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Triflate salts of three (Pt(pip2NCN))a(u-L)** (pip,NCNH = 1,3-his(piperidylmethyl)benzene) dimers bridged by a
series of nitrogen-donor ligands (L = pyrazine (pyz), 1,2-bis(4-pyridyl)ethane (bpa), trans-1,2-bis(4-pyridyl)ethylene
(bpe)) are reported. These complexes have been fully characterized by 'H NMR spectroscopy and elemental
analysis. The X-ray crystal structures of [(Pt(pip.NCN))a(u-pyz)](CFsSOs), and [(Pt(pip2NCN))(u-bpe)](CF3SO3),+2CH,-
Cl, are reported. [(Pt(pip2NCN))x(u-pyz)|(CF2S0s),: triclinic, P1, a = 12.5240(5) A, b = 14.1570(6) A, ¢ = 14.2928-
6) A, o = 106.458(1)°, B = 92.527(1)°, y = 106.880(1)°, V = 2303.46(17) A%, Z = 2. [(Pt(pipz2NCN))a(u-
bpe)](CF3S03),*2CH,Cly: monaclinic, P2:/c, a = 10.1288(6) A, b = 16.3346(9) A, ¢ = 17.4764(10) A, B =
90.882(2)°, V = 2891.1(3) A3, Z = 2. These structures and solution measurements provide evidence for the
strong trans-directing properties of the pip,NCN~ ligand. The electronic structures of these complexes and those
of the 4,4'-bipyridine (bpy) dimer, (Pt(pip.NCN))2(«-bpy)?*, also have been investigated by UV-visible absorption
and emission spectroscopies, as well as cyclic voltammetry. The accumulated data indicate that variations in the
bridging ligands provide remarkable control over the electronic structures and photophysics of these complexes.
Notably, the bpa dimer exhibits a broad, low-energy emission from a metal-centered SLF excited state, whereas
the bpe and bpy dimers exhibit structured emission from a lowest pyridyl-centered *(z—*) excited state. In contrast,
the pyz dimer exhibits remarkably intense yellow emission tentatively assigned to a triplet metal-to-ligand charge-
transfer excited state.
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in using pyrazine (pyz),® trans-1,2-bis(4-pyridyl)ethylene  and have potentially useful medicirfa*16 photochemi-
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by Stang's groug, have received increasing attention,
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In our earlier investigations, focused on the electronic
structures of square planar platinum(ll) monomers with the
tridentate pincer ligand piplCN-,2"?we found that varia-
tion of the monodentate ligand provides remarkable control
over the electronic structures of this class of compounds.
Notably, luminescencélfax= 705 nm) from Pt(pigNCN)-

Cl originates from a lowest, predominantly spin-forbidden
ligand field GLF) state, whereas structured emissidgag
= 444, 474, 498 nm) from Pt(piplCN)(phpy)" (phpy =
4-phenylpyridine) originates from a lowest phpy-centered
3(r—m*) excited state. With the notion that the Pt(g{CN)
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fragment will prefer to form dimers over more elaborate
architectures, such as triangles and squares, we have
undertaken the synthesis of a series of (PHPPN))(u-

L)?" complexes (L= pyz, bpa, bpy, or bpe). Here, we discuss
the electronic structures of these complexes and compare
these properties to related systems. Our findings demonstrate
that modifications of the bridging ligand provide exquisite
control over the electronic structures and photophysics of
these compounds, including the orbital character of the lowest
emissive state.

pip2NCN-

Experimental Section

Tetrahydrofuran (THF) was distilled from Na(s)/benzophenone,
ethanol was distilled from zinc metal/potassium hydroxide, and
methylene chloride was distilled from CaHAnhydrous 2-meth-
yltetrahydrofuran (2-MeTHF) was purchased from Aldrich Chemi-
cal Co. (Milwaukee, WI) and used as received. All other reagents
were purchased from Acros (Somerville, NJ) and used as received.
Pt(pipNCN)CI and [Pt(pipNCN)(u-bpy)](CRS0;), were prepared
as previously described:28 Tetrabutylammonium hexafluorophos-
phate (TBAPE) was recrystallized twice from boiling methanol
and dried under vacuum prior to use. Argon was predried using
activated sieves, and trace impurities of oxygen were removed with
activated R3-11 catalyst from Schweizerhall (New Jersey).

IH NMR spectra were recorded at room temperature using a
Bruker AC 250 MHz spectrometer. Deuterated chloroform (0.03%
tetramethylsilane (TMS)), methanol, and acetonitrile were purchased
from Cambridge Isotope Laboratories (Andover, MA). Yuisible
absorption spectra were recorded using a HP8453-\dsible spec-
trometer. Cyclic voltammetery was carried out using a standard
three-electrode cell and a CV50w potentiostat from Bioanalytical
Systems. Scans were collected in methylene chloride solution con-
taining 0.1 M TBAPE. All scans were recorded using a platinum
wire auxiliary electrode, a Ag/AgCl (3.0 M NaCl) reference
electrode, and a 0.79 nfrgold working electrode. Between scans,
the working electrode was polished with 0,08 alumina, rinsed
with distilled water, and wiped dry using a Kimwipe. Reported
potentials are referenced against Ag/AgCl (3.0 M NaCl). Peak
currents i) were estimated with respect to the extrapolated baseline
current as described elsewhéteUnder these conditions, the
ferrocene/ferrocenium (FcH/Fchl couple occurs at 0.45 V.

Emission spectra were recorded using a SPEX Fluorolog-3
fluorimeter equipped with a double emission monochromator and
a single-excitation monochromator. 77 K glassy solutions were
prepared by inserting a quartz EPR tube containing either a 4:1
EtOH:MeOH or a 2:1 MeOH:2-MeTHF solution of the complex
into a liquid nitrogen-filled quartz-tipped finger Dewar. Emission
spectra were corrected for instrumental response. Emission samples
for lifetime measurements at 77 K were excited using the third
harmonic (355 nm) of a Continuum Surelite 1l Nd:YAG with-8

(29) Kissinger, P. T.; Heineman, W. R. Chem. Educ1983 60, 702—
706.
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ns pulse widths or 420 nm light from a Continuum Panther optical Table 1. Crystallographic Data and Structural Refinement Details for
parametric oscillator pumped with the third harmonic of a Con- [(Pt(PiP2NCN))x(u-pyz)|(CRSOs). and
tinuum Surelite Il Nd:YAG laser. Emission transients were detected (PUPIPNCN))o(u-bpe)l(CRSOs)>2CH,Cl,

using a modified PMT connected to a Tektronix TDS580D
oscilloscope and modeled using in-house software on a Microsoft

