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ABSTRACT: Ring diblock copolymers with different lengths of the A and B blocks have been investigated
using theoretical and numerical simulation methods. The theoretical calculations are based on a first-
order expansion in the parameter ¢ = 4 — d and extend to chains in a common © solvent, in a common
good solvent, and in selective solvents, though only the first case is discussed in detail. The Monte Carlo
calculations are performed for a common © solvent case with an off-lattice model of Gaussian units which
interact through a Lennard-Jones potential. Averaged dimensions for each of the blocks and for the
whole chain are obtained, and the theoretical and simulation results are analyzed and discussed. From
the results, we have obtained general trends for all these different properties, and the most important
differences and similarities with linear or homopolymer chains have been identified.

1. Introduction

The singular characteristics of cyclic chains have
stimulated numerous conformational studies of these
molecules from the theoretical, numerical (computer
simulation), and experimental points of view. On the
other hand, block copolymers have also become objects
of great interest in recent years, because of their
peculiar behavior in the melt and in dilute or semidilute
solution.

In diblock copolymers, the repulsive nature of inter-
block interactions tends to segregate the blocks, which,
nevertheless, have to maintain their bond connection.
For a ring diblock copolymer there are two connections
between the blocks in the same chain and, therefore, it
is expected that the copolymer properties should differ
from those of linear chains. However, studies on ring
copolymers are scarce. To the best of our knowledge,
the only experimental study of solution properties of
ring block copolymers has been carried out by Amis et
al.l These authors used a cyclic block copolymer of poly-
(dimethylsiloxane) (PDMS) and polystyrene (PS), pre-
pared by Yin and Hogen-Esch,! and studied the dilute
solution properties by static and dynamic light scatter-
ing. The synthetic approach involved capping of a,w-
dilithium polystyrene with a small amount of 2,2,5,5-
tetramethyl-2,5-disila-1-oxacyclopentane units. This
procedure is employed to decrease the reactivity of the
living polymer, in order to avoid side reactions, without
affecting its capability to initiate the polymerization of
hexamethylcyclosiloxane. Finally, the a,w-dilithium
triblock copolymer PDMS—PS—PDMS was cyclized by
addition of an equivalent amount of dichlorodimethyl-
siloxane.

Conformational properties of isolated chains with
different long-range interaction parameters can be
predicted theoretically through different methods, some
of them inspired by the renormalization group theory.
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Thus, calculations in terms of three parameters repre-
senting the interactions between the same (AA, BB) or
different (AB) pairs of units have been carried out for
diblock linear.?® and star chains whose arms are A or
B blocks. (We denote these star chains as miktoarm,*
from the Greek word uiros meaning mixed.) The
calculations are performed up to first-order perturbation
in the parameter ¢ = 4 — d (d is the space dimension).
These calculations have led to analytical predictions for
different ratios of conformational properties of the
diblocks relative to those of the homopolymer chains.
The accuracy of these predictions has been assessed by
comparison with Monte Carlo simulations performed on
the same type of chains.58

In this work, the same theoretical approach has been
used to obtain first-order analytical results for isolated
ring diblock copolymer chains. The results are com-
pared with computer simulations that use a model of
Gaussian subunits perturbed by a Lennard-Jones po-
tential (as a simple potential which includes attractive
and repulsive terms) to describe long-range interactions.
(The same model was employed in our previous Monte
Carlo investigations of block copolymers, referenced
above.) Differences between these theoretical results
and simulation data and the data for linear copolymers
and homopolymer rings are also discussed in order to
elucidate which characteristics of the chain (architecture
or composition) make the most important contributions
to its properties in dilute solution.

