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Synthesis and performance of pea pods-based carbon quantum dots
WU Yu-juan, ZONG Hong-feng, SI Hang-jun, LI Tong-tong, GAO Yan, GAO Yun"
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Abstract ; Blue fluorescent carbon quantum dots ( CQDs) are synthesized from pea pods via a hydrothermal method ,
and characterized by means of transmission electron microscopy (TEM) , Fourier transform infrared spectroscopy ( FT-
IR) , X-ray photoelectron spectroscopy ( XPS) and X-ray diffraction ( XRD ). The synthesized CQDs are used for
continuous quantitative detection of Cu** and EDTA.It is shown that Cu®* can specifically quench the fluorescence of pea
pods-based CQDs,and the concentration of Cu®* has linear response with fluorescence intensity in the range of 20—200
1M, and the detection limit is 5. 35 wM.The addition of EDTA can restore the quenched CQDs fluorescence , with a linear
range of 20~120 pM and a detection limit of 6. 29 wM.According to this characteristic, CQDs fluorescence “on-off-on”
pattern can be constructed to continuously identify Cu®* and EDTA , which can be applied to the detection of food and tap

water.
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2.1 ZE3E CQDs BRI R
2.1.1 CQDs # TEM % #7

Pi 739 CQDs 1Y TEM EIAnE 1 fiow, HoRiAz 4y
A 1 R,

A1 CQDst TEM [
#1 CQDs BN IRRE

kifg/nm  1.05 1.50 1.67 1.89 2.08 2.25 2.50 2.75 3.05
WK/ % 1.1 9.5 50 21 50 41 1.0 21 1.0
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Ji7 , CQDs FlFH B 1A 192 G B Lhid ol Fo/F,
CQDs—Cu™ I PHES FIA w2 e g thid b Fo/F
R®3 EBHEETFHMA(20 pmol/L) 3t CQDs iZ 5!
Cu’* (20 pmol/L) B9850 ( A, =340 nm)

POEMEIAN CDs Cu Al Co Fe Hg

Fo/F 1.02 1.691 0.985 1.023 1.124 0.897
Fy/F, 1,023 1.689 1.677 1.679 1.795 1.674
PR Mn Ni Pb Ag Ba cd
Fy/F 0.999 1.021 0.874 1.035 0.952 1.058
Fy/F, 1.753 1.681 1.701 1.705 1.608 1.749
PR 1) K Li Mg Na 7Zn  NH,
Fo/F 0.877 1.088 1.064 0.884 0.857 1.108
Fy/F, 1.754 1.651 1.748 1.649 1.652 1.739
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1—0 pmol/L;2—40 pmol/L;3—80 pmol/L;4—120 pwmol/L;
5—160 pmol/L;6—200 wmol/L;7—240 wmol/L;8—280 wmol/L;
9—320 pmol/L;10—360 wmol/L;11—420 wmol/L
B9 Cu™ K E X CQDs 7 M KB %
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1.6 y=0.0049x + 0.7341
R?=0.9992

o
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W AR, KWL G TR ¥ =0.004 9x +
0.734 1,R*=0.999 2, Z 115 n] 15 2] Cu® Bk FR
495,35 pmol/L,

2.4 EDTA &
2.4.1 #@BFMFE B

CQDs—Cu™ Bk & 1R e B R TR 3 25 R an &=
4 7R,

R4 CQDs-Cu™ IR EIXFIIEE

PR AT CQDs Cu** Urea L-Suc L-Glu
bR /a. u. 1,097 0.215 0.193 0.162  0.201

PRI 1] L-Fru  Thr Pro Lys  EDTA
H— LD E /a. v, 0.206 0.208 0.199 0.213 0.987

PR E IR Arg Glu Ala Asp

H— PR /a.u. 0.197 0.186 0.194 0.201

M 4 Pl LIE H CQDs I BEA AIXHR E Y
PRI, CQDs I A Cu™ | 5638 3 55,
RANEK, 1) CQDs—Cu® B IR NINA AW iGN
T AU EDTA () CQDs—-Cu™ ¥ 1975 615 2]
YRS, FLMhAE P 36 /N B IR CQDs —Cu™ %
TR DA B, YL CQDs—Cu® XF EDTA B A
R AR IROR

/N3 T (20 pmol/L) % EDTA (20 wmol/L)
PRI CQDs IR M (A, =340 nm) WNZE 5 Jr
N, F/Fy R CQDs—Cu™ HMAA&W/INoy T, F /F,
9 CQDs—Cu™ AW/ N FHW A EDTA
£S5 E£WNSF (20 pmol/L) 3t EDTA (20 pmol/L) Pk E

CQDs %3358 BRI (A, =340 nm)

