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Ion mobility and mass spectrometry techniques have been used to study clusters of serine formed by sonic
spray ionization. Broad distributions of cluster sizes and charge states are observed, ranging from clusters
containing only a few serine units to clusters that contain more than 600 serine units (i.e., protonated clusters
of the form [mSer + nH]n+ with m ) 8 to >600 andn ) 1 to 10). Experimental collision cross sections,
derived from the mobility data, are dependent upon cluster size but are not significantly influenced by the
cluster charge state. A comparison of calculated cross sections for different trial geometries for several cluster
sizes indicates that large clusters adopt tightly packed, roughly spherical geometries. The most abundant
cluster size in the spectrum corresponds to the [8Ser+ H]+ cluster; however, this ion comprises less than 1%
of the total serine abundance. The measured cross section,Ω([8Ser+ H]+) ) 190 Å2, is in good agreement
with the 191.2( 0.2 Å2 value reported previously from electrospray ionization. Isotopic labeling studies
indicate that [8Ser+ H]+ retains a strong chiroselective preference. Evidence for some chiroselectivity in
larger clusters is presented.

Introduction

The strong homochiral preference of [8Ser+ H]+ formed
from electrospray ionization (ESI)1 and more recently from sonic
spray ionization (SSI)2,15has attracted substantial attention.3-5,10

It is now known that [8Ser+ H]+ is by far the most abundant
cluster ion produced by ESI and under some conditions is the
only cluster size that is apparent in the mass spectrum.2 This
remarkable behavior is similar to what was found in the early
mass spectra of carbon clusters, in which the very special
behavior of C60

+ and C70
+ was observed.6 Since then, many

systems have shown such strong tendencies to favor specific
cluster sizes.6-9 Moreover, the ability to assemble in a chirally
selective fashion is remarkable.2-5,10 To be homochiral, [8Ser
+ H]+ must have a preferred structure. Theory and experiment
indicate that very compact, cubelike geometries are favored.3

There is now evidence that the homochiral serine cluster
framework may selectively incorporate other chiral mol-
ecules.5,10All of these results raise questions about the role that
such species may play in homochirogenesis.3-5,10

With these ideas in mind, it is important to understand the
range of conditions under which [8Ser+ H]+ is favored. In
this paper, we examine serine clusters produced by SSI by using
hybrid ion mobility mass spectrometry techniques. While SSI
produces almost exclusively [8Ser+ H]+ upon introduction into
the Cooks’ instruments at Purdue,2 the data we show below
from the Indiana University (IU) instrument shows that a large
distribution of cluster sizes can be made. Below we show
evidence for serine clusters containing more than 600 serine
monomers. These clusters are remarkable assemblies in their
own rightshaving nanoscale dimensions. Comparisons of cross

sections that are calculated for trial geometries with those
determined from experiment indicate that large clusters are very
tightly packed and are likely to have roughly spherical geom-
etries. Our initial impression of large serine clusters was that
the clusters were likely to be random assemblies that associate
statistically during the SSI process. However, as we have
examined these data in more detail it appears that clusters
containing 8, 15, 16, 17, 37, 40, and 41 monomer units are
unusually abundant within at least one of the observed charge
states, suggesting that some of these clusters may have well-
defined geometric structures. Under the conditions employed
here, the [8Ser+ H]+ cluster comprises less than 1% of the
total ion abundance. Isotopic labeling studies show that this
cluster exhibits a strong homochiral preference; there are some
indications that other cluster sizes may also favor specific chiral
forms. In this paper, we report on the characteristics of these
larger clusters produced by SSI and compare these trends to
what is currently known about the [8Ser+ H]+ cluster.

