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Synthesis, Characterization, Absorption Spectra, and Luminescence Properties of
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A series of new organometallic platinum(ll) complexes containing terdentate polypyridine ligands has been prepared
and characterized. Their absorption spectra in 4:1 (v/v) MeOH/EtOH fluid solution at room temperature and
luminescence in the same matrix at 77 K have been investigated. The new species are [Pt(terps,) Rhjiy (

= 2,2:6',2"-terpyridine, Ph= phenyl), [Pt(Ph-terpy)CI|CI4, Ph-terpy= 4'-phenyl-2,2:6',2"-terpyridine), [Pt-
(Ph-terpy)Me]CI ), and [Pt(Ph-terpy)Ph]CB)j. The results have been compared with those for [Pt(terpy)CI|CI

(1) and [Pt(terpy)Me]Cl 2). NMR data evidence that all the complexes Buand 6 oligomerize in solution

leading to stacked species. The absorption spectra are dominated by moderately intense metal-to-ligand charge-
transfer (MLCT) bands in the visible region and by intense ligand-centered (LC) bands in the UV region. All the
compounds are luminescent in a 4:1 (v/iv) MeOH/EtOH rigid matrix at 77 K, exhibiting a structured emission
within the range 468600 nm. This feature is assigned to formallyC excited states which receive substantial
contribution from closely lyingMLCT levels. Complexed, 2, 4, and5 also exhibit a relatively narrow and
unstructured luminescence band within the range-@8ID nm, which dominates the luminescence spectrum on
increasing concentration and exciting at longer wavelengths. The band is assignedotgmestal) —
a*(polypyridine) GMMLCT) state, originating from metalmetal interactions occurring in head-to-tail dimers

(or polymers). A third broad band is shown thyand4 under all concentration conditions and &ynd5 only

in concentrated solutions and is attributed to excimeric species originating#froninteractions due to stacking
between polypyridine ligands.

Introduction complexes) have attracted increasing attenitidA. Actually,

Luminescent polypyridine transition metal complexes are 'O Particular purposes, luminescent square-plarfametal

extensively investigated because of their outstanding photo-

physical and redox propertiésyhich make these species play

a key role in the development of supramolecular systems for

solar energy conversichinformation treatment,and sensor
technology* Most of the studies concerrf dransition metal

complexes (e.g., Ru(ll) and Os(ll) species), but in recent times

d8 transition metal complexes (in particular, Pt{polypyridine

T Universitadi Messina.
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complexes seem to exhibit some advantages over luminescent
octahedral @imetal complexes because of their geometry. For

Arena et al.

example, they are well-suited (i) to interact with DNA by
intercalatio”®16 as well as with other biomolecufésand (ii)
to lead to luminescent metallomesogeteswhen properly

designed, square-planar complexes oligomerize in solu-1
tion®d.7:8.10c.d 13e. 1paading to supramolecular architectures whose

photophysical properties can be used to evidence ligtigdnd
(r—m) and metal-metal interactions.

Here we report the synthesis, characterization, absorption
spectra, and luminescence properties of a series of new organo-

metallic Pt(ll)-polypyridine complexes. The complexes are
[Pt(terpy)Ph]CI 8, terpy= 2,2:6',2"-terpyridine, Ph= phenyl),
[Pt(Ph-terpy)CI|CI 4, Ph-terpy= 4'-phenyl-2,2:6',2"-terpyri-
dine), [Pt(Ph-terpy)Me]CIg, Me = methyl), and [Pt(Ph-terpy)-

Ph]CI (6). For comparative purposes, we have also studied the

already known complexes [Pt(terpy)CI]Cl)(and [Pt(terpy)-

Me]ClI (2). Structural formulas of these compounds are given

in Figure 1.

Experimental Section

Materials and Methods. K PtCL was obtained from Strem
Chemical Co. and was separated from metallic Pt apBt®k by
dissolution in water and filtering. The 2;&,2"-terpyridine (terpy)
ligand and tetramethyltin were received from Aldrich, and their purity
was checked byH NMR. Dimethyl sulfoxide was purified by liquid

chromatography on alumina under argon and stored over molecular
sieves. The solvents used were purified and dried by standard

2

3w

4"

techniques. All the other reagents were of the highest commercial gradeFigure 1. Structural formulas of the complexes.
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available and were used as received or were purified by distillation or
recrystallization where necessary.

One- and two-dimensional correlated (COSY¥) NMR and 3C
spectra were recorded on a Bruker ARX-300 spectrometer equipped
with a broad-band probe operating at 300.13 and 75.5 MHz, respec-
tively. Chemical shifts are reported in parts per million from TMS
as internal reference!®C NMR chemical shifts were taken with
reference to the solvent peak and are reported in parts per million versus
TMS. The temperature within the probe was checked by the methanol
or ethylene glycol metho#f. Absorption spectra were recorded on a
Cary 219 spectrophotometer. A Perkin-Elmer LS-5B spectrofluorimeter
equipped with a Hamamatsu R928 phototube was used to obtain
luminescence spectra. Emission maxima are uncorrected for photo-
multiplier response. Luminescence lifetimes were measured with an
Edinburgh FL900 single photon counting apparatus using a nitrogen
discharge as a pulsed-light source (pulse width: 3 ns). The emission
decay traces were deconvoluted for the instrumental flash lamp by the
Marquardt algorithm. For each measurement, at least five determina-
tions were carried out. Experimental errors are as follows: absorption
and emission maximat:2 nm; emission lifetimes, 10%.

