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bstract

Luminescent complexes, [(CN̂N̂)Pt(C≡CR)](HCN̂N̂ = 4-(1-phenyl)-6-phenyl-2,2′-bipyridine, R = Ph (1, PPPt); HCN̂N̂ = 4-(1-pyrene)-6-phenyl-
, 2′-bipyridine; R = Ph (2, PyPPt), p-Et-Ph (3, PyEPPt)), were synthesized and their photophysical properties were investigated in acetonitrile

iquid solution and butyronitrile glasses at 77 K. These complexes display steady state dual emissions at room temperature and 77 K. The emission
ifetime and transient absorption of these complexes illustrated that the 3IL triplet state of the molecules could be acquired through the intersystem
rossing directly from 1MLCT state and the triplet–triplet internal conversion from the 3MLCT state to the 3IL state was negligible in the molecules.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Transition metal complexes with metal-to-ligand charge
ransfer (MLCT) excited state have shown attractive properties
n these years [1–3]. In these compounds, the combination of
isible light absorption, photoluminescence with long lifetime
nd inertness for photo-decomposition extends their application
n the research fields of solar energy conversion [4], lumines-
ence sensing [5], biotechnology [6] and electro-luminescent
isplay [7].

Most of the studies on the MLCT state focused on d6 metal
olypyridine complexes, e.g. Ru(II) [8], Os(II) [9], and Re(I)

10] complexes. Square-planar d8 platinum(II) [11–13] com-
lexes containing a chelating diimine ligand represent increasing
nterest. However, square-planar d [8] complex were proposed
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o be unstable with respect to a D2d distortion, which could
esult in radiationless decay process. Therefore, the complexes
ith tridentate ligand (tpy) [14], which prefers planar geometry,

nd discourage a D2d distortion, have been studied. Some plat-
num(II) bearing cyclometalated 6-phenyl-2,2′-bipyridine have
een prepared and exhibited different photophysical proper-
ies, compared to the diimine platinum complexes [15,16]. In

large number of d6 and d8 transition metal complexes, the
xcited state d with lowest energy was metal-to-ligand charge
ransfer state. Meanwhile, some ligand localized excited states,
ntra-ligand (IL) or intra-ligand charge transfer (ILCT), existed
n the molecules. The states had the same spin multiplicity
s MLCT state and were accessible in energy from 1MLCT
tate. Although multiple excited states coexisted, luminescence
n solution was always observed only from one excited state
17], and in most of the cases the observed steady state emis-
ion was exclusively from the triplet state with lowest energy.

n some cases [17d], thermal equilibrium in the triplet states
ould be attained via reversible internal conversion. In general,
he equilibrium extended greatly the lifetime of the MLCT state.
n a few number of complexes [18], thermal equilibrium could

mailto:yili@mail.ipc.ac.cn
mailto:gqyang@iccas.ac.cn
dx.doi.org/10.1016/j.jphotochem.2007.08.015
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ig. 1. Structures of complexes: (1) R: PhC≡C–; (2) R′: PhC≡C–; (3) R′: p-Et-
hC≡C–; (4) R′: Cl–.

ot be established rapidly due to weak interactions accompany-
ng with poor internal conversion process in the excited states.
imultaneous emission from different excited states could be
bserved, particularly in the single crystals or in an organic
atrices at low temperature, such the studies on Rh(III), Ir(III),
e(I) and Cu(I) complexes [17e,19]. Although multiple lumi-
escence were observed for these complexes at low temperature
n rigid glasses and there were several complexes containing

ultiple excited states based on MLCT, dual emission were
enerally not observed in solution at room temperature. More
ecently, an example of mononuclear Ru(II) complex that exhib-
ted two non-equilibrated excited states at room temperature
as been reported and dual emission were observed by using
ime-resolved technology [19].

In this work, we synthesized two Pt(II) complexes attached
ith pyrene group by single C C bond (shown in Fig. 1, com-
lexes 2 and 3, with two model compounds, 1 and 4). For both
ompounds, triplet thermal equilibrium between 3MLCT and
IL has not been established and dual emission was observed at
oom temperature and 77 K. It represents a new dual emission
ase based on MLCT complexes at room temperature without
sing time-resolved technology. In addition, this work also gives
vidence that both 3IL and 3MLCT states can be populated from
he excited 1MLCT state.

