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Abstract Here for the first time we describe the use of high
resolution nanoprobe X-ray fluorescence (XRF) mapping
for the analysis of artists’ paints, hierarchically complex
materials typically composed of binder, pigments, fillers,
and other additives. The work undertaken at the nanoprobe
sought to obtain highly spatially resolved, highly sensitive
mapping of metal impurities (Pb, Cd, Fe, and other metals)
in submicron particles of zinc oxide pigments used in early
20th century artists’ tube paints and enamel paints, with
particular emphasis on Ripolin, a popular brand of French
house paint used extensively by Pablo Picasso and some of
his contemporaries. Analysis revealed that the Zn oxide par-
ticles only contain a little Fe, proving that the highest quality
Zn oxide pigment, free of Pb and Cd, was used for Ripolin
house paints as well as artists’ paints. Nanoprobe XRF map-
ping also demonstrated that artists’ tube paints generally
have more abundant fillers and additional whites (based on
Pb, Ti, Ca) than Ripolin paints, which contain mostly pure
zinc oxide. The chemical characterization of paints at the
nanoscale opens the path to a better understanding of their
fabrication and chemical reactivity.

1 Introduction

The detailed characterization of artists’ paints and indus-
trial coatings—hierarchically complex materials typically
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composed of binder, pigments, fillers and other additives—
presents a multiscale challenge. Techniques for the char-
acterization and mapping of inorganic paint components
at multiple length scales are well established, but until
the present day high-sensitivity measurements with submi-
cron resolution were scarcely available (Fig. 1). For ex-
ample, fiber-optics reflectance spectroscopy (FORS, 350 to
2500 nm) and hyper-spectral imaging have been demon-
strated to resolve and map multiple pigments on entire paint-
ings, probing the meter and cm scales easily and effec-
tively [1]. At the mm scale, X-ray fluorescence spectroscopy
and mapping with portable systems have been extensively
used [2, 3], and recently the possibility to map pigment dis-
tribution over entire paintings has also been described [4].
Scanning electron microscopy with energy dispersive X-ray
spectroscopy (SEM/EDX) is well established as a routine
tool in cultural heritage research to map pigment distribu-
tion within cross sections of paintings at micrometer-scale
resolution; and in the last few decades, Fourier Transform
Infrared (FTIR) [5], Raman and FT-Raman microspectro-
scopies have offered similar capabilities for molecular map-
ping [6-8]. Synchrotron-based techniques such as micro-
X-ray diffraction (XRD) and micro-X-ray absorption near-
edge spectroscopy (XANES) are also increasingly used
to probe original components and degradation products in
cross sections from paintings and other samples [9—11]. Un-
til now, however, it was not possible to visualize elemental
composition and nanoscale distribution of elements within
individual submicrometric pigment particles, which, in the
case of zinc-oxide-based paints, have diameters typically
ranging between 200 nm and 1 pm [12]. Thus, the question
remained whether impurities identified in the chemical anal-
ysis of paints were located in the binding matrix or within
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Fig. 1 Hierarchical paint characterization from cm to nm: (a) undated
historic tube of Lefranc zinc white artists’ oil paint labeled “Blanc de
Zinc” (2009.32); (b) bulk XRF spectrum of the paint from the tube (ap-
proximate area analyzed is 8 mm in diameter); (¢) Backscattered scan-
ning electron microscope image of a sample of the white paint from

the ZnO pigment particles themselves. Recent experiments
at the Hard X-Ray Nanoprobe of the Advanced Photon
Source at Argonne National Laboratory allowed breaking
this barrier. This next generation hard X-ray microscopy and
imaging system combines superior spatial resolution (down
to 30 nm) with very high elemental sensitivity [13] allow-
ing the visualization of unprecedented information within a
single grain of pigment.

Here the compositional study of zinc oxide pigments
used in early 20th century artists’ tube paints and enamel
paints is described. The motivation for this work is twofold:
firstly, the capability of mapping metal impurities within
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(a) and elemental maps showing the distribution of Zn, S, Ba (area
scanned is 100 um wide); (d) Scanning Transmission Electron Micro-
graph of a thin section (250-nm thick by 20-um wide) of the white paint
from (a); (e) nano-XRF maps showing spatial distribution of elements
within the same paint, over a 3 x 3 um? area

pigment particles might prove helpful in distinguishing dif-
ferent manufacturing routes and providing an increased un-
derstanding of their chemical reactivity. Secondly, recent in-
terest in the different range of luminescence properties of
various zinc-based white pigments [14, 15], and the ex-
tensive knowledge-base on the effects of metal impurities,
particle size and shape on the photoluminescence of ZnO
nanoparticles [16] suggest that achieving spatial correlation
of impurities with ZnO nanoparticles of different origins and
productions may be extremely useful to better understand
the observed modifications to the electronic structure of this
wide band semiconductor.
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1.1 Pablo Picasso and Ripolin paints

