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Questions or
Comments?

“Why am I muted?” 
Don’t worry. Everyone is 
muted except the Presenter 
and the Host. Thank you 
and enjoy the show.

Type them into the
questions box!

www.acs.org/acswebinars
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Chat
Announcements and

hyperlinks from our team

Handouts
Download the PDF of 

today’s slide deck
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linkedin.com/company/
american-chemical-society@amerchemsociety@AmericanChemicalSociety@AmerChemSociety

Let’s Get Social!
Follow the American Chemical Society on Twitter, Facebook, 
Instagram, and LinkedIn for the latest news, events, and 
connect with your colleagues across the Society.

Contact ACS Webinars® at acswebinars@acs.org

www.acs.org/acswebinars

4

Where is the Webinar Recording?

All Registrants
Watch the unedited recording 
linked in the Thank You Email 

for 24 hours.

www.acs.org/acswebinars

ACS Members w/Premium Package

Visit the ACS Webinars® Library 
to watch the edited and 

captioned recording.
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Explore the new and improved ACS Webinars® Library!

Familiar search, sort, and filtering 
tools have been added to help find 

the recording you are looking for

Accurate captions for accessibility

Visit www.acs.org/acswebinars to discover hundreds of recordings!

Improved granular topics and 
collections

Exclusive for ACS Members 
with the Premium Package

6https://chemidp.acs.org 

A Career Planning Tool For Chemical Scientists

ChemIDP is an Individual Development Plan 
designed specifically for graduate students and 
postdoctoral scholars in the chemical sciences. 
Through immersive, self-paced activities, users 
explore potential careers, determine specific skills 
needed for success, and develop plans to achieve 
professional goals. ChemIDP tracks user progress 
and input, providing tips and strategies to 
complete goals and guide career exploration.
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7www.acs.org/careerconsulting 

Career Consultant Directory

• ACS Member-exclusive program that allows you to arrange a one-on-one appointment with 
a certified ACS Career Consultant.  

• Consultants provide personalized career advice to ACS Members.

• Browse our Career Consultant roster and request your one-on-one appointment today!
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If you are a student from a group underrepresented in the chemical sciences, we 

want to empower you to get your graduate degree!

The ACS Bridge Program offers:

• A FREE common application that will highlight your achievements 

to participating Bridge Departments

• Resources to help write competitive grad school applications and 

connect you with mentors, students, and industry partners!

Are you thinking of Grad School?

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org 
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https://www.youtube.com/c/ACSReactions/videos 10
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cen.acs.org/sections/stereo-chemistry-podcast.html 12
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ACS Industry 
Member Programs

• ACS Industry Matters

ACS member only content with exclusive 
insights from industry leaders to help you 
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

• ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about 
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub

14
Creating Your Title, Abstract, 

and Table of Contents Graphic

ACS on Campus is the American Chemical 
Society’s initiative dedicated to helping students 
advance their education and careers.

acsoncampus.acs.org
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https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning 

ACS Career Resources

American Chemical Society 16

ACS Advocacy

The impact and results of ACS member advocacy outreach and efforts by the numbers!

See your influence in action!

Get Involved Enroll in a workshop Become a Fellow Take Action

2439+
Members participated

In Act4Chemistry

1739+
ACS Advocacy 

Workshops participants 

or enrollees

49
Years of Public 

Policy Fellows

2000
Letters sent to 

Congress

https://www.acs.org/policy 
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A complete listing of ACS Safety Programs and Resources

Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs  

18

ACS OFFICE OF DEIR
Advancing ACS' Core Value of Diversity, Equity, 

Inclusion and Respect

Resources

https://www.acs.org/diversity 

17
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www.acs.org/membership
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Have a Different Question?
Contact Membership Services

Toll Free in the US: 1-800-333-9511

International: +1-614-447-3776

service@acs.org
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https://pubs.acs.org/
https://www.acs.org/membership.html
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Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Co-produced with ACS Division of Professional Relations

Tools to Make Chemistry 
Education Accessible for Persons 
with Visual Impairments

Thursday, May 9, 2024| 2pm-3pm ET

Co-produced with ACS Industry Member Programs and ACS 
Committee on Corporation Associates.

Meet The Heroes of Chemistry: Featuring 
the Scientists behind Paxlovid , RelyX , 
and Trikafta®

Thursday, May 16, 2024| 2pm-3pm ET

Co-produced with ACS Careers

Your Career Story: 
Crafting CVs and Resumes

Wednesday, May 15, 2024| 2pm-3pm ET

© 2024 American Chemical Society. All rights reserved.

Subscribe to gain insight and stay 
ahead of emerging trends

Subscribe at cas.org/insights 

Insight Reports Journal PublicationsArticles

Drug Discovery

Sustainability

Emerging Science

Intellectual Property

Consumer Goods

Synthetic Chemistry

Digital R&D

Biotechnology

Safety

Materials

Topics:

@CASchemistrylinkedin.com/company/casfacebook.com/CAS
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THIS ACS WEBINAR® 

WILL BEGIN SHORTLY…

 Say hello in the 
questions window!

www.acs.org/acswebinars

www.acs.org/acswebinars

24

This ACS Webinar® is co-produced with CAS, a division of the American Chemical Society.

