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A new Pt(ll) dichloride complex [Pt(fopzH)Cl,] (1), in which fppzH = 3-(trifluoromethyl)-5-(2-pyridyl)pyrazole, was
prepared by the treatment of a pyridylpyrazole chelate fppzH with K;PtCl, in agueous HCI solution. Complex 1
could further react with its parent pyrazole (pzH), 3,5-dimethylpyrazole (dmpzH), or 3,5-di-tert-butylpyrazole (dbpzH)
to afford the monometallic [Pt(fppz)(pzH)CI] (2), [Pt(fppz)(dmpzH)CI] (3), [Pt(fopz)(dmpzH),]CI (4), or two structural
isomers with formula [Pt(fppz)(dbpzH)CI] (5a,b). Single-crystal X-ray diffraction studies of 2, 4, and 5a,b revealed
a square planar Pt(ll) framework, among which a strong interligand hydrogen bonding occurred between fppz and
pzH ligands in 2. This interligand H-bonding is replaced by dual N—H---Cl interaction in 4 and both intermolecular
N-H---O (with THF solvate) and N—H---Cl interaction in 5a,b, respectively; the latter are attributed to the bulky
tert-butyl substituents that force the dbpzH ligand to adopt the perpendicular arrangement. Furthermore, complex
2 underwent rapid deprotonation in basic media to afford two isomeric complexes with formula [Pt(fppz)(u-pz)]
(6a,b), which are related to each other according to the spatial orientation of the fppz chelates, i.e., trans- and
cis-isomerism. Similar reaction exerted on 3 afforded isomers 7a,b. Both 6a,b (7a,b) are essentially nonemissive
in room-temperature fluid state but afford strong blue phosphorescence in solid state prepared via either vacuum-
deposited thin film or 77 K CH,Cl, matrix. As also supported by the computational approaches, the nature of
emission has been assigned to be ligand-centered triplet szzz* mixed with certain metal-to-ligand charge-transfer
character.

Introduction which effectively breaks down the spin conservation rule,
Luminescent heavy metal complexes are likely to play faC|.I|t§1t|ng a (_:r_]ange n muIF|pI|C|ty and the subsequent
radiative transition from the triplet state to the ground state.

a pivotal role in tomorrow’s displays and solid-state light- Such phosoh t svst or advant
ing equipment through the so-called phosphorescent organic uch pnospnorescent Systems possess a major advantage over

light-emitting diode (OLED) technology. Phosphorescent thei_r fluorescent counterparts, for which_only _the singl(_et
materials generally consist of third-row, transition metal excitons can be harvested from t.hE." V|e_wpomt_ of spin
complexes, among which the most effective materials conser\_/atlon and thus are less efficient in luminescence
are ascribed to those possessing Os(ll), Ir(lll), and Pt(Il) properties.

central metal atoms.These complexes produce bright (1) (a) Fuhrmann, T.; Salbeck, MRS Bull.2003 28, 354. (b) Holder,

emission from excited states with an increased contribution E.; Langeveld, B. M. W.; Schubert, U. 8dv. Mater.2005 17, 1109.
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Blue-Emitting Platinum(ll) Complexes

In view of the design of high-efficiency luminescent
materials, both the Ir(lll) and Os(ll) complexes witl d
electronic configuration are of prime candidat@his is due

the so-called metalmetal-bond-to-ligand charge transfer
(MMLCT) transition, a result of strong stacking interaction
among these planar molecules upon crystallization in the

to the fact that they generally possess an octahedral geometrgolid state’.

with mutually orthogonal ligand chromophores, for which

In this work, we report the synthesis and characterization

the interligand nonbonding interactions are significantly of a new family of emissive complexes involving the Pt(ll)
reduced, such that the respective emission can be producednetal element in anticipation of seeing efficient blue
in a rather effective manner. Since the Os(Il) metal center phosphorescence with fair color chromaticity. We present
is much easier to be oxidized, i.e., it possesses a lowerthe strategy of molecular design as well as methodologies
oxidation potential, the corresponding Os(ll) complexes tend of how to avoid the Pt(ll) packing interaction in solid state,
to afford much red-shifted emission signals due to the such that decent blue phosphorescence can be achieved.
dominance of the MLCT contribution versus the intraligand Special attention is paid to several important issues such as
ar* (or ILCT) transition. Conversely, the isoelectronic Ir-  synthetic pathways, theoretical interpretation, and how to
(111 metal element should be less easy to undergo oxidation broaden the reaction scope using the new intermediate with
due to its excessive positive charge density at the metalformula [Pt(fppzH)C}] (1), fppzH = 3-(trifluoromethyl)-5-
center, which in turn affords a greater gap for the anticipated (2-pyridyl)pyrazole.

MLCT transition. As a result, the Ir(lll) system, in theory,

should be suitable for the preparation of greater energy gap, X

blue phosphorescent materidls. | Nl
In yet another approach, as Pt(Il) should possess higher P

oxidation state than that of Os(Il) as well as the isoelec- \ N,l:i cl

tronic Ir(l) systems, the reduction of the MLCT contri-
bution is expected and hence may be suited to achieve
blue phosphorescence by employing suitable ligand design.

CF3 1)

However, in contrast to the previously mentionédcdm-

plexes, the 8Pt(ll) complexes generally possess alternative
planar molecular geometry. Significant intermolecular in-
teractions are thus expected in both fluid and solid sfates,
in complications in assessing their funda-
mental photophysical properties. One is the occurrence of
unwanted bathochromic emission, which originates from

resulting
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Chem., Int. Ed200§ 45, 6169. (f) He, Z.; Wong, W.-Y.; Yu, X.;
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Experimental Section

General Procedures. All reactions were performed under
nitrogen atmosphere. Solvents were distilled from appropriate drying
agents prior to use. Metal reagerd®Cl, was ordered online from
PMO Pty Ltd., while pyrazole and 3,5-dimethylpyrazole were
purchased from Aldrich. Commercially available reagents were used
without further purification unless otherwise stated. All reactions
were monitored by precoated TLC plates (0.20 mm with fluorescent
indicator UVkbsg). Flash column chromatography was carried out
using silica gel (236400 mesh). Mass spectra were obtained on a
JEOL SX-102A instrument operating in electron impact (El) or
fast atom bombardment (FAB) mod&d and 3C NMR spectra
were recorded on a Varian Mercury-400 or an INOVA-500
instrument; chemical shifts are quoted with respect to the internal
standard tetramethylsilane féH and 3C NMR data. Elemental
analysis was carried out with a Heraeus CHN-O Rapid Elementary
Analyzer.

Synthesis of [Pt(fppzH)Ch] (1). A mixture of K;PtCl (210 mg,
0.50 mmol) and 3-(trifluoromethyl)-5-(2-pyridyl)pyrazole (fppzH,
106 mg, 0.50 mmol) in a solutionfd M HCI (1 mL) and water
(15 mL) was refluxed for about 2 h. After lowering of the
temperature to RT (room temperature), the precipitate was filtered
off and washed with diethyl ether and hexane. The solid was
separated using silica gel thin layer chromatography eluting with
pure CHCI,, giving yellow [Pt(fppzH)C}] (1, 185 mg, 0.39 mmol,
77%) and orange [Pt(fpp#)(8 mg, 0.01mmol, 3%).

