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Abstract

The title complex, Pt(QNL), -TCNQ, was prepared
by the reaction of Pt(QNL), with TCNQ in aceto-
nitrile. This complex consists of stacks of alternating,
parallel Pt(QNL), and TCNQ molecules. The mole-
cules of Pt(QNL); and TCNQ in the stack are planar
and nearly parallel. The angle between the mean
plane defined by the phenyl ring in TCNQ and the
mean plane defined by the atoms Pt, O, O}, N; and
N} is 3.57°. The Pt(QNL),*TCNQ is diamagnetic. The
visible spectrum exhibits a charge transfer band at
10100 cm™ indicating that there is some charge-
transfer interaction in the complex. Spectroscopic
data and the analysis of the bond distances in the
TCNQ moiety indicates that the degree of charge-
transfer in Pt(QNL),*TCNQ is small.

Introduction

Molecular ‘charge-transfer complexes’ between
various organic electron donors and acceptors have
been known for some time and their broad range of
fascinating properties have been widely studied
[1.2]. There are, however, many fewer examples of
charge-transfer complexes derived from transition
metal compounds and organic acceptors. Formation
of these complexes is assisted if the donors and
acceptors are planar, conjugated molecules. 8-
Hydroxyquinolinato complexes [3] of transition
metals have an ideal structure for forming charge-
transfer complexes with the powerful electron
acceptor tetracyanoquinodimethane.

Our interest in charge-transfer complexes involving
Pt(1l) complexes stems from previous studies [4] on
spectroscopy and photophysics of bis(8-hydroxy-
quinolinate)platinum(ll) compound. denoted as
Pt(QNL),. The complex (Pt(QNL), is intensely
luminescent in solutions at room temperature. This
property, coupled with its broad absorption spec-
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trum, makes it a potential candidate as an electron
and energy transfer process sensitizer in solution.

In the present paper, the preparation, structure
and optical properties of the 1:1 charge-transfer com-
plex, Pt(QNL),-TCNQ are reported.

Experimental

Preparation of Pt{QNL ), TCNQ (1)

Pt(QNL), was prepared as described previously
[5}. 7,7.8.8-Tetracyanoquinodimethane (TCNQ) was
purchased from Aldrich Chemicals. TCNQ (2 mmol)
in hot acetonitrile was added to a solution of
Pt(QNL), (2 mmol) in boiling acetonitrile. The
reaction mixture was stirred and refluxed for 30 min
after which time the volume was reduced by half.
Upon cooling to room temperature complex I was
obtained. Crystals of I, suitable for diffraction study,
were grown in an H-tube by running together a
chloroform solution of Pt(QNL), and an acetonitrile
solution of TCNQ. Elemental analysis for complex I
was performed by Alfred Bernarht Laboratories and
gave results corresponding to a 1:1 stoichiometry.
Anal. Cale. for C3oH gNgO,Pt: C, 52.40; H, 2.34;
N, 12.22: Pt, 28.37. Found: C, 52.46; H, 2.33; N,
12.20; Pt, 28.35%. The 1:1 stoichiometry was later
confirmed by X-ray structure determination.

Instrumentation

Visible and near infrared spectra were obtained
with a Perkin-Elmer 323 recording spectrophotom-
cter. Infrared spectra were recorded with a Perkin-
Elimer Model 283B spectrophotometer. Solid samples
were examined in KBr pellets and as Nujol mulls
between KBr plates.

Magnetic susceptibility measurements were carried
out by the Faraday method. Electron paramagnetic
resonance measurcments were made at room tem-
perature and 77 K on both single crystal and powder
samples using a Bruker ER 200 D spectrometer.
Emission spectrum was recorded on a Perkin-Elmer
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TABLE I. Crystal Data

Formula weight 687.59
Crystal size (mm) 0.1x0.2x0.24
Space group P

Unit cell parameters (A)

a =8.146(1),b = 8.262(2),

¢=9.701(2)
and (°) a=102.96(2), 8=
107.35(1),v = 79.22(2)

V(&Y 602.2(2)
VA 1
£(000) 332
p(calc.)) (g cm™3) 1.89
p(obs) (g cm™3) 1.92
u(Mo Ka) (em™h) 59.2
Radiation Mo K«
Monochromator graphite
O min—0max 2-30°
Standard reflections 3 (stable)
Temperature (°C) 22
No. independent reflections 3516
No. with / > 3a(l) 3423
No. variables (last cycle) 210
Final R; 2 R,2 0.023, 0.027
F'inal shift/crror maximum 0.15
Largest peak (¢ A~3) in the

final difference map 0.61

Weighting
Error in an observation of
unit weight

1/w?=1/e¥l) + 0.041

0.91

AR = LIAFGI/E1Fol, Ry = (EWIAF 12/ sw|FglDHV2,

MPF-3 spectrofluorimcter. Lifetime measurements
were deterimined by laser flash photolysis as previ-

ously described.

