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A series of PtM, PtM2, and Pt2M3 (M ) Cu, Ag, Au) heteronuclear alkynyl complexes, synthesized by
reaction of the tetraalkynylplatinate(II) complexes [Pt(CtCR)4]2- with [M2(µ-dppm)2]2+ (dppm) bis-
(diphenylphosphino)methane), were characterized by elemental analyses, ESI-MS,1H and 31P NMR
spectroscopy, and X-ray crystallography for5-13. The PtII and MI centers are linked doubly and singly
by dppm in the PtM and PtM2 complexes, respectively. The Pt2Ag3 complex13 is composed of two
PtAg units associated with another Ag center by acetylideη2 (π) coordination. Strong Pt-M bonding
interactions are operative, in view of their rather short distances (2.7-3.0 Å). Compounds1-13 emit
strongly in the solid state at 298 and 77 K with lifetimes in the microsecond range, indicating spin-
forbidden triplet excited states. They also exhibit moderate photoluminescence in degassed dichloromethane
at 298 K. The emission energy in the solid state decreases with an increase in the electron-donating
ability of the R substituents, implying that the emissive origin is probably substantial ligand-to-cluster
[RCtCfPtM] LMMCT transitions, in view of the Pt-M interactions.

Introduction

Considerable attention has been paid to the chemistry of PtII-
MI (M ) Cu, Ag, Au) heterometallic alkynyl complexes in
recent years, primarily arising from their intriguing spectroscopic
behavior, rich photophysical properties, and diversified structural
topology.1-9 One of the most intriguing features in these
complexes is the tendency to form d8-d10 metal-metal contacts
that frequently induce intriguing spectroscopic and optoelec-
tronic properties. It has been demonstrated that participation of
the phosphine ligands usually favors formation of ligand-bridged
or -unsupported PtII-MI clusters through d8-d10 metal-metal
interactions.1-11

The tetraalkynylplatinate(II) complexes [Pt(CtCR)4]2- are
favorable precursors for construction of the heterometallic
alkynyl cluster complexes in terms of their potentially bridging
character in the alkynyl ligands throughσ or/andπ coordina-
tion.12 A series of Pt-Cu,13 Pt-Ag,12a,14,15Pt-Tl,16 Pt-Cd,17

and Pt-Rh/Ir18 heteropolynuclear cluster complexes with
[Pt(CtCR)4]2- as building blocks have been isolated, which
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exhibit intriguing photophysical properties associated with the
metal-metal andη2-M bonding interactions.

We have been interested in design of PtII-MI heterometallic
cluster complexes that display d8-d10 metal-metal interactions
and long-lived luminescence by incorporation of the PtII thiolate
or alkynyl components with the MI diphosphine complexes.10,11

Reaction of Pt(diimine)(dithiolate) with [M2(µ-dppm)2]2+ gave
rise to the formation of a series of PtII-MI heteronuclear cluster
thiolate complexes with diverse structures and intriguing pho-
toluminescence.11 To promote this research, we have attempted
to investigate the reactions of [Pt(CtCR)4]2- with [M2(µ-Ph2-
PXPPh2)2]2+ (X ) NH, CH2).10aThe neutral heterohexanuclear
compounds Pt2Ag4(PPh2NPPh2)4(CtCC6H4R-p)4 (R ) H, CH3)
and [PtAg2(dppm)2(CtCC6H5)2(CH3CN)2](SbF6)2 (2; dppm)
bis(diphenylphosphino)methane) have been described in a
preliminary communication.10a We report herein a systematic
study on the preparation, structural and spectroscopic charac-
terization, and photoluminescence of a series of PtII-MI (M )
Cu, Ag, Au) heteronuclear complexes derived from the com-
bination between [Pt(CtCR)4]2- and [M2(µ-dppm)2]2+.

Experimental Section

Materials and Reagents.All synthetic operations were per-
formed under a dry argon atmosphere by using Schlenk techniques
and vacuum-line systems. Solvents were dried by standard methods
and distilled prior to use. The reagents bis(diphenylphosphino)-
methane (dppm), phenylacetylene (HCtCC6H5), 4-ethynyltoluene
(HCtCC6H4CH3-4), 1-ethynyl-4-methoxybenzene (HCtCC6H4-
OCH3-4), 4-(tert-butyl)phenylacetylene (HCtCC6H4But-4), (tri-
methylsilyl)acetylene (HCtCSiMe3), and tert-butylacetylene
(HCtCBut) were available commercially (Acros and Alfa Aesar).
The tetraalkynylplatinate(II) compounds [NBu4]2[Pt(CtCR)4] (R
) C6H5, C6H4CH3-4, C6H4OCH3-4, C6H4But-4, tBu, SiMe3) were
prepared by the literature methods.12 The precursor compounds
[Cu2(dppm)2(MeCN)2](ClO4)2, [Ag2(dppm)2(MeCN)2](SbF6)2, and
[Au2(dppm)2](SbF6)2 were accessible by similar synthetic proce-
dures in the literature.19-22

[PtAg(dppm)2(CtCC6H5)2](SbF6) (1) and [PtAg2(dppm)2-
(CtCC6H5)2(CH3CN)2](SbF6)2 (2). [Ag2(dppm)2(MeCN)2](SbF6)2

(153.4 mg, 0.10 mmol) was added to a dichloromethane (20 mL)
solution of [NBu4]2[Pt(CtCC6H5)4] (108.4 mg, 0.10 mmol) with
stirring at room temperature for 1 day. The clear yellow-green
solution was concentrated in vacuo and chromatographed on a silica
gel column. The yellow-green band was collected using dichlo-
romethane as an eluent. Compound1 (yield 64%) was isolated as
yellow-green crystals by layering petroleum ether onto the dichlo-
romethane solution. Diffusion of diethyl ether onto the dichlo-
romethane-acetonitrile (5/1 v/v) solutions over a few days,
however, gave compound2 (yield 40%) as yellow crystals and a
small amount of yellow-green crystals of1 (yield 10%).

1. Anal. Calcd for C66H54AgF6P4PtSb‚2CH2Cl2: C, 48.63; H,
3.48. Found: C, 48.47; H, 3.33. ES-MS (m/z (%)): 1273 (100) [M
- SbF6]+, 889 (32) [PtAg(dppm)(CtCC6H5)2]+. IR (KBr, cm-1):
ν 2116 (w, CtC), 2104 (w, CtC), 658 (s, SbF6). 1H NMR (CD3-
Cl, ppm):δ 7.76-6.35 (m, 50H, C6H5), 5.20 (s, 4H, CH2Cl2), 4.14
(s, 4H, PCH2P). 31P NMR (202.3 MHz, CH2Cl2, ppm): 11.8 (s,
JPt-P ) 1254 Hz, PtPCH2PAg), 2.2 (d of d,JAg-P ) 528 Hz,2JP-P

) 35 Hz, PtPCH2PAg).

