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The electronic structure of the organic conductefBEDT-TTF),l; has been studied by photoelectron
spectroscopy oin situ cleaved crystals. The valence-band regime consisted of eight distinct features with
binding energies between 1.2 and 10.9 eV. Angle-resolved measurements showed no dispersion Bigng the
(k,) direction, i.e., perpendicular to the conducting BEDT-TTF layers, for the structures in the valence-band
regime. Angle-resolved measurements alongatendb axis, i.e., approximately along* andb*, gave no
evidence that the structures closest to the Fermi level show any dispersion in the highly conducting plane. The
present experiment sets an upper limit for the dispersion of about 0.25 eV. The lack ¢blzsgrvable
dispersion and the lack of a sharp Fermi edge in spitex-éBEDT-TTF),l; showing metallic transport
properties are thoroughly discussed. It is argued that correlation effects or the calculated narrow-gap semicon-
ductor band structure af-(BEDT-TTF),l; are the most probable explanations for the latter phenomena. From
the photon energy dependence, the atomic origin of several structures in the valence-band regime is suggested.
Core-level spectroscopy on the tl4evel revealed the presence of one bulk component and a surface shifted
component. S @ core-level spectra revealed no surface or chemically shifted components. The large width of
the bulk components of these core levels is primarily ascribed to phonon broadening.
[S0163-18207)01707-4

[. INTRODUCTION suitable for angular-resolved measurements. The difficulties
have been overcome by studyiitgsitu grown films® or by
Organic conductors based on BEDT-TTF, where BEDT-developing techniques for cleaving the samglesitu; by
TTF is an abbreviation for bfsthylenedithig- the latter technique crystals of some BEDT-TTF derived
tetrathiafulvalene, have attracted a lot of interest as the masomplexes have been studied.
jority of the known organic superconductors and those with In this paper a comprehensive set of photoelectron spec-
the highest critical temperature are based on BEDT-T4F. troscopical data of-(BEDT-TTF),l; single crystals cleaved
The charge-transfe(CT) complexes derived from BEDT- in situ are presented; angular-resolved normal emission pho-
TTF have similar structures; they consist of alternatingtoemission spectra of the valence-band regime recorded with
sheets of BEDT-TTF and anions. Several of the CT com{photon energies between 21 and 150 eV, angular-resolved
plexes have the same composition, but exist in different crysphotoemission spectra covering the Brillouin zone along ap-
tallographic phases with widely different physical properties;proximately thek, andk, directions, and core-level spectra
e.g., thea phase of(BEDT-TTF),l; undergoes a metal-to- of S 2p and | 4d. Details about the transport properties of
insulator transition at 135 KRef. 3 but the 8 phase has a a-(BEDT-TTF),l; are given in Refs. 1-3. The unit cell is
superconducting ground stafe,~1.5 K* These facts make described bya=9.211 A, b=10.850 A, c=17.488 A,
the (BEDT-TTF),l; suitable for studies of the relationship @=96.95°,3=97.97°, andy=90.75°1°
between crystal structure and electronic properties. Although
these molecular solids have been extensively studied, the
knowledge of their electronic structure is sparse, and such
knowledge is fundamental for understanding the intriguing The photoemission experiments were performed at the to-
properties of organic conductors and organic superconducteidal grating monochromator beamline at the MAX-lab, the
ors. Experimental difficulties have hampered the use of phorational synchrotron radiation laboratory in Lund, Sweden.
toelectron spectroscopy as a tool for probing the electroni@he spectra were recorded with a goniometer-mounted hemi-
structure, since the samples have a small surface and are thspherical angle-resolving electron energy analyzer, accep-
and the technique requires a clean surface on the sample. @ance=*1°. For a comprehensive description of the beamline
the other hand, the quasi-two-dimensional electronic strucsee Karlssoret al!! A thoroughly sputtered Ta foil in elec-
ture of the BEDT-TTF based CT complexes makes thentrical contact with the sample was used as a reference for the
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Fermi level, and from the width of the tantalum Fermi edge . . . . : | |
the total-energy resolution of the spectra, photon, and elec- Normal emission

tron contributions, was determined. For the valence-band

spectra the resolution was determined to be 0.25 eV at a
photon energy of 21 and 0.35 eV lar=100 eV, and 0.55

eV athv=180 eV.