Although known since the previous century, white paints
based on zinc oxide became commercially significant only
in the mid-19th century, when formulations with good hid-
ing power in oil and acceptable drying times due to the ad-
dition of suitable driers were achieved [17]. France was an
early adopter of zinc white for house paints because of toxic-
ity concerns with lead white (basic lead carbonate, or hydro-
cerussite, 2PbCO3-Pb(OH),), and the need for paint coat-
ings that would not darken when exposed to the polluted
atmospheres of the times, which were rich in sulphurous
gases. Legislation dating back to at least 1909 banned the
use of lead white in France for certain applications [18].
Messrs. Leclaire & Co of Paris have been traditionally cred-
ited with discovering zinc paint [19]. One of the first com-
mercial companies to manufacture high-quality zinc-oxide
enamel paints on a large scale was the Ripolin company, es-
tablished in 1897 at the outskirts of Paris through the merger
of a Dutch enterprise and the French firm Lefranc, the
renowned manufacturer of artists’ materials [20]. Ripolin
paints quickly rose to remarkable fame and held a sta-
ble market dominance position for several decades, leading
to the frequent use of “ripolin” as synonymous term with
enamel paints in general.

One of the early adopters of this household enamel paint
for artistic uses was Pablo Picasso (1881-1973), quickly fol-
lowed by many other avant-garde artists of his time [20]. Pi-
casso’s painting practices marked a radical departure from
those of his predecessors because of his pioneering intro-
duction of industrial, commonplace materials into the fine
art studio. Ripolin provided quick drying paints that ren-
dered brushless, glossy, enamel-like surfaces in a range of
bright colors, with good covering power, effects that were
difficult to achieve with artists’ paint tubes. Picasso used
Ripolin paints starting as early as 1912 and continued their
use throughout his long and productive career, alongside
other brands of house paints and artists’ paints [21, 22].

Because the main components of these bio-based resins
are triglyceride oils (mostly stand-oil, or prepolymerized,
heat-treated oil) and natural resin varnishes, these systems
have often been referred to as oleoresinous paints. Before
1950, white Ripolin paints produced in France were typi-
cally composed of zinc oxide with only trace amounts of
fillers or extenders (only sporadic traces of barium sulfate
have been detected in formulations throughout the years).
Because of the fine and extensive grinding process under-
gone by the paints, the pigment had extremely small particle
size (with high concentration of particles in the 150-300 nm
length/diameter range) and a very limited presence of acic-
ular zinc oxide crystals [21]. In the mature paints, products
of the interaction of ZnO and the oleoresinous medium are
present, as well as other organometallic salts of cobalt, man-
ganese, lead, and possibly zinc used as paint driers. Given

that both artists’ and industrial paints were based on oleo-
resinous media before 1950, in many cases not even a com-
plete chemical analysis can uniquely identify and distin-
guish all their components [22], and presently only particle
size analysis appears to successfully distinguish between the
two types.

The nanoprobe investigation described in this work al-
lowed testing different types of historic zinc oxide pigments
to establish the nature and abundance of metallic impurities
for both artists’ and household Ripolin paints.

1.2 Historical production of zinc oxide for paints and
coatings in the early 20th C

The historical technical literature documents two main man-
ufacturing processes available in the early 20th century that
produced zinc oxide pigments of variable purity and quality.
The French (also called indirect) process used metallic zinc
as starting material, boiling the metal in contact with air and
collecting the resulting oxide [23, 24]. The American (di-
rect) process used franklinite as starting material, a natural
ore of zinc carbonate, which was roasted in air together with
a carbonaceous reducing agent such as coal.