How Nanoscale Materials in Biosensors
are Innovating Health from Concept to Care

JEAN-MARC PECOURT, PhD

Chemical Informatics Scientist, CAS, a 
division of the American Chemical Society

QIONGQIONG 
ANGELA ZHOU, PhD

Manager, Scientific Analysis and Insights, CAS, 
a division of the American Chemical Society

VENK VARADAN, MBA

Co-founder and CEO, Nanowear

JUN CHEN, PhD

Assistant Professor, Department of 
Bioengineering, the University of 

California, Los Angeles
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© 2023 American Chemical Society. All rights reserved.

CAS connects the 
world's science

At CAS, our passion is advancing 
scientific progress. 

We are proud to partner with innovators across 
industries, enabling them to maximize the power 
of connected scientific information to advance 
discovery and get solutions to market faster.

BETWEEN PROBLEMS AND PROGRESS 
ARE CONNECTIONS THAT MATTER

© 2024 American Chemical Society. All rights reserved. 

CAS connects you to the world’s 
published science for better insights

Over

scientific journals
and documents

50K
Over

million substances
250

Over

languages 
translated

50
patent offices 
worldwide

109

25
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© 2024 American Chemical Society. All rights reserved.

Jean-Marc Pecourt, Chemical Informatics Scientist, CAS

Insights from two decades of research

NANOMATERIALS FOR 
NANOSENSORS

© 2024 American Chemical Society. All rights reserved.

– Rapid antigen tests use gold-nanoparticle 

based nanosensors

– Beyond COVID, impact to cancer diagnosis 

could be even larger: $25T & 10M lives

COVID:  6M lives and $14T

Nanosensors save lives

Small Sci.,2: 2200009 (2022)

Antibody 1

Antigen

Gold

27
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Physical properties

– Different nanostructures with high-surface area/volume ratio 

Unique capabilities

– Large range of  materials (elements, polymers, small 

molecules)

– Transduces physical, chemical, or environmental stimuli into 

measurable signal

Growing applications

– Cancer and pathogen detection/treatment

– Health monitoring

– Environmental, agriculture and food industries

Unique properties, capabilities, and applications

Why are nanosensors growing in popularity?

Challenging gap to bridge between research and commercialization

Patent growth has trailed publications

© 2024 American Chemical Society. All rights reserved.30

Substance appearancePublication Growth

29

30
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Very wide variety of substances

© 2024 American Chemical Society. All rights reserved.31

But small molecules, elements and polymers dominate

– Small molecules: Silica, ZnO, TiO2

– Elements: Gold, Carbon, Silver

– Polymers: PEG, Polyaniline, Polystyrene

Patents focused on well-established substances

Journals

2003-2023

Patents

2003-2023

High relative rates of growth across publications

Emerging materials to watch

© 2024 American Chemical Society. All rights reserved.32

Elements

- Ytterbium

- Graphene

- Copper

Small molecules

- Glycerol and Thiourea

- MoS2

- 3,3’,5,5’-tetramethylbenzidine 

- AgCl

- FeCl3
Publication Year

R
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Polymers
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Different nanostructures for different applications

© 2024 American Chemical Society. All rights reserved.33

All other

Journals (outer)

Patents (inner)

Emerging Trends: For Journals   8% steady growth across all nanostructures

Dominant nanomaterials and nanostructures at a glance

© 2024 American Chemical Society. All rights reserved.34

Heat map showing co-occurrences of specific types of nanostructure vs substances in patents

33
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Distinguishing nanosensors by type of stimuli

© 2024 American Chemical Society. All rights reserved.35

– Chemical nanosensors dominate due to ease 

of detection, esp. gas sensors

– Biological nanosensors see more exploratory 

research, esp. SPR sensors

– Physical nanosensors show twice as much 

commercial interest, esp. temperature and 

pressure sensors

– All other nanosensors including 

semiconductor, wearable and electromagnetic 

sensors <10%

Journals (outer)

Patents (inner)

Chemical

- Aptasensors growth since 

2020 (COVID) with aptamers 

binding to analytes as 

general platform

- Colorimetric nanosensors 

growth due to visible output

- Electrochemical 

nanosensors growth in 

publications

Similar rates of growth across patents and publications

Emerging nanosensors

© 2024 American Chemical Society. All rights reserved.36

Biological

- Growth of SPR and 

Immunosensors in 

publications but 

not as much 

commercial interest

Others

- Semiconductor and 

wearable nanosensors 

showed high 

acceleration of research 

since 2019

- Strain and pressure 

sensors research grew 

faster than other 

nanosensors

35
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Nanosensor applications

© 2024 American Chemical Society. All rights reserved.37

– 80% of biomedical applications

– Higher commercial research interest in 

pathogen and infectious disease detection

– Higher exploratory research interest for 

new drug discovery

Journals (outer)

Patents (inner)

Expanding technologies with trends beyond well-known nanomaterials 

and biomedical applications

In Summary

© 2024 American Chemical Society. All rights reserved.38

▪ Asymmetric growth in basic research vs. commercial research as evidence 

for challenges in commercialization

▪ Variety of substances, often in composites, dominated by elements, small 

molecules, and polymers w/ industry focus on well-established materials

▪ Tailored nanostructures depending on ease of manufacture, specific stimuli 

measured, and nanosensor applications

▪ Majority of nanosensors transduce chemical or biological stimuli with 

recent growth in semiconductor and wearable nanosensors

▪ Nanosensor applications are 80+% biomedical with recent growth in use in 

environmental, agricultural, and food industry applications

37
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© 2024 American Chemical Society. All rights reserved.