Experimental Section

General. Ion mobility and hybrid ion mobility-mass spec-
trometry approaches have been described in detail.16 Only a brief
description that focuses on the present experimental configu-
ration is provided here. Briefly, charged droplets are produced
by an SSI source (described below) and enter a differentially
pumped source region (a pressure of∼0.5 to 2 Torr) where
solvent evaporation occurs. A continuous beam of protonated
serine clusters exits the source into a main vacuum chamber
and is focused into a 7.84 cm long linear octopole ion trap and
accumulated for 150 ms. Experiments are initiated by ejecting
the concentrated packet of ions (using a 100µs pulse) from the
octopole trap into the drift tube. The present study utilized mild
conditions between the source, trap and drift tube (an injection
voltage of∼60 V was employed). The drift tube was filled with
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∼1.5 Torr of 300 K He buffer gas and ions drift across the
tube and through the gas under the influence of a weak electric
field. These studies utilize a relatively new, split-field drift tube
design.11 In this configuration ions drift 50.3 cm at relatively
low fields∼10 V‚cm-1 before entering a 1.0 cm long focusing
field region. The second drift-field region is designed to focus
ions through the drift tube exit orifice and can be operated at
different potentials in order to induce dissociation of mobility-
separated ions. The present studies employed low potentials in
the second-field region; in a series of control studies we found
no evidence for fragmentation of ions inside the drift tube. Ions
exit the drift tube through a differentially pumped orifice-
skimmer cone region that is also designed to improve transmis-
sion (described previously)12 and are transferred into the source
region of a reflectron geometry time-of-flight (TOF) mass
spectrometer. Flight times, in the evacuated flight tube are
shorter (on the order of 10 to 70µs) than drift times (0 to 15
ms) associated with the ion mobility separation. Thus, it is
possible to record drift and flight times using a nested
approach.13 The mass-to-charge (m/z) ratios of ions are deter-
mined from a standard multipoint calibration and allow cluster
sizes to be determined. In some cases, multiply charged
multimers have identicalm/z values (for different sizes and
charge states). In this system, as shown below, different serine
cluster sizes fall into distinct families according to their charge
state. This makes it straightforward to discriminate between
isobaric ions.

Sample Preparation and SSI Source. L- and D-Serine
(Sigma, 98% purity) and isotopically labeled d3-L-serine (Cam-
bridge Isotope Laboratories, 98% purity) were used without
further purification. All serine solutions were prepared in 49:
49:2 water/acetonitrile/acetic acid at a total serine concentration
of 0.01 M. The SSI source is effectively identical in design to
one described previously.2 The mechanics of ion formation in
SSI are somewhat different than in ESI and have not been
studied extensively. Unlike ESI sources, SSI utilizes no potential
drop between the sample introduction needle and the instrument
entrance orifice. Because of this, none of the features associated
with highly charged droplet formation in ESI are observed (e.g.,
there is no Taylor cone).14 Instead, the SSI source uses a high-
pressure nebulizer to produce droplets (300 K N2 at a pressure
of (∼1 to 2) × 106 Pa). The nebulized droplets evaporate in
order to form ions. In the present study, the serine solution was
pumped into the nebulizer at 3.69µL min-1 using a syringe
pump. We note that the total ion intensity produced by SSI is
about 2 orders of magnitude lower than the intensity produced
from an identical serine solution using ESI. Other SSI sources
have been optimized such that intensities are comparable to
signals produced by ESI.2,15

Determination of Experimental Cross Sections.The mobil-
ity of an ion through a buffer gas depends on its charge state
and average collision cross section.16 As expected high-charge
state ions usually have higher mobilities (for a givenm/z) than
low-charge states because they experience a greater drift force.
The average collision cross section (under low-field conditions)
depends on the ion shape and thus provides information about
structure. Under low-field conditions, ions are expected to
sample all orientations and alignment is expected to be minimal.
Under these conditions, compact geometries normally will have
higher mobilities (shorter drift times) than more extended
structures. There are some exceptions to this which are
associated with the details of the ion-neutral collision. For
example, structures with large concave regions (e.g., “cup-lik”
geometries) can have fairly large cross sections.21

Normally, experimental collision cross sections (Ω) are
determined using the relation16,17

wherez, e, mI, andmB correspond to the charge state, electron
charge, and masses of the ion and buffer gas, respectively.N
and kb correspond to the neutral number density and Boltz-
mann’s constant, respectively, and the experimental variables
E (the electric field strength),L (the drift tube length),P (the
buffer gas pressure), andT (the buffer gas temperature) are
precisely controlled. In the present system, the total arrival time
associated with transmission of the ions from the octopole trap
to the detector is a composite of the time that ions spend drifting
through the first- and second-drift field regions, the time required
to transfer ions into the TOF source and the flight time of ions
in the mass spectrometer. Because we have used a split-field
drift tube to record these data it is necessary to correct the data
in order to determine experimental cross sections. Ideally, we
would determine the time spent in each region of the drift tube
by independently varying the voltage across each region;
however, because of the relatively low signal associated with
this system, this was not possible. Instead, we determined
experimental cross sections by calibrating the instrument to the
known cross sections of 38 structures ranging in size from 98
Å2 to 3792 Å2 with charge states ranging from+1 to +21. The
known cross sections were used to obtain a best fit for a
parameter which is used as the effective drift tube length in eq
1. From comparisons with known systems, we estimate that
cross sections derived in this manner are accurate to within(2%
(relative error).

