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Novel Luminescent Mixed-Metal Pt�Tl-Alkynyl-Based Complexes: The
Role of the Alkynyl Substituent in Metallophilic and h2(p···Tl)-Bonding
Interactions

Jesffls R. Berenguer,[a] Juan Forni7s,*[b] Bel7n Gil,[a] and Elena Lalinde*[a]

Introduction

The search for supramolecular arrays is a productive area of
research in materials chemistry.[1–5] Among these, one-di-
mensional extended systems are particularly interesting
owing to their potentially useful chemical and photophysical
properties.[6–8] In this field, increasing attention is currently
being devoted to the construction of extended chains that
are based on weak noncovalent closed-shell metal–metal
bonding interactions.[9–24]

In particular, platinum-d8 complexes have proven to be
versatile building blocks for the formation of stacked linear-
chain materials with short Pt···Pt contacts,[25–30] which are no-
tably enhanced by strong-field and p-acidic ligands such as
CN� or CNR. Remarkable examples include the well-
known simple, partially oxidized [Pt(CN)4]n

2n� salts[31,32] and
the double salts [Pt(CNAr)4][Pt(CN)4] reported recently by
Mann and co-workers,[33–35] which display vapochromic be-
havior. Considerable experimental work and theoretical cal-
culations[11,36,37] seem to indicate that this type of metal–

Abstract: A novel series of [PtTl2(C�
CR)4]n (n=2, R=4-CH3C6H4 (Tol) 1,
1-naphthyl (Np) 2 ; n=1, R=4-
CF3C6H4 (TolF) 3) complexes has been
synthesized by neutralization reactions
between the previously reported [Pt-
(C�CR)4]

2� (R=Tol, TolF) or novel
(NBu4)2[Pt(C�CNp)4] platinum precur-
sors and TlI (TlNO3 or TlPF6). The
crystal structures of [Pt2Tl4(C�C-
Tol)8]·4acetone, 1·4acetone, [Pt2Tl4(C�
CNp)8]·3acetone·

1=3 H2O, 2·3acetone
·1=3 H2O and [{PtTl2(C�CTolF)4}(ace-
tone)S]1 (S=acetone 3a ; dioxane 3b)
have been solved by X-ray diffraction
studies. Interestingly, whereas in the
tolyl (1) and naphthyl (2) derivatives,

the thallium centers exhibit a bonding
preference for the electron-rich alkyne
entities to yield crystal lattices based
on sandwich hexanuclear [Pt2Tl4(C�
CR)8] clusters (with additional Tl···ace-
tone (1) or Tl···naphthyl (2) secondary
interactions), in the C6H4CF3 (TolF) de-
rivatives 3a and 3b the basic PtII

center forms two unsupported Pt�Tl
bonds. As a consequence 3a and 3b
form an extended columnar structure
based on trimetallic slipped PtTl2(C�
CTolF)4 units that are connected

through secondary Tl···(h2-acetylenic)
interactions. The luminescent proper-
ties of these complexes, which in solu-
tion (blue; CH2Cl2 1,2 ; acetone 3) are
very different to those in solid state
(orange), have been studied. Curiously,
solid-state emission from 1 is depen-
dent on the presence of acetone
(green) and its crystallinity. On the
other hand, while a powder sample of
3 is pale yellow and displays blue
(457 nm) and orange (611 nm) emis-
sions, the corresponding pellets (KBr,
solid) of 3, or the fine powder obtained
by grinding, are orange and only exhib-
it a very intense orange emission
(590 nm).
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metal contact is frequently reinforced by electrostatic com-
ponents, as well as by charge-transfer-type dispersive contri-
butions. In fact, such electrostatic attractions have been
shown to be particularly strong with platinate(ii) anions, as
illustrated by the numerous examples of PtII!M dative-
bond complexes (M=acid cation) presently known.[38–40] Fol-
lowing the report of the first luminescent and, unexpectedly,
discrete six-coordinate platinum�thallium complex
Tl2Pt(CN)4,

[41] there has been a growing interest in the
chemical and photophysical properties of heteropolynuclear
TlI complexes.[5,42–50] Of particular note are a peculiar para-
magnetic [Tl{PtR4}2]

2� derivative containing a formal TlII

center[51] and the series of complexes reported by Glaser
and co-workers generated from the reaction between PtII

substrates and TlIII salts in which the sum of the oxidation
states of the two metals is five.[52–54] Many of these com-
plexes, particularly those containing TlI, have been shown to
display luminescent properties, which have invariably been
attributed to intermetallic interactions; however, a number
of PtII,0�TlI complexes with strong Pt–Tl interactions do not
exhibit any detectable emission.[55,56]

In the past two decades, much has been discovered about
the photoluminescence behavior of alkynylplatinum(ii) com-
plexes,[57–62] but, in comparison, relatively little is understood
about the emissive properties of heteropolynuclear platinum
systems containing alkynyl bridging ligands.[63–66] Recent
studies by us[67–70] and others[63,66] have shown that their lu-
minescence behavior can be modulated through metal···me-
tal and h2-alkynyl�metal bonding interactions. Within this
framework, we have recently reported that the homoleptic
derivatives [Pt(C�CR)4]

2� (R= tBu, Ph, SiMe3) produce un-
expected hexanuclear luminescent complexes of the type
[Pt2Tl4(C�CR)8] by sandwiching naked TlI centers through
TlI–alkyne interactions,[71] thus indicating that in these sys-
tems the TlI centers have a stronger preference for the elec-
tron-rich alkynyl entities than for the basic PtII center. Sur-
prisingly, in similar reactions with heteroleptic cis- or trans-
platinate systems [Pt(C6F5)2(C�CR)2]

2� (R= tBu, Ph), the
platinum center has a higher affinity for thallium than for
the alkynyl ligands, yielding six-coordinate platinum entities
with two direct Pt�Tl bonds that dimerize ([{trans,cis,cis-
PtTl2(C6F5)2(C�CPh)2}2])[72] or polymerize ([{trans,trans,
trans-PtTl2(C6F5)2(C�CtBu)2}n]),[73] in these cases through
secondary TlI�alkynyl(C-a) contacts. These results suggest
that the presence of two electron-withdrawing C6F5 groups
in the mixed systems probably stabilizes the platinum frag-
ment, favoring the interaction between the platinum and
thallium orbitals (Pt 5dz2

2, Tl 6s2 filled; Pt, Tl 6pz empty).
With all this knowledge, we thought it would be of interest
to compare the ability of [Pt(C�C-aryl)4]2� (aryl=Tol, TolF),
which contain electron-donating (CH3) and electron-with-
drawing (CF3) substituents on the arylethynyl group, and
(NBu4)2[Pt(C�C-Np)4] to bind the TlI center.

