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Abstract. We use ellipsometry to investigate a transition in the morphology of a sphere-forming diblock
copolymer thin-film system. At an interface the diblock morphology may differ from the bulk when the
interfacial tension favours wetting of the minority domain, thereby inducing a sphere-to-lamella transition.
In a small, favourable window in energetics, one may observe this transition simply by adjusting the
temperature. Ellipsometry is ideally suited to the study of the transition because the additional interface
created by the wetting layer affects the polarisation of light reflected from the sample. Here we study thin
films of poly(butadiene-ethylene oxide) (PB-PEO), which order to form PEO minority spheres in a PB
matrix. As temperature is varied, the reversible transition from a partially wetting layer of PEO spheres

to a full wetting layer at the substrate is investigated.

1 Introduction

Bulk diblock copolymer systems are generally thought
to be well understood [1-4]. Such systems, made up of
two covalently bonded chemically distinct linear poly-
mer chains, exhibit a multitude of micro-phase—separated
structures. These structures form due to the tendency of
the two blocks to segregate under the frustration of the
covalent bond which sets the lengthscale of the struc-
tures. When these materials are confined as in the case
of thin films, the desire to balance surface and interfa-
cial energetics, as well as commensurability of the struc-
tures within the confining dimension can lead to rich and
unexpected morphologies [5-8]. The observation of exotic
structures is especially prevalent as the degree of confine-
ment approaches the length scale of the domain size within
the ordered structure. For example, recent experimental
and theoretical studies have explored equilibrium mor-
phologies of diblocks confined to cylindrical pores [9-11]
and droplets [12-14]. With decreasing length scales novel
structures, vastly different from the bulk system, emerge.
Much work has been carried out on symmetric diblocks,
where both blocks are similar in length, under confine-
ment. This simplest system results in a lamellar morphol-
ogy in the bulk. The interplay between commensurability
of the lamellae, surface energetics, and confinement to thin
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films is fairly well understood [5-8]. Asymmetric diblock
systems, where one of the blocks is significantly shorter
than the other, can result in cylindrical, spherical and even
more complex morphologies in the bulk [1-4]. In confine-
ment, the additional constraint can provide even richer
phase behaviour [10,15], particularly when the minority
block preferentially segregates to the boundaries [6].
Surface interactions can greatly influence ordering for
thin-film systems [5-8,11,15-22]. In the simplest case,
surface-induced ordering manifests itself as a wetting layer
of the block with the more favourable surface energy at the
film boundaries [5-8]. More complicated mixed morpholo-
gies have also been found to be stable including mixed
lamellar orientations that are parallel and perpendicular
to the substrate surface, or lamellae that persist for a
number of layers from the boundary with curved mor-
phologies away from the surface [5-7,15-17,20]. Theoret-
ical studies on thin films of cylinder- and sphere-forming
diblock systems have shown that strong surface fields can
stabilize lamellar phases far from the boundary despite the
stretching-penalty incurred in deforming the bulk equilib-
rium structure [5,15]. Further studies have suggested that
mixed-lamellar morphologies, as equilibrium phases, are
only stable when there is a degree of asymmetry in the vol-
ume fraction [6] or surface energetics [20]. As one probes
even thinner films, the additional constraints of confine-
ment and surface interactions can result in further differ-
ences between how bulk and thin films order. Recently,
Kramer and coworkers investigated a transition from two-
to three-dimensional packing of the domain structures in
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Fig. 1. Schematic of the substrate-induced transition. As the
diblock film of minority (PEQO) spheres within a matrix (PB)
is cooled, the layer of spherical caps (a) reorders into a full
wetting layer covering the substrate (b).

a highly asymmetric diblock [23]. For sphere-forming sys-
tems, domains are known to pack in a body-centered cubic
(bee) lattice in the bulk, while a hexagonal (hex) lattice
is preferred in very thin films. These two ordered mor-
phologies minimize packing frustration for their respective
constraints [4,23].

