Nanoparticle Technology

Lecture 06: 2-D Nanostructures Fabrication
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GIESSificatoniofinanomaterials

Dimensional classification
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Two-dimensional (2-D) structures

- Nanobelts - - Graphene - - Thin film -
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Fundamentals of heterogeneous nucleation
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BIOMIOgENeouSnucieation (lecture 04)

Supersaturated solution Nanoparticles

Surface energy
increase

Assumption
: produced nanoparticle is sphere.

AG = %m‘?’AGV +47r’y

\Volume energy  Surface energy
(minus) (plus)
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SlioImogeneous nucleation (lecture 04)

Always,
r>0

AG

Surface energy
AG =471’y r*: critical radius of nucleation
Whenr =r", d(AG)/dr=0

d(AG)

=47r°AG, +871y
dr

47(r') AG, +8z1"y =0

\
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r
Critical radius of nucleation r*is...

* Y 2Vm Y
r =— =
Volume energy + Surface energy AGV kT JIno
AG = %ﬂ'rsAGv +4xr’y
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BIOTTIOGENEOUS N leation (lecture 04)
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Substrate
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NUIGIEAH O NOMOJENEOUS VS. heterogeneous

Homogeneous nucleation | Heterogeneous nucleation

-3 ‘ v |
o OSEE - J ) . - D v J » J ) i Adsorption
e ’ ) v v i
y v
NGy, = 2 7T°AG, + 4t  AG,,, —ar’AG ‘ ’ ’
Homo_gﬂ-r v Tarnry i Hetero — Al vtal vy +a,l 7 —a,lyy
a, =27 (1-cos0)
r;omo =-2 ! E r}:etero =2 (a17d 7o ~ R ) a, = zsin? @
AG, 33,AG, a, =37 (2-3cos0+cos’ 0)
. 167 . o (- ;
N A - 167y° 2 X(Z 3c0s 6+ Cos 9)
3(AG,) 3(AG,) 4
* . * 2—3c0s 0 +cos’
AG oo T (0)=AGr, Shape factor: f(0) :[ 7 ]
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NUIGIEAH O NOMOJENEOUS VS. heterogeneous

Ty - o | ) J
Homogeneous nucleation - - - J )/ = O W
AG > Yo J
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Metastable Stable
cluster cluster
Substrate
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NHICIEARONMSNOMOGENEOUS VS. heterogeneous

4 COSO
1 ) )
AGHomO f (8) = AC;Hetero
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NUICIESGIONENOMOgENEoUs Vs. heterogeneous

AG;omof (9):AG* f(6)):(2—3cosj?+cos 9)

Liquid (solution) Liquid (solution) Liquid (solution)
7cl

| Cluster
Cluster ) Vel el i Ves
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Fundamentals of film growth on substrate
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Layer-by-layer growth (Frank-van der Merwe)

- ) & 5 e

- Film atoms strongly bound to substrate than to each other.
- Generally highest crystalline quality
- Fast surface diffusion
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Island growth (Volmer-Weber)

P B & De

- 3-dimensional islands are formed.
- Film atoms more strongly bound to each other than to substrate.
- Slow surface diffusion
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Mixed growth (Stranski-Kranstanov)
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- At initial stage, layer-by-layer growth is dominant.
- 3-dimensional islands are formed at late stage.
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[FRicecitierence between film and substrate

Single crystal case

Matched Strained Relaxed
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[Rhicedifference between film and substrate
Matched

v v " »
Mostly matched

Precursor (Ni2*) ) 'J J
N ~ ~ ~ ~ Film (Ni)
v v ¥ » J)J)J)J) ;TO.SI524nm
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[Rhicedifference between film and substrate

Strained (expansion)

Precursor (Cr3*) 4 ! o )

I,I III III » ‘ X . . i ’ Film (Cr)
v v ¥ b DI a=0.2910 nm

Strained (compression)

Precursor (Aus*) !

1 1 1 .
/ ; / »  Film (Au)

v v ¥y a=0.4078 nm
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Lattice parameter Electronegativity

Lattice of film (Au) is compressed.

Film (Au) Film (Au)
a=0.4078 nm A 4 4 A 4 4 4 4 2.54
A )\ A A P ) I @

Film (Au) becomes more electron rich.

In heterogeneous film growth, difference of lattice parameter and electronegativity
(between film and substrate) generates the bimetallic effect.
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Hydrogen adsorption Oxygen reduction reaction
Solute element 02 +4H " +4e — 2H20
Fe Co Ni Cu As Ru Rh Pd Ag Cd Sb Re Ir Pt Au Bi
|AGy|
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[Nat. Mater., 5 (2006) 909-913 ] [Nat. Mater., 6 (2007) 241-247.]
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- Ostwald ripening of Pd nanoparticles

Ly A

v
Cote

300 °C for 80 min O
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Side view
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Top view
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Low nucleation density Rough film

High nucleation density Smooth film
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Water
droplet

Wenzel’s law: hydrophilic films get more hydrophilic when the film roughness increase.
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Fabrication methods and case study
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Nanomaterial fabrication methods

Physical methods Chemical methods

Lithographic techniques

Ball milling Chemical reduction synthesis Photolithography
Inert gas condensation Solvothermal synthesis Electron-beam lithography
Arc discharge Photochemical synthesis Focused ion beam lithography
lon sputtering Electrochemical synthesis Nanoimprint lithography
Laser ablation Sonochemical synthesis
Spray pyrolysis Micelles and microemulsions
Flame pyrolysis Chemical vapor deposition
Thermal evaporation Sol-gel process

Pulsed laser deposition

Molecular beam epitaxy
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lon sputtering: direct current (DC) sputtering
- Argon is ionized by a strong potential difference, and these ions are accelerated to a target. After impact, target
atoms are released and travel to the substrate, where they form layers of atoms in the thin film.

Cathode (target)
| OQO00000000000
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Electrochemical synthesis: electrodeposition
- Metal ions in solution can be electrochemically reduced by negative applied potential on the surface of substrate

(working electrode).

- Electrodeposited thin films -

Counter

Reference Working
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