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Treatment of (NBug)z[PtR4] (R = C¢Fs) with 1 or 0.5 equiv of TINO3 in EtOH/H,O produces colorless crystals of
trinuclear complex (NBuyg)s[TK PtR4} ], 1, in which the TI* center is complexed by two [PtR,)*~ fragments (Pt—TI =
2.9777(4) and 3.0434(4) A). The expected mixed complex with a Pt/TI composition of 1:1, 2, is generated as an
orange microcrystalline solid by treating [PtR4]?~ with a large excess of TINO; (~8 equiv). Crystallographic analysis
of 2 reveals the formation of a novel one-dimensional (1D) heterometallic linear chain (NBus)eo[TH PtR4} 1., 2, formed
by alternating a [PtR,]>~ fragment and a TI* center with a uniform Pt=TI bond separation along the chain of
3.0321(2) A. Surprisingly, treatment of (NBu,);[PtR4] with 1 equiv of TIPF in EtOH yields pale greenish-yellow
needles of an unusual adduct, 2-{(NBu,)(PFe)}. (3), which was found to form a similar extended linear chain,
{TIPtR4}«, constructed by two alternating Pt—TI separations, a shorter (3.1028(6) A) one and a longer (3.2306(6)
A) one. The solid state and solution photophysical properties have been examined. While complex 1 shows a
high-energy MM'CT blue phosphorescence (450 nm), the extended chain in 2 exhibits a lower-energy emission
(582 nm) than that in adduct 3 (505 nm). For products 2 and 3, interesting luminescence thermochromism is
observed in frozen solutions. The emissions are found to be strongly dependent on the solvent, concentration, and
excitation wavelength.

Introduction because the emissive properties of this type of aggregate has

The synthesis of transition-metal-based supramolecules.been shown to play a key role in molecular recognition; this

containing chromophoric molecules, conjugated molecules, is due to the dynamic nature of these weak contacts. Within
or both has been extensively researched in recent years (1) For recent reviews see: (a) Yam, V. W.-W.; Lo, W.-hY.; Lam, Cc:j.-H.;

; ; F ; ; ; Fung, W. K.-M.; Wong, K. M.-C.; Lau, V. C.-Y.; Zhu, NCoord.
becal_Jse of their potential apph_cauon in molecular sméncg. Chem. Re. 2003 245 39. (b) Sun. S.-S.; Lees, A. Qoord. Chem.
Considerable effort has been directed toward the preparation  Re. 2002 230, 170. (c) Fuijita, M.Chem. Soc. Re 199§ 27, 417
of polymeric or supramolecular luminescent systems con-

and references therein. (d) Lehn, J. Bupramolecular Chemistry:

L . . . Concepts and Perspegtis VCH: Weinheim, Germany, 1995. (e

taining metals. In particular, extended one-dimensional ° o Y ()
(1D) systems based on weak noncovalent+M, -,

or M-+-;r) bonding interactions appear to be promisig
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this field, linear chain systems based on square plafar d Pt"—TI"),!* and polynuclear complex&have been structur-
platinum complexes with short 4Pt distances, which show  ally characterized. However, as far as we know, only two
characteristic optical and electrical properties, have beenexamples of polymeric P{TI specie&® have been reported:
extensively studied.The stability of these structures is an extended chaifitranstranstrans[PtTI,R,(C=CtBu),]-
mainly the result of bonding interactions from the overlap (acetone}x formed by octahedral “PtIRy(C=CtBu),"

of the 5¢@? and 6p orbitals of the consecutive 'Ptenters in fragments linked through weak alkynythallium inter-
neutral, anionic, and cationic compounds being efficiently actiong32and two polymorphs of the complex [TC;HoN.)-
reinforced by electrostatic attraction in double-salt-type Pt'(CN),] (red and yellow), which differ in the nature of
complexes. Special interest is also currently devoted to the the metallophilic Pt--Tl interactions. Interestingly, the
photophysics of discrete heteronuclear complexes stabilizedred form is a unique case where an exteneeBt---Tl---

by polar metal-metal bond$26However, compared to the  Pt---Tl--- chain, stabilized by unsupported metatetal
numerous reports of hetero bi- and trimetallic complexes bonds, is producetf®

involving Pt' — M donor acceptor bond$;’ the related In this paper we examine the reactivity of homoleptic
extended mixed-metal systems containing unsupported plati-(NBug),[PtRs] toward TI. We report the synthesis and
num—metal bonds are scarédzor compounds containing  unusual properties of two different anionic {PEI] ~.. chain
Pt=TI bonds, since the luminescent discrete compiens systems, (NByo[TI{PtR}], 2, with a regular PtTI
[PtTI(CN)4], was reported by Balch et &.several types interaction and an unusual addu2t{ (NBug)(PFs)}w, 3,

of bi- (PO!=TI', Pt'—TIM)10120 trj- (PRIO-TI', P{'—TI,, displaying two different PtT| separations, together with
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Tri-[Pt,TI]3~ and Polynuclear [P+Tl].~ Complexes

trimetallic (NBu)3[TI{ PtRs} 7], 1, which can be regarded as temperature (223 K):0 —114.9 Jo-rp = 315 Hz),—115.2 (d

a fragment of the extended structure. br, 1Je-m &~ 3595 Hz). The signal fromr2-F also splits Tcoatescence
~ 238 K) at 258 K, and one of the signals coincides with that of
Experimental Section p-F: —163.7 o-F + 1m-F), —164.8 (InF). The AG* 55 for the

Th . ‘ d und A h dth o-F signals is ca. 52 kJ/mol. In acetodgat 298 K, there are peaks
e reactions were performed under an Ar atmosphere, and the_, ;14 5 (d br, 2-F) and—166.4 ppm (Mp-F + 2m-F).

solvents were purified by standard methods. C, H, and N analyses, Preparation of (NBu)w[TI{ Pt(CeFs)a} ]eo{ (NBUs)(PFe)} o, 3. A
conductivities, and IR, mass, and NMR spectroscopies were white suspension formed by (NBUPt(CeFs)] (0.135 g, 0.100
performed as described elsewh&#JV —vis spectra were recorded mmol) in absolute EtOH (10 mL) was treated with TH?('B 035

on a Hitachi U-3400 spectrometer. Excitation and emission spectrao_lo0 mmol), and the mixture was stirred for 30 min. The resulting

were obtained on a.Perkln-EIemler luminescence spectrometer I‘Scolorless solution was filtered through Celite and was left open to
50B and on a Jobin-Yvon Horiba Fluorolog 3 model FL3-11