X-ray Diffraction

Crystal data (see Table 1) were collected on an
Enraf-Nonius CAD-4 diffractometer with mono-
chromated Mo K radiation and /28 scan technique.
Cell parameters were obtained by least-squares
methods from the refined setting angles of 25 reflec-
tions in the range 9°—14° Intensities were corrected
for Lorentz, polarization and absorption (minimum
transmission factor of 74.1). Scattering factors and
anomalous dispersion parameters were taken from
the International Tables for X-ray Crystallography
[9]. The position of the platinum atom was found
by Patterson synthesis and all other non-H atoms
were located in the subsequent Fourier map. The H
atoms were located in the Fourier maps after a few
cycles of isotropic refinement. Finally, the structure
was refined by full matrix least-squares using aniso-
tropic temperature factors for all non-H atoms and
isotropic for hydrogens. Weights for the last cycle
were applied according to the scheme given in
Table 1. All calculations were performed by SDP
[10] and PARST [11] systems of programs.
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TABLE 1I. Positional (X10% and Thermal Paramecters (R
with e.s.d.s in Parentheses

Atom Xx y z BB
Pt 0 0 0 2.091(2)
o) 791(3) 906(3) -1423(2) 2.84(4)
N(1) 631(3) -2179(3) —-1217(3)  2.35(4)
(1) 1263(3) —303(3) —2435(3) 2.41(5)
C(2) 1816(4) -56(4) —3583(3) 2.86(5)
C3) 2289(4) —-1411(4) —4596(3)  3.19(6)
C4) 2239%(4) -3054(4) —4514(3) 3.17(6)
C(5) 1678(4) --3363(4) —-3373(3)  2.70(5)
C(6) 1560(5) —4976(4) —3154(4)  3.46(6)
() 1002(5) -5131(4) -2001(4) 3.71(6)
C(8) 540(4) -3705(4) —1042(3) 3.16(5)
Cc® 1192(3) -1992(3) -2357(3) 2.22(4)
H(2) 1805(52) 1140(50) —3697(45) 3.5(9)
H(3) 2626(48) —-1223(47) —5417(41) 2.7(7)
H(4) 2601(56) —3935(56) —5205(48) 4.0(9)
H(6)  1946(53) -5959(53) —~3770(45) 3.6(8)
H(7) 918(62) —6297(61) —1866(54) 4.8(11)
H(8) 169(52) —-3693(52) -91(44) 3.4(8)
N(2)  3860(6) 5694(5) 1977(4)  5.06(9)
N(3) 3019(5) 2024(s) 4216(3) 4.64(7)
C(10) 44844) 1317(4) 1058(3)  2.76(5)
Can  5000(4) 1660(4) ~128(3)  2.78(5)
C(12) 4506(4) —-421(4) 1141(3)  2.79(5)
C(13) 3974(4) 2590(4) 2087(3)  2.82(5)
C(14) 3924(5) 4325(4) 2033(4) 3.47(6)
C(15) 3461(4) 2274(4) 3278(4) 3.41(4)
H(11) 4991(54) 2853(53) —185(46) 3.7(9)
H(12) 4165(51) —603(51) 1951(43) 3.2(8)

alBeq =(4/3)z;zja;aiBy.

Final positional and equivalent isotropic vibra-
tional parameters are given in Table 1. Bond dis-
tances and angles are given in Tables Il and IV.
Tables of observed and calculated structure factors
have been deposited as supplementary material.

Results and Discussion

Structure

The crystal is built up by stacks of alternating
TCNQ and Pi(QNL), molecules situated around
centers of symmetry, (0,0,0) for Pt(QNL), and
(%, 0, 0) for TCNQ, along the crystallographic g axis
and scparated by ~3.5 A. The molecules of TCNQ
and Pt(QNL), are planar and are nearly parallel, the
angle between the mean plane defined by the phenyl
ring in TCNQ and the mean plane defined by the
atoms Pt, O, O}, N,, N{ being 3.57(8)". The mole-
cules of TCNQ and Pt(QNL), are shown in Figs. 1
and 2, and the molecular overlap along the g axis is
shown in Fig. 3.

