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Bath, United Kingdom 
Founded in 3 
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The Roman Baths 
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Boston, Massachusetts 
Founded in 1630 
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Eugene, Oregon 
Founded in 1846 
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Hendon Materials Simulation 
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Jenna Mancuso 
MOFs, wine,  

reaction mechanisms 

Tom W. Kasel 
Photovoltaics, defects, 

semiconductors 

Rotation 
Students 

Andy Swansiger 

Jack Yang 
Molecular redox, 
crystal formation 

Lya Carini 
Organic solvation, 
molecular redox 

Chase Callahan 
Transition metal carbides, 

core@shell catalysts 

 

Austin Mroz 
Cheminformatics, MOFs, 

materials discovery 

2019 students 
Porous conductors, 

software development 

Coffee projects 
UO coffee lab 
Coming 2019 

Audra XXXX 
Chemiformatics, MOFs, 

materials discovery 
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Metal-organic frameworks 
A class of porous materials for energy storage and conversion 
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Metal-organic frameworks 
MOFs contain metal-clusters 
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Metal-organic frameworks 
Linked together by organic linkers 
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Single-site heterogeneous catalysis of olefins to their oligomers 

ACS Cent. Sci., 2016, 2, 148        J. Am. Chem. Soc., 2017, 139, 757        Organometallics, 2017, 36, 1681 
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Christopher H. Hendon 

World Coffee Leader 2016 
Team Great Britain World Barista Champion 2014 – 5th place 
Team Great Britain World Barista Champion 2015 – 5th place 
Team United States World Barista Champion 2017 – 4th place 

“Specialty Coffee’s Resident Scientist” – The Atlantic, New York Times, Time Magazine 
 

Coffee literature available at goo.gl/ Z 1 t X z x 
(ZED one tee EXX zee exx) 
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The beginning of my coffee journey – Colonna and Smalls, Bath UK 



The aim 
reproducibly flavorsome coffee 
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The disappointment 
an occasional flavor malfunction 
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Coffee is graded on the cupping table 
No equipment, just water, coffee coarsely ground, and a spoon + 4 min brew time 
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Agriculture and Economics 



Coffee market analysis 

19 

1.3% of USA GDP ($225.2B in 2015) 
 

“Drip” (i.e. filter) coffee dominates the USA 
Drip is 1.2 – 1.5 % w/w 

 
Espresso-based beverages prolific in Europe 

Espresso is 8 – 10 % w/w 
 

Coffee is kind of a big deal to other countries, too: 
Burundi — 25% GDP (~$8B) is coffee, 90% population employed 



The Bean Belt 
The balance between low CO2 concentrations and high temperature 

20 PLoS ONE, 2012, 7, e47981 

Microclimates are extremely important, and very poorly studied. 
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In	higher	demand	because	it	tastes	“better”	



We have the genome for both Robusta and Arabica 

22 Science, 2014, 345, 1181 
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Coffee begins life as a fruit 
Inevitably the fruit is removed to yield a green seed (~11% moisture content) 
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Fruit or mucilage Parchment Seed 



Processing methods 
The stage in which coffee is dried 
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Fruit or mucilage Parchment Seed 

Natural process Washed process Pulped 

The chemistry of each processing method is widely unknown  
All coffee is then fermented for ~24 hours 



Defective naturals are UV active 
Why? 

Naturals historically came from places with 
water scarcity or environment in mind 

Yemen, parts of Ethiopia, and more recently Brazil 

Int. J. Food Prop., 2017, 20, S331 26 

A drying facility in Ethiopia 



The ‘best’ coffees in the world 
Kopi Luwak (Civet) — fallacy 
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The ‘best’ coffees in the world 
fact 

No particular country dependence 
 Although Brazilian, Sumatran, Vietnamese and Hawaii are typically the lowest scoring 

 
Panama Geishas are typically the award winners 

 Natural and Washed 

 

28 



29 



30 



31 



32 



33 

Roasting 



The roast profile 
Kinetics: Gradient and time determine flavor development 

34 Sci. Rep., 2016, 6, 24483 
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Dark* roasted coffee is a good ORR catalyst 
*dark = 800 ºC, ZnCl2, Ar 

ACS. Appl. Mater. Interfaces, 2017, 9, 41303 36 



Dark roast coffee contains more caffeine? 
Fallacy 

37 J. Anal. Toxic., 2003, 27, 520 



Some chemistry in roasted coffee 

38 Nature, 1966, 210, 1358 



39 J. Food Sci., 2016, 81, S2997 



Nature, 2002, 419, 448-449 40 
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Does acrylamide cause cancer? 
Does coffee cause cancer? 

If something causes cancer it needs to show an 
increase in cancer rates of 1 in 100,000 people 
 
Of the 100,000 people 50,000 people will likely 
develop cancer anyway unrelated to acrylamide 
of coffee 
 
Hence, a sample size of 85 billion people required 
to make conclusive statement on current 
population 
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Death is in the dose 
and “slope factors” 

0.0005 slope factor for acrylamide 
Increase in likelihood of cancer with consumption of  
1µg/kg/day 

The average person weighs 70 kg — 70 kg / slope factor 
(0.0005). 

