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The graphene sheets were aqueous processed via simple method liquid phase exfoliation. Sodium 

perylene-3, 4, 9, 10-tetracarboxylate (NaPTCA) were used as surfactant to assist the exfoliation 

process. The purpose of this research is to investigate the impact of NaPTCA concentration on the 

yield of liquid phase exfoliation of graphite to graphene sheets. The degree of exfoliation was found 

to be greatly influenced upon the concentration of NaPTCA surfactant. 1.0 mgmL-1 was identified as 

the optimal NaPTCA concentration as the graphene produced had a distinct x-ray diffraction 

crystallinity, scanning electron microscopic image features, high concentration of graphene 

dispersion (0.154 mgmL-1) and high conductivity values (751.88 Sm-1) in 2-probe electrical 

measurements, all of which comparison are much favourably with typical values obtained for multi-

layer graphene. Hence, this simple approach for liquid-phase graphite exfoliation provides decent 

potential for mass production of high-quality graphene for a wide range of applications in energy 

storage, optical, and electronic areas.  
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I. INTRODUCTION 

 
Graphene is a novel form of two-dimensional (2D) carbon 

nanomaterial that originates as a single layer of densely 

packed carbon atoms in a honeycomb lattice (Dhand et. al., 

2020; Gu et al., 2019). It is the fundamental building block 

for all other dimensions of graphitic materials (Salifairus et 

al., 2016). Graphene has a broad range of applications like, 

high speed transistors, transparent/flexible electrodes and 

films (Ricciardulli et. al., 2018; N. Zhang et al., 2019), sensors 

(Farmani & Mir, 2019; Zheng & Wang, 2019), energy storage 

(Ma et al., 2020), alkali metal ions battery (Y. Zhang et. al., 

2019; Liu et al., 2017) and, composites (Alimoradi, 2018) 

which these were achievable owing to its distinctive 

mechanical (Huang et. al., 2015; Zhao et al., 2010), electrical 

(Vasanthi et. al., 2020; Haditale, Dariani & Ghasemian 

Lemraski, 2019), and thermal characteristics (Yassin et al., 

2019). One of the significant obstacles in certain essential 

types of applications, such as printed electronics, and 

conductive coatings is that the unavailability of industrial-

scale techniques for synthesising high-quality graphene in the 

form of liquid inks, and dispersions. Coleman et al. first 

discovered liquid phase exfoliation (LPE) of graphite powder 

using sonication of graphite suspensions in 2008, achieving 

few layer graphene production and heralding the birth of the 

LPE process (Coleman et al., 2008). This LPE, a new top-

down approach, could yield a stable dispersion of monolayer 

or few-layer defect-free graphene by simply exfoliating 
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natural graphite with high-shear mixing or sonication 

(Ciesielski & Samorì, 2014). Since one of the graphene traits 

is hydrophobic (Li et al., 2008), the stabilisation of the 

dispersion may become the major problem. LPE facilitates 

the stabilisation of the graphene dispersions either 

thermodynamically via suitable solvents or electrostatically 

via surfactants (Griffin et al., 2020). Surfactant exfoliation, in 

particular, is appealing since all processing takes place in 

aqueous conditions.  

Perylene-3, 4, 9, 10-tetracarboxylate (PTCA) is a novel 

exfoliator for graphene in aqueous condition. PTCA is a 

liquid-soluble type of π-conjugated n-type organic 

semiconductor compound PTCDA (perylene tetracarboxylic 

acid dianhydride) (Wang et al., 2013). PTCA is able to 

noncovalently attach to the graphene surface through π-π 

stacking to induce exfoliation of graphite in water (Wang et 

al., 2013). In terms of stabilisation, the tetra-anionic state of 

the PTCA provides the required inter-flake repulsive 

electrostatic forces for stable dispersions (Wang et al., 2013). 

Narayan et al. obtained a stable dispersion of graphene in 

PTCA up to 200 µgmL-1 after 3 h bath sonication followed by 

centrifugation. Unfortunately, low sonication time yielding 

low concentration of graphene dispersion. Exposure to long 

sonication duration may increase the graphene yield i.e., 0.5 

mgmL-1  after 12 hours of sonication in the aqueous solvent 

(Narayan et al., 2017). Consequently, the flake size will 

reduce considerably and the number of defects in the 

graphene will also continuously increase during this 

procedure. In attempt to overcome the use of long sonication 

process in LPE method, various auxiliary compounds were 

implemented such as magnetic nanoparticle Fe3O4 as 

“particle wedges (Yang et al., 2020) and naphthalene (Xu et 

al., 2014), intercalation of salt in organic solvent (Li et. al., 

2019; Wang, Wang & Ji, 2017) and alkali metal ions (Cheng, 

Kong & Liu, 2019; Seidl et al., 2017). Among them, 

intercalation with alkali metal ion exhibits great outcome 

alongside the simplicity in combining with other solvents. 

In this paper, the current PTCA surfactant was customised 

by adding the alkali metal ions of sodium for the 

synthesisation of high-yield few-layer graphene. Large ionic 

radius of sodium able to facilitate the exfoliation process by 

conquering the energy barrier allowing the intercalation to 

occur. The effects of NaPTCA surfactant concentration was 

methodically investigated. A series of characterisations 

depicts that the efficiency of the exfoliation process was 

highly influenced from the concentration of NaPTCA 

surfactant. 

 

II. MATERIALS AND METHOD 

 

A. Materials 

 
The pristine graphite flakes (325 mesh, 43209) was acquired 

from Alfa Aesar. Perylene-3,4,9,10-tetracarboxylic 

dianhydride (PTCDA), potassium hydroxide (KOH), and 

sodium carbonate (Na2CO3) were acquired from Sigma 

Aldrich and ethanol (95% purity) used without additional 

purification. All solutions were prepared using deionised 

water, as were the samples' washing and dialysis. 

 

B. Preparation of NaPTCA Surfactant 

 
PTCDA must be converted or reduced to PTCA before the Na-

PTCA surfactants can be prepared. PTCDA was commonly 

reduced to PTCA by dissolving 0.715 g of KOH pellets in 500 

ml water and then adding 1 g of red PTCDA powder. The 

mixture was heated for 1 hour at 80 °C until it produced a 

green homogeneous solution. After filtering the residue, 1 M 

HCl was progressively added until a very immiscible brick-

red precipitate formed. The mixture was then agitated for 1 

hour at room temperature. The mixture was dried overnight 

in a vacuum oven. PTCA was identified as a reddish solid 

orange. 

NaPTCA was made by mixing 2.50 g of PTCA and 1.0 g of 

Sodium Carbonate (Na2CO3) in 100 ml of ethanol and 

deionised water in a 1:1 (v/v) ratio. The mixture was stirred 

for three days at 60 ℃ before being centrifuged for 30 

minutes at 5000 rpm. The precipitation was then collected 

and dried overnight at 150 ℃. NaPTCA is identified as the 

yellow powder.  

 

C. Preparation of Hydrothermal Liquid Phase 
Exfoliation (LPE) Graphene 

 
In a typical preparation, 5 mg of NaPTCA powder was 

dissolved in 50 mL deionised water and stirred for 1 h to get 

a complete suspension of 0.1 mgmL-1 NaPTCA surfactant 

concentration. The graphite flakes were added to the aqueous 

0.1 mgmL-1 NaPTCA surfactant to make a final graphite 
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concentration of 0.25 mgmL-1. The mixture of the graphite 

and the NaPTCA surfactant was treated under hydrothermal 

conditions for 15 hours. Then, the pre-treated mixture was 

sonicated in a bath sonicator for 2 h. The sonication created 

black suspensions, which were allowed to stand overnight 

before being centrifuged at 5000 rpm for 30 minutes to 

eliminate unexfoliated graphitic particles. The supernatant of 

the centrifugation tube resembles as the graphene dispersion. 

The process of graphene formation was repeated with various 

NaPTCA surfactant concentrations with other concentration 

ranging from 0.5 mgmL-1 – 2.0 mgmL-1. 

 

D. Characterisation 

 
A X'Pert PRO MPD diffractometer (PANalytical, UK) was 

used to measure the X-ray diffraction of graphite and 

exfoliated materials. The information of the diffracted angle 

is used to determine the d-spacing which correlated to the 

exfoliation efficacy. Scanning electron microscopy (SEM, 

Vega 3, Tescan Analytics, UK) was used to image the 

morphology of graphene sheets. Two probe systems were 

used to test the conductivity of the exfoliated samples. 

