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Abstract

The mechanisms and Kinetics of the reaction of the Isocyanocarbene
(HCNC) with the NO have been investigated by ab initio molecular
orbital method. The species involved have been optimized at the
B3LYP/6-311++G(3df,2p)level and their single-point energies are refined
by the CCSD(T)/aug-CC-PVQZ//B3LYP/6-311++G(3df,2p) method. Our
calculated results indicate that the favorable pathways for the formation
of several isomers of HCNC-NO complex. Formations of HCNO + CN
(P1), HCN + NCO (P2) and HCN + CNO (P3) are also possible, although
these three pathways involve little-activation energy.

In the P1 formation, the addition reaction of HCNC plus NO will
produce intermediate IM2- firstly with 'theexothermicity of -67.83
kcal/mol. Then it could overcome a barrier height of 13.41 kcal/mol
(TSisol) to produce IM1. The IM1 will break its C—N bond and produce
HCNO + CN (P1). However, the IM2 might also pass through a
dissociative pathway directly, forming the products of P1, with a relative
energy of -15.3 kcal/mol. For the path of P2 formation, the IM2 will
proceed another pathway, via the transition state TS3 (E, = 20.64
kcal/mol), forming five-membered ring intermediate IM7, and then it will
open the ring with a barrier height of 7.37 kcal/mol (TS7), forming the

intermediate IM9. The IM9 will break its C—N bond and pass a barrier



height of 25.23kcal/mol (TS9), forming the final products of HCN +
NCO (P2), with an overall exothermicity of -101.53 kcal/mol. In the P3
formation, it will firstly form IM3 and then overcome one transition state
(TS4, -20.55 kcal/mol), forming the final products of HCN + CNO (P3),
with an overall exothermicity of -38.41. kcal/mol. Employing the Fukui
function and HSAB theory, we are able to rationalize the scenario of the
calculated outcome.

Key word : ab initio ~ Fukui functions ~ HSAB theory.
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2.1.2 & %% ;> (Semi— empirical)
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2.1.3 4~ 4 532 (Molecular mechanics ©° MM)

At A BB I N R feRh FAAHEHEE 7 Y g

LI E g A R AR i A

A EdEd -G b LA o BiR A AR B

S AR AT

ETotal - EStretch + E + ES—B E

Bend Torsion + E vdW + E DP-DP

ESretch ﬁé—“’» i: fﬁrﬁ}ib 'E'

EBend ﬁ&% ;Eﬂ

p i AEZL WG Sfp T v i

L

ETorsion :

b+ i > = w & (Dihedral angels) =it &

EvdW: m/f”i T 4

Epp-pp - & & — B &5l 4



Jiﬁ_/ﬂ\-}

¥

P

RE

P
At

'%E'IK L SV
WEAT 0 2

BT hd FHF BRI AT LK

NEREZ %

BEASY EUE § .8 ERgELE

"l:‘z,‘k); F&g I///?'-ﬁjlri’g\?c



% K 2050 I2 25 (Density Functional Theory » DFT) o
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kcal/mol » # 3+ & 1 7 HCNC singlet — triplet it F# £ 4 %] ¥_1.8223.3
kcal/mol o p* #t Jacek P ¢ * 7 cc-pCVQZiz B & & K AT "ot & » -
# 3+ 8 ITHCNCehE B 4 = 4 5 140.5 keal/mol » &2 )I?;L BEVE L
E kAT PR SR o

R B Y RN PP R L P foNOV s F BRI £ R

Bl SR R E e Bl R A A AR R E4F T FIA PIRE
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32382 ek wplE

A Table 1. ¢ > 57 7 A i * &84 5275 4 & b+ HCNC
gER G ePRAL o s R d Y HIOE B R E R oA
3B A kB B kdp 3 0t g o 4e Tablel ® TEET 0 AR R
1 B3LYP/6-311++G(3df2p) % &3+ 5 k@72 % H—-C4tE -N—-C
ESCNCeE & & 5 1107 A~1.199 A 40 171.5% 2 F % & E_1.111 A
1202 A 40 171.6° » B S % F 24 T iuche §Feb Ay w5
IR+ A4 (EA)=2.018 eV 7§ % & (1.883+£0.013 eV)! 4= k B if
= % > & A el g S CCSDT(T)/aug-ce-PVQZ//
B3LYP/6-311++G(3df,2p) A -3 fit - H3H ¥ » #rikend & L fe
(EA)=1.873 eV { 52 TP & /% o Fl b AN -7
CCSDT(T)/aug-cc-PVQZ//B3LYP/6-311++G(3df,2p) it & & f 7 7“7

Fa B s R E T BALY hE R ¢ WA R

&y

(3%

17
o

fi e
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Table 1. The Geometries (Bond Lengths and Angles), Electron Affinities (EA) of the
HCNC Molecule Calculated at Various Levels of Theory and Some Experimental

Data from the Literature.

