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ABSTRACT

Magnetization studies on GdNi»B2C, over a wide temperature and field ranges, reveal
two magnetic phase transitions at 19.5(5) K and at 7.2(3)K. At T=1.7K, the full Gd-
moment saturation is attained only for H = H=133(3) kOe. The overall magnetic
features are similar to the magnetic properties of the RNipB»C (R= Tm, Er, Ho, Dy,
Tb) isomorphs and can be interpreted in terms of the picture that assumes the weakly-
anisotropic Gd-moments to be RKKY-coupled ferromagnetically in plane and

antiferromagnetically out-of-plane.
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1. INTRODUCTION

The intermetallic antiferromagnetic conductor GdNipB>C belongs to the family of
compounds RNigB,C (R=Y, rare earth) [1-4] that possess a body centered tetragonal
structure with space group I4/mmm. The structure (which is a filled variant on the
ThCr2Siy structure) contains an alternate stacking of the NipBy and the GdC sheets
[2]. In the isomorphous intermetallics RNi9B>C (R=Tm, Er, Ho, Dy, Tb) [3-16], the
4f-moments have strong ferromagnetic (FM) intraplanar couplings and relatively weak
antiferromagnetic (AFM) interplanar interactions: the paramagnetic Curie-Weiss
temperature O is positive {3,4] and for T < Ty the spin structure is a set of FM planes
that are AFM coupled [3-15].

Specific to the reentrant superconductor HoNigB»C, the combined effects of these
characteristic RKKY interactions and the easy plane crystal field anisotropy [16] lead
to a unique helical spin arrangement. This state is energetically unstable at lower
temperature and consequently transforms into a commensurate antiferromagnetic state
at T2[5,6,12,16]. The magnetic field influence on this helical state results in a
characteristic H-T phase diagram [13-14,16].

On the other hand, for the case of the GdNi»B>C compound [8,9,14,15], the
spherical 88 Gd-ions occupy the 4d sites (Wyckoff notation) with point symmetry
operation 4/mmm [2]. Then, for T > 1K, the crystal field influences and the dipolar
effects are expected to be negligible and so the anisotropic field Hy =0. This weak-
anisotropy (absence of complication due to crystal field effects) makes the GdNioB2C
compound the best candidate in this series for studying the influence of the above
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mentioned magnetic interactions on the low-T superconducting and magnetic
properties.
2. RESULTS

The GdNipByC compound was prepared by conventional argon arc-melting
methods and was annealed as prescribed in the literature [2-4]. The room temperature
Cu-Ka X-ray diffractogram (Fig.1) pertains to the required phase. Traces of impurities
were detected, one of which was identified as GANiBC[2]. The Rietveld profile
analysis yields the same structural parameters as reported in Ref.[2]: a=3.577A and ¢
=10.36A.

Magnetization measurements were carried out on the following standard set-ups:
ac susceptibility (500Hz, 1 Qe, 1.5<T<50K), SQUID magnetometer (1.7ZK<T<100K,
H<80 kOe) and extraction magnetometer (1.7K<T<100K, 0<H <140 kOe). Preliminary
results on this compound were reported in Ref[8]. For T > 50K, the Curie-Weiss-type
(C-W) Gd-paramagnetism is characterized by peff = 7.97ug and 8 = +2.7K. The
positive © indicates dominant intraplanar FM interactions. As the temperature
decreases, a set of magnetic transitions appears (Fig.2). A weak peak around 40K is
attributed to an unidentified magnetic impurity. The other two transitions (Fig.2) are
intrinsic to the GdNi»B2C compound [8]. One transition (peaking around T\=T7 =
19.5(5) K) is attributed to an AFM transition. Although, there is no experimental
evidence on the existence of a helical state below Ty], however our experimental
features can be qualitatively interpreted if we assume (in analogy with the magnetic
feature of HoNipB2C) an accompanying helical state that transforms to a
commensurate AFM state at the second phase transition that occurs at Ty = 7.2(3) K.
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Below T, the Field Cooled (FC) and Zero-Field Cooled (ZFC) magnetization
curves (Fig.2) show that, a fraction of the magnetization is remnant under a 10 Qe
magnetic field. This may be attributed to the combined effects of a strong planar
ferromagnetism and a low anisotropic character.

