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T6m tit. Trong bai bao nay, cac két qua hoan toan méi V& cai tién phuong phap ché tao cac
chim luong tir graphene (GQDs) va cac chim luong tir graphene pha tap nito (N-GQD)
bang cach strdung 10 vi song véi céc cuong d6 va thoi gian khac nhau. Dy 1a phuong phap
ché tao méi va chua ting c6 ¢ Viét Nam. Viéc sir dung 16 vi song da cho phép ché tao
GQDs va N-GQD mét c&ch nhanh chong. Nhitng GQDs nay c6 cac déc tinh cia ching
duge xac dinh boi phd tan xa Raman. Pho hap thu cua cac mau GQDs ché tao trong cac
diéu kién khéc nhau, véi su mong doi V& cac kich thude khac nhau, ciing duoc so sanh va
phan tich. Céac pho hap thu nay ciing dugc so sanh véi cac pho cia N-GQD dugc ché tao
trong ciing diéu kién. Co ché hip thy cia GQDs va N-GQD s& duoc trinh bay chi tiét. Cac
phép do huynh quang ctia GQDs va GQD-N ciing d3 dugc ghi nhan va phan tich.

Tir khoa: cham lugng tu, graphene, phd huynh quang.

1. Mé dau

Graphene 1a mot tim hai chidu don nguyén tir mong bao gom cac nguyén tir carbon sap xép
hinh luc giac. Gan déy, nguoi ta da phat hién ra rang khi graphene co lai thanh khong gian thir
nguyén né cd kha nang phat huynh quang [1, 2], tir d6 cac chim luong tir graphene (GQDs) da
nhanh chéng nhéan duoc su chi' y cua gidi khoa hoc bai dic tinh cau triic va quang dién duy nhat
cua ching va tiém nang 16n cua ching trong céc tng dung khéac nhau [3]. Cac cham luong tir
graphene (GQDs) hién dang thu hit sy quan tAm ngay cang ting tir cong dong khoa hoc do tinh
chat héa ly quan trong cta ching va céc ung dung dugc dinh hudng rong rai [3-12]. GQDs la
cac manh graphene di nho (kich thuéc nhd hon 20 nm), trong d6 van chuyén electron bi giéi
han trong ca ba chiéu khéng gian. GQDs ¢6 céc dic tinh quang dién doc ddo do céc hiu ung
giam gitr luong tr va cac hiéu tmg canh. GQDs tao thanh mét phat trién quan trong va ng dung
rong rai trong linh vuc quang dién tir. Nhiéu nguén cacbon (C) dé duoc st dung dé ché tao
GQDs, tlly thudc vao phuong phap dugc sir dung tir trén xudng dudi hodc dudi 1én - vi du: tir
axit citric (CA) [13], L-glutamic axit [14], glucose (GO) [15], natri glutamate (SGLA) [16] va
pyrene [7]. Cac ngudn cacbon khac nhu graphene, graphene oxide (GO), s¢i carbon, cacbon
den, carbon da-bon, graphene, than chi, v.v cling dugc st dung. Khi pha tap GQDs v&i cac

Ngay nhan bai: 20/12/2019. Ngay sura bai: 20/3/2020. Ngay nhan dang: 27/3/2020.
Tac gia lién hé: Nguyén Hai Yén. Dia chi e-mail: nguyenbaokhanh2009@gmail.com

82



Tong hop va nghién ciru ddc trung phé raman, tinh chdt quang hoc cia cdc cham lwong tir graphene...

