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Figure 1
. e . The schematic illustration of sample room
We measured the Li K-edge spectra of lithium halides by means of

total electron yield method (TEY), using the soft x-ray Beam Line 21 grazing incidence monochromator is using a concave grating of
(BL2) of the compact synchrotron radiation facility at Ritsmeikan ye mogified Vodar type (Taniguchi, 1984). The entrance slit and
University in Japan. In lithium halides, the spectra have a sharp pegioncave grating are fixed, while the exit slit moves mechanically by
at about 60eV and a broad peak at the higher energy side. Varioygening the position of each of the three elements on the Rowland
peak structures.that appear in the absorption spectra are ass[gnedcf&le (Tsuji et al, 1997; Taniguchi, 1984). The concave grating
the corresponding Li-1s to valence band free orbitals transitionsi; oq |ines/mm) is used in order to get monochromatic beam of the
which have been calculated by the Discrete Variational (D¥)-X synchrotron radiation in the energy range between 50 eV and 600

molecular orbital calculation method. eV. Li K-edge spectra are obtained by means of TEY method. The
_ _ _ emitted photoelectron are captured by a CELATRON* detector,
Keywords: Li K spectra; total electron yield; DV-X  d calculation which is set at nearly parallel position to the sample (see Fig. 1). All

spectra are calibrated by the energy of the first sharp peak of LiF
(61.9 eV (Sonntag, 1974)).

1. Introduction

X-ray emission and absorption spectroscopy are very usefu} results

techniques for the study of valence band structure. Especially, x-rayhe Li K-edge spectra of lithium halides shows mainly a strong and
absorption spectroscopy can provide information of the unoccupiedharp peak corresponding to the core excitation, and several fine
levels in the valence band as follows: valence band state, moleculgfrycture features on the higher energy side (see Fig. 2). The
Rydberg state, shape resonance state, free electron state and multigiactrum of LiF agrees well with the result of previous works.
electron excitation. Each state is characterized by its peak widthgonntag (1974) pointed out that the K-edge absorption of the lithium
energy and asymmetry, and is affected by the chemical conditions. atom begins with the 1s to the 2p band excitation (the weak peak at
Recently, light elements such as lithium and boron compounds angg eV) and reaches its maximum at 61.9 eV. Meezell. (1973)

high molecular compounds including C, N and O have beemnd Kunzet al.(1973) calculated the imaginary part of the dielectric
investigated by means of x-ray spectroscopy in various fields ofynction €,) for LiF, and compared their results to previous
materﬁal sc_ier_lce. Lithium compounds are g_enerally used in “thiurrbxperimental absorption spectra reported by Bretal. (1970) and
batteries, lithium glasses and other materials. However, there alig§anselet al. (1968). By their calculation, the weak absorption peak
few reports about Li-K absorption spectra (see for examplegt ahout 54 eV and the peak of 61.9 eV were reproduced, however
Sonntag, 1974, Kunet al, 1974, Peterson, 1975). Therefore, it iS the structure in the higher energy side was not.

interesting to investigate the chemical bond condition of lithiumphe decay mechanism of the core exciton has been studied by
compounds by comparing the experimental and the theoreticggrious methods (see, Aitat al, 1981; Haensekt al, 1969;
spectra. Sugawarat al, 1979; Arakawat al, 1976) and the first sharp peak

In this work, the Li K-edge spectra of lithium halides measured byt the absorption spectra for the lithium halides was attributed to the
TEY are discussed with the theoretical spectrum calculated by DVeore exciton. However, there are very few theoretical calculation

Xa molecular orbital calculation. Using the experimental spectra ofspectra that agree well with the experimental ones.

