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THE ROTATIONAL ANALYSIS OF THE THREE NEW VIBRATIONAL BANDS
OF No, IN THE RANGE 5680-5720 X
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X.Z. Zhaoy TeX. Lu and Z.F. Cul
Department of Physics, Antmi Normal University
Wulu, Anhui, P. R. of China

ABSTRACT

The three new vibrational bands in the range 5680-5720 &
of the fluorescence excitation spectra of NO, were measured at
the normal temperature and were assigned with the rotational
quantum mubers. In these bands there are strong spin and
rotational forbidden transitions which express the complexity

of NO, spectrae

INTRODUCTION
The complex structure of N02 spectra in the visible range

remains one of challenging problem of molecular spectroscopy.
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The 1} vibrational bands of the fluorescence excitation spectra
of N02 in this range were observed so far, however only few
bands of these bands were assigned rotationallyl's. The three

new vibrational bands of NO, were measured in our experiment

of the high resolution fluorescence excitation spectrum at the

normal tempm-atmreé

« The rotational analyses of these new bands
were made and the mechanism of the spectral complexity in the

three new vibrational bands was discussed in this paper.

EXPERIMENTAL DATA AND ANALYSIS

The experimental setup is the same as in the reference 6.
The difference is that the pressure of NO2 in the cell was
5107 Torr.

The three new vibrational bands in the range 5680-5720 &
were recorded, at the normal temperature, with the high reso-
Jution fluorescence excitation spectra of NO2 and the laser
excitation wavelengths 5715.2 £, 5708,0 & and 5686.3 & respec-
tively. The spectra of NO, in this range correspond to the tran-
sition 2B2—2A1. The spectroscopic parameters of these vibra-
tional bands are given in Table 1.

The vibrational energies T", of these new bands were calcu-
lated by

Ty = RO = %[ |- 28’
here R(0)a is the frequency of the long wavelength component of

R(0) doublet, The spin-rotational interaction factors of the
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TABLE 1

The three new vibrational bands in 5680—5720 &

I late — — —
v tiarl) imeety) Ted) Fend) Efy(en)

1 17497.2 0.90 041423 0.1121 0.52
2% 17520,0 1.00 d.h23 0.421 0.30
3Y  17586.7 1430 04472 0,122 0422

excited states -E-‘r')b were calculated from R(0O) splitting, the
rotational constants B' of the electronic excited states were
got from R(2) = P(2) and the rotational constants B" of the
ground state were got from R(0) - P(2). The constants B' depends y
slightly on the sign of ?‘éb and we chose Et;b> 0 in all cases,
The assigned rotational structure at the excitation wave-
length 5715.2 & is shown in Fig.l. The dominant structure was
originated from AN= %1 transitions in N'= 0, 2, L, 6, 8, 10
levels of the K" manifold of the ground state 2Al and their rota-
tional assigment is listed in Table 2. The rotational structure
of other two bands at 5708.0 % ana 56863 & are not clear as
shown in Fig.3, L. The forbidden transitions AK=%2 and AN=
+3 are listed in Table 3 and L. The strong perurbed structure of

these bands imply that it is impossible for unique assigmment of
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Fig.1l The vilrational band at 5715.2 X
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Fig.2 The vilrational band at 5708,0 1
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Rotational assignment of the band at 5715.2 )|

TABLE 2

N

=

Nll

K"

] (em™1)

O ~\NWw =0~ -

[eleoNoNoNoNoNoNo e No)

H OO N OONNTN O

Q

[eNoNoNoNoNoNoNoRoNe

17197.78
17500,1L
1750343
17507.141
17513.5h
1719481
17092412
17488, 72
1748Le L7
17479437

Rotational assigrment of the band at 5708.0 %

TABLE 3

=

K

N"

Kll

7 (em™1)

NHWFEVMIONNWE VW

[eNeR JoloNoNoNoNoNoNoNoNeNoNo]

mroNED E;CDChcrrv OONE O O

[leReloNoNoNoNoNoNoNoNoNoNeoNeoNel

17519.31
17521.67
17521.87
17528,9)
17535,07
17516.8)
1751L4.15
17510475
1750650
17501.1,0
17528. 37
17510.66
17528.1,9
1752);,68
17533.38
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TABLE 1,

