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Abstract

Metal Insulator Transition and Topotactic Transition of La;,Sr,MnO; / NdNiO;

The phase transitions, where the physical and chemical properties of a material change
abruptly, are of great interest both in physics and application. Transition metal oxides are
representative materials that exhibit phase transitions due to the strong correlation
between highly polarizable metal-oxygen bonds and the localized valence electrons of ions.
Among them, NdNiOs; (NNO) exhibits both magnetic phase transition and metal-insulator
transition (MIT).

In this study, an LSMO (La;.,Sr,MnOs3)/NNO bilayer system with varied NNO thickness was
prepared, which exhibit intriguing phenomena such as spin damping and phase transition
at the interface.

Experiments were conducted on five samples with 10 nm thick LSMO on the NNO with
thickness (t = 0, 2, 4, 10, 20 nm). Resistance measurements as a function of temperature
showed that MIT did not occur in samples with NNO thicknesses of 0, 2, and 4 nm, whereas
it did occur in samples with thicknesses of 10 and 20 nm. In samples exhibiting MIT, soft
X-ray absorption spectroscopy clearly show the increase of the density of states of the Mn
34-0 2p hybrid orbitals and the appearance of metallic state crossing the Fermi level after
the transition. This indicates that the MIT at the interface is originated from spin-charge

transfer from Mn to Ni.



Additional topotactic phase transition of the samples LSMO with x = 1/3 were observed
by controlling the oxidation-reduction. The physical and chemical changes were
characterized by near-edge X-ray absorption fine structure (NEXAFS) before and after the
transition. At the O K-edge, we observed an inversion of the ey/t,; orbitals as the
manganese-oxygen octahedra were reduced to tetrahedra. The Mn L edge showed a
prominent appearance of the 2+ state as the material transformed into brownmillerite due
to oxygen deficiency. Interestingly, in contrast with previously reported, we found that the
brownmillerite state spontaneously restored to the perovskite structure at ambient
environment. Using the Gibbs-Helmholtz equation, we verified that 4G was negative
during the reduction process of LSMO, which well explains the spontaneous process to the
perovskite structure.

These results are expected to enables diverse applications in the field of catalyst, hydrogen

storage, resistive memory, and solid oxide fuel cells.
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Ho| 2 AHS}HE (Transition metal oxide, TMO)
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2.1 Z™%H O|E(Crystal field theory, CFT)
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2.2 Q-3 Fil(Jahn-Teller Effect)
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2.3 THEt AEEE QUIILIO|IE (Lay,Sr,MnO;, LSMO)
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2.4 2B ATFIO|E (Perovskite, PV)
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2.5 HE}2UZ{2t0| E (Brownmillerite, BM)
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| 4FO0| (Topotactic phase transition)
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2.7 E=EF#O|E X A4+(Goldschmidt tolerance factor, t)
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2.8 H2LC|Z L|ZZ0|E (NdNiO;, NNO)
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29 25-HAHK ™O| (Metal insulator transition, MIT)
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2.10 M3} 0|5 HAAH| (Charge-transfer Insulator)
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Xt2 (Superexchange interaction)
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3.1 AJEEH|
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0| Z (Atomic Force Microscope, AFM)
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3.3 XM 3H MM (X-ray Diffraction, XRD)
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3.3.1 E21 A (Bragg's law)

HASO0| AAHoz HiEst A= DN ZEH XS YFAAIZ[EH AKX} D Xd
Atole] Zt g2 Qs xiM mbE Al FHi nof| oiFdts TE dsing 2| BZEAL
LASICE M2t Q1o HHOIAM AghE XM0| E47Hd =|BAM 5 m3E LIEHHCH
AP X mRgap MERZE 2025 E HRAtOO| oo ®ER{X|e 8RR A& DjIfE et

SUAE0 oot HEE 22 £ UCL O|E XRDL F& 2|9l Haf Agho|2h shot.

2dsin® = nA

Incidant Diffracted
oeam % *.\kbEEE!
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XRDC| 2|E mAZREH Ha|d #AS 0|8st0] &ate| FHE Atk &+ RACE E2ja

BAHUMEEH REE AMAZ2 T3t 20t

mA
D =
2,/sin? a; —sin? a,
—— LSMO/50 NNO 5 Total thickness 5
—— LSMO/25 NNO Z z
—— LSMO/MO NNO 5 S
—— LSMO/5 NNO 2 Z
—— LSMO - -
—
> 28.05 nm
O
S
> 18.97 nm
=
<
(D 14.18 nm
h—
C
- 12.66 nm
9.85 nm
[
1 1 L
2 -1
QA ]

a8 15. log10 X XRD HIO|H. & 20/0{¢] LSMO F/H= 10nmZ 27ZE0f AL
NNO FH 7t ®st= 5702 Al=0| CHst XRD &4, LSMO(10 nm)/NNO(x nm)Zt
STOZ|EE el 2 &AL = Hoje 5& A8 4 LSMO(10 nm)/NNO(O nm),
WA HMLSMO(10 nm)/NNOR2 nm), ZFM M [SMO(10 nm)/NNO@4 nm), ItZkA 4

LSMO(10 nm)/NNO(10 nm), AtFM MLSMO(10 nm)/NNO(20 nm)O|LCt
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u.c. ZE FH [nm] NNO FMHl [nm]
0 9.85 0

