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Abstract  Ab initio spin-Unrestricted Hartree-Fock calculations are
performed for the transition energles and vibrational coupling par-
ameters associated to the core ionized states of NF. The vibrational
excitation is discussed. Important aspects related to the ESCA band
shapes and vibrational excitation are predicted but are not quantitat-
ively described at this level of approximation.

1 INTRODUCTION

in recent years there has been an increasing research interest
on the electronic structure of the NF radical’=*. NF is lisoelectronic
to 0, and possible analogies are of importance. |t might also be used
as the source of energy in the pumping process to produce atomic iodine
chemical taser®’®. Perhaps for these reasotis most of the investigations

3, 7711 L
and ionized states®’*. n

have been directed to low-lying excited
the inner region the electronic structure of NF has not deserved close
attention so far; in particular, nothing is known about itscore-ionized
and core-excited states.

0, has long been a favourite system for study of paramagnetic
molecules and was the first case of experimental detection of an ex-
change splitting'? with two 0]5 lines corresponding to quartet and
doublet components separated by 1.1 eV and having a 2.47:1 intensity
ratio. This deviation from the ${S+1}:S intensity ratio!® comes both
from differential orbital relaxation and correlation effects on the
initial and final states®“. From the theoretical viewpoint the exist-
ence of localized broken symmetry solutions has been of additional
interest!®’16,
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W believe that an investigation of the core lonized states of
the paramagnetic NF radical is also of sufficient interest to warrant a
preliminary theoretical investigation despite the apparent absence of
experimental data. We draw attention to some aspects related to vi-
brational excitation of the core ionized states via the vibrational
coupling parameters”_lg, calculation of the transition energies in-
volved both for the core lonized and core excited states and we esti-
mate wlthin the frozen orbital approximation (Foa)!® theexchange split-
ting *Z-2¢ of both (le and F]S) core ionized states. Our computational
resources are at present very limited. Therefore our study is at the
Hartree-Fock level of approximation and further details particularly
those related to many-body effects?® and ESCA band shapes will be miss-

ing.

2. THEORETICAL ASPECTS

The ground state electronic.configuration of NF is la? 2c? 302
402 171* 5a° 21r_21r+ X3, Ejection of an inner shell electron yields
quartet and doublet states. In the frozen orbital approximation!® one
calculates the unrelaxed binding energy utilizing the orbital energy of
the spin-Unrestricted Hartree-Fock (UHF) calculation on the neutral
ground ‘state. Due to large spin contamination on the doublet core ion-
ized state we concentrate on the quartet state which is the highest spin
multiplicity and therefore more appropriate to the UHF description.
Values of <52>UHF will be given whenever convenient. As an estimate to
the exchange spiitting we calculate the difference in frozen orbital
energies thus neglecting relaxation and the spin coupling among theopen
shells to produce the doublet multiplicity.

The basis set for both N and F consists initially of Dunning's
(9s5p) contracted to <5s3p> 2% Difuse s and p functions as well as
polarization d functlons have been added and the final contracted basis
set s <bshpld> for both atoms.

Theenergy of atomic nitrogen in the ground "*$ state s
-54.3990 h whereas the fluorine ground 2P state has the energy of
-99.4013 h. The corresponding values of <52>UHF are 3.758 and 0.754,
respectively. So, the spin contamination at the atomic level is not

appreciable. At the calculated equilibrium geometry the N (st-) has
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the total energy of -153.8277h thus amounting to a binding energy of
0.75 eV as compared to the near limit Restricted Hartree-Fock level
which gives a value of -0.7 eV P2 The <52>UHF value in this case is
2.022 again with a minor spin contamination. The binding energy of NF
has not been measured directly but estimates indicate an experimental
value of -3.5 eV **%. An early Ct calcuiation® gave the binding

as 2.2 eV, It may thus be deduced that our value for the binding energy

energy

is too small; this is not much surprising as correlation is expected to
. . . . . 1-3

give an important contribution to the binding energy of NF . The
equilibrium bond length is however in very good agreement. These data

are collected in table 1 for comparison.

Table 1 - Spectroscopic parameters and energy of NF (x3z7)

Present Near Hartree-Fock | Ab initio Cl| Experimental
Ref. 1,2 Ref. 3 Ref. 7
E (h) -153.8277 -153.8352 -153.2942 -
D, (eV) 0.75 0.68 2.28 -
W (em™) | 1282 1366 1265 1141
B, (cm™) 1.23 1.223 1.095 1.206
Re (R) 1.307 1.30 1.382 1.317
3. RESULTS AND DISCUSSION
In the table 2 we give the transition energies associated to

the calculated F, (1o} and N (20) hole states. At the FOA level an
52T (NF) > 4T (NFY).

