57 8 2008 8
1000-3290/2008/57 08 /5217-09

ACTA PHYSICA SINICA

Vol.57 No.8 August 2008
(©2008 Chin. Phys. Soc.

2007 10
Su-Schrieffer-Heeger

phenylene vinylene PPV /
PPV

ppv

/ /
PACC 7280L 7340 7138

p-phenylene vinylene PPV
12

.Wu

* 10574082 10474056
T . E-mail liuds@sdu. edu.cn

PPV
ppv

poly

1237

250100
250100
273155

4 9

PPV

PPV

14—19

/PPV/

72005A01

12
/ poly p-
PPV
PPV
/
. Davids 10
/
/
. Méndez 13
/ /
MEH-PPV



57

5218
I -
/PPV/
PPV PPV Lyp =
PPy 3 g
B
2. Xie B> 1
B<1
B H,, PPV
Su-Schrieffer-Heeger SSH
/PPV/ PPV
K M~
1 Hlatt = ?Z Uy — Uy : + Ezui 3
K M CH
—e o0 \\\ H,_,
** Hth = Zvn T C: ch o = 1 4
n n o
PPV
1 /PPV/ V, = =V ¢ T
PPV
Ez V, t =-lelE 7 n-ny, a+u,
H=H +H,+ H,. 1 e ng PPV a
PPV V, = = V,,,] T on
PPV
H, =- ;E;Encng(llg @, © = :E:qglg ntln.
n o
- ztn CZ+1 UCn st C: Ucn+1 o 2 M Schrﬁdinger
EVL n CV‘:‘ g C” o
n s o=4 ¥ ih‘.I’/“, n Tt
L, n n+l =-t¥,, n+l 7 -, ¥,, n-1¢1
+V, ¥, , nrt 5
i, = I .
PPV u,
l, =ly —a u,,, — u, — [COSAT Mi, © =-K2u, ¢ —u., t —u_, t
+t2005(n;1ﬁ)8(n;1 1) +2a (Onn+l T _(On—ln T
to C +lelEz p,, v -1 —AMu, 6
L, I, n PPV
a - u, Onw T = ZW:J nrtf,¥,nrt
n f. no
1 (”—*1 = l) 01 2 : A
sl nt 1 3
3 1) = . A=0.011f".



8 / 5219
/PPV/
5 6 8 Runge-Kutta Schrsdinger .
. yn = - 1 e 2’“’71 = Uy
-u,, /4 7=0fs Vo =
0.004 nm. s
Schrodinger On=0nn—1 r
=0fs o, =0.
1 2a
u, :E Upyi + U, + ?
xzqf/mn+lr=0‘1flmnr=0 LUMO . -
"e HOMO
-Y,,nt=0%,, n-17=0 . 38
PPV PPV
PPV 200
100 . 22 PPV . P
ty=2.66eV a=102.9eV/im a =0.122 nm K =
9900.0 eV/nm® M = 134914 eVfs’ /nm’ . nf = Z v |?
n o "o
EF n€k
PPV
pP
v v, n K
” PPV
E, PPV
/PPV
PPV . 9
T, Vo K
- V t
Voexp - 7 -7, /7,
Vr = 0<7<r,
2, 2 9
Ejexp — -7, “/7,
E ¢ = 0<7<r, 1.31 eV.
E, T =T, PPV  LUMO
Te E]T
Ty PPV
r.=30fs z, 1.31 eV 1.32 eV
=25 fs. PPV Y
©On 2 B=0.4.
3. Ey
30fs Ey
PPV
2.8eV LUMO 1.4 2 a

22 24
eV .



5220

57
130 fs PPV - 2 a
a b c
500 fs PPV PPV 3— 7 2 a
90 2c PPV
le
0. 08 0. U8
v oaf (@) (k)
i :
'T“D oo _c
T 0.04 T mw = 0.04
;; i ls ';
;{ ¥n ‘?i - Fa
0.00 | 7 0.00 - Pa
100 200 200 106 200 I 300
Er @ on
0. 08 0. U8
{ch
j: g
2 004 2 o004
< <
= %
0. 00 o.uo b
100 I I 2;]0 . I I 200 100 2[I]O 300
2 Vo=1.32eV B=0.4 PPV Yo Pn a7r=130fs b r=280fs ¢ =500fs d z=1000fs
1.45eV B
PPV Yn ©On
3 . 100 fs le
PPV B 4
3 a 200 fs Vo=1.32eV 3=0.65
PPV yn (Oll M
500 fs 0.4e PPV 50 fs le
3¢ PPV 4 a
120 fs 2e 4
3d b
1400 fs PPV
le
2e

