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’ INTRODUCTION

A stimuli-responsive luminescence and color switch is usually
associated with a metastable state that is triggered by external
stimuli, such as light, electricity, heat, vapor, mechanical force,
etc., and can be reverted to the original state by another external
signal perturbation.1 Luminescence mechanochromism is a
reversible light-emitting or color switch triggered by mechanical
stimuli, such as grinding, crushing, rubbing, extruding, or press-
ing, and is useful in mechanical sensing, stress monitoring,
damage detecting, optical recording, memory, and display.2,3

A number of organic compounds, including organic dyes,4 liquid
crystals,5 and polymers,6 are known to change their absorption
and emission characteristics in response to mechanical stimuli.
Relevant studies on metal complexes, however, are much less
explored, although some metal coordinated species7�14 have
been recently described to show distinct luminescence mechan-
ochromic properties.

It is anticipated that organometallic or coordination com-
pounds composed of both metal ions and organic ligands would
exhibit more intriguing and richer luminescence mechanochro-
mism, originating from not only intramolecular conformational
folding or twisting but also variation in intermolecular π�π,
metal�metal, or hydrogen-bonding interaction. We describe

herein a remarkable mechanical grinding-triggered luminescence
switch based on bis(σ-phenylacetylide)platinum(II) complexes
with 5-trimethylsilylethynyl-2,20-bipyridine (bpyCtCSiMe3).
A highly reversible and reproducible yellow-green to red lumi-
nescence interconversion is achieved by alternate grinding and
vapor sorption/heating. Significantly, the mechanoluminescence
properties are distinctly alterable by introducing a bulk tert-butyl
onto the phenylacetylide.

’RESULTS AND DISCUSSION

Syntheses and Characterization. Complexes Pt(bpyCt
CSiMe3)(CtCC6H4R-4)2 (R = H (1), But (2)) were prepared
by the reaction of Pt(bpyCtCSiMe3)Cl2 with phenylacetylene
or 4-(tert-butyl)phenylacetylene in the presence of diisopropy-
lamine and a small amount of CuI. The products are readily
purified by chromatography on silica gel columns using dichlor-
omethane as the eluent.
The structures of 1, 1 3CHCl3, 1 3

1/2CH2ClCH2Cl, and 2 3
CH2Cl2 were determined by X-ray crystallography. They exhibit
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ABSTRACT: Planar platinum(II) complexes Pt(bpyCtCSiMe3)(CtCC6H4R-4)2
(R = H (1), But (2)) with 5-trimethylsilylethynyl-220-bipyridine show an unusual,
reversible, and reproducible mechanical stimuli-responsive color and lumines-
cence switch. When crystalline 1 or 2 is ground, bright yellow-green emitting is
immediately converted to red luminescence with an emission red shift of
121�155 nm for 1 or 53�89 nm for 2. Meanwhile, the crystalline state is transformed
to an amorphous phase that can be reverted to the original crystalline state by
organic vapor adsorbing or heating, along with red luminescence turning back to
yellow-green emitting. The reversibility and reproducibility of luminescence
mechanochromic properties have been dynamically monitored by the variations
in emission spectra and X-ray diffraction patterns. The drastic grinding-triggered
emission red shift is likely involved in the formation of a dimer or an aggregate
through Pt�Pt interaction, resulting in a conversion of the 3MLCT/3LLCT
emissive state in the crystalline state into the 3MMLCT triplet state in the amorphous phase. Compared with the drastic grinding-
triggered emission red shift in 1 (121�155 nm), the corresponding response shift in 2 (53�89 nm) is much smaller since a bulky
tert-butyl in CtCC6H4bu

t-4 induces the planar platinum(II) molecules to stack through a longer Pt�Pt distance and less
intermetallic contact compared with that in 1, as suggested from EXAFS studies.
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some common structural features. The platinum(II) center
displays a distorted square-planar geometry composed of C2N2

donors. The planar platinum(II) moieties are all arranged in an
antiparallel mode for 1, 1 3CHCl3, 1 3

1/2CH2ClCH2Cl, and
2 3CH2Cl2, as depicted in Figure 1. There exists a severe sliding
between the adjacent platinum(II) moieties so that the shortest
Pt 3 3 3 Pt distance is longer than 4 Å, excluding the possibility
of intermetallic interaction found in some platinum(II) analogs15�18

with a stagger stacking pattern that favors formation of a Pt�Pt
contact.
Intermolecular C�H 3 3 3π(CtC) (dH 3 3 3C= 2.89Å,θH 3 3 3CtC=