Level of theory H-C*(A) N-C (A) ZCNC (°) EA®/eV
MP2/6-31++G(d,p) 1.101 1.210 171.2 1.520
MP2/6-311++G(3df,2p) 1.103 1.172 173.8 1.769
B3LYP/6-31++G(d,p) 1.108 1.02 112.8 1.995
B3LYP/6-311++G(3df,2p) 1.107 1.199 171.5 2.018
CCSD(T)/aug-cc-PVTZ 1.527
//B3LYP/6-311++G(3df,2p)

CCSD(T)/aug-cc-PVQZ 1.873
//B3LYP/6-311++G(3df,2p)
Experiment 1.111° 1.202° 171.6° 1.88310.013°¢

*The sum of the heavy atom distances.
bEnergy difference between the anion HCNC™ and neutral HCNC.

¢ Reference 31.
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3.3 Reaction of HCNC +NO

Figure 1. E B HCNC+NO 5 Jule S Bl » T FEIZA B & ¢ 5
1—5 ¢ & A& # (Intermediate) ¢ & = IM1—IMI12; 27 iF§ /5 cng 4~
AN 3| =
#. = 1,—HCNO+CN P1 ; /= 1,—HCNO+CN P2
B i< 2,—»HCN+NCO P2 ; /% 2,—HCN+NCO P2
¥ i= 3 - HCN+CNO P3
§. i< 4,—HCO+NCN P4 ; /= 4,—HCO+NCN P4
B % 5 - HCON+CN P5

L B RS A (Product) & & 5 P1—PS5 - @ i & i (Transition
state) > & & & 5 TS1—TSI3 - * B A4 FH 1 e L B & & 2

TSisol —TSiso3 -
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Figure 1. Schematic diagram of proposed paths for the reaction of HCNC + NO.
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kecal/mol

0.94

.7 HCON + CN PS5

-15.32

e & ARS
.----Z*"HCNO+CN F!

------------ 2 _____ -38.41
HCN + CNO

-43.09
L« HCO + NCN

P3

P4

=~y -101Ls
101.53 -
HCN + NCO

P

Reaction Coordinate

Figure 2. Calculated profiles on the potential-energy surface for possible paths in the reaction of HCNC + NO at the level of CCSD(T)/aug-cc-

PVQZ//B3LYP/6-311++G(3df,2p)
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Figure 2. 7 s ~ P B A Y ~@RLE -7 FAF R HERLG
& A 4 i CCSD(T)/aug-cc-PVQZ//B3LYP/6-311++G(3df,2p) & & #1
FE M ki E kA 2k =it ¢ 5 (Potential Energy

Surface > PES)H] -

4 Figure 2. #7757 » ¢ HCNCHNO ek i@ A ipEd5 0= e A&
Foo 2w IM1 > IM2 ~ IM3 ~ IM4 ~ IM5 22 IM6 > 33t § § 7 <0
FReiIZT 227 F s o g APERly C—N it
(HC(NO)NC) & & & ¢ & # A _pHR 4+ trans—HC(NO)NC(IM1)
fr cis —HC(NO)NC(IM2) » 7 i % H B 44~ i it £ £ 5 1.26
kcal/mol » & B & # 4= 2 [ 018 & & (TSisol)4p ¥ it £ 5 -54.42

kcal/mol » # % 7¢ tran £ cis F,\F’“"‘H#B?ﬁ#ﬁf"’ﬂ B e

F (s €A, 2 inZ iR T > BT & L, fr 1,12 % 2,0

B 1, : R>IM1-P1
Beis 1,0 F &4 HCNC &2 NO 4p 3 F J&ts > 25 = IM1 &= ¥
A4 > T2 3#-66.57 kcal/mol > 2_ 1&¢ C—N 4 %74t % 3 (Direct

dissociation)?; == P1(HCNO+CN) ¥ J& i #7 < #%-15.32 kcal/mol -
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B2 1, - R-IM2—P1
B 1, F s HCNC 22 NO 4p 3 F Jifé > 254 IM2 i& B ¢ FF

