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Fig. S1. FT-IR spectra of PA ox / SPCE, PA and SPCE.

Fig. S1 shows FT-IR spectra of PA at 3325 cm-1 (N-H amide stretching), 3166 

cm-1 (free-OH stretching), 1654 cm-1 (C=O stretching), 1608 cm-1 (C=C stretching), 

1567 cm-1 (N-H amide II bending), 1509 cm-1 (asymmetric C-H bending), 1440 cm-1 

(C-C stretching), 1368-1328 cm-1 (C-H symmetric bending) and 1260-1227 cm-1 (C-N 

stretching)1. The peak intensity at 3450 cm-1 of PA ox / SPCE is lower than that of 

SPCE, and the characteristic peaks of PA appear in PA ox / SPCE at 3166 cm-1, 1608 

cm-1, 1440 cm-1, the characteristic peak of PA at 1567 cm-1 was oxidized to =N- under 

electrodeposition, so the characteristic peak of N-H could not be observed on PA 

ox/SPCE. so it is speculated that PA has been electrodeposited successfully on SPCE. 

This result is consistent with EDS (Fig. 2c and Fig. 2d).



Fig. S2. (a) CV of SPCE in 0.1 M PBS (pH=7.5). (b) CV of SPCE in 0.1 M PBS 

(pH=7.5) containing 0.05 M PA. (c) CV of PA ox/SPCE in 0.1 M PBS (pH=7.5). 

Scan rate: 100 mV s-1.

Compared with Fig. S2a, Fig. S2b shows that SPCE has a large oxidation peak 

and peak potential difference in 0.1 M PBS (pH=7.5) containing 0.05 M PA solution. 

It is worth noting that Fig. S2c was characterized by CV in phosphate buffer (pH=7.5) 

after electrodeposition of PA ox. It is found that both the peak potential difference and 

the oxidation peak current decrease, and it is further speculated that only a small 

amount of PA oxidation products are deposited on the electrode surface.



Fig. S3. SWV curves of PA ox/SPCE in 0.1 mol/L PBS containing 60 μmol/L NIC 

and 60 μmol/L EVG with different pH values (a), different PA deposition potentials 

(b), different PA deposition time (c) and different enrichment time (d). Effects of pH 

(e), PA deposition potential (f), PA deposition time (g) and enrichment time (h) on 

ratiometric current of sensor.



Optimization of determination conditions of PA ox / SPCE. According to the 

SWV peak current ratio of PA ox / SPCE in 0.1 mol/L PBS containing 60 μmol/L 

NIC and 60 μmol/L EVG, it can be obtained that when pH=7.5, PA ox / SPCE has the 

largest response to NIC and EVG. The deposition potential of PA was optimized by 

five potential values in Figs. S3(b, f). It can be seen from Figs. S3 (b, f) that when the 

deposition potential is 1 V, the SWV peak current ratio of PA ox / SPCE is the largest. 

Figs. S3 (c, g) shows the optimization of PA deposition time. When the deposition 

time is 120 s, the SWV peak current ratio of PA ox / SPCE is the largest. The 

optimization of the detection enrichment time is shown in Figs. S3 (d, h). From Fig. 

S3h, it can be seen that when the enrichment time is 60 s, PA ox / SPCE has the 

greatest influence on the SWV peak current ratio of NIC and EVG. The optimization 

of these detection conditions were carried out to obtain the best detection conditions, 

and the subsequent experiments were selected under the best conditions.

Table S1 Comparison of simultaneous detection and ratiometric simultaneous 

detection mode

Method
Detection 

substance
Linear functions R2 LR(μM) LOD(μM)

NIC y=0.09136CNIC-2.87321 0.9929 30-80 0.98
simultaneous detection

EVG y=0.20617CEVG-6.4661 0.9562 30-80 0.088

NIC y=0.11231CNIC-1.00027 0.9983 10-200 0.256ratiometric simultaneous 

detection EVG y=0.38657CEVG-3.42956 0.9945 10-180 0.058



Table S2* Comparison of sensing properties of nicotine electrochemical detection.

Electrodes    ratiometric 
sensor

Detection
substance

Linear 
range/μmol/L

Detection
Limit/μmol/L

Supporting 
electrolyte

Ref.

CS/MWCNT-COOH No NIC 0.1-100 30 0.1 M PBS
(pH 7.4)

2

BDDE

BN/graphene/GCE

PEDOT/GR/GCE

No

No

No

NIC

NIC

NIC

0.03-0.40

1 - 1000 

0.5-1000

0.01

0.42

0.047

0.1 M
NH3-NH4Cl

(pH 7.5)
0.1 M PBS

(pH 7)
0.1 M PBS

(pH 7)

    
3

4

5

ERCG/GCE No NIC 2-5, 2-60 0.1 0.1 M PBS
(pH 7.0)

