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Abstract: Reacting K2PtCl4 with the tridentate R-C∧N∧C-H2 ligands 2,6-di-(2′-naphthyl)-4-R-pyridine (R )
H, 1a; Ph, 1b; 4-BrC6H4, 1c; 3,5-F2C6H3, 1d) in glacial acetic acid, followed by heating in dimethyl sulfoxide
(DMSO), gave complexes [(R-C∧N∧C)Pt(DMSO)] (2a-d). In the crystal structures of 2a-c, the molecules
are paired in a head-to-tail orientation with Pt‚‚‚Pt separations >6.3 Å, and there are extensive close C-H‚‚‚π
(d ) 2.656-2.891 Å), π‚‚‚π (d ) 3.322-3.399 Å), and C-H‚‚‚OdS (d ) 2.265-2.643 Å) contacts. [(Ph-
C∧N∧C)Pt(PPh3)] (3) was prepared by reacting 2b with PPh3. Reactions of 2a-d with bis(diphenylphosphino)-
methane (dppm) gave [(R-C∧N∧C)2Pt2(µ-dppm)] (4a-d). Both head-to-head (syn) and head-to-tail (anti)
conformations were found for 4a‚6CHCl3‚C5H12, whereas only one conformation was observed for 4b‚
2CHCl3 (syn), 4c‚3CH2Cl2 (syn), and 4d‚2CHCl3 (anti). In the crystal structures of 4a-d, there are close
intramolecular Pt‚‚‚Pt contacts of 3.272-3.441 Å in the syn conformers, and long intramolecular Pt‚‚‚Pt
separations of 5.681-5.714 Å in the anti conformers. There are weak C-H‚‚‚X (d ) 2.497-3.134 Å) and
X‚‚‚X (X ) Cl or Br; d ) 2.973-3.655 Å) interactions between molecules 4a-d and occluded CHCl3/
CH2Cl2 molecules, and their solvent channels are of varying diameters (∼9-28 Å). Complexes 2a-d, 3,
and 4a-d are photoluminescent in the solid state, with emission maxima at 602-643 nm. Upon exposure
to volatile organic compounds, 4a shows a fast and reversible vapoluminescent response, which is most
intense with volatile halogenated solvents (except CCl4). Powder X-ray diffraction analysis of desolvated
4a revealed a more condensed molecular packing of syn and anti complexes than crystal 4a‚6CHCl3‚
C5H12.

Introduction

Non-covalent C-H‚‚‚π andπ‚‚‚π interactions are weaker in
energy than conventional H-bonds involving O and/or N atom
donors.1 These weak interactions are instrumental in the
organization of small molecules into supermolecules2-6 and in
the self-assembly conformational dynamics of macromolecules
such as nucleic acids and proteins.7-12 In contemporary metal-

organic coordination chemistry, C-H‚‚‚π andπ‚‚‚π interactions
have been exploited to create a diverse number of supra-
molecular architectures, such as catenanes, rotaxanes, knots,
ribbons, and cages.13 They also influence inter- and intra-
molecular metal-metal and ligand-ligand interactions as well
as solid-state photoluminescence properties, particularly those
involving square planar Pt(II) complexes containingπ-conju-
gated N- and/or C-donor ligands.14-23

Vapoluminescent materials that are capable of detecting
volatile organic compounds (VOCs) with fast response times
have many potential practical applications. In the literature,
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design strategies for VOC-detecting vapoluminescent materials
have been based on (i) the facile reversible change of the
molecular structure of the luminophore and (ii) alterations in
the molecular packing when the analyte molecule enters and
exits the crystal structure of the luminescent sensory material.
Using strategy (i), van Koten and co-workers have reported that
a non-porous crystalline Pt(II) complex [(NCN-OH)PtCl] (NCN-
OH ) 4-(OH)-2,6-(CH2NMe2)2-C6H2) can detect SO2 gas
through a reversible Pt-S bond formation/disruption in the solid
state.19 Using strategy (ii), Mann and co-workers reported that
the Magnus salts [Pt(CNR)4][M(CN)4] (M ) Pd, Pt)20 underwent
a reversible structural change upon exposure to methanol which
led to vapochromic behavior. Connick and Eisenberg recently
reported that the [Pt(Me2bzimpy)Cl]X (Me2bzimpy ) 2,6-bis-
(N-methylbenzimidazol-2-yl)pyridine; X) Cl or PF6)21 and
[Pt(Nttpy)Cl](PF6)2 crystals (Nttpy ) 4′-(p-nicotinamide-N-
methylphenyl-2,2′:6′2′′-terpyridine)22 produced a significant
color change (e.g., orange-redT yellow) upon desorption/re-
absorption of solvent molecules. In addition, Kato and Che
reported the reversible vapoluminescent behavior ofsyn-
[Pt2(bpy)2(pyt)2](PF6)2 (pyt ) pyridine-2-thiolate)23aand [(tBu2-
bpy)Pt(CtCR)2] (R ) C5H4N, C6F5)23c solids upon exposure
to MeCN,23aEtOH,23aand halogenated VOCs.23cThey attributed
the reversible vapoluminescent behavior to crystal packing
effects, the presence of well-defined solvent channels, and non-
covalent weak interactions between the platinum complex and
the VOCs.

The study of the spectroscopic and photophysical properties
of cyclometalated Pt(II) complexes is an area of considerable
interest.24 Neutral Pt(II) complexes with the cyclometalated 2,6-
diphenylpyridine ligand (C∧N∧C-H2) (Chart 1) are known to

possess rich photophysical properties.25,26 Previously, we ob-
served two polymorphic forms of [(C∧N∧C)2Pt2(µ-dppm)]
(orange and yellow);27a the orange form changed reversibly to
a yellow form upon exposure to VOCs (CH2Cl2, acetone, etc.).
The accompanying change in the emission signal (lifetime,
emission energy, and intensity) was small, thus limiting the
potential use of [(C∧N∧C)2Pt2(µ-dppm)] as a vapoluminescent
material. We envisioned that, by using an extendedπ-conjugated
cyclometalating ligand such as 2,6-di-(2′-naphthyl)-4-R-pyridine
(R-C∧N∧C-H2), the non-covalent C-H‚‚‚π andπ‚‚‚π interac-
tions between the cyclometalated ligands and VOCs would be
significantly enhanced, and hence the change in emission signal
associated with the disruption of these weak interactions may
be amplified. Here we describe the synthesis of the R-C∧N∧C-
H2 ligands1a-d and their Pt(II) complexes2-4 (Chart 1). We
show that the crystal structure of4a‚6CHCl3‚C5H12 has large
accessible solvent channels (ca. 6.5× 4.3 Å2), and its desolvated
form exhibits a facile and reversible vapoluminescent response
upon exposure to VOCs. Comparative powder X-ray diffraction
(PXRD) studies revealed that the desolvation of crystal4a led
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Chart 1. Neutral Cyclometalated Pt(II) Complexes
[(C∧N∧C)Pt(L)] (Upper Right) and Naphthyl-Substituted Analogues
[(R-C∧N∧C)Pt(L)] (Upper Left and Bottom, Described in This
Work)a

a Numbers 1-13 on the carbon atoms were added for1H NMR
assignment.
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to a more condensed packing of the molecules, which was
stabilized by extensive intra-/intermolecular C-H‚‚‚π andπ‚‚‚π
interactions.