2. Perturbation Calculations

In this section we present analytical calculations for
the dimensions of the entire copolymer chain and also
of the homopolymer parts. These dimensions can be
expressed either as radii of gyration or as end-to-end
square distances (of a block or the whole molecule) up
to first order in ¢ = 4 — d. We use the Gaussian model
with the three excluded volume interaction parameters,
uaA, BB, and uap, between units of the same or different
kinds. Accordingly, the probability distribution of the
set of position vectors R;s,R;z lying on the A and B
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homopolymer parts is given by3+
p {RiArRiB}RNA=§NB =

Na Na
Po{R;oRip}s,, =, {expl—ups > Y R,y -Ry-
iA=1 jA=1
Np N ¢
Upp 2 2 5d(R;B j
iB=1jB=1
Ny Np - -
2ug 3, Y, 0Ri —RpI} (1)
iA=1 851

Po{RiaRiB}Rya=Ens 18 the ideal distribution function
expressing the connectivity of the ring chain units, and
N, and Np are the lengths of the two different blocks A
and B. The different averages of interest can be
obtained from unit-to-unit mean square distances ((R;
— R3)?). Thus, we can calculate the mean square end-
to-end square distance of the A homopolymer block
(RA%)ring AB, Where the terminal units are placed at the
two common block junctions, and the radius of gyration
of the A block, (Sa®ring as. The latter property is
obtained after a summation over all the chain unit
positions belonging to the selected part of the molecule.
Generally, only the following two types of averages, (Ria
— Rpa)? and ((R;a — R;)?), need to be calculated. The
remaining type, ((R;s — Ri5)%), can be obtained from the
{(Ria — Ria)®) with symmetric transformations between
the excluded volume parameters uaa « upp and the
molecular weights Ns <> Np. The evaluation of the unit-
to-unit distances is based on the probability distribution
function P{R;s,R;p}%y,~%\s- The calculations correspond
to the standard two-parameter model with the ad-
ditional simplification of expanding additionally in the
parameter ¢ = 4 — d. Thus

(R~ R)) = [®, - RY’P{R R}z, -5,
HdRU/ P {EiA’RiB}ENA=§NB HdRu 2)
ij L8
Expanding the exponential” of P{R;s,Riz} Bna=kyp iD €9
1, and after integration over all the position vectors, we

finally arrive at the following diagrammatic representa-
tion for the case where both k£ and [ belong to the same

block A (bold line)
\“ k\ \
“RuuRe)>= Q HEN é é. P é

Q é Q ]zu.,C}z%[

The forms of these diagrams arise from a general
expression —(EN — DC?2/C¥2+*Y N — C)y¥2+1 where C and
D are the lengths of the segments defined by pairs of
units (7,i) and (/,k), E is the length of the common part
of these segments, and N is the total chain length, equal
to Na + Np. Their values for d = 4 are obtained in a
way similar to that described in previous papers.347
Using them in eq 3 and setting [ = Na =k = 0, we have
obtained the following expression for (Ra%ing AB.
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Figure 1. yg vs ¢: solid line, theoretical result (eq 5); dots,
extrapolated Monte Carlo data (common © solvent).
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It will be observed that the size of the A block is
affected not only by the uss and uap interactions but
also by the solvent conditions within the B block. In
the case of a common © solvent, we can set uap* =
ups* = 0, and uap* = ¢/8; therefore, the contribution of
the uas and upp terms is eliminated. Consequently, the
ideal term specifies a critical exponent defined by (R52)
~ Ns%, which is equal to v = 0.5 and coincides with the
© solvent exponent of linear polymers.” As expected,
the cross term is independent of the molecular weight
and does not contribute to the critical exponent. It can
be observed that if one increases the solvent quality for
the A block, i.e., sets uaa as a positive value, (Ra2)
increases. This corresponds to the macroscopic state for
a selective solvent, for which only ugg is equal to zero.
In the limit of a very long A block, the term uaago/(o +
1) In N4 is predominant and again (Rx?) obeys a power
law of the molecular weight Na. The critical exponent
can be obtained by introducing the fixed-point value’
uan* = ¢/16. In this way, we obtain (Ra2) = Na(o/(o +
D){1 + 2(/16)o/(@ + 1)) In Na} = [o/(o + 1)INs2, and
v =1/2 + (¢/16)(g/(@ + 1)). For Np — = or ¢ — , the
effect of the closure of the chain diminishes and the
result v = 1/2 + ¢/16 of an open linear chain is recovered.
Interestingly, these changes due to the closure of the
chain are also observed in macroscopic properties such
as the scattering structure factor.2 A different exponent
is also obtained for the macroscopic state of a selective
solvent where the upg and ug interactions adopt values
corresponding to the fixed point for excluded volume
conditions,58 ¢/16, 3¢/32, while usa = 0. In a common
good solvent all the interactions are repulsive (usa* =
ups* = uap* = ¢/16), and the ring AB diblock copolymer
is equivalent to a homopolymer ring chain. In this case
(RA?) expresses the mean square length of the chord of
a circle, with a maximum value at ¢ = 1, where (Ra?),-1
= (Na/2){1 + 2u(ln Ny + In 2 + 1/2)}.

The relative expansion of the ring A block compared
to that of a linear diblock copolymer with the same
molecular weight Na is expressed as

lnNA

Q+1
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Yr= <RA2>ring Ap/ <RA2>1inear AB 5)

(One could also define a dimensionless ratio with respect
to the homopolymer precursor as is usually done to
study linear diblock copolymers.? However, we have
preferred to employ the copolymer linear chain as the
reference for the ratios analyzed through this work.)

Using the analytical formula for the (Rs%linear AB from
refs 3 and 4, we obtain the following equation for this
ratio yg:

YR = (5—_‘9_—1){1 + 2uAA[ lnNA
Q2 Q
0 + 1 h‘(g ¥ 1) 20 + 1)] * 2”33[1 To Nt

02=2], B0t2
Inole + )+ 50773 2”“3[2(9 nETe

0 1n(§—_$—1)]} ©6)

Only for the macroscopic states of common © and
common good solvents, where the contributions of the
In Ny terms cancel, can a dimensionless ratio be
predicted. For the selective solvent, however, small
differences in the solvent quality lead to the results
depending on the molecular weight, making the experi-
mental estimation of yr very uncertain.

In Figure 1 we represent these analytical results for
the ratio yg, corresponding to the macroscopic state with
a common © solvent, as a function of composition. We
can see that yr increases with increasing g, or the
fraction of B units in the chain, 5 = Np/(Ns + Np),
until a limiting value of yp = 1.125 is reached for high
values of ¢ or ®g = 1. In this case, the ideal term of
(Ra%)ring AB 18 equal to that corresponding to the linear
chain, since the block is not able to distinguish if it is a
part of a ring or of a linear chain (the uag term of the
ring does not depend on @). On the other hand, the units
of the B block in the linear diblock copolymer are
extended far from those of the A block and they can no
longer interact with them.

The radius of gyration of the A block (Sa2)ring A5 is also
obtained from the {((R;a — Rra)?) distances according to
the relation

1+

Na Na

(Sl = ( )Z > (Ris — Bya)) <)

Replacing the double sum by integration yields the
following expression for (Sa2)ing AB:

120+0) |- A+201+l 2"
50° — 60% + 2(1 + 20 + 20 In N, — 2(—0 + 20° +

(S A )rmg AB =

14 0% In[—Q )] + — “BBC
30" te )ln(l + Q)] 1+ + 29)[2 InNy+
2uAB |'
2In(e(1 +9)) —2+ 0] + (=100 +

5(1 + o)1 + 20)\

200° + 200* + 60%) In(=—2—| + 4 In(1 + o) + 60 +
1+p

170 + 170° + 694]} @)

In the limit ¢ — 0, the chain becomes equivalent to a
homopolymer composed of A units, and (Sa2)ing As takes
the form (Na/12){1 + usa In Na}. This is a well-
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Figure 2. ysa vs ¢: solid line, theoretical result (eq 10); dots,
extrapolated Monte Carlo data (common © solvent).

known?1? result for the overall radius of gyration of a
homopolymer ring (molecular weight Na). For a longer
B block, i.e., for a higher value of g, the contribution of
the ideal term increases (since the total molecular
weight of the ring is also enhanced) until a limiting
value of N4/6 corresponding to the radius of gyration of
the linear homopolymer is obtained when o goes to
infinity. Moreover, (Sa2%ying A increases for higher
values of N or with an improvement of the solvent
quality for the A block.

A unique property of ring AB copolymers is that the
partial averages are also affected by changing the
solvent conditions and the length of the other block.
Thus, the excluded volume interaction within the B
block expands the dimensions of this block. The expan-
sion affects the mean distance between the ends of the
blocks and, therefore, induces an expansion in the A
block that is connected through these two terminal
units, in this way increasing (Sa%)ring as. The contribu-
tion of the upp term is increased by increasing ¢ until a
maximum is reached. The location of this maximum
depends on the molecular weight Na. The contribution
of the uax term shows opposite behavior, since the mass
fraction of the A part decreases with increasing g. As
in the case of the block end-to-end distance, discussed
above, the cross term uas is independent of the molec-
ular weights of the blocks. However, in this case we
find a strong dependence on ¢. Starting at ¢ = 0, the
cross interactions increase for higher values of g, until
we find a maximum expansion around ®g = /5. Then,
a limiting expansion is reached for ¢ — .

The behavior of the ratio yga expressing the relative
expansion of the A block to that of the respective part
of the linear diblock chain, i.e.,

Ysa ™= (SA2>ring ap/ (SA2>1inear AB 9

is similar to that of ratio yg, previously analyzed. In
Figure 2 we represent this behavior according to the
analytical result

_1+2 { [ 4
Vsa= 11l T 2E5a T 2o v P T

0(10 + 150 + 400% + 550° + 240*) m( 0 ) 3
5(1 + 20)1 + 0) o+1
o(1 + 720 + 1720% + 9693)]} (10)
20(1 + 20)(1 + @)

o) —
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Figure 3. gs vs ®p: solid line, theoretical result (eq 13); dots,
extrapolated Monte Carlo data (common © solvent).

corresponding to the macroscopic state of common ©
solvent. yga is higher for increasing values of g, and a
limiting extension of ysa = 1.0625 is obtained for very
long B blocks. It should be noticed that the values of
the ratios yr and yga for the limit &g = 1 are identical
to those of linear diblock copolymers with respect to
homopolymer precursors for the same limit. In com-
parison with the results for yz, the values of ysa are
always lower, indicating that the interior of the block
is less sensitive to the cross interactions than its outer
parts.

In the case of the radius of gyration of the whole
molecule (S2%)ing a8, the different averages ((R; — R:)?)
correspond to distances between two units belonging to
the same or different blocks

Na Na
(8)in =——"I (Riy — R +
g AB — 2(NA+NB) 2 Z IA kA

Np Np Np Nj

Y YR -RipH+ Y YR, - Rip)d1 Q)
k=11=1 k=1 =1

The terms {(R;a — R:p)?) can be obtained according
to the same procedure used for the terms (Ria — Ria)?).
Using the adequate expressions for the former averages
in eq 11, we find the following simple relationship:

e ln(l + g)] +olng—In(1+)]+

—-1—5[—29 Ing +2(1 +9)In(1 + Q)]} (12)

The ideal term depends only on the total molecular
weight and is identical to that corresponding to ho-
mopolymer rings. Each of the other terms depend on
both mass fractions ®4 and ®s. For constant Na, the
upp term representing the interactions between B units
is increased for higher ®p, because both the molecular
weight and the total number of interactions are higher,
while the contribution of the uas term has the opposite
behavior, since the mass fraction &, = 1 — ®p is
decreased. The cross term usg shows a typical nonmo-
notonous variation with ®g, showing a maximum at ®g
= 0.5. This maximum corresponds to blocks of equal
lengths, for which the competitive contributions of the
two homopolymer parts are balanced. Setting all the
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interactions equal to a single value « in eq 12, the well-
known expression for the radius of gyration of a ho-
mopolymer ring®1° (described above) is recovered. These
results serve as a partial check on the correctness of
our calculations. In Figure 3 we present the ratio

