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Although there have been a large number of charge-
transfer complexes made of electron donors and ac-
ceptors,) there are few donor molecules that are
known to be composed of organic metal chelates.
In 1962 Melby et al. prepared an unusual (1:1) com-
plex between the copper chelate of 8-quinolinol, Cu-
(Ox),, and 7,7,8,8-tetracyanoquinodimethane, TCNQ .2
Williams and Wallwork investigated the crystal and
molecular structure of this complex in order to see
whether or not the predominant factor influencing the
orientation and packing of the molecules was the
charge-transfer interaction between the donor of Cu-
(Ox), and the acceptor of TCNQ.3
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Fig. 1. 7,7,8,8-Tetracyanoquinodimethane (TCNQ).

The present paper will describe the (1: 1) complexes
of the copper and palladium metal chelates of 8-
quinolinol with TCNQ.9 The measurements of the
diffuse reflection spectra of these solid complexes were
attempted in order to ascertain the charge-transfer
transitions in the solid-state spectra. We will show
that these complexes are essentially charge-transfer
complexes, in which the metal chelates of 8-quinolinol
act as electron donors, and TCNQ, as an acceptor.
On the other hand, we reported earlier on the charge-
transfer complexes of Cu(Ox), and Pd(Ox), with
various halogen-substituted p-benzoquinones.?% There-
fore, the complexes of Cu(Ox),~TCNQ and Pd(Ox),—
TCNQ are interesting in comparison with these charge-
transfer complexes.

Experimental

The crystals of Cu(Ox),~TCNQ were prepared according
to the method of Melby et al.? They were deposited when
boiling solutions of the components in chloroform were mixed
and allowed to cool very slowly. The Pd(Ox),~TCNQ
complex was prepared in a way similar to that used for
Cu(Ox),-TCNQ.

These complexes were pulverized and diluted with potas-
sium bromide. The diffuse reflection spectra of the solid
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complexes were recorded as the difference in the reflectance
between the mixture and pure potassium bromide by means
of a Beckman DK-2A spectroreflectometer. The solid-state
spectra were then obtained by plotting the diffuse reflection
spectra using the Kubelka-Munk equation, f(R)= (1 —R)?/2R,
in which R is the reflectance.

The Cu(Ox),-TCNQ Complex

According to Williams and Wallwork,® this complex
crystallizes as black triclinic crystals (space group PI),
with one molecule of the complex in the unit cell.
The component molecules are stacked in a plane-to-
plane manner, so that the double bond adjacent to one
dicyanomethylene group of TCNQ lies over the 5: 8
positions of one donor molecule, while the other double
bond is similarly oriented with respect to the benzenoid
ring of the centrosymmetrically-related donor molecule.
The perpendicular separation of the molecules, in the
region of overlap, is approximately 3.2 A. These crys-
tallographic features, although there appears to be a
specific interaction between the dicyanomethylene group
of TCNQ) and the benzenoid group of the oxinate, are
common in structures of the m-n charge-transfer type.

The solid-state spectrum of this complex (Fig. 2,
Curve (a)) shows intense band peaks at 12.1 kK and
23.9kK and a shoulder around 29.6 kK. The high-
energy band at 23.9kK and the shoulder around
29.6 kK arise mostly from the absorptions due to the
component molecules, while the broad band at 12.1 kK
appears in the low-energy region, where neither of the
component molecules absorb. This low-energy band
at 12.1 kK seems to be attributable to the charge-
transfer transition from the donor of Cu(Ox), to the
acceptor of TCNQ for the following reasons. In the
Cu(Ox)y—p-chloranil charge-transfer complex, the corre-
sponding band is located at 15.9 kK.? The electron
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Fig. 2. The solid-state spectra of (a) Cu(Ox),-TCNQ and
(b) Pd(Ox),-TCNQ.
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affinities of TCNQ and p-chloranil have been reported
to be E,(TCNQ)=1.7eV and E,(p-chloranil)=1.3,
eV respectively.®) If one assigns the band at 12.1 kK
of the Cu(Ox),~TCNQ complex to the charge-transfer
transition, the difference in the charge-transfer energies
between these two complexes, Aver(Cu(Ox),—p-chlor-
anil) —wer (Cu(Ox),—TCNQ ), should be caused mostly
by the difference in the electron affinities between
TCNQ and p-chloranil. In accordance with this view,
the observed value of Aver(Cu(Ox),—p-chloranil) —Aver-
(Cu(Ox)s~TCNQ)=0.47 eV was found to agree almost
exactly with E,(TCNQ)—E,(p-chloranil)=0.3; eV.

The Pd(Ox),~-TCNQ Complex

The assignment of the band at 12.1 kK of the Cu-
(Ox),—TCNQ complex to the charge-transfer transition
was confirmed by replacing the donor of Cu(Ox), by
Pd(Ox),. The ionization potential of Pd(Ox), has
been reported to be lower than that of Cu(Ox), by
0.16 eV.%" For the common acceptor of TCNQ, the
difference in the ionization potentials of the donor
molecules mainly causes the variation in the charge-
transfer energies. Therefore, one can expect that the
charge-transfer energy of Pd(Ox),—TCNQ will be lower
than that of Cu(Ox),~TCNQ by that amount.

Figure 2, Curve (b), shows the observed solid-state
spectrum of the Pd(Ox),~TCNQ, complex. It has
strong absorption band peaks at 11.6 kK and 22.8 kK
and a slight shoulder around 32.0 kK. The high-
energy band at 22.8kK and the shoulder around
32.0 kK are attributable to the absorptions due to the
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component molecules. The energy value of the low-
energy band at 11.6 kK of Pd(Ox),~-TCNQ was found
to be lower than that of Cu(Ox),—~TCNQ by 0.06 eV.
Therefore, although this energy difference is not suf-
ficient, as is to be expected from the ionization potential
difference between Cu(Ox), and Pd(Ox),, one can also
assign the low-energy band at 11.6 kK of the Pd(Ox),~
TCNQ complex to the charge-transfer transition from
the donor of Pd(Ox), to the acceptor of TCNQ. On
the other hand, the charge-transfer band of the Pd-
(Ox)s—p-chloranil complex has been reported to be
located at 14.8 kK.®? Thus, the difference in the
charge-transfer energies, /Avor(Pd(Ox),—p-chloranil)—
e (Pd(Ox),—~TCNQ )=0.40 eV, was again found to
agree well with E,(TCNQ)—E,(p-chloranil)=0.3, eV.

Discussion

The crystallographic features and also the marked
appearance of the strong charge-transfer absorptions
clearly show that the Cu(Ox),—TCNQ and Pd(Ox),-
TCNQ complexes behave as usual z#-n charge-transfer-
type complexes. Bailey et al. have reported the virtual
ionization potentials of the donors of Cu(Ox), and
Pd(Ox), to be 7.3 ¢V and 7.1 eV respectively.”? Their
electron-donor strengths are of the order of pyrene or
perylene in the series of aromatic hydrocarbons.” It
is interesting to note that the electron-donor strengths
of these metal chelates of 8-quinolinol are much in-
fluenced by the species of the central metal ions.
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