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Novel azobenzene polyelectrolytes have been used to fabricate biocompatible self-assembled multilayer (SAMU) thin films of variable
absorbance, thickness, organization, and morphology. The prepared SAMU films are useful for directed cell growth, and this
application relies directly on control of contact and surface energy, and requires the ability to tune the surface characteristics which
are critical to their development. The azo polyelectrolytes employed here were similar in their degree of polymerization and repeat
unit composition of acrylic acid monomer and azo monomers, and only differ from each other due to the presence of different
substituted head R-groups present on the p-position of the aromatic ring of the azo chromophores. Possession of characteristics of
both the self-assembly due to acrylic acid groups, and photoswitchability of the azo monomer enable the azobenzene functionalized
polyelectrolytes to exhibit novel photo-reversible applications. The azo polyelectrolytes with the substituted R-group pairs of shorter-
ionized hydrophilic COOH and SO3H, shorter-non-ionized hydrophobic H and OC2H5, and larger-nonionized hydrophobic octyl
C8H17 and C8F17 were used as polyanions and counter charge PDAC used as polycation to fabricate the layer-by-layer SAMU films
onto glass and silicon substrates. The fabricated SAMU films were also characterized by various techniques. The UV absorption
maxima, λmax p of the SAMU films move to lower wavelength relative to solution to exhibit a blue shift for the hydrophobic R-groups,
while this behaviour was not observed for the hydrophilic R-groups. Similarly, the thickness, organization, morphology and other
properties of the thin films were found to be dependent on the type of substituted R-groups of the azo polyelectrolytes due to the
inter-related factors of ionization, hydrophobicity/hydrophilicity, solubility, and aggregation of azo PEL in the dipping solutions
used for fabrication of the SAMU films. Understanding and controlling the adsorption characteristics of azo multilayer thin–film of
switchable functionalities are vital to explore their potential for the development and application of new devices in diverse areas of
biosensor, drug delivery systems, on-chip microscale chemical process and microfluidics systems.

Keywords: Aggregation, azobenzene-functionalized polyelectrolytes, biocompatible and bio-medical surfaces, hydrophilic, hydropho-
bic, self-assembled multilayer thin films

1 Introduction

One important and novel tool for creating thin films is
via molecular self-assembly in combination with stimuli-
responsive molecular function which can precisely switch
some properties reversibly in space and time as demanded
by certain applications (1–3). Considering this, such in-
terplay is expected to provide wide opportunities for cre-
ating a new class of programmable materials and devices

∗Address Correspondence to: Nasir M. Ahmad, School of Chem-
ical and Materials Engineering, National University of Sci-
ences and Technology (NUST), Islamabad, Pakistan. Tel: +92
+5190855213; E-mail: nasir.ahmad-scme@nust.edu.pk

(4–7). Among various exploratory techniques, Langmuir-
Blodgett (LB) and chemisorption methods have been em-
ployed widely in the past to fabricate thin films (8). These
techniques have limitations such as requirements of special
equipment, substrate size, and film quality. Considering
this, in 1992, Decher and coworker extended the pioneer-
ing work of Iler to a new method using polyions to fabricate
thin films via an electrostatic layer-by-layer self-assembled
multilayer (SAMU) process (9–10). Since then, the SAMU
film fabrication technique has attracted great attention in
the past decades. This technique is based on physisorp-
tion from solution and utilizes the electrostatic attraction
between opposite charges of polycation and polyanion.
This simple approach enables micro/nano-achitecture con-
trol for each adsorbed layer from environmental friendly
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572 Ahmad et al.

aqueous solution, and fabrication of films is largely in-
dependent of the nature, size and topology of substrates.
Furthermore, the growth of single layers via this method
offers the opportunity of controlling surface properties at
the molecular level. Deposition of films can be carried out
either by automatic dipping or manually by hand-dipping
in glass beakers. The prepared films are known to be of
good quality, stability, robustness and have excellent ad-
hesion to wide variety of substrates including glass and
silicon substrates. In addition to these advantages of the
SAMU film, it also facilitates the incorporation of a wide
variety of multicomponent materials and functionalities,
including that of the polyelectrolytes containing photore-
sponsive azobenzene chromophores (azo) (9–12). The azo
and its derivatives possess one of the most interesting char-
acteristics due to their efficient photo-induced facile and
reversible isomerization between trans and cis isomeric
states (13). This photoisomerization effect can be mani-
fested into the thin films containing the azo groups, and
upon exposure to light, reversible changes in their mechan-
ical, geometrical and electrical properties can be induced
(14–17).

