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The synthesis, structure, and photoluminescence of palladium(0) and platinum(0) complexes containing biary-
diphosphines, biphep (biphep = 2,2'-his(diphenylphosphino)-1,1'-biphenyl) and binap (binap = 2,2'-bis-
(diphenylphosphino)-1,1'-binaphthyl) have been studied. X-ray structure analysis of [Pt(biphep);] revealed the distorted-
tetrahedral geometry of the complex. The photophysical properties of the three complexes [Pd(biphep),], [Pt(biphep).],
and [Pd(binap),] were investigated and compared with that of the previously reported [Pt(binap),] complex. The
[Pd(biphep),] complex shows the strongest luminescence with a high quantum yield (38%) and a long lifetime (3.2
us) in a toluene solution at room temperature. The luminescence should be due to metal-to-ligand charge transfer
excited states. At room temperature, radiative rate constants of the four complexes show similar values. The
difference in the luminescent properties should reflect the different nonradiative rate constants of the complexes.
The temperature-dependence of the luminescence spectra and lifetime of the complexes were also discussed.

Introduction focused on the photophysics of’dnetal complexéssuch

_ _ as gold(I¥ and copper(fcomplexes. A few platinum(0) and
Luminescent metal complexes have experienced a remarkpalladium(0) complexes have been known as luminescent

able development since the demonstration of the advantagen fluid solutions, but the photophysical study on the Pd(0)
of triplet emitter over singlet emitter for organic light- species is limited? Our group reported that [Pt(binap)
emitting diode devices by Thompson et'al. (binap= 2,2-bis(diphenylphosphino)-1;binaphthyl) shows

A large number of iridium(Il1} and platinum(I1j com- relatively strong luminescenced(= 12%) and a long
plexes that serve as highly luminescent materials have beerlifetime (r = 1.3us) in solution® The unusual photophysical
reported. On the other hand, the study of luminescent properties of the complex were thoroughly stud.ied, and the
palladium complexes is rafethe low energy level of ¢d luminescence was shown to be ermtted mainly from a
excited states is believed to be the reason for the nonlumi-theérmally populated singlet metal-to-ligand charge transfer
nescent nature of the Pd(ll) complexes compared with the (MLCT) state rather than the triplet MLCT stafeAddition-
Pt(ll) complexes. Recently, a significant research effort has (5) (a) Kutal, C.Coord. Chem. Re 1990 99, 213. (b) Che, C.-M.; Lai,

S.-W. Coord. Chem. Re 2005 249, 1296.
(6) (a) Fernadez, E. J.; Laguna, A.; lpez-de-Luzuriaga, J. MCoord.

*To whom correspondence should be addressed. E-mail: Chem. Re. 2005 249 1423. (b) Yam, V. W.-W.; Chan, C.-L.; Li,
tsubomura@st.seikei.ac.jp. C.-K.; Wong, K. M.-C.Coord. Chem. Re 2001, 216—-217, 173. (c)
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S.; Thompson, M. E.; Forrest, S. Rature1998 395 151. (b) Baldo, R.; Male, L.; Lagnus, M. Clnorg. Chem.2006 45, 1418.
M. A.; Lamansky, S.; Burrows, P. E.; Thompson, M. E.; Forrest, S.  (7) (a) McMillin, D. R.; McNett, K. M. Chem. Re. 1998 98, 1201. (b)
R. Appl. Phys. Lett1999 75, 4. Armaroli, N.Chem. Soc. Re2001, 30, 113. (c) Harkins, S. B.; Peters,
(2) (a) Holder, E.; Langeveld, B. M. W.; Schubert, U. &dv. Mater. J. C.J. Am. Chem. So@005 127, 2030. (d) Tsubomura, T.; Enoto,
2005 17, 1109. (b) Smith, L. H.; Wasey, J. A. E.; Samuel, I. D. W.; S.; Endo, S.; Tamane, T.; Matsumoto, K.; Tsukudalndbrg. Chem.
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Chart 1. Schematic Drawings of the Complexes and the Ligands
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ally, we reported the energy transfer process fron¥theCT

state to oxygen and the generation of singlet oxydgen.

