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Abstract

Nicotine addiction is a global health problem that causes 4.9 million deaths each year. Nicotine

addiction from smoking tobacco may harm both active and passive smokers. Due to nicotine’s slow

electrode kinetics and redox response occurring at positive potentials, there has been a need in

designing electrode material for narrowing the electrochemical window for nicotine redox reaction on

the current-potential curve. Nicotine oxidation happens at a higher potential making the signal

susceptible to interference from oxygen, thus causing inconsistency in the electrochemical signal.

Numerous electrode modifications have been attempted to solve the problem of nicotine’s substantial

overpotential on bare carbon electrodes. In this work, nicotine in e-cigarette tobacco products was

detected using gold nanoparticles electrodeposited on screen-printed carbon electrode (AuNPs-SPCE).
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The gold solution was prepared from a precursor solution of 10 mM chloroauric acid, HAuCl4. The

screen-printed carbon electrode (SPCE) was immersed in the gold solution and was selectively

electrodeposited on the SPCE surface at a potential of +0.53 V as the first layer deposition by using

chronoamperometry (CA). Then, CA was performed at a constant potential of –0.9 V for approximately

900 seconds on the SPCE surface, resulting in a second layer with gold nanostructures. The gold

nanostructures were characterised by using Scanning Electron Microscopy (SEM) and Elemental

Dispersive X-ray Spectroscopy (EDX). The electrochemical analysis was proceeded using the fabricated

AuNPs-SPCE as the working electrode in potassium ferrocyanide, K4Fe(CN)6, standard nicotine in 0.1 M

PBS (pH 7), and liquid-flavoured e-cigarette (sample) using the cyclic voltammetry (CV) method. The

effectiveness of the AuNPs-SPCE shows the detection of nicotine at a potential +0.2 V focusing on

nicotine’s oxidation peak. The oxidation peak calibration graph was linear from 0.00025 M to 0.03 M,

with a correlation coefficient (R ) of 0.9920 and a limit detection of 8.3 mM within 2 secs of response

time. This preliminary finding can contribute to the health care community in diagnosing nicotine

addiction at an early stage to prevent tragic nicotine overdoses. © 2023 Malaysian Institute of

Chemistry. All rights reserved.

Author keywords

electrochemical sensor; electrodeposition, vape; gold nanoparticle; Nicotine

Reaxys Chemistry database information

Substances View all substances (1)

Powered by

Sustainable Development Goals 2023 New

SciVal Topics

Metrics

Funding details

2

N
H3C

N

View details

References (19)

Mehmeti, E., Kilic, T., Laur, C., Carrara, S.

(2020) Microchemical Journal, 158, art. no. 105155.  .

doi: 10.1016/j.microc.2020.105155

 ▻View in search results format

   

All

CSV export   Print  E-mail  Save to PDF

Create bibliography

1

Electrochemical determination of nicotine in smokers’ sweat

Cited 24 times
www.elsevier.com/inca/publications/store/6/2/0/3/9/1

View at Publisher

https://www.reaxys.com/?origin=Scopus
https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=48a685675719f33da246ee8949bfa646&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85153607026%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85153607026
https://www.scopus.com/record/display.uri?eid=2-s2.0-85086566987&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85086566987&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/inca/publications/store/6/2/0/3/9/1
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.microc.2020.105155&locationID=3&categoryID=4&eid=2-s2.0-85086566987&issn=0026265X&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=a40445da73e1fd69c4c811fd015842c3


Shehata, M., Azab, S.M., Fekry, A.M., Ameer, M.A.

(2016) Biosensors and Bioelectronics, 79, pp. 589-592.  .

doi: 10.1016/j.bios.2015.12.090

Bonamonte, D., Vestita, M., Filoni, A., Mastrolonardo, M., Angelini, G., Foti,
C.

(2016) European Journal of Dermatology, 26 (3), pp. 223-231.  .

doi: 10.1684/ejd.2016.2771

(2019) WHO global report on trends in prevalence of tobacco use third
edition.  .
World Health Organisation World Health Organisation

 

Kowalcze, M., Jakubowska, M.

(2020) Diamond and Related Materials, 103, art. no. 107710.  .

doi: 10.1016/j.diamond.2020.107710

 (Open Access)

(2010) Secondhand Smoke Exposure and Cardiovascular Effects: Making
Sense of the Evidence, pp. 1-240.  .

