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ABSTRACT

The magnetic structure of the Fe,P-type RgCoTe, phases (R=Gd-Er, space group P62m) has been
investigated through magnetization measurement and neutron powder diffraction. All phases
demonstrate high-temperature ferromagnetic and low-temperature transitions: Tc=220K and
Ten= 180K for GdgCoTe,, Tc=174K and Tey=52K for ThgCoTe;, Tc=125K and Tcy=26 K for DygCoTe,,
Ten=60K and Ty=22K for HogCoTe, and Tey~30K and Ty~ 14K for ErgCoTe,.

Between 174 and 52K TbgCoTe, has a collinear magnetic structure with Ko=[0, 0, 0] and with
magnetic moments along the c-axis, whereas below 52 K it adopts a non-collinear ferromagnetic one.

Below 60K the magnetic structure of HogCoTe; is that of a non-collinear ferromagnet. The holmium
magnetic components with a Ko=][0, 0, 0] wave vector are aligned ferromagneticaly along the c-axis,
whereas the magnetic component with a K;=[1/2, 1/2, 0] wave vector are arranged in the ab plane. The
low-temperature magnetic transition at ~22K coincides with the reorientation of the Ho magnetic
component with the K, vector from the collinear to the non-collinear state.

Below 30K ErgCoTe, shows an amplitude-modulate magnetic structure with a collinear
arrangement of magnetic components with Ky=[0, 0, 0] and K;=[1/2, 1/2, 0]. The low-temperature
magnetic transition at ~14K corresponds to the variation in the magnitudes of the MX? and MX!

magnetic components.

In these phases, no local moment was detected on the cobalt site.
The magnetic entropy of GdgCoTe, increases from ASy,g=—4.5]/kgK at 220K up to ASyag=—6.5]/
kg K at 180K for the field change AugH=0-5T.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The Re¢TX; phases (R=Gd-Tm, T=Mn, Fe, Co, Ni, Ru and X=Sb,
Bi, Te) are known to adopt a Fe,P-type structure (space group
P62m, no. 189) [1-4]. In the Fe,P-type structure, the R atoms
occupy the 3(g) site (X1, 0, 1/2) and 3(f) site (Xgy, 0, 0), transition
metal atoms occupy the special position 1(b) (0, 0, 1/2) and
antimony (bismuth, tellurium) atoms occupy the special position
2(c) (1/3, 2/3, 0) (Fig. 1a). As a rule, the rare earth Fe,P-type
compounds demonstrate two ferromagnetic transitions: into a
high-temperature collinear ferromagnetic state (TbgFeBis, Erg{Mn,
Fe}Sb,, ErgMnBi,, HogFeSb,, HogFeBi, and HogMnBi,) and into a
low-temperature non-collinear ferromagnetic state (TbgFeBio,
HogFeSb,, HogFeBi, and HogMnBi, [5-7]). HogCoBi, shows a

* Corresponding author.
E-mail address: morozkin@general.chem.msu.ru (A.V. Morozkin).
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high-temperature collinear ferromagnetic ordering, too, but the
low-temperature ferromagnetic one has a wave vector K=[0, 0,
+ 1/5] [7]. No local moment was detected on the transition metal
site. Both the type of the transition metal and the distortion of the
unit cell strongly influence the magnetic ordering temperature
and hence the magnetic structure in these compounds. The Mn-
containing phases show highest magnetic ordering temperature
among the whole series.

Magnetocaloric properties have been investigated for TbgFeSb,
and TbgFeBi, [8]. The TbgFeSb, has a magnetic entropy change
ASmag=—2.24]/kgK at Tc=256K for the field change AH=0-2T,
whereas TbgFeBi, shows ASp,g=—2.56]/kgK at T¢c=246K for
AH=0-2T [8].

To understand the effect of transition metal and p-element
atoms on the magnetic properties of RsTX>, the magnetic structure
of the RgCoTe, phases has been investigated through the
combination of magnetization measurement and neutron powder
diffraction.
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Fig. 1. Unit cell of Fe,P-type RgCoTe, (a) and rare earth sublattice in Fe,P-type unit cell with the R2-2R2, R1-4R2 and R1-2R2 shortest bonds indicated (b).

