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Abstract.  Mononuclear  cationic  cyclometalated  palladium  complexes
53 [Pd(C*N)(NCMe),]CIO4 [CN = benzoquinolinate (bzq) 1, 2-phenylpyridinate (ppy) 2],
55 analogous to the previously described platinum complexes [Pt(C*N)(NCMe);]ClO4
58 [C™N = bzq 3, ppy 4], and the isocyanide platinum benzoquinolinate [Pt(bzq)(CNR),]X

60 (R = tert-butyl (#-Bu, 5), 2,6-dimethylphenyl (Xyl, 6), 2-naphthyl (2-Np, 7); X = ClO4
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a, PF¢ b) have been prepared and characterized. The solid state structures of the cation
[Pt(C"N)(CN-Xyl),]" with different counteranions (6a and 6b) were found to be
different in terms of packing, although in both cases they were dominated by n—n
intermolecular interactions. The influence of the counteranion in the UV-vis spectra,
both in solution and in solid state of 5-7 is negligible. Time-dependent density-
functional theory calculations on cation [Pt(C*N)(CN-Xyl),]" (6") have been
performed, allowing to suggest that the lowest absorption is 'IL in nature mixed with
some 'MLCT character. Acetonitrile platinum complexes (3, 4) are photoluminescent at
low temperature (77 K) and at room temperature, whereas analogous palladium
complexes (1, 2) are only emissive at 77 K (solid state and glassy acetonitrile).
Isocyanide derivatives 5-7 are intensely luminescent in all media. The emissions are
assigned to ligand centered fluorescence, to mixed *LC/"MLCT phosphorescence or to
excimeric (or ground-state) *nn* or ‘“MMLCT [o*(M)—>n*(C~N)] transitions depending
on the medium and the excitation wavelength. The effect of the counteranion in
governing the degree of aggregation and the extent of the interactions seems to be
relatively important, specially in a rigid medium, with the smaller ClO4’, inducing a
more excimeric character. The tendency to form n—m excimers and/or Pt Pt

oligomerization follows the order: CN-2-Np > CN-#-Bu > CN-Xyl and ClO4 > PFg'.

Introduction

Platinum cyclometalated complexes have received considerable attention in recent years
because of their interesting photochemical and photophysical properties such as good
stability, high photoluminescence quantum yields, short triplet state lifetimes (several

microseconds) and ease of spectral tuning.'” Many of these complexes have been
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successfully applied as phosphorescent dopants in the fabrication of highly efficient
organic light-emitting devices (OLEDs). > Compared to analogous Pt(Il)
luminophores, luminescent cyclopalladated complexes are rare, and with very few
exceptions,zg'31 most systems emit only at low temperatures and with low eff'lcie:ncy.32'38
Emission of isolated Pt(II) cyclometalated complexes is typically assigned to ligand
centered (LC) and/or metal-to-ligand charge transfer (MLCT) states. In addition, the
square-planar structure of Pt(II) complexes gives rise to the possibility of ground- and
excited state interactions including aggregation and excimer or exciplex
formation,**'*!>1*%* depending on the concentration and proximity of the molecules,
leading to marked red shifts relative to the mononuclear emission spectra. These
transitions are assigned to metal-metal-to-ligand charge transfer (MMLCT) or excimeric
ligand-to-ligand charge transfer. In addition, some investigations have shown that the
colour and emissive properties of crystalline Pt(II) bipyridyl, terpyridyl or
cyclometalated salts are highly dependent upon the chosen counter ion for

40-45 and differences in the extent of n—m and/or Pt Pt interactions are

crystallization,
usually invoked to explain the phenomena.

Thus, photoluminescence tuning Pt(I) complexes from near-UV to deep red
have been reported. There are two alternatives for tuning emission in isolated
complexes: modification of the cyclometalating ring system or variation of the ancillary
ligands. Our research group has used both methodologies. We have reported efficient
colour tuning by employing heteroleptic Pt(I) complexes with one bidentate
cyclometalating ligand (benzoquinolinate ligand) and monodentate ancillary ligands
such as phosphine,'” alkynylphosphine,'” alkynyl *° or cyanide ligands*’ incorporating

substituents with different electronic behavior. Furthermore, we have employed a
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terdentate ligand [C"N*C (HC"N"C = 2,6-diphenylpyridine)] introducing alkynyl, CN,
S-2py or CH,COCHj3 anionic groups into the fourth site.”

In this report, we describe the synthesis, structure and photophysical properties
of C"N coordinated palladium and platinum complexes [C*N = benzoquinolinate (bzq),
2-phenylpyridinate (ppy)] incorporating monodentate ligands with different electron
withdrawing/donating properties. For comparative purposes, we have chosen groups
isoelectronic to the previously studied anionic alkynyl ligands: a weak field ligand as
the acetonitrile (NCMe) molecule and strong field ligands as isocyanide groups (CNR;
R = #-Bu, Xyl, 2-Np). In recent years, several platinum(Il) and palladium(Il) complexes

#4899 or isocyanide™ " ligands have attracted a great deal of interest

based on nitrile
as components in luminescent chromophores. The behavior, as sensors, of the Magnus
type double-salts [Pt(CNR)4][Pt(CN)4] (R = alkyl, aryl)’****' or mixed compounds [cis-
Pt(CN)»(CNR),],>*** originated by thermal reorganization of the corresponding double
salts is noteworthy. The recent studies on [cis-Pt(CN),(CN-z-Bu),] showing the
formation of very luminescent 1D nanomaterials®® are of great interest.

Finally, we focus the attention on the study of the effect of the counteranion

(ClO4 or PF¢) on the electronic absorption and emission spectra of benzoquinolinate

bis(isocyanide)platinum(II) complexes.63

Results and discussion

Synthesis and Characterization of [Pd(C*N)(NCMe),]ClO4 [C*N = bzq (1), ppy
@]

Compounds 1 and 2 were prepared by treatment of a suspension of the corresponding

dinuclear chloride compounds [{Pd(C"N)(u-Cl)},] [C’N = bzq (B), ppy (D)] with

AgClOy4 in a 1:2 molar ratio in MeCN. After removing the AgCl, both compounds were
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obtained from their corresponding solutions as white analytically pure solids (see
Scheme 1, path a, and Experimental Section). Compounds [Pt(C"N)(NCMe),]|ClO4
[CN = bzq (3), ppy (4)] were prepared in the same way to 1 and 2 as has been reported
carlier.”’ Conductivity measurements on 1 and 2 in acetonitrile confirm their behaviour
as 1:1 electrolytes.”® Their IR spectra show the expected absorptions due to the
perchlorate (Td) anion® and the o-donor N-coordinated acetonitrile molecules in a cis
disposition.’®®” They were characterized by NMR spectroscopy in acetonitrile solutions
(see Scheme 2 and Experimental Section). The correct assignment of the eight aromatic
protons was made on the basis of 2D NMR 'H-'H cosy experiments. It is worth noting
that both complexes show only one signal at 1.99 ppm (6H) probably due to the lability
of acetonitrile ligands. This fact contrasts with the two different signals at 6 = 1.99 (3 H)
and 2.65 (3 H) observed in the analogous platinum compounds (3 and 4). This behavior
has been previously observed in other related acetonitrile palladium complexes,” being
attributed to the lower kinetic inertness of palladium(I) complexes with respect to the
platinum ones in substitution processes.®” Compound 3 was used as starting material in

the synthesis of the isocyanide derivatives described below.

Synthesis and characterization of [Pt(bzq)(CNR);]X [R = #-Bu, Xyl, 2-Np; X =
ClOy4, PF¢].

The cationic species [Pt(bzq)(CNR),]" were isolated as the C104~ and PFs~ compounds
through two different paths (see Scheme 1, paths b and ¢, and Experimental Section).
Replacement of the acetonitrile molecules in [Pt(bzq)(NCMe),]Cl10s 3 with two
equivalents of the corresponding CNR ligands in methanol affords the perchlorate salts
[Pt(bzq)(CNR),]Cl104 [R = #-Bu (5a), Xyl (6a), 2-Np (7a)] in very high yield (> 90%).

