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Construction of off-on electrochemiluminescence sensor based on doped

graphene quantum dots for continuous determination of Fe’" and F~
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Abstract: Objective: The study focused on investigating the elec-
trochemiluminescence properties of graphene quantum dots.
Methods: By doping heteroatoms into graphene quantum dots
(GQDs) , the surface chemical reactivities and optical characteris-
tics of GQDs could be effectively improved. Nitrogen and sulfur
co-doped graphene quantum dots ( NS-GQDs) were prepared
using a one-step solonthermic method. Based on its excellent lu-
electrochemiluminescence

minescent properties, an “ off-on”

( ECL ) sensor was constructed for the simultaneous
determination of Fe?™ and F~ . Results: Under the optimal condi-
tions, the quenched ECL value of NS-GQDs was linearly related
with the Fe?" concentration in the range 0.1~460.0 pmol/L, and
the detection limit was 0.028 pmol/L; Meanwhile, the restored
ECL value was linearly related with the F~ concentration in the
range 1~5 600 pmol/L, and the detection limit was 0.62 pmol/L.

Conclusion: The quenching and restoring of the ECL signal had
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good reversibility. The proposed method was successfully applied to
the determination of Fe?" and F~ in water samples, suggesting its
potential and significance in food analysis in the future.
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Figure 1

TEM images, particle size distribution and XRD pattern of the as-prepared NS-GQDs



&M | Vol.37, No.11

RKUF ETBRUAERETFAMEX—FEBUERAERFESER FSTME

515 £ 30 E
o 212 Y o
= = =
IS =12 S
< o o
E E 06 E
0 ‘ ‘ ‘ ‘ ‘ 0.0 P
100 200 300 400 500 600 275 280 285 290 295 393 396 399 402 405 408
ZhGhe ZhiGhe shiGRE
Binding energy/eV Binding energy/eV Binding energy/eV
(a) XPSAjl (b) CIsERZMBEXPSIE (c¢) NIsHIRIMHEXPSiE
35
S 30 S
g EPY g
2% % 2 R g
B <20 =2
z £ 15 E
g 2 ]
= £ 1.0 =
04 Il L L L L J 0.5 Il Il Il Il J Il T Il Il
158 160 162 164 166 168 525 528 531 534 537 4000 3000 2000 1 000
Gt st e
Binding energy/eV Binding energy/eV Wavenumber/cm™
(d) S2plE 4 BEXPSTE ] (e) OIsHIE 4 HEXPSIEE] (f) FTIRIEA
B 2 NS-GQDs # XPS 4# &% FT-IR B

Figure 2 Full range XPS spectrum of NS-GQDs
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Figure 4 ECL spectra of NS-GQDs in the presence of

different concentration of Fe*'
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Table 1 The influence of metal ions on the
NS-GQDs ECL sensor
FIRW T AFWE/ (umol « L1 HIXFiR2E/ %
K™ 1 000 1.5
Na* 1 000 1.1
Ca’* 1 000 1.7
Mg?* 1 000 1.8
AT 1 000 2.5
Zn*" 1 000 4.1
Co*™ 1 000 1.5
Nizt 1 000 1.1
Ag?! 1 000 5.2
Sn? 1 000 2.0
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T FE SEFEWE/ (pmol « L1 KIXHRZE/ %
Cl 200 2.1
Netm 200 4.8
NO; 200 3.7
co3~ 200 2.5
HCO3 200 2.2
ClO~ 200 3.4
Br— 200 2.6
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Table 3 Comparison with other methods for determination of Fe" and F~

J5 ik LRk 6 i BR Sk
S-GQDs R Fedt 0.0~0.7 pmol/L 0.004 2 pmol/L [7]
SBE 2 M3t B B I F 1~5 mg/L — [10]
PEYCHE K P Fedt 0.02~4.50 png/25 mL 0.006 1g/25 mL [11]
R e P i ) F 2.0~20.0 pg/mL 2.0 pg/mL [12]

I8 ECL {4 #8382 5% Felt  0.1~460.0 pmol/L(Fe?™)  0.028 pmol/L(Fedt)

MEF- 1~5 600 pmol/L(F~) 0.62 pmol/L(F )
2.5 NSGQDs 3t Fe'" 1 F iR RI#L 12 3 it
HITEL 7 7T, NS-GQDs 2 [ & A K ik 10 24 2% L 3 1R
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B Fe't 5 NS-GQDs 45 27 & i A Fe'™ ff, NS Table 4 Relative recovery of Fe?" in water
GQDs 7 il i oh b [ 1 4 16 % &5 9 NS-GQDs™ NS samples (n=5)
GQDs " BRIF 33L& I & ECL 5 5 A Fe'' J5 , Fe' . Fed ! &t/ MbRi/  WAE/ [k RSD/
5 NS-GQDs Wﬁﬁﬂ;ﬁk@ﬂé%,ﬁﬁa@?%%ﬁ@iﬁ?&ﬂ@ (mg+L™") (mg+L"") (mgeL"1) H/% %
NS-GQDs W />, § % ECL {5%%‘5 K. |5 NS-GQDs + 0.32 0.1 0.41 90 1.2
Felt M:g ':F'j]ﬂ/\ FE.HTF 5 Felt HoA W E/\Jﬁl,:ﬂl H kK 0.29 0.5 0.77 96 2.5
5, T;’tﬂfx NS-GQDs-Fe? " EF' 5] Felt ’EEEE FeFi™ ﬁﬂ W, 0.36 1.0 1.34 98 1.7
ffi Fe*' . NS-GQDs fiii 7% ,ECL {Z 5k & . 0.21 0.1 0.30 90 2.1
2.6 thEKS FS 1 F g IR IK 0.26 0.5 0.79 106 1.6
79 T B AE 5 F NS-GQDs (% JF 8 ECL {4 J& 2% 78 0.2 1.0 1.28 103 1.9
SRR b oA I P80 S 43 S0 5 1 R A L B 5 Ak 012 0.1 0.21 0 26
AR Fe'* AP 45 4 fide 5. Fet mye MR 000 o0 06 nE
07 9090 ~10624 14 2 4 22 (RSD) <390, F il i - i Lo %
AN 9296 ~ 11096, RSD<T4 %6+ 2 W] sk 55 77 3 oM oy vl % £5 ki EKE
AT SERROR A o et A E 9 TE < Table 5 Relative recovery of F~ in water

samples(n=5)

. F &4t/ s i/ 75/ [l RSD/

FE i )
(mg+*L 1 (mg+LY (mg-LYH /% %
0.62 0.1 0.73 110 2.2
H kK 0.65 0.5 1.12 94 1.8
0.61 1.0 1.56 95 3.4
0.51 0.1 0.60 90 2.5
BRIk 0.56 0.5 1.02 92 1.6
0.50 1.0 1.43 93 2.7

B7 % FHECLEAZMNEF F #iz ’
Figure 7 Schematic illustration of the detection mecha- 0.43 0.1 0.52 90 1.9
. . . e ) = ) .

nism for Fe’” and F~ using ECL sensor by off- LLEN 0.48 0.5 0.95 o 3.1
0.46 1.0 1.43 97 2.6

on method
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