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A phase is a region that differs in structure 

and/or composition from another region. 

2 Phases 

Solid phase - ice 

Liquid phase - water 
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There are forces between atoms in a compound and between 

formula units (molecular compounds or ionic compounds) 

Intermolecular forces are attractive forces between molecules. 

Intramolecular forces hold atoms together in a compound. 

Intermolecular vs Intramolecular 

• 41 kJ to vaporize 1 mole of water (inter) 

• 930 kJ to break all O-H bonds in 1 mole of water (intra) 

Generally, 

intermolecular 

forces are much 

weaker than 

intramolecular 

forces. 

“Measure” of intermolecular force 

boiling point 

melting point 

DHvap 

DHfus 

DHsub 
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Phase changes occur with a change in the form of a 

substance only but with no change in temperature. The 

temperatures at which these phase changes occur are 

know collectively as the transition temperatures 
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Heats of vaporization and fusion for several common 

substances. 
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We can graphically show the qualitative aspects of warming,  

cooling, and phase changes in a “thermal curve” which is a  

plot of the temperature of a substance vs the heat added to or 

taken from the substance 
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What happens if we heat water from a temperature below its 

freezing point to a temperature above its boiling point? 
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Heat transfer with no phase change occurs 

with a change in temperature 

q = (amount in moles)(molar heat capacity)(DT) 

q = nCm



OR 

q = (amount in grams)(specific heat capacity)(DT) 

q = mc 
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q = (amount in moles)(molar enthalpy of phase change) 

q = nDHtrans,m 

Heat transfer that accompanies a phase 

change occurs with NO change in 

temperature 
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Show  the heating curve, and calculate the total amount 

of heat absorbed by the water. 

You do it. 



Calculate the amount of heat required to convert 500 grams of ice at -

20˚C to steam at 120˚C.  The specific heat capacities of water, ice 

and water vapor are 4.18, 2.06 and 1.84 J/g ˚C respectively, and the 

latent heat of fusion and vaporization, ΔHf  and ΔHv,  are 6.02 and 40.7 

kJ/mol respectively. 

1. Heat ice from -20˚C to ice at 0˚C         = 500. g x 2.06 J/g ˚C  x 20˚C   

2. Melt ice at 0˚C to water at 0˚C             = 500. g/(18 g/mol) x 6.02 kJ/mol  

3. Heat water from 0˚C to water at 100˚C= 500. g x 4.18 J/g ˚C x 100˚C  

4. Evap water at 100˚C to vap at 100˚C   = 500. g/(18 g/mol) x 40.7 kJ/mol 

5. Heat vap from 100˚C to vap at 120˚C  = 500. g x 1.84 J/g ˚C x 20˚C  

 

1. = 20.6 kJ 

2. = 167.2 kJ 

3. = 209.0 kJ 

4. = 1130.5 kJ 

5. =  18.4 kJ 

 

Total = 1545.6 kJ 
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Vapor pressure arises from the 

tendency of molecules to escape 

from and re-enter the liquid. 

vapor pressure 
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Vapor pressure is a function of temperature and 

intermolecular forces. 
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The boiling temperature of a liquid is the temperature at 

which its vapor pressure is equal to the atmospheric 

pressure 
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Phase diagram for H2O. Predict what happens to the 

boiling temperature at a pressure of 4 atm 

H2O 
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The phase diagrams for CO2 and water  

CO2 H2O 
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The Clausius - Clapeyron equation enables us to estimate the 

variation of the vapor pressure of a liquid with temperature or vice 

versa. The CCE runs along the vaporization curve. 

CO2 
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Using the Clausius-Clapeyron Equation 

SOLUTION: 

The vapor pressure of ethanol is 115 torr at 34.90C.  If DHvap of 

ethanol is 40.5 kJ/mol, calculate the temperature (in 0C) when the 

vapor pressure is 760 torr. 

