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• organic chemistry is the basis of polymer science and son majer research 

• organic chemistry deals with molecular compounds of carbon 

• carbon is always tetravalent 

• carbon can ajain different hybridiza@on states, coordina@on geometries 

• carbon forms single, double, triple bonds to other carbons and heteroatoms 

• therefore, a vast array of binding op@ons, molecular geometries 

• carbon is always tetravalent



1.1  Organic Chemistry & Son Majer Research



The Role of Organic Chemistry for Everyday Life
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lipids carbohydrates proteins

odorants pharmaceu@cs food & consumer goods



Ritchie, Nature Mater. 2015, 14, 23

Examples of Natural Polymers: Polysaccharides
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• biomaterials: hierarchical structures on different length scales for op@mized performance
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Examples of Natural Polymers: Pep@des
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• proteins are defined macromolecules formed by concatena@on of amino acid repeat units

• Primary Structure 

defined macromolecule from 20 amino acids 

• Secondary Structure 

3D form of local segments (α-helices, β-sheets) as the 
result of defined paHerns of hydrogen bonds 

• Ter@ary Structure 

geometric shape of the protein as result of supramolecular 
interac:ons between the amino acid side chains (hydrogen 
bonds, S–S bonds, electrosta:c and van der Waals 
interac:ons) 

• Quaternary Structure 

aggrega:on of mul:ple proteins into mul:-unit complex



 Scheibel, Polymer 2008, 49, 4309.

Nanostructure and Proper@es of Spider Dragline Silk
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• spider silk’s high specific toughness due to hierarchical structures on different length scales

Material
Strength Toughness S:ffness Energy at Break Extensibility

σmax / GPa 103 kJ m–1 GPa kJ kg–1 εmax / %

Spider Silk 1.1 160 10 100 27

Nylon 1 80 15 18

Kevlar 3.6 50 100 30 3

Steel 1.5 6 200 1 1

Rubber 0.001 10 1000

10–50 nm

5–10 nm

4 nm

2 nm

crystalline nanofibrils 
alanine-rich segments 
stacked β-sheet tapes

string of beads 
GAGA-rich segments 
single β-sheet tapes

flexible matrix 
glycine-rich segments 
random coil, 310 helix

fiber axis



The Role of Organic Chemistry for Technology
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oil industry refinery industry base and fine chemicals

crop protec@on pharmaceu@cs new materials



Polymer Materials & Sustainability



Mühlhaupt, Angew. Chem. Int. Ed. 2004, 43, 1054. 

Polymer Science

23

1922 Defini@on of the term “polymer” by Hermann Staudinger 

1953 Nobel Prize for Hermann Staudinger (concept) 

1963 Nobel Prize for Karl Ziegler and Giulio Naja (olefin polymeriza@on) 

1974 Nobel Prize for Paul J. Flory (polymers in solu@on) 

1991 Nobel Prize for deGennes (phase transi@ons) 

2000 Nobel Prize for Heeger, MacDiarmid, Shirakawa (conduc@ve polymers) 

2005 Nobel Prize for Grubbs, Schrock, Chauvin (Olefin Methathesis)

Natural Polymers Semi-Synthe@c Polymers Synthe@c Polymers

bio-based fossil-based



Major Applica@ons of Plas@cs
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Image © Mohamed Abdulraheem

Sustainability Challenges of the Plas@cs Industry
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• This is not a regular landfill but the Thilafushi waste disposal site, a beach on the Maldives !



Sustainability Challenges of the Plas@cs Industry
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• continued plastics proliferation driven by low cost, light weight, performance, durability, design freedom 

• plastics production doubles every 15 years, has produced 6.3 billion tons of plastic waste to date 
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• plas@c waste and microplas@cs pollu@on are among the most serious challenges faced by mankind  

• linear produce-use-discard model needs to be transfomed into a circular plas@cs economy 

Heinrich-Böll-Stiftung, Plastikatlas, 2019; The Pew Charitable Trust & SYSTEMIQ, Breaking the Plastic Wave, 2020; CIEL, Plastic & Climate, 2019. 



Awareness for the Plas@c Waste Crisis Is Growing
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MacLeod et al., Science 2021, 373 (6550), 61–65.