Let us consider the case of an asymmetric, sphere-
forming, diblock copolymer where the minority block “a”
has a preference for the substrate compared to the ma-
trix “b”. This is equivalent to stating that v, s < Vp,s,
where vy is the interfacial tension of either block with the
substrate as denoted by the subscripts. There are two con-
tributions to the free energy which determines the mor-
phology observed at the interface. If the substrate surface
energy term dominates, that is, Ay = (75 s —Ya,s) is large,
then there will be a wetting layer of the “a”-block at the
substrate at the cost of the preferred spherical morphology
in the bulk. As a minimal constraint, Ay > ~,;, where

Ya,b is the tension at the diblock a-b interface [5,24]. En-
tropy favours a curved a-b interface for the asymmetric
diblock case, thereby maximising the configurations avail-
able to the blocks while maintaining micro-phase separa-
tion. If the entropic term which drives spherical morphol-
ogy in the bulk system dominates, then the free energy
is minimised by placing the substrate interface such that
it bisects the domains. Figure 1 is a schematic represen-
tation of these two cases. Furthermore, we can imagine
a system where at high temperatures spherical caps are
found (entropy dominates) which transition to a full wet-
ting layer upon cooling (the enthalpic interfacial tension
term dominates).

Here we present a study of asymmetric sphere-forming
diblock poly(butadiene-ethylene oxide) (PB-PEO) thin
films on a Si substrate. As we will show, this system ex-
hibits a fortuitous balance between the enthalpic and en-
tropic interactions such that the transition between the
sphere and lamella state at the substrate interface, ap-
pears within an experimentally accessible temperature
window. To the best of our knowledge these are the first
direct measurements of this substrate induced transition.

2 Experiment

Poly(1-4 addition butadiene-ethylene oxide) was pur-
chased from Polymer Source Inc. (Canada). The PB-PEO
had number averaged molecular weights of M, (PB) =
26 kg/mol and M,,(PEO) = 7.5kg/mol for the two blocks,
and a polydispersity index of 1.06. Thin films were spin-
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cast from dilute toluene solutions (0.5 to 4 wt.%) onto
clean Si substrates with the native oxide layer, which
had been UV ozone treated to remove any remaining
organic contaminants. Film thicknesses, h, from 35nm
to 200nm were obtained by varying the solution con-
centration and spin speed. Samples were annealed for
over 20 hours in vacuum at 90°C. This temperature is
well below the bulk order-disorder transition tempera-
ture for this system (Topr > 220°C [25]), resulting in
a micro-phase—separated morphology of PEO minority
spheres (14nm radius [26]) in a PB matrix. The ordered
structure was confirmed with atomic force microscopy
(AFM) of the top surface. The PB-PEO system satisfies
the conditions for observing the substrate-induced mor-
phology transition described above. The surface energy
of PB is lower than PEO resulting in a PB layer at the
free surface [27]. From wetting/dewetting experiments, we
have found that the minority PEO block has a greater
preference for the Si substrate and there is an energetic
drive for PEO to wet the substrate. Thus, the PB-PEO
diblock system exhibits asymmetric boundary conditions:
PEO has a preference for the substrate, while PB favours
segregation to the air interface (see schematic in fig. 1
where the dark domains represent PEO, and the grey ma-
trix is the PB).

After annealing the samples, they were transferred to
the ellipsometer. Measurements were carried out on a
custom-built, single-wavelength (632.8 nm) self-nulling el-
lipsometer (for further details see previous ellipsometry in-
vestigations into crystallisation of the same PB-PEO sys-
tem [28,29]). In the self-nulling mode of ellipsometry a po-
lariser is rotated to angle P such that the emerging linear
polarised light passes through a quarter wave plate onto
the sample at some angle of incidence (50° was used in
this case). The polariser is rotated to produce elliptically
polarised light before the sample which emerges as linearly
polarised after reflection from the film covered substrate.
Another polariser, called the analyser is then rotated to
an angle, A, to null the intensity at the detector [30]. In all
experiments, the polariser and analyser angles, P and A,
were measured as a function of temperature, T', and then
converted to film thickness, h, and refractive index, n, us-
ing the standard equations of ellipsometry [30]. Tempera-
ture control on the ellipsometer was achieved with a modi-
fied optical microscope heating stage (Linkam, THMS 600,
United Kingdom) flushed with dry nitrogen. Samples were
annealed at 70 °C for 20 min prior to measurement, cool-
ing to —18°C, held for 5 mins, then heated back to 70 °C.
This temperature range is above the glass transition for
bulk PB (7, < —40°C [31]) and the crystal nucleation
temperature for PEO spheres of this size (T, = —21°C,
as measured by ellipsometry [28,29]). Within this temper-
ature range both block components were in the amorphous
melt state. We note that the fact that both ordered phases
remain fluid within the temperature window required for
the transition to take place makes the measurement of the
change in morphology possible. For most measurements
heating and cooling was carried out at 1 °C/min. To probe
the dynamics of the morphological transition, heating and
cooling rates from 0.02°C/min to 5°C/min were used.
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Fig. 2. A typical ellipsometry experiment. The sample has

been cooled from 70 °C to —18 °C. At —9 °C, a deviation in the

cooling data can be seen, with a reverse transition at ~ 40°C
upon heating.

