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powder in two nineteenth century paintings
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Abstract

During the examination of two 19th century oil paintings by Swiss artists, the Reading pastor (ca. 1885) by Ferdinand
Hodler (1853-1918) and Portrait of a young girl (ca. 1888) by Filippo Franzoni (1857-1911), it was observed that in
particular locations, the surface had an unusually granular texture, given by the application of metallic particles and
the presence of large translucent green agglomerates. In this paper we investigate the composition and origin of the
metal particles and green agglomerates. A combination of bulk analysis (GC-MS and FTIR) and analytical microscopy
techniques (X-ray tomographic microscopy, light microscopy, ATR-FTIR-FPA imaging and SEM-EDX) were used. It was
concluded that the metal particles are composed of a lower quality brass (copper/zinc alloy) and ground from foil.
The current appearance resulted from the reaction of the brass and its corrosion products with the fatty acids in the
surrounding paint/varnish matrix. This has lead to the formation of agglomerates of zinc and copper carboxylates, the

latter responsible for their green colour.

Keywords: Metallic pigment, Brass, Oil, Copper carboxylates, Zinc carboxylates, Synchrotron radiation X-ray
tomographic microscopy, SEM—-EDX, ATR-FTIR-FPA imaging, Dezincification

Introduction
The painting Reading pastor painted ca. 1885 by Fer-
dinand Hodler (1853-1918) represents a three quarter
portrait of a pastor reading a book which he holds close
to the chest (Figure 1). The scene has as the main light
source a window behind the left shoulder of the pastor,
covered by a semi translucent curtain. Surface observa-
tion with a stereomicroscope showed that a combination
of metallic particles and green agglomerates were present
in areas where increased luminosity is to be expected,
where the light originates and where upon it falls: e.g.,
the curtain, the pastor’s earlobe and the table (Figure 2).
In the case of the Portrait of a young girl by Franzoni
(Figure 3) dated from ca. 1888, the metal powder was
used in a less pictorial way and could only be seen, under
closer observation with a stereomicroscope, used spar-
ingly in the background paint. It is important to men-
tion that two factors hindered the clear visualization
of the distribution of metal particles in the painting by
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Franzoni: on the one hand, Franzoni himself had exten-
sively reworked his painting (no longer using metal pow-
der but rather conventional pigment mixtures) partially
covering the paint layers containing the metal powder.
On the other hand, during a later restoration interven-
tion, significant areas of the background were over-
painted. Where visible, the metal particles were closely
associated with the green agglomerates (Figure 4), as had
been observed in the painting by Ferdinand Hodler.

Experimental

In the case of the Reading Pastor one sample was ana-
lysed by synchrotron radiation X-ray tomographic
microscopy (SRXTM).

In both the Reading pastor and Portrait of a young girl,
the combined non-invasive, bulk and analytical micros-
copy techniques were used. When justified, samples were
taken and materials analysed by gas chromatography
mass spectrometry (GC—MS) and/or Fourier transform
infrared spectroscopy (FTIR) or cross-sections prepared
and studied by analytical microscopic techniques [light
microscopy (LM), scanning electron microscopy coupled
with energy dispersive X-ray spectroscopy (SEM—EDX),
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and ATR-FTIR-FPA imaging]. Setup and instrumen-
tal parameters are given in the “Methods” section and
details of the analytical results are given in Tables 1 and 2.

Results and discussion

Reading pastor by Ferdinand Hodler (private collection)

A sample (which separated into three subsamples during
sampling) was collected from an area affected by the deg-
radation phenomena in the lower left edge of the painting
illustrated in Figure 2. Details of the analytical findings
are given in Table 1.

Synchrotron radiation X-ray tomographic microscopy
(SRXTM)

The first subsample (234 x 167 wm?) was studied using
SRXTM. The study of paint samples using SRXTM brings
information on the three dimensional distribution of
phases of interest in an unmanipulated paint sample [1].
The reconstructed data provided a cube of 8-bit grey scale
images with a pixel size of 370 nm. The grey level of each
phase depends on its absorption and scattering interac-
tion with the X-ray beam and therefore on composition.
Segmentation based on grey scale level allows the visu-
alization of the distribution in three dimensions of each
phase in the context of the entire sample. This approach
has proved extremely useful in the study of reactivity
in paintings [2] and has uniquely allowed the study of
porosity properties in 19th century ground layers [3].

