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Abstract: This paper presents the results of non-invasive diagnostic investigations performed on the
canvas oil painting depicting the Marian iconography “Mater Boni Consilii”. The painting, whose
author and origin are unknown, was found in an old shop in Florence following the overflowing of
the Arno River in 1966. In order to define the importance of the artwork, a multianalytical analysis
was performed on the painting, using multispectral imaging, X-ray fluorescence (XRF), and Fourier
Transform Infrared Spectroscopy (FTIR-ATR) for the definition of materials, with a particular focus
on the identification of pigments. The results allowed for the drawing up of a color palette, composed
mainly of ochre and earth pigments, cinnabar, lithopone, lead white, and ultramarine pigments. After
cross-referencing the acquired information with other findings, it was possible to place the painting
in the period between the end of the XIXth and the beginning of the XXth centuries.

Keywords: non-invasive characterization; diagnostic analysis; pigment identification; XRF; FTIR;
indirect dating

1. Introduction

The flood of Florence occurred on the night between the 3rd and the 4th of November
1966, and it was a disastrous event that profoundly changed the urban layout of the city. It
led to extreme damage to historical and cultural heritage, both outdoors (archaeological
areas and monuments), and indoors (archives, museums, and libraries). The flood effects
were serious and, in some cases, even irreversible, considering that volumes (including
valuable manuscripts or rare printed works), paintings, and buildings, were covered in
mud. After the disaster, many technicians, students, and young volunteers rushed to
Florence, with the urge to help save and preserve the works of art defaced by the event. In
this context, the painting that is the object of the present study, was found in an old shop in
Via Palazzuolo (Florence).

The artwork is a devotional oil on canvas painting, sized about 35 × 28 cm and
depicting the Madonna and Child (Figure 1a). Thanks to its fair state of conservation, it
was possible to infer that the painting portrays the theme of Madonna del Buon Consiglio
(Mater Boni Consilii). The mentioned iconography shows the half-length Virgin holding the
Child to her left, with the Child tenderly wrapped around her neck while placing his hand
on the rich hem of his mother’s dress. Both the characters are covered by a single mantle,
that descends on the shoulders of both figures, from the head of the Virgin. They also have
two aureoles surrounding their heads, further surmounted by a colorful rainbow [1].
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mantle, that descends on the shoulders of both figures, from the head of the Virgin. They 
also have two aureoles surrounding their heads, further surmounted by a colorful 
rainbow [1]. 

 
Figure 1. (a) Oil on canvas painting depicting the theme of the Madonna del Buon Consiglio (Mater 
Boni Consilii), found in an old shop in Florence; (b) Prototype of the iconography “Madonna del Buon 
Consiglio”, preserved in the Sanctuary of Genazzano (Rome) since 1467. 

Marian iconography traces its roots back to the Augustinian Sanctuary of Genazzano 
(Rome), where the prototype of iconography is currently preserved (Figure 1b). The 
worship of Madonna del Buon Consiglio originated in 1467, with the sudden appearance of 
the votive painting which hung on the walls of the Sanctuary of Genazzano. According to 
the historical tale, during the mid-15th century, the image was removed by an Angel from 
the city of Shkodra,  Albania, in order to hide the  holy painting from the Ottoman 
invaders. The iconographic image and the related cult spread quickly, achieving 
remarkable success, especially among the Augustinian friars. It is noteworthy that its 
diffusion did not develop consistently, since the cult used to shift from moments of ascent 
to periods of decline, during the first half of the 18th century.  According to historical 
sources, worship reached the culmination of devotion in the last years of the 18th century, 
in the first part of the 19th century, and in the first half of the 20th century [1]. Generally 
speaking, the 18th century represents the period of the cult’s greatest spread from Central 
Italy to the South. Concurrently, a large number of copies of the iconography (about 
97,000) were distributed by devotees, as mentioned in a 1748 letter written by Andrea 
Bacci, canon of San Marco in Rome, and addressed to the historian De Orgio [1,2]. It is 
also documented that in May of 1756, the Abbot Antonio Landini arrived in the city of 
Florence with a copy of the icon, bringing the myth to the Church of Sant’Egidio, where 
we find a copy by an unknown artist, dated to 1811 (Figure 2a). On this occasion, the cult 
spread among the Florentine workshops, counting the numerous copies created over the 
period from the 18th to the 20th century [1–3]. 

Figure 1. (a) Oil on canvas painting depicting the theme of the Madonna del Buon Consiglio (Mater
Boni Consilii), found in an old shop in Florence; (b) Prototype of the iconography “Madonna del Buon
Consiglio”, preserved in the Sanctuary of Genazzano (Rome) since 1467.

