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ABSTRACT 
Surface-enhanced Raman scattering (SERS) is a powerful technique used for characterization of biological and non-
biological molecules and structures. Since plasmonic properties of the nanomaterials is one of the most important factor 
influencing SERS activity, tunable plasmonic properties (wavelength of the surface plasmons and magnitude of the 
electromagnetic field generated on the surface) of SERS substrates are crucial in SERS studies. SERS enhancement can 
be maximized by controlling of plasmonic properties of the nanomaterials. In this study, a novel approach to fabricate 
tunable plasmonic 3D nanostructures based on combination of soft lithography and nanosphere lithography is studied. 
Spherical latex particles having different diameters are uniformly deposited on glass slides with convective assembly 
method.  The experimental parameters for the convective assembly are optimized by changing of latex spheres 
concentration, stage velocity and latex particles volume placed between to two glass slides that staying with a certain 
angle to each other. Afterwards, polydimethylsiloxane (PDMS) elastomer is poured on the deposited latex particles and 
cured to obtain nanovoids on the PDMS surfaces. The diameter and depth of the nanovoids on the PDMS surface are 
controlled by the size of the latex particles. Finally, fabricated nanovoid template on the PDMS surfaces are filled with 
the silver coating to obtain plasmonic 3D nanostructures.  Characterization of the fabricated surfaces is performed by 
scanning electron microscopy (SEM) and atomic force microscopy (AFM). SERS performance of fabricated 3D 
plasmonic nanostructures will be evaluated using Raman reporter molecules. 
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1. INTRODUCTION 
Surface plasmons (Surface Plasmons; SPs) are the coherent oscillation of free electrons in noble metal film or 
nanoparticle surface induced by electromagnetic radiation in the metal-dielectric interface1. The emerging field of 
research on the light-metal interactions is known as ‘plasmonics’, which is the branch of the nanophotonics2-4. 
Understanding of the interactions between adsorbed molecules and plasmonic nanostructures (i.e., molecular 
plasmonics)5 are vital phenomena for several applications such as, surface-enhanced Raman spectroscopy (SERS)6, 
localized surface plasmon resonance (LSPR)7 and surface plasmon resonance (SPR)8-9 spectroscopy. Plasmonic 
nanostructures have also been used in biomedical applications due to their tunable response (absorption and scattering) to 
the incident light10. Plasmonic properties (wavelength of the surface plasmons and magnitude of the electromagnetic 
field generated on the surface) of thin films are dependent on the type of metal, film thicknesses, and surface roughness 
of thin film11. However, plasmonic properties of metallic nanoparticles are strongly dependent on their type, size, shape, 
and composition, as well as the dielectric environment12. 

Fabrication of tunable plasmonic nanostructures is the focal point for the design of novel SERS substrates due to their 
major contribution of electromagnetic enhancement to the SERS enhancement mechanism. Electromagnetic 
enhancement is directly related with surface plasmons generating on the nanostructures.  Thus, higher SERS 
enhancement factors are obtained when the wavelength of the LSPR of the nanostructure (λLSPR) is located between the 
excitation wavelength (λexc) and the wavelength of Raman signal (λRS)13. Several advanced methods have been used to 
fabricate 3D nanostructures to control and manipulate the plasmonic properties in order to maximize the enhancement 
factor for SERS experiments14–15. 
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In this study, a novel approach for the fabrication of 3D nanostructures having tunable plasmonic properties by 
combining of soft lithography and nanosphere lithography was reported.  First, nanosphere lithography was used for the 
uniform deposition of the latex particles having different diameters on a glass slide using convective-assembly method to 
obtain template for the PDMS surfaces. After the latex particles regularly assembled to the surface, PDMS was poured 
on the latex thin film to obtain nanovoids on the PDMS surfaces having different diameters and depths depending on the 
size of used latex particles.   Soft lithography offers three important advantages: parallelism, simplicity and flexibility. 
Finally, the nanovoids on the PDMS surfaces were filled with the silver nanoparticles to obtain 3D nanostructures having 
different plasmonic properties depending on the used PDMS templates.  When the deeper PDMS surfaces (larger 
diameter) were used for the fabrication of 3D plasmonic nanostructures as template, the 3D nanostructures with more 
height were obtained (larger diameter). In this way, the plasmonic properties of the nanostructures were tuned by 
changing of the diameters and heights of the fabricated 3D nanostructures. Structural characterization of the surfaces is 
performed by scanning electron microscopy (SEM) and atomic force microscopy (AFM). SERS performance of 
fabricated 3D plasmonic nanostructures will be evaluated using Raman reporter molecules. 
  

