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ABSTRACT

Copper Sulfide nanoparticle was synthesized using wet chemical method and emulsion

liquid membrane. The effects of method used, temperature and mole ratio were studied. Products

were characterized and analyzed by XRD, XRF, SEM and TEM techniques. All conditions giving

result in rod-shaped copper sulfide nanoparticle which particle size are in range of 5 nm — 29 nm.

The crystallinity is affected by synthesized method, the emulsion liquid membrane give higher

crystallinity particles. The temperatures were set at 30°C, 60°C and 90°C which is resulting in the

higher temperature, the larger the width of rods and the rounder shape. Mole ratio of Cu”:S" was

varied at 1:1 and 2:1, the mole ratio 2:1 resulted in larger particle sized. The percent yield of

product also observed, there are no significantly effects from any conditions and method.
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Chapter 1

Introduction

1.1 Rationale

Nanotechnology is the creation of new materials, devices, and systems through the
control of matter on the nanometer-length scale, at the level of atoms and molecules. The essence
of nanotechnology is the ability to work at these levels to generate nanostructures with
fundamentally new molecular organization. Nanoparticles exhibit many unique properties, for
which they are intensely being studied in a number of research fields. For example, they have
very high surface area to volume ratio compared to bulk material. Nanoparticles can also enhance
strength and uniformity of composite materials. Lastly, they show quantum confinement effects
that form the basis in developing high technology devices. Several techniques have been
developed for nanoparticles, some based on physical principle and some based on chemical
principle. Used mechanical grinding as a means to attain nanoscale particles (<100 nm) is not

practical for various reasons:

- The grain distribution is large
- Obtaining particles smaller than 1 pum is usually difficult
- The shape is irregular due to non-directed cracking

- Particle size distribution is board and uncontrolled

Therefore the need for procedure based on chemical principle is important. These
procedures have been found to be promising due to their low energy requirements and better
controller the particle size. However, in construction of photovoltaic device, nano-sized particles

of n-type and p-type semiconducting materials and low bandgap semiconductors are necessary to



obtain the necessary absorption. Copper sulfide has suitable bandgap for semiconductor, so

synthesize of copper sulfide nanoparticles is useful for photovoltaic industry.

Copper Sulfide is particular interest to the industry as it exhibits a metal-like electrical
conductivity and semiconductor material. Furthermore it is also an importance material which
processes nearly ideal solar control characteristics in part of energy [1,29] and widely applied in
thin film and composite materials for their unique properties such as optoelectronic, high
capacitance, catalytic, medicine, high speed computing systems, gas sensing, ink-jet printing
technology and other branches of industry [2,32]. Based on these studies, there are the many
methods for synthesis CuS nanoparticles such as electrospining, micro-emulsion, Langmuir-

Blodgett films, solid state reaction, wet chemical, and emulsion liquid membrane etc. [30-31]

In this special project, the wet chemical method and Emulsion Liquid Membrane method
are used to synthesize CuS nanoparticles. The effects of the synthesized method, concentration
and temperature on the morphology, particle size and percent yield of CuS nanoparticles are

investigated.

1.2 Objectives

1.2.1 To prepare copper sulfide nanoparticles using Wet Chemical Method and Emulsion
Liquid Membrane

1.2.2  To obtain the suitable method for the preparation of copper sulfide nanoparticles



1.3 Scope of Study

1.3.1

1.3.2

Prepare Copper Sulfide Nanoparticles via
Wet Chemical Method and
Emulsion Liquid Membrane
Under following condition;
Mole ratio of Cu’":S” at 1:1 and 2:1,

Temperature at room temperature (30°C), 60°C and 90°C

Characterize the particles by using
X-ray Diffraction: XRD

X-ray Fluorescence: XRF

Scanning Electron Microscope: SEM

Transmission Electron microscopy: TEM

1.4 Expected Result

14.1

To prepare Copper sulfide particles in nano-range



Chapter 2

Theory and Related Literature

Part 1. Material

2.1 Nanoparticles

In nanotechnology, a particle is defined as a small object that behaves as a whole unit in
terms of its transport and properties. It is further classified according to size: In terms of diameter,
fine particles cover a range between 100 and 2500 nanometers, while ultrafine particles are sized
between 1 and 100 nanometers. Similarly to ultrafine particles, nanoparticles are sized between
1 and 100 nanometers. Nanoparticles may or may not exhibit size-related properties that differ
significantly from those observed in fine particles or bulk materials. Although the size of most
molecules would fit into the above outline, individual molecules are usually not referred to as
nanoparticles.

