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ON TIIE LATTICE EXCITATIONS I N  KCP 

TTARIAN RPOSTOL AND I O N  BALDE-4 
Cen t ra l  I n s t i t u t e  of Phys ics ,  Magurele-Bucharest, NG-6, 
Romania 

Abs t r ac t  A new mechanism of p i n n i n g  is  put  forward i n  
KCP, based on the  2kF-quasi-modulated bromine d i s t r i b u -  
t i o n .  

P n w m  F~ECIIANISF 

The s l i d i n g  phase mode p r e d i c t e d  by t h e  Pe ie r l s -F rzh l i ch  theo ry  

is pinned in  the  r e a l  quasi-one-dimensional m a t e r i a l s  mainly 

by t h r e e  mechanisms’: commensurabili ty of t he  CDW wi th  t h e  un- 

d e r l y i n g  l a t t i c e ,  i n t e r c h a i n  coupl ing  and impur i ty  e f f e c t .  The  

p inn ing  frequency i n  KCP has been e s t ima ted  from t h e  f.i.r. 

conduc t iv i ty  (0 F 1.9meV) and i n e l a s t i c  neut ron  s c a t t e r i n g  

experiments (4, ‘p 2 2.5me~)’ a t  l o w  t empera tures .  

2 

However, d e s p i t e  t he  q u a l i t a t i v e  p r e d i c t i o n  of t h e  pinned 
1 CDW no s a t i s f a c t o r y  q u a n t i t a t i v e  e s t i m a t i o n s  of t h e  r a t h e r  

l a r g e  p inn ing  frequency i n  KCP have been r epor t ed  u n t i l  now. 

The commensurability of t h e  CDW wi th  t h e  unde r ly ing  l a t t i c e  is 

n e g l i g i b l e  in  KCP due t o  the  l a r g e  va lue  of t h e  commensurabi- 

l i t y  o rde r  (7’ = lo).’ The i n t e r c h a i n  coup l ing  i n  t h i s  m a t e r i a l  

is a l s o  too  s o  as t o  produce a r e l a t i v e l y  l a r g e  pin- 

n i n g  frequency, a f a c t  which can s t r a i g h t f o r w a r d l y  be seen from 

the  reduced magnitude o f  t h e  t r a n s v e r s e  c o r r e l a t i o n  l e n g t h  

(z  50i).3’5 As r ega rds  t h e  impur i ty  mechanism of p i n n i n g  i t  
has been t h a t  t he  wellknown d i s r u p t i v e  e f f e c t  of t h e  

randomly d i s t r i b u t e d  i m p u r i t i e s  can n o t  be overcome even by t h e  

long  range Coulomb i n t e r a c t i o n  ( a l though  the  p a r t  played by  
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t h i s  in te rac t ion  i n  KCP is  important) and, consequently, the  

long range ordered CDW s t a t e  and the high values  (3400i)3150f  

the cor re la t ion  length along the chain remain unexplained by 

t h i s  theory when applied t o  the bromines i n  KCP (weak pinning 

case) .4r6 The c r i t i c a l  temperature of the Peier ls-Frzhl ich 

t r a n s i t i o n  as well as the  absence of the t ransverse d ispers ion  

of the phase mode i n  KCP can n o t  be understood within the theo- 

r y  of the randomly d i s t r i b u t e d  impuri t ies  and, in  p a r t i c u l a r ,  

the  r e l a t i v e l y  l a r g e  values  of the c o r r e l a t i o n  length  along the 

chain and pinning frequency obviously can not  be corelated by 

the lhiomain-sizelt assumption. 

Nevertheless,  a deeper look a t  the s i t e s  whereat the bro- 

mine and the (addi t iona l )  water molecule a r e  located in  the  

u n i t  c e l l  

molecule) seems t o  support an opposite a t t i t u d e  towards the  

bromine d i s t r i b u t i o n  along t h e  chain. Assuming t h a t  the succes- 

s ion of the bromines (B)  and (addi t iona l )  water molecules ( W )  

in the u n i t  c e l l s  along the chain is as fol lows I (BBW)()(BBW) 
( ) (BBW)() ,  where an e x t r a  water molecule ( W )  occupies one out 

of the three blank spaces, then we have a b a s i c  average modular 

t i o n  of wavelength 20c/3, c being the  Pt-Pt dis tancelover  which 

a small d isorder  is superimposed, brought about by the addi t io-  

n a l  W which comes t o  f i l l  one out of the three  blank spaces. 