. . . - air. After ca. 3 days, large greenish-yellow needle-shaped crystals
spectrofluorimeter, in which the lifetime measurements were Y 99 y P y

Vo . i of 2:{(NBuy)(PFe)} (3) crystallized (0.095 g, 56% vyield). Anal.
r_’fe't'formed_operagr,\‘/lgT'” the pbrl‘OSpo_”meféomvs‘f (l"‘”th a F1-1029 (0 for GeFpeHssNoPPLTI: C, 39.62; H, 4.28: N, 1.65. Found:
ifetime emission PMT assembly, using a elamp). WBU ¢ 3946 H, 4.00; N, 1.68. MS: (ES miz 242 [NBu]* 100%:

[Pt(CFs)s] was prepared by literature meth&t. (ES-) m/z 1067 [PtTI(GFs)]~ 73%, 696 [Pt(GFs)s]~ 36%. IR
Preparation of (NBU4)3[T|{PI(C5F5)4}2]., 1. TINO;3 (0.016 g, (KBr, cm~1): 1(CqFs) 1053 (s), 1041 (sh), 947 (s), 740 (8jNBu,)
0.061 mmol) was added to a suspension of (NBBUGFs)d  ggp (s):(PRy) 770 (m).Aw: (5 x 1074 M acetone solution) 228

(0.164 g, 0.122 mmol) (1:2 molar ratio) in EtOHM (12/5 mL) Q-1 cn? mol-% (5 x 104 M acetonitrile solution) 2242 cn?

at room temperature. After the mixture was stirred for 3 h, the mol~L. IH NMR (300.1 MHz, CDCY): ¢ 3.14 (m); 1.61 (m); 1.40
resulting white .suspension was filtlered. The white sol?d obtained (sext); 0.98 (t) (NB). 19 NMR (282.4 MHz, CDGJ): the signals
was washed with water and air-dried (0.148 g, 92% yield). Anal. for the GFs groups of this adduct at different temperatures are
Calcd for GeFaoH10NaPETI: C, 43.37, H, 4.09; N, 1.58. Found:  jyeniica) to those fop (see Figure 1). In the spectra, an additional
C, 43.19; H, 3.97; N, 4.09. MS: (E§ m'z 242 [NBu]" 100%; signal from Pk~ is observedd —111.5,%J—p = 190 Hz).

(ES—) m/z 1067 [PITI(GFs)a] ™ 24%, 863 [Pi(GFs)s] ~ 8%, 696 X-ray Crystallography. Crystal data and other details of the
[PYGeFs)e] ~ 100%. IR (KBr, en): v(CeFs) 1495 (s), 1446 (s), structure analyses are presented in Table 1. Colorless crystals of

18541 l\(:);iig'i)aész)c;l3t5i(?n()5)é57§26*$$g:§ur‘20?*819 E?)'A“{:(r(f G were obtained by slow diffusion ofhexane into a dichloromethane

o . ’ X solution at room temperature; while orange crystalg ahd pale
acetonitrile solution) 30&* cr mol™®. 'H NMR (300.1 MHz, greenish-yellow crystals (needles) ®fwere obtained by leaving
CDCl): 6 3.20 (m), 1.66 (m), 1.41 (sext), 0.97 (t) (NBul%F ethanol solutions of these complexes to evaporate at room tem-
NMR (282.4 MHz, CDCY): 6 (323 K) —115.2 (S bro-r—pt ~ perature. The diffraction measurementslaind 3 were made on
260 Hz, 2-F), —166.9 (s brp-F + ZmF); (298 K) =115.2 (s br, a NONIUS x-CCD area-detector diffractometer, using graphite-
20":,)' —166.6 (_)'F +2mF). TheoF S|gne_tls become broader, upon  n,,nochromated Mo K radiation. Images were processed using
cooling, and finally resolve at 223 K in a broad doublet at ca. the DENZO and SCALEPACK suite of prograrfsThe structure
~1150 O°‘F‘2_°3‘205“ ~ 3530 Hz, 2-F) (T°°a'95°ef‘°9: 233-243 K) of 1 was solved by Patterson and Fourier methods using the
gnd a brpad singlet at1}5.3. Thep-F andm-F signals also resolve DIRDIF92 programt8 and the absorption correction was performed
in four different broad signals{163.8,~164.8,-167.2,~168.5). using SORTAVY? The structure o8 was solved by direct methods
In acetoneds at 298 K, there are peaks afl13.5 fJor_p; = 332 using the SHELXS-97 prograiiand the absorption correction was
Hz, 20-F), ~167.6 (m, n-F), and—168.6 ppm (p-F), and at 193 performed using MULTISCANY The structures were refined by
K, there are peaks at112.1 (d br,Jo—-n ~ 3470 Hz,0-F), full-matrix least squares o2 with SHELXL-971° All non-
—113.0 (s bro-F), ~166.1,~167.1, and-167.9 ppm (brp-F + hydrogen atoms were assigned anisotropic displacement parameters,

2m-F). ) ) and all hydrogen atoms were constrained to idealized geometries
Preparation of (NBUs)«[TI { P(CéFs)a}].., 2. A colorless solution gy isotropic displacement parameters of 1.2 timesiagvalue

formed by (NBu)[P(CFs)a] (0.357 g, 0.265 mmol) and TINO ¢ their attached carbon for GHiydrogens and 1.5 for the methyl
(0.575 g, 2.158 mmol) (1:8 molar ratio) in DMSO (5 mL) was  4144ps. For hoth structures, part of the NBuvas modeled

tirred for 15 min. Th EtOH (20 mL d.8 (12 mL group P

strrea for 1> min. then, (20 mL) and.& (12 mL) were adequately. There are peaks of electron density bigger than 1 e

added, and slow evaporation (24 h) of the solution yielded an orange g s i, the final map, but they are located very close to the platinum
microcrystalline solid which was filtered, washed with water, and 5 thallium atoms and have no chemical meaning.

air-dried (0.307 g, 88% yield). Anal. Calcd forsE,gHaNPLTI: Intensity data for compleg were gathered using a Stoe AED4

C, 36.67; H, 2.77; N, 1.07. Found: C, 36.93; H, 2.99; N, 1.00. 5 1omated four-circle diffractomet&Absorption corrections were
MS: (ESH) miz242 [NBu]* 100%; (ES-) Mz 1067 [PTI(GFs)] -

16%, 696 [Pt(GFs)s]~ 100%. IR (KBr, cnt?): v(CsFs) 1480 (s), (15) Otwinowski, Z.; Minor, W. InMethods in Enzymolog{arter, C. V.,

1443 (s), 1427 (sh), 1052 (s), 1041(sh), 946 (s), 770(&Buys) Jr.éOS7weet, R. M., Eds.; Academic Press: New York, 1997; Vol. 276A,
. 4 : -1 —1. p .

