+
QR MHSRS

Portable Electrochemical Sensors with
Engineered Interfaces and Data-Driven
Waveform Analysis for Field-Ready Detection

Zhe (Jeff) Wang, PhD

Oakland University, Rochester, Michigan




e
Acknowledgement MHSRS

2026
Presentation contributor

Xinyu Zhang, PhD

Auburn University, Auburn, Alabama

Erin Witherspoon, PhD Student
Oakland University, Rochester, Michigan

Ethan Burcar, PhD Student
Oakland University, Rochester, Michigan

Collaborators

Dr. Pei Dong (GMU)

Dr. Qiliang Li (GMU)

Dr. Ruth Smith (MSU)

Dr. Xiang Qian (Stanford Univ. Medical)
Dr. QiLiang Chen (Stanford Univ. Medical)
Dr. Xinyu Zhang (Auburn Univ.)

Dr. Roy Soto (Corewell Health)

Dr. Sidong Lei (UCF)




bia
Disclosure / Conflict of Interest MHSRS

Required for MHSRS / CE review — update this slide to match the submitted COI form.

Presenter: Zhe Wang, Ph.D., Oakland University
Relevant financial relationships: Oakland University

Grant support: NSF, NIJ and NIH
Investigational use disclosure: Portable electrochemical VOC sensing concepts and prototype data are research-
stage and not presented as cleared clinical diagnostic products.

[ Educational & evidence-based } [ No product/device logos ] [ Balanced current landscape ]




Analytes for Biosensor and Sensor Design
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Biomarkers

« Cancer Cell

* Protein (Antibody-Antigen)

« Enzyme

« DNA

* Micro-RNA (miRNA)

* Therapeutic Drug

» Certain small organic compounds

https://electricalposts.com/introduction-to-nanotechnology/
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Small Molecule Detection

Watson—Crick versus Hoogsteen Base Pairs

Chemical Strategy to Encode and Express Genetic Information in Life

Protein—DNA complexes under solution conditions

Shape recognition
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Fentanyl Receptor Design
(low EC activity and low concentration)
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Impedance Optimization

1 Vy - sin wt

7 = =
wC  Ip-sin (wt+ D)

Langmuir adsorption model
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1+ K C1X
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—= — 4

Ap q gKCl™X

Ao 1s the difference in phase angle between sensor and fentanyl interaction,
q is the max monolayer coverage capacity (ng.deg1),

K, is Langmuir isotherm constant (nM-1),

C is the concentration of fentanyl (nM) and

x varies from 0 to 1.

Langmuir| PBs | _Hs | AT | _As
n 307.61 593.37 196.91 56.44
“ 92.60 136.72 535.37 58.79
- 0.4035 0.0405 0.0895 0.2945

R [degyn)

1100 |




POC Test
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(a) flexible strip for the human serum and (b) attachable patch for artificial sweat on artificial arm. [Inset: Linear Langmuir behavior of the sensor with its
digital images showing its flexibility (a) and transparency on artificial arm (b)]. (¢) Statistical clinical human blood strip test compared to LC-MS. The scatter
plot displays how detection results are distributed in negative and positive groups and each point is the mean of the triplicate measurements.

Anal. Chem. 2022, 94, 26, 9242-9251, Electro. Acta. 2026, 547, 20,147872.



Relative Selectivity %

In Field Application

Current Challenges

Lack of Effective Fentanyl Tests

Handling the substances

Mixed with Other Substances/Sold as Other Drugs
High Cost of Current Solutions

Trafficking Adaptability

The rise of online marketplaces
Legal loopholes and differing laws across regions.

