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ABSTRACT

Photo-responsive molecules have been studied extensively because of their light irradiation abilities that
enable modulation of certain physical and chemical properties in emerging molecular electronic and
photonic devices. For advanced photonic applications, photochromic metal complexes that have pho-
tochromic units as the photo-responsive ligand are highly desirable, as they allow improvement of the
photochromic properties and their photo-switching functionality. This article focuses on recent progress
in luminescent metal complexes with photochromic units. Luminescence-switching properties of pho-
tochromic metal complexes depend on characteristic electronic transitions. The electronic transitions of
photochromic metal complexes can be divided into three categories: (1) m—m* transition of the ligand, (2)
metal to ligand charge transfer (MLCT) in transition-metal complex, and (3) f-f transition in lanthanide
complex. Luminescence modulation using various metal complexes with photochromic units has been
studied extensively in recent years, and various applications for future molecular switching devices are
expected in the field of advanced photonics. Based on the literature and our studies on luminescent metal
complexes with photochromic units, we report on the recent progress of luminescent metal complexes
with photochromic units.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Photo-responsive molecules and polymers have been stud-
ied extensively because of their capability to modulate physical
and chemical properties for use as active elements in future
devices [1-3]. Considerable interest has been focused on pho-
tochromic molecules [4-6], such as azobenzene [7], spiropyrane
[8] and diarylethene [4,9-12], which undergo reversible photoi-
somerization reactions between two isomers upon irradiation of
appropriate wavelength. The photo-switching phenomena of pho-
tochromic molecules have been studied to control various chemical
and physical properties of materials such as emission inten-
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sity and wavelength [13-20], refractive index [21-23], electronic
conduction [24-31], electrochemical response [32-40], magnetic
interactions [41-44] and self-assembling behavior [45-47] of
molecules and polymers. Among them, photo-switching and
photo-responsive modulation of the emission properties of lumi-
nescent molecules with photochromic units is one of the most
promising research areas in molecular photo-switches and photo-
memory because of their high sensitivity, resolution, contrast and
fast response times in luminescence technology [48]. Early stud-
ies on the luminescence-switching phenomenon of photochromic
diarylethene looked at the simple diarylethene molecule itself and
its doping effects on the emission properties of conjugated poly-
mers [13]. Tsuvgoulis and Lehn [14] have attempted to achieve
nondestructive readout memory on the basis of luminescence mod-
ulation with diarylethene derivatives. A number of luminescent
molecules that have photochromic units and organic or inorganic
luminescence units have been proposed thus far.
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Fig. 1. Research area of luminescent metal complexes with photochromic units.

We focus here on photo-switching modulation of the emission
properties of luminescent metal complexes with photochromic
units. Luminescent metal complexes that have photochromic units
as the photo-responsive ligand are desirable for advanced photonic
applications. The first luminescence modulation in a photochromic
metal complex has been reported as a metal complex with a
photochromic diarylethene unit [49,50]. Luminescence modula-
tion using various metal complexes with photochromic units has
been studied extensively in recent years, and various applications
for future molecular switching and memory devices are expected.
Luminescence-switching characteristics of photochromic metal
complexes depend on characteristic electronic transitions in the
emission band. They can be classified into three categories: (1)
m-m* transition of the ligand, (2) metal to ligand charge trans-
fer (MLCT) in transition-metal complex, and (3) f-f transition in
lanthanide complex (Fig. 1). In order to achieve reversible control
of the electronic transition properties, researchers in related fields
have proposed novel strategies, conceptual designs and remarkable
structures of photochromic metal complexes based on the nature
of their emission transitions.

