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Observation of superconductivity at 6 K in DyNi2B2C
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Abstract

We report a systematic study of the intermetallic compound DyNi2B2C, with variations in the starting compositions of C
and Dy. Our results show that for an exact starting composition of 1 : 2 : 2 : 1, the compound forms without any impurity
phases and a superconducting transition with an onset as high as 6 K is observed. Excess of C or Dy in the compound is
found to be detrimental to the superconducting properties.
1. Introduction

The discovery of superconductivity in the Y - P d B - C system [1] and RNi2B2C compounds [2] has
motivated the search for further superconductors in
such intermetallic compounds. Although the phase
responsible for superconductivity in the Y - P d - B - C
system is not yet identified, the superconducting
phase in the R - N i - B - C system is now known to be
RNi2B2C, where R is for rare earth. This phase
forms for most of the R ions and superconductivity
above 4 K has been reported for R = Y, Lu, Tin, Er
and Ho [2]. The structure consists of alternate layers
of R - C and Ni2B 2 [3]. The fact that for non-magnetic rare earths Y and Lu, Tc is of the order of 16 K
and decreases for the magnetic rare earths Tm to Ho,
suggests a degree of interaction between the rareearth ions and the conduction electrons. These compounds are further interesting because they show
coexistence of magnetism and superconductivity. It
is now well established from neutron studies that the
magnetic rare-earth ions Ho [4-6] and Er [7,8] order
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magnetically below Tc and evidence from specificheat measurements show that Tm also orders magnetically below 2.5 K [9].
DyNi2B2C shows evidence for magnetic order at
= 10.5 K from magnetic susceptibility measurements [2]. Resistivity measurements [10] show a
change in slope at this temperature and a further
sharp drop at lower temperatures, suggesting the
possible existence of a superconducting phase in this
compound. Traces of a superconducting phase found
in our samples of DyNi2B2C made previously [10],
seemed to suggest that the superconducting properties of these RNi2B2C compounds are very sensitive
to the stoichiometry of the constituents, especially
that of carbon. We have investigated the properties
of DyNi2BzC as a function of varying the starting
compositions of both Dy and C, to try and optimise
the superconducting phase present in the D y - N i - B C system. Our results show that a superconducting
phase with a Tc as high as 6 K can be achieved in
DyNi2B2C if the stoichiometry is maintained close
to the nominal composition, 1 : 2 : 2 : 1. O~r studies
also show that the superconducting phase is indeed
the 1221 phase and not a minor impurity phase
present in these compounds.
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2. Experimental details
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Samples with nominal starting compositions,
DyNi2B2Cy with y = 0.5, 0.8, 0.9, 1.0, 1.1 and 1.2
and DYxNi2B2C1. 0 with x = 0.9, 1.0 and 1.1, were
prepared by the standard arc-melting method. The
starting materials were Dy ingot (99.9%), Ni rod
(99.99%), B flakes (99.9%) and ultra pure C rods
(99.999%). Appropriate amounts of the materials
were arc melted under a flow of argon gas on a
water-cooled copper hearth. In order to ensure homogeneity, the melted buttons were turned over and
melted several times. Great care was taken to minimise the weight losses and the over-all weight loss
was less than 0.5% in all the compounds. The samples were then wrapped in Ta foil and annealed in
evacuated quartz tubes at 1050°C for 16 h. The phase
purity of the samples were determined by X-ray
powder diffraction. A standard mutual inductance
method was used for the AC susceptibility measurements and a standard four-probe DC method for the
resistance measurements. Both the experiments were
carried out between 1.4 K and 300 K. The DC
magnetisation was measured using a SQUID (Quantum Design) from 2-15 K in an applied field of 10
Oe.

3. Results and discussion
Fig. 1 shows the X-ray powder diffraction patterns for a few of the compounds. It is clear that only
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Fig. 1. X-ray powder diffraction patterns for a few of the
DyxNi2B2Cy compounds synthesized. The peaks corresponding
to the impurity phases are marked with (*).
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Fig. 2. Real part of the AC susceptibility (XAC) for the
DyxNi2BaCy compounds, normalised to their masses, with (a)
varying carbon content, (b) varying dysprosium content.

