
I_ Introduction 

During t!w psr f-en- yzus rhcre 11s hccn con>idrr- 
able theore~k~ inrcrrTt in electronic reorgmi/_Aon 
ciccompayin~ core ioni~2tion in simple mo1ecuIr~ 
[ I -61_ Thr’sc rcfx~tion phcnomsnrt xc. 3s such_ ver)l 

imporrant in the intsrprctation of rsperimcutJ biud- 
ingawr,~ shifts obtained b>- S-r&y photoelectron 
spectroscopy_ Estra-atomic rekwation phenomena viz 
the shifts of the kinetic energies of Auger clectrous 
have not been studied so estensivdy unti! receutfy. 

The rekrxrtrion shifts of the emitted Auger electrons 
xc espected to be sonsiderabI> grater than the 
shitls of photoeiecwons due to more e_xttnsive polar- 
iring of the double-h~~ie tinal stare of the Auger pro- 

cess- Thus Ihe Auger energy shifts can provide itnpor- 
tint complemenrary Information For ;I better uudrr- 
standing of e_xtra-atomic relasrrzion phenomena in 
mokcules and so!ids_ 

Iodine vapour consists of dbtomic mokcules ;It 
room temperature but the molecules dissociate with 

increasing temperatures- Already at temperatures 
somewhat beiorv 400°C the contributions of molec- 

ular and atomic iodine are about squai and simui- 

taneous observation of Auger electron spectra from 

both is possible- This provides a convenient means 
for the esperimental determination of the shift be- 
fween molecular and atomic Auger spectra_ Due to 
the fact that there is no change in the oxidation num- 

The 31,_5Nj_5Nj_5 spectra in iodiuc ae well suited 
for the study of cxfra-;Ltomic reirts.rticw shifts brcrtuse 

thcsc trmsitions have high intensity arid bewuse the 
orbitrrls of the fin&state holes are ~r‘1l in the core 
(biuding energies 57-&O cV)_ 

1_ Esperimental procedure and results 

The masurements were done with a cylindricai 

mirror stnrtl_vzer [71_ The spectrometer is equipped 
v.ith a high-temperature oven. The iodine Lapour is 
all(o\r-+d fo flow into the oven where the vapour is 
ionked by 2-3 keV primary beam eiectrons. A 

strtndsrd pUke-COUUtiUg tCChniqUC rtpplyillg J Uldti- 

chzmne! analyzer as rhe muItisca1icg mode was used. 
The series of experimenta spectra in different oven 

temperatures are shown in fig_ I_ It can clearly be 

seen that the spectrum of atomic iodine increases on 

the low-ener,~ side at the espense of the inrensity of 

the molecular spectrum as the temperature increases. 
The corresponding purely molecular snd almost en- 
tireiy atomic vapours at room temperature and SOO”C 
reveal that the overall structure of the spectra is sim- 
ilar_ Especially the low-energy sides of the &-groups 
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dc.~ri~ afrrm tile sllift banem tfte spec-‘tra_ bcsusc 

the Jlq-grcklp of the Ltotmc spectrum rs rrtcrcasin~ just 

xt the minimum brt\xecn tftc B15- and ~l_I-groufx of 
the ~~~ol~cul~r spectrum_ Thus the energy sftift could 
be Jetcrmtncd in a first ~ppro\tm.ttion directly front 
the cncrg> difference betnew these intensit> IILIXIIILI. 

3. Discussion 

Tfie M,,,N,+,-Nq,, Auger spectrum ofmolecuf.tr 
iodine IUS previously been studied in det.rif [S] _ Tfte 
lines of molecular iodmc were observed to be con- 
siderably broadened due to excitation ofm.my dif- 
tkrent vibrational levels during the Auger process. At 
ffrst si&t it would be exy to Jssurnt that the Auger 
Iines of atomic iodine .ue narrower. Ho\\-ele:, the 
spectra of fig. 1 do not support this espectarion. The 
free iodine atom Ii& a partiaffy filled 5p shelf (... 5~“); 
one 5p electron missing from the closed xenon struc- 
ture.Tfte resulting 5p ftole affects the splitting of the 
initial and BnaI states of rite Auger process. Actually 
tfte initial states are 3d5p two-hole and the final states 
4d7-5p three-hole states with the corresponding terms. 
For molecular iodine the single-hole initial and two- 
hole fins1 state model is more valid. Hence tfte num- 
ber of possible line components is much higfrer in the 
atomic iodine spectrum. 

The terms of initial and final states and their re- 

l.rtivc splittings c&n easil> be c.rlculated in LS coupling. 
Free todine Jtoms fi.tvc &I initiaf configuration 
I;_ 3s73p63d9.&-Ld tn5s25p5) \vliich splits into levels 

‘I- 
!cxels 

* D2. I F3. ‘Pa_ ,_? end 3D, ,?,; from which the 
t P .rnd J D (hrt\ 111s the htghest and lowesr energy) 

.IIC sef)x.ued III 1.S coupling by O.-U eV. 
Front the r71~! states only the _ _ -td’5s25p’(tS)‘P 

tcm.iins ds J single level in LS coupling. All other 
lerefs of the two-xdcIIncv final state 4der! split into 
srver.iI ie\cls due to the 2ppe.rr.mce of tflf third vJ- 
cancy in rfre open 5p sbcIi. The splitting bct\\ecn the 
1oMest ,md htghcst encrges of the tintI-state lercls 
caused hq tfte tlurd ftole IS rather s1n.111 (< 2 eV) and 
can be comp,rred M itft tfte inherent atotntc line widtft 
(0.6 cV). Tftus 111 the c.w of tile .ttomic spectrum 
there are many unresolved components in a ndrroH 
ener:? r.mge (inherent line w tdth) around tftc corre- 
sponding pure t\\o-hole final-state co.nponent. Tftis 
cfu~iitattvely expLiitts why tfte ovtr.tff shape of the 
.itarnic spectrum is about the sdme or slightly smoother 
thrn that of‘ the molecular spectrum. 

Tfte intensity of molecular lines is distrrbuted in 
the atomic spectrum rnto the sewml components dis- 
cussed above. Without detSled intensity calculations 
it is not posstble to determine the shift between corre- 

sponding molecular and atomtc line components un- 
ambi_ruously_ III order to obtain as accurate axerage 
shift values as possible the spectrum taken at dOO°C 
was least-squares tltted both wtth 20 sep.trste fines of 
equJ \iidth and the shape of the Voigt function and 
using .x the standard lines fitted shapes of hi4 and 315 

groups obtained from separate fits to molecular and 
atomic spectra. The tit with the four latter standard 
fines is shown in fig 2_The mean value 325 k+ O-10 eV 
IUS been obtained from several fits for the shift be- 
tween corresponding components in atomic and mo- 
lecular spectra. The shift values ltave been determined 
from the spectrum containing both atomic and mo- 

lecular spectra, because then both spectra were taken 
simultaneously in identical experimental conditions 
and the observed shifts are not affected. e.g. by the 

shifts .trising from vapour-pressure variations with 

temperature as they could be if pure molecular and 
atomic spectra were compared_ 

To our knowledge there are no ab-initio selfcon- 
sistent-field calculations for the electronic relaxation 
energies in the I, moiecule. With the aid of measured 
Auger and bind& energies of molecular iodine and 
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