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TOM TAT

Cham lwong tir carbon (CQDs: carbon quantum dots) dang dugc dic biét quan tim nghién ciru Vi
ching c6 kha niang phat xa huynh quang trong ving nhin thiy véi hiéu sut cao va dic biét 1a
khéong doc hai nhu CdSe QDs. Ciu triic CQDs dwoc dé xudt gdm ba thanh phan: (1) 16i gdm mot
hodc nhiéu hé da vong lién hop PAH (polycyclic aromatic hydrocarbon), (2) nhém chire quang hoc
F (fluorophore) va (3) cac nhom chire quyét dinh do tan trén bé mat. Mac du vay, chua co nhiéu
nghién ctru vé su hinh thanh va anh huéng cua F dén tinh chat quang hoc cua CQDs. Trong nghién
clru nay, chung t6i tong hop CQDs ¢6 nhom chirc -COOH trén bé mat roi tién hanh bién tinh véi
ethylenediamine (EDA). Két qua phan tich cau tric va quang hoc cho thiy, nhom chirc quang hoc
F hinh thanh sau qué trinh bién tinh véi EDA. F 1am xudt hién ving hip thu dic trung & 350 nm va
tang higu suat phat xa huynh quang tir 14% 1én 38%. Két qua nay cho thiy vai trd quan trong ctia

F dén tinh chit quang hoc ctia CQDs.

Tir Khéa: cham luong tir carbon, thity nhiét, nhém chirc quang hoc, héa hoc bé mdt, hupnh quang.

GIOI THIEU

Tur khi vo tinh dugc phat hién vao nam 2004
khi Xiaoyou Xu va cong su lam sach ong
nano carbon [1], chim Ilugng tir carbon
(CQDs) da thu hat dugc chil y ctia cac nha
khoa hoc vi chung c6 kha nang phat xa huynh
quang trong ving nhin thdy va dic biét l1a
khong ddc hai [2-4]. Pay la nhitng dac tinh
quan trong gitp CQDs trd thanh vat li¢u thay
thé 1y twong cho CdSe QDs, mét ho chim
luong tir dugc nghién ciru co ban va ung dung
chi tiét nhat. Kha ning tmg dung cia CQDs
da duge md ta cho mot s linh vuc tuong tu
nhu CdSe QDs bao gém vit liéu chuyén hoa
quang hoc [5], vat liéu phat quang trong
LEDs [6], xtc tac quang héa [7] va nhiéu tng
dung khac [8].

So véi CdSe QDs, hiéu tng giam ham lugng
tr (mau sic phat xa va phd hap thu phu thudc
tuyén tinh theo kich thudc cia QD) khong thé
hién rd trén CQDs xuét phat tir ban chét lién
két hoa hoc gitra phan 151 va cac nhom chuc
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trén bé mit. Trong CdSe QDs, phan 15i 14 tinh
thé CdSe c6 kich thudc ¢ vai nanomet quyét
dinh chu yéu ciu tric dién tir tinh chit quang
cia QDs. Nhom chirc trén bé mit CdSe
thuong 1a cac phdi tir tao lién két cho - nhan
v6i ion Cd** hodc Se” chwa bdo hoa trén bé
mit tinh thé. Cac phdi tir bé mit nay thay doi
khong dang ké ciu triic dién tir va phd hép thu
ctia CdSe QDs ma thudng chi anh huéng dén
hiéu sudt phat xa huynh quang cia CdSe
QDs. Trong khi d6, véi CQDs cau trac 15i 1a
cac hé da vong lién hgp (PAH). Su giam ham
luong tir & PAH khong nhitng phu thudc vao
kich thuéc hé lién hop ma con phu thudc
nhiéu vao cac nhom chirc bé mit do cac nhom
chirc nay lién két cong hoa tri véi PAH [9].
Cho dén nay, mdi quan hé giita kich thudc,
cAu trac hoa hoc bé mit ciia CQDs véi co ché
quang hoc ctia n6 van chua duoc lam sang to
nhu véi CdSe QDs.

