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ABSTRACT 

Here, we report the role of surface morphologies and grain size on the electron field emission 
characteristics of GO and rGO nanosheets, synthesized through a modified Hummer's method. 
Plasmon peaks were observed at 290 nm to 310 nm for both samples. A plasmonic energy-
associated effective mass model was used to calculate the crystal size of the nanosheets, which 
was found to be 3.56 nm and 4.79 nm for GO and rGO, respectively, confirming confinement 
behavior. Raman spectroscopy data recorded for GO and rGO nanosheets confirmed the 
presence of D and G bands, indicating the successful growth of both GO and rGO. Additionally, 
the crystal size calculated from the Raman data is comparable to the Bohr exciton radius, 
suggesting that GO and rGO exhibit quantum dot-like behavior. The electron field emission 
parameters of the synthesized GO and rGO nanosheets were investigated, and the parameters 
were calculated using the Fowler–Nordheim (F-N) equation. Among the samples, the GO 
nanosheets exhibited the best electron field emission properties, with a minimum turn-on voltage 
of 8.2 V/μm and a field enhancement factor of 1200, attributed to the smallest emitter tip radius 
and the varying surface morphologies. 
Keywords: Graphene oxide, Raman Density, compression, porous, thermal Field Emission 
conductivity 

 

1. INTRODUCTION 

Graphene and its derivatives, such as 
graphene oxide (GO) and reduced graphene oxide 
(rGO) are said to be effective and promising 
materials for many applications. Graphene shows a 
2D structure, where a uniform, homogeneous 
single layer of carbon (Z=6) atoms are set in a 
hexagonal lattice plane and play a significant role 
in emission properties [1]. Moreover, graphene and 
its derivatives (GO and rGO) are usually flat with 
better transmission and efficient charge transfer [2]. 
Since graphene is getting attraction in nano and 
tech. fields. Graphene shows high surface area, a 
variable energy gap, extraordinary thermal as well 
as electrical conductivity, and excellent mobility at 
room temperature [3]. The GO is a carbon layer 
with the presence of oxygen functional, that is     
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attached to both sides of the carbon layer and 
the carbon edges of the plane [4].  

GO could be a single or multilayer sheet. A 2-
dimensional sheet with a single layer is GO; two 
double layers of GO are named two-layered GO 
[5]. Moreover, the 2-dimensional GO layer in 
between two to five layers is called a few-layered 
GO sheet, and more than five layers are said to be 
multilayer GO [6]. GO nanosheets are synthesized 
by the modified Hummer method [7] that controls 
the morphology and size of nanostructure, which 
play an important role in electron field emission 
properties [8]. 

Electron field emission is the important 
characteristic of electron emission by the emitter 
surface height barrier of a structure through the 
principle of quantum tunnel phenomenon [9]. In the 
basic theory of thermionic emission (TE), the 
emitter (GO and rGO) are annealed at extreme 
temperatures to transfer enough energy to excited 
electrons, which is needed to discuss the work 
function of the emitter of the nanosheet [10]. While, 
the electron field emission is produced under the 
most intense external applied electric field to an 

https://doi.org/10.62638/ZasMat1
mailto:pkmahatoru@gmail.com


P. K. Mahato et al. Morphological, size-dependent field emission investigation ... 

ZASTITA MATERIJALA 66 (2025) broj  2 

 

Figure1: Schematic diagram of synthesis of GO. 

emitter surface (as cathode), called cold cathode 
emission [12]. These electron emissions are used 
for various applications including microwave 
generation devices, gas sensors, field emission 
displays, and medical imaging [13]. Various groups 
made an effort to investigate the field emission 
properties of different nanostructures [9,14,15]. The 
majority of previously reported investigations on 
electron field emission of graphene, GO and rGO 
nanosheets have not focused in detail. However, 
the correlation between morphologies and grain 
size (calculated from the EMA model) with electron 
field emission properties has been rarely reported 
yet. This investigation reports the role of 
morphology and grain size on the performance of 
electron field emission of GO and rGO. The 
theoretical effective mass models are used to 
calculate the size using different absorption 
plasmonic energy. A correlation between 
morphologies and grain size and electron field 
emission properties exhibits that the turn-on field is 
effectively impacted by the size quantum effect in 
GO and rGO nanosheets. 

