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Heterododecanuclear PtsLng (Ln = Nd, Yb) complexes of
4-ethynyl-2,2'-bipyridine (HC=Cbpy), prepared using emissive
Pt(Me;SiC=Cbpy)(C=Cbpy), as an alkynyl bridging “ligand”,
afford sensitized near-infrared (NIR) lanthanide luminescence
by Pt — Ln energy transfer from both Pt(bpy)(acetylide), and
Pt,(dppm),(acetylide), chromophores.

Near-infrared (NIR) luminescence of lanthanide complexes is
currently attracting considerable interests in the fields such as light
emitting diodes, optical communication, and biological assays ezc.!
Because of the low efficiency of f-f transitions, luminescence from
lanthanides is usually sensitized by excitation of strongly absorbing
organic ligands bound directly to the lanthanide centres through
an antenna effect.! Alternately, a new approach for achieving NIR
lanthanide emission has been established using d-block metal
chromophores as sensitizers through efficient d — f energy
transfer.” As transition metal chromophores can offer advantages
such as intense charge transfer absorption in the visible region,
facilitating intersystem crossing for a high triplet quantum yield,
long-lived excited states, and facile detection of both quenching of
the d-block chromophores and sensitised emission from the
lanthanides, the approach with bimetallic d—f hybrid entity is
highly appearing.® !>

Aiming at achieving NIR lanthanide luminescence through
energy transfer from a d-block chromophore to lanthanide centre,
a key step is to design suitable bifunctional bridging ligands with
both “soft” donors (C, N or P) for the transition metal and “hard”
donors (O or N) for the lanthanide centres. It is anticipated that
bipyridyl-functionalized acetylides are excellent candidates as
conjugated bridging ligands with acetylides and bipyridyl bound
to the “soft” transition metal and “hard” lanthanide centres,
respectively.'"'? Reaction of PtCly(dppm-P,P’) with 5-ethynyl-
2,2'-bipyridine or 5-ethynyl-1,10-phenanthroline gives diplatinum
complexes Pty(p-dppm),(C=CR); (R = 2,2’-bpy, 1,10-phen).
Incorporation of the diplatinum species with Ln(hfac); (Ln =
Eu, Nd, Yb) through 2,2"-bpy or 1,10-phen chelating affords
Pt,Ln, or Pt,Lng arrays.12 As anticipated, sensitisation of
lanthanide emission by d(Pt;) — 1*(C=C-R) *MMLCT (metal—
metal to ligand charge transfer) excited state is successfully
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procedures and characterization for compounds 1-7. See DOI: 10.1039/
b703135a

achieved through Pt — Ln energy transfer from the Pt" alkynyl
antenna chromophores.'

We describe herein the use of emissive complex 1 (Scheme 1) as
a potential alkynyl “ligand” to react with PtCly(dppm-P,P’) for
construction of hexanuclear Pt"" complex 4, affording a series of
PtsLng heterododecanuclear complexes by incorporation with
Ln(hfac); components through 2,2'-bipyridyl chelation.

As shown in Scheme 1, 1 was prepared by reaction of
Pt(bpyC=CSiMes)Cl, with HC=Cbpy in the presence of Cul and
Pr,NH and purified by silica gel column chromatography.
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Scheme 1 Synthetic routes to compounds 1-7.
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Reaction of 1 with PtCly(dppm-P,P") in the presence of KF and
Cul gave hexanuclear Pt" complex 4 as an orange product which
is sparsely soluble in general organic solvents. Addition of
8.8 equiv. of Ln(hfac);(H,O), (Ln = Nd, Gd, Yb) to a suspension
of 4 in dichloromethane induced formation of clear yellow
solutions, from which PtsLng heterododecanuclear species were
isolated as yellow crystals. In order to explore Pt — Ln energy
transfer by different mediating pathways in PtsLng heterododeca-
nuclear complexes, PtLn, (Ln = Nd 2, Yb 3) heterotrinuclear
compounds were also prepared as model compounds for the
subunits in PtgLng arrays.

1 and 7 were characterized by X-ray crystallography.f The
PtsYbg array in 7 (Fig. 1) consists of Pte(p-dppm),(C=Cbpy);,
incorporating with six Ln(hfac); components through 2,2'-bipyr-
idyl chelating. It is centrosymmetric with inversion centre at the
midpoint between Ptl and Pt1A atoms. Formation of the PtsYbg
complex instead of the designed PtsYbg array originates probably
from steric effects as well as flexibility of 2,2’-bipyridyl bonding.
The Ptg(u-dppm),(C=Cbpy);, moiety is made up of Pty(u-dppm),-
(C=Cbpy), incorporating with four Pt(C=Cbpy), units via
2,2"-bipyridyl chelating in the diplatinum unit. The Pty(p-dppm),-
(C=Cbpy)4 framework displays a face-to-face conformation with
the bpy---bpy distance being 3.42 A, suggesting that a 7 stacking
is operative between face-to-face bipyridyl rings.!* The Pt1-Pt1A
distance is 3.2212(6) A, comparable to those found in other
complexes with Pty(p-dppm)>(C=CR), moieties'>'* and suggesting
the presence of moderate Pt—Pt contact. The C=C-Pt-C=C arrays
in Pty(u-dppm),(C=Cbpy), unit are trans-oriented and deviate
slightly from linearity with the angles C=C-Pt and C-Pt-C being
171.8(7)-179.2(9)° and 175.2(3)°, respectively. In contrast, the
bpyC=C-Pt-C=Cbpy arrays in four Pt(bpy)(acetylide), moieties
are cis-arranged.