– Krittika Ralhan

– Kavita Iyer

– Kevin Hughes

– Robert Bird

– Qiongqiong Angela Zhou

Acknowledgement

© 2024 American Chemical Society. All rights reserved.

Gain insights on emerging 
nanosensor trends and more

Insight Reports Journal Publications

Subscribe to stay connected and follow us on:

Articles Executive Summaries

Jean-Marc Pecourt

Chemical Informatics Scientist

jpecourt@cas.org

CAS Insights Report

casinsights.org

@CASchemistrylinkedin.com/company/casfacebook.com/CAS
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Discovering Giant Magnetoelasticity in Soft Matter 

for Bioelectronics

Jun  Chen, Ph.D.

Department of Bioengineering, University of California, Los Angeles

Associate Editor: Biosensors and Bioelectronics

Associate Editor: Med-X (Springer Nature)

Associate Editor: VIEW Medicine (Wiley)

Associate Editor: FlexMat (Wiley)

Associate Editor: Textiles

ACS/CAS Nanosensor Webinar

May 8, 2024

42

Bioelectronic devices enable the change of current reactive & disease-centric healthcare system to a personalized 

model with a focus on disease prevention & health promotion. 

R. Snyderman et al. JAMA 2016, 316,1923

High Cost & Low Efficiency

Health Enhancement Prevention 

High Quality & Low Cost

Current Health CarePersonalized Health Care

Disease Management

Health Care Transformation

41
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Body Fluids and Humidity

A person has 2 million to 4 million sweat glands

High Humidity on/in Human Body

Pressure (MPa)

The Pressure

MPa to kPa

Platform Technology: Magnetoelasticity in Soft Systems

Emillio Villari, 1865

(Magnetoelastic Effect)

Metal and Metal Alloy

Soft System Composed of Polymer Matrix and Nanomagnets

Polymer matrix Magnetic fluxMicromagnet

Compressed

Change of  a material’s magnetic property 

under mechanical deformation

Terfenol-D

43
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Magnetoelastic Generator (MEG)

Soft Magnetoelastic Generator Since 2021
Magnetomechanical Coupling (MC) Layer

Magnetic Induction (MI) Layer

The MC Layer is for Mechanical to Magnetic Conversion 

Y. Zhou, X. Zhao, [...], Y. Song, S. Li, J. Chen*, Nature Materials, 2021, 20, 1670–1676 (Front Cover)

Front CoverThe MI Layer  is for Magnetic to Electrical Conversion 

A Magnetic Patch on A Twitchy Arm Makes a Useful Current. Nature, 2021, 598, 239

Waterproof and Stretchable

Biocompatible 

X. Zhao, […], J. Chen*. Adv. Mater. 2022, 34, 2204238

G. Chen, [...], J. Chen*. Matter 2021, 4, 3725 

Y. Zhou, […], J. Chen*. Nature Materials 2021, 20, 1670 (Front Cover)

X. Zhao, […], J. Chen*. ACS Nano 2022, 16, 6013

G. Chen, […], J. Chen*. ACS Nano 2022, 15, 20582

X. Zhao, […], J. Chen*. Nature Communications 2021, 12, 6755

J. Xu, […], J. Chen*. Appl. Phys. Rev. 2022, 9, 031404

I.W. Ock, […], J. Chen*. ACS Nano 2022, 9, 031404

Pioneering Efforts in Discovering Magnetoelastic Effect in Soft System for Energy and Healthcare

A. Libanori, […], J. Chen*. Adv. Mater. 2023, 35, 06933

I.W. Ock, […], J. Chen*. Nano Energy 2023, 109, 108298

Y. Zhou, […], J. Chen*. Science Advances 2024, 10, eadj8567

Z. Che, […], J. Chen*. Nature Communications 2024, in press

J. Xu, [...], J. Chen*. Matter 2023, 6, 2235-2247

X. Zhao, […], J. Chen*. Nature Electronics 2024, in press

X. Zhao, […], J. Chen*. Nature Materials 2024, in press

Discovering Magnetoelastic Effect in Soft Systems

45
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Pulse Wave Monitoring 

Nylon Magnetic microfiber Conductive yarn

The textile MEG can monitor the human pulse continuously with heavy perspiration  

X. Zhao, Y. Zhou, [...], Y. Song, S. Li, J. Chen*, Nature Communications, 2021, 12, 6755 

Respiration Monitoring with Perspiration 

G. Chen, X. Zhao, S Andalib, J. Xu, Y. Zhou, T. Tat, K. Lin, J. Chen*, Matter, 2021, 4, 3725

47
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Underwater Haptic Sensing

Y. Zhou, X. Zhao, J. Xu, G. Chen, T. Tat, J. Li, and J. Chen*. Science Advances, 2024, 10, eadj8567

A Multimodal Magnetoelastic Artificial Skin for Underwater Haptic Sensing
Item Recognition

49

Implantable Bioelectronics

X. Zhao, G. Chen, Y. Zhou,[...], S. Li,  J. Chen*, ACS Nano, 2022, 16, 6013–6022

Device Design

50

49
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Textiles have been made from a very wide range of materials, from natural materials (silk, wool, cotton) to synthetic 

materials (peptide, polyamide, polyester). Many of them, are biocompatible, biodegradable, even bioabsorbable.

