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Quartz Crystal Microbalance Studies of
Flectrochemical Growth of Conducting Polymers

Katsuhiko Naot, Mary Lien and William H, Smyrl

Corrnsion Research Center,
Department of Chem. Eng. & Mat. Sci., University of Minnesota,
221 Church St. SE, Minnesota 55455 US.A.

Utitization of the quartz crystal microbalance (QCM) in conjunction
with electrachemistry can allow one to determine the mase of
rolymer electrode and charge utilization simultaneoucly or in-sitn
undier the conditions that the electrade it polarized electrochemically.
This combinanon of measurements has already been used (or the
following cacee; 1. electrnde deposition of merals (1) 2.
dissnlution of metals (Ni)(2); 1. Redox process for conducting
rolyvmer (polypyrrole(3). polvaniline(4)) and redox polymers
tpolvvinyiferrocenen$). The methexl i< alco advantageous for the
monitoning of the mass change of conducting polymers like
polypyrrole, polyaniline. etc. either during the redox process or
during electropolymerization.  The emphasis of this paper i< to
monnor polymer growth nn the electroxle with time, and to
invesrigate the growth rate of polypyrrole and the coulombic
efficiency of electropnlymerization as a function of time.

Shear mode 6MHz AT-cur quartz crysrals were used for this
investigation. They were obtained from Inficon (East Syracuse,
NY1) The cry<tals had vacuum deposited gold efectrodes on hoth
<icles. The toral projected area exposed to the solution was (0.33
cm=. The crysial oscillator circuit included a power source and an
necrilator (Inficon XTC). The frequency was measured with a
frequency counter tHPSIRA). The frequency measurements were
went to and stored in a personal computer (HPYR16).

The e xperiments were carried out in a 4-necked glass cell. Two of
the necks were nsed for the gac inlet and outlet, one for the reference
electronde and the tast one for the counter electrode (stainless steel
Narge curface area). The working electrode was the conchucting
polymer film in contact with the solution. The quanz plate was
~ealed 1o the cell with a «iticone rubher sealant. The electride
potential was controlled by a potentinstar . The working electridde
was crounded through the potentiostat. The oscillator was isolated
from the potentiostat with 2 TuF capacitor (Figure 1).
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Fig.! Quanz crysial microbalance experimental apparatus(f)

QCM/Clectrachemical mercurements an the gree ih gare o

conducting polymers were pertormed under the tollowing
conditions:

1 Galvanosttic 2) Potentinstatic
Y Poteritial Sweep  4) Potential Pulse

For example, nnder potentiostatic conditions, polypyrrole growh
and total charge concumed have been monitored as< n tunction of
time. Two distinct growth regions corresponding to the polymer
grow th on Nare substrate #Fast. charge-efficient) and pols wr growth
on palymer tclow, charge -inefficient) have been abeers v (Figme
2).
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Fig.2 Dependence of mass changetAm) and growth ratefAm/\n
with passed charge consumed for the polypyerele
electropolymerization
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