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Nanoparticles through Homogeneous Nucleation

Fundamentals of Homogeneous Nucleation

Synthesis of Oxide Nanoparticles

Sol-gel processing

Nanoparticles through Heterogeneous Nucleation

Fundamentals of Heterogeneous Nucleation

Synthesis of Metallic Nanoparticles

Kinetically Confined Synthesis of Nanoparticles

Synthesis inside micelles or using microemulsions

Further Reading

Summary



M. Clara Gonçalves

M
A

T
E

R
IA

IS
 N

A
N

O
E

S
T

R
U

T
U

R
A

D
O

S
 E

 N
A

N
O

T
E

C
N

O
L

O
G

IA
S

DEMat

M
A

T
E

R
IA

IS
 N

A
N

O
E

S
T

R
U

T
U

R
A

D
O

S
 E

 N
A

N
O

T
E

C
N

O
L

O
G

IA
S

DEMat
Types of Nanotechnologies

Artificial nanostructures (difficult to synthesize).

 Top-Down (scaling down, larger to smaller size)

Here, the mechanisms and structures are miniaturized to

a nanometric scale. This approach is widely following in

the miniaturization of electronic products, and electronic

components manufacturing processes.

 Bottom-Up (scaling up, smaller to larger size)

Approach less complex, but difficult to control defects

(‘self-assembly’ or auto-organization of monodisperse

spheres, nanocrystallization).

Introduction
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 HOMOGENEOUS NUCLEATION

Characteristics of Nanoparticles

For the fabrication of nanoparticles, small size is not the only

requirement. Nanoparticles should have the following

characteristics:

Identical size of all the particles (monosized or with

uniform size distribution).

Identical shape or morphology.

Identical chemical composition and crystal

structure among different particles and within individual

particles, such as core and surface composition.

Individual dispersed or monodispersed, i,.e., no

agglomeration.

Nanoparticles through Homogeneous Nucleation
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Nanoparticles through Homogeneous Nucleation

 HOMOGENEOUS NUCLEATION
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Nanoparticles through Homogeneous Nucleation

 HOMOGENEOUS NUCLEATION
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 1lnln 0

kT
CC

kT
Gv

 THE REDUCTION OF GIBBS FREE ENERGY IS THE DRIVING FORCE 

FOR BOTH NUCLEATION AND GROWTH

  00 CCC 

Fundamentals of Homogeneous Nucleation

supersaturation,

defined by

atomic volume

concentration 

of the solute equilibrium 

concentration 

or solubility

C > C0   supersaturation

Gv < 0  spontaneous nucleation

C < C0  non saturation

Gv = 0  no nucleation
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Fundamentals of Homogeneous Nucleation

Gibbs free energy surface energy

 THE REDUCTION OF GIBBS FREE ENERGY IS THE DRIVING FORCE 

FOR BOTH NUCLEATION AND GROWTH

volume energy
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Fundamentals of Homogeneous Nucleation

radius critical size

critical Gibbs energy

 THE REDUCTION OF GIBBS FREE ENERGY IS THE DRIVING FORCE 

FOR BOTH NUCLEATION AND GROWTH
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Fundamentals of Homogeneous Nucleation
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radius critical size

critical Gibbs energy

In the synthesis of nanoparticles or quantum dots by homogeneous nucleation

from supersaturated solution or vapor, the radius critical size represents the 

limit on how small nanoparticles can be synthesized.

 r*, G*  Gv ,  

 Gv  (supersaturation )
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Fundamentals of Homogeneous Nucleation

 CRYSTAL GROWTH CONTROLLED BY DIFFUSION
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The diffusion-controlled growth promotes the formation of uniformly sized particles. 

Fundamentals of Homogeneous Nucleation

initial size of 

the nucleous

initial radius difference

for two particles

radius difference

for two particles

msD VCCDk )(2 

diffusion coefficient

of the growth species

bulk concentration

concentration 

on the surface 

of solid particles

 CRYSTAL GROWTH CONTROLLED BY DIFFUSION
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The growth proceeds layer by layer.

The growth species are incorporated 

into one layer and proceeds to another 

layer only after the growth of the 

previous layer is complete.

POLY-NUCLEAR 

GROWTH

MONOLAYER 

GROWTH

This growth mechanism does not

favor the synthesis of monosized 

particles.

Surface process is so fast that second 

layer growth proceeds before the 

first layer grow is complete.

This growth mechanism favor the 

synthesis of monosized particles.

Fundamentals of Homogeneous Nucleation

 CRYSTAL GROWTH CONTROLLED BY SURFACE PROCESS
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Nanoparticles through Heterogeneous Nucleation

vf- interface free energy of vapor-nucleous

fs - interface free energy of nucleous-substrate

sv- interface free energy of substrate-vapor
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Nanoparticles through Heterogeneous Nucleation
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radius critical size 

for homogeneous nucleation

critical energy barier

for homogeneous nucleation

wetting factor

For the synthesis of nanoparticles

or quantum dots on substrates,

 0:

sv  fs +  vf
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SOL-GEL PROCESSING

Synthesis of Oxide Nanoparticles
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Sol-Gel Processing
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Sol-Gel Processing

SOL-GEL PROCESSING
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Sol-Gel Processing

SOL-GEL PROCESSING
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Sol-Gel Processing

SOL-GEL PROCESSING
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Sol-Gel Processing

TEOS + EtOH + H2O

Catalyzed hydrolysis (HNO3)

pH = 2

TEOS pre-hydrolyzed

SiO2 or      TiO2

EtOH + TiPOT     

Ageing   (8h)

Spin-coating

stirring

60 ºC, 1 h
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Sol-Gel Processing
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ACID CATALYSIS

Sol-Gel Processing
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H5C2O

OC2H5

OC2H5

OC2H5Si H2O H5C2O

OC2H5

OC2H5

OHSi C2H5OH

H5C2

O

OC2H5

OC2H5

OC2H5Si HO

OC2H5

OC2H5

OC2H5Si H5C2O

OC2H5

OC2H5

OSi

OC2H5

OC2H5

OC2H5Si C2H5OH

H2OHO SiOHSi OSi Si

Sol-Gel Processing

HYDROLYSIS AND CONDENSATION OF SILICIO ALKOXIDE (TEOS)

hydrolysable organic groups
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H3CO

OCH3

OCH3

OCH3Si H2O H3CO

OCH3

OCH3

OHSi CH3OH

H3CO

OCH3

OCH3

OCH3Si HO

OCH3

OCH3

OCH3Si H3CO

OCH3

OCH3

OSi

OCH3

OCH3

OCH3Si CH3OH

H2OHO SiOHSi OSi Si

Sol-Gel Processing

hydrolysable organic groups

HYDROLYSIS AND CONDENSATION OF SILICIO ALKOXIDE
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reações de condensação
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H2O OHSi CH3OH

ORSi HO ORSi OSi ORSi CH3OH

H2OHO SiOHSi OSi Si

ORSi

Sol-Gel Processing
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H5C2O

OC2H5

CH3

OC2H5Si H2O H5C2O

OC2H5

CH3

OHSi C2H5OH

H5C2O

OC2H5

CH3

OC2H5Si HO

OC2H5

OC2H5

OC2H5Si H5C2O

OC2H5

CH3

OSi

OC2H5

OC2H5

OC2H5Si C2H5OH

H2OHO SiOHSi OSi Si

Sol-Gel Processing

non-hydrolysable organic groups
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HYDROLYSIS AND CONDENSATION OF HYBRID SILICIO ALKOXIDE (MTEOS)
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Kinetically Confined Synthesis of Nanoparticles
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