Plas@cs Weathering and Degrada@on

28

biological weathering processes discussed below
render the surface more susceptible to fragmen-
tation by mechanical forces (10)—for example,
during movement across river beds, repeated
washing ashore in coastal areas, and freeze-
thaw action in soils. The increase in surface area
that occurs as plastic fragments into micro- and
nanoplastic particles also facilitates the release
of chemicals present in the plastic material,
including additives, residual unpolymerized
monomers and oligomers (10), and degrada-
tion products of the plastic polymer itself
(37). Thus, over time, plastic in the environ-
ment produces an increasingly diverse lineage
of small particles and chemicals that are more
mobile and accessible for uptake into wider
ranges of biota than thematerial that originally
entered the environment.
Synergistic biological weathering starts even

before the fragmentation process is initiated
(Fig. 2). Within hours of entering a river, lake,
ocean, or likely also soil, an “eco-corona” of
organic matter and microorganisms forms
around plastic particles, ultimately leading to
colonization of the plastic surface that occurs
within days (38). These so-called biofilms
affect the fate of plastic pollution in diverse
ways. They can favor colonization by sessile
organisms, excrete extracellular enzymes that
break down the plastic surface, and form ex-
tracellular polymeric substances that facil-
itate aggregation. Biofilms also lead to the
alteration of buoyancy as described above, pro-
vide an additional sorption phase for chemicals,
and slow down the sorption/desorption kinetics

of chemicals. By shielding the particle’s surface
from ultraviolet radiation and other factors that
facilitate weathering, biofilms decrease rates of
fragmentation.Uptake of plastic particles coated
with biofilm is also enhanced when selective
feeders mistake them for food. After ingestion,
weathering of plastic may continue because par-
ticles can fragment in the digestive system (39).
Considering how environmental properties

influence plastic weathering (6, 10, 12, 35), it
is possible to rank how rapidly weathering
likely proceeds in the accumulation zones in
Fig. 1. The most rapid weathering likely oc-
curs on the ocean surface (Fig. 1A), driven by
direct exposure to sunlight, mechanical forces
(wind, waves), and temperature variations.
Plastic in surface soils (Fig. 1D) also has direct
exposure to sunlight and a high concentration
of active biological organisms. Weathering rates
likely decrease with increasing depth in the wa-
ter column (Fig. 1, B and C) and in deeper soils
and sediments that plastics reach through tilling
and bioturbation (Fig. 1D). Degradation of
plastic within the body (Fig. 1E) is possibly
dependent on the presence of suitable enzymes,
their specific location in tissues, and excretion
rates within the gastrointestinal tract, but this
remains a research frontier.

Potential impacts of global plastic pollution

Conventional ecotoxicological risk assessment
(comparing measured or predicted levels in
the environment to toxicological effect thresh-
olds derived from standard tests) indicates that
plastic currently poses a risk to only a small,

although likely increasing, fraction of the global
ocean (40). However, the limitations of current
ecotoxicological risk assessment applied to plas-
tic are numerous [e.g., (41)]. The forms of plastic
pollution that induce toxic effects, and thus the
relevant exposure concentrations, are unknown,
although they may already exceed proposed
impact thresholds in hotspots (40, 42). Exposure
concentrations of small plastic particles are
likely underestimated because of the continu-
ous fragmentation ofweathering plastic and the
scarcity of reliable measurements, especially for
nanoplastic. Considered in a broad context, the
potential impacts of accumulating and poorly
reversible plastic pollutionof the global environ-
ment are wide-reaching, encompassing both
geophysical and biological impacts, and could
put added pressure on ecosystems already ex-
posed to multiple stresses (Fig. 3A).