[(Pt(pipNCN))(u-pyz)]
(CRsS0y)2

[(P(pip,NCN)),(u-bpe)]
(CRS0)2CHCl,

Excel platform. Under these conditions, the emission decay of [Ru- gn;::m [GHNPUCRSO): - [CatledlaPLI(CRSO)r2CHCL

(2,2-bipyridine)]Cl, in 4:1 EtOH:MeOH 77 K glassy solution was  space group P1 P2i/c

single exponential corresponding to a fsllifetime, as expected. 2 ﬁ 51??718% ig-ééigggg
[(Pt(pip 2NCN))2(u-pyz)](CF3S0s),. A mixture of silver triflate c A 14.2928(6) 17.4764(10)

(0.026 g, 0.1 mmol) and Pt(RINCN)CI (0.05 g, 0.1 mmol) in 15 g; 323 33%33?1()1) 38.882(2)

mL of acetone was stirred for 30 min at room temperature. The . geg 106.880(1) 90

resulting AgCl precipitate was removed by vacuum filtration V.A° 5303.46(17) 22891.1(3)

through Celite. After addition of pyz (0.004 g, 0.05 mmol), the |, ¢ cnrs 1.891 1.819

filtrate was stirred for 5 h, and the solvent was removed by rotary T.K 150(2) 150(2)

evaporation. The yellow solid was dissolved in &H$, and diethyl L%g'fé}?n”é cAoIIected 03'71%,)%3 01'471%%3

ether was added to induce precipitation. The product was washedno. indpt refins 11310 5083

with diethyl ether and dried. Yield: 0.037 g, 57%. Anal. Calcd for Slo/\';g’z":“2> 2o (1)'83?11/0 0900 1(-)002597/0 1130

[CaoHseNPL](CFsSOs),: C, 38.47; H, 4.46; N, 6.41. Found: C, R1LwR2(alldatd) 0.0428/0.0959 0.1474/0.1369

38.24; H, 4.51; N, 6.28'H NMR (CDCls, 6): 1.25-1.80 (24H,
m, CH,), 3.03 (8H, m, CH), 3.32 (8H, m, CH), 4.40 (8H, s with
Pt satellitesJy—p = 52 Hz, benzylic CH), 6.93 (4H, d, CH), 7.08
(2H, t, CH), 9.49 (4H, s, CH).

The BR,~ salt ([(Pt(pipNCN))(u-pyz)1(BFs),) was prepared by
the same procedure as [(PtGNCN)).(u-pyz)](CRSOs),, substitut-
ing silver tetrafluoroborate for silver triflate. Yield: 0.034 g, 58%.
Anal. Calcd for [QOH58N6Pt2](BF4)2: C, 40.49; H, 4.93; N, 7.08.
Found: C, 40.05; H, 4.83; N, 6.97.

[(Pt(pip 2NCN))2(1-bpa)](CF3S0s),. This was prepared by the
same procedure as for [(Pt(pNCN)).(u«-pyz)](CRSOs),, substitut-
ing the appropriate starting materials: PtghEN)CI (0.100 g, 0.2
mmol), silver triflate (0.051 g, 0.2 mmol), and bpa (0.018 g, 0.1
mmol). Yield: 0.107 g, 76%. Anal. Calcd for [gHssNePt](CFs-
SG;)2-2H,0: C, 41.38; H, 4.86; N, 5.79. Found: C, 41.26; H, 4.75;
N, 5.82.1H NMR (CDCl3, 6): 1.25-1.35 (16H, m, CH), 1.60-
1.80 (8H, m, CH), 2.93 (8H, m, CH), 3.27 (12H, m, piperidyl
and bridging CH), 4.38 (8H, s, benzylic C}), 6.91 (4H, d, CH),
7.06 (2H, t, CH), 8.01 (4H, d, CH), 8.77 (4H, d, CH).

[(Pt(pip2NCN))2(1-bpe)](CF;S0s),. This was prepared by the
same procedure as for [(Pt(pCN)).(u«-pyz)](CRSGs),, substitut-
ing the appropriate starting materials: Ptghi@N)CI (0.110 g, 0.22
mmol), silver triflate (0.056 g, 0.22 mmol), and bpe (0.020 g, 0.11
mmol). Yield: 0.085 g, 55%. Anal. Calcd for [gHssNePL](CFs-
SO;),: C, 42.49; H, 4.57; N, 5.95. Found: C, 42.56; H, 4.59; N,
6.07.'H NMR (CDClg, 9): 1.25-1.35 (16H, m, CH)), 1.60-1.80
(8H, m, CH,), 2.94 (8H, m, CH), 3.28 (8H, m, CH), 4.39 (8H, s,
benzylic CH), 6.92 (4H, d, CH), 7.07 (2H, m, CH), 7.97 (2H, s,
bridging CH), 8.31 (4H, d, CH), and 8.82 (4H, d, CH).

X-ray Crystallography. Yellow plates of [(Pt(pipNCN))x(u-
pyz)[(CRSGs), were grown by slow evaporation of a QEly/
CHClI; solution. Crystals of [(Pt(pNCN))a(u-bpe)|(CRSO;),2CH,-

Cl, were obtained as colorless rods from £LiH/hexanes/EO.
Diffraction data for [(Pt(pipNCN)).(«-pyz)](CRSGs), were col-
lected at 150 K using a Bruker SMART6000 CCD diffractometer,
and data for [(Pt(pigNCN))(u-bpe)]l(CRSG;),:2CH,Cl, were
collected at 150 K using a Bruker SMART 1K CCD diffractometer,
both instruments utilizing graphite-monochromated Mo kadia-

tion (1 = 0.71073 A). For [(Pt(pigNCN))(u-bpe)](CRSOs)2: 2CH,-

Cl,, weakly diffracting data beyond 8@n 26 were truncated. Data
frames were processed using the SAINT progfamtensities were
corrected for Lorentz, polarization, and decay effects. Absorption

(30) Juris, A.; Belser, P.; Barigelletti, F.; von Zelewsky, A.; Balzani, V.
Inorg. Chem.1986 25, 256—259.

3Ry = Y [|Fol — [Fell/3|Fol, WR2 = [FW(Fo? — Fc?)Zyw(Fo2)? V2.

and beam corrections based on the multiscan technique were applied
using SADABS?® The structures were solved using SHELX¥L
and refined by full-matrix least squares BA

For all compounds, non-hydrogen atoms were located directly
by successive Fourier calculations and refined anisotropically.
Ligand H atoms were either located directly or calculated on the
basis of geometric criteria and were treated with a riding model in
subsequent refinements. The isotropic displacement parameters for
the H atoms were defined astimes Ueq of the adjacent atom,
wherea = 1.5 for —CHs and 1.2 for all others.