Note: We are given 4 of the 5 variables in the Clausius-Clapeyron 

equation.  Substitute and solve for T2. 
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 34.90C = 308.0K 

ln 
760 torr 

115 torr 
= 

-40.5 x103 J/mol 

8.314 J/mol*K 

1 

T2 

1 

308K 
- 

T2 = 350K = 770C 
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Using the Clausius-Clapeyron Equation 

The vapor pressure of ethanol is 115 torr at 34.90C.  If DHvap of 

ethanol is 40.5 kJ/mol, calculate the vapor pressure (in atm) when the 

temperature is 50oC.  Estimate the normal boiling temperature of 

ethanol. 
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Bonding forces (or intramolecular forces) tend to be strong 
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Nonbonding (Intermolecular) forces are weaker than 

intramolecular forces. There are several types of IMF arranged in 

the order from strongest to weakest 
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In chemistry, polarity refers to a separation of electric 

charge leading to a molecule or its chemical groups 

having an electric dipole moment. Polarity affects many 

physical properties, e.g. boiling temperature and freezing 

temperature 
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The polarity of molecules may be predicted from their structure 

 Ammonia, NH3 

EXAMPLE: From electronegativity (EN) values and their periodic trends 

(see Figure 9.19), predict whether each of the following 

molecules is polar and show the direction of bond dipoles and 

the overall molecular dipole when applicable: 

N
H

H
H

ENN = 3.0 

ENH = 2.1 
N

H
H

H
N

H
H

H

bond 

dipoles 

molecular 

dipole 

The dipoles reinforce 

each other, so the overall 

molecule is definitely 

polar. 
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A more ordered orientation 

is observed in solids.  

A more random 

orientation is observed in 

liquids 

Polar molecules are oriented by their “partial charges” and  

give rise to dipole - dipole forces 
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The dipole moment is a measure of polarity. Larger dipole moments 

creates stronger dipole-dipole forces, which translate to higher 

boiling (and also melting) temperatures. 
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The “hydrogen bond” is a special type of a dipole-

dipole force between molecules that have an H 

atom bonded to N, O, and F. 

.. 

F .. 

.. 

.. 
H O .. 

N 
.. F H 

.. 

.. 

.. 

O 
.. .. 

.. 

N H 

hydrogen bond 

donor 

hydrogen bond 

acceptor 

hydrogen bond 

acceptor 

hydrogen bond 

donor 

hydrogen bond 

donor 

hydrogen bond 

acceptor 



27 

“The hydrogen bond is an attractive interaction 

between a hydrogen atom from a molecule or a 

molecular fragment X-H in which X is more 

electronegative than H, and an atom or a group of 

atoms in the same or different  molecule, in which 

there is evidence of bond formation”...IUPAC 

recommendations 2011 

8 - hydroxyquinoline 
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Hydrogen bonding causes some anomalous trends in boiling (and for 

that matter melting) temperatures 
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Which of the following substances exhibits H bonding?  

For those that do, draw two molecules of the substance 

with the H bonds between them. 

C2H6(a) CH3OH(b) CH3C NH2

O

(c) 

Strategy: Find molecules in which H is bonded to N, O or F.  Draw H 

bonds in the format  -B:      H-A-. 

(c) 

(a) C2H6 has no H bonding sites. 

(b) 
C O H

H

H

H

COH

H

H

H

CH3C N

O

H

H

CH3CN

O

H

H

CH3C

N

O

H

H

CH3C

N

O

H

H
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The ease with which the electron cloud of a particle (which 

can be an atom, ion or a molecule) can be distorted is 

called its polarizability. The extent of polarization is 

influenced by the charge and the size of the particle. 

•Polarizability increases down a group because size increases and 

the larger electron clouds are further from the nucleus 

•Polarizability decreases left to right across a period increasing 

Zeff shrinks atomic size and holds the electrons 

more tightly 

•Cations are less polarizable than their parent atoms 

because they are smaller. 

•Anions are more polarizable than their parent atom 

because they are larger. 
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The continuous motion of electrons around the molecule even non-

polar ones may induce instantaneous dipoles, rendering these 

molecules polarized and giving rise to induced dipole forces. 

Among non-polar species, the IMF force is the dispersion (or 

London) force. 

separated 

Cl2 

molecules 

instantaneous 

dipoles 
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The extent of polarization 

increases with the number of 

electrons, which correlates 

closely with molar mass. 

Molar mass and boiling point. 
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Molecular shapes have some influence on IMF. 

Consider these isomers having formula C5H12 

more points for 

dispersion 

forces to act 

fewer points for 

dispersion 

forces to act 
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For each pair of substances, identify the dominant 

intermolecular forces in each substance, and select the 

substance with the higher boiling point. 

(a)  MgCl2 or PCl3 

(b)  CH3NH2 or CH3F 

(c)  CH3OH or CH3CH2OH 

(d)  Hexane (CH3CH2CH2CH2CH2CH3)   

or 2,2-dimethylbutane 
CH3CCH2CH3

CH3

CH3

•Bonding forces are stronger than nonbonding(intermolecular) forces. 

