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CHARGE CARRIER TRANSPORT IN 1:1 COMPLEXES OF
TETRACYANOBENZENE WITH NAPHTHALENE ANTHRACENE
AND DURENE

J.B. WEBB, N.S. DALAL AND D.F. WILLIAMS
Division of Chemistry, Natlonal Research
Council of Canada, Ottawa, Canada

(Submitted for publication March 1, 1978)

It is well established that crystals of charge
transfer (CT) complexes formed between aromatic
donors and acceptors are buillt up of linear stacks
of closely packed molecules . There are two main
types of CT crystal structure, (1) a parallel
arrangement of linear stacks made up of the individ-
ual component molecules, AAAA...DDDD... and (i1) a
parallel arrangement of linear stacks made up of
alternating molecules, ADADA... In each case 1t is
to be expected that the lntermolecular forces between
the face to face packed molecules ln each stack are
far greater than those forces between stacks.

A considerable anisotropy in physical propertles
which are a strong function of intermolecular inter-
actions i1s a natural result of these crystal
structures. Such anisotropy has been reported in

the few crystals of the ADAD structure which have
been examined, for example, 1n triplet exciton motion
in biphengl2 and anthracene tetracyanobenzene (TCNB)
complexes®>"* and in charge carrier mobilities u in
anthracene® and phenthrene-pyromellitic-acld-
dianhydride® as well as anthracene-trinitrobenzene?.
Carrier mobllities which were reported were all low,
< 0.1 em*/V sec., and though the major interesting
questlons were posed, such as what is the effect of
different donors on u?; or are there separate
conduction and valence bands for acceptors and
donors?; the dearth of mobllity data on a range of
materials leaves these questions unanswered.

We have recently measured the mobllitles of holes in
several TCNB complexes as a first step towards under-
standing carrier transport in such materials.

These are a partlcularly interesting series of
materials 1n that triplet motion 1s sald to be
primarily two dimensional in anthracene TCNB?, and
unidimensional in biphenyl TCNB2?. Since the transport
of charge, like triplet exclton motion, is dominated
by exchange 1interactions, and since CT triplet
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excitons carry an appreciable dipole moment - hence
electron-phonon interactions are important - it is
reasonable to expect some correlation between CT
triplet and charge carrier transport properties.

A typlcal structure of one of our complexes 1is
shown in Filg. 1. The crystals which were.solution

anthrgcene -TCNB naphthalene -TCNB

Fig. 1. Crystal structure of anthracene and naph-
thalene TCNB. ¢ 1s the crystal stack axis.

grown always exhlbited a dominant ¢ or stack axls.
In the naphthalene complex the naphthalene and TCNB
molecules lie perpendicular to this axils, whereas

1n the anthracene and durene complexes the molecules
are Eilted ~220 and ~20° to the ¢ axls respective-
1ly©®»°.

The carrier mobllitles were measured from
photocurrent transients generated by a nitrogen
laser pulse. The shape of the transient indicated a
surface generation of charge, as expected, since the
laser 1light 3371 A® 1is strongly absorbed in all
three complexes. Some trapplne and thermal
detrapping 1s evident 1n Fig. 2 and this 1s to be
expected for solution grown crystals, but the kink
in the current pulse can still be clearly seen.

Only hole transients could be resolved however, and
some residual space charge always remained on the
crystal surface, presumably due to trapped electrons.
In this case the mobllitles were calculated from

tt = L%/u(v-voy) where ty 1s the current transit time,



Downloaded by [Tomsk State University of Control Systems and Radio] at 04:44 23 February 2013

CHARGE CARRIER TRANSPORT 205

v the external voltage and vp the internal potential
resulting from trapped charge and L 1s the crystal
thickness. The translt time was found to scale with
crystal thickness according to the above relation.
Some typlcal changes of tt" with applied fleld are
shown 1n Fig. 2 for a naphthalene TCNB crystal with

Broywew
I B e .
.
[}
\
\o

-1
N
P
T T

o8,
~——

\\k\

> &
T 1T 1 7T
~N

174

20m

N m o
T T 1 7T

-

L //

S W T I T B B |
2 4 6 8 10 12 14 i6

Vivolts) x 10-2

Filg. 2. Typical observed current transient and
voltage dependence of transit time-! on
voltage for naphthalene TCNB.

° E[|, eE| c.

E|| and | to the ¢ axls. The samples were always de-
trapped between measurements by reversing the field
and 1liuminating the sample. In this manner the
internal fleld vo was found to be constant for each
transit measurement, Fig. 2. The calculated
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mobllltles shown 1n Table I are qulte large for

TABLE I

Observed hole mobllitles for anthracene, naphthalene
and durene TCNB crystals where u|| i1s along the
stack direction and ul 1s perpendicular to the stack
axls.

Complex ul ] Cenf /v-s) u] (en®/v=s) Error
A-TCNB 2.8 3.3 t 10%
D-TCNB 2.7 3.3 t 10%
N-TCNB 2.9 4.8 t 10%

aromatic mobllities. Unfortunately the temperature
range of these measurements, 260-3009K, was not
sufflicient to accurately determlne the mobility temp-
erature dependence. Nevertheless, the lack of any
significant mobility anlsotropy and the relatively
high mobllities indicate the carrlers are probably
delocalized. No trend of mobility variation parallel-
ing that in the pure parent donor hydrocarbon 1s
found. These results show that for charge transport
studles 1n these materlals one should consider the
donor-acceptor palr as an entity, and hence expect
that the drift moblility along the stack axis would
show a conslderable temperature dependence due to
strong electron-~-phonon coupling.
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