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FERRAN Ay — P KR b SRR R, A i 1 CL OH RLK F 4173, JE TR A B 7R 2 Ff i
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n(OH) : n(F)=0.62 : 0.38, Hrp n F/R Y B MY &= . Fi 2 350 Ak ] HORIBA LabRAM HR Evolution
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B, 7 o TR 2 (R0 b e RS 7 VR R R T S SE

2 FRE5R

21 BEEHBIEKIRERNSHIESH

B E T P62S A E, LA Dy, XFFRYER) [CO > I 4 Rk shiisl. xR 4s 4R 3h . 1w o 25 i
Prah . A X FR A 4 4 20 AT P Al AR s AR Uk e AR S X R 2 AT (R) +4"(IR) +E' (R, IR) +E"(R,
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S, AT 3174, 3197, 3290, 3345, 3526 F13 648 cm™',

HF [OH] 5 F A9 R/NAHGE, 7 £ & 0™ 9 h 3 o F s 8 [OH] B AR, XA B AR B GL H &3
Wi A ) £ A AR G M RO R . 7R SR A B 47 (CaMg(AsO,)F, C2/c) -l 454 £1 (CaMg(AsO,)(OH), P2,2,2,)
DL KRBk 45 (Mn,(PO,)F, C2/c) -84k k5 (Mn,(PO,)(OH), P2,/c) &%/, F 5 [OH] FI AL S 505 Wy
i AR 485 K 2 A B A T AR AR AR 40 (LiAL(PO,)F) -2 B W5 45 47 (LiAL(PO,)(OH)) L K S B K £4
(Cay(PO,);F) -}2 M JK A1 (Cas(PO,);(OH)) R4 1, [OH] 5 F A B HUA S8 plii%e 22 1 [ AR P10 78 S8k
Fi (P62c) -F2Mk 4 W (P6) &5, T [OH] # AR F, FL 8 Miilk /R RO A5 o [CO,1> F A Ay X6 Bk A
YR BN TR AR W I 3 4%, B X S T A e, B [OHT FI FAYAR B S SR At - 45 4 v
F/DTEAE 3 Fh s AR ZEM () [CO, 1 JEH .

HE WG th, NI [OH] & & 2338 phr & 1w A%, VIR Flom Bt 23 B AR R AR Ak . dn bl 45 1 A
oF SR 3G N, [OH] 45 3R sl g [ AR R 2h 1 AR SZG A O—H PR s AR L4 T AP 45 %, A
Y Sk A AR ARy 1) #% Bl B G2, Dt R VA 45 T S g A i b [OHT & it AN [\), B2 AR 43 [OH], 53 H i
b, A3 H OB R 5 1) U, 1% O—H 4k sh AR A%

060105-2



9533 % RS R AT 5 P 2 GRS 55 6 4

(a) (b)
Hydroxylbastnésite!'?! /\//U\/\
(AN .
£l
&
2
e L]\\Nirlydroxylbastnéisite
g _ J\\___

LAA\ Bastnisite
—_—A [,
1 1

200 400 70 800 1050 1100 1150 140015003200 3600

Wavenumber/cm™
Bl FEesin 5 Hh ok (96 502 f 0K RRUFF B 2 B piciiy i B,
LLEATLARTA IS I LB s, B AR 8. )
Fig. 1 Raman spectra of hydroxylbastnisite-(Ce) at ambient conditions (The solid blue line represents the data for the

hydroxylbastnisite-(Ce) in the RRUFF database!'?; the solid red line represents the hydroxylbastnisite-(Ce) data
measured in this experimental sample; the solid black line represents the data for bastnésite.)

*1 BENRIEBRRETHEENSE

Table 1 Atmospheric pressure Raman peaks of common rare earth fluorocarbonate minerals

Raman peak/cm™

Mineral Chemical formula o

[CO;] [OH]"

. 720 967 1088 1538

Cordylite!"*! Ce,Ba[CO,],F,
628
. 3] 732 835 1098 1476
Bastnisite Ce[CO,]JF

1447
1080 3235
Hydroxylbastnsite-(Ce)!'” Ce[CO,][(OH), ¢5F 351 Hos7 3493
ydroxylbastnésite-(Ce) e[CO;][(OH), ¢sF ¢35 1098 3 568
3638
726 879 1079 1390 3491
1097 1425 3564
Hydroxylbastnsite-(Ce)!'! Ce[CO,][(OH),5sF 151 3 630
3648
604 1083 1430 3174
742 1096 3200
1103 3290
Hydroxylbastnisite-(Ce)* Ce[CO;][(OH)y5,F 3] 3345
3526
3648

Note: * represents the experimental data.

22 [OH] -FHHBEEBRRKNKRBRESETANEME
ARSI IR T BRI 1Y 24 7% A 2 B, 1R ) % 30 GPa, {RFR ML LI 2, 7E T
By, 1 T fle F A S A7 5 I 5 0, — 430 2 04 1) £ 68 EL AR 5 B8O 2 533 (A1 604 com ™! 451) , 22
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Fig.2 Selected Raman spectra of hydroxylbastnasite-(Ce)
at high pressure (Pressure range is 0-30 GPa.)

