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The problem of resolving molecular components of the elec-
tronic structure of complex, organic solids with respect to their
chemical and orbital character has been approached using core-
level photon spectroscopies. Specifically, the bulk C 2p occupied
and unoccupied partial densities of states (PDOS) of the organic
superconductors j-ET2Cu(SCN)2 and j-ET2Cu[N(CN)2]Br
were measured using a combination of high-resolution soft X-ray
absorption (SXA) and soft X-ray emission (SXE). The PDOS
was also calculated using a tight binding model, and the meas-
ured spectra compared directly to that predicted by the calcu-
lations. The emission and absorption spectra from both materials
were found to be quite similar, reflecting mostly contributions
from the common conductive ET layers. The presence of two
nonequivalent carbon sites of the ET molecule was identified in
the SXA spectra. Contributions from the p and r states were
identified in the emission spectra. The occupied C 2p bandwidth
was found to be approximately 17 eV. An observed dependence
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of the SXE spectra on the excitation energy is partly ac-
counted for by a simple model that considers the presence of
the two nonequivalent ET carbon sites. We also find evidence
in the SXE spectra for a high degree of localization in the
lowest unoccupied states. ( 1999 Academic Press

I. INTRODUCTION

The charge transfer salts i-ET
2
Cu[N(CN)

2
]Br and i-

ET
2
Cu(SCN)

2
are organic superconductors with transition

temperatures of 10.4 and 11.6 K, respectively (1, 2). They
belong to the i-phase structural family of the type i-ET

2
X,

where ET stands for the organic donor molecule of
bis(ethylenedithio)-tetrathiafulvalene (BEDT-TTF) and
X for inorganic acceptor radical. Their crystal structure
consists of a stacking of two alternating layers: a noncon-
ducting inorganic layer in which the acceptor radicals
(Cu(SCN)

2
or Cu[N(CN)

2
]Br) build a zigzag planar net-

work, and a conducting organic layer containing ET dimers.
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FIG. 1. Comparison of the C-1s SXE spectra of i-ET
2
Cu(SCN)

2
and

i-ET
2
Cu[N(CN)

2
]Br, with hv

%9#.
"289.6 eV. The intensities of the very

strong elastic peaks have been scaled down to allow the valence band
emission to be resolved. Note the high degree of similarity between emis-
sions from the two materials.
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The overlap of the ET-derived p- molecular orbitals pro-
vides a two-dimensional conductive network in the organic
layers in the form of narrow quasi-planar bands, leading to
a strong anisotropy in the electrical conductivities parallel
and perpendicular to the layers.

Most of the information concerning the electronic struc-
ture of these materials has come from transport and mag-
netic resonance measurements, which are limited to probing
the structure close to the Fermi surface. A more compre-
hensive measurement of electronic structure in these mo-
lecular conductors over a large range of energies is clearly
needed. Photoemission spectroscopy is a ubiquitous probe
of the occupied electronic states in solids (3—5) and has been
applied to various organic conductors (6—11). Nevertheless,
spectroscopic probes that make it possible to resolve dir-
ectly contributions to the bulk electronic structure with
respect to their atomic and orbital character are highly
relevant for organic solids since they help to discern
signatures of the molecular components. We report
here a study of the bulk electronic structure in i-
ET

2
Cu(SCN)

2
and i-ET

2
Cu[N(CN)

2
]Br using synchro-

tron radiation excited high-resolution soft X-ray emission
(SXE) and soft X-ray absorption (SXA). In particular,
we have used SXE and SXA to measure the full C 2p
contribution to the occupied and unoccupied electronic
structure in both materials. The absorption or emission of
a soft X-ray photon involves participation of localized
atomic core levels, and the predominance of intra-atomic
processes leads to chemical and atomic-site sensitivity. Fur-
thermore, dipole-selection rules restrict the orbital character
of the probed occupied or unoccupied states. Thus in the
simplest interpretation, SXE and SXA spectra represent the
bulk site-projected and orbital symmetry restricted partial
density of occupied and unoccupied states, respectively. We
compare our measurement of the C 2p partial density of
states to the results of an extended Hückel tight binding
calculation of the C 2p states.