Experimental Section

General. Instrumentation methods used for characterization of the
newly prepared platinum(II) complexes, photophysical and spectro-
scopic studies, and structure determination by X-ray single-crystal
analysis are described in the Supporting Information.28-31

[(R-C∧N∧C)Pt(DMSO)] (2a-d). A modification of Rourke’s
method was employed.30 A mixture of K2PtCl4 and the R-C∧N∧C-H2

ligand in glacial acetic acid (100 mL) was refluxed for 48 h to afford
a yellow suspension. The yellow precipitate was collected by filtration
and washed with water and acetone. The solid was redissolved in boiling
dimethyl sulfoxide (DMSO) to give a clear solution. Water (10 mL)
was added to precipitate the complex as a yellow solid. The solid was
purified by column chromatography (neutral alumina, CH2Cl2 as eluent).
Yellow crystals of2a, 2b‚CHCl3, and2c‚2CH2Cl2 were obtained by
slow evaporation of chloroform solutions.

[(Ph-C∧N∧C)Pt(PPh3)] (3). A mixture of 2b (0.064 g, 0.09 mmol)
and PPh3 (0.025 g, 0.09 mmol) in dry dichloromethane (20 mL) was
stirred under a N2 atmosphere at room temperature for 12 h. The
resultant mixture was evaporated to dryness and purified by column
chromatography (neutral alumina, CH2Cl2/n-hexane (1:1) as eluent) to
give 3 as a golden yellow crystalline solid.

[(R-C∧N∧C)2Pt2(µ-dppm)] (4a-d). A mixture of2aand dppm (0.5
equiv) in dry dichloromethane (20 mL) was stirred under N2 at room
temperature for 12 h. The reaction mixture was evaporated to dryness
to afford 4a, which was purified by column chromatography (neutral
alumina, CH2Cl2/n-hexane (1:1) as eluent). Complexes4b-d were
similarly prepared from2b-d using the same procedure.

Structure Determination by Powder X-ray Diffraction. A ground
fine powder sample of4a was predried under vacuum overnight. The
sample was side-loaded onto a flat glass holder. PXRD data were
collected on a Philips PW3710 diffractometer (θ/2θ) with X-ray
radiation (CuKR1,2, λ ) 1.5406 Å, 40 kV and 40 mA, Ni foil filtered,
graphite crystal as a diffracted beam monochromator). Fixed divergence
(1/4°), anti-scatter (1/4°), and receiving (0.1 mm) slits were used. Step-
scanned data collection was performed in the 2θ range of 3-50° with
a step size of 0.02° and a scan speed of 0.004° s-1. A simulated PXRD
pattern was calculated using the PowderCell32 program based on the
atomic coordinates and unit cell parameters derived from single-crystal
X-ray data. Initial unit cell parameters of4awere obtained by indexing
the first 20 peak positions of its PXRD pattern via the DICVOL9133a

program (a ) 15.0625 Å,b ) 20.8286 Å,c ) 22.2975 Å;R ) 64.237°,
â ) 71.595°, γ ) 75.051°; V ) 5917.9 Å3), with figures of merit33b

M(20) andF(20) of 10.1 and 35.8, respectively. Subsequent Rietveld
analysis gave the final unit cell parameters listed in Table 4. Based on

the results of elemental analyses and1H, 31P{1H}, and 195Pt NMR
spectra, the chemical connectivities of [(R-C∧N∧C)2Pt2(µ-dppm)]
complexes in the desolvated and solvated forms of4a were shown to
be the same. Based on the unit cell volume, there are two molecules
per asymmetric unit (Z ) 2) for a triclinic space groupP1h. The refined
unit cell volume (6188 Å3) is comparable to the expected value of 6046
Å3, where all solvent molecules were removed from the crystal lattice
of solvated4a‚6CHCl3‚C5H12. The desolvated structural model for
desolvated4a was constructed on the basis of the bond distances and
angles derived from single-crystal data of4a‚6CHCl3‚C5H12. A total
of 300 bond distance restraints and 720 bond angle restraints of
weighing factors of 1000 were used to initiate the Rietveld restrained
refinement using the GSAS/EXPGUI programs.34 Twenty-eight planar
restraints for the eight phenyl rings of the two dppm ligands and the
four [(R-C∧N∧C)Pt] entities were used to constrain the planarity of
these groups. The molecular orientations of thesyn- and anti-[(R-
C∧N∧C)2Pt2(µ-dppm)] complexes were refined so as to optimize the
packing efficiency. Any unrealistic intermolecular contacts were avoided
and sequentially removed by applying appropriate atom-atom distance
restraints (typically, the minimum non-bonded distances for H‚‚‚H and
C‚‚‚H are ca. 2.00 and 2.60 Å, respectively). Structure refinement was
performed by Rietveld profile fitting of background, scale factor,
polarization, and sample displacement/transparency effects. Peak shape
and asymmetry were described by pseudo-Voigt coefficients.35a,b The
systematic errors in diffraction intensity due to a preferred orientation
effect of sample were corrected on the crystallographic face{111} using
the March-Dollase equation35c,d (aspect ratio) 2.05(1) indicates a
plate-like crystal habit). Unit cell parameters and all atomic coordinates
were refined to give finalRp values of 7.97%, wRp values of 11.2%,
goodness-of-fit of 2.13, and a final (shift/esd)2 of 0.04.

Solid-State Emission Quantum Yield (Φss). Emission quantum
yields (Φss) of solid samples upon exposure to VOCs under saturation
conditions were determined by the method of Wrighton36 [Φss) E/(Rstd

- Rsmpl)] using KBr as a reference. At a given excitation wavelength,
E refers to the area of the corrected emission spectrum, andRstd and
Rsmpl refer to the area of the diffuse reflectance curve of the non-
absorbing standard (KBr) and sample, respectively. The desolvated solid
(4) was packed in a sample holder (0.5× 1.0× 0.2 cm3) and exposed
to VOCs for 10 min to allow equilibration. The whole setup was covered
by a quartz slide, and the emission intensity was recorded and calibrated
with the diffuse reflectance curves of the non-absorbing standard (KBr)
at λex ) 700 nm.