lithium halides, the origin of each peak of the spectra is discussed byrevious X-ray Absorption Near Edge Structure (XANES) and X-
the wave function of the theoretical spectrum. Some differences arky Photoelectron Spectroscopy (XPS) spectra showed that the
observed between experimental and theoretical spectra, but thgergy position of the Li K-edge depends on the electronegativity of
overall agreement is well. the binding atom in the lithium compounds. This fact can be
observed in the present result too. The peak position for the LiF,
) LiCl, LiBr and Lil-2H,O is shifted toward lower energies as the
2. Experiment ) ) electronegativity of the binding atom (F, Cl, Br and | respectively)
We measured Li K-edge spectra using BL2 at the compacChecreases. This peak positions is 61.9 eV for LiF, 60.8 eV for LiCl,
synchrotron radiation facility located in Ritsumeikan University in gq 5 eV for LiBr and 60.1 eV for Lil-250, respectively.
Japan. The storage ring is operated at 575 MeV and beam current gljqes the core excitation peak situated at 61.9 eV (marked as (a)
about 300 mA. BL2 is composed of pre-mirror and monochromator;p, Fig. 2), we can observe higher energy features for all of the
lithium halides (marked as (b) in Fig.2), situated at 69 eV for LiF, at
*CELATRON is kind of electronmultiplier made by MuraZa. 68.2 eV for LiCl, at 68 eV and at 65.6 eV for Lil-ZBL We can also
observe the B, sedge situated at 77 eV for LiBr which is
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4. Calculation 5
The obtained experimental of lithium halides are compared in the ©
present work to the theoretical spectra obtained by [BV-X S
(6)

molecular orbital calculation (Adachi et al, 1978).

(LiX gLioXgligli»g)?®* cluster (X=F, Cl, Br) was used in the = T measurement spectr
calculation. The crystal structure of LiX is NaCl-type. The length of £ '

thea-axis for LiF is 0.40173 nm. The details of the x-ray absorption § .

spectrum are described by Nakamatsu (Nakametsal, 1994; 5 5

Nakamatsu, 1995; Nakamatsu, 2000). The atomic basis function set§ ] J\v\f\

used in this calculation is from 1s to 3d for all atoms. All obtained >

peaks are convoluted by a Lorentzian distribution having the Full £

Width of Half Maximum (FWHM) of 1 eV. The energy axis has "~ 0 o0 7o ™ 9
been shifted so that the strongest peak agrees with first peak of the Energy(eV)
experimental spectrum. The bulk state is approximated by )
embedding the (XLiioXa4lig)?® cluster in the surrounding of a Figure 3 (3) LiBr

. . . . 20+ .
(Lix 6"_' 12>§8L' oL 24)_ Cluster. Fo_r the embedding C|USter’_on|y the Comparison with measurement and theoretical spectra for LiF, LiCl and LiBr
potential is used in the calculations, and the wave function are not

updated (Nakamatst al, 1986). wave function more in detail. For (1) LiF, the intensity is very strong
lculati ddi . for the wave function on (a), and the characteristic form has been

5. Calculation and discussion . one. It seems to be closing the electron which was excited from

Comparison between the measurement and the theoretical spec [Rium this in the potential of the fluorine. Therefore, in the

