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Core excitations of naphthalene:
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High-resolution x-ray photoelectron emissioXPS) and near-edge x-ray absorption fine structure
(NEXAFS) spectra of naphthalene are analyzed in terms of the initial state chemical shifts and the
vibrational fine structure of the excitations. Carbon atoms located at peripheral sites experience only
a small chemical shift and exhibit rather similar charge-vibrational coupling, while the atoms in the
bridging positions differ substantially. In the XPS spectra, C-H stretching modes provide important
contributions to the overall shape of the spectrum. In contrast, the NEXAFS spectrum contains only
vibrational progressions from particular C-C stretching modes. The accuracgb oiitio
calculations of absolute electronic transition energies is discussed in the context of minute chemical
shifts, the vibrational fine structure, and the state multiplicity. 2@04 American Institute of
Physics. [DOI: 10.1063/1.1784450

I. INTRODUCTION chemical shifts” of core level& Shifts of a fraction of an eV
o ] are sufficient to produce distinguishable lines in the spectra.
In recent years, significant technological advances allow 1 dynamics of nuclear relaxation processes can in
the production of highly monochromatic, polarized x-ray gome cases be resolved thanks to the high-energy resolution.
synchrotron ra_d|at|on W'_th a spectral rgsol\_/mg power of theRecent advances in experimental techniques call for a better
order Of.éd't.H'gr: efxperlrr;enttal resollcjitmn. IS tthe.k_(i'y Ito ?bt- understanding of the underlying physical processes by simu-
serve vibrational fine -struc ure_ and minute initial State;ong of x-ray spectra with refined theoretical models. The
chemical shifts in free molecults and possibly even in : . ) )
, study of processes in medium-size molecules like naphtha-

adsorbates?® The high resolution may even reveal “hidden . . : .
. . . Jene (Fig. 1) might provide an understanding of even more
processes, in particular, the nuclear dynamics connected wi .
complex systems, larger molecules, and even solids.

ionization processe’selectronic excitations!*3or possi- . .
In a system with two or more equivalent atoms, photo-

bly even effects associated with charge transport at .= o . .
interface&14 and in solid$?1315emight be studied. The en- Ionization or core excitation gives rise to several almost de-

ergy separation between core-electronic states on differergcene,rate electronic tr.ansmons. 't_ is well kr_]ﬁ’mhat such .
1718 and the existence of selection rules for transitiOnsquasldegenerate excited states interact with each other via

sites; AR ) X
to unoccupied valence orbitai$2° make core excitations nontotally symmetric vibrational modes. This results in the

particularly useful for the study of partial or local charge anglocalization of core hples. In the case of nonequivalent atoms
vibrational density distributions in small and medium-size®f the same chemical element, on the other hand, the
molecules® and of the geometrical relaxation associatedduasidegeneracy of the core-excited states is lifted. An accu-
with the presence of charg®sDifferent valence electron rate calculation of electronic and vibrational energies is
densities at the various atomic sites give rise to differences ifherefore crucial to reveal the nature of interactions between
the total energies of excitations, usually called “initial state@ charge or an excitation and the coupled nuclear-electronic
system of the molecule.

dpermanent address: Institute of Automation and Electrometry, 630090 No- In_ th.e pres_ent paper we report _hlgh_resomtlon §)(1
vosibirsk, Russia. photoionionization and x-ray absorption spectra of the free
DFormerly S. Marciniak. naphthalene molecule followed by their interpretation in
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this model is known to be of good accuracy for a number of
cases>?% Using harmonic approximation, the Hamiltonian
has the following form(atomic units:

H=> i + 1202 1

=2 E 5 2aQq | 1)
where Q, and w, are the normal coordinates and the fre-
guencies of the vibrational mode The displacemerd,, of
each normal mode’s excited state PS from the ground state
geometry is connected to the gradient of the PS

Ga’ G ‘?Eexc

FIG. 1. The naphthalene molecule and its chemically different atomic sites. da_ w2 ! a= Q, : 2
a

