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Energy and Chemical ChangesCHAPTER 1 /  

Section 1: Energy 

 Energy: is the ability to do work or produce heat. 
 It exists in tow basic forms: 

1. Potential energy: is energy due to the composition or position of an object. 
An example: downhill skier poised at the starting gate for a race 
 (as shown in figure 1a) 
2. Kinetic energy: is energy of motion. 
An example: the potential energy of skier changes to kinetic energy during the 
speedy trip to the finish line. (as shown in figure 1b) 

 Chemical systems contain both kinetic energy and potential energy. 
1- The kinetic energy of a substance:  

- is directly related to the constant random motion of its particles 
-  and is proportional to temperature, as temperature increase the motion of 

particles increase. 
2- The potential energy of a substance depends on its composition:  
- The type of atoms in the substance   
- The number and type of chemical bonds joining the atoms  
- The arrangement of the atoms. 
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Law of conservation of energy: 
 The law of conservation of energy ( or The first law of thermodynamics) states that: 

in any chemical reaction or physical process, energy can be converted from one form 
to another , but it is neither created nor destroyed. 

 

 

 
 
 
 

 

 

 

 

 

Question: Complete the following table 

The process 
The change of energy 

From To 

1- Water rushes through turbines in  
the hydroelectric plant.   

2- Burns of propane gas  
(used in cooking and heating) 

  

3- Burns of gasoline (octane) in the 
engine of the car. 

  

4-    

5-   

6- avalanche An of snow   

7- A stock-car race   
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Chemical potential energy: 

 It is the energy that is stored in a substance because 
of its composition. 

Heat (q): is energy that is in the process of flowing from a 
warmer object to a cooler object. 

Measuring Heat: 

 Calorie (cal): the amount of energy required to raise 
the temperature of 1g of pure water by 1C⁰ . 

 Nutritional calorie = Cal 
 1Cal = 1000cal (kcal) 
 The SI unit of energy and of heat is the joul. 

--------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------------------   

Last year Final Exam Question: 

 

A. 2.734 x 103KJ           B. 1.350 x 102KJ          C. 1.600 x 102KJ            D. 7.800 x 102KJ 
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Specific Heat: 

 It is the amount of heat required to raise the temperature of 
1g of that substance by 1C⁰ 

- Each substance has its own specific heat because 
different substances have different composition. 

- For example, water has specific heat of = 4.184J/g.C⁰. 
- The specific heat of concrete is = 0.84J/g.C⁰. 

----------------------------------------------------------------------------
---------------------------------------------------------------------------- 

 This means that the specific heat of water is five times of 
concrete. 

- When equal masses of concrete and water absorb equal 
amounts of energy, the temperature of concrete increases 
five times of water. 

- So specific heat is ------------------ proportional with 
temperature. 

Calculating heat absorbed and heat released: 

 

 

 

 

 

Example 1: Equal masses of aluminum, gold, iron, and silver were left to sit in the Sun at the 
same time and for the same length of time, arrange the four metals according to the 
increase in their temperatures from largest increase to smallest. 

The element Al Au Fe Ag 

Specific Heat 
J/g.C◦ 

0.897 0.129 0.449 0.235 
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Example 2: calculate the heat absorbed by equal masses of concrete and water (5x103g) 
When its temperature increased by 6C⁰, and compare between them. 

-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------  

Example 3: Calculate the energy released by 5x103g of concrete reached a temperature of 
74.0C⁰ during a sunny day and cooled down to 40.0C⁰ at night. 

-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------  
 
 

  

 

 

 

 

 

-----------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------  
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Using the sunʼs energy: 

 Water is sometimes used to harness the energy of the sun because of its high specific 
heat to provide heat in homes. 

 Radiation from the Sun could supply all the energy needs of the world and reduce the 
use of carbon dioxide producing fuels. 

