnesium sulfate, anhydrous SHOWA
Potassium hydroxide SHOWA
Sodium hydroxide SHOWA
Zinc Acetate SHOWA
Zinc Chloride RDH
4,4’-biphenol ACROS
2,6-Di-tert-butyl-4-methylphenol Lancaster
Methacryloyl chloride Lancaster
Ammonium chloride SHOWA
3-(Trimethoxysilyl)propylmethacrylate Aldrich
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2-3 & :,\-H;EF
2-3-1. &3 X2 § v aE ks DO

#-329g (15.0mmol) 2 Zn(OAc), - 2H,O ;273" 150 mL 2
cthanol ¥ » & & F TAcg I 80 C ik oxwin 2 PR 0 BAndR

d  Dean-Stark % % #5 ‘,% 90 mL 2. ethanol » ¥ w/x 1 ] pFis» £

S~ R4 A (90 mL) eh3T# ethanol> /4 473 0°C > A5 o 54 %

232 ERARERZEMEZAR

#- 4.89 g Zn(OAc), - 2H,0 73 *+ 210 mL ¢ CH;OH @ » ##4L~
fe#d 60°C - # 243 g ¢ KOH ;3% 115mL 0 CH;0H ¢ » £
FMiF » Zn(OAc) - 2H,O #ig ik ® =3t 60°C i 2 B/ Pl

FLERTR YR GF R IR L HHT 30 mL R
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i e

BEAUE 60 C 4 5 12 )P 24 ) FF 48 )
Pris > B e IR 2 PR o BAEE RBR RYT Ao ¢ F
o g4 150 mL 9 CH;OH - #4 1 | s g # % 10 | pF o
B KR T A 4er 50 mLoch CH;OH @ 445 30 ~ 48 &

fe £ 1500 rpm g g o e BAR 0 £ % 6000 rpm ik

S > P AR dnH ¥4 & #7>Y chloroform

#- 3.0 g (16.0 mmol) 4,4’-biphenol £ 70.0 mg (0.3 mmol)
2,6-di-tert-butyl-4-methylphenol % » ¥ #g® » # E %5 30 A48 &
¥ # T4 x~ THF 150 mL o £ 3t ki3 T 4~ 5.0 g (48.0 mmol)
methacryloyl chloride » & {é £ § e » 15.6 mL (112.0 mmol) 7

EGN e 638 T F 5 6 ) B o 342734 0 248 NHLCl ki3 ipe 2
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CH,Cl, %P~ 4xB~T k& CHyCl, %% © $ 527% ® 16 £ 1 silica gel ¥
g 475 1Y 0 P 3Rk 5 hexane/ethyl acetate = 15:1, v/v: # 3| A 4 0.9

g (AF 17%) -

"H NMR (300 MHz, CDCls): § (ppm) 7.57 (dd, 4 H), 7.20 (dd, 4 H), 6.37
(d, 2 H), 5.77 (d, 2 H), 2.08 (s, 6 H).

oy G (o
HO O > HO(CH,)sO O TBDMSO(CH,)sO
1

2

4

et MONe
v N O,
HO(CH2)6O //\\O&Si/\/\g 0(CH,),0 O \_/

5 6

0 iv —
b
— . TBDMSO(CH,)0 O 0 TBDMBO(CHy) 48 O
3

FOEREREZE 2D (1) 6-bromohexanol, K,COs, K1, acetone, reflux, 48 h;

(i) TBDMSCI, imidazole, CH,Cl,, r.t., overnight; (iii)) n-BuLi,
2-isopropoxy-4,4,5,5-teramethyl-1,3,2-dioxaborolane, THF, -78 °C, 1.5 h;
(iv) 4-iodopyridine, K,COs, Pd(PPhs),, toluene/ethanol (3:1, v/v), 90 °C,
5 h; (v) tetra-n-butylammonium floride, THF, r.t., overnight; (vi)
3-(triethoxysilyl)propyl isocyanate, dibutyltin dilaurate, THF, reflux, 24
h.
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6-(6-Bromonaphthalen-2-yloxy)hexan-1-ol (1).

