Chem 111 Lecture Outline
Romer

SOLIDS

A. PROPERTIES OF SOLIDS

Not compressible

Have definite shape and volume
Flow or diffuse very slowly, if at all
Relatively high density

Expand only slightly when heated

agrONPE

B. TYPES OF SOLIDS
1. Crystalline solids - have highly regular arrangement of particles — ordered structure

2. Amorphous solids - considerable disorder in their structure

C. CRYSTALLINE SOLIDS
1. X-ray diffraction
2. Lattice
a. Crystal Lattice: three dimensional array of points (lattice points) which is the pattern
of particles in the crystal.
b. Unit Cell: the basic repeating unit of the lattice; the smallest portion of the lattice which
includes all the positions of each type of particle the crystal.
(1) All the properties of the lattice are contained in the properties of its unit cell.
(2) All unit cells have 8 corners.
(3) Unit cells differ in edge lengths: a, b, ¢
(4) Unit cells differ in angles opposite the edges.

c. Only 14 different kinds of lattices are possible. These can be divided into seven basic
crystal systems.

cubic hexagonal
tetragonal rhombohedral
orthorhombic triclinic
monoclinic
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D. CUBIC CRYSTAL SYSTEMS

1. Review of some geometrical relationships

CUBE
\\\ a = edge
N b = body diagonal
\\ b
f = face diagonal
foN

Relationship between f and a Relationship between b and a

f = a2 or a= f b= aV3 or a= b

V2 V3

‘Derivation of relationship between fanda 1 Derivation of relationship between banda
P=a? + a’ b’=f + a’
f2=2a? b?=2a%*+ a’
f=an2 b?= 3 a?

b= a3

SPHERE
r

radius
diameter = 2r
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D. Cubic Crystal Systems, continued
2. Three Cubic Crystal Systems
In each of the three types of crystal systems:

e The unit cell is cubic

¢ The particles (atoms, etc.) occupying the unit cell are assumed to be spherical.
a. SIMPLE CUBIC UNIT CELL

Determining Unit Cell Volume

The spherical particles inside the cubic unit cell are in
contact along a, the edge of the cube. The length of a is 2r,
where r is the radius of the spherical particle.

a=2r

Volume of unit cell = a®

Determining Occupied Volume

Number of spherical particles inside unit cell:  there are 8 corners of the unit cell, each
occupied by one-eighth of a sphere. 8 x 1/8 = 1.

Volume of one sphere: % zr
Occupied Volume = 1 sphere per U.C. X volume per sphere
b. BODY-CENTERED CUBIC UNIT CELL

Determining Unit Cell Volume

The spherical particles inside the cubic unit cell are in
contact along b, the body diagonal of the cube. The
length of b is 4r, where r is the radius of the spherical
particle. b=4r

Also, a=_b_ therefore a=_4r_
V3 V3

Volume of unit cell = a®

Determining Occupied Volume

Number of spherical particles inside unit cell: there are 8 corners, each occupied by one -
eighth of a sphere, plus one whole sphere at the center. (8 x 1/8) + 1 = 2

Volume of one sphere: % b re

Occupied Volume = 2 spheres per U.C. X volume per sphere
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3.

Solids

c. FACE-CENTERED CUBIC UNIT CELL

Determining Unit Cell Volume

The spherical particles inside the cubic unit cell are in
contact along f, the face diagonal of the cube. The
length of f is 4r, where r is the radius of the
spherical particle. f=4dr

Also, a=_f  therefore a=_4r_
V2 V2

Volume of unit cell = a®

Determining Occupied Volume

Number of spherical particles inside unit cell: there are 8 corners, each occupied by one -
eighth of a sphere, plus one half sphere at each of the six faces of t he cube.
B8x1/8)+(6x¥%)= 4

Volume of one sphere: % b re

Occupied Volume = 4 spheres per U.C. X volume per sphere

Packing Efficiency (Percent Occupied Volume)



