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Abstract

The levels of lactate, sodium, potassium, and ammonium within human sweat can be used to glean information about the overall condition of the person
sweating. The goal Iis to create a fully flexible and wearable sweat sensor that will give real-time information while a person does a physical activity. Using
perspiration as a reference point for wearable biosensors Is an example of non-invasive technology being used to greater potential in terms of the ease at which
we can monitor health indicators. The sweat Is probed for information by using different working electrodes that can detect each specific compound and reference
the potential against a reference electrode giving a small voltage for each. This project aims to create a flexible and wearable sensor array that can
simultaneously monitor each of the above metabolites while relaying this information via bluetooth to an external portal such as a cell phone.
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Printed Reference Electrode

|deally, the voltage between a printed reference electrode and the commercial

reference electrode would be zero.

After exploring multiple avenues, it became evident that adding a CNT layer,

a PVB-based reference membrane, and a screen printed dielectric

encapsulation layer would improve the performance of the printed reference

electrode the most.
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ldeal “Nernstian” Behavior

The ideal potassium selective electrode
displays “Nernstian” behavior, guided by the
below equations
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where E® is E,4,ction- Eoxidation » Z IS the number of moles of electrons
transferred, a is the chemical activity defined by the activity
coefficient of the species * concentration of the solution.

Skoog, D. A., & Skoog, D. A. (2000). Analytical chemistry: An introduction. Fort Worth: Saunders College Pub.

4um CNT layer/4um reference membrane / 12um Ag/AgCl

Printed Potassium Electrode

. ® 4ul CNT/4ulL 5% CNT reference membrane / 12 um Ag/AgCl ,
0.18 - —————— A 4ul 5% CNT reference membrane / 12 um Ag/AgCI =
v 12 um Ag/AgCIl/2uL PEDOT membrane #
St -— < 4um reference membrane ’ >
= SReh il =S gm—— 1
= = — —
= — sm— - 7
D Qumaie, .
o —
a 0.06 A— _
o o [
A mM 1 mM m— = —— -1 mM A mMm
" 25mM  TTM Joomm  50mmM  25mm  10OmM
0.00 . - .
300 600
Time (s)
| = Slope: .05989 ]
0.36 Slope: 05561 B
4 Slope: .04596 o
v Slope: .04843 e
0.30] » Siabe: oasee A Adding CNT to the potassium sensing
. i " e m > 7] .
A _ membrane drives the performance of the
o S .
= - L . .
0.24 - « =~ _"* i (@ . ’ :
. Nernstian” behavior
3 2 1
Log o

Acknowledgements: Thank you to the Arias Group, E3S Center, and to Natasha Yamamoto



Presenter
Presentation Notes
Bandodkar, A. J., & Wang, J. (2014). Non-invasive wearable electrochemical sensors: A review. Trends in Biotechnology, 32(7), 363-371. doi:10.1016/j.tibtech.2014.04.005
Gao, W., Emaminejad, S., Nyein, H. Y., Challa, S., Chen, K., Peck, A., . . . Javey, A. (2016). Fully integrated wearable sensor arrays for multiplexed in situ perspiration analysis. Nature, 529(7587), 509-514. doi:10.1038/nature16521
Guinovart, T., Crespo, G. A., Rius, F. X., & Andrade, F. J. (2014). A reference electrode based on polyvinyl butyral (PVB) polymer for decentralized chemical measurements. Analytica Chimica Acta, 821, 72-80. doi:10.1016/j.aca.2014.02.028
Mousavi, Z., Bobacka, J., Lewenstam, A., & Ivaska, A. (2009). Poly(3,4-ethylenedioxythiophene) (PEDOT) doped with carbon nanotubes as ion-to-electron transducer in polymer membrane-based potassium ion-selective electrodes. Journal of Electroanalytical Chemistry, 633(1), 246-252. doi:10.1016/j.jelechem.2009.06.005
Rius-Ruiz, F. X., Bejarano-Nosas, D., Blondeau, P., Riu, J., & Rius, F. X. (2011). Disposable Planar Reference Electrode Based on Carbon Nanotubes and Polyacrylate Membrane. Analytical Chemistry Anal. Chem., 83(14), 5783-5788. doi:10.1021/ac200627h
Skoog, D. A., & Skoog, D. A. (2000). Analytical chemistry: An introduction. Fort Worth: Saunders College Pub.
Zhu, J., Qin, Y., & Zhang, Y. (2009). Preparation of all solid-state potentiometric ion sensors with polymer-CNT composites. Electrochemistry Communications,11(8), 1684-1687. doi:10.1016/j.elecom.2009.06.025



	Slide Number 1

