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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) '*
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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
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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 '

6 1 P F Mcmillan. High Pressure Res. 2003 23( 1~2): 7~22.
. 2 H K Mao X Chen Y Ding et al. Rev. Mod. Phys. 2018
90: 015007.
A 3 K Matsumoto A Sera T Uchida. Synthesis 1985 1: 1~26.
° 4 P W Zhu Q Tao L Wang et al. Chin. Phys. B 2018 27

. ; (7)1 86~90.



http: //www.hxtb.org 2019 82 5 * 397 -
5 Y B Wang M Rivers S Sutton et al. Phys. Earth Planet. 33 K Shimizu K Suhara M Ikumo et al. Nature 1998 393
Int. 2009 174(5): 270~281. (393) : 767~769.
6 J Guignard W A Crichton. Rev. Sci. Instrum. 2015 86 34 D Plagienka R Martoriak. J. Chem. Phys. 2015 142
(8): 085112. (9) 1 094505.
7 T Ishii L Shi R Huang et al. Rev. Sci. Instrum. 2016 87 35  C Mailhiot L H Yang A K McMahan. Phys. Rev. B 1992
(2): 024501. 46: 14419.
8 H K Mao R J Hemley. Rev. Mineral. 1998 37: 1~32. 36 R L Mills B Olinger D T Cromer. J. Chem. Phys. 1986
9 H K Mao P M Bell. Carnegie Inst. Yearb. 1978 77: 904. 84: 2837~2845.
10 R Boehler K Hantsetters. High Press. Res. 2004 24: 391. 37 M1 Eremets A G Gavriliuk I A Trojan et al. Nat. Mater.
11 V Schettino R Bini. Phys. Chem. 2003 5( 10): 1951 2004 3(8): 558~563.
~1965. 38 W JEvans M JLipp CS Yoo et al. Chem. Mater. 2006
12 HK Mao J Xu P M Bell. Geophys. Res. 1986 91: 4673 18: 2520~2531.
~4676. 39 1 G Batyrev. Mater. Res. Soc. Symp. Proc. 2015 1757
13 J M Besson R J Nelmes G Hamel et al. Physica B 1992 (2): 39007.
180: 907~910. 40 ME Kooi J A Schouten A M V D Kerkhof et al. Geochim.
14 W G Marshall D J Francis. J. Appl. Crystallogr. 2002 35: Cosmochim. Acta 1998 62( 16) : 2837~2843.
122~125. 41  CZhu QULi Y Zhou et al. J. Phys. Chem. C 2014 118
15 Z A Dreger Y M Gupta. J. Phys. Chem. C 2007 111 (47) @ 27252~27257.
(15) : 3893~3903. 42 R H Wentorf Jr. J. Phys. Chem. 1965 69: 3063 ~3069.
16 K R Hirsch W B Holzapfel. J. Chem. Phys. 1986 84(5) : 43 S Block C E Weir G J Piermarini. Science 1970 169
2771~2775. (3945) : 586~587.
17 J Wu H Wang S Xu et al. J. Phys. Chem. A 2015 119 44 A D Chanyshev K D Litasov S V Rashchenko. Crystal
