L. X. Hung, T T. Hue, P. T. Nga/ Tap chi Khoa hoc va COng nghé Dai hoc Duy Tan 02(45) (2021) 29-34 29

TAP CHI KHOA HOC & CONG NGHE DAL HQC DUY TAN TRUONG DAT HOC DUY TAN

DTU Journal of Science and Technology 02(45) (2021) 29-34 DUYTAN UNIVERSITY

Optical properties of Nitrogen and Sulfur doped Graphene quantum dots

Tinh chit quang cua cic chdm luong tir Graphene pha tap Nito va Luu huynh

Le Xuan Hung®™, Trinh Thi Hue¢, Pham Thu Nga®®
L& Xuan Hung®"", Trinh Thi Hué"®, Pham Thu Nga”®

3 nstitute of Research and Development, Duy Tan University, Da Nang, 550000, Vietnam
aVién Nghién ciru va Phdt trién Cong nghé Cao, Truong Pai hoc Duy Téan, Pa Nang, Viét Nam
®Faculty of Natural Sciences, Duy Tan University, Da Nang, 550000, Vietnam
bKhoa Khoa hoc Tir nhién, Truong Pai hoc Duy Téan, Pa Nang, Viét Nam
®Institute of Theoretical and Applied Research, Duy Tan University, Hanoi, Vietham
Vién Nghién civu Ly thuyét va Ung dung, Trwong Pai hoc Duy Tan, Ha Noi, Viét Nam

(Ngay nhdn bai: 03/12/2020, ngdy phdn bién xong: 07/01/2020, ngay chdp nhdn dang: 12/03/2021)

Abstract

Graphene Quantum Dots (GQDs) are a type of material with a width of several nanometers (hm) and a thickness of a
single layer or a few layers of carbon (C) atoms organized in hexagonal shape like a beehive. Since the lattice structure of
GQDs only includes carbon atoms, they are a nanomaterial that is friendly to the environment and humans. They have
many applications, with one of the main uses being a novel antimicrobial agent. Doping other elements into the GQD
lattice is an effective method to alter the defective energy level of GQDs, allowing control and modification of their optical
properties and electronic transmission. In this paper, we present new results on the synthesis of nitrogen-doped GQDs (N-
GQDs) and sulfur-doped GQDs (S-GQDs) and their respective optical properties such as absorption spectra, fluorescence,
and Raman spectra. The fluorescent mechanisms of GQDs, N-GQDs, and S-GQDs will also be clarified and explained.
These two types of quantum dots are strong candidates for antimicrobial agents and biomedical imaging.
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Tom tat

Céc chim lugng tir Graphene (GQDs) 1a loai vat liéu ¢6 kich thudc nano mét (nm) va ch1eu day chi la don l6p hay vai
16p nguyén tir carbon (C) sap xep thanh mang luc gidc (hecxagonal) kiéu t6 ong. Do cu trac mang ciia chim lugng tir
graphene chi gdm cac nguyén tir carbon, vi vdy GQDs 1a vét liéu nano than thién v&i moi truong va con ngudi. Chiing
¢6 nhiéu tmg dung ma mét trong nhing ng dung chinh trong y sinh 13 1am tac nhan khang khuan méi. Viéc pha tap cac
nguyén tur chat khac vao mang GQD la mét phwong phap hiéu qua dé thay do6i mirc nang lugng khuyét tat cia GQDs,
dé diéu khién va lam thay ddi cac tinh chat quang va truyén dién tir cia GQDs. Trong bai bdo ndy, ching t6i trinh bay
cac két qua mai vé vide tong hop GQDs pha tap nito (N-GQDs) va GQDs pha tap luu huynh (S-GQDs) va cac tinh chat
quang hoc tuong (mg cuia chiing, nhu pho hap thy, huynh quang, phd Raman. Co ché huynh quang ciia cic mau GQDs,
N-GQDs, S-GQDs s& duogc 1am 16 va giai thich. Hai loai chdm luong tir nay 1a nhitng (mg vién sang gia cho cac tmg
dung 1am chat khang khuan trong y sinh va hién anh sinh hoc.
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1. Introduction

