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Theoretical Study on the Structure and Properties of
1,3,5,7-Tetranitroadamantane
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Abstract DFT-B3LYP/6-31G* method was used to obtain fully optimized molecular geometry and elec-
tronic structure of 1,3,5,7-tetranitroadamantane. The IR spectra were obtained and assigned by vibrationa
analysis. The thermodynamic properties were calculated by statistic thermodynamics. Pyrolysis mechanism
was investigated using unrestricted Hatree-Fock model of semi-empirical MO method, getting the transition
state and activation energy, and finding that the rupture of C—NO, bond is preferential. Also, detonation
velocity and detonation pressure were evauated by means of Kamlet-Jacobs equation based on the calcu-
lated density and heat of formation.

Keywords 1,3,5,7-tetranitroadamantane; MO calculation; IR spectrum; pyrolysis mechanism; detonation
property
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Figurel Molecular structure and atomic numbering of 1,3,5,7-
tetranitroadamantane
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Tablel Geometry parameters of 1,3,5,7-tetranitroadamantane by B3LY P/6-31G*

Bond length/A Bond angle/(°) Dihedral angle/(°)
C(2—C(1) 1.534 C(3—C(2—C(1) 107.216 C(4)—C(3)—C(2—C(1) —61.328
C(3)—C(2) 1.544 C(4)—C(3)—C(2) 110.743 C(5—C(4)—C(3)—C(2) 61.496
C(4)—C(@3) 1.534 C(5)—C(4)—C(3) 107.210 C(6)—C(5)—C(4)—C(3) 61.327
C(5—C(4) 1.544 C(6)—C(5)—C(4) 110.743 C(9)—C(5)—C(4)—C(6) 110.661
C(6)—C(5) 1.534 C(9)—C(5)—C(4) 110.257 C(8—C(1)—C(2—C(9) 110.257
C(9)—C(5) 1.541 C(8—C(1)—C(2) 110.739 C(10)—C(3)—C(2—C(4) 110.658
C(8—C(1) 1.544 C(10—C(3)—C(2) 110.263 C(7)—C(10—C(3)—C(2) —61.387
C(10—C(3) 1.541 C(7)—C(10—C(3) 107.353 N(11)—C(1)—C(2)—C(8) 107.284
C(7)—C(10) 1.541 N(11)—C(1)—C(2) 110.084 N(12—C(3)—C(2)—C(4) 110.081
N(11)—C(2) 1535 N(12—C(3)—C(2) 107.287 N(13)—C(5)—C(4)—C(6) 110.082
N(12)—C(3) 1535 N(13)—C(5)—C(4) 107.285 N(14)—C(7)—C(6)—C(8) 110.082
N(13)—C(5) 1.535 N(14)—C(7)—C(6) 107.285 O(15)—N(11)—C(1)—C(2) 2521
N(14)—C(7) 1.535 O(15)—N(11)—C(1) 118.073 0O(16)—N(11)—C(1)—O(15) 125.702
0O(15)—N(11) 1.225 0O(16)—N(11)—C(1) 116.224 O(17)—N(13)—C(5)—C(4) 61.642
0O(16)—N(11) 1.227 O(17)—N(13)—C(5) 116.230 0O(18)—N(13)—C(5)—0(17) 125.702
O(17)—N(13) 1.227 0O(18)—N(13)—C(5) 118.067 O(19)—N(14)—C(7)—C(6) —61.712
0(18)—N(13) 1.225 O(19)—N(14)—C(7) 116.229 0O(20)—N(14)—C(7)—0O(19) 125.705
0O(19)—N(14) 1.227 O(200—N(14)—C(7) 118.066 0O(21)—N(12)—C(3)—C(2) 118.003
0O(20)—N(14) 1.225 O(21)—N(12—C(3) 118.066 0(22)—N(12)—C(3)—0(21) 125.706
0O(21)—N(12) 1.225 0(22—N(12—C(3) 116.227 H(23)—C(2—C(1)—C(3) 110.422
0(22)—N(12) 1.227 H(23)—C(2—C(1) 110.445 H(24)—C(2—C(1)—C(3) 110.001
H(23)—C(2) 1.094 H(24)—C(2—C(1) 110.953 H(25)—C(4)—C(3)—C(5) 109.999
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Bond length/A Bond angle/(°) Dihedral angle/(°)
H(24)—C(2) 1.092 H(25)—C(4)—C(3) 110.956 H(26)—C(4)—C(3)—C(5) 110.419
H(25)—C(4) 1.092 H(26)—C(4)—C(3) 110.446 H(27)—C(6)—C(5)—C(7) 110.423
H(26)—C(4) 1.094 H(27)—C(6)—C(5) 110.444 H(28)—C(6)—C(5)—C(7) 110.000
H(27)—C(6) 1.094 H(28)—C(6)—C(5) 110.952 H(29)—C(8)—C(1)—C(7) 110.960
H(28)—C(6) 1.092 H(29)—C(8)—C(1) 109.993 H(30)—C(8)—C(1)—C(7) 110.448
H(29)—C(8) 1.092 H(30)—C(8)—C(1) 110.415 H(31)—C(9)—C(1)—C(5) 110.758
H(30)—C(8) 1.094 H(31)—C(9)—C(1) 109.799 H(32)—C(9)—C(1)—C(5) 109.801
H(31)—C(9) 1.093 H(32)—C(9—C(1) 110.756 H(33)—C(10)—C(3)—C(7) 110.754
H(32)—C(9) 1.093 H(33)—C(10)—C(3) 109.802 H(34)—C(10)—C(3)—C(7) 109.803
H(33)—C(10) 1.093 H(34)—C(10)—C(3) 110.761
H(34)—C(10) 1.093
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Table2 Scaled vibrational frequencies and intensities at B3LY P/6-31G* level®

