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Oil painting

Oil painting:
application of pigments on a support using drying oil

Girl with the pearl earring Portrait of Dr. Gachet

Oil binder in painting ?

Oil polymerization for painting ?

Johannesf" _
Vermeer | : Analysis of oil film polymers in painting ?
= & e T, T e .

[ w0l @ Lo & tis™

e University

1655 1890

Painting techniques were used for centuries @
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Oil paint composition

modern oils

atty acid
Palmitic | Stearic Oleic Linoleic | Linolenic

Llnseed 4-7 %

Poppy 10 %
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2-5% 12-34 %
2% 11 %
5% 28 %

17-24 %
72 %
51 %

35-60 %
5 %
5/0

MEUFT-ICRMS

" Triglyceridesinoils )

Unsaturated fatty acids

0 g
J
Og
DJ\/\/\/\/—V_V_V Linolenic 18:3

Saturated fatty acids

> J

Drying depends on unsaturated fatty acids content
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Siccativation or autoxidation mechanism

l Oxygen addition

/WK/\/\/\/\/\A/R
0

Hydroperoxide formation

H—0~, 0
/\/\)\/\/\/\/\/\/U\O’R
+ Chain reaction 0
CM -R
o Fenton reaction
N A O,R
+ 0

o)
/W\/WJ\O/

Formation of 3D-structure
+

VOCs Y,
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Siccativation

The ability of oil to form a solid film upon exposition to light
and air.

Catalyzed by driers (historically Pb, now Co, Cr, Fe, Mn) and
pigments.
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Oil paint analytical methodology

Polymerization - it idati . Q_uenching :
())/r drvinG Chemical depolymerization by transamidation Liquid-liquid extraction
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Painting
MS analysis
( . Ultra high resolution )
MALDI-TOF- MS LC- Orbitrap MAL DI ETICR MS
Historical paintings
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Linseed oil polymerization- depolymerization

4 )
4 ) Total extraction yield (%)
Without _ L Co1%
cobalt 100
= PE+ EA
EA
ICo0 0.1 % ~Co 10 % 0%Co Co00.1% Col % Col0%
\_ mPE WEA mPE+EA J
- “
Linseed oil with Co (Il)2-ethylhexanoate o100
Film thickness = 0.04 cm i Y

Polymerization 1 week
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Linseed oil polymerized 1 week: depolymerization & LC MS

RT: 12.00 - 24.00 *

14 89 NL: 2.04E7
1007 14_95* * Base Peak F: FTMS
] 15.01 17.30 + p ESI Full ms Native ) .
n 18124 ) 17 6P o e e, Percentage of fatty acid vs unsaturated fatty acids
1 1739 1846 2153
] 13,03 1283 1904 21.08 e
0 :
o0 NL: 2.37E7

Base Peak F: FTMS

ESU?&%%?SU] IE Without drie

lin_poly_ep1_e3
18.59 * *

o005 2150 2277
ah

Relative Abundance
(5]
[a=]

METETETE EAE|

ML: 3.04E7
Base Peak F: FTMS

+ p ESI Full .
[280.00-1usngnsn] Ms WithCo 1%

lin_co_1%_ep1_e3

36 % 67 % 86 % 95 %

25 % 18 % 9% 3%

21.24 2238

0
12 14 16 13 20 22 24
- _
[me (mn) 38 % 15% 6 % 1%
363.3376 NL: 1.74E7
100 LIN_NATIVE_EP1_E3#8 * Oleic10
1 83 RT. 14.92 AV 1F:
] FTMS * p ESI Full ms , _ 49 % 53 % 53 % 56 %
50 DMAPA [200.00-1500.00] * Linolenic
: mrzm | * Linoleic
1 339.2684 3572791 || 375 2889 398 4760 0 0 0 0
103 3833623 NL: 2.84E6 49 % 44 % 43 % 38 %

lin_poly_ep1_e3#790
RT: 1404 AV:1F:

Relative Abundance
()]
[

dl | -
< 3791136 |1g5 6512 +* -
; Stearic
,132020s0  338.3054 365.1668 |/ 399.3587
367.3688 NL: 1.41E7 * . -
100 Eicosanoic

lin_co_1%_ep1_e3#101

FTMS +p ESI Full ms i?

