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Magnetic Frustration SRIFUSP
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Pyrochlore Oxides
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Pyrochlore Oxides SRIFUSP
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— Pyrochlore Magnetism ~ — SQIFUsP

A2Ti0O7
111
CEF ANISOTROPY
Gd — isotropic (Heisenberg)
Tb, Ho, Dy — casy-axis (Ising)
Er, Yb — easy-plane (xy)




Spin Ice SRIFUSP

Strong Anisotropy

Ferromagnetic Interaction Jg,, ~ 2K

Spin Ices: Dy, Ti,O, Ho,Ti,O,

"2 in-2 out” Ice Rules
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Dipolar Spin Ice Model —— gRIFusp
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Spin Ice: A Coulomb Spin Liquid (or glass)

Monopole pair creation

Spin Dynamics = Motion of Monopoles
Monopoles increasingly sparse upon cooling.

Cooperative and No Evident
Memory Effects Intrinsic Disorder

Structural magnetic glass
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Magnetic Coulomb
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C. Castelnovo et al., Nature 451, 42 (2008) DOI: 10.1103/PhysRevResearch.4.033159 - PNAS 119, e2117453119 (2022)
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Pyrochlore Oxides SRIFUSP
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Yb,Ti207 SRIFUSP

Continuum of spin excitations which
condense into sharp coherent spin

Signature of spin liquid physics J Wwaves in a small applied magnetic field

ke D Conventional magnetic order not
100 | === Powder (D'ortenzio, 2013) . .

== Single crystal (Ross, 2011) found in many neutrons experiments

| ==e== Single crystal (Chang, 2012) —

[~ ==e== Single crystal (D'ortenzio.2013)

Extreme sensitivity to small
amounts of disorder due to
variation on 1% level in
stoichiometry

Specific heat (J/K/mol Yb)
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Synthesis of Yb2ZrxTi2xO7 SR IFUSP

ssssssssssssssssssss

Papers on magnetism
Yb>Ti> O7 : 50+
Yb2ZroO7 : 0

Chemical composition x Is
analogous to pressure, can be

used to tune material properties
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Synthesis of Yb,Zr Ti,_ O, SRIFUSP

Solid-State Reaction Sol-Gel Method
Mix precursors <V\)\’ :EESE: Wet Gel
\) Dense Ceramic

J
Diffusion i

p J Hydrolysis
M \)\)) 3\) Polymerisation
l Gelling
Product
O

Adapted from DOI: 10.1039/DORA07884K Adapted from DOI:10.1016/j.petim.2017.03.001
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Yb,Zr,Ti, ,O, Morphology Sk IFUSP

Mixed Zr/Ti = increased porosity

End members (x=0 and x=2) ==» more crystalline




X-Ray Diffraction

Yb,ZrTi,O;  SG 1500°C Pyrochlore ~ Defect Fluorite
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Rietveld Refinement: Yb,Zr, Ti, , O, —— SSIFYSP
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YbZerTiz_xOT Parameter Symbol Refined value Unit Occupation
x=0.0 lattice parameter a 10.09501 A
SG 1500°C crystallite size U 1859 nm
PerCh|Ore microstrain € 640 1076
> x2 =2.62 oxygen coordinate Xagf 0.3327
= ‘
o 1 isotropic U (Ybigd) 0.02526 0.987
E atomic Uiso (Tizee) 0.01517 A 1.012
‘ displacement Uiso (Ogp) 0.02965 0.962
‘ b parameters Uiso (Oasgr) 0.05890 1.008
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Intensity (arb. unit)

Long-Range vs Local Order

pyrochlore
superstructure
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Intensity

Raman Spectroscopy —— SRIFUSP
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Phase Diagram SR IFUSP
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Magnetic Data SRIFUSP
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AC Magnetic Susceptibility
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' 1%

Antiferromagnetic correlations

Fluctuating ground state :{} No long-range order down to 50 mK (O, = -19 K)

Possible spin-liquid@

Pyrochlore Defect Fluorite

Tb,Ti,0, IR Tb,Zr,0,




X-Ray Diffraction SRIFUSP

Sol-gel sample
8 .
Defect Fluorite Structure
Refined crystallographic parameters for TbyZr,05.
g\ 6 Crystal system Cubic
g Space Group Fm3m
. a(A) 5.233(2)
"c% 4 Tb 42 (0,0,0)
~~ Occupancy 0.499(4)
iy zr 4a (0,0,0)
8 Occupancy 0.499(5)
85 0 8¢ (0.25,0.25,0.25)
E Occupancy 0.92(2)
Number of variables 21
Rup (%) 14.3
Reyp (%) 6.6
0 7 4.6
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— AC Magnetic Susceptibility — SRIFUSP
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——  Concluding remarks ~ —— SRIFUsP

 Structural disorder increases with Zr content

* Pyrochlore — Defect Fluorite — d-Phase

« Magnetic ordering suppressed by structural disorder

* Increase disorder/frustration — possible spin liquid in Yb,Zr,0O-

« Spin-glass-like transition in Th,Zr,0O,

« Considerabe spin dynamics remains down to 100 mK
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