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Angle-resolved photoemission study of Ni-intercalated 1T-TiS2
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Angle-resolved photoemission spectra have been measured to study the electronic structures of Ni interca-
lated layered compound Ni1/3TiS2. The results have shown that some new bands appear in Ni1/3TiS2 and the
dispersions of most other bands are strongly modified compared with TiS2. It is clarified that the new band near
the Fermi level (EF) is the split-off state or the bonding state between the final states originating from the
ud1(t2g)& andud2(t2g ,eg)LI & initial states, whereLI stands for the S 3p hole state. Another new band observed
at ;1 eV below EF is hardly dispersive and attributed to the Ni 3dz2-Ti 3dz2 bonding state. The
Ni 3d‘ ‘ eg’ ’-S 3 p bonding states are observed in the larger binding energy region. Knowledge of hybridiza-
tions among the 3d states of the intercalant, Ti 3d states, and S 3p states are essential to interpret the physical
properties of Ni1/3TiS2. @S0163-1829~99!02727-7#
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I. INTRODUCTION

A large number of studies have been carried out to kn
the electronic structures of the host 1T-TiS2 by means of
angle-resolved photoemission,1,2 inverse photoemission,3

and band calculations.4 1T-TiS2 has the CdI2-type layer
structure, which consists of a Ti layer sandwiched in t
sulfur layers. Six sulfur atoms surround the Ti atom w
nearly octahedral coordination. The outer sulfur layers
weakly coupled with the adjacent sulfur layers by the van
Waals force.

The 3d transition metal ~TM! intercalated 1T-TiS2,
MxTiS2 (M5Mn, Fe, Co, and Ni!, shows various unusua
physical properties compared with 1T-TiS2. Such properties
depend dramatically on the guest atom species and
concentration.5,6 Recent detailed studies have revealed it
erant behaviors of the intercalantM 3d electrons.7,8

Ni1/3TiS2 has such a characteristic feature as the hole poc
as suggested from Hall measurements, in contrast to o
intercalation compounds (M5Mn and Co! which have elec-
tronlike carriers. In the Ni intercalation compoun
Ni1/3TiS2, the intercalant Ni atoms occupy the nearly octah
dral interstitial sites in the van der Waals gap between
neighboring sulfur layers. The intercalant Ni atoms a
known to form a)a3)a triangular-superlattice structure
In accord with the difference in the phase of such triangu
superlattices, they are namedA, B, andC. Representing the
TiS2 layer asT, the stacking of the whole layers is describ
asTATBTCTATBTC. . . along thec axis. The rhombohedra
unit cell shown in Fig. 1 contains one Ni atom, three
atoms, and six S atoms. The band structure of Ni1/3TiS2 was
recently calculated by the augmented-plane-wave~APW!
method.9,10 Their results have indicated that the hybridiz
tions among the S 3p, Ti 3d, and Ni 3d states are important
and the rigid-band shift model is hardly applicable to th
system. Uedaet al. performed ultraviolet-photoemissio
spectroscopy~UPS measurements! on MxTiS2 using syn-
chrotron radiation in the photon energy range ofhn
PRB 600163-1829/99/60~3!/1678~9!/$15.00
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532– 120 eV. The symmetry and hybridization of the ele
tronic states were discussed from the resonant behaviors11,12

Fujimori et al. performed x-ray-photoemission spectrosco
~XPS! of core levels and valence bands ofMxTiS2.

13 Strong
hybridizations among theM 3d, Ti 3d, and S 3p states are
confirmed from these UPS and XPS results. Namatameet al.
carried out angle-resolved inverse-photoemissi
spectroscopy ~ARIPES! on Ni1/3TiS2 and found the
Ni 3dz2-Ti 3dz2 antibonding state.14 Although the band den-

FIG. 1. The crystal structure ofMxTiS2.
1678 ©1999 The American Physical Society
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PRB 60 1679ANGLE-RESOLVED PHOTOEMISSION STUDY OF Ni- . . .
sity of states~DOS! was thus already studied for Ni1/3TiS2 by
UPS and XPS, details of the band dispersions are not
clarified due to the complexity of its band structures. In t
present work, we report on the results of angle-resolv
ultraviolet-photoemission-spectroscopy~ARUPS! measure-
ments on Ni1/3TiS2 in comparison with those of the mothe
crystal, 1T-TiS2. In the ARUPS measurement, knowledge
the details of the Brillouin zone~BZ! is required. The simple
hexagonal BZ of mother crystal 1T-TiS2 is shown in Fig.
2~a!. The BZ of M1/3TiS2 is shown in Figs. 2~b! and 2~c!.