The authors have reported on control of the electronic transi-
tions of metal complexes with f—f transition bands, and lanthanide
complexes [51,52]. Generally, f-f electronic transitions of lan-
thanide complexes are dominated by radiative and non-radiative
processes from emitting levels. Radiative rate constants of the
lanthanide complexes depend greatly on the geometrical sym-
metry of the coordination structure. Richardson and Reid have
estimated the transition intensity parameters of lanthanide com-
plexes from the ligand field [53,54]. Binnemans has proposed
evaluating the transition intensity by using Judd-Ofelt analysis
[55]. Since these studies, it has been widely accepted that the
radiative transition probability between 4f orbitals is enhanced
by reducing the coordination structure’s geometrical symmetry
[56-66]. The emission properties of lanthanide complexes also
depend on vibronic properties, which dominate the kinetics of the
non-radiative transition processes. According to the energy gap
theory, the non-radiative transition processes are promoted by the
presence of ligands and solvents with high-frequency vibrational
modes [67]. In earlier studies, we have reported on the suppression
of radiationless quenching in Nd(III) systems in organic media
by introducing diketonato ligands that have C-F bonds with low-
vibrational frequency (LVF) such as hexafluoroacetylacetonato
(hfa) [68-72]. The LVF ligands that have C-F bonds instead of
C-H bonds effectively suppress radiationless transition in the

lanthanide complexes. The combination of these photophysical
observations and photochromic properties made it possible for us
to report on successful reversible luminescence modulation using
photochromic lanthanide complexes, recently [73-76].

Based on our studies and the literature on luminescent metal
complexes with photochromic units, we report on molecular
strategies and recent progress of luminescent metal complexes
with photochromic units in this review.

2. Photochromic metal complexes with -7 transition
band

Studies on control of m—m* transitions in luminescent metal
complexes with photochromic units have been reported, recently.
In particular, photochromic metal complexes with luminescent
phthalocyanine and tetraazaporphyrin frame-works have been
studied intensively because of their characteristic emission prop-
erties and switching behavior upon photochromic reactions at
room temperature. Luminescent Zn, Pd, Pt phthalocyanine and
tetraazaporphyrin with photochromic diarylethene units (Fig. 2a
and b) [77-79], axially coordinated Sn porphyrinic dithienylethene
(Fig. 2¢) [80], a Zn porphyrin with photochromic spiropyrane unit
(Fig. 2d) [81] have been reported thus far. The luminescence-
switching properties originate from efficient spectroscopic over-
lapping between the emission band of the metal complex and
the absorption band of the colored photochromic units, which is
characteristic only in the colored form. The luminescence quench-
ing in the colored states of the photochromic metal complexes is
attributed to intramolecular energy transfer from the excited metal
complex to the colored photochromic units, which does not occur
in the bleached state. Control of w—7* transition in photochromic
metal complexes with luminescent poly-pyridyl frame-works have
been also studied. A Pt complex composed of terpyridine with pho-
tochromic azobenzene unit shows luminescence switching at 77 K
(Fig. 3a) [82]. The emission band at 77 K is attributed to the triplet
state of terpyridine m-* transition. The luminescence switching
might be based on the nonplanar geometry of the cis form, as well as
the reduced m-conjugation effect, 1) photoinduced electron trans-
fer from the nitrogen lone pair to the emissive unit is inhibited,
and/or 2) the triplet state energy of the azo chromophore is higher
that of the trans form. It has been also observed that the emis-
sion band of Zn complexes composed of dithienylphenanthroline
unit in 77 K (Fig. 3b) shift to the red region upon conversion of the
open-form to the colored-form in the photostationary state, which
is consistent with the reduced HOMO-LUMO energy gap as a result
of the extended m-conjugation in the condensed thiophene units
upon occurrence of the photocyclization reaction [83].

On the other hand, control of the w-7* transition in pho-
tochromic metal complexes with characteristic ligand structures,
Zn complex composed of bis(acrylamidine) with photochromic
diarylethene units (Fig. 3c) [84] and Au complex composed of N-
heterocyclic carbene ligands (Fig. 3d) [85] has been reported. In the
Au complex, the photochromic ligand exhibited a photochromic
cyclization reaction upon excitation at 285 nm. The quantum yield
for the photocyclization reaction of the Au complex (®g_c=0.47)
was found to be improved compared to that of the organic ligand
(Po_c=0.21). A higher cyclization quantum yield was ascribed to
the coordination of the carbene moiety to the electron-rich d'©
Au(I) center. In the closed-ring form, this complex showed emis-
sion at 660 nm. Metal ion sensing using luminescent spiropyrane
units has also been studied extensively [86-88].

