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ABSTRACT: Chiral gold nanostructured films were found to
exhibit extremely strong surface-enhanced Raman scattering chiral
anisotropy, but the physical origin of this phenomenon remained a
mystery. In the present study, a robust model is presented,
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revealing properties of the gold wires important for the interaction P

with the analytes and discrimination of molecular enantiomers. R

Molecular dynamics and quantum chemical computations are —_s
0.00

utilized; the enhanced electromagnetic field of gold clusters is
treated without a multipole approximation. The simulations show
that the gold self-polarization produces a static electric field
reflecting the chiral symmetry of the nanowires; it significantly
enhances the geometrical preference for the enantiomers and affects how the analyte is distributed along the nanostructure surface.
The electro-mechanical sensitivity is further amplified by the strongly nonlinear Raman response to the laser excitation in resonance.
The current computational approach is limited by the size of the system, but it is amendable to improvement and the rationalization
increases the potential of SERS-ChA as a powerful analytical method for chirality detection in chemistry, biology, and the
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environment.

B INTRODUCTION

Determination of the absolute configuration, enantiomeric
excess, and other aspects of molecular chirality is essential to
many fields including asymmetric chemical synthesis, medi-
cine, biochemistry, and material science. Many methods
exploring linearly or circularly polarized light have been
developed for this purpose, starting with L. Pasteur’s optical
rotation (OR)." However, the chiral interaction of the light
with molecules is rather weak, essentially reflecting the small
ratio of molecular size and the light wavelength. The weakness
significantly complicates the chirality detection.”

Therefore, the observation that “simple” surface-enhanced
Raman scattering (SERS) on chiral nanostructured Au films
(CNAFs) is sensitive to chirality attracted much attention.”*
For this SERS chiral anisotropy (SERS-ChA), the polarization
of the light was not needed, and still, the g-factors were often
close to the maximal value of two. They are defined as
g = 2lIg — Igl/(Is + Iy), where Iy is the SERS intensities for
opposite enantiomers. Note that analogous measures in most
methods exploring differential interaction of molecules with
circularly polarized light are much smaller. For instance, typical
g-values of electronic circular dichroism (ECD) or vibrational
optical activity (VOA) are about 1073 and 107 In the present
study, we focus on the physical substance and possibility to
model the SERS-ChA effect necessary for its wider
applications. Except for very special cases, we did not
reproduce the almost ideal chiral discrimination (g ~ 2) seen
experimentally, but the predicted g-factors approach this value,
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i.e, being by a few orders larger than for usual chiroptical
spectroscopies.

The SERS-ChA methodology thus has a chance to
complement other techniques exploiting or detecting molec-
ular chirality.”*™® Its advantages would also include relative
independence of detailed chemical composition, while, for
example, spectroscopies utilizing electronic transitions [OR,
optical rotatory dispersion (ORD), ECD, circularly polarized
luminescence (CPL)] require suitable chromophores.” These
chiroptical signals are also quite dependent on the concen-
tration, solvent, and other experimental parameters, which are
all difficult to simulate. The simulations are easier for VOA
including vibrational circular dichroism (VCD) and Raman
optical activity (ROA), where only the electronic ground states
are normally needed.” However, vibrational transitions provide
a much weaker response to circularly polarized light than
electronic ones; the experiments are lengthier and require
expensive instrumentation. '
enhanced ROA spectroscopy has also been proposed, but
currently, it has limited applicability and reliability.'"">

A more sensitive surface-
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The preparation of CNAF:s is relatively straightforward; they
were grown on silicon-containing wafers from Au®" solutions in
the presence of N-acetylcysteine as a symmetry-breaking agent.
At the final stage, long gold wires were formed, about 4 nm in
diameter, and the atoms formed the Boerdijk—Coxeter—Bernal
(BCB) helix. This structure can also be imagined as a chain of
gold tetrahedrons."’

The chiral SERS effect, however, is rather complex. The
chiral discrimination was vaguely related to the electro-
magnetic properties of CNAFs without further elaboration.”
Here, we suggest a more explicit model explaining many of the
observed trends. Dynamic CNAFs’ electric field is computed
ab initio without any multipole approximation. The
interactions between model chiral molecules and gold wires
are explored by means of molecular dynamics. The results
indicate the importance of the geometry factors, and further
differences in SERS intensities caused by two enantiomers
absorbed on the wire surface are ascribed to different
perturbations of the gold electronic levels. The electronic
structure affects the polarizabilities of the nanowires and
consequently the dynamic electromagnetic field responsible for
the enhancement of the Raman signal. Although the size of the
model systems (already significantly reduced compared to that
of the experiment) does not allow for very accurate quantum
chemical level calculations, the modeling already provides
significant anisotropy ratios close to those observed in the
experiment and deep insight into the physical basis of SERS-
ChA.

