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Small-angle neutron scattering by a polymer melt with partly tagged chains is considered. When several
types of chain (differently labelled) are present in the system a new long-range correlation effect which
modifies the scattering spectrum is predicted. This effect will arise because of the chemical
polydispersity of the sample. A general formalism is developed to calculate the scattering intensity and is
applied to special cases: diblock and triblock chains. It is shown that even a small chemical
polydispersity leads to important long-range fluctuations and modifies the scattering spectrum

substantially.

INTRODUCTION

Small-angle neutron scattering (SANS) which is exten-
sively employed in the field of polymer physics, is
particularly suited to the study of long-range correlations
in homopolymer melts' ~*. There are 3 reasons for this:

(i) Deuteration enables selective tagging of specific
monomers along polymer chains; this labelling is efficient
since deuterium and hydrogen have different coherent
scattering amplitudes for cold neutrons;

(i) the effective repulsion between deuterated and
hydrogeneous monomers is weak; even for high molecular
masses. the segregation effects are negligible for both a
mixture of deuterated and hydrogeneous chains® and a
melt of partly deuterated chains®-¢;

(i) the neutron wavelengths available make it possible

to observe scattering due to long-range fluctuations of
deuterated monomer densities.
Experimental efforts have focused on SANS studies of
mixtures of completely deuterated and hydrogenated
chains' 73, Detailed studies of molten polystyrene show
that the polymer chains in a homopolymer melt are
essentially ideal and that their scattering function is of the
Debye type up to scattering wavevectors ¢ ~0.1 A~ (ref
2), confirming theoretical predictions’.

De Gennes has predicted a ‘correlation hole’ effec
for partly labelled chains. Experimental studies of these
systems are in progress*®. De Gennes considered a
homopolymer melt with «all chains partly tagged, each
having the same sequence of tags®>. In this case, in a
macroscopic volume*, the concentration of the deuter-
ated monomers p, is proportional to the overall mo-
nomer density p: p;=fp, where f denotes the fraction of
deuterated monomers in each chain, f= N ;/N. The overall
monomer density fluctuations are weak since the bulk
compressibility modulus of molten polymers is low.
Therefore, the neutron scattering intensity I, at a scatter-
ing wave vector ¢ =0, is expected to be small. At higher ¢
(¢R < 1) the intensity substantially increases, since locally
pplt) may be different from fand the deuterated monomer

t8,5

* A volume much bigger than R R denotes the radius of gyration of

chains in a ) solvent. R =Na?.
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concentration fluctuations more important than those of
the overall density. For large wavevectors ¢ >1/R the
scattering intensity decreases since it is essentially due to
independent scatterers (tagged portions of the chains)
whose form factor decreases as ¢ increases. Hence, we
expect a bump at the intermediate range of scattering
vectors (see Figures 2 and 3 for diblock and triblock
chains, respectively), which reflects the correlation hole
effect in t-space. A detailed discussion of the spatial
correlations in the system of identical chains is given in
refs 5 and 10. De Gennes®-® developed a self-consistent
theory, the random phase approximation (RPA), which
permits calculation of the scattering spectrum I(¢). This
method has been applied to systems with various se-
quences of labelled monomers along the chains*'!.

The conclusion that for scattering vectors ¢ =~ 0 there is
practically no scattering intensity is only valid when all
the chains have the same composition and tags sequence.
This is never the case since the chemical sequence of the
partly labelled chain always shows statistical deviations
from the average structure —chemical polydispersity. We
expect that at small ¢ vectors the correlation hole effect
will be masked by another effect of completely different
nature, namely, the effect of mixing different chains. In a
system with various labelled chains it is possible to have in
the macroscopic volume a fluctuation of the concen-
tration of a particular type of chain and consequently of
the deuterated monomer concentration even though the
overall monomer density remains constant. The aim of
the present paper is to study the influence of the ‘mixing’
effect due to chemical disorder on the neutron scattering
spectra of partly labelled chains. We will show that even
for small chemical polydispersities the mixing effect in
diblock and triblock chains is of a crucial importance. It
dominates the correlation hole effect at low-q vector range
and plays an important role in the intermediate range.

We will also discuss a pedagogical example of a mixture
of partly deuterated and completely deuterated chains
which illustrates the qualitative features of the mixing
effect.

It is worthwhile to remark that our results supplement
the earlier indications that the chemical disorder plays an
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important role in copolymer solutions and in copo-

lymer melts®.

