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Preface

Nanotechnology is gaining popularity in modern medicine and helping to improve
our quality of life. The rapidly changing pace of life necessitates rapid progress in
scientific and medical research to ensure the individuals’ good health and
well-being. The nanotechnology “tsunami” offers novel insights into diseases and
several life-threatening illnesses. These insights include rapid diagnosis and therapy
of diseases such as cancer and infectious diseases. This book integrates the science
of nanotechnology and medicine and its applications in nanomedicine. The infor-
mation is intended for a wide audience researching in science and medicine.

The work covers basic techniques in the synthesis of nanomaterials, their bio-
hazards, applications in diseases, drug delivery systems and their novel aspects as
nutraceuticals. Taken together, the information provides the state-of-the-art solu-
tions previously difficult to treat diseases, with limited adverse health outcomes due
to therapy.

This book appeals to researchers in chemistry, physics, biochemistry, drug
discovery, nutrition and medicine interested in cutting-edge research with relevance
to progress in contemporary biomedicine. Some specific disease applications are
included and covered extensively by including the latest innovative and relevant
information of nanomedicine.

All the chapters of this book were prepared by expert researchers who have
made substantial contributions to the fields of nanotechnology, drug design and
delivery and nanomedicine. Each chapter is presented well and contains illustra-
tions that will captivate the reader’s interest.

We believe that that this book will substantially increase our knowledge on and
applications of nanotechnology in medicine to help curb the exponential increase in
human diseases.

Bloemfontein, South Africa Anand Krishnan
Durban, South Africa Anil Chuturgoon
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The original version of this book was revised: Book Editor affiliation updated and
co-author’s name has been corrected in the Chapter “Nanomedicines in Tubercu-
losis: Diagnosis, Therapy and Nanodrug Delivery”. The correction to this book can
be found at https://doi.org/10.1007/978-3-030-36260-7_15
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Basic Techniques to Investigate
the Nanostructured Materials

Navaneethan Duraisamy, Kavitha Kandiah and Balagurunathan Ramasamy

Abstract This chapter is to deliver the basic methods for the characterizations of
nanostructuredmaterials. There are different shapes ofmaterials existing in the nano-
materials such as particles, sheets, roads, dots, balls and films. The crystalline struc-
tures and surface morphology of nanomaterials are clearly calibrated using advanced
techniques such as X-ray diffraction, Field emission scanning electron microscopy
and transmission electron microscopy. The chemical compositions and purity of
materials are examined by Energy dispersive X-ray analysis, Fourier transform
infrared analysis and X-ray photoelectron spectroscopy. The biological studies of
nanomaterials are examined using bioactivity, anti-microbial activity and bio degrad-
ability. This review gives a comprehensive understanding of the physico-chemical
and biological nature of the nanomaterials.

1 Introduction

NANO is the heart core research field in the emerging technology; utilize nanomate-
rials in the range of 1–100 nm sizes with different shapes. The size of the materials
and shapes are having a potential for various applications in biomedical, energy har-
vesting, energy storage, fertilizers and agriculture. The tuning of sizes and shapes
are more important to adopting the materials for targeting application. Designing
the specific structure of nanomaterials would be investigated using various advanced
technical tool in the field of material science and technology (Wu et al. 2018; Murty
et al. 2012; Duraisamy et al. 2013, 2018). But, it is not applicable to use same
technical tools for all types of samples (conducting polymers, metal oxides, metal
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2 N. Duraisamy et al.

sulphides, carbon materials, biomolecules and etc.) due to the influence of materials
handling and sensitivity. The selection of tools is mainly depend on the materials
nature, for example, Kirk et al. reported that the surface structure of biological sam-
ple can be examined using environmental scanning electron microscopy (ESEM)
but not in normal scanning electron microscopy (SEM) because it is more important
to maintain the nature (alive) of biological sample. However, other than biological
samples, normal SEM technique is more preferable to determine the shapes, sizes
and surface of materials (ref-my paper). In order to analysis the biological sample at
high resolution (in depth view) under freezing condition, Cryo-SEM is more feasible
than ESEM but expensive (Kirk et al. 2009).