A comprehensive description of the cleavage of the single
crystals and the design of the sample holder, to avoid any
spurious signal from the holder due to the small size of the
samples, is given in Ref. 7. The only difference was that the
conducting Ag epoxy used to attach the crystals to the
sample holder in this study cured at room temperature.

The samples used in the present study were electrochemi-
cally grown single crystals with areas betwee3x2 and
~2x1 mn?. The surface of a cleaved crystal was smooth
and had a black-brownish color. The crystals appear blacker
if they are thicker. The surface of the cleaved crystal is not as
shiny as the surface of as grown crystal, but rather looks
more like an unpolished metal surface. It is evident from the
crystal structure that the cleavage will occur between the
weakly bonded BEDT-TTF and;T layers.

The samples were carefully aligned by eye with the aid of
the shape of the crystals, in order to avoid exposing the crys-
tals to an electron beam, since it is well known that organic
conductors are sensitive to irradiation, especially particle
bombardment; see, for instance, Ref. 12. Several test spectra
were recorded to ensure that the influence of the background
(epoxy and sample holdewas negligible. In order to excite
both orbitals in the plane of the surface and perpendicular to
it the photon angle of incidence was 45°. No changes in the 12 10 8 6 4 2 0
recorded spectra were detected during the measurements. Binding Energy (eV)

The base pressure in the analysis chamber, where the crystals

were cleaved, was:3x10 *° mbar. FIG. 1. Valence-band photoemission spectra  of
a-(BEDT-TTF),l; obtained in normal emission with photon ener-
gies between 21 and 150 eV. Different structures in the valence-
band regime are labeled to H and marked with tick marks in the
appectra. The spectra are normalized to the same height.

Intensity (arb. units)

IIl. RESULTS AND DISCUSSION

Photoemission spectra of the valence-band regime of
a-(BEDT-TTF),l5 crystal recorded in normal emission with )
different photon energies in the range 21-150 eV are showWhen the photon energy is decreased from 150 to 50 eV
in Fig. 1. The spectra in this figure are normalized to thetogether with the shift of peak position when the photon
same height in order to facilitate a comparison of how theenergy is decreased below 70 eV shows that this structure
relative intensity of the different structures varies with theCOnsists of two closely lying structures. At photon energies
photon energy, and to make visible as many of the structure@0ve 70 eV the structure with the lowest binding energy is
in the different spectra as possible. domlnatlng_ aqd the other structure is seen as a shoulder on

There are eight structures observable in the valence-barfi€ high binding energy side of the dominating structure.
regime, labeled—H in Fig. 1, these structures have binding But, at lower photon energies the structure with the highest
energies E,) between 1.2 and 10.9 eV relative to the FermiPhoton energy is dominating, and the other is not dl_scernl'ble
level, E=0. The determined binding energies faxH are at pho_ton energies below 3Q ev. '_I'hus, the present investiga-
1.2, 2.1, 3.4, 4.1, 5.7-6.0, 7.6, 9.6, and 10.9 eV. All of thetion gives no support for dispersing bands in & (k,)
structures except structui are distinct and visible in all direction. The lack of dispersion in this direction is in agree-
spectra. Structur® is seen as a weak peak or as a shouldefent with the two-dimensional electronic structure of Fhe
when the exciting photon energy is larger than 70 eV oBEDT-TTF salts deduced from galvanometric and optical
below 25 eV. Figure 1 shows that all structures exdépt mea_suremenfb. _
have binding energies that are independent of the exciting Since the wave vector parallel to the surfdkg is con-
photon energy. The deviations of the binding energies Oﬁeryeq in photoeml_ss!on, within a reciprocal lattice vector, a
each of these structures from a constant value appear to iyariation of the emission angle changes the valuk,ofn a
random and at the most 0.10—0.15 eV for a particular strucawvo-dimensional  structure k,=(27/h)(2m.E,)*%sin 6,
ture, i.e., well within the experimental resolution. The bind-whereE, is the kinetic energy of the emitted electron, ahd
ing energy of structuree shows larger changes, and the is the emission angle with respect to the surface normal, i.e.,
change of binding energy with photon energy does not seerthe polar angle. Thus if the azimuthal angle is kept constant
to be random. The gradual change of shape of this peathe E, versusk; relationship can be determined. In the
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FIG. 2. Photoemission spectra ef(BEDT-TTF),l; along a, inding Energy (V)

