Energy Trapped in Hydrocarbons

Chapter 14

ENERGY!!!!!!

The whole world runs on energy, including YOU!

Energy produced from fossil fuels is generated when green plants, algae, and plankton trap the Sun’s energy through the process of photosynthesis.  Once the organisms die, they are broken down naturally and accumulate on the Earth’s surface in thick layers eventually covered by rock and soil. The fossilized organic material produce coal, natural gas, and petroleum.  The trapped energy from the Sun is still present in the fossil fuels, which is then used by consumers as energy or fuel.  Extracting this energy is done through the process of burning or combustion.

Two types of Combustion Reactions:
1. Complete combustion

2. Incomplete combustion

A chemical property of hydrocarbons is combustion.  Complete combustion occurs when the hydrocarbon burns in the presence of sufficient oxygen and produces carbon dioxide and water vapour.

Incomplete combustion occurs when not enough oxygen is present, and other products besides carbon dioxide and water vapour are formed such as unburned carbon C (s), and carbon monoxide CO (g).

Balancing Combustion Equations

Practice Problems p.584 #1 –5

Investigation 14-A  “The Formation and Combustion of Acetylene: p.585- 586

Thermochemical Equations

Sec 14.2

Recall:
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An exothermic reaction gives off heat.

Ex)


2C2H2 (g) +  5 O2 (g)( 4 CO2 (g) + 2 H2O (g) +  energy

The word “energy” represents the heat and it is written on the product side for an exothermic reaction.

When the energy is written as part of the chemical equation, the equation is called a thermochemical equation.

An endothermic reaction absorbs heat energy.  It is written on the reactant side of the equation.

Ex)  the physical process of evaporation is endothermic.

Bond Breaking and Bond Making

Chemical reactions can be explained by using the concept of bond breaking and bond making.   Breaking bonds requires energy therefor being an endothermic reaction, whereas bond making releases heat energy and is an exothermic reaction.
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Figure 14.8. Tris llustraton shows bonds being broken and made during a
cherical reacton. I tho bonds are strong, thro i a large chango in energy.
Ifthe bonds are weak, there is a small change in energy.




The strength of a bond depends on how much energy is needed to break the bond.  Each type of bond has a specific amount of energy needed to break it.  If we were to create this same bond type, the amount of energy released is the same. 

The energy that is absorbed or released when breaking or making a bond is called the “Bond Energy”  measured is kilojoules (kJ).  

Examine Table 14.2 for some average bond energies.

Since chemical reactions requires bond making and bond breaking, the result is a net amount of energy for each reaction.

Examine Sample Problem p.590

Practice Problems p.591 # 6- 7

Section Review p. 592 #1 – 5

Measuring Energy Changes

Sec 14.3

Heating and cooling????? Where does the energy come from and go to?

Any time that something is cooled or heated, a change in thermal energy occurs.

Thermal Energy:  is the kinetic energy of particles of matter.

Eg)   Cooling a glass of water- energy was transferred from the water to the ice, as the ice absorbed the energy, the ice melted.  As the water lost the energy the water cooled.

The transfer of thermal energy between objects with different temperatures in called “HEAT”.

Important Factors in Energy Measurement

1.
Temperature:  is a measure of the average kinetic energy of a system.  The apparatus used is a thermometer.

Thought Lab p.594 “Factors in Heat Transfer”

Temperature is directly related to heat transfer, a large change in temperature indicates a large energy change whereas a small temperature indicates a small energy change. Symbolized by (T.

2.
Mass of  Substance:  mass is a variable in the calculation of heat energy and is directly related to heat transfer.  Using water as an example:  large amounts of water has the ability to moderate temperature changes by absorbing and releasing heat.  It is symbolized by a lower-case “m”.

3.
Type of Substance: cannot be used as a variable, but when calculating energy changes we use a variable that reflects the individual nature of different substances:  specific heat capacity.

The specific heat capacity of a substance is the amount of energy, in joules(J), that is required to change one gram (g) of the substance by one degree Celcius ((C).  The specific heat capacity reflects how well a substance can store energy.  The larger the value the better ability for that substance to absorb and release more energy.

The symbol used lower-case “c”

The units are J/g(C .

The three variables put together combine to form an equation to calculate heat:
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Practice Problems p.597 #8 – 11

Whenever heat is lost by the water, the value of Q is negative.  If the value of Q is positive, this indicates that heat is gained by a substance.

Potential Energy Diagrams

Exothermic Reaction:

Endothermic Reaction:

Practice Problems p.599 # 12- 17

Section Review p.600

The Technology of Heat Measurement

Section 14.4

Calorimetry : the process of measuring changes in thermal energy.

In general whenever there is a temperature difference between two objects thermal energy flows from the hotter object to the colder object.

To measure the heat flow in a process, you need an isolated system, like a Thermos, which stops matter and energy from flowing in or out of the system.  You also need a known amount of a substance, usually water, which absorbs the heat produced or released.  

A calorimeter is a device that is used to measure changes in thermal energy.  Water, thermometer, and an isolated system (styrofoam) are the basic components of a calorimeter.

