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Results

U-ATR-FTIR of linseed oil binder without pigments

According to the y-ATR-FTIR results the presence of the selected inorganic pigments in the
linseed oil paint inhibited further oxidation reactions at the uppermost surface-level, otherwise
occurring in the pure linseed oil binder under the same ageing conditions. More precisely,
neither the formation of the band at 3070 cm™ nor the less intense band at 1459 cm™', which
were noticed predominantly in the linseed oil binder exposed to the halogen lamp and LED B
for 5000 hours (Fig.S4a,b,c), took place in the aged oil binder mixed with the inorganic
pigments. The broad and weak band found in the spectral region between 3300 and 3000 cm-
" at 3070 cm™, can be assigned to CH stretching from a carbon double bond (=CH-). The
appearance of this band together with the simultaneous higher absorption of the (cis) C=CH
bending at 724 cm™, the slight decrease of the (trans) C=CH isomers at 978 cm™, and a more
intense band at 1621 cm™ (Fig.S4a,b) of the conjugated double bonds [1], suggest that either
the trans double bonds are further isomerized to cis configuration or more likely that the
formation of cis isomers is favoured through the production of greater unsaturated short chain
hydrocarbon by-products, while the trans isomers decrease because of the saturation of the
main fatty acid double bonds. On the other hand, the less intense band at 1459 cm™ of the
symmetric CH, bending in comparison to the sharper and more intense band at 1378 cm™' of
the symmetric CH3; bending, complemented by an increase in absorption of the asymmetric
CHs bending at 1445 cm™, sustain the increase of short chain products in the 5000 hours aged
linseed oil binder due to chain scission degradation of the unsaturated fatty acid portion.

Another sign of further oxidation/degradation reaction in the linseed oil binder is shown by the



formation of a weak and broad band with a maximum at circa 3216 cm™ (Fig.S4a,c). This band
together with the constant broadening of the carbonyl band at 1736 cm™ and the higher
absorption at 1712 cm™ (Fig.S4a,b) as well as 1415 cm™ indicates that new peroxides such as
carboxyl acids by-products are generated through the continuous photolysis of initially formed

hydroperoxides or hydroxyl groups, also shown by the slightly less intense OH band at 3400
cm™ (Fig.S4a,c).
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Fig.S1: a) u-ATR-FTIR spectra of linseed oil with the cadmium yellow PY37 pigment before and after
5000 hours of light ageing (LED A: 420 nm, LED B: 460 nm, and H lamp: halogen lamp). The
highlighted regions show the broadening of the carbonyl peak at 1736 cm after ageing, which can be
observed in detail in b).



Linseed oil + ultramarine blue PB29
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Fig.S2: u-ATR-FTIR spectra of linseed oil with the ultramarine blue PB29 pigment before and after
5000 hours of light ageing (LED A: 420 nm, LED B: 460 nm, and H lamp: halogen lamp). The

highlighted regions show the main variations after ageing.
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Fig.S3: u-ATR-FTIR spectra of acrylic with the ultramarine blue PB29 pigment before and after natural
ageing and 5000 hours of light ageing (LED A: 420 nm, LED B: 460 nm, and H lamp: halogen lamp).
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Fig.S4: u-ATR-FTIR spectra of linseed oil binder before and after 5000 hours of light ageing (LED A:
420 nm, LED B: 460 nm, and H lamp: halogen lamp). The highlighted regions show the broadening of
the carbonyl peak at 1736 cm' and the shape and intensity variations between 3000 and 3700 cm’’
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after ageing, which can be observed in detail in b) and c), respectively.



H-Raman settings

a)

Ultramarine blue PB29 Acquisition Range M easurements
based mock-up Laser A (cm~) Filter Hole Slit (time x seconds) (cm-1) times
Acrylic 532 D2 1000 100 3x5s 150-3600 3x

Alkyd 532 D2 1000 100 3x5s 150-3600 3x
Linseed oil 532 D2 1000 100 3x5s 150-3600 3x

b)

Acquisition Range M easurements
based mock-up Laser A (cm-") Filter Hole Slit (time x seconds) (cm-1) times
Acrylic 532 D3 1000 100 3x5s 90-2000 3x
Alkyd 532 D4 1000 100 3x5s 90-2000 3x
Linseed oil 532 D3 1000 40 30x5s 90-2000 3x

