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Hexagonal ferrite Ba(Fe1xScx)12019 exhibits heli- 800

magnetism and has recently attracted attention as a
multiferroic material. Little is known about its
detailed helimagnetic  structure and the
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development mechanism of the helimagnetism. In ¢

order to solve this subject, it is necessary to grow
single crystals of Ba(Fe1.xScx)12019 and perform a
detailed magnetic structure analysis by neutron
diffraction. As a first step, we fabricated large and
high-crystalline single crystals of Ba(Fe1.xScx)1201¢
with various Sc concentrations x by the 200 % 0
spontaneous crystallization method using NayO-
Fe203 flux. The obtained crystals are planar with the
sizes of 13 mm x 8 mm x 2 mm and have the well-
developed {001} plane. Neutron diffraction and 0:00
magnetization measurements were performed to
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determine the magnetic phase transition temperature of each Sc-concentration crystal. Then, the
magnetic phase diagram of Ba(Fe:.xScx)12019 consisting of ferri-, heli-, spin-canted, and
paramagnetic phases with respect to Sc-concentration x and temperature has been constructed.
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Figure 1. Crystal and magnetic structures

of a unit cell of Sc-free BaFe1201o.
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Table 1. Site and number of ions, coordination

and orientation of Fe3* magnetic moment.

Site Number Coordination Orientation

Ba 2 -
Fe1(2a) 2 Octahedral 1
Fe2(4e) 2 Bipyramidal 1
Fe3(4f) 4 Tetrahedral l
Fe4(4f) 4 Octahedral l
Fe5(12k) 12 Octahedral 1

o1 4 -

02 4 -

03 6 -

04 12 -

05 12 -
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Figure 2. Models of (a) the heli- and (b) the
spin-canted magnetic structures expressed by

the effective magnetic moments (red arrows).
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Figure 3. Starting composition of reagents
for single-crystal growth of Ba(Fe1-xScx)12019

depending on x".
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Figure 4. Photos of (a) a hexagonal crystal on
the surface of a molten solution (x=0.02 run)

and (b) the obtained crystals (scale: 1x1 cm?2).
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Figure 5. Nucleation temperature as a function

of x".
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Table 2. Comparison of Sc concentration
between the starting composition x’ and the
obtained crystals x.

Starting composition Crystal
x' X
0 0
0.01 0.0268
0.02 0.0576
0.04 0.0704
0.05 0.137
0.08 0.128
0.10 0.153
0.16 0.181
0.20 0.189
0.24 0.193
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Figure 6. (00/) XRD pattern of the x=0.0576
crystal measured at 296 K. CuK, radiation was
used.
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Figure 8. Temperature dependence of o of single crystals measured using (a) SQUID and (b) VSM.

The external magnetic field H=5 kOe was applied in parallel to the c-axis of the crystals.
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Figure 9. Temperature dependence of the (00/) neutron diffraction patterns for (a) x=0.0704,
(b) x=0.128, and (c) x=0.193. Intensities of several magnetic satellite peaks as a function of T
for (d) x=0.0704, (e) x=0.128, and (f) x=0.193.
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—FTHY, BT EE a, ¢ 1T Vegard HIIITHES
T Sc RJE x OEEMELHITHMLT-, 557
il b aEHZ DWW T, B EHIE B KUY TOF-
Laue HLfS & ETEIHTHIEZATV, BAFEES
BAREE 2R TE LT, TR E LT KBS R A
HEIT T-x T IH51T 5 Ba(Fer.Sc) 12010 DGR
HREVERR LT, SN E DL, ~
VA VBT x20.06 THRELT D, ~U ARG
DRV HIRFEHPAIY, Sc BEOHINEEBIZ
JERL, FIRIZBU T x20.15 TUA/VRENE
BT, SHIT Sc iR EDHIINT 5 x20.19 T
AE U L NEEME DAY T A & DGR &
L CHLND, Ba(Fe1.Sc,)12019 D~V A /UREH A
X, EiRAE TR IAV Y Sc R X ONEE
FEIR CRILT D0, /T T Ay A
ERIRA LT NAZ~OS AP RS, it
ROMEIEFHICERD R ETHD, BLTE,
Ba(Fe1..Scy)12010 @ incommensurate 73~V 77 /L
WA IE DT 2TV, ZORIZBITHA~IT
IR D FEBIERE LRI T\ D, N7 =
FTANEM B ORI D5 RICEE N DR 72D 8
fELC5,

10. #iEE

SQUID (T LHWALRE L, 1M KT KIE
Oz, AL BE R, A e BhEuCT
W=z, £, mEFEITTERIT, B
o cum L, R B P, AR KRR
it o)l EA vz nwi, =
- :?”%%Tu\fcbi@“

J-PARC OWE - A fl 53 hia% (MLF) T

bhhﬁfﬂﬁ%lﬁldﬁzﬁu %, 22— —7nrs7
A (73 & % = 2018B0073 , 2019A0211 ,
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