Nanoclusters have at least one dimension between 1 and 10 nanometers and a narrow
size distribution. Nanopowders are agglomerates of ultrafine particles, nanoparticles, or
nanoclusters. Nanometer sized single crystals, or single-domain ultrafine particles, are often
referred to as nanocrystals. Nanoparticle research is cumrently an area of intense scientific
research, due to a wide variety of potential applications in biomedical, optical, and electronic
fields.

Nanoparticles are of great scientific interest as they are effectively a bridge between bulk
materials and atomic or molecular structures. A bulk material should have constant physical
properties regardless of its size, but at the nano-scale this is often not the case. Size-dependent
properties are observed such as quantum confinement in semiconductor particles, surface plasmon

resonance in some metal particles and super paramagnetism in magnetic materials.



The properties of materials change as their size approaches the nanoscale and as the
percentage of atoms at the surface of a material becomes significant. For bulk materials larger
than one micrometer the percentage of atoms at the surface is minuscule relative to the total
number of atoms of the material. The interesting and sometimes unexpected properties of
nanoparticles are partly due to the aspects of the surface of the material dominating the properties
in lieu of the bulk properties.

Nanoparticles exhibit a number of special properties relative to bulk material. For
example, the bending of bulk copper (wire, ribbon, etc.) occurs with movement of copper
atoms/clusters at about the 50 nm scale. Copper nanoparticles smaller than 50 nm are considered
super hard materials that do not exhibit the same malleability and ductility as bulk copper. The
change in properties is not always desirable. Ferroelectric materials smaller than 10 nm can
switch their magnetization direction using room temperature thermal energy, thus making them
useless for memory storage. Suspensions of nanoparticles are possible because the interaction of
the particle surface with the solvent is strong enough to overcome differences in density, which
usually result in a material either sinking or floating in a liquid. Nanoparticles often have
unexpected visible properties because they are small enough to confine their electrons and
produce quantum effects.

Nanoparticles have a very high surface area to volume ratio. This provides a tremendous
driving force for diffusion, especially at elevated temperatures. Sintering can take place at lower
temperatures, over shorter time scales than for larger particles. This theoretically does not affect
the density of the final product, though flow difficulties and the tendency of nanoparticles to
agglomerate complicates matters. The large surface area to volume ratio also reduces the
incipient melting temperature of nanoparticles.

Moreover nanoparticles have been found to impart some extra properties to various day
to day products. Like the presence of titanium dioxide nanoparticles impart what we call as the
self-cleaning effect, and the size being nanorange, the particles can't be seen. Nano Zinc Oxide
particles have been found to have superior UV blocking properties compared to its bulk

substitute. This is one of the reasons why it is often used in the sunscreen lotions. Clay



nanoparticles when incorporated into polymer matrices increase reinforcement, leading to
stronger plastics, verified by a higher glass transition temperature and other mechanical property
tests. These nanoparticles are hard, and impart their properties to the polymer (plastic).
Nanoparticles have also been attached to textile fibers in order to create smart and functional
clothing [8].

Therefore, much attention has been paid to the application of nanoparticles. The reasons
is that nanoparticles have some special properties, such as low melting point, low density and
high surface area [10], which cannot be obtained from the macoparticles. In addition, interesting
on the properties of a materials that can vary between the bulk and molecular scales also have
attracted a great deal of attention due to the facts that many properties of the nanostructure
materials are no longer follow the classical mechanic rules but instead can be explained in terms

of the quantum mechanics [11].



2.2 Copper Sulfide

Copper monosulfide is a chemical compound of copper and sulfur. It occurs in nature as
the dark indigo blue mineral covellite [5]. Its crystal structures consist of isolated sulfide anions
that are closely related to lattices, without any direct S-S bonds. The copper ions are distributed in
a complicated manner over interstitial sites with both trigonal as well as distorted tetrahedral
coordination and are rather mobile. Therefore, this group of copper sulfides shows ionic
conductivity at slightly elevated temperatures. In addition, the majority of its members
are semiconductors [6].

