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The United Nations in the 68th session of their General
Assembly proclaimed 2015 as the International Year of
Light and Light-based Technologies (IYL 2015, http://
www.light2015.0rg) in recognition of the important role
optical and photonic sciences and technologies play in so
many aspects of our lives on earth in relation to key sec-
tors such as communications, health, energy, agriculture,
space and education.

On this occasion, Heritage Science presents a the-
matic series dedicated especially to “optical technologies
applied to cultural heritage’, which showcases repre-
sentative contributions highlighting innovative research
results from experts on the application of light-based
technologies in cultural heritage analysis, diagnostics and
conservation.

One cannot overemphasize the major role light plays in
promoting our tangible heritage. Either natural or artifi-
cial, light is an “element” necessary for visualizing works
of art and monuments, and in fact it determines how one
perceives and interacts with such artefacts, including the
artists or creators themselves. Colour and combinations
of colours, variations of lighting and shade create unique
impressions and feelings. The Pyramids, the Parthenon,
the Mona Lisa and numerous heritage masterpieces
around the world convey their message to and generate
their impact on the observer via an intimate interaction
with light.

But light plays an additional, very important role, yet
not so profound to the average public, in promoting our
understanding and knowledge about our tangible herit-
age through scientific studies. Indeed, photons at differ-
ent frequencies, ranging from the X-rays, through the
ultraviolet, visible or infrared all the way to the radio-
waves region of the electromagnetic spectrum, may
interact with materials and objects via a score of different
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processes such as absorption, scattering, emission, dif-
fraction, refraction or interference, enabling scientists to
visualize the details of key chemical and physical features
in heritage artefacts and samples revealing their secrets,
finding traces of their history and their making or secur-
ing their way to a safer future [1, 2].

Continuous advances in light and photonic technolo-
gies, many of them catalysed by the invention of the
laser in 1962, have made available a broad set of pow-
erful optical and spectroscopic tools, which scientists
have employed in various analytical investigations aid-
ing archaeologists, historians and conservators in their
studies and practice. Prominent among these light-based
technologies are the various types of spectroscopic tech-
niques [1, 3], several of them highlighted in the present
thematic series. These techniques enable identification
of materials at the atomic or molecular level and through
such analyses permit scientists and historians to view
intimate chemical and physical details of art objects or
archaeological findings and contextualize them artisti-
cally, historically or technologically.

For example, the article by Castro et al. [4] shows how
careful micro-analysis of paint cross-sections, based
partly on Raman spectroscopy reveals the history of
objects, and maps the stratigraphy of the original paint
and subsequent conservation treatments aiding the way
to a proper restoration, as these researchers found out
working with samples collected from the faces of the two
tower clocks of the Government Palace at Helsinki (Fin-
land). In a different perspective the article by Boyatzis
et al. [5] shows how spectroscopic tools, such FT-IR/
ATR spectroscopy, can be used to understand mechanis-
tic details related to the way iron gall inks interact with
parchment under artificial ageing conditions.

Clearly, the need to avoid sampling from precious or
very sensitive artefacts has dictated the increasing use
of non-invasive techniques that can be operated in situ,
namely on an object itself, as nicely shown by Smith and
co-workers, who studied pigments on selected prints
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from the Haku Maki’s ‘Poem’ series [6] at the Indianapo-
lis Museum of Art (USA), or by Miliani and co-workers
[7], in the study of the paint palette in Jackson Pollock’s
‘Alchemy’ (Peggy Guggenheim Collection, Venice, Italy).
The latter work clearly shows the value of compact
mobile spectrometers that enable studies to be carried
out outside the research laboratory and even outdoors as
also shown in the paper by Papliaka et al. [8].