Spectral data fot: MS (FAB, 19%Pt) mVz 479 (M*), 443 (M™ —
HCI); '"H NMR (400 MHz, acetonek, 298 K) 6 9.45 (d,Juy =
6.0 Hz, 1H), 8.38 (ddJuy = 7.6, 7.2 Hz, 1H), 8.30 (dJyn = 7.6
Hz, 1H), 7.88 (s, 1H), 7.77 (ddyy = 7.2, 6.0 Hz, 1H)°F NMR
(470 MHz, acetonels, 298 K) 6 —61.12 (s, CE). Anal. Calcd for
CoHeClF3NsPt: C, 22.56; H, 1.26; N, 8.77. Found: C, 22.37; H,
1.48; N, 8.59.

(7) (a) Lai, S. W.; Che, C. MTop. Curr. Chem2004 241, 27. (b)
Houlding, V. H.; Miskowski, V. M.Coord. Chem. Re 1991, 111,
145. (c) Miskowski, V. M.; Houlding, V. Hlnorg. Chem.1991 30,
4446.

Inorganic Chemistry, Vol. 46, No. 26, 2007 11203



Synthesis of [Pt(fppz)(pzH)(CI)] (2).[(fppzH)PtCh] (150 mg,
0.31 mmol) and pyrazole (pzH, 47 mg, 0.69 mmol) in 30 mL of

Chang et al.

8.2 Hz, 1H), 6.82 (ddJu = 7.3, 5.8 Hz, 1H), 6.76 (dl = 5.8
Hz, 1H), 6.16 (dJuy = 2.8 Hz, 1H), 6.00 (s, 1H), 1.54 (s, 9H),

CH,CI, was stirred at room temperature for 12 h. Then the solution 1.50 (s, 9H);®F NMR (470 MHz, acetonels, 298 K) 6 —60.42
was washed with deionized water and concentrated to dryness(s, CR). Anal. Calcd for GoH2sCIFsNsPt: C, 38.56; H, 4.04; N,
under reduced pressure. Further purification was conducted by silicall.24. Found: C, 38.39; H, 4.30; N, 11.13.

gel thin layer chromatography eluting with GEl,, followed by
recrystallization from a mixture of C}€l, and hexanes, giving
[Pt(fppz)(pzH)CI] as yellow needles2( 110 mg, 0.22 mmol,
68%).

Spectral data foR: MS (FAB, 19%Pt) m/z 511 (M*); 'H NMR
(400 MHz, CDBCly, 298 K) 6 15.29 (br, 1H), 9.46 (dJun = 6.2
Hz, 1H), 8.50 (br, 1H), 7.97 (ddlyy = 7.8, 7.4 Hz, 1H), 7.89 (br,
1H), 7.68 (d,Jun = 7.8 Hz, 1H), 7.31 (ddJun = 7.4, 6.2 Hz, 1H),
6.97 (s, 1H), 6.48 (br, 1H}!®F NMR (470 MHz, acetones, 298
K) 6 —61.52 (s, CE). Anal. Calcd for GoHoCIF3NsPt: C, 28.22;
H, 1.78; N, 13.71. Found: C, 28.03; H, 1.98; N, 13.36.

Reaction with 3,5-Dimethylpyrazole.[(fppzH)PtCL] (150 mg,

Synthesis of [Pt(fppz)f-pz)]. (6a,b). [Pt(fppzH)Ch] (100 mg,
0.21 mmol), pyrazole (36 mg, 0.52 mmol), and triethylamine (1
mL) in 25 mL of CH,Cl, was stirred at room temperature for 12 h.
Then the solution was washed with deionized water and concen-
trated to dryness under reduced pressure. Separation of isomers
was achieved by silica gel thin layer chromatography eluting with
CH.Cl,, affording pale-yellow colorettans[Pt(fppz)-pz)]. (63,
22 mg, 0.023 mmol, 22%) ancis-[Pt(fppz)u-pz)], (6b, 45 mg,
0.047 mmol, 45%). Crystals suitable for X-ray diffraction studies
were obtained from pure GBI, and pure acetone solution for the
trans and the cis isomer, respectively.

Spectral data foba MS (FAB, 1°%Pt) m/z 949 (M"); 'H NMR

0.31 mmol) and 3,5-dimethylpyrazole (dmpzH, 75 mg, 0.78 mmol) (400 MHz, acetonel, 298 K)6 8.21 (ddd Juy = 7.6, 7.4, 1.3 Hz,

in 30 mL of CH,CI, was stirred at room temperature for 12 h. Then

2H), 8.13 (dJun = 6.0 Hz, 2H), 8.06 (dJuy = 7.4 Hz, 2H), 7.96

the solution was washed with water and concentrated to dryness(d, Juy = 2.4 Hz, 2H), 7.82 (dJun = 2.0 Hz, 2H), 7.47 (ddd)un
under reduced pressure. Further purification was conducted by= 7.6, 6.0, 1.3 Hz, 2H), 7.20 (s, 2H), 6.48 (dii; = 2.4, 2.0 Hz,
repeated recrystallization from methanol solution, from which the 2H); 1% NMR (470 MHz, acetonels, 298 K) 6 —60.99 (s, CB).
less soluble yellow and the relatively more soluble pale-yellow Anal. Calcd for GsHi6FeN1oPh: C, 30.39; H, 1.70; N, 14.77.

crystalline solids were identified to be [Pt(fppz)(dmpzH)@] 20
mg, 0.04 mmol, 12%) and [Pt(fppz)(dmpzfQI (4, 100 mg, 0.16
mmol, 52%), respectively.

Spectral data foB: MS (FAB, 1°Pt) m/z 537 (M — 1)7; H
NMR (400 MHz, CQCl,, 298 K) 6 12.21 (br, 1H), 8.76 (dJyn =
6.5 Hz, 1H), 7.75 (tJun = 7.8, 7.2 Hz, 1H), 7.44 (AJyn = 7.8
Hz, 1H), 6.87 (t,Juq = 7.2, 6.5 Hz, 1H), 6.84 (s, 1H), 5.94 (br,
1H), 2.41 (s, 3H), 2.15 (s, 3H}F NMR (470 MHz, CDCl,, 298
K) 0 —61.32 (s, CE). Anal. Calcd for G4H13CIF3NsPt: C, 31.21;
H, 2.43; N, 13.00. Found: C, 31.03; H, 2.60; N, 13.10.

Spectral data fod: MS (FAB, 19Pt) m/z 599 (M — CI)*, 598
(M — HCI)*; *H NMR (400 MHz, CDQCly, 298 K) 6 15.13 (br,
1H), 14.53 (br, 1H), 7.97 (m, 1H), 7.74 (dyn = 7.6 Hz, 1H),
7.08 (m, 2H), 6.90 (s, 1H), 6.08 (br, 1H), 6.04 (br, 1H), 2.46 (br,
6H), 2.45 (s, 3H), 2.39 (s, 3H}*F NMR (470 MHz, CDCl,, 298
K) 6 —61.36 (s, CE). Anal. Calcd for GgH»1CIFsN,Pt: C,35.94;
H, 3.33; N, 15.44. Found: C, 35.77; H, 3.60; N, 15.31.

Synthesis of [Pt(fppz)(dbpzH)CI] (5a,b).[Pt(fppzH)CE] (200
mg, 0.43 mmol) and 3,5-dert-butylpyrazole (dbpzH, 188 mg, 1.0
mmol) in 25 mL of CHCI, was stirred at room temperature for 12

Found: C, 30.27; H, 1.86; N, 14.68.

