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Experimental details 

Fabrication of gold nanoblock structures: Planar patterns of gold nanoblocks were 
defined on glass substrates (Matsunami Co., Japan) having an area of 24 × 24 mm2 

using a high-resolution electron beam lithography (EBL) system (ELS-7700H, Elionix 
Co., Ltd., Japan) working at an accelerating voltage of 100 kV. The structures occupied 
an area of 30 × 30 μm2 and comprised from 3000 to 4000 nanoblocks. A co-polymer 
resist (ZEP520A, Zeon Co., Ltd., Tokyo, Japan) diluted by ZEP thinner (1:1) was 
spin-coated on the substrates at 1000 rpm for 10 s and 4000 rpm for 90 s. After the 
pre-bake on a hot plate for 3 min at 180 °C, the EBL was carried out at an exposure 
dose rate of 0.1 μs/dot (dot size is 0.63 × 0.63 nm2) and an electrical current of 5 pA. 
After development in a standard developer (Zeon Co., Ltd., Japan), a 2-nm chromium 
and 25-nm gold bilayer was deposited by sputtering (ULVAC, MPS-4000, Japan). Then, 
lift-off was carried out by immersion in an acetone solution (Wako Pure Chemical 
Industrials Ltd., GR Grade) in an ultrasonic bath for 2 min, and in a resist remover 
(Zeon Co., Ltd., Tokyo, Japan) for 2 min. The absolute value of the structural size can 
be evaluated with a resolution of 1.9 nm, which can be confirmed by the combination of 
scanning electron microscope and spectral measurements.1 

 
Measurements of Raman spectra: Raman scattering spectra were measured using a 
homemade setup assembled on a microscope (BX51, Olympus, Japan), with a 
solid-state 785-nm-wavelength continuous wave (CW) laser (CrystaLaser) as an 
excitation source. The laser beam was coupled into the microscope and focused on the 
sample by a water-immersion 100× magnification objective lens with NA= 1.0 (207 
W/cm2). The Raman signal was collected in reflection geometry by the same 
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microscope lens, and coupled into a side-port of the microscope. Subsequently, the 
signal was spectrally resolved using SpectraPro 300i (Acton Research) spectrometer, 
and recorded using a liquid nitrogen-cooled CCD camera for 5 s. For SERS 
measurements, crystal violet molecules (1.0 × 10-4 mol/dm3 aqueous solution), which 
are known to be highly SERS-active and widely used in SERS studies, were employed. 
The concentrate conditions allowed us to measure under the saturated adsorption 
conditions of crystal violet molecules to the surface of gold nanostructures to obtain the 
SERS data with high reproducibility. These concentrate conditions were obtained by the 
concentration dependence of SERS intensity experiment and analysis based on the 
Langmuir adsorption isotherm.2 
 
Measurements of Raman intensity map: The measurement system of Raman intensity 
map was built on an inverted optical microscope (IX71, Olympus). The excitation 
source was a solid-state 785-nm-wavelength continuous wave (CW) laser (CrystaLaser).  
The incident power was chosen lowest possible at which the Raman intensity was 
within the dynamical range of the detectors. The laser beam was focused on the sample 
by a water-immersion 100× magnification objective lens with NA= 1.0. The same lens 
collected the Raman scattering signal which was recorded by a single photon counting 
photomultiplier tube (PMT) at a wavelength of 864 nm, corresponding to 1173 cm-1 in 
the Stokes Raman scattering of crystal violet. The sample was mounted on a high 
precision 2D translation stage attached to the microscope, which facilitated selection of 
areas for point-by-point scanning on the sample.  
  
FDTD calculations: FDTD calculations were performed using commercially available 
FDTD solution software package (Lumerical, Inc.) for the exploration of the plasmonic 
properties of nanoblocks unrestricted by their shapes, sizes and surrounding 
environments. The spatial FDTD domain containing unitcell was discretized on a 
rectangular grid with variable discretization steps set to vary within the range from 1.5 
to 5 nm. Appropriate boundary conditions were defined at the boundaries of the FDTD 
domain (both perfectly matched layer and periodic boundary conditions were used). 
Dielectric dispersion of gold was performed using plasma and a Drude approximation 
of experimental dependencies from the literature.3, 4 Spatial maps of the field intensity 
were extracted from the calculations at the wavelengths of interest. In the calculations, 
E = 1 initial field amplitude was assumed. Thus, the calculated field intensity maps 
represent the field intensity enhancement factor. 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



References 
1. K. Ueno, S. Juodkazis, V. Mizeikis, K. Sasaki and H. Misawa, J. Am. Chem. Soc. 

2006, 128, 14226. 
2. Y. Yokota, K. Ueno, S. Juodkazis, V. Mizeikis, N. Murazawa, H. Misawa, H. Kasa, 

K. Kintaka and J. Nishii, J. Photochem. Photobio. A; Chem. 2009, 207, 126. 
3. P. Johnson and R. Christy, Phys. Rev. B 1972, 6, 4730. 
4. M. Ordal, L. Long, R. J. Bell, R. W. Alexander and C. Ward, Appl. Opt. 1983, 22, 

1099. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


