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The layered transition-metal compound Ba@Ni 1S, g is an antiferromagnetic insulatom,y = 280 K,
which undergoes a unique insulator to metal transitiohsat 200 K. By x-ray and neutron powder diffraction
we explore the difference in crystal structure above and bd&lgwThe magnetic structure consists of Co
moments of 1.8:0.5 g with antiferromagnetic nearest-neighbor interactions. Belagwong-range order
disappears. Resistivity and thermoelectric power measurements indicate thafrgiloigesystem is a narrow-
band material with dominating nearest-neighbor hopping. Magnetoresistance to 12 T shows insensitivity of
T, to magnetic fields. The length changesTatas measured by dilatometry are much larger than for ordinary
first-order phase transitiongS0163-182607)06118-3

I. INTRODUCTION tallic BaNiS,. Upon increasingx in BaCo; _,Ni,S,, Ty
gradually decreases and an antiferromagnetic insulator to
First-order phase transitions from a low-temperature paraparamagnetic metalAFI-PMM) transition occurs:” The
magnetic meta(PMM) to a high-temperature antiferromag- temperature coefficient of the resistivity becomes positive at
netic insulatoAFl) are very unusual. Recently, such a tran-all temperatures fox = 0.25. For a range of nickel concen-
sition was reported in the alloy system BaCqNi,S, , trations, the transport and magnetic properties of BaCo
(BaCoNiS in the composition range 0.65 x < 0.20 and ;_,Ni,S, resemble those of the cuprate superconductors in
0.05<y =< 0.20! These alloys are layered tetragonaltheir normal staté.
transition-metal sulfidés with structural characteristics Sulfur depletion in BaCggNi S, raisesTy, the RT
analogous to the higfi; superconducting oxides. The tran- resistivity and its activation energy; hence the sulfur vacan-
sition (with transition temperatur&,) occurs in an antifer- cies compensate for the effect of nickel doping. The RT lat-
romagnetic state and is accompanied by a lowering of crystice constants do not change. At lower temperatures, these
tallographic symmetry. This remarkable AFI-PMM vacancies induce the very unusual and dramatic AFI-PMM
transition in BaCoNiS could prove to be one of the fewtransition atT.! The largest resistivity ratio going from the
examples supporting the model msonant pinningn lay-  insulating(l) to the metallic(M) phase,p,/py > 10%, was
ered compounds with metal-semiconductor components, ptdibund in samples withk = 0.1 andy=0.2 atTg = 200 K.
forward by Phillips in an attempt to describe the high- Forx = 0.1 andy<0.2, p,/py decreases, while the width of
superconductors. According to this model a large peak in théhe hysteresis increases.
density of electronic states B, associated with the anion The magnetic susceptibilityy(T), exhibits a sharp drop
dopants from the oxygen column in the periodic table, mayupon cooling througi. It is noteworthy that although the
be stabilized by a@anti-Jahn-Tellereffect, as energy may be resistivity jump depends strongly gn the change in suscep-
gained by improved screening of long-range ionic potentialstibility is almost the same foy = 0.1, 0.15, and 0.2.Re-
The recently reported pressure dependenc&.af consis-  cently, application of hydrostatic pressure was observed by
tent with such a modél. Looneyet al.,* to depressT on heating and cooling. Using
The parent material of the alloy under investigation,the Clausius-Clapeyron equation and the measdiieddp,
orthorhombic BaCo§ is regarded as a Mott insulatd?.lt  these authors calculated an entropy change of 0.6 cal/mole K
has a Nel temperatureTy, very close to room temperature at the transition of a sample witk =y = 0.1. A similar
(RT).> Around RT its resistivityp(T), is thermally activated value was obtained from specific-heat measurements on a
with an activation energy oA = 0.17 eV. In the antiferro- sample with the same nominal compositfon.
magnetic state, below 250 K, Inp vs T~ exhibits a cur- Here we use x-ray-diffraction measurements to assess the
vature that implies a decrease & with decreasing structural change af from tetragonal to, possibly, ortho-
temperaturé. The substitution of several percent of nickel rhombic symmetry. Powder neutron diffraction is used to
for cobalt in BaCo$ stabilizes the tetragonal structure of investigate the type of antiferromagnetic order in
BaNiS,. The lattice constants decrease with increasingge  BaCoy ¢Ni (1S, gand its role in the AFI-PMM transition. Re-
unit-cell volume of BaCo$is 7.2% larger than that of me- sistivity measurements in zero and magnetic fieldsup to 12 T
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are used to derive the temperature dependence of the activa-
tion energy in the insulating phase and to study the influence
of a magnetic field onlTg and Ty. Thermoelectric power
measurements show the narrow-band character of this mate-
rial. Finally, we performed dilatometry in the vicinity df,