155.5�) interaction is most likely operating in the structure of 1.
For 1 3

1/2CH2ClCH2Cl (Figure S1, Supporting Information),
1 3CHCl3 (Figure S2, Supporting Information), and 2 3CH2Cl2
(Figure S3, Supporting Information), there exist weak interac-
tions between solvate chlorohydrocarbon and platinum(II)
moieties, including ClC�H 3 3 3π(CtC) (dH 3 3 3C = 2.63�2.89
Å, θH 3 3 3CtC = 142.0�162.7�) and C�H 3 3 3ClCH (dH 3 3 3Cl =
2.86�2.94 Å, θC�H 3 3 3Cl = 121.9 and 172.3�) hydrogen-bonding
interactions.
Photophysical Properties. The UV�vis absorption spectra

of 1 and 2 (Table 1) in dichloromethane solutions exhibit intense
ligand-centered absorption bands at ca. 270, 320, and 345 nm
along with a broad low-energy absorption at 427 nm for 1 and

435 nm for 2, arising likely from dπ(Pt)f π*(bpyCtCSiMe3)
MLCT and π(CtCC6H4R-4) f π*(bpyCtCSiMe3) (R =
H (1), But (2)) LLCT states.19 A distinct red shift of the low-
energy absorption band for 2 (Figure S4, Supporting Informa-
tion) compared with that for 1 is ascribable to the electron-
donating character of tert-butyl in CtCC6H4Bu

t-4, leading to
raise the π(CtCC6H4-R) and dπ(Pt) levels and thus reduce the
HOMO�LUMO gap of both MLCT and LLCT transitions for
2. The broad low-energy band is solvent-dependent and gradu-
ally red shifted with the decrease of solvent polarity for both 1
(Figure S5, Supporting Information) and 2 (Figure S6, Support-
ing Information), revealing anobvious negative solvatochromism.17a,19

The UV�vis spectra of crystalline species show a broad low-
energy band in the near-UV region with the maximum at 425 nm
for 1 (Figure 2) and 450 nm for 2 (Figure S7, Supporting
Information). Upon grinding, this broad absorption band is
obviously red shifted to 446 and 470 nm in the ground samples 1
(Figure 2) and 2 (Figure S7, Supporting Information), respectively.
Upon excitation at λex > 350 nm, both 1 and 2 (Figure S4,

Supporting Information) are brightly luminescent with a broad
emission band centered at 601 nm for 1 and 616 nm for 2
(Table 1) in fluid CH2Cl2 solution at ambient temperature. The
emission spectra of 1 or 2 are both solvent- and concentration-
independent (Figures S5 and S6, Supporting Information). At 77K
in frozen CH2Cl2, both 1 (534 and 568 nm) and 2 (547 and
584 sh nm) exhibit vibronic-structured bands with vibrational
progressions of around 1250 cm�1 (Figures S8 and S9, Support-
ing Information) as found in solid states. Upon irradiation of
crystalline species 1 and 2 at λex > 350 nm, both display bright
yellow-green luminescence with the lifetime being 0.304 μs for 1
and 0.284 μs for 2 at 298 K. Well-resolved vibronic-structured
bands are observed in the emission spectra with vibrational
progressional spacings in the range of 1120�1360 cm�1

(Table 1), typical of the vibrational frequencies of the aromatic

Figure 1. Crystal packing of 1, showing an antiparallel pattern in
stacking of planar platinum(II) molecules with the shortest intermole-
cular Pt 3 3 3 Pt distances > 4 Å.

Table 1. Absorption and Luminescence Data of 1 and 2 at Ambient Temperature

complex medium λab � 10�3 (nm) λem (nm) τem (μs) Φem (%)a

1 CH2Cl2 275 (39.6), 316 (34.2), 348 (16.3), 427 (6.0) 601 0.120 6.88

crystalline 535, 569, 614 sh 0.304

ground 690 0.080

2 CH2Cl2 275 (56.8), 321 (43.5), 348 (21.5), 435 (7.4) 616 0.091 2.43

crystalline 529, 565, 612 sh 0.284

ground 618 0.100
aThe quantum yield in degassed dichloromethane solution was estimated relative to [Ru(bpy)3](PF6)2 in acetonitrile as the standard (Φem = 6.2%).