. . . . . In order to obtain the probability for excitation from the
terms of electronic and vibronic relaxation mechanisms. In

. . - . round state vibrational level O to a vibrational lewelfor a
particular, the relation between excitations at Chemlca”ygarticular modex. the overlap intearal between thge WO Vi
shifted atomic sites and their coupling to molecular vibra-p ' P g

. o bronic wave functions [the Franck-Condon (FC)
tions is discussed. . 23
amplitudd~ is needed,

Il. EXPERIMENT x(Nal2)
. . =(—1)ee~ X2 __
The gas-phase spectra were obtained at beamline 1411 at (Olng)=(—1)"e hi’ )

MAX-Lab in Lund, Swederf* A gas cell with an external

feed was used allowing high local gas densifiesal pres- Here x=wad§/2: Gi/Zw‘Z is a dimensionless parameter,

sure >1x10">mbar) and moderate temperatures of 40which depends on the excited state PS gradi&nt

+20°C in the target zone. The total overlap integral is a product of contributions of
The Scienta SES-200 photoelectron spectrometer waall individual modes

turned to the “magic angle(54.79 between the electric

flelt_j vector of the light and the dlrectlon_ of the electron ©lm=1IT (o|n,). @)

emission. The near-edge x-ray absorption fine structure a

(NEXAFS) spectrum was recorded in 5 meV photon energy ) ]

steps with the Auger yield technique. The C KLL Auger It shquld be noted that the exmtgd state PS gradient and

electrons were collected with a kinetic-energy window be-FC amplitude(3) could differ for the ionization and the ex-

tween 240 and 274 eV. The intensity was normalized by th@ltatlor_l processes. The reason for this can be easily under-

incoming photon flux as measured using the current from &00d in terms of the Koopmans' theorem,

gold grid. For energies at the Cg)lLabsorption edge, a pho- P

ton energy resolution of 50—60 meV was employed. For the Gic‘:”:_[E(lsfl)_ Eol~—

x-ray photoelectron spectroscof}PS) measurements, the IQa

spectral width of the incident radiation was matched with the 3 J

energy resolution of the analyzer. The total energy resolution G¥°=——[E(1s—v)—Egl~— —(€,— €15),

for the C(1s) XPS line measured with 350 eV photons is 9Qq 9Qq

eSt'rEat?]d to be about 75dme\/. | inimize the eff where e;5 and €, are the orbital energies of thesland the
ach scan was saved separately to minimize the effectyy, i Comparison of these gradients shows that the

of beam instabilitie_:s duri_ng the measurements. Dur_ing NO%ibrational structure of NEXAFS and XPS spectra is differ-
ma_l, sl':ablelope(;a/thn, _c:l_;:fts ﬁt the MAX'.” storzg?] mllg ar€ ent because of thesg, /dQ,) term. Notice that in our simu-
typically <1 mev/min. The photon energies and the KINetiC g we calculated the gradients strictly, without using the
energies of the electrons were calibrated from the position of

. . . ! oopmans’ approximation.
the Ar(2p) line excited by first and second-order light. Ab- The x-ray absorption cross section was calculated in the

solute photon and electron energies have an uncertainty @orn-Oppenheimer approximation
about 100 meV.

2
Il. THEORY T apd ©)% foe(Oln) (5)

e 2 2’
Our calculations are based on the linear coupling o [o~ (BemBo) = (en= e ™+ T
model—the excited state potential energy surféR® E.,. where w is the photon frequencyfqe is the oscillator
is approximated by a displaced ground state harmonic poterstrength of the electronic transition-0e; E,, €5, andEy,
tial surface. While the minimum of the excited state PSe, are the excited and ground state electronic and vibrational
might be displaced from that of the ground state, a similaenergies, respectivelyp|n)? is the FC factor.
curvature is assumed to be present. In spite of its simplicity, The cross section of the core-ionization process reads
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D2(E)(0|n)?
N(E)(O[n) ® ]

oC
oxed B 20 [BE—Iy— (e —eg)]?+T2
Here BE=w—E, is the energy of the photoelectron on a
binding energy scald; the kinetic energy of the photoelec-
tron, andly the C(1s) binding energy of theNth carbon
atom. In the simulations the square of the transition dipole
moments of the photoionization proce@i(E), is assumed
to be equal for all atoms. This approximation holds only for
large photoelectron energies.