In this chapter, we have focused on the basic technical tools for the investiga-
tion of nanomaterials such as X-ray diffraction (XRD), Fourier transform infrared
spectrometer (FT-IR), Raman spectroscopy, Dynamic Light Scattering, Brunauer–
Emmett–Teller surface area analysis andmechanical characterization, Scanning elec-
tron microscopy, Transmission electron microscopy (TEM) and nano indentation.
The above tools are significantly play an vital role to analysis the structural crys-
tallinity, crystalline size, phase nature, presence of functional groups, surface purity,
surface area, shapes, sizes, presence of defects andmechanical strength of themateri-
als. This chapter is providing strong background to understand the basic tools for the
investigation of nanomaterials, where strongly support to bring out the anticipated
materials in the field of science and technology.

2 X-Ray Diffraction Analysis

The crystallographic nature of prepared samples was evaluated by X-ray diffraction
(XRD) analysis. The XRD patterns were used for structural determination of the
prepared samples. The structural crystallinity of TiO2 nanoparticle (pure) and its
composites were examined by XRD spectrometer (X’Pert PRO; PANalytical, the
Netherlands) with a radiation source of CuKα (λ = 1.5406 Å) at 30 mA current
with an accelerating voltage of 40 kV. The synthesized samples were scanned at 2θ
(angle) and a range of 10–80° with an increment of 0.05°. The diffraction patterns of
the synthesized samples were confirmed with help of standard reference data, that is,
Joint Committee on Powder Diffraction Standards (JCPDS). The average crystallite
size was determined using Scherrer formula (Choi et al. 2004; Kavitha et al. 2013a):

D = k λ

β cos θ
(2.1)

whereD is the crystal size, k—Scherrer constant,λ—wavelength (1.5406Å),β—full
width at half maximum and θ—diffraction angle.
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Fig. 1 X-ray diffraction patterns of prepared TiO2 nanosamples

2.1 Metal and Metal Oxide

The crystalline nature of the TiO2 nanoparticles at 393 K (TiA) and 673 K (TiC) is
analysed by X-ray diffraction (XRD) analysis, as shown in Fig. 1. It is ascertained
that TiA is amorphous in nature, which is in line with the results of previous studies
(Yin et al. 2001). The high-intensity peak seen in TiC at 25.328° (2θ ) is in accordance
with the characteristic diffraction peak of TiO2 anatase phase (JCPDS file no. 21-
1272). The peak intensity and sharpness of TiC show that sintered samples do not
have any impurities. The crystallite size of the TiO2 nanosample is determined by
Scherrer equation (Choi et al. 2004; Kavitha et al. 2013a). Owing to the amorphous
nature of TiA, no peak is observed to calculate the crystallite size, whereas TiC shows
8 nm crystallite sizes.

2.2 Carbon and Polymer Materials

The XRD pattern of graphite, graphene oxide (GO), graphene (rGO) and polymer is
shown in Fig. 2. The high-intensity peak appearing at 10–12.4 (2θ ) is in accordance
with the characteristic diffraction peak of graphene oxide and peak at 24.7–26.6°
is for reduced graphene oxide and graphite, (JCPDS no. 89-7213). In addition, the
peak intensity and peak sharpness shows that the samples do not have significant
impurities. According to the Scherrer formula and 2θ angle, the average crystallite
size of the extracellular reduced graphene oxide is calculated as 5 nm and GO is
7 nm (Kavitha et al. 2013b).
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Fig. 2 X-ray diffraction patterns carbon and polymer nanosamples

Fig. 3 XRD analysis of pure
HAp obtained at 150 °C

2.3 Ceramic Materials

Figures 3 shows the XRD pattern of HAp treated at 150 °C for time period of 15 h
at 150 °C.

All the peaks of d spacing are identified and matched well with a standard JCPDS
file (09-0432). The XRD patterns confirmed the high crystalline nature of HAp,
where identified on the basis of intensity and peak width. No other crystalline phase
is present besides HAp. The crystallite size is calculated from Scherrer’s formula.
The crystallite size was 26.9232 nm. The crystallinity of HAp increased with an
increasing the reaction temperature and time (Rajkumar et al. 2011).

2.4 Polymers and Composites

Figure 4 illustrated the XRD pattern of temperature-variant composite samples. The
obtained broad diffraction patterns (25.32° and 26.6°) were confirmed the formation
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Fig. 4 XRD analysis of titania–graphene composite

of crystalline titania-graphene oxide composite (JCPDS file no. 21-1276) (Zhang
et al. 2010; Krishnamoorthy et al. 2013).

