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ABSTRACT 

 

 

 

 

Laser-induced breakdown spectroscopy (LIBS) is a flexible non-destructive method 

for qualitative and quantitative analysis. It has its advantages for in-situ elemental 

analysis applicable to any material. LIBS system was optimized with fundamental 

1064nm of Nd:YAG laser and the beam was collimated with plano-convex, convex, 

and focusing lenses. It aims to identify and classify the elemental differences in the 

spectrum of gemstones. Gemstone's relative composition was determined using 

stoichiometric formula. LIBS is performed using 300mJ of Nd:YAG laser and a 

USB2000+ spectrometer with a spectral range of 600-900nm, which then analyze 

using the Origin software. The lenses were placed 2cm - 6cm - 11cm respectively 

from the laser source. The differences in LIBS spectra lines of samples represent the 

elemental variations in Amethyst, Emerald, and Topaz gemstones. 80% of expected 

elements such as Si, O, Al, and F were identified. Discrimination in each sample is 

illustrated with a PCA plot, up to three PCs (principal component) referred to as 

scree and loadings plot of gemstones. The cluster formed shows that each gemstone 

has similar characteristics. The overlap cluster may be because they have a similar 

spectrum but are still distinct in features. LIBS-PCA technique is one of the 

methods that can be used to highlight spectral differences to identify various 

gemstones and discriminate real from imitated ones. It could identify, discriminate 

effectively, and classify gemstones with even minor differences for various samples. 
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ABSTRAK 

 

 

 

 
Spektroskopi kerosakan akibat laser (LIBS) ialah kaedah kuasi tidak musnah yang 

fleksibel untuk analisis kualitatif dan kuantitatif. Ia mempunyai kelebihannya untuk 

analisis unsur in-situ yang boleh digunakan untuk sebarang bahan. Sistem LIBS 

telah dioptimumkan dengan asas 1064nm laser Nd:YAG dan pancaran disatukan 

dengan kanta plano-cembung, cembung dan fokus. Ia bertujuan untuk mengenal 

pasti dan mengklasifikasikan perbezaan unsur dalam spektrum batu permata. 

Komposisi relatif batu permata ditentukan menggunakan formula stoikiometrik. 

LIBS dilakukan menggunakan 300mJ laser Nd:YAG dan spektrometer USB2000+ 

dengan julat spektrum 600-900nm yang kemudiannya menganalisis menggunakan 

perisian Origin. Kanta diletakkan 2cm - 6cm - 11cm masing-masing dari sumber 

laser. Perbezaan pada garis spektrum dalam sampel spektrum LIBS mewakili variasi 

unsur dalam batu permata Kecubung, Zamrud dan Manikam. 80% unsur jangkaan 

seperti Si, O, Al, dan F telah dikenalpasti. Diskriminasi dalam setiap sampel 

digambarkan dengan plot PCA sehingga tiga komponen utama yang dirujuk kepada 

plot scree dan pemuatan batu permata. Kelompok yang terbentuk menunjukkan 

setiap batu permata mempunyai ciri-ciri yang serupa. Kelompok bertindih mungkin 

kerana mereka mempunyai spektrum yang sama tetapi masih berbeza dari segi ciri. 

Teknik LIBS-PCA adalah salah satu kaedah yang boleh digunakan untuk 

menyerlahkan perbezaan spektrum untuk mengenal pasti pelbagai batu permata dan 

membezakan yang nyata daripada yang meniru. Ia boleh mengenal pasti, 

mendiskriminasi dengan berkesan dan mengklasifikasikan batu permata dengan 

perbezaan kecil walaupun untuk pelbagai sampel. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



vii 
 

 

 

 

 

 

CONTENTS 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

CHAPTER 1 

TITLE 

DECLARATION 

DEDICATION 

ACKNOWLEDGEMENT 

ABSTRACT 

ABSTRAK 

CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF SYMBOLS AND ABREVIATIONS 

LIST OF APPENDICES 

LIST OF PUBLICATIONS 

INTRODUCTION 

i 

ii 

iii 

vi 

v 

vi 

vii 

x 

xi 

xiii 

xv 

xvi 

1 

1.1 Background of study 1 

1.2 Problem statement 2 

1.3 Research objectives 3 

1.4 Scope of study 3 

1.5 Significance of study 4 

CHAPTER 2 LITERATURE REVIEW 5 

2.1 Introduction 5 

2.2 Laser Induced Spectroscopy 5 

2.2.1 Laser 5 

2.2.2 Spectroscopy of laser induced plasma 6 

2.2.3 Laser induced plasma 9 

2.3 Laser-induced breakdown spectroscopy 10 

2.3.1 LIBS spectrum and spectrum line profiles 12 

2.4 Chemical composition of gemstones 13 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



viii 
 

 
 

 2.4.1 Characteristics of LIBS spectra form for different  

element 13 

2.5 Stoichiometry (chemical formula) 15 

2.6 Principal component analysis method 17 

2.7 Electron dispersive X-ray spectroscopy 19 

CHAPTER 3 METHODOLOGY 21 

 3.1 Introduction 21 

 3.2 Samples 23 

 3.3 LIBS system experimental setup and  

 procedures 24 

 3.3.1 Optimization of lenses and angle 26 

 3.4 Data analysis 27 

 3.4.1 Procedure for spectrum analysis 27 

 3.4.2 Principal component analysis 28 

 3.5 Determining relative composition of an element 28 

 3.6 Verification of element in spectral line  

 with EDX analysis 28 

CHAPTER 4 RESULTS AND DISCUSSION 30 

 4.1 Introduction 30 

 4.2 Optimization 30 

 4.3 Analysis of spectrum 32 

 4.3.1 Amethyst 32 

 4.3.2 Topaz 33 

 4.3.3 Emerald 34 

 4.3.4 Imitate Amethyst 36 

 4.3.5 Imitate Topaz 37 

 4.3.6 Imitate Emerald 37 

 4.4 Comparison between   expected   and   calculated  

 elemental ratio in gemstones 41 

 4.5 EDX analysis 42 

 4.5.1 Amethyst 43 

 4.5.2 Topaz 43 

 4.5.3 Emerald 44 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



ix 
 

 