RANDOM PHASE APPROXIMATION FOR A
MIXTURE OF PARTLY LABELLED CHAINS

We will consider general case of homopolymer melt with
partly labelled chains. We suppose that several (p>1)
types of chains are present; each type of chain is characte-
rized by the polymerization index N, and the sequence of
tagged molecules described by a set {1} where ;=1 if the
ith monomer of the chain is deuterated and y; =0 if it is
protonated (i=1, ..., N,) (e.g. a diblock chain of length N
and composition fhas u,, u,, v equal to 1 and gy 4, - -
Uy equal to 0).

The neutron scattering intensity is related to the
Fourier transform of the density correlation functions

I(Q)=§HH(Q)0121+2§HD(Q)aHaD+§DD(CI)aIZJ (1

where ay(ap) denotes the coherent scattering amplitude of
a protonated (deuterated) monomer. Spo(q), Sunlg) and
Suulg) are the Fourier transforms of the respective
monomer density correlation functions:

SouD = po(DPu(0)) — (poy<{pr)
= (5pp(Dp(0)) 2)

We will neglect the effects of the bulk compressibility (they
are much weaker than those due to the correlation hole),
ie. we assume that at any point J0u(t)+pp(t)=p=
constant. Then, from the definition of correlation
functions

Soo(@) =Suu(@)= —Sup(@)= —Sou@) =S 3)

and

-~

To calculate the scattering intensity of the system it is thus
sufficient to determine the correlation function S.

Let us suppose, quite formally, that weak external
potentials V;; and 1, act on unlabelled and labelled
monomers, so that the energy of interaction reads:

[[VoD3pp(T) + Vi Dopu(riId>r

The average change of the monomer density at point 7 due
to the action of these external potentials may be given in
terms of response functions of the system®?°. The
response functions are directly related to the correlation
functions (for detailed discussion and derivation of these
relations see ref 6).

For Fourier transforms of the change in average
monomer density we obtain:

Apua)= — o [Sonkd) Vo) + Soul@)Vhia)]
)

Apu(g)= — 77 [SHD(CI)VD(CI) + Sun(@) Vil@)]
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with an incompressibility condition:
App+Apy=0 (6)

and where k denotes the Boltzmann constant, T the
absolute temperature.

The basic point of the RPA method is that in polymer
melts chains are nearly ideal. The interactions between
monomers impose a constant overall monomer density.
Therefore, it seems reasonable to describe the system as if
it were composed of ideal independent chains whose
monomers are subject to external potentials V,, and Vj
and to a self-consistent potential ' expressing monomer
interactions and ensuring the incompressibility. The
response of the system may be written as%

1
App =~ 17 SooVo+ V)4 Spu( Y+ V)]

1
Apy= —k_'T[SHD(VD+ V) +Suu(Va+ V)]

From equations (7) and (6) we obtain V. Inserting V into (7)
then gives App in terms of Vp, and V. The correlation
function S:

§=(SDDSHH_SEID)/(SHH+2SHD+SDD) (8)

is expressed entirely in terms of the monomer density
correlation of ideal, independent chains. This is the
essential result of the RPA method for partly labelled
homopolymer melt. The functions Spp, Syp and Syy are
easy to calculate for any mixture of chains with an
arbitrary sequence of tagged monomers. The concen-
tration of deuterated monomers may be written as:

P N N
=2 2 mpl)
k=1i=1
where p,(t)=1 when an ith monomer of the kth type of
chain lies at point . It should be noted that {p,> =¢,/N,,
where ¢, is the concentration of chains of type k (Xf_ o,
=1). Thus, for independent chains we find:

Soo(T)={ppl0)pn(T) = {pp)?

=Py 112 Z Zlﬂ.uj[<pp,> <o

1i=17j

=YY S unllowy —od<opl O

k=11i=1j=1

There are two possibilities of having p (0)p ()= 1: Either
there is an ith monomer of a chain of type k at point 0 and
a jth monomer of the same chain at point 7, or there is an
ith monomer at 0, jth at © but they belong to different
chains (of the kth type). Thus:

<pi<0)p,<r)>=1‘f,—iP§§><0, )+ @/N} (10)

where P(0, 7) denotes the probability that the chain of
the kth type has the ith monomer at 0 and the jth at point
7. From equations (9) and (10) we obtain;
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P Ny
Soola)= X xF 2 wiiPif@) (11
k=1 k i,j=1
and similarly:
P (P N,
Swda)= X 5= X (L=p1=p)Pifa)  (12)
= i
oo 9
Sunlq)= [Vk Z 1 Pidg) (13)
k= 1 k Lj=1

