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In-situ high-pressure X-ra2y diraction ¢{ natural dioptase
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Abstract: T situ high pressure single-crystal X-ray diffraction investigation of dioptase was carried out at room
temperature Using diamond anvil cells (DAC) with synchrotron radiation source. No phase transition of dioptase
was observed up to the highest pressure of 11.7 GPa. The results obtained from single-crystal X-ray diffraction
between 10~ * and 11.7 GPa reveal volume decreasing as a function of pressure, corresponding to Ko=114.6+
5.3 GPa for the bulk modulus and K’ =2.7 0.8 for its pressure derivative for a third-order Birch-Murnaghan
equation of state. When pressure is lower than 9.3 GPa, c-axial compressibility is larger than that of a-axis; in
the pressure range of 9.3~11.7 GPa, water molecules in the structure of dioptase will produce strong compres-
sion of rings of six silicate tetrahedra under high pressure, causing the reduction of c-axial compressibility, and
eventually the degree of a-axis compression is nearly the same as that of c-axis at 11.7 GPa. By analyzing high
pressure behavior of many aqueous annular silicate minerals, the authors have come to the conclusion that the
form of water molecules plays a key role in the elasticity of aqueous annular silicate minerals.
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Fig. 1 Crystal structure vertical to «;

axis of dioptase
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Fig. 2 Single-crystal X-ray diffraction patterns of dioptase
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a—the initial pressure 1.8 GPa; b—the highest pressure of experiment 11.7 GPa: XRD peaks of diomand and dioptase correspond with

“D” and open square symbol respectively
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Table 1 Cell parameters of dioptase as a function of pressure

J£41/GPa al/A /A V/A3

0.000 1 14.583(7) 7.795(7) 1435.5(1.5)
1.8 14.527(2) 7.753(1) 1417.1€0.4)
2.6 14.481(5) 7.743(2) 1406.1C1.0)
3.2 14.456(5) 7.724(1) 1397.9(0.9)
3.7 14.450(11) 7.713(3) 1394.6(1.9)
4.3 14.421(13) 7.699(3) 1386.6(2.2)
4.7 14.405C11) 7.686(3) 1381.3(1.8)
5.2 14.386(6) 7.675(3) 1375.5(1. 1D
5.8 14.376(5) 7.662(2) 1371.300.8)
6.4 14.352(9) 7.653(3) 1365.3(1.4)
7.2 14.304(5) 7.638(1) 1353.2(0.8)
8.3 14.277C7) 7.612(2) 1343.8(1.1)
9.3 14.255(16) 7.590(5) 1335.7(2.4)
10.1 14.227C15) 7.586(4) 1329.6(2.3)
10.9 14.194(14) 7.577(5) 1322.002.1)
11.7 14.147C15) 7.562(4) 1310.7(2.3)
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Fig. 3 Axial compressibility of dioptase as a funciion

of pressure
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Fig. 4 Distance between (202) planar networks of

dioptase as a function of pressure
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Fig. 5 Unit-cell volume of dioptase as a function of pressure
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Table 2 Equation of state parameters for aqueous annular silicate minerals and their related information

4R o T A KR it
GREA Be;ALLSigO5 ] P6/ mcc H,O 15.35 226(6)  4(fixed) Z (2008 K b
H/ 547 Na(Li, AD;AlLSigO LBO; J(OH, F)y;  R3m OH~ 7.19 183.5(4.2) 4(fixed) 2R A5 (2004) W i
EHA (Mg, Fe), ALSIL ALSi 0451 Ceem H,0O 1.28 115(2)  4(fixed)  Likhacheva %5(2013)  ¥3##
oA Bes Al SigOyg] P6/ mec H,0 3.68 170(5)  4(fixed) Hazen %5(1986) B i
YHAH (Mg Fe), ALSILALSi,O5] Ceem H,O 1.42 131¢C1) —0.4€0.3) Miletich %( 2014) L
A CugL SigO151°6 H,0 R3 H,0 11.39  114.6(5.3) 2.7(& AL L

o SRR K B iR T AR I, Pankrath A1 Langer(2002) 45 H K17 S M A TR 5 K S 55 AR VA3 =674.98 +0.203 H,O(% )
(r=0.936), &5 223555 (2008)F1 Hazen 55 (1986 7L SCHR 1 45 Hh I -4 A F 6 T SR AR, v 8045 tH R P 8 A A HOOK 3 S AR
HAESCHR Likhacheva %5 (2013)F1 Miletich 25(2014) 7 E.45 5 HUAA FUE LA K& BRI e AT b 22 X H 1 3.

