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ABSTRACT

Dip-Pen Nanolithography (DPN) has emerged as a powerful technique for precise nanopatterning, offering unparalleled 
control over surface chemistry and structure at the nanoscale. In the realm of bioscience and nanotechnology, DPN holds 
promise for various applications, including the precise deposition of oligonucleotides – short sequences of nucleotides crucial 
for biological processes. This paper explores recent advancements in utilizing thermoplastic polymer substrates for DPN of 
oligonucleotides. Thermoplastic polymers, such as polystyrene, poly(methyl methacrylate) (PMMA), and polyethylene glycol 
(PEG), offer advantages such as flexibility, tunable surface chemistry, and biocompatibility. These substrates enable precise 
control over oligonucleotide deposition and provide a platform for integrating DPN with other fabrication techniques. The 
integration of thermoplastic polymers with DPN opens up new avenues for applications in biotechnology, diagnostics, and 
therapeutics. Future research directions aim to refine fabrication techniques, enhance resolution and throughput, and explore 
novel applications in biomedicine and nanotechnology. This review highlights the potential of thermoplastic polymer-based 
DPN for advancing the field of oligonucleotide nanolithography and its implications for biomedical and nanotechnological 
innovations. 
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Introduction 

Dip-Pen Nanolithography (DPN) has emerged as a powerful tool 
for precise nanopatterning, offering unprecedented control over 
surface chemistry and structure at the nanoscale. Particularly in 
the realm of bioscience and nanotechnology, DPN holds promise 
for applications ranging from biosensing to drug delivery [1]. 
One significant area of focus within this field is the patterning 
of oligonucleotides – short sequences of nucleotides that play 
crucial roles in biological processes, such as gene expression 
and DNA replication. In recent years, researchers have explored 
the use of thermoplastic polymer substrates as an innovative 
approach to enhance the capabilities of DPN for oligonucleotide 
patterning [2-5]. This article delves into the advancements and 
potential of utilizing thermoplastic polymer substrates in DPN for 
oligonucleotide nanolithography. Dip-Pen Nanolithography (DPN) 
has emerged as a groundbreaking technique in nanotechnology, 
offering precise control over molecular deposition at the nanoscale. 
This capability has found extensive applications in various fields, 

including bioscience and nanomedicine [6]. Among the diverse 
applications of DPN, the precise patterning of oligonucleotides 
has garnered significant attention due to its potential impact on 
fundamental biological research, diagnostics, and therapeutics. 
Oligonucleotides, short sequences of nucleotides, play pivotal roles 
in biological processes such as gene expression, DNA replication, 
and molecular recognition [7]. The ability to precisely manipulate 
and pattern oligonucleotides at the nanoscale opens up avenues for 
studying biomolecular interactions, developing diagnostic assays, 
and engineering advanced biomedical devices. However, achieving 
precise and reliable patterning of oligonucleotides presents several 
challenges, including the choice of suitable substrates, control 
over molecular deposition, and preservation of oligonucleotide 
integrity [8,9]. In recent years, researchers have explored the use 
of thermoplastic polymer substrates as a promising approach to 
address these challenges and enhance the capabilities of DPN 
for oligonucleotide patterning. Thermoplastic polymers offer 
several advantages, including flexibility, tunable surface chemistry, 
and biocompatibility, making them well-suited for biomedical 
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applications. Moreover, the ability to functionalize thermoplastic 
polymer surfaces enables precise control over molecular interactions 
and enhances the adhesion of oligonucleotides [10].

Understanding dip-pen nanolithography

Dip-Pen Nanolithography (DPN) is a scanning probe lithography 
technique that enables the deposition of molecules with nanoscale 
precision onto a substrate surface. In DPN, a sharp tip coated 
with the desired material is brought into contact with a substrate, 
where molecules are transferred from the tip to the surface through 
capillary action. By precisely controlling the movement of the tip, 
complex patterns can be created at the nanoscale.

