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We present a lattice model of amphiphile, solvent and polymer. The model is simulated in a hybrid
Monte Carlo scheme using the grand canonical ensemble for solvent and amphiphile, and the
canonical ensemble for the polymer. The model has been studied for a limited range of parameters,
albeit consistent with the most elementary properties of surfactants and polymer. However, despite
this apparently very simple set of microscopic interactions, a number of concentration-dependent
effective interactions emerge, and cause conformational transitions of the polymer. We examine
surfactant-polymer binding curves to relate these conformational changes of the polymer to binding.
We have established the viability of using Monte Carlo simulations to study solutions of
amphiphile, polymer and solvent. ©1998 American Institute of Physics.
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I. INTRODUCTION

In the late 1980s and early 1990s numerous researc
focused on models of self assembly relevant
amphiphile-water1–4 and amphiphile-oil-water mixtures.5–8

Considerable advances were made in experiment9–11

simulation12–17 and theory5,18–23 and the connections be
tween them.24–26Simultaneously, much of the basic intelle
tual infrastructure to understand solutions of polymers~see,
e.g., Refs. 27–30, and references therein! was developed and
careful comparisons to experiment were made.31,32

Recent experimental interest has tended more tow
mixtures of amphiphile-polymer and solvent, as evidenc
by work in synthetic polymers33–41 and biopolymers.42–51

The reasons are, in part, that many of the most impor
practical questions from the food, cosmetics, pharmaceu
and other industries revolve around these types of mixtu
the classical oil-water-amphiphile systems having be
mainly the preserve of the oil industry. This trend will u
doubtedly grow. It is our opinion that elegant science
emerging from studies of these novel systems.

In this paper we intend to show that a lattice model m
be adapted to permit the study of these ternary mixtures

II. MODEL AND METHOD

In this model of ternary mixtures containing polymer
amphiphile and solvent the degree of polymerisation (N) and
concentration of the polymer (fc) are fixed, whereas the
number of solvent and amphiphile particles may vary. T
polymer is therefore treated within the canonical ensem
(T,V,N) and the solvent and amphiphile molecules with
the grand canonical ensemble (T,V,m). It is worth noting at
this point that when we use the term solvent we norma
have water in mind. However, as with all such lattice mo

a!Author to whom all correspondence should be addressed.
b!Established at Queens University Belfast and University College Dub
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els, there is no real specification of the solvent as wa
except via the interactions. In any case, we may for
present purpose use ‘‘water’’ and ‘‘solvent’’ interchang
ably, providing these issues are borne in mind.

The simulation consists of a variety of Monte Car
moves. Those controlling the movements of the polymer
the conventional local bond movements and reptation29,52

while those dealing with solvent and amphiphile particles
of conventional spin-flip type. There are two main relaxati
times in this model, one for amphiphile and solvent m
ecules,t latt , and the other for the polymer chaintpoly . The
characteristic relaxation time for a single spin grand cano
cal ensemble ist latt5S2, whereS is the lattice size.tpoly is
the relaxation time of a connected object and should sc
roughly asN2 where local moves dominate~as in dilute so-
lutions! and N3 for reptation, whereN is the length of the
polymer.

All of these issues, as well as the normal practices
computer simulation are taken into account in our wo
though we do not emphasize the technicalities in this pres
tation. One point however is worth making. Thus, the pr
ence of the amphiphile, and also the possibility of conform
tional collapse has been found to require reptation move
even dilute polymer systems, in contrast to previous stud
Without attention to such issues it is rather hard to find ma
of the transitions discussed here. Naturally we have chec
that the presence of the transitions is unaffected by chan
the balance between the different types of move—a prop
of the state of equilibrium, within the obvious constraint th
reptation is a significant and important move through
range of polymer concentration.

We consider a simple lattice model of three-compon
mixtures. The Hamiltonian for a polymer-water-amphiph
system is comparable to that of oil-water-amphiph
models,18,19 but with the addition of polymer molecules re
placing the oil.29 A particular expression of this type o
model is given by the effective Hamiltonian,.
8/108(4)/1702/8/$15.00 © 1998 American Institute of Physics
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1703Jennings et al.: Conformational transitions in a lattice model
Hm[H2(
i

msi
[H2~msNs1maNa!, ~1!

