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THE CENTRE OF IMAGE AND MATERIAL ANALYSIS IN CULTURAL
HERITAGE (CIMA) IN VIENNA AND ITS CURRENT ACTIVITIES.
PART III: MATERIAL ANALYSIS®

The third part within the activities of the Centre of Image and Material Analysis
in Cultural Heritage (CIMA) in Vienna concerns the identification of the mate-
rials used for manuscripts and art works. Presently the focus lies on the charac-
terization of the inks and pigments used for the text and the illumination of the
manuscripts. Beside this paradigmatic approach of isolating material data the
aim of such investigations is to carry out statistical evaluations in order to study
the syntagmatic relationship of the single materials, both within the same manu-
script and for comparison in specific groups of manuscripts. The results will be
stored in a database which can be used for classifying, especially dating and local-
izing, the objects. Thus, the chemical investigations will increase our knowledge
about the materials applied in particular periods and regions. For these tasks var-
ious spectroscopic methods are applied which will be described in the following
overview.

ANALYTICAL APPROACH

As a result of the growing collaboration between the humanities and the natu-
ral sciences during the last decades a fruitful co-operation has been developed
between philology, art history and conservation-restoration on the one side and
physics, chemistry and biology on the other. This is partly due to the booming de-
velopment of analytical methods that has recently brought forward a great num-
ber of new instrumental micro-analytical techniques with non-sampling (without
taking original sample material) and in-situ applicability to the object under in-
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vestigation, e.g. a manuscript or an artifact. X-ray fluorescence analysis (XRF)
(Mantler, Schreiner 2000) plays a unique role in that co-operation: It can be car-
ried out in air, in most cases the analysis is non-destructive or even non-invasive
— which means that the objects do not endure any changes or alterations before,
during or after the investigation —, and can be carried out at any location. Since
the miniaturization in the field of electronics yielded x-ray tubes as well as x-ray
detectors of less than one kilogram, the devices can be easily transported to mu-
seums, libraries or an archaeological site for analytical investigations (Janssens,
Van Grieken 2004).

However, XRF has also a few substantial limitations: In air only the elements
with an atomic number higher than 16 (sulfur) can be detected, which gives the
possibility to characterize just inorganic components. Furthermore, only the ele-
ments present can be determined, while no compound specific information is ob-
tained. Therefore, e.g. in the case of calcium carbonate (CaCO,) no differentia-
tion between the two modifications calcite and aragonite is possible. Also mix-
tures of inorganic pigments can hardly be completely characterized; e.g. the de-
tection of lead (Pb) in a red paint layer indicates the presence of red lead (minium
- Pb,0,), but mixtures of this red pigment with lead white (basic lead carbonate —
2 PbCO, * Pb(OH),) cannot be clearly identified by using just XRF.

For these reasons, compound-specific methods such as Fourier transform in-
frared (FTIR) (Griffiths, Haseth 2007) and Raman (Smith, Dent 2005) spectros-
copy as well as spectrometry in the UV and visible range (UV-Vis) (Johnston-
Feller 2001) seem to be promising complementary techniques, as such measure-
ments also can be carried out in air and in a non-invasive way. FTIR in the trans-
mission mode, where small samples are required, has been applied for decades
for the identification of organic as well as inorganic materials in art and archae-
ology in those cases, where sampling was possible (Derrick et al. 1999). In recent
years reflection-FTIR for non-invasive analysis is described in the literature using
mirrors (Vetter, Schreiner 2011) or fibers (Miliani et al. 2012) for controlling the
optical path from the instrument to the object and vice versa. Raman spectrosco-
py is complementary to FTIR and has been widely applied for the identification
of pigments and inks (Lee et al. 2008; Jean, Brown 2000). It enables us to distin-
guish not only between pigments of the same color, but also to determine their
local and temporal origin due to the way of preparation and/or the raw materials
used therefore. Furthermore, this technique has been successfully employed for
studying degradation and aging phenomena occurring on parchment stored in li-
braries or private collections for several hundred years (Garp et al. 2002).

INSTRUMENTS APPLIED WITHIN CIMA

A transportable x-ray fluorescence (XRF) analyzer was developed and assem-
bled at the Academy of Fine Arts Vienna, in order to permit in-situ examina-
tions in museums, libraries and even at archaeological excavation sites (Desnica,
Schreiner 2006). The system is based on energy dispersive XRF using an Oxford
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XTF5011 50 W-Rhodium x-ray tube, a Rontec XFlash 1000 silicon drift-chamber
detector and two lasers for positioning (Figures 1-3). The cross-over of the 2 laser
beams (red in Figure 2) coincides with the cross-over of the axes of the primary
x-ray beam and the detector (yellow).
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Figure 1. Scheme of the entire self-built XRF system. In reality the plane defined by
the two Laser beams is perpendicular to that of the x-ray beam and the detector axis
(Desnica, Schreiner 2006)

Figure 2. Transportable XRF consisting of an x-ray tube with a collimator and a silicon-
drift-chamber detector (weight of the device approximately 4.4 kg)

