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NEUTRON AND X RAY STUDIES OF THE QUASI ONE DIMENSIONAL 
CONDUCTOR &J - 3  MoOj 

(a) Laboratoire de Physique des Solides, F91905 Orsay 
(b) L.E.P.E.S., C.N.R.S., BP 166, F38042 Grenoble 
(c) L.L.B., C.E.N. Saclay, F91191 Gif sur Yvette 
(d) I.L.L., Avenue des Martyrs, 156 X, F 38042 Grenoble 

Abstract A detailed study of the temperature dependence of 
the Kohn anomaly and of the wave vector of the incommensurate 
modulation of K0,3MoO3 is given. 

INTRODUCTION 

The quasi ID metal K 0 , 3 M o O j  shows at Tc(’180K) a metal to 

semiconductor Peierls transition toward a charge density wave 
(C.D.W.) modulated structure characterized by the wave vector 

Go = (osqb,0.5), where the in chain component, qb, is 

incommensurate and temperature dependent . Furthermore, nonlinear 

conductivity attributed to the eliding of C.D.W. has been observed 

below Tc . 

1 

2 

I1 NEUTRON EVIDENCE OF A KOHN ANOMALY 

After the X ray observation of quasi 1D structural fluctuations 

above T: 

anomaly in the phonon spectrum without identifying clearly in 

which branch it takes place. Subsequent measurements‘ , summarized 
in Fig. 1, show that it primarily belongs to an optic branch which 

couples with the acoustic branch polarized along the monoclinic b 

(chain) direction. 

Sat0 et a13 show evidences of the formation of a Kohn 
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112 J .  P. POUGET er al. 

FIGURE 1 Low l y i n g  phonon branches of K0.3MoOj. A r r o w s  

po in t  toward t h e  p o s i t i o n  of t h e  Kohn anomaly. 

(only t h e  l a r g e s t  e r r o r  b a r s  are g iven)  

111 DYNAMICS OF THE KOHN ANOMALY 

The s o f t e n i n g  of t h e  Kohn anomaly and t h e  growth of a c e n t r a l  

peak, as  one approaches Tc from above a r e  b e s t  i l l u s t r a t e d  by 

t h e  scans shown i n  Fig. 2.  Thus t h e  s c a t t e r i n g  c r o s s  s e c t i o n  can 

be parameter ized by t h e  sum of a damped harmonic o s c i l l a t o r  and of 

a ( r e s o l u t i o n  l i m i t e d )  c e n t r a l  peak: 

Because of t h e  sharpness  of the Kohn anomaly, r e l i a b l e  v a l u e s  of  

t h e  q u a s i  harmonic frequency W O ,  and of t h e  damping cons tan t  ro, 

a t  the  c r i t i c a l  wave v e c t o r ,  qO, can be obta ined  only a f t e r  

deconvolut ion of t h e  experimental  d a t a  with t h e  experimental  

+ D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
07

 2
0 

Fe
br

ua
ry

 2
01

3 



NEUTRON AND X-RAY STUDIES OF Kg aMoO, 113 
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d o t s  and empty t 2 i a n g l e s  cor-  
respond r e s p e c t i v e l y  t o  N con- 
s t a n t  and f r e e  t o  v a r y  i n  t h e  
f i t t i n g  procedure of eq. (1). 

FIGURE 4 Temperature 
dependence of t h e  
e l a s t i c  s c a t t e r i n g  a t  

0=(1,3.27,-0.5). 
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resolution. The procedure, given in ref. ( 4 1 ,  leads to the 

results shown in Fig. 3. When T, is approached from above, the 

quasi harmonic frequency has a mean field temperature dependence 

1.: - (T-Tc)] , with perhaps a slight saturation at about 
0.4 TH, near T,, when the central peak begins to grow sharply 

(Fig. 4 ) .  

is m r e  difficult to obtain. 

usually done, N = constant in ( 1 1 ,  ro (dots in Fig. 3) appears to 
increase for T decreasing. This increase is expected in the case 

of a Peierls instability. 

J .  P. POUGET et 01. 

The temperature dependence of the damping constant ro 

However with the approximation 

IV TEMPERATURE DEPENDENCE OF THE WAVE VECTOR 

After an almost linear increase, from 0.71 0.01 at room 

temperature, the 2 k ~  wave vector (l-qb) saturates below about 

lOOK at a value: l-qb = 0.7495 2 0.0005 for the x ray data of 

FIGURE 5 Temperature dependence of the wave vector 

component 1-qb (5 2k~), measured by X ray 

scattering above and below Tc. 
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NEUTRON AND X-RAY STUDIES OF b, iMoO,  

Fig. 5, 0.748 * 0.001 for the neutron data of ref. 3 and 4 and 
X ray data of ref. 5, which is systematically found below the 

commensurate value 3 / 4 .  None of these data show the well defined 

llOK incommensurate-commensurate phase transition quoted in ref. 

6. 
determined by the band filling, is not clearly understood. It 

might be related to the presence of the 2 quasi one dimensional 

bands suggested in ref. 1 ,  which crosses the Fermi level at very 

close kF values. 

The temperature dependence of 2 k ~ ,  which value is generally 
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