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eS8 a=13.178(10) A, b =7.626(6) A, ¢ = 11.670(9) A, = 111.638(8)°, = 1090.0(14) A*l'® & 1(a) Hy
Ji% K A1 B BaGeO, ShiR &5 #7m B B, HAEFRAE R : 3 4 GeO, VU I A% #2 1 [Ge,0,]° 7S T 3R, IR
ab 12 RS, B S5 ZZ R0 Ba B T2, WIET, KGR A 450 BaGeO, 78 1423 K (i T A8
RIESEAH (P2,2,2,) , 1% i I 1 S AH AT PR ok B IR AR BRTE A — 28 ¢ T BaGeO; 5 it i e AH
ARG IE : 7229 1.5 GPa, 650~950 °C MR & 1F T, BaGeO, i ik JK A1 4544 (C2/c) % 78 R I 1E 28
5k (P2,2,2) "5 #F 2~6 GPa. 750~930 C B JE 1T, BaGeO, 43 f# i} Ba,GeO, 1 BaGe,04"”, 21l
F CaSiO,, SrSiO;, MY i il v K 40 fige 2 i 2021, E 9.5~12 GPa, 650~850 °C (414 T, H:748 Jy OR RN
IR A 7E 9.5~ 12 GPa, 950~ 1400 °C 44 T A8 4H BN 8560 A" FEE®m MRS T,
BaGeO, J& 75 A H1 1) 25 F4 A1 AR 18 75 BT e i — 25 I A5 o

(a) Pseudowollastonite (b) Hexagonal perovskite (6H-type)
Pl JERE A 451 (a) F1 6H BURTFERERT 4544 (b) /R IR CORERER . 383k /NLLER S ISR Ba. Ge, O JBLT)
Fig. 1 Schematic of pseudowollastonite structure (a) and hexagonal perovskite (6H-type) structure (b)
(Ba, Ge, O atoms are shown as big green, medium purple, small red spheres, respectively.)

ABO, 58k 45 K4 0] KB Ry 57 5 BUFNZS O TP K28, LA i 22 5 E 2R AO, IR JZ R [R5
RO 2Ok A, B B 7 MR H 14 IR S B E . IR A0, 28 R R 4l 1) 57 5 (o) BN O
(h) 2 HERR, 0143 51JE 1 3C(cee) Al 2H(hh) 558K 4544 B2, L4544 v 43551 %5 1 T BO, B Az /\ T 44 £ Tt
ANIET (4 3 305 B TR A AN R E A9 9 7.5 S 2 HE AR S 4 34 &8 T /5 5 858K 4544, 4 4H (hehe) |
6H(hcchee) . 9R(hhehhehhe) 55, ABO, 58K 45 K4 £k 5 40 18 25 22 DR & 000 JFL 8 IR 45 A ) FE 22 240
BB F I RN N = (ra+ra) /[ V205 + 1)), Forh r BB T4 B2 T ¢ < 1, B LA
ST TS R G5 R Bl PR AR IR BRGE AL XY ¢ > 1 B, SE R RS RS 7 B AR A AL, ELIE % R i B,
NI A 2H — 9R — 4H — 6H — 3C MAHAR 7515 AR B8 R A 50 2, 115315 2 S5 8K 45 1
B SrSi0, 1 BaSiO; AU 2 2L 143 51 R 1.12 FI 1.18, W 283 OGN IR 7 K5 43 SIAE 25 F148.5 GPa &
B 6H AUESEK A, A AR R I & AR R SR, SRR 45 4 BaGeO, MU ZL B F o0 1.10, HET
BaGeO, 1] 7 i [k 4% 48 )y 6H BUESER A A o ASWF SR 4R5 BaGeO, 151 HAH B A LS L 25 R R 1
1 XWERASERIHTERE

¥ 5 Hr 4l BaCO, il GeO, 23 L AME IR A T 110 °C T4 8 h, BUFE G HBE /R HE 12 1.01 FRiE (%5 JE
#| GeO, TERIR &M F AV BIE R, NI GeO, i it 1%), LM REWFEE 1 h, A Db, Dy Ak
FEFE R S LA 10 °C/min B HETHE 2 800 °C, IFAREE 2 h; FRLL 5 °C/min AV ZETF 2 1100 C, fRFF2h 5
KRR, HARRIRBI S . h il g R 2, AL B B AR &8 I RE K A1 4544 BaGeOs. 4K
A1 % T fifi ( Diamond anvil cell, DAC) f=y Hi 2% & (9 He il 5 T A2 4 400 wm, T301 AN 4K A 19 7 e J5 3 24
740 wm, BE 5L IE BN 120 pmeo KA B BaGeO, ) A i i 525 il AR BE 24 20 pm, B2 24 60 pm
B T8 TR 5 s s, I B P RE S 1 B A AT S R A O TR AR, 78 AL (A R AL TR
A TG AR . SR AV R AP AR X DAC 25 8 R i J0 P B RE R AT 25 T Ak 3, 7 ) B A
RIS A TS A ORI (A it AR S, ARAS AR I AR

