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Introduction

For some time now, our group has been focusing on the history of
the writing inks in Europe and Middle East. This work is partly inspired
by my participation in the COMSt and the reviews dedicated to medieval
inks in different scribal practices. (Bausi et al. 2014, Zerdoun 1983,
Schopen 2004, Schreiner & Oltrogge 2011). In particular, the exhaustive
research on the early written sources that Zerdoun presented allowed her
to conclude that only experimental studies could produce a record of the
inexorable expansion of iron-gall-ink. Our study of the corrosive ink in
the Genesis Apocryphon scroll, which turned out to be carbon ink with a
substantial amount of copper in accordance with Dioscurides recipe from
the Antiquity, served as a second strong motivation to build a bridge from
the carbon inks of Antiquity to the iron-gall-inks that became the most
popular writing media far beyond Europe from 12 century AD. At the
same time, carbon ink preserved its importance at least in the Middle East.

Unfortunately, a search through the literature shows that manuscript
studies do not include determination of the ink type. Admittedly, the
spread of the non-destructive techniques among the conservation labs
throughout the world resulted in exhaustive studies of some illuminated
or otherwise singularly important manuscripts. We anticipate, however
that standard determination of the inks type will expand codicology and
lead to much better understanding of the development of the practices of
the individual cultures and trans-cultural relationships.

Let us turn now to the different type of inks that we encounter in the
Middle Ages and to their properties that will allow us to differentiate
between them. Unfortunately, their “color” (black, gray or brown) results
from the combination of such factors as manufacture receipt, corrosion
and aging and cannot be used as a criterion for distinction.

Soot, plant, and iron-gall inks form different typological classes of
historical black writing materials used in manuscript production. Soot ink
is a fine dispersion of carbon pigments in a water-soluble binding agent;
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plant-based ink is a solution of the tannins extracted from tree barks;
iron-gall ink, produced by mixing iron (I1) sulphate with a tannin extract
from gall nuts, presents a boundary case between soot and plant ink — a
water soluble preliminary stage (similar to inks from the second group)
oxidizes and evolves into a black, insoluble material (similar to the car-
bon pigments of the first group) when the writing is exposed to air. Each
ink class has distinct properties that would readily permit their easy diffe-
rentiation, if only the inks used throughout history always belonged to
just one of these classes. Carbon inks do not penetrate the substrate (whe-
ther papyrus, parchment or paper) and stay well localized on the surface.
In contrast, plant inks and iron-gall inks are absorbed by the substrate,
and the degree of their absorption depends to a great extent on the nature
of the substrate.

Iron-gall inks are best studied by means of the X-ray fluorescence
(XRF) technique. Natural vitriol, the main component of the historical
iron-gall inks, consists of a mixture of metal sulfates (iron sulfate, copper
sulfate, manganese sulfate, and zinc sulfate) with relative weight contri-
butions characteristic of the vitriol source or purification procedure (Kre-
kel 1999). This very property of the iron-gall inks can be used to com-
pare them and to distinguish among them. Specifically, the development
of the fingerprint model based on the qualitative and quantitative detec-
tion of inorganic components of iron-gall inks allows their reliable classi-
fication (Hahn et al. 2004). Furthermore, physico-chemical studies of the
inks could lead to establishing of the production sites of non-prove-
nanced manuscripts. (Khajakyan 1984).

In addition to inks of pure classes, mixed inks containing compo-
nents of different classes are well known. In such cases, the ink usually
has a type-defining component and “picture smearing” additives. In this
respect, a recipe from Dioscurides is remarkable among ancient Roman
recipes for the production of soot inks. Along with soot (“condensed
smoke”) and gum, the recipe mentions chalcanthon, a copper compound.
Mediaeval sources in Arabic report frequent use of inks containing soot
and iron-gall ink. Transition from the purely plant (that is, tannin) inks to
the iron-gall type presents an especially difficult case since a small addi-
tion of vitriol to a tannin ink would produce a preliminary stage of an
iron-gall ink. Moreover, metals like iron and copper can occasionally be
present in the tannin inks due to the water or tools used in the production
process. Though a full elucidation of the composition of such inks re-
quires the combination of XRF, Raman and IR reflectography (IRR)
(Rabin et al. 2012), the determination of the main components can be
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accomplished using their optical properties alone, that is, their opacity in
the spectral range 700-1200 nm.

