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Tinh chat quang cta chaflm lugng tir Graphene dong pha tap
Luu huynh va Nito ché tao bang phuong phap nhiét phan
dudi su ho tro cua 10 vi song

Optical properties of Graphene quantum dots co-doped with Sulfur and Nitrogen
fabricated by microwave-assisted pyrolysis
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Tom tat

Trong nhitng nim gan day, cic chdm lugng tir Graphene (GQDs) phat trién manh nhu mot vat liéu tiém niang cho cac
mg dyng Y-Sinh. Bén canh d6, mot phuong phap ché tao than thién maéi trudng, chi phi thap, an toan va d& thyc hién 1a
mdt trong nhiing yéu cau cap thiét nham trién khai Umg dung cho vat li¢u nay. Trong bao cao ndy, phuong phap nhiét
phan duéi sy hd trg ctia 10 vi song duge st dung dé tong hop vat liéu GQDs dong pha tap Luu huynh va Ni to. Két qua
nghién ciru méi cta nghién ciru nay 1a dua ra mot phuong phap ché tao don gian va dé dang phan tan trong nudc. Cac
két qua nghién ctru chimg t6, dinh huynh quang tai 448nm dic trung cho ca hai chuyén doi St* — Cr va Nn* — Cr,
va dinh huynh quang nay thay do6i d6 pH thay doi. Hiéu suat lugng tr (QY) khong nhitng phy thudc vao cong sut vi
song ma con phu thudc vao pH cling dugc nghién ctru trong cong trinh nay.

Tir khéa: GQDs; S,N-GQDs; GQD pha tap; Pho hap thy; Ph6 huynh quang.

Abstract

In recent years, Graphene quantum dots (GQDs) have emerged as a potential material for biomedical applications.
Besides, an environmentally friendly, low-cost, safe and easy-to-implement method is one of the requirements to deploy
the application of this material. In this report, microwave-assisted pyrolysis is used to synthesize Sulfur (S) and
Nitrogen (N) co-doped GQDs. The new result of this study is that S and N co-doped GQDs have been successfully
prepared by a simple method and easily dispersed in water. The study showed that the photoluminescence peak at
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448nm is characteristic of both the St* — Cr and Nn* — Cr transition and this peak changes with increasing pH. The
high quantum efficiency (QY) which depends not only on microwave power but also on pH will be studied in this work.

Keywords: GQDs; S,N-GQDs; Doped-GQDs; Absorption; PL Spectra.

1. Mé& dau

Cac cham lwong tor Graphene (GQDs), ¢
ciu trac nano, di duoc quan tim nghién ciru
v6i s6 luong cong bd rat 16n trong nhitng nim
gin day. Céc tinh chit phat quang cia GQDs
phu thudc rat 16n vao hiéu Gng giam gitr lugng
to va kich thudc cia nd. Khi GQDs ¢ dang
Graphite khong chiéu, v6i dudng kinh nhé hon
10nm s& lam xuét hién nhiéu tinh chat rat dic
biét. O kich thudc nano nay, khi chiéu khong
gian thoa man budc song Broglie cuia cac hat
tai dién, hiéu tmg giam giit lugng tir xay ra, dan
dén su han ché chuyén dong cua cac hat tai
dién va su thay doi phd ning luong tir lién tuc
sang gian doan. Bén canh d6, cac trang thai bé
mat tr¢ nén linh dong hon, l1am cho khe vung
dugc moé rong. Hon thé nita, viée pha tap céc
nguyén tir di nguyén ciling nhu chirc nang hoa
bé mat mang lai nhiéu co hoi cho viée ung
dung cac vat li¢u nay. Hi¢n nay, linh vuc c6
nhiéu ung dung ctia vat liéu GQDs la cac tng
dung y sinh nhu ding 1am chat khang khuan
[1-4], d&n nhén y sinh [5, 6].,... ngoai ra con co6
cac tng dung khac nhu dén huynh quang [5, 7,
8], thiét bi quang dién [9, 10]. Trong cac chét
thuong dugc st dung dé pha tap vao GQDs nhu
N, S, B, CI, F,... thi N va S la hai chat dugc str
dung nhiéu nhét. Trong cac vat liéu GQDs pha
tap thi viéc pha tap S gip nhiéu thach thirc do
kich thudc ciia nguyén tr S 16n hon nhiéu so
voi nguyén tir C [11]. Cac GQDs pha tap nay
chu yéu duoc téng hop bang phuong phap nhiét
phan [12, 13] hodc thiy nhiét [14, 15], tir chat
ban dau 1a citric acid (CA) cung vdi cac tién
chat ctia nguyén t6 pha tap. Nhom tac gia
Zheng Binjie va cong su da st dung phuong
phép nhiét phan dudi sy hd trg cia 10 vi séng
st dung Glucose nhu 13 ngudén Cacbon va
Anoni nhu 1a ngudn Ni to dé ché tao