Marian iconography traces its roots back to the Augustinian Sanctuary of Genazzano
(Rome), where the prototype of iconography is currently preserved (Figure 1b). The
worship of Madonna del Buon Consiglio originated in 1467, with the sudden appearance of
the votive painting which hung on the walls of the Sanctuary of Genazzano. According to
the historical tale, during the mid-15th century, the image was removed by an Angel from
the city of Shkodra, Albania, in order to hide the holy painting from the Ottoman invaders.
The iconographic image and the related cult spread quickly, achieving remarkable success,
especially among the Augustinian friars. It is noteworthy that its diffusion did not develop
consistently, since the cult used to shift from moments of ascent to periods of decline,
during the first half of the 18th century. According to historical sources, worship reached
the culmination of devotion in the last years of the 18th century, in the first part of the
19th century, and in the first half of the 20th century [1]. Generally speaking, the 18th
century represents the period of the cult’s greatest spread from Central Italy to the South.
Concurrently, a large number of copies of the iconography (about 97,000) were distributed
by devotees, as mentioned in a 1748 letter written by Andrea Bacci, canon of San Marco
in Rome, and addressed to the historian De Orgio [1,2]. It is also documented that in May
of 1756, the Abbot Antonio Landini arrived in the city of Florence with a copy of the icon,
bringing the myth to the Church of Sant’Egidio, where we find a copy by an unknown
artist, dated to 1811 (Figure 2a). On this occasion, the cult spread among the Florentine
workshops, counting the numerous copies created over the period from the 18th to the 20th
century [1–3].

Many of the reported paintings were realized by unknown artists, and preserved in
the Florentine Dioceses (Figure 2b–d). The pictures show strong similarities despite some
stylistic and chromatic variation (different colors of the mantles, the crowns of the Virgins,
and the backgrounds). However, information about the spread of the cult in previous
periods is still fragmentary and unclear.

The present work aims to preliminarily investigate the identity of the artwork, with
specific attention paid to its dating, which implies the need to understand whether we
are dealing with ancient iconography, or whether it is a late copy. In order to achieve
this goal, the first analytical approach used multispectral analysis (in the UV, visible, and
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infrared ranges), to distinguish the different materials comprising the painting. Ultravio-
let observation and digital image acquisition allowed for identification of old and recent
paint layers, overpainting, later additions, and retouches, consequently distinguishing
the original from subsequent pigments and dyes, depending on the different intensities
and shades of fluorescence [4–8]. The IR reflectography investigated the central layers of
the painting; due to the different absorbing properties of the constitutive materials, the
technique revealed the artist’s working methods, showing the presence of a preparatory
drawing, pentimenti, and retouches [4,7–10]. The second approach involved the use of X-ray
fluorescence (XRF), a non-invasive technique which is able to pinpoint the elementary
and qualitative composition of the employed pigments, which in turn provides useful
information regarding the authenticity and indirect dating of the painting, since the periods
of diffusion of certain pigments in the art market, are currently chronologically catego-
rized [9,11,12]. Finally, Attenuated Total Reflectance Infrared Spectroscopy (FTIR-ATR) was
used, to determine the nature of the varnish used [13,14].
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CMOS camera. The UV-induced fluorescence was obtained using filters Hoya UV-IR cut 
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Figure 2. Some oil on canvas depictions of the iconographic theme of Madonna del Buon Consiglio
(Mater Boni Consilii), painted by unknown painters during the 18th and 20th centuries: (a) Madonna
del Buon Consiglio, preserved in the Church of Sant’Egidio (Florence) since 1811; (b) Madonna del
Buon Consiglio, 18th century (Diocese of Florence); (c) Madonna del Buon Consiglio, 19th century;
and (d) Madonna del Buon Consiglio, painted in 1908 (Diocese of Florence).

2. Materials and Methods

The preliminary screening of the artwork was carried out by macroscopic observations
and detail acquisition of the surface, using a Canon EOS 1200D digital camera with a
0.25 m/0.8 ft, 18–55 mm MACRO lens.

Visible (VIS), ultraviolet (UV), and infrared (IR) imaging were performed with a
Madatec® multispectral imaging system, comprising a Samsung NX500 28.2 MP BSI CMOS
camera. The UV-induced fluorescence was obtained using filters Hoya UV-IR cut 52 and Yel-
low 495 F-PRO MRC, with Madatec® light sources (CR230B-HP) at a wavelength of 365 nm.
Additionally, 3 different visible blocking filters, at 760, 850, and 950 nm, respectively, were
used for IR reflectography.

The elemental analyses were carried out by an energy-dispersive X-ray fluorescence
spectroscopy (ED-XRF), using portable equipment with an X-ray generator with a W anode
(EISS srl), and an experimental Peltier-cooled silicon drift detector. The XRF spectra were
obtained while operating in the air at 36 kV, 350 µA, with data acquisition times of 120 s. The
sampled area was approximately 2 mm in diameter. The detector resolution ranged from
140 eV to 5.9 KeV (Mn Kα). Data were processed using PyMCA software [15], and pigments
were identified by consulting both Colour Lex [16], and scientific bibliographies [11,12].