II. EXPERIMENTAL DETAILS

The experiments were carried out at beamline 7 of the
advanced light source (12). The beamline is equipped with
a 5-cm-period undulator and a spherical grating mono-
chromator and delivers a high flux of soft X-rays in the
energy range from 60 to 1000 eV at a typical resolving
power of 2000. The SXA spectra were taken in the sample
drain current mode, with an energy resolution of 0.250 eV at
energies corresponding to the C 1s absorption edge (ap-
proximately 290 eV); the photon beam was incident at 45°
to the sample normal. The SXE spectra were recorded with
a Nordgren-type grazing-incidence grating spectrometer
(13). For SXE measurements, the beamline monochromator
resolution was set to 0.250 eV and the spectrometer resolu-
tion set to 0.50 eV. A typical SXE spectrum with reasonable
signal to noise ratio was recorded in 1 h at this resolution.
The samples used were single crystals having typical dimen-
sions of 2]2]0.5 mm, mounted with a vacuum compatible
conductive epoxy on a Ta sample holder. The base pressure
of the spectrometer chamber was 1]10~8 Torr, which is
sufficient for these bulk probes, and surface effects were not
being studied.

III. RESULTS AND DISCUSSION

III.1. Soft X-Ray Emission: Occupied States of
C-2p Character

In Fig. 1 we present X-ray emission spectra from i-
ET

2
Cu[N(CN)

2
]Br and i-ET

2
Cu(SCN)

2.
The SXE spectra

of both materials have been taken under identical condi-
tions, with an excitation energy of 289.6 eV. This value
matches the energy position of a prominent empty spectral
feature having a highly similar energy position and shape in
the SXA spectra of the two compounds (see Section III.2).
The intense sharp feature centered at 289.6 eV (scaled down
in Fig. 1) is the elastic peak, resulting from the direct
recombination of the excited electron, and presumably also



FIG. 2. SXA spectra for i-ET
2
Cu(SCN)

2
(bottom) and i-

ET
2
Cu[N(CN)

2
]Br (top). See text for details.
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from some diffuse scattering of the incoming light. This peak
appears at an energy equal to the excitation energy and was
used to set the energy scale of the SXE spectra (see Sec-
tion III.3). The photons emitted at energies below the elastic
peak result generically from C 2pP1s emission) events.
Since the final state in X-ray emission contains a hole in the
valence band, one expects that soft X-ray emission spectra
reflect the ground state density of states (DOS) if the final
state rule is valid (14). The final state rule states that the
spectral features that appear in X-ray spectroscopy corres-
pond to the theoretical partial DOS (PDOS) calculated with
the final state potential. The overall width of the occupied
C 2p PDOS is found from Fig. 1 to be approximately
17.0 eV for both conductors. As expected for molecular
crystals formed from organic molecules, the p-bands fill the
region of binding energies from the Fermi level (E

F
) down to

approximately 4.5 eV, while the p-bands form the broad,
dominant feature centered at approximately 7.5 eV binding
energy (15). The SXE spectra from i-ET

2
Cu(SCN)

2
and i-

ET
2
Cu[N(CN)

2
]Br are highly similar. This indicates that

the C 2p emission originates primarily from the common ET
conductive layers of the two materials and that we cannot
discern the small, possibly different, contribution to the C 2p
PDOS from of the carbon atoms residing in the inorganic
layers.

III.2. Soft X-ray Absorption: ºnoccupied States of
C 2p Character

Before describing our SXA data some clarification re-
garding the use of the LUMO/HOMO (lowest unoccupied/
highest occupied molecular orbitals) terms is required. In
the formal, theoretical sense LUMO (HOMO) is identified
with that single, unoccupied (occupied) molecular orbital
having the lowest (highest) energy in a calculated molecular
orbitals energy scheme (16). The spectral features corres-
ponding to the lowest unoccupied state in SXA, and highest
occupied state in SXE cannot be interpreted directly as the
LUMO, and respectively HOMO, in the strict, theoretical
sense, for two reasons. First, with the resolution available in
our study SXA and SXE cannot resolve each of the many
closely spaced molecular orbitals defining the HOMO—
LUMO gap of a calculated molecular orbitals scheme
(16). Second, it is known that spectral features of a molecu-
lar solid are similar but broadened in comparison to
the gas-phase spectrum of the comprising molecular
species (9—11, 15). Figure 2 presents SXA spectra from
i-ET

