Chapter 6
Principles of Reactivity:  Energy and

Chemical Reactions

Two questions that are asked about chemical reactions:

Will a reaction occur?

How fast will a reaction go?

6.1 TYPES OF CHEMICAL REACTIONS

      AND THERMODYNAMICS

What is meant by the term, product-favored?

What are some examples of product-favored reactions?

What is meant by the term, reactant-favored

What are some examples of reactant-favored  reactions?
Energy is a central idea when describing a reaction as product - or reactant - favored.

6.2 ENERGY:  ITS FORMS AND UNITS

Energy is ...

What is food energy?

What are some examples of kinetic energy?
What are some examples of potential energy?

Temperature, Heat, and the Conservation of Energy
What is the law of energy conservation?
Heat energy transfer always occurs spontaneously from ...

The average speed of motion of atoms and molecules is related to the temperature.  The total thermal energy depends on temperature, the type of atoms or molecules, and the number of them in a sample.

For example....

Energy Units

What is a calorie?

What is the relationship between a joule  and a calorie?

EXERCISE 6L.1
Given that potential energy is equal to mass x acceleration x height and kinetic energy is equal to 1/2 mass x velocity square, one can determine that the unit for a joule is
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EXERCISE 6L.2

A food Calorie is equivalent to one kilocalorie.  The dietary requirement for an adult is 

2.0 x 103  Calories per day.  This is equivalent to

a.   837  J.           b.   840   J.         c.   8400   J.         d.   8400  kJ.

6.3  SPECIFIC HEAT CAPACITY AND 

       THERMAL ENERGY TRANSFER

What is heat capacity?

What is specific heat capacity?

What is the equation for determining the specific heat of a substance?

From the equation above the quantity of heat transferred can be found by knowing the specific heat, the mass of the material, and the temperature change.

EXERCISE 6L.3

Consider the following specific heats:


Metal




Specific Heat  (J/g
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lithium




3.56


gallium




0.372


nickel





0.444


gold





0.129


sodium




1.23

If 1000 joules of heat is added to 100-g samples of each of the metals which are all at the same temperature, which metal will have the highest temperature?

a.   Li               b.   Ga                  c.   Ni                 d.   Au                     e.   Na

EXERCISE 6L.4

What is the specific heat of benzene if 3450 J of heat is added to 150. g sample of benzene and its temperature increases from 22.5ºC to 35.8ºC?

a.   0.64 J/g
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K       b.   1.02 J/g
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Why is the very high heat capacity of water so important to us?

EXERCISE  6L.5
How many kJ of heat is required to increase the temperature of 35.5 g of iron from 23.6ºC to 434ºC?  (The specific heat of iron is 0.451 J/g
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K.)

a.   4.82 kJ          b.   6.57 kJ                c.   8.24 kJ                 d.   14.6 kJ           e.   32.4 kJ

When the sign of q is positive, what does it mean?

When the sign of q is negative, what does it mean?

In the calculation of 
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T, does it matter whether one uses kelvin degrees or Celsius degrees?  Why?

EXAMPLE 6L.1  Determining a Specific Heat Capacity

This example is based on the concept that qmetal = -qwater.  In other words, the heat lost by the metal equals the heat gained by the water.


Cmetal  X mmetal X 
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A 358.11 g piece of lead was heated in boiling water in Salt Lake City to 94.1ºC.  It was removed from the water and placed into 100. mL of water in a styrofoam cup.  The temperature of the water was 18.7ºC.  The final temperature of the lead and water was 26.1ºC.  What is the specific heat of the lead?  (These data are actual experimental data collected during the January 7, 1998, general chemistry lecture.)
6.4 ENERGY AND CHANGES OF STATE

Heat associated with changes of state always takes place at constant temperature.

What is the heat of fusion?

What is the heat of vaporization?
EXAMPLE 6L.2  Energy and Changes of State

Calculate the quantity of heat required to convert 125 g of ice at -25ºC to steam at 175ºC.  The specific heat of ice is 2.1 J/g
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K, water 4.2 J/g
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K, and steam 2.0 J/g
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EXERCISE 6L.6
An iron frying pan weighs 2440 g and it is heated on a stove from 22ºC to 222ºC.  What is q in kJ for the frying pan?  The molar heat capacity for Fe is 25.2 J/mol
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a.   180 kJ               b.  200 kJ             c.   220 kJ                d.   240  kJ          e.  260   kJ
6.5  ENTHALPY
What is the meaning of the term, system?