Rg: P62m space group
62m (D3;,) point group
(RsCoTe,): Ogrzarz ~0.97
Or14rz ~ 1.00

R1°O

Table 1
Crystallographic data and magnetic properties of the Fe,P-type RsCoTe, compounds (space group P62m No. 189, atomic sites: Ry 3(g) [Xr1, 0, 1/2], Rz 3(f) [Xr2, 0, 0], Co 1(b)
[0, 0, 1/2], X 2(c) [1/3, 2/3, 0]).

Compound Unit cell Atomic Re (%)  Ten (K) Msae/R (ug) ASmagn ThD (K) Magnetic
data at 300K positions at 300K (H=0.01T) (J/kgK) structure €
SceCoTe,? a=0.78209 nm®
¢=0.37995 nm
YeCoTe,? a=0.82479 nm®
¢=0.39402 nm
GdsCoTe, [4]  a=0.8378(1)nm  Xca1=0.589(1) 59 Te=220K  3.94 —45(5T)
€=0.39831(5)nm  Xga2=0.241(1) Ton=180K (184K, 5T) —65(5T)
TbeCoTe, a=0.83087(4)nm  Xmp; =0.5975(3) 338 Te=Thmi=174K  F {Mp1, 1o2)c° (3m)
€=0.39627(2)nm  Xppp=0.2382(3) Ten=TN3=52K  F {Mrp1. 1oy (3m)+
+(F-AF)M(1p1, 102)a5*° (M)
DysCoTe, a=0.82698(9)nm  Xpy1=0.5947(8) 46 Te=125K
€=039493(3)nm  Xp,,=0.2407(8) Ten=26K
HogCoTe,* a=082328(2)nm  Xo1 =0.6001(2) 34 Ten=60K N2 ~ 60K F {(Mttor, oy (3m)+
¢c=0.39352(1)nm Xto2=0.2376(2) +AF {M(1o1, Hoz)gbm (m'my,)
TN'\’22 K T{I\IIII%NZZ K F {M(Hol, H02)EK0 (Bm)+
+AF {M(Ho1, Ho2)ap" M'my)+
+(F_AF) {M(Hol, HoZ)abKO (mh)
ErgCoTe, a=081950(5)nm  Xgr =0.5977(4) 47 Ten=TN3=30K  AF {Meer1, gizpae’! (2mmy) +
c=039228(2)nm  Xg2=0.2373(4) +(F-AF) {M(gr1, Er2)ap™° (Mp)
Tn=Th3~ 14K AF {Mgr1, B2y’ (2mmy)+
+(F-AF) {M(gr1, £r2)ab" (M)
TmgCoTey? a=0.81503 nm" Tc~16 K¢
¢=0.39081 nm
LugCoTey? a=0.81015nm"

¢=0.38920 nm

2 Hypothetical compounds.

> Hypothetical lattice parameters as deduced from atomic radii rule-see Fig. 2.
¢ The crystallographic data for HogCoTe, used with permission—o© JCPDS-International Centre for Diffraction Data.

4 Hypothetical from de Gennes rule.

€ F the ferromagnetic component; (F-AF) the ferromagnetic with antiferromagnetic component (non-collinear ferromagnetic); AF the antiferromagnetic component of
{Mz1, r2)ab"" “"HMr1, r2)c°R} atoms in the ab plane ore along c-axis with corresponding wave vectors Ko=[0, 0, 0], K;=[1/2, 1/2, 0] and corresponding magnetic point

group (3m), (2mmy,), (m'my) and (mp).

2. Experimental details

The phases under discussion were prepared by arc-melting
in an electric arc furnace under an argon atmosphere using a

non-consumable tungsten electrode and a water-cooled copper
tray. Pieces of tellurium (purity 99.99 wt%), gadolinium, terbium,
holmium, erbium and cobalt (99.9wt% purity for all of the
elements) were used as the starting components. Titanium was
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Fig. 2. Cell parameters vs. atomic radii (Rrare raren) Of rare earths for the of RsCoTe, phases. The open symbols correspond to the lattice parameters of hypothetical
compounds not studied here but whose lattice parameters are deduced from the general trend of the lanthanide contraction. The error bars are smaller than the

corresponding symbols.