Results and Discussion

In previous work, the crystal structure of the orange crystalline
form of [(C∧N∧C)2Pt2(µ-dppm)]‚CHCl327a (C∧N∧C-H2 ) 2,6-
diphenylpyridine) containing the [(C∧N∧C)2Pt2(µ-dppm)] mol-
ecules was shown to adopt an anti conformation with two
intramolecularπ‚‚‚π contacts (between the [(C∧N∧C)Pt] units
and phenyl rings of the dppm ligand; 3.12-3.29 Å). This crystal
changed to a bright yellow color upon exposure to dichloro-
methane, acetone, pentane, benzene, or methanol vapor. The
changes in both emission maximum and lifetime between the
orange and yellow forms were small. In this work, we replaced
the phenyl group of C∧N∧C-H2 with a naphthyl group to give
a new class ofπ-conjugated cyclometalated ligands (R-C∧N∧C-
H2).
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Reacting K2PtCl4 with R-C∧N∧C-H2 gave [(R-C∧N∧C)Pt-
(DMSO)] (2a-d), which were then reacted with dppm to give
[(R-C∧N∧C)2Pt2(µ-dppm)] (4a-d) in >88% yields. Similar
reaction of 2b with PPh3 gave [(Ph-C∧N∧C)Pt(PPh3)] (3).
Complexes2a-d, 3, and 4a-d are stable in air and were
purified by column chromatography. Thermogravimetric analy-
sis revealed that2a-d decomposed at 150°C through the loss
of DMSO and were subsequently converted to metallic platinum
at temperatures above 300°C. Complexes4a,c have a decom-
position temperature at∼400 °C, whereas4b,d have a lower
decomposition temperature of∼200°C. UV-vis absorption and
solid-state emission spectra of2b, 3, and4b at room temperature
are depicted in Figure 1.

Well-resolved NMR spectra were observed for2a-d, 3, and
4a-d; assignments of the signals were based on1H-1H
correlation and NOESY 2-D NMR experiments. For4a-d, the
methylene signals of the dppm ligand appear as a triplet of
triplets with 2JH-P ≈ 12 Hz and3JH-Pt ≈ 17 Hz. The31P{1H}
NMR spectra of4a-d (the spectrum of4b in CD2Cl2 is given
in Figure S1a in the Supporting Information as an example)
feature one intense peak with195Pt satellites (1JP-Pt ≈ 4250 Hz)
similar to those found for [(C∧N∧N)2Pt2(µ-dppm)](ClO4)2

(C∧N∧N-H ) 6-phenyl-2,2′-bipyridine) (ca. 4110 Hz)16h and

[(C∧N∧C)2Pt2(µ-dppm)] (ca. 4150 Hz).27a Simulation of the
spectra based on an AA′XX ′ system using the gNMR 4.1
program39 (Figures S1b,c in the Supporting Information)
indicates that4a-d adopt a syn conformation (with intra-
molecular Pt‚‚‚Pt interactions) in solution at room temperature.
When the temperature was decreased from 0 to-80 °C, the
signals (in CD2Cl2 and deuterated 2-MeTHF solutions) were
broadened and could not be resolved.

Absorption and Emission Spectroscopy.UV-vis spectral
data of 2a-d and 3 are listed in Table 1. Their absorption
spectra show peak maxima at∼246,∼302, and∼400 nm, with
ε > 104 dm3 mol-1 cm-1, with a broad absorption appearing at
420-460 nm (ε < 3000 dm3 mol-1 cm-1). There is a small
solvatochromic shift ((5 nm) in the absorption spectra of2a-d
and3 upon changing the solvent from CH2Cl2 to 2-MeTHF or

(37) (a) Desiraju, G. R.Acc. Chem. Res.2002, 35, 565-573. (b) Parsch, J.;
Engels, J. W.J. Am. Chem. Soc.2002, 124, 5664-5672. (c) Caminati,
W.; Melandri, S.; Moreachini, P.; Favero, P. G.Angew. Chem., Int. Ed.
1999, 38, 2924-2925. (d) Kui, S. C. F.; Zhu, N.; Chan, M. C. W.Angew.
Chem., Int. Ed.2003, 42, 1628-1632. (e) Chan, M. C. W.; Kui, S. C. F.;
Cole, J. M.; McIntyre, G. J.; Matsui, S.; Zhu, N.; Tam, K. H.Chem. Eur.
J. 2006, 12, 2607-2619.

(38) Spek, A. L. PLATON, A Multipurpose Crystallographic Tool.J. Appl.
Crystallogr.2003, 36, 7-13.

(39) Budzelaar, P. H. M.gNMRVersion 4.1.0.; Cherwell Scientific Publishing:
California, 1999.

Figure 1. UV-vis absorption (in CH2Cl2) and solid-state emission spectra of2b, 3, and4b at room temperature.

Table 1. UV-Vis Absorption (in CH2Cl2; 4 × 10-5 mol dm-3) and Emission Data for 2a-d and 3 (λex ) 350 nm)

λmax/nm (τ/µs)

complex λmax/nm (ε/dm3 mol-1 cm-1)a solid,b 298 K solid,b 77 K
2-MeTHF glassy solution

(4 × 10-5 mol dm-3), 77 K

[(C∧N∧C)Pt- 247 (40340), 275 (37820), 334 (14420), 346 (16660), 556 (0.6) 635 (1.7) 508 (21), 545, 584
(DMSO)]27a,30 420 (sh, 490)

2a 246 (58600), 309 (50510), 375 (11900), 392 (17160), 627 (2.0) 556 (sh, 60), 592, 627 521 (1440), 565, 613
425 (sh, 1000)

2b 246 (56980), 257 (56770), 272 (56920), 302 (60810), 602 (8.6) 550 (70), 595, 644 521 (1670), 565, 612
398 (17280), 450 (sh, 990) (sh, 70)

2c 245 (56440), 262 (54790), 275 (59780), 302 (67380), 609 (8.5) 604 (31), 655 522 (720), 567, 613
400 (16320), 440 (sh, 1140)

2d 246 (45390), 272 (53170), 305 (47270), 404 (13640), 609 (3.1) 584 (sh, 70), 616 525 (610), 569, 616
440 (sh, 700)

3 231 (79320), 263 (82940), 303 (68760), 314 (69530), 530 (0.5), 571 (0.5), 564 (0.7), 610 (0.7) 522 (390), 564, 615
376 (16910), 396 (21780), 450 (2270) 625 (0.5)

a In CH2Cl2. b Desolvated form,Φss < 0.01.
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MeCN. UV-vis absorption (in CH2Cl2) and solid-state emission
spectra of2b, 3, and4b at room temperature are depicted in
Figure 1.

