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Study of historical pigments by electronic Spectroscopy

Design of hybrid pigments

» studying chemical modification
¢ to describe and produce new materials

 in archaeology
*in art
» optical applications

& to use non destructive methods

» UV-Visible absorbance, reflectance, fluorescence properties
* IR and Raman spectroscopy

Maya blue analogues

Avignon yellow model lakes




Insights into the stability of maya blue via archaeomimetic hybrid pigments

Maya Blue

* indigo from Indigofera leaves

« a clay (palygorskite, sepiolite)

 heating

¢ extensively used in Mesoamerica (300-1500 AD)

no biodegradation
stable up to ~300°C




Insights into the stability of maya blue via archaeomimetic hybrid pigments

Why such a chromostability?

Van Olphen H.Science 1966, 154, 645

* indigo in the clay channels
Chiari, G. et al. Eur. J. Mineral. 2003, 15, 21

* occlusion of the channel entrances by indigo
C. Minkowski, G. Calzaferri, Angew. Chem. 2005, 117, 5459

¢ Chromophore

* indigo forms hydrogen bonds with host silanol
B. Hubbard et al. Clays and Clay minerals. 2003, 51, 318.

« compexation of indigo with Al of the matrix
Manciu, F.S. et al. J. Raman Spectrosc. 2007, 38, 1193

» presence of dehydro-indigo
Domenech, A. et al. J. Phys. Chem. B 2006, 110, 6027

= difficulty to solve the structure

of these archaeological composite materials




Insights into the stability of maya blue via archaeomimetic hybrid pigments

Indigo visible spectroscopy in CHCI,
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=equilibrium between monomeric and dimeric species

= emission fluorescence of the monomeric species C[‘]rg



Insights into the stability of maya blue via archaeomimetic hybrid pigments

Choice of the matrix

o palygorskyte ¢ ZSMS

* fibrous solid * Linear and zick-zack channels

Chiari, G., Giustetto, R., Druzik, J., Doehne, E., Ricchiardi, G. 2008
Applied Physics A: Materials Science and Processing 90, 3-7.

=resistant pigment obtained for zeolites

which pore size matches the width of indigo molecule

C[‘]FS



Insights into the stability of maya blue via archaeomimetic hybrid pigments

Synthesis of Maya blue analogs

¢ co-grinding (to mimic the archeological processes)

e inorganic matrix : MFI zeolites

« organic chromophore : indigo

1to 10% wt O o O

¢ heating up A

* 100-300°C
 from 2h to 15h



Insights into the stability of maya blue via archaeomimetic hybrid pigments

Maya blue analogs : species versus indigo concentration

12 indigo 10%

8 -
3
e
- 0
4 indigo 2%
indigo 0.5%
0 +——
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Wavelength (nm)

ZSM5 mixture heated in air at 200° during 5 h

= presence of two species




Insights into the stability of maya blue via archaeomimetic hybrid pigments

Maya blue and analogs : species versus heating time

Intensity (a u)

500 600 700 800
Wavelength

2% wt indigo ZSM5 mixture heated in air at 200°

= Colour modulation




Insights into the stability of maya blue via archaeomimetic hybrid pigments

Maya blue analogs : acid attack
g " : !
.

350 450 550 650 750
Wavelength (nm)

& ZSM5 2% indigo

before

1 after

=The colour still persists in pigment
analogs under acidic conditions




Insights into the stability of maya blue via archaeomimetic hybrid pigments

Maya Blue components

350 450 550 650 750

Wavelength (nm)
frescoes of Cacaxtla Coll. Louvres

¢ Colour analogy

palygorskyte indigo

archeal sample

F(R) normed
o
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zeolite indigo

550
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Spectroscopic properties is of yellow lakes 12

YeIIow of Avignon (Stil-de-grain)

& Characteristics

* Yellow dyes extracted from fruits of Rhamnus species
 Tinctorial properties known since the Antiquity

« Employed in artistic paintings as yellow lakes

 Production in the area of Avignon (commercial place)

€ History

« Lateran Council of 1215
discrimination of the Jews using yellow dye
(until the 18th century)

Livre des Jeux of Alphonse le Sage
1282 Escorial’s Library

@



Spectroscopic properties is of yellow lake

Preparation of yellow lakes J

¢ Marcucci’s « recipe »

 Powdering of dried immature Rhamnus berries
 Maceration under agitation during 24-48 hours
« Filtration to remove the residues

« Addition of alum (KAI(SO,),, 12 H,0)

* Precipitation of the mixture with an alcalinic carbonate

Structure, composition?

L. Marcucci, Saggio analytico-chimico sopra i colori minerali, 2nd ed., Rome (1816), 120-121

13




Spectroscopic properties is of yellow lake

[ Yellow dyes of Rhamnus catharticus ]

¢ Separation and identification by HPLC-PDA

5 quercetin derivatives

14




Spectroscopic properties is of yellow lake 15

Solid state properties?