Calculation of both core excitation and ionization are
performed using the independent channel approximafion.
This approximation is valid because of the large energy and 5 w3 iy s e s
spatial separation of core orbitals of different atoms. This Binding energy (V)

approach has previously been tested and justified to be @i, 2. Experimentala) and calculatedb) C (1s) photoelectron spectrum
good accurac$f 3 of naphthalene.

Intensity (arb. units)
W I
° >
| |

8.0

— CI contribution
----- C2 contribution
==+ C3 contribution
— total spectrum

Intensity (arb. units)
W IS
° >
| |

IV. COMPUTATION Two different values for the life-time vibrational broad-
ening have been chosen to account for the different spectral
The geometry of the molecule has been optimized withyesolution achieved in the NEXAFS and XPS experiments.
the GAUsSIAN 03 packag? at the B3LYP/6-311G" level.  The half width at half maximum i =45 meV for the NEX-
The vibrational analysis has been done ft@10-CASSCF  AFS simulations, whild=70 meV for XPS. For each set of

level of theory, with the same 6-311G basis set using the gpectral is assumed to be the same for all transitions.
DALTON program packag& All transition dipole moments

and excitation energies were calculated using a modified ver-
sion of the DEMON gcodé3 employing theADgll:T (DFT— V. RESULTS AND DISCUSSION
density functional theopymethod. Two different nonlocal A. XPS

density functionals were tested: BP86 and PB& both
exchange and correlation eneygyn order to account for
core-hole relaxation, we have made use of a double-bas

. 4 .
techmqué I_:or all carboq atoms, except.the one undergoin lectrons at the three distinguishable carbon atom sites of the
core excitation, an effective core-potential basis set of goo aphthalene moleculelenoted C1, C2, and C3 in Fig) are
quality was used. In order to properly describe changes in thf?sted in Table I. These values ére élbOU'[ 1 eV lower than
electronic structure of the excited atomic center, the region in, < Jhtained experimentally. Such a difference is expected
its vicinity is described by a much larger, diffuse IGLO-Il ;w0 £ ework of theADET r.nethod2.7 It was also found

basis set. Structural relaxation could be responsible fof .+ e results produced by the PBE and BP86 functionals
breaking or lowering the symmetry of the core—exciteddiﬁer insignificantly

3 .
system” Therefore, no symmetry was preassumed in any Clearly, the shapes of the experimental and theoretical

part of the core-hole calculation. spectra match quite well allowing an assignment of the indi-

In all of the menuo_ned CO‘?'eS_ there is no |mplementeq/idua| spectral feature@=ig. 3). The spectrum does not ex-
procedure for an analytical derivation of excited state ENer9¥ipit any resolved vibrational fine structure. Nevertheless,

gradients. Therefore, the gradied® needed fgr obtgining . vibrational degrees of freedom determine the width and the
FC factors have been calculated by a numerical dn‘ferentlaéhape of the individual C1, C2, and C3 lines forming the

tion of the excited state PS. For each mode, three points cg erall profile[see Figs. &) and 3.
the PS were calculated: one at the ground state geometry and .4 intense peak at the low-binding-energy side arises
tWO symmetrically displaced in positive and nega_tive_ direC-fom o superposition of spectral weight for the C2 and C3
tions (Q,=0, £7.26 a.u.yamu). The centered derivative of o sites. The chemical shift between these sites is quite
these thre_e points was tak(_an. ) small?® about 25 meV. The profiles of the two contributions
The displaced geometries were generated using the folye aimost identical, which indicates that the photohole
lowing transformation: couples to similar vibrational modes on both atomic sites.
Q, The main contribution comes from coupling to C-C stretch-
Xim:XOm""Aim,a—a
V1822
whereX,, is the displaced Cartesian coordinatd the atom
m (in a.u), Xqn, is the ground state Cartesian coordinage,

