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An Ab Initio Study on the Reaction of CH and NO,

I . Thermodynamics of the Reaction

ZHU Ka - Ke GAN Zheng — Ting SU Ke ~ He WANG Yu - Bin WEN Zhen - Yi~

( Institute of Modern Physics, Northwest University, Xi’ an, 710069)

Abstract The possible products and intermediates of the title reaction were studied theoretically by means of
the Gaussian — 3 model calculation. The stationery structures and the electronic states of the reactants, products
and intermediates were found. Their energies were detected. The thermodynamics of possible reactions are

discussed. The calculated results were in good agreement with the recent experimental ones. Some of the
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extraordinary values were also studied by MRCISD method, and finally the discrepancies were discussed.

Keywords CH free radical, NO,, reaction enthalpy, Gaussian ~ 3(G3) model.
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AR ERAT R EETE F h—
GBI i X b kR 7E G2V e mtt b ek T Sk Y,
HATEMMT G2 3B R 5B7E HF/6 - 31G(d)
it - (RN A Hartree — Fock HEETE 6 - 31G(d) #:
HEHE, R HTHRRRAIF T E R T SRR
I8 E(ZPE), R JG7E MP2(full)/6 - 31G(d) /K F |
BT EMEAL , 75 LA BUEERE b 3647 AR B9 B8 S B
BitE  RBAREETTRRNT:

E(G3) = E[MP4/6 - 31+ G(d)] - E[MP2/6 - 31
+G(d)] + E[MP4/6 - 31G(2df,p) ]

- E[MP2/6 - 31G(2df,p) ]

+ E[QCISD(T)/6 - 31G(d) ]

—-2E[MP4/6 - 31G(d) ]

+ E[MP2/6 - 31G(d) ] + AE(SO)

+ E(HLC) + E(ZPE)

+ E[MP2(full) /G3 large] (1)
ATEEBTMITREKEMEAEEFSP. AE
(SO)RAEPERAKRIE, KT SRE—T K 63 )5
BETRA, P G3 lage £ G3 ¥ E LMK E
AU E(ZPEYRER B EEKIE, E(HIC) R EBR
BEEELIET, 5 G2 AH, 7 G3 F, E(HLC) ¥ F4
THETFEARMIHTEAR,
5+F:E(HLC) = [ - 6.386N,

-2.977(N, - Ng)1/1000 (2)
JRF: E(HLC) = [ - 6.219N,
- 1.185(N, - Ng)]/1000 (3)
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16, AT AT LAAS 3045 BN MO AR A0 M8 . 3 o B 5 R T
B MP2(full) /6 - 31G(d) B BRI BY . B /e
Gaussian 98[8]E Pentium — [ F 585K,
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2.1 RE.HRBEDEEMEKLER
ATH G HENERITEEWR FRF—

2, 2R MP2(full)/6 - 31G(d) #ATH R AL, Fr 18
MR EWE, AR N YA R YIFIAER 1.
®1 RESRFWORLRE

HESHK

SFR
CH C—H=0.1120
NO; N—0=0.1216
NH N—H=0.1038
(0078 C—0=0.1179
HNO H—N=0.1058
o C—0=0.1105
HCO H—C=0.1123
NO N—0=0.1143
HCN H—C=0.1069
0, 0—0=0.1274
NCO N—C=0.1225
OH 0—H=0.0979
CN C—N=0.1135
HO, H—0=0.0983
HON H—0=0.1700
HCNO  H—C=0.1067
A(H,C,N) = 151.22
A(C,N,0) =187.38
HNCO  H—N=0.1008
A(H,N,C) = 125.91
A(N,C,0) = 180.11 D(N,C,0,H) = 188.31

A—BRT AN BRMRTFZRIMIES; A(A,B,C)FR A, B,C ZAMFETZH
#i¥ A D(A,B,C,D)FRR A, B,C T S B,C,D BT AL B % M s IC B
07 nm; B AP E AN (0).