Recently, we found that some structurally related palladium-

(0) complexes show ver_y strong Iummescence. n SOluuon. at Figure 1. ORTEP drawing of [Pt(biphep]) viewed along theC; axis.
room temperature. In this work, the photophysics of a series the pt1 atom is located on tH&; axis. Atoms with an asterisk are the
of the palladium(0) and platinum(0) complexes (Chart 1) is symmetrically located atoms. Important bond lengths (A) and angles
; ; ; ; ; ; _(deg): PtE-P1, 2.325(3); Pt:P2, 2.327(3); P1Ptl-P2, 94.1(1); P%
investigated in detail. The photophysps and its temperature PU-P1*, 120.8(1): P4Pl—P2*, 114.8(1) P2Pt-P2*. 120.4(2).
dependence on the complexes are discussed.

Results and Discussion

Synthesis and Crystal Structure of the ComplexedPd-
(binap)]*? was prepared from [Pd(Bol)s),] (P(o-tol)s =
tris(o-tolyl)phosphine) by the method of Alcazar-Roman et
al. The solid samples of the complexes can be handled under
air, although the Pd(0) complexes show some degradation
of colors if stored in air. [Pd(bipheg)was synthesized by
a similar method (bipheg 2,2-bis(diphenylphosphino)-1:1
biphenyl). [Pt(binap) and [Pt(biphep) were prepared from
the corresponding [Ptetliphosphine)] complexes. Both [Pd-
(biphep}] and [Pt(biphep) give a single3P NMR signal
in C¢Ds at room temperature although the NMR spectrum Figure 2. Absorption and the corrected luminescence spectra of the
of the Pt complex contairi€%Pt satellites. The PP coupling ~ COMPIexes (x 10> M, toluene, room temperature).

constant for [Pt(biphep] (3570 Hz) is comparable to that complexes tend to have slight longer metghosphorous
for [Pt(binap}] (3740 Hz). bond lengths (2.382.40 A). The geometrical data are shown
The X-ray crystal structure analysis of the crystals of [Pt- in Table S1 in the Supporting Information. One notable
(biphep}] shows that the complex has a distorted-tetrahedral difference between the biphep and binap complexes is in
structure as shown in Figure 1. The corresponding palladiumthe dihedral angles between the two aryl groups in the biaryl
complex [Pd(biphep) has been revealed to have a similar moieties; the averaged angles aré && [Pt(biphep)] and
structure, although the crystallographic data is pgéatle [Pd(biphep)], 71° for [Pt(binap}], and 72 for [Pd(tol-
have not succeeded in the crystallization of [Pd(bigiapjt binap)]. The result suggests that the binap ligand may favor
the crystal structure of [Pd(tol-binap)was already re-  a large dihedral angle, which should be due to the steric
ported;? where tol-binap= 2,2-bis(di-p-tolylphosphino)-  demand within the ligand. To confirm the hypothesis, we
1,I-binaphthyl. The two coordination structures of [Pt- examined the reported structures of the biphep and binap
(biphep)] and [Pt(binap)' resemble each other; for example, complexes in the CCDC crystallographic datab&se/e
the average PtP bond lengths are equal (2.33 A) within  found 25 structures of transition-metal complexes containing
error limits. The structures of all complexes discussed here one or more biphep ligands. Biphep derivatives (e.g.-3,3
are similar around the metal centers, although the palladiumdimethyl-biphep) were not included in the list because the
substituents may significantly affect the geometries of the

(11) Tsubomura, T.; Abe, M.; Tarutani, M.; Yamada, H.; Tsukudd&dIl. i _
Chem. Soe. Jpr2003 76, 2151 complexes. The average of the dihedral angle€PC—P,

(12) Alcazar-Roman, L. M.; Hartwig, J. F.; Rheingold, A. L.; Liable-Sands, Which represent the twist angle of the biphenyl groups, in
L. M.; Guzei, I. A.J. Am. Chem. So00Q 122, 4618. We use  the 25 structures is 67.4 (4°2)The standard deviation is

commercial §-binap as the binap ligand. P
(13) The preliminary crystallographic data are shown in the Supporting shown in parentheses. On the other hand, the average angle

