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Abstract 

The crystal structure of new W3CoB3-type {Y, Gd - Ho}3Co3.25Al0.75, Gd3Co3.5Al0.5 and Tb3Co3Al 

compounds (Cmcm. N 63, oC28) has been established using powder X-ray diffraction studies. The 

magnetic properties of Gd3Co3.5Al0.5, Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 were determined by bulk 

magnetization measurements and neutron diffraction studies. Gd3Co0.5Al0.5, Gd3Co3.25Al0.75 and 

Tb3Co3.25Al0.75 exhibit ferrimagnetic ordering below 196 K, 161 K and 151 K, respectively. 



 

Tb3Co3.25Al0.75 shows a spin-reorientation transition at ~42 K. Below the ferrimagnetic ordering 

temperature Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 are soft ferrimagnets, meanwhile Tb3Co3.25Al0.75 shows 

magnetic hardness below the spin-reorientation transition with remanent magnetization per formula unit 

of 9.7 mB and coercive field of 15 kOe at 2 K.  

The magnetocaloric effects of Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 were calculated in terms of 

isothermal magnetic entropy change and they reach maximum values of -4.9 J/kg×K at 135-145 K and -

3.7 J/kg×K at 115-135 K, respectively, for a field change of 0-50 kOe. Low temperature magnetic 

ordering in Tb3Co3.25Al0.75 is accompanied by a positive magnetocaloric effect with isothermal magnetic 

entropy changes of +13.6 J/kg×K at 10 K for a field change of 0-50 kOe and +0.9 J/kg×K at 45 K for a 

field change of 0-10 kOe. 

Neutron diffraction study in zero applied field shows mixed ferro-antiferromagnetic ordering of 

Tb3Co3.25Al0.75 with a wave vector K0 = [0, 0, 0]. Below ~ 137 K Tb3Co3.25Al0.75 exhibits non-collinear 

ferrimagnetic ordering of terbium and cobalt sublattices with resulting of b-axis ferromagnetic and c-

axis antiferromagnetic components of Cmc¢m  = {1, mx} ´ {1, mz/[0, 0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 

0]} magnetic space group. The spin-reorientation transition in Tb3Co3.25Al0.75 below ~38 K corresponds 

to appearance of additional a-axis ferromagnetic component and decreasing of symmetry of magnetic 

ordering down to C2¢/c = {1, mz/[0, 0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 0]} magnetic space group. 

Key words: Rare earth compounds; Magnetic properties; Magnetocaloric effect; Neutron diffraction; 

Magnetic structure  

  

 

1. Introduction 

Intermetallic compounds composed of rare earth, transition metal and p-elements are being actively 

studied for the occurrence of large magnetocaloric effect over suitable temperature ranges for 



 

applications in magnetic refrigeration/heating technologies and for the occurrence of giant coercive 

force as potential basis for permanent magnets.  

The R3Ge4 (R = Rare earth) compounds displayed an intricate canted antiferromagnetic structure 

with two inequivalent sites for rare earth [1-2]. In particular, the Er3Ge4 compound undergoes an 

antiferromagnetic transition and a spin-reorientation transition and the entropy involved in spin-

reorientation transition has been found to be larger in the earlier calorimetric studies [2]. Transition 

metal (Co, Fe, etc) substitution at the p-element site yielded interesting structural and magnetic 

properties [3-6]. Novel rare earth intermetallic compounds {Y, Gd - Ho}3Co4-xAlx (x = 0.5-1) crystallize 

in the W3CoB3-type structure (the ordered variant of Er3Ge4-type structure), such as Er3FeGe3 [3], 

Gd3Co2.48Si1.52 [4], {Y, Gd, Dy - Tm}3Co2.2Si1.8 [5] and {Y, Pr, Nd, Sm, Gd, Tb}3Co3Ga [6]. These 

compounds belong to a large family of the two-layer orthorhombic structures with the Cmcm space 

group symmetry [5]. The structure is derived from the Mg-type rare earths via orthorhombic distortion 

of the initial hexagonal rare-earth lattice with the insertion of transition metals and p elements.  

Till now the magnetic properties of Er3FeGe3 [3] and {Y, Pr, Nd, Sm, Gd, Tb}3Co3Ga [6] were not 

investigated, whereas Gd3Co2.48Si1.52 [4] and {Y, Gd, Dy - Tm}3Co2.2Si1.8 [5] exhibit complex ferro-

antiferromagnetic ordering: Gd3Co2.2Si1.8 behaves as soft ferrimagnetic below Curie point [7], whereas 

{Tb, Dy}3Co2.2Si1.8 are soft ferrimagnets below Curie points and they exhibit hard magnetic properties 

below the spin-reorientation temperature [8]. Neutron diffraction study in zero applied field indicates 

mixed ferro-antiferromagnetic of Tb3Co2.2Si1.8 with wave vectors K0 = [0, 0, 0] and K1 = [±Kx, 0, 0] (Kx 

» 3/10): below TC = 125 K the magnetic structure of Tb3Co2.2Si1.8 is a set of canted ferromagnetic cones 

with a resulting b-axis ferromagnetic component and below TSR = 42 K its magnetic structure is a set of 

canted ferromagnetic cones with a resulting c-axis ferromagnetic component (between 53 K and 42 K 

the high-temperature magnetic order of Tb3Co2.2Si1.8 transforms to the low-temperature order via an 

intermediate state) [8]. 



 

This work reports the crystal structure of {Y, Gd - Ho}3Co4-xAlx (x =0.5-1) compounds, magnetic 

properties of Gd3Co3.5Al0.5, Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 compounds and magnetic structure of 

Tb3Co3.25Al0.75 from neutron diffraction study in zero applied field.  

 

2. Experimental details 

The {Y, Gd - Ho}3Co4-xAlx (x = 0.5-1) alloys were prepared by arc-melting the weighed amounts of 

rare earth (99.9 wt. %), Co and Al (99.95 wt. %). The samples were annealed at 870 K for 820 h in an 

argon atmosphere and subsequently quenched in ice-cold water. The quality of the samples was 

evaluated using powder X-ray diffraction and microprobe analyses. The X-ray data were obtained on a 

Rigaku D/MAX-2500 diffractometers (Cu Ka radiation, 2q = 10-80 deg, step 0.02). An INCA-Energy-

350 X-ray EDS spectrometer (Oxford Instruments) on the Jeol JSM-6480LV scanning electron 

microscope (20 kV accelerating voltage, beam current 0.7 nA and beam diameter 50 micron) was 

employed to perform the microprobe analysis of the sample. Signals averaged over three points per 

phase estimated standard deviations of 1 at. % for rare earth (measured by L-series lines), 1 at. % for 

cobalt and aluminium (measured by K-series lines). 

