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Abstract: A novel method using the layer by layer (LBL) technique was investigated to deposit polyelectrolytes with an-
tibacterial properties. A glass substrate was coated by a cationic biguanide followed by the anionic polystyrene sulfonate
until a total of twenty layers were deposited. The layers thickness was measured by ellipsometry and the surface morphol-
ogy was scanned by an atomic force microscope. The layers thickness reached 60nm. The coated and uncoated glass was
immersed into tubes containing a nutrient broth media inoculated with Proteus sp., (a gram negative , rod, glucose fer-
menting bacteria) in a concentration of (~10° cells/mL) and incubated at 37°C for 24 hours. The SEM (Scanning Electron
Microscope) micrographs showed a significant reduction in the settlement of Proteus sp. Colonies on the glass coated

with polyelectrolytes.

INTRODUCTION

Microorganism growth and spread is a very complex
concern for many applications such as in medical products,
packaging materials or filters used in air-conditioning sys-
tems [1-3]. Scientists developed many methods to reduce
microbial transport such as disinfection. However, these
methods suffer from being temporary solutions where after
application of the sterilization methods, the surface will be
subtle to microbial attack as soon as it is exposed. Disinfec-
tants are chemical agents which kill microorganisms in short
time, being usually used as solutions. Many macromolecules
have been developed and showed excellent disinfecting and
antibacterial activities. However, immobilizing these mole-
cules for prolonged biocide effect was another challenging
issue. Researchers developed polymeric macromolecules
with antibacterial properties which was proved to be more
efficient than the antibacterial monomer [4-6]. These poly-
mers had quaternary ammonium salts, biguanide groups,
quaternary pyridinium salts, sulphonium salts, phosphonium
salts, and other antibacterial groups. Some researchers tried
to immobilize these polymers synthetically which is de-
manding and commercially costly [7-9]. By immobilizing
biocide groups, the surface will be protected against bacterial
attachment for prolonged periods of time. One of the inter-
esting techniques in thin films coating is the layer-by-layer
(LBL) method [10, 11] based on electrostatic adsorption due
to its experimental simplicity and flexibility in terms of the
materials that can be used. The LBL method consists in ad-
sorbing alternated cationic and anionic layers onto a solid
substrate, Repetition of the steps may be performed to de-
posit typically up to hundreds of bilayers.

In this paper we report the first successful physical im-
mobilization of biocide molecules on glass using polyelec-
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trolytes deposited by the layer by layer method [12]. The
method is independent of the chemical nature of the surface
and can be versatile in its application.

MATERIALS AND METHODOLOGY
Film Deposition on Glass Support

Polystyrene sulfonate of molar mass 70,000 gmol™, Fig.
(1a), an anionic agent was purchased from Aldrich.
Poly(hexamethylenebiguanide hydrochloride, Fig. (1b), a
well known antibacterial and cationic agent was purchased
from Cytec as Talocide CS. Aqueous solution of 1mM con-
centration was used for both. Glass substrates of 2cm x 5cm
was coated using StratoSequence VI from NanoStrata Inc.
after cleaning with a mixture of hydrogen peroxide and sul-
furic acid 1:3 (v:v). The StratoSequence VI consists of a
circular robotic platform with spaces for eight 100 mL or
150 mL beakers. The platform is raised and lowered by
means of a compressed air cylinder. A special mechanism
(US Patent # 6,460,424 B1) translates the up-down motion to
a lateral motion in a very reliable way. The sample is held
static and the solutions come up to meet the sample. The
glass substrates were immersed in the PE solution for five
minutes while spinning at a rate of 300 rpm. Then they were
subsequently rinsed for 90 seconds using deionized water in
three different beakers, 30 seconds in each. The spinning and
rinsing was repeated to obtain 20 layers of the bigua-
nide/PSS system.

AFM Imaging

Force measurements of the multilayer films were per-
formed using a 5100 AFM/SPM Microscope by Agilent in
contact mode. The tip was made of silicon nitride probes (r =
20-60 nm) with a manufacturer specified force constant, Kk,
of 0.12 N/m.

