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] (solid-state metathesis, SSM) , SSM Jx N A7 il SRAK (e F52 B A% PR 1) W4 i IR 22 . IR AR
SEVER ZE SRR e AL 2 S B — R AR A R Ae . DYNIER 2 SR 5 ORI 5 Y
BT B S A 2009 A IRARIE 1 — Mo Y ) v s [ AH B2 20 i SR Chigh-pressure solid-state
metathesis, HSM) , i TR IVERIREE (LiGaO,) FIZSJ7HELL 7 AHHI AL (BN 78 &R e & T~ al A

Ao A v s I A 5270 i S o 6 4 i B R B O AL ER. (GaND . HSM B2 OB J5 2 : LiGaO, +
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WKL, &REMYAEREIL SRR R D AIIAA RS & RSP R R e A 52
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ARSI ) A R BE £0°8 1600 °C, K J1%9°8 5 GPa, (R TR £ 10 min. %6 H 23 min KA &
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5 T T 38 2 R ) 0 10 R L B T B PR IR RN ). SRR N SE S, BRIRER T, KR 2
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TR7KRIE, PRI SRH EUNE, BEJE RIVES 3 2 RR, SRJGTEHE S b L 70 °CRAiR EEAL
F 3 h, DAL ZEBRIE T oK 0 SR P4 [ 2 R ATIRAA,  BI4F 2 CeO,Clo.or B it o X il i A FURE it 2k
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20 kV, WBEA/N 60 pm, IR 92 mA, TAEEE 13 mm. Bb4h, KHA EDS i s A ke i 1 76

1 XS BRI 4 WA X T ARG (diamond anvil cell, DAC) XfFfEShHEATHE2E, BAH EAAAN 500 um. ¥
JEREDY 250 pm {19 T301 XA T 22 30 pm ZcAq, AP 1064 nm O E Tl 3 Fb B ) #) H —
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REEN 23.7 keVo R AL RS HE ST X ST ERATH SE360 R H Pt br € DAC RS

el 2 1 SR AE DU )1 K2 5 - 5 4 T BRI T BT I 25 B sk A i & (ESL) kAT .

e A2 SR R UK 532 nm BIBOGIE R IUROLTE (RGB="Nova  Pro, 300mW) , JEMibGiE{
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Bl 45 mW, SEIGETERE (S IR 8 eiEXT R BT TIRHE, SR BT 40 5 A0 AU b RV bs
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K1 0GPa A4 S5 T 75 CeO,Cly.or FEMM Y X SFLLATHT &L, &I/ CeO,Clo g
P T R, A CeO,Cl oy it P4 M7 2
Fig.l X-ray diffraction patterns of CeO,Cly o7 samples obtained from synchrotron radiation
experiments at 0GPa. The left inset shows a scanning electron microscope image of

R, Lz Ce0,Cly 07, and the right inset shows a schematic diagram of the crystal structure of CeO,Cly 7 £
Ce0,Cly o7 1) XRD 1§, Ry, 5 R, 78 ANINETT 2K 1 577 Z 1, 1EW] XRD f5E45 R Rif. W LG
FIFE M 1) XRD W BRI SCHRIE CeO, WEAHTT . TR TS SECN: a=5.4198(1)A, b=5.4198(1) A,
c= 5.4198(1) A, a=p=y=90°, fIIAEFIN 159.2003) A3, HE& AR T Ce0, K FH K (KiBAk
[ CeO, fn ARy 158.4 A3, BNIE THABURT O JE T/ ClR T HZh BN CeQ) dad&H -

728 CeOyClo o7 M di A S5 A6 7 R R AN B 1 4 I BT, RS we f ah i, - R P 7 S e DA %
RETE CORAE M EAT T RAE, B 1 R ARIERIZE R, I SEM EUERE, ERG SR 20 AR
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A5 ClLIIARN R EL B 208 3+45~0.07 (RZEH£0.0159 -

JUE FTNAS ) O JCE IR FBER L P AL B Ce RIS, (AT MIENRN & T4 C
SRR E, R C TR TIRE RS, JHT PG QLR O JTRE SRR, A3
BOLMRE G, S5E 1% CeO, BAMFIR IR, B2k HA % Ui g 9 CeO,Clogre

J5 82 FH FIRE I S A FREAT 1 e R 5 B, G 3 T RIRERORE i, ERH G RIS

AT IR A U 5 R N 5 R R
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(1) = H W R 2 IR M 75 - (B, B A — 2520 460 e (1) — [ 2 32
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5. 74k, C

B2 Ce0,Clyor 5 CeO, 7 0 GPa T (Hiiir 2 i
Fig.2 The Raman peaks of CeO,Clj o7 and CeO, at 0 GPa
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Fig.3 (a) CeO,Cly 7 non-hydrostatic pressure boost Raman spectrum waterfall

diagram; (b) CeO,Cly ¢; hydrostatic pressure boost Raman spectrum waterfall diagram;

