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Chapter17 Thermodynamics
What is Thermodynamics?

Almost all chemical reactions involve a change in energy between the system
and its surroundings. 

Thermo = heat


Dynamics = change 
In chemistry energy is heat (they are the same thing)
Thermodynamics is the study of energy transfers that occur as 
Heat is absorbed:  added to the reaction

Heat is evolved:  given off as a product of the reaction 

Measuring Heat Transfer

Heat is symbolized by the letter q.

Heat is measured in joules (J), or kilojoules (kJ).

The equality is 1000J  =  1 kJ


You can use this to convert between joules and kilojoules


Example:  How many kJ are in 12,000 joules?

	12,000 Joules
	1 kJ

	
	1000 Joules



= 12 kJ

Temperature vs. Heat
Temperature: A measure of the average kinetic energy of the particles in a sample of matter.

Kinetic energy is the energy of motion.

Temperature measures how fast the average molecule is moving in a sample


The faster the molecules are moving, the higher the temperature


The slower the molecules are moving, the lower the temperature

Temperature is measured 2 ways


Celsius (°C)


Kelvin (K)

The Kelvin scale does not have negative numbers.

Absolute zero (0K) is the temperature is when all molecules stop moving.  This never happens it is theoretical.

To convert from Celsius to Kelvin, add 273



°C + 273 = K

Therefore 0°C = 273 K

Example:  Convert 25°C to K



25°C + 273 = 298K


Example:  Convert 300K to °C



300K – 273 = 27°C
Heat:  the total amount of energy, movement. A pot of water boiling on the stove has a higher temperature than the pacific ocean.  The molecules are moving faster in the pot than in the ocean.
The pacific ocean has more heat than the pot of boiling water, because there are more total molecules moving in the ocean than in the pot. 
Enthalpy and Reactions 

Enthalpy ((H ) is the heat of a reaction

specifically the change in heat of the products from the reactants.  

Each reaction will have an enthalpy value ((H), which tells you the amount of heat that was absorbed or given off.  

If (H is negative then energy was released during the reaction.  

Reactions that release heat are called exothermic (exo = out).

H2(g) + Cl2(g) ( 2HCl(g)

 (H = -185,000 J

If (H is positive then energy must be added for the reaction to occur.

Reactions that require an input of energy (heat) are called endothermic (endo = in).

CO2(g) + 2H2O(g) ( 2O2(g) + CH4(g)       (H =  890,000 J 

To determine if a reaction is exothermic or endothermic you must know the value of (H.


If ΔH is positive the reaction is endothermic


If ΔH is negative the reaction is exothermic

Phases of Matter

There are 3 common phases of matter


Solid


Liquid


Gas
A phase change is when a substance changes from one state of matter to another.

To change phases, heat must be added or released.
Phase Changes 
Phase Change:  

is when a substance changes from one state of matter to another.


To change phases, heat must be added or released.

Melting and Evaporating Phase Changes


Solids melt to liquids


Liquids evaporate to gases


These phase changes require energy because bonds are being broken.


Breaking bonds requires energy


Adding energy is Endothermic


(H is positive



Examples:  Ice cubes melting is endothermic.  Boiling a liquid is endothermic

Condensation and Solidification Phase Changes

Gases condense to form liquids


Liquids solidify to form solids


These phase changes release energy because bonds are being formed.


Forming bonds gives off energy       Releasing energy is Exothermic


(H is negative    Examples:


Freezing water to ice is exothermic. Steam from your shower condensing into water 

droplet on your mirror is exothermic

SUMMARY
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What does heat do?

If a substance is heated, the heat can do ONE of these


-the temperature can increase 

OR
-the phase can change
BUT NEVER BOTH AT THE SAME TIME!  A substance may never change temperature and phase simultaneously.
Heat vs. Temperature Graph  of water being heated:
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Heat can do ONE of these things

-increase temperature


-cause a phase change

Never both at the same time


ΔHfusion : the energy it takes to go from solid ( liquid

   It is a positive value, it requires energy

-(Hfusion: is the reverse.  It is the energy required to go from liquid ( solid

   It is the same amount of energy but negative, energy is released

ΔHvaporization:  the energy it takes to go from liquid ( gas

   It is a positive value, it requires energy -ΔH vaporization: is the reverse.  

It is the energy = required to go from gas ( liquid

It is the same amount of energy but negative, energy is released
Summary
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Phase Change Problems
It is possible to calculate the amount of energy required for a specific sample to change phases.  
You need to know the samples specific heat 

ΔHfusion OR ΔHvaporation
First calculate the heat required to raise the temperature UNTIL the phase change.  
Use q = mCspΔT

Then calculate the heat required for the phase change.  Use a bridge and the ΔHfusion OR ΔHvaporation
Lastly add both calculations together.