3 Results and discussion

Though ellipsometry is a standard experimental tool, we
discuss a few of the details crucial to the work presented.
The conversion of the angles measured in ellipsometry to h
and n is model dependent [30]. One of the simplest models
used is the assumption of a single uniform film covering
a substrate: the refractive index of the film does not vary
in the film normal direction, n(z) = n, where z is the
distance from the substrate. In the case of a non-uniform
film, for example if there is a gradient in the index of re-
fraction dn/dz # 0, then the “uniform film” model does
not hold. An extreme example of a gradient in the index is
that of a bilayer film. Since polarisation of light is affected
by reflections from the additional interface in a bilayer
film, a bilayer film model must be used [30]. While the
films studied here are not of uniform composition, as long
as we can treat the domains of PEO as much smaller than
the wavelength of light, a constant index of refraction de-
scribes the system with an index intermediate to that of
the PEO and PB.

In the schematic shown in fig. 1(a), the uniform-film
model is an excellent assumption because the PEO do-
mains are much smaller than the wavelength of light. Fur-
thermore, the footprint of the laser light illuminates an
area of ~ 3mm? containing about 10'°© domains. That
the uniform-film model is a good assumption for samples
of the sort shown in fig. 1(a) has been well established
in previous studies of crystal nucleation in the minority
PEO spheres [28,29]. Clearly, if the sample undergoes a
morphological transition at the buried interface as shown
in fig. 1(b), the uniform-film assumption is no longer valid.
In that case, the sample must be treated as a bilayer be-
cause of the change in polarisation induced by the PEO
wetting layer.

In fig. 2 we show a typical ellipsometry experiment
identifying the substrate-induced morphological transi-
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tion. In this figure, measured P(T") and A(T) data have
been converted to film thickness h(T) (shown), and re-
fractive index n(T") (not shown), using the uniform-film
model. As the film is cooled from 70 °C, the film contracts
at a constant thermal expansion rate as expected, thus
resulting in a constant slope [28,29]. At —9°C a sharp
deviation occurs, followed by a return to the initial con-
traction rate down to —18 °C. On subsequent heating, the
film expands with the same expansion coefficient until a
broader deviation occurs at 40°C. AFM of the free sur-
face layer before and after the morphological transition
upon cooling indicates that the phase-separated spheri-
cal morphology is unaltered by the transition. The fact
that the expansion coefficient does not change following
the two transitions rules out a crystallisation mechanism
as being responsible for the observed deviations. We have
previously shown that crystallisation of some component
of the phase-separated film results in a measurable change
in the expansion coefficient due to the fact that following
crystallisation the film contains a solid component [28].

We now turn to the origin of the transitions in apparent
film thickness. As will be made more clear below, the ap-
parent change in thickness, Ah, occurs at the morphologi-
cal transition from spherical caps of PEO at the substrate
interface to a wetting layer of PEO. Simply put, while the
uniform-film model used is valid upon cooling down to
—9°C (fig. 1(a)), below the sphere-to-lamella transition
a bilayer model must be used (fig. 1(b)). While the dif-
ference is small, corresponding to a mere ~ 0.2nm, it is
clearly measurable with ellipsometry (see insets of fig. 2
where the individual data points are visible). Furthermore,
the fact that the data at the beginning and end of the ex-
periment are identical indicates that instrumental drift, or
irreversible changes in the sample, can be ruled out.

Further evidence that the sudden deviation in film
thickness is the result of the wetting transition is pro-
vided in fig. 3. Here we show data for the magnitude of
the apparent thickness and index change, Ah and An, for
experiments on films ranging from 35 nm to 200 nm. It can
be seen that, depending on the overall film thickness, an
apparent increase or decrease in film thickness occurs as
a result of the transition. Again, these results do not sup-
port a crystallisation-based mechanism for the transition,
as crystallisation in some portion of the film will always
result in a contraction of the film. Such a contraction can
be seen in our previous work related to this PB-PEO sys-
tem [28]. An expansion of the film upon crystallisation
is not consistent with what is known about polymer crys-
tallisation. For all these measurements, Ah and An are the
result of using the uniform-film model which is only valid
at temperatures above the transition. Below the transition
a bilayer model must be used. To clarify, Ah ~ —0.2nm
is the vertical difference between the two lines in fig. 2
for the 96 nm film which represents a single data point in
fig. 3.