Tab.S1: y-Raman measurements settings used for the ultramarine blue PB29 and cadmium yellow PY37 based acrylic, alkyd, and linseed oil mock-ups before

ageing and affer 1250, 2400, 3300, and 5000 hours of ageing under different illuminants (LED A: 420 nm, LED B: 460 nm, and H lamp: halogen lamp).
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Agengtype Ageing time Azelaic A Palmitic Stearc Axbica Palmitic Keark MMA nBaA J{nBAMMA)OEE
Aver. Aver. Aver, Aver. Aver. Aver. Aver, Aver. Aver,
Halogen Lamp Unaged
2300 ) 2 B < W - i 2 s ke ;l 1 1 % -
s00h B s E s 2 W 1= s [0 IR -
LED A 23000 } 2 - 11 g un ﬂ -13 Iu { 1 H_s 2
5000 F = 2 5] WO -10 0| @ 12 -
Leos 24000 i 0 1} 2 1 = i s0 | -2 i 3 Is 2
5000 E v L St N> ® = Ji3 | 2
Halogen Lamp Unaged
2400 =—i 10Tl 26 % M -+ Tl =" » 22 B Bt
50000 s B < NI - = 3s | -2 s £ 022 R
LEDA 24000 ko i 1 B 2 28 i1 - . 85 i | & ¥ -
S00h | a2 W 3 | = 16 o =2 Fis R
LEDS 24000 53} [ ) | WY L‘ -8 _'u 35 E -13
©0m S ) 15 I = - 32 i & 47
Halogen Lamp Unaged
24000 | s s | -2 | n: B B e L BT <7
S00ch | . 3 0 s ER |hs g 2= L2 7
LEDA 24000 a1 W s | o 21 | L E] % | 1 35
000 | 23 W 7 | <« K 0 |0 s | s 2 Pas ol
Le0s 220 r  Es | s rl 18 | 2 s r | 3 L Y T
5000 s Wi 1 = -2 | 2 . 3 | -2 B =
Halogen Lamp Unaged
2400 H 1 7 1 = . | 1 o | -2 | 2 a
20000 ] < 1 I < M o2 o s B | 2 J 24
LEDA 2400 H 1 2 0 0] X v WM o el | - | o s
50000 1 17 IS EECEE B U 3 [ 1) s
Leoe 24000 ‘ He B E 17 1+« [ ‘ 2 | 1 ] «
5000 T 7 0 s s s [ T b2
Halogen Lamp Unaged
23000 s < 3 16 ‘ 21 lxe .18 | -3 15
S000N 2 -8 16 30 -13 31 -1 | 1K 22
LEDA 2400 H o 2 1 < K s | 1 [1|§ s s = 13
s00n | a1 | R 2 T | -3 is 1
L0 24000 i < K < | af |K PFio | s| % -2 L) 20
50000 -5 I < el g 9 |75 s

Tab.S2: Difference percentage of chemical composition measured by Py-GC/MS and THM-
GC/MS compared to unaged sample for ultramarine blue PB29, cadmium yellow PY37, cadmium red
PR108, chrome green PG18 mock-ups, and the respective binder (linseed oil, alkyd, acrylic) without
pigment. (LED A: 420 nm, LED B: 460 nm).



Alkyd + PG18

Ageing type Ageingtime c-0-c/P c=0/P
Aver. St. Dev Aver. St. Dev
Unaged 1.24 0.07 2.04 0.17
Halogen Lamp 1200h 1.17 0.07 1.92 0.13
2400h 1.16 0.09 1.92 0.20
3300h 1.25 0.05 2.07 0.07
5000h 1.35 0.07 2.19 0.13
Unaged 1.24 0.07 2.04 0.17
LED A 1200h 1.18 0.08 1.91 0.15
2400h 1.16 0.10 1.90 0.16
3300h 1.23 0.09 1.98 0.16
5000h 1.25 0.04 2.07 0.08
Unaged 1.24 0.07 2.04 0.17
LED B 1200h 1.17 0.03 1.88 0.01
2400h 1.13 0.05 1.82 0.09
3300h 1.19 0.08 1.90 0.15
5000h 1.25 0.05 2.03 0.09

Tab.S3: Ratios (average — Aver., and standard deviation — St. Dev.) among intensities of C-O-C and C=0 IR bands of the alkyd binder (at 1259 and 1721 cm™’,
respectively) and IR bands of the chrome green PG18 pigment (P), considered between 583-456 cm'. (LED A: 420 nm, LED B: 460 nm).
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