This packing is typical of systems which present
semi-conducting properties owing to the charge-
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TABLE III. Interatomic Distances (A) with e.sd.s in
Parentheses

Pt—O(1) 2.014(3) N(2)-C(14) 1.135(6)
Pt—N(1) 1.990(2) N(3)-C(15) 1.144(6)
o(H-Ccq) 1.323(3) C(10-CQ11) 1.435(5)
N(1)~C(8) 1.328(4) C(10)-C(12) 1.453(5)
N(1)-C(9) 1.364(5) C(10)-C(13) 1.374(4)
C(DH-C(2) 1.386(5) c(11-c12) 1.344(4)
N(1)-C(9) 1.364(5) C(13)-C(14) 1.439(5)
C(1)-C(2) 1.386(5) C(13)-C(15) 1.429(6)
C(1)-C(9) 1.427(4)

C(2)~-C(3) 1.392(4) C(1DH-HQ1D 1.00(4)

C(3)-C(4) 1.386(5) C(12)-H(12) 0.96(5)

C(4)-C(S) 1.404(5)

C(5)-C(6) 1.420(5)

C(5)-C(9) 1.406(4)

C(6)-C(7) 1.365(6)

C(7)-C(8) 1.395(4)

C(2)—-H(2) 1.02(4)

C(3)-H(3) 0.97(5)

C(4)-H(4) 0.94(4)

C(6)—H(6) 0.96(4)

C(T)-H(T) 1.02(5)

C(8)—H(8) 1.05(4)

TABLE IV. Bond Angles (°) with e.s.d.s in Parentheses

0(1)-Pt—N(1)

Pt—0(1)-C(1)

Pt—N(1)--C(8)

Pt—N(1)-C(9)

C(8)—N(1)--C(9)
o(1)-C(1)~C(2)
O(1)-C(1)—C(9)
C(2)-C(1)-C(9)
C(1)-C(2)-C(3)
C(2)—C(3)-C(4)
C(3)-C(4)—C(5)
C(4)-C(5)-C(6)
C(4)—C(5)-C(9)
C(6)-C(5)-C(9)
C(5)-C(6)-C(7)
C(6)-C(7)--C(8)
N(1)—C(8)—C(7)
N(D-C(9)-€(1)
N(D=-C(9)-C(5)
C(H-CI-C(5)

C(1)-C(2)-H(2)
C(3)-C(D-H(D)
C(2)-C(3)-H(3)
C(4)—C(3)-H(3)
C(3)—-C(4)—-H(4)
C(5)-C(4)-H4)
C(5)-C(6)—H(6)
C(7)-C(6)—H(6)
C(6)—-C(7)-H(7)
C(8)-C(T)-H(7)
C(7)-C(8)—-H(8)
N(1)-C(8)—H(8)

82.2(1)
111.8(2)
127 .8(2)
112.7(2)
119.5(3)
124.9(3)
118.2(2)
117.0(3)
120.7(3)
122.5(3)
118.8(3)
124.9(3)
118.6(3)
116.5(3)
120.0¢3)
120.0(3)
121.6(3)
115.1(2)
122.5(3)
122.5(3)

118(2)
121(2)
120(2)
118(2)
120(3)
121(3)
120(3)
120(3)
119(3)
121(3)
126(2)
112(2)

C(11)-C(10)~-C(12)
C(11)-C(10)-C(13)
C(12)-C(10)-C(13)
C(10)-C(11)-C(12")
C(10)-C(12)-C(11%)
C(10)-C(13)-C(14)
C(10)~-C(13)-C(15)
C(14)-C(13)-C(15)
N(2)-C(14)-C(13)
N(2)-C(15)-C(13)

C(10)—C(11)=H(11)
C(12")-C(11)—H(11)
C(10)~C(12)—H(12)
C(11)-C(12)-H(12)

118.2(3)
121.3(3)
120.6(3)
121.6(3)
120.3(3)
122.1(3)
122.1(3)
115.8(3)
179.0(4)
178.7(4)

118(2)
120(2)
116(2)
124(3)
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I'ig. 1. An ORTEP [20] view of the Pt(QNL), moiety show-
ing the thermal cllipsoids at 40% probability.

transfer derived from a molecule donor and a TCNQ
acceptor [1,6].

Molecular Geometry of the TCNQ Molecule and an
Estimate of the Degree of Charge-Transfer

Comparing the bond distances of the present struc-
ture with several other TCNQ species [1, 6] it is ob-
served that the TCNQ molecule displays a typical
quinoid structure indicating a low or very low charge-
transfer in this system. The degree of charge-transfer
can be calculated from structural data using the
method performed by Kristenmacher et al. [7] which
estimates this degree by means of the ratio ¢/(b +d)
(see Scheme 1).

C e
)

NC

NC

a = 1.308(2) b e B r.aaas)
¢ = 1.374(2) P H BRI O
Scheme 1.

Bond distances are very similar to those found [8]
in TCNQ and the ratio ¢/(b +d), equal to 0.477,
suggests a very low degree of charge-transfer in this
system (no charge-transfer corresponds to a ratio =
0.476, while charge-transfer of one electron, e.g.
TCNQ™, to a ratio = 0.5). The latter ratio is in good
correlation with the degree of charge-transfer based
on other physical properties (see spectroscopic
properties).

