
SERS: Instruments, Materials, and Applications for Defense and Security 

Keith Carron 
Metrohm Raman 



Topics 

SERS: Instruments, Materials, and Applications for Defense and Security 

SERS Introduction 
Instrumentation 
Substrates 

• Solutions 
• Deposited 
• Plasmonics 
• Gaps 

Methods 
• ORS 
• DRS 
• Buoyant/Magnetic Separation 
• Tags 

 Haynes et al. Anal. Chem. (2005) 



Instrumentation 

Laser Wavelength 
• Gold – 638, 785 
• Silver 532, 638, 785 

Laser Power 
• SERS is sensitive to the 

laser power 
• Ideal is < 10 mW 
• Raster helps with the 

laser power and 
sensitivity 

Spectral Resolution 
• SERS broadens Raman 

bands 
• Resolution between 10 

and 20 wavenumbers is 
sufficient. 

SERS spectra do not match 
normal Raman spectra 

• New libraries are 
required 
 



Instrumentation 
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Techniques to identifying unknown substances 

5 

 Vibrational Spectroscopy 
• Raman 
• IR 

Sweet spot in terms of cost and 
quality of results, in addition to 
speed and portability 

Cost ($) 

Quality of  Information (Specificity, Quantifiability, etc.) 

 Physical properties 

 Simple chemical reactions 
 (color change, etc.) 

 Mass spectrometry 
 (+ Chromatography) 

Low-cost but 
not highly 
specific 



Substrates 

Colloidal Solutions 
• Easy liquid dispensing 
• Unstable over long periods (months) 

Deposited Nanoparticles 
• Easy to make and low cost 
• Medium sensitivity 

Plasmonics  
• Difficult to make (high cost, but scalable) 
• Low to medium sensitivity 

Gaps 
• Difficult to make (high cost, scalable) 
• High sensitivity 

 



Colloidal solutions are composed of primarily 
single nanoparticles with an anionic coating 
which creates a negative charge on the surface.  
The charge keeps the particles stable for a period 
of time. 
 
It is possible to observe aggregates and to show 
that aggregates produce 100x the signal of single 
particles.  This is the concept behind “gap” 
substrates 

Laser Beam 

Substrates – Colloidal Solutions 
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Substrates – Colloidal Solutions 

pH = 5 pH = 10 

DRS (Dynamic Raman Scattering) is a way 
to capture rare events, like aggregation). 



Ocean Optics SERS Offerings • Liquid SERS 
• Aqueous Gold 

Nanoparticle Colloid 

• Strong response to illicit 
drugs 

Anne-Marie.Dowgiallo@OceanOptics.com 
Derek.Guenther@OceanOptics.com 

Substrates – Colloidal Solutions 
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NP Ink 

+ = 

Hoppmann et al., Methods, 63(3):219–224, 2013 

Printer 

Substrates – Deposited Nanoparticles 

Diagnostic anSERS produces printable materials (P-SERS) 
with immobilized nanoparticles that produce medium 
sensitivity. 
 
The advantage is that these materials have very low cost 
to produce.  They can be produced for < $1.00. 



Dipsticks Filters Pipetting Swabs 

Substrates – Deposited Nanoparticles 



Separation of complex samples.  
Combination of 
chromatography and SERS. 

e.g. Melamine in infant 
formula.  Solvent is 0.1 N 
HCl. 

Substrates – Deposited Nanoparticles 



Qualitative and Quantitative 
Langmuir Fit of spectral data 

Substrates – Deposited Nanoparticles 



Ocean Optics Deposited 
Nanoparticles 

• Available in 3 types: 
• Gold nanoparticles on 

quartz paper 

• Silver nanoparticles on 
quartz paper 

• Gold/silver alloy sputter-
deposited onto 
structurally treated glass 

• Repeatable response to 
explosives and explosive 
precursors 
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Substrates – Deposited Nanoparticles 



Substrates – Deposited Nanoparticles 
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VAPOR DETECTION 

• iFyber SER-DM has been evaluated for vapor phase detection. 
• SBIR for the detection of chemical nerve agents using molecular sensor 
• Works with low vapor pressure solids 

 

2-MP 

4-ATP 

2-MPNO 

BPE Sampling headspace 

of tube over solid 

Sampling Device – ‘Sniffer’ 

