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c EDP Sciences / Società Italiana di Fisica / Springer-Verlag 2011
Published online: 24 May 2011 – 
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 polymer 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 structures. When these materials are conﬁned as in the case
of thin ﬁlms, the desire to balance surface and interfacial energetics, as well as commensurability of the structures 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 conﬁnement approaches the length scale of the domain size within
the ordered structure. For example, recent experimental
and theoretical studies have explored equilibrium morphologies 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 conﬁnement. This simplest system results in a lamellar morphology in the bulk. The interplay between commensurability
of the lamellae, surface energetics, and conﬁnement to thin
a
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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 conﬁnement, 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 morphologies 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 morphologies away from the surface [5–7,15–17,20]. Theoretical 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 equilibrium 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 volume fraction [6] or surface energetics [20]. As one probes
even thinner ﬁlms, the additional constraints of conﬁnement and surface interactions can result in further diﬀerences between how bulk and thin ﬁlms order. Recently,
Kramer and coworkers investigated a transition from twoto 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 (PEO) 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 systems, domains are known to pack in a body-centered cubic
(bcc) lattice in the bulk, while a hexagonal (hex) lattice
is preferred in very thin ﬁlms. These two ordered morphologies minimize packing frustration for their respective
constraints [4,23].
Let us consider the case of an asymmetric, sphereforming, diblock copolymer where the minority block “a”
has a preference for the substrate compared to the matrix “b”. This is equivalent to stating that γa,s < γb,s ,
where γ is the interfacial tension of either block with the
substrate as denoted by the subscripts. There are two contributions to the free energy which determines the morphology observed at the interface. If the substrate surface
energy term dominates, that is, Δγ = (γb,s −γa,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, Δγ > γa,b , where
γa,b is the tension at the diblock a-b interface [5,24]. Entropy favours a curved a-b interface for the asymmetric
diblock case, thereby maximising the conﬁgurations available to the blocks while maintaining micro-phase separation. If the entropic term which drives spherical morphology 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 representation 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 wetting 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 exhibits a fortuitous balance between the enthalpic and entropic interactions such that the transition between the
sphere and lamella state at the substrate interface, appears 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 purchased from Polymer Source Inc. (Canada). The PB-PEO
had number averaged molecular weights of Mn (PB) =
26 kg/mol and Mn (PEO) = 7.5 kg/mol for the two blocks,
and a polydispersity index of 1.06. Thin ﬁlms were spin-

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 35 nm
to 200 nm were obtained by varying the solution concentration 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 temperature for this system (TODT > 220 ◦ C [25]), resulting in
a micro-phase–separated morphology of PEO minority
spheres (14 nm 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 morphology 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 matrix 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 ellipsometer (for further details see previous ellipsometry investigations into crystallisation of the same PB-PEO system [28,29]). In the self-nulling mode of ellipsometry a polariser 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, using the standard equations of ellipsometry [30]. Temperature control on the ellipsometer was achieved with a modiﬁed 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, cooling to −18 ◦ C, held for 5 mins, then heated back to 70 ◦ C.
This temperature range is above the glass transition for
bulk PB (Tg < −40 ◦ C [31]) and the crystal nucleation
temperature for PEO spheres of this size (Tc = −21 ◦ C,
as measured by ellipsometry [28,29]). Within this temperature 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 refraction 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 describes 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 domains are much smaller than the wavelength of light. Furthermore, the footprint of the laser light illuminates an
area of ∼ 3 mm2 containing about 1010 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 because 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 refractive 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 contraction 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 surface layer before and after the morphological transition
upon cooling indicates that the phase-separated spherical 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 apparent change in thickness, Δh, occurs at the morphological 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 difference is small, corresponding to a mere ∼ 0.2 nm, 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 experiment 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 provided in ﬁg. 3. Here we show data for the magnitude of
the apparent thickness and index change, Δh and Δn, 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 support 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 system [28]. An expansion of the ﬁlm upon crystallisation
is not consistent with what is known about polymer crystallisation. For all these measurements, Δh and Δn 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, Δh ∼ −0.2 nm
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(T ) 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, Δh (a), and the apparent refractive index, Δn (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 uniform PB-PEO ﬁlm on a Si substrate; and 2) a bilayer
ﬁlm consisting of a homogenous uniform PB-PEO layer
with a 2.5 nm wetting layer of PEO (all index of refraction parameters have been measured with ellipsometry).
A 2.5 nm layer was chosen as an estimate for the lamellar
layer thickness based on knowledge of the spherical domain 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 < 220 nm
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 Δh and
Δn 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 simulated and experimental data. The small systematic difference 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 indicates 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 transition is sensitive to surface energy of the substrate, or
more precisely Δγ = (γPB,Si − γPEO,Si ). Thus, by tun-

