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Fig.1 Optimized structures of all species in the gas phase reaction
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nm, P2 P ZEE N 0. 138 nm, PIE 225078/, 362 M FHEER N #r a5 SRR, TS1 H CIN2 2
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Table 1 Structural parameters of all species in the gas phase reactions

Molecule CIN2 C105 N203 H4C1 H4AN2 H403 o B b% o
IMA1 0.2939 0.1205 0.1215 0.1106 0.2938 0.3492 -179.7 0.2 0.2710 0.1
TSA1 0.1422 0.1236 0.1324 0.1363 0.1779 0. 1565 144.3 -34.1 0.2468 -4.1
TSA2 0. 1501 0.1215 0.1254 0.1413 0.1430 0.2237 -158.5 16.1 0.2191 -17.8
IMA2 0.1516 0.1187 0.1379 0.2106 0.1030 0.1995 -109.3 13.8 0.3618 84.5
TSA3 0. 1446 0.1193 0.1520 0.2158 0.1106 0.1345 -153.8 -15.1 0.2734 60
PA 0.1381 0.1210 0.1403 0.2849 0.1902 0. 0968 -172.7 -11.1 0.2326 31
IMB1 0.2952 0.1205 0.1201 0.1106 0.2946 0.3513 -180.0 0 0.3153 0.3153
TSB1 0. 1405 0.1244 0.1325 0.1360 0.1775 0.1580 142.2  -26.7 0.2989 0.2538
TSB2 0.1488 0.1222 0.1242 0.1386 0.1478 0.2290 -154.3 39.2 0.2329 0.2652
IMB2 0. 1496 0.1192 0.1378 0.2074 0.1032 0.1990 -109.8 14.7 0.2577 0.2454
TSB3 0.1430 0.1198 0.1539 0.2142 0.1114 0.1321 -145.6 -9.6 0.2394 0.2638
PB 0.1379 0.1213 0.1419 0.2869 0.1910 0.0965 -162.1 -19.6 0.2338 0.2801

# o and B are respectively the dihedral angles OSCIN203 and O5CIN207; 7y and 0 are respectively the distance 05---H9 and the dihedral
angle CIN2C7C8 for the reaction of CgHsNO, or the distances O5---H11 and O5---H10 for the reaction of ( CH;);CNO. The units of bond length
and angle are nm and degree, respectively.

Table 2 Electron density(a. u. ) and Laplace(a. u. ) at the BCPs and RCPs

Molecule  p(CIN2)  V2p(CIN2) p(H,X)*  V%(H,X)*  p(HB)" V2p(HB)" p(R)® V2p(R)?
RA — — 0.2756 -0.9366 — — — —
IMA1 0.0105 0.0341 0.2774 -0.9491 0.0050 0.0162 0.0039 0.0139

0.1397 -0.2096
TSA1 0.2787 ~0.6691 0.0107 0.0372 0.0096 0.0470
0.0804 0.1170
TSA2 0.2382 -0.4846 0.1368 -0.0106 0.0181 0.0844 0.0114 0.0616
IMA2 0.2423 -0.5439 0.3360 -1.5943 — — — —
TSA3 0.2751 -0.7428 0.2486 -0.9222 — — — —
PA 0.3024 -0.7908 0.3651 -2.5269 0.0148 0.0533 0.0113 0. 0600
RB — — 0.2756 -0.9366 — — — —
IMB1 0.0103 0.0333 0.2770 -0.9461 — — — —
TSB1 0.2913 -0.7285 0. 1400 -0.2055 ,0.0099 ,0.0333 ,0.0094 ,0.0416
0.0776 0.1203
TSB2 0.2460 -0.5295 0.1363 -0.0840 0.0145, 0.0500, 0.0111, 0.0551,
0.0081 0.0275 0.0079 0.0329
IMB2 0.2537 -0.6191 0.3355 -1.5578 0.0092, 0.0335, 0.0090, 0.0397,
0.0116 0. 0400 0.0097 0.0462
TSB3 0.2850 -0.8040 0.2442 ~0.8409 0.0130, 0.0455, 0.0107, 0.0519,
0.0084 0.0309 0.0083 0.0345
PB 0.3093 -0.8672 0.3684 -2.5536 0.0148, 0.0514, 0.0113, 0.0560,

a. Results of the bond H4C1 for RA, IMA1, RB, IMBI1 and TSB2; or of the bond H4N2 for TSA2, IMA2,TSA3, IMB2 and TSB3; or of the
bond H403 for PA and PB; or of the bonds H4C1 and H403 for TSA1 and TSB1. . HB =05---H9 and R =ring O5CIN2C7C8H9 for COHSNO,
or HB =05---H11 and 05---HI0 and R =rings OSCIN2C7C9H11 and O5CIN2C7C8HIO0 for (CH;);CNO.
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Table 3 Energies E, and dipole moment x (C - m) of all species, and activation energies of transition

states E. in gas phase and solvents( E: kJ/mol)

Solvent Species Ex Eq ux10% Solvent Species Ex Ers ux10%
e=1 IMA1 -7.79 11.3 e=1 IMB1 -6.31 7.7
Vacuum IMA2 7.12 14.0 Vacuum TIMB2 -13.05 14.3

TSA1 211.21 219.00 12.0 TSB1 464.30 470.61 10.3

TSA2 138.17 145.96 10.3 TSB2 121.64 127.95 9.7

TSA3 96.11 88.99 7.3 TSB3 84.83 97.88 8.3

PA -133.91 11.3 PB -129.62 12.0

&=37.64 IMA1 -1.55 20.7 &=37.64 IMB1 -18.10 14.0
E;(30)=46.0 IMA2 -7.94 18.7 E;(30)=46.0 IMB2 -40.87 18.3
Ethanol TSA1 212.22 213.77 15.7 Ethanol TSB1 — — —
TSA2 142.83 144.38 12.7 TSB2 106. 34 124.44 11.7

TSA3 96.01 103.95 10.3 TSB3 69. 10 109.97 10.0

PA -136.2 15.0 PB —148.94 15.3

&=78.39 IMA1 -1.55 20.7 &=78.39 IMB1 -18.15 13.7
Ey(30)=63.1 IMA2 -8.55 18.7 Ey(30)=63.1 IMB2 -42.11 18.3
Water TSA1 212.19 213.74 16.0 Water TSB1 — — —
TSA2 142.81 144.36 12.7 TSB2 105.95 124.10 11.7

TSA3 95.61 104. 16 10.3 TSB3 68.25 110.36 10.3

PA -136.26 15.0 PB -149.61 15.3
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Theoretical Studies on Mechanism and Solvent Effects of Reactions of
Nitrosobenzene and 2-Methyl-2-nitrosopropane with Formaldehyde

ZHENG Tian-Long, LI An-Yong”
(School of Chemistry and Chemical Engineering, Southwest University, Chongqing 400715, China)

Abstract The DFT method B3LYP/6-311 + + G(d,p) was used to study mechanism of reactions of nitroso-
benzene and 2-methyl-2-nitrosopropane with formaldehyde in gas phase and solvents. In gas phase, there are
two reaction paths, the concerted and stepwise mechanisms, both of which produce the experimental product,
hydroxamic acid; the stepwise mechanism is predominant. The solvent effects were studied with the conductor-
like polarizable continuum model respectively in the solvents acetonitrile and water, and we found that the sol-
vent effects reduce the activation energy, but the reduction is small, these reactions are not sensitive to the
solvent polarity.

Keywords Density function theory method ; Nitrosobenzene ; 2-Methyl-2-nitrosopropane ; Formaldehyde; Sol-
vent effect; Polarizable continuum model
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