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ABSTRACT

In this paper, Graphene quantum dots are zero-dimensional nanostructures of
graphene whose size is less than 100 nm and contain one or more graphene layers.
One of the essential features of these materials is the presence of graphene structure,
which brings high crystallinity with a multiple carbon structure of SP? type. Graphene
quantum dots have many applications due to their unique structure and shape. This
factor has caused various synthesis methods to be proposed for this substance. The
present study synthesized graphene quantum dots at low cost and without needing
special equipment by the thermal pyrolysis method. For this purpose, the Inorganic
source of citric acid was used, and the effect of temperature on the final product was
investigated with the help of infrared spectroscopy, and photoluminescence tests. The
results showed that with increasing temperature, the size distribution of the
synthesized particles became wider. As a result, the luminescent properties also
changed, and the contribution of green light emission increased. The temperature of
220°C was determined as the optimum temperature for synthesizing quantum dot
nanoparticles with blue emission.
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Figure 1: Fourier transform infrared spectrum of citric acid before and
after heating at 220 °C.
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Table 1: Indicative peaks in pure citric acid spectrum before heating.

Molecular bond Wave number (cm™)

O-H (R-C(0)-OH) 3290
c=0 (C(0)-OH) 1721
C-OH - 1105
CH, - 778
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Table 2: Indicator peaks in citric acid spectrum after heating.

Molecular bond | Wave number (cm™)

C-H stretching 2983
C=0 stretching (C(0)-OH) 1725
C-OH stretching - 1182
C-O stretching - 1022
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Figure 2: Visible-ultraviolet spectrum of citric acid before and after

heating.
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Figure 3: The luminescence spectrum of the sample heated at 220 °C.
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Figure 4: Fourier transform infrared spectrum of samples at different temperatures.
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Figure 5: Light spectrum of samples at different temperatures a) GQD-T-250 b) GQD-T-220 and c) GQD-T-180.
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Figure 7: X-ray diffraction spectrum of optimal quantum dots.

PAY-YA ¥ (LAY /55) 6L ) wlalloe (el &g s



=9 SIS 5958 YR9) &1 OLS (egiilyS s siius 53 Lo J3I () o/ YR 9 33918 Sdass

S5 azi -¥

g0 a7y )y 4o OIS (aglsS BB Gudizd 0l 5o
odal i 00l plosl (Glo gy a4y dz gl bl gy alises slales
OS5 (ostlsS bl (595 olss e aleS oy g Led i b oS 0
adol e ojlasl dles il b .asS oo posd oolo ojlail )l a5 a4y g
OARg5y il 5o s aalss e S o3l g 5 ead S5
b o3l 58 Lo 30,5 (coplsS LS s ol e Loy
el G 4 ad B ¥e ley g ol F il a0 VY- glos e lgSy
bsgio ojlail g 3b5 (osls gyl Ll (nl b oadangs segiilss bl
@l G 05 5l gl Y+ g goedsb o 5 am yesli Ve BA
o= gstd Slogaeob Sbj ol (rizren 35 HRe je g
orlsS bl sl 5 SasS DS ol bawgite ( o 5 4 (i
ol ools i 1y aige slos jo cadiazzlo

o5zl (sgmials ol it S aabfil 5l g e allie ol

ol gagler § alie (B siuys ol (6)) sias olel Loy
)_';Sa) p.sl_‘> 9 qub ):50 6[31 uL»."- ‘50)5&‘&.9 9 olKidlo Q)"‘ Sg2o 9
ML@GA b.ib)b\é (00,9

&8be o)l
el 013 oy Sty Lag @ilis 5 w55 en

1. XT. Zheng, A. Ananthanarayanan, KQ. Luo, P. Chen, "Glowing
graphene quantum dots, and carbon dots: Properties, syntheses, and
biological applications", Small. 11, 1620-1636, 2015.

2. Y. Wang, A.Hu, "Carbon quantum dots: Synthesis, properties, and
applications”, J. Mater. Chem. C. 2, 6921-6939, 2014.

3. X. Hai, J. Feng, X. Chen, J. Wang, "Tuning the optical properties of
graphene quantum dots for biosensing and bioimaging”, J. Mater.
Chem. B. 6, 3219-3234, 2018.

4. J. Shen, Y. Zhu, X. Yang, J. Zong, J. Zhang, C. Li, "One-pot
hydrothermal synthesis of graphene quantum dots surface-
passivated by polyethylene glycol and their photoelectric
conversion under near-infrared light", New J. Chem. 36, 97-101,
2012.

sbasS sl sojlasl 039 ) p (S i oSy (St
=815 egileS blas Lol a5 aws o lid cpl g canl ool
DY el (@l Sy sl 555k Hslo b glise coniangs
bla olyd il ojlasl g Jsi sl (hogim ol 5o
(TEM) (5,52 (S955U 9Simg Sona 5l ooliiual b 315 (oagiilyS
3345 A el (55908 S9SNy e gl D (o)
S9yS oddd i lyd aS aes e lad ceadosls Ligled A S
po—al j3 odbosls HLas 81,5 cegiileS bl o3lasl aiis S
b g pSeslalImaged jl38le 5SS 4y alitee oled S5 90 0
A S jo ols s las 1) ceguilsS blas ol yd 51 (g iy dlasy oS
oSl olas s 4 a8 el (S8 B iz ol (sl 00 00 5]
A5l gl CodS (n)S Gba 5 (egleS LB LS G ol
el ol oS5 A

e gl (5590 (95 38y S g 1A S
Figure 8: Transmission electron microscope image of the optimal
sample.

