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(1,2,4-triazole) 

/

(Polymer light emitting diode, PLED) 

HOMO LUMO PLED

ITO / PEDOT PSS / PVK+PBD(40%)+Ir(PPy)3(8%) /

cp50 / Mg / Ag 8.7 V 21.0 V

4849 cd/m2 15.65 cd/A 3437 cd/m2



ii

Abstract

In this study, a series of water/methanol-soluble copolymers were synthesized by 

radical copolymerization of sodium 4-styrenesulfonate and the 4-styrenesulfonamide 

derivative containing aromatic 1,2,4-triazole. Due to good electron affinity of aromatic 

triazole, this moiety is introduced into the side group of polymer to improve the 

electron-transporting property for application on Polymer light emitting diode, PLED.

These polymers were characterized by NMR, mass spectrometer, gel permeation 

chromatography (GPC), thermogravimetric analyzer (TGA), differential scanning 

calorimeter (DSC), UV-Vis spectrophotometer, and cyclic voltametry. PLED devices 

have been made by water/methanol-soluble copolymers, and the performance was

compared with standard device. At the results of device, ITO / PEDOT PSS /

PVK+PBD(40%)+Ir(PPy)3(8%) / cp50 / Mg / Ag has the best performance: Turn-on 

voltage is 8.7 V. Maximum brightness is 4849 cd/m2 on 21.0 V. Maximum current 

efficiency is 15.65 cd/A with brightness of 3437 cd/m2.

Keywords 1, 2, 4-triazole , Electron transport, Water-soluble polymer, Polymer light 

emitting diode
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1-1

(cathode ray tube, CRT)

(liquid crystal display, LCD)

(light emitting diode, LED) (vacuum fluorescent display, 

VFD) (plasma display panel, PDP) 

LCD

(organic light emitting diode, OLED) 

OLED (175 )

( 1 s) (3 10 V) (

1 mm) 1.1

[1] OLED

1990 (polymer light emitting diode, 

PLED) OLED

OLED

PLED OLED

PLED

PLED

PLED

1



1.1 [1]

CRT LCD LED PDP VFD OLED

- ++ ++ - +- ++

+ + +- +- + ++

+ + +- +- + ++

- ++ +- + +- ++

- ++ +- + +- ++

++ + ++ +- +- +

++ +- ++ + + ++

++ + +- + + ++

++ +- - +- + ++

++ + + - +- +

+ + + +- +- +

++ + +- -

1-2 (polymer light emitting diode, PLED)

1-2-1

1963 Pope[2] (anthracene) 

1982 Patridge[3] poly(N-vinylcarbazole) (PVK) (spin 

coating) 1990

Calvendish J. Burroughes Richard Friend [4] poly(p-phenylene

vinylene) (PPV) PPV

PLED 1991 Heeger[5] PPV

2



MEH-PPV

polythiophene (PT) [6,7,8]

poly(para-phenylene) (PPP) [9] Yoshino [10,11] polyfluorene (PF) 

PLED

PLED 1992 [12]

1.1 1.2 PPV

1.3 

Anthracene
n

PPV

N
n

n

MEH-PPV

O

O

PVK

S n n

RR

n

PT PPP PF

3



1-2-2

(photoluminescence, PL) 

(electroluminescence, EL) 

1-2-2-1 (photoluminescence, PL)

(ground state) 

(excited state) (radiative decay) 

(singlet state)

(triplet state) 1.4

1.4 [18]

1.5

1.

(1) (vibrational relaxation)

singlet ground state, S0 singlet excited state, S1 triplet excited state, T1

4



(2) (internal conversion)

(3) (external conversion)

(4) (intersystem crossing)

S1 T1 ( Z>30) 

(spin-orbital coupling) 

(heavy-atom effect)

2.  S1 S0 (fluorescence)

3.  T1 S0 (phosphorescence)

1.5 (Jablonski diagram) [18]

5



1-2-2-2 (electroluminescence, EL)

(lowest unoccupied molecular orbital, 

LUMO)

(highest occupied molecular orbital, HOMO) 

(hopping) (tunneling) 

(electron-hole pair) (recombination) 

(exciton) 1.6 1.7

(energy gap, Eg = |EHOMO| - |ELUMO|)

1.6

6



1.7

1-2-2-3

(energy transfer) (host 

emitter) (guest emitter)

[13]

(host-guest doped emitter) 

(self-quenching)

1.8

7



F rster Dexter F rster

(dipole-dipole) 5-10 nm

1.9

Dexter

0.3 nm

Wigner-Witmer

1.9

poly(N-vinylcarbazole) (PVK) fac tris(2-phenylpyridine) iridium (Ir(PPy)3)

1.8

8



(A) F rster

(B) Dexter

1.9 F rster Dexter

1-2-3 PLED

1.11

Host* Guest Host Guest*

intersystem
crossing

Host Guest*

Host* Guest Host Guest*

9



1. (anode)

( )

(1) (2) (3)

HOMO (4)

(tin-doped indium oxide, ITO) (1 10-3-7 10-5 cm) [14]

