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Synthesis and Luminescence Properties of n—Conjugated Polymers

based on Phenothiazine

Ji young Choi

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

Since the first report of the PLED(Polymer Light Emitting Diode) by
Friend group, a lot of research has been done for improving the device
efficiency and for tuning the emission color. PLED 1is difficult to be
fabricated to multi-layer, unlike SMOLED(Small molecular Organic Light
Emitting Diodes). So, it is necessary to develop new polymers with
electron and hole injection/transporting properties. One of the strategies
to improve efficiency of PLED is to synthesis new efficient polymers with
a hole or electron transporting materials. It has been continuously
reported that the m-conjugated polymers containing 1,3,4-oxadiazole
(OXD) or 1,2,4-triazole (TAZ) in the main chain or side chain to improve
electron transporting properties. Another strategy is to introduce Ca or
Mg, since they have a higher work function than Al, as a cathode.

Among various materials reported as emitting materials, this paper used
phenothiazine derivatives. It is not a well known material, as an emitting
material. The phenothiazine ring is very strong electron donor, since it
has sulfur atom. In addition, phenothiazine based polymer reduces

n-stacking, since phenothiazine has a highly nonplanar geometry.

_xi_



In this paper, we report a different synthesis, optical, electrochemical,
and electroluminescence properties of novel phenothiazine based polymer
containing OXD pendants or TAZ pendants in the main chain or side chain
to improve electron injection/transporting properties and phenothiazine
based polymer without OXD pendants or TAZ pendants. And we also
report the necessity of PEDOT:PSS layer when phenothiazine is used as

an emitting material.
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T AEARA B A4S Y. S49-LZ A dolE F7hgle

web g A7k FAsknT, ewsh Lebel wEk20-80 T) WF A
)

= [e]
N7 FAAR o f e TRe Wt BE & F4AY
Z7bs wRg ade] ZolEgly] wEe. ol Aols xEstel YA
ol Aol sigsis Hug vhebalS e

[ -2-3-4. PF(poly(fluorene))A] &=}

Polyfluorene?'= g4 o2 oy

Oft
£l

4 far &N el Aot DA EA B
=< PL &< Yekdn. 5+ 7§¢] phenyl 227} BHe= §oix Q=
TZFolu C-9 A9 X %7] wjF-of PPPo| H]|8] conjugated backbone
A1 o] s JAAE o] Folxith. EthylhexylZl&  7F1 A¢
oxadiazole-, quinoline-¥ 2 A7} F53 X g7]ef FFAE 1

St P9 AREE Y4 wge vehi,

’
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Figure 4. Schematic of physical vapor deposition system.
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[-4. FHE9 72 24
[ -4-1. 'H-NMR &~ EH

s 2AS CDCLol &3 & 400 MHz 'H-NMR =2 EZ(NM
ECP-400 JEOLA} (Japan)o.& =A39t). AW A~ EF oA 7}z}e)
arg]e] A% proton, WAl

WA e P 5 i, B

[ -4-2. AZ}FALE ZA H(Differential  Scanning Calorimetry,
DSC)

DSCE A89 717246 F38 X zie e 25 9% W
3} data®=FH Al59 =94, SH AES 4 ¢ Ad. o] W =9
AR, B N TLEFHARAAARES I 5 den, vay A
HozRE @ Hegre ARl RS 4= T8

Al2E DSC 60(PERKIN-ELMER (U.S.A), Pyris 1)= A
% 20 C/min, Ny £97]°|A DSC thermogram= 57d3}Att. 49
AREE Alge] 2 ¢F 10.0 mge]tt.

2
ol
rlo
I

.
0
(124
ofN
off

B A (Thermogravimetric Analysis, TGA)

>

w2 A7 FA Hs5s
C Ao RE AR A %

gk 4= 9t} TGA®l:= micro balance
o] A WstE 7 gr}t. Balancedl &

AAE DA FAGHE flagZh A=l AR FA S3el A
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o] flage] A7} WA Ha TGAE dd IAZ FAs7] H&l

metermovementel= ol AFE F7F £ AAAZIA H) o]

o] FAR 3HitE o] EAIE= Aot TGAE ol &3ste] 1Al &

de & o dn 28 aEA A8EE TGA 7(PERKIN- ELMER

(US.ANE AFEste] &2 &% 20 C/min, Ny 917104 748313t
o

o
SAel A A= 2 ¢F 10.0 mgoltt.

AFRAPES AT A WeIA olgol aFe] AF Y Astuz
FEthe %

.
the 422 088 Aot EAZ A%

©
ofj
il
_Orh
2

A 2 22 9
Fol o] Hml, oo U= <ls] o Fole FHY EWL dm

i
i
ofo
p'L
2

(Shimadzu, GCMS QP-5050A)

[-4-5. A =Z=2ZwlE 23 (Gel Permeation Chromatography,
GPC)

GPC+ Liquid Chromatography®] 3+ 724 1EXE 2 F7]9 w2}t
A4 Eelehe wHes GPC 292 ted, vEddel 4 FAER
AA A" A7)l £ FEE 7= ALEZA &de T, A
A7k wAE Aaun 2007k 4 A AT 2l
AR AR e BAES AES

U B2 AlRbo] &g Wojxw, of7|o] Alg A7|E &
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Ase nEAES 2 A7)6 w27t ve SRS 2] so] 2y
o] FsdtA rh F, A/ 2 BARE 2k 4 Bx g0 3
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(-

V 2% FEA(CARY100 CONOE ol8stel 7 gAe] &4 54%
A8}, Chloroformol Z4dtiat 8= Al#E 10 mg/mL=E &34
2 quartz plated] 2000 rpme.® A3 FEHBE] A8 HEAN &
e S48t AR 89 s A=Fe chloroforomd] 3 § &A%
54 EAds =4 Sl =R P1) ) E gl Fluorescence
Spectrophotometer(HITACHI, F-4500)2 o]&3te] Alme] IEA, £
Hge] FFELS SIS
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T
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[ -5-2. €3 A< AF(Cyclic Voltammetry)

w3k A AF (Cyclic Voltammetry)ES ©]83to] w3 229 7|4
EAJol  o]&3  F¢(ionization potential), Hx} F3FE(electron

g)\ A3 = fsﬂL jﬂ

4
i
(o
[

affinity), "= 2Y(band gap)oll #3 S-S &
o] M= (B =3 A AF(CV)S UV E3AE AFSet AA F
~AEHO 2 HE ALt CVHE-S Potentiostat 362 (Eg & G)E Ab
g3l =Astg o, FY HAIFOoRE Pt wireE, 7|e HAF

Ag/Ag’(in sat'd AgNQOs3), HZ HAFOo 2= Pt coilS AFESIATE A A
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Gl o 0.2 MENS w50 AF&389 Y. Data acqusition®l+ Lab

View program (National Instruments)< AF&-3} o,

[ -5-3. CIE &%

CIE(Centre Internationale dEclairage) 2 ¥+ A 7FA] A (NTSC
(Red : 0.68, 0.32, Green : 0.28, 0.60, Blue : 0.15, 0.07)< 7]H o

Z A W3 ZEe ATFoRN, e BE ALS AFsta, A=
ohE A bl A oS mud 4 vk B AFPeAME CIE Y%

EL z¥Eges dgsde S 53 S@eAsl= 7122 CCD array
detector(Ocean Optics, USB4000)=
Qi [-V-L EAL Keithley:2400
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Chapter 1II. Efficient Novel Poly(phenylenevinylene-
co-phenothiazine) Derivative with Oxadiazole Pendant.

I-1. A &

19909 Cambridge ©™2te] R. H. Friend?! wFgolA AwA 5412l
poly(p—phenylenevinylene)& ©|&3sto] FHx= @3 r}o] 2 =(polymer
light-emitting diode, PLED)E 7W'&&F o] %, Az} UdAe] a8 &
8l w2 A =4 o] AYEATh LA} EF A AR

=
F 2Ash ge 45Y FEE AAHE Aol el SuE, WPFoE A

YA =0 = AU Al o
F9 THel 5% phenothiazine
|91 OXD A#715 54

of mYFFoEN, IFST YolAe AFgES FHATI A s}l o
et 12 E VA= AR 2EAQ] PTOXDPPV(poly[(2-methoxy—
(5-(2-(4-oxyphenyl)-5-phenyl-1,3,4-oxadiazole)-hexyloxy))-1,4-
phenylene-1,2-ethenylene—-alt-(10-hexyl-3,7-phenothiazine)-1,2-
ethenylene DE @A4dstalar, OXD AgH717F gl 7%, PTPPV(poly
[(2,5-didecyloxy-1,4-phenylene-1,2-ethenylene)-alt-(10-hexyl-
3,7-phenothiazine)-1,2-ethenylene]),& 3$tAlslo] o]59] Fah# 7|

she12, Al aAbe] A7) 54 Aolel vi8l ATt
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0-2-1. A 9 A=

Tetrahydrofuran(THF)+= sodium/benzophenone®] ] 24A]7F 3FHFA17]
5 FFote]l ARESRitE E ATl AREHE WS AlE+ Aldrich
Chemical A}, Tokyo Chemical Industry(TCI) Chemical AF¢] Al&FS A
A glol ARESEYk.  1,4-Didecyloxy-2,5-diiodobenzene(4)¢}  2-
methoxy—{5-[2-(4-oxy-phenyl)-5-phenyl-1,3,4-oxadiazole] -hexy-
loxy}-1,4-diiodobenzene(5) = Txol d¥ FAd3 WO R s}
(}3;]\]:]:[13]

nm-2-2. 4%

ol

Aeg S=2A 4

I-2-2-1. 10-Hexyl-10H-phenothiazine(1)% 34

Dimethyl sulfoxide(DMSO) 30 mLel phenothiazine 10.0 g (0.0500
moD)<S go] & &aAZl ¥, 50 % NaOH T84S 40 mL 7}k o).
o]7]ell 1-bromohexane 9.94 g (0.0600 moD< 3] FSjste], A2
oA 24 A7t wxkekglh Hbg TR 9 FH2 AAt FE8HS AAE] T
g U, n-hexane/== AlA sk, MgSOE H7bete] s A7sH3A
o &) AA $, Silica/hexane AHNA GASte] FA2] oily “dEl
o Sehes AT (9.49 g, 67.0%)

MS [M] : 283. '"H-NMR (400 MHz, DMSO, ppm): & 7.12 (m, 4H),
6.96 (m, 2H), 1.64 (m, 2H), 1.35 (m, 2H), 1.21 (m, 4H), 0.80 (t,
3H)
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o-2-2-2. 10-Hexyl-10H-phenothiazine—3,7-dicarbaldehyde
(@9 4