Synthesis of the Compounds. '4Phenyl-2,2:6',2"-terpyridine
(Ph-terpy). The ligand was prepared according to the literatliré!

NMR (CDCls, T = 303 K): 6 8.76 (s, 2H); 8.73 (d3Jun = 4.4; 2H);
8.66 (d,3Jun = 7.9 Hz; 2H); 7.91 (d3Jun = 6.8 Hz, 2H); 7.84 (ddd,
8Jun = 7.6 Hz,*Jyy = 1.6 Hz; 2H); 7.48 (m, 3H); 7.31 (dddJun =
5.9 Hz,%Jun = 1.6 Hz; 2H). 3C NMR (CDCk, T = 303 K): 6 156.2
(2C, G); 155.8 (2C, G); 150.1 (1C, G); 149.0 (2C, G); 138.4 (1C,
Cr); 136.7 (2C, @); 128.9 (1C, @); 128.8 (2C, G); 127.2 (2C, G);
123.6 (2C, @); 121.2 (2C, G); 118.8 (2C, G)).

The precursor complexess-[Pt(Me;SO)Cl;],? trans[Pt(Me;SO)-
(CH3)Cl],2% and [Pt(MeSO)(Ph)CI)Z and the complex [Pt(terpy)-
(CHg)ICI (2)'6 were prepared according to published methods. They
were crystallized several times, and their purity was checkeéHoy
NMR.

(20) (a) Van Geet, A. LAnal. Chem1968 40, 2227. (b) Van Geet, A. L.
Anal. Chem197Q 42, 679.

(21) Constable, E. C.; Lewis, J.; Liptrot, M. C.; Raithby, Plfarg. Chim.
Acta199Q 179,47.



Organometallic Platinum(ll) Terpyridine Complexes

[Pt(terpy)CI]CI (1) . This complex was prepared according to the
method of Morgan and Burstétlas modified by Howe-Grant and
Lippard?> H NMR (0.002 M in methanoll): 6 9.11 (dd,3Jun =
5.5 Hz;*Jun = 1.1 Hz;3Jpw = 36.0 Hz; 2H); 8.50 (m, 7H), 7.89 (ddd,
3Jun = 6.4 Hz,%Jyn = 1.6 Hz; 2H). 3C NMR (methanold,, T = 308
K): ¢ 160.1, 156.2 (4C, £+ Cy), 152.6 (2C,2pc = 21 Hz, G),
143.8 (2C, G), 143.2 (1C, G), 130.1 (2C3Jpc = 30 Hz, G), 126.8
(2C, Sthc =31 Hz, Q;), 125.6 (2C3,.]pxc =30 Hz, G;')

[Pt(terpy)(Ph)ICI (3). 2,2:6',2'-Terpyridine (70 mg, 0.3 mmol)
was allowed to react with [Pt(M8O)(Ph)CI] (139 mg, 0.3 mmol) in
20 mL of methanol with stirring. After 20 min, the yellowish solution

Inorganic Chemistry, Vol. 37, No. 11, 1998765

(ddd, 33 = 7.0 Hz, “un = 1.3 Hz; 2H); 8.06 (m, 2H); 7.69 (ddd,
33y = 6.7 Hz,%Jpy = 1.3 Hz; 2H); 7.64 (m, 3H); 7.57 (ddJun = 8.0
Hz, *Jun = 1.3 Hz,3Jpy = 33.3 Hz; 2H); 7.24 (t3Jun = 7.5 Hz; 2H);
7.11 (t,334y = 7.5 Hz; 1H). 3C NMR (methanold;, T = 308 K): 6
160.8, 155.5, 154.7, 137.5 (6C, @ C, + Cq4 + Cy), 1545 (2C,
2Jpc = 38 Hz, G), 150.8 (1C, G+), 142.4 (2C, G), 137.9 (2C, G),
132.2 (1C,G), 130.8, 128.9 (4C, £ + Cz), 129.9 (2C3Jpc = 47
Hz, Gs), 129.3 (2C3Jpc = 52 Hz, G), 126.8 (2C3Jpc= 31 Hz, G),
125.6 (1C, G+), 122.3 (2C, G).

Results

was concentrated under vacuum, diethyl ether was added, and the The chloride salts of these cationic square-planar platinum-

mixture was cooled. The red precipitate was collected, washed with
diethyl ether, and dried under vacuum (120 mg; yield 75%). Anal.