 But several factors delayed the development of solar technologies: 
- The Sun shines for only a part of each day. 
- In some areas clouds often reduce the amount of available radiation 

 Different methods used to store the energy of the sun like photovoltaic cells like those 
used to supply power for astronauts in space. 

 But these cells are not used for ordinary energy needs, because the cost is high 
comparing to the cost of burning of coal or oil. 
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Solve the following questions:  

1- Compare and contrast temperature and heat. 

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………  

2-  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  
  

 الكيمياءمادة  - 2024-25 - الأولأوراق عمل الفصل 

 على موقع الأكاديمية ولالحلالشرح و

https://www.manasra.academy 

Contact us at: +971 50 620 6080 

Learn more at: https://www.manasra.academy 
 قدومي معبد الرحيعداد الأستاذ: إتقديم و

 

P a g e  |  9 

Section 2: Heat: 

Calorimetry: 

 Calorimeter: it is an insulated device used for measuring the amount of heat absorbed 
or released during a chemical or physical process. 
1. A bomb calorimeter : used by food chemists to measure the amount of heat in food. 
 

 
 
 
 
 
 
 
 
 
 

 

 

2. Simple foam cup calorimeter: 
- It is used to determine the specific heat of unknown metal or any material. 
- Why is a foam cup used in a student calorimeter rather than a typical glass beaker? 

………………………………………………………………………………………..  
- These calorimeters are open to the atmosphere, so reactions carried out in them 

occur at constant pressure.  

Question: compare between pomp and simple foam cup calorimeters. 

----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------  
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 The experiment:  
 
 
 
 

 

 

 

 The calculations:   q = c x m x ∆T 
- Calculate the heat gained by water: 

 

  

 

- The heat gained by water =  the heat lost by metal: 
 

  

- Then solve the equation for specific heat of the metal: 

  

- Table 2 shows that the metal could be iron. 
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Last year Final Exam Questions:  

1.  

A.   

 

B.    

 

C.    

 

D.   
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2.  

 

A. 1.7                            B. 2.4                            C. 0.809                            D. 0.129 

 

 

 

 

 

 

 

 

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………….……………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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Chemical Energy and the Universe: 

 Thermochemistry: is the study of heat changes that accompany chemical reactions 

and phase changes. 

- Soldiers in the field use a highly exothermic reaction to heat their meals. 

- You might have used a heat back to warm your hands on a cold day. 

 

 The system: is the specific part of the universe that contains the reaction or process 
you wish to study. 
 

 The surroundings: everything in the universe other than the system. 
 

 
 The universe: is the system plus the surrounding.  

 
 
- In the exothermic reaction heat flows from the system to 

the surrounding. 
 
 
 
 
 

- In endothermic reaction heat flows from the surrounding 
to the system. 
 
 

 

Enthalpy and enthalpy changes: 

- The total amount of energy a substance contains depends on many factors, some of 

which are still not completely understood. 

- Therefore, it is impossible to know the total energy content of a substance. 
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- Therefore, chemists are usually more interested in changes in energy during 

reactions than in the absolute amounts of energy contained in the reactants and 

products. 

- For many reactions, the amount of energy lost or gained can be measured in a 

calorimeter at constant pressure. 

- The foam cup is not sealed so the pressure is constant. 

- Many reactions take place at constant atmospheric pressure, for example, those that 

occur in living organisms. 

- The energy released or evolved from reactions carried out at constant pressure is 

sometimes given the symbol ( qp ). 

- To more easily measure and study the energy changes, chemists have defined a 

property called enthalpy. 

 Enthalpy ( H ): is the heat content of a system at constant pressure. 

 Enthalpy ( heat ) of reaction ( ∆H ): the change in enthalpy for a reaction. 
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Compare between exothermic and endothermic reaction: 

 

 Exothermic reaction 
( hot pack ) 

Endothermic reaction 
( cold pack ) 

Hreactants  
 
 

Hproducts  
 
 

The sign of ∆H  
 
 

Example  
 
 
 

Adiagram of the 
enthalpy change 
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Last year Final Exam Questions: 

 

 

 

 

 

 

 

A.  