Ar 97|t A N,N-dimethylformamide(DMF) 20 mL<%} POCl; 26.98
g (0.176 mol) ¥3L 0 CeollA 30% &<t wHksk 3 1 2-dichloroethane
80 mLell 10H-hexylphenothiazine 5 g (0.0176 mol) &3}t &MNS
dokglth. 90 TollA 24 A SFAZ o, ALSE YA
methylene chloride(MC) & F%3% $ sodium carbonate/== A% s}
Ak MgSOE  Hrbstel FES AAZ F, &2 AAsSIH
Silica/dichloromethane @ hexane(3 @ 7)A ZARol|A AAste], =2
oily AEl9] FFES AAY (4.52 g, 75.5 %)

MS [M'] : 283. 'H-NMR (400 MHz, DMSO, ppm): § 9.79 (d, 2H),
7.74 (d, 2H), 7.63 (d, 2H), 7.24 (d,"2H), 4.00 (t, 2H), 1.69 (m, 2H),
1.39 (m, 2H), 1.25 (m, 2H), 0.82 (t, 3H)

Hm

I-2-2-3. 10-Hexyl-3,7=divinyl-10H-phenothiazine(3)% ¥4

0 C Ar E97] stellAd HF THF 50 mlL | methyltriphenyl-
phosphoniumbromide 7.89 g (22.1 mmol), n-BuLi 8.40 mL (21.0
mmol, 2.5 M solution in n-hexane)& T3], 30:+7+ WRHEA|Z T
o] golo] 10-hexyl-10H-phenothiazine-3,7-dicarbaldehyde& 2.47 ¢
(7.3 mmol) ¥ol+ ¥ T7AZbEt #F st ¥g TR I
diethylether/&% A& 3t & MgSO,E AFE3dtY] 8-S A AL &
v A4 %, Silica/n—hexane : EA(8 : 2)A AA AA|ste] =ghAl
oily JEje] stetES ATk (2.07 g, 69.7 %)

MS [M'] : 335. '"H-NMR (400 MHz, DMSO, ppm): & 7.26 (m, 4H),
6.96 (d. 2H), 6.6 (t, 2H), 5.7 (d, 2H), 5.14 (d, 2H), 3.85 (t, 2H),
1.66 (m, 2H), 1.47 (m, 2H), 1.24 (m. 4H), 0.82 (m, 3H), 5.7 (t, 2H)
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m-2-3. &%

ol

AEE 1722 T3

0-2-3-1. Polyl(2,5-didecyloxy—-1,4-phenylene-1,2-etheny-
lene)—-alt-(10-hexyl-3,7-phenothiazine)-1,2-ethenylene]
(PTPPV) 5%

PTPPVE SHHE(3) ¥ 3t§E(4)9] Heck coupling WHgo=2 339
t}. 0.500 mmol2] 10-hexyl-3,7-divinyl-10H-phenothiazine(3), 0.500
mmol®] 1,4-bis-decyloxy—2,5-diiodo-benzene(4), 3.4 mg (15 mmol)
9] Pd(OAc)s, 30.4 mg (0.100 mmol)9 tri—o-tolylphosphine, 0.31
mL 9] tributylamineE Yot} &89 palladium acetate [Pd(OAc).]
£ H7tstey F< DMFol| &3lg 5 140 C Ar #9]7] stollA 24 A|zF
wRkste] FHetith. Aol e S methanolol A S F, oA
7] chloroform/E 2 A& 3 & MgSOs= Ab&ste] 82 A AT
|l AA F, ethanolol] AR HAIA [ =M T =S AU

'H-NMR (400MHz, CDCls, ppm): § 7.34-7.24 (br, Ar-H), 7.07-7.02
(br, Ar-H), 6.96-6.94 = (br, Ar-H), 6.81-6.78 (br, vinyl-H),
4.03-4.01 (br, =OCH»), 3.86-3.79 (br, N-CH,, 1.88-1.79 (br,
N-CH.CHz), 1.77-1.23 (br, -CH>-), 1.24 (br, -O(CH2)sCHs), 0.85

(br, N=(CH2)5CH5)

I-2-3-2. Poly[(2-methoxy-(5-(2-(4-oxyphenyl)-5-phenyl-
1,3,4-oxadiazole)-hexyloxy))-1,4-phenylene-1,2-ethenylene-
alt-(10-hexyl-3,7-phenothiazine)-1,2-ethenylene]
(PTOXDPPV) &

PTOXD+= 0.500 mmole] 10-hexyl-3,7-divinyl-10/H-phenothiazine
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(3), 0.500 mmol¥] 2-{4-[5-(2,5-Diiodo—4-methoxy—phenoxy)-
pentyloxy]-phenyl}-5-phenyl-[1,3,4 Joxadiazole(5), 3.4 mg (15
mmol)2]  Pd(OAc)s, 30.4 mg (0.100 mmol)2] tri-o-tolylphosphine,
0.31 mL 9] tributylamineE Yo]+&t}l A% palladium acetate
[PA(OAc).]E F7Fste] PTPPVE] W U3 3oz st
FHA 1Y =S AU

'H-NMR  (400MHz, CDCls, ppm): & 8.05-7.47 (br, oxd-H),
7.34-7.24 (br, Ar-H), 7.07-7.02 (br, Ar-H), 6.96-6.94 (br, Ar-H),
6.81-6.78 (br, vinyl-H), 4.03-4.01 (br, ~OCH, -0OCH;), 3.86-3.79
(br, N-CH>), 1.88-1.79 (br, ~OCH:CH3;, N-CH-CH>2), 1.77-1.23 (br,
-CH>-), 0.85 (br, ~CH3)
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CeHis Cet13
05H1 3Br

H N POCI; / DMF N
> S
L0 L1 - .
S DMSO / 50% NaOH S DMF S
o

o
1 2

CeHis

n-BuLi / THF 2/THF B
CH3PPhsBr > - 5
-70°C rt. S
3
0C1oH21

I OC1oH21  tri-o-tolylphosphine, BusN O
s« Tk 5 \ s/

C1 0H21O | Pd(OAC)z, DMF C1QH21O O i
N

1
CgH
PTPPV

tri-o-tolylphosphine, BuzN [ 7\
Pd(CAc),, DMF { — \ s /
HsCO n
N
PTOXDPPY ~ C&''2

Scheme 1. Synthesis of monomers and polymers.
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0-3. 2% 3% 1%
0-3-1. &35 A5 94 A 54

w Aol AR dEFAe SEAle] 94 W2 Scheme 1 WERUY
2t Phenothiazinedl hexylZ7l|E& =st7] fal d3ddo] FHujel
tetrabutylammonium bromide (TBAB)E °]-&3}3it}t. 10-Hexyl-10H-
phenothiazine—3,7-dicarbaldehyde(2) + phosphorous oxychloride&
base & 3&}o] WESA]7]= Vilsmeier WS o]€313t). 10-Hexyl-3,7-
divinyl-10H-phenothiazine< methyltriphenylphosphonium bromide<}
313FE(2)9] witting reactions &3l AHEAAL 69.7 %9 FEES U
bt 38 AE Heck coupling ¥H4S 58 TR, 'H-NMRE
o] gsto] aEAte] 25 RISt PIPRV ¢ PTOXDPPV: 718
mjoll oial -3 &3S VI

A AHe 5 AeEo el PTPPVE #FdH3 S4dxlo]E UV-vis
spectrometer, PL spectrometerE &3l <2139t} Figure 694 YE}
WA o), &8 Aot 5 Aol e PTPPV Hul &5 A+
440 nm, 443 nme]al, Hd LF I F = 542 nm, 556 nm= ZH7; LHEL
Wk, MEH-PPV(poly(l-methoxy—-4-ethylhexyloxy-2,5-phenylene-
vinylene)ol A= 5 AejdlAel FHd T3 a7t & FejolA e
o 3 3Rt Ao 2(~35 nm) ©]% st} ?Y 21k phenothiazine©]
A= HgHE T2 wito] PTPPV & AHEdA e FHd 23 A=
g AejolA el FHuf 2 At nvla A, FapFor AA olFsis

35
A5 nm)& & 5 ok
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Figure 7914+ PTOXDPPVe] &9 Jeje} &4 eloAe] FEd4d &
S YeElQth 5 AEel e PTOXDPPVE Hul &4 I3 447
nmeo|, Ho ¥F 3 A(565 nm)T & el FHo WP (548
nm) E‘ﬂr Fupgow olgahe e & 4 vk PTOXDPPVE] Huf
FA = PTPPVEE fARSHAl YERstth. PTOXDPPV &< “gelelA 300
nmZ A7|A], 7 el BHREg Wy I35 7FHth 340 nm F-toll A
o] ¥g W= OXDe| W3y st wgy o, oA FHEYH

ek oyA] dol7b dojubA] 55 & 5 vk skARE, PTOXDPPV
45 AdolAE g e w3 935 JH. ooz RE HEA o
M OXD A &7]ollA FHZ duiA] dol7} a3 oz dojut= A

PTOXDPPVY] WE 34 o L=]= 2.35 eVolaL, |31 PTPPVY W=
A AU A(2.36 eVt  H|EdHE. olAl o g HE],  PTOXDPPV A
oxadiazole(OXD) *]%}7]+= éﬂil‘%H hexamethylenedioxy 33Fo &
dojx g7 wiol g AdEghmlE 2] o L Ae S FH| F
AL o 4 9},
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(@)
hey = 441 nm

(b)

}VEX= 443 nm

Absorbance (a.u.)
PL Intensity (a.u.)

300 . 4000 - 500 600 700
Wavelength (nm)

Figure 6. UV-Vis and PL spectra of PTPPV (a) solution in chloroform
and (b) thin film.
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Absorbance (a.u.)

Figure 7. UV-Vis spectra and PL of PTOXDPPV

(a) solution

Wavelength (nm)

in chloroform and (b) thin film.
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B4 oz W= e UPS, XPS, S-AFC-VIHIY F
2 ERE olfste & F Utk B Aol = AR S
2~HAEHS o] gste] WME NS G333l Figure 8olA UEd 33

2ol HOMO oy A =9+ cyclic voltammogram® onset oxidation
potential ZF-8H 54T = UATE o] F 7HA] HHES o] &sto] AR
LUMO A #91& 33t

PTOXDPPVe] HOMO ©lly\A &= -4.97 eVolal o]Z2 PTPPV
HOMO o= #91(-4.91 eV)&} FAFsttE. oA =R el OXD X|&7]+=
PTOXDPPV®] HOMO o=l F9ld d3ks 74 &= A& ¢
itk PTPPVS PTOXDPPVS LUMO oy £9]& -2.55 eV, -2.62
eVolth. o]e ol ARz ERy 3 H - EAS  Table 19

LFERA AT
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(@)

PTPPV

— onset 0.11 V
<

S

$ | PTOXDPPV

=

>

O onset 0.17 V.

