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ABSTRACT 

The complete valence shell binding energy spectrum (8-43eV) of Ij has been measured 

by using electron momentum spectroscopy at lOOOeV. The complete inner valence region, 

corresponding to ionization from the 10a, and I0ot orbitals, has been meaaured for the 

first time and shows extensive splitting of the ionization strength due to electron correlation 

effects in the ion. Many-body calculations using the Green's function method have been 

carried out and are compared with the data. Momentum distributions, measured in both 

the outer and inner valence regions, are compared with those given by SCF orbital wave 

functions calculated with a number of different basis sets. Computed orbital position and 

momentum density maps for oriented 1% molecules are Hisruserd in comparison with the 

measured and calculated spherically averaged momentum distributions. 
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1 I N T R O D U C T I O N 

We have recently reported electron momentum spectroscopy (EMS) measurements and 

many-body calculations for the complete valence region of Ctj [1] and Br7 (2). We here 

continue our systematic investigation of the valence electronic structure of the molecular 

halogen series by reporting results for / j . 

The ionization of the outer valence region of 7 2 has been investigated in PES using 

helium 21.22eV resonance radiation by Cornford tt ml [3] and by Frost et al [4]. Bieri 

tt al [5] reported some He II PES data on Jj which shows the inner valence structure 

up to ~25eV, with band maxima at 19.35, 19.6, 20.0, 20.3, 20.5, 20.9, 21.5 and 21.8eV. 

The present measurements show that most of the inner valence structure lies at binding 

energies above 20eV, extending to almost 40eV. 

2. E X P E R I M E N T A L METHOD 

Binding energy spectra were measured at a series of relative azimuthal angles 4 >n the 

range 0-24 9 using the Flinders symmetric non-coplanar electron momentum spectrometer 

with position sensitive detectors in both exit channels. The polar angles are 45* and the 

incident energy is lOOOeV plus the binding energy. Momentum resolution is » O.la.u. and 

the binding energy resolution is 1.5eV fwhm. Iodine of high purity was introduced via a 

heated Granville-Phillips leak valve. The binding energy spectra show the sample to be 

free of any significant impurity. 

3. T H E O R E T I C A L M E T H O D 

The ionization energies and their relative intensities, referred to as pole strengths, are 

calculated by a Green's function method. This method takes the electronic correlation and 

relaxation effects into account and has proved to be a very useful tool for calculating and 

interpreting ionization spectra. The ionization energies anu pole strengths are calculated 

directly as the poles and residues of the one-particle Green's function. The principal 

approximation used in this work is the ADC(n) method (nth order Algebraic Diagrammatic 

Construction (6]). It is a systematic procedure for deriving approximations to the Green's 

function which are accurate to order n of perturbation theory and which have the correct 

analytical structure so that they can be applied in the entire valence region. The cases for 

n = 3 and n = 4 have been worked out in detail (6). The ADC(3) method, also referred 
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to as the extended two-particle-hole Tamm-Dancoff approximation [7], involves all single 
hole, single particle, two-hole-one-particle (2hlp) and 2plh configurations. The mixing of 
configurations of different particle number in the Dyson equation introduces the ground 
state correlation effects in the Green's function method. The ADC(3) approximation gives 
the main ionization energies accurate to third order and (he ionization energies of those 
states which have strong contributions from 2hlp configurations, accurate to first order 
only. Therefore for the interesting satellite lines it is only qualitatively or at most semi-
quantitatively correct. For higher accuracy for these states one has to use the ADC(4) 
method, which in addition to the configurations given above includes the 3h2p and 3p2h 
configurations. The main lines are calculated accurate to fourth order and the satellite 
lines accurate to second order. However, for the full ADC(4) method the computational 
problems are severe, and we have therefore resorted to a somewhat simplified ADC(4) 
method in the present work, the very large 3p2h space being entirely omitted as well as 
some of the higher order coupling elements. This simpUed ADC(4) method is discussed 
in ref. [8] and has been used earlier for C7j[l] and flrj[2). In addition we have used 
configuration selection in the present work to extract the most important configurations. 
In view of the many states which have to be computed this appears necessary but for the 
same reason it is also rather unsatisfactory. The ADC(4) results presented here are thus 
preliminary. Work is in progress on improved implementations. 

