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Temperature dependences of conductivity for Ho, Sr,CoO,_, Er, ,Sr,Co0O5;,
Ho,_Ca,CoO, 5 and Er, ,Ca,CoO, 5 (x = 0.15, 0.25, 0.85, 0.45, 0.55, 0.65, 0 75, 0.85,
0.95) having the ABO; perovskite structure have been studied in the T>77 K temperature
region. All the compounds studied are characterized by hopping conduction with the tempera-
ture dependence of conductivity p(T) = pwexp(TO/T)I/ ", Depending on the distribution disper-
sion 62 of A cationic radii, different types of the hopping conduction are realized. In most
samples, the conduction occurs as the variable range hopping conduction in the Mott mode
(n = 4). In the Ho,_,Sr,Co0,_g system, a transition to the hopping conduction over the nearest
sites occurs as the o2 increases (n = 1); while in the Er,,Sr,Co0; 5, to the Efros-Shklovsky
mode (n = 2). In Ho,_,Sr,Co0; 5 samples, the spin conduction channel arises as the tempera-
ture rises up to 190-270 K due to cobalt ion transition into excited state.

B o6mactu Temmeparyp T>77 K wucciemoBaHbl TeMIepaTypHble 3aBUCHMOCTH YAEJIBLHOTO
BJIEKTPUYECKOTO compoTusaeHus p kepamuk Ho,_, Sr,CoO4_s, Er,_ Sr,Co04_5, Ho,_,Ca,CoO,_ 5 u
Er,_.Ca,Co04 5 (x = 0,15; 0,25; 0,35; 0,45; 0,55; 0,65; 0,75; 0,85; 0,95), o6ragaomux
cTpyKTypoil meposckura ABO,. HlsyuenHEIe coeUHEHNA XapaKTePU3YIOTCA IPBIKKOBOM IIpoO-
BOAVMOCTBIO C TEMIIEPATYPHOII 3aBUCUMOCTLIO djieKTpoconporusienus p(T) = pwexp(TO/T)l/”.
B 3aBUCHMOCTH OT AVCIIEPCHM PACIPENENeHUS G2 PALNyCOB A-KATHOHOB PEAIUBYIOTCH DPasidd-
HbI€ THUIIbI IIPBIKKOBOI IPOBOAUMOCTH. B GosibIlInHCTBE 00Pa3Il0B MPOBOAMMOCTEL OCYIIECTBIISET-
Cs II0 MEXAaHM3MY IIPBLIXKKOBOI IIPOBOJMMOCTH C II€PEMEHHON IJIMHOM IIPBIXKKA B perkume MoTta
(n = 4). B cucreme Ho,_ ,Sr,CoO; 5 npu yBenudyeHNN BeIUYMHBI 62 IPONCXOLUT MEPEeXOf K IPBLK-
KOBO# IIPOBOAMMOCTH MexxIy Gmmskafimmmu cocexamu (n = 1), a B cucreme Er, ,Sr,CoO,; ; —
pexxumy ddpoca-Illkrosekoro (n = 2). B obpasnax Ho,_,Sr,Co0O, ; mpu MOBBINIEHUU TeMIIepaTy-
pei mo 190-270 K o6Hapy:KeHO IIOABJEHHE CIMHOBOIO KAaHAaJa IIPOBOJMMOCTH, CBS3AaHHOE C
II€Pex0/0M HMOHOB K00AajabTa B BO30YKIEHHOE COCTOSHIE.

During several last years, ever more due to the properties of cobaltites typical of
works are published aimed at cobalt based other strongly correlated systems (the di-
metal oxide compounds (cobaltites). This is electric-metal transitions, charge and or-
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bital superstructures, strong dependence of
conductivity on external magnetic field, su-
perconductivity in sodium cobaltite hydrate,
etc.) as well as some specific features thereof,
in particular, a high thermo-e.m.f. [1].