(b)

256 eV -2.55eV

pTPPV | PTOXD
-PPV
Al
ITO -4.3 eV
-4.7 eV

-4.92 eV -49eV

Figure 8. PTPPV, PTOXDPPV of (a) Cyclic
(b) Energy diagram.

voltammetry curve and
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Table 1. Electo-optic data of PTPPV-and PTOXDPPV

a
}\max, Solution(nm) }\max, thin film(nm) energy levels

Eg(eV)
uv 1= uv PL HOMO(eV)LUMO(eV)

PTPPV 440 042 443 956 -4.91 -2.55  2.36

PTOXDPPV 445 548 447 065 -4.97 -2.62  2.35

"HOMO level figured out from the cyclic voltammetry, LUMO level were
estimated from the HOMO energy level and Egap.
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0-3-4. &43FF A5 A7]dF EA

Figure 9% PTPPV ¢ PTOXDPPVE wgZzoa AF&3F 4Axe] EL
2 EHS Yehd Zo|th, PTPPVE W3Foz ARE3 £x(TO/

PEDOT/PTPPV/ADO A= Hdl E¢ 97} 562 nme]al, PTOXDPPV
2 WpFor ARE3 AAHITO/PEDOT/PTOXDPPV/AD oA 567
nm= AU o] & PL AHEH Hu w@udy Fdsir)
PTPPV$} PTOXDPPVE 84 Ul& whalar, o] 5o] whagalof g gdale
#e CIE #:iE Figure 109 YeEbSAH. NTSC(Red : 0.68, 0.32,
Green : 0.28, 0.60, Blue : 0.15, 0.07) 7I&<2Z PTPPVE (0.43,
0.56)o]aL, PTOXDPPVE (046, 0.53)0= H|23k oo wtgo]
=S¥ At

i
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(a) PTPPV

(b) PTOXDPPV

EL Intensity (a.u.)

300 400 500 600 700 800
Wavelength (nm)

Figure 9. Electroluminiscence spectra of
(a) ITO/PEDOT/PTPPV/Al and (b) ITO/PEDOT/PTOXDPPV/AL
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NTSC(Red : 0.68, 0.32, Green : 0.28, 0.60, Blue : 0.15, 0.07)

QOF T T T T T T T T =
0.8F 3
0.7 _ PTPPV _
06F ‘ / PTOXDPPV J

/

0.5
0.4
0.3
0.2
0.1F
0.0

Figure 10. CIE index of PTPPV, PTOXDPPYV.
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Figure 11% PTPPV ¢ PTOXDPPVE W@z o=m ALg3dt 419
AFAE-A4-3 = 545 Yebd so|th. PTPPVE d5 o= AR
2AITO/PEDOT/PTPPV/ADN A ¢ F-&x%ke 85 V= oA
PTOXDPPVE 3oz ARgst 2xH8 V)R =A SAHEHIAG.
PTPPV 42k Hd) ¥7]% 1020 cd/m” o], PTOXDPPV Z:#}e] )
W)= 1490 cd/m?e]t}. Phenothiazine Z3A|olA] OXD x3k7]9]
Edor HA F9 sHo] ddE o] Wrrt ddE A

Figure 12¢ PTPPV¢ PTOXDPPV 47tel Z&-AFELEE yet
Aoltk. PTPPV &AFol A= 996 mA/cm®ollA 0.081 cd/A2l AHNEES
e, PTOXDPPV AAFol A 1250 mA/em™lAl 0.15 cd/A2]
HAdasS YeEslg. OXb  A3zl7k =<9l®"  PTOXDPPVA &
PTPPVEY g A e) AS-AAS AA o] a&do= dojue=
AL sty wE, d7]13 OXD A7]e] FAE ALEZE A E
A9 7HsAHE FoF0] RFPlA o EE = FFA AT

o L
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Figure 11. Current Density — Voltage — Brightness curves of
(a) ITO/PEDOT/PTPPV/Al and (b) ITO/PEDOT/PTOXDPPV/AL
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Figure 12. Efficiency — Current density curves of
(a) ITO/PEDOT/PTPPV/AIl and (b) ITO/PEDOT/PTOXDPPV/AL
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n-4. 23 9 w3z

Heck coupling ¥®¥H5& E3 OXD H37[7F E=9E A=E
phenothiazine 11%¥#2 PTOXDPPVE 3§43tk PTOXDPPVE OXD
28717 YPE A e aEAQl PTPPVS By 54, d738led &
dol Aol Ael7t gleS Rl gint. f7] WA wF 2AE A=EA
g a8 2 A7 548 dolnr] 98] AlFE ITO/PEDOT/
PTOXDPPV/Al Z2Ao]l A= 1250 mA/cm®l 4 0.15 cd/AY &8-S e
Wil o] A OXD X37]9 Zlow uhgZolael Hxiel FFe A4
3t 7bsAdol EolA PTPPV AART w9 &dd 5A4& Yehyglth

Ulo r

X
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Chapter III. Synthesis and Electroluminescent Properties
of the m—Conjugated Copolymers Based on
10-Hexylphenothiazine and Aromatic 1,2,4-Triazole.

m-1. A &

w ATelAMeE, 2ET ARRAM E2 HOMO <dudA 995 7=
phenothiazine F%=A2034 o] HAx} F¢ @ £ 595 5?}*0“17]71 %’4
al 1,2,4-triazole (TAZ)"™ 28715 Fal

BAZIAAE & olEd FE2E A=
(poly((10-hexyl-3,7-phenothiazine)—-alt—(4-(4-butyl-phenyl)-3,5-
diphenyl-4H-[1,2,4 Itriazole)-3,5—-diy]) <} PTV-BTAZ(poly((10-
hexyl-3,7-phenothiazine)-alt-(4-(4-butyl-phenyl)-3,5-diphenyl-4H-
[1,2,4]triazole)-3,5-divinyl))E kL. TAZ 27|17} gl 7322
PT(poly(10-hexylphenothiazine—3, Z=diyl)), PTV(poly(10-hexyl-
phenothiazine-3,7-divinyl))= st A= 3EAQ PT-BTAZ,
PTV-BTAZSe] Fet4, 7] stebd, Alze axtel A7|dsd 54 A
olel sl Ashith kS, @5 44k PEDOT Fol =9d t5d
222 A ZFsle] phenothiazine FFEAS] ol AE F EA &

shel A stelet,
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M-2-1-1. 3,7-Dibromo-10-hexylphenothiazine(6)2] ¥A

DMF 20 mLo] 10H-hexylphenothiazine(1) 3 g (10.6 mmol)S ¥ i,
0 TolA uHkAIZl 3 dropping funnelol A%l DMFo] Sa)A7]
NBS(N- Bromosuccinimide) 4.15 g (23.3 mmoD)& A4 3] Y33t
A2 A 6 AlFF wHHsk & ethylacetate® %314 sodium bisulfite/
E2 53] AFstar MgSO4E  F#< AlAsSth  Silica/hexane
dichlromethane (7 : 3)A AR A AAste], Awetd 14te =5
Aok (4.1 g, 83.5 %)

MS [M']: 441. mp : 50 = 53 € 'H=NMR (400 MHz, DMSO, ppm):
§ (ppm) : 7.35 (t, 4H), 6.94 (d. 2H), 3.8 (t, 2H), 1.6 (m, 2H), 1.33
(t, 2H), 1.22 (m, 4H), 0.81 (m, 3H)

IM-2-1-2. 10-Hexyl-3,7-bis(4,4,5,5~tetramethyl-1,3,2-dioxa-
borolan-2-yl)-10H-phenothiazine(7)9] &4

3,7-Dibromo—-10-hexylphenothiazine(6) 4.42 g (10 mmoD& %
THFo| gajiA17] & -70 C= YZsle] n-Buli 8.81 mL (22 mmol)
S A3 AUttt o)Wl AFE-3F THF 8w+= sodium/benzophenone
ANM 244 FFete] ARRSESITE 30% b uwRkgE &
2-isopropoxy—4,4,5,5-tetramethyl-1,3,2-dioxaborolane 4.6 mL (22.5
mmol)& FH7}atith A2 24 A7 wwHkek 3 ethylacetate® F%

d de 2w ARAAY. MeSOe Aved SR AAND F
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Silica/hexane A= ol|A AA S, At AFN uFES AU} (2.67
g, 49.7 %)

MS [M'1 : 535 mp : 173 - 175 C 'H-NMR (400 MHz, DMSO,
ppm): & 7.47 (t, 2H), 7.31 (m, 2H), 7.01 (d, 2H), 3.9 (t, 2H), 3.5
(t, 3H), 3.17 (m, 2H), 1.66 (t, 2H), 1.34 (m, 2H), 1.24 (m, 24H)
0.85 (m, 2H)

M-2-1-3. 4-Bromo-benzoic acid hydrazide(8)%] ¥4

4-Bromo-benzoic acid ethyl ester 10.0 g (0.044 mol), hydrazine
hydrate 13.11 g (0.26 mol)S methanolo] |17 5, 12417 3HF38)
Aot Aoz Yrsk . =2 AFHstal oFekgith 40~50 T %
Bloll A 24A)12F Axste] Mol uAE ATt (7.43 g, 79.1 %)
MS [M] : 215.05. mp : /154 - 158 € 'H-NMR (400 MHz, DMSO,
ppm): & 9.8533 (b, H), 7.76 (d, 2H), 7.67 (d, 2H) 4.5213 (s, 2H)

ol
oz

M-2-1-4. 4-Bromo-benzoic | acid N'-(4-bromobenzoyl)-
hydrazide(9)2] 4

Bromo-benzoic acid hydrazide(8) 4.01 g (0.0186 mol)E DMF¢]
, triethylamine 2.6 mL (0.0186 mol)ZE AA3] A7}ttt 30

4-
=0
1w
=]
RUN
_]

o

wwkek & 4-bromo-benzoyl chloride 4.91 g (0.022 mol)<
7hskith A2l A 6 /‘]ﬂ Wbk % =2 Aol of3stgiv
Methanolo. 2 AZAAE 5 50~60 T HF/Fe]olA 2443 Axste] I
Aol aiAlE Adnt. (5.48 g, 73.8 %)
MS [M'] : 398.05. mp : 232 C 'H-NMR (400 MHz, DMSO, ppm):
§ 10,6437 (a, 2H), 7.86 (d, 4H), 7.75 (d, 4H)

5
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M-2-1-5. Bis—4-bromophenylchloromethylenehydrazine(10)¢]

