
hina

hina
of China

PHYSICAL REVIEW B 15 JULY 2000-IVOLUME 62, NUMBER 3
Temperature dependence of the structural parameters of the host lattice
in blue bronze K0.3MoO3
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Structural parameters of the host lattice in quasi-one-dimensional blue bronze K0.3MoO3 were measured in
the range 10–300 K. It is found that the temperature dependence of the unit cell parametersa,b,c, cell volume
V, and angleb, and parametersa@102# andd@ 2̄01# all present noticeable unusual changes in the slope near about
178 and 50 K, respectively. The change of the structural parameters near 178 K is in relation to the Peierls
phase transition, while the second change near about 50 K may be an indication of some subtle variations in
structures at 50 K.
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Blue molybdenum bronzesA0.3MoO3 (A5K, Rb, and Tl!
are quasi-one-dimensional conductors at room tempera
and undergo a Peierls phase transition near about 1801,2

They have been extensively studied in the past becaus
their rich variety of dynamical properties with a charg
density wave~CDW! in presence of an applied electric field3

Two separate regimes for nonlinear CDW conductivity ha
been observed in blue bronze. At temperatures above 5
the transport of the CDW above a small depinning elec
field ET1;10– 100 mV/cm involves a viscous damping d
to Coulomb screening of the CDW fluctuation by norm
carriers.4 At lower temperatures below about 50 K, where t
normal carriers become too small to provide screening
drastic drop of damping for the sliding of the CDW occu
and the CDW condensate moves almost rigidly above a la
second abrupt thresholdET2;10– 150 V/cm.5,6 Usually, the
change of the two regimes near 50 K is accompanied b
series of anomalies in physical properties, for example, a
kink in magnetic susceptibility,7 a big negative peak in ther
moelectric power,8 and glasslike relaxation in dielectri
responses9 and polarization.10 Whether these anomalies ar
to some extent, related to a phase transition or some ch
in the host lattice structures is still unclear.

A number of structural studies by x-ray and neutron sc
tering were made previously,11,12 and many were focused o
the variations of the CDW modulation structures. It was
vealed that the periodic distortion of the CDW is charact
ized by a wave vectorq5„0,qb(T),0.5…, where the compo-
nentqb along theb* direction is incommensurate from 18
K down to 10 K. In contrast, little was reported for the vari
tions of the host lattice as a function of temperature.
suggested by Duggan and Ong13 and Wang and Ong,14 a
change in host parameters exerts a stress on the CDW i
CDW condensate cannot adjust quickly enough to a cha
in the host. Actually, the external stress has been show
have a large effect on the properties of the CDW.15,16 In
order to obtain more structural information about bl
bronzes, we pay attention to the variations of the host lat
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at low temperatures. The results present some notice
changes in the host lattice near the phase transition and 5
A brief explanation for these subtle changes was prese
correspondingly.

Single crystals of blue bronze used in this work we
grown by standard electrolytic reduction of a K2CO3-MoO3
melt with a mole ratio of 1:4.35.17 The starting mixture was
melted in alumina crucible at 555 °C by using a vertical tu
furnace. A current of 20 mA was maintained through t
melt for electrolysis about 4–10 h. Platelet crystals with a
erage dimensions of 53331 mm3 were obtained on the
cathode. The crystals were cleaned in dilute ammonia or H
solution. Transport18 and specific heat measurements19 have
shown previously that the Peierls phase transition that is
companied by the formation of a CDW takes place n
about 178 K.

The x-ray experiment was carried out with copperKa x
rays from an 18-kW MXP18AHF rotating anode genera
~MAC Science Co., Japan!. The crystals were powered an
pressed into a copper sample chamber, then fixed in a he
closed-cycle refrigerator with an appropriate temperat
controller. The whole system was controlled automatica
by a computer, and the temperature could be varied in
range 10–300 K. The spectra of powder x-ray diffracti
were collected at various temperatures in the range ofu
angles from 5° to 80°. The diffraction peaks of the host l
tice were indexed preliminary on the unit cell proposed
Graham and Wadsley.20 The refinements of the unit cell pa
rameters were carried out carefully by the least-squares
finement program.

Figures 1~a!, 1~b!, and 1~c!, respectively, show the hos
lattice parametersa, b, and c as a function of temperatur
from 10 to 300 K. It is seen that three parametersa, b, andc
all decrease with temperature from 300 to 178 K, and th
decrease more rapidly down to 50 K. The clear change of
curve slope for three parameters were observed near
Peierls transition 178 K. Below about 50 K, the parametera
andc become almost temperature independent, while par
eterb presents an observable upturn kink at 50 K, and th
1504 ©2000 The American Physical Society
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shows slight expansion down to 10 K~the parameterb is
almost constant from 100 to 50 K!. The result for the unit
cell parameterc near 50 K is in agreement with the prelim
nary data shown in Ref. 1, but there are no data for
parameterb there. Ghediraet al.21 reported the data mea
sured by x-ray diffraction measurements at temperatu
above 110 K. They observed a very small discontinuity
the cell parameters at about 220 K, but no data were gi
below 110 K.

