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Chiral cysteine-directed assemblies of Au@Ag core-shell
nanocrystals (CSNCs) and Au/Ag nanorods with end-to-end (ETE)
and side-by-side (SBS) configurations are fabricated and used to
explore the definitive factors affecting the chiral response. The
interaction between the cysteine and metallic nanoparticles leads
to intense and widely tunable plasmonic circular dichroism (PCD)
ranged from near-infrared (NIR) to ultraviolet (UV) regime. More
importantly, it was observe that, in Ag nanorod and CSNC samples
with varied aspect ratio, the ETE assembled patterns exhibit much
larger PCD enhancement than SBS assemblies in L/D-cysteine
solvent environment. Very surprisingly, such a giant PCD response
in these assemblies is completely different from that of the Au
nanorod assembly case as reported earlier. Experimental and
theoretical studies reveal that the interplay between the local
field enhancement and backaction, triggered by the geometric
configuration differentia of covered achiral CTAB molecules on Ag
and Au surfaces, plays a crucial role in chiral response variances
and leads to the geometry-dependent optical activities. This work
not only sheds light on understanding the relationship between
the configuration of plasmonic nanostructure assemblies and
geometry-manipulated circular dichroism, but also paves the way
for predictive design of plasmonic biosensors or other
nanodevices with controllable optical activities from the UV to NIR
light range.

Circular dichroism (CD), the differential absorption of left- and right-
handed circularly polarized lights, is of particular importance in the
chirality analyses of biomolecules.”* The CD spectroscopy can be
used not only to unambiguously determine the enantiomer
handedness, protein folding and conformational transition of chiral
molecules,}5 but also to elucidate the intrinsic relationship between
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geometric structure and chiral response.e’14 Since the CD signals of

those biomolecules like cysteine are located in the UV light region
and typically weak, % it is vital to improve detection sensitivity for
chiral analyses by extending/transferring the optical chirality from
the UV region to the Vis-NIR range and increasing the chiral signal.
Assembled nanoparticles can play an important role in tailoring the
optical activity due to the tunability of nanostructures and the
strong light-matter interaction in the designed systems.

Strong chiroptical effects have been reported from plasmonic
nanoparticles assembled on the chiral scaffolds of organic fibers, '
or in nanoparticles that are assembled in chiral superstructures.lg’20
Such structures can also be elegantly assembled with the help of
molecules, like DNA,21 and conversely, the plasmonic nanoparticles
can enhance the chiroptical response of whole systems.u’23
Meanwhile, achiral nanoparticles (assemblies) have also been
shown to exhibit strong chiroptical responses due to a near-field or
long-range coupling through a layer of chiral molecules.”** In
particular, strong PCD responses in hybrid nanostructures of achiral
metal nanoparticles and chiral molecules, typically located at the
plasmonic resonance bands, is accounted for the Coulomb
interaction between the photo-induced transitions of molecules
and metal nanoparticle electrons.”®*' Because of the strong
interplay between local electric and magnetic fields, these near-
field electromagnetic coupling of dipoles and multipoles, as well as
long-range radiating mechanisms significantly enhance the
chiroptical effects. Currently, geometric modulation of chiral
superstructures has been studied a lot.”®* While systematic
exploring of molecule-induced chirality and the key factors affecting
the induced PCD are lack, and need to be further studied because
exploring the relationship between the configuration of
nanostructure assemblies and geometry-manipulated CD is very
important for predictive design of plasmonic biosensors or other
nanodevices.

