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Abstract 
Nanostructures, a rapidly evolving class of materials, have created significant interest due to 
their wide range of applications. The physical properties of nanoparticles include size, crystal 
structure, composition of elements, and many others have been described using a wide variety 
of methods. Certain physical properties can be analyzed using several approaches in various 
situations. Through the integration of these varied analytical instruments, researchers acquire 
a thorough comprehension of the structure, surface characteristics, and behavior of 
nanoparticles. This information is essential for creating customized nanoparticles with the right 
properties for uses in electronics, catalysis, medicine, and other fields.  Since the importance of 
nanoparticles in fundamental research as well as applications is steadily rising. It is crucial that 
scientists from multiple sectors overcome challenges in characterizing nanomaterials in a 
reproducible and reliable manner following their synthesis and further phases of processing 
(e.g., Annealing). This review's main goal is to provide an overview of current understanding on 
the applications, advances, advantages, and disadvantages of the many experimental methods 
available for characterizing nanoparticles. 
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INTRODUCTION 
Nanotechnology is the design, synthesis, and use of 
materials with sizes ranging from atoms to molecules 
to macromolecules, to create novel materials at the 
nanoscale. Fundamental elements of 
nanotechnology are nanoparticles [1]. 
Pharmaceutical nanoparticles are characterized as 
solid, potentially biodegradable drug carriers that 
are submicron-sized (i.e., less than 100 nm in 
diameter). Nanospheres and Nano capsules have 
been referred to as nanoparticles. Nanoparticle may 
be one dimensional, like graphene, or zero 

dimensional, like nano dots, with its length, width, 
and height all fixed at a single location. Two-
dimensional materials, like carbon nanotubes, have 
length and width. Three-dimensional, like gold 
nanoparticles having all three dimensions such 
as length, width, and height [2]. 
There are several sizes of nanoparticles created 
throughout the synthesis process. Characterization 
techniques should offer direction for maintaining 
quality assurance and evaluating the toxicity and 
safety of nanomaterials. It is necessary to look at 
physicochemical properties (e.g., size, charge, 
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chemical composition, shape, coating) and molecule 
structure, their freezing point, 
elemental composition, soluble properties, boiling 
point, flash point, and pH levels for nanomaterials. 
Centrifugation and nanofiltration constitute the 
separation techniques used to separate and purify 
mixed materials for purpose of the characterization 
of nanomaterials. Analytical ultracentrifugation is 
useful in examining the shape, size distribution, 
molecular weight, and conformation, structure, self-
aggregation state, and stoichiometry of 
nanomaterials [3]. Electron microscopy is used to 
select the required size nanoparticles. Transmission 
and scanning electron microscopy are typically used 
to measure size of nanoparticle.  
Size determining becomes more challenging when 
there are nanoparticles occurring in the gaseous 
phase. scanning mobility particle size approach can 
be used to solve this problem as it measures particle 
size in gaseous phase and can be measured quickly 
and accurately with this technique. The surface area 
plays a crucial role in identifying of nanoparticles. 
The efficiency and properties of a nanoparticle are 
significantly influenced by its surface area to volume 
ratio [4]. 
 
Classification of Nanoparticles 
1. Organic nanoparticles. 
2. Inorganic nanoparticles: Metal, Ceramic, 

Semiconductor, Polymeric and Lipid-based 
Nano Particles. 

3. Carbon-based nanoparticles [5]. 
Characterization of Nanoparticles 
1. Size and surface morphology  
2. Specific surface area 
3. Surface charge and Electrophoretic mobility 
4. Surface Hydrophobicity 
5. Density 
6. Molecular weight measurement of nano 

particles  
7. Drug Entrapment efficiency. 
8. Kinetic study 
9. Stability of nano particles  
10. Drug-Excipient compatibility studies. 
11. In-vitro release studies  
12. Lamellarity  
13. Phase behavior 
14. Biological and Chemical characterization 

(liposomes) 
 