Table 2

Interatomic distances in HogCoTe, and their ratio to the sum of the corresponding atomic radii é =D/(Ratomic1 *Ratomic2)-

Atom1-Atom2 D (nm) [ Coordination number Atom1-Atom2 D (nm) [ Coordination number
Ho1-4Te 0.31936 1.00 13 Co-6Ho2 0.27745 0.92 11
-1Co 0.32923 1.09 -3Ho1 0.32293 1.09

-4Ho2 0.34781 1.00 -2Co 0.39352 1.58

-2Ho2 0.35746 1.02

-2Ho1 0.39352 1.13 Te-3Ho2 0.32117 1.00 11
Ho2-2Co 0.27745 0.92 14 -6Ho1 0.31936 1.00

-2Te 0.32117 1.00 -2Te 0.39352 1.37

-2Ho2 0.33881 0.97

-4Ho1 0.34781 1.00

-2Ho1 0.35746 1.02

-2Ho2 0.39352 1.13
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used as a getter during arc-melting. The arc-melted samples were
annealed at 1070K for 200h in an argon atmosphere and
quenched in ice-cold water.

The quality of the samples before the neutron diffraction study
was evaluated using X-ray diffraction and electron microprobe
analysis. The X-ray data were obtained on a diffractometer DRON-3.0
(CuKa radiation, 260 =5-120°, step 0.02°, 10s per step). The lattice
constants were derived using the Rietan-program [9] in the isotropic
approximation (Table 1). A “Camebax” microanalyser was employed
to perform microprobe X-ray spectral analyses of the samples.

a Ten = 180K
3.00 on = 180
| Tc=220K
2.50
) 2.00
=
£ 1501 HoH =0.01T
E 1.00 A
0.50 4
0.00 T T T T T
0 50 100 150 200 250 300 350
T,K
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81 |
7 ! peH=001T
20 M/Dy = !
3 61 :
5 s i |
S 49 i i
3 |
2 ; :
] i
-
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T, K
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The neutron diffraction studies were carried out on the powder
D1B diffractometer [10] (Institute Laue-Langevin, Grenoble,
France) from 290 to 2K for ThgCoTe;, from 80K down to 2K for
HogCoTe, and from about 40K down to 2K for ErgCoTe,
(temperature step 1-5K). The neutron diffraction data were
analyzed and refined using the FULLPROF98-program in terms of
traditional crystallographic approach [11].

The dc magnetization was measured with use of a commercial
SQUID magnetometer (Quantum Design) in the temperature
range of 5-300K in the applied field up to 5T.

P 184 K
100 1 > 191 K
p 197 K
p 204 K
80 - e
o0 ) 224K
3 _ 231K
2 60
[}
= 40
20 /
122
O v T T T T
0 1 2 3 4 5
},L()H, T
d Tn=22K
4.00
3.50 ; I Ten=60K
02501 | :
E :
§2001 | |
= 1.50 ! ;
1.00 | |
0504 |
0.00 S . >

0 20 40 60 80 100 120 140 160 180 200 220 240
T,K

Fig. 3. (a) Magnetization vs. temperature and (b) vs. magnetic field around the magnetic transitions for GdgCoTe,. Magnetization vs. temperature for DygCoTe, (c) and

HogCoTe; (d).

TbeCoTe, Gd¢CoTe,
250 i
Dy¢CoTe, 1 Tc=220K
+ HogCoTe /’/
200 6 2 Tc=174K -
A 7
v 150 + //// TCN = 180 K
é ErgCoTe, Te=110 I,(/”
= 7
100 T X TCN =60 K //’
Ten=30K .-~
Ty~14K - Ten=52K
50 + N /// TCN =26K ..
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Fig. 4. Magnetic transition temperatures vs. de Gennes factor for RgCoTe;.
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Fig. 5. The isothermal entropy change, ASy,agn, of GdgCoTe; between the high-temperature, Tc=220K, and low-temperature, Tcy=180K, magnetic transitions.
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Fig. 6. Neutron diffraction pattern of TbgCoTe; at (a) 290K (paramagnetic state),
(b) 60K (collinear ferromagnetic) and (c) 2 K (non-collinear ferromagnetic) with
2=0.254nm.