Figure 1 Lesender Pfarrer (Reading pastor) (ca. 1885). Oil on canvas,
71 x 51 cm by Ferdinand Hodler, private collection [Photography
SIK-ISEA Zurich, (Philipp Hitz)].
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Figure 2 Reading pastor (ca. 1885) by Ferdinand Hodler. Detail of the
lower left edge of the painting (smaller scale division 100 pm) [Pho-

tography SIK-ISEA Zirich, (Daniéle Gros)].

Figure 3 Ritratto di giovane ragazza (Portrait of a young girl) (ca. 1888).
Qil on canvas, 59 x 46 cm by Filippo Franzoni. (Fondazione Filippo
Franzoni, Locarno, Switzerland) [Photography SIK-ISEA Zrich, (Philipp
Hitz)].

In the present case we have focused on the three phases
of interest: the metal particles, the paint and the green
agglomerates. In Figure 5, a light microscopic image of
the sample (Figure 5a) and the reconstruction of the dis-
tribution of the phases of interest are shown (Figure 5b,
). On the sample surface four distinct green agglomer-
ates can be identified. At the core of the green agglom-
erates, the metallic pigment particles can be observed.
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Figure 4 Portrait of a young girl (ca. 1888) by Filippo Franzoni. Detail
of the upper right area of the painting (smaller scale division 100 pm)
[Photography SIK-ISEA Zirich (Daniéle Gros)].

The thin, elongated and folded morphology of the par-
ticles suggests these originate from a metallic foil. The
fragments have a thickness varying from 1-4 pm. The
study of the virtual cross sections (Figure 6a, b) extracted
from the tomographic dataset provide further informa-
tion. A first observation is that the sample is composed
of two paint layers of different X-ray linear attenuation
coefficient. Above the paint surface and only there, not
mixed with the paint, are elongated, flat and highly atten-
uating particles, as expected from metal foil fragments.
These metal fragments are embedded in lower absorbing
masses contained in the varnish layer. Ferdinand Hodler
applied the metal not embedded in the paint, but mixed
within the varnish layer.

Analytical microscopic study of a sample in cross section

A cross section of a second microsample collected from
the same location as the one studied by SRXTM was
prepared.

LM and SEM-EDX analysis of the cross section surface
confirmed that the metallic particles were brass with a
copper to zinc ratio of approximately 85:15. Element map-
ping using SEM—-EDX detected chlorine associated with
the metal particles in particular but also with the sur-
rounding environment and the paint in general. Detailed
backscattered electron images (SEM-BSE) of the brass
foil suggested surface pitting of the alloy (Figure 7a).
Clear interpretation of the origin of the metal foil surface
structure requires higher magnification than the current
10000 x. Higher magnification images of the metal surface
could not be obtained possibly due to insufficient surface
quality as a result of micromesh dry polishing.

The brass of the composition found in the painting by
Hodler is described as malleable and ductile [4] but is not
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the highest quality brass as used as gilding metal which
has a higher copper content (95:5 Cu:Zn) [5]. Element
analysis using SEM—-EDX detected chlorine associated
with the metal particles which is compatible with the use
of sodium chloride as an aid in the grinding process of
the metal foil. The use of salt as grinding agent has been
mentioned in literature dealing with Rococo and Baroque
techniques [4]. The same source mentions that this
method is more suited to the preparation of gold and sil-
ver pigment. In the case of copper containing alloys and,
in order to avoid corrosion, grinding without salt is rec-
ommended, indicating that the corrosion acceleration in
the presence of chlorine had been known.
ATR-FTIR-FPA imaging of the cross sections con-
firms that the green agglomerates are composed of cop-
per and zinc soaps and shows that the distribution of the
two types of soaps is not identical. Although the signal
was relatively noisy, it could be concluded, based on
spectral comparison in different regions, that areas of
the soap agglomerate on the upper side of the metal leaf
are richer in zinc carboxylates as suggested by the map-
ping of the 1540 cm ™ (zinc carboxylates) and 1585 cm™*
(copper carboxylate) peaks (Figure 8). Interestingly,
an enrichment in lead carboxylates of the lower area of
the aggregate can be seen in the 1525 cm™! peak inten-
sity distribution (Figure 8c). This component originates,
most likely, from the reaction of the lipids in the paint/
varnish matrix and the lead white in the paint layer [6].