&4

4-Bromo-benzoic acid N'-(4-bromobenzoyl)-hydrazide(9) 6.24 g
(0.0157 mol)& toluene®] =< %, phosphorous pentachloride 7.17
g(0.034 moDS& H7FF3Ath. 120 TolA 3413 wwkgk & == A= s}
an ofztekgltt. Ethanol/MCE AdAste] F49 AAHS A9l (6 g,
88 %)

MS [M']: 434. mp @ 141-143 € 'H-NMR (400 MHz, CDCls, ppm):
§ 8.08(d, 1H), 8.00 (d, 4H), 7.86 (d, 1H), 7.82 (d, 4H)

M-2-1-6. 3,5-Bis-(4-bromo—phenyl)-4-(4-butyl-phenyl)-4 H-
[1,2,4]triazole(11)9] $HA

Bis—-4-bromophenylchloromethylenehydrazine(10)  5.77  g(0.0133
mol), 4-butylaniline 2.3 ml(0.0146 mol)& N,N-dimethylanilineol| &
AAIZ F- 135 T, EAEA7] sl 12412k aibe it Aoz
Ztgk & 2N HCl €943 30 mL @2 F Add IAE oAt
Silica/ethyl acetate : n-Hexane (1 : 2)Al Z=oA HA s}, At
A are] shghES Ak (4.64 g, 68.5 %)

MS [M']: 511, mp : 195-196 C 'H-NMR (400 MHz, CDCls, ppm):
§ 7.42 (d, 4H), 7.2463-7.2985 (m, 6H), 7.03 (d, 2H), 2.69 (t, 2H),
1.5864-1.6587 (m, 2H), 1.3208-1.4133 (m, 2H), 0.94 (t, 3H)
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m-2-2. 4335 As§ 124 &
M-2-2-1. Poly(10-hexylphenothiazine-3,7-diyD)(PT) &3t

KoCO3 5.4 g (39 mmoD<e} A%l AAgd A Aliquat 3362 20 mL 9]
il 2ol Ar E917] slellA 303t HEPSEATE olw] ARE-gh
KoCO3+= 80 TollA HEFE= 12 Algbset AxAI As AR&st3ith
Ar 917] 3sfellA  3,7-dibromo-10-hexylphenothiazine(6) 0.2206 g
(0.5  mmol), 10-hexyl-3,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)-10H-phenothiazine(7) 0.2676 g (0.5 mmol), A%<
tetrakis(triphenylphosphine palladium) [Pd(PPhs);] Y& % 2jollA A
Z3F KoCOz78& N3 toluene® F-&ufol] &ajAZithk 80 TolAd 2 o
FoF WHkA]Zl ¥ 1-bromo-4-tertbutylbenzene 0.1 mLE 3 7}3}¢]
end—cappingdtAtl. 12 Al 75 <E awlHksk 37‘ 60 mg2 phenylboronic
acide F7petaL 12 A7k awksiint. HbEs F 5 9 methanolo] &%
A7tete] FEE=S AT Aozl %?} % chloroformel] &3fjA171 o
= B2 AFsth MgSOrs H7bek = AAS 5, &9E AA
kAt 4~%F9] dichloromethane®] A4Sl FA|E methanolo] A%
A, AFete] AFA AYPES A3k

'H-NMR (400MHz, CDCls, ppm): & 7.29-7.2 (br, Ar-H), 3.86-3.83
(br, N-CH>), 1.81-1.73 (br, N=CH:CH»), 1.44-1.42 (br, —CH»),

1.3-1.28 (br, -CH.-), 0.87-0.86 (br, —CH3)

m-2-2-2. Poly((10-hexyl-3,7-phenothiazine)—alt—(4-
(4-butyl-phenyl)-3,5-diphenyl-4H-1[1,2,4 ltriazole)-3,5-diyl)
(PT-BTAZ) %%

PT-BTAZ+= 0.500 mmol® 10-hexyl-3,7-bis(4,4,5,5-tetramethyl-
1,3,2—-dioxaborolan-2-yl)-10/H-phenothiazine(7) 0.2676 g (0.5
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mmol), 0.2556 g (0.500 mmol)® 3,5-bis—(4-bromo-phenyl)-4-
(4-butyl-phenyl)-4H-[1,2,4 ltriazole(11), 3.4 mg (15 mmol¥
Pd(OAc)s, 30.4 mg (0.100 mmol)¥] tri-o-tolylphosphine, 0.31 mL ]
tributylamineS o]+l A%2] palladium acetate [Pd(OAc).]ES A7}
3le] PTY AW 53 2oz Festo] AFA udES AU
"H-NMR (400MHz, CDCls, ppm): § 7.36-7.26 (br, Ar-H), 3.86-3.83
(br, N-CH»), 2.72 (br, -CH>), 2.4 (br, -CH»-) 1.81-1.73 (br,
N-CH.CHz), 1.67-1.64 (br, —CH3), 1.38-1.37 (br, -CH>-), 1.31-1.25
(br, —~CH>-), 0.96-0.87 (br, —CH>)

M-2-2-3. Poly(10-hexylphenothiazine—3,7-diviny)(PTV) &%

10-Hexyl-3,7-divinyl- 1OH-phenothiazine(3) 0.1095 g (0.326 mmol),
3,7-dibromo-10-hexylphenothiazine(4) 0.1441 ¢ (0.326 mmol)?l
tri—o—toly—-phosphine 0.0198 g (0.065 mmol), tributylamine 0.202
mL (0.848 mmol)¢} A%} palladium acetate[Pd(OAc):]E 3718k
74 DMFel &3gF, 140 T Ar R&917] stellAl 24 AzF wglete] &

gttt Aol FE S methanolell AA A 3, AFHA|A =& 11
'"H-NMR (400MHz, CDCls, ppm): & 7.24-7.18 (br, Ar-I), 6.8-6.76
(br, vinyl-H), 3.81-3.77 (br, N-CH.), 1.78-1.73 (br, N-CH.CH.),

1.41-1.40 (br, -CH»-), 1.29-1.24 (br, -CH>-), 0.86-0.85 (br, —CHj3)

M-2-2-4. Poly((10-hexyl-3,7-phenothiazine)-alt-(4-(4-butyl-
phenyl)-3,5-diphenyl-4H-[1,2,4 ]triazole)-3,5-divinyl)
(PTV-BTAZ) %%

10-Hexyl-3,7-divinyl- 1OH-phenothiazine(3) 0.1678 g (0.500 mmol),

_42_



0.2556 g (0.500 mmol)®] 3,5-bis—(4-bromo-phenyl)-4-(4-butyl-
phenyl)-4H-[1,2,4]triazole(11)°l  tri—o—tolyphosphine 0.0198 g
(0.065 mmol), tributylamine 0.202 mL (0.848 mmoD%} A%<
palladium acetate[Pd(OAc):]E FH 7t 5 DMFe] &3l $, PTV
o FHY sdT o Fete] =T 1Y ES AT
'H-NMR (400MHz, CDCls, ppm): § 7.45-7.22 (br, Ar-H), 6.99-6.77
(br, vinyl-H), 3.78 (br, N-CH,), 2.7 (br, ~CH>-), 2.3 (br, —CH>),
1.7 (br, —CH»-), 1.6 (br, ~CH»-), 1.37-1.25 (br, —CH>-), 0.95-0.87
(br, —CHy)
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8
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Scheme 2. Synthesis of monomers.
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Cethia CehHra Cotrs
N N ) N
Aliquat 336, toluene
"\ o o >~
Br S Br \|;3 S B\/ 2M K,CO3H,0 s
(¢] o}
6 7 PT

CqHis
CeH1a
N
Br Br + /@i D\
1 |
\ [} (o]
NN C4H
4H1a
11 7
CeH1a
N
Aliquat 336, toluene N
- =
2M K5CO3H,0 s O N
PT-BTAZ
CeH1a Cetl1s Cetia
N N N
tri-o-tolyphosphine, Bu3N
+ SN s = -
Br S Br Pd(OAc)2, DMF S
6 3 PTV
C4Hi3
CeHi3
N +
\/ X S 7
N—N
C4Hi3
1 3
Cet1a
N
tri-o-tolyphosphine, Bu3N | = N
Lo eEYyS
Pd(OAG)2, DMF s N-1
PTV-BTAZ

Scheme 3. Synthesis of PT, PT-BTAZ, PTV, PTV-BTAZ.
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m-3. 2% % a3

M-3-1. $33 AR T4 R 54

2 ATl Fde dFAS SAe A WHS Scheme 2,300 UHEL
it 3 GAE AA 2 AFA 82 =221 1,2,4-triazole”] & A4
sttt 1,2,4-triazole”]7} £A|3}+= phenothiazine T & A (PT-BTAZ,
PTV-BTAZ)® &34, #A7istetd, 7|3 5AS wlasty] 9s),
phenothizine homopolymer(PT, PTV)E <390 EE WHEA+=
"H-NMR, MASS ([M"]), DSCE Z#A3x, $3AE= 'H-NMR, GPC,
TGAZ T3 5AL Auugitl B Ao wgFor 2183k FA|
o] TGA$} GPC datax Table 23 #Zt}. PT9 PT-BTAZS A2
50.08x10%, 60.24x10%0]ar, PTVE PTV-TAZE 33.70x10°, 50.93x10°
olt}. Figure 139 Yt A o] oA o] 5% FA #HAe PT7H
301 CT=E 7MF <43t Ao SAHRAH BE A= F718 el o

& g S-S I
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Table 2. TGA data and GPC data of PL, PT-BTAZ, PTV, PTV-BTAZ

rd (C) Mn Mw
PT 301° 1843° 5080°
PT-BTAZ 298° 3767° 6024°
PTV 274° 979° 3370°
PTV-BTAZ 298° 3400° 5093°

?Onset decomposition temperature measured by TGA under nitrogen.
Partially soluble in Solvent (THF).
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M-3-2. &3= g9 F3 EA

7]% AlZel PTe vdd7|E =3 PTV, A} =9 ¥ =558 S o
FA7117 TAZ717} =4€ A2 PT-BTAZ, PTV-BTAZ®| %34
EXzfo]Z UV-vis AFEF, PL AFEHZ Eg 3t} Figure

14= PT, PT-BTAZ, PTV, PTV-BTAZ &% Atejol Aol FFAdAE
¥ gaAEHdS Yepd Aotk PTe &4 FUlAE 279 nmoli,
PT-BTAZS] &4 X+ 283 nme|tl. PTVS} PTV-BTAZAHE F
Mol rEE=3 335 7IA=d 59 Sulx+ 306 nm, 327 nmo|il,
413 nm, 403 nmolA x-n" Aold W& F4 ¥ A7t YElRT. PTE
476 nmAex = 397 nm)elA F SiAE VERSE, PT-BTAZE
495 nm(Aex = 398 nm);, PTVE 513 nm(Aex =366 nm), PTV-BTAZ
+ 534 nmAex = 405 nm)oll A g% & YERISITE vjd@7| 7} &
HE PTVelA 9 23 SulA[7F PTe] SRRt ooz o]Fg A
2. phenothiazine Afeld] B 7| EQlow Fol Aoz} Aojzxl A
o2 AlgEh. PTV-BTAZS 4$dlE 5Lt o] F= PT-BTAZS}
H A, oo = o] Fsteirt.