Calcd for GiH1eNsCIPt: H, 2.98; C, 46.64; N, 7.77; Cl, 6.56. Found:
H, 3.02; C, 46.70; N, 7.65; Cl, 6.47*H NMR (0.002 M in methanol-
ds, T =308 K): 6 8.50 (m, 7H); 8.36 (ddcBJun = 7.8 Hz,*Jun = 1.5
Hz; 2H); 7.70 (ddd3Jun = 6.8 Hz,*Juy = 1.2 Hz; 2H); 7.55 (dd3Jun
= 7.7 Hz,*Jyy = 1.2 Hz,3Jpy = 33.3 Hz; 2H); 7.24 (834 = 7.5 Hz;
2H); 7.11 (t,3Jun = 7.5 Hz; 1H). 3C NMR (methanold,;, T = 308
K): 6160.8 (2C), 154.6 (2CJpic = 38 Hz, G), 150.7 (1C,G-), 142.7
(1C, &), 142.5 (2C, C4), 137.8 (2C,50), 129.9 (2C 3pic = 47 Hz,
Cs), 129.3 (2C2Jpic = 52 Hz, G), 126.6 (2C3Jpc = 31 Hz, G),
125.6 (1C, G-), 124.7 (2C3Jpc = 14 Hz, G).

[Pt(Ph-terpy)CIICI (4). A methanol solution (30 mL) of Ph-terpy

(48 mg, 0.155 mmol) was added dropwise to a stirred methanol (100

mL) suspension otis{Pt(Me,SO}Cl,] (65 mg, 0.155 mmol). After

2 h, the yellowish solution was concentrated under vacuum, diethy

(i) complex ions were easily synthesized according to the
following general reaction:

[Pt(Me,SO)LR'CI] + R-terpy—
[Pt(R-terpy)RICI + 2Me,SO (1)

R = Cl, Me, or Ph

The simultaneous presence in the starting complexes of two
sulfoxideg® and in the organometallic compounds of a high
trans-activatings-donor carbon growd makes the substitution
by the terdentate ligand very facile. The course of the reaction
can be monitored by conventional spectrophotometry in the near-

| UVivis region.

ether was added, and the mixture was cooled. The pale-yellow All the complexes were obtained as solids and were fully
precipitate was collected, washed with diethyl ether, and dried under Characterized through their elemental analyses and NMR spectra.

vacuum (64 mg; yield 72%). Anal. Calcd forf1sNsClPt: H, 2.63;
C, 43.86; N, 7.30; Cl, 12.33. Found: H, 2.65; C, 43.69; N, 7.16; Cl,
12.21. *H NMR (0.002 M in methanotl, T = 308 K): ¢ 9.10 (ddd,
3Jun = 5.7 Hz,*Jyn = 1.2 Hz#Jpyy = 34.0 Hz; 2H); 8.76 (s, 2H); 8.64
(dd, BJHH = 7.9 Hz; ZH), 8.43 (ddd,SJHH =79 HZ,4JHH = 1.4 Hz;
2H); 8.08 (m, 2H); 7.88 (dddJyn = 6.6 Hz, Iy = 1.4 Hz; 2H);
7.66 (m, 3H). 1°C NMR (methanolds, T = 308 K): 6 160.2, 156.4,
156.0, 137.0 (6C, £+ Cy + Cs + Cy), 152.9 (2C3Jpic = 24 Hz, G),
143.6 (2C, @), 132.6 (1C, G, 130.8, 128.9 (4C, £ + Cg'), 130.0
(2C, 3Jpc = 33 Hz, G), 126.8 (2C3Jpc = 33 Hz, G), 122.8 (2C,
3Jp(c =32 HZ, Q')

[Pt(Ph-terpy)Me]Cl (5). 4-Phenyl-2,26',2"-terpyridine (77 mg,
0.249 mmol) was allowed to react wittans[Pt(Me;SO)(CHs)CI] (100
mg, 0.249 mmol) in 50 mL of methanol with stirring. After 20 min,

The'H NMR spectra in methanal, were assigned following

the numeration pattern reported in Figure 1 and according to
previously published results on analogous complése®. The
assignment was achieved by standard 1D and 2D techniques
and was facilitated by the presence of large coupling constants
associated with the isotopically abunda#fPt (33%,| = 1/,).

The values of the coupling constarfty = 74 Hz, for the
methyl group in complexe® and>5, is in the range of values
reported in the literature for a methyl group trans to pyridfhe.
The H; protons originate a doublet coupled with With satellite
peaks due té6°Pt coupling. The values of this coupling constant
lie near 52 and 35 Hz for the organometallic and the coordina-
tion complexes, respectively. A collection 8 NMR data

the yellowish solution was concentrated under vacuum, diethyl ether for the various complexes is reported in Table 1. A comparison

was added, and the mixture was cooled. The orange precipitate waspf the chemical shift values of theghbrotons for the couples
collected, washed with diethyl ether, and dried under vacuum (127 mg; of complexes2—3 and 56 reveals an upfield shift of about