51

Wearable Biomedical Devices

Wearable Bioelectronics

Textile (Indispensable)

• Wearing comfort
• Scalability 

• Soft but not breathable
• Wearing discomfort 

Long History with Human

• Massive production
• Cost effectiveness 

52

Smart Textiles for Personalized Health Care

Body Biomechanical Motions

Biomechanical Motions

A. Libanori, G. Chen, X. Zhao, Y. Zhou, J. Chen*, Nature Electronics, 2022, 5, 142–156 (Invited Review)

51

52
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Platform Technologies

Timeline of Platform Technology Development for Smart Healthcare Textiles

X. Zhao, H, Askari, J. Chen*. Joule 2021, 5, 1391-1431

S. Zhang, [...], J. Chen*. Matter 2021, 4, 845-887Y. Fang,[...], J. Chen*, Chem. Soc. Rev. 2021, 50, 9357 (Front Cover)

Y. Zhou, […], and J. Chen*. Joule 2022, 6, 1381-1389

K. Meng,[...], J. Chen*. Adv. Mater. 2022, 34, 2109357

K. Meng,[...], J. Chen*. Adv. Mater. 2022, 34, 2202478

Phase Separation-Enabled Ambient Spinning

S. Zhang, Y. Zhou, A. Libanori, [...], J. Chen*, Nature Eelectronics, 2023, 6, 338–348 (Front Cover)

Front Cover

54

A simple, scalable, cost-effective approach to create soft and conductive fibers at ambient temperature and pressure

DMF/H2O droplets PANSion fiber 100 mm

53
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Mechanical to Electrical Conversion Structure Design

Wireless flexible PCB

55

Wearable Sign-to Speech Translation

2 cm

Stretchable sensor unit

Z. Zhou,[...],J. Yang, J. Chen*, Nature Electronics, 2020, 3, 571–578 (Hot Paper in Web of Science)

Amplifier Low-pass filter

A
n
a
lo

g
s
ig

n
a
l
in

p
u
t

Diagnostic

User interface

Data analysis

Apps

TF-Lite

Classification

Signal matrix

Timer

Flash

12-Bit ADC

Deep learning

Cu Epoxy PVDF

Facial Mask for Respiratory Monitoring

Y. Fang, J. Xu, X. Xiao, Y. Zou, X. Zhao, Y. Zhou, and J. Chen*. Adv. Mater. 2022, 34, 2200252

On‐Mask Sensor Network Electrical Signals from Network of Five Pressure Sensors

Signal Processing and Transmission 

55
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Y. Fang, [...], and J. Chen*. Adv. Mater. 2021, 33, 2104178 (Invited Article for Adv. Mater. Rising Star Award)

Ambulatory Cardiovascular Monitoring

Waterproof

Repel external water

PDMS

Al

FEP

System Design Continuous Blood Pressure Measurement Front Cover

Biopotential Motion ArtifactsTransmembrane potential (U)

Ca2+

Na+

K+

U

Signal artifacts from physiological functions

Signal artifacts

Signal artifacts

Target signals

Mechanical Motion Artifacts

Signal artifacts from body movements

Signal artifacts

Target signals

Motion Artifact Management

J. Yin, S. Wang, T. Tat, J. Chen*. Nature Reviews Bioengineering, 2024, Online (Invited Review Article)

Impedance Instability Motion Artifacts

Dermis and 

hypodermis 

Epidermis

Gel
Electrode

Rd Cd

Re Ce

Rt

Re Ce

Rt

Wet electrodeDry electrode

Bioelectronic-tissue interface impedance instability

58
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Autonomous Textiles Body Area NetworkSummary and Outlook

G. Chen, X. Xiao, M. Bick, T. Tat, J. Chen*, Chemical Reviews, 2022, 122, 3259–3291

Using polymer science and bioelectronics to develop smart textiles for biomonitoring, therapeutic, and energy

Electronic Textiles for Wearable Point-of-Care Systems Main Front Cover
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Thank you very much for your attention!

Downtown LA

UCLA Campus

62

AcknowledgementContact Information

Jun Chen, Ph.D.

Assistant Professor

Department of Bioengineering

University of California, Los Angeles

Office: Room 4121H, Engineering V 
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Email: jun.chen@ucla.edu

Group Website: https://www.junchenlab.com/
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Publisher: Springer Nature & Shanghai Jiao Tong University

Online ISSN: 2731-8710

Journal Website: https://www.springer.com/journal/44258 

Submission: https://www.editorialmanager.com/medx/default2.aspx

An international journal that publishes breakthrough papers 
in all areas of Biomedical Engineering

1. Bioinformatics & Computational Systems Biology

2. Biomedical Imaging & Biosensors

3. Biomechanics & Mechanobiology 

4. Biothermal Science & Engineering 

5. Drug, Gene & Cell Delivery Systems

6. Gene & Cell Engineering

7. Immune & Vaccine Biotechnology 

8. Medical devices & Artificial Intelligence

9. Nanobiotechnology & Nanomedicine

10. Precision Regeneration Medicine 

11. Translational Medicine

12. Biomaterials 

13. Tissue Engineering

14. Telemedicine & Medical Robotics

AcknowledgementA New Journal: Med-X from Springer Nature

Healthcare-at-home Remote Diagnostics

Nanowear 

Confidential Nanowear Inc 2024, All Rights Reserved.
Smarter Care. Anywhere.