For non-invasive compound specific analyses we use a novel external reflec-
tion-FTIR unit of Bruker Optics, Ettlingen, Germany (Vetter, Schreiner 2011).
The reflection module (Figure 4) which can be mounted to the portable Bruker
ALPHA FTIR spectrometer (Figure 5) focuses the IR beam to the object via mir-
rors. The analyzed area is in the range of approximately 4 mm in diameter and
the reflected radiation in the region of 2.5-22 um (4000-450 cm™ wavenumber)
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Figure 3. XRF during the measurement of Glagolitic manuscripts in the library
of St. Catherine’s Monastery in Sinai/Egypt. The red spot on the object is the cross-over
of the two lasers and shows the area of analysis (app. 1 mm in diameter)

is focused again by mirrors to the DTGS-detector (Deuterated Triglycine Sul-
fate — IR detector material). In a reflection-FTIR spectrum, the intensity of the
reflected radiation is plotted against the wavenumber. The reflection-spectra ob-
tained have to be mathematically treated by the Kramers-Kronig-Transformation
(KKT) in order to achieve so-called absorption index-spectra, which can be eval-
uated by comparison with database absorption-spectra measured in the transmis-
sion mode (IRUG database 2007).

Figure 4. Optical path of the external reflection
module for the FTIR instrument ALPHA of

Bruker. Angle of incidence = angle of reflection
= ca. 20°. © Bruker Optics, Ettlingen/ Germany

In special cases, a MSP400 spectrometer (J&M Analytik AG, Aalen, Ger-
many) can be employed for fiber optic reflection-UV-Vis analyses. Quartz fib-
er optic cables are used to control the beam from the 75 W xenon light source
to the object and from the object to the spectrometer. The application of a col-
limator yields a beam of 1.5 mm in diameter on the object. The measuring geo-
metry is 0°/45° and reflection spectra are collected in the region of 350-1000 nm
with a 1024 linear diode array detector. The obtained spectra are evaluated by
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Figure 5. The FTIR instrument ALPHA of Bruker, Germany during the measurement
in the Austrian National Library in Vienna

comparison with database spectra of materials from the pigment collection of
our institute.

Finally, for the Raman measurements an instrument of Enwave Op-
tronics, USA, type ProRaman-L-Dual-G analyzer, could be purchased for
CIMA, which will enlarge our possibilities for compound specific character-
ization of the materials (pigments, inks and parchment degradation). The in-
strument represents a fully integrated and portable Raman spectrometer (Fig-
ure 6), equipped with a Diode Laser of 785 nm and an energy of approxi-
mately 350 mW for the excitation. The detector is a two dimensional temper-
ature regulated CCD (Charged-coupled Device) array, the integrated micro-
scope equipped with a 1.3 Mpixel CMOS (Complementary Metal-oxide-sem-
iconductor) camera with In-Line LED (Light-emitting Diode) illumination.

Figure 6. The ProRaman-L-Dual-G analyzer from Enwave Optronics recently
purchased for CIMA
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SOME RESULTS

In forerunner research projects dealing with Old Church Slavonic-Glagolitic
manuscripts of the 11th century material analyses by using mainly XRF and
FTIR were carried out in order to determine the inks and pigments used for writ-
ing and decoration (Miklas et al. 2008). In the case of the Sinaitic Euchology (Fig-
ure 7) the XRF results revealed that in the blue areas the elements silicon (Si),
sulfur (S), potassium (K), calcium (Ca) and iron (Fe) are the main constituents,
indicating the application of the blue mineral lapis lazuli. In the red parts of the
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Figure 7. Glagolitic-OCS Cod. Sin. Slav. 1/N, 11th c.; red circles and numbers mark
the areas of analysis
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same manuscript only lead (Pb) could be determined; here the conclusion can be
drawn that red lead (minium — Pb,0,) was applied. In the green paint only copper
(Cu) was detected. As several green pigments containing copper, mainly mala-
chite and verdigris, were known and used for manuscripts at this time, further in-
vestigations by Raman or UV-Vis spectroscopy will be necessary for a clear iden-
tification.

Contrary to these results in the red ink of the Western Rusian codex Hanken-
steinianus (Vind. Slav. 37) of the Austrian National Library from the 12th/13th c.
(Figure 8) the elements mercury (Hg) and sulfur (S) have been detected by XRF,
which indicates the application of cinnabar (HgS). This well-known red pigment
could also be identified, e.g., in the well-known Greek Dioscurides-manuscript
of the Austrian National Library (Vind. Med. Gr. 1) ca. a. 512, as well as in the
famous medieval miniature paintings for Emperor Maximilian I. preserved in the
Vienna Albertina, which were executed on parchment by A. Altdorfer in Regens-
burg/Germany around 1513.
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Figure 8. Western Rusian Cyrillic Cod. Vind. Slav. 37, folio 1v, 13th c. (above);
XREF spectra of the parchment and the red ink: main elements mercury (Hg) and sulfur
(S) indicating cinnabar (HgS) (below)
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Figure 9. FTIR analysis of ink on parchment
(left) and area of analysis (red), seen by the CCD
camera of the instrument (right)