6

GO-4-ATP-Au-PT/Au GCE

GO/Nq/GCE

PDA-RGO/Au

GC/NfMWCNTs/Fe(bpy)3
2

+

No

No

No

No

NIC

NIC

NIC

NIC

1-30

6.5-245

0.05-500

0.1-3000

0.17

12.7

0.015

0.1

0.1 M PBS
(pH 7.0)

0.1 M PBS
(pH 7.0)

0.1 M BR
(pH 7.5)

0.1 M PBS
(pH 4.5)

7

8

9

10

PA ox / SPCE Yes
NIC
EVG

10-200
10-180

0.256
0.058

0.1 M PBS
(pH 7.5)

This 
work

*CS/MWCNT-COOH: Carbon nanotube hybrid nanofibers, BDDE: boron-doped 

diamond electrode, BN/graphene/GCE: hexagonal boron nitride doped graphene, 

PEDOT/GR/GCE: graphene/poly(3,4-ethylenedioxythiophene) nanocomposite ERCG: 

electroreduced carboxylated graphene, GO-4-ATP-Au-PT/Au: graphene oxide-4-

aminothiophene-Au nanoparticle-polythiophene/Au nanoparticle, GO/Nq/GCE: 1,2-

naphthoquinone-4-sulfonic acid conjugated graphene oxide nanoparticles, PDA-

RGO/Au: Polydopamine functionalized reduced graphene oxide-gold nanoparticle, 

GC/Nf-MWCNTs/Fe-(bpy)3
2+: Nafion-multiwalled carbon nanotubes supported 

bipyridyl Iron (II).



Fig. S4. (a) Ratiometric anode peak current of PA ox / SPCE in 0.1 mol/L PBS 

(pH=7.5) containing 60 μmol/L NIC, 60 μmol/L EVG and different interfering 

substances (5 mmol/L Glucose and Glycine; 1 mmol/L Ca2+, K+ and Cl-). (b) 

Ratiometric anode peak current of five PA ox / SPCE electrodes in 0.1 mol/L PBS 

(pH=7.5) containing 60 μmol/L NIC and 60 μmol/L EVG. (c) Ratiometric anode peak 

current of PA ox / SPCE in 0.1 mol/L PBS (pH=7.5) containing 60 μmol/L NIC and 

60 μmol/L EVG from 1 day to 7 days.

Anti-interference, repeatability and stability of PA ox/SPCE sensor. As shown in 

Fig. S4, in order to determine the applicability and stability of PA ox / SPCE in the 

real detection, the following three tests were performed. Fig. S4a performed anti-

interference experiments on common components of cigarettes, and selected 

substances that may be contained as interferences. The effects of glucose, glycine, 

Ca2+, K+ and Cl- on PA ox/SPCE detection11. The experimental results show that 

ΔINIC/ΔIPA and ΔIEVG/ΔIPA are similar to the blank test results, and the small changes 

can be ignored. In order to clarify the reproducibility of PA ox / SPCE, five PA ox / 

SPCE (Fig. S4b) were prepared, and the effects of different electrodes on ΔINIC/ΔIPA 

and ΔIEVG/ΔIPA are not obvious. In order to clarify the stability of PA ox / SPCE, PA 

ox / SPCE was stored in a refrigerator for 7 days to study its long-term stability (Fig. 



S4c). Similarly, ΔINIC/ΔIPA and ΔIEVG/ΔIPA remain relatively stable, and the RSD for 

ΔINIC/ΔIPA and ΔIEVG/ΔIPA is 2.89% and 1.09%, respectively, indicating that the 

proposed PA ox / SPCE has good stability.

Table S3* Comparison of simultaneous electrochemical detection characteristics of 

nicotine in different literatures.

Materials/electrodes
Detection 

Method

Detection 

substance

Potential

(V)

Linear range 

(μM)

Detection 

limit

(μM)

Reference

ZnO/3,4’AAZCPE SWV

Ne

NIC 

Tyr

0.82 2500-5000 - 13

PtBA/AuNPs/GC DPV
Tyr 

NIC 0.90 0.02-300 0.93 14

HA-GH-MWCNT/GCE SWV
Caffeine 

NIC 0.97 22.35-169.35 1.19 15

MgNi1.95Fe0.05O3/GCE SWV

DA

UA

NIC

CA

0.86 50-4000 0.098 16

CuNC@N-GQds DPV

DA

NIC

SER

0.10 0.00001-1 0.01 17

PA ox / SPCE SWV
EVG 

NIC 0.72 10-200 0.256 This work

*ZnO/3,4’AAZCPE:ZnO nanorods and 3-(4’-amino-3’-hydroxy-biphenyl-4-yl)acrylic 

acid; PtBA/AuNPs/GC: a taurine (Tau) and reactive blue 4 (RB4) bonded-conducting 

polymer(poly (2,2´:5´,5″-Terthiophene-3´-p-benzoic acid)layer formed on AuNPs 

doped-glassy carbon; HA-GH-MWCNT/GCE: ternary hydroxyapatite-graphenemulti-

walled carbon nanotube nanocomposite; MgNi1.95Fe0.05O3/GCE: 2.5 wt% Fe doped 

MgNi2O3 nanoparticles modified glassy carbon electrode; CuNC@N-GQds: CuNC on 

nitrogen-doped graphene quantum dots.
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