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Magnetic and structural properties of PrCo  5;_,Si, compounds

T. Matsui, R. D. Stevenson, R. D. Kirby, and D. J. Sellmyer
Behlen Laboratory of Physics and Center for Materials Research and Analysis, University of Nebraska,
Lincoln, Nebraska 68588-0111

We have systematically investigated the magnetic properties of the rare-earth compoung® PrCo
and PrCg_,Si,, the crystal structures of which are hexagonal GeMie and rhombohedral
BesNb-type, respectively. Sharp cusps were observed in the real and imaginary parts of the ac
susceptibility at temperatures between 282-(0.08) and 209 K x=0.23). Also observed were
bifurcations of the zero-field-cooled and field-cooled magnetization curves at the same
temperatures, showing that the magnetization was irreversible below these temperatures. The effect
of Si substitution for Co in this system is to decrease the average ferromagnetic exchange
interaction, thus decreasing the Curie temperature, without introducing significant random
magnetism effects due to exchange fluctuations or random magnetic anisotrof@98&American
Institute of Physicg.S0021-897@08)46211-X

I. INTRODUCTION the samples were determined from the initial weights of the
._component elements and checked by weighing after melting.
Phe alloys were subsequently homogenized for 100 h at

0 °C in vacuum. The crystal structures were determined by
x-ray diffraction using CuKa radiation and a graphite
monochromator. The magnetization was measured by a Far-
aday balance and a superconducting quantum interference
device (SQUID) magnetometer over the temperature range
H= —2(J0+AJ”—)$-Sj—DE(ni-S)z, (1) from 5 to 500 K. Powdered samples were used for SQUID
measurements so that individual grains could rotate freely
along the direction of the applied magnetic field. The ac
susceptibility measurements for the bulk samples were per-
bf rmed with a driving frequency between 10 and 1600 Hz
and a driving field of 1 Oe.

disordered magnetic systems which can result from exchan
fluctuations or random anisotropy® Letting S; be the spin
vector at sited andn; be a random unit vector whose direc-
tion varies independently from site to site, the Hamiltonian
describing the system can be written

whereJ, is an average exchange interactia;; is the fluc-
tuations in the exchange interactions, dhds a measure of
the strength of the random anisotrobyor real materials,
both exchange fluctuations and random anisotropy should
taken into consideration. In the case D0, for example
materials containing isotropic rare-earth elements, there is a

possibility for a spin-glass phags&G) or a re-entrant spin 1ll. RESULTS AND DISCUSSION
glass phaséRSQ as a disordered state. HoweverAij;; is . . .
negigoie compared . & andom magnetc ansbtopy , M 1 SOue e iy ecton s o e
(RMA) glass phase may appear. In such a case the aboxf % xSk P '

equation becomes the Harris—Plischke—Zuckermann Hami _ﬁe pattern for th&=0.0 sample was almost entirely single

tonian on which much of the theory of the RMA problem is phase PrCo Upon adding silicon up te=0.23 the diffrac-

based. Almost all of the materials studied previously can bet'?nn IFIJ atterlg S f“d nn doégfrﬂ]g? (ki)r?;lcasl):jeg( celp\'svforr ttr?artl aDevery
classified as either SG or RMA, which avoids difficulties in small peax arou A cated by ‘ower triang

. . appeared in some of the alloys. This peak is likely due to
separating an exchange-fluctuation effect and a randon}éprfoma netic RCo, Howeve>; the efF;ect of thisysmall
anisotropy effect. g . ;

In this study we have sought to investigate the aboVeamount of PsCo; on the magnetic properties discussed here

effects in an intermetallic compound system, PyC@&i,, in Cou[}jhzet:rzcoeljrgie?ef?jge?\gﬁnce of maanetization foxthe
which one expects strong single-ion anisotropy from the Pr,_0 17 sam ple isushowﬁ in Fig. 2 Aftegr iniltziallzero—field
and a weakening average exchandg) from the Si doping. P 9. <

The presence of any randomness is anisotropy or significar?toonng’ the magnetization was measured in a 50 Oe applied

: . ield as the temperature was raised to 30(sKlid circles in
exchange fluctuation was also a subject for study. Fig. 2@]. A peak at a temperature around 225 K was found.
In subsequent cooling in the same applied field, the magne-
II. EXPERIMENTAL PROCEDURE tization followed the same curve until it reached the peak.