Knowing that the sudden transitions in h(7") and n(T)
are simply an artefact of using the uniform-film model in
a temperature range where the bilayer film model must
be used enables a direct verification. P and A values were
simulated using standard equations of ellipsometry and
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Fig. 3. Changes in the apparent thickness, Ah (a), and the ap-
parent refractive index, An (b), as a function of film thickness.
Discrete points were measured experimentally, smooth curve
represents simulated data.

reasonable values for substrate and film refractive indices.
Two different geometries were considered corresponding
to the two models shown in fig. 1: 1) a homogeneous uni-
form PB-PEO film on a Si substrate; and 2) a bilayer
film consisting of a homogenous uniform PB-PEO layer
with a 2.5nm wetting layer of PEO (all index of refrac-
tion parameters have been measured with ellipsometry).
A 2.5nm layer was chosen as an estimate for the lamellar
layer thickness based on knowledge of the spherical do-
main size and assuming volume is conserved in going from
a half-sphere to a lamellar wetting layer. For both sets of
simulated data, values for thicknesses of 35 < h < 220nm
were generated in 1 nm increments. The simulated h and n
values using model 2) were subtracted from model 1) and
respectively plotted as a function of film thickness as the
solid line in fig. 3. Thus, these simulated values of Ah and
An as a function of film thickness represent the artefact
induced by assuming a single homogeneous film model in
the regime where a wetting layer exists.

In fig. 3, there is good agreement between the sim-
ulated and experimental data. The small systematic dif-
ference can be attributed to the simplicity of the model
used for the simulation compared to the actual system.
The agreement confirms the schematic of fig. 1 and indi-
cates that the apparent changes observed in h and n are
indeed due to the morphological transition at the buried
interface.

Having established that the transition in morphology
is induced by the substrate, it is clear that the transi-
tion is sensitive to surface energy of the substrate, or
more precisely Ay = (ypBsi — YprO,si). Thus, by tun-
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Fig. 4. The analyzer angle, A(T'), for PB-PEO films prepared
on a PB substrate (a), a PEO substrate (b), and on a Si sub-
strate (c). For all three plots crystallisation of the PEO do-
mains can be seen to take place below —20°C, with subse-
quent melting upon heating the film above 50 °C. Addition-
ally, in (b) the PEO substrate layer can be seen to crystallise
at 43 °C with subsequent melting upon heating the film above
59°C. In both (a) and (b), the morphological transition evi-
dent at —8 °C on the Si substrate (c), is not seen either upon
cooling (sphere-to-lamella at ~ —10 °C) or heating (lamella-to-
sphere at ~ 40 °C). The substrate properties can turn off the
observation of the reversible transition (note that for (c) the
morphological transition upon heating is not seen because the
PEO spheres are in the crystalline state and cannot rearrange
until in the melt state ~ 53 °C).

ing the substrate surface energy, we should be able to
“turn off” the reversible transition. We have tuned A~y
in two ways. First, we have made the substrate very un-
favourable for the PEO block by using a thin adsorbed PB
(M,, ~ 75kg/mol) film spincast onto Si as our substrate,
with the diblock film then spun on top. In fig. 4(a) is
shown the analyser angle A as a function of temperature.
Upon cooling the film, no deviation related to the ordering
transition is seen at ~ —10°C. Rather a sudden change
is seen at ~ —23 °C consistent with the crystallisation of



J.L. Carvalho et al.: Reversible interface-induced sphere-to-lamellar transition

60 | 4
-
40} -
SRRy 1
St -
~
0F 4
!qél'!:'i 1! - i!I"I; & ’i"
20 F . . . 4
50 100 150 200
h (nm)

Fig. 5. Transition temperature as a function of film thickness.
Round data points represent the sphere-to-lamellar transition
that takes place upon cooling the sample. Triangles represent
the reverse lamellar-to-sphere transformation after subsequent
heating. A large hysteresis is evident between the two data sets.