For [(Pt(pipNCN))(u-pyz)](CRSGs),, one triflate anion is
severely disordered, and the geometry of that anion was restrained
to be similar to that of the well-behaved triflate. The highest residual
electron density peaks are near the badly disordered triflate.
Compound [(Pt(pigNCN)).(u-bpe)(CRSG;), crystallizes with two
CH,CI, molecules in the lattice. Analysis of the intensity behavior
for a number of reflections is consistent with monoclinic symmetry.
Additionally, attempts at resolving potential twinning&ngle near
90°) by inclusion of a suitable twin law caused the refinement and
metrical parameters to substantially worsen. One benzylic carbon
(C13) is disordered, and the occupancies for C13A and C13B were
set at 0.5. The anisotropic displacement parameters for piperidyl
atoms, N2 and C13B, were set equivalent to the better behaved
N1 and C13A, respectively. Crystallographic data are summarized
in Table 1.

Results and Discussion

Synthesis.As illustrated in Scheme 1, three new dimers
were prepared from Pt(piNCN)CI using the strategy pre-
viously employed in the synthesis of (Pt(ENCN))(u-
bpyy*.28 Metathesis was accomplished by allowing the
monomer starting material to react with one equivalent of a
silver salt (e.g., AgCE50;) at room temperature. After re-

(31) SMART (v5.054, v5.628) and SAINT (v5.A06, v6.28A) programs
were used for data collection and processing, respectively. Bruker
Analytical X-ray Solutions, Inc., Madison, WI.

(32) SADABS was used for the application of semiempirical absorption
and beam corrections. G. M. Sheldrick, University of ttmen,
Germany.

(33) SHELXTL (v5.1, v6.1, v6.12) programs were used for the structure
solution and generation of figures and tables. Neutral-atom scattering
factors were used as stored in this package. Bruker Analytical X-ray
Solutions, Inc., Madison, WI.

Inorganic Chemistry, Vol. 44, No. 5, 2005 1213
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Scheme 1. Synthesis of (Pt(pENCN))2(u-pyzf", (Pt(pipNCN))(u-bpeft, (Pt(piNCN))(u-bpaf, and (Pt(piBNCN))(u-bpy}+ 2

if

T
Pt—CI

_\ 2+
e
" |
Cgp._n N_p' Cg_ e
N ﬂN
(Pt(PlpzNCN))z(u -pyz)?* (Pt(pip2NCN)),(-bpy)?*
2+

> _H

P|t—N p \ _ Qplt—u\ p _ 'i'
\ /N—Plt N \ N—Ft
§ N

N
(Pt(pipzNCN))g(u-bpe)z" ﬂ (Pt(pip2NCN))2(p-bpa)?* ﬁ
a (i) AgCFsSG;, pyrazine, acetone; (i) AgGBG0;, trans1,2-bis(4-pyridyl)ethylene, acetone; (iii) AgeF0;, 1,2-bis(4-pyridyl)ethane, acetone; (iv)
AgCRsSG;, 4,4-bipyridine, acetone.

moval of silver chloride by filtration, 0.5 equiv of pyz, bpe, In CD;0D solution, theH NMR spectra are qualitatively
or bpa were added to give (Pt(gNCN))a(u-pyzy ", (Pt(pip- similar to those observed in deuterated chloroform. However,
NCN))(u-bpef™, or (Pt(pipNCN))(u-bpaf*, respectively.  as previously noted for several related pyridyl mononiérs,
Each dimeric product was isolated in good yield {&9%) the spectra of all four compounds in alcohol solution are
as a triflate or tetrafluoroborate salt and fully characterized consistent with partial dissociation of the bridging ligands
by H NMR spectroscopy and elemental analysis. (<10%) at room temperature. In GON solution, dissocia-
TheH NMR spectra of the three new dimer products in tion is increased, and the spectra clearly exhibit resonances
CDCl; are qualitatively similar to those reported previously associated with the dimers, Pt(#{CN)(L)" (L = pyz, bpa,
for platinum complexes with the piNCN- ligand2":28 A bpy, or bpe) and a monomer complex, presumably having a
general labeling scheme for nonequivalent protons|jAs water or acetonitrile ligand. In the case of unstable pyz-
shown for the bpe-bridged dimer in Scheme 1. A doublet bridged Mn(l) dimers, poor Mn(l)/pyz-back-bonding has
and triplet occur between 6.9 and 7.1 ppm, and these arebeen proposed to account for dissociation in solutfon.
assigned to the piplCN~ phenyl protons (A, B). The  However, this effect is likely less significant for these Pt(1l)
resonance near 4.4 ppm is attributed to the benzylic protonscomplexes, because the NCNigand is not a strong
(C). For the pyz- and bpy-bridged dimers, distifétPt competingr-acid and there are numerous examples of stable
satellites are resolved withy_p; values of 52 and 47 Hz,  Pyz-bridged Pt(Il) assembliés® A more significant factor
respectively. The satellites appear as shoulders in the spectrés the strong trans-directing properties of the NCligand
of (Pt(pipNCN))(u-bpef+ and (Pt(pipNCN))x(u-bpaf*. that tend to labilize the pyridyl ligand, as suggested for
Two characteristic multiplets between 2.9 and 4.1 ppm are related system®:*This tendency has recently been exploited
assigned to the diastereotopic protons éBd D') of the in the design of main-chain reversible polymés.
o-carbons of the p|per|dy| r|ngs S|m||ar|y the a||phat|c CryStaI Structures. The structures of the triflate salts of
protons E and F are diastereotopic, accounting for the (Pt(PIiBNCN))x(u-pyzy* and (Pt(pigNCN))(u-bpef* were
complexity of the splitting patterns further upfield. A pair confirmed by X-ray crystallography. ORTEP diagrams of
of pyridyl doublet resonances with equal intensities occurs the cations are shown in Figures 1 and 2, and relevant data
downfield of 8.0 ppm (G, H) for (Pt(pgNCN))z(u-bpeft, are summarized in Tables 1 and 2. No unusual intermolecular
(Pt(pipNCN))z(u-bpaf*, and (Pt(pipNCN))(u-bpy P+, in- interactions are present in these crystals or crystals of
dicating that the two halves of the bridging ligand are [(Pt(PiP2NCN)):(u-bpy)[(CRSQOs)2/2(CH;).CO* and there
equivalent. In the case of the pyz-bridged dimer, the pyz is no evidence of the presence of water molecules.
resonances appear as a singlet at 9.5 ppm. The bpe-bridged For each complex, the plNCN" ligand is tridentate,
dimer also exhibits a singlet at 8.0 ppm (1) attributable to and the conformation and metrical parameters for the
the protons of the olefin bridge, and the bpa-bridged dimer (34) Gross, R.; Kaim, Winorg. Chem.1986 25, 498-506.
exhibits a singlet at 3.27 ppm (l) attributable to the protons (35) Schmulling, M.; Grove, D. M.; van Koten, G.; van Eldik, R.; Veldman,
of the aliphatic bridge. In CDGJ the latter resonance (s ﬁouiﬁ’e\lijc"?J\?vz?lfgr‘eﬁ‘"'ccﬂgesl%lzfﬁ 103r?e1m S0@003
overlaps with a piperidyl CHresonance (D). 125, 15302-15303.