II. EXPERIMENT

The ARUPS measurement was performed with using s
chrotron radiation in the photon energy range of 18–60 eV

FIG. 2. The Brillouin zone of TiS2 and M1/3TiS2. ~a! BZ of
1T-TiS2. ~b! and ~c! BZ of M1/3TiS2. Plane~1! in ~b! includes the
axis equivalent to theG(A)-M (L) direction of 1T-TiS2. Plane~2!
in ~c! includes the axis equivalent to theG(A)-K(H)-M (L) direc-
tion. ~d! The relation ofk perpendicular andk parallel to the layer
~surface! in our u-dependent ARUPS experiment.
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the BL-18A beam line of the Photon Factory~PF!, High
Energy Accelerator Research Organization~KEK!. This
beam line is equipped with a constant deviation type graz
incidence monochromator and an electron energy analyze
VG ADES 500 type with the angular resolution of abo
61°. The total energy resolution was set to about 300 m
in the present measurement. The light was incident onto
sample surface at 45° from the surface normal~p-polarized
configuration!. The electron energy analyzer was rotated
the horizontal plane including theG(A)-M (L) or
G(A)-K(H) axis for the polar angle~u! scanning while the
photon energy (hn) was fixed at 28 eV. In addition, the
normal photoemission spectra (u50°) were measured with
changinghn. The measurements were performed at ro
temperature for both 1T-TiS2 and Ni1/3TiS2. The Fermi En-
ergy EF was determined by the UPS spectrum of an eva
rated Au thin film.

The samples were cleaved in an ultrahigh vacuum pre
ration chamber with a pressure of low 10210Torr and imme-
diately transferred onto a manipulator in an analyzer cha
ber with a base pressure of 5310211Torr. The crystal
orientation was determined by the low-energy electron d
fraction ~LEED! pattern which showed)3) super struc-
ture in Ni1/3TiS2. The sample was azimuthally rotated
make theG(A)-M (L) or the G(A)-K(H) orientation lie in
the horizontal plane. The cleanliness of the surface w
checked by O 1s XPS just before and after the ARUPS me
surement.

III. RESULTS AND ANALYSIS

A. 1T-TiS2

Figure 3~a! summarizes theu dependence of the ARUPS
spectra of 1T-TiS2 measured athn528 eV for the wave vec-
tor ki ~parallel to the surface! in the plane including the
G(A)-M (L) axis. The results taken along theG(A)-K(H)
axis are shown in Fig. 3~b!. The normal (u50°) photoemis-
sion spectra are shown in Figs. 3~c!. The spectra strongly
depend onu andhn. In particular, the spectra have shown
small peak just belowEF near theM (L) point @u;26° in
Fig. 3~a!#, whereas the corresponding intensity is negligib
for otheru.

In order to even resolve weak photoemission structu
we have deconvoluted the photoemission spectra. Con
tional formulas for the angle-resolved photoemission sp
troscopy are used to evaluate the momentum of the ph
electron. For theu2(hn2) scanned spectra, the parall
~perpendicular! component of the photoelectron wave vect
relative to the surface is calculated with usingki

5A2mEK /\2 sinu@k'5A2m(EK1V0)/\2 whereV0 stands
for the inner potential; the value ofV0 is determined as 11
eV by considering the symmetry of the experimentally d
rived band structure near the high symmetry point#. The val-
ues ofk are calculated for all the observed structures. W
plotted them on thek-EB diagram along theG(A)-M (L),
G(A)-K(H), andG-A axes as shown in Figs. 4~a!, 4~b!, and
4~c!. In these figures, the bright~white! area corresponds to
the observed bands.

WhenV0 is determined, we can evaluate bothki andk'

components in theu-dependent band mapping in the sam
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FIG. 3. ARUPS spectra of 1T-TiS2 along ~a! G(A)-M (L), ~b! G(A)-K(H), and~c! G-A ~normal emission! directions.
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approximation as done for the normal photoemission. A p
toelectron with the kinetic energyEK and angleu in the
vacuum should have a corresponding kinetic energyEK
1V0 and a direction of the wave vectoru8 in the bulk. The
perpendicular component of the wave vector in the bulk
then given as

k'5
A2m~EK1V0!

\
cosu8. ~1!

From the momentum conservation of the parallel compon
between the bulk and the vacuum, the following relation
expected:

ki5
A2m~EK1V0!

\
sinu85

A2mEK

\
sinu. ~2!

From this formula we get a relation betweenu8 and u. Fi-
nally the perpendicular component of the wave vector
given as

k'5
A2m

\
AEK cos2 u1V0. ~3!
-

s

nt
s

s

Figure 2~d! shows the relation betweenk' and ki in the
u-dependent ARUPS in our experiments, where the dete
regions are indicated by the black area. The evaluatedk' are
in the range of 2.3–3.0 Å21. Some of the regions are rathe
close to theA-L or A-H line (k'52.76 Å21). The observed
bands in thek-EB diagram in Figs. 4~a!, 4~b!, and 4~c! are
reproduced in Figs. 4~a8!, ~b8!, and ~c8! by various marks.
Curves in these figures are the results of the band calcula
along~a8! A-L, ~b8! A-H, and~c8! G-A,4 which are in quali-
tative agreement with the experimental results.

B. Ni1/3TiS2

Then we measured the ARUPS spectra of the Ni1/3TiS2
with changing the polar angleu as shown in Figs. 5~a! and
5~b!. The normal photoemission spectra measured w
changing the photon energyhn are shown in Figs. 5~c!.

In the case of Ni1/3TiS2, the unit cell defined in Fig. 1
provides the extended BZ shown in Figs. 2~b! and 2~c!,
where the cross sections corresponding to the present ex
ment are indicated by the planes~1! and~2!. TheG-Z axis in
Ni1/3TiS2 is equivalent to theG-A axis. The directions of the
G(A)-M (L) andG(A)-K(H) in 1T-TiS2 are corresponding
to the planes~1! and ~2!, respectively. The length of the
G(A)-M (L) equalsG(Z)-(D)-B(A) in plane~1!. So the pe-
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FIG. 4. The band mappings of 1T-TiS2 along~a! G(A)-M (L), ~b! G(A)-K(H), and~c! G-A directions. The results are obtained by th
deconvolution method. Comparison of the experimental results along~a8! G(A)-M (L), ~b8! G(A)-K(H), and~c8! G-A directions, which are
displayed with various marks, with the band calculation along~a8! A-L, ~b8! A-H, and~c8! G-A axes.
he

e
riodicity of the band dispersions of Ni1/3TiS2 along the three
major axes is hardly different from that of 1T-TiS2, because
the back folding of the band structure along t
G(Z)-(D)-B(A) direction @Figs. 2~b!# takes place at the
B(A) symmetry point of the next BZ and that along th
G(Z)-(A)-B(A) direction in Fig. 2~c! takes place at the
B(A) point which is corresponding to theM (L) points of the
next BZ.
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FIG. 5. ARUPS spectra of Ni1/3TiS2 along ~a! G(A)-M (L), ~b! G(A)-K(H), and~c! G-A ~normal emission! directions.
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For each direction of the measurement, thek-EB diagram
is drawn by the same method as applied to 1T-TiS2. The
results shown in Figs. 6~a!, 6~b!, and 6~c! correspond to
planes~1! and~2! as well as to theG-Z axis in Figs. 2~b! and
2~c!. For convenience, we denote the symmetry points of
of Ni1/3TiS2 by the notation for 1T-TiS2.

In Figs. 6~a8! and ~b8!, the bands named (A) – (M ) are
revealed. We first notice that some structures show sim
but strongly modified behavior between 1T-TiS2 and
Ni1/3TiS2. @For example, structure~1! vs structure~B!#. On
the other hand, some new structures, for example, the~K!
and~L! bands appear in Ni1/3TiS2. The~K! band appears jus
below EF in wide wave vector regions and hardly show
dispersion. Its intensity is enhanced aroundu526° ~ML ! in
Fig. 5~a! and aroundu56° in both Figs. 5~a! and 5~b!. We
stress this enhancement by using~A!. The~L! band appears
at the binding energy (EB) of ;1 eV and hardly shows dis
persion for both axes in Figs. 6~a8! and ~b8! except for the
region near theG(A) point. For the evaluation of dispersio
along the G-Z(G-A) axis, the same inner potentialV0
511 eV as for 1T-TiS2 is employed. In Fig. 6~c8! the bands
(B) – (L) are clarified. Though we tried to compare our r
sults with the APW band calculation of Ni1/3TiS2,

10 we could
not get any meaningful information, because there are
Z

ar

-

o

many bands in the calculation. So we try to directly comp
the experimental results of Ni1/3TiS2 with those of 1IT-TiS2.

IV. DISCUSSION

Before discussing the electronic states of Ni1/3TiS2, we
first review the electronic structure of 1T-TiS2. It is thought
in 1T-TiS2 that the S atom is nearly S22 and the Ti atom is
nearly Ti41 with the 3d0 configuration. According to the
simple crystal-field theory, the Ti 3d states of 1T-TiS2 are
split into the ‘‘t2g’’ and ‘‘ eg’’ states. The S 3p states are
strongly hybridized with the Ti 3d‘ ‘ eg’ ’ states and make the
bonding and antibonding states with the bonding bands fi
with electrons. The ‘‘t2g’’ states are the nonbonding band
and a small band gap exists between the nonbonding
bonding states.

Comparing the observed bands with the results of b
calculation, we can identify some of these bands. The
served bands~1!, ~2!, ~3!, and ~4! in Fig. 4 might be corre-
sponding to A3

2-L2
2-H3 (1), A3

2-L1
2-H3 (2),

A3
1-L1

1-H1 (3), A3
1-L2

2-H3 (4), respectively. These
bands do not have appreciable dispersions along theG-A
axis as shown in Fig. 4~c!. On the other hand, both the~5!
and ~6! band have remarkable dispersions along theG-A
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FIG. 6. The band mappings of Ni1/3TiS2 along~a! G(A)-M (L), ~b! G(A)-K(H), and~c! G-A directions, by means of the deconvolutio
method. The dispersions along~a8! G(A)-M (L), ~b8! G(A)-K(H), and~c8! G-A directions, are displayed with the conventional method w
using different marks.
e
p-
axis. In the previous section, we have evaluated thek' com-
ponent of theu-dependent ARUPS spectra. Thek' value of
the photoemission structures plotted in Figs. 4~a! and 4~b!
are not exactly along theA-L andA-H directions. We assign
the bands~5! and ~6! to the states represented by th
A2

2-L2
2-H2 and A1

1-L1
1-H3 states. We see a great discre
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ancy between the dispersions~5! and A2
2-L2

2-H2 near the
G(A) point in Fig. 4~a8!. The corresponding experiment
points near theG-A axis are far away from theA point @Fig.
2~d!#. Therefore a strong dispersion@Fig. 4~c8!# provides
much smallerEB for the experimental points. The discre
ancy fromA2

2-L2
2-H2 dispersion is thus consistently inte

preted. Although both~7! and ~8! bands have remarkabl
dispersions along the horizontal axes around theG(A) sym-
metry point, they seem to have no direct counterparts in
band calculation shown in Figs. 4~a8! and 4~b8!.

Now we discuss the results of the intercalated Ni1/3TiS2.
Before discussing the dispersion of the electronic states,
surface condition is considered. The cleavage is though
take place in the van der Waals gap where the Ni atoms
intercalated. One half of the Ni atoms stays on the sam
surface to be measured and the other half of the Ni ato
goes away from the sample surface. Although the)3)
super structure was clarified by LEED on the cleaved s
face, such a structure was not confirmed by STM. This re
shows that the Ni atoms are ordered in the bulk but dis
dered just on the surface. The random~or statistical! distri-
bution of Ni atoms just on the surface~or surface disorder!
may induce some effect on the surface-related electro
states. Since the ultraviolet photoemission is a rather sur
sensitive probe, one must pay some attention to the sur
disorder effect.

The origins of the~K! and ~L! bands will be discussed
later. Most of the bands except for the bands~K! and ~L!
have counterparts in 1T-TiS2, although the dispersions ar
appreciably modified by intercalation. The imhomogeneo
energy shifts and splittings of various bands suggest
break down of the rigid-band shift model. Judging from t
clear dispersing behaviors, the~D! and ~H! bands in
Ni1/3TiS2 are thought to be corresponding to the~5! and ~6!
band in 1T-TiS2, which have the S 3pp character and re
markable dispersions with bothki andk' . We notice, how-
ever, some differences in the Ni intercalation compou
compared with 1T-TiS2. For example, the top of the ban
~D! is slightly depressed~flat! and the band width along th
G(A)-M (L) direction is appreciably reduced in Ni1/3TiS2.
TheEB of the band~H! near theG point is much larger than
the correspondingEB of the band~6! in 1T-TiS2. In addi-
tion, we notice an appearance of a new branch~M! near the
ML point in Fig. 6~a8! and in the region of the KH~ML !
points in Figs. 6~b8!. These bands are thought to be strong
influenced by the hybridization effects with the Ni 3d states
in regard to the energy positions of the bands, dispersi
and band broadening. It is noticed that the bandsD andH in
Ni1/3TiS2 are slightly diffuse or broader than the bands~5!
and~6! in 1T-TiS2. The possibility that the abovementione
surface disorder may provide additional broadening to
spectra cannot be discarded.

The bands~B! and ~E! in Ni1/3TiS2 are corresponding to
the bands~1! @or ~2!# and ~4! in 1T-TiS2, respectively, and
the dispersion behaviors are qualitatively similar betwe
Ni1/3TiS2 and 1T-TiS2. Both of these bands might not b
strongly hybridized with the Ni 3d states, because the mod
fication by intercalation is not large. It is also noticed that t
broadening of the bandsB andE is not much different from
that of ~1! and~4!. This is understood by considering that th
e
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hybridization with the Ni 3d states is weak in the bandsB
andE. Then the surface disorder of Ni atoms may not mu
influence their broadening.

Meanwhile, the bands~G! and ~F! are thought to be cor-
responding to the bands~3! and~2! @or ~1!# from their energy
positions, although they are remarkably modified by the
interaction. For example, the~G! band is now clearly sepa
rated from the~E! band near theG(A) point, in contrast to
the unresolved separation between the bands~3! and ~4! in
1T-TiS2. Furthermore, the~G! band has larger dispersion
along the horizontal axes than the~3! band in 1T-TiS2. The
~F! band is also separated from the~B! band even near the
G(A) point in contrast to the bands~2! and ~1! in 1T-TiS2.
Both ~G! and ~F! bands are understood to be apprecia
modified by the hybridization with the Ni 3d‘ ‘ eg’ ’ states.
The broadening of the bandsG andF is more than that of the
bands~3! and ~2!, resulting from the hybridization, wherea
the additional contribution from the surface disorder can
be discarded here again.

Summarizing these discussions, the S 3pp bands@bands
~5! and ~6! in 1T-TiS2# are appreciably hybridized with th
Ni 3d‘ ‘ eg’ ’ states providing the dispersions of the bands~D!
and~H!. Even an appearance of the new branch~M! may be
attributed to this hybridization. The half of S 3ps bands@~B!
and~E!# is hardly influenced by the Ni intercalation, where
the another half of S 3ps bands@~G! and ~F!# is thought to
be well hybridized with the Ni 3d‘ ‘ eg’ ’ states. This might
be related to the symmetries of the bands in Ni1/3TiS2, where
the Ni atom occupies the octahedral site and the Ni 3d‘ ‘ eg’ ’
states face to the S atoms making covalent bonds with
S 3p state.

If the dispersions of Ni1/3TiS2 ~Figs. 6! and 1T-TiS2
~Figs. 4! are compared, it is clear that the bands~C! and ~I!
correspond to the bands~7! and ~8! in 1T-TiS2. From the
absence of corresponding band in the band calculation
1T-TiS2, the bands~7! and~8! in 1T-TiS2 are thought to be
surface states. The guest Ni atoms influence the surface
in Ni1/3TiS2. The low concentration of Ni atoms random
distributed on the surface, however, reduces the dispersio
the surface states. The origins of these surface states ar
yet clear and require future investigation.

Now we discuss the origin of the bands~K! and~L! which
appear newly in Ni1/3TiS2. Both the~K! band located atEB
50.2 eV and the~L! band atEB51;1.2 eV show negligible
dispersion. One may first think of a possibility that they m
be related to the 3d states of the surface disordered Ni atom
The Ti 2p and Ni 2p core resonance photoemission, ho
ever, denies such a possibility as explained later. The in
sity of the ~K! band is very strong around theM (L) point
when scanned along theG(A)-M (L) axis compared with the
~O! band in 1T-TiS2. At first, we examine the possibility
that this state atEB50.2 eV is made by the charge transf
from the Ni to the Ti.12 If the electron of the Ni is partially
transferred to the empty Ti 3d‘ ‘ t2g’ ’ state without modifica-
tion of the band structure, the band observed near theM (L)
point in 1T-TiS2 should move downward. Then the dispe
sion of the ‘‘t2g’’ state will be observed in wider energ
range belowEF in Ni1/3TiS2. However, this band~K! shows
rather flat dispersions in wide wave vector regions. So suc
simple interpretation of this structure as the filled Ti‘ ‘t2g’ ’
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band will not be satisfactory. In order to know the detail
origin of the ~K! band, we have measured the Ti 2p-core
absorption related resonance photoemission.15 The results
have suggested that the state atEB50.2 eV shows the
Ti‘ ‘ eg’ ’ character rather than the Ti‘ ‘t2g’ ’ or the Ni 3d
character in contrast to our supposition. This discrepancy
be solved by considering a system with the Ti 3d1 ground
state in Ni1/3TiS2 which is made by the charge transfer~CT!
from the Ni to Ti atom. Okadaet al. discussed the characte
of the sharp photoemission structure often found in T31

