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Chemical Reactions of Molecules under High Pressure
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Abstract Under high pressure ( 1~100 GPa and above) the composition structure and chemical reaction of
matters change significantly and it is of great significance to understand the chemical reactions under high pressure.
In general molecules solidify under external pressure unsaturated molecules tend to polymerize to form covalently
bonded saturated material with higher density; diffusions of molecules and atoms are significantly restricted and
metastable compounds are often generated; the crystal structure of the reactants the properties of the functional
groups the temperature and hydrostaticity have significant effects on the reaction. In situ and ex situ crystallography
spectroscopy chemical characterization and theoretical calculations are important for the study of the reaction
process and every effort on the synthesis characterization theoretical calculation under high pressure is a new step
towards the interesting world under extreme condition.
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Fig.1 (a) The structure of diamond anvil cell and its sample chamber '

A ruby chip is placed together with the sample
for the local pressure calibration by the ruby fluorescence method ( a typical spectrum is reported on the upper right side) ;
('b) The Paris Edinburgh pressure cell ( left) the standard anvil and gasket conguration ( right lower) and the standard

and encapsulated gasket designs ( right upper) '*

LVP  DAC o ( ParisEdinburg cell PE



http: / /www.hxtb.org 2019 82 5 - 389 -

cell 1(b) ) ( o
mm3) ( ~ o
\ N ) Ila
(25GPa) B 1200cm ™ .
X . 2000cm™"
o PE cell ( SiC
cm) : o
(6~7 GPa) o ,
. X
2 19 20
o X
{ ) N( . X 20 ~
) N ) ” . DAC 30 keV 0.6~0.4 A
20>20°. X
15 16
. DAC X ( EXAFS) .X
WX X .
o 1330cm™
2500 ~2700 cm™ Be X
. X .
X 21 22
( SNS) . J-Parc. ISIS
DAC .
23
17 _
« Zr TiZr
DAC
18 24 25



- 390 - 2019 82 5 http: //www.hxtb.org

26

N ( ) o
( 2) 7,
3.1
6
®¥ ., 10GPa 4
0, € Oq
0-32
95GPa
0.6K * .
2 N2
A.B.C.D E N=N
Fig.2 Manufacturing process and configuration of ] N
a four-electrode microcircuit on a diamond anvil the gasket 2
sample chamber molybdenum and alumina as shown 1500K  120GPa -
in the figure A B C D are test electrodes > -
Pnma -
M
2000K 110GPa
° o X ( XRD)
- ( GC-MS) NN
o 5
3 CO N, .
C=0
o 15GPa CcO
° p-CO
pCO N N Cc=C
o . p-CO
co, C
. SEN
CO-N, 11GPa
N CO N, CcO
o N N,
N o, CcoO



http: //www.hxtb.org 2019 82 5 *391-
N %
35GPa N,-CO
P4,
(4.6k]/g TNT 4.2k)/g)
41
3.2
20 60
%, Chanyshey C¢Hg
3 o 21GPa
3 _ 44
aas Badding 46 Fig.3 Comparison of defined P-T' diagrams of
Sp3 benzene transformations with those proposed by Ciabini et al.
4+2 Diels— and Kondrin et al. as well as with P-T' diagrams of
naphthalene pyrene and coronene *
Alder
o Ciabini ¥
2.55A, Wen * o
R 30GPa
1:1 CH(-C(F, °
49
4+2 3,
Diels-Alder o 33GPa 550K
o NH,
o NH,
T 5455
N | 111 o °
3.3
Co,
op’ 6 . €O,
o 40GPa
. B- CO,-V
1GPa 14,d 1GPa
. 2.5.8.11 16 GPa * . 50GPa 530~650 K
o co,V1 ¥,
20GPa °
C=N
o XRD o
- HCN
' . Badding 2
sp3 58 o IGPd



392 . 2019 82 5 htp: //www.hxtb.org
o o CoO, H,0
-\NH, o
-CN CsN o 110°C 2.4GPa H,CO, CO,-
1 H,0 B
59 . .
HCN o o
o 20GPa
60 . 30(;1)3 ° ZOGPa
40GPa ; 40GPa
6 ", 0. 65GPa
0~7 GPa
2 1989 Liu 63 o 0.2~2.2
B‘C3N4 GPd o
- 1996 Teter o4
75 76
C;N, ’
e, 3.5
g-C;N, 21GPa s
1800K cC;N,
o 2000K ° " on
50GPa 6
o 0. 6GPa
T H,. PH,. H,PO,. H,PO,
34 ’ H,PO, ” .
O-H C-O
N 80
> ° 0. 7GPa
. X
o 488 nm
67
2:1 81
(H,0) (NH;), 65GPa s
0, (NH,"), * ! 4GPa
( )
69~71
1:1 ( H,0) ( NH,) ( 1000 ~ 6000 o

K) (26~800 GPa)

~

72



http: / /www.hxtb.org 2019 82 5 - 393 -

BaC, * .
o Mg-C
MgC, ¥ ‘Mg,C, * Mg,C ¥ . MgC,
Mg, C, c=C=C *
o . Mg,C cr
o 15GPa
° Li-C 0
Li-C N
82
R 90
4.1
Ca-C
CaC,. Ca-C Spasp’sp’
: Ca;C,+Ca,C.Ca;C,.CaC o
C32C3 ~ 4. 2
4
83
XRD N3_ N = N 1\]2 N = N
25GPa. 2000K Ca,C
Ca,C, . o ( KN,) 22GPa
( CaC,) 14/mem ; 40GPa
85 N :
Ne
o, (AgN,) 2.7GPa
- 30
4-4(4 4 ) 8
o 14/mem N,~
AgN 92 93
3 o
NaN,
94
95
4.3
o Na-Cl
Na,Cl.Na,Cl.Na,Cl,NaCl,  NaCl,
4 ¥ 0 X
Fig.4 Crystal structure of calcium carbide under ambient NaCl; . Na;Cl .

pressure and high pressure

L Cl I(L) d
Cl- Na'



-394 - 2019 82 5 http: //www.hxtb.org

o CsF
CsF (n=35) 7,
Cs o
4.4 .
10106 3.5GPa
° 107
. 12GPa
108
NeHe, % e
He@H,0 ” . USPEX
Na-He 113GPa
He Na Na,He °
- (5.7GPa) ( 5
Na, (a))
o 15GPa Na,HeO 109
o He ’
30GP
) ( 5(h).
Li,OHe.CaF,He ' .
AN Tee(A
=Ca Sr Ba) AN 7 )
AN HCN CH-N
R Ca,N  20GPa i
. Ca,N
110
20GPa
@, HeN 24,
5 N



http: //www.hxtb.org

2019 82 5 © 395

5 (a) 5.7GPa

CH PA

10GPa

C,H, PACH PA 109

Fig.5 (a) Crystal structure of acetylene at 5.7 GPa. The brown and light blue ellipsoids are carbon and deuterium atoms;

The shortest distances between the carbon atoms in neighboring molecules are marked by yellow and gray solid lines.

(b) 10 GPa from cisPA theoretically predicted by Pressure-dnduced Polymerization. CH and PA represent that the starting

materials are crystalline C,H, and cis-PA; The numbers following CH and PA are the generation numbers

6 (a)CD,CN

109

20. 6GPa :(b) 110

Fig.6 (a) The crystal structure model of CD;CN at 20. 6 GPa; (b) Selected intermolecular atomic distances '
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Fig.7 Reaction process and structural phase transition of Li,C, under high pressure '
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