3. Photochromic transition-metal complexes with MLCT
bands

Transition-metal complexes consisting of the metal M and the
aromatic organic ligands L possess a metal to ligand charge trans-
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Fig. 2. Chemical structures of photochromic metal complexes with -7 transition band based on phtalocyanine, tetraazaphorphyrin and porphyrin frame-works.

fer band (MLCT band) and/or a ligand to metal charge transfer band
(LMCT band). The energy levels and the photophysical properties
of MLCT and LMCT bands can be fine-tuned by careful selection
of ligands and metals. Photochromic modulation using control of
the energy levels of MLCT and LMCT bands has been achieved

using Re complexes with diarylethene units (Fig. 4a) [89,90]. The
emission band is assigned as the 3MLCT transition. Upon conver-
sion from open-form to closed-form in the photo-stationary state,
the maximum wavelength emission band shifts from 595 nm to
644 nm. The red shift in the emission energies of the closed-form

Fig. 3. Chemical structures of photochromic metal complexes with m—7* transition band based on poly-pyridyl and specific frame-works.
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Fig. 4. (a-f) Chemical structures of photochromic transition-metal complexes with MLCT transition band. (g) Energy diagram for the envisaged Ru-spiropyran-Os energy

transfer switch.

relative to that of the open-form is in line with the increased
extent of m-conjugation upon the photo induced ring-closing reac-
tion. Luminescence switching using Re complexes with extended
photochromic ligands has also been reported (Fig. 4b) [91]. This
complex showed 3MLCT phosphorescence with a maximum at
570 nm upon excitation at 410nm at 298 K. The emission inten-
sity of the open-form was larger than that of the closed-form. In
the Re complex, NIR photochromic behavior with a red shift in the
absorption maxima was observed. This NIR photochromic behav-
ior could be attributed to the planarization of the four heterocyclic
rings. On the other hand, the organic ligand systems alone did not
show such NIR photochromic behavior.

A Ru(Il) complex with a photochromic dianthyl unit has been
reported (Fig.4c)[92]. This complex exhibited a photocycloaddition

reaction of the dianthyl unit under irradiation at 390 nm light, in
which the cycloaddition complex shows larger MLCT-based emis-
sion than the initial complex. Optical recording and luminescence
readout of a Ru(Il) complex with a photochromic dianthyl unit in
PMMA thin films have been also demonstrated by near-field scan-
ning optical microscopy (NSOM) [93]. Localized UV irradiation of
this PMMA thin film resulted in photoinduced state switching and
a concomitant increase in emission intensity.

In recent studies, photochromic ligands have been exploited
to form Ir(Ill) complexes (Fig. 4d) [94]. Highly emissive Ir com-
plexes were formed with two cyclometalated ligands and a single
monoanionic, bidentate ancillary ligand. Because of the strong
spin-orbit coupling of 5d ion, the related d® Ir complexes show
intense phosphorescence at room temperature. The electronic tran-
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sition for luminescence in these Ir complexes has been ascribed
to a mixture of (MLCT)3 and (m-m*)? ligand state. The reported
Ir complexes with photochromic diarylethene units show effec-
tive luminescence switching based on the photochromic reaction
at room temperature. The luminescence switching is caused by
spectroscopic overlap between the absorption band of the closed-
form of photochromic Ir complex and the emission band of the
triplet-state. It is suggested that intramolecular quenching of the
triplet-state via energy transfer should be effective only in the
closed-form, resulting in a decrease in the emission intensity rela-
tive to that is open-form.