$r 2 MR F Renishaw 2000 79 4 i e R A2 v 2618 . OB EIRIE K R 532 nm, WOLIRE

051201-2



535 % WA 6HIU S 7 E54K HIBaGe O, 1Y 151 T 5 1K A A, 55

20 fi5 K AW B R AR BN RE S AR B G BE ELAR Y 2 pme BRSO P B A5 Sl B EU O s, hiB S A
1800 Ip/mm FEMl 430, YEiE A HER LR 1 om™ s SRIEETE A 60 s, Ml & Yo Fl 2 100~1000 cm™ . & & &
P X BHE AT (XRD) 5256 78 v Rl 24 B 25 G 4 BRI 28 BT () [R) A5 4 Bt 25 B AW2 ZRufi TR . SR (@
B XRD AR, X SR a0 KA =0.6199 A, A7 5508 th Pilatus HEI G U, B 5 2RI 25 14 #E 55
49 236.47 mm. FIFH Fit2D FAF SR AL 1Y Z 4R AT 5 B R AT AR o AL BEPT SR Peakfit {4 152 B A B AT
SR A AT, R Uniteell 2 TH5 f A4S S 800 MR RS, 32 B GSAS- I 3k {4, X% HFll 17.4 GPa
JE 1T R AR AT 1S 24T Rietveld Z5FG 15, 3145 HJFE T A AR ALK 2807, Birch-Murnaghan R4 757
FES % EosFit7 2 )7 #0415 2P0

o — M R PR B 7E Material Studio #f4:1¥) CASTEP 1 & A fp ¥£ 47 . iz i Perdew-Burke-Ernzerhof
(PBE)VZ PR ) BB BE I AL (GGA) J5 ik A A 4 -G HR RERY . JiE $43% 4% OTFG KL -~y 18 1% 55, #WT g
WE N 1320eV, 55— HIHIX kB S x5 x 2 R, . k13, Fe RN 7 MR KA 7 43i1)
BEE K 5.0 x 10°° eV/atom, 0.01 eV/A, 0.02 GPa 1 5.0 x 10* A, DAFRARILSL.

2 HR5i1e

2.1 BaGeO, 5 E#HHEE K

PANE 7k K A1 4546 BaGeO, NI ERY, 18 1 5 iR BaGeO, 5
s o N 2 N - . ~ (a) Pscuduwallas}onite hase *
5 PS5 304 1185 AL, D XF 85 A F CE L
e L 2 O 1 A ) 20 B A XRD R . 1] 2(a) Ky a3 £ AAZE R 2 M oiur

& Y I Tk K A 454 BaGeO, 1) LA AR i 36 TR
FEhi 2 otig . wLUE H, 78 100~ 1000 em™ i %L
JL N, BaGeO, HE 11 4~5 RS R hr 8 i, H
PRy 9k 123, 141, 195, 248, 283, 316, 354,
469, 734, 801 F1 813 cm™', /b FHIE T Ay 42 4
PLE RN ORI RIR: T pgman = 204, + 22B,) .
A EE R 5 SRk [16] )38 A 45 —3

&l 2(b) FIKl 2(c) 4 BaGeO, 7EH I 5 JE T Y
BRI . F im0 T, BE 3y

11.6 GPa

630

22.1 GPa

743

21.4 GPa

Intensity (a.u.)

d) Quench new phase (after heating at 22.1 GPa and 1 600 K)

(e) New phase (after heating) 17.4 GPa

........................................................ Exp.

I, BaGeO, J AT Y 11 AN S W AN W 1] 15 52 4K Cile

. f) Hexagonal phase

77 161 B s, IR 3 FE R 555 K % 11,6 GPa I, R .

