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Abstract 

Photochromic properties of sulfonated spiropyran (SP-SO 3) incorporated within a silica matrix by the sol-gel route were 
studied. The existence of organic anions such as p-toluene sulfonic acid (PTS), dodecylbenzene sulfonic acid (DBS) was 
essential for stable and reversible photochromism. In the case of DBS/SP-SO 3 (mole ratio = 50.0), the most stable and 
reversible photochromic properties were attained among them. © 1997 Elsevier Science B.V. 
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1. Introduct ion 

Many studies have been reported on the pho- 
tochromism of spiropyrans (SPs) because of their 
potential usefulness as photoresponsive materials [1]. 
SP reversibly forms merocyanine (MC) on light irra- 
diation as shown schematically. In a nonpolar sol- 
vent, SP is stable. When SP is exposed to UV light, 
SP undergoes ring opening to MC. In a nonpolar 
solvent, MC is fairly unstable and isomerized to SP 
immediately. The thermal reversion of photo-induced 
MC to the starting SP is influenced by the surround- 
ing matrix. Many matrices such as polymer films, 
monolayers,  liquid crystals, smectite clays, 
biomolecules and micelles are the subjects of inten- 
sive research. 

We have reported on the preparation of various 
organic intercalation compounds into inorganic layer 
compounds. In these studies reversible and stable 
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Scheme 1. Reversible photochromic properties of SP-SOf. 

photochromic properties were attained by incorpora- 
tion of spiropyran and organic acid between the 
interlayers of layered compounds (Scheme 1) [2]. We 
have clarified that the important situation of the 
systems is the presence of hydrophobic and hy- 
drophilic regions because SP is stable in hydropho- 
bic regions and the MC form is stable in the hy- 
drophilic region. We have also reported that organic 
anions were incorporated among silica matrix homo- 
geneously by the sol-gel method [3]. 

In this study we have prepared thin films of 
SP-SO 3 incorporated in a silica matrix with organic 
anions by the sol-gel method and clarified their 
photochemical properties. 
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2. Experimental 

Ethyltriethoxysilane (ETEOS), tetraethoxysilane 
(TEOS), phenyltriethoxysilane, buthyltriethoxysi- 
lane, spiropyran, sulfonatedspiropyran (SP-SO3), 
and brominated spiropyran were used as received. A 
silica matrix was prepared by mixing spiropyran and 
organic acid in an ethanolic aqueous solution. Under 
typical conditions, 0.2 ml of sol solution was coated 
on a slide glass by using a 14 Ixm barcoater. The 
film was aged at room temperature for 24 h, and 
heated at 80°C for 20 min [4]. Absorbance of 
spiropyrans incorporated in the silica matrix with 
organic acid was measured with a UV-2200 spectro- 
photometer (Shimadzu, UV-2200) using a halogen 
and a D 2 lamp as the source. 

Photochromic isomerization of spiropyran was 
performed alternatively by UV light irradiation of a 
Hg lamp and visible light irradiation of a Xe lamp. 

3. Results and discussion 

3.1. Preparation o f  a transparent thin f i lm o f  silica 
matrix 

In the case of TEOS, a thin film was obtained, 
however, the film was not transparent. Furthermore, 
no good film was obtained in the case of buthyltri- 
ethoxysilane. Under our reaction conditions only 
ETEOS and phenyltriethoxysilane gave transparent 
thin films. The absorbance of these films from 300 to 
700 nm were less than 0.01. 

3.2. Incorporation o f  PTS and SP-SO.~ in the silica 
matrix and their photochromic properties 

SP-SO 3 and PTS were incorporated in the silica 
matrix with TEOS or ETEOS by the sol-gel method. 
In the case of ETEOS, a subtle yellow (MC form) 
film was obtained. When only SP-SO 3 was used 
without PTS, a colored solution was obtained, how- 
ever, no gelation occurred. It indicates that the pres- 
ence of PTS was essential to obtain a gel solid under 
these reaction conditions. Also the PTS/SP-SO 3 
ratio in the reactant was an important factor. 

When a gel was obtained at a PTS/SP-SO 3 ratio 
of 0.2 to 1.0, the obtained composite in which 
SP-SO 3 was incorporated in the silica matrix exhib- 

ited reversible photochromism. After UV irradiation, 
a colored powder or film was obtained and the color 
disappeared by visible light irradiation. However, 
when the gel was obtained at a PTS/SP-SO 3 ratio 
over 10, the obtained SP-SO 3 incorporated in the 
matrix was yellow and no formation of MC was 
confirmed even by UV irradiation. Absorbance of 
the MC form at 545 nm depended on the gelation 
time at room temperature and the thermal treatment 
time at 80°C. We prepared thin films by varying the 
gelation time at 6, 12 and 120 h, respectively. The 
absorbance of the film at 545 nm after UV irradia- 
tion decreased with increasing aging times. It was 
considered that the condensation reaction of the sil- 
ica matrix proceeded by these thermal treatments. 
Alternative irradiation of UV and visible light to the 
film was carried out. By thermal treatment at 80°C, 
the absorbance at 545 nm decreased and the ab- 
sorbance at 420 nm increased. The absorption spec- 
tra of PTS/SP-SO3= 0.6 are shown in Fig. lc,d. 
The absorption spectra of SP-SO 3- in ethanol are 
shown in Fig. la,b. The 545 nm absorption peak 
corresponds to the absorption of the monomeric MC 
form of spiropyran. 