FDA approved Cloth Nanotechnology + Software-as-a-Service + AI/ML
=

63
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Confidential Nanowear Inc 2024, All Rights Reserved.
65Smarter Care. Anywhere.

Electrical
Signals 

ECG, EEG, EOG, EMG 
Skin Conditions:

Temperature
pH Levels

Moisture Levels
Oxygen

Acoustics / Heart 
Sounds

Mapping / 
Imaging

Metabolites 
(Lactic Acid, Sweat Composition, Hydration)

Hemodynamics

UNAFFECTED 
BY HAIR, 
SWEAT &

MOISTURE 
PATENTED 

TECHNOLOGY

FLEXIBLE 
SUPPLY-
CHAIN

INTEGRATION HIGHER 
SIGNAL
FIDELITY

MACHINE-
WASHABLE

MULTI-LEAD / 
CHANNELCH

ARACTERISTICS

M

ETRICS / APPLICATIO
NS

Proprietary, Patented Nanotechnology and Chemical Formulation of cloth-based sensors

The Problem: Hypertension → Structural Heart Failure … America’s $400bn+ problem

…clinical trials and preventative care require recurring 
in-person, invasive cardio-pulmonary assessments 
utilizing standard front-line tools which only provide 
snapshot insights in a point in time…

Digital 
Stethoscope 

Blood 
Pressure

Electrocardiographs
(multi-channel)

Hemodynamics / 
Right Heart Caths

(Invasive)

ActigraphyRespiration / 
Lung volume

Pulse 
Oxygenation

Confidential Nanowear Inc 2024, All Rights Reserved.
66Smarter Care. Anywhere.
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What if all 7 front-line diagnostic tools were a combined single source digital platform that 
offers safer, more frequent and continuous home-based cardio-pulmonary assessments? 

 

What if the same platform’s time synchronous A.I.-based diagnostics ultimately provided a 
patient “risk” signature in real-world evidence at home across the entire care contiuum? 

Confidential Nanowear Inc 2024, All Rights Reserved.
67Smarter Care. Anywhere.

What if the same platform can reduce $millions upfront in direct and indirect costs in 
personnel, efficiency and actuary analysis in clinical trials and preventative care?

The Solution: Nanowear’s FDA-cleared SimpleSense Healthcare-at-home Digital Platform 

Cloth Nanotechnology
+

Mobile App
+

SaaS & HIPAA compliant back-end
+

AI-based SaMD diagnostics 

SimpleSense offers a substitute for routine in-person cardio-pulmonary assessments and pre-op / post-op consults at-home; 45min-1hr wear

Commercially Launched 2023 
in Enterprise partnership

Data Services ARR business model

Demand is higher than we can 
supply

Confidential Nanowear Inc 2024, All Rights Reserved.
68Smarter Care. Anywhere.

67
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SimpleSense simultaneously and time synchronously assesses the Heart, Lungs, Vascular and Hemodynamic System by replacing:
i) Digital Stethoscope ($100-$400) 
ii) ECG monitor   ($200-$700)
iii) Hemodynamic monitor ($1,000-$5,000)
iv) Respiration monitor ($150-$1,300)
v) Actigraphy  ($25-100)
vi) Blood Pressure line ($300-$1,500)
vii) Pulse Oxygenation* ($50-$450)
viii) Continuous Glucose* ($300-$800)            
               * Currently 3rd party integrated
                  

Leading Cardiovascular Device,  
Diagnostics/Therapeutics, and CROs
(Phase IIA to post-market companion diagnostic)
(~$55bn TAM)

1

~1.2M 
procedures

~400,000 
proceduresHypertension

Coronary Artery
Disease

Heart Failure

Peer Review Publications

2

Data Driven Insights
(Upstream)

AI/ML-based diagnostics
(Downstream)

B2B large-caps inbounding SimpleSense’s Unique and Single source Cardiopulmonary Data Services

69Smarter Care. Anywhere.

Today

Tomorrow w/ right Partner(s)
            Preventative at-home cardiopulmonary
              care and risk assessment(~$400bn TAM) 

Confidential Nanowear Inc 2024, All Rights Reserved.

Data Services Monetization comparables

Data Services ARR model per patient per month – hardware is included for free

Clinical Trial Costs are up 300% since the pandemic as new market has been set by flush large-cap 
Pharma. CROs, Biotech and Medtech companies require innovative, data driven solutions for trials

100M+ Americans with Cardiovascular Disease

70Confidential Nanowear 2024, All Rights Reserved

Nanowear’s established Enterprise Product-Market-Fit in $55bn Clinical Research TAM

Decrease

Increase

▪ Labor 

▪ In-office visits

▪ Multiple Devices, different models, different 
calibration needs 

▪ Inventory

▪ Facility Costs

▪ Human error / inconsistency across sites

▪ Enrollment & Patient retention

▪ Heterogeneity & confounder identification

▪ Feasibility study data

▪ Likelihood of therapeutic going to market

▪ Adaptive from Phase I to post market registry

▪ Long-term value for peer review & adoption

Monopolistic: SimpleSense data services and clinical validation / labeling is the only  primary outcome endpoint that saves sponsors $10s millions
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Hemodynamics

Cardiopulmonary

Activity

Cardiopulmonary Coupling
• Ratio of low frequency coupling to high frequency 

coupling
• Very low frequency coupling
• Low frequency coupling
• High frequency coupling
Impedance
• Impedance vector 1 (Thoracic impedance mean)
• Impedance vector 2 (Thoracic impedance mean)