A 5 AN hr & AR, 5300k 292, 314, 482, 859 il s¥z8y  E283 g .
A=< MAZT__2 20

-1 Hp 1A M B 2 AN ) X - -

8?0 C,Anj i IE]EH‘E‘586 Al 814 om AL::H h27] %f E,J 200 400 600 800 1 000

i va s Ak in ik 11 3] 22.1 GPa, R B A Raman shift/cm™

i RIESE RN R, (NH 3 hi = B0, Hk sy K2 BaGeO, i IEHAI & ML B 2tk

51 348, 630 A1 788 cm o i B O B K Iy A9 A% RIS RS

LB, B T RO, S B K A 254 BaGeO, Fig.2 Representative Raman spectra and calculated Raman

SR 12 GPa FFEEE H PR AE Sk, 76 22 GPa 2 45 5% spectra in the synthesis process of new high

pressure phase BaGeO,

A FAER S . BaGeO, W T AX — [T FUH] 48 B
% 5 M RE KA 4548 StGeO, Fl CaSiO, 437l #E 10 1 22 GPa [ SR A5 P — 3,

£ 22.1 GPa, XFIE ARG 1Y BaGeO, A 5 ifE 47T SUIHT SO A Kb B, 4b BEYE 4 (1800 +200) K. & 2(d)
SF RS RE BRSO, R E ) T REF 21.4 GPa, B ANRLE OG0 I AR, JE AT 3 Mg
LU SE AT, L 9 AN B P B A, 4G 1 SR (743 em ') AT 8 M550 (142, 152, 168, 226, 397,
429, 465 A1 552 cm™) o X UL R R R AR S AL 19 BaGeO, 28 1w T A B 5 5678 1T (0 45 WA o i i s (1K) %
(743 em™") WK T E 5 47 4549 BaGeO, 7E 12 GPa I Y it 7 05 (859 cm ™), L% 22 GPa i 1k
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BaGeO, & I& 1.0 B (788 em™) B Ak, 1R AT fE
e T A B BaGeO, i HoB Al Ge LA 8% A
T, IR R, BR R IESL, 8 55 U Y 5
JEE R 8 RE ARG, LA A5 AR X 2, B 384 in R 33 Bif
], 55005 S A B B E . B 2(e) HHEIER
17.4 GPa W FR OGS B H7 20635, AT UL 55
EEATHME LA 2 3 o N T X% R S5 M AT A AR
fiE, SR [R) 25 4 5 XRD 4 A X6 37 AH 25 44 2517 i0F —
AL

3 2 )\ 17.4 GPa HI k2% BTSRRI T
FACF kA A 4R 5 XRD 3% . MK 3 Hrl LR H,
e H B AR 2L A AR e /b B A S e, SR WA B A
B X R . B R 1N 17.4 GPa 2 H K,
R 1A% A 5 (Ar) Ao A7 565 e 1) {1 £ B2 PR A% 3
FETEZ) 1 GPa JH 2K ZAh, B AH B B AT 535 R 7
WG AT SRS B AN AR, [l i BaGeO, 5 J& 87 AH H
2RI IE R & A AHAE . Shimizu SEU™ 7E 9.5~
12 GPa J& /1 F i IR AL B BaGeO, £ i 5 15 5] OR &l
1 4H TG EK T 24544 BaGeO,, A4l ABO, £54LH" 45
A i 7 B4 A AR B A, AT LA I A 1 8 B A
R ATfigh 6H BUEGEK -S54 (P6y/mme, Z=6) . N
I, %I 6H A4S 4L H 45 44 BaTiO,, SrSiO,. BaSiO,
S IRT TS T, RS LY BaGeO, 7 TR BT AH 1947 5
TG HE AR, G5 UL 3. WO, XFF 17.4 GPa Fil
0.1 MPa fiT i3, B 4 J& T1& A Jit Ar(Fm3m, Z =
4) By A5 WAL, HABAT ST 4w FE Rk 6H AYAT K
W EEH . B AR 4518, BaGeO, & iR T
17~22 GPa 5675 i, 6H BUAGER B 4544

22 6H BN 55KF 1H BaGeO, HI 4549
HE1E Rt B 8 ok i

DL 6H #47N T BEEK A A BaTiO, BY fib 4% 2 B0
SR AR bR AT ER A, B FH EXPGUI-GSAS #4:, %}
6H BUE5EKH A BaGeO, % J Al 17.4 GPa fiT i it
HEAT Rietveld Z5HKG 18 o Il 4 Rk 1 43 5 kG 1&
Ja 25 SRR B 25 S5 K 4 BIRBRIE R A
JF Ar BT SHI% 2 A1, 6H TS SR A1 BaGeO, AY 5L
G £ (PR A0 5 RIZR ) 55 GSAS 134 £k (41 o5k
L)TEEVE, REME TP ECBEAMELL) . ¥k
WA 17.4 GPail KB R 2 F 42 B R, =
0.84%, R,, = 1.18% M R, = 1.28%, R, = 1.80%. A
B4R B, B R 17.4 GPa T Y Sk A i
JARFL A 51K a = 5.6074(3) A, ¢ = 13.680(1) A, V=
372.50(3) A%, LMz a=5.4311(5) A, ¢ =13.295(3) A,

Intensity (a.u.)