The pigment was sold in different grades, containing
varying levels of impurities. The main impurities were typ-
ically Cd, Pb, Sb, Fe, S in amounts ranging between 0.2 to
over 1 w% [17, 25]. Cd was considered particularly detri-
mental as its colored oxides would diminish the whiteness
of the zinc oxide pigment [23]. For the indirect process, the
finest pigment grade was termed “White seal” and was de-
rived from electrolytic zinc, free from associated metals, as
starting material. It had a slight bluish cast and was used
for pharmaceutical purposes and also for the finest quality
of full gloss house paints: it was entirely free of Pb and
with impurities not exceeding 0.2 w%. “Green and Red seal”
zinc whites, mostly used in paint manufactory, had approxi-
mately 1 w% impurities, consisting mainly of Pb, with traces
of Cd, Fe, and Sb, which imparted a slight yellowish tinge
to the final product. “Blue and Yellow seal” were the lowest,
most impure grades. The direct process oxide tended to be
more impure and generally contained small amounts of Pb
as the basic sulfate, ranging from 1 up to 4 w%.

2 Experimental details

2.1 Paint samples

The samples analyzed were drawn from an extensive refer-
ence collection of mainly French house- and artists’ paints
from the first half of the 20th century housed at the Art

Institute of Chicago (AIC) [20]. The nanoprobe survey in-
vestigated four examples of artists’ tube paints by noted
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French manufacturers Lefranc and Lefebvre Foinet, as well
as Dutch manufacturer Claus and Fritz, along with a sample
of present-day chemical grade zinc oxide (Sigma Aldrich).
Four samples of enamel paints of Ripolin production and
two of American production were also investigated, as well
as five samples from paintings by Pablo Picasso and Francis
Picabia. The subset described here includes representative
examples within this larger group. Specifically: white paints
from a swatch of Blanc de neige #1 of a Ripolin paint color
chart datable between 1929 and 1946 (AIC reference num-
ber B02), as well as a sample of Gloss white paint (AIC ref.
n. HPO31) of Ripolin paint of American production, gener-
ously provided by the National Gallery, Washington, DC,
USA, are described in detail. The latter paint is the only
one in alkyd medium, which dates the paint after the mid-
1930s, when alkyds were first introduced. Two different un-
dated historic tubes of Lefranc zinc white artists’ oil paints
were also analyzed and are described herein, a tube labeled
“pour decoration artistique” (AIC ref. n. 2007.48) and one
of “Blanc de Zinc” (2009.32). Finally, a sample of white
paint and ground from a painting by Pablo Picasso that was
suspected to contain Ripolin paints is also described [19].
The painting is entitled Nature morte aux trois poissons, a la
murene, au citron vert sur fond blanc (Still Life with Three
Fish, Moray Eel and Lime on White Ground, oleoresinous
enamel paint and charcoal on reused canvas, 38 x 55 cm,
MPA 1946.1.15), is dated 28 September 1946 and is part of
the collection of the Musée Picasso, Antibes, France.

2.2 Hard X-ray nanoprobe

Experiments were carried out at the Center for Nanoscale
Materials Hard X-ray Nanoprobe instrument, which is
operated on ID-26 at the Advanced Photon Source, Ar-
gonne National Laboratory [26]. The instrument uses two
collinear undulators as photon source, a Si(111) double-
crystal monochromator to select the X-ray energy, and Fres-
nel zone plate optics for focusing of X-rays onto the sample.
The selected photon energy was 10 keV. X-ray fluorescence
from the sample was detected with a four-element silicon
drift energy dispersive detector. The sample was located in
a high-vacuum chamber (107 torr) in order to reduce air
scattering and absorption. Fluorescence data have been an-
alyzed using the software package MAPS [27]. Fitting and
quantification of the fluorescence data was carried out with
thin film standards (National Bureau of Standards, Standard
Reference Material 1832 and 1833). Absolute concentra-
tions of elements could be calculated by fitting the experi-
mental spectra versus those of the standard materials, after
normalization by incoming photon flux. The high-energy
synchrotron X-ray beam enables sensitivities three orders of
magnitude higher than scanning electron microscope work,
leading to sub-ppm sensitivity, which increases with atomic
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number (Z). For example, the detection limit for Zn has been
measured to be 4 atto-gram for 1 s acquisition time and a
0.2 x 0.2 um? spot with a 200 nm zone plate at the mi-
croprobe [28]. Because in the experiments described here a
30 nm zone plate was used, a detection limit of about 200
atto-gram can be extrapolated for Zn considering a compa-
rable flux density. Furthermore, the high resolution of the
nanoprobe together with the precise fitting allowed us to
correctly quantify the contributions due to the Co Ko (at
6.931 keV) and from the escape peak of Zinc (at 6.897 keV),
which are very close in energy. Although absolute concen-
trations were measured, most results are reported as ratios of
elements so as to allow better inter-comparison of samples
with different thicknesses.