Surface profiler (P – 6, KLA – Tencor, US) was used to 

measure the thickness of the samples. A UV-Visible 

spectrometer (Cary 5000, Varians, US) was used to examine 

the sample's optical characteristics. 

 

 

III. RESULTS AND DISCUSSION 

 

A. Scanning Electron Microscope (SEM) 

 
SEM was used to analyse the structures and morphologies of 

the exfoliated graphene sheets. The SEM images of pure 

graphite powder and exfoliated graphene sheets in varied 

NaPTCA surfactant concentrations are shown in Figure 1. The 

pure graphite powders were mainly composed of 

asymmetrical flakes with a vast range of thicknesses and 

average lateral diameters of 46.22 µm, as illustrated in Figure 

1. Exfoliation began immediately after the addition of 

NaPTCA, when a small segment of graphite was seen to be 

detached from the bulk graphite and clearly shaped into a 

flake-like structure. It was discovered that when NaPTCA 

concentration increased, the lateral size of the exfoliated 

graphene sheets decreased until it reached an eigenvalue of 

1.0 mgmL-1, where the lateral size of the exfoliated graphene 

sheets was the smallest 3.69 µm. Furthermore, the exfoliated 

graphene flakes sampled in 1.0 mgmL-1 appear to be smaller 

and more uniform compared to other samples. We also 

discovered that the exfoliated graphene sample in                      

1.0 mgmL-1 NaPTCA was randomly oriented with a thin layer 

and is strongly bonded like compact bedded rock.  

Table 1. The lateral size of graphene in various NaPTCA 

surfactant concentrations 

Sample of NaPTCA 
surfactant at various 

concentration 
 (mgmL-1) 

Lateral size (µm) 

0.1 8.89 

0.5 7.93 

1.0 3.69 

1.5 6.17 

2.0 11.62 

 

 

Figure 1. SEM images of (a) graphite and graphite sample 

with NaPTCA surfactant at concentration, (b) 0.1 mgmL-1, 

(c) 0.5 mgmL-1, (d) 1.0 mgmL-1, (e) 1.5 mgmL-1, and (f) 2.0 

mgmL-1 
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Furthermore, as observed in the inset (magnification 

5000x) in Figure 1 (d), the samples show evenly scattered and 

separated flakes. This indicates that 1.0 mgmL-1 NaPTCA is 

the optimal concentration for effective exfoliation.  

This clarify that suitable surfactant concentration will aid 

the graphene  exfoliation process as the use of surfactant able 

to reduce the surface energy of graphene (46.7 mJm-2)  

allowing the graphene exfoliation to occur at ease (Vacacela 

Gomez et al., 2021). It is suggested that the surface energy of 

1.0 mgmL-1 of NaPTCA surfactant may close to 46.7 mJm-2 

causing the graphene sample with this surfactant 

concentration to greatly exfoliated and have the smallest 

lateral dimension.  At high concentrations of NaPTCA, 

however, we discovered that the exfoliation process is 

massively reduced and began to accumulate as the lateral size 

of the sample on 1.5 mgmL-1 and 2.0 mgmL-1 NaPTCA rose 

back to 6.17 µm and 11.62 µm, respectively. 

 

B. Energy Dispersive X-Ray Spectroscopy (EDX) 
 

The quantitative EDX spectrum (Figure 2) demonstrated the 

presence of C, O and Na peak at corresponding 0.15 keV, 0.25 

keV and 1.0 keV. 

 

Figure 2. EDX spectrum of graphite with various 

concentrations of NaPTCA surfactant 

High atomic intensity of C was observed at pure graphite. 

This is corresponding to the graphitic structure that mainly 

composed of carbon atoms (Siburian et al., 2018). The 

intensity of Na was the highest at 1.0 mgmL-1 followed with 

lowest C peak intensity. This indicates that the more Na atom 

was successfully intercalated the graphite and ease the 

exfoliation process. This can be seen from the reduction of C 

peak intensity as an indication of the presence of graphene. 

