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[ToueMy Cy/ibMUILI U CeJIeHU/IbI Ha OCHOBE KeJie3a
MHTepeCHbI

- IIIMPOKO pacrpoCTpaHeHbl B IPHUpO/e

- CUCTE€MbI C CU/IbHBIMH 3/IEKTPOHHBIMH KOppeIsaLusMU
- FeSe o6naaeT cBepXIpoBOASIIIMMU CBOMCTBAMU

- obsmaparoT borarou (Ga3’0BOM AUArpaMMOU

C U3MeHeHHEeM J1aB/IeHHs UK [IPU JIerupoBaHuu Fe
NPYTMMU MOHaMU Mepex0oHbIX MEeTal/IoB



Kpucranimdyeckass U MarHuTHasi CTPYKTYPhbI
FeS mon maBieHueMm

HopmasibHbie

ycaoBus (H.y.) : HYy.: AOPM, T, ~600K

- okTa3apel FeS, coepunensl uepes

ob111ee pebpo U 10/ JaBAeHUEM
CUTbHO MCKaXKAOTCS

- oHbl Fe mipu H.y. B pertieTke NiAs
CMeILIal0TCs B IJIOCKOCTU ab
1 00pa3yroT NPU3MBI

H.Y. 3.4I'Tla 6.7I1la P
|:l-: EREN .
s FeS-1 | FeS-1I | FeS-III
g_ (NiAs) (MnP)
= P-62c Pnma Poya ] ITpu 6.7 I'Tla HaGronaercs
Q mlocal ~ 3.2 m Be/IMUMHA JIOKa/IbHbIA MAarHUTHBIN
= MOMeHTOB MOMEHT Hcue3aer CIia/i BeJIMUUHBI

meff ~5.5 1], YMeHbIaercs meff ~2.2 mB

B ma~0.06m, MAarduTHOr0 MOMEHTaA

W. G. Marchall et. al., PRB 61, 201 (2000) 2



[Ipennaraembie MexaHU3MbI TI0AaB/IEHHWS MarHeTHU3Ma
rnpu 6.7 I'Tla B FeS

1. Mogeib /10Ka/IM30BaHHBIX 3/IEKTPOHOB

H.Y. tzg"eg2 (S=2) 7.5TTla tzgsego (S=0)

ixz'yz Xy [Tepexop
37212 3z*r° C U3MEeHeHUeM

3d, Fe
y 8= CITMHOBOTO COC-
*t*: ZX, 2y @Xy TOAHUA
ZX, ZY

2. Mogeb KO/IJIeKTUBU3UPOBAHHBIX 3/IEKTPOHOB

o T
Kpurepun Cronepa: I*D(E,) > 1

I — mapameTp 0OMeHHOI'0 B3aMO/IeCTBHS

D(E,) — nJI0THOCTh 3/IEKTPOHHBIX COCTOSHUH Ha ypOBHe depmu

[llnpuna 3d 30Hb! Fe yBenuuuBaercs — D(E,) yMeHbIIIaeTCo -
CHCTeMa CTaHOBUTCS HEMarHUTHOU

S. Takele and G. R. Hearne, Journal Phys.: Cond. Mat. 13, 10077 (2001) 3



JleTa/ii pacueToB

LDA DMFT
|1. icnonb3yeTca Kpuctasiimyeckas 1. MogenbHbI Noaxoa, BXOAHbIE
CTPYKTYpa 1 XMMUYECUKIA cocTaB == JapamMeTpPbl HEN3BECTHbI
peasibHbIX COeAVHEHMUI
+2. PacueTbl He 3aTpaTHbl N0 BpeMeHu 2. PacyeTtbl o4eHb 3aTparHbl
3. HEBO3MOXHO onuncaTb 3. [locTpoeHHaa cxema yunTbiBaeT
CUNbHbIE 2/1EKTPOHHbLIE Koppensaummn "l' CUNIbHbIE Koppensayum

LDA+DMFT |3(1)(1)eKTHBHbH‘/’I raMmusikToHdaH LDA |

Jr®
. I1poBepka => G(iw )= dk B +,u—H(_l:)—Z(iw) _1
257 (10, ) €= | . anocormacopanms 7] 4o e

AN Glw)=6"(iw)+(iw,)
2, J =

(i) = G.\(iw,) - G- (ia)n)<_‘ PerieHvie rippmecHOH |
Grew 3aauu

Anisimov et. al., Journal Phys.: Cond. Mat. 9, 7359 (1997)

V. L
3. 3. Kyunnckuu, 1. A. Hekpacos, M. B. CagoBckun, YOH, 182, 345 (2012)



Pe3y/bT

DOS (states/[eV*atom])

1 I l I
I a) === Fe¢, 3d ambient cond. E
= = S.3p ambient cond. [ -

— = Fe,3d 7.5 GPa

— - S,3p 7.5GPa

- b) L E, ambient cond. |

t2 orbitals
g

== eg orbitals

I2.l”-1””0””1”I 2
Energy (eV)

aThbl pacuyeToB B NpuOmmkeHnuu LDA :

