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CLASSIFICATION OF SOLIDS BY TYPE OF ATTRACTION OF UNITS
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H2O(s) ,   CO2(s),    I2(s)               Sodium (s)


   NaCl(s)

         Diamond(s),

 ice          dry ice






            Graphite(s),SiO2(s)

                                              










       















     Positive and 


Diamond

                                    Negative Ions
                       Ice                                Positive ions            attracted by 

                                                       surrounded by a          electrostatic forces

    H2O molecules connected        “sea of electrons”            of attraction          Graphite (C atoms)

         through H bonds                   (Metallic Bond)            (Ionic Bond)            

CLASSIFICATION OF SOLIDS BY TYPE OF ATTRACTION OF UNITS
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            SOLIDS                                   SOLIDS                      SOLIDS                    NETWORK



                                                                                                                       SOLIDS








    Metallic







      

H2O(s) ,   CO2(s),    I2(s)           Sodium (s)


   NaCl(s)

         Diamond(s),

 ice          dry ice                                                       Crystal Lattice           Graphite(s),SiO2(s)






            

            Intermolecular forces of 

Metallic Bond                Ionic Bond               Covalent Bond

            relatively weak compared         (Chemical Bond)         (Chemical Bond)       (Chemical Bond)

              to Chemical Bonds  

                Low Melting Points            High Melting Points    High Melting Points  High Melting Points                           

 (below 3000C)                                                

                                               

       Brittle                                Malleable                         Brittle               Brittle (very hard)

  

  Do not conduct electricity         Good conductors of     Do not electricity        Do not conduct

   neither as solids, nor in             both as solids and in     in solid form.             electricity neither

  molten form                               molten form               Good conductors of   as solids, nor in

                                                                                        electricity in molten    molten form 

                                                                                         form.                       (Exception: Graphite)
















According to their structure, solids can be classified into:

I. 
CRYSTALLINE SOLIDS


Examples: Table salt (NaCl), Sucrose (C12H22O11), Metals, Diamond, Graphite, etc.

- are composed of one or more crystals with an ordered three-

  dimensional structure

Cubic Structure of the NaCl crystal

II.
AMORPHOUS SOLIDS


Examples:
Glass, Obsidian (natural glass from molten rock), wax


- have a disordered structure; the basic unit (constituent particles) 


  have random positions.

CRYSTAL LATTICES

A CRYSTAL – 
is a three-dimensional ordered arrangement of basic units (particles)

 
that may be: atoms, molecules, or ions
  Crystal Lattice of Copper




Unit Cell of Copper

Shows the arrangement of the


Smallest boxlike unit from which you can

basic units (lattice points).


construct a crystal by stacking the units.

The centers of the Cu atoms

are chosen as lattice points.

Characteristics of Crystal Systems

1. The relative lengths of the edges of the unit cells

2. The angles between the edges of the unit cells

There are 7 crystal systems, each with its specific unit cell:

        Cubic                         Tetragonal
               Orthorombic  


Monoclinic                                                                                                                                           

  a = b = c                        a = b ( c


       a ( b ( c                           a ( b ( c

( = ( = ( = 900              ( = ( = ( = 900                  ( = ( = ( = 900         (=(= 900    ( ( 900


      Hexagonal                              Rhomboedral


                 Triclinic 

      a = b ( c                              a = b = c


                 a ( b ( c 

(=( =900     (=1200                ( = ( =  ( (  900                           ( (  (  (  ( ( 900
CUBIC UNIT CELLS

will be studied in detail, since they are the simplest


                                                           a = b = c

                                                     ( = ( = ( = 900
There are three types of Cubic cells

Simple Cubic Unit Cell
Body-Centered Cubic Unit Cell      Face-Centered Cubic Unit Cell


(simple)



       (bcc)






        (fcc)
  Lattice Points are 

  Lattice Points are situated at 
Lattice Points are situated at the

 situated only at the 
at the corners and at the center       at the corner and at the center

    at the corners                           of the unit cell                           of each face


















I. Simple Cubic Unit Cell


                     
                                    How many atoms per unit cell ?

                                                                                           1/8 atom

                                                     (8 corners  x  (((  )  = 1 atom/unit cell

                                        l  (edge length)                            corner

         r

                                      What is the % Volume actually occupied by atoms ?

                                            Volume of atoms/unit cell                 V of one sphere
                                 %Volume = ((((((((((  x 100  =   ((((((  x 100

                                              Volume of Unit Cell                            V of cube

                      4 ( r 3
V(sphere) =  (((                                                        V(cube) = l 3  = (2r) 3    = 8 r 3 

                         3

                                             4 ( r 3
                                            (((
                                                3                             (
% Volume Occupied  =  ((((( x 100 =  ((  x 100  = 52 % 

                                             8 r 3                           

                                                                                 determines to a certain extent










             the density of the metal 





II. Body-Centered Cubic Unit Cell

                         l  (edge length)                                                      

 r                                                                   

         
                                   How many atoms per unit cell ?