4.5~4.8 eV 1000 nm 90%

Ni Au Pt 15 nm

2. (cathode)

( )

LUMO

( )

3. (hole injection layer, HIL)

ITO HOMO

HOMO ITO

PLED poly(3,4-ethylenedioxythiophene)

polystyrene sulfonate (PEDOT PSS) [15] 1.10 HOMO 5.0 eV

(conductivity) 10-3 S cm-1 [16] ITO

[17]

10



1.10 PEDOT PSS

4. (hole transport layer, HTL)

(hole mobility) (electron affinity, 

EA) HOMO HTL

EML

(triphenylamine) (carbazole) 

5. (electron injection layer, EIL)

LUMO

PLED OLED

LiF

polyfluorene [32-38]

6. (electron transport layer, ETL)

(electron mobility)

LUMO HOMO

S n

OO
+

SO3

m

PEDOT:PSS

11



(hole-blocking layer) EML

ETL (oxadiazole)

(triazole) (triazine) 

7. (emissive layer, EML)

PPV 

(poly(p-phenylene vinylene)) PPP (poly(para-phenylene))

PT (polythiophene) PF (polyfluorene) 

PVK (poly(N-vinylcarbazole))

1.11 PLED [1]

12



1-2-4 PLED

(sputtering) ITO

ITO 5 eV[19]

OLED PLED

OLED

PLED

(spin coating)

(blade coating) 

ITO

(annealing)

1.12

(good solvent)

(entanglement)

(interlayer-mixing)

OLED PLED

13



1.12 

1-2-5

PLED

PLED

14



2-1

[20]

[21]

(charge mobility)

(electron affinity) (work function) HOMO LUMO

[26-28]

triphenylamine carbazole

PEDOT PSS

PEDOT PSS

1. [21]

( = 2.87) ( = 2.70)

[30]

2. (bipolar ) [22,23]

15



(unipolar

)

2009 Yu Chen [22] 1,2,4- ( )

( ) fluorene

PLED

2.1

3. PBD

(2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole) [24] PVK

(Tg)

2.2 PBD

N N

N

N

N N

O

16



4.

PLED

1 nm [29,31]

PBD PMMA (poly(methyl methacrylate)) [25]

PBD

PMMA

oxadiazole triazole triazine

HOMO

2-2

(interlayer-mixing)

17



PLED

polyfluorene

(RCO2
-) (R3N+)

ethylene glycol

ethylene glycol

( ) (interfacial dipole) 

[32]

polyfluorene

/ (polyelectrolyte) [32-38]

polyfluorene 9

ethylene glycol

2005 Xiong Gong [34] oxadiazole polyfluorene

Yong Cao 2004 2006

[35] benzothiadiazole benzoselenadiazole

polyfluorene

2001 Park [39] 2007

Woo [26] polyurethane (PU)

PU (ion conduction) 

(mobile ion) 

(coupling 

18



reaction) 

C8H17C8H17

N N

C8H17C8H17

R

NNI
I

N N

O

O O

N Br

NBr

OO

Br Br

R = N
S

N

benzothiadiazole

N
Se

N

benzoselenadiazole

R

N Br

NBr

R =

O

O

O O

O
O

n
n

m
m

2.3 (polyfluorene )
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2.4 (polyurethane )

2-3

1997 Strohriegl [29] oxadiazole

MMA (methyl methacrylate) 

MMA PMMA

oxadiazole 2.5

C C C

O

H
N

N
H

O

O O

O H
N

N
H

O

O

3

OO

Na

O

O

H
N

N
H

O

O O

O H
N

N
H

O

O

3
NH

O

O

CH3COO

H
N

H
N

O

H
N
9

H
N

O

H
N

4
O O

O COO

H
N

O

HNR3

4
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2.6

(sodium 4-styrenesulfonate) 

(sulfonamide)

(amide) 

(bulky) 

2.8

1,2,4-

(aromatic triazole group)

2.7

21



2.5 Strohriegl (PMMA )

2.6

22



2.7 (PSS )

2.8

SO2

NH

N

N N

rigid structuremore f lexible
structure

N

N N

23



PLED

3-1

3-1-1

1,2,4- (

6)

3.1

[40] (sulfonyl chloride)

(amine) [40] 3.2

[41] 1,2,4-

chlorinated azine (cyclocondensation reaction) 

3.3

1,2,4-

(-NH2)

(-NO2) 4-nitroaniline 4-aminoaniline

(p-styrenesulfonyl chloride)

3.4 3.5 3.6

24



3.1 

3.2 

3.3 aromatic 1,2,4-triazole 

SO3Na

SO2Cl

+

R NH2

SO2

NH
R

Cl

N N

Cl

+

R

NH2

N N

N

R

25



3.4 

N N

N

NH
SO2

SO2
NH

NH2

NH2

NO2

NH2

N N

N

NH2

N N

N

NO2

[H]

SO2Cl

O

HN NH

O

O

HN NH2
+

Cl

O

SO3Na

NH2

Cl

N N

Cl

26



3.5 1~5

O

NH
HN

O

O

HN NH2
+

O

Cl

N

DMAc
r.t., 2 hrs

1 (87.0%)

