
BNL 31722

A K ' i :i r:

August 1982

Neutron Diffraction and Scattering Study on (M=Rb and K)

BIJL—317 22

DE02 020027

M. Sato

H. Fujishita

A. R. Moodenbaugh

S. Hoshino

B. R. Grier

The submitted manuscript has been authored under contract D E - A C O 2 - 7 6 C H O O O I 6
with the Division of Basic Energy Sciences, U.S. Department of Energy.
Accordingly, the U.S. Government retains a nonexclusive, royalty-free
license to publish or reproduce the published form of this contribution,
or allow others to do so, for U.S.^Government purposes.

DISTRIBUTION QF. THIS DOCUMENT IS UNLIMITED :
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To study the relationship between the lattice instability and

the superconductivity of nonstoichiometric hexagonal tungsten bronze,

MJVCL, neutron diffraction and scattering studies were made. Two

types of the structural phase transitions were observed. One is

associated with the distortion of the corner linked WO. octahedra.
o

The other is associated with the ordering of the M atoms which

partially fill the sites in the WO, cage. A long period modulation

of the structure appears for some values of x at low temperature.

The discussion on the x dependence of the superconducting transition

temperature is presented.



§1 Introduction

In the structure of the nonstoichiometric hexagonal tungsten

bronzes, M WO, ( 1 / 6 < X < 1 / 3 ) t one dimensional chains of M atoms are

embedded in the hexagonal array of the open channels along the c

direction which result from the arrangement of the corner linked

WO octahedra(l). Metallic conductivity is explained by the presence

of the the electrons from M atoms in the WO conduction band(2).

Kamitakahara et al.(2) showed that the superconducting transition

temperature T of M _,W0_ is quite sensitive to the energy of

the nearly dispersionless phonon branch, which can be assigned as

the local mode of M atoms in the cage of the corner linked W0fi octa-

hedra. This mode has been directly observed by neutron inelastic

scattering for Kn ,,W0,(5), Tl n ,.W0 (2) and Rb r.W0 (4). Stanley

et al.(S) and Cadwell et al.(6) measured T in Rb WO, and K W0 T as

c x 3 .x 3

a function of x and found the clear anomaly at x=0.25. They also

found a resistivity anomaly at a temperature T_(>>T ), the x

dependence of which is closely related with that of T . Sato et al.

(7) carried out neutron diffraction and scattering measurements of

Rb WO,. They reported that the M atom in M WO undergoes an order-

disorder transition at T_ and T_', the former agreeing reasonably

well with TD.
o

This report will present the ordering schemes which contain

the long period structure at low temperature. It will also discuss

the another structural transition accompanied by phonon softening.

This phase transition seems to be mainly associated with the distortion



of the W0_ cage. The structure proposed by Magneli as the room

temDerature one for M W0_ is no more correct below the transition
x 3

temperature TnC~420K for x=0.33). The relationship between T and
R C

these two types of phase transition will be discussed. The details

of the calculation will be published in a future, complete

publication.

§2 Experiment

Single crystals with x=0.33 were prepared by the electrolysis

as described by Shanks(8). The powder samples were prepared by the

solid reactions of the proper amounts of WO,, W and M WO. sealed

in a quartz tube. We use here nominal x values determined by the

ratio of these elements. The measurements were carried out on triple

axis spectrometers at HF3R at Brookhaven National Laboratory and at

JRR-2 at JAERI. Phcnon measurements have been carried out at various

temperatures for the single crystal and the powder sample with x=0.27.

The powder pattern ha s, been measured at about 10K and at room temp-

erature for all samples. The powder pattern has also been measured

at about 490K for the sample with x=0.27. Some of the representative

super lattice reflections have been measured as a function of temperature.

§3 Structural phase transitions

3.1 Transition associated with the WO cage

Based on X ray diffraction measurement at room temperature, Magneli(1)

assigned the space group P6 /mem to Rb 29WO3" T n i s SrouP forbids the



(hO£) reflections with £=2n+l. While the neutron powder pattern of

Rb 2-
W CU a t a b o u t 4 9 0 K i s f i t t e d w e ll by t n i s space group with

position parameters nearly the same as those of Magneli, our room

temperature (and lower) scans show a definite peak at (103) Bragg

position. This peak does not exist above T =420K. In Fig.l, the

peak intensity of the (103) reflection is shown as a function of

temperature for a single crystal. Other (hOX.) reflections with 1=

2n+l and h^O have also been observed below T in this crystal. At

this transition, softening of the optical phonon at the V point has

been observed. An example of the soft phonon profile and the temp-

erature dependence of the soft phonon energy, measured at (103)

point, are also shown in Fig-. 1. These results show that the tran-

sition is nearly second order.

We also failed to observe the (ho£) reflections with 2,=2n+l

in the X-ray powder patterns a; roon temperature. This implies that

the phase transition is mainly associated with the shifts of the

oxygen atoms which have a small scattering amplitude for X—rays but a

relatively large one for neutrons. Although the lattice parameters

suggest the hexagonal or trigonal symmetry, attempts to fit the

room temperature^,, powder pattern of the sample Rbn 77WO- ubing these

symmetries have not been successful. Instead, a reasonable fitting

to the orthorhombic space group Cmc2 has been obtained. The structure

determined by the fitting can be described by a rotation of the WCL
o

octahedra on one of the principal axes in the c plane. In the present

paper we use hexagonal indexing, because it does not bring any confusion.



