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The growing demand for efficient thermal management in electronic devices 
necessitates the exploration of advanced materials for thermal interface 
applications. Graphene oxide (GO) combined with tetraethyl orthosilicate 
(TEOS) forms a promising mixture for thermal interface materials (TIMs). Pulsed 
laser ablation (PLA) is a physical deposition technique to modify material 
structures, offering potential enhancements in thermal conductivity and other 
relevant properties. However, a comprehensive understanding of the specific 
effects of laser ablation on the structural characteristics of the GO-TEOS mixture 
remains limited. In this work, both GO that immersed in TEOS and ethanol 
solvent were used to fabricate graphene-silica polymer using liquid phase pulsed 
laser ablation (LP-PLA) technique. Different GO concentration for GO-TEOS 
mixture were ablated with different fluence of laser. The GO-TEOS solution was 
ablated with different fluence of laser. The ablated GO-TEOS solution was 
characterized by Fourier Transform Infrared (FTIR) Spectroscopy, Raman 
spectroscopy and Ultra-Violet Visible (UV-Vis) Spectroscopy to study the 
structural and optical properties of graphene-silicate polymer. The electrical and 
thermal properties were also characterized by using Electrochemical Impedance 
Spectroscopy (ELS), Differential Scanning Calorimetry (DSC) and Thermal 
Conductivity Analyzer to study the specific heat capacity, electrical and thermal 
conductivity of GO-TEOS mixture. The FTIR result showed that the laser ablation 
process has provided sufficient laser energy to create or break the chemical 
bond of GO and TEOS compounds as observed on Si-O and C-O bonds. The 
Raman result showed that intensity change in D band which suggesting the 
carbon atom of the GO has been functionalized with other compounds. The UV-
VIS result showed a broad absorption band with center at 492 nm and 532nm 
with increasing absorbance at low fluence then saturated and decreased at 
maximum laser fluence. The EIS measurement showed the electrical 
conductivity is the highest in 10-min laser fluence (10-min), thus observing an 
increment of conductivity. This high laser fluence have supplied sufficient energy 
to GO, resulting the transformation of benzene on GO basal plane to 
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cyclohexane thus increased the nucleation and agglomeration of GO particles 
that finally contributed to lower phonon scattering and improvement of the 
thermal conductivity. From the results above, several chemical interactions 
between GO and TEOS were observed, and the data suggested laser fluence 
as the major source to cause both photothermal and photochemical reaction on 
the samples. In short, both laser ablations provide sufficient energy to induce the 
chemical bonding, which further allow the structural modification on materials. 
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Permintaan yang semakin meningkat untuk pengurusan haba yang cekap dalam 
peranti elektronik memerlukan penerokaan bahan termaju untuk aplikasi antara 
muka terma. Grafin-oksida (GO) digabungkan dengan tetraetil-ortosilikat 
(TEOS) membentuk campuran yang menjanjikan untuk bahan antara muka 
terma (TIM). Ablasi laser denyutan (PLA) ialah teknik pemendapan fizikal untuk 
mengubah suai struktur bahan, menawarkan potensi peningkatan dalam 
kekonduksian terma dan sifat lain yang berkaitan. Walau bagaimanapun, 
pemahaman menyeluruh tentang kesan khusus ablasi laser pada ciri-ciri struktur 
campuran GO-TEOS masih terhad. Dalam kajian ini, GO yang terendam di 
dalam TEOS dan pelarut etanol telah digunakan untuk menghasilkan polimer 
grafin-silika dengan menggunakan teknik ablasi laser denyutan fasa cecair (LP-
PLA). Kepekatan GO yang berbeza telah diablasi dengan kelancaran laser yang 
berbeza untuk campuran GO-TEOS. Campuran GO-TEOS yang diablasi telah 
dicirikan oleh spektroskopi transformasi Fourier infrared (FTIR), spektroskopi 
Raman dan juga spektroskopi ultraungu tampak (UV-Vis) untuk mengkaji sifat 
struktur dan optic bagi polimer grafin-silikat. Sifat electrik dan haba juga dicirikan 
dengan spektroskopi impendans electrokimia (EIS), kalorimetri pengimbasasn 
beza (DSC) dan penganalisis konduksi terma untuk mengkaji muatan haba 
tentu, kekonduksian electrik dan terma bagi campuran GO-TEOS. Keputusan 
FTIR telah menunjukkan bahawa proses ablasi laser telah memberikan tenaga 
yang mencukupi untuk mencipta atau memecahkan ikatan kimia dari sebatian 
GO dengan TEOS seperti yang dicerap pada ikatan Si-O and C-O. Keputusan 
Raman menunjukkan bahawa perubahan keamatan dalam jalur D yang 
menunjukkan atom karbon daripada GO telah difungsikan dengan sebatian lain. 
Keputusan UV-VIS telah menunjukkan jalur penyerapan yang luas pada 
pertengahan 492nm dan 532nm dengan peningkatan penyerapan pada 
kelancaran rendah, kemudian tepu dan menurun pada kelancaran maksima. 
Pengukuran EIS telah menunjukkan pengurangan dalam rintangan pukal 
apabila pemalar dielektrik meningkat. Kenaikan dalam kekonduksian telah 
ditunjukkan. Kelancaran laser yang tinggi ini telah membekalkan tenaga yang 



© C
OPYRIG

HT U
PM

iv 
 

mencukupi untuk GO, mengakibatkan transformasi benzena pada satah basal 
GO kepada sikloheksana sekali gus meningkatkan nukleasi dan aglomerasi 
zarah GO yang akhirnya menyumbang kepada penyerakan fonon yang lebih 
rendah dan peningkatan kekonduksian terma. Berdasarkan keputusan-
keputusan di atas, beberapa interaksi kimia antara GO dan TEOS telah 
diperhatikan. Data yang berkaitan telah mencadangkan kelancaran laser 
sebagai sumber utama yang menyebabkan kedua-kedua reaksi fototerma da 
fotokimia pada sampel. Konklusinya, kedua-dua ablasi laser telah memberikan 
tenaga yang mencukupi untuk mengaruh ikatan kimia dan mengubahsuai 
struktur pada campuran GO-TEOS. 
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CHAPTER 1 
 

INTRODUCTION 
. 
 
1.1  Introduction 
 

This chapter presents the overview of thermal management in various industries 
such as automotive, electronics and more. Besides that, the materials that used 
in this work are also introduced in this chapter. This chapter also presents the 
motivation of the research study, problem statements related to the thermal 
applications for the industry, the objectives of this work and the outlines of this 
thesis. 
 

1.2  Overview of Thermal Management of Technologies  
 

According to Thermal News, the thermal management market is estimated to 
grow from $8.8 billion in 2020 to $12.8 billion by 2025 with a growth rate of 8.2%. 
The market has a promising growth potential due to several factors, including 
the rising demand for effective thermal management solutions and systems in 
consumer electronics, increasing demand for electric and hybrid vehicles, 
increasing use of electronic devices in different end-use industries, and ongoing 
radical miniaturization of electronic devices. 
 

Another good example of the company having detailed thermal management is 
the Apple Computer, Inc.. The optimum temperature for an iPhone is between 
0ºC to 35ºC regarding the Apple documentation. The temperature beyond 35ºC 
will surge the risk of permanent damage such as shortened battery life. There 
have also been reports of screens cracking due to excessive temperatures. 
Excessive heat caused by a poor heat dissipation design has become serious 
problem lately due to the increased high thermal output of high-end electronic 
components and devices. In power electronic components and devices, the 
thermal management system is a crucial to control and regulate the heat 
dispersion, storage and conversion to ensure the operation of the equipment.  
As the electronic devices is indispensable to our life from communication, energy 
storage, electric vehicles, battery and so many others appliance, effective 
thermal management system is urgently necessitated (Renteria et al, 2014; Wu 
et al., 2019; Marshall et al., 2019; Wang et al., 2020). An inefficient thermal 
management can cause overheating of the components become a challenging 
problem accelerate with the demand of smaller footprint, more capable, and 
more efficient electronic devices for future market (Feng et al., 2019). Thus, the 
development for advanced thermal management materials and technologies has 
been recognized as a challenge in thermal sciences research, thus demanding 
continuous improvements in device and system design performance.  
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Hannemann (2003) stated that the main approach in thermal management of 
electronic design can be viewed in terms of three different aspects but non-
separable problems. Firstly, the temperature of semiconductor chips must be 
maintained at a relatively low level from high local heat density. Next, the heat 
loads must be controlled and maintained low at the whole assembly or module 
level. Lastly, the thermal capacity of an electronic system must be contained to 
avoid a catastrophic failure. Thus, in order to avoid devices failure, advanced 
cooling solutions and pragmatic design for electronic package are required.  
 

The electronic packaging represents the physical barrier between electronic 
parts with the environment. In general, physically attached thermal interface 
material is used between the semiconductor and the lead frame to conduct heat 
to environmental. Although this method is effective and low cost, frequently it can 
produce a mechanical stress that may cause localized structural damage and 
the growth of cracks to the semiconductor chip die (Edwards et al., 1987). 
 

Additionally, thermal problem related to electric and electronic component can 
prompt to humidity complication. A high temperature environment has higher 
surrounding humidity that cause corrosion to the packaging materials and 
damaging the inner parts, leading to electrical failure (Einspruch, 2014). High 
environmental temperature and humidity can cause overstressing the wire 
bonds, thus tearing the connections loose and cracking the semiconductor dies, 
or causing packaging cracks.  
 

In the automotive industry, advanced automotive systems contribute greater 
quality to automobile safety, reliability, emission/noise performance and comfort. 
The automotive industry is slowly shifting from traditional vehicles powered by 
internal combustion engine to the electric vehicles. Energy efficiency refers to 
the amount of energy from the fuel source that is converted into actual energy 
for powering the wheels of a vehicle. From the study of Albatayneh et al. (2020), 
the traditional vehicles convert about 79% to 83% of the heat while electric 
vehicles convert about 10% to 15% of the heat energy for powering the wheels 
of a vehicle (Albatayneh et al., 2020).  
 

Thermal management and proper insulation are very important to maintain the 
engine durability and passenger comfort. Notedly, the heat is produced by the 
combustion engine in conventional vehicles or by the electric vehicle 
components such as battery, motor, power electronics. Materials with poor heat 
transfer coefficient will reduce the performance and engine lifetime of the 
conventional vehicles or components in electric vehicles. For an example, heat 
shield can be used to shield and dissipate heat from engine component when a 
large amount of heat given off by internal combustion engines. It also protects 
internal electronic components that could become damaged by extreme 
temperatures. (Fortunato et al., 2007; Chinchole et al., 2018). 
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Thermal management required a good thermal interface material (TIM). There 
are two categories of TIMs, first is the ability to conduct heat and second is the 
ability to store heat.  Basically, TIM is a material placed between two interfaces 
of module to transfer or insulate the heat. The heat energy will be stored in the 
system or dissipated to environment. It is important for the TIM to have good 
contact between the surfaces so that it able to reduces or increases the thermal 
interfacial resistance (TIR) between two interfaces (Lewis et al., 2021). Hence, 
the need of advanced TIM is crucial to improve the performance and reliability of 
the advanced devices.   
 

Regarding to these critical needs, advanced materials and fabrication process 
improvements in packaging and cooling technology are required to provide 
efficient thermal transfer’s material, longer usage lifetime, good thermal transient 
behavior, environmentally friendly, low weight and fabrication cost. 
 

