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ABSTRACT 
Detection and identification of biomedically significant molecules is an important application in infra-red (IR) 
spectroscopy. This presentation will consider some of the significant features of the different alternative 
building-block elements that can be used in array metasurfaces for enhanced detection sensitivity. 
The presentation will also address techniques and issues associated with the deposition and localisation of 
biological and organic chemical molecular material for detection and measurement using IR spectroscopy. 

1. INTRODUCTION 
The detection and identification by optical methods of small quantities of biologically and medically important 
molecular species has become an established spectroscopic technique. Delivery via micro-fluidic channels and 
deposition from solution of various molecules onto an appropriately patterned surface can provide the basis for 
infra-red spectroscopy that performs the required detection and identification of particular species. In the 
literature, this technique is often called surface-enhanced infra-red absorption (SEIRA) spectroscopy – and it can 
be used to establish the presence of characteristic molecular bond resonances that occur in the mid infra-red part 
of the spectrum. The patterned surface that delivers the desired enhancement of detection sensitivity typically 
consists of an array of optically resonant thin-film metallic or dielectric structures realised on a dielectric 
substrate. Because of the sub-wavelength scale of the size of the elementary structures and their spacing, the 
patterned surface may be termed a metasurface.  

2. METASURFACE ARRAY PROPERTIES AND BIOMEDICAL SENSING 
Although the spacing between the array elements is often periodic, that is not an essential feature for the purpose 
of spectroscopic investigation, since the reflection, transmission and absorption spectra of the array are 
predominantly characteristic properties of the individual elements. Not all elements in the array forming 
a metasurface are required to be identical, so that several different basic elementary resonators can be repeated 
within the total array, allowing several different target central wavelengths to be addressed simultaneously. 
However sufficiently close packing of the elements in a metasurface array typically broadens the resonance 
spectrum through mutual coupling effects. 

Well-known examples of ‘interesting’ molecular bond-resonances include carbon-hydrogen (e.g. methyl) and 
carbon-oxygen (e.g. carbonyl) bonds. Particular combinations of bond resonances can then be used to identify 
the molecules present – via molecule-specific signatures. With appropriate surface preparation, 
the biological/organic molecules of interest can be localized on the elements of the metasurface array. 
Lithographic processes such as electron-beam lithography (EBL) and deep-ultraviolet (DUV) lithography can 
not only be used in defining the metasurface patterning, but also for defining the nano-scale regions where 
organic material (most obviously polymeric resist-type materials) is deposited. Molecular species that are of 
interest for quantitative sensing include organic, non-biological, molecules such as octadecanethiol (ODT) and 
poly-methyl-methacrylate (PMMA). Molecules of specifically biomedical interest include hormones such as 
estradiol.  Because of their possible presence in significant amounts in common foodstuffs such as milk, 
hormones like estradiol are also relevant in environmental sensing and for food safety. 

Arrays of various different basic resonant ‘atoms’ can be produced lithographically in thin metal films that 
have been deposited on dielectric (e.g. silica glass) substrates. A variety of elementary structures have been 
described in the literature – including asymmetric split H-shaped (ASH) structures [1], single-gap split-ring 
resonator (SRR) structures [2, 3] and double-gap asymmetric split-ring resonator (ASRR) structures [4-6]. ASH 
structures are of particular interest because of their ability to operate effectively in orthogonal polarisation 
situations. ASRR structures have the interesting feature of exhibiting both transmission/reflection resonance and 
an absorption resonance that can be described as a trapped-mode. Similar trapped-mode resonances should be 
observable in other forms of circularly or even elliptically-shaped resonators, with appropriately structured 
illumination.  
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Figure 1(a). Image of a single 
ASH array element realised in 
gold thin-film on dielectric 
substrate. 

Figure 1(b). Several SRR array 
elements, with lithographically 
defined resist squares for 
location sensitivity probing. 

Figure 1(c). Image of a single 
ASRR array element realised in 
gold thin-film on dielectric 
substrate. 

3.CONCLUSIONS 
Array meta-surfaces can be generated using a variety of elementary building blocks realised on dielectric 
substrates. This presentation considers three alternative patterns that are of interest for applications in biomedical 
sensing. The use of meta-surfaces can greatly enhance the sensitivity of the molecular detection process. 

REFERENCES 
[1] I.G. Mbomson, S. Tabor, B. Lahiri, G. Sharp, S.G. McMeekin, R.M. De La Rue, and N.P. Johnson: 

Asymmetric split H-shaped nanoantennas for molecular sensing, Biomedical Optics Express, 8(1), 
pp. 395-406, 2017. 

[2] G.J. Sharp, H. Vilhena, B. Lahiri, S.G. McMeekin, R.M. De La Rue, and N.P. Johnson: Mapping the 
sensitivity of split ring resonators using localized analyte, Appl. Phys. Letts., 108, 25105, 2016. 

[3] E. Cubukcu,  S. Zhang,  Y.-S. Park,  G. Bartal,  and X. Zhang: Split ring resonators for infra-red detection of 
single molecular monolayers, Appl. Phys. Letts., 95, 043113, 2009. 

[4] J. Paul, S.G. McMeekin, R.M. De La Rue, and N.P. Johnson: Plasmonic antennas for optical detection of 
self-assembled mono- and multi-layers, submitted for publication. 

[5] B. Lahiri, A.Z. Khokhar, R.M. De La Rue, S.G. McMeekin, and N.P. Johnson: Asymmetric split ring 
resonators for optical sensing of organic materials, Optics Express, 17(2), pp. 1107-1115, 2009. 

[6] B. Lahiri, S.G. McMeekin, R.M. De La Rue, and N.P. Johnson: Enhanced Fano resonance of organic 
material films deposited on arrays of asymmetric split-ring resonators (A-SRRs), Optics Express, 21(8), 
pp. 9343-9352, 2013. 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (None)

  /CalCMYKProfile (None)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 0

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo true

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 200

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /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 200

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /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 400

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /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 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /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 6.0 and later.)

    /POL <>

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 841.890]

>> setpagedevice