4. RESULTS AND DISCUSSION 
Results for the angle-resolved measured binding energy spectra, the measured and 

calculated momentum distributions, and the calculated and measured inner valence shell 
ionization spectra will be considered in turn below. The various results will be discussed 
with reference to the Hartree-Fock ground state electron configuration of Jj 

(Core artoals)** ( l O r ^ l f r r . l ' C l l g ^ o i r . ) 4 ^ * , ) 4 (* ' E+). 
inner valcnc* •mttr valcnc* 

The complete valence shell binding energy spectra at + = 1* and 7* and their sum 
are shown in Figs, la - lc respectively, with all spectra being shown on the same relative 
intensity scale. Comparing Fip. la and lb it can be seen that the cross section for the outer 
6*, and 6*. orbitals is much larger at ^ = 7* (momentum p ~ 0.53a.u.) than at ^ = 1* 
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(momentum p ~ 0.1 a.u.). However the crow section for the \lat transition at 12.9eV 
is slightly larger at ^ = 1*, as is that of the structure in the inner valence region above 
about 22eV. The inner valence region consists largely of unresolved structure stretching 
out to about 40eV. This is of itself dear evidence that there is a severe breakdown of 
the independent particle (MO) model for ionization from the 10a. and 10a# inner valence 
orbitals. 

The outer valence region has been fitted with Gaussians peaks using the experimental 
energy resolution function and the relative positions, widths and spin-orbit splittings from 
high resolution PES (3] for the 6*^/3,1/3, fi'.j/a.i/i. •od 11a, ionization processes. Due to 
the large spin orbit splitting in the * orbitals (3), two Gaussians spaced by the appropriate 
energy separation (3) were used to fit each of these orbitals. For each individual orbital 
the heights of these two gaussians were kept equal to reflect the t*j>t*l electron populations 
expected in each spin-orbit pair for a homonuclear diatomic molecule (3). 

The outer valence region was studied in detail by measuring binding energy spectra 
over the range 6-20eV at the azimuthal angles of ^ = -6°, -4° , -2*, -1° , - 0 ' , 1°, 2°, 3°, 
4°, 5°, 6*. 7°, 8*, 9*. 11*, 14°, 19* and 24*. ^be profile of fitted Gaussians (as shown in 
Fig. 1), determined by fitting the energy spectrum obtained by summing over all angles ^, 
was then used to fit the separate spectra ai each value of ̂  in order to generate momentum 
distributions for the three outer valence orbitals from the respective peak areas for each 
state, the two spin-orbit split peaks for the 6* t orbital and the two for the 6*. orbital 
being summed to give the total intensities for these transitions. In this fitting procedure 
the peak positions and widths were kept fixed and only the independent peak heights were 
allowed to vary. 

The measured momentum distributions for the 6» #, 0* s , and 11<T# outer valence or-
bitala are compared in Figs. 2a - 4a with spherically averaged momentum distributions cal
culated at the University of British Columbia using the HEMS program. The calculations, 
which include the experimental momentum resolution (Ap = 0.1 a.u.), were carried out 
using MO wave functions with two different basis sets. The first is a (Idsl3p7d)|/(6s5p2d) 
basis set taken from ref. (9) giving a total energy of -13826.031 a.u. (labelled VNl). The 
contraction used is (433321/43321/43). The second basis is a [I6sl3pl0d)/(7s6p5d) basis 
set giving a total energy of -13826.208 a.u. (labelled VN2). It is derived from the first one 
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by decontracting some functions (4333111/433111/43111) and adding d-type polarization 
functions with exponential parameters a^(/) = 0.5, 0.2, 0.05. This basis set is still rather 
poor in some respects, as can be seen on comparing the total energy with that given by 
the wavefunction of McLean et ai (10), the best SCF wavefunction known to the authors, 
which gives a total SCF energy of -13835.976 a.u. It is not practical to further enlarge the 
basis set, as this leads to strong linear dependencies, at least when using Gaussian basis 
functions. However, since the lowering of the energy arises mainly from the core, and we 
are here interested in the valence region, the additional flexibility there of VN2 renders its 
application worthwhile, although high accuracy cannot be expected from the SCF wave-
functions employed. The figures show that the two different SCF wave functions give very 
similar spherically averaged momentum distributions. Additional points (solid squares) 
providing consistency checks at ^ = 1° and 7° have been generated from the respective 
gaussian fits to the outer valence region of the wide range binding energy spectra shown in 
Fig. 1. The data have been normalized at a single point to give the best visual fit to the 
calculated outer valence 6xt distribution. The correct relative normalization between the 
different orbitals is maintained, both in the measurements and in the calculations which 
include the respective orbital occupancies. 

