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Among various structuring techniques, a water-driven ‘templating’ method for the fabrication of highly
ordered porous membranes has been widely exploited for the past 17 years due to its versatility and

robustness. This simple method relies on the formation of “breath figures” and the assembly of

a polymer around them, resulting in the production of membranes with hexagonally arranged pores

known as honeycomb structured porous polymer films/membranes. Herein, we present a review of
relevant literature to stress on the advantages of this simple templating method compared with the wide

range of conventional templating and lithographic techniques that have been previously used in the

field. Furthermore, we present a comprehensive review on the progress in the field including the study of

relevant variables, the materials that have been used, the combination of the method with other

techniques, some current and potential applications for the membranes as well as characterization

techniques.

Introduction

Although inconvenient in some areas such as heat exchange,
coatings, paints, or even in everyday life, the formation of
“breath figures” derived from condensation is the key for
templating highly ordered porous polymeric membranes.

This review focuses on a novel and versatile “breath figures”
templating technique. It presents the development, progress, the
advantages, shortcomings, applications and future directions of
the technique.

Over the past 16 years “breath figures”, together with the self-
assembly of a wide range of polymeric materials, have been used
as an alternative method to the conventional templating and
lithographic techniques for structuring micro- and nano-
materials.

Compared to traditional structuring of materials, the versa-
tility of the technique resides in the use of water condensates as
dynamic templates with no fixed size. Therefore, and in contrast
to other techniques, the need for fabrication of specially designed
templates or very specialized machinery to fabricate them is
avoided. The spontaneous evaporation of the templates “water”
saves an additional calcination or selective dissolution process.
In addition, variable tuning during membrane formation allows
for control of the membrane properties.
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Rapidly developed, this technique has been exploited to obtain
mono- or multi-layered polymeric membranes of various pore
sizes by tuning variables including humidity, concentration,
polymer type, polymer architecture and molecular weight,
among others. However, despite the proven simplicity and
versatility of the method, a thorough insight into the key steps
governing the complex mechanism of formation of the
membranes is still probably the major shortcoming of the area. A
full understanding of the process of formation of the porous
membranes will result in a better control of the pore size, the pore
size distribution and the membrane properties and will ultimately
allow for the implementation of the technique at the industrial
scale.

Some works have already used bare and functionalized
honeycomb membranes for biotechnological applications, while
other applications have been suggested. However, a finer tuning
of the membrane properties and industrialization could lead to
a vast range of potential and promising applications in relevant
areas such as engineering, biotechnology and opto-electronics,
among others.

Development of the technique
From breath figures to honeycomb structured membranes

“Breath figures” were studied as early as 1911 by Lord Rayleigh
who noticed the formation of organized arrays of lens-shaped
water droplets on clean surfaces.! The spontaneously condensed
droplets were stable at the beginning of the process, grew over
time and finally coalesced, giving rise to bigger and disordered
water droplets. Further studies on condensation identified the
steps of the formation of “breath figures” and coverage in
various surfaces.>* These steps include nucleation,** further
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condensation and growth until the droplets reach a critical size
and coalesce with neighbouring droplets. In this manner, the
order of the initial droplet array is lost.

Based on this formation of “breath figures”, the natural
condensation that occurs on surfaces that are subjected to
a highly humid environment is nowadays exploited as a tem-
plating method. Highly ordered porous films (also called
honeycomb structured porous membranes, due to their hexag-
onal pattern) are obtained when drop-casting a polymer solution
under a humid environment of at least 50% RH. In this tech-
nique, as in the phenomenon observed by Rayleigh, nucleation
and growth of water droplets occur. However, in this particular
“breath figures” templating technique, coalescence of water
droplets is prevented by the presence of the polymer that
assembles around the droplets acting like a stabilizer.