Rotational assigmment of band at 568643 )1

N

1 K! N" K" ; (cm..l)

= U =3 U W N0 =3 Ul = N0 Ul

17587.L8
17589,70
17592.66
17596437
17600,.82
1758L.12
17581,19
17577.11
17571.99
17565.5)
175911429
17593.31
17593.11
17589.49
17593466

QO O0OOMNMOOO0OO0OQOODOO0OO0
(o]

NNV O OONED O
NOOOODOO0OOOOOO0OOO0

of the R(2), R(L), P(2), P(4).and P(6) lines, if the assigrment

for the lines bases only on their relative intensities and

positions., The additive superscripts in column 1 of Table 1

note this unclear assignment. The transitions of R(0), R(2), P(2)

and P(L;) are display within %) )4 region around the transition

R(0), when the mumber added no superscript in Table 1. Within

experimental error, the following relations was used:

L. €yp(for B(2)) = € (for R(0))

2

€ gp(for P(L)) = Ep (for R(2))
B" = 0,122 %+ 0,00} cm_l (for R(0)-P(2))

B" = 0,122 + 0,003 em™L (for R(2)-P(L))
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Fige3 The vitrational band at 5868,3 %

The superseript "a" adding to the mmber in Table 1 shows that
more set of the transitions than one satisfies abeve relations
within # 1, £ around the R(0) transition and the overlap between
one set of the transitions and other one occurs. The superscript
fb" shows that the only transitions R(0) and P(2) meet above

relations within + ) & around expected transition R(0).

DISCUSSION

Tt is the same as the previous analysis® for the high reso-
lution excitation spectra of NOp, its fluorescence excitation
spectra corresponding to the transition 2B,—A, are parallel
transitions with AK=0 and AN= % 1, The absence of any Q
branch transition implies that the whole assigned vibrational

bands present parallel polarization, so upper state has the B,
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vibrational symmetry., This accounted for almost all transitions
observed in this region without respect to some weak unassigned
lines which might have originated from other excited vibrational
states,

In contrast with the vibrational band at 5715.2 & which has
regular structure, the bands at 5708.0 & and 568643 £ are not
regular as shown in Fig.2 and 3, and the most complex spectra
were from the transition at 5686.3 {. As shown in Fige3 only a
few of the transitions can be assigned with the vibrational and
rotational quantum mumbers within the definite error, while other
lines with averaging intensity couldn't be assigned rotatiocnally.
We consider that the complexity of the visible spectra of NOp
rise at least partially from the interaction between the vibra-
tional levels of the excited 2B, state and the ground electronic
state. The band No.3 which has the excitation energy 1758641lcm-1
is located in the region where the vibrational levels of the
excited states and the ground state become degenerated and the
density of the vibrational lsvels in this region is so large
that the interaction between these levels is very stronge The
perturbation theory is not applicable to the analysis of this
kind of the interaction. We discussed this interaction by new
statistic theory and the calculated level density 1/D is 1,54
cu~! which is conformed with the experiment result very wellls
This demonstrate that the spectra of I\Dz in this region has a

typical random-matrix spectral fluctuations.
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The derivation of the excited state 2B2 from the symmetry
of symmetric top makes the forbidden transition AK=*2 with
the interaction between K and KX 2 vibrational and rotational
levels. The Femi-contact term in the high-lying levels of the
ground state induces the possibility of AN=+ 3 transitions.

From the above mentioned analysis for the three new vibra-
tional bands of NOp we come to the conclusion that the high
resolution excitation fluorescence spectra of NO, at the normal

tempreture have the complex structure for the bands 5708,0 &

and 5686,3 £, and the band at 5715.2 § has the simple and regular
structure, Moreover the complex structure of the molecular spec-
tra can be explained well by the GOE statistic theory instead of
the perturbation theory,
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