880 (m)'j\""' (5 x 10— M acgtone solufllon) 9% fnf mol™, (16) Beursken, P. T.; Beursken, G.; Bosman, W. P.; de Gelder, R.i&arci

(5 x 107* M acetonitrile solution) 10@2~* cn? mol~. *H NMR Granda, S.; Gould, R. O.; Smith, J. M. M.: Smykalla, The

(300.1 MHz, CDC§): 6 3.13 (m), 1.62 (m), 1.39 (sext), 0.97 (t) DIRDIF92 Program SystenTechnical Report of the Crystallography

(NBuy). 1°F NMR (282.4 MHz, CDG)): ¢ (323 K) ~ —115.3 (d Leglggratory; University of Nijmegen: Nijmegen, The Netherlands,

1 .

br, Jo—p—m ~ 1700 Hz, 2-F), —164.6 (s brp-F), —165.2 (s br, (17) Blessing, R. HActa Crystallogr.1995 A51, 33.
2m-F); (298 K) ~ —115.2 (o-r-1i ~ 1720 Hz, >-F), —164.4 (s (18) Sheldrick, G. M.SHELXS97 Program for the Solution of Crystal
br, p-F), —165.0 (s br, 2-F). The broad doublet of®F vanishes Structures University of Gdtingen: Gadtingen, Germany, 1997.

: : : (19) Sheldrick, G. MSHELXL97 Program for Crystal Structure Refine-
at ca. 258 K and resolves into two different signals at low ment University of Gatingen: Gdtingen, Germany, 1997.

(20) (a) AED-4 control program: DIF4 (Stoe & Cie. GmbH. Darmstadt,
(14) Usm, R.; Fornis, J.; Martnez, F.; Toma, M. J. Chem. Soc., Dalton Germany). (b) AED-4 data reduction: REDU4 Rev. 7.03. (Stoe &
Trans.198Q 888. Cie. GmbH. Darmstadt, Germany).
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Table 1. Crystal Data and Structure Refinement Details ToR, and3

Falvello et al.

1 2 3
em pl rical formula GeH108F40N3PLTI CaoH36F20PtTI CsgH72F26N2PPLTI
fw 2658.40 1310.16 1697.59
temp (K) 173(1) 180(1) 173(1)
wavelength (A) 0.71073 0.71073 0.71073
cryst syst monoclinic hexagonal orthorhombic
space group P2:/n P6,22 Pcaa

a(A), a (deg)

b (A), § (deg)

c(A), 7 (deg)

Vv (A3),z

calcd density (Mg/r$)
abs coeff ) (mm1)
F(000)

cryst size (mrd)

26 range (deg)
index ranges

no. refins collected
independent refls
data/restraints/params
GOF onF?®

final R indices [ > 20(1)]°
R indices (all datd)
largest diff. peak and hole

17.6450(2), 90
22.8355(2), 99.67
26.0284(3), 90
10338.58(19), 4
1.708
4.372
5208
0.35x 0.25x 0.15
1.3027.52
—22<h=<22
—29=<k=<29
—33<1=<33
157 093
23724&(int) = 0.1284)
23724/3/1171
1.034
R1=0.0605, wR2=0.1166
R1=0.1443, wR2= 0.1433
1.546 and..305 e A3

14.2476(7), 90
14.2476(7), 90
18.1828(11), 120

12.6668(2), 90
14.2938(3), 90
35.0539(9), 90

3198.3(3), 3 6346.7(2), 4
2.041 1.777
7.169 4.877
1866 3320
a 0.60x 0.15x 0.10
2.78-25.00 2.23-27.90
O<h=<14 -16=<h=<16
O0<k=<14 —-18<k=18
-21=<l=<21 —46<1<46
4241 56 659
1893R(int) = 0.0553) 7423R(int) = 0.0670)
1893/140/131 7423/5/363
1.014 1.020

R1=0.0580, wR2= 0.1119
R1=0.1766, wR2= 0.1501
0.950 and-0.625 e A3

R1= 0.0568, wR2= 0.1495
R1= 0.1315, wR2= 0.1870
1.251 and-1.332e A3

aUnfortunately, the crystal was lost before its dimensions could be measuRdd= 3 (|Fo| — |Fe|)/S|Fol; WR2 = [SW(Fo?2 — FAZSWF2Y2 GOF =
{SW(F? = FcA?/(Nobs — Nparamd} Y% w = [02(Fe?) + (9:P)? + 92P]7% P = [max(Fo%0) + 2F2)/3.

applied usingy scans. The concentration of a large fraction of the
scattering density into just two independent atoms, Pt and TI,

molar ratio) yielded greenish-yellow needles of a cocrystal-
lization adduct2-{ (NBus)(PF)}«, 3 (56%). With the goal

produced a pseudosymmetry that required special procedures inyf preparing another adduct of comp2xwve mixed (NBu),-

data collection and structure solution. For data collection, the
reflections withl = 6n, resulting form the special location of both
kinds of heavy atoms on theaxis, atz = n/6 sites were measured

in one batch, while all other reflections were measured separately
and much more slowly. For the structure solution, while the Pt and
Tl atoms were located without any problem, the NBuwations

and GFs ligands did not appear in conventional difference maps.
These groups were revealed in difference maps in which the value
of F¢? for all intense reflections had been scaled down by a factor
of 10 and in which the values &f. were calculated with a lighter
scatterer (Cu) at the heavy atom positi6h€©nce all atoms had
been located, it was possible to refine the structure successfully in

least-squares calculations involving both restraints and constraints

for the lighter atoms. The proportion of the two possible absolute
structures cannot be established from the diffraction data.

