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Empa – The Place where Innovation starts

Materialien in Wechselwirkung mit dem menschlichen Körper
28. 10. 2019, St. Gallen
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Empa - the place where innovation starts

Empa: Our Strategic Focus
The challenges of today’s society
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Challenges of our society

Empa’s Research Focus Area  

"Health and Performance"

Ageing society

Integration of implants, prevention of chronic diseases, accurate dosage of

drugs, predictive (disease) models, merging of big data and mechanistic world
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Acceleration of material development cycles and prediction

Materials

Synthesis

Materials

Processing

Analytics Simulations  

Data Analysis Correlative

high content data high 

through put data

Comprehensive, multiscale & 

multilayer characterization

datanfrom e.g. analytical

imagingn‘omics’-based data
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Health and Performance: 

with innovative materials into a healthy future

bio-responsive

models

Materials meet Life

meet

Materials

Life
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M A T E R I A L S M E E T L I F E

S U R F A C E

S T R U C T U R E

F U N C T I O N  / I N T E R A C T I O N

nm

µm

mm

m

Materials meet life
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PLLA screw to join non-loaded 

bone fragments

PHBV ear

Ti alloy dental implant with 

special surface treatment

Locking compression plate w/ 

locking screws for 12-B2/12-B3 

AO classification fracture

Locking compression plate with 

standard screws for 42-A2 AO 

classification fracture

Internal TAN  pedicular fixation 

system (over 3 vertebrae) 

DLC  coated CCM motion-

preserving spinal disk 

prosthesis

POM bone rongeur with 

compliant joint 

hip joint stem with special 

surface treatment 

ZrO2 hip joint head

Carbon fibre reinforced hip 

protector 

DLC coated knee implant 

(failure case)

DLC coated hip joint head 

(failure case)

Tendon bicomponent fibre with 

P3HBV core & PLA sheath

Cell-seeded polymer graft to 

regenerate the myocardium 

after an infarction

Rolled EAP actuator

Stacked EAP actuator

MedTech

Combining the 

expertise of more than 

10 Empa laboratories
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http://2.bp.blogspot.com/-iiDUh6C29hw/T4ZotSaGwaI/AAAAAAAAFig/JtQ7ym7QB3Q/s1600/frontman.jpg
http://www.google.ch/url?sa=i&rct=j&q=molecule&source=images&cd=&cad=rja&docid=4xqfJ2ScnSWEhM&tbnid=xS53Ox1tUVL_KM:&ved=0CAUQjRw&url=http://sociobytes.com/2013/06/24/sweet-discovery-possibility-extraterrestrial-life/&ei=hcfzUY6oJsm0PMOVgbAJ&bvm=bv.49784469,d.ZWU&psig=AFQjCNGLLxHmepFKM7b4QVwK1800tPKl-w&ust=1375017203621528
http://www.google.ch/url?sa=i&rct=j&q=fibers&source=images&cd=&cad=rja&docid=OLi1XrswdftCLM&tbnid=ULogLDN81duXMM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Melt_electrospun_fibers.jpg&ei=vMXzUeypE8jhPJmagZAH&bvm=bv.49784469,d.ZWU&psig=AFQjCNGzWvw-1QmKLcd_mggSLiDdj6UQeQ&ust=1375016749856755
http://www.google.ch/url?sa=i&rct=j&q=Bicomponent+Fibers&source=images&cd=&cad=rja&docid=XR8sbJEWN6vWzM&tbnid=dYLRhsja3fewKM:&ved=0CAUQjRw&url=http://www.swicofil.com/nonwovenpafiber.html&ei=EsbzUbm1BozGPcfogVg&bvm=bv.49784469,d.ZWU&psig=AFQjCNFzG3yPLd6H0RQq5CRRmGCH4-Wnhg&ust=1375016844720153
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Functionalization

Biomimetic 

Membranes 

and Textiles

High 
Performance

Ceramics

Advanced
Materials

Processing

Joining
Technologies
and Corrosion

Particles-
Biology

Interactions

Advanced
Fibers

Nanoscale
Materials
Science

Applied 
Wood 

Materials

Mechanical
Systems

Engineering

Center for
X-ray 

Analytics

Biointerfaces

katharina.maniura@empa.ch

From Mater ia l s  to B io inter faces

Transport at 
Nanoscale 
Interfaces

11

Surface Analytics @ Empa

TEM/STEM HRSEMHe-SEM

FIB

ToF-SIMS

AFM

7.5 x 7.5 mm2

3D NanoChemiscope

HRXRD

12
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Our approaches: 

Leverage in-house material and biological expertise

13

Membrane suitable for

nanoparticle transfer studies

Image source:s: https://groves.christian.college/2018/08/year-11-biology-stem-project-pig-autopsy/;  https://www.polymersolutions.com/blog/the-polymer-solutions-glossary/; https://www.medline.com/product/30-m-PET-Membrane-Cell-Culture-Inserts-by-Corning/Z05-PF153814/

Personalized Health and Related Technologies

clinical and health

relevance

PHRT

personalized

diagnosis & therapy

‘Omics-screens’
genomics, 

transcriptomics, 

proteomics, 

metabolomics,

…

Analytical 

imaging

Structural 

analysis

Strategic Focus Area Data Science

Database

Swiss Personalized Health Network SPHN

Biomonitoring
physiolomics

Human

samples & 

models

14
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Health and Performence

human

in vitro / ex vivo

model

bioanalytics

& biomonitoring

material

synthesis &

functionalization

modelling &

simulation

omics-

technologies

comprehensive and 

unbiased system 

characterization –

from atoms to the 

macroscale

precision 

healthcare solutions

precision

synthesis

tailored &

functional 

material 

design

analytical &

structural

imaging

multilayer data 

integration

clinical and industrial 

partners
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Aim of the Placenta Research

Determination of ENM physicochemical 

properties which influence placental 

translocation.