#- 6-bromonaphthalen-2-ol (7.0 g, 23.1 mmol), 6-bromohexanol
(6.6 g, 27.7 mmol), potassium carbonate (9.6 g, 69.3 mmol) ™ 2 > &
potassium iodide (c.a. 15 mg) % » F E¥Fg® » £ 4 » 250 mL
acetone > FF S v TN F F THF R 48 oL BRI
Ik Hgdh §o A 10 CHLCly/H O 5P~ P~ #8412 Na,SO4 ",’TT
Koo BB R §T 0 B ol Silica gelr B A AT I 0 P HR R S
hexane/ethyl acetate =3:1"(v/v) » F 5| A % 6.1g (A F 85%)-

'"H NMR (300:MHz, CDCL): & (ppm).7.90 (d, 1 H), 7.65-7.56 (m, 2 H),
7.48 (dd, 1H), 7.15 (dd, 1 H), 7.08 (d:'1 H), 4.06'(t, 2 H), 3.67 (d, 2H),
1.87 (quint, 2:H), 1.67-1.43 (m, 6 H).

(6-(6-Bromonaphthalen-2-yloxy)hexyloxy)(tert-butyl)dimethylsilane
(2).
#-iv &£ 1 (6.0g, 18.6 mmol)-#2 imidazole (1.9 g, 27.9 mmol)

7% % 200 mL & -k CH,CIL, » £ # tert-Butyldimethylsilyl chloride
(TBDMSCl) (3.4 g,223mmol) ** 0°C % § T4 r» v I FHREF
Fi 7o o BB R A ~ k¥ 1S F B iﬁ%“f”ﬁ whk o FleEz KRR L
CHCl, 5 B~— =x o ¥ X X P~{52 3 & 1 Na,SO, f Kis o o
Ok S5 4 52i% A o o B fS %”’F‘} d silica gel i ¥ & 47 (flash column
chromatography ) % i* » j* %% % hexane/ethyl acetate = 20:1, v/v » 17
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AP ae ¢ B 73g (AF90%)-

"H NMR (300 MHz, CDCLy): & (ppm) 7.90 (d, 1 H), 7.65-7.56 (m, 2 H),
7.48 (dd, 1H), 7.15 (dd, 1 H), 7.07 (d, 1 H), 4.05 (¢, 2 H), 3.63(t, 2H),
1.85 (quint, 2 H), 1.61-1.41 (m, 6 H), 0.91-0.88 (m, 9H), 0.07-0.04 (m,
6H).

tert-Butyldimethyl(6-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
naphthalen-2-yloxy)hexyloxy)silane (3).

#-it &4 2 (6.07g, 13.7 mmol) 3>+ @ K 1150 mL 2. THF ¢ -
a3 =78 °C Fpf F MR 4r ~  m-butyllithium (2.5 M in hexane) 8.2 mL
(20.55 mmol) ¢ ¥ 3 I8 °C. £~ & 1.5 i > & 4eo»
2-isopropoxy-4,4,5,5-teramethyl-1,3;2-dioxaborolane (5.1 ¢, 27.4 mmol)-
¥ 33O 1S REE kot KB A i CHLCl, BBs > B 5k 4
~ @ -k Na,SO, ‘ﬁﬁ Ko TH AR o Bfs R ;%%'E‘ silica gel i ¥ 4+
& 47 (flash column‘chromatography)- & it b 7 & % % hexane/ethyl
acetate =20:1,v/v> @I AP 59 ¢ HE 51g (A F 80%)-

'H NMR (300 MHz, CDCly): & (ppm) 8.28 (s, 1H), 7.80-7.75 (m, 2H),
7.69 (d, 1 H), 7.14-7.104 (m, 2H), 4.07 (t, 2 H), 3.63 (t, 2H), 1.86 (quint,
2H), 1.59-1.41 (m, 6H), 1.38 (s, 12H), 0.91-0.86 (m, 9H), 0.07-0.04 (m,
6H).