ISBN: 0309138396; 978-030913839-0
doi: 10.17226/12649

Jerome, R., Sundramoorthy, A.K.

 (Open Access)

(2020) Analytica Chimica Acta, 1132, pp. 110-120.  .

doi: 10.1016/j.aca.2020.07.060

Sobieski, E., Yingst, J., Foulds, J.

 (Open Access)

(2022) Addictive Behaviors, 127, art. no. 107220.  .

doi: 10.1016/j.addbeh.2021.107220

2

Nano-TiO  modified carbon paste sensor for electrochemical
nicotine detection using anionic surfactant

2

Cited 62 times
www.elsevier.com/locate/bios

View at Publisher

3

Tobacco-induced contact dermatitis

Cited 19 times
http://www.jle.com/download/ejd-306775-
tobacco_induced_contact_dermatitis-swolthers-
WEtchn8AAQEAAFZEAXoAAAAN-u.pdf

View at Publisher

4
Cited 448 times

5

Voltammetric determination of nicotine in electronic cigarette
liquids using a boron-doped diamond electrode (BDDE)

Cited 14 times
https://www.journals.elsevier.com/diamond-and-related-materials

View at Publisher

6 Secondhand smoke exposure and cardiovascular effects:
Making sense of the evidence

Cited 9 times
http://www.nap.edu/12649

View at Publisher

7

Preparation of hexagonal boron nitride doped graphene film
modified sensor for selective electrochemical detection of
nicotine in tobacco sample

Cited 53 times
http://www.journals.elsevier.com/analytica-chimica-acta/

View at Publisher

8

Quitting electronic cigarettes: Factors associated with quitting
and quit attempts in long-term users

Cited 8 times
www.elsevier.com/locate/addictbeh

View at Publisher

https://www.scopus.com/record/display.uri?eid=2-s2.0-84952802430&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-84952802430&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/locate/bios
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.bios.2015.12.090&locationID=3&categoryID=4&eid=2-s2.0-84952802430&issn=18734235&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=57fe2247c9e7c9f6d3e5971ddb09640b
https://www.scopus.com/record/display.uri?eid=2-s2.0-85006167797&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85006167797&src=s&origin=reflist&refstat=core
http://www.jle.com/download/ejd-306775-tobacco_induced_contact_dermatitis-swolthers-WEtchn8AAQEAAFZEAXoAAAAN-u.pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1684%2fejd.2016.2771&locationID=3&categoryID=4&eid=2-s2.0-85006167797&issn=19524013&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=e9aab003aace2c06fb7fb34d1a002182
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85081389826&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078030366&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85078030366&src=s&origin=reflist&refstat=core
https://www.journals.elsevier.com/diamond-and-related-materials
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.diamond.2020.107710&locationID=3&categoryID=4&eid=2-s2.0-85078030366&issn=09259635&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=16e7f3b11b26f44876a6d898bd9cc2c8
https://www.scopus.com/record/display.uri?eid=2-s2.0-85024100462&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85024100462&src=s&origin=reflist&refstat=core
http://www.nap.edu/12649
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.17226%2f12649&locationID=3&categoryID=4&eid=2-s2.0-85024100462&issn=&linkType=ViewAtPublisher&year=2010&origin=reflist&dig=13797121be7d888dfbcd3ee8970b8bcb
https://www.scopus.com/record/display.uri?eid=2-s2.0-85089478280&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85089478280&src=s&origin=reflist&refstat=core
http://www.journals.elsevier.com/analytica-chimica-acta/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.aca.2020.07.060&locationID=3&categoryID=4&eid=2-s2.0-85089478280&issn=18734324&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=a4ac6d870198ef4aa4f307f788f20e59
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121978626&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85121978626&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/locate/addictbeh
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.addbeh.2021.107220&locationID=3&categoryID=4&eid=2-s2.0-85121978626&issn=18736327&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=928cc14d1a3385b6ff0bca0d359413c9


Bekmezci, M., Bayat, R., Erduran, V., Sen, F.

(2022) Functionalized Nanomaterial-Based Electrochemical Sensors:
Principles, Fabrication Methods, and Applications, pp. 55-69.  .

