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energy harvesting, conversion, storage, efficiency
health and medicine
environmental protection and reparation
high-tech and high-value industries
food safety and conservation
experimental science (detectors, sensors, magnets)
… any technology requiring materials with bespoke 
properties / functions

we need novel materials for:

… societal well being

credit: Nicola Marzari



materials’ discovery still based on intuition, 

blind search, and serendipity …



materials’ discovery still based on intuition, 

blind search, and serendipity …

Edison tested 3000 materials for his filament, finally and 
famously settling on burned sewing thread



materials’ discovery still based on intuition, 

blind search, and serendipity …

credit: Nicola Marzari

Edison tested 3000 materials for his filament, finally and 
famously settling on burned sewing thread

Haber–Bosch ammonia synthesis used osmium as catalyst. 
Mittasch (BASF) tested more than 22,000 materials to 
identify the iron-based catalyst which is still used today.



Haber–Bosch ammonia synthesis used osmium as catalyst. 
Mittasch (BASF) tested more than 22,000 materials to 
identify the iron-based catalyst which is still used today.

quantum mechanics and supercomputers can do 
more and faster …



Haber–Bosch ammonia synthesis used osmium as catalyst. 
Mittasch (BASF) tested more than 22,000 materials to 
identify the iron-based catalyst which is still used today.

credit: Nicola Marzari

quantum mechanics and supercomputers can do 
more and faster …

Using state-of-the-art quantum-mechanical numerical 
modelling, Norskov showed in 2009 that CoMo is a more 
efficient and inexpensive catalyst 
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QUANTUM ESPRESSO is an integrated suite of computer codes for atomistic 
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QUANTUM ESPRESSO is an integrated suite of computer codes for atomistic 
simulations based on DFT, pseudo-potentials, and plane waves

ESPRESSO stands for opEn Source Package for Research in Electronic Structure, 
Simulation, and Optimization

QUANTUM ESPRESSO is not a single application for quantum simulations; it is rather a 
distribution of packages performing different tasks and designed to be interoperable

QUANTUM ESPRESSO is free software that can be freely downloaded. Everybody is free 
to use it and welcome to contribute to its development

what is QUANTUM ESPRESSO?
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≈ 60 developers registered oh GitLab/Hub
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chi usa QUANTUM ESPRESSO?



QUANTUM ESPRESSO goes to the market

Schrödinger Inc. and the Quantum ESPRESSO Foundation announce an on-
going development collaboration to integrate the QUANTUM ESPRESSO 

materials simulation program into the Schrödinger modelling suite
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quantum mechanics

on a supermarket shelf

how digital computers helped apply 
theoretical physics to chocolate candies



the food industry is subject to an 
increasing global pressure from 
customers and legislators who 

demand a shift towards ingredients 
and additives that are perceived as 

more natural and, “therefore”, healthier
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Fact Sheet 

Box A: The Seven 
Southampton Additives 
Colours: 

Tartrazine (E102) 

Quinoline yellow (E104) 

Sunset yellow (E110) 

Carmoisine (E122) 

Ponceau 4R (E124)  

Allura red (E129) 
Preservative: 

Sodium benzoate (E211) 

 

 
 
 
 

Food additives are chemicals which are found 

in the majority of ‘processed’ foods and drinks 

consumed in the UK and abroad. They can 

be from natural sources or artificially 

manufactured.  They are used to make food 

look and taste more appealing, to maintain 

consistency between batches and help 

increase the ‘shelf life’ by preventing the food 

from going mouldy or stale.   

By law, if any additive is present in a product, 

it must be listed on the ingredients list on the 

packaging of food or drink bought in shops.   

Additives can be listed either by name or by 

their ‘E number.’  If you buy food at a 

restaurant or take away outlet or a bakery you 

may not know which additives are present as 

the foods are not required to have ingredients 

lists.  

 

The chemicals in question are allowed to be 

added, but some people say we do not know 

enough about all of the health effects that 

might be caused by these chemicals. For 

instance Tartrazine (E102), has long been 

known to cause rashes/skin irritation in a 

small number of people, and others such as 

Sodium Benzoate (E211) have been linked to 

the worsening of asthma conditions. Some 

additives that are permitted for use in the UK 

and Europe are banned in other countries. 

 

Recently, the UK Government body 

responsible for food safety, the Food 

Standards Agency (FSA), commissioned a 

research project that became known as the 

‘Southampton study.’ The Southampton study 

demonstrated that mixtures of the seven 

Since 2010 an EU-wide compulsory 
warning must be put on any food 
and drink product that contains any 
of these six colours:


“May have an adverse effect on 
activity and attention in children”
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anthocyanin: the hurdles towards a rational design
the stability and color function of anthocyanins are affected 
by many and diverse factors:


chemical diversity (phenols, sugars, and acylation);

acidity of the solution;

co-pigmentation;

the high reactivity of the phenolic chromophore makes 
synthesis extremely difficult and the product often unstable:


very little research is being done in this area;

most of it simply aims at isolating from natural sources 
(highly expensive and difficult);

very little is known of the microscopic mechanisms that 
determine the stability and the chromatic properties of 
anthocyanins and the relation between structure and color.
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