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Abstract  Density functional theory with the B3LYP fund ional is used to calculate the equilibrium geometries
and harmonic vibrational frequencies of nitryl halogenides XNO, and XONO (X= F, Cl, Br, I). Stabilities

and isomerizations of these isomers are investigated. Dissociation energies of the X —N bond in XNO, are
predicted at the B3LYP/ 6 31 1G" and QCBD(T)/cepvIZ levels. The electronic transition energies of the most
stable XNO2 species have been estimated by time- dependent B3LYP calculations. The electron promotion of a
nonbonding electron of the halogen atom X in XNO: into a T orbital on the NO2 moiety, i.e., the n_ o

electron excitation, is responsible for the photodissociation of the X —IN bond.
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1 XNO, B3LYP ( /mm )
Table 1  Data of B3LYP optimized geometries of XNO, ( bond
DET B3LYP 631 IG* distance in nm and bond angle in degree)
XONO, XNO: Species R, R, a
FNO, 0. 1477 0.1178 112. 1
CINO, 0. 1944 0.1184 113. 2
’ BrNO, 0.2097 0.1187 113. 7
’ ’ . d (ai=0.289) INO, 0.2293 0.1195 114. 8
(TD- B3LYP), XNO, N
X
B3LYP . X QCISD(T) R, - R a R
. 6311G cepvIZ , :
O O X=FCLBr1
XNO2 N—X (X=F, ()
Gaussian 98 ' 2 XONO
Figure 2 Optimized geometrical structures of XONO
2
2 XONO  B3LYP ( /om )
2.1 Table2 Data of B3LYP optimized geometries of XONO ( bond
1 1 XNO, distance in nm and bond angle in degree)
B3LYP/6-311G 1 Species R, R, R, q o
,X—N ( ) FONO 0.1149 0.1529 0.1411 108. 1 104.9
F—N C1—N CIONO 0.1148 0.1528 0.1718 107. 8 110.5
BrONO 0.1152  0.1504 0.1862 107.9 111.3
XNO,  N—0 '
IONO 0.1162 0.1452 0.2076  108. 5 112.4
O0—N—X
N 2
: o P : XONO  XNO,
T 3 3. 3 B3LYP
NO s ., FNO ’ ’
: T : 0O N ., Ri Ri( 3
) , 0 F
p : F..(ON)O ,F..0
p , K F.N :
NO, , F—N ClI—N
. 2 2 XONO
B3LYP/6-311G XNO,
, XONO T
0
7!
R, i .
X ! -
; - 246i FNO,
; R 726i CINO,
X=F,ClBr,I L 650i BINO,
i 540i INO,
3

1 XNO,
Figure 1 Ogptimized geometrical structures of XNO,

Figure 3 Optimized geometrical structures of transiion states
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3 B3LYP ( /om /) 2.2 X—N
Table3 Data of optimized geometries of transition states ( bond 5 , X—N
distance in nm and bond angle in degree) ) ) X —N
Species R, R, R, R, a; a, . 5
FONO  0.2379 0.1175 0.1146 0.2001 153.6 57.0 X—N ,
CIONO  0.2301 0.1176 0.1294 0.2304 170.9 73.8 QCISD(T) B3LYP - QCISD(T)
BIONO 0.2361 0.1177 0.1295 0.2362 169.3 74.1 ? » QCISD
(T) . CINO,
IONO  0.2478 0.1180 0.1299 0.2430 167.4 74.9 (4]
138 kJ/mol ", QCISD(T) 5 6
311G : 106 kJ/
4 4 N ? mol, . ce-pvI'Z ,
> 180 k/mol, 311G 134 kY mol,
: FNO; QCISD(T)/ ce pvTZ
(0] F
> > 5 B3LYP QCISD X—N (kJmol)
, , Table 5 Dissociation energies (kJ/mol) of the X—N bond
FONO .IONO  INO CISI(T CISD(T
: Species B3LYP* QCIS(T)/ Q (T
, , , 6-311G( d) cepvlZ
IONO  INO: FNO, 230 (216) 184 224
CINO, 134 (124) 106 135 138
BrNO, 113 (104) 84
INO, 82 (74) 58
a . CNO,
- [4].
XONO 2.3
AE 2.3.1 XNO, #3303 %E
KA XNO, (X=F, Cl, Br, I), B3LYP
XNO,
Reaction coordinate ’
4 - N —X
Figure 4 Potential energy profiles along the reaction coordinate , N —F N—I
585, 350, 281 242 em |,
4 XONO ~ XNO, (k¥ NO2
mol) . N—O
Table4 Calculated energy differences and activation energies of NO,
the isomerization from XONO to XNO, (kJ/ mol) 6 . BILYP FNO,. CINO,.
Isomeri zation E, AE BNO, INO, . 1381, 1360,
FONO™ FNO, 103 180 1361 1358 am . : :
CIONO™ CINO, 201 84 NO: T ,
BrONO ™~ BNO, 170 68 ] . 6  B3LYP

