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FAR INFRARED CONDUCTIVITY I N  KCP 

I O N  MLDEA NTD I'IARIAN APOSTOL 
Cen t ra l  I n s t i t u t e  of Phys ic s ,  I."agui-ele-Bucharest, T?C-6, 
Romania 

Abs t r ac t  
p e r i o d i c i t y  of t he  bromine p o t e n t i a l  a long  t h e  cha in  axis 
i n  KCP is used t o  gczt the  f.i.r. conduc t iv i ty .  F a i r  a p e -  
ement w i t h  t h e  exper imenta l  data is  obta ined  when the  
phason l i f e - t ime  is inc luded .  

The p inn ing  mechanism based on the  2kF-quasi- 

IISTRODUC T I O N  

The zero  frequency of t he  s l i d i n g  phase mode i s  s h i f t e d  i n  

r e a l  quasi-one-iimensional m a t e r i a l s  towards a non-zero va lue  

w which amounts t o  a f i n i t e  energy needed t o  move the  CDW 

i n  the  l a t t i c e ,  A s  t he  o s c i l l a t i o n s  o f  t he  phase $ of t h e  or-  

d e r  parameter b e x p ( i $ )  induce a d i p o l e  momentum a peak deve- 

l o p s  i n  the  o p t i c a l  conduc t iv i ty ,  cen te red  a t a T .  This  peak 

has been d e t e c t e d  a t  low temperatures '  i n  t he  f . i . r .  r eg ion  of 

t he  o p t i c a l  conduc t iv i ty  of KCP (W 1.9meV). A f u r t h e r  con- 

f i r m a t i o n  o f  t h e  pinned phase mode i n  KCP has been brought by 

the  i n e l a s t i c  neut ron  s c a t t e r i n g  experiments* which y i e lded  

wT 2.5meV, in  f a i r  agreement wi th  t h e  o p t i c a l  d a t a .  

It has been shown3 t h a t  i t  seems more r e a l i s t i c a l  t o  con- 

s i d e r  t he  bromine d i s t r i b u t i o n  i n  KCP as be ing  2k quasi-modu- 

l a t e d  a long  t h e  chain i n s t e a d  of b e i n g  d i s t r i b u t e d  a t  random 

(kF be ing  the  Fermi momentum). A 2k 

this way which, when a s s o c i a t e d  wi th  an e x t r a  e l a s t i c  energy 

s t o r e d  by the  modulated bromine d i s t r i b u t i o n ,  a l lows  us t o  

c o n s t r u c t  a c o n s i s t e n t  t heo ry  of t h e  p inn ing  mechanism i n  KCP. 
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398 I. BALDEA AND M. APOSTOL 

The pa r t  assigned by t h i s  theory t o  the bromines i s  e s s e n t i a l  

s ince they are viewed as inducing the Peier ls-Frzhl ich trans- 
i t i o n .  A similar attempt has been reported r e ~ e n t l y . ~  Within 

the present  theory of the pinning i n  KCP3 d i s t i n c t i o n  is made 
between the d.c.  gap 2 6  = 0.lleV and the o p t i c a l  one 2A = 

O P  0.2eV 5 , the l a t t e r  including the s t r e n g t h  V of the bromine pe- 

r i o d i c  p o t e n t i a 1 , h  = n + V. As t h i s  add i t iona l  i n t e r a c t i o n  

i s  repuls ive ( V > O )  the  mean f i e l d  theory p r e d i c t s  a f ixed  va- 

l ue  9 = 0 of  the phase of the d i s t o r t i o n  i n  the g o u n d  s t a t e  : 

i t  means t h a t  the hamiltonian has t he  same reduced symmetry a s  

the ground s t a t e  has, the broken symmetry i s  no longer  sponta- 

neous bu t  induced and the Goldstone mode ( s l i d i n g  phase mode) 