4.5.4 Imitate Amethyst 44 

4.5.5 Imitate Topaz 45 

4.5.6 Imitate Emerald 46 

4.6 Principal component analysis 47 

4.6.1 Scree plot and loading plot 47 

4.6.2 PCA 3D scatter plots 49 

CHAPTER 5 CONCLUSION AND RECOMMENDATIONS 52 

5.1 Conclusion 52 

5.2 Recommendations 53 

 

                                          REFERENCES                                                                     54 

                                          APPENDIX                                                                           64 

                                          VITA                                                                                      70 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



x 
 

 

 

 

 

 

LIST OF TABLES 

 

 

 

 

3.1 Total gemstones sample 23 

3.2 Properties of real gemstones from GIA 24 

4.1 Elements contained in Amethyst 33 

 
4.2 Elements contained in Topaz 34 

 
4.3 Elements contained in Emerald 35 

 
4.4 Elements contained in I m i t a t e A m e t h y s t 36 

 
4.5 Elements contained in Imitate Topaz 37 

 
4.6 Elements contained in Imitate Emerald 38 

 
4.7 Comparison of expected and experimental 

composition of element in each gemstone sample and 

percentage error 42 

4.8 EDX composition of element in each gemstone 

sample 47 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xi 
 

 

 

 

 

 

LIST OF FIGURES 

 

 

 

 

2.1 Schematic diagram of Nd:YAG laser 6 

2.2 Emission of laser spectroscopy 7 

2.3 Schematic of the main process in LIPS 8 

2.4 Formation of spectrum of elements 11 

2.5 Concept of LIB Spectroscopy 11 

2.6 Difference type of gemstones 13 

2.7 LIBS Setup 15 

3.1 Flow chart of the experiment 22 

3.2 Schematic diagram of LIBS system experimental 

setup 25 

3.3 Optical setup of lenses 26 

3.4 Gold-coated gemstones 29 

4.1 Optimization for the angle of fiber optic. (a) Intensity versus 

Wavelength,(b) Intensity versus Angle 31 

4.2 Optimization for a distance of fiber optic. (a) Intensity versus 

Wavelength,(b) Intensity versus Distance 31 

4.3 LIBS emission spectrum of Amethyst 33 

4.4 LIBS emission spectrum of Topaz 34 

4.5 LIBS emission spectrum of Emerald 35 

4.6 LIBS emission spectrum of Imitate Amethyst 36 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xii 
 

4.7 LIBS emission spectrum of Imitate Topaz 37 

4.8 LIBS emission spectrum of Imitate Emerald 38 

4.9 Y-Stacked emission spectrum of gemstones for 600- 

900 nm 39 

4.10 Spectrum of Imitate Amethyst and Amethyst 39 

4.11 Spectrum of Imitate Topaz and Topaz 40 

4.12 Spectrum of Imitate Emerald and Emerald 40 

4.13 EDX spectrum for Amethyst 43 

4.14 EDX spectrum for Topaz 43 

4.15 EDX spectrum for Emerald 44 

4.16 EDX spectrum for Imitate Amethyst 45 

4.17 EDX spectrum for Imitate Topaz 45 

4.18 EDX spectrum for Imitate Emerald 46 

4.19 Scree plot for the spectral range of 600-900 nm 48 

4.20 Loadings plot of PC1 48 

4.21 Loadings plot of PC2 49 

4.22 Loadings plot of PC3 49 

4.23 PCA plot with data in 600-900 nm spectral range 50 

4.24 PCA plot for real and Imitate of Amethyst sample 50 

4.25 PCA plot for real and Imitate of Topaz sample 51 

4.26 PCA plot for real and Imitate of Emerald sample 51 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xiii 
 

 

 

 

 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

 

 
 

Al - Aluminium 

 
B - Boron 

 
Ca - Calcium 

 
El - Element 

 
F - Fluorine 

 
Fe - Ferum 

 
Mw - Molecular weight 

Na - Sodium 

n - Number of element 

 
O - Oxygen 

 
OH - Hydroxide 

 
% - Percentage 

 
CCD - Charge Couple Device 

EDX - Energy Dispersive X-Ray 

FOC - Fiber Optic Cable 

GIA - Gemological Institute of America 

 
LASER - Light Amplification by Stimulated Emission Radiation 

LIBS - Laser Induced Breakdown Spectroscopy 

Nd:YAG - Neodymium-doped Yttrium Aluminum Garnet 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xiv 
 

 

NIST - National Institute of Standard Technology 

PCA - Principal Component Analysis 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xv 
 

 

 

 

 

 

LIST OF APPENDICES 

 

 

 

 

APPENDIX TITLE PAGE 

 
 

A Element weight calculation by using 

Stoichiometry formula 64 

B Description of each gemstone sample 66 

C Certificate of each gemstone samples 68 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



xvi 
 

 

 

 

 

 
LIST OF PUBLICATIONS 

 

 

 

 
1. Saufi, N.M. et al. (2022). Element Identification of Different Gemstones by 

Using LIBS-PCA Method. In: Mustapha, A.B., Shamsuddin, S., Zuhaib Haider 

Rizvi, S., Asman, S.B., Jamaian, S.S. (eds) Proceedings of the 7th International 

Conference on the Applications of Science and Mathematics 2021. Springer 

Proceedings in Physics, vol 273 (pp 155-163). Springer, Singapore. 

https://doi.org/10.1007/978-981-16-8903-1_16.

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



 

1 

 
 

 

 

 

 

CHAPTER 1 

 

 

 

 

INTRODUCTION 
 

 

 

 

1.1 Background of study 

 
 

Gemstones trade statistics from globalEDGE [1] stated that Precious Stones and 

Metal were listed in top 10 import goods in Malaysia. World Integrated Trade 

Solution [2] shows the data of Malaysia Stones;precious and semi-precious, dust 

and powder, of diamonds exports by country in 2019. The import and export trade 

flow stated that the value is 6.4 Billion USD. The record indicated that,gemstones 

were among the most popular item in the Malaysia trade market. 

Laser-Induced Breakdown Spectroscopy (LIBS) is a fast, easy-to-carry, and 

in situ atomic spectroscopy technique. With LIBS,sample preparation is not required, 

it is less work and take a shorter time to record the data [3] also, it can measure the 

concentration of major and trace elements in the different forms of samples such as 

air, liquid and solid [4]. It is a quasi non-destructive method that allows for future 

reanalysis [5] and uses a high-energy laser pulse as a source to form a high 

temperature of micro plasma at the surface of the target sample. It is considered an 

accurate inspection technique as it is repeatable and a number of tests are usable to 

relate between the data [6]. 