Herein we report on the properties and structures of two
novel hexanuclear PtII�TlI-alkynyl-based clusters [PtTl2(C�
CR)4] (R=Tol 1, Np 2) and those of two unexpected supra-
molecular columnar species [PtTl2(C�CTolF)4(acetone)S]1
(S=acetone 3a, dioxane 3b), the latter being formed by oc-
tahedral trimetallic entities connected through Tl···h2-alkyn-
yl bonding interactions.

Results and Discussion

Spectroscopic characterization : As shown in Scheme 1, com-
plexes 1–3 were prepared as orange-yellow (1, 2) or pale
yellow (3) solids by treatment of aqueous solutions of the
corresponding anionic platinate species Li2[Pt(C�CR)4] with
TlNO3 (1:2 molar ratio). The naphthyl derivative is only
slightly soluble in CH2Cl2 and CHCl3, and crystals suitable
for X-ray diffraction (2·3acetone·1=3 H2O) were obtained by
slow diffusion of an acetone solution of TlPF6 into a solution
of (NBu4)2[Pt(C�CNp)4] in acetone. Crystals of 1·4acetone
were prepared by slow diffusion of acetone into a solution
of compound 1 in tetrahydrofuran. Complex 3 is only solu-
ble in acetone and from this solution pale yellow crystals of
stoichiometry [PtTl2(C�CTolF)4(acetone)2]1 (3a) were ob-
tained by slow evaporation of the acetone solution at 0 8C.

Abstract in Spanish: Se ha sintetizado una nueva serie de
complejos [PtTl2(C�CR)4]n (n=2, R=4-CH3C6H4 (Tol) 1, 1-
naftil (Np) 2 ; n=1, R=4-CF3C6H4 (TolF) 3) por neutraliza-
ci+n entre TlI (TlNO3 o TlPF6) y los sustratos de platino [Pt-
(C�CR)4]2� (R=Tol, TolF) ya descritos o el nuevo (NBu4)2-
[Pt(C�CNp)4]. Asimismo, se han resuelto, mediante estudios
de difracci+n de rayos-X, las estructuras cristalinas de
[Pt2Tl4(C�CTol)8]·4acetona, 1·4acetona, [Pt2Tl4(C�
CNp)8]·3acetona·

1=3H2O, 2·3acetona·1=3H2O, y [{PtTl2(C�
CTolF)4}(acetona)S]1 (S=acetona 3a ; dioxano 3b). Curiosa-
mente, mientras que en los derivados de tolilo (1) y naftilo
(2), los centros met7licos de talio exhiben una clara preferen-
cia de enlace hacia los fragmentos b7sicos acetil:nicos, dando
lugar a redes cristalinas basadas en olig+meros hexanucleares
de tipo s7ndwich [Pt2Tl4(C�CR)8] (con interacciones secun-
darias adicionales Tl···acetona, 1, o Tl···naftilo, 2), en los de-
rivados con C6H4CF3 (TolF), 3a y 3b, el centro b7sico de PtII

forma dos enlaces Pt-Tl no soportados. Como consecuencia,
3a y 3b forman una estructura columnar extendida, basada
en la conexi+n, a trav:s de interacciones secundarias
Tl···h2(acetileno), de unidades trimet7licas “PtTl2(C�CTolF)4”
desplazadas entre s?. Adem7s, se han estudiado las propieda-
des luminiscentes, que difieren mucho en disoluci+n (azul;
CH2Cl2 1,2 ; acetona 3) a estado s+lido (naranja). De manera
interesante, la emisi+n de 1 en estado s+lido depende de la
presencia de acetona (verde), as? como de su cristalinidad.
Por otro lado, mientras que una muestra pulverulenta de 3 es
de color amarillo p7lido y muestra emisiones en el azul
(457 nm) y naranja (611 nm), las pastillas obtenidas por pre-
si+n (KBr o s+lido puro), o, incluso, el polvo fino obtenido
por molturaci+n, son de color naranja y exhiben solamente
una emisi+n intensa en el naranja (590 nm).
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Evaporation of a solution of 3 in a mixture of acetone/diox-
ane (5:1) at room temperature yielded crystals of [PtTl2(C�
CTolF)4(acetone)(dioxane)]1 (3b). The ions [Pt2Tl4(C�
CTol)8+Tl]+ ([M+Tl]+) and [PtTl(C�CTolF)4]+ ([M�Tl]+)
dominate the respective FAB(+) and ES(+) mass spectra of
1 and 3, respectively. The IR spectra display very strong
n(C�C) stretching vibrations (2086 cm�1, R=Tol (1);
2079 cm�1, R=Np (2); 2089 cm�1, R=TolF (3)) that are
slightly shifted to a higher wavenumber with respect to
those observed for the homoleptic platinates [NBu4]2[Pt(C�
CR)4] (2082 cm�1, R=Tol; 2065 cm�1, R=Np; 2084 cm�1,
R=TolF). This spectroscopic feature has been previously ob-
served in the hexanuclear clusters of [Pt2Tl4(C�CR)8] (R=

Ph, tBu, SiMe3),
[71] and can tentatively be related to the

small h2-covalent contribution to the TlI�acetylenic bonding
interactions, the electrostatic interaction between the plati-
nate entities and the TlI centers probably being the driving
force and the main contribution to the stability of these spe-
cies. Interaction of naked metal (Ni0[74,75] and Pt0[76]), cations
(CuI, AgI)[77] or M’Ln fragments[77,78] with metal-acetylenic
entities LnMC�CR usually causes a shift of the n(C�C) ab-
sorption to lower wavenumbers. The size of the Dñ shift rel-
ative to the precursor is related to the extent of the interac-
tion with the M�C(a)�C(b)�R entity. Larger shifts are ob-
served with symmetrical and asymmetrical (with M’ being
closer to the b-carbon atom) side-on h2-bonding interactions,
while small or negligible shifts are found when the interac-
tions occur with the a-carbon atom (or M�C(a) fragment),
leading to the final mn :h

1-C�CR bridging ligands. In these
platinum�thallium(i) complexes, the small shifts to higher
frequencies suggest that the interaction between the plati-
nate entities and the thallium centers decreases somewhat
the p-back-donor component (Pt!p*C�CR) in the [Pt(C�
CR)4]

2� fragments. In the 13C{1H} NMR spectrum of hexa-
nuclear complex 1, both the C-a and C-b alkyne resonances
are downfield-shifted (dCa=117.5 ppm, dCb=109.6 ppm)
with regard to those found in [NBu4]2[Pt(C�CTol)4] (dCa=

114.5 ppm, dCb=103.2 ppm), but despite prolonged accumu-
lation, platinum satellites were not found. In contrast, the
13C{1H} NMR spectrum of complex 3 in [D6]acetone shows
the expected acetylenic resonances with 195Pt satellites at
115.8 (Ca,

1J(Pt,C-a)=981 Hz) and 115.6 ppm (C-b, 2J(Pt,C-
b)=273 Hz), respectively. In this case, the two resonances
are notably shifted upfield (C-a) and downfield (C-b), re-
spectively, with respect to those of the precursor
[NBu4]2[Pt(C�CTolF)4] (dC-a=125 ppm, 1J(Pt,C-a)=997 Hz;
dC-b=103 ppm, 2J(Pt,Cb)=286 Hz). However, the platinum

coupling constants are only
slightly smaller than those of
the precursor.

