
Annop Klamchuen 

Crucial role of Nanomaterial 
Development for Nanocharacterization 

Nano Characterization Laboratory (NCL) 
National Nanotechnology Center  (NANOTEC), Thailand 



A	B	O	U	T					U	S	.	.	.	.		

THAILAND	 PATHUMTHANI	PROVINCE	

CENTRAL	OFFICE	

INNOVATION	CLUSTER	BUILDING	

SIRINDHORN SCIENCE HOME	

©2013	PHIKUNTHONG	



NSTDA	BOARD	

National Center Genetic Engineering and 
Biotechnology 

National Electronics and Computer 
Technology Center 

National Metal and Materials 
Technology Center 

National Nanotechnology Center Technology Management Centre  



Pilot	Plants

Residen?al	Area

Innova?on	Cluster	1	
(Mul?-Tenants	Unit)	

Conven?on		
Center

Innova?on	Cluster	2	
(Under	Construc.on)

Garden	of	
Innova?on

FUTURE	
DEVELOPMENT



Our	Direc?on:	
•  					High	Impact	Program			(Na?onal	Importance)	

•  World-class	R&D			(Interna?onal	Excellence)	

•  Interna?onal	Player			(Global	Visibility)	

NANOTEC	is	an	interna7onally-recognized	
Nanotechnology	Center,	conduc7ng	R&D	
programs	that	have	major	impacts	on	the	
development	of	Thailand	

Prof. Sirirurg Songsivilai, M.D., Ph.D. 
Executive Director 



NANOTEC																			
Research	Center	

Nanotechnology	for	Life	
&	Health	Science	
Research	Unit	

Nanostructure	&	
Nanometrology	
Research		Unit	

Nanomaterials	&	
Nanosystems		Engineering	

Research	Unit	

Func?onal	
Nanomaterials	&	

Assembly	Research	Unit	

Nano	Delivery	
System	(NDS)	

Nano	Molecular	
Target	Discovery		

(TDI)	

Nano	
Cosmeceu?cal	

(NCM)	

Nano	Safety	&	Risk	
Assessment	(SRA)	

Nano	
Characteriza?on	

(NCL)	

Nano	Agro	&	Food	
Innova?on	(NAF)	

Engineering	&	
Manufacturing	(ENM)	

Func?onal	
Nanomaterial	&	
Interfaces		(FNI)	

Hybrid	Nanostructure	
&	Nanocomposites	

(HNN)	

Nanostructure	&	
Func?onal	Assembly	

(NFA)	

Nano	Func?onal	
Tex?le	(NFT)	

Dr.Chalong	Laochariyakul		
Deputy	Execu.ve	Director	

NLH	 NSM		 MAT		 FUN		

Dr.Uracha	Ruktanonchai	
Research	Unit	Director	

Dr.Kajornsak	Faungnawakij		
Research	Unit	Director	

Dr.Udom	Asawapirom	
Research	Unit	Director	

Dr.Wiyong	Kangwansupamonkon	
Research	Unit	Director	

Nanomaterial	for	
Energy	&	Catalysis	

(NEC)	

Integrated	Nano	
System	(INS)	

Nano	Scale	
Simula?on	(SIM)	

Nanoengineered	SoV	
Materials	for	Green		
Environment	(SOF)	



Annop Klamchuen 

Crucial role of Nanomaterial 
Development for Nanocharacterization 

Nano Characterization Laboratory (NCL) 
National Nanotechnology Center  (NANOTEC), Thailand 



Nano Products in Market Place   

Many nano products are being developed and marketed 
without detailed characterization nor prior review and 
approval of their efficacy and safety.  



LACK OF INFORMATION 

INFORMATION OF 
THE TEST ITEM 

 
•  WHICH PART IS CLAIMED NANO ? 

•  COMPOSITION OF THE NANO 

•  FUNCTION CLAIMED 



• No agreed protocols for physico-chemical characterization  

• Existing ‘methods of test’ may not be suitable for nanoscale  
devices and dimensions 

• Measurement techniques and instruments need to be developed 
and/or standardized 

• Calibration procedures and CRMs needed for validation of test 
instruments at nanoscale 

Characterization & Regulatory Gaps of Nano Products  



Nanotechnology  Value  Chain 

… 

        Nanomaterials 

Nanoscale structures in 
unprocessed form  

        Nanointermediates 

Intermediate 
products with 
nanoscale features 

       Nano-enable products 

Finished goods 
incorporating 
nanotechnology 

Test methods, Instruments,  Standards,  Safety 

               Needs !!  