yield 92%). Anal. Calcd for &H1gNsCIPt: H, 3.27; C, 47.62; N,
7.57; Cl, 6.39. Found: H, 3.20; C, 47.51; N, 7.42; Cl, 6.38 NMR
(0.002 M in methanotly, T = 308 K): ¢ 8.88 (dd,3Jun = 5.6 Hz,
4Jnn = 1.2 Hz3Jpy = 52.0 Hz; 2H); 8.69 (s, 2H); 8.56 (déJun = 7.9
Hz, “Jpy = 18.0 Hz; 2H); 8.36 (ddd3Jun = 7.9 Hz,*Juy = 1.6 Hz;
2H); 8.00 (m, 2H); 7.76 (ddBJuy = 6.2 Hz,4Juy = 1.4 Hz; 2H);
7.63 (m, 3H), 1.15 (£Jpw = 73.5; 3H). 13C NMR (methanold,, T =
308 K): 6 161.4, 154.5, 153.9, 137.7 (6C, G C, + Cs + Cy),
152.5 (2C2rc = 33 Hz, G), 142.2 (2C, @), 132.1 (1C, G), 130.8,
128.7 (4C, G + Cg), 129.8 (2C3Jpic = 42 Hz, G), 126.7 (2C3Jpc
= 31 Hz, G), 122.3 (2C3Jpic = 12 Hz, G), —5.2 (1C, CH).
[Pt(Ph-terpy)(Ph)]CI (6). This complex was prepared following
the same procedure reported f8r(yield 72%). Anal. Calcd for
Co7H20NsCIPE: H, 3.27; C, 52.57; N, 6.81; Cl, 5.75. Found: H, 3.20;
C, 52.63; N, 6.89; Cl, 5.60*H NMR (0.002 M in methanoll,, T =
308 K): 6 8.82 (s, 2H); 8.65 (dJun = 7.7 Hz,*Jun = 1.3 Hz; 2H);
8.48 (ddd 2y = 7.0 Hz,*Jun = 1.3 Hz,3Jpyy = 53.0 Hz; 2H); 8.38

(22) Price, J. H.; Williamson, A. N.; Schramin, R. F.; Wayland, Blrirg.
Chem.1972 11, 1280.

(23) Eaborn, C.; Kundu, K.; Pidcock, A. J. Chem. Soc., Dalton Trans.
1981, 933.

(24) Morgan, G. T.; Burstall, F. Hl. Chem. Soc1934 1498.

(25) Howe-Grant, M.; Lippard, S. Jnorg. Synth.198Q 20, 101.

0.4 ppm, which could be attributed to the anisotropy of the
metal-coordinated phenyl ring with respect to a methyl sub-
stituent.

The peaks in the spectra for all the complexes, ex8egptd
6, are concentration and temperature dependent. When the
concentration increases the peaks move upfield, while the effect
of the temperature goes in the reverse direction (data not shown).
These effects are related to the occurrence of extensive stacking
of the complex in solutiod? As expected, this phenomenon is
smaller in dilute solution, at high temperatures, and in non-
aqueous solventse1® The determination of the dimerization
equilibrium constants was prevented by solubility problems.

13C NMR spectra of complexes were assigned on the basis
of the ligand carbon spectra, the presence of coupling constants

(26) Romeo, R.; Lanza, S.; Minniti, D.; Tobe, M. Inorg. Chem 1983
22, 2006-2010.

(27) (a) Wilkins, R. GKinetics and Mechanism of Reactions of Transition
Metal ComplexesVCH: New York, 1991; p 237. (b) Romeo, R.;
Monsu Scolaro, L.; Nastasi, N.; Mann, B. E.; Bruno, G.; Nicol
Inorg. Chem.1996 35, 7691-7698.

(28) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973
10, 335-422.
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Table 1. 'H NMR Data for R-terpy and [Pt(R-terpy)I Complexed

no. complex H Hs Hs Hs Hy He Hy Hy He Ha» Haw  Hye Me
terpy’ 8.70 745 7.98 858 842 8.06
1 [Pt(terpy)CICl 9.11(36.0) 7.89 850 850 850 8.50
2 [Pt(terpy)Me]CE 8.98 (52.2) 7.32 8.39 848 848 8.45 1.23 (78.7)
3 [Pt(terpy)(Ph)ICI 8.50 7.70 836 852 850 8.50 7.55(33.37.24 7.11
Ph-terpy 8.73 7.84 731 866 8.76 7.91 7.48 7.48
4 [Pt(Ph-terpy)CICI ~ 9.10(34.0) 7.88 8.43 8.64 8.76 8.08 7.66 7.66
5 [Pt(Ph-terpy)Me]Cl 8.88(52.0) 7.76 8.36 8.56 8.69 8.00 7.63 7.63 1.15 (73.5)
6 [Pt(Ph-terpy)(Ph)]CI 8.48(53.0) 7.69 8.38 8.65 8.82 8.06 7.64 7.64 757(33.3) 7.24 7.11

a At 308 K in methanold, as solvent (0.002 M). Spectra were recorded at 300.13 MHz, and chemical shifts are given in parts per million from
TMS as external standartlln CDCls. ¢ 3Jpyy in hertz.? 2Jpy in hertz.©In methanold, at 298 K (0.001 M).

with 1%pt, and the knowledge of theans-influenceeffect on ~ 1-20!€ 2. Selected Absorption Data for [PY(R-terpy)&l