Considering the above, fabrication of SAMU thin films
containing azo groups is a fascinating tool to control the
characteristics of surfaces, and therefore, recent significant
interest in this research area has been explored, such as non-
linear optical (NLO) thin film devices, specialty coatings ex-
ploiting hydrophilic or hydrophobic or amphiphilic prop-
erties, biocompatibility, antibacterial properties, molecular
recognition, chemical sensing or biosensing, and microflu-
idic flow control (18–22). The optimized performance of
many of such thin films is determined by the local struc-
ture of the polymeric matrix. Therefore, it is of paramount
importance to understand their surface chemical composi-
tion, texture, morphology, and functional group dispersion
on surfaces as well as interpenetrating within the films.
There are several parameters which influence these prop-
erties such as the employment of weak or strong polyions,
the pH, and the ionic strength (23–25) when deposited. In
addition, one of the most important factors that can influ-
ences the properties of the thin films is the type of polyion
used for film fabrication (26–27).

Our recent work has clearly demonstarted the signifi-
cance of the type of azo polyion to fabricate SAMU film
of stable photoswitchable surface energy (28). The primary
goal of this large project is to engineer biocompatible sur-
faces of controllable surface characterstics with the even-
tual goal of directed neural cell growth, and study of a
synapse in vitro. The precise control of properties is there-
fore critical, which allows the rational application of such
bio-surfaces for cell function outside the human body. In
view of the above considerations, we have synthesized novel
azo PELs (29), and developed a new type of molecular level
process to control sucrface wettability by introducing dif-
ferent type of head R-group of azo polyelectrolytes in a
layer-by-layer adsorption process (30). The type of sub-

stituted head R-group of azobenzene was observed to de-
termine the wetting characteristics, and hence quite reliably
control and tune the surface energy of the SAMU films. The
bilayer interpenertration, structures and composition was
found to effect the surface wettability of adsorbed polyelec-
trolyte layers and is primarily controlled by the substituted
R-group of the azo group. In the current work, further stud-
ies of the effect of type of substituted head R-groups of azo
on the charcterstics of the adsorbed thin film properties
fabricated via self-assembled layer-layer process have been
investigated. The SAMU films were fabricated by using
polyions based on PDAC as polycations and azo polyelec-
trolyte as polyanions. Synthesis of the azo polyanions used
in the current work is described elsewhere (29). The azo
polyanions only differ from each other due to the presence
of substituted R-group at the para position on the aromatic
ring of azobenzene. The substitution effect of R-groups of
the azo polyanions on the properties of the SAMU films is
investigated from the consideration of their charge density,
hydrophilicity, hydrophobicity, and size. The thickness, or-
ganization, morphology and properties of the thin films are
related to the type and size of substituted R-groups of azo
being used through their degree of solubility, conforma-
tion, association and aggregation in the dipping solution
used for the SAMU film fabrication.

2 Experimental

2.1 Materials and Synthesis of Polymers

Chemicals were purchased from Aldrich and used as such
unless specified. The detail of the experimental work to syn-
thesize and characterize the polymers is given elsewhere and
Figure 1 presents the structures of the azo polymers used
in the current work (29). Briefly, the precursor monomer,
2-(phenylethylamino)ethyl acrylate (PEA), was first synthe-
sized by reacting acryloyl chloride with N-anilino ethanol
followed by its copolymerization with desired molar con-
centrations of acrylic acid (AA). The post-azo coupling
reaction was carried out by drop wise addition of diazo-
nium salt of the amine derivatives to prepare copolymers
designated as PAPEA-R.