MR EDTA  Urea L-Suc L-Glu L-Fru  Thr

F/F, 1,510 0.992 0.989 0.995 0.999 0.758
F\/F, 1.513 1.511 1.490 1.489 1.491 1.508
WA Pro Lys Arg  Glu Ala  Asp
F/F, 0.998 1.001 1.012 0.895 0.976 1.143
F,/F, 1.513 1.488 1.507 1.498 1.503 1.495
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H13¢ 5 AT, 11 FAE i A= /N o F- X CQDs—
Cu” 5 EDTA %A 7= B 852w, 318 CQDs -
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B

1.0F
L

LTI

0 40 80 120 160
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1—160 pmol/L;2—140 pmol/L;3—120 pwmol/L;4—100 wmol/L;
5—80 wmol/L;6—60 pwmol/L;7—50 wmol/L;8—40 wmol/L;
9—30 pwmol/L;10—25 pwmol/L;11—20 pmol/L;12—15 pwmol/L;
13—10 pmol/L;14—5 pwmol/L;15—0 pwmol/L
B 11 EDTA % JE Xt CQDs 7 K% & %
(¥ % F/F, B EDTA 3R JE oy & L 4)

M 11 R RIE H, CQDs I A Cu™ B
KEHENCHRBERE EDTA ¥ B2 B3 I g @ik 5 . i
K11 /4 B w] LLFE Y, 78 EDTA ¥ B 20 ~
120 wmol/L Ju [l N, F/F, F EDTA #k AL HAA B
PSR (o F o in A EDTA %W BF CQDs
(IR IE ; Fy M ANIA EDTA %I CQDs—Cu®
MBI ) |

CODs—Cu® VAR EDTA SR ARAG I BR 422 ih
e NiE 12 s,

L6f y=0.00425x + 0.8423
1.4} R?=0.9997
& 12
-
1.0f
0.8F
0 40 30 120 160

C(EDTA)/(pmol - L)
B 12 CQDs—Cu™ ¥ R 7] EDTA & (KA 1 R
WA &

12 Al RIE 1, CQDs—Cu® (15 658 JE b
EDTA ¥ JE 3 fin 2 26t fb, KA R y =
0.004 25x+0.842 3, R* =0.999 7, £ 15 n] 15 5
CQDs - Cu® ¥ W I 9 EDTA 1Y e A% & 0 FR Ky
6.29 pmol/L,
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2.5 HmNE
G AR 3T ) A SR A NE AR S S0 T i
S Cu™ B EDTA 1995 Bt 360 BE AR LT T
FrIaDSCSER , 255 R 6 FiR
K6 THEERT CHEMNER(n=3)
U fH e 1/ B %/ % FXTARAE 2/ %

(pmol-L™")  (pmol-L7')  N=3 N=3

EPJIN 16 16. 10 100. 63 0.76
24 23.89 99. 54 0. 64

32 31.92 99.75 0.58

/i 30 29. 62 98.73 0.79
40 39. 56 98. 90 0. 47

50 49. 61 99.22 0.43

M5 BT IEH, 35 396G CQDs Xf Cu™
) [T ISR AE 98. 81% ~ 100. 63% 7 il N, FH X s 74 i
FZAE(RSD) B/N  AE 0. 55% ~ 1. 33%0 [l Y ; CQDs —
Cu” X} EDTA [ B 2 AE 98. 73% ~99. 40% 35 Bl Y
FHXTARE IR 22 (B (RSD) ¥{K T 1,7E 0. 43% ~0. 79%
JEREIN, BEEHIZ 5 2 T BT Cu® A EDTA R

3 it

PAB 3 o K AR, R K A a0 G Rl
CQDs, BFFE % B Cu® RERF SHEVE X CQDs MBI,
LEPEEEI A 20~200 pmol/L, Ky HiFH 5. 35 pmol/L;
i EDTA A] fifi L3 K () CQDs 98 Y6k &, Lk
20~120 MmOI/L,%J\HjBEj] 6.29 Mmol/L,ﬂﬁ%
BEREE A R A ; I BE T A CQDs 199 6 FRPE
LW Cu™ R EDTA, Cu™ [ IR 76 98.81% ~
100. 63% i [l P4, EDTA ) [n] i 3 #£ 98.73% ~
99. 40% i il Y

&% 0k

(1] EWF, sk XK 5, 55 IR 5 Gk it i 54 i) e OO 24
JTRBIFSRE « 5 — R A E B R 25 [ CT LIPS KR, 2015.

[2] Chen D,Zhao J,Zhang L, et al.Capsicum-derived biomass quantum
dots coupled with alizarin red S as an inner-filter-mediated illumi-
nant nanosystem for imaging of intracellular calcium ions[ J].Ana-
lytical Chemistry,2018,90(21) :13059-13064.

(3] HEEE W W, 5 ER, 45 206k i T o i i 45 S L AE Cu 46

WP AR [ ] ALIR IR 2 (A SRR IR , 2020, 41 (4)

440-445.

