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X-ray diffraction, elemental analysis

Surface analysis

Measurement of light and radiance

Systems for deposition and etchning

Spectral methods

Others



Presenter

Ing. Jakub Horák, Ph.D.

- Doctoral studies in physical chemistry (FCH BUT)

- Sales manager for a wide portfolio of methods and applications

- Experience in research and application for materials from life science 

to space research.
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Hlavní partneři Our partners



Měřicí technika Morava s.r.o.
• Layers, coatings, thickness (in-situ, ex-situ) 

– XPS, PVD, CVD, PE/PACVD, ALD, MBE, Elipsometry…

• Surface/material analysis
– (bio)AFM, nanoindentation, tribology, optical and mechanical profilometry, 

tabletop SEM, 3D XRM/mCT/nCT

• Elemental analysis
– XRF, XRD, mXRF, tXRF, (GI-)SAXS, EM detectors

• NMR and EPR
• Thermal and mechanical analysis

– TGA, TMA, DSC, ITC, rheology, DMA, …

• Spectroscopy
– UV/VIN/NIR

• Others
– GloveBoxes, GMS/SPS, grind/melt/press, XRF accessories,…



New website



AFM

– Dimension XR

– nanoIR/AFM-IR



nDMA



AFM-IR
AFM community IR spectroscopy community

What the 
heck is that?

It’s too 
small!
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Combine the best of both worlds!
• Nanoscale IR chemical analysis with sub-10 nm spatial resolution

• Rich, interpretable spectra directly correlates to FT-IR

• Chemical composition & nanoscale property mapping

• Monolayer sensitivity!

• Excels for polymers, life sciences, organic materials PS-co-PMMA Copolymer
2µm x 2µm

1492 cm-1 1730 cm-1
Composition map



AFM-IR



Two complementary Nanoscale IR techniques

Sub-20 nm optical microscopy

Mapping of complex optical properties

Excels for inorganics, 2D materials, photonics

Analogous to FTIR

Analogous to IR ellipsometry

<10 nm spatial resolution

Direct IR absorption spectroscopy & 
chemical imaging

Highly interpretable spectra

Excels for polymers, life sciences



Current AFM-IR product family

100 Hz
2.5 s

Cover future needs with the most expandable AFM on the planet
Choose IR-Ready Icon and add full nanoIR capability at any time

670 – 4000 cm-1800 – 3600 cm-1

Multiple lasers



New Dimension IconIR

The IconIR system provides

• Highest performance IR spectra with FTIR correlation

• Chemical imaging with <10nm resolution

• AFM-IR monolayer sensitivity

• Plus all the good stuff of Dimension Icon

100 Hz
2.5 s

<10 nm chemical imaging spatial 
resolution & monolayer 

sensitivity

High performance, sensitive, 
AFM-IR spectroscopy with 

correlation to FTIR

nanoscale property mapping 
and correlative microscopy

Cover future needs with the most expandable AFM on the planet
Choose IR-Ready Icon and add full nanoIR capability at any time



PS-P2VP block copolymer

RGB Overlay

(Image Size: 1 µm x 1 µm)

Height

PS (1492 cm-1)

P2VP (1590 cm-1)

P2VP
PS

10 
nm

Intensity profile

Chemical characterization of PS-P₂VP block co-polymer sample by Tapping AFM-IR. (a) 
Tapping AFM height image; (b) Tapping AFM-IR spectra clearly identifying each chemical 
component; (c) Tapping AFM-IR overlay image highlighting both components (PS@ 1492 and 
P₂VP@ 1588); (d) Profile cross section highlighting the achievable spatial resolution, 10 nm. 
Sample courtesy of Dr. Gilles Pecastaings and Antoine Segolene at University of Bordeaux.
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Characterization of bone growth

Gourion-Arsiquaud S et al., 2014, 95, 413

increasing

decreasing
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Nanoscale chemical imaging of individual chemotherapeutic 
cytarabine-loaded liposomal nanocarriers using Tapping AFM-IR 

Drug-loaded liposomes
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From: Wieland et al, Nano Research (2019), 9, pp.197-203



Perovskite Solar Cell: Evidence of (CH3NH3)+ Electro-Migration 
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Surface Sensitive AFM-IR

Quantitative Estimation of Surface Sensitivity

Surface Sensitive AFM-IR (green) is contrasted against Resonance 
Enhanced mode (blue). 

Surface vs Volume Probing Technique

Surface Sensitive AFM-IR versus Resonance Enhanced mode 
of a Thin (<50 nm) polymer film on a thick (>20 um) polyimide 
surface

Thick polymer

Thin polymer 
(top layer)
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nanoIR3 Fluid – AFM-IR in Liquid



Nanoindentation



Nanoindentation



Hysitron TI 990 TriboIndenter 

12 indents per second!



Hysitron TI 990 TriboIndenter 

12 indents per second!



