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Abstract

®

CrossMark

Here, we report the synthesis and magnetic properties of a novel, centrosymmetric, quasi-1D
spin chain system LazVWS;0¢, with hexagonal crystal structure (P63/m, a = 9.46076(3),
c=5.51809(2) A). Pure powders were obtained by solid-state reactions from La,O3;, WO3
and metal powders of V and W. X-ray powder diffraction, specific heat, magnetization,
139La-nuclear magnetic resonance (NMR), and electric resistivity measurements indicate
that the compound is a low dimensional magnet with an S = 1 spin chain that exhibits no
sign of magnetic ordering above 2 K. A single ion anisotropy (D/kg ~ 10K), caused by
magneto-crystalline effects, is probably responsible for a thermodynamic entropy release
at lower temperatures, which concurs with '*’La-NMR data. By detailed comparison with
non-centrosymmetric Ba;V,S403, having a very similar magnetic lattice, it is obvious that
the presence of crystallographic inversion symmetry has an effect on the behaviour of the

magnetic chains.
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1. Introduction

Quasi-one-dimensional (1D) magnetic systems exhibit com-
plex excitation spectra, which are far from being completely
understood [1]. Moreover, 1D materials always were an active
research topic because of their unique properties and potential
electrical applications [2—4]. In theoretical investigations, 1D
chains with non-classical spin, such as S = %2 and S = 1, have
gained considerable attention due to their relatively simple
descriptions. For instance, 1D system containing S ="'
chains without spin-excitations (gapless) are often referred to
as Luttinger liquids, featuring a spin-charge separation [5, 6].
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In contrast, 1D § = 1 system have a spin excitation gap and
belong to the Haldane physics [7, 8].

The understanding and the interest of crystallographic sym-
metry on magnetic properties was greatly improved by recent
works on multiferroics [9, 10] and skyrmion-related spin-
tronics [11], but those magnetic systems are usually quasi 2D
or 3D. However, due to lack of physical examples, it has not
been thoroughly investigated how the crystallographic inver-
sion symmetry (1) affects a 1D magnetic lattice. Locally, the
absence of inversion symmetry allows for higher-order effects,
like Dzyaloshinsky—Moriya interactions (DMI) [12, 13],
which describe the spontaneous couplings of magnetic spins
to the electronic polarity of the host lattice. These magneto-
electric couplings might result in canting of spins, where
exotic spin configurations, like spin-spirals in Ba,CuGe,O7
[14], spin cycloids in Mng95C000sWO4 [15], or helimag-
netism in Rb,Cu,Mo30;, [16], are observed. In contrast, a
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centrosymmetric 1D § = V2 lattice might involve spin-Peierls
transition [17], where two spins dimerize into a singlet states.
Consequently, a dimerized S = V2 antiferromagnetic chain has
a well-defined excitation gap [18, 19].

Recently, Bryhan et al reported novel 1D bichalcogenides
LazTMWS;0¢ (TM = Cr, Mn, Fe, Co, Ni) with centrosym-
metric crystal structures [20], but questions remained open
concerning their physical properties. Some of those materials
could be prepared as pure powders and a first insight in these
1D classical spin magnets was made [21], stating that they
exhibit typical low-dimensional magnetism with strong anti-
ferromagnetic spin—spin interactions but without long range
spin orderings. The polar, non-centrosymmetric 1D S =1
compound BazV,S403;, was reported some time ago [22],
but was only recently prepared as pure powder [23]: its 1D
magnetic lattice does not order above 2K although magn-
etic anomalies are observed at temperatures up to 140K.
For a better comparison, here the novel, centrosymmetric
LazVWS;0g is presented and its properties can be directly
compared with those of Ba3V,S40;, because of the same
magnetic ion (V3*, § = 1) on a 1D magnetic lattice in both
compounds. In the latter the charge disproportionation V3*/
V> was experimentally proven by x-ray spectroscopy [23].

Using the Niggli notation (from here on), LasVWS30¢
and Ba3V,S40;, with very similar crystal structures, can be
rewritten as Laz [WOg] .l [VSe/2] and Baz [VSO3] L [VSs,2),
respectively, emphasizing the shared feature of the infinite 1D
magnetic chain-lattice of face-sharing [VSg,] octahedra.
Hence, these two systems have the same magnetic chain lat-
tice, giving an opportunity to probe the effects of the crystal-
lographic inversion symmetry on a 1D S = 1 magnet.

