Thermochemistry Notes
Thermochemistry:  
· During 
· During 
Temperature:  

· The                              the particles are moving, 
       the                              the temperature.
Heat (q):  

· Heat flows from 
· Units:  
· 1 calorie = 4.184 J
Example:  9.6 calories = ______ Joules
                  450 Joules = ______ calories
                 53 calories = ______ Joules
                 0.9 Joules = _______ calories
Exothermic Reactions – 

Endothermic Reactions – 

Label each as endothermic or exothermic:
1. Reactants ( Products + Energy
2. Reactants + Energy ( Products
3. 2NaHCO3 (s) + 129 kJ ( Na2CO3 (s) + H2O (g) + CO2 (g)
4. CaO (s) + H2O (l) ( Ca(OH)2 (s) + 65.2 kJ
5. baking bread
6. campfire
7. burning fuel
8. photosynthesis
9. breaking down carbohydrates for energy
10. Electrolysis of water
Exothermic Reactions: 
[image: image1.png]


[image: image6.jpg]<

(0.) aimyesaduiay

Time (minutes)



[image: image7.png]



Endothermic Reactions: 
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Activation energy:  
· Required for BOTH                                                         .
                                                                                              .

Catalyst:  



Activated Complex:  

Energy changes also occur in physical processes.

Heating Curve:


[image: image3]
*Note – Temperature                                                         during a phase change!!!
 - Because all the energy is going into - 
Latent Heat – The energy absorbed or released when                                                        (during a phase change.)

[image: image4.png]Kinetic vs. Potential Energy for a Heating Curve

KE - kinetic energy (motion)
PE - potential energy (stored)





Cooling curve
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Phase changes are                                           (no new substance is formed)…
                                                                        S                L               G
1. Melting

2. Freezing

3. Boiling/Evaporation/Vaporization

4. Condensation
Specific Heat (C):  
*  See Reference Tables
q = mCΔT         (+q =                          ,   -q =                               )
q = 
m = 
C = 
ΔT = 
Temperature                                                     during a phase change! (Energy goes into pulling molecules farther apart.)

Therefore, we cannot use this equation for phase changes:
 


q = mCΔT
Heat of Vaporization (Hv): 




q = mHv

Hv = 

(Hv of water =                               )
Heat of Fusion (Hf): 




q = mHf
Hf = 

(Hf of water =                         )

Example Problems:
1.  How much heat is added if 200 grams of liquid water increases in temperature from 30oC to 90oC?
2. How much heat is absorbed if 150 g of ice increases in temperature from -10oC to -5oC?
3. How much heat is released if 50 grams of water vapor is decreases in temperature from 160oC to 115oC?
4. How much heat is absorbed when 70 g of ice is changed into liquid water at 0oC?
5. How much heat is released when 90 grams of water vapor is changed into liquid water at 100oC?
6.  How much heat is absorbed if 55 grams of ice at -15oC is converted into liquid water?

7.  How much heat is absorbed if 45 grams of water at 20oC is converted into steam at 110oC?
8. How much heat is released if 500 grams of vapor at 140oC changes to liquid water 60oC?
Calorimetry:  
Example Problems:

1.  How much heat is released by the reaction if 10 grams of water is heated from 20oC to 60oC.
2.  What is the mass of the water if a release of 650 J of heat causes the water to increase in temperature by 15oC?
3.  What is the final temperature of 15 g of water if the water starts at 20oC and loses 300 J of heat?
4.  Determine the substance if a sample of 20 grams increases in temperature from 10oC to 28oC when it absorbs 368.3 Joules of energy.
Enthalpy (ΔH): 
· ΔHreaction is negative for exothermic reactions.  Why?
· ΔHreaction is positive for endothermic reactions.  Why?
Nature favors lower energy ( 

Example:
2H2 (g) + O2 (g) ( 2H2O (l) 
     
    ΔH = -572 kJ
Entropy (S):
· Systems tend to become                                                    .  
Entropy increases when:

Predict whether ΔSsystem will be positive or negative:
1. H2O (l) ( H2O (g)

2.  CH3OH (s) ( CH3OH (l)

3. Increase the temperature of a substance

4.  Dissolving of a gas in a solvent
     CO2 (g) ( CO2 (aq)

5. 2SO3 (g) ( 2SO2 (g) + O2 (g)

6. NaCl (s) ( Na+ (aq) + Cl- (aq)

            Enthalpy (∆H)                  vs.                     Entropy (∆S)
*                                                                        *

*




                       *

*

A reaction is spontaneous if:
1.                                                 (energy is released = exothermic)

AND
2.                                                  (positive entropy).

Ex. Wood burning

To have a reaction:                                                             !!


 *                                                                                        .
 
 *                                                                                        .
Increasing EFFECTIVE collisions increases the rate.

Factors that affect the RATE OF A REACTION

To increase the rate of a reaction, you could:


*


*


*


*

*  If a reaction has a single arrow ((),  the reaction is                                    .


- Only the                          reaction occurs.

*  If a reaction has a double arrow (((), the reaction                                   .


- both the                                                             reactions occur.

Chemical equilibrium –


*  Note – It has nothing to do with AMOUNTS of products and

                          reactants….only                             .

A                                           is used to show whether the reaction lies farther towards the products or the reactants.

K =                                                            [ ] means                                   .
· Don’t use                                                         in the K equation!  

· Only use                                                        .
If K > 1, equilibrium lies on the product side.           If K < 1, equilibrium lies on the reactant side.
* (Means you have more products.)                                              * (Means you have more reactants.) 

Ex:  What is the equilibrium expression for the following reaction if you have 2.0 M H2, 1.5 M N2, and 1.8 M NH3?                                  N2 +  3H2  ((  2NH3
LeChatelier’s Principle –

3 Ways a reaction can be stressed:
· Change the                                                                        .

· Change the                                  .

· Change the                                  .
When a reaction shifts RIGHT – 


*  


*  

When a reaction shifts LEFT – 


*


*  
Shifting Reactions:
1)  Changing amounts of products or reactants.

a. Add reactants –

b. Add products –

c. Remove reactants –

d. Remove products –

2) Changing the pressure. (Only affects reactions with gases in them.)

a. Add pressure –

·  Note – To get moles, add up the                              on each side of the reaction.

b. Remove pressure – 

3) Changing the temperature

*  Treat heat like a reactant or a product!

                    - (-) heat means                        , so put on the                        side.

          - (+) heat means                        ,so put on the                       side.

        a.  Add heat to an exothermic reaction (heat is a product) –        

                                                                               .

       b.  Add heat to an endothermic reaction (heat is a reactant ) – 


                                                                    .

N2(g)  +  3H2(g)  ((  2NH3(g)              ΔH = -91.8 kJ

	Change
	Shift
	N2
	H2
	NH3

	Add N2
	
	
	
	

	Add pressure
	
	
	
	

	Remove H2
	
	
	
	

	Add heat
	
	
	
	

	Add NH3
	
	
	
	

	Remove pressure
	
	
	
	

	Remove NH3
	
	
	
	

	Remove heat
	
	
	
	


·                                          is the ONLY thing that will affect K!!

· You can figure out what happens to K based on which way the reaction shifts with the temperature change.  

· Since K = products 

                            reactants



* if the reaction shifts ( products  (because of a temp change), K                                .


* If the reaction shifts ( reactants,  (because of a temp change), K                               . 
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