Information.
(14) Tominaga, H.; Sakai, K.; Tsubomura, J. Chem. Soc., Chem. (15) The Cambridge Structural Database: a quarter of a million crystal
Commun.1995 2273-2274. structures and rising. Allen, F. Hcta Crystallogr.2002 B58 380.
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Luminescent Pd(0) and Pt(0) complexes

Table 1. Absorption and Emission Maxima, Lifetimes){ Emission Quantum Yieldsl), and Apparent Radiative and Nonradiative Rate Const&nts (
andk) of the Pt(0) and Pd(0) Complexes in Degassed Toluene Solution &t 25

absorptiornvmax emissionVmax T kP Kn®
complex 108cm™t 1cm? 107 6s D 10°s? 10°st ref
[Pd(binap)] 19.2 13.4 2.6 0.32 1.2 2.6 this work
[Pt(binap}] 18.9 13.1 1.25 0.12 0.99 6.8 a
[Pd(biphep)] 22.9 15.0 3.2 0.38 1.2 1.9 this work
[Pt(biphep)] 22.7 14.5 2.4 0.27 1.1 3.0 this work

aRef 10.P The “apparent” rate constants are calculated.as ®/7, kyy = (1 — ®)/z.

of the 169 structures of the binap complexes is 72.4 {4.6)
These values agree well with the angles found in our
complexes. Since steric bulkiness on the biaryl group should
favor the dihedral angle of 90the smaller dihedral angle
of the biphep ligand appears to be proof of the flexibility of
the ligand.

Absorption and Emission Spectra. These complexes
have absorption bands in the visible region{2& x 10°
cm™1). The photophysical data are listed in Table 1. We
already clarified that the absorption band in the visible region
of the [Pt(binapy] complex is due to th&MLCT transition®

excited states toward planar structure and (2) the attack of
solvent molecule and formation of exciplexes may account
for the red shift in solutiof2 One can see a significant
difference in the magnitude of the Stokes shift (5800 tm
for the binap complexes and 7968200 cm'* for the biphep
complexes) which is independent of the metal species. The
biphep ligand is known to be more flexible than the binap
ligand, which is shown by the fact that binap can be optically
resolved but biphep cannot. The structural studies have also
shown the flexibility of the biphep ligand in comparison with
that of the binap ligand (vide supra). A larger distortion in

The bands of the present complexes can be also assigned tthe biphep complexes in the excited states may be a reason

IMLCT. The band of each biphep complex shows a blue
shift by ca. 3700 cm' relative to those of the corresponding
binap complexes, which should reflect the shrinkage of the
mr-conjugated groups in the biaryl moieties. Furthermore, the
band maxima of the two palladium complexes are located
at 200-300 cnt? higher energy compared with those of the
corresponding platinum complexes.

for the larger Stokes shift in the biphep complexes. However,
different participation of the solvent molecules on the binap
and biphep complexes is another possibility.

As shown in Table 1, we can see that the apparent radiative
rate constant&, are similar in the four complexes at room
temperature, and the difference in the quantum yields of the
complexes is due to the variation of the nonradiative

Figure 2 shows the luminescence spectra of the complexesyrocesses. For both the binap and biphep complexes, the
measured in degassed toluene solution. The two palladmmmatinum complexes have highky, values than the corre-

complexes and [Pt(biphep)show strong luminescence in

sponding palladium complexes. Moreover, [Pd(biphlegn)d

degassed toluene solution. All the luminescence is effectively [py(biphep)] show smallek,, values than the corresponding
quenched by oxygen. The highest quantum yield reachespinap complexes, respectively. The higher quantum yield and
38%, and the lifetimes of the excited states are in the rangesma|lerk,, values for the biphep complexes relative to those

2.6—3.2us for the palladium complexes. The luminescence
band of each Pt complex shows a slight red shift compared

with the corresponding Pd complexes. Furthermore, both the

biphep complexes have higher-energy luminescence band

complexes containing binap and related ligands were reporte
to luminescé? However, the luminescence of the Pd(0) and
Pt(0) biaryl complexes shown in this work is characterized
as very intense emission with a long lifetime in solution.
The long lifetime of the excited states should show the
participation of the triplet MLCT states in the emissive
excited states.