DMAPA [200.00-1500.00) 1% 4 % 4% 5%
7 RT-17.05 AV:1F: .
FTMS +p ESI Full ms *DocosaHOIC

50—E .y DMAPA o [200.00-1500.00} @ (‘.” MSAP @ Ig.% Lu_ ggl\Lllel{eSIté
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RT: 11.48 - 30.49

Linseed oil polymerized 1 week: influence of metal driers

21.07 NL: 6.97E6
100 . . .
] x otsitulme Percentage of fatty acid vs unsaturated fatty acids
80—_ 22.25 [200.00-1500.00]
] MS
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40
20 18.19
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Linseed oil polymerized 1 week: oxidized vs unsaturated fatty acids

Oxidized vs unsaturated fatty acids using different driers

0.25
0.2 Co1% ™.
............. o Cobalt dark blue
.......... ® Copper (Il) acetate hydrate
O e
2 ...
®o15 e
S| e
o Co01%e
001%e e .
8 °e o Palladium (I1) acetate
.
Dol e
5 Without drier ¢
6< y = -0.1209x + 0.2447
R?=0.7638
0.05
0
0 0.2 0.4 0.6 0.8 1 1.2 14

Unsaturated vs saturated
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Linseed oil polymerized 1 week: MALDI-FTICR MS, petroleum ether fraction

Intensa._ — 22092022_lin_native_EP1_E3_0_A6_000001.d: +MS
x10 i Pa'mltIC_DMAPA 35313;?11 O|e|C_DMAPA
I 341.35264 . ; :
o] CH oM e Linolenic_DMAPA m/z 367.36829
21| | [CaaHasON, + H m/z 363.33699 [CsHsON, + H]
" [C23H4,0N, + HY] 367.36842 Stearic_ DMAPA
T Linoleic_ DMAPA m/z 369.38394
_ m/z 365.35264 [C23H4sON, + H']
0.5 + H* 1+
: [C23H44ON, + HY] \ 379.09259 1s
] 361.32149 ‘ \ I 395.32701
0.0_ l 1 l L 1 | il i L 1 || |. L L L
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‘0] Palmitoleic_DMAPA-10 rca e 38336333 Stearic_DMAPA-20
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0.51 1+
] 1+381.34769 1+
] \ 1+ 379.09259 1+ 399.3582
e Ll T
x1087 l T 22092022_jin_Co 1% EP1_E3AY D6_000001.: +MS
: _ . Lo
4_: Sebacic. DMAPA 38335332 |inoleic_DMAPA-20
] m/z 371.3381 m/z 397.34247
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] 359.;40? m/z 383.36321 m/z 399.35812
] [C23H4602N, + HT] (CelRw N, = R
1 1+ 1+
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Linseed oil polymerization: influence of ageing

Intensg i s 22092022 _lin_poly_EP1_E3_0_B6_000001.d: +MS
X109 4 +
] 341.35955 linolenic_2DMAPA
151 C18:3 aldehyde
1 +
1 [C2gH530N, + H'] 1 Week
1-0j 383.36315 ( =
- Extraction yield of linseed oil in function of
05! . polymerization time and method
b 461.42144 1+
g 556.41097
D D 1 i 1 l]l 2l ub sl Bl L 631!15220 ?45.&.5380 “-B
x108 ] 14 02112022\lin_poly_ep_3w_e2 0 B17 0} .7
4] 341.35364 0.6
1+ 0.5
. 383.36419 ) )
37 Mycolipenic _3 0.4
] DMAPA aldehyde 0.3
2; c27:1 2
] [C42HgsONg + HT] 0
1 " Co0.1% Co 1% Co10 %
] 1+
] b 413.37478 52354318
D: 296219580 AR LL AL, LL i. L i Ll b lL. Lu.. 1wl o b L l L l L .L L L L. b o i ﬁn.sg. E?8§9 P k - 1 IW'EEk .3 WEEkS - HeatEd J
x108 Lin_poly_EP_80 E2 0 A6 _000001.d: +MS
1 341.35253 Linoleic_ DMAPA-10 Methyl arachidonate
081 1 [CosHasOoN, + HY] _2 DMAPA aldehyde Heated at 80° C
1 383.3631  m/z 381.34755 [C3;Hs60ON, + HY
061 Hexatriacontatetr
. aenoic C36: 4
047 1+ 55357348 1% _3 DMAPA
0. . 449.45777 501122?3 689.67798 . 1 [C51H9602N6 + H+]
] 296.29466 . /
D_D—.hh——lpn—& ?33.6619:11 S I.uszs.i..ﬁxﬁ?gl e s 941'39995 .
300 400 500 600 700 800 900 miz