4-(6-(6-(tert-Butyldimethylsilyloxy)hexyloxy)naphthalen-2-yl)pyridin
e (4).
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#-iv & 3(5.0g, 10.3 mmol) ~ 4-iodopyridine (2.54 g, 12.4 mmol) -
anhydrous potassium carbonate (1.89 g, 13.7 mmol) ;3 >* 160 mL 2
toluene/ethanol (3:1, v/v) A& ¥ » 2B T §F 5 10 A48 o B&F 4
» Pd(PPh3)4(0.12 g,0.103mmol) > ** % 5 * 90°C » & 5 | FF 4
P2 R 8 0 g 5ein Al > 1 CHLCL/HO B0 fr P 8 K
7 Na,SO, * T R R ARG g 0 BfS B 0 silica gel B ALK AT
s CHCL o # 8 Ad 35g (A3 78%) -

"H NMR (300 MHz, €DCLy): §_(ppm) 8.68.(dd, 2HY,.8.05 (d, J = 1 H),
7.82 (dd, 2H),7Z.71 (dd, 1H), 7.62.(dd, 2 H), 7.22-7.16 (m, 2 H), 4.10 (t, 2
H), 3.64 (t, 2H), 1.88 (quint; 2 H), 1.67-1.44 (i, 6 H), 0.94-0.88 (m, 9H),
0.07-0.04 (my6H).

6-(6-(Pyridin=4-yl)naphthalen-2-yloxy)hexan-1-ol (5).

#-it & 4 (30 .g, 6.88 mmol) ;3> 50.mLiz. THF ¢ - 4c »
13.76 mL (13.76 mmol) &7 tetra-n-butylammonium floride (1M solution
in THF) o F Elg e 2o {8 » Se k%0 F > #00 CHCl, B~ i %
Na,SO, ’T KA 453 B o BtS B 10 osilica gel FH A4 o
% 5 CH,CITHF = 10:1, v/v > B3 A P 59 ¢ F4 22 ¢ (A
86% ) °

'"H NMR (300 MHz, CDCls): & (ppm) 8.67 (dd, 2H), 8.05 (d, 1H), 7.82
(dd, 2H), 7.71 (dd, 1H), 7.62 (dd, 2 H), 7.22-7.16 (m, 2 H), 4.11 (¢, 2 H),
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3.69 (t, 2H), 1.89 (quint, 2 H), 1.66-1.44 (m, 6 H).

6-(6-(Pyridin-4-yl)naphthalen-2-yloxy)hexyl
3-(triethoxysilyl)propylcarbamate (6).

#-iv &4 5(2.0g,5.76 mmol) ;3> 40mL & THF * » 43 %
g F T 2.84¢g(11.48 mmol) =7 3-(triethoxysilyl)propyl isocyanate
£ 36 mg (0.058 mmol) =7 dibutyltin dilaurate $ P iF » o se & 3 %
e F e 24 0] PR Fhagis AL 2 silica gel M- F ik 47 (flash
column chromategraphy ) * i3k % hexanc/ethyl acetate = 1:2,
vive B3l A s ¢ MGk FHE d.84g (A5 56%)

'"H NMR (300 MHz, CDCL): & (ppm):8.68 (dd, 211), 8.05(d, 1H), 7.82
(dd, 2H), 7.72 (dd, 2H), 7.62 (dd; 2H), 7.22-7.16 '(m, 2H)'4.89 (s, 1 H),
4.13-4.05 (m4H), 3.82 (quarty6-H)y318=3w13+(m, 2 H), 1.87 (quint, 2 H),
1.67-1.43 (m, 2H), 1:22 (t, 9'H), 0.63 (¢, 2 H).

