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COURSE SYLLABUS

	Subject: Nanomaterial Synthesis Techniques
	Academic field: Materials Science and Nanotechnology 

	Lecturer: Dr. NGUYEN Duc Hoa
	

	Phone: 0984 050 213
	E-mail: ndhoa@itims.edu.vn 

	Academic year: TU 3
	


COURSE DESCRIPTION
	Credit points
	3 ECTS

	Level
	Undergraduate

	Teaching time

 Location
	University of Science and Technology of Hanoi (USTH)

	Time Commitment
	Lecture
	21 hrs

	
	Exercises
	0   hrs

	
	Practical
	                              9 hrs

	
	Total
	30 hrs

	Prerequisites
	Students must complete Solid State Physics, Materials characterization techniques subjects with grade “satisfactory” (( 5/10 with evaluation scale of 10) and good English proficiency (especially, reading and listening)

	Recommended background knowledge
	Solid State Physics, Materials characterization techniques

	Subject description:
	The course “Nanomaterials synthesis techniques” surveys methods of synthesis inorganic nanomaterials including of zero-, one-, and two- dimensional (0-D, 1-D, 2-D) structures. This course will provide students an overview of both physical and chemical methods for synthesis of nanomaterials: nanoparticles, nanowires, nanotubes, and nano thin films). This course focuses but not limited by following methods of inorganic nanomaterials synthesis such as: chemical vapour deposition, physical vapour deposition, thermal spray pyrolysis, and liquid chemistry. Through the lectures, and practical activities, students can gain some lab work skills in synthesis and characterization of some nanomaterials, such as nanoparticles, nanowires, nanorods, and nano thin film. In addition to the synthesis techniques, some characterization method such as X-ray diffraction, scanning and transmission electron microscopy, and atomic force microscopy are also introduced to students. 

The course is designed as shown below:
1. Introduction to nanomaterials and applications (3h) 
2. Gas-phase chemical processes for synthesis of nanomaterials (3h), 
3. Glow-discharge processes synthesis of nanomaterials (3h)
4. Liquid phase synthesis of nanomaterials (3h)

5. Evaporative methods, Nano Fabrication, Patterning Techniques (3h)
6. Synthesis of inorganic nanoparticles, nanotubes, nanowires (3h) 
7. Synthesis of nanocarbon materials: Graphene, Fullerene, and Carbon nanotubes (3h)
Experimental work in the scientific research laboratory (9h) Synthesis of nanomaterials: (1) NPs, (2) nanorods or nanowires, and (3) nano thin films: by (i) wet chemical (ii) chemical vapour deposition , or sputtering methods  (students are devised into different groups and each group will practice to synthesize different materials)
8. Experiment on the synthesis of nanomaterials by wet chemical method (4.5h)
9. Experiment on the synthesis of metal oxide nanowires by Chemical vapour deposition method (4.5h)


	Objectives & Out-come
	(Knowledge &/ Skills gained via the course)
The objectives of the course shall be to enable students to

· Demonstrate an understanding of basic physical and chemical properties of nanomaterials, as well as different methods for inorganic nanomaterials synthesis: CVD, PVD, thermal spray pyrolysis, laser, ball milling, and liquid chemistry.

· Demonstrate knowledge of principles of metal oxide nanowires by VS and VLS mechanisms.

· Demonstrate practical skills in usage of modern experimental equipment for synthesis of some metal oxide nanowires, nanorods: CVD reactors, high temperature furnaces.

· Demonstrate knowledge of different applications of inorganic nanomaterials for electronic devices 
· Use different techniques to synthesize nanomaterials of different forms (0-D, 1-D, and 2-D)
Experimental methods:

· Scanning Electron Microscopy (SEM) and Transmission electron microscopy (TEM)

· X-ray diffraction (XRD)

	Assessment/ Evaluation

	Attendance/Attitude
	20 %

	
	Exercise(s)
	0 %

	
	Practical, and report
	30 %

	
	Homework assignments
	0 %

	
	Final exam 
	50 %

	Prescribed Textbook(s)

	1. Handbook of thin-film deposition  rocesses and techniques Principles, Methods, Equipment and Applications, Second Edition, ISBN: 0-8155-1442-5, By Krishna Seshan 
2. The Chemistry of Nanomaterials: Synthesis, Properties and Applications, C. N. R. Rao, A. Muller, A. K. Cheetham, 2004,  
3. Kourosh Kalantar-zadeh , and Benjamin Fry “Nanotechnology-Enabled Sensors”, ISBN 978-0-387-32473-9


COURSE CONTENTS & SCHEDULE
	Class 
	Contents
	Hours
	Ref./Resources
	Assignment(s) 

	
	
	Lect.
	Exr.
	Prc.
	