The first work on “breath figures” templating to obtain porous
membranes dates from 1994. Francois and co-workers obtained
polystyrene (PS) based honeycomb membranes from solvent
casting CS,-polymer solutions (2-100 g L~') under a humid
environment.® Ever since this first report, the technique has been
used extensively due to its versatility compared with other tech-
niques that are briefly described below.

Traditional templating and breath figure templating

The patterning of nano- and micro-porous materials is a topic of
extensive research and of applicability in medicine, pharmaceu-
tics, biotechnology, catalysis, optics, electronics, industry and
manufacturing.” Therefore, a growing number of studies focus
on finding viable means for their production.

Conventionally, ‘top-down’, ‘bottom-up’, or hybrid tech-
niques are used to pattern materials.'® These approaches include
traditional methods such as etching, lithography, photolithog-
raphy and soft lithography.''* Moreover, templating methods
have been also explored widely. These methods use inorganic
particles,’® beads,'® latex spheres,’” water in-oil-emulsions,
bacteria,'®!® phase separated block copolymers,>>?! colloidal
crystals,?*2* rod-coil polymers,®>2?¢ and even ice crystals®” as
templates.

An alternative and more versatile method to structure mate-
rials, in particular to obtain porous membranes with a hexagonal
array, is the “breath figures” templating technique. This tech-
nique, based on non-rigid templates (i.e. water droplets), allows
for an interactive control and tuning of the pore size, pore
spacing and final properties of the membranes such as controlled
hydrophobicity or functionality. Materials with pores in the
nano- or micro-scales are obtained with this technique by simply
modifying the conditions during membrane fabrication.?®

The breath figure method to produce honeycomb structured
porous membranes

As first applied by Frangois and co-workers, the method to
produce honeycomb structured porous polymer films via “breath
figures” (Fig. 1) consists in simply drop-casting a small volume of
a polymer solution onto a solid substrate under a highly humid
environment (generally at least 50% RH).

The generally accepted mechanism behind the formation of
honeycomb films involves: (1) a cold surface created by the
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Solvent and water
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Fig. 1 Basic “breath figures” casting technique for the formation of
honeycomb structured porous polymer membranes (left). Microscopy
image of a typical honeycomb structured porous film (right).

evaporating solvent of the polymer solution, (2) water conden-
sation on the solution, (3) movement and arrangement of the
condensed water droplets into organized islands with hexagonal
packing, (4) stabilization of water droplets through polymer
precipitation (polymer envelope around the droplets)—in this
way, the condensed water droplets serve as molds for the pores,
(5) total evaporation of the casting solvent followed by a pressure
increase leading to the bursting of the polymer envelope to form
pores and (6) finally, total evaporation of water to reveal
a porous film (see Fig. 2).

After evaporation is completed, the opaque polymeric films
that remain attached to the solid substrate are porous. In
contrast, when casting under dry conditions the films are trans-
parent and devoid of pores. Variations to the basic technique
have also rendered highly regular porous polymeric membranes
(see Fig. 3). These variations rely on the control of some variables
such as airflow rate, type of substrate and temperature. Some of
these variations and combinations of the technique with other
methods are presented as follows.

Airflow technique. As in the basic technique, the polymer
solution is cast onto a solid substrate. However, the forced and
rapid solvent evaporation caused by an air current creates
a bigger temperature gradient between the surface of the polymer
solution and the bulk.*3* A colder surface promotes the
condensation and growth of the water droplets. In addition, close
packing is favoured due to the currents and movement in the
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Fig. 2 Mechanism of formation of honeycomb structured porous
polymer films. Adapted from M. H. Stenzel, Formation of regular
honeycomb pattern porous film by self-organization, Australian Journal
of Chemistry, 2003, 55, 239-243.
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Fig. 3 Schematic representation of various casting techniques based on
the breath figure method for the preparation of honeycomb structured
porous polymer films. (a) Airflow technique, (b) cold-stage casting
technique, (c) casting on water technique, (d) emulsion technique. Re-
printed from K. H. Wong, M. Herndndez-Guerrero, A. M. Granville, T.
P. Davis, C. Barner-Kowollik and M. H. Stenzel, Water assisted
formation of honeycomb structured porous films, Journal of Porous
Materials, 2006, 13, 213-223.

