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Mechanochemistry

Green and sustainable way to known 
and new compounds
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What is mechanochemisty?

Mechanochemistry is a branch of chemistry concerned with chemical and physico-chemical 

transformations of substances in all states of aggregation produced by the effect of mechanical 

energy.

G. Heinicke, Tribochemistry, 
Akademie-Verlag, Berlin, 1986.

particle size reduction 

mixing

creation of active sites (defects)

generation of fresh active surfaces

→ activation

→ chemical reaction

→ fast kinetics

→ new compounds

→ compounds with advantageous properties
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What is mechanochemisty?

Chemical reaction that is 

induced by the direct absorption of 

mechanical energy.

M. Nič, J. Jirát, B. Košata, A. Jenkins and A. 

McNaught, Eds., in IUPAC Compendium of 

Chemical Terminology, IUPAC, Research 

Triagle Park, NC, 2.1.0., 2009.
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New/better materials – new/better synthesis 
routes

New materials 

needed

Iupac names 10 chemistry innovations 

that will change the world:

5 Mechanochemistry and reacive extrusion

Mechanochemistry – incducing reactions through mechanical forces – 

sometimes makes processes possible that are hard to do by traditional 

solution synthesis. But scientists are still struggeling to understand how the 

process works on a molecular scale. 
F. Gomollón-Bel, 

Chem. Internat. 2019, 41, 12.
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Reaction

Pharmaceuticals

Polymers

Organic compounds

Intermetallics

Advanced materials

Nanocomposites

MOFs

Cocrystals

Nanomaterials

Materials

ProductsReactants

Devices

Extruder

Mortar & pestle 

Planetary

mill

Vibratory mills

Eccentric 

mill

Resonant 

acoustic 

mixing



Nanomaterials   Mechanochemistry 8 

Solvent-based 

methods

Mechanochemical 

methods

  High temperature ✓ Room temperature 

    

  Multiple steps 

    (time-consuming)

✓  One-pot synthesis

    (faster)

  Large amounts of

    solvents

✓  Solvent-free or small    

amounts of solvents 

  Expensive ✓  Cost-effective

  Large amounts of

    liquid wastes

✓  Minimum wastes

✓  Highly crystalline

    products

  Powder/amorphization

✓ Precise control of

    synthesis

  Precise control of

    synthesis is difficult

Structure solution from PXRD

Control 
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WHY?WHY?

HOW?

WHAT?
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HISTORY
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Mechanochemistry – something old

1820

Faraday

AgCl 

displacement

315 B. C.

Theophrastus

De Lapidibus

1866

Carey Lea

AgCl

HgCl2

1880 

Spring

BaSO4 

metathesis

1891

Ostwald

coined 

mechanochemistry

1986

Heinecke

mechanochemistry

definition

present

Mechanochemical 

synthesis of 

molecules &

materials
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Early works – first publications

Unpublished Published

The historical development of mechanochemistry 
L. Takacs, Chem. Soc. Rev. 2013, 43, 7649
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Mechanochemistry – something old

G. Agricola, De re metallica, 
1556

F. Florinus, Oeconomus prudens 
et legalis, 1722
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GS

W. Ostwald, 1919:
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Tribochemistry

Tribochemistry studies chemical and 

physical changes of substances in the 

solid state under mechanical action.

Tribology, science uniting 

tribocchemistry and tribophysics.

Peter A. Thiessen, 
1899-1990
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1975
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… and recent books
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Milling conditions

Chem. Soc. Rev., 2012, 41, 413. 

jet mills 

extruders

resonance acoustic mixing

ball-free
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Type of mills
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Why? → Green (Mechano)chemistry

Mechanochemical route delivered product faster, in higher yield

#1 Waste prevention

Anastas, P. T.; Warner, J. C. Green Chemistry: 
Theory and Practice, Oxford University Press 
1998, 30. ChemSusChem 2021, 14, 2145.

#10 Design for degradation

Depolymerization of waste materials such as polyethylene 

terephthalate (PET) under ambient reaction conditions

Comparison of the molar energy for the KMnO4-mediated oxidation of p-
toluidine carried out with different methods of energy entry

Stolle, A.; Ranu, B. C., Eds.; Technical Implications of Organic Synthesis in Ball 

Mills Royal Society of Chemistry: Cambridge, 2014.

