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A new photochromic compound of tetraazaporphyrin mag-
nesium(II) appended with eight ferrocene units by ethynyl
TPF was synthesized. Its photochromic properties and electro-
chemical properties were studied. As its redox potential was
reversibly changed accompanying the open- and closed-ring
photoisomerization of TPF with UV–vis light irradiation, TPF
may be used as electrochemical switch controlled by light.

Photochromism is the reversible transformation by photoir-
radiation, of a chemical species between two isomers having dif-
ferent absorption spectra.1 The physical and chemical properties
of photochromic compounds can be controlled by light, such as
fluorescence emission,2 infrared absorption,3 optical rotation,4

redox potential,5 and magnetism.6 Thereby, photochromic mole-
cules have been attracting a great deal of attention for their
potential technological application in optical memories and
optical switching devices.1,7 Recently, the eletrochemical prop-
erties of photochromic diarylethenes had been studied.6,8

Herein, we report a new photochromic compound TPF,
tetraazaporphyrin magnesium(II) appended with eight ferrocene
units through ethynyl. The synthesis route was shown in
Scheme 1. The center of the structure of TPF is tetraazaporphy-
rin magnesium(II) moiety, and the interspace is dithienylethene

moiety with the periphery of ferrocene moieties linked by
ethynyl. The redox-active units (ferrocene) may be regulated
by photochromic dithienylethene moieties. The electrochemical
property of TPF was investigated.

The absorption spectra of compound TPF are shown in
Figure 1. TPF exhibits a strong low-energy absorption band
(Q-band) at 658 nm, accompanying by a slightly higher energy
shoulder at 600 nm. Also present is a less intense, broad band
(P-band) in the region between 450 and 550 nm, and another in-
tense peak (B-band) at about 367 nm, known as the Soret-band.

Compound TPF exhibits photochromism in CHCl3. Before
irridiation with UV light, TPF has absorption peaks at 650, 365,
and 318 nm. Upon irradiation of the solution of TPF with 365-
nm light, the absorption band with a maximum of 658 nm grad-
ually decreased and a new absorption band with a maximum at
around 716 nm. As a result of photocyclizaiton of photochromic
dithienylethene moieties, an isosbestic point at 680 nm was ob-
served. And the absorption spectra of closed-ring form did not
obviously change at room temperature for a week. Upon irradi-
ation with 710-nm light, the open-ring form of TPF regenerated,
accompanying with the decreasing of the band at 716 nm. Thus
the open-ring and the closed-ring form of TPF can be reversibly
converted. However, the photo-chromism depended on the
solvent. The photochromism of TPF in THF was not observed.
Work on the explanation of this phenomenon is still ongoing.

Before irradiation with UV light, both the B-band (367 nm)
and the Q-band (658 nm) of TPF were red-shifted comparing
with those of tetraazaporphyrin magnesium(II) with bisthienyl-
ethene moieties (B-band: 365 nm; Q-band: 650 nm) as we report-
ed before.9 The red-shifting arisen from that the ferrocene
moieties linking to tetraazaporphyrin magnesium(II) moiety by
ethynyl could extend the conjugation of the whole molecule sys-
tem. The Q-band (715 nm) of TPF after irradiation with 365-nm
light was also red-shifted comparing with that of tetraazapor-
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Scheme 1. Synthetic routes of compound TPF.
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Figure 1. Absorption spectra of TPF in CHCl3 (2� 10�5 M)
and the changes in absorption under different irradiation times
by 365 nm.
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phyrin magnesium(II) with bisthienylethene moieties (Q-band:
711 nm).

Tetraazaporphyrin magnesium(II) with bisthienylethene
moieties has strong flurorescence emission, while no fluores-
cenece emission was observed for TPF accompanying its photo-
isomerization by irradiation with UV light. This could be ration-
alized by the efficient quenching via intramolecular electron
transfer from the ferrocene to tetraazaporphyrin magnesium(II)
moiety.10

The electrochemical studies of TPF were performed on a
VersaStar II electrochemical analyzer. The cyclic voltammo-
grams of TPF in dichloromethane containing tetrabutylammoni-
um perchloride (0.1M) was shown in Figure 2.11 Before irradi-
ation with UV light, the open-ring form of TPF shows oxidation
waves at 0.71, 1.16, and 1.38V, and reduction waves at 0.36 and
0.96V. Comparing with the cyclic voltammogram of compound
3 accompanying its photoisomerization by irradiation with 365-
nm light, we can conclude that the first couple wave (0.71 and
0.36V) belongs to ferrocene moiety, the second couple wave
(1.16 and 0.96V) belongs to tetraazaporphyrin magnesium(II),
and that the third wave 1.38V is an irreversible oxidation wave
belonging to dithienylethene.12 After irradiation with 365-nm
light to reach the photostationary state, there were only one
oxidation wave at 1.38V and one reduction wave at 0.51V.
The waves at 1.38 and 0.51V were considered as one couple
wave assignable to the whole conjugative molecule TPF after
irradiation with 365-nm light. Before irradiation with UV light,
the redox-active centers of tetraazaporphyrin magnesium(II) and
ferrocene moieties were independent,10 the characteristic redox
waves of ferrocene moieties, tetraazaporphyrin magnesium(II)
and dithienylethene appeared distinguishingly. After irradiation
with 365-nm light, the conjugation effect of TPF increased
owing to the cyclization of the dithienylethene units.9 Thus,
the redox-active centers of the tetraazaporphyrin magnesium(II)
and ferrocene moieties affected each other resulting in one
couple redox wave for whole molecule. Work on the above
assumption is still ongoing.

As there was obvious difference on the cyclic voltammo-
grams between the open-ring form and closed-ring form of
TPF, TPF13 could be used as photo-controlled electrochemical
switch. Before irradiation with UV light, the oxidation waves of
open-ring form of TPF appeared at 0.71 and 1.16V. After irra-
diation with 365-nm light, the open-ring form of TPF converted
to the closed-ring form accompanied with the disappearance of
the oxidation waves at 0.71 and 1.16V. Subsequent irradiation

with 710-nm light, the open-ring form of TPF regenerated and
the cyclic voltammogram returned to the characteristic of the
open-ring form of TPF. Thus, the oxidation waves at 0.71 or
1.16V could be used as the detecting signal for application of
electrochemical switch.

In summary, a new photochromic compound TPF had been
synthesized. Due to the obvious difference on electrochemical
property between the open-ring form and closed-ring form,
TPF could be used as photo-controlled electrochemical switch.
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Figure 2. Cyclic voltammograms of TPF in CH2Cl2 (1�
10�3 M) before (solid line) and after (dashed line) irradiation
with 365-nm light at a scan rate of 50mV/s.

Chemistry Letters Vol.36, No.2 (2007) 251

Published on the web (Advance View) January 13, 2007; doi:10.1246/cl.2007.250