. Experimental/materials and methods

.1. Materials

All reagents for synthesis were obtained from Aldrich Chem-
cal Co. and used without further purification. Spectroscopy
rade acetonitrile was purchased from Acros Chemical Co. and
utyronitrile solvent was purified according to standard proce-
ures [20].

.2. General techniques

1H NMR spectra were recorded on a Bruker AV400 spec-
rometer with the residual proton signal of TMS reference to

.0. Mass spectra were obtained on Biflex III Maldi-TOF mass
pectrometer.

Steady-state electronic absorption spectra and emission spec-
ra were carried out on a Hitachi U3010 and a Hitachi F2500

d
r
T
c
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pectrophotometer, respectively. Low temperature (77 K) emis-
ion spectra for glassy samples were measured by means of
5 mm diameter quartz tube, which were placed in a liquid

itrogen Dewar flask equipped with quartz windows.
Emission lifetime and nanosecond transient absorption spec-

ra were performed on a LP-920 pump-probe spectroscopic
etup (Edinburgh). The excited source was the unfocused third
armonic (355 nm, 7 ns fwhm) output of a Nd:YAG laser (con-
inuum sureliteII), the probe light was a pulse-xenon lamp.
he signals were detected by Edinburgh analytical instruments

LP900) and recoded on a Tektronix TDS 3012B oscilloscope
nd computer. The picosecond experiments were performed
sing a classical pump-probe spectroscopic setup with a pas-
ively actively mode locked Nd:YAG laser (BM industries).
riefly, the fundamental and third harmonic emissions are used

o generate a white light continuum (probe pulse), and to excite
he sample (pump pulse), respectively. The details of the exper-
mental setup were described elsewhere [22]. Samples were
ontinuously purged with a stream of argon gas throughout
xperiments.

.3. Synthesis

4-(1-Pyrene)-6-phenyl-2,2′-bipyridine (Ppbpy) and 4-
henyl-6-phenyl-2,2′-bipyridine (ph2bpy) were prepared
ccording to the published method [21].

A modification of literature method [12c] was used for syn-
heses of two target compounds, all synthetic manipulations
ere performed under an inert and dry argon gas using standard

echniques.

.3.1. PPPt(1)
The complex was prepared by literature procedure, and 1H

MR is identical with literature [23]. 1H NMR (d6-DMSO,
00 MHz): δ 7.07–7.18 (m. 3H), 7.27 (t, 2H, J = 7.61 Hz), 7.37
d, 2H, J = 7.49 Hz), 7.58 (m, 3H), 7.74 (d, 1H, J = 6.98), 7.87
m, 2H), 8.10 (d, 2H, J = 6.72 Hz), 8.33 (s, 1H), 8.37 (t, 1H,
= 7.60), 8.58 (s, 1H), 8.75 (d, 1H, J = 7.22 Hz), 9.06 (d, 1H,
= 5.60). Maldi-TOF/Ms (m/z)+: 603.0.

.3.2. PyPPt(2)
A stirred solution of K2PtCl4 (200 mg, 0.48 mmol) and ppbpy

206 mg, 0.48 mmol) in CH3CN/H2O reacted at reflux for 48 h to
ive a reddish-yellow solution. The reacted mixture was evapo-
ated to dryness by rotary evaporation, the residue was dissolved
n dichloromethane and filtered, then the filtrate was reduced to

3 ml, methanol (10 ml) was dropped slowly, and a yellow solid
complex 4) was obtained (150 mg, yield 47%). The product
30 mg, 0.045 mmol) and phenylacetylene (0.2 ml, 1.8 mmol) in
MF (4 ml)/Et3N (3 ml) added 2 mg CuI as catalyst were son-

cated 8 h at room temperature under dry high purity nitrogen
as. The reaction solution was filtered, washed sufficiently with
ater and diethyl ether. The solid residue was extracted with

ichloromethane. Then the extract was reduced to ∼5 ml under
educed pressure, dropped slowly 15 ml methanol exceeding 1 h.
he solution was placed at 4 ◦C overnight to yield a deep-red
ompound 2 by filtration. Yield: 23 mg (69%).
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Anal. for C32H19N2PtCl (complex 4): C, 58.05%; H, 2.89%;
, 4.23%, Found: C, 57.83%; H, 2.78%; N, 4.14%; 1H
MR (d6-DMSO, 400 MHz): δ 6.98 (t, 1H, J = 7.328 Hz),
.10 (t, 1H, J = 7.296 Hz), 7.48 (d, 1H, J = 7.788 Hz), 7.66
d, 1H, J = 7.288 Hz), 7.87 (t, 1H, J = 7.184 Hz), 8.07 (t, 1H,
= 7.508 Hz), 8.18–8.26 (m, 7H), 8.31 (t, 2H, J = 8.52 Hz), 8.40

d, 1H, J = 8.07 Hz), 8.45 (s, 1H), 8.57 (d, 1H, J = 7.89 Hz), 8.90
d, 1H, J = 4.956 Hz). Maldi-TOF/Ms (M − Cl)+: 626.9.

