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unique physical properties that are not seen in common organic
azobenzenesS The first is the trans-to-cis isomerization by a green X o o .
liaht irradiati L | ving MLCT Ito-li dy hg (5.52 x 107> mol dm~3) in acetonitrile upon irradiation with a monochro-
ight irradiation exciting a low-lying (metal-to-ligand charge matic light at 546 nm for 21 min (solid lines) and subsequent irradiation at
transfer) band for azoferrocene, but the structural change of 320 nm for 4 min (dotted lines). (B) UVvisible absorption spectral change
azoferrocene is photochemically irreversibl&he second is the of the following sample solution upon irradiation with a monochromatic
reversible isomerization with a single UV light exciting the 7 light at 546 nm; (inset) time course change in absorbance at 305 nm of the
. . . _sample solution upon irradiation with a monochromatic light at 546 nm
band 90mb|n§q with the redox state change of the metal center In(.) or in the dark ©). The sample solution was prepared by irradiation
the trls(blpyrldl_nfe)cob_alt complex-attached .azobehzene but Nno with a monochromatic light at 546 nm teansmetaFcAB in acetonitrile
response to visible lights for trans-to-cis isomerizatiohe (5.62 x 1075 mol dn3) to reach PSS and then oxidation with 1 equiv of
combination of these two unique properties, “reversible isomer- [Fe@>-CsHaCl)2]PFs.
ization with a single visible light” (Scheme 1), is of great interest
in the following aspects. The redox-conjugated reversible isomer-

Figure 1. (A) UV —visible absorption spectral changetainsmetaFcAB

Scheme 1. Redox-Conjugated Photoisomerization Pathway

ization cycle using the single light can eliminate a double light Fe ON Fe' _
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in avoiding degradation of the aromatic framework of the photo- (MLCT)
functional molecules. @Fem @ %I

A possible candidate for the isomerization using MLCT is the e 2 —

. . ) OFF < Q

azo-ferrocene combined species. In this study, we therefore N=N N=NQ
employed ferrocenylazobenzerfesne of which,metaferroceny- @

lazobenzenenjetaFcAB), achieves the reversible isomerization
with a single green light by combination with the reversible redox
reaction between Fe(ll) and Fe(lll) (Scheme 1).
transmetaFerrocenylazobenzene shows an azer* band at
Amax = 318 nm and a weak visible band at 444 nm. Theaza*
band decreased in intensity through green (546 nm) and UV light
(320 nm) irradiatiorf, whose wavelengths correspond to an edge
of the visible band and the maximum in the aze-z* band,
respectively (Figure 1A)!H NMR signals of the aromatic ring
protons of azobenzene moiety were significantly shifted to upper-
field positions after the light irradiation (Figure SZa)lhese
spectroscopic behaviors are characteristic of the trans-to-cis isomer
ization. The cis molar ratio reached 35% in the photostationary
state (PSS) upon the green light irradiation, and the PSS was

changed into a more cis-rich state (61% cis molar ratio) upon the
UV light irradiation (Figure 1A and Table S2)The quantum yield

for the trans-to-cis isomerizatiof®;—., of metaFcAB was estimated

to be 0.51 for the green light (546 nif)which is much higher
than that (0.021) for the UV light (320 nm) and exceeds that of
azobenzened—. = 0.12 (313 nm excitation)}t The thermal cis-
to-trans isomerization afmetaFcAB was very slow, and the rate
constantk = 1.3 x 104 s ! at 70°C) was consistent with that of
azobenzenek(= 1.3 x 104 st at 70°C).

Both the chemical oxidation with 2 Hichloroferrocenium
hexafluorophosphate, [Fg¢CsH4Cl),]PFs, as a one-electron oxi-
dizing agent and the electrochemical oxidation thnsmeta
FcAB from Fe(ll) to Fe(lll) caused a shift of the—x* band to
: — higher energy frommax = 318 to 312 nm, and a weak LMCT
Zggm_‘g’_ﬁ?{gkygc_’;rciﬁondence should be addressed. E-mail: nisihara@ (ligand-to-metal charge transfer) band appeared at 73¢ e
" The University of Tokyo. reversibility of the electrochemical redox reaction between Fe(ll)
; Kumamoto University. and Fe(lll) was high, according to the completely reversible spectral
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of Science, Yamagata University, Yamagata 990-8560, Japan. change (Figure S3). Photoisomerization of trens-Fe(lll) state
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was much dependent on the irradiation wavelength. Almost no from that ofpara-FCAB, because the initial orbital for the 2.51 eV
decrease in the absorbance of thes* band in the Fe(lll) state MLCT state of the latter is localized on the iron (Figure S5b). The
was observed under the green light irradiation, unlike the UV light green-light-induced trans-to-cis isomerizationnoétaFcAB pos-
irradiation. The large difference in the cis molar ratios in PSS sibly occurs on the potential energy surface for the MLCT excited
between the Fe(ll) and Fe(lll) states suggests the possibility of the state. In fact, the almost complete absence of a response to the
reversible transcis conversion upon the single green light irradia- green light for the cis-formation in the Fe(lll) state is caused by
tion by changing the oxidation state of the iron center. The following the disappearance of the MLCT character in the Fe(ll) state by the
experiments proved this possibility. oxidation to Fe(lll).