Magnetization measurements on bulk polycrystalline piece of Gd3Co3.5Al0.5, Gd3Co3.25Al0.75 and 

Tb3Co3.25Al0.75 samples were carried out using a vibrating sample magnetometer (VSM attachment on 

PPMS Dynacool System, Quantum Design, USA) in the temperature range of 2-300 K and in magnetic 

fields up to 140 kOe. Low field (100 Oe) magnetization data were obtained in zero-field-cooled (zfc) 

and field-cooled (fc) states to determine the magnetic ordering temperatures. The Curie temperature (TC) 

was defined as the dM/dT minima and Neel (spin-reorientation) temperature (TSR) was defined as M 

maximum of the thermal magnetization curve. Magnetization as a function of temperature was 

measured in 5 kOe field in zero-field-cooled state to obtain effective paramagnetic moment and 

paramagnetic Weiss temperature. Magnetization vs field hysteresis curves were recorded at different 

temperatures to obtain magnetization in field of 140 kOe (M140kOe), remanent magnetization (Mres), 



 

critical (Hcrit) and coercive fields (Hcoer). Magnetization isotherms were obtained at various temperatures 

ranging with a temperature step of 5 K (7 K) and a field step of 2.5 kOe to calculate isothermal 

magnetic entropy changes (DSm).  

Neutron diffraction experiments were carried out at the high flux reactor of the Institut Laue 

Langevin. (Grenoble, France) using the high flux powder diffractometer D1B operated by the CNRS-

CRG team [9]. The diffraction patterns were recorded at several temperatures ranging from 140 K down 

to 1.5 K. The two axis D1B powder diffractometer used for this work is equipped with a large 1280 

cells curved detector which records the diffraction pattern over a 2q range of 130° with a 2q step of 

0.1°. The neutron wavelength of 0.252 nm was selected by the (002) reflection of a pyrolitic graphite 

monochromator. 

 

3. Theory and calculations 

The unit cell data were derived from powder XRD using the Rietan-program [10, 11] in the 

isotropic approximation at room temperature. Bilbao Crystallographic server [12] was used for analysis 

of W3CoB3-type structure [13] according to the symmetry tables of the International Tables of 

crystallography [14]. The paramagnetic susceptibility was fitted to the Curie-Weiss law and the 

effective magnetic moments and paramagnetic Weiss temperatures were obtained [15]. Magnetic field 

(H), coercive field (Hcoer) and critical field (Hcrit) are given in Oe unit (1 Oe = 10
3
/4p A/m and magnetic 

field of 1 Oe corresponds to the strength of a magnetic field of 10
-4

 T). Magnetization is given in emu/g 

and mB units (1 emu/g = 1 A·m
2
/kg, 1 mB = 9.7400968(20)·10

-24
 A·m

2
) [15]. 

Magnetocaloric effect (MCE) is calculated in terms of the isothermal magnetic entropy change, 

DSm, using the magnetization vs field data obtained near the magnetic transition using the 

thermodynamic Maxwell relation [16]. The neutron diffraction patterns were identified and calculated 



 

using the Rietveld refinement method implemented in the FULLPROF-program [17]. The magnetic 

space groups [18] were used for the analysis of neutron diffraction patterns.  

 

4. Results  

4.1. Crystal structure 

The X-ray powder analysis showed that the {Y, Gd - Ho}3Co3.25Al0.75 ('R43(1)Co46(1)Al11(1)' phases 

from microprobe analysis), Gd3Co3.5Al0.5 ('Gd44(1)Co50(1)Al7(1)' phase) and Tb3Co3Al 

(‘Tb43(1)Co43(1)Al14(1)’ phase) crystallize in the W3CoB3-type structure (space group Cmcm, N 63, oC28) 

(Figure 1s). The refined unit cell data and atomic positions are given in Table 1. The shortest 

interatomic distances are close to the sum of metallic radii of corresponding atoms [19, 20] as shown for 

Tb3Co3.25Al0.75 in Table 2.  

We suggest that R3Co3.25Al0.75 compounds exhibit phase homogeneity of R3Co4-xAlx (x = 0.5-1) in 

the R-Co-Al systems as Gd3Co3.5Al0.5 and Tb3Co3Al were detected. Within this homogeneous area 

R3Co4-xAlx exhibit anisotropic distortion of unit cell vs cobalt (aluminum) content: from Gd3Co3.5Al0.5 

to Gd3Co3.25Al0.75 cell parameter a increases, cell parameter c is close to constant, whereas cell 

parameter b and unit cell volume V decrease; from Tb3Co3.25Al0.75 to Tb3Co3Al cell parameter a and 

unit cell volume V increase and cell parameters b and c decrease (Table 1). 

4.2. Magnetic transitions  

In a field of 100 Oe, Gd3Co3.5Al0.5, Gd3.25Al0.75 and Tb3Co3.25Al0.75 exhibit ferrimagnetic transitions 

at 196 K, 161 K and 151 K, respectively (Figure 1). In contrast with Gd-containing compounds, 

Tb3Co3.25Al0.75 show a smooth antiferromagnetic-like transition at ~42 K.  The paramagnetic 

susceptibility of Gd3Co3.5Al0.5, Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 follows the Curie-Weiss law in the 

temperature range of ~280 to 300 K, ~220 to 300 K and ~200 to 300 K, respectively. The fit to the 

Curie-Weiss law yields positive paramagnetic Weiss temperatures Qp = 198 K for Gd3Co3.5Al0.5, Qp = 



 

39 K for Gd3Co3.25Al0.75 and Qp = 118 K for Tb3Co3.25Al0.75, suggesting dominant ferromagnetic 

interactions (Figure 2). The effective moments per formula unit, Meff/fu, are 14.1 mB for Gd3Co3.5Al0.5, 

14.0 mB for Gd3Co3.25Al0.75 and 17.1 mB for Tb3Co3.25Al0.75, respectively. This suggests that the effective 

magnetic moments per Co are 1.7 mB, 1.5 mB and 1.7 mB, respectively, assuming that Gd and Tb take the 

theoretical effective magnetic moment values of 7.94 mB and 9.72 mB, respectively [21]. These values 

are close to the theoretical cobalt effective magnetic moment of 1.715 mB [21]. 

4.3. Magnetization  

The magnetization vs magnetic field data of Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 are plotted in 

Figure 3.  Gd3Co3.25Al0.75 is soft ferrimagnetic down to 2 K with zero residual magnetization and 

coercive field. At 2 K the magnetization per formula unit of Gd3Co3.25Al0.75 in field of 140 kOe 

(M140kOe/fu) reaches value of 19.8 mB (saturation magnetization per formula unit M¥/fu ® 20.8 mB at 

1/H ® 0) (Figure 3a). This value corresponds to magnetization per Gd of M140kOe/Gd = 6.6 mB which is 

close to the theoretical Gd magnetic moment of 7 mB [21], suggesting collinear ferrimagnetic ordering 

of gadolinium magnetic sublattice in Gd3Co3.25Al0.75 with insignificant influence of magnetic Co 

sublattice.  