Crystal structures : The X-ray
crystal structures of 1·4acetone,
2·3acetone·1=3 H2O, 3a and 3b
have been determined. Based
on these structures, they can be
classified into two types: hexa-

nuclear clusters (1 and 2) and infinite PtTl2 chains (3a and
3b). Selected bond lengths and angles are presented in
Table 1 and Table 2. The perspective views of the hexanu-

clear clusters 1 and 2 are depicted in Figure 1 and Figure 2,
respectively. Complex 1·4acetone crystallizes in the P1̄
space group, with one half of 1 and two molecules of ace-
tone in the asymmetric unit, while complex 2·3ace-
tone·1=3 H2O crystallizes in the cubic Ia3̄d space group. Both
complexes are formed from two eclipsed tetraalkynylplati-
nate fragments connected to four thallium centers in a sand-
wich fashion. Although the sandwich-type coordination of a
single TlI center by clusters or polynuclear units has several
precedents,[48, 79] and even [Tl{Pt(C6F5)4}2]

2� has been de-
scribed, a very peculiar trinuclear derivative containing a
[Pt2Tl]

6+ skeleton,[51] the intercalation of several TlI centers
by metal entities is very rare.[46,71] In both cases, each thalli-
um center bisects the alkynyl entities, being bonded to four

Scheme 1.

Table 1. Selected bond lengths [V] and angles [8] for [Pt2Tl4(C�C-
Tol)8]·4acetone (1·4acetone) and [Pt2Tl4(C�CNp)8]·3acetone·

1=3 H2O
(2·3acetone·1=3 H2O).

1·4acetone 2·3acetone·1=3 H2O

Pt�C(a) 2.000(8)–2.014(8) 2.01(2), 2.03(3)
C(a)�C(b) 1.205(11)–1.221(10) 1.20(3)–1.24(3)
Pt�Tl 3.5675(5)–3.7204(4) 3.628(1)–3.714(1)
Pt···Pt 3.8463(5) 3.572(2)
Tl···Tl 4.3065(5), 4.4731(4) 4.538(1)
Tl�C(a) 2.900(7)–3.015(7) 2.91(2), 2.97(2)
Tl�C(b) 3.086(7)–3.296(10) 3.21(2)–3.29(2)
cis-C(a)�Pt�C’(a) 88.3(3)–91.7(3) 89.0(9)–90.6(9)
Pt�C(a)�C(b) 173.0(7)–178.2(6) 172(2), 172.3(18)
C(a)�C(b)�Cipso 175.8(8)–179.5(8) 177(3), 179(3)

Table 2. Selected bond lengths [V] and angles [8] for [{PtTl2(C�CTolF)4}-
(acetone)(dioxane)]1 (3b).

3b

Pt�C(a) 2.009(9)–2.020(9)
C(a)�C(b) 1.192(11)–1.206(11)
Pt�Tl1 2.9355(5)
Pt�Tl2 3.0272(5)
Tl1�O1 2.823(11)
Tl2�O3 2.924(11)
Tl�C(a) 3.034(10)–3.121(8)
Tl�C(b) 2.980(10)–3.131(10)
cis-C(a)�Pt�C’(a) 87.8(4)–92.2(3)
Pt�C(a)�C(b) 175.2(8)–179.9(9)
C(a)�C(b)�Cipso 174.8(9)–179.4(11)
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alkynyl fragments (two associated with each platinum unit),
which display a m3-h

2(s-Pt, p-Tl, p-Tl) bonding mode. As
can be observed in Figure 2, the alkynyl fragments in the
naphthyl derivative are tilted away from the thallium cen-
ters (Pt�C(a)�Cb 172(2), 172.3(18)8 ; C(a)�C(b)�C(g)
177(3), 179(3)8), with the aromatic naphthyl groups forming
dihedral angles of 47.2(6) and 75.1(6)8 with their respective
platinum coordination plane and producing two clear cavi-
ties (one associated with each platinum atom). In the ex-
tended crystal lattice, molecules of 2 are arranged as shown
in Figure 3. No apparent intermolecular p···p contacts are
observed between the naphthyl groups. A perspective view
of the lattice (see the Supporting Information, Figure S1) in-
dicates that the shortest intermolecular contact is made by
the thallium centers, each one being engaged in a very weak

p···Tl interaction with a naphthyl group of a neighboring
cluster. In particular, the distances of the thallium atom to
three consecutive carbon atoms (Tl1�C17 3.711, Tl1�C18
3.411, Tl1�C19 3.842 V) fit well with the reported range for
arene···thallium contacts (2.87–3.74 V).[80–84] The acetone
molecules are trapped in the circular void channels of the
crystal lattice (Figure 3), but they do not show any signifi-
cant interactions with the hexanuclear PtTl4 clusters.

In the hexanuclear tolyl derivative 1·4acetone, three of
the tolyl groups remain practically coplanar with the plati-
num coordination plane and the resulting clusters stack in
columns along the a axis (intermolecular Pt···Pt separation
7.368 V), yielding channels in which the acetone molecules
are located. In this cluster one of the two solvent acetone
molecules found in the asymmetric unit is weakly coordinat-
ed to a thallium center with a Tl�O separation of
3.042(9) V, clearly longer than similar Tl�O(acetone) dis-
tances observed in other heteropolynuclear thallium com-
plexes[45,72,73] (see Figure 1). Note that the incorporation of
acetone in solid 1 causes a visual color change from orange
to yellow, but the acetone molecules are rapidly lost when
the solid is air-dried. Nevertheless, it is noteworthy that the
resulting dull yellow-orange solid is very insoluble in all
common organic solvents. In this insoluble phase the Tl···
acetone contacts are probably substituted by efficient
Tl···arene(Tol) interactions similar to those observed in the
naphthyl derivative, which is also very insoluble in organic
solvents. In its IR spectrum the n(C�C) band is only slightly
shifted (Dñ(n(C�C))=4 cm�1) to higher wavenumbers, and
no absorption due to the presence of acetone is observed.

