S FESIA A 23 A A 3 520108 9¥)
J. Miner. Soc. Korea, 23(3), 267-272 (September, 2010)

A 2 g ghofet g
gtk A g-Fg2rEHNEE, g-agr2ELE
o|E . GaPO,°l

o —FR|EELE|E F2o] GaPOyell di’t 31§ Aol
High Pressure Phase Transition Study of «a-cristobalite GaPO,

5t 2 ZH(Gil Chan Hwang) - Z ¥ =(Young-Ho Kim)*

Aoistn A 78776
(Department of Earth and Environment Sciences, Gyeongsang National University, Jinju 660-701, Korea)

Q0o ¢-AY2ERTHOE T2 GaPO,ol thE 1 x-A 3d LS Ao 89 GPaztAl A3
=]

e (m

ST A Ldks LAY TEE 1 GPa ofste] ¢HdA H¥ A7t EelH e HEE B
oj=H, otrtE WATEE ol FAL e AFEAIY WEFA o] At o8] SEHAMAM FI'= Gl

7 R A 2 4HEE U479, A-I'E 2 GPa® 3 GPa Aol AW A6 &EtE At
F-IHeZ AWolE 3t Q. o] A= HT 5Ys AEE o] 83l 4L 1A A A Ming et
al., 2007)%F EA8A et HIREo| T2 o, A d7|FoE YEld g1 IuE
AHE Ao 2 Vet

FRO0| 1 ¢-AT2ELTOIE, GaPOs, €7, BATE, LY

ABSTRACT : High pressure x-ray diffraction patterns of «-cristobalite gallium phosphate (GaPOs) were
acquired up to 8.9 GPa at room temperature using Mao-Bell type diamond anvil cell with high flux
synchrotron radiation. Starting orthorhombic phase (phase-I) shows the splitting of peak which is
possibly resulted from the pressure induced orientation disorder of the framework structure of tetrahedra.
This is designated as phase-I". This phase transforms to the orthorhombic high pressure phase-III
between 2 and 3 GPa. Present phase transition sequence is not in accord with the recent high pressure
X-ray diffraction results performed on the same starting sample (Ming et al., 2007). X-ray pattern of
the unloaded sample to ambient pressure shows that the structure retains that of the high pressure
phase prior to decompression.
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oW e ek v AU od B At
BrEelstld B BAS 1= FAGT

o213 wjAol A AldHE GaPOol tidt B4+ &
3} o] Z(molecular dynamic theory) 1ol ]3}
W, ¢-A2ELO|E F2E ZH= GaPOs (a-
GaPO,)E FWAA €222, (phase-)ollA 45 i
ow YA AGAAC &3t= Cmem 39
phase-II1S. 2 Ho|& Zo]2tal o A% U TH Tsuneyuki
et al., 1989; Duan et al., 1999; Murashov et al.,
1995). ©]&3 =L ¢-GaPO,ol| 3E AF-20) A
Al E 9 E A3} phase-1o 4] phase-IIC.Z 74
Ho| sk Zlo] gRlFgiom Aozt wAsE
AL 159 GPadl AoZ TEEATHRobeson er
al., 1994). & APM T o|H g JHo|7} LAY
st Zlo] ERIEAO Y &A] o] e ghol gt
ME T8 AolE Hol1 Yt} WARRE o] &3t
LA EAF x-A1 3] (energy dispersive x-ray dif-
fraction) -7l 4 phase-Io| A MMC.2 W3l= ¢
o] 13.5 GPa (Badro ef al., 1998)%, 18] 1 2}uti
FAT(Peters et al., 20000914 & Fo] 11.5
GPall o= uraizt}.