Fig.3 shows the magnetization isotherms at T=2K, 9.76K, 24.23K, 33.84K,
48.16K, 76.56K. In the paramagnetic state, T >6 and the magnetization versus H/T
curves should collapse to :

M =y H=CH/T+0) ~ CH/T «« H/T ¢y
This is confirmed in Fig.3.a, where <..> denotes the thermally averaged value (g is the
g-factor and J is total orbital moment). In addition, Fig.3.b shows that, in the ordered
state, the M-H curves at T=9.76K and T=2.0K are not different for higher fields.

The powder M-H curve at 1.7K (Fig.4) shows the magnetic moment per Gd-ion to
rise rapidly at low field up to 0.4T and then slowly in the field region of 0.4< H< 4T,
Above that, for 4T<Hap<10.3T, the magnetization rises almost linearly as:

<g.J>=0.53Hgp*0.73 (2)

For H = Ho=133(3) kOe, the saturated moment is 7.13ug ( the expected value is 7
KB). The excess saturation moment (0.13ug) is probably due to the contaminating
magnetic phases. Because of the combined effects of the magnetic impurity and the
polycrystalline form, no attempt is made for estimating the spin-flop field. In this
work, no correction is being carried out for diamagnetic contribution.

The resistivity (Fig.5) reveals a metallic behavior down to 30K. For 30<T<T}, it
reveals a temperature independent features. Below Ty, an anomalous drop in the

resistivity is observed. The inset of Fig.5 demonstrates the relation between the



5 CBPF-NF-072/94

normalized magnetic resistivity Ap and the sublatice magnetization that was
measured by the Mossbauer spectroscopy [15 ] where M is proportional to the
effective hyperfine field: M « Heff. Let us assume in this case the validity of the
Molecular field (MF) relations wherein Ap(T) is connected to the thermally
averaged Gd moment <J> as [17]:

AR(TY={p(T)-p}/pg  ~<I>2 cc-HZe gy 3)
where p denotes the incoherent magnetic scattering;. p = ( pgot -Pph -Pres) and py is
the high-T paramagnetic resistivity. The inset shows that while -Hzeff drops fast
below Ty and slowly afterwards, the Ap(T) drops with a much slower rate. No doubt,
the trend is similar, however, the fact that Ap(T) is not scaling well with <J>2 implies
that MF approximation is not applicable for this compound. This agrees with the
conclusion of the Mossbauer spectroscopy that the M-T curves can not be fitted to a
MF S$=7/2 Brillouin function.

Discussion

As a first approximation, let us assume that the low-T magnetic phase of
GdNiyB,C is a weak-anisotropic Heisenberg AFM. Then, MF theory expresses the
magnetization isotherm (H along the easy axis) as follows [18,19]:-

Hsat = (2Hex-Ha) =~ 2Hex 4.b
Hgf = ‘J(ZHaHex'Haz) 4.0

where, Hey, Hy, Hggt and Hgr are respectively the exchange field, the anisotropy field
(<< 2Heyx), the saturation field and the spin-flop field. Mg is the sublattice
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magnetization (*2NgugJ). Although these relations are valid only for single crystal, we
try below to apply them to a polycrystalline sample so as to obtain a qualitative
understanding of the overall magnetic features. We will also ignore the further
complication of the possible instability of the AFM ground state against a helical state
at low-T [13]. Then, the qualitative features of Fig.4 can be described as follows: the
external field first flops the spins to the perpendicular direction and then for higher
field works to align them parallel to the field against the AFM exchange couplings.
Complete moment saturation is achieved only when the exchange field is being
completely counterbalanced i.e. Hap = Hgyt = 133(3) kOe . The amalysis of Fig.4
according to Eqs.4 shows that (i) Eq.2 fits the quasi-linear behavior of the M-H curves
over a wide field range 4T<Hap<10.3T and (ii) the value calculated from the slope of
Eq.2 gives a value close to the 2Hey and so confirms Eq.4.b i.e. 2Heoy = Hggt =
133kOe. Moreover, Eq.(4.c) shows that the spin-flop field V(2.HpHex-Hg2) is
negligible and therefore a small applied field will flop the Gd-moment perpendicular to
the field direction. Although, the validity of the MF arguments on a highly anisotropic
polycrystal is questionable, these self-consistent rough calculations characterize this
compound as a weak anisotropic Heisenberg antiferromagnet with strong AFM
interactions.