Experimental and theoretical studies reported on plasmon-
enhanced CD spectroscopy with dissymmetry enhancement factors
of up to 10°, which arises from plasmon-generated superchiral
fields**® or near-field induced optical activity, both at isolated
plasmonic nanostructures and at hotspots between closely spaced
nanostructures.>**® For instance, Kuang et al. demonstrated an
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unusual circularly polarized photocatalytic activity in gold-gap-silver
nanostructures with interior cysteine molecules.®® Besides,
rationally assembling plasmonic nanostructures is another effective
means to achieve enhanced CD sensitivity.39'41 In those assembled
systems, one-dimensional assembly, which accommodates the
propagation of squeezed light arising from near-field coupling
between neighboring nanoparticles, is believed to achieve very
strong electromagnetic enhancement and is promising in
controlling the chiroptical properties because a proper modulation
of optical activity at nanoscale is useful for exploring various
mechanisms of PCD.*

Au nanorods (NRs) assembled with collinear geometry could
possess over two orders of magnitude of CD amplification for chiral
molecules located at the hotspots.6 The distance between the chiral
molecule and Au NR in the assembly unit was also demonstrated
vital to the generated PCD signals.7 While Ag intrinsically possesses
better plasmonic enhancement in comparison to other metallic
nanoparticles, Au featured with excellent stability can serve as an
inner core template for coating with Ag shells.?®** For instance, the
CD signal of a novel chiroptical biosensor based on aptamer-
mediated Au NR dimers could be further amplified by depositing Ag
shells on the surface of the NRs. Zhao et al. demonstrated that
deposition of Au nanospheres with Ag shells enabled spectral
modulation of their PCD bands, and led to an enhanced optical
activity.42 PCD responses, intimately related to the LSP modes, can
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be tailored by changing the building blocks, geometrical parameters,
interparticle distances, orientational arrangements.%’44 However, to
date understanding and manipulating the PCD responses of Au@Ag
CSNC assemblies remains a considerable challenge due to the
multiple mechanisms involved and the restriction of precisely
controlled structure geometry, interparticle distance as well as
mutual orientation between CSNCs in the assemblies. Therefore, it
is pressing to explore various factors that influence the optical
activity based on a reliable model system of CSNC assemblies.

Here we investigate the chiroptical response of cysteine-directed
self-assembly of CSNCs within SBS and ETE patterns. The PCD
response of the resultant hybrid nanostructures is found highly
dependent on the geometry of the assembly patterns and the
electromagnetic  interaction between neighboring  CSNCs.
Nevertheless, using the self-assembly method, well-defined
patterns of CSNC could be achieved, thereby offering the possibility
to explore the key factors of the geometry-dependent PCD. Our
experimental and theoretical studies reveal that the interplay
between the geometry-dependent local field enhancement (at the
hot spots due to metallic nanoparticles) and backaction (of cysteine
on metallic nanoparticles) determines the induced PCD of the CSNC
assemblies, which is different from previous studies.”™®

Fig. 1a presents a typical assembly case of Au@Ag CSNC with an
average aspect ratio of ~3.8, demonstrating the distinct

Fig. 1 (a, b) Absorption and CD spectra of pristine CSNCs and L/D-cysteine assembled CSNCs under different CTAB concentrations. Representative TEM images of (c)
pristine CSNCs and the L-cysteine assembled CSNCs under different CTAB concentrations: (d)10, (e)13,(f)16,(g)18,(h)22 uM. The scale bar is 100 nm. Here the CSNCs
have an aspect ratio of 3.8. (i, j) Magnified TEM images of ETE and SBS patterns, respectively. The interparticle distances between adjacent CSNCs have been
measured; the scale bar are 15 nm (i) and 10 nm (j), respectively. (k) Statistic distributions of different assembly patterns of L-cysteine-CSNCs formed under varied
CTAB concentration. “RAN” represents random arrangement.
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Fig. 2 Diagrams of pristine Au@Ag CSNCs (b) and cysteine-assembled CSNCs in SBS (a) and ETE (c) patterns. (d-f) are corresponding CD spectra for SBS assembly (d),

pristine CSNCs (e) and ETE assembly (f), respectively.

