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Abstract: The reactions of O*P) with ground state CH,NH(s) were investigated using B3LYP, MP2 (full), and QCISD
methods using 6-311G (d, p) and aug-cc-pVDZ basis sets. Geometries of stationary points on reaction potential
surfaces were optimized using B3LYP and MP2 (full) methods. The characterizations of the transition states were
confirmed by vibration analysis. The reaction barriers are obtained using above-mentioned methods. The intrinsic
reaction coordinates (IRC) were traced according to Fukui's theory and the connecting relationship of the transition states
with the reactants and products was confirmed. The calculated results showed that O(*P) atom attacked N2 and C1
atoms in CH,NH(s) producing CH,NHO(t) and OCH,NH(t) respectively, CH,NHO(t) rearranged to CH;NO(t) through a
ring structure transition state when H5 shifted from N to C1.
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(#4200 kJ -mol™). CH,N(s) N FaaE, il o 2 5
¥4k 2 CHNH (s), 755 oK &t 19 #4 (29 355 kI -
mol ™). Schaefer % M HE i | #EM CHN(t) AJ LAl
b WE- RS A A Bl ) e AR 238 A8 ST AE
CH,NH(s). CH,NH(s) /2 FE 2 (A7 HL& sl b ) 4, -
HAE R bR 2 [a] i 2R 352 25 v e 5800 21 CHLNH () 1 A7
T, CH,NH(s) B R K A9 B 2 vh  k BRI W) b 2
—BA R EH FEEMOCP) (R E A ),
it LA CHNH(s) 5 OCP) R WAR AT g /21 Bk CHNH(s)
Mgtz —, REBFEMRHEZ — M ELEY
FIEIE 2z —, BT LLNER S Xt AT i an i s A
HE IS OIS A, A SCR &b 2Eit
S50, BT T AR SO N A TOWATLEE, X s 1 i 42
1) — S E B IR T T A B RN, IR e T
2N 3 R A 2 ) R RN AR AT D DL R A 1o U
SRR, DU RS A ERA R T, FF5HR
AR SR RFELL 2 CHLNH(s) [ H Lm0 B Hie it
wE%.
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AR, BN T R PSS  FL S S8 A N R A

.

118.31

1.0974 Y289

1.102 1.0289
124.51 109.5

CH,NIH(s)

1.0958 f 107.56

E1

TS1(t)

CH;NO(t)

R GEES AR S

(IRC)REE, ik T 5y A Be 1A b i3 A 5 s v
M= Y2 MR EE R, T RA— B P2 r
AT A 3 SN A S A 2R s, A S RE R PR AL
[ [ JE 75 Y 5 i A8 &2 ) ME AR 2, 1T MP2 il QCISD
J7 1 BB BT i A A OC BB [ B, FEAT R BRI A
TS Y. 6-311G(d, p)Fl aug-cc-pVDZ Wi K40 7K -
R TUAAT R 7Y SRS AT 22001, 45 RE It — 2.
I, ARSCUL MP2(Full) J5 4% aug-ce-pVDZ K- Y
B R 25 T A SOV E A R, 25 RN )
FE S A Y, 3] QCISD Jy kA 78 i g i it
. TFHCR ] Gaussian 98 B2 74058 1Y, $hEMIFSY
fiiFH AIM2000"F8 7 FFRATT A1 745 1 L T35 4
MR GTA2000"15¢ A

2 #R5iTe
2.1 JUfAtaBiFngEE
B 125 TRV . RS T LART )
RIZHL, 2 1 45 T RV G AR ) BB
FIAEXTRETE, K] 2 A5 S g () S g #4322 s L SCrp
BN FRIG T () FR B AR, (0FR —4RA.
MIEE] PIE H, CHNH(s) .CHNO(t) FTOCH,NH(t)
BA C xR, e PR ) XTFRTE. M GE & A
BT, =R A e i A A A A A
5, AT FEEEH A L, MP2(ful) REfE 25 H 1l

Cs
— Cl
- 107.13
oose= [ 1.3698ﬁ 10746 S
: —_
M *‘7-2983 - 1.1069
1.1006 d 1.4575
10739
12715 109.80 3

“ OCH,NH(1)

G

TS3(1)

Fig.1 Geometries of reactants, TS, and products
bond length in 0.1 nm and bond angle in degree
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Table 1 Total energies and relative energy
including ZPE of all species

Total energy(Hartree) Relative energy(kJ*mol™)