the compound with the stoichiometry 1 : 2 : 2 : 1,
shows an X-ray pattern with no traces of impurities
within the resolution of the instrument. In the carbon-excess compounds, one of the main impurity
phases is identified as DyB2C 2. The carbon-deficient
and the Dy rich compounds show the presence of
more than one impurity, which we have as yet not
identified. In all cases, the majority phase is the 1221
phase.
The temperature variation of the AC susceptibility
(XAC), normalised to their masses, for the various
compositions are shown in Fig. 2. The anomaly at
= 10.5 K in the susceptibility seen in almost all the
compounds is associated with the magnetic ordering
of the Dy moments. Preliminary analysis of our
neutron powder diffraction data taken on the stoichiometric 1 : 2 : 2 : 1 compound shows the presence
of antiferromagnetic peaks [11]. Detailed analyses to
establish the exact nature of this magnetic ordering
are in progress. DyNizBzC appears to be a unique
member of the RNi2B2C series where the onset of
superconductivity takes place in a magnetically ordered state albeit coexistent with antiferromagnetic
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order. The drop in susceptibility at lower temperatures in Fig. 2 (4.5-6.5 K) corresponds to a diamagnetic signal from the superconducting phase. It is
seen that the diamagnetic signal is strongest for
nominal starting compositions of carbon close to 1.
Fig. 3 shows the results of the DC magnetisation
measurements for the superconducting compound,
DyNizB2C, in an applied field of 10 Oe. From the
zero-field cooled magnetisation (ZFC) curve, the
magnetic shielding is estimated to be 100% of that
expected for perfect diamagnetism. However, on
cooling in the same field, the measured field-cooled
magnetisation (FC) lies close to zero which makes it
difficult to estimate the Meissner fraction. The
Meissner effect observed for the other members of
this family of compounds, including the Y and Lu
compound show a maximum of about 10% of that
expected for perfect diamagnetism [2]. In DyNizBzC,
there appears to be a strong paramagnetic contribution due to the ordering of the Dy moments above
Tc. The FC and the ZFC magnetisation curves do not
overlap above the superconducting transition until
TN (at = 10.5 K) even for a small field of 10 Oe.
Similar results have been observed in the FC and
ZFC magnetisation curves at higher fields as well
[11].
The results of the resistance measurements are
shown in Fig. 4. The compound with starting compositions x = 1 and y = 1 shows a drop in resistance at
6.5 K and zero resistance is obtained at .~ 5.5 K.
T~ decreases as the carbon content is varied above or
below y = 1. For y = 0.8, the compound no longer
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Fig. 4. Resistance vs. temperature curves for some Dy~Ni2B2Cy
compounds; the inset shows the resistance behaviour of the stoichiometric compound, DyNi2B2C , from 1.4-300 K.

shows a zero resistance although a small diamagnetic
signal is seen in the AC susceptibility, while the
compound with y = 1.2 does not show either a
diamagnetic signal in Xac or a drop in resistance. It
is therefore quite clear that small variations in the
starting content of carbon affect the superconducting
properties in this compound. Variations in Dy starting content between 0.9 and 1.1 does not appear to
drastically affect the superconductivity, Tc being
maximum for x = 0.9 and 1. The results on all the
compounds investigated are summarised in Table 1.
The structure of the RNizBzC compounds can be
viewed as a layered structure where the R - C layers
alternate with the NieB 2 layers, the layers being
connected by short boron-carbon bonds. The NieB e
layers are supposed to be crucial for superconductivTable 1
Superconducting properties of the Dy xNi 2 BzCv compounds synthesized
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Fig. 3. Zero-field cooled (ZFC) and field-cooled (FC) magnetisation for DyNi2B2C measured in an applied field of 10 Oe,
showing the superconducting transition at ~ 6 K and the magnetic
ordering at ~ 10.5 K.

Nominal starting
compositions

Tc (K) (R = 0)

DyNi2B2C0. 5
DyNi2B2C0. s
DyNi2B2C0. 9
DyNi2B2Cn 0
DyNi2 B2C11
DyNi2 B2C1. 2
Dyo.gNizB2C1. o
DyHNizB/C1. o

nsc a
< 1.4
5.0
5.5
5.0
nsc a
5.5
3.5

a

Diamagnetic signal

( XAC )

Not superconducting•

No
Yes,
Yes,
Yes,
Yes,
No
Yes,
Yes,

weak
strong
strong
weak
strong"
strong
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ity in these compounds. It is therefore difficult to
understand why changing the carbon and/or the
rare-earth content is detrimental to superconductivity. One of the factors that is expected to influence
the superconductivity is the strain in the Ni2B 2
layer, which is the least for the smallest rare earth,
Lu (Tc of LuNi2B2C is 16.5 K) and is not likely to
be very different for Dy. The excess carbon introduced and/or the deficiency in carbon content could
indirectly affect the superconducting Ni2B 2 layers or
the coupling between the Ni2B 2 layers in such a
way that Tc reduces first and then vanishes.
DyNi2B2C also appears to be different from the
other superconducting members of the series, in that,
although the majority phase in all the compounds we
have synthesised for this study, is the 1221 phase,
superconductivity is not observed in all the compounds. The presence of impurity phases is not
favourable to its superconducting behaviour, whilst
in compounds containing Ho or Y, for example,
superconductivity persists despite the presence of
small amounts of secondary phases, as long as the
majority phase is the 1221 phase. The 1221 phase
which forms as the majority phase in DyxNi2B2Cy
compounds with starting compositions other than
1 : 2 : 2 : 1 therefore appears to be in some way different from the superconducting 1221 phase. Specificheat measurements will further corroborate our observation of bulk superconductivity in the stoichiometric DyNi2B2C compound and these measurements are now in progress.

4. Conclusions
Superconductivity has been observed in DyNi2B2C for the first time. We have shown that a
superconducting phase with a T~onset as high as 6 K,
in a magnetically ordered state, can be achieved in
DyNi2B2C, if the stoichiometry is kept close to
1 : 2 : 2 : 1. Our studies emphasise the need for phase
purity in order to observe superconductivity in this

compound and the role of carbon in particular in
determining the superconducting properties. Single
crystals of the superconducting DyNi2B2C have now
been grown and the detailed measurements on the
single crystals are to be published.
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