Figure 15 PT, PT-BTAZ, PTV, PTV-BTAZ ZE Aejdre F<
A EHS Yepd Zlojt. PTeF PT-BTAZS S —tlx+ 284 nm,
301 nm= Z+Z} yEryal, PTVSF PTV-BTAZ+= 309 nm, 330 nmel A
T4 FHAE JeErdATE PTE 477 nm(Aex = 398 nm)ellA] 23 =)
A2 e, PT-BTAZE 505 nm(Aex = 415 nm), PTVE 523 nm
(MAex = 375 nm), PTV-BTAZ+= 554 nm(Aex = 398 nm)oll 4] 2H=3=rt
A5 YeER AT

UV &5 ~FEZAY edgeRZF-E T3 PTe W= 7] oUx]E 2.67 eV
o]al, o]A& PT-BTAZS W= 3 olUx](2.68 eV)el Hlsz3ltl. PTVS
PTV-BTAZS W= 7 oA+ 2.41 eV, 2.47 eVe|t}. Phenothiazine
Abolol]l Bl 7|7} Eoi7F T@A(PTV, PTV-BTAZ) = 1%8% & 3

- )L
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APT, PT-BTAZ) wla] 257014 dol7h Z7kale] 2 W= 7 of
qAE e,
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Absorbance (a.u.)

PT,

? ; PT
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N 4
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Figure 14. UV-Vis and PL spectra of
PT-BTAZ, PTV, PTV-BTAZ solution in chloroform.
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Figure 15. UV-Vis and PL spectra of PT, PT-BTAZ,
PTV, PTV-BTAZ film.
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M-3-3. 2335 As59 A7|s3ty 54

Polymer?] W3 g&3 W= (L)L EAHSE AAE 7RIt dagSof A
o] HAA-AHF AAgo] BoldagE, Wy aso] FUstE=ER, o
Cyclic voltammetry (CV)E o]&3te] HOMO oy x#] =< LUMO °f

VA E918 Tl MHAEE d3aYh OV 53 A, A4ATL Pt
A

Aot AF F4E Figure 16(a)o] YRR AL, o2 vigrow izl
YA tho]o] 1S Figure 16(b)ol e AT

PT-BTAZ®] HOMO <Al #4919 LUMO oA +9+= -5.06 eV,
-2.38 eVola 7]F Al&¢l PTE HOMO <Y A #9(-5.02 eV, -2.35)
o} B3t YA =95 YEMUY. PTV-BTAZS HOMO, LUMO ol
YA F9E -4.99 eV, -2.52 eVolal, oz PTVeE oyx &4
(-4.89 eV, -248 eV)RT: °KF TEE A FAE YERAS
PTV-BTAZ %A= PT-BTAZ s&Alel #]s] 2 HOMO &vA] &
Q& 7FH . o] 3 phenothiazine 7| 2}F triazole”| A}olo] v 7|7} =
dEol w8 Aol7k Aol A phenothiazine | nitrogenel A A7}k
st w7k Aol i3] e ® Al=mHTh PTV SHANAE
Y3 olFE PT THART =2 HOMO dvx =95 el
Aol A=, phenothiazine F3jo] Acceptor %= triazole°o] %%
2% phenothiazine® kink® +% W&o ¥& HOMO +=9= 71X
AS gRlskgitt. olef o] At frlEe] ¥4 545 Table

3ol HERA AT

e

aly
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(@)

(b)

Current (mA)

PT
onset 0.22'V

PT-BTAZ
onset 0.26

PTV
onset 0.09 V

P2 onset0.19 V

-4.7 eV

AR
E(V) vs. Fe/Fc'

-0.25 0.00 0.25

-2.35eV-2.38 eV_2.48 1 B

PT-

PT prv |TTY
BTAZ -BTAZ

Al

ITO -43eV

5.02 eV 5.06 oy 489 eV-499 eV

Figure 16. PT, PT-BTAZ, PTV, PTV-BTAZ of

(a) Cyclic voltammetry curve, (b) Energy diagram.
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Table 3. Electo-optic data of PT, PT=-BTAZ, PTV, PTV-BTAZ

a
}\max,solution (nm) )\max,thin film (nm) ceHergy levels

Eg
HOMO - LUMO
UV rif £ UV B (eV)
(eV) (eV)
PT 279- L a8 Dzc. T B 502 Lo35 | 267
PT-BTAZ 283 ' 499% " 301 B05Y -506 /-2.38 2.68
PTV 306 518, 309 523 -4.89 =248 241

PTV-BTAZ 327 534 330 004 =499 -252 247

"HOMO enrgy level figured out from the cyclic voltammetry,
LUMO energy level were estimated from the HOMO energy level and
Egap.
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M-3-4. @333 A5 A7|d3 EA

Figure 17% PT, PT-BTAZ, PTV, PTV-BTAZE w3Zo8 A}
2ol EL ~FEHS vl Zlo|th. PTE W35 o= AR
2AHITO/PEDOT/PT/ADAI M= ol w3 3=7F 479 nmolaL
PT-BTAZZ #3502 AbE3F AxHITO/PEDOT/PT-BTAZ/AD ol A=
HAdl ¥F 9=7h 503 nmE SAEIT PTVS PTV-BTAZE
gEo e ARg3 42xHITO/PEDOT/PTV HEE PTV-BTAZ/ADAA &=
Ho) 233 937} 523 nm, 562 nm&E PL AFEZe] g Frfx ¢}
FrARSE 3hS drERT
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: PT
/\\< ko = 479 N
3 WIS L. Vil
© : 1.4 : PTBTAZ
= ALl 4 M= 503 i
= \ ax
K7) = ~
c PTV
) Y
e A =523 nm / \\
= N -
- ~—
LLl "o\ PTVBTAZ
ke = 062 NM
_ N -
300 400 500 600 700

Wavelength (nm)

Figure 17. Electroluminescence spectra of ITO/PEDOT/polymer/Al
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M-3-5. 335 A5 AFLE-AL-I=(I-V-L)
II-3-5-1. ITO/PEDOT/polymer/Al ZA}ojA o] @33 EA

Figure 182 PT$} PT-BTAZE WFTo=Z ALE3 249 (a) 3% -
Ak, b)) AFEE - HAEH o0& - AFY
ZAolth, Aol wE HF HWZe W= PTE 33
2AHITO/PEDOT/PT/ADI A= 135 VY o 2620 mA/cm?,
PT-BTAZ Z2xITO/PEDOT/PT-BTAZ/ADIAE 2.65 mA/cm® <&
Hetfiitt.  PT-BTAZE 23352 A83  22(ITO/PEDOT/
PT-BTAZ/ADE -~ 21.5 VOl 771 cd/m*e). Ho @712 yeldon,
O|AL PTE W4Z o= ALE3 4ate] Hg ¥7[(4.44 cd/mH)BETh vf$-
FdEl Ayo|t}y, Phenothiazine f2Al triazole7]E =Y =ZH
(PT-BTAZ), A T4 4 Ag S90¢] &4 so] thegx & Art
UL Aoeg AlgdY. PTS PT-BTAZS w3 a &S vebd Figure 18
(QAAE o9 2 ARS E13 F SISt

Figure 192 PTVSF PTV=BTAZE REZ o2 183 2219 (a) 3=~
A, (b) AFHEE-AGI (as-AFE= EA4S vepd 3ol
PTV  &2ZITO/PEDOT/PTV/ADS PTV-BTAZ Z2=(ITO/PEDOT/
PTV-BTAZ/ADIM %, PT Z4AAe} PT-BTAZ ZAtolAdel FdsH
phenothiazine homopolymer®] TAZ7|E =%t PTV-BTAZ A A}ol A
datel HFEAS el PTV-BTAZ A2A= 21 VoA 553
cd/m’e] Hd #9715 yehlla, PTV-BTAZS 23a &S ek
Figure 19 (0)olA %= PTVY wdagr 4w gk Yepdich o<}
F2 Ades oy W= tholoj oA gl ko], PTV-BTAZS
LUMO %7} PTV-BTAZAMHELT e #HeS 7HHER, AlolA
g ozol HA F9o] F Y YA LWyl wWwoez AlRET
aApe] Wkt EAS Table 49 YebQITH
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Figure 18. ITO/PEDOT/PT/Al and ITO/PEDOT/PT-BTAZ/Al of
(a) Brightness — Voltage curves, (b) Current Density - Voltage curves,
(c) Efficiency - Current Density curves.
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@ ITO/PEDOT/PTV-BTAZ/AI

4 |TO/PEDOT/PTV/AI
T

500 | ]
& 7 1
£ 400}
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Figure 19. ITO/PEDOT/PTV/Al and ITO/PEDOT/PTV-BTAZ/Al of
(a) Brightness — Voltage curves, (b) Current Density - Voltage curves,
(c) Efficiency - Current Density curves.
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Table 4. Brightness characteristics of [TO/PEDOT/polymer/Al

ITO/PEDOT/polymer/Al
Buax(cd/m®) Effiency(cd/A)
PT 4 .44 1.69E'@2620 mA/cm®
PT-BTAZ ! 0.0932@928 mA/cm®
PTV 4,84 2.16E'@2240 mA/cm®
PTV-BTAZ 553 0.232@239 mA/cm®
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M-3-5-2. PEDOTZ i W& &xtolx e &3 574

=

o] W
S

Phenothiazine +X=A& W35 o=2 ARG o, dubd o=z H¥ F9
% So= dg 484 = PEDOTSY Zo oRs dolur] 93
ITO/PT-BTAZ/Al 2A2 A|&ste] ITTO/PEDOT/PT-BTAZ/AL AA}2he]
DG EA 2po]lE WS BTl Figure 202 PT-BTAZE W3Fow
ARESE o2kl (a) & - HSh (b) AFEE - Hd4H (o 2E -
AFEEe] 545 ved Aotk F-5d42 ITO/PEDOT/PT-BTAZ
/Al 2ol 16 Veolal, ITO/PT-BTAZ/Al ZAAelrE= wT}p vk
TEHL3.5 VS YERATE ITO/PT-BTAZ/Al 2AHE 19.5 Vel A
1410 cd/m’e] Hdl #7158 yepgon, ezl PEDOT Fo] =94
2ol Hul w7 (771ed/m*) Rl uf$- A%l AFto|t). Phenothiazine
FEAE RFFoR ALEA AP pSolA BT oT A
PEDOT o] &Alsts v&ed Fxo &xkd, 453 722 Az
Aol A F&EAl o] Fofx H-FEEAe] | 3 tE A .
ITO/PTV-BTAZ/Al  2Z$k. ITO/PEDOT/PTV-BTAZ/Al  AA A %E
TAT Aol YEhdE RS 21T F Ui

