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Macro Mid-Infrared total reflection (MA-FTIR) mapping for the characterization of 

outdoor bronze surfaces 

Rocco Mazzeoa, Stjin Legrandb, Giorgia Sciuttoa, Silvia Pratia, Emilio Catellia, Paolo Oliveric, 

Koen Janssensb  

a Department of chemistry, University of Bologna/Microscopy and Microchemistry Art Diagnostic 

Laboratory (M2ADL), Ravenna, Italy; bDepartment of chemistry, University of Antwerp, Antwerp, Belgium; 
cDepartment of Pharmacy-DIFARUniversity of Genoa, Genoa, Italy; rocco.mazzeo@unibo.it 

In the last decades, many research efforts have been devoted to the development of advanced non-

invasive approaches for the examination of cultural heritage. However, up to now, too few 

attentions has been paid on the potentialities of the Macro Mid-Infrared total reflection (MA-FTIR) 

mapping analysis. Indeed, the infrared reflectance spectroscopy single point investigation has been 

largely applied in analytical studies of artworks due to its advantage of characterizing both organic 

and inorganic materials. On the other hand, the possibility to simultaneously obtained information 

on molecular composition and spatial distribution of constituents is of crucial importance for 

properly addressing conservation issues.  

To this aim, the present research work was focused on the application of an advanced MA-FTIR 

mapping system for the study of altered bronze surfaces. Moreover, an ad hoc multivariate 

approach has been proposed for the interpretation of data.  

A bronze sculpture exposed in the atmosphere deteriorates with time, developing a 

greenish/blackish layer mainly constituted of corrosion products. The formation of these corrosion 

products implies complex chemical, electrochemical and physical processes that strongly depend on 

the constituents of the surrounding environment. In addition, different acrylic resins, synthetic 

waxes and organic inhibitors may be commonly applied for short-term protection of outdoor bronze 

sculptures. 

To the Authors knowledge for the first time Mid FTIR macro mapping analysis was performed on 

metal patinas, allowing the location of corrosion products and old coatings, and describing their 

interactions. The performances of the approach have been initially evaluated on standard bronze 

samples characterized by the presence of a green basic hydroxysulfate (brochantite) treated with 

different organic materials. Subsequently, the exceptional case of study of the bronze sculptures of 

the Neptune Fountain (Bologna, 16th century) has been investigated.  

The instrument acquired hyperspectral cubes by scanning the metal surface without any contact, 

recording sequential total reflection single-point spectra. The big dimension of the data cubes 

obtained, as well as, the deformation of IR bands induced by specular reflection phenomena, may 

serious hampering the correct interpretation of the spectral features. Thus, a chemometric method, 

based on the use of the brushing procedure, was proposed to extract all the useful information 

embedded in a complex hypercube.  

The high specificity of MA-FTIR mapping revealed important outcomes on the state of 

conservation of the monumental statue. In particular, it was possible to clearly describe well 

preserved areas in which wax and incralac resulted to be still present, describing their distribution 

and identifying zones affected by a more aggressive corrosion process. 
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The aim of this work is focused on the identification of the organic residues from ceramic vessels 

recovered from a deposit in Lekeitio (Basque Country, Northern Spain). These vessels are 

suspected to have been used by the Basque whalers in the period from 16th to 17th Century to store 

whale oil. Bearing in mind our aim, different analytical approaches based on chromatography and 

mass spectrometry (GC/MS and HPLC-ESI-qTOF) were used to study both fresh blubber and 

whale oil products and the archaeological substances in order to obtain chromatographic profiles 

and possibly detect highly diagnostic biomarkers. Two hydrolysis approaches were used in order to 

compare data and obtain as much information as possible; (i) microwave assisted direct hydrolysis 

of the ceramic samples and (ii) microwave assisted hydrolysis of previously solvent-extracted 

samples. On the other side, the study of solvent (chloroform:hexane (3:2 v/v)) soluble fraction was 

carried out by means of HPLC-ESI-qTOF. Preliminary results led to the identification of some 

interesting organic compounds in the hydrolysable and soluble aliquots from the ceramic vessel 

such as pristane, phytane, several saturated fatty acids, hydroxyacids and cholesterol along with 

triacylglycerols in the solvent soluble fraction. On the other hand, the obtained results for the fresh 

whale oil and blubber suggested a similar lipid profile to the ones obtained for the archaeological 

samples. The chemical results together with archaeological data seem to indicate the vessels were 

used to store whale oil. 

 

 






























































































































































