IR Bt BA R K 43 1 A7 AE 45 F I T P 1A AN T TR
I FECE AN ABIREAH 225K, 2351024 170(5) GPas
131(1) GPa Fl 114.6(5.3) GPa(3& 2 HLdi). B
5 SR A Al R P IR A AR DU TR AR 7S TR B 40 Y ¢
g ) AR HE BRI @ 7 T RS, 2 ) A
g R AT T R SN SRy NS N s 8 VIR S IE2 Y S 6
(1) ¢ HILE o PEE B 0l P4 o A A (R 7K 43 7 A
FAAE T RESA DY AR N TR NS, s s R AR P2 M
T Ak 4R DY TR A& /S JC R R AR FI AR TS 5 i3 0 A A 1)
IK G312 LS TCH T A7 A8 T )2 i A T A4
VAVIve 7 Wl 1 PR = 2= NUR AVA v 7 =R D Al 1 E N
K AEE T3/ 0.0 GPa N A 7K 31 9 3%
FRHAFHE S e K45, 4k T 9.3 GPa
I, HF3E R A A ¢ il e Ak AR DY THT A4 7S TG A TR)
BSIRk /b 7K 53 75 70 R 2 BELAS A AR DY T A4 /S T BR
W BT LA T, SEOL ¢ BB P RS
% o MPRAIREEE S ¢ B T — 20 S e s
NIEMA SR IEATEE .

HAAAVE N 59 —Fh & 7K I IRAR R R b0 4, 45
FARUERATHRL, #JE T =07 f &R, ¢ Flith o B 5
Bl s 457, o 3G g FR AT A WF 90 3R BH s g 39 ek 72 v &
FIBEAT R A2 AR Ak, A8 vy AT 9 A B0 H B Bk
% (22 %, 2004). HAAHBARTKEL N
7.19% K TEAT, (e & A K LA R B A7
6, 7 o T SRR A 2 BE RS Ak 4 DY T R 7S TG 30 11
FIL AR JE 5 5% W B2 P K A 1 Ak A DY T AR S e R 2
(B PRI 7K 2 5 DRI L S B PR B o i T A (3R 2
KD

A, FATLSigOyg 175 TCER I S A A1 RS A 7
19.2 GPa f127.8 GPa K Ji F AR KA AR, FIFEAE
HHARGE TR #h KB AT, H [ SigO5 /N T I

A S A FidAT, BRE b IX Rl AL S5 M AR R R
SEAHRT S 5 I AR AR AHAR R o 24 9 R D73k
F11.7 GPa I, JF AR ML 2] % M A1 KA AH AR, (HAR
5 FL A i 2 P B T ) )28 A o T DA U A0 A
W R AT AT 08 . gE BT TR, 6B A
() v AT F R S T IR ST, BT LA VA0 8 4 5 K ER
AR ER B 207 1) ey AT R SR AL B 2 A 3

K DAC i He 25 TR [R) 20 4 5 6 U8, BEAT IR
SRIBANAT 1) AL JRUNT v R B XS R AT S s 5 4
R AL BN (10 4 ~11.7 GPa), B
FIRLARFE BN R3, WA KA ARAS . HEE
F R T RS EE A R DD, R
4555 =B Birch-Murnaghan W& 7R, L5 345
TR Ky N 114.6(5.3) GPa. K& T 9.3 GPa
N, ¢ M 42 KT a Bl 75 9.3~11.7 GPa k138
FEL P, DAL A PR32 A0 A FLIE 45 44 T iR K 9 o
JEAE N S BHAGHT ¢ il 1 ek 40 DY T A4S TG 34 1 4
AT, S8R o Mg RGNS c st —
o Mo MR A K RE R SR 4 0 AR R R A
AILLAG H BUR 4500 70 T IR IR IR $h i ) 25 F i
T P (17K 53 1 23 BELAS FCAE A0 DY T A 7S TG 34 R L it A2
T, SRR AERR 2509 (0 0] 1 45 P B s 7K DLELR
W SAFAE T K IR R SR 0™ W 45 A P i, th 2>
BELAS 3 . T FRAREE R SR P 0l R 4

X KR ARTE IR ER 090 vy FRAT A 1R K e A 34
T, K FAER R N 2 BLAS PR AR SR04 bl I
Ao IXIER R Ky AR A TR AL R Sh 4 fL i
SER, B R BR AR K . PR SR K AE R R 2 BELAS ek
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