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Find all information and the latest updates on:

https://eprobe.tech/

e PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

¢ PRO

Welcome to ePROBE GmbH (Erfurt, Germany)

ePROBE provides spezialized solutions for the NMR or NQR analysis of batteries ® it §
and other d our in situ;

ag
operando NMR probes for energy storage materials research, controllers, in situ
NMR cells In various geometries, & wide range of accessorles, and expert -
consultancy services.

We are a subsidiary of NMR-Service. If you are interested in customized \
solutions for the NMR and NQR analysis of materials not related to \ R
electrochemical energy storage, please visit the NMR Service & website.

PRODUCTS

ePROBE static, solld-state in NMR probes for
energy storage materials research including batteries, supercapacitors, and flow
chemistry/redox flow cells. Our probes combine the NMR/RF features with an
electrochemical setup. Combined with our controllers and accessories, we offer
complete logy solutions for in t

Service

We offer consultancy services on in situ NMR In energy storage materials
research, This includes support on hard- and software as well as experimental
planning. We support you virtually (video calls/tutorials) and on-site. We are
resourceful with a strong, workd-wide network of industry partners and research
laboratories for in situ NMR applications. In this section you can already find a
representative selection of information on magnetic resonance in energy
‘storage materials research including outreach data, peer-reviewed publications
with ePROBE involvement, video tutorials, handouts, and flyers on our products/
accessories for download.

PROJECTS

)\ At ePROBE, we actively engage in R&D projects to continuously enhance our
products. Collaborating with partners worldwide, we are expanding our portfolio
10 support even more applications. Dicover our latest developments, or contact

us if you have @ project where ePROBE could make a difference.

BE PRODUCTS SERVICE PROJECTS CONTACT
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& RO B E ~ SERVICE PROJECTS CONTACT

Probes Controller Setup Cells Tools eCAT
STATIC—X IN SITU NMR PROBES

Single-channel static in situ/operando solid-state NMR probe
« Wide bore or narrow/standard-bore
« Fields: 200 10 700 MHz
« X<ange: 13C 10 31P and 6Li
+ Automatic tuning and matching
« Suitable for all NMR systems
Electrochemistry/battery options
« Three electrochemistry ports
« Suitable for various in situ NMR cells incl. plastic cell capsules and plastic bag
cells
« Flow option, e.g. for redox flow cells
« Suitable for all electrochemical cyclers

STATIC H—X IN SITU NMR PROBES

Double-channel static in situ/operando solid-state NMR probe
+ Wide-bore
« Narow/standard bore options 1o be discussed
« Optimised for low 1H background
lelds: 200 10 500 MHz
+ Xrange: 13C to 31P and 6Li
« Hrange: 1H
« Automatic tuning and matching: possible via eATM robot
« Suttable for all NMR systems.
Electrochemistry/battery options
« Tiwee electrochemistry ports
« Sutable for various in situ NMR cells incl. plastic cell capsules and plastic bag
cells
« Flow option, e.g. for redox flow cells
« Suitable for all electrochemical cyclers

5 ©

STATIC F—X IN SITU NMR PROBES

« Wide bore
« Narrow/standard bore options to be discussed
= Optimised for low 19F background
« Fields: 200 10 500 MHz
« X7ange: 13C 10 31P and 6LI
« Frange: 19F
+ Automatic tuning and matching: possible via éATM robot
+ Sultable for all NMR systems
Electrochemistry/battery options
« Three electrochemistry ports
+ Sultable for various In situ NMR cells incl. plastic cell capsules and plastic bag
ells

PROJECTS CONTACT

Consulting Partner Outreach Paper Download

Webinar: Ad in O} do NMR Analysi:
of Lithium-lon Batteries

Webinar: Advancements in Operando NMR Analysis of Lithium-ion Batteries on
Wednesday, 21 February 2024, 5 PM CET. & Electrochemical processes in a Li|
bl LIPFGILFP cell have been explored applying novel solid-state NMR technologies.
ey ey Industry, Academia, and Technology partners are joining efforts to demonstrate the

ol o At high potential of this approach for use in the energy storage industry. Join Dragonfly
Energy, Darmstadt Technical University, ePROBE and BRUKER BloSpin as. they
discuss about foutine
NMR for battery research.