3. Results and discussion
3.1. Crystal structure

The structure of the Fe,P-type RsCoTe, compounds projected
onto the ab plane is shown in Fig. 1a. The Fe,P-type RsCoTe,

lattice contains the Co and Te sublattices with the 6/m (Dgp) point
group and the rare-earth sublattice with the 62m (Ds;,) point
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Fig. 7. Neutron diffraction pattern of HogCoTe, at (a) 80K (paramagnetic state),
(b) 30K (non-collinear ferromagnetic) and (c) 2K (non-collinear ferromagnetic)
with 1=0.254 nm.

group (P62m space group). The rare-earth atoms occupy the
following positions: R1! (Xg, 0 1/2), R12 (0, Xg1, 1/2), R13 (= Xg1,
—Xg1, 1/2); R2! (Xga, 0, 0), R22 (0, Xz, 0) and R23 (—Xga, —Xga, 0).
The shortest R1-Te, R2-Te, R1-R2 interatomic distances are close
to the sum of metallic radii of pure elements, whereas the R2-Co
and R2-R2 interatomic distances are less than the sum of metallic
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radii [12]. The interatomic distances for HogCoTe, are summar-
ized in Table 2. The rare-earth atoms form the semi-isolated
cluster with the 62m (Ds;) point group that are shown in
Fig. 1b.

The a, c cell parameters and the volume of the unit cell, V, of
the RsCoTe, phases increase with the size of rare-earth atoms,
whereas the c/a ratio shows the opposite trend (Fig. 2). The a and ¢
parameters for the hypothetical ScgCoTe;, YsCoTe,, TmgCoTe,
and LugCoTe, phases with the same structure were
extracted from the extrapolation of the corresponding linear fits
(Table 1 and Fig. 2).

3.2. Magnetization

Magnetization measurements indicate two magnetic transi-
tions for GdgCoTe,, DygCoTe, and HogCoTe, (Table 1 and Fig. 3).
The high-temperature magnetic transitions are associated with
the ferromagnetic ordering, and the low-temperature ones may
correspond to the reorientation of magnetic moments and
appearance of antiferromagnetic components in the
ferromagnetic system. The temperature of the ferromagnetic
transitions in GdgCoTe,, DysCoTe, and HogCoTe, follows the de
Gennes rule (Fig. 4). The temperature of the magnetic ordering in
TmeCoTe; is estimated from de Gennes rule (Table 1).
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Fig. 8. Neutron diffraction pattern of ErgCoTe, at (a) 40 K (paramagnetic state), (b)
25K (amplitude-modulated ferromagnetic) and (c) 2K (amplitude-modulated
ferromagnetic) with A=0.254 nm.

3.3. Magnetocaloric effect

The magnetocaloric effect for GdgCoTe, was evaluated from
the magnetization vs. field (M vs. H) data measured around the
Curie temperatures with 7K increments. The magnetic field
changed from 0 to 5T in 0.2T steps. MCE in terms of the
isothermal entropy change, AS, was calculated from the magne-
tization data (Fig. 5) through the Maxwell equation [13]:

(6S(T.H)/6H>T = (6M(T,H)/6T)H. Through the integration of the

partial derivative of magnetization, M, with respect to
temperature, T, over a change in the magnetic field,
H, expression for the AS is obtained as: AS(T)\y=

Zj (aM(T,H)/aT)deH. In practice a numerical integration is

performed using the following formula: AS(T)py=
S ((Mj4+1—M;)/(T; . 1—T;))AH, where AH is a change in magnetic
i
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Fig. 9. Thermal variation of intensity of magnetic reflections in (a) TbgCoTes, (b)
HogCoTe, and (c) ErgCoTe,.
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field and M; and M;.; are the values of magnetization at
temperatures T; and T;.q, respectively.

The magnetocaloric effect for GdgCoTe, in terms of the
isothermal entropy change, ASmagn, increases from the high-
temperature to low-temperature magnetic transition (Fig. 5). The
maximum |ASpagn| value is close to the values observed for
isostructural TbgFeSb, and TbgFeBi, [8] but less than for pure Gd
(—ASmag/molGd~1 J/mol K for GdgCoTe; at 180K for ApgH=0-5
T and —ASmag/molGd=1.54]/molK for pure Gd at 293K for
ApgH=0-5T [14]).

