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Abstract

INTRODUCTION: The rapid changes in computational power of machine learning (ML) algorithms and natural
language processing (NLP) applications have led to multi-scale and many core designs in nanotechnology.
Machine learning algorithms and natural language processing applications are easing the burden engineers
must go through to understand nanoparticles. There are still challenges to predict and control particles of
nanomaterials at nanoscale. Aspect-based climatic conditions are negatively impacting the world with huge
modification on nanoparticles, nanomaterials and nanostructures.
OBJECTIVES: Study examines aspects of machine learning algorithms and natural language processing
applications that can be used to predict and control particles, and structure of nanomaterials at nanoscale.
METHODS: The study examines significance of machine learning algorithms and applications in
nanotechnology, examines aspects of machine learning algorithms and natural language processing applications
applied in nanotechnology, and discusses current-future trends of nanotechnology based on learning algorithms
and natural language processing applications.
RESULTS: The findings indicate that machine learning and natural language processing applications in
nanotechnology are leveraging advanced microscopic evolutional potentials which metamorphoses the world’s
industrialization to scale human existence.
CONCLUSION: Machine learning algorithms have the potential to predict and classify nanomaterials
and natural language processing has the potential to retrieve relevant data hidden within the classified
nanomaterials which results has a huge significance in the pharmaceutical industry.
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1. Introduction
Machine learning potential rated in nanotechnology is
leading the way into a microscopic revolution with huge,
magnificent potentials to transform global industries
and improve human lives [2]. The technological ability
to empower engineers to use machine learning to
predict, transmit, design, and control materials and
processes at the nanoscale is fast and increasingly
growing. Natural language processing is a growing
multidisciplinary subfield of linguistics, computer
science and artificial intelligence that deal with
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the interaction of computers and human natural
language [10]. Following advanced technological
development, information has become key to surviving
the world. Nations, institutions, organizations and giant
companies are scramble for information to enable
them to continuously understand the new set of
human activities, environmental conditions, knowledge
development and creation of new technology has made
natural language processing a very important field
in computer science. Natural language processing has
made it possible to understand information across
complex fields, languages, culture and platforms [13].
The use of natural language processing semantics
has a metamorphose knowledge development and
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technologies across the globe. Nanotechnology is just
one of the few disciplines that uses the morphologies
of linguistics to interpret nanoparticles and materials.
Thanks to natural language processing, the world now
runs a standardization system which provides unique
codes to organizations, institutions, and companies to
distinguish their services and products. The use of
standardization is mainly to globalized products and
services for the betterment of consumers wherever they
are. Environmental conditions like climate changes have
led to a more complex nature of raw nanoparticles
which depends on human technology. The potential
of human activities in nanotechnology industries to
understand nanoparticles is fast becoming complex.
There is a need to give technology a chance to predict and
control nanomaterials at nanoscale. The mathematical
model integrated in machine learning algorithms and
applications has the potential to evaluate, control and
predict nanometers. Computer technology has weakness
a fast dimensional change in the past decades [7].
Besides the general progression in multi-core and
many-core designs, there has been a strong demand
for emerging nano-scale technologies [25]. To achieve
this important milestone in nanotechnology, there is an
urgent need for machine learning, artificial intelligence,
robotic technology, natural language processing and
deep learning knowledge both at theoretical and
experimental levels. Mah et al. (2023)[15] investigate the
convergence of the Internet of Things (IoT) and Wireless
Sensor Networks (WSNs) through the application of
deep learning and natural language processing (NLP)
methodologies. The study emphasizes the creation of
secure and transformative community perspectives.
These technologies, comparable to nanotechnology
in their capacity to facilitate innovative solutions,
enhance the efficiency of real-time data processing
and decision-making within intricate systems, thereby
fostering more effective and secure applications, much
like the transformative impact of nanotechnology in
fields such as healthcare, energy, and materials science.

An evaluation Machine learning algorithms and
application perspective in nanotechnology [5]. For
instance, a paper sheet of nanomaterials is about
100,000 nanometers thick. Machine learning algorithms
and application integration in nanotechnology has
the potential to change and improve the way we
understand, design, transmit, and manipulate materials
at the atomic level. Machine learning algorithms and
applications have a way of opening new possibilities
in disciplines like medicine, robotics, electronics, and
energy production. Machine learning algorithms and
applications have tremendously helped researchers
navigate and understand complex nanomaterials by
analyzing large datasets nanoparticle properties and
their interactions using biological systems. A lot of
development of more efficient and effective drug delivery

systems ultimately have improved the control and
remedies of diseases. Recent example is the development
of COVID-19 vaccine.

2. Machine learning and Nanotechnology
Material design and drug discovery with the use
of machine learning techniques greatly reduce the
capital and time spent in the development process
[14]. "Emerging Trends of Bioactive Nanomaterials in
Modern Veterinary Science and Animal Husbandry,"
by [21] examines the latest advancements in bioactive
nanomaterials and their applications in veterinary
science and animal husbandry. The paper presented
some significance innovative trends and potential
benefits of Bioactive materials for improving animal
health and agricultural practices.

Applications of Machine learning algorithms are
methods in computer science that utilize data input
to construct an adaptive support system that performs
a task without need of human intervention and
program. During the training process in machine
learning, the algorithm configures itself using a set
of mathematics-built functions to produce desired
outcomes. Nanotechnology for sustainable development
was examined by [19]. The comprehensive literature
review evaluate areas where ML can be apply in
the environment for Nano techs. Machine learning is
subdivided into two categories known as supervised and
unsupervised learning.

Supervised machine learning focuses on the training
pattern recognition determined by engineers to
distinguish different datasets based on the category of
dataset.

Unsupervised machine learning focuses on use of data
input, recognizes differences in datasets, finds trends or
patterns, and learns features from the data and predicts
outcome.

Figure 1. Machine Learning Classification

Figure 1 represents the types of algorithms used in 
machine learning. To predict the possibility of materials’ 
end of lifespan, machine learning algorithms evaluate 
previously available data on changeable environmental 
situations such as temperature, humidity, storage time,
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and quality characteristics. An exploration of the
integration of machine learning and nanotechnology in
cancer therapy was examined [1]. This paper highlight
ways in which machine learning can enhance diagnosis,
treatment precision, and patient outcomes. The research
team called for a continuation of interdisciplinary
research to overcome challenges and fully harness ML
approach’s potential.

2.1. Aspects-based Significance of Machine Learning
Applications in Nanotechnology.
A theses by Moustafa Dieb (2015)[18] revealed a
framework for extracting experimental information
from research papers to assist in nanocrystal device
development was conducted. Their research aims at
streamlining the retrieval of relevant data, improving
research efficiency and development processes in
the nanotechnology discipline. Machine learning
applications utilize a set of rules and regulations
called algorithms to classify information and predict
results based on the provided information [4]. For
example, machine learning approaches for predicting
antimicrobial activity utilizes mathematical set of rules
and regulations-based statistics to learn relationships
between physicochemical properties and materials
composition. Prediction aspects-based machine learning
algorithms and applications identified by this study
include k-nearest neighbor (KNN), support vector
machine (SVM), artificial neural network (ANN), and
random forest (RF).

Figure 2. Atificial Neural Network

Figure 2 represents machine learning Artificial neural
networks (ANN) Artificial neural networks is a category
of supervised machine learning techniques that is been
use in various hyperparameters to approximate input
and output values relationship. Hyperparameters in
machine learning algorithms are made up of (hidden
layers, layers units, activation function and learning
rates) [27]. Artificial neural networks (ANN) are
constructed in computational units to represent neurons
found in humans. Artificial neurons found in computers
collect signals from various sources and transform them

through an activation function. The ANN constituted
input, hidden and output layers.

Figure 3. Support Vector Machine

Figure 3 represents machine learning algorithms
technique of support vector machine. Support vector
machine is a type of supervised machine learning
method abbreviated as (SVM). Support vector machine
classifies information by way of finding their hyperplane
to segment the collected information [26]. Support
vector machine learning algorithms creates a hyperplane
with the largest distance from the nearest target training
points. In the support vector machine, the maximal
distance created by the hyperplane allows a strong
separation between classes which results in lowered
generalization error. Support vector machine learning
algorithms uses a linear classification with analysis
regression and classification of non-linear system.
Dhanalakshmi et al. explores the critical role of artificial
intelligence in promoting innovations in healthcare
through nanotechnology. Their study explores ways in
which AI enhances the development and application
of nanomaterials to diagnose and treat patients. Their
study also emphasizes on the potential to revolutionize
point-of-care technologies and improve patient outcomes
in the medical field.

