States of Matter
Objectives:

a. solve heat problems for physical changes

b. Graph and interpret a heating curve

c. Use intermolecular forces to explain properties and state of matter.

Objective c: 

Vapor Pressure

Definition: pressure of the gas molecules above a liquid

· Vapor pressure increases with temperature

· Example: it’s often more humid on a hot day than on a cold day because more liquid water has evaporated and become water vapor

· Vapor pressure is higher for volatile liquids than for non-volatile liquids because volatile liquids easily evaporate to the gas phase

· Vapor pressure of a substance depends on intermolecular forces. The stronger the forces, the less likely the molecules will have enough energy to escape to the gas phase. 

Volatility

Definition: the ease with which a substance evaporates. 

· Volatile liquids vaporize quickly

· They are often flammable

· They are often smelly (perfume, methanol, etc.) because they vaporize rapidly and you breath them in

· If there are stronger intermolecular forces vapor pressure is lower and the substance is less volatile

Viscosity

Definition: resistance to flow, fluidity, how easy something is to pour

· Example: molasses is very viscous

· Ex: water is less viscous than honey

· Viscosity depends on the strength of the intermolecular forces

· Because molasses is more viscous than water, it has stronger intermolecular forces than water

Surface Tension


Definition: the tendency of a substance to decrease its surface area

· Surface tension depends on intermolecular forces.  The stronger the intermolecular forces, the stronger  the surface tension

· Surfactants are used to decrease a substance’s surface tension

· Example: soap is a surfactant which is added to water when washing clothes ore dishes to decrease the surface tension of water so that oil and grease can be washed away 

· Adhesion is a property related to surface tension. Adhesion is the ability for a substance to bond to another substance. 

· Example: A meniscus in a graduated cylinder.  Glass is slightly positively charged and attracts the slightly negative oxygen atoms of the water molecule.  The water appears to creep up the side of the graduated cylinder.

· Cohesion is a property related to surface tension.  It is often used to describe intermolecular forces.  
· Example: most people say the cohesive forces of the substance hold it together.  Instead of saying the intermolecular forces hold the substance together.  

Heating Curves (Boiling point and Melting Point)

Melting point is the temperature at which all energy absorbed will cause a change of state from solid to liquid or liquid to solid.  

Freezing point and melting point are the same temperature for pure substances 

Non-pure substances may appear to have several melting points because each substance in the mixture is melting at a different temperature. 

Boiling Point is the temperature at which all energy absorbed will cause a change of state from a liquid to a gas or a gas to a liquid. 

Objective b

The graph below shows how the temperature changes in a substance that begins as a solid and is heated to become a gas.  
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1. At time=0 seconds, the substance is a solid.  Heat is added and the temperature changes
2. The melting point is reached, no temperature change until all solid is melted

3. When all of the substance has completely melted, temperature begins to rise again.

4. The boiling point is reached, no temperature change until all liquid evaporates
5. When all of the substance has evaporated the substance begins to increase in temperature

· When substances are changing temperature, the heat exchanged is equal to: 

q = m Cp (T

Cp is dependent on the state of matter (Cp of ice is different than for water) 

· When the substance is melting/freezing the heat exchanged is equal to: 

q= m (Hfus
(Hfus = (Hfusion, heat of fusion, units = J/mol or J/gram

m = mass or number of moles

· When the substance is boiling, the heat exchanged is equal to 

q= m (Hvap
(Hvap = (Hvaporization, heat of vaporization, units = J/mol or J/gram

m = mass or number of moles

Objective a
To find the total heat required to cause a solid to become a gas you need to add the heat exchanged in each step. 
If, for example an ice cube at -20( C is heated until it becomes a gas at 120( C, the following calculations are required: 

1. Change temperature to melting point

q = m Cp (T = mass * Cp of ice * (0 - -20) 
2. Change of state: Solid ( liquid

q= mass (Hfus
3. Change of temperature to boiling point

q = m Cp (T = mass * Cp of water * (100 - 0) 

4. Change of state: liquid ( gas

q= mass (Hvap
5. Change of temperature to boiling point

q = m Cp (T = mass * Cp of steam * (120 - 100) 

time





temperature





Heating Curve





1





2





3





4





5