TR B FEHEIE, A B — A T A BB A T R

HOuhEE b Cu™ BRI [ 1] A== BT 5 81, 2019,31(10)

1732-1738.

[5] Khan U A,Liu J,Pan J,et al.Fabrication of highly efficient and hi-
erarchical CdS QDs/CQDs/H-TiO, ternary heterojunction ; Surpas-
sable photocatalysis under sun-like illumination [ J ]. Industrial &
Engineering Chemistry Research,2019,58(1) ;79-91.

[4

[l

REBF HISERE T IOVERLE IR - 161 -

[6] Zhou J,Ge M, Han Y,et al.Preparation of biomass-based carbon
dots with aggregation luminescence enhancement from hydrogenated
rosin for biological imaging and detection of Fe>* [ J].ACS Omega,
2020,5(20) :11842-11843.

[7] Qian Z,Shan X, Chal L, et al.Si-doped carbon quantum dots; A fac-
ile and general preparation strategy, bioimaging application, and
multifunctional sensor [ J ]. ACS Applied Materials & Interfaces,
2014,6(9) :6797-6805.

[8] Zhong Q, Liang J, Zhao L, et al. Synthesis of novel fluorescent
carbon quantum dots from rosa roxburghiifor rapid and highly selec-
tive detection of o-nitrophenol and cellular imaging[ J].Frontiers in
Chemistry,2020,7(8) :665-666.

[9] Singh A K,Singh V K, Singh M, et al.One pot hydrothermal synthe-
sis of fluorescent NP-carbon dots derived from Dunaliella salina bi-
omass and its application in on-off sensing of Hg( Il ) ,Cr( VI) and
live cell imaging[ J].Journal of Photochemistry and Photobillogy A-
Chemistry,2019,376.63-72.

[10] WFEEEFFEEMTRIE" (1] AN G5 ,2019,(9) :57.

(117 BEHEG, ZR 38 B LI FRE AR BT R RN B [ T ] 2B,
2010,30(2) :154-155.

[12] XMR, 2245, DR . 4 JE LA I H B 1 14 4 4 K I R 58
e gt X ) B9 1 i BRI [ 0] B0 50 AR R,
2021,58(14) :112-120.

[13] RBEVE, W KAR. 5 N e [ )] o o0 R 5 12 BRBF 5
2005,22(5) :64-65.

[14] Lina M, Erik L, Yancing R, et al. Non-cytotoxic copper overload
boosts mitochondrial energy metabolism to modulate cell
proliferation and differentiation in the human erythroleukemic cell
line K562[ J ] .Mitochondrion,2016,29 ;18-30.

[15] Barton C. EDTA ( ethylenediaminetetraacetic acid ) -science direct
[J].Encyclopedia of Toxicology ( Third Edition) ,2014,32(8):
310-311.

[16] Zhang Z,Chen Z,Qu C,et al.Highly sensitive visual detection of
copper ions based on the shape-dependent LSPR spectroscopy of
gold naonorods| J ].Langmuir,2014,30( 12) :3625-3630.

[17] Luo M,Di J,Li L,et al.Copper ion detection with improved sensi-
tivity through catalytic quenching of gold nanocluster fluorescence
[J].Talanta,2018,187;231-236.

[18] Yin K,Wu Y, Wang S, et al. A sensitive fluorescent biosensor for
the detection of copper ion inspired by biological recognition
element pyoverdine[ J].Sensors and Actuators B:Chemical 2016,
232.257-263.

[19] He F,Deng X,Chen M.Evaluation of Fe( I ) EDTA-NO reduction
by zinc powder in wet flue gas denitrification technology with Fe
(II)EDTA[J].Fuel ,2017,199.523-531.

[20] Scholes K L, Ence A T, Strathmann F G, et al.ldentification and
characterization of EDTA test strip interfering substances using a
digital color detector[ J ]. Clinical Laboratory,2015,61(7) ;785-
791.

[21] Lou X,Wu Y, Kabtamu D M, et al.Exploring UiO-66 (Zr) frame-
works as nanotraps for highly efficient removal of EDTA-complexed
heavy metals from water [ J ]. Journal of Environmental Chemical
Engineering,2021,9( 1) :104932.

[22] AL, X3 , = s (B 0 12 B T 1 40 s o A 1
WRFEHERE )] AL TR R, 2021,50(6) 1-11.

[23] XAl AL P BTt i s DO I ) A S A /N G R o
HIRBLABESE[ D] BT BRWIEE TR ,2019.

[24] Lecroy G E, Messina F,Sciortino A, et al.Characteristic excitation
wavelength dependence of fluorescence emissions in carbon “quan-
tum” dots [ J]. The Journal of Physical Chemistry C, 2017, 121
(50) .28180-28186.H



