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CORRELATIONS BETWEEN PHOTOCONDUCTIVITY AND MOLECULAR
STRUCTURE OF BRIDGED POLYMERIC PHTHALOCYANINES

HANS MEIER and WOLFGANG ALBRECIIT

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

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

Apbstract Experiments on the effect of chemical struc-
ture to photoconductivity have been carried out on
one-dimensional bridged polymeric phthalocyanines
[PcML] . It is shown that by specific combinations of
macrocycles, Pc, bridging ligands, L, and central me-
tal atoms, M, photoconductive gain and spectral re-
sponse to specific wavelength regions can be tailored.

Keywords: Photoelectric properties of organic compounds (polymers, dyes, CT-complexes):
photoconductivity and structure, polymeric phthalocyamines

INTRODUCTION

It has recently been demonstrated that polymeric phthalo-
cyanines formed by polymerization of squareplanar phthalo-
cyanine rings to linear chains exhibit photoelectric pro-
perties without any additive1_2. This observation suggests
that for applications, e.g., as components in photovoltaic
cells3_4, organic photoconductors with relatively low bulk
resistance may become available. However, no experimental
results are known to us showing correlations of different
combinations of macrocycles, bridging ligands and central
metal atoms to the photoelectric properties of this type
of one-dimensional conductor. Therefore, studies seem
necessary to obtain an insight into the effect of chemical
structure to photoconductivity of bridged polymeric phtha-

locyaninatometal compounds [PcML] .

75



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:21 19 February 2013

76 HI. MEIER, W. ALBRECHT AND M. HANACK

In this report the first results of studies on photo-
conductivity of phthalocyanines, [PcML]n, consisting of
different combinations of macrocycles, Pc, bridging 1li-

gands, L, and central metal atoms, M, are given.

EXPERIMENTAL

Methods

The photoelectric properties of bridged polymeric phtha-
locyanines have been measured without any additive in
surface-type cells employing copper/zinc contacts with
electrode distances of 0.2 mm. The samples were measured
at pressures of 107° - 107% Torr in the temperature range
190 - 300 K by using a continuous-flow cryostat. Dark- and
photocurrents were registered with a Keithley 480 picoam-
meter in combination with a fast recorder. The light
source consisted of a 1000-W xenon lamp, focused by quartz
lenses onto the photoelectric cell. Monochromatic light in
the spectral range 350 - 1900 nm was obtained with band-
pass filters with bandwidths of 50 nm. Light intensities

were varied with neutral density filters.

Materials
Two classes of bridged polymeric phthalocyanines (sec Fi-

gure 1) have been examined:

FIGURE 1 Scheme of the structure of axially bridged
polymeric phthalocyanines. M = metal, L = bridging li-
gand.
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(1) Polymeric germanium phthalocyanines in which cyclic
units are joined by strong covalent linkages with oxygen
or sulfur as bridging ligands (Type I). These compounds
were prepared as described” 5.

(2) Axially stacked macrocyclic transition metal comple-
xes bridged by bidentate gp-electron containing ligands,
e.g. pyrazine (pyz), 4,4'-bipyridine (bpy), 1,4-diiso-
cyanobenzene (dib), tetrazine (tz), cyanide (CN ), which
were synthesized as previously described’ 11 (Type II).

RESULTS AND DISCUSSION

Photoconductivity of type I

Polymers obtlained by stacking macrocycles via covalent
linkage show the following photoelectric properties:

The photoconductive spectra of sulfo- and oxo-bridged
phthalocyanines exhibit peaks in the near-infrared region

at about 1100 - 1200 nm as shown in Figure 2.
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FIGURE 2 Photoconductive spectrum of [PcGeO]n.

The photoconductive gain, G, increases with decrea-
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sing size of the bridging ligand because of decreasing
ring-ring separation. The photoconductive gain, G, defined
as the number of charge carriers passing through the sam-
ple per absorbed photon, according to the equation

G = i%iéi (1)
gives, e.g., at 2500 V em™ ' (A = 1100 nm) G ¥ 4 x 1077 in
[PcGeS] and G ¥ 1 x 1076 in [PeGe0], (I is the photo-
current, IA the number of photons per cubic centimeter ab-
sorbed per second and V the volume of the sample).

There is no change of the near-infrared photosensiti-
vity of oxo-bridged phthalocyanines by introducing bulky
substituents into the macrocycle. However, the photocon-
ductive gain, G, decreases by about one order of magnitude
and dark conductivity, UD,decreases by several orders of

magnitude as demonstrated in Table I.

TABLE T Influence of steric effects in [R4PcGeO]n.
G v
Compound (E = 2500 V/cm) (S/cm)
[PcGe0] 1 x 1078 2 x 10-11
[(t-Bu) PcGe0] 7 x 1078 2 x 10”14
[(Me_Si),PcGe0] 2 x 1078 4 x 10711

