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What is GreenTech?

4 August 2025 2Customer presentation

Definition: Technology and innovations aimed at reducing 

environmental impact.

Focus: Promoting sustainability and enhancing resource efficiency.

Key Areas:

 Renewable energy (solar, wind, hydrogen)

 Energy storage

 Carbon capture

 Environmental monitoring

 Heat management

 Sustainable agriculture

Objective: Combat climate change, pollution, and resource depletion.
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FTIR in GreenTech
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Battery research

Energy storage

Fuel cells

Catalysis
Heat management

Renewable fuels

Green House Gas (GHG)
monitoring

Microplastics

Sustainable agriculture
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SpectroElectroChemistry
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IR SpectroElectroChemistry can be applied for investigations of the electrolytes, solutes, and/or the electrode surfaces; 
and is useful for different studies:
 Electrochemical reversible reactions
 Oxidation processes
 Electrosynthesis
 Reaction of Biomolecules

Electrochemistry: studies the relationship 
between electricity and chemical change

IR spectroscopy: gives a characteristic spectrum 
for each substance (except for homonuclear 

diatomic gases and pure metals)

IR SpectroElectroChemistry: 
offers insights into reaction mechanisms and may permit the 

study of intermediate/short-lived species.
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Typical instrumental Setup for FT-IR Spectroelectrochemistry

4 August 2025

INVENIO –Purged spectrometer

FT-IR reflection accessory for electrochemical 
investigations combined with FT-IR spectrometer:

APPLICATIONS - GREENTECH 2025
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Click here to watch an 
Application Video on this topic

VERTEX - Vacuum spectrometer, removes 
atmospheric disturbance (better sensitivity) 
and enables quantification of CO2 and H2O

 Different techniques can be realized, ATR and 
reflection measurements at electrode 
surfaces through a thin electrolyte layer (<50 
µm)

 Time resolution up to ms range to follow fast 
process and enabling kinetic studies

https://www.youtube.com/watch?v=r23Ao54nmX4&t=258s
https://www.youtube.com/watch?v=r23Ao54nmX4&t=258s
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PIKE Jackfish SEC cell in combination with Veemax III (purged version)

 designed for surface-sensitive 
electrochemical ATR-SEIRAS

 Easy removal of the crystal for metal layer 
deposition, the metal layer acts as working 
electrode

 Crystal materials: Si, Ge, ZnSe, ZnS.
ATR face-angled crystal with 60°,
alternatively, Si wafers

 PTFE or PEEK holders

 Ready to use cell with different cell and 
electrode options
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FT-IR Spectroelectrochemistry: ATR cells (surface enhanced)
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Instrumental setup for battery research in R&D lab
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Two options for analyzing air-sensitive components 
and process: 

1. An external configurable sampling platform can 
be placed into a glove box, with the 
spectrometer outside                                                                        

 A viewport on the side of the glove box is 
required. 

 Compatible with all kinds of sampling 
accessories. 

2. The whole FT-IR working station with FT-
Raman, IR and Raman microscopes, and in-situ 
spectroelectrochemistry accessory can be 
placed in a glove box

APPLICATIONS - GREENTECH 2025
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Application example: Li battery research
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Battery research:

Li-AQ (anthraquinone) battery, ATR, test cell

Inert pouch/coin cell design, protected from 
the atmosphere.

J. Bitenc et al. Energy Storage Materials 21 (2019) 347–353

Operando ATR-IR characterization of Li-AQ 
(anthraquinone) battery during first cycle.

APPLICATIONS - GREENTECH 2025

Customer presentation 8



|© 2025 Bruker |© 2025 Bruker ||

Application example: Li battery research
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Battery research:

NiSb2 electrode, ATR, 
test cell

In-situ cell, protected 
from the atmosphere 
(metallic lithium).

L. Monconduit et al., J. Phys. Chem. C 2017, 121, 48, 26598–26606

Scheme of the in-situ electrochemical cell used for the 
operando ATR-FTIR
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1st charge of NiSb2  electrode 
at 1C rate with 1 M LiPF 6 in EC:DMC (1:1)

Observation of the Li+ solvation

Customer presentation 9
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From sand to PV modules…
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Chemical 
Process

Si Chunks

Sand

Floating zoneCzochralski

Crucible Giant Si Block

Sawing 
&

Polishing

Square Poly Si bricks 
(ingots): 156x156mm2

cross-section

Mono crystalline ingots, 
Different diameters 

(e.g. 6”, 8”…) EL.grade wafers

PV wafers PV modules

Electronics

Sliding
&

Polishing

Further 
steps



|© 2025 Bruker |© 2025 Bruker ||

Semiconductors & Solar Panels: Si QC & Epilayer analysis
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 Substitutional Carbon
 Interstitial Oxygen
 Detection limits @ several 100ppba
 Single- or Poly-crystals 
 ASTM/SEMI MF1391 (Carbon)
 ASTM/SEMI MF1188 (Oxygen)

 Epilayer(s) with thickness in micron 
scale

 Single- or Multi-layer
 Mapping on wafer

 Ultrathin layers with thickness in nm scale
 SiN, BPSG, PSG, etc.
 Quantification of B, P and -H

 Ultrathin layers with thickness in nm scale
 Half-quantification of chemical residuals after different 

bake/expose process.
 Non-expose, Expose, PAB, PEB, HB.
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Semiconductors & Solar Panels: Photoluminescence
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NIR & MIR PL studies (with amplitude-

modulated step scan)

