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Abstract
$ SRUWDEOH K\SHUVSHFWUDO VHQVRU FROOHFWV UHÀHFWDQFH VSHFWUD LQ WKH  QP UDQJH
DOORZLQJWKHLGHQWL¿FDWLRQRIQRWRQO\LQRUJDQLFEXWDOVRRUJDQLFPDWHULDOV,QWKLVSDSHU
a non-invasive and non-destructive characterization of pictorial binders was used. The
UHVXOWV VKRZ WKDWWKHLU PDLQVSHFWUDO GLϑHUHQFHVDUHORFDWHG EHWZHHQQP,W
LVDOVRLQGLFDWHGWKDWZKHQDELQGHULVPL[HGZLWKFRORUDQWVVRPHPRGL¿FDWLRQVRFFXULQ
UHVSHFWWRLWVRULJLQDOVSHFWUXP,QDGGLWLRQWKH¿UVWGHULYDWLYHWUDQVIRUPDWLRQRIRULJLQDO
VSHFWUDDOORZVDQHDVLHULGHQWL¿FDWLRQRIWKHVHRUJDQLFELQGHUVZKHUHWKHPRVWGLVFULPLnating regions are 1160-1250 nm and 1660-1800 nm.
Keywords
2UJDQLFELQGHUV5HÀHFWDQFHVSHFWURVFRS\In situ analysis.

