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Molecule based chiral magnets
* Chiral Induction by ligands

Inorganic chiral magnets
¢ Intercaleted Layered materials
MM’3S (=My;sM’S,), CsCuCly
* Tetrahedral coordinated based
materials(contain 14, 15, 16 group .
elements and perovskites) BRitEEMIZAtafIcA42—h
GeFe, MnSi, MnP, L— H‘é 4/9 7J|/ '“__rﬁb
CsCuCl3, Ferrites 3
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[ Formula [ [NH,][Mn(HCOO),]
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8.486(6)
0.0194
0.0635
0.03(7)

2




9/4, 2019

[NH4] [Mn(HCOO)3] CrNb3SG Y. Kato ©aC Susceptibility Y. Ichiraku, K. Inoue
Hexagonal P6,22 Hexagonal P6,22 1.2x10° T
a=7.36A a=_5-73AA 45x10° - 10 = Hdc =300 0c
c=848A e~z el T o 1 e
E 3sb = \‘( ~5— Hdc = 500 Oe
. , el b s |
) s sl S o4 !
* 2 €@ position mm) 20l 02
5 i
Mn - Mn=Cr I “Sfed 0.0
g N i : Cr 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
) ©
Q- . i Nb T/K T/K
-$ 3 Y @S SEEEAND, B) : 80 KRBIZEVTMELUM D wf
& T O8e. E—JERAShT S0
g % =R, B, @) 80 KKBIBLNTMBLYE & e
¢ N g M OE—5%H = e
y - j I = AR RE U TICHBEROFETEER ol memsm
b &o,~ . ® SIS KICHEVDE—REN KIS N
o : =S ERARATIC L DL Tt
@dc magnetizations Y. Ichiraku, K. Inoue ©aC Susceptibility Y. Ichiraku, K. Inoue
0.20 P055|b|l_|t|es:_ _ o
Hilc 2.2x10° - Magnetic-anisotropy,-Spin-flop, spin flip, etc
C = 4.243 emu K mol! AW ©=T=6K T
T 0.5 B, =-10.76 K 2.0 30l & T=5K i
o T=4K
§ £ . < —-5-T=3K
2 ol Y § 20Tk
2 - HLic 14 ?;"iaizoe |
£ —S—H/lc %4 C = 4.402 emu K mol! . 1.0 /
N 005l Hlc 6,=-11.77K 1k P2
fiff= 1001C8 " e gom = ©C=4.368 emu K mol 00 01 0z 03 04 oS o'(:):) 011 04 08
000l L L 1 1111 (S = 512D B O Eiffl) T hkoe I
0 2 4 6 8 10 12 14 16
T/K > ERICHBIREE —IHMERIBEICS TR
TN=8.0K >%qﬂr§*iﬁé%ﬁﬁi®$t%ﬁwlcm\toﬁ MOE—S T TORSH,E
k BETEOBRE(H-T HHE)%EE
- RS EBEEL TSV THER 5 ( )
DEHEZTRE

9/4, 2019

Y. Ichiraku, K. Inoue

©Field dependence
Hilc

30a0” - /]
o

Hlc

3.0x10”

M /g
M /pg

Y. Ichiraku, K. Inoue

©ac susceptibilities

Dc magnetic fiald danandanca

[ S S

Possibilities:
Magnetic anisotropy, Spin flop, spin flip, etc

9/4,2019

Possibilities: ‘
sont0® ?tE:U k)
i : : ?E) bl —&— f=1000 Hz
;_ 20 | E 0.6 Hdc = 300 Oe
s 12 o0a
1.0 1S
| 0.2
0.0 t= = : 0.0
10 -05 0.0 05 1.0 : 0o 2 4 10 12 14
Hy, / kOe | T/K
>T=5K& T=2KIZHBLT : >Rt LI
M OE—7ZEA X E—US IMMEERISNT
1
1
1
1
1
1
1