In Fig. 2 the experimental and simulated GjIphoto-
electron spectra are presentgegs. 4a) and 2b), respec-
lﬁ:\/ely]. The calculated vertical binding energies of the G)(1

TABLE I. Vertical C (1s) binding energies for the three symmetrically dis-
tinguishable carbon atoms in naphthalene.

is the normal coordinate of the normal vibrational made c1 c2 C3
(in a.u.yamu); A, ., is a matrix transforming the normal to I (eV) 289 303 288.965 288.988

Cartesian coordinates.
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TABLE IIl. Franck-Condon factors for the strongest vibrational modes
ct 1T oo e 1L cs | C (1s) photoionization at the C2 site—XPS.
r B 0-0
FC factors
15.0— - ~ -
0 Ir 1l ] Mode o (V) Symmetry (0]0y? (0]2)? (022
§ a0 17 0.170 Aq 0.989  0.010  0.000
> | 3 ar r 7 19 0.167 Big 0.977 0.022 0.000
g I [® 1l ] 23 0.151 Bay 0.976 0.024 0.000
£ - . 35 0.105 Bag 0.958 0.041 0.001
50k J1 1k . 4 38 0.099 Aq 0.850 0.139 0.011
% U {5 | > 39 0.082 A, 0.649 0.281 0.061
39 1t ch |l il cH ]
0 l.'ll' ey e Ilh.lk Il'l| |l‘.“ | 1 )
289.2 289.4 28986 288.8 289 289.2 289.4288.8 289 2892 289.4 X ) . . X
Binding energy (eV) for core ionization. While low-energetic C-H out-of-plane

. I _bending modes are dominant for some valence levels, such

FIG. 3. Spectral lines of the vibrationally resolved XPS for the three atomic . .

sites, without life-time broadening. Numbers indicate the particular vibra-2S for the HOMO-2, they are virtually absent in the case of

tional mode which is excited. core ionization. Additionally, the dominance of a single C-C
stretching mode for the C §) ionization does not match the
behavior for any of the valence orbitals and might also not be

ing modes and only minor excitations of C-H stretching.expected since the creation of a core hole breaks the high

However, the region of the C-C stretching modes is domisymmetry of the molecul&®

nated by only one of therfFig. 3 and Tables I, IlI, and V.

Since many modes are involved, a clear vibrational splittings NExXAFS

cannot be observed. ) )

C-H vibrational contributions are absent for the C1 site  1he measured C & NEXAFS spectrum in the region
which is not connected to hydrogen atoms. Since fewepf the x-ray absorption threshold and in a wider photon en-
modes are involved at C1, the profile also appears slightlrdy range(insed is shown in Fig. 4. There is only a weak
more structured and does not have a pronounced tail likééSemblance to an earlier spectrum from condensed naphtha-
those of the two other sites. The binding energy for the cléne films®® The originally dominating=* resonance has
site is about 0.3 eV higher than that of the C2 and C3 sitegheoretically been describ&tto be actually composed of
The C1 peak overlaps with the long tails of the C2 and C3WO resonances. These resonances are now clearly resolved.
atoms leading to a plateau in the total spectrum. The first resonance denotetf occurs betweekw=284.7