Nanotechnology may become  
a new non-tariff barrier !!! 



    

        
 

 

 
 

 

 

 

 

 

NCL  has focused its research and measurement service  activities on 
nanoscale physico-chemical characterization and standardization 

       Technology Roadmap of NCL 

Research 

Testing 
Services Standardize 

NCL 

Income 

NCL 

Infrastructure 

Flagship program 

Targeted	Nanoproducts	
•  Cosme7cs	
•  Food	
•  Petrochemicals	

Product labeling 
Research HUB 

Collabora7on	&	Training	



Our Research & Development Focus 

Sample Preparation 

method for 

Characterization 

Material 

fabrication & 

Design 

R & D 

Characterization 
technique 

improvement	

Texture Orientation of Ag Thin films grown via Gas-
Timing RF Magnetron Sputtering  

NSTDA U.S. Patent 
“Thai patent: 1501005550” 

Crucial Role of Reactive Pulse-Gas on Sputtered Zn3N2 
Thin Film Formation  

Free standing ZnO NWs/Ag heterostructure and Its 
Photocatalytic Activity 

-Ag-ZnO heterojunction- 

-ZnO NWs grown on Ag- 

J. Phys. Chem. C, 2008, 112 (29), pp 10773–10777 

J. Am. Chem. Soc., 2009, 131 (34), pp 12036–12037 
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Si Nanostructure by Metal-assisted Chemical Etching 

 à  

         à   

7 nm 1 nm  9 nm 5 nm 3 nm 

Uniform SiNWs Etch holes  Non uniform SiNWs  Roughly surface Roughly surface 

Various etched structure depend on thickness of Au catalyst film  
Sample Preparation and Physico-Chemical  
Characterization of Nano-Products  

Spin-coating Blade-coating  

-Morphology & Composition- 
(I) -Sample Preparation Methods for 

Morphology and Composition � SEM/EDS 

Viscosity measurement 

Low viscosity High viscosity 

Blade-coating 
deposition 

Spin-coating 
deposition 

Thin film 

Detection and Characterization of 
nanomaterials by SEM and EDS 

Sample : Nanomaterials (NM) in a complex matrix 
(Inhomogeneous, complex, and vary concentrations e.g. Metal-oxide NM in sunscreen) 

Sample Preparation and Physico-Chemical  
Characterization of Nano-Products  

-Particle Size Distribution: DLS - 

Sample : Nanomaterials (NM) in a complex matrix 
(Inhomogeneous, complex, and vary concentrations e.g. Metal-oxide NM in sunscreen) 

(II) -Sample Preparation Methods for 
Particle Size → DLS (ISO 22412) 

b) NM enrichment→ Centrifugation 

a) Sample pretreatment → 
Homogenization 

c) Stabilization of NM suspension 
1) Filtration  
2) Dilution agent 
3) Sonication  

Characterization of nanoparticle 
size distribution by DLS 

กรรมวิธีการเตรียมตัวอย่างสำหรับการวิเคราะห์ขนาดอนุภาคทอง
นาโนในผลิตภัณฑ์เคร่ืองสำอางด้วยเคร่ือง Inductively Coupled 
Plasma Mass Spectroscopy 

ครีม+อนุภาคทองนาโน 

Thermogravimetric Analysis 
- อุณหภูมิเริ่มต้น 25 องศาเซลเซียส 
- อัตราการเพิ่มของอุณหภูม ิ10 องศาเซลเซียสต่อนาท ี
- อุณหภูมิสูงสุด 500 องศาเซลเซียส 
- อุณหภูมิสูงสุดคงที่ 20 นาท ี
- อัตราการลดของอุณหภูม ิ5 องศาเซลเซียสต่อนาท ี
- กลับไปที่อุณหภูมิเริ่มต้น 25 องศาเซลเซียส 
- ก๊าซไนโตรเจนคงที่อัตราการไหลที่ 30-40 มิลลิลิตรต่อนาท ี

เถ้า+อนุภาคทองนาโน 

gold nanoparticle stabilization 
- ป้องกันการเกาะตัวด้วยสารละลายซิเตรท 
- กรองด้วย micro filter  

อนุภาคทองนาโน 

วัดขนาดอนุภาคทองนาโนด้วยเครื่อง ICP-MS 
คงที่ขนาดอนุภาค 1-5x108 particles/L 

การกระจายตัวของขนาดอนุภาคทองนาโน 

0.974 (ml/min)
0.06

10 (ms)

C t dt q liq η n W
flowrate
 (ml/ms)