Spectral data fo6b: MS (FAB, 195Pt) m/z 949 (M"); H NMR
(400 MHz, acetonels, 298 K) 6 8.33 (d,Jun = 6.0 Hz, 2H), 8.18
(dd, Jun = 7.8, 6.2 Hz, 2H), 8.04 (d}un = 7.8 Hz, 2H), 7.95 (d,
Jun = 2.2 Hz, 2H), 7.86 (dJun = 2.4 Hz, 2H), 7.37 (ddJun =
6.2, 6.0 Hz, 2H), 7.13 (s, 2H), 6.60 (yn = 2.2 Hz, 1H), 6.32 (t,
Jun = 2.4 Hz, 1H);°F NMR (470 MHz, acetonels, 298 K) ¢
—61.16 (s, CE). Anal. Calcd for G4Hi1gFsN1oPt: C, 30.39; H,
1.70; N, 14.77. Found: C, 30.22; H, 1.99; N, 14.58.

Synthesis of [Pt(fppz)g-dmpz)], (7a,b). [Pt(fppzH)Ch] (100
mg, 0.21 mmol), 3,5-dimethylpyrazole (dmpzH, 50 mg, 0.52 mmol),
and triethylamine (1 mL) in 25 mL of C}l, was stirred at room
temperature for 12 h. Then the solution was washed with deionized
water and concentrated to dryness under reduced pressure. Separa-
tion of isomers was achieved by silica gel thin layer chromatography
eluting with CHClI,. Colorlesstrans[Pt(fppz)u-dmpz)} (7a, 30
mg, 0.03 mmol, 29%) andis-[Pt(fppz)u-dmpz)} (7b, 44 mg,
0.044 mmol, 41%) were obtained from recrystallization in acetone
and CHClI, solution, respectively.

Spectral data fora: MS (FAB, 19Pt) m/z 1004 (M"); *H NMR

h. Then the solution was washed with deionized water and (400 MHz, acetonels, 298 K) ¢ 8.13 (dd,Jyy = 8.2, 6.8 Hz, 2H),
concentrated to dryness under reduced pressure. Separation 08.05 (d,Juy = 6.0 Hz, 2H), 7.95 (dJun = 8.2 Hz, 2H), 7.39 (dd,
isomers was achieved by silica gel thin layer chromatography Juy = 6.8, 6.0 Hz, 2H), 7.06 (s, 2H), 6.00 (s, 2H), 2.42 (s, 6H),

eluting with pure CHCI,. Pale yellow crystals otis-[Pt(fppz)-
(dbpzH)CI] Ga, 112 mg, 0.18 mmol, 43%) were obtained from
vapor diffusion of pentane into the THF solution, whitans[Pt-
(fppz)(dbpzH)CI]  6b, 80 mg, 0.13 mmol, 31%)
was recrystallized from a mixed solution of @B, and hexane at
RT.

Spectral data foba: MS (FAB, 19Pt) m/z 623 (M"), 587(M"
— HCI); IH NMR (400 MHz, CDCl,, 298 K) 6 11.47 (br, 1H),
9.12 (d,Jyn = 6.0 Hz, 1H), 7.72 (ddJyy = 8.3, 7.6 Hz, 1H), 7.29
(d, Jun = 8.3 Hz, 1H), 6.95 (ddJyn = 7.6, 6.0 Hz, 1H), 6.61 (s,
1H), 6.16 (d,Jun = 2.8 Hz, 1H), 1.54 (s, 9H), 1.34 (s, 9HYF
NMR (470 MHz, acetonels, 298 K) 6 —61.18 (s, CE). Anal. Calcd
for CoH2sCIFsNsPt: C, 38.56; H, 4.04; N, 11.24. Found: C, 38.27;
H, 4.35; N, 10.84.

Spectral data fobb: MS (FAB, 19Pt) m/'z 624 (M™ + 1), 623
(M1), 587 (Mt — HCI); IH NMR (400 MHz, CQCl,, 298 K) o
12.39 (br, 1H), 7.77 (ddJun = 8.2, 7.3 Hz, 1H), 7.15 (d}un =

11204 Inorganic Chemistry, Vol. 46, No. 26, 2007

2.32 (s, 6H);*°*F NMR (470 MHz, acetonek, 298 K) 6 —61.07
(s, CR). Anal. Calcd for GgH24FeN1oPL: C, 33.47; H, 2.41; N,
13.94. Found: C, 33.31; H, 2.58; N, 14.13.

Spectral data forb: *H NMR (400 MHz, DMSO#s, 298 K) 6
8.17 (dd,Jun = 7.8, 7.0 Hz, 2H), 8.09 (dJun = 6.2 Hz, 2H), 8.06
(d, Jun = 7.8 Hz, 2H), 7.35 (ddJuy = 7.0, 6.2 Hz, 2H), 7.28 (s,
2H), 6.19 (s, 1H), 5.91 (s, 1H), 2.27 (br, 12HJF NMR (470
MHz, DMSO-ds, 298 K) 6 —59.14 (s, CE). Anal. Calcd for
CagHa4FsN1oPL: C, 33.47; H, 2.41; N, 13.94. Found: C, 33.29; H,
2.61; N, 14.10.

