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12.1 Classifications of Solids 

Learning Objective Essential Knowledge 
 
Unit 2.1 
 
SAP-3.A Explain the 
relationship between the 
type of bonding and the 
properties of the elements 
participating in 
the bond. 
 

SAP-3.A.5 In a metallic solid, the valence electrons from the metal atoms 
are considered to be delocalized and not associated with any individual 
atom.  

 
Unit 2.3 
 
SAP-3.C  Represent an ionic 
solid with a particulate model 
that is consistent with 
Coulomb’s law and the 
properties of the constituent 
ions.  

SAP-3.C.1 The cations and anions in an ionic crystal are arranged in a 
systematic, periodic 3-D array that maximizes the attractive forces among 
cations and anions while minimizing the repulsive forces.  

 
Unit 2.4 
 
SAP-3.D  Represent a 
metallic 
solid and/or alloy using a 
model to show essential 
characteristics of the 
structure and interactions 
present in the substance.  

SAP-3.D.1  Metallic bonding can be represented as an array of positive 
metal ions surrounded by delocalized valence electrons (i.e., a “sea of 
electrons”).  
 

Unit 3.2 
 
SAP-5.B  Explain the 
relationship among the 
macroscopic properties of a 
substance, the particulate-level 
structure of the substance, and 
the interactions between these 
particles.  

SAP-5.B.1 Many properties of liquids and solids are determined by the strengths and types of 
intermolecular forces present. Because intermolecular interactions are broken when a 
substance vaporizes, the vapor pressure and boiling point are directly related to the strength of 
those interactions. Melting points also tend to correlate with interaction strength, but because 
the interactions are only rearranged, in melting, the relations can be more subtle.  
SAP-5.B.2 Particulate-level representations, showing multiple interacting chemical species, are 
a useful means to communicate or understand how intermolecular interactions help to establish 
macroscopic properties.  
SAP-5.B.3  Due to strong interactions between ions, ionic solids tend to have low vapor 
pressures, high melting points, and high boiling points. They tend to be brittle due to the 
repulsion of like charges caused when one layer slides across another layer. They conduct 
electricity only when the ions are mobile, as when the ionic solid is melted or dissolved in water 
or another solvent.  
SAP-5.B.4 In covalent network solids, the atoms are covalently bonded together into a three- 
dimensional network (e.g., diamond) or layers of two-dimensional networks (e.g., graphite). 
These are only formed from nonmetals: elemental (e.g., diamond, graphite) or binary 
compounds of two nonmetals (e.g., silicon dioxide and silicon carbide). Due to the strong 
covalent interactions, covalent solids have high melting points. Three-dimensional network 
solids are also rigid and hard, because the covalent bond angles are fixed. However, graphite is 
soft because adjacent layers can slide past each other relatively easily.  



Intermolecular Forces, Liquids, and Solids 2 

 

Learning Objective Essential Knowledge 

SAP-5.B  Explain the 
relationship among the 
macroscopic properties of a 
substance, the particulate-
level structure of the 
substance, and the 
interactions between these 
particles. 

SAP-5.B.5 Molecular solids are composed of distinct, individual units of 
covalently-bonded molecules attracted to each other through relatively weak 
intermolecular forces. Molecular solids generally have a low melting point because 
of the relatively weak intermolecular forces present between the molecules. They 
do not conduct electricity because their valence electrons are tightly held within 
the covalent bonds and the lone pairs of each constituent molecule. Molecular 
solids are sometimes composed of very large molecules or polymers.  
SAP-5.B.6 Metallic solids are good conductors of electricity and heat, due to the 
presence of free valence electrons. They also tend to be malleable and ductile, due 
to the ease with which the metal cores can rearrange their structure. In an 
interstitial alloy, interstitial atoms tend to make the lattice more rigid, decreasing 
malleability and ductility. Alloys typically retain a sea of mobile electrons and so 
remain conducting. 
SAP-5.B.7 In large biomolecules or polymers, noncovalent interactions may occur 
between different molecules or between different regions of the same large 
biomolecule. The functionality and properties of such molecules depend strongly 
on the shape of the molecule, which is largely dictated by noncovalent interactions.  

 

Solids, Liquids and Gases 

 

Solids    

Particles are close to each 

other.  Motion of particles 

is limited to vibration in 

crystal strucutre 

 

Liquids 

Particles are close to each other 

and constantly moving and 

colliding. Properties (BP,VP) 

are related to IMF 

Gases 

No definite volume or shape.  Particles 

are very far apart from each other and 

constantly moving and colliding.  

