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Extended X-ray absorption fine structure (EXAFS) and X-ray absorption near-edge structure (XANES) studies on
[octa(2-ethylhexyloxy)phthalocyaninato]platinum [PtL] as a film at room temperature suggest that the structure
consists of non-planar, concave discotic molecules packed perpendicular to the stacking axis.

Phthalocyanines are synthetic analogues of porphyrins with a
structure similar to that of haemoglobin and chlorophyli.! The
molecular stacking and electronic structure of metallophthalo-
cyanines attract great attention because they exhibit many
remarkable capabilities e.g. as catalysts or as one-dimensional
or semi-conductors in electronic or opto-electronic devices.2
While the configuration of phthalocyanine molecules is well
known, structural investigation of highly-branched metallo-
phthalocyanines is difficult as structural disorder due to side-
chains causes difficulties in obtaining good crystals of suitable
size.3 In this paper, we show that extended X-ray absorption
fine structure (EXAFS) and X-ray absorption near-edge
structure (XANES) techniques are particularly suitable for
the structural and electronic investigation of highly-branched
liquid-crystalline metallophthalocyanines.

[Octa(2-ethylhexyloxy)phthalocyaninato]platinum  [PtL]
was prepared by heating PtCl, and 1,2-dicyano-4,5-di(2-ethyl-
hexyloxy)benzene in sealed Pyrex tubing at 583 K for 36 h.4 A
sample of [PtL] was deposited on Kapton film (500 pm, Du
Pont) by evaporation of a chloroform solution under vacuum
at room temperature. The film thickness was chosen to give an
X-ray absorption Aux =1, at the Pt L;;; edge.5 A Pt foil and
[Pt(NH;),4][NOs], (Aldrich, >99%) were used as standards.
The X-ray absorption measurement was carried out at room
temperature using Beam Line 10B at the Photon Factory of
the National Laboratory for High Energy Physics (KEK-PF),
Tsukuba. The injection beam energy was 2.5 GeV. The ring
current was 272 mA. The monochromator was a Si(311)
channel cut with a typical resolution AE/E = 1 X 10-* at the Pt
Ly edge. The energy steps in the XANES and EXAFS
regions were 0.5 and 1.5 eV, respectively. The X-ray
absorption was measured using gas ionization chambers. The
detector gases for I (transmitted X-ray intensity) and I,
(incident X-ray intensity) were 100% Ar and 75% N,-25% Ar
mixture, respectively.

In Fig. 1, the XANES spectrum of {PtL] taken above the
Ly; absorption edge is compared with that of
[Pt(NH3)4][NO;],. Both appear to have similar structures, in
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which four N atoms are coordinated to Pt with planar
geometries. The difference of white line heights (Fig. 1)
between the compounds is of interest. Moreover, the X-ray
absorption spectra show energy shifts from Pt foil at the Pt Ly
edges of 1.3 and 2.0 eV respectively for [Pt(NH3)4]J[NOs]; and
[PtL]. These successive energy shifts indicate a high oxidation
state of Pt (i.e. >2) in [PtL]. A possible reason for the greater
white line height of [PtL] compared to [Pt(NH3)4][NOs}, may
be due to electron delocalization into the phthalocyanine
moiety. However, it should be noted that while correlations
between white line heights and oxidation states exist in some
cases, there are other examples where this is not observed.6
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Fig. 1 Near-edge spectrum of Pt foil ( }, [Pt(NH;)4}[NOs},
(— — —) and [PtL] (---) at the Pt L;;; edge after normalization
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Fig. 2 The EXAFS spectrum [k3 x(k)] and its Fourier transform for
[PtL]; experimental (. ) and theoretical fit using FEFF code
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Further information on the electron density of the d band will
be gained by analysing difference spectra between the Ly and
Ly; edges.6 If the Pt atom in [PtL] assumes a higher oxidation
state than +2, it is likely that the molecule can adopt a
non-planar configuration, or the Pt---Pt distance can be
affected significantly. This may explain why Vacus et al.”
obtained an unusually short Pt---Pt distance of 3.29 A in a
hexagonal columnar phase of [octa(dodecyloxy)phthalo-
cyaninato]platinum. The short Pt-Pt distance was attributed
to attractive overlap of d,2 Pt oribtals.

