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The approach also introduces an adia-
baticity parameter that gives insight
into the competing effects between
quantum mechanical overlap and vibra-
tional reorganization, allowing a rough
estimation of when vibronic corrections
willbe needed. Anincrease in the rate of
energy transfer of up to 3.5% is pre-
dicted in relation to Forster theory.
At ambient temperatures and once
disorder is taken into account, the
improvement is estimated to be around
10%. This prediction is in line with theo-
retical work indicating that quantum
electronic-vibrational interactions can
enhance a figure of meritin the scenario
of a quantum heat engine with parame-
ters of PC645.7

The theoretical analysis by Dean et al.
considers only the effect of a single
vibrational frequency while ignoring
all other environmental effects. Incor-
porating a wider range of quantized
vibrations could make the predicted
enhancements more robust to disorder.
The insights presented also rely largely
on the quasi-local character of the in-
termolecular vibronic states. This there-

fore encourages a careful investigation
of the overall advantages of vibronic
coupling when exciton states with large
delocalizations are also involved and
the quasi-local picture breaks down.
Indeed, a systematic investigation is
needed before these findings can
be generalized to all light-harvesting
antennae or reactions centers, where
coherence beating has also been
observed. Although 2D optical spec-
troscopy has shown to be a powerful
technique for unveiling details of ultra-
fast excited-state dynamics, the con-
gested nature of these spectra hinders
unambiguous signatures of excited-
state coherences. Furthermore, the
ensemble nature of the measurement
also means that a certain amount of
information is washed out. Comple-
mentary experimental efforts to probe
coherence—whether at the ensemble
or the single-molecule level'®—are
therefore much needed.
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In Situ Detection
of Organics in the Comet
6/P/Churyumov-Gerasimenko

Alexandre Bergantini'? and Ralf |. Kaiser'#*

Comets are fascinating objects transporting complex organic molecules from
the outer to the inner solar system. A paper published in Nature by Fray and
co-workers presents key results of the Rosetta mission by collecting in situ
data of refractory grains from comet 67P/Churyumov-Gerasimenko in 2014.

The underlying physicochemical pro-
cesses leading to the formation of
complex organic molecules (COMs)

in distinct interstellar (cold molecular
clouds, young stellar objects, and pro-
tostellar envelopes) and solar system

824 Chem 1, 822-829, December 8, 2016 © 2016 Elsevier Inc.

environments (planets, moons, aster-
oids, and comets) has fascinated chem-
ists and astronomers since the discov-
ery of the very first diatomic molecule
methylidyne (hydridocarbon, CH) in
the interstellar medium in the plane of
the Milky Way almost 80 years ago.'
The detection of nearly 200 molecules
in interstellar and circumstellar environ-
ments—more than one-third of which,
including vital precursors to molecular
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building blocks of life, such as glycolal-
dehyde (2-hydroxyacetaldehyde, HCO-
CH,0H), can be classified as complex
organics—and the elucidation of po-
tential formation routes in the gas and
condensed phase (ices) eventually led
to the rise of a new interdisciplinary
research field: astrochemistry.

Among these almost 200 molecules de-
tected in outer space,” the identifica-
tions range from simple species, such
as molecular hydrogen (H,), to large
COMs containing as many as 13 atoms,
such as methyl acetate (CH3;OC(O)
CH3), propylcyanide
C3H7CN), and even carbon-only mole-

(butanenitrile,

cules, such as Cgo and Cyq fullerenes.
The ultimate goal of astrochemistry is
to exploit astronomical observations,
missions, theory, models, and labora-
tory experiments on the chemical inter-
actions among gas, ice, dust, and
ionizing radiation in astrophysical envi-
ronments to elucidate the inherent
formation of new molecules in astro-
physical and solar system environ-
ments. This also helps us understand
how the chemical building blocks of all
known forms of life on Earth—sugars,
lipids, and amino acids—are formed in
distinct  astrophysical
and which processes limit their che-

environments
mical complexity.

The recent Rosetta mission by the
European Space Agency to explore
comet 67P/Churyumov-Gerasimenko
(2014) represents an exceptional suc-
cess in terms of both scientific findings
and engineering achievements.® 67P,
a short-period comet, was discovered
by K. Churyumov and S. Gerasimeko
on photographs taken of 32P/Comas
Sola in September 1969 at Alma Ata.”
From a chemical point of view, comets
are among the most primitive objects
in the solar system. With the exception
of main-belt comets, they originate
either from the Oort Cloud (long-
period comets) or from the Kuiper Belt
(short-period comets) beyond the orbit
of Neptune. These objects have pre-

served material from the interstellar
medium and also from the early stages
of the formation of our solar system.
Given that the Kuiper Belt and Oort
Cloud reside at distances of about 30
AU and up to 100,000 AU, respectively,
away from the Sun, the surface temper-
ature of the comets is extremely low,
just a few tens of degrees above abso-
lute zero; this implies that objects orig-
inating from the Kuiper Belt carry frozen
volatiles. Considering the evolution of
planetary systems, it is believed that
the chemical composition of such ob-
jects is very similar to the chemical
composition of the molecular cloud
that collapsed to form the solar system.
Therefore, comets are considered to
be “natural time capsules” offering a
unique opportunity for us to look back
in time directly into the dawn of our
solar system.