S
gs= Shngan. _ hing 48 _ 0.5{1 + 2uAB[— —L -
<S >1inear AB 4(1 + Q)
0@®+o+2)
1+0)?

for the macroscopic state of a common @ solvent plotted
against ®p. Again, the cross interactions are more
effective in the ring copolymers than in the linear
diblock chains.

The mean quadratic separation between the centers
of mass of the two homopolymer parts or blocks,
(GAR%)ring AB, can be obtained also ag3+4

= (U/®,PpXS a5 Vring 4B —
(l/q)B)(SAz)ﬁng AB — (1/¢A)<SB2>ring AB (14)

From eqgs 8, 12, and 14, we have obtained the corre-
sponding formula

N1+ 0)[
2 A
<GAB >nngAB 12 11 + 1 +

lIno+In(1+ Q)]} (13)

<GAB2>ring AB

[50 + 20° +
21In N, + (60 + 60% + 2¢°) In(o/(o + 1))] +

—P8 195 + 50% + 20° In(N,0) —
e+ e Toe e AQ
2 + 60 + 60% In(1 + )] — ——2—{(120 + 340 +
e ST
340° + 12¢*) + (600° + 600" + 120°%) In(p/(o + 1)) +

(12 + 40p + 600?) In(1/1 + g))]} (15)

From this equation, and the one previously obtained*
for linear chains, we obtain the ratio

= <GABZ>ring NG (GABZ>Iinear AB ™
(1/4){1 — u,5*[1/50%0 + 1){120 + 340> + 34¢° +
120* + (600° + 40¢* + 120°) In[o/(e + 1)1 + (12 +
400 + 600%) In[1/(o + 1)]} + 3u,p*/(e + 1{[(8 +
7o + 60%/30%1 In[1/(1 + @)] +
(0/3)(6 + To + 30%) In[o/(o + 1)] +
(1/120)(12 + 220 + 220% + 12¢%)}} (16)

In Figure 4, we show a plot of og vs ®s. The aspect
of this function is similar to that of gg vs ®g, with a
maximum at ®p = 0.5, indicating the greatest segrega-
tion between blocks symmetric in composition.

3. Monte Carlo Simulations

The model employed for the simulations has been
fully described and justified in previous work.56.11.12 We
consider N Gaussian units of root mean square length
b (adopted as the length unit). Nonneighboring units
interact through a 6—12 Lennard-Jones potential. The
reduced distance at which the potential vanishes is set
as o/b = 0.8; this value is adopted according to our
previous experience in the application of this model to
several other types of polymer chains. The reduced
energy at the bottom of the potential well, ¢;/kgT, is the
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Figure 4. o¢ vs ®p: solid line, theoretical result (eq 16); dots
extrapolated Monte Carlo data (common © solvent).

relevant parameter that determines the solvent condi-
tions, depending on the nature of the interacting i and
J units. In this work we want to reproduce the solvent
conditions set as macroscopic states in the perturbation
calculations. They correspond to eaa/ksT = 0, ezp/ksT
= 0, and eap/kgT = 0.1. The last value has previously
served to reproduce excluded volume interactions for
homopolymer molecules of different architectures!:12
(linear chains, stars, or rings) and also to reproduce
correctly the behavior of AB diblock linear copolymers
and miktoarm?®9 stars.