2. Anal. Calcd for C70H60Ag2F12N2P4PtSb2: C, 43.44; H, 3.12;
N, 1.45. Found: C, 43.58; H, 3.09; N, 1.34. ES-MS (m/z (%)):
1273 (100) [PtAg(dppm)2(CtCC6H5)2]+, 889 (30) [PtAg(dppm)-
(CtCC6H5)2]+. IR (KBr, cm-1): ν 2102 (w, CtC), 2058 (w,
CtC), 658 (s, SbF6). 1H NMR (CDCl3, ppm): δ 7.74-6.35 (m,
50H, C6H5), 4.12 (s, 4H, PCH2P), 1.63 (s, 6H, CH3CN). 31P NMR
(202.3 MHz, CD3CN, ppm): 11.8 (s,JPt-P ) 1250 Hz, PtPCH2-
PAg), 2.3 (d,JAg-P ) 528 Hz, PtPCH2PAg).

[PtAg(dppm)2(CtCC6H4CH3-4)2](SbF6) (3). The synthetic
procedure is the same as that of1, except using [NBu4]2[Pt-
(CtCC6H4CH3-4)4] instead of [NBu4]2[Pt(CtCC6H5)4]. Yield:
55%. Anal. Calcd for C68H58AgF6P4PtSb‚CH2Cl2: C, 51.07; H,
3.73. Found: C, 51.47; H, 3.50. ES-MS (m/z (%)): 1301 (100) [M
- SbF6]+, 917 (10) [PtAg(dppm)(CtCC6H4CH3-4)2]+. IR (KBr,
cm-1): ν 2116 (w, CtC), 2089 (w, CtC), 658 (s, SbF6). 1H NMR
(CDCl3, ppm): δ 7.84-6.25 (m, 48H, C6H5 and C6H4), 5.24 (s,
2H, CH2Cl2), 4.12 (s, 4H, PCH2P), 2.20 (s, 6H, CH3). 31P NMR
(202.3 MHz, CDCl3, ppm): 12.0 (s,JPt-P ) 1265 Hz, PtPCH2-
PAg), 2.7 (d of d,JAg-P ) 524 Hz,2JP-P ) 34 Hz, PtPCH2PAg).

[PtAg(dppm)2(CtCC6H4OCH3-4)2](SbF6) (4). The synthetic
procedure is the same as that of1, except using [NBu4]2[Pt-
(CtCC6H4OCH3-4)4] instead of [NBu4]2[Pt(CtCC6H5)4]. Yield:
66%. Anal. Calcd for C68H58AgF6O2P4PtSb‚CH2Cl2: C, 50.08; H,
3.65. Found: C, 50.64; H, 3.91. ES-MS (m/z (%)): 1333 (100) [M
- SbF6]+, 949 (25) [PtAg(dppm)(CtCC6H4OCH3-4)2]+. IR (KBr,
cm-1): ν 2119 (w, CtC), 2090 (w, CtC), 658 (s, SbF6).1H NMR
(CDCl3, ppm): δ 7.74-6.27 (m, 48H, C6H5 and C6H4), 4.11 (s,
4H, PCH2P), 5.22 (s, 2H, CH2Cl2), 3.71 (s, 6H, OCH3). 31P NMR
(202.3 MHz, CDCl3, ppm): 12.0 (t,JPt-P ) 1274 Hz,2JP-P ) 35
Hz, PtPCH2PAg), 2.3 (d of d,JAg-P ) 525 Hz, 2JP-P ) 30 Hz,
PtPCH2PAg).

[PtAg(dppm)2(CtCBut)2](SbF6) (5). The synthetic procedure
is the same as that of1, except using [NBu4]2[Pt(CtCBut)4]‚2H2O
instead of [NBu4]2[Pt(CtCC6H5)4]. Yield: 46%. Anal. Calcd for
C62H62AgF6P4PtSb: C, 50.67; H, 4.25. Found: C, 50.87; H, 3.96.
ES-MS (m/z (%)): 1233 (100) [M- SbF6]+, 849 (23) [PtAg-
(dppm)(CtCBut)2]+. IR (KBr, cm-1): ν 2120 (w, CtC), 2090 (w,
CtC), 658 (s, SbF6). 1H NMR (CDCl3, ppm): δ 7.94-7.02 (m,
40H, C6H5), 4.02 (s, 4H, PCH2P), 0.52 (s, 18H, C4H9). 31P NMR
(202.3 MHz, CDCl3, ppm): 10.3 (s,JPt-P ) 1287 Hz, PtPCH2-
PAg), 1.6 (d of d,JAg-P ) 516 Hz,2JP-P ) 31 Hz, PtPCH2PAg).

[PtCu(dppm)2(CtCC6H5)2](ClO4) (6). [Cu2(dppm)2(MeCN)2]-
(ClO4)2 (235.4 mg, 0.20 mmol) was added to a dichloromethane
(20 mL) solution of [NBu4]2[Pt(CtCC6H5)4] (108.8 mg, 0.10 mmol)
with stirring for 1 day. The clear orange solution was concentrated
in vacuo and chromatographed on a silica gel column. The product
was eluted using dichloromethane/acetone (100/1 v/v) and recrystal-
lized in dichloromethane-petroleum ether to give yellow-green
crystals. Yield: 51% (75 mg). Anal. Calcd for C66H54ClCuP4PtO4‚
3/2CH2Cl2: C, 55.66; H, 3.94. Found: C, 55.93; H, 3.68. ES-MS
(m/z (%)): 1229 (100) [M - ClO4]+, 845 (5) [PtCu(dppm)-
(CtCC6H5)2]+. IR (KBr, cm-1): ν 2116 (w, CtC), 2079 (w,
CtC), 1100 (s, ClO4). 1H NMR (CDCl3, ppm): δ 7.76-6.29 (m,
50H, C6H5), 5.29 (s, 3H, CH2Cl2), 4.07 (s, 4H, PCH2P). 31P NMR
(202.3 MHz, CDCl3, ppm): 13.6 (s,JPt-P ) 1221 Hz, PtPCH2-
PCu),-5.8 (s, PtPCH2PCu).