Figures 2~d!, 2~e!, 3~f!, and 3~g!, respectively, show the
variations of the unit cell volumeV, angle b, parameter
a@102# along the@102# direction in the slab, and the spac
distanced@ 2̄01# between the (2̄01) cleavage surfaces as
function of temperature. The parametersV, a@102# , andd@ 2̄01#

all show a very similar behavior with those observed in F
1. The noticeable changes of the slope for three parame
V, a@102# , andd@ 2̄01# are clearly seen at temperatures 50 a
178 K, respectively. But the change of the slope for the sp
distanced@ 2̄01# is smoother at 178 K than that for the vect
a@102# along the@102# direction in the slab. Below about 5
K, the parametera@102# shows a similar behavior with th
parameterb, i.e., a small upturn kink below about 50 K a
first, and then expands noticeably down to 10 K. In Fig. 2~e!,

FIG. 1. ~a!, ~b!, and~c!, respectively, show temperature depe
dence of the unit cell parametersa, b, andc in the range 10–300 K.
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the parameterb decreases with the temperature from 300
10 K. It is worth noting that a downturn kink at 50 K and
meaningful change near the transition temperature 178
were distinguished in the precision of the experiment.

Figure 3~h! shows the relative changes,Da/a0 , of the
host parametersa, b, c, unit cell volumeV, parametera@102# ,
and space distanced@ 2̄01# as a function of temperature, wher
a0 and Da5a2a0 , respectively, denote the magnitude
the parameters at room temperature and the variation at
ferent temperatures. It is seen that the relative change
these parametersa, b, c, V, a@102# , and d@ 2̄01# reach about
21.13%, 20.35%, 21.26%, 22.47%, 21.01%, and
21.19% at 50 K, respectively. The value ofDb/b0
;20.35% at 50 K is smaller than the values ofDa/a0 ,
Dc/c0 , Da[102] /a0@102# , andDd0@ 2̄01# /d0@ 2̄01# by about a fac-
tor of 3.2, 4.1, 2.9, and 3.8, respectively.

As mentioned above, these results indicate that the t
mal linear expansion of the unit cell is strongly anisotropic
the studied temperature range. The extensive variations
place mainly along@102# and @ 2̄01# directions; a slight
change was observed along theb chain. These results mea
that, with decreasing temperature, the structure contr
mainly along@ 2̄01# direction perpendicular to the MoO6 oc-
tahedral slabs and the@102# direction transverse to the MoO6
chain. The large change ofDd@ 2̄01# /d0@ 2̄01#521.19% along

@ 2̄01# direction does not result from the reduction of Mo-
bonds in the MoO6 octahedral slabs, but must result from th
reduction of the K-O bonds. Such a structural rearrangem
around the potassium K atoms at low temperatures is
agreement with expectation, as the K-O bond is weaker t
the Mo-O bond in the MoO6 chains. Except for the large
change ofDd@ 2̄01# /d0@ 2̄01# , the change ofDa@102# /a0@102#

FIG. 2. ~d! and ~e!, respectively, show the temperature depe
dence of the unit cell volumeV and angleb in the range 10–300 K.
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along the @102# direction in the slab also reaches abo
21.01%, which is 2.9 times larger than that forDb/b0 . This
big change would be independent of the K-O bond, which
related to the contraction of the Mo-O bonds along the@102#
direction. That is to say, the distortion of the MoO6 octahe-
dra or displacements of the Mo atoms takes place ma
along the transverse direction towards the bridge oxy

FIG. 3. ~f! and ~g!, respectively, show the temperature depe
dence of the parametera@102# and the space distanced@ 2̄01# . ~h!
shows the relative changes of the host lattice parameters in
range of 10–300 K; the right scale is for cell volumeDV/V0 .
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connected the two MoO6 octahedra chains. This is in agre
ment with the previous structural determination by x-ray d
fuse scattering measurement;22 the b direction with one-
dimensional MoO6 chains is more rigid.

Two significant aspects would be noted in this Brief R
port: ~1! The changes of the slope of the curves for all h
parameters were observed near 178 K. The large change
mainly along theb and @102# directions within the MoO6
octahedra slab, while perpendicular to MoO6 octahedra slab,
a weak and smooth change in the slope for the space dist
d@ 2̄01# was seen near 178 K. Obviously, the changes in
slope for the host lattice near 178 K are related to the Pei
thermodynamics phase transition concerning the MoO6 octa-
hedra slab, at which a sharp anomaly of specific heat
observed.19 ~2! The host lattice was frozen below about 50
along a, c, and @ 2̄01# directions, where the parameters b
come almost temperature independent down to 10 K. In c
trast, the parametersb and a@102# within the MoO6 slab ex-
hibit a slight expansion below about 50 K. In addition, t
angle b presents a downturn kink at 50 K. Although th
freezing phenomenon of the host lattice at lower tempe
tures is not considered to be an unusual case for some m
rials ~for example, in aluminum!, the freezing aspects foun
in blue bronze seem to be very fascinating in that the
crease or suppression of the space distanced@ 2̄01# perpen-
dicular to the MoO6 slab was accompanied by a slight u
usual expansion along the@010# and @102# directions within
the MoO6 slab below about 50 K. As is known, the CDW
condensate parameters are also mainly within this slab
present, we cannot yet confirm that the dramatic change
the host lattice are really related to a possible phase trans
near about 50 K, but some anomalies in the physical prop
ties as mentioned in the literature were indeed observed
about 50 K. The slight downturn kink of the angleb at 50 K
might be indicative of some subtle structural variations
blue bronze. Since the cessation of the CDW condensat
the blue bronze below about 50 K has also been explo
experimentally,23,24 where the relaxation time is very slowe
and is of the order of a year, the stress effect on the fro
CDW condensate induced by the unusual expansion of
host lattice along@010# and @102# directions might also be
considered as a mechanism for the anomalies of some ph
cal properties below about 50 K.
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