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At present, nanotechnology is developing at an 
exceptionally rapid pace, primarily due to the 
integration of the natural sciences and, above 
all, to the achievements of physics. Therefore, it 
is an urgent requirement of our time that 
university students develop an understanding 
of nanotechnology. As is well known, 
nanotechnology refers to the manipulation of 
substances at the atomic and molecular levels in 
order to produce materials and products with a 
predetermined composition [2]. 
The history of modern nanotechnology is 
closely connected to more than a century of 
scientific research conducted by scholars 
around the world and can be divided into 
distinct stages of development. The most 
important milestones in the evolution of 
nanotechnology include the following: 
The Greek philosopher Democritus, who lived in 
the 4th century BCE, was the first to use the 
word atom to describe the smallest indivisible 
particle of matter, thereby becoming the first 
thinker to speak, in essence, about 
nanoparticles. 
In 1857, the English physicist Michael Faraday, 
founder of the theory of the electromagnetic 

field, was the first to create stable colloidal gold 
solutions—liquid systems in which the 
dispersed phase consists of tiny, independent 
particles freely moving within the medium [2]. 
In 1905, the renowned physicist Albert Einstein 
became the first scientist to employ nanometer-
scale measurements in his work, having 
theoretically demonstrated that the size of a 
sugar molecule is approximately one 
nanometer. 
In 1959, the American physicist Richard 
Feynman delivered a lecture at the California 
Institute of Technology in which he articulated 
his ideas on controlling the structure of matter 
at the atomic level. The subsequent 
development of atomic-level manipulation 
techniques enabled scientists to address many 
challenges in nanophysics. This lecture, in many 
respects, became the starting point for nano-
scale research [1]. 
For the effective manipulation of atoms and 
molecules, Eric Drexler introduced the concept 
of the assembler—a molecular nanomachine 
capable of reproducing arbitrary molecular 
compositions and structures. 
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Many of the remarkable ideas proposed by 
Richard Feynman—such as drawing lines only a 
few atoms wide using electron beams, 
employing individual atoms in constructions, 
creating electrical circuits at the nanometer 
scale, and using nanostructures in biological 
systems—are already being implemented in 
practice today. 
In 1974, the term nanotechnology was first 
proposed by the Japanese physicist Norio 
Taniguchi during his presentation “On the Basic 
Concepts of Nanotechnology” at an 
international conference. The term was used to 
describe the ultra-precise processing of 
materials at the nanometer level of accuracy [1]. 
In 1991, Japanese physicist Sumio Iijima 
discovered a new form of carbon clusters—
carbon nanotubes—which possess a range of 
unique properties and laid the foundation for 
innovative transformations in electronics and 
materials science. A nanotube consists of a 
cylindrical structure made of carbon and has 
astonished scientists with its distinctive 
physicochemical characteristics. Nanotubes can 
be single-walled or multi-walled and exhibit 
capillary properties. 
Despite being 100,000 times thinner than a 
human hair, carbon nanotubes are 50 to 100 
times stronger than steel and six times less 
dense. Furthermore, they display a wide array 
of unusual electrical, magnetic, and optical 
properties. Owing to their exceptional electrical 
characteristics, nanotubes have become one of 
the key materials in nanoelectronics, forming 
the basis for new generations of computer 
components. 
Following these discoveries, Japan launched a 
national program for the development of atomic 
and molecular-scale nanotechnologies known 
as the “Atomic Technology Project” [8]. 
Nanotechnologies are already being applied in 
the most vital areas of human activity—radio 
electronics, information technology, energy, 
transport, biotechnology, medicine, and the 
defense industry. Today, more than fifty 
countries around the world are engaged in 
nano-research. For their outstanding 
achievements in this field, eight Nobel Prizes 
have been awarded [10]. 

At present, the main instruments of 
nanotechnology are scanning probe 
microscopes, the most common types being 
scanning tunneling microscopes (STM) and 
atomic force microscopes (AFM). The key 
component of a scanning probe microscope is 
an extremely fine needle that scans a surface at 
the atomic level. The operation of an STM is 
based on measuring fluctuations in the 
tunneling current that occur between the probe 
and the sample surface at a distance of less than 
0.5 nm [9]. When this distance changes by only 
0.1 nm, the tunneling current varies by a factor 
of ten. Such sharp variations make it possible to 
investigate the surface structure with atomic-
level resolution. 
The application of nanotechnologies in 
electronics, computer science, and robotics is 
unparalleled in its potential and has already 
triggered a revolution in these domains. In 
particular, nanotechnologies have made it 
possible to dramatically miniaturize computers, 
which in the near future will allow for their 
integration and operation within virtually all 
household appliances [6]. 
The fields of nanoscience and nanotechnology 
have gained tremendous international 
prominence, leading to a rapid increase in both 
governmental funding and private investment 
[7]. These rapidly advancing disciplines involve 
new approaches to research, development, and 
production, all aimed at understanding 
phenomena and manipulating matter at the 
level of atoms, molecules, and molecular 
clusters. While most definitions emphasize the 
dimensional scale of such entities (typically 
ranging from 0.1 to 100 nanometers), the true 
essence of nanotechnology lies in the 
emergence of fundamentally new phenomena 
and properties. 
Properties that differ significantly from those 
observed at the macroscopic scale include 
magnetic, mechanical, electronic, optical, 
thermodynamic, and thermal behaviors, as well 
as self-assembly and recognition capabilities 
(see Brune et al., 2006) [3]. These size-
dependent properties have opened up 
opportunities for a vast range of practical 
applications. 
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Scientific and technological literacy refers to the 
ability of individuals to understand key 
contemporary scientific concepts and 
processes, to apply technological knowledge to 
solving real-world problems, and to evaluate 
the social, ethical, and environmental 
implications of science and technology. 

Knowledge of nanotechnology offers a unique 
opportunity to acquire cutting-edge 
understanding, providing university students 
with modern educational content, 
interdisciplinary approaches, and critical 
reflection on innovation. 

Table 1. Key Aspects of Nanoscience and Nanotechnology in Education and Research 
 

Aspect Description / Key Ideas Examples or Implications 
Historical 
Foundations 

The development of nanotechnology is 
rooted in centuries of scientific 
exploration, from Democritus’s atomic 
theory to Faraday’s colloidal gold 
experiments and Einstein’s molecular-
scale calculations. 

Milestones include Feynman’s 
1959 lecture on atomic 
manipulation and Drexler’s 
concept of the “assembler.” 

Scientific Core of 
Nanotechnology 

Nanotechnology studies and manipulates 
matter at the atomic and molecular levels, 
where new physical, chemical, and 
biological properties emerge. 

Enables precise control of 
materials’ structure, leading to 
innovative applications in 
various industries. 

Key Discoveries 
and Tools 

Major breakthroughs include carbon 
nanotubes, scanning tunneling 
microscopes (STM), and atomic force 
microscopes (AFM). 

These instruments allow 
atomic-level imaging and 
manipulation, forming the 
foundation for 
nanoengineering. 

Unique Properties 
of Nanomaterials 

Nanomaterials display phenomena 
distinct from macroscopic materials: 
magnetic, optical, mechanical, thermal, 
and self-assembly properties. 

Used in nanoelectronics, 
advanced materials, and 
biomedical engineering. 

Applications Across 
Industries 

Nanotechnologies revolutionize 
electronics, robotics, information 
technology, energy, biotechnology, 
medicine, and defense. 

Carbon nanotubes are 
100,000× thinner than a hair 
yet 100× stronger than steel—
enabling miniaturized and 
durable devices. 

Global Scientific 
and Economic 
Impact 

Over fifty countries invest in nano-
research; multiple Nobel Prizes have 
recognized advances in the field. 

National programs (e.g., Japan’s 
“Atomic Technology Project”) 
illustrate global commitment to 
nanoscience innovation. 

Educational 
Relevance 

Integrating nanoscience into university 
curricula strengthens students’ scientific 
and technological literacy. 

Promotes understanding of 
atomic-scale processes and 
their societal impact. 

Interdisciplinary 
Integration 

Nanotechnology unites physics, 
chemistry, biology, materials science, and 
engineering. 

Encourages systemic thinking, 
critical reasoning, and creative 
problem-solving. 

Pedagogical 
Strategies 

Research-based and project-based 
learning enhance comprehension of 
nanoscale phenomena. 

Laboratory modeling and 
digital simulations foster 
technological competence. 

Socio-Cultural 
Dimension 

Education in nanoscience fosters 
reflection on the ethical, environmental, 
and social roles of science and technology. 

Prepares scientifically literate 
citizens capable of informed 
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decision-making in a 
technology-driven world. 

Outcome for Higher 
Education 

Nanoscience serves as a driver of 
innovation and scientific literacy among 
students. 

Graduates become critical, 
creative, and responsible 
contributors to scientific and 
technological progress. 

 
Nanotechnology integrates physics, chemistry, 
biology, materials science, and engineering, 
thereby fostering systemic and interdisciplinary 
thinking among students. It develops critical 
and creative skills, while interaction with 
nanoscale phenomena encourages modern 
research practices, experimental activity, and 
the ability to address complex scientific 
challenges. Within university-level 
nanotechnology courses, students are 
introduced to innovative knowledge that 
stimulates creativity and inquiry-based 
learning. 
High-tech industries are increasingly dependent 
on nanotechnologies. Modern education 
ensures that students are better prepared for 
future scientific and engineering careers by 
integrating nanotechnology-related materials 
into the curricula of the natural and technical 
sciences in accordance with national 
educational standards. Nanoscience serves as a 
driving force in fostering scientific and 
technological literacy among university 
students [4]. 
Understanding the properties of nanomaterials 
allows for the deepening and broadening of 
fundamental knowledge in the natural sciences. 
From a practical perspective, laboratory work 
and simulations of physical phenomena 
enhance students’ technological competence 
during the learning process. From a 
sociocultural perspective, nanotechnology 
education encourages reflection on the role of 
science and technology in everyday life. 
Through these aspects, the study of 
nanotechnologies supports the development of 
scientifically literate citizens capable of making 
informed decisions in a technology-driven 
world. 
Modern university education, based on 
research-oriented instruction, enables students 
to explore nanoscale phenomena through 
experiments and digital modeling. Project-

based learning promotes collaboration, 
innovation, and the ability to address 
contemporary scientific problems [5]. 
 
Conclusion. 
The integration of nanoscience and 
nanotechnology into education is essential for 
enhancing scientific and technological literacy 
in the 21st century. Their interdisciplinary 
nature, innovative potential, and profound 
societal impact make them powerful 
instruments for cultivating critical, creative, and 
responsible university students. By 
incorporating the foundations of 
nanotechnology into curricula across various 
disciplines, educators can prepare students not 
only for future professional paths but also for 
active participation in the dialogue between 
science and society. 
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