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Abstract—A  new  photochchromic  diarylethene  was
synthesized  and  explored,  which  is  named  1-[2-methyl-5-(2-
pyridyl)-3thienyl]-2-[2-methyl-5-（4-bromomethylphenyl）-3-
thienyl]perfluorocyclopentene. The results showed that it have
excellent photochromism, accompanied with the color change
from  colorless  to  blue,  by  photoirradiation  in  acetonitrile.
When  irradiated  with  UV  light,  the  absorbance  at  298  nm
decreased,  while  the  absorption  at  598 nm  increased
significantly  in  acetonitrile. In  acetonirile,  the  kinetic
experiments showed that the cyclization/cycloreversion process
of 1O was determined to be the zeroth/first reaction.
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I.  INTRODUCTION 

Upon irradiation with UV light, photochromic molecules
have proven extremely the fascinating ability to change their
structural and electronic properties [1], which can reversibly
transform from the colorless ring-open form to the colored
ring-closed  form.  Among  all  types  of  photochromic
molecules,  diarylethenes  are  one  of  the  most  successful
superior  thermal  stability  and excellent  fatigue resistance,
which is crucial for their  applications [2,  3].  Besides,  the
photochemical  properties  of  the  diarylethenes  can  be
modified  through  structural  variations  influencing  the
absorption  spectra,  fluorescence,  quantum  yields,  and
fatigue  resistance.  Diarylethenes  have  two  aryl  moieties,
which  strongly  influence  the  photochromic  properties  of
diarylethene[3,  4].  For  example,  diarylethenes  bearing
thiophene moiety and six-membered pyridine unit exhibited
good photochromism both in solution and in the crystalline
phase by permitting the pyridine unit to participate in the
photoinduced cyclization reaction [5-7].  What’s more,  the
bearing  of  heteroatom of  diarylethenes  can dramatically
change  photochromism  properties and  expand  multiple
responsive  switching  systems [8,  9].  Herein,  we  have
designed  and  synthesized  a  new  diarylethene  bearing
thiophene moiety and pyridine unit,  namely 1-[2-methyl-5-
(2-pyridyl-3thienyl]-2-[2-methyl-5-(4-bromomethylphenyl)-
3-  thienyl]perfluorocyclopentene. Its photochromic and the
kinetic  experiments  were  investigated  in  detail.  The
photochromic  reacion  of  diarylethene 1O is  shown  in
scheme 1.

II. EXPERIMENTS

The synthetic route for  1O is shown in Scheme 2. The
intermediate products 2, 3 were synthesized according to the
procedures  of  similar  reported  methods [10,  11].  Then,
compound 2  was  reduced and  to  give the  unsymmetrical
diarylethene  derivative 3.  Finally,  a  stirred  anhydrous
CH2Cl2 of compound 3 was added methanesulfonyl chloride
(MsCl),  triethylamine (TEA) with vigorous stirring in the
ice-water bath. Stirring was continued for 5 min. at 273 K,
10 mL anhydrous THF containing LiBr was added and the
reaction mixture was stirred for 30 min at this temperature.
After,  the  mixture  has  been  stirred  for  12 h  at  room
temperature. The  crude product  was  purified  by  column
chromatography on SiO2 using ethyl acetate as an eluent to
give 1O as faint blue solid. 1O was confirmed by 1H NMR
(400 MHz, CDCl3, TMS): δ 1.98 (d, 3H, -CH3), 2.02 (s, 3H,
-CH3), 4.50 (s,  1H,  -CH-), 4.64 (s, H,  -CH-), 7.10 (s, 1H,
thiophene-H),  7.31 (d,  2H, phenyl-H), 7.46(d,  2H, phenyl-
H), 7.60 (s, H, thiophene-H), 7.81 (d, H, pyridyl-H), 8.19 (s,
1H,  pyridyl-H), 8.34 (s, H, pyridyl-H), 8.81(s, H, pyridyl-
H),.
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Scheme 1. Photochromism of diarylthene 1O.
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Scheme 2. Synthetic route of the compound 1O.
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III. RESULTS AND DISCUSSION