Dual luminescence from a mixed-metal complex containing
Re(I) and Ru(ll) photochromophores has been reported (Fig. 4e)
[95]. This complex showed emission at 540 nm and 610 nm, its
emission changed little when the solution was irradiated at 355 nm
for an extended period (>1 h). Control of the energy transfer pro-
cess based on luminescent Ru(Il) and Os(II) complexes containing
photochromic units has also been investigated (Fig. 4f) [96,97].
In these systems, energy transfer from donor Ru(ll) complex to
acceptor Os(Il) complex is reversibly switched “on” and “off” by
converting the photochromic part. Ru(Ill) complex and Os(II) com-
plex are linked by a photochromic spiropyrane bridge, and the
donor-bridge-acceptor systems are based on the principle that
the lowest lying energy levels of photochromic systems are those
between the donor and acceptor, thereby facilitating the energy
transfer (Fig. 4g). All optical integrated logic operations, composed
of luminescent Ru(Il) complex and photochromic spiropyrane, have
been also reported [98]. Luminescence switching of transition-
metal complexes is expected to open-up new fields of molecular
device science.

4. Photochromic lanthanide complex with f-f transition
bands I

We focus here on photo-switching modulation of the emission
properties of lanthanide ions. These ions are the most popular lumi-
nescent elements for practical applications, such as luminescent
displays, lasers, and optical devices, on the basis of their charac-
teristic 4f-4f transition processes [99-106]. As practical emission
materials, lanthanide complexes have unique characteristics such
as narrow emission bands, which enable them to show clear color
emissions with high color purity, and a wide variation of emis-
sion colors from the visible to near-IR range, depending on the
central metal ion. Because lanthanide ion emissions come mainly
from electric dipole (ED) transitions in 4f orbitals, the emission line
wavelengths of lanthanide complexes are insensitive to the nature
of ligand and coordination structures. The charge transfer interac-
tion between the lanthanide ion and organic ligands is not major,
mainly controlling the MLCT emission in the case of d-group metal
complexes such as Ru and Os. No marked change in the emission
properties of the lanthanide complex with photochromic ligands
would be induced by the change in the MLCT interaction. While
the emission intensity of the lanthanide complexes has been signif-
icantly sensitive to the fine structure of the coordination chemistry
[107]. The ED transition of the 4f orbitals is intrinsically La Porté-
forbidden and is markedly sensitive to the asymmetric structure
of the coordination field. Thus, the ED transition is expected to
achieve photochromic control of the lanthanide complex emission
property, provided that the photochromic unit is introduced as
the ligand and that the symmetry of the ligand field, or ‘odd par-
ity’ [108,109], is modulated by the photochromic reactions of the
ligands.

The photochromic and emission properties of a photochromic
lanthanide complex, Eu(hfa);(THIA), have demonstrated the pos-
sibility of photon-mode control of the ED transition probability
of photochromic lanthanide(Ill) complex based on the change of

Table 1
Emission quantum yields, emission lifetimes and radiative rate constants of >°Do-’F,
transition in Eu(hfa);(THIA),-O and Eu(hfa)s;(THIA),-C at 80K.

Complex? D (%)° 7 (ms) ke (x10%2s71)C
Eu(hfa)s(THIA),-O 10 0.60 1.7
Eu(hfa)s(THIA),-C 7.6 0.50 15

The emission quantum yield of Eu(lll) complexes was measured by excitation at
465nm ("Fo->D,). The emission lifetimes of Eu(Ill) complexes were measured by
excitation at 337 nm.

2 In EtOH/MeOH glass matrix at 80K.

b Estimated from emission peak area between 600 nm and 630 nm.

