Characterization of
Nanomaterials
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* two basic methods for determining the particle size, particle size
distribution, morphology, and composition:

* Direct method: inspects the particles and makes actual measurements of their
dimensions

* Indirect method: utilizes the relationship between particle behavior and its size



indirect —

direct

x-ray diffraction (XRD), determining the data
Raman spectroscopy related to particle size,
UV-visible (UV—vis) spectroscopy, ggﬁgﬁiﬁgs tal
Photoluminescence spectroscopy (PL), phase, an,d properties
Fourier transform infrared spectroscopy (FTIR), of the nanoparticles
surface area analysis (BET method),
dynamic light scattering (DLS), o .
scanning electron microscopy (SEM), detefmmmg the size and

L : morphological features of
transmission electron microscopy (TEM), ,

, , the nanoparticles

energy-dispersive spectroscopy (EDS),

scanning probe microscopy (SPM)



DLS spectroscopy: to determine the size distribution and quantify the surface
charge of nanoparticles suspended in a liquid.

EDS and/or wavelength-dispersive spectroscopy (WDS): to determine the
elemental composition of nanoparticles

XRD: produces a diffraction pattern which is subsequently compared to data given
in a standard crystallographic database. This exercise identifies crystallite size,
structure, preferred crystal orientation, and phases present in samples.

FTIR spectroscopy: to investigate the functional groups attached to the surface of
the nanoparticles.

Raman spectroscopy: the most important technique to distinguish the allotropes
of carbon and number of carbon layers in graphene sheets.

to
investigate the topography of the nanomaterials.
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» X-rays are electromagnetic radiation with typical photon energies ranging from 100
eV to 100 keV.

 For diffraction applications, only short wavelength x-rays in the range of a few
angstroms to 0.1 A (1-120 keV) are used.

* The energetic X-rays can penetrate deep into the materials and provide information
about the bulk structure.

* The x-rays are diffracted by the crystalline phases in the specimen, Bragg’s law:

A= 2dsinb



Amorphous

* XRD is a nondestructive technique

 The XRD pattern is like a fingerprint '
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Scherrer equation

B k- A
FWHM - cos@

with K a constant set to 0.89, A the wavelength of the X-ray radiation,

FWHM the full width at half maximum for the diffraction peaks and 6
the diffraction angle.



Crystallite Size from XRD data
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X-Ray Fluorescence
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Optical Spectroscopy

* This technique can be generally categorized into two groups:
**vibrational spectroscopy

* determines the electronic structures of atoms, ions, molecules, or crystals
through exciting electrons from the ground to excited states (absorption) and
relaxing from the excited to ground states (emission).
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* Vibrational spectroscopy involves the interactions of photons with species
in a sample that results in energy transfer to or from the sample via
vibrational excitation or de-excitation.

* The vibrational frequencies provide the information of chemical bonds in
the detecting samples.

* Examples: and
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Surface Area Analysis (BET Method)

It is named after the first letters of
the names of its three inventors;
Stephen Brunauer, Paul Hugh
Emmett, and Edward Teller.
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The specific surface area of the particles is the summation of the areas of the exposed

surfaces of the particles per unit mass.

The gas adsorption method is used to determine the specific surface of the powder.

To measure the specific surface, helium or nitrogen is passed through the prepared

powder in a special chamber.

Helium or nitrogen molecules are adsorbed by the particle surface.
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 BET method is used to measure the specific surface of powders by gas adsorption
at the surface.
* This method is based on the Langmuir adsorption isotherm with some

assumptions of: gas molecules physically adsorb on a solid in layers infinitely,
there is no interaction between each adsorption layer, and the Langmuir theory

can be applied to each layer.

‘ adsorbate in the monolayer
@ adsorbate in the multitayer/pore filling
undadsorbed adsorplive



Electron Microscopy

* There are two main types of electron microscopes: SEM and TEM.

 When a high-energy primary electron beam enters a specimen, electrons
undergo elastic scattering and inelastic scattering along with transmitted beam
(in case of thin foil).

Primary electron beam

The interactions of primary electrons Backscattered e- (BSE)
with a specimen’s atoms generate

several signals such as secondary Secon)' ycmraaemne rays
electrons, backscattered electrons, Bulk <SEM>+ =

Auger e”

Auger electrons, Bremsstrahlung —— ~— e - Hole pairs
Foil (TEM)

(continuous) x-rays, characteristic x- vl sl \
I‘ay'S, etC. Bremsstrahlung x-rays (noise)

Inelastically scattered e~

Elastically scattered e~

Transmitted electron beam
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Map data 506 SEM MAG: 75.0 kx Det: InBeam Lyt Y SEM MAG: 150 kx 2 K ettty
MAG: 30000 x HV: 20.0 kV WD: 156.3 mm f WD: 4.94 mm BI: 7.00 500 nm WD: 4.94 mm BI: 7.00 200 nm
View field: 2.77 ym  Date(m/dly): 07/16/18 View field: 1.38 pm  Date{m/dly): 07/16/18
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Map Guts 808
MAG 20000 & HV: 0.0 KV WO 18.3 men

| MAG 30000 5 MV, 280 k¥ WD 153 i
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