
MAYA BLUE PAINT
Stephen W. Carmichael, ' Mayo Clinic

It has been noted by many people who have had the privilege of
exploring Mayan ruins that there is a stunning blue color that has been
preserved amazing well for centuries. Considering the tropical jungle is
quite a hostile environment, the tenacity of this "paint" is remarkable. It had
been suggested that this "paint' was made by mixing indigo dye with clay,
but this did not explain its special characteristics. Recent work by Miguel
Jose-Yacaman at the National University of Mexico and colleagues2 has
revealed what is special about this material, which is called Maya blue
paint. They collected specimens in Mexico at archeologic sites known as
Jaina Island and Palenque. Then they examined the specimens with
high-resolution transmission electron microscopy (TEM), scanning electron
microscopy (SEM) coupled with x-ray microanalysis, electron energy loss
spectroscopy (EELS), and electron diffraction.

Elemental analysis revealed the presence of magnesium, silicon,
aluminum, and oxygen, elements that would be expected from a certain
type of clay known as palygorshite. Unexpectedly, iron was also detected.
TEM demonstrated two regions, one containing well-defined plate- or
needle-shaped crystals, the other an amorphous solid that contained small
(nanometer) particles. The needle-shaped crystallites were identified by
electron diffraction and x-ray microanalysis as palygorskite, probably with a
chemical composition of Mg5(Si,AI)aOM(OH);,'8H2O. Atomic resolution
images, that were obtained by Fourier transform of the digital image and
application of masks, showed a periodic feature larger than the expected
lattice distance on the crystallines, suggestive of a superlattice. This kind
of superlattice was not seen in control specimens of palygorskite that were
not mixed with indigo. Intercalation of indigo molecules might explain the
corrosion resistance of Maya blue paint.

However, Jose-Yacaman et al. found that the material is more
complex. The amorphous material was basically SiO2, with particles of
iron, chromium, manganese, titanium, and vanadium, iron and chromium
being most common. These elements appeared in metallic form as well as
oxides. Previously, these elements were considered to be impurities, but

Jose-Yacaman et al. suggested that particles of these "impurities" have an
important effect on the spectral qualities of the material, imparting the special
blue color.

To test their theory, Jose-Yacaman et al. obtained clay from an ancient
mine that could have been the source used by the ancient Mayans. The clay
contained palygorskite. They mixed the clay with the type of indigo dye used by
the Mayans and heated it at 100"C, according to pre-Hispanic methods. The
resulting material had the same microstructure as Maya blue paint. Their
conclusion was that the combination of an intercalated clay forming a superlat-
tice and the metallic and oxide nanometer-sized particles creates a paint that, in
modern terms, would be called a nanostructured material. One would speculate
that ancient makers of this paint worked in an empirical fashion, but they created
a sophisticated paint that not only had a spectacular blue color, but it had an
internal structure that allowed it to survive the ages relatively intact, much to our
delight! •

1. The author gratefully acknowledges Professor Miguel Jose-Yacaman, for
reviewing this article.
2. Jose-Yacaman, M., Luis Rendon, J. Arenas, and Mari Carmen Serra
Puche, Maya Blue Paint: An Ancient Nano-Structured Material, Science
273:223-225, 1996.
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