{8 C—N 4 %74 f2 3 (Direct

AP o I ¥ 3 4-67.83 kcal/mol » 2
dissociation)?; = P1(HCNO+CN) ¥ J& i #7*< #%-15.32 kcal/mol °
BE 2, R>IM2->TS3—>IM7—->TS7T—-IM9—TS9—P2
FRLIE 2,0 F RBP4 I F A # 67.83 keal/mol 75 = IM2 0 &
i~ i [ TS3(E,=-47.19 kcal/mol) » C—O ¢ 4p 3 42 %) = IM7 i&
BT ABkagtEr 2 F RERTH 7640 keal/mol » #HF L 5d - B
@R & TST(E,=-69.03 kcal/mol) ¢ N=O dgérétd F 7 A ThiEm A=
PREFASIMOH F }f%%i%.‘@iﬁﬁi 120.93kcal/mol 7 %58 TS9(E,=-95.70

kcal/mol)#7B C—N 4£25 % P2(HCNINCO)H & i e #1642 101.53

kcal/mol -
BIE 2, ¢ R IM4—-TS5—-IM8—TS8—IM10—-TS10—IM11

—-TS11-IM12—-TS12—P2
5 2y F B4 HCNC 4o NO & 035 = ¢ [ A& $ IM4 22 11-19.59

kcal/mol e > ¥ ¥ 'iE - B 188 & TS5(E,=-8.88 kcal/mol) > 4} = -
BT RRPBHEH C—0 g4k 3 IM8 @7 B AL
HF i iE 42 76.78 keal/mol » 3 % 516 - 18 & & TS8(E,=-69.17
kcal/mol) - O—N § ¥r&t R 3k 7 &7) = # B A IM10> 2 & i e g i

42 109.89 keal/mol » £ 56— B TS10(E, = -75.82 keal/mol) » C—O 4+
36



B4 - Bw fRenBiEeY B AR IMIL> 8 F kB2 80.87
kcal/mol » 58— i & & TS11(E,= -68.32 kcal/mol) » C—N 4g %7
e | R, 7 B A S IMI2: 2 & et i 42 95.70 keal/mol -
B f¢ 5 TSI12(E, = -74.09 kcal/mol) » C—0O % A, = & 4~
P2(HCN+NCO)# & &34 4% 101.53 kcal/mol -

2 fh 0 AR BT CoNgets o £y E

B BT T AR T
= 334,029 &35 HCNCNO ) » ¢ 2 4 5 BRER P
cis-HCNCNO(IM3) £ trans-HCNCNO(IM4) » i3 fa. & 4~ ch4p
$#it £ 43 12.77 keal/mols fwis s f8 55 R Hdr i it fi (TSis02) £
10.02 keal/mol » d p* ¥ fr AR B FI R i % B 0 i ?
F AR R R BR300 4, s e
B®E 3 ¢ RSIM3—TS4—P3

WEE 3% o F gt HOCNC 22 NO AR T F Jafs » 25 IM3 & B
¢ A4 0 2 # 32.36 kecal/mol 0 & F B5iE - Ay i TS4(E, = -20.55
kcal/mol) » % C—N 42473252 & $# P3I(HCN+CNO)E F R ic# B4R

38.41 kcal/mol -
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®iE 4, ' R>IM4—TS5—-IM8——TS8—IM10—P4

GRT 4,7 0 B L BB T 240k o F 4 HCNC 2 NO 4p 3
F RS = IMAzBP A » B F R 3EE42 19.59 kecal/mol »
EFBiE- B TS5(E, = -8.88 kcal/mol)’ 3z 11 62.11 kcal/mol =44 »
A IM8 iz BAE T cn? A F 3% F S~ B A & TS8(E,=-69.17
kcal/mol) » O—N ¢ B#HF )= ¢ F A2 IMI0 H F i cf:E 4%
109.89 keal/mol> 2 5 C—N 4t § ¥ S U7/ {24+ & $ P4(HCO+NCN)
H F R % # i 42 43.09 keal/mol

