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Fig. 1. The XRD patterns of Eug.9Mo.1TiO3 (M =
Ca, Sr, Ba, La, Ce, Sm). EuTiOs is the Rietveld
technique program, the observed data are indicated
by crosses, and the calculated profile is the continu-
ous line overlying them, the lower curve is the differ-
ence between the observed and calculated. Inset: the

change of lattice parameters.
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Fig. 2. Temperature dependences of ZFC and FC magnetizations of Eug.9 Mo.1TiO3 (M = Ca, Sr, Ba, La,
Ce, Sm) under the magnetic field of 0.01 T (1 emu/g = 1073 A-m?/g).

%Y IR R 2R (ZEF) A 3 BRI B 1
i £k (FC) % B EuTiO3 Al Eug.9Cag 1 TiO3 2 M &
PR, Ca s 71 BRI A R R A I #EAH
AR, A ORIRE LN 5.5 K; H Eug.gSro. TiOs
A Eug.oBag 1 TiOs £ i ISk #EPE, B IR A
5.5 K, WK 2 (a) frox. XFEERFE N CaliEs 74
%50.99 A, F1Eu 57242 0.947 A, 4561
BRI SEON KRN, WA T A 21k,
U RE A AR T SORAE. {H Srfl Ba [ 1248 (1.12
1.35 A) BB KT Bu s 742, 40 Eu
T4 Sr 5k Ba & QK B 5L 1A% S 800 B3 OK
WE 1 XRD E s, EuTiOs H i it 71 »
Eu 5d 2 kA e/ 5380 Ti 3d A& 1 S 2k
A AR 2 [ 54, FRAE T PHRIRES. WiikA ok
Ft 77 AT B T 187, R 2R 0] RE N SOBR RS AR
BRREAS. SZI6 R DUR R TN B A 517 A 15 4k
R T EATAER ), # AT 4T Bl X Fh-F- 17, o pR AR
{10y 186 ek 73 4 A 1 R 448 e 181 T g 2 R R 30
ERHERS. Ak, 35 B i B i 42 R0 37 B AR
W28 e A E A, SRIARE I A I IR, 1X X
AR AR, B2 b)) £3miEtLoR

(La, Ce, Sm) &K Eu 1% 3% B¢ i i h 26 F 5 37
R IR BB fh 28, Eug.gLag 1 TiOs Al Eug9Ceg.1 TiO3
SIERREME, X R 10% 1 30 Fs 10 & (La, Ce)
B Eu Ji #0058 TR ANEH, Bk R I
NBRREE, X 5 2 0 SCRRIRTE AR AL ), RE R
U B RE F EAE AE, — & B T
BE b4 B R Ti ) 25 3d $UiE, S 3 Eu 4£-Ti 3d-Eu
A FA I D, R A W AE RS, LT 5k
WIERT 10% i, 2oKTH b Ti 3d &0 B etk ib %
KA G AFM 2| FM A, 2 Lafl Ce
BT E421.061F11.034 A KT EuE T, K
Wk Eu 5d e 18] 4 2k 22 #e/E 1S 201G 9, 510
AFM 2| FM & #42. {H BEug oSmg 1 TiO3 il 1 #%
I, ATREZ N Sm B 742 5 Eu il
B R R AR R, A% AR AR N, RN AR IR SRS
A NS Sm LML AAAAE, BT BRI
T 10%, M Bk AR A R, S, A
15 7E & ) /& Eug.gLag.1 TiO3 A1 Eug.9Cep 1 TiO3
5T I REAL R W] B K T EugoSmg  TiOs, iX i
BT Lafl Ce B AUAR B SH I KB T
FeIL[FENE AL A B REYERR & 1 3 5.