[PtCu2(dppm)2(CtCC6H5)2(CH3CN)2](ClO4)2 (7). To an ac-
etonitrile (20 mL) solution of [NBu4]2[Pt(CtCC6H5)4] (108.8 mg,
0.10 mmol) was added [Cu2(dppm)2(MeCN)2](ClO4)2 (235.4 mg,
0.20 mmol) with stirring at room temperature for 1 day. The yellow
solution was filtered to remove a small amount of precipitate.
Layering diethyl ether onto the concentrated acetonitrile solution
afforded yellow crystals in a few days. Yield: 20% (32 mg). Anal.
Calcd for C70H60Cl2Cu2N2O8P4Pt: C, 53.41; H, 3.84; N, 1.78.
Found: C, 53.62; H, 3.70; N, 1.63. ES-MS (m/z (%)): 1229 (100)
[PtCu(dppm)2(CtCC6H5)2]+, 886 (35) [PtCu(dppm)(CtCC6H5)2-
(CH3CN)]+, 845 (20) [PtCu(dppm)(CtCC6H5)2]+. IR (KBr, cm-1):
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ν 2116 (w, CtC), 2079 (w, CtC), 1099 (s, ClO4). 1H NMR
(CDCl3, ppm): δ 7.76-6.29 (m, 50H, C6H5), 4.08 (s, 4H, PCH2P),
1.67 (s, 6H, CH3CN). 31P NMR (202.3 MHz, CDCl3, ppm): 13.3
(t, JPt-P ) 1222 Hz;2JP-P ) 34 Hz, PtPCH2PCu),-5.7 (t,JP-P )
30 Hz, PtPCH2PCu).

[PtCu(dppm)2(CtCC6H4CH3-4)2](ClO4) (8). This compound
was prepared by the same procedure as that of6, except using
[NBu4]2[Pt(CtCC6H4CH3-4)4] instead of [NBu4]2[Pt(CtCC6H5)4].
The product was eluted using dichloromethane/acetone (50/1 v/v).
Yield: 68%. Anal. Calcd for C68H58ClCuO4P4Pt‚2CH2Cl2: C,
55.06; H, 4.09. Found: C, 55.56; H, 4.20. ES-MS (m/z (%)): 1257
(100) [M - ClO4]+, 873 (20) [PtCu(dppm)(CtCC6H4CH3-4)2]+.
IR (KBr, cm-1): ν 2117 (w, CtC), 2077 (w, CtC), 1100 (s, ClO4).
1H NMR (CD3Cl, ppm): δ 7.75-6.19 (m, 48H, C6H5 and C6H4),
5.28 (s, 4H, CH2Cl2), 4.05 (s, 4H, PCH2P), 2.19 (s, 6H, CH3). 31P
NMR (202.3 MHz, CDCl3, ppm): 12.6 (t,JPt-P ) 1226 Hz,2JP-P

) 34 Hz, PtPCH2PCu),-6.6 (t, JP-P ) 34 Hz, PtPCH2PCu).
[PtCu(dppm)2(CtCC6H4OCH3-4)2](ClO4) (9). This compound

was prepared by the same procedure as that of6, except utilizing
[NBu4]2[Pt(CtCC6H4OCH3-4)4] instead of [NBu4]2[Pt(CtCC6H5)4].
The product was eluted using dichloromethane/acetone (50/1 v/v).
Yield: 65%. Anal. Calcd for C68H58ClCuO6P4Pt: C, 58.79; H, 4.21.
Found: C, 58.86; H, 3.91. ES-MS (m/z (%)): 1289 (100) [M-
ClO4]+, 905 (10) [PtCu(dppm)(CtCC6H4OCH3-4)2]+. IR (KBr,
cm-1): ν 2119 (w, CtC), 2077 (w, CtC), 1099 (s, ClO4). 1H
NMR (CDCl3, ppm): δ 7.74-6.20 (m, 48H, C6H5 and C6H4), 4.04
(s, 4H, PCH2P), 3.69 (s, 6H, OCH3). 31P NMR (202.3 MHz, CDCl3,
ppm): 13.1 (t,JPt-P ) 1234 Hz,2JP-P ) 35 Hz, PtPCH2PCu),-6.6
(t, JP-P ) 31 Hz, PtPCH2PCu).

[PtCu(dppm)2(CtCBut)2](ClO4)2/3(SbF6)1/3 (10). [Cu2(dppm)2-
(MeCN)2](ClO4)2 (117.7 mg, 0.10 mmol) was added to a dichlo-
romethane (20 mL) solution of [NBu4]2[Pt(CtCBut)4]‚2H2O (104.1
mg, 0.10 mmol). The solution was stirred at room temperature for
1 day to afford a clear yellow solution, which was concentrated in
vacuo and chromatographed on a silica gel column. Elution with
dichloromethane/acetone (10/1 v/v) afforded a yellow product.
Metathesis of perchlorate with a methanol solution of sodium
hexafluoroantimonate afforded compound10as pale yellow crystals
by diffusion of diethyl ether. Yield: 75 mg (62%). Anal. Calcd
for C62H62CuP4Pt(ClO4)2/3(SbF6)1/3‚7/6H2O: C, 54.93; H, 4.78.
Found: C, 54.67; H, 4.90. ES-MS (m/z (%)): 1189 (40) [M-
(ClO4)2/3 - (SbF6)1/3]+, 805 (43) [PtCu(dppm)(CtCBut)2]+. IR
(KBr, cm-1): ν 2006 (w, CtC), 1099 (s, ClO4), 659 (s, SbF6). 1H
NMR (CD3COCD3, ppm): δ 7.88-7.23 (m, 40H, C6H5), 4.24 (s,
4H, PCH2P), 0.41 (s, 18H, C4H9). 31P NMR (202.3 MHz, (CD3)2-
CO, ppm): 12.6 (t,JPt-P ) 1244 Hz,2JP-P ) 31 Hz, PtPCH2-
PCu),-5.2 (s, PtPCH2PCu).

[PtAu(dppm)2(CtCC6H5)2](SbF6) (11).[Au2(dppm)2(MeCN)2]-
(SbF6)2 (171.6 mg, 0.10 mmol) was added to a dichloromethane
(20 mL) solution of [NBu4]2[Pt(CtCC6H5)4] (108.8 mg, 0.10 mmol)
with stirring at room temperature for 1 day to afford a clear yellow-
green solution. Layeringn-hexane onto the concentrated solutions
afforded yellow-green crystals in a few days. Yield: 100 mg (63%).
Anal. Calcd for C66H54AuF6P4PtSb‚1/2CH2Cl2: C, 48.66; H, 3.38.
Found: C, 49.04; H, 3.79. ES-MS (m/z (%)): 1363 (28) [M-
SbF6]+. IR (KBr, cm-1): ν 2104 (w, CtC), 659 (s, SbF6). 1H NMR
(CDCl3, ppm): δ 7.84-6.43 (m, 50H, C6H5), 5.29 (s, H, CH2Cl2),
4.46 (s, 4H, PCH2P). 31P NMR (202.3 MHz, CDCl3, ppm): 29.8
(q, 2JP-P ) 49 Hz, 2J′P-P ) 25 Hz, PtPCH2PAu), 8.3 (t, JPt-P )
1295 Hz,2JP-P ) 25 Hz, PtPCH2PAu).