H52(̂
i j &

w~r i j !I sisj
2 (

~ i jk !
I sisj sk

, ~2!

where i , j ,k enumerate the lattice sites, andsi denotes the
contents of thei th site. Each site may be occupied by
monomer (m), solvent (s) or amphiphile (a) molecules and
vacancies are not admitted. The chemical potentialmsi

can
take on three possible valuesma , ms or zero depending on
whether the sitei is occupied by an amphiphile, a solve
molecule or by a monomer. HereNa and Ns are the total
number of amphiphile and solvent sites, respectively, s
that Na1Ns1N5S3, with S being the linear size of the
lattice.

I sisj
is a 333 symmetric matrix of two body interaction

representing the monomer-monomerI mm, monomer-solvent
I ms, monomer-amphiphile I ma , solvent-solvent, I ss,
solvent-amphiphile,I sa and amphiphile-amphiphile,I aa , in-
teraction constants, respectively. The notation (i jk ) indicates
a sum over all sets of three sites in a row. The termI sisj sk

may take three values;1L for monomer-amphiphile-solven
(I mas) and solvent-amphiphile-monomer (I sam) interactions,
2L for monomer-amphiphile-monomer (I mam) and solvent-
amphiphile-solvent (I sas) interactions, and zero otherwis
The distance between sitesi and j is denoted asr i j 5ur i

W

2r j
W u and w(r i j ) is a function with the propertyw(b)51,

whereb is the lattice spacing. Short range interactions
introduced by settingw(r )50 for r .Rmax, where Rmax

52b in our case. Each site interacts with its nearest nei
bors (r i j 5b;w(b)51.0), diagonal neighbors (r i j

5A2b;w(A2b)51.0), long-diagonal neighbors (r i j

5A3b;w(A3b)50.75) and next-nearest neighbors (r i j

52b;w(2b)50.5). See Ref. 29 for more details. We no
however, that here use is made of periodic rather than re
tive boundary conditions to improve equilibration propertie
We shall use the units of measurement in which the lat
spacing,b51 andkBT51.

Local internal moves and reptations are used to upd
the polymer conformation. Both use a special method, de
mined by the structure of the Hamiltonian, to generate nei
borhood polymer structures while maintaining polymer co
nectivity and excluded volume constraints. There are t
types of elementary polymer moves: those involving
pairs polymer-solvent and polymer-amphiphile. The simpl
example of an elementary monomer move for a tw
dimensional~2D! lattice is presented in Figure 1 where3
represents either a solvent or amphiphile molecule that i
be exchanged for a monomer. In this case, for near
neighbor interactions only (Rmax5b), the energy difference
between the final and initial states for a monomer-solv
moveDEm2s and a monomer-amphiphile moveDEm2a is

DEm2s52I ms2I mm2I ss, ~3!

DEm2a5I ms1I ma2I mm2I as . ~4!
J. Chem. Phys., Vol. 108,
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For a ternary system, one has to take into account
change in energy due to the three-body interactions as
as that due to the two-body interactions. A monomer-solv
or a monomer-amphiphile attempted move is accepted
rejected based on theMETROPOLIS ratio of the transition
probabilitieshm2s andhm2a , respectively,

hm2s5expS 2( rw~r !DEm2s~r !2DEL

kBT D , ~5!

hm2a5expS 2( rw~r !DEm2a~r !2DEL

kBT D , ~6!

where the summation is over all the neighboring sites w
w(r ).0. DEm2s(r ) is the difference in the the two-bod
interaction energy between the final and initial states at e
interaction distance, r.DEL is the difference in the three
body interaction energy between the final and initial sta
EL(x), the three-body interaction energy of sitex in a row of
sites vwxyz, is calculated by summing the termsI svswsx

,
I swsxsy

and I sxsysz
. For example, if the contents of the site

vwxyz are amphiphile-amphiphile-monomer-amphiphil
solvent, thenEL(x)5I aam1I ama1I mas5L.

The elementary spin-flip of a solvent to an amphiphile
accepted with theMETROPOLIS ratio of the transition prob-
ability hs2a . The METROPOLIS ratio of the transition prob-
ability for a spin-flip of an amphiphile to a solventha2s is
the reciprocal ofhs2a . Thus

hs2a5expS 2( rw~r !DEs2a~r !2DEL2m

kBT D , ~7!

ha2s5hs2a
21 , ~8!

where the summation is again over all the neighboring s
with w(r ).0 and DEs2a(r ) is the difference in the two-
body interaction energy for a solvent to amphiphile spin-fl
between the final and initial states at each interaction
tance, r. The model defined by Eq.~1! in the grand canonica
ensemble for amphiphile and solvent and in the canon
one for the polymer obviously depends only on the relat
chemical potential,m[ma2ms . We see that replacingmsi

by msi
2ms in Eq. ~1! to excludems from consideration re-

sults in a trivial constant shiftHm→Hm1ms(S
32N), that

does not affect the thermodynamics.

