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MULTI-MODE CHEMICAL TRANSDUCER 3: REDOX CONTROL BY 
PHOTOISOMERIZATION OF 2-ARYLAZO-9,lO-ANTHRAQUINONE 

TETSUYUKI SAIKA,? TOMOKAZU IYODA,* KENICHI HONDA,* and 
TAKE0 SHIMIDZU* 
TPRESTO JRDC, Research Laboratories DAIS0 Co., Ltd., 

*Division of Molecular Engineering, Graduate School of 
9, Otakasu-cho, Amagasaki, 660, Japan 

Enginnering, Kyoto University, Sakyo-ku, Kyoto 606, Japan 

A b s t r a c t  Reduction potentials of t h e  2-arylazo-9,lO- 
anthraquinone are switched by the photoisomerization. It 
shows two-step reversible reductions and the reduction 
potentials of the syn-isomer are in a more anodic region than 
those of the anti-isomer. It is cleared that its photochemical 
and electrochemical properties are dependent on each other. 

INTRODUCTION 

Electronic technology is pursuing the direction of making more 
miniature and more accumulated electronic devices. Since Carter 
proposed the concept of 'molecular electronic devices'* that will pass 
over the minimal limit of micro-photolithography, molecules whose 
configuration is changeable by light or electronic stimulation have 
been investigated as basic functions of the future devices. 

it is 
important that the molecule has multiple transformation modes. A 
molecule integrated with multiple transformation functions will 
give the device a higher information processing ability than that of 
a single function one. Also, all the transformation modes would be 
dependent on each other. We have investigated 2-arylazo-9.10- 
anthraquinones which showed interconversion of four distinct 
states caused by multiplication of two electrochromic redox states, 

For the purpose of realizing a more accumulated device, 
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320 T. SAIKA ET AL. 

quinone and hydroquinone, and two photochromic geometrical 
isomers, ant i  and s y n  forms (FIGURE l).293 We recently reported 
that the s y n - a n t i  thermal isomerization rate of the azo group was 
dependent on the state of the electrochromic quinone group. In a 
typical case, the rate of the quinone state was more than 30 times 
faster than that of the hydroquinone state. 

We herein report another interdependence that reduction 
potentials of the 2-arylazo-9,lO-anthraquinone are switched by the 
photoisomerization. 

D O C H 3  
\ - WN" \ 0 0  

DoCH3 2e-, 2H' OH 

OH -2e-, -2H' 0 
Q - A  H Q - A  

FIGURE 1 Interconversion of 2-arylazo-9,lO-anthraquinone. 

EXPERIMENTAL 

Cyclic voltammograms were recorded on a Hokutodenko potentio- 
galvanostat HA-5OlG and a function generator HB-105. A three- 
electrode system, consisting of platinum wire working and counter 
electrodes and a Ag/AgC104 as a reference, was adopted. The 
potential of the Ag/AgC104 reference electrode is 490 mV vs. NHE. 
Photoisomerization was performed by a 500 w Xenon lamp (Ushio 
500D) associated narrow band filter. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
22

 1
8 

Fe
br

ua
ry

 2
01

3 



MULTI-MODE CHEMICAL TRANSDUCER 3 321 

RESULTS AND DISCUSSION 

2-(4-Methoxyphenylazo)-9,lO-anthraquinone was synthesized 
according to Ref.3 and all the states are abbreviated by Q - A ,  Q - S ,  
H Q - A ,  and H Q - S  i n  this paper (FIGURE 1). Electrochemical and 
spectroscopic measurement was carried out in a saturate 
acetonitri le solution of Q - A containing 0.1 mol dm- 3 
tetrabuthylammonium tetrafluoroborate. On irradiation at 380 nm, 
the characteristic absorption maxima of Q - A  at 380 nm decreased, 
accompanied by distinct isosbestic points at 295 nm and 460 nm 
and the absorbance around 500 nm increased slightly. This 
spectrum change implied that the converted compound was the 
syn-isomer, Q - S .  It was completely converted back to Q-A under  
irradiation at 500 nm or thermal isomerization within 90 min. 
Isolation of pure syn-isomer has not been successful, due to rapid 
thermal isomerization. 

Reduction potentials were determined by cyclic voltammetry. 
Q - A  undergo a reversible two-step reduction from quinone to 
hydroquinone dianion,  H Q - A 2- ,  with two electrons, via a 
semiquinone radical in aprotic solvent. Both first and second 
reduction waves were reversible and diffusion controlled. Q - A 
showed two redox waves at E11/2= -1.10 V and E21/2=-1.56 V (vs. 
Ag/AgC104) [FIGURE 2(a)]. After UV irradiation for 30 min, the 
photoisomerization was equilibrated. The syn-composition of the 
mixture was almost 40% determined by the UV spectrum, if the 
syn-isomer had no absorbance at 380 nm. The cyclic voltammetry 
of the mixture of syn- and anti-isomer was closely similar to that of 
Q - A .  The mixture showed E11/2=-1.09 V and E21/2=-1.51 V [FIGURE 
2(b)]. It showed that the reduction potentials of the s y n - i s o m e r  
were in a more anodic region than those of the anti-isomer.  

Recently, Newel1 and Utley reported similar interdependence 
in the electrochromism and photochromism of 2-(2-arylviny1)-9,10- 
an t h r a q u i n o n e s , and sy n - i s om er s d i f f e r e n t 
reduction potentials.4 Magnitudes of those differences in reduction 
potential are on a similar order to the results of 2-arylazo-9,lO- 
anthraquinone. 

w h o s e anti  - had 
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I 

-1.8 
I 

-1 .o 
E I V ( vs. AgIAgC104) 

b 

FIGURE 2 Cyclic voltammograms before (a) and after (b) 
irradiation at 380 nm. 

The above results showed that the reduction potentials were 
switched by the photoisomerization. Considering thermal stabilities 
of the photoisomers are changed by the electrochemical states,l it is 
clear that photochromic and electrochromic properties are mutually 
controllable in this multi-mode chemical transducer. 

1. F. L. Carter ed., Molecular Electronic Devices (Marcel Dekker Inc., 
New York.1982). 

2. T. Iyoda, T. Saika, K. Honda, and T. Shimidzu, Tetrahedron Lett., 
30, 5429 (1989). 

3.  T. Saika, T. Iyoda, K. Honda, and T. Shimidzu, J. C hem. SOC., 
Perkin Trans. 2, 1181 (1993). 

4. A. K. Newel1 and J. H. P. Utley, J. Chem, SOC.. Chem. Commun., 800 
(1 992).  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
22

 1
8 

Fe
br

ua
ry

 2
01

3 