Thanks to advances in light sources, optics, analysers
and detectors, most spectroscopic methods are nowa-
days coupled to microscopes, offering spatial information
that reaches high levels of detail. But while point analysis
(1-D analysis) provides detailed information from a well-
defined area on an object or sample, often one needs to
collect data from over a larger area on the surface of an
artefact in order to find distinctive patterns and possibly
correlate them with materials and their spatial distribu-
tion on the object surface. In this context, imaging tech-
niques coupled to various types of spectroscopy come
out as important and enabling tools for 2D-analysis. The
article by Kogou et al. [9], on the ‘Selden map of China’
(early seventeenth century) from the Bodleian Library
in the University of Oxford, shows an example of how
imaging in the visible part of the spectrum gives rise to
quick visualization of the distribution of several pigments
across the surface of the map. Importantly, under favour-
able conditions, multi-spectral imaging permits the iden-
tification of pigments based on characteristic reflectance
spectral features, as also highlighted in the study of Pol-
lock’s ‘Alchemy’ by Rosi et al. [7].

When direct imaging is not possible due to various
limitations, for example poor signal strength or lack
of appropriate optics or detectors, surface mapping is
still possible, via raster scanning approaches and this is
the case, for example, with Raman, FT-IR or XRF imag-
ing. The use of the latter is demonstrated in the study of
another work by J. Pollock, ‘Number 1A’ (1948) at the
Museum of Modern Art in New York (USA) based on the
use of macro-XRF elemental mapping for delineating the
paint distribution across selected areas of the painting as
shown in the paper by Martins et al. [10]. The results of
the paint mapping have enabled these authors to virtually
reconstruct the artist’s process suggesting the sequence
he followed in applying the various paints, and thus one
can claim that effectively, 3D-analysis (volume analy-
sis) with chemical information is something that can be
achieved despite the complexity of these multi-layered
substrates. This type of in-depth analysis is also shown
in the work by Favero et al. [11] that describes a com-
prehensive investigation on Picasso’s ‘Blue Room’ (1901)
from the Phillips Collection at Washington DC (USA).
The painting hides a portrait of a man beneath it, which
has been almost perfectly revealed by use of near infrared
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imaging. Detailed X-ray fluorescence imaging performed
directly on the artwork, at the Cornell High Energy
Synchrotron Source (Ithaca, NY, USA), aided on map-
ping the distribution of pigments across both the Blue
Room and the underlying portrait. Following a different
approach, volume information, but not with chemical
specificity, can be supplied by use of techniques relying
on the coherence of laser sources such as optical coher-
ence tomography (OCT) described in the paper by Liang
and co-workers [9] or holographic interferometry [12].

A fourth dimension, that of time, can be also exploited
by use of pulsed laser sources which, as presented in the
article by Comelli et al. [13], enable the characterization
and mapping of luminescent materials not only on the
basis of their emission spectra but also on the basis of the
excited state lifetime of the emitting species, adding an
additional parameter in the effort to distinguish and map
different types of chromophores.

Considering, in a broader perspective, the use of lasers,
one can easily observe several advantages offered by
these special light sources, once referred to as the “solu-
tion that looks for the problem’, hence it is no surprise
that they are increasingly investigated in the context of
heritage diagnostics and conservation applications [14].
Power and monochromaticity are key to the success of
present day Raman spectrometers, coherence is behind
OCT or holographic techniques, while pulsed sources
provide the ability to exploit time-resolved phenomena,
such as fluorescence (or photoluminescence) lifetime
imaging, non-linear multi-photon microscopies [15] or
even to propose new techniques based on laser ablation
sampling, for example LIBS [8] or laser ablation mass
spectrometry [16]. One of the novel applications of lasers
relates to the use of the laser ablation process as a unique
conservation approach that enables non-contact removal
of selected layers from the surface of artworks and monu-
ments. An example from such a research study and appli-
cation in the conservation of stone sculpture in a world
monument, the Acropolis of Athens, is shown in the
paper by Pouli et al. [17].

As amply demonstrated through the investigations
highlighted in this thematic series light-based techniques
are increasingly being used in the study and conserva-
tion of heritage objects. It is clear that all of them have
distinct strengths but at the same time they are not free
of limitations and thus a full and meaningful investiga-
tion often calls for the use of several analytical tools in
a combined approach, which depends primarily on the
question or questions asked in the context of each spe-
cific study. While this is an important methodological
issue, namely which tools are the most appropriate ones
for obtaining materials information as complete as pos-
sible for the case in hand, it can equally well be a major
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technology and innovation driver considering the poten-
tial for developing hybrid instrumentation combining
more than one techniques.