Pulmonary / Respiratory 
• RR mean
• RR median
• RR standard deviation
• RR from power spectrum mean
• RR from power spectrum median
• RR standard deviation from power spectrum 
• RR mean from peak counts
• RR median from peak counts 
• RR standard deviation from peak counts
• RR mean from fitting a sine curve 
• RR median from fitting a sine curve 
• RR standard deviation from fitting a sine curve
• mean RR to relative tidal volume ratio
• median RR to relative tidal volume ratio
• mean relative tidal volume
• median relative tidal volume

Blood Ejection Times
• Mean R peak to S1 sound peaks
• Standard deviation R peak to S1 peak
• Mean R peak to S2 sound peaks
• Standard deviation R peak to S2 peak
Acoustic Loudness
• Mean S1 sound RMS 

loudness
• Standard deviation S1 

sound RMS  loudness
• Mean S2 sound RMS 

loudness
• Standard deviation S2 

sound RMS loudness
• Mean S3 sound RMS 

amplitude
• Standard deviation S3 

sound RMS loudness 

• Mean S1 sound peak 
loudness

• Standard deviation S1 
sound peak loudness

• Mean S2 sound peak 
loudness

• Standard deviation S2 
sound peak loudness

• Mean S3 sound peak 
loudness

• Standard deviation S3 
sound peak loudness

Heart Rate Variability
• RMSSD
• NN50
• pNN50
• SDANN
• SDNNI
• TINN
• LF
• HF
• VLF

• LF to HF ratio
• SD1 to SD2 ratio
• Approximate 

entropy
• Sample Entropy
• Correlation 

dimension
• triangular index
• SD1
• SD2

• Detrended 
fluctuation analysis 
short-term changes

• Detrended 
fluctuation analysis 
long-term changes

• Range of heart rate 
per breath

• Posture classification
• Activity level
• Postural angle – angle relative to supine posture (left or right)
• Posture angle of elevation

Cardio / Electrocardiographs
• ECG vector 1 • ECG vector 2

• Mean heart rate and variability

Proprietary Data Firehose: Best-in-class Signal-to-noise/Volume/Repeatability/Reinforcement → AI

ECG

Cardio-pulmonary 
Coupling

Pulmonary / 
Respiration

Impedance
Cardiography

+
Thoracic 

Impedance

Acoustic / Sounds
Loudness

Heart Rate 
Variability

Blood 
Ejection Times

Activity

Confidential Nanowear Inc 2024, All Rights Reserved.
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Customized Closed-Source SimpleSense  
AI Platform + Customized Data Services

End-to-end interoperable via APIs
(Data services can be white labeled) 

Confidential Nanowear Inc 2024, All Rights Reserved.
72Smarter Care. Anywhere.

85 biomarkers 
millisecond by 

millisecond

SimpleSense 
Ingestion Pipeline

Proprietary closed-loop
AI Engine

Customized 
Data Services

71
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Study Arm 2 – Validation of ability to track natural and significant blood pressure changes 149 subjects from New York and New Jersey
232 occurrences of 
accurate validation in 
tracking changes of
• SBP ≥ +/- 15 mmHg
• DBP ≥ +/- 10 mmHg
130 occurrences of crossover 
in hypertension classification

Study Arm 3 – Validity of SimpleSense-BP performance over extended time period (28 days)  91 subjects from New York and New Jersey 

Study Arm 1 – Development and Validation (1) Training Population – 185 subjects (Central Pennsylvania and Georgia) and (2) Test Population – 118 New York and New Jersey

3

59 71

16

55 - 61
in.

61 - 67
in.

67 - 73
in.

73 - 79
in.

32

90

23
4

70 - 160 lbs. 160 - 250
lbs.

250 - 340
lbs.

340 - 430
lbs.

19
28

38 32

14 18

20 - 30 yrs. 30 - 40 yrs. 40 - 50 yrs. 50 - 60 yrs. 60 - 70 yrs. 70 - 80 yrs.

17

45

20

67

Asian Black Hispanic White

68
81

Female Male

5

30 32 24

56 - 61 in. 61 - 66 in. 66 - 71 in. 71 - 76 in.

24 23 23
21

Normal Prehypertension Stage 1
Hypertension

Stage 2
Hypertension

25
56

8 2

70 - 160 lbs. 160 - 250
lbs.

250 - 340
lbs.

340 - 430
lbs.

10 14 16
24

13 14

20 - 30 yrs. 30 - 40 yrs. 40 - 50 yrs. 50 - 60 yrs. 60 - 70 yrs. 70 - 80 yrs.

16 18
11

46

Asian Black Hispanic White

39 52

Female Male

34

39
37

39

Normal Prehypertension Stage 1
Hypertension

Stage 2
Hypertension

Static
(3 measurements)

Variation-1
(3 measurements)

Variation-2
(3 measurements)

Induce BP increase change for 
10 minutes with cold stimulus 

& brisk walk 
Rest

(3 measurements)

Induce BP decrease for 10 
minutes with warm stimulus & 

participant’s legs elevated
Rest for 15 minutes

Test 
Device

Gold Standard 
Sphygmomanometer

Device Validation Testing

• Simultaneous measurement comparison
• 2 independently affiliated licensed nurse 

practitioners performing 
sphygmomanometer measurements

Unrivaled: SimpleSense-BP AI Diagnostic FDA Approval: Trained and validated on Own data

What’s in the AI/ML-hemodynamic pipeline? SimpleSense-HD: the Swan-Ganz replacement

❑ SimpleSense-HD: noninvasive, used for at home monitoring contributing tremendously to self-
defined and autonomous (at home) living with improved quality of life. 