The deviation from linear behavior in the M-H curve for H< 4T and the non-
proportionality of <g.J> with Hap (Eq.2, in contrast to Eq.4.a, has a y-axis intercept)
are most probably due to (1) the presence of magnetic impurities or (ii) the
polycrystalline form of the sample or (iii) the field-induced influence on the assumed

helical arrangement. Experiments are under way to resolve this feature.
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The observed ordering temperature, T1, of the GdNiyByC compound is the highest
among the magnetic members of the RNipBoC series [3,4,14]. This is not surprising
since for this series, T is shown [4, 14] to scale with the de Gennes factor, (g-
1)2J(J+1), and this factor is the largest for the Gd-ion.

4. CONCLUSION

The magnetism of the GdNi3BoC compound is shown to be similar to the
magnetism of the isomorphous series RNipB,C (R=Tm, Er, Ho, Dy, Tb). They all
share the following characteristics. Firstly, FM intraplanar interactions are relatively
stronger than the AFM interplanar interactions. Secondly, the AFM order occurring at
Ty is accompanied by a characteristic field cooled and zero-field features which are
interpreted as being a signature of the accompanying helical arrangement of the 4f-
moments, Thirdly, another magnetic transition, at T, is observed and interpreted as
being due to order-order phase transition: a transformation from an incommensurate
spin arrangement to a commensurate antiferromagnetic state. Finally, the strong
character of the intra-planar AFM interactions is manifested by the fact that only high
magnetic field can completely align the 4f-moments

The absence of superconductivity in this compound is related to the fact that the
available electrons at the Fermi surface are participating in the mediation of the above
mentioned strong RKKY interactions and so are not available for Cooper pairing. As
an estimate, MF approximates the average AFM exchange field as 67 kOe.
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Figures captions:-

Fig.1 Room temperature Cu-K, diffractogram for GdNizBC. The continuous line is a
Rietveld-fit to the (dotted) experimental point. The space group and starting
parameters are taken from Ref.[2]. z(B) denotes the Boron position parameter.
The arrows shows the strong peak of the impurity phase identified as GANiBC.

Fig.2 Magnetic properties of the GdNiaB2C compound showing the Field Cooled
(FC) and the Zero-Field Cooled (ZFC) M-T curves at H=10 Oe. The inset shows
the reciprocal dc susceptibility y4c. The C-W fit gives ¢ = 7.946/(T-2.74K).

Fig.3. Magnetization isotherm for the GdNi;B2C compound. (a) M-(H/T) curves
illustrating the difference between the ordered and the paramagnetic phases (see
text) (b) M-H curves for different temperatures .

Fig.4 (Bottom) The M-H curve at 1.7K for the GdNi13B2C compound. The continuous
line is a fit to the Molecular field predictions for a weakly Heisenberg
antiferromagnet (see text). (7op) An expansion of the low-field region.

Fig.5. Resisitivity versus temperature for the polycrystalline GdNiyB2C compound.
The values are normalized to the resistivity value at room temperature. The inset
shows the influence of the magnetic order on the resistivity below Ty; the
continuous line is the square of the sublaftice magnetization as given by

Mossbauer Spectroscopy ( M(T)ec Hefr (T)) [ Ref.15]
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