PHYSICAL REVIEW B, VOLUME 65, 18040(R)

RAPID COMMUNICATIONS

Superparamagnetic-like ac susceptibility behavior in the partially disordered antiferromagnetic

compound CgCoRhOg
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We report the results of dc and ac magnetization measurements as a function of teme@tuB90 K
for the spin-chain compound, gaoRhQ;, which has been recently reported to exhibit a partially disordered
antiferromagneti¢PDAF) structure in the range 30—90 K and spin-glass freezing below 30 K. We observe an
unexpectedly large frequency dependence of ac susceptibility ifi taege 30—90 K, typical of superpara-
magnets. In addition, we find that there is no difference in the isothermal remanent magnetization behavior for
the two regimes below 90 K. These findings call for more investigations to understand the magnetism of this

compound.
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Recently, the spin-chain compound,;CaRhQ, (Ref. 1),

PACS nuni®er75.50.Lk, 75.30.Kz, 75.30.Cr

The compound G&ELoRhQ in the polycrystalline form

has started getting attention due to the fact this compoundas prepared by solid state route. Stoichiometric amounts of
exhibits an unusual tyBé of magnetic phase transition. This high purity (>99.9%) CaCQ@, CoO and Rh powder were
compound crystallizes in a JCdCl type rhombohedral thoroughly mixed. Then the mixture was calcined at 900 C
structure(space group R®. With this structure, in this com- for one day. Subsequently, the preacted powder was finely
pound, there are one-dimensional chains of alternating faceground, pelletized and heated at 1200 C for about 10 days
sharing CoQ@ trigonal prisms and RhQoctahedra. Ca cat- with few intermediate grindings. The x-ray diffraction pat-
ions separate these chains, and the magnetic ions formtern confirmed that the sample is a single phase (
triangular lattice with an interchain spacing of 5.313 A. The=9.202 A and e10.730 A). The dcy measurements
dc magnetic susceptibilityy) as well as neutron diffraction were performed in the range 1.8—300 K at different figltls
data revedl® that there are two magpnetic transitions, one at30, and 50 kOgboth for zero-field-cooledZFC) as well as

90 K (T,) and the other at 30 KTj). In the magnetically field-cooled(FC) state of the specimens employing a com-
ordered state, the magnetic ions along the chain couple femercial (Quantum Designsuperconducting quantum inter-
romagnetically, whereas the interchain nearest neighbor irference devicé SQUID). The same magnetometer was em-
teraction is antiferromagnetic. This type of interaction mayployed to take ag data(1.8—300 K at various frequencies

cause magnetic frustration, as this compound is intrinsically
a triangular lattice. As a consequence of this geometrical
frustration, betweenT; and T,, 2/3 of the ferromagnetic
chains (present at the corners of the hexagdmve been
reported to couple antiferromagnetically with each other and
the other 1/3(at the center of the hexagpare proposed to
be left incoherent with the other chaifsee Fig. 1a) of Ref.
3]. There are only few compounds known with this kind of
triangular lattice of antiferromagnetic spin chains, e.g.,
CsCoC} and CsCoBy.*® However, the magnetism of this
compound is proposédo be unusual in the sense that, below
T,, the incoherent chains appear to freeze in a disordered
state, whereas in the Cs compounds, a ferrimagnetic state is
attained below the lower transition temperature. However,
the ferrimagnetic phase can be obtained even in the present
material by an application of a magnetic fie(H) of the
order of 20 to 30 kOe. In other words, this compound is
characterized by an interesting magnetic phase diagram.
While we believe that this magnetic compound will attract
future attention for various investigations, it is of interest to
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FIG. 1. Dc magnetic susceptibilityy] as a function of tempera-

look for further characteristics of such a complex magnetiGyre for CaCoRhQ measured at different fields. The transition
mate”al, n partICU|al’, to Compare the anoma“es due to th%mperatures]’l and T21 are marked. Insets Shom) inverseX

disordered nature of the magnetism in the two temperaturg4=50 kOe) as a function df to highlight paramagnetic behavior
ranges below 90 K. With this motivation, we have carried outwith the lines through the data points serving as a guide to the eyes

magnetic measurements on this material, the results of whicnd (b) isothermal magnetization at 5 and 62 K. For5 K, the
are reported in this article. The results apparently raise intettower curve corresponds to increasidgand the upper one to de-
esting questions. creasing H.
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in zero field as well as in the presence of two dc figiland ' '
30 kOe. Isothermal magnetizatiofM) and remanent mag-
netization (M,gy) behavior were also tracked at 5 and 62 K
employing a commercial magnetometers both by vibrating
sample magnetometefVSM, Oxford Instruments and
SQUID and the results obtained from both the instruments
agree quite well.

