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Protonic Conduction in the Single Crystals of SrZrg.gsMo.0s03 (M =Y, Sc, Yb, Er)
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The protonic conductivities of SrggsMo 0503 doped with four acceptor ions W = Y3+, SE&*, Yb®*+, Er**) have been studied

in the single crystal form. The protonic conductivity is found in four acceptor ions, indicating that protons migrate by hopping
from site to site. The Yb-doped crystal has the lowest activation energy and the highest conductivity amongst the four acceptor
ions. This is considered to be due to the difference in strength of the O—H bond with different acceptor doping.
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Strontium zirconate (SrZr§) shows protonic conductivity terfacialimpedance by plotting a semicircle as shown in Fig 1.
at high temperature when acceptor ions are doped in the Zhe intersection of the semicircle with the real axis gives the
ion sitel® Such an oxide-type protonic conductor is a typdulk impedance of the specimen. The complex impedance
of solid electrolyte in which the protons can migrate. Protoniwas also measured for other acceptor ions and similar results
conductivity at high temperature has many promising potenvere obtained.
tial electrochemical applications such as in hydrogen sensorsFigure 2(a) shows the isotope effect of the conductivities
or fuel cells. Itis known that Y-doped SrZg@SrZn_«YxO3)  of SrZigsY 00503 measured in an atmosphere of saturated
is a good protonic conductor which can be used in relativel,O vapor or DO vapor at 19C. The conductivity of the
high temperature regiorfs? The protonic conductivity is re- specimen was also measured in dry air. The conductivity in
ferred to as hole conduction; the proton transfer numbers de-
crease at high temperatures above’T0nfrared absorption

(IR) and neutron diffraction studi&$) indicate that the pro-

tons form hydrogen bonds between two oxygen ions and mi- ok 2 MHz SrZro o5Yo. 050

grate by a thermal activation process. However, the conduc- 300 °C

tivity depends on the concentration ofYions. When ¥+ g

ions are doped with 4 mol% (= 0.04), the conductivities are ’;‘ ° 200 Kz

higher than the other crystals. T 10 KHz
In the present study, the electrical conductivity of SrZrO oooé

doped with one of four acceptor ions Y, S¢*, Yb*+ and , ,

Er3*) was measured in the temperature region of 80 t6800 0 10 20

under dry air and KO atmosphere. We discuss how the pro- Re Z(K)

ton conductivity is related to the ionic radius of the acceptor.rig. 1. Complex impedance plot of S&z5Y 0.0s03 measured at 30C.
The sample was prepared by the solid-state reaction of
SrZrQ;, SrCQ;, and MOz (M = Y, Sc, Yb, Er) at 1200C

for about 12 h, and the single crystals were grown by a floa S mparane(<C) Temperature("C )

ing zone method using a Xe-arc imaging furnace. The sirg ,65007 e ® * % s Srzc0s (Vbﬁ:qo.»,u
gle crystals were grown in an atmosphere of oxygen to preg . o ' \a:-.. ©
vent protons from entering the crystal. The prepared crystaz 3 ~"":;f.‘ffa:,;; .. o éw ﬁ""::':j'-
were transparent and shaped in a rectangular column of abc’ ;‘° Tl E ™l

1.5 x 0.8 x 8mn?. The M** ion is clearly to be doped as & oo o

an acceptor ion in the Zt ion site of SrZrQ as observed by L. N 1§ .
a simple thermoelectromotive force experiment. The dopar ~ ~° “wcortocy — sty
concentration is 5mol%. The single crystals were confirme

as being in a single phase with a perovskite structure by pov . sz s ™% 10 0700 590 "5 C) 1o

3,

der X-ray diffraction analysis. The crystals were placed in ai < v’° \ Sr2r0s (Se Smol%)
atmosphere of saturated water vapor pressure°at.1 the R ©
case of dry air, a cooling trap of liquidJNvas used to prevent
protons from entering the crystals.