1 0 10 1.6233E-05 0.06 0.000E+00
2 0.0005 10 1.6233E-05 0.06 4.870E-09
3 0.001 10 1.6233E-05 0.06 9.740E-09
4 0.0015 10 1.6233E-05 0.06 1.461E-08
5 0.002 10 1.6233E-05 0.06 1.948E-08
6 10 1.6233E-05 0.06 0.000E+00
7 10 1.6233E-05 0.06 0.000E+00
8 10 1.6233E-05 0.06 0.000E+00
9 10 1.6233E-05 0.06 0.000E+00

10 10 1.6233E-05 0.06 0.000E+00

Transport efficiency
dwell time 

transport 
efficiency

mass 
observed/event

 (ug/event)

No. concentration
 (ug/ml)

dwell time
 (ms)

Flow rate 

I p n i I BGD f-1
a m

mass fraction Slope Calculation
gold

375 6.362770231 368.6372298 1 8.17794859 1

mp

Particle  mass (g)
9.8E-15

Average NP 
signal

Ionization 
efficiency 3.68E+10

Intercept
1.815178359

b
Background Background 

total
Net intensity

C W Intensity

1 0 0.00E+00 6.362770231
2 0.0005 4.87E-09 180.4520813
3 0.001 9.74E-09 354.3663871
4 0.0015 1.46E-08 532.7821713
5 0.002 1.95E-08 725.2829686
6 0 0.00E+00
7 0 0.00E+00
8 0 0.00E+00
9 0 0.00E+00

10 0 0.00E+00 197 16
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Corresponding	Dissolved	Metal	Std

“Thai patent: 1503001786” 

ชุดตรวจสอบการอุดตันของตัวกรองในขั้นตอน degassing แบบ
ถอดเปลี่ยนไส้กรองทองเหลืองได้ เพ่ื่อการกาจัดความชื้นและสาร
ปนเปื้อนในวัสดุ สาหรับการวิเคราะห์พ้ืนที่ผิวและปริมาตรรูพรุน
ด้วยวิธี Stephen Brunauer, Paul Hugh Emmett and Edward 
Teller (BET)  

a คือระบบการ pretreatment แบบดั้งเดิม   b คือระบบที่ออกแบบ4

a! b!

-  สามารถปรับเปลี่ยนขนาดของกรองได้4
-  ลดค่าใช้จ่ายในการบำรุงรักษาชุดกรองทองเหลืองต่ำกว่าประมาณ 8-10 เท่า4
-  ตรวจสอบสภาวะสุญญากาศในเซลที่บรรจุวัสดุได้ที่ ในขณะนั้น4
-  ไม่ต้องรับการอบรมก็สามารถเปลี่ยนไส้กรองทองเหลืองและใช้งานได้อย่างถูกต้อง4
-  ใช้ชุดกรองทองเหลืองที่มีจำหน่ายภายในประเทศได้4

“Thai patent: 160300280” 

Surface Enhanced Raman Spectroscopy (SERS): 3D Si 
NWs/Ag 

Tip Enhanced Raman Spectroscopy (TERS) 

The ideal tip for TERS 
•  High reproducibility 
•  High stability (oxidation) 
•  Smooth surface (low scattering) 
•  Tip-apex less than 100 nm 
 
 
 
 
 
 

β-Ag2S (cubic)  

Reduction 
Ag+ + e-          Ag e- 

e- 
e- e- 
e- 

5 sec 

5 mins 10 mins 

2 µm 

0 sec 

2 µm 

2 µm 2 µm 

Si 
Ag2S 

Sample 
Ag filaments 

Local Electronic Transport Behaviors of Graphene-
Derived Nanostructures on Semiconductor Surface 

Incorporating rGO with the 
photocatalytic structure using 

degenerately-doped Si 

p-type Si 

n-type Si 

thin native SiO2 

thin native SiO2 
rGO 

Growing ZnO NWs on rGO 
deposited on degenerated-
doped n-type Si(001) for a 

SERS substrate  

n-type Si 

thin native SiO2 
rGO 

ZnO NWs 

What will be done •  Dynamic properties of the nanoscale interfaces in the proposed structures play a 
crucial role in device performance. 

•  Scanning Probe Images (SPM) and Spectra (SPS) including other 
complementary data such as Scanning Electron Images (SEM), Electron 
Dispersion Spectra (EDS), and Raman Spectra (RS) can provide such the 
information.    

Raman spectra of GO and rGO 
on thin SiO2/Si(001) respectively    

G
O 

r
G
O 

600 x 350 nm2 Height profile 

600 x 400 nm2 

Height profile 

The same area as above 

CA FM topography images of hydrazine-
chemically rGO on thin SiO2/Si(001)    

Technical challenges of  
•  how to obtain single- and few-layer rGO on the substrate and  
•  how to investigate their electronic properties using SPM without physically 

disturbing themare on-going process.    