(8): 1303~1308. Growth Design 2018 18(5) : 3016~3026.
18 M Ceppatelli M Pagliai R Bini et al. J. Phys. Chem. C 45 B R. Jackson C C Trout ]V Badding. Chem. Mater. 2003
2015 119(1): 130~140. 15: 1820~ 1824.
19 T Yan K Wang K X Tan et al. J. Phys. Chem. C 2014 46 T C Fitzgibbons M Guthrie E Xu et al. Nat. Mater. 2015
118(28) : 15162 ~15168. 14: 43~47.
20 S Yamanaka N S Kini A Kubo et al. J. Am. Chem. Soc. 47 L Ciabini M Santoro F A Gorelli et al. Nat. Mater. 2007
2008 130( 13) : 4303~4309. 6: 39~43.
21 SKlotz Th Striissle B Lebert et al. High Press. Res. 2016 48 X D Wen R Hoffmann N W Ashcroft. J. Am. Chem. Soc.
36(1): 1~6. 2011 133(23): 9023~9035.
22 VP Ting PF Henry M Schmidtmann et al. Phys. Chem. 49 Y Wang X Dong X Tang et al. Angew. Chem. Int. Ed.
Chem. Phys. 2012 14( 19) : 6914~6921. 2018 58(5): 1468~1473.
23 S Klotz T Strissle A M Saitta et al. J. Phys—Condens. Mat. 50 K K Zhuravlev K Traikov Z Dong et al. Phys. Rev. B
2005 17( 11): S967~S974. 2010 82(6): 064116.
24 X Cui T Hu J Wang et al. High Press. Res. 2017 37 51 T Yasuzuka K Komatsu H Kagi. Chem. Lett. 2011
(5): 1680~1682. 31: 110271.
25 BLiu Y Gao Y Han et al. Phys. Lett. A 2016 380( 37) : 52 X Li T Wang P Duan et al. J. Am. Chem. Soc. 2018 140
2979~2983. (15) : 4969 ~4972.
26 M Li C Gao. Appl. Phys. Lett. 2007 90( 11): 113507 53 S Fanetti M Citroni R Bini. J. Chem. Phys. 2011 134
~113509. (20): 1820~7663.
27 Y Wang Y Han C Gao et al. Rev. Sci. Instrum. 2010 81 54 M M Nobrega M L A Temperini R Bini. J. Phys. Chem. C
(1): 013904. 2017 121( 13): 7495~7501.
28 Y A Freiman H J Jodl. Phys. Rep. 2004 401: 1~228. 55 M M Nobrega N E Teixeira A B Cairns et al. Chem. Sci.
29 S Desgreniers Y K Vohra A L Ruoff. J. Phys. Chem. 2018 9(1): 254~260.
1990 94: 1117~1122. 56 M Santoro F A Gorelli R Bini et al. PNAS 2012 109
30 G Weck P Loubeyre R LeToullec. Phys. Rev. Lett. 2002 (14): 5176~5179.
88: 035504. 57 Vlota C Yoo JH Klepeis et al. Nat. Mater. 2007 6: 34
31 L F Lundegaard G Weck M I McMahon et al. Nature ~38.
2006 443: 201~204. 58 K Aoki B J Baer H C Cynn et al. Phys. Rev. B 1990 42:
32 ] B Neaton N W Ashcroft. Phys. Rev. Lett. 2002 4298 ~4303.
88: 205503. 59 HZheng K Li G D Cody et al. Angew. Chem. Int. Ed.