E. CUBIC UNIT CELL PROBLEMS

1. Ag has atomic radius of 144 pm. What would be the % occupied volume of Ag if it were to
crystallize in the following structures: (a) simple cubic (b) body -centered cubic (c) face-centered
cubic
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2. Metallic Na has a body-centered cubic crystalline structure and has a density of 0.970 g/cm 3.
a. Calculate the length of the edge of its unit cell.
b. Calculate the volume of the sodium atom.
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F. TYPES OF CRYSTALS

Crystal Type

Particles at
Lattice Points

Attractive
Forces

Properties

Hardness &
Brittleness

Melting Point

Conductivity

Exam-
ples

Covalent
Network

Atoms

Covalent bonds

Very hard

Very high

Non-
conductor

C (dia-
mond)
SiC
Sio,
AIN

lonic

Positive ions and
negative ions

lonic bond

Hard

high

Non-
conductor

NacCl
KBr
LiNO,

Molecular
(polar)

Polar molecules

H-bond or
dipole-dipole

Somewhat
soft

Low

Poor
conductor

H,0
SO,
NH,
C,HO

Molecular
(nonpolar)

Nonpolar
molecules

London Forces

Very soft

Very low

Non-
conductor

cl,
CH,
co,

Metallic

Positive ions

Metallic bond

varies

varies

Good
conductor

Au
Cu
Fe
Pb
Na
Hg
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G. BORN-HABER CYCLE
Born-Haber cycle provides a means for determining the La ttice Energy of an ionic solid (which is
difficult to measure directly), using energy involved in forming an ionic solid from the elements by
two different routes. Consider the formation of ionic solid, MX from the elements M amd X ,:
M(s) + %2 Xy(g) —  MX(S) M = metal
X, = a halogen (or other diatomic nonmetal that is a gas
at room temperature)

Born-Haber cycle accomplishes the formation of the ionic solid by two different routes:

DIRECT ROUTE

M(s) + Y2 X5(9) » MX(s)
@ ®
@
@
X(9) » X7(9)
+
v ®
M(g) » M'(g)

Enthalpy change, symbolized as AH, is change in heat energy that occurs during a chemical reaction. If the
sign is negative, the reaction is exothermic. If the sign is positive, the reaction is endothermic.

DIRECT ROUTE: formation of MX(s) directly from the elements M (s) and X,(g)
Enthalpy change for this reaction symbolized as AH;

STEPWISE ROUTE:
(1 Sublimation of the metal, M. Enthalpy change sy mbolized AHgz

Covalent bond between X and X broken. Enthalpy change is the bond dissociation energy
(bond energy) for X, and is symbolized AHg:. (Remember the definition of Bond Energy?)

@

@ lonization of the Metal, M. Enthalpy change for this reaction is the lonization Energy of
elemental M, symbolized AH,.. (Remember the definition of lonization Energy?)

@

lonization of Nonmetal, X. Electron(s) lost by M are transferred to X. Enthalpy change for this
reaction is the Electron Affinity of elemental X, symbolized AHg.. (Definition of Electron
Affinity?)

(B Formation of the MX from the ions. Enthalpy change for this reaction corresponds to the Lattice
Energy of MX, symbolized AH.. Lattice Energy is defined as the energy required to break solid
MX into its ions. Since this process is the reverse, the enthalpy change for this process would
be symbolized -AH.

AH;
AHprect route = AHstepwise route » Where AHsrepwise route = AHsus +AHge + AHie + AHgy + AH g
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Born-Haber cycle problems:
1. Draw the Born-Haber cycle and calculate the lattice energy for the reaction:

Kis) + 22 Cly(g) — KCl(s)

Enthalpy change for formation of KCI, AH; = -104 kcal/mole
Bond Dissociation Energy for Cl, = 58 kcal/mole Cl,
Electron Affinity for Cl = -88 kcal/mole

Sublimation of K = 21 kcal/mole

lonization Energy of K = 99 kcal/mole
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2. Draw and label the Born-Haber cycle for the reaction of calcium and fluorine to form calcium
fluoride

3. Draw and label the Born-Haber cycle for the reaction of magnesium and oxygen to form magnesium
oxide
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