Nano Materials

Bl

ND

IF

il

ol

HO
|l

i

ol
OHU

Nanomaterials

1



@@ ULIsAAEHYY

Korea Nano Technology Research Society

L Introduction

] Basics

U Synthesis of Nano Materials

1 Fabrication of Nano Structure
(J Nano Characterization

 Properties and Applications
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O Crystal structure

d Surface

L Kinetics

4 Surface chemistry
1 Consolidation

d Quantum confinement
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d Crystalline vs. amorphous

Crystalline SiO, Amorphous SiO,

Oﬂxmen atom
@ Ssilicon atom
Crystalline Au

_ C
Long range order Short range order O ' Matrix,> 2

Amorphous'SiO

4 Nanomaterials ~-10nm
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 Definition of Crystal
A crystal is an anisotropic, homogeneous body consisting of a

three-dimensional periodic ordering of atoms, ions or molecules

1 Definition of Lattice
A lattice means a three-dimensional array of points coinciding
with atom positions (the space arrangement of equivalent sites in a

crystal )
J Lattice Parameters / Ol e

mmm)> Lattice parameter
/ 5 Unit cel

z

5 Nanomaterials
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 Crystal Structure
Crystal structure = Lattice + Basis

.\,_ k - . ® Lattice point
\. \. . A atom

| .\ k . ® E :::2
N N N )
p* \* . I 8

Crystal structure

Basis

6 Nanomaterials
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 Definition of Crystallographic direction

7

Crystallographic direction is defined as a line between two points,
or a vector.

»

[Eﬂﬂ( [221]
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[010] [110]

Note that the direction of [uvw] describes not only a line through the origin

and the point uvw, but the infinite set of lines which are parallel to it.

Nanomaterials
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SeSICSE Crystal structure

Definition of Crystallographic plane
The values ( h k I) are called Miller indices, and they are defined

as the smallest integral multiples of the reciprocals of the plane

Intercepts of axis. x oy o
Z Projections wg -b o2
4 z z I
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¥ »
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 Seven Crystal Systems

9

Crystal system Restr_ictiun
on the axial system
Triclinic axzbzc a#zf#y

Monoclinic arhzc a=y=90", [>90

Orthorhombic azhzc a=0=y=90

Tetragonal a=b#c a=F=y=90

Trigonal a=b=c a=8=y=90"
Hexagonal a=hzc a=0=90, y=120°

Cubic a=b=c a=F=y=90

Nanomaterials
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Triclinic
Monoclinic
Orthorhombic
Tetragonal
Hexagonal E
' Cubic

Trigonal i I
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] 14 Bravais Lattice

CUBIC
TETRAGONAL
P I
ORTHORHOMBIC
HEXAGONAL
MONOCLINIC 4T of Unit Cell
5 il L=
/[ ]] e Ry
= -Cent
E = Face-Centred

C=Side-Centred

TRICLINIC *
P 7 Crystal Classes
10 Nanomateria —» 14 Bravais Lattices
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11 Nanomaterials
Octahedral sites ; 4 Tetrahedral sites ; 8
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e P > tet. sites
o VAN P .
PN by cations
.-.//ll/ //Xr\...) \\
() / \
| O \.-/D
\L7 .
e 118 atoms/unit cell
cl < - [Icoordination #: 4:4
[JFCC with two atoms per lattice
Oc¢ Si, Ge point, (0,0,0) and (5,5 .5)

s Nanomaterials [Jtwo Interwoven FCC lattices
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E % Q /> % tet. sites
"4 | \Kj/ i /B\ _
j/ L 0 by cations
8
,-—\/| /// ~
Qg™ B
N o
/f"f*‘;: __74{:___\_“ 14 molecules/unit cell
el o
G ¢ 7 coordination #: 4:4

[JFCC with two different atoms
om (s GaAs per lattice point, (0,0,0) (+,=,>)

4'4'%
14 Nanomaterials [two Interwoven FCC lattices
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HCP array of S &

