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editorial

These eight simple words pose a question 
that is far from simple to answer. The first 
obvious problem is with the concept of 
‘greatness’ — how should this be defined 
and measured? After all, greatness doesn’t 
come with a handy SI unit. Continuing 
to analyse the question further, would 
everyone agree with exactly what is meant 
by the term ‘chemist’? There are some 
prominent historical figures that both 
chemists and physicists would claim as 
their own — and the boundaries between 
disciplines are perhaps more blurred 
today than they have been since the days 
when scientists of any stripe were called 
‘natural philosophers’.

Another complication is a fundamental 
(and unavoidable) one associated with 
all questions and polls of this type — the 
influence of time. Consider the world 
of sport for example — when a team or 
an individual becomes very successful, 
comparisons are often made with so-
called ‘greats’ of a bygone era. But in the 
same way as it would be impossible for 
the Manchester United teams of 1968 and 
1999 to play one another to inform a fair 
comparison1, how do we judge the relative 
merits of the contributions that Wöhler and 
Woodward made to chemistry?

The technical challenges involved in 
the syntheses of urea and vitamin B12 are 
poles apart, but each of these achievements 
were incredibly significant landmarks 
in their own time. And as difficult as it 
is to try and judge the ‘greatness’ of two 
milestones in the history of chemical 
synthesis, the comparison is much harder 
when trying to evaluate contributions 
in very different areas of chemistry. For 
example, how can the synthetic work 
of Grignard be compared meaningfully 
with the conceptual developments of 
Lewis? To continue the sporting analogy, 
we’re now faced with evaluating just 
how the achievements of Manchester 
United measure up to those of the 
Yankees — it’s still sport, but a whole 
different ball game.

In spite of these problems, there is 
undoubtedly some value in asking (and 
responding to) questions of this kind. Yes, 
the answers will be subjective, but it’s the 
debate surrounding the answers — and 
indeed the question itself — that often 
prove more interesting than the final results 

or ranking. We asked the greatest-chemist 
question on our journal’s Twitter feed2 back 
in early January and gave a comprehensive 
round-up of the responses we received on 
the Sceptical Chymist blog3. We received 
a total of 86 votes, with 36 different names 
put forward as the greatest — Linus Pauling 
came out on top with 16 votes.

To our surprise, there were some truly 
great chemists missing from the list. No 
Gibbs, no Dalton and no Priestley. One 
omission in particular, that of the only 
person to be awarded two Nobel Prizes in 
Chemistry, sparked some debate in the 
blogosphere at the Curious Wavefunction4 
and Second Messenger5. Was Sanger’s 
name missing because 
chemists tend to focus on 
fundamental topics 
such as structure 
and bonding rather 
than more applied 
aspects? And, as 
discussed at There 
(& Hopefully) Back 
Again6, should 
our evaluations of 
the ‘greatness’ of a 
scientist change 
when we consider 
not just their 
momentous achievements, 
but also their more nefarious 
(Haber) and/or eccentric (Pauling) 
pursuits? The greatest-chemist debate 
continued on a number of other blogs 
including ChemBark7, and ScienceGeist8 
and we encourage you to read them and 
their comment threads to get a feeling for 
what others think.

The main point of asking the question 
was not to uncover a definitive answer 
as to who the greatest chemist of all time 
is, but to see if any consensus did emerge 
and how many different suggestions were 
put forward. Whereas in physics it is hard 
to see past Einstein leading the way in 
this sort of exercise, we were curious as 
to whether a similar figure would emerge 
for chemistry. At the end of 1999, Physics 
World published a special millennium 
issue that included the results from a 
survey of 250 physicists asked about the 
past, present and future of their subject9. 
One of the questions was ‘Which five 
physicists have made the most important 

contributions to physics?’ Einstein 
received the most votes, with Newton 
and Maxwell trailing in second and third 
places, respectively, and a total of 61 others 
were nominated.

