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Structure of Talk

° Looking at some nanodimensional objects by
way of introduction

* Synthetic approaches zinc oxide and band gap
engineering

°* How nanoparticles grow and

* Rods

* Assemblies of Nanoparticles and mesoscopic
objects

* Closing remarks
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Sample of PbS Coated with TOPO

J. Materials Chemistry, 1997, 7, 1011
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Quantum Dot Structures |

Crystalline core e.g CdS

Organic Capping Agent

‘Metal Organic Dot’
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Quantum Dots 11 7nS
shell
Core Shell Structures I d "
*Broadband excitation 1gand coating
*Narrow bandwidth emission A A A A A A
H,N

*Emit light of high intensity
*Available 1n many colours (\/\/\/
*Resistant to quenching 0=P” NN

*Photochemically stable W

Combining the strengths of UMIST and
The Victoria University of Manchester
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engineering
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TEM images of ZnO nanocrystallites grown by thermal decomposition of cupferrate
at (a)245 °C (b)230 °C (c)200 °C (d)180 °C. The estimated diameters are 12, 13,
8.5 and 7 nm respectively. In trioctylamine/octylamine 1:5 v/v

Combining the strengths of UMIST and
The Victoria University of Manchester
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Absorption and emission
spectra of ZnO nanocrystals
synthesized by
decomposition of cupferrate.
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TEM and HRTEM images of ZnO nanocrystallites grown by thermal decomposition
of ketoacidoximate at (a) 200 °C (b) 180 °C (c) 160 °C (d) 130 °C (e) 110 °C. The
estimated diameters are 3.9, 4.7, 5.3, 6, 6.4 nm respectively.

Combining the strengths of UMIST and
The Victoria University of Manchester



Y
er

The Universit
of Manchest

MANCHESTER
1824

100
002
N
)
O

Intensity (a.u)

(d)
(e)

20 30 40 50 60 70

20

XRD patterns of ZnO nanocrystallites grown at (a)200 °C (b)180 °C (c)160 °C
(d)130 °C (e)110 °C. from ketoacidoximate
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Absorption intensity (a.u)

250 300 350 400 450 500
Wavelength (nm)

2.0

1.5+

1.0+

Ahvo’ (a.u)

0.5+

3.25 3.30 3.35 3.40 3.45 3.50 3.55 3.60

hv (eV)

Absorption spectra and plots of Ahva? versus photon energy for ZnO nanocrystals grown
at different temperatures (ketoacidoximate). (A is arbitrary constant)
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Emission spectra of ZnO nanocrystals grown from zinc ketoacidoximate at different
temperatures (a)200 °C (b)180 °C (c)160 °C (d)130 °C (e)110 °C.
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Bandgap Engineering in
Zinc Oxide Nanoparticles

Combining the strengths of UMIST and
The Victoria University of Manchester
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All doping was carried out at 180 °C
employing the cupferrate precursors.
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Cadmium Doping using cupferate
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EM images of CdS particles using
(a) 1.5g, (b) 2.5g and (c) 3.5¢g of precursor.

Combining the strengths of UMIST and
The Victoria University of Manchester
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Tetrahedron Cube

N=2 N=2

Total atoms = 4 Total atoms =8
Surface atoms = 4 Surface atoms =8
N=3
N=3

OO O\Qq
% Cof%
@, O
O
2060195
Lng o
—O0——=0

Total atoms = 27
Surface atoms = 26

Total atoms =10
Surface atoms =10
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Shape Total atoms Surface atoms
Bcc(;)lzllc:liing N+ +N° 6N*+2
FCC(;)‘;E;H o AN+6N*+3N+1 12N°+2
Octahedron IN? N INERNH
Fee packing 3 3
Tetrahedron N N? N )

: —t——t+— 4N+
Fcc packing 6 2 3 2N"-4AN+4
Cuboctahedron ION* ., 1IN )
. . — — - +
triangular faces, fcc packing SN™+ 3 1| 10N"-20N+12

Relationship between the number of shells N and the total number of atoms
and surface atoms for different shapes
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Molarity
Chem Comm A 1.3 0.011 465 <5 3.5(0.7)
B 2.2 0.018 489 <5 4.0 (1)
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1500 4
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Intensity (Arb Units)

