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Abstract The results of photoelectric measurements in
salts of planar complexes of mono- and dianionic metal
dithiolenes with a variety of cations, such as 2,2'-
and 4,4'-bipyridinium derivatives, are described. It
is shown that by specific combinations of ligands, me-
tals, anionic charges and cations photoconductivity
gain and spectral response to specific wavelength re-
gions can be tailored. On the basis of ion pair charge-
transfer (IPCT) mechanism a model is given according
to which photoconductivity of metal dithiolene comple-
xes may be attributed to the photoinduced "reverse"
charge-transfer between anionic and cationic sites re-
sulting in conducting anionic stacks of mixed-valence.

INTRODUCTION

lon pair charge-transfer (IPCT) complexes consisting of
organic and inorganic redox sysiems are of particular in-
terest. On the one, IPCT salts based on metal dithiolene
anions with conductivities up to 1 - 50 ohm™ lem™ ! may be
considered as useful for the synthesis of high conducting
organic compounds1—4. On the other, photoelectrical pro-
perties rccently observed in IPCT complexes5 suggest that
for possible technical applications organic photoconduc-
tors with relatively low bulk resisiivity may become
available. However, no experimental results are known to
us showing correlations of different combinations of 1li-
gands, central metal atoms, anionic charges and cations to
the photoelectrical properties of this type of organic
charge-transfer compound. Moreover, important data are mis-

sing for elaborating mechanism of IPCT photoconductivity.
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Therefore, systematic photoelectric studies on IPCT
compounds have been started.

EXPERIMENTAL

Methods

The photoelectric properties have been measured without
any additive in surface-type cells with electrode distan-
ces of 0.2 mm as previously describedG. Dark- and photo-
currents were registered with a Keithley 480 picoammeter
in combination with a fast recorder. Monochromatic light
in the spectral range 320 - 1900 nm was obtained with
bandpass filters with bandwidths of 50 nm.

Materials
A series of salts of mono- and dianionic bisdithiolene
complexes, [ML2IM [KIR*, (m, n = 1,2; M = Ni, Zn)
R S S R | ™ n+
iﬂ: M I[: K 1
R7>s7 s UR|, m

have been examined. The abbreviations are:

(a) Ligands L: mnt (maleonitrilo-1,2-dithiolate) when R =
CN; dmit (1,3-dithio-2-thione-4,5-dithiolate) when R-R =
CSs; dddt (1,3-dithio-5,6-dihydro-1,4-dithiin-2,3-dithio-
late when R-R = (CHg)5S,. (b) cations K: NEt4+ (tetraethyl-
ammonium) ; NBu44r (tetrabutylammonium) ; M2+ (methyl violo-
gene, 11); DQ2+ (n=2), PQ2+ (n=3) and BQ2+ (n=4) of the

2,2'-bipyridinium derivatives (III).
2+

— — 2+ — —

N 7
(CHy)py

All the compounds have been prepared as described?.

RESULTS AND DISCUSSION

Correlation hetween photoconductivity and structure

There are a series of structural factors governing photo-
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conductivity of dithiolate complexes:

The type of the ligand can influence the photoresponse
via its size, planarity and mode of stacking in the cry-
stal because of the degree of interaction within the anion
system. This is demonstrated by the photoconductive gain

I./e
G:—L (1)

I,V

which gives, e.g., G=1.1x10"3 (2500V/cm) in [Nl(dddt)2]
and G = 2.8x107% (500 V/em) in [Ni(mnt),1,Mv5. (I, -
photocurrent, A = number of photons per cubic centimeter
absorbed per second, and V = volume of the sample).

Photoelectrical sensitivity of dithiolate complexes
can be influenced by the size of inert cations and by the
redoxproperties of planar cations, respectively; e.g., re-

2+

placing MV by NBu, " may result in lower photoconductivi-
g y 4

ties in [Ni(dmit)zj— complexes as shown in Figure 1.
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FIGURE 1 Iphzf (voltage): @ = [(Ni(dmit), ] MV. ® -
[Ni(dmit),INBu, (=696 nm: IB:2.3x1017 photons cm™2).

