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Proton-Conduction of Perfluorooctanesulfonic Acid / Poly(propylene carbonate) Composites
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To obtain proton-conducting organic materials with high
conductivity under nonagueous conditions, high thermal stabil-
ity, and high resistance to acid, we prepared perfluorooctane-
sulfonic acid (FOSA)/ poly(propylene carbonate) (PPC) com-
posites with different weight ratios. The composite with the
weight ratios of 3 shows a high proton-condugctivity of 1.9 x 10
S-emt at 30 °C under nonagueous conditions.

Proton-conducting polymers have been extensively inves-
tigated for application as the electrolytes of fuel cells, second-
ary batteries, electrochemical sensors, electrochromic devices,
and so on."> Most of the previous studies have been devoted to
aliphatic ionomers such as sulfonated polystyrene and
poly(perfluorosulfonic acid) (Nafion)® due to their high proton
conductivity (102 Scmrl) under aqueous conditions. The high
mechanical stability as aflexible thin film and the easily manu-
facturing processes of cells using such films is also advanta-
geous. The proton conduction of Nafion is based on the migra-
tion of hydronium ions through the aqueous columns of sul-
fonate aggregates. The conductivity decreases at temperatures
above 100 °C due to the evaporation of water and the subse-
guent destruction of the columns. Some polar polymers such as
poly(oxyethylene),” poly(vinylalcohol),® and poly(ethyl-
eneimine)® have been used as a matrix of acids that can replace
the role of water. The resulting (polymer/acid) composites
show proton-conduction under nonagueous conditions.
However, the proton-conductivity and the stability of the com-
posites are till challenging. The small counter anions as well
as protons often migrate in the opposite direction against pro-
ton migration, thus leading to an unfavorable polarization.

Perfluorooctanesulfonic acids (FOSA) (1) play the role as
a proton source with a high acid dissociation constant and has a
higher density of the sulfonate group compared to Nafion. Poly
(propylene carbonate) (PPC) (2) is a polar polymer having a
high degradation temperature (T, 10 % weight loss tempera-
ture) of 258 °C and provides a flexible and amorphous base
matrix (-43 °C of Tg) for proton dissociation and conduction.
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Compound 1 was prepared by the hydrolysis of perfluo-
rooctanesulfonate fluoride (Aldrich Co., Ltd.) with sodium
hydroxide, followed by the ion exchange procedure. In the FT-
IR spectrum of the resulting transparent gel, the existence of
sulfonic acid was confirmed from the strong characteristic peak
at 1196 cm™ assigned to the S=0 stretching band of the sulfon-
ic acid group. Polymer 2 (Aldrich Co., Ltd.) with M, 77000
and M,: 50000 did not show a clear T, indicating amorphous

structure of the polymer.

The composites of 1/2 with different weight ratios (1/1,
2/1, and 3/1) were prepared in a DMF solution. The solution
(33 wt%, 0.1 ml) was soaked into a glass wool filter (thick=0.3
mm, porosity=80 %, pore size=60 um) under reduced pressure
and dried at 80 °C for 8 h. The filters were annealed at 80 °C
for another 5 h in a glove box (H,0 < 10 ppm, MO-10/20,
Vacuum Atmosphere Co., Ltd.) under adry argon (99.9999 %)
atmosphere before the conductivity measurement. The water
content of the composites was determined by a Karl-Fischer
method with a moisture titrator (MKC-510, KEM Co., Ltd.).
Based on scanning electron microscopy, the gel-like composite
homogeneously covered on the glass fiber of the filter. The cell
was comprised of the filter sandwiched between gold disk elec-
trodes by means of a clamp, which was tightened until a con-
stant meter reading was obtained to assure the best interfacial
constant. The ac proton conductivity was calculated from the
complex impedance plot (Cole-Cole plot) using a computer
curve-fitting technique.

Figure 1 shows the proton-conductivity of the filters con-
taining the composites with various weight ratios of 1/2. The
proton-conductivity increases with the increasing ratio of 1/2
because the proton density increases with the ratio. The 1/2
composite having the ratio of 3 shows the highest proton-con-
ductivity of 1.9 x 10° Scm? at 30 °C and 1.1 x 102 Scm? at
150 °C under nonaqueous conditions (H,0 £0.5 wt%).
However, when the ratio is 4, the proton-conductivity decreas-
es lower than that of only 1 (6.2 x 107 Sscm™ at 30 °C and 2.5
x 10 S.em! at 150 °C), because of the phase separation in the
turbid film. The proton-conductivity of the 1/2 composite with
the ratio of 3 dightly decreasesto 8.9 x 10 S.cm® (150 °C) at
the second measurement due to the evaporation of remaining
moisture in the composite.

Figure 2 shows the temperature dependence of the proton-
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Figure 1. Proton-conductivity of the 1/2 composites (O;
30 OC, @; 150 ©C) with various weight ratios of 1/2.
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Figure 2. Temperature dependence of the proton-conductivity
of the only 1 (A; nonag.), 1/2 composite (3/1, O; aq., O;
nonaq.), only Nafion (8; nonaq.), and Nafion/2 composite
(3/1, ®; nonag.) .

conductivity of the 1/2 composite with the weight ratio of 3,
only 1, the Nafion/2 composite with the weight ratio of 3, and
the Nafion membrane only, under aqueous or honagueous con-
ditions. The proton-conductivity of the /2 composite contain-
ing 0.5 wt% water increases with temperature. The proton-con-
ductivity showed about 2 orders of magnitude higher than that
of only 1, because 2 acts as agood polar polymer matrix for the
proton dissociation of 1, instead of water. Furthermore, the
composites show a high proton-conductivity compared with
that of the membranes of Nafion or the Nafion/2 composite
under nonagueous conditions. This is due to the high proton
density of 1 compared with Nafion and the homogenous struc-
ture of the 1/2 composite. The proton-conductivity of the com-
posite at low temperatures (below 0 °C) drops severely to 3.4 X
107 S.emrl, suggesting that the micro Brownian motion would
be suppreﬁed below the T (10°C) of the composite.

Under agueous cond|t|ons (H, O 210 wt%), the proton-
conductivity of the composite increases with the increasing
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amount of water content due to the increased density of the
hydronium ions. The composite shows a high proton-conduc-
tivity of over 3.5 x 102 S.cm? in the temperature range from
30 °C to 100 °C, however, over 110 °C, it decreases as low as
that of the nonaqueous composite due to the vaporization of the
water.10

In conclusion, we have found that the filter containing the
gel-like composite of perfluorooctanesulfonic acid and
poly(propylene carbonate) shows a high proton-conductivity of
1.9 x 10> S.cml at 30 °C under nonaqueous conditions.
Moreover, the composite has a good thermal stability up to 150
°C. These results suggest that the composite filter is potentially
useful as a solid electrolyte with excellent proton-conduction,
especialy in high temperatures.
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