
Abstract 

Hydrosols of silver nanoparticles (AgNPs) prepared by reduction of AgNO3 by either NaBH4 

(BH-AgNP hydrosol), or NH2OH·HCl (HA-AgNP hydrosol) modified by the addition of HCl 

were characterized by SPE spectra (SPE = surface plasmon extinction) and transmission 

electron microscopy, and their SERS (Surface-enhanced Raman Scattering) activity was tested 

by measuring the SERS or SERRS (Surface-enhanced Resonance Raman Scattering) spectra 

of 2,2´-bipyridine (bpy) and 5,10,15,20-Tetrakis(1-methyl-4-pyridinio)-21H,23H-porphine 

(H2TMPyP) testing adsorbates and by determining of their SERS and SERRS spectral detection 

limits at λexc = 532 nm. For both types of AgNP hydrosols, it was found that the addition of HCl 

and the addition of testing adsorbate leads to an intergrowth of AgNPs and to the formation of 

their compact aggregates, in combination with the formation of new Ag(0) adsorption sites. 

The limit of detection in a macrosampling setup was 1·10-9 M in the system HA-AgNP hydrosol 

/HCl/bpy and 1·10-5 M in the system BH AgNP hydrosol/HCl/bpy and, in both causes the 

Ag(0)-bpy surface complex was detected. About one order of magnitude lower detection limit 

of bpy in the system with HA-AgNP hydrosol is caused by the efficient intergrowth of AgNP in 

HA-hydrosol resulting into an efficient formation of “hot spots” and a higher extinction of the 

system at 532 nm. Detection limit of H2TMPyP is the same in both systems and its value is 

1·10-7 M. The reason for this is probably a signal loss caused by a partial sedimentation 

of aggregates in the active system HA-AgNP hydrosol /HCl/H2TMPyP ( c = 1·10-7 M). A new 

method of measuring SERS and SERRS spectra of testing adsorbates from one selected 

aggregate gravitionally sedimented from the system HA-AgNP hydrosol /HCl/adsorbate 

and overlayed by a thin layer of aqueous phase was developed and tested. Aggregates which are 

able to sediment in the aqueous medium can be obtained only from the HA- hydrosol. In the 

macroscopic aggregates containing 1·10-10 M bpy, the Ag(0)-bpy surface species was detected 

and in the aggregates containing 1·10-7 M H2TMPyP a mixture of the free base porphyrin and 

the metalated forms of H2TMPyP was detected. The advantage of SERS and SERRS spectral 

measurements from aggregates with the thin layer of water which are gravitationally sedimented 

over the measurements from another types of immobilized AgNP systems is the absence of any 

spurious bands caused by a thermal degradation of testing adsorbates. This method is thus 

suitable for measuring SERS and SERRS spectra of chemisorbed adsorbates which are able to 

stabilize Ag(0) adsorption sites. It can be assumed that this method will be suitable for studies 

of surface-modified optical processes in cationic metalloporphyrins. 
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