#6 Design for energy efficiency
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Liquid assisted grinding

Belenguer et al. JoVE, 2018, 131, E56824.
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Fresh, new surfaces
Plastic deformations
Material abrasion
Amorphization, loss of translation symmetry
Phase transformations
Incorporation of impurities
→ Accumulation of defects
→ Effect on near and long-range order

Structural changes of solids during milling

Emission of photons, electrons, lattice 
components

Excitation of lattice vibrations local heating

Formation / migration of lattice and electronic 
defects
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Are we speaking the same language?

Front. Chem. 2021, 9.
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Applications
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EXAMPLES

Cocrystals,  MOFs, organic 
compounds, metallic nanoparticles
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Cocrystals - a playground for crystal engineering

“…every compound has different 
polymorphic forms and… the 
number of forms known for a 
given compound is proportional 
to the time and energy spent in 
research on that compound.”

W. C. McCrone, in Physics 
and Chemistry of the Organic Solid 
State, Vol. 2, Wiley Interscience
(1965).

API

polymorphs

coformer

+

cocrystal

+

→ New solid forms with enhanced properties 

Nicotinamide

Cocrystal 

Theophylline

+

Theophylline Nicotinamide TP:NA Cocrystal



Nanomaterials   Mechanochemistry 29 

Mechanochemistry and cocrystals

J. Chem. Soc. Trans. 1893, 63, 1314.

CrystEngComm. 2007, 9, 732.

Cryst. Growth Des. 2009, 9, 1621.

First LAG Cocrystal Paper

Chem. Commun. 2002, 2372.

J. Phys. Chem. 1968, 72, 4446. Pharm. Res. 2006, 23, 2381.
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Caffeine:anthranilic acid cocrystal

+

I II

CrystEngComm, 2014, 16, 8272.Acta Crystallogr., B 2014, 70, 72.

API coformer

polymorphs 
cocrystal

/41
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How does grinding produce co-crystals? 

Crystal to crystal transformation in the solid state

Either co-milling or simple mixing of benzoquinone and 
diol crystals of varied melting point temperature produces 
adduct crystals through very slow and gradual molecular 
diffusion processes in the solid state. Their formation 
process was compared and discussed based on the crystal 
structures of the starting diols and the diol–BQ adducts.

CrystEngComm, 2004, 6, 464.

Insights from the case of 
benzophenone and 
diphenylamine

CrystEngComm, 2007, 9, 732.
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What is the role of fluid phases?

• Liquid added from outside (solvent-drop 

grinding, kneading, solvent-assisted grinding, 

air humidity)

• Liquid appears via desolvation of one or both 

components of the mixture

• Melting

• Improving contacts and rheology of solid 

mixture

• Transfer of the reaction into fluid phase 

(at the contacts), precipitation from fluid 

phase

• Role in mass transfer of all or some of the 

components

• Hydrothermal conditions

Belenguer et al. JoVE, 2018, 131, E56824.
Belenguer et al. Chemical Science, 2016, 7, 6617.
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+caffeine anthranilic acid cocrystal

I
II

CrystEngComm, 2014, 16, 8272.

Solvent
Dipole moment 

[∙10-30 C∙m]
Form Solvent

Dipole moment 

[∙10-30 C∙m]
Form

1,4-Dioxane 1.3 I Methanol 5.5 I

2-Butanone 9.2 I n-Heptan 0.0 I

Acetophenone 9.7 I n-Hexan 0.0 I

Chloroform 3.7 I n-Pentane 0.0 I

Cyclohexane 0.0 I Nitromethane 10.3 I

Dichloromethane 6.0 I THF 5.7 I

Diethyl ether 4.2 I

Ethanol 5.7 I Acetone 10.0 II

Ethyl acetate 6.2 I Acetonitrile 11.7 II

Ethylene glycol 6.7 I DMF 12.7 II
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I: no interaction with solvent

II: precoordination of solvent molecule with 

amino group of anthranilic acid → twisted 

moiety
form I form II
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acetonitrile (ACN) → form II
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5 µL ACN sufficient for triggering the  crystallization of form II 
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no reflections of reactants after 6 min no reflections of reactants after 100 s

Acetonitrile → form II Dioxan → form I 

Ex situ data

37
/41
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Packing interactions  & reaction kinetics

Cryst. Growth Des. 2021, 21, 6961.

Carbamazepine & different dihydroxybenzoic 

acids as coformers → three new cocrystals
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The rate of cocrystal formation seems to be 

correlated to the packing motif in the final 

product.