The bromine concentration is 6/20 = 0.3 per  molecule and t h a t  

of the (addi t iona l )  water is 4/20 = 0.2 per  molecule, i n  agre- 

ement with the chemical da ta .  The average modulation of wave- 

length 20c/3 corresponds t o  the wavevector 0.3X/c = 2%) % 
being the Fermi momebtum. The small d isorder  which a r i s e s  from 

the addi t iona l  W is  i n e f f e c t i v e  t o  a la rge  ex ten t  due, on the 

one hand, t o  the low concentration of t h i e  W (one t o  20 unit 
c e l l s )  and,on the other  hand, t o  the f a c t  t h a t  the bromine+wa- 

t e r  chains do not  coincide with the platinum chains,  which 
helps t o  enhance the threedimens iona l  e f f e c t s .  Therefore i t  

7 as well as at  the bromine concentration ( 0.3 p e r  
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seems very probable t h a t  the bromine d i s t r i b u t i o n  along the 

chain is  2kF-quasi-modulated, a f a c t  which might be observed 

experimentally a t  low temperatures. The corresponding e x t r a  

p o t e n t i a l  ( 2kF-periodic) and the e x t r a  e l a s t i c  energy s to red  

by the  bromines al low us t o  cons t ruc t  a cons i s t en t  theory by 

means of which the long range co r re l a t ed  CDW state i n  KCP, the  

pinning frequency, the connection between the d i s t o r s i o n  amp- 

l i t u d e  and the d.c. gap as well  a s  the d i s t i n c t i o n  between t h i s  

gap and the o p t i c a l  one can be understood. 

PINNING FREQUENCY 

Adding a 2kF-periodic p o t e n t i a l  of s t r e n g t h  V and an e x t r a  

e l a s t i c  energy h /[rvFXi ( n b e i n g  the magn’i‘tude of the order  

parameter a long the P t  chain,  vF-Fermi v e l o c i t y  a n d h  . a coup- 

l i n g  s t r e n g t h  r e l a t e d  t o  the bromines) t o  the well known mean 

f i e l d  hamiltonian one ob ta ins  the o p t i c a l  gap h 
an e f f e c t i v e  phonon coupling s t r e n g t h %  = (l/h+ 1hi)-l. 

Introducing the  d i s t o r t i o n  amplitude uo= 0.025i697 i n t o  

2 

1 

= h + V and 
OP 

= ( 2 h / w o ) ( c h v F x M )  Q 9 
0 

where Q o  is the frequency of the und i s to r t ed  phonons and 1’1 t he  

mass of Pt(CN)4 complex, we get a t  once 2 A = o.lleV which is  

exac t ly  the experimental value of the d.c. gap.* The coupling 

s t r e n g t h  31 is  about 0.45 in  f a i r  agreement with o the r  estima- 
t i o n s .  It fol lows t h a t  the d.c. gap is associated with the P t  

d i s t o r t i o n  amplitude while the o p t i c a l  gap 2 b  

des  the bromine contr ibut ion V. The d i s t o r t e d  phonon spectrum 

n e a r  2kF (arnplitodona and p h a ~ o n s ) ~  i s  well  reproduced by tak- 

i n g  appropriate  values  of the f i t t i n g  p a r a m e t e r x i .  In p a r t i -  

c u l a r  the pinning frquency is  given by 

= 0,2eV inclu-  
OP 

= w2(1 0 - h b h h o p ) .  
Below 801( we get h i>0 .55  which means t h a t  t he  p re sen t  pin- 

n i n g  mechanism is  e f f e c t i v e  when the CDW s t a t e  i n  KCP is  c l ea r -  
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396 M. APOSTOL AND I .  BALDEA 

ly establ ished.  F o r k  ,&0.55 we ge t  a s o f t  mode suggest ing 

t h a t  a pseudo-gap regime dominates. 

FEFERENCES 

1. P. A .  Lee, T. 17. Rice and P. W. Anderson, Sol id  S t a t e  Com- 

2. T B r U e s c h ,  S. S t r a s s l e r  and II. R.  Ze l l e r ,  Phys. Rev, B g ,  
m u n .  2, 703 (1974) e 

219 (1975). 
3. K .  Carneiro, G. Shirane, S. A .  Werner and S. Kaiser ,  

4. R. Fukuyama, J. Phys. SOC. Jpn. a, 1266 (1978). 
5. J. P I .  Lynn, 17. Iizumi,  G.  Shirane,  S.  A .  Werner and R. B. 

Phys. Rev, B l 3 ,  4258 (1976). 

S a i l l a n t ,  Phys. Rev. 1312, 1154 (1975). 
6. P.  A .  Lee and H. Fukuyama, Phys. Rev. BU, 542 (1978). 
7. C .  F. Eagen, S. A. Werner and R. B. S a i l l a n t ,  Phxs. Rev, 

8. G. A .  Toombs, Phys. Reg. JOT 181 (1978). 
BI.2, 2036 (1975). 

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:
36

 2
0 

Fe
br

ua
ry

 2
01

3 