2
Cu(SCN)

2
and i-ET

2
Cu[N(CN)

2
]Br. Clearly, these

spectra are quite similar: above the C 1s absorption edge
(approximately 288.0 eV) four spectral features (a, b, c, d)
are common to both spectra. By comparing to the general
characteristics of the NEXAFS spectra of large organic
compounds (17), features (a) and (d) are identified with the
p* (ET-(C"C) 1s) resonance and the p* resonance of the ET
molecule. Peak (a) at a photon energy of 289.6 eV in i-
ET

2
Cu(SCN)

2
results from the excitation of electrons from

the C 1s core level of the double bonded ET carbon atoms
into the previously empty states derived from the lowest
unoccupied molecular orbitals of ET (designated LUMO-
ET). An assignment for the spectral features (b) and (c) can
be made by referring to a previous X-ray photoemission
spectroscopy (XPS) study. We believe the validity of this
reference to XPS results (a partially surface sensitive tech-
nique) to be strengthened by recent STM studies (18—20) in
which the surface of i-ET

2
Cu(SCN)

2
appears to be molecu-

larly flat, having a structure in agreement with the bulk
structure determined by X-ray diffraction. In their XPS
work Itti et al. (21) found three well separated features in the
C 1s XPS spectrum of i-ET

2
Cu(SCN)

2
, at binding energies

of approximately 285.5, 287.5, and 291.0 eV. By relating the
relative intensities of the XPS peaks to the number of
nonequivalent carbon sites, the lowest binding energy peak



FIG. 3. Schematic energy diagram for the C 1s core levels and
LUMO-s of i-ET

2
Cu(SCN)

2.
LUMO-ET represents states derived from

the lowest unoccupied molecular orbital for the ET molecule, LUMO-X is
the equivalent for Cu(SCN)

2
("X).
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(285.5 eV) was associated to the six double bonded (C"C)
carbon atoms of ET, the peak at a binding energy of
287.5 eV to the four single bonded (C—C) atoms of ET and
a weak feature at a binding energy of 291.0 eV to the two
equivalent carbon atoms of the Cu(SCN)

2
anion. This situ-

ation is illustrated in Fig. 3. The difference in photon energy
between features (a) and (b) in Fig. 2 (approximately 2.6 eV
for i-ET

2
Cu(SCN)

2
) is similar to the 2-eV difference

between the binding energies of the ET—(C"C) 1s and
ET—(C—C) 1s. Therefore we associate (b) to absorption from
the ET—(C—C) 1s core levels into LUMO-ET. Likewise, the
weak SXA feature (c) appearing on the leading edge of the
r resonance at approximately 5.4 eV above feature (a) is
tentatively associated to transitions from the ‘‘inorganic’’
C 1s into the LUMO of the inorganic radicals (designated
LUMO-X). Since the XPS binding energies and the SXA
photon energies have not been measured on the same ex-
perimental setup, the absolute energy position of the
LUMO-s above E

F
is not exact. Note that the (a)/(b) inten-

sity ratio in the SXA spectra departs considerably from
what one would expect on a simple argument based on
counting the number of nonequivalent chemical sites, i.e.,
6/4. However, a much smaller intensity of the absorption
from the ET—(C—C) 1s into the LUMO-ET is consistent
with theoretical studies that have found that the LUMO-ET
is essentially a p-type molecular orbital and hence has little
contribution from the atomic orbitals of the singly bonded
carbon atoms (22, 23). The data thus confirm that most of
the charge density of the LUMO-ET is located over the
central part of the ET molecule, containing a double bonded
carbon atom, with very little weight present over the outer,
single bonded carbon atoms.
III.3. Comparison of Measured and Calculated C2p PDOS
of i-E¹

2
Cu[N(CN)

2
]Br

In order to understand the SXE spectra more fully, we
have performed a detailed calculation of the occupied and
unoccupied electronic structure for i-ET

2
Cu[N(CN)

2
]Br

using the extended Hückel tight binding (EHTB) method
(24) and the C 2p PDOS plots were calculated based on the
atomic population analysis (25). The atomic parameters
needed for these calculations were taken from the previous
studies (26).