Tb3Co3.25Al0.75 is soft ferrimagnetic below TC = 151 K and down to the spin-reorientation 

temperature (TSR ~ 42 K in 5 kOe field), e.g., magnetization of M140kOe/fu = 15.2 mB with zero residual 

magnetization and coercivity at 100 K (Figure 3b). Below TSR Tb3Co3.25Al0.75 exhibits permanent 

magnet properties, such as magnetization of M140kOe/fu = 18.2 mB, residual magnetization per formula 

unit (Mres/fu) of 9.1 mB, coercive field (Hcoer) of 14 kOe and critical field (Hcrit) of ~ 10 kOe at 30 K (at 

30 K M¥/fu ® 21.5 mB) and M140kOe/fu = 17.3 mB, Mres/fu = 9.7 mB, Hcoer = 15 kOe and Hcrit ~ 12 kOe at 

2 K (M¥/fu ® 21.5 mB at 2 K) (Figures 3c and 3d). The magnetization values in 140 kOe indicate non-

collinear/incomplete ferrimagnetic ordering of Tb3Co3.25Al0.75 below TC. 

 



 

4.4. Magnetocaloric effect (MCE) 

The magnetocaloric effects of Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 were calculated in terms of the 

isothermal magnetic entropy change, DSm, from the magnetization vs field data (Figure 2s).  

The magnetocaloric effect of Gd3Co3.25Al0.75 around ~140 K corresponds to the paramagnetic to 

ferrimagnetic transition (TC = 161 K): the magnetic entropy change, DSm, reaches a value of -4.9 J/kg×K 

for a field change of 50 kOe at 135-145 K (Figure 4a) and a values of -11.3 J/kg×K for a field change of 

140 kOe at 125 - 145 K (Figure 3s-a). The maximal magnetic entropy change, DSm
max

, at 140 K shows 

almost linear dependence vs field change (inserted in Figure 4a). 

The magnetocaloric effect of Tb3Co3.25Al0.75 (DSm) reaches a value of -3.7 J/kg×K at 115-135 K and 

+13.6 J/kg×K at 10 K for a field change of 50 kOe (Figure 4b) and a value of -9.9 J/kg×K at 115-135 K 

and +32.9 J/kg×K at 5 K for a field change of 140 kOe (Figure 3s-b). The magnetocaloric effect at 115-

135 K corresponds to the paramagnetic to ferrimagnetic transition of Tb3Co3.25Al0.75 (TC = 151 K), 

whereas low-temperature magnetocaloric effect corresponds to the field induced antiferromagnetic 

transition/spin reorientation or magnetocrystalline anisotropy in Tb3Co3.25Al0.75. The maximum 

magnetic entropy change, DSm
max

, at 130 K shows almost linear dependence, whereas low-temperature 

DSm
max

 shows saturated behaviour vs field change with shifting of maxima from 45 K (field change of 

0-10 kOe) to 5 K (field change of 0-140 kOe) (inserted in Figure 4b). 

The results of magnetization measurements of Gd3Co3.5Al0.5, Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 are 

summarized in Table 3. The temperature of magnetic transitions of Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 

does not follow de Gennes rule [21], indicating possible differences in their magnetic structures. If 

magnetic ordering of Tb3Co3.25Al0.75, Dy3Co3.25Al0.75 and Ho3Co3.25Al0.75 follows de Gennes rule [21], 

Dy3Co3.25Al0.75 and Ho3Co3.25Al0.75 should exhibit ferromagnetic ordering at 100 K and 65 K and 

following spin-reorientation transition at 30 K and 20 K, respectively. The increasing of cobalt content 

in {Tb - Ho}3Co3.25Al0.75 compounds up to {Tb, - Ho}3Co2.5Al0.5 composition should lead to noticeable 



 

increasing of their temperature of ferromagnetic ordering as the Curie temperature of Gd3Co3.5Al0.5 (TC 

= 196 K) is significantly bigger than the Curie temperature of Gd3Co3.25Al0.75 (TC = 161 K). 

4.5. Neutron diffraction study of Tb3Co3.25Al0.75  

A priori, the magnetic ordering of Tb3Co3.25Al0.75 may be result of magnetic ordering of Tb and Co 

in the corresponding atomic positions of unit cell and magnetic structure of Tb3Co3.25Al0.75 may be 

viewed as a set of 4c and 8f magnetic terbium and cobalt sublattices with uncertain magnetic ordering 

of one Co atoms in the 4a site (M = Co0.25Al0.75) with uncertain position of Co atom in this site of unit 

cell (Table 1). For this reason, the only model with magnetic ordering of 4c and 8f magnetic terbium 

and cobalt sublattices was used for determination of Tb3Co3.25Al0.75 magnetic structure.  

The coordinates for the 4c and 8f sites and symmetry operators of these terbium and cobalt 

sublattices are given in Table 4.  

Below TC
ND

 ~137 K, the observed set of magnetic reflections reveals the magnetic ordering of 

Tb3Co3.25Al0.75 with K0 = [0, 0, 0] wave vector (Figure 5). Thermal variation of structural and magnetic 

reflections indicates two types of magnetic ordering of Tb3Co3.25Al0.75: between TC
ND

 ~137 K and TSR
ND

 

~ 38 K (high-temperature ordering HT) and below TSR
ND

 ~ 38 K (low-temperature ordering LT) 

(Figure 5d). The high-temperature magnetic ordering at ~137 K (TC
ND

) corresponds to the Curie point 

of Tb3Co3.25Al0.75, whereas transformation of magnetic scattering at ~38 K (TSR
ND

) corresponds to the 

magnetic transition obtained at ~42 K from magnetization measurement.  

Analysis of neutron diffraction patterns (NDP) shows that the following variants of commensurate 

magnetic structure is in the best agreement with experiments:  

- the Tb1 sublattice is divided for Tb1
1,3,5,7

 and Tb1
2,4,6,8 

sublattices with different orientation of 

magnetic moments; the Co1 sublattice is divided for Co1
1,3,5,7

 and Co1
2,4,6,8 

sublattices with different 

orientation of magnetic moments, whereas Tb2 (Tb2
1,2,3,4

) and Co2 (Co2
1,2,3,4

) sublattices show same 

magnetic ordering for terbium and cobalt atoms, respectively; 



 

- the Tb1
1,3,5,7

 and Co1
1,3,5,7

, Tb1
2,4,6,8 

and Co1
2,4,6,8

, Tb2
1,2,3,4

 and Co2
1,2,3,4

 sublattices exhibit 

antiferromagnetic ordering; 

- between ~137 K and 38 K the mixed b-axis ferromagnetic (ferrimagnetic) Fb = [Fb(Tb) - Fb(Co)] 

and c-axis antiferromagnetic (anti-ferrimagnetic) AFc = [AFc(Tb) - AFc(Co)] ordering of Cmc¢m  = {1, 

mx} ´ {1, mz/[0, 0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 0]} magnetic space group (N 63.4.514) [18]: (Fb + 

AFc)
K0

 Cmc¢m (Table 5 and Figure 6a); 

- below 38 K the resulting mixed ab-axis ferromagnetic (ferrimagnetic) (Fa + Fb) = [Fa(Tb) - Fa(Co) 

+ Fb(Tb) - Fb(Co)] and c-axis antiferromagnetic (anti-ferrimagnetic) AFc = [AFc(Tb) - AFc(Co)] 

ordering  of C2¢/c = {1, mz/[0, 0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 0]} magnetic space group (N 15.3.94) 

[18]: (Fa + Fb + AFc)
K0

 C2¢/c (Table 5 and Figure 6b). 