The high-energy beam footprint of the synchrotron hard-
x ray nanoprobe allowed relatively rapid acquisition of maps
of 3 x 3 um? areas in different regions of the samples sep-
arated by macroscopic distances relatively quickly, so as
to provide statistically meaningful high-resolution measure-
ments. That the results obtained at the nanoscale are rep-
resentative of the entirety of the samples was also appro-
priately supported by previous measurements carried out
with macro X-Ray Fluorescence (XRF), Scanning Elec-
tron Microscopy with Energy Dispersive X-ray Spectrome-
try (SEM/EDX), Fourier Transform Infrared Spectroscopy
(FTIR), and Laser Ablation Inductively Coupled Plasma
Emission Mass Spectrometry (LA-ICP/MS) [21, 22].

3 Results and discussion

A high-resolution scanning transmission electron micro-
scopy image (STEM) of a sample from the Ripolin paint
color swatch Blanc de neige #1 illustrates the typical parti-
cle morphology and wide-spaced distribution of zinc white
pigment particles in Ripolin paints (Fig. 2). Previous macro-
XRF measurements of the sample revealed an overall com-
position dominated by Zn, with traces of Pb, Co, and some
Fe, while micro-FTIR analysis confirmed the presence of
zinc oxide and organometallic soaps in a drying oil medium.
Several 3 x 3 um? areas of this sample were analyzed with
the X-ray nanoprobe with a 30-nm step size: the maps
showed that the Fe distribution follows very closely the re-
gions with zinc oxide particles, with excellent correlation
after normalization to remove background effects. Analy-
sis also revealed rare, isolated particles of titanium dioxide,
which were not detected by macro-XRF (Fig. 3). Concentra-
tions of elements in the various high-resolution maps could
be determined by means of the fitted and normalized data
from measurements of NIST standard reference materials
1832 and 1833 and are reported as maximum and minimum
values measured over the entire 3 x 3 um? imaged area. In
the area depicted in Fig. 3, such quantitative compositional
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Fig. 2 Scanning Transmission Electron micrograph of a thin section
(250-nm thick by 20-um wide) of the white paint from a Ripolin color
chart (Blanc de neige #1; B02, shown in the inset). The very minute,
mostly globular and often submicrometric particles of zinc oxide are
evident

Lo———Hi

Fig. 3 Nano-XRF maps of a 3 x 3 um? region in a sample of Ripolin
Blanc de neige #1 from color chart B02, highlighting the correlation
of Zn with Fe, the presence of occasional particles of Ti white and the
absence of well-defined Pb-rich particles

analysis indicated ranges of zinc concentrations from a max-
imum of 1050 pg/cm” measured within the pigment parti-
cles, to a minimum of 480 pg/cm2 measured in the binder;
to be compared with levels of max 3.2 pg/cm’ and min
0.80 pg/cm? for Fe. Furthermore, while some Pb was de-
tected in the sum-XRF spectra obtained with the nanoprobe
(ranging from 41.4 to 0 pg/cm?), Pb maps did not show
clusters of well-defined particles. This suggests that the Pb
is present in the paints in the form of lead-carboxylate dri-
ers, rather than as the pigment lead white (an inference sup-
ported by the fact that FTIR analysis did not detect any lead
white).

A STEM image for the artist’s tube paint (2007.48
Lefranc Blanc de zinc pour decoration artistique) illustrates
the higher density of pigment particles in the binder matrix,
as well as the generally larger particle size and more fre-
quent occurrence of acicular, elongated pigment particles,

NG
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Fig. 4 Scanning Transmission Electron micrograph of a thin section
(250-nm thick by 20-um wide) of the white paint from an historic tube
of Lefranc zinc white artists’ oil paint (shown in the inset) labeled
“pour decoration artistique” (AIC ref. n. 2007.48). The image high-
lights the dense distribution of both small and large particles, with an
abundance of acicular particles
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Hi

