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Neutron Diffraction and Méssbauer Study of the
Magnetic Structure of HoR&ny;

J. M. Cadogan, Suharyana, D. H. Ryan, O. Moze, and W. Kockelmann

Abstract—We have used Time-of-Flight (ToF) neutron powder with some R atoms showing additional antiferromagnetic
diffraction, and both °7Fe and*'° Sn Mdssbauer spectroscopy, to components [5]—[8]. This magnetic independence seems to be
study the independent magnetic ordering behavior of the Fe and a consequence of the special position of isites whereby

Ho sublattices in HoFg Sns. The crystal structure of HoFe; Sng . . I
is orthorhombic (space grouplmmm). The Fe sublattice orders there is a net cancellation of the exchange fields from the

antiferromagnetically with a Néel temperature of 559(5) K, de- surrounding Fe planes. Tl ordering is then most likely due
termined by differential scanning calorimetry. The ToF neutron to an RKKY-type of indirect exchange.

diffraction patterns obtained at 30 K and 295 K show that the an- In this paper we present the results of a Time-of-Flight
tiferromagnetic ordering of the Fe sublattice is along [100] with a (ToF) neutron diffraction study of Hog&ns from which we

ropagation vectorq = [010]. The magnetic space group of the . . :
Ee guglattice istm'm'n[fL' an]d the Fe r%agnetig morr?ent gt 30K determine the magnetic ordering modes of both the Fe and Ho

is 2.31(5)uz. This magnetic structure is confirmed by our®sn Sublattices.

Méssbauer spectrain which 37% of the Sn nuclei experience a sub-

stantial transferred hyperfine field from the Fe sublattice while the Il. EXPERIMENTAL METHODS

remaining 63% of the Sn sites show no magnetic splitting, due to

the cancellation of transferred hyperfine fields from the Fe neigh- ~ The HoF@Sns samples were prepared by arc-melting
bors, in full agreement with our Wigner—Seitz cell calculations for  stoichiometric amounts of the pure elements under Ti-gettered

each of the eight Sn sites in the HoRgSng structure. The Ho sub- argon. Samples were subseguently annealed af r two
lattice orders ferromagnetically at 9(1) K. ToF data obtained at 4 K 9 K : Ip d und q . y t7 tub GPGG d
show that the Ho moments are aligned along [001] i.e., perpendic- weeks, sealed under vacuum in quartz tubes. Fowder x-ray

ular to the Fe ordering. The magnetic space group of the Ho sub- diffraction patterns were obtained using CurKadiation
lattice is Im/m/m. The refined Ho magnetic moments at 4 K are on an automated Nicolet—Stoe diffractometer. Thermogravi-

4.4(2)pp and 5.2(2)p at the 2a and 4h sites, respectively. metric analysis was carried out on a Perkin—Elmer TGA-7
Index Terms—Magnetic structures, Mossbauer spectroscopy, in @ small magnetic field gradient to look for evidence of
neutron diffraction, rare-earth intermetallics. ferro- or ferri-magnetic ordering in either the HqfSeg

compound or in any impurity phases which might be present.
The Néel temperature of the Fe sublattice in Hgbig was
measured on a Perkin—Elmer DSC-7, using the heat capacity
T IS WELL established that the Fe and R sublatticgseak atI'y as the signature of magnetic ordering. Mossbauer
in the RFgGe; and RFgSKs intermetallic compounds spectra using the” Fe and''?Sn resonances were collected in
(R = Gd — Lu, Y) exhibit independent magnetic behaviotonstant-acceleration mode using a conventional transmission
with roughly two orders of magnitude difference between thepectrometer. Magnetization measurements were made at
antiferromagnetic ordering temperature of the Fe sublattigeK on a Quantum Design SQUID magnetometer in applied
(450-550 K) and the ordering temperature of theublattice magnetic fields up to 9 T.
(<30 K) [1]-[4]. TheR order is predominantly ferromagnetic Time-of-Flight (ToF) neutron powder diffraction patterns
were collected on the ROTAX diffractometer at the ISIS spal-
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HoFe6Sn6 320C TABLE |