Similar to the XRF investigations, FTIR is carried out by acquiring spectra in
the area of interest and by comparing them with results obtained at the pure sup-
port (papyrus, parchment, paper etc.). Figure 9 depicts the ALPHA instrument
during the analysis of a Glagolitic fragment and the area of analysis, documented
by the CCD camera of the instrument. As the diameter of the IR beam is in the
range of 5 mm (for XRF it is just 1 mm), the identification of ink materials can
be quite difficult or is even limited in many cases.
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Figure 10. FTIR-spectrum of one red ink (red) on folio 1v of the Cod. Vind. Slav.
37 with spectra of the parchment (blue) as well as reference spectra of calcium soap
(black) and calcite (green)
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Even so, reflection-FTIR has enabled the identification of several organic
materials on the hitherto investigated objects, such as calcium soaps, calcium ox-
alates, waxes or indigo, revealing information about the production and even the
use of the manuscripts. Furthermore, in many cases it allows an unambiguous
interpretation of the XRF-results. For example, when calcium was detected by
XRF, a clear identification of the various calcium compounds became possible.
Figure 10 shows that two calcium components, in particular calcium soaps and
calcite (CaCO,), were contained in one red ink instance of the above mentioned
Codex Hankensteinianus. In contrast, cinnabar from the red ink (Hg and S de-
tected by XRF) does not absorb mid infrared and can therefore not be identified
by FTIR. This example clearly shows the benefits of the application of comple-
mentary methods. Furthermore, it also was possible to clarify the use of the lead
components red lead and lead white by reflection-FTIR.

CONCLUSION

CIMA'’s activities aim at improving our knowledge about historical written docu-
ments (manuscripts) in an interdisciplinary cooperation between philology, com-
puter science and material analysis. For the non-invasive chemical analysis of the
inks, pigments and dyes in manuscripts the analytical techniques of x-ray fluores-
cence analysis (XRF) and Fourier transform infrared (FTIR) spectroscopy have
already proven their applicability. However, limitations of these techniques have
also been observed, especially concerning the area of analysis due to the diame-
ter of the primary beams used for the excitation of the various materials. Since in
most cases handwritten texts have a fine structure, the instrumentation has to be
adjusted to these proportions. Moreover, it has become clear that complementary
investigations by methods such as Raman spectroscopy have to be employed, too.
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BUEHCKUAT HEHTHP 3A AHAJIN3 HA M30BPAXKEHUATA 1 MATEPUAJINTE
OT KYJITYPHOTO HACJIEACTBO Y HETOBUTE TEKYIIU JEMHOCTH.
YACT III: AHAJIN3 HA MATEPUAIJIA

(Pesome)

Exunrbt Ha CIMA m3n0s13Ba pa3Ho00pa3Hy aHAJIMTUYHNA TEXHUKH 32 aHAJIN3 Ha ChCTaBa Ha
OownTe M MaCTHIIaTa, KAKTO M 32 XapaKTepU3NPaHe Ha IEPTaMeHTa: PEHTI€HOB (IIyopecieH-
teH aHaym3 (XRF) 3a unentudunmpane Ha HAJIWYHUTE €JIEMEHTH U WH(padepBeHa TpaH-
cthopmanus Ha @ypue (FTIR), xakTo u PamaH-CrieKTpOCKOIHS, KaTO JOMbIHATEIHA METO-
M 32 OIIPENEIITHETO Ha PA3JIMYHUTE ChCTAaBKU. [ OJIIMOTO MPEAMMCTBO HA TE3U METOIH 3a
aHaJIM3 € TAXHOTO MPUJIaraHe BbB BB3MAYyIIHA Cpela. B moBeueTo ciiyyan aHAJIU3BT € Hele-
cTpykTuBeH (0e3 fga ce B3ema npoba OT OPUTHHAJIHUS MaTepHas) Wi JOPU HEWHBA3MBEH,
KOETO 03HAYaBa, 4e€ MPEeIIH, IO BpEeMe WX CJIe] N3CJIECIBAHETO HE CE MOSBSIBAT HUKAKBH U3-
MeHeHUs B ppkonrca. OCBEH TOBa MUHMATIOPU3AIMTA B chepaTa Ha €JICKTPOHUKATA JTOBE-
IIe IO MPOM3BEXKIAHETO HA MHCTPYMEHTH, KOUTO MOTAT JIECHO Ja OhIaT TPAHCIOPTHPAHU
B My3eH, OMOJIMOTEKH WK rajiepur. B myOsukanusaTa e HanmpaBeH KPaThK Mperjiel Ha Tex-
HUKWTE U Ca MPEICTABEHU HIKOU OT MOCTUTHATUTE JTOCEera Pe3yjiTaTH OT paboTaTa ¢ ria-
TOJIMYECKU, TPBIKU U JIATUHCKU PBKONMCHU, B KOUTO CE I/II[CHTI/Iq)PILII/Ipaxa KaKTO pa3/InvYHU
MMMTMEHTH, TaKa ¥ MAaCTHJIa B 3aBICHMOCT OT ITPOM3X0a U BPEMETO Ha TSIXHOTO HAITMCBAHE.
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