The Jewish Diaspora in Europe and Middle East led to the produc-
tion of distinct geo-cultural traditions that could be roughly classified as
Ashkenazi, Sephardic, Italian, Byzantine, Oriental and Yemeni according
to the areas of residence. Our recent works on Hebrew manuscripts indi-
cate that the Jewish scribes were using local writing materials to produce
their manuscripts. Though no systematic study of inks in the medieval
Hebrew manuscripts has been yet conducted our results show that iron-
gall inks were found indiscriminately in European and extra-European
manuscripts. (Rabin 2014)

Recently, we started testing inks of Armenian medieval manuscripts
to assess the types of inks used at different production sites. Most of the
codices under investigation showed the characteristic deep black colour
commonly associated with carbon inks, seemingly in contrast with the
wealth of Armenian recipes for iron-gall inks (Galfayan 1975). Indeed
we will show below that conclusions based on the colour might be erro-
neous. In this contribution we present results obtained by NIR reflecto-
graphy alone. We plan to add XRF studies in the very near future. We
also hope that based on our work, the classification of the ink types
followed by the determination of their composition will become standard
in the codicological description of manuscripts.

Experimental

Optical properties reflect the interaction of a material with light from
ultraviolet (UV), visible (V1S), and infrared (IR) regions of the electro-
magnetic spectrum. IR reflectography has been traditionally used to
study soot-based pigments or carbon inks: the colour of soot inks is inde-
pendent of the illumination wavelength in the range 300-1,700 nm; plant
inks lose opacity between 750 and 1,000 nm, whereas iron-gall inks
become transparent only at a wavelength > 1,000 nm. Similarly, multi-
spectral imaging for the visualization of palimpsests can allow one to dif-
ferentiate between soot-based and tannin-based inks, since only the latter
become transparent in the infrared region of the spectrum. A conventio-
nal multispectral imaging set-up employs LED illumination with up to
thirteen different wavelengths ranging from UV to near IR region (Chris-
tens-Barry et al. 2011). But to identify the ink types a simplified, 2-wave-
length reflectography is sufficient since our main goal is to investigate
the opacity in the spectral range 700-1000 nm. Our hand-held USB
microscope (Dino-Lite AD413T-12V) is equipped with a visible and a
940 nm light source.
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Results and discussion

For our analysis in the Staatshibliothek zu Berlin we have chosen a
set of 12 manuscripts from 14" and 15" centuries.

List of the manuscripts investigated in this study.

Call number Date Place of origin
Phillipps 1398 1317 Ancona
Hs. or. 10910 1336 Vansee
Ms. or. oct. 279 1337 Syownik
Minutoli 287 1358 Krim
Ms. or. quart. ca. 1353
304
Petermann | 35 1361 Berg Sinea
Ms. or. quart. 1364
381
Ms. or. oct. 1924 1451 Syounik
Minutoli 291 1450 Vansee
Ms. or. oct. 167 1447 Ayrivank'
Minutoli 285 1432 Karaman?
Petermann | 138 15" century

We will start with a very simple case: the identification of the ink
found in Phillipps 1398, a manuscript produced in Italy. The inks are of a
characteristic dark brown colour that immediately allows us to exclude
the carbon ink type. Fig la. presents a micrograph with 50 times magnifi-
cation of a portion of the text written on the hair side of the parchment.
Already the heterogeneous texture of the ink strongly suggests that we
deal here with iron-gall-ink. The final proof is delivered by the micro-
graph in Fig. 1b: under illumination at 940nm the inks loses its intensity.
Note that the central letter becomes almost transparent. The heteroge-
neous texture of the ink, its present colour and its response to the near
infrared light indicate iron-gall-ink in an advanced stage of degradation.

Iron-gall-inks commonly have different appearance on the hair and
flesh side of the parchment. The characteristic flaking off often observed
on the flesh side can also help in determination of the ink type. Let us
have a look at the flesh side of the same folio (Fig.2). Similarly to the
previous figure, the micrograph on the left is taken in visible light,
whereas the right image was shot at 940 nm.

First of all, the colour of the inks seems to be of a considerably lighter
shade of brown (Fig. 2a). Some of the ink disappeared leaving blank
parchment behind. In the corresponding NIR-micrograph, we see now only
a shadow of the ink that turned almost transparent. However, the fact that
the ink is still discernible proves beyond doubt the ink type, i.e. iron gall.
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Let us turn now to a more complicated case: the inks of a deep black
colour we found on the majority of the manuscripts tested in this work.

Here, a cursory glance might suggest that the inks are of a carbon
type (Fig. 3a). However, a close inspection under microscope reveals ink
browning, especially on the borders of the letters. The brown spots show
the onset of the ink deterioration and serve as an indication of the ink
type. Investigation of the same text portion under NIR (Fig. 3b) displays
a variable transparency that cannot be detected in the visible light. Here,
the ink almost disappears also at the locations where no apparent ink de-
terioration is observed under illumination with white light. As mentioned
before, carbon ink would stay equally opaque throughout the range
probed here.

In general it is advisable to check different letters under magnifyca-
tion since iron-gall-inks are prone to deterioration that does not occur ho-
mogeneously.

Conclusions

With this study we illustrate the possibility to classify the ink types
present in ancient manuscripts using portable USB-microscope. Such
investigations conducted at the manuscript storage site could be entered
in the catalogues. In unclear cases other mobile non-destructive tech-
niques (e.g. XRF) could be also employed onsite. The material informa-
tion gathered with such studies is an important complement to the
standard codicological analysis of the manuscripts.

