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S1 Optical properties of gold 

 
Fig. S 1: Reflectivity r and light transmission d of thin gold films in terms of their thicknesses in nm for light of wavelength 
l=492 nm (---- r, - - - - d). Reproduced from [1]. 

S2 Experimental conditions for SEM measurements 

SEM measurements on samples of modern gold leaves used in the models were implemented at the 
Paul Scherrer Institute (PSI) through a high-resolution SEM Hitachi Regulus 8230 coupled with an 
EDX X-Max detector, using 5 kV voltage. A factory standard (5 kV set) was used for EDX 
quantification analysis. 

S3 Materials and production procedures for models 

S3.1 Production of substrates 

The grounding for all models were produced on small wooden plates (ca. 40x97 mm), based on a 
historical recipe recorded in Libre illuministarum of 1500 [2]. The wooden plate (pine) was firstly 
sanded to a smooth surface (wood dust wiped away with a damp cloth), and then sealed with about 1.5% 
aqueous solution of rabbit skin glue (63025, from Kremer Pigment, Germany), in order to further 
smooth the surface and fill the pores. The white grounding was then coated onto the sealed wooden 



plate, by applying 8-10 layers of a mixture of champagne chalk (5800, PW 18, from Kremer Pigment, 
Germany) and 7% rabbit skin glue in water. After the grounding was dry, it was sanded (till 320 grit).   

For the bole substrates for water gilding models, 3.5% rabbit skin glue was first applied as Leimlösche 
(German, refers to diluted glue as a sealing agent) onto the finished grounding, and four layers of 
coloured bole (Selhamin wet bole from Lackfabrik Dr. Franz Westhoff, Germany) were afterwards 
brushed in alternating perpendicular directions (i.e. one lengthways and the next crossways) onto the 
grounding. Note that the bole materials sometimes dry out and thus need to be softened through soaking 
with water. The water amount and soaking time are dependent on how dry the bole materials are and 
thus cannot be quantified, which does not affect the bole colour significantly but could lead to slight 
differences in the bole texture. When the bole was dry, its surface was burnished with a round bristle 
brush (called Hund in German). In the ground gilding model, the chalk ground also functions as the 
gilding substrate; while in the oil gilding model, a viscos, oil-based gold size was brushed onto the 
grounding, which was used as adhesive to attach the gold leaf and functioned as the gilding substrate 
after it is dry.   

It is worth to point out substrates “y1”-“y8”, “r1”-“r8” and “w1”-“w8” were made in the same batch of 
2019. In addition to the gold leaf models, some of these substrates were also used for models with other 
types of metal leaf such as Zwischgold, which will be studied in other articles. Substrates “b1”-“b4” 
and “r9”-“r10” were made in 2020. The main reason for producing of the latter lies in an unexpected 
issue during the production of Model “r7_dg”: soon after the gold leaf was applied onto the substrate 
“r7”, many small bubbles occurred under the gold leaf ,which were later pressed down with cotton balls. 
The bubble issues can be observed easily through bare eye, especially for the non-burnished area of the 
gold leaf (Fig. S 2, indicated with red dashed frame) but did not significantly affect its colour 
measurements.  

 
Fig. S 2: In Model “r7_dg” the pressed bubbles can be observed in the non-burnished section of the gold leaf surface (left half, 
indicated with red dashed frame). The dark area in the burnished section (right half) is the reflection of the camera lens.  

S3.2 Application of gold leaf 

In the production of water gilding models, the bole substrates were brushed with a liberal amount of 
2:1 (by volume) water-ethanol solution before applying the gold leaf by lifting it with a fine brush and 
placing it onto the wet surface. After 30 minutes, a few small air bubbles under the applied metal leaf 
were removed by gently pressing the half-dry surface. When the water-ethanol solution has evaporated 
but the bole layer is still elastic, the right half of the gold surface on the models was burnished with an 
agate burnishing tool in one direction, either horizontal or vertical (for the models used in the article, 
the vertical direction was used), in order to obtain a high metal gloss. The gold surface on the left half 
was kept unburnished. 

For the ground gilding model, the gold leaf was applied onto the ground surface through a diluted (ca. 
1.5 % by weight) rabbit skin glue. After 30 minutes, a few small air bubbles under the applied metal 
leaf were removed by gently pressing the half-dry surface and the gilded surface was burnished with an 
agate burnishing tool in one direction, either horizontal or vertical. The burnishing magnitude for the 
gold surface on the ground cannot be as high as that on the bole substrate.  



In the oil gilding model, a layer of viscous, oil-based gold size was applied onto the ground with a soft 
paint brush. After ca. 2 hours, the gold size became dry but still felt tacky, the gold leaf was then applied 
above the gold size. During the gold leaf application, no water bubbles but rather small folds occurred 
on the surface, which were gently pressed with cotton balls. Here, it is also worth pointing out that, 
dependent on different implementers, the evenness of the application of the gold size could be different, 
which might affect the smoothness of the gold leaf laid above. Different from water and ground gildings, 
the gold surface with oil gilding technique cannot be burnished.  

