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Table 1. Atomic Charges and Bond Populations for Substituted Phenylisocyanates by CNDO/2method.

Atomic charges Bond populations
Substituents (R)
N & (0] Pue | Peo
p-NO, —0. 2653 0. 4507 —0. 2854 1.1604 1.0075
m-NO, —0.2597 0.4483 —0.2911 1. 1623 1. 0064
m-CF, —0.2603 0. 4457 —0.2973 1.1634 1,0053
p-Cl —0.2559 0. 4456 —0.3031 1.1647 1.0046
m-Cl —0.2555 0. 4448 —0.3035 1.1652 1.0042
p-CN —0. 2666 0.4442 —0. 2951 1.1632 1.0053
m-NCO —0.2614 0. 4447 —0.3011 1.1643 1. 0046
p-NCO —0.2700 0. 4408 —0.2941 1.1639 1. 0050
p-NHCO,C,H, —0.2703 0.4380 —0.2984 1.1649 1.0042
m-NHCO,C,H, —0.2632 0. 4429 —0.3070 1. 1654 1.0035
p-F —0.2623 0. 4404 —0.3010 1. 1649 1.0035
H —0.2614 0. 4418 —0.3058 1.1656 1.0023
m-CH, —0.2635 0. 4432 —0.3055 1.1654 1.0038
p-CH, —0.2613 0. 4391 —0.3071 1. 1665 1.0024
p-OCH, —0.2627 0. 4376 —0. 3050 1. 1662 1.0032
R_Q;Nco or —NCO
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Fig. 1. Determination of the reaction constant,
¢, for the reaction of meta-and para-
substituted phenylisocyanates with 2-
ethylhexanol at 28°C.
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Table 2. Atomic Charges for Protonated Phenylisocyanates by CNDO/2 method.

Atomic charges

Protopated
Substituents (R) c, N C o
p-NO, 0.1450 —0.0849 0.5146 —0.1165
m-NO, 0.1341 —0. 0796 0.5109 —0.1185
m-CF, 0.1300 —0.0782 0.5057 —0.1205
p-Cl 0.1324 —0.0770 0.5026 —0.1215
m-Cl 0.1317 —0.0759 0. 5026 —0.1218
p-CN 0.1222 —0.0868 0.5067 —0.1179
m-NCO 0.1439 —0.0778 0.5023 —0.1217
p-NCO 0.0908 —0.0979 0. 5096 —0.1137
p-NHCO,C,H, 0.0927 —0. 0856 0.4975 —0.1200
m-NHCO,C,H, 0.1443 —0.0825 0.4995 —0.1218
p-F 0.1052 —0.0769 0. 4997 —0.1215
H 0.1283 —0.0772 0.4995 —0.1224
m-CH, 0. 1346 —0.0791 0. 4989 —0.1225
p-CH, 0.1089 —0.0773 0.4949 —0.1230
p-OCH, 0.0937 —0.0768 0. 4940 —0.1228
R—©—N=C=0'"H+ or (@)—N=C=O"'H+
/
R
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Table 3. Frontier Orbital Energies and AQO Coefficients of Frontier Orbitals for Substitued Phenyliso-

cyanates.
Energy(a.u) AO coefficient
Substituent (R) HOMO LUMO
HOMO LUMO :
N C 0} N C (0]
p-NO, —0. 469 0.045 0.542 0.188 | —0.469 0.018 0.250 | —0.109
m-NO, —0. 464 0. 042 0. 546 0.194 | —0.472 0.026 0.251 | —0.140
m-CF, —0.453 0.091 0.544 0.198 | —0.468 0.029 0.236 | —0.130
p-Cl —0.434 0.091 0.449 0.181 | —0.377 0.015 0.249 —0.142
m-Cl —0.445 0.092 0.510 0.193 | —0.434 0.034 0.245 —0.134
p-CN —0.436 0.092 0.483 0.188 | —0.412 0.013 0.244 —0. 140
m-NCO —0.433 0.112 0.370 0.146 | —0.309 0.033 0. 361 —0. 146.
p-NCO —0.412 0.109 0.379 0.165 | —0.319 0.033 0. 361 —0. 146
p-NHCO,C,H, —0.409 0.122 0.407 0.176 | —0.343 0.043 0.278 | —0.154
m-NHCO,C,H; —0.430 0.122 0.435 0.171 | —0.365 0.047 0.283 | —0.156
p-F —0.428 0.117 0.483 0.195 | —0.410 0.044 0.271 —0. 148
H —0.435 0.127 0.531 0.202 | —0.455 0. 055 0.303 | —0.166
m-CH, —0.432 0.126 0.510 0.195 | —0.435 0.047 0.260 | --0,144
p-CH, —0.418 0.124 0.471 0.195 | —0.397 0.045 0.282 | —0.156
p-0OCH, —0.410 0.127 0. 428 0.186 | —0.359 0. 055 0.290 —0.157
EE|M A 87 A 635 1984 124 433
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Table 4. Frontier Orbital Energies and AQ Coelficients for Protonated Phenylisocyanates.

