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Table 1 Calculated heat of formation (AHP(g)) by PM3 and AM1,and observed AH® (g)

Compounds W obs. PM3 AM1 PM —obs. AM1 —obs.
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (cal/g) (kcal/mol) (cal/g)
(Aliphatic nitro compds. )
Nitromethane 61.04 —15.79* —15.94 -9.93 —0.15 -2 5.68 93
Nitroethane 75.07 —24.38* —20.84 —16.80 3.54 47 7.58 101
1-Nitropropane 89.09 —29.98» —26.30 -23.57 3.68 41 6.41 72
2-Nitropropane 89.09 —33.21» —26.30 —21.30 6.91 78 11.91 134
1-Nitrobutane 103.12 —34.39° —31.65 -28.10 2.64 26 6.29 26
Trinitromethane 151.04 -0.22 —4.32 25.35 —4.12 -27 25.55 169
Tetranitromethane 196.03 19,28 6.50 53.49 -12.70 -65 34.29 175
(Aromatic nitro compds. )
nitrobenzene 123.11 15.2¢ 14.54 25.30 -0.66 -5 10.1 82
1, 3-Dinitrobenzene 168.11 11.3» 9.22 33.18 -2.07 -12 21.88 130
TNB 213.10 13. 42 6.95 44.98 —6.45 -30 31.58 148
2, 4-Dinitrophenol 184.11 —30.62 —40.15 —-13.25 ~9.55 -52 17.35 94
2, 6-Dinitrophenol . 184.11 —23.42 —35.39 —9.40 —11.99 -65 14.0 76
TNT 227.13 12.34 4.35 41.39 -7.95 =35 29.09 128
(Nitro aniline compds. )
2-Nitroaniline 138.13 15.22 12.83 22.58 -2.37 -17 7.38 53
3-Nitroaniline 138.13 16.5° 12.55 24.51 -3.95 -29 8.01 58
4-Nitroaniline 138.13 16.22 10.69 22.27 —5.51 —40 6.07 44
TNA 228.12 13.9=¢ —-0.08 17.66 -14.0 —61 3.76 16
DATB 243.2 10, 7b-<.¢ —6.31 25.47 -17.0 =70 14.8 61
TATB 258.2 6.7b.8 —10.12 19.85 —16.8 —65 13.15 51
(Nitramines)
HMX 296. 16 56.4b: ¢ 64.29 149. 83 7.89 27 93.43 315
NQ 104.17 10.50%:¢ 12.38 33.28 1.88 18 22.78 219
RDX 222.13 46.8b:c. e 49,20 111.57 2.40 11 64.77 291
Tetryl 287.2 36.50b-¢ 27.28 89.16 -9.22 =32 52.66 183
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Table 1 (continued)
Compounds W obs. PM3 AM1 PM—obs. AM]1 —obs.
p (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (cal/g) (kcal/mol) (cal/g)
(Nitrate esters)
Methyl nitrate 74.04 -29.11* -32.41 -31.31 -3.30 —45 -2.20 -30
Ethyl nitrate 91.07 —36.83* —36.38 -37.27 0.45 5 —0.44 5
1-Propyl nitrate 105. 09 —~41.56* —41.62 ~44.01 —-0.06 -1 -2.45 -23
2-Propyl nitrate 105.09 —45.64 —42.09 —42.11 3.55 34 3.53 34
NG 227.11 —64.7* —71.40 -65.93 -6.70 -30 -1.23 -5
PETN 316.2 —92.5¢ —08.28 —92.57 —-5.78 —18 -0.07 0
(Nitrate ester)
Methy! nitrate 61.04 -15.8* -9.1 ~31.8 6.7 109 -16.0 —262
(Organic azides)
Cyclopentyl azide 111.156 52.8¢ 58.4 61.7 5.6 50 8.9 80
Cyclohexyl azide 125.17 36.9* 51.8 52.7 14.9 119 15.8 126
(Azo compds.)
Tetrazole 70.05 80.0* 86.2 109.6 6.2 89 29.6 423
Tetramethyl- 116.17 64.7% 63.8 89.0 -0.9 -8 243 209
(Hydrazines)
Hydrazine 32.05 20.6* 20.7 13.67 0.1 3 —6.9 -216
1. 1-Dimethyl- 60.10 2.00 16.2 23.7 -5.8  —97 1.7 28
L ﬁ;g::‘z'i’;'e"'" 60. 10 20.0° 15.6 21.55 -44 -1 1.65 26
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Table 1 (continued)
Compounds FW obs. PM3 AM1 PM —obs. AM]1 —obs,
po (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (cal/g) (kcal/mol) (cal/g)
(Organic peroxides)
Dimethyl peroxide 62.07 -30.1° -34.1 -27.0 —4.0 -64 3.1 50
Diethy! peroxide 90. 12 —46.1° —35.0 —35.6 1.1 123 10.5 117
Cumene - s - -
hydroperoxide 152.19 18.8 14.08 7.23 4.7 31 11.6 76
Bishydroxymethyl _ a - -
ydr 94.07 137.6 128.5 136.0 9.1 97 1.6 17
Di-t-butyl peroxide 146.23 -83.42 -61.7 —-49.1 21.7 148 34.7 237
{Small ring compds. )
Ethylene oxide 44.05 -12.62 —-8.1 -9.0 4.5 102 3.6 82
Propylene oxide 58.08 —22.62 —16.6 -15.6 6.0 103 7.0 121
Chloromethyl - a - -
oxirane 92.53 25.8 19.0 23.0 6.8 73 2.8 30
Cyclopropene 40.07 66.2 68.2 74.8 2.0 50 8.6 215
Cyclopropane 42.08 12.72 16.3 17.8 3.6 86 5.1 121
Cyclobutane 54.09 37.59 3.7 45.8 0.2 4 8.3 153
Cyclobutene 56.11 6.8* -3.8 -1.0 —-10.6 —189 -7.8 -139
Ethyleneimine 43.07 30.2 3.6 33.1 1.4 33 2.9 67
(Hydrocarbons)
Benzene 78.11 19.81» 23.45 22.02 3.64 47 2.21 28

