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Abstract The compound of 2,6-Bis[(9-phenylcarbazolyl)ethenyllnaphthalene (BPCEN-1), 2-[6-{1-Cyano-2-(9-
phenylcarbazoly)vinyl}naphthyl]-3-(9-phenylcarbazolyl)acrylonitrile (BPCEN-2), 2,6-Bis[{4-(1-naphthy l)pheny-
lamino}styrenyl] naphthalene (BNPASN-1), 2-[6-{1-Cyano-2-(naphthylphenylaminophenyl) vinyljnaphthyl]-3-
(naphthylphenylaminophenyl)acrylonitrile (BNPASN-2) was analyzed electrochemically and spectroscopically
and can be obtained by bonding phenylcarbazolyl, naphthylphenylaminophenyl and -CN ligands to 2,7-
naphthalene. The electrochemical and spectroscopic study resulted in the P-type (BPCEN-1, BNPASN-1) being
changed to N-type (BPCEN-2, BNPASN-2) according to -CN bonding despite having the same structure. The
value of band gap(Eg) was revealed to be small as HOMO had shifted higher and LUMO lower. The Eg value
for naphthylphenylaminophenyl ligand was reduced because it has a smaller HOMO/LUMO value than that
of phenylcarbazolyl from a structural perspective. The electrochemical HOMO/LUMO values for BPCEN-1,
BPCEN-2, BNPASN-1, BNPASN-2 were measured to be 5.55eV / 2.83eV, 5.73eV / 3.06eV, 5.48eV / 2.78eV, and
5.53eV / 2.98eV, respectively. By —CN ligand, the UV max, Eg and PL max were shifted to longer wavelength
in their spectra and the luminescence band could be also confirmed to be broad in the photoluminescence (PL)

spectrum.
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1. M B

F717 7123 tho] @ =(OLED)E Tang 2 Van Slyke"
of & BarE ol B3 tjAFgolol] A $8o] &
iR A sty sk ApEo] £E T kY

Jev iR Ae 2 AT e Sl &
ste] = dom H7steH]l 7xATE TS|
=31t §714718 0] R =(OLED):E -5 2ol uh
2} PMOLED®} AMOLEDZ FEEH, A 52 ZHojx
T Za¥ WslE Holal At} 53] AMOLEDS] A%
taZg o] 277 ARAUA, o Ae Mgl 18
& 9 - (Te) 5o 8753 Itk OLEDY A=
S0l o] &5+ aromatic ringS A, Vgl tER)
A, gtoldl, EFod, 2oz R0, JHlE 5o
o, 9] e ZE7]1E2E -NR,, -O-R, -CN, -CH;,

)

TCorresponding author
E-Mail : kwhyung@jj.ac.kr (K. W. Hyung)

510

afloF OLED ZA}ol|A
o] /gl ol &AEA

R e |

£
N L

£
g <

P

ESRN

o
D)
}=9)
==

T

10,

HlolEle] Ego HIWE
H eAE Eoldd 718 =4
AF HOMO/LUMOS} 4] dlogf o] H]a
H &d vk A71skery g--eet gt
shgkle] AL Egelr] el A=

oo Az & S
A
12
>
c
<
5o fr W

N
%
>

B
ir

3

ofr
24
2

0,

oot O Hu oot o orlo &Lk
>
>,

9
a

rr

pd



2,7-Naphthalene Ligand Compounds®] Z1718}8} 5l H38}%]

Al stefof gt
A7NEerdo g we Ho
Aglo} A=l A9 AN Aoz A=
2 Awe T 29el 2 4 gl AR g

&
il
o
T
k)
T
i
N
~
oty

_?L

2= T oM™
A=E 7HHo=A Hdxpet 4
71317 o @olbA, © W o7]A}
ZbE), wEka] 7S o g Alksl
P 14—5}1/}# Onset Potential®} £-$-2]7} =
7}0}‘:}7} ’*1 A8 71€717F sk W (98 8l
HEe] W] Apeh vl = S 919] Onset Potential
I Wl 0] oA o= 27 O Ak whet A 7]s)
Ao 8 {17159 N-typed} P-types w4 & + o
o, 71e} A718HHQ1 diolHe] B-9-alE3 #3484 |
olE|¢] AT AAAAE olFletH AE 549 o B2
AERE 45 F 2

R ZHEQ TFEHslo] e H7]3}8H4]
g FAo o, 1 HolEe] oujE At
Agatazt gty oz YAl 7 Fadk FEe
ANE A Q] BAolt). gdutd oz 7|38}k HpHS
oH HOMO/LUMOE &7 3}e] &2} E]X}OlOﬂ 283}

. SHAIEE A 718keE dlolHeolle o E-9-E 50l

gt e 2 S ES g8 gl ﬂoi A
Al &z bRl 7 2AER AlFetart s

r_>i tu ofl 2 rE _m

2
2 o
L)
5w
o

4y
2 rlr g
_4 &1_'
rlo

=

2. &8

Ll

=14 -C!
oH

/\]E-/] Haupm o /\]EE 7‘7"?3@3 FF71713 919
ITO; 4 X s FEAA w4)
of IFoE FHS o XV@PQ‘ ‘%‘ (1EAS Ag/Agt,
BEAF P, AalR)ol BB 43 AYAFS &
b SRAGATH (CVH) T WRAGATY (SW
W, dAAFAAAEAYH (CCPH)YS o]&3ate] 2k3}/3h
Aol AR SABATY o) A5 HAE