O

NH
HN

O

1

toluene Cl

N N

Cl

2

120 OC, 3 hrs

(80.7%)

Cl

N N

Cl

2

+

NO2

NH2

N N

p-Xylene

160 OC, 48 hrs
N N

N

NO2

3 (65.4%)

N N

N

NO2

3

SnCl2
. 2H2O

EtOH

85 OC, 24 hrs

N N

N

NH2

4 (93.5%)

+ PCl5

+

SO3Na

+ PCl5 +

OH

CHCl3

1) 0 OC, 30 mins
2) 50 OC, 24 hrs SO2Cl

5 (72.2%)PSSNa

27



3.6 6

3 3.1 [41]

( 1)

43.7% [42] ( 2) 4-nitroaniline

2.54 eq. 88%

4-nitroaniline

2 HCl 1 2

4-nitroaniline 1

2 HCl 4-nitroaniline

2 4-nitroaniline 1 1 2 ( 3, 4)

DABCO (1,4-diazabicyclo[2,2,2]octane) 

65.4% 3

4 3.2

ammonium formate Pd/C ( 1)

( 2) 16.9%

Pd/C ( 3)

[42] tin(II) chloride dihydrate (SnCl2 2H2O)

SO2Cl

DMAc/CHCl3

85 OC, 2 hrs SO2
NH

N

N N

6 (12.8%)

5

N N

N

NH2

4

+

28



4

3.1 3

2 4-nitroaniline

1[41] 1 eq. 2 eq. 4-nitroaniline
p-xylene, 160 C,

48 hrs

<10%~ 

43.7%

2[42] 1 eq. 2.54 eq. 4-nitroaniline
p-xylene, 160 C, 

48 hrs
<10%

3 1 eq. 1 eq. 2eq. K2CO3
p-xylene, 160 C, 

48 hrs
<10%

4 1 eq. 1 eq. 2eq. DABCO
p-xylene, 160 C, 

48 hrs

41.3%~

65.4%

3.2 4

3

1 1 eq.
12eq. ammonium formate

0.56 eq. Pd/C
DMF, 80 C, 14.5 hrs --

2 1 eq.
12eq. ammonium formate

0.56 eq. Pd/C
DMF, 105 C, 14.5 hrs 16.9%

3 1 eq.
1atm H2

0.09 eq. Pd/C
EtOH, 50-60 C, 7 days --

4[42] 1 eq. 8.15 eq. SnCl2 2H2O EtOH, 70-80 C, 24 hrs ~100%

29



6 3.3 5

/

6 3.3

4

DMSO (dimethylsulfoxide) 4 5

( 1) 6 5 DMSO

5 (

2) 4

(N,N-dimethylacetamide, DMAc) ( 3) 1

5 DMAC

DMAc HCl

(triethylamine, Et3N) (pyridine)

( 4, 5) 4-Dimethylaminopyridine (DMAP)

4

5 5

4 6

5 2,6-di-tert-butyl-4-methylphenol

3.3

2,6-di-tert-butyl-4-methylphenol 5

6 5

4

DMAc ( 6-10)

9 12.7%

9

30



6

3.3 6

4 /

5

1
1eq /

1.2 eq.
-- --

DMSO /

CHCl3

80-90 C, 

2 hrs
--

2
1eq /

1.2 eq.
-- -- CHCl3

80-90 C, 

48 hrs
< 5%

3
1eq /

1.2 eq.
DMAc --

DMAc / 

CHCl3

80-90 C, 

2 hrs
< 10%

4
1eq /

1.2 eq.
Et3N --

Et3N / 

CHCl3

80-90 C, 

2 hrs
< 5%

5
1eq /

1.2 eq.
pyridine

2,6-di-tert-butyl-

4-methylphenol

pyridine /

CHCl3

80-90 C, 

2 hrs
< 5%

6
1eq /

1.2 eq.
Et3N

2,6-di-tert-butyl-

4-methylphenol / 

DMAP

DMAc / 

CHCl3
50 C, 2 hrs --

7
1eq /

1.2 eq.
DMAc DMAP

DMAc / 

CHCl3

80-90 C, 

2 hr
< 10%

8
1eq /

1.2 eq.
Et3N --

DMAc / 

CHCl3

80-90 C, 

2 hrs
< 5%

31



9
1eq /

1.2 eq.
DMAc

2,6-di-tert-butyl-

4-methylphenol

DMAc / 

CHCl3

80-90 C, 

2 hrs
12.8%

10
1eq /

1.2 eq.
DMAc

2,6-di-tert-butyl-

4-methylphenol / 

DMAP

DMAc / 

CHCl3

80-90 C, 

2 hrs
< 10%

3-1-2

(sodium 4-styrenesulfonate, PSSNa) (compound 6)