a) ref.2 b) ref.17 ¢) ref. 18 d) ref.19, ref.20 e) ref. 21 f)ref.22 g) ref. 14
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Table 2 Calculated AHY ( g)

of nitro compounds by AM1 and observed AH# (g)

Compounds obs AM1, corr. AM1, corr. —obs.
(kcal/mol) (kcal/mol) (kcal/mol) (cal/ g )
( Aliphatic nitro compounds)
Nitromethane -15.79? -19.40 -3.61 -59
Nitroethane —24.38 —26.27 ~-1.89 =25
1 —Nitropropane —29.98» -33.04 -3.06 —-34
2-Nitropropane —33.21* -30.77 2.4 27
1—Nitrobutane —34.392 -37.57 -3.18 -3
Trinitromethane -0.2 —3.06 -2.7 ~18
Tetranitromethane 1.22 15.61 -3.59 -18
( Aromatic nitro compds.)
Nitrobenzene 15.2¢ 15.83 0.63 5
1, 3-Dinitrobenzene 11.32 14.24 2.94 18
TNB 13.40 16.57 3.17 15
2, 4-Dinitrophenol -~ 30.6* -32.19 -1.59 -1
2, 6-Dinitrophenol —-23.4» -28.34 4.94 0
TNT 12.3» 12.98 0.68 3
(Nitro aniline compds. )
2-Nitroaniline 15. 2 13.11 -2.09 -15
3-Nitroaniline 16.52 15.04 -1.46 -1
4-Nitroaniline 16.2* 12.80 -3.40 -25
(Nitramines)
HMX 56.4b%-¢ 60.3 3.9 13
NQ 10.50 ¢ 10.8 0.3 3
RDX 46.8%- ¢ ¢ 43.2 -3.6 -16
Tetryl 36.50 ¢ 38.3 1.8 6

a) ref.2 b) ref.17 c) ref. 18 d) ref. 19, ref.20 e) ref.21 f) ref.22 g) ref. 14
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Table 3 Calculated heat of formation (AH,®) in condensed phase*

ref. (AM1-DSC) (PM3-DSC)
Compounds AHpP AHP A AHP® A

phase (kcal/mol) (kcal/mol) (cal/ g) (kcal/mol) (cal/ g)
Nitrobenzene 1 3.6° 4.9 1 3.6 0
1, 2-Dinitrobenzene c -0.4% 1.9 14 =2.5 -12
1, 3-Dinitrobenzene c -8.1* -5.8 14 -10.8 -16
1, 4-Dinitrobenzene [ —-9.2% -8.2 6 -12.4 -19
TNB c - 8.90 -6.3 12 -15.9 -33
2-Nitrotoluene 1 -2.3® -1.9 3 -4.3 -15
3-Nitrotoluene 1 -7.5% -3.5 29 -6.6 7
4-Nitrotoluene c -—11.5®* -10.3 9 -13.4 -4
2, 4-Dinitrotoluene c -17.1* -14.5 14 -18.9 -10
2, 6-Dinitrotoluene c  -12.2s -10.6 9 ~13.6 -8
3, 4-Dinitrotoluene c —-5.1¢ -9.2 -22 -15.4 -56
TNT [ - 16.02 -12.1 17 -20.7 =21
2-Nitrophenol c —46.4¢ —46.8 -3 -50.3 -28
3-Nitrophenol ¢ =50.3¢ —49.7 7 -52.2 -4
4-Nitrophenol ¢ —46.4¢ -50.0 -26 -52.7 ~45
2, 4-Dinitrophenol ¢ —55.6° —55.1 2 -63.1 ~4]
Picric Acid c —51.22 -52.1 —4 -64.1 -56
2-Nitroaniline c -6.3* -9.2 -21 -9.5 -23
3-Nitroaniline c —6.82 -7.5 =5 -10.0 -23
4-Nitroaniline c —-9.9» -11.9 -14 -14.0 -30
2, 4-Dinitroaniline c -16.32 -22.2 -32 -32.0 —86
2, o Dinitro- ¢ —5.8¢ -9.6 -19 -17.0  -55
zcmi;omw c 6.4¢ ~-3.3 -39 -16.8 -94

