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Table 1 Heats of Formation 4H, for Nitrogen Containing Compounds

AH/(g), kcal/mo} (CPU Time, sec)

caled.
Compound AH,
exptl? Standard geometry® Optimized geometry®
MNDO AM1 MNDO AM1
CeHs 19.81 22.35(0.26) 22.93(0.27) 21.32(2.22) 2.02(2.48)
Nitro compound
CH,-NO, -15.79 8.20(0.17) —4.88(0.17) 3.58(0.77) -9.93(0.90)
C;Hs-NO, -24.38 1.93(0.22) -8.35(0.23) -1.8202.1) ~16.80(2.67)
GH,-NO, -2.98 5.21(0.30) —13.42(0.39) -6.033.84) -23.57(4.61)
CH;-CH(—NO;)-CH, =42 6.65(0.34) —12.43(0.32) -5.58(9.01) -21.30(4.56)
C.Hy-NO, -3.39 2.58(0.42) —18.39(0.43) =4.74(2.70) -28.10(3.03)
CH,-CH(-NO,)-C,H, =311 17.31(0.43) —13.06(0.45) -9.39(22.20) -27.56(12.10)
CH(-NO,),-C;H, -%5.84 40.79(0.52) 13.33(0.53) 2).63(8.15) -8.64(11.20)
CH(-NO,), -0.3 82.30(0.48) 61.45(0.50) 59.84(18.60) %.35(12.20)
C(-NO,), 19.2 129.56(0.78) 114.06(0.83) 97.00(18.40) 53.49(15.80)
o0-C¢H,(-NH,) (-NO,) 15.2 62.39(0.67) 39.44(0.67) 38.01(45.00) 22.58(10.80)
m-C¢H,(-NH;) (-NO) 16.5 51.30(0.66) 33.59(0.63) 37.70(39.50) 24.5L(17.70)
p-CeH((-NH,) (-NO;) 16.2 48.76(0.61) 30.82(0.63) 36.74(18.67) 22.271(19.10)
CeHs(-NO;) 15.200 44.02(0.418) 31.25(0.48) 37.88(10.10) 25.30(13.50)
m-CH,(-NO,), 1.3 70.63(0.77) 44.90(0.78) 55.67(66.70) 33.18(24.30)
(2,4)-(OH)C:H;3(-NO,), -30.6 37.25(0.92) 6.49(0.91) 12.81(25.70) ~13.25(34.90)
TNB® 13.4 101.63(1.12) 63.3001.12) 84.82(50.2) 44.98(30.60)
TNF? 12.3 137.97(1.43) 17.2141.46) 77.12(145.00) 41.39(79.90)
TNA? -5.8 454.04(10.00) 371.93(10.20) 72.02(118.00) 17.66(114.00)
Nitrate ester compound
CH;-ONO, -3.1 -0.97(0.20) -17.68(0.19) -12.18(1.48) ~31.31(L57)
C.H;-ONO, -3%.8 -5.25(0.28) =21.61(0.27) =17.65(3.15) =3.214.49)
C;H,ONO, -41.56 =-7.92(0.34) —26.59(0.3) -2.35(3.79) -44.01(5.78)
CH;-CH(-ONO,)-CH;, -45.64 9.29(0.37) —19.24(0.38) -19.37(12.20) =42.11(15.80)
NG® -64.7 52.23(1.22) -13.50(1.23) =2.11(57.80) -65.93(62.70)
PETNY® -%.5 313.90(2.78) 185.16(14.80) 6.47(106.00) | -92.57(125.00)
Amine compound
(CH3).-NH -4.66 -1.57(0.17) -1.62(0.10 -6.32(1.85) -5.60(1.66)
C;H,-NH, -16.7 -12.56(0.23) -14.52(0.22) -17.97(2.88) -20.34(3.52)
C.H;-NH, -2.70 -15.14(0.31) ~19.51(0.30) -22.67(3.0) -2.13(5.61)
CH;-NH (-NH,)-C,H; -2.40 —9.40(0.30) —-17.15(0.32) -19.50(7.79) -24.11(8.81)
CH;-NH-NH, 2.60 23.23(0.17) 25.66(0.17) 15.94(4.61) 19.48(2.62)
CO(-NH,), -58.7 -30.52(0.18) -34.98(0.17) =44.24(3.49) -44.95(3.82)
CsHs~NHNH, $8.72 63.43(0.45) 63.57(0.48) 47.51(21.10) 46.84(64.90)
CHs-NH-C, 13.5 29.52(0.62) 26.19(0.62) 19.90(35. 40) 18.89(10.00)
C¢Hs-NH (-COCH,) -3.8 16.95(0.68) 4.86(0.68) -15.33(31.80) -14.82(18.90)
CH(=0)-N(CH;); -45.8 -29.68(0.25) -29.00(0.25) ~36.88(2.10) =3.7102.71)
NH,-CO-CO-NH; -9%.2 —62.64(0.25) ~73.29(0.26) ~73.67(9.48) -81.96(2.64)
NH,-CH;-COOH -9.8 -85.04(0.29) -86.79(0.24) -93.48(4.15) ~97.66(4.68)
CH;-CH (-NH;)-COOH ~-111.4 —86.94(0.30)- ~93.64(0.31) -95.95(10.80) | - ~101.37(5.58)
CH(-CH,),-CH(-NH;)COOH | -108.78 110.69(0.53) 62.33(0.58) | —100.04(48.70) | —113.32(63.50)
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Nitrile compound
H,C=CH-CN
CH,-CH,-CH,-CN
NC-CN
C(-CN),=C(CN);
CH,(-CN),
C(=0) (-CN),

