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Fig. 1 Representative Raman spectra of Re-H,0O system at ambient and high pressure and room temperature
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Fig. 2 Representative Raman spectra of f-ReO, locating in the center of the black
sample at ambient and high pressure and room temperature
R 1 p-ReO, NN EMERESENINXE
Table1 Raman frequencies and their pressure dependence dw/dP of the f-ReO,
wlem™ _ -
No. (dew/dp)/(cm™-GPa™)
0.1 MPa 10.5 GPa 20.2 GPa 30.7 GPa 40.8 GPa
1 166 177 182 189 194 0.7
2 170 181 190 199 201 0.8
3 199 214 223 231 237 0.9
4 240 249 255 261 265 0.6
5 287 315 342 361 372 2.2
6 359 372 385 390 401 1.1
7 373 388 404 416 424 1.3
8 437 454 470 482 488 1.3
9 513 548 578 596 607 24
10 561 586 2.6
11 577 602 625 640 650 1.8
12 688 747 807 841 869 4.4
13 722 784 850 891 917 4.9
14 751 809 864 904 929 4.4
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] e AT 2k R Bl . IR R 22.5 GPa I, 3 N 5 G WA 90 2 e 5 4 1 S (1) P 2 0 TR AS 1 O 5 )
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L VKA A PK VI A
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Fig.3 Representative Raman spectra of water locating on the edge of black sample in the range of 100—1 000 cm ™'
under loading (black curves) and unloading (red curves)

0.8~3.0 GPa F& J1 IX [H] A, /K76 B R IR 3 B2 34 A T IR A5 i AHAS . 161 4 i i B B R R,
HI K% 2.17 GPa J&, I6 7R P9 vk AH 25 6 B AR 55, [F) A HE 80 22 40 A 1T (X550 FE B 2.06 GPa 1 52 filt RTZ AR
1) o £ 100~1 000 cm ™" i £ [ 19 $7 8 Wi W 3280k 258 em™'; 2 000~4 500 em ™' B EGE I 3 Mg
FEUEEHCA R 3301, 3391 Al 3429 em ™ 4REEHIE % 1.67 GPa, Bt N vKAE YK E . 100~1 000 cm™
PR LN, R 50 B — B A 7 2 s, 528800 179 em™' o BT —N e 7 s A VK VIL AH$L & 0 i
£ B 85, 20N 209 em ™. 2 000~4 500 em ™! B EE A, BT — AN A UK VITAH 3 A4 58 4T
A%, FESEAR I R N B 3 A, 2800 R 3155, 3282 FI 3 413 em!, I pK VIT AH7E 1 E 1 #2 & A2 46

040102-5



o34 % = JE LY} L 2 Eitd 541

—IREEFAHAE . ARZEHIE 1.4 GPa, 100~ 1 000 cm ™ I 5 I 22 06 [l (I I 5088 3, 524800 178 1202 em ™
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i B S W 1) 2 RO M RS 3, 4390 3 190, 3306 13417 em™' . IEE UK VITARFE B 3 7 & A2 58 Ik
SERIFIAR o MRS SCHR [20-24] 418, H1E R A PR IR 5 A AR S 23 50 S vk VI AH 200K VI AHFE AR (AR R A
X 8] 28 2.1~ 1.7 GPa) FlvK VI A8 23 {4 K 1) 40 7% 28 (F A2 e 7 X (8] 2R 1.4~0.8 GPa) o #1 & i B AH A8 )7
H11 (VK VIL A — VK VI A - AR K ) 5 #4828 5 51 (iR K — K VIA— VK VIIAH) 58 @ X0 s {4
P B B i R N % B P2 I B A 2 B H, 4T R H,-HL,0 TR A W AL 8 {5 5 728, 7 s ik I Al
G & B R OB G s LA N SRR G SR 4R
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Fig. 4 Representative Raman spectra of water locating on the edge of black sample in the range of 2 000—4 500 cm ™' under loading

(black curves) and unloading (red curves) (Characteristic Raman peaks of diamond are marked with the stars,
and the microscopic images of loading and unloading (with red borders) were inserted.)
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20T, A TS H-H,0 TR& ) 1 P i 2 Fig.5 Representative Raman spectra of H,-H,O mixtures
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1800K
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Raman Evidences of Chemical Reaction of Re-H,O System
at High Pressure and High Temperature

ZHAO Huifang"*’, TAN Dayong'?, JIANG Feng'*?, XIE Yafei'*”,
JIANG Changguo'*’, LUO Xingli"*’, XIAO Wansheng'~
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Chinese Academy of Sciences, Guangzhou 510640, Guangdong, China;
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3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Rhenium tablet is a frequently used gasket material at the ultra-high pressures in Diamond anvil
cell (DAC) experiment. Water in deep Earth is the link between material exchange and energy circulation in
the Earth’s interior. It is greatly scientific and technical significance on the study of chemical reaction of Re-

H,O system at high pressures and temperatures. Microscopic observations and Raman measurements show

. 40.5 GP .
that the Re-H,O system takes place the redox reaction 2H20+ReTOKaReOZ+4H under the conditions of

high pressures and high temperatures, and produce rhenium oxide (-Re0,) with Re*" and atomic hydrogen (H).
Observed fourteen characteristic Raman peaks of oxidation product ReO, have a continuous unequal shift to
lower Raman frequencies with the release of pressure. Reduction product H does not further take place
interreaction with the water molecules, rhenium metals and their reaction products f-ReO, and atomic H
under high pressures. But the hydrogen molecules are formed when the pressure is released to near
atmospheric pressure. The chemical reaction of Re-H,O system under the conditions of high-pressure and
temperature reveals that water (hydroxyl) can decompose to produce atomic hydrogen in the Earth’s interior
with the high pressure, high temperature and reductive material. This discovery not only provides a new
experimental evidence for the conversion of water to hydrogen in deep Earth, but also gives important basis
for exploring the possible geochemical behaviors of water in the Earth’s interior.

Keywords: Re-H,O system; water in deep Earth; water splitting; DAC; Raman spectra
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