¢ Radiative rate constant =emission quantum yield/emission lifetime.

ligand-lanthanide interaction (Fig. 5a). The emission bands are
observed at 579 nm, 592 nm, 614 nm, 651 nm, and 698 nm, and are
attributed to the f-f transitions >Dy-’Fq (zero-zero band: forbid-
den transition), °Do-F; (magnetic dipole transition: MD),>Dg-"F,
(electric dipole transitions: ED), °Do-’F3 (forbidden transition),
5Do-F4 (electric dipole transitions: ED), respectively. The inten-
sity of the °Dy-’F; (MD) transition is known to be insensitive to
the surrounding environment of the Eu(Ill) ion [110-112]. On the
other hand, °Dy-’F, (ED) transition is extremely sensitive to the
odd parity of the crystal field [56-66]. The ED transition probability
of a Eu(Ill) complex is, therefore, estimated with the relative inten-
sity ratio of the °>Dg-F; (ED) transition against the >Dg-’F; (MD)
transition in the emission spectrum. Thus, the measured emission
spectra were normalized with respect to the >Dy-’F; (MD) tran-
sition, as shown in Fig. 5b. The normalized emission intensity at
5Do-’F, transition intensity of the colored form was significantly
smaller than that of Eu(hfa);(THIA),-0. The decrease in normalized
emission intensity of the ED band in the colored form is explained
by the decrease of the ED transition probability of the >Dg-"F;.
The odd parity nature of Eu(hfa)3;(THIA),-C seems, thus, to be less
than that of Eu(hfa);(THIA),-0. The reversible changes of relative
emission intensity at 614 nm are also observed by the alternative
irradiation cycles of UV (A =365 nm) and visible light (A > 440 nm).

In order to analyze the emission quantum yield and the abso-
lute ED transition probability of Eu(hfa)s(THIA),-C, the fully colored
state was prepared using UV (365nm) light irradiation at 80K,
at which temperature the photo-cycloreversion reaction does
not take place upon irradiation of visible light (Fig. 5c). The
emission quantum yields and emission lifetimes of the °Dg-"F,
in Eu(hfa)3(THIA);-O and Eu(hfa);(THIA),-C are summarized in
Table 1. The radiative rate constants of *Do-’F, transition of
Eu(hfa)3(THIA),-C and Eu(hfa)3;(THIA),-O were estimated to be
1.5x 102571 and 1.7 x 10251, respectively. The decrease of about
10% is worth noting from the view point of emission properties
of Eu(Ill) complexes with different ligands [60]. We observed not
only the decrease of ED transition intensity but also a significant
decrease of the radiative rate constant in Eu(hfa);(THIA),-C.

The ED transition probabilities of a lanthanide(IIl) complex have
been reported by Mason and Richardson to be dominated by (1)
statically and (2) dynamically coupled ligand-lanthanide electro-
static interactions [55,53,113,54]. In the static coupling model, the
ligand environment is represented in terms of a crystal field which
is controlled by a static point charge of the coordinating atoms
and their positions. In the dynamic coupling models, meanwhile,
the ligand environment is represented in terms of anisotropic
polarizabillty of the coordination field which might be affected
by charge distribution, existence and position of heavy atoms, and
Tr-conjugation expansion in the ligands.

In order to discuss the origin of the photochromic modulation of
the emission properties in the present Eu(Ill) complex, the geomet-
rical structure and the electrostatic potential surface of the THIA
ligand were calculated by quantum chemical calculation based on
the density functional theory (DFT) at the 6-31G(d) level (Fig.6). The
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Fig.5. (a) Photochemical reactions of Eu(hfa);(THIA),-O and Eu(hfa);(THIA),-O. (b) Normalized emission spectra of Eu(hfa);(THIA),-O (red line) and colored photo-stationary
state (black line) under 365 nm. (a) In toluene solution at room temperature (excitation at 465 nm) (Inset: reversible change of relative emission intensity at 614 nm with
the alternative irradiation cycles of UV and visible light). (c) In EtOH/MeOH glass matrics at 80 K: Eu(hfa);(THIA),-O (red line) and Eu(hfa);(THIA),-C (black line). Emission

spectra were normalized at 592 nm (°Do-"F;).