The Monte Carlo algorithm employed in the present
work was described in detail in a previous study of
homopolymer rings.!? First, a nonoverlapping confor-
mation is generated on a diamond lattice. New confor-
mations are generated from this starting state by
randomly choosing two chain units i and j. Then, we
calculate the components of the two bond vectors that
connect these units to the longest part of the cyclic
chain, 7; and U;+;. Each of these vector components is
resampled from a Gaussian distribution with mean
equal to zero and mean square deviation b%/3. However,
the positions of the adjacent units,i — 1 andj + 1, are
not changed. This is accomplished practically by keep-
ing a constant sum for U; + U;+; and resampling the
components of vector T; — T+1 from a Gaussian distribu-
tion with mean equal to zero and mean square deviation
2b%3. This way we calculate U;, Uj+1, and the new
positions for i and j. The shorter part of the chain
between i and j is then translated to connect again with
the i and j units. The Metropolis criterion is used to
accept or reject new conformations.

The averages are determined from eight independent
runs. This allows us to estimate statistical means and
uncertainties in a very simple way. From 5 x 105 to
1.5 x 10° (depending on the chain length) new confor-
mations are attempted in each independent run. The
first 25% of the conformations of each run are disre-
garded to allow for adequate thermalization.

The results have been obtained for six different values
of N, ranging from N = 40 to N = 200, Three different
composition ratios have been studied by setting ¢ = 1,
4, and 9. (Symmetry allows us to employ these results
to characterize also the compositions corresponding to
1/p.) We have evaluated the same averages defined in
the previous section, i.e., (Ra%ring AB, (SaZ)ring aB (and
their symmetric counterparts), and (Sap®)ring AB.

The results for the averages (Ra%)ring A and (RE?)ring AB
are identical (within their statistical uncertainties) in
the case ¢ = 1, but the average corresponding to the
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Figure 5. gs vs 1/N from Monte Carlo data corresponding to
different compositions (common © solvent): stars, ¢ = 1;
triangles, ¢ = 4; dots, ¢ = 9. Different lines represent least-
squares fits to a linear equation, employed in the extrapola-
tions to the long-chain limit.

Table 1. Exponent v (from Eq 17) from Monte Carlo
Results for the Radius of Gyration for Rings (Present
Work) and Linear (Ref 5) Diblock Copolymer Chains in a
Common 6 Solvent

v

e} linear rings
1 0.494 0.492
4 0.493 0.493
9 0.492 0.496

longer block is higher when ¢ = 1. Thus, the difference
(R8)ring AB — (RA%)ring aB is about 2 (in b2 units) for the
smaller chains with ¢ = 4, and it increases to ca. 3 for
chain lengths in the range N = 100—200. For o =9,
we obtain a similar variation in the difference, now
between the values 3 and 4. Deviations from the value
2b2 (corresponding to the independent contribution of
the two Gaussian bonds joining the blocks) indicate
strong segregation between A and B units at the
junction bonds. Furthermore, we have also obtained the
mean quadratic distances (R{A,1B>ring sp and
(R NBhring AB Detween the first or last units of each
one of the blocks. These two types of averages are
always practically identical for a given chain, and they
are intermediate between those of (Rp2)ring o and
(RA%)ring AB.

The different Monte Carlo quadratic averages can be
fitted to scaling laws. Thus, the radius of gyration data
are fitted by

(S%ap ~ N” 1n

The results obtained this way from the present Monte
Carlo data are contained in Table 1, together with the
exponents calculated from the data previously obtained
for linear diblock chains in a common © solvent.5 All
these results are in very good agreement with the
exponent v = y; i.e., they are consistent with the critical
exponent predicted by the theory.

The previous Monte Carlo data for linear chains® are
also employed together with the present results for rings
in order to obtain the ratios of interest for each chain
length in a common © solvent. Linear regressions vs
1/N yield the final numerical estimates of these ratios
for the long-chain limit. Figure 5 shows these extrapo-
lation plots for the gg ratios.

