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Effect of the Intramolecular Hydrogen Bonding on the
Photochromic Properties of the Hemiindigo Dye having
a Pyrrole Ring

Masashi Ikegami
Tatsuo Arai
Graduate School of Pure and Applied Sciences, University of Tsukuba,
Tsukuba, Ibaraki, Japan

Photochromism and fluorescence properties of 2-(2-pyrrolylidene)indolin-3-one (1)
have been studied. The quantum yields of fluorescence emissions of both Z- and E-
isomer were very small in protic solvents such as ethanol and water. However, the
fluorescence intensity of E-1 increased by addition of bovine serum albumin (BSA)
in water, indicating that E-1 should bind to the hydrophobic site of BSA.
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INTRODUCTION

Indigo is one of the important dyes in chemical industry, exhibiting
deep blue color and excellent stability due to the intramolecular
hydrogen bonding [1]. We have already reported the preparation of a
hemiindigo dyehaving apyrrole ring capable to form the intramolecular
hydrogen bond in theE-isomer, 2-(2-pyrrolylidene)indolin-3-one (1) [2].
The compound 1 underwent photoisomerization mutually between the
Z- and E- isomers and exhibited color change between greenish yellow
and reddish orange in benzene [3–5]. The quantum yield of
E!Z isomerization in benzene was lower than 0.01, while that of
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Z!E isomerization was 0.3. These results indicate that the intramol-
ecular hydrogen bond suppresses the efficiency of E!Z isomerization
in non-polar solvent.

In this paper, we will report the fluorescence and isomerization beha-
vior of 1 in ethanol and in water. Especially, the absorption and fluores-
cence spectra were observed with changing temperature in ethanol.
From the results, it was found that the non-radiative deactivation
through hydrogen bonding strongly depends on temperature. In addition,
we have found the effect of hydrophobic site of bovine serum albumin
(BSA) on the photochemical properties of 1 in aqueous solution.

RESULTS AND DISCUSSION

Figure 1 shows the absorption spectra of E-1 and Z-1 in benzene, in
ethanol and in water. The absorption maximum of E-1 in ethanol
(530 nm) and in water (532 nm) is similar to that in benzene
(524 nm). On the other hand, the maximum of absorption spectrum
of Z-1 in ethanol (494 nm) and in water (498 nm) appeared at longer
wavelength region by 25nm than that in benzene (470nm). These
results indicate that Z-1 is stabilized by intermolecular hydrogen
bonding interaction with solvents in ethanol and water. The quantum
yield of E!Z isomerization in ethanol was 0.05, which was 5 times
larger than that in benzene, while the quantum yield of Z!E isomer-
ization was the same in benzene and in ethanol, UZ!E ¼ 0:3.

Quantum yields of fluorescence emission of E-1 and Z-1 were
determined to be 6� 10�3 and 0.02, respectively in benzene, and
6� 10�4 and 6� 10�4, respectively in ethanol. However, neither E-1
nor Z-1 exhibited fluorescence emission in water. These results indi-
cate that the non-radiative deactivation from the singlet excited state
of 1 is accelerated in protic and polar solvents.

The fluorescence intensities of both E-1 and Z-1 in ethanol
increased with decreasing temperature with changing spectral profile
as shown in Figure 2. The quantum yield of fluorescence emission (Uf)

SCHEME 1

146=[446] M. Ikegami and T. Arai

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
9:

29
 2

2 
A

ug
us

t 2
01

2 



at 77K was determined to be 0.1 for both Z-1 and E-1. The maximum
wavelength of fluorescence spectrum (kfm) of Z-1 at 77K was similar to
that at room temperature. On the other hand, the kfm of E-1 was
shifted from 578nm to 565nm with decreasing temperature from
165K to 77K, while kfm at 165K was identical to that at 295K. The
shift of the maximum of fluorescence emission of E-1 indicates the
existence of two emissive states (S1 and S1

0) in the singlet excited state
and the existence of activation barrier for deactivation pathway
through the intramolecular hydrogen bonding from S1 to S1

0. E-1

FIGURE 1 Absorption spectra of Z-1 (broken line) and E-1 (solid line) in
benzene (a), in ethanol (b), and in water (c).
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underwent deactivation from S1 to the relaxed singlet excited state S1
0

and exhibited fluorescence emission with the maximum of 578nm at
temperature higher than 165K. However, the conversion from S1 to
S1

0 was suppressed at low temperatures, and E-1 exhibited fluores-
cence emission from S1 with a maximum of 565nm at 77K.

Compound 1 underwent photoisomerization mutually between
Z-isomer and E-isomer exhibiting a color change. As mentioned above,
both E-1 and Z-1 did not exhibit fluorescence emission in water. How-
ever, the fluorescence intensity of E-1 in phosphate buffer increased
with increasing in the concentration of BSA by incorporation of E-1
into the hydrophobic site of BSA. The suppression of non-radiative
deactivation pathway from the singlet excited state to the ground state

FIGURE 2 Normalized fluorescence spectra of Z-1 (a) and E-1 (b) at different
temperatures in ethanol. Inset shows temperature dependence of the fluores-
cence intensity.
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of E-1 in hydrophobic site of BSA may increase the fluorescence inten-
sity of E-1. Z-1 did not exhibit fluorescence emission in the presence or
in the absence of BSA. Since Z-1 has three hydrophilic group capable
to form intermolecular hydrogen bonding with water, Z-1 should
mainly exist in bulk water rather than in BSA.

CONCLUSION

The fluorescence emission of E-1 strongly depends on temperature and
solvent. The quantum yields of fluorescence emission of E-1 and Z-1 in
protic solvent are smaller than in aprotic solvent due to the intermo-
lecular hydrogen bonding, and those of both E-1 and Z-1 are 6� 10�4

in ethanol. The fluorescence emission was not observed in aqueous
solution. BSA can incorporate E-1 at the hydrophobic site to increase
the fluorescence intensity of E-1.
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