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Abstract

We have invcs l iga ted the VUV absorpt ion spectrum of nitrogen in a

neon mat r ix exploi t ing the intense Synchrotron radiat ion cont inuum

of the storage ring DORIS and the high resolving power of a 3 m

normal incidence monochromator. W i t h an improved sample preparation

technique we were able to observe both the allowed transi t ions

b n and b r between 12.4 and 14.0 eV and even the forbidden
u u

t r ans i t ions w A and a n between 8.0 and 11 .0 eV. A l l four
u 8

t ransit ions consist of long progressions of sharp bands (f ^ 10 meV)

which are deperturbed in the matr ix due to the suppression of nearby

Rydberg states. Using syrametry arguments, Our analysis of the

spectra leads us to the conclusion that the ^ molecule is oriented

alonfc the 0, ', 1) d i rec t ion in the host la t t ice . A deta i led f i n e

s t ructure is observed for most bands for the f i rs t t ime. This f ine

structure is caused by dynamica l in i t - rac t ions of the exci ted molecu les

wi th the mat r ix and is interpreted äs exc i ta t ion oi l ibra t ional mndes

of the K molecule and a select ivc coup l ing to phonon modes of the

neon la tt ii i .

I " In p u b l i s h e d in : .]. H u i . S t r u r t u r e
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Introductlon

M a t r i x isolation spectroscopy developed in the Infrared and

Visible has recently attracted interest also in the vacuum

ultraviolet (VUV) region. Many of the t radi t ional problems

in the VUV have been overcome by the use of high intensity

continuous light sources. Synchrotron radiation, in particular,

has made quant i ta t ive high resolut ion matr ix Isolation

spectroscopy possible {!}.

In the VUV one is able to study the influence of the matrix

environment to a molecule in the electronic ground and the

electronically excited states. These influences mani fes t them-

selves in s tat ic interactions (deperturbat ions, changes of

osci l lator strength. solvent sh i f t s ) and in side bands which

show explici t ly the dynamic interactions (l ibrational modes, phonon

excitations). The System nitrogen in neon was chosen for our

experiments, because the electronic states of nitrogen are w e l l

known from gas {2, 3f and solid phase 14,5) measureraents and neon

is a matrix which is transparent over a large energy ränge up to

18 eV. Further, neon exhibits only small in teract ions wi th the

N2 molecule so that the matrix spectra are similar to those in the

gas phase. The specif ic d i f f e r e n c e s w i l l be discussed in the

fo l l owi ng sections.



R e s u l t s

(0 Forbidden L r a n s i t i o n s La a "l and w

The transitions a
l + l l +

X T. .-lud u A -. X 7 are both electr ic
8 u K

dipoli- f o rb idden in the gas phase. The o s c i l l a t u r s t r t n g t h is

t h e r e f u r e small and extremely tliick samples are needed to observe

these Lr;insit ions. l''ig. l shows the absorp t ion spect ru^ of a 2 :<ini

thick neon layer doped wit l i ]?•, FT i" tlie r e g i u n f r um B . j to i l . r> eU.

Both t ransi t ions are to be seen äs long progressions w i t h sharp

bands. In the gas phase, the t r a n s i t i o n to a (l is al lowcd in

m a ^ n e t i c d ipole r a d i a i i u n , the w A t r a n s i t i o n is not allowed eveii in

quadrupo le radiat ion and th t re for r the o s r i l l a t o r s t r e n & t h of the lat-

ter is morc t l i a n I O t imes sn ia l l e r than th;it for the a l! t ransi t ion
K

{2] . In the t na t r i x , Lhe Lwo t ransi t ions have a p p r o x i m a t e l y the same

in t ens i t y . Conse quellt ly, the lur.;il symmr t ry ü f t lic N., mc l ecu l e a t a

l a t t i c e si te m u ü t have changed in such a way that the t rans i t ion to

w i becornes a l lowed. T l i i s is n n l y possible for a local D syrametry

equivalent of an orientaLioit of the tJ? mo lecu le along the ( l , l , I)

direction in the neon f c c - l a t t i c e {6;. Thus , wü take the relat ive

high intensiLy of the w A transition äs a strong argument in favor

of such an orientation. Fur ther , we -nute that the. d i f f e r c n c e bctwe.cn

the excitation energies in the matrix and in the gas phase is only

13 meV which shows the small interaction o£ these states wi th the neon

host mat r ix .