i.e., approximately along thEX azimuth, recorded with a photon

energy of 22 eV. The spectra are normalized to the same height. FIG. 3. Photoemission spectra @+(BEDT-TTF),l5 along b,

i.e., approximately along thEY azimuth, recorded with a photon

energy of 22 eV. The spectra are normalized to the same height.
present study, the measurements were performed along the

axis of the studied surfacesandb, which are close to the closely lying features, as inggwhere a high-resolution pho-
principal directionsa* andb* in reciprocal space. The angle toemission study together with numerical fits were needed in
betweera anda* (b andb*) is 0.75° and the angle between order to observe any dispersion in the bands formed by the
the surface normal aral* (b*) is 82.03°(82.059. The large  highest occupied molecular orbitldOMO).*® However, it
crystallographic unit cell ofa-(BEDT-TTF),l; makes the is clear that the bands ie-(BEDT-TTF),l5 are rather flat, in
first Brillouin zone small and because of the finite angularagreement with the fact that the electronic structure of a mo-
resolution of the analyzer the probed part of momentumecular solid is primarily governed by the electronic structure
space is roughly one-quarter af/2 or b*/2. Thus the per- of the different molecules forming the solid, at least when
formed measurements are not truly angle resolved. Figure the solid consists of distinct molecular species. This is as-
shows spectra, recorded at 22-eV photon energy, coveringribed to the fact that molecular solids are mainly held to-
the part of the valence-band regime containing structuregether by weak van der Waals forces. Firm experimental
A-D measured along the direction. An emission angle of evidence for this is given by a comparison of photoemission
0° corresponds to thE point, and an emission angle of about spectra of the gas phase and the solid; the main difference is
0#=10° corresponds to th&X point (a*/2,0,0. The corre- that the bands in the spectrum of the solid are broadened and
sponding set of data obtained along thdirection is shown rigidly shifted in comparison with the gas-phase
in Fig. 3. In this figure the¥ point (0,b*/2,0) corresponds to  spectrumt*~*’Even in the case of charge-transfer complexes
an emission angle of abo#t=8°. It is clear from these fig- features in the valence band can be traced back to bands in
ures that the present investigation gives no evidence that thtee gas-phase spectfd and/or in the spectrum of the neutral
structures closest to the Fermi level show any dispersion idonor(or acceptor'® The preservation of the molecular ori-
the highly conducting plane. gin in the case of BEDT-TTF has been thoroughly shown