 

B.  

 

C.  

 

D.  
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Section 3: Thermochemical Equations 

Writing Thermochemical Equations: 

 A thermochemical equation: is a balanced   chemical equation that includes the 
physical states of all reactants and products and the energy changes H. 
- Examples :  
 
 

1- Combustion reactions: for example, combustion of glucose occurs in the body as 
food is metabolized to produce energy 
 

 

The heat of combustion ( Hcomb) of a substance: Is the enthalpy change for the complete 
burning of 1 mol of the substance. 

- Standard enthalpy changes have the symbol H  ( It is determined at standard 
conditions: 1 atm pressure and 25C )  
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2- Changes of states: 
- When you step out of a hot shower you shiver as water evaporates from your skin? 

Because your skin provides the heat needed to vaporize the water. 
- Molar heat of vaporization( Hvap): the heat required to vaporize one mole of a 

liquid. 
- Molar heat of fusion ( Hfus): the heat required to melt one mole of a solid substance 

 

  

  

  

  

  

  

 
 

 Thermochemical equations for changes of state: 

  

  

Question: what happens in the reverse processes? 

----------------------------------------------------------------------------------
---------------------------------------------------------------------------------- 

 So ∆Hcond and ∆Hvap have the same numerical value but 
opposite signs. 

 ∆Hsolid and ∆Hfus have the same numerical value but opposite 
signs. 

  

Example: Some farmers make use of the heat of solidification of water to protect fruit and 
vegetables from freezing, so they flood their fields with water. When the water freezes 
energy released ∆Hsolid and often warms the surrounding air enough to prevent frost 
damage. 
 



 
 

  
  

 الكيمياءمادة  - 2024-25 - الأولأوراق عمل الفصل 

 على موقع الأكاديمية ولالحلالشرح و

https://www.manasra.academy 

Contact us at: +971 50 620 6080 

Learn more at: https://www.manasra.academy 
 قدومي معبد الرحيعداد الأستاذ: إتقديم و

 

P a g e  |  2 0 

Last year Final Exam Questions:  

1.  

 

 

 

 

 

A.  
 

B.  
 

C.  
 

D.  

 

2.  

 

 

 

A. 9.84 KJ 
 

B. 66.6 KJ 
 

C. 3195 KJ 
 

D. 21636 

 

مستخدما الشكل التالي احسب الحرارة اللازمة  
  مول من الماء السائل .   0.242لتبخیر 

Use the following diagram to calculate 
the heat required to vaporize 0.242 mol 
of liquid water.  
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Answer the following question : 

 
 
 
 

 

 

  

 -----------------------------------------------------------------------------------------  

 ----------------------------------------------------------------------------------------------------------------

 ----------------------------------------------------------------------------------------------------------------  

Combustion Reaction: 
 Combustion: is the reaction of a fuel with oxygen. 
- In biological systems food is the fuel (carbohydrates) which converted to glucose in 

your body. 
- Other examples on combustion reactions: 

 

 

- The combustion of hydrogen provides the energy to lift the shuttle into space: 
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Section 4: Calculating Enthalpy Change 

Hessʼs Law:  

 Sometimes it is impossible or impractical to measure the ∆H of a reaction by using a 
Calorimeter. 
- Some reactions occur so slowly that measuring the enthalpy change is 

impossible like the reaction of conversion of carbon in its allotropic form ( 
diamond ) to carbon in its allotropic form ( graphite ):  

- Other reactions occur under conditions difficult to duplicate in a laboratory. 
- Still others produce products other than the desired ones. 

 
 For these reactions chemists use a theoretical way to determine ∆H . 

 
 Hessʼs Law: states that if you can add tow or more thermochemical equations to 

produce a final equation, then the sum of the enthalpy changes for the individual 
reactions is the enthalpy change for the final reaction. 
 