LIBS forming a specific spectrum contains information about the 

concentrations of naturally occurring elements, and the sample’s ratio of some 

isotopic and atomic structure [7]. From that, the purity of the gemstones can be 

determined. Principal component analysis (PCA) is a statistical method that can be 

used to summarize the content or information of a large data into a simple form for 

data visualization and analysis [8]. The smaller data indices are really important in 

observing the trends, jumps, and clusters. The measured data can be properties of 
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samples, chemical compounds or reactions. Combining LIBS and PCA allows the 

discrimination of elements to be done in a simpler form. 

The gemstones can be categorized into different species, groups, and its 

variations. For the past few decades, there has been no scientific grading system for 

gemstones. The gemstones are graded using the naked eye by assuming with 20/20 

vision. In the early 1950s, the Gemological Institute of America (GIA) developed a 

system used in diamond grading. The GIA system included main innovations such 

as introducing 10x magnification as the standard for grading clarity [9]. With 

modification, these categories can be helpful in understanding the grade of all 

gemstones. 

The price and value of gemstones are based on factors characteristics and 

quality of the stone [10]. Thus, some of the jewellery or gemstones were sold at a 

really expensive price but with low quality. With certain treatment (such as surface 

coating, irradiation, and heat treatment), the purity of the gemstones cannot be 

identified with the naked eyes as its appearance is mostly captivating. That is why it 

is still in high demand even though it is imitated. Meanwhile, some diamonds, 

rubies, sapphires, and emeralds still maintain their standard from other gemstones 

[11] where the quality and price are reasonable. 

 

 
1.2 Problem statement 

 
 

Nowadays, it recorded increasing quantities of various doped and synthetic gem 

materials in the jewellery market. Identifying the element, characteristics, and 

quality of the gemstones is usually the conventional method that needs laboratory 

work. It is also time-consuming, and the sample must be prepared first. The 

common issues are copied items similar to those of valuable untreated and natural 

gemstones. This approach led to a late determining the quality of the gemstone 

element and was unfairly used in the jewellery market. Accuracy of gemstone 

identification and complete information plays an important role in the jewellery 

market to maintain the trade value of natural gemstones and the satisfaction among 

consumers who are purchasing the gemstones. 

High technology analytical techniques now make identifying elements and 

trace elements of the gemstone possible to be done where decades ago, it was only 

determined by guessing [12]. Hence, the LIBS-PCA method offers a much easier, 
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flexible, and applicable in any field of study and industry. The quasi non-destructive 

technique is harmless for both operator and sample [13] and left only a small tiny 

burn spot that barely seen with naked eye. The samples are not destroyed and can be 

used repeatedly. 

 
 

1.3 Research objectives 

 
 

Some objectives are outlined to ensure all the processes led to the success of this 

research. The objectives of this research are: 

i. to optimize laser-induced breakdown spectroscopy using Nd:YAG 

laser with collimated beam by plano-convex, convex and focusing lens 

ii. to identify the elemental spectrum using spectral lines in LIBS spectra 

of gemstones and discriminate the gemstones using Principal 

Component Analysis (PCA) method 

iii. to determine the relative composition of different types of gemstones 

by Stoichiometric formula 

 
 

1.4 Scope of study 

 
 

This research is focused on the discrimination of gemstones and identifying natural 

from imitating ones. The gemstones used in this research are Amethyst, Sapphire, 

Topaz, Tourmaline, and Emerald. Fundamental, 1064nm of Nd:YAG laser ablated 

the samples, and emission spectra were collected spectrometers in the wavelength 

range of 600-900 nm. Identifying spectral lines using NIST atomic spectral database 

[14]. The spectra were subjected to PCA with three PCs (principal component) used 

for visual observation of the discriminability of the data. The element content and 

identification of spectral lines were verified by EDX analysis and compared with 

their theoretical composition from the molecular formula and calculated 

stoichiometric proportion. PCA is a technique considered a classical properties 

extraction and representation of data as it can visualize the data more 

straightforwardly. 
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1.5 Significance of study 

 
 

Detecting the element in determining the impurities content in gemstones is very 

important. The LIBS-PCA is a recommended method to detect and analyze the 

element in the gemstones based on their expected element from the molecular 

formula. The setup enables the element detection in a wide range of emission 

spectrum between 600 nm up to 900 nm. This range offers element detection even 

with low concentrations. Different lenses in the setup enable a clear and sharp laser 

beam for easier ablation of gemstones. PCA method shows the cluster of the 

element [15] with minimal information loss and high interpretability. The technique 

can be used on a portable device for the element identification of gemstones. 
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CHAPTER 2 

 

 

 

 
LITERATURE REVIEW 

 

 

 

 

 

2.1 Introduction 

 
 

This chapter discusses the Laser-Induced Breakdown Spectroscopy (LIBS) as the 

elemental identification method. Principal Component Analysis (PCA) method is 

commonly used as a data visualisation in a more straight forward form to classify 

gemstones. Electron Dispersive X-ray Spectroscopy play a role in element 

verification between expected and experimental data. 

 
 

2.2 Laser induced spectroscopy 

 
 

2.2.1 Laser 

 
 

Laser stand for Light Amplification by Stimulated Emission of Radiation [16]. It is 

a device that amplifies the light emit by stimulating atoms or molecules. Stimulated 

emission of radiation amplifies the intensity of light. It can generate light in the form 

of a laser beam. This light emits at particular visible, ultraviolet (UV) and infrared 

(IR) wavelengths. Laser beams form monochromatic (single color) rays, coherent 

(same frequency and waveform), and collimated (in the same direction) [17]. 

When the laser was invented in 1960, it was once called an optical maser or 

infrared maser (Microwave Amplification by Stimulated Emission of Radiation) 

[18]. Then, officially known as laser in 1965. Laser brought a revolution and a 

future influence in spectroscopy, optical technology, and various sciences and 

technology fields. A few types of laser, such as Gas Laser, Solid-State Laser, Dye 

Laser [19] and Laser Diode, classify based on their amplifying medium. 
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Solid state laser mixes solid such as crystal or glass with rare earth elements 

as a source of optical gain. The most common solid-state lasers are ruby laser and 

Nd:YAG laser (Figure 2.1). The mixed element is usually neodymium, chromium or 

ytterbium. It optically pumps with a flash lamp (pump source) and may generate 

high output power between a few milliwatts and kilowatts. Flash lamps generate a 

high light pulse to the laser medium [20] that will form photons. The optical 

resonator builds up with the highly reflective mirror and partially reflective mirror. 

