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Y TE )i R A AT LR SO R K. R G . CDs 3T 4 )8 85
Ty SRR AT T LA R s 4 AL 008 R B T K
PR 7 TR) B4 Ak 358 53k 1) 6 ) SR S B i 0 K B OREX 2 U 7
T B 3 TSR P R B AR SR T — e R TR B K T
S A VB R Y e BT 25 S CDs M4 g i T 45 S fe . ol
W14 JR XS CDs B 9¢ 't 728 A 5% i . g 57 AR B Y vk BE -0l 3R G
F e 52 B < 1 4 ARG DM I T

ASCLAR R 2 B R g B IR . 4B — R S R . i S AR
BEAS R B 8 T — RS O 596 nm {93 414 K Ol ik
SO R TR S TE R M (pH = 4~ 7) K ¥ W 965
FERK, fE— I ER W (0~0.3 mol » LD & F T il
A, AMEFEE MTT Sl 0 izt B itk B, AR
WA R . A, WOKE R BUR R E SR TS YR
MR TR ARR . 2 ERMEIE, ST el
Bk s A OKBE LS KR T G JR He® ' iy RO % —
I

1 SEgaEk o

1.1 A5

WA KB TR A BRA A, hrs) . £
B2 % W e C2T 5 AL A IR R 43 WralD s S8R — ik C&2 it
HACFARAT . pHra) . BERR A CREE T KAk 2k
R AHraD, BERE M ORHEET AR R =R, T
4l 4 JEAm i CE AR A R O S BRI ST EBE . 1 000
pg e mL™), MTT KX & (LIt 5 E B B A WH AR B R A
], Genview-JT343-250MG), 5573 (38 H K R Bl 4
/3 F], Hyclone-RPMI-1640), PBS 22 phifg (26 H & i /R B} 2
LA ED L i 2 T CHF VLR 2R P R B B A RS |D
WHEREPHA THRA A, 2.

XA : UV-2450 55006 15X CH A& & H#2A A, RF-
5310pc 2¢ G IEL CH AR B HEAA 7)) IR Prestige-21 fff B 48
LEAMETEAL CH A By A 7D . DHG-9070A B $#4EE R 4 46
(R — R 2 A BR 2 7)) . MS104TS/02 H 143 # K P
(iR -4E Fl £2) . KQ-600KDE j# 5 i ¥ X (B 1l i i
FALE A RARD . JEM-2100F 3% 4 fy F B4 58 ( B A i F 7k
KD, RT-6000 A AR (L E EAL RAYTO 27D,
1.2 EFRBEMKHTRE R

FREL 0. 227 g SRR B E B LA S 0.108 g 4B — e, A
10 mL 2% 7K T30 3 M 40k e 2 7P 0 Ak 8 2 0 A, R R
ZE DU T LM P S R 5 o 48 v O A B AR B I
ST A A8 — & W AT R — € B ] Rf BT
SERE > KR B AR B K R AL, B EEER . AL
TK T 75 R U BN AR BE o S T R OGRS LN K RO KL T
WERERIEM D, AR AP IEZE R 1~2 mL, i
AFZETHRA DT, BULFRE. B s, RHaH.
1.3 EXBENAKMBERZGERAEREZMN
1.3.1 R miREHHA

P B B A R s BRSO BER EE 43 s 160, 180 Fl
200 C,

1.3.2 R J B9 84 % h

BB R E] AR50 s 10, 12, 14, 16, 18 F1 20 h,
1.3.3 %A pH AW Hh

(1) b e i %k 2 6 Btk o 44 K L 98 658 B 14 5% )

A ECE e BE o 0, 0.01, 0.05, 0.1, 0.2, 0.3 Fl1 0.5
mol « L1 NaCl ¥ ¥, 1 A ¥ F B0 & Sk B N & 20 pg »
mL R GRS AR R T, AT 9 G I

(2) pH B X K G0k A5 48 Kb ) 5 658 JE 1) 5% i

Ay SITEE 0.2 mol « L 'L J% 0.1 mol « L 'R — A
PR RR A N OB AR, BCE A pH Eh 4~12 3
Ly 228 Wl Y A I G X 22 D ke e 490 DK A R € 016 5 BE 1 S
1.4 HESHESNEIR

