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ABSTRACT: The conformational properties of a star AB copolymer molecule composed of A and B branches
with different kinds of interactions between units are studied as functions of the molecular weight, the
number of branches, and the interaction parameters. By means of calculations at the critical dimensionality
d = 4 up to first order in € = 4 - d, we obtain analytical expressions for the mean end-to-end square distances
of one and two different branches, the sizes of homopolymers parts and the whole molecule, and the distance
between the centers of mass of two different homopolymers. In our analysis we emphasize the region where
only interactions between units of different homopolymers occur.

1. Introduction

During the recent years homopolymers with various
architectures like stars, rings, or combs have been the
subject of an intensive research!~1% in order to understand
therole that the chain topology playsin the determination
of their macroscopic properties. Significant toward this
direction is the contribution of synthetic chemistry,56°
which, by means of anionic polymerization, has achieved
well-characterized polymers with large molecular weights.
Theoretical studies, together with experimental findings,
have given satisfactory answers to the above questions
and now it is ocbvious that the differences in the behavior
of these more compact polymers arise from their large
density of monomers in space, which yields an increasing
possibility of interactions between their units. Linear AB
block copolymers on the other hand have been also
studied!-13 because their properties have large techno-
logical interest. These polymers consist of blocks of
nonmixing homopolymers with different kinds of inter-
actions between units from the same or different blocks,
which are forced to have common junctions. A large
spectrum of properties can be achieved with AB copol-
ymers either by changing their molecular weights or by
changing the solvent conditions that determine the
intensities of interactions between their units.

The accumulated theoretical and experimental knowl-
edge both for homopolymers with various architectures
and for linear AB block copolymers lead to the synthesis'415
and the study!® of polymers that combine the character-
istics of two categories and have, therefore, great theoretical
interest. From all the AB copolymers that can be
synthesized, we study in this work the star AB copolymers
with f branches, x from the homopolymer A, each of
molecular weight N4, and the rest from the homopolymer
B, of molecular weight Np, chains of which combine
characteristics of stars with those of linear AB block
copolymers (Figure 1). This study is based on statistical
thermodynamic methods used extensively for polymer
chains.!” First-order calculations of the interaction pa-
rameters U, up, and uap between units of the same or
different kinds are made at the critical dimensionality d
= 4 in order to describe the basic conformational properties.
The characteristic exponents of these properties and the
various expansion factors that describe the general effects
of the chain behavior are found by means of the fixed
points that determine the macroscopic states of the
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macromolecule. The values of interaction parameters at
the fixed points ua*, ug*, and usg* have been found" up
to the first order of small parameter ¢ = 4 — d and are
universal, not depending on the chain architecture.? This
method81° has successfully been used to describe star,3
ring,? and comb® homopolymers and also to investigate
linear AB block copolymers.!! It is also expected to give
the analytical dependence of macroscopic properties of
star AB copolymers on the molecular weight, the total
number of branches, and the temperature.

If we consider the star copolymer composed from two
different homopolymer stars joined at the origin (Figure
1) we can use the previously established notation of two
indices? for the determination of the position vectors Ryaia,
R.p;s of chain units. The first index nA or nB determines
the branch of homopolymer A or B where the unit lies and
varies from 1 to x and from 1 to f - x, respectively, while
the second index iA or iB indicates the exact position of
the unit from the center of the molecule along the specific
branch and varies from 1 to N and from 1 to Ng. Then
the probability distribution function P{Rnsia,Rnpip} of
these vectors is written as

PR, ;s Ropin} = PoiRpsiaRopip} X
x Na Ny

X
exp[—uA; g; ; 6d(RnAiA—RnA,jA) -
=1 nA'=1iA=1 jA=1

f~x fx Np Np

us; ; ; 5d(RnBiB“RnB'jB) -
nB=1 nB’=1 {B=1 jB=1

x fx Na Np

2%52 ; ; =16“<Rmm— R.pp)] (LD

PofRnaiaRupip} is the ideal distribution function expressing
the connectivity of chain units, and in the Gaussian model
it is given by?%

PR aiaRopis} =
x  Na
(d/2m)*M/? expi—(d/2) [; (Ropia = Rosiasn)? +
=1 k=1
f~x N

; (Ropip ~ Ropips)’ly M =xN,+ (F-2)Np (1.2)
=1 A=1

with length units expressed in terms of the statistical unit
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Figure 1. Star copolymer molecule with seven branches. Three
of these consist of homopolymer A (dashed lines), each of
molecular weight N,, and the rest of homopolymer B, with
molecular weight Ng.

length, I. The first two exponential terms in eq 1.1
represent the long-range interactions between two units
of the same homopolymer and the third the cross inter-
actions between two units of dissimilar homopolymers.
The excluded volume parameters ua, ug, and ug in front
of the summations express the strength of these interac-
tions and are temperature dependent. In good solvents,
where repulsions occur between the units, they take
positive values, while they vanish in © solvents. The
probability distribution function P{R ;s Rupis} is a central
quantity in the statistical thermodynamics of polymers
and, therefore, most conformational properties can be
determined from it. In the following sections we give
expressions for the mean end-to-end square distances
corresponding to one and two different branches, the radii
of gyration of various parts and the whole molecule, in
star AB copolymers, and the distance between the centers
of mass of two homopolymer parts.

2, End-to-End Mean Square Distances

The different conformational properties determined in
this work can be obtained from unit-to-unit mean square
distances ((R; ~ Rr)?). Thus we can calculate the mean
end-to-end square distances, where the units &,/ are placed
at the ends of one or two branches, or the radii of gyration,
obtained after the summation over all the chain unit
positions belonging to the selected part of the molecule.
Generally only the following three averages need to be
calculated from the five different combinations of unit-
to-unit distances that are possible when one considers the
units belonging to the same or a different branch of similar
or dissimilar homopolymers: ((Rua — Ruza)?), ((Rua -
Raxa)?), ((Rya — Rx)?). The remaining averages, ((Rup
- Ruxp)?), ((RuB — RakB)?), can be obtained from the ones
previously enumerated with symmetric changes between
the excluded volume parameters, the number of branches,
and the molecular weights: us — ug, x = f — x, and Ny
— Ngp. The evaluation of unit-to-unit mean square
distances is based on the definition of these quantities
and according to the probability distribution function
P{Rpia,RupiB}, i.e.

«RIIA - R;ky)z) =
f Nd°R,\ I R ,pip(R11s — Ryyy) P{Rosia Ropin}

f Hd°R,.,2[1d°R ppPR 0o Ropis)
y=AB t=12 (21)
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Under 0 solvent conditions P{R,aia,R.pip} is described by
the Gaussian function (eq 1.2) and the problem can be
solved exactly. Inthis case ((R1a - Ruy)?) is proportional
to the length of the chain segment between the two units,
that is, proportional to [ — k when the units belong to the
same branch and equal to ! + k when the units belong to
different branches. Under good solvent conditions, the
excluded volume interactions between units increase the
complexity of the problem, but the solution can be
approximately obtained in a perturbation scheme. Ac-
cordingly, we expand the exponential of P{Rpaia,Rupig} in
eq 2.1 and, after the integrations over all the position
vectors Ruaia, Ropip are accomplished, we finally arrive to
the follow diagrammatic expression, for the case where
both k and [ belong to the same branch of homopolymer
A (dashed line)

<(Run = Bua) > = (1= 0 - u | Bk | - 20pa(r- 0

The function B(k,l,x) describes all the interactions between
the units of the different x branches corresponding to the
same homopolymer A and has been calculated previously®
for star homopolymer chains, up to the first order in u,.
The diagrams of the remaining term, u,g, are new and
represent the cross interactions between units belonging
to asymmetric branches of different homopolymers. The
forms of these diagrams arise also from the simple rule of
being equal to —~(the length of the part of (/,k) segment in
the loop)?/(length of the loop)3/2+1, and their values for d
= 4 are obtained in a way similar to that described in a
previous paper.? Using these values in eq 2.2, we obtain
the following expression for the ((Rya — R1ra)?)

(Rya—Ry)®) ==k + uA{Zk In % +
-k _
Ny

NA_k
2N, -DIn(FF=7) +20-RInd-k +
A”

2
3(-k)+ (x-l)[- Und)

+2k1n§

+2(k + N,) X

NAH ] (-k? (-k)®
+ -
NA+k } uanlf - JC)[(NA‘*'NB) N, *

kyok+nNyI (NB”)
] ( g In m ] 2.3)

The effects of the (f — x) branches of the homopolymer B
on the ! to k distance can be determined from the uap
term. This depends both on the molecular weights N,
Np and the positions of the [ and k units in the A branch.
For repulsions between A and B units, the uap term is
always positive and causes an expansion in the [ to k
distances. The expansion is larger for segments that are
closer to the core than to the rest, because the density of
interactions is higher there and increases for higher
molecular weight and number of B branches. Similar
results are obtained for the distances, ((Rus ~ RuB)?),
between units lying in the same branch of homopolymer
B.

The end-to-end mean square distance (R2,), which
expresses the mean square length of whole branch of

2k In
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Figure 2. Ratio g, as a function of the length fraction of the B
branch, &g = Np/(Na + Ng), and various values of f — x. u*, =
u*g = 0, u*sp = ¢/8.

ga
\

homopolymer A, can be calculated from eq 2.3, setting {
=N, A and k = 0.

(R%)) = NA{I + 2uA[(ln N,-D)-(x- 1)(%— In 2)] -

2up(f - x)[E(—ﬁ? +pln (T'-%E)] } p = (Ng/N,)
(2.4)

This way we can study the behavior of A branch in various
macroscopic states. The uy term, which describes the
excluded volume interactions between units of the same
homopolymer A, causes an expansion of the A branch that
is higher when the molecular weight N, increases. In the
limit of long branches, the us In Ny term is predominant
and (R2,) becomes a power law of the molecular weight
(R2,) = N, The critical exponent v can be obtained by
means of the fixed point value u*s = ¢/16, (R%y) = Naf{l
+ 2ua In Na} = Np1t2% = Ny2 — p = 1/2 + ¢/16, and
coincides with the respective exponent of linear chains.!®
For O solvents and uap > 0, the extension of (R%) is
determined from the uagp term, which does not affect the
critical exponent but only determines the prefactor. The
influence of the other branches of the same or different
homopolymer on (R?,) is obviously noticed in the ratio

= (R2%)star/ (R?)linear, Which is independent of the
molecular weight. ga expresses the relative expansion of
the A branch compared to that of the linear homopolymer!®
with the same molecular weight and is equal to

B\ = {1 +ou,] - D(n2- }Z)] -

2uAB(f—x)[2(1’:_ ~+oln h %p)]} (2.5)

The interactions within the branches of the same ho-
mopolymer A increase linearly with x and cause the
extension of the branch. The effects of B branches are
given forll u*, = 0, u*ap = ¢/8 in Figure 2 as a function
of their length fraction ®p = p/(1 + p). We can observe
from the figure that a higher value of #p, due to the increase
of the branch length Npg, causes a further expansion of
branch A until a limiting value is reached. This limit
depends on f— x. The interpretation of this behavior can
be made by taking into account the uap interactions.
Initially, the presence of B branchesleads to the expansion
of the A branch, which is longer for larger masses of B
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branches in its vicinity. With further increase of &g the
B branches are extended away from the A branch and
they can no longer interact with it. In this region the
limiting behavior of g is reached. The limiting values of
ga can be found by applying eq 2.5 with &g —~ 1 (p — ).
Then we get g4 = 1 + (¢/8))(f— x), to first order in ¢, which
shows that the expansion limit of the A branch increases
linearly with the number of B branches.

The next category of unit-to-unit distances correspond-
ing tounits of different homopolymer at different branches
can be evaluated in a similar way as ((Rya - R1xa)?), i.e.,
from eq 2.1. Then, after expanding the exponential term
of P{Ruaia,Rupin} and performing all the necessary inte-
grations, ((Rya — Roxp)?) takes the form

((Rya—Rup)®) = U+ k) +
N,
uA{[N +2(N, - l)ln(N l)+2”nl—3l]
A+l ]}

Ny
uB{[%— +2(Ng-k) In (N k) +2Ink- 3k]

(x - 1)[ +2NAln

f-x- 1)[ +2NBln ]}
f- —1)[ L + 92N 1 (NBH) ’2]+
Has * (NA+NB) BN NB NA
% (NA+k) %
- —+ -
(x )[ N, + Ny 2N, In N, N,
BB (R+D)? l+k I+k
e
N, N LN 2% In ( T )+211 ( )

+ !

)+2(NA—l)1n ]}(26)
This form reveals that the presence of the remaining f -
2 branches causes a further expansion of the / to k distance
in any nonideal macroscopic state characterized by re-
pulsions between units. The mean end-to-end square
distance (R%5g), which expresses the dimensions of two
branches of different homopolymers, can be extracted from
eq 2.6if weset | = Nyand k = N

(R%,p) = (N, + Np){l + 2u,[8,(In N, - 1) +
(x - 1)®,(In 2-1/)] + 2up[®g(ln Ng- 1) +
(f~x-1dp(n 2=/ - 2u,pgl(f - x — 1)(,3p/2 +
&y In ®p) + (x — 1)($,8p/2+ &, In &) +
$pln &5+ @, In 8,1} 2.7)

&4, $p are the length fractions of A and B branches, &,
= Na/(Ns + Np), ¥ = Np/(Na + Np), and also can be
written in terms of parameter p = Np/N, since &4 = 1/(1
+ p), &g = p/(1 + p).

The up®a In N4 and ug®p In Np terms, which represent
the excluded volume interactions between branches of the
same homopolymer, determine the critical exponent of
{R%;g). This exponent is independent of the values of
length fractions ®,, &5 and also identical with the exponent
of the end-to-end distance of linear homopolymers,!®
(R25p) = (Na + Np){1 + 2us®, In Nj + 2up®p In N} =
(1 + p)Na%, 2v = 1 + 2u*s[1/(1 + p)] + 2u*glp/(1 + p)]
=1+ ¢/8. Inanalogy with the study of the previous terms,
we define the ratio gag = (R2aB)star/ ({R2A Yinear + (BB )linear)-
gan expresses the relative expansion of the AB block
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Figure 3. Ratio g,p as a function of the length fraction of the
B branch, ®g, for star copolymers with x = 3 and various values
of f—-x. u*s, =u*s =0, u*sg = ¢/8.

copolymer, formed inside the star from the two different
branches, compared to the summation of two homopoly-
mers with the same characteristics as the two branches,
and is equal to

={l+2u,(x-1)&,In2-/,) +
Qup(f-x - D@gn 2-1/) - 2u,gl(f ~x - 1)(2,35/2 +
$pln &) + (x - 1)(®,8p/2+ &, In &,) +
®,In®, + &5 1n B3]} (2.8)

The contribution of the excluded volume interactions
between the A branch and the other (x — 1) branches of
the same homopolymer A, which arise when &g increases
by increasing the molecular weight Np, is of opposite nature
to that of branch B with respect to the other (f - x - 1)
branches of the same homopolymer B. For L = (f - x)/x
> 1, increasing $g means that more segments of the
homopolymer B interact with branch B. Then the ug
interactions are predominant and gsp increases linearly
for increasing values of ®g and the slope increases for
increasing L. The reverse behavior is observed by in-
creasing ®p for L < 1. Opposite behavior is also shown by
the cross interactions between the f—x — 1 and x - 1
branches with the A and B branch. These two competetive
effects are nonmonotonic as we see for the general case
considered through this work, u*s = u*g = 0, u*;p = ¢/8
inFigure 3. Anincrease of gapisobserved in the beginning,
when the length of the B branch increases, a maximum is
reached where the two opposite effects cancel, and, then,
a decrease onsets when the B branches are extended far
away of the A branch and cannot further interact with it.
In the case where the number of A and B branches are
equal (L = 1), the curve is symmetrical and the maximum
is reached for equal molecular weights (®g = 0.5). The
contribution of B branches increases by increasing L and
therefore the maximum is obtained for smaller values of
the length fraction &z. In Figure 4, we keep the total
number of branches f constant and we change simulta-
neously x and f — x. For the extreme values of L, the
maximum has the highest value because the interactions
are high, while they are reduced when L goes to unity. For
L =1, the maximum has the lowest value at 4 = 0.5. In
this point, all the interactions are equivalent and all the
curves intersected at the same point.
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Figure 4. Ratio gap as a function of the length fraction of the
B branch, &g, for star copolymers with six branches (f = 6) and
var10usx,x-1234and5 u*, = u*p =0, u*sp = ¢/8.

The last combination for units on different branches of
the same homopolymer A leads to

N,+1
(Rya- R2kA)>—(l+k)+uA{2(NA k)ln(N k)+

N ll(N +k)+2z Byin (4K + LERE
2Ny~ In |y ) + 20+ B In o+ Ry + o

2492 N,+k
k+l+NA1 ( A )+

3+kR)+2(x-2)

Ny
N k2 + &
Aln + 2u,p(f-2)] - +
K+ 12) (NB k) (NB+ l)]
——————+ Ngln{ ——} + Nl
2N, + Ny B\ Ng BTN,

(2.9)

The mean end-to-end square distance of these two
branches (R2,4) can be obtained from eq 2.9 setting &k =
N, Ay =N Al

(R%,) =2N, 1+ 2uA[ln (2N -1-(x- 2)(%_

n2)] - 2upetf- o[ 72— ~ pln(—l—_%;)]} (2.10)

The dependence of the remaining f ~ 2 branches of the
same or different homopolymer is the same as in eq 2.4,
discussed in a previous paragraph. Equations 2.3, 2.6,
and 2.9 and the symmetric expressions obtained by the
substitutions us — ug, No — Np, x — (f ~ x) can be
employed for the evaluation of the other macroscopic
properties. In the following section we evaluate the radii
of gyration for the homopolymer parts and the whole
n}olecule and the average distance between the two centers
of mass.

3. Radii of Gyration and the Average Distance
between the Centers of Mass

The radii of gyration (S2) of the molecule or the
homopolymer parts are important macroscopic properties
because they are experimentally accessible through hy-
drodynamic or scattering methods and also because they
measure the size and the shape of parts of the chain that
consists of more than two branches. (S2) is defined as the
mean square distance of units of the considered part from
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their center of masses and also can be expressed in terms
of unit-to-unit distances as?®

1
(8% = ;—A}Z-Z:Z:«R, -R)?) (3.1)

In the case of the radius of gyration (S,2) of the
homopolymer part A, the distances ((R;~ Rx)?) can either
correspond to units lying on the same branch ((Rya -
Riza)?) or to different branches ((Rya — Rora)?) and
consequently (Sa2) can be written as

Ny Ny

1
(S0 = [x ((Rya-Ryu® +
A 2(xNA)2 ;; A " kA

Ny Na

x(x ~ D;Z((R”A - ngA)z)] (3.2)
=1 (=1

Substituting the expressions for these distances, eqs 2.3
and 2.9, in eq 8.2 and replacing the summations with
straightforward integrations which are subsequently per-
formed, we get

LB DEx-5)) 2_§[l+3(x—1)(2x-3) ]+
8x-2) 12 B3x-2)

(f‘x)[ 2 P
2uAB————(3x_2) 3p%(1 + p) 1n(1+p)+

P12 +180+ 8|,  (f-0E-1
41+ p) AR (8x-2)
p p(6p+7>]
[6p(1+p)ln(1+p)+ it }(3.3)

An analysis of eq 3.3 shows that both ideal and u, terms
are similar to the corresponding ones for a homopolymer
star3 of the same characteristics, and they increase with
increasing molecular weight and number of branches. For
the study of the other term in usp, which expresses the
enlargement of the expansion of (Ss2) compared to that
of homopolymer star (S2)ar hom, We define the quantity
gsa = (Sa2)/{S2)sear hom- This quantity depends on the
ratio of molecular weights p = Np/N and both the numbers
xand f~x

gsa=1+2u,p - [392(1 +p) In (—L) +

Bx-2) 1+p
2 - -
p(120° + 18p + 5)] gudmDED
4(1 + p) (3x-2)
+ P\ 4 p(6p + 7)] .
[6p(1 o) In (1 £ p) 150 (8.4)

In the limit p — 0 (Ng — 0), the contribution of the usp
term vanishes because the branches causing the expansion
shrink and gsa — 1. Increasing p for constant number of
branches, we observe a behavior for (S,2) similar to that
of (Ra2) of the single branch. Initially, (Ss2) increases
and then it adopts a limiting value, reached when the A
and B branches go further apart and cannot interact
(Figure 5). The values of gsa can be obtained in this case
from eq 3.4 for p — = and are expressed as

8saWNg — =) =1+ (1/18)[(f - x)(8x - )/ (3x - 2)] (3.5)

Increasing the number of B branches for constant x,p, we
place more segments of the homopolymer B near the A
branches and consequently (S,2) expands. Forx =1, the
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ratio gga expresses the relative expansion of the single
branch and can be directly compared to ga, calculated
from the end-to-end square distance for the macroscopic
states with u*, = 0. We observe from egs 2.5 and 3.4 that,
for any value of p, g is always greater that gsa, which
means that (Sa2) is less sensitive to the excluded volume
interactions than (R,2). For greater values of x, gsa
increases because the cross interactions increase and
reaches for x — « and f - x constant the limit gga(p — =)
=1 + (f - x)/6. The behavior of the size of the other
homopolymer part B, expressed by the symmetrical radius
of gyration (Sg?), is, of course, similar.

In the case of the radius of gyration (S2)sar copo Of the
whole molecule, the different averages ((R; — R.)?)
correspond to distances between two units, which can
belong to the same or different branches of the same or
different homopolymers. Then

<S2)stsr copo =
1 Ny Ny
[x;Z“RUA_RIkA)Z) +
2[xN, + (f- x)Ng)* 1=
NA Na
x(x - I)ZX((RHA ~Ry)*) +
N:lNzl
(f_x);Z«RllB - Ryp)?®) +
T e
f-0(f-2-1) ((Ryp - Ryp)®) +
;; 1B~ g
Ng Na

2x(f—x);Z((RuA-R2,,B)2)] (3.6)
=1 =1

By means of the expressions for ((Rya ~ R124)?), ((Rua -
ngA)Z), and ((RIIA - Rzkg)z), eqs 2.3, 2.6, and 2.9 and the
symmetric for ((Rys - Ritp)?), ((RyB — Rap)?), we find
the following relation for the (S2)sar copo

<S2> = ___]_VA_.

SO Blx + (f ~ x)p]?

(f - x)p°[8p(f - %) — 2p + 3x] + 2u, [x[(38x - 2) + 3p(f -

]InN,+x(x-1)[4+12(x-2) + 12p(f-2)] In2 -

(x/12)[13 + 39(x - 1)(2x — 3) + 6p(f - x)(13x - 6)]] +

2upl(f - x)p*[8p(f - x) - 2p + 3x] In (pN,) +
F-20)(f-x-1)p4p+ 122+ 120(f -2~ 2)) In2 -
[(f - x)p%/121[13p + 39p(f ~ x - D[2(f - x) - 31 +

6x(13(/ - 2) - 6)1] - 2uyp[ (- )lo(o + Do +

x[(3x - 2) + 3p(f-x)] +

6(x—1) +6p(f—x - )] + 20*] In (i—f:—p) +x(f-x)[(p +

DIL+ 6 -5~ 1)+ 6~ 1] + 20 In (=) +

Le(f - /411520 3~ 1 + 52 =D - L+ P ]} @D

The ideal term, (Se?)star copo increases with increasing both
the number of branches and their length since the size of
the macromoleculeisthenincreased. Forp = 1allbranches
become equivalent and this term is described from the
well-known Zimm-Stockmayer expression?! for a ho-
mopolymer star with f branches. The u, and ug terms
represent the interactions between units of the same
homopolymer, which increase by increasing the corre-
sponding number of branches and decrease when the
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Figure 5. Ratio gga as a function of & for star copolymers with

x = 3 and various f ~ x. u*s = u*p =0, u*sg = ¢/8.
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Figure 6. Expansion factor o? of the radius of gyration as a

function of &g for star copolymers with f = 4 and various x. u*,
= u*g =0, u*sp = ¢/8.

length of the branch of the other homopolymer increases.
For p = 1 the respective terms of an homopolymer star are
also obtained.? The behavior of the segregated usp term
is similar to that of (R%sg). In Figure 6, the expansion
factor a2 = (S2)4tar copo/ <So?>star copo that includes only
this term for the macroscopic state u*y = u*g = 0, u*sp
= ¢/8 is illustrated as a function of the length fraction &g
= p/(1 + p), for constant f. On increasing &g (starting
from &g = 0) the expansion factor increases and a
maximum value is obtained when the competetive con-
tribution of the two homopolymer parts is balanced. The
absolute value of the maximum increase by increasing the
product x(f - x), adopting its highest value when x = (f
-x). The uap interactions increase when f increases, and
then the expansion factor takes higher values.