Fig. 5 Nano-XRF mapsofa3 x 3 pmz region in a sample of Lefranc
zinc white artists’ oil paint (2007.48) showing the presence of discrete
particles of Ca-rich extenders as well as Pb- and Ti-based whites

when compared to the Ripolin sample (Fig. 4). Nano-XRF
mapping detected a weaker, but still convincing correlation
between the Fe and Zn distribution, while also highlight-
ing the presence of large and widespread particles of lead-
based pigment as well as some calcium-based particles and
occasional titanium-based ones (Fig. 5). Because this sam-
ple was much thinner than the previous one, measured area
concentrations for the elements of interest are lower than for
the previous sample, given that at 10 keV the attenuation
length of the synchrotron X-ray beam in Zn is about 10 um
[29]. Measured concentrations for Zn in the 3 x 3 pmz area
illustrated in Fig. 5 ranged between 315 and 135 ug/cm?,
with values of 0.5-0.2 pg/cm? for Fe and 75.6-0 ug/cm?’
for Pb. On the mm-size scale, previous macro-XRF analysis
of this sample also revealed higher counts for the Pb peaks,
when compared to spectra of the BO2-#1 Ripolin paint, and
hydrocerussite was unambiguously identified with micro-
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Fig. 6 XRF spectrum, integrated over the entire 3 x 3 um? area il-
lustrated in Fig. 7, for a sample of white gloss paint from a can of
American Ripolin (HP031). The asterisk indicates that part of the in-
tensity measured for the Co peak is in actuality due to the escape peak
for zinc

FTIR analysis, in addition to zinc white, zinc stearate, and
other metallic carboxylates in a drying oil-based binder. The
tube of higher-quality artist’s paint (AIC ref. n. 2009.32)
was shown by nano-XRF mapping to have fewer additives,
with only occasional large particles of natural barium sulfate
present and fair spatial correlation between the Fe distribu-
tion and the localization of the ZnO particles (Fig. 1). Ab-
solute elemental concentrations across the whole 3 x 3 ym?
area imaged (Fig. le) ranged between 462385 pg/cm? for
Zn, to 0.7-0.3 ug/cm? for Fe. In this case too, although Pb
was detected (max 7.71 to 0 ug/cm?), no distinct particles of
lead-based pigments were evidenced by the nano-XRF map-
ping. At the macro (mm) scale, hand-held XRF previously
identified major Zn with small amounts of Ba, Co, and traces
of Pb, while FTIR microspectroscopy confirmed zinc oxide
in oil with some metal stearate and other metal carboxylates.
The sample of a can of American Ripolin (HP031) showed a
very different composition and nanoscale distribution of ele-
ments, when compared to the French produced one (Fig. 6).
Firstly, titanium white particles were detected as whitening
agent, used in addition to ZnO. The Fe distribution clearly
matches the regions where ZnO particles are present; fur-
thermore, some small particles of Ca-based white were also
highlighted. Although the Pb seems to be rather widespread
in the area analyzed, spots with higher concentrations were
evidenced in correspondence with areas of ZnO particles
(Fig. 7). Measured elemental concentrations for the sam-
ple ranged between 9100 and 143 ug/cm? for Zn, 40.6 and
0 pug/cm? for Fe, 700 and 300 pg/cm? for Pb, and 700 and
5 ug/em? for Ti for the area illustrated in Fig. 7. At the
macroscale, macro-XRF did confirm the presence of high
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Fig. 7 Nano-XRF maps of a 3 x 3 um? region in a sample of white
gloss paint from a can of American Ripolin (HP031) showing enrich-
ment in Pb of areas where the Zn particles are, and the presence of
particles of white pigment rich in Ti

levels of Zn and Ti, with trace Fe, Co, and Pb, while pre-
vious FT-Raman analysis clarified the nature of the Ti and
Ca-based pigments as anatase and calcite, respectively, with
traces of lead white. The amount of lead white detected with
previous FTIR and FT-Raman measurements is extremely
low, when compared to the widespread Pb presence mapped
with the nanoprobe, which seems to suggest that only a min-
imal portion of Pb is present as the pigment lead white, while
a significant part, especially the one correlating well with the
Zn distribution, might be considered an impurity of the Zn
white used in these paints.

In order to compare values for elemental concentrations
measured for samples of different thicknesses the MAPS
software was used to isolate a region of interest centered
on similar-size zinc oxide particles and calculate ratios of
elemental concentrations (ug/cm?) within the chosen parti-
cle. Rationing the concentration of Fe/Zn over a ZnO par-
ticle for each type of paint gave values of 0.0026 for BO2-
01, 0.0020 for American Ripolin, 0.0014 for 2007.48, and
0.0013 for 2009.32. This trend of slightly higher Fe/Zn con-
tent for Ripolin paints with respect to Lefranc tube paints
was confirmed also by complementary measurements on the
same paints with LA-ICP/MS (results not shown).