The T-dependence of dg¢ measurements are shown in
Fig. 1. There is a sharp drop of above about 35 K for
ZFC-curves for alH as though there is a magnetic transition T
at this temperature. ZFG-T plots tend to merge below
about 20 K for all the values dfl. However, FC-curves at 004
low temperatures show a different behavior in the sense thatg
the values are found to be-dependent, though the plots 3
tend to a constant value below 20 K in all cases. Above about:”
35 K, x values are field-dependent for both the ZFC and FC
measurements and the features are suggestive of anothe A
transition in the range 90—100 K. As noted earli¢he plot 000
of inversey versusT (Fig. 1, inset is highly nonlinear in the 0
paramagnetic stat@bove 90 K. The Curie-Weiss tempera-
ture inferred from the near-linea'r.rang.e O.f 2'25—.300 K is FIG. 2. Real §') and imaginery §”) parts of ac susceptibility
found to be about 175 K, the positive sign indicating strongfor ca,CoRNQ, measured at different frequencies with an ac driv-
ferromagnetic interaction; this value however is marginallying field of 1 Oe. The ag behavior in the presence of a magnetic
higher than that reported 50 K) in Ref. 1. The findings are field of 5 kOe at two frequencies are also shown. The data for the
otherwise in good agreement with those reported in Ref. lpresence of 30 kOe at various frequencies nearly overlap and hence
There is a distinct differenééetween the plots of isothermal shown only for one frequenciwith the data fory” being feature-

M at 5 and 62 K(Fig. 1, insel in the sense that there is a less not shown in the plpt The curves shown are obtained by
plateau in theH range 20—40 kOe at 62 K due to ferromag- drawing lines through the experimental data points.

netic alignment of the spins. There is a significant hysteresis

in the plot fa 5 K resulting in a remanence M (vide infra) part (x") of the acy as well(prominent below about 75 K
after reducingH to zero, which is in agreement with the One does not expect such a feature at the magnetic transition
proposed spin-glass behavior. We have observed similaemperature due to long range magnetic ordefitigs also
magnitudes of remanence even at 62 K, which is not obviousemarkable that the width of the’-feature is so large that it
from Fig. 1 inset, due to the compression of the scale on thepans entire temperature range betw&erand T,. What is
y-axis. The ZFC-FCy curves obtained in the presence of 1 puzzling is the large frequency dependence of the tempera-
kOe field tend to bifurcate at a temperature close to 70 Kture at which the peak appears, for instance, from 50 K at 1
however, applications of higher fields lower the temperaturédz to 70 K at 1 kHz in they’ data, in sharp contrast to that
at which this bifurcation occurs, implying thereby that at known in canonical spin glasses. Quantitatively speaking, the
much smaller fieldgin few gaussesthis feature may occur magnitude of the factdrAT;/T;A(logw), turns out to be as

at temperatures higher than 70 K. There is a tendency for mrge as about 0.1, which is typically seen in superparamag-
broad peak in temperature range 100 to 150 I iversusT  netic materials. The peak temperature in the¢' vs T plot
plots forH =1 and 30 kOe, but it is cut off around 100 K due typically represents the spin-freezing temperatufe) (The

to the onset of magnetic ordering. It is to be noted that this/alue of this factor in canonical spin glasses is known to be
peak is clearly visible in the data fét=50 kOe. This maxi- below 0.01. It is to be noted that the values yofare also
mum in y resembles that of Bonner and Fischer’s predictionpractically frequency-independent below 30 K. We have also
for one-dimensional magnetistrAlternatively, short-range taken the data in the presence dfiaf 5 and 30 kOe. While
correlations also may be responsible for this feature. the ac chi features for 5 kOe resemble those of zero-field