Results and Discussion

Synthesis and Characterization.Treatment of a suspen-
sion of (NBuw)2[Pt(CsFs)4] in EtOH with 1 or 0.5 equiv of
TINOg results in the immediate formation of the trinuclear
anionic complex (NBrs[TI{ PtRs} ], 1, as a white precipi-
tate. The complex of stoichiometry of Pt/Tl (1:1) was
prepared by allowing (NB[Pt(CsFs)4] to react in DMSO
(~5 mL) with an excess of TIN®(~1:8). EtOH/HO was
added to the resulting colorless solution, and the mixture
was allowed to stand without disturbance. Orange microc-
rystalline needles of (NB[TI{PtRs}]., 2, were obtained
in high yield (88%). Surprisingly, slow evaporation of a
colorless ethanolic solution of (NBu[PtRs] and TIPF (1:1

(21) Usa, |.; Steiner, A,; Toms, M.; Ara, |. Abstracts of the Annual
Meeting of the American Crystallographic Associatigkmerican
Crystallographic Association: Buffalo, NY, 1995; M172.
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[PtR4] with 1 equiv of Tl(acac) in EtOH, but in this case,
only colorless crystals df were formed. All three complexes,
1-3, gave satisfactory elemental analyses, and their mass
spectra (ES) reveal the presence of a peakratz 1067
corresponding to the bimetallic anion [TIRIR as the only
heterometallic species. The values of the conductivity
measurements in acetonitrile solution found for complexes
1-3 are 308 1), 100 @), and 224 8 Q' cn? mol™?,
respectively. Support for the presence of the Atbond in

2 and3 is inferred from®F NMR spectroscopy. The NMR
data and behavior of both complexes are identical in solution,
and they indicate that the extended chain dissociates mainly
in discrete binuclear fragments. As an illustration of this,
the variable-temperatuféF NMR spectra in the-fluorine
region of3 is shown in Figure 1.

As expected, only one set ofk; signals is seen. At low
temperature (223 K) the pattern is that expected for a rigid
[TIPtR,4]~ fragment with the Tl center interacting with the
four endoo-fluorine atoms, one from each statigFg ring,
giving rise to two distincio-fluorine andm-fluorine (endo
and exo) resonances. The er@fiuorine atoms appear as a
broad doublet centered at ca:115.2 ppm exhibiting a
thallium—fluorine couplingJ,—r—203205; of ca. 3595 Hz, which
is comparable to those observed in other compounds with
F---Tl bonding contact$?922The exoo-fluorine atoms are
seen as a broad singlet@t-114.9 with platinum satellites
(3Jr—195¢ ~ 315 Hz). Increasing the monitoring temperature
resulted in a clear broadening of both the exo and endo
fluorine resonances, which coalesce at about 258 K in the
o-fluorine region AG* 55 ~ 52 kd/mol) and at~238 K in
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Figure 1. Variable-temperaturé®F NMR spectra in CDGl in the
o-fluorine region of (NBU).[TI{Pt(CsFs)a}]w*{ (NBus)PFs} oo, 3.

) ) ) ) Figure 2. ORTEP view of the anion in (NBg[TI{Pt(CsFs)a}2], 1.
the meta region. As is observed in Figure 1, the exchangeEllipsoids are drawn at the 50% probability level, showing the arrangement

of the o-fluorine signals gives rise to one broad doublet with ©f the aromatic rings and the ‘HF interactions.
an averaged thallium fluorine coupling of ca. 1700 Hz at
higher temperatures. This pattern confirms the presence of
the [TIPtR]~ fragment in solution (even at 323 K), and the
observed equilibration of the endo and exfluorine (and

coalesces between 243 and 233 K and is resolved in the slow
regime (223 K) into the expected two signals: a broad singlet
centered at-115.3 ppm, from the exo fluorine atoms, and

. . .__one extensive broad doublét {115.0) with strong coupling
alsom-fluorine) resonances can be explained by assuming t0 thallium center Jo_r_s20%, ~ 3530 Hz), from the endo

fltﬁg rgtt?etlr?]no?Ihtgg?: ;\Ilnl\%ls? ?Oengnt;? ;Egéiiiﬁggg& fluorine atoms. A similar pattern is seen in acetag@t low
P P temperature (193 K). The loss of the thallitiftuorine

temperature (see Experimental Section) is similar to that seen ; ; . .
in CDCl;, but the doublet resonance froda_1 is near coupling at higher temperatures (both in CR@nd in

coalescence, thus suggesting that, in the [TJPtRagment acetoneds) could be attributed to a very fast dissociation
the dissociation of the P{TI bond is still slow on the NMR equilibrium betweerdl and the homoleptic (NB,[PtRi]

. . tarting material. In agreement with thi tion, th
time scale even in a donor solvent such as acetone (Schemg arting materia agreeme S suggesfion, the

i 2— ; ; 9
1). When 1 equiv of TIPFis added to this aceto addition of [PtR] t_o a CDC} solution (_)fl results in a°F
. : NMR spectrum with only oneo-fluorine resonance &(
solution, the Ti--0-F is completely lost and only a sharp 3 . ;
. . . —115.3,3Jpt ~ 375 Hz). Again, even in the presence of 1
doublet ¢ —113.4,Jr—r ~ 24 Hz) with platinum satellites equiv of (NBW),[PtR,] (final PYTI ratio 3:1), the observed
(3J—pt = 256 Hz) is observed, thus indicating that the g )2 o

presence of additional Tincreases the rate of the -P¥l Jo-p—prvalue is still smaller than that in pure (NBJPIRy]

. o ' . Crystal Structures. The molecular structures @f 2, and
dissociation process, although, as expected, the final eqm—3 were confirmed by X-ray crystallographic studies (Figures
librium in Scheme 1 seems to be displaced toward the left. y y cry grap 9

Lo . .~ 2,3,and 4 and Tables 1 and 2). The structure of the trinuclear
Thus, one of the most significant spectroscopic features is .

