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: - ,

(DFT), , NO3  (NO)2, -

,  N2  N2O.

-

 [ 1 ]: 

3 2 2 24HNO 4NO 2H O O .  (1) 

 HNO3  [ 1 ]: 

3 2 5 22HNO N O H O,  (2) 

 100 %  531—533 K. -

 HNO3  134—155 /

 N2O5  NO2 + NO3 [ 2 ]. 

. ,

[ 3 ] á
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(t = 10–8 ) -

:

3 2 2 2NO  N NO   N O,*  (3) 

3 2 2 2NO  N O NO   ONNO NO   2NO.*
*  (4) 

- -

3NO*  ONNO* -

 (  (3)  (4)). -

 ( )

 (DFT) -  B3LYP 

[ 7, 8 ]. -  NO3

— , -

- .

[ 9 ], —

. ,

,

.

—

2NO*  [ 10 ]. 

-  6-311++G(3df ),

.

, -

. -

 GAUSSIAN-92 [ 11 ]. 

 NO3

 NO3 -

D3h,
2A2

 ( . 1).  [ 4 ],  NO3

 (ab initio) , C2v-

, D3h-

( . [ 12 ]  [ 4 ]).  [ 4 ] -

D3h C2v . -

, -  DFT  B3LYP -

D3h-  NO3 ( -

 — , . . 1).

D3h-  NO3 ( . . 1  [ 4 ]) , -

 MO 1e  4e  1 2
2E 2E , -

: (0—0) 2E 2A2  = 0,876 (0—0) 2E 2A2  = 

= 1,871  ( . . 1). -

- .
2E 2A2

: 2 —2A2 2b—2B1 C2v-

NO3,
2E 2A2 :

3 —2A1 3b—2B2 C2v-  NO3 ( -

 [ 4 ]).  
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. 1  B3LYP/6-311++G(3df )

C2v-  NO3 D3h- -

. : 2 —2A2, 2b—2B1, 3 —2A1 3b—2B2

 ( — ) -

3b—2B2. ,  NO3 ( D3h)

C2v
2B2.

[ 9 ], 3b—2B2  DFT -

, —

.  ( . . 1) 

 [ 5, 6 ] ab initio -

 ( . . 7  [ 4 ]).  

 1  

(RNO, ),  qs,  ( ),

 ( –1) 0—0- 0 ( ) NO3

(2A2 ) (2A2,
2B1,

2A1) -
B3LYP/6-311++G(3df )

 NO3

D3h
2

2

( 1)

C2v
2A2

( 2 )

C2v
2B1

( 2b)

C2v
2A1

( 3 )

RNO1
, Å 1,230 1,199 1,446 1,235 

RNO2
, Å 1,230 1,295 1,198 1,276 

( 1NO2), . 120,0 123,7 114,4 118,1 

qs(N)  –0,065  –0,08   –0,06   –0,02  

qs( 1)  +0,355 –0,22   0,98  +0,06 

qs( 2)  +0,355 +0,65  0,04  +0,48 

 (z)  0,0  –0,44   0,51   –0,81  

1(A1) 234 (360)  656 621 678 

2( 2) 234 (360) 674 625 169 

3( 1) 810 (762) 704 821 902 

4( 1) 1135 (1050) 1025 864 958 

5( 1) 1112 (1492) 1588 1327 1213 

6( 2) 1112 (1492) 744 i 1739 1618 

0  0,0 1,027 (0,876) 0,911 (0,876) 1,918 (1,871) 

Etot –280,329046 –280,291296 –280,295553 –280,258550 
0
298S 264,3 (252,6)  259,6 262,4 269,9 

 NO3 ( D3h) C2v
2B2. 3b—2B2 ( C2v)  DFT c -

— .

RNO2
 N—O.  

 NIST: [http://webbook.nist.gov/ 

chemistry]. : 1 . . = 27,21 , 1  = 8066 –1.

. Etot —  ( . .), 
0
298S  — 

( /( ·K)). 
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. 1. - -

 (NO)2, C2h ( ), -

3NO* + N2  NO2 + N2O, Cs ( ).  

                 B3LYP/6-311++G(3df )

 ONNO*  

-

 N2O2 . ab initio  DFT ( .

[ 13, 14 ] ) -ONNO 
1A1 .  (ON+NO) -

 N—N - , - - , :

N—N 2,263 Å [ 15 ].  

-ONNO -

C2v - . -

-ONNO (1A1) *-  ( ), -

 (1A1)  (3B2)

0,43  [ 16 ]. -

 (ONNO)* -

( ) *-  ( ). ,

[ 17 ]  N2O2 , -

 [ 18 ] -  (NO)2

-  ( . 1, ).  50—60 / , -  (NO)2

. -  B3LYP/6-311++G(3df )

Etot, E0
0
298S -  ONNO*

. 3  N2O.