1.3  Graphene Oxide (GO)  
  

Historically, in the year of 1859, graphene oxide (GO) was first and successfully 
synthesized by oxidation and exfoliation of graphite (Brodie, 1859). GO is a 
chemically modified graphite that contains chemically reactive oxygen-functional 
groups. These oxygen functional groups, such as epoxides, carboxylic acid and 
alcohol shown in Figure 1.1 are covalently bonded to the basal plane and edges 
of graphene, making it contain a mixture of sp2 and sp3 hybridized carbon atoms 
(Dreyer et al., 2010). The oxygen-functional groups in GO leads to the good 
electrical and optical properties (Loh et al., 2010; Ekiz et al., 2011) which 
provides potential applications in the several fields, such as energy (Li et al., 
2010; Zhao et al., 2012), electronics (Eda et al., 2008: Eda & Chhowalla, 2010), 
optics (Loh et al., 2010) and biosensors (Balapanuru et al., 2010). Nowadays, 
GO has attracted a lot of attention from the researchers because it’s simple, 
scalable, and can be synthesized at low-cost (Smith et al., 2019). It can easily 
be mixed with different types of polymers and other materials, and enhance 
several properties of composite materials like tensile strength, elasticity, 
electrical and thermal conductivity (Tang et al., 2014; Chee et al., 2015; Smith et 
al., 2019). 
 

 
Figure 1.1: Chemical structure of Graphene Oxide (GO) 
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1.4  Tetraethyl Orthosilicate (TEOS) 
 

Tetraethyl orthosilicate (TEOS) is a silicone polymer which has chemical formula 
of 𝑆𝑖(𝑂𝐶!𝐻")#. It is a colorless liquid that easily degrades in 𝑆𝑖𝑂!. TEOS is a glass 
precursor in the semiconductor industry. When an alcohol is added to the TEOS, 
TEOS will easily convert to silicon hydroxide. This process is known as 
alcoholysis (Brinker & Scherer, 2013). The reaction proceeds through the 
condensation reactions causing the formation of Si-O-Si linkages in TEOS 
molecules. It can be acted as coupling agent which formed a covalent bond 
between organic and inorganic compounds (Arklas, 2006). Figure 1.2 shows the 
chemical structure of the TEOS which often exploited as one of the silanes 
coupling agent materials. 
 

 
Figure 1.2: Chemical structure of Tetraethyl Orthosilicate (TEOS) which is 
used as coupling agent. 
 

1.5  Pulsed Laser Ablation (PLA) 
 

Pulsed laser ablation (PLA) is a process related to the ejection of material from 
the surface using high energy photon (Smith & Turner, 1965; DellʼAglio et al., 
2015). In the year of 1965, the first PLA system for the growth of thin films was 
developed after the invention of pulsed ruby laser (Smith & Turner, 1965). From 
the study of Smith & Turner (1965), several types of thin films, such as copper 
(Cu), Selenium (Se), Tellurium (Te) and Germanium (Ge) were synthesized on 
the various target materials under different types of background gases and laser 
parameters such as the laser wavelength, fluence, and pulse duration. In the 
year of 1987, Patil and co-workers are the first group that conducted the 
experiment involving laser ablation in liquid (Patil et al., 1987). They used pulsed 
ruby laser to ablate an iron target in water to form metastable phase of iron oxide. 
This method is called as Liquid Phase Pulsed Laser Ablation (LP-PLA). The solid 
iron target was immersed in the liquid and laser beam is focused through the 
liquid onto the surface of solid target (Patil et al., 1987). Although Patil and co-
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workers developed a new laser ablation technique in liquid, they unable to attract 
attention from other researchers. But the situation was changed after the work 
from Ogale (1988). The potential of LP-PLA was highlighted to modify metal 
surface, such as metallic oxidation, nitriding, and carbiding. This pioneering work 
successfully opened new era for materials processing based on the PLA of solids 
in various liquids. Comparing with other traditional physical methods, such as 
chemical vapour deposition (CVD), hydrothermal and so on (Kempa et al., 2003; 
Yang & Zeng, 2004), LP-PLA provided a simple and clean synthesis technique. 
LP-PLA provided a lot of advantages when compared to others traditional 
physical deposition methods. For examples, LP-PLA does not produce any 
byproducts that contained in the final product. Other than that, LP-PLA is a cost-
effective approach and is considered easier to implement compared to the more 
conventional use of controlled vacuum or gaseous media environments (Amans 
at al., 2009; Al-Hamaoy et al., 2014).  
 
 
1.6  Research Motivation 
 

The current market and demands for the smaller, more capable, and more 
efficient power devices are increasing along with the new technology 
advancement. However, the biggest issue of the power and electronic devices 
is excessive heat that caused the overheating problem. Any devices that operate 
above the optimal condition will experience a performance reduction, shorter 
lifetime and importantly affect the reliability of devices (Almubarak, 2017; Bi et 
al., 2017). To overcome the heat problem, TIMs have been used and play a very 
important role to dissipate the heat in these devices. 
 

Nowadays, silicone polymer is widely used as the polymer binder for high 
performance TIMs (Zhou et al., 2020; Chowdhury et al., 2021; Hu et al., 2022). 
Silicone polymer is comprised by silicone backbones (Si-O) with attaching 
monovalent organic radicals (RSi-O). Furthermore, the silicone polymers shown 
excellent characteristics such as low glass transition temperature, high thermal 
stability and good electrical insulation (Goodman, 1989; Chowdhury et al., 2021) 
mainly relies on the addition of functional fillers (Zhou et al., 2020; Chowdhury et 
al., 2021). Thus, it is important to choose suitable fillers to cater to the specific 
application requirements of silicone polymer. 
 

In order to develop a new silicone-based TIMs with higher thermal conductivity, 
several types of filler material have been examined such as alumina (Al2O3), 
carbon nanotubes (CNTs), silver (Ag) and graphite (Wong et al., 1999; Sim et 
al., 2005; Cola et al., 2007; Zeng et al., 2010; Theerthagiri et al., 2019). The filler 
materials such as CNTs and metal are preferred due to high thermal conductivity 
coefficients. The electrical and thermal conductivities of filler materials are 
showed in the Figure 1.3 (Lewis et al. 2021). 
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Figure 1.3: Electrical and thermal conductivities of filler materials.  
(Source: Lewis et al., 2021) 
 

Among many of fillers for polymers, carbon allotropes are new type of materials 
has drawn an extensive attention and interest for thermal related-application. 
Graphene and CNTs are two most recognize materials that used for the thermal 
related-application. Based on the several studies, graphene-based TIM have 
achieved better thermal conductivity and low TIR when compared to CNTs-
based TIM (Shahil et al., 2011; Mohamed et al., 2020). Graphene has higher 
surface-to-volume ratios than CNTs because of the inner nanotube surface of 
CNT is inaccessible to the TIM’s polymer molecules (Saifuddin et al., 2013; 
Bhattacharya, 2016). This caused the polymer molecules difficult to enter the 
inner nanotube surface of CNTs, thus increased the overall TIR of the polymer. 
This makes graphene sheets is more favorable for altering the thermal, electrical, 
physical and chemical properties of TIM’s polymer molecules. However, it is 
known that the carbon atoms in the two-dimensional (2-D) honeycomb structure 
of graphene is very stable due to tightly packed carbon atoms and sp2 orbital 
hybridization (Pareek & Mohan, 2019). Thus, the functionalized of graphene 
must be carried out to maximize the bonding with polymer molecules. 
Specifically, the chemically bond affinity of the graphene with other 
elements/materials is due to the oxygen functional groups in GO (Fraga et al., 
2020). Therefore, when the number of oxygen functional groups in GO 
increased, the reactivity between GO and polymer molecules also increases. 
 

Photoreduction method is environmentally friendly approach that can be used to 
reduce/remove the oxygen functional groups in GO (Naik & Krishnaswamy, 
2017). From their studies, Naik and co-workers (2017) found that the carbon-
oxygen ratio in GO increased when the surface temperature of GO increased to 
200oC. They stated that the observation can be due to the laser heating and the 
heat generated due to the reduction reaction within the GO. In this method, the 
light/photon is used to provides the energy required for the chemical reactions, 
which can breakdown or create new bonds of chemical species. Basically, 
photoreduction can be classified into three categories, such as photochemical, 
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photothermal and laser reduction. The photochemical method occurs when the 
chemical molecule absorbs the photon energy. The photothermal method occurs 
when the chemical molecule absorbs the heat energy, generally by an increase 
of the temperature of the reaction medium. In general, the photochemical 
process occurs when the wavelength of laser light is approaching the ultraviolet 
(UV) region while the photothermal process occur when the wavelength of laser 
light is reached above the UV region. For the laser reduction, both photothermal 
and photochemical were involved when the chemical molecules absorb the 
photon and heat energy at the same time. Thus, the photoreduction method is a 
cost-effective, simple and efficient when compared with compared with 
conventional thermal and chemical routes (Zhang et al., 2010). 
 
 
1.7  Problem Statements 
 

Recently, GO/reduced graphene oxide (rGO)-based polymer composites are 
widely used in the thermal management applications due to higher thermal 
conductivity coefficient (Teng et al., 2011; Li et al., 2017; Pan et al., 2021). Teng 
and co-worker (2011) reported that the thermal conductivity of GO-based 
polymer composites is higher when compared to the single-walled carbon-
nanotube (SWCNT)/epoxy composites. They also found that the thermal 
conductivity of composites increased when the GO content increases. Besides, 
Li et al. (2017) reported that the rGO-based thermoplastic polyurethane (TPU) 
composite exhibits a high thermal conductivity (0.8 W/mK) at an ultralow 
graphene concentration of 1.04wt.%. They found that the increment of the rGO 
improved the heat conduction between rGO and TPU due to higher heat flux in 
rGO. Pan et al. (2021) have prepared GO-based polymer composites by using 
water-soluble polyvinyl alcohol (PVA) and GO dispersion. They found that the 
intermolecular reaction between PVA and GO contribute to an improved thermal 
conductivity (∼25 W/mK). Their results also indicated the thermal conductivity 
increases with increasing concentration of GO. From many studies above, the 
concentration of GO becomes an important factor to enhance the thermal 
conductivity of the composites. 
 

GO as in pure form has very limited usage. Thus, the functionalization of GO is 
very important to enhance the physical and chemical properties of GO. GO can 
be functionalized by using either covalent or non-covalent approaches. Covalent 
functionalization of GO is the formation of covalent bond between the 
unsaturated carbon π-bond with oxygen-functional groups such as carbonyl, 
hydroxyl, and epoxides groups. This oxygen-functional groups are the most 
peculiar site studies for covalent functionalization of GO. There are several 
common reactions for covalent functionalization of GO, such as acylation, 
esterification, salinization, nucleophilic addition, amide formation, diazotization 
and cycloaddition (Innocenzi, 2014; Lei et al., 2017; Wang et al., 2010; Du & 
Cheng, 2012; Xu et al., 2009; Chua & Pumera, 2012; Burress et al., 2010; Wang 
et al., 2008; Xu et al., 2012; Li et al., 2011; Lomeda et al., 2008). While for the 
non-covalent functionalization, the carbon atoms in the GO planar or oxygen-
functionalized GO planar interact with other molecules via hydrogen bonds, ionic 
interaction, π-π interaction, hydrophobic interaction, etc (Tarajeshwar & Kim, 
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2001; Dreyer et al., 2010; Vijayakumar et al., 2014). This functionalization is 
particularly interest as it does not affect the π-conjugation of the GO sheet and 
therefore retain their intrinsic thermal and electric conductivities. There are 
several researchers studied shown the covalent bond GO with siloxane. 
 