The h2-acetylenic�Tl interactions are asymmetric in both
complexes 1 and 2, the Tl�C(a) distances (range 2.900–
3.015 V for 1, 2.91–2.97 V for 2) being notably shorter than
the corresponding Tl�C(b) contacts (3.086–3.296 V for 1,
3.21–3.29 V for 2). These distances are very close to the sum
of the van der Waals radius of carbon (1.7 V) and the ionic
radius of Tl+ (1.4–1.5 V), suggesting a notable ionic contri-
bution to the bonding interaction in this type of assembly.
As expected, the shortest Tl�C(a) contacts (2.900–2.936 V)
in complex 1 are formed by Tl2, probably as a result of the
additional weak contact of Tl3 with the acetone molecule.

Figure 1. Molecular structure of the hexanuclear cluster [Pt2Tl4(C�
CTol)8] (1) showing the contacts of two thallium atoms with two acetone
molecules. Ellipsoids are drawn at the 50% probability level. Hydrogen
atoms are omitted for clarity.

Figure 2. ORTEP view of the hexanuclear cluster [Pt2Tl4(C�CNp)8] (2).
Ellipsoids are drawn at the 50% probability level. Hydrogen atoms are
omitted for clarity.

Figure 3. Expansion of the crystalline structure of [Pt2Tl4(C�CNp)8]·3ace-
tone·1=3 H2O (2·3acetone·1=3 H2O).
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The intramolecular Pt···Pt separation found between the
two platinum fragments is notably shorter in the naphthyl
derivative (Pt···Pt=3.572(2) V in 2 vs. 3.8463(5) V in 1).
The value of 3.572(2) V is similar to that previously report-
ed for [Pt2Tl4(C�CtBu)8] (3.573 V molecule A; 3.622 V mol-
ecule B),[71] and comparable to those seen in linear-chain
PtII complexes (3.01–3.75 V).[25–32,69,71] In both complexes 1
and 2, the Pt···Tl distances (3.5675–3.7204 V in 1; 3.628(1)
and 3.714(1) V in 2) lie out of the usual range of PtII�TlI
bond lengths,[41,50, 72,73] which suggests that only weak met-
al···metal bonding interactions occur (sum of the van der
Waals radii=3.68 V). The very long Tl···Tl separations (see
Table 1) rule out any intramolecular Tl···Tl bonding interac-
tions.

Crystals of the adduct [PtTl2(C�CTolF)4(acetone)2]1 (3a)
systematically diffracted poorly and lost solvent of crystalli-
zation very easily, even when covered with mineral oil at a
low temperature. Nevertheless, in spite of the lack of accura-
cy of the crystallographic analyses performed on 3a, the for-
mation of a supramolecular structure based on PtTl2 units,
nearly identical to that observed for the adduct [PtTl2(C�
CTolF)4(acetone)(dioxane)]1 (3b) (one acetone occupies the
site of the dioxane molecule), was unequivocally confirmed.
In the p-trifluoromethylphenyl derivative 3b, the acceptor
CF3 substituent reduces the electron density at the acetylen-
ic units, making the basic platinum center the preferred
binding site. In addition, as commented in the introduction,
the presence of four electron-withdrawing acetylide C�C(4-
CF3C6H4) ligands could also increase the metallophilic at-
traction between PtII and TlI. Thus, the molecular structure
reveals a pseudo-octahedral platinum center (Figure 4a)
with two donor–acceptor Pt�Tl bonds (Pt�Tl 2.9355(5),
3.0272(5) V). Individual trimetallic [PtTl2(C�CR)4] frag-
ments self-associate through Tl···p-alkynyl interactions to
yield an unusual columnar superstructure along the a axis.
The association is based on interactions between each thalli-
um atom and two mutually cis-alkynyl fragments of a neigh-
boring trimetallic PtTl2 entity (see the Supporting Informa-
tion, Figure S2). As can be seen, the extended structure can
alternatively be described as a continuous stack of [Pt(C�
CTolF)4]

2� ions with the platinum centers offset to form a
zigzag chain (Pt···Pt···Pt 128.748, Figure 4b) in order to ac-
commodate the two Pt�Tl bonds and to maximize the alky-
nyl···thallium bonding interactions. In the final structure two
noncontacting thallium centers [Tl1···Tl1’ 4.3906(7),
Tl2···Tl2’ 5.2161(6) V) are sandwiched between the platinate
anions. The columnar structure exhibits alternating long
(5.16 V) and short (4.29 V) separations between the plati-
nate anions owing to the presence of two different thallium
centers (Tl1 and Tl2). As shown in Figure 4a, while the
Tl(1) atom located above the platinum center (Pt�Tl1
2.9355(5) V) is essentially perpendicular to the platinum co-
ordination plane (angle with the normal=2.0(2)8 in 3b), the
other thallium center Tl2, located below it, exhibits a Pt�
Tl2 distance that is slightly longer (3.0272(5) V) and the Pt�
Tl2 vector is perceptibly displaced from the normal by
21.9(2)8. The resulting Tl1-Pt-Tl2 angle is 160.044(17)8. As a

consequence, while the Tl1 atom only interacts with the two
alkynyl fragments of the adjacent platinate stack (Tl1�C(a)/
C(b) 3.073(11), 3.099(9)/2.980(10), 3.020(9) V; see the Sup-
porting Information, Figure S2a), the Tl2 atom seems to in-
teract additionally with two alkynyl groups of its own entity,
as suggested by the relatively short distances observed be-
tween the Tl(2) and the C(a) atoms (Tl2�C1/C10 3.072(8)/
3.267(9) V; see the Supporting Information, Figure S2b).
The displacement of Tl2 towards the alkynyl groups favors
the proximity of the platinate anions (a distance of 4.29 V
vs a value of 5.16 V, corresponding to platinate fragments
separated by Tl1 centers). As is shown in Figure S2 in the
Supporting Information, both thallium centers complete
their coordination environment by forming weak contacts
with solvent molecules (Tl1···O1(dioxane) 2.823(11),
Tl2···O3(acetone) 2.924(11) V). Note that the solvent mole-
cules are located in channels that are parallel to the result-
ing [PtTl2(C�CTolF)4] columns (see the Supporting Informa-
tion, Figure S3) and are easily lost when the crystals are
dried.

Absorption and emission spectroscopy : As was mentioned
above, complex 2 (R=Np) is only slightly soluble in chlori-

Figure 4. a) ORTEP view of the pseudo-octahedral environment of the
platinum atom in complex [PtTl2(C�CTolF)4(acetone)(dioxane)]1 (3b).
Ellipsoids are drawn at the 50% probability level. Hydrogen atoms, as
well as the coordination molecules of acetone and dioxane, are omitted
for clarity. b) Perspective view along the a axis of the crystalline structure
showing the stacking of the [PtTl2(C�CTolF)4] units.