N-GQDI[16]. Viéc ché tao GQDs dong pha tap
N, S bang phwong phap nhiét phan dugc hd trg
boi 10 vi song tir CA, 3-mercaptosuccinic acid
(MSA) cing voi Amoni dé tao ra S,N-GQDs
chua c6 bt ky cong bd nao trude day.

Trong nghién ctru nay, phuong phap nhiét
phan c6 sy hd trg cila 10 vi song tir cac tién chat
1a CA, MSA va Amonia dugc sir dung dé ché
tao GQDs va S,N-GQDs. Muc dich cua cong
trinh nay 13 dua ra phuong phéap ché tao S,N-
GQDs tr CA, MSA va Amonia, nghién ctru cac
diéu kién ché tao cling nhu cac loai tap khac
nhau. Tinh chit quang cua S,N-GQDs duoc
khao sat thong qua phd huynh quang (PL), hap
thu (Abs). Co ché huynh quang cua cac S,N-
GQDs ciing dugc dua ra mot cach chi tiét.

2. Thuc nghiém
2.1. Tong hop S,N-GQDs

S,N-GQDs duoc ché tao bang phuong phap
nhi¢t phan st dung 10 vi song tur citric acid
(CA) Amonia va 3-mercaptosuccinic acid
(MSA) nhu 14 cac tién chit cia Carbon (C), Ni
to (N) va Sulfur (S). Phuong phép ché tao nay
la nhanh, than thién véi moéi truong va it tén
nang luong. Bén canh do6, cac tién chat ban dau
1a cac hoa chat co gia thanh ré, khong doc hai,
dé tim kiém. Qua trinh nhi¢t phan dugc thuc
hién véi cong suat 1a 720W trong 3 phut bing
16 vi song. Quy trinh ché tao S,N-GQDs duoc
dua ra trong Hinh 2.1. Cu thé, cac tién chat CA
va MSA dugc tinh toan va can theo ty 18 rdi
cho vao cdc chju nhiét sau do su dung 10 vi
song dé nhiét phan voi cong suat 720W trong 3
phat. Dung dich sau khi chuyén sang mau canh
gian thi nho nhanh vao 50ml dung dich chua
Amoni hidroxide 0,02M d3 dugc chuén bi trude
do.
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2.2. Cac phwong phap nghién ciu S,N-GQDs
Pha tinh thé cua cac chdm luong tir ché tao

dugc khao sat biang phép do nhifu xa tia X

(XRD) thong qua h¢ do Siemens D5005. H¢ do

Fluorolog-322 (Horiba Jobin-Yvon) st dung

den Xenon 450W véi bude song kich thich

duoc chon ¢ 360nm dugc st dung dé khao sat

Citric Acid

3
M MicroWave
Q) <Y

"{.—}’ 720 W, 3 min

.