2. Materials and methods

2.1. Synthesis

A polycrystalline sample of Las [WOg] ,1[VSe/2] was pre-
pared by a conventional solid-state reaction technique using
La,O3 (99.99%, Alfa Aesar), V (99.5%, Alfa Aesar), W
(99.9%, Alfa Aesar), WO3 (99.8%, Alfa Aesar), and S (99.5%,
Alfa Aesar) as starting materials. The constituents were
homogenized in an agate mortar and pressed into pellets under
inert conditions inside an argon glovebox (MBraun Labmaster
DP). These pellets were put into a corundum crucible within
a silica tube. Subsequently, the silica tube was sealed having
an internal pressure of 200 mbar of argon. The sample was
heated to 1150 °C and held at this temperature for 55h. The
pellets became a powder and were reground to ensure good
homogeneity. In powder form the sample was re-reacted twice
at the same temperature but for 10h with intermediate grind-
ings. Small crystals of Las [WOg] .1 [VSe/2] were grown in a
KClI melt using La;O3, V, W, WO3 and S as starting materials.
The reagents were funnelled into a silica tube directly, heated
to 950 °C, and maintained for 50h. Subsequently, the mixture
was cooled down to 500 °C during 50h and allowed to cool to
the room temperature at an ambient rate.

2.2. Electron microscopy

Energy dispersive x-ray analysis was performed on small
crystals of Laz [WOg] [[VSe/2] by Quantax EDX-System
(Bruker); Silicon Drift Detector (SDD, 6I30) with Espirit-
Software Vers.1.9 inside a scanning electron microscope
(SEM) JSM 7800 F (JEOL) equipped with a field emission
cathode.

2.3. X-ray diffraction

On the same sample that was used for property invest-
igations, x-ray diffraction was measured with CuKq, radia-
tion (A = 1.540598 A, Huber camera) and with synchrotron
powder x-ray diffraction (A = 0.40003 A) at beamline 1D22,
ESREF, Grenoble.

2.4. Magnetic investigations

For magnetic measurements, powder of Laz [WOg] .} [VSe/2]
was placed in an airtight polycarbonate capsule (2-350K) or
in a silica tube with corundum wool for higher temperatures.
The magnetic data were collected by a SQUID magnetometer:
Magnetic Property Measurement System (MPMS-XL) from
Quantum Design (San Diego). The zero field cooling (ZFC)
data were acquired after cooling the sample from 300K to
1.8 K without and external field and measuring on heating.
The field cooled (FC) data were subsequently obtained on
cooling, keeping the same static field.

2.5. Specific heat investigation

Specific heat measurements were performed by using a com-
mercial physical property measurement system (PPMS;
Quantum Design) by means of standard non-adiabatic thermal
relaxation method on the commercial Quantum Design sample
holder. The sample consisted of a thin plate of pressed, sintered
polycrystalline material (about 5 mg) that was attached to the
sample holder using Apiezon grease. At each temperature, the
sample was measured twice to rule out temperature drifts and
non-equilibrium states and each heat pulse was set to be 2%
of the system temperature.

2.6. Electrical resistivity

The temperature dependent resistivity was also measured with
PPMS from 130K to 300K by a standard four probe method,
using silver-glue and gold wires, on a sintered polycrystalline
piece.

2.7 Nuclear magnetic resonance

Solid-state nuclear magnetic resonance (NMR) measure-
ments were carried out using a pulsing technique on '*°La
nuclei in the temperature range 5-100K using a *He cryo-
stat. '**La has nuclear spin / = 7/2 and gyromagnetic ratio
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Figure 1. SEM images of an agglomeration of several Las [WOs] .} [VSe /2] crystals, using either a secondary electron (SE) or a back-
scattering (BS) detector. The largest crystal rod is about 100 pm long and exhibits the intimate inter-growth of crystallites.

421 = 6.014 MHz T~!. Field sweep NMR spectra were
obtained by plotting the echo integral intensity, i.e. following
a m/2 — 7 pulse sequence, as function of field at a fixed fre-
quency of 43.9 MHz. The NMR Knight shifts, K = (H, — H")
(T)/H*(T), were estimated by measuring the resonance field
usH (T) of the sample in comparison with the Lamor field
(Hp) of a non-magnetic La-containing reference compound.