Figure 212 PTV-BTAZE ®EHF o= ALEsE 7 249 (a) 3= -
A, (b)) AFEUE - ALH} OaEE - IAFUEY E5EA4S yeEWd
Aottt PEDOT o] &A8kA @& 4= 22 Vel 850 cd/m*e
A 81715 UER D, o] A& PEDOT o] EAaA] ¢ Axbol A B}
7 f ¥7)(553  cd/mPelty. PT-BTAZSt PTV-BTAZZ
AREE AnApo] W5 S Table 59 YERH ST
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Figure 20. ITO/PEDOT/PT-TAZ/Al and ITO/PT-BTAZ/Al of

(a) Brightness — Voltage curves, (b) Current Density - Voltage curves,
(c) Efficiency - Current Density curves.
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Figure 21. ITO/PEDOT/PTV-BTAZ/Al and ITO/PTV-BTAZ/Al of
(a) Brightness — Voltage curves, (b) Current Density - Voltage curves,
(c) Efficiency - Current Density curves.
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Table 5. Brightness characteristics. of ITO/PEDOT/polymer/Al and
ITO/polymer/Al

ITO/PEDOT/polymer/Al ITO/polymer/Al
Bumax(cd/m?) Effiency(cd/A) Buax(cd/m?) Effiency(cd/A)

PT-BTAZ 771 0.0932@481 mA/em® 1410 0.245@439 mA/cm®
PTV-BTAZ 553  0.232@239 mA/cm® 850 0.205@414 mA/cm®
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m-4. 23 % a3

Suzuki ¥F&3¥} Heck coupling ¥H82 3 TAZ X377} =% A=
¥ phenothiazine +=# = PT-BTAZS} PTV-BTAZE TA3ste] TAZ
28717 Z9EA &2 FFAA PT, PTVS 22 5A4S vusksic
PT-BTAZ, PTV-BTAZ® HOMO <919t LUMO &%= PT, PTVS]
YA =919k BleshA R, triazole7]| & EUTORMN HASoA TFFOoR
o] g 37 Hsp FYPo] o]Folx W SAo] FFHUH.
Phenothiazine #FEA& 2FFo=2 AT A5, 95y &2
(ITO/polymer/Al)ol A PEDOT o] <EAlst= w+5d &AATO/
PEDOT/polymer/ADE T _add  wd 540 Yexo o3&
phenothiazine F=#& WP Zo g ALgsh w Adntxorw dyg

i 4= PEDOT Fol EAlstAl ftjghe 135020 AFF FYo] ¥

kA dojutr] miZ ol
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Chapter V. Electroluminescent Properties of
Phenothiazine-Fluorene Copolymers Containing
Oxadiazole group.

V-1. A &

A g 247 de delA e fluorene FEHH00E o wbag
A may e 4 S 7EAH, fluorene®] 99 Aol thE
2715 EQete] vdd g SAS 7= a2 A Aol Thest
ch?! o] @3 fluorenefFEAE o] &3l A e WY FHS 7}

N

]-E blue, green, red HZAE FAL 4 US==, fluorene =4
A3 ATE L PES A AT PP

. ?4?01]/\1% fluerene —F =A== e E S FEAT A
phenothiazine X 37]'20 3= o156 PT- PF[ZZ](Poly((lO—hexyI—lOH
-phenothiazine-3,7-diyl) ~alt=(9,9~ di—hexy1—2 7-fluorene))) & 4
At F3 el phenothiaizine 7]E EYeIS = T 8 FFHUX
o, 7d F3 Aok Aol olEA XSO BF S0l kA &gk
olgfst g EAS §/FAlZ]3A}, phenothiazine ) fluorene”|7} A4 %
FAel  1,3,4-oxadiazole7]E Sd E=Qjatal0 Qe uE
PTOXD-PF(Poly((10-{4-[5-(4-tert-Butyl-phenyl)-[1,3,4 Joxadiazol
-2-yl]-phenyl}-10/H-phenothiazine-3,7-diyl)-al/t-(9,9-dihexyl-2,7-
fluorene))) & @A L o592 FohA, 7] steh4, Aztd Axpe] A

1 S Aolo] sl AT,
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IV-2-1. AN 9 A=

HoAGo| A AFE-EH 9,9-dihexylfluorene—2,7-bis(trimethylene-borate)
o

& Aldrich Chemical A A& A glo] AF&-aF3iT.

V-2-2. #33 A58 dFA 34

IV-2-2-1. 4-Phenothiazin-10-yl-benzonitrile(12)] A

DMF 80 mLel sodium hydride 1.99 g (82.8 mmol)< &3|A]71 %,
Ao Aq 308 uwkAlZIth 10H-phenothiazine 15. g (75.27 mmol)¥}
4-fluorobenzonitrile 10.03/g (82.8 mmol)<S 211 170 ColA 15 A+
¢+ 759 Th Dichloromethane/E2 33 A& 8}, MgSO= v AA
sl Th. Silica/hexane @ EA (8 @ 2)A] A=A AA$ T methanol=
AAA g F, A4 e shEe ST (14.5 g/ 64.1 %)

MS [M'] : 300. mp 159 € 'H-NMR (400 MHz, DMSO, ppm): §
(ppm) : 7.72 (d, 2H), 7.53 (d, 2H), 7.39 (t, 2H), 7.32 (d, 2H), 7.27
(t, 2H), 7.09 (d, 2H)

IV-2-2-2. 4-Phenothiazin—-10-yl-benzoic acid(13)¢] 34

4-Phenothiazin-10-yl-benzonitrile(12) 5 g (16.64 mmol)¥} pota-
ssium hydride 13.3 g (23.7 mmol)< ethanol 35 mL, & 15 mLol
S A7 2, 100 TollA 24 Az SFaldlieh v 5 F, A2o=
Wztetar, HCl 845 7Fete] S3tekqith. Ethanols AAE #,

S ko3
- T
60~70 T W& defoll A 24X 7F Axste] g4 1o st L3l



(4.06 g, 76.4 %)

MS [M'] : 319. mp : 224 C 'H-NMR (400 MHz, CDCls, ppm): &
10.4761 (s, 1H), 8.46 (d, 2H), 8.06 (dd, 2H), 7.70 (d, 2H), 7.51 (4,
2H), 7.33 (t, 2H), 6.73 (d, 2H)

IV-2-2-3. 4-Tert-butyl-benzoic acid N'-(4-phenothiazin—-10-
yl-benzoyl)-hydrazide(14)2] 34

DMF 30 mLel 4-phenothiazin-10-yl-benzoic acid(13) 2 g (6.26
mmol), 4-tert-butyl-benzoic acid hydrazide 1.44 g (7.49 mmol),
1-ethyl-3-(3-di-methylaminopropyl)-carbodiimidehydrochloride 1.44
g (7.51 mmoD)E &3jA| 71 3 Ao A 5AIZF WA T, Methanol/E
=2 AFst e A s FFES skl Methanolol #2473}
Aol 1AE LA (2.5 g, 80.9 %)

MS [M'] : 493, mp : 313 - 316°€ 'H-NMR (400 MHz, DMSO,
ppm): & 10.4761 (s, 2H), 8.06 (d, 2H), 7.87 (d, 2H), 7.54 (d, 2H),
7.39 (d, 2H), 7.27 (d, 2H), 7.13 (t, 2H), 7.03 (t, 2H), 6.64 (d, 2H),
1.3204 (s, 9H)

IV-2-2-4. 10-{4-[5-(4-Tert-Butyl-phenyl)-[1,3,4]oxadiazol-
2-yll-phenyl}-10H-phenothiazine(15)¢] 343

POCl3 20 mLel 4-tert-butyl-benzoic acid N'-(4-phenothiazin—
10-yl-benzoyl)-hydrazide(14) 1.00 g (2.03 mmol)E &3|A|7l 5, 12
Az BRIk W T8 F, EA/ER A, MgSOu2 g Al
AstaL, &vlE AAste] Ao wghA setaEs AU (0.73 g, 76
%)

MS [M'] : 475. '"H-NMR (400 MHz, DMSO, ppm): & 8.20 (d, 2H),
8.05 (d, 2H), 7.66 (d, 2H), 7.44 (d, 2H), 7.34 (d, 2H), 7.21 (T, 2H),
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7.10 (T, 2H), 6.86 (d, 2H), 1.3378 (s, 9H)

V-2-2-5. 3,7-Dibromo-10-{4-[5-(4-tert-butyl-phenyl)-
[1,3,4 Joxadiazol-2-yl]-phenyl}-10H-phenothiazine(16)2] A

30 mLe DMFo| 10-{4-[5-(4-tert-butyl-phenyl)-[1,3,4 Joxadiazol-
2-yll-phenyl}-10H-phenothiazine(15) 2.5 g (5.26 mmoD)E &3A|X]
S dropping funnelo] A9 DMFe| €347 NBS(N-Bromo-
succinimide) 2.34 g (13.1 mmoDE A A13] FY3Iqltt. AolA 6 Al
b wwkel ¥ ethylacetate(EA)E F%38}9] sodium bisulfite/Z % 53]
A& stal MgSO,2 55 AASEA . Silica/EA : dichlromethane (2 :
A ArlolA BAlete], FA el stgEo AU (058 g, 17.4
%)

MS [M'] : 633. mp : 252 = 254 'H=NMR (400 MHz, CDCls;, ppm):
§ 8.50 (d, 2H), 8.11 (m, 4H), 7.60 (m, 4H), 7.26 (d, 2H), 6.63 (d,
2H), 1.3904 (s, 9H)

V-2-3. #33 A58§ A=A TF

IV-2-3-1.  Poly((10-hexyl-10H-phenothiazine—3,7-diyl)-alt-
(9,9-dihexyl-2,7-fluorene))(PT-PF) &%