However, a small hump at 12.7°was clearly identifiedwith increasing the sintering
temperature of titania-graphene oxide nanocomposite,whichwas due to trace amount
of graphite oxide (Krishnamoorthy et al. 2013). The average crystallite size was 3.01,
3.13, 3.23 nm respectively for 180, 400 and 600 °C. As similar with previous studies,
this study also conforms the addition of carbon into the titania reduces the crystallite
size (Manivasakan et al. 2010; Krishnamoorthy et al. 2013). Moreover, this study
disclosed that the crystallite size increased with increasing sintering temperature of
composite materials, which was due to effect of temperature during the nucleation
process (Manivasakan et al. 2010).

3 Dynamic Light Scattering

The particle size distribution was calculated via particle size analyser (Nanophox;
Sympatec,Clausthal-Zellerfeld,Germany). Thiswas simplyworking on the principle
of dynamic light scattering with three-dimensional photon cross-correlation method.
Here, light source was He–Ne laser with a maximum intensity of 10 mW (λ =
632.8 nm).

A stable colloidal solution was obtained by dispersing the nanoparticles in an
aqueous solution using a sonochemical reactor (Vibra-Cell; Sonics, USA). The solu-
tion of dispersed nanoparticles was taken into the liquid cell and measured from 1
to1000 nm at 90° (scattering angle).
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The particle size distribution (PSD) measured for both samples TiA and TiC was
illustrated in Fig. 5a, b, confirming that the PSD of synthesised samples is below
50 nm. However, the PSD of TiA (25–50 nm) is wider than that of the TiC (16–
28 nm) (Kavitha et al. 2013a, c). This reduction is due to the uniform arrangement of

(c) HAp                                    (d) TiO2-chitosan nanoComposite 

(e) Chitosan 
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lattice and complete removal of unnecessary components present in the sample during
sintering (Manivasakan et al. 2010). Figure 5c illustrates the particle size distribution
of the HAp obtained at 423 K for 15 h using a laser particle size analyzer. The mean
particle size distribution of HAp is 122.51 nm (Rajkumar et al. 2011). Figure 5d
shows the 15–65 nm of particle size distribution of TiO2-chitosan nanocomposite
material (Kavitha et al. 2013a, c). Figure 5e shows the PSD of chitosan is obtained
from 20 to 80 nm.

4 Fourier Transform Infrared Spectroscopy

Fourier transform infrared spectrometer (FTIR; Spectrum 100; PerkinElmer, USA)
was used to identify the functional group of prepared samples based on the atomic
vibrations of a molecule. The peaks appearing in the absorption spectrum corre-
spond to the frequency of the samples. The functional groups and chemical bonds
in pure TiO2 nanoparticles and their composites were analysed using FTIR spectro-
scopic studies. For FT-IR study, a small pellet was prepared via simple mixing of
examine sample with known materials of potassium bromide in the ratio of 2:200
(w/w), which was pressed under hydraulic pressure pellet maker (pressing weight
was 125 kg cm−2). The absorption spectra analyses were carried out on the pellets
at a λ range of 4000–400 cm−1 with 1 cm−1 resolution.

4.1 Metal Oxide and Ceramics

The functional groups of the prepared TiO2 nanoparticles are listed in Fig. 6a shows
that the broad peaks obtained at 400–900 cm−1correspond to the characteristic peak
of Ti–O–Ti stretching mode (Kavitha et al. 2013a, b). While sintering the TiO2, the

Fig. 6 FTIR analysis of TiO2 nanosamples
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broad Ti–O–Ti covalent band is narrowed down to 550–800 cm−1 due to transforma-
tion of Ti (OH) into TiO2. The vibration bands obtained at 1119 and 1233 cm−1 were
assigned, respectively, to the stretching and bending modes of Ti–O–C, and Ti–OH
surface groups (Manivasakan et al. 2010, Al-Sagheer and Merchant 2011, Zawadzki
and Kaczmarek 2010). The Ti–OH group accelerates the formation of apatite nucle-
ation due to the release of Ca2+, Na+ or K+ ions (Nakayama and Hayashi 2007).
The CH3 stretching is observed near 1380 cm−1. The presence of carbon band in
TiO2 was the influence of inadequate evaporation of solvents during the synthesis.
In addition, the peak observed at 1628 cm−1 was responsible for hydroxyl group,
which is gradually reduced while sintering the sample TiA into TiC.

