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NANOSCALE
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NANOPARTICLES
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PROPERTIES
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NANOTECHNOLOGY VALUE CHAIN

Nanomaterial Nanointermediates Nano-enable products

st'\rlﬁrc]ﬁff;!?n Finished goods
incorporating

unprocessed
nan hnol
form anotechnology

Cubosome (P) Nanosphere

J

Hexosome Cubosome (D) Nanocapsule

Needs!!!
Measurement methods, Instruments, Standards, Safety

nanAauainfidiudsznavrasiaquiiu wialdunlumaluladia
savaadnearlnl Melldnsazuasiaaurlunianaslilu
nanAuriaNafilasdswRdudan uazuandvanigauITulugl
1a9IOOGU MITUNMIAFAUNIHANAULVTIIAUITUBELATI LAY
Uaaada 91329V

n. aaduszuunssaunadulalunsiaidauiuasue dw.@.2558
waztlalvuinssgautiavanassiudniuiazasnadauauaigauilu




Nanostructured
heat protection
layers for

gas turbines

High temperature
superconductors for
motors and
generators in ships

Nano-optimized
fuel cells for
automobiles and
transport vehicles

Nanomembranes

for separation of
carbon dioxide in CCS
(Carbon Capture and
Storage) power plants

Nanocrystalline mag-
netic materials for
efficient components
in current transfor-
mation and supply
(e.g. transformers,
electric meters etc.)

Nanoporous
hydrogen storage
materials for

fuel cell vehicles

Nanostructured wear
protection layers for
machine components
with a high mechani-
cal load (e.g. engines,
bearings, drilling
equipment)

Lithium-ion-batteries
for stationary
energy storage or as
power unit for
hybrid/electrie cars

Carbon nanotubes as
high-tensile con-
struction materials e.q.
for rotor blades of
wind power stations
or as material for low-
loss cables/power lines

Polymer saolar cells
for large-scale
applications in
buildings or for
mobile electronics

Dye solar cells
as decorative
facade elements
in buildings

Nanostructured
thermoelectric
materials for
power supply of
mobile electronics

OLED for large-
scale displays and
lighting devices

https://www.utwente.nl/mesaplus/nme/Introduction/




CHARACTERIZATION TECHNIQUES

Properties Common Techniques
Size (primary particle) TEM, SEM, AFM, XRD

Size (primary/aggregate/agglomerate) TEM, SEM, AFM, DLS, FFF, AUC,
CHDF, XDC, HPLC, DMA(1)

Size distribution EM, SEM, AFM, DLS, AUC, FFF,
HPLC, SMA

Molecular weight SLS, AUC, GPC

Structure/Shape TEM, SEM, AFM, NMR

Stability (3D structure) DLS, AUC, FFF, SEM, TEM

6 Ref: Prof. Supapan Seraphin 7



BASIC PRINCIPLE
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@ A source radiation is aimed at the sample
@ It interacts with the sample in some way
® As a result of the interaction, a signal is produced

@ Analysis of the signal reveals information about the sample

Ref: Prof. Supapan Seraphin



ELECTRO-MAGNETIC RADIATION
(PHOTONS)

Penetrates Earth's
Atmosphere?

Radiation Type Fladlo Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 1072 10°° 0.5x10 ¢ 10°° 1o 102
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PHOTON ENERGY IN EV
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CATEGORIES OF TECHNIQUES

 Microscopy (imaging)
* Diffraction (crystal structure)

* Spectroscopy (chemical composition/elemental analysis)



CHARACTERIZATION TECHNIQUES:

DIMENSIONAL NANOMETROLOGY
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CHARACTERIZATION TECHNIQUES: CHEMICAL
NANOMETROLOGY

Surface and Nanoanalysis
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TRANSMISSION ELECTRON MICRPASCADE (TEM)

Fig. 1.
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TEM images of gold nanoparticles.

(a) Au15nm, (b) Au35nm.
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PARAMETERS THAT AFFECT IMAGE RESOLUTION

 Wavelength
* Spherical aberration
* Diffraction vector

- Defocus

Spherical aberration



Electron Diffraction Pattern
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Electron Diffraction Pattern of Twin Crystal

Cristobalite (high)
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Bright-field and Dark-field Imaging
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Advantages of dark field imaging
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X-RAY DIFFRACTION (XRD)

* Incident beam X-ray
- Diffraction

* Detected beam X-ray

Reray Vacuum tuoe Detector

Werey

X-ray photon




PRINCIPLES

* Diffraction = scattering from regular spacing

* This gives interference (Diffraction pattern) or peaks

» Crystal structure is regular arrangement

* Crystal structure + lattice parameter = finger print of the material

* Diffraction pattern = finger print



WHAT WE CAN GET FROM XRD

* Crystal structure (FCC, BCC, ....)