Linseed oil depolymerization: influence of solvent of extraction

Intens Lin_poly_EP_&0_E2_0_A6_0D0001.d: +MS
x10

' Relative intensity of
) ) ) ) polymerized + heated
Polymerized linseed oil after heating Theoretical Formula _ _ linseed oil at 80° C (%
Petroleum ether fraction m/z [M+H]+ (M-+H] Attribution oE Ethyl
_ acetate
fraction fraction
. Trideca-2,4,6-trienoic-2 DMAPA
. Zlopgexiijoxmm C,.H,;N,O, 0.55 3.02
55157348 C 13 : 3
. 417.368684 [EOFA IS\ NeH Stearic- 1 DMAPA-3 O 0.99 0.62
5,8,11-tetradecatrienoic- 2 DMAPA
ivameleyiocam C,,H,;N,O, 1.15 0.38
)l:10g i l IinJ)uI:“:Cj:zZSEGREE‘i E2_0_N13_000001 calibrated whole.d: ‘{-\s C14: 3
a0z S Eicosadienoic- 1 DMAPA- 20
425.373770 EEOPHIN\NON 1.75 1.47
C20:2
20 Polymerized linseed oil after heating 431.363205 C,,H,/N,O, Docosapentaenoic- 1 DMAFA-1 O 5.26 1.47
Ethyl acetate fraction C22:5
Heneicosapentaenoic- 1 DMAPA- 3 O
449.337384 [OPH PR\ NOH 0.84 2.31
C21:5
10] . 451353034 [eMTNEoY Methyl arachldonat(.a- 1 DMAPA-3 O 0.80 0.60
5?]'.;;2?21 B2 10880 CZ 1 . 4
os Zygctiyle il C,cH,oN,O:  Methyl arachidonate- 1 DMAPA- 4 O 1.30 0.52
Heptadecenoic- 2 DMAPA
voluli i i m an = — 467.431953 |pes MR\ c17:1 0.67 0.46




Poppy oil polymerization

Intens. | 7 N
K108 3663559 x108 st e Extraction yield of poppy oil
1.2 121 polymerized one week
1
0.8
0.6
101 Oxidized 04
107 : 0.2
fatty acids . - - H
1+ 0% Co Co01% Co1%  Col10%
416.34501 ool L e y
08- Polymerization 1
week "
397.34249
061
1+
368.37165
0.6+ 1+ 379.;190
341 ?5252 363.33701
041
1+
389.32937
1+
o A 39513;685
021
1+
1+ 1 b 391.32643
618.06001 s 8t ?7.3;750 38336324
L 352.28464 357 308 361.32130 [ \‘ J ‘ J J ’
0.2+ 1+ 0.0 st ' PP -_.I.....Il “'.l'“"f ..u‘.A.IJ ‘ M—qu— I oy n..I‘A..\ILn.!mlJ piaily “ IlL‘ ’ | ! : ;‘LJI‘:.-. I.|. ' | e
1 554.39543 340 350 A0 3 atn 2 mﬂ“t
.
272.97230
° . r
113 5628 L Université
941.24374 1046.69458 1223.50532 — de Lil.l.e
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Dimers of poppy oll

IntenSS POPPY_POLY_1W _EP1 0 _A10_00000Ld: +MS
X109 ] 1+
713.58283 O; - 0.14 mDa
44 Q5 - 0.07 mDa
1+
0, - 0.08 mDa 775.06714
0. + 042 mDa |
C-O dimers C-O-O dimers
34 O - 0.06 mDa
O - 040 mDa
. 743.47730
C-C dimers
14.00949 ) )
77768293 Polymerization 1
715.59836 759.47224 week
21 14.09969
773.65152
727.688233 73417067
762110481 4 o 0ag29
729.69805 745.49336
737.57891
75765675
14 720.12987

| U i i t -
O Lol Ut ittt el 0 ) Ul ottt ittt bt gl b ik bl i sl e it Lol ek L et Lol il il bt S st bt Mt s bt e U bl s sk ..AJ