By contrast, compounds [Pt(bzq)(CNR),]PFs [R = #-Bu (5b), Xyl (6b), 2-Np (7b)] were
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prepared in one pot reaction by treatment of [{Pt(C"N)(u-Cl)},] (A) with four
equivalents of CNR and two equivalents of NaPF¢ in acetone. All of these compounds
were isolated with a similar appearance of yellow solids that were air stable for long
periods (months). All compounds have been fully characterized both in solid state and
in solution (see Experimental Section). They show the expected [Pt(bzq)(CNR),]" peak
(100%) and their conductivity measurements (nitromethane or acetonitrile) confirm
their behavior as 1:1 electrolytes.** The proton NMR spectra (assigned on the basis of
'H-'H cosy experiments) do not vary significantly with the anion and exhibit the
expected signals for the bzq and the CNR ligands. The *Jp.q, values for compounds 5-7
[34.5-37.8 Hz] are smaller than that found in compound [Pt(bzq)(NCMe),]ClO4 (3) (46
Hz) in agreement with the stronger trans influence of C (CNR) with respect to N
(NCMe).”” Well resolved *C{'H} NMR spectra are also observed for complexes 5b
and 6b (except for the Pt-CNR resonance, see Experimental Section for details). The
9Pt NMR nucleus for the terfbutyl isocyanide derivative 5b (J5-4246) is slightly more
shielded in relation to the CNXyl derivative (6-4168 6b), a feature that could be related
to the presence of the electron withdrawing xylyl ring in 6b. The IR spectra show two
absorptions at about 2200 cm™ due to v(C=N), which appear, as expected, shifted to
higher frequencies with respect to the corresponding free ligands (CN-¢-Bu: 2125 cm™,
CN-Xyl: 2131 cm™, CN2-Np: 2123 cm’™) similar to that reported for complexes with
terminal isocyanide ligands,**0->%461.71.72

Single crystals of compounds 6a and 6b were obtained and studied by X-ray
crystallography (Figures 1 and 2). Selected bond parameters are given in Table 1. In
both cations, the platinum(II) center exhibits a distorted square-planar environment due
to the small bite angle of the cyclometalated ligand (bzq) [81.57(9)° in 6a and 81.37(8)°

in 6b]. This angle and the Pt-Ncww and Pt-Ceay bond lengths are similar to those
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17-19,46

observed for other bzq platinum compounds. Two xylylisocyanide ligands

complete the coordination sphere of platinum(II). The Pt-Ccenxy bond lengths are

comparable to those observed in other Pt(Il) isocyanide complexes,® 03234627274

e
distances trans to Ncw being slightly shorter, in agreement with the smaller trans
influence of the nitrogen atom relative to the metalated carbon atom. The CNXyl
ligands are almost linearly coordinated, and the deviation from ideal angles is highest in
the CNXyl trans to Ccry in 6a. In both molecules, one of the CNXyl groups is not
coplanar with the Pt coordination plane, forming dihedral angles of 70.2° 6a (CNXyl
trans to Ceay) and 53.0° 6b (CNXyl trans to Neay), respectively. In both complexes, the
cations are arranged as head-to-tail dimers through moderate intermolecular n—n
interactions™®'**?**">"7 petween bzq ligands, which are stronger in 6a (3.30 A vs 3.45
A 6b) (Figures 1b and 2b). In 6a, neighboring dimers are arranged in such a way that
the xylyl ring of the coplanar group overlap with one bzq ligand (3.38 A). For 6b, the
shortest interaction between dimers is found between the xylyl rings of the isocyanide
groups, which are not coplanar (~3.63 A) with the platinum coordination plane. As is
shown in Figure 2a, in this compound (6b), weak contacts between the anion (PF¢ ) and
the cation are observed, with the shortest P-F"H,,q) distance found being of ca. 2.28 A
(FH-C 164.1°). Despite the differences commented in the crystal packing due to the
influence of the counteranion, both crystals have a similar yellow color, in accordance

to the very long Pt Pt distances (4.91(1) A 6a, 5.47(1) A 6b).

Absorption spectra and theoretical calculations
Compounds 1-4 show low solubility and stability in common organic solvents
(dichloromethane, acetone, methanol), except in acetonitrile, in which the electronic

absorption spectra were carried out (Figure 3, ~10* M, see also Table 2). With
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reference to previous assignments in analogous C,N-cyclometalated platinum and

2,4-12,14-25,36,80

palladium(II) complexes reported earlier, the high-energy intense bands (A

<325 nm, ¢ > 10 M'em™) are assigned to metal-perturbed, ligand-centered transitions
('LC n—n*)""?%3% within the bzq or ppy ligands, while the less intense low-energy
absorptions (A > 325 nm) are tentatively ascribed to a mixture of spin-allowed metal-to-
ligand charge transfer (‘MLCT) and ligand-centered 'LC(bzq) transitions. We note that
recent studies on related anionic compounds such as (NBug)[Pt(bzq)(CN),]'" and
(NBu;;)[Pt(bzq)(CECPh)z]46 suggest that the lower energy bands are described as a
mixture of 'MLCT/'LC or '"MLCT/'LL’CT transitions, respectively. In agreement with

17303381 5 remarkable blue-

the partial '"MLCT character associated to these transitions,
shift is observed in the palladium complexes (1 and 2) in comparison to those of the
analogous platinum ones (3 and 4). As shown in Figure 3, the lowest energy band in the
benzoquinolinate complexes 1 and 3 is bathochromically shifted in relation to that of 2
and 4 due to the presence of a more extended conjugation in the bzq ligand relative to
the phenylpyridinate group.'®*

The solid state diffuse reflectance UV-vis spectra show differences with respect
to those observed in acetonitrile solution (see Figure S1), especially 3 (orange colour),
which exhibits a band with a maximum at 475 nm, assigned to a combination of
'MMLCT [do (Pt) — n*(C"N)] and n—n transitions due to Pt--Pt and n—n stacking
interactions among monomers.>*'*’®* We note that the solid state UV-vis absorptions
for complex [Pt(ppy)(NCMe),]CF3;SO; have been attributed to ligand centered —m
transitions.™

Due to solubility reasons, the UV-Vis spectra of the isocyanide complexes 5 and

6 have been only examined in CH,Cl,, DMF and MeCN and for 7 in DMF and MeCN

(see Table 2). The electronic spectra of these compounds in solution (~10* M) show no
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dependence on the counteranion. In addition, as can be observed in Figure S2a, which
includes the spectra of the perchlorate derivatives (5a-7a) in acetonitrile, the influence
of the corresponding isocyanide substituent in the low energy bands is minimal (Table
2), thus suggesting a very low contribution of the co-ligands on the HOMO. These
absorptions (> 350 nm) are conventionally assigned to a spin-allowed metal-to-ligand
charge tranfer 'MLCT [dn(Pt)—>n*(bzq)] transition, although, as commented above, a
ligand-centered 'LC(bzq) contribution cannot be excluded and overlapping with spin-
forbidden transitions is also possible.

To shed some light, TD-DFT calculations have been carried out for cation 6"
using B3LYP hybrid functional theory, which agree well with the experimental
structure (see Figure S3 and Table S1 for details), the most remarkable difference being
that both Xyl rings are nearly perpendicular to the platinum coordination plane. The
molecular orbitals involved in the main excited states have been drawn in Figure S4 and
the relative compositions of the different energy levels in terms of composing fragments
are reported in Table 3. As can be seen in Figure 4a and Table 3, the HOMO is
primarily composed of the bzq ligand (93%) with some contribution of Pt center, while
the LUMO consists mainly of the bzq ligand (72%) with some contribution of Pt(5dm)
(12%) and CNXyl ligand (16%) orbitals. The calculated excited states in acetonitrile
solution (the first eight singlets and four triplets) are listed in Table S2 and the selected
allowed transitions are shown (bars) together with experimental absorption maxima in
Figure 4b. Calculations indicate that there is a considerable orbital mixing for the
transitions and only a maximum at 384 nm is predicted, which agree roughly with the
observed low energy maximum (~ 398 nm 6b). The major contribution to this band (~
90%) involves the HOMO—LUMO transition, suggesting a remarkable ligand centered

('LC bzq) character mixed with small '"MLCT character. This assignment is consistent
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with the modest negative solvatochromism observed for complexes 5 - 7 on going from
the least to the most polar solvent investigated (CH,Cl,, DMF and MeCN) (see Table 2
and Figure S5a). In the solvents investigated, the lowest energy absorption band at ca.
400 nm for the six complexes follows the Beer’s law in the concentration range from 5
x 10° M to 107, suggesting that no remarkable aggregation occurs within this
concentration range (see Figure S2b for complex 7b in MeCN). However, a much
weaker band (g ~ 20 M'em™) is barely discernible at lower energy in very concentrated
solutions (102 M) in CH,Cl,, DMF and MeCN for the t-butyl and Xylylisocyanide
derivatives (Figure S5b for 6b). For the naphthylisocyanide complexes (only soluble at
this concentration in DMF), it might be obscured by the tail of the main band. The
wavelength of this band is very similar in each case (range CH,Cl,: 464-467 nm; DMF:
462-465; MeCN 461-464 nm) and displays a weaker degree of solvatochromism than
the more intense band, but following the same order. This band agrees with the first
calculated spin-forbidden triplet in 6 (~ 458 nm, Table S2) and could be attributed to
the direct population of a triplet state of mixed LL’CT/LC/MLCT character, facilitated
by the high spin-orbit coupling associated with the platinum(Il) ion. Notwithstanding,
the heavy atom effect in these isocyanide complexes 5-7 seems to be not very effective
not only because the intensity of the band is very weak (only observed at 10% M) but
also due to the fact that all derivatives 5-7 exhibit dual emission (fluorescence and
phosphorescence) in solution at 298 K (see below).

Concerning to solid state, similar colors of microcrystalline samples of 5-7 were
observed for different counteranions and we noted that the An.x for the same complex,
but with different anions are almost identical. For 5 and 6, the solid diffuse reflectance
UV-vis spectra (Figure S6 for complexes a) exhibit two intense low-energy absorptions

at similar energy to those seen in solution (382, 402 nm 5a in solid vs 385 and 402 in
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CH,Cl,). This suggests that the observed (6, see Figures 1b and 2b) or possible (5) n—n
interactions between monomers have a very small effect in their absorption maxima. By
contrast, complexes 7 having the 2-naphthylisocyanide ligand display an intense broad
profile from 320 to 490 nm, with a long tail extending to 530 nm, which is probably due

to the presence of stronger n—n stacking in the solid microcrystalline samples.

Emission spectroscopy.