One would somewhat confidently 
predict Einstein to top the physics survey, 
but would any of us have picked Pauling 
to lead the chemistry one with the same 
certainty? The cat is out of the bag now, 

but it’s also worth bearing in 
mind the subtle difference 
between asking ‘Who is the 
greatest chemist?’ and asking 
‘Who do you think would top 
a poll of greatest chemists?’ 
Another difference is that 
Einstein and the photos of him 
with stereotypical ‘mad-genius’ 
hair have crossed into popular 
culture — and this is certainly not 

the case with Pauling.
Is the lack of a recognisable 

figurehead in chemistry a problem? 
If there was an Einstein-like figure 
we could point to, would this help to 
brighten up chemistry’s somewhat 
tarnished public image? It might 

also serve our community better than 
generic images of men and women in 

lab coats and goggles standing in front of 
pretty-coloured liquids in strange-shaped 
glass vessels. There is no easy answer here, 
but perhaps a greater awareness of some of 
the inspirational chemists of the past would 
help spark the imagination of budding 
chemists out there today.

Our Twitter poll, as we suggested at 
the time, was somewhat arbitrary and 
unscientific — as is the question itself. 
Nonetheless, it is clear that, even from such a 
small data set, many different individuals are 
considered to be greatest chemist of all time. 
They can’t all be the greatest, but that matters 
not — they are all great, and this reflects the 
strength and diversity of chemistry. 
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news & views

most pragmatic approach is to introduce 
simulation constraints. By fixing the 
chemical composition, novel polytypes 
can be explored through crystal structure 
prediction, with many successes for 
microporous materials4. Alternatively, by 
fixing the crystal structure, the screening of 
different combinations of elements can be 
used to identify previously overlooked stable 
compositions5,6. As search algorithms are 
improving, such constraints are gradually 
being overcome7,8.

In the work of Poeppelmeier, Zunger 
and co-workers1, a valiant route was 
taken. They chose to fix the valence state 
of their target compounds to satisfy the 
18-electron rule, and screen both the 
chemical composition and crystal structure. 
From 483 chemically plausible ternary 
compounds with 18 valence electrons, 83 
have been previously reported, leaving 400 
‘missing’ compounds. A rigorous multi-step 
selection process was implemented (Fig. 1 
shows one such process), and validated 
by ‘searching’ known compounds — the 
method did correctly predict their stability 
and structures. A crystal structure search 
was carried out to ensure a global minimum 
configuration was identified, and the 
vibrational spectrum of each candidate 
material was investigated to confirm its 
dynamic stability. Finally, thermodynamic 
calculations were performed to ensure 
stability with respect to each competing 
phase. This screening procedure ensures 
that fanciful predictions of hypothetical 
compounds with exotic properties are 
avoided. In the end only 54 candidates 

survived — that is, were predicted to be 
stable — and of these, 15 new materials 
were successfully synthesized.

One of the roles of materials prediction 
in this study is to reduce the possible 
phase space and direct synthetic efforts 
to the most realistic and important 
targets. The simulations also provide 
valuable information to expedite the 
characterization of the novel compounds, 
ranging from predicted crystal structure 
parameters to vibrational and electronic 
spectral signatures. For all 15 materials 
predicted then synthesized in the study, the 
simulated and measured X-ray and electron 
diffraction patterns are in very good 
agreement. Although in the past materials 
modelling has been largely responsive 
to experiment, the predictive power of 
modern simulation techniques is becoming 
increasingly apparent.

The 18-electron compounds predicted 
to be stable are distributed amongst eight 
structure types. Phenomenologically, 
compounds with one transition metal (such 
as MgPdTe) are found to be metallic; those 
with two transition metals (such as TaIrSn) 
have a gap between their valence and 
conduction bands. The potential applications 
of these new materials with unconventional 
chemical bonding are wide ranging. For 
example, HfIrAs is a topological semi-
metal of interest in quantum electronics, 
ZrNiPb is a small-gap semiconductor with 
a large Seebeck coefficient suitable for 
thermoelectric applications, and ZrIrSb 
is a rare example of a transparent p-type 
conductor with high conductivity of holes.