Thermal variation of a-, b-, c-axis magnetic components and resulting magnetic moment of 

corresponding Tb1, Tb2, Co1 and Co2 atoms are given in Figures 7a-d. At 1.5 K the magnetic 

moments of terbium and cobalt reach values of MTb1 = 9.0 mB, MTb2 = 8.5 mB, MCo1 = 0.62 mB and MCo2 

= 0.28 mB (Table 5). The magnitude of terbium magnetic moment is close to the theoretical Tb 

magnetic moment of 9 mB [21], whereas cobalt magnetic moment is less than the elemental cobalt 

magnetic moment of 1.7 mB [21]. The remarkably small Co atomic moments refined in Tb3Co3.25Al0.75 

can be explained by their peculiar local atomic environment. As was previously discussed elsewhere, 

the short Co-Al bounding plays in favor of a reduction of the Co magnetic moment magnitude as a 

result of the electronic shell hybridization with the metalloid. Such interpretation has been revealed by 

neutron diffraction upon substitution of Al for Co in RCo5 compounds [22, 23] and later confirmed both 

experimentally by X-ray photoemission spectroscopy (XPS) and theoretically by electronic structure 

calculations [24, 25]. XPS measurements have shown that the hybridization between the rare-earth 5d6s 

and Al 3sp and 4sp states and Co 3d states leads to a partial filling of the Co 3d band and to a decrease 

of the Co magnetic moments in comparison with the value in pure Co metal. The Co1 position has an 



 

average of 1.5 Al as nearest neighbours. For the Co2 position, the even smaller magnetic moment 

obtained in the Tb3Co3.25Al0.75 originates from the Tb rich environment since seven out of the nine near 

neighbors are Tb ones. Indeed the R-Co bounds are known to promote the reduction of the Co magnetic 

moment by electronic effect on the Co 3d band, a feature already reported in R-Co binaries [26] where 

the Co magnetic moment can even vanish for the high R concentrations. The increasing of magnetic 

moments of Tb2, Co1 and Co2 sublattices at the spin-orientation transition indicates the crucial role of 

these magnetic sublattices in the low-temperature ordering of Tb3Co3.25Al0.75. 

The unit cell of Tb3Co3.25Al0.75 undergoes anisotropic compression: below the ferromagnetic 

transition Da/a140K » Dc/c140K < Db/b140K, below spin-reorientation transition (at 24 K) Da/a140K < 

Dc/c140K » Db/b140K and below 24 K the Da/a140K, Db/b140K, Dc/c140K and DV/V140K relative parameters 

are close to constant (Figure 7e). At 1.5 K the Da/a140K, Db/b140K and Dc/c140K reach the values of -

0.00128, -0.00098 and -0.00096, respectively, whereas DV/V140K = -0.00322. Such behavior of the 

lattice parameters is clearly related to magnetic ordering and indicates magnetovolume correlations. 

 

5. Discussion 

As shown in Bilbao Crystallographic Server [12], Cmcm space group may be given in Pnma, Pmmn, 

Pnnm, Pnna, Pmma, Pbcm, Pbcn, Cmc21, Amm2, Ama2, C2221, C2/c, C2/m and P21/m maximal 

subgroups in different axis and Cmcm group may be viewed as a maximal subgroup of hexagonal 

P63/mmc group. The W3CoB3-type unit cell (type structure) [14, 27] may be given in term of Pnma, 

Pbcn, Pbcm, Pnna, Ama2, C2221, C2/c and P21/m space groups corresponding to possible distortion of 

lattice and W3CoB3-type unit cell may be described in term of Pnma, Pnnm, Pmmn, Pmma, Amm2, 

Cmc21 and C2/m space groups with distortion and destruction of some initial sublattice on the two 

sublattices as shown in Figure 4s. These modifications of W3CoB3-type lattice may be observed in 

solid solution based on the R3T4-xXx compounds, they may be obtained at various synthesis conditions, 



 

due to magnetic ordering of W3CoB3-type lattice or structural transformation of lattice and different 

temperatures. Meanwhile, from the known structural types, the La3Ni2Ga2-type (Pbcm, N 57, oP28) 

[27], Gd3NSe3-type [28], NdRh2Sn4-type [27, 29] and Sm2NiSn4-type [27, 30] (Pnma, N 62, oP28), 

Ce3Pd6Sb5-type (Pmmn, N 59, oP28) [27, 31], Er8Si17B3-type (Cmc21, N 36, oC28) [27, 32] and 

Sc3NiSi3-type (C2/m, N 12-2, mC28) [27, 33] structures may be viewed as structural derivatives of 

initial W3CoB3-type structure [14, 27]. 

The replacing of Si for Al and Ga in the 'Tb3Co2.2Si1.8 [5, 8] - Tb3Co3.25Al0.75 - Tb3Co3Ga [6]' row 

leads to anisotropic distortion of initial Tb3Co2.2Si1.8 unit cell with increasing of c cell parameter and 

unit cell volume V and decreasing of b cell parameters, whereas a cell parameter is close to constant in 

this row (Figure 8a). The cell parameters in the 'R3Co2.2Si1.8 [5, 8] - R3Co3.25Al0.75 - R3Co3Ga [6]' rows 

(R = Y, Gd, Dy-Ho) show same behavoiur (see Table 1).  

The distortion of unit cell and changes in the Co sublattices from Tb3Co2.2Si1.8 [5, 8] to 

Tb3Co3.25Al0.75 determine the difference in their magnetic ordering (see Tables 3 and 5):  

- in spite of expansion of unit cell, temperature of ferrimagnetic ordering of Tb3Co3.25Al0.75 (TC = 

151 K) is larger than the Curie point of Tb3Co2.2Si1.8 (TC = 132 K [5]) due to increasing of Co content 

and change in Co sublattices;  

- Tb3Co3.25Al0.75 and Tb3Co2.2Si1.8 [8] show similar high-temperature magnetic ordering: same (Fb + 

AFc)
K0

 Cmc¢m commensurate component (in contrast to Tb3Co2.2Si1.8, the magnetic ordering of Co 

sublattices suppresses the incommensurate antiferromagnetic component in Tb3Co3.25Al0.75) with soft 

ferromagnetic properties; 

- Tb3Co3.25Al0.75 and Tb3Co2.2Si1.8 show low-temperature spin-reorientation ordering with additional 

a-axis ferromagnetic component and low-temperature permanent magnet properties, but with different 

low-temperature magnetic structures. 

