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MODULE	1:	Techniques	for	the	synthesis	of	nanomaterials
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1.0.	What	are	“Nanomaterials”?

What	are	nanoparticles	and	nanomaterials?

What	do	0D,	1D,	2D	and	3D	indicate?

What	application	and	products	are	they	use	in?
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1.0.	What	are	“Nanomaterials”?

What	are	nanoparticles	and	nanomaterials?

What	applications	and	products	are	they	used	in?
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1.1.	Possible	approaches	to	nanomaterials
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1.1.	Possible	approaches	to	nanomaterials
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1.2.	Top-down	approaches
Photolitography:
At	the	moment,	 the	most	used	top-down	approach	is	photolitography.	 It	has	been	used	
for	a	while	to	manufacture	computer	chips	and	to		produce	structures	smaller	than	
100nm.	

Typically, an oxidized silicon (Si) wafer is
coated with a 1micron thick photoresist
layer. After exposure to UV light, a
positive photoresist undergoes a
photochemical reaction, which breaks
down the polymer chains. Subsequently,
when the wafer is rinsed in a properly
chosen developing solution, the exposed
areas are removed. On the contrary, uv
light strengthen the structure of negative
photoresists making it more stable in the
developing solution
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1.2.	Top-down	approaches
Photolitography:
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1.2.	Top-down	approaches
Photolitography:
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1.2.	Top-down	approaches
Photolitography:

The	basic	idea	behind	 the	photolitographic processing	 is:	
COAT,	PROTECT,	EXPOSE,	ETCH,	REPEAT…

The	Result:
Multiple	patterned	layers	of	different	materials
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1.2.	Top-down	approaches
Photolitography:
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1.2.	Top-down	approaches
Electron-beam	litography and	X-Ray	litography
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1.2.	Top-down	approaches
Microcontact printing	method
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1.2.	Top-down	approaches
Nanosphere lithography
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1.2.	Top-down	approaches
Micromachining	methods
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1.2.	Top-down	approaches
Focused	ion-beam	(FIB)

FIB machining offers the greatest
resolution, with the ability to make
features as small as 20 nm. In FIB a
beam of gallium ions from a liquid
metal ion source is accelerated,
filtered, and focused with
electromagnetic lenses to give a spot
size of 5-8 nm. The beam is tracked
across the surface contained in a
chamber under high vacuum. The high
energy ions blast atoms from the
surface, allowing simple cutting of
slots and channels or the creation of
more elaborated 3D shapes.
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1.2.	Top-down	approaches
Focused	ion-beam	(FIB)
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1.2.	Top-down	approaches
Ball	milling

A	ball	mill,	a	type	of	grinder,	 is	a	cylindrical	device	used	in	grinding	 (or	mixing)	materials	
like	ores,	chemicals,	ceramic	raw	materials	and	paints.	Ball mills	rotate	around	a	
horizontal	axis,	partially	filled	with	the	material	to	be	ground	 plus	the	grinding	 medium.
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1.3.	Bottom-up	approaches
Self-assembly
Self-assembly	is	the	spontaneous	organization	of	molecules	into	stable,	structurally	
well	defined	aggregates	which	are	at	the	nanometer	 scale.
These	self-assembled	structures	are	often	being	used	to	template	the	growth	of	
different	materials

Polythiophene wires
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1.3.	Bottom-up	approaches
Atomic	Layer	Deposition
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1.3.	Bottom-up	approaches
Atomic	Layer	Deposition
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1.3.	Bottom-up	approaches
Methods	for	making	0-D	Nanomaterials	(Nanoclusters)

• Nanoclusters	are	made	by	either	gas-phase	or	liquid	
phase	processes.

• The	most	common	of	the	gas-phase	ones	are	the	
inert-gas	condensation	and	flame	pyrolysis	

• Liquid	phase	processes	use	surface	forces	to	create	
nanoscale	particles	and	structures.	There	are	broad	
types	of	these	processes:	ultrasonic	dispersion,	sol-
gel	methods,	and	methods	relying	on	self-assembly.
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1.3.	Bottom-up	approaches
Inert	Gas	Condensation
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1.3.	Bottom-up	approaches
Inert	Gas	Condensation

Dodecahedral gold nanoparticle generated
from an inert gas aggregation source using
helium and deposited on amorphous
carbon film.

(Koga,	Sugarawa,	Surf.	Sci.	2003,	529,	23)

Icosahedral gold nanoparticle generated
from an inert gas aggregation source using
helium and deposited on amorphous
carbon film.
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1.3.	Bottom-up	approaches
Flame	spray	pyrolysis

Flame pyrolysis is already used
for industrial manufacturing
(i.e. TiO2 P25 from Sigma
Aldrich). The reaction in the
aereosol containing the metal
precursors form clusters. As
these clusters leave the hot
zone, nucleation and then
growth occur. The
nanoparticles are then
collected from a water cooled
filter.
Products made from FSP's
vapor-phase process are
limited to Al-, Ti-, Zr-, and Si-
based oxides from their metal
chlorides.

