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Influence of the electrochemical conditions
on the properties of polymerized carbazole
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Polycarbazole (PCZ) was obtained by electrochemical oxidation of carbazole monomers.
Two potentials were used: the oxidation potential of the monomer 1700 mV and an over
oxidation potential 2500 mV. The carbazole monomers were supplied either in solution in
the electrolyte or in the form of pre-deposited thin film evaporated on a working electrode.
It is shown that if PCZ is systematically obtained its electrical and morphological properties
are strongly dependent on the experimental conditions. The stability of over-oxidized PCZ
films corresponds to chain reticulation beyond the first oxidation potential value, with the
loss of flexibility of the chains and steric hindrance, which decreases the carrier mobility
and, therefore, its conductivity. The polymers obtained at the oxidation of carbazole have
conductivity corresponding to higher carrier mobility. These polymers are conjugated.
Moreover, in the case of preevaporated carbazole thin film the coverage of the SnO; is
very high and the films are homogenous. © 2001 Kluwer Academic Publishers

1. Introduction 2. Experimental

Polyvinylcarbazole is an electroluminescent polymerA classical three electrode cell (working anode, aux-
which emits blue light and it can be used in organic lightiliary and reference electrodes) was used. The electro-
emitting diodes [1]. Works has also be done on polycarchemical experiments were monitored by a potentiostat
bazole [2]. The device performances depend stronglfPG P 20.

on the polymer thin film properties: stability, homo-  Thereference electrode was a saturated calomel elec-
geneity, etc. trode. The auxiliary electrode was a platinum counter

Polymers usually were chemically synthesized. An-electrode. The working electrode was a $Srfdated
other way to produce polymers is electrochemistry [3].glass substrate.

This technique allows to synthesize a polymer directly As discussed before, the source supplying of
under its conductive doped form. Usually the anodicmonomer was either carbazole in the electrolytic solu-
polymerization is used and “p-doped” polymers are ob+ion (0.1 M) or carbazole thin films evaporated on the
tained. But post “dedoping process” can be used to obworking electrode. PCZ samples obtained from the
tain neutral films. The properties of the obtained samformer monomer source were called RGihd those
ples depend strongly on the experimental conditionsobtained from the latter source-PE&ZThe carbazole
solvent, electrolyte working electrode, cell atmospheremonomer was provided by Aldrich with the purity of
etc. 99%.

Also the source supplying of monomer is determi- The area of the working electrode was about 4.8.cm
nant. Usually the polymerization consists in an electro-The thin films of carbazole monomer were obtained
chemical oxidation of the solution of a monomer lead-by thermal evaporation under vacuum [4]. The solvent
ing to the coating of the anode with the synthesizedused had to be optimized in order to avoid the disso-
polymer using a three-electrode cell. However, we [4 ution of thin monomer films before the initiation of
5] and other authors [6] have shown that electrochempolymerization.
ical synthesis is possible by the oxidation of a vacuum As the thin films of carbazole are soluble in pure ace-

deposited film on the anode electrode. tonitrile, a mixing with water was used. The optimum
Another very important parameter is the potential atconcentration was estimated to b&21in volume ratio.
which the polymerization is performed. 0.1 M tetraethylammonium perchlorate was used as the

In the present paper we discuss the influence of thelectrolyte. A preliminary study, by the cyclic voltam-
source supplying of monomer and of the working po-metry, showed that the working potential corresponding
tential on the properties of the polycarbazole (PCZ). tothe first oxidation state ofthe monomerwas 1700 mV.
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Therefore, in order to put in evidence, the strong in-Gaussian-Lorentzian ratio, the full width at half max-
fluence of the working potential on the polymer proper-imum (FWHM), the position and the intensity of the
ties, two working potentials were used during this work: contribution. These parameters were optimized by the
the first oxidation potential-1700 mV and an over oxi- curve fitting program. XPS study were carried out with-
dizing potential-2.5 V. out any etching of the surface because etching destroys

A SETARAM TGDTA 92 was used for the gravi- C-N bonds and results in graphitization of the polymer
metric thermal analysis (GTA) at the heating rate ofsurface.