Graphene materials with 2D forms have
attracted research from scientists all over the
world, thanks to their interesting physical
properties and high applicability, ever since the
two scientists Geim and Novoslov received a
Nobel Prize in 2010. However, graphene also
has some limitations, such as zero bandgap, low
absorptivity, etc. [1]. Graphene quantum dots
were first fabricated by Ponomarenko and
Geim [2]. GQDs have many new properties,
and their unique fluorescent properties attribute
to their quantum confinement effect. The
property modification capability of GQDs is
very important for various applications.
Besides, GQDs also exhibit good solubility in
water due to the large edge effect of GQDs,
which can be modified by functional groups.
Modification of GQD properties have been
initially done by Zhao et al. [3] in 2012 by
doping nitrogen (N) into GQDs. Currently,
GQD property modification via doping and
edge functionalizing is a hot topic for research
[1], in which the GQDs are doped with atoms
of different elements, such as P, N, B and S.
The doping not only changes the emission
spectral bands but also increases the quantum
yield of doped GQDs. Specifically, doping with
sulfur atoms is quite difficult compared to other
heteroatoms because of its electronegativity.
Until now, there have only been a handful of
researches on the fabrication of S-doped GQDs
(S-GQDs) reported for sensor applications [4,
5]. Both N-GQDs and S-GQDs have good
fluorescence and high potential in biomedical
[6] and photoelectronic applications [7]. In this
study, we used a simple and cost-effective
pyrolysis method to fabricate N-GQDs and S-
GQDs using citric acid (CA), urea, and 3-
mercaptopropionic acid (MPA) as the sources
for carbon, nitrogen (N), and sulfur (S)
respectively. These are novel research results to

obtain high-quality quantum dots to apply in
experiments for antibacterial activity. The aims
of this research are: studying the fabrication of
GQDs doped with N and S atoms from different
carbon sources; studying the morphology of
fabricated doped GQDs; studying the
identification of the formation of graphene via
its characteristic peaks and the effects of doping
on these peaks; presenting the emission
mechanisms of processes that take place in these
samples. The optical properties of these two
types of doped GQDs such as Raman spectra,
photoluminescence excitation (PLE), and
photoluminescence (PL), will be presented in
detail and compared to non-doped GQDs.

2. Experiments

2.1. Synthesis of N-GQDs and S-GQDs

For S-GQDs, synthesis from CA and urea
was reported in [8] and synthesis from CA and
MPA was reported in [4, 5, 9]. For N-GQD
synthesis from CA and urea, we liquefy CA
from solid form then pyrolyze this CA liquid
with urea by microwave at 560 W for 2 min.
After the pyrolysis process, this mixture is
added to a 50 ml NaOH (10 mg/ml) solution.
The obtained liquid is as-synthesized N-GQDs.

In a typical preparation procedure for S-
GQDs [5, 9], 300 wm MPA and 2.1 g CA are
mixed in a 50 mL beaker. The obtained mixture
IS put into a microwave at 560 W for 2 min.
The resulting mixture, which has a light brown
color, is then dripped into a 50 ml NaOH (10
mg/ml) solution under strong stirring. After 30
minutes, we obtain S-GQDs as the product.

2.2. Characterization of N-GQDs and S-GQDs

A JEOL JEM-2100 high-resolution
transmission electron microscope (HRTEM)
was used to characterize the GQDs and doped-
GQDs at an accelerating voltage of 200 kV.
Raman spectra were recorded by a HORIBA
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XploRA micro-Raman system using a 532 nm
excitation laser. The ultraviolet-visible (UV-
Vis) absorption spectra of doped-GQDs in
water were measured in the wavelength range
of 200-1100 nm using a Cary 60 UV-Vis
spectrophotometer (Agilent). The PL spectra
were recorded on a Fluorolog- 322 system
(Horiba Jobin-Yvon) using a Xenon 450 W
light with excitation wavelength selected at 460
nm. The excitation-emission mapping (EEM)
measurement was carried out on Duetta

(Horiba) using a Xenon 75 W light with a CCD
detector.

3. Results and discussion

3.1. Morphology of doped-GQDs by HR-TEM
images

The shape and size of the synthesized
doped-GQDs samples were investigated using
HR-TEM images at different magnifications.
Fig. 1 are HR-TEM images of N-GQD
synthesized samples from CA and urea.

Fig. 1. HR-TEM images of N-GQDs sample synthesized from CA and urea

These HR-TEM images show that
fabricating N-GQDs would result in doped-
GQD fragments with near-uniform circular
shape, narrow size distribution ranging from
10-20 nm when fabricated from CA and urea.
The lattice spacing of these N-GQDs has been
accurately measured to be 0.248 nm from the
HR-TEM image, which is comparable to what
other authors have previously published [10].

