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Fig.3 Most stable conformation of borate esters, water and trimethyl borate and their HOMO and LUMO images
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Fig.4 Bonding models for RDX (210) surface and five bonding agents
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Table 2 Binding energy for five BEBAs on the surface of RDX
(210) surface k] - mol ™'

binding system AE e AE AE gw
RDX(210) /BEBA_1
RDX(210) /BEBA 2
RDX(210) /BEBA 3
RDX(210)/BEBA_4
RDX(210) /BEBA_5

AEHibond AEbind

-796.76 -451.04 -325.31 -20.42 796.76
-761.40 -472.04 -262.25 -27.07 761.40
-711.78 -406.22 -288.44 -17.11 711.78
—769.23 -466.77 -274.68 -27.78 769.23
-591.78 -365.47 -210.87 -15.44 591.78

Note: Einter means interaction energy, define Ey; 4 as binding energy (E; 4 =
= Einter) 5 Eelecs Evaw and Eyy ponq mean electrostatic interaction energy,

Van der Waals interaction energy and H_bond interaction energy.
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Table 3 Binding energy for five BEBAs on the surface of RDX
(200) surface k] - mol ™'

binding system AE e AE,, AE qw

RDX(200) /BEBA_1
RDX(200) /BEBA_2
RDX(200) /BEBA 3
RDX(200) /BEBA_4
RDX(200) /BEBA_5

AEHibond AEbind

-935.88 -542.96 -359.87 -33.01 935.88
-1012.19 -602.87 -374.09 -35.23 1012.19
-912.95 -556.60 -346.14 -10.21 912.95
-824.33 -460.20 -333.93 -30.21 824.33
-1052.02 -615.59 -419.19 -17.20 1052.02
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Theoretical Investigation of the Structures of Borate Esters and Their Bonding Interaction with RDX

CUI Rui-xi'*, ZHANG Wei'
(1. College of Aeronautic and Material Engineering , National University of Defence Technology, Changsha 410073, China; 2. State Jianghe Chemical Plant of
CASIC, Yuanan 444200, China)

Abstract: Theoretical calculation was used to investigate the molecular structures and orbitals of five BEBA molecules. Relative to
trimethyl borate, the lowest unoccupied molecular orbital (LUMO) images of five BEBAs (1 —5) molecules show that the orbitals
do not appear around borate groups, and their energy levels of those unoccupied molecular orbitals around boron atom are higher.
Molecular dynamics simulation was performed to investigate the interaction between title borate esters and RDX(210) as well as
RDX(210) crystal faces. An obvious binding selectivity of these borate esters on RDX crystal surfaces is found. The binding
energies of RDX (200 ) /BEBAs are higher than that of RDX (210)/BEBA (1 —5). The theoretical evaluation for the binding
performances of BEBA_1 and BEBA_2 with RDX are good enough, whereas the binding performances of RDX(210) /BEBA_5 and
RDX(200) /BEBA_5 are contrary. It is speculated that less oxygen content of the most superficial surface of RDX(200) is benefit of
forming induced effects between carbonyl of BEBA_5 and NO, in RDX. Such a strong combination between them offsets or even
compensates the lowering of binding energy caused by depletion of nitrogen’s negative charge on amines.

Key words: physical chemistry; borate ester; bonding agent; RDX surface; binding mechanism
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