The oxygen-functional group of GO affect the physical and optical properties of 
polymer composites. The oxygen functional groups have better interactions with 
various polymers as reported Wang et al. (2010), Du & Cheng (2012); Xu et al. 
(2009). Several numbers of GO-based polymer nanocomposites have been 
studied from different research groups (Wang et al., 2010; Du & Cheng, 2012; 
Xu et al., 2009) Based on the study from Wang et al. (2011), they prepared the 
polyimide-4,4’-Diaminodiphenyl ether-graphene oxide (PI-ODA-GO) composites 
via in situ polymerization. They functionalized the GO with the ODA. Their SEM 
and XRD results show that the ODA monomer successfully attached to the epoxy 
groups on the GO surface via nucleophilic attack by amine. Xu et al. (2009) 
modified the surface of graphene via the covalent attachment of a porphyrin ring 
on the GO surfaces. They used thionyl chloride to activate the carboxylic acid 
group in the presence of porphyrin using N,N-dimethylformamide (DMF) as a 
solvent. Unfortunately, the chemical interaction of GO with polymer is a complex 
process and some possible interactions have been proposed to explain the 
interaction (Bhattacharya, 2016) based on their unique influences on the 
physical, thermal, electrical and optical properties of polymer nanocomposites. 
 

Based on the studies of electrical behavior of GO-based polymer composites, 
the electrical conductivity was found to highly depending on filler type, shape, 
size, and filler dispersion and distribution in the composite. The electrical 
conductivity coefficient of GO-based polymer composites was found to enhance 
when the concentration of GO is higher (Campbell, 2010; Cassinese, 2011). The 
conductive path is formed which make the free electrons in the composite to 
travel easily, and eventually raised up the electrical conductivity of the 
composite.  
 

The thermal properties study performed by Luo and Lloyd (2012) show the 
influences of graphene size, interfacial bonding strength, and polymer density on 
the interfacial thermal transport. They found the thermal conductivity of 
graphene/graphite-polymer composites was improved by increasing the size of 
graphene particles which led to extra covalent bonds between the graphite edges 
and polymer molecules. However, the effect of geometries of the 
graphene/graphite also affects the overall thermal conductivity of the composites 
(Balandin, 2011; Pop et al., 2012). Basically, thermal conductivity is the intrinsic 
property of a material which relies on the transport of electrons and phonons. 
The thermal conduction is dominated by phonons when few free electrons are 
observed in the 2-D materials limitedly. It is also noticed that thermal conductivity 
in 2-D materials varies significantly in different planes due to their anisotropic 
atomic structures. Based on the literature studies, the in-plane thermal 
conductivity of graphene is the highest (2000-4000 W/mK) at room temperature 
when compared with other materials, such as CNTs and graphite (Dresselhaus 
et al., 1996; Balandin, 2011; Pop et al., 2012). This is because of the strong 
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covalent sp2 bonding resulting in high in-plane group velocities of phonons and 
low crystal lattice anharmonicity for in-plane vibrations. By contrast, heat flow in 
the out-of-plane direction of 2-D material is strongly limited by weak Van der 
Waals force, thus, the thermal conductivity is very low (6 W/mK) at room 
temperature (Dresselhaus et al., 1996; Balandin, 2011; Pop et al., 2012). 
 

The laser-ablated GO exhibits strategic enhancements in dispersion and 
interaction within the polymer matrix, leading to the optimization of thermal 
transport efficiency across the interface (Altuwirai, 2022). This advancement not 
only elucidates the effectiveness of laser ablation in modifying the material's 
structure but also opens up a promising avenue for crafting high-performance 
polymer-based TIMs with tailored thermal properties. This development 
suggests significant progress in thermal management applications. Besides, 
composite materials were fabricated with varying concentrations of GO, 
revealing a clear and substantial correlation between GO concentration and 
improved thermal conductivity (Lewis et al., 2021). These results underscore the 
critical role of GO in refining heat transfer pathways within the TIM, emphasizing 
that elevated concentrations of GO contribute to superior thermal performance. 
This insight not only adds to our fundamental understanding of heat dissipation 
mechanisms in GO-based TIMs but also carries practical implications for the 
design of advanced thermal management solutions across diverse applications, 
including electronics and microelectronics. 
 
 
1.8  Objectives of the Research 
 

The main objective of the research project is to synthesis GO with silicon polymer 
composite using laser ablation method and to investigate the thermal properties 
of the GO-silicon polymer for thermal application. To achieve this purpose, the 
research work objective is constituted and deliberated further. Therefore, the 
objectives of the research are divided into three small objectives to facilitate the 
research work. 
 

The research objectives for this present study will be stated as follow: 
• To study the effect of laser ablation on the structure of GO-TEOS mixture 

for thermal interface materials. 
• To characterize the chemical composition, physical and optical 

properties of GO-TEOS mixture solution with different GO concentration. 
• To investigate electrical and thermal conductivities of GO-TEOS mixture 

with different GO concentration. 
 
 
1.9  Research Scope 
 

This new light-induced functionalization of GO in solutions has been considered 
to emulate a great deal of attention as an effective way for obtaining an 
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acceptable degree of exfoliation and improvement of silicone polymer 
performance with GO. When a high-power pulsed laser beam irradiates the 
sample, the extremely high-energy from the laser breaks down the chemical 
bonds thus functionalizing the GO with TEOS polymer. The synthesized GO-
silicone polymer is a new type of materials which drawn an extensive attention 
and interest for thermal related-application. 
 

Fourier Transform Infrared (FTIR) is used to determine the chemical composition 
and the vibration modes in the mixture solution. Raman spectroscopy is used to 
distinguish the number of graphene layers and quantify the effect of disorder on 
its properties of the GO. Besides that, surface topography and lattice spacing of 
samples will be determined by using Transmission Electron Microscopy (TEM). 
The particle size distribution of the materials is determined by using Particle Size 
Analyzer (PSA) utilizing dynamic light scattering (DLS) technique in the particle 
size range of 0.2μm to 1000μm.  
 

The conductivity and dielectric measurements of the GO-TEOS mixture ranging 
between 10 Hz to 1 MHz will be performed to determine the electrical properties 
of the laser ablated GO-TEOS mixture. In addition, the phase transition and 
specific heat capacity of samples is determined by using Differential Scanning 
Calorimetry (DSC) in the range of 30°C to 125°C with sapphire as the reference 
material. Moreover, thermal conductivity of the samples is determined by using 
TEMPOS thermal analyzer. 
 
 
1.10  Thesis Outline 
 

This thesis will be separated into 5 chapters. 
 

Chapter 1 contains the brief overview of the research. This chapter provides a 
short introduction of the materials and relevant technologies used in the 
research. Besides, the motivation and problem related to current thermal 
management system in various industries also discussed. Lastly, the objectives 
of the research are listed in this chapter.  
 

Chapter 2 discusses the mechanism of the thermal conductivity of the materials. 
The related fabrication methods are mentioned in this chapter and used as 
guidance to determine the most effective fabrication method. Other than that, the 
types of carbon allotropes are also discussed in this chapter. Furthermore, this 
chapter also deliberates the carbon-family nanocomposites fabrication methods. 
Besides that, current research and findings related to the laser ablation process 
are also discussed in this chapter. 
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Chapter 3 presents the methodology of the sample preparation and 
characterization techniques that used to measure the physical, optical, thermal 
and electrical properties of the samples. In addition, the data analyzing 
techniques for samples are also discussed in this chapter. 
 

Chapter 4 reports the experimental result of physical, optical, electrical and 
thermal characterization of the samples. The analysis of the experimental results 
and discussion of the findings of the chemical composition, physical, optical, 
electrical and thermal properties for the fabricated samples are presented. 
 

Chapter 5 presents the conclusion of the research work. All the finding from 
analyzed results in Chapter 4 are summarized. A brief summary of the main 
results is presented together with possible future research directions. 
  



© C
OPYRIG

HT U
PM

92 
 

REFERENCES 
 

Al-Hamaoy, A., Chikarakara, E., Jawad, H., Gupta, K., Kumar, D., Rao, M. R., ... 
& Brabazon, D. (2014). Liquid Phase–Pulsed Laser Ablation: A route to 
fabricate different carbon nanostructures. Applied Surface Science, 302, 
141-144.  

 
Al-Oweini, R., & El-Rassy, H. (2009). Synthesis and characterization by FTIR 

spectroscopy of silica aerogels prepared using several Si (OR) 4 and R′′ Si 
(OR′) 3 precursors. Journal of Molecular Structure, 919(1-3), 140-145. 

 
Al-Saleh, M. H., & Abdul Jawad, S. (2016). Graphene nanoplatelet–polystyrene 

nanocomposite: dielectric and charge storage behaviors. Journal of 
Electronic Materials, 45(7), 3532-3539. 

 
Albatayneh, A., Assaf, M. N., Alterman, D., & Jaradat, M. (2020). Comparison of 

the Overall Energy Efficiency for Internal Combustion Engine Vehicles and 
Electric Vehicles. Rigas Tehniskas Universitates Zinatniskie Raksti, 24(1), 
669-680. 

 
Almubarak, A. A. (2017). The effects of heat on electronic components. Int. J. 

Eng. Res. Appl., 7(5), 52-57.  
 
Altuwirqi, R. M. (2022). Graphene nanostructures by pulsed laser ablation in 

liquids: a review. Materials, 15(17), 5925. 
 
Alves, F. L., Baptista, A. M., & Marques, A. T. (2016). Metal and ceramic matrix 

composites in aerospace engineering. In Advanced composite materials for 
aerospace engineering (pp. 59-99). Woodhead Publishing. 

 
Amans, D., Chenus, A. C., Ledoux, G., Dujardin, C., Reynaud, C., Sublemontier, 

O., ... & Guillois, O. (2009). Nanodiamond synthesis by pulsed laser ablation 
in liquids. Diamond and Related Materials, 18(2-3), 177-180.  

 
Architha, N., Ragupathi, M., Shobana, C., Selvankumar, T., Kumar, P., Lee, Y. 

S., & Selvan, R. K. (2021). Microwave-assisted green synthesis of 
fluorescent carbon quantum dots from Mexican Mint extract for Fe3+ 
detection and bio-imaging applications. Environmental Research, 199, 
111263. 

 
Ardebili, H., Zhang, J., & Pecht, M. G. (2019). Plastic encapsulant materials. 

Encapsulation Technologies for Electronic Applications, 2nd ed.; Ardebili, 
H., Zhang, J., Pecht, MG, Eds, 47-121. 

 
Ariga, K., & Aono, M. (Eds.). (2019). Advanced supramolecular 

nanoarchitectonics. William Andrew. 
 
Arkles, B. (2006). Hydrophobicity, Hydrophilicity and Silanes. Paint & Coatings 

Industry, (October),114.  



© C
OPYRIG

HT U
PM

93 
 

Aslam, M. M. A., Kuo, H. W., Den, W., Usman, M., Sultan, M., & Ashraf, H. (2021). 
Functionalized carbon nanotubes (Cnts) for water and wastewater 
treatment: Preparation to application. Sustainability, 13(10), 5717.  

 
Aspitarte, L., McCulley, D. R., Bertoni, A., Island, J. O., Ostermann, M., Rontani, 

M., ... & Minot, E. D. (2017). Giant modulation of the electronic band gap of 
carbon nanotubes by dielectric screening. Scientific reports, 7(1), 1-9. 

 
ASTM D3418-12 (2014), Standard Test Method for Transition Temperatures and 

Enthalpies of Fusion and Crystallization of Polymers by Differential 
Scanning Calorimetry, ASTM International, West Conshohocken, PA. 