3 —2A1

2 1 2 1
3 1 2 2 1 2NO ( )  N ( )  NO ( )  N O( ),g gA A*  (3 )

, : NO3 (3 —2A1)

 NO2(
2A1) + O(1D),  [ 4 ]. 

 O(1D) , ,  (3 )

.

-  B3LYP/6-311++G(3df ) Etot,

E0
0
298S , -

 ( ),  ( 0
298 ,rG

0
298,r H 0

298r S )

 (3 ) . 2. 

(3 ) . 1, . B3LYP/6-311++G(3df ) -

Ea = 31,3 / . -

 ( 0
298rG = –159,5 / )  (3 ) -

. . 2 -

3NO* (2A1)  NO3 (2A 2)

: 3NO* + N2  NO2 + N2O.

, ,
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 2  

- tot,  E0
0
298S , ,

 (
0
298 ,rG

0
298 ,r H

0
298r S ) 3NO* + N2  NO2 + N2O

 B3LYP/6-311++G(3df)

( )
tot, . . E0,

/

0

298
,S /( K)

0

298
,S /( K)

3NO*  (2A1) –280,258550 33,13 (0) 269,9 252,6 

+     

N2 (
1

g) –109,567372  14,63 (0) 191,35 191,50 

    

 (2A ) –389,815136 50,76 (1) 332,07 — 

. 2 Ea = 31,3 / i  = 551 –1

    

NO2 (
2A1)  –205,155297 23,10 (0)  239,7 240,17 

+     

N2O(1
g) –184,733347  29,40 (0) 219,34 220,01 

————— —————  —————  
0
298rG = –159,46 

0
298r H = –160,12 

0
298r S = –2,21 /K

.

 ( ).

 ( i) .

 NIST: 

[http://webbook.nist.gov/chemistry].  

rH Ea : rH = rEtot + rE0.

: 1 . . = 627,544 ; 1  = 4,184 .

 NO3  662  (15 110 –1) [ 4 ], 3 —2A1 3b—
2B2 . 3

 = 320  [ 5, 6 ]. 

, -

,  (  = 320 ) - -

3 —2A1  NO3,  (  = 

= 662 ), .

, - -

 (  = 600—700 )

,  1000 K 

 [ 3 ], -

. 2.
 NO3 (2

1)
2

2 -

      : 3NO* + N2  NO2 + N2O
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( )  NO3 (3 —2A1) (  = 

= 662 ).  (  = 320 ) -

 (t = 10–8 ) -

 30 / .

, -

 [ 3 ], -

, ,  (3 ).

 [ 3 ] 

 (4) - 3 —2A1 3NO*  (4). 

 [ 19 ], 

.  ( ) N2O ,

-

 O(1D)  — NO, , ,

. , -

2 4.

 NO3 (3 —2A1)  NO2 (
2A1) + O (1D), -

 O(1D), -

 3  

- tot,  E0
0
298S , ,

 (
0
298 ,rG

0
298 ,r H

0
298r S )

NO3 + N2O  NO2 + ONNO  NO2 + 2NO 

 B3LYP/6-311++G(3df)

( )
tot, . .

E0,

/

0

298
,S /( K)

0

298
,S /( K)

NO3 (
2A2) –280,329046 27,8 (0) 264,3 252,6 

+     

N2O (1
g) –184,733347 29,4 (0) 219,3 220,0 

    

 (2A ) –465,004971  64,3 (1) 355,2 — 

. 4 Ea = +158,3 / i  = 637 –1

    

NO2 (
2A1)  –205,155297 23,1 (0)  239,7 240,2 

+     

ONNO* (1
g) –259,861183 33,5 (0) 258,3 — 

    

NO2 + 2NO     

NO (2 ) –129,939903 11,8 (0) 205,1 210,6

————— —————  —————  
0
298rG = +11,6 

0
298r H = +61,2 

0
298r S = +166,3 /K 

, , . . 2. 
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. 3.  NO3 + N2O  NO2 + ONNO*, -

                            Cs,  B3LYP/6-311++G(3df )

(4) .

NO3:

3 2 2 2NO  N O NO   ONNO NO   2NO.*  (4 )

 B3LYP/6-311++G(3df )  (4 ) . 3, 

. 3. ,

Ea = +158,3 / , -

 — ONNO*.

(4 ) 0
298rG = +11,6 , -

.

