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Negative thermal expansion in ZrW20 S - Do we give up the concept 
of normal mode? 

S. L. Chaplot 

Negative thermal expansion (NTE) in 
zirconium tungstate (ZrW20 S) and other 
similar compounds has been of much inter
est as indicated by a large number of pub
lications in the recent past. These include a 
Physical Review Focus story!, a number 
of papers in Physical Review Letteri-!O 
and many other good publications else
where. Some time ago the results from 
inelastic neutron scattering from ZrW20 S 

had been highlighted in the annual report!! 
of Institute Laue-Langevin, Grenoble, 
France. The Physical Review Focus story! 
has featured a recent paper by Hancock 
et al2 and drawn attention to the pheno
menon of NTE once again. 

The observed!2 coefficient of thermal 
expansion, u, of ZrW20 S is large, negative 
(u ~ -10-5 K-!) and isotropic, and covers 
a broad range of temperatures (0.3-1050 K) 
as shown in Figure 1. This unusual pheno
menon has been of interest not only be
cause of the underlying basic physics but 
also because potential applications in tailor
ing thermal expansion of composites have 
been suggested. 

Structure of materials such as ZrW20 S 

(Figure 2) are made of networks of poly
hedra (tetrahedra of W04s and octahedra of 
Zr06s). One of the four oxygens of the 
tetrahedral W04 is not shared with any other 
polyhedron. These features of polyhedral 
network and unshared oxygen atoms lead 
to openness and freedom in the lattice, and 
are expected to be important with respect 

.0 1 .---------~~_=------__, 

• .. • 1 .00 

O.98+----_~--_~-l 

o 500 
T(K) 

000 

Figure 1. A plot of volume (relative to 
room temperature volume) expansion vs 
temperature for ZrW20 S. Reprinted figure 
with permission from Mary, T. A. et a/., 
Science, 272, 90-92. Copyright (1996) by 
AAAS. 

to the phenomenon of NTE. Interestingly, 
the internal atomic arrangement in the 
ZrW20 S crystal does not indicate any 
significant temperature dependence!3 on 
heating till about 430 K when an order
disorder transition occurs. 

Thermal expansion, positive or negative, 
in insulators is known to arise from anhar
monic lattice vibrations. The vibrational 
entropy is important in this context and its 
value at a given temperature would increase 
if any phonon frequency decreases due to 
any reason. If phonons soften on contraction 
of the lattice, it could lead to thermal con
traction or negative thermal expansion. 
Anharmonicity of phonons has two com
ponents, one due to change in lattice volume, 
and another due to increase in vibrational 
amplitude. The former, known as implicit 
anharmonicity and represented by the so
called Gruneisen parameters, is relevant 
in determining the equilibrium volume at 
a given temperature. Quantitative estimates 
of the implicit part are best obtained by 
high-pressure experiments at a fixed given 
temperature. 

Previous high-pressure experiments using 
Raman scattering9 and neutron inelastic 
scattering7 showed several phonons to be 
anharmonic. The neutron experiment, car
ried out at Institute Laue-Langevin, Greno
ble, France, produced quantitative estimates 
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of the anharmonicity of phonons over a 
range oflow energies, and thereby explained 
the observed NTE quantitatively. Anharmo
nicity was found to be an order of magni
tude larger than that in usual materials. A 
significant outcome of these and many 
other studies is that several phonons in the 
energy range of 0-10 me V are important. 
In case of ZrW20 S, one or two phonons 
would not be enough to produce large 
enough negative expansion and compen
sate for the usual contribution from all other 
phonons. Lattice dynamical calculation 
based on a sophisticated shell model was 
also reported previously7 that correctly 
predicted the observed7 anharmonicity in 
the neutron experiment and revealed the 
overall nature of phonons involved. 

The recent paper2 reports infrared experi
ments over 20-300 K that show the anhar
monicity of several phonons consistent with 
the previous neutron7 and Raman9 experi
ments. This paper also reports a lattice 
dynamical calculation based on a mass
spring model, and brings out an interesting 
phonon eigenvector that would lead to 
lattice contraction. The nature of this phonon 
as a mixture of translation and libration 
(torsion) is consistent with the results from 
previous calculations 7 We may note, 
however, that there are many more phonons 
associated with and spread over the entire 

Figure 2. The ZrW20 S structure (Reprinted figure with permission from Mary, T. A. et 
a/., Science, 272, 90-92. Copyright (1996) by AAAS). The inset shows the polyhedral 
view of the structure. 
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Brilliouin zone that are important and essen
tial to explaining NTE in ZrW20 S' Figure 
3 depicts a few phonon branches along 
(100) direction in HfW20 S' The results 
for ZrW20 S are similar and scale up slightly 
due to the lower mass of Zr. An impor
tant ingredient of these low-energy pho
nons is the significant distortion of the 
polyhedra associated with the unshared 
oxygen atoms. This is revealed by compar
ing lattice dynamical calculations with and 
without imposing constraints on the W04 
tetrahedra to be rigid. 