The calculated relaxation energy is obtained as 23.25 eV leading to a

energy of 715.57 eV Is involved in the transition

final binding energy of 694.22 eV. These values are typical of F

Is

energies. The separate calculation of the NF* core lonized state gives

<s*> e = 3802
level the 2% state is estimated to lie slightly above with an

indicating now a larger spin contamination. At the FOA
exchange
splitting of only -0.3 eV. The transition energy for *I (N*F) is 426.52
eV at the FOA level. Explicit calculation of this core hole state gives
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a relaxation energy of 16.12 eV thus amounting to a prediction of
410.40 eV for the le binding energy. Again, these values are typicai
of N]

s
greater spin contaminatlon. The exchange splitting estimated at the FOA
level is 1.8 eV,

energies. The <52>u_": value of 3.886 indicates now a somewhat

‘Table 2 - Transition energy (eV) of 1o and 20 elec-
trons of NF at R = 1.307 R.

I |

. FOA

Final state -€; (eV) AESCF (ev) <52>UHF
YT (NF*) 717.54 694.22 3.802
%I (N*F) 426 .52 410.40 3.886
31 (1o+2m) - 686.03 2.028
3 (20+2m) - 398.80 2.058

Also of interest are core-valence transition energies“. Table
2 also gives the values for the lo»2m (%) and 20+2m (%) states. These
are calculated to lie below the corresponding quartet hole states by
8.19 eV and 11.60 eV, respectively. The spin contamination is miid for
these core-valence states.

The vibrational coupling parameters are glven in table 3 at

both the one-particle level as well as including relaxatlon. Inthecase

FOA rel
of N (-deZG /dR}, and (-dE,

gradlent of (dE;g/dR)o = 0.84 eV/bohr. This result ascribes an anti-
bonding character to the 20 molecular orbital and predicts a small bond

/dR), partly cancel giving a final

length decrease, as expected from previously noted trends®. Inthe case

of Fig (-de'l:.f._)’A/dR)0 and (-dE:(ejl/dR)0 add to each other leading to a fi-
nal value of (dE"]‘G/dR)0 = -5.32 eV/bohr. Hence the 1o molecular orbital

of NF may be ascribed as bonding. The large value for this coupling par-
ameter incllcates a considerable bond length increase. In previous
systemszs_25 one has obtained that Fls ionization may indeed lead to a
considerable lengthening and may even lead to a dissociative state. To
check this we have performed a calculation of potential energy curve for
the “Z F ionized state. The result is a dissociative curve. However

Is
a considerable care must be taken now because as mentioned before (see
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Table 3 - Gradients of orbitals and relaxation ‘energies
(eV/bohr) for the Hole-States of NF at R = 1.307 f.
(1 bohr = 0.52917 R, 1 hartree = 27.21 eV). Q refers to

the quartet state. D refers to the doublet state.

r de';OA dsg‘“’r +dE;‘
. Ta&R T AR R
Q -2.13 -3.19 ~5.32
"ot -3,32 - -
Q +3.57 -2.73 +0.84
Vot +3.72 - -

table 1) we have obtained only a small percentage of the expected
binding energy of the neutral ground state of NF. Hence one may not
discard the possibillty of a minimum hidden by the absence of corre-
lation effects in our study. Similarly our explicit calculation of the
47 N]S core hole state gave a small bond length contraction buta fairly
shallow potential energy curve. At any rate both expllcit calculations
reenforce a bond length shortening for the ionization of the 2¢ and
lengthening for the ionization of the 1o molecular orbltals. This Is
also In due agreement wlth Rgren's analysis®® based on the potemttial
mode! for ESCA shifts which predicts opposite directions for the geo-~
metrical relaxatlon in diatomics.

The table 3 also Indicates that each ¢pin component for a par-
ticular core level exhiblts different slopes. Hence the ratio of TVine-
widths should be different from 1.0 indicating that one spln component
state should be broader than the other one. At the FOA level oneobtains
that for both hole states the high energy doublet component is broader
than the low energy quartet. That multiplet spin components of para-
magnetic molecules should not be expected to be the same has been well
demonstrated elsewhere'®. It is also clear from that study that a
theoretical model beyond the FOA level is however of essential im-

portance for quantltative descriptions.
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Resumo

Célculos ab initio ao nivel UHF (Spin-Unrestricted Hartree-
-Fock) sfo feitos para as energias de transicdo e parametros de acopla-
mento vibracional associados aos estados ionizados an camadas profundas
do radical NF. A excitagdo vibracional é discutida. Importantes aspec-
tos relacionados com a forma da banda ESCA e excitacdo vibracional sdo
previstos embora ndo sejam quantitativarnente descritos a este nivel de
aproximacéao.
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