2. EXPERIMENTAL SECTION 
2.1 Materials   
Dichloromethane was purchased from Sigma-Aldrich (USA), PDMS elastomer kit was purchased from Dow Corning 
(USA), Sulfate latex particles (8% w/v) were purchased from Invitrogen (USA). 
2.2 Fabrication of plasmonic nanostructures  
There are three main steps for the fabrication of 3D plasmonic nanostructures. Step 1: Spherical latex particles of 1600, 
1400, 1200, 1000, 800, 600, 400 nm in diameters were assembled on a glass slide separately by convective-assembly 
method16-17. Experimental parameters of convective assembly were optimized by changing of the latex spheres 
concentration, stage velocity and the latex particles volume dropped between to glass slides. The optimum conditions to 
obtain uniform assembled latex thin film on a glass slide were found to be 0.8 %, 1 µm s-1, and 40 µL, respectively. Step 
2: PDMS surfaces were prepared on the top of the latex thin film by curing the polymer mixture at 70°C for 1h. The 
cured PDMS was peeled off and washed with dichloromethane to remove the latex residues on the surface to obtain 
nanovoids on the PDMS surfaces. Step 3: PDMS nanovoids were filled with silver to obtain 3D nanostructures having 
different diameters and heights.  SEM and AFM were used for the characterization of the latex thin films, PDMS 
surfaces and 3D nanostructures. All SEM images were obtained using a JEOL 6510 instrument, and AFM images were 
obtained with a Park Systems XE-100E instrument in noncontact mode. 
 

3. RESULTS AND DISCUSSION 

Tunable plasmonic 3D nanostructures were fabricated by using nanosphere and soft lithographies. First, colloidal latex 
particles (1600 nm, 1400 nm, 1200 nm, 1000 nm, 800 nm, 600 nm, 400 nm in diameter) were assembled uniformly on 
glass surfaces with convective-assembly method. After the latex particles assembled, PDMS elastomer was poured on 
the deposited latex particles and cured in an oven for 1 hour at 70°C to obtain bowl-shaped nanovoids on the PDMS 
surfaces. The PDMS was then peeled off from the surface to obtain bowl-shaped nanovoids with different diameters and 
depths at the bottom surface of PDMS depending on size of used the latex particles. SEM was used to characterize the 
self-assembly of latex particles and nanovoid on PDMS surfaces. Figure 1 shows the SEM images of latex particles with 
three different sizes (1600 nm, 1000 nm, and 400 nm) assembled on the glass slides and nanovoids obtained on the 
PDMS surfaces using these latex particles. 

The assembled latex particles having different diameters are uniformly and closely packed on the glass slides as seen in 
the Figure 1 (Top). Bowl-shaped nanovoids on the PDMS surfaces with different diameters and depths can easily be 
prepared by using different size of latex particles as seen in the Figure 1 (Bottom). Further, AFM was used to determine 
the diameter and depth of the nanovoids on the PDMS surfaces. AFM images of the PDMS surfaces obtained by using 
1000 nm latex particles were shown in the Figure 2.     
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Figure 1. SEM
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The size of AgNDs was measured to be around 1000 nm, which is also consistent with SEM images. The AgNDs can 
easily be seen on 3D AFM image (Figure 4B). The line analysis was performed to demonstrate the uniformity and 
measure the heights of the AgNDs. The height and diameter of AgNDs was around 300 nm and 1000 nm, respectively 
when the 1000 nm latex particles were used, and it appears to be very uniform across many NDs (Figure 4C). The 
summary results of structural characterization can be found on the Table 1. 

Table 1. Structural characterization results obtained from AFM images. 

Diamater of Latex (nm) 400 600 800 1000 1200 1400 1600 

Diameter of AgNDs (nm) 370 ± 21 519±24 730 ± 46 965 ± 15 1150 ± 24 1362 ± 24 1405 ± 31 

Depth of AgNDs (nm) 69 ± 13 102 ± 22 140 ± 18 280 ± 12 348 ± 25 434 ± 36 452 ± 40 

 

4. CONCLUSION 
Tunable plasmonic 3D nanostructures were fabricated by combining of nanosphere and soft lithographies. Latex 
nanospheres having different diameters were deposited uniformly on a glass slide using convective-assembly method to 
obtain nanovoids with different depths and diameters on the PDMS surfaces. To obtain tunable plasmonic AgNDs, the 
nanovoids were filled with Ag. SERS performance of fabricated 3D plasmonic nanostructures will be evaluated using 
Raman reporter molecules.  