2. MATERIALS AND METHODS 

 Graphene oxide (GO) is synthesized through 
the improved Hummers' method. In the Hummers' 
method, graphite is oxidized using a mixture of 
concentrated sulfuric acid (H2SO4), sodium nitrate 
(NaNO3), and potassium permanganate (KMnO4). 
H2O2 is used to stop the reaction. The resultant 
solution is centrifuged using HCl, and dried in the 
presence of IR at 85°. Finally, GO is obtained by 

exfoliating using heat treatment.  The oxidation 
process introduces oxygen-containing functional 
groups such as hydroxyl (-OH), epoxide (-O-), and 
carboxyl (-COOH) onto the graphene layers, 
resulting in the formation of GO. After obtaining 
GO, reduced graphene oxide (rGO) is prepared by 
reducing the oxygen-containing functional groups 
in GO using sodium Borohydride[16-17]. The 
reduction process removes some of the oxygen 
groups and partially restores the sp2 carbon 
network, leading to the formation of rGO. The 
schematic of synthesis process is shown in Fig 1. 

3. RESULTS AND DISCUSSION  

3.1 Morphological and elemental composition of 
GO and rGO. 

Fig. 2(a-b) displays the FESEM micrograph of 
graphene oxide (GO) and reduced graphene oxide 
(rGO) samples. Fig. 2(a) shows the presence of 
crumple and spherical type structure, because of 
the exfoliation of graphite sheet, which becomes to 
GO nanosheet and results in reduction or 
deformation on the exfoliation. Fig. 2(b) displays 
the micrograph of reduced graphene oxide (rGO), 
the folded and wrinkled nanostructure has been 
found.  This folding rGO nanosheet is observed on 
the surface and the edge of rGO due to the losses 
of the presence of oxygen functional groups[18]. 
More folded and wrinkled nanosheet is produced 
when the reduction is quite stronger. A layered 
sheet with few defects is found in both samples, 
indicating their polycrystalline behavior. Relatively, 
the rGO nanosheet shows more aggregation than 
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Figure 2: FESEM and EDS spectra, (a-c) GO, (b-d) rGO.

the GO.  The ratio of C:O for GO and rGO 
nanosheets has been investigated through EDS 
measurement, as shown in Fig.2(c-d). The ratios of 
C:O of GO and rGO are 1.48 and 2.53, 
respectively. The EDS result confirms the reduction 
of rGO from the GO nanosheet [19]. 

3.2 XRD study of GO and rGO 

XRD spectra were recorded by using Cu (Kα) 
radiation (0.154 nm) and intensity was collected in 
range of 2θ = 5–40◦ for GO and rGO nanosheet to 
evaluate the structural and elastic properties, as 
shown in Fig. 3. The observed peaks 
corresponding to reflection planes (001) at 2θ = 
11.8◦ assigned to GO phase and observed peaks 
corresponding to reflection planes (002) at 2θ = 
26.8◦ assigned to rGO phase [JCPDS card no. 77-
2306] . The structural parameters such as crystal 
size (D), lattice strain (ε), and dislocation density 
(δ) have been studied corresponding to (001) and 
(002) reflection peak of GO and rGO nanosheet 
are estimated using the Scherer equation [20]. 
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Here  is full-width at half maximum (FWHM). 

