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Abstract 
The identification of natural dyes in ancient textiles poses an analytical challenge due to 
their very low concentration as a consequence of their high tinting power and 
degradation. Liquid Chromatography-Mass Spectrometry (LC-MS) and High 
Performance Liquid Chromatography (HPLC), two of the most commonly used 
techniques for dye identification are destructive, as samples need to be digested in 
order to obtain a liquid extraction for the analysis. Moreover, the relatively large sample 
size requirement for these techniques poses additional limitations for studying severely 
size-limited and irreplaceable archaeological specimens. Surface enhanced Raman 
spectroscopy (SERS) has been employed in this pilot as a viable alternative to 
chromatographic techniques for direct on-single-fiber ancient dye analysis using citrate-
reduced silver nanoparticles (AgNP) pastes.1,2 SERS was performed on alum 
mordanted and unmordanted cochineal and relbunium dyed reference fibers, standard 
dye solutions, and archaeological Peruvian textile samples from the middle horizon 

period (700-1100 AD) of the Wari empire. A small quantity (0.5l) of AgNP paste was 
applied: a) directly on a single fiber for SERS extractionless dye molecule detection3 
and b) directly on-the-fiber after localized microhydrolysis using hydrofluoric acid (HF).4 
The AgNP paste and on-the-fiber deposition was characterized using variable pressure 
scanning electron microscopy (VPSEM) (Figures 1 & 2). The analyses focused on the 
following four issues: 1) the impact of HF pretreatment versus non-hydrolyzed 
(extractionless) methodologies; 2) the distinction between different relbunium species; 
3) the effect of alum mordanted versus unmordanted samples and 4) the impact of 
weathering and degradation of dye detection in the archaeological samples. In situ 
VPSEM-SERS was performed for the first time to visually demonstrate surface plasmon 
enhancement effects correlated to characterization of the nanoparticle deposition.  
Additionally, this is the first SERS study to analyze relbunium, a Central and South 
American ‘madder’.  
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