(feed molar ratio) compound 6

hp PSSNa PSS

(poly(sodium 4-styrenesulfonate)) Acros Organics 70000

3.7

3.7 

N N

N

NH
SO2 SO3Na

n

SO2
NH

N

N N

6

+X Y
SO3Na

AIBN

DMF
90 OC, 72 hrs

hp ( X : Y = 100 : 0 )
cp70 ( X : Y = 70 : 30 )
cp50 ( X : Y = 50 : 50 )
cp35 ( X : Y = 35 : 65 )
cp25 ( X : Y = 25 : 75 )
cp15 ( X : Y = 15 : 85 )

m

32



[43,44] 2,2 -

(azobisisobutyronitrile, AIBN) (initiator) AIBN 1

20 1 13 (N,N-dimethylformamide, DMF)

50 C 72 70%

hp AIBN AIBN 1 15

50 C 72

90 C hp

(

6) 34.51%

6

cp70 cp50 cp35 cp25 cp15

6 PSSNa

3.4

3.5

3.4

6 cp15 cp25

cp50 cp70 hp

cp35 (H2O

MeOH = 1 1, v v) 

cp70

33



cp70

cp15 hp

hp

DMF NMP (N-methyl-2-pyrrolidone) DMSO

3.8 (Nuclear Magnetic Resonance, NMR) 

5~9 hp cp70 cp50 cp35 dimethylsulfoxide-d6 (DMSO-d6)

cp25 cp15 PSS deuterium oxide (D2O) PSS

6~7

7~8

6~7 7~8

NMR V 0.5~2

10~11

NMR

34



3.4 

solvent cp15 cp25 cp35 cp50 cp70 hp PSSNa compound 6

Water + + - - - - + -

MeOH - - - + + - + +

EtOH - - - - - - + +

IPA - - - - - - - -

Water / MeOH + + + + + - + -

THF - - - - - - - -

Acetone - - - - - - - +

CHCl3 - - - - - - - -

Toluene - - - - - - - -

Ether - - - - - - - -

DMF - + + + + + + +

NMP - + + + + + + +

DMSO - + + + + + + +

+ -

3.5 

cp15 cp25 cp35 cp50 cp70 hp

compound 6 PSSNa
15 85 25 75 35 65 50 50 70 30 100 0

(%) 82.88 73.92 81.31 61.10 49.55 34.51

35



3.8 5~9

36



(repeating unit) 

6 PSSNa

(

) (n m) 

(WS WN Wsample

MS =31.97 MN =14.00)

3.6

3.6 

polymer
feed ratio

6 PSSNa

S

(wt%)

N

(wt%)

S (wt%)

/MS

N (wt%)

/MN

copolymer 

composition n m

cp70 70 : 30 7.407 9.052 0.232 0.162 69.92 : 30.08

cp50 50 : 50 8.863 7.334 0.277 0.131 47.24 : 52.76

cp35 35 : 65 8.835 5.276 0.276 0.094 34.09 : 65.91

cp25 25 : 75 9.116 4.279 0.285 0.076 26.80 : 73.20

cp15 15 : 85 10.109 2.186 0.316 0.039 12.35 : 87.65

)
M4
W

M
W(:

M4
Wm:n

n:)mn(
M4
W:

M
W

WM4
W:

WM
W

M4
%)wt(N:

M
%)wt(S

%)wt(N
W

W

%)wt(S
W

W

N

N

S

S

N

N

N

N

S

S

sampleN

N

sampleS

S

NS

sample

N

sample

S

N N

N

NH
SO2 SO3Na

n m

37



(Gel Permeation 

Chromatography, GPC) (Matrix-assisted 

laser desorption ionization-time of flight mass spectrometry, MALDI-TOF MS)

GPC NMP hp

cp25 II GPC

GPC

hp (Mn) 126000 (Mw)

132000 (polydispersity index, PDI = Mw / Mn)

PDI 1.05 cp25 97000 115000

PDI 1.19 3.7 GPC hp

cp25 PDI

PDI NMP

(aggregation) GPC

(retention time) GPC

MALDI-TOF MS

DHB (2,5-dihydroxybenzoic acid) SA (sinapinic acid) (matrix) 

3.7 hp cp25

Polymer hp cp25

Mn 125842 96513

Mw 132333 114647

PDI 1.05158 1.18789

38



3-2

(Tg)

PLED

(Td)

(morphology)

(Thermogravimetric Analyzer, 

TGA) (Differential 

Scanning Calorimeter, DSC) 3.8

TGA DSC I

5%

390~420 C 10% 400~470 C 3.9

PSS 400 C

400~600 C

PSS cp50 cp70 hp

400~450 C

450~800 C hp

> cp50 > cp70

cp70 hp PSS cp15 cp25 cp35 400~800 C

cp25 cp35 600 C

39



PSS cp15

cp25 cp35 cp15

cp50 cp70 hp

120~320 C

cp50 Tg 313.57 C cp35 Tg 125.46 C

Tg 3.10 3.8 3.10

cp50 cp70 hp

Tg 240 C cp15 cp25 cp35 Tg 160 C

Tg

cp50 cp70 hp

(domain) 