Bulk analysis (FTIR and GCMS)

The single point analysis of the varnish layer in the paint-
ing by Ferdinand Hodler in an area where the metal pig-
ment had been applied, showed evidence of the presence
of lipids suggesting that the pigment would have been
dispersed in oil prior to application.

The green agglomerates were composed of a combina-
tion of copper and zinc carboxylates (single point FTIR
spectra compared with reference compounds and pub-
lished spectral library [7]) of saturated fatty acids with a
minor content on diacids (GC-MS), indicating that the
green mixture of copper/zinc soaps resulted from the
reaction between saturated fatty acids of the binding
medium the metal pigment was applied with or, from the
paint layer below and the copper and zinc of the brass
powder originally used by Hodler.

In the case of Reading pastor two factors play a role in
the reactivity of the brass pigment. On the one hand the
presence of chlorine and on the other the high content in
zinc. The presence of highly mobile anions such as chlo-
ride are known to accelerate the corrosion process [8,
9]. Brasses with substantial amounts of zinc (above 15%)
become destabilized and lose zinc by dezincification [10]
with a preferential initial formation of zinc corrosion



Page 4 of 11

Ferreira et al. Herit Sci (2015) 3:24

sa|pied uawbid
paJ pue an|q “oe(q
payiuspiun ‘a1iym
pes)| uake| A31D) 70D
SUYM pea|
UOJ||IWIA HaKeT Muld
sdeos pea auym
pea 21e1sgns
a1eydsoyd wniuiw
-nje uo yuawbid
paJ 1ake| pay 10D

qd 1ahe| K315 70D

so|oiJed
Buluieluod S ‘bH
9d
JETNCIETN PEVCINIE
uey) bulsneds s9ed
/buiglosge Jaybiy paJ BululeIuod 4 ‘|
19Ae| doy 's1akejom|  s9ppnJed 1uswbid
(z>se  auym buueiuod qd

gSuSe4:qd ¢0D
Se Uol1ed0| aules

uso4:qd 10D

J19Ke| paruswbid
SUYm e Ul pan
-qusip Ajbuieds
sapied yuswbid
aN|q pue pal “de|g
19Ae| K219 70D
19Ke| parusw
-bid pai pue sy
1ahe) sjuld
sap211ied Yor|g M3y
YUM JaKe| parusw
-bi1d auym pue pai

S1YM pes|
dIseq | _Wd py0L '86€1 ‘TTSE
d1e|Axogied pes| | _wd 0zs |

IO, _WD 59l |

'SE£1'058¢ 'Sz6T ke 319 70D

Youels | _Wd #€6
‘6101 '8/0L ‘LSLL DUYM pe3)
dIseq | _Wd $H01 ‘86€L ‘TTSE
d1e|Axogied pes| | _wd 0zs |
IO, _WD 591 |
'SE/1'058C 'ST6T Hake|yuld
a1eyd
.mOLQ winiuiwinie Trcu 00LL
mp_r_>> Umw_
dIseq WD ¥#01 ‘86€1 ‘TTSE
wpm_kxootmu _umE TC(G 0c¢sl1
1o
|_WDYs 8oL L ‘8€/ | '0S8T 'ST6T

