CHAPTER 4.5: INTERMOLECULAR FORCES

Why does hydrogen melt at –259OC, while tungsten melts at 3380OC?  Why is sodium soft while iron is hard?  The differences in physical properties among elements and compounds relate to the different types of bonding and the strength of that bonding in each of the materials. 

When an atom of fluorine bonds with another atom of fluorine, a stable molecule of F2 results.  The sharing of electrons fills the valence orbitals and a stable configuration is achieved.  If the temperature is lowered sufficiently, fluorine molecules will condense to form a liquid.  If cooling is continued, the liquid will solidify to form a molecular crystal.  The energy is lower in this arrangement than when the fluorine molecules are free to move around.

The forces that holds atoms together during bonding are either covalent or ionic bonds.  These are called INTRAMOLECULAR FORCES.  The forces that hold these stable molecules together in condensed phases are very different.  They are called INTERMOLECULAR FORCES and are found as Dipole forces, Van Der Waal forces and Hydrogen bonds.
RECAP:

Intramolecular forces: forces exerted within a molecule or polyatomic ion.

During a chemical change, intramolecular forces are overcome and chemical bonds are broken. Therefore, these forces influence the chemical properties of substances.

Intermolecular forces: forces of attraction and repulsion that act between molecules or ions.  

Forces that influence the physical properties of substances are called intermolecular forces.

The Dutch physicist Johannes van der Waal extensively studied intermolecular forces.  To mark his contributions to the understanding of intermolecular attractions, these forces are often called van der Waal forces.  They are categorized into the following groups:

1. dipole-dipole forces

2. ion-dipole forces

3. induced dipole forces

4. dispersion (London) forces

5. hydrogen bonding

Dipole-Dipole Forces:
· In polar covalent bonding the unsymmetrical distribution of electronic charges lead to positive and negative charges in the molecules, which are referred to as dipoles.
· In the liquid state, polar molecules (dipoles) orient themselves so that oppositely charged ends of the molecule are near to one another.

· The attractions between these opposite charges are called dipole-dipole forces.
· Observe fig.3 page 258

· These forces of attraction are less than the full charges carried by ions in ionic crystals.

Ion-Dipole Forces:
· Sodium chloride and other soluble ionic solids dissolve in polar solvents such as water because of ion-dipole forces.

· An ion-dipole force is force of attraction between an ion and a polar molecule (a dipole).

Eg.  NaCl dissolves in water because the attractions between Na+ and Cl- ions and the water molecules provide enough energy to overcome the forces that bind the ions together.

Induced Intermolecular Forces:

· Induction of electric charge occurs when a charge on one object causes a change in the distribution of charge on a nearby object.  Eg. Rubbing a balloon to a wall is an example of charging by induction.

· There are two types of charged-induced dipole forces:

1. Ion-induced dipole force: results when an ion in close proximity to a non-polar molecule distorts the electron density of the non-polar molecule.  The molecule then becomes momentarily polarized, and the two species are attracted to each other.  Eg.  This force is active during every moment of your life, in the bonding between non-polar O2 molecules and the Fe2+ ion in hemoglobin.  Ion-induced dipole forces, therefore, are part of the process that transports vital oxygen throughout your body.

2. Dipole-induced dipole force: is similar to that of an ion-induced dipole force.  In this case, however, the charge on a polar molecule is responsible for inducing the charge on the non-polar molecule.  Non-polar gases such as oxygen and nitrogen dissolve, sparingly, in water because of dipole-induced dipole forces.

Secret: The strengths of the attractions within molecules (intramolecular – the chemical bonds) determine the chemical properties.  The attractions between molecules (intermolecular) determine the physical properties of substances.

LONDON (DISPERSION) FORCES:
· The shared pairs of electrons in covalent bonds are constantly vibrating.

· While this applies to all molecules, it is of particular interest for molecules that are non-polar.

· The bond vibrations (normal condition of a non-polar molecule), cause momentary, uneven distributions of charge.

· A non-polar molecule becomes slightly polar for an instant, and continues to do this on a random but on-going basis.

· At the instant that one non-polar molecule is in a slightly polar condition, it is capable of inducing a dipole in a nearby molecule.

· An intermolecular force of attraction results called a dispersion force.
· Commonly referred to as London forces, in honour of Fritz London.

· Unlike other intermolecular forces, dispersion (London) forces act between any particles, polar or otherwise.

· They are the main intermolecular forces that act between non-polar molecules.  

· Observe figure 4 page 258.

· London Forces are about one-tenth of force of most dipole interactions and are the weakest of all the electrical forces that act between atoms or molecules.

· These forces help to explain why non-polar substances such as noble gases and the halogens condense into liquids and then freeze into solids when the temperature is lowered sufficiently.

· In general, they also explain why liquids composed of discrete molecules with no permanent dipole attractions have low boiling points relative to their molecular masses.

· It is also true that compounds in the solid state that are bound mainly by this type of attraction have rather soft crystals, are easily deformed, and vaporize easily.

· Because of the low intermolecular forces, the melting points are low and evaporation takes place easily that it may occur at room temperature.  Ex.  Solids such as iodine crystals, naphthalene (mothballs) and paradichlorobenzene all evaporate at room temperature quite easily.

· Observe Table 1, page 259 to compare boiling points of certain substances.

· Write out the Summary: Predicting with Dipole-Dipole and London Forces on page 259-260.