ENM: engineered nanomaterials



9

Advanced in vitro placenta models

Strategies to increase predictiveness

Imaging

 Seeing the invisible !

Molecular Structures 

 Where are the atoms ?

Electrospun fibers

Syringe needle 

blocked by plastic parts

Crystal & 

Powder 

structures

Multi-modal concepts

Multiscale

Combined Direct & Fourier space approach

Nanoparticles

Partially ordered 
polymers

18

Phases in 
calcifications

Shoulder

Kidney stones

Whitlockite
Ca9(MgFe)(PO4)6PO3OH)

Apatite
Ca5(PO4)3(OH)

System dynamics (4D) understanding through X-ray 

analytical methods

Artificial heart pump

18

Dimensionality1D  2D 3D + dynamics

MOFs

Smart drug delivery, 

cubosomes

Blood 

clots

HA coated 

implants / 

body 

interactions

18
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1) http://www.colloid.ch/index.php?name=dlvo  2) Derjaguin&Lndau (1937), Verwey&Overbeek (1944)

Due to DLVO theory 

 Van der waals interactons

 Originated from dipolar interactions

 Attractive

 Short range

 Electrostatic Interactions

 Only when charged interactionpartners exist

 Long range

 Surface charge and ionic strength of the media will 

determine the magnitude of these interactions

 Steric interactions

 Depend on kind of surfactants these interactions can be

attractive or repulsive

Introduction
Theory of colloidal stability

Nanostructure characterization

Angular intensity patterns help identify internal 

structures. The three characteristic peaks 

belong to Im3m Cubic Phase!

Detector

Small-angle X-ray Scattering 

(SAXS)

Top view
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The Reciprocity: Size – Scattering Angle

Wide SAXS range

Narrow SAXS range
Large

particles

Small 

particles

SAXS Size Range 

Putnam and Hammel et al. 2007 

Q R Biophysics, 40:191-285

Limit: 

qmin.Dmax ≤ 𝜋
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Experimental
Mixing System

3D-Print Poly Carbonate

Mixing System
Convert Time to position in Microfluidic system

Salt 

Solution

NP 

Solution

Salt 

Solution

X1 - t1 X3 - t3X2 - t2 X5 - t5X4 - t4

Flow Rate
Velocity in 

Capillary

Time for each 

Position

Flow rate 

(μl/min)

Flow rate 

(nl/min)

Fluid velocity in 

capillary (mm/min)

Time for passing the 

whole capillary (hr)

Total sample 

Volume (μl)

Time for each 

measurement (5 points) 

(min)

Time for each 

measurement (5 points) 

(s)

0.493 493 0.157 6.92 5600 83.05 4983.2

1 1000 0.318 3.412 5600 40.94 2456.7
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Low pressure microfluidics pump

Iron salt solution

TEAH solution

X-ray source

Detector

Beam stop

Small Angle X-ray Scattering (SAXS)

Magnetic
nanoparticles

Microfluidics Synthesis

TEAH solution

Experimental setup

Sample chamber

X-rays Source 2D Detector

MF Pump

Microreactor
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Results
Data for NP 1.5 mg/ml- Salt 1 M

28.10.2019 28

Optical detection

Physical Chemical

Bio

 Molecular design of fluorescent 

moieties (e.g., GCDs)

 Synergistic approach for inclusion of 

optical probes in matrix

 Precise insertion of the active matrix 

into textiles
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Light out-coupling by pressure

 Out-coupling of light proportionally to the deformation

 Non-invasive

 Low-cost

 Small

Demonstration

Krehel et al. Sensors, 2013, 13: 11956. 

Quandt et al. Eur Polym J, 2017, 88: 44

28.10.2019 30

Breath monitoring

Krehel et al. Sensors, 2014, 14, 13088-13101.



16

31

Der Brustgurt warnt vor Demenz

Messsystem zur 

Früherkennung von 

Alzheimer

From polymer-fibers to drug release
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Digital twins for drug delivery

Sensing 

biomarkers

Simulation-suggested response = Change in 

membrane permeability 

Forecasting loop to 

predict future state

Specific

patient

Low High

Drug concentration

UPTAKE

Target 

drug level

Pharmacologically-aware digital 

twin

RELEASE

Drug reservoir Electrospun, thermo-responsive membrane 

Temperature sensor

Stratum corneum

Epidermis

Dermis

Material properties via 

Molecular Dynamics

Responsive TDD patch

Our partners in academia, industry and hospitals

34
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René Rossi, Peter Wick, Inge K. Herrmann, Kerda Keevend, Tina Bürki-Thurnherr, Claudio Toncelli, Giuseppino Fortunato,

Riccardo Innocenti Malini, Jakob Schwierdcik, Claudia Cancellieri, Michel Calame, Mahdieh Shakoorioskooie, Amin Sadeghpour,

Anjani Maurya, Neda Iranpour Anaraki, Thijs Defraeye, Ruggero Frison, Robert Zboray, Antonia Neels, ...

Thank you for your attention