CAu trac dugc chip nhan phd bién ciia CQDs
gdm ba thanh phan, PAH, cac nhém chuc
phan cyc don gidn quyét dinh do tan cua
CQDs nhu -COOH, -OH, -CONH-... va nhém
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chire quang hoc F [10-12]. F thuong la cac
dan xuét cua citrazinic acid, duoc hinh thanh
khi thiy nhiét hon hop citric acid (CA) voi
amine trudc khi ching ngung tu voi PAH
[12,13]. Bang cach so sanh tinh chit quang
cia CQDs tong hop tir CA va céc loai amine
c6 kha nang ngung tu khac nhau cac nghlen
ctru nay cho ring F quyét dmh tinh chat
quang ctiia CQDs. Mic du vdy, can ¢ nhiing
so sach truyc tiép giita CQDs c6 kich thudc
gidbng nhau nhung chi khiac nhau co hay
khong nhom chirc F dé 1am rd vai tro cta F
dén tinh chat quang cia CQDs. Trong nghién
clru ndy, chiing t6i trudc tién tong hop CQDs
¢6 nhém chire acid -COOH trén bé mit, ky
hiéu 1a A-CQD, bang phuong phép thuy nhiét
CA 6 200°C. A-CQD sau d6 duoc bién tinh
bang cach thiy nhiét voi ethylenediamine
(EDA) ¢ 160°C, san pham thu dugc ky hiéu la
A-CQD+EDA. Nghién ciru ciu tric va phd
hép thy chimg té su hinh thanh nhém chic F
trén A-CQD+EDA. Nhom chirc nay lam tang
hiéu suit phat xa lugng tir cia CQDs tir 14
1én 38%. Két qua nay ching t6 vai trd quan
trong ctia nhém chie quang hoc F dén tinh
chat quang ciia CQDs.

THUC NGHIEM

dd
CA

Chung t6i sir dung phuong phap thily nhiét dé
tong hop A-CQDs. Cho 35 ml dung dich CA
(99,8%, Aladdin Chemicals) 2M trong nudc
c4t vao binh binh PPL (polyphenyl) 50 ml;
day nip kin roi cho vao dng thép khong gi
van chdt. Binh phdn ung sau d6 dugc dit
trong td séiy dién co6 diéu khién nhiét do, duy
tri & 200°C. Sau 6 gio phan tmg, hdén hop
dugc lam ngudi ty nhién, cho vao tai loc cod
kich thudc 16 2000 Da va tién hanh dialysis
v6i nudc cat cho dén khi ving nudc cat bén
ngoai hoan toan trong sudt. Cat quay dich
CQDs bén trong tui loc dé thu duge A-CQDs
dang ran.

Dé bién tinh A-CQDs v6i EDA, chiing toi hoa
tan 0,5 g A-CQDs trong 15 ml dung dich
EDA (99%, Aladdin chemicals) 0,2M trong
nudc rdi tién hanh thiy nhiét & 160°C trong 2
gid. CQDs thu dugc ciing duoc lam sach bang
dialysis nhu mo ta ¢ trén sit dung mang 2000
Da. Chim luwong tor thu dugc la A-
CQD+EDA. Pé so sanh, chung tdi ciing thuy
nhiét hai mau gdm hdn hop CA + EDA ty 1&
mole 2:3 va EDA & 160°C trong 2 gid. So dd
khéi thi nghiém duoc trinh bay van tit trong
hinh 1.

200°C, 6h I Dialysis, 2kDA 02008 Dialysis, 2kDA

Hinh 1. So do khéi thi nghiém tong hop A-CODs va bién tinh CODs véi EDA.

Hinh thai va kich thudc ctia CQDs dugc phan tich bang kinh hién vi dién tir truyén qua TEM trén
may JEM 2100 (JEOL, Nhat ban) véi thé phat 200 kV st dung s¢i dét LaBg. Cau tric hoa hoc bé
mit cia CQDs dugc nghién ciru bang phd hdng ngoai FT-IR. Phé hdng ngoai duoc do véi mau
CQDs kho, do & ché d¢ truyén qua; két qua 14 gia tri trung binh sau 32 1an quét tir 400 dén
4000cm™. Pho duge do trén may quang phd hong ngoai FT/IR6300 cua Jasco. Tinh chat hap thy
ciia CPDs duoc do trén may quang phd hip thu Shimadzu UV-2450 & ché d6 do do hap thy hai
chim tia trong dung méi nude. Tinh chat phat xa quang hoc ciia CPDs dugc nghién ciru trén hé
thdng quang pho huynh quang Horiba; ngudn kich thich gom dén Xe két hop bo tan sic; hé thong
cam bién gdm CCD két hop bo tan séc.
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Hinh 2. Quy trinh tong hop va bién tinh bé mdt cham lrong tir carbon

So dd hinh 2 mo ta su hinh thanh CQDs, ciu
tric A-CQDs truéc va sau khi bién tinh voi
EDA. Trong qua trinh thuy nhiét CA ching
t6i nhan thiy ring A-CQDs chi c¢6 thé hinh
thanh & nhiét d6 twong ddi cao (200-260°C)
v6i thoi gian thay nhiét trén 2 tiéng. Anh kinh
hién hién vi dién tir truyén qua (TEM) chup
mau A-CQDs thu duoc khi thuy nhiét CA &
200°C, 3h dugc trinh bay trén hinh 3. Tir anh
TEM c6 thé thdy A-CQDs c6 céu tric diu
carbon, kich thudc dao dong tir 4 dén 10 nm
(danh diu bang cac vong tron trén hinh 3).