3. Results

3.1. Electron microscopy

After the final heat treatment, homogeneous and fine black
powders resulted, suggesting that the title compound is a
small-gap insulator. EDX analyses on single crystals and
powder crystallite suggest the composition Laz2)Vo933)
Wi01)S3.23(7)06.5(3), as normalized to La. The obtained com-
position is close to nominal one and, further, no other ele-
ments were detected. Figure 1 displays single crystals of
Laz [WOg] ! [VSe,2], as observed in SEM. The low contrasts
in the back-scattering (BS) image suggest that the material is
compositionally homogeneous. The single crystal size ranged
from 30 to 100 pm, but due to intimate growths, a single
domain crystal of usable size, large enough for macroscopic
measurements, could not be separated from the salt melts.
Single crystal x-ray diffraction data were severely affected
by scattering from twin domains. All crystal rods have hex-
agonal-like habit.

3.2. Crystallography

The crystal structure of Las [WOg] .} [VSg/2] was determined
by comparing a Rietveld simulation with synchrotron powder
x-ray diffraction pattern, and a good agreement was obtained
even at high angles as seen in the inset of figure 2. The powder
sample is almost pure; the only observed secondary phase
was WS, [24] and its relative volume was refined to 1.6 vol%
by Rietveld simulation. As this impurity is nonmagnetic and
contains no La, it will not significant effect on any of the per-
formed measurements below. All measurement related and
crystallographic data from the Rietveld refinement are given
in table 1. Data from single crystal diffraction (not listed)
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Figure 2. Rietveld refinement of synchrotron powder x-ray
diffraction pattern of Laz [WOg] .} [VSg 2] with observations (red
dots), calculations (black line), and their differences (blue). Bragg
reflections are indicated by vertical lines for the main phase (up) as
well as impurity WS, (down). The inset graph shows a magnified
part of the high angle data.

agree well with the Rietveld model. Laz [WOg] .l [VSg )] is
isostructural to Laz [WOg] .l [TMSe »] (TM = Cr, Mn, Fe, Co,
Ni) [20]. The Laz [WOg] .1 [VSg /] structure can be described
as a hexagonal packing of chains that consist of face-sharing
VSe octahedra and extend along the unique (c) axis. Between
the chains reside WOy trigonal prisms with the tungsten ions
at their centres (figure 3). The lanthanum ions are filling
the voids between these two structural motifs. La atoms are
located 4.13 A apart in the apexes of regular triangles, which
alternates with WOg prisms along [00 1]. For a more complete
structural description, see the work of Bryhan et al [20].

3.3. Magnetometry

The magnetic susceptibilities, x(7), of Laz [WOs] .l [VSe/2],
measured as functions of temperature and at different applied
fields, are shown in figure 4. y(7) increases with decreasing
temperature and the high temperature data can be fitted with

a Curie-Weiss approximation: x (T) = xo + ﬁ, where
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Table 1. Crystallographic data for the measurement of La; [WOg] .} [VSs /2] and the resulting parameters, as obtained from the Rietveld

refinement of synchrotron x-ray powder diffraction data.

Formula LasVWS;30q¢

Formula weight (g mol~) 843.7

Z 2

Crystal system Hexagonal

Space Group P63/m (No. 176)

a(A) 9.46076(3)

¢ (A) 5.51809(2)

Cell volume (A%) 427.732(3)

Calc. density, p (g cm™>) 6.6

X-ray radiation source Synchrotron

Wavelength (A) 0.40003(1)

26 range (°) 1-48

Abs. coeff. 3.22

Total reflections 1339

Total refined parameters 45

R(obs), wR(obs) 0.017, 0.020

R(all), wR(all) 0.017, 0.020

GoF 1.79

Max peak/hole (elec. A~3) +2.2/-4.7

Atom Wyckoff X y z Uiso

La 6h 0.3169(2) 0.4067(2) L4 0.0046(2)
\Y 2b 0 0 0 0.0046(1)
W 2d % Vs Va 0.0023(3)
S 6h 0.2283(6) 0.0450(7) 7 0.006(1)
(0] 12i 0.636(1) 0.1633(9) 0.026(2) 0.005(1)

Xo 1is the temperature independent contribution consisting of
core diamagnetism and van-Vleck paramagnetism, C is the
Curie constant and Ocw the Curie-Weiss temperature. In the
temperature range 300-700K (inset figure 4), the fit yields
C =1.15(1) cm® mol ' K™, and fcw = —569(9) K. The core
diamagnetism of involved ions was taken from literature [25],
xo= —1.26 x 10~*cm® mol ..