2.2 Self-Assembled Multilayer Films (SAMU) Fabrication

Polished silicon wafers (Wafernet) and glass microscope
slide (Fischerbrand) substrates were cleaned in a bath of
25% H2SO4 and 75% H2CrO4 for at least 12 h. This was
followed by thoroughly rinsing with neutral Milli-Q wa-
ter prior to polymer adsorption. Polyelectrolyte multilayer
films were assembled on the substrates with the aid of
an automatic slide stainer (Varistain 24-4, Shandon). For
self-assembled layer fabrication, Milli-Q water (resistiv-
ity > 18 Ḿ�) was used. The 0.1 mmol/L concentrated
solutions of poly(diallyldimethylammonium chloride)
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Control of Properties of Azo Multilayer Surfaces 573

Fig. 1. General structure and classification of the polymers used to fabricate thin films by using the layer-by-layer self-assembled
multilayer (SAMU) technique. Polymers are simply designated as PAPEA-R, where R is the substituted group on the para-position
of the azobenzene chromophores. The molar mass %age of the azo monomer repeat units of different R-groups in the copolymer,
which contain repeat units of 85 mol% AA monomer and 15 mol% of azo monomer are also presented (29).

(PDAC) and azo polyelectrolytes (with respect to azo repeat
units) were used as polycation and polyanions, respectively.
Films were fabricated by alternate 20 min dipping in aque-
ous PDAC solutions and one of the azo polyanion solutions
by the usual layer-by-layer technique. If required, the solu-
bility of azo-functionalized polyelectrolytes was increased
by the addition of salt such as NaHCO3 and about 5 vol%
of DMF. After each polycation or polyanion dipping step,
the slides were washed by dipping for 10 min into 3 separate
washing baths. After the desired number of layers were de-
posited, the coated films were dried under vacuum at 60◦C
for about 12 h.

2.3 Characterization

Self-assembled multilayer films were studied by various
techniques. UV-Visible absorption spectroscopy was used
to study the absorption characteristics of the azo chro-
mophore for the films deposited on the glass microscope
slides. From these studies, absorption maxima, λmax, val-

ues due to π to π* electronic transition of the azo-polymers
were determined. The thickness and refractive index of the
fabricated and dried films were determined using a Gaert-
ner Ellipsometer (Model L116C). The light source was a
HeNe laser with wavelength at 633 nm and the angle of
incidence was fixed at 70.0◦ with respect to the normal.
The measurement necessary for the calculation of the film
thickness consisted of the determination of two sets of
polarizer and analyzer readings for the silicon substrates
and of the corresponding values for the substrate coated
with polyelectrolytes films. Thus, the ellipsometry determi-
nations of total layer thickness are reported here as the
statistical mean of at least 10 measurements after subtrac-
tion of surface oxide layer thickness (measured average of
22 Å±3 taken at different locations). The average errors
associated with ellipsometry measurements were deter-
mined to be approximately ± 4%. Preliminary surface
morphologies of the fabricated films were studied by us-
ing a Nanoscope’s AFM, Version 3A, Digital Instrument.
The AFM was operated in the contact mode using a
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standard silicon nitride cantilever in ambient air. The stan-
dard sessile drop technique was employed to determine the
static contact angle of H2O as described elsewhere (30).
For this purpose, the CCD camera and goniometer of an
Optrel GBR Multiskop were used to measure the contact
angle of liquids on the surfaces of the films. The reported
contact angles are an average of at least 5 measurements
with an uncertainty of ±2 degrees.