Tg Tg

cp50 cp35

cp15 cp25 cp35

Tg

Tg

40



3.9 

3.10 Tg

41



3.8

polymer cp15 cp25 cp35 cp50 cp70 hp

Tg ( C) 152.94 142.79 125.46 313.57 275.97 245.07

Td5
a ( C) 422.48 394.03 390.28 404.40 396.93 390.52

Td10
b ( C) 467.30 431.51 417.22 414.80 407.14 407.12

a. 5%

b. 10%

3-3

(Ultraviolet-visible

Spectrophotometer) III

onset onset HOMO LUMO

(Eg)

Eg = h = hc / onset = |EHOMO| - |ELUMO| = 1240.8 / onset

(h Planck s constant = 6.626 10-34 Js c 3 108 m/s)

6 PSSNa

3.9 1.0 10-5 M 5.0 10-5 M

6 PSSNa 204 nm 254 nm 6

6 254 nm 204 nm

6 onset 293 nm PSSNa onset 274 nm

3.11

3.9

(methanol H2O = 1 1 (v v)) 2.0 10-5 M
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(shoulder) 224 nm 242 nm PSS

242 nm

224 nm 3.12 3.13

onset

PSS

3.10

1 mL (methanol H2O = 1 1 (v v)) 2 mg

5000 rpm 60 100 C

30 30

(shoulder) 

225 nm 255 nm

255 nm 225 nm cp35 cp25 cp15

3.14

III
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3.9 ( 6 PSSNa) PSS

(10-5 M)

max (nm)

max, 104 cm-1M-1)

onset 

(nm)

Eg

(eV)

6 1.0 204 (7.1), 254 (4.1) 293 4.24

PSSNa 5.0 204 (2.1), 254 (1.9) 274 4.53

cp70 2 245 (2.1) 298 4.16

cp50 2 222 (2.5), 242 (1.9) 296 4.19

cp35 2 224 (1.9), 242 (1.2) 293 4.24

cp25 2 224 (2.8), 242 (1.4) 292 4.25

cp15 2 224 (2.0), 243 (0.6) 291 4.26

PSS 2 224 (2.4), 260 (0.1) 285 4.35

3.10

polymer max (nm) (at 255 nm)

cp70 255 0.033

cp50 255 0.022

cp35 225, 255 0.021

cp25 225, 255 0.014

cp15 225, 260 0.012
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3.11 6 PSSNa

3.12
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3.13

3.14
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3-4

(Ere) (ferrocene)

(E1/2, fc)

UV-Vis onset

HOMO LUMO

ELUMO (eV) = -e (Ere - E1/2, fc) + (-4.8) eV

EHOMO (eV) = ELUMO 1240.8 / onset

3.15 (glassy carbon) 

/ 0.1 M

(tetrabutylammonium perchloride, TBAP) DMF 1 mM

0.1 V/sec

3.15
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6 3.16

Ere = -1.64 V

N-methyl-p-toluenesulfonamide Ere =

-2.16 V 4

Ere = -2.26 V PSSNa 3.17

Ere = -2.23 V

hp cp70 cp50 cp35 cp25 3.18

3.22 3.23

3.11 cp15 DMF hp

Ere = -2.23 V

-2.7 V 0 V

-2.0 -2.5 V

cp70 Ere =

-1.73 V

cp50 cp35

Ere = -1.77 V -1.83 V

cp25 Ere = -2.20 V

(polyanion) 
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cp70

cp25 LUMO

LUMO

LUMO cp70 cp50 cp35 cp25 -2.48 eV -2.46 eV -2.38 eV

-2.01 eV cp70 cp25 cp70 cp50 cp35 cp25

hp cp70

cp50 cp35 cp25

3.11 

Ered

(V)

(onset)

onset

(nm)

Eg

(eV)

HOMO 

(eV)

(based on 

onset)

LUMO

(eV)

(based on 

onset)

6 -1.64 293 4.24 -6.79 -2.55

PSSNa -2.23 274 4.53 -6.49 -1.96

cp70 -1.73 298 4.16 -6.65 -2.48

cp50 -1.77 296 4.19 -6.65 -2.46

cp35 -1.83 293 4.24 -6.62 -2.38

cp25 -2.20 292 4.25 -6.26 -2.01
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3.16 6 4 N-methyl-p-toluenesulfonamide

3.17 6 PSSNa
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3.18 hp

3.19 cp70
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3.20 cp50

3.21 cp35

52



3.22 cp25

3.23
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3-5 PLED

PLED

/ PLED

ITO Mg Ag

PEDOT PSS Ir(PPy)3

PVK PBD 8 100 40

(1 mg Ir(PPy)3/1 mL CHCl3) 3.24

3.25

HOMO LOMO

3.26 ITO 4.8 eV

PEDOT PSS HOMO 5.0 eV PVK HOMO LUMO 5.5 eV 2.0 

eV PBD HOMO LUMO 6.2 eV 2.6 eV Ir(PPy)3 HOMO LUMO

5.6 eV 3.0 eV Mg 3.66 eV Ag 4.26 eV

HOMO LUMO 6.3~6.7 eV 2.0~2.5 eV

cp15 PSS

ITO

5-3

ITO / PEDOT PSS (15 nm) / PVK+PBD+Ir(PPy)3 (60 nm) / Mg (2 nm) / Ag 

(100nm) ITO / PEDOT PSS (15 nm) /

PVK+PBD+Ir(PPy)3 (60 nm) / copolymer / Mg (2 nm) / Ag (100nm)
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3.24

