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DYESTUFF ANALYSIS OF CULTURAL HERITAGE 
OBJECTS BY DIRECT ANALYSIS PROBE ON A 
COMPACT MASS SPECTROMETER

In this application note, the Advion Atmospheric Solids Analysis Probe 
(ASAP®) with the Advion expression Compact Mass Spectrometer 
(CMS) was used as a minimally-invasive method for rapid and direct 
sampling of historic textiles for ancient indigo dyestuff. 



INTRODUCTION

The scientific investigation of cultural heritage objects 
is the only access to knowledge about long-gone, 
ancient societies and their cultural, technological, as 
well as their social stage of development. In addition, 
the materials used by our ancestors, e.g. their textiles 
and the organic dyestuff to colorize these materials, 
allow researchers to draw some conclusions about 
cultural exchanges and trading routes. But in-depth 
knowledge about materials and dyestuff is also of 
highest importance for proper conservation and 
restoration of these materials. Specimens; however, 
are rare and available only in minute amounts. For 
their investigation, preferentially non-destructive or 
at least minimally invasive methods have to be used. 

A direct analysis using the Advion ASAP with the 
Advion expression CMS offers a minimally invasive 
method allowing for rapid and direct sampling 
without additional sample preparation prior to 
analysis. In this study, ASAP/CMS is applied to 
analyze colorants of blueish and greenish historic 
textile differing both in material and age (Table 1).

METHODS

Blue and green hues can be created from different inorganic and organic sources. For generating blue colored 
textiles, indigo (a vat dye), has widely been used since the very early days of humankind.

Culture and 
Continent

Object ID and 
Description Fiber and Color

Ancient Peruvian 
Cultures

South America

VA65545
Head ornament
Paracas-culture
(800–200 BC)

Wool, blue

VA31000
Fabric fragment
ChimÚ-culture

(1200–1450 AD)

Wool, green

VA57042
Fabric fragment

Ixchma 
(1400–1550 AD)

Cotton, blue

VA62696
Shirt  

Inka-culture
(1450–1550 AD)

Cotton, blue

VA66840
Kipu (knot-cord)

Inka-culture
(1450–1550 AD)

Cotton, blue

Cementery of Niya
Xinjiang Uyghur 

Autonomous Region
China

(probably 2nd century 
BC–5th century AD)

95MNIM5:8–2
Bag

Wool, blue

95MNIM3:16:1
Wooden bow and 

banner
Silk, blue

Figure 1: Shirt from Inka-culture (1450—1550 AD). Reference: Picture taken 
from L. Bjerregaard.

Figure 2: Textile fragment from the Niya graveyard used for analysis (Sample 
ID 95MNIM3:16:1A).
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Table 1: Summary of the investigated cultural objects.



RESULTS

In a first step, the ionization 
efficiency of the authentic 
standard compounds indigo and 
indirubin was tested, followed 
by a thorough investigation of 
the reference fibers (undyed 
wool, silk, cotton and linen 
followed by fibers having been 
treated with synthetic indigo 
or indirubin (Figure 3) or with 
extracts from the dye plant woad 
[Isatis tinctoria L.]). Regardless 
of the type of fibers, for all blue-
colored reference materials, 
the quasimolecular ion [M+H]+ 
m/z 263 was detected as a 
base peak (scan range m/z 
150-550), while in colorless 
samples, this peak was not 
seen (Figure 4). Investigation 
of the blue and green shaded 
historical samples revealed the 
presence of indigoid dyes: in all 
of these samples, the protonated 
molecule m/z 263 was detected 
(scan range m/z 150-550 or 
150-1050) regardless of the kind 
of fiber, the age of the sample, its 
appearance, or its workmanship.

SUMMARY
• ASAP/CMS is a minimally invasive method (case study: single fragments of the yarns or a couple of fibers 

are sufficient for the detection of indigoid-like dyes)

• ASAP/CMS is a very rapid and reliable method without need of any sample preparation prior to the 
measurements

• ASAP/CMS allows the analysis of solid and liquids samples

• ASAP/CMS was used in a case study for the detection of indigo dyes and shown to be independent of 
the type of fiber, sample age, workmanship, or the state of its preservation.

Figure 3: Isomeric compounds of indigo and indirubin.
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Figure 4: ASAP/CMS-mass spectra: (A) wool fibers dyed with synthetic indigo, (B) wool fibers dyed with 
the dye plant woad (Isatis tinctoria L.), (C) undyed wool fibers, (D) historic blue and green wool fibers 
95MNIM5:8-2D and (E) VA31000.
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