Stimulant Drug Interference

100
8.977 12.05
5.315 .
— I —
NG @ @ )
& S & &
X (0 db
& x2 X2 &)
<& &L g @)
S &
& e
"
xS
)
%\

Sensor

-

100
90
80
70
60

40
30
20
10

Relative Sensetivity %

_ Portable

Low cost

Contactless detection

— High performances

OAKIAND

MICHIGAN

100 Fentanyl Analogs

57.78 59. 29 56.72
|
33.99
21 53 22.28 I
N N~
N )

59.33

Unpublished results



Portable Breath VOC Solution: Spectroscopy vs. Electrochemistry
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Complementary tools: identify molecular biomarkers, then translate them into portable field signatures. 2026
Spectroscopy / MS-based methods Electrochemical methods
Reference-grade chemical identification Portable transduction of chemical fingerprints

e Amperometry, voltammetry and EIS at functionalized

¢ Optical spectra: FTIR, cavity ring-down spectroscopy, electrodes or ionic-liquid interfaces

laser absorption

* Mass spectrometry: PTR-MS/ SIFT-MS for real-time

VOCs; GC-MS or GCxGC-MS for separation +
identification e Strength: compact, low power, rapid and compatible with

field/point-of-care workflows

¢ Single-target sensors or sensor arrays decode redox,
adsorption, transport and double-layer features

e Strength: molecular assighnment, calibration, biomarker

discovery and validation * Limits:
e Limits: bulky instrumentation, cost, sampling Cross-reactivity,
standardization, humidity and preconcentration needs Drift,

Requires engineered interfaces + waveform analytics

1. Active enough to response many VOCs
2. Stable . )
3. Could be quantified What are we looking for?

Bajo-Fernandez et al., Front. Mol. Biosci. 2024; Li et al., Microsyst. Nanoeng. 2023; Jia et al., Metabolomics 2024; Heng et al., IEEE Rev. Biomed. Eng. 2025.




Superoxide MH+SRS

Radical anion produced by the one electron reduction reaction of oxygen (ORR) 2026

02 +e> 02.'

1. Activity

No. [ Chemical MF No. | Chemical MF
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compounds — may act as an oxidant, reductant, g mger}oﬁdes Eg NO, i; }Eﬂlylenf ) gzg
. onia 3 mene (- 8119
nUCIeOphIIe or baS.e . . 4 | Methane CH4 19 | Formaldehyde CH,O
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_ . . . 9 | Cyclohexane CsHi2 24 | Trichloroethane (1,1,1-) C,H;Ck
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released into the air 11 | Toluene C,Hg 26 | Carbon Tetrachloride CCl
12 | Xylene (o-,m-,p-) CsHjo 27 | Tetrachloroethylene C,ClL
13 | Trimethylbenzene, 1,2,4- CoHi2 28 | Hexafluoroethane C,F¢
14 | Ethylbenzene CgHig 29 | FC-12B CCIBrF,
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Superoxide in lonic Liquids

Interface Reaction:
¢ Electrode reaction

Stability
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O, can be stabilized by ionic liquids (ILs)
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Hypothesis MHERS
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CV Spectrum with VOC in lonic Liquids
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0, + AH = 0, + AH™ —>H20+A_
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ACS Sensors. 2023, 8, 9, 3389-339.
IEEE SENSORS JOURNAL, 2024, 24, 9, 15011-15022.




Data Flow and Architecture of 1D- Convolutional MHERS
Neural Network (CNN) 2026
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Superoxide-VOC Sensing MHSRS
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1. Prototype of VOC detection device

* 5 mpedrrce Lacugen
o~ g Sa3
>

2. Chemical Warfare Agents (CWA)-(HD/CG/GB/VX) and Pharmaceutical-Based Agents
3. Disinfection

O, + CH,O —- H,O+CO2 1
O, +AH<= 0O, +AH — H, 0 + A
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Thank you!
Any Questions?
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  Z =  1  ω C =      V 0 ⋅   sin ⁡  ω t   I 0 ⋅   sin ⁡     (  ω t +   Φ )


  ∆ φ =     q  K L  C  1 − x  1 +  K L  C  1 − x


   1  ∆ φ =    1 q +    1  q  K L  C  1 − x