Advantages of thermoplastic polymer substrates

Thermoplastic polymers offer several advantages as substrates for 
DPN of oligonucleotides. These polymers, such as polystyrene, 
poly(methyl methacrylate) (PMMA), and polyethylene glycol (PEG), 
exhibit properties such as flexibility, tunable surface chemistry, 
and biocompatibility. Moreover, thermoplastic polymer substrates 
can be easily functionalized with various chemical moieties to 
control surface properties, enhance molecular adhesion, and 
facilitate specific interactions with oligonucleotides. Furthermore, 
thermoplastic polymers can be patterned using conventional 
lithographic techniques, allowing for the fabrication of complex 
micro- and nanostructures prior to oligonucleotide deposition. This 
capability enables the integration of DPN with other fabrication 
methods, expanding the potential applications of oligonucleotide 
nanolithography.

Materials and Methods

Selection of thermoplastic polymer substrates

Describe the thermoplastic polymers chosen for substrate 
fabrication, such as polystyrene, poly(methyl methacrylate) 
(PMMA), or polyethylene glycol (PEG).

Discuss the rationale behind selecting these polymers based on their 
mechanical properties, surface chemistry, and biocompatibility.

Substrate preparation

Outline the procedure for preparing thermoplastic polymer 
substrates, including cleaning, surface functionalization, and 
patterning (if applicable).

Detail any surface modification techniques employed to tailor 
the substrate properties for specific applications, such as plasma 
treatment, chemical functionalization, or micro/nanostructuring.

Preparation of oligonucleotide ink

Provide information on the synthesis or procurement of 
oligonucleotides used for DPN.

Describe the formulation of the ink solution containing 
oligonucleotides, including solvent choice, concentration, and any 
additives used to enhance stability or functionality.

Dip-pen nanolithography setup

Describe the DPN setup used for patterning oligonucleotides onto 
thermoplastic polymer substrates.

Specify the type of atomic force microscope (AFM) or scanning 

probe microscope (SPM) employed, along with the configuration 
of the ink delivery system.

Detail the experimental parameters, such as tip material, tip radius, 
writing speed, and applied forces, optimized for oligonucleotide 
deposition.

Oligonucleotide patterning procedure

Outline the step-by-step process of performing DPN on 
thermoplastic polymer substrates.

Include information on tip conditioning, calibration, and 
validation procedures to ensure reproducibility and accuracy of 
patterning.

Provide details on the patterning strategy employed (e.g., direct-
write, molecular ink lithography) and any patterning algorithms 
utilized for complex designs.

Characterization and validation

Describe the techniques used to characterize and validate the 
patterned oligonucleotide arrays.

Include information on imaging methods (e.g., AFM, fluorescence 
microscopy) used to visualize the patterns and assess their quality.

Discuss any analytical techniques employed to evaluate the density, 
homogeneity, and functionality of the deposited oligonucleotides, 
such as hybridization assays or surface-sensitive spectroscopy.

Applications and future directions

The utilization of thermoplastic polymer substrates for DPN 
of oligonucleotides holds promise for various applications in 
biotechnology, diagnostics, and therapeutics. For example, 
patterned oligonucleotide arrays on flexible polymer substrates 
could be employed for high-throughput screening of biomolecular 
interactions, DNA sequencing, and diagnostic assays. Additionally, 
the ability to precisely control the spatial distribution of 
oligonucleotides on polymer surfaces opens up new avenues for 
the development of programmable biosensors, drug delivery 
platforms, and tissue engineering scaffolds. Future research in this 
area is focused on refining the fabrication techniques, enhancing 
the resolution and throughput of oligonucleotide patterning, and 
exploring novel applications in biomedicine and nanotechnology. 
Integration with emerging technologies such as microfluidics and 
single-molecule imaging could further advance the capabilities 
of thermoplastic polymer-based DPN for oligonucleotide 
nanolithography.

Conclusion

The utilization of thermoplastic polymer substrates in Dip-Pen 
Nanolithography offers a versatile and promising approach for 
the precise patterning of oligonucleotides at the nanoscale. By 
leveraging the unique properties of these polymers, researchers are 
expanding the capabilities of DPN for applications in biotechnology, 
nanomedicine, and beyond. Continued advancements in this field 
hold the potential to revolutionize the way we manipulate and 
engineer biomolecules at the molecular level, paving the way for 
innovative solutions in healthcare, diagnostics, and biotechnology.
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