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5 years of Nature Chemistry Article titles

“la chimie crée son objet” – Marcellin Berthelot (1827-1907)



5 years of Articles (& Reviews/Perspectives)
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editorial

Whether 'tis nobler in the mind to suffer 
The slings and arrows of the outrageous 
 limitations of graphene, 
Or to take arms against a sea of ordered 
 anthracenes, 
And by photoirradiation polymerize them?

Polymers come in many different forms and 
are used in a huge variety of applications, 
from the mundane to the highly specialized. 
Naturally occurring biopolymers such 
as DNA and proteins underpin life itself, 
whereas synthetic polymers such as 
polyolefins and polyesters have played a 
crucial role in shaping the modern world. 
And what they all have in common is that 
they consist of repeating units — sometimes 
just one type and sometimes a collection 
of related building blocks. Conceptually, 
the simplest polymer architecture is one 
in which each repeat unit is linked to two 
neighbours to form a linear chain, and 
can be thought of as a ‘one-dimensional’ 
structure. But what of higher dimensions?

Two-dimensional polymers are sheet-
like, covalently bonded molecular tilings 
that extend in exactly two dimensions1,2. 
Unlike 1D polymers, over which chemists 
can often exert high levels of control during 
their synthesis, the design and production of 
2D polymers presents far greater challenges. 
Graphene is perhaps the archetypal 2D 
material, and although it has enjoyed a 
great deal of attention, the idea of precisely 
tailoring its size, shape and functionality 
at the molecular level seems somehow 
incompatible with something that can be 
made in a kitchen blender3. Perusing the 
recent literature, you could be forgiven for 
thinking that graphene was the only 2D 
material in existence, but other natural and 
synthetic layered substances have also been 
exfoliated into 2D sheets4.

The unique optical and electronic 
properties that arise from the 2D structure of 
graphene have attracted the attention of many 
researchers, including those interested in 
modulating its behaviour through chemical 
functionalization — although there can be 
some uncertainty regarding the exact nature 
and placement of functional groups. Bottom-
up approaches to functional graphene 
fragments5 (or so-called nanographenes) 
look to overcome the problems associated 
with top-down methods, but are currently 
limited in terms of the size of sheets that can 

be formed, and the functionality that can 
be introduced. Two-dimensional synthetic 
polymers arguably have the potential to 
overcome these limitations, particularly if 
large crystals can be grown. Single crystals 
of 3D framework materials — including 
fully organic ones6 — have been reported, 
indicating a free-standing 2D analogue to be 
a realistic target.

Now, two Articles in this issue (page 774 
and page 779) describe the formation of 2D 
polymers — through the photodimerization 
of rigid anthracene-based monomers 
— in a single-crystal-to-single-crystal 
fashion. Although 2D polymers have been 
synthesized before by topochemical solid-
state polymerization7, and 2D covalent–
organic frameworks have also been made 
on surfaces and in thin films8, these reports 
represent the first detailed characterization 
of the 2D polymerization process, where 
the monomer, intermediate states and 
polymer all retain their crystallinity. In what 
has been designated as the International 
Year of Crystallography, here are two more 
examples of the importance and power of 
crystallography in chemistry research9.

As all scientists are aware — sometimes 
painfully so — there is a lot more behind 
a paper than just the words and figures in 
the published article. In an Interview in 
this issue (page 751) the leaders of the two 
groups that carried out the work, Benjamin 
King and Dieter Schlüter, offer some 
interesting insights into their motivation 
and background to the story. In an age 
where ‘arms races’ between competing 
groups so often exist, King and Schlüter 
decided to go against the norm; King saying: 
“while we do compete, our collaboration 
is synergistic, and our openness to helping 
one another has advanced the field more 
than if we had struggled alone.” Not only 
did they coordinate their submissions to 
Nature Chemistry, but they also agreed 
that King’s paper should appear first in the 
print issue because his group obtained their 
2D-polymer single-crystal data first.

Whereas coordinating the publication 
of their papers turned out to be relatively 
straightforward, the work that got them 
to that point certainly wasn’t. Schlüter 
explains: “Patrick Kissel’s first synthesis 
of a 2DP during his PhD was horribly 
complicated. A 25-step synthetic procedure 
sounds more like natural product than 

polymer synthesis and surely discourages 
anyone from following it.” Nevertheless, 
they persisted, and “the monomer used 
in our current Nature Chemistry paper 
is now available in three steps (even 
though five steps are described in the 
manuscript, which was correct at the time 
of submission) from cheap commercially 
available chemicals.”

In an accompanying News and Views 
article (page 757), Neil Champness explains 
why we should be excited about this class 
of material: “consider a molecular-scale 
membrane comprising highly organized 
components with specific properties — 
be they optical, magnetic or electronic — 
and the ability to recognize specific target 
molecules through the incorporation of 
tailored recognition sites. Sounds like a 
chemist’s dream!” Given the progress that has 
been made towards making single-crystal 
sheets of 2D polymers from readily available 
starting materials, he seems justified in 
saying that “the future of these materials is 
undoubtedly bright and I have no doubt that 
this is a field that will grow and grow.” 

The obvious next steps are to make larger 
sheets, and to introduce functionalities 
on one or both sides. Increasing the 
range of monomers that can be stitched 
together to form 2D sheets through 
different polymerization chemistries would 
significantly broaden the range of materials 
that could be targeted. For 2D polymers to 
be considered viable for practical purposes, 
however, their production needs to be scalable 
so that they can be made in large enough 
quantities — at present, designing and 
making the monomer is arguably the limiting 
step. Future developments will hopefully pave 
the way for 2D polymers to be as diverse and 
widely used as their 1D counterparts, and 
one day they may even be as popular — and 
headline-generating — as graphene. ❐
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feature

A few of our favourite things
To celebrate Nature Chemistry turning five years old, editors past and present each share the story of a paper that, 
for one reason or another, stands out from all the others they have shepherded into the journal.

Steric factors predicting a reaction 
Dividing vesicles that leap into action 
Polymer chains made of sulfurous strings 
These are a few of our favourite things 
 
PSII models and calcium in clusters 
The power to split bonds that hafnium musters 
Gels stuck together with sugary rings 
These are a few of our favourite things

Supersized self-assembly
My own research background in 
supramolecular chemistry means that I 
typically handle many of the manuscripts 
submitted to the journal that involve the 
formation of host–guest complexes. In 
June 2010, when a manuscript with the 
title ‘Macroscopic self-assembly through 
molecular recognition’ from Akira Harada 
and co-workers appeared in our submission 
system, I was intrigued.

Although the title didn’t give much away 
about the specifics of the work, the idea that 
it conveyed was certainly interesting and 
got me thinking about the mesoscale self-
assembly work that George Whitesides and 
colleagues were doing in the late 1990s/early 
2000s. Whereas the Whitesides’ approach 
was a top-down one, in which macroscopic 
objects made from poly(dimethylsiloxane) 
assemble into arrays based on the matching 
of hydrophobic surfaces, Harada’s system 
(Nature Chem. 3, 34–37; 2011) was designed 
and built from the bottom up.

The cavity inside ring-shaped 
cyclodextrins is a well-known host for 
hydrocarbon groups and so Harada and 

co-workers set about using this molecular-
level interaction to effect self-assembly at a 
macroscopic scale. They began by making a 
range of gels adorned with different host and 
guest groups. One host gel was functionalized 
with α-cyclodextrin (α-CD) and another with 
the slightly larger β-cyclodextrin (β-CD). 
Three different guest gels were also prepared; 
one decorated with n-butyl (n-Bu) groups, 
one with t-butyl (t-Bu) groups and one with 
much bulkier adamantyl (Ad) groups.

The first self-assembly experiment 
described in the paper shows that a piece 
of β-CD-gel (stained red) and a piece 
of Ad-gel (stained green) stick together 
in water. When a handful of pieces of 
β-CD-gel and Ad-gel were agitated in water, 
a self-assembled structure was formed 
with alternating red and green pieces. 
No interactions were observed between 
gels of the same colour or indeed with a 
blank acrylamide gel bearing no host or 
guest groups, suggesting that the specific 
recognition between β-CD and adamantyl 
groups is required for self-assembly.

When pieces of the two host gels were 
mixed together with both n-Bu and t-Bu 
guest gels, two different assemblies were 
formed based on the size complementarity 
of the host and guest groups (pictured). 
Straight-chain n-Bu groups match the 
smaller cavity of α-CD better than the 
branched t-Bu groups, which are themselves 
a better fit inside the larger β-CD rings. With 
such visually appealing images that offer 
a simple — yet powerful — macroscopic 
manifestation of specific recognition at the 
molecular scale, it is easy to understand the 

comments of one referee: “Simple yet clear 
and effective. I really enjoyed this work — 
it’s the first piece of science that’s actually 
made me smile in a long time.” 

Stuart Cantrill is an editor at Nature Chemistry.

The parameters of prediction
Predicting which catalyst (or perhaps which 
ligand) will provide the most selectivity in a 
given asymmetric transformation is fraught 
with difficulty, but this doesn’t stifle the desire 
to try and do so. The problem is rooted in the 
very small differences in energy (often due 
to differences in steric interactions) between 
competing transition states. Predictions are 
most often made by analogy with the steric 
interactions in other well-studied systems. 
‘A values’ for example — that many will 
recognize from undergraduate studies — are 
based on the axial–equatorial preference of 
substituents in cyclohexanes.