3.2 Transition associated with the ordering of M atoms

Fig.2 shows a part of the powder pattern of Rb_ nyWO, measured

at 9.5K. Arrow is attached to each superlattice reflection/which

does not exist above T =20SK. T_ agrees reasonably well with T D, the

temperature of the observed resistivity anomaly(5). For this sample all

superlattice lines can be indexed by doubling the c axis. We have

also studied four additional powder samples of Rb W0_ with x=0.20,

0.22,0.24 and 0.33. For the sample with x=0.24, the transition

which involves the doubling of all lattice constants have been ob-

served. For the x=0.22 sample, the incommensurate peaks were observed.

These transition ternoeratures are close to T For the x=0.20 and
B

0.35 samples, no clear evidence of a transition has been observed

near TD. Transitions which involve the doubling of an axis in the

c plane have been observed at T_' =470K and 390K for the samples

with x=0.20 and 0.22, respectively.

A.s stated in ref.7, these transitions are associated with the

ordering of the Rb atoms. Rather detailed structure analyses have

been carried out to determine the ordering schemes which represent

an averaged structure of the nonstoichiometric compounds • We will

use the notations of the ordering scheme in the c plane shown in

Fig.3a,where only the M atom sites are shown. The open circles are

occupied by M atoms and the solid circles are vacant. Two principal

ordering schemes (or averaged ordering scemes) are (1*2) and (f).

Three dimensional orderings can be obtained by stacking these plane

elements in chosen orders. These are shown in Fig.3b. The first

or the second scheme is the one for the sample with x=0.27. The



v
third and fifth schemes correspond to the x values of 1/4 and 1/6,

the

respectively. The averaged structures observed for the x values of

0.24 and 0.20 have these respective schemes. The fourth is the p-robable

intermediate scheme between the third ane the fourth. However,

the actual result we have obtained for x=0.22 contains the long

period modulation along the c axis below Tc. The modulated structure

is also seen in the Kn __W0_, whose powder pattern is shown in Fig.

2b. While each superlattice peak of Rb __WCL is at the commensurate

position, the corresponding superlattice of K __W0, deviates

slightly from the commensurate position indicated by the arrow.

This feature can be understood by, for example, inserting one (f)

layer at a step of about 100 layer spacing. Bando and Iijima have

also observed this long period str-ucture by electron' diffraction(9) .

In Fig.4, the phase diagram we have determined is shown. Follow-

ing points may be valuable to be noticed, (a)In the lower vacancy

concentration region, the vacancies tend co be confined to one

layer or two neighboring layers. (b)The long period structure is stable

at low temperature. This situation is opposite that observed for

charge density waves. (c)The shifts of the oxygen atoms have also

been observed in some cases induced by the coupling between the

WO. octahedra and the ordering of M atoms.

§4 Relationship between the structural phase transitions and

the superconductivity

Three types of the lattice excitations in M WO, may be relevant

to the superconductivity. These are phonons of the WO cage,local modes



of M atoms and local structural excitations(LSE). Importance of LSE

is emphasizedby Vujicic et al.(10). The new periodicity

of the lattice due to the order-disorder transition may produce a

gap at a part of the Fermi surface, which is probably largest at x=

0.25 as suggested by the resistivity data(S,6). This may be the reason

' of the anomalous x dependence of T found for Rb WO, (5) and K W0_(6).

However, the effects of the transition on the lattice excitations

mentioned above may be also important for T . Kamitakahara et al.(2)

mentioned that the contribution of the phonon of the WO cage is not

negligible and that it makes T "very sensitive to the local mode energy

of M atoms. This fact seems to have close connection with the ex-

istence of the transition associated with the distortion of the WO,

cage. In M W0_, the local redistribution of the vacancies which often

couples, as we have observed, with the distortion of the WO- cage may

have a role of LSE. Then, the ordering of M atom suppresses the

contribution of the LSE to the superconductivity(10) and we can expect

the x dependence of T consistent with the observed one. Although any

correlation or" "he local mode energy of M atoms with the x dependence

of T has not been observed at room temperature(7), the low tempera-

ture data is necessary to exclude the possibility that the change of

the local mode energy due to the transitions has an important role

for the value of T . •• •
c
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Figure captions

Fig.l (a)An example of the soft phonon profile of Rb WO,

(b)Square of the soft phonon energy (open circles] and peak

intensity of the (103) reflection (solid circles) are shown

as a function of T.

Fig.2 (a)Neutron powder pattern of Rb W0_. Peaks with arrows are

the superlattice reflections,

(b)Neutron powder pattern of K 9t-W0

While for Rb- o_W0, each superlattice peak falls at the

commensuidte position with a half integral £, the superlattice line

of Kn 7r
W0- has a slight deviation from the corresponding

commensurate position indicated by the arrow.

Fig.3 The ordering schemes of Rb atoms. Solid and open circles indicate

the vacant and the occupied sites, respectively,

(a)Definition of the ordering schemes within the c plane

(b)Principal schemes of stacking of the layers in the commensurate

phases are shown in order of increasing vacancy concentration.

The first and the second schemes do not have a long range

order of the vacancies within a plane.

Fig.4 Phase diagram of Rb WO,. T at x=0.33 is determined for the
X 5 R"

single crystal. The others are for powder samples. T shown

by the broken line is determined by Stanley et al.(8). The

shaded.region with no clear boundary indicates the presence

of the long period structure.
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