Unit 8 - Thermochemistry
3.3  Temperature 
· 3 temperature scales
· temperature conversions
· change of state temperatures

· absolute zero and energy

3.4 Energy
· energy and Work

· heat (thermal energy)
· Joule (SI energy unit)

3.5 -3.6 Specific Heat
heat capacity & specific heat 
· uniqueness of water
· heat equation & calculations

· calorimetry

· specific heat of water
9.5 & 10.5  Changes of State 
· system/surroundings

· endothermic/exothermic reactions

· changes of state
· heat of fusion/ vaporization & calculations
· heating / cooling curves & calculations

I Can Statements: 
(3.3)  Temperature

1.  State the name and explain the scalar differences between the following 3 Temperature Scales

2.  Convert Kelvin temperatures to Celsius temperatures and vice-versa

3.  Cite the temperatures at which phase changes occur for water on the Kelvin, Celsius, and Fahrenheit 

     temperature scales.

4.  Define the term absolute zero and explain its significance in terms of kinetic energy of particles

(3.4) Energy

1.  Explain the concept of the  Internal Energy of a substance

2.  Explain the relationship between the temperature , particle motion, and kinetic energy of a substance

3.  Explain the relationship  and dynamics of EK and  Heat (thermal)Energy transfers between substances

4.  Explain the concept of Potential and  Kinetic Energy in terms of chemical bonds and particle position

5.  Explain how chemical reactions change internal energy as heat energy is transferred between substances 
6.  Identify the Joule (J) as the SI unit of energy and the Calorie (Cal = kcal) as the food unit of energy

(3.5-3.6)  Specific Heat

1.  Explain the concepts of the Heat Capacity and Specific Heat of a substance and compare the heat capacity 

     of substances based on their specific heats
2.  Explain how a substance’s specific heat can be used to calculate thermal energy changes for that substance

3.  Explain each of the terms in the Heat Equation and use it to calculate thermal energy changes of and 

     between substances
4.  Define the terms Calorimeter and Calorimetry and explain the use of a calorimeter
5.  Use a calorimeter to calculate the thermal energy changes for a chemical reaction
6.  Explain the significance of Water’s Specific Heat to global temperature regulation
(9.5 & 10.5)  Changes of State

1.  Differentiate between endothermic and exothermic reactions (including graphical analysis).

2.  State the name of all Changes of State and explain them in terms of energy entering or leaving the system

3.  Define the terms Heats (Enthalpy)of Fusion and Vaporization and correctly apply them to enthalpy changes 
     occurring during changes of state
4.  Calculate the heat of fusion and/or vaporization for water
5.  Interpret the changes of state and energy information contained in a Heating/ Cooling Curve
Vocabulary:
Absolute zero

Boiling 

Calorimeter
Calorimetry
Celsius

Change of state

Condensation

Cooling/ Heating Curve

Deposition

Endothermic

Energy

Enthalpy(H)

Exothermic

Evaporation 

Fahrenheit

Freezing 
Heat (q)
Heat Capacity

Heat equation

Heat of fusion(ΔHfus)
Heat of vaporization (ΔHvap)
Joule (J)

Kelvin(K)
Kinetic energy(EK)
Melting 

Potential energy(EP)
Specific heat(c)

Sublimation

Surroundings

System

Temperature (T)
Thermal Energy
Work
Equations and Constants:
TK = TC + 273
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ΔT = Tfinal ─ Tinitial
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Achievement Scale: 

	Goal
	C Level
	B Level
	A Level

	3.3

Temperature
	· Can name the 3 temperature scales

· Can convert oC to Kelvin and vice-versa

· Can cite the phase change temperatures of water for the Kelvin and Celsius temperature scales

· Can define absolute zero and determine its value on the Kelvin and Celsius scale
	· Can explain the scalar differences between the 3 temperature scales

· Can explain the significance of absolute zero in terms of energy


	