[PtCu2(dppm)2(CtCSiMe3)2(CH3CN)2](SbF6)2 (12).The reac-
tion was carried out by the same procedure as for7 using [NBu4]2-
[Pt(CtCSiMe3)4]‚2H2O instead of [NBu4]2[Pt(CtCC6H5)4]. The
product was eluted using dichloromethane/acetone (24/1 v/v).
Metathesis of perchlorate with sodium hexafluoroantimonate af-
forded yellow crystals by layering diethyl ether onto the dichlo-
romethane-acetonitrile solution. Yield: 26%. Anal. Calcd for

C64H68Cu2F12N2P4PtSb2Si2‚2CH2Cl2: C, 39.46; H, 3.61; N, 1.39.
Found: C, 39.75; H, 3.50; N, 1.41. IR (KBr, cm-1): ν 1974 (w,
CtC), 658 (s, SbF6). 1H NMR (CD3CN, ppm): δ 7.89-7.32 (m,
40H, C6H5), 3.92 (s, 4H, PCH2P), 1.95 (s, 6H, CH3CN), -0.21 (s,
9H, CH3), -0.32 (s, 9H, CH3).

[Pt2Ag3(dppm)4(CtCC6H4But-4)4](SbF6)3 (13). [Ag2(dppm)2-
(MeCN)2](SbF6)2 (153.4 mg, 0.10 mmol) was added to a dichlo-
romethane (20 mL) solution of [NBu4]2[Pt(CtCC6H4But)4] (130.8
mg, 0.10 mmol) with stirring at room temperature for 1 day. The
orange solution was concentrated and chromatographed on a silica
gel column. Elution with dichloromethane-methanol (100/1 v/v)
afforded an orange product. Layeringn-hexane onto the concen-
trated dichloromethane solution gave orange crystals. Yield: 30%.
Anal. Calcd for C148H140Ag3F18P8Pt2Sb3‚2CH2Cl2‚2CH3OH‚
4H2O: C, 46.89; H, 4.14. Found: C, 47.03; H, 3.95. ES-MS (m/z
(%)): 1386 (100) [PtAg(dppm)2(CtCC6H4C4H9)2]+. IR (KBr,
cm-1): ν 2106 (w, CtC), 658 (s, SbF6).1H NMR (CDCl3, ppm):
δ 7.74-6.31 (m, 96H, C6H5 and C6H4), 4.11 (s, 8H, PCH2P), 1.35-
0.98 (m, 36H, C4H9). 31P NMR (202.3 MHz, CD3CN, ppm): 11.5
(t, JPt-P ) 1262 Hz,2JP-P ) 32 Hz, PtPCH2PAg), 2.4 (d of d,
JAg-P ) 526 Hz,2JP-P ) 30 Hz).

Crystal Structure Determination. Crystals coated with epoxy
resin or sealed in capillaries with mother liquors were measured
on a Siemens SMART CCD diffractometer by theω-scan technique
at room temperature using graphite-monochromated Mo KR (λ )
0.710 73 Å) radiation. An absorption correction by SADABS was
applied to the intensity data. The structures were solved by direct
methods or Patterson procedures, and the heavy atoms were located
from an E map. The remaining non-hydrogen atoms were deter-
mined from the successive difference Fourier syntheses. All non-
hydrogen atoms were refined anisotropically, except for those
mentioned. The hydrogen atoms were generated geometrically with
isotropic thermal parameters. The structures were refined onF2 by
full-matrix least-squares methods using the SHELXTL-97 program
package.23 Crystallographic data were summarized in Table 1 for
5-9 and in Table 2 for10-13. Full crystallographic data are
provided in the Supporting Information. In addition, a crystal-
lographic analysis for compound1 was also carried out, but the
results were not entirely satisfactory because of the poor quality of
the crystals.

Physical Measurements.Elemental analyses (C, H, N) were
carried out on a Perkin-Elmer Model 240C automatic instrument.
Electrospray ion mass spectra (ESI-MS) were recorded on a
Finnigan LCQ mass spectrometer using dichloromethane-methanol
or acetonitrile-methanol as the mobile phase. UV-vis absorption
spectra were measured on a Perkin-Elmer Lambda 25 UV-vis
spectrometer. Infrared spectra were recorded on a Magna750 FT-
IR spectrophotometer with KBr pellets.1H and31P NMR spectra
were measured on a Varian UNITY-500 spectrometer with SiMe4

as the internal reference and 85% H3PO4 as the external standard,
respectively. Emission and excitation spectra were recorded on a
Perkin-Elmer LS 55 luminescence spectrometer with a red-sensitive
photomultiplier, type R928. Emission lifetimes were determined
on an Edinburgh Analytical Instrument (F900 fluorescence spec-
trometer) using an LED laser at 397 nm excitation, and the resulting
emission was detected by a thermoelectrically cooled Hamamatsu
R3809 photomultiplier tube. The instrument response function at
the excitation wavelength was deconvoluted from the luminescence
decay.

Results and Discussion

Synthesis and Characterization.As shown in Scheme 1,
reactions of [Pt(CtCR)4]2- (R ) C6H5, C6H4CH3-4, C6H4-
OCH3-4, C6H4But-4, But, SiMe3) with 1 or 2 equiv of [M2-

(23) Sheldrick, G. M. SHELXL-97, Program for the Refinement of
Crystal Structures; University of Go¨ttingen, Göttingen, Germany, 1997.
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(dppm)2(MeCN) 2]2+ (M ) CuI, AgI, AuI) afforded three types
of PtII-MI heteronuclear complexes with different structural
topologies. It appears that the solvents and solution concentra-

tions play a major role in determining the nuclearity of the PtM,
PtM2, and Pt2M3 complexes. Layeringn-hexane or petroleum
ether onto the dichloromethane solutions induced formation of

