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Abstract
Many materials, like polymers, silicates, glass, play crucial role in many areas of industry, medicine or our
common life due to their properties. But their surface properties can limit their further use in some areas.
Physical or chemical modification of these surfaces can change their chemical composition and subsequent
better adhesion of grafted compounds, cells or antimicrobial activities. We can use this for development of new
materials for electronics, optics or bio application. We have modified surfaces of selected materials by physical
or chemical methods and we studied the changes of surface properties. The surface properties of the modified
materials changed significantly and were studied using various techniques. Some antimicrobial tests have
been applied on selected samples.

Keywords: Polymer, piranha solution, compounds grafting, electrokinetic analysis, X-ray photoelectron
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1.

INTRODUCTION

Natural and synthetic polymers play crucial role in many areas of our life. Also silicates or glass have a wide
range of usage. Using these materials can be limited to certain applications because of the surface properties
(e.g. chemistry, surface charge, morphology). Modification of many of these materials has expanded their
potential for application greatly. Many modification approaches have been developed to change and improve
surface properties by the physical or chemical methods. [1-15]
The chemical structure of surface, morphology, [16] surface chemistry or biological composition of these
interfaces, together with surface pattern (distribution and dimensions of the pattern, ranging from the macrothrough the micro- to the nano-scale [17] has ability to strongly influence the behaviour, biocompatibility and
response of the surface.
We have modified surfaces of different substrates (polymers, glass, and phyllosilicates) by plasma, UV
irradiation or by chemical methods to activate these surfaces. Subsequently we grafted variable chemical
compounds (aminocompounds, thiols, PEG, borane compounds, etc.). After individual steps we studied the
changes of surface properties by a wide range of available techniques. [18-22]

2.

EXPERIMENTAL

2.1.

Used materials and chemicals

In this work we studied silicate powder montmorillonite
(MMT, (Na0,25K0,07Ca0,10(Si4,0)(Al1,45Fe3+0,21Mg0,24Ti0,01)O10(OH)2), microscopy glass (20 x 20 mm, Deck Glaser,
VWR, Germany) and different polymer foils, polytetrafluoroethylene (PTFE, thickness 50 µm, Goodfellow, UK)
or high density polyethylene (HDPE, thickness 50 µm, Goodfellow, UK).
For activation of surfaces there were used various Piranha solutions. Piranha solution is a mixture of acid and
hydrogen peroxide in proportion 3:1. We used (i) sulfuric acid (H2SO4, 96%, Lach-Ner, s.r.o., Neratovice) or
(ii) phosphoric acid (H3PO4, 96%, Lach-Ner, s.r.o., Neratovice), hydrogen peroxide (H2O2, 30%, Lach-Ner,
s.r.o., Neratovice).
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The activated surface was grafted by 10% aqueous solution of (i) cysteamine (HS(CH)2)2NH2, 98%, Sigma
Aldrich), (ii) ethylenediamine (NH2(CH2)2NH2, MERCK) or (iii) chitosan (85%, deacetylated powder, Alfa Aesar)
and subsequently with selected boron compounds synthetized according to the procedure in literature
[23,24,25]. These chemical grafting have been described earlier. [18-22]

2.2.

Surface modification

The samples were firstly activated by Piranha solutions for one hour at room temperature. Then they were
rinsed with distilled water and put into aqueous solution of selected amino compounds (cysteine, ethylene
diamine, chitosan). After twenty-four hours the samples were rinsed with distilled water and dried. Some of
samples were also inserted to the selected borane solutions for twenty-four hours.

2.3.

Used analytical methods

The changes of surface properties were studied by various analytical methods, such as X-ray photoelectron
spectroscopy, electrokinetic analysis, goniometry, UV-Vis spectroscopy, some samples were tested for
antimicrobial activity.
For surface elemental analysis there was used X-ray photoelectron spectroscopy (Omicron Nanotechnology
ESCA Probe spectrometer, Omicron Nanotechnology GmbH, Germany). [18]
Electrokinetic analysis (zeta potential determination) was performed for the planar samples of polymer foil on
the device SurPass (Anton Par, Austria). Two samples of the same surface were fixed on two brackets, size
of the samples was 2x1 cm. Measurements were carried out in a cell with adjustable gap (about 100 µm), at
room temperature, atmospheric pressure and constant pH 6.5. For determination of zeta potential the
streaming current method was used and the Helmholtz-Smoluchowski equation to calculate zeta potential.
[18,19]
Surface wettability was determined by measuring the contact angle at room temperature using the SEE system
(Surface Energy Evolution System). A drop of water of a volume 8.0 µl was applied using automatic pipette on
a surface immediately after activation or chemical modification. This drop was photographed and evaluated.
For determining the effect of fluorescence after borane compounds grafting on the surfaces the UV-Vis
spectroscopy was used. Fluorescence is the emission (in the transition from the lowest vibrational level in the
ground state), the radiation of the substance which absorbs light or other electromagnetic radiation. This
phenomenon occurs when an electron that has been excited into an excited state relaxes when returning to
the ground state photon. The best known and the most striking example is the absorption of the fluorescence
agent in the ultraviolet region and the subsequent emitted light is in the visible. [18,22]

2.4.