This reduction occurs due to the low bonding in between the 

C atoms as most of the graphite layer were exfoliated to 

graphene. This further explains the decreased in the lateral 

size for sample at 1.0 mgmL-1. 

 

C. X-Ray Diffraction Analysis (XRD) 
 

Figure 3 displays the evaluation of pure graphite structure 

with a distinct and strong basal diffraction peak of (002) 

plane at 26.49o demonstrating high crystallinity of graphitic 

materials (Saiful Badri et al., 2017). It has been well 

established that the peak intensity was in relation to the 

number of layer of the graphene sheets (Hadi et al., 2018). 
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Figure 3. XRD patterns of graphite with various 

concentrations of NaPTCA surfactant.  

 
The peak intensity at the (002) plane was mildly attenuated 

and broadened with the addition of NaPTCA surfactant at 0.1 

mgmL-1, then dramatically declined at 1.0 mgmL-1 and 

progressively rose again. The reduction of the peak intensity 

happens as a result of the decreasing in the thicknesses 

indicating the exfoliation process was carried out efficiently 

during the sonication process (Saiful Badri et al., 2017). The 

relative peak intensity of each sample was computed to 

estimate the relative value since the peak intensity at 1.0 
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mgmL-1 and 1.5 mgmL-1 samples were found to be almost 

identical. According to the computation, 1.0 mgmL-1 has the 

lowest relative intensity value (0.077) compared to 1.5 mgmL-

1 (0.083), indicating that the exfoliated graphene sample at 

1.0 mgmL-1 has the thinnest layer. Interestingly, the 

diffraction angle of graphite samples at various NaPTCA 

concentrations was shown to be somewhat shifted to a lower 

angle (2𝜃 = 25.97°). This decrease in diffraction angle was 

primarily caused by an increase in the d-spacing between the 

graphene interlayers (Wang et al., 2017). The d-spacing of 

each sample was computed using Bragg's equation, which is 

given below: 

 2𝑑 𝑠𝑖𝑛  𝜃 = 𝑛𝜆 (1) 

   

According to Table 2, the sample at 1.0 mgmL-1 of NaPTCA 

surfactant had the largest d-spacing 0.344 nm compared to 

graphite 0.336 nm. The increment of the d-spacing indicating 

the exfoliation of graphite to form graphene was a success as 

the van der Waals forces that held the graphene layer were 

effectively demolished (Wang, Wang & Ji, 2017). This reveals 

that 1.0 mgmL-1 of NaPTCA surfactant was the optimal 

concentration to synthesise graphene. 

 

Table 2. d-spacing and relative peak intensity at (002) for 

graphite and graphite with various concentrations of 

NaPTCA surfactant 

Sample of 
Graphite and 

NaPTCA 
surfactant at 

various 
concentration 

d-spacing (nm) Relative Peak 
Intensity at (002) 

Graphite 0.336 0.323 

0.1 mgmL-1 0.342 0.145 

0.5 mgmL-1 0.342 0.135 

1.0 mgmL-1 0.344 0.077 

1.5 mgmL-1 0.335 0.083 

2.0 mgmL-1 0.335 0.238 

 

C. Fourier Transform Infrared Spectroscopy 
(FTIR) 

 
Figure 4 illustrates the wide scan FTIR spectra of graphite 

with NaPTCA surfactant with varying concentration. 

 

Table 3. Peak assignments of the FTIR spectrum of graphite sample with various NaPTCA surfactant concentrations 

No. Frequency wavenumber (cm-1)   Assignment References 

 Graphite 0.1 mgmL-1 0.5 mgmL-1 1.0 mgmL-1 1.5 mgmL-1 2.0 mgmL-1   

1. - - - 3313.00 - - 

O – H 

stretching bond 

of hydroxyl 

group  

(Yang et. al., 

2020; Teng et. 

al., 2019; Manna 

et. al., 2016; Xu 

et al., 2014) 

2. 2232.30 2327.33 2316.30 2309.40 2285.94 2304.57 

N = C = S 

stretching 

vibration  

(Iqbal et. al., 

2021; 

Nandiyanto, 

Oktiani & 

Ragadhita, 

2019) 