Table 1. Crystallographic Data for Compounds 5‚2CH2Cl2, 6‚3/2CH2Cl2, 7, 8‚2CH2Cl2, and 9‚CH2Cl2
5‚2CH2Cl2 6‚3/2CH2Cl2 7 8‚2CH2Cl2 9‚CH2Cl2

empirical formula C64H66AgCl4F6P4SbPt C67.5H57CuCl4O4P4Pt C70H60Cl2Cu2O8N2P4Pt C70H62Cl5CuO4P4Pt C69H60Cl3CuO6P4Pt
fw 1639.56 1456.44 1574.14 1526.96 1474.03
space group C2/m P21/n P21/c P21/n P21/c
a, Å 42.5886(4) 10.6906(2) 14.3979(2) 10.6760(2) 19.752(4)
b, Å 15.4091(3) 25.2092(5) 14.182(1) 25.4950(5) 15.376(3)
c, Å 21.9684(3) 23.8996(3) 17.5610(3) 24.5754(1) 21.190(5)
â, deg 107.045(1) 100.097(1) 109.723(1) 101.592(1) 97.952(2)
V, Å3 13783.5(4) 6341.22(19) 3375.46(7) 6552.61(18) 6374(2)
Z 8 4 2 4 4
Fcalcd, g/cm3 1.580 1.526 1.549 1.548 1.536
µ, mm-1 2.996 2.856 2.921 2.807 2.804
radiation (λ, Å) 0.710 73 0.710 73 0.710 73 0.710 73 0.710 73
temp, K 293(2) 293(2) 293(2) 293(2) 293(2)
R1 (Fo)a 0.0630 0.0574 0.0734 0.0746 0.0495
wR2 (Fo

2)b 0.1514 0.1333 0.1594 0.1719 0.1290
GOF 1.128 1.109 1.227 1.294 1.097

a R1 ) ∑|Fo - Fc|/∑Fo. b wR2 ) ∑[w(Fo
2 - Fc

2)2]/∑[w(Fo
2)]1/2.

Table 2. Crystallographic Data for Compounds 10‚7/6H2O, 11‚1/2CH2Cl2, 12‚2CH2Cl2, and 13‚2CH2Cl2‚2CH3OH‚4H2O

10‚7/6H2O 11‚1/2CH2Cl2 12‚2CH2Cl2 13‚2CH2Cl2‚2CH3OH‚4H2O

empirical formula C62H64.33Cl0.67CuF2O3.83P4PtSb0.33 C66.5H56AuClF6P4SbPt C66H72Cl4Cu2F12N2Si2P4Pt Sb2 C152H158Ag3Cl4F18O6P8Sb3Pt2
fw 1355.53 1642.25 2008.78 3891.38
space group R3c P1h P21/c C2/c
a, Å 22.7865(2) 11.2890(2) 14.9699(4) 38.3167(1)
b, Å 22.7865(2) 14. 7199(3) 15.0645(4) 20.9887(2)
c, Å 67.5519(1) 20.5532(4) 18.2548(4) 29.0955(2)
R, deg 81.33(1)
â, deg 120 79.603(1) 104.526(1) 129.498(1)
γ, deg 71.900(1)
V, Å3 30375.5(4) 3176.67(11) 3985.12(17) 18055.8(2)
Z 18 2 2 4
Fcalcd, g/cm3 1.334 1.717 1.674 1.432
µ, mm-1 2.682 5.122 3.254 2.497
radiation (λ, Å) 0.710 73 0.710 73 0.710 73 0.710 73
temp, K 293(2) 293(2) 293(2) 293(2)
R1 (Fo)a 0.0596 0.0864 0.0701 0.0790
wR2 (Fo

2)b 0.1539 0.1966 0.1701 0.1947
GOF 1.137 1.232 1.167 1.165

a R1 ) ∑|Fo - Fc|/∑Fo. b wR2 ) ∑[w(Fo
2 - Fc

2)2]/∑[w(Fo
2)]1/2.

Scheme 1. Synthetic Routes to the PtII -MI Heteronuclear Complexes
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the yellow-green or pale yellow heterobinuclear PtIIMI com-
plexes [PtM(dppm)2(CtCR)2]+. The yellow heterotrinuclear
PtIIMI

2 complexes [PtM2(dppm)2(CtCR)2(MeCN)2]2+ (M )Ag,
Cu; R ) C6H5; M ) Cu, R ) SiMe3), however, were
crystallized in acetonitrile or dichloromethane-acetonitrile
solutions by diffusion of diethyl ether. Layeringn-hexane onto
a highly concentrated dichloromethane solution gave rise to
isolation of the orange PtII

2MI
3 heteropentanuclear complex [Pt2-

Ag3(dppm)4(CtCR)4]3+ (R ) C6H4But-4).
Compounds1-13were characterized by elemental analyses,

ESI-MS, IR and1H and 31P NMR spectroscopy, and X-ray
crystallography for5-13. The ESI-MS of the PtIIMI heterobi-
nuclear complexes showed the molecular ion fragments [M-
(SbF6)]+ and [M - (ClO4)]+ as the principal peaks with high
abundance. The PtIIMI

2 and PtII2MI
3 complexes, however, only

afforded the fragments [PtM(dppm)2(CtCR)2]+ as the base
peaks, whereas the molecular ion fragments [M- (SbF6)2]2+/
[M - (ClO4)2]2+ and [M - (SbF6)2]3+ were undetected for the
PtIIMI

2 and PtII2MI
3 complexes, respectively. This probably

indicates the instability of the PtIIMI
2 and PtII2MI

3 species in
solution under the ESI-MS measurement conditions.

In the31P NMR spectra of PtII-MI heteronuclear compounds
1-13, typical P satellite peaks arising from the Pt-P coupling
occur at 8.3-13.6 ppm with theJPt-P value in the range of
1220-1300 Hz.10a,11In some cases, the Pt-P satellite signals
show a moderate splitting that originates from the P-P
couplings throughP-CH2-P or/andP-Pt-P pathways with
2JP-P ) 30-35 Hz. For PtII-AgI heteronuclear compounds1-5
and13, the P donors bound to the AgI centers afford doublets
or doublet of doublets centered at 1.6-2.7 ppm because of the
effects of both Ag-P and P-P couplings with1JAg-P ) 515-
530 Hz and2JP-P ) 30-35 Hz. In the31P NMR spectra of
PtII-CuI compounds6-10 and12, the P donors bonded to the
CuI centers are observed at ca.-6.0 ppm as a singlet or triplet

due to the presence of the P-P coupling. The P signal of the
Au-P donors in the PtIIAuI compound11 is observed at 29.8
ppm as a quintet due to the P-P coupling through both
P-CH2-P andP-Pt-P pathways.

Crystal Structures. The crystal structures of compounds
5-13 were determined by X-ray crystallography. Selected
bonding parameters are listed in Table 3 for5-9 and in Table
4 for 10-13. ORTEP drawings of5 (PtAg),6 (PtCu),7 (PtCu2),
11 (PtAu), and 13 (Pt2Ag3) are depicted in Figures 1-5,
respectively.

