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Recently the synthesis and characterization of macro- 
molecules of complex architectures, with the constituent 
segments made from the same or different species, the 
so-called miktoarm stars from the Greek word p i ~ r o s  
meaning mixed, has been advanced and stars of the type 
A2B, A2B2, ABC, and ABCD have already been prepared 
by anionic polymerization.112 In the synthesis procedure 
of these macromolecules appropriate chlorosilanes link 
together linear precursors which form the parts of the 
complex macromolecule. The linear precursor chains of 
the i type (i = 1,2,3, ..., n), depending on the route of their 
formation, have certain number-average molecular weight 
distributions Pi(m) which determine both their number- 
and weight-average molecular weights mni and mwi. In 
the limit of large molecular weights where the real 
summations can be replaced with integrations, they can 
be written as: 

- Sowdm m Pi(m) 

Jomdm P,(m) - - s=@ 
mni = 

where Pj(s) is the Laplace transform of Pi(m) with respect 
to m, and the dot and double dot denote first and second 
derivatives with respect to s. 

In this paper we extend our previous investigation of 
stars made from the same kind of precursor arms3 to 
macromolecules of more complex architecture made from 
more than one different precursor. We relate the number- 
and weight-average molecular weights M,, and Mw of  the 
complex macromolecule to those of the different precursor 
parts. Though the synthetic procedure's aim is well- 
defined model macromolecules, only nearly monodisperse 
products are possible. Not only does uncertainty exist in 
the molecular weights of the polymers, but there is 
difficultyin controlling precisely even the number of arms. 
Theoretical relations therefore between the molecular 
weights of the precursors and the final complex archi- 
tectures are useful guide in the detection and character- 
ization of the final products. They can also be useful in 
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the determination of the molecular weight of a part of a 
complex macromolecule if the molecular weights of the 
whole macromolecule and those of the other parts are 
known. The complex macromolecule is made from a total 
number f of precursors and contains f i  precursors of the 
ithkind(i= l ,2 ,  ..., n)sothatf= Cifi. Ifmijisthemolecular 
weight of thej th  precursor of the ith kind 0' = 1,2, ..., fi), 
then the total molecular weight of a specific macromolecule 
is equal to M = &x,mi,. If we neglect steric interactions 
which differentiate the probability of linkage depending 
on the order of attack, we can assume that all precursor 
chains have equal probabilities to be connected to the link 
agents. The probability then of a specific complex 
macromolecule is equal to the product of the probabilities 
of its constituent precursors, and in order to find the 
probability P J M )  that the complex macromolecule has 
the specific molecular weight M ,  the sum of the prob- 
abilities Pij(mij) which yield the molecular weight M has 
to be taken into account. 

where the Dirac delta function insures the equality of M 
with the sum of the corresponding mi, of the constituent 
parts. Using the Laplace transform Pc(s) = Jr dM 
e-MsPc(M) of this distribution and the fact that precursors 
of the same kind have the same initial probability 
distributions, we can take from eq 2 a simple relation in 
terms of the Laplace transforms of the probabilities of the 
constituent species and their numbers fi: 

The average molecular weights of the complex macro- 
molecule are equal to 

respectively, and by means of eq 3 we can find M ,  and Mw 
in terms of Pi(s) and its derivatives as 

y '  Is=@ 
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Table 1. Experimental Values (in 10-8) of the Average Molecular Weights of the Precursors (First Columns) as Well as the 
Exwrimental Value M, of the Complex Macromolecule 
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l b  
~ ~~~ 

mnA mwA mnB mwB mnc mssc N W  Mw M, 
ABC 
(PS)(PI)(PBd) 20.7 21.9 15.6 16.2 12.2 12.7 46.4 49.3 48.5 l a  
(PS)(PI)(PBd)z 7.9 8.3 8.2 8.5 7.7 8.0 24.7 24.1 23.8 5 

maA mwA m n ~  mwe mnc n w  m a  NW Mw M, 
ABCD 

(PS)(P4MeS)(PI)(Pbd) 15.9 16.7 15.4 16.7 14.5 15.4 16.2 16.5 65.5 62.8 62.0 l b  

a The theoretical values M, and M, (columns 7 and 8) are taken from eq 6. PS = polystyrene, PI = polyisoprene, Pbd = polybutadiene, 
and P4MeS = poly(4-methylstyrene). 
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But Pi(0) and Fi(0) can be, written in terms of mni and mwi 
88 Pi(0) = -mniPi(O) and Pi(0) = mem~Pi(O) ,  and replac- 
ing them in eq 5 we end up with the relations 

which connect the average molecular weights of the 
precursors and those of the final complex macromolecule. 
Notice that these relations are true for any distributions 
of the molecular weights of the precursors, yielding a first 
insight even for the cases of broader distributions. 

A comparison with experimental findings for four 
different categories of macromolecules is presented in the 
Table 1. The first columns contain the experimental 
results, while columns 7 and 8 contain the theoretical values 
Mn and M ,  based on eq 6. The last column contains the 
references where the synthesis of these macromolecules is 
reported. The experimental conclusions were based on a 
combination of low-angle laser light scattering and mem- 
brane osmometry with size-exclusion chromatography 
analysis. The complex polymer chromatograms exhibit 
narrow and symmetrical distributions which do not change 
after elimination of excess of linear precursor by frac- 
tionation. We see that the experimental values of gW are 
close to the theoretical values, confirming the high 
uniformity of the prepared polymers. 
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