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Abstract

i

We have studied the magnetic properties of the compound TbMn,Al, by means of neytron diffraction and magnetic
measurements. From the magnetic measurements it is concluded that the magnetic interactions in this compound are very weak
and do not lead to magnetic ordering above 4.2 K. From the neutron diffraction measurements it is concluded that magnetic
ordering is absent even down to 1.5 K. The influence of atomic-site disorder on the magnetic ‘properties is discussed.
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1. Introduction

The tetragonal ThMn,,-type structure is a compara-
tively simple crystal structure characterised by a single
Th position and three Mn positions. The latter three
positions differ markedly regarding their co-ordina-
tion. Numerous ternary rare-earth (R) compounds
(RT,_,M,) form in this structure type; the 3d-trans-
ition-metal atoms T and the s-, p-element atoms M
show a strong preference for one or two of the three
positions mentioned [1-4]. The magnetic properties
of the compounds based on Fe, RFe,Al;, are domi-
nated by the Fe sublattice that gives rise to anti-
ferromagnetic ordering at a temperature of about 170
K [2]. The rare-earth moments order at much lower
temperatures owing to the relatively weak magnetic
coupling between the Fe sublattice and the R sublat-
tice.

The situation is less clear for the Mn compounds,
RMn,Al;. No magnetic ordering and no magnetic
moments on the Mn atoms above 4.2 K were found in
a previous investigation [2] of the compounds
GdMn,Al; and YMn,Al, suggesting that the situa-
tion is not much different in the other RMn,Al,
compounds. By contrast, magnetic ordering and Mn
moments in excess of 1 uy in several RMn,Al,
compounds were reported in Ref. [3]. More recently,
Coldea and co-workers [5,6] analysed their high
temperature data of GdMn,Al; and YMn,Al in
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terms of spin fluctuations. These authors propose that
below 300 K only a few percent of the Mn atoms carry
a moment and that this property is closely associated
with the crystallographic'site which the Mn atoms
occupy. In order to clarify the situation regarding the
magnetism in the RI\/In4A18, we have investigated the
compound TbMn, Al by means of neutron diffraction
and magnetic measurements.
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2. Experimental

The sample of the compound TbMn,Al; was pre-
pared starting from materials of at least 99.9% purity
by standard arc-melting. Subsequently, the sample was
wrapped in Ta-foil and inserted into a quartz tube in
which it was vacuum annealed for 2 weeks at 800°C.
Examination of the annealed sample by X-ray diffrac-
tion showed that it was single phase. All diffraction
lines were indexed according to the tetragonal
ThMn,,-structure type.

The magnetic measurements were made on powder
samples by means of a SQUID magnetometer in the
temperature range 4.2-300 K in fields up to 5.5 T.

Neutron diffraction measurements were made at the
Saphir reactor in Wuerenlingen on powdered material
at variolis temperatures (a) on the DMC (Double axis
multicounter system) using A= 0.1704 nm (6, 26 and
300 K) and employing the high intensity mode and (b)
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in the double axis diffractometer P2ax, using A=
0.2337 nm (1.5 and 8.0 K) [7]. The step increment of
the diffraction angle 26 was 0.1°. The data were
corrected for absorption and analysed by using the
Rietveld line profile analysis method [8,9]. The scat-
tering lengths were taken from the data listed in Ref.
[10]. '

3. Experimental results and discussion

Results of magnetic measurements made on the
compound TbMn,Alg are displayed in Figs. 1 and 2. It
can be inferred from these results that the magnetic
susceptibility follows Curie-~Weiss behaviour over al-
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Fig. 1. Temperature dependence of the magnetic susceptibility in
TbMn,Al, derived from magnetisation measurements made in a
field of 5 T.
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Fig. 2. Field dependence of the magnetisation of TbMn,Al; at 4.2 K.

most the whole temperature range considered. The
Curie-Weiss intercept 6, is close to zero and the
effective moment derived from the slope of the plot is
Mege = 10.3 up per formula unit TbMn,Alg. This value
is close to the free-ion value g[J(J +1)]12u, =9.72
tg. That the former value is slightly larger than the
latter may be due to a small contribution from the 5d
valence electron polarisation of the Tb atoms. Alter-
natively, it may reflect the presence of a magnetic
moment on a small fraction of the Mn atoms, as
proposed by Coldea and co-workers [5,6]. The results
presented in Fig. 1 do not give any indication of
magnetic ordering occurring above 4.2 K.

