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What factors affect whether a 

substance will be a solid, liquid or a 

gas?

 Simple…Attraction

 The more attraction there are between the atoms 

the more likely they will be a liquid or a solid. 

 If there isn’t any attraction then they will be a gas.

 Think of these attractions like glue.  The more glue 

the harder it is to separate.  Therefore higher 

boiling points and more likely to be a liquid or 

even solid at room temperature.  



Types of Solids

 Type of solid is determined by type of bond

 Ionic: metal= Non-metal

 Covalent: non-metal = non-metal

 Metallic: metals

 Network covalent: only C, Si, Ge



Types of Bonds

Ionic

 Very strong bond. 

 Results in a solid with very high melting 

points. 

 High Attractions are due to + and negative 

ions bundled together in a lattice crystal. 



Lattice Crystal / Lattice Energy

 Energy that is tied up in 

crystal structure. 

 Greater the difference of 

charge the stronger the 

crystal structure. 

 +1…-1 vs.  +3…-3

 Atomic radius

 Greater distance lower 

attraction 



What about the melting point of 

these substances?

Compound

NaF

NaCl

NaBr

NaI

MgO



Why the difference?

Compound
Melting Point

(Centigrade)

Lattice Energy

(kcal/mol)

NaF 988 -201

NaCl 801 -182

NaBr 790 -173

NaI 660 -159

MgO 2800 -3938



Why the difference?

Atomic 

Radius and 

Differnce of 

charge

The larger 

the distance 

between 

nuclei the 

lower the 

attraction 

between 

atoms 

Compound

Interionic 

Distance

(Angstroms)

Melting Point

(Centigrade)

Lattice 

Energy

(kcal/mol)

NaF 2.31 988 -201

NaCl 2.79 801 -182

NaBr 2.94 790 -173

NaI 3.18 660 -159

MgO 3.0 2800 -3938



Atomic radius



Summary of Ionic compounds

 When you melt ionic compounds you are 

breaking an ionic bond!  Very hard

 Factors affecting ionic bonds. 

 Difference of charge

 Atomic radius



Types of Solids

 Type of solid is determined by type of bond

 Ionic: metal= Non-metal

 Covalent: non-metal = non-metal

 Metallic: metals

 Network covalent: only C, Si, Ge



Covalent Bond(molecular)

 Intermolecular Forces

 Bond between 2 or more molecules

 Determines how much molecules stick together

 Determines whether molecules are solids, liquids, or gases

 Larger forces equals more glue = higher melting/boiling points

 Intramolecular Bonds

 Bond with in a molecule.

 Covalent bond holding bond together. 



Melting/boiling points

 When a Covalent substance is being 

melted/boiled you are breaking Intermolecular 

bonds!!!! 

 These are weak intermolecular forces

 Not the strong intramolecular force (Covalent)



Dipole-dipole / Hydrogen 

Bonding

 Strongest intermolecular force

 These molecules have +/- charges called polar



What does it mean to be polar?

 A molecule is polar if it contains + and –

somewhere in the molecule. 



How does polarity affect a molecules 

properties?

 Solute dissolving in a solvent?

 “Likes dissolve likes”  

 Non-polar solutes dissolve in non-polar solvents

 Polar solutes dissolve in polar solutes. 

 Biologically

 Drugs are absorbed into the brain (past the blood brain barrier) 

based upon their polarity. 

 Morphine and Heroine are very similar

 Your body converts heroine to morphine after it enters the brain.

 Heroin is 90% more polar there for it absorbs a lot faster.



How does a molecule become polar.

 Must have at least one 
polar bond.

 What is a polar bond?

 A covalent bond 
where the electrons 
are not being shared 
equally.



Why are or why aren’t the electrons 

being shared equally 

 Electronegativity:  An atoms attraction for 
electrons in a bond. 

 Some atoms, when bonded suck the electrons 
toward them. 

 Electronegativity Difference:  When you get 
two atoms bonded where one is highly 
electronegative and the other is not there will 
be unequal sharing. 