In an Article in 2012, Matthew Sigman 
and co-workers argued that getting away 
from such analogies is important because 
they necessarily require the system under 
study to be similar to the one from which 
the parameters are derived (Nature Chem. 
4, 366–374; 2012). Instead, they extolled 
the virtues of the computationally derived 
Sterimol parameters, which attempt to 
represent the steric influence of a group 
based solely on size and shape, rather 
than on the effect of that group observed 
in another system. In addition, more 
than one parameter can be assigned to 
a particular group — which avoids the 
often confounding simplification that a 
substituent can be represented by a sphere. 
Sigman and co-workers described three case 
studies to support their claims — carbonyl 
allylation and propargylation, as well as a 
mechanistically distinct alcohol acylation, 
and find striking correlations in each case.

Sigman contacted me directly before 
submitting this work because its presentation 
— with a rather long, review-like, 
introduction — is distinct from many other 
Nature Chemistry papers and represented 
something of a special case. As he explained 
to me, the use of the Sterimol parameters 
is widely known in the development of 
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interview

 ■ Is the chemistry theme in many of 
your books simply a by-product of your 
interest in food and medicine or is there an 
underlying fascination with chemistry, too?
I was not a chemistry fan. I majored in 
biology as an undergraduate, and then did 
my graduate work in medical microbiology, 
molecular biology and immunology. 
Along the way I took the standard slate 
of chemistry courses, but didn’t really 
take to them. I appreciated the field only 
later, while working with Linus Pauling 
on his biography. Interviewing Pauling 
was like taking the world’s best class on 
the development of twentieth-century 
chemistry. I’ve been hooked ever since.

 ■ So you didn’t enjoy the chemistry 
classes you took in college?
Organic chemistry was torture. Then I took 
a class on molecular orbital theory that 
was close to incomprehensible — it might 
as well have been Sanskrit. I was clever 
enough to pass the course, but I learned 
nothing. Good science teaching is an art 
and the proper teacher can make all the 
difference. Unfortunately, I didn’t have any 
good chemistry teachers. I think I learned 
a negative lesson in school: I learned how 
easy it is to make something as potentially 
fascinating as chemistry boring. The fact 
is that science can be dramatic, delightful, 
mysterious, alarming and surprising all at 
once — in addition to it being central to 
our existence and our understanding of the 
universe. It takes real dedication to make 
something like that boring.

 ■ Why did you become a writer — and 
one that focuses on science and medicine 
in particular?
I had originally intended to pursue a career 
in scientific research. Then, while nearing the 
end of my PhD programme, I realized that 
I was not cut out for bench science. Nobody 
tells you how repetitive and tedious it can 
be. It is a personality issue. I tend toward the 
imaginative, think in broad strokes and get 
bored easily; the slow pace and meticulous 
nature of biomedical experimentation really 
did not suit me. Around the same time, 
while browsing journals, I came across some 
personal reminiscences that I found really 

intriguing. I remember particularly some 
acidic — yet funny — stories that Erwin 
Chargaff told, ridiculing Watson and Crick. 
That opened a door for me. I realized that 
science history could be lively and colourful 
as well as important. Then I read Watson’s 
The Double Helix, which sealed the deal. After 
dropping out of my doctoral programme and 
casting about for something to do that would 
allow me to reap some benefit from years of 
studying science, I thought of writing.

 ■ In both The Demon Under The 
Microscope and The Alchemy of Air you 
don’t shy away from the fundamental 
chemistry that underpins the story in each 
case. Did this make it harder to write the 
books for a general audience?
The short answer is yes. The challenge 
comes from the fact that the typical non-
specialist reader has close to zero chemical 
knowledge. The trick is to find a structure 
for the book that will introduce the reader 
first to a compelling story, then move them 
through the often-difficult science from 
square one, along with the story, carefully 
and progressively, not overwhelming the 
reader with too much at once, giving them 
time to digest the science by embedding it in 
a dramatic narrative with strong characters, 
challenges, mystery and so on. When you 
write about scientific discoveries as they 
happened, that is, trying as much as possible 
to tell the story from the perspective of 

the period, there is a lot of mystery and it 
becomes a combination of biography, history 
and detective story. The hard science arises 
naturally out of the story. I want the science 
to be as accurate as possible, but I emphasize 
storytelling. Readers seem to appreciate it. I 
get more complaints from scientists, who want 
more equations and diagrams, than I do from 
general readers looking for more excitement. 
It is a balancing act. And it is not particularly 
easy. I find that the historical scene-setting 
and personal-story parts of the process are 
more difficult than the science, because 
scientists in general keep very complete lab 
notes but very few personal records.

 ■ Deborah Blum was told that having the 
word ‘chemistry’ on the cover of her book 
The Poisoner’s Handbook wouldn’t be good 
for sales. Did you have any similar issues 
with the chemistry in your books?
I think Deborah Blum is great. I am not 
surprised that her publisher wanted to ban 
‘chemistry’ from the cover — the publisher’s 
job, after all, is to sell books and a lot of 
readers shy away from books that sound too 
science-y, just as they might have shied away 
from science courses in school. A lot of kids 
decide early that science is hard and technical 
and full of math and memorization and 
unexciting. Unless they’re lucky enough to get 
a good teacher, their prejudice against science 
can be lifelong. Publishers know that, so they 
stress other factors on their book covers. My 
publisher titled my book on nitrogen fixation 
The Alchemy of Air, a lovely title, and then 
asked that that the word ‘Hitler’ be included 
in the very long subtitle to attract readers 
interested in the Second World War.

 ■ You’ve written about sulfa drugs and 
ammonia synthesis — arguably two of 
the most significant breakthroughs of 
the twentieth century underpinned by 
chemistry. If you had to pick just one of 
these, which would you say had had the 
greatest impact on society, and why?
I am drawn to discoveries that have 
enormous direct impact. We increasingly 
live in a world that is as much technological 
as it is natural — often more so. We swim 
through technology all day, yet most people 
do not appreciate or understand the science 

A chronicler of chemistry
Thomas Hager, author of popular science books that revisit some of the most significant developments 
in chemistry over the past century, talks to Nature Chemistry about the challenges of writing for a general 
audience, and how his dislike of chemistry was turned around by a fellow Oregonian of considerable repute.
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commentary

Another four bricks in the wall
Shawn C. Burdette, Philip Ball, Kat Day, Eric R. Scerri and Brett F. Thornton

Of all the things humans can bestow names upon, new chemical elements are about the rarest. Our 
group of periodic table experts attempts to read the tea leaves and predict the names for elements 
113, 115, 117 and 118.

The International Union of Pure and 
Applied Chemistry (IUPAC) officially 
announced the discovery of four 

new chemical elements in December1, but 
what will those elements be called? The 
pronouncement sparked a huge amount 
of speculation from the serious to the 
whimsical. Shortly after the announcement, 
freelance science writer Philip Ball, 
Worcester Polytechnic Institute professor of 
chemistry and biochemistry Shawn Burdette, 
chemistry writer and blogger Kat Day, 
UCLA lecturer and author of several 
books on the periodic table Eric Scerri, 
and Stockholm University atmospheric 
chemistry researcher Brett Thornton put 
together their best bets in a blog post for 
The Sceptical Chymist2, and suggested odds 
for many possible names.

Right now, we have only a few clues 
about the potential names of these new 
elements. We only know the guidelines 
from IUPAC3 and who the discoverers 
are: Element 113 was credited to RIKEN 
(Rikagaku Kenkyūsho or The Institute of 
Physical and Chemical Research, Japan), 
while 115, 117, and 118 were produced 
by a collaboration between the Joint 
Institute for Nuclear Research (JINR; 
Russia), Lawrence Livermore National 
Laboratory (LLNL; California, USA) and 
Oak Ridge National Laboratory (ORNL; 
Tennessee, USA)4,5. So, will element 118 be 
named oberón after the king of the fairies? 
Will ghiorsium make a reappearance? 
Does quercine stand any chance at all? Is 
moscovium a foregone conclusion? Here’s 
what our panelists think.

Shawn Burdette: The IUPAC guidelines 
allow for elements to be named after places. 
We already have californium (California, 
USA; element 98), berkelium (Berkeley, 
California; element 97), dubnium (Dubna, 
Russia; element 105), hassium (Hesse, 
Germany; element 108), darmstadtium 
(Darmstadt, Germany; element 110) and 
livermorium (Livermore, California; also the 
LLNL; element 116), so place names have 
been popular choices for artificially created 

transuranium elements. The scientists at 
the JINR have a longstanding desire to 
name an element ‘moscovium’ (Moscow, 
Russia), which dates back at least to the 
naming of element 116 — for which the 
discovery credit was shared by JINR and 
LLNL and ultimately became livermorium. 
JINR has reasserted their intentions in press 
releases to name element 115 moscovium6. 
Likewise, media reports suggested that the 
RIKEN scientists would probably name 
element 113 ‘japonium’. The sources for 
these assumptions are RIKEN’s annual 
reports from the early 2000s describing their 
initial findings7. I am particularly confused 
why the RIKEN scientists would want to 
use the anglicized exonym ‘Japan’ as the 
element’s root name, however, rather than 
Nippon or Nihon, which would reflect what 
they call their country. Wouldn’t ‘nipponium’ 
or ‘nihonium’ better honour their nation’s 
contribution to the periodic table?