The acetonitrile  platinum(Il)  derivatives, [Pt(bzq)(NCMe),]C1O4 3  and
[Pt(ppy)(NCMe),|ClO4 4, are photoluminescent at low (77 K) and at room temperature
both, in solid state and in MeCN solution. However, as has been previously observed in
related palladium compounds,32'38 [Pd(bzq)(NCMe),|ClO4 1 and
[Pd(ppy)(NCMe),]CIO4 2 are only emissive at 77 K. This behavior is not unusual in
palladium complexes because of the presence of low-lying metal-centered (MC) excited
states, which deactivates the potentially luminescent MLCT and LC levels through
thermally activated surface-crossing processes.”> The results are summarized in Table 4.
The emission of 4 in fluid (298 K) MeCN solution is not concentration-dependent,
exhibiting in the concentration range 10° — 10 M a typical structured emission (478,
512, 543 nm) with vibronic spacing (1389, 1115 cm™) (Figure 5, 10 M), consistent
with an emission coming from a mixed *LC(n*)/’MLCT emissive state.”' In contrast,
concentrated solutions of complex 3 (10° M and 10* M, Figure 5) result in a high-
energy structureless band centered at 437 nm with a very short lifetime (9 ns), by
excitation in the range 330-370 nm. However, as shown in Figure S7, the intensity of
this emission band decreases with the concentration, being essentially not detectable at
10” M. The unstructured shape, the short lifetime and the intensity dependence on the

concentration suggest that this emission could be tentatively ascribed to excimer
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fluorescence.*® In support of this assignment, its excitation spectrum (367 nm max)
differs from that obtained in glass state at 77 K, monitoring at the A, of the mixed
’LC/ *MLCT emissive state (486 nm).

Interestingly, upon cooling the solutions to the glassy state (77 K), the emission
spectra of 1-4 are concentration-dependent and very similar one to another (see Figure 6
for complex 4). In diluted solutions (10 M, white-cream glasses) all of them exhibit a
high-energy structured band, which is ascribed to typical mixed *LC/°MLCT transition
of the monomer species. The emission maxima follow the order: 460 (2) < 471 (1) <
476 (4) < 486 nm (3). This tendency is in accordance with the presence of a higher
energy HOMO in platinum derivatives and a lower energy LUMO in the
benzoquinolinate complexes, which decreases the energy of the "MLCT state. When the
concentration increases (10 and 10° M, orange glasses) this band disappears and only
an unstructured emission maximizing at A, 680 nm (Pt 3, 4), 703 nm (Pd 1), 720 nm
(Pd, 2), respectively is observed. As shown in Figure 6, the excitation spectrum
corresponding to this new 680 nm emission appears at ca. 480 nm, while the excitation
spectrum of the diluted solution (10” M) monitored at 486 nm (3), 476 nm (4), give rise
to a structured high-energy profile, suggesting a different origin for these two
emissions. This feature and the change of color of the glasses from cream-white (10”
M) to orange (10~ M) indicate that these low energy emissions are presumably due to
emissive ground-state aggregates generated by M-M (MMLCT) and/or m—n

interactions, 632384

although the existence of excimeric-like emissions cannot be
excluded. In agreement with this suggestion, the observed emissions in solid state are
quite similar. Thus, at room temperature (Figure S8), both yellow platinum derivatives,

3 and 4, show unstructured and symmetrical low-energy, excimeric-like emissions

centered at 630 and 595 nm, respectively, which undergo a red shift on cooling (650 3,
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645 nm 4). Interestingly, although the white palladium compounds 1 and 2 are not
emissive at room temperature in solid state, cooling at 77 K resulted in a very low-
energy and unstructured excimeric emission maximizing at 703 and 690 nm,
respectively (Figure S9). It is worth noting that both emissions for 1 and 2 occur at
lower energies than in the corresponding platinum solvates 3 and 4, suggesting stronger
interactions between adjacent excited monomers. The observed low-energy emissions in
solid state for 1-4 are tentatively attributed to excimeric-like *nrn* and/or "MMLCT
[6*(M)—>n*(C~N)] transitions localized on excited interacting adjacent monomers by
n—n and/or M—M interactions. Curiously, in all derivatives the observed emission
maximum in solid state appears blue-shifted with respect to that seen in the rigid glassy
acetonitrile solution (Table 4), a fact that is more remarkable in the platinum complexes
[3 (30 nm), 4 (35 nm)]. This behavior seems to indicate that packing of cations and
anions in the solid lattice occurs in such a way that it causes a greater separation
between interacting adjacent metallic cations than in glassy solutions (M > 10™).

Based on the combination of the strong field cyclometalating ligand and strong
field isocyanide ancillary ligands, high-efficiency luminescence would be expected for
the isocyanide complexes 5-7. At room temperature, the behavior of complexes 5a and
5b in CH,Cl, solutions (5 x 10°-10° M range) is similar to that of related 6a and 6b,
therefore only the emission spectra of Sa and Sb are presented (Figures 7, 8 and S10).
By excitation at An. > 360 nm (Figures 7 and S10), all of them show a structured
emission band (Am.x ~ 470 5, ~ 475 nm 6, see Table 4), whose excitation spectra mimic
the absorption spectra in the low energy region, being ascribed to a mixed *LC/°"MLCT
excited state, probably with a remarkable *LC character (see below for emission spectra
in other solvents). However, excitation at higher energies (A < 330 nm) results in an

additional high-energy structured emission band at 345 nm, along with the *LC/"MLCT
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band at 470 nm. An intermediate additional structureless emission band centered at ca.
430 nm is also observed using concentrated solutions (10° M) when the counterion is
PFs (5b, 6b) or at concentrations up to 5 x 10> M when the counterion is C10,4 (5a,
6a). Although too weak for lifetime measurements, the high-energy structured emission
(345-385 nm) clearly originates from a ligand-centered (bzq) predominantly spin-
allowed '(nn*) excited state (fluorescence). Additional support arises from the small
Stokes shift between the excitation and emission spectra (see Figure 7 for Sb) and the
fact that this high-energy emission is comparable to that of the free ligand (Hbzq: 349,
366, 385 nm). As can be seen in Figure S10, the excitation spectrum monitoring at the
intermediate unstructured band (430 nm) differs from that obtained monitoring the
structured high- and low-energy emissions, suggesting a different emissive manifold of
difficult assignment. As commented above, this behavior indicates that the intersystem
crossing (ISC) and/or internal conversion (IC) between emissive states is probably of
low effectiveness at room temperature. Clearly the change of the weakly coordinated
NCMe molecules by the stronger c-donating isonitrile CNR ligands in the “Pt(bzq)”
core, probably reduces the degree of platinum-benzoquinolinate (Pt-Cy,q) orbital (c and
7) interactions, which seems to be crucial to the manifestation of the heavy atom
effect.”

For complex 6a, the dependence of the lifetime in deaereated CH,Cl, solution
measured at 470 nm has been examined. The lifetime decreases slightly in the 2,5 x 107
to 10 M range from 3.08 to 2.67 ps. As can be observed in Figure S11, the observed
emission decay rate constants (Kops = 1/70bs) increase linearly with the concentration,
fitting well to the Stern-Volmer equation of the form Kqps = K, + Kg[Pt], where K, =
(1/1,) is the emission rate constant at infinite dilution and Kq is the apparent rate

86,87

constant of self-quenching, which provides an indication of the susceptibility of the
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complex to self-quenching through excimer formation (Figure S11). The lifetime of
emission at infinite dilution 7, is 3.2 ps and the value of Kq (0.65 x 10° M's™h
(determined form the linear variation of K as a function of the concentration), indicate
little self-quenching.'®%¢8%20

An additional solvent-dependent emission study at room temperature in diluted
solution (5 x 10 M) has been carried out in more polar solvents (DMF and MeCN) and
the results are collected in Table S3. It is remarkable that although dual fluorescence
(‘mn*) and phosphorescence CLCAMLCT) is still observed in all complexes, the
emissions are clearly dominated by the high energy structured fluorescence bands
probably due to the quenching effect of these donor solvents (as illustration see Figure
S12 for complex 5b). In addition, the intermediate band located at ~ 430 nm, which is
seen in CH,Cl,, also disappears in these solvents. Concerning to the solvent effect on
the maxima (> 470 nm), its influence is negligible (Table S2), which is in agreement
with emission emanating mainly from a °LC excited state. Notwithstanding, for 6a in
acetonitrile, a low unstructured feature located at 575 nm (3757:* excimeric in nature) is
also observed.

When the CH,Cl, solutions are frozen, 1(mr*) fluorescence and intermediate
(430 nm) emissions disappear, indicating effective falling to low-lying emissive
manifolds. However, while the PF4" derivatives (Sb and 6b) only exhibit a structured
band centered at ca 502 nm, the ClO4s complexes also show the presence of an
additional low-energy unstructured manifold (582 Sa, 615 nm 6a). As an illustration of
this different behavior, the emission spectra of 5a and 5b in diluted 5 x 10 M solutions
at 77 K are shown in Figure 8. Similar spectra were obtained at higher concentrations
with the low energy manifold for 5a and 6a being more prominent. For the structured

emission of Sb and 6b, the absence of rigidochromism, together with the negligible
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influence of the isocyanide ligand and the extremely long lifetimes, which fit well to
monoexponential decays (air equilibrated glasses, 469 us Sb, 141.4 pus 6b) are
indicative of emission with primarily *LC parentage. For the ClO, derivatives, lifetime
measurements in all maxima always fit to two components (see Table 4). The long
component dominant in the high energy peaks is attributed to the structured *LC
emission, while the short component, which is predominant in the low energy band, is
tentatively attributed to excimeric *nn* emission. In keeping with this notion, the
excitation spectra of 5a monitored at 502 and 585 nm are similar (see Figure 8). It is
worth noting that the phosphorescence lifetimes at 77 K (and also in solid state at 77 K)
are longer than at room temperature, suggesting that they are mainly determined by non
radiative decay rates, which usually decreases with lowering temperature.