From the value of C, the effective moment was calculated
to be per =~ 3.0 pp, which is in close agreement with the
expected spin-only value of 2.83 up for S = 1, assuming the
Landé factor (g) to be 2. The negative value of fcw indicates
that the dominant exchange couplings between V> ions are
antiferromagnetic in nature and that true paramagnetic behav-
iour will only be observed above 570K, of which the latter
explains the minor deviation from expectancy concerning the
estimated magnetic moment (p.g). Note, the Curie—Weiss
constant suggests that the average antiferromagnetic interac-
tion is relatively strong. However, for every two intra-chain
interactions there are six inter-chain interactions, and, if the
latter is antiferromagnetic, a geometric frustration results
due to the crystallographic hexagonal symmetry. Hence, the
antiferromagnetic interactions between the spin-chains might
increase the Curie—Weiss temperature but not the size of the
spin—spin interaction in each spin-chain.

In figure 4, the x(7) curve at uoH = 1 T increases as the
temperature approaches 2 K. This can be explained by a minor
paramagnetic extrinsic signal, probably from an impurity.
Upon saturating the Curie—Weiss tail at larger fields, a max-
imum in the x(7) curve at about 10K becomes evident that

originates from an intrinsic effect. This maximum agrees well
with the release of magnetic entropy (see figure 5).

3.4. Heat capacity

As seen in the specific heat measurements (figure 5), a Debye
like phonon contribution describes most of the data, that
start to saturate close to the expected Dulong—Petit limit:
3RN = 349.2 I mol~! K~!, where R is the gas constant and N
is the number of atoms in the chemical formula. Only at low
temperatures is it possible to discern a deviation from pure
phonon behaviour (upper inset in figure 5); the shown Debye-
curve contains high-temperature (30-300 K) measurements of
the non-magnetic reference compound Laz [WOg] ! [C0Sg 2],
where Co is in a low-spin d° state [21]. Below 30K, the Debye-
curve was extrapolated down to the ground state with a pure
phonon contribution. The low temperature entropy release
of Laz [WOg] l[VSs/2] coincides well with the magnetic
anomaly (figure 4); a simple integration of the presumed
magnetic contribution sums up to the entropy release that is
expected for a long range spin order or an S = 1 system: R In
(28 + 1). The entropy is, however, released over a very large
temperature, which is not typical for a magnetic spin ordering.

3.5. Electrical resistivity

Laz [WOg] ! [VSe,2] is obviously an insulator with a relatively
low conduction activation energy. The electrical resistivity
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Figure 3. Top view of the Laz [WOg] .} [VSg/] crystal structure, where the unit cell is marked with thin lines, the VSg octahedra and WO
trigonal prisms are emphasized as polyhedra or with coordination bonds. Thicker lines connect La atoms to clarify that they are situated as

trimers.

(data not shown) increases from ~3 {dm at room-temperature
up to ~5 kQdm at 125K and a straight forwards Arrhenius esti-
mation of the thermal activation energy delivers a value of
E, = 0.12eV, according to: = g x e 5/2s7 where o is the
conductivity, E, the activation energy, kg the Boltzmann con-
stant. However, the real value might be significantly larger,
because the conductivity is affected by crystal imperfections
in the bulk and, especially, at grain boundaries.

3.6. NMR measurements

The advantage of NMR is that it is a local probe and not sen-
sitive to impurities. Therefore, one can probe the intrinsic
properties of the spin system. '**La NMR field sweep spectra
of the central transition (CT: —%2 to +Y%2) measured at dif-
ferent temperatures are depicted in figure 6. For a quadru-
pole nuclei, the nuclear spin Hamiltonian can be expressed
where the first term represents the Zeeman interaction and the
second term represents the quadrupolar interactions. Here, ~y
is the gyromagnetic ratio for the nuclei, 7 is the Planck’s con-
stant, H is the applied field along Z, K is the magnetic shift
due to hyperfine field at the nuclear site, 7 is the asymmetry
3eQVzz
2hI(21—T)
stant, Vzz is the largest component of electric field gradient
(EFG) tensor, and eQ is the nuclear quadrupole moment. In
polycrystalline samples, each crystallite is arbitrary oriented
to the external magnetic field, which yield a distribution of
Euler angles and thus a broad powder pattern of NMR spectra.
The shape of the powder NMR pattern can be calculated by
summing up the all contributions from the possible orienta-
tions. The Knight shift measured along the z direction of the
applied magnetic field can be explained as

parameter, vg = is the quadrupole coupling con-

T T T
0.006 |- ]
.\ —0—1T
—%—3T
(o)
Ne —a-5T
N\ —0—
. *‘*‘*\’5. T
s | __o-00 i
£ 0.004 o—~0 °
—0-90
e .rl./. (o} o,
C3
=
[ 300 400 500 600 700
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0.002 T
1000 —
" -569(9) K.
© C=1.15(1) cm® mol”" K
%, =-1.26 10" cm’ mol”
il . A |
1 10 100