High reflective mirror bounces the photon back toward electron which then leading 

to photon amplification in an optical resonator [21]. The number of photons 

increasing until reach population inversion allows them to pass through the partially 

reflective mirror as laser output. 

 

 
 

Figure 2.1: Schematic diagram of Nd:YAG laser 

 

 
2.2.2 Spectroscopy of laser induced plasma 

 
 

Spectroscopy is the process of separating light (also known as electromagnetic 

radiation) into its wavelengths, referred to as a spectrum [22]. In classical 

spectroscopy, a prism and photographic plates were employed; however, diffraction 

gratings were used in modern spectroscopy to disperse the light form. The energy 

levels of electrons in atoms and molecules are quantized, and electromagnetic 

radiation can only be absorbed and emitted at particular wavelengths [23]. As a 

result, spectra are not smooth but punctuated by absorption or emission lines [24]. 

Laser spectroscopy can form either an absorption, spontaneous or stimulated 

emission (Figure 2.2). For absorption emission, the atom from the ground state 

absorbs the energy from the photon and excites it to a higher energy state. In 

spontaneous emission, the atom is already at a higher energy state. But it may decay 
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and move to the ground state releasing energy in the form of photons. 

Spontaneously, the photon is emitted in a random direction. Meanwhile, in 

stimulated emission, the incoming photon with a specific frequency interacts with 

the atom causing it to move to the ground state and forming a new photon in the 

same phase, energy and frequency. 

 

 
 

 

 

 

 

Figure 2.2: Emission of laser spectroscopy 

 
 

LIPS (Laser Induced Plasma Spectroscopy) is an analytical technique that 

uses high energy pulsed laser plasma and ion stimulation to analyze atomic emission 

[4]. A little portion of the sample can interact with the laser beam to produce an 

emission spectrum for measurement. The spectrum included elements that may be 

used to determine the sample's composition [4]. Figure 2.3 depicts the three primary 

LIPS processes: laser interaction with the material, particle removal (ablation), and 

plasma formation (breakdown). Beginning with energy reflection (Figure 2.3 a) or 

absorption (Figure 2.3 b), it eventually transformed into sample vaporisation [4]. 

The vapour on the surface shrank in size as the intensity increased. Figure 2.3 

c shows how the scattering and absorption of the laser beam had a considerable 

heating effect that resulted in the creation of plasma [25]. A quick growth of photo- 

ablated pieces is what defines the transformation state of laser plumes (Figure 2.3 e). 

Cluster formation and accumulation of polyatomic particles take place throughout 

the cooling process. (Figure 2.3 f). After some time, the ablated material is 

deposited around the hollow together with molten material (Figure 2.3 g). The 
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sample's characteristics and the laser's parameters, such as wavelength and pulse 

width, have an impact on the shape and size (Figure 2.3 h) [4]. 

 

 

 

 

 

 

 
 

 

Figure 2.3: Schematic of the main processes in LIPS [4] 
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2.2.3 Laser induced plasma 

 
 

Plasma used to be known as a hot-ionized gas. It was the fourth state of matter or 

material after solid, liquid, and gas [26]. When charged particles are created, light is 

re-radiated, laser light is absorbed, and plasma is visible as a spark. High ionization 

and absorption by gases commonly transparent to light will cause the breakdown 

[27]. During the breakdown peak, laser irradiance occurred in two stages. (1) The 

development of the first ionization and the avalanche that followed, with the 

breakdown increasing ionization. (2) Multi-photon ionization occurs when an atom 

absorbs many quanta in a row and generates an ion-electron pair [28]. 

Strong absorption happens when the laser irradiation exceeds the threshold 

value. However, if it is less than that, no significant attenuation occurs. The 

breakdown occurs when there is a rise in energy sequence during light transmission, 

and laser irradiance increases [29]. With the presence of a breakdown, time taken 

for laser to transmit are faster than the initial laser profile without breakdown [27]. 

A plasma plume forms when a high-energy laser beam ablates on a solid 

sample, which causes the sample's surface to vaporize or melt [30]. Evaporation and 

ionization of materials emit photons of matter particles. Less evaporation is 

produced if quick pulses are utilized with appropriate power. Strong molecule 

emission bands are mixed with the atomic line emission as interference in LIBS 

spectra [31]. The effective spectrum enhancement methods can improve plasma 

radiation intensity under a limited laser pulse [32-33]. 

The heat conduction of the sample influences the temperature. Due solid 

block samples’ various heat transmission methods, the laser–solid interactions are 

divided into surface absorption and volume absorption [34]. Volume absorption is 

defined when the heat conduction depth is minor compared to the optical 

penetration depth [35]. The plasma slowly penetrates the sample to accelerate 

quenching after the laser ablates at the same spot. This condition is quite 

challenging to the stability of LIBS spectra. 

During the decay or cooling of plasma, condensation or particle production 

occurs [22]. It begins when the plasma temperature reaches the material's boiling 

point and ends when the material's condensation temperature is reached. Significant 

thermal stresses within the material cause it to break into irregularly shaped particles 

and exfoliate (removing the outer layer) [36]. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



 

54 
 

 

 

 

 

 

REFERENCES 

 

 

 

 
1. globalEDGE, (1994 - 2022). Malaysia Trade Statistics. Retrieved on April 

19, 2022. From https://globaledge.msu.edu. 

2. Palke, A.C., Renfro, R.D., & Berg, R.B. (2017). Melt inclusions in alluvial 

sapphires from Montana, USA: Formation of sapphires as a restitic 

component of lower crust melting? Lithos. 278:43–53. 

3. Sutherland, F. L. (2017) Sapphire, a not so simple gemstone. American 

Mineralogist. 102(7):1373-1374. 

4. Harmon, R. S., & Senesi, G. S. (2021). Laser-Induced Breakdown 

Spectroscopy–A geochemical tool for the 21st century. Applied 

Geochemistry. 128,104929. 

5. Arroyo, L, Trejos T, Gardinali P. R., Almirall, J. R. (2009). Spectrochim Acta 

B. 64:16–25. 

6. Sarasini, F., & Santulli, C. (2014). Non-destructive testing (NDT) of natural 

fibre composites: acoustic emission technique. In Natural fibre 

composites (pp. 273-302). Woodhead Publishing. 