. diamagneticcomplex (NBu)s[TI{PtRs},], 1, can be com-
the perceptible decrease of the observ&dr_p; value of ared with the analogous and previously repoptatamag-
about 195 Hz relative to the starting material (NBIPtR,] par 9 P nby popa 9

- o ; neticcompound (NBu),[TI{ PtRs},], A.11? Both anions are
(acetoneds, 0 0-F = —113.6 dd,3Jo—r—pt = 450 Hz). This ) .
can only be attributed to the formation of the Pt Tl formed by two square pyramids with a shared apex at the

acceptor bond in the [TIPHR fragment that is probably the Tl center which is linearly linked to the two platinum atoms

2— — = -
predominant species in the final equilibrium process (Scheme(()ic)f,hi(re1 [I:)t R:]n bg;g:rﬁgass(ﬁ:tht rg:igall(ﬁ;;/; 17I:nes
1). A similar pattern is observed in tlzefluorine region in ) ' by P

. . . are parallel and almost eclipsed (meap& Pt+Pt—Cipso
a mixture of2 and 1 equiv of [PtR? in acetoneds (6 - . X
—113.5,Jr_r = 28 Hz), but in this case, tHdy_r_p coupling = 2.10-4.6C (3.17 average) inL vs 2.77 in A), and both

constant is averaged to a value of 360 Hz in accordance Withpt atoms are slightly shifted from their basal planes toward
the higher contribution of the [P#R~ species (final ratio the T| atom (0.0884(4) A for P(1) and 0.1033(4) A for Pt-

(2)). The main structural difference between both complexes

of PUTlis 2:1). is found in the Pt TI bond distances with slightly different
Scheme 1 bond lengths inl (2.9777(4) and 3.0434(4) A) which are
[TIPR,]” <= [PtR4]™ + TI* nearly equal in the paramagnetic compkex2.698(1) and
4.

2.708(1) A). The bond lengths of the hitherto characterized
—_T|9-12
Fluxional behavior is also evident for the trinuclear Pt.dTI. compoufnc:]s havel peen bre!ateg_goghz :ormal
complex (NBu)s[TI{PtRs}2], 1. Thus, in theo-fluorine oxidation states of the metal ions, being 2: or

region, the broad singlt_at observed_ at room temperature in(22) Bakar, W. A. W. A.; Davidson, J. L.: Lindsell, W. E.. McCullough,
CDCl; (0 —115.2, platinum satellites are not observed) K. J.; Muir, K. W. J. Chem. Soc., Dalton Tran$989 991.
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Figure 3. Schematic ORTEP view of part of the chain of the anion in
(NBU4)oo[TI{ Pt(CsFs)4} 1, 2, showing the arrangement of the aromatic rings
and the Ti--F interactions.

vy o

b

Figure 4. Molecular structure of the anion in (NBJ&[TI{ Pt(GsFs)a} ]eo*
{(NBus)PFs} , 3. (2) ORTEP drawing with ellipsoids at the 50% probability
level of a portion of the polymer chain, showing the arrangement of the
aromatic rings and the F+F interactions. (b) Unit-cell packing diagram
projected down the crystallographécaxis.

PO-TI', 2.81-3.14 A for Pt —TI', and 2.5736-2.638 A for

Falvello et al.

Table 2. Selected Bond Distances (A) and Angles (deg) for
(NBug)s[TI{PtRs}2], 1, (NBUs)ao[TI{ PtRe} ], 2, and
(NBU)w[TH{ PtRs} ]o*{ (NBU4) (PFs)} o, 3

1 e 3
Pt—Cipso 2.057(8)-2.085(8)  2.06(2) 2.066(9)
2.077(9)
PETI 2.9777(4) 3.0321(2)  3.1028(6)
3.0434(4) 3.2306(6)
TleF 2.883(5)-2.988(6)  2.956 2.965(5)-3.060(5)
3.016
Cipso—Pt=TI  88.8(3)-95.5(2) 88.3(6)  89.2(2)-90.8(2)
91.7(6)
PtTI—Pt 174.01(2) 180.0 180.0

a Symmetry transformations used to generate equivalent atoms are as
follows: #1—x+vy, =X, z+ 1/3; #2—Xx, —x +y, —z+ 4/3; #3X, X — Y,
—Zz+ 4I3; #4—X, =y, Zz #5 -y, X —y,z— 1U3; #6—x, —y + 1,7 #7 X,
X —y + 1, —z + 4/3.°Symmetry transformations used to generate
equivalent atoms are as follows: #1—y, —z+ 1/2; #2x — 1/12,y, —z+
1/2; #3x + 1/2,y, —z + 1/12; #4—x + 3/2,y, —z

the PtTI distances inl lie in the expected range, and the
observed shortening of about 0.3 A in compléx is
remarkable. With reference to previous-d?—d® systems
involving closed-shell metals, the bonding in the trinuclear
P& Tl complex1 can be qualitatively viewed in light of the
orbital diagram resulting from the interaction between the
filled 5d,2 (2 Pt) and 6s (TI) orbitals and the empty set of
6p; orbitals of the three (2 Pt, Tl) metal centers. Mixing of
the filled and empty orbitals lowers the energy of all of the
filled orbitals giving stability to the #-s*—d® unit.54.129.23
With a similar scheme, the metal core of the paramagnetic
complex (NBu)[TI{PtRs}.], A, can be viewed as having
one less electron thahand, thus, an increased bond order
of one-half in good agreement with the observed shortening
(ca.0.3 A). Interestingly, the bond distances in (BTl
{PtR}2], A (2.698(1) and 2.708(1) A) are only slightly
longer than those of the famous [Pt(GNL] (L = en,
DMSO, bipy}°¢9 complexes reported by Glaser et al. (2:60
2.64 A), in which the sum of the oxidation states of the two
metals is 5, and they are somewhat shorter than thd Pt
distances observed in the cationic metallocryptand zerovalent
platinum system, [BTI(P,phen)] ", reported by Catalano et
al. (ca. 2.79 A}le|t is important to note that, as was observed
in complex A, the PtTI bonds are perpendicular to the
planar basal planes (deviation of 2.46 and 1)%d the Tl
center is surrounded by eigbifluorine atoms (endo atoms),
which adopt an antiprismatic disposition (see Figure Slain
Supporting Information) with Ft--F bond contacts (range
of 2.883(5)-2.988(6) A) comparable to those measured in
A (2.8339(10)-3.065(12) A). These values are at the low
end of the range of H--F interactions found (2.983.17