Finally, despite the fact that many of these techniques
offer unique capabilities for illuminating secrets of his-
torical and cultural artefacts still their use should be
done with caution remembering that photon—matter
interactions imply excitation of various degrees of free-
dom in atoms and molecules and these interactions may
in turn give rise to unwanted side effects when photon
energy or flux or both are exceeding certain thresholds.
This is discussed, for example, in the paper by Smith and
co-workers [6], who show a careful study on the colour
changes of pigments induced by regular white light illu-
mination, in an effort to establish safe illumination lev-
els for exhibiting the prints. The same authors note the
sensitivity of pigments under the focussed laser beam of
a Raman spectrometer. Clearly the subject of establishing
safe limits when studying works of art, monuments and
even samples from heritage objects with different types
of photons is an open issue, which will be receiving atten-
tion in the future [18].

Author details

! Department of Chemistry, University of Crete, PO. Box 2208, 710 03 Herak-
lion, Crete, Greece. 2 Institute of Electronic Structure and Laser, Foundation
for Research and Technology-Hellas, PO. Box 1385, 711 10 Heraklion, Crete,
Greece.

Acknowledgements
The author acknowledges the continuous support from the editorial staff of
Heritage Science throughout all stages of publishing this thematic series.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 21 March 2017 Accepted: 21 April 2017
Published online: 08 June 2017

References

1. Brunetti BG, Sgamellotti A, Clark AJ. Advanced techniques in art conser-
vation. Acc Chem Res. 2010;43(6):693-4. doi:10.1021/ar100072f.

2. Bertrand L, Robinet L, Thoury M, Janssens K, Cohen SX, Schoder S.
Cultural heritage and archaeology materials studied by synchrotron
spectroscopy and imaging. Appl Phys A. 2012;106:377-96. doi:10.1007/
500339-011-6686-4.

3. Nevin A, Spoto G, Anglos D. Laser spectroscopies for elemental and
molecular analysis in art and archaeology. Appl Phys A. 2012;106:339-61.
doi:10.1007/500339-011-6699-z.

Page 3 of 3

Castro K, Knuutinen U, Fdez-Ortiz de Vallejuelo S, Maguregui M, Madar-
iaga JM, Laakso R. Spectroscopic analysis used to uncover the original
paint colour of the Helsinki Government Palace tower clock faces. Herit
Sci. 2016;4:36. doi:10.1186/540494-016-0100-7.

Boyatzis S, Velivasaki G, Ekaterini M. A study of the deterioration of

aged parchment marked with laboratory iron gall inks using FTIR-ATR
spectroscopy and micro hot table. Herit Sci. 2016;4(1):3. doi:10.1186/
540494-016-0083-4.

Chua L, Hoevel C, Smith GD. Characterization of Haku Maki prints from
the "Poem” series using light-based techniques. Herit Sci. 2016;4:25.
doi:10.1186/540494-016-0096-z.

Rosi F, Grazia C, Fontana R, Gabrieli F, Pensabene Buemi L, Pampaloni

E, Romani A, Stringari C, Miliani C. Disclosing Jackson Pollock’s palette

in Alchemy (1947) by non-invasive spectroscopies. Herit Sci. 2016;4:18.
doi:10.1186/540494-016-0089-y.

Papliaka ZE, Philippidis A, Siozos P, Vakondiou M, Melessanaki K, Anglos
D. A multi-technique approach, based on mobile/portable laser instru-
ments, for the in situ pigment characterization of stone sculptures on
the island of Crete dating from Venetian and Ottoman period. Herit Sci.
2016;4:15. doi:10.1186/540494-016-0085-2.

Kogou S, Neate S, Coveney C, Miles A, Boocock D, Burgio L, Cheung CS,
Liang H. The origins of the Selden map of China: scientific analysis of the
painting materials and techniques using a holistic approach. Herit Sci.
2016;4:28l. doi:10.1186/540494-016-0098-x.