3. 2113.40 2076.26 2111.43 - 2069.36 2076.26 

4. - 1535.48 1514.79 1535.48 1535.48 - 

C = O vibration 

of carboxyl 

group  

(Yang et. al., 

2020; Cheng, 

Kong & Liu, 

2019; Wang et 

al., 2013) 

5. - - - 1387.87 - - 

Aromatic C = C 

stretching 

vibration  

(Sukumaran et. 

al., 2019; Xu et. 

al., 2014; Wang 

et al., 2013) 

6. 974.77 972.64 972.64 972.64 972.64 972.64 

Aromatic C – H 

in-plane bend  

(Nandiyanto, 

Oktiani & 

Ragadhita, 

2019; Sayah et 

al., 2018) 

7. - 874.00 878.14 855.00 855.00 871.24 

Aromatic C – H 

out-of-plane 

bend  

(Nandiyanto, 

Oktiani & 

Ragadhita, 

2019; Sayah et 

al., 2018) 
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Figure 4. FTIR spectrum of graphite with various 

concentrations of NaPTCA surfactant 

 
Two major peaks appear at 2113.40 cm-1 and 2232.30 cm-1 

for pure  graphite which corresponds to typical inorganic ions 

such as isothiocyanate ions (Nandiyanto, Oktiani & 

Ragadhita, 2019; Iqbal et al., 2021). Common pattern of 

graphene materials was observed at peak 1535.48 cm-1, which 

attributed to C = C bond, comes from the sp2 carbon atoms in 

honeycomb lattices of graphene (Sayyad, Balakrishnan & 

Ajayan, 2011; Hadi et al., 2018). All samples show a peak at 

972.64 cm-1, which is caused by the aromatic C – H in-plane 

bend (Nandiyanto, Oktiani & Ragadhita, 2019; Sayah et al., 

2018). Peak values of 855.00 – 878.14 cm-1 were observed for 

all samples after the addition of NaPTCA surfactant. This 

peak is correlated to the C – H out-of-plane bend 

(Nandiyanto, Oktiani & Ragadhita, 2019; Sayah et al., 2018). 

Peaks at 972.64 cm-1 can be found in all samples. This 

demonstrates that the NaPTCA surfactant was successful in 

intercalating the graphite interlayer and driving some carbon 

atoms out of plane (Wang, Wang & Ji, 2017). Furthermore, 

only the sample containing 1.0 mgmL-1 of NaPTCA showed 

two peaks at 1387.87 cm-1 and 3313.00 cm-1. The initial peak, 

1387.87 cm-1, was associated with –OH vibrations and energy 

of the single bond between C and O stretching of C – O – C 

and C – OH, reflecting an increase in oxygen content 

following effective exfoliation (Cheng, Kong & Liu, 2019). 

Whereas the second peak of 3313.00 cm-1 is referring to the 

stretching vibrations of the –OH bond indicating the 

presence of hydroxyl groups (Yang et al., 2020). Hence, 1.0 

mg/ml of NaPTCA surfactant is suitable to synthesise 

graphene as graphene was successfully exfoliated with 

minimal defects in the following concentration. 

 

D. Ultraviolet-Visible Analysis (UV-Vis) 

 
The impact of NaPTCA concentration on the degree of 

graphene exfoliation from graphite was studied using UV-Vis 

spectroscopy.  
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Figure 5. UV-Vis absorbance peak intensity of graphite with 

various concentrations of NaPTCA surfactant 

 
Figure 5 shows that the absorbance of the graphite sample 

at approximately 250 nm. Graphene is distinguished by a 

peak centred at around 260 nm to 300 nm (Durge, Kshirsagar 

& Tambe, 2014). This can be seen after the addition of 

NaPTCA surfactant where the absorbance peak was slightly 

shifted to a higher wavelength 260 nm and reaches to 

maximum at 280 nm at 1.0 mgmL-1. The wavelength ranges 

from 260 nm to 280 nm was attributed to the n – π* of the 

carbonyl (C = O) group (Uran, Alhani & Silva, 2017; Emiru & 

Ayele, 2017) Wavelength shifted to a higher value is known as 

the redshifted phenomenon (Li et al., 2008). The occurrence 

of this redshift phenomenon shows that changes in electronic 

conjugation happened as a result of structural ordering after 

the removal of the sp3 carbon atom to generate the sp2 carbon 

atom (Krishnamoorthy et al., 2012) The replacement of sp2 

carbon atoms upon graphene exfoliation from graphite 

results in an increase in electron concentration because more 

delocalised electrons were present (Emiru & Ayele, 2017) 

Moreover, the concentration or the quantity of the graphene 

produced can be estimated from the value of the absorbance. 