FTIR has been employed to analyse the characteristic bands of the prepared sam-
ples. The FTIR spectra of the HAp are prepared by hydrothermal treatment at 423 K
for 15 h as shown in Fig. 6b. The characteristic bands of the PO4

3− groups are
observed at 472, 568, 605, 961 and 1056 cm−1 (Rajkumar et al. 2011, 2013). The
peaks observed at 632 cm−1 are due to O–H bending deformation mode. The stretch-
ing vibration of lattice OH− ions is attributed at 3574 cm−1. The peaks at 1460, 1386
and 870 cm−1 are due to atmospheric carbon dioxide (Chen et al. 2007; Zhao et al.
2009). The bands registered at 3441 and 1636 cm−1 were ascribed to adsorb H2O
(Kavitha et al. 2013c,Vallet-Regi 2001).Basedon theFTIR result, it canbe concluded
that there is no obvious peak for any other impurity.

4.2 Carbon and Composite Materials

FTIR analysis ofGOand rGO (Fig. 7a) shows, the presence ofC–OH,C–OandC–O–
C peaks in GO nanosheets but, not prepared rGO. Instead of oxygen and hydroxyl
groups, rGO has C–C band, which confirms the occurrence of reduction process.
FTIR is clearly shows and validate that, the reduction of multiple thick GO layers
to thin rGO layer in nano dimension (Kavitha et al. 2013b, d; Krishnamorrthy et al.

Fig. 7 Fourier transform infrared spectroscopy of graphene sample
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2013). Similarly, Fig. 7b shows the HAp formation on nano-TiO2 and nano-TiO2–
chitosan coated Ti-6Al-4 V. In addition, the presence of functional groups such as Ti–
O–Ti (400–800 cm−1), Ti–OH (1106), Ti–O–C (1233 cm−1), and C–O (1392 cm−1)
and CO3

2− (1415 cm−1) peak after bioactivity were also confirm the formation of
HAp. This result supported the TAC coating on Ti-6Al-4 V, helps in the enhancement
of cell growth for tissue engineering applications.

5 Microscopic and Spectroscopic Analyses

Transmission electron microscopy (TEM) working at 120 kV a beam of electron is
transmitted through the specimen. An image was generated by the interaction of the
electrons transmitted via sample. Further, the image was enlarged and followed by
clear focus on a fluorescent display or a layer of photographic film. The morphology
and particle size of the pure TiO2 nanoparticle and its composites were examined by
analysing the image obtained from TEM (CM 200; Philips, USA). Well-dispersed
material was loaded on TEM grid and followed by drying with a help of IR lamp for
~30 min. The images of the samples were then captured from dried grids. The image
of TEM exhibited a zooming up to 1,000,000 × with a good resolution than 10 Å. A
particle sizewasmeasured from the randomly selected areas of each sample, and then,
the average sizewas calculated. In addition, selected area electron diffraction (SAED)
pattern of the samples was obtained. The obtained images showed the crystalline
nature and lattice arrangements of the prepared samples.

In SEM, a high-energy electron beam with 25 keV (accelerating voltage) was
used to investigate the materials surface (morphology, shape and size). In addition,
an elemental analysis of the material was also evaluated using energy-dispersive
X-ray coupled with SEM (SEM–EDX; JSM 6390; JEOL, Japan). For the SEM–
EDX analysis, preparation of samples was carried out by smearing 1 μg sample
on the carbon tape (conductive and adhesive nature) mounted on a brass stub and
then, the samples were gold or platinum coated (thickness around 5–10 nm achieved
within ~60 s) via applying a current of 20 mA using a magnetron sputtering. The
deposition of calcium (Ca) and phosphate (P) on the surface of the 1.5 SBF-incubated
sampleswasquantifiedbefore and after the bioactivity studyusingX-rayfluorescence
spectrometry (XRF; EDX-720; Shimadzu, Japan).

A FE-SEM image, the particles reveals spherical like TiO2 (Fig. 8a), nanorod
like HAp (Fig. 8b), leaf like GO (Fig. 8c) and leaf and spherical mixed morphology
of Nanocomposites (Fig. 8d) (Kavitha et al. 2013d; Rajkumar et al. 2011). In addi-
tion, the EDX of all the prepared nano-samples shows the purity and exact material
preparation. There is no contamination was found in EDX of all the nano-samples
(Fig. 8).

The primary particle sizes of the prepared nanosample are shown in Fig. 9. TEM
images confers the exact size of each defined crystallite existed in the particles. In
addition, all the prepared particles are diffracted at 50 nm range and the average
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(c) SEM & EDX of nano-Graphene oxide (GO)

(d) SEM & EDX of TiO2-Graphene nanocomposite

(a) SEM  & EDX of nano-TiO2

(b) SEM & EDX of nano-HAp 

Fig. 8 SEM and EDX of nanosamples
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(a) nano-TiO2 (b) nano-HAP 

(c) nano-Graphene 
(d) Graphene–HAp Nanocomposite 

Fig. 9 TEM images of prepared nanosamples

mean particle size is noted. The particle size of TiO2, HAp and composite is respec-
tively as 3.5 nm, 8.19 nm and 8.86 nm. Moreover, the sintering temperature, rotation
speed, pH, precursor material and synthesis procedure were a vital role to determine
the particle size and agglomeration of the finer particles (Manivasakan et al. 2010,
Kavitha et al. 2013d, Rajkumar et al. 2011; Xu et al. 2006).