dynamic evaporating system. Humidity content, flow rate,
distance and angle of direction of the air are control variables in
this technique.®*

Casting on water technique. Not only solid substrates have
been used for honeycomb membrane casting. The air—water
interface is a surface that can be used to produce self-standing
membranes. In this technique, the floating membranes are
recovered with a glass slide. Shimomura and co-workers
successfully used the air/water interface to produce honeycomb
membranes from an amphiphilic copolymer, namely, dodecyla-
crylamide and w-carboxyhexylacrylamide in benzene.* The area
and thickness of the membranes were controlled both by the
volume of spread of the solution and water temperature. Film
thickness ranged from 685 to 1260 nm. Connal et al. further
modified the technique by pre-casting a thin layer of the polymer
solution in water followed by further casting of the same solu-
tion.3® Davis and co-workers obtained regular honeycomb
membranes when casting a PS-comb polymer at the air-aqueous
solution interface.*

Cold-stage casting technique. In this variation of the basic
“breath figures” technique, the temperature of the solution and
the substrate can be controlled in order to enhance condensa-
tion.?”* A cold-casting cell is used for that purpose. The solid
casting substrate is placed on the cold-stage to control temper-
ature below ambient conditions. A more substantial condensa-
tion and increase in viscosity occur due to a lower temperature.

Moreover, the interfacial behaviour between the solution and the
condensed water droplets is also affected. The cold-stage can be
a surface or the air—water interface for the casting on water
technique. Highly regular membranes of poly(p-phenylene-
vinylene) and polythiophene of tenths of mm? were obtained
when controlling the temperature of the substrate (40% saccha-
rose in water) to temperatures from 5 °C to 3 °C.%’

Emulsion technique. Finally, in the “emulsion technique”
variation, water (or an aqueous solution) is directly introduced
into a polymer solution.**** The system is generally homoge-
nized by sonication. In this way, honeycomb structured
membranes from homopolymers such as cellulose acetate buty-
rate, monocarboxylated polystyrene and poly(methyl methac-
rylate) (PMMA) have been successfully obtained from THF
solutions under a dry environment (RH < 30%).** PS and
PMMA honeycomb membranes were also obtained when
injecting sucrose aqueous solutions into benzene solutions of
either polymer.*! PS based comb polymers in non-polar solvents
such as carbon disulfide in emulsion with up to 50% v/v of water
have also rendered highly regular honeycomb membranes.3*

Recently, a Pickering-emulsion effect was introduced into the
“breath figures” method to obtain particle-functionalized
membranes. Silica and polystyrene particles and also poly-
(NIPAAm)-co-acrylic acid microgels were used as stabilizing
agents in aiding the formation of ordered membranes.**

Combination with other methods: spin coating and dip-coating.
Spin coating and dip-coating have been widely used in the
laboratory to obtain uniform films.*>*” The breath figure tech-
nique has been combined with spin coating in humid condi-
tions.**>' Elongated pores rather than circular pores are
obtained by combining both approaches. High spinning rates
have been shown to be beneficial to obtain highly regular porous
structures, while lower spinning rates allow for coalescence to
happen. Using the combination of these two approaches, PET-
fluorinated films were observed to be distinctively more ordered
at high spinning rates from 2000 to 3000 rpm compared with
films obtained at 1000 rpm.*> Munoz-Bonilla and co-workers
were able to prepare porous membranes from an amphiphilic
ABC triblock copolymer poly(2,3,4,5,6-pentafluorostyrene)-b-
polystyrene-b-poly[(ethylene glycol) methyl ether methacrylate]
(PS5F(21)-b-PS31-b-PPEGMA(38)) mixed with a high molecular
weight polystyrene by spin coating under humid conditions.>