Introduction
&KDUDFWHUL]DWLRQRIPDWHULDOVKDVEHHQDFNQRZOHGJHGDVRQHRIWKHPRVWVLJQL¿FDQWVWHSV
in conservation of artworks since it plays an essential role in understanding chemical and
physical composition, as well as the state of conservation. In addition, it also provides useful advice to conservators for further conservation intervention. Thanks to the fast pace of
VFLHQWL¿FDQGWHFKQRORJLFGHYHORSPHQWFXUUHQWO\WKHUHDUHPDQ\DQDO\WLFDOWHFKQLTXHVIRU
PDWHULDOLGHQWL¿FDWLRQWKDWFDQEHXVHGERWKLQODEVDQGLQVLWX7KHVHLQFOXGHERWKQRQLQvasive and invasive techniques. In-situ non-invasive analysis is an approach of the utmost
LPSRUWDQFHLQWKLV¿HOGEHFDXVHVDPSOLQJLVQRWDOZD\VSRVVLEOHDQGLQDQ\FDVHLWVKRXOG
be minimized as much as possible. Besides, the general knowledge acquired from non-inYDVLYHDQDO\VLVPDNHVSRVVLEOHWKHLGHQWL¿FDWLRQRIDUHDVZKHUHWKHVDPSOLQJIRULQYDVLYH
in-depth analyses is necessary to get additional information (e.g. when an overpainting
hides the original pictorial layer).
5HÀHFWDQFHVSHFWURVFRS\LVDZHOOHVWDEOLVKHGWHFKQLTXHIRUDFTXLULQJFRPSRVLWLRQDOLQIRUmation of artworks thanks to its high degree of selectivity of colorants. Compared with othHUDQDO\WLFDOVSHFWURVFRSLFWHFKQLTXHVUHÀHFWLRQVSHFWURVFRSLFDQDO\VLVFRPPRQO\UHTXLUHV
QRVDPSOHSUHSDUDWLRQLVOHVVWLPHFRQVXPLQJDQGPRUHFRVWHϑHFWLYH)256 )LEHU2SWLF
5HÀHFWDQFH6SHFWURVFRS\ DQDO\VLV¿UVWXVHGE\%DFFL  DVDQLQQRYDWLYHDQDO\WLFDO
PHWKRGIRUPDWHULDOLGHQWL¿FDWLRQKDVEHHQSURYHGWREHDYHU\SRSXODUPHWKRGLQSUH-
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OLPLQDU\LQYHVWLJDWLRQIRUPDWHULDOLGHQWL¿FDWLRQRIDUWZRUNV %DFFL$FHWR$JRVWLQR
Fenoglio, & Picollo, 2013). Most of the research performed so far with this technique used
LW IRU SLJPHQW LGHQWL¿FDWLRQ 'XSXLV (OLDV  6LPRQRW  $FHWR et al., 2014). Those
instruments mainly work in the 250-1100 nm range and in some extended ranges to even
longer wavelength, but the most used regions are focused on the UV and visible regions
(Aceto et al., 2012; Cosentino, 2014a).
In the present study, a portable hyperspectral sensor was employed for material identi¿FDWLRQ+\SHUVSHFWUDOVHQVRUVDUHVSHFWURUDGLRPHWHUVZLGHO\XVHGLQWKHJHRORJLFDO¿HOG
(Ben-Dar, Inbar, & Chen, 1997; Ramakrishnan & Bharti, 2015; Clark, 1999). They are deVLJQHGWRDFTXLUHFRQWLQXRXVUHÀHFWDQFHVSHFWUDLQWKHQPUDQJHZKLFKDOORZV
WKH LGHQWL¿FDWLRQ RI ERWK LQRUJDQLF DQG RUJDQLF PDWHULDOV LQ DUWZRUNV 7KH VKDSH RI WKH
VSHFWUDOFXUYHVLQWKHYLVLEOHUDQJHSURYLGHVXVHIXOLQIRUPDWLRQWRGLϑHUHQWLDWHWKHFRORURI
materials. On the contrary, the spectral absorptions in the Visible and Near InfraRed (VNIR)
UHJLRQVDUHDIXQFWLRQRIGLϑHUHQWHOHFWURQLFDQGYLEUDWLRQSURFHVVHVRIPROHFXOHV *DϑH\
1986). Besides, hydroxyl, which is often a part of the crystal structure of a mineral and
closely related to organic materials, is often infrared active. H2O and CO32- can also be idenWL¿HGLQWKHQPUDQJHEHFDXVHRIWKHRYHUWRQHVDQGFRPELQDWLRQVEDQGV &ODUN
1990). For the artworks, the earliest application of the hyperspectral sensor that was used
as a non-invasive technique for in situ characterization of stone surface alterations (to
better understand the alterations) was done on the façade of the Santa Maria Novella
church (Camaiti, 2008). Later, Ricciardi, Pallipurath, & Rose (2013) and Maynez-Rojas,
Casanova-Gonzales, & Ruvalcaba-Sil (2017) used them on paintings but mainly for color
discrimination; moreover, the discussion of spectral range is limited to wavelength shorter
than 1700 nm.
However, due to the complexity of the targeted materials, such as painted surfaces, the
LQWHUSUHWDWLRQRIWKHUHÀHFWDQFHVSHFWUDLVQRWDOZD\VHDV\&RQVHTXHQWO\WKHLGHQWL¿FDWLRQ
of organic materials on painted surfaces by this non-invasive technique is underestimated.
7REHWWHU³GHFRGH´WKHPXOWLFRPSRQHQWUHÀHFWDQFHVSHFWUDDVWDQGDUGL]HGGDWDEDVHRI
UDZ UHÀHFWDQFH LQ IXOO UDQJH LV XUJHQWO\ QHHGHG &XUUHQWO\ KHULWDJH VFLHQWLVWV JHQHUDOO\
used a referred standard spectral database from the United States Geological Survey Clark
et al. (2003) and Istituto di Fisica Applicata Nello Carrara (IFAC’s database) (IFAC, 2011)
IRUSLJPHQWLGHQWL¿FDWLRQ5HÀHFWDQFHVSHFWUDRIRUJDQLFPDWHULDOVDVSXUHPDWHULDOVOLNH
binding media, are seldom discussed and compared. Cosentino created a database of reÀHFWDQFHVSHFWUDRIKLVWRULFDOSLJPHQWVLQSRZGHUDQGPL[HGZLWKGLϑHUHQWELQGHUVZLWKLQ
the 200-900 nm spectral region (Cosentino 2014b). However, he cannot treat as standards
the pure compounds because not only the range is relatively limited, but also the spectra
were collected after the pigments were mixed with egg yolk and applied on parchment and
SDSHU%HVLGHVWKHUDZVSHFWUDWKHLUGHULYDWLYHWUDQVIRUPDWLRQFDQDOVRPDNHDGLϑHUHQFH
in characterization of organic materials. Spectra after derivative transformation may swing
greater amplitude than the original one; more importantly, peaks of overlapping bands become more distinguishable to separate out Aberásturi, Jiménez, Jiménez, & Arias (2001).
However, higher derivative order as second or even higher increases the noise of the
VSHFWUD 7VDL 3KLOSRW 7KXVWKH¿UVWGHULYDWLYHWUDQVIRUPDWLRQLVVHOHFWHGLQRXU
research. Dooley et al. (2017) discussed the discrimination between oil and alkyd resins in
SDLQWLQJVWKURXJKWKHLU¿UVWGHULYDWLYHVSHFWUD
,QWKLVSDSHUZHUHSRUWDQGFRPSDUHWKHUHÀHFWDQFHVSHFWUDDQGWKHLU¿UVWGHULYDWLYHVRI
the three most common binding media in easel paintings (linseed oil, animal glue, and egg
yolk) in the 350-2500 nm full range by a hyperspectral sensor, along with the discussion
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RQWKHLUGLVFULPLQDWLRQZKHQWKH\DUHPL[HGZLWKGLϑHUHQWSLJPHQWV3DUWLFXODUDWWHQWLRQ
is paid to the 1200-2400 nm spectral range. The results obtained show that this portable
K\SHUVSHFWUDO VHQVRU FDQ EH XVHG IRU WKH LGHQWL¿FDWLRQ RI SLFWRULDO ELQGHUV ERWK DV SXUH
material and as mixtures.

