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ABSTRACT   

The ability of plasmonic nanosurfaces to produce strong electromagnetic fields in their vicinity upon illumination can be 

used to enhance effects, such as those originating from chirality (lack of mirror symmetry) of molecules. We numerically 
investigate chiral nanosurfaces composed of plasmonic nanobars with varying packing densities. We identify the optimum 

illumination conditions for maximal field enhancement. Under these illumination conditions, the optical chirality near the 

surface exceeds the optical chirality of the incident light by almost an order of magnitude in a large area (200 nm × 200 nm) 

near the surface. Our simulations prove the nanosurfaces to be promising candidates for enhancement of chiral-optical 

effects. 
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1. INTRODUCTION  

Chiral molecules, i.e. molecules lacking mirror symmetry, are widely used in pharmaceuticals. While their effects on the 

human body can vary significantly depending on the handedness of the molecules,1,2 determination of enantiomeric excess 

(excess of one chiral version of the molecule) in solutions is often based on measuring chiral-optical (chiroptical) effects, 

which are typically weak.3 

Nanostructured surfaces (nanosurfaces) made of plasmonic metals have been investigated as means of enhancing these 

weak chiroptical effects.4,5 The enhancement can arise from the nanosurface concentrating incident light into tiny areas 

with large electromagnetic fields. Thus, the molecules located in these areas experience stronger levels of illumination. 

Furthermore, if the nanosurface is chiral, its near field is chiral as well. Whereas the chirality in the nanostructures is 

quantified by the geometric chirality parameter,6 the chirality of electromagnetic fields is quantified by optical chirality 

C.7,8 A chiral nanosurface can be designed so that the optical chirality near its surface is larger than the optical chirality of 

circularly polarized light in free space, which then leads to enhancement of chiroptical effects. 

Various designs of plasmonic nanosurfaces have been investigated, e.g. arrays of G-,9–11 S-,12 U-,13,14 C-,15 Z-,16 and L-

shapes,17,18 that have been studied, for instance, with second harmonic generation -  an interface sensitive technique.19,20 

Various numerical methods have been proposed in order to tune the electromagnetic fields in metal nanostructures.21,22 

In this work, we numerically study the electromagnetic near fields of nanosurfaces composed of Au bars arranged in a 

chiral pattern. Previously, similar structures with varying widths of the bars were investigated.23 Here, we identify the 

optimum packing density to achieve maximal enhancement of the chiroptical response. 

2. SAMPLES 

The nanosurfaces we investigate in this work are shown in Figure 1. As can be seen in Figure 1(a), the nanosurfaces are 

made up of bars, which are 200 nm wide and 200 nm apart from each other. The arrangement of the bars leads to creation 

of chiral centers on the surface. There are two different types of chiral centers, as illustrated in the figure. These two centers 

have different sizes and opposite chirality. Changing the length L of the bars changes the contribution of the two types of 

chiral centers and determines their density of packing. In this work, the length was varied from 400 nm up to 1000 nm in 

200-nm increments. 

The profile of the simulated samples is illustrated in Figure 1(b). The bars are made up of Au on top of a thin Cr layer. The 

substrate is oxidized Si. This profile was chosen in a way so that samples with identical design can later be fabricated. 
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Figure 1. Chiral nanosurfaces with variable packing density. (a) Illustration of the arrangement of the plasmonic nanobars 
with varying length L on the surface of the sample. Two types of chiral centers are indicated with the dashed red and blue 
squares. (b) The cross-section of the simulated structures. 

3. METHODOLOGY 

Finite-difference time-domain (FDTD) simulations24–26 in Lumerical FDTD were carried out to obtain the electromagnetic 

fields in the vicinity of the nanosurface. The optical constants of Si, SiO2, and Cr had been measured by Palik.27 The optical 

properties of Au had been measured by Johnson and Christy.28 

The size of the simulation region in the plane of the nanosurface varied with the length of the Au bars. The simulation 

region was chosen in such a way so that periodic boundary conditions could be applied. The dimensions were 

2.6 μm × 2.6 μm, 2 μm × 2 μm, 5.8 μm × 5.8 μm, and 4 μm × 4 μm for the nanosurfaces with 400-nm, 600-nm, 800-nm, 

and 1000-nm bars, respectively. In the direction perpendicular to the surface, the simulation region spanned 1.2 μm. A 

perfectly matched layer (PMA)29 was used on both simulation region boundaries in this direction. 

Two plane wave light sources were located 0.6 μm above the top of the SiO2 layer. The wavelength range of the sources 

was set to be from 450 nm to 1100 nm. To achieve illumination with circularly polarized light, the polarization angle and 

the phase were different for the two sources. Here, we denote the illuminating light as left circularly polarized (LCP) when 

the polarization angle and phase of the first source were both set to 0 degrees and the polarization angle and phase of the 

second source were both set to 90 degrees. For right circularly polarized light, the phase of the second source was changed 

to -90 degrees. 

Electromagnetic fields were recorded 1 nm above the surface of the sample for wavelengths from 450 nm to 1100 nm in 

steps of 50 nm. 

4. RESULTS 

Upon illumination, coherent oscillations of electrons, called surface plasmons, can be induced on the edges of the bars 

forming the nanosurface. The nature of the excited plasmonic modes depends on the wavelength and polarization state of 

the incident light, as well as the length of the bars. The oscillations of charges induce electromagnetic fields in their vicinity. 
These near fields lead to electromagnetic coupling between the bars on the nanosurface. The superposition of the induced 

fields can create areas with high electromagnetic fields near the surface. 