•Hydrogen bonding is a strong type of dipole-dipole force. 

•Dispersion forces are decisive when the difference is molar mass or 

molecular shape. 

Recall 
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SOLUTION: 

(a)  Mg2+ and Cl- are held together by ionic bonds while PCl3 is covalently 

bonded and the molecules are held together by dipole-dipole interactions.  Ionic 

bonds are stronger than dipole interactions and so MgCl2 has the higher boiling 

point.  

(b)  CH3NH2 and CH3F are both covalent compounds and have bonds which are 

polar.  The dipole in CH3NH2 can H bond while that in CH3F cannot.  Therefore 

CH3NH2 has the stronger interactions and the higher boiling point. 

(c)  Both CH3OH and CH3CH2OH can H bond but CH3CH2OH has more CH for 

more dispersion force interaction.  Therefore CH3CH2OH has the higher boiling 

point. 

(d)  Hexane and 2,2-dimethylbutane are both nonpolar with only dispersion 

forces to hold the molecules together.  Hexane has the larger surface area, 

thereby the greater dispersion forces and the higher boiling point.  

For each pair of substances, identify the dominant 

intermolecular forces in each substance, and select the 

substance with the higher boiling point. 
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Remember: the strength of IMF may be manifested in 

properties such as vapor pressure, volatility, boiling 

temperature, and melting or freezing temperature 
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Among liquids, surface tension is another  manifestation of 

the strength of intermolecular forces. Surface tension is 

defined as the energy required to increase the surface area 

by  a unit amount. 

•Surface tension is caused by the 

attraction between the liquid's 

molecules by various intermolecular 

forces.  

•In the bulk of the liquid, each molecule 

is pulled equally in every direction by 

neighboring liquid molecules.  

•At the surface of the liquid, the 

molecules are pulled inwards by other 

molecules deeper inside the liquid. 

•The tendency of the liquid then is to 

have the smallest possible area.  
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Substance Formula 

Surface Tension  

(J/m2) at 200C Major Force(s) 

diethyl ether 

ethanol 

butanol 

water 

mercury 

dipole-dipole; dispersion 

H bonding 

H bonding; dispersion 

H bonding 

metallic bonding 

1.7x10-2 

2.3x10-2 

2.5x10-2 

7.3x10-2 

48x10-2 

CH3CH2OCH2CH3 

CH3CH2OH 

CH3CH2CH2CH2OH 

H2O 

Hg 

Among liquids, surface tension is another  manifestation of 

the strength of intermolecular forces 
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adhesive forces 

between water 

and the wall are 

stronger than 

cohesive forces  

cohesive forces 

are stronger 

than adhesive 

forces 

H2O 

capillarity 

Hg 

Liquids tend to rise through a narrow bore against the pull of 

gravity (capillary action  or capillarity). Capillarity arises  from  

a competition between adhesive forces and cohesive forces,  

both of which are intermolecular in nature 
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Table 12.4   Viscosity of Water at Several Temperatures 

Temperature(0C) 

Viscosity 

(N*s/m2)* 

20 

40 

60 

80 

1.00x10-3 

0.65x10-3 

0.47x10-3 

0.35x10-3 

*The units of viscosity are newton-seconds per square meter. 

Viscosity is resistance to flow and is also a manifestation of  

the strength of IMF 
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Let’s summarize the IMFs in a collection of particles (atoms, 

molecules, ions) 

INTERACTING PARTICLES 

(atoms, molecules, ions) 

ions only 

IONIC BONDING 

(Section 9.2) 

ion + polar molecule 

ION-DIPOLE FORCES 

ions present ions not present 

polar molecules only 

DIPOLE-DIPOLE  

FORCES 

HYDROGEN 

BONDING 

polar + nonpolar  

molecules 

DIPOLE- 

INDUCED DIPOLE  

FORCES 

nonpolar  

molecules only 

DISPERSION 

FORCES only 

DISPERSION FORCES ALSO PRESENT 

H bonded to 
N, O, or F 
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Reading Assignment - these sections are your 

responsibility, and subject to assessment 

For the HS block: The Uniqueness of Water 

For the CH block:  

• The Uniqueness of Water 

• The Solid State (excluding calculations,  up to page 382)  

 