High-resolution maps on the Picasso sample of white
house paint revealed a strong correlation between the distri-
butions of Fe and Zn, also evidencing particles of calcium-
based white and barium sulphate (Fig. 8). The latter are due
to the painting’s ground layer, which lies below the sus-
pected Ripolin paint layer (Fig. 9). Because the interaction
volume of the hard synchrotron X-ray beam extends for mul-
tiple microns depending on the material, with actual samples
from paintings, it is often the case that the XRF maps re-
flect the composition of multiple layers. In fact, differently
from the reference samples, samples from actual paintings
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rarely consist of a single layer of paint (Fig. 9). In the par-
ticular conditions used for these experiments, it is estimated
that, with photon energy of 10 keV (i.e., close to the ele-
ment’s absorption edge), the penetration depth in Zn is ap-
proximately 10 um [29]. Complementary FTIR analysis of
the ground layer of this paintings confirmed a composition
based on zinc oxide, calcium carbonate, kaolin, and barium
sulfate, which allows us to interpret the nanoprobe Ca and
Ba maps as pertaining to the ground, and not to the paint
layer.

4 Conclusions

The full chemical characterization of artists’ paints requires
a variety of analytical techniques with resolution at multiple

Fig. 8 Nano-XRF maps of a 3 x 3 um? region in a sample of white
paint and ground from Pablo Picasso’s painting Still Life with Three
Fish, Moray Eel and Lime on White Ground, 28 September 1946. The
Ca- and Ba-rich particles are related to the composition of the ground,
and the maps show excellent correlation between the Zn and Fe distri-
bution

Fig. 9 (a) Pablo Picasso, Still Life with Three Fish, Moray Eel and
Lime on White Ground, 28 September 1946 (oleoresinous enamel paint
and charcoal on reused canvas, 38 x 55 cm?, Musée Picasso, Antibes,
France 1946.1.15) © Estate of Pablo Picasso / Artists Rights Society
(ARS), New York: the red dot indicates where the sample illustrated

length scales. This work demonstrates that high-resolution,
high-sensitivity XRF nanoprobe techniques can effectively
map and localize impurities within submicrometric pigment
particles. Compared with traditional techniques of elemen-
tal analysis and mapping, such as SEM/EDX, the XRF
nanoprobe allows us to obtain data with high spatial res-
olution and about 10° times higher sensitivity. Although
the two techniques should be considered complementary
parts of a multiscale analysis of paint components, the
XRF nanoprobe for the first time enables the acquisition
of compositional maps reflecting the distribution of impu-
rities within a single pigment particle, as well as the de-
tection of very small, albeit statistically significant, chem-
ical differences. Also, extensive sample preparation that
could introduce artifacts is not required for nano-XRF. Mea-
surements on historical samples of zinc-oxide-based French
paints demonstrated that the pigments used have no Cd or
Pb impurities at the nanoscale. In essence, the experiments
demonstrated that similar French process ZnO of the high-
est quality and purity was used for both house paints as well
as artists’ paints manufactured in France. In fact, only a lit-
tle Fe was detected within the ZnO particles. The current
experiments showed slightly higher Fe content for French
Ripolin zinc oxide with respect to that of tube paints, but
more samples will need to be evaluated in the future, to en-
sure reliable statistical representation. Artists’ paint tubes
were also shown to have more abundant fillers and addi-
tional whites (based on Ca, Ti, Pb) than Ripolin paints.
Interestingly, Ripolin paints produced in the United States
showed a different composition based on both ZnO and TiO;
as white pigments, with some extenders (small amounts of
calcite and silicates), and, most importantly, both Pb and Fe
impurities in the ZnO particles.

This is the first time that the nanoprobe has been used
for the analysis of artists’ paints, bridging the gap to the
nanoscale of their multiscale characterization challenge.

in (b) was taken. (b) Micrograph of the sample of paint from (a): the
red arrow shows the thin uppermost layer of house paint, which could
not be mechanically separated from the thick ground layer below (sam-
ple courtesy C2RMEF, Paris, France)
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The results obtained might be valuable to elucidate the
diverse range of luminescence properties of various zinc-
based white pigments recently described in the literature,
and the methodology will certainly be of interest for the
study of a variety of other filled polymer systems as well
as possible provenancing of historical mineral pigments. Fu-
ture work will include analysis of paint samples as thin sec-
tions on transmission electron microscopy (TEM) grids, to
avoid signals from buried layers; examination of additional
representative examples of American process Zn white to
confirm whether higher levels of impurities are consistently
present when compared to the French process; and the
correlation of SR-nanoprobe elemental mapping with syn-
chrotron luminescence microspectroscopy on the same ZnO
particles from this important historical paint set.
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