The PtAg and PtCu complexes exhibit similar structures. The
heterobinuclear complex cation consists of a PtM assembly
bridged doubly by dppm. The two acetylides adopt different
bonding modes. One is bonded to both PtII and MI centers in
an asymmetricµ-η1:η1 mode with the Pt-C distance being much
shorter than the M-C distance, whereas the other is only bound
to the Pt center in anη1 fashion. The arrays of Pt-CtC (165.0-
(13)-178.0(3)°) are quasi-linear, while those of M-CtC
(106.7(5)-114.0(12)°) are curved. The Pt-C-M angles are in
the range of 76.8(3)-83.2(5)°. The PtII center is located in an
approximately square-planar environment with trans-oriented
C2P2 donors, and the MI center is surrounded by a T-type
arranged CP2 chromophore. The Pt-M distances are in the range
of 2.946(4)-2.9805(11) and 2.7265(14)-2.767(2) Å for M)
Ag, Cu, respectively, demonstrating the presence of strong
Pt-M bonding interactions.24 The dihedral angle between the
coordination plane of PtII and that of the MI center is in the
range of 82.1-94.2°.

The structure of the PtAu compound [PtAu(dppm)2-
(CtCC6H5)2](PF6) with hexafluorophosphate instead of hexaflu-
oroantimonate in11 (Figure 4) has been described in the
literature.25 The molecular structure of the PtAu complex

(24) Pyykkö, P. Chem. ReV. 1997, 97, 597-636.

Table 3. Selected Bond Distances (Å) and Angles (deg) for Complexes 5-9

5 6 7 8 9

Pt-M
Pt1-Ag1 2.9805(11) Pt-Cu 2.7384(11) Pt-Cu 3.413 (12) Pt-Cu 2.7265(14) Pt-Cu 2.7388(9)

Pt-C
Pt1-C11 2.030(16) Pt-C11 2.025(9) Pt-C11 2.024(12) Pt-C11 2.022(10) P-C11 2.016(6)
Pt1-C21 2.025(17) Pt-C21 1.993(9) Pt-C21 2.018(11) P-C21 1.995(7)

Pt-P
Pt1-P2 2.308(3) Pt-P2 2.316(2) Pt-P2 2.317(3) Pt-P2 2.303(3) Pt-P2 2.3004(16)

Pt-P4 2.309(2) Pt-P4 2.314(3) Pt-P4 2.2945(15)

M-C
Ag1-C11 2.523(15) Cu-C11 2.251(9) Cu-C11 2.106(11) Cu-C11 2.269(10) Cu-C11 2.206(6)

Cu-C12 2.151(12)

M-P
Ag1-P1 2.393(3) Cu-P1 2.239(3) Cu-P1 2.287(3) Cu-P1 2.237(3) Cu-P1 2.2332(18)

Cu-P3 2.251(3) Cu-N1 1.958(12) Cu-P3 2.233(3) Cu-P3 2.2281(18)

CtC
C11-C12 1.20(2) C11-C12 1.231(12) C11-C12 1.225(15) C11-C12 1.216(14) C11-C12 1.218(9)
C21-C22 1.20(2) C21-C22 1.216(12) C21-C22 1.191(15) C21-C22 1.205(9)

C-Pt-C
C11-Pt1-C21 167.1(6) C11-Pt-C21 172.5(3) C11-Pt-C11A 180.0(9) C11-Pt-C21 173.5(4) C11-Pt-C21 169.4(2)

C-Pt-P
C21-Pt1-P2 89.85(7) C11-Pt-P4 90.6(2) C11-Pt-P2 90.8(3) C11-Pt-P2 89.2(3) C11-Pt-P2 89.59(16)
C11-Pt1-P2 91.13(7) C21-Pt-P4 93.0(2) C11A-Pt-P2 89.2(3) C21-Pt-P2 93.5(3) C21-Pt-P2 90.87(17)
C21-Pt1-P2A 89.85(7) C11-Pt-P2 87.5(2) C11-Pt-P4 87.8(3) C11-Pt-P4 88.79(16)
C11-Pt1-P2A 91.13(7) C21-Pt-P2 89.1(2) C21-Pt-P4 89.5(3) C21-Pt-P4 90.84(16)

P-Pt-P
P2-Pt1-P2A 171.24(13) P2-Pt-P4 177.85(8) P2-Pt-P2A 180.0(15) P2-Pt-P4 176.96(9) P2-Pt-P4 178.24(5)

P-M-P
P1-Ag1-P1A 165.54(14) P1-Cu-P3 161.62(10) P1-Cu-P3 161.08(12) P1-Cu-P3 162.77(7)

P-M-C
P1-Ag1-C11 89.40(8) P1-Cu-C11 99.3(2) P1-Cu-C11 109.0(3) P1-Cu-C11 95.5(3) P1-Cu-C11 97.19(15)

P3-Cu-C11 96.0(2) P1-Cu-C12 142.3(3) P3-Cu-C11 99.0(3) P3-Cu-C11 97.52(15)
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resembles those of PtAg and PtCu complexes, but both
acetylides are only bound to the PtII center in anη1 bonding
mode instead ofµ-η1:η1 and η1 fashions, respectively. While
the PtII center is in a distorted-square-planar geometry with the
C2P2 chromophore, the AuI center is surrounded by two P donors

in an approximately linear arrangement with P-Au-P )
173.69(15)°.

As shown in Scheme 1, while the PtII and MI centers are
linked doubly by two syn-oriented dppm ligands in the PtM

Table 4. Selected Bond Distances (Å) and Angles (deg) for Complexes 10-13

10 11 12 13

Pt-M
Pt-Cu 2.767(2) Pt-Au 2.9271(8) Pt-Cu 3.473(11) Pt1-Ag1 3.0013(15)

Pt-C
Pt-C11 2.011(12) Pt-C11 2.067(18) Pt-C11 1.999(10) Pt1-C11 1.992(15)
Pt-C21 1.980(14) Pt-C21 2.033(14) Pt1-C31 1.982(16)

Pt-P
Pt-P2 2.308(4) Pt-P2 2.308(4) Pt-P2 2.306(2) Pt1-P2 2.333(4)
Pt-P4 2.311(4) Pt-P4 2.315(4) Pt1-P4 2.329(4)

M-C
Cu-C11 2.153(16) Cu-C11 2.124(11) Ag2-C11 2.318(16)

Cu-C12 2.070(12) Ag2-C12 2.296(16)

M-P
Cu-P1 2.226(4) Au-P1 2.329(4) Cu-P1 2.555(3) Ag1-P1 2.403(4)
Cu-P3 2.234(4) Au-P3 2.322(4) Cu-N1 1.956(14) Ag1-P3 2.399(4)

CtC
C11-C12 1.230(16) C11-C12 1.19(2) C11-C12 1.224(15) C11-C12A 1.26(2)
C21-C22 1.205(18) C21-C22 1.17(2) C31-C32 1.21(2)

C-Pt-C
C11-Pt-C21 170.4(7) C11-Pt-C21 177.3(6) C11-Pt-C11A 180.000(1) C11-Pt1-C31 171.5(6)

