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While the antiferromagnetic binary compound V;Seg (Y. KiTAOKA AND H. YASUOKA, J. Phys. Soc.
Jpn. 48, 1460, 1980) of which the measured magnetic susceptibility above 27 K cannot be fitted to a
Curie-Weiss law and a Curie-Weiss law with a term for the temperature-independent paramagnetism,
the ternary compound Tl, 34VsSeg exhibits paramagnetism. The measured susceptibility fits the equa-
tion x = xo + CAT — 6). In comparison to TlyeV;sSz (W. BENscH, E. AMBERGER, AND J. ABART, in
press) with shorter V-V distances than in TlyVsSes, the magnetic moment attributed to V(3) in the

selenide is markedly higher.

Ternary chalcogenides of thallium and
transition elements with the general formu-
lae TITs Xz (T = Ti, V, Cr; X = S, Se) and
TLTeXs(T=V;X=8;T=Ti,Nb; X = Se)
build up channel structures based on an oc-
tahedral framework (/-5, 8). The TITsX;
compounds crystallize in the T1VsS; struc-
ture (4). In the course of our investiga-
tions of such channel structures, we pre-
pared a compound with the composition
Tlpg4VsSeg. A structural refinement was
carried out and the magnetic properties of a
powder sample were measured.

* Author to whom correspondence should be ad-
dressed.
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The sample was synthesized from the el-
ements. In order to produce single crystals,
a slight excess of seienium was used. The
mixture was placed in an evacuated and
sealed silica tube. After a heat treatment of
14 days at 1273 K, the probe was cooled
down to room temperature at a cooling rate
of 100 K/hr. The density of the sample was
determined by pycnometry. The result is in
good agreement with the density derived
from X-ray data and has the value 6.353(15)
g cm 3. The refined lattice parameters are a
= 1830.60(26) pm, b = 345.08(13) pm, ¢ =
887.40(14) pm, B = 104.04(2)°, V = 0.54383
x 10° pm?, Z = 2. The space group is C2/m.

The structure refinement of a needle-like
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TABLE I
AToMiCc AND THERMAL PARAMETERS OF Tlyg4VsSeg

Occupation
Atom C2/m X y z probability Ull U22 U33 U23 U13 U12
Tl 2@) O 0 0 0.2111(9)  0.0259(5) 0.0596(9)  0.0212(5) 0 0.0062(4) 0
V() 4(i) 0.2901(1) 0.5 0.14742) 0.5 0.0068(6) 0.0169(9)  0.0080(7) 0 0.0025(5) 0
V@) 2d) 0.5 0 0.5 0.25 0.0075(9)  0.0202(14)  0.0074(10) 0 0.0016(8) 0
v@3) 4(i) 0.1488(1) 0 0.4956(2) 0.5 0.0082(6) 0.0134(9)  0.0086(7) 0 0.0027(5) 0
Se(l)  43) 0.1595(1) 0.5 0.0028(1) 0.5 0.0069(4) 0.0104(5)  0.0096(4) 0 0.0019(3) 0
Se(2)  4() 0.2583(1) 0 0.3420(1) 0.5 0.0063(4) 0.0096(5)  0.0083(4) 0 0.0030(3) 0
Se(3) 4@ 0.0848(1) 0.5 0.3145(1) 0.5 0.0081(4) 0.0109(5)  0.0085(4) 0 0.0034(3) 0
Sed)  43) 0.4277(1) 0.5 0.3172(1) 0.5 0.0064(4) 0.0103(5)  0.0086(4) 0 0.0023(3) 0

Note. Standard deviations in the last significant digits are given in parenthesis. The anisotropic temperature factor is given by
T = exp[— 27U H2a*? + Upk?h*? + Usnlic*? + 2Unkib*c* + 2Uzhla*c* + 2U hka*b*)].

single crystal was based on 1885 unique re-
flections up to 26 = 80° (MoKe; radiation).
The scattering factors were taken from (6)
and corrected for anomalous dispersion (7).
After absorptional, Lorentzian, polariza-
tional, and isotropic extinctions corrections
we obtained a conventional R value of
0.053 for 1557 unique structure factors with
Fy > 2.50 (328 suppressed) and a total of 48
parameters. The weighted R value is 0.043.
Lists of the |Fy| values can be obtained from

TABLE II

INTERATOMIC DISTANCES
IN Tlyg:VsSeg (pm)

TI-Se(1) 338.7(1)
TI-Se(3) 332.6(7)
TI-Se(4) 338.9(7)
V(1)-Se(1) 242.33)
V(1)-Se(2) 260.0(9)
V(1)-Se(4) 260.1(3)
V(2)-Se(3) 252.2(2)
V(2)-Se(4) 250.2(4)
V(3)-Se(2) 259.6(2)
V(3)-Se(2) 268.7(3)
V(3)-Se(3) 244.3(4)
V(3)-Se(4) 241.6(3)
V(1)-V(1) 318.02)
V(1)-V(1) 345.1(1)
V(1)-V(3) 309.3(1)
VQ2)-VQ2) 345.1(1)
V(2)-V(3) 323.3(2)
V(3)-V(3) 407.403)

the authors on request. The resultant ther-
mal and position parameters are listed in
Table I. During our structure refinement
cycles we obtained a relatively high tem-
perature factor component U22 for TI,
larger than the U22 given by (I) for
TIV;sSes. We found that the U22 of all at-
oms are higher than the U1l and U33—in
agreement with Ref. (/). Our lattice con-
stants are somewhat smaller than those
given by (I), due to the smaller thallium
content. The axis ratios a/b and c/a are 5.30
and 0.485, respectively, in excellent agree-
ment with the values of (7). Table II shows
the interatomic distances. With the V(1)
atom in position 4i and V(2) in 2d, we ob-
tained significantly shorter metal-metal
distances in the structure, due to the
smaller lattice parameters. The distortions
of the octahedral environment of the vana-
dium atoms are of the same order as in
TlV5SCg (1 )