3 Results and Discussion

3.1 UV-Visible Absorption Spectroscopy Studies of the
SAMU Films

Table 1 summarizes the characteristics of the self-assembled
multilayer thin films. UV-Visible absorption spectra of the
prepared self-assembled multilayers films of azo polylelec-
trolytes are presented in Figure 2. The prepared films
appeared clear and uniform with good optical quality.
Polyions used for the layer-by-layer process are expected
to be fully ionized under the experimental conditions em-
ployed, and thus the charge density of the polyion pair
was sufficient to proceed with charge overcompensation
(reversal) during each subsequent adsorption steps (9–10).
The λmax values summarized in Table 1 and UV-Visible
absorption spectra shown in Figures 2 and 3 indicate that
SAMU films of azo PEL having hydrophobic R-groups,
such as C8H17 and C8F17 exhibit the blue shifts or hyp-
sochromic shifts. On the other hand, no noticeable shifts in
the λmax were observed for the R-groups of the hydrophilic
or ionizeable COOH and SO3H-based films. The observa-
tion of shift in the λmax values for hydrophobic R-group
in the SAMU film can be attributed to the interactions
between neighbouring chromophores and their structural
arrangements (31–32). It is interesting to consider the possi-
ble reasons for the aggregate formation and blue shift in the
current SAMU film fabrication process. This observation is
rationalized by taking into account the factors such as the
hydrophilic or hydrophobic nature of the polyelectrolytes
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Fig. 2. UV-Visible absorption spectra of the 5-bilayers SAMU
films of the PAPEA-R fabricated on glass slides, where R-
substituent designates a group which is present on the p-position
of the aromatic ring of the azobenzene chromophores.

R-groups, solubility characters of PEL in the self-assembly
solution, chromophore aggregation in solution, and degree
of ionic repeat unit presence in the azo PEL chains. All these
factors are inter-related to each other and influence the na-
ture of localization of azobenzene chromophores on the
surface of the thin films. A particularly interesting situation
arises when the PEL undergos hydrophobic aggregation in
dilute aqueous solution, but generally it is not clear how
the associated character in solution influences the structure
of adsorbed films, such as whether hydrophobic domains
are preserved upon adsorption or not (12).

3.2 Azo Chromophores Aggregation and Shift
in Absorption Maxima λmax

As mentioned earlier, the λmax value of azobenzene chro-
mophores depends significantly on the mutual orientation,

Table 1. Characteristics of the azobenzene polyelectrolytes PAPEA-R and their 5 layer-by-layer self-assembled multilayer films
(SAMU)

Molar mass Absorption Maxima λmax (nm)

Azo monomer Azo monomer Polymer Shift Type/ Thickness Contact Angle H2O
R-Group g/mole % (w/w)∗ In DMF SAMU value difference# Å θ

SO3H 388 47 419 423 No shift 165 55
COOH 352 46 439 440 No shift 162 59
H 308 43 418 407 Blue/11 nm 159 61
OC2H5 352 46 422 412 Blue/10 nm 188 64
C8H17 420 51 423 410 Blue/13 nm 242 79
C8F17 726 64 445 414 Blue/21 nm 258 94

∗Molar mass calculations based on PAPEA-R copolymer composition, which contain repeat units of 85 mol% AA monomer and 15 mol% of azo
monomer.
#Difference between DMF solution and SAMU film.
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Control of Properties of Azo Multilayer Surfaces 575

Fig. 3. UV-Visible absorption spectra of (a) PAPEA-COOH and
PAPEA-SO3H; (b) PAPEA-H and PAPEA-OC2H5; (c) PAPEA-
C8H17 and PAPEA-C8F17 in DMF and as self-assembled multi-
layer (SAMU) films. Note the shift of λmax to lower wavelength
(blue shift) in the SAMU relative to that of in the DMF solvent.

distance, and aggregation numbers of the chromophores.
Aggregates of the azobenzene chromophores are formed
normally only in condensed media such as monolayer and
Langmuir-Blodgett films, where these are densely packed
to form contacts with each other. In contrast, in the present
system, the aggregates appeared to be present in the SAMU
films (33). According to the molecular exciton model pro-
poses by McRae and Kasha, the aggregation of molecules
into ordered structures (with corresponding dipoles) results
in splitting of excitation energy levels (34). This results in
a shift of the absorption spectra, which depend on the mu-
tual orientation of the interacting dipole moments. The
blue shift from the absorption band is indicative of lin-
ear chromophore aggregates with their transition moments
parallel to each other and ordered perpendicular to the
stacking direction (so called H-aggregates). On the other
hand, the red shift is produced by the chromophore ar-
rangement with their transition moments parallel to each
other but greatly inclined from the normal to the stack-
ing direction (so-called J-aggregates). The aggregation of
dye molecules in an ordered structure (with correspond-
ing dipoles) results in the splitting of the excitation energy
levels. As a consequence, shifts in the absorption spectra
are observed, depending on the mutual orientation of the
interacting dipole moments. The amount of the wavelength
shift depends on the degree of aggregation, which is deter-
mined by the mutual orientation, distance, and aggregation
numbers of the chromophores (35–37). In-line and paral-
lel aggregation are two ideal extreme cases, and generally,
the mutual orientation of the interacting dipoles may be
at some angle, resulting in more complex spectral changes.
Further due to layer interpenetrations, aggregation and ori-
entations of the chromophores can also vary from layer to
layer or even within layers (38–39).

