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Table 1 Raman modes of the orthorhombic NaCl; (Pnma) observed at 53. 5 GPa (em™")
Y1 Vo V3 Vy Vs Ve V7 Vg Vg V1o
204 218 246 284 305 336 388 408 428 480
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R EBIH IR O, CL G UM R b g (P NCh ISR R X0

H LB ) 5B {5 K A (Na O, 55 W 30 T 25 4k ) o JEE o 5 Fig. 1 Representative high pressure Raman spectra of
MR B, B BAE 100~1 200 cm ' % ¥ 36 Bl 7Y experimental NaCl-O, system obtained before and after
HEEME] NaClO, {555, 53 5ME 1384 em AL BE
— Y j:j 2 i, ﬁn Kl 2 P ﬁET O, Mk the sample before heating, which is the Raman signal of
Zj]m%{jﬂ‘j 1556 cm™ ', ﬂ‘j 0—0 %@ﬁaéﬁ]ﬁfjﬂﬂ ’ﬁ/%:\‘ -, under this pressure;both curve b and curve ¢ (53.5 GPa)
'ﬂﬁ% NaO, EF‘ O, E‘Jﬂ%ﬁ]%ﬁ\%;j"j 1156 cm ™ 'Ho1 s present the Raman spectra measured at various positions
S L Y O—O 45 IR sh IR KW RIS after heating; curve d,cited from Ref. [12] for comparison
BIEsh BB, S TRIETEERESED with the 53. 5 GPa curve c.is the Raman spectrum
O, » /E\: %‘ ¥ 1:/@ i ﬂ\] [i51] /l\ %‘—; m 0] % ﬁ.}ﬁ /sz\' 25 ﬁ i} of the orthorhombic (Pnma) NaCl; at 57 GPa. )

high temperature and high pressure chemical reaction

(The curve a (55.1 GPa) presents the observed result of
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NaClO, B8R, R BAE A SE B0 R PR A5 1 (2) =X P 50 B0 A<D, 5CE AR F (3D 0, (2) AR IRE
N, R 2 R R T AE S W A NaClO, fr8063E (WL 3), 5% K T 4044l NaClO, i35 i hr 2
ik B A OC SCHRARGE (19 NaClO, F20635 M —8. W — P MERE ., (2) /R Cl R Ll 148
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Raman Evidences of Chemical Reaction of NaCl-O, System
at High Pressure and High Temperature

TIAN Yu"*?,LIU Xue-Ting"**,HE Yun-Hong"**,ZHAO Hui-Fang'**,
JIANG Feng'?*,TAN Da-Yong"?*,XIAO Wan-Sheng'**

(1. CAS Key Laboratory of Mineralogy and Metallogeny ,Guangzhou Institute of Geochemistry ,
Chinese Academy of Sciences ,Guangzhou 510640 ,China;
2. Key Lab of Guangdong Province for Mineral Physics and Materials ,Guangzhou 510640 ,China;
3. University of Chinese Academy of Sciences,Beijing 100049 ,China)

Abstract: In this study we studied the chemical reaction of the NaCl-O, system under high pressure
and high temperature using the diamond anvil cell apparatus and the double-sided laser heating tech-
nology. The sample was heated to about 1500-2 000 K under a pressure of 55 GPa,and then analyzed
by the Raman measurement at room temperature. The determined data show that the NaCl-O, system
undergoes a chemical reaction under the above-mentioned pressure and temperature conditions. The
products include the nontraditional compounds of NaO, and NaCl;, as well as a small amount of
NaClO, and intermediate product Cl,. The black NaO, powder,being apt to absorb moisture,can still
exist in the ambient condition. The diagnostic zero-pressure Raman band of 1384 cm ™!, assigned to the
symmetric stretching vibration of the O, anion in NaQ, , suggests the occurrence of O-O atom pair
with a negative fractional valence in the structure. The orthorhombic structure of NaCl; exhibited a
strong Raman signal, which could distinguish 10 Raman peaks in our measurements. It decomposes
into NaCl+ Cl, under about 23 GPa on decompression. The experimental results suggest that both
elements of oxygen and chlorine prefer to occur in the unconventional form of pair-anions or polyan-
ions caused by their unique chemical reactivity under high pressure,differing from that in atmospheric
and lower pressure environments. It requires more robust evidences from various experimental sys-
tems to confirm whether these properties of oxygen and chlorine under high pressure are universal.
Oxygen is one of the most important constituent elements on Earth,and most of the Earth is in high
temperature and high pressure environment. This study provides new evidence for the possible uncon-
ventional existence of oxygen in the mantle.

Key words: NaCl-O, system;high pressure and high temperature; Raman spectrum; NaQ, ; NaCls