Specialty Solids Probes for Battery Research and
Manufacturing

Video Interview with Oliver Pecher (ePROBE)C on hardware solutions and
approaches in magnetic resonance to research energy storage materials, © 12/2023
Bruker BioSpin, Further information 1o be found on Bruker's speciality probes G and
battery landing webpage &.

Battery research probes for Li
beyond)

Bruker Application Note 2023, Order No, T194448 © 09/2023 Bruker BioSpin

by Oliver Pecher (éPROBE) and Sebastian Wegner (Bruker)

Bruker's specialized solid-state NMR probes and in situ NMR accessories provide a
powerful tool for optimizing battery performance. By operating In situ, analytical
solutions for the characterization of batteries can accurately detect critical quality
attributes and measure processes occurring during charge and discharge cycles.
With Brukers cutting-edge RF generation console AVANCE NEO and ePROBE's
technologies, researchers can gather meaningful insights and beneft from optimized
RAD as well as rapid and accurate quality inspection activities.

n technologies (and
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NMR on energy storage materials

e PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Battery = complex system
e Liquid and solid components

* Various interfaces (solid-electrolyte-interface, SEl)

Ex situ NMR — static and MAS
e Cycle. Stop. Extract. Measure data.

In situ NMR - static (and MAS)
e Cycle. Pause. Collect data. Restart.

Operando NMR - static
e Cycling. Collect data during cycling.

https://eprobe.tech/service/consulting
OP, J. Caretero-Gonzalez, K.J. Griffith, C.P. Grey, Chem. Mater. 2017, 29, 213.

Y

( Solid-state NMR

Understand mechanism.

: Prevent failures. \
Improve technologies. ||
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In situ NMR on energy storage materials e/ P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

* Bypass self-relaxation ©

* High chemical specificity ©

* Dynamical processes ©

* Metastable and short-lived phases ©
* Crystalline and amorphous species ©

H  Shift ranges ®

* Changing sample conditions ®
* NMR signal broadening ®
NMR—EC circuit interferences ®

Na Metal |  Active Material | | Electrolyte
P & SEI
1 b,
y/A
I 7 | | |

~ 1100 ppm ~ 250 ppm 0 ppm -20 ppm

NMR
Console

Probe

F. Blanc et al. Acc. Chem. Res. 2013, 46, 1952. N. M. Trease et al. Solid State Nucl. Magn. Reson. 2012, 42, 62. L. Zhou et al. J. Magn. Reson. 2013, 234, 44. OP et al. J. Magn. Reson. 2016, 265, 200. B.
Key et al. J. Am. Chem. Soc. 2009, 131, 9239. OP, J. Caretero-Gonzalez, K.J. Griffith, C.P. Grey, Chem. Mater. 2017, 29, 213. OP and DMH et al. J. Magn. Reson. 2017, 275, 127.
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In situ NMR on energy storage materials @ P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Insert probe into the
NMR magnet

NMR

https://eprobe.tech/products/probes
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In situ NMR probe: cell connections and features e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Screws to remove/exchange Cell attached inside

sample holder :
: P the coil Cell current collectors
Flow in/outlet

ECHEM

M2 brass screws to

fix/exchange the coil Ring pressing down the cell leads
fixed with long brass screws

https://eprobe.tech/products/probes
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In situ NMR probe: connections e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

<« Bruker shim adapter hocks
Cover position indicator

SMA electrochemistry ports
Bruker PICS

Thermocouple
Flow option in/outlet

Heat
N-type adapter for RF X-channel el

Smart probe autotune (SPA) adapter for

— i
connection to Smart Probe Controller (SPC) Eraimsseliog/lash

VT Johnston coupling

https://eprobe.tech/products/probes

07/03/2025 https://eprobe.tech/ 7



Which in situ system best fits my needs? e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

« What are my magnet/ console specifications? o “:::R"F B R
Wide-bore () () o
* Which nuclei do | want to analyse? Narrowstandard-bore oo 3 4
200 - 500 MHz ('3 ('3 (3]
* Which cell geometry is best suited for my chemistry? 00— 100 e L4
BC-p 4l 42 &2 o2
. . . Automatic tune/match ('3 [4 b +earmrosor | [ b +earmrosor
* Do | need automatic tuning and matching? —— oo oo )
Electrochemistry options
* Do | need efficient data processing options? Thiee e-cherm ports o a, 3]
Flow aption G G2 C2
Impedance spectroscopy (EIS) G2 G ('
Suitable for all cyclers '3 ('3 3]
Available cell types
Plastic cell capsules (2 or 3 electrodes) ('3 (2] ('3
Solid state cell '3 e (3]
Plastic pouch cells ('3 '3 ('3
Coin cells G2 2] (3]
https://eprobe.tech/products/probes wateh this space for your castomised solution.
https://eprobe.tech/products/cells Please do not hesitate to contact us.