HRMS (EI): caled. for C3iH44N,0¢S1, 568.2962; found 568.2968. Anal.
Calcd. for C3;H44N,O4Si: N, 4.93; C, 65.46; H, 7.80. Found: N, 4.90; C,

65.94; H, 7.81.
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F A2 i ¢ 1 (a) DHP, PPTS, CH,Cl, 1t, 24 h; (b) (i) n-BuLi, THF,

-78 °C, 1.5 h; (ii) 2-isopropoxy-4,4,5,5-teramethyl-1,3,2-dioxaborolane,
-78 °C to rt, overnight; (c¢) 1,4-dibromo-2,5-dimethoxy-benzene, K,COs,
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Pd(PPh;),, toluene/ethanol (3:1, v/v), 90 °C, 6 h; (d) 4-ethynylbenzoic
acid methyl ester, Pd(PPh;),Cl,, Cul, PPh;, Et;N/THF (2:1, v/v), 70 °C,
overnight; (e) TsSOH*H,0, methanol/CH,Cl, (1:1, v/v), rt, overnight; (f)
10-bromodecanol, K,CO;, KI, acetone, reflux, 48 h; (g) KOH,
ethanol/THF (1:1, v/v), reflux, overnight; (h) acryloyl chloride,
N,N-dimethylaniline, 2,6-di-tert-butyl-4-methylphenol, dioxane, 50 °C, 4
h; (i) AIBN, THF, 65 °C, 48 h.

4-((4'-(10-(acryloyloxy)decyloxy)-2,5-dimethexybiphenyl-4-yl)ethynyl

)benzoic acid, monomer (8).

Yield: 1.15 g (70%). 'H NMR (300 MHz, CDCl;): § (ppm) 8.09 (d, J =
8.7 Hz, 2H),"7.66 (dyJ = 8.7 Hz, 2H), 7.49 (d, J =8.7 Hz, 2H), 7.10 (s,
1H), 6.96 (dgod = 8.7 Hz, 2H), 6.89 (s; 1H), 6.40 (dd, J=17.4 Hz, J=1.5
Hz, 1H), 6.12(dd, J = 17.4 Hz, J=10.5 Hz, 1H), 5.82 (dd, /= 10.2 Hz, J
= 1.5 Hz, 1H), 4.16 (t;J = 6.6 Hz, 2H), 4.00 (t;J = 6:6 Hz, 2H), 3.92 (s,
3H), 3.80 (s, 3H), 1.81 (quint, J = 6.6 Hz, 2H), 1.67 (quint, J = 6.6 Hz,
2H), 1.58-1.32 (m, 12H). HRMS (EI): calcd for CssHu05, 584.2774;
found 581.3146. Anal. Calcd for C;cH49O7: C, 73.95; H, 6.90. Found: C,

73.96; H, 7.00.
PBBBA, homopolymer (9).

Yield: 0.4 g (40%). Anal. Calcd. for C;4H4007: C, 73.95; H, 6.90. Found:

C, 73.48; H, 6.99.
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GPC Results
SampleName | Retention Time | % Area Min Vi P Mz iz+1 | Polydispersity
PBBBA 14957 | 100.00 | 7319 | 8634 | 7448 | 9976 | 11207 1.179696

2:3-4 § A F B2 oGk
2-3-4-1 &7 A4 AAGiciE2 § bR H RS

# 329 g (15mmol) ,z +Zn(OAc), - 2H,O % ** 150mL 2
ethanol ¥ » & § fiF%e# L 80 C ¥ /i 3 4] fFe feik it 2 /] BFES
#4edfd  DeansStark 7§ #% 90 mL 2 ethanol s 42 ¥ £ *c » - #
# (90 mL) ‘&7 ethanol » /4 473 0°C » A5 % SRt 3 % o