1214 Inorganic Chemistry, Vol. 44, No. 5, 2005



Luminescent Platinum(ll) Dimers with Cyclometallating Ligand

Figure 1. ORTEP diagram of the dication in crystals of [(PtENMETN)).-
(u-pyz)](CRSGs),. (Ellipsoids plotted at 50% probability, H atoms are
omitted for clarity.)

Figure 2. ORTEP diagram of the dication in crystals of [(PtGNCN)).-
Pt(pipNCN) units are in excellent agreement with those of («-bpe)l(CRSOy)22CH,CI,. (Ellipsoids plotted at 50% probability, H atoms
related compound®:2837 Notably, the N(piperidyl)-Pt— are omitted for clarity.)
N(piperidyl) angles ((Pt(pNCN))(u-pyzy*: 162.07(16), Table 2. Selected Distances (A) and Angles (deg) for
164.47(169; (Pt(pi;NCN))(u-bpef™: 164.8(4F) are sig- [(Pt(pip2NCN))a(u-pyz))(CFsSQs)2 and
nificantly less than the 180in keeping with the geometric [(PHPIPNCN))(u-bpe)l(CRSOs)-2CH:Cl

preferences of the two five-membered chelate rings formed [(Pt(PipNCN)2(u-pyz)] - [(PHPIPNCN))(u-bpe)]
by the Pt atom and the pincer ligafe®3538These rings (CRSOy)2 (CR:S03)z-2CH,Cl
are slightly puckered, and the planar phenyl group is rotated g:&tﬁ% %_’832((453 %fgslag((ﬁ))
slightly about the PtC bond, forming dihedral angles with  Pt(1)-N(2) 2.126(4) 2.132(10)
the Pt coordination plane of 7.9/14.%r (Pt(pipNCN)),- 38?28)3) 21%)3222((?) 2.164(10)
(u-pyzF+ and 5.4 for (Pt(pipNCN))(u-bpef+. Pt(2)-N(5) 2.099(4)

When viewed end-on, the square planar subunits of the g:g)):m% %:(1’22213
dimers are nearly eclipsed. The planar pyz and pyridyl (bpe) C(1)-PH1)-N(1) 81.36(19) 81.7(5)
groups lie nearly perpendicular to each platinum coordination c(1)-Pt(1)-N(2) 80.77(19) 84.2(5)
plane, forming dihedral angles of 83.3/89.8nd 85.2, “gg:ggg;mgg ggfg(ll(% g;—i((j;
respectively. These angles are consistent with those observe@(1)-pt(1)-N(3) 177.76(18) 178.3(5)
for monomeric platinum pyridyl complexes with the fNCN- N(1)—-Pt(1)-N(2) 162.07(16) 164.8(4)
ligand (84.5-89.5’), as well as that observed for the bpy- Sggﬁ,ﬁigmggg gi:;éggg
bridged dimer (86.9).27:28 Similar angles also have been N(5)—Pt(2-N(4) 97.96(16)
reported for pyz- and bpe-bridged molecular polyhedra N©)-PU2)-N() 97.55(16)

C(23)-Pt(2)-N(4) 178.70(19)

(77.5-89.9").47 The nearly perpendicular orientation of the N(5)~Pt(2)-N(6) 164.47(16)

pyridyl and phenyl groups i§ consisten'; with steriq gonsid— The Pt-N(bpe) distance for the bpe-bridged dimer (2.164-
erations, as well as electronic effects, since thegytidine 10y &) is somewhat longer than that observed for related
n-!nteract!ons 7d32 BOt directly compete with the-fphenyl molecular triangles and squares (2:@®14 A)7 However,
mr-interactions:’ the Pt-N(pyz) distances (2.132(4), 2.144(4) A) are in good
(37) Jude, M., Krause Bauer, J. A: Connick, W. B.Am. Chem. Soc agreement with those observed for the molecular triangle
5003 125 3446.3447. e 2% [(Pt(PMe)2(u-pyz))s]l(CF3SOs)e: 3CHNO;, (2.11-2.14 A)4

(38) Donkervoort, J. G.; Vicario, J. L.; Jastrzebski, J. T. B. H.; Smeets,
W. J. J.; Spek, A. L.; van Koten, @. Organomet. Chen1998 551, (39) Grove, D. M.; van Koten, G.; Ubbels, H. J. C.; Vrieze, K.; Niemann,
1-7. L. C.; Stam, C. HJ. Chem. Soc., Dalton Tran$986 4, 717-724.
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Overall, these distances are consistent with the strong trans-

directing properties of the piplCN~ ligand?® For example,
the Pt-N(pyz) distances are comparable to the-R{py)
distance observed for pyridine (py) situated trans to a phenyl
group incis-Pt(Ph)(py)(CO) (2.140(4) Aj* but considerably
longer than that found for complexes with weaker trans-
directing groups, such ass-Pt(pyrCl, (2.01(1) 2.04(1) Ay?
Interestingly, the PtN(pyz) distances are just slightly shorter
(~0.02 A) than the P£N(py) distance observed for Pt(pip
NCN)(py)* (2.159(3) A)28 A comparable difference (0.045
A) is observed for (NH)sRu)(u-pyz)*+ (2.013(3) A¥2 and
(NH3)sRu(py}+ (2.058(8) A)* Although the P£N distances
are considerably longer than these-Rlidistances, in part
because of trans influence, the trends in these distances ar
similar, reflecting the stronger-back-bonding properties of
the (NHs)sM(pyz)?*t fragment (M= Pt or Ru) as compared
to py. In the case of the bpe-bridged complexpack-
bonding has no discernible impact on the remote bpe=€24
C24 distance (1.32(2) A), which is comparable to those
observed for the free ligand (bpe, 1.32%protonated bpe
([bpeH](NO3),, 1.33/1.34 AYS and N-methyl bpé* ([N-
Me,-bpe]b, 1.32 A)45

