
1

Instant synthesis of nitrogen-doped Ti3C2 MXene quantum dots for 

fluorescence and electrochemical dual-mode detection of norepinephrine 

with a portable smartphone assay

Murugesan Chandran, Gayathri Chellasamy, Mekala Veerapandian, Barkavi Dhanasekaran, Saravanan 

Govindaraju*, Kyusik Yun*

Department of Bionanotechnology, Gachon University, Gyeonggi-do 13120, Republic of Korea

AUTHOR INFORMATION

Corresponding Authors

*E-mail: ykyusik@gachon.ac.kr (K.Yun.), biovijaysaran@gmail.com (S.G.)

Supplementary Information (SI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2024

mailto:ykyusik@gachon.ac.kr
mailto:biovijaysaran@gmail.com


2

Table S1. Analytical results of NE in spiked human serum sample using PL (Added concentration, 

Found concentration, Recovery %, RSD)

Samples Added concentration 
(µM)

Found concentration 
(µM)

Recovery (%) RSD

1 0.1 0.097 97.86 1.73

2 0.5 0.50 100.84 0.72

3 5 4.98 99.67 1.13

4 25 24.95 99.81 1.49

5 100 99.62 99.62 0.92

6 500 511.39 102.27 2.08
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Table S2. Analytical results of NE in spiked human serum sample using DPV (Added 

concentration, Found concentration, Recovery %, RSD)

Samples Added concentration 
(µM)

Found concentration 
(µM)

Recovery (%) RSD

1 0.1 0.097 97.86 1.73

2 0.5 0.50 100.84 0.72

3 5 4.98 99.67 1.13

4 25 24.95 99.81 1.49

5 100 99.62 99.62 0.92

6 500 511.39 102.27 2.08
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Table S3. Comparison study for proposed NE detection with other reported sensors 

(Nanomaterials used for detection, analytical methods, linear rage, LOD).

S. 

No.

Nanomaterials Analytical

methods

Linear range LOD Ref.

1 PNC Colorimetric 0.2-19 µM 126 nM 1

2 Bifunctionalized AuNPs Colorimetric 0-1500 µM 0.07 µM 2

3 MA-Ir NPs Colorimetric 0.1-120 µM 50 nM 3

4 N-CNPs Fluorescence 0.1-100 µM 91 nM 4

5 Cy-TPC Fluorescence 0-7000 µM 5.01 µM 5

6 LNE probe Fluorescence 0-5 µM 40 µM 6

7 AgNPs SERS 0-1 mM 10 µM 7

8 AuNP SERS 32-80 µg/mL - 8

9 MF NPs Electrochemical 0.03–500 µM 0.02 µM 9

10 1@CFMCN/GCE Electrochemical 2-1000 µM 1.5 µM 10

11 GQDs/AuNPs/GCE Electrochemical 0.5-7.5 µM 0.150 µM 11

12 CoFe2O4@NiO/ EMIM Ac Electrochemical 10-500 µM 2.26 µM 12

37 nM (PBS)N-MQDs Fluorescence 0.1-500

40 nM (HS)

54 nM (PBS)

13

N-MQDs/GCE Electrochemical 0.1-500

33 nM (HS)

This 

work
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Fig. S1. a) PL spectrum of N-MQDs at different microwave irradiation times from 2-15 min (Inset: 

microwave synthesized N-MQDs samples under 365 nm UV light), b) Excitation and emission 

spectrum of N-MQDs (Inset: 5-min synthesized N-MQDs sample in daylight and under 365 nm UV 

light), c) excitation-dependent emission spectrum of N-MQDs, d) Effect of different pH (6-9) for 

the fluorescence intensity of N-MQDs.
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Fig. S2. Zeta potential and contact angel analysis of N-MQDs a) Zeta potential of N-MQDs, b) Zeta 

potential of N-MQDs with NE c) contact angel analysis of bare carbon paper electrode d) N-MQDs 

modified carbon paper electrode.
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Fig. S3. a-c) SEM images of the MAX phase at different magnifications, d-f) SEM images of HF 

etched MXene at different magnifications. 
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         Fig. S4. XPS survey spectrum of N-MQDs (block) and N-MQDs with NE (red).
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Fig. S5. a) PL spectrum of N-MQDs and 500 to 1000 μM of NE samples, b) The linear relationship 

between F500/F400 ratio of the MQDs and the concentration of NE, c) The PL spectrum of NE, N-

MQDs, and N-MQDs with 0.1 and 250 µM of NE samples (Inset: NE, N-MQDs, N-MQDs with 0.1 

and 250 µM of NE samples under 365 nm UV light).
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Fig. S6. a) PL spectrum of N-MQDs in the presence of different concentrations of NE from 0.1 to 

500 µM were spiked with serum sample, b) corresponding linear regression plot.
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Fig. S7. The UV-visible spectrum of NE, N-MQDs, and N-MQDs with different concentrations of 

NE from 0.1 to 500 µM. (Inset: N-MQDs with different concentrations of NE (0 to 500 µM) sample 

in daylight and under 365 nm UV light).  
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Fig. S8. The step-wise analysis of NE samples using the smartphone-based application.
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Fig. S9. a) CV of bare GCE and N-MQDs modified GCE in the absence of NE (using PBS, pH = 7.0), 

b) CV of bare GCE and N-MQDs modified GCE in the presence of NE (using PBS, pH = 7.0), c) Effect 

of pH (5-9) on N-MQDs modified GCE in 25 µM NE sample in PBS using CV, d) corresponding 

calibration curve with respect to potential and current.     
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Fig. S10. a) DPV analysis of N-MQDs modified GCE in the presence of spiked serum in different 
concentrations of NE (0.1 to 500 µM), b) corresponding linear regression plot.
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Fig. S11. Reproducibility and stability of NE detection a) reproducibility of N-MQDs modified GCE 

towards NE detection, b) corresponding bar chart c) stability studies of N-MQDs modified GCE 

for the detection of NE sample using CV over 50 cycles. 
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