Methods and Materials
The hyperspectral sensor employed in this study was an Analytical Spectral Devices FieldSpec FR Pro 3, a portable high-resolution spectroradiometer (Figure 1). It is designed
to acquire Visible, Near Infrared (VNIR: 350–1000 nm) and Short-Wave Infrared (SWIR:
QP SXQFWXDOUHÀHFWDQFHVSHFWUDLQVSHUVSHFWUXP7KHVDPSOLQJLQWHUYDO
is 1.4 nm and 2 nm for the VNIR and SWIR spectral regions, respectively. The VNIR spectrometer has a standard spectral resolution (full-width at half maximum of a single emission line) of 3 nm at around 700 nm; while in the SWIR region the spectral resolution is
10-12 nm from 1400 to 2100 nm. Spectra were collected and then processed using ASD’s
RS3 and ViewSpec Pro 6.0 software to eliminate spectral noise. The instrument is equipped
ZLWKDFRQWDFWUHÀHFWDQFHSUREH ¿[HGJHRPHWU\RILOOXPLQDWLRQDQGVKRWZLWKDVSRWDQDOysis of about 1.5 cm2) that provides an internal light source, so spectra can be acquired
without involving the typically used ambient solar illumination like in the applications of
remote sensing.

Figure 1 - Portable hyperspectral sensor, ASD FieldSpec FR Pro 3.

7KHVSHFWUDFROOHFWLRQRIELQGLQJPHGLDDVSXUHPDWHULDOVZDVFDUULHGRXWDW¿UVWRQD7HÀRQ
support. Animal glue was dissolved in water (10% w/w), deposed on a substrate to form a
¿OPDQGWHVWHGDIWHUWRWDOGU\LQJ7KHHJJ\RONZDVGULHGDQGWKHQSXWRQWKHVXSSRUWDVD
thin layer, while polymerized linseed oil was prepared on a glass slide by deposition of liquid
oil in 2010 and then exposing it for 6 years to indoor light at room temperature and humidity. The commercial canvas from Zecchi (Florence, Italy) was divided into small squares
of 10*10 cm2 size as support for easel painting mock-ups. The canvas had already been
grounded with a layer of gypsum and linseed oil. Four pigments were selected: synthetic
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cinnabar, yellow ochre, azurite, and lapis lazuli, which are traditional colorants, also used
LQWKHDQFLHQWWLPHV &HQQLQL DQGUHSUHVHQWDWLYHRIGLϑHUHQWFRORUVDQGFKHPLFDO
composition. Binders were mixed with these pigments and then evenly painted by brushes
on the canvas in accordance with the methodology described by Cennino Cennini (1991).
Typically, for the tempera painting samples, the amount of pigment and egg yolk was almost the same. During the mixing, some water was added into the mixture to decrease the
viscosity for easy application. Meanwhile, in the case of a mixture of pigment and animal
glue or linseed oil, the average amount of the pigments was almost twice the amount of
the binder.
5HÀHFWDQFHVSHFWUDZHUHFROOHFWHGZLWKWKH&RQWDFW3UREHE\GLUHFWFRQWDFWZLWKHDFKPDWHULDORUSDLQWHGVXUIDFH,QRUGHUWRHOLPLQDWHWKHLQÀXHQFHRIWKHJURXQGOD\HUDQGWKH
FDQYDVVXSSRUWRQWKHUHÀHFWDQFHVSHFWUDDEDFNJURXQGZDV¿UVWFROOHFWHGRQXQSDLQWHG
surfaces.
The spectrum of each compound, used as standard, was the average spectrum of 10 acquisitions collected on the same studied surface of each material. The spectra were then
SURFHVVHGDVFROOHFWHGDQGDVWKHLU¿UVW derivative by ViewSpec Pro 6.0 software. The paUDPHWHUV IRU FRPSDULVRQ DUH UHÀHFWDQFH PD[LPXPDEVRUSWLRQ PD[LPXP DQG LQÀHFWLRQ
SRLQWVWKHODWWHUFRUUHVSRQGLQJWRPD[LPDRUPLQLPDLQWKH¿UVWGHULYDWLYHVSHFWUXP %DFci, Magrini, Picollo, & Vervat, 2009).

Results and Discussion
&KDUDFWHUL]DWLRQRI3XUH6XEVWDQFHV
7KH UHÀHFWDQFH VSHFWUD RI HJJ \RON DQLPDO JOXH DQG OLQVHHG RLO DV FROOHFWHG LQ WKH IXOO
range, are shown in Figure 2a, while the wavelengths of the most characteristic peaks of
HDFKELQGHUDUHOLVWHGLQ7DEOH$VFRORULVQRWGLVFULPLQDWLQJIRUWKHLULGHQWL¿FDWLRQWKH
GLϑHUHQFHVGHWHFWHGLQWKHYLVLEOHUDQJHDUHQRWGLVFXVVHGKHUHEXWWKHPDLQGLVVLPLODULWLHV
IRUGLVWLQJXLVKLQJGLϑHUHQWELQGHUVDUHVHDUFKHGDQGIRXQGLQWKHUHJLRQEHWZHHQDQG
2400 nm.
Binding media

Experimental Wavelength (nm)

Egg yolk

1211, 1441, 1507, 1727, 1762, 1942, 2058, 2177, 2309, 2347

Animal glue

878, 1182, 1447, 1506, 1730, 1946, 2049, 2177, 2286, 2347

Linseed oil

1206, 1441, 1727, 1754, 1932, 2132, 2304, 2347

Table 1 - Experimental wavelengths (nm) of three binding media. Each peak can be
DVVLJQHGWRRYHUWRQHVDQGFRPELQDWLRQVEDQGVRIVSHFL¿FFKHPLFDOERQGV 9DJQLQL 
The most evident variances among the three binders are marked in Figure 2b, when the
region in question is zoomed. Since egg yolk contains mainly albumins with low quantities
of fats, its raw spectrum contains features of both lipidic and proteinaceous components.
,WLVQRWLFHGWKDWWKHGLϑHUHQFHVDPRQJRLOHJJ\RONDQGDQLPDOJOXHDUHZHOOYLVLEOHLQ
three regions (1150-1250 nm, 1650-1800 nm, and 2250-2400 nm) (shadow areas in FigXUHE ZKHUHWKHUHÀHFWDQFHSHDNVDUHDVVLJQHGWRRYHUWRQHVDQGFRPELQDWLRQEDQGVRI
C-H bonds. Due to the presence of lipidic contents in egg yolk and linseed oil, the spectral
features of these two binders are more comparable than that of animal glue. However, alWKRXJKWKHZDYHOHQJWKRIWKHUHÀHFWDQFHSHDNVLQHJJ\RONDQGOLQVHHGRLODUHVRPHWLPHV
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very similar, their absorption intensity varies greatly, i.e. the same peaks in egg yolk are
VKDUSHUDQGVWURQJHUWKDQLQOLQVHHGRLO)RUH[DPSOHWKH¿UVWRYHUWRQHRI&+2 stretching
mode is observed at around 1730 nm for both these two binders, whereas the peak inWHQVLW\LVVWURQJHUIRUHJJ\RONWKDQIRUOLQVHHGRLO2QWKHRWKHUKDQGWKHGLϑHUHQFHVLQ
the wavelength (and peak intensity) of the overtones and combination bands of C-H bonds
between animal glue and the other two binders are more evident. For example, the second
overtone of methylene stretching is located at about 1210 nm for egg yolk, while for animal
glue it is shifted, being at around 1182 nm.