L |
the their size’® Complexes ra—

All the studied complexes are stable in the most common _"° complex Amax M (€, 1°M~* cm )
solvents, as shown by the constancy of their absorption spectra 1 [Pt(terpy)CIICI 284 (23.0); 334 (13.4); 404 (1%6)
within a week. 2 [Pt(terpy)Me]ClI 274 (15.9); 314 (10.1); 434 (123)

. , 3 [Pt(terpy)Ph]CI 272 (24.4); 318 (11.6); 424 (2.0)
. The absorptlor} spectra qf the pomplexes fsollow Beer4s law [Pt(Ph-terpy)CIICI 284 (36.6): 334 (23.5): 410 (7.6)
in the concentratloq range |nvest|gated>(le(r to 3 x 1(T' 5 [Pt(Ph-terpy)Me]Cl 278 (39.9); 342 (13.5); 430 (4.3)
M). They are dominated by moderately intense bands in the 6 [Pt(Ph-terpy)Ph]CI 276 (31.5); 336 (17.2); 426 (4.2)

visible region ¢ in the 16—10* M~ cm ! range) and by intense aIn 4:1 MeOH/EtOH as solvent. [Complext 2 x 10°5 M. The
bands in the UV regione(in the 1¢—10° M~ cm™* range). In uncertainty on the lowest energy maximati4 nm due to the broadness
general, Ph-terpy complexes have the lowest energy absorptiorof the bands? Shoulder.

band at slightly lower energy than that of the terpy-containing

compounds. The same bands move to lower energy along thelable 3. Luminescence Properties of the Complexes and Free

. - . N Polypyridine Ligands at 77 K in 4:1 (v/v) MeOH/EtOH (Excitation
series Cl, Me, Ph of ancillary ligands, for both Ph-terpy and Wavelength= 337 nm Unless Otherwise Stated)
terpy compounds.

All the compounds are luminescent in a 4:1 (v/v) MeOH/ __"° complex Amax, M THS
EtOH rigid matrix at 77 K. Compound3 and6 exhibit only terpy 436 130G
a structured luminescence around 470 and 520 nm, respectively 1 [Pt(terpy)CI]|CI 470 15.0
(lifetime in the range 1°—10~* s), while all the other %g gé
compounds exhibit multiple luminescence features, each one , [Pt(terpy)Me]Cl 470 d
of them characterized by a different lifetime. For these latter 600 7.0
complexes, the luminescence at the highest energy is structured 730 1.0
with a vibrational progression of1300 cnt! and is quite 3 [Pt(terpy)Ph]CI 470 4.0
similar to the luminescence bands 8fand 6. A second Ph-terpy 470 >1x 10°

o . 4 [Pt(Ph-terpy)CI|CI 515 15
emission, unstructured, occurs in the range-6800 nm. An 650° 37
additional third broad, unstructured and intermediate in energy, 690° 2.6
luminescence band is also clearly exhibitedlbgnd4 within 5 [Pt(Ph-terpy)Me]ClI 500 16
the entire concentration range usedL(x 1075 M). A similar 700 d
band is also shown bg and5 as a lower intensity component 780 1.0

of the luminescence spectra in highly concentrated solutions [Pt(Ph-terpy)Ph]Cl 520 100
(>1 x 1073 M). The relative intensities of the luminescence 21n a butyronitrile rigid matrix.” The excitation wavelength is 540
bands depend on excitation wavelength and complex concentral’M. © The uncertainty on the reported maximadi¢0 nm, due to the
tion in all cases. In general, the bands at lower energies increasé)road“esffotf. the band and the low intensitizmission too weak to
their relative intensities with respect to the higher energy one measure fiietime.
on increasing concentration and for longer excitation wave-
lengths. Various attempts to obtain reliable excitation spectra
for the complexes at 77 K failed because of technical problems,
including the high concentrations needed to evidence the
intermediate energy bands in complexZand5.
The absorption and luminescence data of all the compoundspjscussion

are gathered in Tables 2 and 3, respectively. The absorption
spectra of the complexes are shown in Figure 2. Figure 3 reports Synthesis and NMR Spectra Reaction 1 offers an easy
synthetic route to cationic complexes of the type [Pt(R-terpy)-
(29) (a) Johnson, C. E., Jr.; Bovey, F. A.Chem. Physl95§ 29, 1012~ R1]CI. The starting complexes [PtRI(Me,SO)] (R" = Me or

1014. (b) Bovey, F. ANuclear Magnetic Resonance Spectroscopy Ph) can be considered versatile synthons to access organome-

Academic: New York, 1969. (c) Fischer, B. E.; Sigel HAm. Chem.  talic species containing the PR’ moiety3® The terpyridine
Soc 198Q 102, 2998-3008. (d) Chaudhuri, P.; Sigel, B. Am. Chem.

the luminescence spectra &f3, 5, and6. The luminescence
spectra of4 at different excitation wavelengths are displayed
in Figure 4. Finally, the luminescence spectrg.afn changing
concentration, are given as Supporting Information (Figure SI1).