It is instructive to compare the coupling between coreand 285.4 eV; the second denoted betweenfiw=285.6
holes and vibrations to the charge-vibrational coupling forand 286.5 eV. Additional resonances denoted 3, 4, 5gnd
valence holes in naphthalene. The ionization of the highestith contributions from eitherr* or ¢* symmetry® have
occupied molecular orbitaHOMO) exhibits a pronounced their maxima at about»=287.3, 288.5, 290.2, and 293.8
high frequency progression of about 180 meV, which is at€V-
tributed to the superposition of two unresolved, totally sym-  In the present highly resolved spectrum, thg reso-
metric C-C stretching modes of 170.4 and 196.8 meV internance exhibits even a very pronounced fine structure with
acting nonadiabatically, and small contributions of C-H out-individual peaks split by about 170 meV. Such a progression
of-plane bending modes of about 60 mM&VA strong is characteristic for C-C stretching modes. For a relatively
increase of the coupling to such low-frequency vibrations idarge molecule like naphthalene, the presence of this clearly
observed for ionization of valence states at higher bindingesolved vibrational fine structure is remarkable, since it re-
energy, e.g., of the HOMO-1 and HOMO*2. quires confinement of excitations to only one atomic site, or,

A Strong dependence of the Charge_vibrationa| Coup”ndn case of two or more sites that the chemical shift between
on the orbitals involved is confirmed by the present resultghem coincideg(accidently with the vibrational energy of

about 170 eV. Furthermore, the sharpness of the peeikis
a width of the order of 160 meMpoints to a rather selective

TABLE Il. Franck-Condon factors for the strongest vibrational modes
C (1s) photoionization at the C1 site—XPS.

TABLE IV. Franck-Condon factors for the strongest vibrational modes
FC factors C (1s) photoionization at the C3 site—XPS.

Mode  (eV) Symmetry (0|0y? (0|2 (0]2)

FC factors

11 0.210 Ag 0.954 0.044 0.001 Mode o (eV) Symmetry (0/0)? (0|12 (0[2)?
12 0.205 Bay 0.988 0.012 0.000

23 0.151 Boy 0.989 0.011 0.000 18 0.169 Boy 0.982 0.018 0.000
28 0.129 Bay 0.979 0.021 0.000 23 0.151 Boy 0.956 0.043 0.001
30 0.125 Bay 0.974 0.025 0.000 31 0.121 Big 0.901 0.093 0.005
38 0.099 Ag 0.426 0.363 0.155 35 0.105 Bag 0.798 0.180 0.020
39 0.082 Ay 0.923 0.073 0.003 36 0.104 Bag 0.952 0.046 0.001
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TABLE V. Franck-Condon factors for the strongest vibrational modes in the
core excitation at the C1 site—NEXAFS.

FC factors

Mode o (V) Symmetry (0]0y? (0]2)? (022

10 0.214 Ba 0984 0016  0.000
T 1 0.210 Aq 0888 0105  0.006
285 290 295 19 0.167 Bug 0.964 0035  0.001
35 0.105 Bag 0817 0165 0017
38 0.099 A 0879 0113  0.007

9

positioned at higher energy, as expected from the core-level
binding energies, and gives rise to th§ feature. Our cal-
culations show that core excitations into the LUMO at the
C1 site display a pronounced vibrational structure caused by
one particular modéTable V). This fine structure is not vis-
ible in the experimental spectrum. Instead, #feresonance
has a double structur@ig. 4). One possible explanation for
T y T y T y this discrepancy could be the presence of additional contri-
284.8 2856 286.4 butions from excitations into the LUM®1. LUMO and
Photon energy (eV) LUMO+1 in the core-excited naphthalene are separated by
>1 eV?® However, the transition into the LUM®L1 is cal-
FIG. 4. Experimental NEXAFS spectrum of naphthalene in a wider andgy|ated to have very low intensity due to small overlap of the
narrower (inse) energy range. Individual resonances are markedras LUMO +1 with the 1s orbital of the excited atomic site. This
72 34,5 andsg . in turn leads to quite small values for the oscillator strength
of the 1s—LUMO+1 transition. Therefore, the observed