> %] #-00.87 g (20.7 mmol) 2 LiOH - H,O &3 90 mL 2
ethanol ¢ - 3 0 C WA R FE A XNT SR 2R > w1 7L
F R | P ERRES B Bk b f o

# 6.0 g = 3-(trimethoxysilyl)propylmethacrylate ;% ** 10 mL
e ethanol » & 0 °C T M de » P AR 5 4o

;L Ve 4
(6 ¥ A

B F

Sk
bk

B 12 B F R dise* 02um 2 glass fiber filter i g > I 1Y
3:1 e AF vt 4 » heptane Hjgik ® hE L &Z NG AR K R

* 6000 rpm HuE R o B3 F R A3 o o {S B2 A% ethanol %

iy
o
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2342 L Aper A im cE § A ARSI BE LB
Wb B 2-3-1 8 232 &AMz % K A KR purge §

e SR B (200 mg) B~ F R B F T4 10 mL

=g toluene > T - @ ¥ FE o §F o B 1 g

6-(6-(pyridin-4-yl)naphthalen-2-yloxy)hexyl

Y

3-(triethoxysilyl)propylcarbamate % ** 5 mL ¢ toluene © > £ H#-2 ¥
Bde » iR R Y o BEATET 110 CuER 12 /| FF > L Fris i %
4000 rpm iFuE RA@ES > T ¥ toluene FE SRR FIET {8 0 M2 iR AT

CH2C12 ¢

2-4 KT Eafl> 2 2R E

FI* % BT (A e=13.8> An=0.2246 R Merck) 4~ %%
ARt 2 A (BT AR AR B G B (7 ET
HEA &) 2 ZnO % K4 o JFd £ R % H O~ optical
compensated bend (OCB) 2_;% & cell (cell gap =4.25 um, active area
=lom’> pf E4p) ¢ EFTE UV @4 2o g UV
AEBE AT REGFRERE o BT HLH R E K F % K4 Figure

2-4-1. #5 o
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3-1 F i &z FEFHSG

AR A e b LIOH & Zn(OAc), P4tk & = 3¢ 0 &
FCEE i S SR A TR LI - T S S S ;S LA -
[LiOH]/[ Zn(OAc),] = 1.4,2.8,3.3 « & % # ¢h-7 0k kg k ~ % %
kH ik~ Xray RS RE T AT MG NETE Bl

W

Sk %;ﬁ-ﬁb}fi"ﬁr

Absorbance (a.u.

T T T T T = T T T T T
280 300 320 340 A1z 360 380 400 420
Wavelength (nm)

0

Figure 3-1-1. UV-Vis absorption spectra of ZnO nanoparticles with (a)
[LiOH]/[Zn(OAc),] = 1.4 (b) [LiOH])/[Zn(OAc),] = 2.8, and (c)
[LiOH]/[Zn(OAc),] = 3.3.

g T AR FRERA P T o > R ARE A B
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T £ ek ol - shoulder 2 3¢ ehF v gt joik o v god qp

d Meulenkamp'™ 2. %8> 7 MBI E L &S F RS R T A )

1240 3301 + 294.0 4 1.09
}\1/2 B . ])2 D

#¢¥ »A, = absorptionshoulder » D % # T & T o

Hep] 18 el 8 1 R Lo TR T 4

e

[ T —
»)

e
#-3 i 2 f k3 33 ethanol PR e Sk k¥ diedp 40 Figure

3-1-2.#f7m » FHRIL QL LF RS TR TN [ a fALFR
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[y
1

PL Intensity (a.u.)