BaGeO,-6H phase
(P6y/mmc, Z=6)

Releasing pressure
to ambient conditions

17.4 GPa

(104)(110)

(102)
_ l(004)

BaGeOs1
Ar (Fm3m) 1 1 I

12.6 GPa “ ,l A A H
7.4 GPa A J{ “ ’\‘ A A A M

1.6GPa IA ;‘l A A
10GPa " A A A
S =g =
01MPa . T S . o~ _ s 2
g g8 2 z2€ 3 2 Zea 3 £ =
= 8% T s d ¢ Q=5 j§ & =
7 | Z AN A =S A S
BaGeO! 1 1 1 1 1 LI I I ] I
8 10 12 14 16 18 20 22 24

20/(°)

3 6H U7X T 54k AH BaGeO, 7EHI
AR RAREPE XRD %

Fig.3 Representative XRD patterns of hexagonal perovskite

Intensity (a.u.)

phase BaGeO, (6H-type) on decompression

17.4 GPa s a=54311(5 A
= e=13.295(3) A
S ~ 1=339.63(3) A3
z
8
g gn
c g
e AT I T T A A
?;gf’?r;g) " N AL
Ar (Fm3m)
0.1 MPa a=5.607 4(3) A

¢=13.680(1) A
V=372.50(3) A3

(104)(110)["

(204)
.(300)

(105)(201)
ve (006)(202)

(102)
(004)
(103)

BaGeOy n 1 ' T ']
(P6y/mmc)
1 .

8 10 12 14 16 18 20 22 24
26/(°)
&l 4 6H U7X E54K0 M BaGeO, 7EH H Al
17.4 GPa ) Rietveld Z5 A5 1& 1Kl

Fig. 4 Rietveld refinement XRD patterns of hexagonal
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V'=1339.63(3) A’ KiEJG IR T2 bR fl Ge— O HEK S LK 1, KB 45 L WoR, ¥ KM 17.4 GPa F i
Gel —O2 # . Ge2—O1 . Ge2— 02 #4351 4 2.088(17) A 2.075(15) A 1.808(14) AFI 1.837(19) A,
1.835(17) A, 1.961(16) A,

FF 6H RIS I 854K H BaGeO, 1 S A% S BUMZ5 A S8, 12 56 — tE R PR PR IS 1 B 49 B 7
20.0 GPa I U7 2 61 . 3% 2 4 6H AIEGEKH™ M BaGeO, AUHL 2 YEIETTHE 45 R, HATT LR IR: Migman =
54,,+ 6E,, + 8E,,. TE 19 DL E4RIBIH, 13 MRS RA — & /Y fir = 98 B (WK 2(6), 7391 131,
142, 158, 202, 242, 381, 395, 429, 431, 444, 529 698 Fil 840 cm ™', XTIk 21.4 GPa AYSLIE 7 B ik, &
bW 7 = | M5 o S U E VA=) 4 IV Sl W o < e L) - = BB X NI e = M g B D DRSS
TG B A MBI PSR, h SO A R E PRI T R R S S Y BaGeO, i T AH
A 6H 7S T A5 R A .

F1 6HRNFEE5F 1H BaGeO, FEHE EF 17.4 GPa LS H
Table 1 Structural parameters of hexagonal perovskite phase BaGeO, (6H-type) at ambient pressure and 17.4 GPa