The process of measuring changes in thermal energy is called calorimetry.
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Figus 14.14. A polystyrens (cofes cup) calormeterusualy consists o o nesied
polystyrene cups with a poystyrene . to provide nsulation rom the suroundings.




A bomb calorimeter is used for the measurement of heat changes during combustion reactions at a constant volume.  

Examine Figure 14.15 p.602

The law of conservation of energy allows us to calculate the energy change in a calorimetry experiment.  However, assumptions must be made:

· the system is isolated (no heat exchanged with the surroundings outside the calorimeter)

· the amount of heat energy that is exchanged with the calorimeter itself is small enough to be ignored.

· If something dissolves or reacts in the calorimeter water, the solution still retains the properties of water.

The energy change in a calorimetry experiment can be summarized as follows:

Heat lost by the process = Heat gained by the 








Water

Heat gained by the process =  Heat lost by the









Water

Practice Problems p.607 # 18 – 21

Usually we specify the type of change occurring, such as the specific heat of melting, solution (dissolving), or combustion, by including a subscript with the energy terms.  For example, in a calorimetry experiment, 

4.2 g lithium chloride is dissolved in 100 mL (100 g) of water at an initial temperature of 16.3 (C.  The final temperature of the solution is 25.1 (C .  To calculate the specific heat of solution, for lithium chloride, the first step is to use the law of conservation of energy:



(Es            =         Q


(LiCl dissolving)
  (calorimeter water)

The energy change of LiCl dissolving to form a solution depends on the specific heat (kJ/g) and the mass (g) :  the heat gained by the water is expressed in the usualy heat formula. mc(T .


mhs = mc(T
Assuming that the dilute solution has the same physical properties as pure water, we can now obtain the specific heat of solution by substituting the given information and the appropriate constants into this equation.


mhs = mc(T
4.2 g x   hs   =100 g x 4.181 J  x (25.1 – 16.3)(C






g (C

  hs

=  0.88 kJ/g

Since the temperature of the water in the calorimter increases, the dissolving of LiCl is exothermic.  ( specific heat of solution for LiCl is exothermic 0.88 kJ/g .

A Closer Look at Bomb Calorimetry

A bomb calorimeter is a more precise type of calorimeter to measure the heat of combustion of foods, fuels, etc.

The parts of a bomb calorimeter absorbs and releases small quantities of energy.  Therefore, to obtain precise heat measurements, you must know of find out the heat capacity of the bomb calorimeter.

Heat capacity is the ratio of the heat gained or lost by a system to the change in temperature caused by this heat.

Usually expressed in kJ/(Cor J/(C and refers to an entire system.

Thus, the heat capacity of a calorimeter takes into account the heat that all parts of the calorimeter can lose or gain.

Q total = Q water + Q thermometer + Q stirrer  + Qcontainer
Q total (  heat capacity of calorimeter

Symbol for Heat capacity  =  “C”

Do Practice Problems p.611 #22 – 24

What is the relationship between the chemical bonds in a compound and the amount of energy that the compound can store?

Net 

Energy




Energy 

Energy = 
Absorbed when 
-
released 




the reactant bonds

when the




are broken



product










bonds are










formed.

The size of the difference reflects the strength of the bonds in the reactant molecules compared with the strength of the bonds in the product molecules.

Ex)
Exothermic Reaction: combustion of methane.

[image: image5.png]net energy.

lesssble  weakerbonds moreSiable Svonger bonds ‘

ierence ot encrgy
soredencrgy products

Figure 14.24. Energy stored in bonds.



Energy change in a reaction is due to a change in the potential energy (stored energy) of the bonds.

Examine Thought Lab p.615

The Combustion of Candles:  Lab Investigation 14-B p.616- 617

Section Review p.618

Heats of Reaction
A chemical equation communicates the relative amounts, in moles, of all reactants and products.  To be able to relate experimentally measured specific heats to chemical equations, the energy must be expressed as a quantity of heat per mole, (eg. kJ/mol):  this quantity is called the molar heat of reaction, (Hr , for a particular substance.

Ex)
Ethane is the second largest component of natural gas.  If its specific heat of combustion is 51.85 kJ/g , what is the molar heat of combustion of ethane?

Solution:


hc (C2H5) = 51.85 kJ/g


(Hc = 51.85 kJ  x 30.08 g
    (C2H5)
  1 g             1 mol


(Hc  =   1560 kJ

(C2H5)      mol

The molar heat of combustion of ethane is an exothermic 1560 kJ/mol.

Thermochemical Equations

Thermochemical equations can also tell us the molar heat of the reaction with respect to any reactant or product.

Ex)
Hexane is a component of some naphtha fuels used in cmaping stoves.  Use the following thermochemical equation to calculate the molar heat of combustion of hexane.

2 C6H14 (l) + 10 O2 (g) ( 12 CO2(g) + 14 H2O (g) + 7089 kJ

Solution:


(Hc   =  7086 kJ
    C6H14        2 mol


(Hc  =  3542 kJ

C6H14       mol

The molar heat of combustion of hexane is an exothermic 3543 kJ/mol.

The Impact of Petroleum Products
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Section 14.5
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Figure 14.24. Energy stored in bonds.
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