The following expansion of unit cell from Tb3Co3.25Al0.75 to Tb3Co3Ga may lead to decreasing of 

ferromagnetic interactions in Tb3Co3Ga, decreasing of temperature of ferrimagnetic ordering with 



 

similar magnetic structure and magnetic ordering of Tb3Co3Ga and Tb3Co3.25Al0.75: high-temperature 

soft ferromagnetic properties and low-temperature permanent magnet properties due to spin-

reorientation transition.  

The high-temperature ferrimagnetic-type ordering corresponds to the negative magnetic entropy 

change, whereas low-temperature spin-reorientation ordering (rotation of ferromagnetic component) 

determines positive DSm value for polycrystalline Tb3Co3.25Al0.75, namely. 

 Within homogeneity area the 'Gd3Co3.5Al0.5 - Gd3Co3.25Al0.75' and 'Tb3Co3.25Al0.75 - Tb3Co3Al' 

compounds show slight anisotropic distortion of unit cell (Figure 8b). Thus, the change in Co 

sublattices from Gd3Co3.25Al0.75 to Gd3Co3.5Al0.5 is the main reason for increasing of Curie point from 

161 K in Gd3Co3.25Al0.75 up to 196 K in Gd3Co3.5Al0.5: the set of isolated Co atom with uncertain 

position and with uncertain magnetic ordering in 4a M = Co0.25Al0.75 sublattice of Gd3Co3.25Al0.75 

transforms in to the additional magnetic Co sublattice in the M = Co0.5Al0.5 site of Gd3Co3.5Al0.5.  

Thus, the type of rare earth, transition metal and p-element sublattices determine the distortion level 

of W3CoB3-type lattice and magnetic ordering of R3Co4-xAlx (x = 0.5...1) compounds with magnetic rare 

earth and cobalt sublattices. 

 

6. Conclusion 

The {Y, Gd - Ho}3Co3.25Al0.75, Gd3Co3.5Al0.5 and Tb3Co3Al compounds supplement the series of 

W3Co3B-type rare earth compounds. They show ferrimagnetic ordering and they exhibit homogeneity 

area R3Co3...3.5Al1...0.5 in corresponding ternary R-Co-Al system with transformation of magnetic Co 

sublattice and magnetic ordering. Large Tb magnetic moment close to the expected trivalent state is 

observed at low temperature in Tb3Co3.25Al0.75 while small magnetic moment of Co is obtained on both 

cobalt positions as a result of the strong chemical bonds with the Al and Tb nearest neighbours. 
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Figure 1. Magnetization as a function of temperature in field of 100 Oe of (a) Gd3Co3.5Al0.5, (b) 

Gd3Co3.25Al0.75 and (c) Tb3Co3.25Al0.75 (temperature of magnetic transitions from neutron difraction 

study inserted into Figure c). 

 

Figure 2. Magnetization vs temperature of (a) Gd3Co3.5Al0.5 in field of 10 kOe, (b) Gd3Co3.25Al0.75 and 

(c) Tb3Co3.25Al0.75 in field of 5 kOe (paramagnetic susceptibily vs temperature inserted into Figures).  

 

Figure 3. Magnetization vs magnetic field from -140 kOe to 140 kOe of (a) Gd3Co3.25Al0.75 at 2 K and 

Tb3Co3.25Al0.75 at (b) 100 K, (c) 30 K and (d) 2 K  

 

Figure 4. The isothermal magnetic entropy change -DSm, vs temperature for a field changes of 0-50 

kOe of (a) Gd3Co3.25Al0.75 and (b) Tb3Co3.25Al0.75 (maximal value of magnetic entropy change -DSm
max

 

at corresponding temperature vs field change inserted into Figures).  

 

Figure 5. Neutron diffraction patterns of Tb3Co3.25Al0.75: (a) at 140 K (paramagnetic state), (b) at 53 K 

(high-temperature magnetic ordering HT), (c) at 1.5 K (low-temperature magnetic ordering LT) and (d) 

thermal variation of some reflections. The first and second rows of ticks refer to the nuclear Bragg 

peaks and magnetic reflections of Tb3Co3.25Al0.75, respectively in Figures a-c. Only magnetic 



 

reflections are marked in Figure b. The strongest magnetic reflections of low-temperature magnetic 

ordering are marked in Figure c.  

 

Figure 6. Image of magnetic structure of Tb3Co3.25Al0.75 (a) between ~137 K and 38 K and (b) below 38 

K (projection on the bc plane), The shortest Tb1-2Tb1, Tb1-1Tb2 and Tb1-2Tb2 distances are shown in 

Figures (see Table 2).  

 

Figure 7. Thermal evolution of magnetic moments of (a) Tb1, (b) Co2, (c) Tb2 and (d) Co2 sublattices 

and (e) relative cell parameters of Tb3Co3.25Al0.75. 

 

Figure 8. Relative cell parameters of (a) 'Tb3Co2.2Si1.8 [3, 6] - Tb3Co3.25Al0.75 - Tb3Co3Ga [4]' row and 

(b) 'Gd3Co3.5Al0.5 - Gd3Co3.25Al0.75' and 'Tb3Co3.25Al0.75 - Tb3Co3Al' rows. 

 

Table 1. 

Unit cell data of the W3CoB3-type R3Co4-xAlx (x = 1...0.5, R = Y, Gd - Ho) compounds, space group Cmcm, N 63, oC28. The 

unit cell data of {Gd - Dy}3Co2.2Si1.8 [5, 8] and {Gd, Tb}3Co3Ga [6] are given for comparison. 

Compound a (nm) b (nm) c (nm) V (nm
3
) d (g/cm

3
) RF (%) Refs. 

Y3Co3.25Al0.75 0.40910(6)  1.01726(18) 1.29336(24) 0.53825 5.9047 5.5 a- 

Gd3Co3.5Al0.5 
b-, c-

 0.41093(1)  1.02026(2) 1.30794(3) 0.54836 8.3760 2.5 a-
 

Gd3Co3.25Al0.75 0.41124(3)  1.01897(8) 1.30789(11) 0.54806 8.2838 6.3 a-
 

Tb3Co3.25Al0.75 
d-

 0.40895(3)   1.01301(5) 1.29909(7) 0.53817 8.4980 4.1 a-
 

Tb3Co3Al 0.40998(3) 1.01199(9) 1.30349(12) 0.54081 8.3584 6.5 a-
 

Dy3Co3.25Al0.75 0.40790(2)  1.00837(6) 1.29593(8) 0.53303 8.7136 4.9 a-
 

Ho3Co3.25Al0.75 0.40705(3)  1.00514(8) 1.29352(11) 0.52923 8.8676 4.8 a-
 

        
Gd3Co2.2Si1.8 0.41229 1.0308 1.2793 0.54369 7.9648  [5] 

Tb3Co2.2Si1.8 0.40967 1.02439 1.27102 0.53340 8.1810  
[8] 

Dy3Co2.2Si1.8 0.40828 1.01898 1.26913 0.52800 8.3997  
[8] 