coupling to vibrations in the core-excited state. These experiProfile of thear; peaks is most likely not influenced by ex-
mental observations represent a challenge to the present gdtations into the LUMOr1. Another possf)le explanation is
curacy of the theoretical treatment of electronic energiés ~ that the last vibrational feature from the; band overlaps
the order of a few 10 meV for photon energies of about 288Vith the 73 and produces a double structufég. 5.
eV) and the vibrational coupling in core-excited states. In the NEXAFS simulations we consider all vibrational
The first two NEXAFS resonances! and 75 contain modes of the naphthalene molecule. The vibrational splitting
predominantly transitions from thesllevel to the lowest for the three atomic sites originates predominantly from two
unoccupied molecular orbitdLUMO).28 Featurer? com-  ©Of three modesgTable V, VI, and VI)). All vibrational modes
prises overlapping contributions from vibrationally broad- (With one exception—mode 41, at site ICére excited only
ened C2 and C3 excitationsee Figs. 4 and)5The C2  UP to the second vibrational level. This indicates that the
contributions are slightly lower in energy and cover a widerPotential surface of the excited state is only slightly dis-

energy range than those from the C3 site. The C1 peak iglaced from that of the ground state. This is very different
from the case ofsmal) linear molecules, like ethylerfé,

and might be a consequence of the rigidity of more two-

Normalized intensity (arb. units)

500 L L . ' —L dimensional systems. Compared to one-dimensional
. g; g:}:gﬂzgg structures?® the polaronic distortion accompanying charges
------ C3 contribution in two-dimensional systems is smalfel? Nevertheless, this
400 —— total spectrum_|- small displacement is sufficient to create visible vibrational
@ : fine structure in the NEXAFS spectrum of naphthalene.
'5300_ L The main contribution in the vibrational structure is due
g to C-C stretching modes-ig. 6 and Tables V, VI, VIi. Most
> of the C-H modes show substantial gradients of the PS, how-
‘%200 B ever, their contribution to the vibrational splitting is quite
2 small. Two main reasons for this behavior can be pinpointed.
_100_ i (i) First, the LUMO of naphthalene almost does not
contain contributions from the hydrogers Drbitals. This
/ implies small changes of the electronic potential in the vicin-
0 e , = L , ity of the hydrogen atoms upon core-excitation at carbon
283 283.5 284 284.5 285 atoms and, consequently, only minor contributions from C-H
Photon energy (eV) modes.
FIG. 5. Calculated NEXAFS spectrum of naphthalene and the contributions () The FC amplitudégiven in Eq.(3)] is strongly de-
from the three chemically different atomic sites. pendent on the vibrational frequenglqg. (2)], and hence,
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TABLE VI. Franck-Condon factors for the strongest vibrational modes in
the core excitation at the C2 site—NEXAFS. 1 c2 00 s
FC factors 0-0 | |
15.01— - —r
Mode o (eV) Symmetry (0[0)? (0|2 (0]2)? 0 - :
S [ |00
11 0.210 Aq 0.924 0.073 0.003 g
12 0.205 Bay 0.943 0.055 0.002 > m| Y ar 7
18 0.169 B,, 0.975 0.024 0.000 %
19 0.167 Big 0.856 0.133 0.010 = L _
30 0.125 Bay 0.940 0.058 0.002 ol ALl st as 1
38 0.099 A, 0.794  0.183  0.021 3 |/ | / |
a1 0.068 B, 0.460 0.357 0.138 I w L “ J
C-H C-H |
0 11 " JJI.I.L.A ) hl wnds
T T 1 ' 1 ' 1 ' T T 1 ' 1 T 1

T
T

2842 284.4 28486 2834 283.6 283.8 284 2836 2838 284 2842

Photon energy (eV)

higher frequency causes the FC factors to increase anglG. 6. Spectral lines of the NEXAFS for the three atomic sites, without
guenches the vibrational fine structure. As the C-H stretchingjfe-time broadening(a) Denotes three overlapping peaké—1) transi-

modes have usually higher vibrational frequencies than th 'bc’)”gg:]gt‘ggisdﬁb}% jg)d ;( gi?:tm%);ggzzﬁfg ;’;é“;’fes 38 and 41.
C-C modes, the effect of high gradients is diminished. '