PDS card <7
wurtzite (JCPDS 36 i 442 4n o #.7 F [LiOH]/[Zn(OAc),]
ARAECE I GRS WL - -ray 4 A LSBT v \EFE
[LiOH]/[Zn(OAc),] ** b chdf 4 » Mt cng B € W2 % % - 13350
% » ¥ i * Scherrer’s equation % fz 33 F kF T+ o) o

_0.89
" PBcosO

He 5 L% Xray & (0.775A) B 4 s ent 3 % (full
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width at half maximum, FWHM )> 6 5 Bragg $e&+ & & <4335 (110)
Pt PMESTE > 2 E DA Nk I e S R A S 3.90m > 2.6 nm

2 23nm> ptEEEd Bhow Lksyr ket T 2 4B Ap e o

10 20 30 40

—(c)

(102) 11903)112)

1 I
10 20 30 40

20 (degree)

Figure 3-1-3. Powder X-ray diffraction spectra of ZnO nanoparticles
with (a) [LiOH]/[Zn(OAc),] = 1.4 (b) [LiOH]/[Zn(OAc),] = 2.8 (¢)
[LiOH]/[Zn(OAc),] = 3.3.
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3-1-3 7T F RAE A T
Figure 3-1-4. = TEM

FiveE a2 A

=
=\

i
N

Ve > oy 7
L

NN

LA e d BT R R KR ks < ] < .?]‘FK’&. 3—-5nm z f&>

AV
H\
e
o

LF BRSO A

Figure 3-1-4. TEM 1images of ZnO nanoparticles with (a)

[LiOH]/[Zn(OAc),] = 1.4 and (b) Metharyl-modified ZnO nanoparticles
with [LiIOH]/[Zn(OAc),] = 1.4.
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32 Fl&iAHETH®
ARHN R A RFERER LN AR ERZF VS K

B THEFA AT ROF BAREFREERT 225 L EZF

BHEAPARBLE I KT LR EF R Xeray B R KE T

BRGNS NETHEE -

3-2-1 % eh-w LR RGPS

4 Figure 3-2- ¥ TR 2R

(60°C ) P/ 12

H o it £ : TR LR o
|
WEZ AR #

_ A
= A %
S 1,
©
o
c
I
2
§ 0.5 1 VN
A\ O\
< AN NN
N
NN N
AN
TR TN~ e
0.0 . . . . T . —
300 400 500 600

Wavelength (nm)

Figure 3-2-1. UV-Vis absorption spectra of ZnO nanostructures prepared

under different conditions. (a) 60°C for 5h; (b) 60°C for 12 h; (c) 60

‘C for 24 h; (d) 60°C for 48 h; (e) 80°C for 12 h; (f) 60°C for 12 h in

ethanol.
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3-2-2 FHNT I RksE AT

Figure 3-2-2. % TEM 2 Bl % » B (a) % 60 'C #E 5 |
ek VR LERREHE S TAYAE S-10mm £ ARY G
10 -20 nm - B (b) %3 60 C g 12 | Bk % » 7 4§ Ik

B HET30-50nm> R F g - Bkl AR o

Bl (c) 53 60 C #iE 24 [ Freng % » 7 AR BHER
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(d)

200 kV [ X60000]

200 kV X 30000/

Figure 3-2-2. TEM images of ZnO nanostructures prepared under

different conditions. (a) 60°C for 5h; (b) 60°C for 12 h; (c) 60°C for

24 h; (d) 60°C for 48 h; (e) 80°C for 12 h; (f) 60°C for 12 h in ethanol.
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3-2-3  X-ray 5 k $ebt S %

Figure 3-2-3. 2 & 47 p erdF B PR 2135 20 5 1 88 3 F 597
@52 Xray # k ¥E5+ B > &2 JCPDS card v wurtzite ( JCPDS
36-1451) ‘Edpes & o d WP V0 E R (002) & o L F TARE
(100) & (101) Ho B R EFFEPFT L %35 > 2 70F ¢

PSS L FFEER A R4 o 2 TEM B 2 § (V42 K # o

£ RARV R T OF IRy R A P R O L
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10 20 30 40

— (d)

20 (degree)