Importance of surface characterization of 
nanoparticles 
Nanoparticles may be produced mechanically or 
chemically and have a wide range of possible 
technological uses; characterization has become 

more and more relevant in academic study across 
several domains. Characteristics of nanoparticles 
change dramatically with size due to their enormous 
ratio of surface area to volume, characterization is a 
crucial step in understanding properties of 
nanoparticles at various molecular stages. The 
chemical, electrical, mechanical, and optical 
characteristics of the nanoparticles are affected by 
other features such texture, strain, shape anisotropy, 
crystal phase, crystal flaws, and crystal dimensions. 
As a result of the large surface area to volume ratio 
of these particles, surface analysis has a crucial part 
in behavior of the particles and helps to explain their 
characteristics. 
For example, the incorporation of particles made of 
silicon, alumina, and titanium dioxide improve the 
tensile strength of the metal matrix made of 
aluminum. In this case, surface characterization was 
crucial in determining the aluminum matrix's surface 
characteristics, such as surface chemistry [6]. 
 
MATERIALS AND METHODS 
ANALYTICAL TOOLS FOR CHARACTERIZATION OF 
NANO PARTICLES 
Particle size: Transmission electron microscopy, 
atomic force microscopy, Scanning electron 
microscopy. 
Surace charge: Electrophoresis. 
Surface area: Brunauer-Emmett-Teller. 
Crystal structure: X-Ray Diffraction. 
Particle mass: Mass spectrometry. 
Particle counters: Particle number. 
Surface morphology 
The various shapes and sizes of nanoparticles 
influence many aspects of their characteristics. 
Shapes include irregular shapes as well as tubular, 
cylindrical, flat, spherical, and conical forms. The 
surface morphology of nanoparticles can be 
classified into two categories: crystalline and 
amorphous, exhibiting both homogeneous and 
irregular surface structures.  
SEM and TEM imaging approaches are also 
accustomed to determining surface morphological 
properties of nanoparticles. Imaging methods are 
used to analyze the nanoparticles in liquid medium 
that forms layer on surface. Additionally, gaseous 
phase particles record and examine surface 
morphology [7,8]. 
PARTICLE SIZE CHARACTERIZATION OF 
NANOPARTICLES 
The key factors influencing stability, drug loading, 
and drug release rate are the size distribution and 
particle size. Surface distribution and particle size are 
determined using a variety of analytical techniques 
including microscopic techniques they are. 
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Microscopic techniques 
1. Transmission electron microscopy 
2. Scanning electron microscopy 

These two methods primarily used to study the 
morphology of nanoparticle. These methods were 
employed by numerous researchers to demonstrate 
the synthesized nanoparticles roughly uniform 
dimensions and shape [9]. 
Transmission electron microscopy (TEM) 
TEM is an imaging method that provides very high-
resolution images of the size and shape of 
nanoparticles using electrons. It is especially 
beneficial to characterize specific nanoparticles. 
Principle 
An electron beam is focused on an object to create 
an image. Higher resolution is achieved because 
electrons have a wavelength that is significantly 
smaller than that of light. Compared to optical 
microscopy, transmission electron microscopy uses 
electrons with a wavelength of approximately 0.005 
nm, which is substantially shorter. Because of this 
characteristic, TEM can achieve a resolution that is 
approximately 100,000 times greater compared to 
that of light microscopy [10,11]. 
Two modes of operation are available for the 
conventional transmission electron microscope: 
Image mode: A thin sample can be imaged in high 
resolution by projecting electrons onto a camera 
after the electron beam has passed through it. 
Diffraction mode: In this mode, a fluorescent screen 
with a diffraction pattern is illuminated by an 
electron beam generated by the sample. 
Components 
Electron source: A gun that utilizes either thermionic 
or field emission technique provides the electrons 
needed for illumination. 
Condenser lens:  
The primary condenser (Electromagnetic type) lens 
utilizes an aperture or slit that restricts the entry of 
wide-angle electrons to focus the beam. The second 
condenser lens focuses the beam onto a tiny portion 
of the sample. 
Objective lens:  
The electrons that travel within a thin sample are 
collected by the objective lens. The correct operating 
mode is selected at the rear aperture of the objective 
lens. 
Projective lens: After an image is focused by the 
objective lens, it is enlarged by the projection and 
intermediate lenses. 
Detector: An electron-sensitive camera receives the 
magnified image in order to capture a digital image 
of sample [12,13]. 