Figure 2. UV�vis spectra of 1 in CH2Cl2 solution (dot), crystalline
species 1 3

1/2CH2ClCH2Cl (solid), and the ground species (dash).
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CdC and CdN modes of the bpyCtCSiMe3, implying the
involvement of bpyCtCSiMe3 in the emissive state.19

Luminescence Mechanochromic Properties.When crystal-
line species 1 or 2 is ground in an agate mortar or crushed gently
on a paper with a spatula, it shows dramatic color and lumines-
cence response with a drastic red shift of the emission band. As
depicted in Figure 3 (red), vibronic-structured emission bands at
535 and 569 (614 sh) nm in crystalline species 1 vanish entirely
upon mechanical grinding, whereas a broad and unstructured
band centered at 690 nm is detected in the thoroughly ground
species 1. Such a mechanical stimuli-responsive red shift of the
emission band corresponds to a mechanochromic response shift
of 121�155 nm. Meanwhile, bright yellow-green emitting in
crystalline species 1 is converted to red luminescence in the
ground sample, as indicated in Figure 4. Crystalline species 2
(Figure 3, blue) exhibits well-resolved vibronic-structured emis-
sion bands at 529 and 565 (612 sh) nm. Upon mechanical
grinding, vibronic-structured emission bands disappear entirely,
whereas a red shifted broad and structureless band centered at
618 nm is only observed in the thoroughly ground sample 2,
corresponding to 53�89 nm of luminescence mechanochromic
response shift. In contrast strikingly with bright yellow emitting
in the crystalline species 2, the ground sample shows red lumines-
cence (Figure S15, Supporting Information). It is noteworthy

that, compared with the grinding-triggered red shift of the
emission in 1 (121�155 nm), the corresponding response shift
in 2 (53�89 nm) is much smaller, as depicted in Figure 3,
implying that introducing a bulky tert-butyl onto the phenylace-
tylide affects significantly the mechanochromic luminescence in 2.
It is noticeable that the emission spectra of both 1 (Figure S10,

Supporting Information) and 2 (Figure S11, Supporting In-
formation) are insensitive to solvate molecules in the crystal
structures so that distinct luminescence vapochromism is un-
observed. This is quite different from remarkable and selective
luminescence vapochromic properties in square-planar platinum-
(II) complexes with 5,50-bis(trimethylsilylethynyl)-2,20-bipyri-
dine (Me3SiCtCbpyCtCSiMe3).

13a,15,16 When crystalline
species 1 3CHCl3 (Figure S22, Supporting Information) or
2 3CH2Cl2 (Figure S23, Supporting Information) was kept to
heat at 120 �C, the emission spectra were not distinctly shifted
except some changes in emission intensity. It appears that solvate
molecules exert inappreciable influence on the emission spectra
of both crystalline and ground species 1 (Figure S12, Supporting
Information) or 2 (Figure S13, Supporting Information), although
solvate molecules are partially lost in the process of mechanical
grinding, as suggested from thermogravimetric analysis studies
(Figures S17 and S18, Supporting Information). Therefore,
mechanical grinding-triggered color and luminescence changes
in the two platinum(II) complexes are not due to loss of the
solvent molecules.
Interestingly, the ground species 1 or 2 can be reverted to the

original unground state by organic vapor adsorbing or heating. As
depicted in Figure 5, the dynamic variation process of the
emission spectra was monitored by exposing the ground species
1 to acetone vapor (Figure 5a) or heating at 120 �C (Figure 5b).
With gradual attenuation of the unstructured band centered at
690 nm, vibronic-structured bands at 535 and 569 (615 sh) nm
occur and grow progressively so as to restore perfectly to the
original crystalline state. Figure 4 depicts mechanical grinding-
triggered reversible color and luminescence changes for 1 under
ambient light and UV light irradiation (365 nm), showing a
switch from yellow-green to red upon grinding, and from red
turning back to yellow-green when a drop of acetone is added to
the ground sample.
X-ray diffraction (XDR) studies on crystalline 1 3CHCl3 and

the corresponding ground species (Figure 6) reveal that the XRD
patterns disappear entirely upon mechanical grinding (Figure 6,

Figure 3. Normalized emission spectra of 1 (red) and 2 (blue) in the
crystalline state (solid) and ground state (dash), showing a mechani-
cal grinding-triggered emission red shift of 121�155 nm for 1 and
53�89 nm for 2.