Since no dispersion could be detected in the present exand discussed in Refs. 5 and 7, and is also evident from a
periment an upper limit for the dispersion can be establisheccomparison of the binding energies of the structures in the
The experimental details imply that any dispersion is lessalence band in different CT complexes based on
than 0.25 eV. Thus, if the bands, formed by molecular orbitBEDT-TTF? which in addition are similar to the binding
als, that give rise to structurés B, andC are dispersing the energies in the present case. Thus, the lack of any observable
dispersion is less than about 0.25 eV. The dispersion mighdispersion is in agreement with the “molecular nature” of
be slightly larger if the structures are due to two or morea-(BEDT-TTF),l5.
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The different contributions to width of the structures, be-and on one-dimensional materi&ts®3’support that corre-
sides the possibility of several componerts discussed lation effects are the most probable cause to the absence of a
above, can be divided into two parts, i.e., the experimentalsharp Fermi edge in one-dimensional electronic systems. Es-
resolution and intrinsic mechanisms. The energy resolutiopecially the studies ofTMTSF),PF; and BaV$ give strong
has been reported in the experimental section. The contribwevidence for this since the-e interaction is much stronger
tion from a finitek resolution will be small as the bands are than the electron-phonon interaction (IMTSF)PF; (Ref.
flat. Of the intrinsic effects the lifetime broadening is ex- 29) and in BaV$ where the opening of a band gap was
pected to small since the structures in the valence band ambserved around the transition temperature for the metal-
situated fairly near the Fermi level. But, a large contributionsemiconductor transitiot?. Thus, the most probable explana-
from phonon broadening is in agreement with organic contion for the lack of a sharp Fermi edge in the above-
ductors being “soft materials,” and experimental data frommentioned organic conductors, except the BEDT-TTF based
Ceo Where the phonon broadening was determined to 0.3—0.dnes, is the presence of correlation effects in a one-
eV.1® Molecular solids are “soft materials” in the sense that dimensional electronic structure. In the case of the BEDT-
many phonons are excited at room temperature, and the large&'F based organic conductors several plausible explanations
number of atoms in the unit cell makes many phonon modesxist.
possible. In organic compounds the thermal motion of the Since experimental data suggest that the excitation of
atoms causes the root-mean-square value of the displacphonons is not the dominating mechanism behind the lack of
ment, as determined by x-ray diffraction experiments, to bea sharp Fermi edge in quasi-one-dimensional organic con-
up to 0.5 A. This value is typically 0.05—0.10 A in inorganic ductors, it is likely that this mechanism is not a proper ex-
compound$? The above facts together with the widths of planation in two-dimensional organic conductors. On the
the structures in the valence band imply that phonon broadsther hand it is accepted that the molecular origin gives rise
ening is the main contribution. to appreciable correlation effects and narrow bands in or-

In spite of the metallic properties observed in galvanometganic conductors; see, for instance, Refs. 1, 38, and 39. In
ric experimentsno sharp Fermi edge is seen at any of thethis case the absence of quasiparticle excitations should be
investigated points in the first Brillouin zone, see Figs. 1, 2,caused by the formation of a two-dimensional Luttinger lig-
and 3. A finite spectral intensity is seen within about 250uid. It has recently been proposed that Luttinger liquid
meV from Eg, with the present energy resolution the onsettheory might be valid in two dimensioffsand shown that an
of the intensity cannot be determined more accuratelyexcitation spectrum corresponding to a two-dimensional Lut-
Among the organic conductors studied by photoelectrortinger liquid can be obtained in specific situatidhs*
spectroscopy, i.e., TTF-TCNQ and other TCNQ The fulfilment of these requirements in the BEDT-TTF
compounds??! (DCNQI),X salts?*~28(TMTSF),PF;,>and  based organic conductors might distinguish them from the
different (BEDT-TTF),X salts>’8° only in the case of other two-dimensional materials, which show a Fermi edge,
(DMe-DCNQI,Cu a sharp Fermi edge has beene.g., layered metal chalcogenides. In this context it should be
observed? ?*However, other groups do not observe a sharmoted that both experimental datenainly Shubnikov—de
Fermi edge in the spectra ®dMe-DCNQI),Cu?"?even if Haas and de Haas—van Alphen experimeiisee, for in-
the samples were prepared and handled in a similar way. Istance, Refs. 45—4&nd theoretical calculations of the elec-
all other cases a small band gap was observed or an onsettodnic structure(see, for instance, Refs. 4995Rave given
spectral intensity almost at the Fermi level was seen. It hasvidence for the presence of both closed hole pockets and
been proposed that the absence of a Fermi edge is caused dgyen electronlike Fermi surfaces in some BEDT-TTF salts.
the surface sensitivity of photoelectron spectroscopy in comThe latter is a Fermi surface similar to the Fermi surface of a
bination with the surface being insulating. But from the con-quasi-one-dimensional material, which could cause the ma-
siderations and experimental data put forward in Refs. 5, #erial to behave in a one-dimensional way, i.e., causing the
and 8 this explanation seems unlikely. material to be a one-dimensional Luttinger liquidt has