The spectral shifts observed in the current work can
thus be explained by considering the above factors. Azo
PELs with ionizeable head R-groups of COOH and SO3H
groups are hydrophilic, while H, OC2H5, C8H17 and C8F17
are hydrophobic, as well as non-ionized. All these PELs
show good solubility in pure DMF or can be solubilized
to variable degrees in H2O:DMF mixed solvent systems.
It is reasonable to expect that for the DMF:H2O mixture
solution used for SAMU films fabrication, azo PELs with
hydrophobic R-groups form aggregates. This is supported
by the observation of a blue shift in λmax value of 28 nm
for the PAPEA-C8H17 in DMF:H2O (8:2 volume ratio)
mixed solvent systems as compared to pure DMF solvent.
Contrary to this, for PEL with hydrophilic R-groups on
the azo as COOH and SO3H, however, shifts in the λmax
have not been observed because aggregate formation in so-
lution used for self-assembly is less likely since these groups
are highly water soluble. Furthermore, the presence of ion-
izeable groups in the azo PEL structures can render poly-
mer chains with all repeat units fully ionized. This in re-
turn may have affected the way the PEL adsorbed onto
previously deposited polycations. Under such conditions,
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acrylic acid repeat units as well as anionic groups on the
azo chromophore are capable of undergoing electrostatic
interactions with PDAC polycations. This results in rela-
tively even distributions of chromophores and suppression
of their interactions on the surface to such an extent that
no shift was observed. In addition, the repeat unit’s sim-
ilar charge ionization of the polyelectrolyte chains result
in their expansion due to ionic repulsion forces (40). On
the other hand, PAPEA-R with hydrophobic R-groups on
the azo chromophores are not ionizeable, and therefore,
not expected to undergo ionic interactions with oppositely
charged PDAC. In this case acrylic acid repeat units of the
azo copolymer involve interactions with PDAC, while ob-
servation of aggregate formation is not unexpected. The
extent of the spectral shifts observed suggests the presence
of aggregates of varying sizes for the azo PEL used to fab-
ricate the thin films. It is likely that the local concentrations
of the azobenzene on the surface are high enough to form
aggregates to produce the blue shift in the λmax due to the
formation of H-aggregates in the prepared films. This effect
directly influences the variable hydrophobic/hydrophilic
character of the PEL in the dipping solutions, and is man-
ifested when adsorbed as thin films via the SAMU de-
position process to influence the chracterstics of the thin
films.

3.3 Surface and Thickness Characteristics of the SAMU
Films

Both AFM and ellipsometry studies of the SAMU films
have been carried out to further support the presence of
azo aggregates, and observed shift in λmax. Figure 4 rep-
resents the AFM image of a 5-bilayer SAMU film surface
of PAPEA-C8H17 and thicknesses of the prepared films are
given in Table 1. Detailed AFM and Ellipsometry analy-
sis including transmission electron microscopy (TEM) and
dynamic light scattering (DLS) studies will be presented
in future. However, initial results indicate the presence of
aggregates of globular particles or micelle-like structures.
PAPEA-C8H17 has a polyamphiphilic structure with hy-
drophilic acrylic acid main chain segments (85 mole %) and
partially functionalized hydrophobic repeat units with azo
side chains (15 mole %). The micron/nano size micelle like
particles have been reported to present in the SAMU films
fabricated from PEL which contain hydrophobic/bulky
substituents (41–42). The blue-shift observed in the UV-
Visible spectra of both the solution and of the multilayer
supported the presence of aggregation of the azobenzene
chromophores in solution and also in the multilayers. Fur-
thermore, as shown in Table 1, studies of the contact an-
gles measurements of water on the SAMU films of these
azo polyelectrolytes indicated significant differences in their
wetting, chemical and surface characteristics, layer inter-
penetration, and topography. Comparison of the contact
angle values for these SAMU films suggested that surfaces
with long alkane type R-groups of C8F17 and C8H17 may