Fourier Transform Infrared spectroscopy (FTIR) was performed using a Thermo Scien-
tific Nicolet Summit Pro spectrometer with an EverestTM Diamond ATR accessory, with
a spectral resolution of 4 cm−1, placing the painted surface directly in contact with the
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diamond of the ATR (at the paint loss in the upper left corner), investigating the spec-
tral region between 4000–600 cm−1. A total of 32 scans were performed on the sample,
and the spectrum was analyzed by comparing it with databases and scientific bibliogra-
phies [13,14,17,18].

3. Results
3.1. Preliminary Observations by Visual Analysis

Viewing the acquisitions in visible light allowed the opportunity to establish the
good state of conservation of the painting. It was possible to observe small signs of
aging, especially on the face of the Child and on the area surrounding the lips, in which
small craquelure are visible (Figure 3a). At the bottom right of the painting, there is a
barely legible inscription, which is presumably linked to an acronym added by the author
himself. In the final part of the inscription, the last letters (IVRI) are discreetly recognizable
(Figure 3b). Along the edges of the frame there are lifts and craquelure of the paint layer
(Figure 3c,d), caused by the fold of the canvas support, which occurred after the placing of
the frame. Through the cracks, it is possible to catch a glimpse and distinguish the wide
texture of the rough canvas, also visible at the back of the painting (Figure 3f). A small
amount of paint loss is located in the upper left corner, and the frame is characterized by
simple workmanship, with a thickness of 1 cm (Figure 3e). On the backside, the frame is
also in a good state of conservation, and it does not show any particular signs of aging. On
the top, in the central area of the frame, two small holes are visible, probably attributable to
the insertion of old nails. The canvas support shows plaster residue in the lower register,
near the frame ruler (Figure 3f).
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Figure 3. Macroscopic observation: (a) craquelure visible on the Child’s lips; (b) inscription at the
bottom right of the painting; (c) liftings of the paint layer; (d) craquelure of the paint layer; (e) small
paint loss in the left upper corner; and (f) support frame (back) with plaster residue (yellow arrow).

3.2. Multispectral Imaging

The UV-induced visible fluorescence images of the painting (Figure 4) show the
presence of some retouches and restoration areas, which appear as darker spots (absence of
visible fluorescence) in comparison with the general green/yellow fluorescence, due to the
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presence of a protective varnish. The paint additions are limited to small areas located on
the faces of both the characters, on the hand of the Child, and on the crown of the Madonna
(Figure 4a,b). Moreover, the uneven distribution of the varnish is noticeable, according to
the presence of areas with different intensity of the green fluorescence. This last observation
is more evident in the acquisitions made with the yellow filter (F-PRO MRC Yellow 495)
(Figure 4b). It is possible to better distinguish areas with thinner varnish layers, which
can be identified by less intense fluorescence, and areas that show an excess of varnish,
identified by more intense fluorescence. As widely discussed in the scientific literature [17],
different aging binders have similar fluorescence emissions.
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Figure 4. UV-induced visible fluorescence: (a) the image shows the presence of retouches and
restoration as dark details, found in the faces of both the child and the Madonna, as well as in the
child’s hand, and the crown of the Madonna; (b) inhomogeneous varnish coating probably caused by
brush strokes (white arrow).

In the upper right corner, the inhomogeneous varnish coating provides informa-
tion about the application process, which was probably performed using brush strokes
(Figure 4b).

The IR reflectography investigation did not reveal traces of either underlying drawings
made with absorbent IR material (i.e., charcoal, pencil, or black pigment brush), or traces
of pentimenti (Figure 5). This may suggest a strong technical mastery by the artist. The
background IR response showed high homogeneity and consistency, providing indicative
information about the blue pigment used. In fact, based on the IR reflectography response,
it is possible to assume the use of Prussian blue or ultramarine blue. According to the
literature [19–21], these pigments generally show an appearance of medium gray color,
that can become darker if the analyzed layer is very thick. It should be kept in mind that
the pictorial layer consists of a multi-material surface, so the response could be influenced
by the absorption of the outer protective films [12]. More information is provided through
elemental chemical studies, which are reported in the following section.
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Figure 6. Details of the inscription: images acquired using Visible (a), UV (b), and IR (950 nm) (c); 
(b) There is a homogeneous and intense coat of varnish; (c) No more letters have been identified. 

3.3. Elemental Analyses of Pictorial Layers (ED-XRF) 
For the identification of pigments, a chemical analysis using X-ray fluorescence was 

carried out. As a non-destructive method, the technique was performed over 22 different 
points of the painting (Figure 7), in order to obtain meaningful data on the pigments, and 
to collect all of the different chromatic shades that define the artist’s palettes [11,12]. 