Generating Trial Structures and Calculation of Cross
Sections.Because of the large sizes of many of the clusters
studied here it is impractical to use molecular modeling
techniques (as described previously).16g-h,18,19,21Instead, trial
geometries for large clusters were generated from the crystal
structure ofL-serine.20 Different sizes and geometries are isolated
from coordinates from a cube of crystalline serine. Once
constructed, these geometries were used for comparison without
further structural refinement (i.e., energy minimization). Cross
sections were calculated using the exact hard spheres scattering
(EHSS) method.21

Results and Discussion

Ion Mobility Mass Spectra for Serine Clusters Formed
by SSI.Figure 1 shows a typical two-dimensional ion mobility
mass spectrum obtained upon SSI of a 0.01 M solution of
L-serine. Several trends are apparent from this spectrum. Unlike
data reported by ESI, we observe a broad distribution of cluster
sizes and charge states. These distributions are separated into
well-defined families according to the different charge states
of the ions. The most intense peak in these datasets corresponds
to [8Ser+ H]+; however, integration of the entire ion distribu-
tion shows that [8Ser+ H]+ comprises only∼0.32% of the
total ion distributionssubstantially less than is observed in other
instruments.2

Figure 1 also shows several mass spectra that are obtained
by summing regions across the two-dimensional dataset (as
described previously) that correspond to individual charge states,
in this case the families of+1 to +4 ions. These mass spectra
are somewhat intriguing. For example, in addition to the large
peak associated with [8Ser+ H]+, [mSer + H]+ ions are
observed form ) 13 to 26, with the largest peaks associated
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with the m ) 15 and 17 sizes. We note we have not observed
them ) 1 through 7,m ) 9 through 12, orm > 26 sizes in any
of the datasets for the [mSer+ H]+ family. Additionally, the
distribution of sizes does not vary smoothly across all possible
sizes, as would be expected from statistically assembled clusters.
Instead, some sizes are missing completely and others such as
the m ) 14, 15, and 17 ions have intensities that stand out as
especially prominent peaks. This is evidence that at least some
of these clusters must not be assembled from random aggrega-
tion of monomer units. Specifically, it appears that at some point
in this system the abundances of them ) 14, 15, and 17 sizes
are enhanced relative to othern ) 1 ions. Presumably these
cluster sizes are stabilized because they adopt low-energy stable
structures.

This type of behavior within the mass spectrum is more
difficult to assess for larger clusters which are observed for
higher charge states; however, some reproducible structure in
the data is apparent. Doubly charged [mSer+ 2H]2+ ions are
observed form ) 12 through 56; in this family, them ) 16
and 40 ions are a factor of at least 1.5 times larger than all of
the other peaks in this family. The triply charged [mSer+ 3H]3+

family is observed form ) 21 to 77 with them ) 37 and 41
ions appearing as the most abundant species. The [mSer+ 4H]4+

family is observed overm ) 44 to 88; [mSer + 5H]5+ is
observed form ) 77 to 114 and [mSer + 6H]6+ is observed
for m ) 113 to 136. Higher charge states and cluster sizes can
be observed in these datasets but are difficult to assign because
they appear as relatively low-intensity features. Although logic
may suggest that as the sizes of molecular clusters increase the
formation of aggregates having random geometries should
dominate, generating statistical distributions of clusters that vary

predictably with size, the present data for the serine system is
not consistent with this view. Even relatively large clusters may
have well-defined geometries. Several other molecular systems
have shown evidence for favored geometries.8,9,22,23

Variability of Cluster Distributions.In a small number of
studies we have varied the flow rate of the solution, a parameter
that should influence the initial droplet size. Over a flow rate
range of 2 to 4µL min-1, the overall distribution of clusters
appears similar to the data shown in Figure 1. There are some
reproducible changes in the relative intensities of some cluster
sizes. The most notable of these is associated with then ) 1
distribution which appears to favor them ) 15 and 17 sizes.
Under some conditions, the intensities of these ions can exceed
the intensity of the octamersa very different behavior than has
been observed by SSI previously.