Fig. 4. AFM image of self-assembled multilayer thin films fab-
ricated with polyion pairs of PDAC/PAPEA-C8H17. The outer-
most layer of PPEA-R-AA of C8H18 indicates the presence of
aggregates on the surface.

have formed aggregates in the form of micelle particles
and resulted in significantly higher hydrophobicity relative
to shorter R-groups of H and OC2H5. The thicknesses of
the SAMU films measured via ellipsometry also exhibit a
dependence on the extent of hydrophobic or hydrophilic
character of the azo polymers and showed correlation to
that of the absorption shift in the spectra as demonstrated
in Figure 5.

3.4 SAMU Film Properties of Azo PEL with Hydrophobic
Head R-groups

The thickness of the SAMU films of the PAPEA-
C8F17/PDAC or PAPEA-C8H17/PDAC were found to be
25 ± 5% thicker than films formed by other azo PEL sub-
stituents of H and OC2H5, and COOH and SO3H. This dif-
ference in the thickness caused by the azo variation is fairly
high, and appears to be attributed to the type and extent of
aggregation in these polyelectrolytes. As given in Table 1,
an increase of the weight percentage of the hydrophobic
anionic azo polymers for the non-polar substituents H,
OC2H5 and C8H17 and C8F17 leads to a higher amount
of polymer being adsorbed, and the adsorbed amount in-
creases more by increasing the hydrophobic content. This
is an interesting observation since the charge density of
these four anionic PEL with the non-polar and hydropho-
bic substituents are identical. Though the absorption shifts
due to aggregation are comparable, the hydrophobic con-
tents however are very different (Table 1). The azo PEL
of PAPEA-C8H17 and PAPEA-C8F17 have long oily tails
that could have influenced the way the aggregate structures
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Control of Properties of Azo Multilayer Surfaces 577

Fig. 5. Correlation between the substituted R-groups of azoben-
zene polyelectrolytes of PAPEA-R, and characteristics of the self-
assembled multilayers thin films.

and their sizes formed on the film surface. The relatively
higher thickness is explained from the consideration of the
type of dipping solutions (i.e. solubility character of the
azo PEL) being employed for the SAMU film fabrication.
An increase in the hydrophobic contents is known to re-
sult in aggregation in solution, which may have influenced
the multilayer formation and organization through inter-
polymeric association and intrapolymeric aggregation. If
aqueous solvent quality decreased due to increase in hy-
drophobic contents, the electrostatic attraction between
polyelectrolytes segment increased. Such attractive forces
between the nearest repeat units cause the polyelectrolyte
complex to contract, collapse, and coagulate. Due to such
rearrangements, the polyelectrolyte chains in a solution in-
duce the formation of aggregates in the film, as supported
by the AFM image and blue shift data. Since the aggre-
gation degree is significantly dependent on solubility, the
conformation of the PEL chains of PAPEA-C8H17 and
PAPEA-C8F17 within the assembly solution can therefore
form a globular micellar structure and are subsequently
adsorbed to the multilayer surface as the aggregates. The
surface morphology that forms during the layer-by-layer
assembly process thus likely originates from a hydrophobic
attraction among alkyl chains of these PEL in the aque-
ous environment. In some ways, the effect is similar to that
which causes a thickness variation of weak polyelectrolyte
multilayer films through adjusting the pH of the prepara-
tion solution.