B OE EEIRCT g R /N B B5 3% T RPMI R4, &
1020 SR AF LG » 52009 CO, . REFRIREES 37 °C, 7E 96 LR I
FALIEERD 2X10° AN IEH /N T4, 5535 24 h, 3 500A
W M 10, 20, 40, 60, 80 A1 100 pg « mL ' EiRA BN &L
WS AOR A RL SRR AR B AT IR AL, FH 6 AL,
i3t 24 hg, FEE RO PBS k. A H fif B 55 3
FEALFA 20 uL MTT ##(5 mg » mL "), WL 4 h J5 %
F B A 150 pL DMSO, 37 C 4k 10 min, %4
Y FEREFRALT 490 nm 4b 22 4 FLIROE B (OD)MA .
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W 0. 275 go RAOGTR AR BRAR 538 T L BE» FEIK
HR IR AT PR A R AR 1 D
2.1 RAEBRSARTHEHEHML

FEWOA [ 3 B (160, 180 Fl 200 °C) x4 K ) i i) ] (10,
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D5 BEBEAT RN A BRI T 2 Bl A I BE B T v Y SO R
JRE RS L AE — 7 i T IR N B A ™ ) B 3 I e R R B
i L R P S R I SR R BT ARG A I T RE hy T
BE B AT 3 Ao R o 7 A S R R ] AN J2 K i, B
I [ SE 4 ool B B 9% D' B E AR . 7 180 °C L 16
h 2R AT 96 e i, KA K S dk i F 4006 K
B, e 180 °C . 16 h Jg il £ e bR Y R (A5 AR o TR B AR AF

B IRRR AR B R VEAE 532 nm, T A S A2 T 596

nm,
2.2 EXRBAMKMHPRE
2.2.1 #HLHALE

FATEIK B Hs J  t a3 90 K B R 20 1 I B 80 18
o AR L AR T A R 0 A 22 9 R R T R R /DN JBOR
FER T4 AT ] 4 1B S SR AL AR o I 1 BUR TR AR
AURAEL TEM B4R, Al W& SO A B 19 7
. HRAFH—, B2 ~3 nm,
2.2.2 RS

KA MTT ¥, #4777 BURT 208305 P A . BIF 5 T Bk
FXE /N BT A I A B . AN IE 2 BT . /D BURT 20 N AE R ] B
FRBEO~100 pg » mL— ) & R AL G PE(E . IR T
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Fig. 1 TEM images of the CDs
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Fig. 2 Viabilities of hepatocytes incubated with different con-

centrations of CDs by MTT assayin mice

2.2.3 kitkiE

g 3Ca) T L. S 6B A5 40 K bR B9 UV-Vis St it &
M, R ZH i 4 R AR 500~ 600 nm BT, AR A A %
HiELE 3() IRMHB OB IG . NIl 2 7T %,
R 500~600 nm Z [8] 4 B A IR U0 . 0] AU IS Sk B2 3 1Y
n—mn", BRiEM C=C #M =" BKiE, C=N/C=0 #Hf
T n—>nt BRITD L IR 3 R, t A FEOR Bk T 9Ot
FETE T IR IR AR MR R B R AR B
KWK WER, PGB R WIS, Bk K 530 nm 13O
BREEHE 400 nm 5%, H & WK 532 nm 4b 9% R0 B0
Xof R Gt T R 596 nm Ak W T R FR . IT LA AR SE 56 1 B 532
nm VBN R B . TR T & OGRR A 40K AR & 5T
4B 2168, 9€ Y (e =596 nm) o SR T E P4 0 4 1 64T 00
B I & e a5 98 e i T =R R 10, 8%,

B4 R BTG b B 2080 o R[] S0 3 B (1 4 AiE
BEBOUT— B0, Hh e wT LU T AS T3] 1 S5 1oz U B % 4 DG ik
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Fig.3 (a) UV-Vis spectra and Fluorescence spectra of CDs;
(b) Fluorescence spectra under different excitation
wavelengths