&0 =0

5. CO. Kim, SW. Hwang, S. Kim, DH. Shin, SS. Kang, JM. Kim,
"High-performance graphene-quantum-dot photodetectors”, Sci.
Rep. 4, 4-9, 2014.

6. S. Kundu, VK. Pillai, "Synthesis and characterization of graphene
quantum dots", Phys. Sci. Rev. 5, 1-35, 2020.

7.S. Zhu, J. Zhang, C. Qiao, S. Tang, Y. Li, W. Yuan, "Strongly green-
photoluminescent graphene quantum dots for bioimaging
applications”, Chem. Commun. 47, 6858-6860, 2011.

8. S. Zhu, J. Shao, Y. Song, X. Zhao, J. Du., L. Wang, H. Wang, K.
Zhang, J. Zhang, B. Yang. "Investigating the Surface State of
graphene quantum dots", Nanoscale, 7, 7927-7933, 2015.

9. KS. Samra, A. Singh, "Facile synthesis of graphene quantum dots
and their optical characterization, Fullerenes Nanotubes Carbon",
Nanostruct. 29, 638-642, 2021.

¥q.

PAY-YA & (LAY /55) 6L ) wlalloe (el &g s



Y\

w9 IS 59 rm O9) & BT SegiileS I S 53 Lod 3l ) 2 /UL 9 39l g

10. V. Bressi, A. Ferlazzo, D. lannazzo, C. Espro, "Graphene quantum

dots by eco-friendly green synthesis for electrochemical sensing:
Recent advances and future perspectives”, Nano Mater. 11, 2021.

11. X. Wu, F. Tian, W. Wang, J. Chen, M. Wu, JX. Zhao, "Fabrication

12.

13.

of highly fluorescent graphene quantum dots using L-glutamic acid
for in vitro/in vivo imaging and sensing”, J. Mater. Chem. C. 1,
4676-4684, 2013.

Sk. MA, A. Ananthanarayanan, L. Huang, KH. Lim, P. Chen,
"Revealing the tunable photoluminescence properties of graphene
quantum dots", J. Mater. Chem. C. 2, 6954-6960, 2014.

P. Pimpang. R. Sumang, S. Choopun, "Effect of concentration of
citric acid on size and optical properties of fluorescence graphene
quantum dots prepared by tuning carbonization degree”, Chiang
Mai J. Sci. 45, 2005-2014, 2018.

14.

15.

M, Shahab, S Ebrahim. M. Soliman. "Graphene Quantum Dots
Prepared From Glucose as Optical Sensor for Glucose", J. Lumin.
184, 110-116, 2017,

W. Dong, J. Shao, S. Chen, H. Li, R. Wang, Y. Chi, X. Lin, G.
Chen, "Blue luminescent graphene quantum dots and graphene
oxide prepared by tuning the carbonization degree of citric acid",
Carbon. 50, 4738-4743, 2012.

16. R. Liu, D. Wu, X. Feng, "Bottom-up fabrication of photoluminescent

17.

graphene quantum dots with uniform morphology", J. Am. Chem.
Soc. 133, 15221-15223, 2011.

Z.Tang, R. Ji, X. Cao, J. Lin, H. Jiang, X. Li, S. Teng, C. Luk, S.
Zeng, J. Hao, P. Lau, "Deep ultraviolet photoluminescence of water-
soluble self-passivated graphene quantum dots"”, ACS Nano. 6, 6,
5102-5110, 2012,

How to cite this article:

12, 3(2022), 283-291.
DOR: 20.1001.1.22517278.1401.12.3.6.5

S. Kavand, A.Sedghi, S. Baghshahi, Investigating the Effect of Temperature on the Synthesis of Graphene
Quantum Dots by Thermal Pyrolysis Method and Its Effect on Photoluminescent Properties, J. Stud. Color world,

PAY-YA & (LAY /55) 5L ) wlalloe (el &g s



	بررسی اثر دما بر سنتز نقاط کوانتومی گرافن به روش پیرولیز حرارتی و تأثیر آن بر خواص نورتابي
	1- مقدمه
	2- بخش تجربي
	2-1- مواد

	3- نتايج و بحث
	3-1- تعيين دماي بهينه سنتز نقاط كوانتومي 

	4- نتيجه‌گيري
	5ـ مراجع