A) in other derivatived?09.132224gnd they are noticeably
lower than the sum of the van der Waals radii of Tl and F
(3.43 A)% To form these T-+F contacts, the €5 rings

are oriented toward the same side in both platinum planes,

(23) (a) Ziegler, T.; Nagle, J. K.; Snijders, J. G.; Baerends, B. Am.
Chem. Soc1989 111, 5631. (b) Dolg, M.; PyykkpP.; Runeberg, N.
Inorg. Chem.199§ 35, 7450.

complexes obtained from reactions of platinum(ll) substrates (24) Han, R.; Ghosh, P.; Desrosiers, P. J.; Trofimenko, S.; Parkid, G.

with TI"" ions in which the oxidation states of Pt lay between
Il and IV and those of Tl are between | and 1#F-¢ Clearly,

2548 Inorganic Chemistry, Vol. 45, No. 6, 2006

Chem. Soc., Dalton Tran4997 3713 and references therein. For a
review, see: Plenio, HChem. Re. 1997 97, 3363.
(25) Bondi, A.J. Phys. Chem1964 68, 441.
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forming dihedral angles of 54.147.88 (61.0F average)
with the corresponding platinum coordination planes. The
whole coordination of the thallium center (two bonds and

Si14015(0O-SiMes),0,(COD)PtTh e (3.2393(15) A). Al-
though the angles at the metal centers (180dhd the
thallium—o-fluorine contacts (2.965(5)3.060(5) A) are

eight contacts, see Figures 2 and Sl1a) does not leave angimilar to those observed ih and 2, in this complex, the

cleft around the Tl atom, implying that its lone electron pair

eight fluorine atoms that contact the Tl center adopt a slightly

is stereochemically inactive. This structural feature, usually distorted cubic environment (see Figure Slc in Supporting

leading to linear BTl entities, has been previously reportéd,
but significatively, the cationic Pt—TI' complexX*2 cis-[{-
(NH3).Pt(1-MeT}},TI]* (1-MeT = 1-methylthyminato) dis-
plays a bent disposition (PTl1—Pt= 136.7(1) A) indicative
of a stereoactive electron pair at the central Tl

Portions of the heterometallic chainsdrand3 are shown
in Figures 3 and 4a. In the orange chain (com@gxthe
bimetallic anion [TIPtR]~ extends along the axis with
uniform P+TIl bonds of 3.0321(2) A. These distances
compare well with the PtTI distance (3.0978(2) A) found
in the extended red polymorph of [TC4HgN4)Pt'(CN)yJ 3P
(3.0256(5) A in the yellow dimer polymorph). The local
geometry at thallium (see Figure S1b in Supporting Informa-
tion) is similar to that of the trinuclear At complex1 being
linearly linked to two Pt centers (TI(H)Pt(2)-Tl(1a) =
180.0) and weakly interacting with eigha-fluorine atoms
(2.956 and 3.016 A) of the two adjacent RtBnits and

adopting an antiprismatic disposition. To form these contacts,

Information). As a consequence (see Figure 4a), tkie, C
rings are now tilted in consecutive coordination planes to
opposite sides, forming dihedral angles of 49:82.98
(51.46 average) with the platinum planes. The--Fl
contacts facilitate the link between adjacent [TIRtRunits,
thus contributing to the stabilization of the final chain.{&-
Pt=Pt—Cipso= 21.6-22.5, 22.05 average). As is observed
in Figure 4b, which shows a small portion of the extended
crystal packing, each RF anion is surrounded by four
cations and resides inside the channels formed by the mixed-
metal anionic columns. The columnar structure has long
separations between the thallium (or platinum) atoms of
different chains (T+TI (or Pt---Pt) = 14.294 and 17.843
A, along theb andc axes, respectively).

Photophysical Properties.Dissolution of the crystals of
complexes2 (orange) and3 (greenish-yellow) in solvents
such as CECl,, acetone, or acetonitriles2 x 1075 M) led
to a loss of their colors, yielding colorless solutions,

the GFs rings are oriented in all planes to the same side, as indicating that the color comes from solid-state effects. The

in complex1, but in this case, they rotate counterclockwise
forming a dihedral angle of 49.87with the platinum

room-temperature absorption spectra of the three complexes
(1—3) are essentially identical (See Figure S2 in Supporting

coordination planes. In contrast, as a consequence of podnformation). A low-energy absorption at 350 nm, which is

lymerization, two donoracceptor PtTI bonds are associ-

absent in the precursor, seems to be characteristic of the

ated with each Pt center in a final pseudooctahedral presence in solution of the [TIP{R system and, on the basis

environment formed by four g, atoms from the g groups

of previous assignments in€Tl' systemgd9.10a129,26jg

and the two Tl centers. Alternatively, the chain can be viewed tentatively attributed to a spin- and symmetry-alloveéd-o

as a columnar stack of parallel RtRagments connected

system with some metal-to-metal {Rb—TI) charge-transfer

through equivalent thallium centers (average torsion angle (MM'CT) charactef®2923 In the solid state, the PtTI

Cipso— Pte++*Pt=Cipso = 30°).

As was mentioned above, slow crystallization of a solution
of (NBug)2[PtR,] and TIPFK (1 equiv) in EtOH resulted in
the isolation of greenish-yellow needles of a new product,
3, which was characterized as an adduct of com@lexd
the resulting (NB)(PFs) salt. As shown in Figure 4a,
complex 3 involves a somewhat novel 1D Tl mixed
chain. The most striking structural feature, induced by the
co-deposition of the (NBi)(PF;) salt, was the breakdown
of the regular Pt-Tl bond separation observed 2n1n this

bonding contacts in both 1D chain complex2s(d3) are
observed as a broad absorption, spanning the range from ca.
375 to 700 nm (Supporting Information, Figure S3). The
remarkable difference in the absorption maxima (488 nm
for 2 vs 410 nm for3) is attributed to the larger PtTI
separation ir2 (3.0321(2) A) relative to that i (3.1028(6)

and 3.2306(6) A). We noted that when crystals of the
trimetallic complex (NBu)s[R4Pt-TI-PtRy], 1, are crushed

and ground, a visual change from white to pale yellow is
observed. This fact also causes a perceptible change in the

case, the interaction of the Tl centers with the two adjacent luminescence, from bright blue to bright green, under
[PtR4] fragments is asymmetric, and as a consequence, twoillumination with UV radiation.