Minimal to no IMF.s   

Can be described in terms of amount of 

gas (moles, pressure, volume, and 

temperature. 
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12.2 Structures of Solids 

Crystalline and Amorphous Solids 

• Solids may be classified according to their level of order. 
o CRYSTALLINE solids have atoms and ions arranged in an orderly repeating 

pattern. 
▪ Examples: NaCl, quartz, diamond 

o AMORPHOUS solids lack the order of crystalline solids.   
▪ Examples: rubber and glass 

   

 Solids are classified by the FOUR types of bonds that hold the atoms in place. 
• Metallic solids: held together by a delocalized “sea” of shared valence electrons.   
• Ionic solids: held together by mutual attraction between cations and anions.   
• Covalent-network solids:  held together by an extended network of covalent bonds. 
• Molecular solids: held together by relatively weak intermolecular forces. 

 
Some solids are harder to categorize: 

• Polymers: long chains of atoms held together by covalent bonds. 
o The chains are often held to one another by weaker intermolecular forces. 

• Nanomaterials:  solids whose crystals have dimensions on the order of 1–100nm.   

 

Does not conduct electricity/ 

heat 

Conducts electricity/heat as a liquid or 

aqueous 

(Ionic - doesn’t conduct in solid form) 

Conducts electricity/heat as a 

solid 

Molecular/Covalent Ionic and Metallic Metallic, only 
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12.5 Ionic Solids 

Ionic solids are held together by ionic bonds:  electrostatic attraction between cations and 
anions. 

• The strength depends on the charges and sizes of the ions. 
o Attractions increase in strength as the charges of the ions go up. 
o Attractions also increase as the ions get smaller.  

• Valence electrons in ionic compounds are confined to the anions. 
o Thus, ionic solids tend to be electrical insulators. 

 

Properties of Ionic Solids 

 

 

❏ Relatively high melting point and boiling point due to their strong 

attractive forces 

❏ Brittle solid because if you apply a stress and the layers of ions 

shift then you have repulsions of like charges caused when one 

layer slides across another layer 

❏ Conducts electricity when molten or aqueous because of mobile 

ions (NOT in the solid state because are not able to move around) 

 

Structures of Ionic Solids 

• Ionic solids tend to have close-packed arrangements of ions.  
o The arrangement is different from that of metallic solids due to the different radii 

and different charges of the cations and anions. 
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Properties of Metallic Solids (more info in Ch 12.3 – 12.4) 

 

A metal consists of a crystal lattice of positive particles that consist of a 

nucleus and the core electrons, with a “sea” of delocalized valence 

electrons that can move freely throughout the lattice. 

❏ Good conductor of heat and electricity 

❏ NOT brittle 

❏ Malleable and ductile 

❏ When stress is applied, the metal cores can easily rearrange 

their structure.  

❏ Metal alloys - substitutional and interstitial   

 

The Structures of Metallic Solids  

Close Packing 

• The sharing of valence electrons makes it favorable for the atoms in a metal to pack 
closely together.   

o Layers of atoms are efficiently packed by surrounding each atom by six 
neighbors. 

o A three-dimensional structure is formed by stacking additional layers on top of 
the base layer. 

   
 

 

12.4 Metallic Bonding 

Electron-Sea Model 

• A simple model that accounts for many properties of metals is the electron-sea model. 
o An array of metal cations exist in a “sea” of valence electrons.  
o No electrons are localized between any two metal atoms. 
o Therefore, the electrons can flow freely through the metal. 
o Without any definite bonds, the metals are easy to deform (and are malleable and 

ductile) and exhibit high thermal and electrical conductivity. 
 

• Problems with the electron-sea model: 
o As the number of electrons increases, the strength of bonding SHOULD 

increase, and the melting point should increase. 
o However, group 6B metals (at the center of the transition metals) have the highest 

melting points.   
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Alloys 

• ALLOYS contain more than one element and have the characteristic properties of 
metals. 

o Pure metals and alloys have different physical properties. 
▪ An alloy of gold and copper is used in jewelry (the alloy is harder than 

the relatively soft pure 24 karat gold). 
▪ 14 karat gold is an alloy containing 58% gold. 

 
• Alloys can be divided into 4 categories: 

o SUBSTITUTIONAL alloys (the solute atoms take the positions normally 
occupied by a solvent atom)   

▪ Is formed between 2 elements in which the atomic radius of each element 
is very similar.   

▪ The elements must have similar bonding characteristics. 
▪ Atoms in one element are substituted from atoms of another element (e.g. 

Zn and Cu in brass) 
 

o INTERSTITIAL alloys (the solute occupies interstitial sites in the metallic 
lattice) 

▪ Is formed between 2 elements in which there is a significant difference 
between the atomic radius of each element.  

▪ One element (usually a nonmetal) must have a significantly smaller radius 
than the other (in order to fit into the interstitial site). 

▪ The smaller atoms fill in the interstitial spaces between the larger atoms 
(e.g. C and Fe in steel)   

▪ The alloy is much harder, stronger and less ductile than the pure 
metal (increased bonding between nonmetal and metal). 

• An example is steel (contains up to 3% carbon) – steel is harder 
than iron because the carbon atoms fill in the interstitial spaces in 
between iron atoms.  This makes it more difficult for the iron 
atoms to slide past each other. 