07/03/2025 https://eprobe.tech/ 8



Magnet/console specifications and nuclei wish-list

e PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

* Wide-bore vs. narrow/standard-bore (WB vs. NB/SB)

N Less opt|ons on H/F for SB Options STATIC—X STATICH—X STATIC F—X
* Automatic tune/match possible via eATM ROBOT NMR/RF
Wide-bore E+j El’j E"j
Narrow/standard-bore 3 D{/j’ C4 0
* Magnetic field st.rength | o200 i o0 3 oo
* 600+ MHz fields reduces H/F—X options
600 — 700 MHz G
13C - 31p 4 6L 42> 3 42
e Talk to us on your customised solution! Automatic tune/match El,j [Aﬂ: + eATM ROBOT [AV:: + eATM ROBOT
All NMR systems E"j E‘y} E"j
https://eprobe.tech/products/probes
https://www.bruker.com/en/products-and-solutions/mr/nmr/solid-state-nmr/specialty-solids-probes.html
07/03/2025 https://eprobe.tech/ 9




Static X vs. H/F—X in situ probes e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Low-H or Low-F
Background

r

https://eprobe.tech/products/probes
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Example: Data sheets of H—X and X 400 MHz WB probes e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

¢ PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

PRODUCT DATA SHEET

Double-Resonance (H/X) Static /n Situ NMR Probe for Battery & Energy
Storage Materials Research

A specialized double-resonance (H/X) static in situ NMR probe for researching energy storage materials including
batteries/electrochemical cells, using a 400 MHz wide-bore system. The tuning range covers °Li (low-frequency mode) and '°C - 'P
(high-frequency mode) on X with a manual switch for low/high-frequency mode and manual tuning and matching. In addition, the probe
is equipped with a "H high-power decoupling channel. Automatic tuning/matching is optional and possible via an additional external
automatic tune/match (eATM) robot. The probe is optimized for in sit plastic capsule cells including solid-state cells but is also
compatible with plastic bag and home-built in situ cells. The probe is equipped with three current collector ports next to the RF coil,
through which an electrochemical cycler can be connected to the sample/cell to perform in siti / op NMR

channels for optional gas or liquid flow through the cell enable redox flow, metal-air, or similar battery chemistries research.

Model:
PH0951_BB
400 MHz (Length: W1), Bruker Material Number: H1884072, ePROBE Material Number: EA0204

Specifications:

Coils Two exchangeable 11 mm 1D solenoid coils for low- and high-frequency mode

In sitw plastic cell capsule cells (OD 11 mm)

Compatible SamplesiCells

Solid-state in situ cells (OD 11 mm)
In situ plastic-bag cells and home-built/customized in situ cells

Temperature Range

-50/+100 °C

Electrochemistry Ports

Three current collector ports: working electrode, counter electrode and reference electrode (reference
electrode is used for custormized cells only)

Flow Ports

Flow in- and outlet ports to the left and to the right of the RF coil; accessible via built-in extension to the

probe base.
. X Channel [ *; e —p
Tuning Ranges H Channel [h

Specifications are valid as of 2024.09.13 with an Avance NEO spectromeler with a current BOSS shim system. Technical data and specilications subject (o change without nolice.

! RF power handiing capabilities (verified at production. not installation): 6Li, 3C, #Na. Li. 'P. and "H up o 300 W with 10 us pulses and 200 ms delay time: pulse width
po ing capal w m  ime: p

via the respective

. e.g. dried LiCH powder for 7L

# Recommended ampliflers: 'H: 500 W; X: 500 W:

https://www.bruker.com/en/products-and-solutions/mr/nmr/solid-state-nmr/specialty-solids-probes.html

¢ PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS.