Electronegativity difference?

Mr. Schweitzer                 Baby

$1000 dollars
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Electronegativity



Electronegativity

 When ever you have an atom with a large 

electronegativity bonded to one that is small 

you will have an unequal sharing of electrons.

 Big Four

 N, O, F, Cl -- any atom bonded to one of these 

three will cause a polar bond

H-F H-Cl NO2



Structure also affects polarity

Polar bonds

symmetricalNon-polar

Non-polar polar

none
present

symmetrical
asymmetrical



Weak bonds

Vanderwaals Forces

 All atoms have electrons and all those 

electrons are moving.  

 By chance at any one time there will be more 

negative charge on one side of the atom as 

apposed to the other.  

 Creating a small dipole or charges. 



Factors affecting Vanderwaals 

Forces 

1. Bigger molecules

 More electrons more chance of uneven 

distribution

2. Longer chains

 Longer chains increases surface area 

allowing more the +/- to attract other +/-



Bigger molecules
More electrons more chance of uneven distribution

 In the four chemicals below the only 
intermolecular force is Vanderwaals.  This 
force is amplified by the increased number of 
electrons

 F2 -- Gas 

 Cl2 Gas/liquid under mild pressure

 Br2 -- Liquid

 I2 -- solid



Longer Chains

 As the chain gets longer the amount of 

Vanderwaals forces increases.  

-161.5

-88.6

-42.1

-0.5

36.1 

Boiling points



Strength of intermolecular Forces

 Weakest

 London Forces

 Dipole- dipole / Hydrogen Bonding

 Ionic

 Covalent 

 Strongest

London Forces



Intermolecular bonding?

 Do you recognize 

any possible 

intermolecular 

forces in either of 

these molecules? 



 The extended chain 
increases Van der
waals. 

 Due to larger 
amount of energy to 
needed separate and 
therefore higher 
melting and boiling 
points. 

Hydrogen bondingVan der waals

Intermolecular bonding?



How does intermolecular bonding 

alter melting points?

 Which of the following 

solids will have the 

highest melting point. 
NaI

NaCl

C(diamond)



How does intermolecular bonding 

alter melting points?

 Which of the following 

solids will have the highest 

melting point. 

 Network covalent is much 

stronger then the ionic 

bonds. 

 Which of the ionic 

compounds will have the 

higher melting point?

NaI

NaCl

C(diamond)

Ionic

Network covalent



How does intermolecular bonding 

alter Melting points?

 Which of the ionic 
compounds will have 
the higher melting 
point?

 Iodine has a larger 
radius separating the 
molecules +/-’s 
reducing attractions and 
lowering melting points

NaI

NaCl

C(diamond)

Ionic

Network covalent



Question

 Based on what you know intermolecular 

bonding why is CO2 a gas yet H2O is a liquid 

at room temperature? 

 What do you think?



Network Covalent

 Similar to Ionic Bonds But with Covalent

 Webbing of covalent Bonds. 

 Examples

 Carbon family can do this.

 C, Si, or Ge

 Very Strong 

 Definitely Solid 



vapor pressure vs. boiling

 Vapor pressure is determined by the amount of 

intermolecular forces.  

 Increased intermolecular forces then decreases 

vapor pressure. 

 Increasing the temperature also increases the 

vapor pressure of a substance

 Once Vapor pressure exceeds atomospheric

pressure boiling occurs. 



Sample AP Questions

(ebbing 11.2)Which of the following 

compounds is expected to have the highest 

boiling point?

a. CH3CH2CH3 d. CH3CH2CH2CH3

b. CH3OCH3 e. CH3CH2CH2Cl

c. CH3CH2OH



Sample Problem

(ebbing 11.20)

The forces of attraction between molecules of I2

are 

a. Induced dipole-dipole attractions

b. Dipole-dipole

c. Covalent bonds

d. London forces

e. Dipole-induced dipole attractions 


