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Tom tat

Cham luong tr Graphene (GQDs), bao gdm ca cac GQDs pha tap, 14 loai vat liéu khong chiéu véi mot vai don 16p da
dugc chtc ning héa & bién. Gan day, vat liéu nanocacbon nay di dwoc phat trién thanh vat liéu phat quang thu hut
nhiéu sy quan tam, vdi nhiéu wu diém khac biét trong cac linh vyc khac nhau, chéng han nhu cam bién quang hoc, dau
dod cho phuong phap Raman tan xa bé mat (SERS), cac thiét bi quang dién tir, san xudt hydro, hién anh sinh hoc, tng
dung y sinh va cac tmg dung khéc, do cac tinh chat dién va quang hoc thong minh cua chung. Trong béo cdo nay, cac
két qua nghién ctru méi thu dugc v& GQD pha tap: tir phuong phap ché tao dén cac dic tinh quang hoc cua ching s&
dugc trinh bay. Dinh huynh quang tai 456nm dic trung cho chuyén doi Cn* — Cr dugc quan sat thiy va dinh nay thay
dbi khi ndng do tap tang 1én. Mot vai co ché chuyén doi hip thu va ban chét cua hiéu suit lugng tir cao (QY) phu thudce
vao budc song kich thich ma ching ta da quan sat dugc, s€ dugc lam 18 trong cong trinh nay.

Tir khéa: GQDs, GQD pha tap, S-GQDs, Pho hip thy, phd huynh quang, EEM.

Abstract

Graphene quantum dots (GQDs), including doped GQDs, are zero-dimensional graphene derivatives with one or several
layers of graphene sheets with functionalities on the edges. Recently, this nanocarbon material has been developed into
attractive photoluminescent materials, with distinct advantages in different fields, such as optical sensing, SERS
detection, optoelectronic devices, hydrogen producer, photoscience, bio-imaging, bio-medical applications, and other
applications, due to their extraordinary electrical and optical properties. In this report, the newly obtained research
results on S-doped GQDs: from their fabrication method to their optical properties will be presented. The fluorescence
peak at 456nm characteristic of the Crt* — Cn transition was observed and this peak changed as the dope concentration
increased. Some of the absorption transition mechanisms and the origin of the high quantum yield (QY) depending on
the excitation wavelength that we have observed, will be clarified in this work.

Keywords: GQDs, Doped-GQDs, S-GQDs, Absorption, PL Spectra, QY, EEM.
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1. Mé& dau

Céac cham luong tr Graphene (GQDs) dé nbi
1én nhu mét vat lidu bd sung cho ho nano
carbon va dang ngay cang duoc gidi khoa hoc
quan tam. GQDs 1a mot dang Graphene khong
chiéu, kich thudc cuc ky nho, thudng co dudng
kinh nho hon 10nm, nén mang lai cho ching
nhiéu tinh chat dic biét hap dan. Trudc hét, &
kich thudc nano nay, hi¢u ing giam gilr lugng
tr va trang thai bién bo trd nén vuot troi, dan
dén viéc mo rong khe vung. Bén canh do, dé
thay doi do rong ving cAm, viéc pha tap céac
nguyén tir di nguyén 1a mot phuong phép hi¢u
qua dé thay ddi cu trac dién tir va dic tinh hoa
hoc, mé ra nhiéu co hdi cho viéc Gmg dung vat
liéu nay. Mot sb linh vuc c6 thé Gng dung vat
liéu nay 1 anh hién thi quang hoc [1-3], cac
thiét bi quang dién [4, 5], dan nhan y sinh [3, 6]
va méi day nhat 1a c6 thé ding 1am chét khang
khuén [7, 8]. P4 ¢ nhiéu cong trinh cong b sir
dung cac loai tap khéac nhau dé dua vao vat liéu
nay nhu N, S, B, Cl, F,... Nhung loai tap duoc
g dung phai ké dén 12 N va S. Trong cac loai
tap nay, viéc pha tap S vao GQDs gip nhiéu
khé khan do kich thudc cua nguyén tor S 16n
hon nhiéu so v6i nguyén tir C [9]. Phuong phap
ché tao vat liéu nay chu yéu hoic 13 nhiét phan
[10, 11] hodc 1a thiiy nhiét [12, 13] cac chét ban
dau 1a citric acid (CA) va 3-Mercaptopropionic
acid (MPA) hodc 3-mercaptosuccinic acid
(MSA). Viéc ché tao GQDs pha tap S bang
phuong phap nhiét phan st dung 10 vi song
chua c6 bat ky cong bd nao trude diy. So voi
cic phwong phap nhiét phan truyén théng,
phuong phéap nhiét phan st dung 10 vi song cho
hiéu suat phat quang cao hon. Két hop véi viée
thiy nhiét thi cac mau ché tao cho chét luong
t6t hon.

