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APPENDIX A

Characterizations of Copper Oxide Nanostructures Nanostructures

1. The TEM Analysis of Copper Oxide Nanoparticles by Camera-Constant Method
1.1 CuO nanoparticles

This method uses the camera constant ( LA ) and diffraction pattern of the
nanoparticle in spot pattern to identify the type and the structure of single

crystal. The analysis is as follows:

o Measure the distance from a chosen spot (or spot center) to the 4
closer spots as shown in Figure A.1.

. Calculate dna by using:

LA
d hkl — T (A 1)

where dhk, is the d-spacing, LA is the camera constant (20.2530 mmA)

and r is the vector from measured distance. Thus,

0
0
d, _LA_ 202530 mmA _ 25316 A
n 8 mm
0
0
d, _ LA 20.2530 mmA _ 19474 A
r, 10.4 mm
0
0
d, _ LA _ 202530 mmA _ 2 6648 A
I, 7.6 mm
0
0
d, _ LA _ 202530 mmA _ 17459 A

r 11.6 mm

4
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1 =8 mm
r, =10.4 mm
" r,="1.6 mm

r,=11.6 mm

(@) (b)

Figure A.1 (a) TEM image of a copper oxide nanoparticle and (b) the

diffraction pattern of the nanoparticle with r.

To compare d;,d,,d,, and d,to d,,, in the data base, this is shown in

Figure A.2. From the data base, d,,d,,d, and d,are a plane of 002,

112, 110and 112, respectively.

Cul_Base
CaRIne v3.0
dhkl (hkl) Sind? Teta F=? P Iz
BRERRREBEERR
5.058 (001) 1 8.76 4.00 2 100
4.61% (100) 1 S.60 0.00 2 o
3.733 (-101) 2 11.851 0.00 2 o
3.427 (010) 1 12.8%9 0.00 2 o
3.160 (101) 2 14.11 0.00 2 Q
2.837 (0-11) 2 15.7& 0.00 4 [}
{011) 2 15.7& 0.00 4 o
2.752 (-110) 2 16.25 4.00 4 55
(110) 2 16.25 4.00 4 55
2.52% (002) 4 17.73 4.00 2 23
2.524 (-111) 3 17.77 4.00 4 45
(11-1) 3 17.77 4.00 4 45
2.381 (-102) 5 18.78 0.00 2 Q
2.323 (1-11) 3 19.37 4,00 4 a7
{111) 3 19.37 4,00 4 a7
2.308 (200) 4 15.48 4.00 2 13
Z2.248 (20-1) 5 20.08 4.00 2 17
2.078 (102) 5 21.78 0.00 2 o
2.035 (012) 5 22.24 0.00 4 o
(0-12) 5 22.24 0.00 4 o
1.580 (201) 5 22.8% 4.00 2 13
1.861 (-1-12) 13 23.13 4,00 4 25
(-112) & 23.13 4,00 4 25
1.815 (2-10) 5 23.72 0.00 4 o
(210) 5 23.72 0.00 4 o
1.87% (-211) a 24.21 0.00 4 o
(21-1) a 24.21 0.00 4 o
1.868 (-202) 8 24.38 4.00 2 11
1.777 (1-12) & 25.63 4.00 4 20
(112) 13 25.68 4,00 4 20
1.715 (2-11) & 26.69 0.00 4 o
(211) @ 26.69 0.00 4 o

Figure A.2 Data base of CuO to compare the ;.
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The possible vectors are checked as shown in Figure A.3

(a) (b)

Figure A.3 Checked vectors for ., .

h+hL =T,
002+110 =112
h+(-%) = 1,

002+110 112

and

To find the direction of the electron beam incident by using right-hand
rule of the cross vector, this is shown in Figure A.4. Any couple of
vector is crossed in a clockwise direction and give same result of

[uvw].

Figure A.4 Cross vectors for [uvw].
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=
X

Y
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N

= [uvw]=[002]

=
X
=
|
[EEN
[ERN
N

= [uvw]=[002]

o
X
=
[
[EEN
[EEN

0] = [uvw]=[002]

WY
X
)
|
[ay
RN
o

= [uvw]=[002]

Thus, [uvw]=[002].

To check for zone law this will present as, by follows;

hu+kv+Iw=0(ZOLZ) (A.2)

where hkl is the Miller indices for planes in crystal (Bravais) lattices,

and UW s the Miller indices for the direction of electron beam

incident or zone axis.

