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Magnetic behavior of Gd,CuGe;: Electrical resistance minimum above the Nel temperature
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We report the formation of a compound, &aiGe, in a AlB,-derived crystal structure and its temperature-
(T) dependent magnetic susceptibility, heat-capacity, electrical-resistp)ifyafid magnetoresistance behavior.
The results suggest that this compound orders antiferromagnetically below 12 K. The most notable finding is
that theT derivative ofp is negative below about 25 K, resulting in a minimum in the plop @ersusT around
this temperature, a feature not very common among Gd alloys.

The observation of a distinct electrical-resistivity)(  with T above 80 K; however, there is a marginal deviation
minimum in the plot ofp versus temperatur@) well beyond from linearity asT is lowered[Fig. 2@)], resulting in an
the Nel temperature(Ty), mimicking the behavior of increase of the magnitude dfy/dT below 80 K but attain-
Kondo lattices, in GgPdSj, has raised interesting questions ing a negative minimum at 17 K. The effective moment ob-
and calls for a deeper understanding of magnetic precursdfined from the linear region turns out to begper Gd ion
effects>? It is of interest to search for Gd alloys with similar Which is very close to that expected for tripositive Gd ions;
behavior, as it appears that this finding bears relevance '€ sign of the paramagnetic Curie temperatué)( is
current trends in the fields of the Kondo effect and colossafound to be negative with a magnitude of 18 K. The
magnetoresistandé In the recent past®-there has been measured at both the fields 100 Oe and 2 kOe, exhibits a

considerable interest in the synthesis and investigation o?eta.k at 1t1h'9 K. Tho;J_gh”the glot Cc)if t?et isothermaldmag?etgo
new compounds crystallizing in the AJRlerived hexagonal zation In the magnetically orgered state measured up to

. : kOe is not a linear function dfi, M does not undergo satu-
crystal structures which the compound 8dSg belongs to. ion [Ei b hiah fields: h h .
Considering this, we wanted to extend the search for th ration [Fig. Ab)] even _at Igh Tields, however, there Is a

. ’ L eak curvaturgup to high field$ of the plot, say, at 5 K,

formation of new Gd compounds with similar transport be-
havior within the AlB,-derived family. Here we report the
formation of G4CuGe, in which a distinct minimum in the
plot of p versusT is noted around 25 K, which is far above
the value ofTy (=12 K).
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The sample was prepared by arc melting stoichiometric i
amounts of constituent elements in an atmosphere of argon.
The ingot was homogenized in an evacuated, sealed quartz 00—

tube at 750 °C for 7 days. An x-ray diffraction pattern, ob- i Heok0e
tained by employing CiK« radiation, established that the 0.185 R L
present compound essentially crystallizes in anAdBrived
hexagonal structure, though at present it is difficult to ascer-
tain whether the structure is an ordered invariant of this 0,150 .
typel* In the absence of any superstructure line in the x-ray ’ ;.
diffraction pattern, the lattice parameters are obtained as e
=4.079 A andc=4.089 A. There is an additional weak line
around = 35.15°, which is attributed to the presence of a
small componentabout 5% with stoichiometry 1:2:2. The
measurement®—-300 K) were performed by a conventional 3 et &
four-probe method employing silver paint for making elec- /W
trical contacts. The magnetic susceptibility)( measure- 0 \ \ ‘
ments(2—300 K) were performed employing a commercial 0 10 20 30 40 30
superconducting quantum interference device in the presence TK)
of a magngtlc fieldH) of 100 Oe as We,” as 2 kOe. T.he FIG. 1. (a) Magnetic susceptibility ¥) measured in the presence
hgat-cgpacn;(C) data(2-40 K were ob_tamed by a semia- of 100 Oe,(b) electrical resistivity p), and(c) the heat capacity
diabatic heat-pulse method. THengitudinal mod¢magne-  (c) in the temperature range 250 K for &liGe,. FC (solid line)
toresistancéMR) data were obtained in the presence of agng zrc(dotted ling for the y data in(a) represent field-cooled
magnetic field of 50 kOe in the temperature range 4.2—100 Kynd zero-field-cooled states of the specimen. Fluata as a func-
and also as a function ¢f at T=4.2 K. tion of temperature in the presencetdf 50 kOe are also shown in
The temperature dependencepofy (H=100 Og, andC  (b). The inset in(@) shows the plot of magnetoresistance as a func-
below 50 K is shown in Fig. 1. The invergevaries linearly  tion of field at 4.2 K.
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' ' ' trast to the negative MR expected for spin glasses. Hence we
20 L Gd2CuGe3 _ attribute the magnetic transition to long-range magnetic or-
@ dering. TheC data also exhibit an anomaly in the vicinity of
Ty, however with a broadening of the feature extending to a
rather wide temperature rangentil about 25 K, as in the
case of GgPdSg (Ref. 1), presumably due to short-range
correlation effects as indicated by the deviation of inveyse
below 80 K from the high-temperature linear behayisee
0 50 00 150 200 250 300 Fig. 2(a)]; it is also possible that there is an amplitude modu-
T (K) lation of the magnetic structure considering that the peak
value of C (nearTy, 10 J/GdmolK is far below that ex-
| T | pected (above 20 J/mol K for equal-moment magnetic
e T=sK (b) 29 structure’® We are, however, not able to derive the magnetic
a4 15K e contribution C,,) to C, as there are difficulties in the syn-

° 20K e thesis of single-phase nonmagnetic analogs. From the shape
of the plot of C versusT, one can infer that the tail o,
aboveTy might persist at least over a decade of temperature.