Antimicrobial tests

Some of samples have been tested also for antimicrobial activity by an inhibition of algae Desmodesmus
quadricauda growth tests. This test was performed on selected samples. Size of the samples was 3x1 cm2.
On the surfaces of samples was added a solution of algae (volume 1.5 ml). Counting of algae cells was carried
out in a counting chamber under the light microscope (1, 2 and 24 h after seeding).

2.

RESULTS AND DISCUSSION

It is clear from results of individual employed characterization methods that all steps of surface activation or
chemical grafting lead to changes in surface chemistry and therefore other surface properties. Figure 1
presents changes in surface chemistry and charge of glass after surface activation by Piranha solution and
subsequent grafting of tested amino compounds (cysteamine, ethylenediamine and chitosan) and subsequent
grafting of borane compound. As it is clear from Figure 1, all modification steps change surface chemistry and
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charge. Activation with Piranha solution created the reactive sites on a surface so there are changes in
chemical composition and the polarity of a surface. [18-21]. These changes are compared to the unmodified
sample. After grafting tested compounds with amine- group (cysteamine, ethylenediamine and chitosan) the
surface became „less negative“. [18,21] Grafting of boron compounds causes negative charged surface.

Figure 1 Electrokinetic analysis (zeta potential) of glass before and after individual modification steps:
Sample 1: unmodified glass; 2: activated by the Piranha solution; 3 to 5: grafted in solutions of cysteamine
(3), ethylenediamine (4) or chitosan (5); 6 to 8: subsequently grafted by borane compound after cysteamine
(6), ethylenediamine (7) or chitosan (8)
Also Figure 2 indicates surface properties changes before and after surface activation and chemical
modification. On the left we can see wettability and contact angle of unmodified PTFE surface and its
comparison with wettability and contact angle of PTFE surface activated by Piranha solution and grafted by
cysteamine and subsequently with borane compound. Wettability of a surface has an influence on the surface
cytocompatibility or antimicrobial activity.

Figure 2 Contact angle of PTFE before and after modification with cysteamine and borane compound
Changes in surface chemistry were detected by XPS analyses. Results of chemical composition are presented
in Table 1. It is clear, activation by Piranha solution consisting of HNO3 and H2O2 leads to presence of oxygen
and nitrogen in surface chemistry. After grafting of individual amino compounds increase the amount of
nitrogen groups and in case of cysteamine also presence of sulphurs it is obvious.
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Table 1 Element concentration in atmospheric % for HDPE after individual steps of activation by Piranha
solution and subsequent grafting of cysteamine, ethylenediamine or chitosan
Sample

Element

C 1s

O 1s

N 1s

S 2p

Pristine

100.0

-

-

-

Piranha (HNO3 + H2O2)

94.0

4.5

1.5

-

Piranha/ cysteamine

91.0

4.4

2.8

1.8

Piranha/ ethylenediamine

92.0

4.6

3.4

-

Piranha/ chitosan

72.0

21.8

6.2

-

Results of antimicrobial test for HDPE activated by Piranha solution consisting of sulphuric acid and peroxide
in range of H2SO4:H2O2=3:1 and subsequently grafted by ethylenediamine (DIA), cysteamine (CYS) and
chitosan (CHI) are presented in Figure 3. It is obvious that the algae growth was inhibited at all samples,
especially after 24 h in comparison with cell numbers after 1 h with exception of CYS, which is a good
surrounding for cell adhesion and proliferation.

Figure 3 Number of algae Desmodesmus quadricauda on studied samples 1 (black columns), 2 (red
columns) and 24 h (blue columns) after seeding on unmodified HDPE (1), activated by Piranha solution (2),
grafted by cysteamine (3), ethylenediamine (4) and chitosan (5)
These materials of changed surfaces chemistry can be employed in many fields, for preparation of new
luminophores on the base of silicates, glass or polymers, [18-22] for tissue engineering, [20] or for surfaces
with antimicrobial activities.

3.

CONCLUSION

Obtained results confirmed our methods of surface activation and modification can lead to changes in surface
chemistry and other surface properties. These changes can help us to develop new materials for different
usage, for luminophores, for materials applicable in tissue engineering, for materials of antimicrobial activities,
etc.
The surface properties of studied material changed significantly after individual steps of surface activation and
chemical modification and these changes were proved using various methods. It was proved the successful
grafting of selected chemical compounds on the surfaces of different substrates, silicates, glass, polymers.
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Piranha activation and grafting by tested chemical compounds changed surface charge, chemistry, polarity
and wettability.
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