Trong nghién ctru nay, GQDs va S-GQDs
duoc ché tao bang phuong phap nhiét phan két
hop voi thuy nhiét. Muc dich cua nghién ctu
nay la: ché tao GQDs va GQDs pha tap S tir
CA va MSA, nghién ctru anh hudéng cua ham
luong MSA trudce va sau khi thiy nhiét. Nghién
ctru sy hinh thanh GQDs va S-GQDs ciing nhu
hinh thai hoc cua chung thong qua dac trung
boi phd dién tir tia X (X-ray Photoelectron
Spectroscopy-XPS) va anh hién vi dién tir
truyén qua (TEM). Nghién ctru tinh chat quang
ctia vat liéu ché tao dugc thong qua phd hap thu
(Abs), huynh quang (PL), phd phat xa-kich
thich (EEM). Co ché phat quang ciia cac GQDs
nay ciling dugc thao ludn mot cach chi tiét trong
béo céo nay.

2. Thue nghiém
2.1. Tong hop GODs va S-GQDs

S-GQDs duoc tong hop bang phuong phap
nhiét phan két hop thuy nhiét tir citric acid
(CA) and 3-mercaptosuccinic acid (MSA) nhu
1a cac tién chat ctia Carbon (C) va Sulfur (S).
Day la mot phuong phap don gian va than thién
vo1 moi truong. Bén canh do, cac vat liéu ban
dau dung 1am tién chat 1a cac vat liéu c6 gia
thanh ré, dé tim va khong doc hai. Qua trinh
nhiét phan duoc thyc hién bang 10 vi song véi
thoi gian bin 14 1 phat va cong suét 1a S00W.
Qua trinh thuy nhié¢t dugc thyc hi¢n trong 4 h
v6i nhiét d 200°C. Cuy thé, CA va MSA dugc
can theo ty I¢ tinh toan dugc cho vao cde chiu
nhiét dé nhiét phan bang 10 vi séng trong 4 phut
v6i cong suat S00W. Dung dich sau khi hoa
long va chuyén sang mau canh gian thi nho
nhanh vao dung dich NaOH 1.2% da duoc
chuan bi trudc do. Dung dich thu dugc duoc
cho vao autoclave va thuy nhiét 200°C trong
4h. Quy trinh ché tao dugc mo ta trong Hinh 2.
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Sulfur-Graphene
Quantum dots

Hinh 2. So db ché tao S-GQDs

2.2. Cac phwong phap nghién cwu ddc trung
ciia GODs va S-GQDs

Hinh thai va sy phan b kich thudc cua cac
mau GQDs va S pha tap-GQDs dugc phan tich
boi kinh hién vi dién tir truyén qua c6 do phan
giai cao A JEOL JEM-2100 (HRTEM). Pho
hap UV-Vis cia ciac mau da chuan bi trong
nudc duge do trong dai bude song 200 -1100nm
bang may quang phd Cary 60 UV - Vis (Agilent).
Pho phat quang (PL) duoc thyc hién trén hé do
Fluorolog-322 (Horiba Jobin-Yvon) st dung
anh sang Xenon 450W véi bude song kich
thich dugc chon ¢ 360nm. Phép do EEM duoc
thyc hién trén mdy quang phd huynh quang
Varian Cary Eclipse. Hi¢u sudt luong tir cta
S-GQDs trong nudc dugc ude tinh bang cach
su dung quinin sulfat trong 0,1 M H2SO4 véi
QY = 0,54 lam vat liéu tham khao [14, 15].

