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Introduction

% Clusters of atoms or molecules with unusually high relative intensities in mass spectra are termed ‘magic’.
% In many instances, these ‘magic’ clusters can be assigned to specific structures, often of high symmetry.

% In the case of Cg,, the initial observation of magic numbers in mass spectra eventually led to the discovery of
a new group of materials and a new form of carbon.

% After electrospray of solutions containing serine, it was first observed that a cluster with the composition
(SergH)* dominated the mass spectrum.

+ For anionic clusters, a deprotonated octamer has not been reported to show signs of special behaviour.
However, octamer clusters containing two halide ions, such as (SergCl,)?~ and (SergBr,)?, are found to be
abundant in mass spectra.
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Fig. 3 Time-of-flight mass spectra of carbon clusters prepared by
_,.J\_,J -JI...«..-,._.....W laser vaporization of graphite and cooled in a supersonic beam.
lonization was effected by direct one-photon excitation with an
h ArF excimer laser (6.4 eV, 1 mJ cm™2). The three spectra shown
differ in the extent of helium collisions occurring in the supersonic
nozzie, In ¢, the effective helium density over the graphite target
was less than 10 torr—the observed cluster distribution here is

believed to be due simply to pieces of the graphite sheet ejected
in the primary vaporization process. The spectrum in b was TR T
| obtained when roughly 760 torr helium was present over the MASS (amu)
LM ' 'U JUJIJU-.JN graphite target at the time of laser vaporization. The enhancement
A i of Cgp and Gy is believed to be due to gas-phase reactions at these Fig. 1. Time-of-flight mass spectrum of vanadi-
¢ higher clustering conditions. The spectrum in a was obtained by um-carbon cluster cations. The labeled magic
maximizing these cluster thermalization and cluster-cluster reac- - + h h
tions in the ‘integration cup’ shown in Fig. 2. The concentration Peak is VgCyz*. Note thatt ere are ql er prom;
b of cluster species in the especially stable Cgy form is the prime inent peaks proceeding the magic MsCio
| L LHM l i MJ experimental observation of this study, which are precursors involved in the mecha-
LMI '|J. \ W e nism of formation of the cage-like metallo-car-
MU bohedrenes. Species with one- and two-carbon
44 52 60 68 T6 B4 atoms attached to MgC,,* are also visible,
Mo. of caron atoms per clusier where some carbons remain on the magic

structure upon its closing (9). Other precursors
to the magic peak are seen, such as (7, 12).
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Figure 1. Mass spectrum of a 0.01 M L-serine solution prepared in a methanol—water (1:1) mixture and recorded by positive ion ESI/MS
using a 5-uL loop injection.
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Serine Octamers: Cluster Formation, Reactions, and
Implications for Biomolecule Homochirality™**
Sergio C. Nanita and R. Graham Cooks*

The emergence of homochirality continues to be one of the most
challenging topics associated with the origin of life. One possible
scenario is that aggregates of amino acids might have been involved in
a sequence of chemical events that led to chiral biomolecules in self-
replicating systems, that is, to homochirogenesis. Serine is the amino
acid of principal interest, since it forms “magic-number” ionic clusters
composed of eight amino acid units, and the clusters have a remark-
able preference for homochirality. These serine octamer clusters (Seryg)
can be generated under simulated prebiotic conditions and react
selectively with other biomolecules. These observations led to the
hypothesis that serine reactions were responsible for the first chiral
selection in nature which was then passed through chemical reactions
to other amino acids, saccharides, and peptides. This Review evaluates
the chemistry of Serg clusters and the experimental evidence that
supports their possible role in homochirogenesis.
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Relevant to the group

Synthesis of clusters using D, L thiol and their racemic mixtures. Now, they will have different types of
interactions in the unit cell depending upon their orientations. Other way, IM MS study can be conducted on

this system.

Synthesis of Au,s(SR),g' using optically active SR ligands. Here, we can study on the polymer by IM MS and

gas phase IR.
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In this paper

They presented results from a study on serine cluster anions in which they coupled ion mobility
spectrometry-mass spectrometry (IMS-MS) with infrared (IR) spectroscopy.

IMS-MS gives the absolute, angle-averaged collision cross-section (CCS) of specific clusters, and this value
can be used to determine the overall size of the cluster and to judge if particular calculated structures are
compatible with experiments.

Furthermore, IMS-MS can be used to prepare samples for gas-phase IR spectroscopy.

The results allow the identification of a unique structure for (SergCl,)?" that is highly symmetric, very stable

and homochiral and whose calculated properties match those observed in experiments.
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Figure 1| IMS-MS of serine cluster anions. a-¢, TOF mass spectra of agueous solutions of t-Ser in HCI (a), a 1:1 mixture of .- and p-Ser in HCI (b) and a 1:1
mixture of p-Ser and L-Ser* in HCI, where 1-Ser* is L-serine-Ds,'*Cs,"°N; (). Notations: n”~ stands for [nSer+zCI1*"; (n+m)*~ stands for [(.-Ser*), + (0-Ser),, +
z-CIJ*". The distributions of serine clusters complexed with two and three chloride ions are marked by dashed lines in the drift time versus m/z plots. d-f, Drift-
time-selected TOF mass spectra highlighting octamer-dichloride complexes with three drift time windows: 5.8-6.0 ms (1), 6.3-6.5 ms () and 6.6-6.8 ms (lII).
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Figure 2 | Size- and conformer-selected infrared spectra of serine
cluster-dichloride complexes. a-¢, Arrival time distributions and corresponding
CCSs of (SerCl,)% (@), (SerpCl)?™ (b) and (SergCl,)? (c). Red and blue
traces denote the results from L-Ser only and racemic Ser, respectively.

For (SergCl,)?", the smaller (CCS =189 A?) and larger (CCS =201 A?)
conformers are annotated with I and I, respectively. d-f, Infrared spectra of
(Ser12C)?™ (d), (Ser1oCl)?™ (e) and (SergCly)?™ (F). Grey dots are data
points from two repeated scans and the lines denote averaged results.

a.u., arbitrary units.
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Figure 3 | Theoretical structure of the homochiral serine octamer-dichloride complex. a, Proposed symmetric (D, point group) homochiral structure of the
serine octamer-dichloride complex. The chloride anions are omitted from the chemical structure on the left for clarity, but shown on the right panel. The red
arrows emphasize the two rings of four Ser molecules b, Theoretical infrared bands of the proposed structure compared with the experimental results.
Symmetric and antisymmetric stretching vibrations (vs,m and v,s) of the carboxylate groups (-COQO") as well as deformations (6) of protonated amine groups
(-NH5") are assigned. Notations ‘umb’ and ‘scis’ indicate umbrella and scissoring modes. a.u., arbitrary units. ¢,d, Detailed views of the octamer from the side
() and top (d). Atom colour code: C, grey; O, red; N, blue; H, white; Cl, green. The ionic size of the chloride anion is indicated by the larger pale green circle.
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Conclusion

% They investigated anionic serine octamers coordinated with two chloride ions using a
novel technique coupling ion mobility spectrometry—mass spectrometry with infrared
spectroscopy, in combination with theoretical calculations.

< The results allowed the identification of a unique structure for (SergCl,)?" that is highly
symmetric, very stable and homochiral and whose calculated properties match those

observed in experiments.
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Figure 2. Schematic drawing of the drift-tube ion mobility—mass spectrometry experimental setup for mobility-selective gas-phase IR spectroscopy.
Laser light coming from the free electron laser is coupled linearly into the setup using evacuated/nitrogen-flushed beamlines.
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Figure 2. Comparison between two different structures, both of D4 symmetry, however with
different interaction patterns. Predicted IR spectra of the present structure (a) and the less
stable structure with intramolecular H-bonds between OH and COO™ (b). The red line is the
experimental IRMPD spectrum of SersCl,>". The observed IR band positions are diagnostic
for the proposed lower energy structure.



