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Theoretic study on geometry and interconversion of
ANTA isomers

Min-Hsien Liu *, Ken-Fa Cheng, Cheng Chen, Yaw-Shun Hong

Department of Applied Chemistry and Materials Science, Chung Cheng Institute of Technology,
National Defense University

Abstract
Density functional theory (DFT) B3LYP/6-311++G(3df,2pd), B3LYP/6-311+G(2d,p),

B3LYP/6-311G(d,p), B3LYP/6-311+G(d,p), B3LYP/6-31G(d,p), ab initio MP2/6-311G(d,p),
MP2/6-31G(d,p), HF/6-311+G(2d,p) and HF/6-31G(d,p) calculation methods were used for
geometrical optimization and interconversion transition states modeling of ANTA (3-amino-5-nitro-
1,2,4-2H-triazole, C,H;N50;) and its corresponding isomers. By comparing the standard deviation and
the relative standard deviation, which were obtained from the calculated geometries and related X-ray
experiment data. It can easily identify better calculation methods for which to be selected in
calculating geometry of ANTA isomers. Furthermore, three ways of proton transfer, -OH internal
rotation and -NO,H internal rotation were found included in the interconversion process between
ANTA isomers. The transition energy barrier were also computed from correspondent self-consistent
field (SCF) energy of ANTA isomer and its transition state complex.

Keywords: ANTA, explosive, isomer.
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% 1. & 467 % % 2H-ANTA 4 £ (A)32 & et g
Bond a b c d e f g h i JObs.
N-Ns 13572 13589 13602 13594 13616 13537 13583 13461 13466 13687
N-C, 13581 13591 13625 13625 13635 13587 13590 13351 13302 13499
CANs 13179 13189 13203 13204 13237 13270 13298 12986 13014 13336
N;-C; 13498 13516 1.3519 13520 13545 13514 13529 13411 1.3419 13439
C+Ns 13086 13107 13116 13115 13170 13304 13344 12752 12801 1.3085
Ni-N; 14655 14642 14687 14690 14620 14589 14523 14556 14522 14467
NoO, 12174 12214 12202 12209 12275 12284 12415 11837 = 11900 = 12256
N-Og 12169 12209 12193 12202 12264 12285 12414 11827 11885 12205
CrNg 13663 13713 1.3700 13693 13721 13828 13826 13628 13599 1.3408

 NeHp 10070 1.0100  1.0093  1.0093 1.0110 1.0117 1.0105 0.9958 0.9949  0.8819

NeHp 10080 10107 10099 10101 10114 10120 10108 09963 09957  0.8743

CNpeHp 10065 10084 10085 10090 1.0094 10101 1.0086 09918 09929  0.8437
‘sdD 013 014 014 014 015 = 016 016 007 = 007

'RSAD%) 091 | 097 098 099 104 107  LI13 047 05

*B3LYP/6-311++G(3df,2pd) , "B3LYP/6-311+G(2d,p), ‘B3LYP/6-311G(d,p), “B3LYP/6-311+G(d.p),

*B3LYP/6-31G(d,p), 'MP2/6-311G(d,p),EMP2/6-31G(d,p), "HF/6-311+G(2d,p), HF/6-31G(d,p) SCF results.
'RSdD=Relative standard deviation

iref.[14], *SdD=standard deviation calculated as S e am ) KD

calculated as\/l (-1 (e—a™ ) /e -

% 2. 2 F87 2 H 2H-ANTA 4 & 2 5 (R E gt i
Bond angle a b c d e f g h i Obs.
CNgH), 117.60 11664 11698 117.51 116.65 113.87 11423 11607 11722 120.09
Co-Ne-H) 113.65 11267 11278 11348 11233 11010 11022 11279 11344 11423
NeCoNr-O, 186 160 140 = 224 126 330 340 179 197  -1105
N3-C;N;-Og  2.18 207 180 258 173 391 433 221 237 994
Ni-CrNg-Oy,  -3441 -38.83 -37.51 -3585 -39.08 -5036 -51.91 -37.64 -3527 -18.62
N3-C-Ng-O;, 1249 1206 1185 1157 1177 923 765 1251 1091 882
SdD 440 120 169 358 051 603 698 188  3.18
RSAD(%) = 2.16 = 059 & 083 | 176 | 025 = 296 | 342 092 1.6