As observed in 1, the four Pt(bpy)(acetylide), moieties in
Pt(u-dppm),(bpyC=C),, assembly are characteristic of Pt
square-planar geometries built by 2,2'-bipyridyl chelating and
bis(acetylide) o-coordination. Of the eight bpyC=C ligands in the
four Pt(bpy)(acetylide), moieties, six are bound to Yb(hfac); units
through 2,2'-bipyridyl chelating whereas the other two are not
coordinated. Compared with that in 1 (19.7°), the dihedral angle
between the two C=Cbpy planes in the Pt(bpy)(C=Cbpy), moiety
is enhanced significantly (32.5 and 50.5°) after incorporating with
Yb(hfac); units. The Yb™ centres are eight-coordinated with N»Og
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Fig. 1 ORTEP drawing of 7 showing 30% thermal ellipsoid. The F
atoms and phenyl rings are omitted for clarity. A: 1 — x, 1 — y, 1 — z.

donors to form distorted square antiprisms. The Pt---Pt distances
through bridging C=Cbpy are 8.54 and 8.52 A for Ptl---Pt2 and
Ptl---Pt3, respectively. The Pt---Yb separations across bridging
C=Cbpy are 8.41, 8.80 and 8.63 A for Pt2---Ybl, Pt3-Yb2 and
Pt3-Yb3, respectively. The Ptl---Ybl, Ptl---Yb2 and Ptl---Yb3
distances are 16.73, 10.48 and 16.37 A, respectively.

The UV-vis absorption spectrum of 1 in dichloromethane
exhibits high-energy bands at 229 and 324 nm due to dppm-
centred and n—n* (bpyC=C) transitions, respectively. A broad
low-energy band at 416 nm originates likely from d(Pt) — *(bpy)
MLCT (metal to ligand charge transfer) transitions.'* Upon
formation of Pt"Ln™, heterotrinuclear arrays (Ln = Nd 2, Yb 3),
the low-energy MLCT absorption shows an obvious blue shift to
higher energy."!

For hexanuclear Pt complex 4, the low-energy absorption with
maximum at 382 nm tailing to 500 nm is probably a composite
band, originating from both d(Pt) — n*(bpy) MLCT transition in
Pt(bpy)(acetylide), the chromophore'* and d(Pt,) — n*(C=Cbpy)
MLCT transition in the Pty(dppm)s(acetylide), moiety.'*!* On
formation of the Ptglng arrays, the low-energy band shows an
obvious hypsochromic shift (Fig. S2, ESIY) relative to that of the
precursor complex 4. By addition of portions of Yb(hfac);(H,0),
to a dichloromethane solution of 4, the low-energy band shifts
from 382 to ca. 370 nm (Fig. S3, ESI¥), which is likely responsible
for the colour weakening during the reaction.

1 exhibits intense emission in both the solid state and degassed
solution with sub-microsecond lifetime (Table 1) at ambient
temperature, arising most likely from d(Pt) — m*(bpy) *MLCT
transitions.'* With ., >400 nm, 4 emits luminescence with the
maximum at 566 cm™ ! and lifetime of 0.73 ps in degassed
dichloromethane at 298 K. Because of the presence of two types of
Pt-based chromophore, emission of 4 is likely caused by both
d(Pt) — n*(bpy) *MLCT transition'* and d(Pt,) — ©*(C=Cbpy)
SMMLCT transition''? in view of the short intramolecular Pt-Pt
(3.2212(6) A) contacts in the solid state.