Spectroscopic and Dynamic MeasurementsSteady-state
absorption and emission spectra were recorded on a Hitachi (U-
3310) spectrophotometer and an Edinburgh (FS920) fluoro-
meter, respectively. Both wavelength-dependent excitation and
emission response of the fluorometer have been calibrated. A
configuration of front-face excitation was used to measure the
emission of the solid sample, in which the cell was made
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38 by assembling two edge-polished quartz plates with various
% 53 Teflon spacers. A combination of appropriate filters was used to
—_ . E ~ ﬁ ‘ﬁ) avoid interference from the scattering light. Lifetime studies were
Q| o g :81 2 m—g Cg Cg 3 performed by an Edinburgh FL 900 photon-counting system
& & £ §§%§r = x 3 § SoS with a hydrogen-filled/or a nitrogen lamp as the excitation source.
&= R ~8 €9 % ©q a9y 8 5 o2 T Data were analyzed using a nonlinear least-squares procedure
ESS6 N o § Q § g 3 2 o § S § 3s - in combination with an iterative convolution method. The emission
I;S' G E % - oS goe S = ||:|-: C'g & decays were analyzed by the sum of exponential functions,
© e - which allows partial removal of the instrument time broad-
§ % ening and consequently renders a temporal resolution of
0 e ~200 ps.
o < ® ﬁ ? To determine the photoluminescence quantum yield in solution,
% ﬂg o G’ﬂpg: g z% “;’-“ °§§! samples were degassed by three freepmnp—thaw cyclgs l_mde_r
oz ~ = EL‘Q’E;{% 3 3 g ~ B-E vigorous stirring conditions. Quinine sulfate with an emission yield
8 %v;g&\é gggggﬁwwggwgggqggg of & ~ 054+ 0.2 in 1.0 N sulfuric acid solution served as the
28 22 cOduSA6 T a % = 8 SO standard to calculate the emission quantum yield. An integrating
& = N Ned Tl sphere (Labsphere) was applle_d to_ measure the quantum y_|eld in
— the solid state, for which the solid thin film was prepared via direct
N vacuum deposition and was excited by argon ion laser283
o So nm. The resulting luminescence was acquired with an intensified
S S %_O éc”t@ charge-coupled detector for subsequent quantum yield analyses
g o 6‘,\/8_\’:'?: 3 S® 3% according to a reported methdd.
2 E” % §§N§% E % § E g :b' X-ray Structural Analysis. All single-crystal X-ray diffraction
vIgsae 89 8 S~ C2oE 2R == s data were measured on a Bruker Smart CCD diffractometer using
58 2odanoBaae B @ § = ST § Mo K radiation ¢ = 0.710 73 A). The data collection was executed
CARA = “rad using the SMART program. Cell refinement and data reduction
38 were made with the SAINT program. The structure was determined
S 3 using the SHELXTL/PC program and refined using full-matrix least
ol ~ ﬁ ‘ﬁ’ squares. All non-hydrogen atoms were refined anisotropically,
T qB 3 §® ®xE8 whereas hydrogen atoms were placed at the calculated positions
g o) o ~8.. X C’X S & ii 2 and included in the final stage of refinements with fixed parameters.
j E" % %%%’g\:g 8_ ) “;’ LSt The respective crystallographic refinement parameters are sum-
5lg9g? §§§B§'ogw‘i§§.§$§ggg$ marized in Table 1.
a Lo 3 ESou<5R @ 2 SANGBS ° oIl L& Theoretical Approaches.Calculations on the electronic ground
8 o~ & - e T e state of complexed and 7ab were carried out by using B3LYP
2 .t'% density functional theory.A “double-¢" quality basis set con-
f; 'g = sisting of the Hay and W:E\d)t effective cgre g%tiglatljz gf_ANHLZ?Z)
< I was employed for the Pt(ll) atoms, and a 6- sr H, C,
3 8 3 Cl!t“ [ N, and F atoms. Time-dependent DFT (TDDFT) calculations
%_ N g o 8. S §§ i—i: by using the B3LYP functional were then performed on the basis
g g £ I=38F ® S § g 2 of the geometry-optimized structures. Oscillator strengths (
8 % 588 238 % £ ©® 3 § ©> 8 o0 g were deduced from the dipole transition matrix elements (for the
2 3382330858689 0885Y81 L3 singlet states only). The ground-state B3LYP and excited-state
g Co- "R =Ra?N¥d6s ° — TDDFT calculations were carried out by using Gaussiai?08.
E § g the frontier region, neighboring orbitals at:e often coloselc)jl T_pijal\(;lecc)j
o ] In such cases, consideration of only the HOMO an
CE =) sz may not yield a realistic descriptionr.] l;or this reason(,]I partial f
5 ; N Isel density of states (PDOS) diagrams, which incorporate a degree o
% ~ g 2 ;1 2 S § iig overlap between the curves convoluted from neighboring energy
% E"’ % §§§;S§} ; :~§ g g 'é levels, can give a more representative picture. The contribution of
“q‘) eree . .88 ,\:'/g Sos X E ® g Q g n SO ; a group to a specific molecular_ orbital was calculated within
5 5883528 aICRloua It LA the framework of Mulliken population analyses. The PDOS spectra
g AN R ° e were then created by convoluting the molecular orbital infor-
& &
-,% % (8) de Mello, J. C.; Wittmann, H. F.; Friend, R. Adv. Mater. 1997, 9,
— o
% %N E: g 9) %as)OBecke, A. DPhys. Re. A1988 38, 3098. (b) Lee, C.; Yang, W.;
Sle 5L, T Parr, R. GPhys. Re. B 1988 37, 785. (c) Miehlich, B.; Savin, A,;
g S(3 T o EoS . Tx Stoll, H.; Preuss, HChem. Phys. Lettl989 157, 200.
2| 8|E SE €52 225908 (10) (a) Hay, P. J.; Wadt, W. R. Chem. PhysL985 82, 270. (b) Wadt,
| | §% SE Eg@ E59e8S W, R.; Hay, P. JJ. Chem. PhysL985 82, 284. (c) Hay, P. J.; Wadt,
- % oB2 N=t 88% cS232¢3F W. R.J. Chem. Phys1985 82, 299.
P 2 <ag 55,8858 2% ~ES S S5 (11) Hariharan, P. C.; Pople, J. Mol. Phys.1974 27, 209.
= S 20R<<<SI8 w8 BOSESS8RES (12) Gaussian 03 revision C.02; Gaussian, Inc.: Wallingford, CT,
e §28585o0=>08050Pexe8SEns 2004.
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mation with Gaussian curves of unit height and fwhm of 0.5 eV.
The PDOS diagrams fora,b, shown in this work, are generated
using the AOMix progrant?

Results and Discussion

Synthesis and Characterization.By adoption of the
synthetic protocols reported for the Pt(Il) diimine complex
such as [Pt(bpy)G],** treatment of 1 equiv of fppzH with
K2PtCl, in HCI solution yielded neutral, chloride-substituted
complex [Pt(fppzH)G] (1) in high yield, together with a
trace amount of orange-emitting [Pt(fpgz)According to
our previous observation, it is possible that compleis
the intermediate en route to the formation of [Pt(fphz)
which involves the addition of a second fppzH ligand with
simultaneous elimination of 2 equiv of HCI. Moreover, the
addition of excessive HCI is to provide a dual function,
namely to block the proton dissociation from the fppzH
chelate as well as to retard the chloride dissociation fiom
such that the formation of [Pt(fpp#)can be effectively
suppressed.

[Pt(fppz),]

[Pt(1-iqdzH)Cl,]

In view of physical properties, complek imparts high
solubility in most common organic solvents such as acetone
and THF, except chlorinated solvents such as,@kand

hydrocarbons. One key feature was revealed by the observa-

tion of five 'H NMR signals in the regiod 9.45-7.77 with

equal intensities, corresponding to the aromatic proton signals

of fppzH chelate. However, the unique NH signal was not
observed under this condition, which is apparently due to
its high acidity exerted by the electron-withdrawing nature
of the pyrazole ligand and the associated; GEbstituent.
Such behavior differs from that that of the previously
reported Pt(Il) metal complex [Pt(1-igdzH)!igdzH =
1-isoquinolinyl indazole, for which its solid-state structure
was established by single-crystal X-ray structural analises.
Moreover, successful isolation @ffurther confirms that this
class of pyridyl pyrazole ligand, despite of its higher acidity,

can act as a neutral chelate in assembling various metal

complexes?®

After confirming the identity ofl, we then proceeded to
investigate the chemical reactivity associated with this new
Pt(Il) starting material. The first reaction is the treatment

(13) (a) Gorelsky, S. I.; Lever, A. B. B. Organomet. Chen2001, 635,
187. (b) Gorelsky, S. IAOMix, revision 6.33; http://www.sg-chem.
net/.

(14) (a) Osborn, R. J.; Rogers, D.Chem. Soc., Dalton Tran£974 1002.
(b) Egan, T. J.; Koch, K. R.; Swan, P. L.; Clarkson, C.; Van
Schalkwyk, D. A.; Smith, P. 1. Med. Chem2004 47, 2926.

(15) Chang, S. Y.; Kavitha, J.; Hung, J. Y.; Chi, Y.; Cheng, Y. M,; Li, E.
Y.; Chou, P. T.; Lee, G. H.; Carty, A. lhorg. Chem2007, 46, 7064.