Electrochemical Properties.Cyclic voltammograms were
recorded for all four dimers in methylene chloride solution
(0.1 M TBAPF). As noted for Pt(pigNCN)(py)",?® the
dimers do not oxidize at potentials less than 1.6 V. Similarly,
as noted for Pt(pgiNCN)(L)* monomers (L= py, CI-, Br~,
17),%8 the bpa-bridged dimer does not reduce at potentials
>—1.8 V. In contrast, the other three dimers undergo a
nitrogen heterocycle ligand-centered reduction at more
positive potentials. For example, (Pt(gNCN))(u-bpyf+
undergoes a bipyridine-centered reductior-&t22 V (AE,
= 61 mV, ipdipa = 1.4, 0.25 V/s¥8 In the case of (Pt(pip
NCN))(u-pyz¥*, a nearly reversible one-electron reduction
is observed at-0.88 V (AE, = 66 mV, ipdipa = 1.4, 0.25
V/s), and a second irreversible reduction occurs a5 V.
For (Pt(pipNCN))(u-bpe¥*, a nearly reversible one-electron
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£(103 M-1 cm-1)

300
Wavelength (nm)

€igure 3. Room-temperature UVvisible absorption spectra in methylene
chloride solution of (Pt(pigNCN))a(u-bpeft (++), (Pt(pipNCN))(u-bpaf™
E—). (Pt(loi)pzNCN))z(u-bpy)2+ (=—-). and Pt(pipNCN)(py)"

of —1.80, —2.10, and<—2.3 V vs SCE (CHCl,, 0.1 M
TBACIO,), respectively’” In contrast, the pyz-bridged
complex is significantly more easily reduced than expected
from the free ligand reduction potentiat 2.3 V vs SCE),
indicating that the unoccupied lowest level is strongly
stabilized by the electron-withdrawing Pt(g{CN)* units.

A similar observation has been reported for pyz-bridged Cr-
(0), Mo(0)W(0),**Mn(l),%* and Re(l) dimeré>°as well

as Re(l) squared.For example, Zulu and Le#sobserved

a similar trend in reduction potentials for (W(GJu-L)
(0.1 M TBACIO, in CH.Cly: u-bpa (<—2.3 V) < u-bpy
(—1.30 V) < u-bpe 1.20 V)~ u-pyz (—1.21 V vs SCE).
The relative stabilization is likely greater for the platinum-
(1) dimers because of the increased acidity of the P{pip
NCN)" fragment relative to W(CQ)

Absorption Spectroscopy.Salts of the bpa, bpy, and bpe
dimers are colorless and dissolve in methylene chloride to
give colorless solutions that absorb strongly in the UV region
(Figure 3, Table 3). Salts of (Pt(pICN))(u-pyz}+ are
yellow and dissolve to give yellow solutions. The UV

bpe-centered reduction is observed-dt.11 V (AE, = 80 absorption spectra at wavelengths shorter than 300 nm exhibit
mV, ipdipa= 1.3, 0.25 V/s). In accord with this assignment, charge-transfer bands similar to those of related com-
a bpe-centered reduction has previously been reported forplexes?”26 However, the absorption bands for the dimers
[(Pt(PEB)2)a(u-bpe}(u-anthp]*" (anth= anthracene-1,8-diyl)  exceed twice the intensity of the halide monomers (P#pip
near—1.36 V vs FcH/FcH (AEp =67mV,0.2V/s,0.1 M NCN)X (X = CI-, Br, or |*),27 as expected for the
TBAPFs in CH,CN).** The ligand-centered reduction po-  occurrence of overlapping pyridy! ligand-centered transitions
tentials of the dimers follow the ordep-pyz (~0.88 V) > in this region. Similar absorption bands occur in the spectra
u-bpe (-1.11 V) > u-bpy (=1.22 V) > u-bpa (<—1.8 V). of the free ligands (Table 3), as well as rhenium and
The relative reduction potentials of the bpe, bpy, and bpa ruthenium dimer§2-5* Notably, (Ru(NH)s).(u-bpef* ex-
dimers are consistent with the free ligand reduction potentials hibits an intense ligand-centered absorption at 324 nm
(27 500 Mt cm™1),%8 similar to that observed for (Pt(pip
NCN))(u-bpef*t (320 nm, 25 000 M* cm™1). Overall, the

(40) Albrecht, M.; Dani, P.; Lutz, M.; Spek, A. L.; van Koten, G.Am.
Chem. Soc200Q 122 11822-11833.

(41) Romeo, R.; Arena, G.; Scolaro, L. M.; Plutino, M. R.; Bruno, G.;
Nicold, F. Inorg. Chem.1994 33, 4029-4037.

(42) Colamarino, P.; Orioli, P. L1. Chem. Soc., Dalton Trank975 1656~
1659.

(43) Furholz, U.; Joss, S.; Buai, H. B.; Ludi, A. Inorg. Chem.1985 24,
943-948.

(47) Zulu, M. M.; Lees, A. Jlnorg. Chem.1988 27, 1139-1145.

(48) Pannell, K. H.; Iglesias, Rnorg. Chim. Actal979 33, L161-L162.
(49) Zulu, M. M.; Lees, A. JOrganometallics1989 8, 955-960.

(50) Lin, R.; Guarr, T. Flnorg. Chim. Actal99Q 167, 149-152.

(51) Slone, R. V.; Benkstein, K. D.; Belanger, S.; Hupp, J. T.; Guzei, I.

(44) shin, Y.-G. K.; Szalda, D. J.; Brunschwig, B. S.; Creutz, C.; Sutin,
N. Inorg. Chem.1997, 36, 3190-3197.

(45) Vansant, J.; Smets, G.; Declercq, J. P.; Germain, G.; van Meerssche,
M. J. Org. Chem198Q 45, 1557-1565.

(46) Felloni, M.; Blake, A. J.; Hubberstey, P.; Wilson, C.; Sden M.
CrysteEngComn2002 4, 483-495.
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A.; Rheingold, A. L.Coord. Chem. Re 1998 171, 221—-243.

(52) Rajendran, T.; Manimaran, B.; Lee, F.-Y.; Lee, G.-H.; Peng, S.-M.;
Wang, C. M.; Lu, K.-L.Inorg. Chem.200Q 39, 2016-2017.

(53) Sutton, J. E.; Taube, Hinorg. Chem.1981, 20, 3125-3134.

(54) Stanbury, D. M.; Gaswick, D.; Brown, G. M.; Taube,|lHorg. Chem.
1983 22, 1975-1982.