vi  40.3(0.0) vas  498.0(7.0) vas  980.0(2.0) vis 13664 (179.0)
v, 40.3(0.0) vas  531.9(5.6) v 1020.9(0.0) v 1366.4(179.0)
vs  40.9(0.0) vy 531.9(5.6) v 1022.4(0.3) vis  1449.0(0.2)
va  42.4(0.0) vis 5356 (0.0) v, 1022.4(0.3) vie  1453.3(0.0)
vs  1135(0.0) vae  671.9(8.1) vy 1039.3(2.2) vy 14642 (13.2)
ve  117.8(0.6) v 704.8(27.8) v 1042.8(0.0) vig 14642 (13.2)
v, 136.9(8.6) vy 704.8(27.8) ves  1074.9(0.0) vie  1472.2 (135)
ve  138.6(8.4) v 7065(0.0) ves  1094.2 (0.3) v 14957 (0.0)
ve  138.6(8.4) v 722.2(28.3) ve;  1205.1(16.6) ver  1596.0 (0.0)
vie  212.4(0.0) v 7322(75) veg 12143 (16.4) vy 1598.6 (338.6)
vip  213.9(0.0) v 7322(75) vey  1214.3(16.4) ves  1598.6 (338.6)
viz  213.9(0.0) v 760.3(0.0) veo  1242.2(0.0) ves 16010 (122.0)
vis 2918 (0.0) vy 812.4(9.3) v 1243.0(0.3) ves  2969.9 (0.0)
via 3054 (6.2) vy 812.4(9.3) v 1243.0(0.3) ves  2970.8(0.1)
vis  305.4(6.2) v 814.9(10.4) ves  1270.7 (0.0) vey  2972.7 (6.3)
vie 3110 (6.4) v 816.3(0.0) Vo 1272.4(12) veg  2974.4(2.9)
vi;  333.6(0.0) vy 884.4(20.3) ves  1272.4(12) ves  2974.4(2.9)
vig 3516 (4.3) vy 884.4(20.3) ves  1300.9(0.0) veo  2978.1(0.0)
vie  357.7(2.3) vas  885.4(18.5) ves  1302.8(6.9) ver 30217 (1.4)
v 357.7(2.3) vas  890.1(0.0) veg 13112 (4.2) vey 30217 (1.4)
v 395.1(0.0) ves  893.1(05) veo 13112 (4.2) ves  3030.0(0.0)
v 4530 (L8) vas  893.1(05) vo  1318.8(0.4) ves 30327 (3.7)
vss 4530 (L8) vy 9782(1.4) vi  1362.6 (0.0) ves 30327 (3.7)
var  456.2(1.8) vig  980.0(2.0) v, 1365.3(190.9) ves  3034.3(3.3)

2 Intensities are in brackets, and units: intensity: kmemol %, frequency: cm ™.

R 3 1,35 7-VURHEEGRIBET IR LI 2
Table3 Theexperimental IR of 1,3,5,7-tetranitroadamantane®

329 (m) 360(w) 741(m) 845(w)  921(w)  1256(w)  1362(s)  1457(m) 2880 (w) 3000 (w)
343 (m) 713(m)  748(m) 913 (w) 1236(m)  1342(w) 1402 (w)  1542(s)  2985(w) 3015 (w)
?IR intensities are in the brackets; s, m and w denote small, middle and strong respectively.
R4 13,57 NG RG22 2.4 HARRHIE
Table 4 The calculated thermodynamic properties of 1,3,5,7- 9T fe b S W) Pig o L 2 BE o | e 1L TR ) &
tetranitroadamantane” T % 5 AFELK MO VR RN, A
T Com S H (R RE R (CE YRR F e IE TS RE(EY), K245
273.15 283.74 561.31 43.39 JLh PM3 THEL AR RE 2. AL RE 238 2T =
298.15 306.65 587.15 50.77 AR BR L — s K ([ 2 C—C sk C—N [ EiAER
400.00 394.24 689.80 86.57 A1), SKAT ) B R RE 4 . A i 2 e R B T AT
500.00 466.11 785.77 129.71 JUT AR AR el 2, A ME— A, HL 2 6
600.00 52357 876.03 179.31 C—C 1 C—N {1 4ids)), & IRC /i SEid e WV
700.00 569.32 960.30 234.03 YR =Y. WA NN T C—C Fl C—N [HFEN
800.00 606.17 1038.82 292.87 2.62 F1 232 A, AEREART R 0 7 LR T

2Units: T: K C;m:J-moI’l-K’l; S :demol KL HpY i kJemol L, T R AERAR.
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Figure2 The thermodecomoposition potential curves of homo-
lysis of C—C and C—N of 1,3,5,7-tetranitroadamantane using
UPM 3 method
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5 1357-PUiEESNILI%E C—C Rl C—N BT L AE B
Table5 Activation energies (Ey) of homolysis C—C and C—N bond of 1,3,5,7-tetranitroadamantane®

Heat of formation E
Method Transition state 4
Reactant
c—C C—NO, c—C C—NO,

PM3 —134.01 90.41 5.06 205.47 127.45
AM1 —17.76 217.14 62.08 214.71 66.53
MINDO/3 125.32 301.50 193.37 160.63 58.00
MNDO 328.70 537.52 403.61 185.68 57.65

3Unit: kJ*mol %, and all E4(s) are corrected by zero point energies.
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