(16) (a) Vos, J. G.; Kelly, J. MDalton Trans.2006 4869. (b) Browne,
W. R.; O'Boyle, N. M.; McGarvey, J. J.; Vos, J. Ghem. Soc. Re
2005 34, 641. (c) Koo, C. K.; Lam, B.; Leung, S. K.; Lam, M. H.
W.; Wong, W. Y.J. Am. Chem. So@006 128 16434.
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with an excess of pyrazole (pzH), at RT, which afforded a
single substitution product of formula [Pt(fppz)(pzH)CI]
(2) in high yield. Its identification was initially revealed by
the routine™™ NMR analysis, showing a total of eight
aromatic proton signals due to the coexistence of one
fppz and one pzH ligand, together with a downfield signal
at 0 15.29 due to the NH group that showed H-bonding.
Moreover, the reaction ofl with 3,5-dimethylpyrazole
gave a mixture of two mononuclear Pt(Il) complexes [Pt-
(fppz)(dmpzH)CI] B) and [Pt(fppz)(dmpzH]CI (4). Com-
plex 3 is akin to the previously mentioned pyrazole analogue
2 with only one dmpz ligand, while comple# shows
the existence of two monodentate dmpzH fragments, instead
of the possession of a planar (dmybz)chelate, the config-
uration of which is similar to the (ppH chelate pre-
viously observed in the octahedral Ir(lll) pyrazole deriva-
tives!” Naturally, the greater electron-donating character of
dmpzH versus that of pzH ligand makes it more feasible to
coordinate with the Pt(ll) center without the concomitant
dissociation of proton. In sharp contrast, reactiori efith
3,5-ditert-butylpyrazole, dbpzH, led to the formation of two
yellow complexes, denoted &s,b, which could be isolated
after a simple separation using silica gel thin-layer chroma-
tography in 43% and 31% yields, respectively. Spectroscopic
investigation orba,b revealed their isomeric nature, as their
H NMR spectra exhibited all of the signals derived from
fppz chelate and dbpzH ligand, as well as one slightly less
downfield NH resonance signalba, 6 11.47, and5b, 6
12.39, in CBCI, solution.

o L M Me
My =N Me 7
Iil N N-N_
X NS H
\Pt/ X P n ©
/ SN N-N’
cl | $
Z  Me Me
(2)R=H; (3)R=Me (4)
But But
p} Ny gyt N’\ A\ But
~N /N

(5a) (5b)

Single-crystal X-ray analysis o8 was undertaken for
revealing the salient structural features. An ORTEP drawing
and its one-dimensional stacking diagram in the crystal
lattices are depicted in Figure 1. As expected, the Pt(Il) metal
reveals an essential square-planar coordination geometry. The
acidic proton on pyrazole forms nonbonding contact with
the adjacent N(1) atom of the fppz chelate (N{8)(2A) =
1.968(2) A), while the PtN(4) distance of the fppz chelate
(1.986(4) A) is slightly shorter than that of its pyridyl
counterpart (PtN(3) = 2.024(4) A) and the monodentate
pyrazole (P£N(1) = 2.012(5) A). This variation of PtN
bond distances could be due to the anionic nature of the fppz

(17) Li, J.; Djurovich, P. I.; Alleyne, B. D.; Tsyba, I.; Ho, N. N.; Bau, R;
Thompson, M. EPolyhedron2004 23, 419.
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Figure 2. ORTEP diagram ot with thermal ellipsoids shown at 50%
probability level. Selected bond distances—R{(2) = 1.970(4), Pt N(4)
= 2.005(4), PtN(6) = 2.010(4), P£N(1) = 2.023(4), CI(1)--H(5) =
2.252, CI(1)--H(7) = 2.127 A.

Figure 1. (a) ORTEP diagram dt with thermal ellipsoids shown at 50%
probability level. Selected bond distances—Ri{(1) = 2.012(5), Pt N(3)
= 2.024(4), PtN(4) = 1.986(4), Pt CI(1) = 2.2983(14), N(5)-H(2A)
= 1.968 A. (b) Stacking diagram showing the shortestmtinteraction.
Figure 3. ORTEP diagram oba with thermal ellipsoids shown at 50%

ligand, which offered a stronger dative interaction between probability level. Selected metrics: bond distances; ®(1) = 2.295(2),
pyrazolate and Pt(Il) cation through enhanced Coulomb Et(gx)(li:l 59%2%523’;;’:1%;1&%&1’N'D(Z)'\'(:“)1?425'?20)5(8i12%2:
attraction. Moreover, the intermolecular-PPt contact N(2)2173..91(14)‘, CI(l}Pt—N(4’)=89.78(15), N(l)—Pi—N(é)=80.2(2)
between each Pt(ll) molecule is calculated to be 4.050(1) deg.
A, which is significantly longer than those (3:8.5 A)
reported for the columnar stacked [Pt(bpyJCor [Pt- i .
(diimine),(CN),], diimine = bipyridine and biisoquinoliné? As for the dbpzH adduct, compléa shows incorporation
and even the infinite linear stacks of the nanowires [P#(CN  ©f 1.5 equiv of THF solvate molecules (Figure 3), while the
Bu),(CN),] (3.354(1) A) indicating no significant PtPt Pt(ll)lcoordlnatlon geometry is identical with that .dt
interaction between each individual molecule. showing the expected cis arrangement between pyridyl and

The molecular structure of was determined by X-ray phloride ligands, except that the monodentate dbpzH ligand
crystallography, and its ORTEP diagram is depicted in Figure IS NOW rotated by 90along the PtN bond and becomes
2. In contrast to the previously discussed complex perpendicular to the chelating fppz ligand. Interestingly, the

possessing only one neutral pyrazole ligand, the Pt atom inCTYStal packing dlaﬁqrarg_shows formatllon of 0?1_6 EOVGSHN_
4 is simultaneously coordinated by two neutral dmpzH ';]O [nter?cnor(]jto tbe ad_]acenbt THF ZOB;’ate’W ich substitutes
ligands that are essentially perpendicular to each other, givingth€ Intérligand H-bonding observed &

a cationic entity. The associated positive charge is then ©On the other hand, a crystal @b exhibits a weakly
balanced by the free chloride ion, which forms a strong stacked dimeric unit in the solid state (Figure 4). The dbpzH

bonding interaction with the NH fragment of the dmpzH ligand is Iocatgd trans to the .pyrgzollate anion of the prZ

ligands. chelgte, the orientation of WhI.Ch is different frpm the cis-
configuration shown by2, confirming the coexistence of

(18) (a) Che, C. M.; He, L. Y.; Poon, C. K.; Mak, T. C. Wiorg. Chem. geometrical isomerism. Again, the dbpzH unit, probably
1989 28, 3081. (b) Kato, M.; SeLsanoi&;e_)KgssugiéC.; YaKmtazahljli,_M-: attributed to its bulkytert-butyl group, turns perpendicular

iﬁgggeSCK,'\TolﬁIaKMA'ﬂﬁr% S Kitagawa, H: Mita'ni(,c%; Matsusiita,  With respect to the square planar coordination framework.