4.1
8.12
13.84
168.9
63.5
5.1

46.23(0.17) 46.97(0.16) 44.1101.07) 44.96(1.16)
14.00(0.25) 10.92(0.26) 9.19(3.04) 6.14(1.92)
61.27(0.13) 63.14(0.14) 67.13(0.34) 67.93(0.30)
153.32(0.54) 156.03(0.55) 149.10(4.87) 152.38(3.4D)
58.11(0.18) 56.96(0.19) 56.18(1.19) 54.28(1.57)
40.03(0.20) £.210.2) 39.30(1.92) 43.77(2.08)

¥ ref. 1), 12) ¥ ref. 11) © ref. 10) 9 ref. 12), 13) ¢ (1,3,5)-CiH;(-NO;); ¢ (2,4, 6)-CH;CH,
(NOy)s @ (2,4, 6)-CHyOCH,(-NO); ™ C;H5(-ONOy); ? C(-CH,ONO;),
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Table 2 Corrected AH; for nitro, nitrate and amine compounds

AH;, corr AHj, exptl AH,, corr—AH), exptl
Compound M
kcal/mol keal/mot kcal/mol keal/g
CH;-NO, 61 -19.4 -15.79 —3.61 0.059
C,Hs;-NO, 75 -26.27 —24.38 -1.89 —0.025
C:H,-NO, 89 -33.04 29.98 —3.06 —0.034
CH;-CH(NOQ,)-CH, 89 —30.77 -33.21 2.44 0.027
CH,-NO, 103 —37.57 —34.39 -3.18 —0.03)
CH,;-CH(-NO,)-CH; 103 -37.03 -39.11 2.08 0.020
CH(-NO,),-CH; 134 —27.58 —25.84 -1.74 —0.013
CH(-NO,); 151 =3.06 =0.35 -2.7 —0.018
C(-NO;), 196 15.61 19.2 —3.59 -0.018
0-CgH,(-NH,) (-NO;) 138 13.11 15.2 -2.09 —0.015
m-CgH,(-NH;) (-NO_) 138 15.04 16.5 -1.46 —0.011
p-CeH,y (-NH,) (-NOy) 138 12.8 16.2 —3.40 —0.025
CsHs (-NO,) 123 15.83 15.2 0.63 0.005
m-CsH (-NO,), 168 14.24 11.3 2.94 0.018
(2, 4)-(OH)C;H;(-NO,), 184 -32.19 —30.6 -1.59 —0.001
TNB 213 16.57 13.4 3.17 0.015
TNT 227 12.98 12.3 0.68 0.000
TNA 243 -10.75 -5.8 —4.95 0.020
CH;-ONO, 77 -13.31 -29.11 -2.19 —0.028
C,Hs-ONO, 9l -37.27 —36.83 —0.44 —0.005
C;H-ONO, 105 —44.01 —41.56 —2.45 —0.023
CH,;-CH(-ONO,)-CH, 105 —-42.11 —45.64 3.53 0.034
NG 227 —65.93 —-64.7 -1.23 —0.005
PETN 316 —92.57 -92.5 —0.07 0.000
(CH,),-NH 45 -5.6 —4.66 —0.94 0.021
C;H,-NH, 59 -20.34 -16.77 3.57 —0.060
C,H;—NH, 73 -27.13 -22.70 —4.43 —0.061
CH,-CH(-NH,)-C,H; 73 -24.11 -25.4 1.29 0.018
CH;-NH-NH, 46 19.48 22.60 -3.12 —0.068
CO(~NH;), 60 —58.95 —58.7 -0.25 —0. 004
CsHs-NHNH, 108 46.84 48.72 -1.88 -0.017
CsHs-NH-C,H; 121 18.89 13.5 5.39 0.045
CsHs-NH (-COCH,) 135 —28.82 -30.8 1.89 0.015
CH(=0)-N(-CHy). 3 -35.71 —45.8 3.91 0.053
NH,-CO-CO-NH; 88 —95.96 —96.2 0.24 0.003
NH,-CH,-COOH 75 —97.66 -95.8 -1.86 —0.025
CH;-CH (NH,)-COOH 89 -101.37 -111.4 1.03 0.113
CH(-CH,),-CH (-NH;) COOH 117 -113.32 —108.78 —4.54 -0.039
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Some Applications of M. O. Methods to the Chemistry of Explosives (VI )
AH; of CHON compounds calculated by MNDO and AM1

by Dong-Rong HWANG?*, Takehiro MATSUNAGA®,
Masamitsu TAMURA®* and Tadao YOSHIDA*

Computation of AHy for nitro, nitrato, amino, and nitrile compounds was carried out by
using the MNDO and AM1 methods with and without geometry optimization. The AMI
method with geometry optimization gave best results among four methods examined.

Nitro and amino carbonyl groups were found to give deviated values, which were cor-
rected empirically. By these devised methods, the differences between calculated and ex-
perimental enthalpies of formation per | gram (AH,/M)became within 0.1kcal/g for 37
among 38 compound examined and within 0.05kcal/g for 32 compounds.
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