The	size	
monodispersity of	the	
particles	obtained	by	
FSP	is	above	10%
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1.3.	Bottom-up	approaches
Methods	for	making	1D	nanomaterials	(rod-like,	wires)

• The	production	route	for	1D	rod-like	nanomaterials	
by	liquid	phase	methods	is	similar	to	that	of	the	
production	of	nanoparticles

• Chemical	Vapor	Deposition	(CVD)	methods	have	
been	adapted	to	make	1D	structures.	Catalyst	
nanoparticles	are	used	to	promote	nucleation.

• Molecular	Beam	Epitaxy	(MBE)	is	also	a	quite	
common	method	to	grow	1D	nanowires
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1.3.	Bottom-up	approaches

Chemical Vapour Deposition

(a) Plane and (b) cross-
sectional FESEM images of
the SiNWs/n-Si sample.

(a) Plane and (b) cross-
sectional FESEM images of the
MoS2/SiNWs/n-Si sample

(Chen,	Lin,	J.	Cryst.	Growth	2018,	481,	18)

How	does	CVD	works?
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Molecular beam epitaxy (MBE)
MBE is an ultra-high vacuum technique (10-11) torr. Ultrapure elements are sublimated within the chamber. The
substrate (monocrystalline wafer with carefully cleaned surfaces) are heated between 300C and 600C
depending on the material.

1.3.	Bottom-up	approaches
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Molecular beam epitaxy (MBE)
1.3.	Bottom-up	approaches

Adjustable	growth	parameters:
• substrate	temperature
• molecular	fluxes
• Substrate	orientation
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Molecular beam epitaxy (MBE)
1.3.	Bottom-up	approaches

Gallium nitride (GaN) nanowires grown
by molecular beam epitaxy (Photo by
Lorelle Mansfield, National Institute of
Standards and Technology.)
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1.3.	Bottom-up	approaches
Methods	for	making	2D	nanomaterials	(graphene,	nano-sheets)
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1.3.	Bottom-up	approaches
Electrodeposition
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1.2.	Bottom-up	approaches
Electrodeposition

Top and cross-sectional SEM images of Pt tree
nanostructures electrodeposited from a solution
containing 15 mM K2PtCl4 and 0.1 M H2SO4 at −0.2 V
with a total deposition charge of 0.04 C.

(Choi,	Kweon,	Kim,	Phys.	Chem.	Chem.	Phys.	2015,	17,	23547)

Adjustable	growth	parameters:
• concentration
• magnitude	of	the	potential	
• amount	of	charge	delivered
• deposition	 time
• pulsing	or	cycling	the	applied	current	of	

potential	in	a	solution	containing	a	mixture	of	
precursors	allow	the	production	 of	a	
multilayered	material.
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1.3.	Bottom-up	approaches
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1.3.	Bottom-up	approaches
Colloidal	synthesis

N2

100-400°C

Heating mantle

3 neck flask

Condenser

Temperature 
controller

Heating mantle

3 neck flask

Condenser

Temperature 
controller

Reaction parameters:

• Ligands/Precursors	reactivity
• Reaction	temperature
• Reaction	time
• Concentration

Surfactants play a key role in controlling
nanocystal size and shape:

+

1. nucleation
2. growth

P

O

=

some typical surfactants:
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1.3.	Bottom-up	approaches
Sol-gel	technique
The	sol-gel	process	consists	in	the	chemical	transformation	of	a	liquid	 (the	sol)	into	
a	gel	state	and,	with	subsequent	 post-treatment,	into	a	solid	oxidematerial.

tetraethylorthosilicate
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1.3.	Bottom-up	approaches
Microemulsion techniques

Dynamic	Templates Static	Templates
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1.3.	Bottom-up	approaches
Hydrothermal	synthesis

The	hydrothermal	 synthesis	is	a	sol-gel	process	taking	place	in	a	supercritical	solvent.	It	
is	often	used	to	enhance	solubility	of	precursors.
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THE HYDROTHERMAL BOMB IS HEATED IN A
CONVENTIONAL OVEN OR IN A MICROWAVE
REACTOR

1.3.	Bottom-up	approaches
Hydrothermal	synthesis

The size monodispersity of the
particles obtained by hydrothermal
synthesis is above 10%

Tungsten	Oxide	Nanoparticles
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1.4.	Summary	of	the	methods


