CHAPTER 4.6: THE STRUCTURE AND PROPERTIES OF SOLIDS

· Chemists have classified solid substances on the basis of the types of bonds that hold their molecules or ions together.  

· This is not the only way to classify solids.

· Chemists also divide solids into two categories based on the macroscopic properties that arise from the arrangements of their component particles.

1. Crystalline solids have organized particle arrangements, so they have distinct shapes (Eg. Gemstones such as amethyst and garnet).

2. Amorphous solids have indistinct shapes, because their particle arrangement lacks order (Eg. Glass and rubber).

Bonding and Properties of Crystalline Solids

· Chemists further classify solids into five different types, based on their composition. (Copy Table 1- Classifying Solids, page 268)

· These types are:

1. Atomic Solids 

2. Ionic 

3. Metallic 

4. Molecular Solids 

5. Covalent Network Solids

ATOMIC SOLIDS:

· Are made up of individual atoms that are held together solely by dispersion forces.

· The number of actually occurring atomic solids is quite small.

· In fact, the noble gases in their solid state are the only examples.

· Since the only forces holding atomic solids together are dispersion forces, these solids have very low melting and boiling points.

IONIC CRYSTALS:

· An ionic crystal is an array of ions, arranged at regular positions in a crystal lattice.

· A crystal lattice is made up of identical repeating unit cells that give the crystal its characteristic shape.

CHARACTERISTICS OF AN IONIC COMPOUND:

(1) Ionic compounds are hard but brittle solids at SATP.

(2) Conduct electricity in the liquid state, but not the solid state. 

(3) Forming conducting solutions in water.

(4) High melting points.

Recap:

Ionic Bonding: is defined theoretically as the simultaneous attraction of an 

· The full charge on the ions provides a greater force of attraction than do the partial charges on polar molecules.

· In general, ionic bonding is much stronger than all intermolecular forces (eg. Tooth enamel- Calcium Phosphate is much harder than ice).

METALLIC CRYSTALS:

· About two-thirds of all naturally occurring elements are metals.

CHARACTERISTICS OF METALS

1. Conduct heat and electricity in both their solid state and liquid states.

2. Most are malleable and ductile: easily stretched, bent and deformed without shattering.

3. Metals tend to change state at moderate high temperatures.

4. Most metals have one or two valence electrons.

5. Shiny, silvery.

6. Solid at room temperature, except for mercury, which is liquid.

7. All metals have a continuous and very compact crystalline structure.  

· Based on electronegativity differences, metals do not form ionic bonds with themselves or with other metals.

· Metals do not have a sufficient number of valence electrons to form covalent bonds with one another.

· Metals do share electrons.

· Unlike the electron sharing in covalent compounds, however, electron sharing in metals occurs throughout the entire structure of the metal.

· The electron-sea model pictures metals as being composed of a densely packed core of metallic cations, within a delocalized region of shared, mobile valence electrons.  

· The force of attraction between the positively charged cations and the pool of valence electrons that moves them constitute a metallic bond.  Observe figure 4, page 269.

Properties Explained by the Electron-Sea Model:

(a) Conductivity: metals are good conductors of electricity and heat because electrons can move freely throughout the metallic structure.  This freedom of movement is not possible in solid ionic compounds, because the valence electrons are held within the individual ionic bonds in the lattice.

(b) Malleability and Ductility: the malleability of metals can be explained by viewing metallic bonds as being non-directional.  The positive ions are often layered as fixed arrays.  When stress is applied to a metal, one layer of positive ions can slide over another layer.  The layers move without breaking the array, which is the reason why metals do not shatter immediately along a clearly defined point of stress.  The delocalized electrons continue to exert a uniform attraction on the positive ions.  

(c) Melting and Boiling Points: the melting and boiling points of Group 1 (1A) metals are generally lower than the melting and boiling points of Group 2 (IIA) metals.  

 Reason: 
· the greater number of valence electrons and larger positive charge result in stronger metallic bonding forces.

·  Group 2 metals are smaller in size than Group 1.