Zn occupying of %% tetrahedral sites

# of tetrahedral sites : 4

Upright 2 ; (2/3,1/3,1/8) (0,0,5/8) or
Inverted 2 : (2/3,1/3,7/8) (0,0,3/8)

Unit cell

15 Nanomaterials



SeSICSE Crystal structure

 Carbon
- diamond
- graphite

16 Nanomaterials

@ Upper layer (A)

2 Lower layer (B)

[lcovalent/van der Waals

11.48/3.4A
14 atoms/unit cell
[Jcoordination #: 3
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A.K.Geim, Nature Mater., 6, 183 (2007)
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Q Carbon-Classification of carbon nanotubes
- Single-wall CNT, double-wall CNT, multi-wall CNTs
- Zigzag and armchair nanotubes, achiral nanotube
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SesIess Crystal structure

a Carbon-Classification of carbon nanotubes
- Zigzag and armchair nanotubes, achiral nanotube




Q Point Defect
- Vacancy
- Interstitial
- Impurities (Dopants)

Fig. 1 Constant-current STM images of a p-doped InP(110) surface. Six Zn;, dopant atoms
in different subsurface layers, one Pvacancy (V,), and one vacancy-dopant complex
(Vp-Zny,) are visible. The image shows the occupied states at -2.2 V sample voltage.

P o Ebert, M ateri aIS TOday, 6, 36 (2003) (Adapted with permission fromé. © 1996 American Physical Society.)
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The value of seeing nothing

Jochen Mannhart and Darrell G. Schlom

Figure 1 Now you see it, now you don’t. These the crystal lattice: the glistening oxidized gem
micrographs of a SrTiO, crystal show the effect (top) is transformed into a dull blue, conductive
of removing oxygen atoms, leaving vacancies in crystal (bottom).

oxygen vacancy: V, +2e
NATURE| VOL430|5 AUGUST 2004 | www.nature.com/nature
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Figure 2 What a difference a layer makes.

The abrupt junction between layers of SrTiO,
(bottom) and SrTiO,_; (top) is clear in this
image created by Muller et al.’ using a scanning
transmission electron microscope. Each bright-
orange blob is a cluster of oxygen vacancies.
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 Line Defect (dislocation)
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 Line Defect (dislocation)
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 Line Defect (dislocation)
- observation of dislocation

high resolution transmission electron microscope image electron beam
incident along an <011> zone of Si

=7,[011]
RN

A\
g0 %@
@

= [011]

NSO S,

25 Nanomaterlals
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 Line Defect (dislocation)
- lattice fringe image of dislocation
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 Line Defect (dislocation)
- diffraction contrast

\,/ electron \/
beam

| M

t = crystal
| thickness

/ v
diffracted beam transmitted beam
strong , ' strong

N4 V

transmitted beam-bright field
Image-dislocation-dark

diffracted beam-dark field image
-dislocation-bright
27 Nanomaterials
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4 Surface Energy
dG =-SdT +VdP + ) _ s, dn, + ydA

0G
= — - surface energy [Jm™
4 (aAjpm gy [Jm™]

O Estimation of surface energy
y =5Nygp, N, :# of broken bonds, p, : surface atomic density

 Anisotropy

FCC

12

Yooy = 5?45 =

28 Nanomaterials
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1 Anisotropy of Surface Energy

(a)

4x1x250=1000 erg 4x1%225=900 erg

[ T e ——

1 L
| :

|

I

|

|

1

e r—————— —

1 . 0.32 '
1 1 0.59
1 cm?s @ (4x0.32x250)+(4x0.59%x225)
=851 erg
| (b) (c)

d Equilibrium shape
- total surface energy
minimization

A.W. Adamson, Physical Chemistry of Surfaces (1982)
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NaCl

d Wulff plot
- y-plot- curved outer line

7; =Ch,

- crystal shape- inner envelope

ST T T T T T

b

30 Nanomaterials Negative crystal UO,
G. CaO, Nanostructures & Nanomaterials (2004)  Y.-M Chiang, Physical Ceramics (1997)
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100 [ ' : ' 5
Table 5.2 Measured Surface Energies of Various Materials in Vacuum 80+t
or Inert Atmospheres (1.2nm, 76%)
Temperature Surface Energy e 60
(’C) (ergs/cm? §
Solids 3 i (5nm, 45%)