        
Gd3Co3Ga 0.4119 1.0080 1.3140 0.54557 8.7448  [6] 

Tb3Co3Ga 0.4109 1.0070 1.3070 0.54081 8.8835  [6] 
a-

 this work;
 



 

b-
 Crystallographic data used with permission of JCPDS - International Centre for Diffraction Data;

 

c-
 Gd3Co3.5Al0.5: Gd1 8f [0, 0.2872(2), 0.6049(2)], Gd2 4c [0, 0.0064(1), 1/4], Co1 8f [0, 0.4276(3), 0.0884(2)], Co2 4c [0, 

0.3020(6), 1/4], M = Co0.5Al0.5 4a [0, 0, 0], atomic displacement parameters of all atoms b11 = 0.014805, b22 = 0.002402, b33 

= 0.001461 (b11 = B11/[2a]
2
, b22 = B11/[2b]

2
, b33 = B33/[2c]

2
); 

d-
 Tb3Co3.25Al0.75: Tb1 (8f) [0, 0.2863(3), 0.6047(2)], Tb2 (4c) [0, 0.0025(5), 1/4], Co1 (8f) [0, 0.4246(7), 0.0902(5)], Co2 

(4c) [0, 0.3019(11), 1/4], M (4a) [0, 0, 0], M = Co0.25Al0.75, atomic displacement parameters of all atoms b11 = 0.014949, b22 

= 0.002436, b33 = 0.001481 (b11 = B11/[2a]
2
, b22 = B11/[2b]

2
, b33 = B33/[2c]

2
). 

  

Table 2. Interatomic distances of W3CoB3-type Tb3Co3.25Al0.75 (ESD ±0.0004): space group Cmcm, N 63, a = 0.40895(2) 

nm, b = 1.01301(5) nm, c = 1.29909(7) nm, Z = 4, Tb1 (8f) [0, 0.2863(3), 0.6047(2)], Tb2 (4c) [0, 0.0025(5), 1/4], Co1 (8f) 

[0, 0.4246(7), 0.0902(5)], Co2 (4c) [0, 0.3019(11), 1/4], M (4a) [0, 0, 0], M = Co0.25Al0.75, RF = 4.1 %.
a-

 In the Table are 

given the ratio of interatomic distances to the sum of the atomic radii of the corresponding atoms D (rTb = 0.17788 nm, rCo = 

0.1251 nm, rAl = 0.14317 nm and for M atom the rM = 0.25·rCo + 0.75·rAl) [19, 20] D = D/(Ratom1 + Ratom2) and coordination 

numbers CN. The shortest Tb-Tb, Tb-Co and Co-Co distances are selected by a boldface character. 

Atom  -Atom D (nm) D  Atom  -Atom D (nm) D 

Tb1 - 1Co1 0.28937 0.96  Co1 -  1Co2 0.24196 0.97 

 2Co2 0.29227 0.96   2M 0.24774 0.94 

 1Co1 0.29347 0.97   1Co1 0.27975 1.12 

 2Co1 0.29633 0.98   1Tb1 0.28937 0.96 

 1M 0.32033 1.01   1Tb1 0.29347 0.97 

 2M 0.32737 1.03   2Tb1 0.29633 0.98 

 2Tb1 0.34816 0.98   2Tb2 0.30188 1.00 

 1Tb2 0.34817 0.98    CN = 10  

 2Tb2 0.35102 0.99      

 1Tb1 0.37752 1.06  Co2 -  2Co1 0.24196 0.97 

   CN = 15     2Tb2 0.28828 0.95 

      4Tb1 0.29227 0.96 

Tb2 - 2Co2 0.28828 0.95   1Tb2 0.30330 1.00 

 4Co1 0.30188 1.00    CN = 9  

 1Co2 0.30330 1.00  M - 4Co1 0.24774 0.94 

 2M 0.32478 1.03   2Tb1 0.32033 1.01 

 2Tb1 0.34817 0.98   2Tb2 0.32478 1.03 

 4Tb1 0.35102 0.99   4Tb1 0.32737 1.03 

  CN = 15     d = 12  

 

 

Table 3.  

Magnetic properties of W3CoB3-type {Gd - Ho}3Co3.25Al0.75 and Gd3Co3.5Al0.5 compounds: effective magnetic moment per 

formula unit (Meff/fu) and per Co (Meff/Co) (assuming that rare earths take the theoretical effective moment values [21]), 

paramagnetic Weiss temperature (QP), Curie point (TC), temperature of spin reorientation transition (TSR), magnetization per 

formula unit in field of 140 kOe (M140kOe/fu), remanent magnetisation per formula unit (Mres/fu), coercive field (Hcoer), 

critical field (Hcrit) and magnetocaloric effect (MCE) in terms of isothermal magnetic entropy change, DSm, for a field change 

of 0-50 kOe and 0-140 kOe. Magnetic properties of Tb3Co2.2Si1.8 [8] are given for comparison. 



 

Compound Meff/fu 

(mB) 

Meff/Co 

(mB) 
QP 

(K) 

TC,N  M140kOe/fu 

(mB) 

Mres/fu 

(mB) 

Hcoer 

(kOe) 

Hcrit 

(kOe) 
DSm (J/kg×K)  

 (0-50kOe) 
DSm (J/kg×K)  

 (0-140kOe) 
Gd3Co3.5Al0.5 14.1 1.7 198 TC = 196 K       

Gd3Co3.25Al0.75 14.0 1.5 39 TC = 161 K 19.8  - - - -4.9  -11.3  

     (2 K) (2 K) (2 K) (2 K) (135-145 K) (125-145 K) 

Tb3Co3.25Al0.75 17.1 1.7 118 TC = 151 K 15.2  - - - -3.7  -9.9  

    TSR ~ 42 K (100 K)    (115-135 K) (115-135 K) 

     18.2  9.1  14  ~10 +13.6 +32.9 

     (30 K) (30 K) (30 K) (30 K) (10 K) (5 K) 

     17.3  9.7  15  ~12   

     (2 K) (2 K) (2 K) (2 K)   

Dy3Co3.25Al0.75    TC~100 K
a-

       

    TSR~30 K
 a-

       

Ho3Co3.25Al0.75    TC ~65 K 
a-

       

    TSR~20 K
a-

       

Tb3Co2.2Si1.8 
b-

 17.0 1.6 118 TC = 132 K 16.5
 c-

 - - -   

[8]    TSR = 42 K (75 K)      

     18.0
 c-

 12.3
 c-

 17
 
 30   

     (2 K) (2 K) (2 K) (2 K)   
a-

 tentative from de Gennes rule [21]; 

b- 
At ~127 K - 53 K ferro-antiferromagnet: (Fb + AFc)

K0
 Cmc¢m + canted spiral AFMK0(Tbji)

K1
, at 53-43 K ferro-

antiferromagnet (AFb + Fb + AFc + Fc)
K0 

C2¢/m + canted spiral AFMK0(Tbji)
K1

 and below 43 K ferro-antiferromagnet (AFb + 

Fc)
K0 

Cmcm¢ + canted spiral AFMK0(Tbji)
K1 

(K0 = [0, 0, 0] and K1 = [±Kx, 0, 0] (Kx » 3/10) [8]; 

c-
 in field of 70 kOe 

 

 

Table 4. 