It is an exciting time for materials 
chemistry. The ability to synthesize 
materials of increasing complexity 
continues to astound. Even fundamental 
thermodynamic limits can be overcome, 
as metastable structures and kinetically 
stable compositions are accessible through 
non-equilibrium growth techniques. The 
challenge now is not simply to make new 
compounds, but to enable new functionality. 
The combination of theory and simulation 
has adopted a new role in the field, as a 
quantitative tool that can direct and inform 
experimental synthesis and characterization. 
When used appropriately, it can help 
to navigate the immense structural and 
compositional landscape at a fraction of the 
time and cost of an empirical search. The 
googol of possible materials may contain 
a room-temperature superconductor, the 
next high-voltage battery, or indeed, a viable 
photocatalyst for splitting H2O or converting 
CO2 into a chemical feedstock. The quest is 
to find them. ❐

Aron Walsh is in the Department of Chemistry, 
University of Bath, Claverton Down, Bath 
BA2 7AY, UK. 
e-mail: a.walsh@bath.ac.uk; Twitter: @lonepair
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Monitoring the activity of chemical 
processes in biological systems can 
lead to a greater understanding 

of how they function and also provides an 
opportunity find out when they go wrong. 
Particularly interesting targets are the 
adenosine phosphates (APs) because of the 
integral part they play in various processes 
in living cells. A great number of chemical-
sensing approaches relevant to APs have been 
demonstrated with small-molecule probes1,2,3, 

but genetically encoded indicators composed 
of fluorescent proteins have also been used to 
measure their levels inside single cells4.

Now, writing in Nature Communications, 
a team led by Subi George has shown that 
entirely synthetic supramolecular polymers 
— a series of monomeric molecular units 
held together by non-covalent bonds — 
can also act as useful reporter groups for 
enzyme activity through their interaction 
with adenosine triphosphate (ATP)5. Up to 

now, such supramolecular polymers have 
been primarily of interest for their mimicry 
of biological self-assembly processes as well 
as for the preparation of synthetic materials 
with novel properties6,7. This present 
work show how the non-destructive and 
dynamic response of supramolecular 
polymers to the presence of APs can be 
used to monitor biochemical activity and 
is a fascinating development with regard to 
potential new applications. 

SUPRAMOLECULAR SENSING

Enzyme activity with a twist
A supramolecular polymer comprising stacked artificial chromophores to which zinc(ii) complexes are appended 
is able to respond to enzymatic hydrolysis in aqueous solution. The assembly of molecules can twist reversibly and 
quickly in response to changes in the type of adenosine phosphate present.

David B. Amabilino

© 2015 Macmillan Publishers Limited. All rights reserved



Blogging...

The infinite monkey 
theorem states that a 
monkey hitting keys at 
random on a typewriter 
keyboard for an infinite 

amount of time will 
almost surely type a 

given text, such as the 
complete works of 

William Shakespeare.
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Blogging on the sidelines
Bloggers shouldn’t be relegated to the sidelines of the scientific literature, argues Michelle Francl.

I have to admit that my first reaction to 
Royce Murray’s recent editorial in Analytical 
Chemistry1, warning scientists about science 
‘bloggers’, was irritation. Judging by the 
reaction of some of my colleagues — bloggers 
and otherwise — I was not alone. Still, as 
much as my blogger’s fingers itched to 
post about the irony of someone lionizing 
scholarly publication, while simultaneously 
disregarding the published work of 
the lexicologists at the OED (who have 
considered ‘blogger’ to be an English word 
since 2003), I had to admire Murray for his 
ability to raise so many key questions about 
science writing in a concise and provocative 
619 words. He has real potential as a ‘blogger’.

There are any number of rhetorical hats a 
writer of science can wear: scholar, journalist, 
freelance writer, novelist, film maker, 
playwright, poet — and of course, blogger. 
And despite Murray’s attempt to construct 
boundaries, being a respected scholar of 
science hardly precludes one from writing 
about science in other genres. Nobel Laureate 
Roald Hoffman is an essayist, poet and 
playwright. Physicist Gregory Benford, from 
UC Irvine, writes scholarly science — he’s 
published more than 100 papers in scholarly 
journals — as well as science fiction, winning 
two Nebula Awards for his novels.

Research scientists blog. In its recent report 
on the potential impact of web 2.0 on the 
scientific research infrastructure, the Research 
Information Network (RIN) notes that almost 
15% of UK scientists blog and one in five are 
regular readers and commenters on blogs2. 
The majority of top hits when you search 
‘chemistry blog’ are from PhD chemists. 
Murray’s comments aside, it’s not possible to 
talk about science blogging without talking 
about scientists blogging, or more broadly 
about scientists writing.

Who should be writing about science? 
Or because, as Murray laments, we can no 
longer control who is writing about science, 
perhaps we should ask whose science writing 
should we be reading? Is there a critical role 
for blogging in the landscape of scholarly 
science? Is it a new role, or do blogs 
augment or replace long-standing parts of 
the scientific literature?