B THEORY

We are interested in the enhancement # of the detected Raman
intensity of an analyte in the presence of the wire compared to
the case of the isolated molecule. We adopt the generally
accepted simplification that # is proportional to the fourth
power of the intensity of the electromagnetic field,

n = (E/E)! (1)

where E and E; are the electric field intensities at the molecule
with and without the wire, respectively. This dependence
comes from the polarization of the molecule by the excitation
light interacting with the wire as well as from an analogous
interaction of the outgoing radiation.'*

The system “wire + close molecules” is polarized due to the
dynamic, time-dependent electromagnetic field of the ex-
citation light. From the Maxwell equations, we obtain the
electric field at position R as’

1 (R =r)p(r, t)
ER, ) 47e, f IR — P o 2)

where €, is the vacuum permittivity, p(r, t) is the dynamic
electron density of the wire, and ¢t is the time. The density can
be obtained from the electronic wave function y as

p(r,t) = —eN /l//*l//dr2 o dryyds (3)

where ¢ is the electronic charge (taking e > 0), N is the number
of electrons, and we integrate over all spins (ds) and all spatial
coordinates of all electrons except one.

The interaction between the electrons and the excitation
light is described by the potential”

N
V(D) = = X pAlr, 1)
m 21 )

where p,, r, and m are the electronic momenta, positions, and
mass, respectively, and A is the vector potential. Since the
dimension of our system is still smaller than the wavelength of
the laser light (typically $32 nm),” we consider A to be
constant in space, A(r,t) = A(0,t), where 0 is the position of
the mass center. From the Maxwell equations, assuming plane
waves, we get E = —A and A(0,t) = @™ 'E, cos(wt) so that

V(t) — veiwt + V*e—iwt (5)

- Zfil pEy E, is the electric field of the

excitation radiation at t = 0, and ® is the angular frequency of
the light. Knowing unperturbed ground ¢, and excited ¢, wave
functions, the perturbed ground state can be approximated
by'S

w=g)t) + ) (D (t)

where v =

(6)

—w)t
g ¢/@n0=)

where coefficients ¢, = , h is the reduced Planck

how—w,
constant, ®,, = ®, — @, is the difference between excited and
ground-state frequencies, and v,5 = (¢,(0)Ivlg,(0)). From (3)
and (6) for real wave functions, we get

eN 1 —imt k iwt
p(r)t)=p0__z (Voel +V0€
™o —wy " "

[ 00, (0)dr, ..dry )

where p, = —eN f @§@odry---dry is the static charge density.
Next, we use the dipole-velocity transformation,

N ime, o, N
(@(0)| X2, by [2,(0)) = — 7%, where yi; = F.7,

dipole moment operator and fi,0 = (9,(0)lu4lgy(0)). For the
excitation radiation polarized along the f-axis (Ey; = E,), we

ery is the

get v, = S,0Eo, and

Mg
p(r,t) =p, — al — 0 in(wt)E,
h 5w — wy
[0, (0)dr, ..dry )

For actual quantum chemical computations, we suppose a
closed shell, the ground state is described by the Slater
determinant ¢, = A, and the excited states are
B = Dy oce. Db uint, A, where c, are the configuration
interaction (CI) coefficients and A, = (A% — A%)/ \/2 is
the singlet spin-adapted combination of the Slater determi-
nants; A% is made from A, where the electron with spin /3
is moved from an occupied orbital a to a virtual one b. Then,
the integral in (8) becomes

f 0,(0)9(0)dr, .. dry, = ﬁ 3 Y a(r)b(r) o
a,occ. b,virt. 9

Putting (2) and (8) together, the time-dependent part of the
electric field is

https://doi.org/10.1021/acs.jpcc.4c02703
J. Phys. Chem. C 2024, 128, 12649—12656


pubs.acs.org/JPCC?ref=pdf
https://doi.org/10.1021/acs.jpcc.4c02703?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

The Journal of Physical Chemistry C

pubs.acs.org/JPCC

Hsn
sm(a)t) Z il
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a,occ. b,virt. (10)

n

where I, = / ®=naOb(") 4y As usual, to avoid divergence of

the intensity, we introduced a complex frequency
uncertainty i, with i = v/—1. Dividing (10) by the initial
field E, sin(wt), we get the enhancement for a ﬁ—polarization as

_ e 'u/}nO
= 42 hre, ; W — Wy Z Z ks

a,occ. b,virt.