Milling stopped after certain intervals → samples were measured directly → Rietveld 

refinement 

Cryst. Growth Des. 2021, 21, 6961.

→ CBZ:2,4DHBA & CBZ:2,6DHBA: Simultaneous comminution & 

start of cocrystallization

→ final crystallite size: 90 & 160 nm

→ CBZ:2,5DHBA: Comminution phase more pronounced 

→ final crystallite size: 90 nm
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Three polymorphs: quantitative reversible 
interconversion by grinding

CrystEngComm, 2022, 24, 4256.

2-nitrophenyl-4-
chlorophenyl-disulfide

Form B > Form C > Form AForm B 

Form A Form C 

Works only with 1.5% mol/mol 
contaminant
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CrystEngComm, 2022, 24, 4256.

Form A: 50 nm
Form B: 140 m
Form C: 60-80 nm

→ High reproducibility & specificity of the crystallite size 
for each polymorph

→ Polymorph stabilities are affected by crystal size 
and surface effects

→ New polymorph (form C) has been prepared only 
via grinding

clockwise counter
clockwise

B → C → A → B B → A → C → B 
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EX SITU VS IN SITU
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Ex situ vs in situ

- 6 CH3COOH

- 3 H2O
Cu(II)acetate

monohydrate

H3BTC

trimesic acid

3 2

Frontiers in Chemistry 2021, 9, 359

HKUST-1
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Gomollón-Bel, F. Chem. Int. 2019, 41 (2), 12-17.

Do we know what we are measuring?

Do we know the experimental conditions? 

Is it a solid-state process?

Which chemical species take part in the reaction? 

Which intermediates/products are formed? 

When are the products formed? 

What is the reaction rate? 

…

?
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Time-resolved in situ investigations
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Where to? Understanding & Control

Time-resolved in situ 

investigations (TRIS)

Angew. Chem. Int. Ed. 2022, 61, e20211727
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Time-resolved in situ investigation

Angew. Chem. Int. Ed. 2015, 54, 1799. 

Chem. Commun. 2017, 53, 1664. 

Angew. Chem. Int. Ed. 2018, 57, 5930. 

Nat. Commun. 2021, 12, 6134.

Kapton shield

Beamstop

Ion chamberScatter guard
Synchrotron 

X-ray source

Thermo

graphy

2D X-ray

detectorRaman

785 nm
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induction period

product period

Angew. Chem. Int. Ed. 2018, 57, 5930.

reaction period

Reation mixture

final cocrystal

+

theobromine oxalic acid 

dihydrate

Wavenumber [cm-1]

PMMA
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in situ ex situ
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Inorg. Chem. 2017, 56, 6599.

Choice of additive defines mechanism

A: solvents (long aliphatic chains)

B: smaller solvent molecules

C: unpolar solvents

Inter-

mediate 2
Inter-

mediate 1

d
ire

c
t

C B A

LAG

Intermediate 1
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Cryst. Growth Des. 2016, 16, 1701. 
Acta Cryst. 2016, C72, 217.

LAG liquid-assisted grinding 

250 µl  solvent 

Screening 17 solvents

benzamidetheophylline

P41 P21/n
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reactants

tp:ba

form I

tp:ba 

form II

neat grinding LAG (ethanol) LAG (acetonitrile)                                            form I form II form II
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theophylline benzamide

tp:ba form I
tp:ba form II

neat grinding/

non-polar LAG

p
o

la
r 

LA
G

in
te

rm
ed

ia
te

tp:ba
form II

tp:ba
form I

Ea1

Ea2

tp+ba

Ea1<Ea2

E tp:ba form I

p
o

la
r 

LA
G

Additional 

slurry & seeding, 

DSC experiments

Direct reaction

2-step process
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Optimizing the set-up for in situ milling

Kapton shield

Beamstop

Ion chamberScatter guard
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Nat. Commun. 2021, 12, 6134.

+
NG tp:ba

Form I
tp:ba

Form II
LG

water
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Nat. Commun. 2021, 12, 6134.
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/39

PZA:MA 

cocrystal I

???

malonic acid

pyrazinamide reactants

PZA:MA 

cocrystal I

???

