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Abstract

W e  pre se nt sim ulation re sults for th e  
th e rm odynam ical be h avior of fle xible  polym e rs 
(inte racting se lf-avoiding w alk s) on sim ple -cubic 
(sc) and face -ce nte re d cubic (fcc) lattice s. 
Be side s th e  w e ll-k now n collapse  transition, w e  
conce ntrate  ourse lve s on th e  fre e zing transition 
ocurring at low e r te m pe rature s. 

W e  sh ow  h ow  th is transition, also calle d 
crystallization, liq uid-solid [1] or globule -
groundstate  transition [2], is influe nce d by th e  
lattice  and h ow  th e  transition de pe nds on th e  
syste m  size .

W e  e m ploy th e  prune d-e nrich e d Rose nbluth  
m e th od (PERM) [3] and ge ne ralize d e xte nsions 
of it [4,5].
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Th e  Fre e zing Transition

Pe ak  Ch aos

M e th od −  flatPERM

Th e  flat h istogram  ve rsion follow s a strate gy 
from  a m icrocanonical vie w  of th e  proble m . 
Th e  basic ide as are :

Use  grow th  ste ps as in th e  norm al PERM  ch ain 
grow th  algorith m .

Conside r th e n a m icrocanonical e stim ator for 
th e  total num be r of configurations of size  n 
w ith  e ne rgy m

w h e re  W (i)
n,m  is th e  Rose nbluth  w e igh t of th e  

ith  configuration. Now  de fine  r as th e  ratio of 
actual Rose nbluth  w e igh t and Ce st n,m :

Apply population control by pruning, w h e n 
r<1 and e nrich m e nt, w h e n r> 1.

Re sults −  Inte rpre tation
Th e  Θ -Transition Re visite d

W ith  pre se nte d m e th od, it is possible  to study 
re liably th e  fre e zing transition up to syste m  
size s of orde r 102. But th e re  are  no principal 
difficultie s to study th e  Θ -transition at h igh e r 
te m pe rature s up to le ngth s of orde r 103, and 
w ith  th e  original PERM  algorith m  up to orde r 
105 (at local te m pe rature s). Re sults of th e  Θ -
te m pe rature  scaling are  sh ow n in Figure  10.
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Fre e zing Transition on fcc

Of course , w e  also find th e  fre e zing transition 
on th e  fcc lattice .

W e  w ill sh ow  h e re , analogously to Figure  4, 
transition te m pe rature s, but also th e  pe ak  
h e igh ts de pe nding on te m pe rature .

Sum m ary
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To inve stigate  conform al transitions w e  
conce ntrate  on pe ak s (m axim a) in th e  h e at 
capacitie s. Figure s 1 and 2 sh ow  h e at 
capacitie s of sh ort polym e rs on th e  sc lattice .

W h at w e  se e  at low  te m pe rature s (T<1) are  
one  or tw o m axim a pe r ch ain le ngth . Th e re  
se e m s to be  no consiste nt be h avior de pe nding 
on ch ain le ngth . At h igh  te m pe rature s (T> 1) 
w e  se e  th e  w e ll k now n Θ -Transition.

Se e  Figure  5 for som e  visualizations of typical 
conform ations.

W e  w ill first conce ntrate  on th e  low  
te m pe rature  re gion.

To find som e  re gularitie s anyh ow  in th at 
re gion, w e  plot just all pe ak  positions (Figure  
3) and re arrange  th e m , e .g. w e  plot th e  pe ak  
te m pe rature s de pe nding on polym e r le ngth  
(Figure  4).

Figure  5: Typical conform ations w ith  se le cte d e ne rgie s for th e  
N=49 -m e r. Top: Groundstate  (E=− 57, T − >  0); (E=− 55, T ≅ 0.37); 
(E=− 50, T ≅ Tc1 = 0.6475); (E=− 43, T ≅ 1). Bottom : (E=− 37, 
T ≅ Tc2=1.29 25); (E=− 31, T ≅ 1.6); (E=− 20, T ≅ 2.4).

Figure  7: Typical conform ations around th e  fre e zing transition 
for th e  h om opolym e r w it Ncgs=64. From  le ft: Groundstate  
(E=− 81, T − > 0); (E=− 79 , T ≅ 0.36); (E=− 78, T ≅ 0.38), th e  
transition lie s at Tc1 = 0.37; (E=− 75, T ≅ 0.47)

Look ing at th e  fre e zing transition, w e  se e  th at:
- th e re  are  pe riodical fluctuations of th e  
transition te m pe rature  de pe nding on polym e r 
le ngth  ("saw  tooth  lik e ", cp. Fig. 4)
- w ith in th e se  fluctuations th e  transition 
te m pe rature  re m ains constant

Analyzing th e  fluctuations, w e  find:
- th e  jum ps in transition te m pe rature  occur in 
vincinity of polym e rs, w h ose   ground-state s fill 
a cube  or a re ctangle  (i.e . w h ich  h ave  com pact 
ground-state s)
- th e se  polym e rs h ave  th e  "m agic" le ngth s 
Ncgs=27, 36, 48 , 64, 80 and so on

Figure  6 sh ow s e ne rgy distribution around th e  
fre e zing transition for th e  polym e r w ith  
Ncgs=64, Figure  7 visualize s corre sponding 
conform ations.

W e  se e  in Figure  8 a sim ilar be h avior to th at in 
Figure  4. But th e  saw  tooth  be h avior is not 
th at cle ar anym ore  and th e  inte rpre tation of 
th e  fluctuation is m ore  com ple x.  W e  found, 
for e xam ple , no ground-state  w ith  an e ne rgy 
gap, lik e  th e  com pact one s on th e  sc lattice .

From  Figure  9  w e  se e  furth e rm ore , th at th e  
h e igh t of th e  fre e zing pe ak  is, be side s som e  
fluctuations, stable  and m aybe  e ve n sligh tly 
de cre asing, w h ile  th e  h e igh t of th e  Θ -
transition pe ak  is m onotonously incre asing. 
Th e  Θ -pe ak  be com e s dom inating w ith  large r 
polym e r le ngth .

Figure  6

Figure  1 and 2

Figure  3 and 4

Figure  8 and 9

- Fre e zing transition e xists on sc and fcc lattice
- It is strongly influe nce d by lattice  re strictions
- Θ -transition pe ak  be com e s dom inant
- Infinite  Θ -te m pe rature  could be  re produce d 
(sc) and obtaine d (fcc)
- Both , Θ - and fre e zing transition w ill not 
coincide  in th e rm odynam ic lim it

Figure  10

Fitting th e  finite  transition te m pe rature s to 
follow ing form ula (sugge ste d by Flory-H uggins 
th e ory, sim ilar as in [1])

w e  ge t:
- for sc: TΘ =3.72± 0.02 (in pe rfe ct agre e m e nt 
to, e .g. Re f. [3])
- for fcc:  TΘ =8.30± 0.03




