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Abstract
Crystallography, or, the study of crystals, is a key
component of condensed matter physics, a branch of
physics which deals with the physical properties of
condensed states of matter where particles adhere to
each other. Condensed matter physicists seek to
understand the behavior of these phases by using
physical laws and properties. It is necessary to study
and experiment with crystal growth in order to produce
samples which can yield valuable data about different
physical states. There are many techniques used for
crystal growth, and this project deals with growth from
liquid solution of borax (sodium tetraborate). Metallic
alloys are another complex solid state of matter, and
these were also produced in order to study their
behavior under low temperatures. Intermetallic alloys
have different melting points than their constituent
elements, making them sometimes useful to access
metallic melts at low temperatures. The alloys
produced in this project were eutectic, meaning that
their melting points were lower than that of any of the
constituent elements.
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Borax

Figure 1. Tetraborate anion:
B4O5(OH)42-

Borax, also known as sodium borate, is an important
boron compound, a mineral, and a salt of boric acid.
Powdered borax is white, consisting of soft colorless
crystals that dissolve easily in water. Borax solution
was made at differing strengths according to
molarity, using stoichiometric calculations. The
powder was mixed with distilled water and heated to
90ºC using a standard hot plate until all the powder
had dissolved (saturation). It was slowly cooled
down, with a seed crystal or other nucleation site
added, and removed from the solution after
formation. Crystals were observed and measured.

Intermetallic
Alloys

Figure 6.

A eutectic alloy contains multiple metals with different
individual melting points. The eutectic temperature is
the lowest possible melting temperature over all of the
mixing ratios for the involved component elements.
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Figure 6. Raw elements in a
quartz tube
Figure 7. Quartz tube has
been vacuum sealed to
prevent oxidation of the metals
upon heating to melt.
Figure 8. After melting all
reactants, Field’s metal is
produced. It was cooled and
the tube was broken to
remove the final product.

Field’s Metal
Field’s metal is the eutectic mixture of an indium, bismuth, and tin ternary
system. Field’s metal consists of 51% indium, 32.5% bismuth, and 16.5% tin by
weight percent. Field’s metal melts at 62ºC. It is non-reactive with air and water.

Wood’s Metal
Figure 2. Borax powder

Figure 3. Heated saturated
solution of borax

Figure 4. Borax crystals
forming on a nucleation site

Variations on Synthesis Methods:
• Slowed cooling time
• Seed crystals
• Variations in molarity of solution
• Additives to reduce degree of nucleation (MgCl2, NaCl, sodium
oleate, sodium lauryl sulfate
• Filtering solution through paper of differing pore sizes
The largest crystals (>5mm) were formed when the solution
included 500ppm of MgCl2 or sodium oleate (added at both 3ppm
and 30ppm). The MgCl2-borax sample was ground to a fine powder
with silicon crystals as a reference, and placed on a slide for the Xray diffraction apparatus.
X-ray diffractometers consist of three basic
X-ray Diffraction
elements: an X-ray tube, a sample holder, and
an X-ray detector.
X-rays are generated in a cathode ray tube by heating a filament to
produce electrons, accelerating the electrons toward a target by
applying a voltage, and bombarding the target material with electrons.
When electrons have sufficient energy to dislodge inner shell electrons
of the target material, characteristic X-ray spectra are produced.

Wood’s metal is a shiny metallic grey alloy of bismuth, lead, cadmium and tin.
The combination of these four different metals forms a eutectic alloy in which the
melting point is lower than each of the materials’ individual melting points.
Because this silvery shiny grey alloy melts at 70ºC it is usually found in fire
sprinkler valves; in the event of a fire, the valve melts and allows water to flow
out of the system. Due to its lead and cadmium content this material is toxic and
it is thought to be harmful when coming in contact with skin.

Figure 9 shows a phase
diagram for a mixture of
bismuth, indium, and tin. Only
the precise ratio described
above constitutes Field’s
Metal. Indium has the lowest
melting point and the other
metals melt into it as the
temperature rises. Once all
the metals have melted
together, they form a eutectic
alloy.

Figure 9.

Figure 10. This resistivity
was measured in a machine
that runs a current through
the sample at a series of
temperatures. It shows that
there is a superconducting
phase between 6 and 7
Kelvin.
Figure 11. The sample had 4
wires attached and resistivity
was measured between the
2 innermost wires.

Figure 5.
(a) shows the
data that was
obtained from
our sample, with
peaks labeled.
(b) shows the
theoretical
diffraction
pattern for
silicon.
(c) shows the
theoretical
diffraction
pattern for
borax.
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