Fig. 6. Electrostatic potential surface of THIA-O [a: front view and b: side view] and THIA-C [c: front view and d: side view].

anisotropic polarizability of THIA-C is smaller than that of THIA-
0, which would affect the anisotropic polarizability of the ligand
and the ED transition probability [56]. Richardson and co-workers
have reported that the anisotropic polarizability influences the ED
transition probability in trivalent Eu(ODA);~ and Eu(DBM)3;H,0
complexes [114]. The calculated values of polarizabillty for THIA-O
and THIA-C at 465 nm were 512 Bohr3 and 759 Bohr3, respectively
and THIA-C seems to have a larger polarizability and thus larger
anisotropic polarizable than those of THIA-O. There is an apparent
discrepancy between the results obtained in our study of pho-
tochromic ligand polarizability and Richardson’s models, which
might result from the fact that our DFT calculations are based on
free photochromic units. Therefore, effect on the anisotropic polar-
izability on the change in ED transition probability might not be
ruled out for the Eu(hfa)3(THIA),.

5. Photochromic lanthanide complex with f-f transition
bands II

Photochromic molecules with attached luminophor are promis-
ing photofunctional molecules for luminescent optical memory.
However, nondestructive readout capability of photochromic
molecules with organic luminophor or transition-metal com-
plexes has not yet been reported. There are two major
problems with nondestructive readout. The first is the diffi-
culty in selective excitation in the readout process. This requires
that both states of diarylethene have zero absorbance at the
luminescence excitation wavelength to avoid the photochromic
reaction during the luminescence reading process. The second
is related to the luminescence modulation mechanism. Read-
out is generally based on the quenching of luminescence from
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Fig. 7. Schematic representation of transitions of diarylethene (black line) and
Eu(Ill) complex (red line).

an excited luminescent center to the colored state of the
diarylethene by an intramolecular Foérster resonance energy trans-
fer (FRET) [115-117]. The drawback is that such energy induces
photochromic cycloreversion and thus destroys the stored infor-
mation.

The first problem might be solved by separating the absorp-
tion wavelength of both diarylethene isomers, from the excitation
and luminescence wavelengths of the luminescent centers. If lan-
thanide is used as the luminescent center in combination with
photochromic diarylethene, the excitation of diarylethenes and
lanthanide complexes occurs at their - and 4f-electron systems,
respectively. Because there is no overlap in energy or in wave-

Table 2
Experimental emission efficiencies, emission lifetimes, radiative rate constants and
non-radiative rate constants of Eu-BTFO4-0 and Eu-BTFO4-C.

Complex D2 (%) 7 (ms) ki (x10%2s71) knr (x10%2s71)
Eu-BTFO4-0 16 0.71 23 1.2
Eu-BTFO4-C 10 0.68 15 13

2 The emission quantum efficiencies of Eu-BTFO4-O and Eu-BTFO4-C in ethyl
acetate were evaluated by utilizing Eu(hfa); (BIPHEPO) as the standard of @, =0.60
[60].

b The emission lifetimes of Eu-BTFO4-O and Eu-BTFO4-C in ethyl acetate were
were measured by excitation at 355 nm.

function between the two transitions, it is possible to divide the
excitation of a diarylethene from the excitation and luminescence
of a lanthanide complex.

As suggested in Fig. 7, a photochromic diarylethene with its
absorption bands at shorter wavelengths is required to divide the
absorption bands from the excitation and emission bands of the
Eu(Ill) complex. From the view point of ‘wavelength-divided’ lumi-
nescence modulation systems, we prepared a photochromic Eu(III)
complex with a BTFO4 ligand, whose absorption bands exist at
shorter wavelengths due to the stabilization of the HOMO in the
closed-ring form (Fig. 8a) [118-120].