K.CO3 5.4 g (39 mmoDe} 459 AWA&AdA| Aliquat 3365 20 mL <]
SiTel "ol Ar #917] StellA 308xt HEHSEAT. olu ARE-g
KsCOs= 80 TollAl M3l = 12 Agkset A=A 31& A3l
Ar 917] 3sfellA  3,7-dibromo-10-hexylphenothiazine(6) 0.2206 g
(0.5 mmol), 9,9-dihexylfluorene-2,7-bis(trimethylene-borate)(14)
0.2676 g (0.5 mmol), &89 tetrakis(triphenylphosphine palladium)
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[Pd(PPhy)s] W2 F, flollA Az KoCOs358 N3} toluenes] & -&ufjol
S3AH T 80 TolA 2 & &<k wHkAIZl & 1-bromo-4-tertbutyl-
benzene 0.1 mLE #7}38}e] end-cappingstith. 12 A|{Fs<k wHbsh
2 60 mg9 phenylboronic acidE #7}slar 12 A|ZF wHksFIT), W
&5 %, methanolo] &5 #7lste] FdES A3k folxl FHES
chloroformell &3JA17] v &2 AFH3SATE MgS0.& 7
S AAR T &S AASI Y. 2] dichloromethaneo] LA 42]
S HAE methanolell A A, o3t AFA 1P ES LA
'H-NMR (400MHz, CDCls, ppm): § 7.68-7.52 (br, Ar-H), 7.36-7.30
(br, Ar-H), 3.86-3.83 (br, N-CH2), 2.31-1.99 (br, -CH>-), 1.47-
1.31 (br, ~-CH>-), 1.2-1.07 (br, =CH>-),-0.95-0.86 (br, ~CHs), 0.80-
0.71 (br, —CHy)

3

£
.

do o

V-2-3-2. Poly((10-{4- [5-(4-tert-butyl-phenyl)-[1,3,41]
oxadiazol-2-yl]l-phenyl}-10AH-phenothiazine-3,7-diyl)-alt-
(9,9-dihexyl-2,7-fluorene))(PTOXD-PF) &

PTOXD-PF+ 3,7-dibromo—10-{4-[5-(4-tert-butyl-phenyl)-[1,3,4]
oxadiazol-2-yl]-phenyl}—-10/H-phenothiazine(16) 0.3167 g (0.500
mmol), 9,9-dihexylfluorene-2,7-bis(trimethylene-borate)(14) 0.2512
g (0.326 mmol), Pd(OAc): 3.4 mg (15 mmol), tri-o—toly—
phosphine 30.4 mg (0.100 mmol), tributylamine 0.31 mL & Yo+
). A9 palladium acetate [Pd(OAc):]E #7Fsle] PT-PFe AW
B} LI 2o Tt FA AP =S LA

'H-NMR (400MHz, CDCls, ppm): § 8.57-8.53 (br, Ar-f)), 8.37-8.32
(br, Ar—-H), 8.19-8.14 (br, Ar-H), 7.87-7.81 (br, Ar—-H), 7.61-7.60
(br, Ar-H), 6.91-6.90 (br, Ar-H), 6.68-6.67 (br, Ar-H), 2.72-2.59
(br, Ar-CH.-), 2.09-2.05 (br, -CH,-), 1.40-1.37 (br, Ar-CHo),
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1.24-1.09 (br, N-CH.CH>-), 0.88-0.74 (br, —-CHs)
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Scheme 4. Synthesis of monomers.
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Scheme 5. Synthesis of PT-PF, PTOXD-PF.
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V-3. 23 % 12
N-3-1. %%3 A8 ¥4 2 54

AT S SRSt S A Fd WS Scheme 4,590 UHEL
itk 5 dAE AX B 4
10-{4-[5-(4-tert-butyl-phenyl)-[1,3,4 Joxadiazol-2-yl]-phenyl}-10
H-phenothiazine(16)E A¥&do= A, OXD7|7F =Y
phenothiazine F$A(PTOXD-PF)9] Fstd, #A7|ses, A7y 54
S Hlast7] 918, phenothizine homopolymer(PT-PF)E S &3}t
E g#E4E 'H-NMR, MASS (IM"]), DSCE =43z, ¥+ A
718l dis] 953 faidS 71T, PT-PF$ PTOXD-PFY]
AL 11.469x10°, 69.06x10%0] T},

slol /] & monomer$! 3,7-dibromo-

o =

i
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IV-3-2. &3F As59 F4 54

715 AlE% PT-PFe} AA 9 2 % o9& A4 S
oxadiazole”] & =¢3%+ PTOXD-PF9 #&4 &

Egl, PL 2FEZHE T st Figure 222 PT-PF,
PTOXD-PF¢| &N el et BEdH MY F, wd 29 EHS U
Bl Flolt}, & Elo o] PT-PF &4 WA+ 339 nm, &3 =0
A= 486 nmAex = 396 nm)©|3, PTOXD-PF& 368 nm, 413 nm(Aex
= 365 nm= 77 yerwth ZEAEAY PT-PF &5 StiAl=
382 nm, ¥ S 486 nm(hex = 412 nm)©]il, PTOXD-PF&=
371 nm, 435 nm(Aex = 367 nm)=-2+7F LFELRETE

UV &5 29 EHY edgeEFE T3 PT-PFHE A YA|+= 2.71
eVolal, PTOXD-PF9 Hl= 7] UyXA|= 2.95 eVOE L}E}R:
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Figure 22. UV-Vis and PL spectra of
(a)PT-PF, (b)PTOXD-PF chloroform solution and thin film.
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IV-3-3. 243 A5 A7|s4 54

Polymer®] @3 a&3 WME (E)S 2AS BAE 7HACh T35l A
o HAA-AH-go AAFo] HWotdaE, W aEol FUHSEE, o]
Cyclic voltammetry (CV)E o]&3te] HOMO olyd=A &912t LUMO el
UAl 95 ot B3 AEE dS5esith CV 53 A, A=

2 AMEEtA, Ag/Agt S VIEHTFoR sk AREsIlon, dojx
A AF FdE ol&ste] zF TdA L duA F=95 & F AATH
PT-PFe] 4t EdlAdE& Fo/Fc#oz  delywl  0.29 eVoli,
PTOXD-PF+= 0.19 eVolal, o]2%-8 -3 oA =& Figure 23°]
Uitk HOMO, LUMO. effv#] &91= PT-PE7} -5.09 eV, -2.38
eVelil, |32 PTOXD-PF(-4.99 eV, -2.03 eV)9] dux] FHHTh
B w32 #& 7KKt Phenothiazine, 53¢l fluoreneo] =% A,
Z4 ol oxadiazole”]7} =A% HE%E phenothiazined +ZF w&Fo] &=
HOMO dyA] =471 fA4EE A& HE g} ojet #o] g3 /7]
£ F3}std 54& Table 69 L ERHRATE
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Figure 23. PT*@P(&H— nergy diagram.
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Table 6. Electro—optic data of PT-PF, PTOXD-PF

}\max,solution (nm) )\max,thin film (nm) energy levelsa

uv PB Uv Bl

HOMO « LUMO Be
S R
(eV) (eV)

PT-PF 339 486

382 486
PTOXD-PF 368 413

Bl 1 435

=5.00. 2:38 | 2.71
—4.997 y=2.08 | 2.95

HOMO level figured out from the cyclic voltammetry, LUMO level were
estimated from the HOMO energy level and Egap.
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IV-3-4. @333 A5 A7|d3 EA

Figure 24+ PT-PF, PTOXD-PFE WgFo=z Abg3t Axko] EL
2~HAEHS vl Fojth. PT-PFE 335oz Abg3 Ax(TO/
PEDOT/PT-PF/ADO A= Hdf w3 937} 489 nm= PL ~FEH 9]
Ho  wguFgy A FUE ggoq wgo] HEHJUL
PTOXD-PFE W35 o=  ARE3  &AITO/PEDOT/PTOXD-PF/AL
oA e Hol F 3T+ 494 nm=E YERRE
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Figure 24. Electroluminescence spectra of (a) PT-PF, (b) PTOXD-PF.
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V-3-5. #3335 A5 AFLE-AL-I=I-V-L)
IV-3-5-1. ITO/PEDOT/polymer/Al Z=}ojA o] @33 EA

Figure 25& PT-PF¢ PTOXD-PFE w3Foz ARE3 A%
AfEE - 3% - HAY 54& dEd Ze|th. PTOXD-PF&
o7 ARg3E 422HITO/PEDOT/PTOXD-PF/ADE 19 VoA 27.5
cd/m*?] HAdl H71E degow, o5& PT-PFE LPFFoR A&
azkel Aol ¥71(3.13 cd/m?)Hh vl§- &bl Arbo|t}h. Phenothiazine
Z Ao oxadiazole7]E S o] =YQEPTOXD-PR)Sto =, Az FY
2 AY sYo] FAH T 2L ARrF Y AoE Algdr
PT-PF¢} PTOXD-PF9 wda &S UErd Figure 26014 % o9 &
APAS golst 5= 9l AAFS] MFIEAL Table 7o YERASATH

=)

om
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Figure 25. Current Density — Voltage — Brightness curves of
(a) ITO/PEDOT/PT-PF/Al and (b) ITO/PEDOT/PTOXD-PF/AL
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Figure 26. Efficiency — Current density curves of
(a) ITO/PEDOT/PT-PF/Al and (b) ITO/PEDOT/PTOXD-PF/AL
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Table 7. Brightness characteristics of [TO/PEDOT/polymer/Al

ITO/PEDOT/polymer/Al
Bumax(cd/m®) Effiency(cd/A)
PT-PF R 18 0.00133@190 mA/cm®
PTOXD-PF 276 0.00139@34 mA/cm®
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IV-3-5-2. PEDOT% F%9 m& AX}oA 9 33 EA

E F9 % "ol $43 phenothiazine FEAES WPFZ=o7 AT o,
gutg oz AHF 4 H FF Fo= dE dyAd e PEDOT 9
49 R E dolry] Y ITO/PTOXD-PE/Al AAE A Z sl

ITO/PEDOT/PTOXD-PF/Al  Zxpete] B354 ApolE  olr dn
Figure 272 PEDOTZ o w& &% (a) 3% - A, (b) AF
1% - JAYy g - AFE=Y 548 dvEd et ITO/
PTOXD-PF/Al ZAAfo| A F&7ek2 9 VE YERRa, ITO/PEDOT/
PTOXD-PF/Al &A= B} & F59(12.5 VS 7+ o=
Yetstth ®E3, PEDOTS ol =9HA &2 &4 HAd #H7]= 19
VoA 454 cd/m’Z; PEDOT o] =% AAe Hd u7](27.5
cd/m)B FAE A3t ASE ATk
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V-4, A% 2 27

o] Fx ¢¢orm = 1,3 4-oxadiazole’|E S E¢iste] YFaES F
A 71aak stk PTOXD-PFS HOMO oy 9]+ PT-PF9]
HOMO U] &91eF & #fo]7F yYepuA] &9k e}, phenothiazine =3
o] oxadiazole”]9] =i = W g Ho| FHTH

3, @58 A&ITO/PTOXD-PF/ADCIA PEDOT ZFo] £A8t= of
2 AHITO/PEDOT/PTOXD-PF/ADE Y FE5dts wdas, o
25 A" EAo] Yl Phenothiazine A& HF50 =2
st= 4%, PEDOTSS =9UohA WHF= F=oA 23S

Fqol AT Lol WE 0@ AL B

HR

ogh

=2

>~
off oo X

],
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Chapter V. Synthesis and Luminescent Properties of
Promising Phenothiazine Derivatives in Application of
Organic Solar Cell.