3.5 SAMU Film Properties of Azo PEL with Hydrophillic
Head R-groups

It is also interesting to discuss the thin film properties of the
azo PEL with hydrophilic R-groups of COOH and SO3H.
In this case, the solvent effect on the layer thickness was
observed to be much less significant and different surface
morphologies are possible as these molecules existed in so-
lution in the non-aggregating form. There is high static
repulsion force of the ionizing anionic carboxylic acid or
SO3H groups. Further, in this case chain segments are fully
ionized, i.e., 15 mol% of azo monomer repeat units and
85 mol% of AA repeat units. This results in a 15 mol%
higher charge density relative to other azo PEL of non-
ionic substituents. Thus, both the higher charge density and
repulsion between similarly charged repeat units can lead
to thinner layers after adsorption. This means that these
molecules can adopt a more stretched conformation. Dur-
ing the fabrication of the SAMU films of PAPEA-COOH
and PAPEA-SO3H, the molecules appeared to adsorb onto
the substrate in a monomolecular form. On the other hand
PAPEA-C8H17 and PAPEA-C8F17 form aggregates in solu-
tion, and accumulate during the LBL process. The increase
in the adsorption from producing thicker films can be re-
lated to various interactions such as the between oppositely
cationic charge PDAC layer and anionic AA of PAPEA,
and a strong hydrophobic association. It is reasonable to
expect that the different azo PEL molecules produce dif-
ferent morphologies. This is evident from the variation in
the values of the contact angles, films thicknesses, and ab-
sorption shift. These properties of the SAMU films are
attributed to the variation in their surface morphologies,
roughness and textures of the films.

The above discussion suggests that through controlling
the solution aggregation behaviour of amphiphilic poly-
mers and hence the adsorption behaviour of the polymer,
surface morphology, film organization, and hydrophilic-
ity/hydrophobicity of the SAMU films can be tailored to
varying extents as demanded by their uses and applications.
More work is underway and will be reported to describe the
studies of the photo-induced reversible switching of wetta-
bility by controlling composition and morphology of the
SAMU thin films. Such studies of the thin films are nec-
essary to explore new opportunities to control important
surface-based processes such as for biosensors to new drug
delivery systems, and on-chip microscale chemical process
to microfluidics systems.

4 Conclusion

In the present study, various parameters which are impor-
tant to control the characteristics of photo-responsive thin
films of novel azobenzene polyelectrolytes (azo PEL) pre-
pared via the SAMU process have been investigated. The
SAMU films were fabricated by using PDAC as polycation
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and polyanion of the azo PEL, PAPEA-R. The PAPEA-R
structure contained the repeat units of acrylic acid (AA)
and 2-(phenylethylamino)ethyl acrylate (PEA) monomers
functionalized with azobenzene chromophores, with R be-
ing the substituent group present on the para-position of
the aromatic ring of the azobenzene chromophores. The
solution properties and their subsequent adsorption on the
substrates are highly dependent on the type of R-groups
present in the azo PEL. For example, blue or hypsochromic
shift in the UV-Visible absorption in the λmax of the SAMU
films were observed for azo PEL with hydrophobic non-
ionized shorter R-groups of H and OC2H5 and larger octyl
groups of C8H17 and C8F17. On the other hand, no notice-
able shifts were observed for shorter R-groups of COOH
and SO3H. Similarly, thicknesses of the SAMU films with
larger R octyl groups of C8H17 and C8F17 determined by
ellipsometry were significantly higher relative to that of
other groups and were related to the shift in λmax. These
observations are explained from the consideration of the so-
lution characteristics of the R-groups of azo PEL in terms
of their charge density, size, hydrophobic/hydrophilic con-
tents, and interpolymeric association and intrapolymeric
aggregations. These factors are found to be inter-related
and manifested themselves during adsorption of the azo
PEL from the dipping solution used to fabricate thin films
via the SAMU deposition process to control the charac-
teristics of the thin films. The SAMU thin film work re-
ported here provides insight into the significance of the
structures and solution characteristics of R-groups of the
azo PEL, which can be adjusted to control the thickness,
morphology, and functionality of these films. Such stud-
ies are important to understand, optimize and promote the
applications of the photo-responsive thin films, whose func-
tionalities can be precisely controlled and thus used as an
enabling technology in multidisciplinary areas of reversibly
switched surface science.
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