Working  
Through its condenser lenses, the electron gun 
focuses electrons created by heating a tungsten 
filament onto the specimen. Magnetized lenses 
further focus the electron beam on the sample. The 
condenser lens's column tube helps create a vacuum, 
allowing electrons to generate an unobstructed 
image without colliding with air molecules that might 
deflect them. When electrons reach the analyte, they 
are transmitted and focused by magnetic lenses, 
creating a large, clear image. To produce a 
monochromatic image, a specific energy level is 
selected, and the electron beam passes through a 
monochromator. Both phosphor screens and CCD 
camera image processing system entrances can serve 
as the imaging surface [14,15]. 
Advantages:  
Provides the most powerful magnification possible 
up to a million times and more. It develops high 
quality, detailed image of the samples. It generates 
images with highest resolution possible and yields 
information relating to the surface characteristics, 
size, shape, and structure. 
Disadvantages:  
Developed contrast mechanisms that complicate the 
interpretation of images and electron beam might 
destroy the sample. 
Applications:  
TEM imaging technique is helpful across food and 
agricultural sectors in detection of contaminants, as 
well as in various cancer treatments. It is utilized in 
nanotechnology to research zinc oxide and other 
nanoparticles. TEM images can provide information 
on topography, morphology, composition, and 
crystallography [16-19]. 
Scanning electron microscope [SEM] 
It is employed for determining the morphologies, 
sizes, and shapes of formed nanoparticles. SEM 
operates using a similar principle as the optical 
microscope, except that instead of measuring 
photons, it measures electron scattering from the 
sample. This is because an electric potential can 
accelerate electrons, which results in a shorter 
wavelength than photons. As a result, images can be 
magnified to 200,000 times using this. It generates 
high-resolution nanoparticle images and operates 
well for surface imaging, providing precise details 
about the external shape of nanoparticles. 
Components 
1. Electron gun  
2. Vacuum  
3. Electromagnetic lenses to focus electrons.  
4. Sample chambers. 
5. Electron detectors are different types they are. 
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6. Secondary electrons include Everhart-Thornley 
detector,  

7. Back scattered electrons include Solid state 
detector and x-rays includes spectrometer with 
energy dispersive capability. 

8. Computers systems for recording and viewing 
images. 

 
Figure1. Transmission electron microscopy. 

 
Working principle 
The Scanning electron microscope creates images by 
using electrons rather than light. Vacuum is required 
to operate, and metallic filament is heated and then 
at the microscope's top electron beam is produced. 
The electron beam travels through the microscope's 
column in a vertical direction. It passes through 
electromagnetic lenses before the beam is focused 
and directed downward towards analyte. Different 
electrons, either secondary or backscattered, are 
emitted from analyte once electrons hit analyte. The 
secondary or backscattered electrons are gathered 
by detectors, which then converting them 
nonelectrical signals are sent to the viewing screen 
in order to produce an image [8,10,20]. 
Advantages:  
Comprehensive 3D (three-dimensional) topographical 
imaging and versatile data obtained through various 
sensors. Compared to transmission electron 
microscope, sample preparation is simple. 
Interpreting images is quick and easy. 

Disadvantages:  
The use of SEM is limiting to inorganic, solid samples 
that are adequate in size to fit inside of a vacuum 
chamber with a moderate vacuum pressure. 
Resolution is limited to very few nano meters. Ems 
need to be kept away from any potential electric, 
magnetic, or vibrational interference. They are large, 
expensive devices. Atomic level details are not 
observable. 
Applications:  
Used to analyse and detect surface fractures. Surface 
contaminations can be examined, and 
microstructures information can be obtained. SEM is 
essential tool in research fields including science, 
biology, forensic science, medical and metallurgy 
[21-23]. 

 
Figure 2. Scanning electron microscopy. 
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Figure 3. Atomic Force Microscope. 