As in the combined spin-coating-“breath figures” technique—
the process of the combination of dip-coating with “breath
figures” is performed under a highly humid environment. A graft
copolymer styrene/(methacryloyl terminated PEG macro-
monomer) = 105/1 dissolved in CHCI; has been successfully used
to obtain pores of about 1.5 um and 900 nm depth with a pulling
speed of 500 cm min~' under a humid environment of 70% RH.
For this system, no ordered films were obtained by the conven-
tional casting method. Therefore, the combination of the two
methods is beneficial to structure some materials.>*

Variables and control of membrane properties

Variables such as humidity, solvent, polymer—solvent interac-
tions, concentration, temperature, substrate, type of polymer,
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polymer architecture and molecular weight have been identified
as particularly crucial for the quality and properties of the
membranes.>® In fact, the spectrum of possible interplay of all the
variables is broad. By controlling these variables, the quality,
pore size, spacing between pores and thickness of the membranes
can be tuned and optimized. Multilayered or mono-layered
arrays of pores are also intimately related to the process
variables.

In this section, we present some general observations and
results from studies that have controlled the aforementioned
variables in order to optimize the quality of honeycomb
membranes. It must also be pointed out that each casting system
(polymer solution and conditions) is unique and, therefore, in
some cases no definite conclusions on the effect of each variable
can be drawn.

Humidity. Evidently, one of the most important variables of
the technique is the level of humidity. Environments with
a relative humidity of 50% or higher are necessary to promote
favourable condensation.’**” A certain degree of control of the
pore size can be achieved by regulating humidity during
membrane casting. A trend is observed in which the size of the
pores in the films increases almost in a linear fashion with
humidity.*® In contrast, vast condensation at high humidity may
result in the coalescence of water droplets yielding a polydisperse
pore size distribution. This was the case for films from a series of
amphiphilic block copolymers of polystyrene-b-poly(N,N-dime-
thylacrylamide) (PS-b-PDMA) with increasing hydrophilic
blocks.* The strong interaction of the hydrophilic block of the
amphiphiles resulted in a decrease in pore regularity. The pore
size increased with humidity, from 250 to 750 nm to 1 pm for 60%
RH and 65% RH, respectively. A further pore size increase was
observed at 80% and 90% RH. However, the ordering of pores
was affected at these humidity values (Fig. 4).

Solvent. In order to obtain highly regular porous films, non-
polar and highly volatile solvents are preferred. The most
common solvents used for the “breath figures” technique include

Fig. 4 SEM images of membranes from PS;s5-5-PDMA;3, (10 g L' in
70 : 30 v/v% CS,—CH,Cl,) at constant airflow and different relative
humidity values. Re-printed from K. H. Wong, T. P. Davis, C. Barner-
Kowollik and M. H. Stenzel, Honeycomb structured porous films from
amphiphilic block copolymers prepared vie RAFT polymerization,
Polymer, 2007, 48, 4950-4065.

carbon  disulfide,®  dichloromethane,®®  chloroform,®%¢3
benzene,** toluene,*>® tetrahydrofuran®”%® and freon® among
others. Mixtures of these solvents have also been used to enable
solubilization of some polymers to apply the “breath figures”
technique.

The evaporation rate of the solvent influences the whole
casting process and the condensation. The conformation of the
polymer in solution, the surface tension of the solution,
viscosity, the facility of the polymer to undergo Brownian
motion and the restriction to polymer movement by intermo-
lecular forces are closely associated with the solvent and
determine the quality of the membranes.” Billon ez al found
a correlation between the wet thickness (i.e. the height of the
solution) and the evaporation rate in the formation of multi-
layered films. A slow evaporation is believed to allow for the
sinking of a first condensed layer of droplets, leaving space for
the creation of a second layer on top of the solution. The
authors demonstrated the formation of multilayered films even
when using high density solvents. In agreement with other
works, in this work it is believed that thermocapillary and
Marangoni forces cause the droplets to submerge and create the
hexagonal array.”™