Chem. Eur. J. 2006, 12, 785 – 795 Q 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 789

FULL PAPERNovel Luminescent Mixed-Metal Pt�Tl-Alkynyl-Based Complexes

www.chemeurj.org


nated solvents (CH2Cl2, CHCl3), and complex 3 (R=TolF)
only in acetone. Freshly prepared complex 1 is soluble in a
range of solvents (chloroform, THF and CH2Cl2), but is
scarcely soluble in acetone and, once it has been treated
with acetone, the resulting dried solid is insoluble in all
common organic solvents. Note also that the conductivities
of [Pt2Tl4(C�CTol)8] (1) (acetone solution, 1.5 cm2W�1mol�1;
CH2Cl2 solution, 1 cm2W�1mol�1), and that of [Pt2Tl4(C�
CTolF)8] (3) (acetone solution, 15 cm2W�1mol�1) indicate
that the thallium ion does not dissociate in solution to any
appreciable extent. This suggests that the PtTl2 units of com-
plex 3 are largely retained when dissolved and that the hex-
anuclear cluster Pt2Tl4 of complex 1 is also present in solu-
tion. The electronic absorption data for 1–3 are summarized
in Table 3 and the electronic spectra of these complexes to-

gether with those of the corresponding precursors are shown
in the Supporting Information (Figure S4). The electronic
spectrum of 1 is similar to that of (NBu4)2[Pt(C�CTol)4] for
l<360 nm, but differs dramatically by exhibiting a novel
prominent low-energy absorption at 380 nm. The high-
energy bands (270–326 nm) and the absorption at 360 nm
are ascribed to intraligand (IL) p!p* and mixed p!p*(C�
CR)IL/d(Pt)!p*(C�CR) MLCT transitions, respectively.
The novel, prominent low-energy absorption at 380 nm,
which is absent in the precursor and is slightly solvent-de-
pendent, is tentatively assigned to a metal�alkynyl-to-metal
cluster core [Pt(C�CR)4!Pt2Tl4] MLM’CT transition in
accord with previous assignments in related systems.[63,71] In
acetone, the PtTl2 complex 3 shows two absorption bands at
328 and 360 nm, which are similar in energy to those ob-
served for the homoleptic derivative (NBu4)2[Pt(C�CTolF)4]
(329, 354 nm), and a novel moderately intense lower-energy
band at 376 nm, related to the presence of Pt�Tl bonds. At
concentrations higher than 5X10�4 molL�1, a weak shoulder
at lmax=445 nm (e�0.7X103 Lmol�1 cm�1), which obeys
BeerYs law (in the 5X10�4 to 2.7X10�3 molL�1 range[85]) and
can be regarded as the spin-forbidden counterpart of the in-
tense band, is clearly observed (see the Supporting Informa-
tion, Figure S5). The inferred singlet–triplet excited-state
splitting (4124 cm�1) is comparable to the values observed in
other polynuclear complexes that contain metal···Tl bonds,
in which the low-energy absorption is assigned to a metal-
centred transition s*[M(d)Tl(s)]!s[M,Tl(pz)].

[42,86] Previous
theoretical studies on model [PtTl2Ph2(C�CPh)2] and

[PtTlPh2(C�CPh)2]� complexes[72] with Pt�Tl bonds indicate
that the [PtPh2(C�CPh)2] fragments play a significant role in
the highest-occupied orbitals, while the PtTl2 or PtTl units
make a notable contribution to the lowest-unoccupied orbi-
tals. Similarly, we suggest that in complex 3 this band can be
tentatively attributed to metal�alkynyl-to-metal charge
transfer [Pt/C�CR!s[Pt,Tl(pz)], although some mixing of
the target orbital with p*C�CR cannot be excluded.

The emission data for complexes 1–3 are summarized in
Table 4. For the tolylacetylide derivative 1, the luminescence
differs in the solid state and in solution. To illustrate this,
the solid (298 K) and solution (CH2Cl2) emission and excita-
tion spectra of 1 are presented in Figure 5. In solution, com-
plex 1 emits at l=478 nm (asymmetric band) and its excita-
tion spectrum is comparable to its absorption spectrum.

Upon cooling to 77 K, lmax
em

shifts to a slightly shorter wave-
length (472 nm) and is clearly
structured with vibronic pro-
gression (1960–1990 cm�1) typi-
cal of the n(C�C) stretching
modes and indicative of the in-
volvement of alkynyl ligands in
the excited state. This emission
is similar to that observed for
the homoleptic precursor
[(NBu4)2[Pt(C�CTol)4] [lmax

em

(77 K)=447 nm],[57] but with a
lower energy (D=1185 cm�1). Similar behavior was ob-
served in acetone (see Table 4). Conductivity measurements
and the FAB(+) mass spectrum of 1, which shows a peak at
2333 a.m.u. corresponding to the ion [M+Tl]+ , suggest that
the integrity of the clusters is probably retained in solution.
Therefore, although a definitive assignment is not possible,
the emissive state in solution is likely to be derived from a
mixed IL (p!p*C�CR) and a metal�ligand-to-metal clus-
ter core transition 3MLM’CT [Pt(C�CR)4!Pt2Tl4]. In the
solid state, the cluster of complex 1 displays strong orange
luminescence whose maximum slightly red shifts from about
590 to 602 nm by increasing lexc from 370 to 490 nm. Similar
site-selectivity excitation was also observed at 77 K, with the
peak maxima ranging from 587 to 621 nm (for lexc=370–
490 nm). Luminescence lifetime measurements fit reasona-
bly well to one component with a lifetime of approximately
12.0 ms [298 K; 12.3(�0.2) ms (R2=0.99142) at lmax=590 nm,
and 11.5(�0.3) ms (R2=0.98647) at lmax=602 nm],[87] which
is consistent with a predominantly spin-forbidden process.
The onset of the excitation spectrum, which is also slightly
different when monitored at 590 nm (lmax=490 nm,
Figure 5) compared with that monitored at 650 nm (lmax=

494 nm), appears well before the onset of the absorption
spectrum, suggesting that the luminescence properties in the
solid state are probably related to the existence of aggre-
gates of clusters. Different degrees of aggregation could ex-
plain the slight shifts observed in both the emission and ex-
citation spectra. In agreement with this suggestion we have
noticed that, to the naked eye, a crystalline sample of

Table 3. Absorption data for complexes 1–3 and (NBu4)2[Pt(C�CNp)4] (A) (�5X10�5
m).

