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ABSTRACT

The alloying influences on the superconducting and the magnetic properties of the
(Gdx Y 1-x)N12B2C series were studied. For x <0.25, T is degraded linearly with x
as expected from Abrikosov-Gor'kov theory. Magnetization and magnetoresistivity
measurements on x=0.22 show that the magnetic saturation is not attained for field
as high as 80 kOe implying that even for such a low Gd concentration,
antiferromagnetic couplings are quite strong. On the other hand, the magnetic
dilution in the Heisenberg antiferromagnet GANigB-C causes a linear depression of
the magnetic ordering temperatures as expected from Molecular Field Theory. The
abrupt quench of superconductivity for x > 0.25 and the coexistence of
superconductivity with the long range antiferromagnetic order for 0.1 <x < 0.25 are
discussed.
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1. INTRODUCTION

The 4f-magnetism in the newly discovered RNinB2C (R=Y, rare earth) [1-3] has
a decisive influence on their superconducting properties [3-15]. As an example, in
the antiferromagnetic (AFM) superconductors R = Tm [3,4,7), Er [3,4, 6, 10] and
Ho [3-5,12], the s-f interaction depresses (but not quenches) T, through the de
Gennes factor, (g-1)2J(J+1), and gives rise to a commensurate AFM order that
coexists with superconductivity. On the other hand, the abrupt quenching of
superconductivity for R =Dy, Tb, Gd is caused by the adverse influence of the
prevailing magnetic order[3,4,11,13-15].

In all of the above mentioned compounds, the R-ions concentration is constant.
Then the variation in the strength of the interplay between magnetism and
superconductivity through this series is due to the variation in the de Gennes factor
and in the strength of the magnetic interactions [4,13]. It is interesting to study the
competition between the 4f-magnetism and superconductivity as a function of the
4f-moment concentration. The (Gdyx Y 1.x)NipBoC (0<x<1) solid solution is a good
candidate for such a study, since the Gd-ion is in a S-state and so no complications
due to crystal field effects are expected in the temperature range of interest. Our
results show that in the low Gd-concentration, T is depressed linearly with x.
Moreover, for 0.1<x<0.25, the RKKY interactions among the Gd-moments are
strong enough to establish a long range AFM order in the superconducting state. For
x>0.25, superconductivity is completely suppressed and the magnetic transition

temperatures are linearly related to the magnetic dilution.
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2. EXPERIMENTAL

Pellets from the stoichiometric mixtures of high purity elements were arc-melted
under argon in a conventional Argon arc-melt furnace [1-6]. Room-temperature
structural characterization was carried out in standard Cu-Ka diffractometer.
Magnetization were measured on SQUID magnetometer (up to 70 kOe) and on ac
susceptometer (500Hz, ~10e¢).

The longitudinal magnetoresistivity (j / H) was measured on a bar of a
polycrystalline x=0.22 sample in fields up to 80 KOe using the four-point dc
method. The sample temperature was monitored by Carbon glass thermometer with
its long axis set perpendicular to the field direction. Temperatures were corrected

for the magnetic field influence following the procedure described in Ref. 16.

3. RESULTS

The X-ray-diffractograms (Fig.1) confirmed the expected structural character [2]
of the polycrystalline samples. Traces of impurities were detected and two of them
were identified as RNis and RNiBC. The Rietveld analysis was carried out
assuming the structural data as reported in Ref.[2]. The lattice parameters (inset of
Fig.1) vary monotonically with the Gd concentration: while the c-parameter
decreases, the a-parameter increases. It is worth to recall that all atomic positions
(except the z-parameter of boron ) are fixed by symmetry requirements. Then, such
a concentration-dependent cell lengths variation (which is also observed in the

RNi»B2C series[2]) can be attributed to the opening of the tetrahedral angle due to
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the insertion of the large-sized Gd-ion. This entails a compression along the c-axis
and an elongation along the basal plane.

For all the studied samples, the resistivity p shows a linear metallic behavior
down to 30K and then p saturates with p(300K)/ pgat = 3 ~10 (Fig.2) On cooling
further, the superconductivity was detected only for x < 0.25 and T; degrades
linearly with the Gd concentration. Fig.2 demonstrates also that the Gd-rich samples
show a remarkable anomalous drop in p, indicating a decrease in the incoherent
electronic scattering due to the onset of the magnetic phase transition.