assembly behavior under varied concentration of CTAB (the
absorption spectra of D-cysteine assembled samples are shown in
Fig. S1).At a low CTAB concentration of 10 uM (red curve), the
intensity of the longitudinal LSP absorption peak is sharply reduced
upon addition of cysteine, whereas a new absorption shoulder
appears in the 800-900 nm region. These are the typical
characteristics of the ETE assembly.49 When the concentration of
CTAB increases to 18 uM (cyan curve), addition of cysteine results in
both intensity decrease and blueshift of the LSP absorption peak
(from 698 nm to 683 nm), which is a feature of SBS assembled
CSNCs. The calculated absorption cross sections of single Au@Ag
CSNC (Fig. S2), ETE and SBS assembled samples (Fig. S3) match well
with the experimental results. Note that a small amount of CSNCs
assembled with ETE geometry may still exist, which leads to the
shoulder in the red wavelength region and small correction to the
chiral response. As the CTAB concentration further increases, the
intensity of the LSPR peak is instead increased, and the peak
position redshifts, implying the SBS assembly patterns reduced. It
was found that, with no cysteine, the LSPRs of CSNCs at various
concentrations of CTAB are similar but a little red-shift with the
increase of CTAB (see Fig S4). Straightforward observation by TEM
imaging further proves the assembly transition of CSNC from ETE to
SBS pattern (Fig. 1d-1h). Fig. 1i and 1j show the measured
interparticle distances between adjacent CSNCs in both ETE and SBS
assemblies are ~3-5 nm. The corresponding statistical analysis (Fig.
1k) confirms the transition of CSNC assemblies from ETE to SBS
dominated mode (more TEM images are shown in Fig. S5).

The CD spectra of L-cysteine assembled CSNCs (solid curves) in
Fig. 1b, reveal that both ETE and SBS modes possess four CD peaks

This journal is © The Royal Society of Chemistry 20xx

near the frequency of LSP absorption bands, while the former
shows much higher CD enhancement than the latter overall. The
large PCD amplification of the ETE CSNCs is originated mostly from
the strong electromagnetic field at the hotspots located in the gaps
between Ag ends. Surface-enhanced Raman spectroscopy (SERS)
further provides the near-field information at hot spots of noble
metal nanopaticles.so Hence, the SERS spectra of both ETE and SBS
assemblies were recorded for comparing the electromagnetic effect,
and the intensity of C-S stretching vibration of L-cysteine molecules
was chosen as a standard. Obviously, the SERS intensity of ETE
assembled CSNCs is much higher than that in the SBS pattern (Fig.
S6). The CD peaks located at 383 and 334 nm correspond to
octupolar and multipole LSP modes, while the low energy peaks 497
and 698 nm are attributed to the transverse and longitudinal
dipolar LSPR, respectively (Fig. S2 and S3). The induced PCD is due
to the Coulomb interaction (see the theoretical details) instead of
the twist of CSNC pairs, which is supported by the fact that in the
racemic DL-cysteine assembled CSNCs, neither the ETE nor the SBS
assembly pattern show detectable CD response (Fig. S7). The
proposed mechanism is further verified by the chiroptical response
of D-cysteine assembled CSNCs, in which the PCD displays a mirror
symmetry feature as the L-cysteine assembled systems (see dashed
curves in Fig. 1b). The D-cysteine assembled nanostructures exhibit
the same geometry-manipulated PCD response with the variation of
CTAB concentration. The detailed PCD signal comparison between
L- and D-cysteine-constructed typical assemblies is shown as
following.