M.; Kato, T.; Yano, S.; Kimura, Minorg. Chem1999 38, 1638. (d)

Connick, W. B.; Henling, L. M.; Marsh, R. E.; Gray, H. Bnorg. (19) Sun, Y.; Ye, K.; Zhang, H.; Zhang, J.; Zhao, L.; Li, B.; Yang, G;
Chem.1996 35, 6261. (e) Connick, W. B.; Marsh, R. E.; Schaefer, Yang, B.; Wang, Y.; Lai, S. W.; Che, C. Mingew. Chem., Int. Ed.
W. P.; Gray, H. B.Inorg. Chem.1997, 36, 913. 2006 45, 5610.
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Figure 5. ORTEP diagram oba with thermal ellipsoids shown at 50%
probability level. Selected bond distances: Ptl{1) = 2.030(6), Pt(1)
N(2) = 1.985(6), Pt(1)N(7) = 2.013(6), Pt(1)N(9) = 1.983(6), Pt(2)
Figure 4. ORTEP diagram obb with thermal ellipsoids shown at 50% N(4) = 2.034(5), Pt(2)-N(5) = 1.986(5), Pt(2)-N(8) = 1.988(5), Pt(2)
probability level. Selected metrics: bond distances; ®{1) = 2.2889- N(10) = 2.013(6), Pt(1)-Pt(2) = 3.437(1) A.
(12), P=N(1) = 2.025(4), PEN(3) = 2.024(4), PEN(4) = 1.970(4) A,
bond angles, N(})Pt—N(4) = 173.10(16), Cl(1)Pt—N(3) = 175.52(12),
Cl(1)—Pt=N(1) = 90.45(12), N(3)-Pt=N(4) = 79.96(17) deg.

As a consequence, the acidic NH functional group is now

pointed toward the nitrogen lone pair of fppz ligand as well

as the chloride ion of the adjacent Pt(ll) molecule; cf. N(5)

H(2A) = 2.742(2) and CI(L):-H(2A) = 2.511(2) A. Of

particular interest is the €IH nonbonding contact, which

is shorter than the sum (2.95 A) of the van der Waals radii

of hydrogen and chlorin®, showing a stronger H-bonding

interaction. Moreover, the intermolecular Pt separation

of 3.550 A, which is notably shorter than that 2fout is

comparable to those reported for [(tg9b(u-pz)*+ (3.432

A) and related diphosphine-bridged derivatives, confirming o 6. ORTEP d b with | ellivssids <h S0
; ; ; ; ; igure 6. iagram o6b with thermal ellipsoids shown at o

g Pt(ll) py N(3) = 1.995(5), Pt(1}N(5) = 2.015(5), Pt(1}N(6) = 1.980(5), Pt(2}-

bridge complexes [Pt(fppz)¢pz)]. (6a,b) are obtained ina  N(2) = 2.002(5), Pt(2)-N(4) = 1.993(5), Pt(2)-N(8) = 2.040(5), Pt(2)-

single step by treatment o2 with excess of NEt or, N(9) = 1.995(5), Pt(1y-Pt(2)= 3.417(1) A.

alternatively, by treatment df in CH,Cl, with an excess of

pyrazole reagent in presence of BEthich acts as the proton tramolecular Pt'P,t contact spanned the range 3'417'(1_)

or acid scavenger. The second approach is particularly useful_3'437(1_) A, show!r?g the presence of a minimum b_ondmg

for preparation of the related 3,5-dimethylpyrazolate-bridged interaction. In addition, the structural analyse$atonfirm

complexes [Pt(fppz)-dmpz)p (7ab) simply because that & virtual trans dlspos_mon_, Whe_reas the second iso6ier
the possible reaction intermedidevas isolated in relatively showed a distinctive cis orientation for the fppz chelates that
much lower yield versus that & reside on two Pt(ll) metal centers. Althoudiab were

isolated in a yield of 22% and 45%, respectively, fhe
NMR analysis showed formation of 1:1 isomeric ratio prior
to their isolation, suggesting the lack of any synthetic
preference. This can probably be rationalized by the incor-
poration of only nitrogen donor atoms on the chelates amid
the reaction. In sharp contrast, in other cyclometalated Pt
complexes with either phosphido or pyrazolate bridges, it
has been observed that the distinctive donor properties
between the carbon and nitrogen donor atoms of cyclom-
etalated chelates always place the high trans influence donor
atoms in mutually trans positich Complexeab are stable
and are not interconvertible in toluene solution, as heating
either sample at refluxing failed to induce the -eisans
isomerization but rather underwent decomposition within a
(20) (a) Brammer, L.; Bruton, E. A.; Sherwood, @ryst. Growth Des. period of 24 h. A similar reaction pattern was observed for

27, 1.

(21) (a) Bailey, J. A.; Miskowski, V. M.; Gray, H. Bnorg. Chem1993
32, 369. (b) Lai, S. W.; Chan, M. C. W.; Cheung, T. C.; Peng, S. M.; (22) (a) Ma, B.; Li, J.; Djurovich, P. I.; Yousufuddin, M.; Bau, R;
Che, C. M.Inorg. Chem.1999 38, 4046. Thompson, M. EJ. Am. Chem. So005 127, 28.

(6a)R =H; (7a)R = Me (6b) R=H; (7Tb) R = Me

Molecular structures dda,b were also confirmed by X-ray
diffraction. As shown in Figures 5 and 6, both complexes
consist of two Pt(fppz) fragments with a configuration
resembling wings of butterfly, which are then linked one
another through two bridging pyrazolate ligands. The in-
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that the orientation factor of the ligands may alter the
electronic transition character for both isomersaind 7.
Moreover, in comparison to the mononuclear complethe
lower lying absorption of dinuclear complésa (or 7b) is
slightly red-shifted in peak wavelength and the associated
extinction coefficient is approximately twice larger. These
results suggested that the electronic transitions character of
dinuclear complex7a (or 7b) can be qualitatively divided
into two structural segments resemble thad.cdind the Pt
Pt interaction in the dinuclear complexes should be respon-
sible for the observed small difference in energy gaps. More
insight into these viewpoints is provided by the theoretical
approaches.
. . . We unfortunately could not resolve any emission for all

Figure 7. Absorption and emission spectra of compleges(blue) and . . .

6b (green) in CHCI, solution recorded at ambient temperature (absorption) Isomeric complexes o6 and 7 in the degassed GBI,

and 77 K (emission). Insert: Emission spectra of the respective complexes solution at room temperature. Taking account of the sensitiv-

recorded from the vacuum-deposited thin films. ity of current detecting system, the emission yield, if there
is any, is concluded to be less than4Buch an observation
is similar to many Pt(Il) complexes which are emissive in
the solid state at RT and as glassy solution at lower
temperature, whereas they are nonemissive in fluid solutions
at RT2* Perhaps, the quenching processes associated with,
e.g., solvent collision and/or large amplitude motions can
be drastically reduced by freezing solvent molecules at the
cryogenic temperature or in a form of solid film. Supporting
evidence is provided by the strong emission acquired in the
77 K CHCI, matrix as well as in the room-temperature solid
film for both complexes and7 (see Figures 7 and 8). In
solid film, the deduced radiative lifetime of microseconds
for all isomers ensures the origin of emission from the triplet
manifold, i.e., phosphorescence. The short radiative lifetime,

Figure 8. Absorption and emission spectra %4 (blue), 7b (green), and in combination with the feature of vibronic progression in