*) AH:heat of formation, A:difference between observed and calculated values
a) ref.2 b)ref.20 c) ref. 19 d) ref.25 ) e) ref. 26

THaote, 5) L. P. Davis, D. Storch and M. Guidry, J.
x R Energetic Materials, 5, 89 (1987)
1) HPH, BRB=EF, [RIEECEHRE X 6) W W&, BXEM, HHE=, Sabl, IR
I&DEL), KR (1988) k3%, 49, 328 (1988)
2) J. D. Cox and G. Pilcher, “Thermochemistry of 7) BhAIE, W ONE, ALYk, AHA=, @
Organic and Organometallic Compounds®, B, TRKAHE, 51,28 (1990)
Academic Press, London and New York (1970) 8) M W, FR=FA, BHES, H¥HLH R
3 FwF K, KERZ, BRE=, FEBH, IR T4, 29,168 (1990)
X3, 41,8 (1980) 9) HHAK, M WA, BHB=, BXEN, @At
4) W. R. Carper, L. P. Davis and M. W. Extine, J. RUEE, ek, KEHoOBR, 20, 103 (1989)
Phys. Chem., 86, 459 (1982) 10) Hwang Dong-Rong, Noriaki Tanaka, Fumio
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Table 4 Calculated heats of explosion by REITP 2 based on estimated heats of formation with AM-DSC and PM3-DSC*

AM1 PM3

Qeor Qoorr Q Q Qeerr Qeor Q Q
Compounds O.B. ref

H,0() H,0(g) H,O() HO(g) H,O) H,0(g) H,0() H,0(g)
HMX -21.6 1440 1310 1630 1480 1450 1200 1650 1360 (1480, 1) * (1370. g) *
NQ -30.7 930 760 1090 890 940 590 1100 700 915%
RDX -21.6 1420 1290 1610 1470 1440 1190 1630 1350 (1510, 1) * (1420, g) *
Tetryl —47.4 1210 1140 1520 1430 1180 1030 1480 1300 (1140, 1) » (1090, g)
Picric Acid —45.4 1090 1030 1350 1280 1040 930 1300 1160 1262 1210¢
2, 4-Dinitrotoluene —-114.2 750 650 1290 1120 750 540 1280 930 1056¢
TNT —~74.0 1010 920 1410 1290 990 820 1390 1150 (1690.1) » (910, g)
2, 4, 6-trinitro -
- lrobensene 42.0 1010 980 1240 1200 940 950 1160 1160 12450

*) unit:cal/g, O.B. :oxygenbalance, Qcorr:calculated heat of explosion corrected by oxygen balance, Q:calculated heat of explosion without correction,

0 (1) : produced H;0 is liquid, HyO (g) : produced H.0 is gas.
a) ref.17 b)) ref. 22

c) ref. 23
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List of Abbreviations in the Tables

DATB 1, 3-Diamino-2, 4, 6-trinitrobenzene ; C;HsN;O;
HMX 1, 3, 5, 7-Tetranitro-1, 3, 5, 7-tetrazacyclooctane ; C;HzN;O,
NG Nitroglycerine ; C;HsN,O,

NQ Nitroguanidine ; CH\N,O,

PETN Pentaerythritoltetranitrate ; C;HgN,O,,

Picric Acid 2, 4, 6-Trinitrophenol ; CcH,N,0;

RDX 1, 3, 5-Trinitro-1, 3, 5-triazacyclohexane ; C;H;N:O,
TATB 1, 3, 5~Triamino-2, 4, 6-trinitrobenzene ; C;HN:O;
Tetryl 2, 4, 6-Trinitrophenylmethylnitramine ; C;H;N;O;
TNA 2, 4, 6-Trinitroaniline ; C;HN¢O;

TNB 1, 3, 5-Trinitrobenzene ; CsH3;N,04

TNT 2, 4, 6-Trinitrotoluene ; C;HsN,O,
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Some Applications of M. 0. Methods to the Chemistry of Explosives (V)
Estimation of AH;° of Energetic Materials using PM3 and DSC

by Hwang Dong-Rong*, Yoshiaki Akutsu**, Tsuneo Hirano***
Fujiroku Yoshizawa**, Masamitsu Tamura**, and Tadao Yoshida**

Estimation of heats of formation (AH{%) for energetic materials such as nitro and
nitrato compounds was carried out by using the semi-empirical molecular orbital method
PM3 and differential scanning calorimetry (DSC) under reduced pressure. The PM3
method gave good results. The differences between calculated and experimental enthalpies
of formation per 1 gram (AH¢/M) in the gas phase were within 100 cal/g for 43 among 50
compounds examined and wihin 50 cal/g for 29 compounds.

AH{ in condensed phase are estimated by connecting PM3 results with evaporation and
sublimation heat measured by DSC. AH¢/M were within 100 cal/g for most compounds ex-
amined.

The PM3 method can practically estimate AH{® without empirical corrections.
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Hongo, Bunkyo-ku, Tokyo 113 Japan
***Department of Industrial Chemistry, Faculty
of Engineering, The University of Tokyo, 7—3—1
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