Figure 4. Photographic images of crystalline species 1 in response to mechanical grinding under ambient light and UV light irradiation (365 nm),
showing the color and luminescence switches from yellow-green to red upon grinding, and from red turning back to yellow-green by addition of acetone:
(a) crystalline sample, (b) partially ground sample, (c) thoroughly ground sample, and (d) ground sample upon addition of a drop of acetone.
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diagram c), implying a conversion from the crystalline state to the
amorphous phase when the sample is thoroughly mechanically
ground. Nevertheless, when the ground sample is exposed into a
saturated CHCl3 vapor for some time, the XRD patterns can be
perfectly reverted to the original crystalline state. Figure 6 depicts
the XRD diagrams in a mechanochromic cycle for 1 3CHCl3,
showing dynamic variations in the XRD patterns in response to
mechanical grinding as well as CHCl3 vapor in the reversed
process. Heating is another feasible approach to make the
amorphous phase in the ground species 1 revert to the original
crystalline state, as indicated in Figure 7. Thus, XRD studies
demonstrate unambiguously that the mechanical grinding-in-
duced color and luminescence switch is due to interconversion

between crystalline and amorphous states, which is highly reversible
and reproducible.
To elucidate transition characters of the absorption and

emission spectra, DFT computational studies were performed
on 1 (Tables S1 and S2, Supporting Information) and 2 (Tables
S3 and S4, Supporting Information). The HOMO, HOMO-1,
and HOMO-2 are contributed by both 5d(Pt) (25.8�42.4% for
1 and 21.7�43.1% for 2) and π(CtCC6H4R-4) (52.1�72.1%
for 1 and 51.4�75.1% for 2). The LUMO and LUMO+2 are
predominantly resident on π*(bpyCtCSiMe3) (94.1�97.1%
for 1 and 94.1�97.3% for 2). The calculated low-energy singlet
absorptions at 516, 481, and 427 nm for 1 (Table S2, Supporting
Information) or 530, 497, and 428 nm for 2 (Table S4,
Supporting Information) due to HOMO f LUMO, HOMO-
1f LUMO, and HOMO-2f LUMO transitions, respectively,
result primarily from 1[dπ(Pt)f π*(bpyCtCSiMe3)]

1MLCT
and 1[π(CtCC6H4R-4) f π*(bpyCtCSiMe3)] (R = H (1),
But (2)) 1LLCT states. The calculated triplet excitation at
552 nm for 1 (Table S2, Supporting Information) or 562 nm
for 2 (Table S4, Supporting Information) due to the HOMOf
LUMO transition is also typical of the 3[dπ(Pt) f
π*(bpyCtCSiMe3)]

3MLCT and 3[π(CtCC6H4R-4) f
π*(bpyCtCSiMe3)]

3LLCT triplet excited states.
Uponmechanical grinding, it is likely that the planar platinum-

(II) molecules are packed in close proximity through Pt�Pt
interaction to form a dimer or an aggregate in the amorphous

Figure 5. Emission spectral changes of the ground species 1 in response
to acetone vapor (a) and heating at 120 �C (b), showing a gradual
emission attenuation of the broad unstructured band centered at ca.
690 nm and a progressive emission growing of vibronic-structured bands
at ca. 530 and 568 nm.

Figure 6. XRD diagrams in a mechanochromic cycle for crystalline
species 1 3CHCl3, showing the simulated (a) and measured (b) XRD
patterns for the crystalline sample, the measured XRD diagram for the
ground sample (c), and dynamic variations (d�f) of the XRD patterns
from an amorphous phase to the original crystalline state upon the
ground sample being exposed to CHCl3 vapor.

Figure 7. XRD diagrams in a mechanochromic cycle for unsolvated
crystalline species 1, showing the simulated (a) and measured (b) XRD
patterns for the crystalline sample, the measured XRD diagram for the
ground sample (c), and the reverted XRD patterns (d) by heating the
ground sample at 120 �C.