4 (red) in CHCI, solution recorded at ambient temperature (absorption) mission ra. manif h ransition with
and 77 K (emission). Insert: Emission spectra of the respective complex emission spectra, manifests the-t, transition to be wit

recorded from the vacuum-deposited thin films. ligandzr* properties mixed, in part, with the metal-to-ligand
charge-transfer character (vide infra).
Photophysical Properties.The focus of this section is One remarkable feature revealed in Figures 7 and 8 lies

mainly on the dimeric platinum complexes due to their blue- i, the emission spectral similarity between isomeendb
emitting properties. The absorptl_on an'd emission spectra ofj, 77 k CH,Cl, matrix in terms of peak wavelength and
complexesta,b and7a,b are depicted in Figures 7 and 8, ;ipronic progression. In solid film, however, while the
_respectlvely, while pertinent photophysical dat_a are listed gmission of thea isomer is similar to that in 77 K C}Cl,
in Table 2. In general, the high-energy absorption bands atmatrix, notable spectral difference was observed forkthe
~320 nm of complexes and7 can be ieasong_bly assigned isomer (see inset of Figures 7 and 8), in which the vibronic
to the azolate~ pyridine intraligandrz* transition, which ratio for the long wavelength versus the short wavelength
is also identified by their large extinction coefficients of 54 is greatly increased in the solid film. Since there is a
- Y ; = : : : _
(1.2-2.4) x 10°M~* cm* as well as their spectral similarity |50k of evidence on the intermolecular interaction for both
with respect to the free ligand in the anionic form (not shown 4 5ndb isomers in solid state (vide supra), the difference
here)z* The next lower energy band with the peak wave- equiting from a packing orz stacking effect can be
length at~350 nm is assigned to the spin-allow#dLCT discarded. Alternatively, as previously proposed by Madigan
transition due to its relatively lower extinction coefficient et al.? the results may be tentatively rationalized by the
-1 ot Lo T . ) AT
of <7 > 10°M~* cm™. A supplementary support of these itterent sites that contribute to the neat films emission, i.e.,
assignments is also provided by the computational ap-he jncreased low-energy component present in the neat films
proaches (vide mfra)._Wlth the same molecular formula, the of b as compared ta isomers. In a qualitative manner, such
dlf_ference of absorptlop _spectra be-tween complelxaﬂd. a composition variation may be rationalized by the difference
b is small but nonnegligible (see Figure 7 or 8), implying i, ginole moment between the symmetric isoragr-1.0 D

(23) (a) Cheng, C. C.; Yu, W. S,; Chou, P. T.; Peng, S. M,; Lee, G. H.;
Wu, P. C.; Song, Y. H.; Chi, YChem. Commur2003 2628. (b) (24) Kui, S. C. F,; Chui, S. S. Y,; Che, C. M.; Zhu, BL. Am. Chem. Soc.
Wu, P. C.; Yu, J. K;; Song, Y. H.; Chi, Y.; Chou, P. T.; Peng, S. M; 2006 128 8297.

Lee, G. H.Organometallic2003 22, 4938. (25) Madigan, C. F.; BulovicV. Phys. Re. Lett. 2003 91, 247403.
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Table 2. Photophysical Data of the Blue-Emitting Pt(Il) Complekes

complex UVNiS:Amax? nm (1073¢, M~tcmY) em: Amax NME D% Tobs® US K Knr

4 311 (9.6), 342 (3.2) (447, 474, 498), [440, 468, 496,534]  (38) (7.4),[42.8] X80Y) (8.4x 109
6a 263 (25.9), 316 (22.4), 355 (5.1) (446, 476, 502), [445, 470, 500, 540]  (55) (9.1),[20.9] x@¥) (5.0x 109
6b 266 (27.0), 318 (23.9), 349 (7.5) (451, 478, 506), [440, 472, 500, 540]  (28) (6.1),[20.8] x@§ (1.2x 10°)
7a 262 (25.0), 322 (12.3), 341 (8.0) (450, 476, 502), [441, 471, 496, 535]  (56) (4.5),[20.6] x(0®) (9.7 x 109
7b 273 (18.2), 317 (13.4), 343 (7.4) (453, 479, 506), [445, 476, 501, 538]  (13) (0.53),[18.9] x @3  (1.6x 100)

ak. andk, were calculated according to the equatiénss ®/tops andka = (L/ropd — k. ° Absorption spectra were recorded in €Hp solution.© PL
data measured in solid film at room temperature and in@Hmatrix at 77 K are depicted in parentheses and brackets, respectively.

Figure 9. Frontier orbitals involved in the lowest lying singlet and triplet excited states for compeaed 7ab.

for 7a) and the nonsymmetrio (~6.1 D for 7b) estimated intermolecular interaction. In a good correlation with the
from the computational approaches. absorption spectra, the phosphorescence peéi (fmax =
Upon quick plunging of the sample (being diluted in£H 476 nm) and7a (Amax = 476 nm) in solid film is slightly
Cly) into the liquid nitrogen environment, Pt(ll) complexes blue-shifted with respect to that 6b (Anax = 478 nm) and
6 and7 should exist in a well dispersed, monomeric form. 7b (Amax= 479 nm). Furthermore, isomar(6a, ® = 0.55;
It is thus reasonable to conclude negligible intermolecular 7a, ® = 0.56) is in higher emission quantum yield than that
Pt—Pt nonbonding interaction for complexésand 7 even of b (6b, ® = 0.28;7b, ® = 0.13). While the deduced
in the solid film. If we know such interaction frequently takes radiative lifetime is similar in the same series (see Table 2),
place in Pt(ll) complexe¥ the negligible Pt(ll) packing the higher emission quantum yield in seré&is mainly due
interaction in solid film for6 and7 can be rationalized by  to its smaller nonradiative decay ratg;. For exampleky,
the overall nonplanar structure, in which two Pt(Il) units are was deduced to be 1.& 10° st for 7b, which is larger
spatially twisted with respect to each other, avoiding the than that (9.7x 10* s™1) for 7a by 1 order of magnitude.
— — _ ——— _ To gain insight into the above photophysical behavior, the
(26) gﬁgSQPSTYLeﬁavghﬂJcé‘r'tySAWJHTSa‘é S ?'.’; (c::me:cYﬁﬁ%rg S electronic transition properties calculations 4fnd 7ab
Chem.2006 45, 137. were performed using the density functional theory method
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Table 3. Calculated Energy Levels and Orbital Transition Analysed ahd7a,b

MLCT
compd state Acal, NM f assgnt character, %
4 T, 438.3 H— L (+84%); H-1— L (+9%); H— L+1 (+6%) 0.6
S 355.7 0.0241 H~ L (+80%); H-1— L (12%) 0.6
7a T1 419.8 H-3— L (15%); H-5— L+1 (14%); H-3— L+1 11.6
(+11%); H-1— L+1 (10%); H-5— L (+10%);
H-1— L (+7%); H-2— L (+7%); H-6— L (+7%)
S 364.4 0.0644 H~ L (+68%); H-1— L (+16%); H-2— L+1 (7%) 26.7
7b Ty 423.8 H-3— L+1 (+24%); H-2— L (23%); H-5— 22.1
L+1 (16%); H-6— L (+13%); H-4— L (+12%)
S 365.9 0.0611 H~ L (+45%); H-2— L (39%); H-3— L+1 (+8%) 22.9

Table 4. Relative Energies and Percentile Contribution (%) for the

Molecular Orbitals of7a,b?

possible transitions. Basically, the involved occupied orbitals
are composed of those pyrazolatén both bridging as well