Emission was also observed for the solid samples. The
emission maxima for [Pd(binag) [Pt(biphep}], and [Pd-
(biphep)] are 13.9x 10%, 16.5x 1% and 15.6x 10°cm™1,

respectively. The values measured in toluene solution show

red shifts of 508-1500 cnt! when compared with the values
observed for the solid sample.

As shown in Figure 2, these complexes show large Stokes

shifts, especially in solution. (1) A larger distortion in the

of the binap complexes may be rationalized by the energy-
gap law?’ The variation ok, values will again be discussed.

Solvent-dependence on the photophysical parameters of

than the binap complexes. In recent vears. some metaﬁhe complexes has been observed (see Table S3, Supporting
inap PIEXES. y ' dInformation). The solvent-dependence on the absorption

maxima is small. On the other hand, a red shift of the

emission maxima was observed in polar solvent. This result
and the large solvent dependencekgrsuggests the attack

of the solvent to the excited states of the complexes. It should
be noted that no significant differences are observed for the
solvent effect between the platinum and palladium com-

plexes.

Temperature-Dependence of the SpectraRecently, it

was shown that the major part of the luminescence intensity

of the [Pt(binap) complex comes from the thermally
populated singlet MLCT excited state, not from the triplet
state'® Similar conclusion that room-temperature emission
is mainly “delayed fluorescence” was proposed by McMillin
et al. for some Cu(l) systertisand recently reexamined by

(16) (a) Pawlowski, V.; Kunkely, H.; Vogler, Anorg. Chim. Actal994
357, 1309. (b) Pawlowski, V.; Kunkely, H.; Lennartz, C.; Buo, K.;
Vogler, A.Eur. J. Inorg. Chem2004 4242. (c) Kunkely, H.; Vogler,
A. Inorg. Chem. Commurl999 2, 533.

(17) Nonradiative rate constants of the + S process often show an
exponential energy-gap dependenGe= a exp(—cAE). See ref 21.

(18) Kirchhoff, J. R.; Gamache, R. E.; Blaskie, M. W.; Paggio, A. D.;
Lengel, R. K.; McMillin, D. R.Inorg. Chem.1983 22, 2380.
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Chart 2 Energy Diagram of Two-Emitting-State Model
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the luminescence decreases on lowering the temperature and
a slight red shift of the spectra is observed just above the
freezing point. However, different dependencies were ob-
served for the palladium complexes. For [Pd(binpghe
intensity of the luminescence initially increases on lowering
the temperature from 300 K. However, the intensity again
decrease as the temperature goes down below 250 K. A small
red shift of the spectra is observed at low temperature. For
[Pd(biphepy], the spectra show only a slight change with
the change of the temperature, but the tendency of the
temperature-dependence is similar to that of [Pd(bijap)

The lifetimes of the excited states increase on lowering
the temperature for all of the complexes, as shown in Figure
S2 (Supporting Information). Each decay curve can be fitted
with a single exponential curve in all the temperature ranges
studied.

In the previous study of [Pt(binag)!® analysis of the
temperature change in the radiative rate constants afforded
the parameters for the two-states model including radiative
rate constants of singlet and triplet excited states and the
energy gap between the two states (Chart 2). In this model,
the ratio of the populations of the two stat&s,is denoted
by the following equatior?

1. {_AE
K—3ex RE)

In the present work, we tried to interpret the complex
Figure 3. Temperature-dependence of the corrected luminescence spectrdemperature-dependence by examining the temperature-
of the three complexes. These data were measured in degassed toluengependence of the apparent radiative and nonradiative rate
solution. constants of the luminescence.
Nozaki et al'® The characteristic was shown by the factthat ~ Temperature-Dependence irk,. At room temperature,
(1) the intensity of the luminescence becomes lower as theapparenk; values €QE/7) of all four complexes are similar,
temperature goes down and (2) the luminescence lifetimeas already stated above. Decreases okthalue at lower
increases with lowering the temperature. A slight red shift temperature were observed for all complexes (see Figure S3,
of the emission bands has been observed in some complexeSupporting Information). The energy ga&& between the
including [Pt(binap). These spectral features can be un- singlet and the triplet states and radiative rate constants of
derstood if the emitters have thermally equilibrated two the two states can be principally obtained by nonlinear least-
emissive states and the radiative rate constant of the uppesquare analyses of the temperature-dependence ok the
level is much higher than that of the lower state. Thus, the
apparent rate constants calculated from the lifetime and Q_E:M
quantum yield values do not directly describe the emissive 7 1+K

properties of the excited-triplet states. datal® The data are shown in the Supporting Information

d'f'fAs shown in F|gur§ 3. tge comfplcte]xes s_tughed show (Table S2). The result shows thAtE values of the four
ifferent temperature-dependence of the emission SpeCtratomplexes are within the range of 900400 cnt®. This