The general features of the experimental data are in good agreement with the calcu
lated cross sections. The relative magnitudes of the transitions are well described, as is the 
fact that the Or, outer valence orbital (pmmm ~ 0.63 a-u.) has its maximum in the density 
distribution at a significantly higher value of momentum than the 6#. orbital (pm«« ~ 
0.40 a.u.), which is much more confined in momentum space. Similar trends are observed 
for the 2x, {pmm. ~ 0.80) and 2*. ( p M S , ~ 0.55) orbitals of Ct2\\\ and the 4*, ( p m „ ~ 
0.75) and 4*. (p»., ~ 0.50) orbitals of Br2[2\. 

For the Uat orbital of /j the calculations significantly overestimate the contribution 
of the symmetric (s-type) component in the wave function, i.e. the momentum probabiUty 
distribution at p = 0. This was also the case in chlorine (1), even though the data for the 
equivalent chlorine orbital (the bat) did show significant peaking at p = 0. For Br2 (2) 
the data show a small amount of peaking at p = 0 for the equivalent %at orbital, rather 
similar to but clearer than in the present case for / j . For Brj, however, the calculations 
give a generally quite good description of the data. The relative intensity at p = 0 for the 
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outermost occupied at orbital in the halogens diminishes significantly from CI? to Brj 

and then drops only a little in going to I7. A similar situation is observed in the outer 

valence 2a, and 3a 1 orbitals in the halomethanes CH$X [11,12], the outermost 3«i orbital 

showing more intensity at p = 0 than the 2a\. For both orbitals the p = 0 intensity (i.e. 

s type component) decreases with increasing Z, proceeding from Ct to / . 

From an examination of the momentuir distributions of the outer valence <rv orbitals 

of the diatomic halogens it is apparent that the maximum at high momentum (often called 
up-type n) occurs at the following approximate positions: / j , ll<r f (0.7 a.u.); Brt, 8crf 

(0.8 a.u.); Ctj, 5ot (0-9 a.u.). For the outer valence <rv orbital, the intensity at p = 0 

(due to the symmetric or s-type character of the wavefunction) relative to the intensity at 

p ~ 0.7-0.9 a.u. is found to be greatest for Ct7, somewhat smaller for Brt and smaHest for 

h. This trend is predicted by the calculations, especially for Cl% [1] and Br% [2]. In the 

case of the 1 \ot orbital of / j the failure of the calculated momentum distribution to predict 

the measured momentum profile is probably relf.ted to the difficulty discussed earlier in 

obtaining accurate wavefunctkms for the It molecule which is a 106-electron system. 

In a simple LCAO-MO picture the <rv outer valence orbital in the halogen diatomic 

molecules can be considered as a sigma (s-p hybridized) bonding orbital. The varying s and 

p components in this orbital therefore reflect the optimum balance necessary for bonding. 

Levin et a/ [13] found in an investigation of theoretical orbital momentum distributions 

that for the second row diatomics (Lij, N7 and Fj) and for the second row hydrides (BH, 

CH and FH) there was an increase in the contribution from the 2p-component of the at 

hybrid orbitals with increasing atomic number. This is manifested by the decreasing s-

to-p ratio in the predicted momentum distributions as the atomic number of the heavy 

atom increases [13]. Similar results were also predicted by Cade and Huo [14] in an AO 

composition analysis of the respective outer valence <rf molecular orbitals (calculated in 

position space) of the second row hydrides. Bader et «i [15] correlated this increase in 

2p<7 component in the outer valence 3<rf molecular orbital from BH to FH to an increase 

in bonding character. The decreasing s-to-p ratio in the experimental momentum profiles 

of the outer valence at orbitals with increasing atomic number is now seen as a more 

general phenomenon, as is observed in the present case proceeding down a chemical group 

(Clj, Brt, / ] ) . A consideration of the three outer valence orbitals of each of the diatomic 
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halogens shows that the corresponding orbital decreases in size in momentum space with 

increase in Z as expected. Similar effects were observed in the hydrogen halide series 

(16,17). This trend (i.e. a decrease in size in going from Cl% to Br7 to /j) can also be 

clearly seen in the respective momentum density maps while the reverse trend is apparent 

from the position density maps (compare Figs. 2-4 of the present work for /j with Figs. 

