Science in art conservation and
education: the role of analysis in
understanding and treating paintings




Conservation aims to stabilise a
painting in its present condition

If we conserve anything and it is

. ' unstable then we need to understand
its present condition
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Tel Kabri

Context

Paintings

Binding media

Significance




Muiddle Bronze Age (ca. 18560—-1650 B.C.E.)

* Canaanite Kingdom

TURKEY
; Alalakh
2000 painted Aegean style Akrotirie®
plaster paint fragments from l
our different schemes oKnossos
. CRETE
Kabri paintings can be @
compared to other sites: Oatna
Tell el-Daba, Qatna & Alalakh
Phase DW IV is dated to the ©Kabri
18th century B.C.E

® Jerusalem
®Tell el-Dab‘a

A. Yasur-Landau, E. H. Cline, A. J. Koh,
D. Ben-Shlomo, N. Marom, A. Ratzlaff,



Recent excavations by Cline, Landau and Goshen

Painted plaster fragments
were discovered face down
on the floor, in reuse
patterns similar to those
reported in areas on of the P
wine magazine, Palace of 5 threshol
Pylos

painted floor
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Wall painting scheme o

Multiple plaster layers, with the thin topmost layer
painted, like other Aegean paintings
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Binding media analysis

What we know

Proteins

Mass-Spectrometry

Proteiomics



Mycenaean paintings

Egg based binding media have been identified in paintings from the
"Palace of Nestor” in Pylos (Western Messenia, Greece) dated from the
Late Bronze Age (ca. 1200 B.C.E.)
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Evolved Gas - Mass Spectrometry
+ No sample preparation

The average mass spectrum reveals
fragmented ions ascribable to
hexadecanenitrile and octadecanonitrile
(m/z 194, 208, 222, 236).
Hexadecanonitrile and octadecanonitrile
are known markers of czg volk are
pyrolitic profiles of degraded samples

Journal Submission




Rejection

"Given the comments made by the referees it is clear that although
your findings are interesting they do not represent a sufficient basis
for publication in Angewandte Chemie at the present time and that
further experimental work and clarifications are required. "



Proteiomics Analysis

K20

CELAAAMKR + Oxidation (M)

HGLDNYR (31)

HGLDNYRGYSLGNWVCAAKFESNFNTQATNR
HGLDNYRGYSLGNWVCAAKFESNFNTQATNR + Deamidated (N)
HGLDNYRGYSLGNWVCAAKFESNFNTQATNR + 2 Deamidated (NQ) (55)
GYSLGNWVCAAKFESNFNTQATNR (51)
GYSLCGNWVCAAKFESNFNTQATNR + Deamidated (N)

FESNFNTQATNR (90)
FESNFNTQATNRNTDGSTDYGILQINSR
FESNFNTQATNRNTDGSTDYGILQINSR + Deamidated (N) (51)
NTDGSTDYGILQINSR (58)

KIVSDGNGMNAWVAWR (33)

IVSDGNGMNAWVAWR (82)

IVSDGNGMNAWVAWR + Deamidated (N)
[VSDGNGMNAWVAWR.N + Oxidation (M)

CKGTDVQAWIR (72)

GTDVQAWIR (61)

Gallus gallus for both samples @ 567% coverage

Publication in Angew Chem Int Ed Engl. 2018 Oct 1; 57(40):13257-13260.

doi: 10.1002/anie.201806520.



Significance:
Proteins so what?

Extend the use of an organic binder in Aegean style wall paintings back
an additional 500 years and to a wider geographical area including the
Eastern Mediterranean.

This is the second oldest identification of an organic material used as
binder in wall paintings. The earliest use of egg as binder is from the
Domus de Janas chamber tombs, Sardinia (3400-2700 B.C.E.)



Broader Significance :
Spread of domestic chickens?

A: 6th millennium B.C.E.
B: 2-3 millennia B.C.E
C: 8th C. B.C.E,

www.pnas.org/cgi/doi/10.1073/pnas. 1504236112
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Light, & fading reds

Light-induced Colour Changes in Red and

Yellow Lake Pigments

Oxidation recognized as common in paintings by
Veronese @ National Gallery London




Cleaning and soluble reds










San Bartolomeo

E nota, che se la detta pria lapis lazzari non fusse cosi
perfetta, o che avessi triata la detta pria che lazzurro
non rispondesse violante, t'insegno a dargli un poco di
colore. Togli una poca di grana pesta, e un poco di
verzino; cuocili insieme; ma fa' che il verzino o tu 'l
grattugia, o tu il radi con vetro; e poi insieme li cuoct con
lisctva, e un poco dallume di rocca; e quando bogliono,

che vedi é perfetto color vermiglio
Cennino Cennini LXIIL



Analysis:What reds are these?

Unique Samples

S0 Raman Spectroscopy:
Laser excitation: 514.5 (Ar+) and 785 (Diode) nm
Objective magnification: 50X (56 pm2)
Spectral resolution: 4-6 cm-1

To overcome Fluorescence
Mathematical methods:
Subtracted Shift Raman Spectroscopy (SSRS)

Comparison of spectra with new DFT
calculations published April 2018

DFT calculations of the IR and Raman spectra of

anthraquinone dyes and lakes




Leonardo

Kermes + Kermesic Acid

Al+
Kermesic Acid

Kermesic Acid
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Veronese

Carminic acid + Carmine lake Veronese 514

Veronese 785

Alum Carminic Acid

Carminic Acid
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Spectm fmm Veronese vs. Tintoretto

Veronese exc. 514 nm
Tintoretto exc. 514 nm
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World reds
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Laser-Induced Fluorescence in Artwork Diagnosti
An Application in Pigment Analysis

