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Abstract ; In this study, carbon dots( CDs) were synthesized by hydrothermal method using chitosan
(CTs) as carbon source. The influences of hydrothermal temperature, hydrothermal time and chi-
tosan mass fraction on the fluorescence intensity of carbon dots were investigated. The optical prop-
erties, chemical structure, crystal structure, and morphology of CDs were characterized by using ul-
traviolet spectrophotometer ( UV-vis ) , fluorescence spectrophotometer, atomic force microscope
(AFM) , Fourier transform infrared spectroscopy ( FTIR) , X-ray photoelectron spectroscopy ( XPS)
and X-ray diffractometer( XRD). The results showed that the quantum yield of CDs was 32.86% at
a hydrothermal temperature of 200 “C, a hydrothermal time of 9 h and a chitosan mass fraction of
2% . The carbon dots show a spherical shape with a main size of 3 to 10 nm. When the carbon dots
excited at a wavelength of 335 nm, the emission peak is located at 410 nm and presents blue light.
The selective analysis of metal ions shows that the fluorescence quenching effect of Fe’* on the CDs

is the most significant, indicating that the carbon dots have good sensitivity and high selectivity for
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Fe’". The fluorescence quenching efficiency exhibits a linear response when Fe’

N . .
concentration 1n

the range of 0 ~100 wmol/L, which makes it possible to use the carbon dots as a fluorescent probe

for the detection and characterization of Fe’*.
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Fig. 1 Schematic diagram of hydrothermal preparation of CDs
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Fig.2  Fluorescence emission spectra of CDs prepared at
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Fig.4  Fluorescence emission spectra and excitation spectra

of CDs with different chitosan concentration
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Fig.6 UV absorption spectrum, fluorescence emission spectra

and fluorescence excitation spectra of CDs(a), and PL

emission spectra of CDs(b) , respectively.
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Fig.9 XPS survey scan of CTs (a) and CDs (b), respectively.
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Fig. 10  Fluorescence emission spectra(a) and PL intensity change(b) of CDs added with different metal ions. Fluorescence
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of the CDs in response to Fe’* concentration(d).



3

TEERE:, 5 FORWERR K PE ) 3 SO 6 s B 1 I e R R 7T 295

AT LUA 8K CDs 176, MR 4 58 e iE K
FREE XN A [RIHR B Fe * FRRR 15 1A TR BA) 9 Dl o
FEARAHAT MRS B mHE 2 an &l 10(d)
FiR . BRSO R BCRXT Fe’* ££ 0 ~ 100
wmol/ L 114 & J5E 1 [l P 52 2 P o7, D b T
FIRIERT 28 AT LR 7R R (P, - P) /P, = 0.00659
([Fe’* ]:pumol/L) —0. 02398, L& PEAH E R EH
0.993 25, Hort Py FRn ik SV WA PR B, P

4 % #

‘a

KIS RS A I BB Gk
STEERANEUOR N 2 I SR Z A EE @5, CDs (1)
XRD (7 20 =23. 8°AMFAETEIE , UF AR 55 1Y TC e T
ghRE, R OXPS A3HT AT K BBR AL S5 B S Y € B
(58.54% ) WA 38, X F B TR b (C &
h36.14% ) BiAK TR TARMA, Tl 321

FRA RN O ~ 100 wmol/L Fe* * BBk SRy CDs HA Ry Fe'* K2 IBETI (P/P, =10.6% ) &

DN JE TRNNERFCRXT Fe' " FEHRE 0 ~ 100 wmol/L 712l
N SRR N, AT T Fe* i S oA
& # X Wk

[ 1 ] DALAL J,GUPTA A,LATHER S,et al.. Poly (3,4-ethylene dioxythiophene) laminated reduced graphene oxide compos-
ites for effective electromagnetic interference shielding [J]. J. Alloys Compd. , 2016,682 :52-60.

[ 2 ] ZHAO D L.,GAO X,WU C N, et al.. Facile preparation of amino functionalized graphene oxide decorated with Fe,0, nan-
oparticles for the adsorption of Cr( VI) [J]. Appl. Surf. Seci., 2016,384.1-9.

[ 3] ZHAO Y J,LI C,FAN X Y, et al.. Study on the separation performance of the multi-channel reduced graphene oxide mem-
branes [ J]. Appl. Surf. Sci., 2016,384:279-286.

[ 4 ] SINGH R P,SHARMA G,SONALI, et al.. Effects of transferrin conjugated multi-walled carbon nanotubes in lung cancer
delivery [ J]. Mater. Sci. Eng. C, 2016,67:313-325.

[ 5 ] SREEKANTH M,GHOSH S,BISWAS P, et al.. Improved field emission from indium decorated multi-walled carbon nano-
tubes [J]. Appl. Surf. Sci. , 2016,383.84-89.