3 5 in ref. [2] for Brt and Figs. 3-5 of ref. [1] for Ct7) 

The calculated spherically averaged momentum distributions for the inner valence 

orbitah are shown in Figs. 5a and 6a. No measurements of the momentum distribution 

of these orbitals were possible because of the complex nature of the inner valence binding 

energy spectrum with many overlapping l(kra and 10vf poles. 

Sections b and c of Figs. 2-6 show the respective two dimensional momentum den

sity and position density maps for an oriented 1% molecule at the equilibrium distance 

(R = 5.030 a.u.) calculated from the SCF orbital wave functions obtained with the larger 

basis sets (VN2). The momentum density maps show the nodal planes due to the nuclear 

positions spaced by 2*/jt = 1.25o.«. in the intemuclear direction. This interference effect 

(bond oscillations) due to the nuclear positions should give rise to weak secondary and 

higher lobes, but these are washed out by the effects of the spherical averaging. 

In the inner valence region no obvious structure can be seen in the binding energy 

spectra (Fig. 1) winch can be unambiguously assigned to either the 10<ra or 10<rf orbital. 

The spectra show a small intensity slightly larger at 1" than at 7*, between the outer 

valence region and about 20eV, and then a large contribution peaking at about 22eV and 

falling slowly to zero by about 40eV. Most of the cross section in the range 20.4eV to 41eV 

must be due to ionization from the l(krf orbital since it is much stronger at 4 — 1" (p ~ 0.1 

a.u.) than at 4 « 7* (p « 0.59 a-u.). However it should be noted that even at 4 = V (p 

= 0.53 a.u.) the calculated 10*. cross section is still predicted to be slightly smaller than 

the 10* f cross section (see Fig*. 5 and 6). A careful examination of the binding energy 

spectra shows that there is increased intensity in the 4 — 7* spectrum between 19.5 and 

21eV at the leading edge of the dominant inner valence peak. This must be due to the 

10<T. orbital, which must therefore have considerable strength around 20eV. It is however 

impossible to separate any region into one exclusively due to \0o% ionization. We have 
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therefore separated the inner valence region into several broad bands (16-20.4eV, 20.4-

24.8eV, 20.4-30.7eV) and examined the momentum distributions in these bands. These 

are shown in Pig. 7 compared with various admixtures of the cukuhted (VN2) 10a, and 

10a, cross sections. Relative normalization to the outer valence cross sections (Figs. 2-4) 

have been maintained. At p = 0.1 and 0.53 respectively (Fig. 1) the relative integrated 

cross sections (in the same arbitrary units used throughout) are 2.9 and 3.4 for the 16-

20.4eV region, 10.9 and 6 4 in the 20.4-24.8eV region, 20.1 and 10.9 in the 20.4 30.7eV 

region, and 4.5 and 2.0 in the 30.7-41eV region. Summing from 16-41eV the total relative 

cross section for the inner valence region is 27.5 at ft = 1* (p = 0.1) and 16.3 at ^ = 7* 

(p = 0.53). The ^ = 1* cross section is thus considerably below that calculated for the 

10af orbital alone, the calculated value being of the order of 32 (see fig. 6). At + = 7* the 

total inner valence cross section of 16.3 is still somewhat below the value of 19 r̂ iven by 

the summed calculated 10<r, and 10a, crass sections. However, as can be seen from Fig. 7, 

the measured momentum profiles are significantly broader than the calculated (<KT, + bat) 

ones, the observed intensities at 0.8 and 1.0 a.u. being considerably higher than given by 

the calculated SCF wavefunction. TVs could be due to two reasons. Firstly, distortion of 

the electron waves from plane waves can lead to a loss of intensity at low momentum in the 

inner valence region relative to the outer valence region and to some extra intensity at high 

momentum. This effect has been carefully investigated at the same energy (lOOOeV) by 

Cook et ml [18] for xenon, which has almost the same number of electrons as atomic iodine. 