Practice Problem:  Page 260-261

        Questions # 1 (a)-(f), 2 (a) (b), 3 (a) (b), 4 (b), 6

HYDROGEN BONDS:
· A dipole-dipole interaction that is very significant in many biological molecules and some inorganic molecules, such as H2O(l).

· Hydrogen bonding is a particularly strong form of dipole-dipole attraction that exists between a hydrogen atom in a polar-bonded molecule that contains bonds such as H-O, H-N, or H-F, and an unshared pair of electrons on another small, electronegative atom such as O, N, or F.  Observe figure 5, page 261.

· When hydrogen is bonded F, O, N, the strong force of attraction exerted by these three very electronegative atoms draws the electron density from the hydrogen atom in the polar-bonded molecule, leaving the hydrogen atom with a partial positive charge.

· This dipole is easily attracted to the partially negative lone pair on a nearby electronegative atom: F, O and N.

· A hydrogen bond is only about 5% as strong as a single covalent bond.

· However, in substances that contain numerous hydrogen bonds the impact of hydrogen bonding can be significant.  Ex. The double-helix structure of DNA.

Observe the following graph.  What does this graph portray about certain substances?

Solution:

· You can see the effect of hydrogen bonding clearly in the boiling point data.

· The increase in b.p. from methane, CH4, to tin (IV) hydride, SnH4, is due to an increase in the number of electrons.  

· Therefore, there are larger dispersion forces, since more electrons are able to temporarily shift from one part of the molecule to another.

· In SnH4, this results in greater intermolecular forces of attraction.

· There is no hydrogen bonding in these substances, because there are no lone pairs on the molecules.

· However, the hydrides, only show the expected trend based on dispersion forces for the larger mass hydrides.

· The smallest mass hydrides, NH3, H2O, and HF, have relatively high b.p., indicating strong intermolecular forces caused by hydrogen bonding.

Why is there no hydrogen bonding in H2S and H2Se, which have unshared pairs on their central atoms?

· Neither S no Se is small enough or electronegative enough to support hydrogen bonding.

· Thus, H2O (with its small and very electronegative O atom) has a much higher b.p. than S and Se.  

· Hydrogen bonding also explains why some substances have unexpectedly low vapour pressure, high heats of vaporization and high melting points.

· In order for vaporization or melting to take place, molecules must be separated.

· Energy must be expended to break hydrogen bonds and thus break down the larger clusters of molecules into separate molecules.

Other Physical Properties of Liquids

· Read pages 262-263

Define the terms: 

(a) adhesion 

(b) cohesion 

(c) surface tension 

(d) meniscus

(e) volatility 

(f) ability to “wet” other substances

(g) capillarity

What are some anomalies of water?

· Hydrogen bonding also explains water’s unusual property of being less dense in the solid state than in the liquid state.

· Recall: from the KMT, lower temperatures cause liquid molecules to move slower than in their gaseous states.  When liquids solidify, the KE of the particles is no longer enough to prevent the intermolecular forces of attraction from causing particles to stick together.  For most substances, their solid states are denser than their liquid states.

· When water freezes, however, the water molecules pack in such a way that the solid state is less dense than the liquid state.

· Water molecules align in a specific pattern so that hydrogen atoms of one molecule are oriented toward the oxygen atom of another molecule (fig.10, page 263).

· If water molecules behaved as most molecules do, then lake water would freeze from the bottom up, rather than from the top down.

· The consequences for aquatic life, and on organisms (like us) that depend on aquatic ecosystems, would be profound.

· Because ice floats on water, it insulates the water beneath it, preventing it from freezing.

Explain the solubility of certain substances in water.  

THE GOLDEN RULE

“LIKE DISSOLVES LIKE”

Practice Problems:   Page 264-265

               Questions: # 9 (a) (d), 11, 12

Read: Summary page 265

Read: Current Research- Intermolecular Forces

          Page 265-266

Questions: Page 266-267

        # 1 (a) (b) (c), 3 (a) (c), 4 (b) (c) (e), 5, 7, 8, 11 (a)-(d)

WORKSHEET: PROPERTIES OF LIQUIDS

As you know, intermolecular forces act between both like and unlike molecules.  Adhesive forces are intermolecular forces between two different kinds of molecules.  Cohesive forces are intermolecular forces between two molecules of the same kind.  Adhesive and cohesive forces affect the physical properties of many common phenomena in the world around you.

Procedure:
(1) Consider each of the following observations.  For each, infer the intermolecular (and, where appropriate, intramolecular) forces that are active, and explain how they account for the observations.

· Why are bubbles in a soft drink spherical?

· How can water striders walk on water?

· Why does water form beaded droplets on surfaces such as leaves, waxed car hoods, and waxed paper?

· How does a ballpoint pen work?

· How does a towel work?

· Why does water form a concave meniscus in a tube, while mercury forms a convex meniscus?

· Why does liquid honey flow so slowly from a spoon?

· Why do some motorists change to different motor oils over the course of the year?

(2) Based on your inferences and explanations, develop definitions for the following terms: surface tension, capillarity, and viscosity.

Analysis:
1. Compare your inferences and explanations with those that you found in reference sources.

2. List the sources you have used to compare your explanations.

3. Explain where your reasoning may have led you astray, for those cases in which your ideas did not match closely with reference-source information.  