                                                 1atom                           1/8 atom

                                   (1 center ((  ) + (8 corners x (((( ) = 2 atoms/unit cell  

                                                 center                              corner


What is the % Volume actually occupied by atoms ?

                          Volume of atoms/unit cell                 V of 2 spheres
             %Volume = ((((((((((  x 100  =   ((((((  x 100

                               Volume of Unit Cell                        V of cube

                          2 x (4 ( r 3)





   V(cube) = l 3
V(2 spheres) =  (((((                                             To calculate V, express the edge of 

                                 3






   cube (l) as a function of atomic

                                                                                   radius (r)


III. Face-Centered Cubic Unit Cell


                     
                                   

                                         l  (edge length)                            

         r 

                                  

    How many atoms per unit cell ?

                                              ½ atom                               1/8 atom

                             (6 faces (((( )   + (8 corners x (((( ) = 3 + 1 = 4 atoms/unit cell   

                                               face                                    corner


What is the % Volume actually occupied by atoms ?

                          Volume of atoms/unit cell                 V of 4 spheres
             %Volume = ((((((((((  x 100  =   ((((((  x 100

                               Volume of Unit Cell                        V of cube

                          4 x (4 ( r 3)





V(cube) = l 3
V(4 spheres) =  (((((                         


To calculate V, express the edge of 

                               3






cube (l) as a function of atomic 

                                                                                 radius (r)

                                                                                  

                                                                            SUMMARY OF CUBIC UNIT CELLS






                 Simple Cubic             Body-Centered             Face-Centered



Nr. of atoms/Unit Cell                      1                                  2                                  4


% Volume occupied                        52 %                           68 %                           74 %

       by atoms

                                                        Least compact                                               Most compact              

                                                                             

Compactness  increases

SAMPLE PROBLEMS

11. 103

Iridium metal, Ir, crystallizes in a face centered cubic structure. The edge length of the unit cell was found by x-ray diffraction to be 383.9 pm.

The density of iridium is 22.42 g/cm3. Calculate the mass of an iridium atom. Use Avogadro’s number to calculate the atomic weight of iridium.





      Recall : 4 atoms/unit cell





   Recall: 1m = 103 mm = 106 (m = 109 nm = 1012 pm

                                                                       1m





           l = 383.9 pm  x (((  = 3.839 x 10(10 m 








            1012 pm


 l = 383.9 pm
 V (unit cell) = l3 = (3.839 x 10(10 m)3 =  5.66 x  10 (29 m3 

       22.42 g      106 cm3





            1 m  = 102 cm
d = ((( x (((  =  2.242 x 107 g/ m 3                                 (1m)3 = (102 cm)3
      1 cm3               1 m 3                                                                 1m3 = 106 cm3
Mass of unit cell = d x V = (2.242 x 107 g/ m 3)( 5.66 x 10 (29 m3)

   =  1.27 x 10(21 g

                 1.27 x 10(21 g/unit cell

Mass of one Ir atom  =    ((((((((( =   3.18 x 10(22 g/atom

                      4 atoms/unit cell

Atomic weight is the mass of 1 mole of Ir atoms, expressed in g/mole.

? g/mole = (3.18 x 10(22 g/atom) (6.02 x 1023 atoms/mole) =  191 g/mole 

Exercise 11.11 (page 482) 

Lithium metal has a body-centered cubic structure with all atoms at the lattice points and a unit-cell length of 350.9 pm. Calculate Avogadro’s number. The density of lithium is 0.534 g/cm3.





















   

                                     l = 350.9 pm 

                   1 atom                   1/8 atom  
 (1 center x ((()+(8 corners x  ((((  ) = 1 + 1 = 2 atoms/ cell 

                    center                             corner

                             1 m                           

   l = 350.9 pm x ((( = 3.509 x 10(10 m
                           1012 pm

V = l 3 = (3.509 x 10(10 m) 3  =  3.321 x 10(29 m3
       m      0.534 g     106 cm3





Recall:

d = (  =  (((  x (((  =   5.34 x 105 g/ m3

1 m = 102 cm

       V       cm3           1 m3 





1m3 = 106 cm3

m = d x V=(5.34 x 105 g/ m3)(3.321 x 10(29 m3)  

m = 2.307 x 10(23 g/unit cell


Recall:
2 atoms/unit cell

                    2.307 x 10(23 g         1 unit cell             

 ?  g/atom = ((((((  x ((((((  = 1.1535 x 10(23  g/atom

                       1 unit cell                2 atoms

                                   1 atom                6.941 g

? atoms/mole = (((((((()x(((() = 6.02 x 1023 atoms/mole

                            1.1535 x 10(23  g       1 mole

CRYSTAL DEFECTS

Ideal Crystals:

have perfect order

Real Crystals:

have defects and imperfections

CRYSTAL DEFECTS are of 2 types:

I. Chemical Impuritie

    - Some of the ions are replaced by “foreign” ions

    Ex:  “Ruby”
- is mainly colorless Al2O3 in which a few Al3+ ions are




  replaced by Cr3+ ions.