Luminescent Platinum(ll) Dimers with Cyclometallating Ligand

Table 3. Reduction Potentia®BRoom-Temperature U¥Visible Absorption (CHCI,) Data and 77 K Emission Data

emission (77 K)
Amax,nm (fwhm, cnr1)

absorption glassy
compound Amax NM (€, M~ cm™1) solution solid stateé E”,V
(Pt(pip:NCN))o(u-pyz )2+ 258, 270, 315~368sh, ~510> ~560 -0.88
~410sk§
(Pt(pirNCN))o(u-bpe* 259 (24300), 276 (20400), 580, 638, 584, 642, -1.11
292sh (19500), 320 (25000) 706, 780 707, 780sh
(Pt(pipNCN))o(u-bpy 2+ 260 (30750), 277 (30100), 433, 458, 449, 479, —1.22
291sh (24800), 305sh (15800) 485sh, 520sh 507, 550sh
(Pt(pipNCN))o(u-bpaf* 259 (31800), 276sh (18800), 638 (36009 650 (3800) <-18

292sh (8950)

a Cyclic voltammograms were recorded in 0.1 M TBAJREH,CI, at 0.25 V/s and referenced vs Ag/Ag®I2:1 MeOH:2-MeTHF glassy solutiofi.4:1
EtOH:MeOH glassy solutiorf 77 K solid-state maxima for GBO;™~ salts.® Absorption maxima are reported for a 0.177 mM solution; maxima and intensities
are concentration dependehtex = 350 nm; the emission profiles are excitation-wavelength dependent (see text).

absorption profile of (Pt(pyNCN)).(u-bpaft is remarkably 30

similar to that of Pt(pigNCN)(py)*,?® with twice the molar
absorptivity, indicating that the electronic structures of the
Pt(pipNCN)(pyridyl)* units are essentially unperturbed by
dimer formation and that there is only weak communication
between the metal centers. A similar observation has been
made for (W(COJ)(u-bpa) and W(CQ)4-Mepy) (4-Mepy
= 4-methylpyridine)?>5¢

At wavelengths to the red of the pyridyl-centered bands,
the bpa, bpy, and bpe complexes exhibit tailing absorption
profiles, attributable to ligand field and spin-forbidden
charge-transfer transitions. It is also reasonable to anticipate . :
relatively low-lying metal-to-ligand charge-transfer (MLCT) 300 400 500
transitions in these spectra because of the low-lying pyridyl Wavelength (nm)
a* levels. Electrochemical measurements suggest the MLCT iFniggLe él- r/gggradrggt mﬁleéreit::;);?éivitgg 22 gﬁ%ﬁ?i@(’{&z)ﬁ?‘)z
energies should decregse along the ligand series>>igay 1075, 354 1075, 1.77 x 1075, andg7.08x 1075 M. Inset: uvlv'isibf;
> bpe. However, the ligand-centereetz* charge-transfer absorption spectra recorded during titration of [(PNIPN))2(-pyz)](BFs)2
energies also decrease along this series and may obscure tH&00 mL of 8.85x 10> M) with 4 x 45uL aliquots (0.5 equiv) of 0.1 M
MLCT bands. In the case of the pyz-bridged dimer, the ggiime. Free pyrazine only absorbs weakly at 275 nm ¢ < 600 M*
absorption spectrum of a 0.2 mM solution exhibits a band '

at 315 nm with apparent molar absorptivity of 9500°M  gependent (Figure 4), and solutions of this compound do
cm* and shoulders at 368 and 410 nm. These longer not opey Beer's law. As the dimer concentration is lowered
wavelength bands are absent from the spectra of monomerigrom 0.2 to 0.01 mM, the apparent molar absorptivity of the
pyridyl complexe®® and cannot be reasonably attributed t0 315 nm pand (and longer wavelength shoulders) decreases,
ligand-centered transitions since the free and protonatedang that of the 258 nm band increases. The data are consistent
bridging ligands (Table 3; pyzHaq), pH< 0,4 >300nm,  yith partial dissociation of (Pt(p¥NCN)):(u-pyz)* to form

€ < 600 Mt cm™1)57 only absorb weakly in this region. Nor Pt(pipNCN)(pyz)" and a solvated adduct and/or aquo
can these intense bands be reasonably assigned to ligand fielgomplex resulting from reaction with adventitious water. In
transitions. A likely explanation is that these transitions have support of this interpretation, titration of a 0.09 M solution
_significz_int m_etal-to-liggnd (pyz) cha_rge-transfer character, ¢ (Pt(pipNCN))(u-pyz)?* with pyz increased dissociation,

in keeping with the notion of a low-lying pyz* level. The = 55 indicated by a gradual decrease in intensity of the 315
blue shift of these bands with respect to that observ_ed for nm band and an increase in the intensity of the 258 nm band
(RU(NHg)s)x(u-pyz)'™ (547 nm, 30000 M cm)> is (Figure 4 inset). The loss of intensity of the 315 nm and
consistent with the relative energies of MLCT states of Pt- longer wavelength absorption bands indicates that the MLCT

(I1) and Ru(ll) complexe$?° transitions of Pt(pigNCN)(pyz)" are shifted to shorter
In contrast to the other three dimers, the absorption profile
of (Pt(piQNCN))z(‘u.pyz)2Jr in CH.Cl, is concentration (59) For example, the lowest spin-allowed MLCT band for Pt2,2
bipyridine)Ck (390 nm, DMF; Connick, W. B., Ph.D. Dissertation,
California Institute of Technology, 1997) is shifted by 7600 ¢rto

N
o
Absorbance
-
3,

300 400 500
l Wavelength (nm)

-
o

o

Apparent Molar Absorbtivity (102 M'cm-1)

(55) Gaus, P. L.; Boncella, J. M.; Rosengren, K. S.; Funk, MIrorg. the blue of that observed for Ru(2ipyridine)Cl, (553 nm, DMF;
Chem.1982 21, 2174-2178. Vos, J. G.; Haasnoot, J. G.; Vos, [@org. Chim. Actal983 71, 155~
(56) Wrighton, M. S.; Abrahamson, H. B.; Morse, D. I. Am. Chem. 162.).
Soc.1976 98, 4105-4109. (60) For Dan symmetric (Pt(pipNCN))(u-pyzf*, there are four spin-
(57) Peral, F.; Gallego, ESpectrochim. Acta, Part 2003 59, 1223~ allowed and Laporte-allowed MLCT transitions involving the 5d(Pt)
1237. and lowestz*(pyz) levels, although only three of these are fully
(58) Creutz, C.; Taube, HI. Am. Chem. S0d.969 91, 3988-3989. allowed by symmetry.
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Figure 5. 77 K emission spectra in 2:1 MeOH:2-MeTHF ((PtGMECN)).-
(u-pyzP* (- = - = - =, Aex= 350 nm)), (P(PipNCN))z(i-bpef* (++, dex
= 375 nm)), (Pt(pipNCN))(u-bpaf* (—, dex = 300 nm)) or 4:1 ethanol:
methanol ((Pt(pigNCN))(u-bpy¥™ (— — —, Lex= 300 nm)) glassy solution.
Intensities have been arbitrarily scaled.

wavelengths than those of the dimer, in keeping with the
view that, when coordinated to Pt(phtCN)(pyz)", the Pt-
(pip2NCN)* fragment effectively acts as an electron-
withdrawing subsitutent that stabilizes th& levels of the
pyz ligand.

