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Polymorphs of molecular substances usually involve differences

in molecular conformation, molecular orientation, or crystal pack-
ing! Rarely do polymorphs have variations in the bonding

interactions of their components; however, when such changes

occur, especially if the changes involve the interruption of extended
metak-metal interactions, they can have profound effects on the
materials’ spectroscopic and physical properties.

Metal ions with the closed shell and pseudo-closed siied'§,
and ¢ electronic structures, such as Pt(ll), Au(l), and TI(l), are
known to interact with one another to form weak metaletal
bonds? These metallophilic interactions are sufficiently weak so
that they can readily be perturbed by a variety of environmental
factors, including crystal packing effects. However, at present, only
a limited number of polymorphs are known in which such
metallophilic interactions differ within them. A relevant example
involves PY(2,2-bipyridine)Ch, which forms red and yellow
polymorphs? In the red form, the molecules pack so that extended
chains of platinum ions are formed with a Pt distance of 3.45
A, while in the yellow form, the molecules are widely separated
with the platinum ions isolated from one anotBe€Crystallization
of [AU'(CNGCeH11)-](PFs) produces a colorless and a yellow
polymorph? Each form contains chains of cations with a-Alu
separation of 3.1822(3) A in the colorless polymorph and much
shorter distances in the 2.9643¢&).9803(6) A range in the yellow
one. Linear, two-coordinate APPhMe)CI crystallizes as two
polymorphs: one containing a dimer joined by a single -Adu

interaction and the other containing a trimer, again, connected by

Au---Au interaction®? Each of the colorless polymorphs has a
distinct emission spectruPi.Colorless Al(P(p-tol)3)Cl crystallizes
as two polymorphs: one with no AuAu interaction and the other
with a dimeric structure and one close ‘AWu interaction®

As shown in Scheme 1, treatment of an aqueous solution of

yellow (C4H1oN4)Pt'(CN),*H,O7 in 0.10 M potassium hydroxide
with an equimolar amount of thallium(l) nitrate produces the red
polymorph of TI[(C4HgN4)Pt'(CN),] as thin red blades with a green
reflectance in 80% yield. After removal of these red crystals by
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Figure 1. A photograph of the polymorphs of TI[@gN4)Pt(CN)].
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Figure 2. A view of the red polymorph of TI'[(C4HgN4)Pt'(CN)]} n with

50% thermal contours for all non-hydrogen atoms. (Atom colors: carbon,
purple; nitrogen, green; platinum, blue; thallium, orange.) Selected bond
distances (A): PtTI, 3.0978(2); P+C2, 2.030(8); PtC3, 2.03(1); Pt

C5, 2.03(1); P£C6, 2.01(1); TH-N2, 2.626(8); Tla-N6, 2.691(9). Selected
bond angles (deg): P{ll—Pta, 171.37(2); HPt—Tlb, 171.37(2); C2
Pt1-C3, 78.2(4); C2-Pt1-C6, 95.0(4); C3-Pt1-C5, 93.0(4); C5Pt—

C6, 93.8(4); N2aTI—N6, 78.7(2); PtaTla—N2a, 92.97(1); PtaTla—

N6, 93.65(1).

salt consists of isolated planar anions with no close Pt contacts
(see Supporting Information).

Diffraction quality crystals of the red polymorph were removed
from the reaction mixture and characterized by single-crystal X-ray
crystallography?. A portion of its structure is shown in Figure 2.
This polymorph involves an extendedPt-+-Tl---Pt---Tl--- chain.