[ 6 ] HU Q,PAAU M C,ZHANG Y,et al.. Capillary electrophoretic study of amine/carboxylic acid-functionalized carbon nan-
odots [ J]. J. Chromatogr. A, 2013,1304.234-240.

[ 7 ] TUERHONG M,YANG X U,YIN X B. Review on carbon dots and their applications [ J]. Chin. J. Anal. Chem. , 2017,
45(1) :139-150.

[ 81 XUXY,RAY R,GU Y L,et al.. Electrophoretic analysis and purification of fluorescent single-walled carbon nanotube
fragments [J]. J. Am. Chem. Soc. , 2004,126(40) :12736-12737.

[ 9] SUNY P,ZHOU B,LIN Y,et al.. Quantum-sized carbon dots for bright and colorful photoluminescence [J]. J. Am.
Chem. Soc. , 2006,128(24) :7756-7757.

[10] QIAN Z S,SHAN X Y,CHAI L J,et al.. Si-doped carbon quantum dots: a facile and general preparation strategy , bioimag-
ing application,and multifunctional sensor [J]. ACS Appl. Mater. Interfaces, 2014,6(9) :6797-6805.

[11] ZHANG L L,HAN Y J,ZHU J B, et al.. Simple and sensitive fluorescent and electrochemical trinitrotoluene sensors based
on aqueous carbon dots [ J]. Anal. Chem. , 2015,87(4) :2033-2036.

[12] DING H,DU F Y,LIU P C,et al.. DNA-carbon dots function as fluorescent vehicles for drug delivery [ J]. ACS Appl.
Mater. Interfaces, 2015,7(12) :6889-6897.

[13] CHEN P,WANG Z Y,ZONG S F,et al.. pH-sensitive nanocarrier based on gold/silver core-shell nanoparticles decorated
multi-walled carbon manotubes for tracing drug release in living cells [ J]. Biosens. Bioelectron. , 2016,75 :446-451.

[14] SAHU S,LIU Y M,WANG P, et al. . Visible-light photoconversion of carbon dioxide into organic acids in an aqueous solu-
tion of carbon dots [ J]. Langmuir, 2014,30(28) :8631-8636.

[15] FERNANDO K A S,SAHU S,LIU Y M,et al.. Carbon quantum dots and applications in photocatalytic energy conversion
[J]. ACS Appl. Mater. Interfaces, 2015,7(16) :8363-8376.

[16] TADA H,FUJISHIMA M,KOBAYASHI H. Photodeposition of metal sulfide quantum dots on titanium( IV) dioxide and the
applications to solar energy conversion [ J]. Chem. Soc. Rev., 2011,40(7) :4232-4243.



296 ke M 540 &

[17] HUANG H,LI C G,ZHU S J,et al. . Histidine-derived nontoxic nitrogen-doped carbon dots for sensing and bioimaging ap-
plications [J]. Langmuir, 2014,30(45) :13542-13548.

[187 wknah, ) B4, wikdk. AIBARCERAK SMPIRIRR [J]. L%k, 2014,35(9) :1019-1026.
QU S N,LIU X Y,SHEN D Z. Studies on nitrogen-dopped carbon nanodots [J]. Chin. J. Lumin. , 2014,35(9) :1019-
1026. (in Chinese)

[19] CAO L, WANG X, MEZIANI M J,et al.. Carbon dots for multiphoton bioimaging [J]. J. Am. Chem. Soc., 2007,
129(37) .11318-11319.

[20] LUO P G,SAHU S,YANG S T,et al.. Carbon “quantum” dots for optical bioimaging [ J]. J. Mater. Chem. B, 2013,
1(16) ;2116-2127.

[21] YANG S T,CAO L,LUO P G,et al.. Carbon dots for optical imaging in vivo [ J]. J. Am. Chem. Soc. , 2009,131(32) .
11308-11309.

[22] BIJU V. Chemical modifications and bioconjugate reactions of nanomaterials for sensing,imaging, drug delivery and therapy
[J]. Chem. Soc. Rev., 2014 ,43(3) :744-764.

[23] XU JJ,ZHAO W W ,SONG S P,et al.. Functional nanoprobes for ultrasensitive detection of hiomolecules;an update [ J].
Chem. Soc. Rev. , 2014 ,43(5) .1601-1611.

[24] LIN L. P,RONG M C,LUO F,et al.. Luminescent graphene quantum dots as new fluorescent materials for environmental
and biological applications [ J]. TrAC Trends Anal. Chem. , 2014 ,54.83-102.

[25] TIAN L, GHOSH D,CHEN W,et al.. Nanosized carbon particles from natural gas soot [ J]. Chem. Mater. , 2009,
21(13) :2803-2809.