Figure 3-2-3. Powder X-ray diffraction spectra of ZnO nanorods

prepared under different conditions: (a) 60°C for 5h; (b) 60°C for 12 h;

(¢) 60°C for 24 h; (d) 60°C for 48 h.
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3-3 F &3 kIR NLERY HFFE (Optically
Compensated Bend Mode ) % 5 & -2 47 34
3-3-1 7 AR A AL G TR 2K F P ERTHEG
3-3-1-1 % ¢h-v Rk ks §F k@B T EE

Figure3-3-1. % % * &4 g ecEH s oh-m Lk z Lk

W Btk L £ X R P AT ﬂ}-\:}fié)gk[%]:‘ PRI IR = 3

2 = -2
1
1
-
S —
> S
® 8
>
S 14 L1 =
(2]
o c
S
@ o
a £
< |
a
01— ; ; . " . " . e e
300 400 500 600 700 800

Wavelength (nm)

Figure 3-3-1. UV-Vis absorption and photoluminescence spectra of (a)
ZnO nanoparticles before metharyl-modification and (b)

metharyl-modified ZnO nanoparticles.

_61 -



3-3-122 £ € ~ 47
d Figure3-3-2. 2 i€ A7 %7 i L Ew st ls > HE

e LS4 R EH ST EAS 159 24 o

100 (a)
95
§ 90 -
S
()
= 85
P
‘E
80 =
. :
" 800
Figure 3-3- of (a) ZnO

nanoparticles befe metharyl-modified
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Figure 3-3-3.  FTIR. spectra. of. (a). ZnO nanoparticles before

metharyl-modification and (b) metharyl-modified ZnO nanoparticles.
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Figure 3-3-4. Voltage-transmittance curves of OCB cells under
UV-exposure at 10V, for 50 min. : (a) pure E7 LC, (b) doped with 1
wt% monomer, (c) doped with 1 wt% ZnO nanoparticle, and (d) doped

with 1 wt% monomer and 1 wt% ZnO nanoparticle.
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Figure 3-3-5. Voltage-transmittance curves of OCB cells under
UV-exposure at 4V, for 50min. :  (a) pure E7 LC, (b) doped with 1 wt%
monomer, (c) doped with 1 wt% ZnO nanoparticle, and (d) doped with 1
wt% monomer and 1 wt% ZnO nanoparticle.
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Figure 3-4-1. UV-Vis absorption and photoluminescence spectra of liquid

crystalline homopolymer PBBBA
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Figure 3-4-2. Thermogravimetric analysis curves of homopolymer
PBBBA. The decomposition temperature (Tg) is obtained from the onset
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Figure 3-4-14. Polarized optical microscope image of hydrogen bonded
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Figure 3-4-16. Powder X-ray diffraction spectra of hydrogen bonded
complex of pyridyl-modified ZnO nanoparteles and PBBBA with 1:100

mol %.

Figure 3=4-17. | & 4e ez i 4 = L+ 7 PBBBA 2z 3 B 1t
5 1:100 #7{ plengeid %> d 2xx BV w275 R R 7 PBBBA ¥
B B R LR 2 A5 20D R (dimer) £04 AI4p SESTEE (1.62° 2
324° ) NA P AT E 4EPF R AT S - BAE (dimer) ¥ 4T
220 53187k > g A ¥ - #%B I H d-spacing B & & 2.40 nm>
FBlF ¥ - BPIAR e 0 F BRSS9t K 714p e second  order
=% B AL 20 8 5 H first order % > 2 AR P &2 v A
Afe Pl & ke F Lk 2 first order 3% € Ay > & F gk B EE L 4.80

nm> & &£ 5 32.9° o

-85-



sENe
\ \ \
) < Q  5.72nm 4.80nm

1

Intensity

20 (degree)

Figure 3-4-17. Powder X-ray diffraction spectra of hydrogen bonded
complex of pyridyl-modified ZnO nanorods and PBBBA with 1:100 mol
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