Brett Thornton: There is a possible problem 
with nipponium, because this name was 
proposed in the early twentieth century in a 
disproven Japanese claim for the discovery 
element 43, which was eventually named 
technetium after a later discovery was 
confirmed8. It might be obscure enough 
that a new use could be approved, though 
IUPAC guidelines have blocked even reuse 

of symbols in recent years. Copernicium 
has the relatively odd Cn symbol because 
Cp was used for cassiopium, a widely 
discussed alternative name for lutetium 
in the early twentieth century9. Rikenium, 
for the Japanese lab RIKEN, has also 
been proposed in the laboratory’s annual 
reports7. There is certainly precedent for 
this possibility with livermorium and 
flerovium referencing LLNL and JINR, 
respectively. It does seem a little dull to 
name elements for a lab though.

Philip Ball: I imagine the Japanese team 
might think that japonium will more clearly 
advertise their own country to the world 
at large than nipponium. That’s all a bit 
Eurocentric, as so much of the periodic 
table is — even its use of Latin and Greek. 
I’m conflicted over japonium. On the one 
hand, it would be nice to see a rebalancing 
of place names outside the West, if we 
include Russia in that group. But I have 
made critical remarks elsewhere about this 
tendency to name elements for their place 
or country of discovery10, which can seem 
pettily parochial or nationalistic. We’ve 
had the ones listed above and, historically, 
there are also polonium (Poland), 
francium (France) and others. Ruthenium 
(Russia), gallium (Latin for France) and 
germanium (Germany) were all named 
in the nationalistic era of the mid-to-
late nineteenth century. Germanium’s 
discoverer Clemens Winkler initially 
intended to call it neptunium, but found 
that name seemed to be already taken11 
(albeit not for the neptunium we have 
today). While we can hardly wish history 
away, this tendency doesn’t seem one 
particularly worth emulating.

BT: Is it nationalism, work location or 
homeland? Some elements specifically 
reference discoverers’ homelands, not 
necessarily where the work was done, such as 
polonium and rhenium (Latin for the Rhine).

PB: I accept one might reasonably argue 
that the discoverers should be permitted 
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in your element

At the end of last year, the International 
Union of Pure and Applied Chemistry 
(IUPAC) announced the verification 

of the discoveries of four new chemical 
elements, 113, 115, 117 and 118, thus 
completing period 7 of the periodic table1. 
Though now named2 (no doubt after having 
read the Sceptical Chymist blog post3), 
we shall wait until the public consultation 
period is over before In Your Element visits 
these ephemeral entities.

In the meantime, what do we know of 
their close neighbour, element 116? Well, after 
a false start4, the element was first legitimately 
reported in 2000 by a collaborative team 
following experiments at the Joint Institute for 
Nuclear Research (JINR) in Dubna, Russia. 
There, scientists bombarded a 248Cm target 
with accelerated 48Ca ions. Just by simple 
summation of the respective atomic numbers, 
96 and 20, one might predict that element 116 
would make an appearance; and so it proved, 
as the team successfully detected the alpha 
decay of a single such atom. The results were 
later repeated by the same group, and have 
since been confirmed by other laboratories5.

Element 116 was officially named 
livermorium (Lv) in May 2012, having 
been known previously by its systematic 
designation, ununhexium, with the symbol 
Uuh. The new name recognized the 
Lawrence Livermore National Laboratory 
in California — host to some of the original 
team responsible for the discovery, provider 
of the curium target, and an institution that 
has contributed much to the advancement of 
nuclear science generally. It was said in 2011 
that the Russian vice director of the team at 
JINR favoured the name moscovium, after 
the Moscow region, for the new element. 
It now seems that this suggestion will be 
employed for element 115.

Like all of the superheavy elements, 
livermorium is very unstable. The isotopes 
292Lv, 291Lv and 290Lv all have half-lives of 
less than twenty milliseconds. Even its 
longest-lived isotope, 293Lv, has a half-life 

of only about sixty milliseconds before 
decaying into flerovium (Fl, element 114), 
and in turn copernicium (Cn, 112) (ref. 6). 
As a consequence, scientists have been 
unable to collect a significant quantity for 
determination of its physical properties. 
Indeed, only about 35 atoms of it have ever 
been observed.

That said, thanks to its position in the 
periodic table, we can perhaps make some 
predictions. It falls into group 16 — known 
as the chalcogens — which also contains 
oxygen, sulfur, selenium, tellurium and 
polonium. Like the others in its group, it’s 
predicted to have six electrons in its valence 
shell, with an electronic configuration of 
7s2 7p4. However, electrons in superheavy 
elements move much faster than those in 
lighter atoms. As a result, the 7s and 7p 
electron energy levels are expected to be very 
stable, the 7s particularly so due to the inert 
pair effect. Two of the 7p electrons are also 
expected to be more stable than other four.

The upshot is that the +2 oxidation state 
is likely to be favoured7. There should also be 
an accessible +4 oxidation state, although it 
would probably only be achievable with very 
electronegative ligands such as fluorine (for 
example, LvF4). Conversely, the +6 oxidation 
state — observed for all the other elements 
in this group bar oxygen — is unlikely to 
occur due to the difficulty of removing the 
7s electrons. We see comparable patterns of 

behaviour in polonium, which we’d expect to 
have very similar chemistry. The most stable 
class of polonium compounds are polonides, 
for example Na2Po (ref. 8), so in theory 
Na2Lv and its analogues should be attainable, 
though they are yet to be synthesized.

Experiments carried out in 2011 showed 
that the hydrides 213BiH3 and 212mPoH2 were 
surprisingly thermally stable9. LvH2 would 
be expected to be less stable than the much 
lighter polonium hydride, but its chemical 
investigation might be possible in the gas 
phase, if a sufficiently stable isotope can 
be found.

Despite the considerable challenges posed 
by the short-lived nature of livermorium, 
scientists are keen to explore its chemistry 
experimentally. As Robert Eichler, head 
of the heavy elements research group at 
the Paul Scherrer Institute in Switzerland 
concludes, more model studies will be 
required to establish the most efficient way 
to produce these new superheavy element 
species, but “chemistry has arrived on the 
island of stability of superheavy elements”9. 
It seems unlikely that scientists will ever 
carry out experiments on test tubes full of 
livermorium, but new insights may not be 
that far away. ❐

KAT DAY is a freelance writer who 
maintains The Chronicle Flask blog, 
https://thechronicleflask.wordpress.com.  
Twitter: @chronicleflask
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use of t-butoxycarbonyl-substituted 
hydrazones (rather than N–H hydrazones) 
in conjunction with an acidic catalyst 
allows a ‘traceless’ carbon–carbon bond-
forming process — directly analogous to 
the original result of Stevens — to proceed 
at temperatures as low as 125 °C (7  8, 
Fig. 2). These changes certainly bring the 
conditions into the realm of utility for 
application in non-trivial contexts.

Aromatic, heteroaromatic and aliphatic 
aldehydes are all competent substrates for 
the two-step process of hydrazide formation 
followed by thermolytic carbon–carbon 
bond formation (Fig. 2). This reaction 
offers a new method to convert readily 
available benzaldehydes and heteroaromatic 
aldehydes into homoallylated arenes (see 
9  10, for example). In the context of 
aliphatic aldehydes, the convergent union of 
two enantioenriched substrates to generate 
products with a 1,6-diastereorelationship 
(such as in the conversion of 11 to 12) 
is powerful for synthesis. Hydrazides 
derived from α-chiral aldehydes do not 
epimerize to a significant extent under 
the rearrangement conditions, and the 
configuration of the allylic, hydrazide-
bearing stereogenic centre in the 
intermediate does not need to be controlled 
for productive reactivity. Both of these 

features engender potential utility for 
complex-molecule synthesis.

Although the reaction is traceless in 
the sense that the aldehyde and the N-Boc 
hydrazide functional groups are lost in the 
course of the thermolytic rearrangement (as 
dinitrogen, isobutylene and carbon dioxide), 
there remains a retron for application 
of this method. Overall, the process 
can be considered as the formation of a 
homoallylic carbon–carbon bond; therefore, 
in many cases when one is confronted with 
the need to unite fragments of a target 
molecule that are joined by an E-alkene, 
this reaction has the potential to be useful. 
Its usefulness will, of course, depend on 
the ready introduction of the precursor 
aldehyde and N-Boc hydrazide into the 
starting materials of choice. This new 
method provides a new means of connecting 
building blocks to form products that 
would normally be made using olefination 
methods. It is also a potentially valuable 
alternative to Suzuki-type reactions, which 
can be used to forge the allylic carbon–
carbon bond.

Clearly, this work is a step in the right 
direction towards a new carbon–carbon 
bond construction of broad application. At 
this point, the moderately high temperatures 
required in conjunction with the very 

strong Brønsted acid catalyst triflimide 
preclude the use of acid-labile groups, 
including a large repertoire of the protective 
groups frequently used in natural-product 
synthesis. Furthermore, the yields are 
typically in the 50–75% range. Both of 
these limitations might be addressed 
by continued refinement of hydrazone 
substrates and reaction conditions that 
could lead to lower temperatures. Ultimately, 
although the reaction originally described 
by Stevens had been considered a curiosity 
and largely ignored, it might eventually 
find itself on the synthetic chemist’s list of 
‘go-to methods’ for convergent synthesis of 
complex molecules. 