Upon irradiation with Ao, >360 nm, PtLn, or PtsLns complexes
exhibit emissions characteristic of the corresponding lanthanide
ions with lifetimes on the microsecond ranges (Table 1) in both the
solid state and in dichloromethane at 298 K. Even with excitation
of the tail of the Pt-based MLCT absorption at 450 nm,
characteristic NIR emissions from lanthanide centres are still
observed, revealing unambiguously sensitization of lanthanide

Table 1 Luminescent data for compounds 1-7 at 298 K

Compound ~ Solid Jem/nm (t/ps)*  CH,Cly Jem/nm (t/us)®  10°@,,,
1 640 (0.20) 575 (0.30) 1042

2 1061 (weak) 1061 (weak)

3 980 (15.1) 980 (11.8) 5.9¢
4 648 (weak) 566 (0.73), 608sh 3.0°
5 1061 (weak) 1060 (weak)

6 593 (0.502) 563 (0.84) 0.7
7 980 (13.2) 980 (12.1) 6.1

“ The excitation wavelength in the lifetime measurement is 397 nm.
> The emission quantum yields of 1, 4 and 6 were measured in
degassed dichloromethane solutions at 298 K and estimated relative
to [Ru(bpy);](PFs), in acetonitrile as the standard (@, = 0.062).
¢ The quantum yield of Yb complexes in CH,Cl, solutions is
estimated by the equation @y, = 14,70, In which 7., is the
observed emission lifetime and 1, is the radiative or ‘natural’ lifetime
with 7o = 2 ms for Yb'™.*°
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Fig. 2 Emission spectra of 4 (dotted line), 5 (solid line) and 7 (dashed
line) in dichloromethane at 298 K.

luminescence is indeed achieved by energy transfer from Pt-based
antenna triplet states. As expected (Fig. 2), three emission bands
occur for PE-Nd™ complexes at ca. 865, 1060 and 1330 nm
(*F3p — *Top, “I1112, “I13), and one for Py b complexes at ca.
980 nm (*Fsp — 2Fp).

For PtLn, (Ln = Nd 2, Yb 3) heterotrinuclear species, the Pt
chromophore-based *MLCT emission in the visible region
disappeared entirely, indicating unambiguously that the
Pt(bpy)(C=C),-based emission is entirely quenched because of
rapid and complete energy transfer from the Pt"-based energy
donors. Titration of 1 with Yb(hfac);(H,O), in dichloromethane
induced rapid attenuation of the Pt-based emission so as to give
complete quenching of the luminescence when 2 equiv. of
Yb(hfac);(H,0), was added (Fig. S4, ESIY).

In contrast, residual emissions due to Pts alkynyl moiety are
observed with maxima at 520-650 nm for PtgLng (Ln = Nd 5,
Yb 7) compounds, revealing incomplete energy transfer from the
Pt-based antenna donors to the Ln™ centres in 5 and 7. As there
exist both Pt(bpy)(acetylide), and Pty(dppm),(acetylide), antenna
chromophores in the PtsLng species, sensitized NIR lanthanide
luminescence in 5 (Ln = Nd) and 7 (Ln = Yb) is likely induced by
Pt — Ln energy transfer from both d(Pt) — m*(bpy) *MLCT and
d(Pt,) — m*(C=Cbpy) *MMLCT triplet states. As revealed in
PtLn, (Ln = Nd 2, Yb 3) model compounds, Pt — Ln energy
transfer from the Pt(bpy)(acetylide), antenna group to the
lanthanide centre is rapid and complete, due to probably the
direct linkage of Pt(bpy)(C=CR), chromophores with lanthanide
centres, the short Pt---Ln distances (8.4-8.80 A) as well as the
favourable conjugation in the bridging ligand C=Cbpy. By
contrast, Pt — Ln energy transfer from the Pty(dppm),-
(acetylide), cluster chromophore is indirect, long-range (Pt:--Ln
=10.5, 16.4 and 16.7 A ) and incomplete, inducing some residual
Pt"-based emission in the PtsLng species.

The lifetimes of residual Pt-based emissions are 16 ns for PtsNdg
(5) and 430 ns for PtgYbg (7) species in dichloromethane at
ambient temperature. Taking into account the statistical factor,*
the rates kgt of Pt — Ln energy-transfer from antenna group
Pty(dppm),(acetylide), can thus be estimated by the equation kgt =
(7! = 107 16,24 where t is the lifetime of residual Pt-based
emission in PtgLng (Ln = Nd 5, Yb 7) species, and 1, (840 ns)
is the “unquenched” lifetime in the reference LngGds (6)
complex without d — f energy transfer. The calculated kgt are

1.02 x 107 s™! for PtgNdg (5) and 1.83 x 10° s™! for PtgYbg (7)
species. The faster Pt — Ln energy transfer for the PtsNds complex
than that for PtgYbg species can be rationalized by the better
spectroscopic overlap between the emission spectrum of the Pt''-
based antenna chromophore and the absorption spectrum of the
Nd™ jon 211

In summary, a feasible synthetic route is established for
preparation of a series of PtsLng arrays using emissive
Pt(Me;SiC=Cbpy)(C=Cbpy), as an alkynyl bridging “ligand”.
Sensitized NIR lanthanide luminescence is successfully attained by
Pt — Ln energy transfer from both d(Pt) — 7*(bpy) MLCT and
d(Pty) — 1*(C=Cbpy) *MMLCT triplet states.
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