▪ Other elements may also be added to make alloy steels.   
• Addition of V and Cr increases the strength of the steel and 

improves its resistance to stress and corrosion.   
• The most important iron alloy is stainless steel.  It contains C, Cr 

(from ferrochrome, FeCr2), and Ni.   
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▪ HETERGENEOUS alloys: The components are not dispersed uniformly (e.g., pearlite 
steel has two phases: almost pure Fe and cementite, Fe3C). 

▪ INTERMETALLIC compounds: homogeneous alloys with definite properties and 
compositions. 

o Examples include:  
o Ni3Al (a major component of jet aircraft engines).    
o Cr3Pt (used to coat razor blades to increase hardness and ability to maintain a 

sharp edge),  
o Co5Sm (used in permanent magnets in lightweight headsets).   
o LaN5 (used as the anode in nickel-metal hydride batteries).   

 
 

12.7 Covalent-Network Solids 

COVALENT-NETWORK  solids consist of atoms held together, in large networks or chains, 
with covalent bonds.   

▪ They have much higher melting points and are much harder than molecular solids. 
▪ This is a consequence of the strong covalent bonds that connect the atoms.  

o Examples are diamond, graphite, quartz (SiO2), and silicon carbide (SiC).   
o In diamond:  

▪ each C atom is tetrahedral. 
▪ Diamond is hard and has a high melting point (3550 °C). 

o In graphite: 
▪ each C atom is arranged in a planar hexagonal ring. 
▪ layers of interconnected rings are placed on top of each other. 
▪ electrons move in delocalized orbitals (good conductor). 
▪ the layers are held together by weak dispersion forces.   

• They slide easily past each other.   
• Graphite is a good lubricant.   

 

Covalent Network Solids (more info in Ch 12.7) 

 

❏ Atoms are covalently bonded in a 3-D network 

❏ Diamond, quartz, SiC and SiO2 

❏ They have many strong covalent bonds, which is why 

these types of solids are very hard and have rather high 

melting points. 
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Semiconductors 

▪ Certain solids conduct electricity but not as well as metals; these are called 
semiconductors. 

o Elemental semiconductors (made of only one type of atom) 
▪ Elemental semiconductors include silicon, germanium, and gray tin. 
▪ These elements adopt the crystal structure of diamond. 

  
 

 

12.6 Molecular Solids 

Molecular solids consist of atoms or molecules held together by intermolecular forces.   
o Weak intermolecular forces give rise to low melting points. 
o Intermolecular forces include dipole-dipole, dispersion forces and H-bonds. 
o Molecular solids are usually soft.   
o They are often gases or liquids at room temperature.   

 
Efficient packing of molecules is important (since they are not regular spheres). 

o Molecular solids show poor thermal and electrical conductivity.   
o Examples: Ar(s), CH4(s), CO2(s), sucrose.   

 

Covalent Molecular (more info in Ch 12.6) 

 

❏ Composed of distinct, individual molecules. 

❏ Sugar, water 

❏ Molecules are attracted to each other through relatively 

weak intermolecular forces 

❏ Relatively low melting points because of weak 

intermolecular forces 

❏ Non-conductors of electricity because their valence 

electrons are held tightly within the covalent bonds of each 

molecule 

 

 

 

 



Intermolecular Forces, Liquids, and Solids 9 

 

AP Chemistry: 2.1-2.4 Chemical Bonds, Intramolecular Force, and Structure of Solids 

WATCH THIS VIDEO BY FARABAUGH TO ASSIST IN THIS QUESTIONS (~36 min) 

 

Solid Does the solid conduct electricity? 

Cu(s) yes 

CuCl2(s) no 

 

A student checked the conductivity of two different solids, and the results are listed in the table 

above. 

 

Explain why the student got these results, in terms of principles of chemical bonding.  Your 

explanation should include a discussions of the specific particles present in each substance and 

how the behavior of these particles is related to the conductivity of the solid. 

 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=BcRVEB_6PV0&list=PLoGgviqq4845Sy3UfnNh_PljzAptMR7MQ&index=3
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AP Chemistry: 2.1-2.4 Chemical Bonds, Intramolecular Force, and Structure of Solids 

WATCH THIS VIDEO BY FARABAUGH TO ASSIST IN THIS QUESTIONS(~39 min) 

 

Element  Atomic radius (pm) 

Cu 130 

Zn 125 

 

Brass is an alloy that contains copper and zinc.  The atomic radii of the elements are given in the 

table above.  Should brass be classified as an interstitial alloy or a substitutional alloy?  Justify 

your answer. 

 

 

 

Element Atomic radius (pm) 

Fe 132 

C 76 

 

Steel is an alloy that contains iron and carbon.  The atomic radii of the elements are given in the 

table above.  Should steel be classified as an interstitial alloy or a substitutional alloy?  Justify 

your answer. 

 

 

 

https://www.youtube.com/watch?v=BcRVEB_6PV0&list=PLoGgviqq4845Sy3UfnNh_PljzAptMR7MQ&index=3
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