Figure 8. FT spectra of the room-temperature EXAFS results for
k3χ(k) for the ground samples of 1 (red) and 2 (blue).
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phase. The emissive state of the ground species is thus converted
to the 3MMLCT (metal�metal-to-ligand charge transfer) triplet
state involving a HOMO of a dπ* nature resulting from σ-
overlapping between dz2 orbitals of the platinum(II) ions,18�20

thus giving a much smaller HOMO�LUMO gap and a signifi-
cantly red shifted emission centered at 690 nm as a broad
unstructured band (Figure 3a). Remarkably, the red shift of the
emission in 2 (53�89 nm) from crystalline species (529 sh and
565 nm) to the ground species (618 nm) is much less pro-
nounced than that in 1 (121�155 nm). It is probably that the
bulky tert-butyl of CtCC6H4Bu

t-4 in 2 induces the planar
platinum(II) molecules to stack through a longer Pt�Pt distance
and less intermetallic contact compared with that in 1, thus
inducing a less red shifted mechanochromic luminescence for 2.
EXAFS studies have been performed to explore the structure

information of the ground samples of 1 and 2. Noticeably, it is
difficult to obtain the EXAFS data for the unground samples
because very small particles are used in EXAFS measurement,
which are usually prepared by grinding the crystalline samples.
Figure 8 depicts the Fourier transform (FT) spectra of the room-
temperature EXAFS results of the weighted function, k3χ(k) for
the ground species 1 and 2. In the first coordination shell of
platinum(II), two Pt�Cbonds with an average distance of 1.95 Å
and two Pt�N bonds with an average distance of 2.07 Å are
found in both ground complexes 1 and 2 using a standard least-
squares fitting approach. This result coincides well with the bond
parameters of 1, 1 3CHCl3, 1 3

1/2CH2ClCH2Cl, and 2 3CH2Cl2
from X-ray crystallography. With reference to the previous
EXAFS studies on square-planar complexes [Pt(2,20-bpy)(SCN)2]
and [Pt(2,20-bpy)C12],

21,22 the intermolecular stacking (IM)
effects are observable in the range of r > 2.5 Å. The FT feature
(labeled IM in Figure 8 and falling in the range of 3.0 < R < 3.8 Å)
is associated with intermolecular stacking effects and indicates
the formation of the Pt�Pt interactions between adjacent square-
planar platinum(II) molecules. Once mechanically ground, both
complexes 1 and 2 are likely packed in close proximity through

relatively short Pt 3 3 3 Pt separations (<3.5 Å) based on the
EXAFS data. Furthermore, the IM feature in 2 is weaker and
broader than that in 1, suggesting that the bulky tert-butyl in
CtCC6H4Bu

t-4 causes a longer intermolecular Pt 3 3 3 Pt dis-
tance and a more disordered stacking structure in 2.

’CONCLUSIONS

Square-planar platinum(II) complexes Pt(bpyCtCSiMe3)-
(CtCC6H4R-4)2 (R = H (1), But (2)) with 5-trimethylsily-
lethynyl-2,20-bipyridine show an unusual, reversible, and reproducible
mechanical stimuli-responsive color and luminescence switch.
When crystalline species 1 or 2 is ground in an agate mortar or
crushed gently on a paper with a spatula, the crystalline state is
transformed to an amorphous phase. Meanwhile, bright yellow-
green emitting in the crystalline species is immediately converted
to red luminescence in the ground sample. Significantly, the
amorphous phase in the ground species can be reverted to the
original crystalline state by organic vapor adsorbing or heating
along with red luminescence turning back to yellow-green
emitting. The reversibility and reproducibility of luminescence
mechanochromic properties have been dynamically monitored
by the variations in emission spectra and X-ray diffraction patterns.
The drastic grinding-triggered emission red shift is likely in-
volved in a dimer or an aggregate through Pt�Pt interaction,
resulting in a conversion from the 3MLCT/3LLCT emissive state
in the crystalline state into the 3MMLCT triplet state in the
amorphous phase. Although remarkable luminescence mechan-
ochromic properties occur in both 1 and 2, introducing a bulky
tert-butyl onto the phenylacetylide affects significantly the me-
chanoluminescence in 2. Compared with the drastic grinding-
triggered emission red shift in 1 (121�155 nm), the correspond-
ing response shift in 2 (53�89 nm) is much smaller because the
bulky tert-butyl of CtCC6H4Bu

t-4 in 2 induces planar platinum-
(II) molecules to stack through a longer Pt�Pt distance and less
intermetallic contact compared with that in 1.