C-Pt-P
C11-Pt-P2 91.3(4) C11-Pt-P2 85.6(4) C11-Pt-P2 89.9(3) C11-Pt-P2 92.9(4)
C21-Pt-P2 89.3(5) C11-Pt-P4 93.2(4) C11A-Pt-P2 90.2(3) C11-Pt-P4 94.3(4)
C11-Pt-P4 86.0(4) C21-Pt-P2 95.4(5) C31-Pt-P2 86.2(4)
C21-Pt-P4 93.4(5) C21-Pt-P4 86.1(5) C31-Pt-P4 86.8(4)

P-Pt-P
P2-Pt-P4 177.26(16) P2-Pt-P4 175.72(14) P2-Pt-P2A 180.0(0) P2-Pt-P4 172.53(14)

P-M-P
P1-Cu-P3 159.49(19) P1-Au-P3 173.69(15) P1-Ag1-P3 161.24(17)

P-M-C
C11-Cu-P1 100.1(4) P1-Cu-C11 107.2(3) C11-Ag2-C12 148.3(5)
C11-Cu-P3 100.2(4) P1-Cu-C12 140.5(3) C11-Ag2-C12A 31.7(5)

Figure 1. ORTEP drawing of the complex cation of5, with the
atom-labeling scheme, showing 30% thermal ellipsoids. Phenyl
rings on the phosphorus atoms are omitted for clarity.

Figure 2. ORTEP drawing of the complex cation of6, with the
atom-labeling scheme, showing 30% thermal ellipsoids. Phenyl
rings on the phosphorus atoms are omitted for clarity.

Figure 3. ORTEP drawing of the complex cation of7, with the
atom-labeling scheme, showing 30% thermal ellipsoids. Phenyl
rings on the phosphorus atoms are omitted for clarity.

Figure 4. ORTEP drawing of the complex cation of11, with the
atom-labeling scheme, showing 30% thermal ellipsoids. Phenyl
rings on the phosphorus atoms are omitted for clarity.
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heterobinuclear complexes, the PtII and CuI centers are bridged
singly by two anti-arranged dppm ligands to give the quasi-
linear heterotrinuclear array in the PtCu2 complex7 (Figure 3).
The acetylide exhibits anµ-η1:η2 bonding mode, bound to the
PtII and CuI centers throughσ (η1) and π (η2) coordination,
respectively. The PtII center affords a square-planar geometry
with trans-oriented C2P2 donors, whereas the CuI center is in a
distorted-triangle-planar surrounding formed by theπ-bonding
acetylide, P donor, and acetonitrile. The Pt‚‚‚Cu (3.413(12) Å)
distance, however, is much longer than that observed in the PtM
binuclear complexes. The Cu‚‚‚Cu separation is more than 6.8
Å.

The Pt2Ag3 heteropentanuclear complex13 (Figure 5) can
be viewed as incorporating two PtAg2(dppm)2(CtCPh)2 com-
ponents with one AgI center through acetylideπ-coordination.
The PtII center exhibits an approximately square-planar geometry
with trans-oriented C2P2 donors. The Ag1 and Ag2 centers are
located in distorted linear environments built by two P donors
and twoπ-bonded acetylides, respectively. The acetylide C11t
C12A exhibits aµ-η1:η2 bonding mode, bound to the PtII and
AgI centers throughσ (η1) andπ (η2) coordination, respectively.

The acetylide C31 donor, however, isη1-bonded to the PtII

center. While the Pt1-Ag1 (3.0013(15) Å) distance is indicative
of the presence of a strong Pt-Ag contact, the Pt1-Ag2 (3.591-
(1) Å) distance is much longer. The Pt1‚‚‚Pt1a and Ag1‚‚‚Ag2
separations are 7.181(1) and 6.480(1) Å, respectively.

Photophysical Properties.The absorption and emission data
of complexes1-13 are summarized in Table 5. The electronic
absorption spectra in dichloromethane are characterized by
intense bands at ca. 230-280 nm, absorption shoulders in the
region of 310-350 nm, and low-energy bands at ca. 365-405
nm. The high-energy bands at ca. 230-280 nm are ascribed to
dppm intraligand (IL) transitiona, since the free dppm also
absorbs strongly in this region. The absorption shoulders at ca.
310-350 nm are likely to be involved in metal-perturbedπ-π*
(CtCR) transitions, since the related monomeric complex [Pt-
(dppm-P)2(CtCPh)2] shows an absorption band at ca. 345 nm,
assigned to an admixture of the metal-to-ligand charge transfer
[d(Pt) f π*(CtCPh)] and intraligandπ f π* transitions.25-27

The low-energy bands at ca. 365-405 nm in the complexes
1-13are tentatively ascribed to [d(PtM)f π*(CtCR)] MLCT
transitions, as suggested for the [PtAu(dppm)2(CtCPh)2]+

complex.25 The absorption energy of the low-energy bands for
1, 3, and4 with R ) aryl is obviously red shifted compared
with that for the PtAg heterobinuclear complex5 with R ) But

(Figure 6), due to the betterπ-electron-accepting ability for the
former than the latter. Likewise, the absorption energy of the
low-energy band for6, 8, and9 with R ) aryl is also lower
than that for the PtCu heterobinuclear complex10 with R )
But. Interestingly, the low-energy absorption band displays a
negative solvatochromism,28 i.e., a higher energy shift in a more
polar solvent, as demonstrated by the absorption spectra of
complex9 in various solvents (Figure 7).

As shown in Table 5, compounds1-13 emit strongly in the
solid state and in frozen glasses at 77 K with excitations atλex

(25) Yip, H.-K.; Lin, H.-M.; Wang, Y.; Che, C.-M.J. Chem. Soc., Dalton
Trans. 1993, 2939.

(26) Langrick, C. R.; McEwan, D. M.; Pringle, P. G.; Shaw, B. L.J.
Chem. Soc., Dalton Trans. 1983, 2487.

(27) Sacksteder, L.; Baralt, E.; DeGraff, B. A.; Lukehart, C. M.; Demas,
J. N. Inorg. Chem. 1991, 30, 2468.

(28) Cummings, S. D.; Eisenberg, R.J. Am. Chem. Soc. 1996, 118, 1949.