A(O,N,0) =133.76

A(0,C,0) =180.00
N—0=0.1236 A(H,N,0) =107.46

C—0=0.1191 A(H,C,0)=123.34
C—N=0.1176 A(H,C,N) =180.00
C—0=0.1148 A(N,C,0) =180.00
0—0=0.1325 A(H,0,0)=104.56
0—N=0.1147 A(H,O0,N) =180.00
N—0=0.1200 C—N=0.1195

D(N,C,0,H) = 188.31
N—C=0.124 C—0=0.1184
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Bl 1R P AR R TSN, B
1IxE FERR RPN YE & EENE L, RITH
TE T — R Bh 2B 5 o F R P R 81 DL B A 8]
A5 B BT A0 7= 4y 22 i 0 o A, LA 3 B 5 o
P RE RN ST =R H B B B, SRt — 25 5 58 W] LARD
SCER AR LR P LU B, AT 45 1 X — RO B B
R AR BT T AL 2 S B ) 2% Z B, AT A
Bi%E T LY, PR AT BERO = IR R RE B,
2275 S BT R RNE T
2.2 SFHBFS.GIERRRE

FEBRE T ALY, 729 & [RMA RS iR et
B2 G, BIN#H—SHE TRBEMBE. R 25H
TR LR R Y, & R AT RE =4, AR BRATBT & B
BIRRE AR B R T3S, G3 BERLFISA(H.

£2 9FHGIERME(HR(:a.u.)

aF S E(G3) H
cH 11 - 38.45831 - 38.45596
NO, 25, - 204.97960 - 204.97570
NH 11 - 55.07274 - 55.06841
HNO A - 130.40870 - 130.40490
0, > - 188.49390 - 188.49030
o > - 113.26740 - 113.26410
HCO 25 - 113.79150 - 113.78770
NO 1] - 129.83390 - 129.83060
HCN > - 93.37542 - 93.37196
0, > - 150.24760 - 150.24490
HON A - 130.34170 - 130.33790
NCO 7 - 167.92080 - 167.91710
oH dnl - 75.69491 - 75.69160
HCNO > - 168.48590 - 168.48150
HNCO A’ - 168.59530 - 168.59110
CN 11 - 92.67345 - 92.67014
HO, 2N - 150.82690 - 150.82310
0 p - 75.03100 - 75.0279%
H 3 - 0.50604 - 0.50368
H, > - 1.17376 - 1.17046
N > - 109.48401 - 109.48070
St A — 24366622 - 243.63510
s2 1A, - 243.63998 ~ 243.63510
S3 ‘A - 243.61280 — 243.60600
s A — 243.68540 ~ 243.68120
s5 A, — 243.36740 — 243.66680
$6 A — 243.67456 ~ 243.66700
s7 A - 243.66319 - 243.65840
S8 A - 243.61404 - 243.60820
59 A, — 243.66770 - 243.66670

la.u. = 2624 .87k]}/mol.

3.3 WHERNEENRERASERMEMILR
FEA BB B b T LG B4 T R RO

B AR, & 35 T AT BB MR AR R AR T

BAER R LB, X 2 SRR R M OCHR [ 1]

BHXYI R AL A BUE T B AR EE YR
HIAEBUSTECER (11 ] ® AT, B LR R
IVRG BRI e &/ & R

HERIWITBEESTREMLRTLUE S, X
EALEEENEENS, G FENERESES
LWEHASTE 8 kI/mol Z W, B HE EikE{b¥HE
B, BRATA B B AR 1S P E B B M BRI SR Y
AV . TER 3 PAE AR (BB 2,6,7 F
OHEILSLRBEERELBER. XEKNERE
Bk AR Y A B B TSI T

(1) EL 2 M R #12% HNO f1 CO, CO & A8
FEILH LB MEE R A K. HNO MBS A B8 =
113.13k]/mol , T SE B {H W 7 100. OkJ/mol , I, 2 17 55
B 5T RHERFERE HNO BAE SRS . 58
B G HEHNBEEE, RIMTANBELENEME
FsE .

(2) R 6 R AE 2 52 th T NCO A Bk Tl
EMETIEM, H PRSI R (154 £ 14) kI/mol,
E#ERB - LR E 12131, 38k)/mol, 18 B S A 14
47 459.4k]/mol , 5 IS H B 2 B L2 B, B
BB HEEXREE.

(3R 7 BIE SR 6 250, £ B 0 A4
BUSHICHEMELBEZRAK, 558 - 248.00k)/
mol A1( -249.2+0. 1) kJ/mol. I TR T L3
SEHAE ST, 3 BT M SCER[ 13169 HONO A BRIE BB 5

—ASEIAE - 203.7k]/mol , 5 B G {H B 2 B FE L
WEZA.HWRE 785 —REREEEHBE
.