3.25

N
n

PVK

N N

O

PBD

N
Ir

3

Ir(PPy)3

S n

OO
+

SO3

m

PEDOT:PSS
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3.26 HOMO LUMO

1 1 cp25

3.27

3.12 5 mg/1 mL

3000 rpm 5000 rpm PLED

2 mg/1 mL 3000 rpm

5000 rpm 7190 cd/m2 /

(cp70 cp50 cp35 cp25 cp15)
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PSS 2 mg 1 mL (H2O CH3OH = 1 1, v v) 

5000 rpm 60

3.13 I-V-L

IV 3.28 /

PSS

15 mA PSS 15 mA /

4500~8000 cd/m2

3.29

1 cd/m2

cp70 7.6 V

7.9 V

cp70

cp70 cp50 cp35

cp25 cp15 PSS cp50

15.65 cd/A PSS

3.30

cp70 cp50 cp35 cp25 cp15

3.31 Tg ( 3.10) 

cp50 cp70
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(domain) 

cp50 cp35

PSS cp15 cp25 cp35

cp15
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3.12 cp25

a

(rpm) (sec) (cd/m2)

5 mg/1 mL 3000 60 < 100

5 mg/1 mL 5000 60 < 100

2 mg/1 mL 3000 60 2349

2 mg/1 mL 5000 60 7190

a (H2O CH3OH = 1 1, v v)

3.13

a

UV-Vis 

abs. at 

255 nm a,c

b

(V)
(cd/m2)

( )

(cd/A) 

( )

7.9 13660 (21.5) 13.62 (3824)

cp70 cp70 0.033 7.6 4471 (19.5) 12.55 (2422)

cp50 cp50 0.022 8.7 4849 (21.0) 15.65 (3437)

cp35 cp35 0.021 8.0 4590 (20.5) 13.65 (2000)

cp25 cp25 0.014 8.8 7190 (22.0) 15.09 (2043)

cp15 cp15 0.012 8.0 5397 (18.5) 15.64 (2134)

PSS PSS -- 8.1 7820 (19.5) 11.06 (2800)

a / (cp70 cp50 cp35 cp25 cp15) PSS 2 mg 1 mL

(H2O CH3OH = 1 1, v v) 5000 rpm 60

b 1 cd/m2

c
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3.27 cp25

3.28

60



3.29

3.30

61



3.31

3-6

/

[45] OLED
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(1,2,4-triazole)

/

390~470 C

120~320 C PLED

242 nm

255 nm HOMO 6.3~6.7 eV LUMO

2.0 ~2.5 eV PLED

PLED ITO / PEDOT PSS / PVK +PBD(40%)+

Ir(PPy)3(8%) / cp50 / Mg / Ag 8.7 V

21.0 V 4849 cd/m2 3437 cd/m2 15.65

cd/A
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5-1

(1) 

1. (Vacuum Line & Schlenk Line)

2. (Nuclear Magnetic Resonance spectrometer, NMR)

Bruker AVIII-400 MHz Bruker DPX-400 MHz

chloroform-d (CDCl3) dimethylsulfoxide-d6 (DMSO-d6) deuterium oxide 

(D2O) 1H 13C

ppm J Hz chloroform

dimethylsulfoxide H2O (chloroform-d 1 , 13

dimethylsulfoxide-d6 1 2.50, 13 39.5 deuterium oxide 1 4.80) NMR

s (singlet) d (doublet) t (triplet)

q (quartet) m (multiplet) br (broad)

3.

MEL-TEMP C

4. (Ultraviolet-visible Spectrophotometer)

Hitachi U-3010

5. (Thermogravimetric Analyzer, TGA)

Perkin-Elmer Pyris 1 TGA

10 C/min

6. (Differential Scanning Calorimeter, DSC)

TA Instruments DSC Q20 10

C/min

7. (Gel Permeation Chromatography, GPC)

Waters GPC
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-2 and HR-4 (7.8 mm I. D. × 300 mm)

Waters 2410 refractive index detector N-Methyl-2-pyrrolidone (NMP)

0.5 mL/min 40 C polystyrene

8. (Cyclic Voltammetry Instrument, CV)

CH Instruments CHI450A

(glassy carbon) / 0.1 M

(tetrabutylammonium perchloride, TBAP) 

(N,N-dimethylformamide, DMF) 1 mM 0.1 V/sec

(ferrocene)

9. (Vacuum Evaporator)

JEOL JEE-4X

10. (Spin Coater)

SWIENCO PM490

11.