quzf LIX (X=F, .Ctl’ Bhr) IS shown in Fllgf 3£ In Fig. 3, therﬁ ?:r_e sorr13e pectrum, the intensity is the strongest and it is proven that the peak
i : ehrevr\]/gethpmr: S ?Wrivirt gﬁget[]a tﬁa lﬁrfis allgLrieE V‘:je . |gurt(? ngjl due to core exciton. Generally, by cooling the sample at the liquid
EFS IO th € measure et a ¢ € theofe (t:a K € gﬁ Spec lé tﬂtrogen temperature, exciton peak of alkali halide is observed by
7. In the measurement spectrum the 1irst peak 1s sharp, an r}ﬁe measurement at the visible light region. However, in this case
wide gtrgcture IS shqwn in the hlgher energy side. The first peak .'ﬁmugh the measurement is executed ordinary-temperature, it is
also §|mllarly sharplln the theoretical spectrum and the structure 'r?ossible to confirm the exciton peak. It is generated as a result of the
the higher energy side is reprodqced by t.he many small .peaks. T Kteraction at the valence band level, but in this case, the electron of
energy region of th? stru_cture_lr_l th_e higher energy S'.de a9'"€&% 6 inner shell is excited in unoccupied level, and the excited
almost, however the intensity of itis different from_comparlso_n with electron and hole seemed to cause core exciton by the interaction.
Ine measurrerr?]err:tt ar;l% t:]he tr:egretllcliai\l ;pe%trum. Flgtl:r?n3($)l_lis(:|sh(r)1 erefore in wave function the excited electron is observed in order
1€ measurement a eoretica - €0ge spectrum o ang, closing by potential barrier of the fluorine. This corresponds to
Flgurg 3(3) is shown those of LiBr. The first peak is slharp. as well 3Fesonance at the absorption spectrum. Afterwards, the intensity of
it of LiF for both measurement .spectra..However, unllk.e LiF, we can, 2ve function weakens with continuing with (b), (¢) and (d). The
observe the two ;mall peaks in thg higher energy side of the fir htensity and shape resemble well each other on wave function of
pgak. Wave-fqnctlon and thg pot_entlal cross section for &) LIF, (2 b) and (c). In wave function of (d), though the shape of wave
{‘ACI sntctj (3) Ller arr(]e _;:_hown in Flt% 4. T!:e tf_lglures which Sescn?etﬂfunction near the center resembles other wave function well, the
€ bottom of each hguré are the potential €ross section o ea‘lmplitude reaches to the distance. The shape of this wave function
cluster used for the calculation. Besides, it is a figure of the Waveocembles very well the amplitude of EXAFS (Extended X- ray
function at each peak_ that is sealed in Fig. 3. The number writien I9—\bsorption Fine Structure). In short, though the first sharp peak is
each wave function is correspondent to.the energy vglue .Of thSue to core exciton, it is observed that the component which
theorgtllcall spectrum and the. number written in the width is thecorrespond to the excitation to the continuum state with going to the
magnification which made (a) in the standard in order to observe theiz]igh energy side, is mixed. In next for (2) LiCl, it is observed that it

confines it to the inside where wave function of (a) which is a first
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Wave functions and the potential cross section for LiF, LiCl and LiBr

of the whole spectrum may rise as the results. This problem may be
resolved by means of partial electron yield method. By improving
two points, there seems to be the better coincidence on experimental
spectrum and theoretical spectrum.

In making the lithium compound to be the new function material, in
the twenty-first century, it will seem to shoulder the important role.
Therefore, in addition, collection of basic data and elucidation of the
electronic structure in the lithium compound will be advanced in
future, and it is considered that application of the real material to the
evaluation is necessary.
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The shape of wave function of (b) and (c) resemble that of (a), but it
is also observed that the amplitude of EXAFS has been mixed. In
(d), the amplitude of EXAFS reaches to the distance. At last for (3)
LiBr, the shape of wave function of (a) resembles that of (1) LiF and
(2) LiCl. Similarly wave function of (a), the shape resembles the
amplitude of EXAFS.

Finally, the theoretical spectra do not agree with the measurement
spectra very well. Especially, in theoretical spectra for LiCl and
LiBr, two peaks at 62eV and 63eV in the measurement spectra was
not reproduced. It is considered that next two points are causes on
this fact. First point is for the potential selection on the calculation.
In case of lithium, the occupied level is only 1s and 2s, in addition,
the occupied level is only 1s in the bonding state. Therefore the
depth of the well potential shallows very much in comparison with
other. As a result, it is difficult to sense the potential of lithium for
the potential of other atom. In the calculation for solid, it is
important point to not consider to influence from other atom. In next
step, more adequate selection of the potential is necessitated.
Secondary point is for the background. In all measurement spectra,
the background intensity generally rises from the first sharp peak to
about 15 or 20eV. However, in theoretical spectra the complicated

structure is not observed. In this case, all measurement spectra are

obtained by means of TEY. It is well known, the probability which
release Auger electron increases in light element. In addition, the
probability of shake-up in decay process also increases. Especially,

since the distance between sample and detector is short, these

secondary electrons are taken all in the detector, and the background

B56  Received 31 July 2000 -+ Accepted 17 November 2000

J. Synchrotron Rad. (2001). 8, 554-556