3.4. Neutron diffraction study

3.4.1. Magnetic transitions

Figs. 6-8 show the neutron diffraction patterns recorded at
different temperatures in zero applied magnetic field for
TbgCoTe,, HogCoTe, and ErgCoTe,. No incommensurate
magnetic reflections were detected in ThgCoTe,, whereas both
commensurate magnetic reflections with Ko=[0, 0, 0] and with
incommensurate K;=[1/2, 1/2, 0] were observed for HogCoTe,
and ErgCoTe,. Thermal variations in the intensities of the
magnetic reflections indicate magnetic transitions at 174 and
52K for TbgCoTe,, at 60 and 22K for HogCoTe, and at 30 and
~14K for ErgCoTe, (Fig. 9).

3.4.2. Magnetic structure

The 62m (Ds;) point group consists of invariant 3m (Cs,)
subgroup and (mjx3m) subgroup of index 2. The possible
magnetic point groups for the 62m (Ds;) point group of the
rare-earth sublattice of the Fe,P-type phases are “colourless” 62m
(Dsn), 6(3/mp) (Csp), 3m (Gsy), 2mmy, (D1s), m (C1y), mpu (Cin)
and trivial 1 (C;) and “black-white” (Shubnikov) 3m’ and m’
(m'my,) [15], )

The 62m (3mmy,) (D3p), 6 (3/my) (Cap), 2mmy, (D1p), my (C1p) and
m’'my;, magnetic point groups correspond to the ab-oriented
magnetic ordering, whereas the 3m, 3m’, m and m’ magnetic
point groups correspond to the ordering of the rare-earth
magnetic moments along the c-axis in the Fe,P-type phases.

Table 3.

The magnetic structures of the RgCoTe, phases were deter-
mined in terms of the above-mentioned magnetic point groups in
association with the translation group in case of the commensu-
rate magnetic component (Ko=[0, 0, 0]) and with the translation/
antitranslation group in case of the incommensurate magnetic
component (K;=[1/2,1/2,0]).

The evolution of the magnetic order upon cooling can be
clearly identified from the development of magnetic reflections
for TbgCoTe,, HogCoTe, and ErgCoTe, (Figs. 6-8). Magnetic
structures and temperatures of magnetic transition were deter-
mined form the refinements of neutron powder diffraction data.
The crystallographic and magnetic parameters for TbhgCoTe;,
HogCoTe, and ErgCoTe, are summarized in Tables 3-5. Refined
values of the rare earth magnetic moments have to be
compared to the theoretical values of the Tb, Ho and Er ions
(MTb3+:9,uB- MH03+:10.MB and ME1‘3+:9#B) in the trivalent
state [16].

3.4.2.1. TbgCoTe,. Below 174K, TbgCoTe, has a collinear magnetic
structure with the 3m magnetic point group for the Tb sublattice
(the Tb magnetic moments are ferromagnetically ordered along
the c-axis) (Fig. 10a): {M{‘T%L tb2)c) (3m). The magnetic moments of
Tb1 and Tb2 have strongly different values (Table 3).

Below 52K the TbgCoTe, magnetic structure becomes a non-
collinear ferromagnet due to the presence of magnetic point
group my, for the ab components (Fig. 10b): {Mrp1, Tb2)abc }
(1)={Mrb1, 12)%} Bm)+{Mrp1, 02)05*°} (M4). The models with
the another magnetic point groups had no satisfactory agreement
with the experimental data. The magnetic structure projected
onto the ab plane consists of collinear, ferromagnetically ordered
domains (Fig. 10b).

The symmetry of the high-temperature magnetic ordering
closes the symmetry of the rare-earth sublattice, whereas the
low-temperature magnetic ordering leads to a decrease in the
magnetic symmetry.

The thermal variation of the terbium magnetic moments and
their angles around the c-axis are shown in Figs. 11a and b. Details
of the ThbgCoTe, magnetic structure are given in Table 3.

Crystallographic and magnetic parameters at different temperature T (K) for TbgCoTe,. Thet (K) is the transition temperature from the neutron diffraction study; "Para” is
for the paramagnetic state, "F" is for the ferromagnetic state, "F-AF" is for the ferromagnet with an antiferromagnetic component; {Mrb1, Tb2)c} and {Mrp1, Tb2)ab} is the set
of magnetic components of Tb1 and Tb2 atoms along c-axis ore in the ab plane, (3m) and (1) are the point group of these components, Xt,; and X, are the atomic
parameters, M;*° (1) is the magnitude of magnetic moment with the wave vectors Ko=[0, 0, 0]; ¢X° and 6;° are the angles (deg) of the corresponding magnetic moments

with the a and c axes, respectively.