PEO [28,29]. Likewise, upon heating only the melting of
the crystal domains is seen at ~ 55°C. By making the
substrate far more favourable for the PB block, Ay < 0,
there is no drive to form a wetting layer and the transition
has been inhibited. In the second instance, we have made
the substrate much more favourable for the PEO block by
spincasting a thin PEO film (M,, ~ 103kg/mol) onto Si
and subsequently coating the diblock film. These data are
shown in fig. 4(b). Again, no transition related to morpho-
logical reordering is seen at ~ —10°C upon cooling, or at
~ 40°C upon heating. For this system, the PEO block ob-
viously has an even larger affinity for the PEO substrate
than for the case of bare Si, thereby shifting the transition
temperature window. The driving force to form a lamel-
lar wetting layer is large enough that a layer should be
present at all temperatures, consistent with the fact that
the transition is no longer evident at any temperature for
this particular case. We note that the transitions that are
observed in the data are all related to the crystallisation
of the PEO (see figure caption) [28,29].

In fig. 5, we have plotted the temperature, at which
both the sphere-to-lamella (cooling) and lamella-to-sphere
(heating) transitions take place as a function of film thick-
ness. Notable features of the data in this plot are: 1) the
considerable scatter in the data, 2) within the range stud-
ied there is no film thickness dependence, and 3) there
is significant hysteresis in the reversible transition. The
scatter in the temperature of the transition upon heat-
ing (lamella-to-sphere) can be attributed to the broad
nature of the transition (see fig. 2), and is indicated by
the large error bars for these data points. However, when
cooling, the sphere-to-lamella transition is very sharply
defined (see fig. 2). Thus, we cannot attribute the scatter
in these data points to measurement uncertainty. Rather,
we suspect that this scatter is due to small variations in
the surface energy of the Si substrate at the time the films
were prepared, despite our best efforts toward consistency.
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Fig. 6. Rate dependence of the substrate-induced transition.
For the sphere-to-lamella transition (squares), samples were
cooled from 70°C to —18 °C. For the lamella-to-sphere tran-
sition (triangles), samples were first cooled at a fixed rate of
4°C/min from 70 °C to —18 °C to ensure identical initial condi-
tions, held for 5 mins and then heated with the range of rates
indicated. The lowest rate data point is a “pseudo-infinitely
slow” measurement and provides an upper bound as explained
in the text.

Given that we have been able to effectively turn off the
transition by tuning the substrate surface energy, it seems
reasonable that variations in surface energy will result in
scatter in the transition temperature. While the same sur-
face energy variations are also likely a factor in the scatter
of the lamella-to-sphere transition upon heating, this is
overwhelmed by the breadth of the transition resulting in
a larger measuring uncertainty. Tsarkova and co-workers
have also noted the need for systematic cleaning proce-
dures to better achieve reproducibility in a study of phase
transitions for a cylinder-forming diblock system that is
directed by the substrate [21]. Regardless, the sphere-to-
lamella transition occurs at —11 +2 °C upon cooling with
the reverse transition at 43 +4°C.

From fig. 5, it is evident that there is large hysteresis
between the two transitions. To determine if this hystere-
sis is simply the result of kinetics, or an underlying dif-
ference in the sphere-to-lamella versus lamella-to-sphere
transition, cooling and heating rates were varied from
0.02°C/min to 5 °C/min, and the effect on transition tem-
perature measured (see fig. 6). There does not appear to
be any measurable rate dependence for the lamella-to-
sphere transition when heating. In contrast the sphere-
to-lamella transition moves to higher temperatures with
slower cooling rates. It should be noted that even for the
slowest cooling rate of 0.02°C/min, there is a hysteresis
of ~ 35°C. While slower rates were not experimentally
feasible, we have been able to conduct “pseudo-infinitely”
slow experiments which provide a bound on the transi-
tion. A film was cooled at 1°C/min to 30 °C and held for
4 days. Upon subsequent heating, there was no lamella-
to-sphere transition indicating that the sphere-to-lamellar
transition had not occurred during that time. Though no
transition could be measured, this observation provides an
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sphere upon heating.

upper bound on the transition if it could occur at 30°C.
The upper bound “pseudo-infinite” data point is shown
at (0.0023°C/min, 30°C) (the upper bound on the rate
is obtained as follows: since no transition occurred while
holding at 30°C for 4 days, then if a transition could oc-
cur at this temperature, the rate must be less than than
(43°C —30°C)/4 days). We speculate that the hysteresis
that is maintained even for very slow rates indicates a fun-
damental difference in the thermodynamics of the transi-
tion when cooling and heating. The hysteresis may be the
result of different pathways for the sphere-to-lamella and
lamella-to-sphere transition. In fig. 7 we construct a ten-
tative diagram of the transition. Starting from high tem-
perature the sample is cooled and the interfacial term that
drives spreading of the minority domains dominates. The
minority domains increase contact area with the substrate,
growing until adjacent domains touch at which point the
wetting layer is established. The continuous change upon
cooling suggests there is no activation barrier to the transi-
tion. During the reverse cycle, the situation is different. In
order for domains to form, the wetting layer interface must
undulate at the cost of an increased interfacial area, sug-
gesting an activation barrier. Fluctuations of the interface
must grow until they touch the substrate at which point
the transition to spherical cap domains can occur. The ex-
istence of an activation barrier is also consistent with the
observation that the temperature range over which the
transition takes place is broad (compare insets of fig. 2).
We note the strong analogy to the spinodal and binodal
points in the phase separation of binary blends.

Lastly, we comment in more detail on the origin of
the transition. As discussed above, the conditions for ob-
serving the transition from sphere-to-lamella upon cooling
requires the interfacial energy of the minority domain with
the substrate, v, s, to be less than that of the matrix on
the substrate, vp s. Consider a simple liquid droplet with
surface tension 7y, on a substrate with surface tension s,
the spreading parameter is defined as S = v, — (vs.1 +),
where 7, ; is the interfacial tension of the solid-liquid inter-
face [32]. The droplet will wet the substrate when S > 0.
By analogy, we arrive at a necessary but not sufficient
condition that Ay = vy s — Ya,s > Ve, for the spheres
to transform into a lamella. As pointed out by Turner
and co-workers [5], for it to be sufficient, the reduction
in surface energy must compensate both the increase in
a-b interfacial area and the entropic cost associated with
deforming the a-b interfacial curvature, which favours a
spherical cap for the asymmetric diblock case. Hence the
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sphere-to-lamella transition requires the energy difference,

(1)

to become negative, where n is the number of molecules
involved in the transition per unit area, AF is the free-
energy difference per molecule between the sphere and
lamella morphologies, and p is a geometrical factor spec-
ifying the fraction of the substrate covered by the matrix
component of the sphere morphology.

Interfacial tensions are typically not strongly depen-
dent on temperature, so we need to understand the tem-
perature dependence of transforming the a-b interface,
nAF. For the system studied, we are well below the order-
disorder transition temperature of the diblock and can
therefore apply strong-segregation theory (SST) (see [3]
for detailed discussion of the scaling that is to follow).
According to SST, the free energy per chain varies as
F/T ~ x'/3, where x ~ 1/T is the Flory-Huggins param-
eter describing the interaction between the blocks. The
temperature scaling per molecules is then F ~ T2/3. The
number of molecules, n, involved in the transition is pro-
portional to the characteristic domain size, which scales
as x/6 ~ T=1/6 (see eq. (3) in [3]). Thus the free energy
per unit area of the wetting layer varies as nF ~ T2
Since the free energy of both the spherical caps with ideal
curvature and the wetting layer scale as ~ T2, so does
their difference, nAF. Keeping only the temperature de-
pendence, we have

AQ =nAF — p(Vo.s — Va.s)s

AL ~ C\/T - p(lyb,s - 'ya,s)a (2)
where ¢ and p are positive constants and the interfacial
tensions only have a weak temperature dependence. From
eq. (2) we can clearly see that as the temperature is de-
creased the interfacial term dominates at the expense of
curvature and the sphere-to-lamella transition is favoured.
Clearly, a very serendipitous balance of the contributions
in eq. (2) is required in order to observe the transition
within the temperature range accessible to experiment.

4 Conclusions

Here we have used ellipsometry to probe a surface-induced
transition in the morphology of an asymmetric PB-PEO
diblock. At high temperatures the bulk-like morphology
is found at the substrate: PEO spherical caps of the mi-
nority domain cover the interface, since the PEO has a
more favourable interaction with the substrate than does
PB. However as temperature decreases, and with it the
entropic penalty associated with distortion of the curved
spherical interface, the surface energies dominate. At low
temperature a thin wetting layer of PEO has a lower free
energy than spherical caps. Since ellipsometry is very sen-
sitive to the additional buried interface provided by the
wetting layer, the sphere-to-lamella transition is easily
measured. Furthermore, upon subsequent heating the re-
verse transition occurs with significant hysteresis between
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e transition upon cooling and upon heating. The re-
rsible surface directed transition between the spherical
p and wetting layer morphologies is strongly dependent

on the surface energy of the substrate. We have shown that
by modifying the energetics the morphological transition

ca.

n be turned off.
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