nguyén tir didu d6 dan dén su diéu chinh cac ciu trac viing nang lugng, do do tao ra cac dic tinh
méi, viing phd phat xa c6 thé thay d6i. C6 thé ndi rang cac tinh chat quang cia GQDs khac nhau
tly thudc vao phuong phap ché tao, cac nhém chie ning & ranh gigi tinh thé va cac nguyén tu
dugc pha tap. Ngoai ra, s6 luong I6p don hoic da 16p cia cac GQDs ciing anh huong dén tinh
chat quang hoc cua ching. Trong bai béo nay chiing tdi trinh bay két qua mégi vé phuong phap
ché tao cac GQDs duoc cai tién va sira ddi tir mot sé bai bao quoc té khac di cong bd [11, 12].
Khi sir dung phuong phap ché tao tir cac bai béo ndy, cac GQDs nhan dugc hau nhu khong phat
ra duéi anh sang tia cuc tim. Theo Du et al. [12], ching tdi chi cd thé ché tao N-GQD. Do do,
chidng toi tim ra mot phuwong phép khac dé ché tao GQDs va N-GQD 1a st dung 10 vi séng két
hop véi qua trinh thay nhiét trong dung dich NaOH dé loai bo oxy tao ra trong qué trinh san
Xuat tir axit citric (CA), mot axit hitu co va co thé duoc téng hop thanh mét phu gia thuc pham
an toan tryc tiép. Phuong phép sir dung su hd tro cia vi song da dugc ap dung rong rai dé tong
hop vat liéu. Trong d6 1a su két hop ca hai uu diém cua ki thuat nhiét va vi séng. Cac diéu kien
thi nghiém cho ché tao di duoc nghién cau chi tiét va so sanh. Cac tinh chat quang nhu phd hap
thu va phd phat xa da dugc ching i nghién ciu dé tdi uu hoa cac phuwong phap ché tao.
Phuong phép ghi phé Raman duoc sir dung dé xac dinh GQDs va N-GQD da duoc tao ra.

2. N@i dung nghién ctru
2.1. Thuc nghiém

Pau tién, chling t6i str dung phuong phap ché tao duya trén hai bai bao cua J. Dong [11] va.
Du [12]. Theo phuong phap nhiét phan dau tién [11], cac GQDs duoc tao ra c6 hiéu suat lwong
tir rat kém (QY), hau nhu khong phat ra 4nh sang nhin thay dudi dén UV. C6 thé cho rang
GQDs khong dugc tong hop theo phuong phap nay [11]. Sir dung phuong phép thu hai [12]
phuong phap thuy nhiét ching t6i chi tao ra GQD pha tap nito (N-GQD). C6 thé gia dinh rang
cac GQD khong thé duoc tao bang cach chi sir dung mot trong hai phwong phap [11, 12].
Do d6, ching toi str dung két hop ca hai phuong phap trén (nhiét phan CA ¢ 200 °C trong 30
phat, két hop vai tong hop thity nhiét trong dung dich NaOH & 160 °C véi thoi gian 4h, dé tao
ra GQDs va N-GQD phét quang tét, c6 hiéu suat luong tir cao. Ngudn héa chét ban dau gom
Axit Citric (CA), NaOH, Ethylenediamine (EDA), Uré va nudc cét hai lan.

Tat ca cac hda chat dugc sir dung co do tinh khiét PA. Lo vi song duogc sir dung dé nhiét
phan CA, tiép theo la qua trinh thuy nhiét cua dung dich CA trong NaOH (véi ty 1€ mol la 1/3).
Chung t6i da dat 10 vi song ¢ 1 ché d6 cong suét nhét dinh (700 W) va thay doi thoi gian dat
CA ran trong 10 vi song ¢ 30 glay, 1 phut 2,3, 4 va 5 phat va sau do thay doi cdng suét vi s ong
gitra S00W, 700W va 800W, dé tim hiéu cong suat cua 10 vi séng va thoi gian phu hop dé dat
dugc GQDs véi phét xa tot nhat. GQDs va GO hinh thanh sau qua trinh nhiét phan van dugc
dua qua qua trinh téng hop thay nhiét & NaOH ¢ 160 °C trong 4h. Qua trinh tao N-GQD ciing
tuong ty. Dé loc rira GQDs va N-GQD, dung dich GQD-NaOH ban dau duoc tron véi ethanol
trong diéu kién khudy manh, theo ty 1¢ GQDs / ethanol = 1/3 vé thé tich. Hn hop nay dugc dé
6n dinh ty nhién, va sau mot ngay ching toi bt dau thiy cac hat GQDs & day ong. Ta cd thé
tach 1y cac GQDs di dugc loc rira bang phuong phap nay.

