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Abstract:

The Ni-based titled compounds are anti-ferromagnetic superconductors while the Co-based ones are normal magnetic ( DyCo2B2C is

ferromagnetic while ErCo2B2C is a collinear antiferromagnetic). We intend to follow the evolution of their magnetic and electronic

properties when Co is substituted for Ni. We have already synthesized twelve ¹¹B enriched samples (x=0. 0.2, 0.4, 0.6, 0.8, 1 for each) of

these two solid solutions and found out, as expected for these borocarbides, the ThCr2Si2;-type single  phase is formed across the whole

concentration range. Thermodynamic (magnetization, resistivity, specific heat) studies are underway to follow the evolution of their

magnetic and electronic (in particular superconducting) properties. We are interested in mapping out the magnetic structure of these solid

solution to see the evolution of the magnetic modes with the Co concentration: this is expected to shed light on the influence of  Co

substitution (mainly through the variation of the electron count) on the interplay between superconductivity and magnetism in these

layered magnetic superconducting borocarbides.



Magnetic modes in Dy(CoxNi1−x)2B2C:
from an antiferromagnetism (coexisting with superconductivity) to a simple

normal-conducting ferromagnet.

DyNi2B2C orders antiferromagnetically at TN ≈10
K.1—4 Superconductivity is observed to coexist with such
an antiferromagnetic state below Tc ≈ 6 K.1—3 On the
other hand, the isomorphous DyCo2B2C orders ferro-
magnetically below TC ≈6 K.5 Such a wide variation
in the electronic and magnetic ground state is quite
surprising considering the similarity in both the elec-
tronic structure and the crystalline-electric-field single-
ion properties. This variation was observed as well in
both Tb(CoxNi1−x)2B2C,6,7 and Ho(CoxNi1−x)2B2C.8

To understand this evolution of the electronic and mag-
netic properties, we followed the structural, thermody-
namic, electronic and magnetic properties of the solid so-
lution Dy(CoxNi1−x)2B2C, particular attention has been
paid to map out the evolution of the magnetic structure
of the intermediate solid solutions.

FIG. 1. Neutron diffractograms of Dy(CoxNi1−x)2B2C (from
top to bottom x=0.2,0.4,0.6 and 0.8) measured at T=1.5 K.
The solid line represent the Rietveld refinements parameters
as given in Table 1.

Conventional arc-melt was used for the synthesis of a
series of 11B enriched Dy(CoxNi1−x)2B2C wherein x=0,
0.2, 0.4, 0.6, 0.8, 1. Structural (XRD and neutron) and
elemental (EDAX,..etc.) analysis were used to evalu-
ate the single-phase character as well as the structural
and elemental properties of these samples. Magnetore-

sistivity, magnetization, specific heat characterizations
were extensively used for thermodynamical characteriza-
tion. Magnetic modes were probed by neutron diffraction
analysis.

FIG. 2. Principal magnetic peaks of Dy(CoxNi1−x)2B2C as
determined from the neutron diffrtactograms measured at T=
1.5 K.

FIG. 3. Magnetic structure of Dy(CoxNi1−x)2B2C as deter-
mined from neutron diffraction analysis.

The crystal structure, across the whole concentration
range, was confirmed to be the single ThCr2Si2-type
tetragonal (I4/mmm) phase (see Fig.1 and Table 1).
Thermodynamic investigations indicate that while the
compositions with x= 0.2, 0.4 manifest an antiferromag-
netic behavior, the ones with x=0.6, 0.8 exhibit a fer-
romagnetic character. These conclusions are confirmed
by neutron diffraction analysis which reveals (see Figs.
2-3) an antiferromagnetic order k0.2=(0,0,1) for x=0.2
and, furthermore, helicoidal modes for both x=0.4 and
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TABLE I. Basic crystallographic parameters of Dy(Co2xNi2(1−x))B2C obtained from the Rietveld refinement of diffractograms
of Fig. 1. z represents the z-position of the B atom: the only variable component in the occupied atomic positions of the space
group I4/mmm.

x a = b (Å) c (Å) V (Å3) z (B)

0.0 3.534(2) 10.4878 130.998 0.3583
0.2 3.523(9) 10.461(4) 129.90(9) 0.358(0)
0.4 3.521(6) 10.445(7) 129.55(1) 0.360(5)
0.6 3.518(7) 10.434(4) 129.19(7) 0.357(1)
0.8 3.512(4) 10.452(9) 129.53(1) 0.357(0)
1.0 3.509(9) 10.5268 129.683 0.34585

x=0.6 with k0.4=(0,0,0.49) and k0.6=(0,0,0.46), respec-
tively. Finally, a ferromagnetic order, k0.8=(0,0,0), is
confirmed for x=0.8. A possible mechanism behind this
alloying-dependent evolution of the magnetic modes is

discussed along the same lines of reasoning as the ones
observed in the isomorphous Tb(CoxNi1−x)2B2C,6,7 and
Ho(CoxNi1−x)2B2C.8
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