S-GQDs-MW

3. Két qua va thio luin
3.1. Hinh thdi hoc ciia S-GQDs.

Kich thudc va hinh dang cia cac mau GQDs
va S-GQDs dugc quan sat thong qua anh TEM.
Anh TEM cua cac miu GQDs, S-GQDs trudc
khi thuy nhiét va S-GQDs sau khi thuy nhiét
dugc dua ra trong Hinh 3.1. Kich thudc trung
binh ctia mau GQDs khoang 3,9nm, clia mau
S-GQDs trude thiy nhiét la 3,8nm va cua
S-GQDs sau thuy nhiét 1a 3,2nm. Kich thuéc
hat c6 sy phan b6 kha dong déu, no trai dai tir
2nm dén 6nm. Tuy nhién, véi mau chi bén vi
song (Hinh 3.1b) thi kich thuéc phan bd khong
dong déu dong thoi cac hat bi két dam kha
nhiéu, didu nay c6 thé 1a do trong qué trinh ché
tao con du cac chit ban dau dan dén céac hat bi
két dinh 13n nhau. Do d6 viéc str dung thém qué
trinh thuy nhiét s€ lam cho qua trinh phan Ung
tiép dién va phan bd lai kich thudc hat dong
déu hon.

't\r“c 7 5-GQDs-MW+H .
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Hinh 3.1. Anh TEM ciia GQDs (a), S-GQDs (b -chi ¢6 nhiét phan) va S-GQDs (c-nhiét phan két hop thuy nhiét)
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Hinh 3.2. Pho PL ctia cac mau GQDs va S-GQDs
chi nhiét phén, va phd hap thu ctia n6 (hinh cai)

Trong qué trinh ché tao S-GQDs nham tim
ra ndng d6 pha tap t6i uu, chiung toi da ché tao
cac mau GQDs khong pha tap, mau S-GQDs
pha tap véi ty 1 khdi lugng MSA/CA thay doi
tir 0,02 dén 0,06. Pho huynh quang ctia cac mau
duoc thé hién trong Hinh 3.2 va 3.3. Hinh 3.2 13
phd huynh quang cua cic miu duoc ché tao
bang phuong phap nhiét phan bang 10 vi song
khong két hop thiy nhiét. T Hinh 3.2 cho
thdy, dinh huynh quang tai 456nm dic trung
cho chuyén doi Cr* — Cr va dinh nay thay doi
rét it khi néng do tap tang 1én, sy thay ddi nho
nay c6 thé 1a do bén canh chuyén doi Cn* —
Cn con co chuyén doi St* — Cr ma lién quan
dén phat xa bé mit [14, 16]. Dé danh gia su

Microwave + Hydrothermal
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Hinh 3.3. Pho PL ctia cac mau GQDs va S-GQDs nhiét
phan két hop thuy nhiét, va phd hap thu cta n6 (hinh cai)

thay d6i cuong do huynh quang ctia cac mau,
hiéu suat huynh quang (QY) da duoc thuc hién,
két qua duoc thé hién trong Bang 3. GQDs pha
tap c6 hiéu suat ting dang ké, dong thoi, nong
do tap tang thi hi¢u suat ciing ting 1én. Pho hap
thu ciia cac mau pha tap va khong pha tap ciing
dugc do va thé hién trong hinh insert cua Hinh
3.2 Vi mau GQDs khong pha tap, dinh phd
hap thu nam ¢ khoang 280nm dic trung cho
chuyén doi Ct — Cr*. Khi pha tap thi phd hép
thu xuat hién thém mot dinh hap thy ¢ 360nm
ma dic trung cho chuyén doi Cn — Sn* cia
cac dién tir. Cac quan sat nay tuong tu nhu
trong cac bao cao cua cac tac gia khac da duoc
xuat ban trude day [10, 11, 17, 18].