FIG. 1. An example of elementary monomer move on 2D lattice, where3
represents either a solvent or amphiphile molecule that is to be excha
for a monomer.
No. 4, 22 January 1998
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1704 Jennings et al.: Conformational transitions in a lattice model
It may be shown that the model8 depends only on the
following combinations of two-body interaction paramete
I sisj

:

xm2m2s52I ms2I mm2I ss,

xa2m2s5I ms1I as2I ma2I ss,

xm2m2a5I ms1I ma2I mm2I as ,

xa2m2a5I ms1I aa2I ma2I as ,
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xm2s2a5I ms2I ma ,

xa2s2a5I as2I aa , ~9!

xs2s2a5I ss2I as .

which are in units of kBT. Equations ~5!–~8! for the
METROPOLISratio of transition probabilities are rearranged
terms of interaction parameters and the difference in
number of neighboring monomers, solvent molecules a
amphiphiles:
hm2s5expS xm2m2s( rw~r !Dnm~r !1xa2m2s( rw~r !Dna~r !2DEL

kBT D , ~10!

hm2a5expS xm2m2a( rw~r !Dnm~r !1xa2m2a( rw~r !Dna~r !2DEL

kBT D , ~11!

hs2a5expS xm2s2a( rw~r !Dnm~r !1xa2s2a( rw~r !Dna~r !

kBT
1

xs2s2a( rw~r !Dns~r !2DEL2m

kBT D , ~12!
rect
the
o-
lace
ys-
e

ap-
m-
rge,

is
re-

es

t
al
-
the

i-
where the summation is over all the neighboring sites w
w(r ).0 and Dnm(r ) is the difference in the number o
monomers between the final and initial states at each in
action distance,r . Likewise,Dna(r ) andDns(r ) are, respec-
tively, the difference in the number of amphiphiles and t
number of solvent molecules between the final and ini
states at each interaction distance,r .

It is clear that, as with all of these types of lattice mo
els, there are a number of parameters that must be fixe
order to reflect the common experimental regimes. Howe
in this paper we intend mainly to show that the model m
be simulated, and that a number of interesting physical p
nomena are present for the simplest choices of interacti
In our discussion all the couplings in Equation~9! are zero,
only the three-body interaction parameter,I sisj sk

, is non-zero.
Of course, there are still connectivity and excluded v

ume constraints for the polymer which are taken into acco
explicitly. If the amount of amphiphile is small, arranged
the appropriate choice ofm we would recover in this case
self-avoiding random walk for the chain producing the Flo
exponent of the Flory coil,V' 3

5.
29,30It is quite interesting to

see how the presence of the amphiphile would affect
system via the three-body interactions. That will be the m
subject of our current study. In practice this has the follo
ing implications. Only three independent triplet arrang
ments of polymer monomers (m), amphiphile (a), and sol-
vent (s) have non-zero three-body interactions. The line
triplets (mas) have the favorable energy1L, while the oth-
ers, (mam) and (sas) are both unfavorable with energ
2L. Equations~9!–~11! for the METROPOLIS ratio of the
transition probabilities (hm2s ,hm2a ,hs2a) reduce to

hm2s5hm2a5expS 2DEL

kBT D , ~13!
h
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hs2a5expS 2m2DEL

kBT D , ~14!

ha2s5hs2a
21 . ~15!

Note that this choice of interaction parameters has the di
tendency to favor amphiphile binding to the polymer, and
indirect tendency to favor micelle formation relative to is
lated amphiphile in solvent. This seems to be a sensible p
to begin our studies. For polymer-amphiphile-solvent s
tems we will exhibit results for a variety of values of th
effective three-body interaction constant,l 5L/kBT, over a
range of amphiphile-solvent concentrations. Despite this
parently very simple set of microscopic interactions, a nu
ber of concentration-dependent effective interactions eme
and cause conformational transitions of the polymer. This
a motif that we shall seek to emphasize in our current p
sentation.