quled [0 UONEDO| SWES) £0D 19Ke| pay 10D Se Uo1ed0| SWes :19Ke| pay 10D /U :19Ke| pay 10D Yd4-YI14 e/u dn-pjing ured
21elagns
IAyrswip
pue a1e|oze
sae JAywip
-lawio|bbe deos ayy ‘1e3S1AW
Jo sease saddn ayy JAyaw
UO UO[1BJ1U3dU0D ‘a1eaine)
deos uiz aybiy [Ayraw
YA 'Snoauabold sopiued [elaw 'a1e3|0 spioe
-9 SUOIIBDO| UO S| Y1 JO 2UIINO 3y} |Ayrow jo uonnguis Avey sl WD gL/l
sdeos Joddod 01 paie|al A|9soP unowe Ip snoauabolalay ul sa1e) sa1e|Axogled
puUe dUIZ JO uon adeys ‘|eusrew S9SSOUNDIYL |lews  -AxogJed pes| pue duiz 41addod dUIZ | _Wd OFS1
-nquisig wawbid Buusneds/bul 40 9bues 3pIM (€=5/d) 8l¥1 'S5t L 'STSL0vSL 'S8SL ‘098¢ '816C
Jl|[PI2W BY1 WO -QUOsGe MO| SNO 'SSeW 1U9dS2I0N| (S)184B1S  GE/ | '¥S8T ‘76T SUO UoIBal 70D Sa1e|
ouiz pue Jjoddod -auabowloy abie -uou uaalb yiep HENRE)! $91|AX0QIED PUR DUIZ pUB -Axoqued Jaddod
Yum spide A1y (©ose snoausbouloy olejuwied  1oddod | _wd /1yl /Syl '8LSL W2 0ZkL L9vL sa1e
U99M18Q UOIIDRSY  UONRDO| 3Wes) €0D £1UZ€8ND 10D uznd 0D Ppue 10D A1 ‘€PSLESSL LP/L '9Z6C 10D S8SL‘0S8C '8l6C  -lowo|bbe usain
popIo)
pue 1usg ‘buo|
wl pg 03dn pue
Iy wr oy | 19Ke|
wiosj buikued sap YSIUIeA SU1 Ul pap
uted -1ued buigiosge -paguIa SSaUXDIYY
a1 Jano pajjdde Ael-x ybiy uiyy 1ei4 wl -1 Juswbely
Jed| [pIoW SSeuq (cose D Jes| [eIoW MO)
punoib A[3s1eo)  UOIRO| SWES) £0D 9LuUZ¥8 N> 10D uznd -19A 20D pue 10D e/u leubis oN e/u SOMeY Dl|[eIdN
uonejaidiayul MopuIM
[|2E0T0) W.LXYHS Xda3a-was 44X W1 SW-25 Vd4-diLd-d1v puowelp yi14 s|dwes

s)|nsai [ednifjeuy 19|poH pueuipid4 Aq (S88L “ed) Joispd buippay | s|qeL



Page 5 of 11

Ferreira et al. Herit Sci (2015) 3:24

e/U "1ap|oy
2y1 uo ajdwes ayy

Xy 01 Pasn UIsal

241 woly 3|qe

-ysinBunsip 1ou

pue pasn Abisus

spidi| Jo 9ouasald a1 1e uondiosae

uoleuwn||!
19]|0IABIN J3PUN
JU9352I0N[4 HIIYL
w 7| xoidde
-1ahe| 1es) 20D
uoleu
-lunj|1 13j01AB1N
Japun 1uadsaion|4
'sa1ebaibbe deos
pue s3ponJed [e1ow
oY1 buippaquwia

1usuodwod |10
—uDZoLL'syel

|eubis Jeapd ou Zod ‘Slyl'yseesl
uonNgUIUOD 'Us 6G8C 7E6C

pidi| ,_Ww> 9011 'S9LL ‘BLYl Jewwiep A|gis

US ZELL 'US 0S8T 'Us €66 -s0d uisal [enleu

2143 suoIDIW Q| ‘ulsal eimeu W |6EL WD S8EL /S
‘ysiuleA uisai jeinieN Ael-x Mmo| 00} £0D e/u e/u uake| 1e3) 10D e/u ‘OGkL GL/L PS8BT '0E6C LOD 'TLL1°048T '¥S6C Ystuiep
uopeyaadiaiul Mopuim
lles®n0 WLXYS Xa3-nas 44X W1 SIW-25 VYd4-dild-41v puowelp yil4 ddweg