6 Brunauer–Emmett–Teller Surface Area Analysis

The specific surface area (SSA) of the samples was calculated with respect to the
Brunauer–Emmett–Teller (BET) method (Barrett et al. 1951) using BET Surface
Area Analyser (Autosorb AS-1MP; Quantachrome, USA). A well-known isotherm
equation for multilayer adsorption was proposed by Brunauer, Emmett and Teller
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in 1938. Gas sorption (both adsorption and desorption) at the surface of dry solid
powder was commonly used to determine the surface area of the nanomaterials. In
this method, the nanoparticles were first heated and degassed under vacuum for 3 h
to eliminate the physisorbed moisture. The degassing temperature of the samples
depends on the melting and decomposition nature of its own. The physisorption
analysis was carried out with N2 adsorption–desorption measurements under liquid-
nitrogen temperature (77 K). A very low working temperature was used to avoid
unnecessary thermal damage on the materials surface. Different quantities of gas
molecules were adsorbed and desorbed at various amounts of gas. The pore structure
(distribution of pore size and its micro/mesopore volume) of the prepared sam-
ples was performed by Barrett–Joyner–Halanda method using BET Surface Area
Analyser (Manivasakan and Rajendran 2011).

The obtained SSA of the prepared nanocomposites shows TiO2-graphene at dif-
ferent temperature. In addition, the increase of SSA with respect to higher sintering
temperature is shown in Fig. 10 (Kavitha et al. 2013d). The full isotherms of the
prepared Nanocomposites at different ratio of TiO2-graphene: TG.25, TG.5, TG1,
TG2, and TG4 samples were found to be 167.98, 186.52, 212.85, 216.04, and 234.56
(Fig. 11) Kavitha et al. 2013b). SSA, total pore volume, and pore diameters were
increased with increasing graphene content in the composites. However, the surface
area and total pore volume of TGS nanocomposites were initially reduced up to 0.5 g
(wt%) of graphene (TG.5), which was due to the total occupation of TiO2 with low
graphene content (Kavitha et al. 2013b). In addition, higher content of TiO2 tend to
collapse the basal spacing of graphene sheet, where confirmed by SEM (Fig. 4) and
TEM (Fig. 5). This result was clearly confirmed that TG1, TG2, and TG4 samples
exhibited optimal ratio for the improved interactions with the bone-inducing cells.
The large surface area and pore size of TG1–TG4 possess three dimensional way of
cell growth with healthier cells and nutrients attachment from the body as defined as
earlier (Kavitha et al. 2013b, Zhang et al. 2010, 2012, Akhavan et al. 2010).

Fig. 10 BET surface area
analysis of titania–graphene
composites
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Fig. 11 BET full isotherm
of the cure of
titania–graphene
nanocomposites

7 Mechanical Characterisation

The mechanical properties such as nano-hardness (H) and Young’s modulus (E), of
the nanocomposites were evaluated by TriboIndenter (Quasistatic nanoindentation,
TI-700; Hysitron, USA). The measured force versus displacement curve obtained
from the indentation shows the mechanical properties of the materials. Indentation
was carried out with a Berkovich pyramidal indenter at a constant load of 1μN. Both
loading and unloading times were keeping consent as 5 s at rate of 200 nm s−1 at
maximum force of 1000 μN. A small volume of materials with a scan size of 10 ×
10μmwas covered during themeasurements. Themechanical properties of specimen
were obtained using a standard relationship between the applied indentation load (P)
and the measured penetration depth (h), as given below (VanLandingham et al. 2001;
Yuan et al. 2008):

H = Pmax/A(hc) (2.2)

E = √
π . S/2

√
A(hc) (2.3)

where, P—applied maximum force, A(hc)—the area of function, A—area and hc—
contact depth and S—contact stiffness from slope of the loading and unloading
curves.