What is the meaning of the term, surroundings?

For example ...
When heat is transferred into a system, the process is said to be ...
When heat is transferred out of a system, the process is said to be ...

For example ...

The heat absorbed at constant volume, q, must equal the ...

For systems not at constant volume, the energy transferred in or out of the system by work must also be considered.

The first law of thermodynamics is ...

The first law of thermodynamics is also called the law of ...

All of the energy transferred between a system and its surroundings must be accounted for as ...

The work, w, done by the system on the surroundings has a negative sign.
Remember - for work to occur, a force must be moved through a distance.  For example, an expanding gas is pushing against the atmosphere.

In plants and animals as well as in the laboratory, reactions usually occur at constant pressure.  The heat transferred into (or out of) a system at constant pressure, qp equals a quantity called the enthalpy change, 
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Therefore, at constant pressure
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EXAMPLE 6L.3  Calculation of 
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Calculate 
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 of gas for a process in which the gas

a.    absorbs 25 J of heat and has 43 J of work done on it as it contracts.

b.   evolves 56 J of heat and does 15 J of work by expanding.

· When heat transfer occurs at constant pressure from a system to its surroundings, the process is ...
· For changes that are the reverse of each other, the 
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 values are numerically the same, but ...

· The change in energy or enthalpy is directly proportional to the  ...

· The value of 
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 is always associated with a balanced equation for which the coefficients are read ...

For people in snow country, have you every heard the statement, "I wish it would snow so that it would warm up?"  Does that statement make any sense?

EXERCISE 6L.7

Which of the following is (are) a path function?



1.   Change in energy



2.   Heat



3.   Work

a.   1 only         b.  2 only           c.   3 only            d.   1 and 3 only            e.   2 and 3 only

EXERCISE 6L.8
Which of the processes listed below are state functions?



1.   E



2.   H



3.   q



4.   w

a.   1 and 2 only



d.   1 and 4 only
b.   2 and 3 only



e.   1, 2, 3, and 4

c.   3 and 4 only

EXERCISE 6L.9

From a consideration of the thermochemical equation


C(s)  +  O2(g)  
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  CO2(g)  
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 = -394 kJ
The heat involved in the production of 48 g of carbon from carbon dioxide would be 

a.   4 x (-394) kJ.



d.   4 x (394) kJ.

b.   12 x (-394) kJ.


e.   44 x (394) kJ.

c.   44 x (-394) kJ.

6.6 ENTHALPY CHANGES FOR CHEMICAL REACTIONS

Like changes of state, chemical reactions can be exothermic or endothermic.

For example ...

EXERCISE 6L.10

The question is concerned with the heat change when ammonia is formed from its elements
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Therefore, 92 kJ is the quantity of heat which is 
a.   lost to the surroundings when 1 mole of hydrogen is consumed.

b.   lost to the surroundings when 1 mole of ammonia is formed.

c.   lost to the surroundings when 2 moles of ammonia are formed.

d.   gained from the surroundings when 1 mole of ammonia is formed.

e.   gained from the surroundings when 2 moles of ammonia are formed.

EXERCISE 6L.11

What is the change in enthalpy for the reaction of 143.7 g of iron (II) oxide to produce Fe3O4?
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a.   -635 kJ       b.    -212 kJ          c.    -106 kJ           d.   106 kJ                 e.   635 kJ

6.7 HESS' LAW

Why do we want to know 
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 values for chemical reactions?

The good news it isn't necessary to measure the 
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 values for every chemical reaction.  Why?

Hess' law:  If a reaction is the sum of two or more other reactions, then 
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for the overall process must be the sum of the 
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values of the constituent reactions.
For example ...

EXAMPLE 6l.4  Using Hess' Law
From the following information:
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Calculate the heat of formation of one mole of SO3 starting with sulfur and oxygen.

