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Thermochemistry Chapter
Thermochemistry studies the change in heat content that occurs during chemical and physical processes. Heat is a form of energy. Energy is the ability to do work or supply heat during chemical or physical changes. The chemical and physical processes that absorb energy from its environment are endothermic processes. The chemical and physical processes that lose energy to the environment are exothermic processes. 

There are two categories of energy, kinetic and potential. Potential is stored energy, due to the composition of matter – the number and types of chemical bonds. Kinetic energy is the energy of motion and can be explained using the following theory.

The Kinetic Molecular Theory

The chemist uses the kinetic molecular theory to explain many of the properties of matter and how matter undergoes chemical reactions. The following statements make up the core of this theory.
 

1. All matter is composed of tiny particles (molecules, ions or atoms). 
2. These particles are in constant random motion and travel in straight-lines. 
Particles in solids have very strong attractive forces, which hold the particles in place. These strong forces lead to vibratory motion in solids, ↔ the particles are very limited in motion. Solids have definite volume and shape.

In liquids the intermolecular forces are weaker and allow particles to slide by one another – think of marbles being poured. The forces are strong enough that the particles cannot escape from the other particles. There is a greater degree of freedom of movement – liquids do not have definite shape but have definite volume.

Gases consist of small particles that are far apart, in comparison to their size. There are no attractive forces between gas particles or between particles and the sides of the container with which they collide. Gases will expand to fill their container. Because of the great degree of freedom gases do not have definite shape or volume.

3. Due to the constant motion, particles collide with one another. 
4. Energy is conserved in these collisions. One particle may gain energy and another particle would lose energy but the total energy is constant. This means that energy can be transferred during collisions among particles. 
Because the particles of matter are moving, they have kinetic energy. Particles do not have the same amount of kinetic energy. The amount of kinetic energy of these particles would vary over the normal distribution curve; some particles would have a large amount of kinetic energy while other particles would have small amounts of kinetic energy. Most particles would have a value of kinetic energy between these extremes, the greatest number occurs at the average. 
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5. The average kinetic energy of the particles is proportional to the temperature. The higher the temperature the faster the particles move, the harder the collision between the particles. With these harder collisions the particles move further apart from each other, the substance expands. The liquid in the thermometer rises as the kinetic energy increases. Temperature is a measure of the average translational kinetic energy. 
 

When particles collide, a chemical reaction may occur. Chemical bonds are broken and new chemical bonds are formed. The greater the energy of collision the greater the chance there will be enough energy for chemical reactions to start (break old bonds). Chemical reactions need energy to take place, bond breakage is endothermic (energy required to break atoms apart) and bond formation is exothermic (atoms become more stable as new bonds form). During chemical reactions chemical bonds change. 

 

A substance has potential energy due to its electron configuration (type of chemical bonds, number of chemical bonds and the arrangement of the bonds (structure)). During a chemical reaction the chemical bonds change so there is a change in potential energy. We cannot directly measure the change in potential energy that occurs during the chemical reaction. 

Potential energy can be converted into kinetic energy. The energy change of the chemical reaction or a physical change of state affects the surroundings (the environment around the reaction or change of state). A chemical reaction or change of state will either absorb energy or release energy to the surroundings. We can measure a change in kinetic energy in the surroundings (using temperature changes). The chemist assumes that the energy lost by the chemical or physical system is equal to the energy gained by the surroundings or that the energy gained by the chemical or physical system is equal to the energy lost by the surroundings. We can only measure the changes in potential energy of the system (the chemical or physical change) indirectly, that is by measuring the effects it has on the surroundings. The system is the chemical reaction or physical change while the immediate environment becomes the surroundings. Chemists assume that the total energy of the universe is constant (energy is conserved). Q is the symbol used for heat energy. Heat flows from high to low content. Since energy is conserved (Qlost = Qgained). A negative sign denotes the loss of energy. A positive sign denotes the gain of energy. 

 

The total energy of a system is the system’s internal energy, which is impossible to measure. 

During a chemical or physical change there is a change in internal energy. Energy change is stated in terms of the chemical or physical system. When heat flows from the system into the surroundings Q is negative, the change is exothermic and heat is lost to the surroundings. When heat flows from the surroundings into the system Q is positive, the change is endothermic. 

 

To find the change in internal energy for a system chemist measure the energy change of the surroundings using calorimetric analysis. The chemist’s focus for chemical and physical processes is the change in the heat content for the system (Enthalpy). The change in heat content for a system is given a special name enthalpy (ΔH = enthalpy).

