
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 08:55
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

Photochromic Mechanism
of Heterofused Benzopyran
Derivatives
Ping Fan a b , Jingqiang Wei a , Aiping Zhu a , Yangfu
Ming a , M. G. Fan a , Wenfeng Wang c & Side Yao c
a Institute of Photographic Chemistry, The Chinese
Academy of Sciences, Beijing, 100101, China
b Department of Chemistry, Guangxi Teachers'
College, Nanning, Guangxi, 530001, China
c Shanghai Institute of Nuclear Research, The
Chinese Academy of Sciences, Shanghai, 201800,
China

Version of record first published: 24 Sep 2006

To cite this article: Ping Fan, Jingqiang Wei, Aiping Zhu, Yangfu Ming, M. G.
Fan, Wenfeng Wang & Side Yao (2000): Photochromic Mechanism of Heterofused
Benzopyran Derivatives, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 344:1, 289-294

To link to this article:  http://dx.doi.org/10.1080/10587250008023851

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023851


Full terms and conditions of use: 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

 0
8:

55
 1

6 
A

ug
us

t 2
01

2 

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


Md. CTsr. Liq. C y s r ,  2o00, Vol. 344, pp. 289-294 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Photochromic Mechanism of Heterofused 
Benzopyran Derivatives 

PING  FAN^^*, JINGQIANG WEI~,  AIPING Z H U ~ ,  YANGFU MING~, 
M. G. FANat, WENFENG WANGC and SIDE YAOc 

"Institute of Photographic Chemistry, The Chinese Academy of Sciences, 
Beijing, 100101, China, 'Department of Chemistry, Guangxi Teachers ' College, 
Naming, Guangxi, 530001, China and 'Shanghai Institute of Nuclear Research, 

The Chinese Academy of Sciences, Shanghai, 201800, China 

ABATRACT The photochromic behavior of 2-phenyl-2-(thien-2-yl)-2H-benzo 
[b]furano[3,2-flbenzopyran (1) and 2,2-diphenyl-2H-benzo[b] furano[3,2-flbenzopyran (2) 
was examined by the nanosecond laser photolysis and normal time scale analysis. The results 
showed that the thienyl group could stabilize the colored forms as compared with the phenyl 
group and both singlet and triplet states were involved in the formation of the colored forms. 

Keywords: photochromism; benzopyran; laser photolysis 

I" 

The photochromic behavior of benzopyran derivatives has become more 
attractive in recent years with the demand for industial application in 
photochromic ophthalmic lens and other materials undergo variable 
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optical absorption [1-4]. In this paper, our interest focused on 
understanding the photochromic mechanism and the effect of aryl groups 
of Compound 1 and 2 (SCHEME 1) by means of laser photolysis. 

SCHEME 1 : Structure of compound 1 and 2 

Compound 1 and 2 were prepared according to the method described 
in literature [3] and [41. The structures were identified by NMR and MS. 
The nanosecond laser flash photolysis was carried out on the apparatus 
which have been described elsewhere [S]. 

Compound 1 and 2 are colorIess.Upon laser photolysis,an absorption band 
could be observed at visible region.The A m a x  was 43Onm. FIGURE ](a) 
shows the time-resolved absorption spectra based on laser photolysis of 1 
after nitrogen bubbling and FIGURE l(b) is its absorption growth curve 
observed at 430 nm after photolysis. 

The difference of the optical density ( A  OD) after the photolysis 
r q c h d  its maximum during a very short time ( 4 . 1  P s). This indicates 
that the colorless forms are responsive to ultraviolet light very rapidly and 
t r d i  readily to produce the colored forms. The rate constants of 
formation of the colored forms (kJ were calculated by curve fitting and 
the resuhs are collected in TABLE 1. 
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- 
compound in 3 C N  in c$r, 

1 4.78 x 1o's-l 2.80 x 107s-1 
2 9. 3 7 x  106 s-' 1 . 4 ~  107~-' 

..I .I .. *I .. .1) L" I" L" .I In 

rr*. 