Hinh 3. Anh TEM ciia cham heong ti carbon tong
hop tir citric acid.
Dé nghién ciru sy thay ddi trong cau tric hoa
hoc bé mit cua CQDs khi bién tinh A-CQDs
v6i EDA, chiing t6i di tién hanh do phd IR
ctia CQDs trude va sau khi bién tinh; két qua
duoc trinh bay trong hinh 4. Trén mau A-
CQDs c6 dinh hép thy ¢ 1714 cm™ twong ting
v6i dao dong dac trung ctia nhom -C=0 trén
nhém -COOH; hai dinh & 1593 va 1544 cm™

1a dao dong lién két C-O trong nhém -COOR.
Ngoai ra, dinh hap thu rong ¢ 1025 cm™ la
dic trung dao dong nhom -C-O-. Pidu nay
chimg t6 trén bé mit cia A-CQDs c6 céc
nhom acid -COOH va c6 thé c6 ester -COOR.
Khi xtr Iy A-CQDs véi EDA & 160°C trong 2
gi0, cac dao dong cua nhém -C=0 va -C-O-
bién mit; diéu nay chung to cic nhom acid
(hoac ester) da tham gia qua trinh ngung tu
v6i EDA. Trén A-CQD+EDA c6 giai hip thu
rong vé6i hai dinh & 1589 va 1560 cm™ 1a dao
dong cua lién két -N-H trén nhém chirc amide
[14]. So sanh phd IR ciia A-CQDs+EDA va
san pham thu dugc khi thuy nhiét EDA ¢ diéu
kién tuong tu cho théy su khac biét 1o rét &
ving hdp thy 1000-1100 cm™. Céac phan tich
nay chimg to su thay doi rd rét trén ciu triic hoa
hoc bé mit cuia CQDs khi xtr Iy v6i EDA va
phan nao minh chimg sy hinh thanh ciia nhom
chirc quang hoc F nhu @& xuét trén hinh 2.

Dé 1am rd hon vé su hinh thanh nhém chire
quang hoc F, chung t6i tién hanh do phd hap
thy UV-Vis cua A-CQD, A-CQD+EDA va so
sanh chung voi san pham thu duge khi thuy
nhiét hon hop CA+EDA hoic EDA & 160°C,
2h. Két qua dugc trinh bay trén hinh 5a. C6
thé thiy A-CQD hay sin pham thiy nhiét
EDA & 160°C khéng co dinh hap thu dic
trung ¢ vung trén 250 nm. Khi xtr 1y A-CQDs
v6i EDA & 160°C 1am xuat hién mot dinh hip
thy rong, cuc dai & 346 nm trén A-
CQD+EDA; dinh hép thu nay tuong tu nhu
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san pham thu duoc khi thiy nhiét hén hop
CA+EDA ¢ 160°C. Theo cac nghién clru
trudc day, khi thity nhiét hon hop CA va EDA
thi nhoém chic quang hoc F, chéng han
citrazinic acid, sé€ hinh thanh [11-13]. Pac
trung hap thu cia citrazinic acid 1a dinh hip
thu rong ¢ khoang 346 nm nhu c6 thé nhin
thdy véi mau (CA+EDA) 160°C. Tinh toan ly
thuyét bang phuong phap DFT sir dung basic
set 6-31g ciing cho thdy, citrazinic acid c6 mot
gidi hép thu déc trung, rong, cuc dai ¢ 350 nm.
T sy xuét hién cta dinh hép thu déc trung &
346 nm trén A-CQD+EDA c6 thé khing dinh
su hinh thanh nhom chitc quang hoc F tuong tu
nhu citrazinic acid trén bé mit CQDs.

