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PHOTOCONDUCTIVITY OF BRIDGED POLYMERIC PHTHALOCYANINES

HANS MEIER and WOLFGANG ALBRECHT

Staatliches Forschungsinstitut fiir Geochemie, AuBen-
stelle des Bayerischen Geologischen Landesamtes,
D-8600 Bamberg, F.R.G.

MICHAEL HANACK
Institut fiir Organische Chemie der Universitat
Tibingen, D-7400 Tiibingen, F.R.G.

Abstract: Photoelectric properties of one-dimensional
bridged polymeric phthalocyanines, [PcML],, have been
measured. Experiments in surface-type photocells show
that photocurrents depend on temperature, intensity,
voltage and wavelength. Action spectra of photocon-
ductivity are characterized by definite peaks in the
visible and near-infrared region. Moreover, it has been
noted that by specific combinations of macrocycles, Pc,
bridging ligands, L, and central metal atoms, M, photo-
conductive gain and spectral response can be tailored.

Keywords: Polymeric phthalocyanines. Photoconductivity.
Onsager mechanism. Effect of chemical structure.

INTRODUCTION

In the field of conducting polymers there is increasing
interest in polymeric phthalocyanines. On the one hand, by
producing sheet-like structures of phthalocyanine rings

>
conducting polymers with high stability in air and remark-
able electrocatalytic activity have been obtained2—3. On
the other hand, by polymerization via bridging ligands to
linear chains phthalocyanines with conductivies up to seve-
ral orders of magnitude greater than the conductivies of
monomers have been synthesized4—7.

In addition, phthalocyanines belonging to these clas-
ses of polymeric materials exhibit photoconductivity with-

8-12

out external deoping . Thus the well-known photoelectric

properties of monomeric phthalocyanines, which have been

studied for application in xerographic photoreceptors,
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diode laser printers, vidicon television pick-up tubes and
photoelectrochemical devicesm_15 may be incorporated in
polymeric structures.

Therefore, systematic experiments on the photoelectric
behaviour of polyphthalocyanines with different structures
have been started. In this paper results are summarized on
the photoconductivity of bridged polymeric phthalocyanina-

tometal compounds.

EXPERIMENTAL

Methods

The photoelectric properties of bridged polymeric phthalo-
cyanines have been measured as polycristalline samples
without any binder or dopant on identical conditions in
surface-type cells employing copper/zinc contacts with
electrode distances of 0.2 mm~.

Materials

Two classes of bridged polymeric phthalocyanines, [PcML]n,
consisting of different combinations of macrocycles, Pc,
bridging ligands, L, and central metal atoms, M, have been
studied:

(1) Polymeric germanium phthalocyanines in which phthalo-
cyanines as macrocyclic units are rigidly held in a face-
to-face configuration by strong covalent linkages with
oxygen or sulfur as bridging ligands (Type I). These com-
pounds were prepared as described elsewhere4.

(2) Axially stacked macrocyclic transition metal complexes
with phthalocyanine as macrocycle, Fe, Co, Ru, Cr and Mn
as central metal atoms., and linear, X-electron containing
molecules as bridging bidentate ligands, e.g. pyrazine
(pyz), 4,4'-bipyridine (bpy), 1,4-diisocyanobenzene (dib),
s-tetrazine (tz) or cyanide (CN ), which were synthesized

as previously described? ™ (Type II).
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RESULTS AND DISCUSSION

Photoelectric properties

Analogous to polymeric phthalocyanines with sheet-like
structures, e.g., polyCuPcB,the conductivity of [PcML]n
increases rapidly (i.e. within 1 s) on irradiation with
visible light. In discussing the photoelectric response of
[PcML]n the following relationships should be taken into
account:

(1) Photocurrents increase with light intensity, I,
yielding curves

LI bIE (1)

where b is constant and Y is an intensity parameter. The
values of the intensity parameters measured in [PcML]n
complexes (0.5 ( Yy ¢ 1.0) can be understood if we assume
photosensitive ohmic currents in the presence of exponen-
tially distributed traps that control carrier recombina-
tion9—10’13.
(2) Photocurrents increase with increasing voltage accor-
ding to
L. au® (2)
where a is a constant and s is a voltage parameter. For
instance, s ¥ 1.2 observed in [PcCoCN]n is in agreement
with the ohmic character of the photocurrentslo.
(3) The temperature dependence of photeconductivity can be
expressed by

eph = eo,ph exp (- AEph/kT). (3)

The pre-exponential factor so,ph seems to be connected
with the activation energy of photoconductivity, AEph’
according to

log sa,ph = aAEph + B (4)
as demonstrated, e.g., in [PcCoCN]n and [PcGeS]n (e and B
are constantsg_io).
(4) The photoconductivity can drop on varying the tempera-

ture at specific regions, e.g., at about 308 K in [PcGeS]n
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and around 285 K in [PcCoCN]n. This anomaly may be the
result of a phase change of the crystal structure which
can affect, for instance, the rate of generation of car-

riers9_10.