7. Harmon, R. S., Remus, J., McMillan, N. J., McManus, C., Collins, L., 

Gottfried Jr, J. L., & Miziolek, A. W. (2019). LIBS analysis of geomaterials: 

Geochemical fingerprinting for the rapid analysis and discrimination of 

minerals. Applied Geochemistry. 24(6):1125-1141. 

8. Bro, R., & Smilde, A. K. (2014). Principal component analysis. Analytical 

methods. 6(9):2812-2831. 

9. Palke, A.C., Renfro, R.D., & Berg, R.B. (2017). Melt inclusions in alluvial 

sapphires from Montana, USA: Formation of sapphires as a restitic 

component of lower crust melting? Lithos. 278:43–53. 

10. Wise, R. W., & Lenox, M. A. (2004). Secrets of the gem trade: the 

connoisseur’s guide to precious gemstones. BOOK REVIEWS, 183. 

11. Gemological Institute of America (GIA), (2002 - 2022). Analysis & Grading. 

Retrieved on June 26, 2022. From https://www.gia.edu/gem-lab. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

http://msu.edu/
https://globaledge.msu.edu/countries/malaysia/tradestats
https://www.gia.edu/gem-lab


55 
 

12. Cremers, D. A., & Radziemski, L. J. (2013). Handbook of laser-induced 

breakdown spectroscopy. John Wiley & Sons. 

13. Kwak, J., Lenth, C., Salb, C., Ko, E. J. and Kim, K. W. (2009). 

SpectrochimActa, Part B. 64(1105). 

14. Trtica, M., Gakovic, B., Batani, D., Desai, T., Panjan, P., & Radak, B. (2006). 

Surface modifications of a titanium implant by a picosecond Nd: YAG laser 

operating at 1064 and 532 nm. Applied Surface Science, 253(5), 2551-2556. 

15. Kim, S. J., & Bae, J. (2021). Physics and general principle of spinal 

laser. Laser Spine Surgery, 9-15. 

16. Gdoutos, E. E. (2021). Fundamentals of Optics. In Experimental Mechanics: 

An Introduction (pp. 19-69). Cham: Springer International Publishing. 

17. Shimoda, K., & Shimoda, K. (1984). The Laser—An Unprecedented Light 

Source. Introduction to Laser Physics, 1-20. 

18. Addanki, S., Amiri, I. S., & Yupapin, P. (2018). Review of optical fibers- 

introduction and applications in fiber lasers. Results in Physics, 10, 743-750. 

19. Paschotta, R. (2022). Flash lamps. Retrieved on September 21, 2022. From 

https://www.rp-photonics.com/paschotta.html. 

20. National Ignition Facility & Photon Science. NIF’s guide to how laser work. 

Retrieved on August 14, 2022. From https://lasers.llnl.gov/education. 

21. Kochelek, K. A., McMillan, N. J., McManus, C. E. & Daniel, D. (2015). 

Provenance determination of sapphires and rubies using laser-induced 

breakdown spectroscopy and multivariate analysis. American Mineralogist. 

100 : 1921–1931. 

22. Ball, D. W. (2006). Field guide to spectroscopy (Vol. 8). Bellingham, 

Washington: Spie Press. 

23.  COSMOS (2019). The SAO Encyclopaedia of Astronomy, Retrieved on 

May 16, 2020. Fr o m http://astronomy.swin.edu.au/cosmos/S/Spectroscopy. 

24. Byju’s, (2022). Difference between emission and absorption spectra. 

Retrieved on July 5, 2023. From https://byjus.com/physics/difference- 

between-emission-and-absorption-spectra/. 

25. Musazzi, S., & Perini, U. (2014). LIBS instrumental techniques. In Laser- 

Induced Breakdown Spectroscopy (pp. 59-89). Springer, Berlin, Heidelberg. 

26. Chan, C. H., Moody, C. D., & McKnight, W. B. (1973). Journal of Applied 

Physics. 44:1179. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

http://www.rp-photonics.com/paschotta.html
https://lasers.llnl.gov/education/how-lasers-work
http://astronomy.swin.edu.au/cosmos
http://astronomy.swin.edu.au/cosmos/S/Spectroscopy
https://byjus.com/physics/difference-between-emission-and-absorption-spectra/


56 
 

27. Radziemski, L. J. (2020). Lasers-induced plasmas and applications. CRC 

Press. 

28. Vogel, A., Nahen, K., Theisen, D., & Noack, J. (1996). Plasma formation in 

water by picosecond and nanosecond Nd: YAG laser pulses. I. Optical 

breakdown at threshold and superthreshold irradiance. IEEE Journal of 

Selected Topics in Quantum Electronics. 2(4):847-860. 

29. Russo, R. E., Mao, X. L., Yoo, J., & Gonzalez, J. J. (2007). Laser ablation. 

In Laser-induced breakdown spectroscopy. Elsevier. pp. 41-70. 

30. Wang, X., Xiao, H., Chen, C., Han, W., Jia, Z., Lin, Z., & Li, R. (2017). 

Elemental analysis of RTV and HTV silicone rubber with laser-induced 

breakdownspectroscopy. Electrical Insulation Conference. pp 9–12. 

31. Javier, M., Juan, A. L., Patricia, L., Luciano, M. T., & José, J. L. (2010). 

Simultaneous Raman spectroscopy laser-induced breakdownspectroscopy for 

instant standoff analysis of explosives using a mobile integrated sensor 

platform. Analytical Chemistry. 82:1389. 

32. Liu, K., Tian, D., Li, C., Li, Y., Yang, G., & Ding, Y., (2019). A review of 

laser-induced breakdown spectroscopy for plastic analysis. Trends Analytical 

Chemistry. 2019. 110:327–334. 

33. Noll. R. (2019). Laser-Induced Breakdown Spectroscopy. Berlin: Springer. 

34. Wang, X., Han, W., Chen, C. & Jia, Z. (2016). Ablation properties and 

elemental analysis of silicone rubber using laser induced breakdown 

spectroscopy. IEEE Trans. Plasma Sciences. 44:2766–2771. 

35. Bica, I. (1999). Nanoparticle production by plasma. Materials Science and 

Engineering: B, 68(1), 5-9. 

36. Lunney, J. G., & Jordan, R. (1998). Pulsed laser ablation of metals. Applied 

surface science. 127:941-946. 