· Trends involving the transition metals are more complex because they have a greater number of unpaired electrons in their d-orbitals.

· Observe Table 2: Explaining the Properties of Metals, page 269.

Alloys:

· The physical properties of pure metals can be altered significantly by combining them with other metals.

1. If atoms of the added metal are similar in size to those of the original pure metal, these are called substitutional alloys. 
2. If atoms of the alloying substance are so small that they will fit into the spaces between atoms of the pure metal crystal these alloys are called interstitual alloys (ex. steel – produced by adding carbon to iron).

Both types of alloys are usually harder and stronger because of 2 factors:

1. Added metal may provide additional valence electrons.  This is what happens when small amounts of Cu and Mn are added to Al to produce “duralumin”.

2. The atoms of the alloying metal, because they are a different size, may interfere with the slipping of layers of atoms within the metal.   

Example:     (a)  brass: an alloy of Cu and Zn is considerably   harder than pure Cu.

· the degree of hardness increases with the amount of Zn added.

                        (b) Steel: dissolved C in Fe makes it difficult for layers of Fe atoms to move smoothly over one another.   

MOLECULAR SOLIDS:

· As their name implies, are made up of molecules.

· Like atomic solids, the molecules that make up molecular solids, such as frozen methane, are held together mainly by dispersion forces.  

· They tend to have low melting and boiling points.

· In polar molecular solids, however, stronger dipole-dipole forces, and sometimes hydrogen bonding, give these compounds higher melting points and boiling points than non-polar molecular solids.

COVALENT NETWORK CRYSTALS:

· Unlike the intramolecular covalent bonds that hold atoms together in discrete molecules, it is possible for atoms to bond covalently into continuous two-or three-dimensional arrays.

·  These substances are among the hardest materials known.

· They are very brittle, have very high melting points, are insoluble and are non-conductors of electricity.

· The properties of hardness and high melting point provide the evidence that the overall bonding in the large macromolecule of a covalent network is very strong- stronger than most ionic bonding and intermolecular bonding.

· A carbon-carbon bond in diamond consists of an interlocking structure of covalently bonded carbons, which provide the strength of the material.

· Individual atoms are not easily displaced and therefore making the sample very hard.

· In order to melt a covalent network crystal, many covalent bonds need to be broken, which requires considerable amount of energy, so the melting points are very high.

· Electrons in covalent network crystals are held either within the atoms or in the covalent bonds.

· In either case, they are not free to move through the network.

· This explains why these substances are nonconductors of electricity.

· Carbon is an extremely versatile atom in terms of its bonding and structures.

· Carbon can bond to itself to form a variety of pure carbon substances.  

· It can form 3-D tetrahedral arrangements (diamond), layers of sheets (graphite), large spherical molecules (buckyballs) and long, thin tubes (carbon nanotubes).

· These are 4 allotropic forms of carbon.

ALLOTROPES: are different crystalline or molecular forms of  the same element that differ in physical and chemical properties.

· Graphite is a soft, two-dimensional network solid that is a good conductor of electricity.

· It has a high melting point, which suggests strong bonds, but its softness indicates the presence of weak bonds as well.

· Each carbon forms three strong covalent bonds with three of its nearest neighbours in a trigonal planar pattern.

· This structure gives stability to the layers.

· The fourth, non-bonding pair of electrons is delocalized and free to move within the layers.

· This gives graphite the ability to conduct an electric current.

· There are no intramolecular forces between the layers.

· Dispersion forces attract one layer to another, enabling layers to slide by one another.

· Graphite feels slippery as a result of this characteristic.

· In fact, many industrial processes use graphite as a lubricant.

· In diamond, each carbon atom forms four strong covalent bonds with four other carbon atoms.

· This three-dimensional array makes diamond the hardest naturally occurring substance.

· The valence electrons are in highly localized bonds between carbon atoms.  

· Therefore, diamond doe not conduct electricity.

· The planes of atoms within the diamond reflect light, which gives diamond its brilliance and sparkle.