In the first reports of photoelectron spectroscopy studie®een shown that if the exponent giving the asymptotic power
of organic conductors'?'the lack of a sharp Fermi edge was law of the spectral function for a one-dimensional Luttinger
explained by the excitations of high-energy phonons in thdiquid is large the momentum resolved spectral features will
photoemission process that should shift the emission tmot show any significant dispersicp.
higher binding energies and broaden the spectral features. Band-structure calculations have been performed for
However, a recent photoemission study by Dareteal. of  some BEDT-TTF based materials and give another possible
metallic systems with different dimensionafitystrongly  explanation for the lack of a sharp Fermi edge in some cases
suggested that this particularity was associated with matersince they predict a low density of states Bt for
als with a one-dimensional electronic structure, in which thqB-(BEDT-TTF)2I3,9 and thata-(BEDT-TTF),l; is a narrow-
presence of strong electron-electron correlations causes tlgap semiconductof:>® The tight-binding calculations of the
system to be a Luttinger liquid; i.e., there is no discontinuityband structure of-(BEDT-TTF),l; by Emgeet al®* em-
in the momentum distribution at the Fermi level and theployed both single- and double-zeta Slater type. Both calcu-
electronic spectral function vanishesEt 3! An alternative  lations gave similar results for the four bands derived mainly
explanation was proposed by Purdieal, who suggested from the HOMO of the BEDT-TTF molecule; i.e., these
that the lack of spectral intensity & was due to a fluctu- bands span a narrow energy range of 0.3 and 0.7 eV, respec-
ating charge-density wav@seudogap®? This interpretation tively, all bands are narrow, and the bandwidth is less than
cannot be a general one since studies of two-dimensiondl00 meV. The singl€- basis calculation predicts a direct
materials undergoing a metal-semiconductor transitith band gap of 13 meV aY (double¢: indirect band gaps of
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about 100 meY and a maximum dispersion along theY
andX-M directions. At room temperature the Fermi surface
would consist of small electron pockets around ¥heoint.
[However, since the calculated bands are very narrow the
presence of significant correlation effects would strongly af-
fect the electronic structure ef(BEDT-TTF),l5.] Thus, the
predicted band structure is in qualitative agreement with the
recorded valence-band spectra; i.e., the dispersion is too
small to be detected and structubemay consist of unre-
solved structures, and the presence of spectral intensity up to
the Fermi level is due to excitation of electrons to the con-
duction band. In this case the absence of a Fermi edge from
the degenerate semiconductor can be ascribed to a low elec-
tron density in the conduction band af(BEDT-TTF),l,
since the electron density in an organic conductor is a factor e
10-100 smaller than in ordinary metals. An additional cause , , , | |
can be a low probability for photoelectron excitations in 56 54 52 50 48 46 44
a-(BEDT-TTF),l5. Thus, it is suggested that correlation ef- Binding Energy (eV)
fects or the predicted narrow-band-gap semiconductor struc-
ture are the most likely reasons for the lack of a finite spec- FIG. 4. | 4d core-level spectra, excited with a photon energy of
tral intensity at the Fermi level in-(BEDT-TTF),l5. 180 eV. The points represent the experimental data, recorded at
By comparing the relative intensities of the structures indifferent emission angles; bottom 0°, top 50°. The full lines are the
the valence-band regime information about the atomic charresult of a curve fitting procedure. The parameters used are given in
acter of the molecular orbitals associated with the structurée text. The spectra are normalized to the same height.
can be obtained. In order to avoid influences of final-state

effects in the sense that the final state is not well describeﬂaving dominant C @ character, since the calculated cross

by a free-electron-like state the emphasis will be on spectraq qjgng predict that the cross section of i& the largest
recorded with a photon energy higher than 30—-35 eV; in th'sbne at a photon energy of 40 eV but $ Bas the largest