Example:  How much heat is required to melt 233 grams of ice into

water, from -15°C to room temperature (25°C)?



The specific heat of ice is 2.03 J/g°C




The specific heat of water is 4.18 J/g°C




The ΔHfusion of water is 334 J/g
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The amount of heat to melt ice
      The amount of heat to 



m = 233 g


       increase water temperature


Csp = 2.03 J/gC


m = 233 g 


ΔT = 15°C



Csp = 4.18 J/g°C
q = mCspΔT




ΔT = 25°C

q = (233g)(2.03 J/g°C)(15°C)

      q = mCspΔT

            q = 7095 J



      q = (233g)(4.18 J/g°C)(25°C)



       

      


      q = 24349 J


The amount of heat for the phase change

	233 g
	334 Joules

	
	1 g


                                           = 77822 Joules


Add all of the heat together



Heat of melting ice = 7095 J



Heat of heating water = 24349 J



Heat for phase change = 77822 J


The total heat required to melt 233 grams of ice into water from 

-15°C to 25°C is 109266 J
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Specific Heat (Csp)
All materials have a capacity to absorb energy in the form of heat.  This is called specific heat.  

Specific Heat: the amount of heat/energy required to raise 1 gram of a substance by 1°C (or K)
Specific heat is abbreviated Csp
Units for Specific Heat = J/g·°C

Which has a higher specific heat, oven mitts or a piece of metal?

The oven mitts have a higher specific heat.  They can absorb a lot of heat before there is a change in temperature.  This is good because you want the oven mitts to absorb the heat from the hot pots and pans so that you do not burn your hands.


The piece of metal has a lower specific heat because The metal will change temperature quickly and easily when heat is added.  This is why pots and pans are made of metal.  You want them to heat up so your food will cook.
The heat involved in any thermal process can be calculated using the formula:

Heat = (mass)(specific heat)(change in temperature)
Heat is abbreviated = q


Units for heat are Joules or kilojoules


The units for heat need to match the units used in the specific heat units

Mass is abbreviated = m   

Needs to be in grams

Specific heat is abbreviated Csp

Units are J/g·°C

Sometimes kJ/g·°C
Change is temperature is abbreviated = ΔT


To calculate the change in temperature:


ΔT = T2 – T1

T2 is the final temperature reached


T1 is the initial temperature

Therefore the heat above equation can be written as
q = mCsp(T

Example: A 4.0 gram sample of glass was heated from 274 to 314 K, and was found to have absorbed 32 J of energy as heat.  What is the specific heat of the glass?

1.  List variables
2.  Write equation

4.  Plug in variables with 
     mass = 4.0 g
     q = mCspΔT

     with units
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(4.0g)(40K
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32

 

 

Csp

=


     T1 = 274 K
     T2 = 314 K

3.  Manipulate equation
5.  Solve write UNITS
     q = 32 J
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     Csp = ?
You can manipulate the equation to solve for any variable in the equation
Calorimeter
Is a device used to measure the energy absorbed or released as heat in a chemical reaction.

One kind of calorimeter works like this:


A known amount of or reactants are sealed in a reaction chamber. The reaction chamber is immersed in a known quantity of water. The water and reaction chamber are in an insulated vessel The energy given off (or absorbed) during the reaction is transferred to the water. If the reaction released energy the water temperature increases. If the reaction needs energy the water temperature decreases. Heat is not measured directly. Temperature is measured. Temperature is affected by the transfer of heat (energy).
Calories, Relating Energy to Food

The food you consume contains energy that your body needs to survive. The total amount of energy an animal uses in a unit of time is called its metabolic rate.
Besides joules and kilojoules, another unit of heat is calories (cal) or kilocalories (kcal)


1 calorie = 4.18 joules

Nutritionists measure food energy in Calories, written with a capital C      1 Calorie  = 1kcal
A bag of  potato chips that has 180 Calories, how many calories is this? 
	180 Calories
	1 kcal
	1000 calories
	= 1800 calories

	 
	1 Calorie
	1 kcal
	

	
	


Would you like to read that on the back of a package?  No wonder nutrition came up with 
it’s own Calorie. How many joules of energy does the same bag of potato chips have?
	180 Calories
	1 kcal
	1000 calories
	4.18 Joules

	
	1 Calorie
	1 kcal
	1 calorie




= 752, 400 Joules
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