❑ Multiparameter acquisition and Algorithmic estimation of CO and PAP 
❑ Require no in-patient procedure and can be deployed in out-patient setting or by patient 

themselves at home
❑ Adjunct device for Heart Pump or LVAD procedure – in hospital and at home after the procedure 

for monitoring progress/recovery. Helps manage patients more closely and tailor their medications 
to help prevent them from worsening

❑ SimpleSense is a single patient multiuse device

❑ Swan-Ganz catheter (Gold standard for CO, PAP, PCWP, RVP, 
PVR)– invasive, bed side system cannot be used for 
extensive periods or used at home.

❑ Catheter provides signal output to a bedside console for 
display

❑ Requires in-patient procedure and may require X-ray 
imaging for placement

❑ Adjunct device for Heart Pump and LVAD procedure – 
monitoring possible only when patient in hospital

❑ Single patient single use 

Monitoring of hemodynamic parameters -cardiac 
output (CO) and stroke volume and pulmonary artery 
pressure (PAP), pulmonary wedge pressure (PCWP), 
right ventricle pressure (RVP) and pulmonary 
vascular resistance (PVR)

SimpleSense (upon validation) is a better alternative 
to Swan Ganz catheter for temporary percutaneous 
procedure and permanent implantables – pre-, peri-, 
and post-operatively 

Confidential Nanowear Inc 2024, All Rights Reserved.
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SimpleSense Data Correlations with RHC pressures and Cardiac Output / Index

Smarter Care. Anywhere.
Confidential Nanowear Inc 2024, All Rights Reserved.

75

S1 width S2 width

Simultaneous RHC and SimpleSense Study Enrollment Status (N=24)
RHC hemodynamic 

measurement
SimpleSense Feature

Correlation 
Coefficient

P-Value (< 0.05)

Systolic PCWP
S2 Width 0.959 0.0025

ECG QRS duration -0.808 0.0500

Diastolic PCWP

S2 Width 0.928 0.0075

R to S1 Duration 0.799 0.0500

R to S2 Duration 0.866 0.0258

Mean PCWP
S2 Width 0.938 0.0056

R to S2 Duration 0.818 0.0467

Systolic PAP S2 Width 0.844 0.0345

Mean PAP S2 Width 0.806 0.0500

Systolic RVP
S1 Width 0.803 0.0500

S2 Width 0.880 0.0209

Diastolic RVP R to S1 Duration -0.847 0.0332

Cardiac output

S1 Width -0.359 0.0500

ECG S wave Peak 0.558 0.0017

ECG QRS duration -0.521 0.0037

Cardiac index

S1 Width -0.459 0.0364

S1 Loudness -0.451 0.0400

S2 Loudness -0.462 0.0349

ECG S wave Peak 0.536 0.0123

ECG QRS duration -0.684 0.0006

Pulse Ejection Period 0.460 0.0357

1) Kumar, P.S., Rai, P., Ramasamy, M. et al. Multiparametric cloth-based wearable, SimpleSense, estimates blood pressure. Sci Rep 12, 13059 (2022). https://doi.org/10.1038/s41598-022-17223-x

Pulse Ejection Period

Nanowear engineers published figures in Nature Scientific Reports1

Nanowear – Best in class Technology, Best in class Operations, Best in class People
Funding to Date

• Cloth-Based Nanosensors (1st and Only)
What Has the Market Recognized

• Scaled Manufacturing w/ ISO 13485 Partners 

• Enterprise Customer Channels 2023

• 13 Awarded Patents + 12 Pending 
• Graduated Google’s A.I. 6-mo scholarship Program

~$19M in Seed and A Rounds

• 4 FDA 510(k) clearances (incl. A.I. diagnostic) 

• Current Headcount: 25
• NYC, PA, Nashville, Berkeley

Executive Team – Diverse and Experienced

Where we are From – Nanowear assembles the “right” talent

Confidential Nanowear Inc 2024, All Rights Reserved.
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Peer Review Publications, Market Awareness and Media Recognition 

Peer Review Publications and Approvals Media Articles

Awards

Videos

• Wall Street Journal
• Healthtech Magazine
• Politco
• Fierce Healthcare

• The Financial Times
• Impetus Healthcare Goes Digital
• The Harry Glorikian Show

• The Daily Brief
• MobiHealthNews
• MDDI
• Beckers Health IT

Podcasts

• WebMD Interview
• Google Startup Spotlight: Meet Nanowear 
• Nanowear in 1 Minute 
• UCSF Digital Health Award for Best Cardiovascular Digital Diagnostic 
• Ink: Building a Revolutionary Connected-Care Companion Diagnostic 
• Accenture HealthTech Innovation Challenge 2018: Nanowear Pitch 

• Nature: Scientific Reports
• JACC
• JAMA
• Nature: Cardiology Reports
• Journal of Cardiac Failure

• Cardiovascular Digital Health
• Cardiac Failure Review
• Sensors MDPI
• Electrochemical Society
• Aesthetic Surgery Journal

White Papers
• Frost & Sullivan 2021: Best-in-class Technology Leader
• Neural networks and feature-based machine learning
• Planning for Machine Learning as a Medtech Startup

