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• My three books describe the  

– skills needed  
– why we do things  
– what is the scientific life  
– two of these, the whys and the whats books, are in the CRC Press Book 

Series Global Science Education  
 

 

• I saw the need for these books through my roles as 
– Director of Synchrotron Radiation Science at CCLRC Daresbury Laboratory 
– Senior Mentor and Professor at the Chemistry Department of the 

University of Manchester  
– Outreach lectures to the public and to schools 
– Various roles for the International Union of Crystallography 

 

 
 

 



Science is a word derived from the Latin 

word Scientia, meaning to know 

 
And it delivers by:-  

scientists’ inspiration 
 
their hard work and integrity  
 
failure checking through peer review as a process 
scrutinising articles and their data 
  

 



What is the Scientific Life? 
 

Seeking scientific objectivity  
 

Minimising uncertainty 
 

Behaving ethically  

 
 
 





Clearly the role of your data is 
important as is clearly explaining what 

your ideas are and what you have 
found out 



Why do we do science? 
In fundamental science because 

• we ask a question (including ‘what happens 
if?’) 

• we make a hypothesis  

• we wish to make a collection   

• we want to tackle adventurous research  

•   

• How do we proceed, in general>>>> 



How do we do science? 



Hard skills are vital (through lectures 
and labs) but also soft skills are 

important………. 



Skills to achieve wider impacts  

  
Skills Figure 25.1 Volta demonstrating his battery pile to Napoleon.  
I came upon this picture during my visit to the Volta Museum in Como, Italy;  
origin of the picture is unknown 



Skills SECTION VII:  Ethics, global development, policy and the organisation 
of science 

Chapter 31 How to retain your own peace of mind; the ethical aspects  
“Integrity without knowledge is weak and useless, and knowledge without 

integrity is dangerous and dreadful.”  ― Samuel Johnson, The History of 
Rasselas, Prince of Abyssinia (now Ethiopia).  

  
“I have something that I call my Golden Rule. It goes something like this: Do 

unto others twenty-five percent better than you expect them to do unto you. … 
The twenty-five percent is for error.” Linus Pauling's reply to an audience 

question about his ethical system, following his lecture circa 1961 at 
Monterey Peninsula College, California. 

 

http://www.goodreads.com/author/show/22191.Samuel_Johnson
http://www.goodreads.com/work/quotes/920095
http://www.goodreads.com/work/quotes/920095
http://www.goodreads.com/work/quotes/920095
http://www.goodreads.com/work/quotes/920095


Skills Chapter 26 Patents and IP are 
complex issues eg  

 
"There is no patent. Could you patent 

the sun?” Joseph Salk (1914-1995) 
who discovered the vaccine for polio, 

1955 
 



Soft skills come into everything in a big 
way in collaborations as one of the 
ways of progressing your research 

ideas 



• It is a major possibility that at some stage of your scientific career 
you will wish to take on a project of such wide scope, or respond to 
an invitation to join such a project as a partner, that collaboration is 
the way forward 
 

• Funding agencies also have recognised this, and there are many 
schemes and variants of scale of collaboration for you to choose 
from 
 

• One overriding principle to keep in sight of is the compatibility of 
your potential collaborator 
 

• An aspect that will perhaps cause the most diverse of behaviours 
from your collaborators will be the publications that result from 
your collaborations 
 
 



 
How to make significant discoveries 

 
“Every great advance in science has issued from a new audacity of 

imagination“ 
 

 John Dewey (1859 –1952) American philosopher, psychologist and 
educational reformer.  The Quest for Certainty: A Study of the Relation of 

Knowledge and Action (Gifford Lectures 1929) Ch. XI. 

