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Properties of Liquids

Viscosity: The measure of a liquid’s resistance to flow

Surface Tension: The resistance of a liquid to spread 

out and increase its surface area
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Phase Changes between Solids, Liquids, 

and Gases

Phase Change (State Change): A change in the physical 

form but not the chemical identity of a substance

Liquid to solid

Gas to liquid

Gas to solid

Freezing:

Condensation:

Deposition:

Solid to liquid

Liquid to gas

Solid to gas

Fusion (melting):

Vaporization:

Sublimation:
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Phase Changes between Solids, Liquids, 

and Gases

Heat (Enthalpy) of Fusion (DHfusion ): The amount of 

energy required to overcome enough intermolecular 

forces to convert a solid to a liquid

Heat (Enthalpy) of Vaporization (DHvap): The amount of 

energy required to overcome enough intermolecular 

forces to convert a liquid to a gas
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Phase Changes between Solids, Liquids, 

and Gases

Heating Curve for Water
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Evaporation, Vapor Pressure, and 

Boiling Point

Vapor Pressure: The partial pressure of a gas in 

equilibrium with a liquid at a constant temperature
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Evaporation, Vapor Pressure, and 

Boiling Point

Clausius–Clapeyron Equation
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Kinds of Solids

Amorphous Solids: Particles are randomly 

arranged and have no ordered long-range structure. 

An example is rubber.

Crystalline Solids: Particles have an ordered 

arrangement extending over a long range.

• Ionic solids

• Molecular solids

• Covalent network solids

• Metallic solids
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Kinds of Solids

Ionic Solids: Particles are ions ordered in a regular, 

three-dimensional arrangement and held together by 

ionic bonds. An example is sodium chloride.
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Kinds of Solids

Molecular Solids: Particles are molecules held together 

by intermolecular forces. An example is ice.
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Kinds of Solids

Covalent Network Solids: Particles are atoms linked 

together by covalent bonds into a giant, three-dimensional 

array. An example is quartz.
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Kinds of Solids

Metallic Solids: Particles are metal atoms whose crystals 

have metallic properties such as electrical conductivity. An 

example is iron.
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Probing the Structure of Solids: X-Ray 

Crystallography
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Probing the Structure of Solids: X-Ray 

Crystallography

Interference occurs when two waves pass through the 

same region of space.
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Probing the Structure of Solids: X-Ray 

Crystallography

Diffraction occurs when electromagnetic radiation is 

scattered by an object containing regularly spaced lines 

(such as a diffraction grating) or points (such as the 

atoms in a crystal).
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Probing the Structure of Solids: X-Ray 

Crystallography

Bragg Equation: d =
2 sin θ

nλ
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The Packing of Spheres in Crystalline 

Solids: Unit Cells
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The Packing of Spheres in Crystalline 

Solids: Unit Cells

Unit Cell: A small, repeating unit that makes up a crystal
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The Packing of Spheres in Crystalline 

Solids: Unit Cells

Body-Centered CubicPrimitive Cubic
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The Packing of Spheres in Crystalline 

Solids: Unit Cells

Face-Centered

Cubic
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Structures of Some Ionic Solids
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Structures of Some Covalent Network 

Solids

Carbon

• Graphite

• Diamond

• Fullerene

• Nanotubes

Carbon Allotropes

Allotropes: Different structural forms of an element
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Structures of Some Covalent Network 

Solids

Silica (SiO2)

• Quartz

• Sand

• Quartz glass
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Phase Diagrams

Normal Boiling Point: The temperature at which boiling 

occurs when there is exactly 1 atm of external pressure

Normal Melting Point: The temperature at which melting 

occurs when there is exactly 1 atm of external pressure

Triple Point: A point at which three phases coexist in 

equilibrium
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Phase Diagrams

Critical Point: A combination of temperature and 

pressure beyond which a gas cannot be liquified

• Critical Temperature: The temperature beyond 

which a gas cannot be liquified regardless of the 

pressure

• Critical Pressure: The pressure beyond which a 

liquid cannot be vaporized regardless of the 

temperature

Supercritical Fluid: A state of matter beyond the critical 

point that is neither liquid nor gas
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Phase Diagrams

Carbon Dioxide
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Phase Diagrams

Water
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Phase Diagrams

Water