=2 W2 Dip Coating HES AHE-

=]
=
HO

A &2 sputtering

(a)
$2
{w@

(€)

511

.I.4
£

3} o™, sputtering 52 W I Dip Coating " ol
e xpo] (BEe A we HFFe] A7) Ao
< flg Zlo® Adgtt. §7]1-8 acetonitrile (7154

4‘1)3} DMF/DMSO (Had 2ol Ha)E Bu,NCIO,
ETEF Alg (VoltageE eVE E4tshr] fst £3)
E%Alok (Aldrich, TCI 5)2 A}J‘lo}oiq zAS
HBo| gtz wom FAE B SNz
0.IM AgNO;°o.2 A3t B3t ﬁﬁﬂé‘% 7187
o 1x10°M2 THEATE A713k8Hs cvy 2 SwWi <]
Z78 100~20mV/seco] o™, CCPHE| 35 AFEFS
1~10uAE ARSI A7]steHd o' 243 Voltagee
eVE v = WPH2 FA F 7EA]7F T

1) 71 &% FerroceneS |83l Ag/Ag+ 712
SCE 7|4 =08 A& vpte] & 5, Alg39] 5.7eV
o] A9 HRE Tl 489 AFE U FoE eVE
k= = Sdth

2) BFEAZ Alg39] Z$](Oxidation Potential> +0.61V)

Asted, 5.7eVete] xfo] kol e HROE eVE
51151 1o},

fl

fo rlo >{E

mlj

o

4>
3

Voltammtery (CV)
Current Potentiometry (CCP == CO) ‘?.,ﬂ% ALE3E S
o, B33t5 o2& UV, PL spectrume AFE-EFTh A
718FeH491 75 CVQ‘r SW W2 fAkeh 29
Ko, CCo A% o AT &5EE AU
77)5}8H4 vt_"’—‘j e o2 Ak AR F
Agk S R7F YR A3 Onset Potential [0X;;
+0.75V (5.55eV), Red,;-1.97V (2.83eV)jol2 A2l &lw,
0X;3} Red; 9] AF= Band gap [Eg;;2.72eV (456 nm)]°l|

O .
X \O ‘

A
CN ©

(b)

e

(d)

Fig. 1. Molecular structure of (a) BPCEN-1, (b) BPCEN-2, (c) BNPASN-1 and (d) BNPASN-2.
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Fig. 2. Electrochemical(a) and spectrum (b) data of BPCEN-1
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Fig. 3. Electrochemical (a) and spectrum (b) data of BPCEN-2.
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Fig. 4. Electrochemical(a) and spectrum(b) data of BNPASN-1.
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Table 2. Electrochemical Onset Potential and inflection point.
Materials Ox-Red Eg, UV max; Eg, UV max,
Ox +0.75V (5.55eV) +0.97V (5.77eV) +0.89V (5.6%eV) +1.32V(6.12eV)
BPCEN-1 Red -1.97V (2.83eV) 2.17V (2.63eV) -2.04V (2.76eV) -2.26V(2.54eV)
Diff. 2.72eV (456nm) 3.14eV (395nm) 2.95eV (420nm) 3.58eV(346nm)
Ox +0.93V (5.73eV) +1.09V (5.89¢V) +0.97V (5.77eV) +1.19V(5.99¢V)
BPCEN-2 Red 174V (3.06eV)  -1.98V (2.82eV)  -1.87V (2.93eV)  -2.11V(2.6%V)
Diff. 2.67eV (464nm) 3.07eV (404nm) 2.84eV (437nm) 3.30eV(376nm)
Ox +0.68V (5.48eV) +1.13V (5.93eV) +0.73V (5.53eV) )
BNPASN-1 Red 2.02V (2.78eV) 221V (2.59%V) 225V (2.55eV)
Diff. 2.70eV (459nm) 3.34eV (371nm) 2.98eV (416nm) -
Ox +0.73V (5.53eV) +0.81V (5.61eV) +0.87V (5.67¢V) +1.05V(5.85eV)
BNPASN-2 Red -1.82V (2.98eV)  -2.06V (2.74 eV) 201V (2.79%V)  -2.55V(2.25eV)
Diff. 2.55eV(486nm) 2.87eV (432nm) 2.88¢V (431nm) 3.60eV(344nm)

Table 3. Spectrum and electrochemical Eg & UV max and semiconductor type by means of electrochemical analysis.

Materials method Egl UV maxl UV max2 Type
Spectrum 430nm - 380nm 360nm -
BPCEN-1 .
electrochemical 456nm 420nm 395nm 346nm P-Type
Spectrum 460nm - 405nm - -
BPCEN-2 .
electrochemical 464nm 437nm 404nm 376nm N-Type
Spectrum 450nm - 420nm 405nm -
BNPASN-1 .
electrochemical 459nm 416nm 371nm - P-type
BNPASN. Spectrum 480nm - 425nm - -
i electrochemical 486nm 431nm 432nm 344nm N-type
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