Soc 1977, 99, 3142-3150. (e) Mitchell, P. R.; Sigel, Hl. Am. Chem. ligands act as terdentate, and no evidence of fluxiorfalitgs .
Soc 1978 100, 1564-1570. (f) Fukuda, Y.; Mitchell, P. R.; Sigel, been detected for the investigated complexes. In a previous
H. Helv. Chim. Acta1978 61, 638-647. (g) Scheller, K. H; studyi® we showed that comple® exhibits a considerable

Hofstetter, F.; Mitchell, P. R.; Prijs, B.; Sigel, H. Am. Chem. Soc ; ; ; ;
1981 103 247-260. (h) Sigel. H.: Scheller, K. H.: Scheller-Krattiger, tendency to stack in aqueous solution, forming dimers or more

V.; Prijs, B.J. Am. Chem. Sod 986 108 4171-4178. (i) Sigel, H.
Pure Appl. Chem1989 61, 923-932. (30) Romeo, R.; Monsiscolaro, L.Inorg. Synth.1998 32, 153.
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Figure 2. Absorption spectra of the studied complexes in 4:1 (v/v) MeOH/EtOH fluid solution at 298 K.

2

Intensity, a. u.

400 500 600 700 800 400 500 600 700 800
A, NM
Figure 3. Normalized luminescence spectra®f3, 5, and6 in 4:1 (v/v) MeOH/EtOH rigid matrix at 77 K. The excitation wavelength is 380 nm.

extended aggregates, according to the experimental conditionsformation of the dimer or higher aggregated species. Further
Light-scattering measurements have clearly pointed out that, onevidence for aggregation comes from th¢ NMR data. On
going from agueous to alcoholic solutions, aggregation is increasing the concentration or on lowering the temperature,
fostered®2 Accordingly, the equilibrium for the investigated some resonances experience an upfield shift. The shift to lower
complexes in methanol is expected to move torward the frequencies of the signals in the NMR spectra is a well-
documented phenomenon due to the ring effect of different
(31) (a) Abel, E. W.; Long, N. J.; Orrell, K. G.; Oshorne, A. G.; Pain, H.  interacting aromatic moietie8. The temperature dependence
\'X'/ SD'Ilﬁmxoi \C/hgmljr?g Ncgemo r?e?{n}r(“aggégggr n(g) ﬁbg' Elk indicates again that the-stacking interactions between two
V.. Hursthouse, M. B.: Mazid, M. AJ. Chem. Soc., Dalton Trans  terpyridyl moieties are weakened on increasing the temperature.

1993 291-298. (c) Abel E. W.; Dimitrov, V. S; Long, N. J.; Orrell,
K. G.; Osborne, A. G.; Pain, H. M.; Sik, V; Hursthouse, M. B.; Mazid, (32) Arena, G.; Casamento, M.; MonSgolaro, L.; Romeo, A.; Lo Passo,
M. A. J. Chem. Soc., Dalton Tran993 597-603. C.; Pernice, lInorg. Chim. Actain press.
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on passing from chloride to phenyl and methyl groups, the
removal of an electron frommdmetal orbital(s) becomes easier,
the oxidation potential of the metal decreases, and the corre-
sponding bands move to lower energies.

As far as the UV bands are concerned, they can be safely
attributed to LC transitions due to the polypyridine ligands.
Detailed assignment of such bands, however, is prevented by
band overlapping.

The absorption spectra of the complexes do not change
appreciably in the concentration range investigatec (10-°
to 3 x 1074 M). This observation suggests that there is no
significant change in the distribution of the species within such
arange. However, on increasing concentration aboxel0-3
M, low-intensity absorption features appear in the red portion
of the spectra ol, 2, 4, and5, which probably are due to the
increased concentration of the oligomeric structures, as sug-
gested by NMR analysis. The study of the absorption properties
of the highly concentrated solutions of these compounds is
outside the aim of this paper.

: L . L . 1 . Luminescence Properties.Luminescence of platinum(H)
420 520 620 720 polypyridine complexes in fluid solution at room temperature
A. M has been reportét’1! However, in many casésroom-
Fi 4 N lized lumi ! tradoin 4:1 temperature luminescence is reduced due to the presence of low-
gure 4. Normalized luminescence spectra :1 (viv) MeOH/ . . . .
EtOH rigid matrix at 77 K. The excitation wavelength is 350 nm (a), Ying MC excited states, which can be easily populated by
460 nm (b), and 540 nm (c). The concentration is L0~ M in all thermal activation, and provide fast deactivation pathways via
cases. molecular distortiot~12 The situation is quite different in a
rigid matrix at 77 K. Under these conditions the thermally
This finding is in line with the fact that platinum complexes activated deactivation processes are blocked and luminescence
containing 2,2bipyridyl,3® purine bases, and acridine-based from MLCT and/or LC levels can be easily obtaincd?
dyes$* exhibit negative values for the enthalpy of stacking Besides MLCT and LC excited statesy*d— sz*(polypyridine)
formation. (hereafter, MMLCT) charge-transfer excited states have to be