Species

B3LYP MP2(full) QCISD B3LYP MP2(full) QCISD
CH:NH(s)+O -169.6831 -169.2300 —169.3097 0.00 0.00 0.00
OCH,NH(t)  -169.7284 -169.2502 -169.3386 -119.20 -53.04 -75.87
CH,NHO(t) -169.7189 -169.2455 -169.3226  -94.25 —-40.69 -33.83
CHNO(t) —-169.7569 -169.2864 -169.3630 —194.02 -148.08 -139.94
TS1(t) —-169.6833 -169.2017 —-169.2837 —0.53 74.30  68.26
TS2(t) —-169.6824 -169.1915 -169.2735 1.80 101.08  95.04
TS3(t) —-169.6542 —-169.1706 —169.2566 7588 155.95 139.41

QCISD J5 ¥ AR #23T f(E, B3LYP J7 5 MP2(full)
1 QCISD Wifh i T B R EM R, ZFFT
Arenas kT DFT FiEiHE A A AR R M HE
HATHRFA TS 500, N 2 7T LA H, =N AR A
TGS, CHNH(s)F1 OCP) SR (14 6 2% 38 18 ) #4542
HBHAR, HAE B CH,NHO(t) FTOCH,NH (t) 53+ 7] jift #4
53.04 kJ - molF140.69 kI -mol™, #BI&7E A IR 5T
P55 KRN, CH,NHO(t)—CHNO(t) ) #1122 g
11, MBS I AL BT A OCH,NH(t) .CH,NHO
(O)F CH;NO()#RIE RT3 1) 4.
2.2 AR
OCP) R Tt L CH,NH(s) ' C1FIN2 5 F-, 2233
TS14 7= ¥ OCHNH(t), %33 TS24 i, CH,NHO(t).
CH,NHO(t)ill 1 TS3 5441k CHNO(t).
CH,NH(s)+O(*P)—TS1—OCH,NH(t) (a)
CH,NH(s)+O(*P)—TS2—CH,NHO(t) (b)
Lors3—CHNO®  (0)
SV 38 A (a) 7, SN 4 CHNH(s) Ay - T #4784
06 J5F7¢ C1 B I WJL-F-3E B F CHNH(s) 5>+
- TET B4 A7 BE R CL s, XY 06 #:i C1 i+ %]

200}
,101.08 155.95
100 f TS0 /7830
§ 7430 % / \
e i TSIt {44069 7 i
5 ol000 f \_\‘szNHO(t)' \
g CH,NH(s)+O \-.\ / \
2 \: / \
4 \ \
. OCH,NH(t \
= -100t S20s
1-148.08
CH,NO(D)
-200
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Fig.2 The reaction barrier map of all channels

0.19069 nm B, H5 25 73 FF- 1 —13.05°, JE B T 1
JEZS TS1. BFE 06 1] C1 HI4kSEEEIT, #Ef H3CIN2
BWAE /)N, H3 \HA i 25 5K 19 43 - 1H, H3H406C1
BT L 4548 [Rl), H5 48 C1—N2 B,
H5N2C106 —Th fi N IE 90°% A /NE] 0°, TE A,
HA C, XFRMR ") OCH,NH(t).

J )V 38 3 (b), OCP) JEi+#E X CHNH(s) 43 F
1 N2 J5F, 380 A, N2—O06 #2298 %,
CHLNH &85 i) 50 FUZ RS G 25 it >fe 1 1 T A 75
(H5, N2, C1 Fl H3 Fr s %) — i #1 "0—1.80°), i % L
L R 32EA T N2—O06 S5 #i A8 ik, B3 55 T ™= 9
CH,NHO(t).

S IE (c), CH.NHO()H (1) H5 i 855 C1 |
TEBCHNO(1), ZN2—H58EA8 K 51)0.12273 nm, IEEF
C1 5 H5 MRZIEIEE H 0.13959 nm, EF) K T 5o 8 4
TS3, {0 TS3 FFAEFRIRGE. & T 1 PR M L5 A
HL 2% BE AR N AR 40 45 A I8

1EIE i OCH,NH (t) Fl CH,NHO (t) ¥ 32 #2 o,
OCP) T By HL F A eI CHNH(s)T 7 I HL
T HIRRESEEEHAE. W NEE E& R
1 JE H, 285 2 i 2 7 AR AR (IRC) Y AR A A T ER B, 45
RO T 2.

7 2 HilIE (@) BHE R I, ISV EIR ),
O6JLF I F e HL 5 & ML 2.003% #7871V 50,7700,
C1 i1 AT 25 B2 A 0 3B K31 0.9240, Tfif
N2 (1) [ Jié HL T Bt 2 i A, (HG R A e L
Cl /M9 Z, WP 0 35 %] 0.3134. FIL, X
Vi iH (a), OCP)FF F 1 A e 7% 8 224455

*x2 RAE@E#Ea)f(b) IRC R LS F C1.N2
06 ETHEKBETEE

Table 2 Spin densities on atoms C1, N2, and 06
on IRC pathways for channel (a) and (b)

Spin density Spin density
S(a) S(b)

