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Effective non-destructive readout of photochromic
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Abstract

The reversible changes of UVevis absorbance (Q-band) during photochromic process were selected to achieve non-destructive readout in the
paper. The light sources for ‘‘read’’ and ‘‘write’’ could be gotten easily from the light practical application at present. The photochromism in
the net film was also observed, which would facilitate practical use of BTEePC hybrid.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In order to meet the demand for high storage densities
and fast data processing tares, future molecular memory
systems will be required to operate exclusively on photon-mode
effects, where binary data can be written, non-destructively
read out, and erased using photons of different colors. Organic
photochromic materials have been cited as promising candi-
dates because each state of the photochromes displays unique
spectroscopic properties and they can, therefore, represent
each of the two binary states [1]. Among the photochromic
compounds, bisthienylethenes (BTEs) are regarded as the
best candidate, because of the thermal stability of both isomers
and their fatigue resistance [2e10].

For practical applications to optical memory, non-destructive
readout capability is indispensable. Usually, recording the dif-
ferences in their UVevis absorption spectra was not considered
as a useful mechanism to read the stored information because the
absorption bands of BTEs, which are unique to each isomer, are
the same ones that induce the ring-opening and ring-closing
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reactions [11]. This problem can be circumvented by developing
photochromic systems that employ gated mechanisms [12] or
optical property changes which coincide with the photochromic
transformation, such as, infrared light [13], refractive index
[14], optical rotation [15], luminescence [11,16], etc. However,
we could also resolve this problem by designing some new
appropriate molecules, whose UVevis absorption bands
corresponding to the ‘‘write’’, ‘‘erase’’ and ‘‘read’’ processes
are adequately distant from each other so that each state can
avoid any interconversion when we monitor the changes in
absorption for non-destructive readout. It is to say, if this
compound produces one narrow absorption band for readout
that does not overlap with the absorption bands where photo-
chromic reaction is excited and the two isomers display varying
absorption spectra in the readout region, we can directly use
UVevis absorption as a viable alternative for effective non-
destructive readout. After all, UVevis spectroscopy is by far
the most common and convenient detection method used today.

We have designed and synthesized a novel family of photo-
chromic BTEephthalocyanines and phthalocyanine hybrids [9]
in recent years. We found that there was an appropriate com-
pound (1) which could be selected to achieve non-destructive
readout capability by monitoring the changes (UVevis absor-
bance) of Q-band during photochromic process. And the light
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sources for ‘‘read’’ and ‘‘write’’ could be gotten easily from
the light practical application at present (CD-ROM and
DVD-ROM).

2. Experimental

The compound 1 [17] (BTEePC) studied in this paper
(shown in Scheme 1), namely, 2,3,14,15-tetra (2#,4#,5#-tri-
methyl-3#-thienyl) phthalocyanine Mg(II), was conveniently
prepared by Mg(II) template-directed cyclization of maleoni-
trile [18] and 1,2-dicyanobenzene. The absorption spectra of
1 are shown in Fig. 1, and the data are listed in Table 1. Gou-
terman’s highly simplified four-orbital model for porphyrin
macrocycles provides a qualitative description of the optical
spectra of compound 1. The D2h symmetric compound 1’s
splitting of the LUMO by the different substituents on the
PC core leads to a large splitting of the Q-band (93 nm).
Such a large splitting provides a very important narrow
absorption band at around 609 nm which is far from the
absorption bands which were used for erase (365 nm) and
write (730 nm) to avoid any interconversion of the two photo-
chromic states. So the higher-energy splitted Q-band, namely,
609 nm peak can be selectively used as readout region as long
as changes in absorption coefficient at 609 nm coincide with
the photochromic transformation.
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Scheme 1. The photo-cyclization and back conversion process of compound 1.
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Fig. 1. Absorption spectra of compound 1 in CHCl3 and the change in absorp-

tion of the compound under irradiation by light of 365 nm.
3. Results and discussion

The photochromic properties of compound 1 in CHCl3 have
been studied (shown in Fig. 1 and Scheme 1). Before irradia-
tion with UV light, compound 1a (open form) has the absorp-
tion band at splitting Q-band (702 nm and 609 nm) and
B-band (362 nm). Upon irradiation to the solution of 1 with
365 nm light, the absorption bands, including 609 nm, gradu-
ally decreased and new absorption bands with a maximum at
around 730 nm appeared due to the transformation of 1a to
the closed-form 1b by photocyclization. The color of 1 in
CHCl3 was also changed from blue to green. The backward
ring-opening reaction of 1b regenerating compound 1a took
place on irradiation with the light of 730 nm.