Copper 1080 1430 £ (7nm, 35%)
Silver 750 1140 2
Iron (y phase) 1350 2100 20
Platinum 1300 2200
ALO, | 1850 905 (63 . ~0%)
TiC 1100 1190 0L { . ; : ;
0.20 Na,0-0.80 SiO, 1350 >20 P
NaCl (100) 25 300 01 : . o 10° 10
LiF (100) -196 (77 K) 340 degusier [nm]
CaF, (111) - =196 (77 K) 500 . . .
BaFi a1y ~196 (77K) 280 Table 2.1, Variation of surface energy with particle size.??
CaC0, (1010) &) 230 Side (cm) Total surface Total edge (cm) Surface energy Edge energy
MgO (100) Gy 1500 area (cm?) (Jg) Jig)
ALO, (1012) 25 6000 5

(1010) 25 7300 0.77 1.6 ¢3 7.2 1075 2.8 % 10712

(0001) 25 >40,000 0.1 28 550 5.6 104 1.7 % 1010
MeALO, (100 23 3000 0.01 280 55X 10% 5.6 % 1073 1.7%10°¢
sic (11§0§ ) > o 0.001 28X 103 55X 106 5.6 % 1072 1.7% 10
Si (111) 1230 10 (1 pm) 2.8x 104 5.5 108 0.36 1.7 X 104

- -7 7 14

Ge (111) _ 1060 1077 (1 nm) 28x%10 55x10 560 170

31 Nanomaterials
Y .-M Chiang, Physical Ceramics (1997) G. CaO, Nanostructures & Nanomaterials (2004)
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J Curved Surface

APdV = ydA
dV =4zr°dr dA=8zrdr for sphere
AP = dA _ 2y

dv. r

Laplace equation AP = 7/(1+£)
I"1 I"2
I, I, principal radii of curvature

32 Nanomaterials



J Curved Surface

- pressure difference across a curved surface — a change in
solubility or vapor pressure
- at constant T, P, n,, transfer one mole from plat to curved

U=, +RTIna=xy +RTInc=4,+RTINP
P(r)

A =RT In
“ P(r=ow

=ydA=y8zrdr, V_ = %7[!‘3

()]@ /

r>0 =

33 Nanomaterials P, > p, >

P(r)= P(r_oo)exp[ Vi

. Kelvin equation

r<Q0



INCREASING INCREASING
NEGATIVE CURVATURE POSITIVE CURVATURE

5i0,; SOLUBILITY, PPM

2001

100__/5=77

1 | 1 i
-10 -3 0 5 10

Fig. 2.11. Variation in solubility of silica with radius of curvature of surface. The positive
radii of curvature are shown in cross-section as particles and projections from a planar sur-
face; negative radii are shown as depressions or holes 1 the surface, and in the crevice
between two particles. [R.K. ller, The Chemistry of Sifica, Wiley, New York, 1979.]

34 Nanomaterials

@@ UIeaanoy

Korea Nano Technology Research Society

U Vapor Pressure
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Fig. 2.12. Vapor pressure of a number of liquids as a function of droplet radius. [VK. La
Mer and R. Gruen, Trans. Faraday Soc. 48, 410 (1952).]

G. CaO, Nanostructures & Nanomaterials (2004)
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O Melting Point  Transition Temperature
- melting point | < particle size |

o, o 2/3 ] T.=500—588.5/(D—12.6) (°C)
Tb _Tm =\ W Ys=N|—
AH pir

1
I
- - ~ 500F .
o° .
4 TIK) —
1300 m.p. bulk __ b
" wr— - T3 ;
ey
o
- ®
1000] E‘ 450 N
o
c PbTIO,
o
E
2
500} 2 400} -
L e
300 1 ] 1 | . L
(o] 50 100 150 200 (&)
° 0 50 100

) particle size (nm)
35 Nanomaterials

Ph. Buffat, Phys. Rew., A13 (1976) 2287 K. Ishikawa, Phys. Rew., B37 (1976) 5852
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O Melting Point of nano-wire
- Ge nano-wire - Rayleigh instability

Fig. 1. Film of honey on a fishing line of radius # = 140 pwm. The film is
made by drawing the thread horizontally out of a large drop of honey. The
instability is fully developed on the left, but still not on the right where the
optimal wavelength A has not yet been selected.