500 -

24 29 K% 39 44 49 54 59 £
2 Theta (deg)

Powder XRD showing hexagonal phase of A and
the cubic phase of B. Inset at higher resolution.
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The low temperature (140 °C) growth of hexagonal ZnS nanorods in a
mixture of hexadecylamine and octylamine from sulfur and zinc acetate

Combining the strengths of UMIST and
The Victoria University of Manchester



ZnS as before but at 180 ° C

Combining the strengths of UMIST and
The Victoria University of Manchester
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Counts (a.u.)

A
25 30 35 40 45 50 55 60 65
2-theta (degree)

XRPD of ZnS (a) rods grown at 140°C and (b)dots grown
at 180°C. Also shown are the bulk indices for hexagonal
(below) and cubic (top).
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Rods

Assemblies of nanoparticles and
mesoscopic objects
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Self Assembly of Inorgamc Building Block
iy
:Eﬁf“ﬁ S “*«..‘i

%S i ek =
TR i

h'& "f ‘

}]l W *-:r &

Left: TEM image showmg ordered chams of prlsmatzc BaCr0O4 nanopartlcles, Right:
Rectangular superlattice of BaCrO4 nanoparticles. Scale bar = 50 nm.

Mei Li, Heimo Schnablegger and Stephen Mann, Nature, 1999

Combining the strengths of UMIST and
The Victoria University of Manchester
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Self Assembly of Colloidal Spheres
Substrate \
m:;s,:us% %M
OO0 e R T H O P gy
50 & é) O '
© O
5 O OF G
O O

Schematic of Evaporation-Induced
Self-Assembly

AccV  Spot Magn Det WD
500 kv 2.0 20000x SE 19.1 LeiZhou

Colloidal Crystal Templates (Polystyrene) Prepared by Evaporation-Induced Self-
Assembly Method

Combining the strengths of UMIST and
The Victoria University of Manchester
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Chemical bath deposition to prepare CdS films

2NH,+2H,0— 2NH,+20H-

Dissociation of Cd complex: Cd(NH,),*>* — Cd?*(aq)+4NH,(aq)
S=C(NH,),+20H- — S?(aq)+H,NC=N+2H,0
Cd?**(aq)+S*(aq) —CdS(s)

NH;-H,O equilibrium:

Hydrolysis of thiourea:
Formation of CdS:

Chemical bath deposition to prepare TiO, films

[TiF]?- + nH,0 — [TiF, (OH) ]* + nHF
[Ti(OH),]> + 2H* — TiO, + 4H,0

H,BO, + 4HF — HBF, + 3H,0

Hydrolysis of Ti complex:

Formation of Ti0,:
Removal of HF:

(D
2)
3)
4

(D
(2)
3)
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Reaction

Solution

Glass
Substrate

< Reaction
Solution

Solution

020 -

Combining the strengths of UMIST and
The Victoria University of Manchester
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Glass

Substrate

Because of capillary
forces, the reaction
Reaction Solustion  oytjon penetrates the
voids of the template
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A short time

Glass
Substrate

Homogeneous deposition produce the particle in the voids,
heterogeneous depositions produce the particles or films on the

surface of S102 beads.

Combining the strengths of UMIST and
The Victoria University of Manchester
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A long time

Glass , r v 8 ‘ , v

Substrate -

Combining the strengths of UMIST and
The Victoria University of Manchester
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Choice of Colloidal Crystal Templates

xI b -

Important Issues:
»>Quality of template

> Interaction between templates
and substrate

> Interaction between templates
and bath solution

Silica Sphere
O/Surface of Silica .
- . . . "9 .

g0 °Q 30 2% 0
-dQ O O~ SEM images of composite films after infiltration and
growth (8 h) of TiO, in porous templates a)

_ o Polystyrene and b5) SiO, colloids. Removal of
Schematic of hydrophilicity of templates shown in c) polystyrene and d) SiO, leads
silica surface to formation of macroporous films

Combining the strengths of UMIST and
The Victoria University of Manchester
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Enhanced Infiltration Using Multi-Cycles

[OR

b4
E@
SEM images of SiO, templates after

Schematic of infiltration of multi- infiltration by TiO, a. two infill-rinse-

step infill-rinse-sinter cycles sinter circles; b.single step infiltration (4
h) and rinse-sinter steps.