 

https://en.wikipedia.org/wiki/John_Dewey
https://en.wikiquote.org/wiki/1859
https://en.wikiquote.org/wiki/1952


That audacity of the imagination  

• May be yours 

• May be your potential collaborator 

• May be the Funding Agency in setting a 
Societal relevant challenge of such a scope 
where a collaboration of experts from 
different areas is required 



Your potential collaborator 

• May be in your department 
• May be in another department of your university  
• May be in another university 
• For Grand Challenges it is very likely to involve quite a 

number of collaborators and from across a number of 
institutions  

• If the Funding Agency is the EU there will be nationality 
restrictions and guidelines to follow 

• If your country is in the EU, well and good, if not then 
you will not be likely to be eligible, certainly as a 
Project Leader 
 



If you are or wish to be the Leader of the Collaboration 
then you will need to be good at:-  

• Selecting partners 

• Delegating responsibilities 

• Making tough management decisions 

 



If you think you are good at being a 
partner then you need to be able to:- 

• Accept that you are basically an applicant to 
join the Team 

• Able to receive instructions from the Team 
Leader and yet be assertive where necessary 

• Even be on the end of difficult decisions of the 
Team Leader, and have been trained in your 
negotiation skills 

 



Negotiation is:- 

• The process by which parties in conflict adjust their 
position, by trading issues of lesser importance in exchange 
for issues of greater importance, because the agreement 
must be implemented by all parties 

• Understand your wish list, including where you can be 
flexible  

• Understand and better estimate the value that others put 
on what you can offer 

• Be able to listen carefully and do not interrupt a proposal, a 
very important moment in a negotiation 

• You will also need to recognise personality types and 
especially avoid the exploitative person (ie the rogues of 
our world)  



Common sense suggests  

• Start with a simple collaboration, one partner 
and a project of restricted scope 

• If it works out well, then repeat with the same 
partner maybe on a project of greater scope 

• With that partner, who you now trust, 
consider entering a Grand Challenge Funding 
Agency Scheme together; this will involve you 
both deciding together on which topic and 
who to collaborate with 



Examples of collaborations that have 
worked exceedingly well for me  

• I have enjoyed several decades of 
collaborations with a partner from a different 
university, but in the same country; my 
publications list will easily show you who! 

 

• I Chaired a Science Advisory Committee for 5 
years of a multi universities with Government 
departments collaboration in Australia 
centred on Melbourne University  



A detailed example 

• Two of us in the collaboration 

• We have complementary expertise 

• Two countries 

• Five visits to UK, commencing in 2013 

• Two visits to South Africa 

• Joint participation in International Data Week 
in Botswana 2018 



 
Collaboration – project on drug development using chemistry and biochemistry 



Drug Development - Interoperability 

Fragment Based Drug Development – Figure provided by Creative Biostructure (https://www.creative-biostructure.com) with thanks 

A. Roodt, et al., Crystallography  Reviews, 2011, 17, 241 

 

Chemical 
Crystallography 

and  
Chemistry 

 

Macromolecular 
Crystallography 

and  
Biochemistry / Biology 

 

https://www.creative-biostructure.com/
https://www.creative-biostructure.com/
https://www.creative-biostructure.com/
https://www.creative-biostructure.com/


Brink, A. & Helliwell, J.R., IUCrJ, 2017, 4, 283-290. 

His 15A 

 

• Enhance sensitivity to lower metal atom occupancy 

 

• Two X-ray wavelengths - optimise the rhenium anomalous dispersion 

signal  

 

• 0.9763Å  

• – Re L1 absorption edge (Re f “ of 12.1 electrons) 

• 1.5418 Å 

• - Cu Kα X-ray wavelength (Re f “ is 5.9 electrons) 

 
 

Residue Cu Kα  

(λ = 1.5418 Å) 

DLS  

(λ = 0.9763 Å) 

  Re f  “ = 5.9 Re f “ = 12.1 

His 15 19.3 43.1  

Asp 52 6.9 12.9  

Glu 35 4.8 12.2  

We discovered more medical imaging agent protein binding sites  

using tunable synchrotron radiation at Diamond Light Source 



http://cluster.physics.iisc.ernet.in/dpi/ 
Kumar & Helliwell, et al., J. Appl. Cryst., 2015, 48,939 

CRYSTALLOGRAPHY 
CRYSTALLOGRAPHY    Precision 

Re-N  2.25(8) Å 
 
Re-O  2.2(1) Å 

 
Re-N 2.188(2) Å 
 
Re-O 2.145(2) Å 
 

2.182 - 2.194  
2.49 -   2.01 Å 

2.25 Å 

http://cluster.physics.iisc.ernet.in/dpi/
http://cluster.physics.iisc.ernet.in/dpi/