The ygc-T curves (Fig.3) show that Gd-substitution degrades the
superconductivity monotonically and with an eventual quenching for x>0.25. For
the Gd-rich samples, the Curie-Weiss behavior was observed (as an example see
Fig.4) with an effective moment pafr = (7.910.Dug.

The sample with x=0.22 is situated in the concentration region that separates the
superconducting and the normal-state solid solutions. Qualitatively, it has some
similarity with the HoNi»B2C compound in the RNipB>C series {4]. For that
reason, we studied its magnetic and superconducting features in somewhat more
details and the results are displayed in Figs.4-6. Fig.4 shows its M-T curves which
manifest characteristic Zero-Field Cooled (ZFC) and Field-Cooled (FC) features.
For a better understanding of Fig.4, the low-field magnetization loop for this
sample, at T = 1.7K, was carried out and it is shown in the inset of Fig.5. It is clear
that a small magnetic field of the order of few Oe is enough to quench

superconductivity. This explains the pronounced differences in ZFC and FC
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behavior of Fig.4 because the employed dc field (11.593 Oe) was greater than the
critical field.

On the other hand, the magnetization isotherm for x = 0.22 sample at T = 1.7K
(Fig.5), shows that a relatively large field (~70 kOe) is needed to align appreciably
the magnetic moments along the field direction. Since the Gd single-ion anisotropy
18 negligible, then this implies that even for such a low concentration, AFM
exchange coupling are quite strong. In fact, for x<0.25, these strong couplings are
giving rise to a magnetic ordering even in the superconducting state (see Fig.3).
With the addition of more Gd moments superconductivity will be quenched as
manifested by Figs.2-3 for x>0.25.

The longitudinal magnetoresistivity Ap(H)={p(H)-p(H=0)}/p(H=0) of x = 0.22
sample at 4.7K (Fig.6) shows that the superconductivity is quenched with a small
external field and that the Ap(H) rises fast to its normal-state resistivity value. On
the further application of the field; Ap(H) decreases monotonically. Molecular field
Approximation relates Ap(H) to the thermally averaged Gd moment <u> along the
field direction by the following relation [17]:

Ap(HY={p(H)-p(H=0)}/p(H=0) o -<y>2 M

Let us assume that the magnetization curve at T=4.7K is similar to the curve at
T=1.7K(Fig.5). Then we can substitute [17] the experimentally determined <p> of
Fig.5 into Eq.1 and compare it to the measured Ap(H). This is shown in Fig.6,
where the solid line is the scalling of the <u>2 to the Ap(H) values. Although, the
sample is a polycrystal and is contaminated with a minority impurity phase,
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nevertheless, the agreement between Ap(H) and <p> according to Eq.1 confirms
once more that the AFM couplings in samples with these low Gd-concentrations are
quite strong.

In Fig.7, we show the characteristic temperatures versus Gd-concentration as
obtained from the results of p, y5c and magnetization measurements. As evident, the
T, is linearly related to the concentration of the pair-breaking centers: the AT /T is
fitted successfully to the Abrikosov-Gorkov relation. On the other hand, the
magnetic transition temperatures are linearly related to the Gd-concentration. It is
worth emphasizing that the magnetic boundary line crosses the superconductivity
boundary line at the same Gd-concentration above which superconductivity

disappears. This behavior was also observed in the RNipB2C series [13].

4. DISCUSSION

YNisB5C is a superconductor with T = 15.6K [3] while no superconductivity is
detected in GdNi»B>C down to 1.5K [9,14,15]. In this series, superconductivity
degrades with the addition of the paramagnetic centers. As a consequence, some of
the destroyed Cooper-pair are available for the mediation of an RKKY interactions
among the Gd-moments. For 0.1 < x <0.25, this eventually brings about a long range
AFM order that coexists with superconductivity. The strength of these interactions
is demonstrated by the facts that for x=0.22 a relatively strong field ~80 kOe is
needed to saturate the magnetic moment and to completely overcome these

couplings. The prevailing zero-field magnetic ground state enforced by these
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coupling is the one which brings about the quench of superconductivity for x>0.25.
With our present data, we are unable to rule out the possibility that this state is spin-
glass-like state.

We now consider the nature of the magnetic ground state for Y-rich samples. Let
us recall that for, e.g., the x=0.22 solid solution, the Gd-ions are substituting
randomly some of the Y-ions. Then, it is not easy to visualize a long range magnetic
order with an oscillatory arrangement of the Gd-moments. This excludes the
possibility of establishing a helical ground state. Moreover, our structural analysis
(Fig.1) excludes a phase segregation in these compounds. Then the randomly-
distributed Gd moments may be involved in a non-collinear non-periodic AFM spin
structure (see Figs.2,4-5). This structure (in contrast to the conventional collinear
AFM ground state) can give rise to a non-canceling exchange field at the Ni-sheets
and so quenches the superconductivity. Some faint traces of quasi-reentrant
behavior can also be observed for 0.1 <x<0.25 (see Fig.2) and can be attributed to
the interplay between this magnetic state and the superconductivity.

The GdNipB>C is a weakly-anisotropic Heisenberg antiferromagnetic [15]. It
orders antiferromagneically at T = (19.540.5)K. Moreover, a magnetic field of 133
kOe is needed to align the spin against the interplanar couplings. Molecular Field
Theory predicts that magnetic dilution will weaken these exchange couplings and
linearly depress the magnetic transition temperatures. As shown in Fig.7, this 1s the
case here. However, as mentioned above the interplanar RKKY interactions are still

strong even at x=0.22.



8 CBFF-NF-073/94

The overall features of this series showed a strong similarity with the magnetic
and superconducting features of the pseudo-ternary compounds (Luj.x,Hox)Rh4B4
[18], (Tm].x,Hox)Rh4B4 [19] and (Erj.x,Hox)Rh4B4 [20]. Qualitatively similar
concentration-dependent superconducting and magnetic features were reported for
the solid solutions (Y 1.xErx)NipBoC [10], (Y1-xAx)NipB2C (A=Sm,Dy) [11] and
(Er1jxHox)NipBoC [11]. In these (pseudo-) quaternary and (pseudo-) ternary
compounds [21] the depression of T can be scaled to the de Gennes factor and the
structure can accommodate quite a large percentage of 4f-magnetic moments
without a complete loss of superconductivity.

5. CONCLUSION

The Gd substitution on the non magnetic superconductor YNipB7C introduces
pair-breaking centers and consequently leads to a linear depression of T with x.
The available normal conducting electrons around the Fermi surface will be ready to
mediates an RKKY interaction that eventually materialize a long range AFM order.
Depending on the Gd-concentration, a quasi-reentrant behavior or a complete loss of
superconductivity will result. For higher Gd-concentration, the magnetic ordering
temperatures depends linearly on the Gd-concentration.
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Figures Captions

Fig.1. Room temperature Cu-Kqy X-ray diffractograms of the pseudo-quaternary
system (Y1-xGdy)NizB2C. The inset shows the lattice parameters of the
tetragonal unit cell as a function of the Gd concentration.

Fig.2 Representative p vs. T curves for (Y1.xGdyx)NizB2C compounds.p(T) is
normalized to the room temperature value

Fig.3. Representative yac-T curves for (Y).xGdx)NipB2C. The dotted line
emphasize the additional magnetic contribution to the ya¢ (see text).

Fig.4 The molar x4c -T curve for (GdxY1x)NigB2C (x=0.22). The right hand side
scale shows the Curie-Weiss behavior for this concentration. Due to impurities
some deviation of CW is observed at low-T.

Fig.5 The magnetization isotherm for (GdyY 1.x)NioB2C (x=0.22) at T=1.7K. The
magnetic moment saturates to 7ug at 7T. The inset shows the low-field
magnetization loop at T=1.7K classifying it as a type-II superconductor.

Fig.6 The longitudinal magnetoresistivity versus field of the polycrystalline x=0.22
sample at 4.7(2)K. The solid line represents the scalling of the square of
magnetization of Fig.5 to the experimental data above the Hg».

Fig.7 The concentration dependence of the magnetic and superconducting transition

temperatures of (Y].xGdx)NipBoC. The solid line on the superconducting boundary

represents the Abrikosov.-Gor'kov relation. The solid line lines on the magnetic
boundary shows the linear influence of the magnetic dilution linear on the magnetic
transitions (Tq and T2) (see Ref.15).
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