PRODUCT DATA SHEET

Single-Resonance (X-channel) Static In Situ ATM-X NMR Probe for
Battery & Energy Storage Materials Research

A specialized single-resonance (X-channel) static in site NMR probe for researching energy storage materials, including
batteriesfelectrochemical cells, using a 400 MHz wide-bore systemn. The tuning range covers "C to . The probe features an
automatic tuning and matching unit. The probe is optimized for in sifu plastic capsule cells including solid-state cells but is also
compatible with plastic bag and home-built in situ cells. The probe is equipped with three current collector ports next to the RF coil,
through which an electrochemical cycler can be connected to the sample/cell to perform in situ / aperando NMR experiments. Integrated
channels for optional gas or liquid flow through the cell enable redox flow, metal-air, or similar battery chemistries research.

Model:
PADS50_SR/BB
400 MHz (Length: W1), Bruker Material Number: H1868020, ePROBE Material Number: EAQ10401

Specifications:

90° Pulse Width %% g s25ps

Standard: Solenoid coil made of Ag-coated Cu wire (1.5 mm): 5-turns coil ID 11 mm *

Coils Exchangeable coils include 3, 4, 5, and 6-turn cails 1D 11 and 15 mm

In situ plastic cell capsule cells (OD 11 mm and OD 15 mm)

Ci i Cells lid-state in situ cells (OD 11 mm)
In situ plastic-bag cells and h i in situcells
Temperature Range ™ -50/ +100 °C

Three current collector ports: working electrode, counter electrade and reference electrode (reference

Electrochemistry Ports electrode is used for customized cells only)

Flow in- and outlet pors to the left and 1o the right of the RF coil; accessible via built-in extension to the
Flow Ports.

probe base.
Tuning Range X Channel HC-Tp

Specifications are vaild as of 2024.09.13 with an Avance NEQ specirometer with a curent BOSS shim system. Technical data and specifications sutyect fo change withou! nolice.

? Spexilication verified at produciion, nat at instalation
= The putse widthis determined with dried LiC powder.

2 Recommended ampiier: X: 500 W.

07/03/2025
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Available cell geometries e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

e Standard in-situ plastic capsule cells:
* Various sizes
* Flow option available

New 2025 : 3- electrode cell

* Solid-state cells

* More applications (existing and under
development):
e Coincells
High temperatures (< 300 °C)
High pressure
Optical excitation

New 2025 : EIS option

* Open to collaborations about new
applications!

https://eprobe.tech/products/cells https://eprobe.tech/projects/collaborators https://eprobe.tech/projects/current-projects

07/03/2025 https://eprobe.tech/ 12



In situ NMR cell assembly e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Figure S1. Photos of an in situ NMR capsule cell as used in this work. (a) Capsule cell and additional components, the small
inset shows the other side of the top and bottom pieces. (b) The bottom piece is fitted with spacers and two thin copper wires;
the top piece is fitted with an O ring and Al mesh (left photo). Small O rings are inserted in the current collector holes (right
photo). (c) The current collector holes are sealed with epoxy glue. (d) Complete cell after assembly in a glove box.

Instructions In Peer-Reviewed Journals

K. Mérker et al. JACS 2020, 142, 17447 (https://dx.doi.org/10.1021/jacs.0c06727). and Handout Downloads (ePROBE)

https://eprobe.tech/products/tools
https://eprobe.tech/service/download

07/03/2025 https://eprobe.tech/ 13



New in 2025: Operando NMR on coin and pouch cells e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Coin Cell Pouch Cell
— < I A
‘ —
- /

In collaboration with Prof. Lauren E. Marbella and Dr. Asya Svirinovsky Arbeli Columbia University, NYC, USA)

07/03/2025 https://eprobe.tech/ 14



Smart probe controller (SPC) for automatic tune/match e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

* Smart probe controller (SPC)

* Direct connection between probe and SPC
* Available for X & H/F—X WB, as well
as X NB/SB probes

e« eATM ROBOT
* Needed for H/F—X NB/SB probes
e Can be connected to any type of
probe (static, MAS, ...)