Structural parameters at 17.4 GPa Structural parameters at 0.1 MPa
Atom Site X y z Atom Site X y z
Bal 2b 0 0 0.2500 Bal 2b 0 0 0.2500
Ba2 4f  0.3333 0.6667 0.0896(5) Ba2 4f 0.3333 0.6667 0.0930(5)
Gel 2a 0 0 0 Gel 2a 0 0 0
Ge2 4f  0.3333 0.6667 0.8392(5) Ge2 4f 0.3333 0.6667 0.8427(5)
01 6h  0.5178(27) 0.0360(5) 0.2500 01 6h 0.4976(23) —0.0050(5) 0.2500
02 12k 0.8342(27) 0.6680(5) 0.0730(5) 02 12k 0.8140(23) 0.6280 0.0765
Bond lengths at 17.4 GPa/A Bond lengths at 0.1 MPa/A
Gel—02 Ge2—02 Ge2—O01 Gel—02 Ge2—02 Ge2—O01
1.837(19) x 6 1.961(16) x 3 1.835(17) x 3 2.088(17) x 6 1.808(14) x 3 2.075(15) x 3

Note: Numbers in parentheses indicate standard deviation.

=2 HEERH 6H AN H 5500 1H BaGeO, 7£ 20.0 GPa THIRI S IRENE
Table 2 Calculated Raman vibrational modes of hexagonal perovskite phase BaGeO, (6H-type) at 20.0 GPa cm-

E,, E, 4, E,, E, E,, E,, E, 4, E,
88 131 142 158 202 213 242 264 381 395
E,, E,, E, A, E,, E,, E, A, 4,
399 429 431 444 529 576 578 698 840

Rietveld 5 ¥ K516 FN 7 S G 30E 52, 75 22.1 GPa. (1800 + 200) K AR E £ T, A 5286 4 i i
e BT A A 6H 7S J7 856K 67 AH BaGeO,, £F & 25 2 A F B T, AR 254 an il 1(b) i . A—O L
B—O $ 8 5 [k 4, ABO; F5EK A 45 44 11 75 22 IR 7 Bl 2 6 0 i B4 I 45 B R B o 8 R 8 ik K A 45 4 1Y)
SrSiO; 1 BaSiO; 435I 7F 25 F1 48.5 GPa %745k 6H FUESERH A1 "), #F 37.8 Ml 141 GPa 4% 728 Jy 57 J7 5%k
WAHZE RGP, HEW BaGeO, 767 {5 H 1 2544 T Hi 6H B EG R4 AH % 78 S 57 J5 A5 6K AH
2.3 6H BN F 5 H 18 BaGeO, HI L5152 E 1

TR 6H TS T A5 5K A BaGeOs 9 45 4 Fo e M, 12 H Peakefit J0 {432 L T T A5 i) 16 50408 14 17
S0, I A Unitcell #AFH 5 & i 8] 5 A AR e 240, 1S BrR 19 6H BUAS 8K AH BaGeO, 114 i 1 [1] #E il
mn 5 R B3 R R, BERE TR W REAR, i & AN S RAR R I B2 R AR . A o SR Bl
FEIITH AL R, 3R 15 a. o TR P28 40 3 % 535902 0.010 2 F1 0.023 7 A/GPa, BV i #2 i S AR 78
c T m AR R a B 2 15 2.
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FIF XRD 52 56 F15E — P J5 38 28 1 45 ) < 140
6H U5 ER A AH BaGeO, 1Y i ML B Bl 1 7 (9 25 4k ?é T e N
KA, WK 6, LU A4 B AYAHF SN 09 f g%&
MR FRAE e, e R IR 22 A i 0.5%. iz ] B sl T e e a e snan snnnen.
K Birch-Murnaghan R 7 7 # (EOS) #1 & 6H 5 o
IS5 R0 A BaGeO, B J7 -6 R (p-v) Bt . & 40T m e mn a e e war s ae e
T FEKE Ty 4, AR 6. S5 B 350y
RUATREIR R M K, M FRSIIRR Y, s < | PRRRRARARERIIIR 2razaa
7 150(2) GPa Fl 373.0(3) A2, AH I By 1142 45 543 5| R R R
y 153(1) GPa il 374.2(1) A’, B AE W4l . I 2 sares et 1o garas seasaay
TRERR £ (40 SrSiO, F1 BaSiO,) 76 J¥ i 6HZY 45 &k 20 o cene oe ma s aiity aa s
B HUR (0 2 A TR 5 % 7 4R @ LU, BaGeO, 1E WL LSRR L
B 6H BTG BT A A 1 2 R T A7) RE AR 455 e w10 b 11 1s s
6H B 7577 455K 1™ AH BaGeO, K i 194 AN 3 s A5 Pressure/GPa
FeAe e MR DLS I i L 38 A 2 e Jo DU 3 Bl 5 6H N7 E5E I BaGeO, 5 il
FER i PEREES B0 S5 F4 B BRER MR AL T AT e Fiidh 5 H DGR