“B3LYP/6-311++G(3df2pd) , "B3LYP/6-311+G(2d,p), “B3LYP/6-311G(d,p), “B3LYP/6-311+G(d,p),
*B3LYP/6-31G(d,p), ‘MP2/6-311G(d,p), *MP2/6-31G(d,p), "HF/6-311+G(2d,p), 'HF/6-31G(d,p) SCF results.
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1n B = B3LYP/6-31G(d,p)™> i
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# 3. ANTA 7} & H4 cdp $+ic £ (kJ/mol)

Type Form  ABscr AU(OK)*  AH(298K) = AG(298K)
Ni, A 5021088329 -502.029730 -502.021453 -502.061912
_aN"gz As 5.0 49 52 34
BIOUPS L 4, 27.1 254 25.6 253
B, 766 72.9 51 76
N B 77.9 74.0 742 74.5
group g, 89.2 83.9 85.0 83.6
B, 901 8.1 860 85.0
C 557 53.5 537 532
G 56.3 54.1 543 53.6
N0, © 109.4 108.4 108.0 108.1
%groupg C 1208 1186 1184 118.9
: Cs 124.2 122.6 122.1 122.3
G 138 1351 1350 1352
D, 161.1 157.4 156.5 158.6
D, 182.0 177.2 176.9 177.9
b, 182.8 177.5 1768 1786
NOzH D, 183.7 178.3 178.5 178.2
gowp 184.3 179.8 179.5 180.2
Ds 209.2 202.8 202.7 2033
D, 211.9 205.7 205.7 205.9
Ds 2121 205.0 205.4 204.6

Relative energies with respect to A, in kJ/mol. For A, the energies in
au are given. B3LYP/6-31G(d,p) SCF results. “at 0K H(0K)= G(0K),
lau=2625.5 kJ/mol

%2 TSpapi > to¥i £ 4 % 5 2082 2 321.8
kJ/mol » @ at B4 W] 5 41.5 2 243.9 kJ/mol - B;
FUEFZESAS By 2 Dy lBEEA Y
TSgips % TSpaps’ 4P ¥ it £ 4 W] 5 205.6 22 336.6
kJ/mol » @ it 4 W) 5 116.4 2 247.5 kJ/mol -

By# M {Fachp @i 2 3 @B, By Dso

WS A %] 5 TSpupy 82 TSpaps * 40 ¥ac £ 4 %)
% 115.8 ¥ 337.2 kl/mol » @ st s B 5 25.5
2 2471 kl/mol - C, ¥ M {7 & endgE# 35+ Cg

WA 5 TScice’ 10 ¥ £ 5 338.1 kJ/mol » it
% 2825 kl/moleCo ¥ 11 7 § i f5 2 -NH &
Iph g F A2 Cp &2 Cpo WL A Y 5 TScacy
% TScoci > ¥ & 44 5 320.0 2 127.1
kJ/mol » &t 4 %] 5 263.6 2 70.8 kJ/mol - C;
U & A 2 NH A ep g8 G &
D, @& A S 5 TScacs ¥ TScapy * AR i £
w5 235.5 22 2555 kJ/mol » st A B 5 98.8
2 126.1 kJ/mol=Cy 7 14 7 -NH g e $E 8525 &
Co» ¥ & 5 TScuce’ 1A it £ 5 206.5 kl/mol -
fel s 85.6 kl/mol » Cs ¥ 12 {7 & endi 45 3) =
Dg» 38 ik 5 TScspe’ 48 ¥it £ 5 234.5 kJ/mol>
e i 1314 kl/mol - Dy ¥ 17 {7 & g4 25 =
Ci»i#8 A& % TSpici’ 4p¥ic £ 5 176.9 kl/mol »
S S 157 kl/mol - Dy 7 1 7-OH £ % -NO,H
Aenp EgE# A, D) & Dy 0 ARG A NG
TSpap1 2 TSpops » 4B %Fac £ 5 300.1 2 205.5

kJ/mol » #¢ Fe 4 %] 5 118.1 2 23.5kJ/mol -

% 4. ANTA {7 B 47 c0is 12

_Form A A2 A B B, B; B, G @ G G C,
dipole  3¢0 809 703 307 541 149 357 254 350 289  1.64
:moment i