Coordinates of the 8f sites for Tb1, Co1 and 4c sites for Tb2 and Co2 in the Cmcm 
space group (Cmcm  = {1, mx} ´ {1, 

my/[0, 0, 1/2]} ´ {1, i} ´ {1, 1/[1/2, 1/2, 0]} retained by Tb3Co3.25Al0.75. The corresponding symmetry operators of the unit 

cell and magnetic unit cell with K0 = [0, 0, 0] wave vector and magnetic space group are given for the high-temperature HT 

and low-temperature LT magnetic orders. The Ma. Mb and Mc are a-,  b- and c-axis commensurate magnetic component of 

corresponding Tbj
i
 atoms and ma. mb and mc are a-,  b- and c-axis commensurate magnetic component of corresponding Coj

i
 

atoms. 

.a). high-temperature HT magnetic order of Cmc¢m magnetic space group (N 63.4.514) [18]: Cmc¢m  = {1, mx} ´ {1, mz/[0, 

0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 0]}.  

 N x/a y/b z/c Symmetry operator of unit cell Ma Mb Mc ma mb mc Symmetry operator of magnetic 

cell 

Tb1
1
, Co1

1
 0 +y1 +z1 1, mx  0 + + 0 - - 1, mx 

Tb1
2
, Co1

2
 0 -y1 1/2+z1 my/[0, 0, 1/2], 2z/[0, 0, 1/2]  0 + - 0 - + my¢/[0,0,1/2], 2z¢/[0,0,1/2] 

Tb1
3
, Co1

3
 0 -y1 -z1 i, 2x  0 + + 0 - - i¢, 2x¢  

Tb1
4
, Co1

4
 0 +y1 1/2-z1 2y/[0, 0, 1/2], mz/[0, 0, 1/2]  0 + - 0 - + 2y/[0,0,1/2], mz/[0,0,1/2]  

Tb1
5
, Co1

5
 1/2 1/2+y1 +z1 1/[1/2, 1/2, 0], mx/[1/2, 1/2, 0] 0 + + 0 - - 1/[1/2,1/2,0], mx/[1/2,1/2,0] 

Tb1
6
, Co1

6
 1/2 1/2-y1 1/2+z1 my/[1/2,1/2,1/2], 2z/[1/2,1/2,1/2] 0 + - 0 - + my¢/[1/2,1/2,1/2], 2z¢/[1/2,1/2,1/2] 

Tb1
7
, Co1

7
 1/2 1/2-y1 -z1 i/[1/2, 1/2, 0], 2x/[1/2, 1/2, 0] 0 + + 0 - - i¢/[1/2, 1/2, 0], 2x¢/[1/2, 1/2, 0] 

Tb1
8
, Co1

8
 1/2 1/2+y1 1/2-z1 2y/[1/2,1/2,1/2], mz/[1/2,1/2,1/2] 0 + - 0 - + 2y/[1/2,1/2,1/2], mz/[1/2,1/2,1/2] 

            Tb2
1
, Co2

1
 0 +y2 1/4 1, mx, 2y/[0, 0, 1/2], mz/[0, 0, 1/2] 0 + 0 0 - 0 {1, mx, 2y/[0,0,1/2], mz/[0,0,1/2]} 

Tb2
2
, Co2

2
 0 -y2 3/4 my/[0, 0, 1/2], 2z/[0, 0, 1/2], i, 2x  0 + 0 0 - 0 my¢/[0,0,1/2], 2z¢/[0,0,1/2], i¢, 2x¢ 



 

Tb2
3
, Co2

3
 1/2 1/2+y2 1/4 1/[1/2, 1/2, 0], mx/[1/2, 1/2, 0], 0 + 0 0 - 0 1/[1/2, 1/2, 0], mx/[1/2, 1/2, 0], 

    2y/[1/2,1/2,1/2], mz/[1/2,1/2,1/2]       2y/[1/2,1/2,1/2], mz/[1/2,1/2,1/2] 

Tb2
4
, Co2

4
 1/2 1/2-y2 3/4 my/[1/2,1/2,1/2], 2z/[1/2,1/2,1/2], 0 + 0 0 - 0 my¢/[1/2,1/2,1/2], 2z¢/[1/2,1/2,1/2], 

    i/[1/2, 1/2, 0], 2x/[1/2, 1/2, 0]       i¢/[1/2, 1/2, 0], 2x¢/[1/2, 1/2, 0] 
 

b). low-temperature LT magnetic order of C2¢/c magnetic space group (N 15.3.94) [18]: C2¢/c = {1, mz/[0, 0, 1/2]} ´ {1, i¢} 

´ {1, 1/[1/2, 1/2, 0]}. 

N x/a y/b z/c Symmetry operator of unit cell Ma Mb Mc ma mb mc Symmetry operator of 

magnetic cell 

Tb1
1
, Co1

1
 0 +y1 +z1 1, mx  + + + - - - 1 

Tb1
2
, Co1

2
 0 -y1 1/2+z1 my/[0, 0, 1/2], 2z/[0, 0, 1/2]  + + - - - + 2z¢/[0, 0, 1/2] 

Tb1
3
, Co1

3
 0 -y1 -z1 i, 2x  + + + - - - i¢  

Tb1
4
, Co1

4
 0 +y1 1/2-z1 2y/[0, 0, 1/2], mz/[0, 0, 1/2]  + + - - - + mz/[0, 0, 1/2]  

Tb1
5
, Co1

5
 1/2 1/2+y1 +z1 1/[1/2, 1/2, 0], mx/[1/2, 1/2, 0] + + + - - - 1/[1/2, 1/2, 0] 

Tb1
6
, Co1

6
 1/2 1/2-y1 1/2+z1 my/[1/2, 1/2, 1/2], 2z/[1/2, 1/2, 1/2] + + - - - + 2z¢/[1/2, 1/2, 1/2] 

Tb1
7
, Co1

7
 1/2 1/2-y1 -z1 i/[1/2, 1/2, 0], 2x/[1/2, 1/2, 0] + + + - - - i¢/[1/2, 1/2, 0] 

Tb1
8
, Co1

8
 1/2 1/2+y1 1/2-z1 2y/[1/2, 1/2, 1/2], mz/[1/2, 1/2, 1/2] + + - - - + mz/[1/2, 1/2, 1/2] 

            Tb2
1
, Co2

1
 0 +y2 1/4 1, mx, 2y/[0, 0, 1/2], mz/[0, 0, 1/2] + + 0 - - 0 {1, mz/[0, 0, 1/2]} 

Tb2
2
, Co2

2
 0 -y2 3/4 my/[0, 0, 1/2], 2z/[0, 0, 1/2], i, 2x  + + 0 - - 0 2z¢/[0, 0, 1/2], i¢ 

Tb2
3
, Co2

3
 1/2 1/2+y2 1/4 1/[1/2, 1/2, 0], mx/[1/2, 1/2, 0], + + 0 - - 0 1/[1/2, 1/2, 0],  

    2y/[1/2, 1/2, 1/2], mz/[1/2, 1/2, 1/2]       mz/[1/2, 1/2, 1/2] 

Tb2
4
, Co2

4
 1/2 1/2-y2 3/4 my/[1/2, 1/2, 1/2], 2z/[1/2, 1/2, 1/2], + + 0 - - 0 2z¢/[1/2, 1/2, 1/2],  

    i/[1/2, 1/2, 0], 2x/[1/2, 1/2, 0]       i¢/[1/2, 1/2, 0] 
 

 

 

Table 5.   