Complex7a as chelating positions) and Pt(Il), dorbitals, while the
param H-5 H-3 H-1 HOMO LUMO k1 unoccupied orbitals are largely located at the pyridyl site.
rel energy (eV) 631 —6.13 —-6.02 =59 —1.96 -1.89 Thus, it seems unambiguous that the lowest lying transitions
Pt (left) 329 904 219 1748 327 2.08 in both singlet and triplet manifolds are ascribed to inter-
(P:tliglsl;gzolate (eft) 333, ey Ales Ara 812 228 and intraligandzz* mixed with MLCT in character. As
CFypyrazolate (right) 22.54 11.12 672 995 773  7.93 depicted in Figure 9, one can also envisage that HOMO
pyridyl (left) 942 428 208 108 3981 3804 orhitals of 7b are apparently much more located at one
DI e Sims s ik 1% 3¢ 9% bridoing pyrazolate moiety than that df. More careful
(bottom) examination pinpoints this bridging pyrazolate moiety'm
bridging pyrazolate 14.84 27.05 18.93 21.43 0.39 0.77  to be in trans position with respect to both pyridyl groups

(top)

and in cis position related to both pyrazolate fragments of

Complex7b

param

H-5 H-3 H-2 HOMO LUMO &1

the chelating ligands. This implies that the pyridyl fragments,
due to their neutral property as well as the lack of;CF
substituent and an extra electronegative nitrogen atom, have

rel energy (eV) —-6.36 —6.09 —5.97 —-5.78 —-2.02 -1.96 ) ‘ ;

Pt (left) 555 11.32 2337 922 304 224 less electron-withdrawing strength and hence theins

Pt (right) 536 1148 2322 939 311 216 pyrazolate bridge provides a much greater contribution to

CRs-pyrazolate (left) 24.34 26.83 195 211 743  7.46 he HOMO. T his Vi ; h i

CFRrpyrazolate (right) 23.38 27.14 19.18 214 7.67 722 the HOMO. To support this viewpoint, the percentile

pyridy! (left) 716 612 317 082 3835 4038 contributions for both occupied and unoccupied orbitals

pyridyl (right) 6.87 617 311 084  39.64 3908 nyolved in the low-lying excitations ofa,b are elucidated

bridging pyrazolate 1.88 0.36 2.15 7149 0.51 0.83 . . . . . L
(bottom) in Table 4. Obviously, the contribution of this bridging

bridging pyrazolate 25.46 10.58 6.31 4 0.25  0.63 pyrazolate ligand in HOMO ofb (~72%) is 4-fold greater

(top)

aThe definitions shown in the parentheses were assigned according to
Figure 9.

than7a (~20%).

In addition, other subtle differences in molecular frame-
work may also cause discernible differences betwésgh.
Geometries optimization calculations show nonnegligible
difference in Pt(1)-Pt(2) distance betweernab. For ex-
ample, the Pt(:)yPt(2) distance iTais measured to be 3.326
A, while it is a bit shorter (3.359 A) irTb. The role of Pt-

(DFT). With the use of the TD-B3LYP method incorporating
the obtained geometries from the structural optimization
calculations, the vertical (i.e., FranelCondon) excitation
energy from the ground state to the lowest lying electronic
excited state in both singlet and triplet manifolds was
calculated. Figure 9 depicts the features of the two lowest
unoccupied (LUMO and LUM@1) and some highest
occupied frontier orbitals for complexes (HOMO and
HOMO-1), 7a (HOMO, HOMO-1, HOMO-3, and HOMO-
5), and 7b (HOMO and HOMO-2), which are mainly
involved in the $ and T; transitions. The assignments and
the orbital energy gaps @f and7ab are listed in Table 3.
Clearly, the calculated:Snd T, energy levels for the titled
complexes are qualitatively consistent with those@®nset
of the absorption (§ and phosphorescence fTspectra.
Thus, the theoretical level adopted here should be suitable
for studying the photophysical properties of these complexes
in a qualitative manner.

For both complexe§ab, the excitations of the lowest

) . : Figure 10. Plots of partial density of states of the representative complexes
triplet excited state (1) are contributed by at least four

7ab.
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(1)—Pt(2) interaction in, e.gZa,b may be viewed from the  chelate fppzH with KPtCl, in aqueous HCI solution.
corresponding mononuclear compléxthat lacks similar Further treatment of complek with pyrazole, 3,5-dimeth-
interaction. For comple®, as depicted in Figure 9, excita-  ylpyrazole, or even 3,5-dert-butylpyrazole has afforded
tions of both the lowest singlet {Band triplet (T;) manifolds the monometallic Pt(Il) complexe 3, 4, and5a,b, showing
revealed a very simi_lar pgttern of traqsition v_vith respect to 4 strong intra- or interligand hydrogen bonding occurred
that .o.f 7,. i.e., an intraligandzz* mixed with MLCT among the fppz chelate and corresponding mono-
transition in character. However, complexendereda!arger dentate pyrazolate ligand. Due to the greater rotational
S—S; (or $—T,) energy gap as compared to the dinuclear - Py 9 . 9 L

flexibility of the monodentate ligand, the majority of these

complexes7? (See Table 3), the results of which manifest ST : i
the subtle effect resulting from the Ptept(2) interaction ~ cOmplexes are nonemissive in both fluid and solid state
in the dinuclear complexes. at room temperature. To design the neutral Pt(ll) complexes

The nonnegligible Pt(B)Pt(2) interaction, in theory, suited for showing blue emission, compléx(or 3) was
should cause subtle difference in Pt(Il) drbitals. This further treated with excess of base to afford two isomeric
viewpoint is further supported by the analyses of partial complexes with formula6ab (7ab), which are related
density of states depicted in Figure 10. The result clearly to each other according to the spatial orientation of the
indicates that the major population of the density of states bidentate fppz chelates, i.e., trans- and cis-isomerism. Both
of central Pt(ll) atoms iTamoves downward in energy with  gab (7ab) show a twisted dimeric framework. This,
re_spe_ct to7b. This, in combination with _the increase of in combination with the bridging pyrazolate chelate
bridging pyrazolate HOMO energy irb, evidently renders o+ gisrupts the formation ofir stacking in solid state,

a smaller 5=, (or $—T,) energy gap for7b, consistent renders a prototypical model to reduce the intermolecular

with the experimental observation (see Figure 8). Finally, interaction, such that highly emissive phosphorescence in
the larger nonradiative decay ratg,) in b series may be, ' . gnly phosp
blue can be achieved.

in part, due to the relatively weak bridging pyrazotai-
(I bonding strength, although a definitive proof is still
pending. Of course, in comparison a (7a), the red shift Acknowledgment. We thank the support from the fol-
of the emission peak wavelength and greatly extended redlowing research grants: NSC 96-2628-M-007-018; NSC 96-
emission tail for6b (7b) (see Figures 7 and 8) may also 2881-M-007-018; 94-EC-17A-08-S1-042.
account for the largek, i.e., the operation of energy gap
law for the radiationless transition. Supporting Information Available: X-ray crystallographic data
files (CIF) of complexe<2, 4, 5ab, and 6a,b. This material is
available free of charge via the Internet at http://pubs.acs.org.

In summary, a new Pt(ll) dichloride complex [Pt(fppzH)-
Cl] (1) was prepared by the treatment of a pyridylpyrazole 1C701586C

Conclusion
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