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NANOSCALE
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NANOPARTICLES
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PROPERTIES
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NANOTECHNOLOGY VALUE CHAIN

Nanoscale
structures in 
unprocessed 

form

Intermediate 
products with 

nanoscale
features

Finished goods 
incorporating 

nanotechnology

Nanomaterial Nanointermediates Nano-enable products

Needs!!!

Measurement methods, Instruments, Standards, Safety

มว. สถาปนาระบบการสอบกลับไดใ้นการวัดวัสดนุาโนตัง้แต ่ปีพ.ศ.2558
และเปิดใหบ้รกิารสอบเทยีบมาตรฐานสําหรับเครือ่งทดสอบขนาดวัสดนุาโน

ผลติภัณฑท์ีม่สีว่นประกอบของวัสดนุาโน หรอืใชน้าโนเทคโนโลยเีพือ่
สรา้งคณุลักษณะใหม ่ทัง้นีล้ักษณะของวัสดนุาโนทีเ่ตมิลงไปใน
ผลติภัณฑอ์าจมโีครงสรา้งทีซ่บัซอ้น และแตกตา่งจากวัสดนุาโนในรปู
ของวัตถดุบิ ดงันัน้การพสิจูนว์า่ผลติภัณฑม์วีัสดนุาโนอยูจ่รงิ และ
ปลอดภัย จงึเรือ่งทา้ทาย
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https://www.utwente.nl/mesaplus/nme/Introduction/ 6



CHARACTERIZATION TECHNIQUES

Ref: Prof. Supapan Seraphin 7



BASIC PRINCIPLE

• Probe
• Incident beam
• Beam

Ref: Prof. Supapan Seraphin 8



ELECTRO-MAGNETIC RADIATION
(PHOTONS)

Ref: Prof. Supapan Seraphin 9



PHOTON ENERGY IN EV

Ref: Prof. Supapan Seraphin 10



CATEGORIES OF TECHNIQUES

Microscopy (imaging)

Diffraction (crystal structure)

Spectroscopy (chemical composition/elemental analysis)
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CHARACTERIZATION TECHNIQUES: 
DIMENSIONAL NANOMETROLOGY

 Spatial resolution =
NA

λ⋅0.61l
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CHARACTERIZATION TECHNIQUES: CHEMICAL 
NANOMETROLOGY
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TRANSMISSION ELECTRON MICROSCOPE (TEM)
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PARAMETERS THAT AFFECT IMAGE RESOLUTION

Wavelength

 Spherical aberration

Diffraction vector

Defocus
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X-RAY DIFFRACTION (XRD)

 Incident beam X-ray 

 Diffraction 

 Detected beam X-ray
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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
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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 Fe2O3)

 Internal stresses
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INTERACTION (DIFFRACTION)
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BRAGG’S LAW

dhkl = nλ/ 2·sinθ
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DETECTION

X-Ray can be detected in 2 main ways:

1) Measuring blackening produced in photographic film. Converts amount of blackening into 
x-ray intensity

2) Measuring pulses of electric current. Convert pulses into x-ray intensity
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X-RAY DIFFRACTOMETER

1) X-ray source

2) Interaction

3) X-ray detector

4) Analysis
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DIFFRACTION PATTERN
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ANALYSIS

 We get from XRD: peaks at 2θ

 We analyze:
 Peak position (Planes of atoms = Crystal structure)
 Width
 Intensity
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EXAMPLE 1

30



EXAMPLE 2
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EXAMPLE 3

33



EXAMPLE 4

 Internal strains
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DYNAMIC LIGHT SCATTERING (DLS)

( )
2

222 2sin16
6 λ⋅Γ

θ⋅π
⋅

πη
=

nTkR B
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ATOMIC FORCE MICROSCOPE
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APPLICATIONS OF AFM

 Take Atomic-Scale Picture of Chemical 
Bonds

 Bond length and molecular structure
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APPLICATIONS OF AFM

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

 Size, Diameter, Physical and chemical 
properties
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APPLICATIONS OF AFM

 Manipulation

 Lithography
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APPLICATIONS OF AFM

 Material properties of substrates 
 Indentation

 Size, depth Hardness
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APPLICATIONS OF AFM

 Nano-force measurement
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THANK YOU
jariya@nimt.or.th
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