Geophysical impacts

Plastic pollution can influence the global car-
bon cycle both directly and indirectly. The di-
rect effect is due to the small but non-negligible
fraction of the 280 million to 360 million met-
ric tons of fossil carbon converted into plastic
per year (43) that degrades or is industrially
converted (e.g., by incineration or landfilling) to
carbon dioxide, methane, and other greenhouse
gases. Even if the world completely ceases to use
fossil fuels, emissions of greenhouse gases from
plastic degradation and waste management
will continue for centuries. However, indirect
effects of plastic on the carbon cycle through
effects on the homeostasis of the marine
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Increasing
complexity,
exposure,
mobility

Integration
into natural
organic
matter

Fragmentation and release of chemicals

Biofouling and oxidation

Plastic particles Microplastic Nanoplastic Oligomers Soluble or volatile chemicals

Weathering (by enzymes, wave action, UV light)

Eco-corona Bio!lm Mechanical and oxidative 
breakdown

Aggregates Fecal pelletsE

Fig. 2. Weathering processes of poorly reversible plastic pollution in the environment. Weathering proceeds along two co-occurring and synergistic pathways of
fragmentation and release of chemicals, and biofouling and oxidation.
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Plas@cs in The Earth System
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REVIEW

Plastics in the Earth system
Aron Stubbins1,2*, Kara Lavender Law3, Samuel E. Muñoz1, Thomas S. Bianchi4, Lixin Zhu5

Plastic contamination of the environment is a global problem whose magnitude justifies the
consideration of plastics as emergent geomaterials with chemistries not previously seen in Earth’s
history. At the elemental level, plastics are predominantly carbon. The comparison of plastic stocks and
fluxes to those of carbon reveals that the quantities of plastics present in some ecosystems rival
the quantity of natural organic carbon and suggests that geochemists should now consider plastics in
their analyses. Acknowledging plastics as geomaterials and adopting geochemical insights and methods
can expedite our understanding of plastics in the Earth system. Plastics also can be used as global-scale
tracers to advance Earth system science.

H
umanity, through its development of
novel chemical reactions and the sheer
magnitude of its activities, is having an
ever-growing impact on Earth’s elemen-
tal cycles. Through this great accelera-

tion (1), we have ushered in a newage inEarth’s
history: the noosphere or Anthropocene (2, 3).
This is anage inwhich the trajectory of theEarth
system is shaped as much by humans as by all
other life (4) and in which we are increasingly
conscious of our role in modifying the global
environment and of our potential to influence

Earth’s future. Plastics, a suite of synthetic
polymers, are exempla of this new age. Just
as fossils indicate when different life-forms
emerged, preserved plastics will provide a geo-
logical record of humanity’s rise to global prom-
inence (4). It has become clear that plastics
are an emerging contaminant that may harm
organisms and ecosystems not adapted to their
presence. Numerous reviews present the poten-
tial deleterious effects of plastics (5–9). Here,
instead, we discuss plastics as an emergent
carbon-based geomaterial—specifically, a new
form of anthropogenic detrital, nonliving OC.
We discuss plastic distribution, transport, and
eventual loss from the Earth system; how con-
tamination of environmental samples byplastics
might affect OC studies; how applying concepts
and methods from the geosciences might accel-
erate our understanding of plastics; and how
the study of plastics may advance fundamen-
tal biogeochemical knowledge.

The plastic-carbon cycle
Biogeochemistry details the cycling of elements
at scales ranging from the organismal to the
planetary. Arrowdiagrams candetail elemental
stocks, sources, fates, and transformations (Fig. 1).
The cycling of one specific element, carbon, is of
particular biogeochemical and societal signifi-
cance. Organic carbon (OC) fuels life and forms
the elemental backbone of biomolecules. Use
of OC stored in fossil fuels drives our economy,
provides raw materials for the production of
most plastics (6), and iswarming the planet (10).
Thus, in concurrence with a growing literature
(11, 12), we present plastics as an emergent com-
ponent of Earth’s carbon cycle.
Different polymers have different carbon con-

tents, depending on their elemental compo-
sition (Table 1). Furthermore, additives and
processing in the environment may modify
plastic carbon content. For instance, oxidation
adds oxygen and noncarbon mass to plastics
(13, 14). Therefore, precise conversion of plastic
mass to plastic-carbon (plastic-C) will require
knowledge of the contributions that different
polymers make to each global stock and flux,
plus empirical measurements of polymer car-
bon content in the environment. The carbon
content of materials is usually determined
by elemental analysis, but these analyses are
rare for environmental plastics. One study
reported homogenized microplastics from
North Pacific Gyre surface waters to be 83%
carbon by mass (14), a percentage we adopt
here to calculate the carbon content of plastic
mass. As plastic production and disposal have
presumably increased since the data reviewed
in this paper were collected, our estimates of

