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A new photochromic diarylethene with oligothiophene side arm substituents has been synthesized.

This diarylethene undergoes excellent photoisomerization with UV/Vis light irradiation, and

shows fluorescence emission and electrochemical behavior. Both the fluorescence emission and

oxidation/reduction potential are reversible based on the ring-opening and ring-closing

photoisomerization of diarylethene with UV/Vis light irradiation, which may be used as a

fluorescent and electrochemical switch. In addition, a combination of photochromism and

electrochromism is observed for the diarylethene: the ring-closing reaction can be triggered by

electrochemical oxidation while the ring-opening reaction must be photochemically driven.

Introduction

Efficient light-driven molecular switching materials are targets

of increasing interest for electronics and optical memory

devices.1 The current interest in miniaturizing the components

of machinery and electronics down to the molecular level is a

major impetus to developing molecular systems that display

switchable properties.2 One key aspect in the progress of

molecular switching technology is the development of more

complex systems that integrate several switchable functions

into a single molecule.

Photochromic diarylethenes exhibit reversible variations in

their physicochemical properties when stimulated by light and

are amongst the most promising candidates for photoelectro-

nic applications such as memory and switching because of

their thermally-irreversible and fatigue-resistant photoisome-

rization performances.3 Changes in spectroscopy,4 refractive

index,5 oxidation/reduction potential,6 magnetic properties7

and chiroptical properties8 based on photoisomerization of

diarylethenes have been studied widely because they can be

potentially applied to molecular switch devices. A few im-

pressive examples of multi-addressable switching systems have

been reported recently,9 which are focused on changes of

absorption bands and fluorescence emission. Examples of

dual- or multifunctional switching systems based on a single

photochromic diarylethene molecule have, however, been

reported rarely.

Herein, we present a multifunctional switch of a photo-

chromic diarylethene with oligothiophene substituents, 1a

(Scheme 1), based on its photoisomerization properties. It

was found that both fluorescence and electrochemical proper-

ties of diarylethene 1a are reversible, induced by ring-opening

and ring-closing photoisomerization of the molecule upon

UV/Vis irradiation.

Besides, it was also observed that the cyclization reaction of

the diarylethene from the ring-opened isomer 1a to the

ring-closed isomer 1b could be triggered not only by photo-

irradiation but also by electrochemical oxidation. The main

advantages of such a molecular switching system are: (1)

multifunctionality: the system can be used not only as a

fluorescent switch but also as an electrochemical switch; (2)

miniaturization: fluorescence and electrochemical switching

are integrated into a single molecule; and (3) photon mode

system: the system benefits from the fast response time and the

ease at which monochromatic light can be tuned and focused

when it is used as the switching stimulus.

Experimental

General

1H and 13C NMR spectra were recorded at 300 MHz with

TMS as an internal reference and CDCl3 as solvent. Mass

spectra were recorded with a Trio-2000 GC-MS spectrometer.

UV absorption spectra and fluorescence spectra were mea-

sured with an absorption spectrophotometer (Hitachi U-3010)

and a fluorescence spectrophotometer (F-2500), respectively.

All chemicals for synthesis were purchased from commercial

suppliers, and solvents were purified according to standard

procedures. Reactions were monitored using TLC silica gel

plates (60F-254). Column chromatography was performed on

silica gel (Merck, 70–230 mesh). A low-pressure mercury lamp

(30 W) and a Xenon light (500 W), with different wavelength

Scheme 1 Structure of diarylethene 1a and its photoisomerization
upon UV/Vis irradiation.
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filters, were used as light sources for photocoloration and

photobleaching, respectively.

Electrochemistry

Electrochemical cyclic voltammetry experiments were per-

formed in a three electrode single-compartment cell using a

platinum disk working electrode, a platinum wire counter

electrode and a Ag/AgCl reference electrode. Typically, the

electrochemical reaction vessel was charged with 4–5 ml of an

acetonitrile solution of the photochromic compound (1� 10�3M)

and tetrabutylammonium hexafluorophosphate (0.1 M) as the

electrolyte. The solutions were deoxygenated by bubbling

nitrogen through them for approximately 15 minutes. All

results were referenced against ferrocene (0.4 V vs. SCE).

