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States of MatterStates of Matter
The fundamental difference between states of 

tt i th di t b t ti lmatter is the distance between particles.



States of MatterStates of Matter
Because in the solid and liquid states 

ti l l t th f t thparticles are closer together, we refer to them 
as condensed phases.



The States of Matter
• The state a substance is 

in at a particular 
t t dtemperature and 
pressure depends on 
two antagonistic entities

Th ki ti f– The kinetic energy of 
the particles

– The strength of the 
tt ti b tattractions between 

the particles



Intermolecular ForcesIntermolecular Forces

The attractions between molecules are not 
nearly as strong as the intramolecularnearly as strong as the intramolecular 
attractions that hold compounds together.



Intermolecular ForcesIntermolecular Forces

They are, however, strong enough to control 
physical properties such as boiling andphysical properties such as boiling and 
melting points, vapor pressures, viscosities, 
surface tension, and related properties.



Intermolecular ForcesIntermolecular Forces

These intermolecular forces as a group are 
referred to as van der Waals forcesreferred to as van der Waals forces.



Intermolecular ForcesIntermolecular Forces
• London dispersion forces
• Dipole-induced dipole interactions
• Dipole-dipole interactionsDipole dipole interactions
• Hydrogen bonding

I i d d di l i t ti• Ion-induced dipole interactions
• Ion-dipole interactions



London Dispersion ForcesLondon Dispersion Forces

Whil th l t i th 1 bit l f h liWhile the electrons in the 1s orbital of helium 
would repel each other (and, although they 
are paired tend to stay away from eachare paired, tend to stay away from each 
other), it does happen that they occasionally 
wind up on the same side of the atom.p



London Dispersion ForcesLondon Dispersion Forces

At that instant, then, the helium atom is polar, 
with an excess of electrons on the left side 
and a shortage on the right sideand a shortage on the right side.
This is called an instantaneous dipole



London Dispersion ForcesLondon Dispersion Forces

Another helium nearby, then, would have a 
dipole induced in it, as the electrons on the left 
id f h li t 2 l th l t i thside of helium atom 2 repel the electrons in the 

cloud on helium atom 1.
Th d h li t h i d d di lThe second helium atom has an induced dipole 



London Dispersion ForcesLondon Dispersion Forces

London dispersion forces, or dispersion 
forces are attractions between anforces, are attractions between an 
instantaneous dipole and an induced dipole.



London Dispersion ForcesLondon Dispersion Forces

• These forces are present in all molecules, 
whether they are polar or nonpolar.y p p

• The tendency of an electron cloud to distort in 
this way is called polarizability.



Factors Affecting London ForcesFactors Affecting London Forces

The shape of the molec le• The shape of the molecule 
affects the strength of dispersion 
forces: long skinny moleculesforces: long, skinny molecules 
(like n-pentane tend to have 
stronger dispersion forces than g p
short, fat ones (like neopentane, 
2,2-dimethylpropane).

• This is due to the increased 
surface area in n-pentane.



Factors Affecting London ForcesFactors Affecting London Forces

• The strength of dispersion forces tends to 
increase with increased molecular weightincrease with increased molecular weight.

• Larger atoms have larger electron clouds, 
which are easier to polarize.c a e eas e o po a e



Intermolecular forces in I2

1. Iodine vapor
2 I di h2. Iodine-hexane: 

Nonpolar 
interactionsinteractions 
(London forces)



Dipole-Induced Dipole Interactions
I t l l f i IIntermolecular forces using I2

Molecules that have permanent dipoles can 
induce a dipole on a non-polar atom or molecule
Demonstration: iodine in water



Dipole-Dipole InteractionsDipole Dipole Interactions
• Molecules that have 

permanent dipoles are 
attracted to each other.
– The positive end of one is 

attracted to the negative 
end of the other and vice-end of the other and vice
versa.

– These forces are only 
important when the 
molecules are close to 
each other.



Ion-Induced Dipole Interactions
Intermolecular forces using I2

Ions can induce a dipole on a non-polar p p
atom or molecule
Demonstration: Add potassium iodide to iodine in water



Ion-Dipole InteractionsIon Dipole Interactions
• Ion-dipole interactions are an important force p p

in solutions of ions.
• The strength of these forces are what make it 

possible for ionic substances to dissolve in 
polar solvents.



Dipole-Dipole InteractionsDipole Dipole Interactions

The more polar the molecule, the higher 
is its boiling pointis its boiling point.
NOTE: To better see the polarity of these molecules, 
draw their structuresdraw their structures.



Which Have a Greater Effect:Which Have a Greater Effect:
Dipole-Dipole Interactions or Dispersion Forces?

• If two substances have molecules that are of 
comparable size and shape

Dispersion forces are approximately equal in the two– Dispersion forces are approximately equal in the two 
substances

– If there is any polarity in the molecules, then dipole-dipole 
interactions will be the dominating forceinteractions will be the dominating force.

• If two substances differ where one molecule is much 
larger than anotherg
– If they are non-polar, substances, dispersion forces in the 

substance consisting of larger molecules will be stronger.



How Do We Explain This?How Do We Explain This?

• The nonpolar series 
(SnH4 to CH4) follow 
the expected trendthe expected trend.