An acetonitrile solution oftransmetaFcAB of Fe(ll) was
irradiated with the green light to reach PSS (35% cis molar ratio),
and the resulting mixture of trans- and cis-forms was oxidized to
the Fe(lll) state immediately after an addition of a stoichiometric
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of absorbance of the—x* band was not pronounced in intensity Ohka Foundation
over several hours in the dark at room temperature, and the thermal u ’

isomerization to the trans-form proceeded very slowly in the Fe-
(1) state k = 8.7 x 1074 st at 70°C) (Figure 1B, inset). The

Supporting Information Available: *H NMR spectra ofneta and

para-FCcAB after photoirradiation to reach PSS (Figure S2),-tiNsible

green light irradiation promoted the increase in the absorbance toabsorption spectral change ohetaFcAB under electrochemical
reach the trans-rich PSS characteristic of the Fe(lll) state, suggestingoxidation (Figure S3), UVvis absorption spectral change péra-
that almost all of the trans-form was photorecovered (Figure 1B). FCAB upon photoirradiation (Figure S4), the molecular orbitals

These results indicate that reversible traos isomerization can
be achieved by a combination of “ewff switching” of the MLCT

contributing to the MLCT oftransmetaFcAB andtranspara-FcAB
(Figure S5), the cis molar ratios in PSS (Table S1), and experimental

character due to the redox change between Fe(ll) and Fe(lll) andand theoretical excitation energies by the TD-DFT calculation (Table
single green-light irradiation. The LMCT band that appeared in S2) (PDF). This material is available free of charge via the Internet at

the Fe(lll) state is not associated with the isomerization.

http://pubs.acs.org.

It should be noted that the photoisomerization and thermal
isomerization behavior of ferrocenylazobenzenes is strongly influ-
enced by the substitution position of the ferrocenyl moiety on the
benzene ringtrans-para-Ferrocenylazobenzenggns-para-FcAB)
exhibits an intense visible MLCT band (494 nm) and a largely red-
shifted azar—xz* band @max= 352 NmM) as compared to azobenzene
(317 nm) ortransmetaFcAB (318 nm). The trans-to-cis isomer-
ization proceeded witld,.. = 0.0033 by irradiation with a UV
light (350 nm) to reach a 41% cis molar ratio in PSS (Figures S2b
and S4). However, the MLCT ipara-FcAB is not effective for

the trans-to-cis conversion (Table S1), whereas the cis-to-trans back

reaction can be promoted even by an orange light at 600 nm, which
corresponds to the edge of the MLCT band, instead of a blue light
(~450 nm). The thermodynamic stability of the cis-form was
remarkably reduced by the oxidation, because the fast recovery of
the 7—x* band in intensity due to the transformation of the cis-
form into the trans-form was observed immediately after the
oxidation of the photogenerated trartds mixture at room tem-
perature. The cis-to-trans thermal isomerization rate could be
estimated to be 3.& 1073 s only at a low temperature (5C).

It is of great interest that the green light caused a much higher
cis molar ratio inmetaFcAB than inpara-FCAB and azobenzene.
We therefore carried out time-dependent density functional theory
(TD-DFT) calculations fometa andpara-FcABs in the trans-form,
to investigate a singlet excited state in which the isomerization
occurs!* The calculated excitation energies in the trans-forms were
in reasonable agreement with the experimental values, and the
observed trends in the experimental absorption spectra were
correctly reproduced (Table S2). Noticeable features in the nature
of the excited states of theansmetaFcAB are that the azo+xr*
strongly mixes with the MLCT configuration and that the initial
orbital for the 3.02 eV MLCT state is delocalized over Fe and the
Cp ring rather than localized on the iron (Figure S5a). The presence
of the MLCT character is the reason that the molar extinction
coefficient of the visible bandifx = 444 nm,e = 1.86 x 10°
mol~! dm? cm™) is much larger than that of the-ar* band of
trans-azobenzenelfax = 444 nm,e = 5.15 x 10?2 mol~t dm?
cm1). The origin of the visible band imetaFcAB is different
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