As observed for the dark conductivity, monoanionic
dithiolate complexes may be more highly photoconducting
than dianionic complexes. This is demonstrated by the
photoconductive gain, e.g., at 500 V cm”1 in monoanionic
[Ni(dmit)y],MV (G - 2 x 107%) and in dianionic
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[Ni(dmit),JW (G - 2 x 107°) in accordance with the dif-
ferent repulsion energies which are active in mono- and
dianionic units.

Photoconductivity may depend on the central metal atom.
For instance, photoconductivity of [Ni(mnt)2]2_ complexes
decreases by several orders of magnitude when replacing
nickel with zinc presumably due to different solid state
str‘uctur‘es8 (G ¢ 10_8 in [Zn(mnt)szQ at 8000 V cm_1).

Mechanism of IPCT-photoconductivity

In discussing photoconductivity of dithiolene anions (D)
with cations (A') it must be noted that these compounds
exhibit a "reverse" charge-transfer (CT), i.e., an CT
from an ionic ground state to a less ionic excited state
corresponding to D"AT —» DA. Photoconductivity spectra
are in accordance with this type of CT.
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FIGURE 2 Spectral dependence of photoconductivity
® [Zn(mnt)szQ (plotted as IééY/Nq vs. M)

® EZn(mnt)2]2' with K = DQ%*, PQ>*, BQ2

* (normalized)

On the one, spectra of [Ni(mnt)zjm_, [Ni(dddt)zj_ and
[Ni(dmit)zjm— complexes with photoconductive peaks at about
320, 370, 440 - 460, 500, 900 and 1200 nm can be identi-
fied with intense intraanion and IPCT transitions resul-
ting in less ionic excited states, e.g., fML2]? species

in [Mlo]™ stacksg. On the other, in [Zn(mnt)g]z— complexes
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with clearly resolved IPCT bands (see Figure 2 A) the pho-
toconductive peaks at lower energies shift from 760 to 600
and 570 nm when DQZ* is replaced by PQ2+ and BQ2+ (see
Figure 2 B). The acceptor strength decreases in the same
sequence as indicated by the reduction potentials of
E(A2*/A%) - —0.12, -0.56 and -0.67 V (vs SCE in CH;CN) so
that photoconductivity maxima can be described by a linear
relationship between ;gﬁx and E(A2+/A+) which may be used
as evidence for IPCT excitation in photoconductivity of

dithiolate complexesg.

The electric field dependence of the photoconductive
efficiency, T, can be fitted to a Poole-Frenkel-type for-

mula

1/2

In = Infi, + BE (2)

From least-square analysis of these plots (see Figure 3),
Poole-Frenkel coefficients B of 6.6 x 10_23 (ch)1/2As for
[Ni(dmit)szV at T = 263 K and 3.4 x 10_23 (ch)1/2As for
[Zn(mnt)szQ at T = 313 K are obtained which are in the
order given by theorys. Consequently, the relationship
o= W, exp [-(E, - Y21/ (3)
can be approximately taken for a description of field de-
pendence and temperature dependence of photoconductivity in

dithiolate complexes (Eg = Coulombic barrier, ﬁozzconstg).
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FIGURE 3 Field dependence of photocurrent plotted on

log M vs El/2 scale: [Zn(mnt)2]DQ at 453 nm, T - 313 K.

According to the given results photoconductivity seems
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to be attributed to photo-switching of conducting anionic
10,11

stacks of mixed-valence containing, on a short time

scale, in monoanionic salts both neutral [ML2]O and ionic
[NEQJ_ molecules, and in dianionic salts both [MLZJ_ and
[ML2]2_ molecules. I.e., the situation of excited dithio-
late complexes composed of chains of planar anions and

cationic counterions may be analogous to quasi-one-dimen-
sional CT-salts, e.g., TCNQ-salts, with incomplete trans-

fer of charge between donor and acceptor stacks.

CONCLUSION

In conclusion it can be stated that photoconductive pro-
perties of metal dithiolate complexes can be tuned by spe-
cific combinations of ligands, anionic charges, metals and
cations. On the basis of ion pair charge-transfer (IPCT)
mechanism photoconductivity of TPCT complexes may be at-
tributed to photo-swilching of mixed-valence anionic
stacks with delocalized electrons.
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