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Dynamic Ferrimagnetism in a Double Perovskite

Researchers have succeeded to synthesize a new double perovskite oxide Y,CoRuO4 which
shows dynamic ferrimagnetism in the form of spin-glass properties at temperatures below
the long range ferrimagnetic ordering temperature.
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In this highlight, we discuss one such successful case 2
of controlled synthesis and magnetic properties of Fig. 1: Crystal structure analyses of Lax<YxCoRuOg (x = 0-1.0)
the series La,,Y,CoRuOg. The A-site substitution of La samples showing a systematic evolution of the unit cell

with Y content x, from x = 0 to 1, allows a tuning of volume and the B-O-B" angle ¢. [Reproduced from Ref. 2]

the magnetic ground states from an antiferromagnetic
insulator to spin-glass to a ferrimagnetic insulator. The

authors used several techniques including diffraction, In a multinational collaboration carried out by Mar-
spectroscopy, DC magnetization, time dependent tha Greenblatt (Rutgers University) and her co-work-
isothermal magnetization and frequency dependent ers, polycrystalline La,,Y,CoRuOg (x = 0—1.0) samples
ac-susceptibility measurements to obtain conclusive were synthesized using the conventional solid state

evidence of dynamic ferrimagnetism in Y,;CoRuQOs.? reaction method and characterized for their crystal
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Fig. 2: (a) & (b) Ru L-edge and (c) Co L-edge X-ray absorption spectroscopy results establish that Y,CoRuOs exhibits spectra typical of
Co?* and Ru** ions. [Reproduced from Ref. 2]
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Fig. 3: (a) Real and imaginary parts of ac susceptibility of Y.CoRuOs measured at several frequencies. (b) Frequency-dependence of
transition temperature T; of Y2CoRuOe. (c) Isothermal magnetization of Y,CoRuOsat T =60 K and H = 10 Oe. (d) Corresponding
relaxation rates S(t) showing peaks at the inflection points in isothermal magnetization shown in (c). [Reproduced from Ref. 2]



structure using synchrotron powder X-ray diffraction
and neutron powder diffraction. The results showed
that the entire series is isostructural and forms in the
monoclinic crystal structure with a systematic evolu-
tion of the B-O-B’ angle ¢, and the unit cell volume
(Fig. 1). From a bond-valence-sum analysis, the au-
thors showed that Y,CoRuOs exhibits a valency of
2.21 for Co ions and 3.64 for Ru ions. This suggested
a formal oxidation state of Co?* (= d’) and Ru** (=
d*) in Y,CoRuOs. As shown in Fig. 2, the authors then
carried out an extensive check of various Co and Ru
containing oxides using soft X-ray absorption spec-
troscopy to establish that Y,CoRuOg indeed exhibits
spectra typical of Co?* and Ru** ions.

Interestingly, although La and Y ions are both triva-
lent, magnetic measurements on La,CoRuOg con-
firmed it to be antiferromagnetic (Ty = 25 K), while
Y,CoRuOg showed ferrimagnetic (FiM) order with a T;
=82 K. Using neutron powder diffraction, the au-
thors showed that the ferrimagnetism of Y,CoRuOg
arises from an antiparallel arrangement of high-spin
Co?* (3 ug) and low-spin Ru** (2 pg) which gives a
relatively large remnant moment of Mg = 0.73 ;. This
is explained in terms of the systematic evolution of
the B-O-B" angle which stabilizes the ferrimagnetic
phase. Furthermore, the authors carried out a careful
investigation of time-dependent isothermal magne-
tization and frequency dependent ac-susceptibility
measurements across the La,,Y,CoRuOsg series. In
particular, for Y,CoRuOs, the authors could show that
the peak at about Ts=82 K in the real [M'(T)] and
imaginary[M"(T)] parts of the ac susceptibility (Fig.
3(a)) show a small systematic frequency shift, K, to
higher temperatures on increasing frequency (Fig.
3(b)). This frequency dispersion is a characteristic

of spin glass dynamics. The authors then showed
that at temperatures below T, the time-dependent
isothermal relaxation of magnetization depends on
the so-called waiting time t,, (Fig. 3(c)). Additional-
ly, the time dependence of the relaxation rate S(t)
confirmed that the inflection point in the relaxation
curves occurs at t = t,, (Fig. 3(d)). Such phenomena
are known to occur in spin glasses and it originates
in the competition between ferromagnetic and
antiferromagnetic interactions.? In fact, the authors
could show similar spin glass dynamics for all the
intermediate compositions in the phase diagram of
the La,,Y,CoRuOgs series (Fig. 4). And while the inter-
mediate compositions do not show a clear ferrimag-
netic ordering in DC magnetization measurements,
Y,CoRuOg showed a clear ferrimagnetic Ti=82 K as
well as the signatures of spin glass dynamics. Thus,
all the results put together provide direct evidence
of dynamic ferrimagnetism in Y,CoRuQOg. The authors
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Fig. 4: Magnetic phase diagram of La,YxCoRuQs. The black
symbols are transition temperatures of La,YCoRuOs
(square for Ty of x = 0, diamonds for magnetic transition
temperature T, of 0.25 = x =< 1.75 and circle for Ts of x =
2). Red stars are temperatures where magnetic anom-
alies occur. Red area is for AFM phase, yellow area for
SG-like phase, green area for FiM phase and white area
for paramagnetic phase. The blue triangles represent the
frequency shift, K and the blue dashes reflect evolution
of K of the corresponding transitions. The results estab-
lish dynamic ferrimagnetism in the double perovskite
Y>CoRuOQs. [Reproduced from Ref. 2]

conclude by saying that La,,Y,CoRuOg presents a
paradigm with abundant magnetic phases and the
entire solid solution offers an opportunity to tailor
magnetic properties. (Reported by Ashish Chainani)

This report features the work of Martha Greenblatt
and her co-workers published in Chem. Mater. 30,
7047 (2018).
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