. Below that temperature, it followed another path, showing a
Bulk samples of PrCp,Si, (x=0.0-0.23) were pre- harmg| hysteresis. The temperature at which the bifurcation
pared by arc melting in purified argon gas. The starting eley e zero-field-cooledZFC) and the field-cooled FC)

ments all had purity higher than 99.9%. The compositions o5 gnetization curves appears, decreases with an increasing

applied magnetic field, as shown for the case ldf
3Electronic mail: rdk@unlinfo.und.edu =1000 Oe in Fig. t).
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FIG. 1. X-ray diffraction scans for the Prgg Si, samples(1) x=0.08,(2)

0.17,(3) 0.20, and4) 0.23, anda) peak intensities for PrGdrom (JCPDS
database.

Figure 3 shows the in-phasg() and out-of-phasex(”)
components of the ac susceptibility for tke=0.17 sample.
Sharp cusps are found in both tlg¢ and xy” curves in the

Matsui et al.
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FIG. 3. Frequency dependence of in-phé@eand out-of-phaséb) ac sus-
ceptibility of PrCq_,Si, for x=0.17 andv=25, 100, 400, and 1600 Hz.
The inset shows the cusps in more detail.

225 230

same temperature region where the bifurcation appears dgirocesses are significant. In addition, the peak'iil) cor-
the FC and ZFC magnetization curves. It should be noticedesponds to the maximum slope ¥i(T), (dx"/dT) max-

that the peak iy’ shifts towards a higher temperature with

In order to get an insight into the effect of the Si substi-

increasing frequency, suggesting that thermally activatedution on the interaction parameters of ), the Si content
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FIG. 2. Zero-field-cooledsolid) and field-cooledopen magnetization vs

£ (arb. unit)
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temperature of PrGa,Si, for x=0.17, measured at applied field of 50 Oe FIG. 4. In-phaséa) and out-of-phaséb) ac susceptibility vs temperature of

(a) and 1000 O«€b).

PrCq;_,Si, for x=0.08, 0.17, 0.20, and 0.23.
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360 — — nonlinear inx. In a simple mean-field mod@&l.«xzJ,, where
z is the number of nearest-neighbor magnetic ions i
- ] the average exchange of Hd). However, this model is not
PrCO3-xSix realistic for PrCq_,Si, alloys because the exchange interac-
320 L i tions are quite sensitive to local environmeritsshould be

noted that YCg, for example, is not magnetfs. A spin-
fluctuation model for whichTCocM§/X0, where y, is the
exchange-enhanced susceptibility, is likely to be more
280 L - | appropriat€. For example, ify, is assumed to be constant
and M to vary linearly inx, thenT.(x) would change in a
nonlinear way as seen in Fig. 5.

The relatively sharp peaks ip’ and x” are of interest
because they are reminiscent of spin-glasslike freezing due

Curie Temperature (K)

240} 7 either to random anisotropy or exchange fluctuations. How-
- ever, in this series of alloys, with relatively small Si doping

. 1 levels, it seems likely that any such effects are small pertur-

. bations on a basically ferromagneticlike system whose posi-

200 | 4 tive exchange interactions are weakened by Si addition. The

sharp susceptibility peaks can be understood in terms of a
L L P ! model developed by Buschow and Brotthéor rare earth-
0.00 005 010 015 020 0.25 cobalt alloys based on REoln such compounds, where
X there is large single-ion anisotropy due to the rare earths,
domain walls can be pinned by the lattice but thermal irre-
versibilities such as observed in Fig. 2, can be caused by
thermally assisted domain-wall motion. This also could lead
to the sharp cusps in susceptibility Bt.

dependence of ac susceptibility was investigated. Figure 4
shows they’ and x” versus temperature curves for tke IV. CONCLUSIONS

=0.08, 0.17, 0.20, and 0.23 samples. Sharp cusps appear in In summary, PrCg_,Si, represents a diluted ferromag-
both x’ and x” curves for all the samples at temperaturesnetic system with a decreasing exchange and Curie tempera-
between 282 K X=0.08) and 209 K x=0.23). Although ture with an increasing Si concentration. The sharp ac sus-
these measurements could not be extended above 3R0 K, ceptibility peaks and nonlinear variation of, can be

for the x=0.0 sample increases with temperature up to 30Qationalized on the basis of an itinerant spin-fluctuation
K, suggesting that it will also exhibit a sharp cusp near themodel and thermally activated pinning of domain walls.

Curie temperature of 339 K. It was also found from the

SQUID measurement that the magnetization becomes irrexCKNOWLEDGMENTS
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peaks appearing on the high temperature side of the ac sus;
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FIG. 5. Estimated Curie temperature of P§C¢Bi, as a function ofk.
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