Materials

Diarylethene 1a was synthesized according to the synthetic

route presented in Scheme 2, and the detailed procedures and

spectral data are presented as ESI.w 5-Methyl-2,20-bithio-

phene-50-boronic acid 3 was obtained from 2-methyl-5-bro-

mothiophene,10 which was coupled with thiophene-2-boronic

acid by a Suzuki coupling reaction in THF, followed

by boronation with n-BuLi and B(OCH3)3 in THF.

3,4-Bis(5-iodo-2-methylthien-3-yl)-2,5-dihydrothiophene 2,11

which was synthesized by our laboratory before, was coupled

with 3 in THF using Pd(PPh3)4 as the catalyst to afford

the target compound 3,4-bis[5-(50-methyl-2,20-bithiophene)-2-

methylthien-3-yl]-2,5-dihydrothiophene 1a in 78% yield.

Results and discussion

The ring-opening and ring-closing isomerization of the diary-

lethene with oligothiophene substituents upon UV/Vis irradia-

tion is illustrated in Scheme 1. Upon irradiation with UV light,

the absorption band (lmax = 365 nm, e = 9.5 � 103 in

CH3CN), which is attributed to the ring-opened isomer 1a,

decreased in intensity, and a new band (lmax = 595 nm),

which was assigned to the ring-closed isomer 1b, appeared at

the same time (Fig. 1); this process was accompanied by a

color change of the solution from colorless to green-blue. The

photostationary state (1PSS) was reached only after 1 minute

of irradiation of 1a (2 � 10�5 M, 30 W UV light) and the

conversion was ca. 90%. The green-blue solution could be

bleached completely back to a colorless solution under visible

light (Z 450 nm) irradiation for 10 minutes, and the original

absorption spectrum was recovered quantitatively.

The fluorescence emission changes of 1a are presented in

Fig. 2. Upon excitation at 380 nm, 1a exhibited a fluorescent

emission (lem = 457 nm in CH3CN), and the fluorescence

quantum yield (ff = 0.028), which is rather small but high

enough to be detected, was calculated by using fluorescein

(f = 0.90) as the reference. As shown in Fig. 2, the fluores-

cence intensity of 1a decreased upon irradiation at 360 nm

until the photostationary state 1PSS was reached, the ratio of

fluorescence intensities for 1a and 1PSS being 5 : 1. The

original emission spectrum could be recovered completely

when the solution of the photostationary state was bleached

by visible light (Z 450 nm) irradiation. It is worth noting that

no emission of 1b was detected at longer wavelength excitation

(lex = 600 nm), which probably results from an efficient

energy transformation from the excited 2-substituted bithio-

phene unit to the ring-closed dithienylethene units, because of

spectral overlapping of the emission band of 1a with the

absorption band of 1b. Besides, it was found that fluorescent

switching between the ring-opened isomer and the photosta-

tionary state performed well and a very small decrease in

fluorescence intensity (ca. 5%) was detected after 10 cycles in

solution.

Electrochemical properties of 1a and 1b were investigated

by cyclic voltammetry. Fig. 3 shows cyclic voltammograms of

1 in CH3CN (1 � 10�3 M) containing tetrabutylammonium

tetrafluoroborate (0.1 M) at 50 mV s�1. It was found that the

oxidation and reduction potentials of 1a are Eox = 1.05 V and

Scheme 2 Synthetic route to diarylethene 1a.

Fig. 1 Absorption changes of diarylethene 1a (2 � 10�5 M, CH3CN)

upon irradiation at 360 nm (irradiation periods are 10, 20, 30, 40, and

50 s).

Fig. 2 Fluorescence changes of diarylethene 1a (2 � 10�5 M,

CH3CN) upon irradiation at 360 nm (irradiation periods were 10,

20, 30, 40, and 50 s), lex = 380 nm.
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Ered = 0.52 V, respectively. After 1 h of irradiation, the

photostationary state was reached and was composed of more

than 80% of the ring-closed isomer.

