CHAPTER 11 - PROPERTIES OF LIQUIDS AND SOLIDS
· Liquids have variable shape, but a fixed volume. The shape of a liquid conforms to the shape of its container.

· Liquids usually flow readily. Liquids flows at different rates, for example, petroleum flows more slowly than water.

· Liquids do not compress or expand significantly. The volume of a liquid varies very little with changes in temperature or pressure.

· Liquids have a high density compared to gases. Gases and liquids are both fluids, this mean the shape is not fixed and individual particles are free to move throughout the container. The liquid state is about 1000 times denser than gaseous state because particles are closer together.

· Liquids that are soluble and mix homogenously. Liquids diffuse more slowly than gases; liquids that are soluble eventually form a homogenous mixture.
THE INTER MOLECULAR BOND CONCEPT

Intermolecular bond is an attraction between molecules, whereas an intramolecular bond is between atoms in a molecule. The strength of attraction between molecules determines the properties of liquids such as vapor pressure, viscosity, surface tension. This attraction is called INTERMOLCULAR BOND (known to weaker than covalent bond.) There are three types of intermolecular attraction:

· Temporary dipoles

· Permanent dipoles

· Hydrogen bonds

A dispersion force has the weakest attraction and results from temporary dipoles in molecules. This force occur frequently and only for brief periods of time. A permanent dipole force operates between polar molecules in a liquid. The dipole attraction between the molecules is about 10% of the strength of a normal covalent bond. 

This bond is highly polar, (N-H or O-H), capable of producing a strong dipole force between molecules. This special type of dipole attraction is called Hydrogen bond. These bonds are especially important in living organisms, maintaining structure of protein molecules (DNA molecules)
VAPOR PRESSURE, BOILING POINT, VISCOSITY, AND SURFACE TENSION
When the rates of evaporation and condensation are equal, the pressure exerted by gas molecules above a liquid is called the VAPOR PRESSURE .When the vapor pressure of a liquid equals to the atmospheric pressure, the liquid is at its BOILING POINT. The normal boiling point of liquid is the temperature at which the vapor pressure is 760 mmHg. Liquids have a resistance to flow, and this property is called VISCOSITY. The attraction between molecules at the surface of a liquid is called SURFACE TENSION. Each of these properties is affected by the degree of attraction between molecules in the liquid. If the attraction is low, the vapor pressure is high; consequently, if the attraction is high, the values for the boiling point, viscosity, and surface tension are also high. In the case of ether, the attraction is low, so the molecules escape from liquid state readily.
VAPOR PRESSURE OF SELECTED LIQUIDS

	LIQUID
	Approximate molar mass
	Intermolecular Attraction
	Vapor pressure 

	Surface Tension 
	Viscosity 



	Water
	18 g/mol
	Strong
	18 mmHg
	70
	1.00

	Propionic acid,
	74 g/mol
	Strong
	5 mmHg
	27
	1.10

	Butyl alcohol
	74 g/mol
	Strong
	6 mmHg
	25
	2.95

	Propyl chloride
	79 g/mol
	Weak
	300 mmHg
	18
	0.35

	Ethyl ether
	74 g/mol
	weak
	450 mmHg
	17
	0.23


The Vapor pressure, surface tension and viscosity were all taken at 200C 
As the temperature increases, its vapor pressure increases.  Some liquids are easier to pour than others for example, water pours easily, whereas honey does not. Viscosity is affected by the size and the shape of molecules. The higher the attraction between molecules, the higher the viscosity. Since the attraction between the surface molecules in a liquid is the surface tension, the greater the intermolecular attraction, the greater the surface tension.
PROPERTIES OF SOLIDS

· Solids have a fixed shape and a fixed volume.

· Solids are either crystalline or non-crystalline. A crystalline solid contains particles arranged in a regular repeating pattern. An ordinary stone is non-crystalline solid and is non-transparent.

· Solids do not compress or expand to any degree; temperature and pressure have a negligible effect on the volume of solid.

· Solids have a slightly higher density than their corresponding liquids.

· Solids do not mix by diffusion, solids form heterogeneous mixture, the particles are not free to diffuse and they cannot mix uniformly.
CRYSTALLINE SOLIDS

There are three basic types of crystalline solids.  Ionic solids are made up of ions. These ions are attracted to each other and form repeating geometric patterns. Molecular solids from crystals are made up of molecules. Metallic solids are made up of metal atoms arranged in a definite pattern. The properties of ionic, molecular, and metallic solids differ.

