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Abstract. The structure and reactivity of isophorone diisocyanate, which is used as a curing
agent in propellants casting, were investigated using the EHT, CNDO/2 and STO—3G MO methods.

The results showed that the reactivity can be assessed by the positive charge on C atom of —
NCO group. The structure of this compound was found to be such that it has slow polymerization
rate but provides homogeneous matrix for explosives.
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Table 1. Conformation of phenylisocyanate. (Relative
energies in kcal/mole)

EHT CNDO/2 STO-3G
0 0.0 0.0 0.0
30 —0.3 7.2 -
60 -0.7 5.6 -
90 —0.9 2.3 47.5

Table 2. Atomic charges and overlap populations, P,, for phenylisocyanate by CNDO/2 and STO—3G (in

parenthesis) methods.

Atomic charges Overlap population
C N Cr P,y Pyc, Peo

0 0.162 —0.263 0.441 —0.305 0.6334 1.1651 1.0023

(0.119) (—0.344) 0.397) (—0.225) (0. 3557) (0.5874) (0.5039)
30 0.144 —0.309 0.438 —0.262 0.6314 1.1635 1.0101
60 0.167 —0.254 0.436 —0.313 0.6314 1.1705 1. 0805
90 0.169 —0.250 0.434 —0. 316 0.6308 1.1732 0. 9996

(0.092) (~0.246) (0.357) (—0.146) (0.3138) (0. 2289) (0. 5059)
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Table 3. Atomic charges, Z, overlap population, P, and resonance substituent constant, og, for R’ NCO.

CNDO/2 EHT
R’ OR
Zy Zc Zy Peyy Pxc, Pco Pex Py,
p-NOLCelHy —0. 265 0.452 —0.285 0.6377 1. 1604 1. 0075 0. 2540 0. 6004 0.07
2—CNCgH, —0.304 0.446 —0.263 0.6339 1.1588 1. 0087 0. 2459 0.6101 0.10
p—CICsH, —0. 328 0.442 —0.235 0.6337 1.1549 1. 0104 0.2421 0.6153 —0.14
CeHjs —0. 301 0.441 -0.270 0.6334 1.1651 1.0023 0.2402 0.6174 0.00
»—CH3CgHy —0. 258 0.439 —0.319 0.6330 1. 1665 1.0024 0. 2394 0. 6196 —0.10
p—FCeHy —0.286 0.438 —0.281 0.6323 1.1615 1. 0065 0. 2376 0. 6230 —0.28
p—CH30CeHs | —0.29 0.438 —0.273 0.6321 1.1614 1. 0077 0.2388 0.6215 —0.39
Cyclohexyl —0.277 0.429 —0.304 0.6179 1.1734 1. 0053 0.2322 0.6623 -
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oo® Table 4. Relative (EHT) energies (kcal/mol) of

various conformers of cyclohexyl isocyanate. The energy
of the most stable form(chair-equatorial-6==60°) was
—21031. 9 keca/mol.

Form Chair
Boat
& Equatorial Axial

0 1.3 7.5 11.9
30 0.5 3.5 11.2
60 0.0 2.3 10.8
90 0.5 2.0 11.9
120 1.3 2.0 13.4
150 1.4 2.0 12.9
180 1.0 2.3 11.9
210 0.7 3.5 11.5
240 0.7 7.7 11.5
270 0.7 16.0 11.5
300 1.0 10.5 12.9
330 1.4 15.5 12.1

Table 5. Formal charges of carbon atoms in iso-
cyanate groups for substituted cyclobexyl isocyanate.

EHT CNDO/2
Compound
Cr Co Cr Co

I 1.261 — 0.429 —

I 1. 260 1.278 0.429 0.437

v 1. 260 1. 277 0.429 0.437

v 1. 260 1.277 0.430 0.438

1 1.169 1.170 — —
olflen, JAEAY A$ A9 free rotation
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