T REFINED ATOMIC POSITIONS (ATOMIC SITE GIVEN IN BRACKETS) AND
ISOTROPICTHERMAL PARAMETERS (B, ) IN HOFe;Sn; AT 593 K

Biso (AQ)
3.06(7)
.73(7)
.18(7)
.43(8)
.30(7)
L71(T)
.45(7)
.07(8)
.44(6)
.58(5)
.69(8)
.76(5)
.47(5)
.23(7)

Atom X y

Ho (2a) 0 0

5 Ho (4h) 0 0.1671(9)
Fe (4f)  0.7445(6) i

o Fe (8k) i ;

Fe (8n)  0.7519(7) 0.8344(4)

Fe (160) 0.2463(4) 0.0838(4) 0.2513(2)

1 Sn (4e)  0.3255(2) 0 0

| . o Sn (4g) 0 .5662(8)

B i 1 C . T Sn (4g) .1129(7)

) .2218(8)

LW ' e S (4g)
.0572(5)
.6102(8)

1 ! ! ! ! ! \ Sn (4h)

2 4 6 .8 1.0 1.2 1.4 Sn (4h)
.7204(7)
.6667(5)

Owl= OWi= Ol N

(=]

.5

Counts/musec.
.0

D-spacing, A X10E 1

HoFe6Sn6 30K Sn (4h) 0
| Sn (8n) 0.8387(8)

o +

N P = O WwWwwWwhNDND WY W

OO OO
OO O OO OO
QO == O O O

ol | forward-scattering mode. The 593 K pattern, being abibye

of the Fe sublattice, comprises only nuclear scattering. The
295 K pattern is omitted since it is virtually identical to the
- 30 K pattern. The refined atomic position parameters are given
in Table I.

i 7 Comparison of the neutron diffraction patterns taken above
. and belowTI'y indicate that the magnetic ordering of the Fe re-

B . ey~ sUts in the appearance of extra peaks which may be indexed as

YT N T ' h + k + 1 = odd (nuclear scattering peaks obBy- k + 1 =

oL | | | | | | | | ewven for theImmmspace group). This is most clearly seen at

B ) & 5 1o 12 12 d = 4.11 A, the extra peak being indexed as (131), (160). Thus,

HopleSpacing, A X108 1 the Fe order may be described asti-l i.e., Fe moments re-

lated by the body-centering I-translatign(1/2 1/2 1/2) are

antiparallel.

Counts/musec.

There are eight possible magnetic space groups associated
with the Immm crystal space group [11] and we have previ-
ously discussed in detail the derivation of the magnetic space
group for the Fe sublattice in our paper on the isostructural
1 YFe gSns compound [12], which has the same crystal space
group as HoFgSrs, namelylmmm This derivation is based on
a consideration of the point symmetries of the four Fe sites in
; . - the HoFgSrg structure and we refer the reader to our previous

e o w0 ‘ * iy paper for this discussion. Thus, we deduce fhab’m/m/' is the

YR I S—' A Ao abonosmet A1 magnetic space group for the Fe sublattice in H@&¥g. Fur-

L " | thermore, the Fe 4f site’s magnetic point grougof ' is only
= = — — S = — admissible with the Fe magnetic moment parallel to the 2-fold
D-spacing, A X108 1 axis which shows that the magnetic ordering direction of the Fe

Fig.1. Neutron powder diffraction pattern HbFe,Sne at 593 K (top), 30K Sublattices _in HoFRgSny is the [100] ‘&” QXiS. We assume thffﬂ _
(middle) and 4 K (bottom). the magnetic moments of the four Fe sites are collinear which is

are two Ho sites, four Fe sites and eight Sn sites. The Iattir%aesfencztl)ll?hg;fll?n t_hersrtgre}?)gth of the Fe—Fe exchange interaction
parameters (at 295 K) determined by neutron diffraction are N = 909 R

1.0

.0

Counts/musec.