panupuod | 3jqey



Page 6 of 11

Ferreira et al. Herit Sci (2015) 3:24

1o ul syuswibid y2e|q suoq pue
SUYM pea| suleluod Jutediano Aa1b ay |-

IO Ul punog ‘syusul D4 '®D ‘qd ulediano A21o-4

-b1d yuiea abueio pue mojak yim 1D ‘(s9p1uied ul paziedo)) e IS |y ‘Uz
payuawbid siJake| uted ab1aq ayl-¢  (pasiadsip Ajauy) qd Jake| wuted abiag-¢

1uawbid yues pal yum pajusu DS UN

-61d Bujuieluod 1o stiuled pasayl-z - ‘(passadsip Ajpuy) ad ‘IS ‘v (s9)o1ied
91euogied Ul pazi|ed0)) e ‘94 :ake| 1uled pay-¢

winio|ed pue a1eyd|ns winid[ed Jo ainy (s3]pnJed enpialpul

o, _Wwd €9l |

‘OvTL '£€41'0S8T '076C '056T SR XOq

-1ed ped| | |G Uym pea|  _Wd #101|

‘00%1 (2e|q duoq) areydsoyd wnided
|_WD /701 'S0k L ‘LSt | Julediano A210-1

S|eJauld

Aepp | _wd €16 €01 |_Wd zuenb 9801

‘91eAx0QIED PRI| (| S| 21U

0Ly L 'S6/1 (xem pue |10 Bulkip)

SpIdIT  _WD 7911 '9€TL 0LLL LELL
'8¥8¢ '816T ‘9567 JoAe| 1ujed obj9g-¢

winjojed ajeuoqued | _Wd Q0y L

s9ined Jusw
-b1d 3oe|q pue S1YAA JuIedISA0 A2ID-Y
(soppnJed Juswbid suym pue ‘B)UIoRY | WD €16°010L 9801 ‘079¢E
MoJ|24 an|q ‘pal) uake| abIg-€  '0S9€ 'S69€ ‘05 /€ ‘Zuenb | _wd 9801
1ae|ued pay-z  {|_Wd /€/1 '1S8T 1 76T 1oke| ied pay-z

-XIW e Jo pasodwod S| 1aAe| punolb ayl-|  ul) O ‘DD pue Q'S ‘8D UaAe| punoio-| e/u J1aAe| punoib auyAA-L e/U PUNOID-| dn-pjing uted
S1elawolbbe ayr
4O 2102 3Y3 Ul Jusaud Juswbely [eraw
941 JO 9501 01 21e[3l SUOIsULWI] 549159 91e|AX0QIeD pUE
wawbid J9Ae| Juled ay3 INoyBNOIYL 1USSI SpIoe A11e} 931} ‘S918|AX0GIED DUIZ pUR
Dlj|elsw ay3 Ul duiz pue Jaddod ayy ‘syuawbely Jea) [e3aw 2yl Buijoaul Joddod | _wd 9911 ‘9LEL ‘Clil ‘LipL sajesawo|bbe
pue aseyd |10 usamiag sseyd uondedy Duz'nd> uznd [ELI21PW 1USDSBION|-UOU 'UIRID 65| ‘O¥S 1 'S8SL ‘OLLL ‘Lv/L IS8T '1T6T usain
red
QU3 Ul pappaguwia ‘buoj wM o o1 dn
Je9] [P19W SSeug 0L UZ06ND Uz NnD puediyl wrl z—| syuswbely Jea) dljjeid|y [eubis oN Sove| dl|[eIDN
uonelaidisiul |[es9A0 Xa3a-wias  Jux W1 Vdd-diLld-dlv s|dwes

s)|nsai [ednfjeuy ‘Juozuead odijji4 Aq (8881 *©d) ‘|16 bunoA v jo jipiyiod T d|qeL



Ferreira et al. Herit Sci (2015) 3:24

Page 7 of 11

Figure 5 a Light microscopy image of a sample taken from

the lower left edge of the painting Reading pastor (1885) by Ferdi-
nand Hodler. b Top view and ¢ side view of SRXTM data reconstruct-
ing the sample surface and showing the distribution of the metal foil
in the core of the soap agglomerate.