The oxidation and reduction potentials of 1b are Eox = 0.85

V and Ered = 0.45 V, respectively. The 0.2 V shift of oxidation

potential indicates that the communication extending

throughout each thiophene unit of the ring-closed isomer 1b

was more than that of the ring-opened isomer 1a. Upon

subsequent irradiation with light (Z 450 nm) for 1 h, the

cyclic voltammogram changed back to that observed for the

ring-opened isomer 1a. It was found that electrochemical

switching between 1a and 1b performed well and no significant

change was detected after 10 cycles in solution under UV/Vis

irradiation (see Fig. 1S in ESI).w The clear difference in

oxidation potentials between 1a and 1b and the observed

reversibility upon UV/Vis irradiation suggests that diary-

lethene 1a can be used as an electrochemical switch.

Besides photochromism, electrochromism was also ob-

served with the ring-closing of diarylethene 1a during electro-

lysis. It was found that the colorless solution of 1a around the

platinum electrode changed to green-blue during the cyclic

voltammetry experiments. This indicates that the ring-opened

isomer 1a underwent oxidative cyclization to produce ring-

closed isomer 1b, although no marked changes in the absorp-

tion spectra were detected because of the too small amount of

1b in solution. The green-blue solution of 1PSS, which was

obtained from the conversion of 1a under UV light irradiation

was, however, not decolorized back to a colorless solution

during the electrolysis, suggesting that the ring-closed isomer

1b cannot undergo oxidative cycloreversion. It has been

reported12 recently that there are two possible reactions

involved in the oxidation of diarylethene derivatives: oxidative

cyclization of the ring-opened isomers and oxidative cyclor-

eversion of the ring-closed isomers, and these two cases can be

distinguished from the energies of the radical cations of the

ring-opened and ring-closed isomers. In our experiments,

diarylethene 1a underwent only oxidative cyclization, suggest-

ing that the cation radical of the ring-closed isomer, 1b+�, is

more stable than that of the ring-opened isomer, 1a+�, and the

oxidative cyclization is thermodynamically allowed. The com-

bination of photochromism and electrochromism of diary-

lethene 1a is illustrated in Scheme 3.

Conclusions

A diarylethene with oligothiophene substituents has been

synthesized and its photochromic and photoswitching proper-

ties have been presented. It is demonstrated that this diary-

lethene with two oligothiophene side arms exhibits both

fluorescent and electrochemical switching properties, based

on a UV/Vis irradiation-induced photoisomerization reaction.

A combination of photochromic and electrochromic proper-

ties was also observed; the ring-opened isomer undergoes

oxidative cyclization, while the ring-closed isomer undergoes

photochemical cycloreversion. This new system demonstrates

that a multifunctional switch can be achieved with a single

molecule.

Acknowledgements

This work was supported by the National Science Foundation

of China (NO 60337020).

References

1 (a) Photochromism, ed. G. H. Brown, Wiley-Interscience, New
York, 1971; (b) Photochromism: Molecules and Systems, ed. H.
Durr and H. Bouas-Laurent, Elsevier, Amsterdam, 1990; (c)
Organic Photochromic and Thermochromic Compounds, ed. J. C.
Crano and R. J. Guglielmetti, Plenum Press, New York, 1999; (d)
S. Kawata and Y. Kawata, Chem. Rev., 2000, 100, 1777; (e)
Photoreactive Organic Thin Films, ed. Z. Sekkat and W. Knoll,
Academic Press, New York, 2003.

2 (a) Molecular Switches, ed. B. L. Feringa, Wiley-VCH, Weinheim,
2001; (b) Optical Sensors and Switches, ed. K. S. Schanze, Marcel
Dekker, New York, 2001; (c) M. V. Alfimov, O. A. Fedorova and
S. P. Gromov, J. Photochem. Photobiol., A, 2003, 158, 183.

3 (a) M. Irie, Chem. Rev., 2000, 100, 1685; (b) H. Tian and S. Yang,
Chem. Soc. Rev., 2004, 33, 85; (c) M. Irie, S. Kobatake and M.
Horichim, Science, 2001, 291, 1769; (d) G. Jiang, S. Wang, W.
Yuan, L. Jiang, Y. Song, H. Tian and D. Zhu, Chem. Mater., 2006,
18, 235.