L. Dangleterre, J.P. Cornard, C. Lapouge, Polyhedron 27 (2008) 1581;T.L. Lin, B.Z. Yan, G.F. Hu, M. Wang, Chinese Chemical Letters 17 (2006) 937; R.F.V. De Souza, W.F. de Giovani,

W Spectrochim. Acta, Part A 61 (2005) 1985; X. Chang, S. Wang, H. Luo, G. Gong. J. Fluoresc. 13 (2003) 421; J.P. Cornard, J.C. Merlin, J. Inorg. Biochem. 92 (2002) 19; A.C. Gutierrez,
M.H. Gehlen, Spectrochim. Acta, Part A 58 (2002) 83; E.A. Saad, L.H. Khalil, M.T.M. Zaki, A.A.A. El-Ella, Microchim. Acta 140 (2002) 87;H. Deng, G.J. Van Berkel, J. Mass Spectrom. 33
(1998) 1080




Spectroscopic properties is of yellow lake 16

Yellow lake versus alum concentration J

dye in solution +alun + carbonate

& Natural lake ¢ Quercetine lake
40 1 [berries]=0.015g L2 [Alun] (g/L) 30 -
Q
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20 -
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69 20
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= formation of an inorganic matrix of amorphous
aluminium hydroxide including the organic dyes

@



Spectroscopic properties is of yellow lake 17

[ Quercetin powder ]

& Structure

» Dimer
» Dihydrate
¢ DRUV
%Q [Q]x10®
(KBr)  (mole/g)
5 14.1
30 3 86
£
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x
= 0.5 -
L 0.3 .
o o Monomer <=y dimer
0.0 T T 1
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Wavelength (nm)
G.Z.Jin, Y. Yamagata, K. Tomita, Acta Cryst. C46 (1990) 310; M. Rossi, L.F. Rickles, W.A. Halpin. Bioorg. Chem.14 (1986) 55
J.P. Cornard, J.C.Merlin, A.C. Boudet, L. Vrielynck, Biospectroscopy (1997) 3 183




Spectroscopic properties is of yellow lake 18

Solid state complexation of quercetin with Al(lII) j

+AI(NO,),  +AICI,

guercetin + alun

¢ Cation
1.5 +
Quercetin  [Q]/[AI(IIN]=1
¢ DRUV S 10 #m a40nm
o +Y
=
S
7
T 05
0.0

350 450 550
Wavelength (nm)

z Complexation only with AlClI, @




Spectroscopic properties is of yellow lake

[ Solid state Quercetin AlICl; complex ]

¢ Al(lll) concentration

Q/Al 0 0.1 0.2 0.3 0.4 0.5
Q/Al 1 15 2.0 2.5 5 10 T=24 h

20 QIAI ([Q] 10° mol g%
——0(3.0)
——0.1(2.8)
——02(2.7)

——0.3(26)
——0.4(25)
——05(2.4)
—1(21)

——15(1.9)

Wavelength (nm)

= Absortption band characteristic of complexation

19




Spectroscopic properties is of yellow lake

Intensity (a.u)
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Al3* 2 water molecules

phenol coordination

M; J.P. Cornard, J.C. Merlin, A.C. Boudet, L. Vrielynck, Biospect, 3 (1997) 183; T. Tesloval, C. Corredor, R. Livingstone, T. Spataru
R.L. Birke, J.R. Lombardi, M. V. Cafiamares, M. Leona, JRS 38 (2007) 802




Spectroscopic properties is of yellow lake 21

[ Solid state AlICI; complex and quercetin Iak

¢ Classical quercetin Lake : ¢ Solid state quercetin lake :
precipitate obtained by mixing (Q + AlCI;) + AI(OH),

guercetin +alun+carbonate in solution

[Q]=10-3M; [Alun] = 30g L [Q]=[AICI;]=104M

Immediate precipitatipn at pH =7 (Na,CO,)

300 400 500 600
Wavelength (nm)

Similar UV-Visible reflectance spectrum

@



Intensity (u. a.)

Spectroscopic properties is of yellow lake

lake with quercetin, Ay= 450 nm

. i =4
lake with extrated dye, A= 430 nm Quercetin, Aq= 450 nm

commercial lake , Aq=400 nm

Iy ‘\M,w
‘fi' ’l 'w

4 i M"‘\)i‘f

450 500 550 600 650 700 750

Wavelength (nm)

= Al Complex complex emission

22




Spectroscopic properties is of yellow lake

[ Conlusion ]

¢ Identification of the yellow dyes of Rhamnus catharticus

» Quercetin as chromophore model for Avignon Lake

¢ Quercetin powder
> monomer and dimer observed by DRIFT and DRUV

¢ Solid state complexation of quercetin with AlCI,
> observed by DRUV and Raman
> reaction with water molecules showed by Raman

& Quercetin lake

23

> Solid state complexes similar reflectance spectrum as classical quercetin lake

» Fluorescence properties

@



Study of historical pigments by electronic spectroscopy

Perspect

& fluorescence microscopy

€ molecular dynamic simulation
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