Finally, let us comment on the way physical quantiti
are calculated. For a given set of the model parameters~such
as l ,m,N,S and so on! using the hybridMETROPOLIS algo-
rithm we produce a large set ofQ statistically independen
configurations of the system by equilibrating different initi
states. Any physical observable,A, discussed below is ob
tained as a statistical average which is approximated by
formula,53

^A&'
1

Q (
i 51

Q

Ai , ~16!

whereAi are the values of this observable for thei th member
of the set ofQ statistically independent configurations. Typ
cally Q'103,104.
No. 4, 22 January 1998
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1705Jennings et al.: Conformational transitions in a lattice model
III. RESULTS AND DISCUSSION

We shall make no attempt to exhaustively analyze
many-dimensional phase diagram of this model and conc
trate instead on thel term mediated conformational trans
tions for the polymer. We have carried out extensive cal
lations for a variety of chain lengths,N520,40,80 at three
values of l 5L/kBT51.0, 1.66 and 5.0. Some calculation
with N5100 for l 51.35,1.4,1.45 have also been carried o
These investigations have been made for lattice sizeS
520, and mostly the dilute polymer limit in which only on
chain is present in that volume. The chain volume fraction
therefore fc5M /S351/203, where M is the number of
polymer chains andS3 is the volume of the box. In addition
we have, forN540, made preliminary investigations of
chain concentration that is closer to the pure polymer se
dilute regime,fc510/203, in order to exhibit the feasibility
of our study.

One reason for focusing on the very dilute limit is
permit a clear discussion of such phenomena as amphip
polymer binding curve, in the absence of inter-polymer
fects, the subject of much recent experimen
work.43,45,48,54–59In our binding curve work we consider onl
the lowest range of free amphiphile concentration to av
complications of more extended bound clusters. This is
will be revisited in a later publication. We shall plotb
5^nb&/nbs versuscf , the mean volume fraction of free am
phiphile, as this is the typical quantity emerging from a
phiphile selective electrode measurements~see, e.g., Refs. 48
and 60–63 and references therein!. Herenbs , the number of
available binding sites for a polymer, is constant as a bind
site is defined as a site that is within an interaction dista
r ,2 of a monomer molecule (nbs526). Also, nb is the
number of amphiphiles bound to a polymer or the numbe
occupied binding sites for a polymer. Correspondinglycb is
the mean volume fraction of bound amphiphile,cf is the
mean volume fraction of free amphiphile andct is the mean
volume fraction of total amphiphile,ct5cb1cf . We will be
able to compare this data to calculated heat capaci
CV /kB , and the polymer radius of gyration,Rg , which are
defined as

CV

kB
5

1

~kBT!2 ~^H2&2^H&2!,
~17!

Rg
25K 1

2N2 (
nn8

~r n
W2r n8

W !2L ,

whereH is defined in Eq.~2! and r n
W are the coordinates o

the nth monomer along the chain. This will enable one
connect binding to the conformational transitions of t
polymer. In Figure 2 we relate the relative chemical poten
to concentration by plottingm versusct , the mean volume
fraction of amphiphile.

We begin by examining the heat capacity,CV /kB , plot-
ted againstm for N520 ~Figure 3!, where only the stronges
polymer conformational transitions are visible. Forl
51.0(s) there is a simple broad maximum~peak B! corre-
sponding to a type of amphiphile-solvent phase separat
J. Chem. Phys., Vol. 108,

Downloaded 06 Oct 2003 to 137.43.24.7. Redistribution subject to AIP
e
n-

-

.

s

i-

le-
-
l

d
e

-

g
e

f

s,

l

n.

The polymer partitions into the surfactant phase, and we n
the combination of attraction of amphiphile to polymer a
effective amphiphile-amphiphile attractions tends to stre
the polymer~Figure 4! implying that the amphiphile rich
phase is a good solvent for this choice of parameters.

For l 51.66(h) and N520, we note the emergence o
two new phenomena atm'23.4 ~peak A! and atm'13.4
~peak C!. Possibly these transitions are symmetry related
as we shall see, not in any simple manner. A similar patt
of transitions has been observed forl 55.0 also. Comparison
of Rg ~Figure 4! and other observables indicates that peak
corresponds to a strong shrinkage of the polymer chain.
amination of the configuration forN520 as well as much
larger chains (N540,80), where the phenomenon persi
and becomes more pronounced, indicates that the c
forms aplateletstructure. We exhibit a sample conformatio
for N540 andN580 ~Figure 5!. The reason for the collaps

FIG. 2. Plot of the mean volume fraction of amphiphile,ct versusm, the
relative chemical potential forN520, l 51.0(s), l 51.66(h) and l
55.0(L).