Lambert-Beer’s law was utilised to calculate the 

concentration of graphene dispersed. 

 

 𝐴 = 𝛼 ∙ 𝐶 ∙ 𝑙 (2) 
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Where 𝛼 is the absorption coefficient (1390 mgmL-1m-1) for 

graphene diffuse in surfactant solution (Gomez et. al., 2019; 

Lotya et al., 2009), C is the dispersed graphene solution 

concentration, and l is the optical path length (10 mm). As per 

the calculations, the maximum graphene dispersion (0.154 

mgml-1) was achieved at 1.0 mgmL-1 NaPTCA surfactant. This 

explains the increase in delocalised electrons which arising 

from the exfoliated graphene sheets. 

 

Table 4. The concentration of graphene dispersions with 

various concentration of NaPTCA surfactant.and overall 

production yield 

Sample of 
NaPTCA 

surfactant at 
various 

concentration 

Concentration 
of graphene 

dispersion, C 
(mgmL-1) 

Graphene 
production 
yield (wt%) 

0.1 mgmL-1 0.064 25.6 

0.5 mgmL-1 0.074 29.6 

1.0 mgmL-1 0.154 61.6 

1.5 mgmL-1 0.113 45.2 

2.0 mgmL-1 0.059 23.6 

 
Finally, using Equation (3), the graphene yield is estimated. 

 𝑌 (𝑤𝑡%) = (
𝐶

𝐶𝑜
) × 100 (3) 

   

Where Y is the graphene yield in weight percent, C is the 

final concentration of graphene dispersion, and Co is the 

initial graphite concentration (0.3 mgmL-1). As tabulated 

from Table 4, 1.0 mgmL-1 of NaPTCA surfactant is capable of 

exfoliating graphene up to 60% from the pristine graphite. As 

a result, 1.0 mgmL-1 NaPTCA surfactant is the ideal 

concentration for exfoliating graphene sheets under aqueous 

conditions. The enormity of the surfactant may impede the 

exfoliation process and degrade graphene's unique features 

in every manner. 

 

E. Current-Voltage Measurement (I-V) 

 
To acquire a better knowledge of graphene electrical 

properties, current-voltage (I-V) characteristics were 

calculated and analysed for samples containing different 

concentrations of NaPTCA surfactant using a two-point 

probe device. The resistivity was computed using Equation 

(4) shown below: 

 𝜌 =  (
𝑉

𝐼
) ∙

𝑤 ∙ 𝑡

𝑙
 (4) 

   

Where V denotes the applied voltage, I denotes the measured 

current, t denotes the thickness of the film as determined by 

a surface profiler, w denotes the electrode width (3.000 mm), 

and l denotes the distance between the electrodes (0.976 

mm). The computed resistivity value is the reciprocal of the 

conductivity value.  
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Figure 6. I-V characteristics of graphite with various 

concentrations of NaPTCA surfactant 

 

Table 5. Resistivity and conductivity of graphite with various 

concentrations of NaPTCA surfactant 

Sample of 
Graphite and 

NaPTCA 
surfactant at 

various 
concentration 

Resistivity, ρ 

(Ω m) 

Conductivity, σ 

(Sm-1) 

Graphite 2.75×10-2 36.36 

0.1 mgmL-1 1.13×10-2 88.50 

0.5 mgmL-1 5.86×10-3 170.65 

1.0 mgmL-1 1.33×10-3 751.88 

1.5 mgmL-1 1.56×10-3 641.03 

2.0 mgmL-1 1.41×10-2 70.92 

 

From Table 4, the highest conductivity value was observed 

for sample with 1.0 mgmL-1 NaPTCA surfactant                 

(751.88 Sm-1). This result is comparable to that in UV-Vis, 

which is in relation to the large amount of carrier 

concentration. Furthermore, the increment of carrier 

concentration is an indication of successful exfoliation as the 

graphene was exfoliated, the layer was separated and the π 

electrons that were loosely attached are not densely included 
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in the layer binding leading to greater electron mobility 

(Aparna et al., 2013).  