Unit cell data and magnetic parameters of the W3CoB3-type Tb3Co3.25Al0.75 compound at different temperatures: unit cell 

data, magnetic moment Ma
K0

, Mb
K0

 and Mc
K0

 along a, b and c axis, respectively of corresponding Tbj
i
 and Coj

i
 atoms and 

resulting magnitude magnetic moment ½M½K0
 of the corresponding atom with the wave vectors K0 = [0, 0, 0].  RF (crystal 

structure) and RF
m
 (magnetic structure) are reliability factors.  

T (K) Unit cell data RF Atom Ma
K0

 Mb
K0 

 Mc
K0 

 ½M½K0
 RF

m
 

   (%)  (mB)
 
 (mB) (mB) (mB) (%) 

Paramagnet 

298
a-
 a = 0.40895(2) nm 4.1       

 b = 1.01301(5) nm        

 c = 1.29909(7) nm        

         140 a = 0.40791(9) nm 8.6       

 b = 1.0099(2)        

 c = 1.2954(3) nm        

TC
ND

 ~130 K: b-Ferromagnet and c-Antiferromagnet 

(Fb + AFc)
K0

 of Cmc¢m magnetic space group (K0 = [0, 0, 0])  

53 a = 0.40751(5) nm 3.6 Tb1
1
, Tb1

3
, Tb1

5
, Tb1

7
 0 +7.8(1) -4.02(7) 8.7(1) 3.3 

 b = 1.00979(14) nm  Tb1
2
, Tb1

4
, Tb1

6
, Tb1

8
 0 +7.8(1) +4.02(7) 8.7(1)  

 c = 1.29425(14) nm  Tb2
1
, Tb2

3, 
Tb2

2
, Tb2

4
 0 5.5(1) 0 5.5(1)  

   Co1
1
, Co1

3
, Co1

5
, Co1

7
 0 -0.35(5) -0.18(5) 0.28(5)  

   Co1
2
, Co1

4
, Co1

6
, Co1

8
 0 -0.35(5) +0.18(5) 0.39(5)  

   Co2
1
, Co2

3, 
Co2

2
, Co2

4
 0 -0.18(5) 0 0.18(5)  

TSR
ND

 ~ 38 K: ab-Ferromagnet and c-Antiferromagnet 

(Fa + Fb + AFc)
K0

 of C2¢/c magnetic space group (K0 = [0, 0, 0]) 

1.5 a = 0.40740(4) nm 3.6 Tb1
1
, Tb1

3
, Tb1

5
, Tb1

7
 1.05(8) 8.0(1) -4.08(9) 9.0(1) 3.0 



 

 b = 1.00891(12) nm  Tb1
2
, Tb1

4
, Tb1

6
, Tb1

8
 1.05(8) 8.0(1) 4.08(9) 9.0(1)  

 c = 1.29425(14) nm  Tb2
1
, Tb2

3, 
Tb2

2
, Tb2

4
 6.3(1) 5.7(1) 0 8.5(1)  

   Co1
1
, Co1

3
, Co1

5
, Co1

7
 -0.41(5) -0.37(4) -0.28(3) 0.62(7)  

   Co1
2
, Co1

4
, Co1

6
, Co1

8
 -0.41(5) -0.37(4) +0.28(3) 0.62(7)  

   Co2
1
, Co2

3, 
Co2

2
, Co2

4
 -0.21(4) -0.19(3) 0 0.28(5)  

a-
X-ray powder data 

 

 

 

 

 

 

 

 

 

 

 

Highlights 

>{Y,Gd - Ho}3Co4-xAlx (x = 0.5-1) crystallize in the W3CoB3-type structure. 

>Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 show ferrimagnetic ordering at 161 K and 151 K. 

>Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 are soft ferrimagnets below ferrimagnetic ordering. 

>Tb3Co3.25Al0.75 is hard ferrimagnet below low-temperature transition at 42 K. 

>Tb3Co3.25Al0.75 is complex ferrimagnet with Cmc¢m and C2¢/c magnetic space groups.  
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New {Y, Gd - Ho}3Co3.25Al0.75, Gd3Co3.5Al0.5 and Tb3Co3Al compounds crystallize in the W3CoB3-type structure 

(Cmcm. N 63, oC28). Gd3Co0.5Al0.5, Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 exhibit ferrimagnetic ordering below 196 K, 161 K 

and 151 K, respectively. Tb3Co3.25Al0.75 shows a spin-reorientation transition at ~42 K. Below the ferrimagnetic ordering 

temperature Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 are soft ferrimagnets, meanwhile Tb3Co3.25Al0.75 shows magnetic hardness 

below the spin-reorientation transition with remanent magnetization per formula unit of 9.7 mB and coercive field of 15 kOe 

at 2 K.  

The magnetocaloric effects (isothermal magnetic entropy change) of Gd3Co3.25Al0.75 and Tb3Co3.25Al0.75 reach 

maximum values of -4.9 J/kg×K at 135-145 K and -3.7 J/kg×K at 115-135 K, respectively, for a field change of 0-50 kOe. 

Low temperature magnetic ordering in Tb3Co3.25Al0.75 is accompanied by a positive magnetocaloric effect of +13.6 J/kg×K at 

10 K for a field change of 0-50 kOe and +0.9 J/kg×K at 45 K for a field change of 0-10 kOe. 

Neutron diffraction study in zero applied field shows mixed ferro-antiferromagnetic ordering of Tb3Co3.25Al0.75 with a 

wave vector K0 = [0, 0, 0]. Below ~ 137 K Tb3Co3.25Al0.75 exhibits non-collinear ferrimagnetic ordering of terbium and 

cobalt sublattices with resulting of b-axis ferromagnetic and c-axis antiferromagnetic components of Cmc¢m  = {1, mx} ´ 

{1, mz/[0, 0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 0]} magnetic space group. The spin-reorientation transition in Tb3Co3.25Al0.75 

below ~38 K corresponds to appearance of additional a-axis ferromagnetic component and decreasing of symmetry of 

magnetic ordering down to C2¢/c = {1, mz/[0, 0, 1/2]} ´ {1, i¢} ´ {1, 1/[1/2, 1/2, 0]} magnetic space group. 
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