Since results from two different measuring techniques will
be compared to the calculated PDOS, the procedure used
for setting a common binding energy scale must be dis-
cussed. First, the p*(ET—(C"C)) SXA resonance was aligned
over the elastic peak, since as indicated, the SXE spectrum
was taken with 289.6 eV excitation energy. This places both
the SXA and SXE spectra on a common photon energy
scale. Next, the high photon energy limit of the SXE spec-
trum was aligned to the Fermi level of the calculated PDOS.
In the absence of an XPS binding energy measurement done
in conjunction with the SXA/SXE measurements, this as-
signment of E

F
in the experimental spectra and its alignment

with the calculated PDOS remains an arbitrary parameter.
The SXE and SXA spectra are compared to the calculation
in Fig. 4. The measured spectra are presented in the top
panel, and the calculation in the bottom panel. The cal-
culated C 2p PDOS is presented for C atoms in both the
ET

2
layers and in the ‘‘X’’, Cu[N(CN)

2
]Br layers, together

with the total C 2p PDOS. The calculated PDOS plots are
smoothed via a Gaussian function with d"0.5 (25).

We find good overall agreement of the experimental and
calculated occupied PDOS. The center of the dominant,
broad p-feature in the SXE spectrum coincides with the
most intense feature in the r-part of the calculated PDOS
curve. In addition, the high binding energy limit of the
calculated PDOS (as indicated by the small spectral feature
situated at approximately 17.0 eV binding energy) corres-
ponds well to the low-photon energy cutoff of the SXE
spectrum. As for the unoccupied states, the comparison
between the SXA spectrum and the calculation is not as
straightforward. The three features (a, b, c) of the SXA
spectrum can be assigned experimentally following the dis-
cussion in Section III.2. However, there is clearly little
obvious correspondence between the energy positions of the
LUMO-ET and LUMO-X features of the calculated unoc-
cupied C 2p PDOS and the spectral features of the SXA
spectrum. It should be noted that relative energies of the ET
molecules and the X anions calculated using the EHTB
method are not expected to be reliable due to neglect of the
effect of charge transfer from ET to X on the atomic orbital
parameters. In general, the energy levels of a molecular
species are raised when it gains electron density and are
lowered when it loses electron density (27). Consequently,



FIG. 4. Comparison of the measured C 2p occupied (SXE) and unoc-
cupied (SXA) PDOS of i-ET

2
Cu[N(CN)

2
]Br with the calculated PDOS.

The ET and Cu[N(CN)
2
]Br resolved PDOS curves are shown as cal-

culated. The total C 2p calculated PDOS is broadened with a convolution
function simulating the effect of core-hole lifetime (Lorentzian) and instru-
mental resolutions (Gaussian). The spectra are plotted against the energy
scale of the calculated PDOS. See text for details.
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from the viewpoint of the calculated PDOS plots presented
in Fig. 4, a more correct relative ordering of the energy levels
of the ET and X units would be obtained by raising the
energy levels of the X and by lowering those of the ET.
A further important consideration is that SXA records the
energy position of unoccupied states with respect to core
levels, which lie at various binding energies in the case of
nonequivalent atomic sites (see Fig. 3). Therefore appropri-
ate differences in binding energy should be taken into ac-
count for the energy positions of absorption features (a), (b),
and (c) in Fig. 4 before making a comparison with the
calculated PDOS curve. XPS core level binding energy data
for i-ET

2
Cu[N(CN)

2
]Br is not available, but using the C 1s

data from i-ET
2
Cu(SCN)

2
we can make the following argu-

ment. There is a difference in C 1s binding energy of 5.5 eV
between the double bonded carbon in ET—(C"C) and the
carbon in the inorganic layer, X. Subtracting this 5.5 eV
from the photon energy of SXA feature (c), we obtain
a value of approximately 2.0 eV for the this feature relative
to E

F
. This is close to the energy position above E

F
of the

calculated LUMO for the X layer. Thus we associate feature
(c) with LUMO-X. Considering features (a) and (b), both
were assigned in Section III.2 to transitions to the LUMO-
ET. Finally, we note that the effect of the localized C 1s core
hole on p* states has been studied for both crystalline
(graphite) (17) and molecular (C

60
) (28) extended p-electron

systems. The interaction between the excited p* electron
and the C 1s core hole, manifested mainly as a screening
distortion of the local potential, was found to induce
a downward energy shift of the p* resonances and must be
taken into account for a proper description of the SXA
spectra. In the case of our ET-based molecular crystals the
presence of a similar screening effect is at least partially
responsible for the misalignment between the calculated
LUMO-ET and the strong p*(ET—(C"C)) SXA resonance.

