Magnetic properties of CaCu,Ti,0,,: Fe solid solutions
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Motivation ay diffraction

Calcium copper titanate CaCu3Ti%Olz (CCTO) with the perovskite-type ool@ T cacuTio e = —cacu L0 Fe (% 5000 9 CaouTLo e @
structure (space group Im3, a = 7.391 A [1, 2]) is already known as the giant H o | | . 4000 | .
dielectric permittivity material. CCTO has a high value of the dielectric constant € 5 Loool | — ::; 1000 :IZ:-Ica.c ::,; ool Tl
= 103 - 10° and moderate dielectric loss (tan & ~ 0.15) in a wide temperature > | T o e > 1 > |
range (40-450 K) for frequencies up to 10 MHz [3, 4, 5], that allows to use it in 2 500 % 5001 %
wide potential applications [6, 7, 8] as well as Fe-substituted CCTO [9]. E = ! £ 10007 _}

The magnetic properties of the pure CCTO are also well known. It 0 SR R L S A o
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undergoes the phase transition into the antiferromagnetically ordered phase 10 2040 60 80 100120
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below TN = 25 K with a Weiss constant of G)W 30 K’ that was c.:onflrmed by Fig. 1. Experimental (open symbols) and Rietveld fitted X-ray diffraction patterns (solid curve) of CaCu,Ti, O,,:Fe solid solutions at room temperature:
some researchers through magnetometry, neutron scattering, Raman (a) 1% 5¢Fe, (b) 3% 5SFe, (c) 3% °6Fe+57Fe. The residual difference is given in the bottom part of each panel
spectroscopy and electron spin resonance methods [11-12]. It is also known _ | |
_ _ _ o Table 1. Unit cell parameters for CaCu,Ti, O,,:Fe solid
that the valence state of ions and magnetic properties of CCTO are sensitive to solutions; space group Im3.

Decrease of a lattice parameter and cell volume V with increasing Fe
CCTO: Fe EN NS o contration is due to:
0

% 7.3906 (i) incorporation of Fe3* ions in low spin state into Ti** octahedral

1% >%Fe 7.3927 404.02 positions (Fig.2a)
3% >°Fe 7.3922 403.94 (i) incorporation of Fe3* ions into Cu?* planar positions (Fig.2b)

73912 403.78 (iii) presence of Fe?* ions

the doping or sample preparation process [13-17].

In this work, we present the thorough examinations of magnetic properties
of CaCus,Ti, Fe,, O;, (CCTO: Fe) solid solutions using Mdssbauer spectroscopy;,
electron spin resonance and magnetometry methods, in order to reveal the
relationship between the dopant concentration oxygen vacancies and magnetism

in CCTO: Fe.
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Fig. 2. Crystal structure of calcium copper titanate CaCu,Ti, O,: (a) octahedral Ti** positions, (b) planar Cu?* positions. Fig. 3. Mossbauer spectra of CaCu,Ti, O,,:°°Fe+>’Fe (3%) sample at different temperatures: (a) T=300K and (b) T =80 K.
Table 2. Mdssbauer hyperfine parameters of the components of the CaCu,Ti, O,,:Fe (1, 3%) solid solutions measured at RT.
Based on Mossbauer spectroscopy data one can conclude that Fe ions
. 04 2 e, o 0 . .
5 mm/s QS mm/s W mm/s A% & mm/s QS mm/s W mm/s A% 5 mm/s QS mm/s W mm/s A% 2 substitute Ti** and Cu®* positions in octahedral (Fig.2a) and planar (Fig.2b)
oxygen environment, respectively. Such type of substitution leads to the
0.36 0.09 0.29 55 1.00 3.13 0.29 28 0.40 1.70 0.26 17 0.70
appearance of three types of iron magnetic centers: divalent Fe?* planar
0.35 0.05 0.33 56 1.12 2.94 0.39 15 0.38 1.73 0.29 29 0.89 : : : : :
environment (Fe2) and trivalent Fe3* in symmetrical (Fel) and distorted
0.382 0.038 0.460 65.5 1.17 3.04 0.30 3.9 0.425 1.783 0.307 30.6 0.87 (Fe3) octahedral positions.
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Fig. 4. Temperature dependence of magnetization of CaCu,Ti,O,,:Fe solid solutions: (a) 1% °°Fe, (b) 3% °®Fe, (c) 3% °’Fe measured in Fig. 5. Temperature dependence of magnetization of CaCu,Ti,O,,:Fe solid solutions: (a) 1% °°Fe, (b) 3% °°Fe, (c) 3% °’Fe
FC regime in the external magnetic field H= 0.1 T. Insets show the inverse magnetization as a function of temperature. measured in FC and ZFC regimes in the external magnetic field H = 10 mT. Insets show the same data in representation M-T vs. T.
Table 3. Fitting parameters of the temperature dependence of the magnetization measured in FC regime in the external magnetic -
. . . . . — 6
field H=0.1T in CaCu;Ti,04,: Fe (1, 3%) solid solutions. ? 61(a) CaCu,Ti,0,: *Fe (3%) |(b) CaCu,Ti,0,,: *Fe (3%) T e (C) CaCu,Ti,0,: Fe
E | — 10K 5r ISK 21| o 5 SFe (3%)
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g magnetic properties mCIUdmg the metamagnetic phase transitions (Flg' 6)' Fig. 6. (a) Magnetization as a function of the external magnetic field in CaCu,Ti,0,,:°>°Fe (3%) solid solution, measured at

the significant 7EC-EC splitting (Fig. 4) and the highest value of the Weis constant (Table 3)’ are temperatures of 10 K and 100 K. Inset the M-H curve measured at T=2 K in the range of the magnetic fieldsup to 3 T.
(b) Arrott plots below the magnetic phase transition temperature in CaCu,Ti,O,,:>°Fe (3%) solid solution in the range of

observed in CaCu3Ti4012:56Fe (3%) sample where both the essential amount of Fe3* ions in magnetic field up to 3 Tesla. Insets show the Arrott plot near the magnetic phase transition temperature. (c) Arrott plots at T =

. - . 2K in CaCu,Ti,0,,:Fe solid solutions in the range of magnetic field up to 3 Tesla.
distorted octahedral position together with Fe2* are present (Table 2). P

ectron spin resonance At low temperatures T < T, the paramagnetic phase in
CCTO:Fe goes into magnetically ordered state (canted
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2 | c W g I A 2 [N T eaCa T O e ) antiferromagnetic or ferrimagnetic state), that confirms by the
% B .k 7555 K 3 v e L N S 34| atu |4 12: € 0 . o o c . . . . .
s Tk g | I - g significant drop in the integral intensity (Fig. 7). Above the magnetic
s | ~ ) N o experiment S ’ W% %\%\
= S g [ e e - I g sep M,,.,»'/\g: phase transition temperature the observed ESR absorption samples
e | T=15K L i) % X O — "$ 31r ———* . . . . . .
f JL% % o z | N e | Pl S is well described by the sum of two field derivative of a Lorentz line
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