Solubility, Intermolecular Forces, and Properties Resulting From Bonding
OBJECTIVES:

17. Discuss factors affecting the solubility of one substance in another.

18. Explain how soaps and detergents work.

19. Describe the types of intermolecular forces and explain how they arise from the structural feature of molecules.

20. Describe and explain how intermolecular forces affect the boiling points of substances.

21. Describe metallic bond formation and explain the physical properties of metals.

22. Compare and explain the following properties of substances resulting from different types of bonding: melting and boiling points, volatility, conductivity, and solubility.

23. Predict the relative values of melting and boiling points, volatility, conductivity, and solubility based on the different types of bonding in substances.

Solubility is the amount of a solute that will dissolve in a specific solvent under given conditions.  Those conditions are the nature of the solute and solvent, temperature, and pressure when dealing with gasses.  Polarity plays a large role in determining if a substance will dissolve in another substance.  “Like dissolves like” means that if a substance is polar, it will dissolve another polar substance; if a substance is non-polar, it will dissolve another non-polar substance.  Some substances will contain both a polar and non-polar section so they are able to dissolve in both situations.  Organic substances, such as alcohol, are an example of this type of substance. 

Water can't wash the soil out of clothes by itself because the soil particles that cling to textile fibers are covered by a layer of non-polar grease or oil molecules, which repels water.  The non-polar tails of the soap molecules on the surface of water dissolve in the grease or oil that surrounds a soil particle.  The soap molecules therefore disperse, or emulsify, the soil particles, which makes it possible to wash these particles out of the clothes.

Forty years ago, more than 90% of the cleaning agents sold in the United States were soaps.  Today soap represents less than 20% of the market for cleaning agents.  The primary reason for the decline in the popularity of soap is the reaction between soap and "hard" water.  The most abundant positive ions in tap water are Na+, Ca2+, and Mg2+ ions.  Water that is particularly rich in Ca2+, Mg2+, or Fe3+ ions is said to be hard.  Hard water interferes with the action of soap because these ions combine with soap molecules to form insoluble precipitates that have no cleaning power.  These salts not only decrease the concentration of the soap molecules in solution, they actually bind soil particles to clothing, leaving a dull, grey film. 

Instead of removing Ca2+ and Mg2+ ions from water, we can find a cleaning agent that doesn't form insoluble salts with these ions.  Synthetic detergents are examples of such cleaning agents.  Detergent molecules consist of long, hydrophobic hydrocarbon tails attached to polar, hydrophilic -SO3- or -OSO3- heads. 

By themselves, detergents don't have the cleaning power of soap.  "Builders" are therefore added to synthetic detergents to increase their strength.  These builders are often salts of highly charged ions, such as the triphosphate (P3O105-) ion. 
There are forces within a molecule that attract atoms to one another.  Covalent bonds constitute intramolecular forces, or forces that exist within an atom.  The forces of attraction between neighboring molecules are called intermolecular forces.  These forces are much smaller than the bonds we have looked at so far.  But they are able to affect the state of the molecule.  

Dipole-Dipole Forces
Attractions between opposite charges of neighboring permanent dipoles (polar molecules) are called dipole-dipole forces.  
Dispersion Forces/London Forces/van der Waal’s Forces
The weakest intermolecular force is a temporary induced dipole-dipole, occurring between non-polar molecules.  It is produced when a symmetrical atom’s electron configuration is disturbed and losses its symmetrical electron configuration.  This causes the atom to become polarized.  The polar force of the atom can convert another atom nearby to become polarized as well.  With both atoms having a charge they attract each other like magnets. Van der Waals force is increased with the size of the atom and number of electrons.
Hydrogen Bonding

For many substances, changes of state can be predicted from atomic and molecular structure.  But some substances have unpredictable melting and boiling points.  These molecules have two things in common: they contain hydrogen, and the hydrogen is covalently bonded to a highly electronegative atom, which has almost complete possession of the electron pair shared with the hydrogen atom.  This makes the molecule highly polar.  The only elements electronegative enough to cause bonded hydrogen to behave in this manner are nitrogen, oxygen, and fluorine.  

