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Lab. 2: Nanomaterials synthesis 

In general nanoparticles can be synthesized by two approaches, “bottom-up” 

approach and the “top-down” approach.  

A. Bottom-up methods  

-This technique employs buildup (construction) of nanomaterials from bottom.  

-Assembling atom-by-atom or molecule-by-molecule through a set of physical or 

chemical interactions among these units.  

-These interactions may be Van der Waals forces, hydrogen bonding, or ionic 

interactions. Bottom-up synthesis is also called chemical synthesis, self-assembly 

and positional assembly.  

● Bottom-up can be classified into chemical and physical techniques like (chemical 

precipitation method, sol-gel method, solution combustion method, Physical 

vapor deposition, chemical reduction, electrostatic self-assembly and plasma-

enhanced chemical deposition.  
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ـــ  Physical vapor deposition (PVD) method 

 

B. Top-down methods  

- Starting material has been broken down into nano-sized materials through energy 

applied on the bulk material which causing reduction in size.  

- Require energy for nanoparticles generation it may be (thermal, electrical or 

mechanical energy).  

● Top- down methods involve chemical and physical techniques like (sputtering, 

electro-explosion, high energy milling, vapour phase deposition, laser ablation, 

thermal methods and arc discharge.  

 Laser ablation method  ـــ 

- Laser ablation (LA) is a process by which tiny materials are removed from bulk 

material samples. 

 - It is an effective method to synthesize nanoparticles by interactions of high energy 

laser beam with solids.  

- No contamination occurs by laser ablation method. 

-The material is evaporated 

from the reservoir and de-

posited on thin film. 

-  Deposition is typically 

very slow (several seconds 

to achieve 1 nm film 

thickness). 



- Without needing chemical reagents or mechanical contact. 

 

Biological fabrication 

• Reproducibility is translated somewhat differently by living processes.  

• Although the basic building blocks (e.g., proteins) of living organisms are identical, 

organisms are not identical in the way that very large scale integrated circuits. 

• For example, the magnetic protein ferritin, which is constituted from an iron 

oxide core surrounded by protein, could in principle be made on a large scale by low-

cost biotechnological manufacturing routes for use in magnetic memory devices. 

Classification of Nanomaterials  

Nanomaterials can be classified dimension wise into following categories.  

• Zero dimension nanomaterials: all three dimensions are compressed into 

nanoscale, such as nanoparticles. 

• One dimension nanomaterials: this group include materials with two dimensions 

in nanoscale like polymer chains. 



• Two dimensions nanomaterials: one of their three dimensions is pressed in 

nanoscale such as thin films.  

 

Classification Examples  

1 dimension < 100nm                            Nanorods, Nanowires etc.  

2 dimensions < 100nm                          Tubes, Fibers, Platelets, etc.  

Zero or 3 dimensions < 100nm             Nanoparticles, Quantum dots, etc. 

 