At a low concentration of CTAB, a considerable amount of
cysteine molecules will adsorb at the CSNC end positions with high
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bonding energies, thereby leading to the formation of ETE
assemblies (Fig. 2c). On the contrary, at a high concentration the
number of CTAB surfactants is sufficient to stabilize the whole
assembly behavior under varied concentration of CTAB (the
absorption spectra of D-cysteine assembled samples are shown in
Fig. S1).At a low CTAB concentration of 10 uM (red curve), the
intensity of the longitudinal LSP absorption peak is sharply reduced
upon addition of cysteine, whereas a new absorption shoulder
appears in the 800-900 nm region. These are the typical
characteristics of the ETE assembly.49 When the concentration of
CTAB increases to 18 uM (cyan curve), addition of cysteine results in
both intensity decrease and blueshift of the LSP absorption peak
(from 698 nm to 683 nm), which is a feature of SBS assembled
CSNCs. The calculated absorption cross sections of single Au@Ag
CSNC (Fig. S2), ETE and SBS assembled samples (Fig. S3) match well
with the experimental results. Note that a small amount of CSNCs
assembled with ETE geometry may still exist, which leads to the
shoulder in the red wavelength region and small correction to the
chiral response. As the CTAB concentration further increases, the
intensity of the LSPR peak is instead increased, and the peak
position redshifts, implying the SBS assembly patterns reduced.
Straightforward observation by TEM imaging further proves the
assembly transition of CSNC from ETE to SBS pattern (Fig. 1d-1h).
Fig. 1i and 1j show the measured interparticle distances between
adjacent CSNCs in both ETE and SBS assemblies are ~3-5 nm.

The CD spectra of L-cysteine assembled CSNCs (solid curves) in Fig.
1b, reveal that both ETE and SBS modes possess four CD peaks near
the frequency of LSP absorption bands, while the former shows
much higher CD enhancement than the latter overall. The large PCD
amplification of the ETE CSNCs is originated mostly from the strong
electromagnetic field at the hotspots located in the gaps between
Ag ends. Surface-enhanced Raman spectroscopy (SERS) further
provides the near-field information at hot spots of noble metal
nanopaticles.SO Hence, the SERS spectra of both ETE and SBS
assemblies were recorded for comparing the electromagnetic effect,
and the intensity of C-S stretching vibration of L-cysteine molecules
was chosen as a standard. Obviously, the SERS intensity of ETE
assembled CSNCs is much higher than that in the SBS pattern (Fig.
S6). The CD peaks located at 383 and 334 nm correspond to
octupolar and multipole LSP modes, while the low energy peaks 497
and 698 nm are attributed to the transverse and longitudinal
dipolar LSPR, respectively (Fig. S2 and S3). The induced PCD is due
to the Coulomb interaction (see the theoretical details) instead of
the twist of CSNC pairs, which is supported by the fact that in the
racemic DL-cysteine assembled CSNCs, neither the ETE nor the SBS
assembly pattern show detectable CD response (Fig. S7). The
proposed mechanism is further verified by the chiroptical response
of D-cysteine assembled CSNCs, in which the PCD displays a mirror
symmetry feature as the L-cysteine assembled systems (see dashed
curves in Fig. 1b). The D-cysteine assembled nanostructures exhibit
the same geometry-manipulated PCD response with the variation of
CTAB concentration. The time-dependent LSP and CD spectra
changes are also recorded (details are shown in Fig. S8). The
detailed PCD signal comparison between L- and D-cysteine-
constructed typical assemblies is shown as following.
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Fig. 3 Comparison of absorption and CD spectra of ETE (pink curves) and SBS
(green curves) assembled CSNCs with aspect ratio of (a, c) ~3.5 and (b, d) ~3.2.
The numbers 11, 12, 19 and 20 in the labels represent the concentration of CTAB
used in the experiment.
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At a low concentration of CTAB, a considerable amount of
cysteine molecules will adsorb at the CSNC end positions with high
bonding energies, thereby leading to the formation of ETE
assemblies (Fig. 2c). On the contrary, at a high concentration the
number of CTAB surfactants is sufficient to stabilize the whole
surface of CSNCs, eliminating the energy difference between the
sides and ends toward adsorption of cysteine molecules. In this case,
SBS assemblies tend to form due to the larger surface area of the
sides compared with that of the ends (Fig. 2a). The assembly
patterns have important impact on the chiroptical responses of the
hybrid nanostructures. Fig. 2b and 2e show that pristine CSNCs have
no CD response. Although the ETE and SBS assemblies experience
giant PCD responses with similar line shape as shown in Fig. 2d and
2f, the former shows superior performance in PCD sensitivity. In
general, negative CD peak
corresponding to the longitudinal LSPR is used for quantitative