*

l L 'I L I T I T LI | l L | LB I
000 002 004 006 008 010 Q.12
1/r (1/nm)

o
1

Fig. 2. Drops resulting from a thin film of silicone oil coating a nylon fiber
(radius b = 80 pm). The spacing between the droplets is regular and is about
105 (as shown by Rayleigh) for thin films on fibers.

36 Nanomaterials
Y. Wu, Adv. Mater., 13 (2001) 520 D. Quere, Science, 249 (1990)1256.



@@ ULIsAAEHYY

Korea Nano Technology Research Society

O Melting Point & Lattice Parameter
- CdS nanocrystal

Radius (A)
5225 167 125 1895
=—bulk
5.8 1600;
= < 1400
=578 5
§ E 1200 + v
5575 a R’
2 1000
3 o ]
g 574} £
% 800
5.72 600
08 04 0 04 08 L e ———— 400
20 3 23456789 10 20 30 40 50
100/R (A1) Radius (A)

37 Nanomaterials

A.N.Goldenstein, Science, 256 (1992)1425.
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1 Ostwald Ripening

C. C(1+2"V 1)
RT r

FIG. 2. Two 300 nm X 300 nm STM images, separated in
time by 20 000 s, showing i1sland ripening on Cu(001) at 343 K.

38 Nanomaterials
J. B. Hannon, Phys. Rev. Lett., 79 (1997) 2506



 Capillary Rise

2 2Cc0s6 Rogh
7(rj 7/( R. ] PN 7 2C0sH
0<6<90 90<6<180
L
R~
_'*1_ -~ Glass - Glass
— — J—
R.—~| Water Mercury
r

39 Nanomareriais



O Wetting & Spreading
- contact angle

Solid

- wetting

LI J|sA3F7 Y

Korea Nano Technology Research Society

D

Ysv=YsLHVLyv COS O
0: contact angle

Young equation

i
/ AN L
/!
.?I ~ §
f Ao A, = e
E ! B Sk T e
|.' F o i R
y F’ S e i
R e R R Ao o i S |
- . ;
4Sows<otHv3.5‘*.,,.,,99*2’;:‘??”“»”?”_.___4‘____< o i
e e

(a) (b)

nonwetting 6 > 90 wetting 6 <90

40 Nanomaterials

(c)
spreading 6 =90

W. D. Kingery, Introduction to Ceramics (1976)
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d Wetting

¢p=0
(polished section) [0

45°

(a) (b)

{r) (b)

Yss = 2¥sv COS %

Yss = 2‘751_, COS "(22

(c) ¢ =135° o= 135‘;

: 1 lished section)
¢ 1vss (@ {fo
COS =3 (e)
2 2 ‘YSI_, Fig. 5.27. Second-phase distribution for different values of the dihedral angle.

¢: dihedral angle
41 Nanomaterials
W. D. Kingery, Introduction to Ceramics (1976)
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. Volume:iﬂrs L Liaui
d Homogeneous Nucleation ’ .
- supersaturation (AGvV) spherital nuclei
- surface
Solid Area = 411-:-2
: / Solid-liquid
|Il 2 interface
+ vArrty
/! AG =2 7r°AG, +4rr?

S |—r : =3 y

) / ... . *
> A i critical radius r
= 27 AG% M g
¢ 0
5 TNa [ "\ radius, r d (AG) . x —27/
2 N N ( d =0 > = A
% \\I\ \\ r r=r- GV
~ 3 ‘ barrier height AG™

- |
o = o . _16ar°
42 Nanomaterials §7Z'r AG‘v SAGV

W. D. Callister, Materials Science and Engineering
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d Homogeneous Nucleation

ex) supersaturated solution = For nanoparticles
KT KT

AGV:—EIn(C/CO):—EIn(l‘I—O') 'AGVﬂ < O'ﬂ < TU‘
o=(C-C,)/C, -yl

A G, Gibbs Energy .

AGT ;
0 6] \[" >
/1 nr \n* Particle Radius r
AG;*
> B} \ \Tz \
C. C, C; Concentration Ts T

43 Nanomaterials TE >-|_1 >T2 >T3
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J Nucleation Rate

N ~ n"(# of stable nuclei) xv, (collision frequency)

Tm _____________ Tm ____________
ib] ar ay
© & ©
a 8 a
E E E
i = -
Mumber of stable nuclei, n* Frequency of attachment, v, n*, vg, N
44 Nanomaterials (a) (b) (c)

W. D. Callister, Materials Science and Engineering
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How to achieve the uniformity in size?

- - 1. High rate of nucleation
- I\/Iono-dlspersed Part|C|e 2. Quick down to the minimum concentration.
- Lamar diagram - prevent further nucleation
a b =,
+A ! g § :
Vlz oo H
N CRITICAL LIMITING SUPERSATURATION Vi s
C ------------------ - i | 1 :
max RAPID VS 2
SELF-NUCLEAT LON = Lla =y
Z C* ------------------ O ! D F ')
S min i : : Z/ i
= ! GROWTH BY & v i
. : DIFFUSION A N :
= [] ] :./ '
: ; SOLUBILITY 3 & GROWTH /| i
= ; %3 s :
e C i [ '
55} s ' / ] :
p 0 - i '
: . il e
) min max
CONCENTRAT ION
TIME "1 DISSOLUTION
- | OF NUCLET OF SOLUTE

Fig. 1. (a) The LaMer model for monodispersed particle formation (Cg:
solubility; C¥pin: minimum concentration for nucleation; C¥p,y: maximum
concentration for nucleation; I: prenucleation period; II: nucleation period; III:
growth period} (ref. 15). (b) Precipitation rate for nucleation and growth as
a function of solute concentration, where the growth curve is the one for a

given amount of seed particles.
45 Nanomaterials

T. Sugimoto, Adv. Colloid Interface Sci., 28 (1987) 65



d Homogeneous Nucleation
- subsequent growth

(1) diffusion controlled

dr V.,

o D(c:—c:S)T
r2=2D(C-C, V. t+r°
r2=kgt+r°

ACH EERACH

S5 _
r \/th+ r’

46 Nanomaterials

(2) interface controlled
(2-1) monolayer growth

ar/ _p 2. 1_1_
At_kmr,r_r k t

or,
§r=r2[ > j

(2-2) multilayer growth
dr _

E:kp,r =Kk t+r,

or =or,
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d Homogeneous Nucleation
- for the uniformity in size
—> diffusion controlled process is desired

A

S
" (2-1)

» I (ort)
(2-2)

(1)

- how to achieve it
—> extremely low concentration of growth species
high viscosity, diffusion barrier, controlled supply of
growth

47 Nanomaterials ]
speC|es
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<d> = 3.08um
=0.26
sob o g
PERCENT 40| &gy = 84%
OF PARTICLES
IN THE 30}
INDICATED 20}
RANGE  |p
%0 1

FiG. 1. (A) Particles of ZnS growth under conditions that minimize stirring and convection. Zn*" initial
concentration = 0.05 mole/liter. Thicacetamide initial conceniration = 0.21 mole/liter. H,SO, initial
concentration = 0.15 mole/liter. Scanning electron microscope photo taken at 1000X magnification.

Temperature = 80°C. ‘:‘dn: =
= diffusion of the HS- ion to the growing :
particle is the rate-limiting process o o

0 20 40 60
i L
(t-tg)?  sec?
48 Nanomaterials
R.Williams et al., J. Colloid Interface Sci. 106, 388 (1985).



L Heterogeneous Nucleation

Liquid
¥YsL

Solid o
YiL

7777775777

AG

Surface or interface

'-’-'lGEet

49 Nanomaterials

* *

I, =

heter r'homo

sin® @9cos@+2cosf —2

2 —-3c0s0 +¢cos’ 0
AG;eter — AG':OI’T]O f (0)

_ 3
£ (0) = 2—3C0SH+cos’ o

4

Temperature

W. D. Callister, N&t&iafs Science and Engineering
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O Dispersion
- a high solids homogeneous suspension with a well-defined

Electrostatic repulsion Buoyancy

\\ Fluid flow
+ particle inertia

rheological behavior -~
O Dispersion in liquid g,:".,
- wetting - interparticle interaction

attraction

Drag
Soft agglomerates Hard aggregates
van der Waals and I
Capillary Adhesive ety e

forces

SIS grains TABLE 2 Energies of Particles in Suspension due to Various Interactions
{primary discrete
particles =30 nm) . - . . ;
Type of Energy (in units of kT)) for particles of given size
Stiring, Severe interaction 0.1 pm 1 pm 10 pm
Agitation mechanical '
it on; van der Waals
ultrasonics attraction 10 100 1000
Electrostatic
i repulsion 0-100 0-1000 0-10,000
‘.}:'i":'-; sipohe Brownian motion 1 1 1
Rt Kinetic energy of
SAFERS sedimentation 10-13 10-¢ 10
. . Kinetic energy of
Colloidal Suspension stirring 1 1000 106

50 Nanomaterials

R. J. Pugh, Surface and Colloid Chemistry in Advanced Ceramic Processing
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IStry

1 Stabilization

Electrostatic Steric
stabilization stabilization

20 =0 ro Lo
] £ 03

“O- =O-

Stabilization Electrosteric
by hydration stabilization
forces ==

\ e
= O = @.
(@)%

Siabilization
by masking Depletion
van der Waals forces stabilization

51 Nanomaterials
R. J. Pugh, Surface and Colloid Chemistry in Advanced Ceramic Processing
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SESICSE SUKface chemistry

 Electrostatic Stabilization
electrical repulsion
van der waals attraction
O Electrical double layer
- surface charge (\¥',)
- stern potential (\V,)

specific adsorption of counter-ion
- electrockinetic or {(zeta) potential
at plane of shear (slipping plane)

- double layer thickness (k1)
2 1/2
o (lOOOe Nas g )
ekT

M. : molar concentration
52 Nanomaterials

Particle surface
Stern plane
Surface of shear

Diffuse layer
Stern layer

Potential
=
[«

O B B o
5 1/x Distance

D.J.Shaw, Introduction to colloid and surface chemistry, 1992
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chemistry

1 Van der Waals attraction
induced dipole- induced dipole (London) ~ x®
permanent dipole- induced dipole (Debye) ~ x°

permanent dipole- permanent dipole (Keesom) ~ x©
D Attractlon between tWO Spheres Table 2.3. Hamaker constants for some common materials.*?

Materiais A,(10720])
— A 8 Metals 16.2-45.5
®, =—— A: Hamaker constant &, o s
1 2 S Al O3 154
MgO 10.5
Si0, (fused) 6.5
Si0, (quartz) 3.8
Ionic crystals 6.3-15.3
Can 7.2
Calcite 10.1
Polymers 6.15-6.6
Polyvinyl chloride 10.82
Polyethylene oxide 7.51
Water 4,35
Acetone 4,20
Carbon tetrachloride 4.78
Chlorobenzene 5.89
Ethyl acetate 4.17
Hexane 4.32
53 Nanomaterials Toluene 5.40

G. CaO, Nanostructures & Nanomaterials (2004)
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 Example- CdTe nanowire
dipole-dipole interaction between nano-particles produce nano-
wires with self assembling modes

mtermedlate stage nano-wire

54 Nanomaterials LS
Z. Tang Smence 297 (2002)237
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d DLVO theory
h Electrical (I) — (DR + (DA

' Repulsion
L)
- N Net Interaction
E N, Energy
E | Enar
g arrier (b} Unsable (e) Me1astable (a) Stable
B | \
a Kinetic barrfer
B 2) b
e e |\ el xo secondary
=" —-A (1) ~ :
Distance Between Colloids 1\ ~~~~~ —coa L \mlnlrpgr o
\ /—_ - ‘ _ "-———a
! \_~ primajyy -
@ ’ - /
SE Energy Trap ’ minima
/ ]
3
,g; 1} Figure 11.1 Potential energy curves for the interaction of two colloidal
b ] Van der Waals particles. Negative values correspond to attraction, and positive values to
ﬁ H Attraction repulsion. (a) Definition of variables. (b) Repulsion less than attraction in
< (]] magnitude and/or range. (c) Repulsion and attraction comparable in magnitude
ik and range. (d) Attraction less than repulsion.
"
55 Nanomaterials http://www.zeta-meter.com/

P. C. Hiemenz, Principles of colloid and surface chemistry (1986)
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emistry

d DLVO theory

- effect of
Hamaker constant  surface potential electrolyte conc.

1.5
3
30—
F
0.5 20—
&
3 -
- [
x n
- ~
g g
s 1} ~ I~
g
5 o 10b—
k]
< =
B
:
7] L)
0.5
- ol
A=2 x 10'?
n N 1 A 1 A | 1 1 { 1 1
0 20 - - =2 Y 19 20 30 0 50 6D 20 25 5 & i
d [nm] d (rm) ' s (nm)
* N
Figure 12.7 Plot of ®,,, versus d according to Eq. (83) for flat blocks. Cur Figure 12.8 Plot of ®,,, versus  according to Eq. (83) for flat blocks. Curves Figure 12.9 Plot of @, versus 5, the separation af surfaces, for two spheres of
are drawn for different values of Ay, with constant values of x (10* m™") and are drawn for different values of y, with constant values of x (10° m~') and 4 cq]ual ‘“?‘“SI(;"}?, nm). Curves are drawn for different values of x with constant
(103 mV). Units of ordinate: multiples of kT at 25°C for an intesaction area of (2 X 107 J). Units of ordinate: multiples of £T at 25°C for an interaction area of values of 4 (1077 1} and wg (257 mV). (From Ref. 8. used with permission.)
4.0 nm?,

nm?

P. C. Hiemenz, Principles of colloid and surface chemistry (1986)
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1 Steric Stabilization Steric stabilizer : amphipathic block

Particle

Steric layer

Interaction Energy

or graft copolymer

STABILIZING
MCIETIES

X POLYMER
Y& In the presence of ; s .
\ steric interactions Typical stabilizing moieties and anchor polymers for sterically stabilized dispersions
ALY
N Aqueous dispersions
~—_— — Anchor polymer Stabilizing moieties
Surface-to- = =
surface polystyrene oly(oxyethylene
separation  yoly(vinyl acetate) Ec-]ﬁvinyyl a{coh(i.l)
In the absence of poly(methyl methacrylate) poly(acrylic acid)
sferic interactions poly(acrylonitrile) poly{methacrylic acid)
poly(dimethylsiloxane) poly(acrylamide)
poly(vinyl chloride) poly(vinyl pyrrolidone)
poly(ethylene) poly(ethylene imine)
poly(propylene) poly(vinyl methyl ether)
poly(lauryl methacrylate) poly(4-vinylpyridine)

D. H. Napper, Polymeric Stabilization of Colloidal Dispersions (1983)
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d Metal oxide nanoparticles in aqueous suspensions
- kinetic stability- energy barrier (DLVO theory)
- dispersion, aggregation, flocculation
- thermodyamic stability- surface energy minimization
- Ostwald ripening (dissolution-reprecipitation)
* |s it possible to avoid the ripening of nanoparticles in suspension and to
control their dimension by monitoring the precipitation conditions?
ex) thermodynamically stable dispersed system- microemulsion
answer) possible
When the pH of precipitation is sufficiently far from the point of zero charge
and the ionic strength sufficiently high, the ripening of nanoparticles is
avoided. The stability condition, defined by a 'zero' interfacial tension,
corresponds to the chemical and electrostatic saturation of the water-oxide
Interface. In such a condition, the density of charged surface groups reaches
Its maximum, the interfacial tension its minimum and further adsorption

forces the surface area to expand and consequently, the size of nanoparticles
to decrease.

L. Vayssieres, Int. J. Nanotech. 2, 411 (2005)
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pility of Nanoparticle

a Microemulsion
- clear, stable, isotropic liquid mixtures of oil, water, and surfactant, frequently
In combination with a co-surfactant.
- aqueous phase may contain salt(s) and/or other ingredients, and the “oil”
may actually be a complex mixture of different hydrocarbons and olefins.

- thermodynamically stable
- interfacial tension is very low (10->~10-3 mN/m)

WATER

il
N

). Co
o)y

E. Ruckenstein, Chem. Phys. Lett. 57, 517 (1978) B.K. Paul, Current Science 80, 990 (2001)



@D UIlsnTuo

Korea Nano Technology Research Society

[alpility of Nanoparticle
d Metal oxide nanoparticles in aqueous suspensions

Domain of Precipitation

Unstable Stable
Experimental condition PZC =< pH < PZIT pH = PZIT
Surface charge 0 < Omax 0 = Omax
Interfacial tension y >0 y =0
ok T T T T T . T T T (C) (d} .
o goru Kooy D fnm) _ D {nm) point of zero
=y ‘ . 1 [PzZIT] 12 - (PzZIT] - . .
- _ . Interfacial tension
wh i 10, * 10{ e |
[ ]
8 - 8 -
- - O o f
§ B . . $ stable
%-40 - ] 1
g y decreases N ° phstable| © - Mo growth
z=-  3S pH increases . )
; P _ N, o ;Mipening -
- 60~ T B e T i T ilI T T :
] 9 10 11 12 pH 9 10 11 12 pH
70 - Figure 2.5. Influence of the precipitation medium on the average particle size of magnetite
nanoparticles observed by TEM immediately after the synthesis (o) and after § days of ageing
-s0f—L [ L L } L ell L Tllo e in suspension () for precipitations performed at pH 12.0 and (@) I = 0.5 M, MI1=1.0M,
100 © o roren Ty RE S 1 e ™ () I=15M, and (¢) 1=3.0M. The PZIT is displayed as dotted lines and indicates the
o i limit between the stab]e and unstable domains as calculated from Eq. 2.16 with PZC = 8.1
Figure 5. Variation in (¥ — 7o) at the Al:Ossolution and omay = 0.84C/ m?2 (such values were obtained by titration methods) from Ref, 100 with
interface with final pH, and potential difference permission.

relative to the zpe.

S.M.Ahmed, J. Phys. Chem. 73, 3546 (1969) L. Vayssieres, Int. J. Nanotech. 2, 411 (2005)
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gSIEs- Consolidation

 Consolidation (sintering)
processes involved in the heat treatment of powder compacts
at elevated temperatures, usually at T > 0.5Tm [K], In the
temperature range where diffusional mass transport is
appreciable resulting in a dense polycrystalline solid.
- pore removal
densification

MgO-doped Al,O,

J. P. Schaffer et al, The Science and Design of Engineering Materials

61 Nanomaterials
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@ &
O=—=0
material flux
______________________ intermediate
l ~7% final stage(isolated pores) Material
————————————————————————— transfer
intermediate stage °
(interconnected pores)
§ ~3% ___ _ _initial stage(neck formation)
green body
< NS
-
Sintering time initial

Nanomaterials
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A(7A)
Densification |
and Coarsening

7-AA
Coarsening

TiO, & SiO,-doped Al,O,

63 Nanomaterials
O. S. Kwon, Acta Mater., 50 (2002) 4865-4872