Emission data are given in Table 1. Complexes2a-d and3
are emissive in the solid state at 298 K and as a glassy solution
in 2-MeTHF at 77 K, but they are non-emissive in fluid solutions
at 298 K. The solid-state emissions of2a-d are broad, with
λmax ) 602-627 nm, and the emissions become vibronically
resolved at similar wavelengths upon cooling to 77 K. These
solid-state emissions are attributed to excimeric3ππ* excited
states, the energies of which are affected by intermolecular
Pt‚‚‚Pt and ligand-ligand interactions. Similar excimeric emis-
sions at∼600 nm have previously been reported for [(N∧N∧N)-
PtCl]ClO4

24e (N∧N∧N ) 2,2′:6′,2"-terpyridine) and [(C∧N∧N)-
Pt(PPh3)]ClO4

16g crystals, both of which have intermolecular
π-π stacking distances of 3.33-3.39 Å. Complex3 exhibits a
vibronically structured solid-state emission with peak maxima
at 530, 571, and 625 nm at room temperature. This emission
band is attributed to the intraligand3ππ* excited state. At 77
K, glassy solutions of2a-d and3 in 2-MeTHF (at concentra-
tions ranging from 4× 10-3 to 4 × 10-6 mol dm-3) display a
vibronically structured emission with peak maxima at ca. 523
and 567 nm. The vibrational spacings are ca. 1400-1500 cm-1,
corresponding to CdC/CdN stretchings of the (R-C∧N∧C)
ligands. The emission is not excimeric in nature, as there is no
dependence of the emission energy on the Pt(II) complex
concentration from 4× 10-3 to 4 × 10-6 mol dm-3. Conse-
quently, an intraligand3ππ* excited state is assigned.

The UV-vis spectral data for4a-d are listed in Table 2.
The absorption spectra for4a-d show vibronically structured
bands with peak maxima in the range of 305-420 nm (ε > 2
× 104 dm3 mol-1 cm-1) and spacings ca. 1300 cm-1. These
absorption bands were assigned to spin-allowed intraligand (π
f π*) transitions. The difference spectrum obtained by
subtracting the spectrum of4b from that of2b (enlarged by a
factor of 2) revealed an absorption shoulder at 425 nm with a
tailing from 450 to 492 nm (ε ) 3000-4000 dm3 mol-1 cm-1).
As this absorption was red-shifted from the absorption spectrum
of monomeric [(Ph-C∧N∧C)Pt(PPh3)] (3), we assigned it to the
excimeric 3ππ* excited state as a result of intramolecular
interaction between the [(R-C∧N∧C)Pt] moieties in [(R-
C∧N∧C)2Pt2(µ-dppm)]. The UV absorption bands at∼400 nm
for 4a-d underwent a very small solvatochromic shift upon
changing the solvent from CH2Cl2 to 2-MeTHF or MeCN.

The solid-state emission data for4a-d are also depicted in
Table 2. At 298 K, the complexes show an intense emission,

with λmax) 602-643 nm. Upon cooling to 77 K, their emissions
remained broad, withλmax values red-shifted to 614-692 nm.
We attributed the emissions to excimeric3ππ* excited states,
due to the close intramolecular contacts between the [(R-
C∧N∧C)Pt] moieties. In the crystal structure of4d, there are no
close Pt‚‚‚Pt contacts and the interplanar separation between
two [(3,5-F2C6H3-C∧N∧C)] planes of the two different molecules
is ∼3.6 Å; therefore, we attribute the emissions to an inter-
molecular excimeric3ππ* excited state. Diluted (∼6 × 10-5

mol dm-3) glassy solutions (in 2-MeTHF) of4a-d exhibited a
vibronically structured emission, withλmax ) 530-570 nm,
similar to the intraligand3ππ* emission of2a-d and3. There
was no change in the emission energy when the concentration
was increased to 6× 10-3 mol dm-3.

The emission maxima of glassy solutions of4a-d in
2-MeTHF (even at a concentration of 4× 10-6 mol dm-3) are
temperature-dependent. As the temperature increases from 103
to 263 K, there is a gradual emission color change (bright green
f orangef red f non-emissive). This emission spectral
change can be reversed by cooling the solution from room
temperature to 103 K (i.e., non-emissivef red f orangef
bright green). The emission spectra of a diluted 2-MeTHF
solution of 4b (4 × 10-5 mol dm-3) at various temperatures
are plotted in Figure 2. At 103 K, the green emission is
vibronically structured, with peak maxima at 523, 566, and 615
nm, and there is a weak and broad emission at∼660 nm. Upon
raising the temperature from 103 to 163 K, the green emission

Table 2. UV-Vis Absorption (in CH2Cl2; 4 × 10-6 mol dm-3) and Emission Data for 4a-d (λex ) 350 nm)

λmax/nm (τ/µs)

complex λmax/nm (ε/dm3 mol-1 cm-1)a solid,b 298 K solid,b 77 K
2-MeTHF glassy solution
(4 × 10-5 mol dm-3),77 K Φss

[(C∧N∧C)2Pt2- 250 (58900), 280 (45620), 350 (18920), 430 (sh, 1520), 624 (0.25) 633 (4.4) 525 (13), 604 (9.1) <0.01
(µ-dppm)]27a 490 (sh, 320)

4a 249 (117050), 309 (85790), 388 (23360), 450 (sh, 3130) 602 (1.0) 614 (3.7) 521 (990), 566, 614 (740) <0.01

4b 232 (129710), 264 (141240), 301 (sh, 100490), 398 (25840), 627 (1.3) 636 (2.5) 522 (490), 536, 568, 616 (470) 0.15
476 (sh, 3770)

4c 232 (111410), 271 (118250), 304 (sh, 94510), 401 (20160), 643 (0.9) 692 (1.3) 538 (400), 570, 581 (400), 629 0.13
490 (sh, 3730)

4d 234 (119390), 266 (129110), 310 (sh, 80600), 407 (21510), 640 (0.6) 656 (0.9) 540 (340), 584 (340), 634<0.01
492 (sh, 3970)

a In CH2Cl2. b Desolvated form.