In the October 6, 2016, edition of
Nature, Fray et al.’® report fascinating
discoveries made by Rosetta, which
was launched in 2004 to rendezvous
with the 67P/Churyumov-Gerasimenko
comet in 2014. The raw data presented
by Fray et al. were collected by the
Cometary Secondary lon Mass Analyzer
(COSIMA), which is collecting solid
material from the comet to be analyzed
by time-of-flight secondary ion mass
spectrometry (TOF-SIMS). One of the
most interesting characteristics of the
mission is that the particles were
collected at low speeds (a few meters
per second),” unlike in previous “come-
tary hunt” missions, such as Stardust
(6 km/s)® and Giotto (68 km/s).® The
fact that the particles were collected
at low speeds ensures their molecular
integrity. More than 27,000 particles
were detected, and close to 200 were
analyzed.® From these, the authors pre-
sent the analysis of two representative
particles named Kenneth and Juliette.

The main results from the COSIMA
instrument are the detection of
organic matter in the particles collected

from the comet 67P/Churyumov-Gera-
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simenko. The TOF-SIMS spectra show
signatures of carbon compounds, such
as the positive ions C*, CH", CH,",
CH3*, and C,H3*, with m/z ratios of
12.00, 13.01, 14.02, 15.02, and 27.02,
respectively, as well as the negative
ions C™ and CH™, plus a weak contribu-
The authors
point out that the carbon-bearing spe-
cies in the particles collected from the

tion signal from CH,™.

67P comet present similarities with the
spectrum of insoluble organic matter
extracted from carbonaceous chondrite
meteorites used for comparison, which
is indicative of the presence of high-
molecular-weight organic matter in
the particles of 67P. Organic mole-
cules such as carboxylic acids, poly-
cyclic aromatic hydrocarbons, and
amino acids have not been detected
by the COSIMA instrument vyet,
although another instrument, named
the Rosetta Orbiter Spectrometer for
lon and Neutral Analysis (ROSINA), de-
tected volatile organics such as methyl
formate (HCOOCH;) and formamide
(NH,CHO) in the gas phase of the
comet.’

Itis important to note that the dust par-
ticles were analyzed a few weeks after
they were collected and that these par-
ticles were kept on the substrates at
temperatures of about 280 K;® there-
fore, any possible volatiles, especially
any “ices,” even water, would have
been lost by the time of the analyses.
This represents one of the weakest as-
pects of the research presented by
Fray et al., given that a crucial set of in-
formation not only about the comet it-
self but also about the formation stages
of the solar system could have been ob-
tained from the in situ analysis of the
comet’s volatiles.®

Fray et al. also mention that volatile
organic molecules were detected on
particles ejected by the lander Philae
and that those detections are consis-
tent with ices processed by photolysis
or radiolysis. But the statement that
this sample was processed before the
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formation of the cometis not supported
by measurements made by the Rosetta
mission. Additionally, Fray et al. could
not find a chemical connection between
the species detected in the solid phase
by the COSIMA instrument and the
molecules probed in the gas phase by,
e.g., ROSINA. Their conclusion is that
the volatile and solid materials in the
comet 67P have distinct origins. A
much simpler explanation could be
the fact that the samples were collected
in very distinct temperatures—prob-
ably a couple hundred Kelvin of differ-
ence—so any low-volatile molecules
possibly left on the surface of the
comet by Philae and the carbonaceous
material collected in the coma by
COSIMA were simply lost because of
sublimation.

Finally, Fray et al. conclude that their
detection of high-molecular-weight
organic matter both in the particles from

the comet and in meteorite samples

such as ultracarbonaceous Antarctic mi-
crometeorites suggests that comets and
asteroids share common characteristics,
at least in a phase where the volatiles
are gone. This is not necessarily a new
idea (see, e.g., Chyba et al.”).

In conclusion, the fact that 67P is natu-
rally poor in volatiles—as speculated
from the analysis of the fragments by
the COSIMA instrument—regardless
of the original sample’s characteristics,
most likely represents an artifact of the
enhanced storage temperature of the
grains, suggesting that we may have
missed the possibility of detecting
CHON-bearing species, which are the
epicenter of the attention of the astro-
chemistry community.'®
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Thermodynamic Selection of
Supramolecular Nanomaterials
from Dynamic Peptide Libraries

Cristian-Victor Rete' and Nicolas Giuseppone'*

Short peptide sequences are powerful building blocks for designing new nano-
materials, but their self-assembled structures are difficult to predict. In the
latest issue of Nature Nanotechnology, Ulijn and colleagues present a method-
ology to select peptide sequences from dynamic combinatorial libraries that
produce the most stable supramolecular nanostructures.

The directed selection of molecular
constituents and structures under the
pressure of environmental conditions
partly supports the evolution of living
systems. The kinetic and thermody-
namic rules that control such selection

processes are of major fundamental
interest to biologists and chemists
who are interested in complex matter
at large. Dynamic combinatorial chem-
istry! is one of the recent appealing
concepts developed to study selec-

826 Chem 1, 822-829, December 8, 2016 © 2016 Elsevier Inc.

tion processes from complex mix-
tures. Here, chemical building blocks
can exchange their constituents by
reversible chemical bonds, producing
libraries of various molecular compo-
nents with a relative distribution gov-
erned by their thermodynamic sta-
bility. Under certain conditions (e.g.,
binding to a receptor or stabilization
within a self-assembled structure), the
concentration of a particular compo-
nent of the library can strongly in-
crease, whereas the other members
of the library are depleted because
they are linked within a network of
selection

coupled equilibria.  This
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