 Room temperature & low temperature

Micro photoluminescence emission 

with Hyperion emission option 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Click here to watch an 
Application Video on this topic

https://www.youtube.com/watch?v=ROsBU7m2NE0&t
https://www.youtube.com/watch?v=ROsBU7m2NE0&t
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Re-Fuels, Bio-Fuels, Bio-diesel, SAF…
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 Methods: Transmission or ATR, liquid 

gas, TGA-FTIR… 

 Focus: qualitive and quantitive

 Many norms: e.g., EN14078

 Sometimes more exotic composition

 MIR / NIR
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Catalysis

4 August 2025

APPLICATIONS - GREENTECH 2025

Customer presentation 14

 Catalysis (in chemistry) - the modification of the rate of a 

chemical reaction, usually an acceleration, by addition of a 

substance not consumed during the reaction

 Homogeneous or heterogeneous catalysis 

 Heterogeneous / solid catalysts are often porous 

materials supported by porous materials

 Photolatalysis

 Model systems in lab scale to understand catalysis process: 

adsorption and surface reaction on crystalline catalysis 

o Close to real catalysis process in industry: adsorption 

and surface reaction on powdered catalysis 

o In-situ reaction monitoring using FT-IR spectroscopy 
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Accessories for in-situ Reaction Monitoring
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Origin of power for catalytic reactions:

 Temperature

 Pressure

 Photon (e.g. UV light)

 Electric

Low Temperature 
Reaction Chamber

133 mPa to 133 kPa  
-150°C to 600°C 
(under vacuum) 

133 mPa to 133 kPa 
Up to 910°C (under vacuum)
Up to 3.44 Mpa with optional 

high pressure dome  

High Temperature 
Reaction Chamber
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More advanced cases:
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 Transmission

 Photocatalysis

 Plasma

 Vacuum adaptations

 Iso-potential-DRITFS
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Heat Management
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Examples:

 Construction 

o paints, glass, coatings, 

tapes, etc.

 Clothes

 Solar thermal plants & collectors

 Outdoor Heat Shelters

Stay warm inside OR  Keep heat outside
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Emissivity
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Kirchhoff's law of radiation:

 Emission intensity (I) depends on angle 

and temperature and wavenumber: ε (ϑ, 

Φ, ν, T)

 Close to room temperature (~300K) main 

thermal radiation occurs in mid infrared 

(MIR) 
Engineering: defined in mid infrared 

 Emission measurement? No! 
Weak sample emission & strong 

interference of 300K background radiation 
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Emissivity – direct measurment of thermal emssivity
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Suitable for 50-400°C
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Passive-radiative cooling
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PRC Foil
Solar radiation

Radiated heat

Earth

Atmosphere Space

Net heat loss
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Directional emissivity for Passive Radiative Cooling
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A513/Q-A
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Hemispherical emissivity
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Integrating spheres A562

PTFE (NIR-Vis)Gold (MIR)

Analysis of:

 Hemispherical reflectance

 Diffuse reflectance

 Diffuse transmittance

 Directional Refl. 
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Environmental Monitoring – Green House Gases
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GHG monitoring with the IFS 125 HR

 Measurement of greenhouse gases (GHGs):

source = sun; sample = atmospheric column

 Total Carbon Column Observing Network: TCCON

 Network for the Detection of Atmospheric 

Composition Change: NDACC
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Environmental monitoring - Microplastic
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Microplastic analysis can also be integrated 
with Invenio or Vertex setup

ALPHA II LUMOS II SENTERRA II

VERTEX NEO R With Vacuum ATR + HYPERION II ILIM
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CO2, VOC, biomass, environmental studies with TGA-FTIR
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Sustainable agriculture – soil analysis
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High-End Research with INVENIO X
• No compromises: broadest spectral range in one go 

(MIR-NIR-VIS) for advanced soil studies.
• Unmatched precision in physical and chemical soil 

characterization
• Ideal for comprehensive data acquisition in 

advanced studies and AI-supported analysis.

Fast & Automated High-Throughput Analysis 
with HTS-XT

• No KBr pellets, no chemicals - just dry, grind, 
and measure for effortless screening.

• Multi-sample DRIFTS automation for rapid 
identification, classification, and 
quantification.

Portable & On-Site with ALPHA II
• Compact system for field-ready soil 

analysis.
• Rapid and accurate detection of 

pesticides, heavy metals, and 
microplastics.

Easy – Rapid – Precise – Eco-Friendly

AcademiaField studies Central Laboratory



|© 2025 Bruker |© 2025 Bruker || 4 August 2025 27Customer presentation

Spectral soil analysis
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Established methods

MIR NIR VIS-NIR UV-VIS-NIR

R.A. Viscarra Rossel, D.J.J. Walvoort, A.B. McBratney, L.J. Janik, J.O. Skjemstad. (2006) 
Visible, near infrared, mid infrared or combined diffuse reflectance spectroscopy for 
simultaneous assessment of various soil properties. Geoderma, 131, 59-75.

M. Vohland, B. Ludwig, M. Seidel, C. Hutengs, Quantification of soil organic carbon at regional 
scale: Benefits of fusing vis-NIR and MIR diffuse reflectance data are greater for in situ than for 
laboratory-based modelling approaches, Geoderma 405, 2022, 115426

0 0.5 1 1.5 2 2.5 3

RPD

R2

RPD

R2

La
bo

ra
to

ry
Fi

el
d

MIR Vis-NIR Vis-NIR-MIR

Laboratory Field
RPD R2 RPD R2

MIR 2,14 0,78 1,61 0,64
Vis-NIR 1,93 0,73 1,66 0,65
Vis-NIR-MIR 2,4 0,83 1,98 0,75

RPD = Residual Prediction Deviation
R² = Coefficient of determination
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Principle of soil spectra evaluation 
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FTIR-Spectra

Quantification
(based on calibrations)

Identification
(based on libraries)

Classification
(based on data set)

OPUS QUANT 2 OPUS IDENT

Free spectra libraries & AI 
supported analysis
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