These observations apply to all the complexes, ex8eptd taken into account for the complexes under study. These excited
6. As these latter complexes contain a phenyl ring directly States originate from metametal interactions usually occurring
coordinated to the metal center, it is possible that it prevents in head-to-tail dimers (or polymers) and have been demonstrated
the dimerization process. Even through the rotation of this to be responsible for the emission of a number of metadtal-
group is still allowed, molecular models show that it is difficult bonded systen®s’:101%including complext in single crystal§®1%c
for the phenyl group to become coplanar with the coordination The NMR analysis strongly suggests that head-to-tail dimer-
plane. The observation of an upfield shift@.4 ppm) of the ization occurs also for all the compounds studied here, except
He protons on the terpyridine ligand could be attributed to the 3 and6, so that MMLCT excited states are indeed expected in
shielding effect of the phenyl ring current and supports this our systems. Furthermore, when face-to-face approach is not
hypothesis. hampered by steric factors, even excimer formation within

Absorption Spectra. The moderately intense visible absorp- dimers (or oligomers) can be obtained by-z stacking
tion of complexesl—6 can be assigned to spin-allowed metal- interactions fqr_c_omplexe; carrying !arge aromatic framewo_rks,
to-ligand charge-transfer (MLCT) transitions involving & d ~ and the possibility of excimeric emission has to be taken into
platinum orbital as the donor orbital and terpyridine orbitals ~ accoun€d8:0¢
as acceptor ones. Such an assignment is based on the absenceFor the sake of simplicity, we will start the discussion of the
of visible bands in the absorption spectra of the free ligands photophysical properties of the studied compounds féoand
(which excludes ligand-centered assignment) and on the molar6. We assign the luminescence exhibited by both of the
absorptivity (Table 2) of the compounds (which excludes metal- complexes (Figure 3) to metal-perturb#C excited states, on
centered, MC, and ligand-to-metal charge transfer, LMCT, the basis of the following considerations: (i) the vibrational
assignments). Furthermore, similar MLCT bands are peculiar progression corresponds to the=C and G=N stretching modes,
to Pt(I)—polypyridine compoundg?10.11 the dominant high-frequency acceptor modes of CT and LC

It is of interest to compare the energies of the MLCT bands evels involving polypyridine-type ligands; (ii) a puPMLCT
within the series of complexes (Table 2). Within experimental assignment can be ruled out by comparing the luminescence of
error, the energy of the MLCT band in the homologous series 3 and6 with the higher energy emission @fand4 (Table 3,

(1, 2’ 3 and4’ 5, 6) seems to decrease in the Order>cphg F|gure 4) If pureSMLCT states were fespOI‘lSIb|e fOI’ the
Me’ as a Consequence of Changes im.hk)nor electron ab|||ty emission, in faCt, the emISSIon energies%nd 6 Sh0U|d be

of the fourth coordinated ligand. Electron donation increases duite different from those of and4, respectively, as dictated
by the different nature of the fourth coordinated ligand.

Intensity, a.u.

(33) (a) Yamauchi, O.; Odani, A.; Shimata, R. Ishiguro,R&cl. Tra. The difference in emission energy betwegmnd 6 stems
Chim-dPay-Basl987, ﬁoa 196—195- (b) Odani, A;; Shimata, R.;  from the difference in energy between the triptetz* level
Masuda, K.; Yamauchi, Anorg. Chem 1991, 30, 2133-2138. ; ~ i ;

(34) (a) Leng, M.: Felsenfeld, G. Mol. Biol, 1966 15, 455, (b) Brahms, in terpy and Ph terpy, as evidenced by the luminescence spectra
J.; Michelson, A. M.; Van Holde, K. EJ. Mol. Biol 1966 15, 467. at 77 K of the free ligands (430 and 470 nm for terpy and Ph-

(c) Blears, D. J.; Danyluk, S. S. Am. Chem. Sod.967, 89, 21. terpy, respectively, see Table 3). The luminescence lifetimes
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of the two complexes, anyway, are much shorter than lumines- emission (Figure 3), in relatively concentrated solutions (where
cence lifetimes of a “pure®LC Pt emitter353¢ This seemsto  the contribution of “isolated” molecules to the global lumines-
indicate thaBMLCT excited states could partially mix with the  cence output is reduced). This could be explained on assuming
3LC level and contribute to the luminescence lifetime decay. different luminescent quantum yields for excimeric and
Actually, it is known that higher level MLCT states can 3MMLCT emissions in the various complexes. However, an

influence decay dynamics of luminescent metal-pertufh€l alternative hypothesis can be taken into account. Excimer

excited states in metaterpyridine compound¥. formation depends strongly on the possibility of the individual
A mixed 3LC—3MLCT assignment could also be proposed monomers to assume a suitable conformation within the

for the high-energy emission of all the other compoufhgdg, oligomeric assembly. Competition between stacked oligomers

4, and 5 (Table 3). The high-energy emissions of such having different geometries can occur in solution, as suggested
compounds exhibit spectral characteristics similar to tho&e of for other platinum-polypyridine system&? so that a similar
(1and2) or 6 (4 and5). The values of the excited-state lifetimes pattern is expected for the investigated complexes. In particular,
do not appear to differ significantly along the series of examined some oligomers could assume the usual solid-state head-to-tail
compounds® The slight differences observed can be related configuration'o4which is mainly stabilized by metaimetal
to a different extent of mixing between MLCT and LC levels, interactions, while some oligomers could assume different
in agreement with the results of Aldridge et ¥l goncerning conformations, essentially stabilized lhy-r interactions. It
the luminescence properties of dilute [Pt(terpy)Xpmpounds has been proposed that-7r stacking would take advantage of
(X = NCS, OH, OCH), which emphasize the delicate energetic reduced electronic density on the aromatic framewstks.
balance of multiple states in this class of compounds. Substitution of a strongly electron withdrawing ligand, such as