Figure 2 -5HÀHFWDQFHVSHFWUDRIWKUHHELQGLQJPHGLDLQIXOOVSHFWUDOUDQJH D 
and in 1200-2400 nm region marked with the most evident variances (b).
Green = egg yolk; blue = animal glue; red = linseed oil.

Other variances marked with dashed lines are also essential for distinguishing these bindHUV $W DURXQG  QP WKH ¿UVW RYHUWRQH EDQG RI 1+ VWUHWFKLQJ PRGH LV LGHQWL¿HG LQ
both egg yolk and animal glue as a shoulder, which cannot be found in linseed oil. A similar
FLUFXPVWDQFHRFFXUVDWQPZKHUHWKH¿UVWRYHUWRQHEDQGRIFDUERQ\OVWUHWFKLQJPRGH
$PLGH, $PLGH II) is observed. Linseed oil, however, has a combination band of C-O
stretching and C-H stretching peak at about 2132 nm in the closer region as a shoulder.
Another important characteristic signal of the two proteinaceous materials, found at about
2050 nm, is the combination band of N-H stretching and bending. All the peaks attributed
to proteins are stronger in animal glue than in egg yolk; this may be in accordance with the
fact that glue is completely composed of proteins, while egg yolk also contains oils. The last
dashed line locates at around 1950 nm, where the three binders show a very strong peak,
but it is discriminating only for linseed oil. In fact, the second overtone of the C=O stretching of esters in oils occurs at 1932 nm, whereas the combination band of O-H stretching
and bending in proteins are seen at about 1945 nm.
As discussed above for pure binding media, the wavelength of the peaks or the spectral
IHDWXUHLQZHOOGH¿QHGVSHFWUDOUDQJHVFDQEHFRQVLGHUHGGLVFULPLQDWLQJHOHPHQWVIRUWKH
LGHQWL¿FDWLRQ RI WKHVH ELQGHUV HYHQ ZKHQ WKH\ DUH PL[HG ZLWK SLJPHQWV LH LQ SDLQWHG
layers). However, shifts in wavelength in respect to pure materials are expected when a
matrix with pigments is made. Possible shifts of peaks and changes in signal intensities will
be discussed as follows.

&KDUDFWHUL]DWLRQRI%LQGLQJ0HGLDLQ0L[WXUHV
7REHWWHUXQGHUVWDQGWKHLQÀXHQFHFDXVHGE\WKHPL[LQJZLWKSLJPHQWVVSHFWUDZHUHFROOHFWHGRQWKHHDVHOSDLQWLQJPRFNXSV)LJXUHVKRZVWKHUHÀHFWDQFHVSHFWUDRISXUHHJJ
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yolk and its mixture with synthetic cinnabar in the 1200-2400 nm range. Since cinnabar
has no absorption feature in the NIR-SWIR region, the spectrum of the painted surface is
H[SHFWHGWREHVLPLODUWRWKDWRISXUHHJJ\RON$FWXDOO\HJJ\RONLVZHOOLGHQWL¿HGIURPLWV
distinctive features, but three changes in respect to the pure egg spectrum are observed.
One is the disappearing of the shoulder at 1507 nm. The second is the shift of the broad
peak at about 1943 nm to 1922 nm, due to the combination of the O-H stretching and
bending mode, along with the broadening of the peak itself. The last change occurs at
about 2050 nm, where the combination band of N-H stretching and bending shifts to 20
nm longer.

Figure 35HÀHFWDQFHVSHFWUDRIHJJ\RONPL[HGZLWKFLQQDEDU JUHHQ 
in 1200-2400 nm region. Egg yolk (blue) is also reported for comparison purposes.

The same behaviors are also found when egg yolk is mixed with other pigments, regardless
of the type and color of pigments, as well as whether the pigment has absorption peaks in
these regions. An example is shown in Figure 4, when the two blue pigments (azurite and
lapis lazuli) were mixed with egg yolk, azurite has some absorption peaks in the detected
spectral range.

Figure 4 - 5HÀHFWDQFHVSHFWUDLQQPUHJLRQRIHJJ\RONZLWKD]XULWH JUHHQ
(a) and lapislazuli (green) (b). Egg yolk (blue) is also reported for comparison.
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When these binders, i.e. egg yolk, animal glue and linseed oil, are mixed with the same
SLJPHQWWKHLUUHÀHFWDQFHVSHFWUDRIWHQVKRZIHDWXUHVFRPSDUDEOHWRWKRVHRISXUHELQGHUVDQGWKHLULGHQWL¿FDWLRQLVSRVVLEOH)LJXUHLOOXVWUDWHVWKHUHÀHFWDQFHVSHFWUDLQWKH
QPUHJLRQRI\HOORZRFKUHLQWKHWKUHHGLϑHUHQWPL[WXUHV

Figure 5 -5HÀHFWDQFHVSHFWUDRIWKUHHELQGLQJPHGLDPL[HGZLWK\HOORZRFKUH
Black = pure yellow ochre; blue = yellow ochre mixed with animal glue;
red = yellow ochre mixed with linseed oil; green = yellow ochre mixed with egg yolk.

Similarly, the medium-weak peaks of animal glue and egg yolk around 1500 nm disappear
in the spectra of the mixtures giving a similar spectral feature for all the three binding
media. It is notable that the broad peak between 1930 and 1945 nm of these binders (i.e.
1942, 1946 and 1932 nm for egg yolk, animal glue and linseed oil, respectively) shifts for
all binders to a shorter wavelength of about 15 nm, and linseed oil still shows the shortest
ZDYHOHQJWK$QRWKHUGLϑHUHQFHLQPL[WXUHVEHWZHHQWKHVHVSHFWUDKDSSHQVDWDURXQG
nm. Just like pure materials, yellow ochre with egg yolk has the same band at a longer
wavelength, about 2070 nm, rather than 2045 nm, when mixed with animal glue. Whereas,
the shoulder for linseed oil at around 2135 nm cannot be observed.

,QIDFWZKHQSLJPHQWVDQGELQGHUVKDYHRYHUODSSLQJSHDNVWKHLGHQWL¿FDWLRQRIELQGHUV
WKURXJKWKHRULJLQDOUHÀHFWDQFHVSHFWUDDWVRPHVSHFL¿FSRVLWLRQVZLOOEHYHU\KDUG2QH
example is the case of pigments containing O-H groups or/and H2O molecules (e.g. azurite,
malachite, yellow ochre). The peaks at about 1440 nm and 1945 nm, assigned to O-H overtone and combination bands, are no more discriminating. Hence, the peaks in the spectral
range assigned to C-H bond vibrations are essential for the discrimination of these three
organic materials (Figure 5), as discussed above.

$OWKRXJKWKHRULJLQDOUHÀHFWDQFHVSHFWUDRISLJPHQWELQGLQJPHGLXPPL[WXUHVFDQJLYHXV
XVHIXOLQIRUPDWLRQIRUWKHLULGHQWL¿FDWLRQDPRUHDFFXUDWHGLϑHUHQWLDWLRQFDQEHDFKLHYHG
IURPWKHLUGHULYDWLYHVSHFWUD)LJXUHVKRZVWKH¿UVW derivative spectra of these three pure
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ELQGHUV,QWKHVHVSHFWUDWKHGLϑHUHQFHVDPRQJWKHELQGHUVDUHLQFUHDVHGDQGLWLVSRVVLEOH
to take into consideration not only the wavelengths of maximum/minimum, but also the
ratio of their intensity. Therefore, the discrimination of these organic materials is much
improved.

