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Abstract  

Diarylethenes having thiophene unit show low 
oxidation potential to afford polymer film by 
electrochemical polymerization. The thickness of the 
polymer deposit on the electrode was conveniently 
controlled by the number of the potential cycles. The 
polymeric films showed reversible photocurrent generation 
property, by the alternative irradiation with a light. The 
photo-electrode prepared from a mixture of diarylethene 
and an electroactive monomer or nanoparticles showed 
much increased photocurrent generation with faster 
response An all solid type photocell structure  was 
prepared to  show high open circuit voltage (Voc) of 0.79 
V under  a simulated sunlight (100mW/cm2). 
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Introduction 

Photochromic molecules such as diarylethene have 
attracted much interest as a switching material as well as 
photoelectric materials.1-7 Conversion from the central ring 
open to a closed structure by irradiation with UV light, it is 
possible to switch their properties not only in electronic 
absorption but also for various physical and chemical 
properties,7-10 which are important for electronic and 
photonic applications.11  In particular, upon UV excitation, 
the π-system of two aryl rings are connected throughout the 
molecule in a closed-ring isomer (c), whereas they are 
separated in an open-ring isomer (o)12-13:  
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 Thus, the oxidation potential of the c isomer is lower 

than that of the open-form (o) isomer, 14 and there is a high 
possibility of oxidative coupling in the c isomer to lead 
anodic polymerization, which can offer a convenient 
method for the preparation of a photochromic diarylethene 
film.15 Furthermore, the resultant ring closed polymer 
showed lower oxidation potential, indicating that the 
ionization potential of the polymer become low. Thus 
photocurrent generation and voltaic properties of these 
diarylethene polymer could be explored. This paper reports 
on the film preparation and photovoltaic effect of redox 
active diarylethene polymers     

 
   

Experimental Section 

Instruments. The surface roughness of a polymer film 
was measured on an α step (TENCOR instrument, α step). 
The UV-Vis spectra were recorded for chloroform 
solutions with a AvaSpec (AvaSpec-2048. light source: 
AvaLight-DHS). The electrochemical and 
photoelectrochemcial properties were studied using an 
electrochemical analyzer (CH Instruments Inc, CHI624B).    
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The light source for the photovoltaic experiment and 
photocurrent generation were a UV light (PowerArc 
UV100, 100 mW/cm2). 

 

Preparation of diarylethene polymer film   

Diarylethehe polymer films could be deposited on a 
conductive substrate such as ITO glass and ITO film by 
direct electro-deposition using an electrolyte solution 
containing diarylethene monomer substituted with 
thiophenes, additives (co-monomer or nanoparticles), and 
electrolyte. Dark purple film was deposited on the ITO 
glass and the film color was intensified as the potential 
cycles were continued as reported before. This indicates 
that polymer is deposited on the ITO glass (working 
electrode) by the electropolymerization of redox active 
diarylethene, as reported before.15  Figure 1 (a) shows the 
thickness growth of the polymer films. The growth is 
linearly dependent on the potential cycles indicating that 
the thickness of the film could be conveniently controlled 
by the number of the potential cycles. The thickness of the 
polymer film was 170 nm after 10 cycles, as determined by 
an alpha step.  
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Figure 1. Growth of the polymer films by the potential 
cycles. After 10cycles, each film thickness reached to (a) 
170nm (■) and (b) 377nm(▼) in the presence of additional 
monomer. 

 
Interestingly in the presence of an electrochemically active 
monomer, the film thickness was much more increased that 
that of the homo polymer. This indicates the formation of 
copolymers in the presence of the additional monomer. 
Similarly diarylethene polymer film growth was observed 
when metal oxide nanoparticles were present in the 

electrolyte solution. Thus the electro-polymerization of an 
electrochemically active diarylethene afforded convenient 
method for the preparation of diarylethene containing 
photo electrode.  