PLASTICS
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Fig. 1. The global plastic-carbon cycle circa 2015. Black
arrows represent fluxes of plastics between compartments.
Blue fluxes represent processes that remove plastics
(e.g., incineration to carbon dioxide, or photodegradation to
oligomers). References for plastic mass values are
shown in parentheses. Plastic-carbon values are calculated
as 0.83 times plastic mass (15). Question marks indicate
plastic-carbon cycle terms without published estimates.
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landfills. However, landfills and dumps are
important to study as hotspots of plastic-C ac-
cumulation on Earth; as regions of potential
plastics erosion and export; to understand the
ecological and geomorphologic implications
of plastics being a major geomaterial in an
ecosystem; and as crucibles forging plastic-
degrading life-forms. Plastics enter other soils
as mismanaged waste and in sewage-derived
fertilizer (40). Plastic mass in soils remains
poorly constrained and has not been com-
pared with total soil OC within any single sam-
ple. In lieu of these data, we compare the scant
data on plastic mass in soil to OCmeasured in
similar soils. In Swiss floodplain soils, this
gives an estimated plastics contribution of 0.1
to 0.6% (41, 42), whereas plastics may domi-
nate OC stocks in industrially contaminated
soils (43) (Table 2). Addition of plastic-carbon
to soils may lead to overestimates of OC accu-
mulation and radiocarbon ages. Plastics in soils
can alter soil aggregation and larger items may
alter flow paths, influencing the formation,
stability, and hydrology of soils (22). The de-
crease in soil density when adding plastics can
promote plant growth, whereas leaching of
additives may harm plants (22). Thus, changes
to carbon loading, soil structure, hydrology,
and chemistry in soils amended with plastics
will likely alter biogeochemical cycles, includ-
ing primary production and nutrient cycling
(22). Whether these effects are significant out-
side of heavily impacted systems is unclear.

Plastics in the atmosphere

Micro- and nanoplastics (Fig. 2) are found
throughout the atmosphere, including in the
air we breathe (44). Atmospheric studies of
~50- to 5000-mm particles indicate that plas-
tics at the smaller end of this range are most

numerous. Deposition is high near urban and
industrial sources (44), but the low density of
plastics compared with natural dust facilitates
their long-range transport (45). Spatial patterns
in the sizes, shapes, and chemistries of de-
posited plastics and how they covary with
atmospheric conditions offer insight into the
distribution and sources of plastics in the at-
mosphere. However, current knowledge is in-
sufficient to allow plastics to be incorporated
into atmospheric transport and chemistry mod-
els. Such studies are required to understand the
atmospheric fate of plastics and how plastics
affect air quality and planetary albedo.

Plastics in inland waters

Plastics can enter inlandwaters asmismanaged
waste from land, as direct inputs (e.g., discarded
fishing equipment), and through the erosion of
soils, landfills, and in-use plastics (e.g., build-
ings) (6). Once entrained, plastics can settle out
and accumulate in sediments whenwater slows
(e.g., in reservoirs) (46), be degraded in thewater
column, or be exported to sea (47). Empirical
data for the mass of plastics exported by rivers
remain limited. However, a risk analysis esti-
mated that 1.0 to 2.0 Tg plastic-carbon is carried
through rivers to the sea annually (47) (Fig. 1).
This equates to 0.2 to 2.0% of global riverine
fluxes of particulate organic carbon (POC) (10)
but varies for individual rivers (Table 2). For
instance, although the Amazon River is esti-
mated to carry the seventh-largest load of river-
borne plastics (47), plastics equate to <1%of POC
in this massive river (48). By contrast, small, ur-
banized rivers (e.g., the Brantas) may export
more plastics than biogenic POC (Table 2)
(47, 49). The Brantas drains a catchment >500
times smaller than the Amazon yet exports a
greater mass of plastics (47). Thus, the contri-

bution of small, urbanized rivers to global plastic
export appears oversized compared with their
drainage areas. Addition of plastic-C may also
alter the fluxes, chemistry, and apparent ages
of OC in rivers.

