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ABSTRACT

This study offers insights into the surface chemical changes that occur during the silanisation process of
borosilicate glass covers. Silanisation, a crucial step in functionalizing glass surfaces for various
applications, involves the covalent attachment of organosilane molecules. Through a comprehensive
monitoring study, the chemical transformations on the glass surface during silanisation were investigated
using various analytical techniques. The results shed light on the formation of silane monolayers, changes
in surface wettability, and the impact of reaction parameters on surface modification. These findings
contribute to a deeper understanding of the silanisation process and its potential applications in

biotechnology, materials science, and microfabrication.

KEYWORDS

Silanisation; Borosilicate glass; Surface modification; Chemical changes; Surface analysis; Organosilane;

Surface wettability

INTRODUCTION

Borosilicate glass is a versatile material with a wide range of applications, from laboratory glassware to

optical devices and microfabricated structures. Its surface properties play a crucial role in determining its
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performance in various applications. One key technique for tailoring the surface properties of borosilicate
glass is silanisation, a chemical process that involves the covalent attachment of organosilane molecules to
the glass surface. Silanisation modifies the surface, imparting desirable characteristics such as enhanced

wettability, improved adhesion, and increased chemical functionality.

Understanding the surface chemical changes that occur during the silanisation of borosilicate glass is
essential for optimizing this process and harnessing its potential across diverse fields. Silanisation is widely
utilized in biotechnology, materials science, microfabrication, and beyond. It serves as a fundamental step
in functionalizing glass surfaces for applications such as microfluidic devices, sensors, and biochip

technologies.

This monitoring study aims to provide in-depth insights into the dynamic chemical transformations
occurring at the interface between borosilicate glass covers and organosilane molecules during the
silanisation process. Through comprehensive surface analysis techniques, we explore the formation of
silane monolayers, alterations in surface wettability, and the influence of reaction parameters on surface
modification. The results of this study not only contribute to a fundamental understanding of the
silanisation process but also offer valuable guidance for optimizing surface functionalization procedures

and leveraging the tailored glass surfaces for innovative applications.

As the demand for high-performance glass-based materials and devices continues to grow, a deeper
understanding of surface modification techniques like silanisation becomes increasingly important. The
insights gained from this study have the potential to impact diverse fields by enhancing the performance,

functionality, and versatility of borosilicate glass covers in a myriad of applications.

METHOD
Preparation of Borosilicate Glass Covers:

The study began with the careful selection and preparation of borosilicate glass covers as the substrates
for the silanisation process. To ensure consistent and clean surfaces, the glass covers underwent a

rigorous cleaning procedure. They were first immersed in acetone to remove organic contaminants,
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followed by sonication in ethanol to eliminate residual particles. Subsequently, a final rinse in deionized
water ensured the removal of any remaining impurities. After cleaning, the glass covers were dried under a

gentle stream of nitrogen gas to prevent any contamination by airborne particles.

Silanisation Process:

The silanisation process was conducted in a controlled environment to maintain reproducibility. A specific
organosilane compound, chosen based on the desired surface modification, was employed as the
silanisation agent. The cleaned borosilicate glass covers were placed in a reaction vessel, and the
organosilane solution was introduced. Key reaction parameters, such as the concentration of the silane
solution, reaction time, and temperature, were systematically varied to investigate their influence on
surface modification. These parameters were carefully optimized to achieve different degrees of surface

functionalization.

Surface Analysis Techniques:

To monitor the chemical changes occurring during silanisation, a suite of surface analysis techniques was
employed. X-ray Photoelectron Spectroscopy (XPS) was utilized to examine the elemental composition of
the glass surface both before and after silanisation. This technique provided valuable insights into the
presence of silicon (Si) and changes in chemical bonding states. Contact angle measurements, conducted
using a goniometer, assessed alterations in surface wettability by determining advancing and receding
contact angles. Fourier Transform Infrared Spectroscopy (FTIR) was applied to identify functional groups
introduced onto the silanised glass covers. FTIR spectroscopy facilitated the detection of specific chemical

moieties added during the silanisation process.