We now present the results of ac measurementésee data, forH=30 kOe data, thg' cusp vanishes and the peak
Fig. 2). It is clearly seen that, in the zero-field data, there is agets broadened by the field with a significantly reduced in-
well-defined peak at 50 K in the real payt'() of acy typical  tensity; also they”-anomaly is completely depressed. This
of spin-glasses. However, what is remarkable is that théinding is consistent with the proposed phase diagranthe
anomalies associated with magnetic ordering start building agense that the disordered magnetic state is destroyed at a field
temperatures as high as 90 K. Therefore, it is very difficult toof 30 kOe.
associate the ag anomalieqsee further beloyto the tran- We have also probed the magnetic relaxation behavior in
sition at T,. This observation may be correlated to thethe two temperature ranges, by measuring at 5 and @2d<
ZFC-FC divergence at a temperature close to 90 K at lowB). For this purpose, we have zero-field-cooled the specimen
fields(say, at 1 kOgas discussed above. The fact that fie  to respective temperatures, switched on the field of 5 kOe,
peak arises from some kind of spin-glass freezing appears twwaited for 5 min and then the decay Mg\, was tracked as
be endorsed by the observation of an upturn in the imaginarg function of time(t) for about an hour after the field was
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— v 1] great discussion even in conventional spin gladsefyrther

Ca CoRhO discussion on this aspect for the present complex material is
0.020 ’ ° not desirable. What is important to note is that, while the
62K ) slow relaxation ofM g at 5 K is consistent with the spin-
glass freezing proposed in Ref. 3, similar behavior at 62 K is
0.015p — M, = 0.0283 - (0.00366 logt) | unexpected on the basis of the analysis of the neutron dif-

fraction data. If the interpretation of previous restilsse
correct, one can argue that coexisting antiferromagnetic
chains and paramagnetic chains can also give rise to this
behavior which by itself will be an interesting conclusion.
Alternatively, on the basis of the similarities of the relaxation
o Myga= 001172 - (0.00259 logt) behavior at 5 and 62 K quantitatively evidenced by a com-

MIRM (emu/g)

0.005

5K l parable values of the coefficients of the logarithmic tésee
00020003000 2000 Fig. 3), one is also tempted to propose that the dynamics in
time (sec) the entire temperature range below 90 K observed here is the

one due to superparamagnetic clusters formed betwgen
FIG. 3. Isothermal remanent magnetization behavior at 5 and 6andT,, the dynamics of which apparently gets frozen below
K for CaCoRhQ;, obtained as described in the text. The continu-Tz_
ous Iinc_es reprgsent least squares fit to a logarithmic function men- To conclude, we have observed a large frequency depen-
tioned in the figure. dence of ac susceptibility in GEoRhQ, in a temperature
) range in which a partially disordered antiferromagnetic phase
switched off. We observed thadl|ry dropped to a value nhas peen previously proposed. If the interpretation of the

below the detection level of the instrument in the paramagneytron diffraction datafor the range 30-90 K is correct, the
netic state(say, at 120 Kas expected. However, the values present results raise a very interesting question how the co-

at 5 and 62 K are significaifin agreement with th#1 versus  eyistence of antiferromagnetic and incoherent magnetic
H behavior discussed abgvand found to undergo slow de-  chajns result in superparamagnetic-like behavior. It is also
cay witht. A quantitative analysis of the data to an exponen-gyprising that the magnetic relaxation behavior in the two
tial form popularly noted for canonical spin glasses is foundtemperature regimes in the magnetically ordered state is
to hold good for a narrow range of the pldielow about  fong to be similar, which prompts us to propose that the
1000 seg, but deviations occur foM gy curve at highet  gynamics of the superparamagnetic clusters formed in the
values. It appears that, barring lawegion,M gy S€€mSs 10 range 30-90 K freeze below about 30 K. We hope that this
vary logarithmically as shown in Fig. 3 with comparable yyork motivates further microscopic investigations for a bet-

values of the coefficient of the logarithmic term. It thus ap-ter yunderstanding of the magnetism of this compound.
pears that a superimposition of exponentfat low t values

and logarithmidat highert values terms describe the relax- The help of Kartik K. lyer during measurements is ac-
ation process. As the actual form of relaxation is a matter oknowledged.
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