Emission SpectroscopyAlthough none of these dimers
is luminescent in fluid solution, each is emissive in rigid
media. For example, salts of (Pt(gWCN)).(u-bpyy* exhibit
yellow-green emission when irradiated with UV light at room
temperaturé® whereas salts of (Pt(piNCN))(u-bpaf* and
(Pt(pipNCN))(u-bpeft exhibit weak red emissions. In
contrast, salts of (Pt(pipCN))a(u-pyzf* exhibit remarkably

intense yellow emission at room temperature. To investigate

the origin of these properties, spectra of solid and dilute
glassy solution samples (4:1 EtOH:MeOH and/or 2:1 MeOH:
2-MeTHF) were recorded at 77 K (Figure 5, Table 3). The

emission profiles of the bpe-, bpa-, and bpy-bridged dimers ") State.

Jude et al.

bpe is dominated by a short-wavelength fluorescence cen-
tered at 405 nm, suggesting that platinum-induced -spin
orbit coupling influences the photophysics of the bpe ligand.
The vibronic progression (1360600 cn1?! spacings) and
Franck-Condon factors of the dimer emission, as indicated
by the Huang-Rhys ratié* (I1,¢lp0 ~ 1), are in excellent
agreement with those of the free-ligand phosphorescence
spectrum (77 K butyronitrile; 558, 608, 666 nfi)The first
vibronic feature £17 250 cn?) provides an estimate of the
3(z—x*) energy and is shifted by only650 cnt?! from that
observed for the free ligand~7 900 cm?). Thus, the
accumulated data are consistent with slightly less perturbation
of the emissiver—x* state than found for the bpy-bridged
complex, in keeping with our earlier conclusion that the
lowest states involving orbitals of the Pt(gCN) fragment

lie at significantly higher energies-@3 500 cm?).28

To our knowledge, this is the first report of bpe-centered
3(z—x*) emission from a metal complex, though our results
are in qualitative agreement with observations for several
other complexes. As noted for the bpe-bridged dimer, several
Re(l) monomers and squares with bpe ligands have been
reported to be nonemissive in fluid solutféf® 6 or exhibit
short-lived, high-energy fluorescen®®’ Excited trans
stilbene and stilbene-like derivatives, such as bpe, are
susceptible to nonradiative relaxation by forming a twisted
triplet state §p).5458 7% In rigid media, the barrier to forming
the 3p state is expected to be significantly increased,
accounting for our ability to detect emission from the bpe
3(z—am*) state. In contrast, several ruthenium and tungsten
complexes with bpe ligands exhibit short-livéLCT
emission in fluid solutior?4%71In the case of the ruthenium
systems, the emissions maximize near 700"hsuggesting
that the3MLCT state lies well below the bpe-center#d—

In contrast, Zulu and Le8g°" found that

are concentration and excitation-wavelength independent,€missions from W(CGJbpe) and (W(CQ)(u-bpe) maxi-

indicating that monomeric complexes or aggregates are notMize at 549 and 560 nm, respectively, and these authors
responsible for the observed spectra. However, frozennoted that these complexes have lower quantum yields and

solution and solid-state emission profiles of (Pt{hiEN)),-
(u-pyzy+ are excitation-wavelength dependent.

As previously reporteé® the bpy-bridged dimer in 77 K
4:1 EtOH:MeOH glassy solution exhibits a structured, long-
lived emission maximizing at 458 nm (21830 cth, 0.16
ms). The vibronic spacings e£1000 and~1400 cn1? are

consistent with a lowest bpy-centered, predominantly spin-

forbiddenz—s* excited state. The influence of the platinum

centers is suggested by deviations in the emission spectruM64)

from that of the free ligand, including 1000 cn?* shift
to lower energy, a slight broadening of the vibronic features,
and differences in the FranelCondon factorg®

The bpe-bridged dimer in 77 K 2:1 MeOH:2-MeTHF
glassy solution also exhibits a highly structured emission
profile, though shifted to considerably longer wavelengths
with maxima at 580, 638, 706, and 780 nm. Although too

weak for lifetime measurements, the emissions from solid-

shorter lifetimes than related compouréi€’In conjunction

with our results, these observations suggest that the lowest
SMLCT and bped(x—x*) states of the W(0) complexes lie

in close proximity, and it is conceivable that the emissive

(61) Huang, K.; Rhys, AProc. R. Soc. Londott95Q 204A 406.

(62) Ganer, H.J. Phys. Chem1989 93, 1826-1832.

(63) Itokazu, M. K.; Polo, A. S.; de Faria, D. L. A.; Bignozzi, C. A,; Iha,

N. Y. M. Inorg. Chim. Acta200], 313 149-155.

Dattelbaum, D. M.; Itokazu, M. K.; Iha, N. Y. M.; Meyer, T. J.

Phys. Chem. 2003 107, 4092-4095.

(65) Wenger, O. S.; Henling, L. M.; Day, M. W.; Winkler, J. R.; Gray, H.
B. Inorg. Chem 2004 43, 2043-2048.

(66) Slone, R. V.; Hupp, J. T.; Stern, C. L.; Albrecht-Schmitt, TIrirg.
Chem.1996 35, 4096-4097.

(67) Manimaran, B.; Rajendran, T.; Lu, Y.-L.; Lee, G.-H.; Peng, S.-M.;
Lu, K.-L. J. Chem. Soc., Dalton Tran2001 515-517.

(68) Saltiel, J.; Charlton, J. L.; Mueller, W. B. Am. Chem. Sod.979

101, 1347-1348.

Saltiel, J.; Marchand, G. R.; Kirkor-Kaminska, E.; Smothers, W. K.;

Mueller, W. B.; Charlton, J. LJ. Am. Chem. S0d.984 106, 3144—

3151.

(69)

state and 77 K glassy solution samples clearly originate from (70) Schanze, K. S.; Lucia, L. A.; Cooper, M.; Walters, K. A.; Ji, H.-F.;

a bpe-centered, predominantly spin-forbiddenr* excited

state. Under similar conditions, the emission spectrum of free
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Sabina, OJ. Phys. Chem. A998 102 5577-5584.
(71) Curtis, J. C.; Bernstein, J. S.; Meyer, T.ldorg. Chem.1985 24,
385-397.
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SMLCT state is thermally populated from a lowest bpe- o~
centered state. / W\
The emission spectra of 77 K solid-state and glassy

solution samples of (Pt(piplCN)),(u-bpaf* are distinctly
different from those of the bpe-bridged dimer. Excitation of
glassy solutions at 300 nm results in a weak, broad, low-
energy, and Gaussian-shaped emission centered near 640 nm
(15 630 cm?) with a full-width at half-maximum (fwhm)

of 3600 cn! (Figure 5.) In the solid state, the emission ‘ N
maximum (650 nm) is shifted to a slightly longer wavelength. Ju /4 \\\\
The excitation spectra are in good agreement with the v , . —
solution absorption data, and at longer wavelengths, a weak 400 500 600 700
band is resolved at 367 nm, similar to that observed for Pt- Wavelength (nm)
(pip2NCN)(py)" (365 nm). Overall, the emission spectrum Figure 6. 77 K glassy sglution emission (2:1 MeOH:2-MeTHF) spectra
is strikingly similar to’LF emission observed for the pyridine g;éﬁ;&%ﬁ%‘;\'ﬁﬁ%‘gﬁ’gﬁi :Sgg"(;"?g)t’hgzge(f’i”f’i”fe_;f Jhe greson on
analogue (650 nm, fwhre 3700 cnt?, 77 K 4:1 EtOH: and 375 nm ). Intensities have been arbitrarily scaled. Emission
MeOH) 2 and a similar assignment is made here. The large maxima for free pyrazine is denoted by *.