The estimated average values of D of GO and rGO 
nanosheet using Scherrer’s formula are 2.9 nm and 
6.6 nm. The analysis of disorderness, non-
uniformity, non-homogeneity, irregularities and 
crystal defects present in samples has been 

carried out using dislocation density (δ), 

calculated through following equation [21]: 
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The estimated average value of dislocation 

density of GO and rGO nanosheet are 0.1228 

and 0.0229 respectively. 
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Figure 3: XRD of  GO and  rGO nanoseet 

3.3 Optical and Raman study of GO and rGO 

The optical absorption properties of the GO 
and rGO are shown in Fig. 4(a), The GO exhibits 
the peak position at 290 nm indicating the p–n* 
absorption band, on the other hand, the rGO 
exhibits the peak position at 298 nm indicate the p–
n* absorption band, suggest that some groups on 
the GO nanosheet are eliminated and the 
conjugated nanostructures have been restored. 
The surface plasmonic position centered at 230 nm 
for the GO nanosheet is red-shifted (shifting 
towards a higher wavelength) with increasing 
reduction i.e GO to rGO samples. Further, red 
shifting can be explained through the quantum 
confinement effect through various theoretical 
models using optical absorption. Here we will use 
the effective mass model to compute the size, 
which is expressed as [22-24]. 
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Where r is the crystallite radius.  The calculated 
size from this model are 3.56 nm and 4.79 nm 
respectively for both the samples. Besides the 
effective mass model, another model called the 
Hyperbolic Band approximation (HBA) model, is 
used to estimate the size of GO and rGO. The   
HBA model is expressed as [25-26]. 
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The estimated crystallite size from this model is 
8.45nm and 11.76nm.  

Raman spectroscopy is used to investigate the 
defects and disorders present in synthesized 
samples of GO and rGO. Fig.4(b) displays the 
Raman spectra for both samples, which exhibit two 
significant bands namely the G band and D band. 
In the recorded GO and rGO samples, the G band 
centered at ~ 1540-1545 cm

−1
, indcates the perfect 

GO and rGO nanostructure of a carbon atom with 
sp

2
 hybridization mode and is assigned to E2g-

symmetry phonons. The D band is centered at 
1350-1380 cm

−1
, indicating the A1g-symmetry 

phonons and which confirm the presence of 
defects in samples. The defect(D) band suggests 
the disorder in samples arises because of 
microstructural imperfections and irregularities by 
the presence of functional groups in the 2-
dimensional. graphene sheets. The G-band comes 
in our samples because of lattice plane vibration of 
sp

2
 hybridized mode of carbon atoms. In the case 

of the GO nanosheet, the functional groups are 
fond of the carbon atoms by shifting the 
hybridization mode from sp2 to sp3 mode. On the 
other hand, the rGO shows the red shifting of the G 
band than the GO nanosheet.  The Raman 
intensity ratio of D-band (ID) and G-band (IG) is also 
estimated, which gives the information of 
qualitative assessment of the presence of disorder, 
defects in the GO and rGO samples. The ID/IG ratio 
decreases from 0.81 to 0.92 for the samples. The 
ID/IG ratio of Raman band decreases with the 
reduction of graphene oxide. To estimate the grain 
size from recorded Raman spectra through 

expression [27], ,
560
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Figure 4: (a) absorption, (b) Raman spectra of GO and rGO. 

and expression 
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used to calculate the size. The estimated Size was 
17 and 23 nm for GO and rGO. 

3.4 Field emission properties of GO and rGO 

Graphene and its derivatives show promising 
electron field emission behavior and are examined 
for application in devices. To understand the 
emission properties of nanosheets, the electron 
emissions testing is carried out with diode 
assembly inside the chamber at a minimum 
pressure, and the separation between the cathode 
and anode was 0.025cm.  A schematic diagram of 
field emission geometry is shown in Fig. 5. The 
process of field emission depends on the principle 
of quantum tunneling phenomenon. Fig. 6(a-b) 
displays the current density (J) versus applied 
electric field(E) curve plots for both samples. The 
turn-on voltage for collection of GO is usually 
expressed as the electric field needed to create the 
emission current densities of 15 mA-cm

-2
. The turn 

on voltage values is found to be 8.67 V/μm and 9.2 
V/μm for both the samples. A morphology and size 
dependent on turn on voltage, indicate that turn-on 
fields are possibly tailored through tailoring the GO 
and rGO diameter. A minimum turn on voltage is 
required for electron field emission from 
synthesized GO and rGO samples are used for 
minimal power operation-based devices. It is 
evidence that the emission behavior of nanosheet 
is effectively impacted with size. It is required to 
turn on voltage of GO and rGO shows minimum 
size because of larger applied external field at the 
tip of the nanosheet. 