Neat grinding LAG with 

ethanol

reactants

Ti
m

e 
[m

in
]

Ti
m

e 
[m

in
]

Ti
m

e 
[m

in
]

Ti
m

e 
[m

in
]
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Cryst.Growth Des. 2017, 17, 1190.

chains

tetramer

/39
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Manipulating the Ternary Cocrystal Formation

#1 #2#3

glutaric acid

isonicotinamide

pyrazinamide

Milling frequency

Chem. Commun. 2019, 55, 9793. 
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Ball mill 40 Hz Ball mill 50 Hz

^2

2[°] 2[°]

Lower frequency → lower mechanical impact

→ lower mixing intensity →→ binary phase     

Reactants, binary cocrystal, ternary cocrystal
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ORGANIC CHEMISTRY
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Mechanochemical N-Chlorination Reaction of 
Hydantoin

ACS Sustain. Chem. Eng. 2021, 9, 12591.

RamanXRD
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statistical factor 

chemical factor 

The chemical transformations 
activated with balls of different sizes
exhibit isokinetic features.

8 mm

2 mm

scaling factor ϕ

Rate of the chemical 
transformations is governed by the 
amount of powder affected by 
critical loading conditions during 
individual impacts 

Varies almost linearly with the ball 
volume
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C-C Bonding Knoevenagel condensation
 

64

Beilstein J. Org. Chem. 2017, 13, 2010.

nitrobenz-

aldehyde
malononitrile nitrobenzylidene-

malononitrile
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Chem. Commun., 2017, 53, 1664.
Angew. Chem. Int. Ed. 2018, 57, 5930.

temperature

developement

X-ray

structural 

developement
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Chem. Commun., 2017, 53, 1664.
Angew. Chem. Int. Ed. 2018, 57, 5930.

→ Information on 

crystalline, molecular, 

and temperature state
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p-, m- and o-fluorobenzaldehyde

J. Mater. Sci. 2018, 53, 13713.

→ Knoevenagel 

condensation works using 

liquid substrates in a 

mechanochemical 

reaction 

→ Suitable for single crystal 

X-ray analysis

→ In situ Raman 

spectroscopy reveals 

direct & complete 

conversion

J. Org. Chem. 2019, 15, 1141.
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Role of solvent polarity

PCCP 2023, accepted.

Trapping intermediate: 

octane,  lower frequencies (15 Hz)
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PCCP 2023, accepted

→ Use of EtOH and DMF resulted in 

faster reaction kinetics

→ Neat grinding frequency 40 Hz →

intermediate

→ Octane & NG → formation of the 

intermediate 2-H-NMN, incomplete 

conversion to the product 2-NMN

EtOH

Octane

Ex situ XRD/Rietveld
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Can polymorphism be controlled by 
variable temperature ball milling?

+

Isonicotinamide
(INA)

Glutaric acid
(GLU)

b

a

b

a

Form I

Form II

?

Controlling polymorphism by variable temperature 
ball milling

Faraday Discuss., 2023, 241, 178.

Form I is thermodynamically stable under ambient 
conditions.
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milling experiments at 

ambient temperature

neat grinding

→ Form II
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Stability of the polymorphs

Starting with Form I Starting with Form II
at 363 K: Form II → Form I 

Slurry ExperimentsVariable temperature PXRD up to 378 K 

no conversion

Faraday Discuss., 2023, 241, 178.
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RT: Form II

353 K: Form I

Faraday Discuss., 2023, 241, 178.
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Combination of temperature and milling 
energy can overcome activation energy for 
tranformation

Temperature / K Frequency / Hz

RT Form II

313 Form II (15 min)

Form II (120 min)

323 Form II (15 min)

Form II (120 min)

333

Form I or Form II (15 min) 

Form I or Form II (120 min)

337

From I and traces of Form II (15 

min)

Form I (120 min)

343

Form I (30 min)

Form I (80 min)

Form I (85 min)

Form II (95%) + Form I (5%) 90 min

Form I or Form II 120 min 

345 Form I (120 min)

348 Form I (120 min)

353 Form I (120 min)

Metastable 

Form II

Form I

Polymorphic 
outcome
stochastic

Faraday Discuss., 2023, 241, 178.
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INORGANIC MATERIALS
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Mechanochemical synthesis of
nobel metal nanoparticles

J. Mater. Chem. A 2020, 8, 16114
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New tandem approach: XANES & XRD

Chem.Commun. 2020, 56, 10329.

