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Fig. 1 Representative Raman spectra of KCl—O, system

obtained before and after high temperature and high

pressure chemical reaction, and on decompression
a: Measured before heating; b: Measured after heating; ¢: Measured
by decompressing to 18 GPa; d: The Raman spectrum of P-3cl-KCl3
cited from Ref. [6]; e: The Raman spectrum of P-3¢cl-KCl; in theoret-

ical calculation
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KCl; W=tk ., KCI—O, miEkm B RN h AR T =
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Table 1 Raman shift (cm™") of P-3¢1-KCl; observed
at 18 GPa and calculated at 20 GPa

Modes Calc. Exp.
" E, 108 125
V2 E, 136 142
v3 E, 152 164
Vi Ang 173 183
Vs Ay 209 221
V6 E, 221 237
vr E, 250 266
v8 E, 271 283
V9 E, 301 326
V10 E, 307 332
Vil Al 316 338

X P-3c1-KCly i 1755 — P I # i L 2ok i 1T 5. 4 30
GPa UM AL JE W IS 8O R F 5 AL W3 2. Qi 2 i
TR ST P-3c1-KCly 1 fh ik g5 49 & Bt KA Cly R &
FUR, KT fCly ZRZEEFH#, ZRPEF ClL f ClLE
FZEELME, =4 CLEFHERN—FD, CL A4
Cl—ClE KM%, N 2.264 A, Cl—CI—Cl &4 K 179.4°,
ik 180°, RARKMEXT R M. X PN B S LR EIE H
Cly ErrfesiE=t, WAl Cly BFm4 Cl—Cligk
(2.313 A A%, HEfl Oy 180°, J& T JH AN 4 ok o B RE m0 0
EREARM S Cly S2ZF HEF s, 2R MR
Fak, RETEEEE, 2R HE THWE, ClL & T8
A2 2 K A A Ak, Hobr 8 % A F Sun 4031

2 P3c1-KCl; 7£ 30 GPa JLM Rk EHIR R4
FHOFETARKET. gaE CLURT
Fig. 2 Crystal structure of the P-3¢l-KCl; at 30 GPa
after geometrical optimizing
Light-green and light-violet spheres represent Cl and K atoms,

respectively

BHEMB Cly WH S8, flan, #ig L P-3c1-KCl, & 16
AL BN (Draman = 5 A +11E, ) (A7 0032, 3] 114 1 2 e
BEMAEGHEILIE, A ClL BTFHEA 6 M 2R,
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Table 2 The lattice parameters and atomic positions of P-3cl-
KCl; in theoretical calculation (30 GPa)

P-3¢1-KCl; 30 GPa
a=7.123 A; 6=7.123 A; ¢=8.779 A; V=385.80 A’

Atom Site x y z
K 2b 0. 000 0 0. 000 0 0. 000 0
K 4d 0.333 3 0.666 7 0.146 8
Cl 12g 0.298 4 0.405 3 0.900 2
Cl 6f 0.257 9 0.257 9 0.250 0

Sy HF P-3¢1-KCL 2 X1 X 1 # M. W& 3 iR, P-3cl-
KCly @b PR T LA R i 1 4A (] i3 o5 o7 1) KT A = 2 AR
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PR AR AR A AR AL, PR A R Y B S
® ® ) ©
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W WS O F 40 5 KR = A F J5 1 9 Cl—Cl—Cl g,
B AR TAAR M AR T 5 A2 K JRT

Fig. 3 The 2X1X1 superlattice of P-3c1-KCl;
projected on the (001) plane
The light-green, dark-green, and light-blue atoms represent the Cl
Cl—ClI chains in three different directions, and the purple and magen-

ta atoms represent the K atoms in two different atomic positions
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Fig. 4 Raman spectra of Cmcm-Cl, under 8. 9 GPa and KCIO,

under 0. 1 MPa during decompression
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Raman Spectra of KCl-—0, at High Pressure and High Temperature

TIAN Yu" *?, XIAO Wan-sheng' ** , TAN Da-yong' *, HE Yun-hong' **, ZHAO Hui-fang" * *, JIANG Feng' **

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 The chemical reaction of KCl—0, system was studied under high pressure and high temperature by using the diamond
anvil cell and the laser heating technology. The KCI—O, sample was heated at 37 GPa [ (1 8004200) K] and then the products
were measured by Raman technology at ambient temperature. The Raman test results show that the KCl-—0, system undergoes
a chemical reaction at high pressure and high temperature. producing a non-conventional compound KCl; with a trigonal (P-3c1)
structure, a small amount of KCIO, , solid Cl, (Cmca) , and possibly existing another non-traditional compound KO,. In this ex-
periment, 11 Raman vibration peaks of P-3¢1-KCl; were measured under high pressure. According to the theoretical calculation
of the Raman spectrum of P-3¢1-KCl; in the first principle, the 11 Raman vibration peaks were assigned to the vibration modes.
The P-3c1-KCl; gradually weakens on decompression, and decomposes into KCl and Cl, below 10 GPa, indicating that P-3cl-
KCIl; cannot be stored under ambient pressure. It is difficult to detect the Raman peak of KO, for being disturbed by the Raman
peak of diamond under high pressure, and the three Raman vibration peaks of KO, are detected after opening the diamond anvil
cell under ambient pressure. Experiments have shown that the moisture-absorbing KO, black powder can be stored at ambient
pressure. The emergence of novel chemical reaction products of KCl; and KO, shows that high pressure promotes oxygen and
chlorine forming unconventional pair-anions (O-—QO pair-anions) and polyanions (Cl-—CIl-—CI polyanions) with the negative
charge of the fraction, indicating that the two elements have unconventional chemical properties under high pressure. Experi-
ments have also shown that there are several unusual chemical reactions under high pressure. The oxidation state of the reactants
and products shows that O gains electrons from zero to negative valence, while Cl loses electrons from negative valence to zero or
positive valence state, reflecting that O is more electron-friendly than Cl. These novel chemical reactionsprovide a new pathway

to synthesize the polyhalide anions compounds that may have exotic properties.
Keywords High pressure and high temperature; Trichloride; Raman spectra; KCl;
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