We have also performed a temperature-dependent study on the luminescence
properties of a diluted 5 x 10 M deaereated CH,Cl, solution of 5a. In Figure S13 are
collected emission spectra and lifetimes as registered against the temperature in the 298-
77 K range. As can be observed, by decreasing slowly the temperature the final
emission profile obtained at 77 K is slightly different than that observed by freezing the
solution suddenly (Figure S13b vs Figure 8). The most remarkable effect is that the high
structured emission decreases in intensity relative to the low energy excimeric feature
and the peak maxima of the *LC are broader and slightly blue shifted (490, 528 nm vs
502, 535 nm). It may be noted that the lifetimes measured in the 470-490 band are
significantly larger than those obtained in air-equilibrated solution, as would be
anticipated due to its triplet parentage. From Figure S13, it can be seen that by cooling
from 298 to 173 K, no energetic variation is observed in the dual emission (fluorescence
and fosforescence), but the intensity of the phosphorescence increases remarkably while

the fluorescence decreases in a lesser extent. The phosphorescence emission lifetime
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increases concomitantly fitting to a mono exponential decay from 298 to ca. 198 K (1.5
us 298 K to 58.1 ps at 198 K). At 173 K, which is close to the freezing temperature
(177.9 K), the lifetime increases rapidly and fits to two components [837.5 ps (55.8%),
256.5 us (44%)], suggesting the presence of two close emissive states. Below this
temperature, the structured emission shows a small bathochromic shift (Ap.x ~ 490 nm)
and the low energy unstructured feature ascribed to *nn* excimer emission is observed
(~ 586 nm). Both, the presence of a biexponential decay with two very long lifetime
components at Ap,x ~ 490 nm (similar to those seen in the solid state at 77 K: 1045.9
(55.1%), 129.9 (44.9%) ps glass 77 K; 1310 (61.3%), 280 (38.7%) us solid 77 K) and
the very intense excimer emission below 173 K, could be indicative of the existence of a
crystallization process. However, we noted that the maxima of both emissions are
slightly different. For instance, by exciting at ~ 450 nm the maximum of excimer
emission occurs at 620 nm, which is different from that observed in solid state at 77 K
(~ 650 nm, Figure S16). The appearance of excimer (or ground-state aggregate)
emission at 77 K for glasses but not at room temperature is not unprecendented and
indicates that the association constant could be too small to be observed at room
temperature.

For 7a and 7b, which are not soluble in CH,Cl,, the emission spectra were
recorded in MeCN (Table 4) and DMF (Table S3) and again, the tendency to form
excimers is higher in the ClO4" derivative 7a. Thus, in a MeCN diluted solution (5 x 10°
M), 7b exhibits, by excitation in the low energy absorption (380-400 nm), an
asymmetric emission (480sh, 540 nm) ascribed to a mixed *LC/°MLCT excited state,
while excitation at higher energies (280-320 nm) and 360 nm, results in additional
structured (330, 345, 360, 380 nm) (394, 400, 416 nm) ligand centered Lo emissions,

with contribution of both bzq and CN-2-Np groups (Figure 9).”' When the concentration
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increases (107, 10° M), a new additional low energy feature, which maximizes at ca.
620 nm by exciting at 400 nm, is observed. Similar behavior is observed for 7a in
MeCN, but in this case the low-energy feature is observed, as for complex 6a in MeCN,
even in a diluted 5 x10™ M solution (see Figure S14). As can be seen in Figure S14 for
7a, the excitation spectra monitored at the low energy feature are different to that
monitored at the high energy band, suggesting that the broad low energy band originates
from an emissive state resulting from ground state aggregation of the complexes. In
diluted (5 x 10° M) DMF solution, the triplet mixed *LC/°MLCT emission for both
complexes 7a and 7b is very weak, with emission maxima slightly blue shifted (~ 470
nm in DMF vs 480 nm in MeCN). In addition, by excitating at high energy (280-310
nm), the only emission observed (see Table S3) is 'mn* fluorescence (330, 345, 364,
380 nm). The tendency to form excimers is lower than in acetonitrile and becomes
apparent only at elevated concentrations (~ 107 M).

In glassy (77 K) acetonitrile, the emission profile for 7a and 7b is similar and
also depends on the concentration and the excitation wavelength. Curiously, at low
concentration (5 x 10° M) only one symmetric structureless band at very low energy
(741 nm 7a, 735 nm 7b, related to a maximum excitation peak at 540 nm), is observed
(see Figure 10 for 7a). This emission is attributable to "MMLCT [do*(Pt)—m*]
transitions, probably due to the close distance and interaction between the platinum
centers. However, when the concentration increases to 10 M, the glasses exhibit site-
selective emission, presumably due to the simultaneous presence of *nn* and *MMLCT
3(do*n*) transitions. Thus, two structureless symmetric bands at 690 nm (Aexe 500 nm)
and 735 nm (Acxc 540 nm) for complex 7a and at 710 nm (Aexe 520 nm) and 775 nm (Aexe
590) for 7b, are seen with 10° M solutions at 77 K. In both complexes the excitation

spectra monitored at the low-energy band (735 nm 7a, 775 nm 7b) are distinct from
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those monitored at the less energetic emission (690 nm 7a, 710 nm 7b), indicating their
different origin [*(do*n*) and *mn*]. Apparently, in diluted solution glasses, the
tendency to selectively form aggregates through Pt Pt interactions is prevalent, while
at higher concentrations both n—n and Pt Pt emissive dimers and/or oligomers are
generated, which is further evident from the emission lifetime measurements listed in
Table 4.

The luminescence observed in solid state for complexes 5-7 is quite similar to
that observed in glasses at 77 K and only in the #-butylisocyanide derivatives is the
influence of the counteranion clearly visible. Thus, despite the presence of weak nn
stacking interactions found in solid state (Figures 1 and 2) for the xylylisocyanide
derivatives (6a, 6b), these complexes exhibit vibronically structured emissions (298, 77
K) attributed mainly to the *LC excited state. Notwithstanding this, the emissions at 298
K are broader and their lifetime measurements fit to two components, suggesting that a
small excimeric character of the emission cannot be excluded (Figure S15). By contrast,
the 2-naphthylisocyanide complexes show, at room temperature, an intense broad
emission (635 nm 7a, 630 nm 7b) attributed to excimeric “nn* excited states. Upon
cooling to 77 K, two distinct emissions are resolved depending on the excitation
wavelength (see Table 4). As can be observed in Figure 11 for complex 7a, both
emissions (590, 675 nm 7a; 573, 685 nm 7b) mimic those observed in concentrated
acetonitrile glasses (10° M, 77 K, see Figure 10), being similarly assigned to *nn* and
3(do*n*) excited states, respectively. This behavior, together with the reflectance
diffuse spectra (Figure S6) suggest that probably both mm and Pt Pt contacts are
prevalent in the crystal packing of both complexes 7a and 7b. The influence of the
counter ion is observed in the CN-z-Bu derivatives. To illustrate this, the emission

spectra of 5a and Sb are given in Figure S16. 5b (PF¢) exhibits only typical structured
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profiles (298, 77 K) due to 3LC excited states, while for 5a, containing the smaller C1O4
counterion, additional emission due to excimeric *mm* is also evident, this being

predominant at 298 K.

Conclusions
In summary the synthesis and photophysisc of a new series of cationic cyclopalladated
complexes [PA(C*N)(NCMe),]ClO4 (C*N = bzq 1, ppy 2), analogous to the previously
described platinum complexes (3, 4)” and isocyanide platinum derivatives
[Pt(bzq)(CNR);]X (R =#Bu §, Xyl 6, 2-Np 7; X = ClO4" a, PF¢" b) is reported. The X-
ray crystal structures of 6a and 6b reveal the presence of similar m—n stacking dimers
that pack through additional, slightly different, n—mn interactions (bzq/xylyl 6a or
xylyl/xylyl 6b). Complexes 3 and 4 are strongly emissive in all media (298 and 77 K),
whereas the palladium complexes are only emissive in rigid media at 77 K. Curiously in
acetonitrile solution complex 3 shows a high-energy unstructured emission band
(ascribed to excimeric fluorescence), whereas 4 exhibits a typical structured emission
coming from a * LC(nn*) emissive state with small amount of the *MLCT state. At 77 K
(glassy solutions), the emission spectra of all acetonitrile complexes 1-4 are
concentration-dependent exhibiting typical *LC/°MLCT structured emissions at low
concentration (10 M) and low-energy excimeric-like Snn” and/or *MMLCT [do’ (Pt) —
n*(C~N)] unstructured bands at higher concentrations, similar to those observed in solid
state at room temperature (3, 4) and at 77 K (1-4).

