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Oil paints in art: 

identifying and unravelling their reticulation 

by chemical depolymerization 

and ultrahigh resolution mass spectrometry
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“Les secrets de Modigliani”

Corpus:

• All works by Amedeo Modigliani

from French public collections: 25

paintings, 2 attributed and 3

sculptures

State of the art analyses:

• X-ray Fluorescence: analysis of the

inorganic component only

Question:

• Is the paint in Amedeo Modigliani’s

artworks Sennelier™ paint as

according to historical sources?

Objective:

• Development of an analytical

protocol for the analysis of the

organic binder (siccative oil)
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CalciumLead

Mapping by X-ray 

Fluorescence

Amedeo Modigliani, 

Viking Eggeling, 1916, 

LaM, Villeneuve d’Ascq

 Dr Michel Menu

 Dr Anaïs Genty

 Marie-Amélie Sénot



Oil paint

Binder,

siccative 

oil

Mineral or

organic

pigment

• Siccative vegetable oils

• Siccativity: capability of forming a solid film upon

exposition to light and air

• Common siccative oils: linseed, poppy and nut oils

Oil Palmic Stearic Oleic Linoleic Linolenic

Linseed 7% 4% 18-22% 14-17% 52-55%

Poppy 12% 2.3% 20% 65% 0.7%Unsaturated fatty acids

Saturated fatty acids

Triglycerides in siccative oils



Oil siccativation

Initiation
Hydroperoxide

formation
Hydroperoxide
decomposition

Polymerization and 
cross-linking

Creation of a 3D 
insoluble network

• Apolar environment required

• Catalyzed  by added metal catalysts or 

pigment  (Co, Cr, Fe, Mn, … salts)



State of the art techniques for the analyses of lipid binders

• Harsh depolymerization 

conditions

• No information on cross-linking 

structures

• Unreliable quantificaiton

• Higher sample quantities 

required

Bonaduce, I. (2009). Andreotti A. Py–GC/MS of organic paint binders. In: Organic mass 

spectrometry in art and archaeology. Colombini MP, Modugno F, editors. John Wiley, 

Chinchester, 303-326.

Py-GCMS

Temperature determines which 

products are obtained and their 

quantities!
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Soft chemical depolymerization developed at MSAP

nanoESI source

8 Megapoints

Absorption mode

Chemical depolymerization developed at MSAP

Quenching with 10 µL formic acid

Liquid-liquid extraction

58 samples from Amedeo 

Modigliani's artworks

10 µg 

sample



Strategies for the developement of oil paint analyses

Fresh siccative oils

Identification and

classification Polymerizatio and

reticulation

Protocol 

optimization

58 samples from Amedeo 

Modigliani's artworks

Painting on Sennelier™ canvas 

dated between WWI and WWIItransamidation



Oil analysis on modern and historical Sennelier™ paint tubes (nanoESI FTICR MS)

Historical Sennelier™ paint tubesModern Sennelier™ paint tubes

Safflower oil

Yellow ochre

Burnt Sienna

Ivory Black

Safflower oil

Safflower oil

Poppy oil

Poppy oil

Linseed oil



“Les secrets de Modigliani” – Polymerized organic binder analysis

Triglyceride (TAG) 

molecule formed by 

one glycerol and 

three fatty acids 

(oleic, linoleic, 

linolenic)

1 mm

1 mm

1 mm

Linolenic 18:2 Oleic 18:1 Stearic 18:0 

Blue

White

Red



Winsor & Newton Griffin™ alkyd paint: depolymerized, derivatized fatty acids

Fresh

Oleic

C18:1

Stearic 

C18:0
Sebacic

Acid

Linoleic 

C18:2

Linolenic 

C18:3

371.33770

1 week 

polymerization

1 year 

polymerization



Winsor & Newton Griffin™ alkyd paint: effect of pigments, 1 week polymerization

Titanium white

Linolenic 

C18:3

Linoleic 

C18:2

Oleic C18:1

Stearic

C18:0

Sebacic acid

(dicarboxylic acid)

Prussian blue



Mass spectrometry analysis

nanoHPLC U 3000 (Thermo Scientific)

Column C18, 75 µm, 15 cm

Pre-column C18, 300 µm, 5 mm 

Flow rate of 300 nL / min at 40 °C

Gradient duration = 65 min Injection 1 µL

Mass spectrometry

Nano électrospray

LTQ Orbitrap XL (Thermo Scientific)

Analyzer : FTMS

MS résolution 60 000

Scan ranges : 280-2000

m/z : 341.3526

m/z : 369.3839

m/z : 315.2642

m/z : 339.2642

LTQ-Orbitrap analysis on historical canvas samples



Modigliani F4010 (2)

Palmitic acid_DMAPA

(C16:0)

m/z 341.35264

[C21H44ON2 + H+]

Oleic

acid_DMAPA

(C18:1)

m/z 367.36829

[C23H46ON2 + H+]

Stearic acid_DMAPA

(C18:0)

m/z 369.38394

[C23H48ON2 + H+]

Oxidized Palmitic 

acid_DMAPA

(C16:0 1O)

m/z 341.35264

[C21H44O2N2 + H+]

∼10 µg sample

nanoESI source

8 Megapoints

Absorption mode

Full spectrum Fatty acids area close up

Azelaic acid_DMAPA

(2C9:0)

m/z 357.24339

[C19H40O2N4 + H+]

Degradation 

marker



Modigliani F4010 (2)
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Palmitic acid_DMAPA

(C16:0)

m/z 341.35264

[C21H44ON2 + H+]

Oxidized pentadecanoic 

acid_DMAPA

(C15:0 1O)

m/z 341.31605

[C20H40O2N2 + H+]
Octendienoic acid_DMAPA

(2C8:1)

m/z 341.29110

[C18H36O2N4 + H+]

Δm/z = 0.02 Da

More than 400 

identified peaks
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