II. Lattice defects 


are defects in the formation of the lattice


- occur during crystallization


- may be of several types:


1. Crystal planes are misaligned


2. Sites in the crystal lattice remain vacant


(A) Stoichiometric composition 



ex: in a NaCl crystal,



     Nr. of Na+ ion vacancies = Nr. of Cl( ion vacancies


(B) Nonstoichiometric composition



ex: FeO



     Nr. of Fe2+  vacancies ( Nr. of O2(   vacancies


             Some Fe ions have 3+ charges, so the crystal is electrically

                     neutral.


     Consequence:
The formula FeO is only approximate.

                 Other examples: Cu2O and Cu2S

STRUCTURE OF SOME CRYSTALLINE SOLIDS

Crystalline solids are of 4 types:

I. Molecular Solids

Examples: 
Frozen Noble gases (Ne), 

Ice (H2O(s))

II. Metallic Solids

Examples: 
Al, Cu, Fe, Li, Pb

III. Ionic Solids

Examples: 
NaCl, Cu2O, ZnS

IV. Covalent Network
Examples: 
Diamond, Graphite

1. Molecular Solids

Simplest: Frozen Noble Gases; Example: Ne

BASIC UNIT:
Monoatomic Ne molecule (or Ne atoms)

INTERMOLECULAR ATTRACTIONS:
London Forces


- are nondirectional


- maximal attraction is obtained when each atom is surrounded


  by the largest number of other atoms.

How can identical atoms (spheres) be packed as tightly as possible ?

CLOSEST  PACKING OF SPHERES
Atoms in Crystals arrange like close packed spheres

There are two possible arrangements:

1.
Hexagonal Close Packing
(HCP)

2.
Cubic Close Packing

(CCP) 


First Layer  


                                                                      

of Spheres


(Layer A)











hollow


A Second Layer of

                                

spheres (Layer B)

are placed on the                                                               Hollows directly above the
top of Layer A,







 spheres in the  first layer (X sites)
in the hollows of 







  

Layer A spheres.
                                                               Hollows directly above the


                                                                       hollows in the first layer (Y sites)

When Layer C is placed over the second layer (Layer B) there are 2 possibilities:

Spheres of the third layer (Layer C) are placed
Spheres of the third layer (Layer C)

exactly above the hollows (Y sites)
exactly above the spheres of the 


first layer (Layer A)

The third layer (Layer C) will be neither
The third layer (Layer C) will

over the first layer (Layer A), nor the
repeat the first layer. (Layer A)
the second layer (Layer B).
Result: ABCABCABC stacking



  Result: ABABABAB stacking   

                Cubic Close Packing                                                Hexagonal Close Packing
     ABCABCABC stacking



  

  ABABABAB stacking   

            Cubic Close Packing (CCP)                                    Hexagonal Close Packing (HCP)



                   







 
























                 Unit Cell is face centered cubic                                          Unit cell is hexagonal

                                                In both close packed arrangements:

- Each interior atom touches 12 nearest neighbor atoms (coordination number = 12)

- The atoms occupy 74 % of the space of the crystal 

II. METALLIC SOLIDS

Metallic Bonding is essentially non-directional.

Metals crystallize in one of the following structures:

1.
Close-packed metallic crystals (74% occupied space) 

(most metals)

A) Cubic close-packed crystals (face-centered cubic lattice)
     Recall: ccp = fcc


ABCABC stacking 

     Examples: Cu, Ag, Al

B) Hexagonal close-packed (hcp)
ABABAB stacking 

     Examples: Mg, Ca, Zn

2.
Not close-packed crystals

( a few metals)


Body-centered cubic lattice (bcc) (68% occupied space)


Examples: Mn, Fe, W

III. IONIC SOLIDS 

Positions for both cations and anions must be given.

Only MX type crystals will be discussed (Cation:Anion ratio is 1:1)

1. CsCl type   
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     1 Cs+ ion to (8 x 1/8 Cl( ions)
   1 Cl(   ion to (8 x 1/8 Cs+   ions)

Ratio of ions is : 1 Cs+ ion to 1 Cl(   ion
2. NaCl type


Cl(   ions:
 Form a cubic close packed structure

6 (1/2)    +    8 (1/8) 
=
3
+
1 = 


4 Cl(
(6 faces)      (8 corners)


Na+ ions: Are arranged in the cavities of the Cl(   ions structure

12 (1/4)    +   1  

=   
3 
+ 
1 = 


4 Na+
(12 edges)  (center)
Ratio of Ions: 1 Na+  to 1 Cl( ion

3. 
ZnS type


ZnS crystallizes in either of two structures:


(A) hexagonal close-packed;
hcp 


(wurtzite)


(B) cubic close-packed;

ccp = fcc 

(sphalerite)

ZnS is polymorphic
The two structures (wurtzite and sphalerite) are referred to as

polymorphic structures or polymorphs. 


Sphalerite is ZnS crystallized in a face-centered cubic form

Omit Section 11.10:

Determining Crystal Structure by X-Ray Diffraction
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