V form C5 C6 D1 D2 D3 D4 D5 D6 D7 Dg

dipole 540 123 027 420 280 390 233 661 365 584
moment i

B3LYP/6-31G(d,p) method calculated results
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N=C 4¢enp #&# i i 5 118.0~279.0 kJ/mol »

it i M F-NO-H £ e-OH £ ehp g é5 it [ 2
111.5~274.9 kJ/mol -

34 8L A
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% 5. ANTA & it <04p ¥t ac £ (kJ/mol)

Type - Form - AEsee - AU(OK)' - AH(298K): AG(298K)

TSair - 118.0 104.8 103.6 106.5

CTSpier - 1769 ¢ 1630 © 1613 1649

TSpscz 192.6 178.0 176.3 179.8

TSg3p4 205.6 188.2 189.0 186.2

- TSpaas 208.2 105.3 1042 . 106.8

TSuw 2195 2030 2031 2016

TScsps 234.5 238.8 237.6 240.0

TSesms - 255.5 2196 2185 = 2207

%Proton TSA3c1§ 262.1 244.5 244.5 2443

cmansfer oo o 2047 2786 2777 2790
TSpws | 3059 2895 2885 2903

TScac 3200 3021 3017 3021

TSpamn 321.8 303.3 302.5 304.6

TSewe . 3350 | 3156 . 3151 3165

TSmws 3366 3166 = 3167 = 3169

TSmps 3372 3178 3175 3184

TSpsp7 335.3 317.0 316.4 317.6

TScics . 3381 3194 3191 3194

TSmss 1115 1034 1037 1036

TSww 1158 1076 1077 1079

TSz . 1180 2611 ~ 2613 2613

TSee 1271 1197 1193 1198

TSops |~ 2055 = 1974 © 1966 = 198.1

TSeis 2065 1969 1966  197.0

Internal TSpi 2097 2017 2008 2024
rofation © g o 2355 1987 1993 1975
TSoms 2374 2276 2269 = 228.1

TSpipi 251.3 239.3 238.8 2402

TSos | 2749 | 2246 | 2241 | 225.

TSoms . 2790 2641 2653  263.0

TSpapi 3001 2904 2896 2918

TSoeps | 3135 | 3031 | 3025 | 3040

Relative energies with respect to A; in kJ/mol. For A, the energies
in au are given. B3LYP/6-31G(d,p) SCF results. “at 0K
H(0K)=G(0K), 1au=2625.5 kJ/mol.
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4 6. ANTA H7/ B 44 &7 B R T il 4 6. ANTA H3 B4 &7 B R T i
i ()

Form : T(K) : AH(kJ/mol): AG(kJ/mol) : S(J/mol.K) : fi(%) Form : T(K) : AH(kJ/mol) : AG(kJ/mol) : S(J/mol.K) : fi(%)

298 :-502.021453:-502.061912:  85.15 80.3 298 83.5 84.6 84.28 0

500 :-502.010195:-502.092251: 102.98 93.3 500 83.1 85.5 101.85 0

A 1000 2-501.971283 -502.188451§ 136.28 87.0 B, 1000 80.5 88.7 134.32 0 "

1500 :-501.925312:-502.306804: 159.59 71.9 1500 77.0 93.5 156.95 0

2000 -501.876234:-502.441306. 177.29 66.7 2000 ; 73.1 99.6 174.12 0.2

298 E 5.2 34 | 86.59 19.7 298 53.7 53.2 85.57 0

500 3.9 11.1 99.55 6.5 500 54.0 52.7 103.56 0

A, 1000 -0.6 20.0 131.34 7.9 C 1000 54.5 51.3 137.05 0.2
1500 -5.1 313 153.79 6.3 1500 54.8 496 0 16043 15

2000 9.5 441 170.89 4.7 2000 55.0 47.8 178.16 3.8

298 25.6 253 85.37 0 298 54.3 53.6 85.77 0

500 25.8 25.1 103.32 0.2 500 54.6 53.0 103.78 0

Ay 1000 26.2 242 136.73 4.7 Cy 1000 55.2 51.0 137.27 0.2
1500 26.4 232 160.09 12.1 1500 55.5 48.9 160.65 1.6