Figure 4. K-Nearest Neighbor.

Figure 4 represents K- nearest neighbour classification
method of machine learning. The classification
technique and regression analysis method of data points
to find a pattern by classifying recorded data closest to
the desired data point K. When the nearest objects are
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determined, the algorithm recommends the object to
the system engineer based on the previous majority of
nearest neighbors.

Figure 5. Decision Tree

Figure 5 represents the decision tree and random
forest category of machine learning. Decision tree is
a machine learning technique that utilizes a classifier
to predict results of a constantly changing situation.
Decision trees perform classification problems and
can also be used as a regression analysis method of
classification.

Figure 6. Random Forest

Figure 6 where Random forests work by way of
random sampling of the data by building multiple
decision trees for each random sample datasets.

2.2. Significance of machine learning and natural
language processing in nanotechnology.
Jaber (2024) [8] investigates the convergence of Artificial
Intelligence (AI) and Nanotechnology in shaping future
technological innovations. This research, featured in
Artificial Intelligence in the Age of Nanotechnology
(IGI Global), examines the transformative impact
of AI and nanotechnology on sectors including
healthcare, energy, and materials science. By utilizing
AI-enhanced models for nanoscale accuracy, this
synergy promotes increased efficiency and innovation,
leading to significant developments in drug delivery
systems, renewable energy solutions, and intelligent
materials, thereby establishing both domains as crucial
contributors to technological advancement..Analyzes on
global trends was examined [17]. The study analyzed
a global trends in cancer nanotechnology utilizes

content-based bibliometric features for machine learning
text classification. The study provides a qualitative
mapping of various fields, highlight key research
important areas and advances the understanding of
the evolving landscape of nanotechnology in cancer
treatment. An exploration for analyzing emerging trends
in machine learning applied to nanoparticles, focusing
on the field of nanoinformatics by [12]. Their study,
presented at the ICICC 2021, highlights the techniques
machine learning are been increasingly utilize to analyze
and predict behavior of nanoparticle.

Planning production process.In Nano-technological
industries, product quality, size, freshness, and
nutritional value are accurately determined and
predicted using machine learning algorithms nowadays.
The predicting capacity of machine learning has proven
to be a global trend in the era of industrial technology.
Planning and management processes in most production
companies have become more and more flexible.
Understanding the needs of potential customers and
fulfilling them have weakness a positive boost since
the coming of machine learning in the past decades.
During convid-19 machine learning was used to predict
areas with likely increased infections. The distribution
of vaccines also took a very short period thanks to the
machine learning techniques used.

Control and evaluation. Machine learning assists
humans, especially management engineers, to evaluate
and control system performance by using a set of data.
The control and evaluation process entails adding and
subtracting the required data to fit a defined target
parameter. The process of control and evaluation using
machine learning algorithms is more accurate, reliable,
efficient and effective than manual processes. Machine
learning applications are being used to determine
accurate doses of vaccines in the pharmaceutical
industry using artificial neural networks and artificial
cells. Machine learning applications have also been
used to estimate the fruit sweetness acidity quantity,
fruit shape and sizes and fruit prices. Machine learning
algorithms are being increasingly used to evaluate,
control and improve a variety of techniques that
accurately predict customer preferences and trends.

Optimization. In the food industry, maturity of foods
can be determined using supervised machine learning
algorithms. Production systems and environmental
factors such as temperature, humidity, and light are
capable of impacting fruit growth. Most industries
now rely on machine learning techniques to accurately
determine the size, freshness, and nutritional value
of their products. Most systems incorporate machine
learning algorithms and applications and have better
food maturity than others. Changes in standardization,
quality and demand are quicker to be upgraded using
machine learning applications.
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Simulation and pre-processes. Pre-processing of
tasks with the use of simulation has greatly improved
human resources and real-world processes. With
the help of artificial processes, a lot of real-world
mistakes have been avoided. Simulators have accurately
determined process flows with the help of 3D
technology. Machine learning assists in data automation
pre-processing tasks such as cleaning of data and
selection characteristics. Machine learning applications
helped in locating, eliminating, detecting and in error
correction by generating synthetic data that supplement
existing data sets. Machine learning applications are
used to identify and classify product types based on
color, shape, size, and texture.

Target Segmentation: Another area where machine
learning has achieved a lot of target segmentation. The
use of clusters to target materials based on similarities
of their properties and behaviors. Machine learning
have been used to detect fraudulent activity in material
constituencies especially for some pharmaceutical
industries that deal in drugs. Unsupervised machine
learning is also used to segment potential materials
data into size, age and design structure. Supervised
machine learning can be used to determine the best
preservation methods for vaccines, drugs, fruits and
non-consumable products especially when it comes to
their optimal temperature, humidity, and light levels.

Fraudulent Detection. Machine learning applications
assist in detecting fraudulent manufacturers.
Transactions history, pattern of operations and
users’ manipulation of personal data are stored in most
savers. When changes in transaction history, pattern
of operations and data manipulation are observed,
signals are often sent to regulatory customer service and
standardization terms for confirmation.

3. Trends and Projected Impact of ML/NLP In
Nanotechnology.
This section attempts to investigate the significance
of machine learning and natural language processing
application in nanotechnology and how these
two artificial intelligence branches will impact
nanotechnology.

Lavanya and Sasipriya (2022)[12] investigate the
latest trends in machine learning as they pertain to
nanoparticles in the domain of nanoinformatics, as
showcased at the International Conference on Innovative
Computing and Communications (ICICC 2021). Their
research highlights the transformative impact of
machine learning models on nanoparticle studies,
emphasizing their capability to analyze extensive
datasets, forecast behaviors, and enhance the application
of nanoparticles in fields like drug delivery and
materials science. Through the utilization of data-driven
insights, nanoinformatics facilitates the development

of nanoparticles with greater precision and efficiency,
thereby promoting advancements in nanotechnology.
.An examination within the realm of nanotechnology,
the computational cognitive methodologies investigated
by [22] highlight the potential for enhancing healthcare
systems through the amalgamation of nanotechnology,
big data, and artificial intelligence-driven models.
The manipulation of materials at the molecular scale
afforded by nanotechnology paves the way for the
creation of sophisticated diagnostic instruments and
tailored therapeutic approaches. When paired with
cognitive intelligence, healthcare practitioners are
equipped to analyze extensive volumes of nanoscale
data, thereby promoting early detection, customized
drug delivery mechanisms, and even nanoscale
interventions for various diseases. This synergy between
nanotechnology and AI fosters the development of
more intelligent and efficient healthcare solutions
that are specifically designed to meet the unique
needs of individual patients. Brito et al. (2024)[3]
conduct an examination of the history of materials
chemistry through the lens of network analysis and
natural language processing (NLP) methodologies.
Their research, published in Chemistry of Materials,
traces the temporal development of scientific topics
within materials chemistry. Utilizing network-based
techniques, the authors uncover significant trends
and transitions in the discipline, providing valuable
perspectives on the evolution of research priorities.
This methodology facilitates a visualization of the
advancement and interrelation of topics in the field.
Olivetti et al. (2020)[20] investigate the role of
natural language processing (NLP) and information
extraction in facilitating data-driven research within
the realm of materials science. Their study, published
in Applied Physics Reviews, emphasizes the capability
of NLP techniques to analyze extensive scientific
literature, thereby revealing significant insights that
assist researchers in the efficient extraction and
examination of materials data. This methodology not
only expedites discovery in areas such as materials
design, synthesis, and characterization but also promotes
progress in materials research through the application
of AI-driven strategies.

Figure 7. ML/NLP forecast on Nanotech future

Figure 7A highlights the current significance of
ML/NLP in various nanotechnology aspects, with
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material discovery, data analysis, and process control
being particularly important.

Figure 7B projects the future impact of ML/NLP,
indicating that its influence will grow across all listed
aspects, especially in data analysis, material discovery,
and process automation. By 2030, these technologies are
expected to have a profound effect on nanotechnology.

Figure 8. Forecast on Human control in Nanotech

Figure 8 forecast Human control in Nanotechnology.
This section presents some finding on Machine
learning and Natural Language Processing Human
Control in Nanotechnology. Predictive Maintenance and
Quality Control in Nanotechnology shows that there
is an upward trend, though with a slower increase
compared to other aspects indicating machine learning
applications performing most of the activities now
perform by humans.