Mercaptosuccinic
Acid

Stirring

NH,OH 0.02M

phé phat quang (PL). Cic mau di phan tan
trong nudc duge do phd hap UV-Vis trong dai
budc song 200-1100nm bing may quang phd
Cary 60 UV — Vis (Agilent). Hiéu suat luong tr
ciia S,N-GQDs trong nudc duge ude tinh bing
cach sur dung quinin sulfat trong 0,1M H2SO4
v6i QY = 0,54 1am vat liéu tham chiéu [17, 18].

S,N-GQD

Hinh 2.1. So d6 ché tao S,;N-GQDs

3. Két qua va thio luin
3.1. Pha tinh thé ciia S,N-GQDs.

Pha tinh thé ctia mau S,N-GQDs dugc quan
sat bang phuong phap XRD, két qua dugc dua
ra trong Hinh 3.1 cho thay trén gian d6 nhiéu xa
xuét hién mot dai rong c6 cuc dai vai goc 20 &
23.4° tyong Ung voi mit phang mang (002). Su

xuét hién dai nhiéu xa rong cho théy kich thudc
thu dugc cua céac vat liéu nay déu & dang nano.
Bén canh d6, sy mé rong cta dai vé goc 26 16n
hon ¢6 thé duoc quy cho su hi¢n dién cia cac
nhoém chiic nang va céc nguyén to pha tap
tuong tu nhu cdc GQDs pha tap duoc ché tao
bang cac phuong phap khac[16].

Intensity (a.u.)

—— S,N-GQDs
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Hinh 3.1. Gian d6 XRD ciia S,N-GQDs ché tao bang phuong phap
nhiét phan bdi vi song)

3.2. Tinh chat quang ciia GQDs and S,N-GQDs.

Nhim tim dugc diéu kién tdi wu trong qua
trinh ché tao S-GQDs, ciac maiu S,N-GQDs

duogc ché tao vdi cong suat vi song khac nhau
va voi pH khac nhau. Pho huynh quang cua céac
mau S,N-GQDs v6i cong suat ban vi song khac
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nhau dwa ra trong Hinh 3.2. Hinh 3.2 cho thay,
phé huynh quang cua cac miu ché tao Gmg véi
cong suét vi song khac nhau déu c6 dang phd
rong c6 cuc dai tai 448nm dac trung cho Ccac
chuyén doi gitra cac muc ning luong cua cc
ion tap dua vao. Su thay doi cuong d6 huynh
quang cuia cac mau duoc khao sat thong qua
hiéu suat huynh quang (QY), két qua duoc thé
hién trong Bang 3.1. S,N-GQDs véi cong suét
vi song ting tir 400W 1én 720W thi hiéu suét
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Hinh 3.2. Ph6 PL ciia c4c mau S,N-GQDs nhiét
phan bang 10 vi song vdi cong suat khac nhau

Bang 3.1: Hiéu suit phat quang cta cac mau
S,N-GQDs ché tao vai cong suét khac nhau

Power (W) QY (%)
400 27.5
480 38.6
560 44.2
640 48.0
720 48.8
800 46.8

Phé huynh quang cia S,N-GQDs véi pH
thay ddi tir 3; 7; 12 duoc ché tao béng phuong
phap nhiét phan st dung 10 vi song dugc dua ra
trong Hinh 3.3. Hinh 3.3 cho thdy, cuc dai phéat
xa cla cac mau thay dbi tir 452nm xudng
446nm khi pH tang 1én. Pdng thoi cudng do
phat quang cta cac mau ciing thay d6i khi pH

phat quang ting dang ké, nhung khi 1én 800W
thi hiéu sudt phat quang lai giam xudng. Phd
hép thy cua cac mau S,N-GQDs voi cong sut
vi song khéac nhau cling dugc dua ra trong hinh
cai nho ¢ Hinh 3.2. Phd hip thu gom 1 dinh
nam & khoang 282nm dic trung cho chuyén doi
Cn — Cr* va mot dinh & 336nm dac trung cho
chuyén doi Ct — Sn*[17, 19, 20]. Céc két qua
nay phii hop vdi cac cong bd da duge xuét ban
[12, 13, 21, 22].
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Hinh 3.3. Pho PL ciia cac miu S,N-GQDs nhiét
phén bang 10 vi song véi pH thay doi