On the basis of TD-DFT calculations on 6", the lowest energy absorption seen in
the isocyanide complexes 5-7 is suggested to be 'IL in nature mixed with some '"MLCT
character. Their emissive properties in fluid solution indicates that intersystem crossing

between singlet and triplet states is very inefficient, probably due to the stronger c-
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donating properties of the CNR ligands, which reduces the heavy effect atom. Thus, for
5 and 6 in CH,Cl, solutions, three different bands are observed: ln* fluorescence (345-
385 nm), "LC/°"MLCT phosphorescence (Amax ~ 470 nm) and a broad structureless
emission at ca. 430 nm, whose presence is concentration dependent. The An.x of
phosphorescence emission is not particularly sensitive to solvent polarity but it is
considerably quenched in MeCN and DMF. In addition, in these solvents the band at
430 nm is not observed. Emission lifetimes for deaereated CH,Cl, solutions of Sa,
reveals little self-quenching, but the presence of oxygen decreases the intensity of the
phosphorescence. At 77 K (glassy CH,Cl, solutions), the fluorescence and the
intermediate band (430 nm) disappear and for the CIO4 derivatives (5a and 6a)
phosphorescent excimeric-like >nn’ emissions are observed. The emissions of the 2-
naphthylisocyanide derivatives (7) also exhibit a similar solvent concentration and
excitation wavelength dependence both at room and at low (77 K) temperature, the
ClOy4 derivative 7a being more prone to show excimeric emission. For these complexes
(7) the low concentrated rigid glasses (5 x 10 M) exhibit only one structureless band at
very low energy (741 nm 7a, 735 nm 7b) due to a "MMLCT [do*(Pt)—n*] transition.
However, by increasing the concentration (10, 10° M) of the glassy solutions an
interesting dual site-selective emission (690, 735 nm 7a; 710, 775 nm 7b) is clearly
observed due to the simultanecous presence of both excimeric nn’ and *MMLCT
transitions. The behavior of these isocyanide complexes (5-7) in solid state is similar to
the rigid glasses and it is only in the CN-#-Bu derivatives that the influence of the
counteranion is visible. In general, the following tendency to exhibit excimeric-like
emission (*nn* and/or dcs*n*) is observed CN-2-Np > CN-#-Bu > CN-Xyl and ClO4 >

PFs.
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Experimental

General considerations: The starting materials [ {Pt(bzq)(u-Cl)},] (A2, [{Pd(bzq)(u-

CD}2](B).”  [{Pepy)(n-CD}2] (C),” [{Pd(ppy)(n-CD}a] (D), were prepared
according to reported procedures with slight modifications. The synthesis of
[Pt(C*"N)(NCMe),]ClO04 (CN = bzq 3, ppy 4)*" has been previously reported. The
reactions were carried out without precautions to exclude atmospheric oxygen or
moisture. tert-butylisocyanide (CN-#-Bu), 2,6-dimethylphenylisocyanide (CN-Xyl), and
2-naphthylisocyanide (CN-2-Np) were purchased from commercial suppliers.

Instrumental methods: Infrared spectra were recorded in the 4000-200 cm™ range on
Perkin-Elmer 883 and Nicolet Nexus FT-IR spectrophotometers using Nujol mulls
between polyethylene sheets. Conductivities were measured in ca. 5 x 10 mol dm™
solutions with a Philips 9509 or a Crison GLP31 conductimeter. C, H, and N analyses
were carried out with a Perkin-Elmer 2400 microanalyzer. Mass spectra were recorded
on a HP-5989B mass spectrometer (ES technique) spectrometer. UV-visible spectra
were obtained on a Hewlet Packard 8453 spectrometer. NMR spectra were recorded on
a Bruker ARX 300 and Bruker AVANCE 400 spectrometers. Chemical shifts are cited
relative to SiMey (IH, external), CFCl; (19F, external) and 85 % H;POq (31P, external)
and Na,PtCls in D,O (195Pt). J are given in Hz and assignments on the basis of 'H-'H
cosy and g-HSQC experiments (for complexes 5b and 6b). Diffuse reflectance UV-vis
(DRUYV) spectra were recorded on a Unicam UV-4 spectrophotometer equipped with a
Spectralon RSA-UC-40 Labsphere integrating sphere. The solid samples were
homogeneously diluted with silica. The mixtures were placed in a home-made cell
equipped with quartz window. Steady-state photoluminescence spectra were recorded
on a Jobin-Yvon Horiba Fluorolog FL-3-11 Tau 3 spectrofluorimeter using band

pathways of 3 nm for both excitation and emission. Phosphorescence lifetimes were
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recorded with a Fluoromax phosphorimeter accessory containing an UV xenon flash
tube with a flash rate between 0.05 and 25 Hz. Phase shift and modulation were
recorded over the frequency range of 0.1-100 MHz. The lifetime data were fitted using

the Jobin-Yvon software package and the Origin 6.0 and 7.5 program.

Synthesis of [Pd(bzq)(NCMe),]ClO4 (1). AgClO4 (0.712 g, 3.434 mmol) was
added to a stirred suspension of B (0.110 g, 1.718 mmol) in MeCN (100 mL). After
stirring at room temperature for 2 h in the dark, the mixture was filtered through celite
and the resulting solution evaporated to dryness. Addition of Et;O (30 mL) to the
residue gave pure 3 as a white solid. Yield: 0.151 g, 94%. Anal. Calcd for
C17H14CIN;O4Pd: C, 43.79; H, 3.02; N, 9.01. Found: C, 43.29; H, 2.65; N, 8.70. MS
(ES+): m/z 325 [Pd(bzq)(NCMe)]" 75%. IR (cm™): 2356 (m, NCMe), 2330 (m, sh,
NCMe), 2305 (m, vg(C-N), NCMe); 1097 (vs, v3 ClOy), 623 (s, v4 CIOy). Ay (5 x 107
M acetonitrile solution): 122.6 Q' cm” mol™."H NMR (400.13 MHz, CDsCN, 298K, §):
8.65 (s, H?, bzq), 8.52 (d, *Jia3 = 7.9, H*, bzq), 7.83 (AB, H’, bzq), 7.75 (AB, *Jie.s =
8.6, H®, bzq), 7.73 (d, *Jions = 7.3, H’, bzq), 7.60 (dd, *Jiz.s = 7.9, *Jizann = 5.4, H,
bzq), 7.44 (t, *Jugo = 7.3, HY, bzq), 7.36 (d, *Ju7ms = 7.3, H', bzq), 1.99 (s, 6H,

MeCN).

Synthesis of [Pd(ppy)(NCMe),|ClO4 (2). This complex was prepared in the same
way to 1. AgClO4 (0.700 g, 3.381 mmol), D (0.100 g, 1.688 mmol). 2: white color.
Yield: 0.142 g, 95%. Anal. Calcd for C;sH4CIN;O4Pd: C, 40.74; H, 3.19; N, 9.50.
Found: C, 40.42; H, 3.30; N, 9.73. IR (cm'l): 2331 (m, NCMe), 2320 (m, NCMe), 2302
(m, v&(C-N), NCMe), 2291 (m, v4(C-N), NCMe); 1089 (s, v3 ClOy4"), 624 (s, v4 ClOy).

Am (5 x 10* M acetonitrile solution): 129.2 Q' ¢cm? mol”. '"H NMR (400.13 MHz,
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CDsCN, 298K, 8): 8.43 (d, *Jipz = 4.4, H2, ppy), 8.04 (td, *Jiss = *Jians = 8.1, “Jia
we = 1.2, HY, ppy), 7.85 (d, *Jus.ua = 8.1, H>, ppy), 7.55 (dd, *Jusu7 = 7.6, *Jugns = 1.5,
H, ppy), 7.32 (ddd, *Jizms = 8.1, *Jizm = 4.4, *Jisns = 1.2, HY, ppy), 7.25-7.10 (m,

3H, H', H®, H’, ppy), 1.99 (s, 6H, CH;CN).

Synthesis of [Pt(bzq)(CN-#-Bu);]Cl1O4 (5a). To a yellow suspension of
[Pt(bzq)(NCMe),](ClO4) (3) (0.200 g, 0.36 mmol) in methanol (15 mL), was added CN-
-Bu (83 uL, 0.72 mmol). After 2 hour of stirring at room temperature, the solvent was
evaporated to dryness and the residue was treated with methanol (7 mL). The yellow
solid was filtered and washed with Et,O. Yield: 0.22 g 95%. Anal. Calcd for
C3H30CIN;O4Pt: C, 43.23; H, 4.10; N, 6.58. Found: C, 43.15; H, 3.80; N, 6.69. MS
(ES+): m/z 539 [Pt(bzq)(CN-£-Bu),]” 100%. IR (cm™): 2235 (s, v(C=N)), 2210 (s,
v(C=N)); 1097 (s, v3, ClOy4), 623 (s, V4, ClO4). Am (5 x 10™* M nitromethane solution):
66.6 Q' cm® mol™. "H NMR (400.13 MHz, CD,Cl,, 298K, 8): 8.97 (dd, *Jinz = 5.2,
s = 1.2, *Jpn = 34.5, H?, bzq), 8.60 (dd, *Jiuz = 8.1, e = 1.2, H, bzq), 7.82
(AB, *Jus.ue = 8.7, H, bzq), 7.73 (m, H, H’, bzq), 7.68 (dd, *Ji7.ns = 7.4, *Jizrme = 0.9,
H’, bzq), 7.65 (AB, *Jue.us = 8.7, H®, bzq), 7.58 (t, *Jus.nes = 7.4, H®, bzq), 1.68 (s, 18H,

CHs, CN-t-Bu).