A. Photochromism of Diarylethene in acetonitrile
solution.

The photochromic properties of diarylethenes  1O were
measured at room temperature in acetonitrile (2.0 × 10-5 mol
L-1). Figure 1 shows the changes of absorption spectral and
color  of  1O  in  acetonitrile  (2.0  ×  10-5 mol  L-1)  under
irradiation with 297 nm UV light. The absorption maximum
of colorless open-ring isomer was observed at 298 nm (ε =
2.59 × 104 mol-1 L cm-1) in acetonitrile, as a result of a π →
π* transition [12].  Upon irradiation with 297 nm UV light,
the  colorless  solution  of  1O was  converted  into  a  blue
solution of  the closed-ring isomer  1C with  a new visible
absorption band centered at 598 nm (ε = 1.27 × 104 mol-1 L
cm-1). Alternatively, the  blue color  of  1C could  be
completely bleached upon irradiation with visible light (λ >
500 nm), indicating 1C was returning to the initial state 1O.
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Figure 1. Absorption spectra and color change of diarylethene 1O with
stimulation of 297 nm light in acetonitrile (2.0 × 10-5 mol L-1) at

room temperature.

B. Photochromic reaction kinetics in acetonitrile solution.

The photochromic cyclization/cycloreversion kinetics of
1O was studied by UV-Vis spectra upon irradiation at 297
nm (open-closed)  or  visible  light  ( ＞ 500 nm)  (closed-
open). As shown in Figure  2 and  Figure  3, it can be seen
clearly  that  the  relationships  between  absorbance  and
exposal time have good linearity (linear correction factors
＞ 0.99) upon irradiation with 297 nm UV light, indicating
that  the  cyclization process  of  the  photochromic
diarylethene 1O should belong to zeroth order reaction. The
slope of line in Figure 2 represents the reaction rate constant
k in acetonitrile, and k (1.93×10-3 S -1) of cyclization process
(ko-c, 10-3) can be easily obtained in figure. At the same time,
during the cycloreversion process of 1C in acetonitrile, the
relationships  between  -logA  and  exposal  time  also  show
perfect linearity (Figure  3). The values of  k (kc-o,  10-1) are
0.72×10-3 S-1. 

C. Fluorescence intensity of different concentration
diarylethene 1O.

The  concentration  depending  on  the  fluorescence

spectrum of diarylethene 1O was measured in acetonitrile at
room  temperature,  as  shown  in  Figure  4.  With  the
concentration increasing of 1O from 1.0 × 10-6 to 5.0 × 10-5

mol L-1, the emission remains at 475 nm when excited at
339 nm and the fluorescence relative intensity increased, but
when the concentration increased to  2.0  10-4 mol L-1, the
fluorescence intensity decreased rapidly.  The results show
that  the  fluorescence of  1O  is  remarkably  concentration
dependent,  and shows a  remarkable  initial  increase with
subsequent dramatic decrease with increasing concentration.
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Figure 2. The kinetics of compound 1O in acetonitrile: cyclization.
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Figure 3. The kinetics of compound 1O in acetonitrile: cycloreversion.
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Figure 4. Fluorescence spectra of diarylethene 1O in various 
concentrations in acetonitrile excited at 339nm at room temperature.
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IV. SUMMARY

An  unsymmetrical  diarylethene  was  synthesized  to
investigate its photochromic and fluorescent properties. The
cyclization/cycloreversion process  of  the  photochromic
diarylethene 1O should belong to zeroth/first order reaction.
Diarylethene  1O showed  the  fluorescence of  1O  is
remarkably  concentration  dependent,  and shows a
remarkable  initial  increase with  subsequent  dramatic
decrease with increasing concentration.
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