In cobaltites having the ABOj perovskite
structure, cobalt ion in the center of CoOgq
octahedron is surrounded by negatively
charged oxygen ligands. Due to the crystal
field effect, the fivefold degenerate 3d-orbi-
tals of Co3* ion are split into threefold de-
generate Iy, levels and doubly degenerate ey
ones with corresponding energy values g,

and &,q, €,5>€19,. That is why electrons oc-
cupy at first the lag orbitals and then the e
ones. Depending on the relation between the
splitting energy in the crystal field A =g, - &:9,
and the intraatomic exchange interaction
energy, the cobalt ion may be in different
spin states, namely, low-spin (LS), high-spin
(HS) and intermediate spin (IS) ones [2] that
affect the transport and magnetoresistive
properties of cobaltites [3].

At present, it is the La,;_ Sr,CoO4_g sys-
tem that is the best explored among cobal-
tites. The initial compound LaCoO; is a
non-magnetic dielectric where the cobalt ion
passes out of the LS state into the IS one as
the temperature rises up to 100 K. The in-
troduction of Sr2* ions having a consider-
able larger radius than La3* results in stabi-
lization of the excited cobalt ion states [2].
In this case, the kinetic properties are
changed dramatically: depending on the Sr
content, the samples may be semiconductors
or conductors, the electron phase ssepara-
tion and giant negative magnetoresistance
arise [4]. The kinetic phenomena in other
rare-earth cobaltites were studied much less
comprehensively. Moreover, the concentra-
tion effect of different rare-earth elements
on kinetic features in A-substituted rare-
earth cobaltites is studied insufficiently.

The kinetic properties of perovskite-like
A-substituted rare-earth cobaltites are de-
fined by three groups of factors [5]. Those
are, first, the charge carrier concentration
that depends on the doping level and the
substituting cation valence. Second, it is the
average raduis <r,> of the A site cations.
That parameter defines the chemical pres-
sure in the system and thus the crystal field
affecting the Co cation. To estimate the in-
fluence extent of <r,> value, a geometric
parameter can be used describing the
perovskite lattice straining, i.e., the
Goldschmidt tolerance factor [6]:

t = (<rp> + ro)/ (N2)(<rg> + ro), (1)
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where <rp> is the average radius of B-cat-
ions (in our case, cobalt ones); rg, oxygen
ion radius.

The third factor affecting the kinetic
properties of perovskite-like A-substituted
compounds is the distribution disorder of
different kind ions occuping the site A that is
defined by thereof size mismatch. Quantita-
tively, that parameter can be presented as the
variance of the distribution of A-cation ionic
radii [7]:

2
Aot -(Son

where y; is the concentration of i-th kind
A-cations (Zyi = 1). When there is one cat-

ion kind only, o2 = 0. The ionicce size mis-
match factor ia as a rule neglected when
considering the kinetic properties of
perovskites. The effect of 62 on the charge
and magnetic order in manganites was re-
ported in [8-10].

The aim of this work was to study the
transport properties of A";_ A",C005_g rare-
earth cobaltites (A’ = Ho, Er; A" = Ca, Sr)
within a wide concentration range of rare-
earth dopants (0.15<x<0.95). The composi-
tions so selected make it possible to deter-
mine the correlation degree of the charge car-
rier transport with each of the three
above-mentioned factors, since the strontium
and calcium are of the same valence, the ionic
radii of rare-earth elements are close to one
another (ry, = 0.901 A, rg, = 0.89 A) while
those of alkali-earth ones differ consider-
ably (rg, = 1.18 A, rgy = 1.0 A) [11]. More-
over, it is of interest to study the intensifi-
cation of the charge carrier localization ef-
fects due to introduction of holmium and
erbium having ionic radii shorter than lan-
thanum (r_, = 1.032 A).