The Raman spectra show feature peaks and their 
behaviors as expected. For example, G peak of 
rGO shifts backwards compared to GO and ID/IG 
ratio increases. 

 

Investigating local electronic transport of the 
nanoscale interface using the contact 
CAFM technique is not suitable. Non-
contact STM is underway.   

“Measurement	method/test		
		development	for		
		Nanocharateriza?on”		

Surface Enhanced Raman Spectroscopy (SERS): Ag thin 
films 

-Structure and surface modification- 

-SERS signal of Methylene blue- 
-SERS Mapping- 

-SERS substrate- 

“RSC Adv., 2016, 6, 7661–7667 ” 
“Raman spectroscopy” 



Advantages of Raman Spectroscopy 

1928	

Chemical	composi.on	and	
structure	of	materials	

Non-contac.ng	and			
							non-destruc.ve		

No	sample	prepara.on	
needed	

Highly	specific	like	a	chemical					
fingerprint	of	a	material	

Raman	spectra	are		
acquired	quickly	within	seconds	

Samples	can	be	analyzed	through	
glass	or	a	polymer	packaging	

Analyze	through	transparent	
containers	and	windows	

Small	volume	analysis		
(<	1	µm	in	diameter)	

It	works	on	almost		
all	materials	

Raman	spectroscopy	is	a	powerful	technique	for	Nanocharacteriza?on	

Sir	Chandrasekhara	Venkata	Raman	



Chemical composition analysis based on 
spectroscopy  

Raman	spectroscopy	is	a	powerful	technique	for	Nanocharacteriza?on	



Current problem of  Raman Spectroscopy 

-Raman	Signal-	

Raman	intensity	lines	are	0.001%	(at	most)	of	
the	source	intensity	

Problem:	Difficult	to	detect	
low	concentra.on	samples	

Solu?on:		Raman	signal	amplifier	is	required			



Surface Enhanced Raman Spectroscopy (SERS)  

Discovery	of	enhanced	Raman	signals	(105-106)	
from	molecules	adsorbed	on	roughed	Ag	
surfaces.	

Localized	Surface	Plasmon	Resonance

-SERS	Signal-

SERS	substrate	is	very		promising	for	Raman	signal	enhancement	

10-250 nm

Chemical	Enhancement	
							Based	on	metal-molecule	charge-transfer	effects	

Electromagne.c	enhancement	
							Coupled	to	surface	plasmon	excita7on	of	metal	

							nanostructures	

Plasmon	resonance	leads	to	local	field	
enhancement	near	the	surface	
								Adsorbed	molecules	see	increased	field	

Raman	signal	enhancement	(up	to	1015)	
							Depends	on	local	geometry	of	adsorp7on	site	

	

-SERS	Enhancement-

1980	



1.  Thin films 

2.  Patterning 

3.  3-D/hetero  
     structure 

•  Highly sensitive SERS 
substrate 

•  Highly sensitive SERS 
substrate 

•  Uniformity detection 

•  Highly sensitive SERS 
substrate 

•  Uniformity detection 
•  Reusable/Low cost 

SERS substrate for chemical residual detection 

-Objec?ve	and	Strategy-	

Today’s talk 



SERS substrate based on Thin Films 

-Crucial	parameter	for	high	sensi?ve	SERS	thin	film-	

Controllability	on	surface	morphology	and	structure	of	Ag	thin	
films	is	very		important	for	high	sensi?ve	SERS	substrate	

•  Texture	orienta?on	

•  Roughness	

•  Grain	size	

•  Gap	between	grain	edges	

•  Density	of	grain	

•  Thickness	

Scien5fic	Reports	5,	14790	(2015)	

-Hot	spot	effect-	

Phys.	Chem.	Chem.	Phys.,	2015,17,	
21072-21093	



•  Reproducible and cleaning process 

•  Friendly Environmental System 

•  Large area coting  with high uniformity 

•  Low Temperature Operation 

•  High adhesion film and substrate 

-Advantages- 

High orientation of (111) coupler 

with large coating area   

- Based pressure = 1x10-6 mbar 

- Working pressure = 0.5-1.5 x10-2 mbar 

- Ar gas = 10 sccm 

- RF power = 50-200 Watts 

- DT-S = 7 cm 

-RF Magnetron Sputtering- 

Can we control structure and morphology of Ag thin films via GT 
technique? 

