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Table 1 Atomic coordinates ( x10*) and equivalent isotropic displacement parameters ( x10° nm?) of CL-20/TNT cocrystal explosive

atom X y z Ueq atom X y z Ueq

o(1) 8794(17) 2745(12) 4408(7) 61(6) || N(5) 5558(2) 2123(9) 4070(7) 34(5)
0(2) 8338(17) 2471(11) 5028(7) 49(5) || N(6) 5905(3) 1480(12) 4135(10) 68(8)
0(3) 9527(16) 2163(9) 3082(7) 46(5) || N(7) 4336(17) 2999 (9) 3778(7) 27(4)
0(4) 7883(19) 1926(1) 2520(7) 52(5) || N(8) 2911(19) 2997(12) 3900(8) 39(5)
0(5) 6740(4) 1347(14) 4501(12) 65(9) || N(9) 6142(19) 3775(9) 3953(7) 28(4)
O(5A)  5786(13) 1413(5) 4679(4) 65(9) || N(10) 5930(2) 4455(10) 4069 (8) 37(5)
0(6) 5586 (4) 1086(13) 3771(12) 69(10) || N(11) 6177(18) 3285(9) 3046(7) 28(4)
O(6A)  4624(16) 1189(5) 3957(5) 69(10) || N(12) 5082(2) 3648(11) 2841(7) 34(5)
0(7) 2231(18) 2550(12) 3705(9) 67(6) || N(13) 5475(2) 613(12) 6296(9) 46(6)
0(8) 2517(17) 3470(10) 4167(7) 47(5) || N(14) 8799(3) 1074(11) ~5580(9) 52(6)
0(9) 5069(2) 4576(9) 4411(8) 55(5) || N(15) 8685(3) ~511(12) 7493(9) 51(6)
0(10) 6648(2) 4853(9) 3836(8) 56(5) || C(1) 7858(2) 2952(11) 3669(8) 28(5)
O(11)  4180(18) 3332(9) 2615(7) 45(7) || c(2) 6016(2) 2558(11) 3123(8) 28(5)
O(12)  5146(19) 4255(9) 2898(7) 47(5) || €(3) 6975(2) 3574(11) 3500(8) 27(5)
0(13) 4659(2) 552(12) 5929(9) 69(6) | C(4) 4924(2) 2377(11) 3576(8) 28(5)
0(14) 5405(2) 1054(11) 6641(8) 66(6) | C(5) 6175(2) 2667(11) 4378(8) 26(5)
0(15) 8062(3)  —1254(11) 5208(8) 77(7) || Cc(e6) 5266(2) 3276(11) 4193(8) 26(5)
O(16)  10001(2)  —1218(12) 5620(9) 78(7) || C(7) 8115(3) -429(12) 6947(9) 37(6)
0(17) 8185(3) ~186(14) 7856(8) 91(9) || C(8) 8677(3) ~786(12) 6527(10) 39(6)
0(18) 9665(2) ~879(12) 7547(8) 75(7) || c(9) 8170(3) ~665(12) 6017(10) 38(6)
N(1) 7582(18) 2799(10) 4226(7) 29(4) | cc10) 7156(3) ~191(12) 5891(10) 37(6)
N(2) 8646(19) 2658(10) 4576(8) 35(5) || c(11) 6619(2) 129(12) 6348(10) 35(5)
N(3) 7372(18) 2392(9) 3323(7) 30(4) || c(12) 7072(2) 24(12) 6868(9) 37(6)
N(4) 8333(2) 2150(1) 2940(8) 36(5) || C(13) 6787(3) —4.5(16) 5322(10) 55(8)

R 2 CL-20/TNT Jb b K 24 14 50 20 68 1 T8 A1)
Table 2 Bond lengths and angles of CL-20/TNT cocrystal explosive