thay d6i. Hiéu suat huynh quang cta cac mau
S,N-GQDs ciing duoc tinh va két qua 1a véi pH
bang 3, 7, 12 thi QY cua chung 1a 28.5%,
40.6%, 31.2%. Két qua cho thiy cac mau ché
tao voi pH 7 thi hiéu suit lugng tir cua céac mau
cao nhat, diéu nay co thé giai thich 1a tai pH 7,
cac tién chat 1a phan ung hét véi nhau va tao
thanh cac nhom chirc cia S va N, nho d6 lam
giam céc trang thai bé mat nén hiéu suét luong
tr ting 1én. Sy dich phd vé phia budc song
ngin c6 thé 1a do trong qua trinh ting pH thi
dong thoi nong do tap N ciing tang 1én, bén
canh do céc trang thai bé mat cling giam, chinh
vi diéu nay lam cho dinh phd dich vé phia budc
s6ng ngan.
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Hinh 3.4. Phd PL cua cac mau GQDs ché tao véi cac tap khac nhau

Pé hiéu anh huong cua cac tap khac nhau,
ching t6i da tién hanh ché tao GQDs véi cac
tap N, S va dong pha tap N,S. Hinh 3.4 dua ra
phd PL ctia cac mau GQDs ché tao véi cac tap
khac nhau. Cuc dai phat xa dat duoc tai 414nm
ctia mau GQDs khong pha tap ung véi budc
song kich thich & 360nm. Con ddi véi mau S-
GQDs, vi tri cuc dai & 470nm. Véi cac mau N-
GQDs, vi tri cuc dai nam & 420nm. Khi déng
pha tap S, N dinh phd phat quang nam & 448
nm. Pho hap thy cia cac miu co tap khac nhau
cling dugc dua ra trong hinh cai & goc trén bén
phéi ciia Hinh 3.4. Mau GQDs chi c6 mot bd
hép thu tai 278nm, khi pha tap N thi xuét hién
mot dinh hap thu ¢ 328nm, con khi pha tap S
thi xut hién dinh hép thu ¢ 338nm. Bﬁng viéc
ddng pha tap S va N thi phd hép thu xuét hién
hai dinh & 285 va 335nm. Nhu vay, khi pha céc
tap N hoac S thi bén canh chuyén doi hép thu
phat xa Cn* — Cr thi con ¢6 chuyén doi Nu*
— Cr hodc St* — Cn dan dén dinh phat xa
dich vé buéc song dai. Bén canh do, nhu co thé
thdy trong phd PL Hinh 3.4, dinh phat xa cua
mau S-GQDs dich vé phia budc song dai hon
so voi mau N-GQDs, chimng to viéc pha tap S
hinh thanh cc muc ning luong thip hon so voi
viéc pha tap N. Viéc dong pha tap S,N cho dinh
PL nim & 448nm cho thay khi c6 dong thoi pha
2 tap N va S thi c6 thé hinh thanh ddng thoi hai

mirc ning lugng dan dén dinh PL nam giita hai
dinh cua S-GQDs va N-GQDs.

4. Két luin

Cac chdm luong tor S,N-GQDs da dugc téng
hop thanh cong bang cong cu hd tro 13 10 vi
song va st dung CA, Amoni va MSA nhu la
céc tién chat cho cac nguyén t6 C, N va S. Dinh
hap thu va phat quang cua cac GQDs tai
278nm va 414nm lién quan dén cac chuyén doi
Cn — Cr*. Cic mau S,N-GQDs, bén canh
chuyén doi Crt — Cr* thi con xuat hién chuyén
doi Ct — Sn* va Cn — Nr* va cac chuyén
doi lién quan dén cac trang thai bé mit dan dén
dinh ph6 huynh quang dich vé phia budc song
dai & khoang 448nm.
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