Table 2. Crystallographic Data for 1, 1 3CHCl3, 1 3
1/2CH2ClCH2Cl, and 2 3CH2Cl2

1 1 3CHCl3 1 3
1/2CH2ClCH2Cl 2 3CH2Cl2

empirical formula C31H26N2PtSi C32H27Cl3N2PtSi C32H28ClN2PtSi C40H44Cl2N2PtSi

formula weight 649.72 769.09 699.19 846.85

crystal system monoclinic monoclinic triclinic monoclinic

space group P21/n P21/c P1 P21/c

a, Å 15.716(7) 7.168(3) 7.226(2) 20.480(8)

b, Å 9.145(4) 22.491(8) 13.025(4) 11.270(4)

c, Å 19.615(9) 19.119(7) 16.526(6) 16.377(6)

R, � 79.29(1)

β, � 103.305(7) 95.463(6) 84.58(1) 93.973(6)

γ, � 74.12(1)

V, Å3 2744(2) 3068.2(18) 1468.4(8) 3771(2)

Z 4 4 2 4

Fcalcd, g/cm�3 1.573 1.665 1.581 1.492

μ, mm�1 5.179 4.898 4.932 3.924

radiation (λ, Å) 0.71073 0.71073 0.71073 0.71073

temp, (K) 293(2) 293(2) 293(2) 293(2)

91(Fo)
a 0.0498 0.0764 0.0618 0.0453

wR2(Fo
2)b 0.1133 0.1742 0.1587 0.1178

GOF 1.090 0.993 1.050 1.066
a R1 = Σ|Fo � Fc|/ΣFo.

bwR2 = Σ[w(Fo
2 � Fc

2)2]/Σ[w(Fo
2)]1/2.
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’EXPERIMENTAL SECTION

General Procedures and Materials. Synthetic operations were
carried out under a dry argon atmosphere using Schlenk techniques and
vacuum-line systems unless otherwise specified. The solvents were dried,
distilled, and degassed prior to use except that those for spectroscopic
measurements were of spectroscopic grade. 5-Trimethylsilylethynyl-
2,20-bipyridine (bpyCtCSiMe3)

23 and Pt(bpyCtCSiMe3)Cl2
17 were

prepared by the similar synthetic procedures described in the literatures.
Other reagents were purchased from commercial sources and used as
received unless stated otherwise.
Pt(bpyC;CSiMe3)(C;CC6H5)2 (1). To a dichloromethane (50mL)

solution of 1-ethynylbenzene (51.0 mg, 0.5 mmol) were added Pt(bpyCt
CSiMe3)Cl2 (103.6 mg, 0.20 mmol), CuI (1 mg), and diisopropylamine
(2 mL) with stirring at ambient temperature for 1 day. The solvents were
removed by rotary evaporation, and the product was purified by chromatog-
raphy on a silica gel column using dichloromethane as the eluent. Yield: 85%.
Anal. Calcd for desolvated species C31H26N2PtSi: C, 57.31; H, 4.03; N, 4.31.
Found: C, 57.48;H, 4.08;N, 4.27. ESI-MS (m/z): 650.6 [M+ 1]+. 1HNMR
(400MHz, CDCl3, ppm): 9.72 (d, 1H, J = 1.6 Hz, bpy), 9.55 (d, 1H, J = 4.8
Hz, bpy), 8.71 (d, 1H, J=4.8Hz, bpy), 8.69 (d, 1H, J=4.8Hz, bpy), 8.51 (dd,
1H, J=8.8Hz, J=2.0Hz, bpy), 8.41 (td, 1H, J=8.0Hz, J=1.6Hz, bpy), 7.91
(t, 1H, J = 6.4 Hz, bpy), 7.27�7.40 (m, 8H, C6H5), 7.18�7.24 (m, 2H,
C6H5), 0.29 (s, 9H, Si(CH3)3). IR (KBr disk, cm�1): 2114 s (CtCPt),
2169 m (CtCSiMe3), 1249 m (Si�C).
Pt(bpyC;CSiMe3)(C;CC6H4Bu

