Magnetic ordering in pyrochlore Ho ,Mn,0;
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The magnetic susceptibility of HMn,O; with a spontaneous rise below about 40 K and a
paramagnetic Curie temperature 639 K suggests a ferromagnetic ordering. Indeed neutron
diffraction profiles show strongly enhanced Bragg peaks with a temperature dependence which
indicates an appareii,~35 K. Nonetheless, the magnetic diffraction pattern is not consistent with

a collinear ferro or ferrimagnetic ordering of the Hioand Mrf* sublattices. Furthermore, specific
heat and small angle neutron scatter{@ANS) show features which are also incompatible with
conventional long-range order. @996 American Institute of Physid$s0021-897@6)24008-9

I. INTRODUCTION II. EXPERIMENT

The polycrystalline powder sample used in the present

Two necessary but not sufficient conditions for the oc- ) : .
. . L . : measurements is the same as that described in Ref. 3. Ac
currence of spin-glass-like ordering in a given material are

site disorder and magnetic frustratibRecently, some pyro- susceptibility,y’, was determined as function of temperature

chlore structure materials have been studied extensively gend a Lake Shore 7000 Susceptometer. Dc susceptibility

R . . and magnetization were measured with the help of a SQUID
they seem to exhibit spin-glass-like ordering based on magrhagnetomete(Quantum Design, San DiegoThe specific

netic frustration alone, having apparently negligible site . .
. s e heat of the sample, in the form of powder, was measured in
disorde?=8 The pyrochlore compounds,®,0; (R** =rare . )
N . o the temperature range 2—90 K using a fully automated quasi-
earth; M =transition metalcrystallize in the face-centered- _ . : : . :
cubic structure with the space aroun Fd3 Each of the adiabatic calorimeter equipped with a Ge thermometer. The
P group SANS experiments were performed at the instrument at the

g?r?fgLs?c:ggl] Snelt\r/]votrrlleof T:riir-gtr)];nr?nou:]edtfahfgg:;s S?Jc;h;etef—)RS reactor at Risdlational Laboratory. The powder neu-
. 9 o : .cr)tron diffraction data, at different temperatures were obtained
pology leads to a very high degree of magnetic frustration i

. : . . . at the McMaster Nuclear Reactor with 1.3913 A neutrons.
the nearest neighbor interactions are antiferromaghtic.

The series of pyrochlores,®n,0; (R=Dy—Lu, orY)
have been reported to show ferromagnetic ordering baself- RESULTS AND DISCUSSION
upon the observation of positivg, values and spontaneous Figure 1 shows the temperature dependence of the real
magnetizatiort. Further studies of neutron scattering and part of the ac susceptibilityy’, of Ho,Mn,O; at 10 G at

heat capacity provided no evidence for long-range magnetigifferent frequencieg’ increases rapidly below about 40 K
ordering in Y,Mn,0,.* Small angle neutron scattering

(SANS) studies indicated the presence of ferromagnetic clus-
ters of finite size in the temperature range 13—-20A&va-
riety of studies on a related series of compoundM&0,
(R=Sm, Gd, Tb, or Y demonstrate the presence of spin-
glass-like ordering:"®In contrast recent studies of magnetic
and electrical along with SANS data on,WIn,0, and
In,Mn,O;, are consistent with the long-range ferromagnetic
ordering below about 120 K in both materials.

Ho,Mn,0; has been reported to show spontaneous mag- 5-
netization below about 40 K with a paramagnetic Curie tem-
perature,f,, of +33 K2 To understand the nature of this 0
magnetic ordering, a variety of studies, ac and dc magnetic
susceptibilities, specific heat, SANS and powder neutron dif-
fraction were performed and the results are discussed in Segig. 1. ac susceptibilityy’, of Ho,Mn,0, at four different frequencies,
I"l. from top to bottom:(8, 33, 143, and 222 Hz
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/D E 100 / \A
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/ 2o 4 ‘ for Ho®>" with a ground state oflg). The significant reduc-
Uf %‘_mﬁ"M \%%%\ tion in Ho®™ moment from the expected value suggests the
0 20 P " ‘} existence of strong crystal field effects. This is consistent
s N oa . with the specific heat data discussed later.
0 10 20 30 40 50 The powder neutron diffraction profiles at different tem-
T (K) peratures are plotted in Fig. 3. First, note that the intensity of

FIG. 2. Zero field cooledZFC) and field cooledFC) dc susceptibility of

each nuclear Bragg peak, indicated by the arrows, is en-
hanced as the temperature is decreased and that there is no

