
Supporting Information

Investigation of plasmonic signal enhancement based on long range 
surface plasmon resonance with gold nanoparticle tags

Chih-Tsung Yanga, Lin Wub*, Ping Baib and Benjamin Thierrya*

aFuture Industries Institute, University of South Australia, Mawson Lakes Campus, 
Mawson Lakes, South Australia, Australia

b Electronics and Photonics Department, Institute of High Performance Computing, 
Agency for Science, Technology, and Research (A*STAR), Singapore 138632

Corresponding authors: *Benjamin.thierry@unisa.edu.au Tel: +61 8 83023689 Fax: + 
61 8 8302 3683; 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2016



Figure S1 (a) Layer by layer buildup of PEMs on LRSPR sensors. (b) Experimental and theoretical 

results of the film thickness with regards to the deposition layers.

 

Figure S2 (a) UV-Vis spectra of as-synthesized 24 nm and 50 nm AuNPs. (b) UV-Vis spectra evolution 

of 50 nm of AuNPs 



Figure S3 AFM images of (a) bare gold, (b) Cys functionalized surface, (c) (PSS/PAH)5 functionalized 

surface, (d) low coverage of 24 nm of AuNPs adsorption on (PSS/PAH)5, and (e) high coverage of 24 

nm of AuNPs adsorption on (PSS/PAH)5.

Table S1 Analysis of AFM images correspond to Figure S3. 

* The volume fraction was calculated from AFM images (1 μm x 1 μm) with the 
following formula:1 
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N: the number of particles, dNP: particle diameter, A: image of area

Bare gold Cys (PSS/PAH)5 Low coverage High coverage

Surface Area (μm2) 1.02 1.02 1.08 ± 0.01 1.07 ± 0.01 1.28 ± 0.02

Projected Area 

(μm2)

1.00 1.00 1.00 1.00 1.00

Image Rq

(nm)

1.7 ± 0.1 1.5 ± 0.1 2.7 ± 0.1 2.9 ± 0.1 4.7 ± 0.4

Image Ra

(nm)

1.4 ± 0.1 1.2 ± 0.1 2.1 ± 0.1 2.1 ± 0.1 3.1 ± 0.1

Image Rmax (nm) 13.6 ± 1.0 12.0 ± 1.0 25.8 ± 1.3 33.3 ± 2.6 47.4 ± 6.9

Volume fraction

(%)*

- - - 1.0 ± 0.5 6.9 ± 0.1

100 nm



Figure S4 Simulated field enhancement distributions of 50 nm AuNPs on LRSPR sensors with pitch at 

300 nm for dielectric thickness D (a) D = 6 nm, (b) D = 25 nm, (c) D = 40 nm.



Figure S5. Representative SEM images of SPR sensors after the amplification of CEA with 50 nm 

AuNPs at CEA concentration of (a) 10 ng/mL, (b) 100 ng/mL and (c) 1000 ng/mL.



Figure S6. Simulated SPR angular spectra of 50 nm AuNPs on LRSPR sensors at the dielectric 

thickness of 25 nm for different pitches (a) p = 400 nm, (b) p = 300 nm and (c) p = 200 nm



Figure S7. (a) Simulated SPR angular shifts versus pitches with the adsorption of 36 nm AuNPs for 

cSPR and LRSPR sensors; (b) Experimental angular spectra for cSPR and LRSPR with the adsorption 

of 36 nm AuNPs at p = 415 nm; (c) SEM image of cSPR sensor with the adsorption of 36 nm AuNPs; 

(d) Simulated power absorption in Au film and AuNPs for cSPR and LRSPR substrates; Field 

enhancement distributions with the adsorption of 36 nm AuNPs at p = 500 nm for (e) LRSPR and (f) 

cSPR substrates.
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