®©
|©
NN

l

A

@

——

Combining the strengths of UMIST and
The Victoria University of Manchester



ty
er

The Universi
of Manchest

MANCHESTER

1824

Monitor Infiltration Progress Using SEM

Evolution of the infiltration process. SEM images (top view and cross section) of
template layers after single (a,b), three (c,d) and four (e,f) cycles.

Combining the strengths of UMIST and
The Victoria University of Manchester
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Morphology and Crystallinity of Films

Intensity

SnOR (JOPDS 77-0449)

‘ ‘ GdS (hexagoral; JOPDS 02-0563)

‘ TIOp (aretese; JOPDS 86-1156)

0 % 0 B 4 45 50 %5 6 6 70

2 Theta
XRD patterns obtained for
. macroporous. a) CdS
ol gl b R (hexagonal; JCPDS 02-0563);

SEM images of macroporous films. a. Top view. b) TiO, (anatase; JCPDS 86-
and b. cross section of macroporous TiO, films 1156) films

(template comprising 523.5 nm SiO, spheres) and

c. low mag. (x 11K) and d. high mag. (x 30K)

cross section of macroporous CdS films (template

comprising 435.5 nm SiO, spheres).

Combining the strengths of UMIST and
The Victoria University of Manchester
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TEM Images of Macroporous Films

T

Left: TEM images obtained from delaminated macroporous CdS films; Right: TEM
images obtained from delaminated macroporous TiO, films.

Combining the strengths of UMIST and
The Victoria University of Manchester
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Photonic Properties of Films

Basic Diffraction: Bragg Equation:

A=2(2/3)%3 D (n? - sin’6)’>

In process of infiltration: n?=(0.26-pn? + 0.74ng,,? + fir ;5
After removal of templates: n?=(-fin,;?+ fin,é

fis filling fraction, varies from 0 to 0.26

.Tn‘?m‘i'za‘e | | Times of | Tem | Twice | Four | Inver
Cas Replica | | r infiltration | plate times | se
c ‘ _Remove Template |
S | opal
3 | Infill Fourth _/
7 Infill twice | Real 968 | 1178 | 1310 | 1115
|c_fu | / Position of | (nm) [ (nm) (nm) (nm)
[ peak
VoS
o \ Filling 0 |0173 | 028 | 027
\ \W » fraction
9(;0 ' 10'00 ' 11'00 ' 12'00 ' 13'00 ' 1400 .. .
r [ (nm) Bragg peak position as a function of

Optical transmission spectra of films as a CdS filling factor (435.5 nm Si0O,
function of degree of infiltration. spheres)
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Mesoporous uniform mesoscopic objects
composed of NH,TiOF, or TiO, particles by self-assembly using

solution method at room temperature
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Experiment and Reaction

Incomplete hydrolysis of Ti complex:
[TiF(]>+nH,O 2 [TiF, (OH) ]>+ nHF (n = 3)
Formation of NH,TiOF;:

[TiF,(OH),]*> + H*+ NH," — NH,TiOF;{ + 2H,0
Removal of HF:

H,BO, + 4HF — HBF,+ 3H,0

Brij Series
Surfactants

‘-' — ° i e.g. 15 g of Brij 58 is added into the
50 ml bath solution containing
(NH,),TiF, (0.1 mol-dm) and
Schematic of Experiment H,BO; (0.2 mol-dm™).