 

Table 6. Comparison of conductivity of graphene with other 

research studies 

No. Method Conductivity, 

σ (Sm-1) 

Reference 

1. Ozone 

treatment 

1400 (Rider et al., 

2014) 

2. Electrochemical 

exfoliation / 

BMIM-DBS 

2.71 x 10-7 (Mohamed et 

al., 2018) 

3. Chemical Vapor 

Deposition 

768 (Zhang et al., 

2014) 

4. Liquid-phase 

exfoliation 

sonication / 

Water 

100 (Hernandez 

et al., 2008) 

5. Liquid-phase 

exfoliation 

sonication / 

DMF 

744 (Vasanthi et 

al., 2020) 

6. Hydrothermal 704 (Garcia-

Bordejé, 

Benito & 

Maser, 2021) 

7. Liquid-phase 

exfoliation 

hydrothermal / 

NaPTCA 

752 This work 

 

Graphene can be obtained in various method. Each method 

gives different outcome. The greater the complexity of the 

method, the better the conductivity of the graphene obtained. 

As observed, the ozone treatment method able to achieve 

graphene with highest conductivity of 1400 Sm-1 Followed by 

chemical vapor deposition method, this method is one of the 

most favourable methods to achieve finest graphene with 

relevant conductivity. Graphene obtained via CVD method 

achieve up to 768 Sm-1. Due to the high cost and difficulties of 

this method, researcher find new method that could match up 

with the CVD which is called the liquid-phase exfoliation 

method. LPE is a facile, cost-effective and flexible method. 

Since it uses aqueous medium to exfoliate graphene, various 

solvent and surfactant can be studied in order to create ideal 

condition in producing large scale graphene with minimal 

defects. The electrical conductivity of graphene produced 

from only of LPE method was 100 Sm-1. With the addition of 

DMF surfactant, the electrical conductivity of the exfoliated 

graphene was improved up to 744 Sm-1. The increase of the 

electrical conductivity is the indication of high graphene 

concentration (Aparna et al., 2013). For this work we use 

NaPTCA as the surfactant and the outcome is outstanding as 

the electrical conductivity was rose up to 752 Sm-1. This 

suggest that our NaPTCA surfactant are the excellent 

exfoliant for graphene especially in aqueous medium 

condition. 

 

IV. CONCLUSION 

 
In this study, few-layers graphene was successfully 

synthesised from exfoliation of graphene sheets via 

sonication approach with the aid of NaPTCA conductive 

surfactant at various concentrations. SEM micrographs 

illustrate small particles of graphene flakes in 1.0 mgmL-1 

NaPTCA surfactant with the smallest lateral size to 3.69 µm. 

From XRD relative peak intensity at (002) plane, the as-

exfoliated graphene in 1.0 mgmL-1 of NaPTCA was the lowest 

(0.077) with highest interlayer d-spacing (0.344 nm). UV-Vis 

spectroscopic analysis verified the formation and the 

concentration of graphene were the highest in 1.0 mgmL-1 

NaPTCA surfactant (0.154 mgmL-1) and up to ~62% of 

graphene were exfoliated from bulk graphite. This shows that 

NaPTCA at 1.0 mgmL-1 is an excellent exfoliator as it able to 

offer ideal condition for graphene exfoliation leading to more 

graphene produced. The electrical properties of the graphene 

yield in 1.0 mgmL-1 NaPTCA surfactant was notably increased 

with conductivity value up to 751.88 Scm-1. This good 

electrical conductivity is a strong indicator of high amount of 

graphene is presence as more graphene layer produced, more 

free π electrons is presence. This explained on the great 

difference of electrical conductivity of graphene and graphite 

as in graphite most of the electrons were involved in the 

binding between the layer causing low existence of free 

electrons which then contributing to a much lower electrical 

conductivity. SEM, XRD, UV-Vis and IV analysis revealed 

that 1.0 mgmL-1 NaPTCA surfactant is the optimum 

concentration to be used in facilitating the graphene 

synthetisation.  
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