Synthesis of [Pt(bzq)(CN-t-Bu);]PF¢ (5b). To a yellow suspension of [{Pt(bzq)(u-
CD}2] (A) (0.150 g, 0.183 mmol) in acetone (10 mL), CN-z-Bu (83 puL, 0.734 mmol)
and NaPF¢ (0.062 g, 0.366 mmol) were added. After 15 minutes of stirring at room
temperature, the solvent was evaporated to dryness and the residue treated with CH,Cl,
(20 mL) and filtered through celite. Evaporation of the filtrate to ca. 3 mL yielded Sb as

a yellow solid, which was filtered and washed with n-hexane. Yield: 0.174 g, 70%.
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Anal. Caled for Co3Hy6FeN3sPPt: C, 40.36; H, 3.83; N, 6.14. Found: C, 40.38; H, 3.73;
N, 6.54. MS (ES+): m/z 539 [Pt(bzq)(CN-z-Bu),]", 100%. IR (cm™): 2236 (s, v(C=N)),
2210 (s, v(C=N)). Am (5 x 10 M acetonitrile solution): 160.9 Q' cm” mol™'. '"H NMR
(400.13 MHz, CD,Cl,, 298K, 8): 8.81 (d, *Jioii3 = 5.2, *Jpez = 34.5, H2, bzq), 8.48 (d,
s = 8.1, HY, bzq), 7.79 (AB, *Jus.ue = 8.7, H’, bzq), 7.70 (m, H’, H’, H’, bzq), 7.65
(d, *Juens = 8.7, H®, bzq), 7.57 (t, *Jus.ne = 7.6, H®, bzq), 1.69 (s, 9H, CN-t-Bu), 1.68
(s, 9H, CN-£-Bu). '°F NMR (282.40 MHz, CD,Cl,, 298K, 8): -73.62 (d, Jpo.r = 711, PFy).
S'p{'"H} NMR (121.50 MHz, CD,Cl,, 298K, 8): -142.5 (sept, Jp.r = 711, PFs). *C{'H}
NMR (CD,Cl, 75.50 MHz, 298K, &): 157.55 (s, C'°), 153.15 (s, *Jpec = 31.6, C?),
149.47 (s, C"'"%), 143.89 (s, CP*'M), 142.22 (s, CY), 136.10 (s, “Jpec = 104, C?), 135.86
(s, *Jorc = 48.1, C'"1%), 132.21 (s, *Jpec = 64.5, C¥), 131.74 (s, C°), 129.37 (s, *Jpic =
34.3, C'"%), 126.84 (s, C7), 125.51 (s, C°), 125.08 (s, C*), 31.48 (s, CH;, CN-t-Bu),

31.33 (s, CHs, CN-z-Bu). Pt NMR (86.02 MHz, CD,Cl,, 298K, §): -4246 (s br).

Synthesis of [Pt(bzq)(CN-Xyl);]Cl04 (6a). Complex 6a was prepared as a yellow
solid according to a similar procedure to that for compound Sa starting from
[Pt(bzq)(NCMe),](Cl04) (3) (0.191 g, 0.34 mmol) and CN-Xyl (0.092 g, 0.69 mmol).
Yield: 0.232 g, 92%. Anal. Calcd for C;Hy6CIN;O4Pt: C, 50.65; H, 3.57; N, 5.72.
Found: C, 50.91; H, 3.32; N, 5.70. MS (ES+): m/z 635.2 [Pt(bzq)(CN-Xyl),]", 100%. IR
(cm™): 2204 (s, v(C=N)), 2184 (s, v(C=N)); 1087 (s, v, ClOy4), 623 (s, v4, ClOs). Am
(5 x 10™* M nitromethane solution): 69.8 Q! em? mol™. "H NMR (400.13 MHz, CD,Cl,,
298K, 8): 9.14 (dd, *Jipnz = 5.3, “Jipaa = 1.0, *Jpein = 37.8, H2, bzq), 8.61 (d, *Jnas =
8.1, H, bzq), 7.91 (d, *Jio-s = 7.6, *Jpino = 48.7, H, bzq), 7.89 (AB, *Jys.ue = 8.7, H’,

bzq), 7.79 (d, *Juzus = 7.6, H', bzq), 7.75 (dd, *Jiz-ns = 8.1, *Jisz = 5.3, H, bzq), 7.72
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(AB, *Jue.ns = 8.7, H®, bzq), 7.60 (t, *Jus.no = 7.6, HY, bzq), 7.36-7.23 (AB,, 2H*, 2H,

2H’, Xyl), 2.53 (s, 12H, CH;-Xyl).

Synthesis of [Pt(bzq)(CN-Xyl),]PFs (6b). Complex 6b was prepared as a yellow
solid according to a similar procedure to that for compound 5b starting from
[{Pt(bzq)(u-C1)}2] (A) (0.100 g, 0.122 mmol), CN-Xyl (0.064 g, 0.488 mmol) and
NaPFg (0.041 g, 0.244 mmol). Yield: 0.145 g, 76%. Anal. Calcd for C;;HysF¢N3PPt: C,
47.70; H, 3.36; N, 5.38. Found: C, 47.64; H, 3.12; N, 5.74. MS (ES+): m/z 635.4
[Pt(bzq)(CN-Xy1),]", 100%. IR (cm™): 2208 (s, v(C=N)), 2187 (s, v(C=N)). Ay (5 x 10°
* M acetonitrile solution): 164.7 Q"' cm? mol™. 'H NMR (400.13 MHz, CD,Cl,, 298K,
8): 9.24 (d, *Jioms = 5.2, *Jpen = 37.8, H2, bzq), 8.71 (d, *Juas = 8.1, H, bzq), 8.02 (d,
3 Jho-ng = 7.6, *Jpeo = 48.3, H’, bzq), 7.98 (AB, *Jis.iie = 9.0, H’, bzq), 7.91 (d, *Ji7.ng =
8.0, H’, bzq), 7.83 (AB, *Jis.uis = 9.0, H®, bzq + H® overlapped), 7.72 (t, *Jus-nor = 7.7,
H®, bzq), 7.52-7.33 (AB,, 2H*, 2H?, 2H’, Xyl), 2.64 (s, 12H, CHs-Xyl). ’F NMR
(282.40 MHz, CD,Cl,, 298K, 8): -72.59 (d, Jp.p = 711, PFs). *'P{'"H} NMR (121.50
MHz, CD,Cl,, 298K, 8): -142.5 (sept, Jp.r = 711, PFs). *C{'H} NMR (75.50 MHz,
CD,Cl, 298K, 8): 157.80 (s, C'%), 153.37 (s, “pec = 31.2, C?), 149.83 (s, C*''*), 148.08
(s, C'¥1%), 142.88 (s, CY), 137.81 (s, 2C,, Xyl), 137.55 (s, C'""%), 136.94 (s, C°), 136.23
(s, 2C,, Xyl), 133.08 (s, C,, Xyl), 132.70 (s, C,, Xyl), 132.49 (s, C%), 132.06 (s, C°),
130.35 (8, Cymy, Xyl), 130.30 (s, Cy, Xyl), 129.78 (s, C'""'%), 127.46 (s, C7), 125.71 (s,
C?), 125.55 (5, Cipsor Xyl), 125.20 (s, C°), 120.77 (s, Cipsor Xyl), 20.36 (s, 2CH3, Xyl),

20.31 (s, 2CHs, Xyl). "Pt NMR (86.02 MHz, CD,Cl,, 298K, 8): -4168 (s br).

Synthesis of [Pt(bzq)(CN-2-Np);]ClO4 (7a). Complex 7a was prepared as a yellow

solid according to a similar procedure to that for compound Sa starting from
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[Pt(bzq)(NCMe),](ClOy), 3, (0.161 g, 0.29 mmol) and CN-2-Np (0.089 g, 0.58 mmol).
Yield: 0.203 g, 90%. Anal. Caled for C;sHCIN3O4Pt: C, 53.96; H, 2.85; N, 5.39.
Found: C, 53.72; H, 2.80; N, 5.27. MS (ES+): m/z 679.2 [Pt(bzq)(CN-2-Np),]", 100%.
IR (cm™): 2217 (s, v(C=N)), 2190 (s, v(C=N)); 1093 (s, v3, ClOy), 623 (s, v4, ClOy).
Awm (5 x 10* M nitromethane solution): 65.5 Q' cm? mol”. "H NMR (400.13 MHz,
CDsCN, 298K, 8): 8.67 (d, *Jipiiz = 5.1, *Jpuz = 35, H?, bzq), 8.29 (d, *Jias = 7.9, HY,
bzq), 8.24 (s, H', Np), 8.16 (s, H', Np), 7.84 (m, 7H, Np/bzq), 7.61 (m, 9H, Np/bzq),

7.47 (d, J 8.5, 1H, bzq), 7.41 (dd, *Juz-is = 7.9, *Jizma = 5.1, H, bzq).

