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Figure S1. FT-NIR spectrum of (a) calcite-based preparatory layer and (b) animal glue.
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Figure S2. FT-NIR and MIR spectra of (a) fempera grassa with linseed oil, (b) tempera grassa with

walnut oil, (c) tempera, (d) linseed oil on tempera, (e) walnut oil on tempera. The pigment is azurite.
Legend: * = signals due to azurite.
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Figure S3. FT-NIR and MIR spectra of (a) fempera grassa with linseed oil, (b) tempera grassa with
walnut oil, (c) tempera, (d) linseed oil on tempera, (e) walnut oil on tempera. The pigment is yellow
ochre. Legend: * =signals due to yellow ochre.
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Figure S4. Comparison of NIR spectra of tempera and tempera grassa with yellow ochre (* = band of
the pigment). The arrows indicate the signals of the lipid component, which increase in intensity in
the mixed binders. Legend: (gray line) egg tempera; (dot line) tempera grassa with linseed oil; (black
line) tempera grassa with walnut oil.
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Figure S6. FT-NIR and MIR spectra of: (a) white primer layer with walnut oil and lead white, (b)
lead white in linseed oil on white primer layer, (c) azurite in linseed oil on white primer layer, (d)
yellow ochre in linseed o0il on white primer layer. Legend * = signals due to lead white; m =signals
due to azurite; ® = signals due to yellow ochre.
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Figure S7. FTIR spectra of: (a) pink primer layer with lead white, red lead and thin yellow in walnut
oil, (b) lead white in linseed oil on pink primer layer (c) azurite in linseed oil on pink primer layer,
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(d) yellow ochre in linseed oil on pink primer layer. Legend * = signals due to lead white;

signals due to azurite; ® = signals due to yellow ochre.
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Figure S8. Loadings of the first principal component (a) and of the second principal component (d)
of the NIR spectra (6000-4000 cm™) of pure binders and of model painting samples on calcite ground
layer. In the model samples lead white (LW) was used as pigment. The first derivatives of the NIR

spectra of lead white (b), linseed oil (c) and egg yolk (e) are shown for comparison.
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Figure S9. Score plot of the first two principal components of the NIR spectra (60004000 cm™) of
pure binders and of model painting samples on calcite ground layer. In the model samples yellow
ochre (O) was used as pigment.
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Figure S10. Score plot of the first two principal components of the NIR spectra (6000-4000 cm™) of
pure binders and of model painting samples on calcite ground layer. In the model samples azurite
(A) was used as pigment. A shift of the points corresponding to the spectra of the painting layers
containing the blue pigment is due to the overlapping of its bands with those of oil.
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Figure S11. Loadings of the first principal component (a) and of the second principal component (c)
of the NIR spectra (6000-4000 cm™) of pure binders and of model painting samples on gypsum
ground layer. In the model samples lead white (LW) was used as pigment. The first derivatives of
the NIR spectra of gypsum (b) and egg yolk (d) are shown for comparison.
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Figure S12. FT-NIR spectra of lead palmitate synthesised for comparison.
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Figure S13. Comparison between the FT-NIR spectrum of an oil layer as such on a glass slide (black
line) and that of an oil layer on which a layer of synthetic varnish was applied (grey line).
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Figure S14. FT-MIR spectra from some details of the paintings: (a) “The Virgin and Child” by A.
Boltraffio; (b) “The Virgin and Child” by F. Galli; (c) “The Virgin feeding the Child” Lombard school
painter; (d) “St. Augustine and St. Jerome” by A. Bergognone; (e) “St. John the Baptist” by B. Zenale
and (f) “Ecce Homo” by A. Solario. In all spectra, with the exception of spectrum (f), the signals are
mainly due to synthetic restoration varnishes. * = bands due to calcium oxalate.

Table S1. Assignments of NIR and MIR bands of azurite, yellow ochre and hematite.

4235 2nd overtone v3(COs2) 1460, 1431 v3(COs %)
4370 v(OH) + 5(OH) 1090 vi(COs?)
, 4520 _ 960 5(OH)
Azurite [1] 4895 - 840 v2(COs2)
5047 - 500 v(Cu—O)
5298 - 460 v(Cu—OH)
1116,1046  v(Si—O-Si) kaolin
915 5(OH) kaolin
Yeuowz"d‘re L 455 v(OH) + 8(OH) 801 Y(OH) goethite
] 536 d(Si—O—Al)
473 5(Si-0)
Hematite [2] - - 600,483  Lattice vibrations
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