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A new molecular spectrum has been observed in the 3820
—3920 A region by submitting nitrogen molecules to the
impact of hydrogen ions in the 5—30 KeV energy range.
The most intense band may be attributed to the (0—0)
transition of a new system ‘X" — X 23" of N,*. The fol-
lowing molecular constants have been determined: T.=
3,16 eV, re=1,077 A, 3 £¢=0,7 cm ! for the quartet state.

The B2X,*— X337 first negative system
(F.N.S.) of N,* has been extensively used in ex-
perimental work, for the determination of rotational
temperatures as well as reaction mechanisms in the
upper atmosphere ! 1. Measurements are generally
performed with instruments having low resolution
(~30000). The rotational structure is thus in-
completely resolved, and the results are altered by
overlapping of the R-branch lines by those of the
folded-back portion of the P-branch 6 10:11, 14717
Moreover, extra lines may produce the same effect,
which depends upon the excitation conditions 18,

A detailed analysis of the F.N.S. has been made,
using a f/8 crossed-graling spectrograph with a re-
solving power of 180000 at 4000 A. Atomic and
molecular hydrogen ions from a HF discharge have
been accelerated in the energy range 5—30 KeV
and focused into a collision chamber filled with
nitrogen at pressures near 5-10 2 Torr. Collision-
induced spectra were recorded on Kodak 103 a-0
films with exposures of several hours.

A new molecular spectrum, with more than 150
strong lines, has been observed under these condi-
tions in the region of the (0,0) and (1,1) bands of
the F.N.S. (3820—-3920A). In general, the lines
of the most intense band are doubles regularly di-
stributed between the components of the (0,0)
band. This spectrum is not excited during collisions
with atomic ion beams (Li*, Na*) or in microwave
discharges. Because of the low target pressure and
the flowing type of the experiment, no impurity in
sufficient amount was present in the collision vessel.
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the extra lines belong to a transition A2// —X32%,

The spacing between the strong lines of this new
transition, which is very close to that of the (0,0)
band of the F.N.S., as well as its even multiplicity
give strong support to its attribution to N,".

The analysis of the most intense band leads to a
value of the lower rotational constant which is very
close to that of the ground state of N,*. Assuming
that X 23," is actually the lower state of this new
system, the upper state may be a new state, unless

3 o+
induced by the electronic perturbation of B2X*
(v=0) by A2II, (v=10). Such a perturbation
has been already observed *725, From the rota-
tional constants of the levels involved, the wave
numbers of the (10,0) band belonging to the
A2Il,— X22," transition have been calculated.
No agreement exists between the latter values and
the observed ones. Accordingly, the hypothesis of
such a transition must be rejected.

The observed transition has an energy very close
to that of the (0,0) band of the F.N.S. The upper
level of the former should thus be in the vicinity of
B2X* (v=0), if the lower level is the ground
state of N,*, as stated above. The only stable yet
unknown states in this region are quartet states,
first predicted by Mulliken 26, later calculated by
Gilmore?” and recently by Andersen?. Among
these states, *X,* lies very near to B22X*. Taking
into account the presence of several branches — often
in coincidence — having P or R character, and the
absence of a strong Q branch, we have attributed
the intense lines to the (0,0) band of a new
13 Y — X 22, transition of N,*. This assumption
is further supported by the expressions of the rota-
tional term values belonging to a *3 state, first
given by Budo?, They show that two levels F,
and Fy coincide, as do also F, and Fy for not too
small values of the rotational quantum number.
Thus the spectrum consists mainly of doublets, as we
have observed. Their spacing gives the value of the
spin-spin interaction constant ¢, We have found
that 3&£=0,7cm™!. The rotational analysis of the
most intense band leads to the following constants
(in em™1):

Yoo =25563,3; B =2,064; D' =5-10"%,

Other lines also appear, in the region of the (1.1)
band of the F.N.S.
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They may belong to the (1,1) band of the new
Y2 system. In this case, the vibrational
constants of the B2X* and 43" states are very
close to one another. Assuming for these two
states the same value of a,=0,0195 cm™! deduced
from the study of the B2X " — X 23" system, it
is possible to calculate the equilibrium internuclear
distance for the X" state. In the following table
the values derived from our analysis are compared
with those calculated by Andersen and Gilmore.

(1) (2) (3)
Te (eV) 3,16 3.6 5,4
re (A) 1,077 1,40 1,15

(1) Experimental values deduced from the present results;
(2) Values from Andersen's calculations (1973);
(3) Values from Gilmore’s estimates (1965).

The *X,*— X2X.* transition is forbidden by
the selection rule AS=0. But the upper state is
metastable and has therefore a long lifetime, nearly

1 0. S. Duffendack, R. W. Revans, and A. S. Roy, Phys.
Rev. 45, 807 [1934].

2 L. M. Branscomb, R. J. Shalek, and T. W. Bonner, Trans.
Amer. Geophys, Union 35, 107 [1954].

3 N. P. Carlton, Phys. Rev. 107, 110 [1957].

4 E. M. Reeves and R. W. Nicholls, Proc. Phys. Soc. 78, 588
[1961].

5 J. P. Doering, Phys. Rev. 133, A 1537 [1964].

% R. P. Lowe and H. I. S. Ferguson, Proc. Phys. Soc. Lon-
don 85, 813 [1965].

7 J. R. Sheridan and K. C. Clark, Phys. Rev. 140, 1033

[1965].

G. N. Polyakova, V. I. Tatus’, S. S. Strel’chenko, Ya. M.

Fogel’, and V. M. Fridman, Soviet Phys. JETP 23, 973

[1966].

9 G. N. Polyakova, Ya. M. Fogel’, and A. V. Zats, Soviet
Phys. JETP 25, 993 [1967].

10 G. N. Polyakova, V. I. Tatus’, and Ya. M. Fogel’, Soviet
Phys. JETP 25, 430 [1967].

11 J. H. Moore and J. P. Doering, Phys. Rev. 174, 178 [1968].

2 I, P. Doering and J. H. Moore, Phys. Rev. 182, 176 [1969].

1¥ R. P. Lowe and H. L S. Ferguson, Canad. J. Phys. 49, 1680
[1971].

14 J. H. Moore and J. P. Doering, Phys. Rev. 177, 218 [1969].

15 J. C. Hoppe, J. Quant. Spectr. Radiat. Transfer 10, 823
[1970].

18 R. D. Wink, H. I. 8. Ferguson, and R. P. Lowe, J.
Quant. Spectr. Radiat. Transfer 11, 1147 [1971].

Notizen

1079 second 332, The low pressure in the collision
chamber is not favourable for the deexcitation of
the X" metastable level by collision. The observa-
tion of the transition from this state to the ground
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No(X12.*) +Ho" = No"(*2,) +H+H.
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