(11)

For simplicity, we report the average, = (7, + ny+ n,)/3 since
it is difficult to maintain a fixed orientation in the experiment.
Note that for the electric field in (10), a multipole expansion is
not applicable since the dimensions of the wire and the system
(R, r) are comparable. The two-electron integrals can be
calculated in a standard way,

[ _(é)ma(ab/cd)
“ Az R (12)

for y > 0, 5 — oo, where (ablcd) is the usual two-electron
repulsion integral.'”® From the enhancements for R and S
enantiomers (1, 175), we obtain the g-factors,’

g =20y —n)/(ng + 1) (13)

varying from 0 (no chiral discrimination) to the maximum of 2.

B QUANTUM CHEMICAL CALCULATIONS

The enhancements were calculated for various gold clusters—
“wires”—and their complexes with chiral analytes. Geometries
of the wires in the form of BCB helices were created by our
own software, differing in sides (number of atoms along, ,
determining also the overall twist) of the basic equilateral
triangle and the total number of atoms: Auyg (with [ = 3), Au,y
(I=4), Auyy, (I=5), and Auyy, (1= 7). .

The electric field was calculated at the distance of 4 A from
the gold surface on an ensemble of Lebedev—Laikov points'”
and averaged. The points were placed on spheres originating at
surface gold atoms. An averaging over the mass centers of the
studied molecules provided similar results. The Gaussian
software” was used for quantum chemical computations. The
excited states were constructed in several ways. As the most
advanced model, time-dependent density functional theory
(TDDFT) was used with the B3LYP*' functional and 6-31G**
basis set for the absorbed molecules. For gold, the
LANL2DZ** effective core potential and basis set were
applied. The MWBG60™ potential was also tried, giving almost
the same results in a longer computatlonal time. As simplified
models, TDDFT and CIS** approaches were used with the
PM7”° semiempirical Hamiltonian.

The simplest models of the electron excited states were
based on rigid orbitals and B3LYP, PM7, or Hiickel* ground-
state Slater determinants. Then, transition energies were
obtained as differences between virtual and occupied orbital
energies, and the transition dipole moments (u4,,) were
obtained as transition integrals between molecular orbitals. To
make the transition wavelengths A more realistic, a scaling in

the form of A" = A_,.«/A/A,,, was applied, where 4, is the

position of the absorption maximum. Similarly, the transition
dipole moments d, calculated too large for long wavelengths at
this level, were transformed as d’ = d X exp[—(4 — A,..0)*/A%],
where A = 400 nm. These scalings had minor effects on the
results, as the excitation frequencies were always set close to
the absorption maxima. Examples of absorption spectra for
different approximations are given in Figure S3. Using these
models, the enhancement factors were calculated as detailed
above.

Molecular dynamics (MD) was run within the Tinker””
Amber®® software, giving similar results. To investigate the
interaction of the analytes with the gold surface, a gold cluster
in the form of the BCB helix has been submerged into a box
filled with the solvent (2-butanediol, phenylglycine, glycer-
aldehyde, or 1,2-epoxybutane),and after an equilibration stage,
geometry snapshots were created each 1 ps. The gold atoms
were represented by the Lennard—Jones potentials, partial
atomic charges were calculated according to the Merz—Singh—
Kollman scheme®’ at the BALYP/LANL2DZ level, and atomic
positions were kept fixed. In the snapshots, only solvent
molecules closer than 3.6 A were left, the geometry was
optimized using the same force field as for the dynamics, and
the average enhancement factors were calculated as detailed
above. For larger gold clusters (Aujy, Auyy, Augy), the
charges used in MD were obtained at lower approximation
levels (HF, PM7).

To describe the chirality stemming from the molecular
orientation with respect to the gold surface, we introduce a
plane chirality index. For a solvent molecule of mass center r,,
we define the closest gold atom of position r, and the distance
vector z,, = r,, — r,. Within the plane perpendicular to z,, we
define x and y coordinate axes and calculate projections of
coordinates of atoms i belonging to this molecule to the plane
(x; y;), with the coordinate origin at r,,. Then, the index is

)(m=[ZZf2J_IZ ) ZZ

i€m i€m j€m,r; >1; l (14)

— )%

and its radial dependence y(r) = y" dN

atomic numbers, V is the volume of the simulation box, N is
the number of molecules, and we sum over molecules m with
distances within (r, r + d).

Kon
Y %2 where Z; are the
Zm

B RESULTS AND DISCUSSION

According to the results, self-polarization of the nanowires is
essential for SERS-ChA. This is consistent with previous
works, e.g,, indicating an important role of the spontaneous
polarization for gold colloid aggregation.’** The gold
arranged in the BCB helix polarizes itself and gives rise to a
significant electrostatic field close to the surface. This was
relatively difficult to predict for larger systems because the
computational time steeply increases with the size. In
particular, the self-consistency in the Hartree—Fock or
Kohn—Sham computations of the energies was quite difficult
to achieve. However, for limited models, the polarization
patterns could be obtained, and some examples are given in
Figure 1.

In the figure, we compare the surface electrostatic potentials
of three model helices; three quantum chemical models are
used. It is important to realize that the triangles on the surface

https://doi.org/10.1021/acs.jpcc.4c02703
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Auye (B3LYP):
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Auyg (HF):

Figure 1. Examples of the self-polarization of the gold clusters. The
electrostatic potentials (a.u.) on the isodensity surfaces (p = 0.0004
au) of model BCB helices (Au,s Auj,g, Augy and Augy, clusters)
were calculated by the methods indicated. The HF and B3LYP results
are for the LANL2DZ basis set and the pseudopotential. Blue/red
regions indicate positive/negative potentials; for PM7, the calculated
potential was multiplied by 0.2 to plot it at the same scale.

of a long helix are all the same; shorter models obviously
introduce some terminal perturbations. However, each side of
the triangle is different, which is the necessary condition for
surface chirality.”> At the concave boundary of neighboring
triangles, we see a pocket of negative charge (red); the outer
edge boundary is positive (blue), while the inner edges are
neutral/slightly positive (green). Thus, the geometrical
chirality is imprinted into a more local electrostatic pattern.

The corresponding electrostatic field-fitted partial atomic
charges™ vary approximately within —0.2---0.2. The potential
predicted for the Auyg cluster by the B3LYP functional is more
uniform than that from the HF method, but the principal
pattern is conserved. For Auy,, the PM7 method predicts a
much stronger electrostatic potential than for the smaller
clusters.

During SERS, exciting laser light strongly polarizes the
nanostructures. Another key element in the simulation is thus
the reproduction of the time-dependent (dynamic) electric
field intensities. For the Au,g and Au,,, models, the calculated
fields are plotted in Figure 2. For Auy, TDDFT and Hiickel
calculations are compared. With TDDFT, larger intensity is
obtained on average, indicating that the Hiickel approximation
underestimates the dynamic polarizability. This is unfortunate
since TDDFT computational demands are prohibitive for the
treatment of larger systems. Still, we found this and other
simpler methods usable to at least qualitatively predict the
behavior of the wires in the laser field. They are immensely
fast. For example, while the B3LYP/LANL2DZ computation
of 700 electronic excited states of Au,g takes 65 days (one Intel
Xeon CPU ES-2630 @ 2.40 GHz), analogous Hiickel orbital—
based computation takes several minutes only. As may be
expected, for the bigger Au,,, cluster, the dynamic field is
stronger and extends farther from the gold surface than for
Augg. The field enhancements predicted with the PM7-reduced
(rigid orbital) and Hiickel models are similar, although the
detailed patterns differ. For example, PM7 gives a stronger field
on the edges of Auy,. Since the Hiickel method is much faster
than PM7, we use it as a default.

Rather surprising was a relatively strong “mechanical” chiral
discrimination, ie., some parts of the wires preferentially
attracted one enantiomer. This can be demonstrated for a gold
wire of 46 atoms submerged in R and S butanediols. Using
MD, we calculated the average relative solvent density (g,) as
being dependent on the distance from the gold surface. This
function is roughly analogous to the radial distribution
function. As another measure, we explore the chirality index

Aude:

B3LYP

Aug20:

Hiickel

>
BON-=O

0 20 40 YIA

log(/)

B ON-=O

0 20 40 Y/ A

Figure 2. Dynamic electric field under laser excitation. Electric field intensities in cross sections of the Auyg (left) and Auy,, (right) clusters,
calculated with the excitation wavelength close to the plasmon absorption maxima, for excitation polarization along the x horizontal axis, TDDFT

and Hiickel (Auyg), and Hiickel and PM7 (Auy,,) computations.
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Regions attracting S-enantiomer