Copper monosulfide crystallizes in the hexagonal crystal system, and this is the form of
the mineral covellite. There is also an amorphous high pressure form, which has been described as
having a distorted covellite structure. An amorphous room temperature semiconducting form,
which is transforms to the crystalline covellite form at 30 °C [5].

The crystal structure of covellite has been reported several times, and whilst these studies
are in general agreement on assigning the space group P6,/mmc, there are small discrepancies in
bond lengths and angles between them. The structure was described as "extraordinary" by
Wells and is quite different from copper (II) oxide, but similar to CuSe (klockmannite). The

covellite unit cell contains 6 formula units (12 atoms) in which [5]:

- 4 Cu atoms have tetrahedral coordination

- 2 Cu atoms have trigonal planar coordination

- 2 pairs of S atoms are only 207.1 pm apart indicating the existence of an S-S bond
(a disulfide unit)

- The 2 remaining S atoms form trigonal planar triangles around the copper atoms, and
are surrounded by five Cu atoms in a pentagonal bipyramid

- The S atoms at each end of a disulfide unit are tetrahedrally coordinated to 3 tetrahedrally

coordinated Cu atoms and the other S atom in the disulfide
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A.1 Data Recorded

A.1.1 Wet Chemical Method

Table A.1: The experimental data of wet chemical method

Appendix A

Experimental Data
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Sample Experimental weight(g)

NO. date filter paper + watch glass | filter paper + watch glass + sample | sample
1 Nov. 23,2009 | 57.1 59.2 2.1

2 Nov. 23,2009 | 35.1537 36.866 1.7123
3 Nov. 23,2009 | 31.2835 33.6269 2.3434
5 Dec. 8, 2009 0.4545 2.202 1.7475
6 Dec. 8, 2009 0.4545 2.1422 1.6877
7 Dec. 9, 2009 32.1513 34.5314 2.3801
9 Dec. 8, 2009 29.1543 31914 2.7597
10 Dec. 8, 2009 32.3458 34.787 2.4412
11 Dec. 8, 2009 33.5177 36.2602 2.7425
13 Dec. 9, 2009 60.6484 63.401 2.7526
14 Dec. 9, 2009 34.6993 37.2162 2.5169
15 Dec. 9, 2009 33.5116 36.1813 2.6697




A.1.2 Emulsion Liquid Membrane

Table A.2: The experimental data of emulsion liquid membrane
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Sample | Experimental weight(g)
NO. date filter paper + watch glass | filter paper + watch glass + sample | sample
17 Jan. 19,2010 | 33.5041 35.712 2.2079
18 Jan. 19,2010 | 34.6989 » 36.885 2.1861 "‘
19 Jan. 19,2010 | 30.8423 “ 33.033 2.1907
21 Jan. 19,2010 | 61.3247 63.467 2.1423
22 Jan. lé, 2010 | 31.5167 33.55 2.0333 N
23 Jan. 19,2010 | 32.7882 34.825 2.0368
A.1.3 Scale up
Table A.3: The experimental data of scale up (wet chemical method)
Sample | Experimental weight(g)
NO. date filter paper + watch glass | filter paper + watch glass + sample | sample
10s Feb. 2,2010 | 39.6094 43.5262 3.9168
14s | Feb. 2,2010 | 34.8626 38.7082 3.8456 |




A.2 XRF Data

Table A.4: XRF data of sample_1

Printed by Eval on 26-Jan-2010 12:36:30
Sample: XF53 0012_01_Sample_1

Sample measured on 15-Jan-2010 12:47:35
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0 S Cl Cu Compton | Rayleigh Norm
482 KCps | 5.1 KCps 127.9 KCps

35.0% 15.6 % 1.74 % 47.4 % 1.10 1.34 100.00 %

Table A.5: XRF data of sample_2

Printed by Eval on 26-Jan-2010 12:36:36

Sample: XF53_0012_02_Sample 2

Sample measured on 15-Jan-2010 13:05:20

0 S Cl Cu Compton | Rayleigh Norm
76.2KCps | 7.9 KCps | 1319.2 KCps

39.2% 20.0 % 224 % 383 % 1.33 1.36 100.00 %

Table A.6: XRF data of sample_3

Printed by Eval on 26-Jan-2010 12:36:42

Sample: XF53_0012_03_Sample 3

Sample measured on 15-Jan-2010 13:22:53

0 S Cl Cu Compton | Rayleigh Norm
79.1 KCps | 3.6 KCps 1349.9 KCps

40.0 % 204 % 1.00 % 384 % 1.38 1.48 100.00 %




Table A.7: XRF data of sample_5

Printed by Eval on 26-Jan-2010 12:36:47
Sample: XF53 0012_05_Sample_5

Sample measured on 15-Jan-2010 13:40:11
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0 S Cl Cu Compton | Rayleigh Norm
62.7KCps | 8.4 KCps 1300.7 KCps

36.9 % 179 % 2.59 % 42.5% 1.23 1.29 100.00 %

Table A.8: XRF data of sample_6

Printed by Eval on 26-Jan-2010 12:36:50

Sample: XF53_0012_06_Sample 6

Sample measured on 15-Jan-2010 13:57:27

0 S Cl Cu Compton | Rayleigh Norm
72.9 KCps | 9.8 KCps 1259.6 KCps

38.6 % 19.5% 283 % 37.9 % 1.27 1.43 100.00%

Table A.9: XRF data of sample_7

Printed by Eval on 26-Jan-2010 12:36:54

Sample: XF53_0012_07_Sample_7

Sample measured on 15-Jan-2010 14:14:45

(0] S Cl Cu Compton | Rayleigh Norm
78.1KCps | 40KCps | 1324.0 KCps

40.1 % 20.5 % 1.14 % 382 % 1.37 1.41 100.00 %




Table A.10: XRF data of sample_9

Printed by Eval on 26-Jan-2010 12:36:58
Sample: XF53_0012_09_Sample_9

Sample measured on 15-Jan-2010 14:32:19
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0 S Cl Cu Compton | Rayleigh Norm
64.6 KCps | 8.2KCps 1227.3 KCps

37.8% 18.8% 2.58% 40.8% 1.22 1.29 100.00 %

Table A.11: XRF data of sample_10

Printed by Eval on 26-Jan-2010 12:37:10

Sample: XF53_0012_10_Sample_10

Sample measured on 15-Jan-2010 14:49:35

0 S Cl Cu Compton | Rayleigh Norm
75.6 KCps | 8.8 KCps 1283.3 KCps

39.1% 20.0 % 2.52% 383 % 1.30 1.34 100.00 %

Table A.12: XRF data of sample_11

Printed by Eval on 26-Jan-2010 12:37:48

Sample: XF53 0012_11_Sample 11

Sample measured on 19-Jan-2010 14:27:17

O S Cl Cu Compton | Rayleigh Norm
65.5 KCps | 8.2 KCps 1343.8 KCps

37.1% 18.1 % 243 % 423 % 1.25 1.30 100.00 %




Table A.13: XRF data of sample_13

Printed by Eval on 26-Jan-2010 12:38:37
Sample: XF53 0012_13_Sample 13

Sample measured on 19-Jan-2010 14:45:17
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O S Cl Cu Compton | Rayleigh Norm
66.6 KCps | 12.4 KCps | 1280.5 KCps

37.0% 18.3% 3.66 % 39.9 % 1.30 1.32 100.00 %

Table A.14: XRF data of sample_14

Printed by Eval on 26-Jan-2010 12:40:04

Sample: XF53 0012_14_Sample_14

Sample measured on 19-Jan-2010 15:02:33

O S Cl Cu Compton | Rayleigh Norm
76.3 KCps | 6.4 KCps 1320.9 KCps

393 % 19.9 % 1.81 % 38.7 % 1.32 1.36 100.00 %

Table A.15: XRF data of sample_15

Printed by Eval on 26-Jan-2010 12:40:07

Sample: XF53 0012_15_Sample_15

Sample measured on 19-Jan-2010 15:19:49

O S Cl Cu Compton | Rayleigh Norm
67.8 KCps | 7.1 KCps 1319.7 KCps

379 % 18.6 % 211% 41.1% 1.27 1.32 100.00 %




Table A.16: XRF data of sample_17

Printed by Eval on 19-Feb-2010 11:24:44
Sample: XF53_0021_01_Sample_17

Sample measured on 16-Feb-2010 14:05:27
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o S Cl Cu Compton | Rayleigh Norm
69.5 KCps | 6.3 KCps 1439.1 KCps

374 % 17.9 % 1.75 % 41.5% 1.33 1.32 100.00 %

Table A.17: XRF data of sample_18

Printed by Eval on 19-Feb-2010 11:24:54

Sample: XF53_0021_01_Sample_18

Sample measured on 16-Feb-2010 14:23:45

o S Cl Cu Compton | Rayleigh Norm
73.3 KCps | 5.5KCps 1390.8 KCps

385 % 18.9 % 1.51% 39.8% 1.34 1.46 100.00 %

Table A.18: XRF data of sample_19

Printed by Eval on 19-Feb-2010 11:25:00

Sample: XF53_0021_03_Sample_19

Sample measured on 16-Feb-2010 14:41:00

0 S Cl Cu Compton | Rayleigh Norm
79.0 KCps | 3.4KCps 1402.1 KCps

39.6 % 19.9 % 0.937 % 39.3% 1.35 1.50 100.00 %




Table A.19: XRF data of sample_21

Printed by Eval on 19-Feb-2010 11:25:07
Sample: XF53_0021_04_Sample_21

Sample measured on 16-Feb-2010 14:58:16
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0 S Ci Cu Compton | Rayleigh Norm
72.9KCps | 4.7 KCps 1398.0 KCps

38.7% 19.2 % 1.33% 40.7 % 1.34 1.38 100.00 %

Table A.20: XRF data of sample_22

Printed by Eval on 19-Feb-2010 11:25:14

Sample: XF53_0021_05_Sample_22

Sample measured on 16-Feb-2010 15:15:33

6] S Cl Cu Compton | Rayleigh Norm
79.5KCps | 3.9 KCps 1385.8 KCps

39.7 % 20.1% 1.06 % 389% 1.34 1.36 100.00 %

Table A.21: XRF data of sample_23

Printed by Eval on 19-Feb-2010 11:25:21

Sample: XF53_0021_06_Sample 23

Sample measured on 16-Feb-2010 15:32:51

6] S Cl Cu Compton | Rayleigh Norm
79.2 KCps | 4.4 KCps 1362.0 KCps

39.8% 20.2% 121 % 38.6 % 1.35 1.37 100.00 %
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Appendix B

Calculation

B.1 Calculation of Percent Yield

p tace Yield = mass of Actual Yield % 100
ereentage field= mass of Theoretical Yield

Theoretical Yield
Mass = No. of moles X molar mass
= (0.025moles) X (95.62g/mole)
=2.39¢g

Example: from the experiment data A.1sample 7
2.3801

Percentage Yield = X 100
=99.59 %

The result of percentage yield of others sample shown in chapter 4, Table 4.3

B.2 Calculation of Particle Size
The crystallite size was calculated from the half-height width of the diffraction peak of
XRD pattern using the Debye - Scherrer equation.

From Scherrer equation:

KA
BxcosB

Particle size =

K = constant dependent on crystallite shape, K = 0.9 for unknown shape
A= wavelength of x-rays of Cu K¢, A =0.15420m

B = FWHM (full width at half maximum of the reflection peak that has the same

maximum intensity in the diffraction pattern)

B = giffraction angle of x-rays



Example: Calculation of particle size of sample
Where; A =0.1542nm
K =09

Find, O =24.025° (from the figure B.1)
=(24.025x T0)+180  ;T0=22/7
= 0.419484 radian

cosO =0.913299
From figure B.1;
20 high (°) = 48.4
20 1ow °) =479
FWHM (°) =48.4-47.9=0.5

FWHM =(0.5x TU)+ 180 ;TU=22/7
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14

= 0.00873 radian
o (0.9)%(1.542)
e particle size {0.00873)%(0.913299)
=17.4057 nm
Sample_14
250

= 200

€

£ 150

e

= 100

= 50

0 !

45 47 49

2 - Theta - Scale

Figure B.1: The diffraction peak of sample 14 for calculation of particle size

The result of particle size of others sample shown in chapter 4, Table 4.2