Figure 2. Emission spectra (excited atλex ) 350 nm) of4b in 2-MeTHF
solution (4× 10-5 mol dm-3) at 103-263 K.
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diminishes and a red emission (λmax ) 661 nm) becomes
apparent: both emissions subsequently vanish as the temperature
increases to 263 K. At temperatures from 103 to 163 K, the
variation of the emission intensity at 661 nm is small compared
with those at 523 and 566 nm (Figure S2 in the Supporting
Information). The other dinuclear complexes,4a,c,d, exhibit
similar temperature-dependent emission spectra. In contrast,
2-MeTHF glassy solutions of the monomeric congeners (i.e.,
2a-d and3) show only a green emission at 163-103 K. We
found that the emission spectral changes were not sensitive to
the concentrations of4a-d, suggesting that intermolecular
phenomena via metal-metal and/or ligand-ligand interactions
were unlikely to play significant roles.

The green emission displayed in Figure 2 is reminiscent of
the emission of monomeric [(R-C∧N∧C)Pt(DMSO)] (2a-d)
and [(Ph-C∧N∧C)Pt(PPh3)] (3) and most reasonably comes from
the 3ππ* excited state of the cyclometalated R-C∧N∧C ligand.
The red emission occurs at an energy similar to that of the solid-
state emission of4a-c and can be assigned to originate from
the excimeric3ππ* excited state. At temperatures above 223
K, 4a-d are non-emissive in fluid solution, presumably due to
efficient non-radiative decay arising from (i) the molecular
motion of the flexible Pt-P-CH2-P-Pt unit and (ii) the
presence of a low-lying non-emissive d-d excited state. The
non-radiative decay decreases as the temperature decreases, and
at temperaturee163 K, both the red and green emissions start
to develop. We suggest that the non-radiative decay of the3ππ*
excited state, being at a much higher energy (green emission),
has a stronger temperature dependence than that of the excimeric
3ππ* excited state (red emission). Indeed, the3ππ* emission
lifetime of 3 in the solid state is 0.5µs at 298 K, which changes
to 390 µs in 2-MeTHF glassy solution at 77 K. Thus, as the
temperature decreases further below 163 K, the intensity of the
green emission outweighs that of the red emission and becomes
dominant in the emission spectrum. At this juncture, we cannot
exclude the possibility that complexes4a-d adopt more than
one conformation at 103-263 K, and the green emission comes
from the conformation having no intramolecular interactions.
We noted that, for a 2-MeTHF solution of4b at 163 K, the
excitation spectrum of the green emission is different from that
of the red emission (the most intense peak in the former is blue-
shifted by∼1020 cm-1 from that in the latter).

Vapoluminescent Behavior of 4a.Complex 4a displays
vapoluminescent behavior, whereas the other Pt(II) complexes
do not. When a crystal of solvated4a‚6CHCl3‚C5H12 was
removed from the mother liquor, it pulverized to a yellow

translucent solid (Figure 3a). When the desolvated yellow solid
(weakly emissive) was re-exposed to CHCl3/CH2Cl2 vapor, the
original bright-orange coloration was restored within several
seconds (λmax ) 602 nm), together with an intense orange-red
emission under UV irradiation (Figure 3b).

Other VOCs also gave reversible vapoluminescent responses.
The relative emission intensitiesIvoc/Idesolvate, whereIvoc is the
emission intensity of desolvated4aupon exposure to VOC under
saturation conditions andIdesolvateis the emission intensity of
desolvated4a, are plotted in Figure 4. There is a linear
correlation between the relative emission intensity and the solid-
state quantum yield of desolvated4a upon exposure to VOCs
under saturating conditions (data shown in the Supporting
Information, Figure S3). The emission intensity of desolvated
4a is dramatically enhanced in the presence of the vapor of
halogenated solvents (except CCl4), with largeIvoc/Idesolvatevalues
of 107 (dichloromethane), 78 (chloroform), 78 (1,2-dichloro-
ethane), 55 (1,2-dibromoethane), 52 (dibromomethane), and 62
(methyl iodide). The emission signals of desolvated4aare also
enhanced by the absorption of small polar VOCs such as
acetone, THF, ethyl acetate, and Et2O (Ivoc/Idesolvate) 55, 39,
25, and 16, respectively); however, theIvoc/Idesolvatefor Et2O is
7 times smaller than that for CH2Cl2. No detectable change of
the emission intensity was found in the presence of benzene,
toluene,n-hexane, acetonitrile, methanol, or ethanol vapors.

Crystal Structures of [(R-C∧N∧C)Pt(DMSO)] (2a-c) and
[(R-C∧N∧C)2Pt2(µ-dppm)] (4a-d). Crystallographic data for
2a-c and 4a-d are given in Table S1 in the Supporting

Figure 3. Solid 4a under ambient light and under UV light irradiation (350 nm). (a) Orange crystals of4a upon exposure to air. (b) A reversible
vapoluminescence for the desolvated form of4a within 1 min of being exposed to CHCl3 vapor.

Figure 4. Effect of VOC vapors on the emission of desolvated4a.
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Information and in Table 3, respectively. The perspective view
and crystal packing diagrams for2aare shown in Figure 5, and
those of2b and2c are depicted in the Supporting Information
(Figures S4 and S5). The Pt-N (2.008-2.016 Å), Pt-S (2.192-
2.196 Å), and Pt-C (2.058-2.101 Å) distances are all similar
to those reported for [(C∧N∧C)Pt(DMSO)]27a,30and [(C∧N∧C)-

Pt(CO)].30 In the crystal structures of2a-c, the molecules are
oriented in head-to-tail pairs with Pt‚‚‚Pt separations>6.3 Å,
and there are extensive intermolecular C-H‚‚‚π (dC-H‚‚‚C )
2.656-2.891 Å) andπ‚‚‚π contacts (dC‚‚‚C ) 3.322-3.399 Å).
Other intra- and intermolecular non-covalent contact distances
for 2a-c and 4a-d are listed in the Supporting Information
(Table S2). The oxygen atom O1 of the coordinated DMSO
molecule forms an intramolecular hydrogen bond with the
adjacent naphthyl proton H18 and one or two intermolecular
hydrogen bond(s) with neighboring molecules, such as the C-H
of naphthyl group, CHCl3 in 2b, and CH2Cl2 in 2c. In addition,
there are weak intermolecular C-H‚‚‚X and X‚‚‚X interactions
between the occluded solvent molecules and the Pt complexes,
but no well-defined solvent channel is observed.