Compound Absorption [nm] (e [103 Lmol�1 cm�1])

1[a] 327 (17.5), 360 (14.3), 380 (23.3) (acetone)
270 (44.9), 295 (37.4)(sh), 326 (16.5), 360 (10.9), 383 (19.6) (CH2Cl2)

2 242 (66.0), 320 (46.2), 338 (50.8), 399 (25.8) (CH2Cl2)
3 328 (15.8), 360 (14.9), 376 (15.1), 445 (0.7)[b] (acetone)
A 240 (55.0), 260 (38.9), 340 (26.32)(sh), 360 (35.7)(sh),

378 (43.3)(sh), 396 (51.5)

[a] With a long tail extending to about 450 nm. [b] For [3]=5X10�4 molL�1 or higher.
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1·4acetone emits an intense green-yellow luminescence
under UV illumination (298 K, lmax=479, 521 nm (lexc=
370 nm); 77 K, lmax=502, 529, 563 nm (lexc=460 nm); see
the Supporting Information, Figure S6), which is lost when
the crystals are air-dried. The change in emission seems to
arise from the interaction of TlI centers with acetone mole-
cules, as shown in the crystal structure. A visual change
from deep orange to yellow-green luminescence is also ob-
served on exposure of a solid powder of 1 (yellow-orange)
to acetone vapour. However, when the acetone is eliminated
in a vacuum, a dull yellow-orange solid is generated, which

does not show the initial orange luminescence. This fact pre-
cludes its use as a sensor. As previously commented, this
latter solid has very low solubility in organic solvents and
exhibits two emission bands at 485 and 590 nm (lexc=
440 nm, see the Supporting Information, Figure S7).

Complex 2 only emits in rigid media at a low temperature.
Thus, a weak orange emission [lmax=580, 627(sh) nm] was
observed in the solid state upon excitation between 370–
540 nm at 77 K. In a frozen CH2Cl2 solution (77 K), the
emission of 2 is shifted to a higher energy (lmax=554 nm,
t=172.4 ms) and is clearly structured. The striking similarity
of the emission spectrum of 2 to that of its precursor
(NBu4)2[Pt(C�CNp)4], which also exhibits a vibronic emis-
sion (lmax=565 nm, t=165.8 ms) in frozen CH2Cl2 solution,
is suggestive of a similar emissive state. The vibrational pro-
gression spacings of about 1440 and 1950 cm�1 for 2 and
1385 and 2025 cm�1 for (NBu4)2[Pt(C�CNp)4] are in agree-
ment with a ligand-dominated emissive state, and the lowest
emissive state in both derivatives is, therefore, assigned to a
metal (or cluster)-perturbed intraligand p–p* transition. The
absence of detectable emission for both complexes in the
solid state at room temperature can be attributed to quench-
ing by intermolecular p(naphthyl)···Tl+ or p···p(naphthyl)
interactions in the crystal lattice, which are seemingly re-
tarded at low temperatures.

Compound 3 is an interesting example of a molecule
whose color and emissive properties change with pressure.
Thus, complex 3 is only soluble in acetone, and crystallises
with acetone molecules (3a), which weakly interact with
thallium centers, as a very pale yellow solid. The crystalline

Figure 5. Excitation and emission spectra of 1 in the solid state and in
CH2Cl2 solution ([1]=5X10�4 molL�1) at room temperature.

Table 4. Emission and excitation data for complexes 1–3 and (NBu4)2[Pt(C�CNp)4] (A).

lmax
exc [nm] lmax

em [nm] t [ms]

1 solid (298 K)[a] 370, 442, 434, 490 (lem=590 nm) 590 (lexc=370 nm) 12.0
367, 494 (lem=650 nm) 602 (lexc=490 nm)

solid (77 K)[a] 370(min), 472, 487(sh) (lem=620 nm) 587 (lexc=370 nm) 16.4
605 (lexc=470 nm)
621 (lexc=490 nm)

CH2Cl2, 5X10
�4
m (298 K)[b,c] 342, 365, 403 (lem=480 nm) 478

CH2Cl2, 5X10
�4
m (77 K) 310–390, 447(sh) 472, 520, 580 20.9, 172.0

2 solid (298 K) no emission no emission
solid (77 K) 370, 501, 543 580, 627(sh) 115.0
CH2Cl2, 10

�3
m (77 K)[d] 350, 406, 428 554, 602, 621, 655 172.4

3 KBr (298 K) 354(min), 400, 449, 458, 465(sh) 587 10.4
KBr (77 K) 353(min), 379, 445, 455, 472(sh) 591 16.8
solid (298 K) 331(min), 420, 433, 445(sh) (lem=460, 590 nm) 457*, 497(sh), 611C (lexc=390 nm) *10.0, C9.8
solid (77 K) 379, 428, 463(sh) (lem=617 nm) 462*, 615C (lexc=390 nm) *12.8, C15.7

355, 376, 390, 425(sh)(lem=465 nm)
acetone, 5X10�3

m (298 K)[e] 435, 454(sh) (lem=585 nm) 470, 512(sh), 584(max) (lexc=425 nm)
acetone, 5X10�3

m (77 K) 366, 440, 462(max) (lem=590 nm) 613 (lexc=466 nm)
320, 356, 374(max), 430, 445, 455 (lem=466 nm) 466*, 515, 580C(min) (lexc=375 nm) *28.9, C232.1

A CH2Cl2, 10
�3
m (77 K)[f,g] 370–549 565, 579(sh), 613, 638 165.8

[a] The same results were obtained in KBr pellets. [b] The same results were obtained in acetone in very concentrated and for 5X10�4
m solutions [lmax=

475 nm (278 K); 470, 513, 570(sh) (77 K)]. [c] f=8.1X10�3. Measured using DCM [4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran]
as standard. [d] f=8.2X10�5. Measured using DCM as standard. [e] f=7.2X10�3. Measured using [Ru(bipy)3]Cl2 as standard. [f] As a solid, at 77 K, a
weak emission with maxima at 565, 645 and 800 nm; the band at 800 nm is probably due to an excimeric emission (t=58.2 ms). [g] f=8.7X10�4. Mea-
sured using DCM as standard.

Chem. Eur. J. 2006, 12, 785 – 795 Q 2006 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 791

FULL PAPERNovel Luminescent Mixed-Metal Pt�Tl-Alkynyl-Based Complexes

www.chemeurj.org


solid loses the acetone molecules rapidly when isolated from
solution (as observed by IR spectroscopy), but retains its
pale yellow color. Similar behavior is observed for crystals
of [PtTl2(C�CTolF)4(acetone)(dioxane)]1 (3b). These solids
display, regardless of the lexc used (350–400 nm), two lumi-
nescence bands at 457 and 611 nm. Upon cooling, the inten-
sity of the emissions increases significantly and the emission
shift slightly to lower energies (462 and 615 nm). As can be
seen in Figure 6a, both bands have similar excitation profiles
at l<430 nm but, by monitoring at 617 nm, an additional
shoulder feature also appears at the position of the high-
energy emission (463 nm). Lifetime measurements indicate
that both bands are phosphorescent (see Table 4), but their
wavelength dependence suggests that each emission derives
from a different excited state. The close resemblance of the
excitation profiles and the fact that the shoulder at 463 nm
(77 K) of the low-energy excitation band (monitoring at
617 nm) coincides with the high-energy emission at 77 K
(462 nm), indicates that the orange emission at approximate-
ly 615 nm has a contribution from the blue one at 462 nm.
Interestingly, we have noted that by simply grinding the
crystalline pale yellow samples of 3, or by using 10 ton pres-

sure to make KBr pellets, the initial pale yellow color
changes to orange, and a very intense orange emission is
produced under UV irradiation. Under these conditions, the
blue emission is not observed and only a structureless low-
energy band (KBr pellets: lmax=587 nm at 298 K, t=

10.4 ms; lmax=591 nm at 77 K, t=16.8 ms, see Table 4; solid
pellets: lmax=608 nm at 298 K, Figure S8 in the Supporting
Information) appears, suggesting that the intersystem cross-
ing (or mixing) from both emissive states is very efficient
(see Figure 6b).