V-1. A &

F7] BFAAE T BFAA] B 1] AL gL AAs 9
st @757 Ao, A2 10d 5

2 AHE AFARY 718, 53] DRBAEZ o] &3 HIFAA L Lo

A A Fre] Zhesk, vy @Adol o, tid A e B s Thset
al, &z A7tstrt JhsstEE FAA AR dAA B2 A9 9
Zolth ™ 9 g A9l mY-o4H heterojunction ¥ #7] ElFHA =
T AXA/FE AS/EY-9A4YH A/ dudsors AR d=
=2 ITOE AH85kar Al Car Mg Fptild W2 oS 7ML gl=
TEASE S22 AT A8 ol EEE st Aol E
ol sAA A7E A EF At HIAAE olf e MA =Y
S A A4 Y HFor ofFojxglew dlo] zAlHW Hdaet HF
ol FAH A= A BEY £22 28 AV 48 5 Uk gu
Aoz FAE Fdte] dAE FE EU(denor)i poly phenylene-

vinylene(PPV), MEH-PPV, %& WEZN UAE 7HA = FE 2 &
=4 5ol drk AAE wE A7 AE (acceptor)E S AW(Cop)"!
I 2 FEAE FE ARSI, EYdAe F7] &l gk 8ol ¢
orw Ly =43 A0S dl A g @] doju= EAIFel A

B Ao M= 2 HOMO ©|UA|E 7FA+= phenothiazine 3|9l
PTV(poly(10-hexyl-phenothiazine—3,7-divinyl))2} PVK(poly(N-vinyl
—carbazole)"'& mUR Abgetdla, JAER f7] gSulel &a)Aol
-3k BPMP(2,6-bis—-[2-(N-hexyl-3-phenothiazin—-3-enyl)vinyl]-4-
dicyano-methylene-pyran)& AH&sto] BjFHAAE A sttt

)
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V-2. F718lgHA] A5 T4
V-2-1. N 2 A=

oA 2-(2,6-dimethyl-pyran-4-ylidene)-malononitrile(20)<
Aldrich Chemical AFe] AlFS AA| §lo] AFE3s3th. 10-Hexyl-10H-
phenothiazine—3,7—-dicarbaldehyde(2), 10-hexyl-3,7-divinyl-10H-
phenothiazine(3), 3,7-dibromo-10-hexyl-phenothiazine(6), Poly(10-

hexylphenothiazine—3,7-divinyD(PTV)+= 11-2, TI-2¢14 YeERd A}
=93t o7 At

V-2-2. 10-Hexyl-10H-phenothiazine—3-carbaldehyde(18)¢]
4

Ar ¢ 7|8t A N, N-dimethylformamide(DMF) 20 mL¢} POCl; 3.24
g (0.021 moD&' i 0 TAF 30 &</ mwukd = 1,2-
dichloroethane 80 mLel —10-hexyl=10//~phenothiazine(1)

(0.0176 moD< &3 &5 Fdskdth. 90 TolA 24 Azt g
71 o5, A2o7 WWZFA7]al methylene chloride (MC) = F&

0

)
F A

=

Els
sodium carbonate/=% A a3t MgSO,& H7lste] & #AA
%, 8ulE AAsF ). Silica/dichloromethane : hexane(3 : 7)A Z
AN AAZE 5, MC/n-hexaneo| AZAA st =g 4ol shgte
ATt (4.6 g, 83.7 %)

MS [M'] : 311, 'H-NMR (400 MHz, DMSO, ppm): & 9.78 (s, 1H),
7.72 (dd, 1H), 7.59 (d, 1H), 7.22 (M, 2H), 7.16 (d, 1H), 7.08 (d,
1H), 7.00 (m, 1H), 3.94 (t, 2H), 1.68 (m, 2H), 1.37 (m, 2H),1.24
(m, 4H), 0.82 (t, 3H)

e o rQL' ol
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V-2-3. 2,6-Bis—-[2-(N-hexyl-3-phenothiazin-3-enyl)vinyl]-
4—-dicyanomethylene—pyran(BPMP)(19)¢] 3HA4

10-Hexyl-10H-phenothiazine-3-carbaldehyde(18) 2.64 g (8.51
mmol)2} 2-(2,6-dimethylpyran—-4-ylidene)malononitrile 0.73 g (4.26
mmol)S 30 mlL acetonitrile®] &3&]|3+ % piperidines A% Yot}
12417t g7 A7 ©}S, methylene chloride/E 2 A& 3Fal MgSO= I
S AlASFS . Silica/hexane : ethylacetate (8 @ 2)7] Ao A A A

sto], a7del tEs Ak
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H N
N
CLID o @ED o (1
H
s 50% NaOH/DMSO s
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o

CgH
|{J 613 96"'13
1 POCIy/DMF ’ 9y CH3PPhgBr N
S n-BuLi/THF . s =
o (@)
2
CeH1a CeH1s
U D AN S,
Br S Br
6
C6H13
18 20
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MeCN
BPMP(19)
Cetha CeH1z
N N
Lo, - Lo
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CeH1a
N
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V
Pd(OAc), / DMF s .
PTV

Scheme 6. Synthesis of BPMP, PTV.
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v-3. 4% 9 13

BPMP, PTVe} PVK ¢ #3t4 EA2}olE UV-vis spectrometer, PL
spectrometerS £33 #2138 t}l. Figure 28-S BPMP, PTV$ PVKE
toluene®l] 33t &M &4 AdEHy vy AdEHo|r), ZAA g
o4 el BPMP$} PVKE & StiA= 473 nm, 231Inm=z YEHGS

PTV 306 nm & SoAE E3A3L, 415 nmolA n-n" Z o] w}%
shoulder ¥ A7} YERY. FTHAS JFTFLIFEHOZRE BPMPT
2.17 eV, PTVE 2.41 eV, PVKE 351 eV E, S T35 0. BPMP+
607 nm(Aex = 471 nm)ollA LFFhxE YEMN AL, PTVE 513 nm
(Aex = 309 nm)el A, PVKE 408 nmQex = 330 nm)olA LFox 5
ettt BPMPO @ S 2] 7F PTVE] S| H; Fago = o]F
3t A&, vinyleneZ] 2 $9Z 3% phenothiazine?} phenothiazine A}o]ol
2-pyran—-4-ylidene-malononitrile”| 8] =91 o2 Fo Zo]7} Zdojzx A

2oz Alzgr)

Figure 29(a)& PTV @ BPMP-1 %, 3 %, 5 %, 10 %, 20 %, 50 % 7
7y = A BEAH ] S5 5AS e Aotk PTV &2 308 nm
A F5 FUAE, 432 nmollA] shoulder¥] A& R.gl3l, PTVe| BPMP
o]Z45 500 nm oA BPMPel sidste vae] Al

=3 e =
717V AA= A& z“ﬂ sk 4= 9lt}. Figure 29(b):= PTV : BPMP 1 %,

3 %, 5 %, 10 %, 20 %, 50 % Z}7} =3A| HEAFEH e g EAS
Bl Aoz, PTV «g%—t 528 nmellA g SoxE YeERST. PTV

[e]
Aotk =Yz A4 PTV9Jr oA 2 A}%rﬂ BPMP A}ol2] 3 of7]
A
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A FS S FUAAFY. Ay o PTVe| BPMP 50 % =349 2
=2 F 7] Hdatols Aol o wig =& FF &S 7K
PTVolA &Fo] ®olx & §FAH(PL quenching)@4o] vrebsiE
Figure 30(a)= PVK : BPMP 1 %, 3 %, 5 %, 10 %, 20 % Zt7 =3
Al HEE e S 545 e Aojth PVK 52 231 nmollA &
 FAE Ko, PVKl BPMP =3 H&S ¥9%5% 500 nm +
ol BPMPOl dldaks a9 A717F AXE A g 4= gl
Figure 30(b)= PVK : BPMP 1 %, 3 %, 5 %, 10 %, 20 % 27 =3
Al DEAE ] w3 EAS e Zo®, PVK ¥52 408 nmol A 2
F FHAE Yelda, PVKel 1 %2 BPMP =3 A], PVK 233A|7]7}

F243] Fo]Et}t. BPMP7F 10 % =39 PVK ZEd s w3o] A3
HS5E A FuTh
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Figure 28. UV-Vis and PL spectra of BPMP, PTV, PVK
in toluene solution.
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T T T T
—PTV
----PTV:BPMP1%
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Figure 29. UV-Vis and PL spectra of PTV thin film with BPMP
concentrations(1%, 3%, 5%, 10%, 20%, 50%).
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Figure 30. UV-Vis and PL spectra of PVK thin film with BPMP
concentrations(1%, 3%, 5%, 10%, 20%).
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V-3-2. F71H A A5 A7|sety 54

Cyclic voltammetry (CV)E ©o]&3le] HOMO +¢9< LUMO =95
skt CV A Al ZAAATS PtE AbE3hal, Ag/Ag & VAT o=
o] AVEEATE A E,ee ferrocene/ferrocenium® Y A<t
(4.8 eV)o2HE HOMO w9& T3la, Aozl EE o] &3t
LUMO #4915 33l 73 oA tholo] 1312 Figure 31¢] e}
Wolth PTVeF PVKS HOMO 9+ -4.89 eV, -5.14 eV, LUMO

9= -2.48 eV, -2.97eVoltt. BPMP2] HOMO <9+ -5.14 eV,
LUMO +9+ -2.97 eVE & o47|A BAE Aot Aol 2z HA

=
QLN

$Fom AFe FFon oFY F Uk ol gol FAH 77

O
o] F3}etA 5EAS Table 8ol eI AT

e
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Figure 31. BPMP and PTV of Energy diagram.
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Table 8. Electo-optic data of BPMP, PTV, PVK

a
}\max,solution (nm) )\max,thin film (nm) ceHergy levels

Eg
HOMO - LUMO
UV rif £ UV B (eV)
(eV) (eV)
BPMP 175 D6 L R 511 5297 | 241
PTV 306- 1519 200 WY -4.597 /-2.48 | 2.17
PVK = & 31408 -54,/-187 351

"HOMO enery level figured out from the cyclic'voltammetry,
LUMO energy level were estimated from the HOMO energy level and
Egap.
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