 
 
 
 

 
Figure 4. Brunauer Emmett teller surface area analysis. 
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Figure 5. Zeta potential 

 

 
Figure 6. X-Ray Diffraction 

 
Atomic force microscopy [AFM] 
AFM is an approach that provides nanoscale 
resolution information about the size and 
morphology of nanoparticles by scanning their 
surface with a sharp tip. 
Components 
1. Sharp-tipped cantilever. 
2. Scanner: X, Y, Z positions are controlled by a 

scanner. 
3. Feedback control and consists of loop. 

Working principle 

Optical lever is used to measure the cantilever's 
lateral and vertical deflections in order to obtain the 
AFM image resolution. Laser beam is focused 
to reflect off the cantilever to operate the optical 
lever. A position-sensitive photodetector made of a 
four-segment photodetector strikes by reflected 
laser beam. The laser spot location on the detector is 
specified by the variations between the signal 
segments in the photodetector, which in turn 
indicates the cantilever's angular deflections. The 
AFM tip is precisely positioned by piezo-tube 
actuators. By voltage gradient, a class of materials 
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known as piezoelectric ceramics can expand or 
contract. As a result, devices can be precisely 
positioned using piezo ceramics in all three 
dimensions (X, Y, and Z). Therefore, it is possible to 
resolve both individual and group particles using the 
AFM [24,25]. 
To measure the forces between the little probe 
and surface that is being imaged, an 
AFM construction requires a force sensor. The force 
sensor uses Hook's law to determine the relationship 
between a cantilever's motion and applied force is:  

F = -k * d 
K represents a constant that is based on the 
cantilever's dimensions and material. D is the 
cantilever's motion. The "light lever" method, which 
involves reflecting light into a photodetector from 
the cantilever's back, can be used to measure the 
motion of the device. 
For example, the light beam travels across the photo-
detector's surface when the cantilever goes up and 
down. Subsequently, the cantilever's motion is 
directly proportional to the photo-detector's output. 
The light lever technique in the AFM is consistently 
able to measure motions as small as 1 nm. An 
object's motion is maintained proportionate to 
another object through feedback control. Feedback 
control is used in automated airplanes 
and temperature controls. While measuring a scan, 
feedback control keeps the probe in a "fixed" 
relationship with the surface [10,26,27]. 
Advantages:  
Sample sizes are accurately measured. It is equipped 
with 3D imaging and used to quantify surface 
roughness. It can measure particles from one 
nanometer to eight micrometers in size in just a 
single scan.  
Disadvantages:  
It is limited to scan single nanosized images at a 
time of 150x150 nm. The sample may experience 
thermal drift due to their limited scanning duration. 
During detection, damage to the tip and sample may 
occur. 
Applications:  
Used to characterize natural colloidal substance as a 
function of pH and topography of particles dispersed 
in a solid matrix and to study the lipid nano 
capsules morphology including shape, size, stability, 
and dynamic process [28-30]. 
 
SURFACE CHARACTERIZATION OF NANO PARTICLES 
Brunauer-Emmett-Teller (BET) technique for 
surface area analysis 
Its name originates from initial surname of its 
creators Brunauer, Emmett, and Teller. Principle is 
based on physical adsorption of gases on a solid 

surface. Determines a nanoparticle specific surface 
area, porosity, and pore size distribution [31]. 
An inert gas, usually argon, krypton, or nitrogen, 
physisorbs on the surface of analyte to measure the 
area of its specific surface. It is important for 
determining the surface area under an isothermal 
temperature.77K is appropriate temperature for 
liquid nitrogen, while other inert gases have different 
requirements.  
The sample's characteristics determine which inert 
gas is suitable for the analysis. The solid sample's 
surface attracts the tiny gas molecules, which cause 
a porous structure to open and create an entire 
monolayer of adsorption gas and the sample is 
heated in a non-nitrogen atmosphere once a 
molecule of gaseous monolayer has developed. This 
permits surface of analyte to release the molecules 
of adsorbed nitrogen gas. It is then possible to 
quantify emitted gas molecules and calculate their 
surface area and porosity [32-35]. 
 