 
ASTM D5334-14 (2014), Standard Test Method for Determination of Thermal 

Conductivity of Soil and Soft Rock by Thermal Needle Probe Procedure, 
ASTM International, West Conshohocken, PA. 

 
ASTM E1269-11 (2018), Standard Test Method for Determining Specific Heat 

Capacity by Differential Scanning Calorimetry, ASTM International, West 
Conshohocken, PA. 

 
Babaahmadi, V., & Montazer, M. (2016). Reduced graphene oxide/SnO2 

nanocomposite on PET surface: Synthesis, characterization and application 
as an electro-conductive and ultraviolet blocking textile. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 506, 507-513. 

 
Bagri, A., Mattevi, C., Acik, M., Chabal, Y. J., Chhowalla, M., & Shenoy, V. B. 

(2010). Structural evolution during the reduction of chemically derived 
graphene oxide. Nature chemistry, 2(7), 581-587. 

 
Bakry, R., Vallant, R. M., Najam-ul-Haq, M., Rainer, M., Szabo, Z., Huck, C. W., 

& Bonn, G. K. (2007). Medicinal applications of fullerenes. International 
journal of nanomedicine, 2(4), 639-649. 

 
Balapanuru, J., Yang, J. X., Xiao, S., Bao, Q., Jahan, M., Polavarapu, L., ... & 

Loh, K. P. (2010). A graphene oxide–organic dye ionic complex with DNA-
sensing and optical-limiting properties. Angewandte Chemie International 
Edition, 49(37), 6549-6553.  

 
Balberg, I. (1987). Tunneling and nonuniversal conductivity in composite 

materials. Physical Review Letters, 59(12), 1305. 
 
Bandara, T. M. W. J., & Mellander, B. E. (2011). Evaluation of mobility, diffusion 

coefficient and density of charge carriers in ionic liquids and novel 
electrolytes based on a new model for dielectric response. Ionic liquids: 
theory, properties, new approaches, 17(1), 383-406. 

 
Barton, S. J., Ward, T. E., & Hennelly, B. M. (2018). Algorithm for optimal 

denoising of Raman spectra. Analytical methods, 10(30), 3759-3769.  
 



© C
OPYRIG

HT U
PM

94 
 

Bayram-Hahn, Z., Grimes, B. A., Lind, A. M., Skudas, R., Unger, K. K., 
Galarneau, A., ... & Fajula, F. (2007). Pore structural characteristics, size 
exclusion properties and column performance of two mesoporous 
amorphous silicas and their pseudomorphically transformed MCM-41 type 
derivatives. Journal of separation science, 30(18), 3089-3103. 

 
Beaumont, P. W. (2020). The Structural Integrity of Composite Materials and 

Long-Life Implementation of Composite Structures. Applied Composite 
Materials, 27(5), 449-478.  

 
Bebek, M. B., Stanley, C. M., Gibbons, T. M., & Estreicher, S. K. (2016). 

Temperature dependence of phonon-defect interactions: phonon scattering 
vs. phonon trapping. Scientific reports, 6(1), 1-10. 

 
Beers, R. F. & Sizer, I. W. (1951). A Spectrophotometric Method for Measuring 

the Breakdown of Hydrogen Peroxide by Catalyse. Journal of Biological 
Chemistry, 195, 133–140.  

 
Bera, M., Gupta, P., & Maji, P. K. (2018). Facile one-pot synthesis of graphene 

oxide by sonication assisted mechanochemical approach and its surface 
chemistry. Journal of nanoscience and nanotechnology, 18(2), 902-912. 

 
Berger, C., Song, Z., Li, X., Wu, X., Brown, N., Naud, C., ... & de Heer, W. A. 

(2006). Electronic confinement and coherence in patterned epitaxial 
graphene. Science, 312(5777), 1191-1196. 

 
Bhattacharya, M. (2016). Polymer nanocomposites—a comparison between 

carbon nanotubes, graphene, and clay as nanofillers. Materials, 9(4), 262.  
 
Bhowmik, K., Pramanik, S., Medda, S. K., & De, G. (2012). Covalently 

functionalized reduced graphene oxide by organically modified silica: a 
facile synthesis of electrically conducting black coatings on glass. Journal 
of Materials Chemistry, 22(47), 24690-24697. 

 
Bhuyan, M. S. A., Uddin, M. N., Islam, M. M., Bipasha, F. A., & Hossain, S. S. 

(2016). Synthesis of graphene. International Nano Letters, 6, 65-83. 
 
Bi, W. W., Kuo, H. H., Ku, P., & Shen, B. (Eds.). (2017). Handbook of GaN 

semiconductor materials and devices. CRC Press.  
 
Bonaccorso, F., Colombo, L., Yu, G., Stoller, M., Tozzini, V., Ferrari, A. C., ... & 

Pellegrini, V. (2015). Graphene, related two-dimensional crystals, and 
hybrid systems for energy conversion and storage. Science, 347(6217), 
1246501. 

 
Brakat, A., & Zhu, H. (2021). Nanocellulose-Graphene Derivative Hybrids: 

Advanced Structure-Based Functionality from Top-down Synthesis to 
Bottom-up Assembly. ACS Applied Bio Materials, 4(10), 7366-7401. 

 



© C
OPYRIG

HT U
PM

95 
 

Brinker, C. J., & Scherer, G. W. (2013). Sol-gel science: the physics and 
chemistry of sol-gel processing. Academic press.  

 
Brodie, B. C. (1859). XIII. On the atomic weight of graphite. Philosophical 

transactions of the Royal Society of London, (149), 249-259.  
 
Burger, N., Laachachi, A., Ferriol, M., Lutz, M., Toniazzo, V., & Ruch, D. (2016). 

Review of thermal conductivity in composites: Mechanisms, parameters 
and theory. Progress in Polymer Science, 61, 1-28. 

 
Cahill, D. G., & Pohl, R. O. (1988). Lattice vibrations and heat transport in 

crystals and glasses. Annual review of physical chemistry, 39(1), 93-121.  
 
Campbell, F. C. (2010). Structural composite materials. ASM international.  
 
Canevari, T. C., Nakamura, M., Cincotto, F. H., de Melo, F. M., & Toma, H. E. 

(2016). High performance electrochemical sensors for dopamine and 
epinephrine using nanocrystalline carbon quantum dots obtained under 
controlled chronoamperometric conditions. Electrochimica Acta, 209, 464-
470. 

 
Capitelli, M., Casavola, A., Colonna, G., & De Giacomo, A. (2004). Laser-

induced plasma expansion: theoretical and experimental 
aspects. Spectrochimica Acta Part B: Atomic Spectroscopy, 59(3), 271-289. 

 
Carević, M. V., Abazović, N. D., Mitrić, M. N., Ćirić-Marjanović, G., Mojović, M. 

D., Ahrenkiel, S. P., & Čomor, M. I. (2018). Properties of 
Zirconia/Polyaniline hybrid nanocomposites and their application as 
photocatalysts for degradation of model pollutants. Materials Chemistry and 
Physics, 205, 130-137. 

 
Cassinese, A. (2011). Conductive Composites. Wiley Encyclopedia of 

Composites, 1-11.  
 
Chang, S., Zhang, Y., Huang, Q., Wang, H., & Wang, G. (2013). Effects of 

vacancy defects on graphene nanoribbon field effect transistor. Micro & 
Nano Letters, 8(11), 816-821. 

 
Chee, W. K., Lim, H. N., Huang, N. M., & Harrison, I. (2015). Nanocomposites of 

graphene/polymers: a review. Rsc Advances, 5(83), 68014-68051. 
 
Chekanov, Y., Ohnogi, R., Asai, S., & Sumita, M. (1999). Electrical properties of 

epoxy resin filled with carbon fibers. Journal of materials science, 34(22), 
5589-5592. 

 
Chen, D., Zhu, H., & Liu, T. (2010). In situ thermal preparation of polyimide 

nanocomposite films containing functionalized graphene sheets. ACS 
applied materials & interfaces, 2(12), 3702-3708. 

 



© C
OPYRIG

HT U
PM

96 
 

Chen, J., Li, Y., Huang, L., Li, C., & Shi, G. (2015). High-yield preparation of 
graphene oxide from small graphite flakes via an improved Hummers 
method with a simple purification process. Carbon, 81, 826-834. 

 
Chen, Y., Fu, K., Zhu, S., Luo, W., Wang, Y., Li, Y., ... & Hu, L. (2016). Reduced 

graphene oxide films with ultrahigh conductivity as Li-ion battery current 
collectors. Nano letters, 16(6), 3616-3623. 

 
Chinchole, S. P., Borse, R. R., Patil, R. Y., & Patil, J. G. (2018). Review on An 

Innovative Approach to Study the Thermal Performance of Muffler Heat 
Shield for Hero Xtreme 200R Bike. 

 
Chowdhury, A. S. M., Rabby, M. M., Kabir, M., Das, P. P., Bhandari, R., Raihan, 

R., & Agonafer, D. (2021). A Comparative Study of Thermal Aging Effect on 
the Properties of Silicone-Based and Silicone-Free Thermal Gap Filler 
Materials. Materials, 14(13), 3565. 

 
Clyne, T. W., & Hull, D. (2019). An introduction to composite materials. 

Cambridge university press. 
 
Coates, J. (2000). Interpretation of infrared spectra, a practical approach. 
 
Cola, B. A., li, X., & Fisher, T. S. (2007). Increased real contact in thermal 

interfaces: A carbon nanotube/foil material. Applied physics letters, 90(9), 
093513. 

 
Cote, L. J., Cruz-Silva, R., & Huang, J. (2009). Flash reduction and patterning of 

graphite oxide and its polymer composite. Journal of the American 
Chemical Society, 131(31), 11027-11032. 

 
Czichos, H., & Saito, T. (2006). Springer handbook of materials measurement 

methods (Vol. 978, pp. 399-429). L. Smith (Ed.). Berlin: Springer. 
 
Dalagan, J. Q., & Enriquez, E. P. (2014). One-step synthesis of mesoporous 

silica–graphene composites by simultaneous hydrothermal coupling and 
reduction of graphene oxide. Bulletin of Materials Science, 37, 589-595. 

 
De Vries, D. A. (1952). A nonstationary method for determining thermal 

conductivity of soil in situ. Soil Science, 73(2), 83-90. 
 
Deliy, I. V., Danilova, I. G., Simakova, I. L., Zaccheria, F., Ravasio, N., & Psaro, 

R. (2009). 9. Tuning Selectivity through the Support in the Hydrogenation of 
Citral over Copper Catalysts. 

 
Desu, S. B. (1989). Decomposition chemistry of tetraethoxysilane. Journal of the 

American Ceramic Society, 72(9), 1615-1621. 
 
Dresselhaus, M. S., Dresselhaus, G., & Eklund, P. C. (1996). Science of 

fullerenes and carbon nanotubes: their properties and applications. Elsevier. 
 



© C
OPYRIG

HT U
PM

97 
 

Dreyer, D. R., Park, S., Bielawski, C. W., & Ruoff, R. S. (2010). The chemistry of 
graphene oxide. Chemical society reviews, 39(1), 228-240. 

 
Du, J., & Cheng, H. M. (2012). The fabrication, properties, and uses of 

graphene/polymer composites. Macromolecular Chemistry and Physics, 
213(10-11), 1060-1077. 

 
Du, X., Zhang, D., Shi, L., Gao, R., & Zhang, J. (2012). Morphology dependence 

of catalytic properties of Ni/CeO2 nanostructures for carbon dioxide 
reforming of methane. The Journal of Physical Chemistry C, 116(18), 
10009-10016. 

