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THE SATURATION OF THE DRIFT VELOCITY OF HOLES AT HIGH
ELECTRIC FIELDS IN DISPERSIONS OF ELECTRON DONORS IN
A POLYMER MATRIX.
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Abstract The decrease of the hole mobility in
polycarbonate doped with 17% of a

triphenylaminobenzene derivative at electric fields
exceeding 1.0 x 10% vem™! is rationalized in the
framework of the Marcus theory. By analysis of the
mobility data in the framework of the expression,
derived by Marcus and relating the free energy of
electron transfer to the free activation energy of
this process, the average hopping distance, the
reorganisation energy and the barrierless electron
transfer rate constant could be obtained. In this way
physical acceptable values, amounting to 2.7nm,
0.33eV, 4.88 x 10% s'l, were found for the respective
parameters at room temperature.

INTRODUCTION

The transport of electrons or holes in disordered organic
materials as e.g. dispersions of molecules with a low
ionization potential in a polymer matrix is currently
considered as a sequence of electron transfer processes
between molecular species!~10, In disordered materials
those molecular species are characterized by a
distribution of energy levels. The increase of the charge
carrier mobility as the applied electric field strength
is increased has been rationalized by the induction of a
better overlap11 between the distribution of energy
levels of the oxidized and reduced speciesl"8 where this
electron tranfer process becomes on the average more
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exergonic. Most of the current modelsl~8 assume however a
simplified relationship between the rate of the in-
dividual electron tranfer steps and the energy change as-
sociated with those electron transfer steps. Therefore
they cannot explain the recent observations of the
decrease of the hole mobility at high applied field
strength for a molecularly doped polymerl2. when however
the rate of the individual electron transfer steps is
consideredl® in the framework of the Marcus theory11'13'
18 the decrease of the hole mobility at high applied

fields can be rationalized.

THEORY

The net rate constant, k,,g, for the transfer of a hole
or an electron between two neighbouring sites can be
considered as the difference of the rate constants of a
forward, kg, and a reverse, kp, process.

kobs = kg = kp (1)

Taking into account microreversibility equation (1)
can also be written in the following way:

kops = ke/[1 = exp(LG,/KT) 1=ke/[1 - exp(-Eer/KT)] (2)

Where the 4G, is standard free enthalpy difference
between two neighbouring hopping sites, r the average
distance between two neighbouring sites, e the elementary
charge and E the applied electric field. As k¢ describes
an electron transfer process, it can be evaluated using
the current theory of electron transfer processesls'le.

k¢ = ko exp(-0G7¢/KT) (3)
with
(0G, + N)2
0GPe = ° (4)

4
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Where k, is the rate constant of an activationless
electron transfer process and A the reorganisation free
enthalpy associated with the electron transfer process.
By combining and rearranging equation 3 and 4 the rate
expression for electron transfer can also be written in
the following way:

AG2, AGg A

In(kg) = 1In (ko) - ( + + ) (5)
4KT\ 2KT 4kT

Equation (5) implies that a plot kT 1n(kg) + 4G,/2
versus (AG,)? should yield a straight line with slope -
1/4) and intercept kT In(ky) - A4. Kops is related to u,
the mobility of the charge carriers through the sample
with thickness d by equation 6

p = d/(Etgy) = rkops/E (6).

Combining equation (2) and (6) kg can be obtained from
the experimentally observed values of the mobility:

WE
kg = (7)
r(l - exp(4Gy/KT)]

Combination of equation 6 and 7 will allow to fit the
experimental values of 4 obtained at different field
strengths to r, kg, and A.

EXPERIMENTAL

The charge transport compound, 5/=[4~-[bis(4-
ethylphenyl)amino]phenyl]-N,N,N’ N/, ~-tetrakis(4~ethyl-

phenyl)~-[1,1’:3’,1"-terphenyl]-4,4"diamine (p-pEFTP), was
prepared and purified as described elsewherel®. The
transit times were determined by the time of flight tech-
nique209/21, a1l experiments are performed in a small-sig-
nal time of flight mode21,22 (Q= 2 a 20 x 103 Jm’z) and
the entrance impedance of the transient digitizer is
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adapted to avoid distortion of the transient
photocurrents by the RC-time of the set-up.

RESULTS AND DISCUSSION

While at fields below 1.0 x 10® vem™! the transient
photocurrent consists typically of an initial spike and a
plateau region followed by a tail; at fields exceeding
1.0 x 10% vem™! only an initial spike and a tail were
observed. The plateau region and tail can be analysed in
the framework of equations (8a and 8b) yielding t,, «,
B.

i(t) . t1+e t<ter (8.a)

i(t) . t°1+8 t>te, (8.b)

a and B amount to 0.95%0.10 and ~-1.06%0.19
respectively and do not depend upon the applied field
strength. The values obtained for a and 8 indicate that
charge transport is non-dispersive. The initial spike is
in this case probably due to the relaxation phenomena, as
described by Béassler8:/23, preceeding the onset of non-
dispersive transport. Although at fields exceeding 1.0 x
10® vem™l the distorsion of the plateau region by the
initial spike (figqure 1) no longer allows to analyse the
transient photocurrents in the framework of egquation 8a
and b the transit time can still be obtained from the
inflection point of a log-i versus log-t plot. The hole
mobility in polycarbonate film doped with 17% p-pEFTP
decreases as the electric field 1is increased above
1.0 x 10% vem™1 (Fig. 2).

Combination of equation (5) and equation (7) yields
equation (9). It was possible to analyse the experimental
data in the framework of equation (9) using r, A and kg
as adjustable parameters. It this way 2.7nm, 0.33eV and
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4.88 x 10° s™1 were obtained for r, A and ko respec-
tively.
LE

len[ ]+AGO/2=kT In(kg)=\/4=0Gg? /4)
ril - exp(4Gy/kT)] 4
(9)

The average distance Dbetween two neighbouring

molecules, r,, calculated from the macroscopic properties
of the dispersion according to equation 10 amounts to 2.5
nm for a sample containing 17 % p-EFTP.

rp, = 2(3M/(4nad))1/3 (10)
Where M 1is molecular weight (976.4) of the hole

transporting molecule, d is the density (1.12) of the
dispersion and A Avogadro’s number.
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FIGURE 1 A typical current pulse of a 11.5-um
sample measured at an electric field of 2.1 x 10°
ven™1 { ) and 1.2 x 106 ven™1 (------- )
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FIGURE 2 Drift mobility as a function of electric

field for 17% doping of p-pEFTP in polycarbonate.