Radio Features
• SiriusXM – “Wearables and Cardiology Show” on Doctor Radio 
• SiriusXM – ‘The Plastic Surgery Show’ on Doctor Radio
• SiriusXM – Doctor Radio

Confidential Nanowear Inc 2024, All Rights Reserved.
77Smarter Care. Anywhere.
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Nanowear is already considered an N of 1 scarcity value tech with Key Opinion Leader status
January 2024’s novel A.I. hypertension diagnostic FDA approval further accentuates Nanowear one-of-a-kind value and strategic gaps filled in context of future exit
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https://healthtechmagazine.net/article/2021/09/next-generation-wearables-will-be-transformative
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https://www.ft.com/content/db062320-ff07-4272-97e2-98e540b509f4
https://podcasts.apple.com/us/podcast/healthcare-goes-digital/id1517121505?i=1000518577904
https://glorikian.com/nanowears-venk-varadan-on-weaving-medical-sensors-into-clothing/
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https://urldefense.proofpoint.com/v2/url?u=https-3A__www.beckershospitalreview.com_digital-2Dtransformation_hackensack-2Dmeridian-2Dhealth-2Dmaimonides-2Dmedical-2Dcenter-2Dpilot-2Dsensor-2Dembedded-2Dclothes-2Dto-2Dremotely-2Dmonitor-2Dcovid-2D19-2Dpatients.html&d=DwMFaQ&c=QbuapHRvbn0JdC8vTVkPHg&r=1sHa2RWWFih-AvieRY9ttyyFss5Q8MV5CssWAa64Vc0&m=yfmtoDR6ggr_OZJzmiNETllbxnytUMQMlVARbA8aTX4&s=KtgukO2zimajddt1J59zt4oYeMI1bV_NEnTUBLaxESc&e=
https://www.webmd.com/a-to-z-guides/video/venk-varadan
https://www.youtube.com/watch?v=8JfOfl5v7Qw
https://www.youtube.com/watch?v=glbSoPg5B84&t=3s
https://www.youtube.com/watch?v=fzIanf8SyhU
https://www.youtube.com/watch?v=rd6F8S_jX4g
https://www.nature.com/articles/s41598-022-17223-x
https://www.jacc.org/doi/full/10.1016/S0735-1097%2822%2901384-5
https://www.nature.com/articles/s41569-020-00445-9
https://www.onlinejcf.com/article/S1071-9164(20)31405-6/fulltext
https://www.cvdigitalhealthjournal.com/article/S2666-6936(22)00069-X/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8038592/
https://iopscience.iop.org/article/10.1149/1945-7111/ab697c
https://academic.oup.com/asj/advance-article-abstract/doi/10.1093/asj/sjac082/6566385?redirectedFrom=fulltext
https://drive.google.com/file/d/1dMH5OeBqOu6IT_IA7PzR0KoM6-q73hqy/view?usp=sharing
https://medium.com/thelaunchpad/neural-networks-and-feature-based-machine-learning-the-evolution-of-applications-in-healthcare-a4360bbc5953
https://medium.com/thelaunchpad/planning-for-machine-learning-as-a-medtech-startup-f9b4f3d7c5de
https://www.nanowearinc.com/newsroom
https://www.nanowearinc.com/newsroom
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Venk Varadan
CEO & Founder

venk@nanowearinc.com
(718) 637-4815

80

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions 
in the questions window!

www.acs.org/acswebinars
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Subscribe to gain insight and stay 
ahead of emerging trends

Subscribe at cas.org/insights 

Insight Reports Journal PublicationsArticles

Drug Discovery

Sustainability

Emerging Science

Intellectual Property

Consumer Goods

Synthetic Chemistry

Digital R&D

Biotechnology

Safety

Materials

Topics:

@CASchemistrylinkedin.com/company/casfacebook.com/CAS
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www.acs.org/acswebinars

82

Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Co-produced with ACS Division of Professional Relations

Tools to Make Chemistry 
Education Accessible for Persons 
with Visual Impairments

Thursday, May 9, 2024| 2pm-3pm ET

Co-produced with ACS Industry Member Programs and ACS 
Committee on Corporation Associates.

Meet The Heroes of Chemistry: Featuring 
the Scientists behind Paxlovid , RelyX , 
and Trikafta®

Thursday, May 16, 2024| 2pm-3pm ET

Co-produced with ACS Careers

Your Career Story: 
Crafting CVs and Resumes

Wednesday, May 15, 2024| 2pm-3pm ET
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www.acs.org/membership
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Have a Different Question?
Contact Membership Services

Toll Free in the US: 1-800-333-9511

International: +1-614-447-3776

service@acs.org

www.acs.org/acswebinars

84

Edited Recordings
are an exclusive benefit for ACS Members with the 
Premium Package and can be accessed in the 
ACS Webinars® Library at www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to 
chemistry professionals at all stages of their careers, presented 
by top experts in the chemical sciences and enterprise.

Live Broadcasts
of ACS Webinars® continue to be available free to 
the general public several times a week generally 
from 2-3pm ET. Visit www.acs.org/acswebinars to 
register* for upcoming webinars. 

*Requires FREE ACS ID
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www.acs.org/acswebinars
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ACS Webinars® does not endorse any 
products or services. The views expressed in 
this presentation are those of the presenter 
and do not necessarily reflect the views or 
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org
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