 
Eatemadi, A., Daraee, H., Karimkhanloo, H., Kouhi, M., Zarghami, N., 

Akbarzadeh, A., ... & Joo, S. W. (2014). Carbon nanotubes: properties, 
synthesis, purification, and medical applications. Nanoscale research 
letters, 9(1), 1-13. 

 
Eda, G., & Chhowalla, M. (2010). Chemically derived graphene oxide: towards 

large-area thin-film electronics and optoelectronics. Advanced materials, 
22(22), 2392-2415. 

 
Eda, G., Fanchini, G., & Chhowalla, M. (2008). Large-area ultrathin films of 

reduced graphene oxide as a transparent and flexible electronic material. 
Nature nanotechnology, 3(5), 270-274. 

 
Edwards, D., Heinen, K., Groothuis, S., & Martinez, J. (1987). Shear stress 

evaluation of plastic packages. IEEE Transactions on Components, Hybrids, 
and Manufacturing Technology, 10(4), 618-627. 

 
Einspruch, N. G. (Ed.). (2014). VLSI electronics: microstructure science. 

Academic Press.  
 
Ekiz, O. O., Urel, M., Guner, H., Mizrak, A. K., & Dana, A. (2011). Reversible 

electrical reduction and oxidation of graphene oxide. Acs Nano, 5(4), 2475-
2482. 

 
Ensor, D. S., & Pilat, M. J. (1971). The effect of particle size distribution on light 

transmittance measurement. American Industrial Hygiene Association 
Journal, 32(5), 287-292. 

 
Esposito, S. (2019). “Traditional” sol-gel chemistry as a powerful tool for the 

preparation of supported metal and metal oxide catalysts. Materials, 12(4), 
668. 

 
Eswaraiah, V., Sankaranarayanan, V., & Ramaprabhu, S. (2011). Functionalized 

graphene–PVDF foam composites for EMI shielding. Macromolecular 
Materials and Engineering, 296(10), 894-898. 

 
Fazio, E., Gökce, B., De Giacomo, A., Meneghetti, M., Compagnini, G., 

Tommasini, M., ... & Neri, F. (2020). Nanoparticles engineering by pulsed 



© C
OPYRIG

HT U
PM

98 
 

laser ablation in liquids: concepts and applications. Nanomaterials, 10(11), 
2317.  

 
Feng, C. P., Chen, L. B., Tian, G. L., Wan, S. S., Bai, L., Bao, R. Y., … & Yang, 

W. (2019). Multifunctional thermal management materials with excellent 
heat dissipation and generation capability for future electronics. ACS 
applied materials & interfaces, 11(20), 18739-18745.  

 
Flynn, G. W. (2015). Atomic Scale Imaging of the Electronic Structure and 

Chemistry of Graphene and Its Precursors on Metal Surfaces (No. DOE-
Columbia-13937-1). Columbia Univ., New York, NY (United States). 

 
Fortunato, F., Caprio, M., Oliva, P., D’Aniello, G., Pantaleone, P., Andreozzi, A., 

& Manca, O. (2007). Numerical and Experimental Investigation of the 
Thermal Behavior of a Complete Exhaust System (No. 2007-01-1094). SAE 
Technical Paper. 

 
Fraga, T. J. M., da Motta Sobrinho, M. A., Carvalho, M. N., & Ghislandi, M. G. 

(2020). State of the art: synthesis and characterization of functionalized 
graphene nanomaterials. Nano Express, 1(2), 022002.  

 
Fu, C., Zhao, G., Zhang, H., & Li, S. (2013). Evaluation and characterization of 

reduced graphene oxide nanosheets as anode materials for lithium-ion 
batteries. Int. J. Electrochem. Sci, 8(5), 6269-6280. 

 
Gadipelli, S., & Guo, Z. X. (2015). Graphene-based materials: Synthesis and gas 

sorption, storage and separation. Progress in Materials Science, 69, 1-60.  
 
Ganesh, E. N. (2013). Single walled and multi walled carbon nanotube structure, 

synthesis and applications. International Journal of Innovative Technology 
and Exploring Engineering, 2(4), 311-320. 

 
Ganguly, A., Sharma, S., Papakonstantinou, P., & Hamilton, J. (2011). Probing 

the thermal deoxygenation of graphene oxide using high-resolution in situ 
X-ray-based spectroscopies. The Journal of Physical Chemistry C, 115(34), 
17009-17019. 

 
Gao, F., Zhao, G. L., Yang, S., & Spivey, J. J. (2013). Nitrogen-doped fullerene 

as a potential catalyst for hydrogen fuel cells. Journal of the American 
Chemical Society, 135(9), 3315-3318. 

 
Garzón, C., & Palza, H. (2014). Electrical behavior of polypropylene composites 

melt mixed with carbon-based particles: Effect of the kind of particle and 
annealing process. Composites science and technology, 99, 117-123. 

 
Gauthier, M. M. (Ed.). (1995). Engineered materials handbook (Vol. 1). ASM 

International. 
 
Goodman, I. S. S. A. C. (1989). Heterochain block copolymers. Pergamon Press 

plc, Comprehensive Polymer Science., 6, 369-401.  
 



© C
OPYRIG

HT U
PM

99 
 

Grimsley, G. R., & Pace, C. N. (2004). Spectrophotometric determination of 
protein concentration. Curr Protoc Protein Sci, Chapter 3, Unit 3 1.  

 
Guo, H., Peng, M., Zhu, Z., & Sun, L. (2013). Preparation of reduced graphene 

oxide by infrared irradiation induced photothermal reduction. Nanoscale, 
5(19), 9040-9048. 

 
Guo, Y., Bao, C., Song, L., Yuan, B., & Hu, Y. (2011). In situ polymerization of 

graphene, graphite oxide, and functionalized graphite oxide into epoxy resin 
and comparison study of on-the-flame behavior. Industrial & Engineering 
Chemistry Research, 50(13), 7772-7783. 

 
Gupta, B., Kumar, N., Panda, K., Kanan, V., Joshi, S., & Visoly-Fisher, I. (2017). 

Role of oxygen functional groups in reduced graphene oxide for lubrication. 
Scientific reports, 7(1), 1-14.  

 
Han, Z., & Fina, A. (2011). Thermal conductivity of carbon nanotubes and their 

polymer nanocomposites: A review. Progress in polymer science, 36(7), 
914-944. 

 
Hannemann, R. J. (2003). Thermal control of electronics: Perspectives and 

prospects.  
 
Harris, P. J. F. (1999). Carbon Nanotubes and Related Structures. Cambridge 

University Press, Cambridge, UK. 
 
Hayden, O., & Nielsch, K. (Eds.). (2011). Molecular-and Nano-tubes. Springer 

Science & Business Media.  
 
Heinroth, F., Münnekhoff, R., Panz, C., Schmoll, R., Behnisch, J., & Behrens, P. 

(2008). The Sears number as a probe for the surface chemistry of porous 
silicas: Precipitated, pyrogenic and ordered mesoporous silicas. 
Microporous and mesoporous materials, 116(1-3), 95-100.  

 
Hench, L. L., & West, J. K. (1990). The sol-gel process. Chemical reviews, 90(1), 

33-72.  
 
Hershenson, H. (2012). Ultraviolet and visible absorption spectra. Elsevier.  
 
Higginbotham, A. L., Lomeda, J. R., Morgan, A. B., & Tour, J. M. (2009). Graphite 

oxide flame-retardant polymer nanocomposites. ACS applied materials & 
interfaces, 1(10), 2256-2261. 

 
Hintze, C., Morita, K., Riedel, R., Ionescu, E., & Mera, G. (2016). Facile sol–gel 

synthesis of reduced graphene oxide/silica nanocomposites. Journal of the 
European Ceramic Society, 36(12), 2923-2930. 

 
Hoffmann, F., & Fröba, M. (2010). Silica-based mesoporous organic–inorganic 

hybrid materials. The supramolecular chemistry of organic–inorganic hybrid 
materials. New Jersey, NJ: Wiley, 39-112. 



© C
OPYRIG

HT U
PM

100 
 

Hou, Y., Lu, Q., Deng, J., Li, H., & Zhang, Y. (2015). One-pot electrochemical 
synthesis of functionalized fluorescent carbon dots and their selective 
sensing for mercury ion. Analytica Chimica Acta, 866, 69-74. 

 
Hu, M., Yao, Z., & Wang, X. (2017). Characterization techniques for graphene-

based materials in catalysis. AIMS Materials Science, 4(3), 755-788. 
 
Hu, N. (Ed.). (2012). Composites and their properties. BoD–Books on Demand.  
 
Hu, Q., Bai, X., Zhang, C., Zeng, X., Huang, Z., Li, J., ... & Zhang, Y. (2022). 

Oriented BN/Silicone rubber composite thermal interface materials with high 
out-of-plane thermal conductivity and flexibility. Composites Part A: Applied 
Science and Manufacturing, 152, 106681.  

 
Hu, Z., Li, N., Li, J., Zhang, C., Song, Y., Li, X., ... & Huang, Y. (2015). Facile 

preparation of poly (p-phenylene benzobisoxazole)/graphene composite 
films via one-pot in situ polymerization. Polymer, 71, 8-14. 

 
Huang, H. Y., Huang, T. C., Yeh, T. C., Tsai, C. Y., Lai, C. L., Tsai, M. H., ... & 

Chou, Y. C. (2011). Advanced anticorrosive materials prepared from amine-
capped aniline trimer-based electroactive polyimide-clay nanocomposite 
materials with synergistic effects of redox catalytic capability and gas barrier 
properties. Polymer, 52(11), 2391-2400. 

 
Huang, N. J., Zang, J., Zhang, G. D., Guan, L. Z., Li, S. N., Zhao, L., & Tang, L. 

C. (2017). Efficient interfacial interaction for improving mechanical 
properties of polydimethylsiloxane nanocomposites filled with low content 
of graphene oxide nanoribbons. RSC advances, 7(36), 22045-22053. 

 
Hummers Jr, W. S., & Offeman, R. E. (1958). Preparation of graphitic oxide. 

Journal of the american chemical society, 80(6), 1339-1339. 
 
Iijima, S. (1991). Helical microtubules of graphitic carbon. Nature, 354(6348), 56-

58. 
 
Innocenzi, P., Falcaro, P., Grosso, D., & Babonneau, F. (2002). Microstructural 

evolution and order-disorder transitions in mesoporous silica films studied 
by FTIR spectroscopy. MRS Online Proceedings Library (OPL), 726, Q9-1. 

 
Innocenzi, P., Malfatti, L., Lasio, B., Pinna, A., Loche, D., Casula, M. F., ... & 

Mariani, A. (2014). Sol–gel chemistry for graphene–silica nanocomposite 
films. New Journal of Chemistry, 38(8), 3777-3782. 

 
Jiang, H., Pierce, J., Kao, J., & Sevick-Muraca, E. (1997). Measurement of 

particle-size distribution and volume fraction in concentrated suspensions 
with photon migration techniques. Applied optics, 36(15), 3310-3318.  

 
Johnson, D. W., Dobson, B. P., & Coleman, K. S. (2015). A manufacturing 

perspective on graphene dispersions. Current Opinion in Colloid & Interface 
Science, 20(5-6), 367-382. 



© C
OPYRIG

HT U
PM

101 
 

José-Yacamán, M., Miki-Yoshida, M., Rendon, L., & Santiesteban, J. G. (1993). 
Catalytic growth of carbon microtubules with fullerene structure. Applied 
physics letters, 62(6), 657-659. 