Spectroscopic Properties

Infrared data. The infrared spectrum of I is essen-
tially a superimposition of the spectrum of the
individual neutral component molecules. However, as
a result of the molecular association, there are small



Fig. 2. An ORTEP [20] view of the TCNQ moiety showing
the thermal ellipsoids at 40% probability.

Fig. 3. An ORTEP [20] view of the Pt(QNL);-TCNQ
complex showing the thermal ellipsoids at 40% probability.

differences in frequencies and intensities of some
bands:

(i) The two most intense bands [12] of free TCNQ
(C—H bending mode, 864 ¢cm™! and C(CN), wagging
mode, 475 c¢m™') are shifted to lower frequencies
(830 and 460 cm™!) in adduct I. These effects may be
related to the face-to-face packing of Pt(QNL), and
TCNQ molecules.

(ii) The C=N stretching frequency is found at 2228
cm™! in TCNQ and at 2220 cm™ in I, a shift com-
parable to that observed for several other neutral
TCNQ 7 complexes [13]. The absence of bands in
the 2200—2180 cm™ region [14], where the C=N
stretching modes of TCNQ" appear, indicates there
are no significant exchange interactions.

Magnetic Properties

Bulk magnetic susceptibility measurements show 1
to be diamagnetic. This is in keeping with the absence
of EPR signals for I at either room temperature or
77 K. These points indicate that the degree of charge-
transfer in I between the donor molecule Pt{(QNL),
and the electron acceptor TCNQ is very small, in
agreement with the 1R data and structural results,

P. Bergamini et al.
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Iig. 4. Visible and near-infrared spectra: (——) Pt(QNL);-
TCNQ in a KBr pellet; (----) Pt(QNL), in acetonitrile;
[ERE )} TCNQ in acetonitrile.

FElectronic Absorption Data

The solid-state electronic spectrum of I in the
300005000 ¢cm™ region is shown in Fig. 4 along
with the solution spectra of the isolated donor
Pt(QNL), and acceptor TCNQ compounds. The spec-
trum is composed of the sum of the neutral com-
ponent molecule spectra. A broad band at 10100
cm™! appears in the low energy region, where neither
of the component molecules absorb. This low energy
band can be assigned as intermolecular charge-transfer
transition from Pt(QNL), to TCNQ in the 7 complex
I on the basis of the following considerations:
(i) For a series of organometals acting as donors
toward a single acceptor the energy of the charge-
transfer band is proportional to the ionization
potential of the donor [15,16]. The solid-state
charge-transfer band of the Pd(QNL),-TCNQ com-
plex [17] (11500 cm™") is close in energy to the I
charge-transfer band so it appears that the ionization
potentials of Pd(QNL), and Pt(QNL), are very
similar {3].
(ii) For the common donor Pt(QNL), the difference
in charge-transfer band frequencies are mainly caused
by the difference in the electron affinity (Ea) [16] of
the acceptor molecules. The charge-transfer band of
Pt(QNL),*TCNE is located [17] at 14300 cm™?
Thus, the difference in the charge-transfer ener-
gies (hvgp Pt(QNL), *TCNQ — hygpPt(QNL)-TCNE =
042 eV) agree well with the Ea(TCNQ) —
Ea(TCNE)=0.4 eV [18, 19].
(iii) The solid-state luminescence spectrum of I
(15200 cm™ 1) is close in energy to that of Pt(QNL),
[4]. This is in keeping with its assignment to a spin
forbidden d—d transition as is its energy [4].
Although perceptibly lower than the value for the
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free [4] Pt{QNL), (8.05 us in cellulose acetate film)
the luminescence lifetime (7= 3.8 us at 22 °C) indi-
cates a weak quenching effect exerted by the TCNQ
molecule.

Results (i), (i) and (iii) are consistent with a
system in which the intermolecular forces between
adjacent molecules in stack I are weak compared to
the intramolecular bonding of the component mole-
cules Pt(QNL), and TCNQ. Within the limits of the
very weak interactions observed and the close
contacts (~3.5 A) of adjacent molecules in the stack,
the absorption band at 10100 cm™" can be attributed
to contact charge-transfer (CCT) which can be ap-
proximated by the electron transfer process itself
[16].

Although Pt(QNL),-TCNQ overlap region does
include the Pt atom, the Pt —_TCNQ distances are too
large to permit significant interaction between the 7
orbital of TCNQ and the dz? orbital of the Pt atom.
Consequently the CT band at 10100 ¢cm™" is proba-
bly the result of electron transfer from the filled
oxinate orbitals to an occupied TCNQ 7* orbital.
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