Ingredients for success 

• Everyone trusts each other 

• Everyone complements each other in their 
research skills 

• High competence of each member avoids 
tensions and divisions 

• Ethical behaviour of each member sustains 
the collaboration 



Agree a publication policy before you start 

• An aspect that will perhaps cause the most 
diverse of behaviours from your collaborators will 
be the publications that result from your 
collaborations 

• Especially so in the broader collaborations; the 
rules for author placement are different for life 
sciences versus chemistry and physics 

• A positive development for the health of 
collaborations is that journals require each 
author’s role to be specified and are stated 
openly 
 



Open science will present new 
challenges, yet to be fully worked out 

• Sharing of raw data early on may be the rule 
from the Funding agency; we are not used to 
this procedure! 

• Funding agencies are keen on this to speed up 
solving societal challenges 

• A simple method is to have new partners 
apply to join a Team at any stage of an 
ongoing collaboration 



If publication might become difficult what 
about intellectual property (IP) and 

patenting? 
• Again this should be agreed beforehand and 

must involve oversight by each institution’s IP 
support unit 

• Non disclosure agreements must be put in 
place if needs be 

• Do not publish or lecture about any research 
which has IP potential before discussions with 
your institution’s IP support unit 

 



Skills Chapter 34 How would you 
change the organisation of global 

science if you were in charge for one 
day? It is in your hands>>> 

 



A trend; the coming together of 
science and social science:  

The International Council for Science, a 
very important event 

 



The Whats of a Scientific Life, more 
examples  

• After the Fundamentals of Part I, that I described 
already today, in Part II, I discuss career situations, by 
analogy as:- Junctions, Crossroads, Roundabouts, 
Traffic Lights, Obstacles and Mountains 
 

• In Part IV, I look at the dependencies of science often 
on mathematics and on engineering, leading to 
instrumentation, apparatus and computer software  
 

• In Part V I highlight how science is a process striving to 
avoid failures. Learning from failure, and not repeating 
mistakes is clearly important 
 
 



In Part III of my Whats book I describe 
examples of what science delivers or 

will deliver in the future 
 • With physics we can see atoms 

• Acceleration of chemical reactions by catalysts, a 
wonder of the natural world  

• Understanding colour; e.g. camouflage, clothes, 
cosmetics and paintings 

• The Universe exists and the big bang ‘start’ of the 
Universe; the ‘red shift’ and the expansion of the 
Universe 

• Is there life elsewhere in the Universe? The role of the 
Square Kilometre Array radio astronomy project 

• Predicting climate change on Earth 
 



Understanding the colour of the lobster shell 

• Why do this research? Pure curiosity. 

• How did we do this research? A collaborative 
team spanning three universities and the 
government laboratory at Daresbury (the 
synchrotron). 

• What did we find out? >>>> Next slides 

University of Manchester, 

Imperial College,  

Royal Holloway College,  

SRS Daresbury Lab. 



The colouring agent in lobsters is astaxanthin 

Live lobster Cooked lobster 

Astaxanthin (AXT) is a carotenoid 
found in shrimps, crabs and lobsters. 
It is responsible for the colour 
change from blue to red/orange when  
a lobster is cooked. 

Astaxanthin (3,3’-dihydroxy-b,b-carotene-4,4’-dione) 



Top  (6-s-cis form)  
  
Below (6-s-trans form) 
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The UV/vis spectra with relevant crystals and structures:- 

? 





Why did lobster evolve this colouration 
mechanism? Camouflage maybe? 

The biggest predator of the American lobster is man!   

Then their next biggest predators are ground fish such as  

flounder and cod, sculpins, eels, rock gunnels, crabs, and seals.  

Octopus has also been implicated as a  

predator but is colour blind:- 



So, in understanding the colour of the lobster shell 

• Why do this research? Pure curiosity 

• How did we do this research? A collaborative 
team spanning three universities and the 
government laboratory at Daresbury (the 
synchrotron) 

• What did we find out? The molecular basis of 
the interactions of astaxanthin molecules in a 
complex of proteins 



Thankyou; 

 

Questions 