 
Kempa, K., Kimball, B., Rybczynski, J., Huang, Z. P., Wu, P. F., Steeves, D., ... 

& Ren, Z. F. (2003). Photonic crystals based on periodic arrays of aligned 
carbon nanotubes. Nano Letters, 3(1), 13-18. 

 
Khan, Z. H., Kermany, A. R., Öchsner, A., & Iacopi, F. (2017). Mechanical and 

electromechanical properties of graphene and their potential application in 
MEMS. Journal of Physics D: Applied Physics, 50(5), 053003. 

 
Kim, H., Miura, Y., & Macosko, C. W. (2010). Graphene/polyurethane 

nanocomposites for improved gas barrier and electrical conductivity. 
Chemistry of materials, 22(11), 3441-3450. 

 
Kochukhov, O., Makaganiuk, V., & Piskunov, N. (2010). Least-squares 

deconvolution of the stellar intensity and polarization spectra. Astronomy & 
Astrophysics, 524, A5.  

 
Korri-Youssoufi, H., Zribi, B., Miodek, A., & Haghiri-Gosnet, A. M. (2018). 

Carbon-Based Nanomaterials for Electrochemical DNA Sensing. In 
Nanotechnology and Biosensors (pp. 113-150). Elsevier.  

 
Kou, L., & Gao, C. (2011). Making silica nanoparticle-covered graphene oxide 

nanohybrids as general building blocks for large-area superhydrophilic 
coatings. Nanoscale, 3(2), 519-528. 

 
Krishnamoorthy, K., Veerapandian, M., Yun, K., & Kim, S. J. (2013). The 

chemical and structural analysis of graphene oxide with different degrees of 
oxidation. Carbon, 53, 38-49. 

 
Kroto, H. W., Allaf, A. W., & Balm, S. P. (1991). C60: Buckminsterfullerene. 

Chemical Reviews, 91(6), 1213-1235. 
 
Kumar, N., & Kumbhat, S. (2016). Essentials in nanoscience and 

nanotechnology (Vol. 486). John Wiley & Sons. 
 
Landry, C. J., Coltrain, B. K., Wesson, J. A., Zumbulyadis, N., & Lippert, J. L. 

(1992). In situ polymerization of tetraethoxysilane in polymers: chemical 
nature of the interactions. Polymer, 33(7), 1496-1506. 

 
Lee, K., Hwang, Y., Cheong, S., Choi, Y., Kwon, L., Lee, J., & Kim, S. H. (2009). 

Understanding the role of nanoparticles in nano-oil lubrication. Tribology 
letters, 35, 127-131. 

 
Lei, Y., Hu, Z., Cao, B., Chen, X., & Song, H. (2017). Enhancements of thermal 

insulation and mechanical property of silica aerogel monoliths by mixing 
graphene oxide. Materials Chemistry and Physics, 187, 183-190. 

 



© C
OPYRIG

HT U
PM

102 
 

Lesiak, B., Trykowski, G., Tóth, J., Biniak, S., Kövér, L., Rangam, N., ... & 
Malolepszy, A. (2021). Chemical and structural properties of reduced 
graphene oxide—dependence on the reducing agent. Journal of Materials 
Science, 56(5), 3738-3754.  

 
Lewis, J. S., Perrier, T., Barani, Z., Kargar, F., & Balandin, A. A. (2021). Thermal 

interface materials with graphene fillers: review of the state of the art and 
outlook for future applications. Nanotechnology, 32(14), 142003.  

 
Li, A., Zhang, C., & Zhang, Y. F. (2017). RGO/TPU composite with a segregated 

structure as thermal interface material. Composites Part A: Applied Science 
and Manufacturing, 101, 108-114.  

 
Li, C., Thostenson, E. T., & Chou, T. W. (2007). Dominant role of tunneling 

resistance in the electrical conductivity of carbon nanotube–based 
composites. Applied Physics Letters, 91(22), 223114. 

 
Li, S. S., Tu, K. H., Lin, C. C., Chen, C. W., & Chhowalla, M. (2010). Solution-

processable graphene oxide as an efficient hole transport layer in polymer 
solar cells. ACS nano, 4(6), 3169-3174. 

 
Li, Y., Zhu, J., Wei, S., Ryu, J., Sun, L., & Guo, Z. (2011). Poly 

(propylene)/graphene nanoplatelet nanocomposites: melt rheological 
behavior and thermal, electrical, and electronic properties. Macromolecular 
Chemistry and Physics, 212(18), 1951-1959. 

 
Lieber, C. M., & Zhang, Z. J. (1994). Synthesis of covalent carbon—nitride solids: 

Alternatives to diamond?. Advanced Materials, 6(6), 497-499. 
 
Lippert, T. (2010). UV laser ablation of polymers: from structuring to thin film 

deposition. Laser-surface interactions for new materials production, 130, 
141-175. 

 
Loh, K. P., Bao, Q., Eda, G., & Chhowalla, M. (2010). Graphene oxide as a 

chemically tunable platform for optical applications. Nature chemistry, 2(12), 
1015-1024.  

 
Loiseau, A., Launois, P., Petit, P., Roche, S., & Salvetat, J. P. (2006). 

Understanding carbon nanotubes. Lect. Notes Phys, 677, 495-543. 
 
Lomeda, J. R., Doyle, C. D., Kosynkin, D. V., Hwang, W. F., & Tour, J. M. (2008). 

Diazonium functionalization of surfactant-wrapped chemically converted 
graphene sheets. Journal of the American Chemical Society, 130(48), 
16201-16206.  

 
Long, J., Li, S., Liang, J., Wang, Z., & Liang, B. (2019). Preparation and 

characterization of graphene oxide and its application as a reinforcement in 
polypropylene composites. Polymer Composites, 40(2), 723-729. 

 
Lucas, A. A., Moreau, F., & Lambin, P. (2002). Optical simulations of electron 

diffraction by carbon nanotubes. Reviews of Modern Physics, 74(1), 1. 



© C
OPYRIG

HT U
PM

103 
 

 
Luo, T., & Lloyd, J. R. (2012). Enhancement of thermal energy transport across 

graphene/graphite and polymer interfaces: a molecular dynamics 
study. Advanced Functional Materials, 22(12), 2495-2502. 

 
Luo, Y. R. (2007). Comprehensive handbook of chemical bond energies. CRC 

press.  
 
Lv, Y., Deng, Q., Row, K. H., & Zhu, T. (2019). Silane coupling agents modified 

silica and graphene oxide materials for determination of sulfamerazine and 
sulfameter in milk by HPLC. Food Analytical Methods, 12(3), 687-696. 

 
Madkour, L. H., & Madkour, L. H. (2019). Carbon nanomaterials and two-

dimensional transition metal dichalcogenides (2D TMDCs). Nanoelectronic 
materials: fundamentals and applications, 165-245. 

 
Mahanta, N. K., & Abramson, A. R. (2012, May). Thermal conductivity of 

graphene and graphene oxide nanoplatelets. In 13th intersociety 
conference on thermal and thermomechanical phenomena in electronic 
systems (pp. 1-6). IEEE. 

 
Malard, L. M., Pimenta, M. A., Dresselhaus, G., & Dresselhaus, M. S. (2009). 

Raman spectroscopy in graphene. Physics reports, 473(5-6), 51-87. 
 
Mao, H. N., & Wang, X. G. (2020). Use of in-situ polymerization in the preparation 

of graphene/polymer nanocomposites. New Carbon Materials, 35(4), 336-
343. 

 
Maravi, S., Bajpai, J., & Bajpai, A. K. (2015). Facile Designing of Poly (vinyl 

alcohol-g-acrylonitrile)-Supported Flexible Graphene Films. Polymer-
Plastics Technology and Engineering, 54(15), 1541-1546. 

 
Marcano, D. C., Kosynkin, D. V., Berlin, J. M., Sinitskii, A., Sun, Z., Slesarev, 

A., … & Tour, J. M. (2010). Improved synthesis of graphene oxide. ACS 
nano, 4(8), 4806-4814. 

 
Marshall, G. J., Mahony, C. P., Rhodes, M. J., Daniewicz, S. R., Tsolas, N., & 

Thompson, S. M. (2019). Thermal Management of Vehicle Cabins, External 
Surfaces, and Onboard Electronics: An Overview. Engineering.  

 
Merkus, H. G. (2009). Particle size measurements: fundamentals, practice, 

quality (Vol. 17). Springer Science & Business Media. 
 
Mohamed, M., Omar, M. N., Ishak, M. S. A., Rahman, R., Yahaya, N. Z., Razab, 

M. K. A. A., & Thirmizir, M. Z. A. (2020). Comparison between CNT Thermal 
Interface Materials with Graphene Thermal Interface Material in Term of 
Thermal Conductivity. In Materials Science Forum (Vol. 1010, pp. 160-165). 
Trans Tech Publications Ltd. 

 
Mojica, M., Alonso, J. A., & Méndez, F. (2013). Synthesis of fullerenes. Journal 

of Physical Organic Chemistry, 26(7), 526-539. 



© C
OPYRIG

HT U
PM

104 
 

Mouritz, A. P. (2012). Introduction to aerospace materials. Elsevier. 
 
Naik, G., & Krishnaswamy, S. (2017). Photoreduction and thermal properties of 

graphene-based flexible films. Graphene, 6(02), 27.  
 
Novoselov, K. S., Fal′ ko, V. I., Colombo, L., Gellert, P. R., Schwab, M. G., & Kim, 

K. (2012). A roadmap for graphene. Nature, 490(7419), 192-200. 
 
Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D., Zhang, Y., Dubonos, 

S.V., ... & Firsov, A. A. (2004). Electric field effect in atomically thin carbon 
films. Science, 306(5696), 666-669. 

 
Ogale, S. B. (1988). Pulsed-laser-induced and ion-beam-induced surface 

synthesis and modification of oxides, nitrides and carbides. Thin Solid 
Films, 163, 215-227. 

 
Ozawa, H., Kawao, M., Uno, S., Nakazato, K., Tanaka, H., & Ogawa, T. (2009). 

A photo-responsive molecular wire composed of a porphyrin polymer and a 
fullerene derivative. Journal of Materials Chemistry, 19(44), 8307-8313. 

 
Palácio, G., Pulcinelli, S. H., & Santilli, C. V. (2022). Fingerprint of semi-

crystalline structure memory in the thermal and ionic conduction properties 
of amorphous ureasil–polyether hybrid solid electrolytes. RSC advances, 
12(9), 5225-5235. 

 
Palza, H., Vergara, R., & Zapata, P. (2011). Composites of polypropylene melt 

blended with synthesized silica nanoparticles. Composites Science and 
Technology, 71(4), 535-540. 

 
Pan, X., Debije, M. G., Schenning, A. P., & Bastiaansen, C. W. (2021). Enhanced 

thermal conductivity in oriented polyvinyl alcohol/graphene oxide 
composites. ACS Applied Materials & Interfaces, 13(24), 28864-28869. 

 
Pareek, A., & Mohan, S. V. (2019). Graphene and its applications in microbial 

electrochemical technology. Microbial Electrochemical Technology, 75-97.  
 
Park, H., Park, J., Lim, A. K., Anderson, E. H., Alivisatos, A. P., & McEuen, P. L. 

(2000). Nanomechanical oscillations in a single-C60 transistor. Nature, 
407(6800), 57-60. 

 
Park, J. S., Reina, A., Saito, R., Kong, J., Dresselhaus, G., & Dresselhaus, M. S. 