X-ray absorption → electronic structure 
spectroscopy
X-ray diffraction → crystalline structure

Correlations of milling parameters with 

mechanism of NP nucleation & growth
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Chem.Commun. 2020, 56, 10329.

100 nm

Mechanosynthesis of Au MPs/NPs follow a general kinetics 
profile

Pronounced differences to solution chemistry
Setup applicable for other nanoparticle investigations
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Mechanosynthesis of mixed halide perovskites 

Perovskite solar cells 

(PSCs) reaching over 

26.1% (33,7%) power 

conversion efficiency

MAPb(I1−xBrx)3 rBr-=182 pm, rI-=206 pm

~ 18% difference

2.4 eV (MAPbBr3) 1.6 eV (MAPbI3) 

RSC Adv., 2019, 9, 11151.

B = Pb2+, Sn2+, In3+

X = Cl-, Br-, I-

A = MA+, FA+, Cs+

ABX3 

miscibility gap between 0.29 ≤ x ≤ 0.92 
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Mechanosynthesis of mixed halide perovskites 

MA = methyl ammonium

Other examples of mechanochemcial synthesis of 

halide hybrid perovskites:

Chem. Eur. J. 2018, 24, 17701.

Chem. Sci. 2018, 9, 3080.

Chem. Eur. J. 2021, 27, 5.

Adv. Energy Mater. 2020, 10, 1902499. 

PbBr2

PbI2

MAPbBr3

MAPbI3

Iodide rich Bromide rich 

MAX 

+

PBX2
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→ Pure phases MAPbBr3 and 

MAPbI3 form directly from 

starting materials

→ Crystallinity increases during 

prolonged milling 
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→ 80-60% Br: intermediate phase of lower 

crystallinity during formation of final 

structure

→ 60-80% I: initial formation of I-rich phase 

followed by slow incorporation  of Br 
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→ Mechanochemistry   overcomes 

drawbacks of solution chemistry

→ Greater control over 

stoichiometry & purity

→ Three different formation 

pathways
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METAL PHOSPHONATES
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Metal phosphonates

✓ chemical and thermal stability 

 (stable C-P bond)

✓ flexible coordination environment

✓ high insolubility in many solvents (hard 

character of the phosphonate oxygen atoms 

& high coordination affinity for metal atoms)

Electron diffraction

in collaboration with 

Prof Ute Kolb, Mainz

RSC Adv., 2016, 6, 36011. Dalton Trans., 2016, 45, 9460. 

Cu(O3PC6H5)·H2O



Nanomaterials   Mechanochemistry 86 

Metal phosphonates

✓ stoichiometric control 

✓ crystalline powder

✓ new crystalline (metastable) phases

✓ quantitative reactions

M= Zn, Mn, Fe, Co, Ni, Cu
 

layered structures isolated complexes
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Cadmium benzylphosphonates

CrystEngComm, 2019, 21, 5958.
0 20 40 60 80 100

0,0

0,5

1,0

1,5

2,0

2,5

 water

 ethanol

N
e
t 

c
h
a
n
g
e
 i
n
 m

a
s
s
 /

 %

Relative humidity / %

Cd-2,3,4,5,6-pentafluorobenzylphosphonate

desorption

sorption

desorption sorption

0 20 40 60 80 100

0,0

1,0

2,0

3,0

4,0

5,0

5,5

desorption

 water

 ethanol

N
e
t 

c
h
a
n
g
e
 i
n
 m

a
s
s
 /

 %

Relative humidity / %

sorption

desorption

Cd-benzylphosphonate

sorption



Nanomaterials   Mechanochemistry 88 

Metal phosphonates as proton conductors 

Inorganic. Chem., Inorg. Chem. 2022, 61, 28, 10801–10809.

BAM-1/BAM-2 BAM-3

auxiliary ligands

{Co(H2PhDPA)(4,4ʹ-bipy)(H2O)·2H2O}n
{Cu(H2PhDPA)(dpe)2(H2O)2·2H2O}
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Metal phosphonates

Inorganic. Chem., 10.1021/acs.inorgchem.2c01023.

BAM-1/BAM-2 BAM-3
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Co(OAc)2+4H2O

Crystengcomm, under revision
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Water uptake

Inorganic. Chem., 10.1021/acs.inorgchem.2c01023.