 

 Example: use Hessʼs law to calculate the ∆H for the following reaction: 
 
Using the following equations: 
 
 
 
 
Step1: multiply the first equation by 2: 
 
Step2: reverse the second equation: 
 
Step3: add equations( c ) and( d ): 
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----------------------------------------------------------------------------------------------------------------------------- --------------------------------

--------------------------------------------------------------------------------------------------- ----------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------- --------------------------------

----------------------------------------------------------------------------------------- --------------------------------------------------------------------  

  

  

  

  

  

--------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------  
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Standard heat of formation: 

 Formation reaction: A reaction in which a compound is formed from its elements in 
their standard states 

- The standard state of a substance means : the normal physical state of the 
substance at 1 atm and 298K ( 25C⁰) for example , iron is a solid , mercury is a 
liquid , oxygen is a diatomic gas.  

 The standard heat of formation( ∆Hf
⁰ ): the change in enthalpy that accompanies the 

formation of one mole of the compound in its standard state from its elements in 
their standard states.   

 For example: formation of one mol of SO3 :   
- SO3 is a suffocating gas, produces acid 

rain when mix with moisture in the 
atmosphere. 

 

Where do standard heat of formation come from? 

 Elements in their standard state have a ∆Hf
⁰ of  

0.0 kJ 
 Standard heat of formation of many compounds 

have been measured experimentally:  
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Using standard enthalpies ( heat) of formation: 

 It is used to calculate the enthalpies of many reactions using Hessʼs Law. 
 Using table 5 , calculate ∆H⁰

rxn for the following reaction:  

 Refer to table 5 to find an equation of the 
formation of each of the three compounds: 

  

 

 

Complete the solution:  
-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------  

 

 

 

 

 

 
 
109. Apply Phosphorus trichloride is a starting material for the preparation of 
organic phosphorous compounds. Demonstrate how thermochemical equations a 
and b can be used to determine the enthalpy change for the following   

 

 

 

∆H = - 1589 kJ 

∆H = - 123.5 kJ 
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The summation equation: 
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∆H = - 1401.2 kJ 

∆H = - 2183.2 kJ 

∆Hf = 33.2 kJ 
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Last year Final Exam Questions:  

1.   

 

 

 

 

 

 

 

A. -603.2 kJ                   B. -562.0 kJ                   C. -1206 kJ                   D. -1124 kJ  
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2. 
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Reference Tables:  
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Section 5: reaction spontaneity: 

Spontaneous Processes:  

 It is any physical or chemical change that once occurs with no outside intervention. 
- All exothermic processes are spontaneous like formation of iron rust:  

 

- All endothermic processes are nonspontaneous, like the reverse reaction of 
iron dusting: 

 Ice melting at room temperature spontaneous, endothermic process, this mean that 
something other than ∆H plays a role in determining weather a chemical process 
occurs spontaneously like entropy. 

What is entropy? 

 Entropy ( S ): Is a measure of the number of possible ways that the energy of a 
system can be distributed. 

- This is related to the freedom of the systemʼs particles to move and number of 
ways they can be arranged  
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 As the number of particles increases, the number of possible arrangements for a 

group of particles increases. 
 If the tow bulbs contained a total of ten particles , the number of possible 

arrangements would be 1024 times.[ 210 = 1024 ] 
 In general, the number of possible arrangements available to a system increases 

under the following conditions: 
- When volume increases. 
- When energy increases. 
- When the number of particles increases. 
- When the particlesʼ freedom of movement increases. 

The second law of thermodynamics: 

 Spontaneous processes always proceed in such a way that the entropy of the 
universe increases. 

 Entropy : can be considered to be a measure of the disorder or randomness of the 
particles that make up a system. 