As mentioned above, feature] contains overlapping
contributions from C2 and C3 excitations. In this case, the
observation of a clearly resolved vibrational splitting in the DALTON®? and the generalized valence bond metliGd&/B)
w7 feature can only be explained if the chemical shift be-in GAMESS-US®'
tween these two sites matches the vibrational energy of about As expected, ROHF performs poorly. Although it pro-
170 eV. In the simulations, a chemical shift of about 200vides values close to the correct excitation energies for the
meV is obtained, leading to a different profile in the onsetC2 and C3 sites, the calculation seems to be inaccurate be-
region of thesry resonance, and even displaying two vibra- cause the core orbitals are described as delocalized states. It
tional peaks. A better agreement with the experiment igs knowrf! that a localized description of the core hole is
achieved when the C2 peak is artificially moved towards theneeded to account for important relaxation effects. For the
C3 peak by about 100 metFig. 7). second method, using tlemMESSs-uspackage, a Boys local-

All aforementioned calculations have been performed atzation procedure and a GVB calculation were employed.
the ADFT level using thebEMON code. Within this method, The energy difference between C2 and C3 is again about 200
an open-shell system is treated by an unrestricted formalisnmeV (Table VIII), similar to the ADFT calculation. Con-

In the current implementation, an unrestricted calculatiorstructing the correct spin state does not improve the chemical
produces a spin-contaminated state, that is, a state with smahift between the C2 and C3 sites in the NEXAFS spectrum.
contributions from triplet states. This introduces an error on ~ With a total margin of error of 100-200 meV, the
the level of the exchange integral between tteeahd the present accuracy adb initio methods used for the calcula-
electron excited into the LUMO, which could be responsibletion of relative electronic transition energies from core levels
for the discrepancy between theory and experiment. The exs too coarse to reproduce these small effects.

change integral1s,LUMO|LUMO,1s) is estimated to be

about 0.2 eV.

In order to avoid spin-contamination, the correct singlet | , |

state needs to be constructed. For that purpose, we tested twc — C1 contribution
different methods for computating core-hole excitation ener- 500+ - -~ G2 contribution |-
gies. These methods include the restricted open-shell o t%?af‘;;gg:’l:ﬁ”
Hartree-Fock(ROHP technique in the program package & 400- L
5
g
8300 i B
TABLE VII. Franck-Condon factors for the strongest vibrational modes in 2
the core excitation at the C3 site—NEXAFS. 2
£ 200+
FC factors -
Mode o (eV) Symmetry (0|0y? ing (0|2 100
9 0.220 Big 0.837 0.149 0.013
10 0.214 B.y 0.966 0.033 0.001 0- r—
11 0.210 A 0.987 0.013 0.000 283 283.5 284 284.5 285
18 0.169 Bay 0.983 0.017 0.000 Photon energy (eV)
19 0.167 Big 0.900 0.095 0.005
31 0.121 Big 0.924 0.073 0.003 FIG. 7. Calculated NEXAFS spectrum of naphathalene and the contribu-
35 0.105 Bag 0.872 0.119 0.008 tions from the three chemically different atomic sites, with the absorption

energy for the C3 site being artificially lowered by 0.1 eV.
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TABLE VIII. Excitation energieqin eV) and oscillator strengthd (pry) of
the three distinguishable carbon atoms in naphthalene using ROBl-in
ToN, GVB in GamEss-us and ADFT in DEMON.

c1 c2 c3
wronr  291.079 296.653 296.693
1s—LUMO ®ovs 286.986 285.955 286.141
wiprr  284.397 283.583 283.814
faper 0.0162 0.0270 0.0252

VI. CONCLUSIONS
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