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WE ARE familiar with three common
states of matter or phases: solid, liquid, and
gas. Transformation between themis pos-
sible by tuning interactions between con-
stituent particles by changing, for exam-
ple, temperature or pressure. Ice becomes
water if temperature is increased. Gases
can be liquefied when pressurised.

Electronsin solid materials are also said
to exist in different phases, depending on
the way they are arranged and the way
they interact with each other. Magnetic
solids, for example, exist in two phases —
paramagnetic phase and ferromagnetic
phase. In ferromagnetic phase, the spin —
anintrinsic property of electrons, it can be
up or down relative to an external mag-
netic field — all the electrons point in the
same direction. This can be compared to
the solid state of everyday ma-
terials. In paramagnetic
phase, spins are all ran-
domly aligned. Thisis
analogous to the
gaseous phase.

The liquid
state, however, is
elusive. Thisis be-
cause most mat-
ter, when cooled
to low tempera-
tures, freezes into a
solid. Similarly, in

at absolute zero temperature. This state is
called ‘quantum spin liquid’, or QSL.

This uncertainty in spin direction can
be expected in materials in which elec-
trons are arranged in a triangular forma-
tion and their interactions are anti-ferro-
magnetic, that is, neighbouring electrons
are aligned in anti-parallel direction. In
such formation, spins on all the three cor-
ners cannot be anti-parallel to each other.
This leads to a situation called ‘geometri-
cal magnetic frustration’ that prevents the
spins on the three corners from choosing
any particular fixed orientation. The result-
ing state of perpetual fluctuation is the QSL
state. Ferromagnetic interactions, in which
all spins are aligned parallel to each other,
donot frustrate because spins at all the cor-
ners can point in the same direction. For
these reasons, the search for QSL candi-
dates was restricted to only a few materi-
als with lattices made up of triangular mo-
tifs and anti-ferromagnetic interactions.

However, we have now been able to
show that QSLs can occur in more com-
plex crystals with far richer combinations

of magnetic interactions. We

have investigated the struc-
ture and thermodynamic
properties of calcium
chromium oxide
(Ca10Cr7028) that

has a complex set

of isotropic mag-

netic interactions,
consisting of dom-
inant ferromag-
netic interactions

and weaker residual
anti-ferromagneticin-

conventional magnets, A section from the crystal teractions which, accord-
“electronic spins”, which lattice of calcium- ing to conventional un-
are fluctuating randomly chromium oxide derstanding, would not
at high temperatures, _ favor spin liquid behav-
come torestand become iour. Several microscopic

rigidly oriented as temperature is lowered.
When temperature nears absolute zero,
thermal fluctuations — randomness
caused by temperature — almost cease.
But, “quantum fluctuations” become ap-
parent. This refers to the uncertainties that
are characteristic to aquantum particle like
electron, in this case the uncertainty re-
lated to spin direction. In accordance with
the Heisenberg’s Uncertainty Principle, it
becomes impossible to determine the spin
direction of the electron. The spinis equally
likely to be up or down, left or right.

If the quantum fluctuations are strong,
they canlead to “melting” of the ‘magnetic’
solid just like thermal fluctuations do. This
is the liquid state where the electronic
spins do not have fixed orientations even

measurements have, however, shown that
the spins in these samples retain their col-
lective motion even at temperatures as low
as 20 milli-kelvin, and behave like a QSL.

QSLs might find uses in building ther-
mal conductors that are also electrical in-
sulators. More importantly, applications
of spin liquids in quantum computing
have also been discussed where the topo-
logical excitations of the QSL can be used
as a ‘qubit’ which are the building blocks
of quantum computers.
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