The emissive behavior of 3 in acetone solution is sensitive
to complex concentration. This fact is illustrated, at room
temperature, in Figure 7. The complex exhibits a vibronic

high-energy emission (lmax=470, 512 nm), which is better re-
solved in a frozen acetone solution (lmax=466, 515 nm,
77 K), and a broad low-energy feature (lmax=584 nm),
which dominates the spectrum at concentrations of 5X
10�3 molL�1 or more and is nearly absent at a concentration
of 5X10�4 molL�1. Similar behavior is observed in frozen
solutions, with minor shifts of both emissions. To illustrate
this, Figure 8 shows the emission spectra, with excitation at
375 and 466 nm, of a frozen solution of 3 at 77 K (5X10�3

m)
and, also, the very different excitation profiles of both emis-
sions. In this complex, the structured high-energy emission
in fluid or glass acetone solution is comparable in energy to
that recorded in the solid state for the pale yellow form, im-
plying a common emissive state. The close resemblance of
this high-energy emission to that seen in the homoleptic pre-
cursor (NBu4)2[Pt(C�CTolF)4] (acetone, lmax=468 nm) is
suggestive of an emission with a predominantly intraligand
p!p* (C�CTolF, 3IL) character. Notwithstanding, a certain
degree of metal-to-ligand (3MLCT) character cannot be
ruled out. The strong orange emission seen in KBr, or solid
sheen pellets (see the Supporting Information, Figure S8),
and the low-energy band observed in powder solid and fluid
or glass is thought to occur by lumophore aggregation of
[PtTl2(C�CR)4] units through Tl···p(alkynyl) interactions.

Figure 6. Excitation and emission spectra of 3 at 77 K in a) the solid state
(powder) and b) KBr pellets.

Figure 7. Variable concentration emission spectra of 3 in acetone at room
temperature.
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Experimental Section

Absorption and emission spectroscopy: The reactions were performed
under argon and solvents were purified by standard methods. 1H and 13C
NMR spectra were recorded with 300ARX and 400ARX Bruker spec-
trometers. Chemical shifts are reported in ppm relative to an external
standard (SiMe4) and all coupling constants are given in Hz. UV/Vis
spectra were recorded with a Hitachi U-3400 spectrometer. Emission and
excitation spectra were obtained with a Perkin-Elmer Luminescence
Spectrometer LS 50B and on a Jobin-Ybon Horiba Fluorolog 3-22 Tau-3
spectrofluorimeter, with the lifetimes measured in phosphorimeter mode.
The solution emission quantum yields were measured by the Demas and
Crosby method[88] using [Ru(bipy)3]Cl2 in degassed water or DCM [4-di-
cyanomethylene-2-methyl-6-(4-dimethylaminostyryl)-4H-pyrane] in de-
gassed methanol as standards. IR spectra were recorded with a Perkin-
Elmer FT-IR Spectrum 1000 spectrometer and mass spectra with a HP-
5989B spectrometer equipped with interphase API-ES HP-59987A (ES+ )
and a VG Autospec double-focussing (FAB+ ) mass spectrometer. Ele-
mental analyses were performed with a Perkin-Elmer 2400 CHNS/O mi-
croanalyser. Conductivities were measured in acetone solutions (ca. 5X
10�4 molL�1) using a Crison GLP31 conductimeter. The acetylenes were
purchased and used without further purification. [PtCl2(tht)2]

[89] and
(NBu4)2[Pt(C�CR)4]

[57] (R=4-CH3C6H4, 4-CF3C6H4) were prepared as
described previously.

Synthesis of the precursor (NBu4)2[Pt{C�C(1-naphthyl)}4]: This new pre-
cursor was synthesized by a similar procedure to that recently reported
for the synthesis of related homoleptic derivatives.[57] [PtCl2(tht)2] (0.30 g,
0.68 mmol) was added to a fresh solution of LiC�CNp (4.08 mmol) in di-
ethyl ether at a low temperature (�30 8C). After stirring at a low temper-
ature for 10 min, the mixture was allowed to reach room temperature
(ca. 30 min) and the solvent was removed under reduced pressure. The
crude residue was treated with deoxygenated iPrOH, filtered under
argon and the filtrate collected over a solution of NBu4Br in iPrOH
(0.55 g, 1.70 mmol) to yield (NBu4)2[Pt(C�CNp)4] as a yellow-orange
solid, which was filtered, washed with H2O and air-dried (0.43 g, 50%
yield.). 1H NMR (400 MHz, CDCl3, 20 8C): d=9.26 (d, J(H,H)=8.2 Hz,
1H), 7.76 (d, J(H,H)=8.0 Hz, 1H), 7.70 (d, J(H,H)=7.1 Hz, 1H), 7.58
(d, J(H,H)=8.1 Hz, 1H), 7.36 (m, 3H) (Np), 3.55 (m, 16H, N-CH2-),
1.51 (m, 16H, -CH2-), 1.32 (m, 16H, -CH2-), 0.55 ppm (t, 24H, -CH3)
(NBu4); IR (Nujol): ñ=2065 cm�1 (C�C); MS (ES+ ): m/z (%): no mo-
lecular peak was observed; LM(acetonitrile)=232.1 cm2W�1mol�1; ele-
mental analysis calcd (%) for C80H100N2Pt (1284.77): C 74.79, H 7.84, N
2.18; found: C 74.55, H 7.90, N 2.30.

Synthesis of [Pt2Tl4{C�C(4-CH3C6H4)}8] (1): [PtCl2(tht)2] (0.40 g,
0.90 mmol) was added to a fresh (�10 8C) solution of LiC�C(4-CH3C6H4)
(5.42 mmol) in Et2O (40 cm3). The mixture was stirred at this tempera-
ture for 5 min and then allowed to reach room temperature (ca. 20 min).