Figure 5. IR reflectography acquisitions by using the following filters: 760 nm, 850 nm, 950 nm. No
traces of underdrawings or pentimenti were detected.

The acquisitions made at 950 nm, made the darker areas and the brighter areas more
distinguishable. It gave the impression that the artist was trying to create areas of chiaroscuro,
by mixing the pigments with white [19,21].

Finally, in the area of the supposed acronym, a homogeneous and intense fluorescence
of the varnish appeared. Such evidence allowed us to assume that the inscription was
probably coeval with the realization of the painting (Figure 6b). The IR acquisitions did not
allow for discernment of further letters in addition to those already identified by the first
macroscopic observation (Figure 6c).
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Figure 6. Details of the inscription: images acquired using Visible (a), UV (b), and IR (950 nm) (c);
(b) There is a homogeneous and intense coat of varnish; (c) No more letters have been identified.

3.3. Elemental Analyses of Pictorial Layers (ED-XRF)

For the identification of pigments, a chemical analysis using X-ray fluorescence was
carried out. As a non-destructive method, the technique was performed over 22 different
points of the painting (Figure 7), in order to obtain meaningful data on the pigments, and
to collect all of the different chromatic shades that define the artist’s palettes [11,12].

The XRF analysis (Table 1) identified the presence of elements such as lead (Pb) and
calcium (Ca) for each analyzed area, probably due to preparation of the canvas with chalk
together with an imprimitura. This canvas was made of lead white [2PbCO3 Pb(OH)], a
pigment historically known as Biacca and which has, since ancient times, been widely used,
both for the realization of primers, and for mixture in painting layers [11,12,21,22].
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Figure 7. Mapping of the X-ray Fluorescence measuring points (1–22) in the painting. The 22 points
have been chosen in order to obtain information on the different chromatic shades that define the
artist’s palette.

Small amounts of mercury (Hg) were detected, mainly on the cheeks and the lips
of the two figures (spots 3, 4, and 5) (Figure 8a). It is reasonable to assume the use of
cinnabar (natural) or vermilion (synthetic) (HgS), probably combined with white pigments,
to obtain a more realistic rendering of the redness of the skin. The element which is mainly
responsible for the red, green, and yellow fields, is iron (Fe), which can be related to the use
of ochre (red and yellow ochre) and earth pigments (green earth) [23]. This last assumption
is further confirmed by the presence of small amounts of potassium (K), titanium (Ti),
and copper (Cu), which are related to impurities in the earth pigments [11,24,25]. The
mentioned elements, including cinnabar, are not useful for indirect dating, due to the fact
that they are widely used across all historical periods [11]. On the yellow edge of the
mantle of the Madonna, and on the Child’s aureole, the presence of small amounts of gold
(Au) were detected, which speaks to the artist’s intention of enriching and decorating the
painting (Figure 8b).
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Table 1. Elemental composition detected, as corresponding to the 22 investigated points. The values are expressed in percentages after being normalized to W counts.

Spot Description K [K] Ca [K] Ti [K] Mn [K] Fe [K] Co [K] Cu [L] Zn [K] As [K] Sr [K] Ba [L] Au [L] Hg [L] Pb [L]

1 Neck incarnate
of Madonna 3.6 ± 0.2 4.4 ± 0.5 22.2 ± 0.4 1.6 ± 0.1 30.0 ± 0.5 0.3 ± 0.1 20.5 ± 0.6 17.4 ± 0.4

2 Face incarnate
of Madonna 12.0 ± 0.3 4.4 ± 0.6 8.3 ± 0.3 2.0 ± 0.2 40.5 ± 0.6 0.8 ± 0.1 28.0 ± 0.7 4.0 ± 0.2

3
Cheeks

incarnate of
Madonna

4.0 ± 0.2 3.6 ± 0.4 12.8 ± 0.3 1.7 ± 0.1 21.3 ± 0.4 14.7 ± 0.5 6.6 ± 0.3 35.3 ± 0.5

4 Madonna’s lips 30.5 ± 0.7 2.5 ± 0.6 0.8 ± 0.2 18.5 ± 0.5 5.1 ± 0.3 20.0 ± 0.6 0.5 ± 0.2 14.6 ± 0.8 0.8 ± 0.3 6.7 ± 0.4
5 Child’s lips 0.3 ± 0.1 3.3 ± 0.1 0.2 ± 0.1 1.3 ± 0.1 65.8 ± 0.6 2.0 ± 0.1 0.5 ± 0.1 1.0 ± 0.2 11.4 ± 0.3 14.5 ± 0.3