 
Photo-current generation of the 
electrodeposited diarylethene polymer film 

 
Photo-electrochemical measurements were performed in a 
buffer solution containing a quinone/hydroquinone 
(Q/H2Q) redox couple by using the polymer deposited ITO 
electrode as a working electrode, Ag/AgCl as a reference, 
and a platinum wire as a counter electrode. In acidic 
electrolytes, quinones undergo a reversible multistage 
reduction-oxidation reaction.16 Figure 2 show a typical 
photocurrent response of the diarylethene polymer film 
under irradiation with a UV light.  
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Figure 2. Photocurrent generation of the photo-electrode, 
immersed in a buffer solution containing hydroquinone, at 
a bias potential of  +0.6 V under an alternative 
irradiation of a UV light.. The photo-electrode was 
prepared on an  ITO glass from (a) diarylethene by 
electro-polymerization and (b) nanoparticles by spin 
coating of a nanoparticles dispersed solution. 
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The photo switching response was reversible by the 
alternative switching of the UV light on and off. The photo 
response time of the diarylethene polymer film was faster 
than that of a photo electrode prepared from nanoparticles 
as compared in Figure 2 (b).  
Interestingly, the photo-electrode prepared from a mixture 
of monomer of diarylethene and an electroactive monomer 
showed much increased photocurrent generation with faster 
response (Figure 3 (a)) compared to that of homo polymer. 
Furthermore, the photo current generation was further 
increased when the electrode was prepared from a mixture 
of diarylethene and nanoparticles (Figure 3 (b)). This result 
indicates that the photoactivity of the diarylethene polymer 
film could be optimized by the film composition for the 
electro-polymerization. 
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Figure 3. Photocurrent generation of the diarylethene 
polymer thin film, immersed in a buffer solution containing 
hydroquinone, at a bias potential of  +0.6 V under an 
alternative irradiation of a UV light. The electrodes were 
prepared from (a) a mixture of diarylethene and a 
co-monomer by electro-polymerization and (b) a mixture of 
diarylethene and nanoparticles by electro-polymerization. 
 

Photocells structured as counter electrode/polymer 
film/ITO glass and counter electrode/SPE/polymer 
film/ITO glass were prepared to examine photovoltaic 
effect of the diarylethene polymer film. A photocell 
structured as counter electrode/polymer film/ITO glass 
show high open circuit voltage (Voc) of 0.79 V under a 
simulated sunlight (100mW/cm2). The diarylethene 
polymer films prepared from different compositions 
showed enhanced photovoltaic properties. Optimization 
and mechanism of the photo activation in diarylethene 
polymer film deposited on ITO glass will be discussed 

  

Conclusion 

We prepared photoactive organic nano-thin films from 
electro-deposition of an electroactive diarylethene. The 
polymer film showed reversible photocurrent photo 
switching by UV light irradiation. The current generation 
from the polymer film was higher when the polymer was 
grown in the presence of additional electroactive monomer 
or nanoparticles, compared to the homo polymer film. The 
response time for the photocurrent switching was also a 
function of the additives, indicating the importance of film 
composition in photoactive films.   

 
Acknowledgment. This work was conducted through a 
financial support from the Ministry of Science and 
Technology (MOST) of Korea and Seoul R&DB program. 

  

References 

1. Tsivgoulis, G. M.; Lehn, J.-M. Adv. Mater. 1997, 9, 
627-630. 

2. (a) Kawai, S. H.; Gilat, S. L.; Lehn, J. -M. J. Chem. 
Soc., Chem. Commun. 1994, 8, 1011-1013. (b) Gilat, S. 
L.; Kawai, S. H.; Lehn, J.-M. Chem. Eur. J. 1995, 1, 
275. 

3. (a) Gilat, S. L.; Kawai, S. H.; Lehn, J.-M. J. Chem. 
Soc., Chem. Commun. 1993, 18 1439-1442. (b) Kawai, 
S. H.; Gilat, S. L.; Lehn, J.-M. Chem. Eur. J. 1995, 1, 
285. 

4. (a) Tsivgoulis, G. M.; Lehn, J.-M. Angew. Chem. 
1995, 107, 1188-1191 and Angew. Chem. Int. Ed. 
Engl. 1995, 34, 1119-1122. (b) Tsivgoulis, G. M.; 
Lehn, J.-M. Chem. Eur. J. 1996, 2, 1399. 

702 Society for Imaging Science and Technology



 

 

5. Fernández-Acebes, A.; Lehn, J.-M. Adv. Mater. 1998, 
10, 1519.  

6. Irie, M.; Sakemura, K.; Okinaka, M.; Uchida, K. J. 
Org. Chem. 1995, 60, 8305. 

7. (a) Kim, E.; Choi, Y.-K.; Lee, M.-H. Macromolecules. 
1999, 32, 4855. (b) Kim, M.-S.; Maruyama, H.; 
Kawai, T.; Irie, M. Chem. Mater. 2003, 15, 4539. (c) 
Kim, J.; Song, K.-B.; Park, K.-H.; Lee, H. W.; Kim, E. 
Japanese J. Appl. Phys. 2002, 41, 5222. (d) Cho, H.; 
Kim, E. Macromolecules. 2002, 35, 8684. (e) Cho, 
S.Y.; Yoo, M.; Shin, H.-W.; Ahn, K.-H.; Kim, Y.-R.; 
Kim, E. Optical Materials. 2003, 21, 279. (f) Jeong, 
Y.-C.; Yang, S. I.; Ahn, K.-H.; Kim, E. Chem. Comm. 
2005, 19, 2503. (g) Shin, H.-T.; Kim, Y.-R.; Kim, E. 
Macromolecular Research. 2005, 13, 321. (h) Kawai, 
T.; Nakashima, M.; Irie, M. Advanced Materials. 2005, 
17, 309.  