s Type T Unit cell data Re (%) Atom Mj© o 0 R (%)
Para 3007 a=0.83087(4)nm 3.8
¢=0.39627(2)nm
X1b1=0.5975(3)
Xmp2=0.2382(3)
Para 290 a=0.8312(4) nm 3.9
¢=0.3970(2) nm
X1b1=0.591(1)
Xmp2=0.239(1)
174 F {M(1b1, 102) %} (3m) 58 a=0.8299(1)nm 3.5 Tb1! 5.7(2) 0 0 1.7
c=0.39548(7)nm Tb12 5.7(2) 0 0
X1p1=0.592(1) Tb13 5.7(2) 0 0
Tb2! 9.0(2) 0 0
Xp2=0.2405(7)
Tb22 9.0(2) 0 0
Tb23 9.0(2) 0 0
52 F {(Mro1, 1o2)c©} (3m)+(F-AF)}{M(p1, Tb2)a5<°5) 2 a=0.8299(1)nm 1.8 Tb1’ 8.1(2) 315 52(1) 2.0
¢=0.39506(5) nm Tb12 8.1(2) 45 52(1)
Tb13 8.1(2) 45 52(1)
Xp1=0.594(1) Tb2' 9.0(2) 45 14(1)
X1b2=0.2412(8) Tb22 9.0(2) 315 14(1)
Tb23 9.0(2) 315 14(1)

@ X-ray data.
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Table 4.

1321

Crystallographic and magnetic parameters at different temperature T (K) for HogCoTe,. Tey (K) and Thet (K) are the transition temperatures from the magnetization and
neutron diffraction studies; "Para" is for the paramagnetic state, "F" and “AF” is for the ferromagnetic and antiferromagnetic component, "F-AF" is for the ferromagnet with
an antiferromagnetic component; {Muo1, Ho2)c} and {M(1o1, Ho2)ab} are the set of magnetic components of Ho1l and Ho2 atoms along c-axis or in the ab plane, (3m), (m’) and
(1) are the point group of these components; Xyo; and Xy, are the atomic parameters, Mj’(O and Mj‘“ (ug) are the magnitudes of magnetic moments with the wave vectors
Ko=[0, 0, 0] and K;=[1/2, 1/2, 0]; qoj'“ and OjKi are the angles (deg) of the corresponding magnetic moments with the a and c axes, respectively.

Ten T Type T Unit cell data Re (%) Atom M 0f° 0;<° M 0! 0 R (%)
Para 300° a=0.82328(2)nm 4.7
¢=0.39352(1)nm
Xio1=0.6001(2)
Xio2=0.2376(2)
Para 80 a=0.8227(4)nm 33
¢c=0.3928(2)nm
Xio1=0.597(1)
Xio2=0.238(2)
60 ~60  FMo1, Ho2)® (3m) 25 a=0.8233(2)nm 26 Ho1' 4.4(2) 0 0 1.50(6) 60 90 6.0
AFM (o1, Ho2)apX (M) c=0.3925(1)nm Ho12 4.4(2) 0 0 1.50(6) 240 90
Ho13 4.4(2) 0 0 1.50(6) 60 90
Xio1=0.596(1) Ho2! 7.7(2) 0 0 1.50(6) 60 90
Xio2=0.239(7) Ho22 7.7(2) 0 0 1.50(6) 240 90
Ho23 7.7(2) 0 0 1.50(6) 240 90
22 ~22  FMgor, Ho2)® (3m) 2 a=0.8231(2)nm 24 Ho1' 49(2) 15 52(2)  1.63(6) 60 90 6.0
AFM (101, Hoz)ab< (/M) c=0.3924(1)nm Ho1? 49(2) 15 52(2)  1.63(6) 240 90
F-AFM k01, Ho2)ab<° (M) Xio1=0.596(2) Ho13 49(2) 15 52(2)  1.63(6) 60 90
Xi102=0.240(1) Ho2! 7.4(2) 105 22(2)  1.63(6) 60 90
Ho22 7.4(2) 105 22(2)  1.63(6) 60 90
Ho33 7.4(2) 105 22(2)  1.63(6) 60 90
2 X-ray data.
Table 5.