B A BT €O EMES T3t E

= RS T AR
A 4350 B9 2 30 HCONNC )3 0 ¢ 22 5 B BiE R b
cis-H(CON)NC(IMS)¥2 trans-H(CON)NCAMS) > i& 7 fa 55 & 1 o
A £ £ 95 244 keal/mol A E B H R A T ARk i
f& (TSis03) 3 0.36 kcal/mol > % 7+ IM5 4- IM6 2 et
Wi e o I| S ehdy i heT
BiE 4y - RTS1-IM5—TS6—IM8—TS8—IM10—P4
RS 4y RS B 5 6.37 keal/mol s TS1(E, =6.37 kcal/mol)
2,8 C—04ER 24 3¢ F 44 IM5 2 £ i 42 %# 18.76 kcal/mol »
B EBa s 4.09 5 TS6(E, = -14.67 kcal/mol)?; 2 7 f % ¥ F 4 4
IMS8 > H F 2z #1542 76.78 kcal/mol » 3 % ‘i — 1 TS8(E,=-69.17
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kcal/mol) » 3% 7 R &35~ IM10 B £ & 3c£1 i 47 109.89 kcal/mol -
Bi5P B A% IMI0 2 5224 4 4 P4 (HCOANCN)H F i e £ i f2
43.09 kcal/mol -
BiE 5 R>TS2—IM6—P5
R S, pAgd il i 17.15 kea/mol ¢ TS2(E, = 17.15
kcal/mol)@)= C—O 4t A ¢ FA P IM6 > H F BiFA7 x4 1632
keal/mol » B fs C—N 4% $ 877 24t B % & % PS(HCON+CN) »

Bk v # 117.94 keal/mol -
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Table 2. ¥_2 B3LYP/6-311++G(3df2p) & &3+ & 41 chF fidr

(HCNCHNO)~ ® B 2 47 & #& 4 cnig & 7% B 5t (Zero-point energy °

ZPE) - # * CCSD(T)/aug-cc-PVQZ// B3LYP/6-311++G(3df,2p) i ' =+

21

2L 8 9 enH 8y F (Single-point energy)¥? B Bhiy £ 4 F 2 F BRI B

Jo

I el @ (CTEHZPE) » B (5 Pl U F e ic £ % A B L 7 8 Jipy

it £ (Relative energy) » 14 -+ + & 3 B (kcal/mol) 3 E = o
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% Table2. ¥_#& HCNC+NO ¥ fis® » 24 P1~P2 2 P4 cint § g e
FHENREHE2Y » F % PI(HCNO+CN) ~ P2(HCN+NCO) -
P4(HCO+NCN) & d 3+ B #7jE 17 crfp $ a0 £ 4 & £.-15.32 ~ 101.53 »
-43.09 kcal/mol » £ 9 % & -16.96+£0.46 ~ -100.56£1.66 ~ -41.09:+0.66
kcal/mol t“ ez (S HF MAEF 23T > HF 1 A HY KB AV R - TR

bl Uy o7 S Plehd SR E T

HCNC(140.5 kcal/mol)™
NO(21.46+0.04 kcal/mol)™
HCNO(40.9 kcal/mol)*™
CN(104.120.5 keal/mol)*?
HCN(30.9+0.7 kcal/mol)*?
NCO(30.5%1.0 kcal/mol)*
HCO(9.00 kcal/mol)*®

NCN(111.3%0.7 keal/mol)*
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Table 3. ¥_7 B3LYP/6-311++G(3df2p) & 3t 3 & chif it it i 2 %
Bl i+ s (Zero-point energy ° ZPE) ~ & * (CCSD(T)/aug-cc-PVQZ//
B3LYP/6-311++G(3df,2p) k& =& #73+ & 11 e B 2L i £ (Single-point
energy)£? ¥ 2hit £ 4c + 0 F 2hix it 8 & ehfic @ (CTE+ZPE) > {8 B &_
WFE JEdea B AL G F 2 4p ¥t £ (Relative energy) s 1+ F & 37

3 (kcal/mol) % H i o
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Table 2. Zero—point vibration energies (ZPE, hartree), total energies (TE, hartree),
and relative energies (RE, kcal/mol) of reactant, intermediates, and products,
calculated at the CCSD(T)/aug-cc-PVQZ//B3LYP/6-311++G(3df,2p) (CTE, CRE)
levels for the reaction of HCNC+ NO