Keithley 2400 Digital SourceMeter PLED

12. (Luminance Meter)

Minolta LS-100 PLED

(2) 

(N,N-dimethylacetamide, DMAc)

(N,N-dimethylformamide, DMF) (p-xylene)

(triethylamine, Et3N) (calcium hydride, CaH2)

(toluene) (CaCl2) (chloroform) 

(K2CO3) (ethyl acetate, EA) (ethanol)

(methanol) 2,2 - (azobisisobutyronitrile, AIBN)

(tetrahydrofuran, THF)
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5-2

1 N'-benzoylbenzohydrazide

benzoylhydrazine (15.00 g, 110.17 mmole) 250 mL

triethylamine (16.5 ml, 118.71 mmole) 

DMAc (125 mL)

benzoylhydrazine

benzoyl chloride (16.0 ml, 137.73 mmole) 

2

(23.00

g, 95.80 mmole, 86.95%) m.p. 245-247 C 1H NMR (400 MHz, 

DMSO-d6) 10.51 (s, 2H), 7.94 (d, J = 7.48 Hz, 4H), 7.60 (t, J = 7.12 Hz, 2H), 7.53 (t, 

J = 7.48 Hz, 4H) 13C NMR (100 MHz, DMSO-d6) 165.82, 132.57, 131.82, 128.49, 

127.43 HR MS (FAB)(M+) calcd for C14H12N2O2 240.0899, found 240.0897.

O

NH
HN

O
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2 (1Z,N'Z)-N'-(chloro(phenyl)methylene)benzohydrazonoyl chloride

1 (16.00 g, 66.64 mmole) (phosphorous pentachloride,

35.00 g, 168.08 mmole) 250 mL

(130 mL) 120 C 3

(14.90 g, 53.76 mmole, 80.67%) m.p. 120 C

1H NMR (400 MHz, DMSO-d6) 8.08 (d, J = 7.16 Hz, 4H), 7.69 (tt, J = 1.28, 

7.32 Hz, 2H), 7.60 (tt, J = 1.48, 7.08 Hz, 4H) 13C NMR (100 MHz, CDCl3) 144.17, 

133.66, 131.79, 128.56, 128.53 HR MS (FAB)(M+) calcd for C14H10Cl2N2 276.0221, 

found 276.0224.

Cl

N N

Cl

67



3 4-(4-nitrophenyl)-3,5-diphenyl-4H-1,2,4-triazole

4-nitroaniline (3.749 g, 27.14 mmole) 1,4-diazabicyclo[2,2,2]octane 

(DABCO, 5.092g, 45.40 mmole) 250 mL

(50 mL)

160 C 2 (6.256 g, 22.57 mmole) (63 mL)

160 C 48

2 N HCl ( 350 mL) 4-nitroaniline

(5.056 g, 14.77 mmole, 65.43%) m.p. 272

C 1H NMR (400 MHz, DMSO-d6) 8.29 (dt, J = 2.12, 2.88, 9.00 Hz, 

2H), 7.70 (dt, J = 2.12, 2.88, 9.00 Hz, 2H), 7.46~7.28 (m, 10H) 13C NMR (100 MHz, 

DMSO-d6) 154.06, 147.68, 140.20, 129.86, 128.74, 128.61, 126.54, 124.97 HR MS 

(FAB)(M+) calcd for C20H14N4O2 340.1117, found 340.1120.

N N

N

NO2
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4 4-(3,5-diphenyl-4H-1,2,4-triazol-4-yl)aniline

3 (0.290 g, 0.88 mmole) tin(II) chloride dihydrate (SnCl2 2H2O,  

1.610 g, 7.12 mmole) 25 mL

(9.5 mL) 85 C 24

0.2 N NaOH

( 300 mL)

0.2 N NaOH

(0.256 g, 0.82 mmole, 93.52%)

4 346 C

TGA (5% ) 340.67 C 4

4 TGA I

1H NMR (400 MHz, DMSO-d6) 7.47~7.45 (m, 4H), 7.42~7.34 (m, 6H), 6.99 (d, J =

8.56 Hz, 2H), 6.55 (d, J = 8.60 Hz, 2H), 5.51 (s, 2H) 13C NMR (100 MHz, DMSO-d6)

154.49, 149.70, 129.38, 128.63, 128.36, 128.22, 127.39, 122.23, 114.00 HR MS 

(FAB)(M+) calcd for C20H16N4 312.1375, found 312.1379.

N N

N

NH2

69



5 4-vinylbenzene-1-sulfonyl chloride

(4.080 g, 19.59 mmole) 2,6-di-tert-butyl-4-methylphenol (0.068 g, 

0.31 mmole) 100 mL sodium 

4-styrenesulfonate (3.017 g, 14.63 mmole) 

(55 mL)

sodium 4-styrenesulfonate 

30 50 C

24 /

(2.13 g, 10.51 mmole, 72.24%)

SO2Cl
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6 N-(4-(3,5-diphenyl-4H-1,2,4-triazol-4-yl)phenyl)-4-vinylbenzenesulfonamide

4 (1.497 g, 4.79 mmole) 250 mL

DMAc (150 mL) 85 C

4 (45 mL) 5 (1.290 g, 6.37

mmole) 85 C 2

DMAc 40 mL

(2 L) 

(20 mL)

(500 mL)

50 C 30 mL

(0.293g, 0.61 mmole, 12.75%) m.p. 304 C 1H

NMR (400 MHz, DMSO-d6) 10.53 (s, 1H), 7.67 (d, J = 8.52 Hz, 2H), 7.63 (d, J = 8.56 