The lowest energy emission exhibited by compleke2, 4, chloride (L and 4), with the electron donor methyl ligan@ (
and>5 (Table 3, Figures 3 and 4) can be safely assigned to triplet and5) leads to an increased electron density at the metal and
charge-transfeBMMLCT) excited states. Such an assignment on the polypyridine ligands. This is expected to redmeer
is based on the unstructured, narrow shape of the luminescencénteractions and to favor stacking dominated by head-to-tail
bands (Figures 3 and 4) and on similar emissions of Pi(Il) oligomers. Therefore excimeric emissiordiand5 is strongly
terpyridine complexes reported by various autkdr¥including reduced compared to that inand4.
the luminescence df in the solid stat¥cand in glasse¥ The The dependence of the stacking arrangement on the nature
enhanced lower energy/higher energy emission intensity ratio, of the ancillary ligands would represent an interesting example
on increasing complex concentration (Figure SI1), further of how self-assembly can be driven toward different routes by
supports th6MMLCT assignment. As stated above, NMR data suitable design of the building blocks. In this respect square-
suggest that concentration-dependent oligomerization occurs inplanar organometallic compounds appear to be particularly
1, 2, 4, and5, so confirming photophysical results. Emission suitable because of the fine-tuning of their structural and
within the range 696800 nm, therefore, originates from electronic properties, and they deserve further investigation.
excitation of oligomerized species, differently from emission
within the range 466560 nm, which originates from excitation
of the “isolated” monomers. The introduction of a+et bond A series of new organometallic cationic platinum(ll) com-
in the complexes under investigation, while it does have an plexes containing terdentate polypyridine ligands-§) have
enormous impact on their self-aggregatié? does not alter ~ been prepared and characterized, and their absorption spectra
the luminescence properties, which are essentially similar to in 4:1 (v/v) MeOH/EtOH fluid solution and luminescence
those reported by Che and co-workers for similar non-organo- properties in the same matrix at 77 K have been investigated.
metallic terpyridine complexe'§¢ NMR experiments demonstrate that all the complexesS!aud

The third emission found fot at about 670 nm (Table 3) 6 oligomerize in solution to form stacked structures. Wlile
already has been reporfédn a different matrix and has been and6 exhibit only one luminescence feature originating from
attributed to excimeric species originating framr interactions ~ “isolated” molecules, all the other complexes exhibit multiple
between the partially stacked terpy ligands. Our findings emission, including luminescence originating from oligomerized
confirm the reported statement. A practically identical behavior species.
is exhibited by4 (Figure 4, Table 3), so that the above discussion ~ The photophysical properties of the monomeric species
also applies to this latter complex. In our matrix the excimeric depend on a delicate energetic balance between excited states,
emission obscures tBMMLCT emissions of botH and4 when while the luminescence of the oligomers is interpreted by
the complexes are illuminated with light of a wavelength shorter considering the presence 8MMLCT levels and excimeric
than 480 nm (Figure 4). In facdMMLCT emission becomes  species. Furthermore, these properties can be exploited as a
dominant at excitation wavelengths longer than 500 nm. It can useful tool for evaluating the steric and electronic stabilization
be noted that the room-temperature absorption specttanél effects of the ancillary ligands on the structure of the oligomeric
4 do not show any absorption feature above 500 nm at the arrays.
concent_ratic_)n studied (Figure 2). queV(_er,_ they e>_<hibit a strong Acknowledgment. We wish to thank the CNR and MURST
ab§orptlon in _the range 48®00 nmina rlglql matrix at 77 K. for financial support.
This large rigidochromic effect is clearly evidenced by the red
color of the frozen matrixes. Supporting Information Available: Figure SI1 displaying the

In contrast, the excimeric emission evidencednds5 is concentration d(_ependence pf the I_uminescence spectra for corhplex
only a low-intensity component of the more interi&MLCT (1 page). Ordering information is given on any current masthead page.

Conclusions

1C9704896
(35) The luminescence lifetime of [Pt(ppy¢H.CI)CI], a “bona fide”
3LC emitter, is 30Qus36 (38) For complex , the lifetime of the highest energy emission was too
(36) Chassot, L.; von Zelewsky, A.; Sandrini, D.; Maestri, M.; Balzani, V. weak to be measured. This is probably due to the fac2imalready
J. Am. Chem. S0d.986 108 6084. strongly oligomerized, even at low concentration, as demonstrated by
(37) Guglielmo, G.; Ricevuto, V.; Giannetto, A.; Campagnaz8zz. Chim. NMR analysis®

Ital. 1989 119 457. (39) Hunter, C. AAngew. Chemlnt. Ed. Engl.1993 32, 11, 1584.