ISBN: 978-012823788-5; 978-012824185-1
doi: 10.1016/B978-0-12-823788-5.00003-X

Yu, C., Yu, J., Zhang, H., He, Z., Sha, Y., Liu, B., Wang, Y.

(2020) Environmental Pollution, 259, art. no. 113841.  .

doi: 10.1016/j.envpol.2019.113841

Li, X., Zhao, H., Shi, L., Zhu, X., Lan, M., Zhang, Q., Hugh Fan, Z.

(2017) Journal of Electroanalytical Chemistry, 784, pp. 77-84.  .
doi: 10.1016/j.jelechem.2016.12.009

Li, H., Wang, W., Lv, Q., Xi, G., Bai, H., Zhang, Q.

(2016) Electrochemistry Communications, 68, pp. 104-107.  .
doi: 10.1016/j.elecom.2016.05.010

Suffredini, H.B., Santos, M.C., De Souza, D., Codognoto, L., Homem-De-
Mello, P., Honório, K.M., Da Silva, A.B.F., (...), Avaca, L.A.

(2005) Analytical Letters, 38 (10), pp. 1587-1599.  .
doi: 10.1081/AL-200065801

Wu, J., Pil, J., Dooley, K., Cropek, D. M., West, A. C., Banta, S.
(2011) Rapid Development of New Protein Biosensors Utilizing Peptides
Obtained via Phage Display, 6 (10), pp. 1-9.

 

Elgrishi, N., Rountree, K.J., McCarthy, B.D., Rountree, E.S., Eisenhart,
T.T., Dempsey, J.L.

(2018) Journal of Chemical Education, 95 (2), pp. 197-206.  .

doi: 10.1021/acs.jchemed.7b00361

9

Biofunctionalization of functionalized nanomaterials for
electrochemical sensors

Cited 4 times
https://www.sciencedirect.com/book/9780128237885

View at Publisher

10

A facile approach for rapid on-site screening of nicotine in
natural tobacco

Cited 8 times
https://www.journals.elsevier.com/environmental-pollution

View at Publisher

11

Electrochemical sensing of nicotine using screen-printed
carbon electrodes modified with nitrogen-doped graphene
sheets

Cited 55 times

View at Publisher

12

Disposable paper-based electrochemical sensor based on
stacked gold nanoparticles supported carbon nanotubes for
the determination of bisphenol A

Cited 99 times

View at Publisher

13

Electrochemical behavior of nicotine studied by voltammetric
techniques at boron-doped diamond electrodes

Cited 68 times

View at Publisher

14

15

A Practical Beginner's Guide to Cyclic Voltammetry

Cited 1942 times
http://pubs.acs.org/loi/jceda8

View at Publisher

https://www.scopus.com/record/display.uri?eid=2-s2.0-85129651429&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85129651429&src=s&origin=reflist&refstat=core
https://www.sciencedirect.com/book/9780128237885
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fB978-0-12-823788-5.00003-X&locationID=3&categoryID=4&eid=2-s2.0-85129651429&issn=&linkType=ViewAtPublisher&year=2022&origin=reflist&dig=39d8c6c875f5809ed5f2146bb5c644de
https://www.scopus.com/record/display.uri?eid=2-s2.0-85076686905&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85076686905&src=s&origin=reflist&refstat=core
https://www.journals.elsevier.com/environmental-pollution
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.envpol.2019.113841&locationID=3&categoryID=4&eid=2-s2.0-85076686905&issn=18736424&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=5715401743a7374671d9dc44c9914811
https://www.scopus.com/record/display.uri?eid=2-s2.0-85003914720&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85003914720&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.jelechem.2016.12.009&locationID=3&categoryID=4&eid=2-s2.0-85003914720&issn=15726657&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=7ddaba73ac731b4d9888d2faf5ae2771
https://www.scopus.com/record/display.uri?eid=2-s2.0-84968928035&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-84968928035&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.elecom.2016.05.010&locationID=3&categoryID=4&eid=2-s2.0-84968928035&issn=13882481&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=bb5bec338a48dae7dd6da4cbe8539d98
https://www.scopus.com/record/display.uri?eid=2-s2.0-23244448422&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-23244448422&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1081%2fAL-200065801&locationID=3&categoryID=4&eid=2-s2.0-23244448422&issn=00032719&linkType=ViewAtPublisher&year=2005&origin=reflist&dig=9921d831cbd73e6ddc78d88558f7192d
https://www.scopus.com/record/display.uri?eid=2-s2.0-85041949451&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85041949451&src=s&origin=reflist&refstat=core
http://pubs.acs.org/loi/jceda8
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1021%2facs.jchemed.7b00361&locationID=3&categoryID=4&eid=2-s2.0-85041949451&issn=19381328&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=60db9ca5bc993c789a54990ddbd54dcf