(002)-[uvw] = (002)-[220] =0

_ _ (112)-[uvw] =(112)-[220] =0
According to Equation (A.2), (Ilo)-[uvw] I (110)-[220] o
(112)-[uvw] =(112)-[220]=0

The nanoparticle is a single crystal and its plans are 002, 112, 110

and 112, respectively. Moreover, the zone axis of the crystal is [002].

Therefore, the results correspond to the monoclinic structure of the

CuO.
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1.2 Cu20 nanoparticles

The diffraction pattern of some nanoparticles showed in ring pattern, which
can be identified type and structure by camera constant methods as follows:

o To find radius, measure the distance from a spot center to the

diffraction spots as shown in Figure A.5.

- »

(a) (b)

Figure A.5 (a) TEM image of a copper oxide nanoparticle and (b) the

diffraction pattern of the nanoparticle with r.
From the Figure A5 (b), ;=9 mm and r, =15 mm,

o Equation (A.1) is used to calculate dna . Thus,

0
_ LA 20.2530 mmA
n 9 mm

0
d, = 2.2503 A

0
_ LA _20.2530 mmA
r, 15 mm

0
= 1.3502 A

dZ

e  Data base in program CaRlIne v3.1 was used to compared; andd, .

From the data base, the results correspond to CuzO structure.
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2. The TEM Analysis of Copper Oxide Nanofibers

(@) (b)

Figure A.6 (a) A copper oxide nanofiber with white spots sticking on the fibers and (b)

diffraction patterns of the white spots on the fiber.

The diffraction pattern of some spots sticking on the fibers showed in ring pattern,

which can be identified type and structure by camera constant methods as follows:

o To find radius, measure the distance from a spot center to the diffraction
spots as shown in Figure A.7.
. Equation (A.1) is used to calculate dnk. Thus,

0
_ L4 _20.2530 mmA
I 8.0 mm

0
= 2.25316 A

Sample 1; d,

0
_ LA 20.2530 mmA
I, 8.8 mm

0
d, = 2.3014 A
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0
g _ LA 202530 mmA _ 18928 'g\
A 10.7 mm '
1, =8.0 mm 1, =8.0 mm
r, =8.8 mm 1, =8.8 mm
r,=10.7 mm 1, =114 mm

1 =8.0 mm rn =8.0 mm
1, =8.7 mm r, =8.8 mm
75, =11.0 mm 1, =11.0 mm

Figure A.7 Diffraction patterns of (a) the white spots in sample 1, (b) the
white spots in sample 2, (c) the white spots in sample 3 and (d) the white

spots in sample d.

0
0
Sample 2; . (g, =2 2020 MMA _ , oea16 A
n 8.0 mm
0
0
g _LA_20250mmA_ o
r, 8.8 mm
0
0
d, - ﬁ _ 20.2530 mmA 17765 A
r, 11.4 mm
0
0
sample3:  d, = A -2020MMA_ 5 o006 A

I 8.0 mm
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0
0
d, :L_)L _ 20.2530 mmA _ 23979 A
I, 8.7 mm
0
0
d, _ LA _20.2530 mmA _ 18441 A
I 11.0 mm
0
0
sample4:  d, = A 2020MMA_ 5 5006 A
4 8.0 mm
0
0
d, :ﬁ: 20.2530 mmA _ 23014 A
r, 8.8 mm
0
0
d, :ﬁ: 20.2530 mmA _ 18441 A

Ly 11.0 mm
Data base in program CaRlIne v3.1 was used to compare d1 and dz. From the

data base, d,,d,and d,of each sample are presented in Table A.1 It is

clearly shown that the results correspond to CuO structure.

Table A. 1 A comparison of the d,,, from calculation with data base in program

CaRlIne v3.1.
Calculation Data base of U 7o error
Sample
of dhk| CuO_Base  Cu,0_Body Cu,0_Face CuO Cu0
center center center
2.5316 2.529 2.342 2.342 0.61 8.09
1 2.3014 2.322 2.342 2.342 0.89 1.73
1.8928 1.878 1.912 1.912 0.79 1.00
2.5316 2.529 2.342 2.342 0.61 8.09
2 2.3014 2.322 2.342 2.342 0.89 1.73
1.7765 1.776 1.656 1.656 0.03  7.28
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2.5136 2.529 2.342 2.342 0.61 8.09

2.3278 2.322 2.342 2.342 0.25 1.54

1.8411 1.866 1.912 1.912 1.33 3.71

2.5316 2.529 2.342 2.342 0.61 8.09

2.3014 2.322 2.342 2.342 0.89 1.73

1.8411 1.866 1.912 1.912 1.33 3.71
APPENDIX B

Deriving physics equations

1. The Penetration Depth of Conductor

As following Eqg. (3.1) and Eq. (3.2),

1
dzi!