different contacts, one shorter (3.1028(6) A) and the other

Although the presence of Pl bonds is often associated

longer (3.2306(6) A), are present in the chain. Both distanceswith luminescent properties, several bi- and trinuclear

are effectively longer than the Tl bond separation of
3.0321(2) Ain2. The shortest distance Pt(1)I(1b) (3.1028-

(6) A) is in the usual range for P+ TI' separations found in
other compounds (2.843.14 A). However, the longest one,
3.2306(6) A, which is shorter than the sum of the van der
Waals radii (3.68 A), lies out of the usual range of-PfT]'

compounds containing Téoordinated to Ptor Pt have been
found to be nonemissiv8c112Complexesl—3 offer us the
opportunity to compare the behavior of this polar metal
metal bond in different electronic situations. The photo-
physical data are collected in Table S1, and selected spectra
are shown in Figures 5 and 6 and-S&7.

bond distances, suggesting that the attractive interactions As is observed in Figure 5, in the solid state at room

between consecutive discrete bimetallic anionic [THPtR
fragments is weaker. This ¢TIl separation compares to
that recently reported in the trinuclear complex{{sHg)14-

temperature, the white crystalline solid of the trinuclear
anionic complexl produces an intense blue luminescence
(Amax = 450 nm) with excitation at 345350 nm, which can

Inorganic Chemistry, Vol. 45, No. 6, 2006 2549
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Figure 5. Normalized excitation and emission spectra of (WB[TI-
{PtR4} 2], 1, in solid state (powder) at room temperature and at 77 K.

be compared to that previously reported for the neutrat [Tl
Pt(CN)] (solid 300 K, 448 nmz = 0.25us)*and cationic
[TI(crown-P,)Pt(CN)](NO3s) (CH:Cl,, 451 nm}®2complexes,
respectively. This emission band, related to two excitation
profiles at ca. 350 and 385 nm and with an emission lifetime
typical of triplet multiplicity (10.2us), is essentially not
dependent on the temperature (774ax = 445,7 = 12.1

Falvello et al.

solid state-emission seen in Figure 5. This behavior is not
common, but it is not unprecedent&d™ As has been
previously noted in otherf systemsk ™ the process of
freezing the solution probably causes the formation of
different aggregates of the [PTI], or Pt[TI—Pt], type,

or perhaps excimers or exciplexes with different degrees of
Pt--Tl interactions in the various glasses, which could be
responsible for the observed luminescence, although interac-
tion with solvent molecules cannot be excluded.

The photoluminescence emission spectra at different
temperatures a2 and3 are shown in Figure 6. A polycrys-
talline sample o (Figure 6a), with a regular short PTI
separation, displays, regardless of the excitation wavelength,
an intense orange luminescendg. = 582 nm) with a
monoexponential decay of 11,5; the luminescence be-
comes red at 77 K. The red emission at 77 K has two bands,
an intense red peak at 635 nm= 12.6 us) and a small
orange shoulder at 575 nm & 10.4 us). The excitation
profile of both bands, showing a sharp edge located at ca.
550 nm, is identical, and the lifetimes are similar, suggesting
that both bands are in a thermal equilibrium or correspond
to different sublevels of the same emitting triplet excited
state. The large shift of the emission maximum from the
trinuclear compleX to 2 suggests a strong perturbation due

us) and on the excitation wavelength. The slight increase in to the formation of the chain in which the discrete orbital

the lifetime upon cooling is consistent with a reduction in

levels are replaced by bands, as has been previously reported

the nonradiative decay rate. In contrast, the emission andfor platinum-chain metal system3®2’In 2, the consecutive

the lifetime of the related [TPt(CN)] complex reported by
Balch and co-workefsare temperature dependent. In par-
ticular, the lifetime lengthens considerably at lower temper-
atures (1.4s, 77 K; 77us, 1.4 K)® and at<77 K, a second

Pt---Tl interactions produce bands with a small energy gap
between the last filled band and the lowest empty one, which
should clearly lower the energy of the emission. The red
shift upon cooling (582— 635 nm) is consistent with a

emission red band clearly resolves (at 1.4 K, two bands atdecrease in the metametal separation caused by thermal

457 and 577 nm were observe)On the basis of previous
assignments, the emission inis attributed to the PtTI
chromophore and assigned to a MM transition. Curiously,

when the luminescence spectrum is recorded in KBr pellets,

contraction, a phenomenon that has many precedents in
extended chain systerf&2’As mentioned in the Introduc-
tion, the formation of an extended-Pfl---Pt:-- Tl chain in

the red polymorph of [T{C4HgN4)Pt'(CN),] has been

it displays two independent emissions associated with recently reported, but no emissive properties were repdtted.

different excitation profiles at 465 and 532 nm (See Figure
S4, Supporting Information). As previously commented, the
color of the powder (white to pale yellow) and the lumi-

By comparison, in related gotethallium chain systems, the
lifetimes were usually shorter (i.§ AuTI[Ph,P(CHy,)S].} .°",
Jem= 565 nm,7 = 0.98us, 298 K; [TIAU(GCls)]«, Lem =

nescence changes slightly upon crushing and grinding of the531 nm,z = 1, 0.1us).
sample, a process that would probably favor the presence of As is shown in Figure 6b, in addu8 the disruption in

different cromophores with shorter-Pfl| interactions. The
room-temperature colorless solutions bfin CH,Cl, or
acetone (2« 107°or 10°2 M) are not luminescent. However,
upon freezing in a liquid Nbath, these solutions become

the chain caused by the presence of (W) results in
a remarkable blue shift in the energy of the emission from
orange Amax = 582 nm) in2 to green fmax = 505 nm) in3
and in the excitation spectrum, which in this adduct has a

intensely luminescent, and it was noted that the most less-sharp edge located at ca. 440 nm. For produtte