Pho phat xa huynh quang, hinh 5b, thu duoc
trén hai dung dich A-CQD va A-CQD+EDA
c6 mat do quang tuong duong nhau & 325 nm
cho thiy cudng d6 phat xa ting dang ké sau
khi xir Iy v6i EDA. Bang cach so sanh phd
huynh quang thu dugc véi phd phat xa cua
chat chuan quinine sulfate ¢ cung diéu kién

hép thy cia CQDs ma con ting dang ké hiéu
sudt phat xa huynh quang ciia CQDs.
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do, ching t6i tinh toan dugc higu suét phat xa
lugng tr cia A-CQD va A-CQD+EDA (khi
kich thich & 325 nm) lan luot 1a 14 va 38%.
Diéu nay ching to, sy hinh thanh nhém chirc
quang hoc F khong nhiing thay ddi tinh chat
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Hinh 5. ) Phé hdp thu UV-Vis cia COD trudc va sau khi xit Iy véi EDA; Trong @) phé ciia mau so sanh
bao gom san phdam thiry nhiét EDA hay hon hop EDA+ CA 6 160°C, 2h; pho tinh toan Iy thuyét ciia nhém
chire F (citrazinic acid) ciing duwoe da vao dé so sanh. b) Phé phdt xa hupnh quang (kich thich ¢ 325 nm)

cua CQD trudc va sau khi xir [y voi EDA.
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KET LUAN

Cham lwong tir carbon véi cic nhom acid -
COOH di dugc tong hop thanh cong bing
céach thuy nhiét citric acid & 200°C, 3h. CQDs
thu dugc co6 kich thuéc dao dong trong
khoang 4-10 nm; khéng c6 dinh hép thu dac
trung ¢ vung song trén 250 nm va c6 hiéu
sudt phat xa 1a 14%. Khi xtr Iy bé mat CQDs
v6i ethylenediamine bang cach thiy nhiét
cham luong tir trong dung dich EDA ¢ 160°C,
2 gio, nghién ciru cdu tric va tinh chat hip
thu cho thdy sy hinh thanh cua nhém chuc
quang hoc F, la din xuét cua citrazinic acid,
trén bé mat CQDs. Nhom chirc F lam ting
hiéu sudt phat xa lwong tir cia CQD tir 14 1én
38% dong thoi lam xuat hién dinh hap thu dic
trung & 346 nm. Két qua trén day co ¥ nghia
quan trong trong viéc lam sang t6 anh huong
cua cu tric hoa hoe bé mit, dc biét 1a nhém
chitc quang hoc, dén tinh chat quang cia
CQDs.

LOI CAM ON

Nghién ctru ndy dugc tai trg tir ngudn kinh
phi dé tai cap BO, kinh phi KHCN cua
Truong DHSP Ha Noi 2 cho dé tai ma sb:
B.2018-SP2-13.

TAILIEU THAM KHAO
1. X. Xu, R. Ray, Y. Gu, HJ. Ploehn, L.
Gearheart, K.  Raker, W.A.  Scrivens,
Electrophoretic analysis and purification of
fluorescent  sing-walled  carbon  nanotube
fragments., J. Am. Chem. Soc. 126 (2004) 12736
12737. doi:10.1021/ja050082h.
2. Y.-F. Kang, Y.-H. Li, Y.-W. Fang, Y. Xu, X.-
M. Wei, X.-B. Yin, Carbon Quantum Dots for
Zebrafish Fluorescence Imaging, Sci. Rep. 5
(2015) 11835. doi:10.1038/srep11835.
3. K. Wang, Z. Gao, G. Gao, Y. Wo, Y. Wang, G.
Shen, D. Cui, Systematic safety evaluation on
photoluminescent carbon dots, Nanoscale Res.
Lett. 8 (2013) 1-9. doi:10.1186/1556-276X-8-122.
4. S.-T. Yang, X. Wang, H. Wang, F. Lu, P.G.
Luo, L. Cao, M.J. Meziani, J.-H. Liu, Y. Liu, M.
Chen, Y. Huang, Y.-P. Sun, Carbon Dots as
Nontoxic and High-Performance Fluorescence

Imaging Agents, J. Phys. Chem. C. 113 (2009)
18110-18114. doi:10.1021/jp9085969.

5. S.K. Bhunia, S. Nandi, R. Shikler, R. Jelinek,
Tuneable  light-emitting  carbon-dot/polymer
flexible films prepared through one-pot synthesis,
Nanoscale. 8 (2016) 3400-3406.
d0i:10.1039/C5NR08400H.

6. F. Yuan, Z. Wang, X. Li, Y. Li, Z. Tan, L. Fan,
S. Yang, Bright Multicolor Bandgap Fluorescent
Carbon Quantum Dots for Electroluminescent
Light-Emitting Diodes, Adv. Mater. 29 (2017)
1604436. doi:10.1002/adma.201604436.