bond length/nm bond angle/(°) bond angle/(°)
O(1)—N(2) 0.1204(2) N(2)—N(1)—C(1) 120.3(17) O(12)—N(12)—N(11) 115.8(2)
0(2)—N(2) 0.1215(2) N(2)—N(1)—C(5) 120.8(17) O(13)—N(13)—0(14) 123.8(2)
O(17)—N(15) 0.1208(3) C(1)—N(1)—C(5) 117.7(16) O(13)—N(13)—C(11) 119.4(2)
O(18)—N(15) 0.1210(3) O(1)—N(2)—0(2) 126.2(19) O(14)—N(13)—C(11) 116.8(2)
N(1)—N(2) 0.1378(2) O(1)—N(2)—N(1) 116.7(18) O(15)—N(14)—C(9) 117.8(2)
N(1)—C(1) 0.1434(3) O(2)—N(2)—N(1) 116.9(18) O(16)—N(14)—0O(15) 124.2(2)
N(1)—C(5) 0.1445(3) N(4)—N(3)—C(1) 115.5(17) 0(16)—N(14)—C(9) 118.0(2)
N(3)—N(4) 0.1414(2) N(4)—N(3)—C(2) 117.0(17) O(17)—N(15)—0(18) 124.1(2)
N(3)—C(1) 0.1483(3) C(2)—N(3)—C(1) 108.3(16) 0(17)—N(15)—C(7) 118.0(2)
N(3)—C(2) 0.1448(3) O(3)—N(4)—N(3) 115.6(19) O(18)—N(15)—C(7) 117.8(2)
N(5)—N(6) 0.1333(3) O(4)—N(4)—0(3) 126.9(2) N(1)—C(1)—N(3) 109.4(18)
N(5)—C(4) 0.1457(3) O(4)—N(4)—N(3) 117.3(19) N(1)—C(1)—C(3) 108.7(17)
N(5)—C(5) 0.1455(3) C(5)—N(5)—N(4) 110.7(17) N(3)—C(1)—C(3) 105.5(16)
N(7)—N(8) 0.1421(2) 0(6)—N(6)—0(5) 123.9(3) N(3)—C(2)—N(11) 99.8(17)
N(7)—C(4) 0.1452(3) N(8)—N(7)—C(4) 117.1(18) N(3)—C(2)—C(4) 108.6(17)
N(7)—C(6) 0.1478(3) N(8)—N(7)—C(6) 116.6(16) N(7)—C(4)—N(5) 100.3(16)
N(9)—N(10) 0.1400(3) C(4)—N(7)—C(6) 108.3(16) N(7)—C(4)—C(2) 107.9(17)
N(9)—C(3) 0.1438(3) O(7)—N(8)—0O(8) 128.0(2) N(7)—C(6)—C(5) 105.0(17)
N(9)—C(6) 0.1437(3) O(7)—N(8)—N(7) 116.8(2) C(7)—C(8)—C(9) 117.4(2)
N(11)—N(12) 0.1383(3) O(8)—N(8)—N(7) 115.1(2) C(8)—C(9)—N(14) 115.0(2)
N(11)—C(2) 0.1469(3) O(10)—N(10)—0(9) 127.1(2) C(8)—C(9)—C(10) 125.1(2)
N(11)—C(3) 0.1480(3) O(10)—N(10)—N(9) 116.9(19) C(10)—C(9)—N(14) 119.9(2)
N(13)—C(11) 0.1479(3) N(12)—N(11)—C(2) 118.6(17) C(9)—C(10)—C(13) 123.0(2)
N(14)—C(9) 0.1484(3) N(12)—N(11)—C(3) 109.9(16) C(11)—C(10)—C(9) 113.1(2)
N(15)—C(7) 0.1467(3) O(11)—N(12)—0(12)  127.1(2) C(7)—C(12)—C(11) 118.1(2)
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Fig.2 Molecular structure of CL-20/TNT cocrystal
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Fig.4 Intermolecular hydrogen bond of CL-20/TNT cocrystal
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Table 3 Impact sensitivity results of samples
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Preparation, Structure and Properties of CL-20 /TNT Cocrystal

YANG Zong-wei, ZHANG Yan-li, LI Hong-zhen, ZHOU Xiao-qing, NIE Fu-de, LI Jin-shan, HUANG hui
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: A novel CL-20/TNT cocrystal explosive was prepared by cocrystallization in solution, and its morphology was character-
ized by scaning electron microscopy (SEM), and the crystal structure was determined using single crystal X-ray. Results show that
the crystal is orthorhombic, space group Pbca with crystal parameters of a=0.9735(2) nm, b=1.9912(6) nm, ¢=2.4695(6) nm,
a=B=vy=90°, V=4.787 nm’, Z=8. The thermal decomposition and impact sensitivity of the product were measured by
differential scanning calorimetry (DSC) and sensitivity test, respectively. The results reveal that the exothermic decomposition of
CL-20/TNT cocrystal explosive occurs in the temperature range of 180 — 275 °C, and the melting point of TNT significantly
increases by about 50 °C. CL-20/TNT cocrystal has lower impact sensitivity and the impact sensitivity of CL-20 obviously reduces
by 87%.
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