Kich thuéc cia GQDs duoc xac dinh bang kinh hién vi dién tir truyén do phan giai cao
(HR-TEM) véi kinh hién vi JEOL Jem hoat dong & 200 kV. Quang phd hap thu tia cuc tim
(UV-Vis) cia GQDs trong nudc duge do trong pham vi budc song 200-1100 nm bang may
quang phé UV C-Vis Cary 60. Hé thong nay str dung dén xenon véi cong suat 300 W va 1200
gr./mm cho d6 phan giai 1,5 nm. T4t ca cac phép do UV-Vis dugc thuc hién ¢ 25 °C va ty dong
hiéu chinh cho mai truong dung méi. Phép do phd PL duoc thyc hién trén may quang pho Cary
Clipse (FL0901M012), budc séng kich thich ¢ buéc séng 325 nm. Tat ca phd PL duge do theo

83



Nguyén Hai Yén, Lé Xuan Hung, Pham Nam Théng, Phan Ngoc Hong va Pham Thu Nga

cung diéu kién. Nong d6 dung dich di dugc diéu chinh sao cho cuong do phat xa cua cac mau
khac nhau c6 thé duoc so sanh (mzc d bi anh huéng bai phan tng pho caa hé thong do luong).
Quang pho Raman dugc phan tich bang quang pho Micro Raman (XploRA- Horiba) sir dung
dong kich thich 532 nm (25 mW) tur laser trang thai ran dugc bom di-6t dé phan tich cac lién két
rung va tan sé Raman cua ching. Cong Suat laser la 0,25 mW dugc st dung v6i muc tiéu xlO dé
tap trung &nh sang laser kich thich vao cac mau duogc phan tich. Do phan giai phd 1a 2 cm™. Hé
thdng nay str dung bo thu nhan Thiét bi ghép doi (CCD) véi bén luéi 600, 1200, 1800 va 2400
gr/mm, do tir 100 dén 4000 cm™.

