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Synthesis of Hole Transport Materials for
Organic Light Emitting Device.
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Abstract This study was based on organic electroluminescence display. Especially, TPD and o-NPD for the
hole transport materials were synthesized by Ullmann reaction. This reaction was conducted between 3-
methylphenylamine, 1-naphthylamine and 4,4’-diiodobiphenyl in toluene containing CuCl catalyst and KOH
base. The structural property of reaction products were analyzed by FT-IR, 'H-NMR spectroscopy, and thermal
stability, reactivity and PL property were analyzed by melting point, yield and emission spectrum, respectively.
The photoluminescence spectra of a pure TPD and a-NPD were observed at approximately 416 nm and
438 nm, respectively. In this study, it was known that the melting point, yield, PL properties of TPD and o-

NPD were changed by substituent group of amines.
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AR5 2L
HE 5 Stk 2l Hd 7t FAE ol dAY, Hd)
£ A% Fdddonigo] slvh 2718 BAFLEAE
2AE didAdelnlgel TPD7F thEAS Ao 2A A
FTEAAL IR, ST (T & 60°CE
w7 wEo) Axbe] g, WidAe EAE siE
& 5 Y oL AHI] glsl TPDE 27
HYE7 2 a-vhZEr]Z XA @-NPD7} A<t 5
now, oA AT a1z TR 98l Tg
95°C7EA FEAE - den, o A 74, Wl
o] dE AAE B 5 A FAGW

Ao ﬂf Ullmann‘ﬂmsw)«] MEgo g JAF
& = 32}T]ol {9 TPDS} a-NPDE §
X, i]%ﬁ] o %%"é 2 PL(photolumine-

x

Jo,

2. HE oY

2.1 A<t

TAdoll AFEE AlekE 4 4'-diiodobiphenyl(Aldrich, 90%),
3-methyldiphenylamine (Aldrich, 98%), N-phenyl-1-
naphthylamine (Aldrich, 98%), 1,10-phenanthroline(Aldrich,
99%), CuCl(Aldrich, 99.99%), KOH(EAto]5}8} 15)=
AAEA 23 2E ARSI, 202 toluene(HAr
o|3}8}, 99%)& At ArE-stATh

2.2 B47|7|

B Aol g SE2 8§85 (melting
point apparatus, Gallenkamp), HA}71FHAHEH ('H-
NMR, Varian, Jemini-2000), 2 2]41 24 2% € & (FTIR,
Bio-Rad, FTS-135), #3333 =4l (spectrofluorophoto-
meter, Shimadzu, RF-5301PC)& %3t 242 2 &
e gl

&M E9 Y
B z‘%l-z-_ 372}\:10 TR EAe g 3-8 ol&

Fon, We& Dean-Stark trapo] F-2E AFZERAI
719 FES A7) HdsiA ZEeRg A 5T 4

Ao aryl iodide, W3FZF 2x}obql CuCl, KOHQ‘r
1,10-phenanthroline s Z5-4lof 4‘163/\}?]4. 120°C ol A+
2477y, A7) Fatol A BTk

2.3.1 TPD [N,N"bis(3-methylphenyl)-N,N'-diphe-
nylbenzidine] ] ¥/

Dean-Stark trapt Zg#S 423 250 mle] A+E2t
23¢) 4,4'-diiodobiphenyl 2.03 g(5.00m mol), 3-
methyldiphenylamine 2.02 g(11.00m mol), CuCl 0.19g
(1.90m mol), 1,10-phenananthroline 0.34 g(1.90m mol),

o\ouq Ea};ﬂ\/lg}_u]g] g@-—sg}_qoﬂ T—q-ﬁ}-)ﬁ e .
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4,4"diiodobiphenyl 3-methyldiphenylamine
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b
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KOH #% 2.02 ¢(36.00m mol)3} §-7<] toluene 50 mi
YL, 120°CollA] 244)7F, Aa7]HalA w4
382 SR A dgdoz wg

fﬁ%‘?ﬂ% At JAEE AAT F, A7
NS ZHF 500m Wo = 230 A /"“1'10]'4_ rotary
ARS8l toluenes B ANL™, toluenest
n-hexane®] Z3-88-g Aol 2 silica-gelS £2AT
AYAS AMEStY BEAAT 25, 9AED 163g
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evaporators

T =
(3.16m molyE AUt oA F5EL 63%0IU2H,
FHE 175~177°CE 2R =Y}
FT-IR(KBr pellets, cm™): 3030, 1592(C-H), 1488

(=C=C=), 1275(tert-arylamine). 'H-NMR(CDCl,, 200MHZ)
[ppm]: 2.26(s,6H), 6.90(m,8H), 7.10(s,10H), 7.25(d,4H),
7.45(d,4H).