Combining the strengths of UMIST and
The Victoria University of Manchester
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Low magnification SEM image of particles precipitated in presence of Brij 58

Combining the strengths of UMIST and
The Victoria University of Manchester




Y
er

The Universit
of Manchest

MANCHESTER

1824

Impact of different surfactants on the shape

Apc VY Spot Madqn Dal Wi
IG0kY 20 168000 SE 107 Let Zhouw

28
S 91 d
)
14,
=
g
i
0-
20 24 28 32 36 40 44 48 52 58

Particle Size (um)

Mesoporous NH,TiOF; single crystalline particles with regular shape a.
17.5% Brij 56 (C,H,;(OCH,CH,),,OH), b. 30% Brij 58 (C,,H;;(OCH,CH,),,0OH)
c. 20% Brij 700 (C,¢H;,(OCH,CH,),,,OH), d size distribution of samples prepared

Combining the strengths of UMIST and

. 0 Y o
The Victoria University of Manchester n presence Of30 A) BrlJ 58 2 all at 35 C
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Diagram of Surfactant

100 -

General Formula of Brij Series Surfactant:
C H, .,(OCH,CH,) OH
Brij 56: C,.H,;(OCH,CH,),,OH (14.9wt%)
Brij 58: C,.H,;;(OCH,CH,),,OH (23.1wt%)
= D= B Brij 700:C, H,.(OCH,CH.,),,,OH (16.7wt%)
0 10 20 30 40 50 60 70 80 90 100
W1t% surfactant (Brij 56)

Phase diagram for binary Brij 56 + H,O system. Phase notation: S — solid,
L, — micellar solution, |, — micellar cubic phase, H, — hexagonal phase, V, —
cubic phase, L - lamellar phase and L, — inverse micellar solution. Ref:
Microporous and Mesoporous Materials 44-45 (2001) 73-80
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Brij 56 17%, before sintering (left), after sintering (right)
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Brij 58 30%, before sintering (left), after sintering (right)
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e

Brij 700 30%, before sintering (left), after sintering (right)
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Impact of sintering on the morphology

- R 3P b T

SEM images of samples before and after sintering. a, b, top view and cross-
section of an as-prepared sample. c, ultrahigh resolution image of a broken
point. d, e, top view and cross-section of after a sintered sample. f, ultrahigh
resolution image of surface .

Combining the strengths of UMIST and
The Victoria University of Manchester
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XRD analysis of as-prepared and sintered samples
| * 500°C I\ \\\
S S > \ \
L abcde
~ ;_&“auﬁ._,h_*, 5. - ‘-.‘*-f-t;-h:‘n.wH \f\\ :
L = 5 R ol I B T ~--ml\
g A (]CJ NS\ TTT————
] e [ , 35°c |+ s T\
= et e € N\ Sl ]
= NH4TIOF3 N[
| || I T L e \1\ IR B
TiO2 (anatase) N
1h T L ——— 7~ |
10 20 30 40 5 60 70 80 1 2 3 4 5 6
2Theta (0) 2 Theta (6)
Broad-angle XRD Patterns of as- Small-angle XRD patterns of as-
prepared and sintered samples. prepared and sintered samples. a,

no surfactant. b, as-prepared. c,
200°C. d, 285°C. e, 385°C. f, 500°C.



iversity
of Manchester

The Un

MANCHESTER

1824

[slwlalulalsle]

\
SOOooo0 |- |
[ ) L
roooooo |- |

)
v m x

o I~ !

pdnterr T W,
Tocoooco | | | N,

e e i)
o T A (".\1\]"!" ] AN W R Tt
T NP e BT

(AR

|
coooooo - | | 1

A OO OO P

1]
1}
1

1o

ERENalulolale]

b A AN A A AR
1izooooo W PN et "L AT T L ) lllll'I M A . i N A
\ o ~v'|l'|||l" (TR . o Ml o 1 o pn oy
| | Wy Al = .’h'uu-f"'il""mﬂ ) ll Wy ‘“"'.-'lllf""‘ """"n'-—".-“ll' N akan i b forsn i e
ERslstelalele] | L ||hJ'-‘,'|I.‘J"-.',Jun W
t=leRelelele]

(sTatelatalel

ACOOTO
zooooo - 5

o b

- E 3 1 T =
S Z200000C0 .
P TR T
FOo0DOoo0 = _.-"-I Fl\ll' -‘r’"' Lol
1 )