4 (a) T. Fukaminato, T. Sasaki, T. Kawai, N. Tamai and M. Irie,
J. Am. Chem. Soc., 2004, 126, 14843; (b) P. A. Liddell, G. Kodis,
A. L. Moore, T. A. Moore and D. Gust, J. Am. Chem. Soc., 2002,
124, 7668; (c) V. W.-W. Yan, C.-C. Ko and N. Zhu, J. Am. Chem.
Soc., 2004, 126, 12734; (d) T. A. Golovkova, D. V. Kozlov and D.
C. Neckers, J. Org. Chem., 2005, 70, 5545; (e) G. M. Tsivgoulis and
J.-M. Lehn, Angew. Chem., Int. Ed. Engl., 1995, 34, 1119.

5 (a) Z. F. Liu, K. Hashimoto and A. Fujishima, Nature, 1990, 347,
658; (b) L. Gobbi, P. Seiler and F. Diederich, Angew. Chem., Int.
Ed., 1999, 38, 674; (c) M. Irie, O. Miyatake and K. Uchida, J. Am.
Chem. Soc., 1992, 114, 8715.

6 (a) A. Peters and N. R. Branda, J. Am. Chem. Soc., 2003, 125,
3404; (b) Y. Moriyama, K. Matsuda, N. Tanifuji, S. Irie and
M. Irie, Org. Lett., 2005, 7, 3315; (c) T. Saika, M. Irie and
T. Shimidzu, J. Chem. Soc., Chem. Commun., 1994, 2123.

7 (a) N. Tanifuji, M. Irie and K. Matsuda, J. Am. Chem. Soc., 2005,
127, 13344; (b) K. Matsuda and M. Irie, Chem.–Eur. J., 2001, 7,
3466.

8 (a) B. L. Feringa, R. A. van Delden, N. Koumura and E. M.
Geertsema, Chem. Rev., 2000, 100, 1789; (b) T. J. Wigglesworth, D.

Fig. 3 Cyclic voltammograms of 1a (bottom) and 1b (top) in CH3CN

solution (1 � 10�3 M) at 50 mV s�1.

Scheme 3 Photoelectrochromism of diarylethene 1a.

This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2006 New J. Chem., 2006, 30, 1595–1598 | 1597

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
L

os
 A

ng
el

es
 o

n 
01

 J
an

ua
ry

 2
01

3
Pu

bl
is

he
d 

on
 1

6 
A

ug
us

t 2
00

6 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/B

60
91

56
C

View Article Online

http://dx.doi.org/10.1039/b609156c


Sud, T. B. Norsten, V. S. Lekhi and N. R. Branda, J. Am. Chem.
Soc., 2005, 127, 7272; (c) D. Sud, T. B. Norsten and N. R. Branda,
Angew. Chem., Int. Ed., 2005, 44, 2019.

9 (a) A. J. Myles, T. J. Wigglesworth and N. R. Branda, Adv. Mater.,
2003, 15, 745; (b) H. Tian, B. Qin, R. Yao, X. Zhao and S. Yang,
Adv. Mater., 2003, 15, 2104; (c) K. Higashiguchi, K. Matsuda and
M. Irie, Angew. Chem., Int. Ed., 2003, 42, 3537; (d) K. Higashi-

guchi, K. Matsuda, N. Tanifuji andM. Irie, J. Am. Chem. Soc., 2005,
127, 8922; (e) N. Xie and Y. Chen, J. Mater. Chem., 2006, 16, 982.

10 R. M. Kellogg, A. P. Schaap, E. T. Harper and H. Wynberg,
J. Org. Chem., 1968, 33, 2902.

11 N. Xie, D. X. Zeng and Y. Chen, Synlett, 2006, 737.
12 Y. Moriyama, K. Matsuda, N. Tanifuji, S. Irie and M. Irie, Org.

Lett., 2005, 7, 3315.

1598 | New J. Chem., 2006, 30, 1595–1598 This journal is �c the Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2006

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
L

os
 A

ng
el

es
 o

n 
01

 J
an

ua
ry

 2
01

3
Pu

bl
is

he
d 

on
 1

6 
A

ug
us

t 2
00

6 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/B

60
91

56
C

View Article Online

http://dx.doi.org/10.1039/b609156c

