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Inter vs. intra (cont’d)
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States of matter compared

Intermolecular 
forces are of little 
significance; why?

Intermolecular 
forces must be 

considered.

Intermolecular 
forces are very 

important.



Vaporization
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Vaporization (cont’d)
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vaporization

Liquid Vapor
condensation



Liquid–vapor equilibrium

More vapor forms; rate 
of condensation of that 

vapor increases …

… until equilibrium 
is attained.



Vapor pressure increases with 
temperature; why?



Vapor 
pressure 
curves

Which of the five 
compounds has the 

strongest 
intermolecular forces?  

How can you tell?

CS2

CH3OH

CH3CH2OH

H2O

C6H5NH2

What is the vapor 
pressure of H2O at 100 
°C, according to this 
graph? What is the 
significance of that 
numeric value of 
vapor pressure?



Boiling point and critical point
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The critical point
At room temperature there 
is relatively little vapor, and 

its density is low.

At higher temperature, 
there is more vapor, and its 

density increases …

… while the density of the 
liquid decreases; molecular 

motion increases.

At Tc, the densities 
of liquid and vapor 
are equal; a single 

phase.



These four gases can’t be liquefied 
at room temperature, no matter 

what pressure is applied; why not?



Phase changes
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Some enthalpies of fusion



Cooling curve for water

The liquid water 
cools until …

… the freezing 
point is reached, 
at which time the 

temperature 
remains constant 

as solid forms.

Once all of the 
liquid has 

solidified, the 
temperature 
again drops.

If the liquid is 
cooled carefully, 
it can supercool.



Heating curve for water

The temperature 
of the solid 

increases as it is 
heated …

… until the solid begins 
to melt, at which time 

the temperature 
remains constant …

… until all the solid 
is melted, at which 

time the temperature 
again rises.



Phase diagram

A—B, solid-vapor 
equilibrium.

A—D, solid-liquid 
equilibrium.

A—C, liquid-vapor 
equilibrium.

Triple point
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Phase diagram for HgI2

HgI2 has two
solid phases, red 

and yellow.

As the vessel is allowed to cool, 
will the contents appear more red

or more yellow?



Phase diagram for CO2

Note that at 1 atm, 
only the solid and 

vaporphases of CO2
exist.



Phase diagram for H2O



van der Waals forces

� 4	��
����
���%���
�
# ����
��
�����
�	��

� 4���������������������	��������
�2���	����
����
�������� 

� 4���
�2����
��������
� ���2����
��������



Dispersion forces
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Dispersion forces illustrated
At a given instant, electron 
density, even in a nonpolar

molecule like this one, is 
not perfectly uniform.

The region of 
(momentary) higher 

electron density attains 
a small (–) charge …

… the other end 
of the molecule is 

slightly (+).

A
A



Dispersion forces illustrated 
(cont’d)

… molecule A 
induces a tiny 

dipole moment …

… in 
molecule B.

Opposite charges ________.

When another 
nonpolar molecule 

approaches …

B

A B



Strength of dispersion forces
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Molecular shape and polarizability
Long skinny 
molecule …

… can have greater separation of 
charge along its length. Stronger 
forces of attraction, meaning …

… higher 
boiling point.

In the compact isomer, less 
possible separation of charge …

… giving weaker 
dispersion forces and 
a lower boiling point.



Dipole–dipole forces

� ����
�����
��	
������������
�!�
#���������
C���D � � G �����������
�!�
#���������
C���D � � 2 "

� �������
��	
���������
����
���������
�����
���	
���������	����
�����
�'�2��������
���������������
��"�-�����
����������
����
��
�

���
��������
���"

� 0����������
�������
��	
���
��������
�����	��������
��������
��������
�H����
��
������������#����
�������
���"



Dipole–dipole interactions

Opposites 
attract!



Predicting physical properties of 
molecular substances
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Hydrogen bonds
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When Y and Z are small 
and highly electronegative 

(N, O, F) …

… this force is called a 
hydrogen bond; a special, 

strongtype of dipole–
dipole force.



Hydrogen bonds in water
� �
!�
�������������1

Hydrogen 
bonding 

arranges the 
water 

molecules 
into an open 
hexagonal 

pattern.

“Hexagonal” is 
reflected in the 

crystal structure. 
“Open” means 

reduced density 
of the solid (vs. 

liquid).



Hydrogen bonding in ice

Hydrogen bonding arranges 
the water molecules into an 

open hexagonal pattern.

“Hexagonal” is reflected in the 
crystal structure. “Open”

means reduced density of the 
solid (vs. liquid).



Hydrogen bonding in acetic acid

Hydrogen bonding 
occurs between 

molecules.



Hydrogen bonding in
salicylic acid (aka?)

Hydrogen 
bonding 

occurs within
the molecule.



Intermolecular hydrogen bonds
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Intermolecular hydrogen bonds give 
proteins their secondary shape, forcing 

the protein molecules into particular 
orientations, like a folded sheet …



Intramolecular H-bonds (cont’d)

… while 
intramolecular

hydrogen bonds can 
cause proteins to 

take a helical shape.
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Proteins
� �	��������	��"���
�	������
���������
� 3�++���	
�����"�"����
� $����"���++���	
���"���"�"������"	�����%
�  �.�
����	��"	���������������



Amino acids
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Amino acids
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Protein structure
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Protein structure
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