The tempergture-dependence Of. the '“m‘”?‘sce”‘?e of [Pt'means thak, the population of the upper singlet state, is

(biphep}] is similar to that of [Pt(binap);° the intensity of 0.4-0.04%, even at 298 K. However, due to the higitkis

(19) Siddique, Z. A.. Yamamoto, Y.; Ohno, T.; Nozaki, Korg. Chem. ratio (over 16), most of t.h'e emission inteljsity should come
2003 42, 6366. from the thermally equilibrated upper singlet state. If we
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assume a population of 0.1% an#dks ratio of 1¢, simple Conclusion.We found high-intensity luminescence of the
calculation shows that 90% of the intensity of the emission biaryldiphosphine complexes of Pd(0) and Pt(0) metals.
originates from the upper singlet state. Unfortunately, becauseMany researchers may consider this result strange, because
of the limitations of the temperature range and the errors in many platinum complexes luminesce but palladium com-
the experimental data, noticeable errors are included in theplexes do not, especially at room temperature. This should
k1 andk values?® be true for divalent platinum and palladium complexes,
Temperature-Dependence irk,.. As stated before, the  because low-lying €d states effectively quench the CT
difference ink, values almost determines the luminescence excitation energies of the palladium complexes. However,
guantum yield of the complexes at room temperature. The the result for platinum(0) and palladium(0) complexes is
temperature-dependence kf values of [Pt(biphep) re- opposite that of the divalent complexes. It has been reported
sembles that of [Pt(binag) As for the palladium complexes, that some platinum(0) complexes show luminescence with
large temperature-dependence is observed compared with tha very short lifetime due to largk, values. For example,
of the platinum complexes (see Figure S3, Supporting [Pd(PPh)s] has lifetime of 3.6us in solution at room
Information). For the platinum complexes, the decrease in temperature, but [Pt(PB] has a lifetime of 0.74s8 The
ko on lowering the temperature is gentler than thakin variation of the photophysical properties of the complexes
thus, the quantum yields of the luminescence essentially described in the present work should be mainly ascribed to
decrease at low temperatdfeOn the other hand, in the case the variation of nonradiative processes. Large -spirbit
of [Pd(biphep)], thek: andk,, curves closely resemble each coupling in the platinum complexes may be the reason for
other, so the quantum yield does not change with tempera-the large nonradiative deactivation. The palladium{0)

ture. The temperature-dependkptdata of [Pt(binap) were phosphine complexes have long been known as precursors
fit with of many homogeneous catalysts, but the interesting photo-
1- QF physical properties of the complexes have not been explored

= K,y EXpCAE/RT) + K, p» so far. In this study, we shed light on additional promising

applications of the palladium complexes as luminescent

an Arrhenius-type rate equation. In the treatmkipt,denotes materials.
the lifetime of the higher-lying state which gives rise to
deactivation, andt, is the intrinsic lifetime of the emitting
SMLCT. The temperature-dependence of the appd¢gdata Synthesis of the ComplexedMetal sources and phosphines were
(Figure S3, Supporting Information) clearly shows tkaf, obtained from Tanaka Kikinzoku Kogyo, Ltd. and Strem Chemicals,
which is equal to the low-temperature limiting value of the reSPectively. The syntheses of the bis(diphosphine)complexes
apparenk, value, is small for the palladium complexes as should be done under argon atmosphere, although the obtained
. ' . . crystals of the zerovalent complexes can be handled in air. [Pd-
compared with that of the platinum complexes. What is the (P(o-tol)s)s] was prepared by the reported procediire
reason for the difference in the rate of the nonradiative > i