The EXAFS oscillation |43 y (k)] of [PtL] and its Fourier
transform are shown in Fig. 2. There are four major peaks in
the Fourier transform. Each of these was inverse Fourier
transformed to obtain a Fourier-filtered x(k) function in the
range 1.7 < k < 16.0 A-1. A detailed curve-fitting analysis
was performed for the y(k) curve as follows. The (k) curve
corresponding to the 1.10 < r < 2.06 A peak was fitted using,
as reference, a y(k) for Pt-N which was obtained after the
same Fourier filtering of an experimentally obtained EXAFS
spectrum of [Pt(NH;3)}[NOs],. Curve fitting for the other
peaks was carried out similarly with the references for Pt---C
and Pt---Pt pairs which were theoretically generated using the
FEFF-3 code taking into account the single-scattering, many-
body and curved-wave effects.® The amplitude reduction
factor for Pt used in the (k) generation was 0.89.8 Theoretical
references were used because suitable experimental refer-
ences were not available. The bond distance and the
coordination number were assumed again until, for example,
the Fourier-filtered x(k) curve in the region 7.05 <r < 7.70 A
agreed with a new x(k) for the second nearest Pt---Pt pair
which was obtained by the FEFF-5 code considering multiple
scattering effects.®

The EXAFS curve fitting for the range 1.10 < r < 3.04 A
was carried out in two ways: one with the assumption of a
planar discotic [PtL] structure, and the other without such a
restriction. The R-factorst representing the fitting errors in
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Fig. 3 Schematic view of the molecular stacking in [PtL] proposed
from EXAFS spectroscopy

Table 1 The structural parameters from EXAFS curve fitting for [PtL]

Shell CNe A Ac/Az
Pt-N 2 1.91(0.02) 0.0042
Pt-N 2 1.98(0.02) 0.0010
Pt---C 4 2.98(0.03) 0.0008
Pt---C 4 3.35(0.03) 0.0048
Pt---Pt 1 3.69(0.05) 0.0043
Pt---Pt 1 4.04(0.05) 0.0064
Pt---Pt 2 7.57(0.10) 0.0058

e« CN = Coordination number. ¥ Bond distance. ¢ Debye-Waller
factor (* 0.0015).
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these cases were 0.434 and 0.306, respectively. Thus, the curve
fitting agreed much better for a concave discotic structure. The
curve fitting for Pt---Pt peak in the region 1.10 < r < 4.20 A
was carried out in two ways: one with a single nearest
neighbour distance, and the other assuming two different
Pt---Pt distances; the R-factors were 0.421 and 0.320 respect-
ively, suggesting that the Pt---Pt nearest neighbour distances
between the concave [PtL] disks were inequivalent. The best
curve-fitting result that was obtained with such non-planar
concave discotic [PtL] moieties and two different Pt---Pt
neighbour distances gave a good fit both in the &k and r spaces
as shown in Fig. 2. The resulting optimised structure of [PtL],
based on our best EXAFS curve fit, is shown in Fig. 3 and the
structural parameters are listed in Table 1.

In Fig. 3, the [PtL} molecules are packed perpendicularly to
the stacking axis with the Pt atoms located along the stacking
axis. The unusually strong intensity of the 7.5 i peak in the
Fourier transform EXAFS spectrum supports such collinear
stacking of Pt atoms. The Pt atom is located on the central axis
0.15 A above the mean plane of the four isoindole N atoms.
The phthalocyanine moiety is distorted from planarity with
the benzene ring directed away from the Pt atom, which is in
good agreement with the high Pt oxidation state indicated
from XANES spectroscopy. The distorted molecular structure
shown in Fig. 3 contrasts with the planar structure obtained by
Brown!® from single-crystal X-ray diffraction (XRD) of
unsubstituted (phthalocyaninato)platinum. This difference
may be attributed to flexibility of the highly-branched
phthalocyanine moiety and the branched [PtL] seems difficult
to crystallize due to large thermal disorder at room tempera-
ture. Although our curve fitting agreed better with two nearest
Pt---Pt interatomic distance (i.e., 3.69 and 4.04 A) rather than
a single distance (3.87 A), this result does not necessarily
mean that the Pt---Pt distances are fixed at these values at
room temperature, but the Pt---Pt distance may oscillate
through fluctuation of the [PtL] molecule in the solid state.
However, it is still difficult to speculate as to why the
optimised molecular structure differs from an oblique discotic
planar structure which was recently proposed from powder
XRD of the same molecule at room temperature.# Our curve
fitting clearly agreed better with the concave structure shown
in Fig. 3 than a planar structure. If such non-planar [PtL]
molecules are packed with non-uniform Pt---Pt distances, but
tilted with respect to the columnar axis, the Pt.--Pt---Pt
orientation will deviate substantially from linearity. However,
our EXAFS calculation (FEFF-5) showed that the 7.5 A peak
in Fig. 2 should completely disappear if this angle shows a
deviation of as little as 5°.

To summarize, our XANES study has indicated that the
oxidation state of platinum in [PtL] is certainly higher than
+2. The EXAFS study has suggested a concave structure for
the molecule and we may attribute the non-planar structure to
attractive overlap d,2 Pt orbitals. We also speculate that
molecules of [Ptl] undergo thermal fluctuation at room
temperature. Further work such as variable-temperature
EXAFS measurements will be very useful to clarify the
structural intricacies of [PtL].
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Footnote

N
T R = Z (Vop[|x=xPi(k)) — xtheor (k;)|], where xexpt(k;) and
xtheor(k;) are the experimental and theoretical EXAFS and o; is
N
defined by l/o; = kA k3| ¥; expti(k))|.
7
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