i s  s h i f t e d  t o  a non-zero frequency. By means of the aforemen- 

t ioned pinning mechanism the r e l a t i v e l y  l a r g e  pinning frequency 

W T  i s  obtained in  KCP. With only two f i t t i n g  parameters, V 

and hi ( t h e  coupling s t r e n g t h  associated with the bromine 

e x t r a  e l a s t i c  energy) one can reproduce s a t i s f a c t o r i l y  the  d i s -  

t o r t e d  s p e c t r a  of phaaons and amplitudons, the d i a t o r s i o n  amp- 

l i t u d e  of the Pt(CN)4 complexes ( r e l a t e d  t o  the d.c. gap ‘2A 
and not  t o  the o p t i c a l  one). The e s s e n t i a l  f e a t u r e s  of the op- 

t i c a l  d a t a  a re  a l s o  reproduced when one allows f o r  a f i n i t e  

phason l i fe- t ime r -’. 
KCP a r e  reported here. They a r e  based on a three-fold extension 

of the usual  t heo r i e s  : (i) 2 5 - q u a s i - p e r i o d i c i t y  of the bromi- 

nee is assumed along the  chain,  (ii) the bandwidth cut-off pa- 

rameter k previously introduced i n t o  the approach of t he  g i a n t  

Kohn anomaly6 i s  used and (iii) f i n i t e  phason l i fe- t ime r 
i s  allowed f o r .  

or 

Yicroscogic c a l c u l a t i o n s  of t he  f .i.r. p r o p e r t i e s  of the 

C 

DIELECTRIC FTJNCTIOIT 

Within the bubble approximation of a gauge inva r i an t  e l e c t r o -  

magnetic ( t r ansve r se )  response theory7 the  d i e l e c t r i c  funct ion 
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FAR INFRARED CONDUCTIVITY IN KCP 399 

where long range Coulomb i n t e r a c t i o n  was included ( A  i s  the 

t ransverse a r e a  per  chain),  go is  the electron-phonon coupl ing 

constant at  2kF , Db(q,W) is the phason propagator (p inn ing  

f r e q u e n c y w  and phason l i fe- t ime r -’ included) and the f-  

func t ions  a re  those usua l ly  obtained within the response theo- 

ry7 ; the only d i f f e rence  here i s  t h a t  t he  bandwidth cut-off 

parameter kc is  included, In the f.i.r. region one g e t s  from 

E q . ( l )  

R e E ( W )  =t,(02 - o E ) ( w 2  -a;)-’, 

and the conduct ivi ty  

2 - 2 2  2 1  
R e r ( G l ) / r m a x  = ( 2 m p ) 2 [ ( 0  -W ) + (2-r) 1- T 

- 2  2 2 
( 3 )  w ‘ w T +  r 9 

2 w h e r e w  

(xv 0 ) i s  the electron-phonon coupl ing constant  (vF is  the F o  
Fermi v e l o c i t y ) .  A l l  the o p t i c a l  d a t a  of KCP a r e  s a t i s f a c t o r i l y  

reproduced by these equat ions making use of only th ree  f i t t i n g  

parameters : V ,  h i  and r . In p a r t i c u l a r  the well  known re- 
f l e c t i v i t y  and f.i .r.  conduct ivi ty  curves a t  l o w  temperatures 

(below the th ree4 imens iona l  order ing t e m p e r a t ~ r e ) ” ~  a r e  ob- 

ta ined with r of the order  of 0.3 - ImeV, values  which agree 

with t h a t  ex t r ac t ed  from the neutron s c a t t e r i n g  d a t a  (0.5meV). 

The bandwidth cut-off values  kc agree with the e s t ima t ions  of 

the width of the Kohn anomaly d ip .296  The agreement is  expected 

i s  the undis tor ted phonon frequency and h = 2g0/ 
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400 I. BALDEA AND M. APOSTOL 

t o  g e t  improved by al lowing f o r  an w dependence of  t he  r 
parameter. 
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