Crystallographic and magnetic parameters at different temperatures T (K) for ErgCoTe,. The¢" (K) is the transition temperature from the neutron diffraction study; "Para” is
for the paramagnetic state, "AF" is for the antiferromagnetic component, "F-AF" is for the ferromagnet with an antiferromagnetic component); {Mgr1, r2)ap} is the set of
magnetic components of Erl and Er2 atoms in the ab plane, (m) and (1) are the point group of these components; Xg; and Xg,, are the atomic coordinates, MjKO and
M;" (up) are the magnitude of magnetic moment with the wave vectors Ko=[0, 0, 0] and K, =[1/2, 1/2, 0]; ;" and 0,<" are the angles (deg) of the corresponding magnetic

moments with the a and c axes, respectively.

T Type T Unit cell data R (%) Atom M of° 0% M o 0! R (%)
Para 300? a=0.81950(5)nm 4.7
€=0.39228(2)nm
Xer1 =0.5977(4)
Xerz=0.2373(4)
Para 40 a=0.8183(4)nm 7.6
¢=0.3914(2)nm
Xgr=0.580(2)
Xer2=0.240(2)
30 F-AFM (g1, £r2)ab<C (M) 20 a=0.8194(4)nm 3.6 Er1! 6.6(2) 60 90 2.05(8) 60 90 7.8
AFM (11, Eryap< (2mmy,) ¢=0.3906(2) nm Er12 4.4(2) 60 90 2.05(8) 60 90
Xer=0.583(2) Er13 4.4(2) 60 90 2.05(8) 240 90
Xer2=0.234(2) Er2! 6.6(2) 60 90 2.05(8) 240 90
Er22 6.6(2) 60 90 2.05(8) 240 90
Er23 6.6(2) 60 90 2.05(8) 240 90
14 F-AFM g1, B2y’ (M) 2 a=0.8194(4)nm 42 Erl’ 7.6(2) 60 90 1.75(8) 60 90 8.2
AFM (11, Erayap< (2mmy) ¢=0.3907(2) nm Erl2 46(2) 60 90 1.75(8) 60 90
Xgr1=0.584(2) Er13 46(2) 60 90 1.75(8) 240 90
Xer2=0.238(2) Er2! 4.6(2) 60 90 1.75(8) 240 90
Er22 4.6(2) 60 90 1.75(8) 240 90
Er23 46(2) 60 90 1.75(8) 240 90
@ X-ray data.

3.4.2.2. HogCoTe,. Below 60K the magnetic structure of HogCoTe,
is non-collinear ferromagnetic. The holmium magnetic compo-
nents with a Ko=[0, 0, 0] wave vector are ferromagneticaly cou-
pled and directed along the c-axis ({Mo1, Ho2)°} (3m)
component) (Fig. 10a). The holmium magnetic component with a
K;=[1/2,1/2,0] wave vector arranged in the ab plane and belong
to the m'my, point group (Fig. 10¢): {Mo1, Ho2)ar™'} (m'mp). The
magnetic structure projected onto the ab plane consists of colli-
near, ferromagnetically ordered domains similar to those in

TbeCoTe, and the magnetic symmetry of HogCoTe, is {Mo1,
Ho2) <0} (3M)+{Mtio1, Hozyab' } (M'my).

The low-temperature magnetic transition at 22K coincides
with the transformation of the Ho magnetic component with the
K, vector from a collinear to non-collinear state, like in ThgCoTe,
(Fig. 10b): {M(o1, H02)CKO} (3m)+{Mo1, H02)ubK0} (mp)={M(to1,
Ho2)yabc} (1). The HogCoTe, magnetic structure is close
to a complex ferromagnetic cone due to an additional {Myo1,
Ho2yab °} (my) component. The low-temperature magnetic
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structure of HogCoTe, became {Mo1, Hoz)abc<C} (1)+{Mho1,
K1 ’
Ho2)ab ) (M'Mp).

Both, the high-temperature and low-temperature magnetic
structures belong to the 1 point group. The thermal variation of
the holmium magnetic moments and their angles around the
c-axis are shown in Figs. 11c and d. Details of the HogCoTe,
magnetic structure are given in Table 4.

