
BCAT–3 Overview

BCAT–3 provides a unique opportunity to explore fundamental 

physics and simultaneously develop important future technology, 

including computers operating on light, complex biomolecular 

pharmaceuticals, clean sources of geothermal power, and novel 

rocket engines for interplanetary travel. These studies depend 

entirely on the microgravity environment provided by the 

International Space Station (ISS); in all other locations accessible 

to science, gravity dominates and precludes investigation of any 

other effects of interest. The experiment itself is simple and 

elegant, photographing samples of colloidal particles with a digital 

camera onboard the ISS. Colloids are tiny nanoscale spheres of 

plexiglass a thousand times smaller than the width of a human hair 

(submicron radius) that are suspended in a fluid. They are 

ubiquitous (e.g., milk, smoke, and paint) and therefore interesting to 

study directly. Colloids are also small enough that they behave much 

like atoms and so can be used to model all sorts of phenomena 

because their size, shape, and interactions can be controlled. The 10 

samples in BCAT–3 are made from the same ingredients, each a 

recipe with different proportions, and are grouped into three 

experiments: critical point, binary alloy, and surface crystalization.

Critical Point 

In an ordinary pot of boiling water, bubbles of water vapor 

coalesce on the bottom of the pot, growing until they detach and 

float to the surface where they escape into the atmosphere. At the 

boiling temperature water exists simultaneously in two distinct 

phases—liquid and gas—and as the bubbles burst, those two 

phases are spatially separated. But what should the mixture look 

like in the absence of gravity, when the vapor no longer floats to 

the top? Moreover, the behavior changes with increasing pressure: 

seal the pot, as in a pressure cooker, and the boiling temperature 

rises. Continuing the pressure increase, the mixture will reach its 

critical point, a unique pressure and temperature value where the 

properties of liquid and gas merge. Just above is the supercritical 

regime where they are no longer distinct phases, but rather a 

homogeneous supercritical fluid. The BCAT–3 samples of David 

Weitz and Peter Lu of Harvard University model this behavior in a 

colloidal system, where the phases analogous to liquid and gas can 

be seen as two different colors. 

Supercritical fluids are technologically important because they 

uniquely combine the properties of liquids and gases, flowing 

easily (like gases), yet still having tremendous power to transport 

dissolved materials and thermal energy (like liquids). Supercritical 

carbon dioxide is used to decaffeinate coffee beans and to extract 

complex biomolecules from plants for pharmaceutical research. 

Supercritical water so efficiently transports heat that it is being 

explored in Iceland as a potentially superior geothermal power 

source; it is also used to remove toxic waste from contaminated 

soil. Additionally, NASA's Jet Propulsion Laboratory is working 

on using supercritical fluids as unique propellants for future rocket 

engines. A better understanding of critical behavior as a result of 

microgravity experiments like BCAT–3 might thus facilitate the 

development of new drugs, cleaner power, and interplanetary 

transportation.

The BCAT–3 critical point samples may also have tremendous 

impact upon fundamental physics. Understanding critical phenomena 

was an important theoretical advance in physics during the last half 

century, but ground-based experiments have been limited by gravity, 

which invariably causes the denser liquid phase to fall to the bottom 

of any container, precluding direct observation of phase separation 

alone. While previous colloidal experiments have tantalizingly 
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