FIG. 3. Plot of the heat capacity,CV /kB , versusm for N520, l 51.0(s)
andl 51.66(h). Each peak is labelled A, B and C to facilitate discussion
phase transitions in the text.
No. 4, 22 January 1998
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1706 Jennings et al.: Conformational transitions in a lattice model
is that some amphiphile has bound to the polymer becaus
the favorable (mas) interaction. However, the consequen
is, especially for an incompletely covered chain, a numbe
unfavorable (sas) interactions arise. As the amphiphile co
centration increases the system ultimately finds the mean
minimize the unfavorable (sas) interactions and maximize
the favorable (mas) interactions by collapsing into aplatelet
structure shown in Figure 5. In brief then, the amphiphile
binding to the polymer with the head-group strongly attach
to the polymer. The result is that amphiphile tails are e
posed to solvent and avoid this by collapse. We accept
the choice of interactions we have made is quite limited a
the details of the collapsed structures would need to be
amined further. However, we have at least an analogy of
phenomena observed when, for example, giant DNA c
lapses in the presence of cationic lipids.64

Consider again Figures 3 and 4. ForN520 and l
51.66 as we pass through peak B there is at first suffic
amphiphile to disrupt theplateletand, as forl 51.0, the am-
phiphile behaves as a good solvent leading to expansio
the chain. However, remarkably, beyond peak B we see
other collapse where the system is amphiphile rich. In suc
case with much amphiphile and only a little solvent, the o
way to preserve the favorable monomer-amphiphile-solv
interactions is asandwichstructure such as that exhibited fo
N580 in Figure 6. Note the remarkable emergence of eff
tive concentration dependent interactions. Now, beyond p
C we return finally to the amphiphile dense regime where
polymer is fully expanded as it is essentially experiencin
good solvent. All the comments we have made forN520 are
equally relevant for our observations ofN540,80 at l
51.0,1.66,5.0, though the phenomena become more
nounced, and transitions sharper with increasing ch
length. In Figure 7, we show the heat capacity for chains
N540 at l 51.66.

We will not yet attempt to present even the low polym
concentration cut of the phase diagram since more exten

FIG. 4. Plot of the polymer radius of gyration,Rg , versusm for N520, l
51.0(s) and l 51.66(h). A, B and C correspond to peaks in the he
capacity,CV /kB , for the same parameters.
J. Chem. Phys., Vol. 108,
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calculations would be required. However, the overall sche
has already begun to emerge. As the concentration of
phiphile increases there is a simple phase separation betw
water-rich and amphiphile-rich phase, a transition that wo
terminate in a critical point as the temperature increas
However, buried within this, for lower temperatures (l .1)
there are two polymer conformational transitions at very l
polymer concentrations. These are not macroscopic ph
transitions, in the same sense that simple single chain
lapse is not a phase transition. However for high polym
concentrations this situation may change.

Let us now turn to the binding of amphiphile to th

FIG. 5. Visual representation of the collapsed polymerplatelet structure
formed beyond peak A forl 51.66,N540 ~a! andN580 ~b!. This is a very
dilute solution of amphiphile and polymer in the solvent-rich phase. Solv
is represented as~white!, amphiphile~gray! and polymer~dark gray/black!.
No. 4, 22 January 1998
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1707Jennings et al.: Conformational transitions in a lattice model
chain. Again, we emphasize that no more than prelimin
results are offered. We present binding curvesb versuscf for
very low amphiphile concentrations forN520, l
55.0,1.66,1.0 in Figure 8 andN5100, l 51.35,1.45,1.66 in
Figure 9. We point out that the range of chemical potent
for which we here present results is much lower than tha
interest in studying the full range of conformational tran
tions.

FIG. 6. Visual representation of part of the collapsed polymersandwich
structure forN580, l 51.66. The sandwich structure forms after peak B
the amphiphile-rich phase with only a small number of solvent molecu
present. This structure preserves the favorable monomer-amphiphile-so
interactions. Solvent is represented as~white!, amphiphile~gray! and poly-
mer ~dark gray/black!.