Film Thickness

The measurement of film thickness was carried out using
the stokes ellipsometer LSE by Gaertner Scientific Corpora-
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Fig. (1). Repeat unit structures of the anionic PSS and cationic biguanide hydrochloride.

tion. The LSE ellipsometer uses patented StokesMeter tech-
nology with no moving parts and no modulators to quickly
and accurately determine the complete polarization state of
the 6328A HeNe laser measuring beam at a 70° incidence
angle. All total layer thickness values are reported as the
statistical mean of 13 acquired measurements.

Bacterial Cultivation and Microscopy

A glass slide, coated with a (Biguanide/PSS) film was
immersed into tubes containing a nutrient broth media inocu-
lated with Proteus sp., (a gram negative , rod, glucose fer-
menting bacteria in a concentration of (~10° cells/mL) and
incubated at 37°C for 24 hours. The slide was then dried
gradually at room temperature. The same procedure was
repeated with non coated glass slides. For SEM analysis the
glass was coated with gold. The glass slides were then ob-
served under a scanning electron microscope. SEM was per-
formed on a JEOL 5900 LV scanning electron microscope
operating at 15kV.

RESULTS AND DISCUSSION

Multilayers films of polyelectrolytes complexes may be
coated on different substrates by alternate exposure to solu-
tions of oppositely charged soluble polymers [13-16]. The
multilayers have a general amorphous and structure due to
interpenetration of polymer molecules and [17,18] and they
have shown exceptional promise as selective membranes for

the controlled transport [19] and release [20] of small mole-
cules and for the immobilization of biomacromolecules [21]
or particles [22].

Quaternary ammonium salt polymeric compounds are
known for their large biocidal effect. They are believed to
adsorb on the negatively charged cell surfaces by electro-
static interaction, followed by the diffusion of the long alkyl
chain through the cell wall. This results in a weakening of
the cytoplasmic membrane, leading to a leakage of cyto-
plasmic contents and eventual death of the cell.

Multilayers of the quaternary ammonium polymer bigua-
nide and the anionic polystyrene sulfonate (PSS) were de-
posited on glass substrates. The layers thickness measured
by ellipsometry is shown in Fig. (2). The thickness of the
twenty layers was 60nm. Fig. (3a and 3b) shows an AFM
photos of bare glass and glass coated with the biguanide/PSS
system respectively.

The antimicrobial activity of glass coated with bigua-
nide/PSS was investigated by adhesion test. Fig. (4) shows
the SEM photos of the uncoated glass and the glass coated
with 20 layers of the biguanide/PSS system. The bigua-
nide/PSS layers reduce the settlement of Proteus sp. colonies
significantly. Fig. (4b) shows clearly a population reduction
in the count of the Proteus sp. compared to Fig. (4a) which
shows dense bacteria population grown on glass substrates.
Oliveira et al. showed that the insertion of TiO, nanoparti-
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Fig. (2). Thickness of the multilayers measured by the LSE ellipsometer.
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cles with PDADMA generated a rough multilayer surface.
Enhancement in stem cells adhesion and proliferationwas
observed to be a direct consequence of increased surface
roughness [23]. This correlates with our observation of sig-
nificant reduction in bacterial growth on the irregular sub-
strate surface shown in Fig. (3).

Hence, biguanide has been utilized widely in solution as
an effective antimicrobial agent, however, it is the first time
to be immobilized by the LBL method and tested for biocide
effect.

CONCLUSION

This paper presented a new strategy to immobilize anti-
bacterial compounds based on the layer by layer method.
The multilayers composed of biguanide/PSS with a thickness
of approximately 50nm was sufficient to cause a significant
reduction in colony number of the Proteus sp. This antibac-
terial coating technology is very promising in a wide range
of medical and industrial applications. Using such applica-
tion in the health care system will have a significant impact
on lowering hospital-acquired infection rates. It is a top pri-
ority for healthcare professionals when it comes to patient
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Fig. (3). AFM photos of (a) bare glass and (b) glass coated with twenty multilayers of biguanide/PSS system.

(b)
Fig. (4). SEM micrographs of bacteria grown on (a) uncoated glass and (b) glass coated with 20 layers of the biguanide/PSS system.

safety. Adding an antimicrobial coating is a convenient and
cost-effective way of further improving patient safety and
reducing the spread of infections throughout the hospital.
Further investigations are underway to elucidate the mecha-
nism of adsorption and the effect of different parameters on
the biocide activity.
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