the g factor of a positive or

comparison of PCD sensitivity. As can be seen from Table S1, the g-
factors for L and D-cysteine constructed ETE patterns are 1.6 and
1.8 times (14.45x107 vs 8.97x10° and 11.7x10° vs 6.43x10%) larger
than their SBS counterparts, respectively. Noted that insufficient
(e.g. 1 uM) or excess CTAB (e.g. 200 uM) in the solution could not
induce distinct PCD signals (details are shown in Fig. S9).

In order to further elaborate the generality of the observed
geometry-modulated chiroptical responses, L/D-cysteine molecules
were successfully employed to assemble Au@Ag CSNCs with
different aspect ratios under the control of CTAB surfactant
concentration (see TEM images in Fig. $S10). The measured PCD
spectra are shown in Fig. 3. With the CSNCs aspect ratio decreases,
the bisignated CD bands show a spectral blueshift, due to the
corresponding blueshift of the longitudinal LSPR. Meanwhile, the
PCD signal intensities of ETE and SBS assembled CSNCs decrease
accordingly due to the decreasing backaction of cysteine on CSNCs
(see the theoretical analysis). It is interesting to observe that, in all
the samples with different aspect ratios, the ETE assembled CSNCs
presented much more PCD enhancement than the SBS assemblies
either in L-cysteine or D-cysteine solvent environment (Table S2 and
S3). Very surprisingly, such a rich PCD response in CSNC assemblies

This journal is © The Royal Society of Chemistry 20xx
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surface of Ag and Au. (b) The constructed model used in theoretical calculations.

is different from that of Au NR assembly case as we reported
earlier.” Here, control experiments of cysteine-assembled Au NRs in
both ETE and SBS patterns were also performed under similar
experimental conditions. It's apparent that the CD enhancement of
SBS assembled Au NRs is much higher than ETE assembled ones
(O.86x10’3vs 0.55x107, Fig. S11). Such different responses of PCD
are unexpected, and it has motivated us to explore an intrinsic
relationship between geometric configuration and PCD response in
cysteine-assembled Au@Ag CSNCs/Au/Ag NRs, which have been
overlooked in previous studies.””!

Basically, it is difficult to prove or disprove that the chiral
molecules influence the assembly of the nanostructures.>
Nevertheless, it is reported that supported CTAB surfactants with
long flexible hydrophobic tails and positively charged hydrophilic
head groups can act as protecting agent, and structure-directing
agent that are involved in the formation of anisotropic
nanostructures of Au or Ag. The molecular configuration of CTAB
adsorbed on Au or Ag nanoparticle surface has been extensively
investigated. Previous studies involved small-angle X-ray scattering,
TEM imaging and molecular dynamics simulations show that the
thickness of CTAB decorated on the surface of Au nanoparticles is
~3 nm> while the length of a CTAB molecular monolayer is ~1.5
nm.> Thus, an uncommon interdigitated bilayer CTAB
nanostructure adsorbed on Au NRs was felicitously proposed and
this proposal was further verified in our recent work,” which is
different from that molecular arrangement of capped CTAB on the
surface of Ag (Fig. 4 and Fig. S12). Previous experimental and
calculation studies revealed that CTA" chains display a considerable
degree of curvature when CTAB molecules form bilayer on Ag
surface.®’ It means that CTAB molecules either in inner or outer
layers do not pack in a full-extended state but bend or twist to each
other, which could result in a much smaller thickness of adsorbed
layer than twice length of CTAB molecules.”” In our work, TEM
imaging in Fig. 1i and 1j discloses the gap distance between
assembled adjacent CSNCs is ~3.5-4 nm, further demonstrates the
curved CTAB orientation coated on the Ag surface. These structural
characteristics provide new insights for better understanding the
geometry-correlated chiroptical properties. Besides the material

This journal is © The Royal Society of Chemistry 20xx
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difference of Au and Ag (which leads to different characters of field
concentration), they may lead to different gap sizes, which is
essential for both the local field enhancement and backaction of
cysteine on CSNCs (see the theoretical analysis). Within this nano-
sized gap the incident light is squeezed in the hotspot and hence
the geometry-modulated optical activity could be greatly enhanced.