247502-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 24 (2018) 247502

N T #E—HESE Bug.g My 1 TiO3 (M = La, Ce,
Sm) RIFE SRR, B3 (a) 45 T R
T2, 3,4, 5 KSR ih 2. 45 R K HEuw-
TiO5 M) 55 i WA M 26 A7 AE /D B A8 X, Ui B 2 30
SR HEYE; 2410% 1) Sm gt & & A Eulif, 2000 Oe
(1 Oe = 103/(41) A/m) LA~ 2, 3, 4, 5 K4
Wi B 28 52 & &, 5 EuTiOs (/b & 28 ik &

A B Xl 1, U6 BH 2R GRS A E BT B 5 1T 4 La,
Ce B Eu, 255 mE A0 ih £ B 2 22 30 H 2k 1
FEAE. AR, A 3 (b) 1 Arrott & 1t 0] BLE 2,
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Fig. 3. (a) The isothermal magnetization curves of EuTiOg and Eug.9Mp.1 TiO3 (M = La, Ce, Sm) collected at 2,

3, 4 and 5 K under low field; (b) Arrott curves.
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JEAZ A AT, T HLAE A AR IR BE PLR, Eug.oSro.1 TiO3
M Eug.9Bag 1 TiOs 1) 1 5 72 A B & (1) 32 &,
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Fig. 4. The isothermal magnetization curves of EuTiO3z and Eug.9Mo.1TiO3 (M = Ca, Sr, Ba, La, Ce, Sm) for

increasing and decreasing field model at 2 K under magnetic field 0-5 T.
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Fig. 5. Temperature dependences of magnetic entropy change of EuTiO3 and Eug.9Mo.1TiO3 (M = Ca, Sr, Ba,

La, Ce, Sm) compounds under magnetic field 1 T.
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Abstract

EuTiOs3 is a direct band-gap semiconductor material and exhibits antiferromagnetism with large magnetic entropy
change around the liquid helium temperature. The ferromagnetic state can be changed into antiferromagnetic state
through lattice constant change and electron doping by element substitution due to strong spin-lattice coupling coexis-
tence of ferromagnetic coupling, and antiferromagnetic coupling. The values of magnetic entropy change can be effectively
improved under low magnetic field change after changing into ferromagnetism. Samples of EuTiOs and Eug.o M.1TiO3
(M = Ca, Sr, Ba, La, Ce, Sm) are prepared by the sol gel method. The Eug.9Cag.1 TiO3 exhibits the antiferromagnetism
due to similar ion radius. The ferromagnetic coupling between Eug.9Sro.1TiO3 and Eug.9Bag.1TiOs is enhanced, for
alkaline earth metal (Sr and Ba) has larger ion radius, which is beneficial to improving the magnetocaloric effect under
low magnetic field. Electron doping can inhibit the antiferromagnetic coupling because the extra carrier may occupy
the Ti 3d and reduce the hybridization of Eu 4f-Ti 3d-Eu 4f. When the electron doping concentration is greater than
10%, the spin polarization rate of Ti 3d state on the Fermi surface is negative, resulting in the transition from antifer-
romagnetic to ferromagnetic state. When the Eu ions are replaced with the Sm ions (Sm ion radius is similar to Eu
ion radius), the ferromagnetic coupling is enhanced. However, when the Eu ions are replaced with the La or Ce ions,
the samples show strong ferromagnetism, for the lattice constant and electron doping are increased. A giant reversible
magnetocaloric effect and large refrigerant capacity for each of Eug.9Mo.1TiO3 (M = Sr, Ba, La, Ce) compounds are
observed. Under the magnetic field change of 1 T, the values of maximum magnetic entropy change and refrigeration
capacity are 9.8 J/(kg-K) and 36.6 J/kg for Eug.oSro.1TiO3, and 10 J/(kg-K) and 45.1 J/kg for Eup.9Baog.1 TiOs. The
values of maximum magnetic entropy change of Eug.9Lag.1 TiOs and Eug.9Ceo.1 TiO3 are 10.8 J/(kg-K) and 11 J/(kg-K),
respectively, which are larger than that of EuTiOs (9.8 J/(kg-K)). The values of refrigeration capacity are 39.3 J/kg and
51.8 J/kg, which are also improved compared with those of EuTiOs. In a word, the results suggest that these compounds

could be considered as good candidates for low-temperature and low-field magnetic refrigerant.

Keywords: magnetocaloric effect, magnetic entropy change, magnetic phase transition
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