(c) Raman peak scatter plot of CeO,Cl o7 non-hydrostatic pressure boost and
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B 3 2 CeO,Clo o7 FEAMFER K R 5 AEFI K I EE T I & R R 2 45 R . &L 3(a)FHE] 3(b)H W] LLE
t, FESR2IEREE R OO I T DL RIS, X — B 3() AT DAL R, R s
ARE TR, SRR, B, JE IR SRR L, ARG A 1S
CeO,Cly o7 JRFIRBIANR AR, P2 WK IIEFE. CeO,Clygr KA ERE ClLIET . E ALK Ce3
Ce* RGN, HAERFEMEI S KERFENRN, 155 PR ARG, H2 iR
BB A 3(c) AT A s CeO,Clyor B AEJER K R 45 1E FAE 0-2GPa LA A5GPa i, i 21—
FE B ERAE T R (B ERRRIEFKEF TR, R XA E
FlAb R AEARAS, T EE KRS TSR (B e B AR KR SR R IR, BRATUCNTT
REA HL T AR AR S RE I, ARER K He = AR DD R ) 2 3 B0RE i Al A M A0y MATTIFOAE A 27 B 7 FH S SR
EEE, (K Ce i 4F fL BT TR IO AE R, 00 4F BT B0 IIN G, R EORE S R AR S5 4 MM AR, T
KRS S¥95], EAHRAE.

Kl 4(a)y XRD BEE 1AL K], B SR80 €eOsCly o ] XRD W, 0405 Pt 1)
XRD W, BEFE TR, B AT 0 A 1) SE R AT AR AN, T BATH IR AR 5, ] 4(b) B AU
N CeO,Clyor FEAN 1) P-V HIZK K], I B-M J7 FEBHZ A\ 4D, 193] CeO,Cl o fEAERTK
JEINERS B=133.9 GPa, il Bo'=19.7. ZX{uHlie /9 Qiming Wang 55 NHJ P-V #HZk &, (i i £ )y H B-
M J7FEUE fARPS), B R LUE B, FF I S8 MR 56 25 R 70 B3 KMk, P-1 2R A S50 7778
FEl NS, REIIRIRERE, RS R A S T 2GS 7EL) 2GPa 1 15GPa [t
plii}
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K4 (a) CeO,Clygy AEHKETHE XRD R AR K,
(b) CeO,Cloor Ff il LA K 225 iR CeO, ) P-V I £k 1]
Fig.4 (a) CeO,Cly 7 non-hydrostatic pressure boost XRD pattern waterfall

% AL 25, M pattern; (b) P-V curve chart of: ?§02C10,07 sample and CeO, in reference %, B AR AR
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5 CeOyCloo; FE M AEFRKEFE, CeO, #maAEFKEFE
DL 276 SCHR CeO, FfK e I ir &2 0T LU 1]
Fig.5 Raman peak comparison chart of non-hydrostatic pressure rise of CeO,Cly o; sample, non-

hydrostatic pressure rise of CeO, sample and hydrostatic pressure rise of CeO; in references

SR, M Af LT B R & SRR AL U0, BT RS AR A LR B DL
T, XA T A IR T AR A 22 AR, JF B AR K I R VIR A s 2R o, 2 = &7
A AR B IR, AT A A A SEAR S 0 R IAHAE , BITEL CeO,Clo o7 A il A7 F 24 iy s 7 Vi el A
FAEREANAS, 1T CeO, AT -

3. 4 8

AP HSM B, S8 MR AT R 2 T F R 7 30, R S e Ay A A 45
CeO,Cly 7, ML B AL R AR AT XRD A HL AR M A2 e 4 HL 525384 CeOLClo o7 FF i B8 5 1 5 46 »
H7R T Ce JRT 4f 7B 55 T AR RIRALAT Jy. 8 IS A 556, IR T ClL T &8 i
KEVEARLAL CeO,Clo o7 FEMMAIRN T RAB L) CeO, 11 WG XXALTFF R I [ ALFK BN T Ce 1 4f
HLF B %, A RE M TE 0-2 GPa X [AILAJ 15 GPa A A AFZERIMAR . A TAESHE T Hr By,
EYIR R O LT R N AR ST
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KOU Xingjian, LIU Jingyi, WANG Yangbin, LEI Li"
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Abstract: The 4f electron of Ce has long aftracted extensive attention due to their unique delocalization
mechanism and their influence on atémic'structure, phase transformation behavior, and magnetic structure. We
synthesized CeO,Cly; with/a cubic fluorite structure by changing the stoichiometry of the precursors (CeCls,
MgO powder) and regulating®/the high-pressure solid-state metathesis reaction (HSM) under the high
temperature and pressire conditions provided by a large volume press (1873 K, 5 GPa). We characterized the
sample using diamond anvil cell (DAC), high-pressure in-situ synchrotron X-ray diffraction, scanning electron
microscope (SEM), energy dispersive X-ray spectrometer (EDS), and high-pressure Raman spectroscopy. By
comparing the obtained P-V curve with CeO,, we finding that CeO,Cly; is more compressible. The high-
pressure Raman phonon spectrum (/) is obtained, and indicates that the relationship of CeO,Clyo; with
pressure changes in the 0-2 GPa range and near 15 GPa also shows abnormality under non-hydrostatic pressure
conditions. We believe that the doping of CI elements introduces oxygen vacancies, which increases the
concentration of Ce3', thereby causing the delocalization of 4f electron and resulting in the observed
phenomenon. This study developed a new high-pressure synthesis pathway for cerium-based compounds and

revealed their behavior under high-pressure conditions.
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