concentrated glasses (£aM) are pale yellow in color. The

emission shifts to lower energies and increases its intensity

spectra in acetone show several bands in the range ef 420 upon lowering of the temperature (77 K, 524 nm), thus
590 nm whose intensities are dependent on the concentratiorindicating that there is a thermally activated nonradiative
and excitation wavelength. Similar behavior is observed in decay pathway that is less significant at lower temperatures.
the CHCI, glass (four maxima at 438, 484, 530 max and As can be observed, a less-intense high-energy band at 446
595 sh are seen with a solution 021075 M), but in this nm also develops at temperatures belev230 K. The
solvent, the high-energy bands are not observed at higheremission decay observed for the intense low-energy band
concentrations (one or two broad emissions in the range ofwas monoexponential, and the values (1357298 K; 14.2
520-660 nm are seen, which are found to be wavelength us, 77 K) suggest that the emission originates from a state
dependent). It is interesting to note that in both solvents someof triplet multiplicity. Interestingly, the color o8 changes
frozen-solution emission bands are red-shifted beyond thefrom greenish-yellow to pale orange upon the crushing and
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Figure 6. Variable-temperature normalized emission spectra of (a) NBU{ PtRs}]e, 2, and (b) (NBu)w[TI{PtRs}]e*{ (NBus)(PF)} =, 3, in the solid

state (powder).

grinding of the microcrystalline sample, and in fact, the The different emission bands, the colors, and the thermo-
luminescence spectrum of a sample (KBr pellet) prepared chromism observed in frozen glass media at different

using a pressure of 10 Torrrf® h shows a maximum (582
nm, Aexe = 390—520 nm) that is very close to that observed
for complex2 (590 nm in KBr, 582 nm in solid powder).
However, the emission spectra®in KBr pellets, prepared
in the usual way 5 min), depend on the excitation

wavelength (see Figure S5 in Supporting Information),

concentrations probably result from changes both in the size
of the aggregates formed, based on-Ft contacts, and the
specific Pt--TI distance within the fragment or aggregate.
As was expected, the formation of extended aggregates
emitting at even lower energies than solids favored in

the most concentrated solutions (8®/1). The high energy

suggesting the presence of multiple emissions that could beemissions at ca. 430 and 455 nm (the latter at a energy similar
tentatively attributed to the formation, under pressure, of to that seen for solidl), are tentatively attributed to the

different chromophores, [TIP#R, with a distribution of Pt
Tl contacts emitting in a close range of energies.
Products2 and3 are not emissive in fluid solutions (GH

presence of discrete [TIP{R and [T PtRs}2]°~ fragments,
respectively. Alternatively, theoncentration luminochromism
leading to multiple emissions could also be related to

Cl, or acetone) but bright luminescence is seen when thedifferent extents of excited-state association of [TUPtR
solutions are frozen. Not surprisingly, the color and the fragments, the emitting species in solution being *[TI{R
emissions are dependent on the solvent concentration andligomeric excimers and exciplexes. Similar assignments
excitation wavelength, and they also exhibit thermochromism have already been given by Patterson and co-workers for

(see Table S1). For example, a frozen (77 K),CH or
acetone solution of compleX changes color from purple
(1072 M) to red (10* M), finally vanishing to pale cream
when it is diluted to 2x 10°° M. Similar behavior is
observed for3. Thermochromism is also evident when 77
K samples o2 and3 are allowed to warm slowly. An initial
frozen sample o8 in acetone (10° M), for example, changes

progressively from dark purple to red and orange before

the excited-state oligomerization of [M(CNI) (M = Cu,
Ag)® or more recently by Omary et al. to explain the
luminescence properties of trinuclear copper(l) pyrazofites.
However, in this platinumthallium system (1:1 Pt/Tl ratio,
complexes2 and 3), the dramatic color changes usually
observed upon cooling are suggestive of ground-state oli-
gomerization.

In conclusion, the formation, structure, and spectroscopic

eventually becoming colorless upon warming. In both and photophysical behavior of (NBTI{ PtRs} 2], 1, (NBy)w-

products, frozen concentrated solutions €M) display a
broad low-energy band2(740 nm @cetone Aeyxc = 470~
600 nm), 708-710 nm CH,Clz, Aexe = 500-600 nm);3 ca.
730 @cetonedexc = 500—600 nm), 690 CH,Cly, Aexc =420—

[T PtR} ], 2, and (NBU)e[TI{ PtR} Jeo*{ (NBU)(PF)} w, 3,
have been described. While ina Tl center is sandwiched
by two Pt(GFs),2 fragments and each Pt center forms only
one P+TIl bond, in2 both the T! and the Pt centers are

600 nm)) whose maximum is only slightly dependent on the involved in two short Pt Tl bonds leading to an extended
excitation wavelength. Upon dilution, high-energy emissions linear-chain system. It should be noted that even in the

are observed2 acetone430, 455, 480, 535 nm (2 10°°
M), 430, 480, 550, 655 nm (16 M); CH,Cl, 523, 604 nm
(2 x 10°° M), 645—-700 (10* M); 3 acetoned24, 438, 480,
530, 545 nm (2< 10°° M); CH,Cl, 635-690 nm (2x 10

presence of a large excess of',Tho evidence of the
formation of a neutral trimetallic entity, I®tR,, has been
found. This fact contrasts with the behavior of other dianionic
platinate(ll) fragments such as [Pt(CM)° andcis- or trans

M)), the intensities of which are dependent on the wavelength [Pt(CsFs)2(C=CR),]?>~.129:133n presence of (NBY)(PF), the
used for excitation. As an illustration of this, the emission TIPF/(NBu,),[PtR,] system generates addugtcontaining

spectra of2 at concentrations of 18 M and 2 x 10° M

a novel chain which is formed by discrete [TIRIR

and at several excitation wavelengths are shown in Figuresfragments connected through additional weaker--Pt
S6 and S7 in the Supporting Information. Once again, the bonding contacts. The disruption of the chainZicaused
freezing process may create an array of specific aggregatesby the presence of (NBYPF) has some resemblance to
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the well-known influence of the size of the counterion in dianionic mixed platinate systems such as [BRZ(CN),]2~

the stacked 1D cationic square planar platinum structif@s.  (x, y = 1—3) toward TI(l). Examination of their photophysi-
In fluid solution, the Pt-Tl bonding interactions seem to  cal properties as well as theoretical studies will provide
be partially broken but association occurs easily in frozen insight into the nature of the Pt(HTI(I) interaction and its
glasses as noted by the presence of multiple emissionsrelationship with the observed photoluminescence.
probably resulting from a distribution of different aggregates,
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