The absorbance at 545 nm increased with increas- 
ing aging time of the film, and the difference of the 
absorbance before and after light irradiation de- 
creased. Aging means the proceeding of the conden- 
sation reaction between silanol OHs. It indicates the 
decrease of the hydrophilic region. For organic an- 
ion/SP-SO 3 ratios from 0.2 to 1.0, a high reversible 
stability was attained, however, the absolute value of 
the absorption change was small. Inversely at a low 
organic anion/SP-SO~ ratio, the reversible stability 
decreased although the absorption change was large. 
To make clear the effect of PTS, DBS was used as 
organic anion. At a high DBS/SP-SO 3 ratio, a 
sharp absorption peak at 420 nm was observed as 
shown in Fig. l e,f. 

The absorption peak of 545 nm corresponds to the 
absorption of the monomeric MC form of spiropy- 
ran. The presence of associated spiropyrans has al- 
ready been reported. The absorption peak of J-asso- 
ciated spiropyran lies above 545 nm, and the absorp- 
tion peak of H-associated spiropyran is below 545 
nm [5]. Thus, the absorption peak observed at a high 
D B S / S P - S O  3 ratio corresponds to the absorption 
peak of H-associated spiropyran. 
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Fig. 1. Absorption spectra of SP incorporated in a silica matrix 
after UV and visible light irradiation: the solid line is the absorp- 
tion after UV light irradiation and the broken line is the absorption 
after visible light irradiation. (a, b) SP-SO 3 in C2H~OH solution, 
(c, d) PTS/SP-SO 3 = 0.6, thin film, (e, f) DBS/SP-SO 3 = 50.0, 
thin film. 

When  D B S  was used, c lear  peaks o f  D B S  were  

obtained in X R D  patterns. It indicated the presence  

o f  D B S  crystals in the silica matrix. The peak inten- 

sity o f  DBS in X R D  patterns increased with increas- 

ing D B S  concentrat ion.  

3.3. The effects of  the kinds o f  organic anions on the 
photochromic properties 

Various organic anions were incorporated with 

spiropyran in the silica matrix. They were  4-ethylbe-  

nzene sulfonic acid (EBS),  ethane sulfonic acid 

(ESA),  methane  sulfonic acid (MSA),  dodecylben-  

zene sulfonic acid (DBS),  2-naphthalene sulfonic 

acid  ( 2 - N S A ) ,  sod ium 2-naph tha lenesu l fona te ,  

sodium dodecylbenzenesul fonate ,  o-toluic acid, m- 

toluric acid, 1-naphthoic acid and naphthoic acid. No 

gelat ion was conf i rmed in the case of  sodium or- 

ganic anions, For  the fi lms of  EBS,  ESA,  MSA,  

DBS,  2 -NSA,  pho tochromic  propert ies were  studied. 

Fig. 2a,b shows the reversible  stability o f  P T S / S P -  

SO 3 and D B S / S P - S O  3 whose  ratio is 0.6. These 

results indicate that for organic anions having a 

benzene  ring with a long alkyl group, high reversible 

stability was attained. 
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Fig. 2. Reversible photochromism of organic acid and SP-SO~- in 
the silica matrix. UV and visible light were irradiated for 30 s. (a) 
PTS/SP-SO 3 = 0.6, (b) DBS/SP-SOf = 0.6, (c) DBS/SP-SO 3 
= 50.0. 
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Fig. 3. Photochromic properties of SP-SO~- attained in a silica matrix with organic anions. 

2-NSA was expected to be a triplet quencher [5], 
however, no improvement on the photochemical sta- 
bility was observed. At a high DBS/SP-SO 3 ratio 
the photochromic properties were improved as shown 
in Fig. 2c. The absorption peak at 420 nm corre- 
sponds to the association form of MC. We have 
already described that DBS crystals were confirmed 
by XRD patterns even at a low concentration of 
DBS. The intensity of the peak at 3.0 increased with 
increasing DBS concentration. 

We have considered the state of organic anions 
and SP-SO 3 in the silica matrix as shown in Fig. 3. 
Since, even at a low DBS/SP-SO 3 ratio, a clear 
peak of DBS was confirmed by XRD, for the 
DBS/SP-SO~- system, a different present state with 
PTS/SP-SO 3 was considered as shown in Fig. 3. 

4. Conclusions 

Spiropyran incorporated in the silica matrix exhib- 
ited photochromic properties in the presence of or- 

ganic sulfonic acid. For acids having a benzene ring 
and a long alkyl group, high reversible and stable 
photochromic properties were attained. For the film 
obtained at a high DBS/SP-SO 3 ratio, only absorp- 
tion at 420 nm was observed and the best result was 
obtained so far with the sample about the reversible 
stability. However, because they do not reach a 
practical use level at all, it is necessary to grapple 
about the stability improvement in the future, too. 
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