SURFACE CHARGE 
Nanoparticles are comprised of different metallic 
and non-metallic substances with fixed charge on the 
surface. The properties of nanoparticles are 
significantly influenced by their surface charge. On 
the target site, the positively or negatively charged 
nanoparticles can interact with their opposing 
charges to form a complex. The nanoparticle surface 
charge depends upon both composition and 
dispersion medium [36].  
Surface charge analysis by Zeta Potential 
By adding a solution to a cell with two gold 
electrodes the zeta potential can be determined. 
When voltage is applied particles will travel in 
direction of the electrode containing the opposite 
charge. Velocity of particles as a function of voltage 
is measured using the Doppler technique [37].  
When particles pass through a laser beam, the 
scattered light's intensity changes at a particular 
frequency that is directly related to the particle's 
speed. Particle speed is measured across a range of 
voltages to measure the zeta potential. 
The zeta potential, sometimes called the 
electrokinetic potential, measures a "fully effective" 
electrical charge on the surface of colloidal 
nanoparticles and is a useful tool for determining 
their charge stability. Charges on a nanoparticle are 
"screened" by a greater quantity of ions containing 
opposite charges near the surface of the particle. 
Together, a layer of ions with opposite charges and 
surface charge are known as electrical double layer. 
The layer of oppositely charged ions travels with 
nanoparticle.  
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The Zeta Potential measures the potential difference 
among the bulk fluid in which the particles are 
dispersed and the fluid layer containing particles of 
ions which are charged oppositely and attached to 
the surface of the nanoparticle. Nanoparticles with a 
positive Zeta Potential will be attracted to negatively 
charged surfaces, and vice versa.  
The magnitude of Zeta Potential gives information 
about particle stability. Higher magnitude potentials 
are indicative of greater electrostatic repulsion and, 
as a result, greater stability [38,39]. 
Particles tend to aggregate or agglomerate at 0–5 
mV.  
Particles have very little stability at 5–20 mV. 
Particle stability is moderate at 20–40 mV. 
Particles extremely stable at 40+ mV. 
X-ray diffraction 
This technique analyzes the diffraction patterns that 
are generated when X-rays interact with a sample for 
determining the crystalline structure and chemical 
composition of manufactured nanoparticles [40]. 
Components 
1. X-ray tube: It is a source of X-ray. 
2. Incident beam optics: which prepares X-ray 

before it hits analyte. 
3. Sample holder. 
4. Detector: It counts total amount of X-rays that 

the analyte has scattered. 
Working principle 
When a specimen is subjected to a monochromatic, 
parallel beam of X-rays, samples atomic lattice 
functions like a three-dimensional diffraction 
grating, diffracting the X-ray beam at angles a 
crystalline solid's diffraction pattern can be created 
using a diffractometer. X-ray beams are reflecting 
off parallel layers of atoms between molecules at 
various diffraction angles during XRD analysis. The X-
ray beam can cause constructive or destructive 
interference because it only has one wavelength. 
A diffractogram will show a peak when the reflected 
light rays are in phase (constructive interference) at 
specific angles. A particular molecule or combination 
of the molecules can be identified from the 
diffraction pattern. Different molecules can be 
identified by their unique set of diffraction peaks, like 
a fingerprint. A database containing known 
diffraction data is typically examined in order to 
identify the molecules [41-46]. 
Advantages: It is a versatile and effective 
nondestructive method for characterizing crystalline 
substances.  
Disadvantages: When working with extremely small 
amounts of nanoparticles, XRD instruments can have 
limitations about sensitivity and resolution. Dynamic 
processes may be difficult to adequately capture, 

the crystalline structure alterations or phase 
transitions [61-66]. 
Applications: Used for analysis of food and 
pharmaceutical formulations. Biomolecules 
containing unparalleled higher resolution 
structures and the complexes from solid state are 
obtained from X-ray crystallography [47-49]. 
 