L . [Pd(binap)] was prepared according to the Alcazar-Roman
deactivation between the two metal species? We have shown, qthogt2

that the geometry found in the two complexes, [Pt(bipkiep) [Pd(biphep)] was prepared by a similar method, as follows.
and [Pd(biphep], is similar, as clarified by X-ray analysis, Benzene (3 mL) was added to a mixture of [Pa@¢R{)s)] (0.14

and furthermore, the solvent effect on the photophysical mmol) and biphep (0.28 mmol) and stirred until the complex
parameters of the platinum and palladium complexes seemdissolved. The mixture was filtered under argon, efteptane was

to be similar. Harvey and Gray also observed a great added slowly and then kept in a refrigerator. Orange crystals (0.12
difference in the excited-state lifetime of the two binuclear 9) were afforded after several days. Yield, 72%. Anal. Calcd. for
platinum(0) and palladium(0) complex®sThe lifetime of CrHsePsPd(GHe)s: C, 78.00; H, 5.38. Found: C, 77.66; H, 5.39.
the former is far smaller than that of the latter complex. They #P NMR (160 MHz, GDe): 0 = 20.3.

. . N . [Pt(biphep)] was synthesized from [Pt&biphep)], which was
concluded that the difference in the spiorbit coupling may prepared from [PtG(CsHsCN),] as follows. Portions of 0.25 mmol

be _the reason for this resqlt. It has peen shown thqt—spm of [PtCh(CsHsCN),] and 0.25 mmol of biphep were dissolved in
orbit coupling must be included in the evaluation of 5o mi of benzene and stirred at 7G for 1 h. After cooling, the
nonradiative rates for the relaxation between states of sojution was concentrated to 10 mL and was allowed to stand for
different multiplicity?* Since there is a large difference in 24 h at 5°C. White powders of [PtG(biphep)] deposited (77%
the spin-orbit coupling constants for the platinum atom yield) were collected by filtration. To a THF solution (22.5 mL)
(4400 cmY) and palladium atom (1500 crf, spin—orbit containing both the dichloride complex (0.13 mmol) and biphep
coupling should be one of the essential reasons for the greaf0.13 mmol) was added dropwise an aqueous solution (5 mL) of

difference in the nonradiative rates of relaxation of the NaBH (0.39 mmol) under argon atmosphere. The solution was
platinum and palladium complexes dried in vacuo. Toluene (20 mL) was added to the residue, and the
insoluble solid was separated by filtration. Heptane (20 mL) was
(20) In the least-squares calculation, results are seemingly accurate withddded to the toluene solution, and the solution was allowed to stand
small standard deviations, but different weight function gave different for a week at 5°C. [Pt(biphep)] was obtained as orange crystals.

results, especially fokir and k.. Thus, the actual errors should be  vield. 48%. Anal. Calcd. for ©HsP,Pt: C, 69.73; H, 4.5531p

considerably larger than the calculated standard deviations. Therefore,NMR‘ 160 MH DY) & = 13.2 o 3’ 70 H L

we discussAE values only in this section. ( Z, GD): 0 =13.2 Opp = 35 2).
(21) Adamson, A. W.; Fleischauer, P. Boncepts of Inorganic Photo-

chemistry John Wiley & Sons: London, 1975; p 69. (22) Paul, F.; Patt, J.; Hartwig, J. FOrganometallics1995 14, 3030.

Experimental Section
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Crystallographic Study of [Pt(biphep),]. The orange crystal nitrobenzene with our recorded specttahe quantum vyields of
was glued on the tip of a glass fiber with epoxy resin and mounted [Pd(biphep)] and [Pt(biphep)] complexes were calculated by the
on a four-circle automated diffractometer (AFC-5S of Rigaku, Ltd.). following equation?®
The detailed data collection parameters and the crystal data were ) .
listed in a CIF file. The positions of the heavy atom were determined ® = d* (ﬂ) (E) (ﬂ)(&)
by a direct method using th®IR92program?3 The structure was mASANTN\1-10"
expanded and refined by tI®HELX97software?* Two kinds of
toluene molecules of solvate were found in an asymmetric unit.
For one toluene molecule, the parameters of the carbon atoms o
the toluene molecules were refined with the multiplicities of each
atom set to unity. One more toluene molecule was found on a
crystallographic two-fold axis. The multiplicities of the carbon
atoms of the toluene molecule were set to 1 or 0.5 so that a
disordered pair of the molecule was located on the position.
Some C-C distances of the toluene molecules were restrained to
1.36 A.