7. J. Jiang, G. Ye, Z. Wang, Y. Lu, J. Chen, K.
Matyjaszewski, Heteroatom-Doped Carbon Dots
(CDs) as a New Class of Metal-Free
Photocatalysts for PET-RAFT Polymerization
under Visible Light and Sunlight, Angew. Chemie
Int. Ed. (2018). d0i:10.1002/anie.201807385.

8. L.-M. Shen, J. Liu, New development in carbon
quantum dots technical applications, Talanta. 156—
157 (2016) 245-256.
doi:10.1016/j.talanta.2016.05.028.

9. S. Zhu, Y. Song, J. Wang, H. Wan, Y. Zhang,
Y. Ning, B. Yang, Photoluminescence mechanism
in graphene quantum dots: Quantum confinement
effect and surface/edge state, Nano Today. 13
(2017) 10-14. doi:10.1016/j.nantod.2016.12.006.
10. V. Gude, A. Das, T. Chatterjee, P.K. Mandal,
Molecular origin of photoluminescence of carbon
dots: aggregation-induced orange-red emission,
Phys. Chem. Chem. Phys. 18 (2016) 28274-—
28280. doi:10.1039/C6CP05321A.

11. A. Sharma, T. Gadly, S. Neogy, S.K. Ghosh,
M. Kumbhakar, Molecular Origin and Self-
Assembly of Fluorescent Carbon Nanodots in
Polar Solvents, J. Phys. Chem. Lett. 8 (2017)
1044-1052. doi:10.1021/acs.jpclett.7b00170.

12. J. Schneider, C.J. Reckmeier, Y. Xiong, M.
von Seckendorff, A.S. Susha, P. Kasdk, A.L.
Rogach, Molecular Fluorescence in Citric Acid-
Based Carbon Dots, J. Phys. Chem. C. 121 (2017)
2014-2022. doi:10.1021/acs.jpcc.6b12519.

13. M.J. Krysmann, A. Kelarakis, P. Dallas, E.P.
Giannelis, Formation Mechanism of Carbogenic
Nanoparticles with Dual Photoluminescence
Emission, J. Am. Chem. Soc. 134 (2012) 747—
750. doi:10.1021/ja204661r.

14. D. Qu, M. Zheng, L. Zhang, H. Zhao, Z. Xie,
X. Jing, R.E. Haddad, H. Fan, Z. Sun, Formation
mechanism and  optimization of  highly
luminescent N-doped graphene quantum dots, Sci.
Rep. 4 (2015) 5294. doi:10.1038/srep05294.

147



Pham Trudng Long va Dig Tap chi KHOA HOC & CONG NGHE 189(13): 143 - 148

ABSTRACT
THE EFFECTS OF SURFACE FLUOPHORE ON THE OPTICAL PROPERTIES
OF CARBON QUANTUM DOTS

Pham Truong Long™? Nguyen Thi Quynh*3, Dinh Thi Cham',
Doan Dieu Thuy', Do Thi Kieu Loan®, Bui Thi Thu', Bui Thu Ha®,
Do Thi My Ngoc’, Nguyen Thi Thanh Huong?, Tran Nhat Anh?,
Nguyen Xuan Bach®, Mai Xuan Dung™*

'Hanoi Pedagogical University 2, 2Can Tho University

®University of Science - VNU

Carbon quantum dots (CQDs) have been increasingly investigated as alternative materials for
CdSe QDs due to its visible luminescence and non-toxic properties. Controversially proposed
structure of CQDs includes three components: (1) polycyclic aromatic hydrocarbon of different
sizes (PAH), (2) surface fluorophore and (3) solubility determinant groups. However, the
formation and the effects of fluorophore on the optical properties of CQDs are yet explored.
Herein, we firstly synthesized acid functionalized CQDs and then post treated them with
ethylenediamine (EDA). The structure and optical properties of the two types of CQDs were
characterized by transmission electron microscope (TEM), infrared spectroscopy (FT-IR), UV-Vis
absorption and photoluminescence (PL) spectroscopy. It revealed that fluorophore groups which
are derivatives of citrazinic acid were formed on the surface of CQDs. The fluorophore groups
created an absorption band centered at 346 nm and especially enhanced the PL quantum yield from
14 to 38%. The results demonstrated herein show evidently the effects of fluorophore on the
optical properties of CQDs.

Keyword: carbon quantum dots, surface chemsitry, fluorophore, hydrothermal synthesis,
photoluminescence
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