5 12.66 2.81

10 14.18 433

25 18.97 9.12

50 28.05 18.20

H 1. ™E XRD HO|HZEE =efa H
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3.3.2 Mi2{ 2™A (Scherrer Equation)

ol Aot Mot YAEEE MEE 7te2 Y842 L8l 20 ®EHEL

Ol HE=HAL o=w/2 ZEH BIX|HZ(Full Width at Half Maximum, FWHM)S AAt

7+ 3tEt

FWHM = 2V2In2o

20| EHEICH 00 K& HA A4 (Shape factonZ ~0.094 ©|

L K2
~ (FWHM) X cos6
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0 u.c. (~0 nm) 5 u.c. (~2 nm) 10 u.c. (~4 nm) 25 u.c. (~10 nm) 50 u.c. (~20 nm)
r T T u T [ | T = T T o T =
3 3 E) el = 3
s s s s s
= = ‘ = = =
8 8 | s s ]
E £ 5 = N £
A rastomn oz e - L T e
23 24 25 26 24 25 26 23 24 25 26 23 24 25 26
26(°) 26() 26() 26() 26()
xc (26) 22.88169 xc (26) 23.02042 xc (28) 2296683 xc (28) 23.32249 xc (26) 2338222
FWHM 099121 FWHM 0.74077 FWHM 0.65732 FWHM 0.46332 FWHM 0.31061

1 16. MH

M|

£ E XRD HIO|HQt 7t2A mE = M(ztAl) o

g2 Sof 7

xct FWHM (0| Of2{of EA| =[O RALCH.

E FH [nm] 8.54 11.44 12.89 18.29 27.29
NNO FH| [nm] 2.9 4.35 9.75 18.75
E 2 7t?4 OEo2 7o FWHMEE 20 M2f SEAC= ALtE AEe & F7H et

=7t = NNOQ| &7
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3.4 WALY 7147| (Synchrotron radiation accelerator)
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3.4.2 2t2 ZAl(Larmor formula)
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3.43 SHUTH X0 X] £M%HX]|(Concentric hemispherical analyser)
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3.4.4 H 20| &2 E(Fermi's golden rule)
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Al Ho| &ES AMste SRS Jgez AEEO0|ES 0[8%t0 #EECt O
Ol £ MY Azt FaSIH AAEO] =7| JEjet XT HEf Atoje] Zgl

ofZtol ZO{REHO| UALL &

2000 o3 28dots 4522 Qo) TYICt W20 g5&2 CfS0t 20| LiEFHDY,

2T
Tiof = 21h|Q|* = Y [ £1H" | i)]?

g
[
=
Ofot
oy
[m] m:lm
rlo
X
1o
bt
N
0
flu}
N
bt
O
0z
)
u
N
rir
rx
r
=
2
=2
x
10
>
OF
>
e
fanl
A
rir

e g0 H82 = Ut matM Xpsol= H& &7HsSHE
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3.5 d X 4+ 28 (Near Edge X-ray Absorption Fine Structures, NEXAFS)

AX-H S+ 2EH2 AX-M A0 Qg TAe| ZTV|SEINA XFSLE R HOl=E

g2 gs =+ Aot HA A Tppol A= BY E=RAM o7 = FHRe
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Absorption
> AAAA
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A ----------—/—ad
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__________________ s
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3.5.1 % L-edge

O 184 20| 2p E0IM HRERX &2 FRTA TAZE 7| EACHIE CHA] HO|
2 O LtEtL= S540I0E A XMOM 5% L edge= 2p — 3d O|S0|22 AHE-H &
2 J=L+S0l| 28l & AR2SE2 Umad= 3722t Uminl= 1722 ZHEICE MatM 13 {3 2¢

L3 = ofef #.0f 23 2:129f M7| kO] ZHEICE

1z
J=L+8
|JI=+jG+D) #

¥'j = total angular

momentum j=3/2 j=1/2
1é quantum
number m}- =3/2,1/2,-1/2,-3/2 m}- =1/2,-1/2
Orbital J Value Area Ratio (2J+1)
s '/ Not applicable
P > &3/, 1:2
d 3> &>/, 2:3
f /> &7/ 3:4

2 3. =90 HE & A=23T M7| X0
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10

— PV LSMO
L;(J= 3/2) — 50 u.c. NNO/LSMO
A~ — BMLSMO

L.(J=1/2)

Intensity (a.u)

635 640 645 650 655 660
Photon Energy (eV)

3 21. Mn L edge L3 39| &z} 2x Otz XZEM M Mn2+, IZHEM Mn3+,

MZEAM Mn4+= YT EA0|CE S+ AHEROA LSMO EHERREZHIOIEE 27t
AO| ZSHA LIEILIH, LISMO HZEAFIO|E 37t 47t &0] =¢tE|0f LIEFHCE NNOZt
50 uc. 227t A|BE HEZEEAIFIOIE MEfQUOZ LSMOBH Q= A|Z CHH| 27F A

LHEFSHCY.
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La & Ni TEY_300K
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3.5.2 &4 K-edge
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3.6 IN-Chamber X2%X|
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3.7 In-situ 0
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Phase diagram of NNO/STO
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Temperature (K)

10 100
Thickness of NNO films (u.c.)
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AN ELE MES LZAZI T NEXAFSOIAM ZE JHTXE HES= PEY BFS
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8.2 LSMO O K edgel| PVHOIA LIEH HEHK O[3 Mn t,,-O Zpet FEM m3

Mn-e; O Zp= MI7I7t A2l H|=StL, BVEOM= TR D37} H=5HA 28I}

Ol A ZO| BAOIE & HYI%7t Lt QHZ oMo wAH oz
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