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Fig.1 Molecular structure and atom number of TNAZ

(torsion angle R1: O1b—N1—CI—N2; R2. 02a—N2—C1—N1)
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Table 2 Atomic partial charge:

QM results and assigned force field point charge

atom ChelpG Mulliken FF

N4 -0.289 -0.349 -0.244
C1 -0.021 0.142 -0.187
Cc2 0.035 0.116 0.137
C3 0.029 0.109 -0.187
N1 0.737 0.626 0.705
Ola -0.390 -0.401 -0.336
Olb -0.401 -0.406 -0.336
N2 0.539 0.476 0.603
02a -0.306 -0.334 -0.336
02b -0.316 -0.356 -0.336
N3 0.713 0.445 0.603
03a -0.380 -0.345 -0.336
03b -0.378 -0.344 -0.336
H1 0.102 0.156 0. 146
H2 0.096 0.172 0. 146
H3 0.117 0.178 0. 146
H4 0.112 0.115 0. 146

Note: Atom name defined in Figure 1.
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Table 3 Molecular geometry of TNAZ: Comparison

of theoretic calculation and Exp. Measure

; B3LYP
coordinate Exp. S 6-311 + +
Xeray  631g” " 22 )g 631g
N3—N4 1.351(6)  1.405 1.393 1.397 1.395
C1—NI1 1.517(7)  1.505 1.525 1.523 1.524
C1—N2 1.493(7)  1.492 1.517 1.514 1.518
cl1—c2 1.545(7) 1.533 1.541 1,543 1.548
c1—c3 1.534(7) 1.533 1.541 1,543 1.548
bond C2—N4 1.474(6)  1.482 1.480 1.481 1.480
/A C3—N4 1.485(7)  1.482 1.480 1.481 1.480
NI—Ola 1.223(6)  1.238 1.218 1.224  1.221
NI—O1b 1.214(5)  1.238 1.212 1.219 1.218
N2—02a 1.217(6) 1.24 1.216 122 1.220
N2—O02h 1.212(6) 1.24 1.216 122 1.220
N3—03a 1.218(5) 1.235 1.220 1.225 1.222
N3—03h 1.236(5)  1.235 1.220 1.225 1.222
NI—C1—N2 105.6(4)  107.3 107.2 107.2  105.5
0la—NI—Olb  125.9(5) 127.3 127.2 127.3  128.2
02a—N2—O02b  126.5(5) 127.2 127.2 127.3 128.7
03a—N3—03b  125.3(4) 128.5 127.8 128.2 128.8
2—C1—C3 90.3(4) 9.1 89.3 89.1  90.0
angle  ¢]—(3—N4 86.6(4)  87.1 87.6 87.6  86.8
7O 3 NaN3 120.4(4) 116.4 119.2 118.5 117.6
3—N4—C2 95.1(4)  93.0 94.1 94.0 95.3
H1—(2—H2 111.8 111.3 11.2 112.3
H3—(C3—H4 111.8 111.3 1.2 112.3
d;"(e‘ir;' Cl—2—G—NM  13.6(5) 13.1 13.7 116
out of plane N3—N4 39.4(5) a4 45.5  45.3

angle /N4—C3—(2

x4 HEMREREZ

Table 4 Energy barrier heights of the rotations of nitro groups

oM

nitro groups MM
B3LYP MP2

R1 2.93 1.84 2.67

R2 2.80 1.80 2.51

R3 66.91 61.48 66.08

Note: QM at B3LYP/6-31g" level k] - mol ~1.
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Fig.2 Potential surface of R1 and R2(unit in kJ + mol ™")
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Table 5 Normal mode vibrational frequencies at ground