RESULTS AND DISCUSSION 
Case study of transmission electron microscopy 
used as sample surface and particle size analysis. 
Novel application of well-established methodology 
in the characterization of nanoparticles for drug 
delivery systems. 
Using TEM, the prepared hybrid and inorganic silica 
particles morphology and shape were examined [50]. 
Materials required. 
The following were used ethanol, poly(vinyl) formal, 
uranyl acetate, chloroform, and Milli Q water. 
 
Procedure 
1. Formvar film-coated grid preparation. 
2. Carbon coating for grids. 
3. Samples of native and radiolabeled 

nanoparticles. 
4. Inorganic silica nanoparticles filled with traces 

of budesonide. 
5. Block copolymer carrier required for samples 

of 7-ethyl-10-hydroxy camptothecin.  
Images captured by transmission electron 
microscopy were obtained from samples derived 
from native nanoparticles and nanoparticles marked 
with Stannous chloride labelling method. Inorganic 
silica nanoparticles that are loaded with native 
micelles of the anticancer medication camptothecin 
as well as budesonide. Each sample was dried and 
then placed into a TEM that was connected to a 
digital camera and operated by software. TEM was 
used to examine a porous structure of hybrid 
particles of silica packed with budesonide [51-56].  
 
RESULTS 
The information obtained from TEM technique is 
very precise. During the labelling process, the 
nanoparticles’ size, smooth surface, and spherical 
morphology remain unchanged. The sample was 
found to contain a unique layer of irregularly shaped 
Stannic oxide particles at the ending of the stannous 
chloride labelling method. Hybrid-silica-xerogel 
particles that formed to act as budesonide carriers 
for effective local therapy of inflammatory bowel 
disorders. 
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PHARMACEUTICAL APPLICATIONS 
Nanoparticles can be used for drug delivery systems 
because their precise size, shape, and surface 
characteristics can be precisely controlled for 
targeted delivery, increasing therapeutic efficacy and 
reducing adverse effects [57-59]. 
Therapeutic applications of Polymeric 
nanoparticles: 
They are used to develop innovative methods for 
delivering drugs to treat diseases linked to the brain 
and neurodegenerative conditions. By using the 
endocytosis and transcytosis pathways, polymeric 
NPs transport cargo-loaded molecules across blood-
brain barrier [60-63]. 
Therapeutic applications of Lipid-based 
nanoparticles: 
These are primarily used to treat cancers of the GI 
tract, lungs, breast, pancreas, and prostate cancers 
[64-67]. 
Drugs and gene delivery using carbon-based 
nanoparticles:  
Studies conducted using invitro and in vivo 
demonstrates that graphene used for transporting 
anti-cancer medications to tumor cells in a way that 
prevents damage to healthy or normal cells.  
Drug delivery into the brain using nanoparticles:  
The blood-brain barrier has become significant 
challenge limiting the development of novel drugs 
for central nervous system [68]. 
 
CONCLUSION 
These analytical instruments are significant for 
characterizing nanoparticles and helping researchers 
understanding their optical, chemical, and physical 
characteristics. Scientists can gain valuable insights 
into the properties and potential uses of 
nanoparticles by combining these techniques. To 
understand the evolution of nanoparticles and 
create reliable formulations, surface characterization 
of nanoparticles is crucial. When these analytical 
tools are combined, we can perform targeted surface 
analysis on nanoparticles. scanning electron 
microscopy is a crucial instrument for obtaining 
accurate data regarding the fundamental structural 
characteristics of various food types. Three-
dimensional visualization, quantitative and 
qualitative data on various physical attributes, 
including size, roughness, surface texture, and 
morphology, are best suited for atomic force 
microscopy. 
It emphasizes the significance of considering factors 
that include sampling, calibration of instruments and 
data interpretation to ensure reliable and accurate 
outcomes. These instruments are essential in 
research and development as well as quality control 

in a number of fields, creating the way to products 
and solutions based on nanotechnology that have 
particular attributes for industrial and biomedical 
uses. As these analytical tools continue to advance, 
researchers will be better equipped to understand 
the complexities of nanoparticle surfaces, opening 
novel opportunities for their application in 
innovative technologies. 
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