The results clearly indicate relationships between
molecular stacking and photoconductivity: On the one hand,
the small distance of the cofacial macrocycles allows a
band structure to be formed by overlap of the perpendicu-
lar %-orbitals. On the other hand, exciton splitting re-
sulting from a strong molecular interaction may be respon-

sible for the long wavelength sensitivity because main-
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group (closed shell) phthalocyanines show no electronic
bands other than the Q band and the Soret band.
Therefore, the interaction of excitons with defect
sites may be responsible for the generation of charge
pairs which can undergo either geminale recombination or

dissociation in an external electric field to form free
12-13

carriers . In this context, it is remarkable that
charge pair separation is due to the Onsager mecha-
nismi4 19 1n agreement with the equation
_ g - 2
lph/E (euTIAV/L)ﬂoexp( PC/PO)(1 + eFCE/ZkT) (2)

where ﬂo is the primary gquantum yield for initial charge
pair generation, re the initial charge separation distance,
r. the critical Onsager distance, € the dielectric con-
stant, eo the electric permittivity of free space, u the
mobility, and T the carrier lifetime, a plot of Iph/E ver-
sus the field strength, E, gives a linear dependence as

shown in Figure 3.
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FIGURE 3 Plot of Iph/E vs E for [(MeSSi)4PcGeO]n.
1200 nm. 303 K. S/I - 2.5 x 10 °.
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From least squares analysis of these plots, slopes to in-
5 to 8 x 1079 cm/V for

[R4PcGeO]n are obtained. These values are in agreement

tercept ratios from 2 x 10~

with the value predicted by ithe Onsager model which cor-
responding to the equations
er 3
- c e
S/i = = 5 D (3)
2kT 81€%ﬁ T

is 3.4 x 107° cm/V at 296 K(€ = 3.2).

Additionally, according to Eq. (3) a plot of the slope to
intercept ratio, S/I, versus 1/T~ shows the linear depen-

dence predicted by the Onsager mechanism.

Photoconductivity of type II

Axially polymerized macrocyclic transition metal complexes
containing bridging ligands which are bound either by two
coordinative bonds or by a coordinative and a v-bond are
characterized by the following photoconductive properties:
Photocurrent action spectra show peaks above all in
Lthe visible and near-infrared regions, as demonstrated for

[PcFe(tz)]n in Figure 4.
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FIGURE 4 Photoconductive spectrum of [PcFe(tz)]n.
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By using bridging ligands leading to great interplanar
distances photoconductivity bands are shifted to shorter
wavelengths. For instance, photoconductivity peaks of
[MeBPcFe(dib)]n are at 460 nm (strong) and 550 nm (weak).
It is conceivable that in addition to the Q band and Soret
band16 these peaks may be the result of metal-to-ligand
and/or ligand-to-metal charge transfer transitions bescause
metal-d-levels lie within the phthalocyanine HOMO-LUMO
gap.

The type of the bridging ligand can influence the pho-
toresponse via its size as demonstrated by the photocon-
ductive gain, G, at 2000 V/em: G = 4 x 107 in [PeFe(tz)] ,
G =1 x 1075 in [MegPcFe(dib)],, G - 4 x 107° in
[PcFe(pyz)] , and G - 6 x 1077 in [PcFe(bpy)]_-

Electronic influences of substituents on the macrocyc-
les and on the bridging ligands, respectively, can result
in different photoelectric sensitivities. Photoconductive
gain is found to be two orders of magnitude larger for
[PcFe(pyz)] (G - 1.6 x 107° at 2500 V/cm) than for
[C116PcFe(pyz)]n (G = 3.2 x 10_7 at 2500 V/cm). Chlorine-
substitution of the ligand may also decrease the photocon-
3 at 2000 V/em in
1 at 2000 V/cm in

ductivity, e.g., G = 1.6 x 10~
[MeBPcFe(dib)]n and G = 5.5 x 10~
[MechFe(Cl4dib)]n.

Photoconductivity may depend on the central metal
atom. For instance, the photoelectrical sensitivity of
cyano-bridged complexes decreases when replacing cobalt
with chromium and manganese: G = 0.07 at 2000 V/cm in
[PcCoCN] , G = 5.6 x 107° in [PcCrCN] , and G = 1.3 x 107
in [PCMnCN]n.

It is remarkable that despite a metal-metal distance

6

of about 1200 pm in diisocyanobenzene-bridged compounds

comparcd to 700 pm in pyrazine-bridged polymers the photo-
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conductive gain, G, and dark conductivity, an, were higher
in [PcM(dib)]n than in [PcM(pyz)]n as shown in Table I1.

TABLE II Influence of the size of bridging ligands.

a

Comml G a D
ompiex (2000 V/cm) (pm) (S/cm)

. -3 -6
[MeBPcFe(dlb)]n 1.6 x 10 ~ 1190 2 x 10

[PcFe(pyz)] a.2 x 107  ~ 700 2 x 107°

[PeRu(dib)] 2.3 x 107°  ~1190 6 x 107

[PeRu(pyz)] 4.7 x 1078~ 700 3 x 10711

This effect may be explainable by discussing
(a) the formation of an energy band along the central
chain and
(b) a direct photogeneration of charge carriers because
measurements for testing the Onsager and Poole-Fren-
14-15,17 .
failed.

Therefore, the dominant mechanism for charge-carrier ge-

kel theories

neration in transition metal complexes containing bridg-
ing ligands capable of conjugation may be excitation from
valence band to conduction band corresponding to a charge
transfer from the HOMO of the transition metal d-orbital
to the LUMO of the bridging ligand \® 19,

CONCLUSION

In conclusion it can be stated that bridged macrocyclic
metal complexes can be synthesized which show, on suitable
choice of central metal atom and bridging ligand, good to
very good photoconducting properties. Moreover, by speci-
fic combinations of macrocycles, bridging ligands and

central metal atoms photoelectric properties can be tai-
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lored to specific wavelength regions.
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