Mechanical testing (H and E values) of the nanocomposite is evaluated by com-
parison of displacement vs. force plot, using Tibo Scan V8.2 software. The measured
nanohardness of pure TiO2 (1.80 GPa) and TiO2–chitosan (0.29 GPa) nanocompos-
ites is shown in Fig. 12 illustrated the result of reduction in hardness and Young’s
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Fig. 12 Mechanical
indentation results of
titania–chitosan composites

moduli, while adding chitosan to TiO2. Previous studies were support the fact of pre-
pared composite (Kavitha et al. 2013c; Zhang et al. 2010, 2012; Akhavan et al. 2010)
is hard enough to be considered a biomaterial for bone regeneration application.

8 Raman Spectra

Figure 13 illustrated the Raman analysis of TiO2-graphene composites. The bands
at 148, 396, 519 and 639 cm−1 were confirmed the presence of TiO2 (Kavitha et al.
2013d). A non-destructive analysis disclosed the G and D band of graphene, where
the bands observed at ~1588 and 1355 cm−1 along with the 2D band at 2679 cm−1

(Zhang et al. 2010, 2012; Akhavan andGhaderi 2010; Selvam et al. 2013). The G and
D bands intensity were increased with increasing the graphene concentration in the
composites. But TiO2 bands were reduced in composite (influence of the graphene
concentration)

The slight bands shift (TiO2 and graphene bands) towards lower wave number was
detected due to the composite formation. Raman spectrum confirmed the presence
graphene and the formation of TiO2-graphene composites. Similarly, Fig. 14 shows
the Raman spectra of HAp-grapheneNanocomposites. In Fig. 14, the graphene peaks
such as G and D bands and HAp peak at 960–990 cm−1 is shown. However, in
composite, the HAp peaks are suppressed by domination of graphene peaks.



Basic Techniques to Investigate the Nanostructured Materials 15

Fig. 13 Raman spectra of the TiO2-graphene nanocomposites

Fig. 14 Raman spectra of
the HAp-graphene
nanocomposites
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9 Conclusion

The characterization techniques are played a significant role to investigate the
physico-chemical properties of nanostructured materials. The detailed structural
analysis and chemical bonding between the different molecules and surface purity
were clearly explained by XRD, Raman, FT-IR analysis. The presence of elements in
the synthesized materials was elucidated using EDX, XRF and XPS analysis. Here,
confirmation of rGO fromGOand the interaction betweenmetal oxides and rGOwere
investigated. There different types of surface morphologies such as sheet structure
of rGO, particles shapes of TiO2, road like shape of Hap were clearly explained by
SEM and TEM analysis. Surface to value ratio of nanomaterials (metal oxides, poly-
mers, carbon and composites) was measured by BET. Nano-Indentation technique
was used to determine the mechanical strength of materials (pure TiO2: 1.80 GPa)
and TiO2–chitosan: 0.29 GPa) nanocomposites) for biomedical application.
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The Importance of Nano-materials
Characterization Techniques

Yazan Al Thaher, Balakumar Chandrasekaran and Sarojini Jeeva Panchu

Abstract The potential application of nanotechnology in the medical field ranges
from nanomaterials and biological devices, to nanoelectronics biosensors, can be
extended to molecular nanotechnology like biological machines. Nanomaterial char-
acterization is a keystone for the development and adoption of nanomaterials for cer-
tain applications. The unique and novel physico-chemical properties of nanomaterial
gave rise to a number of characterization techniques. Therefore, nanoparticles are
characterized to study various physical and chemical features such as composition,
structure size,morphology, surface area, optical properties, surface composition, oxi-
dation state, and electrochemistry. The characterization of nanomaterials should not
be limited to a single technique, because usually multiple measurements are needed
to capture all pertinent nanomaterial characteristics. Hence, in this chapter, details
of different characterization techniques such as transmission electron microscopy
(TEM), atomic force microscopy (AFM), scanning electron microscopy (SEM), X-
ray diffraction (XRD), dynamic light scattering (DLS), infrared spectroscopy (IR),
and zeta potential (ZP) are discussed.

Keywords Nanomaterials · X-ray diffraction · Transmission electron microscopy ·
Dynamic light scattering · Zeta potential · Scanning electron microscopy

1 Introduction

Nanomedicine utilizes nanomaterials for the diagnosis, prevention and therapy of
various diseases, which has witnessed increasing research interest in recent years.
Nanomaterial is defined as the particles having a size between 1 and 100nm, or at least
having one dimension in the range of sub-nanometer to 10 nm (Petros and DeSimone
2010; Duncan and Gaspar 2011). Research on nanomaterials has been conducted in
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