We observe that

Z ;P /N

ljv

for example, is the deuterated monomer concentration
correlation function of a homopolymer melt composed
entirely of chains of the kth type. Thus, the correlation
functions Sy, Sy, Sup are equal to the average over all
types of chains of the respective correlation functions. It is
important to note that:

Pog, &
S=Sun+Spp+2Sup= Z — Z Iy (14)

k=1 Nk ij=1

is the correlation function of overall monomer density in a
mixture of independent chains. Till now no assumptions
about the nature of the chains have been made. For a melt
of linear polymers the chains are essentially ideal, so we
put:

Pi{g)=exp(—yli—j]) (15)

where y=g2a®/6*.

We conclude that the RPA method permits the neutron
scattering intensity of a mixture of partly labelled homo-
polymers with different types of chains to be found in
terms of monomer density functions and may be easily
calculated for given composition of the mixture with the
help of equations (11)-(14).

EXAMPLE: MIXTURE OF DIBLOCK AND
ENTIRELY LABELLED CHAINS

In studying the effects of chemical polydispersity we must
make some assumptions about the distribution of lengths
of the tagged sequences in the chains. This complicates the
description of physical effects. Before tackling the pro-
blem of chemical polydispersity we will consider a simple
example, namely, a homopolymer melt composed of only
two types of chains: (1) completely deuterated chains with
N monomers; (2) the partly deuterated diblock chains
with composition=N /N (N the length of deuterated
sequence). This example, intuitively simple, illustrates the
respective roles of the ‘mixing’ and correlation hole effects.

If we denote by ¢ the concentration of partly tagged
chains we find from equations (11)+(15) the following
expression for the correlation functions S5, Spy, Sy and
S:

Sopl@)=@Ng(f)+ (1 — )Nq(l)

*  The formahsm permits us to constder other types of molecules, e.g.

shaped molecules (see Appendix).

Sun(@)=¢Ng(1 —/)
Sunlq) =30 N[g(1)~g(1 = —4(N]
S(g)=Ny(1) (16)
where g(f) denotes the Debye function:
gN=20fNy+exp(—fNy— 1IN (17)

To obtain equation (16} it has been supposed that both N,
and N-Ny are so large that the summation over mo-
nomers in equations (11)-(14) may be replaced by an
integral®'!. The presence of completely labelled chains
affects only the ¢ dependence of the S5 function. Other
functions Spy and Syy are changed only by a factor ¢.
Therefore, the scattering intensity is determined by the
correlation function S equal to (see equations 8 and 16):

S=¢*8, + (1 —@)Ng(1 - /) (18)

where S, is the correlation function which will be
observed in the homopolymer melt with all chains partly
marked, i.e. with ¢ =1:

S =N{g(Ng(1 =N =g D)= g(N—g(1 =N1*}/g(1)

(19)

The first term in equation (18) reflects both the direct
correlations between monomers of the same chain and the
correlation hole effect. The second term is entirely due to
the ‘mixing’ effect. Actually, this term vanishes for homo-
geneous systems, i.e. both for ¢ =0 and ¢ =1 as might be
expected. For a mixture of labelled and partly labelled
chains (ie. ¢=0.1) this term takes a maximum value
o(1 —)f*N for g=0. We observe that even for small
values of ¢ the scattering due to fluctuation in deuterated
monomer concentration is large compared with bulk
density correlations. The ‘correlation hole’ term 2§,
vanishes at ¢ =0 as discussed in detail above. We therefore
conclude that in the system considered there is a strong
forward scattering and for small ¢ vectors the ‘mixing’ effect
dominates.

In Figure I we show the dependence of neutron

scattering intensity on x= N\ =¢R (R =the radius of
gyration of a chain in a 0 solvent) for the simple
symmetrical case f=1/2 and for different fractions of the
diblock chains ¢. For ¢ =1 the scattering function S$=S:
this is the case considered by de Gennes® with all chains
partly labelled. S has a bump due to the ‘correlation hole’
effect. As we decrease ¢ (i.e. increase the fraction of
completely labelled chains) the ‘mixing’ effect plays an
important role. First of all it gives a strong forward
scattering, ¢.g. for ¢ =0.7 even the value of S(0) is bigger
than the maximum scattering reached for ¢ =1 at gR ~2.
Secondly the maximum of the peak moves toward ¢ =0
and becomes less pronounced. It may be proved that for
¢ <0.5{most of chains are completely marked) S becomes a
monotonously decreasing function of ¢. For ¢ =0.5 §(0)
attains a maximum value. Decreasing ¢ further (¢ <0.5)
diminishes the scattering intensity and for ¢ =0 there is no
scattering (only scattering due to bulk compressibility
remains) since there is no contrast. In the asymptotic
region gR>2 we obtain:
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Figure 1 Neutron scattering intensity as a function of gR for
mixtures of symmetrical diblock chains (f = 1/2) and completely
labelled chains with different fractions of diblock chains.
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This might be expected: S is due to the independent
scatterers — the tagged portion of the chains. With
changes in ¢ and fthe value of the scattering changes but
not the g-dependence (for Gaussian chains).

It is interesting to remark that f=0 corresponds to the
mixture of labelled and unlabelled chains. In this case:

S(g)=op(1 —@)Ng(1)

In the Appendix we present a simple physical approach
which permits us to find the scattering intensity for the
symmetrical case f=1/2.

EFFECT OF CHEMICAL POLYDISPERSITY ON
SCATTERING FUNCTIONS OF DIBLOCK AND
TRIBLOCK CHAINS

The example considered in the preceeding section is an
oversimplified case of the chemical disorder. However, it
gives a qualitative picture of the effects which may be
encountered in practice since any partly labelled chain
system is in fact a mixture of different types of chains as the
result of the chemical polydispersity. Here we will exa-
mine the scattering functions of two types of systems on
which neutron experiments are focused, namely melts of
diblock and triblock chains.

Triblock chains
We consider a polymer melt with partly deuterated
chains. The average (model) chain has a sequence of Nf;
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deuterated monomers, then Nf, hydrogenated monomers

and at the end Nf; deuterated monomers. Each chain is
supposed to be a triblock chain but its Nf;, Nf, and Nf;
may be different from the average. The bar over the
quantity denotes the average value over the distribution
of different sequence lengths. From equations (11}H15) we
obtain the following formula:

Spo=N[g(/1)+9(f) +9(/3)+g(1)—g(1 —f) —9(1 —f3)]
Sun=Ng(f3)
Sup=38—5,1—S,,)
S=Ng(1) 20)

where

W=Z<fy+§,e 1—71,) @

We have assumed that ¢(N, f, f5), the fraction of chains
with the length N and composition f; and f, (f;=1—/,
—f,) is equal to the probability that a chain has the
polymerization index N and composition f; and f,. The
scattering function S(q) of the melt is given by equation (8)
with Spp, Spy and Syy given by equation (20).

It should be noticed that without chemical polydisper-
sity the scattering intensity of chains with deuterated ends
should be equal to that with the central part deuterated (if
N, fi, /> and f5 are the same for both cases).

Diblock chains
We suppose that chains have two sequences. The
average number of deuterated monomers is Nf. We

obtain the formula for Sy, Sy, Syu from equation (20) by
putting f; equal to 0 and f; =f

SDD=Ng(f), Sun=~Ng(1-) (22)
Unfortunately, in general, the average value Ny(f)
(equation 21) cannot be expressed in terms of simple

measurable averages such as Nf, Nf? or N°3f%. The detailed
form of the scattering function will depend on the
probability distribution @(N, f, f,) (on o(f, N)) and
consequently on the way the polymer molecules are
synthesized. However, it will be possible to give some
model-independent predictions for low scattering vector
range (below). Here we will study a simple model of
molecular mass distribution which is usually supposed to
describe adequately a product of a copolymerization
reaction'2. Partly labelled polymers studied in neutron
experiments are prepared by anionic polymerization. It
will be supposed that the distribution of molecular masses
of each sequence (block) is independent of the mass of
other sequences. We will assume a model distribution of
molecular mass — the Schultz-Zimm distribution!*:!3,

@(n)=v*""n"exp (—vyn)/T(k +1) (23)

where ¢(n) denotes the probability that the chain (in our
case a sequence) has n monomers, v and k are constants
and I'(x) denotes the I" function (when k is an integer I'(k
+ 1)=Kk!). This distribution function is a two parameter
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Figure 2 Neutron scattering intensity of symmetrical diblock

partly deuterated chains as a function of q\/}-?? for different chemi-
cal polydispersities: === , 125, — —-— , 1.5;

distribution frequently used to describe a product of
polymerization reactions. These parameters may be re-
lated to the average molecular mass 71 and the coefficient 4