710 720 730 740 750 760 770 miz -' de Lill.e



Comparison between linseed and poppy oll

Inlnnss. 22092022 _lin_poly_EP1_E3_0_B5_00000Ld: +M5 '"i’g‘f' 22092022_lin_poly_EP1_E3_0_B6_000001.d: +MS
*10 .
1+
556.41097
1.25
15

1+
523.54227

[ [ 1.00
Linseed oil
i, ) 38336315
36837158 0.751
* C13:3-1 DMAPA-10
= 587,5;240 . C133- 1 DMAPA- 2 O

745.45380

| . C20:1- IDMAPA

- C18:3- 2 DMAPA
399.]31.5810 689.67809 761.44904
35?.;?50 | ‘ " ‘ 3913318 ‘ Additional FA * C20:0- IDMAPA
0.3 L 1 " Ll | ..I . l 1 d‘D?.dLIOElO . 0‘09 - In poppy oil .
210 36613;599 POPPY_POLY_1W_EP1_0_A10_DD0001.d: +MS x10 POPPY_POLY_1W_EP1_0_A10_000001.d: 4] . Methyl I”']OIenate- 3 DMAPA
12 ) 251 1+
e - Linoleic- 1 DMAPA- 4 O

10 * Linoleic- 1 DMAPA-50

2.0

. * Oleic- 1 DMAPA- 40

+  Poppy ol

s 1 « C24:4- 3 DMAPA

2 554.39543
39?.13.5259
06
i 31913;190
36333701 : 104 ”
04 568.37463
1+
38932937
.54 1+ 1+ . L4 V' 4
. /. | |[L Universite
651.05769 743.67730 .
ookdl 3.52'121;“5‘l " ' | N ‘ Ul ll.. | L ! w 6197327 de Lll’l'e
"340 350 360 370 380 390 400 miz 0.0-8% v v vy o . " sse University




Historical painting on Sennelier canvas (between the 2 World War)

Linoleic 18:2 Oleic 18:1 Stearic 18:0

Inten%._ Tt
x10% 367.36829 Blue
44
l 1+ 1 1+
1 + | 36938391
9 36535265 4, P | L
o] l B66.35891 l J 370,339025 |
x108 4 1+ .
] 367.36830 White
T 1+
4- 1+ 1+ |369.38391
il 365.35266| 1+ 368.3745D 1+
g ] bee 3caob 370.39025
x108 - 1+
6- 14 367.36829 Red
4] 365.35267
1 1+ 1+
2- ) 661;589. 168.37458 369.38391] 1+
] | R J 370,39024
O T T | T I L] T | L] I 1 L | T I | T | L] I | L | T I ll | L] I | L T T l k| ki| T 1 l | 1 T | l T . |
365 366 367 368 369 370 371 372 mz

Pigments influence the relative intensities of unsaturated and saturated

fatty acids, as well as polymerization and siccativation

Triglyceride
(TAG) molecule
formed by one

glycerol and
three fatty acids
(oleic, linoleic,

linolenic)
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Historical painting early XIXth century

~10 pg
Museum scale

(white)

Full spectrum

Intens
%109

7o 76556784

515.41217

" Fatty acids area magnification

341.35233

Oxidized Palmitic
acid_DMAPA

! m/z 357.34756

[C21H4O,N, + H+\

Palmitic acid_DMAPA
(C16:0)
m/z 341.35264
[C21H4ON, + HY]

Linoleic - .
acid DMAPA Oxidized oleic
(C18:2) Oleic 369.38359 a((:édlg[.)leé)P)A

m/z 365.35267 id DMAPA :
acld_ m/z 383.36322

[C23H44ON, + HY]

(C16:0 10)

357.34723

m/z 367.36832
[Ca3H460N, + HY]

361.32100

Stearic acid_DMAPA
(C18:0)
m/z 369.38394
[C23H450N, + HY]

(C18:1)

367.36795
365.35231

fed s

[Ca3H460,N, + HY]

Oxidized linoleic
acid_DMAPA
(C18:2 10)
m/z 381.34757
Ca3Ha40,N, + HY]

