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Abstract. We investigated the effect of light on the DNA-driven self-assembly to form hierarchical patterns
on two dimensional surfaces. We specifically focused on the self-assembly of DNA-functionalized quantum
dots (QDs) onto DNA-functionalized glass substrate while illuminating the surface with a laser during coating
process. The region illuminated with a green laser remained uncoated with red-emitting QDs while the not-
illuminated region was successfully coated. Next, a red laser whose light cannot be absorbed by the red-
emitting QDs did not avoid the DNA-driven self-assembly of the QDs onto glass substrate. Additionally, we
demonstrated that silica nanoparticles that had been functionalized with DNA and are not able to absorb the
light in the visible regime were again coated on the surface while being exposed to a green laser. These results
prove that the absorption of the light is responsible for controlling the binding-unbinding process of QDs.
Finally, we added DNA-functionalized green-emitting QDs onto the area that was not coated with red-
emitting QDs under the green laser exposure. We observed successful coating of previously uncoated regions
with the green QDs. This revealed the viability of our technique for building up hierarchical structures without
using, sophisticated, or resource-intensive microfabrication methods.

1 Introduction

DNA-driven self-assembly is a reversible technique for
controlled assembly of nanomaterials at the nanoparticle
scale, utilizing the selectivity of DNA molecules [1]. An
important characteristics of this method is its reversibility,
which is achieved by regulating the temperature of the
medium containing the nanoparticles. Since the
complementary single-stranded DNA (ssDNA) forms
hydrogen bonds with one another, nanoparticles
possessing complementary ssSDNAs on their surfaces bind
each other. Lowering the temperature causes the
nanoparticles to stick together, while raising the
temperature causes them to separate [2,3].

Our recent research showed that light absorbed by
gold nanoparticles can manage the binding and unbinding
of DNAs linked to gold nanoparticles without externally
increasing the temperature. We demonstrated that by
applying light to the self-assembled nanoparticles, the
surroundings of the nanoparticles heat up via optical
excitation. We proved that structure of the self-assembled
nanoparticle network can be tailored optically leading to
a reversible control of the optical features [4].

Here, we extend the applicability of optical control of
the DNA-driven nanoparticle self-assembly towards
producing their patterned thin films on two dimensional
surfaces in addition to hierarchical self-assembly. We
present that the DNA-functionalized red-emitting QDs
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cannot bind to the DNA-functionalized surfaces when
they are treated with green laser that are absorbed by these
QDs. Further experiments with silica particles excited by
a green laser followed by the exposure of red QDs with a
red laser reveal that the mechanism enabling the control
of binding-unbinding process is the local heating of the
nanoparticle surroundings with the light source.

2 Results and Discussion

We first coated the glass surface with ssDNAs and added
red-emitting QDs possessing complementary DNAs onto
this substrate. During the coating process, we illuminated
the substrate using a green laser whose light can be
absorbed by the QDs. The section of the sample that was
exposed by the laser light appeared as a dark spot on the
fluorescence microscopy image, but the area that was not
illuminated by the laser light was covered with QDs (Fig.

1.

Next, we studied the binding and unbinding process
of the red-emitting QDs on glass substrate while treating
the sample using a red laser. Since the red laser light could
not be absorbed by the QDs, we observed a homogeneous
coating of the QDs on the DNA-functionalized substrate.
In another control experiment, we showed that DNA-
functionalized silica nanoparticles are not affected by the
green laser and successfully coats the surface despite the

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).


mailto:erdem.talha@agu.edu.tr

EPJ Web of Conferences 287, 05004 (2023)
EOSAM 2023

https://doi.org/10.1051/epjcont/202328705004

laser irradiation. These results clearly show that using
light that can be absorbed by the nanoparticles we can
locally control the binding-unbinding process of
nanoparticles on 2D surfaces.

To study the potential of hierarchical fabrication, we
added green-emitting QDs onto the patterned sample
prepared using red-emitting QDs and green laser. We
observed that the previously uncoated region was
successfully coated with green-emitting QDs indicating
the possibility of hierarchical self-assembly using our
technique.

3 Conclusions

Our results show that DNA-driven self-assembly of
nanoparticles on 2D surfaces can be externally controlled
using light exposure. We revealed that when the
nanoparticles absorb the light, they heat the medium in
their close proximity and avoid the binding process of
DNA-functionalized nanoparticles on DNA-
functionalized surfaces.

Our findings, we believe, will make it possible to
create a unique microfabrication technique that relies on
the management of DNA-driven nanoparticle self-
assembly. We think that this unique technology has the
potential to emerge as a viable and affordable replacement
for the current fabrication equipment.

We thank Tiibitak Grant No. 120C124 and BAGEP.

References

1. H. Li, J. D. Carter, and T. H. LaBean, “Nanofabrication
by DNA self-assembly,” Materials Today, vol. 12, no. 5.
(2009).

2. A. P. Alivisatos et al., “Organization of ‘nanocrystal
molecules’ using DNA,” Nature, vol. 382, no. 6592, pp.
609-611, Aug. (1996).

3. C. A. Mirkin, R. L. Letsinger, R. C. Mucic, and J. J.
Storhoff, “A DNA-based method for rationally
assembling nanoparticles into macroscopic materials,”
Nature, vol. 382, no. 6592, pp. 607-609, Aug. (1996).

4. Z. Senel, K. i¢6z, and T. Erdem, “Tuning optical
properties of self-assembled nanoparticle network with
external optical excitation,” J Appl Phys, vol. 129, no. 15,
(2021).

Region where the QDs are
attached to the surface while no
laser light arrives

green

laser A

o there s no binding between QD-DNA and
(5W) fo 0l 4

2 el = amne-functionalized ssDNA-coverslip

xxxxx

Reginn where the laser radiation
dnes nat allow the (Ns to bind
on the glass surface

A~ HON-RA
x 08517\ /V\/ 'V ,‘\’\,,.,,.
> o 3
v A HC=N-~,
AN/ VAN
05t VNV VWineo,

Couping of QO-DNA and amine-funclionalizec ssDNA-coversip

Fig. 1. (Left) [llustration of the experimental setup. (Right) Fluorescence microscopy image demonstrating that the spatial control of
DNA-functionalized red-emitting QD self-assembly is achieved by employing a green laser.