The absorbance of 1a at 609 nm in CHCl3 is 5.4� 10�1

before irradiation with UV light. When the solution of 1a in
CHCl3 irradiated was by 365 nm light, the peak at 609 nm
gradually decreased and finally measured less than 2� 10�1

when the solution reached photo-stationary state. That means
that the closed-form 1b absorbs 609 nm light, relatively weakly.
The back reaction irradiation at 730 nm light regenerates the
open-form 1a and restores the absorption coefficient at
609 nm. The significant difference (absorbance) between the
open-form 1a and closed-form 1b matches the second condi-
tion that the two isomers display varying absorption spectra
which represent each of the two binary states. Fig. 2 shows
30 cycles of write/erase by monitoring the absorbance at
609 nm, which proved that the absorbance at 609 nm could
be conveniently regulated by 365 nm and 730 nm light.

Compound 1 was also found to exhibit photochromism in
solid state in net film, although the quantum yields are rela-
tively low (less than 0.1). The open-form of 1 in net film

Table 1

The data of absorption (lmax
Ab /nm) of the compounds 1 in CHCl3 and in net film

Compound 1 (In CHCl3) 1 (In net film)

lmax
Ab (open) 702, 609, 564, 362 716, 619, 585, 386

lmax
Ab (closed) 730, 612, 365 759, 621, 385
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Fig. 2. The absorbance(�10) of compound 1 (in CHCl3) at 609 nm modulated

by the irradiation at 365 nm and 731 nm.



120 Q. Luo et al. / Dyes and Pigments 73 (2007) 118e120
has two Q absorption bands appearing at 716 nm and 619 nm
(red shift than in CHCl3). Upon irradiation with 365 nm light,
the absorption of two Q-bands gradually decreased, and a new
absorption band with a maximum at around 759 nm appeared
(shown in Fig. 3). The backconversion occurs on irradiation of
1b at 759 nm. From this, we can see that, in solid film, the
absorption band of 619 nm (used as non-destructive readout)
is farther from the absorption bands which were used for erase
(365 nm) and write (759 nm) than that in CHCl3. So, it is more
effective to achieve non-destructive readout in net film than in
CHCl3 by detecting UVevis absorption of this compound.
Moreover, the light of 759 nm is close to the excitation source
of CD-ROM, and the 619 nm light can use the DVD-ROM
source, which approximate to practicality (as delineated in
Fig. 4).

To confirm that the band around 619 nm is inactive for any
direction of photochromic reaction, the prolonged irradiation
(2 h) of solution 1a and the photo-stationary 1b in net film
with 619 nm light results in no observable spectral changes
as monitored by absorption. Both open-form 1a and closed-
form 1b are, conveniently, photochemically inactive in this
spectral region and irradiation with light at this wavelength
has little effect on the photochemical interconversion of 1a
and 1b in either direction. This clearly demonstrates that
this system is non-destructive under these conditions and
matches the necessary requirements to function as a non-
destructive read/write/erase system.

In summary, upon alternative irradiation with 365 nm and
759 nm light, compound 1 was found to exhibit a remarkable
change at around 619 nm, which confirmed that it is photo-
chromic reaction inactive for both open form and closed
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Fig. 3. Absorption spectra of compound 1 in net film (solid line) and the

change in absorption under irradiation by light of 365 nm (broken line).
form of compound 1. To this kind of compound (1a), detecting
the ultravioletevisible (UVevis) spectral change (in a spectral
region where both the open and closed forms of the photo-
chrome are transparent) was an effective and convenient
approach to achieve non-destructive readout capability.
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(b) Luo QF, Chen BZ, Wang MZ, Tian H. Adv Funct Mater 2003;13:233.

[18] Irie M, Mohri M. J Org Chem 1988;53:803.

Write

Erase

780 nm

365 nm

Readout 

UV Light

ClosedOpen

CD    ROM Recorder

DVD ROM Source

Fig. 4. The schematic diagram of the process for write, read and erase.
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