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Abstract. Analysis of cultural heritage artifacts represents a very important first
step in any restoration/conservation attempt. Fourier-Transform Infrared Spec-
troscopy - Attenuated Total Reflectance (FTIR-ATR) technique can be suc-
cessfully applied for the study of a wide range of historical artifacts (several
papers describing the application of FTIR for the analysis of historical metals,
paper, ceramic, fabrics, etc.). The present paper aims to present the application
of FTIR-ATR for the characterization of historical fibers. The analyzed artifact
represents a traditional pillowcase originating from Moldavia historical region,
from the end of the XIXth century – beginning of the XXth century, belonging to
a private collection. The technique offers some advantages because relatively
small samples are directly analyzed after they are pressed against the surface of
the diamond crystal without damaging the samples. Identification of fiber type
enables sometimes to approximate the age of an artifact, the climate type or the
trade routes and manufacturing process used. The artifact is formed of two major
components: the support textile fiber and the colored fibers. The most
encountered materials traditionally used for such objects are wool, flax and
hemp. While wool is easily identified in the FTIR spectra due to its sharp and
intense characteristic peaks, in the case of cellulosic fibers and especially for
differentiation between flax and hemp fibers it was necessary to calculate the
average values of the band intensity ratios I1595/I1105 and I1595/I2900.
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1 Introduction

The FTIR spectroscopy represents a valuable tool for the analysis of different types of
historical artifacts due to its sensitivity, specificity and non-destructive character [1].
The technique can be successfully applied for characterization of metallic artifacts
(such as iron [2] or bronze objects [3]), paper artifacts [4, 5], ancient ceramics [6] or
historical textiles [7, 8]. Chemical changes because of materials ageing can be observed
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and sometimes quantified using FTIR spectroscopy, which is important especially for
art conservation efforts [9]. The identification of fibers originating from different natural
materials: cotton, silk, wool, hemp, flax is of crucial importance to choose appropriate
treatment and conservation strategies for textile artifacts, but also to ensure their proper
exhibition [10, 11]. Moreover, specific knowledge of fiber type enables sometimes the
approximate dating of an artifact, the type of climate a place had or the trade routes at a
particular time together with information about the manufacturing process [11].

Analysis by FTIR in the field of historical textiles related to Romanian traditional
fabrics can provide useful information regarding the type and origin of textile materials
and dyes. It is well established that in Romania for the textile support mainly two types
of cellulosic fibers were used (flax and hemp) and only one type of protein fiber (wool)
[12]. Therefore, the range is relatively limited, making the investigation much easier
from this point of view.

The first objective of conservation or reconstruction of textile artifacts is to
determine the constitution of the fibers and this task is usually accomplished by per-
forming FTIR spectra of different materials from different sources and regions and
comparing with the spectra of artifacts [13].

2 Experimental

2.1 Textile Material

The analyzed textile artifact represents a traditional pillowcase originating from Mol-
davia historical region, manufactured at the end of the XIXth century – beginning of the
XXth century (Fig. 1). From the large artifact, several smaller samples were obtained,
representing both the support material and the colored fibers (Fig. 2). All the samples
were analyzed as they were obtained from the original artifact (see Fig. 1).

Fig. 1. The textile artifact studied (Color figure online)
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2.2 Analytical Method

The FTIR spectra were recorded on a FTIR 6300 instrument from Jasco Inc., Japan,
equipped with a Specac Golden Gate ATR which is fitted with a diamond crystal and
an interaction angle of 45°. All the spectra recorded in the range 4000–400 cm−1 were
averaged over 32 scans at a resolution of 4 cm−1. All the recorded data was processed
with Spectra Manager II software from Jasco Inc., Japan.

3 Results and Discussion

In the field of natural dyes used as coloring materials, the major issue is related to the
amount applied on the surface of the fiber, which is frequently situated bellow the
detection limit in the infrared spectroscopy [14]. Thus, it is difficult to determine
structural characteristics of the dyes directly from FTIR-ATR spectra of dyed textiles.

