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Table 1
tion of NH, OH", NO; and hydroxylamine nitrate

Part of geometric parameters for optimized configura-

bond length/nm I Il | v
N(1)—H(2) 0.1031  0.1654  0.1699 0.2865
N(1)—H(3) 0.1029  0.1019  0.1019 0.1018
O(4)—H(5) 0.0975  0.0972  0.0964 0.0965
N(1)—H(6) 0.1031  0.1019  0.1019 0.1019
N(7)—O(8) 0.1260  0.1200  0.1200 0.1200
N(7)—0O(9) 0.1260 0.1229 0.1221 0.1219
N(7)—O(10) 0.1260  0.1367  0.1380 0.1387
H(3)—N(1)—O(4) 104.76  105.50  105.25 103.95
N(1)—O(4)—H(5) 107.45  102.88  104.22 104.85
N(1)—O(4) 0.1406  0.1430  0.1434 0.1443
O(4)—N(1)—H(6) 112.36 10550  105.18 104.87
H(3)—N(1)—O(4)—H(5) -180.00 123.64  123.9% 127.39
H6)—N(1)—O(4)—H(5) —-62.573 —123.63 —124.06  -120.49
N(7)—0(8)—0(9)—0O(10) -180.00  180.00 -180.00 180.00
H(2)—O(10)—N(7)—O(8) ~180.00  -179.975  179.950
H(2)—O(10)—N(7)—0(9) 0.0000  0.0230 ~0.0020
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Table 2  Parts of calculated results of hydroxylamine nitrate at

B3LYP/6-311++G(d, p) level by NBO analysis

structure  donor NBO (1) acceptor NBO(j) E/K) - mol™
LP(1)09 BD « (1)04—H5  10.3

I LP(2)09 BD  (1)0O4—H5  18.4
LP(1)N1 BD % (1)H2—O10 194.4
LP(1)09 BD « (1)N1—O4 0.2

m LP(2) 09 BD« (1)N1—O4 1.6
LP(1)N1 BD * (1)H2—O10  160.2
LP(2) 09 BD % (1)04—H5 0.2

I\ LP(1)04 BD * (1)H2—O10 6.9
LP(2)0O4 BD * (1)H2—O10 87.6
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Table 3 The bond length of configurations of transition states and activation barriers of H atom transfer

R/nm AE/K) - mol™
F/a.u. R(1,2) R(1,3) R(1,4) R(4,5) R(1,6) AE AE+AZPE
NH, OH*—NH, OH+H"*

—0.002 0.519100 0.101717 0.133715 0.097552 0.102079 71.151 70.298

-0.001 0.513844 0.101723 0.133967 0.097516 0.102086 66.977 66.374
0.000 0.503840 0.101724 0.134204 0.097488 0.102098 64.299 63.937
0.001 0.490268 0.101722 0.134430 0.097466 0.102112 61.122 60.881
0.002 0.476228 0.101716 0.134647 0.097446 0.102125 58.155 58.034
0.003 0.462798 0.101710 0.134858 0.097432 0.102135 55.372 55.284
0.004 0.450384 0.101704 0.135066 0.097420 0.102144 52.694 52.523
0.005 0.439091 0.101698 0.135272 0.097408 0.102152 50.095 49.695

Note: F is field intensity, a.u.; R is bond length, nm; AE is the uncorrected interaction energy, kj - mol™ ; AZPE is the zero-point energy correction, kJ + mol™.
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Fig.2 The bond length of configuration Il 1l .1V variations with external electric fields
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Fig.4 The binding energy variation with external electric fields
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Fig.5 The energy gap variation with external electric fields

3.6 SMNEIFIBEERST M

K55Iz oR B3LYP/6-311++G(d, p) i 77 %t
BiF R F2 e AEAS [ A1 H 3 V6 R 0 B 6 284 28U 47 A1
5 A3 T AR SRR R T 1 i R 2 i 43— 1 B
i IEELE (HOMO) fig i E,, el = $iE (LUMO)

Chinese Journal of Energetic Materials, Vol.24, No.7, 2016 (632-638)

AEHE £ MRYEITHR A Eg=(E —E,) x27.2 eV RiGA
] &b ¥ 375 45 F R (0 65 2 2 i 43+ I RE Bt o

B PR EUE (HOMO) R s i 17 2% 25 WL T 1ig
JIHy g 55, HOMO Reg i i, 77 T A 5 kR LWL T
AR HIE LUMO BEHTERUE 557 F I 7R
A M, LUMO e g Bk, or T A 5 18 8l M
T HOMO 5 LUMO fig i 2% i 15 fik Bt
Ec,Eq BR/INSCWE T DA o 31 9001 1) 28 29008 2F BR
THMES R E—ERE LRET S5k K
N HE T o