→ strong water affinity

→ different adsorption isotherms reflect the flexible nature 

of the frameworks



Nanomaterials   Mechanochemistry 92 

Nyquist Plots at 98% RH

Equivalent 

circuit

→ poor proton conductivity at 

25°C & low RH

→ increasing conductivity with increasing 

RH

→ at constant RH=98% increasing 

conductivity with increasing 

temperature

→ BAM-1: 4.9 x 10-5 S cm-1

BAM-2: 4.4 x 10-5 S cm-1

BAM-3: 1.5 x 10-5 S cm-1

→ Ea values below 0.4 eV →

protontransfer via proton hopping 

(Grotthuss mechanism)
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UPSCALING
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Vision: Sustainable advanced manufacturing

Leveraging and scaling up mechanochemistry for materials synthesis, while effectively 

addressing the core challenges of sustainability and efficiency. 

Innovation in the chemical space by providing an alternative for the synthesis of (new) 

advanced materials.

mechanochemical 
upscaling spectrum

Reproducibility

Yield

Selectivity

Separation & purification step

Costs

Heat evolution

Contamination 

Material compatibilty

Standardisation
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Bigger ball mills might not be the answer….
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ZIF-8 - a famous MOF

→ Approx 30 h, DFM, CHCl3

 Yield: 25%

PNAS, 2006, 103, 10186. 
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ZIF-8 & mechanochemistry

Nat. Commun. 2021, 12, 6134.

Optimized 
setup

ZnO, 2-methylimidazole 

ILAG conditions

DMF

First setup

Angew. Chem. Int. Ed. 2015, 54, 1799. 

1 g

70 mg
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„Mix and wait“ synthesis of ZIF-8

ZnCarb + HmeIm → 5 ZIF-8+2 CO2↑+8 H2O

HmeIm = 2-methylimidazole (C4H6N2)
ZnCarb = Zn5(CO3)2(OH)6

RSC Adv., 2022, 12, 8940.

Side phase  Zn(meIm)2*ZnCO3
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Mix and wait – synthesizing MOFs

→ Reaction accelerated by released water acting as 
solvent für Hmem

→ Shaking & addition of water increase reaction 
rate & minimise tind 

[ZnCO3]2·[Zn(OH)2]3

2-methyl-
imidazole

H2O added & mixed

H2O added

RSC Adv., 2022, 12, 8940.

SEM with EDXN2 adsorption

In situ Raman spectroscopy

Raman 
spectrometer

Suggested mechanism
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Batch reaction Continuous 
process

ACS Sust. Chem. Eng. 2023, 11, 13, 5175–5183.

PMMA laser-
transparent windows 
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Optimization of the ZIF-8 extrusion

Effect of the barrel length Effect of the liquid

EtOH no side phase and higher converion
ACS Sust. Chem. Eng. 2023, 11, 13, 5175–5183.
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Optimization of the ZIF-8 extrusion

✓ Production rate: 2 g/min or 2.9 kg/day

✓ BET surface area 1816 m2 g–1

✓ Quantitative yield

ACS Sust. Chem. Eng. 2023, 11, 13, 5175–5183.
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Charts for comparing the environmental friendliness and 

scalability of different synthetic approaches

ACS Sust. Chem. Eng. 2023, 11, 13, 5175–5183.
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Future steps?
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Where are we now? - Main achievements

✓

✓

✓

✓

✓

A large variety of reactions has been documented: highly selective, with yields 
approaching 100%, ecologically friendly, economically acceptable

Examples of successful scaling-up and industrial applications

New instrumentation has been developed time resolved in situ monitoring of 

Organic mechanochemistry seems to be now more “fundamental” than the 
“classical” inorganic mechanochemistry 

Mechanochemistry is established in chemistry, materials science, pharmaceutical 
industry, catalysis, green chemistry, etc. (ACIE, Nature, Science, ChemSci, JACS, 
RSC journals and many other).
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Conlusions & Perspective

→ There is still a lot to learn. Factors influencing 

mechanisms and rates of solid-phase reactions are 

complex. 

→ Time resolved in situ methods will (& must) continue 

to develop.

→ New techniques will broaden the available toolbox.

→ Refined sampling procedures & data collection 

strategies and will provide new and additional 

information for understanding mechanochemical 

processes.

→ The full potential of mechanochemical methods will 

be realised… and will change the world. 
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Topics for student talks

• PET Recycling -> New Polymorphs

• MOF Synthese

• Mechanchemical Synthesis of APIs

• -…
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