and find unusually large length changes, one to two orders of
magnitude larger than associated with ordinary first-order
phase transitions.

This paper is organized as follows: after briefly describing
sample preparation and the employed experimental tech-
niques in Sec. Il, we discuss the structural properties of
BaCoy gNi 1S g above and belowl g in Sec. Il A. Section
1B describes the antiferromagnetic ordering and its tem-
perature evolution. In Sec. IV resistivity, thermoelectric
power, and thermal-expansion experiments are presented. Fi-

nally, we present a summary of our results and their inter-b, Fll(ft.' 1. Crystal tStr”C“ére of BaQa@Nio'.\llStl.s,ﬂ\]Nith orthorhomf—
pretation in Sec. V. ic lattice parametera (b ~ a) and c. Note the presence of a

double layer of Co-S, with monolayers at distanze- 0.1&
= 1.6 A. The magnetic structure is indicated by fillepen sym-
II. SAMPLE PREPARATION bols for the Co atoms. These symbols represent emposite

AND EXPERIMENTAL TECHNIQUES moment direction.

We  prepared  polycrystaline  samples  of y4rying temperature throughy and T. The resistance of
BaCq _Ni,S,-, with nominal compositionx = 0.1 and ¢’ samples was measured usingaarfour-probe method in
y = 0.2, aiming at the composition that showed the highest, iandard*He cryostat in magnetic fields up to 12 T. The
resistivity ratio at the AFI-PMM transition as reported in {nermoelectric power measurements were performed in a
Ref. 1. T_he pr_eparation procedure was essentially the SaM&yostat operating from 77 to 400 K. Finally, the length
as described in Ref. 1 and need not be restated here. Welanges of several samples were determined as function of

var!ed the temperature of the last annea_l f';md found that .th%mperature, both on heating and cooling, using a capacitor
optimal annealing temperature for obtaining samples withyjjstometer.