Although we have no rigorous explanation for the differences
between instrumental parameters, it is likely that our source and
interface conditions are slightly gentler than those used by
others. The ESI source of the LCQ quadrupole ion trap mass
spectrometer2 consists of a heated capillary (80°C), whereas
the source of the ion mobility instrument is at ambient
temperature. The observation of a single peak in the LCQ sonic
spray spectrum2 suggests that less stable clusters might be
dissociated in the heated capillary. Additionally, as we have
reported previously, noncovalently bound clusters are often
observed when mobility approaches are employed. These species
are often apparent as small features that fall below the level of
chemical noise that is typically associated withm/z-only
measurements.24

Larger Serine Clusters. A question that arises in these
studies is how large of a cluster can be grown by SSI. Upon

Figure 1. Two-dimensional plot (left) of drift times(ms) andm/z ratios for a sonic sprayed 0.01 ML-serine solution. These data are obtained using
a nebulizer backing pressure of 1× 106 Pa. The intensity of different features is shown using a false color scheme in which the least intense
features are represented in blue and the most intense features are represented in red. The mass spectra on the right were obtained by integrating
narrow slices of the two-dimensional data for each charge state family that is shown by the white dashed line, wheren represents the charge state.
As shown, some specific cluster sizes have been labeled as a guide to the reader in the mass spectra. Some of these includem ) 8, 15, 16, 17, 37,
40, and 41 monomer units for at least one of the observed charge states. See text for more detail.
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refocusing our instrument and acquiring data over the appropri-
ate range, we find evidence for some very large clusters. Figure
2 shows them/z ) 3000 to 8000 region of this system. This
dataset is typical of what this solution produces. Over this range,
we observe evidence for then ) 1 to n ) 10 charge state
families (it is likely that higher charge state families also exist
at shorter drift times). A careful examination of the highm/z
region of some of the higher charge states shows that there are
distinct peaks corresponding to essentially every size cluster
over a very wide range of sizes. For example, weak peaks
associated with them ) 27 to 37 sizes for the [mSer + H]+

family can be observed. Clear peaks in the [mSer + 2H]2+

family corresponding to clusters withm ) 54 to 81 can be
observed; however, weaker features beyond this size extend well
beyondm/z ) 5000, indicating clusters withm ) 100 for this
charge state. Overall, we observe that larger clusters appear to
favor higher charge states. Within the current limit of the
measurement that was made, distinct peaks could be observed
for clusters containingm < 500. Although features were not
entirely resolved, signals and trends extend to substantially

higher values ofm/zand there is evidence for clusters containing
more than 700 Ser units.

Cross Sections.Figure 3 shows experimental collision cross
sections measured for a range of cluster sizes. We start by noting
that the value of ([8Ser+ H]+) ) 190 Å2 determined here agrees
with our previous measurement of 191.2 Å2 from ESI.3d Thus,
it appears that SSI and ESI produce the same conformers. It
can be observed (Figures 1 and 2) that charge state distributions
of serine clusters are approximately linear under the conditions
in these experiments, where clusters are grown systematically.
This suggests that the overall shape of the aggregates is the
same for each of the charge state studied. Therefore, we found
the best linear fit for the mass to drift time for each charge
state, and used that fit to determine the cross sections in Figure
1. This enables a global analysis of the entire distribution in a
single figure, but the resulting cross sections should be regarded
as semiquantitative. The results in Figure 3 suggest that the
serine clusters grow in a regular fashion. We speculate that the
growth mechanism involves the stepwise addition of sequential
layers of serine to similarly shaped structuressa condition that
may favor sizes that can stabilize some structures.

