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The Title : The Synthesis of Graphene Quantum Dot by Electrochemical Method

to be Used as a Model and Energy Storage for Basic Electronic Learning
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ABSTRACT

This research was conducted to synthesize graphene quantum dot (GQDs) by
electrochemical methods. In the synthesis process, graphite rods were used as electrodes and carbon
source which this reaction was catalyzed by a direct current for 4V into between both electrodes
for 120 minutes of synthesis time. Moreover, electrolyte solution composited with a constant of
citric acid 1M and various concentration of NaOH as OM, 1.5M, 2.5M, 3.5M, and 4.5M in distilled
water (50 ml). Variation of NaOH concentrations in electrolytes was a key factor that control pH
parameters in the electrochemical process for synthesis GQDs such as pH 1,4, 5, 6 and 14 as NaOH
at OM, 1.5M, 2.5M, 3.5M and 4.5M respectively. As the results, GQDs from this method showed
light absorption edge at 329 nm, 435 nm, 418 nm, 347 nm and 331 nm calculation band energy in
each condition for 2.70 — 3.45 eV. of GQDs-1, GQDs-4, GQDs-5, GQDs-6 and, GQDs-14
respectively. The pH role in the electrochemical process was observed by light absorption edge of
GQDs, in which the absorption edge of GQDs had shifted from the ultra-violet wavelength area
into a visible area when pH of GQDs increased more than 5. Therefore, this study had been shown
that the pH of GQDs could be adjusted the size and band energy in GQDs. and could create a set
of activities to develop skills in electronic science processes. The research was quasi-experimental
with one group of experimental research patterns with pre-test and post- test. The sample consisted

of 30 Mathayomsuksa 3 students, in the first semester at Chiang Mai Suksa Songkhro School,



Mae Rim District, Chiang Mai Province. The results showed that the activity had afficinecy at
75.44/77.89, higher than specified criteria, with statistical significance at the .05 level. The students'

satisfaction of learning activity was 4.28, that was at a high level.

Keywords: Graphene Quantum Dot, Electrolyte, Electrochemical Method
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1.1.3) Exfoliation of Graphene Intercalation Compounds (GICs)
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Electrolyte

Variety Citric Acid NaOH

(7)) (M)
GQD1 1 0
GQD2 1 1.5
GQD3 1 2.5
GQD4 1 3.5
GQDS5S 1 4.5

10A13197 4.1 U9V 0NDI0ATITINVOId15a¢a18 Citric Acid 118 NaOH

F9a1502a10 NaOH 22 19 lusasidauiiuana 1901 1ivdzqanuiana19ueda1 pH

a . U a g ¢ Aa | A
M1319N 4.2 !mﬂ\‘mﬂ51mmmmsazmﬂmaﬂim"lnﬂ nuWanenl pH

Electrolyte
Variety Citric Acid NaOH A1 pH
M) M)

GQDI1 1 0 1
GQD2 1 1.5 4
GQD3 1 2.5 5
GQD4 1 3.5 6
GQD5 1 45 14




93

ihic AR [oric an eitric

pH1

MNN 4.1 §10819989d15a%a18 GQD1, GQD2, GQD3, GQD4 11a¢ GQD5

{ [ @ 4 % A, {
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M, 2.5 M, 3.5 M t1az4.5 M anuaiau dutlsniuau Ao Anududuue Citric Acid (C6H708)
$119% 1 Molar 11nau 50 ml tazmslnszualiihiinnuesdng 4 v 145z oza1 2 9210
uazaulsaw e quavianiwes 1dun Ar1nuganauuas (UV-Vis) Y09 GQDs 1az
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1. M31% Sodium Hydroxide (NaOH) $143% 0 M
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300
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=
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0

45

hv (eV)

V) ANNUAIIUBIUDUNAINY (Ep)
a a 7 v 9 9 . .
MWN 43 Wam3INI12H GQDs TaglHanududuved Sodium Hydroxide 0 M
4 { [ 4 a
NNINDN 4.3 uaasnanisnaasy (n) nlasnmsdunsizialeds Iiluad

: Yy
Taglda21u19uduvo9 Citric Acid 1 M @0 Sodium Hydroxide 0 M Tuti1nau 50 ml

fnszualid 4 v Iuszezinar 2 42 Tue wudi Arnuganaunas (UV-Vis) Y09 GQDs
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g 1u324 329 nm UAAIAINING 4.3 (1) HAZAIANUATNVBWAVNAINY (E) TAumn 3.45
Qv ‘i’
eV LEAIAINING 4.3 (V)
2. M31% Sodium hydroxide (NaOH) 31431 1.5 M
= va A = (G Y
NIMsAnEIguaNtAnIganautaveunsiiualouduaon laglyniu
v 9 . . ' . . LI A

IuUUUD9 Citric Acid 1 M 919 Sodium Hydroxide 1.5 M Tuinau soml Anszualdidia v

luszezna 2 919

2.0
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4 a 4
MNN 44 Han133AI12H GQDs Tael¥al1ududuued Sodium Hydroxide

(NaOH) 1.5 M
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NAMNA 4.4 wamsnagey (n) nlannmsdunsizriaeds Induall Taely
Y v 1
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1 9 A [ a o d[ = . 1 ] =
() WU InameanuIIuITeY03 (Satyaprakash, 2017) ¥9UA1 UV-vis 08¢ 11459 261 nm D4
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98

{ { o 4 a

NNANA 4.5 kAN INAFOD (1) N 1a1nMsFuATIEHA075 i uall Taold
Y v v
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4v luszezinal 2 ¥ Tus WU AINNNgANAUIES (UV-Vis) ¥4 GQDsog 11579 418 nm
HAAIAINING 4.5 (M) HASAIAIIWATNVDWAVNGINY (E) TAUMIND 2.82 eV UaaIaInIng
4.5 (v)
4. M31% Sodium hydroxide (NaOH) 9131 3.5 M
= wa A = o 9
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9y 9 L. ? 1 : = 3 9 A
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H a 4
MNWN4.6 Wan133tA12H GQDs laa s uyuveq Sodium Hydroxide

(NaOH) 3.5 M
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