 

Calorimetry

Calorimetry is the measurement of the quantity of heat exchanged. A calorimeter is a thermally insulated container where a system is contained and the energy exchange between the system and its surroundings (environment) can be measured. The calorimeter and its contents (usually water) are considered the surroundings. For example, if the energy from an exothermic chemical reaction is absorbed in a container of water, the change in temperature of the water provides a measure of the amount of heat added. Calorimeters are used to determine the energy content of foods by burning the foods in an oxygen atmosphere and measuring the energy yield in terms of the increase in temperature of the calorimeter. Calorimeters can also be used to measure the specific heat of a substance. The types of calorimeters used are: (1) a constant pressure which contains a known volume of water, a source of heat and the container (calorimeter) or (2) a constant volume or bomb calorimeter with a known mass and specific heat of the calorimeter. For both types of calorimeters, thermal equilibrium is assumed after the experiment so that the temperature change can be used to calculate the energy released.
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The reaction system is a chemical or physical process that occurs within the calorimeter. The amount of energy exchanged between the surroundings and the system can be determined by calorimetric calculations, shown below. 
The specific heat constant of a substance is defined as the energy required to raise one gram of a substance by one Celsius degree. The specific heat constant for water is 4.184 joules needed to raise 1 gram of water by 1Cº. Every substance has a characteristic specific heat constant. The relationship between heat and mass is a direct proportionality, as mass is doubled the heat required doubles. Temperature and heat are also proportional; if the temperature change is doubled the amount of heat needed is also doubled. The proportionality between heat with mass and temperature can be expressed as an equation with c as the specific heat constant. The relationship does not apply if a phase change is encountered; because the heat added or removed during a phase change does not change the temperature. The specific heat constant of water is 4.184 J/gram Cº. 
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The First Law of Thermodynamic says that the heat energy of the system is equal to the negative heat energy of the surroundings. 

Qsys = — Qsurr
The heat, Q, entering or exiting can be determined by using the Heat Equation for the surroundings. 

Q (heat) = (mass) (specific heat) (final temperature - initial temperature) (Q = mcΔt)
 

Water has a large heat capacity (higher specific heat constant); it takes a lot of energy to heat water.

CH2O(l) = q/mΔt = 4.184 J/ gCº 

It takes 4.184 J to increase 1 gram of H2O by 1 C degree. 
4.184 J

g Cº

The specific heat constant for ice and steam are less:

CH2O(s) = 2.01 J/gCº

CH2O(g) = 2.01 J/gCº

Ice and steam will heat up faster because of the lower specific heat constant.

 

C gold = 0.129J/gCº — gold is a good conductor of heat

 

The change in heat content during a chemical reaction (change) or a physical change is measured indirectly, by using the energy changes in the surroundings. In a simple coffee cup calorimeter the water (surroundings) changes in temperature from the energy change of the reaction (the system). The thermometer measures the initial and final temperature of H2O. The temperature of the water changes as a result of the energy change in the system.
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Example: 

A sample of 100.grams of water is placed in a coffee cup calorimeter at a temperature of 20.0ºC. Ammonium nitrate is dissolved in the water lowering the temperature of the water to 10.0ºC. Calculate the heat change, Q, for the water. Specific heat of water = 4.184 J/g-Cº. The variables are:

 

mass of water = 100.grams 

ti of water = 20.0ºC 

tf of water = 10.0ºC 

 

Q = mcΔt

Qwater = (100.grams) (4.184 J/gCº) (10.0ºC – 20.0ºC) = -4190 Joules 

 

The Qwater is negative indicating that the heat flows from the surroundings toward the solution process. The solution process Qsys = +4190 Joules and is described as an endothermic heat of solution. 

 

Mini Experiment examples:

Find the heat of solution for NH4NO3 and NaOH (physical change - phase change - solid → aq).

 

QH2O = MH2O CH2O ΔtH2O 

 

Cup 1 (NH4NO3)

200.ml H2O x  1 g    =200g H2O
                       1ml

CH2O = 4.184 J/gCº

ti= 35.8 ºC

tf= 32.8 ºC

 

8.0 grams of NH4NO3
 

Surroundings:

Q= mcΔt

Q= 200.g [4.184J/gC] (32.8ºC - 35.8ºC)

Q= 838J/Cº x (-3Cº)

Q= -2514J or -2.51kJ

 

Q lost = q gained
 

q= 2.51kJ NH4NO3 x   80g  = 25 kJ 
        8.0g                     1mol          mol

 

The solution of NH4NO3 is endothermic, gains energy when dissolves.