1 Kmin~!. The pyrolysis head was used as the heat Electron spin resonance (ESR) experiments were
source for the thermal degradation. Approximatelyperformed atambienttemperature onaBruker ER 200D

0.5 g of fine powder was placed in a Pyrex tube. spectrometer operating at the X band. Spin density Ns
The morphology of the films was visualized by scan-was estimated using the ESR comparison technique.
ning electron microscopy (SEM). The minimal sensitivity of the detector was about®0

X-Ray photoelectron spectroscopy (XPS) measurespins cnt®mol—1.
ments were carried out with a Leybold LHS 12 appa- Electrical measurements were performed on pressed
ratus (University of Nantes — CNRS) using magnesiunpolymer pellets with the help of an electrometer.
as the source of radiation (1253.6 eV) at 10 KV and
10 mA and the pass energy was set at 50 eV. High-
resolution scans with good signal ratio were obtaine. Experimental results and discussion
inthe C1s, N1s, Ols and C12p regions of the spectrumVhatever the process used after electrochemical poly-
The quantitative analysis was based on the determinarerization the samples were washed with distilled wa-
tion of the Cls, N1s, Ols and C12p peak areas wittier and dried for 24 h at a room temperature.
0.2, 0.36, 0.61 and 0.58 as sensitivity factors. The vac- First of all, SEM microphotographs obtained in dif-
uum in the analysis chamber was aboutPa. Allthe  ferentsamples are visualized (Fig. 1). It can be seen that
spectra were recorded under identical conditions. Theamples obtained at 2500 mV, whatever the carbazole
decomposition of the XPS peaks into different com-source supplying was, lookinhomogeneous with amore
ponents and the quantitative interpretation were perer less fibrilar structure. The results are different in the
formed after subtraction of the background using thecase of oxidation at a working potential maximum of
Shirley method [7]. The developed curve-fitting pro- 1700 mV. PCZ thin films contain the high density of
grams allow the variation of parameters, such as théoles. The films consistin juxtaposed heaps, which look

Figure 1 Scanning electron microphotographs of different PVK samples. (aPZD0 mV (b) PC%;. 2500 mV (c) PCZ 1700 mV (d) PCZ%.
2500 mV.
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like a cauliflower. PCZ 1700 mV thin films are more TABLE IV Room temperature ESR aadmeasurements
homogeneous. They keep in memory the pyramid sim-

ilar to the shape of the SnQrystallites. It should be Oxidation A Hpp I?Sspins o

noted that the visible structures of the films obtained potential g (G) molel g7l) (@~lcml)

at 1700 mV are systematically far smaller than those

visible in the PCZ 2500 mV films samples. 25v 19998 3 271 25107
The thermogravimetric curves (not shown) exhibitaprcz . 22'%%017 83.1 Zi%éé;@ 510-7

fast decrease in weight of about 3% at the beginning of 25 1.9998 2.8 7.0 %8 210-11

the heating cycle, then a slow and continuous decreasé® 1700 mv 20029 2.6 2912  1510°

is systematically measured. It should be noted that the

small weight loss at the beginning is probably due to the )

loss of adsorbed water during the preparation process 'Ne second situated at about 40+.8.5 eV can be

and it is not necessarly associated with any change iattributed to positive nitrogen®™ [10].

the polymers structure. The electron spin resonance (ESR) and the conduc-
The significative results are summarized in Table 1.lVity (o) measurements are summarized in Table IV.

It can be seen that polymers stabilities are more or less 't can be seen that, while the values deduced from the

similar, even if those obtained at 2500 mV are a little ESR measurements do notdiffer much, the conductivity

more stable. of the sample synthesized at 1700 mV is at least 6 order
Quantitative XPS surface analysis are given in Ta.0f magnitude higher than the one for those obtained at

ble II. Chlorine is systematically present mainly in the 2500 mV. A more careful look allows to see that the

chemical state of the CKZounterion, what justifies the electron spin density and the conductivity measured in

presence of the quite high oxygen atomic concentratiorf, C4+ are higher than those of P6.Z

Typical XPS qualitative analysis of the polycarbazoles Usually in semiconductor polymers, such as those
is proposed in Table IIl. studied in the present work, the conductivity increases