Conditions: 180 ‘C, 16 h, Aex =532 nm, Aen =596 nm, concentration

of CDs: 20 pg+ mL™!
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CO, WM, 1 600 ~1 450 em™ ' J& C=C Ky 45 4§ 3.
1465 cm ' & CH, # C—H WX FrZ iR sh . 722 em™ ' (12
CH, W WHRIEIRS) . B Bkl srFrh—2 &A1
JHg, SEHIEEFNAEFS . W] IR RE S A R B b, 4040 K
UESE T A B0 B ol & A FR B FUDR B/ AL B Re A . 3 26 A
SR T Uk K S iRk A 4 5 S
2.3 RAKEREERNER
2.3.1  HIRER pH AL Z A E B RMF R KR E G H R
SR B A VIR 20 g o mL TR DGR A AR A RL B ¥ IR
IR H A ik BE A2 A K AW B2 T 0.3 mol « L7
P B 58 ik B B S R AR . U A, I R S Bk AL AR OK B RHAE R
FRIE IR N 9 J6om B i (pH 4~7) . i fE pH>8 Bf . B A5
PG WAL, B, %k s AR R B 0~0.3
mol « L', ffE pHERE N 4~7,

1 @
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mL~!, F GRS : 0.03 pg - mL~", KBIAF(E] : 5 min, [Heg*" ]=0
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Fig. 5 (a) Fluorescent intensities variations of CDs added in
differentmetal ions; (b) A plot of the fluorescence
intensity against Hg’* concentration in a range of 0~
10 pg » mL™!

Insert shows the linear relationship between the relative fluorescence

intensity [ (Fo— F;)/F,] and Hg?" concentration (0~ 0. 005 ng ¢

mlL~1)

2.3.2 AFBEFEAEDNEEAL He'' % —%n

S U B T8 AN R L 4 B B T 45 Ag, Al Ba, Ca,
Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Ni, Pb Hl Zn [ 5y .
B 20 pg » mL A9 R OGRS AK M ORHA R 10 mL, JIA 0.1
mL X ik BE Y A SRR, R A SRR Y 0. 03 pg -
mL™", $85), 5 min J5FIIZEOERE . BB S A A, R
Xt 4@ He ™ sk B b i w2 . ATt He'™ 1745 8w h . %
B 20 pg » mL™" BB S AR MBI E R S HE N 0.2 pg »
mL ™! He*" i, 2458 I 6] 3k 3 min BL k-, %€ % 58 B Wi 7
Fo B HIRTRE, BOEHE 4 min /E25 He® 5 &6 8
YUK AL SN ) o R T R — 2 B A B A Hg® ™ Y i
0L, SCER T T 4 B IR YR He'™ 5 20 pg » mL™!
BRAIR AV, B FREE SR 512 0, 0,001, 0.002, 0.003,
0.004, 0.005, 0.01, 0.02, 0.03, 0.04, 0.2, 0.4, 0.6,
0.8, 1, 2,4, 8F10 pg+ mL™", NAFEH 4 min, FF5FH
PP REUEAT R . AN 5 (b) (i B FF /R 2 0~ 0. 005
pg » mLTUIRHBE YLD BT R, 9¢RBRE S He' ™ W6 &
TE 0.001~10 pg » mL ' JE B N4 & Stern-Volmer J5 F£

F,/F—1 = K[Q]

Hrp, Fo 5 F 450 9 In ASE R A 3CH S He™ D) R 19 28
LR K OABOREE, Q WIR A KA BE . 7EVR B > 0
~0.04 pg» mL7T (RIS H R y=190x+0.498, L&k
FMRY=0.992 1), LI 0.6~10 pg » mL i F Py (L2 P4l
GHBR y=3.22+18.7, KRB R*=0.993 2), HHR
UF G2 P R i, 22 S B I A5, A 8 BR  0.000 6 pg e
mL '(S/N=3, n=16), W& Heg*" 94 1% F K &t
(<20.001 pg » mL™") K& Tolk B /K K ™7 (<C0. 005 pg -
mL DB EFAREE K .