Stokes shift (11 600 cm) of the emission maximum from

the lowest-energy excitation feature and the broad emissioncomponent of the emission from glassy solution samples is
bandshape are consistent with an excited state, having arflmost coincident with théLF emissions of Pt(pNCN)-
optimum geometry very different from the ground state, as (PY)" (650 nm, fwhm= 3700 cnm™*) and Pt(pipNCN)(H0)"
expected for population of the P¥dy) antibonding level.  (Amax = 634 nm, fwhm= 3700 cn1*). Although we have
These conclusions are in accord with our earlier suggestionnot been able to prepare pure samples of PA{IN)(pyz)",

that bonding of pigfNCN~ and a pyridyl ligand to a Pt(Il) ~ We anticipate that the crystal field splitting for this complex

center will result in a lowest_F state> 23 500 cn1?,28 but will be similar to that of Pt(pigNCN)(py)*. On the other
still below the energy of the lowest pyridine-centered* hand, the weak, structured emission at 400 nm resulting from

state (29 650 cn?). 300 to 325 nm excitation is characteristic of free pyrazine
By comparison to the other dimers and previously (Amax= 390,400,410, 420 nm), indicating that PtgNICN)-
investigated monomers, emissions from samples of the pyz-(Pyz)" further dissociates, in analogy to observations for Pt-
bridged dimer are remarkably intense. Excitation of 77 K (Pip2NCN)(py)™.?® Upon excitation at longer wavelengths
glassy solution samples at 350 nm results in a broad andwhere pyrazine does not strongly absorb (e.g., 350 nm), the
very intense emission centered near 510 nm (Figure 5). Thestructured pyrazine emission is absent.
solid-state emission maximum of the BFsalt is shifted to The preceding leads to the conclusion that the broad,
longer wavelengths~<560 nm). In both cases, the emission intense emission centered near 510 nm arises from the (Pt-
maximum is excitation-wavelength dependent. For example, (pip.NCN))x(u-pyzf* dimer, which absorbs at wavelengths
the 77 K solid-state emission maximum occurs at 550 and as long as 430 nm. The predominantly spin-forbidden
568 nm for excitation wavelengths of 300 and 430 nm, character of the emission was verified by luminescence decay
respectively. When 77 K glassy solutions (2:1 MeOH:2- measurements. Emission decay traces from 77 K solid-state
MeTHF) are excited at 375 nm, the emission can be samples of the BF and CRSGO;~ salts excited at 355 nm
reasonably modeled with one Gaussian functign(= 505 could not be adequately modeled with a single exponential
nm, fwhm = 5200 cm?'). However, as the excitation function but required a biexponential function to obtain a
wavelength is tuned from 375 to 300 nm, a low-energy reasonable fit (2, 4s components ir-10:1 intensity ratio)
shoulder emerges (Figure 6), and two Gaussian functionsas expected for partial ligand substitution. Therefore, in
are required to fit the resulting spectrunfx = 502 nm, addition to the dimer, Pt(psNCN)(pyz)t and Pt(pipNCN)-
fwhm = 5200 cnT?; Amax = 640 nm, fwhm= 3800 cn1?). (H,O)* likely contribute to the emission decay. Interestingly,
In addition, excitation between 300 and 325 nm results in a decay traces for solid [(Pt(piNCN))(«-pyz)](CFSOs)2
weak, highly structured emission near 400 nm (Figure 6). excited at 420 nm were adequately modeled by a single
The accumulated data are suggestive of three differentexponential function (3us), as would be expected for
emitting species. One absorbs at wavelengths as long as 438elective excitation of the dimer. Qualitatively, the emission
nm, whereas the remaining two species absorb comparativelyis much more intense than tieF and3(z—xz*) emissions
weakly at wavelengthg 375 and>325 nm, respectively.  previously observed for this class of complexes, and neither
The dependence of the emission maximum on excitation of these assignments is appealing. The emission maximum
wavelength is consistent with variations in the contributions (~20 000 cm?, 500 nm) occurs at significantly higher
of the three emitting species to the overall spectrum. energies than those observed for complexes with lol#st
The excitation dependence of the dilute glassy solution excited states (e.g., Pt(gCN)CI, 14 200 cm?; Pt(pip-
emission further corroborates the tendency of the pyrazine NCN)(py)", 15 400 cm?).2"28|n addition, the emission onset
dimer to dissociate in solution, most likely forming Pt(pip is shifted by~2000 cm* to lower energy of the free ligand
NCN)(pyz)t and a solvated adduct. The long wavelength n—s* emission, and the band lacks the structure expected

Emission Intensity
e,

Inorganic Chemistry, Vol. 44, No. 5, 2005 1219



for a 3(r—x*) pyrazine-centered emissidh’3 The lifetime
also is significantly shorter than observed for related
complexes with lowest pyridyl-centereir—n*) excited
states (e.g., (Pt(piPICN))o(u-bpyy*, 0.16 msfe These data

Jude et al.

emissions are only weakly perturbed from those of the free
ligand, and the lifetimes tend to be longer than those of their
platinum(ll) diimine and terpyridyl counterparts. These
results are consistent with complexes such as (BN@N)).-

are consistent with a significantly faster rate of radiative (u-bpyf*, (Pt(piNCN))(u-bpeft, and Pt(pipNCN)-
decay for the pyz dimer, as expected for increased involve- (phpy)" having relatively pure lowest intraligand excited
ment of the heavy metal center in the transition. For these states. The intensity of the emission from the pyz dimer is
reasons, and bearing in mind that both electrochemical andsuggestive of an orbitally allowed excited state possibly
UV —visible absorption measurements point to stabilization having dy—p*(pyz) character, which is expected to have a
of the pyrazines* level as compared to the pyridyl large transition dipole from overlap considerations.

complexes, we tentatively assign the 510 nm emission of z
the dimer as having significant MLCT character. A
N/ — N
Conclusions Kt o \—rile
A
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