\
LA
.—
T | ™ W“-"‘v‘..
A

A

'y, "y

/ I i e

Zaocoooo | X S || A T ey = o

R \_ I I W o s A ey e R
== f

e
1 - " o
Loy .
isocoooo |- | =l

200000

ZEOQOT0

ZOoooo0

BT Ea Yo
1 aocoooo
1zooooo |- |
1O0oooo0 =

sSo00oo

U
[
0
1

1o
(=Tstelslola] |

Looooo |-

2O0000

o i
o i =2 =3 1 S S T

= (=]

Low angle XRD, from up to down, pure Brij 58, the particles prepared under Brij 58 before sintering,
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and after sintering.
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High resolution TEM image of as-prepared samples taken from the broken point
in the sample.
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High resolution TEM image of as-prepared samples taken from the edge point in
the sample.
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Particles
Prepared with
30% Brij58,

after sintering
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TEM analysis of sintered samples

TEM images and SAED Pattern of sintered samples.

100 nm
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High resolution TEM image of sintered samples taken from the edge point in the
sample.
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High resolution TEM image of sintered samples taken from the edge po

sample.
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Impact of reaction timem

TEM images of
samples taken out at
different reaction time.
a, 2 hours. b, 8 hours.
c, 24 hours. d, plot of
particles vs reaction
time.

ot

Diameter (um)

—
L

) 6 12 18 24
Time (h)
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Impact of temperature

on morphology

TEM images of samples
prepared at

a) 30°C.

b) 60°C.

c) XRD patterns
prepared at different
temperature.

Intensity

e BOC XA

L Ll S0g X4

40°Cx4
_L- J-.L_J __,_.A.._i._;_".'l'._)f-.-"'m

1 J 30°C

N R W W N

10 20 30 40 50 60

2 Theta (8)
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Impact of reaction time and temperature on morphology

C . ___60Cxd]

L, 50 X4

40°Cx4
_.l._. L,t_hj "m‘.h.x.li.m

Intensity

Diameter (um)

1 Jﬁ 30°C

| Y S——

0 M 10 20 30 40 50 60
Time (h) _ 2 Theta (8)

TEM images of samples taken out TEM images of samples prepared at a) 30°C.
at different reaction time. a, 2 b) 60°C. ¢, XRD patterns prepared at
hours. b, 8 hours. ¢, 24 hours. d, (different temperature.

plot of particles vs reaction time.
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Schematic of growth mechanism

Stage1, formation of primary amorphous nanoparticles. Stage 2, Mesoscale
assembly from amorphous primary particles to amorphous aggregates, i.e.
formation of mesoscale building block. Stage 3, Self-assembly of mesoscale
building block and subsequent crystallization, i.e. formation of seeds. Stage 4,
The seed grow up to form final product.

Combining the strengths of UMIST and
The Victoria University of Manchester
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The crystal structures of
NH, FeF, and anatase TiO,.
a, Ti0, crystal structure
projected along y axis.

b, NH, FeF, crystal structure
projected along y axis.

¢, T1O,crystal structure
projected along z axis,

the green planes are 020.

d, TiO, crystal structure

projected along z axis, | S| AT
o kL 2RT SN ! Ll LSS =1_!__H
the green planes are 101 VAR 2 0% Paws 4w i | == ===

5

4 - -
“_ * .I;H ) f . 1 ||._ ‘
) SR DN

Importance of the lamelar structure of fluoride?
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Schematic of formation of seed
a. low resolution of an
unfinished seed.

b. medium resolution.

¢. high resolution.

d. possible schematic.

Combining the strengths of UMIST and
The Victoria University of Manchester




Y
er

The Universit
of Manchest

MANCHESTER
1824

Structure of Talk

* Looking at some nanodimensional objects

* Synthetic approaches zinc oxide and doping
°* How nanoparticles grow and

°* Rods

* Assemblies of nanoparticles and mesoscopic
objects

* Closing remarks
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A New University for the 215t Century

Established on 1st October 2004
Royal Charter granted on 22" October 2004

34 000 students from over 150 countries(1/3
postgraduate)

2000 academic staff & 1200 research staff
£504M turnover (2004-5)
£300M capital investment programme

Manchester 2015 Agenda launched
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