EXERCISE 6L.12

Given the following data:
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Calculate the heat required for the reaction converting ozone to oxygen.

a.   -1406 kJ/mol     


d.   -142 kJ/mol

b.   -1264 kJ/mol      


e.   142 kJ/mol 

c.   -2670 kJ/mol            

6.8 STATE FUNCTIONS

Hess' law works because the enthalpy change for a reaction is a state function.
The enthalpy change for a chemical or physical change is independent of the pathway.  It depends only upon the initial conditions  and the final conditions.
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Because the reaction starts and finishes at the same place no matter what pathway is chosen, 
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 must always be independent of pathway.

6.9 STANDARD ENTHALPIES OF FORMATION

What is the standard state of an element or a compound?

What is the standard enthalpy change of reactions, 
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What is the standard molar enthalpy of formation,  
[image: image42.wmf]?

f

H

D°


EXERCISE 6L.13

Which of the following equations represents the standard molar enthalpy of formation for formic acid?

a.    
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d.   
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The standard enthalpies of formation for the elements in their standard states are zero.

EXERCISE 6L.14

Of the species listed below, the only one which has a standard enthalpy of formation value of zero is

a.   Li(g)              b.   N(g)               c.   O(g)            d.   F(g)                 e.   Ne(g)

EXERCISE 6L.15
Values for each of the following species would need to appear in an Enthalpies of Formation Table at 25ºC and atm EXCEPT.
a.   Na(s)          b.   Na(
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)         c.  Na(g)              d.   NaCl(s)               e.   NaCl(aq)

Most 
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 values are negative because the process of forming most compounds from these elements is exothermic.  Why?
Standard enthalpies of formation are very useful.  For example, all of the 
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 values of reaction in Exercise 6L.13 were found for parts a - d by using a table of values and 
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 for HCOOH(
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) was in that table.

The 
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values were found by using the equation
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EXAMPLE 6L.5  Using Enthalpies of Formation

Using Table 6.2, calculate 
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for the combustion of one mole of methanol.
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If 
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is known, it is many times possible to obtain the heat of formation of a compound.
EXAMPLE 6L.6  Calculating 
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The thermochemical equation for the combustion of ethane, C2H6, is
C2H6(g)  +  7/2 O2(g) 
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2CO2(g)  +  3H2O(
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Using Table 6.2 to obtain values for CO2 and H2O, calculate the enthalpy of formation of ethane.

6.10  DETERMINING ENTHALPIES OF REACTION

Calorimetry

The heat of combustion or the caloric value of foods is measured in a combustion  or  bomb calorimeter.

Heat evolved by the reaction = heat absorbed by water and bomb

qreaction = - (qwater + qbomb)

Many times one value is used for the heat capacities of the bomb and the water.  This approach is used in EXAMPLE 6L.7.

EXAMPLE 6L.7  Determining the Heat of Reaction for a Combustion Reaction
When a 1.00 g sample of naphthalene is burned in a bomb calorimeter with a heat capacity of 13.24 kJ\K, the temperature rises from 22.42ºC to 25.46ºC.
a.   Determine qreaction for the combustion of the 1.00 g sample.

b.   Find qreaction for the thermochemical equation:

C10H8(s)  +  12 O2(g)  
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 10 CO2(g)  +  4H2O(
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EXAMPLE 6L.8  Using a Coffee-Cup Calorimeter
A student used a coffee-cup calorimeter to measure the increase in temperature for the reaction:
Ba(s)  +  2H2O(
[image: image64.wmf]l

)  
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  Ba(OH)2(aq)  +  H2(g)

A sample of 2.569 g of barium was added to 200. mL of water in a styrofoam cup.  The change in temperature was 9.3ºC.  The density of the solution was 1.01 g/mL and the specific heat of the solution was 4.17 J/g
[image: image66.wmf]g

K.  The heat capacity of the cup was 25 J/K.
a.   Calculate the heat of reaction per g of barium.

b.   Calculate the  
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 per mol of barium.

6.11  APPLICATIONS OF THERMODYNAMICS

Available Energy Resources

The Hydrogen Economy

FOR ADDITIONAL NOTES

FOR ADDITIONAL NOTES
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