An increase in 1 in 140,000 occurrences due to acrylamide 
ingestion at 1  µg/kg/day 

 
So, how much acrylamide is in a coffee? 

Rocz. Panstw. Zakl. Hig., 2013, 64, 173 44 



~0.5 µg per 6 oz-ish cup 

0.45 µg * o.0005 / 70 kg 

1 in 311,111 per cup 
3 cups per day still satisfactorily over 1 

in 100,000 
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Grinding 



Conical vs. flat burrs 
Different burrs produce different particle size distributions 
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Laser diffraction particle size analysis 
A process to determine particle size 
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How big are coffee particles? 
They are amorphous 
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This big? 
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Or this big? 
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This big. 
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We measure this 
conservative surface area to volume 



Ground coffee SEM 
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Scanning electron microscopy of ground coffee 
Grounds sputtered in gold 



Upon closer inspection 
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They don’t appear to be very spherical 
Grounds sputtered in gold 



•  Little particles are closely approximated by a sphere 
•  Coffee is a bit porous (BET measurements are ongoing) 
•  Spherical approximation is good enough 

56 J. Food Eng., 2015, 150, 106 



Coffee is 
not overly 

porous 
perhaps 

macroporous? 

Unpublished   and   Science, 2010, 329, 424 57 



The effect of 
changing grind 

setting 
 

Grinding finer make more fine 
particulates, and small large 

particulates 

58 In preparation 
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Fracturing of coffee likely proceeds through 
volcanic rock decomposition pathway 

Proc. R. Soc. A, 2015, 472, 0843 



Cooling coffee before grinding 
augments the fine particle sizes 

60 Sci. Rep., 2016, 6, 24483 



61 Sci. Rep., 2016, 6, 24483 

Cooling coffee before grinding 
augments the fine particle sizes 



62 Sci. Rep., 2016, 6, 24483 

Cooling coffee before grinding 
augments the fine particle sizes 



63 Sci. Rep., 2016, 6, 24483 

Cooling coffee before grinding 
augments the fine particle sizes 



USA Barista Champion 2017 
Kyle Ramage 
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Added benefits from cooled coffee 
preservation 
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If you are going to store coffee in the fridge or freezer, store it 

air tight 
 

roasted coffee is extremely hygroscopic 
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Image courtesy of Michael Cameron 
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Image courtesy of Michael Cameron 
68 
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Water chemistry 



The water molecule 
water is both an acid and a base 

70 Sci. Rep., 2018, 8, 16030 
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Geographical dependence on water chemistry 
Soft is easier to define, hard water contains some HCO3

– and Ca2+ 



72 



73 



74 

Metals binding to polar molecules 
A high fidelity perspective of ionic strength 

J. Agric. Food Chem., 2014, 62, 4947         Water For Coffee, 2015 
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Bicarbonate (HCO3
—) 

The buffer – minimizing pH fluctuations 
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Calcium carbonate 
Ca2+ + 2(HCO3

–) to yield CaCO3, a white insoluble solid 

Calcite 
Sheet-like 

Shows up on the bottom of flat kettles 

Aragonite 
Jagged 

Found on the end of taps 
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Bicarbonate is powerful 



79 

What water do we want for coffee? 
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Not too much of anything 
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Our empirical ideal brew zone 

Water For Coffee 2, 2019 



Brazilian, Sumatran, Colombian, and most naturals 
Coffees with translational flavours 

82 



83 

Valser Silent Swiss Water 
Terrible for coffee brewing. 
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The Roman Baths were really hard 



Some handy water recipes 
for better or worse 

The front and center 
0.25 g/L MgSO4.7H2O (epsom salt)  
~25 ppm Mg2+ as Mg2+

 
0.05 g/L NaHCO3 (baking soda)  
~35 ppm HCO3

- as HCO3
-  

 
The 7 n’ 7 
0.3 g/L CaSO4.2H2O (gypsum salt)  
~70 ppm Ca2+ as Ca2+

 
0.11 g/L NaHCO3 (baking soda)  
~70 ppm HCO3

- as HCO3
-  

 
The double rizzi banger 
0.05 g/L MgSO4.7H2O (gypsum salt)  
~5 ppm Mg2+ as Mg2+

 
0.02 g/L NaHCO3 (baking soda)  
~15 ppm HCO3

- as HCO3
-  
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Brewing 



$1,000 - $40,000 
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What do you need to prepare espresso and do experimental coffee science? 



The definition of espresso 
 
The Specialty Coffee Association (SCA) defines espresso as “a 25-35mL beverage 
prepared from 7-9 grams of coffee through which clean water of 195°- 205 °F 
(92°-95°C) has been forced at 9-10 atmospheres of pressure, and where the grind of 
the coffee is such that the brewing ‘flow’ time is approximately 20-30 seconds.” 
 