Bang 3. Hiéu suit phat quang ctia cic mau chi ché tao bang nhiét phan (MW) va két hop thiy

nhiét
Sample Microwave Microwave + Hydrothermal
GQD 22,7 16
S-GQDs-MSA/CA=0.02 31,2 36,2
S-GQDs-MSA/CA=0.04 30,3 37,8
S-GQDs-MSA/CA=0.06 42,7 35,5
Phd huynh quang cta cic mau S-GQDs ¢6  467nm  (S-GQDs pha tap voi ty s

ty s6 MSA/CA ban dau thay dbi tir 0; 0,02;
0,04; 0,06 dugc ché tao bang phwong phép
nhiét phan két hop thuy nhiét duoc dua ra trong
Hinh 3.3 T Hinh 3.3 cho thiy, cuc dai phat xa
ciia cac mau thay ddi tir 456nm (GQDs) lén

MSA/CA=0,06). Dong thdi do rong cua phd bi
mo rong ra, do khi pha tap thi xuét hién céc
trang thai lién quan dén bé mat. Hidu suit
huynh quang cua cic mau ciing duoc tinh todn
va trinh bay trong Bang 3 Két qua cho thdy cac
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mau chi ché tao bang Microwwave khi pha tap
thi hiéu sudt luong tir ciia cac mau ting, diéu
nay c6 thé giai thich khi ting nong do tap, bén
canh ndng d¢ tap tang 1én thi hinh thanh mic
ning luong cua S, va ndng d6 S ting thi sb
lwong mirc nay ting 1én dan dén hiéu suét ting.
Chinh cac trang thai nay lam xuat hién cic bay
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dién tir dan dén giam hiéu suit huynh quang va
1am mo rong phd phat xa. Véi cac mau ché tao
bang Microwave két hop thuy nhiét, ham luong
nguyén t6 S ting thi QY ting manh do viéc két
hop thuy nhiét ddn dén cac trang thai bién giam
dan va ciu trac mang ctia Graphene hoan thién
hon.

S-GQDs
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Hinh 3.4. Anh EEM ciia cic mau GQDs (a) va S-GQDs (b).

Dé hiéu sau hon anh hudng cua viéc pha tap
S, chung toi d tién hanh ghi phd phat xa-kich
thich (excitation-emission mapping (EEM)).
Hinh 3.4 dua ra phd EEM cua cac mau GQDs
pha tap va khong pha tap. V&i mau GQDs
khong pha tap, Gng vo6i cuc dai phat xa tai
456nm thi chi ¢6 1 vi tri kich thich nam ¢
370nm. Con ddi véi mau GQDs pha tap S, vi tri
cuc dai phat xa ¢ 460nm, tuy nhién, nhu théy
trong Hinh 3.4b, vi tri cyc dai phat xa nay co
dén 2 vi tri kich thich, mot & 400nm va mot &
340nm. Piéu nay chimg t6, khi pha tap S thi
bén canh chuyén doi hip thu Crt — Cr* thi con
¢6 chuyén doi Crn — Sm*.

4. Két luan

Téom lai, viéc ché tao cac chim lugng tr
GQDs va S-GQDs budc dau thanh cong khi st
dung CA va MSA nhu 14 céc tién chit cho cac
nguyén t6 C va S. Bang viéc két hop qua trinh
nhi¢t phan stir dung 10 vi séng voi qua trinh thuy
nhiét da tao ra cac GQDs co kich thudc déng
déu hon, kich thudc hat trung binh tr 3,2nm
dén 3,9nm tiy mau. Sy hip thy va huynh quang

ctia cac GQDs khong pha tap lién quan dén cac
chuyén doi Cn — Cr*. Péi v6i S-GQDs, bén
canh chuyén doi Ct — Cr* thi con xuat hién
chuyén doi Ct — Sm* lién quan dén cic trang
thai bé mat. O day la bang viéc két hop qua
trinh nhié€t phan va thuy nhiét, hiéu Suat phat
quang lai giam di dang ké, nén can di sau tim
hiéu van dé nay dé hoan thién cong nghé.
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