The ceramic samples of Er,_,Sr,CoO4_gs,
H01_XSFXCOO3_5, Er1_XC3XCOO3_5 and
Ho,_,Ca,Co05_5 (x = 0.15, 0.25, 0.35, 0.45,
0.55, 0.65, 0.75, 0.85, 0.95) were synthesized
by the standard solid phase technique. The
samples obtained were shaped as rectangular
parallelepipeds of 0.25x0.55x2.5 cm3. Ac-
cording to X-ray analysis (DRON-50, Cu K,
emission), the ceramics were single-phase
ones and had the perovskite-like crystal
structure [12].

The chemical composition and oxygen
index of the samples were determined by
chemical analysis. The total Co contents
was determined using a redox reaction be-
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tween phenanthroline complexes of cobalt
(I) and iron (II). The rare-earth element
conteats were determined by direct com-
plexoment in weak acidic medium with
xylenol orange indicator and those of alkali-
earth ones, by inverse titration in alkali
medium with methyl thymol thymol blue.
The cation indices determined coincided
with stoichiometric ones. The oxygen defi-
ciency index & = 0.4+0.06.

The conductivity p was measured by the
standard four-probe dec technique in the 77—
300 K temperature range (for some sam-
ples, up to 770 K). The measuring current
passed along the sample. Indium contacts
were applied across the sample using the
ultrasound soldering. The distance between
the potential outputs was 10 mm. The
measuring current was 10 mA. The meas-
urements were done under the sample heat-
ing.

The magnetic state of the samples was
controlled by measuring the ac magnetic
susceptibility y4c using a setup similar to
the Hartshorn bridge. The amplitude of al-
ternating (modulating) magnetic field was
H(t) = Hypcos(ot) at Hye =3 Oe and fre-
quency o/2n = 5 kHz.

The <r,>, t and o2 values were calcu-
lated using the data from [11]. The effec-
tive radius of A-site cations and the toler-
ance factor increase as the alkali-earth ele-
ment concentration rises, their values
always are considerably lower for Ca con-
taining samples than for Sr containing ones.
At the same time, the tolerance factors and
effective radii of A-site cations differ only
slightly for the Ho and Er ceramics doped
with the same alkali-earth metal. The ¢
value for the all ceramics synthesized is
within the range typical for the perovskite
type crystal structure. The variance o2 is
maximum for the samples having the Sr
content x = 0.45 and x = 0.55.

For all the samples studied, the p(T)
curves correspond qualitatively to the semi-
conductor type dp/dT<0 within the whole T
range. The experimental semiconductor con-
duction character with the p(T) dependence
similar to the exponential one can be de-
scribed within the frames of several physi-
cal models. The standard thermal activation
relationship for semiconducting systems
(Arrhenius law) has the form

p(T) = p,, exp (E,/ kgT), (3)
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where p, is a constant corresponding to the

conductivity at T—>w; kg, the Boltzmann
constant. The E, quantity has the sense of
band gap width in the case of band conduc-
tion in an intrinsic semiconductor or the
sense of activation energy at hopping conduc-
tivity over the nearest sites (NSH) in a doped
semiconductor [13]. In the latter case, the E,
value is considerably lower [14].

In the frame of variable range hopping
conductivity (VRH), the temperature de-
pendence of resistivity has the form

p(T) = p,,, exp (To/T)"", @)

where T is the characteristic temperature
(the charge carrier localization energy ex-
pressed in terms of temperature). The power
indices 1/n =1/4 and 1/n = 1/3 correspond
to three-dimensional and bidimensinal Mott
conductivity, respectively [18]. The relation
(2) with the power index 1/n =1/2 is con-
sidered in the Efros-Shklovsky model [14].
Within the adiabatic approximation of the
small polaron hopping model [15], the con-
duction activation energy is a sum E, =
E,/2 + Wy, where E, is the charge carrier
excitation energy; Wy, the energy necessary
for hops. The temperature dependence of re-
sistivity in this case can be expressed as

p(T) = pOT exp (Ea/kBT), (5)

where py = kg/neol?, e being the elemen-
tary charge; n, the polaron concentration;
», the optical phonon frequency; I, the po-
laron hop length.

To identify the conduction type, the ex-
perimental results are to be processed in
Inp coordinates as a function of 1/T1/?
(n =1, 2, 3, 4) and In(p/T) = f(1/T). The
rectification of experimental dependences in
corresponding coordinates will mean the va-
lidity of the model for the sample conduc-
tance description.

Our consideration has shown that the con-
duction nature in the systems studied is dif-
ferent for samples with different strontium
content (Figs. 1, 2). As to holmium-contain-
ing ceramics (except for Hog5Srg 95C004 5
sample), none of the mechanisms considered
is suitable to describe the experimental p(7T)
dependences within the whole temperature
range studied. The linear sections appear in
the low-temperature part of lnp(1/T1/7)
curves. The linearity is distorted starting

Functional materials, 16, 3, 2009
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Fig. 1. Processing of experimental p(T) de-
pendences for Ho,_  Sr,CoO,_; system samples
in the coordinates corresponding to hopping
conduction: (a) VRH conductivity, Mott
mode, 3D case; (b) RH conductivity, Mott
mode, 2D case; (c) NSH conductivity. The x
values: 0.15 (1), 0.25 (2), 0.35 (3), 0.45 (4),
0.55 (5), 0.65 (6), 0.75 (7), 0.85 (8), 0.95 (9).

from the temperature T shown by vertical
arrows in Fig. 1.

For most samples of Ho, ,Sr,CoO3 5 sys-
tem, the conductivity at T<T" occurs accord-
ing to variable range hopping mechanism of
the Mott type. In ceramics with x = 0.15, 0.25,
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Fig. 2. Processing of experimental p(T) de-
pendences for Er,_,Sr,CoO; ; system samples
in the coordinates corresponding to VRH con-
ductivity: (a) 3D Mott conductivity; (b) the
Efros-Shklovsky mode. Curves are numbered
as in Fig. 1.

0.35, 0.65, and 0.95, the Mott law for 3D
case is met (Fig. la); for x=0.75 and x =
0.85, the 2D Mott conductivity is observed
(Fig. 2b; for the x = 0.85 sample, the ex-
perimental data are processed up to T =
440 K). The samples with strontium doping
indices 0.45 and 0.55 form an exception
where the conduction is realized by hopping
over the nearest sites (Fig. lc; for those ce-
ramics, the experimental data are obtained
and processed up to T = 770 K).

The Er,;_Sr,CoO5_s system shows a simi-
lar behavior. In ceramics with x = 0.15,
0.25, 0.35, 0.65, 0.75, 0.85 and 0.95, the
Mott law for 3D case is met (Fig. 2a); while
for two samples with the "intermediate”
strontium concentration (x = 0.45, x = 0.55),
the Efros-Shklovsky approximation is valid
(Fig. 2b).

That result can be explained taking into
account that the o2 parameter describing
the distribution disorder of the A site cat-
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Fig. 3. Characteristic temperature variation
as a function of tolerance factor for samples
with 8D Mott conductivity: Ho,_,Sr,CoO, g
system (1), Er,_,Sr,CoO4 5 system (2).

ions attains its maximum at strontium con-
centration x = 0.45 and x = 0.55. The maxi-
mum o2 means the maximum local lattice
distortions and periodicity deteriorations of
the medium electric potential where the
charge carriers move. In the Ho,_Sr,CoO5 5
system, this causes an increased localiza-
tion, that results in the electron hopping
over the nearest sites only. Calculations
using the data of Fig. 1c gives the values of
E, included in (38) of 69 meV for
Hog 55515 45C003_5 and 60 meV  for
Hog 4551 55C003_5. In the erbium-strontium
system, the increased electron structure dis-
order at x = 0.45 and x = 0.55 results in a
stronger electron-electron interaction and
appearance of a Coulomb gap in the local-
ized state density spectrum near the Fermi
level. The qualitative difference between
conductivity of holmium and erbium sam-
ples is like to be connected with the fact
that at the same doping level, the <r >
value in the Er,_ Sr,Co0O5 5 system is some-
what smaller than in Ho,_,Sr,CoO5_5 one,
while 62 being somewhat larger.

Proceeding from the experimental p(T)
data processing using Eq.(4) (Figs. la, 1b,
2), the characteristic temperature T, for
the variable hopping conductivity was cal-
culated:

Ty = d(Inp)/ d(T"»). (6)

The T, value decreases as the tolerance
factor increases for Sr-doped samples with
the 83D Mott conduction (Fig. 38). The quan-
titative differences in the Ty values for hol-
mium and erbium ceramics with similar tol-
erance factors are insignificant. The charac-
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Table 1. Characteristic temperature T, de-
pending on tolerance factor for samples
with 2D Mott conductivity

Composition t T,, 10° K
Hog 5551 75C005_5 0.910 9.62
Hog 15515 5C005_5 0.924 5.37

Table 2. Characteristic temperature T, de-
pending on tolerance factor for samples
with Efros-Shklovsky conductivity

Composition t To» 104 K
Erg 555rg 45C005_; 0.867 2.36
Erg 4557 55C003 5 0.881 2.30

teristic temperatures for the samples with
2D Mott conductivity and those with Efros-
Shklovsky one are presented in Tables 1 and
2, respectively. The trend to T decrease at
increasing tolerance factor is manifested in
those conductivity modes, too. The obtained T,
values are typical of similar systems [16, 17].

The mean hopping length R, and hopping
energy E;, were calculated using relation-
ships taken from [18] that are the corollar-
ies from the Mott formulas for 3D conduec-
tivity:

Ry, = Ggya(Ty/ T)", (7
E), = UnkgTAT 41, (8)

where a is the decay length of the localized
state wave function near the Fermi level (the
localization length); in cobaltites, a = 5 A
[17]. As the tolerance factor increases, the
mean hop length (being several interatomic
distances in the case of VRH conduction)
diminishes. Such a regularity is typical of
both erbium and holmium samples doped
with strontium where the Mott law for 3D
conductivity is met (Fig. 4). The E, varies
in a similar manner (Fig. 5). The mean hop-
ping energy value coincides in the order of
magnitude with that obtained in [17] for
Y ;_«Ca,Co04_g perovskite-like compounds.
The revealed regularities of the tolerance
factor influence on the hopping conductiv-
ity parameters can be explained as follows.
As the <r,> value grows, the chemical pres-
sure in the system decreases. This causes an
elongation of Co—O bonds and reduced the
p-d hybridization of cobalt and oxygen
elecrton clouds. As a result, the crystal

Functional materials, 16, 3, 2009
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Fig. 4. Mean hopping length variation as a
function of tolerance factor for Ho,_
+Sr,Co04 5 (a) and Er,_ Sr,CoO5_5 (b) ceram-
ics in the temperature range where the Mott
law for 3D case is met. Temperature (K): 125
(1), 214 (2), 77 (3), 220 (4), 300 (5).

field effect becomes reduced, and the energy
gap A between the 5, and e, states becomes
narrowed. As a consequence, the band of e
electrons becomes broadened and the local-
ization reduces, thus causing the lowering
of characteristic temperatures (both Mott
and Efros-Shklovsky ones), the mean hop-
ping length and energy and increase of the
localized state density within a narrow band
near the Fermi level in the case of Mott
conductivity. The differences in the NSH
conductivity activation energy (E,) values
for H00_55Sr0_45COO3_5 and H00_458r0_55COO3_
s samples can be explaned similarly.

The absence of qualitative differences in
the structure parameter ¢ influence on T
and its derivatives characterizing the VRH
conductivity for the erbium and holmium
systems is explained by the closeness of
Ho3* and Er3* ionic radii. It is to note that
at the same doping indices x, the charac-
teristic temperature for the Mott conductiv-
ity (Fig. 3) is somewhat higher for erbium
samples. This is connected with the some-
what shorter Er3* radius and the resulting
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Fig. 5. Mean hopping length variation as a
function of tolerance factor for Ho, ,Sr,CoO4
(a) and Er,_ ,Sr,CoO; 5 (b) ceramics at tem-
peratures corresponding to the 3D Mott con-
ductivity. Curves are numbered as in Fig. 4.

higher value of 62 that influences the local-
ization.

For the Ho,_,Sr,CoO5_5 system, the de-
viation of curves 1-6 in Fig. 1 from linear-
ity towards lower p values can be inter-
preted as the appearance of a second con-
duction channel in the samples. That
channel arises at T =T" in the semicon-
ductor matrix having the VRH conductiv-
ity (x = 0.15, 0.25, 0.35, 0.65) or NSH one
(x = 0.45, x = 0.55). That is why a model
where the samples were presented as two
parallel resistors with conductivities c; and
Gy was used to describe the conductance
within the whole temperature range stud-
ied. The model of two parallel resistors
where one of those has a metal type conduc-
tivity while the other is a semiconductor
has been considered in [19]. The 224 conduc-
tion channel in Ho,_,Sr,CoO5;_5 is due to
thermal excitation of cobalt ions to the
high-spin state resulting in formation of a
spin conduction channel.

The sample conductivity in the model
under consideration is the total conductivity
of two parallel channels,
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Fig. 6. Fitting of experimental p(T") depend-
ences for Ho,_,Sr,Co0O;_5 system samples cor-
responding to the dual-channel conductivity
model. The x values: 0.45 (1), 0.55 (2), 0.15
(3), 0.25 (4), 0.35 (5), 0.65 (6).

o = 61 + 02. (9)

The first item corresponds to the semi-
conductor matrix conductivity occurring ac-
cording to hopping mechanism. o = p1
where p is described by (3) for samples with
x=0.45, x=0.55 or by (4) for x =0.15,
0.25, 0.35, 0.65. The second item describes
the spin conduction channel:

Gy = eun = Gy, N, (10)

where p is the > electron mobility; G4, the

conductivity at T—o; n, concentration of ey

electrons thermally excited from IS to HS
state.The quantity n coincides with function
describing the concentration of cobalt ions
converted into the high-spins state [20]:

n=v/[v+exp(A/ kgD, (11)
where v is the multiplicity of the Co3* ion
excited state; A, the spin gap.

It is to note that the temperature T* of
the spin condiction channel appearance for
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Table 3. Fitting parameters p and o,, in
the dual-channel conductivity model for
samples of Ho—Sr—Co0-0O system

Composition P, Qm Goums (Q~m)_1
Hog g5Sr 15C004_5 3.6.10°10 1.4.104
Hog 7551 55C004_5 5.2.10°11 0.5.104
Hog 65575 35C005 5 | 1.8-1071° 1.12.10%
HOg 5557 45C005_; 4.5107% 5.7.104
Hoy 4557 55C005_5 3.5:1073 7-104
Hoyg 355r0,65C003_5 6-10713 3.4.10%

Hog 45570 55C005 5 and  Hog 355rg 65C003_5
samples coincides with the starting tem-
perature of the thermal e.m.f. reduction in
those samples that is associated with the
charge disproportionality of Co ions that is
possible in an excited state only [12]. In the
model proposed to describe the temperature
dependence of the thermal e.m.f., the fit-
ting to experimental results was possible
only with the proviso that the energy dif-
ference between the IS and HS states of
cobalt ions is small. It is just the multiplic-
ity v =33 that mets that condition [21].
Therefore, the fitting using (10) and (11)
was carried out at that v value.