Jeg 5y oE A g gt x-A 3
Aot 1t g3 @ oA phase-13} phase-
I Afolel] DA A &3k = shve 1t 243
J(phase-°] EA3 T AFA37F HEFH UG
(Ming et al., 2007; Chio ef al., 2008). ©]2}3F TA}
AA APAE SiO-FE 2EATO|ES H$ 1.5
GPa ©]/9] stgdA Uehdth= Zlo] ojn] ¢
A THPalmer and Finger, 1994; Downs and
Palmer, 1994). ©]o] B3} Chio ef al. (2008)2] 1
deprEGA oM ST 28 F27F 3.1 GPaol
A @AM Al (phase-INE AgHo] 317] Ao = gh2
AR T Z(phase-1NE < 1.6 GPaolA AHo] &=
Aol FEHUG. d&HE VMY, dAEAY
phase-II= 7 GPaollAl A4 Aol <38k phase-I1I
o7 AWoldl thg, 15 GPa oM T THE
941 phase-II'Z Mg}, Phase-I'E ©] 232
A1 9FERl 28.5 GPaZbAl HASHAl FAHE A
o2 WAt olye o] AT duk x4
PARE 47 o] 83t Al E Ming er al. (2007)
of Ay At FEEeT, o] x-A FEHE
o & phase-IlI°] 52.5 GPa7}A FAEE AOE
H2H 7] wEo|th Ming er al. (2007)% Chio et
al. 2008)2] ZHA AR A= BF FY GaPOy
BUAEE o] &ate] A& Aolth

o9} o], @-GaPOsoI A v A & AL t7|et
(Z 0.0001 GPa)® 10 GPa $t& Atolol|A AHF
Z9] A%o] ul thFsiA Wttt o ot o
ZhA B ATl ME Ming ef al. (2007) 2 Chio et
al. (2008)F 5L ARE o] &3lHAM AL
FEE T2A 3t gt stellA Aol AsE A
Z3st1ak 3t} Ming e al. (2007)2 & A gl A)
2 43 EFAmeS-oeto Tajuz} 4:1)
< o] &3t3lom, o]9= BEA Chio ef al. (2008)
< AEAGUMAE A AR b2 vE Y E
(non-hydrostatic conditions)oll 4] Al&E 7}etslH A
GBS E 53T kA B AFdA s o
ol WS 10 GPa ©J3t FIIOE dAgstgom,
GaPO; T 43 il L5 (NaCl) 2 &
ot SLAEE FHEATH. 45 B2 NS
o] tEAE S A Y AEl(quasihydro-
static conditions)Z A AIA =T} A& o] w3k
(signal to noise ratio)°] ¥ JFEE Ze x-A
314 dolelE 47] 98 WARES o] &3tsth.
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Aok ol 1¥77I= A4 13748 tojohEE
il g gow FAE Jom, M F(culet)
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2 ~E(spring steel, C1095) 7| 271& v]g] F7
7F ¢ 70 ym BE7} HESE 424 ¥ (indentation)
S 3 g, AEol &F 200 ym A= HeE ¥
(hole)o. 2 THEOH T} & Ago| o] &3 ¢-GaPO,
AN&E 1= WA (Bell Laboratory)ol| A 34 g
Ao g stelthstae] L.C. Ming Z57F A8k
t}. SIEMENS D5005 x-417]7]1& ©]83fe] d-& o]
FIAN RO ARG 3 Tt 2 a = 6.981(2)
&, by =6.958(5) A, co=6.880(2) A. °| & JC-PDS
#31-05463 BWlwate] 222, EHEol &8t AA
TE2Ye FAsA.

£ ASE NaCl £23 4of4] EHlstd ], Al
WA NaCl B2 oS AsETe IuF
At 9o B2 19 S AAstE ggal
Ao 9% gtk FE g2 NaCle| (111), (200),
(220), (222), (400) H 25 o]gsld A4kt Fu]o
UFES o83t AAsAT 71F2E 2 NaCl
9] Fevlgd 4l Sato-Sorensen (1983)9] ¢=541E
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2}l 5A HFMS (high flux material science)l Al 1L
FAE S APt o] WERldM e Y= (wig-