( 2 } A l l u w e d t r a n n i L i o n s to b l! and b l

The progressi eins of t h« KI; t wo va lence t rans i t iuns are shown

in F i g . 2. Tn the g.'is pti;i;;e, I h t y are s t rong ly per turhcd b) t h e

nearby Rydberg t r a n s i t i o n s so tha i they f n r m a very i r r c ^ u l . n

progress ion. These pe r tu rba t ions havc hccn i^fcasured q u a n i i t ;i l i v e l y

{'i l and described theore t ica l ly by deper turba t HJTI c . j l c u l a t ions { ~ ! } .

In the m a t r i x , the progrt-ssions are regulär w i t h u u c a p e r t u r b a t i oii

(b ' ig. 2 ) . The Rydberg orbi ta ls havc such a large extension that

they are suppressed in the m a t r i x . T h e r r f i i d : , they du not pe r tu rbc

the valence t ransi t ions. A comparison uf t h e ener^y v a l u e s in the

m a t r i x derived from our measurc-ments and thusc l rop1 i l ü p ^ r t urb. i t i nn

i : a l c u l a t _ i t m s { 7 } shows a very dose correspondenre . " I l i i s is im ono

band a proof of the quali ty of the ca lcu la t ions and ui i the o ther

hand i t m a n i f e s t s the hypothes is that i i x i n £ u mol t -L 'uU' in a m a t r i > i :

a reasonable method für the deperturbation nf a yalence t r ans i t ion .

The spectroscopic Information concerning these progrt'ssioas will be

disf.usscd in de tai L elsewhere f S }.

(3) Fine structure of the. bands

Our resul ts obtained with careful ly prepared samples show sharp

bands w i t h a detaüe.d f inc s t ructure for most of t_he n i t rogen

bands in the tieon raatrix. This is in contradif.t ion to previous

measureraents for this Systemf 9, 101. xhe fine s t ruc ture is due to

dynamic interaction of the excited molecule wi th the matr ix . Tn



Fig. 3, äs an example, the f im ' structure of the band

a !T , v ' = 0 is showii. On ehe low energy w i n £ , the zero phonon

l ine (ZPL) is to be Seen. 1t r ep reseuLs the pure electronic

t r a n & i t i o n . The next t wo pe;iks a t 1 . 4 and 2.8 nrV are bui ld ing

a progressicn ni" a l ib ra t iona l mode oi the N,, moler.nl r. The

Tnaxiir.u;i i meV above. t he ZPL is due to the exci ta t ion o£ the

transver.se acust ical phonon K u f. the neon lat tice . The long i tud ina l

phonon bram-.h does not couple wi th t h i s pa r t i cu l a r excitation {!} .

A similar r c su l l was t'ound by Boursey et a l . f ü r NO in neon (11) .

In order to undery t^ i r id th is select ive coupl ing to ;i p a r t i k u l a r

phonon brauch, one has to de te rmine Lhe phonon dcnsity of statt1« for

a neon lattici- per turbed by excited N. molct - .u les . This densi ty

strongly depcnds un the synunetry of the exci ted states of the guest

molecule . Thus, for exampl i ' , the b 1 s t a t e was f tn ind L e i couple

u n l y w i t h the l ong i t ud inu l . 'icusLical phonun branch n f the host .

Für ther , theoretical invest i ga t ions concerning the observt-ri f ine

s t ruc tu re and the selective c o u p l i n g Co the phonons of the m a t r i x

would bc ot ^reat in Leres t .
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Figure Captions

Fig. l Absorption spec.trum of N„ in a TU; o n mat r ix in

the regiun of the forbidden transitions a u -*- X S

and w t\ i; . The singlet-triplet Lrans l t ion

obscrvcd f or the f i r st t ime i s indicated

F ig . 2 Absorption spcctrum of N-j in a neon matrix in the

region of the allowed transitions b 2 -^ X l
& ^

b ' n ,- x '-* .

and

Fig. 3 Fine structure of the 0 - 0 band of the transit ion

a u •*- X r ZPL denotes the zero phonon L i n e ,
g g

ABSORPTION (arb. units)
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