S4 Additional information regarding colour measurements 

S4.1 Colour measurements on substrates 

Four groups of coloured substrates were measured, including yellow bole (y4, y7), red bole (r1, r5, r7, 
r9, r10), blue-grey bole (b1, b2, b4) and white ground (w1, w4). Average 8 sample spots were measured 
for each substrate, with the MAV aperture. Table S 1 shows that both SCE and SCI values of ∆E*ab 
for the models within one coloured group are below or only slightly above JND (ca. 2.3), indicating 
that the substrates are in even colours. Note that the data shown in the table are the average values of 
the sample spots in each substrate.  
Table S 1: Colour measurements on the substrates, including data in both SCE and SCI modes. 

 

S4.2 Colour measurements on models 

Fig. S 3 presents an example for the MAV and SAV measurement spots in Model “y4_pg”. Note that 
the target spots are indicated with red circles, while the sample spots are in black and blue. The 
difference between these is that the blue spots contain minor defects; while the black sample spots do 
not show such defects. 

 
Fig. S 3: Colour measurement spots with a) MAV and b) SAV apertures on Model “y4_pg”. 

The colour differences (indicated with ∆E*ab values) of all twelve models measured with the 8 mm 
aperture (MAV) and 3 mm aperture (SAV) are presented in Table S 2. Almost all models show very 
similar values for their MAV and SAV measurements, except for two sub-model “r5_pgx2_b” and 
“r7_dg_b” (highlighted in red in Table S 2). 

L* a* b* ∆L* ∆a* ∆b* ∆E*ab L* a* b* ∆L* ∆a* ∆b* ∆E*ab
yellow bole y4_sp1 (target) 69.46 12.13 33.63 ------ ------ ------ ------ 70.43 11.89 32.71 ------ ------ ------ ------

y4 68.75 12.63 34.78 -0.71 0.50 1.14 1.44 69.94 12.33 33.56 -0.49 0.43 0.86 1.08
y7 69.19 12.48 34.39 -0.27 0.35 0.75 1.00 70.32 12.20 33.26 -0.11 0.31 0.55 0.74

red bole r1_sp1 (target) 51.6 22.09 14.6 ------ ------ ------ ------ 52.8 21.48 14.14 ------ ------ ------ ------
r1 51.86 21.78 14.39 0.01 0.00 -0.04 0.37 52.84 21.30 14.03 0.05 -0.03 -0.07 0.31
r5 49.55 22.79 15.44 -2.30 1.01 1.02 2.72 51.27 21.87 14.67 -1.52 0.54 0.58 1.72
r7 50.71 22.31 14.83 -1.14 0.53 0.41 1.33 52.23 21.53 14.20 -0.56 0.20 0.11 0.63
r9 51.09 23.71 14.91 -0.76 1.93 0.49 2.55 52.83 22.72 14.19 0.04 1.39 0.10 1.79
r10 49.87 24.36 15.66 -1.98 2.58 1.24 3.51 51.74 23.26 14.89 -1.05 1.93 0.80 2.39

blue-grey bole b1_sp1 (target) 47.80 -0.25 -0.89 ------ ------ ------ ------ 48.19 -0.26 -0.94 ------ ------ ------ ------
b1 47.17 -0.23 -0.83 -0.64 0.02 0.06 0.66 47.54 -0.24 -0.88 -0.65 0.02 0.05 0.65
b2 48.95 -0.29 -0.96 1.15 -0.04 -0.07 1.15 49.49 -0.30 -1.02 1.31 -0.04 -0.08 1.31
b4 48.72 -0.28 -1.00 0.92 -0.03 -0.11 0.93 49.30 -0.29 -1.05 1.11 -0.04 -0.12 1.12

white ground w1_sp1 (target) 90.99 0.96 6.62 ------ ------ ------ ------ 91.06 0.94 6.56 ------ ------ ------ ------
w1 91.06 0.96 6.57 0.06 -0.01 -0.05 0.20 91.12 0.93 6.51 0.06 0.00 -0.05 0.21
w4 91.28 0.90 6.44 0.29 -0.06 -0.18 0.36 91.12 0.93 6.51 0.06 0.00 -0.05 0.21

substrate group 
SCE SCI



Table S 2: MAV and SAV values of ∆E*ab (in SCE mode) for Poliergold models and Doppelgold models. 

 
 

Colour measurement data with the SAV aperture on the twelve models are presented in Table S 3,  

Table S 4 and Table S 5. 
Table S 3: Colour measurements (in SCE mode) on Poliergold models. 

 
 

Table S 4: Colour measurements (in SCE mode) on Doppelgold models. 

 
 

Table S 5: Colour comparison (in SCE mode) between Poliergold models and Doppelgold models. 

