
CRYSTAL STRUCTURE, PHASE CHANGES, 

AND PHASE DIAGRAMS 



CRYSTAL STRUCTURE 



CRYSTALLINE AND AMORPHOUS SOLIDS 

Crystalline solids have an ordered arrangement.  

The long range order comes about from an 

underlying pattern that is repeated.  Diamond is 

an example of a crystalline solid. 

 

Amorphous solids have no underlying pattern, 

and thus no long range order.  Coal is an example 

of an amorphous solid. 



UNIT CELLS  

The simplest pattern that when repeated in 3 
dimensions gives a crystalline solid its order is called 
a unit cell. 

There are 7 types of unit cells: 

 Simple cubic 

 Tetragonal 

 Orthorhombic 

 Rhombohedral 

 Monoclinic 

 Triclinic 

 Hexagonal 



UNIT CELLS 



UNIT CELLS 



PACKING SPHERES 
 The structure of a solid is determined by the way the 

atoms are packed together.  Imagine filling a box with 
oranges. 

 The number of atoms touching any one atom in a 
crystal lattice is the coordination number. 

 The higher the coordination number the more tightly 
packed the atoms (denser). 

A simple cubic cell 

The atom with the 

x touches 6 other  

atoms (the 4 with 

The arrows plus 1  

on top and 1 on 

bottom. 



THREE TYPES OF CUBIC CELLS 

Coordination # = 6 Coordination # = 8 Coordination # = 12 

3 

4 2 

8 5 

7 6 

1 

This atom also touches 4 more atoms in front 



PACKING IN BCC UNIT CELLS 



EACH ATOM IS SHARED BETWEEN CELLS (EXCEPT 

FOR THE CENTRAL ATOM IN THE BCC CELL) 

A corner atom is shared 

between 8 unit cells. 

An edge atom is shared 

between 4 unit cells. 

A face-centered atom is shared 

between 2 unit cells. 



CLOSEST PACKING 

The atoms in a fcc cell are packed more 

efficiently than in the scc and bcc cells. 

Hexagonal close-packed Cubic close-packed 

FCC unit cell 



RADIUS AND EDGE LENGTH 



EXAMPLE 

Calcium metal crystallizes in a fcc unit cell.  The 

length of the edges in calcium’s unit cell is 

558.84 pm.  Calculate: 

  a) The radius of a calcium atom in Å. 

  b) The density of calcium in g/cm3.  

a) 1.9758 Å  

b) 1.525 g/cm3. 



X-RAY DIFFRACTION 



THE BRAGG EQUATION (MEMORIZE!) 

2𝑑 sin 𝜃 = 𝑛λ 



EXAMPLE 

At what angle would you expect x-rays of 

wavelength 0.159 nm to be reflected from a 

crystal in which the distance between layers is 

299 pm? Assume n=1. 

15.4 o 



TYPES OF CRYSTALS 



IONIC CRYSTALS 

The lattice points used to define a unit cell must 

all be identical. 

Can use either the cation or anion to define the 

unit cell. 



COVALENT CRYSTALS 



MOLECULAR CRYSTALS 



METALLIC CRYSTALS 



PHASE CHANGES 



THE LIQUID-VAPOR PHASE TRANSITION 

Boiling Point: The temperature at which the vapor 

of a liquid equals the pressure above it. 

 

This is related to the molar heat of vaporization, 

ΔHvap ( the amount of energy required to vaporize 

1 mole of a liquid at its boiling point). 

 

The boiling point increases as ΔHvap increases. 



THE LIQUID-VAPOR PHASE TRANSITION 

Condensation: the opposite of vaporization 

 

The critical temperature, Tc, is the temperature 
above which the gas phase of a liquid can not be 
liquified, no matter the pressure. 

 

The critical pressure, Pc, is the pressure which must 
be applied at Tc in order to liquify a substance. 

 

Above it’s Tc a substance exists as a supercritical 
fluid. 



THE SOLID-LIQUID PHASE TRANSITION 

Melting/Freezing Point: solid and liquid coexist in 

equilibrium. 

The molar heat of fusion, ΔHfus, is the energy 

required to melt 1 mole of a solid. 

Supercooling: a liquid cooled to a temperature 

below its freezing point.  This is an unstable 

situation resulting from the liquid being cooled 

faster than the molecules can organize 

themselves into the ordered structure of a solid. 



Heat of vaporization is 

consistently higher than 

heat of fusion because it 

takes more energy to 

separate the 

atoms/molecules from 

each other completely. 



THE SOLID-VAPOR PHASE TRANSITION 

Sublimation/Deposition 

The molar enthalpy of sublimation, ΔHsub, is the 

amount of energy required to sublime 1 mole of a 

substance. 

 

ΔHsub= ΔHfus + ΔHvap (Because enthalpy is a state 

function). 



HEATING CURVES 



WATER 



EXAMPLE 

Calculate the amount of energy, in kJ, required 

to convert 314.1 g of ice at -27.23 oC to steam 

at 114.13 oC.   

Take sice=2.108 J/g·oC; ssteam=1.996 J/g·oC; 

ΔHfus=334.0 J/g; ΔHvap=2260. J/g.  

973.1 kJ 



PHASE DIAGRAMS 



CARBON DIOXIDE 

Triple Point Sublimation 

Liquification 



WATER 



CARBON 