2.2. Két qua va thao luan

Dé tim ra cac cach mai dé ché tao GQDs va N-GQD, ching t6i da nghién ctu anh huong
cua cac diéu kién ché tao Ién cac tinh chat quang cua GQDs, d6 1a: 1) luong CA thay doi trong
khi luong dung dich NaOH khong déi. i) Thoi gian nhiét phan CA thay d6i. iii) Thay doi gia tri
pH, so sénh GQDs va N-GQD trudc va sau qué trinh thay nhiét trong dung dich NaOH. Pho hap
thu cia GQD dugc ché tao véi lwong CA ban dau khac nhau va phd PL dugc thé hién trong
Hinh 1. Luong CA ting tir 2g dén 4g, 6g, 8g va 10g, ¢dng thoi duy tri luong dung dich NaOH
khong do6i. Lugng CA sir dung tang lén véi hy vong dat dugc nhiéu GQDs hon so véi khi ché
tao véi it CA ban dau. Pho hap thu (Hinh 1 (bén trai)) cho thay tat ca cac mau co dai hap thu bat
dau ting manh & ~ 275 nm. Dai hap thu nay c6 thé twong tng voi sy chuyén tiép hap thu trang
thai m — n~ & cac nguyén tir C cia nguyén tir C, nhu dugc quan sat trong [17]. Pho PL (Hinh 1
bén phai) cho thay huynh quang caa cac mau GQDs la mot dai rong véi cuc dai & 430-450 nm,
nhu d3 béo cdo trong [11, 12, 17]. Vi su gia ting CA ban dau, dinh phat xa dugc chuyén sang
cac budc song dai hon, va cuong d6 phat xa manh nhét khi lugng CA sir dung 1a 4g va 6g. Pho
phét xa nay c6 thé twong ng véi qué trinh chuyén doi ©° (sp?) — © & sp?
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Hinh 1. Phé hdp thu ciia GODs dwot ché tao Véi cdc lwong ban dau CA khac nhau (trai)
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Hinh 2 12 ph6 hap thu va phd PL caa hé thdng mau khi sir dung cting mot lwong CA khong
ddi (2 g), nhung thoi gian nhiét phan thay doi, tir 5 phat dén 30 phat. T phé hap thy (Hinh 2
bén trai), c6 thé quan sat thay rang khi thoi gian nhiét phan CA tang 1én, dinh hap thu duoc dich
chuyén sang cic budc song dai hon. Pidu nay cd thé cho thay rang GQDs ché tao c¢6 kich thudc
I6n hon. Phé PL (Hinh 2 bén phai) cho thay rang dinh cua phd phét xa ciing dao dong khoang
20 nm tuy thuoc vao thoi gian nhiét phan.
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Hinh 4 1a phé hap thy va phé PL caa mau N-GQD so véi mau GQDs. Binh tai vi tri budc
s6ng 200nm va ~ 250 nm do su chuyén tiép = — 7* caa lién két thom C = C, va buéc séng dai
hon & 360 nm duoc gén cho sy chuyén tiép n —* cua lién két C = N, nhu dwoc quan st trong [18].
Pho phét xa ciia N-GQD nam & 480 - 500 nm do trang thai chuyén tiép hoac khuyét tat n* — m,
khong lién két chuyén tiép trang thai canh, nhu duoc béao céo trong [18].

Pho hap thy va phé PL cia cac mau N-GQD dugc ché tao trong cac khoang thoi gian nhiét
phan khac nhau, cho thay cac dinh hap thu it thay doi trong s6 cac mau N-GQD nay (Hinh 5).
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Hinh 5. Phé hupnh quang ciia cac chdm liwong tie N-GOD dwot ché tao tir CA nhigt
phan trong cac khodng théi gian khac nhau tir (5 phut dén 30 phat) 6 200 °C

Khi st dung vi song dé nhiét phan CA ¢ cac khoang thoi gian khac nhau, tur 30 gidy dén 4
phat 30 gidy, trén phd hap thy, ching toi thay rang ddi véi cac mau co thoi glan nhiét phan dai
hon, cac canh hap thu dugc dich chuyén vé ~ 300 nm (Hinh 6 bén trai). Biéu nay cho thay rang
cac GQDs dugc hinh thanh ¢6 kich thudc lén hon, hoac ching cé céc trang thai canh khac nhau
S0 V6i cac GQDs dugc ché tao trong phéan trudc. Tuy nhién, ching van phét ra & ving mau xanh
véi dinh & ~ 450 nm (Hinh 6 bén phai). Khi thay d6i cong suit caa 10 vi song tir 500 W dén 800
W va thoi gian phan hay tir 90 s dén 5 min hozic 6 min, phé hip thu va phé PL vin gan nhu
khong thay d6i (Hinh 7). Nhiitng GQDs nay chi phat ra & ving mau xanh, nhu mot s téc gia
khac dd cong b [11, 12, 18]. Tuy nhién, déi véi cac mau N-GQD, dinh phé phét xa chuyén
sang cac bude song dai hon (~ 500 nm) (Hinh 8). Cong suat 10 vi séng ¢ thé sir dung la 500 W
trong 3 - 4 phat. C6 thé thay rang su pha tap nito vao GQD cho phép thay dbi phd phat xa tir
mau xanh (~ 450 nm) dén gan xanh (~ 500 nm).
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Hinh 6. Phé hdp thu va phé hupnh quang ciia GOD dwgt ché tgo tir CA khi nhigt phan
bang 10 vi s6ng véi thei gian khac nhau tir 1 phit dén 4 phat 30 giay, pH = 11
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Phé dirgt ché tao tir CA khi CA ran nhiét phan trong 16 vi séng trong cac khoang thoi gian
khac nhau, tir 30 gidy, 1 phit den 4 phit 30 gidy, sau dé thuy nhi¢t trong dung dich NaOH
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14 manh nhdt.