	

	1
	Introduction to Nanomaterials and Applications
1.1 Nanoscale
1.2 Size effects
1.3 Synthesis and Assembly

1.4 Classification of nanomaterials (0-D, 1-D, 2-D,3-D)
1.5 Applications of nanomaterials 
	3
	
	
	Lecture Presentation / Text books /  
	Understanding of  lecture content

	2
	Gas-phase chemical processes for synthesis of nanomaterials: 
2.1 Chemical vapor deposition and vapor transport method;
2.2 Thermal spray pyrolysis;
2.3 Atmospheric-pressure CVD
2.4 Liquid chemistry: sol-gel, hydrothermal method; electro-deposition
	3
	
	
	Lecture Presentation / Text books /  
	Understanding of  lecture content

	3
	Glow-discharge processes:
3.1 Physical vapor deposition 
3.2 Laser ablation;

3.3 MBE, 
3.4 plasma-enhanced deposition
3.5 Sputtering methods
	3
	
	
	Lecture Presentation / Text books /  
	Understanding of  lecture content

	4
	Liquid phase synthesis of nanomaterials
4.1 Colloidal methods
4.2 Sol – gel processing
4.3 Water– oil microemulsions method.

4.4 Hydrothermal and solvothermal synthesis
4.5 Polyol method
4.6 Reduction method
4.7 Electrodeposition method
	3
	
	
	Lecture Presentation / Text books /  
	Understanding of  lecture content

	5
	Evaporative methods, Nano Fabrication, Patterning Techniques
5.1 Lithography

5.2 E-beam lithography
5.3 Scanning Probe Nanolithography Techniques
5.4 Nanoimprinting
5.5 Template synthesis.

	3
	
	
	Lecture Presentation / /  black board
	Understanding of  lecture content

	6
	Synthesis methods of nanoparticles, nanotubes, nanowires
6.1 Synthesis of inorganic nanoparticles
6.2 Synthesis of inorganic nanotubes
6.3 Synthesis of nanowires 
	3
	
	
	Lecture Presentation / /  black board
	Understanding of  lecture content

	7
	Synthesis and characterization of nanocarbon materials

7.1 Graphene, 

7.2 Fullerene

7.3 Carbon nanotubes

	3
	
	
	Lecture Presentation / /  black board
	Understanding of  lecture content

	8
	Experimental work in the scientific research laboratory (12h, at ITIMS, HUST).
8.1 Experiment on the synthesis of nanomaterials by wet chemical methods
	
	
	4.5
	
	Products of Nanomaterials, (report)

	9
	9.1 Experiment on the synthesis of metal oxide nanowires by chemical vapour deposition method
	
	
	4.5
	
	Products of Nanomaterials, (report)

	10
	Sample preparation for Characterization of the synthesized nanomaterial by SEM and/or TEM (optional)
	
	
	2
	 
	Report results on measuring the samples


Notes:

· Abbreviation: Lect. (lecture), Exr. (Exercise), Prc. (Practise).
· Exercises may include assignment, reports, student’s presentation, homework, class exercises ...for each class sessions
· Practicals mostly refer to Lab- work or outside practice such as field trip.
Reference Literature:
	[1].    Nanomaterials: Synthesis, Properties and Applications, Edited by A S Edelstein,  ISBN 0 7503 0358 1 (2001)

	[2  The Chemistry of Nanomaterials: Synthesis, Properties and Applications

C. N. R. Rao, A. Muller, A. K. Cheetham

	[3].  Springer handbook of nanotechnology. Edited by Bharat Bhushan, Spinger Verlag, 2010, 2012 p

	[4].   Advanced Nanomaterials: Synthesis, Properties, and Applications, Sabu Thomas; Nandakumar Kalarikkal; A Manuel Stephan; B Raneesh

	[5].   M. Meyyappan, Carbon nanotubes science and applications,  ISBN 0-8493-2111-5
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