Sarah E. Steinhardt and Christopher D. Vanderwal 
are in the Department of Chemistry, University of 
California, Irvine, California 92697-2025, USA. 
e-mail: cdv@uci.edu
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Supercooled water can remain in the 
liquid state at temperatures as low as 
−40 °C — providing no seeding nuclei are 
available — but it has long been known 
that electric fields near charged surfaces 
can influence water’s freezing temperature. 
It has so far, however, proved difficult to 
study the effect of the electric field alone, 
because nucleation is also induced by 

conducting surfaces. Now Igor Lubomirsky 
and colleagues at the Weizmann Institute 
of Science, Israel, have used pyroelectric 
materials — polar insulators that create 
a transitory electric field when heated 
or cooled — to do just that (Science 327, 
672–675; 2010).

Pyroelectric materials create equal but 
opposite charges at their opposing surfaces, 

so Lubomirsky and colleagues could use 
the same compound, LiTaO3, to study 
the effects of both positive and negative 
charges on the freezing of supercooled 
water. The pyroelectric samples were 
exposed to a humid atmosphere and cooled 
until water droplets condensed on their 
surfaces and later froze. They found that 
supercooled water froze at −12.5 °C on an 
uncharged surface, −7 °C on a positively 
charged surface and −18 °C at a negatively 
charged surface.

Similar results were observed when 
experiments were repeated using SrTiO3. 
Water droplets froze at −4 °C on positively 
charged pyroelectric quasi-amorphous 
films (pictured, bottom left) and at −12 °C 
on non-pyroelectric amorphous films 
(pictured, top right).

GAVIN ARMSTRONG

The original version of this story first appeared 
on the Research Highlights section of the Nature 
Chemistry website.
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Attack of the clones
Michelle Francl suggests that self-plagiarism is a misleading term and that repeating yourself in 
publications isn’t always a bad thing.

In the days before e-mail attachments, 
a collaborator posted me a set of papers 
related to a project. As I read through the 
stack, I caught myself reading the same 
paper twice, or so I thought. I flicked to 
the next article and it was déjà vu all over 
again, to quote Yogi Berra. It felt like a game 
of science Mad Libs: pick a substituent, a 
reaction time in hours, a journal name, a 
first and last name and fill in the blanks to 
produce a short, but passable, publication.

That triptych of papers remains the most 
impressive example of salami publication that 
I’ve seen. I vacillated between admiring the 
efficient audacity of the author, as one might 
a well-orchestrated jewel theft, and being 
annoyed at having to work out if there were 
any substantive differences between the papers 
apart from which derivative of the compound 
had been synthesized and characterized. 
When Andy Warhol did it with soup cans it 
might have been art, but for a reader teasing 
out the subtle differences between such 
publications, it felt more like artifice.

Salami publication, in which a single 
large study is broken up into many small 
vignettes for publication, or where each in 
a series of publications constitutes only an 
innocuous incremental change from the 
one before, is a form of self-plagiarism. 
Duplicate publication, in which an article is 
reprinted in another venue without any clear 
indication that it has appeared elsewhere, 
and text recycling, where blocks of text 
are re-used by an author, are the other two 
offenses typically lumped into this category 
of academic misconduct.

Unlike outright plagiarism, a deed 
that is (almost) universally condemned, 
self-plagiarism seems an ethical morass 
to many scientists1. Journals that caution 
authors to avoid repeating text down to the 
level of individual phrases leave the most 
principled of writers fearful of unconsciously 
transgressing, scrupulously searching their 
scholarly corpus for such repeated prose. Yet 
those who (perhaps understandably) consider 
the notion of stealing one’s own words or 
ideas impossible, fail to appreciate what all 
the fuss is about2. And others, not wanting 
to tarnish a colleague’s reputation with even 
a hint of plagiarism, fail to raise reasonable 
questions with them — or with editors — 
about repetition in their publications.

I wonder whether our unease with 
self-plagiarism stems from a fundamental 
disagreement between the moral principle 
we often invoke — copying is wrong — and 
the ethical principles that self-plagiarism 
actually violates. Would the moral tangle 
around self-plagiarism be easier to sort out if 
the taxonomy of the transgressions paralleled 
the taxonomy of the accepted scientific 
ethical norms? In doing so, I suggest that 
there are situations in which what we 
categorize as self-plagiarism is not only 
morally acceptable, but morally preferable.

In the mid-twentieth century, sociologist 
Robert Merton articulated3 a set of four 
ethical norms for science — universalism, 
communalism, disinterest and organized 
scepticism — that he argued should (in 
the best of possible worlds) regulate the 
practice of science. The first, universalism, 
is the notion that ‘because I said so’ is 
not sufficient to substantiate a claim in 
science; evidence carries greater weight 
than personal authority. Second, science 
is common property; what has been done, 
made, discovered and understood must be 
clearly and effectively disseminated to the 
community. Next, scientists ought to be 
disinterested, not in the sense of being less 
than passionate about their work, but rather 
they should engage in research as Nobel-
winning physicist Maria Goeppert-Mayer 
suggested4 — not for the prize, but for the 

pleasure of ‘seeing it work out’. Merton’s 
final norm is organized scepticism; that in 
advancing a claim it is understood that the 
community may — and indeed should — 
test its validity.

Political scientist Liviu Andreescu 
suggests that injecting the term plagiarism 
into the discourse around duplicate 
publication, salami publication and text 
recycling is unfortunate5. The evidence 
that points to plagiarism is most often the 
illicit copying of text, so plagiarism has 
picked up the sense of replication of text 
in any context, even by its original author. 
Yet the literal root of plagiarism is not 
verbatim copying, but the usurpation of 
authority over another’s staff. In cases of 
self-plagiarism there has been replication 
(or near-replication, as is often the case 
in salami publication), but no authorial 
coup, which suggests characterizing it as a 
subgenre of plagiarism misses the crux of 
the crime.

Plagiarism is essentially impersonation 
and so flouts the fourth norm. If the work 
isn’t your own, as chemist and philosopher 
Janet Stemwedel points out, you cannot 
adequately engage in the necessary dialogue 
to probe the validity of the work6. The true 
author of a discovery generally possesses 
a tacit knowledge of the material that an 
imposter can never reproduce7. None of the 
three types of self-plagiarism transgresses 
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Zinc is the second most abundant 
transition metal in mammals. 
Approximately 10% of the human 

proteome needs a bound zinc ion to either 
fold correctly or function1. However, since 
excess zinc is toxic and zinc deficiency can 
lead to a number of pathological conditions, 
it is clear that cells must carefully control 
both the quantity and distribution of zinc 
ions. As early as the 1950s, there has been 
strong interest in visualizing zinc in human 
cells and tissues2. Development of new 
fluorescent probes over the last two decades 
has enabled the detection and measurement 
of zinc ions in living cells3. At the same 
time complementary elemental mapping 
methods such as X-ray fluorescence 
microscopy (XRM) have also been improved 
in both sensitivity and resolution4. Despite 
rigorous analytical efforts to measure and 
map the distribution of cellular zinc, and 
improvements in our understanding of how 
cells manage metals, the exact signalling 
function of zinc ions in many systems 
remains unclear.

The importance of a quantitative 
approach to biology has been noted by many 
sources, including a perspective piece by 
Phillips and Milo in 2009 that emphasized5 
that although qualitative analysis has led to 
many biological discoveries, “new insights 
often follow when they are revisited in 

quantitative terms”. In this issue of Nature 
Chemistry, Tom O’Halloran, Theresa 
Woodruff and colleagues describe how 
they have developed a set of four physical 
techniques to precisely quantify zinc 
accumulation and release in oocytes, or egg 
cells6. The highlight of this study is how the 
team uses their data to calculate the absolute 
number of zinc ions that are accumulated 
and released during oocyte maturation and 
fertilization. Quantitative work of this nature 
enables us to infer definite connections 
between distinct observations, and enhances 
our sense of the biological numeracy touted 
by Phillips and Milo.

The O’Halloran and Woodruff groups 
use mammalian oocytes as a model system 
to study zinc biology. Previously, they 
identified a zinc-dependent checkpoint in 
maturing oocytes during meiosis — the 
specialized form of cell division in which 
the chromosome number is halved, so that 
the full complement of chromosomes is 
reconstituted upon fertilization7. Using 
XRM, they showed that oocytes accumulate 
zinc during maturation, and these zinc ions 
are necessary for complete progression 
of meiosis. With a combination of zinc 
fluorophores and XRM, the team was then 
able to visualize a series of asymmetrically 
distributed zinc puncta in maturing cells8. 
They also observed a dramatic release 

of zinc from the cells upon fertilization 
using a zinc-specific fluorescent dye 
outside of the oocytes. In later work they 
demonstrated that these ‘zinc sparks’ 
are necessary for the egg-to-embryo 
transition9. This zinc spark was believed 
to originate from vesicular structures, but 
the team could not rule out the possibility 
of zinc release from an alternative route 
— such as through an unidentified zinc 
transport protein in the plasma membrane. 
Now, the development of new tools — and 
some innovative combinations of them — 
have yielded a quantitative map of zinc in 
oocytes with unprecedented detail. These 
results suggest that zinc is released from 
these vesicular stores.