Figure 6 - First derivative spectra of three binding media in the full
spectral range. Green = egg; blue = animal glue; red = linseed oil.

7KHPRVWHYLGHQWGLϑHUHQWLDWLRQVWRLGHQWLI\HJJ\RONOLQVHHGRLODQGDQLPDOJOXHDUHORFDWHGLQWZRUHJLRQVIURPWRQPDQGIURPWRQP )LJXUH ,QWKH¿UVW
region, animal glue has a negative medium peak around 1172 nm, while egg yolk has three
ones, two negatives at 1190 and 1205 nm, and one strong and positive at 1222 nm. In the
case of linseed oil, a similar peak at 1220 nm as in egg yolk is observed, but its intensity
is much lower. The observation of the peak positions in the spectral range 1670-1725 nm
gives evidence that egg yolk has a strong negative peak at about 1700 nm, while animal
glue has a negative peak at 1670 nm, a positive one at 1700 nm, and another negative at
1725 nm (Figure 7b). Linseed oil has three negative peaks, where the one at the shortest
wavelength (about 1670 nm) is the strongest. It is also well evident that the ratio of the
UHÀHFWDQFHDWDQGQPGLϑHUVIRUHDFKELQGHU7KHVHWZRFKDUDFWHULVWLFVSHFWUDO
ranges can also be used to discriminate the components in pigment/binder mixtures.

Figure 7 -)LUVWGHULYDWLYHRIUHÀHFWDQFHVSHFWUDRIWKHWKUHHELQGHUV
in the 1150-1250 (a) and 1670-1700 (b) nm spectral ranges.
Blue = animal glue; Green = egg yolk; Red = linseed oil.
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Figure 8 - 6KRZVWZRH[DPSOHVRIWKHDSSOLFDWLRQRIWKH¿UVWGHULYDWLYHVSHFWUDWRPL[WXUHV
In the examples, yellow ochre (Figure 8a) and azurite (Figure 8b) were mixed with the three binders.
$VH[SHFWHGWKHWZRUHJLRQV GDVKHGUHFWDQJXODULQWKH¿JXUHV 
DUHGLVFULPLQDWLQJIRUWKHGLϑHUHQWELQGHUV

Conclusion
It has been proved that the portable hyperspectral sensor is a powerful tool in identifying
organic components, including the binding media, of easel paintings in a rapid and non-inYDVLYH ZD\ 5HÀHFWDQFH VSHFWURVFRS\ SDUWLFXODUO\ LQ WKH 1,56:,5 UHJLRQ LV XVHIXO IRU
distinguishing egg yolk, animal glue, and linseed oil, both as pure material and mixed with
pigments, just as in paintings. The interaction between pigments and binders makes the
LGHQWL¿FDWLRQPRUHGLϒFXOWLQVRPHFDVHVEXWWKHXQDPELJXRXVFKDUDFWHUL]DWLRQFDQVWLOO
EHDFKLHYHGE\UHSURFHVVLQJWKHRULJLQDOVSHFWUDLHWKURXJKWKHLU¿UVWGHULYDWLYH$OOWKH
UHVXOWVREWDLQHGLQWKLVVWXG\VKRZWKDWWKLVSRUWDEOHUHÀHFWDQFHVSHFWURVFRS\LVYDOXDEOH
for the study of works of art in general, but also for conservation and restoration purposes.
Indeed, in the case of conservation one possible advantage is the monitoring of the permanence or the degradation of a protective agent (e.g. the varnish), thus allowing a timely
maintenance. While, in the case of restoration interventions, it makes possible a fast monitoring of the cleaning treatments which, contrary to that performed by UV lamps, allows
WKH LGHQWL¿FDWLRQ RI WKH RUJDQLF PDWHULDO GLVFULPLQDWLQJ WKH YDUQLVK HJ QDWXUDO UHVLQV 
from the binder of the pictorial layer (e.g. drying oil).
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