t-4)2 (2). This compound was
prepared by the same procedure as that of 1 except using 4-(tert-
butyl)phenylacetylene instead of phenylacetylene. Yield: 82%. Anal.
Calcd for C39H42N2PtSi: C, 61.48; H, 5.56; N, 3.68%. Found: C, 61.53;
H, 5.66; N, 3.52%. ESI-MS (m/z): 762.8 [M + 1]+. 1HNMR (400MHz,
CDCl3, ppm): 9.53 (d, 1H, J = 4.8 Hz, bpy), 9.51 (d, 1H, J = 1.6 Hz,
bpy), 8.15 (t, 2H, J = 8.0 Hz, bpy), 8.04 (dd, 1H, J = 7.2 Hz, J = 2.0 Hz,
bpy), 8.00 (td, 1H, J = 7.6 Hz, J = 1.2 Hz, bpy), 7.41�7.46 (m, 1H + 4H,
bpy + C6H4), 7.28 (t, 4H, J = 8.4 Hz, C6H4), 1.33 (s, 9H, C4H9), 1.32 (s,
9H, C4H9), 0.33 (s, 9H, Si(CH3)3). IR (KBr disk, cm�1): 2113 s
(CtCPt), 2167 m (CtCSiMe3), 1250 m (Si�C).
PhysicalMeasurements. ProtonNMR spectra weremeasured on

a Bruker Avance III (400 MHz) spectrometer with SiMe4 as the internal
reference. UV�vis absorption spectra were measured on a PerkinElmer
Lambda 25 UV�vis spectrophotometer. Infrared spectra (IR) were
recorded on a Magna 750 FT-IR spectrophotometer with KBr pellets.
Elemental analyses (C, H, and N) were carried out on a PerkinElmer
model 240 C elemental analyzer. Electrospray ionization mass spectro-
metry (ESI-MS) was performed on a Finnigan LCQ mass spectrometer
using dichloromethane�methanol as mobile phases. Emission and
excitation spectra were recorded on a PerkinElmer LS55 luminescence
spectrometer with a red-sensitive photomultiplier type R928. Emission
lifetimes in solid states and degassed solutions were determined on an
Edinburgh analytical instrument (F900 fluorescence spectrometer)
using an LED laser at 440 nm excitation. The emission quantum yield
(Φem) in degassed dichloromethane solution at room temperature was
calculated byΦs =Φr(Br/Bs)(ns/nr)

2(Ds/Dr) using [Ru(bpy)3](PF6)2
in acetonitrile as the standard (Φem = 0.062), where the subscripts r and
s denote reference standard and the sample solution, respectively, and n,
D, andΦ are the refractive index of the solvents, the integrated intensity,
and the luminescence quantum yield, respectively. The quantity B is
calculated by B = 1�10�AL, where A is the absorbance at the excitation
wavelength and L is the optical path length.
Crystal Structural Determination. Crystals of 1, 1 3

1/2CH2Cl-
CH2Cl, 1 3CHCl3, and 2 3CH2Cl2 were obtained by layering petroleum
ether onto the corresponding solutions. Data collection was performed
on a Mercury CCD diffractometer by the ω scan technique at room
temperature using graphite-monochromated Mo-Ka (λ = 0.71073 Å)
radiation. The CrystalClear software package was used for data reduction

and empirical absorption correction. The structures were solved by
direct methods. The heavy atoms were located from E-map, and the rest
of the non-hydrogen atoms were found in subsequent Fourier maps. All
non-hydrogen atoms were refined anisotropically, while the hydrogen
atoms were generated geometrically and refined with isotropic thermal
parameters. The structures were refined on F2 by full-matrix least-
squares methods using the SHELXTL�97 program package.24 The
crystallographic data are summarized in Table 2.
Theoretical Calculation Methodology. The electronic struc-

tures were calculated by density functional theory (DFT)25 methods
using the Gaussian 03 program package.26 The hybrid functional PBE027

was used together with 6-31G(d,p) polarized double-ζ basis sets for C,
N, and H atoms and the Stuttgart�Dresden (SDD)28 basis set with
effective core pseudopotentials (ECPs) for the Pt(II) atom. To precisely
describe the molecular properties, one additional f-type polarization
function was implemented for the platinum(II) atom (R = 0.18).29 On
the basis of the structures, 60 singlet and 6 triplet excited states were
obtained to determine the vertical excitation energies for 1 and 2 in
dichloromethane, using the time-dependentDFT (TD-DFT) calculations.30,31

The polarized continuum model method (PCM)32 with dichloro-
methane as the solvent was used to calculate all the electronic structures
in solution.

’ASSOCIATED CONTENT

bS Supporting Information. Figures giving additional UV�vis
and emission spectra, tables and figures giving DFT calculation
data, and X-ray crystallographic file in CIF format for the
structure determination of compounds 1, 1 3CHCl3, 1 3

1/2CH2-
ClCH2Cl, and 2 3CH2Cl2. This material is available free of charge
via the Internet at http://pubs.acs.org.
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