KO

Mr1, r2)c (3m)
TbeCoTe, 52 K< T< 174 K
HogCoTe, 22 K< T< 60K

3.4.2.3. ErgCoTe,. Below 30K ErgCoTe, shows an amplitude-
modulated magnetic structure (Figs. 10d, e and Table 5). This
magnetic structure consists of collinear Er magnetic components
with Ko=[0, 0, 0] and K;=[1/2,1/2,0] vectors: {M:1, Er2jap "}
(mp)+{M(er1, Er2)ep'} (2mmy). Thermal variation of the
erbium magnetic moments (Fig. 11e) and intensity of magnetic
reflections (Fig. 9c) indicate a smooth low-temperature

KO
Mgy, R2)ap (M)
TbgCoTe, T <52 K
HogCoTe, T<22 K

K1
Mto1, Hozpab ~ (M'My)

HogCoTe, 22 K< T < 60K

Kl
M gr1, Ex2)ab (2mmy,)

ErgCoTe, T <30 K

KO
Mgr1, Er2)ap (1)

ErgCoTe, T<30K

Fig. 10. Magnetic structure of ThgCoTe;, between Tc=174K and Tcy=>52 K (c-axis component of HogCoTe;, below Tcy=60K) projected on the ac plane (Ko=[0, 0, 0]) (a);
projection on the ab plane of additional magnetic components of ThgCoTe, below Tcy=52K (ab plane component of HogCoTe;, below Ty=22K) Ko=[0, 0, 0]) (b); high-
temperature magnetic ab component of HogCoTe, between Tcy=60K and Ty=22 K (K;=[1/2,1/2,0]) (c); the erbium ab plane magnetic component with K;=[1/2,1/2,0] (d)

and with Ko=[0, 0, 0] (e) of ErgCoTe, below Tcy=30K.
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Fig. 11. Thermal variation of the R1 and R2 magnetic moments and their angles with respect to the c-axis in TbgCoTe; (a, b), HogCoTe, (c, d) and ErgCoTe, (e).

magnetic transition at ~ 14K. Below this temperature the
M{.§911'22,23 erbium magnetic component increases, whereas
the ME%2.1321 and ME! magnetic components decrease. Both, the
high-temperature and low-temperature magnetic structures
of ErgCoTe, belong to the my, point group. The magnetic structure
projected onto the ab plane consists of collinear, ferromagneti-
cally ordered domains, like in TbgCoTe, and HogCoTe,.

The rare-earth sublattice in RgCoTe, consists of semi-isolated
clusters (3R1-3R2) (Fig. 1b). In general, the magnetic structure of
the (3R1-3R2) cluster includes two ab-oriented domains with
collinear ordering of the magnetic moments (Mgi1ap T1 Mg22ab
11 Mg23ap and Mgi2ap 11 Mg13ap T 1T Mg21ap) (Figs. 10b—e) and two
c-oriented domains with magnetic moments of a different
magnitude (Mgi1c=Mgi2c=Mgi3zc and Mgz1c=Mga2c=Mg23c)
(Fig. 10a). In general, the magnetic structure of RgCoTe, consists
of such clusters with magnetic moments of different magnitude
and direction from cluster to cluster.

3.4.3. Thermal expansion of crystal lattice of ThgCoTe,

The neutron diffraction data from 290 K down to 2 K for ThgCoTe,
permit us to trace changes in the unit cell parameters with
temperature (Fig. 12). The a, ¢ parameters, c/a and unit cell
volume, V, increase with temperature. The high-temperature
magnetic ordering at 174K is accompanied by drops in a, ¢ and V,
whereas the low-temperature magnetic ordering at 52K show no
anomalies for these parameters. The TbgCoTe, phase may be
interesting as a potential magnetostrictive material, but the present
data must be confirmed by high-resolution diffraction studies.

4. Conclusion

Formation of the Fe,P-type RgCoTe, compounds from the Mg-
type rare-earth metals [6] is shown to modify the magnetic
structure of the parent elements. While magnetic orderings in
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Fig. 12. Thermal variation of the a and c cell parameters, c/a ratio and unit cell volume, V, for TbegCoTe;.
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RsCoTe, are lower in temperature than those of the pure rare-
earth metals, the current modification of the Mg-type lattice
facilitates ferromagnetic orderings and suppresses antiferromag-
netic ones. In general, the high-temperature magnetic transitions
correspond to ferromagnetic orderings and low-temperature ones
coincide with the reorientation of magnetic moments and
increase in the antiferromagnetic component.

The RsCoTe, compounds have a small magnetocaloric effect,
but their magnetostriction properties appear to be interesting.
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