Figue 9 :A:B:C: provides a global mapping of
Nanotechnology leadership by aspect factor. This means
that we map out some of the most advanced countries
in the world where Nanotech activities take place. The
mapping list different aspects of leading nanotechnology
for each selected nation.

The three world maps focus on nanotechnology
leadership and interconnectedness influenced of
machine learning (ML) and natural language processing
(NLP):

Figure 9A shows global nanotechnology leadership by
aspect factors, highlighting leading regions such as the
USA, Germany, Switzerland, China, and Japan.

Figure 9B presents global nanotechnology guided
by hypothetical characteristics, again emphasizing the
dominance of the USA, Germany, Switzerland, China
and japan.

Figure 9C illustrates the interconnectedness of
these regions, with strong connections (marked by
lines) between the USA, Germany, Switzerland, China,
and Japan, indicating their collaborative influence in
nanotechnology through ML/NLP advancements.

Figure 9. Global Nanotechnology leaders(A), Global
Nanotechnology Guidance(B), and Nanotech Regional
Interconnectedness(C)

3.1. Characteristics of Nanotechnology based on
Machine Learning and natural language processing
applications.

Natural language processing tools and machine
learning algorithms are useful in providing information
about documentary of nanotechnology [28]. The
process of learning about new nanomaterials requires
natural language processing which provides measures
for identification and summarization component
nanoparticles. Digital transformation in computer
science has led to new development and advances in the
field of natural language processing for nanotechnology
called Nanoinformatics. Nanoinformatics is defined as
“the science and practice of determining which data
is important to the nanoscale science and engineering
community [7]. Applications of Nanoinformatics
involve data interaction and exchange and without
the knowledge of natural language processing it is
difficult to achieve Nanoinformatics. Natural language
processing provides a platform, bases, route map and
standard for Nanoinformatics. Nanotechnology might
still be regarded as a young discipline but it’s impact
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realized already by the nanomaterials engineers is huge.
Until today, over 1800 consumer products and 100
clinical trials have been approved as nanomedicines.
The following paragraphs represent developments and
advances in natural language processing used by
nanotechnology engineers was written by [6]. The study
focused on modeling a system for detecting weak signals
utilizing text mining and natural language processing
(NLP).

Table 1 represent some of the characteristics of
Nanotechnology that arises from the advance application
of machine learning and natural language processing.

An exploration on the diverse applications of machine
learning in computational nanotechnology was studied
by [23]. In their investigation, they highlights techniques
ML techniques are employed to accelerate the design,
model, and simulate nano application. A multimodal
neuro-nanotechnology in glioblastoma therapy was
examined [11], Their study proposed a shift from
traditional approaches in the current Nanotechnology.
The study presented an integration possibility of
nanotechnology with various therapeutic modalities to
target the complex tumor environment more effectively.

3.2. Machine learning and natural language
Processing Developments in Nanotechnology
A description on the development of AI-enabled
chemical synthesis robot designed for the exploration
and optimization of nanomaterials was studied
by [9]. Their study embarked on an innovative
system to automates Nanotec discovery process
which allow rapid experiments and optimization of
nanomaterial properties. "Biogenic Nanomaterials for
Environmental Sustainability: Principles, Practices,
and Opportunities," edited by [24],to explores the
use of nanomaterials in deriving biological sources
which can enhances environmental sustainability. The
edited book covers fundamental principles, practical
applications, and emerging opportunities in leveraging
biogenic nanomaterials for environmental protection
and sustainable development. Mah et al. (2023)[16],
explore the role of Natural Language Processing (NLP),
Artificial Intelligence (AI), and Machine Learning (ML)
in enabling digital transformation and knowledge
migration within mobile applications. This study
highlights how these technologies impact mobile
app development, enhancing digital innovation and
knowledge-sharing processes.

NanoPort. NanoPort is an online portal which
identifies documents related to nanotechnology. The
NanoPort has information like articles, patents, policy
papers and notes on nanotechnology.