Synthesis of [Pt(bzq)(CN-2-Np):]PFs (7b). A yellow suspension of
[{Pt(bzq)(u-Cl)}2] (A) (0.100 g, 0.122 mmol) in acetone (10 mL) was treated with CN-
2-Np (0.075 g, 0.488 mmol) and NaPF¢ (0.040 g, 0.245 mmol) giving an initial red
suspension. The mixture was stirred for 15 minutes, changing the colour to a yellow
suspension. The solvent was removed and the final residue was treated with water (20
mL) and filtered. Yield: 0.176 g, 87%. Anal. Calcd for C;sHyF¢N3sPPt: C, 50.98; H,
2.69; N, 5.10. Found: C, 51.40; H, 2.89; N, 5.04. MS (ES+): m/z 678.8 [Pt(bzq)(CN-2-
Np).1", 100%. IR (cm™): 2215 (s, v(C=N)), 2189 (s, v(C=N)). Ay (5 x 10* M
acetonitrile solution): 137.7 Q' em” mol™. "H NMR (300.13 MHz, CD;CN, 298K, §):
8.52 (d, *Jipiiz = 4.8, *Jpemz = 35, H2, bzq), 8.21 (d, *Juas = 7.9, HY, bzq), 8.16 (s, H',
Np), 8.08 (s, H', Np), 7.82 (m, 6H, Np/bzq), 7.60 (m, 10H, Np/bzq), 7.40 (d, J = 8.5,
1H, bzq), 7.30 (dd, *Juza = 7.6, *Juzx = 5.4, H, bzq). The low solubility of this
complex precludes its characterisation by *C{'H} and '*°Pt NMR.

Computational Details. The computational method used was density functional theory
(DFT) with the B3LYP exchange-correlation functional,””’ using the Gaussian 03%®

program package. The basic set used was the LanL.2DZ effective core potential for the
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platinum atom, and 6-31G(d,p) for the remaining atoms. Cation 6" was optimized as an
isolated molecule from the solid-state geometry at the DFT level of theory. The time-
dependent density-functional theory (TD-DFT) calculation was carried out using the
polarized continuum model approach implemented in the Gaussian 03 software.

X-ray Structure Analysis of 6a:CH,Cl, and 6b-CH,Cl,

Crystal data and other details of the structure analyses are presented in Table 5. Yellow
needles were obtained by slow diffusion of n-hexane (6a) or isopropanol (6b) into
dichloromethane (at 5°C) solutions of each compound. Single crystals were mounted in
quartz fibres in a random orientation and held in place with fluorinated oil. Data
collections were performed at 100 K temperature on a Oxford Diffraction Xcalibur
CCD diffractometer using graphite monochromated Mo-Ka. radiation (A= 0.71073 A)
with a nominal crystal to detector distance of 5.0 cm. Unit cell dimensions were
determined from the positions of 16979 reflections from the main dataset for 6a-CH,Cl,
and from the positions of 18152 reflections from the main dataset for 6b-CH,Cl,. Sets
of data were colleted for the two structures based on w-scans runs. The diffraction
frames were integrated and corrected for absorption using the Crysalis RED package.99
Lorentz and polarisation corrections were applied. The structures were solved by direct
methods. All non-hydrogen atoms were assigned anisotropic displacement parameters.
The hydrogen atoms were constrained to idealised geometries and assigned isotropic
displacement parameters equal to 1.2 times the Ujs, values of their respective parent
carbon toms (1.5 times for methyl H atoms). Full-matrix least-squares refinement of
these models against 2 using the SHELXL-97 program'® converged to final residual
indices given in Table 5. Final difference electron density maps showed no peaks above

1 e A-3 for both structures.
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Supporting Information Available: Drawing, table of atomic coordinates and
excitation calculations for the DFT-optimized structure of cation 6', and representative
frontier orbitals for it (Tables S1-S2 and Figures S3 and S4). Table S3: Emission data
for complexes 5-7 in other solvents (5 x 10 M solutions at 298 K). Absorption spectra
(Figures S1, S2, S5, S6). Emission spectra (Figures S7-S16). Crystallographic data in
CIF format. This material is available free of charge via the Internet at

http://pubs.acs.org.
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AGCIO4/ NCMe

1/2 [IM(CAN)(u=Cl)},] — [M(CAN)(NCMe),]CIO,,
(a)

= AN = M = Pd, C*N = bzq (1), ppy (2)

10 M = Eﬁi, 8AN = Eﬁg %Q;: EE; ((S; M=Pt, C"N =bzq (3), ppy (4)
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14 (¢) | ¥2CNR, + NaPFgq (b) +2CNR

15 M = Pt, C*N = bzq / M = Pt, C*N = bzq
16 -NaCl / - 2NCMe

20 y
e [Pt(bzq)(CNR),]PFg [Pt(bzq)(CNR),]CIO,

24 R = t-Bu (5b), Xyl (6b), 2-Np (7b) R = t-Bu (5a), Xyl (6a), 2-Np (7a)
26 Scheme 1

I H1 8

R ey
3
" H3 H®

ppy H4 H5
45 CN-2-Np

48 Scheme 2. Numerical scheme for NMR purposes.
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Table 1. Selected bond lengths [A] and angles [°] for 6a-CH,Cl, and 6b-CH,Cl,.

Submitted to Organometallics

6a:CH,Cl, 6b-CH,Cl,
Pt-C(1) 1.916(3) 1.956(2)
Pt-C(10) 2.013(3) 1.970(3)
Pt-C(29) 2.034(2) 2.051(2)
Pt-N(3) 2.059(2) 2.049(2)
N(1)-C(1) 1.149(3) 1.149(3)
N(1)-C(2) 1.400(3) 1.409(3)
N(2)-C(10) 1.150(3) 1.159(3)
N(2)-C(11) 1.410(3) 1.399(3)
C(1)-Pt-C(10) 88.20(10) 92.98(9)
C(1)-Pt-C(29) 93.16(10) 91.78(8)
C(10)-Pt-N(3) 97.23(9) 93.87(8)
C(29)-Pt-N(3) 81.57(9) 81.37(8)
C(1)-N(1)-C(2) 175.6(2) 174.5(2)
C(10)}-NQ2)-C(11)  171.3(3) 175.4(2)
N(1)-C(1)-Pt 176.6(2) 175.3(2)
N(2)-C(10)-Pt 169.5(2) 179.7(2)
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Table 2. Absorption data for compounds 1-7 at room temperature.

Compound Aabs / nm (10° ¢ M'em™) A aps /nM
(solution ~10™* M) (solid)
[Pd(bzq)(NCMe),]CIO, | 215 (39), 234 (38.8), 275 (13.6), 285 (16.7), 348 | 308, 375
1) sh (15.9), 365 (2.8), 380 (3) MeCN
[Pd(ppy)(NCMe),]CIO,  [217 (27.1), 245 (19.5), 255 (20.3), 301 (5.7), | 260-350
2) 313 (5.3), 338 (3.3) MeCN
212 (33.8), 232 (37.1), 241 (35.4), 265 (15.5), | 312,402, 475
[Pt(bzq)(NgMe)Z]CIO“ 281 (17.1), 297 (13.2), 369 (2.5), 397 (1.7)
) MeCN
[Pt(ppy)(NCMe)]CIO, | 241 (24.8), 266 (16.7), 312 (6.8), 323 (6.7), 357 | 300-380
(4) (2.2), 375 sh (1.6) MeCN
235 (57.5), 250 (29.3), 256sh (26.3), 288sh 300, 385,
(19.6), 300 (23.4), 345 (2.0), 385 (2.9), 402 400, 465
(2.9) CH,Cl,
[Pt(bzq)(CN-£-Bu),]CIO, 267(15.5), 284sh (22.2), 298 (27.3), 340 (2.4),
(52) 380 (3.2), 396 (3.5) DMF
209 (29.48), 229 (40.3), 248 (24.6), 285sh
(16.4), 295 (19.5), 338 (1.6), 378 (2.3), 395
(2.4) MeCN
220sh (8.4), 235 (29.8), 250 (26.5), 285sh 300, 390, 470
(17.8), 298 (21.5), 343 (1.5), 382 (2.4), 402
(2.6) CH,Cl,
[Pt(bzq)(cg;t'B“)Z]m 259 (21.2), 286sh (13.9), 298 (17.4), 380 (0.8),
(5b) 398 (1.3) DMF
210 (25.4), 234 (30.8), 250 (25.8), 280 (16.8),
295 (20.7), 375 (2.6), 394 (2.9) MeCN
242 (43.5), 252sh (39.2), 290sh (25.9), 302 308, 380,
(27.6), 346 (2.2), 390 (2.9), 404 (2.8) CH,Cl, | 00 o
[Pt(bzq)(CN-Xy1),]CIO, | 270 (29.8), 288sh (32.6), 293 (33.6), 342 (4.2), ’
(6a) 382 (3.8), 401 (4.0) DMF
233 (44.1), 281sh (29), 297 (27.8),
340 (2.3), 380 (2.7), 400 (2.8) MeCN
221sh (18.3), 235 (57.0), 252sh (38.5), 285 310, 400, 465
(26.4), 300 (24.7), 345 (2.4), 390 (2.7), 405
(2.6) CH,Cl,
[Pt(bzq)(cg)'xyl)z]PF" 260 (30.0), 285 (18.4), 292 (18.3), 305 (18.7),
(6b) 340sh (3.3), 400 (2.1) DMF
212 (26.2), 235 (30.6), 252 (28.1), 280 (21.6),
295 (22.9), 379 (2.3), 398 (2.5) MeCN
[Pt(bzq)(CN-2-Np),]CIO,s  [282(39.7), 308 (38), 340 (10.3), 380 (4.3), 404 |320-490
(7a) (3.8) DMF
234 (120), 244 (88.3), 292 (30,9), 310 (27.0),
340sh (6.4), 384 (2.3), 400 (2.5) MeCN
260 (49.0), 285 (29.6), 294 (27.9), 320sh (18.2), | 320-490