To elaborate the arrangement difference of capped CTAB
molecules upon adsorption on Ag and Au, we performed additional
proof experiment in which cysteine was selected to assemble Ag
NRs. Again, the g-factor of ETE assembled Ag NRs is much higher
than its SBS counterpart (1.11><10'3 Vs 0.32><10'3, Fig. S13). Therefore,
the configuration difference of covered achiral CTAB between on Au
and Ag surface is very important for PCD enhancement mechanisms.
Within a much smaller distance between Ag ends compared with
the Au-Au gap for Au assemblies, the gigantic electric field located
at the hotspots between coupled adjacent CSNCs will determine the
induced PCD response. In fact, gap-plasmonic nano-antennas can
enhance the coupling between free-space propagating light and the
localized excitation of nanoscopic light emitters or receivers, thus
forming the optical basis of many gap-dependence nanophotonic
applications.sg'60 For example, the distance dependence of near-
field fluorescence enhancement and quenching of single quantum
dots has been demonstrated by Walhorn.”® A distance-dependent
plasmon resonant coupling between Au NP and Au film was
presented by Mock and co-workers.” Parak et al. reported that the
studies about electromagnetic coupling were highly dependent on
controlled interparticle distance between adjacent plasmonic
nanoparticles.60

In order to further comprehend the relationship between
geometric configuration and PCD response, we performed
systematic theoretical investigation. The Coulomb interaction
between the photo-induced excitation of molecules and plasmon of
metal nanoparticle plays the key role in PCD. We develop a theory
of cysteine-induced PCD to reveal the main factors affecting the
chiral response of the hybrid nanostructures. In our model shown in
Fig. 4b, we consider core-shell nanocrystal assemblies (with ETE or
SBS configuration) incorporating the dipole of CYS (cysteine) at the
centre of the gaps. The dominant contribution of CD comes from
CYS-induced PCD. The CD signal of the nanocrystals is given by the
difference of optical absorption (Qcsnc) between the left/right
circularly polarized fields, that is, CDcsne = Qésne - Qigne With

QESNC « [V <Eo + EE) . <E0 + EE) (1)
EL/R(r,rp) = G(r,rp)py R (rp) @

where EO is the incident field and EB/R is the induced field due to
CYS, Eq + EB/RIS the local field on the nanocrystal, G(r, rp) (rand rp
are the coordinate centers of the CSNC and cysteine) reflects the
distance dependence of the backaction of cysteine on the CSNC. In
Equation (2), pB/R is the effective dipole moment of CYS (at rp) for
the left/right circularly polarized fields,
L/R
pg/" = o/REcneys (3)

where E( is the local field on CYS, and ncyg is the number of CYS
molecules adsorbed in the gap. The chirality of the molecules

J. Name., 2013, 00, 1-3 | 5
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comes from the electric dipole moment and the magnetic dipole
moments. One can have the effective dipole moment p][“)/R
determined by the effective polarizabilities a/® (including the
effects from both moments) for the left/right circularly polarized

fields.®"®? We therefore obtain the following equation:
CDCSNC =A- Ncys - Re(f Aa- ES . EC ’ G(r, rD)dV) (4)

L R
where Aa=a" —a and A is a constant. For the ETE configuration,
we can calculate the CD¢gnc approximately as follows:

S(x)
CD¢sne ~ ncys “Aa - Ec - fr—:dx (5)

where S(x) is the area at position x, and r = |a+d-x|. For the case of
large a+d, we have G(r,rp) o 1/]a+ d|3. Similar calculation can be
applied to the SBS configuration. The anisotropic factor can be
obtained as g = CDcgnc/Abscsne * Ec - [f S(x)/r3 dx]/Abscsnc,
where Abscgnc refers to the absorption coefficient of the core-shell
nanocrystal. In the calculation, we have used the discrete dipole
approximation (DDA)**** method to obtain Ec and Abscgnc. We
can theoretically calculate the enhancement factor for the ETE
mode against the SBS mode based on above formulism. For
instance, enhancement factors (i.e., ggre/8sss) at the longitudinal LSP
resonance bands are 1.37, 3.39, and 3.80 for CSNCs with aspect
ratio of 3.8, 3.5, and 3.2, respectively.

For comparison, we also calculate the g-factors of Ag/Au NR
assemblies based on the same formulism and the g-factor ratios
gere/Esss at their longitudinal LSP resonance bands are 3.31 for Ag
NR assemblies (experiment: 3.47), 0.69 for Au NR assemblies
(experimental result: 0.64). Our theoretical results agree well with
the experimental observations. Moreover, our theory reveals the
main factors affecting the chiral response for hybrid nanostructures
with different geometric configurations and may suggest new
methods for the geometric manipulation of induced PCD responses.
From equation (4), we can see that the PCD is proportional to Aq,
indicating the PCD signal is induced by the cysteine. Furthermore,
the PCD is proportional to E¢ (gap field at the hotspots due to the
metallic nanoparticles) and G(r,rp) (backaction of CYS on the
metallic nanoparticles). In general, with decreasing the gap distance
(2d), both G(r,rp) and the gap field E¢ increase. The combination
of these two gap distance dependent factors determines the
geometric dependence of the chiral response. For the Au@Ag and
Ag assemblies with small gap distance (2d), Ag leads to strong field
concentration, i.e., E¢ in the ETE configuration, resulting in larger
enhancement factor, gere/gses> 1. While in the case of Au NR
assemblies, the gap distance is larger than that in the Au@Ag and
Ag assemblies, and therefore the G(r,rp) plays a more important
role, which leads to ggre/gsss< 1.7 In general, the PCD response of
Au, Ag, Au@Ag CSNC assemblies is the combined contribution from
both the electromagnetic field effect at the hotspots and the
geometry-dependent electromagnetic backaction. Thus, different
geometric configurations (ETE & SBS) lead to different
electromagnetic fields at hotspots and backaction amplitudes,
which brings about interesting geometry-dependent chiral
characteristics for Au@Ag CSNC, Ag and Au NR assemblies.

6 | J. Name., 2012, 00, 1-3

Conclusions

In summary, Au@Ag CSNC/Ag NR/Au NR assemblies have been
successfully constructed by cysteine in two representative ETE and
SBS patterns to explore the crucial factors affecting their chiral
responses. Manipulation of the Ag shell thickness coated on Au NR
enables spectral modulation of their chiroplasmonic bands from the
NIR to UV light region and results in significantly enhanced
chiroptical responses with a maximal g-factor reaching ~14.45x107,
where the strong near-field at the hotspots is responsible for the
PCD improvement. More interestingly, we observe that ETE
assembled CSNCs/Ag NRs with cysteine present larger PCD
response than the SBS assemblies, which is different from that of
the Au NR assembly Experimental
demonstration reveals that the interplay between the local field

case. and theoretical

enhancement and backaction due to the geometric configuration
differentia of covered achiral CTAB molecules adsorbed on Ag/Au
surface dominates the different PCD enhancement mechanisms.
This work lays the foundation to explore tunable and intense PCD
responses via construction of designed surfactant-caped building
blocks, which holds great potential for chiral sensing, biomedicine
and optoelectronic devices.
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TOC: The interplay between local field enhancement and backaction determines plasmonic chiral responses and

leads to widely tunable geometry-dependent optical activities.





