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pyrochlore: Cd and Re NMR.
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Abstract

We present Cd and Re NMR results on Cd2Re2O7, the first and as yet the only superconductor (7 ~ 1 K) among
pyrochlore oxides. Re spin-lattice relaxation rate below 7: exhibits a pronounced coherence peak and follows the
weak-coupling BCS with nearly isotropic energy gap. Cd NMR points to moderate ferromagnetic enhancement at
high temperatures followed by rapid decrease of the density of states below 200 K, and to strong suppression of
spin fluctuations below ~75 K. Cd and Re NMR spectra reveal two structural phase transitions, one at 200 K and
another at 120 K. Re NQR rules out any magnetic or charge order.
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1. Introduction

Materials with a pyrochlore structure, i.e. network
of corner-sharing tetrahedra, have recently yielded a
lot of novel phenomena whose common source is geo-
metrical frustrations of electron-electron interactions.
Studies of pyrochlores including 5d transition metal el-
ements have led to the discovery of the superconduc-
tivity, for the first time among pyrochlore oxides, in
CdzRe207 below Tc ~ 1 K [1]. Besides superconduc-
tivity, the phase diagram of CdaRe2O7 includes two
structural phase transitions of unknown origin, one
(second order) at 751 =200 K and another (first order)
at Ts2=120 K [1,2]. The upper transition is also asso-
ciated with strong changes in magnetic and transport
properties: the susceptibility, x and resistivity, p, both
relatively flat above Ti1, sharply decrease below T
[1]. At Ts2 only a small hump in p vs T curve is visi-
ble, without any effect on x. In this proceeding we re-
view our extensive study of the properties of Cd2Re20~
by means of NMR, undertaken to clarify its electronic
phase diagram.
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2. Results and discussion

Structure. The structure of CdaRe2O7 above Ty is
cubic Fd3m. Within this symmetry, both Cd and Re
tetrahedra have three-fold symmetry axes coinciding
with (111). This in turn provides axial symmetry of hy-
perfine and quadrupole tensors. Angular dependence of
Cd spectrum (spin 1/2) whose anisotropy is due to the
chemical shift, is fully compatible with Fd3m above
Ts1. Specifically, for the arbitrary direction of the ex-
ternal field H the spectrum counts 4 peaks according
to the number of (111) axes. Below T the number
of Cd NMR peaks triples indicating the loss of axial
symmetry. The model to describe this evolution of the
spectrum implies: (i) breaking of the axial asymmetry
of the hyperfine tensor and (ii) tilt of its principal z-
axis by ¢ from (111), as shown in the diagram in Fig. 1.
Symmetry considerations also require the 3(Cs) point
operation around (111), which results in 3 domains for
each site, with hyperfine tensors having z, z1, and z2
principal axes arranged in the way shown in Fig. 1.

Analysis of angular patterns of Cd spectra using the
above model has shown the following [3]: (1) From T3
down to Ti2, the tilt of principal z-axis of Cd hyperfine
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tensor from (111), pcd, steadily grows from 0 to ~4° in-
dicating a second-order structural transition (tetrago-
nal distortion); (2) At T2 ¢ca discontinuously switches
sign signifying the first-order transition (other features
of first-order transition, i.e. phase coexistence around
Ts2 and temperature hysteresis, are also present); (3)
From Ty to 4.2 K pca steadily increases from ~-4°
to ~-3°. The transition at Ts2=120 K is therefore be-
tween two tetragonal structures.

Re NQR spectra (Re spin 5/2) measured between
4.2 and 160 K [4] have revealed a non-zero asymmetry
parameter, 7, of the Re quadrupole tensor, as well as
a discontinuous change of n at 120 K. As in the case of
Cd, this indicates the absence of the 3-fold axis, hence
the symmetry is non-cubic. Discontinuity around 120 K
evidences the first-order transition.

To better understand the geometry of Re quadrupole
tensor, Re NMR has been done at 4.2 K. Field-sweep
spectra have been taken with external field parallel to
[001], [111], and [110] directions of the crystal. The low-
field half of the spectrum for H || [001] measured at
84.2 MHz, is shown in Fig. 1.

The same model as for Cd hyperfine tensor, outlined
in the diagram in Fig. 1, has been used to analyze
Re NMR spectra. The spin-5/2 Zeeman-quadrupole
interactions Hamiltonian has been numerically diag-
onalized to reproduce the spectra. The asymmetry
parameter n=0.162 and the quadrupole frequencies,
18710 =39.37 MHz for '*"Re and *®°vq=42.4 MHz for
185Re, determined in the zero-field NQR measure-
ments [4], were used for the calculation. The magnetic
shift of Re has been neglected at this stage because its
estimated value, ~1%, is comparable to the line width
and is much smaller than the quadrupole shift. The
only adjustable parameter therefore has been ¢ge, the
tilt of the z-axis of Re quadrupole tensor from (111)
direction (see diagram in Fig. 1).

Re NMR spectra for different field orientations and
frequencies are well reproduced in the calculation,
yielding ¢re ~87°. This indicates the dramatic dis-
tortion of Re environment at 4.2 K (above 200 K the
Fd3m symmetry presumes pr.=0). Re NMR mea-
surements at higher temperatures are in progress.

Magnetism. Re NQR (spin 5/2) spectrum below
160 K [4] consists of sharp resonance peaks, ruling out
any magnetic or charge order. Cd NMR has shown
moderate ferromagnetic enhancement above 200K [5],
with Stoner factor of ~7. This conclusion has been
drawn from quantitative comparison between the spin
contribution to the Knight shift K and the spin-lattice
relaxation rate (737)"'. Rapid decrease of K5 and
(ThT)™! below Ty down to ~75 K can be described
within RPA by loss of the density of states. At lower
temperatures the drop in (TiT) ™! becomes excessive
implying some extra mechanism damping the spin fluc-
tuations.
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Fig. 1. Field-sweep spectrum (the low-field half) of Re at 4.2 K
for H || [001], taken at 84.2 MHz. Peak assignments according
to calculations: Peaks labelled ‘O’ relate to central transition
(1/2-1/2), ’S2’ are second satellites (5/2+3/2); upper left
indices denote isotope (185Re, 187Re), lower right indices show
directions of the z-axis of quadrupole tensor (2o, z1, 22), fol-
lowing the Diagram in the insert.

Superconductivity. The spin-lattice relaxation
rate T ! of '8"Re has been measured at zero magnetic
field between 0.4 and 1.5 K [5]. Just below Tc ~1 K,
T ' increases sharply exhibiting a strong coherence
peak. The observed well-pronounced coherence peak
provides a clear evidence for nearly isotropic s-wave
superconducting gap. Below 0.8 K the relaxation rate
decreases following an activated T-dependence. The
fit to the data with the classic BCS expression for the
spin-lattice relaxation rate gives the superconducting
gap A(T = 0)/T.=1.84, close to the weak coupling
BCS value 1.75.
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