TABLEI. "he rate collstants l+offbmatbn ofthe colored f a  

It wasfbund thatthe oxygeacouM quench pertially the formation of 
the colored f;wms ofboth COmpOuna 1 and 2. Figure2 impiieS that both 
excited singlet and triplet states of 1 and 2 may be involved in the 
fbrmationofthecoloredfimns. 

"1 
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In 1 and 2, the two aryl rings at 2-position are almost perpendicular 
to the pyran ring, thus there exists no conjugation among the three 
moieties. AAer the heterolytic cleavage of C,,-0 bond (SCHEME 2), the 
open forms become co-planar to a certain degree, and the conjugation 
systems are enlarged to result in the longer wavelength absorption. The 
absorption in the visible region are the sum of the absorption resulted 
fiom zwitterion, cis-quinonoid and trans-quinonoid. 

SCHEME 2. Photochromic reaction of 1 

Mer the heterolytic cleavage of the C,,-O bond The charge will be 
delocalized within the whole molecule The molecules will be weaker 
polar and show quinonoidal characteristics. 

The thermal bleaching process of the colored forms of 2 was 
observed in microsecond time scale by monitoring the decay of the 
absorption at 420 nm As seen in FIGURE 3, the colored forms of 2 
decayed following the twoexponential kinetics The two components 
were referred to the cisquinonoid and trans-quinonoid respectively 

The colored forms of compound 1 decayed at a much slower rate and 
the process could be monitored by UV-Vis spetrophotometer It can be 
found in FIGURE 4 that the decay of 1 could be well fitted to single 
exponential decay The single components observed were assigned as the 
transquinonoid colored species The decay rate of cisquinonoid is fast 
beyond the detectable time scale of W-Us spectrophotometer 

The data of the decay of the colored forms of 1 and 2 were 
calculated according to the curve fitting and collected in TABLE 2 
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.I. 

I.. 

1s.  

11. 

8, . I .  

11. 

.I. 

41- 

Compd In acetonitrile 
k (s-’1 T 

1 2.32X lo* 0.717 min 

T 1= 1.55 P S kl=6. 4X 10‘ 
. b*.2x106 TZ= 0.11US 

r-- H(lu. At.- .ma- 

In cyclohexane 
k (s-’) T 

8.81 X lo5 1.89 min 

k1=3. 5 X lo4 T ,=28.4 P S 
k&3X106 Tz=o.22PS 

FIGURE 3 FIGURE 4 

H G W  3 

FIGURE 4. 

The absorption of 2 at 420 tun vems time after laser 
photolysis in cyclohexane 
The decay curves and the curve fitting results of the 

A = 2 5 4 ~  30s.) 
C a M  fonns of 1 afta irradiation with w liJ3lIt (9W lamp, 

TABLE 2. The decay constants (k) and lifetime( T ) of the colored 
forms of 1 and 2 in different solvents 

The colored forms of compound 1 decayed much slower than that of 
2. This arises fiom the difference between the electron density of 
thiophene ring and benzene ring .The thiophene ring is the five-member 
ring with six electrons and is electron-rich group compared with benzene 
ring, consequently it prolong the lifetime of the open form. 

The colored forms of 1 and 2 decayed f&er in acetonitrile than in 
cyclohexane. In polar solvent, the open forms are more duble because of 
dipole-dipole between solvent and colored forms so that they may be 
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dispersed very well and are easy to undergo single molecular ring-closing 
reaction. While in the non-polar solvent, the open forms are more likely to 
form certain aggregates, which in turn prohibit the ring-closing reaction 
due to interactions within the aggregates. 

Photochromic mechanism of Compound 1 and 2 were investigated by 
Laser photolysis. The results show that both siglet and triplet excited 
states of compound 1 and 2 were involved in the photocoloration 
processes. The thienyl group could stabilize the corlored forms as 
compared with the phenyl group. The colored forms decayed faster in 
polar solvent than in non-polar solvent. 

Smm: The project was supported by National 
Natural Science Foundation of China (No. 29832030), National Principal 
Research Project (GI 999033005), Guangxi Youth Science Foundation 
(No. 9515004) and Education Committee of Guangxi Zhuang 
Autonomous Region. 
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