3.2. Optical properties

Fig. 2 is the PL excitation spectra of GQD,
N-GQDs, and S-GQDs samples. For undoped

GQD samples, on the PLE spectrum appears
only 1 band with a maximum at 310 nm
corresponding to Cr — Cn” transition. For N-
GQDs, the PLE spectrum shows that there are
two excitation bands at 310 nm and 370 nm,
which correspond to absorption transitions: Cr
— Cn"and Ct — Nn". Similarity interpretation
for S-GQDs. Photoluminescence excitation
spectra (PLE) show that the best wavelength for
excitation of the S-GQD sample is 370 nm,
while it is ~ 310 nm for the two GQD and
N-GQD samples.
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Fig. 2. PLE spectra of GQDs, N-GQDs,
and S-GQDs.

Fig. 3 is the PL spectra of GQD, N-GQDs,
and S-GQDs samples. We found that the PL
intensity of S-GQD samples was very strong
compared to the luminescent intensity of GQD
and N-GQD samples. The reason here is that
the wavelength of 370 nm is not the appropriate
wavelength for excitation of GQD and N-GQD
samples. Emission peaks are shifted towards
shorter wavelengths compared to N-GQDs.
This can be explained as follows: doping S
atoms into the GQD lattice causes the energy
state to be at a higher-level position than
doping N atoms into GQDs.

In order to analyze in detail the fluorescent
properties of samples to get the big picture of
fluorescent spectra and excitation, we carried
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Fig. 3. PL spectra of GQDs, N-GQDs and S-GQDs
samples under excitation at 370 nm.

out Emission-Excitation mapping (EEM) on the
Duetta (Horiba) system. The EEM images of
N-GQD and S-GQD samples are presented on
figure 4. These images show that for N-GQDs,
the emission maximum is located at
approximately 425 nm with the most effective
excitation wavelength at about 310 nm. For S-
GQD samples, the emission maximum is
shifted towards longer wavelengths compared
to N-GQD samples and is located at
approximately 460 nm with effective excitation
wavelength in the range of 365-370 nm. It can
be seen that the synthesized samples have
emission bands in the visible region, therefore
they can be applied in bioimaging or other
applications in medicine.
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Fig. 4. EEM images of N-GQDs (a) and S-GQDs (b) samples, measure from 300 nm to 700 nm
under excitation wavelength from 250 nm to 500 nm.
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The possible electron transitions responsible
for the photon emission could be as follows:
when the doped-GQDs are excited by a light at
A =310 nm, the photons are absorbed, resulting
in the electron transitions of Cxt — Cn*(1), n
(C-N) — Cn*(2). The excited electrons are
deactivated via two mechanisms: one is by
direct recombination after vibration relaxation
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from transition between the same energy levels,
leading to PL (3); the other is by vibration
relaxation from Cn* — n-nm* and n-7* to
surface state transitions, then surface states —
Cr recombination, producing PL (4,5) (see Fig.
5). The resulting emission spectrum of
N-GQDs is a wide band, consisting of both
mechanisms above.
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Fig. 5. The possible PL emission mechanism for
N-GQDs

To identify the formation of graphene,
Raman spectra were used to observe the
changes and effects produced by GQD
heteroatom doping. Fig. 6 is the Raman spectra
of N-GQD samples fabricated from two
different carbon sources compared to non-
doped GQDs. The D and G peaks of the non-
doped bare GQD sample are observed at 1369.6
cm and 1588 cm™ on the Raman spectra, close
to those values observed by other authors for
N-GQDs [9, 10]. However, for N-doped
samples, we see that the D peak is shifted
towards shorter frequencies, while the G peak
is shifted towards longer frequencies (for N-
GQDs fabricated from pyrene) or shorter,
depending on each case. The position of the G
peak is also an indicator for the size, number of
layers, and amount of doped N in GQD
fragments. Therefore, more detailed
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Fig. 6. The Raman spectra of N-GQD samples
fabricated from two different carbon sources
compared to non-doped GQDs.

experiments on the shift of G peak according to
the nature of N-GQD samples is necessary.
Besides, we also observed a D' peak on the
Raman spectra of the two N-GQD samples due
to the doping of N atoms into the GQD lattice.

4. Conclusion

In summary, we have successfully fabricated
N-GQD and S-GQD samples. However, the
fabrication method optimization is still a work
in progress to find the optimal doping
concentration of N or S atoms for the best
luminescence. Raman spectra were used to
briefly evaluate the quality of synthesized N-
GQD samples. More detailed studies are still
being carried out.
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