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ABSTRACT: In this paper, the probability density distribution function P(S) of the radius of gyration of the unperturbed 
star polymer chains is investigated using Monte Carlo method. We find that the distribution function P(S) for ideal star-shaped 
polymer may also expressed in the form of P(S)- -S2"exp(-(a+0.5)S2/(S2 >), and the parameter a only depends on the 
number of branches J, which is similar to the Flory-Fisk expression P(S) for ideal linear polymer chain. 
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Configurational properties of polymer molecules play 
important roles in the interpretation of many aspects of 
polymer behavior. Many properties of polymer mole
cules rely heavily on some knowledge of the average and 
the distribution of molecular dimensions of the polymer 
chain. Important in various theories of polymer behavior 
are the probability density distribution functions P(R) 
and P(S), and the mean-square end-to-end distance (R2 ) 

and the mean-square radius gyration (S2 ) of polymer 
chains. The mean square (R2 ) and (S2 ) can be calcu
lated by 

(R2 )= tx' 4nR4P(R)dRI too 4nR2P(R)dR (1) 

(S2 )= too S2P(S)dS I too P(S)dS (2) 

In general, the even moments of the R distribution and 
the S distribution are formally defined by 

(R2P)= too 4nR2<P+llP(R)dRI too 4nR2P(R)dR (3) 

(S2P) =too S2PP(S)dS I too P(S)dS (4) 

Thus, the probability density distribution P(R) and P(S) 
are more important in the study of polymer conforma
tions. Studies of the function P(R) of linear polymer 
chains have long history/ - 4 and the function P(R) of 
real polymer chains with a short number of bonds can 
be given accurately. 5 -? The distribution function P(S) 
of linear polymer chains was investigated approximately 
by Fixman and Forsman and Hughes. 8 •9 We also study 
the function P(S) of linear polymer chains using Monte 
Carlo method. 10 But the function P(S) of star polymer 
has not yet investigated. In this paper, we study the 
function P(S) of uniform star polymer chains using 
Monte Carlo method. 

CALCULATION METHODS 

If Cn is the number of samples and fiS)AS is the 

* This work was supported by National Natural Science Foundation 
of China. 

number of walks whose radius gyrations lie between S 
and S +AS, we have 

fS+aS 

s P(S)dS=C;; 1/iS)AS (5) 

If Cn is large enough, AS small enough, and P(S) decrease 
or increase monotonously, the left of eq 5 may be written 

fS+aS 

s P(S)dS = P(S + AS/2)AS (6) 

thus, 

P(S + AS/2) = c;; 1 f(S) (7) 

AS is equal to 0.025(S2 ) 1' 2 in our calculation. In the 
region of maximum of P(S), AS must be more small. In 
this paper, the region is from S=0.90(S2 ) 1' 2 to S= 
l.O(S2 ) 1 i 2 , and AS is equal to 0.01(S2 ) 1' 2 in the region. 
The unperturbed uniform star polymer chains are gen
erated using the body-centred cubic lattice model. The 
uniform star chain consists off branches, and each of 
the branches has n beads. 

RESULTS AND DISCUSSION 

Simulations are carried out for stars off= 3, 5, and 7 
with length per branch from n = 100 to n = 400 beads, 
and we use 1000000 samples in each case. All com
putations are performed on V AX8350 computer using 
FORTRAN source codes. We calculate the probability 
density distribution function P(S) using eq 7, and the 
results are given in Figures 1-6. We first calculated 
probability function P(S)AS of uniform star chains of 5 
branches with different branch chain length n = 200 and 
n = 400 in order to perform the effects of branch chain 
length non distribution function P(S)AS, and the results 
are given in Figure 1. In Figure 1, we find the probability 
P(S)AS is independent of branch chain length n, and only 
depends onfand S/(S2 ) 1' 2 . In Figure 2, we also calcu
late probability P(S)AS of star chains of various branch 
number f with constant chain length n = 200. In Figure 
2, P(S)AS decreases with increasing branch number Jfor 
small S or large S, but the maximum of P(S)AS increases 
with increasing f In order to investigate the form of 
probability density distribution function P(S), we show 
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Figure 1. Probability P(S)!l.S vs. Sf<S2 ) 112 for uniform star chains 
of J=5 with different length of branch chain.(-·-) n=200, <S2 )= 
265.8; (-•-) n=400, <S2 )=531.2. 
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Figure 2. Probability P(S)!l.S vs. S/<S2 ) 1' 2 for uniform star chain 
of n=200. (-·-)/=3, <S2 )=237.0; (-x-)f=5, <S2 )=265.8; (-.&-) 
J=7, <S2 )=276.5. 
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Figure 3. Probability density function P(S) vs. S!<S2 ) 112 for a linear 
chain ofn=200 (<S2 )=101.2). I, ref 11; 2, eq 8 with a=7.0, b=4.0; 
( ·) Monte Carlo. 