ZPE* CTE+ZPE CRE experiment"
R(HCNC+NO)  0.022509  -260.922058 0.00
M1 0.030402  -261.020246 -66.57
M2 0.030892  -261.021769 -67.83
IM3 0.028321  -260.967819 -32.36
M4 0.028152  -260.947629 -19.59
IM5 0.028261  -260.946195 -18.76
IM6 0.027829  -260.942754 -16.32
M7 0.033228  -261.033635 -76.74
M8 0.033161  -261.033762 -76.78
M9 0.031294  -261.105988 -120.93
IM10 0.030021  -261.089673 -109.89
IM11 0.031292 ~-261.042155 -80.87
IM12 0.030523/ " 261057967 -90.31
P1(HCNO + CN)  0.024834 / -260.944149 -15.32 -16.9610.46
P2(HCN + NCO)  0.026340 | -261.080022 -101.53 -100.5611.66
P3(HCN + CNO)  0.024224 ~ “-260.981559 -38.41
P4(HCO + NCN)  0.021481 . “260.991748 -43.09 -41.9610.66
PS(HCON + CN)  0.021427  -260:921648 0.94

* Zero-point energy (au) at the level B3LYP/6-311++G(3df,2p).
® The unit of energy is hartree.

¢ Relative energy (kcal/mol) with respect to the reactants.

9 Reference 32 and 33
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Table 3. Zero—point vibration energies (ZPE, hartree), total energies (TE, hartree),
and relative energies (RE, kcal/mol) of transition states, calculated at the
CCSD(T)/aug-cc-PVQZ//B3LYP/6-311++G(3df,2p) (CTE, CRE) levels for the
reaction of HCNC+ NO

ZPE* CTE+ZPE® CRE®
TSI 0.025526  -260.911908  6.37
TS2 0.025089  -260.894722  17.15
TS3 0.030396  -260.989377  -47.19
TS4 0.026175  -260.951137  -20.55
TS5 0.027769  -260.930948  -8.88
TS6 0.028803  -260.939150  -14.67
TS7 0.030768  -261.023805  -69.03
TS8 0.030918  -261.023880  -69.17
TS9 0.027724  -261.069346  -95.70
TS10 0.029810  -261.035588  -75.82
TS11 0.029478  -261.023961  -68.32
TS12 0.027149 . -11:261,035483  -74.09
TSisol 0.0293007 - -261.001987  -54.42
TSiso2 00028319,  -260.938029,  -10.02
TSiso3 0.027030 -260.916970'  0.36

* Zero-point energy (au) at the level B3LYP/6-311++G(3df,2p).
® The unit of energy is hartree.

¢ Relative energy (kcal/mol) with respect to-the reactants.
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Figure 3. £ * B3LYP/6-311++G(3df2p)k & #3+ & 194 ehF i

#(HCCN # NO)~ & ¢ [ & # (IM1—IM11)2 4 £ ~ 4 & 27 41 ) -

Figure 4. £_12 B3LYP/6-311++G(3df,2p) f /o w3 B ) et 4 18K

(TS1—TS15 ~ TSisol —TSis03)2 42 £ ~ 4 4 &2 SR -

Figure 5. + £ * B3LYP/6-311++G(3df,2p) % & 73+ & 41 chd 4

(P1—PT)2 4 £ ~ 4t & 21 24 R
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Figure 3. The optimized geometries of the relevant reactants, intermediates, and products on the potential energy surfaces of HCNC + NO
reactions, calculated at the B3LYP/6-311++G(3df,2p) level. Bond lengths are given in A and angles in degrees.
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Figure 4. The optimized geometries of the relevant transition states on the potential energy surfaces of HCNC + NO reactions calculated at the

B3LYP/6-311++G(3df,2p) level. Bond lengths are given in A, and angles are in degrees.
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Figure 5. The optimized geometries of the relevant reactants, products on the
potential energy surfaces of HCNC + NO reactions, calculated at the
B3LYP/6-311++G(3df,2p) level. Bond lengths are given in A and angles in degrees.
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3.4 Fukui function &4 35
FUE 5 & i & etk 0 AP T e R HONCE NOHE it
g A2 e B FAS —IMI-~IM2~ IM3&ZIM4 & bR &
€ 7 H AP R g i £ 5.-66.57-67.83+-32.3640-19.59 keal/mol

2L BEE Y B AP —IMSHIM6 » %5 &) Ay isik-

wob i

\f“b

io £ ehag 3 fA) = IM3PF € L 5B TS1(E, =6.37 keal/mol) » 2
= IM4pF 58 TS2(E,= 17.15 al/mol) - ¥ r2 % 3. IM1 ~ IM2 ~ IM3 2 IM4
AP EATIMS 2 IM6 {5 £E -