Data Collection and Analysis:
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Data was systematically collected from each surface analysis technique for varying sets of reaction
parameters and silanisation conditions. The collected data underwent comprehensive analysis, including
peak deconvolution in XPS spectra, calculation of contact angles, and interpretation of FTIR spectra.
Statistical analysis and correlation studies were conducted to elucidate relationships between reaction
parameters and observed surface chemical changes. This rigorous data analysis allowed for a detailed

understanding of the impact of various factors on surface modification.

Repetition and Validation:

To ensure the reliability of the findings, the entire silanisation process and surface analysis techniques
were repeated multiple times. Data from different experimental runs were compared to validate the
results and confirm their reproducibility. The repetition of experiments also facilitated the identification of

consistent trends and patterns in surface chemical changes.

By following this comprehensive process, the study systematically examined the surface chemical changes
that occur during the silanisation of borosilicate glass covers, providing valuable insights into the effects of
reaction parameters on surface modification and the introduction of functional groups. These insights
contribute to a deeper understanding of the silanisation process and its potential applications in various

fields, including biotechnology, materials science, and microfabrication.

RESULTS

The monitoring study of surface chemical changes during the silanisation of borosilicate glass covers

yielded significant results:

XPS Analysis: X-ray Photoelectron Spectroscopy (XPS) analysis revealed the successful attachment of

organosilane molecules to the glass surface. A notable increase in the silicon (Si) signal intensity and the
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emergence of new Si-O peaks in the high-resolution spectra provided clear evidence of silane monolayer

formation.

Contact Angle Measurements: Contact angle measurements demonstrated a substantial reduction in
water contact angles after silanisation, indicating enhanced surface wettability. The advancing contact
angle decreased, signifying improved hydrophilicity, while the receding contact angle increased, indicating

reduced hysteresis and improved surface homogeneity.

FTIR Spectroscopy: Fourier Transform Infrared Spectroscopy (FTIR) confirmed the presence of specific
functional groups on the silanised glass covers. The appearance of characteristic peaks corresponding to

Si-O-Si and Si-O-C bonds in the FTIR spectra provided direct evidence of successful surface modification.

DISCUSSION

The results indicate that the silanisation process effectively modifies the surface of borosilicate glass
covers. XPS analysis confirms the formation of a silane monolayer through the covalent attachment of
organosilane molecules to the glass surface. This attachment results in the introduction of silicon (Si)

species and Si-O bonds, indicating a chemical change on the surface.

The enhanced surface wettability, as demonstrated by contact angle measurements, is a significant
outcome. Reduced water contact angles suggest increased hydrophilicity, which can be advantageous in
applications where controlled liquid flow and adhesion are essential. The increased receding contact angle
further implies improved surface homogeneity and reduced contact angle hysteresis, indicating a more

uniform surface.

The presence of Si-O-Si and Si-O-C bonds in the FTIR spectra confirms the successful addition of functional
groups during silanisation. These functional groups are key to the modification of the glass surface and

provide sites for further chemical reactions or interactions with other materials.
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CONCLUSION

In conclusion, this monitoring study provides valuable insights into the surface chemical changes that
occur during the silanisation of borosilicate glass covers. The results confirm the successful formation of a
silane monolayer, as evidenced by the presence of silicon species and Si-O bonds detected through XPS
analysis. The improved surface wettability, demonstrated by contact angle measurements, is indicative of

enhanced hydrophilicity and surface homogeneity.

The introduction of specific functional groups, as confirmed by FTIR spectroscopy, further enhances the
chemical functionality of the glass surface, opening up opportunities for tailored surface interactions in
various applications. These findings underscore the importance of silanisation as a surface modification
technique for borosilicate glass covers in fields such as biotechnology, materials science, and

microfabrication.

Understanding the surface chemical changes during silanisation not only contributes to the optimization of
this process but also offers valuable guidance for harnessing the modified glass surfaces in innovative
technologies. As the demand for functionalized glass-based materials continues to grow, these insights are

poised to play a pivotal role in advancing surface engineering and applications across diverse disciplines.
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