As it can be observed from the spectra of the samples obtained from a traditional
pillowcase from Moldova historical region, the signals are specific to the textile support
without interferences due to the presence of different dyes onto the surface of the fibers.
The superimposed spectra of the colored fibers showed strong bands corresponding to
amide I and amide II, situated at 1634 and 1511 cm−1, together with several other
intense characteristic bands (1390 cm−1

– CH3 symmetrical deformation and
1055 cm−1

– asymmetrical stretch C-O-C and C-N stretch), confirming that the textile
support is wool in all the cases (Fig. 3).

Fig. 2. Different collected samples from the artefact – the support material and the different
colored samples (Color figure online)
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Spectra of cotton, flax and hemp recorded and compared with the white sample,
which represents the artifact main material demonstrated similarities, as the main
component of these fibers is cellulose and the other major component (hemicellulose) is
a polysaccharide too. However, in deep analysis of the spectra showed certain differ-
ences, which can be used to differentiate them due to the lignin content (Table 1).

As it was already established, the fibers can be differentiated from one another by
calculating ratios between intensities of the infrared absorption bands at about 2900,
1595 and 1105 cm−1. These bands are associated with the C-H stretching vibration
(used as a measure of the overall organic content), the C=C in plane aromatic vibrations
(due to the lignin content) and the C-O-C glycosidic ether band (due to the cellulose
content) [16].

The FTIR-ATR spectrum of the white sample, which is the main material of the
artifact, reveals the presence of the characteristic peaks corresponding to cellulose and
lignin and apparently may be hemp or flax (Fig. 4). The shape of the sample spectrum
is closed to the flax spectrum, but for a reliable result the analysis of the intensity ratios
must be calculated.

Fig. 3. FTIR-ATR spectra of colored samples from the textile artifact (Color figure online)

Table 1. The composition of some cellulosic fibers [15]

Fibers Cellulose (%) Hemicelluloses (%) Lignin (%)

Cotton 82.7 5.7 0.0
Flax 64.1 16.7 2.0
Hemp 67.0 16.1 3.3
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The average values of the band intensity ratios R1 (I1595/I1105) and R2 (I1595/I2900)
were calculated for three types of pure cellulosic fibers (cotton, hemp and flax) and for
the support sample (Table 2).

As it can be observed, the results obtained for the band intensity ratios do not
follow exactly the composition of the fibers due to the overlapping of the bands in the
regions where the measurements are made. An important task to be solved seems to be
drying the samples before the measurements, because the water bending at about
1640 cm−1 artificially increased the band of lignin at 1595 cm−1. The deconvolution of
the spectra does not solve the issue and if the measurement conditions remained
unchanged, the results are consistent and the method can be used without restrictions to
determine differences between cellulosic fibers. Valuable results that elucidate this kind
of sensible difference probably can be obtained by performing polarized ATR-FTIR
measurements [17]. As there is a great similarity among flax and hemp fibers, usually
besides FT-IR spectroscopy it is necessary to perform investigations by complementary
techniques, such as: the twist test, fiber diameter measurements, general microscopic
observation, SEM analysis and polarized ATR spectroscopy completed whenever is
possible with chemical tests (phloroglucionol reaction; Herzberg reagent, Schweitzer’s
reagent).

Fig. 4. FTIR-ATR spectra of possible textile fibers for the textile artifact main material

Table 2. The band intensity ratios R1 (I1595/I1105) and R2 (I1595/I2900)

Fibers R1 (I1595/I1105) R2 (I1595/I2900)

Cotton 0.33 0.11
Flax 0.38 0.09
Hemp 0.83 0.27
Sample 0.41 0.10
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4 Conclusions

Despite minor differences between different types of cellulosic fibers, FTIR-ATR
technique proved to be a useful tool in order to distinguish them on the basis of some of
their structural features.

Comparison between spectra of different cellulosic fibers, in terms of intensity
ratios can lead to valuable results which allow differentiation even in the case of
problematic species such as flax and hemp.

The fabric artifact studied by us is a traditional pillowcase originating from Mol-
davia historical region, from the end of the XIXth century – beginning of the XXth

century, belonging to a private collection. The obtained results prove that it is formed
of two types of fibers: the support textile fiber, identified as flax, and the colored
fibbers, identified as wool fibers dyed with natural colorants. In order to analyze the
natural colorants, present at the surface of the fibers, further investigations should be
made and probably correlations with complementary techniques are necessary (such as
extraction of the pigments and their analysis using High-performance liquid chro-
matography, SEM analysis etc.).
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