Martins A, Coddington J, Van der Snickt G, van Driel B, McGlinchey C,
Dahlberg D, Janssens K, Dik J. Jackson Pollock’s Number 1A, 1948: a non-
invasive study using macro-x-ray fluorescence mapping (MA-XRF) and
multivariate curve resolution-alternating least squares (MCR-ALS) analysis.
Herit Sci. 2016;4:33. doi:10.1186/540494-016-0105-2.

. Favero PA, Mass J, Delaney JK, Woll AR, Hull AM, Dooley KA, Finnefrock

AC. Reflectance imaging spectroscopy and synchrotron radiation x-ray
fluorescence mapping used in a technical study of The Blue Room by
Pablo Picasso. Herit Sci. 2017;5:13. doi:10.1186/540494-017-0126-5.
Tornari V. Laser interference-based techniques and applications in struc-
tural inspection of works of art. Anal Bioanal Chem. 2007;387:761-80.
doi:10.1007/500216-006-0974-4.

Comelli D, Capogrosso V, Orsenigo C, Nevin A. Dual wavelength
excitation for the time-resolved photoluminescence imaging of
painted ancient Egyptian objects. Herit Sci. 2016;4:21. doi:10.1186/
540494-016-0090-5.

Georgiou S, Anglos D, Fotakis C. Photons in the service of our past: lasers
in the preservation of cultural heritage. Contemp Phys. 2008;49:1-27.
doi:10.1080/00107510802038398.

Filippidis G, Tserevelakis GJ, Selimis A, Fotakis C. Nonlinear imaging
techniques as non-destructive, high-resolution diagnostic tools for
cultural heritage studies. Appl Phys A. 2015;118:417-23. doi:10.1007/
500339-014-8357-8.

Giurato L, Candura A, Grasso G, Spoto G. In situ identification of organic
components of ink used in books from the 1900s by atmospheric pres-
sure matrix assisted laser desorption ionization mass spectrometry. Appl
Phys A. 2009;97:263. doi:10.1007/500339-009-5390-0.

Pouli P Papakonstantinou E, Frantzikinaki K, Panou A, Frantzi G, Vasiliadis
C, Fotakis C. The two-wavelength laser cleaning methodology; theoreti-
cal background and examples from its application on CH objects and
monuments with emphasis to the Athens Acropolis sculptures. Herit Sci.
2016;4:9. doi:10.1186/540494-016-0077-2.

Bertrand L, Schoeder S, Anglos D, Breese MBH, Janssens K, Moini M,
Simon A. Mitigation strategies for radiation damage in the analysis of
ancient materials. TrAC. 2015;66:128-45. doi:10.1016/j.trac.2014.10.005.


http://dx.doi.org/10.1021/ar100072f
http://dx.doi.org/10.1007/s00339-011-6686-4
http://dx.doi.org/10.1007/s00339-011-6686-4
http://dx.doi.org/10.1007/s00339-011-6699-z
http://dx.doi.org/10.1186/s40494-016-0100-7
http://dx.doi.org/10.1186/s40494-016-0083-4
http://dx.doi.org/10.1186/s40494-016-0083-4
http://dx.doi.org/10.1186/s40494-016-0096-z
http://dx.doi.org/10.1186/s40494-016-0089-y
http://dx.doi.org/10.1186/s40494-016-0085-2
http://dx.doi.org/10.1186/s40494-016-0098-x
http://dx.doi.org/10.1186/s40494-016-0105-2
http://dx.doi.org/10.1186/s40494-017-0126-5
http://dx.doi.org/10.1007/s00216-006-0974-4
http://dx.doi.org/10.1186/s40494-016-0090-5
http://dx.doi.org/10.1186/s40494-016-0090-5
http://dx.doi.org/10.1080/00107510802038398
http://dx.doi.org/10.1007/s00339-014-8357-8
http://dx.doi.org/10.1007/s00339-014-8357-8
http://dx.doi.org/10.1007/s00339-009-5390-0
http://dx.doi.org/10.1186/s40494-016-0077-2
http://dx.doi.org/10.1016/j.trac.2014.10.005

	Shedding light on the past: optical technologies applied to cultural heritage
	Acknowledgements
	References