Air flow, push 
on tubing 
adapters

Cartridge

SERS 
Substrate

Substrates – Deposited Nanoparticles 



Substrates – Plasmonics 

Clean metal surface.  These do not have 
strongly bound anions from the 
reduction of Au3+ or Ag+ 



Substrates – Plasmonics 

RDX 

PETN 

TNT 

Plasmonic substrates produce SERS through periodic 
structures that collectively produce large local electric 
fields that enhance Raman scattering.  The classic 
plasmonic substrate was Klarite produced by Renishaw 
Diagnsotics.   Bulk 

SERS 

Bulk 

SERS 

Bulk 

SERS 

http://www.renishawdiagnostics.com/


 

 Large Area Fabrication of Leaning Silicon Nanopillars for 
Surface Enhanced Raman Spectroscopy 

 Michael Stenbæk Schmidt,* Jörg Hübner, and Anja Boisen 
Adv. Mater. 2012, 24, OP11–OP18 
 

Korea Institute of Material Science 

Substrates – Nanogaps 



• KIMStrate - high density nanogap SERS substrates on plastic films 

 Maskless plasma etching of plastic films and plasmonic metal deposition 

 Wafer-scale surface enhanced Raman scattering substrates 

 High density nano-gap structures via grain growth on nm-scale protrusions 

• Project : KIMS fund from Korea Gov. 

 Ag SERS plates 
• Hot-spots density > 100/mm2  
• Nanogap less than 5 nm on average 
• Enhancement factor ~3.3x107 
• Standard deviations ~ 6.6% 

polymer substrate 

protrusions 

P
la

sm
a
 tre

a
tm

e
n
ts 

Substrates – Nanogaps 
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Substrates – Nanogaps 



 Comparison with commercial products 

 Klarite® Substrates (UK) 

Active Area  
= 4 x 4 mm2 

SERStrate® (Silmeco, Denmark) 

Active Area  
= 5 x 5 mm2 

KIMStrate® (KIMS SERS) 

• micro-machined pyramid 
• E.F. : ~105 

• Uniformity(S.D.) : NA  
• Price : 100$ /ea 
• 1st gen. product 

• Dry Etching of Si 
• E.F. : 7.8 x 106 

• S.D. : 8%  
• Price : $50/ea 
• Nano pillar density ~ 20 μm−2   

• Nano island growth 
• E.F. : 3.3 x 107 

• S.D. : 6.6%  
• Price < $5/ea  
• NP density  ~100 μm−2   

Substrates – Nanogaps 
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 Detection of drugs using SERS - Coworks with Metrohm Raman (Keith Carron) 

Substrates – Nanogaps 



Brand Name: OnSpec  (NecTec) 

Type: Film-based 

Material: Silver nanorods 

Prep. Technique: Physical vapor deposition – Sputtering 

Spec.: Compatible with all Raman spectroscopes  

Compatible with 785nm laser 

Features: High sensitivity for trace detections of  

chemical molecules 

Substrates – Nanogaps 



Substrates – Nanogaps 
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Analyte in 
solution 

 HP SERS Sensors 

5um 0.5um 0.4um 

dx.doi.org/10.1021/ja105248h | J. Am. Chem. Soc., 2010, 132, 12820–12822 
dx.doi.org/10.1021/ja200247x | J. Am. Chem. Soc., 2011, 133 (21), pp 8234–8239 
dx.doi.org/10.1021/ac302025q | Anal. Chem. 2012, 84, 9303−9309 
 

Substrates – Nanogaps 



Sensor fabrication – rigid and flexible nanoimprint lithography  

D = 130 nm 

H = 480 – 700 nm 

 

Au: 60 -100 nm 

Substrates – Nanogaps 



Hot-spot engineering in polygonal nanofinger assemblies 

 dx.doi.org/10.1021/nl201212n  | Nano Lett., 2011, 11 (6), pp 2538–2542 



RASTER OFF 
RASTER ON 

4mW Laser Power 
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SERS is sensitive to laser heating.  ORS is a good 
way to prevent sample damage.   

Methods Orbital Raster Scan (ORS) 

One-Dimensional 

Two-Dimensional 



Problem: 
 
As Raman instruments shrink they container 
shorter focal length spectrographs. 