We would like to obtain strong electromagnetic fields over a large region near the surface. Thus, we want to identify the 

illumination conditions (wavelength and direction of circular polarization), which lead to maximum fields in the dashed 

red square shown in Figure 1(a). 



 

 
 

 

 

Figure 2. Color maps visualizing the electric field 1 nm above the surface of the samples upon illumination with 900-nm 
light. The amplitude of the electric field is normalized to the electric field amplitude of the incident light E0. The four 
columns correspond to the four different Au bar lengths L, which are indicated at the top of the columns. The top panels 
show results for illumination with left circularly polarized (LCP), the bottom ones for right circularly polarized (RCP) light. 

Figure 2 shows the electric field amplitudes normalized to the amplitude of the incident light E0 slightly above the sample’s 

surface for illumination at 900 nm. The incident light is either left circularly polarized (LCP) or right circularly polarized 

(RCP). The normalized amplitudes of the electric field are plotted as color maps. 

For all lengths of the Au bars, there are areas with large field enhancement. Some of these arise from the lightning rod 

effect – the accumulation of electrons in sharp corners due to increased density of electromagnetic field lines. The areas 

of large enhancement on the edges of the Au bars are due to plasmonic modes excited by the incident light. As discussed 

above, the nature of the excited modes varies with the length of the Au bars. This variation than leads to changes in the 

near field close to the edges of the bars, which can be seen in Figure 2. The calculated near fields also change significantly 

with the polarization of the incident light, as expected. 

The maximum field is induced in the smaller of the chiral centers when the nanosurface with 600-nm bars is illuminated 

with RCP light. In this case, an electric field with a relative amplitude of approximately 3 is induced over the region. 

Molecules located in this large region would thus experience stronger illumination levels. 

 

Figure 3. Color maps visualizing the electric field 1 nm above the surface of the samples upon illumination with 1100-nm 
light. The amplitude of the electric field is normalized to the electric field amplitude of the incident light E0. The four 
columns correspond to the four different Au bar lengths L, which are indicated at the top of the columns. The top panels 
show results for illumination with left circularly polarized (LCP), the bottom ones for right circularly polarized (RCP) light. 



 

 
 

 

As discussed at the beginning of this section, the near field of the nanosurface changes with the wavelength of the incident 

light as well. The near fields calculated for illumination with 1100-nm shown in Figure 3 are indeed different to the ones 

in Figure 2. In both cases, there are areas of large electric fields along the edges of the Au bars, which arise from 

pronounced plasmonic resonances. However, at this wavelength, enhancement in the center of the plotted region can be 

seen for the nanosurface with 800-nm bars. The relative field amplitude in the central region is approximately 2.8. 

Interactions of light with molecules placed on the nanosurface will be enhanced by the strong near field. Further 

enhancement of chiroptical effects can be achieved by the near field being superchiral. i.e. its optical chirality being larger 

than optical chirality of circularly polarized light. 

Optical chirality C can be calculated from30 

 𝐶 = −
𝜀0𝜔

2
Im[𝑬∗ ∙ 𝑩], (1) 

where 𝜀0 is the vacuum permittivity, 𝜔 the angular frequency of the light, 𝑬 the complex electric field amplitude, and 𝑩 

the complex magnetic field amplitude. 

The optical chirality of circularly polarized light is equal to7 

 𝐶𝐶𝑃𝐿 = ±
𝜀0𝜔

2𝑐
|𝑬|2, (2) 

where c is the speed of light. 

We can use equation (1) to calculate the optical chirality for the configurations with large field enhancement discussed 

above. To provide insight into how the optical chirality near the nanosurface compares to the optical chirality in free space, 

the calculated optical chirality is normalized to the optical chirality of circularly polarized light obtained from equation 

(2). In equation (2), we use |𝑬| = 1, which  is the amplitude of the incident light in our simulations. The resultant relative 

optical chirality is presented in Figure 4. In both (a) and (b), the optical chirality is enhanced almost by an order of 
magnitude in a large region close to the surface of the sample, compared to the optical chirality of circularly polarized light 

in free space. 

 

Figure 4. Optical chirality is enhanced in the chiral centers on the nanosurfaces. The calculated optical chirality is 
normalized to the modulus of optical chirality of the incident circularly polarized light |CCPL|. Optical chirality is plotted as a 
color map for (a) a nanosurface made up of 600-nm Au bars illuminated with right circularly polarized 900-nm light, (b) a 
nanosurface made up of 800-nm Au bars illuminated with right circularly polarized 1100-nm light. 

The combination of large electromagnetic fields and enhanced optical chirality in a large region near the surface makes 

these nanosurfaces extremely promising for sensitive measurements of chiral molecules. 

5. CONCLUSIONS 

In summary, we presented numerical calculations of near fields of plasmonic nanosurfaces with varying dimensions. The 

results prove the nanosurfaces to be promising candidates for applications benefiting from strong electromagnetic field 

concentration, such as nonlinear optical effects, surface-enhanced Raman spectroscopy (SERS) and molecular sensing. 

We have identified the optimal illumination conditions for different nanosurface designs. The optical chirality near the 
nanosurfaces is higher than in free space in a large region, which evidences the potential for enhancement of chiroptical 



 

 
 

 

responses of molecules. Next, we will prepare samples with these dimensions and will demonstrate their enhanced 

chiroptical properties.  
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