Figure 3. Mechanical preference for enantiomers of R and S butanediols. (a) Solvent distribution functions and (b) chirality indices dependent on
the distance from the gold surface, (c) example of the first solvation sphere, (d) average probability distribution of the analyte along the wire axis,
and (e) relative density difference in the vicinity of Au atoms; R/S attracting regions are in red/blue. 100 000 (e), 10 000 (a, b), and 1000 (d)

snapshot averages are displayed, a—d for Auyg, e for Augy,.

sensitive not only to density but also to molecular chirality. As
can be seen in Figure 3a,b, the densities of the butanediol
enantiomers differ only in a minor way in the vicinity of the
gold surface. The chirality indices (cf. eq 14) differ more for
the R and S forms, which suggests that interaction with the
gold strongly affects molecular orientation and local surface
chirality.

To better mimic the actual Raman experiment where the
analyte remains on the surface while a solvent (usually
chloroform) is evaporated,” we adopted a simple model leaving
only the first hydration sphere. In it, butanediol molecules far
from the gold surface were deleted from many MD snapshots,
as in the example in Figure 3c. After averaging such geometries,
the resultant solvent distribution probability along the wire axis
(x) also indicates significant differences between the R and S
butanediols (Figure 3d). Various parts of the gold wires have
clearly different affinities for the S and R enantiomers. In the
displayed example, the center of the gold “wire” is
preferentially occupied by the S-form. In both cases, the
largest differences in the S/R distributions are predicted close

to the center of the gold, which can be related to the helical
chirality, while the ends interact with the solvent in a rather
nonchiral way. Analogous results were obtained for a larger
120-atom gold cluster (Figure Sl in the Supporting
Information) with different force fields and analyte molecules.

Another indicator of the mechanical chiral sensitivity may be
the local solvent density. For the MD trajectories, we noticed
small but detectable differences in average densities of the R
and S enantiomers in the vicinity of particular gold atoms. An
example of the Auy,, cluster submerged in the butanediols is
plotted in Figure 3e. For this figure, an average number of
solvent atoms around each atom of gold (closer than 8 A) was
counted as obtained in 100 ns MD runs from 100000
snapshots equally separated in time. The numbers for the S
and R solvents were subtracted and assigned a false color scale.
Although the differences are tiny, we can see that the gold
atoms close to the concave inner edges “attract” the S-form
more than the R-one.

The dynamic electric field of the gold is quite sensitive to
interaction with molecules on the surface. The detected

https://doi.org/10.1021/acs.jpcc.4c02703
J. Phys. Chem. C 2024, 128, 12649—12656
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Figure 4. Sensitivity of Raman scattering on the position (p; and p,, closer and farther from the cluster center) of the analyte. (Left) Ten MD
snapshots of one R/S butanediol placed in two positions of Auy cluster, calculated SERS enhancement factors #, (right) dynamic density calculated
without and with a S butanediol molecule (p and p’, respectively) and the difference. TDDFT B3LYP/6-31G**/LANL2DZ calculation.

molecules produce or lay in different dynamic electric fields,
and this difference is further magnified by the steep
dependence of the enhancement factors (1) on the electric
intensity (eq 1)."* In Figure 4, the factors calculated at
molecular mass centers are compared for various geometries of
R and S butanediols placed ad hoc at the surface. A short 100
ps dynamics was run to obtain a distribution of butanediol
geometries. During this time, the molecule did not leave the
original pocket of the gold wire. The enhancements in position
2 are clearly about 2—3 times bigger than for position 1. For
position 1, however, the enhancements for the R and S
enantiomers are about the same, within the statistical error. A
relatively long computational time (~36 days at one processor
for one geometry, 220 excited states involved) does not allow
us to compute too many geometries. Nevertheless, the results
show the importance of the geometry factor in chiral SERS
discrimination. Computations with larger basis sets give larger
enhancement and the chiral discrimination (g) factors (Table
S1). For the aug-cc-pVTZ basis set, the calculated enhance-
ment (~107) and g-factor (~2) perfectly correspond to values
observed in SERS experiments.” Unfortunately, this level does
not allow for the treatment of larger systems and for obtaining
proper statistics on a large ensemble of the snapshots.

In Figure 4, we can also see that the analyte molecule causes
a perturbation of the dynamic density extended over the whole
gold cluster. Large density variations not only appear in the

vicinity of butanediol but also rather far from it at the wire’s
tips. We compare this effect to a “stinging wasp”, affecting the
whole body. Here, the local interaction translates into changes
in the dynamic electric field along the entire wire (cf,, Figure
S2 for alternate representation). The surface interaction
propagates through the gold cluster and affects its properties
far from the interaction site.