6 Face incarnate
of Child 8.1 ± 0.2 3.3 ± 0.4 16.1 ± 0.3 1.6 ± 0.1 28.3 ± 0.5 0.4 ± 0.1 20.9 ± 0.6 21.4 ± 0.4

7 Child’s dress traces 9.1 ± 0.3 0.7 ± 0.2 0.7 ± 0.1 41.6 ± 0.6 2.2 ± 0.2 5.4 ± 0.3 traces 3.0. ±0.3 33.2 ± 0.5 4.0 ± 0.2

8 Madonna’s
dress 0.2 ± 0.1 8.9 ± 0.3 1.5 ± 0.3 0.9 ± 0.1 42.7 ± 0.6 9.7 ± 0.3 3.1 ± 0.2 16.3 ± 0.4 0.3 ± 0.1 8.4 ± 0.4 0.5 ± 0.2 7.8 ± 0.3

9 Child’s index
finger 0.2 ± 0.1 3.5 ± 0.2 2.6 ± 0.3 0.5 ± 0.1 37.4 ± 0.5 1.3 ± 0.1 19.5 ± 0.4 traces 13.5 ± 0.5 2.1 ± 0.2 19.6 ± 0.4

10 Green mantle
(upper dx side) 0.3 ± 0.1 6.2 ± 0.2 1.2 ± 0.2 0.8 ± 0.1 50.5 ± 0.6 1.9 ± 0.1 6.7 ± 0.2 5.3 ± 0.3 27.4 ± 0.4

11 Green mantle
(lower dx side) 0.4 ± 0.1 6.4 ± 0.2 0.9 ± 0.2 0.9 ± 0.1 64.2 ± 0.6 1.3 ± 0.1 4.4 ± 0.2 3.7 ± 0.3 18.2 ± 0.3

12 Mantle edge 0.2 ± 0.1 3.9 ± 0.2 0.6 ± 0.2 0.6 ± 0.1 45.9 ± 0.5 1.6 ± 0.1 4.2 ± 0.2 4.9 ± 0.4 3.2 ± 0.3 0.4 ± 0.2 1.9 ± 0.2 32.8 ± 0.6
13 Acronym 0.3 ± 0.1 5.5 ± 0.2 0.3 ± 0.1 1.2 ± 0.1 69.4 ± 0.6 1.5 ± 0.1 0.8 ± 0.1 2.7 ± 0.3 0.8 ± 0.2 17.8 ± 0.4

14 Child’s aureole
(yellow area) 0.3 ± 0.1 5.6 ± 0.2 1.1 ± 0.3 0.7 ± 0.1 58.7 ± 0.6 1.3 ± 0.1 5.7 ± 0.2 1.5 ± 0.3 0.2 ± 0.1 8.6 ± 0.4 0.9 ± 0.1 2.9 ± 0.2 12.9 ± 0.4

15 Child’s aureole
(red area) 0.4 ± 0.1 5.5 ±0.2 0.2 ± 0.1 1.0 ± 0.1 60.4 ± 0.6 1.8 ± 0.1 1.2 ± 0.2 1.2 ± 0.2 2.3 ± 0.2 17.5 ± 0.4 8.6 ± 0.3

16 Madonna’s
aureole 6.2 ± 0.2 1.4 ± 0.2 0.4 ± 0.1 59.6 ± 0.5 1.1 ± 0.1 7.1 ± 0.2 2.1 ± 0.2 0.2 ± 0.1 6.4 ± 0.3 15.4 ± 0.3

17 Background 0.2 ± 0.1 9.6 ± 0.3 1.2 ± 0.1 0.5 ± 0.1 43.0 ± 0.6 3.9 ± 0.2 1.6 ± 0.1 6.1 ± 0.2 traces 5.9 ± 0.3 27.9 ± 0.4
18 Rainbow (red) 0.2 ± 0.1 7.9 ± 0.2 1.3 ± 0.4 0.3 ± 0.1 35.3 ± 0.5 6.4 ± 0.3 1.4 ± 0.1 19.9 ± 0.4 0.3 ± 0.1 14.7 ± 0.5 1.8 ± 0.2 10.4 ± 0.3

19 Rainbow
(yellow) 11.0 ± 0.3 1.2 ± 0.3 0.2 ± 0.1 31.5 ± 0.5 4.3 ± 0.2 1.6 ± 0.1 28.1 ± 0.5 0.4 ± 0.1 12.3 ± 0.5 9.6 ± 0.3

20 Rainbow
(green) 14.5 ± 0.4 3.3 ± 0.5 21.0 ± 0.5 10.3 ± 0.3 3.0 ± 0.2 25.6 ± 0.5 0.5 ± 0.1 17.0 ± 0.6 8.9 ± 0.4 4.8 ± 0.3

21 Madonna’s
hair 0.3 ± 0.1 4.1 ± 0.1 0.8 ± 0.2 1.3 ± 0.1 75.0 ± 0.6 1.0 ± 0.1 4.0 ± 0.1 traces 4.7 ± 0.3 0.7 ± 0.1 8.1 ± 0.2