Photoconductivity and molecular structure

Type 1. Polymers obtained by stacking macrocycles via co-
valent linkage show the following properties:

The photoconductive spectra of sulfo- and oxobridged
phthalocyanines exhibit peaks in the near-infrared region
at about 1100 — 1200 nm'l.

Photoelectric sensitivity increases with decreasing
size of the bridging ligand because of decreasing ring-
ring separation. E.g., the photoconductive gain, G, gives
at 2500 V/em (A = 1100 nm) G ¥ 4 x 1077 in [PcGeS] and
G¥1x 107% in [PcGeO] .

There is no change of the near-infrared photoelectric
sensitivity of oxo-bridged phthalocyanines by introducing
bulky substituents into the macrocycle12.

Type II. Axially polymerized macrocyclic transition metal
complexes containing bridging ligands which are bound
either by two coordinative bonds or by one coordinative
bond and one 8-bond are characterized by the following
properties:

Photocurrent action spectra show peaks above all in the
visible and near-infrared regions. By using bridging
ligands leading to greater interplanar distances photocon-
ductivity bands are shifted to shorter wavelengthslz.

Electronic influences of substitutents on the macro-
cycles and on the bridging ligands, respectively, can
result in different photoelectric sensitivities12
G = 1.5 x 10—5 at 2500 V/cm in [PcFe(pyz)]n and G =
3.2 x 1077 at 2500 V/em in [Cl;gPcFe(pyz)] .

Photoconductivity may depend on the central metal atom.
For instance, we have G = 0.07 at 2000 V/cm in [PcCoCN]n,
G=5.6x 10'6 in [PcCrCN]n, and G = 1.3 x 10_6 in[PanGﬂﬁ

. BE.g.,
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The type of the bridging ligand can influence the
photoelectric response via its size as demonstrated by the
photoconductive gain, G, at 2000 V/cm: G = 4 x 1072 in
[PeFe(tz)] , G = 4 x 1078 in [PcFe(pyz)], and G = 6 x 10~
in [PcFe(bpy)]n.

7

Mechanism of photoconductivity

Type 1. The results obtained in polymers of type I clearly
indicate relationships between molecular stacking and pho-
toconductivity: On the one hand, the small distance of the
cofacial macrocycles allows a band structure to be formed
by overlap of the perpendicular % -orbitals. On the other
hand, exciton splitting resulting from a strong molecular
interaction may be responsible for the long wavelength
sensitivity. Therefore, the interaction of excitons with
defect sites may be responsible for the generation of
charge pairs which can undergo either geminate recombina-
tion or dissociation in an external electric field to form
free carriers. In this context, it is remarkable that

charge pair separation is due to the Onsager mechanisﬁUHBJq

Type 1T. In discussing photoconductivity in polymers of
type II it must be taken into account that despite a metal-
metal distance of about 1200 pm in diisocyanobenzene-brid-
ged compounds compared to 700 pm in pyrazine-bridged poly-
mers the photoconductive gain, G, and dark conductivity
were higher in [PcM(dib)]n than in [PcM(pyz)]n. E.g., at
2000 V/em: G = 1.6 x 107> in [MgPcFe(dib) ] and G -

4.2 x 10_6 in [PcFe(pyz)]n, and G = 2.3 x 10—5 in
[PcRu(dib)] and G = 4.7 x 107% in [PcRu(pyz)] . This
effect may be explainable by the formation of an energy
band along the central chain. Therefore, the dominant
mechanism for charge-carrier generation in transition metal
complexes containing bridging ligands capable of conjuga-
tion may be excitation from valence band to conduction band
corresponding to a charge transfer, e.g. from the HOMO of the
transition metal d-orbital to the LUMO of the bridging ligand.
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CONCLUSION

In conclusion it can be stated that bridged polymeric
phthalocyanines can be synthesized which show good to very
good photoconducting properties. Among other things it is
demonstrated that the spectral response and photoconductive
gain strongly depend on specific combinations of macrocyc-
les, central metal atoms and bridging ligands.
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