
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:39
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Characteristic Analysis of
Molecular Photodiode Using
Conducting Polymer (PANI) as
an Electrode
Jung Il Kim a , Byoung Keun Oh a , Se Young Oh a ,
Jeong-Woo Choi a , Hee-Woo Rhee a & Won Hong Lee
a

a Dept. of Chem. Eng., Sogang Univ., Seoul, 121-742,
Korea

Version of record first published: 04 Oct 2006

To cite this article: Jung Il Kim, Byoung Keun Oh, Se Young Oh, Jeong-Woo Choi, Hee-
Woo Rhee & Won Hong Lee (1998): Characteristic Analysis of Molecular Photodiode
Using Conducting Polymer (PANI) as an Electrode, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
316:1, 397-400

To link to this article:  http://dx.doi.org/10.1080/10587259808044536

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044536
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

39
 2

0 
A

ug
us

t 2
01

2 



Mu/.  C r w .  Liy. Crysf., 1998, Vol. 316, pp. 397400 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Characteristic Analysis of Molecular Photodiode Using 
Conducting Polymer(PAN1) as An Electrode 

JUNG IL KIM, BYOUNG KEUN OH, SE YOUNG OH, 

Dept. ofChem. Eng., Sogang Univ., Seoul 121-742, Korea 
JEONG-WOO CHOI, HEE-WOO RHEE and WON HONG LEE 

Molecular photodiode consisted of an electron acceptor(A), a sensitizer(S) 
and an electron donor(D) is fabricated by mimicking hotoinduced electron 
transfer system in the biological photo thesis. Po&miline(PANI)-stearic 

LB of NS/D stacked on IT0 glass. T e  P v - S A  composite LB films 
exhibited high electrical conductivity of 10- - 1 0  S/cm upon with HCl or I2 
doping Especially, iodine is found to be the most promismg dopant, since it 
gives a remarkable stability for the molecular photodiode system. The 
rectifying characteristic and photoswitching hct ion of the proposed 
molecular photodiode is introduced. 

acid SA) composite LB lilms used as an e "y" ectrode was deposited onto hetero- 

Keywords : P o w ;  Langmuir-Blodgett film; Photodiode 

INTRODUCTION 

In the initial process of photosynthesis, energy conversion and electron 
transfer take place very efficiently due to the redox potential difference 
between functional groups of biomolecules"'. The fabrication of various 
artificial molecular device by mimicking the biological electron transport 
system have been 

In our previous work, we have hbricated the Winsulator/metal 
(MIM) organic devices consisted of an electron donor (ferrocene), a 
sensitizer (pyrene), and an electron acceptor (TCNQ) by LB method, and 
investigated their photo-induced electron transfer properties."* 'I 

In the present study, the MIM organic devices using an electridly 
conductive PAM-SA composite LB film instead of Al electrode was 
hbricated in order to improve the stability of organic thin !ilm and prevent 
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the e&ts of Schottky barrier between organic compound and Al surface. We 
report some preliminary results on the preparation and properties of PANI- 
SA composite fibs and photodiode. 

MATERIALS AND EXPERIMENTAL 

The PANI composite LB tilm is prepared using stearic acid as a s h e  
active material with the Nima Model 2022 (Circular Type). The working, 
reference and counter electrodes are used with R, Ag/AgCl and Pt electrode, 
respectively. KI aqueous solution is used as the electrolyte. Electrical 
conductivity of PANI-SA composite LB films doped with HC1 or IZ was 
determined h m  the slope of I-V c w e  obtained using a Keithley 236 
parameter analyzer by 2 probe method. The molecular photodiode was 
fabricated by depositing PANI-SA composite LB 6hns doped with IZ onto the 
hetero-LB films aligned on IT0 glass m order of A/S/D. A schematic diagram 
of the apparatus for photocmnt mwlsurement is shown in Figure 1. A 150W 
Xenon Iamp(Orie1 Co., USA) was used as a light source and the photocurrent 
was measured usmg Keithley 236 parameter analyzer. 

1.150W Xenon Lamp 2. Water filter 3.34Onm filter 4. Shield box 
5 .  LB sample device 
7. A/D Converter 

6. Current-Voltage Converter 
8. IBM computer 

FIGURE 1. Schematic illustration of a hetero-type cell and experimental 
&P. 

RESULTS AND DISCUSSION 

The IC-A isotherm for monolayer of PANI-SA composite LB Ilm is shown in 
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MOLECULAR PHOTODIODE USING CONDUCTING POLYMER 399 

Figure 2. The PANI-SA composite is able to hrm a stable, condensed 
monolayer. The limiting area estimated by extrapolating the steepest region of 
the condensed phase to zero pressure was 4 - 13A. 

1 

4 15 

a- 
* 

10 - 1 -10 o -  - 

clic VOharmM, 
3* 3 P w - s A  LB E FIGURE 2. x-A isotherm of PANI 

-SA composite LB film under 
various weight fractions of SA doped with I2 

The cyclic voltammonogram of PANI-SA composite LB film doped with 
IZ is shown in Figure 3. During the sc8Nljng at positive potential, the anode 
current reached a tnaximum value at 0.8V. When the cyclic direction is 
reversed, the oxidized from of PANI-SA composite is reduced back to the 
original starting material at -0.4V. Thus, the redox potential of composite 
was determined as 0.W 

Electrical conductivity of PANI-SA composite LB film doped with HCl 
or I2 is shown in Table 1 .  The PANI-SA composite LB 6lms with high 
electrical conductivity of 1O’-10” S/cm were obtained, and their 
conductivity revealed essentially a close value as that of conventional PANI 
HC1 complex. Especially, iodine is found to be the most promising dopant, 
since it gives a remarkable stability for the application as a polymer electrode 
in the MIM molecular device consisted of A/S/D. 

The photocurrent-time response caused by the stepped illumination of a 
34Onm W monochromatic light is shown in Figm 4. When a positive 
potential is applied in accordance with the energy level in the MIM mokcular 
device, a stable photocurrent is generated. With repeated step illumination, 
the reproducible photocurrent is obtained accordingly. The photocurrents are 
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dopants 

conductivity(S/cm) 

very stable and the level WBS consistent during the repeated cycle over 30 
minutes. The results indicate that the photoswitching 

no HCl 12 

2.9~ 10' 1.7~ 10' 1 . 8 ~  10' 

TABLE 1. Electrical conductivity of PANI-SA composite films doped with 
HCl or IZ 

I I I I I 

function of the MIM molecular device is achieved. When the reverse 
potential is the applied, the photocurrent was much smaller than that of 
forward one. As shown in Figure S., the rect- characteristic is observed 
from the current(I)-voltage(V) measurement. In the proposed molecular 
device, the photo-induced unidirectional flow of electrons could be achieved 
due to the redox potential &ence as well as electronic coupling between 
the functional molecules. 

m 15 
12 

.,-: j I , j , , 
-15 

-a -4 -2 o 2 4 e 
Vola'*(v) 

FIGURE 4. PhotocUrrent-time FIGURE 5. I-V characteristics 
response of thc molecular device of the molecular device 
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