A hydrogen ion contains only 1 proton, and no electron cloud.  This makes the ion composed of only a nucleus, which is extremely small when compared to say the lithium ion, which would have 1 electron.   Its charge is so strong that it would not exist near other particles without interacting with them.  Consequently, hydrogen is always covalently bonded (share electrons), even with the most electronegative elements.  

In a molecule containing hydrogen that is bonded to a highly electronegative element, the proton is not completely bare.  However, the partial positive charge on the hydrogen end of the molecule is much more concentrated than that at the positive end of an average dipole.  Hydrogen is the only element to exhibit this property.  All other positive ions have inner levels of electrons shielding their nuclei.  A hydrogen bond is extremely strong and can hold two atoms firmly together when the other atom is highly electronegative. 

Strength of Intermolecular Forces: 

dispersion forces < dipole-dipole < hydrogen bonds
	Solid Type
	Bond Type
	Intermolecular Force

	Ionic Solid
	Ionic Bonding
	None

	Covalent Solid
	Covalent Bonding
	None

	Polar Molecular Solid
	Covalent Bonding
	Hydrogen Bonding/Dipole-dipole

	Nonpolar Molecular Solid
	Covalent Bonding
	London Dispersion Forces

	Metallic Solid
	Metallic Bonding
	None


A metallic bond contains delocalized electrons (electrons not held in one location, but move freely) holding metallic atoms together.  Atoms achieve more stability by sharing their valence electrons.  Metallic bonds are the attractive forces between fixed positive ions and the moving valence electrons.  As the number of delocalized electrons increases, the stronger the bond becomes.  It is because of this type of bond that metals are characterized by high thermal and electrical conductivity, malleability, and ductility and also have high melting and boiling points.
Boiling and Melting Points 
· Strong intermolecular forces lead to high mp and bp, weak intermolecular forces lead to low mp and bp
· Covalent compounds – extremely high mp and bp

· Ionic compounds – mp high and bp even higher (may decompose)
· Molecules that are symmetrical generally have abnormally high mp
· Polar molecules have high mp and bp

· Heavier molecules tend to have higher mp and bp

Volatility

When liquid is placed in a closed container, the amount of liquid decreases at first but eventually becomes constant.  The decrease occurs because there is an initial net transfer of molecules from the liquid to the vapour phase.  The reverse process also occurs.  Eventually, enough vapour molecules are present above the liquid so that the rate of condensation equals the rate of evaporation.  The pressure of the vapour present at this time is called the vapour pressure.  Liquids with high vapour pressure are said to be volatile – they evaporate quickly from an open dish.  The vapour pressure of a liquid is mainly determined by the size of the intermolecular forces in the liquid.  Liquids in which the intermolecular forces are large have relatively low vapour pressures because the molecules need high energies to escape the vapour phase.  In general, substances with large molecular masses have relatively low vapour pressures, mainly because of the large dispersion forces.  Covalent molecular substances are volatile, others aren’t.  The more electrons a substance has, the more polarizable is it, and the greater are the dispersion forces.        

Conductivity

Conductivity is the ability to carry an electrical current when electrons or ions are free to move.  For conductivity to occur, the substance must possess electrons or ions that are free to move.  Metals contain delocalized electrons and are excellent conductors.  Molten ionic salts also conduct electricity, but are chemically decomposed in the process.  Where all the electrons are held in a fixed position, such as diamond or simple molecules, no electrical conductivity occurs.  

Solubility

Solubility is the ability to dissolve in a solvent.  Like dissolves like.  Ionic substances generally dissolve in polar solvents (like water).  Non-polar molecules are generally soluble in non-polar solvents, and polar in polar.
	Solid
	Molecule
	B.P./M.P
	Hardness
	Electrical
Conductivity 
	Water
Solubility 

	Ionic
	None
	Very High
	Brittle, Cleave on Plane
	Only in Water solution
	Generally

	Covalent
	None
	Very High
	Very Hard, Fractures Erratically
	Not usually
	No

	Polar Molecular
	Yes
	Moderate
	Soft, Waxy
	Not usually
	Frequently

	Nonpolar Molecular
	Yes, unless Noble Gas
	Moderate to low
	Very soft, Waxy
	Not usually
	Slightly to not at all

	Metallic
	None
	Varies
	Malleable, Ductile
	Highly
	No, may react