The carbon peak of C1s contains three main compoWith the polaron density, this density corresponding to
nents. The first one is situated at 285 eV can be assigndf€ SPin density, since for such low conductivity bipo-
to the C-C bond [8] and it was taken as a reference. ThérOns are improbable. However, this is not the case
second contribution at 286430.2 eV can be attributed here. Moreover, XPS decomposition does not give sig-
to C-N bond in the carbazole molecule [8] but also pos_nlflcant differences between the two polyme_zr families
sibly to some € radicals. The third component should (1500 mV, 2500 mV). The N and the possible ©

correspond to some surface oxygen contamination. Contribution are not very different. ,
The decomposition of the N1s peak shows the con- 1he conductivity is notonly related to the carrier den-

tribution of two different chemical states. The first one Sity, Which appears to vary far less than the conductivity
corresponds to the component situated at 400 eV andfable1V), butalso toth_e moblllt)_/ ofthes_e carriers. The
it corresponds to the well known binding energy of thelonger the polymer chain length is the higher the carrier

C-N bond [8, 9]. mobility. . . . .
One way to estimate the chain length is the weight
TABLE | Thermal gravimetric analysis loss measured by thermogravimetry. Usually the sta-

bility of the polymers increases with their chain length
Measurement oxydation ~and, therefore, the weight loss increases as the chain
temperature PGZ PCZ Potential  length decreases.

It can be seen (Table | and Table Il) that the less
the polymers are conductive the more they are sta-
ble. Therefore, the conductivity variation cannot be ex-
plained in this simple way. The stability (weight loss
TABLE Il XPS quantitative analysis when the temperature increases) of the polymers is not
directly related to its chain length but to its molec-

Weight loss

573 K 15% 20% 2500 mVv
543 K 17% 15% 1700 mVv

Atomic percentage

Oxidation ular weight. Therefore, reticulated polymers can be
Sample Potential c N cl O more stable but less conductive than a really conjugated
PCZ 25 v 85 5 2 g Ppolymer. y
PCZ 25 v 85 5 4 6 The difference between the two polymer families
PCZ 1700 mV 84 45 15 10  studied is their working potential:
PCZs 1700 mv 84 55 25 8

— 1700 mV, which corresponds to the first oxidation
potential of the monomer.

TABLE 11 XPS qualitative analysis — 2500 mV, which corresponds to an over oxidation

Sample CC CN CQ Nt C-N potential of the monomer.
Binding For an anode with an over oxidizing potential, elec-
PCZ Energy (eV) 285 2865 2882 402  400.3 trolysis could lead to a polymer with a higher oxidation
Relatveat% 80 13 7 15 85 level, possibly irreversibly with a low conductivity [3].
Binding The obtaining of a non conductive material could be

PCZ  Energy (eV) 285 2863 281.3 4012 400

Relative at % 85 12 3 20 g0 duetoachainreticulation beyond the first oxidation po-

tential value with the loss of the flexibility of the chain
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and the steric hindrance to the mobility of the carrier.films takes place at the defects, such as pinholes, grain

The overpotential could lead to further irreversible ox-boundaries, which facilitates some diffusion of the elec-

idation of the matrices giving rise to less conjugatedtrolyte at the “working electrode/monomer layer” inter-

systems. Such rigid reticulated but poorly conjugatedace.

polymer, if stable, will be poorly conductive. This is

the case of the polymers synthesized at the working.. Conclusion

potential of 2500 mV, they are stable and poorly con-polycarbazole, when electropolymerized in over oxi-

ductive because they are reticulated and their carriergation conditions, is nearly insulating even if a high

are strongly localized. spin density is measured by ESR. The polymer is retic-
Polymers synthesized at 1700 mV are not over oxy|lated and the carriers are localized when obtained at

idized, they are conjugated even if they are not morehe oxidation potential of the monomers, the PCZ is

stable. Their carriers, even if not more numerous havgonjugated, the mobility of the carriers is better and the

higher mobility and the conductivity of these polymer conductivity is far higher.

is far higher. These hypothesis are conforted by SEM \ery homogenous films can be obtained when car-

microphotographies, where it can be seen that, if largepazole is pre-evaporated on the working electrode,
structures are visible in the films obtained at 2500 mV\yhich is very promising for the OLED application.

they are disordered and intertwined.
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