=n?/i? characterizing the polydispersity:
k=2"%  y=1-Di (24)

/—1

The above assumptions may be summarized by writing
for triblock copolymers

O(N ;. Ny, N3)=0 (N )@(N,)@;5(N;) (25)

N, N, and N, denote the length of respective blocks and
©,, ¢, and @5 are the distributions of type (23) characte-

rized by the respective parameters N; and ¢, (related to k,
and v; by (24),i=1, 2, 3). Similarly for diblock copolymers
we may write:

PN, Ny)=0,(N),(N,) (26)

Under these assumptions the average value Ny(f) re-
quired to calculate the scattering function S is easy to find,
e.g. for triblock chains:

.

N.q(fl)zJdN1Jszj\st(Pl(Nl)q)z(NZ).
0 0

0

%(Ng)-z[nm’ve"""‘—-fv] / v 27)

We will not give the results for the general case of
arbitrary compositions of chains here. We will limit our
discussion to the case when the average length and the
polydispersity of each sequence are the same, ie. ¢,(n)
=,(n)=@4(n) for triblock chains and ¢,(n)=¢,(n) for
diblock chains. In this case we get the following formula
for the averages appearing in equations (20) and (22).

Triblock chains.

Ny(fy)=Ng(fy) = Ng(f3)

=2N{;x +4i1[(1 +3 (- 1))"’F(A, 1:34:2)— 1}}/%
Ng(1—1,)=Ng(f—13)

2.3 . -
—_-2N{3x +4—/1<1 +§(A - 1)) MF(2A4, 1:34; 2)— 1}}/%

]\Tg(—1)=2N{x+Z%[<1+§(—l))B~l}}/x2 (28)

where x =¢”R?: R denotes the average radius of gyration
of the chain in solvent, ie. R?=Na?/6; 4 describes the

polydispersity of each sequence ;= N%f?/(Nf)?

p=4-4 __ Mi=D

i—1 x(2—1)+3
(29)

A=1/(—1);

F(a, f; 7. z) denotes the hypergeometric function'®.
Diblock chains.

Ny(f)=Ng(1—1)

- {1 . -
:2N{2x+3fq[<l +%(/.— 1) *F(A,1;24;z2,)— lj‘}’/xz

ro

3;/:1 Lo x().—l)
-1 TUTx(A-h+2

(31)

To sum up: we may calculate the scattering spectra of
triblock and diblock symmetrical chains making use of
equations (8), (20), (28), (29) and (8), (23), (30) and (31),
respectively.

DISCUSSION AND CONCLUSIONS

We have plotted the intensity of the neutron scattering by
diblock and triblock polymer melts as a function of gR for
different values of polydispersity parameter A. Figures 2
and 3. Even small chemical polydispersity affects strongly
the neutron scattering spectra (Figure 4). As may be
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Figure 3 Neutron scattering intensity of symmetrical diblock
partly deuterated chains as a function of \/qR for different
chemical polydispersities. - , 1.25;
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expected, the effect due to mixing of chains with different
sequences of deuterated monomers is most pronounced in
the low g region: it leads to strong forward scattering.
Moreover, the mixing effect moves the peak in scattering
intensity toward g =0 and makes the peak larger and less
pronounced. In the case of diblock chains for 4=2, the
peak completely disappears. This is a general, model
independent result for symmetrical chains. For gR <1 for
diblock chains, we obtain:

S(g)~ W—N—ﬁ ~%y{w<l — %f_

Mg-np N } (32)
In the symmetrical case Nf=1N so that:

S@~N ﬁ—iﬁh—gﬁx(l _§> (33)
where x= quZ—quy We see that for A=2 the term
proportional to ¢? vanishes and S takes a maximum for
q=0 (Figure 2).

It is interesting to observe that if it were possible to
obtain a partly labelled polymer melt in which all chains
would have the same composition but different lengths
(i.e. for which Nf=N/) the scattering intensity would
vanish for g=0. This is a natural conclusion. In such a
system the mixing effect is absent since in any macroscopic
volume the concentration of deuterated monomers is
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equal to fp just as in the case of a system with all chains
identical.

