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Surface‐Enhanced Raman Scattering Spectroscopy

size

K. Kneipp, et al. Bioimaging. 1998. 6. 104–110.

SERS – active environment:
• Silver sols
• Nanostructured substrates
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• Nanostructured substrates
• Electrodesshape



A couple of metals for a big goal
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A problem of 
statistics
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A problem of ageing
60оС40оС25оС
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A “green chemistry”  trick 

A.A.Semenova, et al. Dokladi Chemistry.



AgNPs25

AgNPs40 AgNPs60
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AgNPs (“green”) – Hbcyt10-4
y

AgNPs (“green”) – Hbcyt10-4

AgNPs – chlorophyll 

AgNPs60 – Hb t10-4AgNPs60 Hbcyt10
AgNPs40 – Hbcyt10-4

AgNPs25 – Hbcyt10-4

Hbcyt
Hbcyt10-4
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Different Morphologies: polyhedral
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Different Morphologies: fibers
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Different Morphologies: sea‐urchins
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Cell spreading and toxicity problem
… in addition to physical advantages
of nanostructured substratesof nanostructured substrates,
biological features of intact cells have
to be considered:
1. spreading on rough surfaces
2. toxicity of surroundings

Tactics for silver nanoparticles:
A + + R d + A + O (t diti l R d d O b t i th l )Ag+ + Red + e- = Ag + Ox (traditional way, Red and Ox can be toxic themselves)

2[AgL2]OH = 2Agnano + H2O + 4L(gas) + 1/2 O2 (ideal way, pure silver)

Tactics for substrates:



PUre Silver Hydrosol (PUSH) method

Enhancement factor ~ 104

A.A.Semenova, et al. Mendeleev Communications.



Size factor and optical properties



PUSH ‐ data



Nanoparticle mesoporous carrier

A.A.Semenova, et al. subm.



Building unit modifying
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Ion sputtering using a patterned substrate

90o, 10 min

0o, 10 min
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UltraSonic Silver Rain

Made by USSR
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Porous microstructured substrates
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Hierarchic structuring
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Rough Ag‐coated surfaces 

A.A.Semenova, et al. subm.



UltraSonic Silver Rain: SERS

InVia Renishaw, laser 532 nm, 2.5 mW, 60 s spectra averaging, Ag/Al2O3 substrate.
E h t f t 5000 ( t l t)

A.A.Semenova, et al. subm. (data: N.A.Brazhe)

Enhancement factor ~ 5000 (at least)
Blood cell survival on the substrate ~ 30 – 60 min (at least)



Conclusions

• SERS demonstrates unique sensitivity, simplicityq y, p y
of sample preparation and the ability to take
advantages of intact cell analysis.g y

• New preparation routes of silver nanoparticles
allow to produce in the easiest way either SERSallow to produce in the easiest way either SERS
– active sols or nanostructured silver substrates
taking advantages of mild conditions and thetaking advantages of mild conditions and the
absence of toxic impurities.

• … silver still has a lot of secrets!
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