regime the backgrour']d' s low, which aIsp fthtat.es thecross section at 70 eV and the cross section of [Cig
analysis. The most striking change of relative intensity S€ell . creasing faster than the other when the photon enerav is
in Fig. 1 is that structur& has the highest intensity below 50 9 P ay

eV but above 70 eV structue dominates the spectra. Clear increased. . . . .
intensity variations are also shown by struct@e which ~ 1he Present data give no support for the intensity varia-
appears to have a minimum around 30-35 eV and a maxF—'O_”S being due to critical pom_ts in the B_r!lloum zone since if
mum around 90 eV. A careful inspection of the different this were the case the relative intensities would display a
spectra shows that the intensities of structukeand B de- periodic behavior, and with reasonable choices of the inner
crease faster than the intensities®andH when the photon ~ Potential at least two maximuor minimum would appear
energy is increased. Structurdsand B appear to have a in the present photon energy regime.

weak and broad maximum in their intensities around 40—45 Two shallow core levelginner valence stat¢svere ob-

eV. From these observations together with the calculategerved close to the valence band regime. It is not clear to
atomic cross sections of Cs2C 2p, S 3s, and S  (Ref.  which extent the two observed levels mix with the valence
56) some knowledge of the atomic origin of the different band or if they are a part of it. These levels had binding
structures can be extracted. The calculated cross sectioesergies of 13.8 and 18.2 eV, and the recorded structures
show that for photon energies above 50 eV the cross sectiongere broad. Their full widths at half maximuitFWHM)

for C 2s and C 2% decrease faster with increasing photonwere about 2 and 4 eV, respectively. The state with the low-
energy than the cross sections for S&hd S 3; this sug- est binding energy gives rise to the upturn of the spectra in
gests that structure& and B have mainly carbon character Fig. 1 at the highest binding energies. The fact that shallow
but structuress andH have dominant sulfur character. The core levels have been observed in the same binding energy
presence of a clear minimum and a clear maximum in theange in other BEDT-TTF based salts and in other organic
relative intensity of structur€ implies that this structure is conductors, with and without sulfdr,>®°"->°has been
derived from S P orbitals, since this orbital is the only one used to associate the structure witjr=13—14 eV with C 3

that displays such a behavior of the cross section. The facis-type orbitals’ The structure withE,~18 eV observed in
that structureE becomes dominant at high photon energiesBEDT-TTF salts""° cannot be unambiguously assigned; it
and that its relative intensity increases rapidly in the photorcould either originate from Ss3or C 2s orbitals or be due to
energy regime between 50 and 70 eV strongly suggest thabany-body effects®

structureE has S ® character, even if the presence of a The | 4d core level was recorded at two different emis-
minimum in the intensity is not clearly seen at low photonsion angles, 0° and 50°, as shown in Fig. 4. The count rate
energies. The shift of the strongest feature frbro E be-  was very low during these measurements, each spectrum was
tween 50 and 70 eV, together with the observation that strucrecorded during the lifetime of the electron beam injected
turesG andH increase in intensity relative 6, for photon  into the storage ring, i.e., 3—4 h. Even if the noise level is
energies higher than 70 eV gives support for structire rather high in the displayed spectra it is clear from the shape

Intensity (arb. units)
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of spectra that it consists of several components, and that one
component decreases in intensity when the measurement is
more surface sensitive; i.e., the emission angle is increased. 0= 50°
In order to extract more information from the spectra they
were fitted to a simulated line shape, which was obtained
through a convolution of a Lorentzian and a Gaussian func-
tion. The latter simulates broadening of the spectrum due to
the resolution of the apparatus, phonons, and disorder. The
former represents the limited lifetime of the core hole created
by the excitation. To obtain a good fit it was necessary to use
three doublets, labeled, S1, andS2 (see Fig. 4 The dou-
blets had a Lorentzian FWHM of 0.20 eV, a spin-orbit split-
ting of 1.71 eV, and a branching ratio of 1.30. From the
fitting procedure a binding energy of 47.9 eV and a Gaussian
FWHM of 0.65 eV for componenB were obtained. The
componentssl andS2 were found to have binding energies | . ! | | )
of 48.8 and 50.1 eV and a Gaussian FWHM of 1.15 eV. 168 167 166 165 164 163 162 161