highest resistivity ratio was around 880—-890 °C. The size of
the resistivity jump for our best sample, also used in the
X-ray measurements, is the same asyfor 0.15 in Ref. 1. lll. X-RAY AND NEUTRON-DIFFRACTION RESULTS
For our sample studied by neutron diffraction the jump is
smaller, but comparable to that observed at ambient pressure
by Looneyet al* We caution the reader that the samples Structurally, the parent compound of Bagi 1S; g is
under investigation by various groups, and the differenBaNiS,, a tetragonal compoufdvith space grougP4/nmm
samples studied here, have slightly differing compositions(No. 129 with lattice constants = 4.559 A, ¢ = 8.990 A.
transition temperatures, and resistivity jumps. It is possiblé\|iCke| atoms are coordinated to five sulfur atoms, situated
that small fractions of a sample do not undergo a structura®n the corners of a pyramid. The apycal sulfurs alternate
transition due to a different stoichiometry than the mainbelow and above the plane formed by the edge-sharing pyra-
phase. These effects have little influence on the followingmids. This configuration leads to Ni-S bonds pointing alter-
discussion, but will be referred to when necessary. natingly up and down from the plane, which can also be
High-resolution powder x-ray-diffraction measurementsenvisaged as a double-layer of Ni atoms where nearest-
were carried out on a powder sample of Ba@¥i S, g, neighbor(NN) nickels are in a different plane, but next-
sintered at 890 °C. Measurements were made with an 18 kwearest-neighbdiNNN) nickel atoms lie in the sameplane.
Rigaku rotating anode x-ray generator and a double-axis difin contrast to BaNig, BaCoS, crystallizes in an orthorhom-
fractometer using a flat pyrolytic graphit®@ 0 2 monochro-  bic structure(space grougCmma No. 67), with lattice pa-
mator which selected Cu Kradiation,\ = 1.54178 A. Four rametersa ~ b ~ J2 a (BaNiS,) andc ~ c(BaNiS,). For
sets of slit assemblies, two in both incident and scatterethtermediate concentrations in the mixed system
beam, allowed control of the resolution. The bulk sampleBaCo _,Ni,S,_, the tetragonal structure is stable for
was glued to the cold finger of a Displex closed-cycle heliumx = 0.1, the composition being studied here.
refrigerator with Be windows. In this manner a temperature Figure 1 displays the crystal structure of
range from 20—300 K was covered. Neutron-diffraction ex-BaCq ¢Nig 1S, . The low-temperature orthorhombic distor-
periments were performed at the DUALSPEC high-tion is too small to visualize. The cobalt and nickel atoms are
resolution diffractometer at the NRU reactor of AECL Re- clearly visible inside a pyramid of sulfur atoms, forming a
search, Chalk River. Approximatel6 g of similarly  double layer, with the separation between the two Co/Ni
prepared sample was powdered in a He atmosphere amdonolayers equalling-0.1&. Refinement of our x-ray dif-
sealed in a vanadium container filled with He-exchange gadractogram at room temperature, assuming the tetragonal Ba-
The neutron wavelength was 1.5048 A. Full diffractogramsNiS, structure, shows the presence of approximately
(5° < 20 < 120°) were recorded at 4.7, 147, and 290 K, 3.3 vol % of the second phase B20S;. This however will
while a smaller ® range of 5-80° was measured while not influence our following discussion. Table | contains the

A. Crystallographic structure
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TABLE |[I. Structural and magnetic parameters for . : :
BaCq Nig 1S; g at 287 and 19.4 KTy and the ordered cobalt mo- 3 BaCo. Ni. .S P’
ment are also indicated. z CooTeaTLs |
> 3 71 %
£ = = o——-O-—1-"e
T (K) ad b@A) c(@A) Symmetry/moment 3 100l & ¢ T
287 4527 b=a 8942 P4/nmm § 398 ¢ %
19.4 6.355  6.448  8.901 Cmma 8 58 0
280 (Ty) 6407 b=a 8939 1.8+ 0.5up/Co T 500t g sgg
2
lattice constants derived from this refinement. The unit-cell S “ l

lattice parameters in the tetragonal phase at 287 K are 0
a =4.527 A,c =8.942 A, in good agreement with literature

values. In Fig. 1 thea axis refers to the orthorhombic unit

cell, i.e., agun= \2a,y. The reliability factor of the refine-

ment, defined as R, = (Z|ln—I])/Zl,, equals

Rp = 2.7%. We have assumed random occupation of cobalt, -~ o Magnetic neutron intensity, derived frort216 K)—

U'C!‘e" and sulfur.over their available positions. Due to theI(290 K). The inset schematically pictures the AF structure of BaCo
limited range in our x-ray measurements, we could not NigsS; s showing only the Co/Ni positions in a double layer,

perform a detailed refinement of the low-temperature erStafgrojected onto thab plane. The atoms connected by the solid lines
structure. Only the temperature dependence of the lattice pand the dashed lines differ in height by 0c1§he magnetic lattice

rameters has been d_etermined, thereby. assuming thRyrametea,, = \2a, . Filled (open symbols indicate equabppo-
BaCoS-like orthorhombic structure. The axis decreases site) moment direction. The Co moments are likely oriented in the

linearly with decreasing temperature, from= 8.942 A at  basal plandsee text

287 K to 8.901 A at 19.4 Knot shown. Any discontinuity

at T is within the experimental uncertainty. Figure 2 showsto two Gaussians of equal width. We have not observed re-
the a and b lattice constants of the orthorhombic crystal flections of the typelf k 1/n) wheren is an integer, which
structure, upon heating and cooling throubh The lattice  would indicate the formation of a superlattice as found in
constant in the tetragonal phase should be divided/byto  single-crystal diffractiorf. Our data cannot distinguish be-
obtain the unit-cell lattice constants. The lattice distortiontween the BaCogtype orthorhombic crystal structure, or
results in a small splitting of the tetragond 1 0) nuclear small monoclinic distortions thereof. A definitive structure
reflection. The inset of Fig. 2 shows the combined tetragonatietermination can best be performed on single-crystalline
(110 and (102 Bragg preaks at 287 K, and the strong samples.

