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The collapse transition in a single polymer with modified Lennard Jones intersegmental interac- 
tion is considered. After defining the appropriate state variables, the equation of state of the 
system is derived by straightforward statistical mechanics. From approximate numerical 
solutions for the radial distribution function y(R), it is possible to reproduce the collapse 
transition observed experimentally. 

A long polymer has an expanded form in good solvents, but collapses in a poor 
solvent. In a single solvent, the polymer chain has its expanded form at high 
temperatures, but collapses to a globular form at low temperatures. This 
phenomenon has been observed by recent light scattering experiments on 
dilute polystyrene solutions by Mazur and McIntyre.' 

The collapse transition has been studied by Monte Carlo methods on 
lattice m'odels where the polymer chain has been described as a noninter- 
secting random walk chain, with a square well attractive potential added 
between neighbouring units.2 This transition has also been investigated 
theoretically by de Gennes3 by a simple extension of the Flory expression for 
free energy. De Gennes' approach is largely intuitive. The thermodynamic 
variables are not clearly defined and the equation of state derived by him is 
difficult to interpret in terms of the usual equation of state variables-temper- 
ature, volume, and pressure. His approach is however valuable in that it 
reproduces the collapse behaviour and relates this to the tricritical phenom- 
ena in magnetic systems. 

t Supported in part by the Deutsche Forschungsgemeinschaft under Grant No. Ai S / l  

[529] / 171 

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
 0

5:
36

 2
3 

Fe
br

ua
ry

 2
01

3 



172 / [530] N .  K. AILAWADI A N D  J .  NAGHIZADEH 

In a series of we have presented the statistical mechanical theory 
of a single polymer, where we have derived the thermodynamic functions of 
this system in terms of the radial distribution function g(R).  

The formalism, discussed in detail in earlier papers, consists of setting up 
the configurational partition function of a single polymer and defining 
appropriate many particle distribution functions. After defining the state 
variables, volume and tension (analogue of pressure) appropriate to the 
system, one is able to derive the equation of state in terms of the binary inter- 
segmental potential and g(R). A further consequence of theory was thedevelop- 
ment of Born-Green-Kirkwood type hierarchy of equations. Detailed 
numerical computations for g ( R )  and other thermodynamic potentials were 
given for a polymer with hard sphere intersegmental interactions, where super- 
position approximation was used for the computation of g(R). The collapse 
transition is physically brought about due to the predominance of attractive 
forces between segments at a critical temperature range. It was, therefore, not 
found in the hard sphere system. We have now studied the behaviour of a 
single ring polymer with a modified Lennard Jones intersegmental potential 
and found the expected collapse transition in this system. 

We shall first review briefly the definitions of the state variables. The 
volume of a single polymer of N segments is defined by 

(1) 

(S’), = (b2/12)N ( 2 )  

V = ((S2))3’2 = ((S2),)3’%3 = v003 

where ( S ’ )  is the mean square radius ofgyration of the polymer. ( S ’ ) ,  is the 
mean square radius of gyration of noninteracting polymer of N segments 
with a mean bond length b subject to no internal or external forces. o2 = 
(S2)/(S2), is the expansion coefficient used by Flory and also by de Gennes. 
Now, it is physically possible to alter o in two independent ways. First 
the change of temperature in a fixed solvent will result in a change of o. 
Second, at a fixed temperature, one will have different values for o at two 
different solvents. In good solvents, the solvent molecules generally interpose 
themselves inside the polymer causing an expansion of the system or an 
increase in o. The solvent thus acts to exert a uniform tension on the polymer 
system which may be considered to be the physical analogue of the pressure 
in simple fluids. This tension is now denoted by T and is given as the derivative 
of the free energy, F ,  with respect to volume V. 

Equation of state of the polymer derived by us earlier, gives the relationship 
between the three variables o, temperature T, and tension T. 
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R3pb2’(R: a)g(R: a)dR (4) 
p 

N 

Where g ( R ;  a) is the radial distribution function. pb’’(R; a) the noninteracting 
pair distribution. u(R) the intersegmental pair potential, and /I = l /kT. We 
now choose for u(R)  the modified Lennard Jones potential given by 

u(R) = uo(R) + ui (R)  ( 5 )  

u l ( R )  = 0 R < a (74  

where a is the hard sphere diameter. 
A numerical procedure analogous to the work of Kirkwood, Lewinson 

and Alder’ on simple fluids was used to solve for g(R).  In this scheme, the 
y ( R )  for the polymer with modified Lennard Jones interaction is obtained by 
a perturbation expansion of the hard sphere radial distribution function in 
powers of BE 

where go(R: a) and $ ] ( R :  a) are the hard sphere radial distribution function 
and the first term in the perturbation expansion and are given by (x = Ria) 

1 x + l  

K ( r .  x) = [ l  - (x - r)’ + 2(x + r)(l - Ix - rl)] 

g ( R : a ) = g , ( R : O ) [ I  + B I $ ~ ( R ; ~ ) ]  (8) 

In go(x) = ,I - - (9) 

(10) 

(1 1)  

4x i, - dr 9 O ( W ( F -  xf 

$l(X) = 44 - - 

1 3 
x erp[- - (x  + r + s)2 - 4x2 

I is related to a through the thermodynamic identity between chemical 
potential and tension and its precise form has been given earlier.6 
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FIGURE I Reduced linear tension defined as 

against CJ for different isotherms BE. Note that 3 0 / P ~  is the chain contribution to 7* 

The system of Eqs. (9)-( 12) were solved numerically for different values of 
the parameter A (different densities). The resulting numerical g(R)’s were then 
substituted in the equation of state (4) and isotherms of Figure 1 were thus 
obtained. 

An alternative method to describe the transition behaviour is to plot (S2) 
against i/T at fixed values of tension z. Such a plot shows more clearly the 
collapse of the polymer in that below a critical T~ (poor solvent) (S2) rapidly 
falls off at the collapse temperature. Figure 2 is such a plot for two values of T. 
The Mome Carlo work of McCrackin, Mazur and Guttman’ and the experi- 
mental work of Mazur and McIntyre’ show similar behaviour, but a single 
curve was obtained by these authors as a single z was considered. We have 
shown that the solvent effect must be such that a tension smaller than critical 
tension is exerted on the polymer in order for the collapse transition to occur. 
We have also given precise physical definitions for the state variables of this 
system. 
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I . . . . . . . . . .  
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FIGURE 2 d vs. inverse reduced temperature BE for two values of T. At values of T* > 0, no  
collapse transition is observed. 
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