The electron field emission data have been 
investigated through the Fowler–Nordheim (FN) 
model which tells about the electron emission 
current density through barrier tunneling 
phenomenon, electron field emission current as a 
function of the applied external electric field and 
are expressed as follows [28-29]. 
















V

PWvK
J



 2
3

22

exp …………….(6) 

 

Figure 5: Schematic diagram of field emission 
geometry. 

 

where K (= 1.541 × 10
−6

 AV
−2

 eV) is a constant, 
P = 6831 eV

−3∕2
 μm

−1 
V, V is the applied electric 

field, φ is the work function and β is the field-
enhancement factor. The plot of ln(J/E

2
) with (1/E) 

is defined as FN plot, whose gradient is expressed 
as. 
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Figure 6: Electron emission current–voltage plot (inset FN plot) of (a) GO, (b) rGO nanosheet. 

4. CONCLUSIONS 

This investigation demonstrated the 
synthetization of GO and rGO through a modified 
hummer method. XRD pattern confirm the 
formation of GO and rGO phase. The plasmon 
peaks were observed at 290 nm to 310 nm for both 
the samples. Here, a plasmonic energy associated 
effective mass model was used to calculate the 
crystal size of nanosheet, which is 3.56 nm and 
4.79 nm for GO and rGO nanosheet, which confirm 
the confinement behavior. The G band is centered 
at ~1540-1545 cm

−1
, and the D band is centered at 

1350 to 1380 cm
−1

, indicating the A1g-symmetry 
phonons and which confirm the presence of 
defects in samples. An excellent field emission for 
GO was found with minimum turn-on voltage of 6 
V/μm. The synthesized GO has proved to be an 
excellent electron field emitter. On the other hand, 
the field enhancement factors are   1200 and 1160 
for both samples. A maximum field enhancement 
factor was found for a smaller crystal size sample.  
A size dependent change in turn-on field suggests 
that electron field emission parameters are also be 
tailored as a result of size confinement in GO and 
rGO nanosheets. 
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MORFOLOŠKO ISTRAŽIVANJE EMISIJE GO I rGO NANOLISTA ZAVISNO OD VELIČINE 

 

IZVOD 

Ovde se izlaže o ulozi morfologije površine i veličine zrna na karakteristike emisije elektronskog polja GO i 
rGO nanolistova, sintetizovanih modifikovanom Hamerovom metodom . Plazmonski pikovi su primećeni na 
290 nm -310 nm za oba uzorka . Ovde je korišćen model efekti vne mase povezan sa plazmonskom 
energijom za izračunavanje veličine kristala nanolista, koja je 3,56 nm i 4,79 nm za GO i rGO nanolist, što 
potvrđuje ponašanje zatvaranja. Ramanski podaci snimljeni za GO i rGO nanolist potvrđuju prisustvo D i G 
traka, što sugeriše rast GO i rGO. Pored toga, veličina kristala se izračunava Ramanovim podacima, koji 
je uporediv sa veličinom radijusa Borovog eksitona, što ukazuje na GO i rGO kao kvantne tačke. 
Parametri emisije elektronskog polja sintetizovanih GO i rGO nanolistova su istraženi i parametri su 
izračunati pomoću Fauler –Nordhajmove (F-N) jednačine. Među njima, GO uzorak pokazuje najbolja 
svojstva emisije elektronskog polja sa minimalnim naponom uključivanja od 8,2 V/mm i faktorom 
poboljšanja polja od 1200 zbog posedovanja najmanjeg radijusa (veličine) vrha emitera i različite 
morfologije površine.  

 

Ključne reči: Grafen oksid, Raman, Pojasni razmak, Emisija polja. 
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