Figure 4. Magnetic susceptibilities of polycrystalline
Las [WOg] ! [VSs,2] as a function of temperature at different

applied fields. Inset shows x~'(T) and the solid line is an estimation
of the Curie—Weiss law.

K. (0,¢) = Kx/ sin*6cos’¢ + Ky sin’0sin®¢ + Kz cos?6,

where 6 and ¢ be the angles describing the relative orienta-
tion of (X', Y’, Z') versus the direction of external magnetic
field along z. Then the anisotropic Knight shifts are obtained
as

1 1
Kiso = g (KX’ + KY’ + KZ’) ;Kaniso = E

1
and Kax = 8 (2Kzl — Kyl — le) .

(Ky — Ko)
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Figure 5. Temperature dependence of specific heat of
polycrystalline Laz [WOg] .l [VS 2] measured at zero magnetic
fields, where the Dulong—Petit limit is represented with a dashed
line. The upper inset shows a Debye-like contribution as compared
with the measured C/T(T) data (Total). The lower inset displays
the integrated difference between measured (Total) and phonon
(Debye) specific heat signals, where two theoretical entropy levels
are marked.
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Figure 6. Temperature-dependent CT-field-sweep '**La NMR

spectra of polycrystalline Las [WOg] ! [VSe/2] measured at

43.9 MHz. The vertical dotted line corresponds to the *°La K = 0
position (Larmor field). The solid red line is the simulation of

the spectrum at 7 = 100K with the parameters given in the text.
The inset shows the field L-NMR powder spectra with the narrow
central transition (CT).

The 100K La-NMR spectrum can be fitted well with the
parameters Kjs, ~ —0.505%, K,x ~ 0.08%, Kyniso = —0.09%,
1 =0, vg~ 0.24 MHz, and a linewidth ~ 59.35 MHz. The
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Figure 7. Temperature-dependent '*’La NMR shift K as a function
of temperature. Inset: K versus y measured at 7 T is plotted with
temperature as an implicit parameter. The solid (red) line in the
inset is the linear fit.

line shape was found to be asymmetric agreeing with the
expected anisotropy in x(7) and/or in the hyperfine coupling
constant between the La nucleus and the V3* spins.

The spectral position was found to shift with temperature
and the NMR shift Kjs, dependence could be extracted by fit-
ting the spectra (see figure 6) as presented in figure 7. The
NMR shift increases with decreases in temperatures and then
passes through a broad maximum at around 20K again con-
firming the low-dimensional short-range nature of the magn-
etic exchange. The NMR shift, K(7), is a direct measure of
intrinsic spin susceptibility, Xpin, according to:

A
K(T) =Ko + N—fxspm(T),

where K is the temperature independent chemical shift,
Ay 1s the transferred hyperfine coupling constant between the
139La nuclei and V3 spins, and N, is the Avogadro’s number.
The conventional way for calculating Ay is to obtain it from
the slope of a K versus y plot with 7 as an implicit parameter
(figure 7), because x = (Apd/(up X Na)) X K is valid [26]. As
can be seen in the inset of figure 7, the K versus x plot follows
a linear behaviour at high temperatures (25 < 7 < 100K),

yielding Ko = 0.38(4)% and Ape = 4.72(1) kOe p15 .

