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Supplementary Information

Pigment Dispersion

To form homogeneous smooth films, which are required for QCM measurements, even dispersal
of the pigment is necessary. Mixing the zinc oxide with alkyd resin by stirring after dilution in
mineral spirits was not sufficient to disperse zinc oxide particles, leaving a significant number
of zinc oxide clusters with diameters of 50–100 μm, which is significantly thicker than the resin
layer required for QCM measurements. A film with these large clumps can be seen in Figure 1a.
The unsuitability of the film for QCM measurements was observed in the disagreement of various
harmonic combinations. In order to create a better dispersion, the zinc oxide and alkyd resin
were ground together with two drops of mineral spirits in a mortar and pestle for 10 minutes
to mechanically break apart clumps of zinc oxide before diluting further with mineral spirits.
This significantly reduced the aggregate size (Figure 1b), but still did not lead to a fine enough
dispersion. To further increase the quality of the dispersion, the ground mixture diluted in mineral
spirits was stirred for two days to allow fatty acids to complex with the zinc oxide and form soaps
[1–3]. This resulted in a significant improvement in the dispersion, which can be seen in Figure
1c. Although zinc oxide clusters were still observed, they were significantly reduced in size and
quantity compared to both the only stirred and the only hand-ground samples.
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Figure 1: Comparison of different methods of pigmented sample preparation. (a)-(c) show 4 vol% ZnO
in an alkyd resin. (a) shows the results of stirring the mixture with a stir bar only for 2 hours. (b) shows
the results of grinding for 10 minutes in a mortar and pestle, while (c) shows the results of grinding
for 10 minutes followed by stirring for two days. (d)-(f) show a 9 vol% ZnO in alkyd resin samples.
(d) shows the results of the speed mixer. (e) and (f) show the results of using the speed mixer and then
stirring for 15 minutes, at two different magnifications.

The results of hand grinding were also compared with using a speed mixer. The speed mixer has
several benefits over hand grinding: reproducibility, speed, and minimal additional exposure of
the resin to air. A 9 vol% sample was made by mixing the alkyd resin and zinc oxide (20 wt%)
with two drops of Gamsol and stirring in the speed mixer at 2000 rpm for 1 minute. There was
no appreciable heating of the container during speed mixing. The stirred mixture was then mixed
with odorless mineral spirits to make a 3:1 resin and pigment to added solvent solution. SEM
samples were made by spin coating onto silicon for 2 minutes at 3000 rpm with 200 rpm/s accel-
eration and were made after 15 minutes of stirring with a stir bar and after two days, as with the
hand ground samples. These images are shown in Figure 1. The speed mixer initially left larger
particles than hand grinding as can be seen in a comparison of Figures 1b and 1d. However, after
stirring for two days, the quality of the dispersions is similar (Figures 1c and 1e). For both the
speed mixed samples and the ground samples the most important step appears to be the stirring
time, with good dispersion obtained for at least 48 hours of mixing.

Bibliography

[1] M. Cotte, E. Checroun, J. Susini, P. Walter, Micro-analytical study of interactions between
oil and lead compounds in paintings, Appl. Phys. A 89 (4) (2007) 841–848. doi:10.1007/
s00339-007-4213-4.

2

http://dx.doi.org/10.1007/s00339-007-4213-4
http://dx.doi.org/10.1007/s00339-007-4213-4


[2] G. Osmond, Zinc white: a review of zinc oxide pigment properties and implications for stabil-
ity in oil-based paintings, AICCM Bulletin 33 (1) (2012) 20–29. doi:10.1179/bac.2012.33.1.
004.

[3] J. J. Hermans, K. Keune, A. v. Loon, P. D. Iedema, An infrared spectroscopic study of the
nature of zinc carboxylates in oil paintings, J. Anal. At. Spectrom. 30 (7) (2015) 1600–1608.
doi:10.1039/C5JA00120J.

3

http://dx.doi.org/10.1179/bac.2012.33.1.004
http://dx.doi.org/10.1179/bac.2012.33.1.004
http://dx.doi.org/10.1039/C5JA00120J

	References
	Bibliography