Complex4a co-crystallizes with six chloroform molecules
and one n-pentane molecule, and both the syn and anti
conformations of4a are present in the crystal structure of4a‚
6CHCl3‚C5H12 (Figure 6). The torsion angles Pt-P-P-Pt and
the Pt‚‚‚Pt distances for the two conformers are different (Pt1-
P1-P2-Pt2) 36.05° and Pt1‚‚‚Pt2) 3.292 Å in the syn form;
Pt3-P3-P4-Pt4 ) -129.97° and Pt3‚‚‚Pt4 ) 5.60 Å in the
anti form). The shorter Pt‚‚‚Pt distances in the syn form have
been similarly encountered in structures of the related cyclo-
metalated Pt(II) complexes [(C∧N∧N)2Pt2(µ-dppm)](ClO4)2

(3.270 Å),16g [(C∧N∧N)2Pt2(µ-dppm)](ClO4)2‚5H2O (3.245 Å),16h

and [(C∧N∧N)3Pt3(µ-dpmp)](ClO4)3‚H2O (3.190-3.400 Å; dpmp
) bis(diphenylphosphinomethyl)phenylphosphine).27b In the
crystal structure of4a‚6CHCl3‚C5H12, there are extensive intra-
and intermolecular C-H‚‚‚π interactions between the molecules
(dC-H‚‚‚C ) 2.336-2.886 Å), C-H(solvent)‚‚‚π interactions
(dC-H‚‚‚C ) 2.340-2.706 Å), and C-H‚‚‚X contacts (dC-H‚‚‚X

) 2.952-3.084 Å), as well asπ‚‚‚π stacking contacts (dC‚‚‚C

) 3.255-3.329 Å). Interestingly, viewed along thec-axis,

Table 3. Crystallographic Data for 4a-d

complex

4a‚6CHCl3‚C5H12 4a‚6.5C4H8O 4b‚2CHCl3 4c‚3CH2Cl2 4d‚2CHCl3

formula C150H104N4P4Pt4‚6CHCl3‚
C5H12

C150H104N4P4Pt4‚
6.5C4H8O

C87H60N2P2Pt2‚
2CHCl3

C87H58Br2N2P2Pt2‚
3CH2Cl2

C87H55F4N2P2Pt2‚
2CHCl3

formula weight 3654.97 3334.28 1824.23 1998.07 1896.19
color orange orange red red yellow
crystal size, mm3 0.4× 0.3× 0.25 0.4× 0.25× 0.2 0.4× 0.2× 0.15 0.3× 0.3× 0.25 0.4× 0.3× 0.2
crystal system triclinic triclinic orthorhombic monoclinic monoclinic
space group P1h P1h Pbca P21/n P21/c
a, Å 19.297(4) 19.150(4) 17.300(4) 13.915(3) 23.752(5)
b, Å 20.031(4) 19.959(4) 18.041(4) 31.731(6) 14.840(3)
c, Å 22.204(4) 22.204(4) 46.692(9) 18.321(4) 22.983(5)
R, deg 84.07(3) 84.84(3) 90 90 90
â, deg 64.23(3) 64.75(3) 90 107.87(3) 104.71(3)
γ, deg 72.66(3) 74.04(3) 90 90 90
V, Å3 7374(3) 7376(3) 14573(5) 7699(3) 7836(3)
Z 2 2 8 4 4
Dcalcd, g cm-3 1.646 1.501 1.663 1.724 1.607
µ, mm-1 4.205 3.884 4.150 4.967 3.869
F(000) 3588 3326 7184 3904 3720
2θmax, deg 50.92 50.62 51.22 51.10 51.16
no. unique data 23188 17609 12530 13339 11235
no. obsd data forI > 2σ(I) 13102 9501 8003 9774 5871
no. variables 1610 1503 910 951 944
Ra 0.059 0.051 0.046 0.037 0.041
Rw

b 0.171 0.110 0.174 0.057 0.095
goodness-of-fitS 0.908 0.890 1.114 0.966 0.873
residualF, e Å-3 +2.145,-2.834 +1.161,-2.070 +2.427,-4.720 +1.449,-1.617 +1.374,-0.787

a R ) ∑||Fo| - |Fc||/∑|Fo| based on the number of observed dataI >2σ(I). b Rw ) [∑w(|Fo
2| - |Fc

2|)2/∑w|Fo
2|2]1/2 based on the number of observed

unique data.

Figure 5. Perspective view of2a with omission of hydrogen atoms (top)
and the head-to-tail pairs molecular orientation (bottom).
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continuous solvent channels with aperture size of ca. 6.5 Å×
4.3 Å (estimated from the diagonal atom pairs C83‚‚‚C108 and
C137(x,y,z)‚‚‚C137(-x,-y,-z)) are found (Figure 7). A similar
structural arrangement was also obtained when crystals of4a
were prepared from a THF/n-C5H12 solution (in this case, the
solvent channels are occupied by THF molecules). Apart from
the C-H‚‚‚π interactions (dC-H‚‚‚C ) 2.746-2.898 Å), some
C-H‚‚‚O weak hydrogen bonds (dC-H‚‚‚O ) 2.658-2.681 Å)
are observed between the O atom of THF molecules and the H
atoms of4a. The structure and crystal packing diagram for

4a‚6.5THF are depicted in Figure S6 in the Supporting
Information.

Unlike 4a, the crystal structures of4b‚2CHCl3, 4c‚3CH2Cl2,
and4d‚2CHCl3 have smaller percent void volumes (32.2% in
4a, 16.7% in4b, 19.6% in4c, and 24.6% in4d, as calculated
by the PLATON program38), with the voids having different
aperture sizes (3.0 Å× 6.3 Å in 4b, 2.8 Å × 7.4 Å in 4c, and
2.0 Å × 4.6 Å in 4d). These voids may be regarded as solvent
cavities or clefts embedded inside the crystal structures;
however, their sizes are much smaller than those found in the

Figure 6. Perspective view ofsyn- (top) andanti-4a (bottom) (hydrogen atoms are omitted for clarity).
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4a‚6CHCl3‚C5H12 crystals. The solvent channels in4a appear
to be more accessible for solvent molecules to enter and exit,
whereas the solvent molecules in the crystal structures of4b-d
are “trapped”.

Only one conformationsthe syn form for4b and4c and the
anti form for4dswas observed in the crystal structures of4b-
d. Perspective views and crystal packing diagrams of4c and
4d are depicted in Figures 8 and 9, respectively. Complex4c,
which contains a 4-bromophenyl substituent on the cyclo-
metalated ligand, has a staggered syn conformation with a small
torsion angleR(Pt-P-P-Pt) of -0.71° (in contrast with
-34.28° and-120.28° found for 4b and4d, respectively). In
this complex, the intramolecular Pt‚‚‚Pt (d ) 3.441 Å) andπ‚‚‚π
(d ) 3.337-3.397 Å) distances are longer than those in4a,b,
and there is significant Br lone-pair repulsion, as manifested
by the Br‚‚‚Br separation (4.177 Å) being larger than the sum
of the van der Waals radii (ca. 3.7 Å). In the crystal structure
of 4d‚2CHCl3, the anti form is presumably stabilized by weak
intermolecular hydrogen bonds37 [C-H‚‚‚F] (dC-H‚‚‚F ) 2.497-
2.831 Å) involving the F atoms of the 3,5-difluorophenyl
substituent.