compounds just belowEF by considering thed2LI and d1

configurations in the ground state.16,17 They interpreted such
a structure as the split-off state or the bonding state betw
the d1LI and d0 final states. In the present case, the grou
state of Ni1/3TiS2 can be represented by a linear combinat
of the d1(t2g) andd2(t2g ,eg)LI states. Then the photoemis
sion final state is given by a linear combination of thed0,
d1(t2g)LI , and d1(eg)LI states. The observed resonance
hancement of this structure for the Ti 2p˜eg excitation is
attributed to thed1(t2g)LI final state with emitting theeg
electron in the direct recombination process. Thep-d charge
transfer energyD can be defined asE(d2LI )2E(d1) for the
3d1 system. In the valence band photoemission final stat
this system, the energy difference between thed1LI and d0

final states is given byD-Udd , whereUdd represents the 3d
electron correlation energy. These states hybridize via an
diagonal matrix elementVeff making a large splitting be
tween the bonding and antibonding states. The energy di
ence between these two states is estimated to be about
In the experimental results in Figs. 6, one notices a v
weak shoulder structure~J! at EB;6.5 eV, which only ap-
pears with intercalation. It is possible that this~J! band is the
counterpart of the~K! band in this model, although anothe
possibility that the counterpart is hidden below the stro
photoemission structures in the region fromEB54 – 6 eV
cannot be discarded.

The ~L! band located atEB51;1.2 eV shows a negli-
gible dispersion of less than 0.2 eV along the horizontal a
vertical axes. This feature suggests that this band is due
localized state rather than a bandlike state. From the r
nance photoemission results for the Ti and Ni 3p- and
2p-core excitations, this state is found to have both the Nid
and Ti 3d characters. It is remembered that the Ni 3d states
are split into the ‘‘t2g’’ and ‘‘ eg’’ states. The wave functions
of the ‘‘t2g’’ state consist of three base functions. The ‘‘t2g’’
states hardly make the bonding states with the S atoms
i
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cause their wave functions are not directed to the S at
The component of the Nidz2 state~here thez refers to the
crystallographic axis perpendicular to the TiS2 layer! made
of these ‘‘t2g’’ states, however, faces toward the upper
the lower Ti atoms making the bonding and antibond
states. These states are not band states but have a loc
character, because the distance between the equivalent
ing ~antibonding! states along thez axis is very large in th
crystal as shown in Fig. 1.

We have now arrived at a conclusion that the band~L!
mainly originates from the bonding state between the Ni 3dz2

and Ti 3dz2 states. Namatameet al. already performed th
angle resolved inverse photoemission spectros
~ARIPES! on Ni1/3TiS2 ~Ref. 14! and found the antibondin
state between the Ni 3dz2 and Ti 3dz2 states around 2 e
aboveEF with a rather small dispersion. The energy splitt
between the bonding and antibonding states is estimat
about 3 eV. This interpretation is supported by the ARU
experiments on Co1/3TiS2, Fe1/3TiS2, and Mn1/4TiS2 which
will be reported elsewhere.

V. CONCLUSION

Strong modification of the valence band structures
band dispersions in an intercalation compound Ni1/3TiS2 are
revealed by the conventional angle resolved photoemis
spectroscopy. The hybridization of the S derived states
the Ni‘‘ eg’ ’ states is thought to be predominantly modifyi
the band dispersions parallel to the layer plane. The
band atEB51.0 eV is attributed to the bonding band b
tween the Ti 3dz2 and Ni 3dz2 states. On the other hand, t
band atEB50.2 eV is interpreted as a spit-off state or
bonding state between thed0 andd1LI final states which aris
from thed1(t2g) andd2(t2g ,eg)LI initial states. The counte
part of this state~antibonding state between thed0 andd1LI
final states! might be observed in the region ofEB
56.0 eV.
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