The shape of the spectra recorded at different emission Binding Energy (V)
angles and the belonging fits show that douldeis a bulk
feature and thaB1 andS2 are associated with iodine on the ~ FIG. 5. S 2 core-level spectra, excited with a photon energy of
surface. A tentative assignment is ti%t is due to 4~ on the 180 eV. The points represent the experimental data, recorded at
surface, and thas2 is due to iodine associated with steps different emission_ e_mgles; bottom 0°, top 50°. The full lines ar_e the_
and other imperfections on the surface. The latter assignmer'ﬁSUIt of z;rc]:urve fitting procedurelz_. TZe parr]ameters r‘:s_e?] are given in
is based on the fact that the tail on the high binding energ)t/ € text. The spectra are normalized fo the same height.
side of the spectrum was pronounced and extended 0fmq s of jodine on the surface. Thus, the layer is not
samples with an inferior surface quality, as viewed by thealways unstable.
eye. From the present data no _conclu_sm_ns can be d_rawn A comparison of the Gaussian FWHM used in the fits of
about the che_mlcal state of this kln_d Qf iodine. This assignthe data froma-(BEDT-TTF),l3, a;-(BEDT-TTF),l; (~0.95
ment of the different components is in agreement with thesy) (Refs. 5 and Banda;-(BEDT-TTH),l5 (~0.80 eVj (Ref.
different Gaussian widths; since only small amounts of i0-7) shows that the surface components are significantly larger
dine are present on the surface it is very likely that the comthan the only observed bulk component, i.e., compoBeint
ponentsS1 andS2 are broadened in comparison whdue  the o-(BEDT-TTF),l; spectrum. The present investigation
to the influence of disorder. The low count rateByfdue to  suggests that this is mainly due to a larger contribution from
I3~ in the bulk, is caused by the fact that the firgt layer is  disorder, and that the influence of disorder on the linewidth
situated about 17 A below the surface and because the elasii& increased when the amount gf I(and other iodine spe-
mean free path of photoelectrons is shorter than this distanages on the surface is small. The width of the bulk compo-
the signal is severely attenuated. The present data suggestnt can be ascribed to phonon broadening. A fairly large
that the elastic mean free path as a function of kinetic energphonon-induced linewidth is consistent with organic conduc-
in organic materials cannot be widely different from the re-tors being “soft materials.”
lation in metals and semiconductors; for a comprehensive The S 2 spectrum can be reproduced well by fitting with
discussion see Ref. 14. The weak signal from the iodine oone doublet, giving a binding energy of 163.9 eV for the S
the surface shows that only a very small amount of iodine i2p5, level. In this fit a spin-orbit splitting of 1.20 eV, a
present on the surface. This was the case for all studied crysranching ratio of 2.03, a Lorentzian FWHM of 0.20 eV, and
tals. From the results of scanning tunneling microscopy studa Gaussian FWHM of 0.89 eV were used; see Fig. 5. It
ies of a-(BEDT-TTF),l; (Ref. 60 and B-(BEDT-TTF),l;  should be noted that the spectra can be fitted equally well by
(Ref. 61, which revealed no iodine on the surface of theusing two components if the Gaussian FWHM is set to about
crystals, it has been suggested that the lack of iodine on th@7 eV. These components have almost equal intensities, and
studied surfaces could be due to an inherent instability of théhe intensity ratio is nearly the same for the investigated
I;~ layer. However, the fact that the binding energy of the lemission angles. As the measuredSspectra give no clear
4d level in c-axis-oriented thin films ofk-(BEDT-TTF),l;  support that the spectrum consists of more than one compo-
[hereafter abbreviated;-(BEDT-TTF),l;] was 48.9 eV, i.e., nent, i.e., no shoulders are seen, spectra recorded at different
in excellent agreement with the binding energy of the surfacemission angles are congruent etc., a fit with one component
component S1 in a-(BEDT-TTF),l;, implies that the is shown in Fig. 5. Since the core-level spectrum of(5iR2
| 4d signal observed from ;-(BEDT-TTF),l; and  «-(BEDT-TTF),l; could be fitted with the same Gaussian
a-(BEDT-TTR),l; crystals originates from the surface, not FWHM (Ref. 7) it is suggested that phonon broadening gov-
from the bulk as previously suggestefFurther support for erns the width of the Si2core level. It is very likely that the
this reassignment is given by the high intensity fromdlid  influence on the S 2 level from the presence of a fairly
a;-(BEDT-TTPF),l; and «,-(BEDT-TTF),l5, which in the ordered }” layer or from disordered patches @f Idoes not
light of the low intensity from the bulk im-(BEDT-TTF),l;  give rise to any noticeable changes, since the sulfur atoms
indicates that a strong Id4signal can only arise from large closest to the surface are found some A below it, and, fur-

