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ABSTRACT 
This work report the modified Plasmon Ruler equation 
for quasi-ordered nanoislands using deformable 
nanoplasmonic membrane that able to modulate 
interstitial gap between neighboring nanoislands. 
Depending on interstitial gap, the plasmon resonance 
wavelength shift was achieved by averaging the 
plasmon resonance shift of individual nanoislands that 
reflects the size distribution of nanoislands. This 
distance dependence of plasmon coupling in quasi-
ordered nanoislands provides a useful guideline to 
expect the plasmon resonance wavelength for surface-
enhanced Raman scattering (SERS).  
 
INTRODUCTION 
Spatially localized region of intense electromagnetic 
fields near the nanostructures termed in hot spots 
mainly generated by the plasmonic coupling at a 
junctions of metallic nanostructures. Two metallic 
nanostructures approach each other, their plasmonic 
near-fields will overlap and couple strongly, giving 
rise to a distance-dependent plasmon resonance 
wavelength shift as well as extraordinary increasing of 
Raman scattering from neighboring molecules which 
lead to the highest biochemical sensing techniques, i.e., 
Surface enhanced Raman scattering (SERS). Creating 
nanometer scale features of hot spot enrichment SERS 
substrates with desired plasmon resonance wavelength 
have been a major research interest over the last ten 
years that including randomly dispersed nanoparticles, 
nanometer scaled rough film or well-defined 
nanostructures via e-beam lithography, nanosphere 
lithography1 and ion etching2. Quasi-ordered islands 
film that reducing the inherent randomness of 
roughened film and taking advantage of simplicity and 
large area fabrication are also being exploring for 
SERS3. However, the distance-dependent plasmon 
resonance wavelength shift with size distribution like 
quasi-ordered nanoislands was not established due to 
their complexity unlike a single dipole model. Here we 
report the modified Plasmon Ruler equation for quasi-
ordered nanoislands by modulating interstitial gap 
between neighboring nanoislands using elastomeric 
membrane.   
 
NUMERICAL METHODOLOGY 
For single dipole model, the universal Plasmon Ruler 
Equation4 can be described as follows: 
∆ ~ /

                        (1) 

where ∆λ/λ is the fractional plasmon shift, s is the 
interstitial gap, D is the particle diameter, and  is 
decay constant. For quasi-ordered nanoislands, the 
Plasmon Ruler Equation should be modified by 

considering the size distribution of nanoislands. In 
other words, overall plasmon resonance wavelength 
shift can be calculated by summation of plasmon shift 
depending on the scaling factor which represent the 
interstitial gap over the particle diameter s/D with a 
weighting factor of the number of the corresponding 
nanoislands:   
∆ ~

∑ /
                 (2) 

From this modified Plasmon Ruler Equation, quasi-
ordered nanoislands with size distribution provides a 
large shift in plasmon resonance wavelength 
compared to that for a single dipole model. In this 
work, several cases have been considered with 
different size distribution by using metal dewetting.  
 
EXPERIMENTAL 
Figure 1 shows that schematic illustration to modulate 
interstitial gap between neighboring nanoislands for 
quasi-ordered nanoislands with size distribution on 
elastomeric membrane. Several cases have been 
fabricated with several size distribution by using 
different thickness of metal nano film. The quasi-
ordered islands film from silver nano film was 
obtained by dewetting. Figure 2 shows that SEM 
images and size distribution of silver nanoislands 
where the initial film thickness of silver are 7, 9, 10 
nm, respectively. This quasi-ordered nanoislands was 
transferred to thin elastomeric membrane, where this 
elastomeric membrane can be stretched in all direction. 
Figure 3 shows that the plasmon resonance 
wavelength extracted from extinction spectra 
depending on initial film thickness of silver. The 
plasmon resonance was blue-shifted as the membrane 
strain and initial film thickness increases. The 
calculated plasmon shifts are well fitted with the 
measured values as the scaling parameter increases. 
Figure 4 shows that the fractional plasmon wavelength 
shift (∆ / ) was plotted as a function of the scaling 
parameter ( / ). The calculated fractional plasmon 
wavelength shift of quasi-ordered nanoislands was 
achieved by averaging the plasmon shift of individual 
silver nanoislands, where the scaling factor, i.e., the 
interstitial gap over the particle diameter (s/D) reflects 
the size distribution of nanoislands. The relative 
plasmon shift was well fitted an exponential 
function	 / . 
 
CONCLUSION 
This work report that the plasmon resonance 
wavelength shift in quasi-ordered nanoislands by 
employing the modified Plasmon Ruler Equation. 
From this modified Plasmon Ruler Equation, quasi-
ordered nanoislands with size distribution provides a 
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large shift in plasmon resonance wavelength 
compared to that for a single dipole model. This 
distance dependence of plasmon coupling in quasi-
ordered nanoislands provides a useful guideline to 
expect the plasmon resonance wavelength for surface-
enhanced Raman scattering (SERS).  
 
 

 
 
Figure 1. Schematic illustration of modulation of 
interstitial gap between neighboring nanoislands for 
quasi-ordered nanoislands with size distribution. The 
plasmon resonance wavelength becomes blue-shifted 
as the interstitial gap increases.   
 

 
Figure 2 SEM images and size distribution of Ag 
nanoislands where the initial Ag film thickness are (a) 
7, (b) 9, (c) 10 nm, respectively. 
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Figure 3. The plasmon resonance wavelength 
extracted from extinction spectra depending on initial 
film thickness. The plasmon resonance was blue-
shifted as the membrane strain and initial film 
thickness increases. 
 

 
 
Figure 4. The fractional plasmon wavelength shift 
(∆ / ) was plotted as a function of the scaling 
parameter ( / ). The calculated fractional plasmon 
wavelength shift of quasi-ordered nanoislands was 
achieved by averaging the plasmon shift of individual 
silver nanoislands. The relative plasmon shift was well 
fitted an exponential function	 / .  
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