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 substrate (c). For all three plots crystallisation of the PEO domains can be seen to take place below −20 ◦ C, with subsequent melting upon heating the ﬁlm above 50 ◦ C. Additionally, 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 evident at −8 ◦ C on the Si substrate (c), is not seen either upon
cooling (sphere-to-lamella at ∼ −10 ◦ C) or heating (lamella-tosphere 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 Δγ
in two ways. First, we have made the substrate very unfavourable for the PEO block by using a thin adsorbed PB
(Mn ∼ 75 kg/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
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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, Δγ < 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 (Mn ∼ 103 kg/mol) onto Si
and subsequently coating the diblock ﬁlm. These data are
shown in ﬁg. 4(b). Again, no transition related to morphological reordering is seen at ∼ −10 ◦ C upon cooling, or at
∼ 40 ◦ C upon heating. For this system, the PEO block obviously 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 lamellar 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 thickness. Notable features of the data in this plot are: 1) the
considerable scatter in the data, 2) within the range studied 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 heating (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 transition (triangles), samples were ﬁrst cooled at a ﬁxed rate of
4 ◦ C/min from 70 ◦ C to −18 ◦ C to ensure identical initial conditions, 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 surface 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 procedures 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-tolamella 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 hysteresis is simply the result of kinetics, or an underlying difference 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 temperature measured (see ﬁg. 6). There does not appear to
be any measurable rate dependence for the lamella-tosphere transition when heating. In contrast the sphereto-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 transition. A ﬁlm was cooled at 1 ◦ C/min to 30 ◦ C and held for
4 days. Upon subsequent heating, there was no lamellato-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-to-lamella transition requires the energy diﬀerence,
ΔΩ = nΔF − p(γb,s − γa,s ),

Fig. 7. Schematic diagram of a potential pathway for the the
transition from sphere-to-lamella upon cooling and lamella-tosphere 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 occur 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 fundamental diﬀerence in the thermodynamics of the transition 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 tentative diagram of the transition. Starting from high temperature 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 transition. 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, suggesting 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 existence 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 observing the transition from sphere-to-lamella upon cooling
requires the interfacial energy of the minority domain with
the substrate, γa,s , to be less than that of the matrix on
the substrate, γb,s . Consider a simple liquid droplet with
surface tension γl , on a substrate with surface tension γs ,
the spreading parameter is deﬁned as S = γs − (γs,l + γl ),
where γs,l is the interfacial tension of the solid-liquid interface [32]. The droplet will wet the substrate when S > 0.
By analogy, we arrive at a necessary but not suﬃcient
condition that Δγ = γb,s − γa,s > γa,b 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

(1)

to become negative, where n is the number of molecules
involved in the transition per unit area, ΔF is the freeenergy diﬀerence per molecule between the sphere and
lamella morphologies, and p is a geometrical factor specifying the fraction of the substrate covered by the matrix
component of the sphere morphology.
Interfacial tensions are typically not strongly dependent on temperature, so we need to understand the temperature dependence of transforming the a-b interface,
nΔF . For the system studied, we are well below the orderdisorder 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 ∼ χ1/3 , where χ ∼ 1/T is the Flory-Huggins parameter describing the interaction between the blocks. The
temperature scaling per molecules is then F ∼ T 2/3 . The
number of molecules, n, involved in the transition is proportional to the characteristic domain size, which scales
as χ1/6 ∼ T −1/6 (see eq. (3) in [3]). Thus the free energy
per unit area of the wetting layer varies as nF ∼ T 1/2 .
Since the free energy of both the spherical caps with ideal
curvature and the wetting layer scale as ∼ T 1/2 , so does
their diﬀerence, nΔF . Keeping only the temperature dependence, we have
√
(2)
ΔΩ ∼ c T − p(γb,s − γa,s ),
where c 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 decreased 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 minority 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 sensitive to the additional buried interface provided by the
wetting layer, the sphere-to-lamella transition is easily
measured. Furthermore, upon subsequent heating the reverse transition occurs with signiﬁcant hysteresis between
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the transition upon cooling and upon heating. The reversible surface directed transition between the spherical
cap 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
can be turned oﬀ.
Financial support from NSERC of Canada is gratefully acknowledged.
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