Anal. for C40H24 N2Pt·H2O: C, 64.43%; H, 3.49%; N, 3.76%;
ound: C, 64.83%; H, 3.42%; N, 3.70%. 1H NMR (d6-DMSO,
00 MHz): δ 7.04 (t, 1H, J = 7.2 Hz), 7.16 (m, 1H), 7.29 (t, 2H,
= 7.60 Hz), 7.40 (d, 2H, J = 7.60 Hz), 7.76 (d, 1H, J = 8.12 Hz),
.80 (d, 1H, J = 7.33 Hz), 7.90 (t, 1H, J = 6.38 Hz), 8.15 (t, 1H,
= 7.69 Hz), 8.25–8.40 (m, 9H), 8.48 (d, 1H, J = 7.85 Hz), 8.56

s, 1H), 8.65 (d, 1H, J = 8.16 Hz), 9.11 (d, 1H, J = 5.30 Hz).
aldi-TOF/Ms (m/z)+: 727.8.

.3.3. PyEPPt(3)
The procedure for 2 was used except that 0.2 ml p-ethyl-

henyl-acetylene instead of phenylacetylene was used. Yield:
5 mg (72%). Anal. For C42H28N2Pt·H2O: C, 65.20%; H,
.90%; N, 3.62%, Found: C, 64.72%; H, 3.78%; N, 3.57%, 1H
MR (d6-DMSO, 400 MHz): δ 1.03 (t, 3H), 1.18 (q, 2H). 7.04

t, 1H, J = 7.41 Hz), 7.14 (m, 3H), 7.76 (d, 1H, J = 7.18 Hz),
.81 (d, 1H, J = 7.85 Hz), 7.90 (t, 1H, J = 6.55 Hz), 8.15 (t, 1H,
= 7.40 Hz), 8.25–8.40 (m, 9H), 8.48 (d, 1H, J = 7.68 Hz), 8.56

s, 1H), 8.65 (d, 1H, J = 8.12 Hz), 9.12 (d, 1H, J = 5.28 Hz).
aldi-TOF/Ms (m/z)+: 754.40.
In photophysics investigation, such complexes showed good

hotostablity, which steady-state absorption/emission spec-
roscopy was reproducible after measurements of transient
bsorption/emission spectra where several kinds of laser men-
ioned above were used as light source.

. Results and discussion

.1. UV–vis absorption spectra
Absorption spectra of the complexes 1–4 were shown in
ig. 2. These absorption spectra obey Beer’s Law in the con-
entration range from 10−6 to 10−4 mol/L. All the spectra in
cetonitrile have intense vibronic-structured absorption bands

o
F
e
s

able 1
hotophysical parameters of the complexesa

omplex λabs (nm) (logε) λem (nm) (298 K) Φem
b τem (

446 (3.65) 571 0.174 0.58 548
452 (4.03) 632 0.0044 6.0

0.6
572(sh) 0.6

453 (3.97) 633. 0.0039 12.6
0.5

573(sh) 0.5

a Argon degassed acetonitrile solution.
b Emission quantum yield according to Ru(bpy)3 Φem(H2O) = 0.042 as standard [8
c Decay lifetime of emission and component ratio.
d Decay lifetime of transient absorption.
ig. 2. UV–vis absorption spectra of complexes 1–4 in acetonitrile at room
emperature.

t λabs < 370 nm with extinction coefficients on the order of
04 dm3 mol−1 cm−1, and less intense band at 400–500 nm with
xtinction coefficients on the order of 103 dm3 mol−1 cm−1.
ith reference to previous work [16b] on cyclometalated plat-

num(II) complexes, the absorption bands of <370 nm are
ssigned to a serials of intra-ligand (IL) � → �* transition, while
he absorption bands at 400–500 nm are assigned to the metal
Pt(II)) d → �* 1MLCT transition. The 1MLCT absorption
aximum is red-shifted from 435 nm to 455 nm and becomes

roader when the acetylide ligand is instead of chloride ligand,
imilar to that in the previous work [16a,b]. This phenomenon
s explained with the notion that the HOMO of the complex
s predominantly metal-based [11c]. An electron-rich acetylide
igand can render the metal center more-electron and raise the

etal d orbital energy, more than chloride ligand does, leading
o lower energy absorption.

