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Answer Key: Supercritical Oceans and Quantum Crystals: College 
Chemical Phase Analysis
Graduates sharpen their predictive skills by modeling phase diagrams, non-Newtonian transitions, and 
thermodynamic anomalies in unconventional matter environments.

1. Which thermodynamic condition allows for the observation of the 'isochoric cooling' anomaly in 
specific liquid crystals, leading to a transition directly into a glassy state rather than a crystalline 
lattice?

Answer: B) Kinetic arrest occurring at the glass transition temperature (Tg)

Kinetic arrest occurs when the molecular rearrangement time exceeds the experimental time scale, preventing the 
system from reaching its equilibrium crystalline state and resulting in an amorphous glass.

2. In a Bose-Einstein Condensate (BEC), the individual identities of atoms are lost as they occupy the 
same lowest-energy quantum state, effectively acting as a single 'super-atom'.

Answer: A) True

At temperatures near absolute zero, bosons collapse into the lowest quantum state, causing their wavefunctions to 
overlap and form a macroscopic quantum phenomenon.

3. The ______ point on a phase diagram represents the unique temperature and pressure at which the 
distinction between the liquid and gas phases disappears, resulting in a single fluid phase.

Answer: C) Critical

Beyond the critical point, the liquid and gas phases merge into a supercritical fluid that exhibits properties of both 
states, such as gas-like effluence and liquid-like density.

4. When examining the phase behavior of Helium-3 and Helium-4, what phenomenon explains why 
Helium-3 requires significant pressure to solidify even at absolute zero?

Answer: B) Zero-point energy prevents crystallization

Due to low atomic mass and weak interatomic forces, the zero-point fluctuations of Helium atoms are large enough 
to overcome the lattice energy, keeping it liquid unless external pressure is applied.

5. Supercritical fluids are incapable of dissolving solutes because their density is too low compared to 
standard liquid solvents.
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Answer: B) False

Supercritical fluids are highly effective solvents (e.g., supercritical CO2 for decaffeination) because their density can 
be tuned by slight changes in pressure, affecting their solvating power.

6. A substance that exhibits an increase in viscosity under applied shear stress, such as a concentrated 
cornstarch suspension, is classified as a ______ fluid.

Answer: C) Dilatant

Dilatant (shear-thickening) fluids increase in viscosity when shear is applied, which is a common topic in rheology, a 
specialized branch of mechanics dealing with states of matter.

7. Which of the following describes the 'Leidenfrost Effect' in terms of heat transfer and phase boundary 
dynamics?

Answer: B) A vapor layer insulating a liquid from a surface significantly hotter than its boiling point

The Leidenfrost Effect occurs when a liquid near a surface much hotter than its boiling point produces an insulating 
vapor layer that prevents the liquid from boiling rapidly.

8. The Gibbs Phase Rule (F = C - P + 2) dictates that a pure substance can have a maximum of three 
phases in equilibrium at a single point.

Answer: A) True

For a single component (C=1), F = 1 - P + 2. For equilibrium to exist (F=0), P must equal 3. Thus, a pure substance 
reaches its triple point where three phases coexist.

9. In the context of metallic hydrogren, high pressures squeeze atoms so closely that electrons become 
______, transitioning the gas into a conductive liquid or solid state.

Answer: B) Delocalized

Under extreme pressure, the electron clouds of hydrogen atoms overlap, allowing electrons to move freely (delocal-
ize), which characterizes the metallic state.

10. Phase transitions of the second order, such as the transition from a conductor to a superconductor, 
are characterized by which of the following?

Answer: C) A continuous first derivative but a discontinuous second derivative of Gibbs free energy
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Second-order transitions do not involve latent heat. Instead, they show a discontinuity in properties like heat capacity, 
which is related to the second derivative of the Gibbs free energy.
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