2.3.2. a-NPD, [N,N'-bis(naphthalen-1-y1)-N,N"-
diphenylbenzidine}®] 73

Dean-Stark trap?t Zg3E X3 250 mie] A&}
23 diiodobipheny! 2.03 g(5.00m mol), N-phenyl-1-
naphthylamine 2.41 g(11.00m mol), CuCl 0.19 g(1.90m
mol), 1,10-phenanthrotine 0.34 g(1.90m mol), KOHEZ

4,4-diiodobiphenyl
N-phenyl-1-naphthylamine
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2.02 g(36.00 mmol)# &2l toluene 50 mIE
120°C ol 24717, AA7TF3tNA AL A, wt
ol ZAEE Nl b Heelo 2 WY
dgdS Aty AHES AAT F, ol g
500 mi¥ 2= 23]o AX MA3|A, rotary evaporator
AFE-31S toluened A2, toluenes} n-hexane&
o ANEmlZ | silica-geld FXAIZ] ZHAEL A}
st} BEAAS A, WART 1.42 ¢(2.40m mol)y&
ATk o] AY FEGE 48%°1%, FHE 274~276°C
S =AUt

FT-IR(KBr pellets, em™): 3032, 1592(C-H), 1491
(=C=C=), 1291(tert-arylamine). 'H-NMR(CDCl;, 200 MHZ)
[ppm]: 7.00(m,10H), 7.20(d,4H), 7.30(m,8H), 7.50
(d,4H), 7.80(m,6H).
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Ullmannit-g-& o8- 4§ TPDE FT-IRSHEY
oA Wk} AHIEe] C-H ASHEHAE 7H 3030
em™'9} 1392 em ol A vFERI AL, WS B RS =C=C=
AN FHAE 1488 em™ollA ZFEHA ey, 35 3
ApoFgoRl [(-CeHaCH3)(-CeHs)N(-CeHy)18) A52153] =2
B 1275em™ol A ZsA e ol

283 TPDE Fig. 19 'H-NMRAFEHoA BHE
vk}l 7ro] 226 ppmoll A methyl7](Fig. 1914 a)¢] 670
o] 471 singlete @ Ve, m-tolyl7](Fig. 161141 b)
o] 8709 427}t 6.90 ppmelA multiplet® 2, phenyl”]
(Fig. 1°14 )2l 10709 47} 7.10 ppmoll A singlete
Z, p-biphenylene7]2] d$1A]9] 47)¢] 24E 7.25ppm
ofx, edlA e 4l S 7.45 ppmoll A 2+ doublet

c c
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Eg A2 TPDY EFAE Aol S excitation
2HEHL 401 nmolA & FFIHIAE HolI YL
1, 401 nm®] exZ ZFAF8 Emission 2~HEHL Fig, 2
o)A Hi= ute} 7ol 416 nmollA HH Ao A=
PL(photoluminescence)?t2 YERN AL ATt '

ulZ7A 2 Ullmann ¥H-3-2 o] 83l #44S a-NPD
= FTIREHEN WaEal AwEe] C-HAEZE Y
2EZ 747t 3032 em ¢ 1592 emtolA YERR L, wrEkE
o] $£¥3} =C=C= A&A5II+= 1491 ecm™olA 231
Ve, T8 3atejd bRl [(-CioHy)(-CoHs)N(-CeHy)]
o] AlEAFEHIE 1291 em™ol A ZF8iAl vep T ok

83 @-NPDE Fig. 39 'HNMREFHEHN B
Hke} 7Ho] phenyl”) (Fig. 3¢1A a)9) 10788 &7}
7.00 ppmoI A multiplet© = L}ER}T | biphenylene”?] 2] b

500 ~

TPD
400+ Excitation
—— Emission
5 3004
s 9
2.
2 200
2
£
100
0=
T T ¥ T v T v T T 1
300 350 400 450 500 550 600

Wavelength [nm]}

Fig. 2. Excitation and Emission spectra of TPD in toluene at
room temperature.
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Fig. 1. '"H-NMR spectum of TPD.
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Fig. 3. 'H-NMR spectrum of a-NPD.
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Fig. 4. Excitation and Emission spectra of a-NPD in toluene
at room temperature.

ARNY whe] F2E 7.20 ppmollM doublet® 2, naphthyl

719] cA9] 870 fé= 7.30 ppmol A multipletS 2,
biphenylene”19] d$ixlel 47)9] 4= 7.50 ppmoilA]

PP ST

doublet®. &, naphthyl7]9] e1A9] 6712 e
ppmol A multiplete 2 Z+zF YER 2 9o},

a3t Ao)A a-NPDY EFAGAGA ST exci-
tation 2=HEH-2 412 nmo|A <JE]§ F4TaE Holx
oo, 412 nmY exE FAFE EmissionHEHE Fig.
4o|A Bi= ule} 7ho] 438 nmol|A] Aol Adsl= PL
(photoluminescence)?tS WERNIL §)

7.80

Table 1. Properties of TPD and a-NPD

ppm

N
I
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£ 2 dte 7]*‘--/1 Ullmann¥H-2-2] 7j#at-go g
H R g SRl MAYE, $5EE P43
7 ged Qo= ts BeHwy 4zH

4. 2 E

2 dte AFTSEEE AMEEE TPDS a-NPDE
Ulimann®h-g-0 & f;;” Fom, FL.IR# 'H-NMRe| 24
o 2lel FAHAEE B0IENT, EmissionSHERS &
3| A PL(photolummescence)Q— el TPDe =

& 63%, a-NPDQ] #5882 48%=2A, ©|9} & &
Az e 3abetdolule] whakale) QA ez s}
o FAF) F4F QHOE © e §3E S}

[o}

A g, A Aol ofsie] WAL AHskEia Ue
Ae ¢ T Uk

AErEERAE Adgar A7) g Holy HK
gl dbgsi ) wEh 2R FAe FEE B
Folgdlo gy =HB excitationZ} emission 2~FE |
Al TPD= Z’éia}*ﬂ"oﬂ 43k 416 nmo| A, o-NPD&
Aol Agah= 438 nmelA PLRES YERAL S &
S =)

R A dgehe Xé%%%‘—%é‘% f71ELA

product reaction time(hr) yield(%) mp(°C) PL(nm) color
TPD 24 63 175~177 416 blue-violet
274-276 438 blue

a-NPD 24 48
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