• The polar series 
follows the trendfollows the trend 
from H2Te through 
H2S, but water is 2 ,
quite an anomaly.



Hydrogen BondingHydrogen Bonding

• The dipole-dipole interactions 
experienced when H is 
bonded to N, O, or F are 
unusually strong.
W ll th i t ti• We call these interactions 
hydrogen bonds.



Hydrogen BondingHydrogen Bonding
Hydrogen bonding 
arises from the smallarises from the small 
size and high 
electronegativity of 
nitrogen, oxygen, and 
fluorine.

Also, when hydrogen is bonded to one of those small, 
electronegative elements the hydrogen nucleus iselectronegative elements, the hydrogen nucleus is 
essentially exposed.



Hydrogen Bondingy g g

The hexagonal shape of a snowflake is a result of the hexagonal, non-
planar rings formed by water molecules in ice.  
When water is cooled below 4°C, the molecules slow down ,
sufficiently so repulsions between the water molecules cause the 
molecules to move apart causing the density of the cold water or ice to 
decrease.



Ice is less dense than liquid 
t

Water expands on freezing
water



Hot and Cold
Separate water by density

COLD                           HOT

HOT

COLDCOLD



Hydrogen BondingHydrogen Bonding
Decrease in Volume

ethanol waterethanol                                  water



Summarizing Intermolecular ForcesSummarizing Intermolecular Forces



Intermolecular forces Intermolecular 
f i Iforces using I2

Even though there are 
these different forces 

f tt ti b tof attraction between 
particles, there are still 
preferences

Hexane 
layer

preferences.
When given the proper 
conditions, iodine Water ,
prefers a non-polar 
solvent:  

Lik di l lik

layer

Like dissolves like



AA solution is asolution is a O tit t i llO tit t i llA A solution is a solution is a 
HOMOGENEOUS mixture mixture 
of 2 or more substances in of 2 or more substances in 
a single phasea single phase

One constituent is usually One constituent is usually 
regarded as the regarded as the SOLVENT 
(usually water) and the others and the others 

a single phase. a single phase. as as SOLUTES..



Intermolecular Forces
Wh d b t di l ?Why does a substance dissolve?

The intermolecular 
forces between solute 
and solvent particles 
must be strong enough 
to compete with thoseto compete with those 
between solute 
particles and thoseparticles and those 
between solvent 
particles.



Intermolecular 
F

stronger
Forces:

Why does a 
substance dissolve?

The intermolecularThe intermolecular 
forces between solute 
and solvent particles 

t b tmust be strong 
enough to compete 
with those between 
solute particles and 
those between solvent 
particlesparticles.
(continued on next slide) weaker



stronger

Intermolecular 
Forces:Forces:

Why does a 
substance dissolve?substance dissolve?

(continued)

weaker



How Does a Solution Form?How Does a Solution Form?
In this example, we have an ionic solid, NaCl, and 
a polar solvent, H2O.a polar solvent, H2O. 

The solution forms because the solvent pulls 
solute particles apart and surrounds, or solvates, 
them. In water this is called hydration.

Sol te (NaCl) in The sol te is H drated ions inSolute (NaCl) in 
water

The solute is 
dissolving

Hydrated ions in 
solution



How Does a Solution FormHow Does a Solution Form
If an ionic salt is soluble in 
water, it is because the ion-
dipole interactions are 
strong enough to overcomestrong enough to overcome 
the lattice energy of the salt 
crystal.

The ions are hydrated – that 
prevents the ions fromprevents the ions from 
reforming the crystal lattice 
under normal conditions.



Water as a Solvent

• How water dissolves molecularHow water dissolves molecular 
compounds:

When the nonpolar part of an organic– When the nonpolar part of an organic 
molecule is considerably larger than the 
polar part, the molecule no longer p p , g
dissolves in water.

For example ethanol, CH3CH2OH is soluble in 
water but butanol CH3CH2CH2CH2OH is not



Factors Affecting Solubilityg y
• Chemists use the axiom “like dissolves like”:

– Polar and ionic substances tend to dissolve in polar 
solvents.

– Nonpolar substances tend to dissolve in nonpolar solvents.



Factors Affecting Solubilityg y

Solubility in waterSolubility in water 
decreases as the 
nonpolar end of 

Methanol

p
the alcohol 
molecules 
increases Butanol

Heptanol 



Factors Affecting SolubilityFactors Affecting Solubility
The more similar the intermolecular 
attractions the more likely one substance isattractions, the more likely one substance is 
to be soluble in another.



Factors Affecting SolubilityFactors Affecting Solubility
The more similar the intermolecular 
attractions the more likely one substance isattractions, the more likely one substance is 
to be soluble in another.



Factors Affecting Solubility
Glucose (which 
has hydrogenhas hydrogen 
bonding) is very 
soluble insoluble in 
water, while 
Cyclohexane y
(which only has 
dispersion 
forces) is not.



Factors Affecting SolubilityFactors Affecting Solubility
• Vitamin A is soluble in nonpolar compounds 

(like fats).(like fats).
• Vitamin C is soluble in water.



Intermolecular Forces
Why does a substance dissolve?