The field dependence of the magnetisation of
TbMn,Al; measured with decreasing field strengths at
4.2 K is shown in Fig. 2. This curve has a shape typical
for a paramagnetic system. This result is consistent
with the above conclusion that there is no magnetic
ordering at 4.2 K or above.

The neutron diffraction diagrams of TbMn,Al
taken at 295, 26 and 10 K are shown in Figs. 3 and 4.
The latter two diagrams were collected with a 30 times
higher counting rate than the room temperature dia-
gram. Except for a small intensity contribution at
260=27°, these diagrams do not contain any more
peaks distinguishable from the background by more
than 1% than the room temperature diagram. Several
attempts to index this reflection by assuming a P
lattice or a magnetic cell that is a simple multiple of
the nuclear cell could not explain this single observa-
tion. When assuming a wave vector g =(0,0,0.78)
along ¢ one may explain this observation as a satellite
reflection of 002 x g,. However, a single observation
does not provide sufficient experimental support for
deriving a model since this tiny reflection could origi-
nate from a secondary phase. Further confirmation of
the fact that magnetic ordering at 10 K is absent was
obtained by inspection of the difference diagram based
on the 10 K and 26 K data.

In passing, we note that our results are completely
different from those obtained by neutron diffraction
on the isomorphic compound HoFe Al,. In the latter
compound there is clear evidence of magnetic satel-
lites on either side of the 200/101 and 220/211 reflec-
tions, which were interpreted as arising from incom-
mensurate long range magnetic ordering of the Fe
sublattice [11]. By contrast, our results do not provide
evidence for long range magnetic ordering of the Mn
sublattice, at least not for Mn moments larger than 0.2
Mg per atom.

Results of the refinement based on space group
I4/mmm and on the presence of only nuclear reflec-
tions are presented in Table 1. These results confirm
the conclusion that there is a strong preference of the
Al atoms for occupying the 8(i) and 8(j) sites and of the
Mn atoms for occupying the 8(f) site [4].
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Table 1

Refined positional parameters and site occupancy of ToMn,Al, (I4/mmm) at 295 K 26 Kand 10K; R, R

integrated nuclear intensities and the weighted profile
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wp are the reliability factors for the

Parameters Temperature i

295K 26K i 10K

X Occupancy x Occupancy ' x Occupancy
Tb at 2(a), (0,0,0) 1 1 ‘ 1
Mn at 8(i), (x,0,0) 0.3399(7) 0.02(1) 0.3408(6) 0.03(1) C0.3399(7) 0.024(10)
Al at 8(i), (x,0,0) 0.3399(7) 0.98(1) 0.3408(6) . 0.97(1) 0.3399(7) 0.976(10)
Mn at 8(j), (x,0.5,0) 0.2812(7) 0.04(1) 0.2811(5) 0.04(1) 0.2812(5) 0.0197(100)
Al at 8(j), (x,0.5,0) 0.2812(7) 0.96(1) 0.2811(5) 0.96(1) 0.2812(5) 0.98(1)
Mn at 8(f), (0.25,0.25,0.25) 0.25 0.95(1) 0.25 0.94(1) 025, 0.945(10)
Al at 8(f), (0.25,0.25,0.25) 0.25 0.05(1) 0.25 0.06(1) 025 0.055(10)
B,; (nm®) 0.0062(7) 0.0024(54) | | 0.0019(5) '
a (nm) 0.88823(7) 0.88547(5) . . 0.88548(5)
¢ (nm) 0.51108(4) 0.50678(4) | 0.50677(4)
R.(%), R, (%) 4.1, 82 27,52 3.09, 5.4
R.(%), x* 597,21 1.06, 30.6 1.06, 30.6