III.4. Excitation Energy Dependence of SXE Spectra

We have observed a strong dependence of the C 2p
SXE spectra on the energy of the photon used to create
the C 1s core hole for both i-ET

2
Cu(SCN)

2
and i-

ET
2
Cu[N(CN)

2
]Br. Figure 5 shows SXE spectra from

i-ET
2
Cu[N(CN)

2
]Br recorded for two excitation energies:

hv
%9#.

"289.6 eV, which corresponds to excitations into the
p*(ET—(C"C)) state, and hv

%9#.
"298.0 eV, corresponding

to transitions into the p* state (see Fig. 1). As the excitation
photon energy increases, the emission from the p-occupied
bands becomes more intense, and a shift of the dominant
part of the SXE spectrum to higher emitted photon energies
is observed. At the same time emission from the bottom of
the C 2p band remains at a constant photon energy. A sim-
ilar effect is observed in emission from i-ET

2
Cu(SCN)

2
and

is presented in Fig. 6.
We can distinguish two regimes in Fig. 6. For excitation

energies at and above 291.8 eV (aside from the expected
reduction of the intensity of the elastic peak with the in-
crease of the excitation energy) the SXE spectra are largely
independent of excitation energy, showing a strong spectral
weight in the p region. However, as the excitation energy is
lowered through the prominent p*(ET—(C"C)) resonance
(289.6 eV) toward the absorption edge, a continuous shift of
the emission spectrum to lower photon energies and a re-
duction of the p-spectral weight is observed.

The appearance of this shift can be understood in a sim-
plified fashion as illustrated in Fig. 7. Figure 7a corresponds
to the situation where the excitation energy is set at
289.6 eV, i.e., sufficient to excite electrons from the double
bonded ET—(C"C) 1s core levels into the LUMO on the ET
molecule, but not sufficient to excite the more tightly bound
single bonded ET-(C-C) 1s electrons. Figure 7b corresponds
to the situation where the excitation energy is increased just
enough to allow the excitation of ET—(C—C) 1s into
LUMO-ET. In this configuration, the ET—(C"C) 1s elec-
trons will now be excited into states situated approximately
2 eV above the LUMO-ET. Consequently, the measured
SXE spectrum will now contain two partially overlapping



FIG. 5. Spectral changes in the C 2p SXE from i-ET
2
Cu[N(CN)

2
]Br

with excitation energy. Excitation energies are indicated; dashed lines are
guides for the eye. The shaded region corresponds to emission from
p states.

FIG. 6. Spectral changes in the C 2p SXE from i-ET
2
Cu(SCN)

2
with

excitation energy. Excitation energies are indicated adjacent to each
spectra. Lines are guides to the eye.
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components, one of which appears at a higher photon energy
and thus appears to lie at smaller binding energy. This
simple model accounts for much of the spectral behavior
shown in Figs. 5 and 6. For example, as illustrated in Fig. 7,
in both cases the low photon energy cutoff of the SXE
spectra should be at the same energy, since this is deter-
mined by transitions from the bottom of the occupied C 2p
bands into the ET—(C"C) 1s core hole. This is indeed what
is observed in Figs. 5 and 6: emission from the bottom of the
valence band appears at a constant photon energy and is
independent of the excitation energy, above threshold. The
apparent increase in p emission and band width with in-
creasing excitation photon energy can be explained as being
due to the fact that there are now two SXE channels open.
The partial overlap of emission due to transitions into
(C"C) and (C—C) states leads to partial overlap of the two
corresponding spectra, and so to an enhancement of emis-
sion near the top of the band, i.e. in the p region, and to an
increase in the measured band width (in photon energy).

