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Fig.2 Optimized geometries and intermolecular distances(nm) of the four monomers and complexes of azacalix[ 6 |arenes and HMX
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Table 1 Bond lengths of monomers and complexes of azacalix [ 6]arenes and HMX at the B3LYP/6-31G(d) level nm
geometry parameter
bond N(72)= 0(74) N(75)= 0(77) N(81)= 0(83) C(19)—H(55) C(31)—H(57)
a mono 0.1226 0.1226 0.1229 0.1089 0.1089
complex 0.1230 0.1228 0.1231 0.1088 0.1088
bond N(74)=— N(78) N(87)=— 0(88) N(44)=— 0(48) N(49)=— 0(51) C(71)—H(74)
mono 0.1396 0.1226 0.1228 0.1228 0. 1440
complex 0. 1401 0.1228 0.1231 0.1231 0. 1444
bond C(19)—H(61) C(25)—H(62) C(31)—H(63)
b mono 0.1089 0.1089 0.1089
complex 0.1087 0.1086 0.1087
bond N(78)= 0(80) N(78)= 0(79) N(81)=0(82) N(84)= 0(86) N(43)—H(64)
mono 0.1229 0.1226 0.1229 0.1229 0.1008
complex 0.1236 0.1224 0.1236 0.1231 0.1010
bond N(44)—H(66) N(44)—H(67) N(45)—H(69)
c mono 0.1008 0.1008 0.1008
complex 0.1011 0.1010 0.1013
bond N(93)= 0(95) N(93)= 0(94) N(90)= 0(91) C(18)—H(63) N(38)—H(65)
d mono 0.1229 0.1226 0.1229 0.1087 0.1014
complex 0.1234 0.1227 0.1228 0.1085 0.1016
®2 E4H%(a-d)7E B3LYP/6-31G(d) K ETiHHEE NBO R
Table 2 The calculated NBO parameters for complexes (a —d) of azacalix[ 6] arenes and HMX at the B3LYP/6-31G (d) level
complex donor i acceptor j E®c/k] - mol ™' Q(HMX)/e
Oce.n(0(83))" 1.5223p" % Oce. (C(25)—H(56)) " 0.0307sp> "2 0.0108
a £in(0(83))}? -0.3145 e (C(25)—H(56)) " }? 0.4693 ’
Occ.n(0(88))" 1.97505p% 32 Occ. (C(19)—H(61)) " 0.02935p* % 0.0132
b £in(0(88)) % -0.8242 el (C(19)—H(61)) " }? 0.4878 T
Oce.n(0(82))" 1.8734p" % Occ. (N(43)—H(64)) "D 0.0234sp™ ' 0.0273
c £in(0(82))}?% -0.3499 el (N(43)—H(64)) "} 0.4844 ’
1) 1.00 _ w1) 2.83
Occ.n(O(95))z) 1.8726p Oce. (N(38) H(65)*)\2> 0.0259sp 14.95 0.0204
d ein(0(95)) 1 -0.3503 e{ (N(38)—H(65)) " | 0.4488
Note: 1) Occ. : occupation number. 2) In a. u.

x3 AEM[]FRELAYI HMX ERHNESHE
7£ B3LYP/6-31G (d) Kk FETitEHgEE
Table 3 The calculated energies for complexes(a —d) of

azacalix[ 6 ] arenes and HMX at the B3LYP/6-31G (d) level

total AEdcl‘ AEUB Dc
complex i . . \
/a. u. /kJ + mol™" /kJ + mol ™ /kJ + mol ~
a  —3059.386948 0.29 -1.97  -10.68 ( =3.26)" —1.68%
b —3672.859525 3.22 -7.98  -24.47 (-6.95) -4.76
¢ -3225.521742 8.57 -13.98  -31.59 ( -11.08) -5.41
d  -3838.999777 0.43 -9.18  -22.05 ( -10.30) -8.75

Note: 1) The value in the parentheses is BSSE-corrected ( — D pssy ) -
2) The binding energy is AE with ZPE and BSSE( = D pss. 7pp) )

correction.
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Theoretical Studies on Intermolecular Interactions between Azacalix[ 6 |arene and HMX

ZHANG Wen-yan, CAO Duan-lin, HOU Su-qing, WANG Jing, SHI Yong-wen, Ll Ke-san, LIU Mei-feng, GU Yong-long
( Chemical Indusiry and Ecology Institute of North University of China, Taiyuan 030051, China)

Abstract; Four optimized structures of azacalix[ 6 ] arene host monomers (M, — M) and their complexes(a — d) with HMX were

obtained at B3LYP/6-31G(d) level. Natural bond orbital (NBO) analysis was performed to reveal the origin of the interaction

between hosts and objects. The intermolecular interaction energy was evaluated with basis set superposition error correction( BSSE)

and zero point energy correction( ZPEC). The B3LYP/6-31G(d) calculations on the four complexes show that the largest interaction

energy is —13.98 kJ - mol ™' in the complex composed of HMX and hexaazacalix [ 3 ] -p-triarene [ 3 ]-2-amido-1, 3, S-triazine.

Results show that intermolecular interaction energies of azacalix[ 6 ] arenes with substituted groups are stronger than that without

substituted groups, and intermolecular interaction energies of azacalix[ 6 ] arenes with amido groups are stronger than that with nitryl

groups.

Key words: physical chemistry; azacalix[ 6 ] arene; intermolecular interaction; density functional theory ( DFT); intermolecular

hydrogen bond



