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Abstract

The magnetic structure of the compound HoNiSi has been studied by neutron diffraction and magnetic measurements. The2

paramagnetic neutron data confirmed the CeNiSi type of structure reported earlier for this compound. The analysis of the data collected2

in the magnetically ordered regime (T 510 K) showed a collinear moment arrangement of the Ho moments along c invariant under theN
391magnetic space group C m9cm (Sh ). The refined moment value at 1.5 K is m 58.13(1)m .p 57 Ho B

1. Introduction

Ternary rare earth (R) compounds of composition
RMX where M is a 3d element and X a metalloid (Si, Ge,2

Sn) with the CeNiSi type of structure [1] (Cmcm space2

group) form a large family of compounds with interesting
magnetic properties that are presently being investigated
by several authors [2]. The present authors have under-
taken a systematic study of the magnetic properties of the
RNiSi series. In previous investigations the light rare2

earths (R5Nd, Pr) [3] were found to order ferromagneti-
cally with the easy magnetization direction along the
shortest direction, i.e., the c direction. By contrast, the Tb
compound [4] was found to display uniaxial antiferro-
magnetic ordering, with the easy magnetization direction
also along c. As a continuation of this study, the present
paper refers to the magnetic structure of the antiferro-
magnetic HoNiSi [5] compound, which will be shown to2

display a different type of antiferromagnetic order.

2. Magnetic measurements

The temperature dependence of the magnetization was
determined on a SQUID magnetometer in the temperature
range 4.2–350 K. Results are shown in Fig. 1. As is shown
in the inset of the figure, perfect Curie–Weiss behaviour is
observed over almost the whole temperature range. The

Fig. 1. Temperature dependence of the magnetization and reciprocal
susceptibility (inset) of HoNiSi . Measurements were made in a field2
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Table 1corresponding values of the effective moment and asymp-
Magnetic space groups of the Cmcm space group associated with the Cptotic Curie temperature are m 511.05m and u 53 K,eff b p lattice (q5(010)) and magnetic modes C(1122) and A(1221) of the

respectively. The value of the effective moment is close to 4c site
the free ion value (10.60m ) the temperature dependence ofb

Magnetic space group x y zthe magnetization is shown in the main part of the figure.
No sharp magnetic transition is observed in the tempera- 30192221

]]C i Sh - - -Pture range investigated although the shape of the curve m c m 51

39192221shown suggests magnetic ordering to occur below about 10 ]]C i9 Sh - - AP m9 c m 57K. The low value of the magnetic moment indicates that
41492221

]]the ordering is of the antiferromagnetic type. Our data are C i9 Sh - - -P m c9 m 59

in satisfactory agreement with those reported in [6]. 45392221
]]C i9 Sh AP m c m9 62

45492221
]]C i Sh - - CP m9 c9 m 62

40292223. Neutron diffraction 1
]]C i Sh C - -P m c9 m9 58

43192221Neutron diffraction experiments were carried out on a ]]C i Sh - C -P m9 c m9 60powder sample of HoNiSi , in the temperature range 2–152 31892221
]]C i9 Sh - A -K. The data were collected with the D1A (double axis P m9 c9 m9 52

multicounter diffractometer) at the facilities of the ILL in
˚Grenoble using a wavelength of 2.4783 A. The step

increment of the diffraction angle 2u was 0.18. The data
indicate no other significant deviation from the basic

were corrected for absorption and evaluated by the
structure.

Fullprof Program [6].

3.2. Magnetic ordering of HoNiSi2

3.1. Nuclear structure of HoNiSi2

Magnetic ordering becomes visible below 10 K. The
The neutron diffraction pattern collected in the para- magnetic reflections over the whole magnetically ordered

magnetic state at 15 K, is shown in Fig. 2 (top part). The region do not obey the reflection conditions of the C-
refined parameters given in Table 1 confirm the type of centered lattice. This means that the magnetic cell is
structure [1,2]. The R-factor values are satisfactory and primitive (C ) and q5(010). The dominant intensities ofP

the (0k0) k52n11 reflections indicate that the main axis
of antiferromagnetism is along the a or c directions. Due to
the special position (4c) of the Ho atoms, at the intersec-
tion of the m2m symmetry elements, the possible magnetic
modes are restricted to a uniaxial arrangement with either
the A(1221) or the C(1122) type of mode (see Table
1). The sign change refers to the atoms (1) (0,2y,1 /4); (2)
(0,2y,3 /4); (3) 1 /2, 1 /21y,1 /4); (4) (1 /2, 1 /22y, 3 /4).
The refinement of the magnetic intensities has shown a
collinear moment arrangement A(1221) of the Ho
moments along c (Fig. 3, Table 2) which corresponds to

391the magnetic space group C m9cm Sh [7–9]. Thep 57

refined moment value at 1.5 K m 58.13(1) [m ] isHo B
31smaller than the free ion Ho value gJ[m ]510[m ]B B

which is most probably due to crystal field effects. From
the temperature dependence of the magnetic intensities and
the ordered moment values shown in Fig. 4 one derives
that the ordering temperature is T 510 K in good agree-N

ment with the magnetic measurements.

4. Concluding remarks

Fig. 2. Observed, calculated and difference neutron diagrams of HoNiSi :2
Both HoNiSi and TbNiSi have a uniaxial moment(a, top part) measured at 15 K (paramagnetic state); (b, bottom part) 2 2

measured at 1.5 K (magnetically ordered state). arrangement along the shortest axis, i.e., the c axis. For
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Table 2
Refined structural parameters of HoNiSi in the paramagnetic state at 152

K and in the magnetically ordered state at 1.5 K. Space group Cmcm (No.
63). All atoms at 4c (0,y,1 /4). B 5overall temperature factorof

Parameter /value 1.5 K 15 K

y 0.1054(4) 0.1059(2)Ho

y 0.3238(5) 0.3236(1)Ni

y 0.4593(15) 0.4599(5)Si1

y 0.7506(14) 0.7497(4)Si2

m [m ] 8.13(4) -zHo B

a (nm) 0.39464(4) 0.39479(2)
b (nm) 1.6424(2) 0.39309(5)
c (nm) 1.6428(1) 0.39276(2)

2B (nm ) 0.005(1) 0.004(1)of

R (%), R (%) 6.15, 7.13 9.1, -n m

R (%), R (%) 20, 4.5 15, 8.2wp exp

Fig. 3. Schematic representation of the collinear antiferromagnetic
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Fig. 4. (a) Temperature dependence of the Ho magnetic moment of HoNiSi . (b) Temperature dependence of the magnetic intensities [(030) and (120)] of2

HoNiSi .2