Plastics in the ocean

Sources, stocks, and sinks of plastics are not
yet reconciled at sea. Sources include rivers,
other coastal inputs, atmospheric deposition,
and direct inputs (e.g., jetsam, flotsam, and der-
elict). A risk analysis suggests that 4.0 to 10.5 Tg
of plastic-carbon entered the oceans in 2010
(50) (Fig. 1). About 40% of plastics entering
the ocean are expected to sink on the basis of
polymer type (51). Hotspots of sinking plastic
accumulation have been identified in coastal
and deep ocean sediments (52, 53). However,
global estimates of plastics inmarine sediments
do not exist. The other 60% of plastics entering
the oceans should float initially. Floating plas-
tics are usually sampled in the upper 0–10 cm
to 0–100 cm of the ocean using tow nets that
capture particles larger than ~300 mm (8). Es-
timated standing stocks of surface plastics total
0.07 to 0.20 Tg-C (54). According to estimates
of inputs and stocks, <10% of buoyant plastics
entering the oceans each year are found afloat
at sea. This accounting gap may result from
overestimated inputs; underestimates of float-
ing plastics (net tows only sample the upper
meter of the ocean and mainly collect micro-
plastics); and the loss of floating plastics from
surface waters via photodegradation, shore-
line deposition, consumptionbymarine life, and
sinking due to aggregationwith POC, egestion
in fecal pellets, or biofouling (8).
In contrast to surface plastic sampling, oceanic

POC is usually sampled at depths >1 m by pre-
filtering to remove zooplankton (>202 mm in
size) and then filtering through sub-micrometer
filters to collect POC (Fig. 2) (55). Acknowledging
these differing approaches, we compare plastic
and POC concentrations in subtropical gyre
surface waters where ocean physics drive the
accumulation of plastics (8). In theNorth Pacific
Subtropical Gyre, areal surface concentrations
of 500- to 5000-mmmicroplastics sampled from
the upper 15 cm of the water column ranged
from 0.03 to 34 kg km−2 (51), which equates to
a per-volume carbon concentration of 0.1 to
21.9 mg-C liter−1 (average: 4.7 mg-C liter−1). POC
concentrations in the upper 5 m of the North
Pacific at Station ALOHA average 26 ± 7 mg-C
liter−1 (50). Assuming microplastics and POC
were sampled as distinct fractions, microplastic-
carbon may make up 0.1 to 57% (average: 15%)
of the total particulate nonliving OC in surface
waters of the North Pacific Subtropical Gyre
(Table 2). The variation in this range illustrates
thepatchiness ofmarinedebris,while theupper
estimate and average highlight the potential
significance of plastic-carbon at the ocean’s
surface. An abundance of plastics at the sea
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a + (b × years since 1950) + ( c × years since 19502) + (d × years since 19503)
Parameter       Value             SE
a: Intercept
b: Slope
c: Quadratic
d: Cubic

–0.0134
0.0048
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2.335 × 10–5
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Fig. 3. Accumulation of plastic-carbon in the Earth system. Accumulation of plastic up to 2015 calculated
as production minus incineration (15). Projected accumulation calculated assuming current trend (cubic
growth) for plastic accumulation will continue into the future. The cubic model had the lowest Akaike
information criterion of models in JMP. Actual future plastic-carbon accumulation will depend on hard-to-
predict socioeconomic factors. Biomass numbers refer to living biomass.
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Nature Geoscience 2019, 12, 339; PlasQk Atlas 2019.

Plas@cs Produc@on, Waste, and Pollu@on

31

• plas@cs produc@on keeps growing, follows a linear value chain  paradigm 

• global produc:on 335 Mt in 2016, 60 Mt in Europe 

• 40% for packaging, will double un:l 2034 

• plas@cs waste & pollu@on are major socioeconomic challenges 

• global recycling rate stagnates at 14% 

• 40% ends up in landfill,10% enters the ocean 

• microplas@cs pollu@on is a global environmental desaster 

• atmospheric transport to remote areas 

• infiltra:on of the en:re food chain 

• a solu:on requires a rethinking of the recycling system and economy



Current Commodity Plas@cs and Recycling

32

• Challenge: reduced set of polymer materials and components must be adapted to the broad range 
of processing requirements and final product performance solu@ons they are intended to replace ! 