Note, however, that for the lower three spectra of Fig. 6
there is a shift of the emission maximum to higher photon
energies as the excitation energy is tuned through the low
energy side of the p* (ET—(C"C)) resonance (see Fig. 2).
Only the ET—(C"C) 1sPLUMO excitation channel is
open here, and thus this shift cannot be an artifact due to
overlap of emission into the (C—C) states. Similar behavior
near excitation threshold has been observed for a variety of
molecular and solid-state systems (29, 30) and has been
interpreted as a screening effect (31). In this model, as the
excitation energy is resonantly tuned across an empty state
with a localized character, the screening of the core hole by
the excited electron causes energy shifts and possibly inten-
sity variations of the SXE spectra. Our observation of an
energy shift in the emission spectra at threshold excitation
thus probably indicates that the unoccupied states construc-
ted from the ET-LUMO are partially localized; i.e., even
when the ET molecules form a i-ET

2
X organic solid, the

relatively small overlap of their molecular orbitals preserves
their molecular identity. Finally, it should be pointed out
that the preceding arguments have been based exclusively
on the electronic structure of the ET molecule only. The role
of the C atoms in the inorganic layers is likely to be quite
small, and preliminary experiments find shifts and intensity



FIG. 7. Schematic representation of the SXA and SXE processes in the
presence of two nonequivalent core levels. See text for details.
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changes similar to those in Fig. 6 for the C 2p SXE spectra of
b-ET

2
IBr

2
, an ET-based compound that contains no car-

bon atoms in its inorganic layers (32).

IV. SUMMARY

Using a combination of high-resolution SXA and SXE,
we have measured for the first time the C 2p contributions
to the occupied and unoccupied states in the organic super-
conductors i-ET

2
Cu(SCN)

2
and i-ET

2
Cu[N(CN)

2
]Br.

The signature of two nonequivalent carbon sites of the ET
molecule was identified in the absorption spectra, and the
relative intensity of their corresponding absorption features
agrees well with the calculated asymmetry of the spatial
distribution of the LUMO-ET. The occupied C 2p PDOS
from the ET layers consists of two well-defined parts: a low-
binding energy region of p-states (from E

F
to approximately

4.5 eV binding energy) and a region of higher spectral
weight (centered at approximately 7.5 eV) dominated by
r-states. This is consistent with our calculations and the
general characteristics of molecular organic crystals. The
overall bandwidth of the C 2p states was found to be
approximately 17.0 eV. The observed dependence of the
SXE spectra with the excitation energy is partly accounted
for by a simple model in which either one or both of the
allowed X-ray emission channels corresponding to the two
nonequivalent ET-C 1s core levels are open depending on
the value of the excitation energy. Where the emission is
allowed to occur only into the double bonded ET—(C"C)
carbon atoms, a continuous shift of the SXE spectra with
the excitation energy is observed. We interpret this as
a manifestation of the screening of ET—(C"C) 1s core hole
by the electrons excited into the ET-LUMO and therefore
as an indication of the degree of localization preserved in the
molecular solids by the LUMO-ET states.
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17. J. Stöhr, ‘‘NEXAFS Spectroscopy.’’ Springer, Berlin, 1992.
18. S. Yoon, W. F. Smith, M. Yoo, and A. L. deLozanne, Phys. Rev. B 47(8),

4802 (1993).
19. M. Yoshimura, H. Shigekawa, H. Nejoh, G. Saito, Y. Saito, and A.

Kawazu, Phys. Rev. B 43(16), 13590 (1991).
20. R. Fainchtein, S. T. D’Arcangelis, S. S. Yang, and D. O. Cowan, Science

256, 1012 (1992).
21. R. Itti, H. Mori, K. Ikeda, I. Hirabayashi, N. Koshizuka, and S.

Tanaka, Physica C 185–189, 2673 (1991).
22. M.-H. Whangbo, J. M. Williams, P. C. W. Leung, M. A. Beno, T. J.

Emge, and H. H. Wang, Inorg. Chem. 24, 3500 (1985).
23. E. Demilrap and W. A. Goddard, J. Phys. Chem. 98, 9781 (1994).
24. M.-H. Whangbo and R. Hoffmann, J. Am. Chem. Soc. 100, 6093 (1978).
25. E. Canadell and M.-H. Whangbo, Chem. Rev. 91, 965 (1991).
26. M.-H. Whangbo, J. J. Novoa, D. Jung, J. M. Williams, A. M. Kini, H.

H. Wang, U. Geiser, M. A. Beno, and K. D. Carlson, in ‘‘Organic
Superconductivity’’ (V. Z. Kresin and W. A. Little, Eds.). Plenum, New
York, 1990.

27. T. A. Albright, J. K. Burdett, and M.-H. Whangbo, ‘‘Orbital Interac-
tions in Chemistry.’’ Wiley, New York, 1985.



8 STAGARESCU ET AL.
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