8. (a) Kawai, T.; Kunitake, T.; Irie, M. Chem. Lett. 1999, 
28, 905. (b) Tanio, N.; Irie, M. Jpn. J. Appl. 1994, 34, 
1550. (c) Pu, S.; Yang, T.; Xu, J.; Shen, L.; Li, G.; 
Xiao, Q.; Chen, B. Tetrahedron, 2005, 61, 6623. 

9. (a) Ebisawa, F.; Hoshino, M.; Sukegawa, K. Appl. 
Phys. Lett. 1994, 65, 2919. (b) Kang, J.-W.; Kim, 
J.-S.; Lee, C.-M.; Kim, E.; Kim, J.-J. Electronic 
Letters. 2000, 36, 1641. (c) Kang, J.-W.; Kim, J.-J.; 
Kim, E. Appl. Phys. Lett. 2002, 80, 1710.   

10. (a) Lee, H.; Kim, E. Mol. Cryst. Liq. Cryst. 2005, 431, 
581. (b) Choi, H.; Lee, H.; Kang, Y.; Kim, E.; Kang, S. 
O.; Ko, J. J. Org. Chem. 2005, 70, 8291.  (c) Kim, E.; 
Kim, M.; Kim, K. Tetrahedron. 2006, 62, 6814. (d) 
Kim, M.; Kim, E.; Kim, K. J. Korean Society for 
Imaging Science. 2005, 11, 119. 

11. (a) Irie, M. Chem. Rev. 2000, 100, 1685. (b) Lucas L 
N, Esch J, Kellogg R M, Feringa, B L. Chem. 
Commun., 2001, 759 (c) Liddell, P. A.; Kodis, G.; 
Moore, A. L.; Moore, T. A.; Gust, D. J. Am. Chem. 
Soc. 2002, 124, 7668. 

12.  (a) Irie, M.; Mohri, M. J. Org. Chem. 1988, 53, 803. 
(b) Uchida, K.; Nakayama, M.; Irie, M. Bull. Chem. 
Soc. Jpn. 1990, 63, 1311. (c) Hanazawa, M.; Sumiya, 

R.; Horikawa, Y.; Irie, M. J. Chem. Soc., Chem. 
Commun. 1992, 3, 206. (d) Irie, M. Chem. Rev. 2000, 
100, 1685. (e) Irie, M.; Uchida, K. Bull. Chem. Soc. 
Jpn. 1998, 71, 985. 

13. . (a) Molecular Switches; Feringa, B. L.; Ed.; 
Wiley-VCH: Weinheim, 2001. (b) Brown, G. H. 
Photochromism; Wiley-Interscience: New York, 1971. 
(c) Durr, H.; Bouas-Laurent, H. Photochromism: 
Molecules and Systems; Elsevier: Amsterdam, 2003. 
(d) Bouas-Laurent, H.; Durr, H. Pure Appl. Chem. 
2001, 73, 639. 

14. (a) Matsuda, K.; Irie, M. J. Am. Chem. Soc. 2000, 122, 
7195. (b) Lee, H.; Kim, E. J. Mater. Chem. 2006, 16, 
1384. 

15. (a) Lee, J., Kwon, T., and Kim, E., Tetrahedron Lett. 
2007, 48 249. (b) Kwon, T., Lee, J.,  Kim, E. J. 
Korean Society for Imaging Science. 2007, 13, 1. 

16. (a) Fujishima, A., Iwase, T., Watanabe, T., Honda, K. 
J. Am. Chem. Soc. 1975, 97, 4134.  (b) Watanabe, T., 
Fujishima, A., Honda, K. Ber. Bunsen-Ges. Phys. 
Chem. 1975, 79, 1213. (c) Pleskov, Y. V., Gurevich, 
Y. Y. Semiconductor Photoelectrochemist ry, 
Consultants Bureau: New York. (1986). 

Biography 

Eunkyoung Kim received her BS degree in chemistry 
from Yonsei University in Seoul (Korea) in 1982, a 
master�s degree in chemistry from Seoul National 
University in Seoul (Korea) in 1984, and PhD in chemistry 
from University of Houston in 1990. She worked for Korea 
Research Institute of Chemical Technology in Daejeon 
(KRICT) from 1992 to 2004. Since 2004, she has been a 
professor of chemical engineering at Yonsei University, 
Seoul, Korea. Her work has primarily focused on the 
development of functional polymers, including 
chromogenic polymers, photopolymers, and charge 
transport issues in polymeric media. She is an editorial 
committee (Macromolecular Research), committee member 
(Korea Polymer Society), and general manager (Korean 
Society for Imaging Science and Technology). 

 

NIP23 and Digital Fabrication 2007 Final Program and Proceedings 703