[26] HAN S,ZHANG H,XIE Y J,et al.. Application of cow milk-derived carbon dots/Ag NPs composite as the antibacterial
agent [J]. Appl. Surf. Sci., 2015,328.368-373.

[27] SHEN L M,CHEN M L,HU L L,et al. . Growth and stabilization of silver nanoparticles on carbon dots and sensing appli-
cation [ J]. Langmuir, 2013,29(52) :16135-16140.

[28] JIN J C,XU Z Q,DONG P,et al.. One-step synthesis of silver nanoparticles using carbon dots as reducing and stabilizing
agents and their antibacterial mechanisms [ J]. Carbon, 2015,94.129-141.

[29] WANG X L,LONG Y J,WANG Q L,et al.. Reduced state carbon dots as bhoth reductant and stabilizer for the synthesis of
gold nanoparticles [ J]. Carbon, 2013 ,64:499-506.

[30] CHEN Q Y,WANG Y F,WANG Y W,et al.. Nitrogen-doped carbon quantum dots/Ag, PO, complex photocatalysts with
enhanced visible light driven photocatalytic activity and stability [J]. J. Colloid Interface Sci. , 2017 ,491 .:238-245.

[31] LIUR L,WU D Q,LIU S H,et al.. An aqueous route to multicolor photoluminescent carbon dots using silica spheres as
carriers [ J]. Angew. Chem. Int. Ed. Engl. , 2009 ,48(25) :4598-4601.

[32] TaUi, 2+, Fikab, 5. U R RESY RSO0 B & X AR A TS S AL PERE (1], AL FR,
2017,38(11) ;1443-1449.
YU S J,WANG F,LUO Z ], et al. . Synthesis of chitosan-based polymer carbon dots fluorescent materials and their UV ag-
ing resistance properties for paper [ J]. Chin. J. Lumin. , 2017 ,38(11) :1443-1449. (in Chinese)

[33] £, XUR, 44, . WSRO &0/ e BRI VO 60 LIPS [1]. &2 F F|, 2016(2):
226-233.
WU X,WU W C,YUAN J C,et al. . In situ construction of fluorescent carbon dots/ chitosan composites with straightforward
applications [ J]. Acta Polym. Sinica, 2016(2) :226-233. (in Chinese)

[34] YANG Y H,CUI J H,ZHENG M T,et al. . One-step synthesis of amino-functionalized fluorescent carbon nanoparticles by
hydrothermal carbonization of chitosan [J]. Chem. Commun. , 2012,48(3) :380-382.

[35] TAN M Q,ZHANG L X, TANG R,et al. . Enhanced photoluminescence and characterization of multicolor carbon dots using
plant soot as a carbon source [ J]. Talanta, 2013,115:950-956.

[36] WANG C X,LIN H H,XU Z Z,et al.. Tunable carbon-dot-based dual-emission fluorescent nanohybrids for ratiometric op-
tical thermometry in living cells [ J]. ACS Appl. Mater. Interfaces, 2016,8(10) :6621-6628.

[37] LIANG Q,WANG Y L,LIN F C,et al.. A facile microwave-hydrothermal synthesis of fluorescent carbon quantum dots
from bamboo tar and their application [ J]. Anal. Methods, 2017,9(24) :3675-3681.



53 TEERE:, 5 FORWERR K PE ) 3 SO 6 s B 1 I e R R 7T 297

[38] RAY S C,SAHA A,JANA N R, et al.. Fluorescent carbon nanoparticles ; synthesis , characterization , and bioimaging appli-
cation [J]. J. Phys. Chem. C, 2009,113(43) :18546-18551.

[39] ZRE, R A XE,F. —FHOLT/BO6 T J0E i 5 1 il 8 SCEYI R < 5], CN104386665A [ P]. 2015-
03-04.
WANG J X,TONG G S,LIU T,et al.. Preparation method and bioapplication of single photon/double photon amorphous
carbon dot ; China, CN104386665A [ P]. 2015-03-04. (in Chinese)

EEF (1990 - ), R A,
Bt 2018 AR F 4R A MR FRAG
LU e 2 VAN SR NN )
SUIRE R o T ARG

E-mail ; fafuwxq@ 163. com

FEMRSR (1984 - ), &, Hlt KK, T
o PRI AR AR 0, 2013 AT AR 2
PR S ARG A2, FENF A
VBT RERRL TS T ISR .

E-mail ; tanglr0201@ 126. com

B (1966 - ), 5wl HA 1
&, Bz, R T, 2004 A TR
UM R AR A L2, R
S FUEW LT AL FIA AR
I E-mail; bhuang@ fafu. edu. ¢n