From eqs 3.3 and 3.7, expressions for the radius of
gyration of special cases can be easily obtained. For
instance by setting f = 3 and x = 1 in eq 3.7, the case of
simple graft polymer can be recovered. Some of the
expressions for special cases like the AB block copolymers
are already well-known,!1:12 go that we only used them
here to check the correctness of our calculations. The
expressions of the radii of gyration of the two homopolymer
parts and the whole molecule can also be used to evaluate
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Figure 7. Expansion factor ag? of the mean square distance
between the two centers of mass as a function of ®p for star
copolymers with x = 2 and various f — x. u*s = u*g = 0, u*ap

= ¢/8.

the mean square distance between the centers of mass of
the two homopolymers by means of the relation!?

<S2>star copo = xA(SA2) + xB<SB2> + xAxB(G2> (3~8)

where xs = xNa/[xNay + (f —x)Np] and xg = 1 — x, are
the mass fractions of the two homopolymer parts A and
B. After the straightforward calculations, we obtain the
following expression for (G2)

(G =£{1+2u [InN,+10(x-1)In2-
3x A A

PNA
(159x — 130)/241} + (- x){l + 2ug[ln (pN,) +

10(f~x - 1) In 2 - [159(f - x) — 130]/241} -

2u,pl[[3(f - 2)(L + p)(p + 2)p ~ 2xp%]/6x] In (I—_";—;) +

[[35(L + p)(1 + 20) - 2 ~ 2)61/6(f - 0o’ In (5 - -
[120%(f - %)% + p*(f - x)(42f - 50x) + p*(88x2 + 33f% -

88xf) + p(50x7 — 8xf) + 122%]/[24x(f - x)p(o + 1)]} (3.9)

)+

This expression has three components. The first one,
{GA?), represents the mean square distance between the
center of mass of homopolymer A from the star origin.??
The second one, {(Gg?), corresponds to the respective
quantity for the homopolymer part B, and the third
component is the segregation term, expressing the repul-
sion of two centers of mass from the star origin. The ideal
forms?2 for (Ga2) and (Gg?) are Na/3x and pN4/3(f - x)
and increase with increasing the respective branch mo-
lecular weight, since the arms reach regions far away from
thestar origin. However, each homopolymer part becomes
more symmetrical when the respective number of branches
is increased and, therefore, the distance between the
centers of mass decreases. The us and up terms have high
positive values when the number of branches and the
molecular weight are high, indicating that the expansion
of the two homopolymers causes a further separation of
the mass centers. The segregation term is symmetrical
with respect to the length fraction, ®g, of branch B as we
can see in Figure 7, where we show the expansion factor
ag? = (G?)/(Gy?), with respect to (Go2) = Na/3x + pNa/
3(f = x). This factor includes only the uap term for the
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macroscopic state u*, = u*g = 0, u*ap = ¢/8 and is plotted
for various values of ®p. For constant x and N,, the
enlargement of the B branches increases the distance
between centers of masses until a maximum value is
reached for branches A and B of equal length. The
interactions increase by increasing the number of branches
of B homopolymer and, consequently, the molecule
becomes more asymmetric, with the A and B branches
still more separated.

4, Conclusions

The conformational properties of the A,B/, star co-
polymer molecule, which incorporate the characteristics
of a star homopolymer together with those of a linear AB
block copolymer, are studied for various macroscopicstates
in terms of the number of branches and their molecular
weight. By means of a perturbation theory scheme, we
obtain expressions for the unit-to-unit distances, the end-
to-end distances, the radii of gyration, and the distances
between the centers of mass of two homopolymers. Alimit
in the extension of the homopolymer parts is observed
when the size of the other homopolymer part increases,
while typical nonmonotonic behavior characterizes the size
of the whole molecule or parts consisting of two or more
branches of different homopolymers. The largest effects
in the latter depend both on the branch length fraction
and on the product of the number of different branches,
which determines the intensity of the cross interactions,
together with the conditions for which these interactions
are balanced.
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