3,0
o _ Lof g\ === GQD-N(U)-MWS-28-18-2min
GQD — N - Ché tao tir CA trong |0 vi séng ! ‘I, '\ — - = GQD-N(U)-MWV-28-18-90s

25k _— ' A v
ik - ---GQD28-2min X oosk ! L%
s h —--GQD28-90s 3 P 2% N
A ] s [#T% &
2 S N
0150 : ' \
g b W s v \ X
3 L a0 04F [ | “ \
E L\ c ' ' \

1O\ 5 ¢ ' \
- . s \ :
o \ \ b ' 5 \ \

0:5 A - O g | : \

> \ '/. \ . ! '/ i %
il A e e i) 0o b/ T i
1 1 1 L L L 1
200 300 400 500 600 400 500 600 700 800
Wavelength (nm)

Bwdc song (nm)
Hinh 8. Phé hdp thu (tréi) va phé hupnh quang ciia cac N-GQD

Phé durot ché tao tir CA duoc nhiét phan trong 10 vi séng (700W) véi cac khodng thoi gian
khéc nhau, tur 90 giay hodc 2 phiit, sau do nho vao dung dich Ure va thiy nhie“g (200 °C, 4 gio).
Cuong do huynh quang cua GQDs vai thoi gian nhiét phan 2 phat 1a 16n nhat.

Hinh 9 Ia phé Raman cuia cac mau N-GQD trong dung dich nuéc. Quang phd Raman la
cdng cu quen thudc dé xac dinh sy hinh thanh GQDs. Raman tht tu dau tién trong graphene,
duoc goi 1a dai G (~1580 cm™), la ché do kéo dai C-C sp? mat phang thoai hoa kép thudc vé biéu
dign khong thé dai dién E,, [19]. Dai nay ton tai cho tat ca cac hé thong carbon sp? bao gom
cacbon vo dinh hinh, dng nano cacbon va than chi, ngoai trir day chuyén thay doi dua trén chat
lwong mau [20]. Chiéu rong va vi tri cua dai G thay d6i khi mat do pha tap cac nguyén t6 Ia thay
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ddi va d6 rong dai G giam ddi xang khi ndng do electron ting 1én [21]. Mot dai quan trong khéc
la dai D gay ri loan, xay ra gan 1350 cm™ cho nang luong kich thich laser 2,41 eV [19]. Trén
phé Raman cia cac mau cua chung ta (Hinh 9), hai dinh dugc quan sat thiy ¢ 1361 va 1576 cm™.
binh ¢ 1576 cm™ dugc gan dinh “G”, nhu duoc quan st trong [22]. N6 twong (g Vi qua trinh
tan xa bac 1 trong graphene xuét phat tir ché do dao dong kép thoai hda (Esg) khi truyén céc dai
quang theo chiéu doc (LO) va quang ngang (TO) phonon tai diém in trong ving Brillouin dau
tién [ 23, 24]. Binh tai 1361 cm™ dwoc gan cho dinh D [21]. Pinh D caa phé Raman xuit phat
tir carbon "chua dugc t6 chic" [23, 25] duoc lién két vai cac khuyét tat hoic cac canh cua
graphene. Do do, c6 thé lap luan rang cac mod hinh GQDs va N-GQD duoc trinh bay trong bai
b&o nay phu hop véi tinh chat GQD va GQD-N cua chlng, va cac giai thich thuc nghiém trong
bai viét nay c6 ¥ nghia thuc tién.