,  (  = 662 ) -

 NO3 (3 —2A1), -

. -

 NO3 (3 —2A1) -

. 4.  (4) -
0
298rG  = –177,1 ,  (4) 

 4  

- tot,  E0
0
298S , ,

(
0
298 ,rG

0
298 ,r H

0
298r S ) 3NO* + N2O  NO2 + ONNO  NO2 + 2NO 

 B3LYP/6-311++G(3df)

( )
tot, . .

E0,

/

0

298
,S /( K)

0

298
,S /( K)

3NO*  (2A1) –280,258550 33,1 (0) 269,9 252,6 

+     

N2O (1
g) –184,733347 29,4 (0) 219,3 220,0 

    

 (2A ) –465,004971  64,3 (1) 355,2 — 

. 4 Ea = –32,4 / i  = 637 –1

    

NO2 (
2A1)  –205,155297 23,1 (0)  239,7 240,2 

+     

ONNO(1
g) –259,861183 33,5 (0) 258,3 — 

    

NO2 + 2NO     

NO (2 ) –129,939903  11,8 (0) 205,1 210,6 

–––––––––– ––––––––––––  ––––––––––  
0
298rG = –177,1 

0
298r H = –129,2 

0
298r S = +160,7 /K 

, , . . 2. 
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. 4. -

 N2O

3NO*  ( )

 NO3(
2A2 )  (

                  )

. , -

( 3NO* (2A1) + N2 )

-

E  32,4 /  ( . . 4), 

 N2O  (  0 / ).

. 4  B3LYP/6-311++G(3df )

 N2O (  0 / )

3NO*  (  158 / ) -

 NO3: NO3 (
2A 2) + N2O  NO2 + 2NO. 

N2O.

, , -  (  = 600—700 )

,  1000 K  [ 3 ], 

 (

)  NO3 (3 —2A1) (  = 662 ). -

 (  = 320 ) -

 (t = 10–8 )

:

3NO*  + N2  NO2 + N2O,

3NO*  + N2O  NO2 + ONNO*  NO2 + 2NO. 

, , ,

 (

),  [ 10, 20 ], - .

25.3/072 - -

-

 N2 ,

.

- -

- -

, . . . . . . . . . .

.

1. . ., . . . – .: , 1962.  

2. . ., . ., . ., . . // . . . . – 1987. – 1987,

 10. – . 2158 – 2161. 

3. . ., . . . .  2156730 1 01 

21/30,  RU 2156730; . 27.01.2000; . 27.09.2000, .  15. 

4. Eisfeld W., Morokuma K. // J. Chem. Phys. – 2001. – 114. – P. 9430 – 9440. 

5. Nelson H.H., Pasternack L., McDanald J.R. // J. Chem. Phys. – 1983. – 79. – P. 4279 – 4284. 



 (NO)2 469

6. Carter R.T., Schmidt K.F., Bitto H., Huber J.R. // Chem. Phys. Lett. – 1996. – 257. – P. 297 – 302. 

7. Becke A.D. // Phys. Rev. – 1993. – 98. – P. 5648 – 5652. 

8. Lee C., Yang W., Parr R.G. // Phys. Rev. . – 1988. – 37. – P. 785 – 789. 

9. Gorling A. // J. Chem. Phys. – 2005. – 123, 062203 – P. 1 – 16. 

10. . . // . . . – 2010. – 46,  5. – . 276 – 282. Minaev B.F., Zakharov I.I., 

Zakharova O.I. et al. // Chem. Phys. Chem. – 2010. – 11, N 18. – P. 4028 – 4032. 

11. Frisch M.J., Trucks G.W., Schlegel H.B. et al. Gaussian 92/DFT, Revision G.2, Gaussian, Inc., Pittsburgh 

PA, 1993. 

12. Davi R.D., Schaefer III H.F. // J. Phys. Chem. – 1989. – 91, N 7. – P. 4410 – 4411. 

13. . ., . ., . . . // . . . – 2005. – 46,  2.  

– . 221 – 227.  

14. Zakharov I.I., Ismagilov Z.R., Ruzankin S.Ph. et al. // J. Phys. Chem. C. – 2007 – 111, N 7. – P. 3080 – 

3089. 

15. McKellar A.R.W., Wayson J.K.G., Howard B.J. // Mol. Phys. – 1995. – 86. – P. 273 – 279.  

16. Park J.K., Sun H. // Chem. Phys. – 2001. – 263. – P. 61 – 68.  

17. Yang X., Kim E.H., Woodtke A.M. // J. Chem. Phys. – 1992. – 96. – P. 5111 – 5117. 

18. McKee M.L. // J. Amer. Chem. Soc. – 1995. – 117. – P. 1629 – 1637. 

19. . ., . ., . ., . . // . – 2001. – 70,  2.  

– . 107 – 121. 

20. . ., . ., . ., . . // . . . – 2009. – 50,  5.  

– . 843 – 851. 