There is also a recent report3 on ultra
sound measurements of elastic constants 
in ZrW20 S that show a dramatic change of 
values over 0-300 K and provides estimates 
of anharmonicity in the context of NTE. 
Temperature-dependent measurements may 
not, however, yield good estimates of the 
implicit part of the anharmonicity. The mea
sured l4 phonon spectrum at low energies 
showed hardening with increase of tem
perature, unlike the softening seen with 
increase of pressure7

, which clearly indi
cates that the implicit anharmonicity may 
be the less dominant one, and may work op
posite to the other explicit part. 
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The magnitude of thermal expansion 
coefficient arising from anyone phonon 
is proportional to the magnitude of the 
specific heat arising from that phonon. So 
the temperature dependence of the thermal 
expansion coefficient due to a phonon has 
the quantum mechanical behaviour similar 
to the specific heat of an Einstein mode. 
It is needless to say that a purely classi
cal description would not produce the 
temperature dependence at low tempera
tures. In ZrW20 S the thermal contraction 
coefficient saturates at about 70 K consistent 
with the important contribution of pho
nons of 0-10 meV. The most important 
contribution comes from the soft modes 
around 3.5 meV observed in neutron7 and 
infrared2 experiments. 

Geometric models of thermal contrac
tion are obviously of much interest. One 
such models,ls has been based on rigid 
librations of the linked polyhedra that would 
shrink the lattice with increase in the libra
tion amplitude. This model, however, leads 
to the predictionS of negligible magni
tude of shear elasticity, that is contrary to 
experiments in case ofZrW20 s (refs 3,10). 
In fact, ZrW20 S appears to be a perfectly 
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Figure 3. The calculated phonon dispersion relation up to 10 meV is shown for cubic 
HfW20 s along the [100] direction. The black and red lines correspond to 0 and 2.6 kbar 
respectively (Reprinted figure with permission from Mittal, R. et a/., Phys. Rev., B68, 
54302 (2003). Copyright (2003) by the American Physical Society). Compared to shifts 
of phonon energies in usual solids, the shifts of the phonon energies here are in oppo
site direction and about an order of magnitude larger at such a modest pressure. 

normal elastic material with a bulk modulus 
of 74 GPa at 300 K, that is, with no abnor
mally low values of any of the elastic con
stants3

, and possesses Debye-like specific 
heat at very low temperatures 10 

Analysis of X-ray absorption fme struc
ture data 4 reveals that the atomic bonds 
W-O (0.17 nm) are the most stiff followed 
by Zr-O (0.20 nm) and Zr-W (0.37 nm), 
and then W-W (OAI nm) and Zr-Zr 
(0.65 nm). Interestingly, Zr-W bond of 
0.37 nm appears surprisingly stiff compa
rable to the Zr-O bond of 0.2 nm. This led 
to a suggestion4 that the important low
energy vibrations correspond to correlated 
translations of W04 tetrahedra along (111) 
axes perpendicular to surrounding triangles 
of Zr atoms leading to shrinkage of the 
latter (triangles). This suggestion is now 
modified2 by including correlated libra
tions of the polyhedra. We found l4, how
ever, that the internal angular distortion 
of the W04 tetrahedra associated with 
the un shared oxygen may also be impor
tant to NTE. Indeed the experimental 12 

thermal amplitude for the unshared oxygen 
is much more than that for other oxygens, 
which indicates significant internal distor
tions of the W04 tetrahedra. 

Usual description of phenomena asso
ciated with soft phonons, such as a second
order phase transition, involves one or two 
phonons. One is familiar with the Landau 
expansion of the free energy in terms of 
the normal coordinate associated with a 
soft-phonon eigenvector. Unusually large 
anharmonicity of a large number of pho
nons and their mutual interaction in ZrW20 S, 
as observed by infrared2

, ultrasound3
, 

Raman9 and neutron7 experiments, may 
bring to question the very concept of 
normal modes that are supposed to be nearly 
independent in the quasiharmonic approxi
mation. 