rexc=532nm D G __._.GQD28-90s
6000 | I} ——GQD 28-2 min
§id
Z :
>: I
o
= 4000
[{e]}
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O 2000
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Hinh 9. So sénh Phé Raman ciia N-GQD Vdi cdc diéu kign ché tao khac nhau

3. Kétluan

Céc mau GQDs va GQD-N duoc ché tao thanh cong bang két hop nhiét phan va thay nhiét
trong mdi truong khir manh, NaOH, d¢é tao ra GQDs, V4i sy trg gilip cua ky thuét vi song. Nong
do CA tang va thoi gian nhlet phén tang lam tang dinh pho PL véi cac mau ché tao. Ngoai ra,
pH cling anh huong I6n dén cuong do pho PL ciing nhu phé hap thu. Thoi gian vi song thay doi
tir 30 gidy dén 4 phat 30 giay cho thay trén phé hép thu, cac mau co thoi gian nhiét phan dai
hon, cac canh hap thu s& dich chuyén vé ving budc séng ngin, tuy nhién, ching van phét ra ¢
vung mau xanh véi dinh ¢ khoang 450 nm. Ky thuat sir dung su:vho trg cua 10 vi séng cho chat
luong mau tbt, nén phuong phap nay la phuong phap phu hop dé san xuat nhanh cac GQD véi
sb luong lon.

Loi cdim on. Nghién ciu nay duoc tai tro boi dé tai nghién ctu khoa hoc cong nghé thuong
xuyén ndm 2019 cp co s¢ cua Vién Khoa hoc vit liéu (IMS) vién Han Lam khoa hoc va Céng
nghé Viét Nam, ma s6 CSTX.01.19.
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ABSTRACT

Synthesis of graphene quantum dots and Nitrogen-doped graphene quantum dots:
Raman characterization and their optical properties

Nguyen Hai Yen?, Le Xuan Hung?, Pham Nam Thang', Phan Ngoc Hong?
and Pham Thu Nga?

!Institute of Materials Science, Vietnam Academy of Science and Technology
?Institute of Theoretical and Applied Research, Duy Tan University, Vietnam
*High Development Center, Vietnam Academy of Science and Technology

In this report we present completely new results on the improvement of the method of
producing graphene quantum dots (GQDs) and nitrogen-doped graphene quantum dots (GQD-N),
by using the microwave with different powers and durations, from citric acid and urea. This is a
new and unprecedented method of fabrication. The use of microwaves has allowed ultra-fast
fabrication of GQDs and nitrogen doped GQDs. These GQDs had their characteristics identified
by Raman scattering spectra for the characteristic C-C graphene vibration mode (G-peak) and
defects of GQDs (D-peak). The absorption spectra of GQDs samples were fabricated under
different conditions, with an expectation of different sizes, to be compared and analyzed. These
absorption spectra were also compared with those of the GQD-N produced under the same
conditions. The absorption mechanism of GQDs and GQD-N is presented in detail.
Measurements of the photoluminescence spectra in GQDs and GQD-N have also been recorded
and analyzed. The fluorescence mechanism will be presented, explained, and compared with
that of authors in other international publications. Some of the TEM and HR-TEM images of
these two samples were also presented to confirm the shape, size and in-plane spacing lattice of
the GQD structure.

Keywords: quantum dots, graphene, flourescence.

90



	3-bai tex
	4-NQHoc1
	5-NQHoc2
	6-LMOanh
	7-PVHai
	8-LTHang
	9-NMHung
	10-NHYen
	11-NTChi
	12-NTDat
	13-TThuy
	14-DMLam
	15-PTBDao
	16-VQManh
	17-DNHung1
	18-DVKhac
	19-NTHien
	20-DNHung2
	21-VDChien
	22-NHo
	23-Mucluc



