
Chapter 11

Liquids, Solids, and Materials



Phase Changes



Properties of Liquids
surface tension – the energy required to 

overcome the attractive forces between 
molecules at the surface

capillary action – the process whereby a liquid 
rises in a small–diameter tube due to 
noncovalent interactions between the liquid 
and the tube’s material

viscosity – resistance of a fluid to flow



Surface Tension



Surface Tensions of Some Liquids



Meniscus



Vapor vs. Liquid States
volatility – tendency of a liquid to vaporize
vapor pressure – pressure of the vapor above 

the surface of a liquid



Boiling 
Liquids



Liquid & Gaseous Molecules



Properties of Liquids

vapor pressure 
• The pressure exerted by a vapor in 

equilibrium with its solid or liquid phase.

liquid-vapor equilibrium
• both liquid and vapor of the liquid present 

in the same container user stable conditions 



Properties of Liquids
boiling point 

• the temperature at which the vapor pressure 
of a liquid equals the applied pressure

normal boiling point
• the temperature at which the vapor pressure 

of the liquid is equal to 1 atmospheric 
pressure



Properties of Liquids

enthalpy of vaporization – The amount of heat 
required to convert a liquid at its boiling 
point into vapor without an increase in 
temperature.



Molar 
Enthalpies of 
Vaporization



Pressure vs. Temperature
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ln P vs 1/T
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Clausius-Clapeyron Equation (Ch. 18)

ln(P2/P1)=(∆Hvap/R)(1/T1 - 1/T2)



Phase Changes

Melting and Freezing
enthalpy of fusion – heat absorbed by the 
substance in changing solid into a liquid 
without raising its temperature



Molar Enthalpies of Fusion



Heating 
Curve



Generic Phase Diagram



Phase Diagram for Water



Phase Diagram for Carbon Dioxide



Critical Point
critical temperature - the temperature above 

which there is no distinction between the 
gas and liquid states

critical pressure - the pressure above which 
there is no distinction between the gas and 
liquid states 



Unusual Properties of Water



Solids
crystalline solids
• solids with long-range ordering
• homogenous solid formed by a repeating, three-

dimensional pattern, having fixed distances between 
constituent parts

amorphous solids
• lacking definite form
• solids with no long-range ordering



CsCl Crystal 
Lattice



NaCl Crystal Lattice



Unit Cell

• repeating pattern of atoms, molecules, and 
ions that can be repeated by shifting an edge 
dimension along its axes



Three Different Cubic Unit Cells



Number of Atoms per Unit Cell

- atoms at corner of unit cell count 1/8
- atoms at center of a face count 1/2
- atoms at center of the body count 1



Number of Atoms per Unit Cell

primitive cubic → 8(1/8) = 1
BCC → 8(1/8) + 1 = 2
FCC → 8(1/8) + 6(1/2) = 4



Lattice and Units Cells

Lattices
7 types
4 most common types: cubic

orthorhombic
monoclinic
triclinic



Close 
Packing of 

Spheres



X-ray Diffraction from a Crystal



Bragg's Law

nλ = 2d sinθ
where n → order of diffraction

λ → X-ray wavelength
d → spacing between layers

of atom 
θ → angle of diffraction



EXAMPLE What is the spacing between 
copper atoms if X-ray radiation of wavelength 
1.54A diffracts in the second order at 58.42°?

n = 2 λ = 1.54A θ = 58.42° d = ?
nλ = 2d sinθ

d = (nλ)/2sinθ = (2 × 1.54A)/(2 × sin(58.42°))
= 1.54A/0.852 = 1.81A



Metallic Solids
Atoms of the metal form the 3-D points in the crystal

Common Properties
– high electrical conductivity
– high thermal conductivity
– ductility and malleability
– insolubility in water and other common solvents
– luster



Bonds to 
Bands



Band 
Theory



Doping of Silicon



P-N Junction



Graphite



Diamond



Network Covalent Solids

- atoms covalently bonded to the surrounding 
atoms in a 3-D network

- graphite → sp2 hybrid C, planar
- diamond → sp3 hybrid C, 3D
- quartz, etc.



Ceramics

• class of materials created from clays or 
other natural earths that are hardened by 
firing in a kiln



Glasses

• amorphous solids created by heating of 
oxides such as SiO2, B2O3, GeO2, or P4O10

• soda-lime glass is made by heating soda 
ash, sodium carbonate, with silica sand, 
SiO2

• must be slowly cooled, annealed, to prevent 
cracking or shattering



Fiber Optics

• fibers, thin rods of glass, or some other 
transparent material of high refractive index 
used for the transmission of light



Modern Materials: 신소재화학강좌

• Semiconductors: LED, Solar cell, Transistor 
• Nano materials: Self-assembly materials, etc.
• Photonic crystal
• Liquid crystals
• Superconductors 
• etc, etc…
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