There are still open problems of corre
lating various observations, or, the lack 
of them, as in the story of the elephant and 
the blind men. Good single crystal meas
urements of dispersion relation of pho
nons and their polarization vectors could 
help in identifying the nature of soft 
phonons, provided sharp phonon lines 
would be found. 
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SCIENTIFIC CORRESPONDENCE 

A rapid and specific detection method for blast infection caused by 
Magnaporthe grisea in Setaria italica 

Setaria is an age-old crop of high nutri
tional value. It is also known for its drought 
tolerance and seedling vigour. However, 
this millet crop suffers heavy losses due 
to leaf and panicle phases of blast dis
ease caused by the haploid, filamentous, 
heterothallic, ascomyceteous fungus, Pyri
cularia grisea Sacco (Teleomarph: Magna
porthe grisea (Hebert) Barr). In our 
laboratory, blast diseases of rice, fmger 
millet and grasses have been intensively re
searched and molecular methods have 
been developed for analysis of M. grisea 
populations that prevail in the country 
and have also been used in breeding in
dica rice for blast-resistance l

-
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of mixed infections that occur in the 
field, making mono conidial isolations of 
M. grisea is more difficult than the isola
tion of other pathogens. Also, the use of 
conventional methods to detect the patho
gen in a Setaria leaf sample may require 
incubation for 24 h, microscopic obser
vation, isolation of the fungus onto an 
agar medium and subsequent inoculation 
onto seedlings of Setaria. This present 
communication, however, deals with a 
PCR-based rapid and specific detection 
procedure to facilitate early diagnosis of 
blast infection in Setaria. 

Infected and healthy leaves of Setaria 
were collected from plants raised at a blast 
nursery at Pattambi, Kerala after artificial 

inoculation with Setaria strains of M. 
grisea. DNAs of both healthy and infected 
leaves were isolated following the method 
of Tai and Tanksley4 The DNA samples 
were subjected to PCR amplification 
with primers,pjh2a (19-mer) 5'-CGT CAC 
ACG TTC TTC AAC C-3' and pjh2b (17-
mer) 5'-CGT TTC ACG CTT CTC CG-3', 
which have the ability to cause specific 
amplification of a 687-bp fragment of the 
pot2 transposon element dispersed as muli
pIe copies in the genome of M. grisea that 
causes blast of perennial ryegrass used in 
golf courses in the US5 The following 
modified PCR conditions were used in 
the present study: initial denaturation at 
94°C for 2 min, denaturation at 94°C for 
45 s, annealing at 55°C for 45 s, extension 
at 72°C for 45 s and a final extension at 
noc for 10 min. The PCR reaction mixture 
was prepared with 1.25 III of 20 pmol/111 
of each primer, 2.5 III of 10 mM dNTP, 
2.5 III of lOX buffer, 1 !1l of DNA Taq po
lymerase (2.5 U), 2 III of the 50 ng/111 
template DNA, 2 III of 25 mM MgCl2 in a 
total volume of 25 Ill. 

The results show that the new primers 
in a single amplification also amplified 
the pot2 elements present in the blast 
fungus in infected Setaria italica leaf 
samples (Figure 1). The infection was in 
the form of only one blast lesion. How
ever, they failed to amplify DNA sam-
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pIes obtained from leaves of uninfected 
or healthy S. italica and rice (Oryza sativa, 
L.) leaves showing multiple leaf blast le
sions caused by inoculation with rice 
strains of the blast fungus, Magnaporthe 
grisea. Pot2 element, an inverted trans
poson of 1861 bp [EMBL accession no. 
Z33638] is known to be present in both 
rice and non-rice infecting isolates of the 
blast fungus, M. grisea in equal copy num
bers 1,6 However, the primer pair chosen 

Figure 1. Specific amplification of a 687 bp 
DNA fragment that indicates the presence of 
blast infection only in infected Setaria leaves 
that contained only a single leaf blast lesion, 
and not in uninoculated (healthy) Setaria 
(checks) or in blast-infected rice leaves. Lane 
1, 1 kb DNA marker; Lane 2, Uninfected Se
taria italica; lanes 3, 5, 6, M. grisea infected 
S. italica and lane 4, M. grisea-infected Oryza 
sativa. 
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