To understand this system in more detail, several trial
structures were generated for comparison with the experimental
results. Clusters of different sizes and shapes were obtained from
coordinates of a large cube of crystalline serine (homochiral).
For example, spherical structures were obtained by inscribing
a region of the cube with a sphere of a specific size and the
spherical cluster was isolated to the nearest whole molecule.
Figure 4 shows an example of three different spherical cluster
sizes that were obtained with this approach,m ) 701, 255, and
131 with cross sections of 1200.6 Å2, 1820.3 Å2, and 3403.7
Å2, respectively. We point out that these clusters have diameters
that range from∼3 to 7 nm. The structures that are obtained
have been used without further minimization and thus are
essentially crystalline serine chunks. Figure 5 shows two other
structural types that we have considered tile- and rod-like
geometries with cross sections of 1591.3 Å2 and 1591.3 Å2,
respectively. We note that the structures that are shown are
arbitrary choices of a wide range of possible aspect ratios. This

Figure 2. Two-dimensional plot of drift times(ms) andm/z ratios for
a sonic sprayed 0.01 ML-serine solution. These data are obtained using
a nebulizer backing pressure of 2× 106 Pa, a condition that appears to
favor larger cluster sizes. We have also acquired data over a different
m/z range, which extends to>8000 Da. As a visual reference, we depict
individual charge state families using white dashed lines. The value of
n corresponds to the charge state. The positions of several specific
cluster sizes are indicated with white circles. It is possible to resolve
peaks corresponding to clusters with more than 600 serine units in
several of the charge state families. See text for detail.

Figure 3. A plot of cross section vs serine cluster size for various
charge states. See text for a detailed discussion of how cross sections
for different cluster sizes were obtained. The charge states are indicated
with various shapes, where] represents (+2), 0 (+3), 4 +4), × (+5),
and + (+6). The serine cluster 131 is compared to three theoretical
cross sections which correspond to sphere, tile, and rod shapes as shown
in the inset of the plot (see text for detail). The theoretical cross sections
for serine cluster 131 are as follows: sphere, 1200.6 Å2; tile, 1591.3
Å2; rod, 1713.9 Å2.
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is also reported in Table 1 and is included for comparison with
experiment in Figure 3. The best agreement with experiment is
found for spherically shaped geometries when we compare the
experimental cross section with the calculated cross section. We
note that the agreement becomes closer as the cluster size
increases. This is likely due to the reduction of edge effects
which yield slightly larger cross sections for the theoretical
structures than for the un-minimized crystal spheres of serine.
Edge effects are less pronounced for larger spherical serine
clusters as seen in Table 1.

It should also be noted that typically the exact hard spheres
method for calculating cross sections overestimates cross
sections relative to more rigorous calculations of cross sections
by a few to as much as∼10% for some geometries.21 This level
of agreement is consistent with tightly packed spheres of serine;
we rule out rod- and tile-like geometries.

Assuming a spherical geometry, it is possible to determine
an experimental estimate of∼1.7 g cm-3 for the density of
serine cluster 131. Strictly, this experimental value is an upper
limit to the density of these clusters since we have not removed
contributions to the cross section from the buffer gas. However,
as noted, we anticipated that these effects are on the order of a
few to at most 10%. The difference between the experimental
cross section and the theoretical cross section is∼15%. This
allows for the experimental density of∼1.7 g cm-3 to be within
the error limits of the 1.43 g cm-3 value that was calculated
from the crystal coordinates. Therefore, the serine clusters are
very closely packed, yielding a density similar to that of crystal
serines. Overall, these results show that large clusters assemble
in tightly packed configurations.

Figure 4. Spherical trial structures of serine, wherem equals the number of serine units in the cluster. These structures were obtained by inscribing
a region of the crystal structure with a sphere of a specific radius and extracting all serines in which at least one atom fell within the applied
boundary. No further energy minimization was used. Calculated cross sections for these structures are reported in Table 1. See text for detail.

Figure 5. Tile and rod trial structures for serine cluster sizem ) 131. The theoretical cross sections of these structures are reported in Table 1.

TABLE 1: Experimental and Theoretical Cross Sections for
Large Serine Clusters

structure
experimental
cross section

calculated
cross sectiona

ratio
(exptl/theor)

Ser131(sphere) 1013 1200.6 0.844
Ser131(tile) 1013 1591.3 0.636
Ser131 (rod) 1013 1713.9 0.591
Ser255(sphere) 1577 1820.3 0.866
Ser701(sphere) 3066 3403.7 0.901

a Calculated using the exact hard spheres scattering model.21

Formation of Nanometer-Scale Serine Clusters J. Phys. Chem. B, Vol. 108, No. 19, 20046109



