
VIII Congresso Nazionale di Archeometria 

Scienze e Beni Culturali: stato dell’arte e prospettive 

Bologna 5 - 7 Febbraio 2014 

 

 

PCA ANALYSIS OF SURFACE ENHANCED RAMAN SPECTRA OF 

NATURAL DYES ADSORBED ON NOBLE METAL SURFACES 
 

R. C. Ponterio
1*

, M. Tommasini
2
, P. M.Ossi

3
, E. Fazio

4
, F.Neri

4
, S. Trusso

1
, N. Rani 

Agarwal
5
 

 
1
CNR-IPCF, Istituto per i Processi Chimico-Fisici, V.le Ferdinando Stagno d'Alcontres 37, 98158 

2
 Dipartimento di Chimica, Materiali e Ingegneria Chimica, Politecnico di Milano, Piazza Leonardo 

da Vinci 32, Milano 20133, Italy, *ponterio@ipcf.cnr.it 
3
Dipartimento di Energia and Centre for NanoEngineered Materials and Surfaces, NEMAS, 

Politecnico di Milano, Via Ponzio 34-3, 20133, Milano, Italy 
4
Dipartimento di Fisica e di Scienze della Terra, Università di Messina, V.le Ferdinando Stagno 

d'Alcontres 31, 98166, Messina, Italy 
5
Istituto Italiano di Tecnologia Via Morego, 3016163 - Genova, Italy 

 

Raman spectroscopy is a valuable technique for detecting and characterizing 

dyes used in the past, but the Raman spectra of most of such dyes, especially the 

organic ones, present a strong fluorescence background. Surface-enhanced 

Raman scattering (SERS) can be used to overcome these inconveniences 

providing useful information in terms of chemical composition by using very 

small sample quantities. In this paper, alizarin and purpurin have been studied in 

low concentrations using SERS by noble metal substrates deposited using pulsed 

laser deposition (PLD) technique. Principal Component Analysis (PCA) and 

Hierarchical Cluster Analysis (HCA) are the two statistical tools employed for 

this study, they can provide quick access to relevant information otherwise 

buried in big datasets of spectra which are particularly unfriendly for direct 

human inspection (due to data size). We have shown that both PCA and HCA 

are chemical-composition sensitive and can discriminate alizarin and purpurin in 

a joint dataset composed by SERS maps recorded on the two samples despite the 

similarity in their chemical structure and the intricacies due to the interplay of 

chemisorption and tautomerism. The possible impact of the latter has been 

explored with Density Functional Theory calculations showing that simulated 

spectra of different tautomers of alizarin and purpurin are markedly different. 