Concentration. With regard to the concentration of polymer
solutions for the “breath figures” technique, it is worth noting
that the majority of studies focus mainly on weight concentra-
tions and not on molar concentrations. Therefore, detailed
studies keeping a constant molar concentration for various
polymers with different molecular weights are required. Here we
present some examples where the concentration of the polymer in
solution had a role in determining pore size, quality, and
formation of mono- or multilayers for the honeycomb films.

Concentration and pore size. The polymer concentration in
solution and the pore size follow the relationship PS = k/C,
where PS is the pore size in the film, Kis a constant dependent on
the type of polymeric material used and Cis the concentration of
the polymer solution. Stenzel observed a strong relationship
between the pore size and the concentration in solution when
using amphiphiles, whereas less influence was observed when
using various concentrations of star polymers.>*

Concentration and film quality. In other cases, the concentra-
tion is an important variable for the quality of the film. Poly-
carbonate honeycomb membranes were successfully obtained
by casting from chloroform in the concentration range of
0.03 g mL "' to 0.09 g mL~'. However, the order and regularity
were lost at 0.1 g mL~". Poly(r-lactide)-b-poly(ethylene glycol)
(PLEG) honeycomb membranes were obtained only at concen-
trations below 0.5 g L='.7

Concentration and formation of mono- or multilayers. The
concentration of the polymer in solution also affects the forma-
tion of multi- or mono-layered porous membranes. A honey-
comb membrane with a monolayer was obtained when using
0.5 mg mL~" of a dendronized block copolymer polyethylene
oxide-b-polydimethylacrylamide (PEO;;3-b-PDMAj,) in chlo-
roform. For the same polymer, a higher concentration of around
2 mg mL ' rendered membranes with multi-layers.”®
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Temperature. The temperature control during the casting
process affects the evaporation of the solvent, condensation,
surface tension, viscosity of the polymer solution, solubility,
conformation of the polymer and precipitation at the water—
solution interface. Therefore, various authors have focused on
the control of the temperature of the casting substrate and
polymer solution in order to optimize the production of honey-
comb regular membranes.” Cold casting cells or cold aqueous
solutions have been used to control this variable (see also the
previous section for cold-stage casting). By using a cold-stage for
casting, Angus et al. found favourable conditions to obtain
honeycomb membranes from a 5-arm PS star chloroform
solution.®

The temperature of the substrate (40% saccharose in water)
was controlled from temperatures around 5 to 3 °C in order to
obtain good quality honeycomb films from a mixture of 2%
xylene solutions of poly(p-phenylene-vinylene) and poly-
thiophene.*” For a poly(lactide-co-glycolic)acid (90 : 10) in
chloroform solution, honeycomb membranes with bigger and
deeper pores were obtained at low temperatures compared with
the higher temperatures.

Vacuum. Another variable that has been controlled in order to
obtain highly regular porous membranes is vacuum. Li and co-
workers produced porous membranes with voids between 5.6
and 17.1 um by controlling the pressure inside a casting chamber.
The low pressure in the controlled humidity chamber favoured
the evaporation of the solvent and the condensation of water
droplets for the templating of pores.”