· The regular arrangement of the carbon atoms in a crystalline structure, coupled with the strength of the covalent C-C bonds, gives diamond its extreme hardness, and makes it inert to corrosive chemicals.

· Fullerenes make up a group of spherical allotropes of carbon.

· A special fullerene given the name buckminsterfullerene resembled a geodesic-domed structure designed by architect R.Buckminster Fuller.

· Also known as “buckyballs”, C60 is just one of several fullerenes that have been discovered.

· Because of their spherical shape, researchers believed that fullerenes might make good lubricants. 

· Recently, microscopic-level research has developed very small carbon networks called nanotubes.
· Nanotubes are like a fullerene network that has been stretched into a cylinder shape.

· Nanotubes of C400 and higher may have applications in the manufacture of high-strength fibres.

AMORPHOUS SOLIDS:

· Solids that are composed of molecules that are not arranged in an orderly, crystalline structure.

· Glass is a typical example.

· Soda-lime glass makes up almost 90% of all glass manufactured.

· It is also referred to as an ionic glass, with an approximate composition given by the formula Na2O  CaO  (SiO2)6.

· Four oxygen atoms in a tetrahedron surround each silicon atom.

· These tetrahera are randomly arranged among a network of Na+ and Ca2+ ions that fill in the spaces to balance the negative charge on the tetrahedron network.

WHAT IS SO SPECIAL ABOUT GLASS?

· Glass is an isotropic material.
· This means that its properties are the same in all directions.

· This a useful property, since it means that glass expands uniformly when heated.

· Changing the proportion of the components or adding other components can give different properties given to the glass.

· For example: adding B2O3 so that it makes up 13% by weight of the glass results in borosilicate glass, sold as Pyrex.

· Its low coefficient of thermal expansion indicates that it will expand very little when heated.

· Pyrex is, therefore, an “ovenproof” product.

· Flint glass contains lead (II) oxide, PbO and is used in lenses because of its low refractive index, meaning that light passing through does not bend very much.

· Some elements exist in amorphous form.

(a) Charcoal is an impure, amorphous form of carbon.

(b)   When sulphur is heated to its boiling point and cooled quickly, an amorphous form called plastic sulphur forms.  It has the formula S(, and is often called “polymeric sulphur”.

(c) Metal alloys can be amorphous.  Liquidmetal alloy is an amorphous alloy of Zirconium mixed with nickel, titanium, copper, and beryllium.  It is used in the heads of some brands of golf clubs.  Traditional metal club heads may have microscopic gaps where planes of metallic crystals meet.  These tiny gaps are a potential source of weakness.  The amorphous alloy is non-crystalline, so the metal structure does not have potential breakage sites.

Read: Semiconductors (make own notes)

          Page 272-273

Practice:   Questions page 273-274

                 #2 (a) (c) (d) (f), 3, 5 (a) (b), 7, 9 

Questions: page 276

                 #2, 6, 7, 9, 

END OF THIS CHAPTER!!!!!

BE PREPARED FOR A CHAPTER TEST!!!!

READY FOR A UNIT TEST?!!!!

SUMMARY TABLE: TYPES OF CRYSTALLINE SOLIDS

	Type of solid
	Unit Particle
	Type of Bonding
	Melting Point
	Electrical Conductivity
	Examples

	Ionic
	Ion (-ve and –ve)
	Ionic
	High >10000C
	No  (molten:yes)
	NaCl, KBr, Na2CO3

	Covalent (network)
	Atom (molecules)
	Shared pairs of electrons
	Very High  >20000C
	No
	Diamond, quartz (SiO2), carborundum (silicon carbide)

	Metallic
	Atomic kernel (+ve ion)
	Sea of Electrons (+ve ions with electron cloud)
	High  >10000C
	Yes
	Copper, Iron, Tin, Lead

	Molecular
	Molecule
	Dipolar attraction –dipole-dipole attractions

-London Forces

-H-bonding
	Low  <10000C
	No
	Organic Solids (HCl, SO2, N2, Ar, CH4, H2O)