|

ERRETIRILE—0
BREFIUSIEERS

9/4, 2019

HHBECEALHSIEERSE

|




9/4, 2019

- - . Mito
@Hdc_T *E Y. Ichiraku, K. Inoue 25 —
T
600 - ' 2L
1
500 f=- : ........ ® : Hy, = 500 Oe sk
.I 8
[=A
& 400 Lo @ : Hy, = 400 Oe 2 b
< e appeprrnes @ :Hdc=350 Oe
s 300 . LTI .. N @ : Hy, = 300 Oe
Ry 05|
200 FIRRECL = R @ : Hy, =200 Oe
1 o—"
. PR ]
00 mEEEE o
1
FIG. 8. Phase (region) diagram of Cr;3NbS; under the dc
ol l l I ] I magnetic ild . A seris o anomalicsobservedinthe ac magnetic
0 2 4 6 8 10 susceptibility measurements such as M7, (e, o), Mf,, (1), and M,
(W) is plotied. The iniensity of the Ms, anomaly is symbolized
©.©: EHsh T/K by the size of the symbol. The characteristic changes detected
@, il . N = in the M-H curve of Fig. 7, characterized by H, (A) and Hy
X —> RRHILEROREKREFEEERE (), are presented, along with the data on the regional boundary
2.3, @: N Cicrmind b mageloeisance messurment forh microsampl
9/4,2019 9/4, 2019 with H; < 2 kOe (light blue dotted curve and line) [ 18]. Dotted line
ing the 1 data (a) macks (he fromihe i
Y. Ichiraku, K. Inoue, Y. Kato Takeda, Y. Kato
|||||||||||||||||||||]':'F:"\/'1|||||1|||||||||||| 05 " " " L " T SEFEM continuous PT [l
5 A— ] nucleation-type cont. PT /%
10 ---------.-.-.-........_..’ discontinuous PT @
E v #3Fig.S4 3 04 q instability-type cont. PT ()
- ® #4Fig.S3 & = crossover linel
@ B B #5Fig7 N crossover ling2
100 E| @ #5FigS6(a)b) e — boundary line
— E | @ #6Figs(c) CAF e 3
8 | A #7Figs2 ]
3 ® #7Fig.S3 ]
— 10 E | & #9Figs7 -
T = o0®H PM:
E v ) [ JNoR J © B
2
10" g . 5
= Ccs E N . 20|
W F (a) ~ 194 195 19 197 19 199 2 201
10 2
Ejl|||||||||||||||||||||||||||||l|||||||¢|||;a P,\BT“'}H'Sl
o 1 2 3 4 5 6 7 8 9 ‘
T[K]
9/4, 2019 9/4, 2019
. . T M. Mito
Y. lehiraku, K. Inoue, Y. Kato ©non-linear ac susceptibility
T T T T T
1000 W e
900 v #3Figs4 E X b A 10w GNEI6] ... R
® #4Fig.S3 E i R N I IV
800| @ #sFig7 PM3 / \\ wl g 5o AT
700 & ZEEsson npE I Wi TR 1
ig8(c) CAF XL Wl % K R
600 A #7Fig.S2 o Loy 0 1) T8
® #7FigS3 X3u§ . AN ] L
500 @ #Figs7

H [Oe]
[ ]
%

R eOEEe B o

400
300
200
100

time [sec]

s"o‘ﬁ

4
= o =X+ 3 Hiex®

CS

5 35 N
+ g Hacx @ + S HEex© + -

(b)

||x|I”.‘I|||.I..|.I|||:I||||I.|.||||Qn|.

1 5
> X3w = _ch)((z) - EH:;CXM)

A =0 u FETTYFETIN FYUY FEUTY PRV AYRTY FUUTY IOT.

(=)
o [ETTTTTTTTTT

4
1 2 3 4 5 6 7 8 + 2 HEX© + - =5 )URIZED Ty, DEX
T[K] - IR RISENRASh TN
9/4, 2019 [5] Ketsuyalnoue et al., Angew. Chem. Int. Ed.,42, 4810-4813, 2003

6] Masaki Mito et al., Phys. Rev. B, 79, 012406, 2009




9/4, 2019

. L spe M. Mito, Y. Ichiraku, K. Inoue
© non-linear ac susceptibility

0.0F R
4 o Y ¢ 14°
8.0x10" [ S 10 $ § @
) 13 }
K] 2 | ¢
E | = ¢ e E Lol [l
2 3] < G e-2000e
£ \& B
8 6or _ K L] Hdc = 350 Oe
2 3 3.0 - i —&— Hdc = 400 Oe
= : S < o ¢ Hac =5 Oe
X -4.0x10" [~ i @ f=10Hz
4041 | | | | | | L 1 14 1 | | |
[ 2 4 6 8 10 12 14 ) 2 4 6 8 10 12 14
T/K T/K
600 |- H
500 E
mEREE
g 400 A
= 300 ok
200 |
100 HSEFE H
0 1 1 1 1 1
0 2 46 ® 1
T/K

3
140x10

H[ Oe]

D. Smirnykh, Sawada, Kida, Hagiwara(Osaka U), K. Inoue, Y. Kato

120
100
80
60
40
20
0

CAF PM

IIlIIIlllllllllllllllllllml

|

._.
o
w
~
W
=N
N
)
N3

T[K]

. Rt M. Mito, Y. Ichiraku, K. Inoue
© non-linear ac susceptibility

>Cry,3NbS, 171

Mip - My - Miy o o .
M —.10%,m _'O'Z%’M_{w_' 10.8 %
>[NH,][Mn(HCOO),] GG
Miof oy | Moo/ | M / N LA SO
Miw Mi Mi, .

TN ™ ™

3000e | 32.2% 0.13% 5.0%

Y. Ichiraku, K. Inoue

[NH4][Co(HCOO0)3]

CoCl,*6H,0 (1 mmol)
+
Methanol (10 ml)

350 0e 29.6% 032% 29% TN AL T~ o ‘ TR
400 Oe 156 % 0.054% 081% \J o T~ _
G RS GTT T T
o
28%NH;aq (3 ml) + HCOOH (2 ml)
[7] Kazuki Tsuruta et al., Phys. Rev. B, 93, 104402, 2016
+
Methanol (50 ml)
2019
ngh Field (Pulse) measurement Y. Ichiraku, K. Inoue
f=01H
—5—f=1Hz
70x10° w w 5 _ 020 | f-10n
sl INHLIIMn(HCOO);] 6x10 20‘1907 . il ~6—f=100hz

- 2019.07.23 5| INH,][Mn(HCOO);] 07.23 g —6— f=1000Hz

E Hac=30e
< -~ <] Hdc=00e
5 s (@] 0.18
g g 3
B g £
123 = (7]
&) ° ~
= s 0.16

0 -1k . . .
0 5 10 15 20 0 5 10 15 20
Magnetic Field (T) Magnetic Field (T) 0.14 I
0 2 4 6 8 10 12 14
T/K

D. Smirnykh, Sawada, Kida, Hagiwara(Osaka U), K. Inoue




9/4, 2019

Y. Ichiraku, K. Inoue

High Field (Pulse) measurement

-3 -3
- FoiHz 30x10 T T
6x10 ol ey [CH;NH,][Mn(HCOO),]
—&—f=10Hz = »r 2019.07.23 ]
q —&— f=100 Hz S 20
[e) ab —&— f=1000 Hz g
E Hac=30e "5 15
Q Hdc=00e S N
o
2 gn 10
E 2 = 5
o 5 A 10 T T T
-~ 0 ‘ ‘ ‘ [CH,NH Mn(HCOO),] 10722
= 0 s 10 15~ 13
0— Magnetic Field (T) 2
<0
]
=)
| % 0.5 — 14K \
— 25K
0 2 4 6 8 10 12 14 —ax
0.0} -
T/ K ; 1‘0 1‘5 20
D. Smirnykh, Sawada, Kida, Hagiwara(Osaka U), K. Inoue Magnetic Field (T)
9/4, 2019 9/4, 2019
High Field (Pulse) measurement
looo:lllllllllllllllllllIIIIIIIIIlIllIlIIli_'_'_'_E_
900 v # Figs4 3
® #FigS3 =
800 E zs Fig.7 . PM3 6x10° : \
5 Fig.86(a)(b) E 2019.07.23 2.0x10° T T T
700 O #6 Fig.8(c) CAF E 5VHMn(HCOO0);] ] 2019.07.23
—_ A #7Fig.S2 3 ~
& 600| o 47Figss * 7 z
¢ 7 &)
© 500 @ #Figs7 L =
= 400F o o s
E «®© o] )
SUUTE ° ® 9 S | H
200 g .
L . . |
E CS . ; ' ' - 0.0 0.4 0.8 12
E 0.0 0.4 0.8 12 : ’ o ’
100E (b) a Magnetic Field (T) Magnetic Field (T)
0w o Tos ot cosiionr ol col e ol s 5400 5
o 1 2 3 4 5 6 7 8
9/4, 2019 T [ é(}g 10 K 9/4, 2019
! D. Smirnykh, Sawada, Kida, Hagiwara(Osaka U), K. Inoue
D. Smirnykh, K. Inoue High Field (Pulse) measurement
Ty
3
4x10°F [NHLIMn(HCOO);]
+ -
CH3NH3*[Mn(HCO0"),] 2]
TR s 3 |
i ~
(=}
g
T
-5 2 R
o
=
2
¢ 2 1 4
3 Layer ’ )
MnCl, 0,1 mMol in meths ‘ 1.6x 10| rrerrrreeprrrrrrereprrrerer .
3 solution S — L 141 [CH:NH,|[Mn(HCOO);]
Magnetic Field (T) ; 12b 20190723 il
<
2nd Jayer g lor 7
2 methanol 2ml with water 1ml g 08 il
g )
S o6 g
sh — 14K
. Mlayer § 04F 25K o
1 8 ml methanol solution containing —— 42K
0.80 M NH,OH and 0.40 M HCOOH 02r — 64K
Ol s st bt )
o/a, 2019 o4, 2019 00 02 04 06 08 10 12 14
D. Smirnykh, Sawada, Kida, Hagiwara(Osaka U), K. Inoue Magnetic Field (T)




9/4, 2019

summary Inoue La.

* Successful growth of a series of new chiral
magnets, P6322, [NH3A][M(RCOO0)3], A=H,
CH3; M=Mn, Co; R=H

* There is a possibility of growing new chiral
magnets, A and R=organic substituents,
M=transition metals, Lanthanoids.
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