Intensity (arb. units)
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thermore, the electronic interaction perpendicular to theletermine the atomic origin of several structures in the va-
BEDT-TTF layer is weak because of the two-dimensionallence band. The two structures closest to the Fermi level
electronic structure of the BEDT-TTF salts deduced fromhave mainly carbon character and the third is mostly derived
galvanometric and optical measuremehts. from S 3p orbitals, as the fifth structure.
Two shallow core levelginner valence statgsvith bind-
ing energies of 13.8 and 18.2 eV were observed. The former
IV. SUMMARY is most likely due to C 8 o-type orbitals. The latter cannot

The electronic structure of the organic conductorbe unambiguously a§3|gned. The d 4nd the S p core
levels were also studied.

a-(BEDT-TTF),l; has been studied by photoelectron spec- The | 4d sianal K si " isted of
troscopy onin situ cleaved crystals. The valence-band re- € signal was very weak since it consisted ot one
component from the bulk, since thg Ilayer closest to the

im nsi f eight distinct f res with binding ener- C
gime consisted of eight distinct features with binding ene rface is situated about 17 A below the surface, two com-

gies between 1.2 and 10.9 eV. Angle-resolved measurements. . S
showed no dispersion along tieZ (k,) direction, i.e., per- ponents that could be ascribed to iodine on the surface were
Z y ey

pendicular to the conducting BEDT-TTF layers, for the also observed. These were ascnbe_d to small patcheg of |
structures in the valence-band regime. Angle-resolved mea” the su_rface and 1o iodine associated with steps and other
surements along the andb axes, i.e., approximately along imperfections on the surface. The surface component was

- hifted 0.9 eV in comparison with the bulk component
* andb*, gave no evidence that the str res cl h . . '
a” andb*, gave no evidence that the structures closest to t g=47.9 eV. The S P spectrum could be fitted with one

gomponent, i.e., no surface or chemically shifted components

dispersion of about 0.25 eV. The lack of any dispersion an ere detected. It was argued that the large width of the | 4

the lack of a sharp Fermi edge in spite @{BEDT-TTF),5 ulk component _and the Sp2core_ level can be ascribed to
showing metallic transport properties was thoroughly disPhonon broadening, since organic conductors are *soft ma-

cussed. It was argued that correlation effects or the Ca|CL£-enals in the sense that many phonons are excited a.t room
lated narrow-gap semiconductor band structure o emperature, and that many p_honon m_odes are possible due
a-(BEDT-TTH),l; are the most probable explanations for the!© the large number of atoms in the unit cell
latter phenomena.

The changes of the shape of the valence-band spectrum
when the photon energy was changed together with calcu- R.T.G. is grateful to the Swedish Natural Science Re-
lated cross sections for atomic orbitals made it possible t@earch Counci(NFR) for financial support.
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