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1. INTRODUCTION

Properties of nanowires (NWSs), instead of material, are driven rather by effects collocated with
dimensions and topology, especially surface-to-volume ratio [1]. In the measurement of NWs, diameter
plays a crucial role, as does crystal orientation and the level of crystal defects [2]. Measurement
of a single entity at different degrees of crystallinity may bring more understanding to the role played
by separate factors.

We present a method for a single specimen measurement of the ZnO NWs at different degrees
of crystallinity. Thermal treatment is carried out on the NW attached to the marked substrate in order
to measure mechanical parameters on the same element. Measurements were conducted with atomic
force microscopy (AFM). The measurements compared the Young’s modulus of the ZnO NW with
a hexagonal wurtzite structure as the crystallinity of the sample improved.

2. MATERIALS

Arrays of ZnO NWs with typical diameters in the range of 100-200 nm and lengths of several
or a dozen pum were obtained by using one-step anodic oxidation of metallic Zn foil in a sodium
bicarbonate electrolyte and thermal post-treatment [3].
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Figure 5. The process of transferring and mounting nanowires onto a substrate. Visible transport
of the nanowire with manipulator and focused electron beam-induced deposition (FEBID) deposited
mounting pads [4]

6. MEASUREMENT OF MECHANICAL
PROPERTIES ON SUBSTRATE
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Figure 7. SEM Studies & Topography maps of nanowires acquired with given indentation forces. Height
profiles along lines are shown accordingly. Cursors show heights in selected, repeated points [4]
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3. METHODS OF CHARACTERISATION

Figure 2.Adual-beamscanningelectron microscope-
focused ion beam (SEM-FIB) Helios Nanolab 600l
from FElequippedwiththe EasyLiftnanomanipulator

Figure 3. The self-built AFM system

Figure 4. The monocrystaline conductive diamont
tip for nanoindentation

4 N
X-ray diffraction on Panalytical Empyrean diffractometer

in a 10-90° 26 range with a step size of 0.013° at 21 °C. An X-ray
source Cu-lamp (A Ka = 1.5406 A) was used.
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Figure 6. Estimated crystallite size determined for samples annealed at temperatures from 100 °C
to 300 °C. (a) XRD patterns of anodic films after 2 h of annealing at temperatures from 100 °C
to 300 °C [4]

/. SUMMARY

e The Young’s modulus of single zinc oxide NWs with a hexagonal wurtzite structure annealed
at different temperatures was measured using specialized substrates and atomic force microscopy.

e These studies are of great importance in establishing the synthesis-structure-property relationships
that ultimately lead to the optimization of devices used in fields such as renewable energy
(in harvesting devices), medicine (biomedical systems), and many others.

ACKNOWLEDGMENTS

The following research has been conducted with financing from the project 19ENGO5 - NanoWires
funded from the EMPIR programme (European Union’s Horizon 2020).

* X % /\.
EMPIR H =

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States

https://www.ptb.de/empir2020/nanowires/home/

1.] H. Yao, G. Yun, N. Bai, J. Li, Surface elasticity effect on the size-dependent elastic property of nanowires, J. Appl. Phys. 111 (2012).
2.] S. Vlassov et al., Critical review on experimental and theoretical studies of elastic properties of wurtzite-structured ZnO nanowires, Nanotechnol. Rev. 12 (2023).
3.] L. Zaraska, K. Mika, K. Syrek, G.D. Sulka, Formation of ZnO nanowires during anodic oxidation of zinc in bicarbonate electrolytes, J. Electroanal. Chem. 801 (2017) 511-520. https://doi.org/https:/doi.org/10.1016/j.

[4.] Bartosz C. Pruchnik, Janusz D. Fidelus, Ewelina Gacka, Krystyna Mika, Leszek Zaraska, Grzegorz D. Sulka, Teodor P. Gotszalk, Relationship between the Structural Properties of ZnO Nanowires and Their Modulus of

Elasticity, Available at SSRN 4363727.