“Fingertips” to
fit any probe!

https://eprobe.tech/products/controller

07/03/2025 https://eprobe.tech/ 15



Efficient data processing - eCAT e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

* NMR data * Cycler data

https://eprobe.tech/products/ecat
eCAT automatic e-chem/NMR (raw) data data processing and visualisation tool | optional postprocessing

07/03/2025 https://eprobe.tech/ 16



Efficient data processing - eCAT e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

uuuuuuu

Choose Data Paths Choose Data Automatic or Manual Data
Presentation Processing (Individual)

https://eprobe.tech/products/ecat
eCAT automatic e-chem/NMR (raw) data data processing and visualisation tool | optional postprocessing

07/03/2025 https://eprobe.tech/ 17



Efficient data processing - eCAT

¢ PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

300

250

200

time (h)

100

Echem data

50

https://eprobe.tech/products/ecat

Quick Graphical Presentation
In Various Data Outputs

Li-metal electrolyte
peak range peak range
=—— B
1 —
A =
=
~—
— o~ S
— S
=
4 400 350 300 250 200 100 50 0 =50
Ewe (V) 7Li NMR shift (ppm) 7Li NMR shift (ppm)

eCAT automatic e-chem/NMR (raw) data data processing and visualisation tool | optional postprocessing

07/03/2025

https://eprobe.tech/
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In situ NMR accessories and consultancy

e PROBE

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Tools inside in situ NMR kit

In situ NMR / cell assembly accessories

In situ NMR / cell assembly accessories

https://eprobe.tech/products/tools
https://eprobe.tech/service/consulting

Tools/accessories boxes

Tools (open)

"

Low-pass filters for electrochemical setup

In situ NMR accessories

(]

€

oPROBE

QO B hiips//eprobe.tech

¢ PROBE

PRODUCTS SERVICE RESOURCES JOBS CONTACT

C Iti Partner  Coll

€ePROBE combines a strong expertise in solid: chemistry, energy
storage, and extreme physics with more than 20 years of
experience In designing and manufacturing solid-state nuclear magnetic and quadrupole
resonance (NMR/NQR) hardware including operando NMR; L. the combined application of NMR
and_electrochemical experiments. ePROBE consults on innovative technology for in situ
(operando) NMR on energy storage materials. We give guidance on suitable hard- and software
solutions. We are happy to meet you in person of online .
We help to plan and conduct operando NMR experiments

* Lion batteries

« Naion batteries

« Metalair batteries

* Redox flow batteries

+ Beyond Lion technology batteries
+ Allsolid-state batteries
« Solid electrolytes and composite materials
* Supercapacitors.
Seminar talks and Q&A sessions — online/in-person
» Extremely COLD, HOT, BRIGHT, and FAST: special probes and automation in solid-state NMR —
customised probes, accessories, and services for solid state NMR/NQR. (45 min)
+ In situ NMR in battery research: a portfolio on customised probes, accessories, and services
for solid-state in situ NMR o energy storage materials, (45 min)
In situ NMR user training — online (2 hours)
« Seminar talk and online training session on in situ NMR hardware/accessories
In situ NMR user training — in-person (2 days)
+ Seminar talk and on-site training session on in situ NMR hardware/accessories
+ Setup of in situ NMR hardware with the magnet and console
« In situ cell assembly training
= In situ NMR reference/baseline experiment

Watch this space for your customised solution - contact & us.

Consultancy Services

07/03/2025

https://eprobe.tech/
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In situ setup for static NMR/MRI probes e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

Banana plug adapter (Biologic)

& Low-pass filters
(SLP-2.5+, SLP-5+, or SLP-15+)

Long cycler 1
— Magnet shielding plate
cable & &P
Non-magnetic/ shielded cables
Three-way in situ cell adapter
In situ cell (clip, through-hole, or solder)

Plastic cell capsule,
plastic bag cell, etc.

NMR/MRI
Console

https://eprobe.tech/products/setup

07/03/2025 https://eprobe.tech/ 20



Thank you very much for your attention e P RO B E

BATTERY ANALYSIS TECHNOLOGY SOLUTIONS

ePROBE GmbH By o¥?
Blumenstr. 70 Haus 3 .
99092 Erfurt, Germany
+49(0)361-710-147-80

info@eprobe.tech

@ INSITUAND AUTOMATION NMR (selection)
® OTHER PROBES AND ACCESSORIES (selection)
[ ]

Dr. Oliver Pecher, CEO

o.pecher@eprobe.tech

Dr. Pascal Scholzen, APS

p.scholzen@eprobe.tech

Please do not hesitate to contact us.

07/03/2025 https://eprobe.tech/ 21
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