Fig. 2. Orbital interactions between isocyanates
and active hydrogen compounds.
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Energyv(a.u) AO coefficient
Substituent (R) HOMO LUMO
HOMO | LUMO
N ¢c | o N ¢ 0
p-NO, —0.580 | —0.185 0.245 0,228 | —0.202 0.345 | —0.554 0.218
m-NO, —0.584 | —0.183 0.256 0.23¢ | —0.209 0.400 | —0.603 0.234
m-CF; —0.666 | —0.175 0.256 0.239 | —0.211 0.430 | —0.635 0.245
p-Cl —0.610 | —0,170 0.215 0.241 | —0.205 0.408 | —0.613 0,237
m-Cl —0.616 | —0.171 0.236 0.222 | —0.200 0.436 | —0.638 0.246
p-CN —0.632 | —0.169 0,175 0.194 | —0.153 0.412 | —0.617 0.238
m-NCO —0.574 | —0.167 0.239 0,225 | —0.200 0.443 | —0.649 0,249
p-NCO —0.568 | —0.165 0.272 0.219° | —0.223" 0.449 | —0.649 0.249
p-NHCO,C,H, —0.571 | —0.157 0.232 0.215 | —0.211 0.450 | —0.650 0. 249
- -m-NHCO,C,H, —0.577 | —0.161 0.220 0.209 | —0.186 0.451 | —0.655 0.251
p-F —0.639 | —0.168 0.199 0.217 | —0.174 0.452 | —0.649 0.249
H —0.664 | —0.164 0.252 0.243 | —0.210 0.4562 | —0.653 0.250
m-CH, —0.626 | —0.160 0.202 0.195 | —0.173 0.453 | —0.655 0.251
p-CH, —0.618 | —0.158 0.179 0,207 | —0.159 0.455 | —0.650 0.248
p-0OCH, —0.591 | —0.158 0,130 0.172 | —0.123 0.469 | —0.660 0.251
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Fig. 3. Orbital interactions of an alcohol with
isocyanates and protonated isocyanates.

Table 5. Frontier Orbital Energies and Charges
of Oxygen for Aleohols by CNDO/2

Energies (a,u)

Alcohol |
: Charges HOMO LUMO
CH,0H —0.247 | —0.5645 0.2701
‘CH,CH,0H —0.258 —0.5367 0.2764
CH,(CH,),0H] —0.261 | —0.5311 0.2704
H,0 —0.287 | —0.6537 0. 3250
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Table 6. Formal Charges Diisocyanate Group for IPDI, HDI,‘ MDI and TDI by EHT-spd method.

Charges )
Compounds . T - :
e N, © C. .5 N, C; 0,
.0,p-TDI —0.617 1.288 —0.941 —0.616 1.290 —0.941
0,0-TDI —0.616 1.288 —0.941  —0.616 1,288 —0.941
MDI —0.616 1.288 —0.941 —0.616 1.288 —0.942
HDI —0.639 1.281 —0.946 —0.639 1,281 —0. 946
IPDI —0. 646 1. 169 —0.950 —0, 641 1,171 —0.951
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Table 7. Frontier Orbital Energies Diisocyanates
by EHT-spd Method.

Energies (eV)

Compounds
HOMO LUMO
0,p-TDI —12.1812 —8. 3957
0,0-TDI —12. 3157 —8.4237
MDI —12. 1817 —8.4255
HDI ) —12.6179 —7.6154
IPDI —12.7120 —7.5561

Table 8. Relative Reaction Rates of Three
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HTPB at 50°C.
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Abstract: The reactivity of m,p-substituted phenylisocyanates and diisocyanates were investigated
using the CNDO/2 and EHT method, The mechanism of the reaction of isocyanates with compound
containing an active hydrogen can be explained by the positive charge on carbon atom of —N=C=0
group. The reaction of isocyanates with alcohol showed the positive p values from Hammett equation,
Since isocyanates are electrophilic, relatively low energy LUMO, which can interact with high
energy HOMO of alcohol.
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