Hz, 2H), 7.40~7.34 (m, 2H), 7.31~7.27 (m, 10H), 7.13 (d, J = 8.68 Hz, 2H), 6.84 (dd, J

= 10.98, 17.66 Hz, 1H), 6.03 (d, J = 17.64 Hz, 1H), 5.50 (d, J = 11.00 Hz, 1H) 13C

SO2
NH

N

N N
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NMR (100 MHz, DMSO-d6) 154.15, 141.45, 138.85, 137.55, 135.16, 130.47, 129.56,

129.27, 128.37, 128.28, 127.15, 126.69, 120.83, 118.05 HR MS (FAB)(M+) calcd for 

C28H22N4O2S 478.1463, found 478.1470.

hp

6 (0.536 g, 1.12 mmole) AIBN (12.4 mg, 0.07 mmole) 

5 mL DMF (1.5 

mL) 90 C 72

DMF (3 mL)

(500 mL)

(50 mL) 48 (0.185 g, 

34.51%) 1H NMR (400 MHz, DMSO-d6) 10.57 (br), 7.43 (br), 7.27

(br), 7.11 (br), 1.47 (br), 1.23 (br), 0.81 (br).

N N

N

NH
SO2

n
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cp70

SO2
NH

N

N N

SO3Na

x y

feed molar ratio x y = 70 30

6 (0.146 g, 0.31 mmole) sodium 4-styrenesulfonate (0.027 g, 0.13 

mmole) AIBN (5 mg, 0.03 mmole) 5 mL

DMF (1.0 mL) 90 C 72

DMF (3 mL) (250 mL)

(30 mL) 48

(0.088 g, 49.55%) 1H NMR 

(400 MHz, DMSO-d6) 10.44 (br), 7.28 (br), 7.14 (br), 6.50 (br), 1.45 (br).
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cp50

SO2
NH

N

N N

SO3Na

x y

feed molar ratio x y = 50 50

6 (0.201 g, 0.42 mmole) sodium 4-styrenesulfonate (0.087 g, 0.42 

mmole) AIBN (9 mg, 0.06 mmole) 5 mL

DMF (1.2 mL) 90 C 72

DMF (3 mL) (250 mL)

(30 mL) 48

(0.181 g, 61.10%) 1H NMR 

(400 MHz, DMSO-d6) 10.30 (br), 7.30 (br), 7.16 (br), 6.44 (br), 1.44 (br).
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cp35

SO2
NH

N

N N

SO3Na

x y

feed molar ratio x y = 35 65

6 (0.150 g, 0.31 mmole) sodium 4-styrenesulfonate (0.120 g, 0.58 

mmole) AIBN (10 mg, 0.06 mmole) 5 mL

DMF (1.2 mL) 90 C 72

DMF (3 mL) (250 mL)

(30 mL) 48

(0.227 g, 81.31%) 1H NMR 

(400 MHz, DMSO-d6) 10.27 (br), 7.31 (br), 7.18 (br), 6.41 (br), 1.51 (br).
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cp25

SO2
NH

N

N N

SO3Na

x y

feed molar ratio x y = 25 75

6 (0.140 g, 0.29 mmole) sodium 4-styrenesulfonate (0.181 g, 0.88 

mmole) AIBN (13 mg, 0.08 mmole) 5 mL

DMF (1.6 mL) 90 C 72

DMF (3 mL) (250 mL)

(30 mL) 48

(0.246 g, 73.92%) 1H NMR 

(400 MHz, D2O) 7.41 (br), 7.28 (br), 1.46 (br).
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cp15

SO2
NH

N

N N

SO3Na

x y

feed molar ratio x y = 15 85

6 (0.080 g, 0.17 mmole) sodium 4-styrenesulfonate (0.195 g, 0.95 

mmole) AIBN (12 mg, 0.07 mmole) 5 mL

DMF (1.5 mL) 90 C 72

DMF (3 

mL) (250 mL)

(30 mL) 48

(0.237 g, 82.88%) 1H NMR (400 MHz, 

D2O) 7.54 (br), 6.60 (br), 1.50 (br).
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5-3 PLED

PLED

1. ITO 2.5 cm 2.5 cm Triton x100

ITO 30

2. PEDOT PSS Triton x100

10 1

3. Ir(PPy)3 PBD PVK 8 40 100

(1 mg Ir(PPy)3/1 mL CHCl3)

4. / (cp70 cp50 cp35 cp25 cp15)

PSS 2 mg 1 mL (H2O CH3OH = 1 1, v

v)

ITO

ITO ITO

0.45 m PVDF (syringe filter) 5000 rpm

60 ITO ( 15 nm) 130 C 30

30 0.2 m PTFE

3000 rpm 90 ITO ( 60 nm)

80 C 10 30

0.45 m PVDF 5000 rpm 60

ITO 100 C 30 30

2 10-4 torr (2 nm) 

(100 nm) 
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(V) (A/m2)

(turn-on voltage)

(cd/m2)

(cd/A)
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