The present work features a new 
molecular probe for zinc ions, ZincBY-1. 
Fluorescent dyes enable the monitoring 
of dynamic changes in the concentration 
of a metal ion over time, in living cells, in 
a non-invasive manner. ZincBY-1 seems 
to label zinc vesicles more effectively than 
other dyes at a low concentration, and 
expands the range of currently available zinc 
dyes. Many of the most widely used zinc 
probes are built on a fluorescein framework 
and therefore these dyes have similar 
spectral properties; however, ZincBY-1 
is formed with a different structure and 
consequently possesses lower-energy 

METALLOBIOLOGY

Zinc differently 
An extracellular ejection of zinc, known as a zinc spark, is triggered by the fertilization of a mammalian egg; however, 
the origin of this zinc was not clear. Now, a combination of four complementary techniques has revealed the source 
and provided an unprecedented quantification of the distribution of zinc in a maturing mammalian oocyte.

Kyle P. Carter and Amy E. Palmer
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Figure 1 | The release of zinc from vesicles in a fertilized mammalian oocyte. a, Z-contrast image from a scanning transmission electron microscope reveals 
bright vesicular structures near the plasma membrane (PM). Scale bar = 0.5 μM. Reproduced from ref. 6, Nature Publishing Group. b, Quantitative analysis of 
zinc content indicates that the number of zinc atoms stored in vesicles is similar to the number of atoms lost during the zinc spark after fertilization.
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The task of designing a new class can 
be greatly alleviated by finding a 
text that helps an instructor with 

content, scheduling and pace. For chemistry 
faculty, the course support that comes with 
a textbook can often be as important as 
the textbook itself. Unfortunately, when 
chemists try to branch out from traditional 
chemistry courses, there is very little 
support, and often no text, to guide the 
coursework. This circumstance is especially 
pertinent for food chemistry classes.

A lament that echoes the above concern 
comes up often in a new book published 
by the American Chemical Society: Using 
Food to Stimulate Interest in the Chemistry 
Classroom. As an edited symposium 
series, the contributing authors share 
their diverse experiences engaging their 
students with both food and chemistry. For 
many of them, the primary text for their 
individual classes is On Food and Cooking 
by Harold McGee, but the instructors have 
still had to put in considerable effort to 
provide chemical depth to their course’s 
culinary context. Throughout the ACS 
book, the authors share how they have 
filled in the blanks where the available 

texts come up short. As a faculty member 
who teaches a course on the chemistry of 
cooking, I have faced the same problems. 
The challenge of describing basic 
chemistry to non-specialists may seem 
trivial. I can attest to the fact that it is not. 
Writing lectures and designing laboratory 
experiments that contain accurate and 
pertinent chemistry while ensuring that 
they can be digested by students with 
varied appetites for chemistry, is difficult.

The ACS book will be most useful as a 
guiding post and a collection of references 
for the intrepid faculty member looking 
to add an ‘interesting topics’ course to 
their department’s catalogue. The book’s 
editor, Keith Symcox, has done a fine job 
in assembling a group of authors who 
teach their courses under very different 
circumstances. In my mind, this was a very 
smart decision. Although many of us have 
opinions on what our ideal class might 
look like and how it might be scheduled, 
we are constrained by our universities in 
how we can go about implementing those 
ideals. Having such diverse voices ensures 
that curious faculty members can match 
their constraints to at least one of the 
presented chapters. 

The book is split into two sections. The 
first contains chapters that describe typical 
classroom arrangements of courses: three-
week seminars, semester-long ones for 
majors and non-majors, capstone (final 
year) courses, and those that highlight 
the interdisciplinary aspects of food 
preparation and appreciation. These 
examples also include a variety of teaching 
environments (catering-quality kitchens, 
chemistry labs, classrooms, local farms and 
restaurants). The second section covers 
innovative use of food in the classroom: 
from novel research labs to the use of role-
playing in education. From this second 
section, I was particularly inspired by the 
description of a metal ions and nutrition 
seminar that was developed to engage and 
empower young women in India.

My biggest complaint is one of style. The 
authors were tasked with writing pedagogy 
articles. And they did that. But, in the 
process, some of the authors struggled to 
effectively translate their enjoyment of 
these classes onto the written page. As a 
practice, many faculty members can see 
discussion of pedagogy as forced medicine. 
This point of view is detrimental to the 
overall text because, as a reader, I need to 

be motivated and engaged in order to want 
to respond to the authors’ calls to design 
my own culinary chemistry class. For this 
reason, I do not believe that this book, 
alone, will entice new course offerings.

The chapters that worked best for me 
are those that described their students’ 
experiences and experiments with new 
techniques and problem solving. Malapati 
described an ethnic cuisine research project 
for students at Clarke University in which 
they had to learn and be able to describe 
the science behind cooking techniques 
with which they had little previous 
experience. Das really brings to life how 
his students are immersed in advanced 
molecular gastronomy techniques. And 
I was especially impressed with his 
students’ creativity in designing their final 
projects: novel food presentations with 
corresponding scientific descriptions. I 
am aware that a similar project is required 
as part of Harvard’s well-received food 
science course.

Perhaps the concept I am most likely 
to adopt in my own class is Daus’s use of 
creative problem solving. She gives her 
students a recipe and states that the recipe 
is not as good as it should be (the final dish 
may have too much fat or may not have 
the proper texture). The students are then 
required to experiment with the recipe, 
using the chemical training they have 
received in class. I am a big proponent of 
laboratory protocols that expect students 
to use the scientific method to achieve an 
expected result.

In short, this is a useful reference book. 
And, although it is not quite the textbook 
that many of us are hungry for, I would 
recommend it to anyone already teaching, 
or committed to teaching a kitchen 
chemistry course. ❐

REVIEWED BY MATTHEW HARTINGS
Matthew Hartings is an assistant professor 
of chemistry at American University in 
Washington DC, USA.
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The task of designing a new class can 
be greatly alleviated by finding a 
text that helps an instructor with 

content, scheduling and pace. For chemistry 
faculty, the course support that comes with 
a textbook can often be as important as 
the textbook itself. Unfortunately, when 
chemists try to branch out from traditional 
chemistry courses, there is very little 
support, and often no text, to guide the 
coursework. This circumstance is especially 
pertinent for food chemistry classes.

A lament that echoes the above concern 
comes up often in a new book published 
by the American Chemical Society: Using 
Food to Stimulate Interest in the Chemistry 
Classroom. As an edited symposium 
series, the contributing authors share 
their diverse experiences engaging their 
students with both food and chemistry. For 
many of them, the primary text for their 
individual classes is On Food and Cooking 
by Harold McGee, but the instructors have 
still had to put in considerable effort to 
provide chemical depth to their course’s 
culinary context. Throughout the ACS 
book, the authors share how they have 
filled in the blanks where the available 

texts come up short. As a faculty member 
who teaches a course on the chemistry of 
cooking, I have faced the same problems. 
The challenge of describing basic 
chemistry to non-specialists may seem 
trivial. I can attest to the fact that it is not. 
Writing lectures and designing laboratory 
experiments that contain accurate and 
pertinent chemistry while ensuring that 
they can be digested by students with 
varied appetites for chemistry, is difficult.

The ACS book will be most useful as a 
guiding post and a collection of references 
for the intrepid faculty member looking 
to add an ‘interesting topics’ course to 
their department’s catalogue. The book’s 
editor, Keith Symcox, has done a fine job 
in assembling a group of authors who 
teach their courses under very different 
circumstances. In my mind, this was a very 
smart decision. Although many of us have 
opinions on what our ideal class might 
look like and how it might be scheduled, 
we are constrained by our universities in 
how we can go about implementing those 
ideals. Having such diverse voices ensures 
that curious faculty members can match 
their constraints to at least one of the 
presented chapters. 

The book is split into two sections. The 
first contains chapters that describe typical 
classroom arrangements of courses: three-
week seminars, semester-long ones for 
majors and non-majors, capstone (final 
year) courses, and those that highlight 
the interdisciplinary aspects of food 
preparation and appreciation. These 
examples also include a variety of teaching 
environments (catering-quality kitchens, 
chemistry labs, classrooms, local farms and 
restaurants). The second section covers 
innovative use of food in the classroom: 
from novel research labs to the use of role-
playing in education. From this second 
section, I was particularly inspired by the 
description of a metal ions and nutrition 
seminar that was developed to engage and 
empower young women in India.

My biggest complaint is one of style. The 
authors were tasked with writing pedagogy 
articles. And they did that. But, in the 
process, some of the authors struggled to 
effectively translate their enjoyment of 
these classes onto the written page. As a 
practice, many faculty members can see 
discussion of pedagogy as forced medicine. 
This point of view is detrimental to the 
overall text because, as a reader, I need to 

be motivated and engaged in order to want 
to respond to the authors’ calls to design 
my own culinary chemistry class. For this 
reason, I do not believe that this book, 
alone, will entice new course offerings.

The chapters that worked best for me 
are those that described their students’ 
experiences and experiments with new 
techniques and problem solving. Malapati 
described an ethnic cuisine research project 
for students at Clarke University in which 
they had to learn and be able to describe 
the science behind cooking techniques 
with which they had little previous 
experience. Das really brings to life how 
his students are immersed in advanced 
molecular gastronomy techniques. And 
I was especially impressed with his 
students’ creativity in designing their final 
projects: novel food presentations with 
corresponding scientific descriptions. I 
am aware that a similar project is required 
as part of Harvard’s well-received food 
science course.