The fitting results are shown in Fig. 6.
The solid curves corresponding to the dual-
channel conductivity model agree very well
with experimental p(T) dependences. The
dotted lines show the dependences corre-
sponding to the matrix conductivity with-
out the spin channel which are described by
the NSH conductivity formulas (Fig. 6,a)
and 3D Mott conductivity (Fig. 6b). The
temperatures at which the dual-channel
curves and single-channel ones start to dif-
fer coincide with T". The fitting parameters
Ps and G5, used to construct the theoretical
p(T) dependences are presented in Table 3.
The order of magnitude coincidence of o5,
values for the samples with different hop-
ping conductivity types confirms indirectly
the same nature of the second conduction
channel. The considerable differences be-
tween p,, values for x = 0.45, x = 0.55 sam-
ples as compared to the other ceramica are
connected with different conduction charac-
ters of the semiconductor matrix. The spin
gap width used as the fitting parameter re-
duces as the tolerance factor increases (Fig.
7). Such a behavior of A agrees with the
above-considered influence mechanism of the

Functional materials, 16, 3, 2009
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Fig. 7. Spin gap variation as a function of
tolerance factor for Ho,_,Sr,CoO, 5 samples.

A-site cation mean radius on the hopping
conductivity parameters. The A values for
HOg 45570 55C003_5 and  Hog 35510 65C003_5
samples coincide with those used in [12]
when processing theoretically the tempera-
ture dependence of the thermal e.m.f. It is
to note that the deviation of the depend-
ences shown in Fig. 1 from the linearity for
samples having x = 0.75 and x = 0.85 is not
associated with the opening of a new con-
duction channel, as it occurs towards the
increases resistance.

The presence of excited spin states in the
samples does not mean the appearance of a
magnetically ordered state. It follows from
the magnetic susceptibility measurements
that all the samples where a spin contribu-
tion to the conductivity is revealed are
paramagnetics (as all other samples stud-
ied). This may be a consequence of a weak
exchange between cobalt ions in the tem-
perature range studied.

The Ca-containing ceramica are charac-
terized by considerably higher p values than
Sr-containing ones, the substitution indices
being the same. That is why the resistance
measurements have been carried out there-
for at T<300 K within a considerably nar-
rower temperature range. For all the sam-
ples, the same hopping conductivity is typi-
cal of, namely, the 3D Mott conductivity
(Fig. 8). This is connected with the fact that
the o2 parameter in Ca ceramics is signifi-
cantly lower than in Sr doped ones; more-
over, o2 depends only slightly on the cal-
cium concentration. The effect of structure
parameter ¢ on the hopping conductivity is
in agreement with the above mechanism:
the characteristic temperature decreases as
the tolerance factor rises, and the Ty value
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Fig. 8. Processing of experimental p(T") depend-
ences in the coordinates corresponding to 3D
Mott conductivity mode. (a) Ho,_,Ca,CoOg
system; (b) Er,_,Ca,Co0, 5 system. The x val-
ues: 0.15 (1), 0.25 (2), 0.35 (3), 0.45 (4),
0.55 (5), 0.65 (6), 0.75 (7), 0.85 (8).

is somewhat lower for holmium samples
than for erbium ones, the substitution indi-
ces being the same (Fig. 9). The charac-
teristic temperature is lower at Ca doping
than at Sr one, the rare-earth ion being the
same and the tolerance factor values being
similar (see Figs. 3 and 9). This difference
is due to ionic radii similarity of Ca2* and
rare-earth elements as well as the low &2
value in Ca-containing samples.

Thus, the consideration carried out has
shown that the hopping conductivity type is
observed when holmium and erbium cobal-
tites are doped with alkali-earth elements
within a wide range of the dopant concen-
tration. The hop character is defined mainly
by disorder that is due to ionic radius mis-
match of the A-site cations. At a low o2
value (all the Ca-doped samples and those
with Sr content 0.15<x<0.35 and
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Fig. 9. Variation of the Mott characteristic
temperature as a function of tolerance factor
for Ca-containing samples. Ho,  Ca,CoO,
system (1); Er,_Ca,CoO,_g system (2).