broadening of the peak at lower angles at 19.4 K. In ortho-

rhombic notation, these peaks at loWw are the (20 0), B. Magnetic structure

(020, and(1 1 2 reflections. The broad peak can be fitted

10 20 30 40 50
20 (degrees)

We have studied the magnetic structure by powder neu-
tron diffraction on a different sample than used for the x-ray

6.550 ' ' measurements. Refinement of the nuclear structure showed
| BaCo,¢Ni, S, , N about 10vol % of the parasitic B&oS; phase in this
H sample. A structure refinement of the diffractogram taken at
6.500 g 4.7 K, using the orthorhombic BaCgStructure gave fac-
= i tors of about 11%. Because of this large uncertainty in the
g b i determination of the nuclear structure, we focus on the mag-
" L. 509 netic properties of our sample. Figure 3 presents the differ-
< 6.450 — ) o, 27.0 27.5 28.0 28.5 29.0 |
' TN 28 (egreen) ence spectrum, at low angles, between the diffractograms
& recorded at 216 K, where the magnetic intensity was stron-
\ o gest, and 290 K. For comparison, the strongest nuclear peak
6.400 —op——* : L . "
intensity is 2330 counts. Below 280 K, nine additional re-
a ' flections are observed with indice®/2 k/2 |) with h, k
. q’,,aﬁ%"/"”" odd. These can be indexed in a two times larger, tetragonal,
6.350 o 1 ' : ' : magpnetic lattice, rotated by 45° in the basal plane with lattice
00 200 300 ~ 5 B
T (K) parameters amag= v2a and Cpyg=cC. At 216K,

Amag= 6.407 A, andcpy=8.939 A. In this setting, the
FIG. 2. The orthorhombic distortion of BaGeNio;S, g, dis- ~ Magnetic ordering wave vector@ = (0 0 1). In the follow-

played as the temperature dependence of the lattice paramaetersing discussion, we will use indices referring to the tetragonal
and b. To obtain the unit-cell lattice constants in the tetragonalnuclear structure. In Fig. 1 the magnetic structure is pre-
phase, abov@, a = b should be divided by/2. The inset shows sented by filledlopen symbols for the cobalt atoms, repre-
the (1 1 0 and(1 0 2 reflection, indexed in the tetragonal lattice at Senting equalopposit¢ moment direction. The inset of Fig.
287 and 19.4 K. At 19.4 K, the broad peak at lower angles indicate§ shows a projection of the magnetic structure onto the basal
splitting of the orhtorhombi¢2 0 0) and (0 2 0) reflections. plane. Note that within a monolayer, the NN interaction is
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TABLE Il. Measured magnetic reflections and their integrated 1250 . ; . . . .
intensities at 216 K, compared with those calculated for the cobalt = o A1)
moment oriented along theaxis and in the basal plane. Our pow- = 1000 - © W212,2)
der experiment does not allow determination of the moment direc- >
tion (see text g

> 750
20 Imeas Icalc g
(deg) bk @uw  pfo0y w110 £ st
16.63 i1 100 100 67.2 2 —
23.75 112 74.7 21.1 100 & 250 3
30.50 310 28.6 16.7 7.1 S o >
31.99 i1 48.8 69.5 11.0 0 - - = - '
32.42 113 425 5.9 55.9 0 100 200 300
36.35 312 39.9 75 3.6 T (K)
42.08 224 22.3 7.3 4.7 . _ .
42.72 31g 23.0 05 05 FIG. 4. The temperature dependence of the integrated intensity
22 : 1 11

45.90 g 22 13.0 120 119 of the magnetic § 51) and (5 3 2) Bragg peaksTy equals 280

+ 2K. Note the small residual magnetic intensity below
T, = 150 K. This is attributed to incomplete phase transformation
in our sample. The lines are a guide to the eye.
antiferromagnetic. The orientation of Co moments between

monolayers varies, being AF along one basal plane directiorthe metallic phase from their Msbauer experiments.
and FM along the other. Mixed-phase material or sample inhomogeneity may explain
The magnetic neutron intensities observed at 216 K aréuch observations.
given in Table Il. The powder nature of the experiment and
the absence of3(3 0) and (0 0 1) magnetic reflections pro-  IV. ELECTRONIC PROPERTIES AND DILATOMETRY
hibit us from unambiguously establishing the moment direc-
tion in the ordered phase. However, the relatively strong o
112) and ( 1 3) reflections as compared t¢ ¢ 1) suggest The temperature dependence of the resistiyify,), of a
that the moments lie in the basal plane, pointing along théaCo;_xNi,S,_, sample with the nominal composition
NN direction [1 1 0], since neutrons are only sensitive to X = 0.1 andy = 0.2, sintered at 890 °C, is shown in Fig.
spin components perpendicular to the scattering vector. R&(@). For this sample the temperature range of the hysteresis
finement ofall magnetic reflections, however, gives equal fit/0op and the resistivity jump &fts (two orders of magnitude
quality for moments aligned along thedirection. The or- upon cooling are similar to those for the sample with
dered cobalt moment was calculated by comparing the inte¥ = 0.15 in Ref. 1. The conductivity of our samples in the
grated intensities of all observed magnetic Bragg peaks withF phase is of order 1-10~'cm™*, orders of magnitude
the nuclear0 0 1), (11 2), and(2 0 0 reflections. We have smaller than Mott’s minimal metallic conductivity, and com-
used the reported magnetic form faclofhis procedure parable to that of the Mott insulator BaCp$h the same
yields an average cobalt moment@f,y= 1.8+ 0.5u5. A  range of temperatures. Fof > T the semilogarithmic
detailed neutron-diffraction study on single-crystal samplegraph ofp vs T is a nearly straight line, In{/ po) = —T (not
is necessary to completely describe the antiferromagnetighown. For more detail, we present the logarithmic deriva-
state. The magnetic structure is in accord with that observetive of p with respect to I, dInp/d(1/T) = A, /kg, vs 1T
recently by Kodamaet al° for stoichiometric BaCogand  in Fig. 6. We find thatd,, known as thelocal activation
doped BaCg g,Ni 5 17:S,. This doped material has a similar energy is nottemperature independent as would be expected
ordered moment of 175 at 100 K© for a thermally activated process with a constant activation
We have followed the temperature dependence of th@nergy,A,. Instead, it rises up tdy . Over a wide tempera-
magnetic intensity down to 4.7 K. Figure 4 displays fhe ture range it varies a¥?, and at a faster rate & is ap-
dependence of the integrated intensities of the two strongedroached. At the magnetic transition, it peaks and subse-
magnetic reflections,3(3 1) and ( 3 2). The intensities are quently drops to a lower value. Although tiledependence
seen to monotonously increase beldly = 280+ 2K, of A, varies for samples from different batches, the cusp at
reaching a maximum just above the AFI-PMM transition. Ty is evident in all sample&s seen in the lower plot in Fig.
Through this transition, the intensity drops by roughly a fac-6 for a sample sintered at 850 §.Close inspection of Fig. 3
tor of 4. It follows closely the hysteresis in the structural of Ref. 5 shows that, for the compound BaGoSelow
distortion shown above in the x-ray data. Therefore, we be~ 220 K, In(p/pg) « —T with A, roughly two times larger
lieve that the residual antiferromagnetic intensity at 4.7 K isthan for our samples; in both caskgT) follows the gradual
due to parts of the sample, with slightly different stoichiom- drop of the susceptibility with decreasifigbelow Ty .*
etry, that have not been transformed into the low-temperature From the relation between the local activation energy and
crystal structuré® The amount of parasitic phase present inA,,
this sample may be an indication of such off-stoichiometry in
the main phase. Our data are in conflict with recent observa- A=A T(%) 1)
tions by Felneret al.® who claimed a persisting AF order in Im"a daT )’

A. Resistivity and thermoelectric power
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! ! | T (K)
= BaCo, ,Ni, S, ¢ 3OPK ZSPK 200K
s 2 10°
) 1:: 890°C <z
[5) E ~—
a - o~
a 7 g 10° 4
0.5 <
E 2
E =
Ot 1 1 =l 1o 0 T‘ 4 .
] + 1T o 8T N
s 4102 [x 2T = 12T N
30 3107 4107 5107
E UT (K
<
> 207 I N
= : FIG. 6. Double-logarithmic graph of the local activation energy
%) E (in Kelvin) versus 1T for various samples of BaG@NigS; g,
10 obtained from measurements in different magnetic fields. The sin-
E tering temperatures of the samples are indicated in the figure.
0= tweenTy and RT, withA, = 0.11 and 0.08 eV for the 890
= and 850 °C samples, respectively. This indicates that
20 aboveTy and at least part of it belowy is associated with
] NNH.
e * The absolute thermoelectric powd@EP), S(T), is a very
ii 103 sensitive probe of the electronic structure of conductors
v aroundEr, and particularly powerful in studying conductors
0 E with narrow bands and/or localized states. Figurés-55(d)
E display the temperature dependence-o5(T) for samples
E with the same nominal compositiox & 0.1,y = 0.2 sin-
210 tered at 890, 880, and 850 °C. As shown by the arrows, the
Z ] TEP was measured while the samples were slowly cooled
; o ] from RT down to 77 K and then slowly heated to 400 K.
R L R I LA L B i i ; ;
0 50 100 150 200 250 300 350 400 S(T) is positive in the entire temperature range. The phase

T (K) transition atTg is marked by sharp jumps and hysteresis
following those ofp(T). For T > T (the upper transition
N temperature upon heating; the transition temperature upon
FIG. 5. Temperature dependence of the resistivil), of a cooll?n is Iaberl)edT d) we ?)bserve differences Eetween thpe
BaCo, oNi 1S, g sintered at 890 °Ga) and of the absolute ther- 9 . S . .
mopower,S(T), of samples sintered at 890 @), 880 °C(c) and results obtained upon cooling and heating, analogous to the

850 °C (d). The composition of the samples expressed in the forfindings from resistivity. The reproducibility is better in the
mula is nominal. 850 °C sample with the lowes. The AF transition tempera-

ture Ty is marked by a small decrease 8{T) for the
the rise inA, can be viewed as a result from a rapid decreas&90 °C sample. The rather small valuesSoéboveT; favor
of the activation energy\, with increasingT towardsTy, glectronlc transport via hopping in a band. o.fllocallzec.i states
associated with, e.g., the closing of a gap Bgis ap- I the whole temperature range. The pOSSIblllty of excitations
proached from below; in this regim& > A,. In the tem-  &CTOSS a gap seems remote. To obtain such3pW values,
perature range whera, « T2, observed for both our 890° th|§ process requires a high degree.of electron-hole compen-
sample and BaCoS the drop of the activation energy with Sa&tion, Whlch is unlikely to occur in these rather heavily
T may be approximated, by, = T(1—T/T,), with T, a  doped materials. , _
constant. The thermoelectric power is defined as

Figure 6 shows thaly for the 850 °C sample is- 5K

lower than that for the 890 °C sample. The smaller resistivity . i< = @
jump and lowerTy both indicate a lowel/x ratio in this le|T K '
sample. By resistivity measurements only, it is impossible to
distinguish between carrier excitations over a gap andvhere(E— w) is the average energy of the states participat-
nearest-neighbor hoppingNNH) in a band of localized ing in transport, measured from the chemical potential.
states of widthW (A, ~W/2).1213The negative temperature Our results show that up to RT5T|e|/kg=(u—E)/Kg is
coefficient ofp persists in the narrow temperature range be-one order of magnitude smaller than, which either indi-
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and cooling. The hysteresis is clearly visible: on cooling the
E transition takes place aT? =189+ 2K, on heating at
E T¢ =221+ 2 K. We find that 90% of the transition takes
L place within about 15 K. The hysteresis loop widdnar-
F rows) if higher (lower) heating or cooling rates are em-
ployed. It is surprising that in spite of the large distortions
a and strains which this phase transition must cause in the
g polycrystalline material, the sample does not desintegrate.
However the length changes vary slightly from run to run,
probably due to slight attrition during temperature cycling.
The observed length change is about one to two orders of
magnitude larger than those accompanying usual phase tran-
..... e sitions. The transition temperature aad/l depend slightly
150 200 250 300 on the sintering temperature of the sample. For
T (K) Tsiner=850°C  we find T¢=220K, while for
Tsinter= 890 °C Ty = 225 K. Assuming an isotropic, poly-
FIG. 7. Measured length changes of BaGNiy,S, versus ~ Crystalline sample, we calculate a volume change of
temperature. Note the huge anomalied at AVIV=3A 1/l = (1.05+ 0.19 x 10" 2. This is in fair
agreement with the value oAV/V= 0.01 reported by
cates that the chemical potential is close to the middle of th&00neyet al.* but larger than observed in our x-ray experi-
band, or thatW<A, (i.e., W continues to decrease above ment (AV/V=_O.QQ4). These different results_ indicate the
T,). TEP measurements above RT, recorded up to 400 KPresence of significant sample dependences in the structural
further clarify the situation. Abovay, S(T) for the 890°C changes af’s.
;ampledecreasesand thqse for the 880 and 850°C samples V. SUMMARY
increase towards saturation values. In the latter two samples
S(T) saturates near 300 K. A constant thermoelectric power We have investigated the crystal and magnetic structure
is the most direct evidence for transport in a narrow band®f the layered sulfide BaGaNio 1S, g, Which displays an
i.e., W = kgT. Below the AFI-PMM transition aT, S first antlferromagnetlc_t_ransmon_ at 280 K, foI_Iowed by an |r!sula-
rises with decreasing temperature, reaching constant valuéQ’ t0 metal transition that is accompanied by a lowering of

(or local maxima around 100 K. The large8(400 K) is ac- the crystal symmetry from tetragonal to, within our resolu-
companied by the largetS(100 K). For stoichiometric tion, orthorhombic at 200 K. The latter transition exhibits

BaCo_,Ni,S, and 0.2<x<0.6, S has values in the.V/K large hysteresis, and results in the loss of long-range antifer-

range. beina positive at high temperatures and negative r?magnetic order. From resistivity we have derived the tem-
ge, gp 9 mp neg ?)erature dependence of the local activation energy, and pro-
low temperature$.The small positive values of S in our

. ; . ose nearest-neighbor hopping in a band of localized states
metallic samples show that the sulfur vacancies shift th%s the dominant mechanism for electronic transport. This

chemical potential upwards by filling holes in the band. Wegqncjysion is supported by the observation of saturation of
can therefore correlate the increase of the hole filling with aRne thermoelectric power near 300 K. Large magnetic fields

0004 4 el L

0.003

Al/l

0.002

0.001

TTT T T TTT]

b b b |

o

increase of the observed resistivity jump. up to 12 T do not significantly influence either magnetic or
structural phase transition.
B. Magnetoresistance The measured properties of Baggli o 1S, gare found to

be sensitive to the exact preparation conditions. In future
: ) . L experimental studies, better control of the stoichiometry and
investigate t_h_e role_ of large applied mag”‘?“c f|elds_ on th(?hereby of the band fillindsuggested to govern the size of
phase transition. Figure(& presentsp vs T in zero field, e reistivity jump aff.) is needed. Further neutron scatter-
while Fig. 6 shows double logarithmic graphs &f/ks Vs g on single crystalé should be performed to establish the
L/T for various values of magnetic fields up to 12 T from 200 1,5 gnetic moment direction and investigate the dynamics as-
to 300 K. The effect of high magnetic fields on the resistivity s ciated with the structural phase transition. Single crystals
is negligible both above and below the antiferromagnetic, e 5150 needed for studying the anisotropy of magnetic and

transition. A field of 12T shiftsTy slightly towards lower  ansport properties, given the two-dimensional character of
temperatures. The structural transition is unaffected by ;s interesting alloy system.
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