Putting the findings discussed above together, we proposed
the computational scheme overviewed in Figure 5, allowing us
to understand how the geometric and resonance-SERS effects
can lead to a macroscopically observable chiral anisotropy, that
is, significant SERS intensity variations for different enan-
tiomers. The generation of MD snapshots and the first
solvation sphere mimics the injection of the analyte onto the
gold nanostructures, while the dynamic electromagnetic field is
calculated directly using the quantum mechanical models.
Indeed, for a range of molecules and gold clusters, the resultant
gfactors clearly indicate a measurable effect. Examples of
calculated enhancements and g-factors are listed in Table 1,
and more systems are included in Table S2. The factors are
lower than experimental ones, the latter often close to the
maximum value of two,” nevertheless convincingly demon-
strating the viability of the adopted model to capture the chiral
discrimination.

It should be noted that the formal errors of the averages in
Table 1 are somewhat dependent on the computational details,
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Figure 5. Computational flow to model the SERS-ChA effect.
Molecular dynamics runs produce snapshot geometries; in each, the
first hydration shell was considered and optimized at the molecular
mechanics level. For this system, the dynamic electric intensity was
calculated at a quantum mechanical level at a Lebedev—Laikov grid 4
A above the surface, averaged over the grid points, spatial orientations
(%, y, z polarizations), and snapshots.

such as the number of snapshots or points averaged.
Nevertheless, the results convincingly show that the computa-
tional protocol from Figure 5 reproduces chiral discrimination.
In addition, it allows us to demonstrate the effect of the gold
autopolarization: as can be seen in Figure 6, the effective
partial atomic charges are quite essential for the SERS-ChA
effect.

B CONCLUSIONS

We see the three most interesting aspects of the results coming
from the molecular dynamics and quantum chemical
modeling: (1) We could reproduce the SERS-ChA experiment
and relate it to the chirality-recognition and resonance Raman
phenomena. (2) We implemented and tested the DFT-based
methodology producing the dynamic electromagnetic field of
molecules without a multipole approximation, which can be
generally used for similar SERS nanostructured substrates. (3)
Finally, the modeling reveals some specific properties of the
BCB gold helix, such as the self-polarization and electro-
mechanical chiral discrimination when interacting with chiral
analytes.

At the same time, significant challenges appear for the future,
such as the need for a more accurate treatment of the
electronic wave function. In the present study, serious
simplifications of the quantum chemical models were
necessary, given by the availability of computational resources.
Adopting more accurate approaches, such as TDDFT instead
of the rigid orbital Hiickel model or using a larger basis set, can
lead to a dramatic increase of the enhancement and g-factors.
In addition, we are aware that our modeling may be missing
some aspects of the real experimental situation,” such as
macroscopic solvent distribution and kinetic effects associated

n No charge

R
S

2x10° 1

rate

Charge

0 200 400 600 800 1000
Geometry

Figure 6. Effect of the gold self-polarization. Enhancement factors for
1000 snapshots of 1,2-butanediole and Au,s (example geometry in the
center) were calculated without and with partial atomic charges on
the gold atoms.

with loading of the analytes on the gold wires. The
computations cannot currently reliably predict which enan-
tiomer of a particular molecule will scatter the light more than
the other. This would certainly significantly broaden the
application field of SERS-ChA. Nevertheless, we find the
modeling useful in providing a first insight into the fascinating
phenomenon of chiral discrimination through resonance
Raman scattering. The results are inspiring for further
development of nanostructure and spectroscopic technologies.
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Table 1. Enhancements (Including Statistical Error) and g-Factors Calculated with the Hiickel Rigid Orbital Model for

Selected Chiral SERS Systems

cluster analyte R g

Auyg 1,2-butanediole (2.26 + 0.01) x 10* (590 + 0.02) x 10* 0.89
Auy,, 1,2-butanediole (1.697 + 0.003) x 10° (1961 + 0.004) x 10° 0.14
Augg phenylglycine (6.98 + 0.20) x 10* (3.58 + 0.12) x 10* 0.31
Aug, glyceraldehyde (1.671 + 0.006) x 10° (0.945 + 0.003) x 10° 0.89
Aug, 1,2- epoxybutane (2.136 + 0.004) x 10° (1.569 + 0.004) x 10° 0.16
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