ACKNOWLEDGEMENTS 
The financial support of the Scientific and Technological Research Council of Turkey (TUBITAK-114Z414), Gaziantep 
University, and Bingol University are gratefully acknowledged. 

REFERENCES 
[1] Stewart, M. E., Anderton, C. R., Thompson, L.  B., Maria, J., Gray, S. K., Rogers J. A., Nuzzo, R. G.         

“Nanostructured Plasmonic Sensors”, Chem. Rev., 108, 494-521. (2008). 
[2] Atwater, H. A. “The Promise of Plasmonics”, Scientific American, 296, 56–63 (2007). 
[3] Ozbay, E. “Plasmonics: Merging Photonics and Electronics at Nanoscale Dimensions”, Science, 311, 189–193 

(2006). 
[4] Maier, S. A. and Atwater, H. A. “Plasmonics: Localization and Guiding of Electromagnetic Energy in  

Metal/Dielectric Structures”, J. Appl. Phys., 98, 011101 (2005). 
[5] Van Duyne, R. P. “Molecular Plasmonics”, Science, 306, 985–986 (2004). 
[6] Schatz, G. C. and Van Duyne, R. P. Handbook of Vibrational Spectroscopy. Wiley: New York, MA, Vol. 1, pp. 759. 

(2002). 
[7] Anker, J. N. et al. “Biosensing with Plasmonic Nanosensors”, Nature Materials, 7, 442–453 (2008). 
[8] Haes, A. J. and Van Duyne, R. P. “A Unified View of Propagating and Localized Surface Plasmon Resonance 

Biosensors”, Anal. Bioanal. Chem., 379, 920–930 (2004). 
[9] Brockman, J.M., Nelson, B. P. and Corn, R. M. “Surface plasmon resonance imaging measurements of ultrathin 

organic films”, Ann. Rev. Phys. Chem., 51, 41–63 (2000). 
[10] Bohren, C. F. and Huffman, D. R. “Absorption and Scattering of Light by Small Particles”, Wiley, New York, MA, 

(1983). 
[11] Henzie, J., Lee, J., Lee, M. H., Hasan, W. and Odom, T. W. “Nanofabrication of Plasmonic Structures”, Annu. Rev. 

Phys. Chem., 60, 147–65 (2009). 
[12] Kelly, K. L., Coronado, E., Zhao, L. L. and Schatz, G. C. “The Optical Properties of Metal Nanoparticles: The 

Influence of Size, Shape, and Dielectric Environment”, J. Phys. Chem. B, 107, 668–677 (2003). 
[13] Tognalli, N. G., Fainstein, A., Calvo, E. J., Abdelsalam,M.&Bartlett, P. N. “Incident Wavelength Resolved Resonant 

SERS on Au Sphere Segment Void (SSV) Arrays”, J. Phys. Chem. C, 116, 3414–3420 (2012). 
[14] Lee, S. H., Bantz, K. C., Lindquist, N. C.,Oh, S.-H. and Haynes, C. L. “Self-Assembled Plasmonic Nanohole 

Arrays”, Langmuir, 25, 13685–13693 (2009). 

Proc. of SPIE Vol. 9724  972410-5

Downloaded From: http://spiedigitallibrary.org/ on 03/08/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



 

 

[15] Yu, Q. et al. “Surface-Enhanced Raman on Gold quasi-3D Nanostructure and 2D Nanohole Arrays”, 
Nanotechnology, 21, 355301 (2010). 

[16] N. D. Denkov, O. D. Velev, P. A. Kralchevsky, I. B. Ivanov, H. Yoshimura, K. Nagayama, “Mechanism of 
formation of two-dimensional crystals from latex particles on substrates”, Langmuir 8, 3183-3190 (1992). 

[17] N. D. Denkov, O. D. Velev, P. A. Kralchevsky, I. B. Ivanov, H. Yoshimura, K. Nagayama, "Two-Dimensional 
Crystallisation”, Nature 361, 26-26 (1993). 

 

Proc. of SPIE Vol. 9724  972410-6

Downloaded From: http://spiedigitallibrary.org/ on 03/08/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx


