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Presentation schedule & research motivation

DensityFunctional Theory(DFT)
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Infrared AbsorptionSpectroscopy
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struktura molekularna  nazwa monomeru przypisanie 
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Surface-enhanced techniques

in vibrational spectroscopy

SERS (Surface Enhanced Raman Spectroscopy)

enhancement factor up to 1014
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SEIRA (Surface Enhanced Infrared Absorption Spectoscopy)

enhancement factor up to 103
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Enhancement mechanisms

in vibrational spectroscopy
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electromagnetic mechanism chemical mechanism

the studiedmoleculeis adsorbedonto metalsurfaceor is

locatedin closeproximity to this substrate

directcontactof themoleculewith themetalsurfaceis not

required,but the enhancementdecreasessignificantly with

the increase of this distance, determined by the

disappearanceof the dipole field of metal at a distance

[1/d]12

enhancementis particularly strongin the "hot spots",in

SERSup to 1015.

the studied molecule is chemically binds to the metal 

substrate

it is not well known

an electron coupling between a compound molecule and 

a metal and forming an adsorbate-surface complex

charge-transferin SERS

Up to 102 contributiontheoretically
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Surface selectionrules
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Threeclasses of vibrational modes with distinct spectral behavior:

(1) normal component of the field and resulting in an induced 
dipole with a strong component only in a direction perpendicular to 
the surface; 

(2) tangential component of the field and resulting in an induced 
dipole with a strong component tangential to the surface;

(3) the mixed cases (for example, a normal field exciting a dipole 
with a strong component parallel to the surface). 

Vibrationscharacteristic for the aromatic ring areclassified
into four symmetry groups, i. e. A1, A2, B1, and B2. The 
ratio of the surface enhancement factors for the A2, B1 and 
B2 vibrational modes are 4:1:1 for a flat orientation of 
aromatic molecule, and 1:1:4 for a vertical arrangement.

Significant enhancement of bands due to the A2 group 
vibrations (out of plane)is connected with flat position 
of the ring, whereas the vertical orientation is manifested 
by strong enhancement of spectral signals attributed to 
the B2 group oscillations (in plane).

No metal-aromatic ring interaction unless there is 
significant down-shiftsin wavenumber of the ring mode 
bandsand clear changes in their widths

Threetypes of resonance contribute to the SERS enhancement, 
including surface plasmonresonance, the molecular resonance and 
the metal-molecule charge-transfer.
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SERS&SEIRA ïactivesubstrates
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ñrationalò substrates?
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precise control of distribution 

and metabolism of drugs 

in cells

defining the sensitivity of 
cells to drugs

biocompatibility with 

DNA, RNA, amino 

acids and proteins

the appropriateNPs
diameter

AuNPs
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O.C. Farokhzadet al. ACS Nano3 (2009) 16.
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