(2009). G′ band Raman spectra of single, double and triple layer graphene. 
Carbon, 47(5), 1303-1310. 

 
Parker, W. J., Jenkins, R. J., Butler, C. P., & Abbott, G. L. (1961). Flash method 

of determining thermal diffusivity, heat capacity, and thermal 
conductivity. Journal of applied physics, 32(9), 1679-1684.  

 
Patil, P. P., Phase, D. M., Kulkarni, S. A., Ghaisas, S. V., Kulkarni, S. K., 

Kanetkar, S. M., ... & Bhide, V. G. (1987). Pulsed-laser–induced reactive 



© C
OPYRIG

HT U
PM

105 
 

quenching at liquid-solid interface: Aqueous oxidation of iron. Physical 
review letters, 58(3), 238. 

 
Pilato, L. A., & Michno, M. J. (1994). Advanced composite materials. Springer 

Science & Business Media. 
 
Pillai, S. C., & Heir, S. (Eds.). (2017). Sol-gel materials for energy, environment 

and electronic applications. New York: Springer. 
 
Pillai, S. K., Ray, S. S., & Moodley, M. (2008). Purification of multi-walled carbon 

nanotubes. Journal of nanoscience and nanotechnology, 8(12), 6187-6207.  
 
Pokropivny, V. V., & Skorokhod, V. V. (2007). Classification of nanostructures 

by dimensionality and concept of surface forms engineering in nanomaterial 
science. Materials Science and Engineering: C, 27(5-8), 990-993. 

 
Pop, E., Varshney, V., & Roy, A. K. (2012). Thermal properties of graphene: 

Fundamentals and applications. MRS bulletin, 37(12), 1273-1281.  
 
Potts, J. R., Lee, S. H., Alam, T. M., An, J., Stoller, M. D., Piner, R. D., & Ruoff, 

R. S. (2011). Thermomechanical properties of chemically modified 
graphene/poly (methyl methacrylate) composites made by in situ 
polymerization. Carbon, 49(8), 2615-2623. 

 
Prato, M. (1997). [60]Fullerene chemistry for materials science applications. 

Journal of Materials Chemistry, 7(7), 1097-1109. 
 
Prodan, D., Moldovan, M., Furtos, G., Saroși, C., Filip, M., Perhaița, I., ... & Popa, 

D. (2021). Synthesis and characterization of some graphene oxide powders 
used as additives in hydraulic mortars. Applied Sciences, 11(23), 11330.  

 
Qi, X. Y., Yan, D., Jiang, Z., Cao, Y. K., Yu, Z. Z., Yavari, F., & Koratkar, N. 

(2011). Enhanced electrical conductivity in polystyrene nanocomposites at 
ultra-low graphene content. ACS applied materials & interfaces, 3(8), 3130-
3133. 

 
Qian, H., Li, W., Wang, X., Xie, F., Li, W., & Qu, Q. (2021). Simultaneous growth 

of graphene/mesoporous silica composites using liquid precursor for HPLC 
separations. Applied Surface Science, 537, 148101. 

 
Qin, L. C. (2007). Determination of the chiral indices (n, m) of carbon nanotubes 

by electron diffraction. Physical Chemistry Chemical Physics, 9(1), 31-48. 
 
Raju, G. G. (2017). Dielectrics in electric fields: Tables, Atoms, and Molecules. 

CRC press.  
 
Ramanathan, T., Abdala, A. A., Stankovich, S., Dikin, D. A., Herrera-Alonso, M., 

Piner, R. D., ... & Brinson, L. C. (2008). Functionalized graphene sheets for 
polymer nanocomposites. Nature nanotechnology, 3(6), 327-331. 

 



© C
OPYRIG

HT U
PM

106 
 

Rao, A. M., Bandow, S., Richter, E., & Eklund, P. C. (1998). Raman 
spectroscopy of pristine and doped single wall carbon nanotubes. Thin Solid 
Films, 331(1-2), 141-147. 

 
Ren, Z., Mujib, S. B., & Singh, G. (2021). High-Temperature Properties and 

Applications of Si-Based Polymer-Derived Ceramics: A Review. Materials, 
14(3), 614.  

 
Renteria, J., Nika, D., & Balandin, A. (2014). Graphene Thermal Properties: 

Applications in Thermal Management and Energy Storage. Applied 
Sciences, 4(4), 525–547.  

 
Rondags, A., Yuen, W. Y., Jonkman, M. F., & Horváth, B. (2017). Fullerene C60 

with cytoprotective and cytotoxic potential: prospects as a novel treatment 
agent in Dermatology?. Experimental dermatology, 26(3), 220-224. 

 
Rubio, F., Rubio, J., & Oteo, J. L. (1998). A FT-IR study of the hydrolysis of 

tetraethylorthosilicate (TEOS). Spectroscopy Letters, 31(1), 199-219. 
 
Ruschau GR, Yoshikawa S, Newnham RE (1992) Resistivities of conductive 

composites. Journal of applied physics, 72(3):953-959.  
 
Russo, R. E., Mao, X. L., Yoo, J., & Gonzalez, J. J. (2007). Laser ablation. In 

Laser-induced breakdown spectroscopy (pp. 41-70). Elsevier. 
 
Sahoo, S., Gaur, A. P., Ahmadi, M., Guinel, M. J. F., & Katiyar, R. S. (2013). 

Temperature-dependent Raman studies and thermal conductivity of few-
layer MoS2. The Journal of Physical Chemistry C, 117(17), 9042-9047.  

 
Saifuddin, N., Raziah, A. Z., & Junizah, A. R. (2013). Carbon nanotubes: a review 

on structure and their interaction with proteins. Journal of Chemistry, 2013. 
 
Saito, R., Fujita, M., Dresselhaus, G., & Dresselhaus, U. M. (1992). Electronic 

structure of chiral graphene tubules. Applied physics letters, 60(18), 2204-
2206. 

 
Sathishkumar, T. P., Naveen, J. A., & Satheeshkumar, S. (2014). Hybrid fiber 

reinforced polymer composites–a review. Journal of Reinforced Plastics 
and Composites, 33(5), 454-471. 

 
Sato, K., Ijuin, A., & Hotta, Y. (2015). Thermal conductivity enhancement of 

alumina/polyamide composites via interfacial modification. Ceramics 
International, 41(8), 10314-10318. 

 
Schärtl, W. (2007). Light scattering from polymer solutions and nanoparticle 

dispersions. Springer Science & Business Media. 
 
Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. (2012). NIH Image to ImageJ: 

25 years of image analysis. Nature methods, 9(7), 671-675.  
 



© C
OPYRIG

HT U
PM

107 
 

Schrader, B. (Ed.). (2008). Infrared and Raman spectroscopy: methods and 
applications. John Wiley & Sons. 

 
Serio, M. A., Gruen, D. M., & Malhotra, R. (1998). Synthesis and characterization 

of advanced materials. American Chemical Society. 
 
Shahil, K. M., & Balandin, A. A. (2011). Graphene-based nanocomposites as 

highly efficient thermal interface materials. Graphene Based Thermal 
Interface Materials, 1-18. 

 
Sichel, E. K., Gittleman, J. I., & Sheng, P. (1978). Transport properties of the 

composite material carbon-poly (vinyl chloride). Physical Review B, 18(10), 
5712. 

 
Sim, L., Ramanan, S. R., Ismail, H., Seetharamu, K. N., & Goh, T. J. (2005). 

Thermal characterization of Al2O3 and ZnO reinforced silicone rubber as 
thermal pads for heat dissipation purposes. Thermochimica acta, 430(1-2), 
155-165. 

 
Slack, G. A. (1962). Anisotropic thermal conductivity of pyrolytic graphite. 

Physical Review, 127(3), 694.  
 
Smith, A. T., LaChance, A. M., Zeng, S., Liu, B., & Sun, L. (2019). Synthesis, 

properties, and applications of graphene oxide/reduced graphene oxide and 
their nanocomposites. Nano Materials Science, 1(1), 31-47.  

 
Smith, H. M., & Turner, A. F. (1965). Vacuum deposited thin films using a ruby 

laser. Applied Optics, 4(1), 147-148. 
 
Song, B., Shi, Y., & Liu, Q. (2020). An inorganic route to decorate graphene oxide 

with nanosilica and investigate its effect on anti-corrosion property of 
waterborne epoxy. Polymers for Advanced Technologies, 31(2), 309-318. 

 
Stankovich, S., Dikin, D. A., Dommett, G. H., Kohlhaas, K. M., Zimney, E. J., 

Stach, E. A., ... & Ruoff, R. S. (2006). Graphene-based composite materials. 
Nature, 442(7100), 282-286. 

 
Stankovich, S., Dikin, D. A., Piner, R. D., Kohlhaas, K. A., Kleinhammes, A., Jia, 

Y., ... & Ruoff, R. S. (2007). Synthesis of graphene-based nanosheets via 
chemical reduction of exfoliated graphite oxide. Carbon, 45(7), 1558-1565. 

 
Staudenmaier, L. (1898). Process for the preparation of graphitic acid. Ber. Dtsch. 

Chem. Ges, 31, 1481-1487. 
 
Stobinski, L., Lesiak, B., Malolepszy, A., Mazurkiewicz, M., Mierzwa, B., Zemek, 

J., ... & Bieloshapka, I. (2014). Graphene oxide and reduced graphene 
oxide studied by the XRD, TEM and electron spectroscopy methods. 
Journal of Electron Spectroscopy and Related Phenomena, 195, 145-154. 

 



© C
OPYRIG

HT U
PM

108 
 

Sukumaran, S. S., Jinesh, K. B., & Gopchandran, K. G. (2017). Liquid phase 
exfoliated graphene for electronic applications. Materials Research Express, 
4(9), 095017. 

 
Sun, H., Che, R., You, X., Jiang, Y., Yang, Z., Deng, J., ... & Peng, H. (2014). 

Cross-stacking aligned carbon-nanotube films to tune microwave 
absorption frequencies and increase absorption intensities. Advanced 
materials, 26(48), 8120-8125. 

 
Sun, Y. P., Zhou, B., Lin, Y., Wang, W., Fernando, K. S., Pathak, P., ... & Xie, S. 

Y. (2006). Quantum-sized carbon dots for bright and colorful 
photoluminescence. Journal of the American Chemical Society, 128(24), 
7756-7757. 

 
Svetlichnyi, A. M., Polyakov, V. V., & Varzarev, Y. N. (2001). The formation of 

silicon dioxide films by TEOS Photochemical decomposition. Russian 
Microelectronics, 30(1), 22-26. 

 
Swain, S. K., & Jena, I. (2010). Polymer/carbon nanotube nanocomposites: a 

novel material. Asian Journal of Chemistry, 22(1), 1. Lieber, C. M., & Zhang, 
Z. (1994). Solid State Physics, Edited by H. Ehrenreich and F. Spaepen. 

 
Taherian, R., & Kausar, A. (2018). Electrical Conductivity in polymer-based 

composites: experiments, modelling, and applications. William Andrew. 
 
Tanaka, K., Ogata, S., Kobayashi, R., Tamura, T., & Kouno, T. (2015). A 

molecular dynamics study on thermal conductivity of thin epoxy polymer 
sandwiched between alumina fillers in heat-dissipation composite material. 
International journal of heat and mass transfer, 89, 714-723. 

 
Tanaka, Y., Hase, T., Kubota, H., & Makita, T. (1988). Thermal conductivity of 

benzene and cyclohexane under high pressures. Berichte der 
Bunsengesellschaft für physikalische Chemie, 92(7), 770-776. 

