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Motion of Atoms and Molecules: Liquids, Solids and Thermochemistry
Part 1 - Liquids and Solids

Gases – A Quick Review
· The Kinetic Molecular Theory – fundamental assumptions that explain the nature of gases.


1.



2.



3.



4.

· Gas pressure

Kinetic Energy and Temperature
· When a substance is heated, one of two things will happen to the absorbed energy:


1.


2.

· These two things cannot happen at the same time!
· The Kelvin temperature scale reflects the relationship between ____________________ and _______________________________.
· The Kelvin temperature  of a substance is directly proportional to 
      _______________________________________________________.

      Example:   Helium atoms at 200 K have twice the KE of helium atoms at 100 K.
Liquids

· The particles in a liquid have sufficient kinetic energy that they are able to flow around one another.  Gases and liquids are classified as __________________

      because of their ability to flow.  Fluidity is responsible for the fact that gases and

      liquids ______________________________________________.

· The key difference between gases and liquids is ______________________________

      ______________________________________________ known as 

      _________________________________ or ________________________________.

· Intermolecular forces are responsible for:


1.


2.


3.

4.

· Vaporization - ________________________________________________________

      _____________________________________________________________________

· Evaporation - ________________________________________________________    _____________________________________________________________________

· Evaporation is a _______________________________________.

1.


2.


3.

      Example: Perspiration cools the body. 

· The gas phase of a substance that is normally (at standard atmospheric pressure and temperature) a liquid or solid is called ___________________.
· In a __________________ system, a ______________________________________ will develop.

· The system is considered to be at equilibrium because _________________________
      ____________________________________________________________________.

· The equilibrium is called dynamic because __________________________________
      _____________________________________________________________________

      ____________________________________________________________________.

      Example of dynamic vapor/liquid equilibrium:   

· Vapor pressure can be measured with a ______________________.
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· Equilibrium vapor pressure increases as ___________________________________.

· Liquids that have high vapor pressure have weak ____________________________ and are called ________________ liquids.

· The conversion of a liquid to a vapor ____________ the liquid as well as at the surface is known as __________________________.  Boiling occurs when the vapor pressure of the liquid is equal to __________________________________________.

· The temperature at which the boiling occurs is called the ______________________.

· The boiling point of a liquid is ____________________ proportional to the vapor pressure over the liquid.  
· Pressure cooker (also an autoclave) and vacuum evaporator


· Boiling point varies with atmospheric pressure.
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· _________________________________________ - temperature at which a liquid boils at normal atmospheric pressure (1 atm, 101.3 kPa, 760 mmHg)
      The normal boiling point of water is equal to __________________________.
Solids
· General properties of solids:

1.


2.


3.


4.

· When you heat a solid
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· _____________________________- temperature at which a solid changes into a liquid.  The melting point and the ______________________________ of a substance are the same temperature.

· Normal freezing point – temperature at which the solid and liquid are in equilibrium at 1 atm.    


1.  Also called the ______________________________________.



2.  Temperature at which the particles of the liquid and solid have the 



     same ____________________________________, therefore the 
                             energy lost during freezing is a loss of _________________________.

· Is a beaker of ice water at 0°C in the process of freezing or melting?

· Most solids are ____________________.  All ionic solids are crystals.  Crystals come in many shapes and have a regular, three-dimensional, natural arrangement of atoms or ions.  The smallest repeatable unit of a crystal is called the ___________________.

· Solids that do not have a crystal structure are called __________________________
      solids.  The word amorphous means _____________________________________.
      The particles in an amorphous solid are arranged like the particles in a liquid, but 

      cannot change their position as easily (do not flow readily).  Two examples of 

      amorphous solids are glass and plastic.

· __________________________ - are solid substances that exist in more than one form.  The best examples are the allotropes of carbon - _________________ and 

      ______________________.  Both are pure carbon atoms, but they differ in the way 

      in which the atoms are bonded together, giving the substances very different 

      properties.
Changes of State and Phase Change Diagrams

· Substances can change phase (state) when they gain or lose potential energy.
· Phase changes that result from a loss of energy are called _____________________
      and include:  1._______________________________________________________



    2._______________________________________________________



    3._______________________________________________________

· Phase changes that result from a gain of energy are called _____________________
      and include:   1._______________________________________________________


     2._______________________________________________________



     3._______________________________________________________

· The relationship between the three states of matter can be shown using a phase diagram.  The lines on the phase diagram represent temperature/pressure combinations where two phases exist in dynamic equilibrium.

· This is the phase diagram for a typical pure substance.
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· Triple point -_________________________________________________________


    _________________________________________________________
· Critical point - _______________________________________________________


        _______________________________________________________
· Answer the following questions about a hypothetical substance, based on the following phase diagram.
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a. What is the triple point? 

b. What is the critical point? 

c. What is the physical state at 350 K and 2.0 atm? 

d. Under what conditions does the substance sublime? 

e. What is the physical state at 600 K and 4.0 atm? 

f. Under 1.0 atm, at what temperature will the substance boil?
g. At 3.0 atm, at what temperature will the substance melt? 

h. At 2.0 atm, at what temperature will the substance boil? 

i. What is its physical state at 3.0 atm and 300 K? 
j. Is the density of the solid greater than or less than the density of the liquid?

k. Would an increase in pressure cause the substance to freeze or melt?

· Below are the phase diagrams for water and carbon dioxide.  Carbon dioxide’s phase diagram is typical of most substances. Water is unique in that the solid/liquid line has a negative slope.  This is due to the fact that water expands as it freezes.  Ice is less dense than liquid water.
The phase diagram for water                  The phase diagram for carbon dioxide
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There is only one difference between water and the 
   The only thing special about this phase diagram is the 

phase diagram of other substances. The solid-liquid
   position of the triple point which is well above atmospheric 

equilibrium line (the melting point line) slopes   

   pressure.  It is impossible to get any liquid carbon dioxide

backwards rather than forwards. In the case of water,               at pressures less than 5.11 atmospheres.  That means that

the melting point gets lower at higher pressures. Why?
   At 1 atmosphere pressure, carbon dioxide will sublime at a 






   temperature of -78°C. 















} 43.9 mmHg or


    5.85 kPa