22 Child’s collar traces 7.3 ± 0.2 2.2 ± 0.4 0.4 ± 0.1 30.8 ± 0.5 1.7 ± 0.1 16.3 ± 0.4 0.3 ± 0.1 15.6 ± 0.5 2.3 ± 0.2 23.0 ± 0.4
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The presence of lead (Pb), zinc (Zn), and barium (Ba), suggest the use of many white
pigments, which were often mixed together in an effort to improve the aesthetic qualities
of the white color [26]. The measurements of the incarnate (spots 1, 2, and 6) show greater
intensities of the elements of zinc (Zn) and barium (Ba) than that of lead (Pb). This is
connected to the choice of the artist to use a different white pigment, created by the union
of Zinc white (ZnO) and Blanc Fixe (BaSO4), or by using Lithopone (ZnS + BaSO4) for the
realization of the complexions. The latter is a pigment of inorganic, mineral, and synthetic
origin, which is obtainable through coprecipitation, by reacting barium sulfide and zinc
sulfate in such a way that the contents of the two elements are in a fixed ratio [11]. From the
fixed Zn/Ba ratio found in the measurements of the incarnates (Table 2), such a balanced
use is presumed, with this information being extremely important for purposes of indirect
dating. In fact, Lithopone was introduced and used as a substitute for Lead white, following
the discovery, in 1874, of its toxicity [11,24].
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Table 2. Zinc (Zn) and barium (Ba) compositions detected in the 22 investigated points, and their
respective ratios (Zn/Ba).

Spot Description Zn [K] Ba [L] Zn/Ba Ratio

1 Neck incarnate of Madonna 30.0 ± 0.5 20.5 ± 0.6 1.46 ± 0.07
2 Face incarnate of Madonna 40.5 ± 0.6 28.0 ± 0.7 1.45 ± 0.06
3 Cheeks incarnate of Madonna 21.3 ± 0.4 14.7 ± 0.5 1.44 ± 0.08
4 Madonna’s lips 20.0 ± 0.6 14.6 ± 0.8 1.36 ± 0.12
5 Child’s lips 0.5 ± 0.1 1.0 ± 0.2 0.50 ± 0.20
6 Face incarnate of Child 28.3 ± 0.5 20.9 ± 0.6 1.35 ± 0.06
7 Child’s dress 5.4 ± 0.3 3.0. ±0.3 1.8 ± 0.28
8 Madonna’s dress 16.3 ± 0.4 8.4 ± 0.4 1.94 ± 0.14
9 Child’s index finger 19.5 ± 0.4 13.5 ± 0.5 1.44 ± 0.08
10 Green mantle (upper dx side) 6.7 ± 0.2 5.3 ± 0.3 1.20 ± 0.11
11 Green mantle (lower dx side) 4.4 ± 0.2 3.7 ± 0.3 1.18 ± 0.15
12 Mantle edge 4.2 ± 0.2 3.2 ± 0.3 1.31 ± 0.19
13 Acronym 0.8 ± 0.1 0.8 ± 0.2 1.00 ± 0.38
14 Child’s aureole (yellow area) 5.7 ± 0.2 8.6 ± 0.4 0.66 ± 0.05
15 Child’s aureole (red area) 1.2 ± 0.2 2.3 ± 0.2 0.52 ± 0.13
16 Madonna’s aureole 7.1 ± 0.2 6.4 ± 0.3 1.10 ± 0.08
17 Background 6.1 ± 0.2 5.9 ± 0.3 1.03 ± 0.09
18 Rainbow (red) 19.9 ± 0.4 14.7 ± 0.5 1.35 ± 0.07
19 Rainbow (yellow) 28.1 ± 0.5 12.3 ± 0.5 9.60 ± 0.13
20 Rainbow (green) 25.6 ± 0.5 17.0 ± 0.6 4.80 ± 0.08
21 Madonna’s hair 4.0 ± 0.1 4.7 ± 0.3 8.10 ± 0.08
22 Child’s collar 16.3 ± 0.4 15.6 ± 0.5 23.0 ± 0.10

3.4. FTIR-ATR Spectroscopy

XRF analysis was found inadequate for the identification of the blue pigment, due to
the limitations of the instrument. However, the absence of the characteristic peaks referable
to other historically-used blue pigments, allows us to hypothesize the use of either Prussian
blue (Fe4[Fe(CN)6]·nH2O) or ultramarine blue (Na8Al6Si6O24S4) [11,20]. More observations
on this subject are provided by the only FTIR analysis undertaken in this study (Figure 9,
Table 3).
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Table 3. Summary of the absorption bands and the characteristic peaks collected using FTIR-ATR
spectroscopy.

Wavenumber (cm−1) Functional Group

2917 C-H stretch
2848 C-H stretch
1701 C=O stretch
1460 CH2 bend
1653 C=C stretch
1228 C-O stretch

730/720 CH2 rocking
1009 Si-O stretch

The ATR spectrum obtained shows an intense band at ~950–1100 cm−1, related to the
characteristic bands of silicates, in particular bands of
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linked with the constitutive units of the lazurite [27], which is the main component of the
ornamental stone from which the ultramarine blue pigment is produced. The absence of
the typical bands related to the asymmetric stretching of the C≡N group at ~2090 cm−1,
in agreement with the IRUG database [28,29], allows us to exclude the use of the Prussian
Blue, a pigment composed of ferric ferrocyanide (Fe4[Fe(CN)6]·nH2O). From those data, we
assume the use of ultramarine blue (Na8Al6Si6O24S4), for the realization of the background.

Finally, it was possible to recognize the nature of the varnish by using FTIR analysis.
The characteristic absorbances of natural resin were clearly distinguished: bands at 2917
and 2848 cm−1 can generally be attributed to the C-H stretching; the band centred at
~1701 cm−1 can be related to C=O stretching of carboxylic group of fatty acid and esters;
the band at ~1460 cm−1 is related to the bending of the CH2 groups and the asymmetric
bending of the CH3 groups; the band at 1653 cm−1 is due to C=C stretching; the band
at ~1230 cm−1 is related to C-O stretching; and the band at ~3410 cm−1 is due to O-H
stretching [8,14,18,30–37]. According to the literature [8,14,18,30–34], we can hypothesize
the presence of shellac, which is a sesquiterpenic resin of animal origin that is secreted by
an insect (Laccifer lacca) that infests the trees on which the resin is deposited. Historically
speaking, shellac was mainly used not only for wooden furniture, but also as a varnish
for paintings, although this application remained unknown in Europe until the 16th cen-
tury [30]. Furthermore, sometimes it was mixed with other resins or waxes; in fact, the
presence in the FTIR spectrum of a double band at ~730/720 cm−1, is probably due to the
accompanying shellac wax [18].

4. Discussion

The combined use of different analytical techniques, allowed us to study the painter’s
palettes (Table 4), which are apparently composed of a few pigments, primarily based
on green earths, yellows, and red ochres. The use of raw materials as artistic pigments
started in prehistoric times, following which their usage spread, due to low cost and ready
availability [23]. Furthermore, natural-based colored pigments were often mixed with white
powders, which were used from the second half of the XIX century onwards, according to
the analysis carried out in the present study. In particular, the presence of zinc and barium,
with traces of titanium, reveals the use of Lithopone, which, as mentioned above, was
introduced in 1874 [11,24].

As a matter of fact, white pigments are the most widely employed pictorial materials,
but also the most replaced compounds, from the second half of 19th century and the
first half of the 20th century [26]. The substitution was carried out due to the awareness
of the toxicity of white Lead [26,27], which had been used daily until that time. The
changeover started during the Industrial Revolution, and immediately after the Second
World War [38–41], white Lead was permanently abandoned. In the 1920s, further white
pigments were introduced, including Lithopone (1920–1940), and white mixed from zinc
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and titanium (1940–1960). Both zinc and titanium will be replaced by modern titanium
white (1960) [42,43], which features excellent covering power and wider availability [26].

Table 4. Summary of the artist’s palettes as obtained by XRF analysis, and their historical periods
of use.

Colour Spots of Analysis Identification History of Use

White 1; 2; 6 Lithopone XIX century
Red 8; 7; 15; 18 Red ochres Prehistory

Yellow 12; 14; 16; 19; 22 Yellow ochres Prehistory
Green 10; 11; 20 Green earth XIV century
Brown 21 Ochres Prehistory

Red of incarnate 3; 4; 5 Cinnabar or Vermilion XVI century
Blue 17 Ultramarine blue XIV century.

The crucial element of the devotional paintings is the use of pigments with symbolic
chromatism: the ultramarine blue (lapis lazuli) was used to indicate spirituality, the gold
was related to sovereignty, and the red cinnabar denoted sacrifice [11]. This symbolic use
of color also applies to the present study. Using a multianalytical approach, it was possible
to detect the use of ultramarine for the background, and the application of cinnabar for
the carnation of the two figures. According to technical sources, ultramarine blue was
widely used in Europe between the XIVth and XVth centuries. Due to its high price, it
was gradually replaced with cheaper alternatives, until artificial ultramarine was finally
synthesized, in 1828 [44]. Since natural and artificial ultramarine blue have similar chemical
compositions and properties, discerning between the two is difficult, but still possible.
Further studies on the application of Raman spectroscopy, and more invasive analyses, i.e.,
optical techniques or scanning electron microscopy, could better clarify this aspect.

A similar issue is often found in the case of cinnabar. Its primary natural form is
red mineral mercury sulfide powder, whose use is attested to in antiquity. In medieval
Europe, the artificial alternative began to be produced under the name vermilion [45,46].
Due to their compositional similarities, it is not always possible to distinguish natural
cinnabar (cinnabar) from synthetic (vermilion), using analytical techniques. Despite that,
the electrochemical characteristics of impurities involved in the formation process could
provide information that is helpful for resolving this issue [46–48].

However, the presence of Lithopone in the artist’s palette provides information that
assists in answering our question. Therefore, we are able to establish a terminus post
quem (1874), determining the modern production. From these observations it is possible
to outline the identity of the artwork, and to date it back to a temporal range between the
19th and 20th centuries. To conclude this issue, the painting can be defined as a copy.

5. Conclusions

A non-invasive diagnostic campaign was carried out, with the aim of obtaining
information useful to determining the date of the artwork. Combining different scientific
techniques (multispectral imaging, XRF, and FTIR-ATR) made it possible to understand
the creative process of the work, the pigments that characterized the artist’s palettes, and
the state of conservation of the painting. Imaging investigations revealed a good state of
preservation, including the presence of retouches and restorations carried out in small areas
of the painting (faces of the two figures), and the absence of an underdrawing, suggesting
a freedom of execution by the artist. The palettes used by the artist consisted mainly of
ochres (red and yellow ochre), earth pigments (green earth), ultramarine blue (which was
used for the realization of the background), and white Lead, which suggests the presence
of a preparatory layer based on biacca and gypsum. For the incarnate, the presence of
Lithopone confers the terminus post quem of the work, considering that production of
it began in 1874. Therefore, it is possible to classify the artwork as one of the copies of
classical iconography, and to place it in a time range between the 19th and 20th centuries.
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FTIR spectroscopic analysis allowed for determination of the nature of the varnish applied,
which consisted of shellac and accompanying waxes.

These results could be helpful for conservators, especially for those planning a correct
intervention of conservation and restoration, and for solving attribution issues that in this
case are unresolved. In fact, it was not possible to identify the acronym at the bottom of the
painting, but a future study of historical-iconographic type, could clarify the issue.
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23. Hradil, D.; Grygar, T.; Hradilová, J.; BezdičKa, P. Clay and iron oxide pigments in the history of painting. Appl. Clay Sci. 2003, 22,
223–236. [CrossRef]

24. Picollo, M.; Bacci, M.; Magrini, D.; Radicati, B.; Trumpy, G.; Tsukada, M.; Kunzelman, D. Modern White Pigment: Their
Identification By Means of Noninvasive Ultraviolet, Visible, and Infrared Fiber Optic Reflectance Spectroscopy. In Modern Paints
Uncovered: Proceedings from the Modern Paints Uncovered Symposium, Tate Modern, London, UK, 16–19 May 2006; Learner, T.J.S.,
Smithen, P., Krueger, J.W., Schilling, M.R., Eds.; Getty Conservation Institute: London, UK, 2006; pp. 118–128.

25. Bracci, S.; Giachi, G.; Liverani, P.; Pallecchi, P.; Paolucci, F. Polychromy in Ancient Sculpture and Architecture; Casa Editrice Sillabe
S.r.l.: Livorno, Italy, 2018.

26. Pronti, L.; Felici, A.C.; Ménager, M.; Vieillescazes, C.; Piacentini, M. Spectral Behavior of White Pigment Mixtures Using
Reflectance, Ultraviolet-Fluorescence Spectroscopy, and Multispectral Imaging. Appl. Spectrosc. 2017, 71, 2616–2625. [CrossRef]

27. Gettens, R.J.; Kühn, H.; Chase, W.T. Lead White. In Artists’ Pigments. A Handbook of Their History and Characteristics; Roy, A., Ed.;
Oxford University Press: London, UK, 1993; Volume 2.

28. Infrared and Raman Users Group Spectral Database (IRUG Database). Available online: www.irug.org (accessed on
13 December 2022).

29. Rampazzi, L.; Brunello, V.; Corti, C.; Lissoni, E. Non-invasive techniques for revealing the palette of the Romantic painter
Francesco Hayez. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2017, 176, 142–154. [CrossRef]

30. Derry, J. Investigationg Shellac: Documenting the Process, Defining the Product: A Study on the Processiong Methods of Shellac, and the
Analysis of Selected Physical and Chemical Characteristics; The Institute of Archeology, Conservation and History: Oslo, Norway, 2012.

31. Masae, M.; Pitsuwan, P.; Sikong, L.; Kooptarnond, K.; Kongsong, P.; Phoempoon, P. Termo-physical characterization of paraffin
and beeswax on cotton fabric. Thammasat Int. J. Sci. Technol. 2014, 19, 69–77.
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