NH4NO3(s) + 25kJ → NH4NO3 (aq)

 

Cup 2

Q=mcΔt

Q= 200.g x 4.184J x (24.8ºC- 20.3ºC)

                      gCº

Q= 200.g x 4.184J x (4.5Cº)

                       gCº

Q= 3771 J or 3.77kJ

Q lost = q gained
 

For 3.41g NaOH:

 

q= -3.77kJ

-3.77 kJ  NaOH x 40 g = -44.2 kJ 

         3.41g             mol            mol

The solution of NaOH is exothermic, gives off energy.

NaOH(s) → NaOH(aq) + 44.2 kJ

 

The examples above use an open calorimeter (constant pressure) to measure the heat changes. If we needed to find the heat released when propane burns (heat of combustion for propane) we would need to use a closed calorimeter (constant volume). The chemist uses a bomb calorimeter to measure such energy changes.
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There are many parts to the bomb calorimeter. To find the Qtotal you would need to use Q = mcΔt for each component. These calculations would be long and difficult; instead the chemist uses the heat capacity of the whole calorimeter system. The heat capacity of the calorimeter is the total energy absorbed or released per Celsius degree change for the calorimeter and contents. The heat capacity for each component is mc (mass x specific heat). The whole system has the same change in temperature. The equation for the bomb calorimeter becomes 
Q = CΔt. (C = heat capacity for the calorimeter with the units kJ/Cº).

 

Calculating Heat Change in a Bomb Calorimeter

Problem

A laboratory decided to test the energy content of peanut butter. A technician placed a 16.0 g sample of peanut butter in the steel bomb of a calorimeter, along with sufficient oxygen to burn the sample completely. She ignited the mixture and took heat measurements. The heat capacity of the calorimeter was calibrated at 8.28 kJ/C°. During the experiment, the temperature increased by 50.5C°.

(a) What was the thermal energy released by the sample of peanut butter?

(b) What is the enthalpy of combustion of the peanut butter per gram of sample?

The heat capacities of the calorimeter takes into account the specific heat capacities and masses of all the parts of the calorimeter. Calculate the heat change of the calorimeter, qcal, using the equation qcal = CΔT. Also energy is conserved: qsample = ─qcal (calorimeter)
qcal = CΔT

       = (8.28kJ/°C)(50.5°C)

       = 418.14(kJ/°C)(°C)

       = 418 kJ

The calorimeter gained 418 kJ of thermal energy.

qsample = ─qcal

               = ─418 kJ

Heat of combustion per gram = qsample

m

= ─418 kJ
      16.0 g

= ─26.2 kJ/g

The heat of combustion per gram of peanut butter is ─26.2 kJ/g.
ΔH notation
An equation that includes the heat change is a thermochemical equation. The solution processes above are examples:

NH4NO3(s) + 25kJ → NH4NO3 (aq)  (system taking in energy from the surroundings)
NaOH(s) → NaOH(aq) + 44.2 kJ      (system is releasing energy to the surroundings)
 

Another way to show heat change is to use the ΔH notation, the heat change for the system is shown outside the equation. A positive ΔH represents an endothermic process (system increases in energy so surroundings lose energy). A negative ΔH represents an exothermic process (system decreases in energy so surroundings gain energy). Enthalpy ΔH is written in terms of the heat change of the system.

 

Examples

Cup 1: NH4NO3(s) → NH4 NO3(aq) ΔH= +25kJ

Cup 2: NaOH (s) → NaOH (aq) ΔH= -44.2kJ

 

Potential Energy Profile (Diagram) for a Phase Change

Cup 1: NH4NO3(s) → NH4NO3(aq) ΔH= +25kJ
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Cup 2: NaOH (s) → NaOH (aq) ΔH= -44.2kJ
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Potential Energy Profile (Diagram) of a Physical Change

 

There are energy changes during physical changes - change in state or phase change. During the heating of solid, liquid and gaseous water there is a change in temperature. During the change in state temperature remains constant, the system is still absorbing energy to overcome the intermolecular forces. These heats are hidden (can not see the change with a thermometer); thus the label latent (hidden). The latent heat of Fusion is the energy change that occurs during the phase change between solid and liquid. The latent heat of Vaporization is the energy change that occurs during the phase change between liquid and gas.
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Molar heat of fusion is the amount of energy required to melt one mole of substance.

Molar heat of vaporization is the amount of energy required to vaporize one mole of substance.

 

Fusion (melting) the substance absorbs energy, ΔHfus is positive 

Freezing the substance releases energy, ΔHsolid is negative

ΔHfus = - ΔHsolid
Vaporization the substance absorbs energy, ΔHvap is positive

Condensation the substance releases energy, ΔHcond is negative

ΔHvap = - ΔHcond 

To calculate the energy for the phase change you need to multiply the number of moles (n) by the molar heat for the phase change:

ΔH = nΔHphase 

 

Part 1 Thermochemistry 12

1. 250.0 g of pure gold was heated from 21.8(C to 55.3(C. Find the heat energy required. ( specific heat for gold = 0.129 J/g C()

2. A 55.0 g piece of metal at 95.0(C is cooled down to 30.0(C and releases 1.63x 103 J of energy. Calculate the specific heat of the metal.

3. Water at 78.0(C is cooled down to 15.0(C and is found to release 1.12 x 105 J of energy. What is the mass of the water?

4. 500.0 g of ethanol, C2H5OH(l) were heated from 25.0(C to its boiling point of 78.3(C using 69.3 kJ of heat energy. Calculate the specific heat for C2H5OH(l).

5. Hot air was cooled from 75.0(C to 10.0(C and released 3.32kJ of heat energy. Find the mass of air. (specific heat for air = 1.02 J/g C()

6. How many joules are required to raise the temperature of 30.0 kg of aluminum from 15.5(C to 50.0(C? Specific heat capacity for aluminum is 0.901 J/g C(.

7. Compute the amount of energy (heat) necessary to raise the temperature of 100. g of water from 15.0(C to 30.0(C.

8. A daily diet of 12600 J is enough energy to raise how many grams of water 10.0 C(?

9. Find the quantity of heat necessary to raise the temperature of 3.20 kg of lead from 21.2(C to 30.9(C. (specific heat of lead = 0.130 J/g C()

10. A 2.00 kg bar of copper is cooled to room temperature (20.0(C). If the original temperature was 69.6(C, 
A) Calculate the amount of heat given off by the bar.     (specific heat of cooper = 0.387 J/g C()

B) If the bar had been placed in 5000. g of water at 15.0(C – calculate the final temperature of the water?
11. What is the molar heat of combustion of ethanol, CH3CH2OH, if combustion of 1.00 g of ethanol causes a temperature rise of 4.12 C( in a bomb calorimeter that has a heat capacity of 7.20 kJ/ C(?

12. Glycerol has a specific heat capacity of 2.3 J/g C(. Water has a specific heat capacity of 4.2 J/g C(. 
A) Calculate the energy necessary to raise 2000. g of each substance 50.0C(.

B) Why would it not be a good idea to use glycerol in a car for cooling of the engine?
13. A calorimeter is calibrated at 7.61 kJ/ C(. When a sample of coal is burned in the calorimeter, the temperature increases by 5.23 C(. How much heat was lost by the coal?
14. A sample of warm water at 80.0 (C is added to 100. g of cold water at 10.0 (C. The resulting temperature was 30.0 (. Calculate the mass of warm water.

15. If 50.0 g of water at 40.0 (C are added to 200. g of rock at 20.0 (C. The temperature of the mixture is 31.0(C.  Calculate the specific heat capacity of the rocks.

16. Find the energy required to convert 5.00 x 102 g of water at 100.0 (C to steam at 100.0(C.

17. Calculate the heat energy released when 2.00 x 101 kg of water at 0.0 (C is frozen to ice at 0.0 (C.

18. Find the molar heat of vaporization for chlorine (Cl2) if experimental data showed that 11.5 kJ of energy was required to vaporize 40.0 g of chlorine at its boiling point of –35.0 (C.

19. 36.0 g of steam at 100.0 (C was condensed to water and cooled to 25.0 (C. Find the heat released.

20. Calculate the energy when 360.0 g of ice at 0 (C was melted, heated to 100.0 (C and converted to water vapour at 100.0 (C.

Energy Profile for a Chemical Change

To keep comparisons fair the chemist will measure heat changes under standard conditions (SATP 25ºC and 101kPa). The reactants and products are at SATP. To show that the ΔH was measured at SATP we use the symbol ΔHº. 

 

CaO(s) + H2O(l) → Ca(OH)2(s) + 65.2kJ  (exothermic)

Another way to show heat change is to use the ΔH notation, the heat change for the system is shown outside the equation. A negative ΔH represents an exothermic process (system decreases in energy).

CaO(s) + H2O(l) → Ca(OH)2(s)  ΔHº = -65.2kJ/mol 

This can be represented by the energy profile:
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2Na HCO3 + 129kJ → Na2CO3(s) +H2O(g) + CO2(g)  (endothermic)

 

2NaHCO3 → Na2CO3(s) + H2O(g) + CO2 (g)  ΔHº = +129kJ

A positive ΔH represents an endothermic process (system increases in energy).

This reaction can be represented by the energy profile:
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Hess’s Law

In math we can add equations because we are adding the same to each side of the equation. Common terms on the opposite sides of the equations can be cancelled out before we add the equations (b and c terms can be cancelled)

a + b = c + d

a + c = b + d

2a    =      2d

 

During the lab activity “Heat of a Chemical Reaction” we found that chemical equations are additive as shown by the following:
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The heat of reaction #3 could be found using a colorimeter or it can be found indirectly by calculating the sum of Reaction #1 and Reaction #2. The additive property of chemical reactions is Hess’s Law. 

Look at the following equations.

exothermic H2 (g) + ½ O2 (s) → H2O(l)
ΔHºcomb = -286kJ 

endothermic H2O (l) → H2(g) + ½ O2 (g)
ΔHºdecomb = 286kJ

Note: when we reverse equation the sign of ΔHº changes.

 

Where would we use Hess’s Law?

 

Not all heats of reaction can be found directly using a calorimeter. Some reactions may be too dangerous or the chemist may not be able to control the reaction to produce the desired products. 

Example 1 – Diamonds convert to graphite (both allotropic forms of carbon – different structures). This can be described by: C(s)diamond → C(s)graphite. This reaction occurs over very long periods of time, a calorimeter could not be used. Both forms of carbon can undergo combustion (molar heat of combustion:  ΔHºcomb). ΔHºcomb can be measured as shown below:

 C(s) graphite + O2 (g) → CO2(g)    ΔHºcomb = -393.5kJ

C(s) diamond + O2 (g) → CO2(g)    ΔHºcomb = -395.4kJ   (Heat of combustion- Enthalpy change when burning of 1 mole of a substance.)

 

We can rearrange the equations to have diamond as the reactant and graphite as the product:  

C(s) diamond + O2(g) → CO2(g)                        ΔHºcomb = -395.4kJ

                      CO2(g) → C(s) graphite + O2(g)  ΔHºdecomb = 393.5kJ  (opposite sign for opposite process)


C(s)diamond → C(s)graphite              ΔHºr = -1.9kJ (CO2, O2 cancel, the sum is heat of reaction.)

 

Another example of this type of reaction is the formation of CO(g) as shown by the following equation:

   C(s) + ½ O2(g) → CO(g)   ΔHºf =?

When carbon reacts with oxygen the is no way to control the reaction to produce just CO(g), another product CO2(g) will also be produced. This reaction can not be done in the lab because CO2 would be produced with the CO. This type of reaction can not be studied using a calorimeter. The ΔHºf for this reaction may be found using and indirect method, based on reactions that are measurable. If we examine the following combustion reactions:

 

Reaction #1 has the two elements as reactants as in the equation above

C(s) + O2(g) → CO2(g)          ΔHºcomb = -393.5kJ

 

Reaction #2 has CO(g) but it is a reactant instead of a product

CO(g) + ½ O2(g) → CO2(g)    ΔHºcomb = -283.0kJ

 

If we write the reaction #2 reversed, the equation then has the CO(g) as a product.

 

CO2(g) -→ CO(g) + ½ O2(g)   ΔHºr = 283.0kJ  (note the opposite sign of the ΔHºr)

 

If we add these two equations together we will get the ΔHºf for CO(g)

 

CO2(g)         → CO(g) + ½ O2 (g)      ΔHºr =     283.0kJ

C(s) + O2(g) → CO2(g)
         ΔHºcomb = -393.5kJ
 

C(s) + ½ O2(g) → CO(g)
         ΔHºf = -110.5kJ

 

ΔH is a state function which means that it is not path dependent. ΔH shows only the difference between the final H value and the initial H value. This is similar to displacement which is final position – initial position; the distance covered between these two points has no effect on the value for the displacement.

 

Example number 2:

What is the enthalpy change, ΔHº, for the decomposition of hydrogen peroxide?

 

The reaction is represented by:

H2O2(l) → H2O(l) + ½O2(g)   ΔHº = ?kJ
 

Based on the following known ΔHº values we can calculate the unknown.

 

Equation#1           H2(g) + O2(g) → H2O2(l)    ΔHº = -187.9kJ

Equation#2           H2(g) + ½O2(g) → H2O (l)  ΔHº = -285.8kJ

 

To get the peroxide as a reactant we must reverse the first reaction, the sign of ΔHº must change. To add the equations cancel out common terms from opposite sides of the equations.

 

Reverse of Equation 1                  H2O2(l) → H2(g) + O2(g)      ΔHº = +187.9kJ  (reverse is endothermic)

                  Equation 2      H2(g) + ½O2(g) → H2O (l)                ΔHº = -285.8kJ    .   
                                                      H2O2(l) → H2(g) + ½O2(g)    ΔHº = -97.9kJ

What is the standard molar enthalpy for the formation of butane? (Formation means element + element → compound). Heat of Formation → ΔHºf  is the enthalpy change that occurs when 1 mole of product is produced from the elements.  All element are considered to have ΔHºf = 0 (includes the diatomic elements).

The formation reaction is given by:

4C(s) + 5 H2(g) → C4H10(g) ΔHºf =? 

 

We can use the following reactions:

#1.
C4H10(g) + 13/2 O2(g) → 4CO2(g) + 5H2O (g)
ΔHºcomb =- 2657.4kJ 

#2
C(s) + O2(g) → CO2(g)
ΔHºf =  -     393.5kJ
#3
H2(g) + ½ O2(g) → H2O (g)
ΔHºf =  -     241.8kJ

 

Rearrange the equations so that they will add up to the desired equation: NOTE that when you multiply an equation to change the coefficient you must also multiply the ΔHº by the same factor. See equations 2 and 3 below:

 

#1.
 4CO2(g) + 5 H2O(g) → C4H10(g) + 13/2 O2(g) 
ΔHºr =   2657.3kJ

#2
4C(s) + 4 O2(g) → 4CO2(g)
ΔHºr = - 1574 kJ

#3
5H2(g) + 5/2 O2(g) →5H2O(g)
ΔHºr = - 1209 kJ
 


4C(s)+ 5H2(g) → C4H10(g)
 ΔHºf = -  126.3 kJ

 

Predict the ΔHºr for the following reaction:

CaO(s) + H2O(l) → Ca(OH)2(s)      ΔHºr = _?_kJ   (CaO(s) is used to neutralize acidic lake water.)

(reactants)                (products)

From the table of Standard Heats of Formation we can write the chemical reactions:

#1.    Ca(s) + H2(g) + O2(g) → Ca(OH)2(s)  ΔHºf = -986.1 kJ

#2.    Ca(s) + ½O2(g) → CaO(s)                   ΔHºf = -634.9 kJ      (ΔHºf  means one mole is formed)

#3.    H2(g) + ½O(g) → H2O(l)                     ΔHºf = -285.8 kJ

 

To calculate ΔHºr for the above reaction we must:

(i)  Write Reaction #1 as is

(ii)  Write the reverse of Reaction #2 and #3

#1.
Ca(s) + H2(g) + O2(g) → Ca(OH)2(s)
ΔHºf = -986.1 kJ

#2.
CaO(s)    →    Ca(s) + ½O2(g)
ΔHºdecomp = +634.9 kJ  (ΔHºdecomposition  reverse of formation)

#3.
H2O(l)    →    H2(g) + ½O2(g)
ΔHºdecomp = +285.8 kJ

 

The above can be seen as a sum in which you add the opposite of the reactants. 

ΔHºr = ΔHºfCa(OH)2 + ΔHºdecomp CaO + ΔHºdecomp H2O      (ΔHºdecomp = - ΔHºf  (opposite signs))

As in math adding the opposite is the same as subtracting. 

ΔHºr = ΔHº fCa(OH)2  -  ΔHºfCaO  - ΔHºfH2O (Collect the terms and we get:)

 

ΔHºr = ΔHº fCa(OH)2  -  (ΔHºfCaO  + ΔHºfH2O)

 

To rewrite this equation in general terms:

ΔHºr = ΔHº fproducts  -  (ΔHºfreactant  + ΔHºfreactant)     OR            ΔHºr = ΣΔHº fproducts  -  ΣΔHºfreactants
Since not all reactions involve one mole of substance we must introduce n to represent the number of moles. 

ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants    (n= # moles) 

 

Use the heats of formation to calculate ΔHºr for the following reaction:

Fe2O3(s) + 2Al(s) → Al2O3(s) + 2 Fe (s) ΔHºr = _?_

 

ΔHºr = ΣnΔHºf products –  ΣnΔHºf reactants

 

ΔHºr = (1mol x -1675.7kJ/mol + 2mol x 0kJ/mol) - (1mol X - 824.2kJ/mol + 2 mol x 0kJ/mol)

(NOTE: All element are considered to have ΔHºf = 0)

ΔHºr = (-1675.7kJ) + (824.2kJ)

 

ΔHºr = -851.5kJ 
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1. Explain what is meant by chemical energy. What determines how much chemical energy is in a substance?

2. Define exothermic and endothermic chemical reactions.

3. Define enthalpy.

4. What type of energy contributes the most to the energy change during chemical reactions?

5. Explain heat of reaction for a chemical reaction and standard change in enthalpy (ΔH°).

6. Define: molar heat of combustion (ΔHc) and molar heat of formation (ΔHf).

7. Explain how the heat of formation is related to the stability of a substance.

8. Sketch a profile to show the change in enthalpy for an exothermic and an endothermic chemical reaction.

9. Calculate the number of joules required to heat each of the following from 15°C to 65°C: a) a 5.0g Pyrex test tube(c=0.84J/gC°); b) 25g of platinum (c = 0.13J/gC°).

10. 3.00g of carbon are burned to form CO2 in a copper calorimeter. The mass of the calorimeter is 1500.g and the mass of the water in the calorimeter is 2000.g. The initial temperature of the water was 20.0°C and the final temperature was 31.3°C. Calculate the heat of the reaction for carbon in joule/gram. The heat capacity for copper is 0.387J/gC° and the heat capacity for the water is 4.19J/gC°.

11. A 0.5269g sample of octane, C8H18, was placed into a bomb calorimeter with a heat capacity of 11.3kJ/°C. The sample was ignited in the presence of an excess of oxygen, the temperature increase of the calorimeter was 2.25C°. Calculate the molar heat of combustion for octane.

12. Given the following values for water:
cice= 2.1 J/gC°
ΔHfus = 335J/g
cH2O = 4.19 J/gC°
ΔHvap = 2260 J/g
cvapor = 1.4 J/gC°
Calculate the energy released when 75.0g of water at 125.0°C is cooled to ice at -5.0°C.

13. A chemical reaction was carried out in a calorimeter. The initial temperature of the 475.0g of water in the calorimeter was 18.0°C. The highest temperature the water reached was 42.0°C. Calculate the energy change of the reaction.

14. A chemical reaction released 25.0kJ of energy. Assume the energy lost was gained by a sample of water as the temperature changed from 19.0°C to 50.0°C. What mass of water was heated?

15. The following reaction was carried out in a calorimeter:
C(s) + O2(g) → CO2(g)  ΔH° = - 393.5 kJ
Calculate the energy released when 10.0g of C(s) undergoes complete combustion.

16. Use the Standard Molar Enthalpies of Formation Table to rank the following in order of relative stability from the most stable to the least stable compound:
hydrogen iodide HI(g) ; hydrogen fluoride HF(g); water vapour H2O(g); propane C3H8(g);
nitrogen monoxide NO(g); sulphur dioxide SO2(g).

17. Use Hess’ Law to calculate ΔH for:
H2O(g) +C(s) → CO(g) + H2(g) 
Given:
H2(g) + ½O2(g) → H2O(g) + 242kJ
C(s) + ½O2(g) → CO(g) + 111kJ

18. Use Hess’ Law to calculate ΔH for:
3C(s) + 2Fe2O3(s) → 4Fe(s) + 3CO2(g)
Given:
2Fe(s) + 3/2O2(g) → Fe2O3(s) + 840kJ
C(s) + O2(g) → CO2(g) + 395 kJ

19. Use Hess’ Law to calculate ΔH for:
4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)
Given:
½N2(g) + 3/2H2(g) → NH3(g)  ΔH = -46.2kJ
½N2(g) + ½O2(g) → NO(g)  ΔH = 90.7kJ
H2(g) + ½O2(g) →  H2O(g)  ΔH = -243kJ

20. Use Hess’ Law to calculate ΔH for:
C6H6(l) + 15/2 O2(g) → 6CO2(g) + 3H2O(l)
Given:
6C(graphite) + 3H2(g) → C6H6(l)  ΔH = -49.0kJ
C(graphite) + O2(g) → CO2(g)  ΔH = -393.5 kJ
H2(g) + ½O2(g) → H2O(l)  ΔH = -285.8kJ

21. Calculate the heat of reaction for the following reactions from their heats of formation:
a)
CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)
b)
CaCO3(s)  → CaO(s) + CO2(g)
c)
Ca(OH)2(s) → H2O(l) + CaO(s)

22. Calculate the heat of combustion for 1 mole of propane, C3H8?

23. The heat of reaction for the following reaction is –197.8kJ
Ca(OH)2(s) + 2HCl(g) → CaCl2(s) + 2H2O(l)
Given:
ΔHf for Ca(OH)2(s) = -985.6 kJ
ΔHf for CaCl2(s) = -794.2 kJ
ΔHf for H2O(l) = -285.6 kJ
Calculate the ΔHf for one mole of HCl(g)

24. Given:
ΔHf for SO3(g) = -396 kJ
ΔHf for H2O(l) = -286 kJ
H2O(l) + SO3(g) → H2SO4(l)  ΔH = -130 kJ
Calculate the heat of formation for H2SO4(l).

25. In a typical household, about one-quarter of the energy consumed is used to heat water. What mass of methane, the main component of natural gas, must undergo complete combustion to heat 100.0L of water from 5.0°C to 70.0°C?

 

Using Bond Dissociation Energies to estimate Enthalpy changes during chemical reactions. (12 1)
 

Bond Dissociation Energy is the energy required to break the chemical bond between two atoms to yield two neutral particles (an endothermic process). The formation of chemical bonds releases energy, the Bond Dissociation Energy is released when the atoms are bonded back together. The energy required to break the bond equals the energy released when the bonds form.
C – H + 414 kJ 
→
C + H  (bonds break - energy absorbed)

C    +     H          →    C – H   + 414 kJ   (bonds form - energy released)

To get the enthalpy change for a chemical reaction:

Add up the BDE of the reactants and subtract the BDE of the products. (Determine the ΔH of the reaction.)

Find the enthalpy change for the reaction

CH4 + 2O2 
→
CO2 + 2H2O

· For the reactants we need to break 4 C-H bonds at 414 kJ/mol and 2 O=O bonds at 498.7 kJ/mol= 2653.4 kJ/mol

· For the products we form 2 C=O at 803 kJ/mol and 4 O-H bonds at 464 kJ/mol = 3462 kJ/mol. Because the products are bond formation we add the opposite of the BDE or we could subtract the BDE.

· reactants – products = 2653.4kJ – 3462kJ  = -808.6 kJ 

The calculated ΔHc° for methane = -808.6 kJ.
ΔHr° = ∑BDEreactants - ∑BDEproducts
 
Sample: (Using the values from the table below)
Calculate the ΔHf°.for H2O(g)

H2(g) + ½O2(g) → H2O(g)

ΔHf°  = (1x 436kJ + ½ x498.7 kJ) – (2 x 464 kJ)

ΔHf°  =  685.35 kJ – 928 kJ

ΔHf°  = -242.65 kJ

The following table gives the bond energy for various elements in kJ/mol.


Single Covalent Bond Energies
(kJ/mol)
Additional Bond Energies

	 
	F
	O
	N
	Cl
	Br
	I
	C
	H
	Si
	S
	 
	O=O
	498.7

	S
	343
	423
	 
	272
	209
	 
	289
	368
	 
	247
	 
	N≡N
	946

	Si
	582
	368
	335
	391
	310
	234
	301
	323
	226
	 
	 
	P2
	489

	H
	569
	464
	389
	431
	368
	297
	414
	436
	 
	 
	 
	C=C
	590

	C
	490
	326
	285
	326
	272
	218
	331
	 
	 
	 
	 
	C≡C
	1075

	I
	280
	201
	 
	209
	176
	151
	 
	 
	 
	 
	 
	C=N
	515

	Br
	285
	 
	163
	218
	192
	 
	 
	 
	 
	 
	 
	C≡N
	858

	Cl
	255
	205
	193
	243
	 
	 
	 
	 
	 
	 
	 
	C=O
	803(728)*

	N
	280
	230
	159
	 
	 
	 
	 
	 
	 
	 
	 
	N=N
	473

	O
	213
	146
	 
	 
	 
	 
	 
	 
	 
	 
	 
	C=S
	582

	F
	159
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


     O

        ║ 

*– C –   
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1. Calculate the energy required to break the bonds in one mol of: 

(a) CO2 (O = C = O)
(b) Ethane (C2H6)
                                                                            H    H

                                                                                                          |        |
                                                                     H – C – C – H 

                                                                                                          |        |
                                                                      H   H
                                                                            H    H

                                                                                                          |        |
2. The structural formula for ethanol. H – C – C – O – H 
                                                                                                          |        |
                                                                      H   H
(a) How many of the following types of bonds are present in ethanol?
C – H;  C – O; C – C;  H – O

(b) Calculate the energy stored in the bonds in one mol of ethanol.
3. Use the reaction below to answer the following 
H2(g) + Cl2(g) → 2HCl(g) 

(a) Calculate the energy required to break: 1 mol hydrogen gas and 1 mol chlorine gas

(b) Calculate the total amount of energy absorbed by the reactants.

(c) Calculate the total energy released by the products.

(d) Calculate the change in energy for the reaction

(e) Is the reaction endothermic or exothermic?
4. Write an equation for the decomposition of water (g). 

(a) Calculate the energy change for the: reactants; products.

(b) Calculate the energy change for the reaction.

(c) Is the reaction endothermic or exothermic?

(d) Draw a potential energy diagram for this reaction.