.2. Luminescence properties

Emission spectra of all complexes except 4 which emission
as very weak were carried out in acetonitrile liquid solution

t room temperature and in glassy butyronitrile at 77 K. The

bserved emission maxima are listed in Table 1 and shown in
ig. 3. The complexes give similar emission spectrum when
xcited with different excitation wavelengths (300–500 nm),
hown in Fig. 4. At room temperature both the complexes 2

�s) (298 K)c λem (nm) (77 K) τem (�s) (77 K)c �TA (�s)d

12.7 0.45
2 (∼65%) 619 550 7.4
2 (∼35%)
1 (>90%) 547 12.9
(∼70%) 619 552 11.8

6 (∼30%)
5 (>90%) 551 11.2

].



Q. Wang et al. / Journal of Photochemistry and Pho

Fig. 3. Normalized emission spectra of complexes 1–3 in degassed acetonitrile
at room temperature (λex 460 nm).
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ig. 4. The emission spectra of complex 2 in degassed acetonitrile at room
emperature with different excitation wavelengths.

nd 3 show emission maximum at ∼630 nm with a shoulder at
575 nm. At 77 K, there appear two absolutely separated emis-

ion peaks at ∼550 nm and ∼620 nm, respectively, which are
lue-shifted relative to the emissions at room temperature (seen
n Fig. 5). Compared with the emission of model compound

which exhibited typical 3MLCT emission at different tem-

eratures [12c,16a], the emission band at shorter wavelength is
ssigned to 3MLCT of the complexes. Additionally the blue-
hifted of the band is more evident than that of lower energy

ig. 5. Emission spectra of the complexes 1–3 in glassy butyronitrile at 77 K
λex 460 nm); inset: phosphorescence of the ligand (Ppbpy) at 77 K.
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mission. This is consistent with that the charge separated state
3MLCT) is more sensitive to temperature variation [24b,25].
he emission at lower energy, however, possibly originated from
oth 3ILCT and 3IL [19]. Recently, Schmehl et al. observed
mixture of 3MLCT and 3IL (� → �*) states [24a] and dual

uminescence [17e] from 3MLCT and 3IL were reported simul-
aneously by Castellano et al. In our results, the phosphorescence
f free ligand (Ppbpy) at 77 K was observed at 609 nm and the
hape is quite similar to that of the emission at lower energy
ands for complexes 2 and 3 (see the inset in Fig. 5). It indicates
hat the lower energy emission of complexes 2 and 3 is from
heir 3IL state and the dual luminescence for the complexes 2
nd 3 is originated from 3MLCT and 3IL, respectively.

The emission quantum yield of complexes 2 and 3 was much
ower than the model complex 1 or other known platinum(II)
ight emission materials [23,26]. Previous paper has investigated
ubstituent effect of electro-withdrawing/donating groups on
uminescent properties of square-planar platinum(II) complexes
27] and found that the emission increases with the increase of
he ability to withdraw electron and the amount of the substituent
roups. In some cases, the electron withdrawing substituents
ncrease 3MLCT luminescence quantum efficiencies because of
he depression of the non-radiative decay rate resulting from
hanges in the MLCT state energy in ways that can be modeled
y the energy gap law or by thermal activation of energetically
lose metal-centered d–d state [27]. In comparison with model
omplex 1, complexes 2 and 3 emit weak luminescence was
robably because of the relatively stronger electron donating of
he pyrenyl group than phenyl in complex 1.

Time-resolved emission decay processes of the complexes
ith laser excitation at 355 nm were carried out in degassed

cetonitrile at room temperature and in butyronitrile glass at
7 K. Fig. 6 shows the decay processes of complexes 1–3 at
oom temperature and 77 K. The lifetime of the model com-
ound 1 was fitted to mono-exponential decay at all detected
avelength with 0.58 �s at room temperature and 12.7 �s at
7 K (except the setup response from the decay curve in Fig. 6).
owever, the emission decay of the complexes 2 and 3 give dif-

erent lifetime at different wavelengths. The lifetimes detected
t two emission bands at room temperature and 77 K are also
isted in Table 1. It can be seen that two lifetimes were fitted to
he decay at different detected wavelengths because of the over-
ap of the two emission bands. For the complex 2, the lifetime of
he higher energy band is predominantly shorter lifetime com-
onent (0.61 �s) at ambient temperature. Meanwhile the lower
nergy band gives two lifetimes of 0.62 �s and 6.02 �s at room
emperature, which originated from concomitant excited state
pecies. Similar results were obtained for complex 3 (seen in
able 1). For the complexes 2 and 3 either at room temperature
r 77 K, the emission lifetime obtained at higher energy is sim-
lar to that of the model compound 1 and the formation process
f the lower energy band is not correlated with the decay of
he higher energy band. It implies that the triplet–triplet inter-

al conversion from 3MLCT to 3IL is inefficacious, although
he 3IL is lower than 3MLCT in energy. These two separated
xcited states are involved and formed almost at the same time
fter the excitation.
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ig. 6. (1) Decay profile of complex 1(a), 2(b) and complex 3(c). Complexes w
ecay profile of complexes 1(a), 2(b, d) and complex 3 (c, e) in butyronitrile gl

According to the absorption spectrum, the excitation at
55 nm is to the 1IL state and at 460 nm is to the 1MLCT state.
owever, similar emissions were observed with different exci-

ation wavelengths. Thus the internal conversion from the 1IL
o the 1MLCT is efficacious. Meanwhile the results above illus-
rate that the 3IL states of the complex can be acquired through
irect intersystem crossing from 1MLCT excited states even
t room temperature, not from 3MLCT triplet–triplet internal
onversion. It affords an evidence to explain that the singlet
MLCT can be partitioned to 3MLCT and 3IL states with inter-
ystem crossing process, which was suggested in other work
17e,24a].

As a supporting evidence for population of a 3IL (or other
riplet state) directly from 1MLCT state, a common approach
s to evaluate the ratio of the luminescence quantum yield Φ

nd the lifetime of the emitting state τem. The ratio yields the
roduct of the intersystem crossing ηisc and the radiative decay

ate constant of the emissive state κr [18,24a]:

isckr = Φ

τem
(1)

o
s
3

3

issolved in degassed acetonitrile solution (excited by 355 nm laser pulse). (2)
77 K (a–c: detected wavelength: 550 nm; d, e: detected at 620 nm).

The ηiscκr-value of complex 1 calculated using Eq. (1) is
.0 × 105 s−1 and is typical for only 3MLCT excited state from
MLCT. Whereas ηiscκr-values using the shorter decay com-
onents for complexes 2 and 3 are 7096 s−1 and 6964 s−1,
espectively. When longer decay component was used, values
re 730 s−1 and 309 s−1 for 2 and 3. In fact, the ηiscκr for
MLCT should be lower than above values because Φ is total
uantum yield including 3MLCT and 3IL emitting states in our
ork. These lower ηiscκr values suggest a competitive intersys-

em crossing coexists from the 1MLCT state to form another
riplet states besides the 3MLCT in these complexes [18].

In addition, under the same conditions, complexes 2 and 3
xhibit greater emission compare with the model compound
Ppbpy)PtCl (4), in which phenylacetylene replaced by chlorine
tom. No emission was detected for complex 4, neither at room
emperature nor at 77 K. This is attributed to the electron-rich
onor of the acetylide ligand, which decreases the energy level

f the 3MLCT excited state and enlarges d–d split due to the
tronger ligand field, then increases the energy gap between the
MLCT and 3d–d state of the Pt(II) metal center. In general, the
d–d state is facile to relax to ground state by the radiationless
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ig. 7. Nanosecond transient absorption of complexes 1–3 in degassed aceton
ulse).

ransition [3c,14b,14d,16a]. Thus the radiationless transition of
he complexes 2 and 3 via the 3d–d state is blocked somewhat
nd it results in the emission enhancement.

The relative energy level of the 3MLCT and 3IL states of the
omplexes at different temperatures can be estimated directly
rom the emission position. For 2 and 3, at 77 K, the emis-
ion from 3IL states is found to be ∼16,155 cm−1, which is
ed-shifted ∼265 cm−1 relative to the phosphorescence of the
ree ligand (16420 cm−1). The 3MLCT emission energy of
he complexes at 77 K is ∼18,214 cm−1, which matches well
ith the model compound 1. At room temperature the energy

evels of 3MLCT and 3IL are 17,301 cm−1 and 15,823 cm−1,
espectively. So the energy gap between 3MLCT and 3IL is
pproximately 1478 cm−1 and 2059 cm−1 from room temper-
ture to 77 K. This relatively large energy gap blocked internal
onversion between two excited states [17e, 24b].

