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Rate of Evaporation and IMFs 
Lecture Demonstration 



Evaporation 



Predicting physical properties 
•  Lecture demonstration:  Compare rates of 

evaporation of three compounds: ethanol, 
acetone, and water.  

Evaporation: change of phase 
from liquid to a gas.    



Predicting physical properties 
•  Lecture demonstration 
•  Small samples of liquid ethanol, acetone, and 

water are placed on a sheet of paper. 
•  Which liquid will evaporate the slowest? The 

fastest?  Explain. 



Predicting physical properties 
•  Lecture demonstration 
•  Small samples of liquid ethanol, acetone, and 

water are placed on a sheet of paper. 
•  Which liquid will evaporate the slowest? The 

fastest?  Explain. 
•  It will help to draw the Lewis structures of 

each molecule and determine if the molecule 
is polar or non-polar. 

•  It will help to identify the types of 
intermolecular forces of attraction present 
between molecules. 



Acetone vs ethanol 



Rate of evaporation vs. type and 
strengths of IMFs 

Types of IMF present Relative Rate of 
Evaporation 

Acetone 

Ethanol 

Water 



CH3COCH3, Acetone (propanone) 

Draw a 3D Lewis structure. 
Identify the type of partial 
charge present on carbon 
and oxygen.  Assume C-H 
bonds are non-polar. 



CH3COCH3, Acetone 

Draw a second Lewis 
structure with the partial 
charges on C and O and 
show the intermolecular 
force of attraction between 
two molecules as a 
dashed or dotted line. 



CH3COCH3, Acetone 

The main concept of IMFs: 
the partial positive charge on an 
atom in one molecule is  
attracted to the partial negative  
charge on an atom on a second 
molecule. 

This is an electrostatic force of 
attraction between two molecules. 
 
This is a dipole-dipole intermolecular 
force. 



δ+ δ- 



δ+ δ- 

Dipole-dipole IMF 
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Draw Lewis Structures for three H2O(liquid phase) molecules
Draw the Lewis Structures with the correct bond angle
Identify the partial positive and partial negative Atoms
Identify the bonding between hydrogen and oxygen
Is H2O a polar molecule or non-polar molecule?
Identify the Location of the Intermolecular Forces Using 

Dashed or Dotted Lines
Identify the type of IMF

Chapter 12: Intermolecular Forces, Liquids, and Solids 

Atom   EN 
H    2.1 
O    3.5 
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Chapter 12: Intermolecular Forces, Liquids, and Solids 

Hydrogen Bonding IMF 
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Intermolecular Forces: Hydrogen Bonding 

Chapter 11: Intermolecular Forces, Liquids, and Solids 



Sketch the IMFs in liquid ethanol CH3CH2OH 
using at least three 3D Lewis structures. 
Identify the δ+ and δ- atoms
Identify the bonding between H and O
Is this a polar molecule or non-polar molecule?
Identify the Location of the Intermolecular 

Forces Using Dashed or Dotted Lines
Identify the type of IMF
 

Atom   EN 
H    2.1 
C        2.5 
N    3.0 
O        3.5 
F         4.0 



This is not a chemical bond! 

This is an IMF,  
an electrostatic force of attraction between two molecules 





H–Bonding in Water and Ethanol 



Rate of evaporation vs. 
strengths of IMFs 

Types of IMF present Relative Rate of 
Evaporation 

Acetone  dipole-dipole 
London dispersion 

Very fast 

Ethanol Hydrogen bonding 
Dipole-dipole 
London Dispersion 

Medium 

Water Hydrogen bonding 
Dipole-dipole 
London Dispersion 

Slow 



Rate of Evaporation vs. Types 
of IMFs 

IMF Strength of 
IMFs 

Relative Rate 
of Evaporation 

Acetone  dip-dip medium Very fast 

Ethanol H-bonding 
Dip-dip 

medium-
strong 

Medium 

Water H bonding 
Dip-dip 

strong Slow 



CH3COCH3, Acetone (propanone) 

Identify the type of partial 
charge present on carbon 
and oxygen.  Assume C-H 
bonds are non-polar. 



CH3COCH3, Acetone 

Draw a second Lewis 
structure with the partial 
charges on C and O and 
show the intermolecular 
force of attraction between 
two molecules as a 
dashed or dotted line. 



CH3COCH3, Acetone 

The main concept of IMFs: 
the partial positive charge on an 
atom in one molecule is  
attracted to the partial negative  
charge on an atom on a second 
molecule. 



δ+ δ- 



Sketch the hydrogen bonding in water 
using at least three Lewis structures 

for water. 
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Intermolecular Forces: Hydrogen Bonding 

Chapter 11: Intermolecular Forces, Liquids, and Solids 



Hydrogen Bonding 
•  The dipole–dipole 

interactions experienced 
when an H atom is polar 
covalent bonded to N, O, 
or F are unusually strong. 

•  N-H    O-H    F-H 
•  We call these IMF forces 

of attraction (interactions) 
between molecules 
hydrogen bonds. 



Sketch the hydrogen bonding in ethanol 
CH3CH2OH using at least three Lewis 

structures for water. 



H–Bonding in Water and Ethanol 





Heat of Vaporization, ΔHvap 
•  The energy that must be added to system 

in order to convert a liquid to a gas at its 
boiling point (usually at 1.00 atm pressure) 

H2O (liquid)           H2O (gas)  ΔHvap = +40.65 kJ/mol 

•  The energy that must be removed from a 
system in order to convert a gas to a liquid 
at its condensation point (usually at 1.00 
atm pressure) 

H2O (gas)           H2O (liquid)  ΔHvap = -40.65 kJ/mol 



Strength of IMF vs. ΔHvap vs. b.p. 

Strength of IMFs ΔHvaporization  
(KJ/mol) 

Boiling 
Point (°C) 

Acetone medium     30.3  56.5 

Ethanol medium-strong     39.3 78 

Water strong     40.65  100 



Relationship Between Dipole-Dipole Forces and Boiling Point 

Chapter 12: Intermolecular Forces, Liquids, and Solids 

Interactions between two polar molecules.  The strength of the IMF attraction 
raises the boiling points and melting points of molecules relative to those with 
similar sizes and shapes. 



A. n-propanol < dimethyl ether < diethyl ether 
B.  diethyl ether < dimethyl ether < n-propanol 
C. dimethyl ether < diethyl ether < n-propanol 
D.   dimethyl ether < n-propanol < diethyl ether 

List the following molecules in 
order of increasing boiling point: 

 O O
O

H
n-propanol dimethyl ether diethyl ether 



Which of the following forms hydrogen bonds? 

A.   CH3-CH2-NH2 
B.   CH3-CH2-OH 
C.   CH3-CH2F 
D.   Both CH3-CH2-NH2 and CH3-CH2-OH 
E.  all three form hydrogen bonds 