LLLxlll

Oxidized stearic
acid_DMAPA
(C18:0 10)
m/z 385.37888
[C23H4802N, + H]

383.36282

385.37847

1,

381.34718

A
Al

s i

B Ui R B 4

227.24805 663.45259

il bl

600 800

1051.79763

1003.79668

h.lJ TR

1000 1200

1400 miz

J]J. TN
Lk - . Buti

A EU FT-ICR MS

345

360

365

38
L

[

0
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Alkyd paints

Alkyds are organic polyesters synthesized for the first time in 1927 by R. H. Kienle

Example of reaction synthesis of alkyd paints -

O
OH 0 o -n (H,0) o o
HO OH + o) + Z J\OH + J,k HO
HO | HO” “fatty acid chain —————fy- 0 0 0 OH
X O_o 00 O 0 0
0 F:F /_2:0

Pentaerythritol Phthalic anhydride Benzoic acid Fatty acid -
- \\_// ~n

Alkyd polymer

N

+ Pigment

Same autoxidation process as oil paints
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Analytical method adaptation for alkyd paints analysis

Transamidation

MS analysis

Transesterification

——

Benzoylation

H\ /H N
O O CH,CI
H™ H Triethylamine

Pentaerythritol 4-d|methylam|nopyr|d|ne DMABC

|_ Université
Page =20 MEUFT-ICRMS h MSAP @ m LL de Lill-e

e University




Industrial alkyd paint analysis ‘Plusol’ by MALDI FTICR MS_ transamidation

ns. 367.36807 19102021- Mader plusol $355 1y - ether_000001.d: +MS
x109
8_
6_
" Oxidized fatty
341.35243 5
acids
4_
1+
383.36296
1+
365.35243
1+
369.38372
21 1+
i 381.34731

Phthalic_ DMAPA

m/z 335.24415 REE

[C21H44ON2 + H+] 399.35786

1 1+

397.34220
} l L Université
355.33170 395.39933 ’ L Y

NI I L U .hMFMLdeL.ue
330 | I | 340 350 360 370 280 290 200 | oy Lebanese Universicy




Industrial alkyd paint analysis ‘Plusol’ by LC-MS_benzoylation

RT. 12.07 -39.16

Relative Abundance

1004
90
80
70
603
50
403
303
203

10

o

14.11
27.07

20.09

1938

2346

25.64

16.79

M__Jl_”‘__l_\‘ 21.13

2811 2927

ML:

7.83E5

Base Peak F:
FTMS + p ESI
Full ms
[200.00-
1500.00] M3
DMBAC_PE

o g 3167 3482 3714
T T T e T T T T T T e T
15 20 25 30 35
Time {min}

DMBAC_PE #1124 RT: 23.46 AV: 1 ML 1.87E5

Relative Abundance

100
90
80
703
50}
50
mE
30
20

10

F:FTMS+ p ES s [200.00-1500.00]
~ 725.35

725.07

726.36 74733

74834
72736
749.34

756.40

0 ———

N L SR S N -
740 745 750
miz

T T T
725 730 735

755

0

0
0 0
—N N
\ |

\_

4 N
Benzoylation agent
. J
[\ Product )
N 0 ¢
/
0

N

7

e

EU FT-ICR MS

L@ Ly L

Lebanese University
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FT-ICR MS analyses on museum-size alkyd paint samples

Intens.
x1010

1.50

1.25

1.00

0.75

0.50

0.25

0.00

Palmitic
acid_DMAPA
(C16:0)

m/z 341.35264
[C21H44ON, + H]

Phthalic
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Protocol optimization for museum-size samples

Detection of the main components of alkyd paints

Detection of polymerization-related products



Conclusions and perspectives

Conclusions

* A new, original and sensitive method for the depolymerization of oil-based paints was developed.
* For alkyd paints: fatty acids and polyols were separated, derivatized with distinct methods and

detected using high resolution MS.

Perspectives

* Scale down optimization will be pursued for the derivatization of museum-size, paintings samples.
* The role of pigments and driers and their effect on the paint film formation and composition in fatty acids will be

studied with other industrial pigments.

* Depolymerization of other polyesters for example PET and PET microplastics will be studied.
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