0.65<x<0.95), the variable range hopping
conductivity is realized characterized by a
constant local state density within a narrow
range near the Fermi level. As the o2 value
increases up to 02~0.02 (Sr-doped samples
with x = 0.45 and x = 0.55), the hopping
conductivity character is changed. In er-
bium samples, the disorder of A-site cations
causes a correlation effect, a Coulomb inter-
action between the charges and an energy
gap appearance in the localized state spec-
trum at the Fermi level associated with that
interaction. In holmium samples, the local-
ization increase associated with the disorder
of A-site cations causes a transition to the
hopping conductivity over the nearest sites.
The parameters characterizing the hopping
conductivity of the same nature (the carrier
localization energy, etc.) are influenced
mainly by the A-site cation effective radius
<r,>. The mechanism of that influence is in
connection with the value of chemical pres-
sure causing changes in the energy split of
3d levels and spin states of cobalt ions. The
main manifestation of that mechanism is
the A value lowering at increasing tolerance
factor that is obtained when processing ex-
perimental data within a model taking into
account the spin contribution to the conduec-
tivity of Ho,_,Sr,CoO5_5 system samples.
The Mott hopping conductivity parameters
that are defined by the localization energy
differ always for the samples of different

300

systems but having similar tolerance factor
values. This difference is associated with
the fact that the charge carrier states are
more localized in samples with a larger
ionic radii misfit of A-site cations. Thus,
mismatch the o2 value influences also the
Mott hopping conductivity parameters al-
though to a lesser extent than <r >.
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Bnaus TonepaHi-¢gpakTopa ta 0e3jany A-kaTioHiB Ha
TpaHCHOPTHI Baactusocrti nmeposckiris A',_ A", Co05_ 5

(A’ = Ho, Er; A” = Ca, Sr)

A.A.Ko3noécvruil, B.Il. Xipnuii, O.B.Cemenos, B.M.Ily3ixos,
T.I'.]eiinexa, O.B.I'aiidyx, IO.M .I][3an

B ob6sacti Temneparyp T>77 K gociigskeHo TeMmIepaTypHi 3ajIeKHOCTI IUTOMOTO €JIEKT-
puuHoro omopy kKepamik Ho,  Sr,CoO, 5, Er,_ Sr,CoO4_5, Ho,_,Ca,CoO4 5 ra Er,_ ,Ca,CoO4
(x = 0,15; 0,25; 0,35; 0,45; 0,55; 0,65; 0,75; 0,85; 0,95), M0 MarTb CTPYKTYPY MEPOBCKiTY
ABO;. Bupueni cmonyKm XapaKTepH3YIOTHCA CTPHUOKOBOIO IPOBifHICTIO 3 TeMIepaTypHOIO
sayekHicTI0O ejexkTpoonopy p(T) = pwexp(TO/T)l/”. Bame:xuo Bij gucmepcii posmoginy o2
paziyciB A-xkaTioHiB peasyisyioTbca pisHi TuUnM cTpuOKOBOI mpoBigHOCTI. ¥V OinbIIocTi 3paskis
NpPOBiAHICTh BAIMCHIOETHCA 3a MeXaHi3MOM CTPUOKOBOI MPOBiAHOCTI 31 SMiHHOIO JOBIKUHOIO
cTpubra y pexumi Morra (n = 4). V cucremi Ho,_,Sr,CoO, ; mpu s6inbuienni senuuusn o2
BimbyBaeTnes mepexin mo cTpuOKoBoi mpoBigHocTi momisk Halbaum:Kummu cycizamu (n = 1); a
y cucremi Er,_,Sr,CoO; ; — no pemumy Edpoca-Illkmoscekoro (n = 2). V 3paskax
Ho,_ Sr,CoO; ; nmpu migsuimmenni Temmeparypu o 190-270 K BuaABIeHO HOABY CIIiHOBOro
KaHajJy OpoBifHOCTi, ITOB’A3aHy 3 IEePeXoJoM iOHIiB K0o0aJbTy y 30yAsKeHUil cTaH.
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