a

where .. is the attenuation factor and can be represented as

’ ’ 1/2
2
o= /#oﬂ;og\/[l+(ggﬁ /&) } 7,

For conductor being as high dielectric loss medium, &”

Thus,
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28’

B /a)zﬂoﬂ'goggff
2
a)z ’8 8”
Therefore, d= & . /M
o 2

Because & is the summation of losses from polarization and conduction,

_ \/wzﬂo#'gog'ggff

"o \J " ]
Eeff = €polarization T €conduction

R o)
= Epolarization ¥~
Cl)go
and for conductor & o ratiok? A O
Thus,
o
14
Seff =
0)80
O = WEHE gt
1
o =—.
yo,
Therefore,
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D
assume ' =1, d= or d =

2. Gibbs Equation with Nucleation

Following Gibbs equation in Eg. (3.8), at critical point (dAG /dr) = 0, S0

d d d (4
—AG = —(4xr’y)+—| =xar’AG
dr dr( 4 ]/) dr(Bﬁ Vj
0 = 87[F7/+3(%j7zr2AG\,
0 = 8xry +4xr’AG,

~4xr’AG, = 8nry
—47r?AG, = 8xry
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At critical radius, I =T, , the total free energy of the system, AG, is written as follows:

2 3
AG = 4rx| — 2y 7/+ﬂ71'AGV —2—7/
AG, 3 AG,

167y°  327y°

AG,” 3AG,2
_ 48-32 7y’
3 | AG?
_ 167y°
3AG,*

Due to the total free energy of the system at the critical radius, [;, shows the maximum
1677°
3G

energy barrier of height, so AG = AG' =

However, free energy change per unit volume of solid from the liquid,AG, , depends on
pressure of supersaturation , S , as shown in Eq. (3.10),

-k T
AG, =—2—In(1+S).
G, =22 in(1+5)
3
Therefore, AG = Ty - and this clearly shows that the maximum energy

kT

SA(QIn(hS)j

barrier,AG", decreases with increasing of supersaturation, S .
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1. Polarization Mechanisms

APPENDIX C

The Physics Definition

Table C.1 Mechanisms of different polarizations [91].

Kinds of

polarization

No E field
(E=0)

« Local E field «
(E+0)

Mechanisms

Electronic

Electrons in an external electric
field are shifted from equilibrium
with respect to the positive nuclei
and resulted in an induced dipole

moment.

Orientation

@&
t

The randomly oriented dipole
moments respond to external
electric field, try to align these
asymmetric  polar  molecules
leading to permanent dipoles

parallel to the field.

lonic

The positive and negative changes
in crystals are displaced from their
equilibrium position under
external electric field resulting in

the net dipole moment is non zero.

Interfacial

Under an external electric field,
the more charges are displaced and
accumulated at barrier resulting in

interfacial polarization.
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Polarization generally just means “orientation.” Polarization occurs from some kind of
asymmetry in the interaction between spin and electromagnetic fields or matter. For
electromagnetic waves, the vectors are the electric and magnetic fields, and the light’s
polarization direction is by convention along the direction of the electric field. The
illustrates of four kinds of polarization mechanism, electronic polarization, orientation
polarization, ionic polarization, and interfacial polarization, and their mechanisms are

shown in Table C.1.

2. Dielectric loss

When an external electric field is applied to a dielectric material, some amount of
electrical energy is absorbed by the dielectric material and is wasted in the form of heat.
This loss is known as dielectric loss. A dielectric loss occurs from movement or rotation

of atoms or molecules in an alternating electric field.

For microwave engineering, a loss material can be represented by relative
dielectric constant, £, and dissipation factor or loss tangent,tan o, as the following
equation [91]

Eeff

r

tan o =

where ¢ is a phase lag, which occurred from dipolar reorientation of dielectric material
in alternating electric field of microwave, £ is the effective relative dielectric loss

factor (a measure of the efficiency of converting microwave energy into heat), and &’is

relative dielectric constant (a measure of polarization of a molecule in an electric field).

14
Eeff

’

tano =

Energy lost per cycle
Energy stored per cycle

Figure C.1 Loss tangent vector diagram.
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The loss tangent vector diagram is shown in Figure C.1 (£ is relative permittivity). For
very low loss materials, sincetano ~ o, the loss tangent can be expressed in angle

units, milliradians or microradians. Therefore, the loss power of microwave per surface

area in a material due to dielectric loss, P , as following [91]

' " dielectric loss

2
= a)gog'tan 5‘E0‘ .

dielectric loss
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