TR ANV A REBR RE S 5 B AR A an 1] 5 B
Rifi % FL 7 () 1 o A TUTDRITIV %) B B AS W38 K, A U T /) i
BRI KGN o EAAR U, XA RITRIIV |, 24 Ha 3758 i
i -0.05 a. u. # | 0.05 a. u. B, 4 BT (¥ 6 PR
H 6.0871 eV & 5| 6. 2364 eV, ¥4 %I IV (% 62 Bt
5.8050 eV kF] 6.3199 eV X THy R, 24 v 3748 JiF
—0.05 a. u. #hn F] -0. 01 a. u. B, ¥4 % 11 /9 BE B2 i
6.4611 eV k| 6.5370 eV, 4 Hi iz Ji i 0. 01 a. u.
) 0.05 a. u. i A BT RERR i 6. 5370 eV Jg/N 5]
6.4369 eV, 7t F=-0.01 a. u. i, B BB A5 % K (H
6.5370 eV, ] W, XA RITFNIV , B 5 H 37 i3 o
L A A I LT ) 2 03 R A R O B, 2 5 k2
N PR RE 33 B AT 5 %o T A4 U I, B v 37 ) 1 i, L
M BRI ) 23 B IE K AR BRAE S ME S 5, & 5 A O
P RE T JeREAR S B I . AN TR FL 37 i B R A AU LRIV
e d L HOMO R AR R oF 3 il LUMO =5[] 43
UNE 6 ff 7, 7E-0.005 ~0.005 a. u. 4 37725 £k 1
W REBRAE LA ZIR W . % F=0.000 a. u. B} 1 HERR
KZFAH AE F=0.005 a.u. i, F A0 MANIV i RE B 5551
54k T 0. 0386,0. 0936 eV Fil 0. 2053 eV, B 45 { T
0.6228% ,1.4333% F13.3575% . LTI, 3510
7S AR T 8 IR ) 52 e AT R, B RE 37 X il PR R e Ak 2 R
DAL A

4% B

1£-0.005 ~0.005 a.u. H¥gwE T, % A Gaussian09 %X
fFh B3LYP/6-311++G (d, p) JiEWESE 1 fiFf IR ¥2 I
LA TR H S B b i FL 37 2500 X il IR i 1Y 52
W), EEAFH T LA N 458

(1) WEFE 4G B 3R WY A7 78 = Fh A2 08 19 1R 2 i 44
ROBIET G il AN ET C fff, 5
Fa RS T AR e, A R0 T TR IV A S RD i A 359 4 A R 2
JE 224k

L

www. energetic-materials. org. cn



P 73 B0 I8 X i T 28 W 185 1 [ A E AR 52 ) 14 5 32 32 PRI 5

637

Il LUMO 4

) L @
IV HOMO ' @9t .." «t @yt ’

IV LUMO A"&',}'&O&‘&Oz 30 3’3

-0.005 -0.004 -0.003 -0.002 -0.001

Bl 6 Rt THIERSNE TR

t
t
y;
3
>

Fig.6 Frontier molecular orbital variation with external electric fields
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Density Functional Theory Study on the Influence of Electric Field on Hydroxylamine Nitrate

LIV Jian-guo', ZHANG Qian'*, AN Zhen-tao'’, ZHEN Jian-wei' , WANG Chao-yang’

(1. Department of Ammunition Engineering, Ordnance Engineering College, Shijiazhuang 050003, China; 2. Military Key Laboratory for Ammunition Support
and Safety Evaluation, Ordnance Engineering College, Shijiazhuang 050003, China; 3. School of Chemisiry and Environment, South China Normal University ,
Guangzhou 510006, China)

Abstract: To study the influence of the electric field produced in the electric ignition process of hydroxylamine nitrate base propellant on the propel-
lant, the geometric configuration of hydroxylamine nitrate was optimized by the B3LYP/6-311++G (d, p) method. The nature of the hydrogen
bonding interaction was revealed by the analysis of the natural bond orbital. The theoretical study of H atom transfer in the process of configuration
formation was performed. Under the external electric fields ranging from —0.005 a. u. to 0.005 a. u. , the configurations of transition states and acti-
vation barrier of H atom transfer were calculated. The change in bond length, binding energy and bond level distribution of hydrogen bonding inter-
action with the electric field were calculated Results show that with the enhancement of positive electric field, the activation barrier of H atom trans-
fer decreases gradually, it is conducive to the formation of the hydroxylamine nitrate configuration. The bond length of hydrogen bonding interaction
of hydroxylamine nitrate shortens, the strength of the bond enhances. The binding energy of hydroxylamine nitrate increases, the stability of hydrox-
ylamine nitrate enhances. The electric field effect in the ignition process has a negative impact on the polarization or ionization of hydroxylamine ni-
trate, which is not conducive to the ignition of the propellant.

Key words: hydroxylamine nitrate; electric field; H atom transfer; density functional theory ( DFT)
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