2000 26.5 222 177.81 17.6 2000 55.7 46.7 178.37 4.0

298 73.1 73.6 84.71 0 298 108.0 108.1 85.08 0

500 73.7 73.8 102.91 0 500 107.6 108.3 102.67 0

B, 1000 74.6 73.5 136.53 0 Cs 1000 107.6 109.0 135.94 0

1500 75.1 72.9 159.95 0.2 1500 107.8 109.6 159.30 0

2000 75.4 72.1 177.69 0.9 2000 108.1 110.2 177.04 0

298 74.2 74.5 84.92 0 298 118.4 118.9 84.757 0

500 74.9 74.5 103.15 0 500 118.4 119.2 102.60 0

B, 1000 75.9 73.7 136.78 0 Cy 1000 118.9 119.8 13607 0

1500 76.4 72.5 160.20 0.2 1500 119.3 120.1 159.47 0

2000 76.7 71.2 177.95 0.9 2000 119.6 120.4 177.21 0

298 85.0 83.6 86.32 0 298 122.1 122.3 85.04 0

500 86.2 822 104.88 0 500 121.8 122.5 102.64 0

B; 1000 77.6 138.70 0 Cs 1000 121.8 1233 135.93 0

1500 72.3 162.13 0.2 1500 122.1 123.9 159.31 0

2000 88.5 67.0 179.87 1.2 2000 1224 124.4 177.05 0

Relative energies with respect to A, in kJ/mol. For A, the energies
in au are given. lau=2625.5 kJ/mol. B3LYP/6-31G(d,p) SCF

results.
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Relative energies with respect to A; in kJ/mol. For A, the energies
in au are given. lau=2625.5 kJ/mol. B3LYP/6-31G(d,p) SCF
results.
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Relative energies with respect to A, in kJ/mol. For A, the energies

in au are given. lau=2625.5 kJ/mol.

results.

B3LYP/6-31G(d,p) SCF
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() ()
Form : T(K) :AH(kJ/mol):AG(kJ/mol): S(J/mol.K) : fi(%) Form : T(K) EAH(kJ/mol) AG(kJ/mol) : S(J/mol.K) : fi(%)
298 135.0 135.2 84.988 0 298 202.7 203.3 84.66 0
500 135.1 135.3 102.91 0 500 2034 2035 10292 0
Cs 1000 135.8 135.1 136.44 0 Ds 1000 2050 | 2030 13676 0
1500 136.3 134.7 159.86 0 1500 205.9 201.7 160.27 0
2000 136.7 134.1 177.60 0 2000 206.6 2002 178.05 0
298 156.5 158.6 83.52 0 298 2057 2059 8499 0
500 156.5 160.0 101.28 0 500 206.5 205.9 103.27 0
D, 1000 157.1 163.4 134.76 0 D; ¢ 1000 208.1 204.5 137.13 0
1500 157.7 166.4 158.22 0 1500~ 209.1 2025 = 16064 | 0
2000 158.3 169.2 176.00 0 2000 209.7 200.2 178.42 0
298 176.9 177.9 84.33 0 298 205.4 204.6 85.80 0
500 177.3 178.5 102.42 0 500 206.4 203.8 104.22 0
D, 1000 178.5 179.1 136.13 0 Dg 1000 = 2083 2004 13814 0
1500 179.3 179.3 159.60 0 1500 209.2 196.3 161.66 0
2000 179.8 179.2 177.37 0 2000 209.8 191.9 179.44 0
o [ e [ e | ma 0 e e
500 176.9 179.8 101.61 0 results.
D; 1000 177.8 182.3 135.18 0
1500 178.6 184.4 158.67 0 $%’ ~ %Jé
2000 179.3 186.2 176.47 0 [1] Lu, Y. L., Xiao, H. M., Gong, X. D., and Ju,
298 178.5 1782 85.40 o X. H., "Density Functional Theory Study on
500 179.2 177.8 103.62 : 0 Intermolecular Interactions of 1H-ANTA
Ds £ 1000 180.6 175.9 137.40 0 Dimer," Acta Chimica Sinica., Vol.64, No.19,
1500 181.4 173.3 160.87 0 pp.1954-1960, 2006.
2000 181.9 170.6 178.64 0 [2] Ji, G F, Xiao, H. M., Dong, H. S., and Gong,
298 179.5 180.2 84.62 0 X., "Theoretical Study on Intermolecular
500 180.0 180.6 102.71 0 Interactions of 3-amino-5-nitro-1,2,4-2H-
Ds 1000 181.2 180.6 136.43 0 triazole," Acta Chim. Sinica., Vol.59,
1500 182.0 180.1 159.89 0 pp-895-905, 2001.
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