Neutron diffraction diagrams were also taken at 8.0
and 1.5 K in order to investigate whether the com-
pound TbMn,Al; is magnetically ordered at low
temperatures. Here, we restricted ourselves to the low
angle part of the neutron diffraction diagrams. Results
are shown in Fig. 4. Inspection of these results shows,
that when going from 8.0 to 1.5 K, there is virtually no

other change than some background enhancement in
the low 26 region, possibly indicating some short-range
order effects. Comparison of the data of Fig. 5 with
those shown in Figs. 3 and 4 makes it clear that there
is no significant change when going from 295 K to the
cryogenic temperatures. There is no visible change in
the intensity of the first few lines, nor are there any

TbMn.Al, 293 K, 1.704 A
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Fig. 3. Observed and calculated neutron diffraction intensities of ToMn,Al, at 295 K(a) and 26 K (b). The dxfference between observed and

calculated intensities is shown at the bottom of each figure.
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Fig. 3 (continued)

new lines of magnetic origin that would have indicated
some type of antiferromagnetic ordering. These results
are in agreement with the results of the magnetic
measurements (Figs. 1 and 2) that have refuted the
occurrence of magnetic ordering above 4.2 K. The
neutron diffraction results point to the absence of
magnetic ordering even down to 1.5 K.

4. Concluding remarks

In a previous investigation of the magnetic prop-
erties of the compound GdMn,Al;, it was found from
susceptibility measurements that magnetic ordering is
absent above 4.2 K [2]. The same conclusion can be
reached from results of '*>Gd Mossbauer spectroscopy
made on this compound, showing that hyperfine split-
ting at the Gd site is absent at 4.2 K [12]. Owing to
the fact that Gd has the highest spin moment of all the
rare-earth elements, the Gd compounds generally
have the highest magnetic ordering temperature within
a given series of isostructural rare-earth compounds. It
therefore seems plausible that magnetic ordering is
absent also in TbMn,Al; as derived from the magnetic

measurements and neutron diffraction described in the
present study.

The results obtained in the course of the present
investigation form a strong contrast with the results
obtained for TbMn,Al; by Felner and Nowick [3].
These authors reported a magnetic ordering tempera-
ture of 21 K for this compound together with an
effective moment that deviates quite markedly from
the free-ion value of Tb.

A possible explanation for this discrepancy regard-
ing the magnetic properties observed for TbMn,Alg
may be found in a difference in the degree of prefer-
ential atomic ordering of the Mn and Al atoms at the
8(f)(Mn), 8(@)(Al) and 8(j)(Al) sites. Coldea and co-
workers [5,6] have proposed that localised Mn mo-
ments occur only if the Mn atoms occupy the 8(i) or
8(j) sites commonly preferentially occupied by Al
atoms. In other words, localised Mn moments are only
expected if there is some deviation from the ideal site
occupancies of the Mn and Al atoms. If this deviation
is small the number of localised moments per formula
unit will also be small, and because of the corre-
spondingly high magnetic dilution no magnetic order-
ing will occur. With increasing site disorder the num-
ber of localised Mn moments will increase and, for a
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TbMn.Al, 10 K, 1.704 A
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Fig. 4. Observed and calculated neutron diffraction patterns of TbMn,Al; at; 10 X.
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Fig. 5. Low angle part of the neutron diffraction diagram of
TbMn,Al, taken at 8.0 K (upper) and at 1.5 K (lower part).

sufficiently large localised-moment concentration,
magnetic ordering will become manifest in the tem-
perature range considered. The presence of the local-

ised rafe-earth moments will enhance this magnetic
ordering and at the same time, these moments will
participate in the magnetic ordering process.

Our conclusion, therefore, is that the magnetic
properties of the RMn,Al; compounds are strongly
dependent on the preparatory conditions and the
concomitant degree of atomic site disorder of the Mn
and Al atoms. Evidently, in the sample of TbMn,Al,
studied by us, this atomic site disorder is comparative-
ly low and does not generate a number of localised Mn
moments sufficient for magnetic ordering. At the same
time, our results show that the magnetic interaction
between the rare-earth moments in the RMn,Al,
compounds is surprisingly low, as it does not lead to
magnetic ordering of the rare-earth sublattice above
1.5 K in TbMn,Al; and above 4.2 K in GdMn,Al,
[2,12]. ?
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