Figure 6 Virtual cross sections extracted from SRXTM data.

products. The heterogeneous distribution of zinc and
copper soaps in the agglomerates and the structure of the
metal foil surface could be suggestive of dezincification of
the brass alloy prior to the formation of soaps.

Portrait of a young girl by Filippo Franzoni
This painting (Figure 3) was heavily retouched and
had been wax resin relined. The sampling strategy and

Figure 7 SEM-EDX images (x 10000 magnification) of the brass
pigment surface in the cross sections of the samples collected from
a Reading pastor by F. Hodler and b Portrait of a young girl (1888) by F.
Franzoni. The rough and pitted nature of the metal foil surface could
be due to a dezincification corrosion process.

analysis was limited to the characterization of metallic
pigment application and characterization of the agglom-
erated composition. One sample was collected and a
cross-section prepared (Figure 9a). Detailed chemical
profiling of the binding medium was not carried out as it
would have been severely compromised due to the pres-
ence of the lining material.

The analytical results that allow the characterization of
the build-up are given in detail in Table 2. In the painting
by Franzoni, the metal pigment (characterized as a Cu:Zn
90:10 brass by SEM—-EDX) was applied mixed with the
beige oil paint of the background. The brass pigment and
the reaction phases are well embedded in the paint and not
on the surface as observed before in the painting by Fer-
dinand Hodler. The brass fragments are typically 1-2 pm
thick and up to 40 pm long. No chlorine was detected,
suggesting a different preparation method for the pigment.

The distribution of zinc and copper soaps is also het-
erogeneous with increased signal from zinc carboxylates
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Figure 8 Analytical microscopic analysis of the cross section of a sample taken from the lower left edge of the painting Reading pastor (1885) by
F. Hodler: a light microscopy image in bright field mode with cross polarization, b—d ATR-FTIR-FPA distributions of different phases, @ ATR-FTIR

in the outer rim of the agglomerate and from copper car-
boxylate in the core region (Figure 9d). The presence of
zinc in the paint matrix, even if at a very low level, hin-
ders the further meaningful interpretation of the metal
soap distribution data. Detailed BSE images of the metal
foil suggest progressing pitting corrosion (Figure 7b). The
copper content of the brass pigment used by Franzoni
was higher than that found in the painting by Ferdinand

Hodler but neither are of gilding metal quality (95:5). The
technique used by Filippo Franzoni of mixing the brass
pigment in oil paint might have promoted the formation
of the zinc and copper soaps.

Conclusions
The pigment alteration phenomena observed in the
paintings of Ferdinand Hodler and Filippo Franzoni can
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Figure 9 Analytical microscopic analysis of the cross section of a sample taken from the lower left edge of the painting Portrait of a young girl
(1888) by F. Franzoni: a light microscopy image in bright field mode with cross polarization, b—d ATR-FTIR-FPA distributions of different phases, e
ATR-FTIR spectra of selected regions.

be described as the formation of copper and zinc soaps  carboxylates in composite brass artefacts when the metal
at the surface of the brass pigment powder as a result of is in contact with lipid sources is known to artefact con-
the reaction of the lipidic binding medium with the cop-  servators [11, 12]. Interestingly the conference Chemistry
per and zinc (or their oxidation products) brass compo-  for Cultural Heritage that took place in 2014 in Vienna
nents. The formation of blueish-green zinc and copper  witness the report of the first two studies of metal brass
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use and degradation in paintings. The first study focused
on an 18th century painting by Giovanni Antonio Pel-
legrini (1675—1741). In this painting the background was
originally guilded with brass leaf and had been exten-
sively overpainted. Studies of samples in cross section
showed visible copper and zinc orgametallic masses sur-
rounding the leaf [13]. The second example, reported
here, addresses the unusual use and degradation of pow-
dered brass pigment in late 19th century oil paintings on
canvas.