The emission spectra of Eu-BTFO4 upon excitation at 526 nm
("Fo-°D; transition) are shown in Fig. 8b. The emission intensity
at 615 nm was increased upon visible light irradiation. It should be
noted that Eu-BTFO4, in both the open- and closed-forms, has no
spectroscopic overlap between its absorption and emission bands.
Therefore, this change in emission intensity cannot be explained by
the photo-switching phenomena based on FRET. Here, the hyper-
sensitive transition, centered at 615 nm, gave rise to the largest
change in the Eu(Ill) emission. Since this transition is highly sen-
sitive to the changes in the local coordination environment [60],
we can conclude that such emission intensity changes are directly
linked to the changes of the ligand field caused by photochromic
reaction. We next studied the kinetic effect on the change of
the photophysical properties caused by photochromic reaction.
The emission quantum efficiency (®1,) and the emission lifetime
(Temi) of Eu-BTFO4-0 and Eu-BTFO4-C were measured to obtain

Fig. 8. (a) Photochemical reactions of Eu-BTFO4-0 and Eu-BTFO4-C. (b) Emission spectroscopic change of Eu-BTFO4 in ethyl acetate solution upon visible light irradiation
(A>420nm). Aex =526 nm. Inset shows change of emission intensity at 615 nm as a function of conversion ratio of Eu-BTFO4-C. (c) Emission intensity at 615 nm of Eu-BTFO4
in the open-form (O) and in the closed-form (®) plotted versus irradiation time. Aex =526 nm.



2650 Y. Hasegawa et al. / Coordination Chemistry Reviews 254 (2010) 2643-2651

the radiative and non-radiative rate constants. The evaluated data
are summarized in Table 2. It is clearly shown that the ky, values
of the Eu-BTFO4-0O and Eu-BTFO4-C are almost the same, which
can be affected by back-energy transfer to the sensitizer [121,122]
and quenching by ligand vibrations [68-72]. Therefore, these pro-
cesses appear not to play a major role in the emission intensity
change upon the photochromic reaction. Notably, the k; value of
Eu-BTFO4-0 is 1.5 times larger than that of Eu-BTFO4-C. The radia-
tive process of the Eu(Ill) complex is affected by the ligand field
related to the electric dipole transition probability [56-66]. There-
fore, we conclude that the change of the radiative process plays a
major role in the emission intensity change of Eu-BTFO4.

To investigate its nondestructive readout capability, Eu-BTFO4
was irradiated continuously by a 526 nm light in order to induce
excitation of the Eu(Ill) ion in both open- and closed-form com-
plexes. The irradiation did not induce any change in the emission
intensity at 615 nm for either form, as shown in Fig. 8c. We also
observed no apparent absorption spectroscopic change between
the open- and closed-forms, which indicates luminescence modu-
lation with nondestructive readout capability in the present Eu(III)
complex.

Recently, control of the intramolecular Forster resonance
energy transfer process in luminescent lanthanide complexes
with photochromic units has been reported [123,124]. However,
nondestructive readout capability of these lanthanide complexes
cannot be achieved, because these lanthanide complexes pos-
sess spectroscopic overlapping between the emission band from
the lanthanide ion and the absorption band of the colored pho-
tochromic units. FRET excitation of the colored form is known to
induce the photochromic cycloreversionreaction[116]. In contrast,
wavelength-divided luminescence modulation for nondestructive
readout using a diarylethene with Eu(Ill) complex is demonstrated
here for the first time. The conceptual design and remarkable lumi-
nescence modulation for the nondestructive readout provide a
significant impact on scientific interests in the area of photofunc-
tional materials science.

6. Conclusions

Modulating luminescence intensity is one of the most promising
areas in molecular photo-switches and molecular memory because
of the high sensitivity, resolution, contrast and fast response
times in luminescence technology. This review illuminates recent
progress in the field of luminescent metal complexes with
photochromic units. There is potential to make valuable contribu-
tations in synthesis, spectroscopy and computation. The concept of
luminescence switching using luminescent metal complexes with
photochromic units is both experimentally and intellectually chal-
lenging as a field of study. There are also obvious applications for
these materials in optical devices, photonic memory and photo-
sensing applications. For these reasons, it is hoped that this paper
serves as motivation for others to enter this field.
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