Now turning to thep data, it is found to decrease linearly
in the temperature interval 100—300 K with decreasing tem-
perature; there is no other worthwhile feature in the data in

H ( kOe) this temperature interval and hence not shown in the form of
a figure above 50 K. There is a distinct dropoiat 11.7 K as
: : I : the temperature is lowered. This drop arises from the onset
of a magnetic ordering as evidenced by other measurements.
The most notable finding is that the temperature derivative of
p below 25 K is negative, thus resulting in a minimum at
about 25 K in the plot op versusT. The observation of such
a p minimum, mimicking the behavior of Kondo lattices, is
not very common among Gd alloys. This minimum, how-
ever, gets washed out with the application of a large mag-
netic field [Fig. 1(b)], resulting in negative magnetoresis-
tance [defined asp(H)—p(0)/p(0)], as in the case of
t (minute) Kondo systems. Finally, we also measured the MR as a func-
tion of H at 4.2 K[see Fig. 1b), insefl and we note that the

FIG. 2. (a) Inverse magnetic susceptibility as a function of tem- MR is positive forH<10 kOe and becomes negative for
perature(2—-300 K), (b) isothermal magnetization at various tem- higher values oH. This behavior is typical of antiferromag-
peratures, an) isothermal remanent magnetization at 4.2 K as apets exhibiting metamagnetic transitions with the application
function of time () for Gd,CuGe. The solid lines in(@ and(c)  f |y (Ref. 2. It is, however, interesting to see that no such
represent a fit to the Curie-Wei¢80-300 K behavior and a loga- 4 nsition could be detected in the isothermal magnetization
rlthmlc fqnctlon,.respectlvely. The line through the data points at 5 ata[Fig. 2b)] and thus there is no apparent correlation
K in (b) is a guide to the eyes and the data for and 5 and 10 . .
nearly overlap. etween isothermal MR and behawor.belowTN.

To conclude, we report the synthesis of a new compound
which might arise from the small amount of secondary phas&d,CuGe crystallizing in an AlB-derived hexagonal struc-
of a ferromagnetic type. These findings suggest that Gd iontire. This compound undergoes antiferromagnetic ordering
undergo distinct antiferromagnetic ordering in the close vi-below 12 K, presumably undergoing amplitude modulation
cinity of 12 K in this compound. Other notable observationsas indicated by the heat-capacity data. The most important
in the magnetization data are th@j the field-cooled and finding is that there is a well-defined minimum at about 25
zero-field-coolegy data deviate from each other below 13 K K, far above T in the p data, theT-dependenp behavior
(slightly above the peak temperatueand(ii) the sample was mimicking that of the magnetically ordering Kondo lattices,
cooled to 4.2 K in zero field and then magnetized by keeping.g., CeA} and CePgSi, (Ref. 21). It may be recalled that
it in a field of 5 kOe for 5 min; the field was subsequently the negative temperature coefficientpbefore the onset of
switched off and the isothermal remanent magnetizatiolong-range magnetic order has been known even in Gd and
(Mry) Value was recorded as a function of time; it is notedTb metals?® but the temperaturéabout 110% of the mag-
thatM gy exhibits logarithmic decay with time as shown in netic ordering temperaturat which this occurs is so close to
Fig. 2(c). Though these properties are characteristic of spirthe magnetic ordering temperature that it could still be visu-
glasses, such features are common among magnetic mateaiized in light of traditional critical point effectavith a criti-
als with long-range magnetic order as WellAs discussed cal exponent of the order of Q.1However, in the Gd alloys
below, the feature due to the onset of magnetic order ipthe under discussion, the feature appears even beyohyg; 2
data is well definedat 11.7 K unlike in spin glasses and the therefore one has to assume an unusually large value of the
MR is positive for initial applications oH at 4.2 K in con-  critical exponent if one has to attribute it to critical point
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effects. We attribute the resistivity minimum to possibié case in the literature. Finally, it is worthwhile to note that
interaction-induced magnetic localization aboVg, (see this p behavior is qualitatively similar to that seen in
Refs. 1 and 2 In any case, the present finding firmly aug- TI,Mn,0; (Ref. 23, a compound gaining considerable atten-
ments our earlier emphadfsthat one needs to be cautious tion in the field of colossal magnetoresistance due to the
while attributing such @ minimum to the Kondo effect in absence of double-exchange and Jahn-Teller effedtich
magnetically ordering Ce or U systems as is generally thés true even in the case of Gd allgys
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