[Pt(bzq)(CN-2-Np),]PFs
(7b)

345sh (4.9), 400 (0.4) DMF
235 (132), 244 (99.5), 292 (37.1), 310 (31.7),
342sh (7.5), 380 (3.8), 400 (3.7) MeCN
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Table 3. Population analysis (%) for 6"
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MO CNXyl Pt bzq
L+2 39 11 50
L+1 71 8 21
LUMO 16 12 72
HOMO 1 6 93
H-1 1 2 97
H-2 100 0 0
H-3 91 7 2
H-4 100 0 0
H-5 97 2 1
H-6 2 18 80
H-7 2 84 14
H-8 13 54 33
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Table 4. Emission data for complexes 1-7
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Compound Medium(T?/K)  Aen/nm (Aey/nmM) T /us’
[Pd(bzq)(NCMe),]ClO, | Solid (77) 703 (425-470) 2.4
1) MeCN" (77) 720 (360-400)
MeCN¢ (77) 471, 481sh, 506, 545 (345-385)
[Pd(ppy)(NCMe),]C10; | Solid (77) 690 (350-400) 1.6
() MeCN® (77) 703 (385)
MeCN® (77) 460, 483, 494, 521 (330-350)
[Pt(bzq)(NCMe),]ClO, | Solid (298) 630 (425-510) 0.2
3) Solid (77) 650 (460-520) 1.5
MeCN (298) 437 (330-370) 9 ns
MeCN® (77) 680 (425-475)
MeCN°¢ (77) 486, 523, 564 (350-375)
[Pt(ppy)(NCMe),]CIO; | Solid (298) 595 (425-525) 2.3 (68.3%), 0.4
(31.7%)
4) Solid (77) 645 (425-480) 33
MeCN (298) 478, 512, 543(320-380)
MeCN® (77) 680 (385-485)
MeCN¢ (77) 476, 512, 543 (325-380)
[Pt(bzq)(CN-Bu),]ClO, | Solid (298) 476, 504, 590 (350-450) 57.3 (12.3%), 14.3
(87.7 %)
(5a) Solid (77) 500, 538max, 575, 620sh 1310 (61.3 %), 280
(370-460) (38.7 %) (500, 538)
538, 640 (475)
650 (510)
CH,CL® (298) 345, 367,385,430, 470,502, 2 ns (430)
534 (300) 10 ns (540)
430, 470, 502, 534 (360)
470, 502, 534 (400)
CH,CL* (77) 502, 535, 582 (330- 420) 243 (76.2 %), 17.2
(23.8 %) (502)
256 (33.6 %) , 37.1
(66.4 %) (535)
165 (10.3 %), 13.0
(89.7 %) (582)
[Pt(bzq)(CNz-Bu),]PFs | Solid (298) 504max, 535 (360-460) 9.6 (504)
q
(5b) Solid (77) 508max, 545, 590 (360-440)  73.6 (508)
CH,Cl,® 345,367, 385, 410, 470,502, 5 ns (470)
(298) 543 (280-330)
470, 502, 543 (360-400)
CH,CL* (77) 502, 535, 590 (360-400) 469 (502)
[Pt(bzq)(CN-Xyl),]C104 | Solid (298) 475, 485, 500, 540 (360- 430)  76.9 (17 %), 27.6
(83 %) (500)
(6a) Solid (77) 498, 536, 580 (350-475) 806 (498)
CH,ClL,* 345max, 367, 385, 433max,
(298) 476max, 509, 545 (290- 310)

476max, 509, 545 (400)
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CHLCLS (77) 506, 535, 615 (300- 400) 244 (19.4 %), 26.4
(80.6 %) (506);
106.5 (15.5 %), 11.9
(84.5 %) (615)
[Pt(bzq)(CN-Xy1),]PFs | Solid (298) 495, 518, 556 (360-475) 98.4 (495); 89.8
(518); 68.6 (560)
(6b) Solid (77) 495, 505, 528, 570 (360-460)  209.3 (495)
CILCL' (298) 348, 366, 385, 406sh, 475,
507, 548 (280-320)
475, 507, 548 (360-400)
CH,CLS (77) 502,532, 590 (360-420) 141.4 (502)
[P(bzq)(CN-2-Np),]CIO; | Solid (298) 635 (500) 0.4 (75.5%), 0.08
(24.5%)
(7a) Solid (77) 590 (350-450) 97.9 (9.3 %), 26.9
590sh, 675 (500) (90.7 %) (590)
29.4 (8.1 %), 1.8
(91.9 %) (675)
MeCNT(298) 666 (367-420) 11.9(03 %), 1.9
(99.7 %)
MeCNY(77) 690 (500), 21986 %), 11.8
735 (540) (1.4 %)
4.0 (94.1 %), 12.3
(5.9 %)
MeCN® (298) 327, 345, 360 (277) 0.4 (52 %), 3.4ns
480 sh, 545, 650 (320-390) (94.8 %) (545)
650 (450) 7.7 ns (650)
MeCN® (77) 741 (540) 3.2
[Pt(bzq)(CN-2-Np),]PFs | Solid (298) 630 (420-500) 4.2 (60%); 0.06
(40%)
(7b) Solid (77) 573 (370-420) 149.8
573, 685 (500)
MeCNT(298) 620, 660sh (360-420) 0.9
MeCN® (77) 710 (520) 13.6
775 (590)
MeCN® (298) 330, 345, 364, 380 (280)
394, 400, 416 (360)
480sh, 540, 650sh (400)
MeCN® (77) 735 (540) 9.4

b d
a Air-equilibrated samples, concentrated (107, 10 M); Cdiluted 10°M); 107 M; ¢ 5x10° M.
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Table 5. Crystal data and structure refinement parameters for complexes

63‘CH2C12 and 6b‘CH2Clz.

6a-CH,Cl, 6b-CH,Cl,
Empirical formula C3yHy5CI3N;O4Pt Cs,Ho3ClLFgNsPPt
Formula weight 820.01 865.53
Temperature (K) 100(2) 100(2)
Wavelength (A) 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group P2(1)n P121/n1
Crystal dimensions (mm) 0.41 x0.27x0.21 0.32x0.14x0.12
a(A) 16.0067(2) 8.28410(10)
b (A) 10.8311(2) 17.3713(2)
c(A) 18.2324(3) 21.6571(2)
a (°) 90 90
B () 106.363(2) 90.8380(10)
7 (©) 90 90
V (A%) 3032.92(8) 3116.24(6)
Deaie (Mg/m?) 1.796 1.845
Z value 4 4
(Mo Ka) (mm™) 4.934 4.790
F(000) 1608 1688
Orange (°) 3.82t025.10 3.77 t0 25.10
no. of reflns measd 20262 20635
no. of obsd reflns 5383 5517
Goodness of fit on F*® 1.068 1.020

Final R indices [I > 2o(I)]®
R indices (all data)

R;=0.0167, wR, = 0.0403
R;=0.0198, wR, =0.0170

R;=0.0147, wR, = 0.0375
R;=0.0170, wR, = 0.0381

O R1=2(|F,| - [FIyz|F,

- WR2 = [Ew(F,? - F2)/2wF,*]"?; Goodness of fit =

(ZW(ES” - FEY Y (Nobs - Noaram)} 53 w = [67(Fo’) + (g1P)’ + g2P]™; P = [max(F,0) +

2F /3.
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Captions for Figures

Figure 1. a) Molecular structure of complex [Pt(bzq)(CN-Xyl),]C1O4 (6a). Ellipsoids
are drawn at the 50% probability level. Hydrogen are omitted for clarity, b) View of the
stacking of the cations showing the n-7 interactions.

Figure 2. a) Molecular structure of complex [Pt(bzq)(CN-Xyl),]PF¢ (6b). Ellipsoids are
drawn at the 50% probability level. b) View of the stacking of the cations showing the
T-T interactions.

Figure 3. Normalized UV-vis absorption spectra of 1-4 in acetonitrile (10 M)

Figure 4. Frontier orbital plots for complex 6 obtained by DFT. Calculated absorption
spectrum (bars) of 6 in MeCN and experimental UV-vis spectrum of 6b in MeCN (10
M) at 298 K.

Figure 5. Normalized emission spectra of 3 and 4 in MeCN at 298 K (107 M)

Figure 6. Normalized excitation and emission spectra of 4 in MeCN at 77 K (10 and
10° M).

Figure 7. Normalized excitation and emission spectra of 5b at 298 K in
dichloromethane (5 x 10° M).

Figure 8. Normalized excitation and emission spectra of 5a and Sb at 77 K in
dichloromethane (5 x 10° M).

Figure 9. Normalized emission spectra of 7b in acetonitrile at 298 K at different
concentrations.

Figure 10. Normalized excitation and emission spectra of 7a in acetonitrile at 77 K.

Figure 11. Normalized emission spectra of [Pt(bzq)(CN-2-Np),]ClO4 7a in solid state.
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