Table 5. Photophysical Data for Compounds 1-13

compd λabs/nm (ε/dm3 mol-1 cm-1)a medium λem/nm (τem/µs)b at 298 K λem/nm at 77 K

1 248 (37 922), 270 (35 829), 318 (17 211), 379 (16 850) solid 481 (3.5) 472, 517 (sh)
CH2Cl2 428 (3.1 ns), 544 (2.9) 463

2 312 (20 800), 376 (18 890) solid 579 (6.7) 574
CH2Cl2 528 (8.8), 420 (3.6 ns) 549, 493 (sh)

3 256 (39 177), 271 (36 912), 314 (15 935), 383 (16 639) solid 495 (1.5) 495
CH2Cl2 434 (2.9 ns), 543 (2.8) 473

4 256 (36 293), 271 (32 715), 394 (15 956) solid 512 (0.8) 514
CH2Cl2 442 (12.3 ns), 540 (0.06) 485

5 241 (41 440), 314 (16 185), 364 (6606) solid 558 (7.1) 569
CH2Cl2 412 (10.3 ns) 485

6 243 (39 755), 262 (35 411), 354 (12 876), 383 (13 732) solid 492 (2.0) 481
CH2Cl2 422 (6.7 ns) 475

7 256 (40 256), 280 (34 333), 351 (17 937), 382 (16 532) solid 500 (1.2), 600 485
CH2Cl2 497 (4.1) 474

8 238 (37 346), 357 (7894), 391 (9458) solid 496 (3.2) 485
CH2Cl2 434 (6.7 ns) 476

9 264 (41 997), 281 (35 036), 360 (11 538), 403 (16 976) solid 495 (5.2) 489, 538 (sh)
CH2Cl2 449 (8.1 ns) 495

10 242 (32 698), 276 (14 999), 341 (9752) solid 509 (6.1) 514
CH2Cl2 415 (11.1 ns) 496

11 246 (38 641), 329 (15 066), 393 (10 348) solid 484 (0.9) 474, 521 (sh)
CH2Cl2 455 (0.5) 469

12 239 (47 579), 335 (8936) solid 604 (3.6) 555
CH2Cl2 621 (5.7) 512

13 232 (145 641), 261 (33 944), 380 (39 061) solid 576 (1.7, 0.3) 567
CH2Cl2 437 (3.2 ns) 543

a In CH2Cl2 at 298 K.b The excitation wavelength in the lifetime measurement is 397 nm.

Figure 5. ORTEP drawing of the complex cation of13, with the
atom-labeling scheme, showing 30% thermal ellipsoids. Phenyl
rings on the phosphorus atoms are omitted for clarity.
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> 300 nm. They also exhibit moderate solution luminescence
in degassed dichloromethane at 298 K. The solid-state lifetime
at 298 K is in the range of microseconds, revealing that the
emission is most likely associated with a spin-forbidden triplet
parentage. Vibronic-structured emission bands with vibrational
progressional spacings of 1840-2040 cm-1 are observed at 77
K in some cases, which are typical for theν(CtC) stretching
modes of the acetylides in the ground states. The appearance
of vibronic progressions suggests the involvement of the
acetylides in the excited states.

For the PtM heterobinuclear complexes, the emission energy
of the PtM heterobinuclear complexes in the solid state or in
frozen glasses at 77 K follows a trend with1 > 3 > 4 > 5
(Figure 8) for the PtAg complexes and6 > 8 > 9 > 10 for the
PtCu complexes, which is in line with the electron-donating
ability of the acetylides (C6H5 < C6H4CH3-4 < C6H4OCH3-4
< But). Therefore, it is likely that the emission is derived from
alkynyl-to-cluster [RCtC f PtM)] LMMCT triplet states in
view of the short PtII-MI contacts.13c,14a

The PtAg complexes in degassed dichloromethane at 298 K
display moderate emission at ca. 410-440 nm and a shoulder
at ca. 525-550 nm with lifetimes in the ranges of nanoseconds

and microseconds, respectively, revealing a dual emission nature.
The higher energy (410-440 nm) emission is fluorescent in
nature, whereas the emission shoulder at ca. 525-550 nm is
probably associated with phosphorescence. In the degassed
dichloromethane solutions at 298 K, however, the PtCu com-
plexes only show the high-energy emission at ca. 415-455 nm
with the nanosecond range of lifetimes.

The PtCu2 heterotrinuclear complexes [PtCu2(dppm)2(Ct
CR)2(CH3CN)2]2+ (R ) C6H5 (7), SiMe3 (12)) exhibit intense
luminescence, whether in fluid solutions or in the solid state,
with excitation atλex > 350 nm. A remarkable red shift of the
emission energy is observed on going from the complex7 (R
) C6H5) to 12 (R ) SiMe3), whether in the solid state or in the
solutions, which is in line with the electron-donating ability of
C6H5 < SiMe3 in the acetylide ligands. Thus, the emissive origin
of the PtCu2 trinuclear complexes is likely associated with a
ligand-to-cluster [RCtCfPtCu2)] charge-transfer transition, as
suggested for the PtM binuclear complexes.

Excitation of the heteropentanuclear complex13 with λex >
350 nm affords intense emission in the solid state (λem ) 576
nm at 298 K andλem ) 567 nm at 77 K) and in frozen glass
(λem ) 543 nm) at 77 K. The emission energy is close to that
of the PtAg2 heterotrinuclear complex2 but shows a significant
red shift compared with that of the PtAg heterobinuclear
complexes. It appears that formation of the pentanuclear cluster
structures is favorable to reduce the energy gap between the
HOMO and LUMO orbitals by increasing the contribution from
the metal-centered emission. Compound13 also displays
moderate solution emission at ca. 437 nm with the lifetimeτem

) 3.2 ns in dichloromethane at 298 K, which is close to those
found in the heterobinuclear PtAg complexes, indicative of their
similar origin.

Conclusions

A series of PtM, PtM2, and Pt2Ag3 heteronuclear alkynyl
complexes were prepared by reaction of [Pt(CtCR)4]2- with 1
or 2 equiv of [M2(dppm)2]2+ (M ) Cu, Ag, Au). Formation of
complexes with different nuclearities is correlated with the
solvents and solution concentrations. The structural characteriza-
tion of these PtII-MI heteronuclear complexes with different
topologies was accomplished. These complexes emit strongly
in the microsecond range of lifetimes in the solid state. They
also exhibit moderate luminescence in the degassed solutions.
In terms of the variation trend in the emission energy for the
complexes containing various R substituents with different
electronic effects, the emissive states are tentatively ascribed
to involve substantial alkynyl-to-cluster [RCtCfPtM] LM-
MCT transitions.
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Figure 6. Electronic absorption spectra of3 (s) and5 (- - -) in
dichloromethane solution at room temperature.

Figure 7. Low-energy absorption bands of the UV-vis spectra
of complex9 in acetonitrile (s), acetone (- - -), dichloromethane
(‚‚‚) and toluene (‚ - ‚).

Figure 8. Emission spectra of the PtAg complexes1 (s), 3
(- - -), 4 (‚‚‚), and5 (‚ - ‚) in the solid state at room temperature.
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