In the asymptotic region gR > | the scattering intensity
for diblock polymers is given by

5 12 _
S9="TU2D sy
q*a®

We observe that it is independent of the polydispersity 4
for the symmetrical case for which:

3
5(4)32—2

7a gR >1

Similarly for symmetrical triblock molecules we find:

4
S(@)~——

7a gR>1

independent of the polydispersity.

In conclusion we may say that the long-range cor-
relations observed in SANS experiments on partly label-
led homopolymer melts are due to two effects: the
correlation hole effect and the mixing effect resulting from
chemical polydispersity. The mixing effect dominates in
the low scattering vector range and leads to strong
forward scattering. Its magnitude depends on the distri-
bution of molecular masses of polymer chains. The bump
in the neutron scattering is due to the existence of the
correlation hole. Its form depends, however, on the
chemical polydispersity. The experimental results* agree
qualijtatively with these conclusions. The bump calculated
with 2=1 is narrower than the experimental. In order to

7 g)IN (au)

L L 1 1 1

O o8 16 24 32 40 48 56 64 72 8

Figure 4 Effect of small chemical polydispersity on the neutron
scattering intensity of polymer melts composed of triblock chains.
R R I , 1.156
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make quantitative comparisons the g.p.c. analysis of
deuterated part of chain and then of final product of
reaction should be made. This analysis would permit us to
obtain the distribution function and to calculate the
average value of Nyg(f) (see equation 27). For R we take the
value of radius of gyration of chains measured in a
solvent; the experimental data on scattering intensity may
then be fitted without adjustable parameters: the RPA
method of describing the correlations in polymer melts
may be tested.
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APPENDIX

Mixture of symmetric diblock and completely labelled
chains: a simple physical approach

The approach presented here applies when the chemi-
cal polydispersity can be neglected and the system
contains symmetrical diblock chains (i.e. f=1/2). It gives
some interesting physical intuitions.

Consider first, the system composed of entirely labelled
chains (i.e. ¢ =0). For this system:

S0=Y 3 [KpOp 0y -
1

i1
</’.’(0)></)j(7)>]:0 (A-1)

since p has no fluctuations (apart those due to small bulk
elastic modulus). There are two possible ways of having
p{0)p 1) = . either both monomers belong to the same
chain or they belong to different chains. Thus quite
generally

S"(I)ZZ[P,‘;(T)+Q1_;(T)] (A-2)
ij

where P; and Q;; denote intrachain and interchain
contributions, respectively. This means that:

Q) =2.0:{1)= = LP{7)

When there are only partly labelled chains (i.e. ¢ =1):
g(T):Z#iﬂjpij"”z,“i#/Qij (A-3)
i ij

The essential trick of the method is to use the symmetry of
the chains. For diblock symmetrically labelled chains,
with f=1/2, u, may be replaced by 1 — i; without changing
the scattering spectrum. This means that for interchain
scattering contributions Q;,=Q,y=Qv.;, and con-
sequently:

Z:uitu_iQij = Z(l — )1 = 11,)0;;
]
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Thus, for this case (¢ =1) we find a general result:
g:le;lle;j—iZPi,i (A-5)
iJ if

As in a flexible homopolymer mixture the chains are
Gaussian and P is given by equation (15}, yielding the
well-known result for the scattering intensity. /(¢)
=S(glap—an)*:

Sta)=Nyg(H)~iNg(1) (A-6)
Now, when ¢ is arbitrary we can write

g(f):(f)z#il‘jpzj+(l _(/))ZPU
ij i
+ (PZXH,-,LL,‘Q;.,' +(1— ‘P)ZZQU
i i
+2o(1 *QO)Z.“,'QU (A-7)
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with the last term expressing the correlations between
labelled and partly labelled chains. From equation (A-7).
we obtain:

Slg)=oNg(3) =19 Ny(1) (A-8)

This result agrees with that obtained above (we should put

f=1/2 in general equation (18)).

[t should be noted that this method applies also to the
case of all partly labelled symmetrical chains (f=3) but
with different polymerization indices (the case discussed
above).

Similar reasoning may be applied to the case of a melt of
star-shaped molecules of n-arms with one arm labelled.
When we suppose that all arms contain N/2 monomers
and that the star-shaped molecule may be treated as a set
of Gaussian-independent chains, we obtain:

~ iy —
S(¢1)=“@” ”[N.t/(é)—w.t/(l)l (A-9)
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