37. Maurya, S. K., Venkatesh, M., Ganeev, R. A., & Guo, C. (2019). Study of 

various material particles by third harmonic generation method based on laser 

pulse induced plasma. Optical Materials. 98:109423. 

38. Abdi, H. & Williams, L. J. (2010). Principal Component Analysis. Wiley 

Interdisciplinary Reviews: Computational Statistics. 2:433-459. 

39. Sharma, N., Alam, S. N., & Ray, B. C. (2019). Fundamentals of spark plasma 

sintering (SPS): an ideal processing technique for fabrication of metal matrix 

nanocomposites. In Spark Plasma Sintering of Materials. Springer, Cham. pp. 

21-59. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



57 
 

40. Radziemski, L., & Cremers, D. (2013). A brief history of laser-induced 

breakdown   spectroscopy:   from   the   concept   of    atoms    to    LIBS 

2012. Spectrochimica Acta Part B: Atomic Spectroscopy, 87, 3-10. 

41. Sweetapple, M. T., & Tassios, S. (2015). Laser-induced breakdown 

spectroscopy (LIBS) as a tool for in situ mapping and textural interpretation 

of lithium in pegmatite minerals. American Mineralogist, 100(10), 2141- 

2151. 

42. Pořízka, P., Demidov, A., Kaiser, J., Keivanian, J., Gornushkin, I., Panne, U., 

& Riedel, J. (2014). Laser-induced breakdown spectroscopy for in situ 

qualitative and quantitative analysis of mineral ores. Spectrochimica Acta 

Part B: Atomic Spectroscopy, 101, 155-163. 

43. Hussain, T., & Gondal, M. A. (2013, June). Laser induced breakdown 

spectroscopy (LIBS) as a rapid tool for material analysis. In Journal of 

Physics: Conference Series (Vol. 439, No. 1, p. 012050). IOP Publishing. 

44. Khater, M. A. (2013). Laser-induced breakdown spectroscopy for light 

elements detection in steel: State of the art. Spectrochimica Acta Part B: 

Atomic Spectroscopy, 81, 1-10. 

45. Nölte, J. (2021). ICP Emission Spectrometry: a practical guide. John Wiley 

& Sons. 

46. McLaughlin, M. J., Zarcinas, B. A., Stevens, D. P. and Cook, N. (2000). Soil 

testing for heavy metals. Communications in Soil Science and Plant Analysis, 

31(11–14): 1661–1700. 

47. Wikipedia. Charge coupled device. Retrieved on March 17, 2022. From 

https://en.wikipedia.org/wiki/Charge- coupled_device. 

48. Belmonte, T., Noël, C., Gries, T., Martin, J., & Henrion, G. (2015). 

Theoretical background of optical emission spectroscopy for analysis of 

atmospheric pressure plasmas.   Plasma   Sources   Science   and 

Technology, 24(6), 064003. 

49. Tognoni, E., Palleschi, V., Corsi, M., & Cristoforetti, G. (2002). Quantitative 

micro-analysis by laser-induced breakdown spectroscopy: a review of the 

experimental approaches. Spectrochimica Acta Part B: Atomic 

Spectroscopy, 57(7), 1115-1130. 

50. Gornushkin, I. B., King, L. A., Smith, B. W., Omenetto, N., & Winefordner, 

J. D. (1999). Line broadening mechanisms in the low pressure laser-induced 

plasma. Spectrochimica Acta Part B: Atomic Spectroscopy, 54(8), 1207-1217. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://en.wikipedia.org/wiki/Charge-coupled_device


58 
 

51. Lindon, J. C., Tranter, G. E., & Koppenaal, D. (2016). Encyclopedia of 

spectroscopy and spectrometry. Academic Press. 

52. Defernez, M., and Kemsley, E.K. (1997). The use and misuse of 

chemometrics for treating classification problems. 16:216-221. 

53. Stavropoulos, P., Palagas, C., Angelopoulos, G. N., Papamantellos, D. N., & 

Couris, S. (2004). Calibration measurements in laser-induced breakdown 

spectroscopy using nanosecond and picosecond lasers. Spectrochimica Acta 

Part B: Atomic Spectroscopy, 59(12), 1885-1892. 

54. Ismaël, A., Bousquet, B., Pierrès, K., M., Travaillé, G., Canioni, L. and Roy, 

S. (2011). In Situ Semi-Quantitative Analysis of Polluted Soils by Laser- 

Induced Breakdown Spectroscopy (LIBS). Applied Spectroscopy, 65(5): 

467- 473. 

55. Hilton, D.     (2008).     Re: semi-quantitative      analysis.   Retrieved   on 

June 111, 2021. From https://chromforum.org/viewtopic.php?f=2&t=16625. 

56. Sirven, J.-B., Bousquet, B., Canioni, L., Sarger, L., Tellier, S., Potin-Gautier, 

M. and Le Hecho, I. (2006). Analytical Bioanalysis Chemistry. 385(256). 

57. Fernandes, G. M., Silva, W. R., Barreto, D. N., Lamarca, R. S., Gomes, P. C. 

F. L., da S Petruci, J. F., & Batista, A. D. (2020). Novel approaches for 

colorimetric measurements in analytical chemistry–A review. Analytica 

Chimica Acta, 1135, 187-203. 

58. McMillan N.J., Montoya C.M., and Chesner W.H. (2012). Correlation of 

limestone beds using laser-induced breakdown spectroscopy and 

chemometricanalysis. Applied Optics, 51, B1-B12. 

59. Alden, & Nancy (2009). Simply Gemstones: Designs for Creating Beaded 

Gemstone Jewelry. New York, NY: Random House. p. 136. 

60. Teshome, F., & Kolhe, K. P. (2018, October). Development of Low Cost 

Gemstone Polishing Cum Cutting Machine. In International Conference on 

Advances of Science and Technology (pp. 258-266). Springer, Cham. 

61. Frangoulis, & George (2015). GemHunter. Retrieved on March 23, 2020. 

From Lulu.com.[self-published source]. 

62. Nassau, K. (1981). Heat treating ruby and sapphire: technical aspects. Gems 

& Gemology, 17(3), 121-131. 

63. Pyne, L. (2020). Diamonds in the Rough: Synthetic Gems from Pliny to 

Lightbox. Athenaeum Review, 3, 166-71. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://chromforum.org/viewtopic.php?f=2&t=16625
https://chromforum.org/viewtopic.php?f=2&t=16625
https://books.google.com/books?id=YWqLSol_bEwC
https://en.wikipedia.org/wiki/Random_House


59 
 

64. Schlegel, D. M. (1957). Gem stones of the United States (No. 1042). US 

Government Printing Office. 

65. O’Donoghue, M. (1988). Synthetic and imitation Stones. In Gemstones (pp. 

296-336). Springer, Dordrecht. 

66. Clark. D., (2022). Uncommon elements made uncommon gemstones. 

International Gem Society. Retrieved on July 5, 2022. From 

https://www.gemsociety.org/article/the-x-factor/. 

67. Breeding, C. M. (2009). Using LA-ICP-MS analysis for the separation of 

natural and synthetic amethyst and citrine. News from Research, July 31, 

2009. http://www. gia. edu/research-resources/news-from-research. 

68. Na-Phattalung, S., Limpijumnong, S., Jiraroj, T., & Yu, J. (2018). Magnetic 

states and intervalence charge transfer of Ti and Fe defects in α-Al2O3: The 

origin of the blue in sapphire. Acta Materialia, 143, 248-256. 

69. Da Silva, D. N., Guedes, K. J., Pinheiro, M. V. B., Spaeth, J. M., & 

Krambrock, K. (2005). The microscopic structure of the oxygen–aluminium 

hole center in natural and neutron irradiated blue topaz. Physics and 

chemistry of minerals, 32(5), 436-441. 

70. Markiewicz-Keszycka, M., Cama-Moncunill, X., Casado-Gavalda, M. P., 

Dixit, Y., Cama-Moncunill, R., Cullen, P. J., & Sullivan, C. (2017). Laser- 

induced breakdown spectroscopy (LIBS) for food analysis: A review. Trends 

in food science & technology, 65, 80-93. 

71. Church, A.H. (1905). "Definition of Precious Stones". Precious Stones 

considered in their scientific and artistic relations. His Majesty's 

Stationery Office, Wyman & Sons. p. 11. Archived from the original on 

2007-09-29–via Farlang.com. 

72. King, J. M., Geurts, R. H., Gilbertson, A. M., & Shigley, J. E. (2008). Color 

Grading" D-To-Z" Diamonds At The Gia Laboratory. Gems & 

gemology, 44(4). 

73. King, J. M., Moses, T. M., & Wang, W. Clarity Grading Of D-To-Z Coor 

Diamonds At The Gia Laboratory. 

74. HowStuffWorks.com. (2009). 5 Most Precious Stones . Retrieved on March 

25, 2020. From https://adventure.howstuffworks.com/outdoor- 

activities/climbing/5-most-precious-stones.htm. 

75. Cremers, D.A., and Radziemski, L.J. (2006) Handbook of Laser-Induced 

Break-down Spectroscopy, 283 p. Wiley, Chichester. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://www.gemsociety.org/article/the-x-factor/
http://www/
http://www.farlang.com/gemstones/church-precious-stones/page_011
http://adventure.howstuffworks.com/outdoor-activities/climbing/5-most-precious-stones.htm
https://adventure.howstuffworks.com/outdoor-activities/climbing/5-most-precious-stones.htm


60 
 

76. Michel, A. P. (2010). Applications of single-shot laser-induced breakdown 

spectroscopy. Spectrochimica Acta Part B: Atomic Spectroscopy, 65(3), 185- 

191. 

77. Kim, S. J., & Bae, J. (2021). Physics and General Principle of Spinal Laser. 

In Laser Spine Surgery (pp. 9-15). Springer, Singapore. 

78.  Pearson, K. (1901). On Lines and Planes of Closest Fit to Systems of Points 

inSpace. Philosophical Magazine. 2(11): 559–572. 

79. Trtica, M., Gakovic, B., Batani, D., Desai, T., Panjan, P., & Radak, B. (2006). 

Surface modifications of a titanium implant by a picosecond Nd: YAG laser 

operating at 1064 and 532 nm. Applied Surface Science, 253(5), 2551-2556. 

80. NIST: Atomic Spectra Database Lines Form, Retrieved on December 6, 

2021. From https://physics.nist.gov/PhysRefData/ASD/lines_form.html on 

2020-2021. 

81. Helmenstine A. M. (2019). ThoughtCo.: Balanced Equation Definition and 

Examples. Retrieved on September 20, 2022. From 

https://www.thoughtco.com/definition-of-balanced-equation-and-examples- 

604380. 

82. LibreTextsChemistry (2022). 7.4: How to Write Balanced Chemical 

Equations. Retrieved on September 20, 2022. From 

https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Map%3A_I 

ntroductory_Chemistry_(Tro)/07%3A_Chemical_Reactions/7.04%3A_How_ 

to_Write_Balanced_Chemical_Equations. 

83. Hotelling, H. (1933). Analysis of a complex of statistical variables into 

principal components. Journal of Educational Psychology, 24: 417–441 and 

498–520. 

84. Jolliffe, I.T. (2002). Principal Component Analysis Series: Springer Series in 

Statistics. 2(487): 28. Springer, NY. 

85. Karamizadeh, S., Abdullah, S. M., Manaf, A. A., Zamani, M., & Hooman, A. 

(2020). An overview of principal component analysis. Journal of Signal and 

Information Processing, 4. 

86. Jolliffe, I. T., & Cadima, J. (2016). Principal component analysis: a review 

and recent developments. Philosophical Transactions of the Royal Society A: 

Mathematical, Physical and Engineering Sciences, 374(2065), 20150202. 

87. Kurita, T. (2019). Principal component analysis (PCA). Computer Vision: A 

Reference Guide, 1-4. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://en.wikipedia.org/wiki/Karl_Pearson
https://zenodo.org/record/1430636
https://physics.nist.gov/PhysRefData/ASD/lines_form.html
https://www.thoughtco.com/definition-of-balanced-equation-and-examples-604380
https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Map%3A_Introductory_Chemistry_(Tro)/07%3A_Chemical_Reactions/7.04%3A_How_to_Write_Balanced_Chemical_Equations
https://en.wikipedia.org/wiki/Journal_of_Educational_Psychology


61 
 

88. Mishra, S. P., Sarkar, U., Taraphder, S., Datta, S., Swain, D., Saikhom, R., ... 

& Laishram, M. (2017). Multivariate statistical data analysis-principal 

component analysis (PCA). International Journal of Livestock Research, 7(5), 

60-78. 