Homochiral Preferences in Larger Clusters.As has been
done previously,3 we have examined the possibility of homo-
chiral preference in these larger systems by SSI of solutions
containing mixtures ofL- andD-serine (isotopically labeled d3-
L-serine is used for these studies). With this approach, cluster
that assemble statistically (i.e., there is no preference for
incorporating a specific chirality) should favor a distribution
of heavy isotope peaks that follow a binomial distribution.
Clusters that select specific chiral forms preferentially should
exhibit distributions of heavy isotopes that deviate from this
distribution. From the previous work on serine,3 one expects
that the degree of chiral preference should depend on cluster
size. Recently, it has been shown that cluster size can influence
the chiral preference of a cluster.26 Also, we note that two types
of deviation are possiblesthose clusters that favor homochiral
forms and clusters that can be stabilized by favoring heterochiral
assemblies.

Figure 6 shows a plot of a typical ion mobility mass spectrum.
Overall, these data appear similar to those forL-serine shown
in Figure 1. That is, peaks fall into charge state families and
the distributions of sizes and charge states are similar to those
observed upon SSI of one chiral form (i.e., the data shown in
Figure 1). One obvious difference in the two-dimensional
datasets stands out; the [8Ser+ H]+ cluster appears as a
doubletsan indication of its preference to assemble in a
homochiral form.

No other peaks in this distribution stand out as clear doublets
in the two-dimensional dataset. However, a more careful analysis
of this system shows that some larger clusters appear to be
slightly enhanced in one chiral form. Most apparent is the [17S
+ H]+ cluster. The mass spectrum for then ) 1 family shows
that the mass spectral peak for the [17S+ H]+ cluster (which
was found to be highly abundant in the data in Figure 1) also

appears to have split into a doublet. While them/z resolving
power of the current measurement does not allow us to see all
of the isotopic structure of these peaks, the shift between the
centers of the doublets indicates that clusters containing either
10 D-Ser and 7L-Ser or 10L-Ser and 7D-Ser are favored. From
these data, the interpretation of this splitting is still somewhat
ambiguous. That is, the 10:7 ratio that is observed could indicate
that this cluster assembles into a structure that favors incorpora-
tion of two chiral forms (in the 10:7 ratio that we have
measured). Alternatively, we note that [17S+ H]+ may be
displaying a relatively strong preference for homochirality. In
this case, the preference for homochirality would be disfavored
from the low probability of assembling 17 serines of the same
chirality.

Finally, it is important to point out that in some datasets it
appears that some other cluster sizes may also be showing a
preference for chiral-selective incorporation. We do not describe
these results here because the low signals of these experiments
make the distributions difficult to measure in multiple replicate
experiments. However, we are currently working to improve
both the signal and resolving power in these measurements so
that this system and others can be examined in detail.

Summary and Conclusions

Ion mobility mass spectrometry techniques have been used
to examine serine clusters produced by SSI. The results show
a broad distribution of clusters [mS + nH]n+ wherem ranges
from a few serine units as is the case for [8S+ H]+ to greater
than 600. Comparisons of experimentally derived cross sections
with values that are calculated for trial geometries indicate that
large clusters favor tightly packed, roughly spherical geometries.
The cluster distributions for individual charge states suggest that

Figure 6. Two-dimensional plot of drift times (ms) andm/z ratios for a sonic sprayed solution of 0.01 M racemic serine solution, where the
L-serine is isotopically labeled by replacing the hydrogen in the three C-H bonds with deuterium. The mass spectrum on the right was obtained
by integrating a narrow slice of the data for the+1 charge state family as shown by the white dashed line in the two-dimensional dataset. Specific
cluster sizes are shown in the inset to illustrate the splitting effect that was evidenced previously with serine octamers (see ref 3). The splitting
effect is clearly observed in the serine octamer indicating the homochiral preference. Another interesting aspect of this dataset is the partial splitting
of the [17Ser+ H]+. See text for a complete discussion.
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a number of larger clusters may favor preferred geometries. The
observation of large molecular clusters that favor preferred
geometries is somewhat surprising and has only been observed
previously for a few systemssprimarily those involving the
formation of water clathrates.25 Studies of isotopically labeled
mixtures show that in addition to the strong homochiral
preference of [8S+ H]+, the larger [17S+ H]+ cluster hows
a preferential chiral incorporation. It is noteworthy that chiral
preferences in such large clusters are especially difficult to detect
because they are disfavored statistically. Studies that are
designed at observing chiral preferences in many of the more
abundant larger clusters are currently underway.26
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