FIG. 7. Plot of the heat capacity,CV /kB , versus m for N540, l
51.66(h). A similar heat capacity plot is obtained forl 55.0. Appropriate
extension of the simulation times have been used to generate these d
J. Chem. Phys., Vol. 108,

Downloaded 06 Oct 2003 to 137.43.24.7. Redistribution subject to AIP
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Indeed, we have shown only results where the effect
amphiphile chemical potentials lie in the rangem,22.0,
and typically, there would then be only sufficient amphiph
to cover all of the polymers available sites. In Figure 8 w
see that the binding occurs in a relatively uncooperative fa
ion, saturating finally at higher ambient amphiphile conce
trations. The behavior ofb is at first relatively linear at low
cf . Also, for largerl , the slope is larger reflecting the fac
that most of the added amphiphile is adsorbed to the p
mer, and little is available as free amphiphile. In Figure 8
note that even the lowest concentrations of free amphip
correspond to the transition A of Figure 3. At the transiti
itself the polymer collapses, and all new amphiphile is u

s
ent

.

FIG. 8. Plot of the amphiphile-polymer binding curves,b versuscf , for
N520, l 51.0(s), l 51.66(h), l 55.0(L). Hereb5 ^nb&/nbs , wherenb

is the number of amphiphiles bound to a polymer, andnbs ,the number of
available binding sites for a polymer, is constant as a binding site is defi
as a site that is within an interaction distancer ,2 of a monomer (nbs

526). cf is the mean volume fraction of free amphiphile. A and B corr
spond to peaks in the heat capacity for the same parameters.

FIG. 9. Plot of the amphiphile-polymer binding curves,b versuscf , for
N5100, l 51.35(s), l 51.45(h), l 51.66(L), where A and B correspond
to peaks in the heat capacity for the same parameters.
No. 4, 22 January 1998
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1708 Jennings et al.: Conformational transitions in a lattice model
lized to produce the collapse phenomenon. In Figure 8,
have marked the locations of the A and B transitions. N
that there is essentially no signature of the B transition
short polymer chains. When we turn to Figure 9, which
lustrates a comparable range of parameters forN5100, we
find that the A transition is reflected inb in a manner similar
to that in short chain polymers. However, the B transitio
where the polymerplatelet is disrupted, and more of th
polymer becomes available for binding is marked by a p
cipitous rise inb for N5100. Thereafter forN5100, satu-
ration again occurs, as for short chain lengths.

Finally, we turn to a brief discussion of a somewh
more concentrated polymer regime. Thus we have con
ered a lattice containing ten chains,M510 or fc

510/(20)3 for a variety of couplings. It is interesting to not
that, for l 51.66, N540, andfc510/(20)3, there are analo-
gous peaks A, B, C in the heat capacity to those for sin
polymers in Figure 7. However, the most remarkable a
striking observation from the preliminary studies is that,
these polymer concentrations, the analogue of isolated p
mer platelet formation ~beyond peak A in Figure 5! is a

FIG. 10. Visual representation of a macroscopic self-assembled lay
phase for a multi-polymer regime ofM polymer chains, whereM510, N
540 and l 51.66. Solvent~white!, amphiphile~gray! and polymer~dark
gray/black!.
J. Chem. Phys., Vol. 108,
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e
e
r

,

-

t
d-

le
d
r
ly-

macroscopic self-assembled layered phase illustrated in
ure 10. This is essentially in polymer liquid crystal phase

IV. CONCLUSION

Our overall conclusion is that it is feasible to study
polymer-amphiphile-water lattice model using a combinat
of Monte Carlo moves that sample a wide variety of config
ration space. In particular we have noted that reptations
helpful for even dilute polymer solutions, but essential f
more dense amphiphile systems. We have also noted
even with a minimal set of interactions, albeit consistent w
the most elementary properties of amphiphiles and polym
a non-trivial phase diagram emerges. While some of the p
nomena such as amphiphile-induced polymer collapse
observed in experiment, we have not yet attempted to m
firm connection to typical phase diagrams. Rather we h
emphasized the remarkably subtle interplay between mi
scopic interactions, entropy and concentration constra
that lead to conformational transitions at low polymer co
centrations. The picture is even less clear at larger poly
concentrations, but it is evident that a whole new range
phenomena will emerge there. In particular we have no
the emergence of new classes of lamellar liquid crystall
phases where the polymers are effectively confined to lay
by the amphiphile induced effective interactions. This is
matter to which we, and perhaps others, will return in futu
work.
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