Acknowledgements.

The Sonderforschungsbereich 950 “Manuscript Cultures in Asia,
Africa and Europe” is generously funded by the DFG. We would like to
thank Meliné Pehlivanian for choosing and discussing the manuscripts,
Christoph Rauch for supporting this work, and Melitta Multani for her
endless patience when supervising our experiments.

Bibliography

A. Bausi et al., eds (2014), Comparative Oriental Manuscript Stu-
dies. An Introduction, Online and print-on-demand edition.

W. A. Christens-Barry, K. Boydston, R. L. Easton (2011), ‘Some
Properties of Textual Heritage Materials of Importance in Spectral
Imaging Projects’, in M. Hakkarainen, A. Nurminen, V. Vahtikari (eds.),
EIKONOPIIA: Digital Imaging of Ancient Textual Heritage — Procee-
dings of the International Conference, Helsinki 28-29 November, 2010,
Finnish Society of Sciences and Letters, p. 35-50 (Commentationes
Humanarum Litterarum, 129).

K. Galfayan (1975), ‘History of Ferrogalic Inks Manufacturing in



470 I. Rabin, M. Binetti

Ancient Armenia’, Ministerstvo Kul’tury SSSR, Soobchenija 29 & 30, p.
67.57-69 (in Russian).

O. Hahn, W. Malzer, B. Kanngief3er, B. Beckhoft (2004), Characte-
rization of Iron Gall Inks in Historical Manuscripts using X-Ray
Fluorescence Spectrometry’, in X-Ray Spectrometry, 33, p. 234—-2309.

L. Khajakyan (1984), ‘Resultats de I'analyse physico-chimique de
fragments de manuscrits en papier des Xe-XIVe siécles’, Banber Mate-
nadarani, 14, 1p. 63-170 (in Armenian with résumé in French and
Russian).

C. Krekel (1999), ‘Chemische Struktur historischer Eisengallustin-
ten’, in G. Banik and H. Weber (eds.), Tintenfrafschciden und ihre Behan-
dlung, Werkhefte der staatlichen Archivverwaltung Baden-Wiirttemberg,
Stuttgart: Kohlhammer, p. 25-36 (Serie A Landesarchivdirektion, 10).

I. Rabin, R. Schiitz, A. Kohl, T. Wolff, R. Tagle, S. Pentzien, O.
Hahn, S. Emmel (2012), ‘Identification and classification of historical
writing inks in spectroscopy’, in Comparative Oriental Manuscript Stu-
dies Newsletter, 3, p. 26-30.

I. Rabin, O. Hahn, M. Binetti (2014), ‘Inks of medieval Hebrew
manuscripts: a typological study’, Manuscript Cultures 6 (in press).

A. Schopen (2004), Tinten und Tuschen des arabisch-islamischen
Mittelalters. Dokumentation - Analyse - Rekonstruktion, Goéttingen: Van-
denhoeck and Ruprecht.

P. Schreiner, D. Oltrogge (2011), Byzantinische Tinten-, Tuschen-
und Farbrezepte. Wien: Osterreichische Akademie der Wissenschaften,
Phil.-hist Klasse, Denkschriften. Veroffentlichungen der Kommission fiir
Schrift- und Buchwesen des Mittelalters, Reihe IV, Monographienreihe.

Pnw fbuiphé, Uwieybyn Fhikumnh
Fwiwfh whyh puguhwymnuip NIR nkEjungrudhugh oqlimpyunip.
Rlnjhip Mbnwljwi qgraugurwih 12 fugbeki dnwgep hoebbuljwb
nlunufﬁululn'nlp]nlﬁ

Uhplpugughnod Eip 12 Swghpkls dhnwgpp [fublwphbpf shopdioljpul -
unudlmufipncffindip: (?HLJH Ehp wwghu 4fh dbnmgphpaod wnlpy [Julieph nf-
whpfp quuwdpwpgdwl Shwpufopndyniip owpdwll bnmgngh USB'LﬁuL[uu'—
qlunuwlf oqliniflyudp: QhnwgpuupmSnghbpnod whgluwgpmd Shmmgnmnffjub
wpggmbpaud puguupndwd [Julwph wpoybph duspb nbqblpnffyodbbpp fue
plyfp b hbpdnidhy dinwgpmgnigulilibp: prl; qhyphpnol inkgaud hpunkfo Eh
bl gy pmpdwlpuds b dnmgphpp siflmung inkfulingng foahibp (op[ﬂuul[, XRF)
Uidwh nundfoupufpafpudp wnwgfwd Gygnfluljpl pi$apdugpod sod npuljub
dbsnuwgpugfunwluwl fbppncdnflywl quplop pognod £