DEMETRIOS ANGLOS,* MARLA SOLOMLDOY, 10 \I\‘U\
ZAFIROPL L(lb IH.IOI ORK G, PAPAZOGLOL, und

I b agpplicabl Iy of inacr-idoesd Bunrsemee AT spertrosenny

an 8 messcstrnctlve snaly Henl trehnlgue for srtwnrh liugmodics i

cutgated, £ Bk warte s empiiged I the wxuminurlos o o

cudmium selenlde afule-bused i

nureata i 5 aerhcs of ofl padnting et simples. Flusrescence spe

o ke il eninTs wre revrid wpen pulied huse evcliotion s $32,

w2438 wmi ek evddinan . The teubindyue by sdawma

Vi cofterciHintng wemenng sl varmine ousdembom plie

Uik SIHIY AN, TRIThETALE, o he eupohle of idun

ual conmpamnenrs I rbcrmes of ghese plgments on the

mes cpniedan. EINITE Eaperis

avab e uanllal liee Lie nlmuvl oF LUK from & vescnrei bt

ey becBalyuy B89 5 mimervalue™s ok Nive 4t wiek, (BEARTIEE A1
diacused.

Tndes Hewding: LIF; Arrwork siagmdioe T8 colms: £ admbnm
pluments.

INTRODLCTION

Physivul, shemrical, nmal =
wrwoerky, mooumen.y, el |u1l1r.
wotk of historias, sretuech
couservlus, aul restorer.
mzuion ol urislic, vl
lisumen: of relichle anid of In: e methiosboligdcs = thus
merst imporuut for e sysemativ und inf
wiis of work am. Sunhermeaw. deeshopane m
of techni oOCESITLE Ve Lo The i
derimble. T duts, o wicle warisy o phy
alvtical leenaigues buve been ot 1wtk
diverse ane’ altsn cumples pro by fnd
ot conservation.s Amemy then sl oy Tae baen
the spoulrosiupic kehrmyues, neraly becaose of theie
high sasitivity ardl sosdl sspmplit quan ge reqiircments.?
Maden el 1w & ¥ nader we-
tiva mw»l miun (cgun]i.ng Wi vse om the ficld ol an
baails i e
diugnostic aoplicelivns? The wine ol vur wiores i
uly Lhe J'DDLK .mum ur lw nileand Fooncseenee
wilk dagnns
Tespec we pressal here pralininany el
icaton of LU i pizment am 1o |n anl
o tast ﬂl painting sumples wf
prevared inoa way W closely shoulates
LIF 5 a wersalile, pendesingsbive Tzl u_n.l.m..]u
— an Iln-. an ek .urlr- andl -

priadeees ol b cer

CIONTE, VASSILIS
VOTAK

molzculur simeciere of plemnenls ur vker cemponen s of
paimtioys, both inurgicds el urgaidc LI b losoe nne
metuus Ipplhad
bk adsu 3 biwensdboil o
momioring, = sl ciher fichls, They
phetuen of Mumesce e pelinscopy
a4 bt a0 far linweed e the emairieal
L with e nabed oye a witk pha-
vinlet lamp i . The
cxcepdion e thiz 3 ach has heon he work of do le
AT Migasti 2 al =" ado havs investigited
penaefiics of sigmente eils, ond voonisiss
uazd in painting.

EXPERIMENTAL

Tar il passting somples were prepared ut the Conser-
vation Depertmene of the MNationa Gullery of Adhens
(Grecea) in the fallawing way: Pigments in sowder tom:
{Kremer Fipmenle, Ol Holluno) wers mixed cwcoughdy
with Elewched Losded wil i00d Hollagdy @ an

x wene Az

el in wl s

Flinezicer,
aenee A iz ol 1he
cxperimental setip are a F\{que.\s)‘-duublsd or -iripled
nencsecond Q-swilihed Nd AU Joser Quootel. Baibun,
YO ES1-200 o g Krld smd

| X HITSER 2 055 praling < )
Q1-003 A1) an imtevsalima] b de o S LT
(ROGRG PATE Mokl LIDTTV) aod an vptical mialti-
clanecl analyzar (OMA T aystom, BO&G FARC Made
1266,
Brictly, the cxciwmucn kascr at flecoces of no more than
mEern! illaminaces the surtuce of the sumple a: 45°
the normal, The emiucd Buorescense b cul.evted wily 4
fused-s:Low opricn. Hber vl b-mm diameler) ol
Lo the ineidend b im u
The Muarescess 5 cletecied by e (i
| =mccteedel 111 b A1V, Wit it sl 4 e
SO0 linesSun, 4 speeieal cange of =280 am is env.
ax Waaveleneh calilvation of the sesteo is per-
Feemncd with & morcury Tamp.

RESULTS AND DISCUSSION
A aot of seven cedminm-bysed pigment. wik color,
runpire from ghl sellos  deep 3m) wery slodied CIable

@ Stromeyer
publishes the
discovery and
CdS synthesis

1818

1817
Stromeyer
discovers

the elemental
cadmium

Melandri
introduces
Cadmium Yellows
in oil painting
technique

PL Intensity

First mention of
Cadmium Yellows in
Winsor & Newton
catalogues

Winsor & Newton
presents
Cadmium Yellows
at the Crystal
Palace Exhibition

Beginning of the Release of a
improvements in patent for the
Cadmium Yellow synthesis of

pigments production | Zn, Cd S + BaSO,

Release of

a patent for
the synthesis of

Cadmopone,

CdS + BaSO,

Vallme 80, Number 10, 1996 e

APPLIED SPECTROSCOPY 1331
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Picasso: Sketch for Les Demoiselles d'Avignon

Old Ektachrome color slide Recent photograpy
from the Beyeler archives






Microscopy and Microanalysis (2022), 1-10
doi:10.1017/S1431927622000873
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