Despite the number of researchers 
who write in different genres, there is little 
argument that publication in peer-reviewed 
journals — especially those with high 
impact factors — is the currency in which 

science currently trades, or at least academic 
science. But I wonder if we conflate the easily 
countable product (number of publications 
in peer-reviewed journals and the number 
of citations they receive) with the product 
we really care about (furthering interesting 
developments in the field).

Biologist and blogger Bora Zivkovic 
argues3 that the communication of results 
is “the essential last step of the scientific 
process.” Many of us see the journal article as 
that last step — the moment when a plethora 
of reactions, experiments, group meetings, 
lab conversations, drafts, peer reviews and 
editorial comments get distilled into a single 
polished entity. Yet a published scholarly 
article is just one piece of a much richer 
conversation about science. There is a life 
after publication, one that neither authors nor 
editors exert quite as much control over as 
perhaps they might wish, but nourish hopes 
for nonetheless. Authors and editors alike 
desire that peers will find the reported work of 
value, citing it and applying it, or that it turns 
up in broader social conversation, featured in 
The Times (London or New York) or on CNN.

As a result, the dissemination of science 
is clearly not linear, or even circular. Any one 
strand is embedded in a complex ecosystem 
of conversations. Although, as in real-world 
ecosystems, there are bottom feeders (an 
ecological niche I would hazard is filled in 
the blogosphere by those ‘no qualifications 
needed’ bloggers cranking out content for 
splogs (spam blogs) that Murray quite rightly 
deprecates), a sustainable food chain depends 
on more than a single species. Interesting 
developments in science just might hinge on 
thinking beyond the peer-reviewed journal.

I would argue that the side conversations 
of science exert subtle, but arguably effective, 

evolutionary pressures on the field. These 
conversations act as filters for research, from 
the conversation at group meetings, which 
leads you to discard a line of work, to the 
peer-review process a submitted manuscript 
undergoes. Post-publication commentary 
such as citation, media coverage, blog 
reactions or (perish the thought) a retraction 
would seem to carry no positive evolutionary 
weight — the chick has been successfully 
hatched. Still, such processes can and do feed 
back into decisions about future choices. How 
many funding agencies and researchers would 
have directed attention towards cold fusion 
if not for the blanket coverage in the media? 
And certainly a history of retraction rarely 
plays well in subsequent grant proposals.

After-the-fact filtering is not a new 
phenomenon, but is a persistent feature of 
the scientific research landscape. In previous 
centuries, letters circulated, people stood 
up at society meetings or corresponded 
with a journal’s editor, who might then 
respond in print. Digital tools have expanded 
the possibilities: data on reader ratings, 
annotations, downloads, page views, click-
throughs and citations can be easily collected 
and displayed. About 50% of scientists in the 
RIN survey expect that formal post-filters of 
this sort take on greater weight in the future, 
complementing the extant pre-filters, such as 
peer-review and editorial input.

Former journal editor Bruce Charlton 
argues — in print and on his blog — that 
journals are abrogating their role in post-
publication filtering4. The pages (virtual or 
otherwise) dedicated to letters to the editor, 
responses to papers and author replies 
have shrunk or vanished entirely. Even the 
legacy archives of such exchanges can fade, 
particularly when articles are preferentially 
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A comprehensive overview of chemical-free  
consumer products
Alexander F. G. Goldberg1 and CJ Chemjobber2*

Manufacturers of consumer products, in particular edibles and cosmetics, have broadly employed the term ‘Chemical free’ in 
marketing campaigns and on product labels. Such characterization is often incorrectly used to imply — and interpreted to mean 
— that the product in question is healthy, derived from natural sources, or otherwise free from synthetic components. We have 
examined and subjected to rudimentary analysis an exhaustive number of such products, including but not limited to lotions 
and cosmetics, herbal supplements, household cleaners, food items, and beverages. Herein are described all those consumer 
products, to our knowledge, that are appropriately labelled as ‘Chemical free’.

1Department of Organic Chemistry, Weizmann Institute of Science, Rehovot 76100, Israel, 23170 Road 40 1/2, Shell, WY 82441, USA.  
*e-mail: chemjobber@gmail.com
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talk would have been much 
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couldn’t use all contributions; 
there were so many!)
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