Fig. 5 Pressure dependence of d-spacing, a-axis and c-axis of

3 4_%: i% hexagonal perovskite phase BaGeO, (6H-type)

R RN R 4 AT A B BaGeO, T 12 GPa 370 [ K-1500) Gpa
AT RAE S AL, #E— 20 R 2 22 GPa IR AT 2 58 V=373.03) A*
4k f AL 1 BaGeO, Ff A IEFT (1800 +200) K 197 %0 . K-153(1) GPa
AL B, £33 T 6H AN 7 854k 4 BaGeOy. T ém- \\\*WMM3
0~ 17.4 GPaJ J3 1 FE 6 6H 70456k 5 Al BaGeO, JT >M0:§$$f S
JE 7] A6 4 5 XRD 2, 360 1K 31 6 T 16 473 4 4 B e oS ot ey
FE. X 17.4 GPafil 0.1 MPa 177§ 3% # 4T Rietveld 330, : m " %
SEMRE L, RAF LG5 =4, B I Z B Birch- Pressure/GPa
Murnaghan R 745 J7 B 400G 525 Fl i H 545 2 1Y R ) - K6 SCRAITREIR 6H RIS A5 A
BB, 15 20 0 (R SR L 4303y 150(2) GPa il BaGeO, AR 11365
153(1) GPa, ZEJE i AR L4 5] 4 373.0(3) A® Al Fig. 6 Experimental and calculated p-V relationship of
374.2(1) A3, WF5Y 25 575 OR %1 AH #8075 7 45 4k hexagonal perovskite phase BaGeO, (6H-type)
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Synthesis of 6H-Type Hexagonal Perovskite Phase of BaGeO,
at High Temperature and High Pressure

XIE Yafei'***, JIANG Changguo'***, LUO Xingli"***, TAN Dayong'*?, XIAO Wansheng'*’

(1. CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences, Guangzhou 510640, Guangdong, China;
2. Guangdong Provincial Key Laboratory of Mineral Physics and Materials, Guangzhou 510640, Guangdong, China;
3. CAS Center for Excellence in Deep Earth Science, Guangzhou 510640, Guangdong, China;
4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Barium germanate (BaGeO,) was studied using double-sided laser-heating diamond anvil cell
(LHDAC). At ambient conditions, BaGeO, has a pseudowollastonite structure. At about 12 GPa, BaGeO,
crystal begin to translate into an amorphous phase. The amorphous BaGeO, was further pressurized to about
22 GPa and then heated at (1800 + 200) K conditions. Raman spectra shows the amorphous BaGeO,
transforms into a new high pressure phase, which has not been reported so far. The new high pressure phase
of BaGeO, was further measured with the synchrotron radiation X-ray diffraction in the pressure ranges of
0—17.4 GPa. The diffraction patterns can be indexed with a 6H-type hexagonal perovskite structure and this
structure remained stable as the pressure unloading to ambient pressure. In order to obtain the structural
parameters of the new high pressure phase of BaGeO,, the X-ray diffraction patterns of 17.4 GPa and
ambient pressure were refined with a model structure of 6H-type perovskite using the Rietveld method. The
experimental pressure-volume data was fitted with the second-order Birch-Murnaghan equation of state, and
obtained the volume bulk modulus and zero-pressure unit-cell volume are K, = 150(2) GPaand V,=373.0(3) A’
respectively. On the basis of the experimental results in this study, we also carried out the first-principle
theoretical calculation on the 6H-type perovskite BaGeO,. The calculated lattice constants and volume with
the corresponding pressures are good agreement with the experimental results. Furthermore, the calculated
volume bulk modulus and zero-pressure unit-cell volume are K, = 153(1) GPa, ¥, = 374.2(1) A’ respectively.
The calculated Raman spectra at 20.0 GPa is also well consistent with the experimental results. This study
not only complements the structural phase transition of pseudowallastonite BaGeO; at high temperature and
high pressure, but also builds a solid foundation for further characterizing the physical and chemical
properties of pseudowallastonite BaGeO,, and gives a chance to develop the perovskite structured germanate
functional materials. In addition, this study has an important indicative significance for us to understand the
phase transition rule and stability of silicate perovskite, the physical and chemical properties and changes of
Earth's lower mantle.

Keywords: BaGeO,; 6H-type hexagonal perovskite phase; Rietveld structure refinement; Raman spectra;
high temperature and high pressure
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