Magnetic measurements were carried out
with a Faraday balance in the temperature
range between 4.2 and 300 K at various
fields up to 0.81 7. For the calibration of the
apparatus we used CoHg(SCN); (9). A
small field dependence, which was due to
ferromagnetic impurities,! was eliminated

! The chemical analysis with the atomic absorption
spectroscopy of the vanadium powder shows that <50
ppm iron is present.



STRUCTURE AND MAGNETISM OF Tl g,V sSeq
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Fi1G. 1. The temperature dependence of the mea-
sured magnetic susceptibility of Tly g, VsSes. The insert
shows the temperature dependence in the temperature
range 15-260 K.

using a Honda—Owen plot. Figure 1 shows
the temperature dependence of the mea-
sured susceptibility. The probe shows the
coexistence of a temperature-independent
paramagnetism and a temperature-depen-
dent paramagnetism, which obeys the
Curie—Weiss law. We separated the tem-
perature-independent paramagnetism and
Curie—Weiss law susceptibility by fitting
the experimental points to the formula xy =
xo + C/(T — 6) by a least-square method.
The values of the magnetic parameters are
listed in Table III. Those of Tlgo6V5Ss,
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VsSs, and V;Seg are included for compari-
son.

Because of the uncertainty in determin-
ing the exact 6 value, we do not attribute
the slight positive value to a ferromagnetic
behavior. The fit suggests that Tlg g, VsSeg is
paramagnetic down to the lowest tempera-
tures. In contrast to the selenide V:Seg
(10), the measured susceptibility of
Tlyg4sVsSes can be fitted to the formula
given above. In V;Seg the magnetic mo-
ments are in ordered antiferromagnetic
state at 27 K. Above the Néel temperature
TN the measured susceptibility of this vana-
dium selenide cannot be fitted either to a
Curie—Weiss law or to a Curie-Weiss law
with a term for the temperature-indepen-
dent paramagnetism (10).

Proceeding from the sulfide Tlyg6VsSg to
the selenide Tlyg,VsSeg a decrease in the
temperature-independent paramagnetism is
observed, together with an increase of the
Curie constant. If we assume that the whole
magnetic moment of Tl 34VsSes is localized
at only one vanadium atom an effective lo-
cal moment of 1.69 = 0.03 ugp is derived
from the Curie constant. The most probable
carrier of the local moment in the selenide
is the V(3) atom in 4/, with the nearest va-
nadium neighbors at 309.3, 323.3, and 407.4
pm. These distances are clearly longer than
in the sulfide compounds, where they
amount to 301.1, 314.4, and 381.1 pm, re-
spectively (4). We attribute the significant
decrease of xp, together with the increase of
the magnetic moment, to the greater metal—

TABLE 111
MAGNETIC DATA OF TlygsVsSg, TlygaVsSes, VsSg, AND V;Seg

xo X 106 C x 106 6 Ty

Compound (cm?g!) (cm®* K g™ (K) (K) el in) Ref.
TlyssVsSs 2.87 46.3 —40 - 0.57 11
TlygsVsSeg 1.96 = 0.03 337 £ 15 25+2 —_ 1.69 = 0.03 This work
VsSs 4.0 1560 -10 35 2.5 12
VsSeg — —_ -10 27 2.5 10
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metal distances in the selenide, resulting in
a markedly decreased V-V d-orbital over-
lap.

In addition, the effective magnetic mo-
ments for V(3) in the Tl compound are
smaller than in the binary vanadium se-
lenide and sulfide ((10-12); see Table III).
V;Sg and VsSeg crystallize in a partially de-
pleted layer structure, with metal clusters
in the a—b plane and short metal-metal dis-
tances between these clusters parallel to
the crystallographic ¢ axis—which gives
rise to an antiferromagnetic ordering at
about 30 K in both compounds. Progressing
from VsSg to VsSes, the lattice parameters
are distinct greater in the selenide. Due to
this greater crystallographic axis, the dis-
tances between the metal atoms in the clus-
ters and between these clusters are some-
what greater in VsSe;. The effective
magnetic moment per vanadium atom in the
partially depleted layers and the Néel tem-
perature is not affected by these greater
metal-metal distances—as can be seen
from Table III. In first approximation, we
can conclude that in antiferromagnetically
ordered compounds the metal distances are
not the most important factors which de-
termine the ordering of the magnetic
moments. This is not the case in paramag-
netic compounds such as Tl gVsSs and
Tl 34VsSeg—as can be seen from Table III.
This observation—the increase of the Curie
constant and a decrease of the tempera-
ture-independent  paramagnetism  with
greater lattice parameters—is supported by
our investigations on the compound
Tlos3VsS44Ses6 (13). If all vanadium atoms
in TIVsSg or Tlg34VsSes were magnetic, the
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effective magnetic moments would de-
crease to values of 0.254 and 0.755 + 0.017
up, respectively. Additional investigations
are necessary in order to determine
whether only one type or all crystallograph-
ically inequivalent vanadium atoms carry
the local magnetic moment.
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