Cl N2 06 C1 N2 06

CHNH(s) 000 000 200 CHNHs) 000 000 200
240 00702 01094 1.8059 -2.00 -0.0325 0.1506 1.8469
160 01192 01258 17369 -1.00 -0.0528 02607 1.7810
—0.80 02174 01364 1.6236 000 -0.3951 0.6481 1.7299
000 04354 01451 13919 +1.00 -02747 0.8844 1.3695
4080 0.6927 02323 1.0430 +2.00 -0.1023 09758 1.0777
+1.60  0.8211 03419 08024  +3.00 —0.0800 0.9914 0.9787

OCH,NH  0.9240 0.3134 0.7700 CH,NHO -0.0990 1.0784 0.9713

S(a) and S(b) denote reaction coordinates of channel (a) and
channel (b), respectively. “+” denotes forward direction of the
reaction and “~" denotes back direction of the reaction.
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FleFr#E g C1JEF BT . 724 OCHNH HA XL
H B RFIE(CL (19 A Té % B4 0.9240, 06 1Y H iE
SRR 0.7700).

X S Al AE (b), S P ) =264 06 JET,
H A e EE A 2.00 BN 0.9713, N2
I A E T2 A OSZT K1.0784. TIC 1Y A Tié
HL % B SR R B {8, H SV BB AT L),
FFYIEtCl L B e E HAT-0.0990. FILAT PLA K
XN T T (b), OCP)JEF F Y F e 7% B
R R E N2 F T 77 CH,NHO(t)
HA WA fERHE (N209 A EH 7% 5 8 1.0784,
O6 A THiEH T 254 0.9713).
23 RNERZEEREESHEFZEERINAR

FT EHRAM T f# A R OCHNH(t) ,CH,NHO(t)
F CH,NO(t) =~ b SO LB, X HLifF 52 1 38 38
(a) FI(b) & SN I RN TE IRC RN AR b Ak 2 4 1
AR B 3 45 T 3R B AR Y H 2 R AR
PR RE S 0 As bR S BARFL 2R, il 38 (o) vT RE
L= JUIRGE ), BREEHIFST T 3818 (o) H W i bl s 1 Ak
b S AR Ak R A R, 3% 3 FITEL 4 43 46
T () R B FR M R R AR 2R

MG Bader 19 AIM Hg™, — AN T B HL T
5 43T R M SO LR T £ 285 B (A B R 1
Vp(r)Fl Laplacian & V (r.), iX B r. X/~ 5
T (RSB A p(r) BN B 1 (BCP)AL 1 HEL T2 5,
PRI A5 55, p(ro R, %A BB, S
2 ACERE . V () e 0B I T, V()<
0 B IX R B e B IX, FLIZAE A 4 ST B, b
SR MR 7 2 (r)> 00 DI H A 2 KX, HL
TAEME A, A2 B B PR . A 15 (e=A /A5-1)
FHAAIR AL 2E G F5E, & MO L2E S )
R, &—0 UL LA IR YY) o B

A3 AT LA, %o 2 10 38 3 (a), O62ELC1 5T,

0.451

%3 RHMi#EE(c) IRCi&#E E C1—H5.N2—H5
RCP By $MER

Table 3 Topological properties of C1—N2,
C1—06 and RCP of channel (c)

() Eigen. of the Hess.
S(c) Pl Matrix

V(.

(amu)bohr) BCP  BCP o \ A plr)
(C1—H5) (N2—HS5) ! : ’

+0.16 0.1527  0.1624 0.1527 —0.3073 0.0496 0.2889 0.0313

+0.22 0.1545  0.1607 0.1536 —0.3102 0.0875 0.2808  0.0581

+0.26(STS) 0.1566  0.1592 0.1544 -0.3133 0.1004 0.2857  0.0728
+0.28 0.1608  0.1565 0.1553 —0.3200 0.0794 0.3286  0.0881
+0.30 0.1670  0.1600 0.1600 -0.3398 0.0268 0.3997  0.0867

+ denotes forward direction of the reaction.

AT WH ) C1—O648 . 78 [ i T 8RB, C1—O06
S A Wp (r) AR AR 218, 7ES=0F, C1—06 F T
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A R E (., S A §=0 J5 Mk, e T
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FRZ A R - 2 (] A 5 | VR e i
AT C1 A1 06 Z [8] iy i & 1) B B4R FH 28
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N2 HEf AL 1)V p(r) e 2 h T, LA xH i —A>

N2—06 0.60

i ——ay C1—N2 E Fa i .
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Fig.3 Electron density (p), Laplacian value (V?p(r.)) and ellipticity (£) vs reaction coordinate (S)
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Fig.4 Gradient paths of the electronic density on the IRC path of channel (c)
Circle denotes nuclei, triangle denotes BCP, and rectangle denotes RCP.
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