Perhaps the concept I am most likely 
to adopt in my own class is Daus’s use of 
creative problem solving. She gives her 
students a recipe and states that the recipe 
is not as good as it should be (the final dish 
may have too much fat or may not have 
the proper texture). The students are then 
required to experiment with the recipe, 
using the chemical training they have 
received in class. I am a big proponent of 
laboratory protocols that expect students 
to use the scientific method to achieve an 
expected result.

In short, this is a useful reference book. 
And, although it is not quite the textbook 
that many of us are hungry for, I would 
recommend it to anyone already teaching, 
or committed to teaching a kitchen 
chemistry course. ❐

REVIEWED BY MATTHEW HARTINGS
Matthew Hartings is an assistant professor 
of chemistry at American University in 
Washington DC, USA.

Food for thought
Using Food to 
Stimulate Interest 
in the Chemistry 
Classroom

Edited by Keith Symcox

AMERICAN CHEMICAL 
SOCIETY: 2013. 192 PP. 
$150.

Writing lectures and designing 
experiments that can be 
digested by students with 
varied appetites for chemistry 
is difficult.

M
AT

TH
EW

 H
A

RT
IN

G
S

© 2014 Macmillan Publishers Limited. All rights reserved



Not just research papers...

NATURE CHEMISTRY | VOL 4 | AUGUST 2012 | www.nature.com/naturechemistry 593

research highlights

on base-pair interactions, but the energy 
differences between correct and incorrect 
pairings are not large enough to explain such 
high fidelity, therefore DNA polymerases 
must also be active in the rejection of 
incorrect nucleotides.

From crystal structures, DNA 
polymerases are known to adopt two 
different conformations. An open 
conformation allows either correct or 
incorrect nucleotides to bind, which are 
then thought to be delivered to a reaction 
site. At this point a closed ‘reaction-ready’ 
conformation is adopted and the enzyme 
can ‘check’ whether the nucleotide is 
appropriate — it is proposed that, through 
base-pair interactions, this conformation 
can only be fully stabilized by the 
right nucleotide. 

Now, a team from The Scripps Research 
Institute led by David Millar have observed 
a third intermediate conformation that 
acts as a fidelity checkpoint, allowing the 
polymerase to reject an incorrect nucleotide 
before it adopts the closed conformation.The 
team used single-molecule Förster resonance 
energy transfer (smFRET) to monitor 
changes in conformation in Escherichia coli 
DNA polymerase I. 

Three conformational states were 
observed, corresponding to the closed 
and open conformations, and a previously 
unobserved intermediate; the ‘ajar’ state. 
During the process of nucleotide selection, 
the closed conformation was mostly 
observed when the correct nucleotide was 
present. However, in the presence of the 
incorrect nucleotide, the ajar conformation 
was the most likely to be seen. These 
observations imply a mechanism by which 
the polymerase rapidly switches from the 
open to the active closed conformation 
when the correct nucleotide is present, 
but blocks such a progression when the 
incorrect nucleotide is present. Rather, 
it gets held up in the intermediate 
conformation and induces the dissociation 
of the mismatched nucleotide. GA

DNA BINDING

Visible changes
J. Am. Chem. Soc. 134, 10214–10221 (2012) 

Metal complexes that combine 
photosensitivity with the ability to bind 
to DNA have attracted much attention in 
the biomedical field. The fact that their 
fluorescence changes in the presence 
of DNA may prove useful for sensing 
applications. Moreover, their DNA-
binding ability — which, in turn, can affect 
biological processes — can be switched 
on or off in a controlled manner through 

light irradiation at specific locations. Using 
scanning force microscopy, a team of 
researchers in Belgium led by Moucheron, 
Kirsch-De Mesmaeker and De Feyter 
have now described the mechanical and 
structural effects of the binding and 
photoreaction of a ruthenium complex on 
long DNA duplexes.

The ruthenium complex in question 
comprised two tetraaza-phenanthrene 
(TAP) moieties — phenanthroline (phen) 
derivatives in which two carbon atoms 
are substituted by nitrogen — and a 
third ligand, a phenanthrolino-hexaaza-
triphenylene polyaromatic group, known 
to intercalate in DNA by sliding between 
two base pairs. Comparisons between 
the behaviour of the TAP-based complex 
and its phen-based analogue, along with 
studies in the presence of strong hydrogen-
bond donor urea, suggest that — as 
well as the expected intercalation — 
hydrogen bonding takes place between 
the uncoordinated nitrogen atoms of 
TAP and distant DNA segments. This 
effectively leads to intra- and inter-strand 
crosslinking, causing the DNA to fold and 
form large aggregates.

When irradiated, electronically 
excited TAP-based ruthenium complexes 
bound to DNA are known to undergo 
photoelectron transfer with neighbouring 
guanine residues. This process is followed 
by back electron transfer or the formation 
of a complex–duplex adduct, or — in the 
case of long strands of DNA — cleavage 
of the sugar-phosphate backbone. The 
Belgium-based team found that visible-
light irradiation of a supercoiled DNA 
strand (pictured left) in the presence of the 
TAP-based complex induced the cleavage 
of some single strands — which releases 
some structural strain — as well as the 
formation of adducts. These adducts can 
result in increased rigidity of the DNA and 
crosslinking between different segments. 
Such mechanical and topological changes 
may impact the biomedical applications of 
these ruthenium-TAP complexes.  AP

Written by Gavin Armstrong, Stuart Cantrill, 
Stephen Davey and Anne Pichon.
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Toxicity and death
Bloggers breathe life into wounded 
chemicals and contemplate the death of 
organic synthesis.

For about a week, the chemical blogosphere 
became a toxic environment, but the 
only thing that bloggers sought to poison 
was public misperception. In a carnival 
spearheaded by Matt Hartings of American 
University, over 20 bloggers authored posts 
about their favourite toxic chemicals (http://
go.nature.com/dWTHzH). Hartings hosted 
the carnival on his site, ScienceGeist, in an 
effort to emphasize that many chemicals 
demonized in the media as ‘toxic’ have safe 
uses of immense practical value. “Chemicals 
aren’t inherently good or bad,” he writes, “in 
most cases, the danger is in the dosage.”

Dr Rubidium, an analytical chemist 
who blogs at the Journal of Are You 
Fucking Kidding, contrasted several 
cases of homicide by the paralytic agent 
succinylcholine with its medical use in 
life-saving tracheal intubations (http://
go.nature.com/bFQFv6). Although that 
post was shockingly free of swear words, 
an ode to tetracyanoethylene (TCNE) on 
Carbon-Based Curiosities was as vulgar as 
it was informative (http://go.nature.com/
AmOzuB). Long-time blogger Excimer 
noted that “even the chemical industry is 
starting to shy away from chemicals” before 
proudly hailing applications of TCNE in the 
synthesis of the first organic ferromagnet 
and as a “highly efficient unicorn killer.”

And speaking of death…debate over 
whether to sustain research in organic 
synthesis flared up again when Chemjobber 
sifted through a 120-page report on 
graduate education and found a rather 
provocative question inspired by Harvard 
chemist George Whitesides: “Should 
U.S. graduate students be doing organic 
synthesis if most organic synthesis is being 
done in China?” (http://go.nature.com/
uXbXMf). Derek Lowe at In the Pipeline 
prefaces his analysis with the statement, 
“If it hasn’t crossed your mind, you haven’t 
thought hard enough about the issues yet.” 
(http://go.nature.com/fMbQuP).