gler) &A7F AAY = o] o} 2 H<(high flux)®]
x-Ag o] §T & Aot AF AP 7 B4k x-Al
3"l (angular dispersive XRD method)©] 1T},
DAC ¢toll Azt Al59} 7 ZE7](detector) Abo]<]
Agle EFEHESY LaBes ©l8ste ZAsA
PAFSHE WA o q A7} 20 keVE TA3LE ]
o, o] qUAE= x4 A 0.61992 A T
g}, @AskE x-A2 AF0] 50 umo] HEF 9
ol 7 & Zu|o]E(pin hole collimator)E ©]-&
gt ZAAZT 98T G x-A 34 "
< 20% Tk d%len, AE7)E Mar34s o|HA
Z o] E(Mar345 image plate, Marresearch GmbH,
Norderstedt, Germany)E ©]-83t%th. o|gA 42
x4 34 dolHE FieD SWE o] §3ta] A3}
% th(Hammersley, 2004).
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O9 12 gololt id7|7]o] Azt EEA
59| qF=o] ti7]Y, 0.9 GPa, 1.1 GPa, 1.8 GPa¥
o x-A 34 EE BT ok 7|4 wo
A B AL phase-19] (111) 33 RoFo] gteo]
S7hetA A ®ststE Zlojth 0.9 GPaolA (111)
Aos F N vaz £ HH, 4¥ol 1.1 GPa
9} 1.8 GPa® F7}stA A d-#k(d-spacing)©] 743t
W IRl o7 RYoE Hole 3IE W3
2t ol@ % WalE 1.6 GPadlA 391 cm' 3} 505
cm’ol] YERE 2t 939 gAY bga BE
22 9329 o Rl 22 9=7t AVl @R
I} FARITAL & 4 QlTh(Chio er al., 2008). ©]
gk gole otk o o5 FEH WG &
2 = (pressure-induced orientation disorder)el 2|3t
AoR dME & Utk GaPO,AA 2wt FaE
PO, "¢ GaOS AHBAZE HAH S FH3hL e
4 Z(framework structure)9] Q177 F(stret-
ching vibration)?| Al 7]1Q18}7] wjZolth & A3
A #FE (111) 33 2 (splitting) T HEFH-2 ©]
2lgk AbAA 9] Holok FHshA| otk o3 ¥ A
o) B&L 9k 1.5 GPaZkA S FUS o),
SiO,-Fe| 2EWeto| Eo| A= 2 v} lTh(Pal-
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Fig. 1. A series of XRD patterns with pressure up to
1.8 GPa.

mer and Finger, 1994). 723} Ming et al. (2007)
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(R) = 4.2482, 3.8195, 3.4984 5. wWetA phase-1]
A phase-IIZ ¥olst= 482 1.8 GPa%} 3.3 GPa
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Chio et al. (2008)9] 2}5t A A9} Ming er al.
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Atk & 4 At 2¥ 1, Chio ef al., 2008 #
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34 veo] W3l ALS B, phase-ll (299 GPa)
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& YoJti(1Y 2, Ming ef al., 2007). WEtA 5
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Fig. 2. A series of XRD patterns of phase-III on the
loading process to 8.9 GPa with the unloading to
atmospheric pressure. U is for unloading process.
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olfr7F 7]l AUrh.
1 SiO-Ag| ~EWe o EojA] #EH TA
A& (Palmer and Finger, 1994)2 «-GaPO;
O EAE - Tt e AeR
HetEn 91140}”4 ol gk 1o EAd gk
&2 EA 7Y (molecular dynamics)Zl A4k
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phase 11 (r/}/\].xgﬁ])i A o] 3tk AL Ay &
ok o] Fw(Murashov, 1996), a-
GaPO,l rﬂﬁ 434 A 4 GPaollA
phase-I (C222)°] phase-Ill (Cmcm) S 25 o]
ste Aoz Yehgty] wlEo]ti(Murashov er al.,
1995). ¥4 FY 3 ALt et RS o] 83t
ARTZE o|2H 02 A= Zlojth
Ming et al. (2007)8] A7Ae} E A9 x-A
5]@ AH}E vlwste] FAEITHA phase- I’/] =
= UAHHAT phase-II9} phase- IS FE3TH=
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Table 1. Lattice parameter variations with pressure

P (GPa) a(A) b (&) c¢(A) V(A Phase
00 6951 6941 6889 332397 I
09 6720 6997 6.623 311371 1
1.1 6697 6805 6558 298891 I
18 6639 6687 6532 290.006 I
33 5468 8065 5917 260911 I
37 5470 8036 5896 259.183 I
47 5467 7992 5859 255998 I
56 5464 7915 5845 252772 I
77 5377 7920 5859 249512 I
89 5446 7.838 5776 246581 I
55 5501 8175 5.896 265.168 I
43% 5524 8155 5927 267.029 I
0.0* 5576 8455  6.168 290.800 I

* Unloading process

phase-17} phase-1I19] A HHFEK)S AAFstH
57 2t} : Phase-19] Ko = 10.6 + 4.0 GPa, ©]7
Ko = 2.66 (2R o] &3] Aatd gra)el
1, phase-II1¢] Ko = 156.5 + 23.3 GPa, Ko' = 4 (7}
A3 #)oltt. Phase-12] Koae Ming e al.
(2007)2] Ko = 12.08 + 2.10 GPa%} ¥l w3}d, & 3}
ol Holx o}, 9] AV IA YEhE
b o] & AT dolE A7} 3719 B3}
7] wjZo]t}. Phase-Ill®] g, Ko = 156.5 + 233
GPat Ming er al. (2007)9] Ko = 144.1 + 6.1 GPa
o} FARE 3h-2 Ho|A 1t Badro ef al. (1998)2] K,
= 308 GPa®} Hlw3tH & zto|7} Qlth. AHEA
E 308 GPax 4719 1t HiolHEZ5E A4kd g
ojt}.

A FHAA 4HE EF0 5.5 GPast 4.3
GPaol A A& x-A13)d HHS 3932l phase-Ill
o] FAHL &S & F UHIHE 2). ¢EL

718 AEHE GFd phase-mO] =2 o} 9}1

d-%ko] 3.87 A%l Fol o) RYFOE 9AV}t 2HE
atal YEHl(IY 29 3R, o] Hae s¢HA
ol 1.1 GPadllA Yehd 34, Z phase-1l 431
sto]l Bl = fllﬂ(hybrid peak)i g = At

o] Y35 &WA B &3l phase-19] (111) Aa
(d =3.9998 X)7} HAo} % Ao Z By =
7b vt & ¢ Stk webA gE s xﬂﬂé‘}&lE

o] 8 A d(hysteresis)oll 2J3] LU phase-1I12] (020)
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Fig. 3. Volume compression as a function of pressure
for phase-l and phase-IIl. Phase transition pressure
was assumed to be mean value of 2.6 GPa from 1.8
GPa for phase-I and 3.3 GPa for phase-III.

£t W phase- 17t UEId AoZ B
T, AYERAAA BE
9] x- d% 0130}31 fq1 QF 10 GPaollA S+E-
ANASA =HH 14 phase-llIo] =P AT
(metastable state)’} Eo] phase-Idl &3t= 2 =7}
2 937} YeElYa Ith(Ming er al., 2007). &=
ﬂ 7‘3 z700 A BARRE 0] &3t °F 7 GPadl
A b8 e ZHAA 7| phase-lIo] 2 GPaZtAl frA
Hoph S o @5 71y AdEi7 H¥ phase-
12 HEoMth 593 Al g E3A A
+ 28.5 GPadllA YERd 14/} phase-II"7} ©f
7% FHE Y BEFols fAHE 2R #
Z A tH(Chio ef al., 2008).
olg|gh d# o] o] E | oo} ARo] ¢f
g 2k Aole Y AlRO|AN AF ol
A &e] &7 Aol oef g thefd AFE B
ol ZoE & g Jth *“ﬁo] Aol A ]9} s
& BFS e ofgA FoH, IAHTEE e
ABO; AI€elA CuGeOs (copper germanate)=
ol wWE gwo] Aol A3 o wet wg
E3A FdE Hola Yok RS EF Yol
dFMHe)s FEMAE ol &3t AsdS g
AYEEHE FAANAFHE CuGeOs phase-10 4]
phase-IIZ 7 GPadllA ZF¥olE gt} Wt A7)
T oA of2le) 24, § ok2(Ar), &, NaCl &
& ARkl AEe] AFEI7E AR E Ol gl
M CuGeOs(I)> 7 GPa®ll Al phase-IIIS.Z, 9 GPadl

o o

A& phase-IVE o] gt Th(Jayaraman ef al., 1997,
Ming et al., 1999). =g EZA S A ASE
o] &3S AT AEA wWE W] AT Aol
= m$ =1, o] Bo® A dHHF wiAH 9
Tl Tt & & AHo] FEE HoF(Jaya-
raman et al., 2001; Ming et al., 2005). |2 A E-o]
& s WEPHEF olfr= W &gt NE
of BAARI B4, & AEY yFY A wet
H‘Hgé}L 2158 (deviatoric stress)ll - 71743}
A S A e Gl tis) fFA(soft)dtA
U, &4(plasticity)S Zv & H5FAL 28l ¢

3 HAstE AoE FFalE F UTHMing ef al,
2005).
z =

a-AY2EWH|E F2F5 2t GaPOs= Si0;
MEH FEFAACIH, a-GaPOsol tEF o
w2 Aol AT ABO, AEAS 1¢AAT
zol| gt ARE HE + Aok v fﬂﬂ} =2
o E W77} AR o] &3t 14HE A )
HE G55tk AHES AlRE dATAdA &
*éﬂﬂ Tl 19 x-S - AE ) ay et
ddo] o] 8" AH} L AFo|AT ojHd=
AHAY MAE NaCl BZZ o] g3lo] A5HE
AR E FA AT

a/-GaPO4%
GPa ©]3te] ¢tgel|lA 3|du a7} L5 HelE
Holy phase-l'Z ol st =
7FAI 71, phase-1= 2 GPa ©]/d2] OLE:"OM 4
A 43 phase-lIIC.Z AHo] 3oy H Ay
Ade FET AEE o] 8ste] 4 Aol A
I v wEts W, AP AIR phase-1l7F EA18HA]
BE AR V)& APYAFe} AfolE Kol 9
O 1}, phase-II$} phase-Ill¢] G20t & <AE 2
S Sl 4ES AlASE 13 phase-1IT
o] ti7|¢ellA FAEE ZAoE Yeyt. o
o] Aol zkol7t e AL -GaPOy A7}
A EHre] 7o whet o o°]’L o w39 A
“/]'a‘—]_—’ = ‘I‘ )JE]'

deoll ME ¢-GaPO,S] F1]9] Wsl&e HA-
Hu g ]'EHH A 2lofl Hgste] AAFeE phase-19]
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o], phase-Il19] 7% Ko = 156.5 + 23.3 GPa, ©]
i Ko’ = 40|t

).
o

o |

>,

- 271 —



F2% - 495

A A

PLSOIA 3o &S 91 ARRAI ol A0 & i
o7 20099 AF(EHY| &)Y AUoR =
AFAEe] ALE ol FHH 7] E2ATAFY(2009-
0073578)cll 41 A A=A om ofe] Attt 271457
ATAPLS)E  LEH7|EH(MEST)SH FE2H|(POS-
TECH)9| AUCE Y= 1 9lrh. PLS W2l SA (HFMS)
o] o]@3 uhAY] Efol ZALE-T ARSI A
o & AelE ®3h

b

oz

el
rot

a

Badro, J., Itie, J.-P., and Polian, A. (1998) On the high-
pressure phase transition in GaPO,. Europhysics Letters,
B1, 265-269.

Brown, G.C. and Mussett, A.E. (1993) The Inaccessible
Earth. Chapman & Hall (2nd ed.), 276p.

Chio, C.H., Sharma, S.K., Ming, L.C., Nakamoto, Y., and
Endo, S. (2008) High pressure raman spectroscopic
study of low-cristobalite GaPOs, Joint 21% AIRAPT
and 45" EHPRG Int. Conf. on High Pressure Science
and Technology. J. Phys. Conference Series, 121,
022003.

Downs, R.T. and Palmer, D.C. (1994) The pressure be-
havior for «-cristobalite. Am. Mineral., 79, 9-14.
Duan, W., Wentzcovitch, RM., and Chelikowsky, J.
(1999) First-principles search for high-pressure phases

of GaAsO,. Phys. Rev. B, 60, 3751-3756.

Hammersley, A.P. (2004) FIT2D V12.012 Reference
Manual V6.0. ESRF, 320p.

Jayaraman, A., Sharma, S.K., Wang, S.Y., and Cheong,
S.W. (1997) Pressure-induced phases in the spin-Peierls
compound CuGeOs. Phys. Rev. B, 55, 5694-5699.

Jayaraman, J., Shieh, S.R., Sharma, S.K., Ming, L.C., and
Wang, S.Y. (2001) Pressure-induced phase transitions
in CuGeOs; from Raman spectroscopic studies. J.
Raman Spectrosc., 32, 167-175.

Ming, L.C., Shieh, S.R., Jayaraman, A., Sharma, S.K., and
Kim, Y.H. (1999) High-pressure phase transformations
of CuGeQs. J. Phys. Chem. Solids, 60, 69-81.

Ming, L.C., Sharma, S.K., Jayaraman, A.J., Kobayashi,
Y., Suzuki, E., Endo, S., Prakapenka, V., and Yang,
D. (2005) X-ray diffraction and Raman studies of the
CuGeOs(II)-(IV) transformation under high pressures.
Spectrochimica Acta Part A, 61, 2418-2422.

Ming, L.C., Nakamoto, Y., Endo, S., Chio, C.H., and
Sharma, S.K. (2007) Phase transformations of «-cristo-
balite GaPO; at pressure up to 52 GPa. J. Phys.
Condens. Matter, 19, 425202.

Murashov, V.V. (1996) Pressure-induced phase transition
of quartz-type GaPO.. Phys. Rev. B, 53, 107-110.
Murashov, V.V., Dubrovinsky, L.S., Tse, J.S., and LePage,
Y. (1995) The pressure-induced phase transition of the
a-cirstobalite form of GaPOs. J. Phys. Condens.

Matter, 7, 8279-8286.

Palmer, D.C. and Finger, L.W. (1994) Pressure-induced
phase transtion in cristobalite: An x-ray powder dif-
fraction study to 4.4 GPa. Am. Mineral., 79, 1-8.

Peters, M.J., Grimsditch, M., and Polian, A. (2000) High
pressure Raman scattering from GaPO,. S.S. Commun.,
114, 335-340.

Robeson, J.L., Winters, R.R., and Hammack, W.S. (1994)
Pressure-induced transformations of the low-cristoba-
lite phase of GaPOs. Phys. Res. Lett., 73, 1644-1647.

Sato-Sorensen, Y. (1983) Phase transitions and equations
of state for the sodium halides : NaF, NaCl, NaBr and
Nal. J. Geophys. Res., 88, 3543-3548.

Tsuneyuki, S., Matsui, Y., Aoki, H., and Tsukada, M.
(1989) New pressure-induced structural transformations
in silica obtained by computer simulation. Nature, 339,
209-211.

A4 20109 92 14Y), =AY (1A : 20101 9¥ 27Y),
AN L2010 9€ 28Y)

- 272 -