Cook et «i found that the 5s and 5p cross sections could be completely described by the 

distorted wave impulse approximation both in relative n~*nitudes and shape*. The plane 

wave impulse approximation overestimated the inner valence 5s cross section somewhat 

and did not account for the very high momentum components. However, up to 1 a.u. the 

plane wave impulse approximation gave an excellent fit to the shape of the measured 5s 

momentum distributions. It is therefore most unlikely that the large discrepancies seen 

in the present data in the region 0.8-1.0 s.u. can be due to distortion effects alone. Tbr 

fact that the measured distributions in the high energy region (Fig. 7) are much broader 

than the calculated ones suggests that the SCF wave functions are not adequate. The 

electrons must be more localized in position space than given by the wavefunctions. The 
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calculated position density maps are shown in Figs. 5c and 6c for the 10a, and 10a, 
orbitals respectively. 

As discussed in section 3, we have used the Green's function method with the VN2 
polarized basis set in the simplified ADC(4) approximation which is discussed above to 
calculate the ionization energies and relative intensities of the different lines in the binding 
energy spectra. The configurational space includes the one-hole one-particle, two-hole one-
particle, one-hole two-particle and 3h2p configurations. The method is accurate to fourth 
order in perturbation theory for the main outer valence ionic states, and should therefore 
give accurate results for these transitions if the basis set is exhausted in the calculation. In 
fact the agreement, with the measured binding energies is quite good in the outer valence 
region when the larger basis set is used. The comparison is given in Table 1, which lists 
the poles with pole strengths > 0.01. The calculations also predict, again in agreement 
with the data, that the outer ( 6 * , ) - 1 , (6w,) - 1 , and (11a,)"1 transitions are dominated 
by a single pole, the MO description being very good in these cases. 

In the inner valence (10a, and 10a#) region, the ADC(4) calculation i? expected 
to be accurate to second order. It predicts considerable splitting of both the 10a, and 
10a, orbitals. The results of the ADC(4) calculations are presented in Table 1 and are 
compared with the experimentally determined inner valence binding energy spectra in Fig. 
8. In comparing the results of the calculations with experiment it should be remembered 
that the calculated pole strengths refer to two completely different symmetry manifolds. 
At 4 = 1* the 10a, cross section is negligible (see Fig. 5a), and the 10a# cross section has 
its —""M"" value (Fig. 6a). At ̂  = 7* the 10a, cross section has essentially its maximum 
value, but it muat be remembered that it is still considerably smaller than the 10af cross 
section (about two thirds), even though the 10a, cross section has dropped to less than 
half of its maximum value. Thus at 4 = 1* nearly all of the inner valence structure must 
be due to splitting of the 10af orbital, and at # = 7* a little more than one third must be 
due to 10a,. Thus the 10a, calculated pole strengths can be compared directly with the 
1* spectrum. No such direct comparison is possible for the 10a, pole strengths if there are 
contributions from 10a, present at those binding energies. The 10a, orbital has two main 
lines, one at 17eV with a strength of 0.14 and the other at 18.5eV with a strength of 0.35. 
The data show that the summed 10a, strength in the region K3-20.4eV must be less than 
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0.3 (the host estimate is about 0.2), in disagreement with the calculation which gives a 

summed strength in this region of 0.63. Therefore the majority of the 10<r. strength must 

lie above 20eV in binding energy. 

For the lOrr, orbital the calculation again predicts severe splitting with the main pole 

at 21 4eV having a pole strength of 0.47. The 10<rf strengih peaks very close to this energy, 

hut the pole strength is certainly much lower than 0.47 and the 10<rf strength extends to 

much higher energy than given by the many-body calculation. This is not surprising since 

for a molecule with as many electrons as 7 2 , the present ADC(4) calculation and the very 

limited basis set can be expected to give on'y qualitative results for the inner valence 

region. 

It can be seen that the ADC(4) calculation with the polarized basis set (Fig. 8, Table 

1) is able to predict the gross features and origins of the inner valence ionization spectra 

of Ij, although it underestimates considerably the strength at the higher binding energies. 

This is similar to the situation in CI? [1] and Br, [2], where, however, the agreement 

between the ADC(4) calculations using polarized basis sets and experiment is slightly 

bett'-r. This again suggests that the basis set which has been used for Ij is inadequate. 