IONO~ INO, 34 8
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6 B3LYP 6311G XNO, (am™ ')
Table 6 Selected vibrational frequencies (em™ ') of XNO, by the B3LYP calculation
N—X stretch® NO s-stretch NO astretch
FNO, 585 (ar, W) 1381 (a, s) 1883 (b, vs)
CNO, 350 (&, w) (365) 1360 (), ws) (1264) 1814 (b, vs) (1675)
B:NO, 280 (ay, w) (282) 1361 (a5, w) (1291) 1786 (by. vs) (1660)
INO, 242 (ay, w) (468) 1358 (a5, w) (1279) 1745 (by. vs) (1700)
“ [ 8~ 12]. w= weak, s= strong, vs= very song.
2.3.2 XNO, %9 & F 3£ ifhe 275 nm, NO, A’B,
7 TB-B3LYP . B’B .
FNO, , CINO,, BINO, INO, NO+ O ,
(n) X—NoO .
., om0, aTmw BiNO;, INO:  CINO:
. TD-B3LYP CNO, n~ 0 ,
310 nm (f = 0. 0005) 285 nm (f = Br—N I—N . NO»
0. 0002), Cl—N , _ FNO, Fop 0 p
,CI—N , F (ny) R n
CINO, 350 nm o ( 7.946V),
Cl+ No, . cl Oriy ~ 0
NO, T , n_ T
7 TD-B3LYP XNO, “
Table 7 Electronic transiion energies and oscillator strengths of XNO, by TB B3LYP calculations
Species T ransition Assignment AE eV ¥ nm f
FNO, LA, <A, Oro) O 5.07 243 0
"By 'A, n 0 6.27 198 0. 0002
"By 'A, n T 6.65 186 0. 0027
CINO, By A, n 0 3.99 311 0. 0005
"By 'A, n 0 4.35 285 0. 0002
"A, <A, n T 4.51 275 0
BrNO, By A, n 0 3.25 382 0. 0002
"By 'A, n 0 3.50 354 0. 0002
TA, < 1A, n, T 4.22 294 0
INO, 'B,« A, n 0" 2.60 476 0. 0001
B, <A, n, 0 2.82 440 0.0012
TA, < 1A, n, T 3.86 321 0
“ny ¥ , X y ,0° N o L, N

(6] I - OR0) FNO, F o . XNO» Vz R z X—N
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3
B3LYP/6-311G ,
XNO:» XONO (X=F, Cl, By, )
,  XNOx( Cy) .
XONO ™ XNO, (X= F, Cl,
Br) , , FONO, CIONO
BrONO . TONO ™ INO:
34 kJ mol, R
, IONO  INO:
TB-B3LYP XNO, ,
X —N ,
n_ o , X—N
NO, T ,
NOZ ” N02
DFI/B3LYP QCISD(T)
, X —N . B3LYP
B3LYP
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