AR AP A AR T (HSAB) B 5 2 e 2 o X3t 5 4
Fukui functions o @ HSABEE";/IF; pfa BT E K R 5 soft likes soft”
Fr”hard likes hard” z_ 7\5 % Fukui function 2. 24 4pF o 2t b > R
+mF e 3 Fukui function & 4p B > #3287 12 %ﬁf ¢ Fukui

function Xk f2EF_A & k%P F 2 7 it B F R - K Gizquez

F—%“L?}EJ&‘J {® &+ Fukui function mﬁﬁﬂ’ ’ ’ﬁ? PE R
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Fukui function f(r) e & 4T

0" 56 L

« - chemical potential

V(r) - external potential
p(r): T+ Z AR ONFRFHD

F 4 p(r) & Nenddio ¥ 2 4 4L % % i@ 4 4 (slope discontinuities) -

Electrophilic attack ) = {a/;](vr )}
Nucleophili ' < h=[eet)

philic attack £ (r)= "
Radical attack fo(r)=%[f+(r)+f_(r)}

YangfrMortierf{ & #& &1 > #Fukui function® mkZ % R+ @ NR| 5 » &

PR T 2

- oN (op(r)
leophilic attack = I A B et
Nucleophilic attac s(r)=sf(r) (au jV( » jV
Electrophilic attack fi= [qk(N )—gk(N —1)]

Radical attack £ = [qk(NH)_qk(N_l)]
2

gk: &5 F PN RFIEkATF AN o
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% DFT® > #*thardness () fv softness (s) & 5 :

2y | TE _(5_“j _1
T\av) “\av ), s

AN T

N f(x+h)=2f(x)+f(x—h)
h2

HNF BT AA

E(N+1)-2E(N)+E(N-1)
h2
[E(N=1)- E(V)]-[E(V) “E(N+1)]
2

772

2 }§J%34frr :

The global softness S as the inverse of global hardness -

n IE—EA

The local softness s(r) -
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s(r)=9f(r) =[%]V£a%ir)l {a/;y)l

H ¢ global softness S 7 global hardness 1| #c o

11
n IE—EA

S =

F] % HCNC+NO E_E>t p o fAp b ek o s ie * (0 k473
HE k%o %y Tabled, chllciE ~ ] R4 RF s F ¢ gEEs
oo 2 HCNC f d AV e Cy(#p Cy At 422 B C R+ 5 43T H
)R F 0B R_0.745 0 Bcimdet i b s A ¥ - C(EREC &
iz C B+ 3 H % /2 termiral) it ¥ e9 /%@ £_0. 466 i 2 > 7%
Bz om NRIF a /@8 02460 Bcdd ] » 255 o & NO ¢
SN B3 O E 06320 O30 ~% 8 0368 3p 7 Nt O
g o d PILGERBP T IML 2 IM2 5% % 252 o

¥ ¢k ¥ _HSAB 1234 ¢ 1% 5v . HCNC } #Cy i + Local softness §°
%_2.645> m NO }+ N k =+ &7 Local softness S° %_1.622 > » ¥ 13

F = oy b i) IMIL 22 IM2 3247 o
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Table 4. Condensed Fukui functions for H, C, N and C; atoms in HCNC, and N and O atom in NO , and global and local softness of

themolecules calculated at the level B3LYP/6-311++G(3df,2p).

7o Local softness (s°)¢
Global
Molecule H Cu N C O softness S° H Cu N C O
HCNC 0.035 0.745 0.246 0.466 3.295 0.126 2.645 0.875 1.655
NO 0.632 0.368 2.566 1.622 0.944

*atomic charges according to a natural population analysis.

bg= 1/(IE—EA), with 1onization energy /E and electron affinity £4; the energy unit is hartree.

CSOZfO'S
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Yy

s

3 < 72 3 hlsocyanocarbene (HCNC) & NO & B & 2 ok B4

gH 4 AT LR T S

(=)

(=)

AR * 3 k& 5 CCSD(T)E aug-cc-PVQZ 2 basis set »

e AP EHCNCENOF @ 0 345 913 it

Ik

F R ap b Bcdp 3o B 7 WY o d 32597 F e
5% 5 Jehizag & & Bl(potential-energy surface » PES) »
P AT F BT i A & RO RIS TR 0 25 2 HCNO + CN
(P1) & J&H 3% K Jk % 44-15.32 keal/mol - ¥ #F 4 s HCN +
NCO (P2)~ & \ BB e [RTS35/-47.19 keal/mol » A& 47 3%
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