* D-spacing (0.1-0.3 nm) and lattice parameters
- Orientation

- Phase information (FeO or Fe,0,)

- Internal stresses

bld P soft X-rays i} P cammarays
| ultraviolet light ¥l P hard X-raysilj



INTERACTION (DIFFRACTION)

Incident Diffracted
beam beam

Constructive & Destructive interference —>
© ©2008 Howst :

Amplification

Constructive interference

Incident Diffracted
beam heam

—=

Destructive interference




BRAGG'S LAW

Jointly awarded the 1915
Nobel Prize in Physics

William Henry Bragg  William Lawrence Bragg

dmdsine

Total path difference = 2dnusinO

Constructive Interference when niA = 2dnksin® d h k| = n}\'/ 2 ) S I n e

http://www.doitpoms.ac.uk/tlplib/xray-diffraction/flash/bragg.swf




DETECTION

X-Ray can be detected in 2 main ways:

1) Measuring blackening produced in . Converts amount of blackening into
X-ray intensity

2) Measuring pulses of . Convert pulses into x-ray intensity



X-RAY DIFFRACTOMETER

1) X-ray source
2) Interaction

3) X-ray detector
4) Analysis




DIFFRACTION PATTERN
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[rrections: Adjust the angle

¥-ray Diffraction % _T_ SR e
03 ! o1 locate crystal oriantations
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ANALYSIS

* We get from XRD: peaks at 20

* We analyze:
- Peak position (Planes of atoms = Crystal structure)
- Width
- Intensity

Possible diffracted planes for different cubic unit cells

ht+k2+2 1 8 98 10 1112 13 14 16 17 18 18 20
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EXAMPLE 1

Intensity ( counts )
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EXAMPLE 2
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Peak width<_

Grain size

Scherrer Equation

KA
L cosé

B(26)=

Smaller grains wider peak
B: width K: constant

L: grain size

Intensity

Grain size

Internal Strains

Peak position 26

Integral
breadth

Background

AARARRAN

Bragg angle 20 —»=

Elements of X-RAY Diffraction By B.D.Cullity and 5.R.5tock




EXAMPLE 3

As rolled

* Rolled material has very small

grains — broader peak

INtenSity ———

 As the material annealed

grains start to grow and peak

<+ |ncreasing Grain size (t)

becomes sharper

138 L 121 29 [T
(331) Peak of cold-rolled and
Annealed 70Cu-30Zn (brass)

Elements of X-RAY Diffraction By B.D.Cullity and 5.R.Stock




EXAMPLE 4

- Internal strai

2dsinbt=A1
* Tensile stress increase d

* As d increase peak shifts
to the right

« Compressive stress

decrease d

- shift peak to the left

Diffraction
Line

d1
—~

|

Shifts to lower angles

RMS Strain

Exceeds d, on top, smaller than d,on the bottom

Elements of X-RAY Diffraction By B.D.Cullity and 5.R.5tock




DYNAMIC LIGHT SCATTERING (DLS)
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ATOMIC FORCE MICROSCOPE

Feadback Loop Mainlains Constant
O=scillation Amplitude or Frequency Contreller PhOtOdeteCtor
Electronics )

GCAnner

= Cantilever & Tip

.
=
i

Bl s




APPLICATIONS OF AFM

- Take Atomic-Scale Picture of Chemical
Bonds

* Bond length and molecular structure




APPLICATIONS OF AFM

* Take Atomic-Scale Picture of biological
specimen
* Collagen fibril matrices
* Native membrane proteins

- Size, Diameter, Physical and chemical
properties




APPLICATIONS OF AFM

* Manipulation

* Lithography




APPLICATIONS OF AFM

* Material properties of substrates
* Indentation

* Size, depth Hardness

4 40



APPLICATIONS OF AFM

- Nano-force measurement

— loading

- unloading <
& =
PR i 1
substrate
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substrate

oy
‘&ﬁﬂfﬂb-.

substrate




¢

THANKYOU

jariya@nimt.or.th



	Material characterization technique for nano-scale measurement
	Nanoscale
	Nanoparticles
	Properties
	Nanotechnology Value Chain
	Slide Number 6
	Characterization techniques
	Basic principle
	Electro-­Magnetic Radiation�(Photons)
	Photon Energy in eV
	Categories of techniques
	Characterization techniques: Dimensional nanometrology
	Characterization techniques: Chemical nanometrology
	Transmission Electron Microscope (TEM)
	Parameters that affect image resolution
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	X-ray Diffraction (XRD)
	Principles 
	What we can get from XRD
	Interaction (Diffraction)
	Bragg’s Law
	Detection
	X-ray diffractometer
	Diffraction pattern
	Slide Number 28
	Analysis
	Example 1
	Example 2
	Slide Number 32
	Example 3
	Example 4
	Dynamic Light Scattering (DLS)
	Atomic force microscope
	Applications of AFM
	Applications of AFM
	Applications of AFM
	Applications of AFM
	Applications of AFM
	Thank you