 

model type sub-model ∆E*ab_MAV ∆E*ab_SAV sub-model ∆E*ab_MAV ∆E*ab_SAV
y4_pg_nb 1.26 1.68 y4_pg_b 45.07 42.71
r1_pg_nb 1.98 1.96 r1_pg_b 42.24 40.96
r5_pgx2_nb 2.56 2.22 r5_pgx2_b 52.55 45.42
y7_dg_nb 1.52 1.45 y7_dg_b 45.52 46.30
b1_dg_nb 2.94 3.10 b1_dg_b 35.66 32.62
b4_dg_nb 8.76 8.66 b4_dg_b 37.51 37.67
b2_dgx2_nb 5.00 5.16 b2_dgx2_b 31.94 31.79
r7_dg_nb 2.43 2.38 r7_dg_b 55.52 46.86
r9_dg_nb 3.25 2.67 r9_dg_b 28.64 29.91
r10_dgx2_nb 3.54 3.00 r10_dgx2_b 29.85 29.17
w1_dg_nb 5.04 6.08 w1_dg_b 16.62 16.23
w4_dg_oil_nb 4.60 4.41

Poliegold  models

Doppelgold  models

L* a* b* ∆L* ∆a* ∆b* ∆E*ab L* a* b* ∆L* ∆a* ∆b* ∆E*ab
target target
y4_pg_nb_sp1 68.03 1.46 29.39 ------ ------ ------ ------ y4_pg_nb_sp1 68.03 1.46 29.39 ------ ------ ------ ------
sub-model sub-model
y4_pg_nb 66.63 1.15 29.14 -1.04 -0.28 0.00 1.68 y4_pg_b 26.31 5.39 19.39 -41.36 3.96 -9.76 42.71
r1_pg_nb 67.21 1.58 28.45 -0.47 0.14 -0.70 1.96 r1_pg_b 28.13 5.63 19.59 -39.55 4.19 -9.56 40.96
r5_pgx2_nb 68.61 1.81 29.13 0.94 0.38 -0.02 2.22 r5_pgx2_b 23.38 7.35 21.26 -44.30 5.91 -7.88 45.42

"b""nb"

L* a* b* ∆L* ∆a* ∆b* ∆E*ab L* a* b* ∆L* ∆a* ∆b* ∆E*ab
target target
y7_dg_nb_sp1 68.38 1.88 27.91 ------ ------ ------ ------ y7_dg_nb_sp1 68.38 1.88 27.91 ------ ------ ------ ------
sub-model sub-model
y7_dg_nb 67.37 1.80 27.64 -1.01 -0.08 -0.27 1.45 y7_dg_b 23.26 7.44 19.40 -45.11 5.55 -8.52 46.30
b1_dg_nb 68.28 1.72 28.30 -0.09 -0.17 0.39 3.10 b1_dg_b 36.76 4.19 20.37 -31.62 2.30 -7.54 32.62
b4_dg_nb 76.43 1.90 31.07 8.06 0.02 3.16 8.66 b4_dg_b 31.50 5.61 21.34 -36.87 3.72 -6.57 37.67
b2_dgx2_nb 72.74 1.96 30.23 4.36 0.07 2.32 5.16 b2_dgx2_b 37.35 4.88 21.74 -31.03 2.99 -6.17 31.79
r7_dg_nb 66.34 1.59 27.38 -2.04 -0.29 -0.53 2.38 r7_dg_b 22.51 9.48 23.12 -45.87 7.59 -4.79 46.86
r9_dg_nb 65.88 1.66 27.64 -2.50 -0.22 -0.27 2.67 r9_dg_b 39.34 4.23 21.22 -29.04 2.35 -6.69 29.91
r10_dgx2_nb 66.25 1.99 27.59 -2.13 0.10 -0.32 3.00 r10_dgx2_b 39.94 4.41 22.04 -28.44 2.53 -5.87 29.17
w1_dg_nb 74.09 2.01 29.94 5.71 0.12 2.03 6.08 w1_dg_b 53.10 1.81 22.45 -15.28 -0.08 -5.46 16.23
w4_dg_oil_nb 67.36 1.88 28.58 -1.02 0.00 0.67 4.41

 
"nb" "b"

L* a* b* ∆L* ∆a* ∆b* ∆E*ab L* a* b* ∆L* ∆a* ∆b* ∆E*ab
target target
y4_pg_nb_sp1 68.03 1.46 29.39 ------ ------ ------ ------ y4_pg_nb_sp1 68.03 1.46 29.39 ------ ------ ------ ------
sub-model sub-model
y4_pg_nb 66.63 1.15 29.14 -1.04 -0.28 0.00 1.68 y4_pg_b 26.31 5.39 19.39 -41.36 3.96 -9.76 42.71
r1_pd_nb 67.21 1.58 28.45 -0.47 0.14 -0.70 1.96 r1_pg_b 28.13 5.63 19.59 -39.55 4.19 -9.56 40.96
y7_dg_nb 67.37 1.80 27.64 -0.30 0.37 -1.51 2.10 y7_dg_b 23.26 7.44 19.40 -44.41 6.01 -9.75 45.92
r7_dg_nb 66.34 1.59 27.38 -1.33 0.16 -1.77 2.61 r7_dg_b 22.51 9.48 23.12 -45.16 8.05 -6.03 46.39

 
"nb" "b"
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