Substrate. Undoubtedly, the substrate or surface where the
polymer solution in the “breath figures” technique is deposited
plays a very important role in the regularity and final quality of
the pore array in the membranes. The honeycomb films can be
obtained on a wide range of hydrophilic and hydrophobic or
hydrophobized surfaces such as glass, silicon wafers, quartz,
mica, water, indium tin oxide, silanized glass, gold-coated TEM
grids, glassy carbon electrodes and non-flat substrates are
examples of the materials that have been used to produce
honeycomb membranes.**7¢7® Polymeric substrates such as PVC
and polymethylmethacrylate surfaces have also been tested.”
Various works have shown the effect of the substrate on
membrane morphology. Valiayaveettil and co-workers used
clean glass, epoxy, amine terminated and dendrimer functional-
ized glass as well as silicon wafers to cast a poly(p-phenylene)
with pyridine chloroform solution. In this work, honeycomb
membranes were obtained from glass and silicon wafers. In
contrast, ring patterning, low pore density or net-type structures
were obtained from the epoxy-treated, amine terminated and
dendrimer functionalized glasses, respectively.”® Connal et al.
observed a strong dependency on the type of TEM grid and the
morphology of membranes obtained from a 19 arm poly(dime-
thylsiloxane) (PDMS). The PDMS seemed to be a very versatile
material for the casting of very regular honeycomb membranes
on various substrates such as kaolin and silica particles.” The
surface of water has also been used as a plane for membrane
casting (see the previous casting on water section). The
membranes obtained from the air—water interface are self-
standing, which makes them particularly interesting for

applications when a non-supported film is required. In another
study, the effect of glass, silicon slides and mica was tested. The
authors found mica to be the best substrate for the casting of
dendronized block copolymers. Contact angle studies indicated
that wetting is an important factor to obtain honeycomb struc-
tured films. In contrast to mica, less order was obtained for glass
and silicon slides, as shown in Fig. 5.2

Polymer. Polymer properties are of course determinants of the
final quality of the films. The average molecular weight, degree of
branching, end-groups, impurities such as unreacted monomer,
solvents and low molecular weight fractions affect chain flexi-
bility (glass transition temperature) and influence the pore size,
precipitation and stabilization of the water droplets. Therefore,
many studies are dedicated to the synthesis of well-defined
polymers to estimate the best conditions for the “breath figures”
technique.,*® For this purpose, various living/controlled poly-
merization techniques have been used. These techniques include,
among others, Atom Transfer Radical Polymerization
(ATRP),?*" Nitroxide Mediated Radical Polymerization,®>** and
Reversible Addition Fragmentation Chain Transfer Polymeri-
zation (RAFT).®**¢ Stenzel and co-workers reported the use of
well defined polymers such as block copolymers, comb polymers,
star shaped and amphiphilic macromolecules prepared by living/
controlled radical polymerization.*”*° Hyperbranched polymers
and dendronized block-copolymers can also form regular porous
membranes.®®?> In general, these architectures that adopt
a spherical shape in solution allowed the production of highly
regular porous membranes. Compared with linear PS, a certain
degree of branching density, a high molecular weight and low
viscosity have been the key factors to obtain honeycomb
membranes, as observed in 1999 by Frangois and co-workers.?**
However, other studies show that under the right conditions
regular honeycomb porous films from linear polystyrene without
polar end-groups in the range 100-200 K can be obtained.*>*¢
Other authors have highlighted the importance of end-groups in
polystyrene for the formation of honeycomb films.*’

Amphiphilic polymers and substructures in the films. A special
note needs to be made for polymers with a certain degree of
hydrophilicity as the regularity of the pores seems to be depen-
dent on the hydrophobic to hydrophilic ratio due to the strong
interaction of the water condensates with the hydrophilic part of
the polymers. N,N-Dimethylacetamide, acrylic acid, acryloyl
phosphorylcholine or N-isopropyl acrylamide have been used

Fig. 5 SEM images of the honeycomb structure of films prepared at
18 °C and 90% RH by spreading 40 pL of the copolymer solution
(0.75 mg mL~") onto (a) mica, (b) glass, and (c) silicon plates, respec-
tively. The bar is 20 pm. Re-printed from C. Xia Cheng, Y. Tian, Y. Qiao
Shi, R. Pei Tang and F. Xi, Porous polymer films and honeycomb
structures based on amphiphilic dendronized block copolymers, Lang-
muir, 2005, 21, 6576-6581.
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Fig. 6 SEM images of films cast from PS-5-PDMS (10 g L~ in CSy/
CH,Cl, 70 : 30 v/v%) showing that the regularity is compromised with
increasing length of the hydrophilic PDMA block. Re-printed from K. H.
Wong, T. P. Davis, C. Barner-Kowollik and M. H. Stenzel, Honeycomb
structured porous films from amphiphilic block copolymers prepared via
RAFT polymerization, Polymer, 2007, 48, 4950-4965.