NSTDA U.S. Patent 

“Metal Oxynitride 
Fabrication method” 

Experimental 



Can we control structure and morphology of Ag thin films via 
GT technique? 
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High order texture of Ag (111) thin films could be fabricated 
by using gas-timing rf magnetron sputtering technique 

-Texture	orienta?on-	



Can we control structure and morphology of Ag thin films via 
GT technique? 

Smaller grain size could be obtain when GT technique is 
utilized 

-Morphology-	
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Peak intensity of (111)/(200) ratio of Ag thin films  

How does gas-timing technique enhance the crystal growth? 
    

Ag (111) Ag (200)
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How does gas-timing technique enhance the crystal growth? 
    

Higher	energy	of	spudered	atoms	might	be	raised	during	turn-off	
sequence.	

V	

Lower sputtered atom with 
constant sputter energy 

D	

Energy	per	atom	=	Total	spuGered	energy				
																																Total	spuGer	gas	atom		



Difference in RF bias voltage between turn-on timing and 
turn-off timing 

Gas-timing technique strongly enhanced the total sputtered energy 

RF power = 100 Watts
Working pressure = 2×10-2 mbar

RF power = 100 Watts
Working pressure = 2×10-2 mbar
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Higher	energy	of	spudered	atoms	might	be	raised	during	turn-off	
sequence.	

Lower sputtered atom with 
constant sputter energy 
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How does gas-timing technique enhance the crystal growth? 
    



Deposition rate of Ag thin films between turn-on timing and 
turn-off timing 
 

Energy enhancement via gas-timing technique might be responsible 
for high order orientation texture of (111) Ag thin films What is the origin? 



-Atomic peening mechanism- 
What is the origin? 

Self energy assisted might be provided by gas-timing technique 
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Self energy assisted  

Film growth 



Morphology of Ag thin films 
-Roughness RMS- -Grain size- 

Dense structure of Ag (111) might be obtained via adatom diffusion via 
high energy during sputter deposition 



200 nm

(111)/(200)=  40.8
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Morphology vs. Texture oreintation 

Controllability on texture orientation and morphology can 
be archived via GT technique    



SERS Measurement 

-NT-MDT	NTEGRA	SPECTRA-	

-Raman	Ac?ve	Molecule-	

Reflec.on	Mode	

Methylene	Blue	(MB)	

10-3	to	10-13	M	

4-Aminophenol	

10-3	to	10-12	M	

•  Excita7on	wavelength	of	532	nm			
•  Charge-	couple	device	(CCD)	

with	a	resolu7on	of	4	cm	-1	



SERS signal of GT vs. Conventional  
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-Raman	spectra	of	methylene	blue	(MB)	
droplets	at	concentra.on	of	10	-13	M-	

-	SERS	intensity	collected	at	
Raman	shi`	of	1626	cm	1-	

High sensitivity SERS substrate is successfully fabricated via GT 
technique  

Ag thin films SERS 
substrate 

RMS Roughness 
(nm) Grain size (nm) Gab between grain 

edge (nm) 
Density of grain 
(grain/µm2) 

GT technique 2.4 80.3 55.2 306 

Conventional sputtering 4.4 190.5 85.6 90 

-Morphology of Ag thin films- 



0 20 40 60 80 100
0

20

40

60

80

100

0
10

0
20

0
30

0
40

0
50

0
μm

μm

0
20

40 60
80

100

100

40
60

80

20

80

160

240

µmIn
te

ns
ity

 (a
.u

.)

GT 

0 20 40 60 80 100
0

20

40

60

80

100

μm

μm

0
2

4
6

8
10

0
20

40 60
80

100

100

40
60

80

20

10

20

30

µm

In
te

ns
ity

 (a
.u

.)

w/o GT 

SERS mapping: Distribution of SERS signal 

-SERS Mapping of GT 
substrate- 

-SERS Mapping of 
Conventional substrate-  

EFGT	=	3.4	x105	and	EFcon	=	1.4	x104		

Uniformity of SERS signals can be accomplished when the SERS 
substrate fabricated by the GT technique is utilized. 
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Are we confident with our SERS substrate? 
-Raman	spectra	of	4-ATP	droplets	at	concentra.on	of	10-12	M-		

-4-Aminophenol-	

Ag thin films prepared by GT technique are promising for SERS activities 



Summary 

1.   The	controllability	on	structure	and	morphology	of	Ag	thin	
film		is	achieved	by	using	GT	technique	

2.   High	sensi?ve	and	uniform	SERS	thin	film	substrate	is		
						demonstrated	
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Thank you very much for your 
attention