5 S U M M A R Y 

The momentlrn distributions for the outer valence 6*t and 6*. orbitals of /j are quite 

well described in both relative magnitudes and shapes by the MO momentum distributions 

given by SCF wavefunctioru with and without additional polarizing d functions. However, 

for the ll<r f orbital the calculations overestimate the low momentum components. This 

was also the case for Cl% [1], where the outer <rf orbital momentum distribution provided a 

rensitive test of the SCF wavefunction. The present ADC(4) many-body Green's function 

calculation confirms the essential MO picture of the outer valence ionization process. 

The inner valence spectra, o'oserved in detail for the first time in the present work, 

show severe splitting of both the 10<T. and 10<rf pole strengths. A little less than one 

third of the 10<r, strength can be found in the energy region 16-20.4eV, and most of 

the 10<ra strength must lie above this energy. The peak in the 10<r# strength is to be 

found at about 21.5eV, but again most of its strength lies above this energy. The ADC(4) 

Green's function calculation using the polarized basis set is in very good agreement with 

the energies and pole strengths for the outer valence transitions. In the inner valence region 
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it predicts severe splitting of the orbital pole strengths. It is, however, only qualitatively 

correct, underestimating the strength of the l(Vra and the I0of poles at the higher binding 

energies. For Ct% [1] and Brt (2), the ADC(4) approximation was a little better when 

polarized basis sets used. 

ACKNOWLEDGEMENT 

Financial support of this work was provided by the Australian Research Grants 

Scheme, the Natural Sciences and Engineering Research Council of Canada, the Deutsche 

Forscmmgsgemcinschsit, the Alexander von Humboldt-Stiftung and the Foods der Chemis-

chen Industrie. Support and hospitality during visits to the Flinders University of South 

Australia (CEB and WVN) and the University of British Columbia (EW) are gratefully 

acknowledged. 

11 



REFERENCES 

(1) L. Frost, A.M. Griaogono, I.E. McCarthy, E. Weigold, C.E. Brion, A.O. Bawagan, 

P.K. Mukherjee, W. von Nieasen, M. Roai and A. Sgamellotti, Chem. Phys. 113 

(1987) 1. 

(2] L. Frost, A.M. Giisogono, E. Weigold, C.E. Brion, A.O Bawagan, P. Tomasello and 

W. von Nieaaen, Chem. Phys. 119 (1988) 253. 

(3] A B Cornfbrd, D.C. Frost, C A. McDowell, J.L. Ragle H LA. Stenhorc, J. Chem. 

Phys. 54 (1971) 2651. 

(4) DC. FVost, C.A. McDoweU and D.A. Vroom, J. Chem. Phys., 46 (1967) 4255. 

(5] G. Bieri, L. Aabrink and W. von Nieasen, J. Electron Spectroac., 27 (1982) 129. 

[6] J Schirmer, L.S. Cederbaum and 0. Walter, Phys. Rev. A 28 (1983) 1237. 

[7] 0 Walter and J. Schirmer, J. Phys. B 14 (1981) 3805. 

(8) W. von Nieasen, P. Tomasello, J. Schirmer and L.S. Cederbaum, Aust. J. Physics 39 

(1986) 687; P. Tomasello in preparation. 

(9] S. Huzinaga, J. Aadzelm, M. Klobukowski, E. Radzio-Andzelm, Y. Sakai and H. Tate-

waki, "Gaussian Basis Sets for Molecular Calculations" .Elsevier, Amsterdam 1984. 

(10) AD McLean, O. Gropen and S. Huzinaga, J. Chem. Phys. 73, 396 (1980). 

(11) A. Minchinton, J.P.D. Cook, E. Weigold and W. vonNiessen, Cbem. Phys. 93 (1985) 

21. 

(12) A. Minchinton, J.P.D. Cook, E. Weigold and W. von Nicasen, Chem. Phys. 113 (251) 

1987. 

(13) V.G. Levin, V.G. Neudatchin, A.V. Pavtitchenkov and Y.F. Smirnov, J. Chem. Phys. 

63 (1975) 1541. 

(14) PE. Cade and W.M. Huo, J. Chem. Phys. 47 (1967) 614. 

(15) R.F.W. Bader, I. Keveany and P.E. Cade, J. Chem. Phys. 47 (1967) 3381. 

