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Abstract

Nano-scale carbon fibers were identified in purple amethyst from
Amethysta mine in Brazil, using transmission electron microscopy. This
study reveals that the abundant spherical carbon particles are presented in
purple regions. The purple portion contained relatively high carbon (0.485
wt%). High resolution TEM showed micro morphology of carbon particles,
such as single-walled carbon tubes and onion like structures of 3 - 4 nm in
diameter. The nano-scale single-walled carbon particles form an onion like
skin structure of graphite with a spacing of 0.34 nm lattice images. TEM
observations of purple amethyst revealed carbon particles that are arranged
in a randomly oriented array with the spacing wavelength of purple light.
The solid carbon particles act as holes. The nano-structures are interpreted
to form a photonic material with the wavelength of purple light. This is a

first observation of photonic carbon particles in purple amethyst.

Key Words: Purple amethyst, Coloration, Photonic carbon, Nano-structures,
HRTEM.

INTRODUCTION
Quartz occurs usually colorless, however crystals are often colored in yellow,

grey-brown to black, pink and purple varieties. The colored forms are termed citron,
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smoky quartz, rose quartz, and amethyst respectively. The cause of these colors has not
been well documented. Trace amounts of Ge, Al, Li, Fe, Mg, Ca, Na, and K may occur
in solid solution, as well as solid and fluid inclusions in quartz (Frondel 1945). The
nano-fibers of pink fibrous crystals within massive rose quartz are related to
dumortierite (Goreva et al. 2001; Ma et al. 2002). Other workers have suggested that the
color of rose quartz is due to internal charge transfer between Fe*” + Ti"" — Fe*" +
Ti*™ (Smith et al. 1978).

The purple color of amethyst has been attributed to trace Fe’". Amethyst is often
decolorized by heating to 290 “C, and at 550 - 560 °C yellow-brown color may
develop on cooling. Bleached quartz may be colored purple again by irradiation. The
wavelength of visible ray ranges 3.8 x 10 7 .78 x 10 7 m, from violet to red. The
wavelength of purple light (bluish violet) ranges 380 - 430 nm, which is the shortest
visible ray with strong refraction.

In this paper we report the characteristics of nano-scale carbon particles found in
Brazilian amethyst: the nano-structures are interpreted to form a photonic crystal with
dimensions of the wavelength of purple light. We found also single-walled carbon,
nano-tubes and rings 3 - 4 nm diameter in natural purple amethyst which are similar to
synthesized nano-tubes which are important for light wave fiber production. Carbon
nano-tubes exhibit several technologically important characteristics. Previously, detailed
TEM studies of carbon nano-tubes for electronics application have been reported on
natural soot and heated structure (Collins and Avouris 2000). For comparison, detailed

TEM studies of carbon in true amethyst have been very limited to date.

EXPERIMENTAL PROCEDURES
Samples
Amethyst crystals within cavities of basalt flows were collected from the Amethyst
mine, Amethysta, southern Brazil (Fig. 1A). The purple coloration is always strong at
the point of the amethyst where the crystal is softer and more porous (Fig. 1B). Small,

mm-scale cavities are dispersed in colored areas of the crystals.
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Figure 1 Photographs of purple amethyst collected from Amethysta mine, Brazil.
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Transmission electron microscopy

Crushed sample was observed by transmission electron microscopy (TEM) (JEOL
JEM 2000EX) under 200 kV accelerating voltage. Automatic gas chromatographic
elemental analyzer (CE instruments NA 2500-NCS) was used for elemental analysis of
carbon, nitrogen, and sulfur contents in amethyst crystals. X-ray powder diffraction
analysis (Rigaku Rinto 1200) of the sample using Cu Ka radiation showed that the
mineral phases present in the purple portions are mainly quartz. Iron oxide minerals and
graphite were not detected by XRD in either purple or uncolored parts of the amethyst
crystals.

RESULTS
The elemental analyses of 3 amethyst quartz grains indicated relatively high
carbon content (0.485 wt%) with trace of nitrogen (0.023 wt%) and sulfur (0.016 wt%).

This analytical result supports the presence of graphite in amethyst quartz (Table 1).

Table 1 Chemical composition of amethyst quartz collected from Amethysta mine,
Brazil, using automatic gas chromatographic elemental analyzer. The data indicated

relatively high carbon content, supporting the presence of graphite in amethyst quartz.

Samples N C S
1 0.025 0.482 0.017
2 0.022 0.469 0.017
3 0.022 0.503 0.015
Ave. 0.023 0.485 0.016
(wt%o)

Low-resolution TEM studies reveal aggregation of particulate material to consist
of multi-walled spherical nano-carbon particles of 30 - 50 nm in diameter (Fig. 2). The
carbon particles with randomly oriented basic structural units forming onion-type
structures with several condensation units. The aligned layer structures can be seen.
Some parts are arranged as ordered chips with high density (Fig. 2 arrows).

High resolution TEM clearly showed the presence of abundant nano-scale carbon
fibers in the quartz (Fig. 3). Two types of nano-carbon particles were found by high
resolution TEM.: the first one with an onion skin structure (Figs. 2 - 4); and another one

with single-walled carbon tubes and ring carbon structures randomly oriented (Fig. 5).
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The aggregation of graphite carbon shows a basic structural unit with a spacing of 0.34
nm (002). The typical onion like skin structure is 20 - 150 nm in diameter, characterized
by 0.34 nm lattice images (Fig. 4). The single-walled carbon fibers are 3 - 4 nm in
diameter. The most well crystallized onion like skin structure with 150 nm in diameters
is graphite crystals grown in the quartz (Fig. 4). Typical single-walled carbon
nano-tubes and rings appear to stick to each other to form ribbon type structures (Fig. 5).
The cross sections of the rings and the tubes are seen where the axis is aligned along the
viewing direction. Electron microscopic observations have also revealed the growth
processes of graphite structure through ribbon type with a spacing of 0.34 nm lattice
images (Fig. 5 right corner). The graphite seems to grow from precursors of
single-walled carbon nano-ring and tube with 3 - 4 nm in diameter (Fig. 5) to onion like
skin structure (Fig. 3). Well-crystallized carbon particles are shown in Fig. 4 showing
0.34 nm lattice images indicating the hkl (002) reflection of graphite. Both types are
densely packed in the purple point of the crystals suggesting strong light refraction.

Assemblies of hollow graphitic spheres occur in the most brilliant amethyst.

Figure2 TEM micrograph of aggregation of graphite in amethyst shows primitive stage of

graphite crystallization.
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Figure 3 TEM micrograph shows onion like graphite at the purple point in amethyst

quartz.
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