.3. Transient absorption spectra

Nanosecond transient absorption spectra of the complexes in
egassed acetonitrile are shown in Fig. 7. All decays of the tran-
ient absorption were fitted well with single-exponential process
n all detected wavelength and the lifetimes (τTA) are also listed
n Table 1. The transient absorption of complex 1 (Fig. 7(a))
isplays bleaching of the ground state absorption to 1MLCT
t 400–500 nm, and dipping at 550–650 nm due to emission of

MLCT. Because the decay lifetime is quite similar with that
f the emission of 3MLCT, this moderate intense absorption
hroughout whole visible region is original from the absorption
f lowest state of 3MLCT to higher 3MLCT states. However, the

t
3

3

ig. 8. (a) Time-resolved picosecond transition absorption of complex 2 in degassed
(�) 520 nm, (�) 630 nm (excited by 355 nm laser pulse).
solution: (a) PPPt (1), (b) PyPPt (2), (c) PyEPPt (3) (excited by 355 nm laser

ransient absorption of the complexes 2 and 3 (Fig. 7(b) and (c))
hows significant difference to that of the complex 1. The com-
lex 2 gives a broad spectrum with three maxima at ∼430 nm,
520 nm and ∼630 nm, respectively. All the absorption maxima

ollowed the same decay process and it can be fitted to single-
xponential with a lifetime of 7.4 �s. It is consistent with the
mission lifetime of the 3IL state for the complex 2 (6.02 �s).
he complex 3 has a similar transient absorption to that of com-
lex 2 except a dipping observed at 460 nm. The results indicate
hat the transient absorption for the complexes 2 and 3 is the
ransition from the lowest state of 3IL to higher excited state(s).

Picosecond transient absorption of compound 2 was carried
ut for the origin of the transient species. Because of the rela-
ively longer decay process (in �s), only the growing process of
he triplet state was observed in detected time-scale. As shown
n Fig. 8, the absorption spectrum is the same with that obtained
ith the nanosecond setup. It means that the formation process
f the 3IL state was monitored. At all the absorption peak wave-
engths, the rise-time of the triplet formation is less than 10 ps,
hich illustrates that the formation rate constant of triplet state
f 3IL is higher than 1011 s−1. This suggests that intersystem
rossing to populate accessible triplet state is a rapid process
18]. As shown in the results above, the 3MLCT of the com-
lex emits at ∼575 nm and the decay process is with lifetime
f ∼0.6 �s, correlatively the decay rate constant of 3MLCT is
bout 106 s−1. It is much slower than that of the formation of

he 3IL. This also implies that the 3IL is not formed from the
MLCT.

Fig. 9 describes an energy level diagram for complexes 2 and
. From the view of energy level, the 3IL state is lower than that

dichloromethane solution. (b) Triplet excited state forming kinetics of complex
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f the 3MLCT. In generally, when 1IL and 1MLCT were excited,
he 3IL state could be accessed by intersystem crossing from the
xcited single-state or by triplet–triplet internal conversion from
MLCT state. The results of the transient studies indicate that
here is not the relationship between the decay of 3MLCT state
nd the formation of the 3IL state. The triplet–triplet internal
onversion from the 3MLCT is not a favorite path to access the
IL state. So the triplet states are formed directly from the singlet
tates of the complex.

. Conclusions

Two cyclometalated Pt(II) complexes (2 and 3) attached
ith pyrene were synthesized and their photophysical proper-

ies were investigated. Compared to model complex 1 (with a
trong 3MLCT luminescent band) and complex 4 (no emission),
ompexes 2 and 3 exhibited moderate emission and compli-
ated photophysical properties. Dual emission from 3MLCT and
IL of the complexes were simultaneously observed at room
emperature and 77 K. From the decay of transient absorption,
rowth of the triplet state and kinetic analysis of the lumines-
ence, it was concluded that triplet–triplet internal conversion
rom 3MLCT to 3IL was negligible. The absence of the internal
onversion from 3MLCT to 3IL also illuminated that the 3IL
tate could be formed directly from the 1MLCT state via inter-
ystem crossing even when the 1MLCT state was selectively
xcited.
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