Δλ = wdcos(θ)/F   (Spectral Resolution) 
 
2w0 = (4λ/π)* F/D (Laser Spots Size) 

Small spot size causes problems with detection: 
 
• Poor spatial averaging of heterogeneous samples 
• Burning of samples due to high laser intensity 

Methods Orbital Raster Scan (ORS) 



ORS + DRS 

Search and Find Functionality 
 
• ORS to step through an area 
• Algorithms to analyze data 
• Precision motors to return to regions of interest 

Methods Dynamic Raman Scattering 
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Methods Dynamic Raman Scattering 



Individual spectra 

Extracted target mixture component with DRS 

33 

Laser  

As the laser moves it take multiple 
acquisitions across the surface.  The 
unit spectral features for individual 
components of a mixture can be 
extracted. 

Methods Dynamic Raman Scattering 
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Methods Dynamic Raman Scattering 
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Methods Dynamic Raman Scattering 
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Methods Buoyant Separation 



Left, concept for LoB 
direct assay in solution.  
This direct assay uses the 
SERS coated LoB to couple 
the analyte.   Results from 
an DTNB test showing the 
extraction and 
concentration of the 
analyte on the surface of 
the LoB. 
 

Lab-on-a-Bubble (LoB): Synthesis, Characterization and Evaluation of Buoyant Gold 
Nanoparticle-Coated Silica Spheres; Schmit, V.; Martoglio, R.; Scott, B.; Strickland, A.; Carron, K., 
J. Am. Chem. Soc. 2012, 134, 59−62,  

Methods Buoyant Separation 
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Components Results 

Indirect Assays  -- Cholera Toxin Example Buoyant Separation of SERS signals 



SEM Images Graphic Representation 
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Above, concept for LoB biological assay.  This 
indirect assay uses the analyte to couple the 
LoB particle and the nanoparticle reporter.  
Right, results from an assay for Cholera 
toxin.  Note, the LOD is independent of the 
volume.  LoB assays are mass detection, not 
concentration. 
 

Lab-on-a-Bubble Surface Enhanced Raman Indirect Immunoassay for Cholera; Schmit, K., 
Martoglio, R., Carron, K.,, Anal. Chem., 2012, 84 (9), pp 4233–4236 

Methods Buoyant Separation 



Multiplex Paramagnetic DNA Assay 

Surface-Enhanced Raman Scattering Detection of DNAs Derived from Virus Genomes Using Au-Coated 
Paramagnetic Nanoparticles, Zhang, Harpster, Wilson,  Johnson; Langmuir, 2012.   

Rift Valley Fever Virus + West Nile Virus  

Rift Valley Fever Virus 

West Nile Virus  

Controls 

Methods  Paramagnetic Separation 



Michael Natan (Van Duyne Postdoc 
1988) 
 
Started SERS substrate develop at Penn 
State as an Assistant/Associate Professor 
and left to start Nanoplex.  Nanoplex 
was sold to Oxonica and Oxonica was 
sold to Cabot.  Natan’s forte is SERS 
materials.   
 
By far the most successful is the SERS 
Reporter.  This robust nanoparticles have 
a noble metal core, a Raman label, and a 
silica coating. 
 
They are: 

• Robust 
• Bright 
• Non-bleaching 
• Multiplexed 

Methods  Tags 
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LFI – Lateral Flow Immunoassay 

Reagent Pad with Natan’s Reporters 

Methods  Tags 



Methods  Tags 



Conclusion 

1. SERS works!  It is a viable method to convert medium sensitivity Raman spectroscopy into a trace technique. 
2. The current prices range from ~$5 to $30.  But the cost is scalable with the volume of materials.  It will 

decrease. 
 

3. Liquid colloidal solutions can be dispensed as liquids which is useful in some applications 
• Stability is always a concern 

4. Deposited nanoparticles solve much of the stability problems and create low cost SERS materials 
• Sensitivity of these materials is lower due to the 3-dimensional matrix and the particles have a coating 

from the reduction process. 
5. Plasmonic materials can be tuned to a particular laser excitation through distance between the nanofeatures 

• The are made with deposited bare metals that can be more reactive than deposited nanoparticles 
• Their fabrication can be expensive 

6. Nanogap materials use the high electric fields between nanoparticles and have bare metal surfaces 
• These are more expensive that deposited nanoparticles 
• These exhibit high sensitivity from the bare metal surface and may be scalable to bring the cost down 

7. Coated nanoparticles can be used as very bright tags for biological assays and anti-counterfeiting 
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