89. Dunteman, G. H. (1989). Principal components analysis (No. 69). Sage. 

90. Shaw, P.J.A. (2003). Multivariate Statistics for the Environmental Sciences. 

Hodder-Arnold: London, UK. 

91. Mishra, S. P., Sarkar, U., Taraphder, S., Datta, S., Swain, D., Saikhom, R., ... 

& Laishram, M. (2017). Multivariate statistical data analysis-principal 

component analysis (PCA). International Journal of Livestock Research, 7(5), 

60-78. 

92. Abdi, H., Williams, L. J., & Valentin, D. (2013). Multiple factor analysis: 

principal component analysis for multitable and multiblock data sets. Wiley 

Interdisciplinary reviews: computational statistics, 5(2), 149-179. 

93. Goldstein, J. I., Newbury, D. E., Michael, J. R., Ritchie, N. W., Scott, J. H. J., 

& Joy, D. C. (2017). Scanning electron microscopy and X-ray microanalysis. 

Springer. 

94. Mooi, E., Sarstedt, M., & Mooi-Reci, I. (2018). Principal component and 

factor analysis. In Market research (pp. 265-311). Springer, Singapore. 

95. Bro, R., & Smilde, A. K. (2014). Principal component analysis. Analytical 

methods, 6(9), 2812-2831. 

96. Scimeca, M., Bischetti, S., Lamsira, H. K., Bonfiglio, R., & Bonanno, E. 

(2018). Energy Dispersive X-ray (EDX) microanalysis: A powerful tool in 

biomedical research and diagnosis. European journal of histochemistry : 

EJH, 62(1), 2841. 

97. Bro, R., & Smilde, A. K. (2014). Principal component analysis. Analytical 

methods, 6(9), 2812-2831. 

98. Schneider,   R.    (2011).    Energy-dispersive    X-ray    spectroscopy 

(EDXS). Surface and Thin Film Analysis: A Compendium of Principles, 

Instrumentation, and Applications,. 

99. David Holbrook. R., Pettibone, J. (2015) in Frontiers of Nanoscience. 

100. Abd Mutalib, M., Rahman, M. A., Othman, M. H. D., Ismail, A. F., & Jaafar, 

J. (2017). Scanning Electron Microscopy (SEM) and Energy-Dispersive X- 

Ray (EDX) Spectroscopy. Membrane Characterization, 161–179. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://www.sciencedirect.com/bookseries/frontiers-of-nanoscience


62 
 

101. Wang, G. C., (1992). Steel slag can be used in technical applications. Thesis 

for a PhD. The University of Wollongong is located in Wollongong, New 

South Wales, Australia. 

102. Hayes, A., (2022). Investopedia. K-ratio. Retrieved on May 5, 2022. From 

https://www.investopedia.com/terms/k/kratio.asp#:~:text=What%20Is%20the 

%20K%2DRatio,in%20the%20security%20being%20analyzed. 

103. Ayesha, S., Hanif, M. K., & Talib, R. (2020). Overview and comparative 

study of dimensionality reduction techniques for high dimensional 

data.Information Fusion, 59, 44-58. 

104. Goldstein J.I., Newbury D.E., Echlin P., et al. (2003). Scanning electron 

microscopy and X-ray microanalysis. 

105. Liu, K., & Guo, Y. (2022). Comparative Study of Mineralogical 

Characteristics   of   Natural   and   Synthetic   Amethyst   and   Smoky 

Quartz. Crystals, 12(12), 1735. 

106. Read, P. (2012). Gemmology. Routledge. 

107. Ekanayake, S., & Abeysinghe, D. (2010). Entrepreneurial Strategic 

Innovation Model For Attaining Premium Value For The Sri Lankan Gem 

And Jewellery Industry. Asian Academy of Management Journal. 15(2). 

108. Wise, M. A. (1995). Topaz: A mineralogical review.   Rocks   & 

Minerals, 70(1), 16-25. 

109. Lawrence Berkeley National Laboratory. Pulsed Laser Systems . Retrieved 

on September 27, 2022 . From https://www.lbl.gov/. 

110. Sallé, B., Mauchien, P., & Maurice, S. (2007). Laser-induced breakdown 

spectroscopy in open-path configuration for the analysis of distant 

objects. Spectrochimica Acta Part B: Atomic Spectroscopy, 62(8), 739-768. 

111. Fu, H., Jia, J., Wang, H., Ni, Z., & Dong, F. (2017). Calibration methods of 

laser-induced breakdown spectroscopy. Calibration and Validation of 

Analytical Methods-A Sampling of Current Approaches, 10, 85-107. 

112. Goldberg, D. J., & Whitworth, J. (1997). Laser skin resurfacing with the Q‐

switched Nd: YAG laser. Dermatologic surgery, 23(10), 903-906. 

113. Kotz, J. C., Treichel, P. M., Townsend, J., & Treichel, D. (2014). Chemistry 

& chemical reactivity. Cengage Learning. 

114. Oyama, Si., Tsuda, T.T., Hosokawa, K. et al. (2018). Auroral molecular- 

emission effects on the atomic oxygen line at 777.4 nm. Earth Planets 

Space 70, 166. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://www.investopedia.com/terms/k/kratio.asp
https://www.lbl.gov/


63 
 

115. Gem Rock Auction, (2023). What are Synthetic Gemstones,Imitation, and 

Simulants?. Retrieved on March 22, 2023. From 

https://www.gemrockauctions.com/learn/technical-information-on 

gemstones/what-are-gemstones-imitation-and-simulants. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

https://www.gemrockauctions.com/learn/technical-information-on-gemstones/what-are-synthetic-gemstones-imitation-and-simulants


 

70 
 

 

 

 

 

 

VITA 

 

 

 

The author was born in September 5,1996, in Perlis, Malaysia. She went to 

Sekolah Menengah Kebangsaan Tunku Putra, Langkawi, Kedah, Malaysia for her 

secondary school. She pursued her study at Malacca Matriculation College for one 

year. Then, she graduated with the Bachelor of Sciences with Honours (Applied 

Physics) for her degree study at Universiti Tun Hussein Onn Malaysia. Upon 

graduated, she work as a Research Assistant for 6 months before further her Degree 

of Master of Sciences at the same university. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH




