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Abstract

Gaseous !/., was exaited uith monoahramatiz&ä Synchrotron radiaiion
6

bettfcen 12.4 eV and 18.S eV. Fluorecoenae pfotons with enevgies

bstueen 6.9 eV and 12. 5 eV were monitored. ?he neutral states dbove ths
ionisation Potential ore found to deoay pad-iativeLy to the A',_ gronnd

state, but,, äs ue euggsst here, also uitk high probabH-ity to the S., (a. H )

excited state. Lifetimes betaeen o.L KBGC and 2 nse? uere measured

for selected exeited states.

Introcuction

Holecular f luorescence from soi-'.e ^ and T. s ta tes of nitrogen has becn

investigated by electron inpact exc i tac ion ( l , 2), By dispersing the

fluorescence d i f fe ren t t rans i t ions were i den t i f i ed ar.d cross-sections for

electron impact were ineasurcd. The nseasurements reported here aim at a de-

termination of the lower electronic level involved in f luorescence by means

ff a selective excitatiori of the upper level and applying symzietry se lecc icn

rules. The f luoretcence was not d ispersed , but the experimental setup

accepted by Chemical Physics Leiters
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provided an energy window in the 6.9 eV to 1 1 . 5 eV region for fluorescence

photons.

Experimental

Synchrotron light f rom the storage ring DORIS at HASYLAB (DESY, Hamburg)

was monochromatized by a l TO normal incidence monochromator in moöif ied

Wadsworth mounting (3, 4) with a wavelengCh reßolution of 0.1 ntn. The

rnonochromatized light was focussed wi th a toroidal mirrot onto an open aper-

ture of a gas cell. D i f f e ren t i a l pumping allowed a pressure of 1.25 Pa
_2

(1 x 10 Torr) in the gaa cell . Fluorescence was detected by a Csl-eoated

channel plate separated from the gas cell by a LiF-window, This combinat ion

served äs a fil ter transmitting photons bet«een 6.9 eV and 11.5 eV, only.

Photon bunches from DORIS for exc i t a t i on had a pulse length of 150 psec

(FVHM) !5). Repet i t ion f requencies of 60 MHz and 10 MHz were used; they

correspond to a deadtiroe of 16 nsec and 100 nsec between two l ißht pu l ses ,

respectively. For the lifetitne tieasurements s time-to-amplitudc-converter
(TAC) was started by the channel plate Output pulse and stopped by the Tiext

bunch trigger pulse, The TAC Output pulses were fed into a mul t ichannel
analyzer.

Results and Discussion

The fluorescence äs a function of the wavelength of the exciting radiation

ie shown in f igure l and compared with an absorption spectrum obtained by

Gürt ler et al, (6) . These Jüu and LU* states below and above the f i r s t

ionizatton potential (1P) at 15.581 eV emitting photons between 6.9 eV

and 1 1 , 5 eV are listed in Tables l and 2, respectively.
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States belou the IP

The fluorescence obaerved here from states below the IP is attributed

to a decay irtto vibrational Btates of the nitrogen ground state on the

basis of its wivelength and due to the energy ränge accepted by the

channel plate/LiF vindow corabination. Radiation fron decay to the a H

stste (T0 " B-5489 eV (9)) and to the a" 1 Z * state (T„ - 12.254 eV ( 9 ) )
cannot be detected. The ly+ states do not predissociate at low vibrational

levels (10), The b' 'L,* state has been reported to decay to the N2 ground

state ( I I , 12) «nd to the a 'jl state (13-17). Predissociation at h igh
O

vibrational levels v ' - 20, 21, 22 has been reported (10).

In Agreement with this observation we observe fluorescence decay to the

ground state for v1 - 0 - 19.

On the other hand, moat of the Hu Btates undergo strong interaction

with repulsive states lesding to fast predissociat ion. The v ' • l, 5, 6

vibrational levels of the b Uu state have been reported (7, 8) to decay

into the N j ground state and in the s 'r excited state. In addi t ion, we
see transitions b ll\ (v1 - 0,7) - x'lg"f. The c3 'nu (v' - 0,2) states

ahow a radiative decay inte the a 1KB state (18-20). Due to our energy&
window for fluorescence photons we cannot observe this decay to the N?

ground atate. For selected states below the IP the measured l i fe t imes are
Surcmarized in Table 3.

States above the IP

Most of the unidentified itates of the Ogawa-Progressions (23) and the

ndOg- and naOg-Rydberg statee (6) ronverging to the Bzr ion state emit

fluorescence photona with energy between 6,9 eV and 11 .5 eV,

The l ifetime measurements show two conponents: a short one with

T) * 5 x 10 BCC and a very long one with T2 » l x 10 sec. For the

shott l i fe t ime we assume a decay inte excited states wich energies between

4.S eV and 1! eV above the ground s ta te energy. With 'nu or JIU symmetry

for the states of Ehe Ogawa-Progreseion, the lower level of the fas t compo-

nent could be the a 1H state or vibrational levels of the N, ground scace

with high fjuanturo numbers (v1 • 18). The states of the Ogawa-Progression

and the 3 Eu Rydberg states nust have a large overlap wi th the zero

vibrational ground state level, äs can be concluded from the large

absorption cross-section ( f e ) . Consequently, the potential curves of
these states mus t have a potent ial minimum not far from the ground

state equilibriuni internuclear diatance and the repuleive part of the

potent ia l curve should cross the Franck-Condon-region. Such potent ia l

curves irould also have a Emai l overlap wi th v ' « 18 levels of the

ground e ta te . Therefore , we propose the a 'rL state äs lower level for
the fast raoistive decay component. The a 'ü state decays to the

L
X 'l * ground s tate in 1 .15 - 0.2 x 10" se= (24) . Photons of this

transition fall in the right energy ränge and can be detected by the

channel plate. We therefore aasign the long fluorescence coraponent
observeH «fter excitation of the neutral States above the IP to the a •*• X

transi t ion.

We cannot exclude the opt ica l ly allowed decay of the a 1I1- state to the

a 1 1IU~ eta te . In this case, the long fluorescence coroponent would

correspond to the a1 -»- X t ransi t ion with & l i fe t ime of 2 sec (25).

All neutral states above the IP autoionite (26). The varicus autoionization

peaka are found to be very sharp. Dehner and ChupVa (26) report FWHM of
equal or less their experimental resolution of 0.005 nm (0.7 meV). This

-12corresponds to a l i fe t ime of 10 »ec or longer. In our fluorescence
Experiment we observe a decay of these states with l ifet ires of less than

5 x 10 aec t where 2. x 10 sec ie the experimental limit of our time

resolution. This confines the ränge of the l i fe t imes for the Ogawa states

to 10 sec to 10 sec.

A iine ehape analysis by Gürtler et al. (6) of the B 2I * Rydberg states

resulted in half-widthe between 9 meV and A I meV corresponding to l ifetimes

of some 10 sec. Assuraing a l i fe t ime against radiative decay of l x !0 sec.

one would hardly expect to observe fluorescence äs a decay mechanism e f f i -

ciently competing wi th an autoionitation process with a l i f e t ime in the order
-14of 10 scc. On the other band, these Rydberg states ehov up äs strong peaks

in the fluoreacence spectrum (Fig, 1). Therefore, ve «Baume that the total

l i f e t ime of these Rydberg states is longer than obtained from a Iine shape

analysi« in Ref. 6. The reason night be that the absorption peaks of the
Fydfcerg B ta tes contains unresolved rotat ional structure.
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Although «utoionization ie probably the mögt important decay mechanism,

in this speciral ränge radiat ive decay of E ta tes above the IP in to the

a IL state (or the a' T ~ state) can be clearly observed.

Uavelength resolved fluorescence experiments wovlü be very use fu l to get

more Information of the decay channeis of the high excited neutral s tates

of nitrogen.
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Table l

H and L - itates of nolecular nitrcgtn below the first ionization
u u "

potentUl (15.581 eV) emitting fluoreecence photons becween 6.9 eV

and 11,5 eV. The lecond column give* publinhed reiults (7,8).

uppei *t»te previous measurements

b' 'r
u

b ]n u

< 'Zu

c, 'n
J u

o. 'n3 u

i - 19

0,1,5,6,7

0 - 4

l - 9

1,5,6

0-4

0,2

RydbergstateG
2 +

converging to the X Lg ion state

3o

Table^j

Neutral states of molecular nitrogen above the firet ionization

Potential (l5.581eV) emitting fluorescence photons between 6,9 eV

and 11.5 eV. The valuee of the peak maxima are given adopting the data

from Lofthus and Krupenie (9, Tab 46 b and c) «nd the absorplion

speetrum cf Gürtler et al (6).

unidentified states

(Ogawa Progressions)

Rydberg states converging
2 +•to the B £ ion Btate

wavelength

(nm)

7 9 . l and 79.2

78.60

78.36

78.15

77.58

77.15

76.87

76.48

76.32

76,1

75.8

75.43

74.75
74.4

73.75

73.3

72.38 3(=n)

69.49 4

68.22 5

67.54 6

67 ,15 7

assignment

, The syametry of the
< Ogawa-Progression Etates
1 is probably 'n or 'Z*

7J .63 4

69.12 5

68.c l (6)

2o



Tible 3

Lifttiw of lome ny and r* -statt! of »olecuUr nitrogen.

The trror ii «itimatcd to be 15 Z.

electronic state lifctime
(nsec)

previoul aeaiurcmenti

b n., v' • 0

b 'n., v' - l

ei 1Z* v1 - 0 and b' V vA u i

b' 'l v1 • 5u

*; ';; •• - >
b « 4; V - 7

o. 'n v1 - 23 u

b1 'r* v1 - 9u

b1 'l* v1 • I Iu

b1 'l* v' - 12

Rydbergitate 3o * 5po

0.27

1.75

1.13

0.28

0.65

0.93

0.30

0.71

0.25

0.25

0.6

60'

0.9 + 0.2

*): Johnson ( 2 l ) luggetced Chat: the l ifet lme of the First Negative

System (T • 59 nsec) was m e a s u r e d , which radiates in the tarne

wavelength region.

b): Heiser and Dressier (22) gave the c' l (v'-O)-state äs uppel level

"-E (eV) 16

• U 'V W V\j.

-ir.
•bsvptnn

B/db-»

t-Programm f Ryüb-* N j

m 80

14 U

|108-1IOnni)

r't:

J^UlikluLiJiiL
Fig. Conparison between the fluorescence exci tat ion

spectrum (this work) and the ^2 absorption spectrum (6).
In our experiment only photons wi th energies between
6.9 eV and 11.5 eV contribute to the f luorescence signal.
The fluorescence spectrum is not corrected for the
intensity Var ia t ion wi th wavelength of the exci t ing l i gh t ,
For a tnore de ta i led assignment of the various Absorption
fea tures , see R e f . 6.