PPV



/ / 5221
2 (@) (b)
0.08 2 0.08 |
it
£ 8 ol E
?: 0.04 0 o 2000 i 0.04
{; m {; yn
Q Q
0.00 F o 0.00 r P
100 I 2(I)0 I I 300 100 I 2(I)0 I 300
© ()
0.08 0.08 F
E £
§ 0.04 § 0. 04
3 W < 3
Q Q
0. 00 o 0.00 r o
100 200 300 100 200 300
¥ mEn HEn
3 Vo=1.45eV B=0.4 PPV Yo pon at=100fs b r=300fs ¢ t=500fs d r=1400fs
PPV
5 E, PPV 0.6e
=5%x10’ V/em V,=1.32¢eV f=0.4
PPV y o 5 1.5 x 10’ V/em
a 150fs PPV 7 7a
500 fs PPV 160 150 5 PPV
le 5b
PPV PPV )
1200 fs PPV
5 4 0.96e 7 d
PPV
E,=3x10
. V/em
E, =3x10" V/em
6 6 a PPV
250 fs PPV
1200 fs PPV

le 6 c



5222

57

0.16 0.16
2 r' b ® ®
H
s 5
[ o c 1
= 0.08 B S 0.08
3 e 3
= a . . =
v 0 2000 >
> r 7/fs > 1
QU QU
Yn Yn
0.00 0.00
Pn Pn
100 200 300 100 200 300
W rin Hrn
0.16 0.16
(c) ()
£ £
1 |
S 0.08 S 0.08
S 3
£y B
¥ ¥ J
3 ~
Q Q
Yn Yn
0.00 0.00 F
Pn Pn
100 200 300 100 200 300
W rin mn
4 Vo=1.32eV 3=0.65 PPV Yo o On at=50fs b r=120fs ¢ t=500fs d z=1000fs
L P {a) (b}
0, 08 s 0. 08
= 0.5
£ £
= 0.0 7= =
T YT .
;; 0. 04 7 i o E .04
‘E’; ¥a ‘?j‘ Ma
) u ) k
- L d—'_'_'-rfn\h
. O T .00 R
100 200 300 100 200 300
Wesn Fiin
(c} (d}
0. 08 .08 F
E 2
- =
% i1 = (IR
- 2 <
Q o
0,00 3
o 0. 00
100 200 300 100 200 300
Hhein Ean
5 E;=5x10° V/em Vy=1.32¢eV 3=0.4 PPV Yo pn at=150fs b 7=500fs ¢ r=800fs d r=12001fs



/ / 5223
L0
0.08 Y @ 0.08 )
=~ b
]
E 0.5
ﬁ ﬂa ¢ g
! 0.0 .
[ <
< 0.04 2000 1000 S 0.04
= 7/fs =
$ \/ Vn 3 Vn
] <
0.00 | P 0.00 on
100 200 300 100 200 300
Herin W Hn
0.08 (© 0.08 @
g g
- =
=) =)
T 0.04 2 0.04
A A
2 Yn i Yn
< q L
0.00 0.00
Phn Pn
100 200 300 100 200 300
rn wmn
6 Ey=3x10*V/em Vy=1.32¢eV =0.4 PPV Yo oo a1=250fs b r=800fs ¢ r=1200fs d z=1500fs
= {a (b
0.08F 5 0.08 |
b
m
- E
9 L 2000 3
e i 3 004
o AN 5
2 Y >
o S
0. 00 L\_’_\_w 0. 6
p.’f
106 200 300 100 200 300
Ron Han
e (d)
0. 08 0. 08
£ =
s =
= 004 s 0.04
™ A AP AN A AN AN PP P PN o e A A A A AP A PP PN PP i |
i s Ya
0.00F 000 - /\J
pﬂ'
100 200 300 [[418] 200 300
T in fi R
7 E;=1.5x10° V/em Vy=1.32¢eV B=0.4 PPV Yo oo aT=1501s