Crystallographic parametersfor [Pt(biphgfCsHsCHs)s: CosHedPa-

Pt, M = 1516.6, monoclinica = 19.818(8) A\b = 14.219(3) A,
c = 26.677(2) A,p = 97.87(2), V = 7446(3) B, space group
C2lc, Z= 4, T = 293 K, u = 2.02 mn1?, reflections collected
9146, unique 7561; find®y(F) = 0.078 { > 20(1)), R(F?) = 0.162
(all).

SpectroscopyAll spectroscopic measurements were carried out
using strictly degassed solutions by repeated frepoenp—thaw
procedures. The spectroscopic properties of [Pd(bjhapgre
studied by the methods described in the recent p¥dershort,
the luminescence spectra of the complex up to 1000 nm were
measured with a polychromator equipped with a CCD detector.
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spectra and the luminescence spectra were recorded on a Shimadzyminescence spectra of [Pd(bingpyVe thank the Ministry
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tions of the complexes were adjusted as the absorbance of the

solutions at the excitation wavelength was set to around 0.1. The Scientific Research.

temperature was kept constant by means of circulating thermostatted - Supporting Information Available: Crystallographic data of
water fOf the measurements at around room temperature. For thqpt(b|phep)] and [Pd(b|phem’ geometrical parameters Of the
low-temperature measurements, a custom-made tiyostat complexes; temperature-dependence of the photophysical data. This

manufactured by Jecc-Torisha Co., Ltd., and a temperature control-materialis available free of charge via the Internetat http:/pubs.acs.org.
ler (Scientific Instruments, Model 9700) were used. The correction

factors for the sensitivity of wavelength-dependence of the spec-
trometer were determined bycomparison of the reported spectral(25) Lippert, E.. Nagele, W.. Seibold-Blankenstein, 1. Staiger, U.: Voss

. R . . ippert, E.; , W.; Seibold- in, |.; Staiger, U.; s
curves of 4-dimethylamino-itrostilbene and 3-(dimethylamino)- W. Fresenius’ 7. Anal. Chemi959 170, 1.

(26) Demas, J. N.; Crosby, G. A. Phys. Cheml971, 75, 991.
(23) SIR92 Altomare, A.; Burla, M.C.; Camalli, M.; Cascarano, M.; (27) Two conflicting values (1.0 and 0.92) were reported so far; we adopted

wheren is refractive index of the solvent is the area of the
fcorrected emission spectra (quanta per wavenumber vs wavenum-
ber),| is the intensity of light at the excitation wavelength, &nd

is the absorbance at the excitation wavelength. The asterisk refers
to the standard sample. At low temperature, a slight narrowing of
the absorption band widths and an increase in the absorption
maxima were observed, and then they were corrected for the
determination of the quantum yields. Rhodamine 101 was used for
the standard of the quantum yield (= 0.92)?” The wavelengths

of excitation were as follows: 440 nm for Pd(biphgpnd Pt-
(biphep} and 525 nm for rhodamine 101. The intensity ratio of
the excitation)*/|, was determined using a quantum counter of a
rhodamine 101 solution (5 g/L) dissolved in ethanol. Luminescence
decay curves were measured on a laboratory-made apparatus; the
sample was excited using a nitrogen laser (USHO AN-200), and
the emission light was focused into a Jovin-Ybon H-20 monochro-
mator equipped with a photomultiplier (Hamamatsu R-955). The
output of the photomultiplier was digitized by a Iwatsu-Lecroy DS-
4262 digital oscilloscope and then downloaded to a PC. NMR
spectra were measured on a JEQ400 spectrometer usingsH

PO, solution as an external reference.
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27, 435. N. J.; Drexhage, K. HJ. Fluorescenc&997, 7(Suppl), 91S. The value

(24) SHELXL-97 Sheldrick, G.M.Program for the Refinement of Crystal of 1.0 was reported in the following paper: Karstens, T.; Kobs].K.
Structures University of Gdtingen: Gidtingen, Germany, 1997. Phys. Chem198Q 84, 1871.
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