plots of P(S) against S, and the results are given in 
Figures 3--6. Here, P(S) of linear polymer chain is also 
calculated, and the results are shown in Figure 3. In 
Figures 3-6, we find that the simulation values of P(S) 
can be written in the form of 

where 

472 

0.15 

"' 'il:' 
0.10 

0.05 

1.0 
o.o 

0.5 
St<sz>* 

Figure 4. P(S) vs. S/<S2 ) 1' 2 for a uniform star chain of J= 3 and 
n=200 (<S2 )=237.0). (-) eq 8 with a=5.0; (·)Monte Carlo. 
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Figure 5. P(S) vs. S/<S2 ) 1' 2 for a uniform star chain of J = 5 and 
n=200 C<S2 )=265.8). (-) eq 8 with a=IO.O; (·)Monte Carlo. 
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Figure 6. P(S) vs. S/<S2 ) 1' 2 for a uniform star chain off= 7 and 
n = 200 (<S2 ) = 276.5). (-) eq 8 with a= 12.0; ( ·) Monte Carlo. 

C= tXl S2aexp( -(a+0.5)S2/(S2 ))dS (9) 

and (S2 ) is the mean-square radius of gyration. The 
parameter a only depend on f, and the value is 3.5 for 
/=1, 5.0 for f=3, 10.0, for f=5, and 12.0 for f=7, 
respectively. We find that our function P(S) of the un
perturbed uniform star polymer chain is similar to the 
Flory-Fisk expression P(S)= C' · S6 exp( -3.5S2j(S2 )) for 
the ideal linear polymer chain. 11 Although the Flory
Fisk expression for P(S) was reproduced only from the 
ratios of moments, 11 not from experimental data or 
theory, our computer simulation supports that the ex-
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Table I. Values of (S2")/(S2 )" under different conditions pression for the unperturbed linear polymer chain is 

2p f Monte Carlo Theory• Deviation (Sz) 
remarkably good, and P(S) of the ideal star-shaped chain 
is also expressed in the form of modified Flory-Fisk 

-2 I 1.256 1.286 0.023 102.1 expression. To examine P(S), we also calculate the ratio 
3 1.160 1.201 0.034 237.0 S2Pj(S2 )P using eq 4 and our function P(S), and the 
5 1.090 1.105 0.014 265.8 results are given in Table I. The ratio S2Pj(S2 )P using 
7 1.067 1.071 0.0037 275.6 Monte Carlo method is also obtained, and the results 

-I I 1.081 1.094 0.012 are also given in Table I. In Table I, we find the maxi-
3 1.061 1.075 0.013 
5 1.031 1.037 0.0058 mum deviation is only 3.4%, thus our function P(S) is 
7 1.024 1.030 0.0058 reasonable. 
I 0.9746 0.9727 -0.0019 
3 0.9814 0.9696 -0.012 
5 0.9903 0.9882 -0.0022 REFERENCES 
7 0.9940 0.9921 -0.0019 

3 I 1.078 1.081 0.0028 I. P. J. Flory, "Statistical Mechanics of Chain Molecules," Wiley, 

3 1.054 1.066 0.011 New York, N.Y., 1969. 

5 1.029 1.035 0.0058 2. M. Fixman and R. Alben, J. Chern. Phys., 58, 1553 (1973). 

7 1.021 1.021 0 3. M. Fixrnan and J. Skolnick, J. Chern. Phys., 65, 1700 (1976). 

4 I 1.220 1.222 0.0016 4. J. Freire and M. Rodrigo, J. Chern. Phys., 72, 6376 (1980). 

3 1.156 1.182 0.022 5. J. Freire and M. Fixman, J. Chern. Phys., 69, 634 (1978). 

5 1.078 1.081 0.0028 6. J. Freire and A.M. Rubio, J. Chern. Phys., 81, 2112 (1984). 

7 1.056 1.061 0.0047 7. A. M. Rubio and J. Freire, Macromolecules, 18, 2225 (1985). 
8. M. Fixman, J. Chern. Phys., 36, 306 (1962). 

•values of (S2")1(S2 )" calculated by eq 4 and 8. 9. W. C. Forsman and R. E. Hughes, J. Chern. Phys., 38, 2118 
(1963); ibid., 42, 2829 (1965). 
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