 
Tang, J., Zhou, H., Liang, Y., Shi, X., Yang, X., & Zhang, J. (2014). Properties of 

graphene oxide/epoxy resin composites. Journal of Nanomaterials, 2014, 
175-175. 

 
Teng, C. C., Ma, C. C. M., Lu, C. H., Yang, S. Y., Lee, S. H., Hsiao, M. C., ... & 

Lee, T. M. (2011). Thermal conductivity and structure of non-covalent 
functionalized graphene/epoxy composites. Carbon, 49(15), 5107-5116.  

 
Terzopoulou, Z., Klonos, P. A., Kyritsis, A., Tziolas, A., Avgeropoulos, A., 

Papageorgiou, G. Z., & Bikiaris, D. N. (2019). Interfacial interactions, 
crystallization and molecular mobility in nanocomposites of Poly (lactic acid) 
filled with new hybrid inclusions based on graphene oxide and silica 
nanoparticles. Polymer, 166, 1-12. 

 
Theerthagiri, J., Salla, S., Senthil, R. A., Nithyadharseni, P., Madankumar, A., 

Arunachalam, P., … & Kim, H. S. (2019). A review on ZnO nanostructured 



© C
OPYRIG

HT U
PM

109 
 

materials: energy, environmental and biological applications. 
Nanotechnology, 30(39), 392001.  

 
Thess, A., Lee, R., Nikolaev, P., Dai, H., Petit, P., Robert, J., ... & Smalley, R. E. 

(1996). Crystalline ropes of metallic carbon nanotubes. Science, 273(5274), 
483-487. 

 
Thomas, S., Joseph, K., Malhotra, S. K., Goda, K., & Sreekala, M. S. (Eds.). 

2012). Polymer composites, macro-and microcomposites (Vol. 1). John 
Wiley & Sons. 

 
Thongpool, V., Asanithi, P., & Limsuwan, P. (2012). Synthesis of carbon particles 

using laser ablation in ethanol. Procedia Engineering, 32, 1054-1060. 
 
Tiwari, J. N., Tiwari, R. N., & Kim, K. S. (2012). Zero-dimensional, one-

dimensional, two-dimensional and three-dimensional nanostructured 
materials for advanced electrochemical energy devices. Progress in 
Materials Science, 57(4), 724-803.  

 
Ţucureanu, V., Matei, A., & Avram, A. M. (2016). FTIR spectroscopy for carbon 

family study. Critical reviews in analytical chemistry, 46(6), 502-520. 
 
Van Der Vis, M. G. M., Cordfunke, E. H. P., Konings, R. J. M., Van Den Berg, G. 

J. K., & Van Miltenburg, J. C. (1992). Tetraethoxysilane, Si (OC2H5) 4: heat 
capacity and thermodynamic properties at temperatures from 0 to 440 
K. The Journal of Chemical Thermodynamics, 24(10), 1103-1108. 

 
Verástegui-Domínguez, L. H., Elizondo-Villarreal, N., Martínez-Delgado, D. I., & 

Gracia-Pinilla, M. Á. (2022). Eco-Friendly Reduction of Graphene Oxide by 
Aqueous Extracts for Photocatalysis Applications. Nanomaterials, 12(21), 
3882. 

 
Vijayakumar, M., Schwenzer, B., Shutthanandan, V., Hu, J., Liu, J., & Aksay, I. 

A. (2014). Elucidating graphene–ionic liquid interfacial region: A combined 
experimental and computational study. Nano Energy, 3, 152-158. 

 
Wakabayashi, K., Pierre, C., Dikin, D. A., Ruoff, R. S., Ramanathan, T., Brinson, 

L. C., & Torkelson, J. M. (2008). Polymer− graphite nanocomposites: 
effective dispersion and major property enhancement via solid-state shear 
pulverization. Macromolecules, 41(6), 1905-1908. 

 
Wang, J. Y., Yang, S. Y., Huang, Y. L., Tien, H. W., Chin, W. K., & Ma, C. C. M. 

(2011). Preparation and properties of graphene oxide/polyimide composite 
films with low dielectric constant and ultrahigh strength via in situ 
polymerization. Journal of Materials Chemistry, 21(35), 13569-13575. 

 
Wang, J., Li, Y., Liu, X., Shen, C., Zhang, H., & Xiong, K. (2020). Recent active 

thermal management technologies for the development of energy-
optimized aerospace vehicles in China. Chinese Journal of Aeronautics.  

 



© C
OPYRIG

HT U
PM

110 
 

Wang, M., Zhang, Z., Zhong, H., Huang, X., Li, W., Hambsch, M., ... & Dong, R. 
(2021). Surface-Modified Phthalocyanine-Based Two-Dimensional 
Conjugated Metal–Organic Framework Films for Polarity-Selective 
Chemiresistive Sensing. Angewandte Chemie, 133(34), 18814-18820.  

 
Wang, X., Hu, Y., Song, L., Yang, H., Xing, W., & Lu, H. (2011). In situ 

polymerization of graphene nanosheets and polyurethane with enhanced 
mechanical and thermal properties. Journal of materials Chemistry, 21(12), 
4222-4227. 

 
Watcharotone, S., Dikin, D. A., Stankovich, S., Piner, R., Jung, I., Dommett, G. 

H., ... & Ruoff, R. S. (2007). Graphene− silica composite thin films as 
transparent conductors. Nano letters, 7(7), 1888-1892.  

 
Weber, M., & Kamal, M. R. (1997). Estimation of the volume resistivity of 

electrically conductive composites. Polymer composites, 18(6), 711-725. 
 
Wilson, N. R., Pandey, P. A., Beanland, R., Young, R. J., Kinloch, I. A., Gong, 

L., ... & Sloan, J. (2009). Graphene oxide: structural analysis and application 
as a highly transparent support for electron microscopy. ACS nano, 3(9), 
2547-2556. 

 
Wimalasiri, V. K., Weerathunga, H. U., Kottegoda, N., & Karunaratne, V. (2017). 

Silica based superhydrophobic nanocoatings for natural rubber surfaces. 
Journal of Nanomaterials, 2017. 

 
Wong, C. P., & Bollampally, R. S. (1999). Thermal conductivity, elastic modulus, 

and coefficient of thermal expansion of polymer composites filled with 
ceramic particles for electronic packaging. Journal of applied polymer 
science, 74(14), 3396-3403 

 
Wu, W., Wu, W., & Wang, S. (2019). Form-stable and thermally induced flexible 

composite phase change material for thermal energy storage and thermal 
management applications. Applied Energy, 236, 10-21. 

 
Xing, S., & Wang, Y. L. (2000). Organic silicon synthesis technology and product 

application. 
 
Xu, L., & Cheng, L. (2013). Graphite oxide under high pressure: a Raman 

spectroscopic study. Journal of Nanomaterials, 2013, 47-47. 
 
Xu, X., Chen, J., Luo, X., Lu, J., Zhou, H., Wu, W., ... & Li, Z. (2012). Poly (9, 9′-

diheylfluorene carbazole) Functionalized with Reduced Graphene Oxide: 
Convenient Synthesis using Nitrogen-Based Nucleophiles and Potential 
Applications in Optical Limiting. Chemistry–A European Journal, 18(45), 
14384-14391. 

 
Xu, X., Ray, R., Gu, Y., Ploehn, H. J., Gearheart, L., Raker, K., & Scrivens, W. 

A. (2004). Electrophoretic analysis and purification of fluorescent single-



© C
OPYRIG

HT U
PM

111 
 

walled carbon nanotube fragments. Journal of the American Chemical 
Society, 126(40), 12736-12737. 

 
Yamabe, T., & Fukui, K. (1999). The science and technology of carbon 

nanotubes. Elsevier. 
 
Yang, H. G., & Zeng, H. C. (2004). Preparation of hollow anatase TiO2 

nanospheres via Ostwald ripening. The Journal of Physical Chemistry 
B, 108(11), 3492-3495. 

 
Yang, X., Loos, J., Veenstra, S. C., Verhees, W. J., Wienk, M. M., Kroon, J. M., ... 

& Janssen, R. A. (2005). Nanoscale morphology of high-performance 
polymer solar cells. Nano letters, 5(4), 579-583. 

 
Yu, A., Ramesh, P., Itkis, M. E., Bekyarova, E., & Haddon, R. C. (2007). Graphite 

nanoplatelet− epoxy composite thermal interface materials. The Journal of 
Physical Chemistry C, 111(21), 7565-7569.  

 
Yu, C., Shi, L., Yao, Z., Li, D., & Majumdar, A. (2005). Thermal conductance and 

thermopower of an individual single-wall carbon nanotube. Nano letters, 
5(9), 1842-1846. 

 
Yu, J., Jiang, P., Wu, C., Wang, L., & Wu, X. (2011). Graphene nanocomposites 

based on poly (vinylidene fluoride): structure and properties. Polymer 
composites, 32(10), 1483-1491. 

 
Zeng, J., Cao, Z., Yang, D., Sun, L., & Zhang, L. (2010). Thermal conductivity 

enhancement of Ag nanowires on an organic phase change material. 
Journal of Thermal Analysis and Calorimetry, 101(1), 385-389. 

 
Zhang, G., Wang, F., Dai, J., & Huang, Z. (2016). Effect of functionalization of 

graphene nanoplatelets on the mechanical and thermal properties of 
silicone rubber composites. Materials, 9(2), 92. 

 
Zhang, H., Fonseca, A. F., & Cho, K. (2014). Tailoring thermal transport property 

of graphene through oxygen functionalization. The Journal of Physical 
Chemistry C, 118(3), 1436-1442. 

 
Zhang, L., Tu, S., Wang, H., & Du, Q. (2018). Preparation of polymer/graphene 

oxide nanocomposites by a two-step strategy composed of in situ 
polymerization and melt processing. Composites Science and Technology, 
154, 1-7. 

 
Zhang, X., Wu, Y., He, S., & Yang, D. (2007). Structural characterization of sol–

gel composites using TEOS/MEMO as precursors. Surface and Coatings 
Technology, 201(12), 6051-6058. 

 
Zhang, Y. L., Chen, Q. D., Xia, H., & Sun, H. B. (2010). Designable 3D 

nanofabrication by femtosecond laser direct writing. Nano Today, 5(5), 435-
448.  

 



© C
OPYRIG

HT U
PM

112 
 

Zhao, Y., Tang, G. S., Yu, Z. Z., & Qi, J. S. (2012). The effect of graphite oxide 
on the thermoelectric properties of polyaniline. Carbon, 50(8), 3064-3073. 

 
Zhou, X., & Shi, T. (2012). One-pot hydrothermal synthesis of a mesoporous 

SiO2–graphene hybrid with tunable surface area and pore size. Applied 
Surface Science, 259, 566-573.  

 
Zhou, Y., Wu, S., Long, Y., Zhu, P., Wu, F., Liu, F., ... & Guo, Z. (2020). Recent 

advances in thermal interface materials. ES Materials & Manufacturing, 7(7), 
4-24. 

 
Zhu, Y., Murali, S., Stoller, M. D., Ganesh, K. J., Cai, W., Ferreira, P. J., ... & 

Ruoff, R. S. (2011). Carbon-based supercapacitors produced by activation 
of graphene. Science, 332(6037), 1537-1541. 

 
Ziraki, S., Zebarjad, S. M., & Hadianfard, M. J. (2016). A study on the tensile 

properties of silicone rubber/polypropylene fibers/silica hybrid 
nanocomposites. Journal of the Mechanical Behavior of Biomedical 
Materials, 57, 289-296. 

 
 

 

  