TEAT AR B 10 ZR 05 e LB i 2 0, AR IR G5 R v~ v 00 BRI B BRHGN, 10 25 s 2 0 1411
o BB A A (R R B A I %, 3 ke 2% S 1 B B . T %) 38 0 7T 4 e JOT B [RD s, o 2 A Y 5 Ok 55
R 77 ) RO BE AN (], U B R 0 WA R Ak 2 B iR sh B i s m BT 22 5. ELEI R 7390 % 30 GPa,
BB r 2 0 R T O HL B R R = e 0 R B, 10 BN R Ve B 2, R R T R R AEAEAE . SR
Lorentzian 5 2 X} A [F) 1 T W7 S Mg 15 47 13

TG, 4R 5 T3 2, B 3EA P2 IR (@) dv/dp=1.70.12) em /GPae -
JE S A AR SCE o ETH R A, 4% 2 il 2 0 0 32107 /

B ¥ 5 5 2 R AP E AR DGR o X Lk kol vag
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© < V.
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dy,/dp=1.7(0.12) cm™'/GPa, XF H & Bi: Fh ki . . .
" f 32 P AR S0 56t 7 (905 B 5 17 [CO, T2 (@ Q32007 e 157

500F  dvy/dp=4.0(0.11) cm™/GPa Vi

S A 4 T 14 25 R 00 FE ) 0 e 4 1 M
SR L. M
B A 0 2 M R VRS T O AR 250} w

RYEH WA 2280 MgCO;., 288 ZnCO,, 22 dvy/dp=2.5(0.06) cm™/GPa :
BT FeCO,. 461 MnCO,., 2431 CdCO,

780

Wavenumber/cm™

750 | dvs/dp=2.0(0.07) cm™'/GPa

0 5 10 15 20 25 30

T A7 CaCO; 55 o XF T 7 i A7 BB IR 2, L & Pressure/GPa
Sy . t =y
B0 AT I i — B 5 1 524, B ¢ 7 3 SR R SR S 75
) B S 4 PR 3t 8 KT a Bl X H 85 F iR S50 (v, PR R B R 30 )
':F' ab —TIZ T V\] R“J 'l"‘f 43} [CO3]27% ) ﬁf{ m :HF %ﬁ ’ Fig. 3 Variations of Raman frequencies as a function of pressure
i 5] %& JE gfﬁ E(] [MOG] VAN ﬁ{z{:ﬁ} ﬁfﬁ ]’{ c 7-'_|EE|3 75‘ ['Ej o (v, represents different Raman vibration peaks.)
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SRR [OH] JE FAFAE R, 15 0UA FEASTR, & X BFAT S (XRD) LA KRS 61k B R, W5 6™
W [OH] 3 A A9 47 76 S 8O HA B 1Y K (A CRBURE &), Ll R 4 1 28 B0 O 0 45 1) S k1), AEAR
W RS S8 v, THRAS B R he sl L T SMIR 3 1Y dy/dp=(4.120.1) e '/GPa, i 3 A IR Z 1Y dyv/dp=
(2.740.2) cm'/GPa, oA & BLFR Bl A 1) 3k 1A AR 3% e 0 AR T R o A5 BTN O TR R AR 1Y =
JEAFZE 121416200 AR R B R SR 0 W [CO,)> A Y dyy/dp HEAT X EL 22w 4. d R 4 AL 5
A oy LY (18 TR G /KRR R R A EE, B mc4ii 0 b [CO, 1P A1 (14 1T 9 25 4R 3114 doy/dp 55 He %5 8 280 %) T Aol
TCKORERERAR LY, FER5 A [CO51™ B 11 1 A 25 i IR 2l ) dov/dp BRI, T % Bk il 4 4 30 4 dv/dp D
AN ULEAFERER A [CO, 1> FE 78 R FRE 44 R o 32 5 AR s A8 =, o0 i 1) T 17 P9 2 il 4% 0 1 2 6 o

£2 FEEATEBRGT RS BB

Table 2 Raman peaks position of hydroxylbastniisite-(Ce) under different pressures

Raman peak/cm™’

Pressure/GPa
REE-O/F [COlL™ [OH]
0.7 168.7 2622 357.8 4114 742.2 1084.8 1093.7 3169.7
1.2 166.2  263.6 360.1 408.9 741.9 1084.8 10959 1102.7 3172.8
2.0 168.1 2727 363.5 410.0 741.4 1087.0 1098.2 1104.9 3172.1
33 1717  279.6 368.9  416.6 745.1 1089.2 1102.6 1109.2 31769
4.7 174.3 285.1 375.8 4204 744.6 1093.7 1107.1 1113.6 31779
5.8 177.5 292.3 3804 4272 749.9 1097.1 11115 11182
6.2 1804 2953 383.8 4295 751.6 1098.2 11115 31794
7.5 182.7 300.8 3854 4339 754.1 11004 11149 11227 3179.1
9.6 187.8 3120 4019 4456 763.6 1107.1 11227 1129.4 3181.7
10.9 190.5 3159  404.6 4484 760.9 11093 11249 1131.4 31834
11.5 196.8 3214 4106 4555 764.5 11138 11284 11355 31835
13.5 201.7 3266 413.6  459.8 769.0 1116.0 1131.6 11379 3185.8
14.0 199.2 329.7 4179 4663 766.2 11182 11347 11424 3187.0
16.0 205.7 339.7 4249  476.0 768.6 11259 1140.4 1149.1 3187.2
18.0 209.9 3447  430.1 479.6 777.0 11293 11449 31899
18.6 205.8 349.6 4335 484.2 776.9 1130.4 1146.0 31924
20.1 214.9 3547 4382 4893 778.8 1133.8 11493 3189.7
22.0 214.6 359.0 4433 490.9 783.4 1136.0 11515 3190.4
23.1 219.0 3604  446.1 499.4 781.6 1138.2 1156.0 1164.8 31925
24.0 2233 364.5 448.2 502.2 791.0 1 142.7 11582 1169.2 31927
25.7 228.3 368.0  451.6 506.7 789.0 1144.9 1160.4 1173.6 31928
27.0 240.2 3769 47438 519.2 1151.1 1164.8 3193.6
28.8 235.5 380.2 11515 1168.1
30.0 238.9 391.0 11537 1172.8
R3 TRNBENEDRBRAERRE
Table 3 Pressure dependence coefficients and errors for different Raman peaks
Raman Dependence Raman Dependence
peaks/cm™  coefficients/(cm™-GPa™) Error peaks/cm™  coefficients/(cm™ GPa™) Error
169 2.5 0.06 1083 2.5 0.04
262 4.2 0.10 1 096 2.6 0.05
358 4.0 0.11 1103 29 0.05
404 42 0.07 3174 0.8 0.05
742 2.0 0.07 3197 1.7 0.12
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7. 4 % Cuy(CO;),(OH),™
8 & CeCO,(OH, F)* 4}
= 3+ 5 -_—i
Ry
= 1 & iié
S 2t AE %
= © Lo =1 |In-plane I
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Wavenumber/cm™!

Bl 4 BRIRET Y [CO T 1Y dv/dp(Z5 OAF SRR Wy JURP TE/K R ER,
ST REEE KBRS, +URA R ST EHE)
Fig. 4 dy/dp of [CO,]* in carbonate minerals (The open symbols represent several
common anhydrous carbonates, the solid symbols represent aqueous carbonates,
and * represents the experimental data.)
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B 7 S 0 & T B X B AR 4 BR i s B [OH] 51 B P 2164 6 4%, 7 BT 3 174, 3 197, 3290, 3 345,
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T R B/, 292.0 em ! /GPa, T 3k A1 4 MIR 3115 R [ 7 S 066 e 7 il 3R 85 K, o 4.2 em '/GPa.
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High-Pressure Raman Spectroscopic Study of Hydroxylbastnisite-(Ce)
SONG Haipeng', LIU Yungui'?, LI Xiang', JIN Shuyu', WANG Xinyu', WU Xiang'

(1. State Key Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences, Wuhan 430074, China,
2. College of Gems and Materials Technology, Hebei GEO University, Shijiazhuang 050031, China)

Abstract: Understanding the physical properties under high pressure of hydroxylbastnisite-(Ce), an

important hydrous rare earth element (REE) fluorocarbonate mineral, can provide key information to explore
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the effect of fluorine and hydroxyl on high-pressure behavior of carbonate minerals. Here Raman
spectroscopy combined with diamond anvil cell (DAC) technology was employed to investigate the high-
pressure properties of hydroxylbastnisite-(Ce). At ambient conditions, the in-plane vibration bands of
[CO,]* are observed at 604 cm™' and 742 cm™', the symmetrical stretching bands are at 1 083, 1 096, and
1 103 cm™, and the asymmetric stretching vibration is at 1 430 cm™'. Six vibration peaks of [OH] are at
3174, 3 197, 3 290, 3 345, 3 526 and 3 648 cm™, respectively. The observation of three discrete [CO;]*
symmetrical stretching bands, instead of one, indicates that there may be at least three structurally-
nonequivalent [CO,]* groups in the hydroxyl-bistnasite-(Ce) structure. On compression, all of the Raman
peaks show a continuous shift to the higher frequency and no new peaks appear, suggesting that no phase
transition occurs up to 30 GPa at room temperature. The slope of the in-plane bending vibration of [CO,]* is
the smallest, about 2(0.06) cm™'/GPa. Compared with the anhydrous carbonate, it can be inferred that the
[OH] and F in the structures of hydroxylbastnésite-(Ce) lead to the compression anisotropy. Our results
provide new clues for studying the high-pressure physical behavior of carbonates in the deep earth.

Keywords: hydroxylbastnésite-(Ce); hydrous rare earth element (REE) fluorocarbonate mineral; diamond

anvil cell; Raman spectroscopy
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