The Pt--Tl distance is 3.0978(2) A, and the-PEI—Pt and T+
Pt—TI angles are equivalent (171.37{R) For comparison, in
centrosymmetric T[Pt!(CN),], which has a planar [P(CN)4]2~

unit with two thallium ions directly above and below the Pt ion,
the Pt--Tl distance is 3.140(1) A and the FPtTl angle is 180.8

In other complexes containing PTl interactions, the PtTI
distances range from 3.5 to 2.6Aln this red polymorph, the
anion has the expected planar structure that is found in a number
of related platinum complexes with the same chelating dicarbene
ligand! The thallium ions are four-coordinate. In addition to the
two Pt--Tl interactions, each thallium ion is connected to another
anion and the nitrogen atom of a cyano group in a different anion.
These interactions produce layers of anions connected BN TI

decantation, ethanol was added to the solution. Gradual evaporatiorbonds, as seen in Figure 2. These layers are, in turn, joined vertically

produced the yellow polymorph in 5% vyield. Figure 1 shows a
photograph of samples of the two polymorphs. Crystallographic
characterization of (BJAs)[(CsHoN4)Pt'(CN),]” has shown that this
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through the Pt-Tl interactions.
A portion of the structure of the yellow polymorph is shown in
Figure 3. This form lacks the extendedPt:+-Tl-+-Pt:+-Tl-- chain

10.1021/ja050014a CCC: $30.25 © 2005 American Chemical Society
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< Ne QT4 the extended thallium(fplatinum(ll) interactions. The solid-state
.~..E_f: ! N;g electronic spectrum of the yellow polymorph of [{C4sHsN4)Pt!-
Co I—l-__ G2 " --ema (CN)3] (Amax 363 nm) is similar to that of (RJAS)[(C4HgN4)Pt!-
o ! 3 1 ! (CN),] and gives no evidence of the low-energy transition seen for
G : the red polymorph.
‘' w’- : o __/." The red and yellow forms of M{C4HoN,)Pt'(CN),] represent a
9----- -;}-/ “:;{r.h__h unique case where polymorphs that differ in the nature of
—o ‘x. metallophilic interactions are produced in a heterodimetallic

“ﬂ’/‘mh ‘//. complex. The formation of the extendeePt:+-Tl-+-Pt-+-Tl-++ chain
¢ the d o i | b of in the red polymorph is a feature not present in the other known
Figure 3. A view of the dimeric unit in the yellow polymorph o ;
TI[(C4HaN4)]Pt(CN)] with 50% thermal contours for all non-hydrogen ZXE}T_Fll_e.? 0; Eﬂ—l Compo:jjnbdstutklls reILated to chAu Tl e
atoms. The fragment, C6b and N6b, is part of another anion (atom colors u ] chains prEpare y ackler, Laguna, an co_—wor _rs.
The divergent optical properties of the two forms provide insight

as in Figure 1). Selected bond distances (A)—Pt 3.0256(5); P+C2,

2.027(7); P+C3, 2.007(7); P+C5, 2.040(8); PtC6, 1.988(7); T+N2a, into the nature of platinum(ltythallium(l) interactions and could
2.596(6); THN6b, 2.687(7). Selected bond angles (deg)—€2-C3, 78.2- potentially lead to the development of chemical sensors.
(3); C2—Pt—C86, 93.6(3); C3-Pt—C5, 95.8(3); C5-Pt-C6, 93.8(4); N2a&
TI-N6b, 79.5(2); Pt TI—N2a, 91.4(1); Pt TI—N6b, 89.0(1). Acknowledgment. We thank the Petroleum Research Fund for
support, NSF Grant CHE-9808259 for partial funding of the Bruker
SMART 1000 diffractometer, and TYCO Electronics for a fellow-

ship for J.R.S.

