
Abstract

Photoemission spectra were observed for polypyrrole doped with PF6
-
 and polyaniline protonated by camphorsul-

fonic acid. These samples were taken from the same films well studied by ESR, electrical resistance, and X-ray mea-
surements. The valence band structures for both samples were similar to each other. The comparison between the
spectral intensities at the Fermi level of both samples suggests that the electronic states of polypyrrole is more
metallic, which is consistent with the results acquired through the other experiments. Not so sharp Fermi edge in
polypyrrole shows that its electronic states are not completely free from disorder giving rise to localization.
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Electronic states of conducting polymers have been
intensively investigated with many kinds of measure-
ments. So far we have obtained much information about
them through mainly magnetic resonance, electrical re-
sistance, and X-ray experiments. Photoelectron spec-
troscopy is also useful to observe the electronic and
chemical structure simultaneously and the surface state
etc. in conducting polymers. [1] In this report, we per-
formed the ultraviolet photoemission spectroscopy (UPS)
on two polymers; PF6

-
 doped polypyrrole (PPY-PF) and

polyaniline protonated with camphorsulfonic acid
(PANI-CSA). Although PPY and PANI have been studied
using the photoelectron spectroscopy by many re-
searchers, [2] we were interested in comparing the UPS
results with our other data taken in the same batch of
films. 

Ultraviolet photoemission spectra were measured us-
ing synchrotron radiation with a SCIENTA SES200 ana-
lyzer at the beam line BL-3B of the Photon Factory at
High Energy Accelerator Research Organization. The
overall instrumental resolution was set to 50 meV at the
photon energy of 50 eV. The pressure and the tempera-
ture were about 5x10-10 Torr and 50 K, respectively.
The used samples were taken from the same self-stand-
ing films studied by ESR etc. The clean surfaces were
obtained by scraping the films in situ with a diamond
file.

In Table 1 we summarize the experimental results of
PPY-PF and PANI-CSA obtained by X-ray, electrical re-
sistance, and magnetic resonance experiments. The elec-
trical resistance was measured by a voltage shorted
compaction method (VSC) [3] for PPY-PF. The quasi-1-
dimensional (Q1D) motion of spins can be studied by ob-

serving frequency dependence of ESR linewidth. [4]
Magnetic susceptibility was determined by Shumacher-
Slichter method. [5] These results suggest that  the crys-
tallinity was higher in PPY-PF than in PANI-CSA and
the electronic states of PPY-PF were metallic while
those of PANI-CSA were localized.

Valence band photoemission spectra of PPY-PF and
PANI-CSA at the photon energy of 50 eV are shown in
Fig.1. The whole structures for both samples are not so
different except for relative intensity. Comparing the ob-
served spectra with the band calculation, [8] we ascribed
the structure around 3.5 eV to the π band, around 8 eV
to π and σ band, and around 13.5 eV to σ band for both
polymers. In the photon energy dependence of the va-
lence band spectra for PPY-PF between 35 eV and 60 eV,
two structures were observed around 10 eV that gradu-
ally grow with increasing the photon energy compared
with other structures. Since they are attributed to 3s
and 3p subshells of phosphorus atoms in the dopant,
these structures are considered to come from the dopant.
This means that the dopant PF6

- 
is not thoroughly ex-

tracted even in the ultra high vacuum chamber and
hence the observed spectra are regarded as those of  the
doped conducting polymers.

As indicated in Fig.1 the finite spectral intensity at
the Fermi level (EF) was observed in PPY-PF while the
intensity in PANI-CSA is considerably smaller. A simi-
lar structure with finite intensity at EF was also re-
ported for the tosylate doped polypyrrole and the proof of
metallicity of its electronic states. [9] Although we did
not measure undoped samples, Ref.9 demonstrates that
the valence band spectrum of the undoped PPY has no
intensity at EF. Therefore it is concluded that the doping



Table1  Summary of the experimental results of PF6
-
 doped polypyrrole (PPY-PF) and camphorsulfonic acid

protonated polyaniline (PANI-CSA).

                                                                         PPY-PF                                                   PANI-CSA

       X-ray pattern                                             sharp [6]                                                     broad
       electrical resistance                                 metallic                                                            *
       Q1D motion of spins                             not observed                                                 observed
       ESR linewidth                                Elliott mechanism [7]                              not Elliott mechanism
       Curie spins                                       1 per 2000 rings                                           1 per 300 rings
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Fig.1 Photoemission spectra of the valence bands of (a) PF6
-

doped polypyrrole (PPY-PF) and (b) polyaniline protonated with
camphorsulfonic acid (PANI-CSA) at the excitation photon en-
ergy of 50 eV. π and σ indicate that the structures are at-
tributed to the π band and σ band.

produced the observed finite intensity at EF . The origin
of the density of states near EF is the polaron band, be-
cause no finite intensity is expected near EF in the case
of bipolaron. [9,10] Our results also imply that the elec-
tronic states of PPY-PF is metallic with polaron band
due to the interaction among the polarons whereas the
electronic state of  PANI-CSA is not so metallic. These
are consistent with the magnetic resonance and the
other results described above.

Although the spectrum of PPY-PF at EF is finite, the
Fermi edge is not sharp but the intensity tails off across
EF. This feature is similar to those reported for
Bi2Sr2(CazY1-z)Cu2O8+y. [11] In this material, the elec-
trons were localized due to the random distribution of
Ca2+ and Y3+, but the degree of disorder decreased and
the electronic state became more extended as z ap-
proached unity. Then the shape of photoemission spec-
trum near EF changed from the slope to the obvious
edge. On the basis of this observation, the gradual de-
crease of the spectrum intensity of PPY-PF across EF
suggests that the electronic states are metallic, but is
not so completely because of remaining localization
caused by inevitable disorder. The extremely small
intensity of PANI-CSA spectrum at EF corresponds to
the much localized electronic state with high degree of
disorder. It turns out that the observation of the

photoemission spectrum at EF gives the information
about electronic localization in conducting polymers.
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