 1 of 1

Borgerding, M. F., Perfetti, T. A., Ralapati, S.
Determination of nicotine in tobacco, tobacco processing environments and
tobacco products
(1999) Anal. Determ. Nicotine Relat. Compd. their Metab, pp. 285-391. 

.

 

Mayer, B.

(2014) Archives of Toxicology, 88 (1), pp. 5-7.  .
doi: 10.1007/s00204-013-1127-0

Karthika, A., Karuppasamy, P., Selvarajan, S., Suganthi, A., Rajarajan, M.

(Open Access)

(2019) Ultrasonics Sonochemistry, 55, pp. 196-206.  .

doi: 10.1016/j.ultsonch.2019.01.038

Lee, P.K., Woi, P.M.

(2019) Journal of Electroanalytical Chemistry, 837, pp. 67-75.  .
doi: 10.1016/j.jelechem.2019.02.018

 Zain, Z.M.; Electrochemical Material and Sensor (EMaS) Research Group, Faculty of
Applied Sciences, Universiti Teknologi MARA, Selangor, Shah Alam, Malaysia;
email:
© Copyright 2023 Elsevier B.V., All rights reserved.

16

Cited
12 times
https://doi.org/10.1016/B978-044450095-3/50010-3

17

How much nicotine kills a human? Tracing back the generally
accepted lethal dose to dubious self-experiments in the
nineteenth century

Cited 184 times

View at Publisher

18

Electrochemical sensing of nicotine using CuWO  decorated
reduced graphene oxide immobilized glassy carbon electrode

4

Cited 69 times
www.elsevier.com/inca/publications/store/5/2/5/4/5/1

View at Publisher

19

Direct self-assembly of CuHCF-PPy nanocomposites on rGO
for amperometric nicotine sensing at high concentration
range

Cited 9 times

View at Publisher

 

zainihar@uitm.edu.my

◅ Back to results  Top of page

https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-0141972919&src=s&origin=reflist&refstat=dummy
https://doi.org/10.1016/B978-044450095-3/50010-3
https://www.scopus.com/record/display.uri?eid=2-s2.0-84892577122&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-84892577122&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs00204-013-1127-0&locationID=3&categoryID=4&eid=2-s2.0-84892577122&issn=03405761&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=ce49bdedfbe41877e7d750ce5040e28a
https://www.scopus.com/record/display.uri?eid=2-s2.0-85062627430&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85062627430&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/inca/publications/store/5/2/5/4/5/1
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.ultsonch.2019.01.038&locationID=3&categoryID=4&eid=2-s2.0-85062627430&issn=18732828&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=bbee1671311556365f34be75e6017492
https://www.scopus.com/record/display.uri?eid=2-s2.0-85061633242&origin=reflist&sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85153607026&refeid=2-s2.0-85061633242&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.jelechem.2019.02.018&locationID=3&categoryID=4&eid=2-s2.0-85061633242&issn=15726657&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=bac167bd5c6194da1bdb57e4f281a731
mailto:zainihar@uitm.edu.my
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&sid=c5726dbd122acde4d12b92ea770d0303&sot=b&sdt=b&sl=134&s=TITLE-ABS-KEY%28Gold+nanoparticle+deposited+on+screen-printed+carbon+electrode+for+electrochemical+detection+of+nicotine+in+e-cigarette%29&offset=1&origin=recordpage


Terms and conditions Privacy policy

All content on this site: Copyright © 2024 Elsevier B.V. , its licensors, and contributors. All rights are reserved, including those for text
and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.
We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies .

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

日本語版を表示する
查看简体中文版本

查看繁體中文版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/