together with polystyrene as the hydrophobic block for
membrane casting.”®%°

Light-emitting rod-coil block copolymers were used to drop
cast honeycomb porous membranes with a two-dimensional
structure. The obtained films were used as templates for two-
dimensional arrays of aluminium microdots.’* In another work
using block copolymers, side-chain liquid crystalline block
polymers with a styrene-co-maleic anhydride alternating block
were employed.'”’ Honeycomb membranes with a thickness of
1 um and pores from 20 to 120 nm of amphiphilic block copoly-
mers of polystyrene-b-polyacrylic acid were successfully cast
from THF solution.’®> Thermoresponsive polystyrene-b-poly(/NV-
isopropyl acrylamide) amphiphilic block copolymers were also
used for membrane casting. The regularity of the produced
membranes was compromised by the size of the hydrophilic
block, which was arranged around the pores, while the surface of
the membranes contained the hydrophobic part.®® The amphi-
philic di-block copolymers polystyrene-b-poly(N,N-dimethyla-
crylamide) (PS-b-PDMA) were more sensitive towards humidity
with increasing hydrophilic block. The regularity of the films
increased with smaller hydrophilic block.*® A greater PEG
content in amphiphilic graft copolymers polystyrene/poly-
ethylene glycol (PS/PEG) (10, 30, 100 mol mol~") led to sponge-
like structured membranes in contrast to the polymers with the
lowest PEG content that produced regular membranes (Fig. 6).>*

Well-defined polymethylene-b-polystyrene copolymers with
different ratios were cast from CS, to render honeycomb films
with pore sizes ranging from 1.2 to 2.5 um. When cast at 28 °C,
the films had smaller pores surrounding the hexagonally packed
micropores.'®® An amphiphilic copolymer containing ruthenium
tris(bipyridyl) helped in the formation of highly ordered honey-
comb films. An effect on the pore size and the height of the
porous structure was also observed. Both parameters, pore size
and height, increased when increasing the content of the
copolymer.’® The substructure created in honeycomb films when
using amphiphilic block copolymers was tested with a range of
bacteria. Psychrobacter sp. SW5H has shown a preferential
adhesion to hydrophobic surfaces.'® In contrast, Vibrio sp.
prefers hydrophilic surfaces. These two types of bacteria were
grown onto honeycomb structured films. The authors observed
accumulation of the hydrophobic surface loving bacteria around
the pores, whereas the hydrophilic bacteria grew inside the pores
of the membranes (see Fig. 7).1%

(A) (B)

Fig.7 Substructure in porous films from amphiphilic block copolymers.
(A) Growth of hydrophobic bacteria Psychrobacter sp. SW5H accumu-
lated around the pores of honeycomb structured films and (B) growth of
hydrophilic bacteria Vibrio sp. inside the pores of the membranes.
Reprinted from M. H. Stenzel, C. Barner-Kowollik and T. P. Davis,
Formation of honeycomb-structured, porous films via breath figures with
different polymer architectures, Journal of Polymer Science Part
A-Polymer Chemistry, 2006, 44(8), 2363-2375.

Hierarchical structures were obtained from diblock copoly-
mers poly(n-butyl acrylate)-b-polystyrene or poly(tert-butyl
acrylate)-b-polystyrene that were synthesized via nitroxide
mediated polymerization. A nanostructuration of the acrylate-
based coil-coil diblock copolymer was observed inside the walls
of the porous membranes.'*’
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