Comparative PXRD of Solvated and Desolvated Com-
plexes.The structures of desolvated solid forms of4a-d and
the related [(C∧N∧C)2Pt2(µ-dppm)]27acomplexes were examined
by PXRD. All the desolvated solids diffracted X-ray radiation
moderately up to a maximum 2θ angle of ca. 36°. Indexing the
experimental PXRD pattern for desolvated4a gave initial unit
cell parameters that were subsequently refined, with the results
listed in Table 4. The 2θ values of the diffraction peaks for the
fundamental reflections [100], [010], and [001] are significantly
deviated from those calculated using the crystal structure of4a‚
6CHCl3‚C5H12. For example, the 2θ values for the [100]
reflection for the desolvated and solvated structures of4a are
5.877° and 5.297°, respectively, revealing a shortening of the

crystallographica-axis upon removal of occluded solvent
molecules (Figure S8 in the Supporting Information). Whereas
angular shifts for the [010] and [001] reflections were less
apparent (2θ values for [010] and [001] for the solvated
(desolvated) form are 4.619° (4.604°) and 4.417° (4.242°),
respectively). Based on the unit cell parameters of the desolvated
structure, there is a prominent contraction along thea-axis
direction, with a reduction of the unit cell volume from 7374
to 6188 Å3. The desolvated structure was solved and refined
by the restrained Rietveld method, in which the molecular
orientations of the syn and anti forms of4a were determined.
The refined desolvated structure gave a calculated PXRD pattern
that matched the experimental one (Figure S9 in the Supporting
Information). On the other hand, the experimental PXRD pattern
for desolvated solid [(C∧N∧C)2Pt2(µ-dppm)]27a resembled the
one calculated using the crystal data for [(C∧N∧C)2Pt2(µ-dppm)]‚
CHCl327a(Figure S10 in the Supporting Information). Indexing
of the former gave the following unit cell parameters:a )
11.367 Å,b ) 12.309 Å,c ) 18.704 Å;R ) 82.03°, â ) 75.44°,
γ ) 70.53°; V ) 2386 Å3. These values are only slightly
different from those reported for the CHCl3 solvated structure
(a ) 11.605 Å,b ) 12.509 Å,c ) 18.795 Å;R ) 82.35°, â )
75.11°, γ ) 71.57°; V ) 2497.7 Å3).27a The change in the unit
cell volume (ca. 6%) of the [(C∧N∧C)2Pt2(µ-dppm)]‚CHCl327a

crystal upon desolvation is relatively small. For the desolvated
solids 4b-d, there are less apparent peak position shifts (in
2θ) and variations of diffraction peak intensities between the
experimental PXRD patterns for the desolvated solid and the
ones calculated from the solvated single-crystal structures. For
4c, a small background hump (ca. 5-12° (2θ)) in the experi-
mental PXRD pattern was found, presumably due to an
irreversible structural change of the molecular framework
leading to a reduction of intensity and broadening of the
diffraction peaks.

Figure 7. Porous molecular framework of4a‚6CHCl3‚C5H12 viewed along thec-axis. (The syn and anti conformers are colored as red and green, respectively,
and solvent molecules are omitted for clarity.)
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General Remarks

The PXRD studies reveal that there are significant structural
differences between the solvated and desolvated forms of4a.
In the desolvated form, there is a more condensed packing of
molecules, with alternating stacking of layers of syn- (red) and

anti-form (green)4amolecules along the [100] direction (Figure
10). The solvent channels found in the solvated structure of4a
are no longer present in the desolvated structure, and the solvent
void spaces are occupied by the naphthyl groups ofanti-[(R-
C∧N∧C)2Pt2(µ-dppm)] molecules. Consistent with this observa-

Figure 8. Perspective view of4c‚3CH2Cl2, showing the staggered conformation (top) and solvent cavities in the packing diagram viewed from thea-axis
(bottom) (solvent molecules are omitted for clarity).
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tion, a low surface area of 1.45( 0.1 m2/g (measured by the
Brunauer-Emmett-Teller method40) for the desolvated solid
4a was found, indicating a non-porous nature. Going from the

solvated to desolvated structures, there is increased molecular
aggregation between the syn and anti forms of [(R-C∧N∧C)2-
Pt2(µ-dppm)], with the approximate separation between the C49
and C126 atoms decreasing from 6.2(1) (solvated form) to 4.1(6)
Å (desolvated form). Pt‚‚‚Pt contact distances in the syn form

(40) Brunauer, S.; Emmett, P. H.; Teller, E.J. Am. Chem. Soc.1938, 60, 309-
319.

Figure 9. Perspective view of4d‚2CHCl3 (top) and the solvent cavities in the packing diagram viewed from thec-axis (bottom) (solvent molecules are
omitted for clarity).
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increase slightly from 3.29(3) to 3.40(3) Å, while the Pt(3)‚‚‚Pt(4)
distance in the anti form decreases from 5.68(2) to 5.40(3) Å.
The torsion angleR(Pt1-P1-P2-Pt2) increases from 36(1)°
to 40(1)°, andR(Pt3-P3-P4-Pt4) decreases from-130(1)°
to -120(1)°. Similar to the solvated structure, the syn and anti
forms of 4a in the desolvated structure are also held in place
by extensive intermolecular C-H‚‚‚π (d ) 2.27-2.92(2) Å)
andπ‚‚‚π (d ) 3.20-3.47(2) Å) interactions (Table S2 in the
Supporting Information).

On the basis of these findings, we propose that the closer
aggregation ofsyn- and anti-[(R-C∧N∧C)2Pt2(µ-dppm)] mol-
ecules in the desolvated solid4a may be the reason for the
quenching of the excimeric3ππ* emission (λmax ) 602 nm)
from the cyclometalated R-C∧N∧C ligand. A possible mecha-
nism for this quenching may involve intermolecular dipole-
dipole interactions. As the VOC molecules enter the crystal
structure of desolvated4a, the unit cell volume expands and
the separation between the [(R-C∧N∧C)2Pt2(µ-dppm)] molecules
increases, leading to a decrease in the quenching and a
restoration of emission intensity to that found in the solvated
solid 4a. The constraints imposed by the size and hydrophobic
nature of the solvent channels in the solvated4a structure may
affect the vapoluminescent properties. The desolvated solid4a
is sensitive to the VOC molecules CHCl3, CH2Cl2, acetone, and
THF, all of which may form C-H(solvent)‚‚‚π and/or
C-H‚‚‚O(solvent) interactions with the [(R-C∧N∧C)Pt] moieties.
The polar acetonitrile, methanol, and ethanol molecules are not
hydrophobic enough, and the benzene, toluene, andn-hexane
molecules may be too large to fit into the solvent channels in
solvated4a, leading to insignificant changes in the emission
intensity for these VOC molecules. It is important to note that
the emission of desolvated4a shows little enhancement upon
exposure to the small, non-hydrogenated solvents, CCl4 (Ivoc/
Idesolvate≈ 6) and CS2 (Ivoc/Idesolvate≈ 7). Apart from the size
and the hydrophobic nature of the solvent molecules, we
conceive that the C-H(solvent)‚‚‚π and/or C-H‚‚‚O(solvent)
interactions play key roles in the vapoluminescent behavior of
4a.