packaging plas@cs produc@on 
39% of all plas:cs, 255 bn USD

global plas@cs  produc@on 
460 Mt, 593 bn USD

others

< 0.1% bioplas:cs < 1% bioplas:cs

• EU Legisla@on: all packaging plas@c reusable or recyclable by 2030 ! Reduce, Reuse, Recycle ! 
• efficient recovery, sor@ng, separa@on and recycling require reduced set grades, components

PE

PA

PP

PET (1%)
PTT

starch

PHA

PLAPBS

PBAT

bio-sourced 
not degradable

biodegradable

global market bioplas@cs (2021) 
2.6 Mt

PE 
18%

PP 
22%

PVC 
10%

PET 
7%

PS 
7% others 

5%

rPET 50%

rPP 3%

rPE 2–5%

rPS <1%

EASAC, Packaging Plastics in the Circular Economy, 2020.



Systems View of the Circular Plas@cs Economy
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• addressing the plas@c waste crisis requires changes at systems level involving many stakeholders
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Polymers & Son Majer at the Ins@tute of Materials 



Ashby, Shercliff, Cebon, Materials: Engineering, Science, Processing and Design, Elsevier, 2018.

“Everything is Made of Something”
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Synthesis & Processing

Structure

Materials Proper@es

System Performance

• diversity and interdisciplinarity are inherent and paramount to the field of materials science, which 
is also populated by researchers from physics, chemistry, biology, and engineering

• materials science is in many ways a foundational discipline for all other fields of science & engineering



The Future of Materials Science
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Synthesis & Processing

Structure

Materials Proper@es

System Performance

Sustainability

Computa@ons, Data & AI

• our vision of the future of materials science emphasizes the convergence of synthe@c & biological 
worlds, and in par@cular the major role of sustainability and digital technologies

• materials science is evolving and needs to respond to societal and technological challenges



EPFL Ins@tute of Materials
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• consistently ranking in the top 10 materials science departments since 2018 ! 

• world reputa@on in son, construc@on, and quantum materials, as well as modeling & computa@ons

• materials science at EPFL is a diverse, well-balanced and thriving scien:fic community ! 

1 MassachusseHs Ins:tute of Technology USA
2 Stanford University USA
3 University of Cambridge UK
4 Harvard University UK
5 University of California, Berkeley (UCB) USA
6 Nanyang Technological University, Singapore (NTU) Singapore
7 University of Oxford UK
8 EPFL CH
9 Imperial College London UK

10 Tsinghua University China
11 ETH Zurich CH
12 Na:onal University of Singapore (NUS) Singapore
13 Georgia Ins:tute of Technology USA
14 California Ins:tute of Technology USA
15 Northwestern University USA

QS World University Rankings 2023 
Materials ScienceFaculty Faculty Gender Balance

20

8

40%

25%

full

associate

assistant

male

female



Son Majer Ac@vi@es at the Ins@tute of Materials
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Laboratory of Mechanical Metallurgy (LMM) 
Laboratory of Construction Materials (LMC) 
Polymers Laboratory (LP) 
Tribology and Interfacial Chemistry Laboratory (TIC) 
Laboratory of Semiconductor Materials (LMSC) 
Laboratory of Organic and Macromolecular Materials (LMOM) 
Supramolecular Nanomaterials & Interfaces Laboratory (SUNMIL) 
Laboratory of Theory and Simulation of Materials (THEOS) 
Laboratory of Photonic Materials and Fibre Devices (FIMAP) 
Laboratory of Computational Science and Modelling (COSMO) 
Laboratory of Thermomechanical Metallurgy (LMTM) 
Soft Materials Laboratory (SMAL) 
Laboratory of Nanoscale Magnetic Materials & Magnonics (LMGN) 
In Situ Nanomaterials Characterization with Electron (INE) 
Laboratory for Processing of Advanced Composites (LPAC) 
Programmable Biomaterials Laboratory (PBL) 
Laboratory for Sustainable Materials (SUMA) 
Laboratory for X-ray Characterization of Materials (CAM-X)