® 3d-noxa3oHa Fe ymmpsieTcs
Ha ~ 3 3B nipu 7.5 I'Tla

(KOJJIEKTUBU3UPOBAHHbIE 3/IEKTPOHBI)

® pacujeryieHue t, -e  yBe/MUUBaeTCs
Ha ~ 0.6 3B mipu 7.5 I'Tla

(JToKanM30BaHHBIE 3JIEKTPOHBI)

® CU/IbHOE TIPSIMOE TIepeKPhITHE
opOuTase NpuBOAUT
K paclilellJyIeHUIO
«CBSI3b — QHTHCBSI3b»



Pesynbrarel pacuetoB LDA+DMET

PacueTHbIe /I0Ka/IbHbIe MAarHUTHbIE MOMEHTHI \/ m \/

XOpommo COIMMaCyroTcCd C SKCIIepMMeHTad/IbHbIMMU

T

P

sacenennocth | LDA+DMFT: | skenepument [1]:
ATEKT]. \/E » LB Mioe, LB
H.V. 6.4 3.7 3.2
7.5 I'lla 7.2 1.9

n an nmd ) : >

[lapameTpsl pacuera:
U(Fe) = 6 3B
J(Fe) = 0.95 3B
B=1053B"

MarnautHbIu (pa3oBbiu nepexo/ npu 6.7 I'lla Bocipou3sBoguTCst
B npubdmwkeHuu LDA+DMFT
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T \i —
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cond.

M 7.5 GPa

[1] W. G. Marchall et. al., PRB 61, 201 (2000)
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KpuBbie CITMHOBBIX KOPPe/IITOPOB

o)
Xloc ™ j [
JO

(S,(0)S,(T))dT . ecrm (5.(0)5.(T)) = ¢ 70 Y =

C

T
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YTO COOTBETCTBYET
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YacToTHad 3aBUCUMOCTh MHHMMOU 4aCTU X

0

m—a | orb Im X(1w) AP
+—o 2 orb Im X(1m) AP
3 orb Im X(1im) AP
v—uv 4 orb Im X(i®m) AP
5 orb Im X(1m) AP
= % 1-50rb ImX(1w) 7.5 GPa
T S R

1 2
10 (eV)

Mpn 7.5 NMa yacToTHas 3aBUCUMOCTb MHUMOW YacTu Z NnokasblBaeT OINHAKOBOE NoBeaeHne

L1151 pa3HbIX opbutanei

Mpw H.y. 3Ta 3aBUCMMOCTb HEJIMHEHA U CU/IbHO pa3nyHa Ans pasHbiXx opouTanei,
YTO COOTBETCTBYET OPOUTA/IbHO-CE/TIEKTUBHOMY NOBEAEHWIO
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(ha30BbIM MarHUTHbIN nepexos rpu 6.7 I'Tla

2. I1pu niepexo/ie B 3/IEKTPOHHOH CTPYKTYpe MPOUCXOJST KaueCTBEHHbIE U3MEeHEeHMUS

3. 3d s/1ekTpoHbI Fe MMeroT pa3Hyro CTereHb JI0Kaau3aluu 1pu H.y. v npu 7.5 I'Tla,
a Cjiei0BaTeIbHO /11 ONKMCaHKs ()a30BOr0 MarHWUTHOTO Tepexoja HeKOPPEKTHO
MCII0/Tb30BaTh OOLIYHbIE MO/IE/IU JIOKA/IM30BaHHbBIX W/ KOJ/IEKTHBU3UPOBAHHBIX
3JIEKTPOHOB.
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FIG. 3. XES spectra of FeS in the high-spin (room pressure)

and low-spin (11.5 GPa) states, along with room pressure

reference spectra of two iron compounds with +2 oxidation

states for iron, namely, FeO (HS) and FeS, (LS). The

difference between the low-spin spectra of FeS and FeS, is
within the measured error.
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Figure 1. “"Fe Mossbauer spectra of FeS in the three structural phases at elevated pressure:
(a) troilite, (b) MnP/hexagonal and (c) monoclinic. Magnetic spectra in (a) and (b) as well as the
quadrupole-doublet in (c) at pressure have been recorded at room temperature whereas the spectra
in (d) is recorded at 5 K under pressure. The spectra in the monoclinic high-pressure phase in
(c) and (d) indicate non-magnetic behaviour both at room temperature and 5 K, respectively. Full
circles are data points and full curves are theoretical fits to the experimental data.
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Figure 3. Electrical resistance data of FeS normalized to the resistance value at 294 K at selected
pressures in the intermediate MnP/hexagonal and high-pressure monoclinic phases (open and full
circles, respectively).
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FIG. 3. Quadratic temperature dependences of (p—py) in the
metallic state of FeS, where p and py are the resistivity and residual
resistivity, respectively. The solid lines represent the results of fit-
ting. The inset shows the temperature dependences of p around 3

(-Pa as logarithmic scales.
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FIG. 2. Pressure dependence of volume, V, in Fe5 at 17 K up to
28 GPa. The solid lines represent the fitting results based on the
Birch-Murnaghan equation.
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