NanoMapper. It is a patent analyzer within the
NanoPort system which provides search capability,
analytical tools and visualization system for

nanotechnology patents in the United States Patent
and Trademark Office (USPTO), National Science
Foundation (NSF), European Patent Office (EPO), and
Japan Patent Office (JPO)

NanoSifter. It is a natural language processing
system that focuses on a specific type of (ENM) finer
grained than the Nanotoxicity Searcher. NanoSifter
was developed to identify quantitative information
such as numerical values for different characterization
parameters with a specific class of association
to dendrimer, and poly(amidoamine) (PAMAM),
presenting a determined positive result for cancer
treatment.

TechPerceptor. It is a natural language processing text
mining tool that conducts analysis of patent information
and generates patent maps based on a subject, action and
object approach. TechPerceptor can also be considered
as Natural Language Processing method that aims to
generate patent maps and patent networks based on
the meaning of generated patent maps and networks
(semantic).

Nanodevice Analyzer. It’s a natural language
processing technological device that is built with the
expectation to perform protein analysis, cell analysis
and DNA analysis for drug screening and development
of novel therapies.

Nanotoxicity Searcher. It is a natural language
processing tool that annotates nanomedicine and
Nanotoxicology automatically with literature using
pattern matching methods and programmable patterns.

NEIMiner. Is also known as Nanomaterial
Environmental Impact data Miner. NEIMiner), to
study the impact of the environment on engineer
nanomaterials (eNM). NEIMiner is an online tool made
up of four parts which are nanomaterial environmental
impact (NEI) modeling framework, data integration,
data management and access, and model building.

4. Conclusion
The study concluded that machine learning and natural
language processing application in nanotechnology
is implementing an advanced microscopic revolution
with the potential to metamorphose the world’s
industrialization and scale human existence. Machine
learning algorithms have the potential to predict and
classify nanomaterials and natural language processing
has the potential to retrieve relevant data hidden within
the classified nanomaterials which results has a huge
significance in the pharmaceutical industry. Natural
language processing possesses programmable tools and
machine learning algorithms built on well-thought
mathematical concepts that are useful in providing
information about documentary of nanotechnology. The
process of learning about new nanomaterials requires
natural language processing which provides measures
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Nano Tech
Developments

Nano Tech
Applicable Areas

Nanotechnology
Key Elements

Significance
of Nanotech
Features

Features of
ML/NLP in
Nanotechnology

Nano Products or
Services

NanoPort Biomedical
Engineering

Nanomaterial
Design

Accelerate R&D of
Nanotech

Pattern
Recognition
Advancements

Nanomaterial
Data Sharing
Platform

NanoMapper Environmental
Monitoring

Nanodevice
Fabrication

Improved
Accuracy and
Efficiency of
nanotech

Data-Driven
Modeling

Nanodevice
Configurations
Mapping Tool

NanoSifter Drug Delivery
Systems

Nanotoxicology
Studies

Reduces
Manufacturing
cost

Automated
Synthesis

Nanoparticles
Sorting system

TechPerceptor Energy Storage
Solutions

Molecular
Simulation

Safety
enhancement
of Nanomaterials
Handling

Precision Analysis Nano Perception
Analyzer
Applications

Nanodevice
Analyzer

Nanorobotics Nano-scale
Imaging

Nanotoxicity Early
Detection

Real-time
Monitoring

Nanodevice
Software for
Performance
Analysis

Nanotoxicity
Searcher

Semiconductor
Manufacturing

Computational
Nanoscience

Nanodevice
Fabrication
Innovations

Predictive
Analytics

Nanotoxicity
Database for Data
Retrieval

NEIMiner Nanotoxicology
Testing

Material
Characterization

Nanotech
Resource
Utilization
Optimization

Enhanced Image
Processing

Nano-Enhanced
Industrial
Applications
Mining Tool

NanoPredict Advanced
Materials
Development

Quantum
Computing
Integration

Nanotechnological
Applications
Scalability

Smart Data
Integration

Nanomaterial
Environmental
Behavioral
Predictive Tool

Table 1. Characteristics of Nanotechnology and ML/NLP
Applications

for identification and summarization component
nanoparticles. Digital transformation in the world
of computer science and information have let to
new development and advances in the field of
natural language processing for nanotechnology called
Nanoinformatics which is gradually transforming tge
world of science of inventions and discoveries.
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