Ho,Mn,0O, measured at 100 G. The inset shows the negative temperaturdpparent change in the peak width. Further the temperature

derivative of the product of the FC susceptibility and temperature.

dependence of the intensity of tk&ll) reflection at 13.85°,

as shown in Fig. 4, is consistent with the susceptibility data

and frequency dependent behavior is seen below 38.0 K wit
a broad maxima around 33 K. The dc susceptibility, mea-
sured at 100 G, is plotted against temperature in Fig. 2. It ca

tibilities below 35 K which is expected for a spin-glass tran-
sition. A plot of —d(xT)/dT againstT is generally useful to
determine the transition temperature more accurately from
the dc susceptibility data. Such a plot given in the inset of
Fig. 2 indicates & of 37.1+1.0 K. The magnetization as a
function of applied field was measured at 5.0 K. Saturation
occurs only above 1.5 T with a value of 12.3/Ho,Mn,0O;

at 5.0 T. In Y,Mn,O; a magnetic moment of 2.3g/Mn at

4.0 T was reportel.Assuming the same M# sublattice
contribution in HgMn,O, leaves a saturation moment of 3.9
ug/HO®™ which is very small compared with an expected
value ofgJ=10.0 ug per HG'" free ion(g=1.25 and)=8
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suggesting ar, of about 36 K. The observed magnetic
iffraction pattern is not consistent with a collinear ferro or
Lerrimagnetic structure as found for pMo,O; or Yh,V,0;

be seen that a spontaneous magnetization develops below
about 40 K and deviations occur between zfc and fc suscep-
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FIG. 5. (a) Measured specific hedf, , of Ho,Mn,O;. The continuous line
FIG. 3. Powder neutron diffraction profiles at different temperatures forrepresents the estimated lattice specific h€at,(b) Magnetic specific heat,
Ho,Mn,0;. The base line intensities for different temperatures are shiftedCy,, obtained by subtracting ti, from theC, . (c) Magnetic entropyS,,

arbitrarily for the clarity of the plots.
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1000 ———————— and persists but the intensity rises towards the lower tem-
o, Ho,Mn,O, peratures. With a further decrease in @gthe intensity does
N, N not exhibit any peak but a plateau below 36 K and starts
100 %y fﬁ:giﬁﬁlﬁﬁ: increasing below 30 K. For the lowe&t of 0.013 A%, the
= "\0 o Qe0.085 A7 intensity increases sharply below 40 K and continues to in-
8 104 L —=—a=00me k) crease with the decrease in the temperature. For a long-range
= —, —e—GR0122 A7 ordered material, the SANS intensity observed at @wis a
2 \'““‘!..°\ function of the temperature shows a pronounced cusp at the
% 11 O 2o T, with a rapid fall off in the intensity both above and below
= ‘“’A&}%:”\ the T.. The SANS intensity of HgMn,O,, at the lowQ of
0.14 ‘; Sooag 0.013 A%, does not show any cusp at tfig prqviding gvi— .
—t dence for the absence of long-range magnetic ordering. It is
of interest here to mention the SANS intensities gVih,O;,
0.01 0 10 20 30 40 50 60 70 and Y,Mn,0, against temperaturé.In TI,Mn,O,, the SANS
T (K) intensity shows a sharp peak at the transition temperature

indicating a long-range ordering and consistent with the
FIG. 6. Small-angle neutron-scattering intensity arbitrary unity as a ~ Other experimental evidence. However, ipMh,O, where
function of temperature at different wave vectors for,M0,0;. long-range order is absent, the SANS intensity rises sharply

below the T.. A detailed analysis of SANS data for

Y ,Mn,0,, Ho,Mn,O-, and YiMn,O-, to be published else-

2VIN07, HO VN L7 207
and no solution has yet been fouhtf. From the resolution where, gives evidence for correlation lengths of the order of
of our neutron diffraction data we determine a lower limit for 50_0 A a”‘?' greater associated with a random f'elq scatterlng.
the spin correlation length of115 A It is thus likely that the apparently complex ordering seen in
The measured specific he&,,, of Ho,Mn,0; in Fig. Honn?|O7t;ls not ttruly LQ;Q r?nge agdhthl:s Itis POSS'blelttO

5(a) displays an anomaly at about 35 K. T@g of insulating reconcile the neutron diffraction and heat capacity results.
Ho,Mn,0; consists of contributions from the lattice specific AckNOWLEDGMENTS
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