b t=500fs ¢ r=800fs d

7=1200fs



5224 57

Lo 2x 10’ V/em
PPV
. 0.8
i 4
E@E I .
0.4t
" /PPV/
0.0F = ,
0 2000 4000 PPV
o/fs PPV PPV
. -
a b e d 5.0x 10° V/em 0—2e
3.0x 10* V/em 1.5x 10° V/iem 2.0 x 10° V/em
PPV
PPV
8 . 8 5x PPV
10’ V/em PPV
x 10" V/em 3000 fs 0.2¢
1 Friend R H Gymer R W Holmes A B Burroughes ] H Marks R N 1999 48 1327
Taliani C Bradley D D C Dos Santos D A Brédas J L. Logdlund M 15 Gao K Liu X J Liu DS Xie S J 2007 Phys. Rev. B 75205412
Salaneck W R 1999 Nature 397 121 16  Wang Y Z Gebler D D Lin L B Blatchford ] W Jessen S W 1996
2 Forrest S Burrows P Thompson M 2000 /EEE Spectrum 37 29 Appl. Phys. Lett. 68 894
3 McGehee M D Diaz-Garcia M A Hide F Gupta R Miller E K 17 QuC XuZ TengF QianL Yu WG QuanSY Xu X R 2004 Acta
Moses D Heeger A J 1998 Appl. Phys. Lewt. 72 1536 Phys. Sin. 53 4387 in Chinese
4 Brabec C J Saricifici N S Hummelen J C 2001 Adv. Funct. O 2004 53 4387
Mater . 11 15 18  Huang W B Peng J B 2007 Acta Phys. Sin. 56 2974 in Chinese
5 Xiong Z H Wu D Vardeny Z V Shi J 2004 Nature 427 821 2007 56 2974
6 Su P Schrieffer ] R Heeger A J 1979 Phys. Rev. Lett. 42 1698 19 Li W PengJ B Yang KX Lan L F Niu Q L Cao Y 2007 Chin.
7 Brazovskii S A Sov Kirova N N 1981 Phys. JETP Lett. 33 4 Phys . 16 1145
8 Chance R R Brédas J L Silbey R 1984 Phys. Rev. B 29 4491 20 XieSJ Ahn K H Smith D L Bishop A R Saxena A 2003 Phys .
9 Wu CQ QiuY An Z Nasu K 2003 Phys. Rev. B 68 125416 Rev. B 67 125202
10 Davids P S Saxena A Smith D L 1996 Phys. Rev. B 53 4823 21 Brankin R W CGladwell I Shampine L F 1993 Contributions in
11 RenJ F Zhang Y B Xie S J 2007 Acta Phys. Sin. 56 4785 in Numerical Mathematics ~ Singapore ~ World Scientific Publishing
Chinese 2007 56 4785 Company p41
12 FuJF RenJ R LiuXJ LiuD S Xie S J 2006 Phys. Rev. B73 22 Mizes H A Conwell E M 1994 Phys. Rev. B 50 11243
195401 23 WeiJ H Xie SJ Mei L M 1997 Acta Phys. Sin. 46 747 in
13 Méndez H Thurzo I Zahn D R T 2007 Phys. Rev. B 75 045321 Chinese 1997 46 747
14 LiuDS Zhao J] Q Wei J H Xie S J Mei L M 1999 Acta Phys . 24 Gomes da Costa P Conwell E M 1993 Phys. Rev. B 48 1993

Sin. 48 1327 in Chinese


Absent Image
File: 0


8 / / 5225

Dynamical study on charge injection and transport in a
metal/poly p-phenylene vinylene /metal structure*

Li Dong-Mei'  Li Hai-Hong'  Li Yuan'  Liu De-Sheng' 2* " Xie Shi-Jie' 2
1 School of Physics  Shandong University ~ Jinan 250100  China
2 State Key Laboratory of Crystal Materials ~ Shandong University — Jinan 250100  China
3 Department of Physics  Jining University ~Qufu 273155 China
Received 12 October 2007  revised manuscript received 9 April 2008

Abstract

On the basis of the tight-binding Su-Schrieffer-Heeger model the dynamical process of charge injection from metal electrode
to a polymer in a metal/poly p-phenylene vinylene PPV /metal structure has been investigated by using a nonadiabatic
dynamic approach. It is found that the injected charges form wave packets due to the strong electron-lattice interaction in PPV.
The formation of the wave packet sensitively depends on the applied voltage the electric field and the contact between PPV and
the metal electrode. In the absence of external fields the charge can be injected into PPV chain and form wave packet under the
critical bias voltage. With the increase of the electric field the charge carriers can be ejected from PPV to the right metal
electrode. But when the electric field becomes high enough the wave packet can not be formed because it moves too fast in

PPV. It is also shown that the number of ejected charges is not an integral multiple of the elementary charge e.
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