(4) X R 9 S 5L EMZE 21.9k]/mol, P

FhAE B CN I HO, WA RS ER 5 B A X, HO,
S A RS & 18.44k])/mol, T SC KR {E N 10.5k)/
mol, A 7.94k]/mol FJARHHE . AR 13.0kJ/mol 72
HREIS 5L FMREE AT REH ON A BURH
MATE TS IR
%3 KEBRET(kl/mol)

F5 BRUL £ i il
1 CH + NO,~NH + CO, -645.9 -650.4
2 CH + NO,—~HNO + CO -639.5 -622.5
3 CH + NO,—~HCO + NO -492.9 -489.6
4 CH + NO,~HCN + O, -493.9 -485.8
5 CH+ NO,~H + NO + CO -430.3 -437.3
6 CH + NO,~NCO + OH -436.0 -464.4
7 CH + NO,—~HCNO + O -161.8 -203.9
8 CH + NO,—~HNCO + O -484.8 -491.4
9 CH + NO,—~CN + HO, -183.4 -161.5
10 CH + NO,—HON + CO -446.8
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HJTBIE G3 W E, R T 5L 5 LB, BT
B A AROBE COUGAM W ix — R/ T
MRCISD i+8 . i+ B0 A 6 - 311 + + G(d,
p), HEMEESHZ CISD 11H&, I H Y CT I R %K
PR ARSI ESHEK T 0.04 HATIENSE R
¥, 52, MRCISD i+ . HHE I £4> T B MP2/6 -
3G() R B, T BB BN R AT EMNA
Davidson @“IE“S] ,

E=E(MRCI) + AE(1 - Cpp) (4)

E=E(MRCD + AE(1- Cop)/(2C-1)  (5)
X B E(MRCI) £ MRCISD &SRR EER,

AE = E(MRCI) - E (6)
H ERSESTRMALBENER, C RS
HEERBEBBTEHA TBESERABAK 4.

Cut = 25 C? (7
i€ ref
F4 K 9H MRCISD itH
e E(a.u.) E(a.u.) H(a.u.) H(a.u.) RIEHE
ARG ARG ARG ARG (1md)

CH -38.414226 -38.414979 -—38.404699 - 38.405452
NO; -204.738594 —204.757186 - 204,725910 — 204.744502
CN  -92.558654 -92.566042 -92.551315 - 92.558703
HO, - 150.668132 —150.674858 - 150.650303 — 150.657029
AR (4)
AR (5)

-186.43
-172.70

1 a.u., =2624.87k]/mol

EHW HRESHSIEEBBIMBE. B/
2 IEH Gaussian - 98 53, 53 3 MR T
GIREEAHI, 3 EEEMR— & HITEFHEE G3
WEPHE—SIHEFRTERNEA - 3 large KA
BEERTERBIER E(HLC). 5t FiXx BEFiHE#
R BL, B R ATE B R A, F—BERR
WEH. BRMAREA—-BEL TSR BHELER,
Bl m TR, SRTX BREBRA REERN 2
B, A AREEAS, REREBITIEALEEESNEE,
BUBE R UE S R AT 52 1% . ik FH 4 K/
HEORE , A SCHTTEREA T EX—ER. gk
RI9TE , % 4 4 MK MRCISD i+ &8 2/ %%
B G3 HERBMERELRE. BARIMNER
B, #HZ ARG HAEBINGEREGF—8 HX AR
YE— AR, B b 24 SO Bk U 2 5% A 25 8]
AEEH N TFEESHNSES, XHMARBEN
RER RN IR I KA 251

BRUL EW R Z S0, R E 5 L 2 5

B 53 T HEABAR S FRE AR BTl 2 B 53 T )
BHTSEXELRTFUBIGITEARL TR R
FEOTFHRBE, MELTEMETESTHRRS
YIET RA B .

T 5 %o 3%k 26 ] B B R SR AR B R T 2 BT, A
Bexd B8 H (8] e B 1 28 IR 25 AT T4
—ITEBAE LIRS R, AR
JrE ERRE T ROV AT RE BYEE , O 4T A
Il SR B T8 B 5 — TR R EE R
(USRS 2R Tk B R S A, B, SR AR
¥ P58, (1), (2) RNLEE R AT REHE R OR A ; B
SLHH TR (2),(3), (5)MilE , A B it —
BHATEERTR X — RN 30 1 R
JG CHKBEARIE .
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