GENERAL PROPERTIES OF CRYSTALLINE SOLIDS

	Type of Solids
	General Properties
	Examples

	Ionic
	High melting point, hard, brittle, slightly soluble in water, conductor of electricity when melted or in solution
	NaCl, CaCO3
MgSO4


	Molecular
	Low melting point, non-conductor of electricity, generally insoluble in water.
	S8, C10H8, C6H12O6

	Metallic
	Low to high melting point, malleable, ductile, conductor of electricity, insoluble in most solvent
	Fe, Ag, Au


CHANGES IN PHYSICAL STATE
Heat is nessary to change the physical state of a substance. The heat required to melt a substance is called Heat of Fusion (HFusion). The heat released when a substance freezes to a solid is called the Heat of Solidification (Hsolidification). The heat of solidification of a substance is the same value as its heat of fusion. The heat required to convert a liquid to a gas at its boiling point is the Heat of Vaporization (Hvaporization). When a vapor condenses to a liquid, it releases the same amount of heat energy that was necessary to vaporize the liquid. This energy is termed the Heat of Condensation (Hcondensation)

HEAT  VALUES OF WATER

	Substance
	Specific heat 
	Hfusion
	Hsolid
	Hvapor
	Hcond

	Ice (solid)
	0.50
	80.0
	
	
	

	Water (liquid)
	1.00
	
	80.0
	540.0
	

	Steam (gas)
	0.48
	
	
	
	540.0


 Specific heat (cal/g x 0C) ; H in (cal/g)

Example, find the amount of heat energy necessary to convert 25.5 g of ice at -5.0 0C to steam at 100 0C.

Step1: heat of the ice at -5.00C to 00C.

Step 2: convert the ice to water at 00C.

Step 3: heat the water from 00C to 1000C.

Step 4: convert the water to steam to 1000C

1) Heat required for the ice = m x t x s

                                              = 25.5 g x (00C - -50C) x 0.5 cal/1g x 0C
                                              = 64 cal

2) Convert  ice to water=  m x H(fusion)=80.0 cal/g

                                      = 25.5 g x 80.0 cal/1g = 2040 cal.

3) Amount of energy required to heat water = m x t x s(specific heat)

                                                                           = 25.5 g x (100-0) 0C  x  1.00 cal/1g0C

                                                                           = 2550 cal.

4) Convert water to steam = m x H(vapor)  =  25.5 g x 540 cal/1g  =  13,800 cal

The total heat required to heat and vaporize the water = 64 cal + 2040 cal + 2550 cal +13,800 cal = 18,500 cal.

THE STRUCTURE OF WATER.

Water has unusual properties because of the two polar O-H bonds separated by a bond angle of 104.50. The oxygen atom is the focus of a partial negative charge, and each hydrogen atom has a partial positive charge. The two polar bonds give rise to an overall net dipole for the water molecule. The arrangement of the electron pairs in a water molecule forms the four corners of a tetrahedron. A water molecule can be described as bent or v-shaped. The two hydrogen atoms are repelled slightly towards each other by the two non-bonding electron pairs.
PHYSICAL PROPERTIES OF WATER

Hydrogen bonds between water molecules explain why water has extraordinarily high values for boiling point, viscosity, and surface tension. Hydrogen bonding also explains why the density of ice is less than that of water. For a small molecule, water has an unusually high melting point, heat of fusion, and heat of vaporization. 

Each water molecule is attracted to four other water molecules. These intermolecular hydrogen bonds are about 50% longer than an ordinary covalent bond. Since a hydrogen bond is longer, it is weaker and requires much less energy to break. This explains why ice is less dense than liquid water.

GROUP VIA (16) HYDROGEN COMPOUNDS
	Compound
	Molar mass g/mol
	Melting Point 0C
	Boiling Point 0C
	HFusion

Cal/mol
	Hvapor

Cal/mol

	H2O


	18
	0.0
	100
	1440
	9720

	H2S


	34
	-85.5
	-60.7
	568
	4450

	H2Se


	81
	-60.4
	-41.5
	899
	4620

	H2Te


	130
	-48.9
	-2.2
	1670
	5570


CHEMICAL PROPERTIES OF WATER

Water undergoes the following chemical reactions:

· An electric current decomposes water onto hydrogen and oxygen gases by electrolysis.
· The active metals of group IA and IIA react with water to give the metal hydroxide and hydrogen gas.

· A metal oxide reacts with water to give a metal hydroxide.
· A nonmetal oxide combines with water to yield an acidic solution.

Water is produced from the following:

· The reaction of hydrogen and oxygen gases

· Burning hydrocarbons

· Neutralizing an acid with a base

· Heating hydrates

The name of a hydrate consists of the anhydrous compound followed by a Greek prefix and the word hydrate; for example, BaCl2.2H2O is named Barium chloride dihydrate. Determining the formula of a hydrate is similar to determining the water and anhydrous compound. The ratio of moles of water of anhydrous compound gives the water of hydration.
               % of H2O  = mass of water     x  100

                                   Mass of hydrate

Example, Calculate the percentage of water in each of the following hydrates:

I) CuSO4 . 5H2O               II) Na2B4O7.7H2O

The molar mass of CuSO4 = 63.55g+ 32.07g + 64.00g = 159.62g

The molar mass of H2O = 16.00g + 2.02 = 18.02g

    % of H2O =  5 (18.02)                         x 100

                      159.62 + 5 (18.02)

                = 36.08%

2) The molar mass of Na2B4O 7 = (45.98 + 43.24 +112.00) = 201.22

                                                        =  7 (18.02)       x 100
                                                             201.22
                                                               = 47.24 %S