Additional in-situ testing techniques

• Mechanical + Electrical 
Biasing

• Mechanical + Heating
– Tip & Sample Heating up to 800°C

– Environmental control

• Dynamic Loading
– Fatigue Cycling or Continuous Stiffness

Measurement During Testing

200mN Indents on Silicon

23°C 400°C 800°C

Electrical
Push-to-Pull (E-PTP)



Nanoindenter for EM



BioSoft

Transform Your 
Optical Microscope 

into a Powerful 
Biomaterials Test 

System



Life Science







GloveBoxes from Inert
• Complete solution for your lab

– AFM

– NI

– XPS

– many more

• GMS, SPS,…
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• High-resolution 3D X-ray Microscopy

3D X-Ray Microscopy (XRM)
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EM detectors

• EDS – S(T)EM, TEM

• WDS

• EBSD

• XTrace2

• FlatQuad

• PI series
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BioAFM



© 2021 Bruker ||



© 2021 Bruker ||

Benefits of AFM in Life Science
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Benefits of AFM in Life Science

▪ Near native sample conditions

▪ in any liquid (cells, proteins, DNA, hydrogels...)

▪ no sample modifications/preparation artifacts

▪ controlled environment (sample holders/accessories, temperature, CO2)

▪ Straightforward solution

▪ easy/ready to use, high quality data processing for everyone

▪ Sophisticated Design

▪ biocompatibility (sterile working, safe working in liquid)

▪ Tip scanner, optical access, ...

▪ Combination with advanced optical techniques, micropipettes, FluidFM...

▪ complementary information

▪ Dynamic processes – within reach

▪ Up to 50 frames/s standalone

▪ Up to 14 frames/s correlative

566/17/2024Innovation with Integrity
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Correlative AFM in Life Science
Inverted microscope configuration

• Zeiss, Leica, Olympus, Nikon

• Confocal laser scanning microscopes

• TIRF, FLIM, FRET, FCS, STORM, STED,...

• Raman spectroscopy (TERS)

               Upright configuration

• Upright microscope combination 
(Zeiss, Olympus, JPK TopView)

• Raman

• Other optical spectroscopy

AFM and confocal LSM

AFM with top view CCD 
optics

AFM and upright high NA optics
AFM with upright 
fluorescence
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Correlative AFM in Life Science

AFM and confocal LSM

Pictures: 
1Lau et al. 2008; Biophys J. 102: 2926-35 
2Bates et al. 2007; Science 317:1749-53
3ImageJ program
4http://www.microscopy-uk.org.uk

Atomic force microscopy

Optical microscopy

Super-resolution microscopy

STORM

Fluorecence

atomic mica

DNA (major 
minor groove)

virus bacterium cell

1centriole protein 2microtubules, 
clathrin-coated pits

3cells
4stomage tissue 
section (dog)

1 nm 10 nm 100 nm                  1 µm                 10 µm 100µm
1mm
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Application of AFM to study structure, 
forces and dynamics

AFM and confocal LSM

Studying Adhesion / Mechanics

Cell Morphology / Membrane Processes

Single Molecule Dynamics

Matrix Protein Fibrillogenesis

2

3

4

5

6

1

1 Dufrêne YF, MBio 5(4) (2014) e01363-14 2 Gonnermann C et al., Integr Biol 7 (2015) 356-363

4 Stamov DR et al., Ultramicroscopy 149 (2015) 86-943 Dufrêne YF, Nat Methods 8 (2) (2011) 123-127 5 Sample courtesy of A. Hermann group, HU Berlin, DE 6 Sample courtesy of D.J. Müller group, ETH Zürich, BSSE Basel, CH

▪ Imaging topography and dynamic changes.

▪ Adhesion forces

▪ Nanomechanics
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▪ Single-molecules: 

▪ DNA-mechanics (stretching), DNA-protein interactions.

▪ Motor-proteins tracking and force generation.

▪ Protein folding/unfolding studies, RNA-hairpins etc.

▪ Enzyme-substrate, protein-ligand interactions.

▪ Living Cells:

▪ Virus-cell, bacteria-cell, bacteria-bacteria interactions.

▪ Cell mechanics, indentations, membrane tethers, membrane rafts

▪ Cell immunology, especially combined with AFM.

▪ In-cell manipulations and measurements, cell manipulations etc.

▪ Materials research:

▪ Micro-rheology: properties of liquids, polymer networks, 
water-gels

▪ Surface interactions: coated beads, polymer brushers etc.

▪ Biopolymer mechanics (collagen fibers)

▪ Emulsions: oil droplets, lipid liposomes etc.

OT - NanoTracker 2
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OT-AFM: the best of three worlds
Optical tweezers, AFM and Light Microscopy

ConnectorStage

AFM stage

AFM head

Illumination

OT
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OT-AFM: the best of three worlds
Optical tweezers, AFM and Light Microscopy
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Latest partnership
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TA Instruments
A leading manufacturer of instruments for thermal analysis, rheology, microcalorimetry, 
dilatometry, thermal conductivity, flash diffusivity, mechanical testing, dynamic mechanical 
analysis and rubber testing

• Binding affinity, specificity, and stoichiometry (ratio) to the molecular target

• Structure stability, and Solvent environment stability.

• Lead APIs, excipients, and impurities 

• Native tissue, biomaterials, sub-components, complete devices
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TA Instruments
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TA Instruments



Thanks for your attention!

Feel free to contact me:
jakub.horak@mt-m.eu
+420 730 896 958
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