(16) C.E. Brion, S.T. Hood, I.H. Suzuki, E. Weigold and G.RJ. Williams, J. Electron 

Speciroac. 31 (1960) 71. 

(17) C.E. Brion, I.E. McCarthy, I.H. Suzuki, E. Weigold, G.R.J. William., K.L. Bedford, 

A B Kunz and R Wetdman, J. Election. Spectrosc. 27 (1982) 83. 

(18) J.P.D. Cook, IE. McCarthy, J. Mitroy and E. Weigold, Phya. Rev. A 33 (1986) 211. 

12 



FIGURE CAPTIONS 
F:*. 1: Binding energy spectra for the complete valence shell of I2 at (a) <f> = 1°, (b) <t> = 7°, 

and (c) 4> = 1* + V and total energy of lOOOeV. 
Fig. 2: Experimental and calculated spherically averaged momentum distributions for the 

6*, orbital of / j . The solid circles (•) are the experimental values extracted from the 
appropriate peak areas in the binding energy spectra at given values of 4>; the solid 
squares (•) are data extracted from the respective peak areas in the ^ = 1° and 7° 
spectra shown in Fig. 1. Basis sets for the calculated curves are: solid line (—) 
smaller basis set VN1 and broken curve ( ) larger basis set VN2 (see text 
for details). Experiment and calculations are normalized at a single point only on the 
6xt orbital. All dimensions are in atomic units. Contour values are at 0.02, 0.05, 0.08, 
0.2, 0.5, 0.8, 2, 5, 8, 20, 50 and 80% of the maximum density. The density maps are 
calculated using the larger polarized basis set. The side panels show density profiles 
(on a relative scale) along the dashed lines on the density maps, except where the 
lines he in nodal surfaces. 

Fig. 3: Experimental and calculated spherically averaged momentum distribution for the 6*„ 
orbital of Jj. See the caption of Fig. 2 for other details. 

Fig. 4: Experimental and calculated spherically averaged momentum distribution for the 1 \at 

orbital of 1%. See the caption of ?ig. 2 for other details. 
Fig. 5: The calculated density maps and spherically averaged momentum distributions for 

the 10a. orbital of 1%. See the caption of Fig. 3 for other details. 
Fig. 6: The calculated dennty maps and spherically averaged momentum distributions for 

the 10a f orbital of J3. See the caption of Fig. 3 for other details. 
Fig. 7: Momentum distributions in the summed binding energy ranges (a) 16-20eV, (b) 20.4-

25.8eV and (c) 20.4-30.7eV normalized to the outer valence cross sections. The curves 
•how different combinations of 10a, plus 10at calculated momentum distributions 
using the VN2 SCF wavefunctions. The triangles are obtained from the corresponding 
ranges in the energy spectra (Fig. 1). 

Fig. 8: Binding energy spectra in the inner valence region of J3 (a and b) compared with 
calculated 10<r, pole strengths (labelled 2 in (c)) and 10a, pole strengths (labelled 
1). The heights of the lines in (c) are proportional to the pole strengths given by the 
ADC(4) calculation with VN2 polarized basis set. The ADC(4) calculation uses the 
simplified approach mentioned in section 3. The 10a, manifold dominates at 4> = 1° 
(a), the 10a, manifold contributing about 0.4 of the strength seen at ^ = V. 

13 



Tnhle 1: Calculated and measured electron binding energies for /j (in eV). The pole strength* are given in 
parentheses; only poles with strength >0 01 are included. 

Orbital Experiment 

f>». 

6»„ 

11/r. 

\0<ru 

' 9.34 
9.97 

1103 
1182 

12.95 

EMS 

9.7 

11.4 
17 IS (0 032) 

13.0 

PES<m> EMS i4DC(4)<»> 

9.33 (0.909) 

11.25(0.865) 

20.14 (0.015) 

12.61 (0.833) 
13 18 (0.060) 

18 8-22.3<'> 17-22"> 16.98(0.138) 
18.54 (0.346) 
18 J8 (0.047) 
19 76 (0.042) 
20.11 (0.027) 
20.24 (0.038) 
20 67 (0.023) 
2146(0010) 
22.04 (0.025) 
24.03 (0.081) 
24.94 (0.024) 
30.31 (0.014) 
31.56 (0.013) 