 
Nobody makes espresso anymore 
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The Specialty Coffee Association (SCA) defines espresso as “a 25-35mL beverage 
prepared from 7-9 grams of coffee through which clean water of 195°- 205 °F 
(92°-95°C) has been forced at 9-10 atmospheres of pressure, and where the grind of 
the coffee is such that the brewing ‘flow’ time is approximately 20-30 seconds.” 
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7 g  vs. 20 g baskets 

The definition of espresso 



 
The Specialty Coffee Association (SCA) defines espresso as “a 25-35mL beverage 
prepared from 7-9 grams of coffee through which clean water of 195°- 205 °F 
(92°-95°C) has been forced at 9-10 atmospheres of pressure, and where the grind of 
the coffee is such that the brewing ‘flow’ time is approximately 20-30 seconds.” 
 

 
Nobody makes espresso anymore 
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The definition of espresso 



Time: The one gospel 
 
The Specialty Coffee Association (SCA) defines espresso as “a 25-35mL beverage 
prepared from 7-9 grams of coffee through which clean water of 195°- 205 °F 
(92°-95°C) has been forced at 9-10 atmospheres of pressure, and where the grind of 
the coffee is such that the brewing ‘flow’ time is approximately  

20-30 seconds.” 
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Espresso machines have been used for 
conventional chemical applications 

Org. Lett. 2015, 17, 2428 92 



Espresso machines have been used for 
conventional chemical applications 
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The modern espresso menu 
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Espresso is a drink prepared with 
an espresso machine, and 
typically features about 10% 
coffee mass per mass of liquid 
 
 
Implication: The volume/mass of 
the espresso determines the 
volume/mass of milk required to 
achieve drink definition. 



The Australian’s ruined everything 

95 

A single espresso is half of the 
volume and physical shot 
produced when a 20 g basket is 
used. 
 
A double espresso is the entire 
liquid produced in a single 
extraction.  



None of this would be a problem is we all made 
beverages based on concentrations of coffee in milk. 
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Development of a numerical model 
for extraction from a granular bed 

In preparation 97 



Experimental kinetics 
isolating temperature and molecular dissolution rates 
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The curious problem of grinding finer 
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The curious problem of grinding finer 
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The curious problem of grinding finer 
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The curious problem of grinding finer 
The key observation 
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The curious problem of grinding finer 
The key observation 
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The curious problem of grinding finer 
The key observation 
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The curious problem of grinding finer 
The key observation 
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The curious problem of grinding finer 
The key observation 
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The curious problem of grinding finer 
The key observation 



Optimizing espresso for reproducibility 
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Systematic reduction of coffee mass 
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Iterative reduction of coffee waste and improved espresso 
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Reducing coffee mass changes concentration / mouth feel 
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Implications, Conclusions, and Future Directions 

•  Many biochemical unanswered questions in processing 
(Nature/Pulped/Washed), as well as fermentation stage. 

•  No quantitative roasting studies on flavor development 

•  Very few relevant studies on extraction kinetics 

•  Room for improvement in grinder manufacturing 

•  Hundreds of other exciting questions, which are the basis 
for both my coffee lab and also the UC Davis endeavor 
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The collaborators 
Roasters 
George Howell (Boston, MA) 
Colonna (Bath, England) 
Roseline (Portland, OR) 

Tailored (Eugene, OR) 
Supreme (Brisbane, Australia) 
Spark (Sendai, Japan) 

Gracenote (Boston, MA) 
Counter Culture (Durham, NC) 
Kittel (Montreal, Canada) 
Lomi (Paris, France) 

Belleville (Paris, France) 
Stephen Leighton (Stafford, UK) 
 

Baristas 
Maxwell Colonna-Dashwood 
Lesley Colonna-Dashwood 
Michael Cameron 

Dechen Morisco 
Brian Sung 

Benjamin Put 
Charlotte Malaval  
Ben Kaminsky 
Kyle Ramage 

Matt Lewin 
Craig Simon 
Jérôme Grenier-Desbiens 

Hidenori Izaki 
Matthew Perger 
 
Equipment manufacturers 

Beckman Coulter 
Mahlkönig 
San Remo 

Puqpress 
La Marzocco 
Reg Barber 
 

 
 

Academics 
Jamie Foster (Portsmouth, UK) 
William Lee (Huddersfield, UK) 
Justin Wilkinson (Cambridge, UK) 

Zachary C. Kennedy (PNNL, WA) 
Sean A. Fontenot (Oregon, OR) 
Brent Melot (USC, CA) 

Keith, T. Butler (Oxford, UK) 
Rory W. Speirs (Melbourne, AUS) 
 
And many many more 
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Some actionable information 
Brew recipe:  60 g of coffee / L 
The most common mistake in home brewing is using too little coffee and extracting for too long 
Coarse grind (French Press, 4 min) 
Medium grind (pour over, 2.5 min) 
fine grind (Aeropress, 1.25 min) 
 
Water chemistry: Start with RO/DI/Milli-Q water 
Keep bicarbonate below 50 mg/L 
0.25 g/L MgSO4.7H2O (epsom salt)  
~25 ppm Mg2+ as Mg2+

 

0.05 g/L NaHCO3 (baking soda)  
~35 ppm HCO3

- as HCO3
-  

 
Coffee preference: VERY APPROXIMATELY  
Acidic = East Africa, Chocolate and nuts = South/Central America 
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