4. Discussions

Centrosymmetric Laz [WOg] .} [VSg/»] remains paramagnetic
down to, at least, 8 K according NMR data although anomalies
are observed in specific heat and magnetic data at about 11K.
In an octahedron environment, two electrons have tgg config-
uration and its product representation (f, X ;) is reduced to
TA; + 'Ey + ', + 3T, with 3Ty as the ground state [27], which
is further split by a trigonal distortion into *A + 3E states [28].
The relative energies of these levels depend on whether the
octahedra is distorted along the (1 1 1)-direction (3-fold rotation
axis): either compressed in the title compound or elongated in
Baz [VSOs] L [VSg 2] Both situations are schematically shown
in figure 8. As V3" in Baz [VSO;3] ,}[VSe,] was not sitting at
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1
trigonal compression
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Figure 8. Proposed spin ground state of V** (3d) in a perfect octahedron (center), in a VSg-octahedron of Las [WOg] .l [VSe/2] (left), and

in a VSg-octahedron of Baz [VSOs]

o

P6,/m
[W6+Oe]
Q

K

L2, [WOlJVSs]

Figure 9. Arrangement of building units around V and W in the structures of Laz [WOg] .

the coordination centre, the ‘g’ subscript was removed. In the
title phase, the electron distribution ground state has three-fold
degeneracy (A), but when allowing for spin—orbit (S.0.) cou-

pling the lowest excited state has no degeneracy A). Hence, a
Schottky-like anomaly in the C,(7T) might agree with observa-
tions (figure 5).

When fitting a Schottky function, with doubly degenerated
excited states, to the released entropy, there is an obvious dis-
crepancy and the peak shape of the observed entropy release
is less distinct, more symmetrical, and lacks the power-law
like tail towards high temperatures. Yet, magnetic ordering
phenomena are still not considered because that would con-
tradict NMR data. However, by comparing with literature,
a spin-orbital splitting was observed for a trigonally com-
pressed octahedral coordination of V3t in CsV(SOy),-12H,0
(4.93cm™! ~ 7.1 K) [28], which would be similar to the sug-
gested splitting for the title compound (~10K, the maximum
in x(7) in figure 4). In contrast, the ground state and the lowest
excited states of Ba-compound is not well separated with

g‘— [V¥'Sg.l — ”gj

~[VSs /2] (right). The energy differences between levels are not correctly scaled.

@

q

Ba.[VSO,]VS,]

-
[ J\AE

! [VSe2] (left) and Baz [VSO3]  [VSg ] (right).

other states and a Schottky-like anomaly cannot be observed.
Hence, only the local NMR probe, among the techniques pre-
sented here, was able to detect that the single ion anisotropy
scenario is more probable than an ordering of spins.

It is worthwhile to compare the title compound with
Baz [VSOs] [ [VSg/2] to emphasize similarities and differ-
ences as well as the unique situation of comparing almost
identical magnetic chains (figure 9) with or without inversion
symmetry. Both compounds are electronically highly cor-
related so the oxidation state of vanadium and its spin size
should be the same. However, Baz [VSO;] . [VS /2] [23] lacks
the crystallographic mirror plane perpendicular to the unique
(c) axis and the space group in polar, non-centrosymmetric
P65 (No.173). The absence/presence of structural polarity
is mainly caused by the structural unit residing between the
magnetic chains: in the title compound, the trigonal prism
WOg can be described with a mirror plane perpendicular to the
high-symmetry (3-fold rotation) axis of the unit and the magn-
etic chain is correspondingly highly symmetric. In contrast,
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La,[WO,] JVS;.]
non-polar

Ba,[VSO,] [VS,.]
polar

Figure 10. Parts of magnetic chains in Laz [WOg] .1 [VSg 5] (left) and in Bas [VSO;] -o[VSe/2] (right) together with their corresponding
non-polar [WOg] and polar [VSOs3] structural motifs. Bond lengths are given in A, the V-S—V bond angle in degrees, and the polarities are

designated by pluses and minuses.
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Figure 11. Comparison of magnetic susceptibilities of

Las [WOg] ,![VSe/5] (red) and Bas [VSO;3] .} [VSe/2] (blue, data
from [23]), as a function of temperature measured at pipH = 1 T.
Both curves were obtained on cooling in a magnetic field.

all VSO; tetrahedra in Bas [VSOs] L [VSe/2] are equally ori-
ented and cause a global polarity. As a response, V3* moves
from the octahedral barycentre so that parts of this polarity
are cancelled (figure 10) and two different V-S distances are
observed.

With these minor differences in V-coordinations in mind, it
is possible to compare these two compounds and their macro-
scopic properties, to extract information on the behaviour of
an S = 1 chain in the absence/presence of a crystallographic
inversion centre (1). The here presented data for direct com-
parisons comprise magnetic susceptibility in the temper-
ature range 300-2K and magnetization at 2K; x(7) data of
Laz [WOg] .} [VSe/2] contain one anomaly at low temperatures
close to 11K (figure 11) is due to crystal field effects (see
figure 8 with corresponding texts above).