2.3.3 SEIEAES T e He' 4l imix w ik &

FES T RIAL B, B 5 mL fR A K FEST BIMA 1 mL A
N He™" b5 5 mL MR+ % wp i (pH 6), 5 20 pg »
mL R G AR R WA R A 4 min JF BEAT 0O KE
W 3R 1 AE, S IAR YR R . R AE 9126 ~106%
(RSD=0.5%~1.5%, n=3)Z [, 7 EmIM L,

F1 RAKERMREERESELL (n=3)
Table 1 Recoveries of Hg*" detection from

spiked drinking water samples by CDs

JHRE EWESE s s
0.003 0.002 8 91 1.2
0.030 0.0319 106 0.5
1.000 1. 060 0 106 1.5
2.000 2.080 0 104 0.8
34 it

T R R 2 LM B UL L 4B il O R B A ), R R
TARBA A B B KOG s 90K BRI ) R
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R o R OCTR AR MR OB R IR, H IR AT
W, KA KTE 596 nm (A, =532 nm), SLEH, KM
B RRM SR A R AR R TR, S A B KOG A
YR RHE R T B RIF KT M. BeAh, = & ik i
GUKAPEL T T He® it Bt % — i, oGk R 9 0k
BB Hg®™ [ K I 7 0. 001 ~ 10 pg » mL ™" 35 B 99 48 &
Stern-Volmer J5 #, £ 0~0.04 pg » mL™' DI & 0.6~ 10
pg e mL Y Y 2R RGO A O R R R RS
Hg™™ 6 0 fr) 335 FH 90 160 AR X B 5. 0 A wir e s T sy i B Ay

0.000 6 g » mL ™' (S/N=3. n="6), i L 4= % I /k (<C0. 001
mg * L7 K& Tk JE /K (<C0. 005 mg « L™ Hg*™ # i B &K
FRUERIEESR o £ BTIR . BT A B AR AR R DG Bk 40 K B R
P T SEBRAKRE TP 4 R Het i L — R . T
FoRBE R & He'™ BR il . sbsh. B TR & RIS Y
WS 5 R R TR, £ 40 R 40 AT B E L [ R R
ORI AR e, Aok Tkds gy, T H A BAER
BRI AL A L AR R YT A N T U AR B R SR S
PRBE .
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Preparation of Eco-Friendly Luminescent Carbon Dots Nanomaterial and
Application of Hg** Detection

CHEN Qi-xian" *, CHEN Qi-dan' ** , ZHONG Xue-yuan'

1. School of Chemical Engineering and New Energy Materials, Zhuhai College of Jilin University, Zhuhai 519041, China
2. Zhuhai Institute of Supramolecular Materials, Southern Institute, Jilin University, Zhuhai 519041, China
Abstract As the requirement limitation of toxic contaminants such as heavy metals in food and environmental samples is lower
and lower, the detection methods developed should be simpler, sensitive and less contaminated. Luminescent carbon dots
nanomaterials are a new type of nanomaterials with carbon as a basic skeleton which have been shown low toxicity and excellent
fluorescence performance. In our work, low-cost, eco-friendly carbon dots nanomaterial was prepared by simple hydrothermal
method using dopamine hydrochloride as carbon source and o-phenylenediamine as a modifier. The carbon dotsemission wave-
length was 596 nm (A, =532 nm). The UV-Vis spectra, fluorescence spectra, infrared spectrum and TEM characterization
showed that the carbon dots had good optical performance, good dispersion and uniform size (~3 nm). Under the same condi-
tions, the synthesized carbon dots were found selected detection of Hg®". The detection of mercury is very important, because it
is very poisonous and usually presents in the water sample as a form of Hg?" ions, and has even irreversible effect on the human
being from the contaminated of bio-products in the water. The Stern-Volmer plot with an upward curvature indicates a bindingin-

duced quenchingof carbon dots at the presence of Hg’" ions, andthe range of 0~0.04 pg+ mL™' (R*=0.992 4) and 0. 6~10
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pg + mL7N(R*=0.993 2) showed good linear correlation. The detection limit was achieved as 0. 000 6 pg * mL™'(S/N=3, n=
6) which meet the Chinese guidelines for both drinking water and industrial sewage. The spiked recovery of Hg*" detection in
domestic water samples ranged from 91% to 106% (RSD=0.5 to 1.5). In addition, the biosafety of the prepared carbon dots
nanomaterial was further investigated, the results of the MTT for cytotoxicity testing in liver cells showed no significant decrease
in cell viability by increasingthe concentration of carbon dotsto 40 g * mL™', indicating that the carbon dots nanomaterial were
low toxic and eco-friendly. The high-performance near-infrared carbon dots nanomaterial have good potential in the application of
environmental monitoring and biosensor.

Keywords Hydrothermal method; Eco-friendly; Carbon dots nanomaterial; Hg®"
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