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SOLITON QUUENCHINO I N  THE ONEDIMENSIONAL 
ISINO SYSTW 

Ludnik KOMOROWSKI 
I n s t i t u t e  o f  Organic and Physical  Chemistry, 
Technical Univers i ty  o f  Wrocpan, 
Wyb. Wyspidskiego 27, 50-370 WROCZAW, Poland. 

Abstract  Local e x c i t a t i o n s  of  t h e  so l i t on -  and 
exciton-type i n  a uniform one-dimensional I s i n g  chain 
have been indicated.  The response of  t h a t  sys t en  t o  
t h e  temperature decrease has been analysed. 

Quasi one-dimensional organic  m a t e r i a l s  have been known t o  
show pecu l i a r  magnetic property:  a t  low temperature a t tCurie  
tail" if frequent ly  observed i n  the  magnetic s u e c e p t i b i l i t y  
X ( T ) a  Numerous arguments have been found t h a t  con t r ad ic t  
a oommon b e l i e f  t h a t  t h i s  phenomenon might be caused by mere 
impurity.  2-4 This  study a i m s  t o  provide argumenits t h a t  
s i m i l i a r  behaviour can be predic ted  even f o r  a simple 1 - D  
Ising chain under a s u i t a b l e  cool ing  reglme. I c o n t r a s t  t o  
t he  profound s t a t i s t i c a l  ana lys i s  by Glauber, 
t h e  l o c a l  e x c i t a t i o n s  w i l l  only be considered here. Two 
lowest one-si te  e x c i t a t i o n s  a r e  : 

and Reiss, 6 

t he  f i r s t  being simply a domain w a l l  or a kink. They will be 
ca l l ed ,  somewhat a r b i t r a r i l y ,  t t so l i ton l t  and t texcI tonta ,  res- 
pect ive ly ,  troughout t h i s  work, t o  manifest  a fundamental 
d i f f e rence  between both. I n  con t r a s t  t o  t h e  exc i ton  (E), 
ann ih i l a t ion  of  a s o l i t o n  (S) cannot occur un le s s  by c o l l i s -  
i o n  with another  par tner ,  i. ez: S + S -B E -P ground state. 
consequently, t he  ann ih i l a t ion  r a t e  f o r  s o l i t o n s  can be ap- 
proximated as : 

Pa denotes p robab i l i t y  of  c o l l i s i o n  of  two s o l i t o n s  by s to-  

t u r e  i s  changed hyperbol ica l ly  i n  time: 
chas t i c  hopping with frequency 3 - vo exp(-J/kT). Tempega- 

1 /T  o l /To  + P t .  
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FIGURE 1 
Mole f rac t im 
o f  so l i tons  
as a function 
o f  the spin 
exchange ener- 
gY; % - a t  
300 K ;  XI - a t  
low tempera- 
ture l i m i t .  

FIGURE 2 
Mole fraction 
o f  s o l i t o n s  
vs. tempera- 
ture f o r  var i -  
ous parameters 
O f  the SyEtem, 
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SOLITON QUENCHING IN THE ONE-DIMENSIONAL ISING SYSTEM 193 

5 t r  \ l /k  - 500 K 

FIGURE 3a, b 
Temperature de- 
pendence o f  t h e  
magnetic SUB- 
c e p t l b l l i  t y  ; 
To I 300 K. 
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194 L. KOMOROWSKI 

Solut ion of  t h a t  k i n e t i c  equation leads t o  r e s u l t s  depicted 
in Figs. 1, 2. S t a r t i n g  from an equi l ibr ium concent ra t ion  
of  so l i t ons ,  xo a t  To s 300 K ,  temperature decrease inevi-  
t a b l y  produces some non-zero l immiting concent ra t ion  XI at 
low temperature. T h i s  must be regarded a8 f r eez ing  of  8011- 
tons  due t o  undercooling t h e  system; the  equi l ibr ium s i t u -  
a t i o n  would simply be x -c 0 fo r  T -c 0. Fig. 2 shows t h e  
t r a n s i t i o n  from m equi l ibr ium decay o f  x t o  t he  f r eee ing  
region ( f l a t ) ,  where concent ra t ion  o f  s o l i t o n s  remains con- 
stant. Figs. 3a, b demonstrate appropr ia te  v a r i a t i o n  o f  
magnetic s u s c e p t i b i l i t y :  t h e  "Curlo t a i l "  behaviour i s  rea-  
d i l y  recognized. Strangely enough, large v a r i a t i o n  of  p e a -  
meters (M 30/8 ) causes  r e l a t i v e l y  minor change in %(TI 
re la t ionehip .  Thle  tends t o  suggest t h a t  for a given system, 
where only #3 can  be var ied  (and usua l ly  by no more than 
2 + 3 orde r s  of magnitude), changing (5 Will not  have much 
e f f e c t  on x (  T) funct ion observed experimentally.  The Curie- 
type behaviour would then appear as an i n t r i n s i c  proper ty  
of t he  eystem (1). On t h e  o t h e r  hand, one may expect t h e  
experimental. curve %(TI t o  be sample dependent, as the 
chain l eng th  parameter N may have some r e l a t i o n  to  the 
crystal perfect ion.  
The way t o  experimental  v e r i f i c a t i o n  o f  t he  hypothesis  
descr ibed above remains open; recent  r e p o r t s  on quenching 
phenomena i n  organic  superconductore claim f o r  paying more 
a t t e n t i o n  t o  k i n e t i c  e f f e c t s  on experimental  data a t  low 
temperatures, i n  p a r t i c u l a r  for t h e  quasi  one-dimensional 
s y a t em s 
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