Hence, the centrosymmetric compound is paramagnetic
with strong antiferromagnetic spin—spin interactions at higher
temperatures and, as low temperatures, single-ion anisotropy
effects causes a deviation from simple paramagnetism. As an
inversion symmetry is situated exactly between V site in the
magnetic chain, at site 0,0,1/4 (Wyckoff 2a, site symmetry —6),

T
0.04 -
0.02
e of
£
= - Ba3[VSOS];,[VSs/z] 5
-0.02 a i
i La3[W05]cL[VSe/2] 1
-0.04}- L ‘ |
5 -3 40 1 3 °

pH (M

Figure 12. Comparison of magnetizations at 2K for La; [WOg) ..
[VS6,2] (red) and Bas [VSO;3] .l [VSg/»] (blue, data from [23].

DMI in the title compound should be insignificant. Although
strong anti-ferromagnetic spin—spin interactions also are
obvious in Baz [VSOs] [ [VSs o] (Bcw = —152K) [23] there
are at least two, exceedingly broad, maxima in its x(7)) data (at
25 and 140K) that can neither be explained by local electron
phenomena nor by long range magnetic orderings. Instead,
the crystal symmetry probably plays a crucial role in under-
standing the high temperature x(7) maxima: these maxima
then only appear if there is no inversion symmetry.

Because of intrinsic lattice electric polarity, higher order
phenomena have to be considered and DMI [12, 13] are
likely to be significant. DMI often prevent a collinear anti-
ferromagnetic ground state; instead, the spins are canted
out of the collinear state and a weak, residual ferromag-
netic (non-compensated) component remains, which is pos-
sible to detect by magnetization measurements: in the field
dependent magnetization data, the centrosymmetric title com-
pounds only exhibit a minor saturating component on-top of a
paramagnetic signal (figure 12), but the non-centrosymmetric
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Baz [VSO3] .} [VS,»] exhibits a small but significant residual
ferromagnetic signal, inferring that DMI might be active
although no long range spin order has evolved.

A similar ferromagnetic component was observed in
single crystals of non-centrosymmetric YBaCos;FeO; with
quasi static spins as observed by Mossbauer spectroscopy but
without long-range spin order as proven by neutron scattering
experiments [29]. As Baz [VSOs] ! [VSg/2] most probably is a
pyro-electric material, its weak temperature dependent elec-
tric polarity will be reflected in the very broad anomalies in
the x(7) curve, as a result of DMI. However, this has to be
further investigated at lower temperatures, on single crystal-
line specimens, and/or with alternative techniques (like myon
spin resonance) before these tentative postulations can be
concluded on. Moreover, with magnetic and spectroscopic
data from single crystals, it will be possible to estimate spin-
to-spin interaction strengths (J;) and single ion anisotropies
(Dy). Subsequently, these novel S = 1 magnetic chains can be
compared with other similar magnetic systems, which exhibit
systematics [1, 30].

The chemical flexibility of the here compared crystal struc-
tures [21-23] offer further possibilities for making detailed
investigations as function of spin size in the presence of or
lack of crystallographic inversion symmetry, which is a very
rare, perhaps even unique, situation.

5. Conclusions

The
Laz [WOg] ,[[VSe/] is described with a centrosymmetric
space group. It is a strongly correlated electron system (insu-
lator) where the chains of almost octahedrally coordinated
V3+ ions carry well-defined S = 1 moments and the spin-spin
interactions are strong and anti-ferromagnetic but without
magnetic long range order above 2 K. Observed crystal fields
suggest single ion anisotropy, which also agree with obser-
vation by NMR spectroscopy, magnetic data at low temper-
atures, and a Schottky-like anomaly in the specific heat data.
By detailed comparison with non-centrosymmetric compound
Baz [VSO3] .} [VSe,»] with a similar magnetic lattice, it is pos-
sible to conclude that the crystallographic inversion symmetry
has a large influence on the behaviour of the magnetic chains;
for the lattice without inversion symmetry magnetoelectric
coupling is evident through extra anomalies in the magnetic
susceptibility data. These crystal structures constitute model
systems for 1D magnetic chains with the spin-size and the
presence or absence of inversion symmetry as free parameters.

crystal structure of novel, quasi-1D magnet
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