18.8-22.3<<> 20.4-40<«> 16.66 (0016) 
19 01 (0.018) 
2117 (0.473) 
23.15 (0.042) 
24 98 (0.010) 
25.32 (0.030) 
26.54 (0.010) 
26.76 (0 033) 
36.77 (0.036) 
77 U (0 019) 
31W (0010) 
32.00(0.011) 
32.31 (0.023) 
32.62(0.011) 

<*>h>f (3) lor 6>„ 6»„ and ll<r# orbitab only; (*>The ADC(4) calculation uses the aimplHled approach 
mentioned in section 3; (''From ref. 5,22.3eV represents the npper limit of the data; OSome atrength above 
22eV is likely; (''Major strength is between 2l-22.6eV. A very small contribution in the range 17-20eV is 
possible. 

10<7 f 

14 



INNER 
VALENCE 

20 30 
Binding energy (eV) 

FIG. l 



SPHERICALLY AVERAGED 
MOMENTUM OISTRIBUTION 

0.0 OS to 15 LO 24 
MOMCMTUM (AJJ.) 

MOMENTUM DENSITY 

(b ) • i? 
6 ' 9 

<CgJ!fe* riJlo'^bV 

^ S P ^ T : 

-44) - J * 0.0 2.0 4.0 0.5 10 

FIG. 2 

POSITION DENSITY 

- •A -4.0 0.0 4.0 i.O OS 1.0 



SPHERICALLY AVERAGED 
MOMENTUM DISTRIBUTION 

0.0 04 10 
MOMCMTUM (A.U.) 

• fc i i i 
IS * 2J0 23 

MOMENTUM DENSITY 

-4.0 -2.0 00 2S 4 *~~6T VO 

POSITION DENSITY 

( e ) Alt J ! 2 

4 ^ i"u ,/#y^. / Ar^j\\V|\ 

L fill I • 

•» ^ ^ • • • • • ^ 

(0.1.0) : 
-8.0 -4.0 0.0 4.0 6 0 0 5 10 

FIG. 3 



SPHERICALLY AVERAGED 
MOMENTUM DISTRIBUTION 

t • i 

"0.0 0.5 1.0 11.3 * 2.0 2.3 
MOMENTUM (A.U.) 

I 

MOMENTUM DENSITY 

FIG. 4 

POSITION DENSITY 



SPHERICALLY AVERAGED 
MOMENTUM DISTRIBUTION 

(LO M 10 l i U U 
MOMENTUM (AM.) 

MOMENTUM DENSITY 

• ( b ) 
• • 

* 2 
10<TU 

i 

A i.o) 

^ 

-4.0 -2.0 0.0 2.0 4.0 0.9 1.0 

FIG. 5 

POSITION DENSITY 

(e) I 2 H 10«r u 

1 

i 
<«•'•«> . : 
- • .0 -4.0 0.0 4.0 S.O OS 10 



o 

l o 

g 
5 e 
5 

SPHERICALLY AVERAGED 
MOMENTUM DISTRIBUTION 

tt> 

S o \ 
8 0.0 0A 

10<T g I , 

— — VN1 
VN2 

QJ& U) VS 
MOMENTUM (AM.) 

2.0 2 4 

MOMENTUM DENSITY 

Si (b) 

f • — »— 

12 
l O o ^ 

-4.0 -J.0 0.0 2.0 4.0 0.5 "1.0 

FIG. 6 

r 

POSITION DENSITY 

- » 0 -4.0 0.0 4J0 «0 OS 10 



1 1 i 

-i 2 
-

(o) £ =16.0-20.4 eV 

-

— 0.35<ru + 0.05 crg 

^ I 1 1 

12 r. 

(b) £ = 20.4-24.8eV _| 

— 0.45cru + 0.30crg 

24 r 

16 

8 

0.5 

(c) £=20 .4 -30 .7eV 

—0.550-y • 0.60cr g _j 

_L 
1.0 1.5 2.0 
Momentum (o.u.) 

2.5 3.0 

FIG. 7 



(c) 
0.5 r 

1 : (10<T9) 

2:(10Oi J) THEORY 

ADC (A) 

ILili iiilii USL 
JL 1 
20 30 40 

Binding energy (eV) 

FIG. 8 