a = 8.9017(3) A, b = 27.9899(21) A andc = 5.3927(4) A,. The fit to the 30 K neutron diffraction pattern with the Fe

The refinement R-factors (%)” are:R(Bragg) = 5.3, moments placed along the [100] direction and a propagation

R(Weighted Profile) = 8.4 andR(mag) = 13.5. vector of [010] is shown in Fig. 1. The refined Fe magnetic
moments at 295 K and 30 K are 2.04(%)} and 2.31(5)uz,

A. Fe Sublattice Ordering respectively.

In Fig. 1 we show the neutron diffraction patterns of The ordering of the Fe moments along the orthorhombic
HoFe;Sns obtained at 593 K, 30 K and 4 K, obtained im-axis is fully consistent with the magnetic order found in the
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246+05 orders between 4 K and 30 K. The strong magnetic peak

appearing atl 8.46A in the 4 K pattern is indexed as
(110), i.e.,h + k + [ = even, and is due to the Ho sublattice
ferromagnetic order. The fitting of the 4 K pattern shows that
the Ho ordering direction is perpendicular to that of the Fe
sublattice § axis). We find the best fit is with the Ho moments
along thec-axis. The refined Ho magnetic moments at 4 K are
4.4(2) up and 5.2(2)up at the 2a and 4h sites, respectively.
These moments are significantly lower than the “free-ion”
value of 1045 which reflects the fact that the measurement
was made af’/T- ~ 0.45. The magnetic space group of the
Ho sublattice in HoOFgSrg is Im/m’m. The refined Fe moment
at 4 Kis 2.32(5)up.
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IV. CONCLUSION
Fig. 2. 119Sn Mossbauer spectrum HibFeqSng obtained at 295 K.

The Fe sublattice in Ho&ng is antiferromagnetic with a
parent FeSn compound, as explained in our previous paperNgel temperature of 559(5) K. The direction of magnetic order
YFesGe; [13]. is [100] with a propagation vector of [010]. The Fe magnetic

As in our previous study of the Fe sublattice order ifnoment (at 295 K) is 2.045. The magnetic space group of
YFesSns [12], we have used!®Sn Méssbauer spectroscopythe Fe sublattice igpm’m’m/. *Sn Méssbauer spectroscopy
to confirm the Fe sublattice magnetic ordering mode deduce@nfirms the Fe sublattice magnetic structure determined from
from our neutron scattering experiments. Sn is nonmagnetic &A@ ToF neutron diffraction patterns. The Ho sublattice orders
so any hyperfine magnetic field observed at th&Sn nucleus ferromagnetically at 9(1) K along the [00dfaxis, i.e., perpen-
is due to Surrounding magnetic moments i.e., a transferr@@lﬂal’ to the Fe order. The refined Ho magnetic moments at4 K
hyperfine field. We have determined the nearest-neighb®i€ 4.4(2).5 and 5.2(2).5 at the 2a and 4h sites, respectively.
environments of the eight Sn sites in HgBe; by calculating The magnetic space group of the Ho sublattic&igm’m.
their Wigner—Seitz cells using the BLOKJE program [14].
Our magnetometry and ac-susceptometry measurements (not
shown here) indicate that the Ho sublattice in Hgig orders
magnetically at 9(1) K. Thus, abovel0 K only the Fe sublat-
tice is magnetically ordered and the Wigner—Seitz calculations[1] G. Venturini, R. Welter, and B. Malamad, Alloys and Compounggol.
show that all Sn sites have six Fe nearest-neighbors. However, 185, pp. 99-107, 1992.
the magnetic structure of the Fe sublattice in Hgfe, [2] Y. B. Wang, D. Wiarda, D. H. Ryan, and J. M. Cadog#ai-E Trans.

X i : o Magn, vol. 30, pp. 4951-4953, 1994.
determined from our neutron diffraction data, indicates that[3] D.H. Ryan and J. M. Cadogad, Appl. Phys.vol. 79, pp. 6004—-60086,
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