Written by Paul Bracher, who blogs at  
http://blog.chembark.com

© 2012 Macmillan Publishers Limited. All rights reserved
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Preparing submissions for Nature Chemistry 
This guide outlines key details that authors need to know when 
preparing the initial versions of Articles for submission to Nature 
Chemistry. For details of how to prepare revisions, appeals and all 
other content types, authors should consult our guide to authors. For 
information about the common editorial policies of Nature journals 
please see authors & referees @ npg. 
We do not require that papers conform strictly to our format 
guidelines at the initial submission stage. If revisions are requested, 
the handling editor will provide detailed instructions on style. But to 
ensure these are kept to a minimum and that we can handle your 
paper as swiftly as possible, please pay attention to the following 
points. 
Main article file 
Supply the main article as a single document containing, in order, 
the sections listed below. We encourage authors to embed each 
figure (with its legend) in this document at the appropriate point in 
the text for ease of reading. Alternatively, individual figure files can 
be uploaded separately if you prefer (in this case, group the figure 
legends together at the end of the main article file). 
Title If possible, this should be 15 words or fewer and should not 
contain technical terms or abbreviations unless absolutely 
necessary. We don't allow multi-part titles, i.e., two phrases 
separated by punctuation of some kind. 
Author list and affiliations The corresponding author(s) should be 
identified with an asterisk and their e-mail address(es) provided. 
Abstract This should be 100-150 words long and contain no 
references. It should include a general introduction to the topic and a 
brief non-technical summary of your main results and their 
implications. Bold compound numbers or acronyms should be 
avoided whenever possible. 
Main text The main text of articles (excluding the abstract, methods, 
figure captions, references, etc.) should typically not exceed 3,000 
words. Section headings can be used, except for at the very start of 
this section (we don’t use ‘Introduction’ as a heading). 
Methods We strongly encourage authors to supply a section of up to 
800 words that describes the methods considered to be the most 
essential to the paper. Additional methods, experimental procedures 
and characterization data should be placed in the supplementary 
information, which will be made available to referees during the 
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publication is given for each number (so no compound references, 
i.e., 1a,b,c, etc..). Please make sure that the titles of the articles 
being cited are included for each reference. References should not 
contain notes; they should just provide a citation. 
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effusive comments. Grant or contribution numbers may be 
acknowledged. 
Author contributions Nature Chemistry requires authors to include 
a statement to specify the individual contributions of each co-author. 
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designed the experiments: A. B. and E. F. performed the 
experiments: G. H. analyzed the data: A. B. and E. F. co-wrote the 
paper.” See our authorship policies for more details. 
Competing financial interests Submission of a competing financial 
interests statement is required for all content of the journal. This 
statement will be published at the end of Articles, regardless of 
whether or not a competing financial interest is reported. 
Tables Each table should be accompanied by a short title sentence 
describing what the table shows. Further details can be included as 
footnotes to the table.  
Figures 
A Nature Chemistry Article may contain up to 6 display items (any 
combination of figures and/or tables). A limited number of molecular 
structures with associated compound numbers or names can also be 
included as uncaptioned display items — but these should be 
grouped together where possible. Please note that schemes are not 
used; they should simply be presented as figures (with a caption). 
High-resolution images are not required at initial submission, but 
please ensure that the figures (whether embedded in the main article 
file or supplied separately) are of a sufficient resolution for their 
content to be clearly legible. 
Figure legends Figure legends should begin with a brief sentence 
that serves as a general title for the whole figure before continuing 
with a detailed description of what is shown in each panel and the 
symbols used. The caption for each figure should not typically 
exceed 200 words.  

 
Equations 
Equations and mathematical expressions should be provided in the 
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Compound numbering 
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You might find it easiest to start 
with the results...



...or the figures

(From: Pressures produced when penguins pooh
 – calculations on avian defaecation)



The text

Consider your audience

Acronyms Rarely Suit Everyone

Avoid jargon

Text should be clear, direct and should avoid repetition
(ideally at the level of a first-year graduate course)

Technical details go in the 
Methods/Supp Info



Know your audience

J. of Organic Chemistry – specialized chemistry audience

Angew. Chem. Int. Ed. – general chemistry audience

Science – general scientifically literate audience

New Scientist – scientifically literate/engaged lay audience

The Guardian – literate lay audience

The Daily Mail – lay audience
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Text should be clear, direct and should avoid repetition
(ideally at the level of a first-year graduate course)



What problem/question are you addressing?

How did you go about tackling the problem?

What did you find?

Why is this problem/question important/interesting? 

What other work has been done in this area?

What do your results mean?

Tell a story, one that 
people will want to 

read to the end



Here are five more words. 
Five-word sentences are fine. 

But several together become monotonous. 
Listen to what is happening. 
The writing is getting boring. 

The sound of it drones. 
It's like a stuck record. 

The ear demands some variety. 

– Gary Provost

This sentence has five words. 



 I vary the sentence length, and I create music. 
Music. 

The writing sings. 
It has a pleasant rhythm, a lilt, a harmony. 

I use short sentences. 
And I use sentences of medium length. 

– Gary Provost

Now listen.

And sometimes when I am certain the reader is rested, I will 
engage him with a sentence of considerable length, a sentence 

that burns with energy and builds with all the impetus of a 
crescendo, the roll of the drums, the crash of the cymbals — 

sounds that say listen to this, it is important.



Don’t let the title, abstract or 
graphical abstract be 

afterthoughts...

...but do do them at the end



Fertilization of a mammalian egg initiates a series of ‘zinc 
sparks’ that are necessary to induce the egg-to-embryo 
transition. Despite the importance of these zinc-efflux 
events little is known about their origin. To understand the 
molecular mechanism of the zinc spark we combined four 
physical approaches that resolve zinc distributions in single 
cells: a chemical probe for dynamic live-cell fluorescence 
imaging and a combination of scanning transmission 
electron microscopy with energy-dispersive spectroscopy, 
X-ray fluorescence microscopy and three-dimensional 
elemental tomography for high-resolution elemental 
mapping. We show that the zinc spark arises from a system 
of thousands of zinc-loaded vesicles, each of which 
contains, on average, 106 zinc atoms. These vesicles undergo 
dynamic movement during oocyte maturation and 
exocytosis at the time of fertilization. The discovery of 
these vesicles and the demonstration that zinc sparks 
originate from them provides a quantitative framework for 
understanding how zinc fluxes regulate cellular processes.

The background

The problem

The approach

The findings

The implications

(include techniques if 
crucial to the paper)

Constructing an abstract



...not too graphic...

Graphical abstracts



Cite this: Chem. Commun.,2013,
49, 6840

The mechanism of inhibition by H2 of H2-evolution by
hydrogenases†

Vincent Fourmond,a Carole Baffert,a Kateryna Sybirna,b Sébastien Dementin,a

Abbas Abou-Hamdan,a Isabelle Meynial-Salles,c Philippe Soucaille,c Hervé Bottinb

and Christophe Léger*a

By analysing the results of experiments carried out with two FeFe
hydrogenases and several ‘‘channel mutants’’ of a NiFe hydrogenase,
we demonstrate that whether or not hydrogen evolution is signifi-
cantly inhibited by H2 is not a consequence of active site chemistry,
but rather relates to H2 transport within the enzyme.

The biological catalysts of hydrogen oxidation and production are
large and structurally complex enzymes called hydrogenases.1 Their
active site, which can oxidize thousands of molecules of H2

per second, is a Fe2 or NiFe dinuclear cluster which is buried in
the protein and connected to the solvent by a chain of redox
cofactors acting as a wire for transferring electrons, a tunnel that
guides the diffusion of H2, and a series of amino acids for
transferring protons. Fig. 1 shows the X-ray structures of the
hydrogenases studied here. The gas channel of NiFe hydrogenase
is shown as a grid in panel D; it has been confirmed using a
combination of crystallography, MD experiments, and site-directed
mutagenesis.1–5 Several putative H2-pathways have been proposed in
the case of FeFe hydrogenases, but we have not been able to identify
mutations that significantly affect the rates of diffusion.6

In a protein film voltammetry (PFV) experiment, the hydro-
genase of interest is adsorbed onto a rotating disc electrode
(which is spun at a high rate to minimize mass transport
control) and electron transfer is direct.7 H2 oxidation at high
potential or H2 evolution under reductive conditions are
detected as a current (positive for H2-oxidation and negative
for H2-production) which is proportional to the turnover rate.8

Using this technique, it was observed early on that the
turnover rate for H2 production is independent of H2 concentration
in the case of FeFe hydrogenases,9–13 whereas H2 production by

NiFe hydrogenases is inhibited by the product H2.14–16 The reason
for this had not been clarified.

The enzyme’s apparent affinity for H2 can be easily quanti-
fied using PFV experiments where the reductive or oxidative
catalytic current is measured as a function of H2 concentration.
The Michaelis and inhibition constants (Km and Ki, respectively)
are defined by15

iH2 oxidation = i([H2] = N)/(1 + Km/[H2]) (1a)

iH2 production = i([H2] = 0)/(1 + [H2]/Ki) (1b)

The H2 concentration can be varied by bubbling either Ar or H2

directly in the bulk of the electrochemical cell;15 in that case,
the concentration of H2 varies exponentially with time, between
two limits, [H2]0 and [H2]N, according to:

[H2](t) = ([H2]0 ! [H2]N)exp!(t!t0)/t + [H2]N (2)

Fig. 1 Panel A: the FeFe active site H-cluster. Panel B: the backbones of the FeFe
hydrogenases from C. acetobutylicum (green trace, pdb 3C8Y) and C. reinhardtii
(blue trace, pdb 3LX4). Panels C and D: the active site and the backbone of the
NiFe hydrogenase from D. fructosovorans, and aminoacids that shape the sub-
strate gas channel (pdb 1YQ9). The chains of FeS clusters that are used for long-
range electron transfer are visible in panels B and D.

a CNRS, Aix-Marseille Université, BIP UMR 7281, 13009, Marseille, France.
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b iBiTec-S SB2SM, LMB (UMR CNRS 8221), DSV, CEA, 91191 Gif-sur-Yvette, France
c Université de Toulouse, INSA, UPS, INP, LISBP, INRA:UMR792, CNRS:UMR 5504,

135 Avenue de Rangueil, 31077 Toulouse, France
† Electronic supplementary information (ESI) available: Methods, schemes, and
derivation of eqn (3). See DOI: 10.1039/c3cc43297a
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[Cp2TiCH2CHMe(SiMe3)]+, an Alkyl−Titanium Complex Which (a)
Exists in Equilibrium between a β‑Agostic and a Lower Energy
γ‑Agostic Isomer and (b) Undergoes Hydrogen Atom Exchange
between α‑, β‑, and γ‑Sites via a Combination of Conventional
β‑Hydrogen Elimination−Reinsertion and a Nonconventional CH
Bond Activation Process Which Involves Proton Tunnelling
Alexandre F. Dunlop-Brier̀e and Michael C. Baird*