The complex impedance was measured using a HP427¢
LCR meter, which covers the frequency range from 10kHz tt 555 2 25 35 o 15 20 25 30
10 MHz. The bulk impedance plot is obtained without the in- 100017 (K 100017 Y

Fig. 2. Arrhenius plot of the electrical conductivities in (a) &g 0.0503,
(b) SrZ1.955.0503, (C) SrZi.9sEr0,0503 and (d) SrZs gsErp.0503. Solid
*Present address: Central Research Laboratory, Hitachi Ltd., Tokyo 185,circle, open circle, and squares indicateQ4 D,O, and dry air atmo-
Japan. spheres.

TPresent address: Akita Technical College, Akita 011-0923, Japan.
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D,O vapor is always lower than that in.B vapor and higher the wave number range from 2000 to 3500 ¢niThe absorp-
than that in dry air, indicating that protons migrate by hoption band of the high-energy side-@200 cn?), which is as-
ping from site to site. Figures 2(b)-2(d) show the results gfigned to the proton site accompanying a dopant cation, sig-
the conductivities of SrZlsS6 0503, SrZihesEr0sOs and  hificantly decreases with increasing ionic radius of the accep-
SrZresEro0s0s, respectively. These conductivities showtor, although the other three absorption bands do not change.
thermal activation-type behavior at high-temperature regiogn the other hand, it has been reported that the distance be-
of 80 to 900C. In the temperature region of 300 to 60) tween two oxygen ions decreases and the strength of the O-H
the conductivities in KO vapor become larger than those inbond decreases due to the hydrogen-bond effect when the
dry air. The main carriers are holes in dry atmosphere ar@hic radius of the doped acceptor is larger than that of the
protons in HO atmosphere below 600. Above 600C, the host lattice®) The ionic radius of St is close to that of Zt*
conductivities are almost the same in both dry an®tdtmo- (0.072nm). It is considered that this relatively small differ-
spheres, indicating that the carriers are holes or oxygen v@ace between St and Zf*+ compared to the large size dif-
cancies rather than protons or deutrons. Similar features dasence between 2 and other acceptor ions contributes to
observed for other perovskite-type protonic conductors. THEe high population of protons.
transition temperature from the hole to the proton is much In recent years, the concentrations of protons, holes, and
lower than that of Y-doped SrCe@nd higher than that of oxide ion vacancies in protonic conductor In-doped CaZrO
Sc-doped SrTi@3% However, the transition temperature ofhave been estimated from the defect chemical analysis.
SrzrO; does not depend on the ionic radius of the acceptor.The holes and oxygen vacancies created By bioping de-
Figure 3(a) shows the conductivities at 1@0shown in crease by proton doping, indicating that the doped proton is
Fig. 2 vs the ionic radius of the acceptor. Except forPYb exchanged with the hole and oxygen vacancy in the crystal
ions, the conductivity decreases with increasing ionic radiutattice. This fact is supported by the results of photoemis-
Furthermore, the activation energy estimated from the slopéon study:?) However, the holes and oxygen vacancies of
of the Arrhenius plot decreases with increasing ionic radiu§rZfo.esMo0s03 do not depend on the ionic radius of the ac-
as shown in Fig. 3(b). The protonic conduction depends difptor since the crystals used in this study were confirmed
the ionic radius of the acceptor. Recently, Yuganal.” to be electroneutral condition. The above results indicate the
studied the acceptor ion dependence of §§g¥lo,0503 using difference in the concentration of protons due to the ionic ra-
IR spectra of OH-stretching. Four absorption bands, whic#ius of the acceptor which corresponds to the change in the

correspond to four different sites of protons, are observed psorption band of the high-energy side3200 cn*) ob-
served in the IR spectra.

In conclusion, it has been determined that the protonic con-

TR S I I I I = duction of SrZrQ is found in four acceptor ions &, S¢*,
—~ 8 SrZrossMoosOs (@ A Yb3+ and E?_““). The activation energy decreases with the in-
‘e 6l ] creasing ionic radius of the acceptor. This is considered to be
st L 2 - due to the difference of the O-H bond length depending on
_g ar 34 Yb . the ionic radius of the acceptor.
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Fig. 3. Electrical conductivity at 10€ and (b) activation energy plotted
against the ionic radius of the acceptor.