The extrapolated Monte Carlo data have been incor-
porated in Figures 1-3 and, therefore, can be directly
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compared with the theoretical results. Both sets of
results exhibit essentially the same trends from the
qualitative point of view. Quantitative agreement is
very good for the block ratios corresponding to small
values of ¢ and remains reasonably good (differences
slightly higher than 10%) for the asymptotic limit o —
. Inthe case of ratio gs, the agreement between theory
and simulation is very good for the most asymmetric
rings. For ®g = 0.5, however, the plateau with a very
slight minimum shown in the theoretical g5 vs ®g curve
does not agree with the deeper minimum exhibited by
the Monte Carlo data. (The theoretical result at ®g =
0.5 is 0.57, while the Monte Carlo value is 0.52.)

The results obtained for gs at ®g = 0.5 are, on the
other hand, very similar to those obtained with the same
techniques for a homopolymer ring in the excluded
volume region. Thus, setting uas™ = upp* = uap™ = ¢/16
in the present formulas, we have obtained the value gg
= (1/2)[1 + u*(13/6)] = 0.57, which also coincides with
previous calculations.? The Monte Carlo results ob-
tained for the homopolymer ring with the present
modelld14 (e /kgT = 0.1 in all cases) is close to 0.53.
Some other simulation data support this finding.15:16
Therefore, it seems that gs is mainly determined by the
chain architecture, while the effects of block segregation
and global excluded volume represent similar contribu-
tions in the dimensions of ring and linear chains. A
further discussion of the systematic differences between
theoretical and simulation results is somehow obscured
by the existence of other previous (and sometimes
contradictory) data for homopolymer rings. Thus, some
other theoretical schemes, mainly based on the two-
parameter theory,”~1? yield results close to 0.53. Since
there is not any reason to assume that these approaches
are more accurate than the first order in ¢ perturbation
theory, a second-order calculation or the application of
the Douglas—Freed method?® for rings would be very
useful to elucidate this point. The virtue of the latter
approach is that only a first-order perturbation theory
calculation is required for the properties, along with a
second-order e-expansion calculation for the fixed points
u* and exponents.

Moreover, we also note that some published Monte
Carlo data2!22 are closer to 0.57. Differences between
Monte Carlo results may arise if the conformations
generated in a given method contain permanent knots,?
and some of the results close to 0.57 correspond to knot-
free simulations.?? It can be argued that our simula-
tions may contain knots that contribute to decrease gg.
However, it should be considered that the model used
in this work includes Gaussian bond fluctuations, which,
together with the associated translations, should relax
any knot contained in the initial conformation (although
the same mechanism can produce new knots along the
simulation). Moreover, our averages over eight runs
with different starting chains should give higher un-
certainties if these chains have different proportions of
knots. We should also point out the similarity between
the simulation results for the scaling law exponents v
= !/; contained in Table 1 for different properties in the
case of the linear and ring chains. This also seems to
suggest that the knot effects are not important in our
simulation data.

Similar differences between theory and Monte Carlo
data are observed in Figure 4 for the ratio ag, though
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the curves are simpler, showing a single maximum.
Again, both sets of results are very similar for asym-
metric blocks, but the Monte Carlo values are signifi-
cantly (about 10%) smaller than the theoretical predic-
tion for &g = 0.5; i.e., the theory predicts a stronger
interblock segregation for symmetrical composition.

The only experimental data for ring diblock copoly-
mers were obtained by Amis et al.! for the PS-PDMS
copolymer mentioned in the Introduction. They mea-
sured the dilute-solution diffusion coefficient in cyclo-
hexane for the ring sample and its linear triblock
copolymer precursor. The ratio between these values
is 0.88, which is very close to ratios preeviously obtained
for homopolymer chains, both in ® and good solvents
(these experimental data are summarized in refs 14 and
24). This confirms our main conclusion that the global
expansion effects due to segregation between blocks are
quantitatively similar in ring and linear copolymers.
The scattering properties of cyclic diblock copolymers
have also been the object of recent theoretical work.
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