Department of Chemistry, Queen’s University, Kingston, ON K7L 3N6, Canada

Peter H. M. Budzelaar*

Department of Chemistry, University of Manitoba, Winnipeg, MB R3T 2N2, Canada

*S Supporting Information

ABSTRACT: The compound [Cp2Ti(Me)(CD2Cl2)][B(C6F5)4] reacts with
trimethylvinylsilane (TMVS) to form the 1,2-insertion product
[Cp2TiCH2CHMe(SiMe3)]

+ (III), which exists in solution as equilibrating β-
and γ-agostic isomers. In addition, while free rotation of the β-methyl group
results in a single, averaged γ-H atom resonance at higher temperatures,
decoalescence occurs below ∼200 K, and the resonance of the γ-agostic
hydrogen atom at δ ∼ −7.4 is observed. Reaction of [Cp2Ti(CD3)(CD2Cl2)]

+

with TMVS results in the formation of [Cp2TiCH2CH(CD3)(SiMe3)]
+, which converts, via reversible β-elimination, to an

equilibrium mixture of specifically [Cp2TiCH2CH(CD3)(SiMe3)]
+ and [Cp2TiCD2CD(CH3)(SiMe3)]

+. Complementing this
conventional process, exchange spectroscopy experiments show that the β-H atom of [Cp2TiCH2CHMe(SiMe3)]

+ undergoes
exchange with the three hydrogen atoms of the β-methyl group (β-H/γ-H exchange) but not with the two α-H atoms. This
exchange process is completely shut down when [Cp2TiCH2CH(CD3)(SiMe3)]

+ is used, suggesting an H/D kinetic isotope
effect much larger (apparently >16 000) than the maximum possible for an over-the-barrier process. It is proposed that β-H/γ-H
exchange is facilitated by quantum mechanical proton tunnelling in which a hydrogen atom of the 2-methyl group of the alkene−
hydride deinsertion product [Cp2TiH{CH2CMe(SiMe3)}]

+ undergoes reversible exchange with the hydride ligand via the allyl
dihydrogen species [Cp2TiH2{(η

3-CH2C(SiMe3)CH2}]
+. Complementing these findings, DFT calculations were carried out to

obtain energies and NMR parameters for all relevant species and thence to obtain better insight into the agostic preference(s) of
complex III and the observed exchange processes. In all cases where comparisons between experimental and calculated data were
possible, agreement was excellent.

■ INTRODUCTION

There has in recent years been considerable interest in the
utilization of metallocene complexes of the types Cp2M(Me)-
(WCA) or [Cp2M(Me)(solvent)]WCA [M = Ti(IV), Zr(IV),
Hf(IV); Me = methyl; WCA = weakly coordinating anion such
as B(C6F5)4

−] as catalysts for the coordination polymerization
of alkenes CH2CHR (R = H, alkyl, aryl).1 It is universally
accepted that the initial steps of such polymerization processes
involve coordination of the alkene to generate a cationic
intermediate [Cp2M(Me)(η2-CH2CHR)]+ (A), which
undergoes subsequent migratory insertion to give an alkyl
intermediate of type B (vacant site possibly occupied by alkene,
solvent molecule, or WCA).
Until recently, NMR studies of d0 metallocene-based alkene

polymerization catalyst systems had never provided direct

evidence for alkyl alkene intermediates such as type A,
presumably because (a) a lack of π back-donation from d0

metal ions results in weak alkene-metal bonding and (b)
activation energies for migratory insertion processes involving,
for example, ethylene, propylene, and 1-alkenes are very low.
Thus species of type A are too short-lived to be observed,

Received: September 7, 2013
Published: October 22, 2013
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Multi-format receiver for non-return-to-zero 
binary-phase-shift-keyed and non-return-to-zero 

amplitude-shit-keyed signals 
Zhixin Liu, Shilin Xiao*, Lei Cai, and Zheng Liang 

State Key Laboratory of Advanced Optical Communication Systems and Networks, Department of Electronic 
Engineering, Shanghai Jiao Tong University, Shanghai 200240, China 

*Corresponding author: slxiao@sjtu.edu.cn 

Abstract: A Multi-format receiver for both non-return-to-zero binary-
phase-shift-keyed (NRZ-BPSK) signal and non-return-to-zero amplitude-
shift-keyed (NRZ-ASK) signal is demonstrated. Multi-format signal 
detection is based on incoherent BPSK demodulation and ASK-BPSK 
format conversion. Incoherent BPSK demodulation is realized by a Mach-
Zehnder delay interferometer (MZDI) and a feedback decoder. 
Transmission experiments validate the feasibility of multi-format receiver. 
This receiver has potential to serve as a useful terminal block for all-optical 
wavelength division-multiplexed (WDM) networks.  
©2008 Optical Society of America  
OCIS codes: (230.0230) Optical devices; (230.0040) Detectors  
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An In-Depth Analysis of a Piece of Shit: Distribution of
Schistosoma mansoni and Hookworm Eggs in Human
Stool
Stefanie J. Krauth1,2,3, Jean T. Coulibaly1,2,3,4, Stefanie Knopp1,2, Mahamadou Traoré3,

Eliézer K. N’Goran3,4, Jürg Utzinger1,2*

1 Department of Epidemiology and Public Health, Swiss Tropical and Public Health Institute, Basel, Switzerland, 2 University of Basel, Basel, Switzerland, 3 Centre Suisse de

Recherches Scientifiques en Côte d’Ivoire, Abidjan, Côte d’Ivoire, 4 Unité de Formation et de Recherche Biosciences, Université de Cocody, Abidjan, Côte d’Ivoire

Abstract

Background: An accurate diagnosis of helminth infection is important to improve patient management. However, there is
considerable intra- and inter-specimen variation of helminth egg counts in human feces. Homogenization of stool samples
has been suggested to improve diagnostic accuracy, but there are no detailed investigations. Rapid disintegration of
hookworm eggs constitutes another problem in epidemiological surveys. We studied the spatial distribution of Schistosoma
mansoni and hookworm eggs in stool samples, the effect of homogenization, and determined egg counts over time in stool
samples stored under different conditions.

Methodology: Whole-stool samples were collected from 222 individuals in a rural part of south Côte d’Ivoire. Samples were
cut into four pieces and helminth egg locations from the front to the back and from the center to the surface were analyzed.
Some samples were homogenized and fecal egg counts (FECs) compared before and after homogenization. The effect of
stool storing methods on FECs was investigated over time, comparing stool storage on ice, covering stool samples with a
water-soaked tissue, or keeping stool samples in the shade.

Principal Findings: We found no clear spatial pattern of S. mansoni and hookworm eggs in fecal samples. Homogenization
decreased S. mansoni FECs (p = 0.026), while no effect was observed for hookworm and other soil-transmitted helminths.
Hookworm FECs decreased over time. Storing stool samples on ice or covered with a moist tissue slowed down hookworm
egg decay (p,0.005).

Conclusions/Significance: Our findings have important implications for helminth diagnosis at the individual patient level
and for epidemiological surveys, anthelmintic drug efficacy studies and monitoring of control programs. Specifically,
homogenization of fecal samples is recommended for an accurate detection of S. mansoni eggs, while keeping collected
stool samples cool and moist delayed the disintegration of hookworm eggs.

Citation: Krauth SJ, Coulibaly JT, Knopp S, Traoré M, N’Goran EK, et al. (2012) An In-Depth Analysis of a Piece of Shit: Distribution of Schistosoma mansoni and
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Introduction

Although schistosomiasis and soil-transmitted helminthiasis
affect hundreds of millions of people and account for more than
40% of the global burden due to neglected tropical diseases,
parasitic worm infections are often still neglected [1–3]. An
accurate diagnosis is necessary for adequate patient treatment, a
deeper understanding of the epidemiology of helminthiases,
assessment of anthelmintic drug efficacy, and for monitoring the
community-effectiveness of control programs [4,5].

The Kato-Katz technique is the current method of choice for
the diagnosis of Schistosoma mansoni, Schistosoma japonicum, and

soil-transmitted helminths in epidemiological studies [6–8].
However, the Kato-Katz technique has several shortcomings.
First, there is a lack of sensitivity, with light infection intensities
particularly prone to be missed [9–12]. Second, there is
considerable intra- and inter-specimen variation of helminth
egg distribution and aggregation in feces [10,11,13–16].
Interestingly though, contradicting findings have been reported
on the spatial distribution of helminth eggs in human stool
samples [16,17]. For example, two studies reported significantly
higher S. japonicum fecal egg counts (FECs) on the surface
compared to the center [16,17]. For S. mansoni, however, no
significant differences in FECs have been found [18,19].
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The unusual magnetic fields of the planets Uranus and Neptune represent important 
observables for constraining and developing deep interior models. Models suggests that 
the unusual non-dipolar and non-axial magnetic fields of these planets originate from a 
thin convective and conducting shell of material around a stably stratified fluid core. Here, 
we present an experimental and computational study of the physical properties of a fluid 
representative of the interior of Uranus and Neptune. Our electrical conductivity results confirm 
that the core cannot be well mixed if it is to generate non-axisymmetric magnetic fields. The 
molecular dynamics simulations highlight the importance of chemistry on the properties of 
this complex mixture, including the formation of large clusters of carbon and nitrogen and a 
possible mechanism for a compositional gradient, which may lead to a stably stratified core. 
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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’.
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