	Goal
	C Level
	B Level
	A Level

	3.4

Energy
	· Can explain Internal Energy and Heat (thermal) Energy of a substance

· Can explain the relationship between temperature and kinetic energy

· Can explain the relationship between EK and Heat (thermal) energy  transfers between substances

· Can explain how temperature changes are used to measure heat energy

· Can explain kinetic and potential energy in terms of chemical bonds or particle position 

·  Can explain how chemical reactions cause a   

 change in internal energy through a transfer of 

 heat (thermal) energy 

· Can identify the Joule and Calorie as energy units
	
	

	3.5

Specific 

Heat


	· Can define the concepts and compare the heat capacity and specific heat of various substances

· Can explain how the specific heat of a substance can be used to calculate changes in the thermal energy of that substance 

· can explain each of the terms in the heat equation

· Can define calorimeter and calorimetry and explain how a calorimeter is used to measure thermal energy changes

· Can use a calorimeter to measure thermal energy changes

· Explain how the specific heat of water helps to regulate Earth's weather
	· Can use the heat equation to calculate thermal energy changes of  a substance


	· Can use the heat equation to calculate energy changes between two substances

	10.5

Changes 

of 

State
	· Can state the name of all changes of state and explain them in terms of energy entering or leaving the system

· Can define the terms heats (enthalpy) of fusion and vaporization and correctly apply them to enthalpy changes occurring during changes of state

· Can interpret the change in state and energy information contained in a heating/cooling curve 
	· Can calculate the heat of fusion or vaporization for a substance
	· can calculate the energy change for water from solid through gas phase when given a heating/ cooling curve


Sample Questions:
C Level:   
1. What is the name of the SI unit of temperature?  

2. What is the freezing temperature of water on the Celsius scale? 
3. Convert the boiling point of water on the Kelvin scale to the Celsius temperature. 
4. What is 'absolute zero'?  

5. Which has more internal energy - an iceberg or a boiling cup of coffee?  Explain

6. Which substance has particles with more kinetic energy - an iceberg or a boiling cup of coffee?  Explain
7. In which direction will heat energy be transferred when an iceberg and a boiling cup of coffee are put into physical contact with one another? - when will the transfer stop?

8. When a chemical reaction is carried out in a coffee cup calorimeter, explain what is the system and what are the surroundings.
9. A student dissolved some solid ammonium nitrate in water in a coffee cup calorimeter to form an 

             aqueous solution of ammonium nitrate.    After calculating the average energy change for three trials     

             the student determined the following:



energy + NH4NO3(s)  →  NH4NO3(aq)  

ΔT = + 12.9oC
10. State whether the temperature increased or decreased during this process.  Explain 

11. Was heat released or absorbed in this reaction?
12. What are heat of reaction and enthalpy and how are they related.

13. Is the enthalpy of the following reaction exothermic or endothermic?  Explain


            energy + NH4NO3(s)  →  NH4NO3(aq)  

ΔH = + 330 J/ g

14. Snowing is an example of what phase change?  What is the NAME of this phase change?

15. To calculate the enthalpy change when liquid water changes to ice, would you need ΔHfus or ΔHvap?     

Explain.
Use the following heating curve for water to answer the questions at the right. 
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Identify the line segment for each of the following:
_____   1.  the boiling of water?  
_____   2.  ΔHvap 
_____   3.  a water-ice combination
_____   4.  all gas
_____   5.  all solid
_____   6.  ΔHfus
_____   7.  the heating of liquid water

B Level:   
1. What the significance of 'absolute zero'?  
2. Which of the three temperature scales measures the smallest change in temperature?  Explain.

3.  
(a)  25.0 g of liquid water are cooled from 55.0oC  to 0oC.  Calculate the energy released  in kJ, as this 

      water was cooled.

(b)  Was this process exothermic or endothermic?  Explain.

(c)  Calculate the energy change, in kJ,  which would occur if this water were then turned completely to 


       ice.

A Level:   









   

Use this heating curve for water above to calculate the amount of heat energy needed to warm and completely melt 10.0 g of ice from the lowest temperature on this graph.
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