* 398 ¢ 2019 82 5 http: //www.hxtb.org
2016 55: 12040~ 12044. 87 X Q Chen C L Fu C Franchini. J. Phys. A 2010 22
60 M Khazaei Y Liang N S Venkataramanan et al. Phys. Rev. (29) : 292201.
B 2012 85(5): 167~172. 88 P Karen A Kjekshus Q Huang V L Karen. Alloys Compd.
61 K Aoki Y Kakudate M Yoshida et al. J. Chem. Phys. 1999 282: 72~75.
1989 91(2): 778~782. 89  H Fjellvaag P Karen. Inorg. Chem. 1992 31: 3260~ 3263.
62 Y Tian X Xu Z Zhao. Int. J. Refract. Met. H. 2012 33: 90 Y LLi SN Wang A R Oganov et al. Nat. Commun. 2015
93~106. 6: 6974.
63 A Y Liu ML Cohen. Science 1989 245(4920) : 841 ~842. 91 M Schroeder H Hillebrecht. J. Am. Chem. Soc. 2009 131:
64 D M Teter R J Hemley. Science 1996 271(5245) : 53~535. 12172~12179.
65 L Fang H Ohfuji T Shinmei et al. Diam. Relat. Mater. 92 D Hou F Zhang C Ji et al. J. Appl. Phys. 2011 110
2011 20(5~6): 819~825. (2): 023524.
66 A Polian M Grimsditch. Phys. Rev. Lett. 1984 52(15): 93 DML PZhu Y Wangetal. RSC Adv. 2016 6: 82270
1312~1314. ~82276.
67 Y Wang H Liu J Lv et al. Nat. Commun. 2011 2 94 N Holtgrewe. J. Phys. Chem. C 2016 120( 49): 28176
(1): 563. ~28185.
68 K Soderlund M Heimpel E King et al. Icarus 2013 224: 95 JZhang Z Zeng H Q Lin Y L Li. Sci. Rep. 2014
97~113. 4: 4358.
69  C Bellin A Mafety C Narayana et al. Phys. Rev. B 2017 96 H Tang B Wang B Gao et al. Adv. Sci. 2018 5
96: 094110. (11) @ 1800666.
70 R Redmer T R Mattsson N Nettelmann et al. Icarus 2011 97 W Zhang A R Oganov A F Goncharov et al. Science 2013
211: 798~803. 342( 6165) : 1502~ 1505.
71 N Nettelmann R Helled ] Fortney et al. Planet. Space Sci. 98 P Loubeyre M Jeandouis R LeToullec et al. Phys. Rev.
2013 77: 143~151. Lett. 1993 70: 178~181.
72 V N Robinson Y Wang Y Ma et al. PNAS 2017 114 99  H Liu Y Yao D D Klug. Phys. Rev. B 2015 91: 014102.
(134) : 9003 ~9008. 100 X Dong A R Oganov A F Goncharov et al. Nat. Chem.
73  H Wang ] Zeuschner M Eremets et al. Sci. Rep. 2016 2017 70( al) : 440~445.
6: 19902. 101  Z Liu ] Botana A Hermann et al. Nat. Commun. 2018 9
74 A F Goncharov. M R Manaa J M Zaug et al. Phys. Rev. (1): 951.
Lett. 2005 94(6) : 065505. 102 S B Schneider R Frankovsky W Schnick. Angew. Chem.
75 B F Johnston W G Marshall S Parsons et al. J. Phys. Chem. Int. Ed. 2012 51: 1873 ~1875.
B 2014 118( 14): 4044~4051. 103 Y Zhang W Wang Y Wang et al. J. Am. Chem. Soc.
76 1D H Oswald. CrystEngComm 2011 13( 14) : 4503 ~4507. 2017 139(39): 13798 ~13803.
77 L Ciabini M Santoro F A Gorelli R Bini et al. Nat. Mater. 104 R LeSar. J. Chem. Phys. 1987 86: 1485~1490.
2007 6: 39~43. 105 K Aoki S Usuba M Yoshida et al. J. Chem. Phys. 1988
78 W Grochala R Hoffmann ] Feng et al. Angew. Chem. Int. 89: 529~534.
Ed. 2007 46: 3620~3642. 106 K Aoki Y Kakudate S Usuba et al. J. Chem. Phys. 1988
79 M Ceppatelli R Bini M Caporali et al. Angew. Chem. Int. 88: 4565~4568.
Ed. 2013 52(8): 2313~2317. 107 C C Trout J V Badding. Phys. Chem. A 2000 104: 8142
80 M Ceppatelli S Fanetti R Bini. J. Phys. Chem. C 2013 ~8145.
117(25) @ 13129~13135. 108 M Ceppatelli M Santoro R Bini. Chem. Phys. 2000
81 M Citroni M Ceppatelli R Bini et al. Science 2002 295: 113: 5991 ~6000.
2058 ~2060. 109  J Sun X Dong Y Wang. Angew. Chem. Int. Ed. 2017 56
82 ] P Rueff A Mattila J Badro et al. J. Phys. Conden. Matter (23): 6553~6557.
2005 17( 11): S717~8S726. 110  H Y Zheng K Li G D Cody et al. Angew. Chem. Int. Ed.
83 YLL WLu ZZeng HQ Lin et al. PNAS 2013 110: 2016 128(39): 12219~12223.
9289 ~9294. 111 NTian Y Gao Y Liet al. Angew. Chem. Int. Ed. 2016
84  Q Wei Q Zhang M Zhang. Materials 2016 9(7): 570. 128: 654~658.
85 HZhengH L Wang LiK et al. Chem. Sci. 2016 8(1): 112 L Wang X Dong Y Wang et al. J. Phys. Chem. Lett.
298 ~304. 2017 8(17): 4241~4245.
86 I Efthimiopoulos K Kunc S Karmakar et al. Phys. Rev. B 113 X Dong L Wang K Li et al. J. Phys. Chem. C 2018 122

2010 82( 13): 557~557.

(35) : 20506~20512.