Predicting changes in entropy: 

      

 If the entropy of a system increases                                    and ∆Ssystem is positive. 
 To predict if ∆Ssystem is positive or negative: 

1- Changes in state: the movement of molecules in gases > liquids > solids , so the 
entropy will increases as the movement of molecules increases: 
 

 

2- The dissolving of a gas in a solvent always results in a decrease in entropy: 
 
 

3- The entropy of a system usually increases when the number of gaseous products 
particles is greater than the number of gaseous reactant particles: 
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4- Entropy increases when a solid or a liquid dissolves in a solvent:  
 
 

5- The random motion of the particles of a substance increases as its temperature 
increases , therefore the entropy increases. 

 

 

    

 

 

Entropy , the universe .and freedom:          

 In nature ∆Suniverse tends to be positive for reactions and processes under the 
following conditions: 

- The reaction is exothermic ( ∆Hsystem is negative ). This will raise the tempreture of 
the surroundings and increase the entropy of the surroundings ( ∆S is positive ). 

- Thus exothermic chemical reactions accompanied by an increase in entropy are all 
spontaneous. 

Free Energy G : 

 Gibbs free energy a combined enthalby entropy function. 
 Free energy: is energy that is available to do work, thus free energy is useful energy, 

in contrast. Some entropy is associated with energy that is spread out into the 
surroundings, so it is useless. 
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 ∆S in J/K  , ∆H IN kJ . 
 If the sign of the free energy is negative , the reaction is spontaneous. 
 If it is positive , the reaction is nonspontaneous. 

Calculating free energy change: 

 Example: calculate ∆G for the following system: 
  

- Convert ∆S to kilojouls : 
 

-  
 

 

- ∆G is negative , so the reaction is spontaneous. 
- The following table shows how reaction spontaneity depends on the sign of ∆H 

and ∆S : 
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 ------------------------------------------------------------------------
 ------------------------------------------------------------------------
 ------------------------------------------------------------------------

 ----------------------------------------------------------------------------------------------------------------
 ----------------------------------------------------------------------------------------------------------------

-------------------------------- --------------------------------------------------------------------------------
---------------------------------------  ------------------------------------------------------------------------ 
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Last year Final Exam Questions:  

1.  

 

A.  

B.  

C.  

D.  

 

 

2.  

 

A. 501                             B. 500                        C. 499                       D. 502 

 

 

 



 
 

  
  

 الكيمياءمادة  - 2024-25 - الأولأوراق عمل الفصل 

 على موقع الأكاديمية ولالحلالشرح و

https://www.manasra.academy 

Contact us at: +971 50 620 6080 

Learn more at: https://www.manasra.academy 
 قدومي معبد الرحيعداد الأستاذ: إتقديم و

 

P a g e  |  3 9 

Use each of the terms below to complete the statements. 

 

1. A(n)  is a physical or chemical change that occurs 

with no outside intervention. 

2. A measure of disorder or randomness of the particles that make up a system is called 

  . 

3. The  states that spontaneous processes always proceed 

in such a way that the entropy of the universe increases. 

4.     is the energy that is available to do work. 

 
For each statement below, write true or false. 

   5. A process cannot be spontaneous if it is exothermic and there 
is an increase in disorder. 

   6. A process cannot be spontaneous if it is endothermic and 
there is a decrease in disorder. 

   7. A process cannot be spontaneous if it is exothermic and there is a 
decrease in disorder as long as the temperature remains low. 

   8. A process cannot be spontaneous if it is endothermic and there is 
an increase in disorder as long as the temperature remains high. 

   9. A process can never be spontaneous if the entropy of the 
universe increases. 

     10. When AG for a reaction is negative, the reaction is spontaneous. 

     11. When AG for a reaction is positive, the reaction is not spontaneous. 

     12. When AH for a reaction is negative, the reaction is never spontaneous. 

     13. When AH for a reaction is large and positive, the reaction is not 
expected to be spontaneous. 

 

 

 

 

spontaneous process entropy law of disorder free energy 