The resulting white suspension was evaporated to dryness, and the final
oily residue, which contains Li2[Pt{C�C(4-CH3C6H4)}4], was treated with
deoxygenated water (�20 cm3). The yellow aqueous solution was rapidly
filtered under nitrogen through Celite, and the filtrate treated with a so-
lution of TlNO3 (0.60 g, 2.26 mmol) in H2O (5 cm3) to yield [Pt2Tl4{C�
C(4-CH3C6H4)}8] as a yellow-orange solid, which was filtered and washed
with H2O and air-dried (0.89 g, 92.5% yield). 1H NMR (300 MHz,
[D6]acetone, 20 8C): d=7.02, 6.94 (AB system, J(H,H)=7.6 Hz, 4-
CH3C6H4), 2.30 ppm (s, 4-CH3C6H4);

13C{1H} NMR (75.5 MHz, CDCl3,
20 8C): d=137.0 (s, C-4), 132.4, 131.0 (s, C-2, C-3), 122.1 (s, C-1) (4-
CH3C6H4), 117.5 (s, C-a), 109.6 (s, C-b) (C�C), 21.5 ppm (s, 4-CH3C6H4);
IR (Nujol): ñ=2086 cm�1 (C�C); MS(FAB+): m/z (%): 2333 (35)
[Pt2Tl4(C�CC6H4CH3)8 + Tl]+ , 1269 (60) [PtTl3(C�CC6H4CH3)4]

+ ; LM=

1.5 cm2W�1mol�1; elemental analysis calcd (%) for C36H28Tl2Pt (1064.45):
C 40.62, H 2.65; found: C 40.57, H 2.37.

Synthesis of [Pt2Tl4{C�C(1-naphthyl)}8] (2):
Method a : Following the procedure described for the synthesis of 1, the
reaction of Li2[Pt{C�C(1-naphthyl)}4], prepared from [PtCl2(tht)2]
(0.30 g, 0.68 mmol) and LiC�C(1-naphthyl) (4.08 mmol), and TlNO3

(0.50 g, 1.88 mmol) in iPrOH gave 2 as a yellow-orange solid (0.49 g,
60% yield).

Method b : A solution of (NBu4)2[Pt{C�C(1-naphthyl)}4] (0.15 g,
0.12 mmol) in acetone (20 mL) was treated with TlPF6 (0.081 g,
0.12 mmol) and the mixture stirred for 1.5 h. The resulting yellow-orange
solid 2 was filtered and washed with acetone (0.09 g, 80% yield).

Data for 2 : 1H NMR (300 MHz, CDCl3, 20 8C): d=8.82 (d, J(H,H)=
8.4 Hz, 1H), 7.78 (d, J(H,H)=8.1 Hz, 1H), 7.66 (d, J(H,H)=8.2 Hz,
1H), 7.39 (pseudotriplet), J(H,H)�7.4 Hz, 1H), 7.14 (m, 2H), 6.99 ppm
(st, J(H,H)=8.3 Hz, 1H) (Np); IR (Nujol): ñ=2079 cm�1 (C�C); ele-
mental analysis calcd (%) for C96H56Pt2Tl4 (1208.58): C 47.70, H 2.34;
found: C 47.52, H 2.28.

Synthesis of [PtTl2{C�C(4-CF3C6H4)}4] (3): Complex 3 was obtained as a
pale yellow solid (1.48 g, 85% yield) in a similar way to complex 1, but
by using Li2[Pt{C�C(4-CF3C6H4)}4] (1.336 mmol), which was prepared
from [PtCl2(tht)2] (0.6 g, 1.336 mmol) and LiC�C(4-CF3C6H4)
(9.495 mmol). 1H NMR (300 MHz, [D6]acetone, 20 8C): d=7.48, 7.42 ppm
(AB system, J(H,H)=8.2 Hz, (4-CF3C6H4);

13C{1H} NMR (75.5 MHz,
[D6]acetone, 20 8C): d=132.6 (s, C-2), 131.0 (s, C-1), 128.3 (q, 2J(C,F)=
32 Hz, C-4), 125.8 (q, 3J(C,F)=3.7 Hz, C-3) (4-CF3C6H4), 125.2 (q,
1J(C,F)=271 Hz, CF3), 115.8 (s, C-a, 1J(Pt,C)=981 Hz), 115.6 ppm (s,
C-b, 2J(Pt,C)=273 Hz) (C�C); 19F NMR (300 MHz, [D6]acetone, 20 8C):
d=�144.76 ppm (s, CF3); IR (Nujol): ñ=2089 cm�1 (C�C); MS (ES+ ):
m/z (%): 1077 (31) [PtTl(C�CC6H4CF3)4+H]+ , 908 (11) [PtTl(C�
CC6H4CF3)3+H]+ ; LM=15 cm2W�1mol�1; elemental analysis calcd (%)
for C36H16F12Tl2Pt (1280.33): C 33.77, H 1.26; found: C 33.73, H 1.15.

X-ray crystallography : Table 5 reports details of the structural analyses
for all the complexes. Orange-yellow crystals of 1·4acetone were pre-
pared by slow diffusion of acetone into a solution of the compound in
tetrahydrofuran, while orange crystals of 2·3acetone·1=3 H2O were ob-
tained by direct diffusion of an acetone solution of TlPF6 into an acetone
solution of (NBu4)2[Pt(C�CNp)4]. Yellow crystals of [PtTl2(C�CTolF)4-
(acetone)(dioxane)]1 (3b) were obtained by slow evaporation of a solu-
tion of 3 into a mixture of acetone/dioxane (5:1) at room temperature.
For all the complexes, X-ray intensity data were collected with a Nonius
KappaCCD area-detector diffractometer using graphite-monochromated
MoKa radiation (l(MoKa)=0.71071 V). Images were processed using the
DENZO and SCALEPACK suite of programs,[90] and the absorption cor-
rection was performed using XABS2[91] (1·4acetone) or SORTAV[92]

(2·3acetone·1=3 H2O, 3b). All the structures were solved by direct meth-
ods using the SHELXL-97 program,[93] and were refined by full-matrix
least-squares on F2 with SHELXL-97. All non-hydrogen atoms were as-
signed anisotropic displacement parameters. The aromatic and methylen-
ic hydrogen atoms were constrained to idealized geometries with isotrop-
ic displacement parameters fixed at 1.2 times the Uiso value of their at-
tached carbon atoms and at 1.5 times the Uiso value for the methyl
groups. For complex 3b, three of the CF3 groups present positional disor-
der and could be refined over two positions, with partial occupancy fac-
tors of 0.7/0.3 (those corresponding to C9 and C18) and 0.5/0.5 (for C36).

Figure 8. Excitation and emission spectra of 3 in acetone solution ([3]=
5X10�3 molL�1) at 77 K.
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For complex 2, both of the acetone molecules in the asymmetric unit also
showed some disorder and were modelled adequately. For complexes 1
and 2 some residual peaks larger than 1 eV�3 were observed in the vicini-
ty of the heavy atoms (1) or in the disorder solvent (2), but these had no
chemical significance. The low quality of the crystals of 2·3ace-
tone·1=3 H2O prevented the observation of reflections at high q values.

CCDC-270168–270170 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/data_request/cif.
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