1.2 —— (PhyAs)[{C4HgN,)PL'(CN),]
—— T[(C4HgN4)PHYCN),]

Supporting Information Available: Synthetic procedures, a draw-
ing of (PhASs)[(C4HoN4)Pt'(CN),], X-ray crystallographic data for
(PhAS)[(C4HgN4)PL'(CN),], and the red and yellow polymorphs of
TI'[(C4H9N4)PE'(CN),] in CIF format. This material is available free
of charge via the Internet at http:/pubs.acs.org.
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Figure 4. Electronic spectra of the red polymorph of TIg@€N4)Pt'(CN),]
and (PhAs)[(C4HgN4)Pt'(CN),] in KBr pellets. Absorbance is given in
arbitrary units.

seen in the red polymorph. Rather, dimers connected by pairs of
Pt--Tl interactions are present. In these, the-Hi distance
i ; i i (6) Bott, R. C.; Healy, P. C.; Smith, Qiust. J. Chem2004 57, 213.
(3.0256(5) A) is sllght_ly shqrter than the comparable distance in (7) Rouschias. G.. Shaw, B. 1. Chem. Soc. A971 2097,
the red form. The platinum ion has the expected planar geometry (8) Crystal data for TI[(GHsN4)Pt(CNY] red polymorph: red, platelike needle
i i i with a green, metallic reflection, orthorhombic, space grBama a =
with the Pt atom only 0.080(4) A from the plang of Fhe four ligating 10.504(1) Ab = 6.1780(4) Ac = 8.7946(8) AV = 1021.7(1) & 7 —
carbon atoms toward the thallium ion. The thallium ion in the yellow 4,D; = 3.671 Mg/n?, T = 90(2) K; RL = 0.0364,wR2 = 0.0784 for all
polymorph has three-coordinate, pyramidal geometry with bonding data; conventionaRl = 0.0283 computed for 1135 observed date (
to one platinum ion, to the deprotonated nitrogen atom of a chelating block, monoclinic, space group2i/c, a = 9.137(1) A,b = 7.122(1) A,
c=16.715(2) Ap = 104.815(2), V= 1051.5(2) B, Z= 4, D, = 3.567
R . . Mg/m3, T = 90(2) K; Rl = 0.0438, wR2 = 0.0583 for all data;
Figure 4 shows a comparison of the electronic spectra of the
red polymorph of T[(C4HoN,)Pt!'(CN),] with that of the parent with 0 restraints and 109 parameters.
anion in (PhAs)[(C4HsN4)Pt'(CN),], with the samples dispersed ©) ll\lf‘(?lg'lg' K. Balch, A. L.; Olmstead, M. M. Am. Chem. Sod988
. . . . . G.; Kritikos, M.; Glaser, JEur. J. Inorg. Chem2001, 1311.
that likely arise from the platinufifbiscarbene) portion and are 11y Siork, J. R.: Olmstead, M. M.; Balch, A. lnorg. Chem2004 43, 7508,
similar to transitions seen in the spectra of the related compounds (12) (a) Fernandez, E. J.; Lopez de Luzuriaga, J. M.; Monge, M.; Olmos, M.

20(1)) with 0 restraints and 83 parameters. Yellow polymorph: yellow
ligand of the adjacent anion, and to a cyano group in another anion.

conventionaR1 = 0.0280 computed for 2613 observed ddta (20(1))
in potassium bromide. Both compounds have peaks at ca. 380 nm (10) (a) Pyykko P.; Patzschke, Mraraday Discuss2003 124, 41. (b) Ma,
(e.g., [(QH9N4)Pﬂ'(CNCH3)2]C|).11 However, the red polymorph E.; Perez, J.; Laguna, A.; Mohamed, A. A.; Fackler, J. PJ.Jkm. Chem.

of TI'[(C4HgN4)Pt'(CN),] has a low-energy feature at 480 nm that

is absent in the spectrum of (IAs)[(C4HgN4)Pt'(CN),]. The low-
energy peak in the red form of TIC4HoN4)Pt'(CN),] results from

Soc 2003 125 2022. (b) Fernandez, E. J.; Lopez de Luzuriaga, J. M.;
Monge, M.; Montiel, M.; Olmos, M. E.; Perez, J.; Laguna, A.; Mendizabal,
F.; Mohamed, A. A.; Fackler, J. P., dJnorg. Chem.2004 43, 3573.
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