In the literature, several mechanisms have been proposed for
reversible vapoluminescence.19-23 It has been suggested that the
facile internal reorganization of molecules upon transition from
the solvated to the desolvated structures may be thermodynami-

Table 4. Structural Refinement of Desolvated 4a Using PXRD
Dataa

crystal system triclinic
space group P1h
a, Å 15.498(2)
b, Å 19.332(2)
c, Å 21.308(2)
R, deg 90.56(1)
â, deg 102.22(1)
γ, deg 96.99(1)
V, Å3 6188.6(13)
Z 2
formula weight, g mol-1 2866.76
2θmax, deg 3-50
no. data points collected,yi,o 2350
no. refined variables,Nvar 848
no. restraints used 1048
Rp 0.0797
Rwp 0.1123
Rwp (expected) 0.1042
goodness-of-fit,ø2 2.13
max [shift/esd]2 (mean) 0.55 (0.04)

a Rp ) ∑|yi,o - yi,c|/∑|yi,o|; Rwp ) [∑wi(yi,o - yi,c)2/∑wi(yi,o)2]1/2; expected
Rwp ) Rwp/ø2; ø2 ) ∑wi(yi,o - yi,c)2/(Nobs- Nvar), whereyi,o andyi,c are the
observed and calculated intensities at pointi of the profile respectively,
Nobs is number of theoretical peaks in the considered range, andNvar is
number of the refined parameters. Statistical weightwi is normally taken
as 1/yi,o.

Figure 10. Molecular packing within desolvated4a viewed from thec-axis (hydrogen atoms are omitted for clarity).
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cally driven by a minimal Gibbs free energy change. Therefore,
the sum of the enthalpies due to the formation of a condensed
desolvated structure, combined with the entropy gained from
the desolvation of the solvated molecular framework, should
match the stabilization enthalpies due to the complex-complex
(C-H‚‚‚π andπ‚‚‚π interactions), complex-solvent (such as
C-H‚‚‚X), and solvent-solvent (i.e., X‚‚‚X) interactions. The
presence of accessible solvent channels in the solvated structure,
as well as cooperative weak interactions, particularly C-H‚‚‚π
interactions, would facilitate the structural changing process.
Upon exposure to air, solvent molecules would escape through
the solvent channels for complete desolvation.

Among the complexes4a-d, the unique vapoluminescent
behavior of4a is attributed to its molecular structure and crystal
packing. The equimolar amounts of the syn and anti forms of
the complex serve as optimal structural building blocks for a
porous molecular framework. The accessible solvent channels
of optimal aperture size/shape are large enough to allow the
passage of the VOC molecules. In addition, the larger void
volume found in the solvated structure of4a is the reason behind
the large structural changes that occur when the occluded solvent
molecules are removed. The reported crystal structures of the
vapoluminescent crystals [(C∧N∧C)2Pt2(µ-dppm)]27a and
[(tBu2bpy)Pt(CtCR)2] (R ) p-pyridyl)23c have also been re-
analyzed in this work: these two systems also contain accessible
solvent channels with diameters>4 Å in one lattice direction.

Analysis of the solvated X-ray crystal structures of4a-d
revealed extensive intra- and intermolecular interaction net-
works. Relatively strong C-H(solvent)‚‚‚π interactions were
observed in the crystal structures, underpinning the unique
vapoluminescent properties of4a. Interestingly, non-covalent
C-H‚‚‚π and π‚‚‚π stacking interactions were also found in
the desolvated structure of4a. These interactions may stabilize
the lattice structure, preserving the crystallinity of the desolvated
structure of4a.

Upon exposure to VOCs, intermolecular attractions between
the Pt complexes and solvent molecules through C-H‚‚‚X and
X‚‚‚X interactions may be responsible for restoring the solvated
structure. Especially for halogenated VOCs, these interactions
could become strong enough to direct the restoration of the
molecular framework to the solvated structure. However, it is
likely that the re-solvation of the desolvated4a-d and
[(C∧N∧C)2Pt2(µ-dppm)]27a solids proceeds at the solid/gas
interfacial boundaries of the solid samples.

The molecular conformations (either syn or anti form) of the
dinuclear complexes4a-d do not appear to be essential criteria
for the vapoluminescent behavior. The solvated structure of4a‚
6CHCl3‚C5H12 contains an equimolar mixture of the syn and
anti forms of [(R-C∧N∧C)2Pt2(µ-dppm)]. On the other hand, the
syn forms of4b,c and the anti form of4d are not vapolumi-
nescent toward VOCs. Formation of a porous molecular
framework in the crystal structures with accessible solvent
channels of suitable size and shape is affected by the aryl
substituents on the R-C∧N∧C ligands. The crystal packing of
solvated4a‚6CHCl3‚C5H12 and 4a‚6.5THF is coincidentally
optimized at both the molecular and supramolecular levels for
vapoluminescence behavior.

Conclusions

Mononuclear and dinuclear cyclometalated [(R-C∧N∧C)Pt]
complexes were prepared and structurally characterized. The

extended π-conjugated naphthyl-substituted cyclometalated
ligands of these dinuclear Pt(II) complexes are central to their
photophysical properties. Accessible solvent channels and the
presence of weak and reversible non-covalent C-H‚‚‚π, π‚‚‚π,
C-H‚‚‚X, and X‚‚‚X interactions account for the vapo-
luminescent behavior of4a. These extensive weak and reversible
interactions tailor the supramolecular assembly of molecular
frameworks and fundamentally affect the emission properties
of Pt(II) complexes in the solid state. The sensitivity of the
emission properties of square planar Pt(II) complexes is the basic
operating principle behind their application as molecular VOC
sensory materials. PXRD is a powerful technique, providing
invaluable insight into the structural differences between the
solvated and desolvated forms of this class of vapoluminescent
solids.
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