The instability and reactivity of the brass particles dis-
rupts the initial intention of the artists of bringing lumi-
nosity to the painting surface, by severely darkening and
dulling it. Probably in the same year (ca. 1885), Ferdinand
Hodler made a replica of this painting [Lesender Pfarrer
(Reading pastor) ca. 1885, oil on canvas, 61.5 x 49 cm,
SKKG Wintherthur, Switzerland] and interestingly no
longer used brass but created luminosity by a different
choice of pigments. In the case of the Portrait of a young
girl, Franzoni himself extensively overpainted the areas
where metal pigment had been used. Both these facts
are possibly an indication that the alteration of the brass
powder occurs soon after application.

The heterogeneous distribution of zinc and copper
soaps within the agglomerates and the pitted structure of
the edges of the brass pigment particles observed in the
back scattered SEM images are suggestive of a progress-
ing dezincification. Although a significant number of
paintings from these two artists have been studied, very
few other examples of use of metallic pigment powder
have been described. It must be remarked, however, that
the recognition of metallic powder pigment, in particu-
lar when corroded, can only be carried out by studying
the surface of the painting at high magnification, prefer-
ably by an experienced user. It is thus possible that other
cases might not have been recognized. Although the cor-
rosion of copper alloys is well known in cultural heritage
research, no description of the simultaneous formation
of zinc and copper soaps in degradation of brass pigment
used in easel oil paintings has been found in literature.

Our preliminary results suggest that the high instabil-
ity already experienced by the artists themselves might be
one reason for the rare use of this powder. The authors
suggest that the presence of chlorine (possibly originating
from the pigment preparation method) and the applica-
tion of the pigment with the aid of an oil in the case of
the painting by Ferdinand Hodler, and the embedding of
brass particles in oil paint in the case of the painting by
Franzoni, might accelerate the formation of copper and
zinc soaps. It is hoped that the careful illustration and
description of the brass pigment degradation presented
here will serve as a comparing reference in future case
studies.
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Methods

Synchrotron radiation X-ray tomographic microscopy
(SRXTM). The sample was attached to the sample holder
with the aid of epoxy glue. The sample holder consists
of a 32 mm long steel flat top rod, 500 pm wide at the
sample level, fixed onto an aluminium base. Microtomo-
graphic scans were performed at the Swiss Light Source
(SLS) in Villigen (Switzerland) at the TOMCAT beam-
line [14]. For each tomographic scan, 1501 projections
over 180° were acquired (resulting in an angular step of
0.12°). For optimal contrast the energy was set to 22 keV
and the exposure time per projection was 1000 ms. Dur-
ing measurement, the sample was cooled using a cryojet.
Images were magnified using a 20x optical objective and
digitized by CCD camera (PCO.2000) resulting in a pixel
size of 0.37 wm. Tomographic reconstructions were com-
puted using a highly optimized routine based on the Fou-
rier transform method [15]. The reconstructed data cube
of images was processed and analysed in the commercial
software AVIZO 8.1.

Cross-section preparation: the sample is embedded
in CEM4000 Lightfix (methylmethacrylate light cur-
ing embedding resin supplied by Cloeren Technology
GmbH) and polished, with the assistance of a sample
holder, on micromesh sheets up to grade 12000.

Scanning electron microscope (SEM).The embedded
samples are carbon coated (C-rod evaporation, Cressing-
ton 108) and analysed with a Zeiss EVO MA 10 VP scan-
ning electron microscope equipped with SE and HDBSD
detectors and an EDS system Thermo NORAN System 7
with a 30 mm? SDD detector.

Fourier transform infrared spectroscopy (FTIR) was
performed in a Perkin Elmer System 2000 Spectrometer
in a diamond cell in transmission mode. Spectral range
4000-580 cm™%; resolution 4 cm™1; 256 scans.

Attenuated total reflection Fourier transform infrared
spectroscopy imaging coupled with a focal plane array
detector system (ATR-FTIR-FPA imaging) was car-
ried out in a Bruker Hyperion 3000 system with 64*64
pixel FPA covering an area of 32 x 32 pm.
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