Andreas Mortensen 
Karen Scrivener 
Harm-Anton Klok 
Stefano Mischler 
Anna Fontcuberta 
Holger Frauenrath 
Francesco Stellacci 
Nicola Marzari 
Fabien Sorin 
Michele Ceriotti 
Roland Logé 
Esther Amstad (PATT) 
Dirk Grundler 
Vasiliki Tileli (PATT) 
Véronique Michaud 
Maartje Bastings (PATT) 
Tiffany Abitbol (PATT) 
Marianne Liebi (PATT)



Son Materials Laboratory (SMAL, Esther Amstad)
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• SMAL focuses on using polymers for compartmentaliza@on and microstructure control

Early Stages of Crystallization Capsules from Self-assembled Block Copolymers

200 μm

100 μm

water/oil/water 
double emulsion

vesicle

self-assembly upon drying

heat

5 nm 5 nm 5 nm

heat

microfluidic spray drier spray dried nanoparticles

crystallization



Laboratory of Advanced Composites (LPAC, Veronique Michaud)
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• fundamentals of polymers and composite materials processing 

• surface and interfaces (bioinspired surfaces, adhesion and bonding) 

• LPAC focuses on the fundamentals of composite and hybrid materials processing

Bioinspired self-cleaning and 
wear-resistant surfaces
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Synthetic yellow rose petal surface 
with pepper grains

Biodegradable foams for medical 
applications

SandwichesAgilis project: composites, injection 
molded polymers, foams

TextilesFlax Power Ribs (Bcomp)



Polymer Laboratory (LP, Harm-Anton Klok)
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• pep@de/protein-based polymer materials and hybrid materials for polymer therapeu@cs 

• surface-ini@ated polymeriza@on and polymer brushes for microarrays, chemical sensing 

Precision Polymer SynthesisPolymer Surfaces & Interfaces Polymer Bioconjugates



Laboratory of Macromolecular and Organic Materials
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organic semiconductor 
nanostructures

hierarchically structured 
supramolecular materials

carbon nanomaterials 
at room temperature
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• control of the balance of order and disorder across length scales to tailor structure and func@on

• universal supramolecular approach to control diverse func:ons in different materials classes



From Molecular Design to Materials and Devices
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molecular design & synthesis

synthe:c chemistry, 
NMR, MS, MALDI

physicochemical characteriza@on

UV/vis/NIR, CD, fluorescence, 
IR, Raman, ESR, DLS, CV

materials processing

extrusion, drawing, blowing, 
injec:on molding, microfluidics

materials characteriza@on

AFM, TEM, SEM, SAXS, WAXD 
rheology, DMA, mechanical tes:ng

device fabrica@on
damping structures, railpads,  

food containers, OFETs 

device tes@ng & applica@ons

damping, acous:cs, barriers, 
packaging, recycling, degrada:on



Poly(ε-caprolactone) (PCL) - A Biodegradable Alipha@c Polyester
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• PCL has limited engineering applica@ons due to poor thermal, rheological & mechanical proper@es
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• polyethylene-like proper:es 

• petroleum-based or bio-based 

• hydroly:cally cleavable ester groups 

• FDA-approved 

• implantable biomaterial 

• biodegradable



End Group and Addi@ve Co-Assembly
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• tailorable property profiles based on supramolecular networks independent of molecular weight

reinforcing addi:ve using the 
same supramolecular mo:f

high molecular weight polymer with 
ditopic hydrogen-bonded end groups

co-assembly into reinforced 
nanofibril aggregates

• problem: high polymer molecular weight and end group aggrega:on are mutually exclusive 

• solu:on: reinforcement by co-assembly of ditopic polymer end groups and a matching addi:ve

without addi@ve: 
poor network forma@on



tailored melt 
strength & elas@city

materials 
orienta@on

Supramolecular Modifica@on for Tailored Melt Proper@es and Product Performance
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PLLA

new nanofibril 
phase regime

P1/A PCL/A PLLAP1/A1 PLLA

new / improved 
processing op@ons
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Learning Outcomes
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• organic chemistry is the basis for polymer science and son majer research 

• son majer research has increased in relevance in our department 

• relevance will further increase with focus on sustainable materials
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