-1

SR T SRR SRR . P g R S S
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state. Comparison of Exp. and calculation cm — 3 . e A o p
P P e 1) SCHR A A 8 7 S 3 25 R 2 (B A AR N 22 53]
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N Mode Exp 6-31g" " 6-31g” FF 2) Iﬁlle}—k%%i%\{EiQEX?%ﬁﬂﬂg—‘ﬁo 3) Z'—‘j(ﬁ“;%‘r
45 Sucmy) 3028.3 3264.8 3188.4  3195.6 (TS B R 45 M 45 45 Thompson 25 B 12 3T 52 06 45
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E b ob A e Y. > [29]
43 S.cmy 2907.4 3169.7 3120.1 3126.2 A RE B BRI RR A RS0
41 Suc—(xoy) 1593.2  1833.9  1693.0 1701.8 E,.. =-AH, —2RT
40 Sun—(xoy) 1585.6  1832.4  1690.2  1694.4 A ‘ . 0]
39 Bac(noy) 1589.2  1825.7 1682.2  1680.7 Hop  AH, A THERS . TNAZ FHES Bk A SCik ™
38 Sccmy 1458.7 1548.9  1525.3  1473.8 . ”m
37 Bcny 1441.5 1528.6  1505.3  1460.9 ®6 TNAZ Bk EEMERR
36 5(1;1-12)/5‘“(,\4(,1\4) 1362.8 1390.2 1427.1 1411.1 Table 6 Liquid density and Hvap of TNAZ
35 0w/ Oay/Buvery  1329.5  1383.1  1382.7  1386.4 —
16
34 0w/ Buian/Bunoy 13245 1351.4  1377.0  1380.6 Exp MD
33 ring/CH, 1276.7  1334.1  1309.3  1264.5 p /10° kg -+ m > 1.59 1.585
31 ring/CH, 1215.3 1258.8 1232.2  1208.4 AH,, /K] - mol ! 65.7 65.07
25 ring/CH, 1039.9  1187.9  1064.8  1019.3
23 ring/CH, 905.8  938.4  919.1  936.6
22 NN/ring/CH, 864.8  886.6  869.8  885.9 %7 TNAZ BHMRHSY
21 ring/CH, 840.9  839.9  851.0  877.5 Table 7 Prediction of cell di . d densit
20 Sn—(noy) ey 817.2  820.3  823.1  824.2 able rediction ot cefl dimenston and density
19 Sn—(N0y)/cHy 766.2 764.3 772.3 754.3 o Exp®  Exp!? MM Ont MD MD#
16 1ing/8c_(xoy)/ci, 658.5  681.8  664.8  643.2 PArameler Archibald) (Sikder) PY (this work) ( Amber-SRT* )
STD 146. 6 90.7 91.4 a/A 5.733  5.758 5.5  5.618 6.031
Note: STD values are the standard deviation from experimental measure. b/A 1127 1131 11.001 11.397 11.610
/A 21.496  21.524  20.648  22.325 22.029
J o (%) 90 90 90 90.0 90. 1
RERET R1 =0°/ R2 =90°; BB & d iy A R BOW B T B/ (°) 90 ) 90 90.0 90.0
R1=80° / R2 =0°, 3% Xt i/ fig 5 25 £ #7105 kJ « mol ', v/ (%) % % % 9.0 9.2
. density
PR i 1 B ) e 2 i 42, BRI 2 v RBE 6 2 B /10 kg -m 8O L85 2054 LTS 1650
~ . N -1 ~ latti ]
ATIMARE A, 02,93 k] - mol™ , WK /ali}‘cee”ff?y 101.6 99.5 -
* Mol
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R1,R2,R3 (e AE 2 M B0 95 T % 4.
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Note: Exp and this work at 243 K, Amber-SRT at 300 K. MM opt means

energy minimization of the unit cell.
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Fig.3  Calculated isobaric curve of solid and liquid TNAZ
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Fig.4  Calculated isothermal curves of solid TNAZ at 300 K
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this work 4.6 17.5
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The First Principle Force Field for Energetic Material TNAZ

WANG Xi-jun, ZHAO Li-feng, SUN Huai
( School of Chemical and Indusiry Chemisiry, Shanghai Jiao Tong University, Shanghai 200241, China)

Abstract : The availability and accuracy of molecular force fields limit their application scope. In this work, a first principle and all-

atom force field for 1,3 ,3-trinitroazetidine (TNAZ) was developed based on the TEAM method. The valence parameters and atomic

partial charges were derived by fitting to ab initio data. The van der Waals (VDW ) parameters were taken from the literature and

optimized using experimental densities and vaporization enthalpies of liquids. In order to validate the force field, the properties of

TNAZ in gas, solid and liquid states were calculated. It has been shown that the force field is highly accurate in predicting the above

properties, which include molecular structures, vibration frequencies, liquid densities, vaporization enthalpies, crystal structures,

and lattice energies. The isobaric and isotherm curves of the condensed phases were calculated. The isobaric curves can be parti-

tioned into three regions. The volume of crystalline TNAZ at 300 K is about 13% smaller than that at 400 K, which is consistent

with the experimental observation. The volume of crystalline TNAZ is reduced by about 28% when the system is compressed under

10 GPa pressure and 300 K, which is consistent with other theoretical predictions.

Key words: physical chemistry; molecular mechanics force field; molecular dynamics; 1,3 ,3-trinitroazetidine



