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	Unit 12-Thermodynamics
Content Expectation
	Textbook Reference

	C2.2x
	Molecular Entropy As temperature increases, the average kinetic energy and the entropy of the molecules in a sample increases.
	

	C2.2e
	Compare the entropy of solids, liquids, and gases.
	

	C2.3x
	Breaking Chemical Bonds For molecules to react, they must collide with enough energy (activation energy) to break old chemical bonds before their atoms can be rearranged to form new substances. 
	

	C2.3a
	Explain how the rate of a given chemical reaction is dependent on the temperature and the activation energy.
	

	C2.3b
	Draw and analyze a diagram to show the activation energy for an exothermic reaction that is very slow at room temperature.
	

	C3.1x
	Hess’s Law For chemical reactions where the state and amounts of reactants and products are known, the amount of energy transferred will be the same regardless of the chemical pathway. This relationship is called Hess’s law. 
	

	C3.1a
	Calculate the ΔH for a given reaction using Hess’s Law.
	

	C3.1b
	Draw enthalpy diagrams for exothermic and endothermic reactions.
	

	C3.2x
	Enthalpy Chemical reactions involve breaking bonds in reactants (endothermic) and forming new bonds in the products (exothermic). The enthalpy change for a chemical reaction will depend on the relative strengths of the bonds in the reactants and products. 
	

	C3.2a
	Describe the energy changes in photosynthesis and in the combustion of sugar in terms of bond breaking and bond making.
	

	C3.4
	Endothermic and Exothermic Reactions Chemical interactions either release energy to the environment (exothermic) or absorb energy from the environment (endothermic). 
	

	C3.4B
	Explain why chemical reactions will either release or absorb energy.
	

	C3.4x
	Enthalpy and Entropy All chemical reactions involve rearrangement of the atoms. In an exothermic reaction, the products have less energy than the reactants. There are two natural driving forces: (1) toward minimum energy (enthalpy) and (2) toward maximum disorder (entropy).
	

	C3.4d
	Draw enthalpy diagrams for reactants and products in endothermic and exothermic reactions.
	

	C3.4e
	Predict if a chemical reaction is spontaneous given the enthalpy (ΔH) and entropy (ΔS) changes for the reaction using Gibb’s Free Energy, ΔG = ΔH - TΔS (Note: mathematical computation of ΔG is not required.)
	

	C3.4f
	Explain why some endothermic reactions are spontaneous at room temperature.
	


           Vocabulary
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Disorder

Endothermic reaction
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Reaction rate
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Spontaneous


BIG IDEAS: 

The spontaneity of a reaction is determined by the change in Gibbs Free Energy which is dependent on temperature and the changes in enthalpy and entropy.
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[image: image33.png]‘You might expect that only exothermic reactions would be spontane-
ous. Some processes, however, may be spontaneous even though they
absorb heat. For example, consider the physical process of melting ice to
water. As it tums from a solid to a liquid, 1 mol of ice at 25°C absorbs 6.0 K1
of heat from its surroundings.

HLO(9 + 6.0 ki/mol — H,0(])



[image: image2.png]Entropy

Recall that heat (enthalpy) changes accompany most chemical and physi-
cal processes. The combustion of carbon, for example, is exothermic and
spontaneous. The heat released during this reaction is 393.5 K] for each
‘mole of carbon (graphite) burned.

(s, graphite) + 0,(g) —> CO,(g) + 3935 ki/mol





[image: image3.png]Ice melts spontaneously at 25°C, even though the water produced con-
tains more heat than the ice from which it forms. Considering only en.-
thalpy changes, the energy of the water seems higher than the energy of the
ice. That would seem to violate the rule that in spontaneous processes, the
direction of the change in energy is from higher energy to lower energy;
that i, free energy s released. Yet this process occurs anyway. Some factor
other than the enthalpy change must help determine whether a physical or
chemical process s spontancous.

The other factor is related to order. You are probably familiar with
everyday ideas about order and disorder. For example, a handful of mar-
bles is relatively ordered in the sense that all the marbles are collected in
one place. 1t is improbable that when permitted to fal, the marbles will end
up in the same neat arrangement. Instead, the marbles scatter on the
ground. They become disordered. Scattered marbles have a higher entropy
than. handful of marbles. Entropy is a measure of the disorder of a system.

The concept that physical and chemical systems attain the lowest pos-
sible energy has a companion idea called the law of disorder, which states
that the natural tendency is for systems to move in the direction of maxi-
‘mun disorder or randomness. You already know something about this nat-
uraltendency toward disorder. Maybe the photographs in Figure 18.23 look
familiar to you. More than likely, your bedroom is neat and clean at the
beginningof the week. But unless you put energy (work) into maintainingit,
your room becomes messy by the end of the week.

The law of disorder (entropy change) also operates at the level of atoms
and molecules and so it is a factor in determining the direction of chemical
reactions. C An Increase In entropy favors the spontancous chemical
reaction;  decrease favors the nonspontanous reaction. Figure 18.24 on the
following page illustrates some generalities that will help you to predict the
course of many reactions.

Figure 18.23 The entropy of
arecently cleaned and orderly
Toom s low. However, ovar time
2 room tends to bacome
disorderly. Entropy has a
tendency to increase.

Which has the

greater entropy,an
assembledjigsaw M
puzzl,orthe ieces

inthe box?
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Origin of Entropy
‘The term entropy was coined by the German that in any process involving the flow of

physicist Rudolf Clausius in 1865.Heused  energy, there is always some loss, so that the
the term to describe the portion of free entropy of the universe is continually
energy that is unavoidably lost to the envi-  increasing.

ronment as waste heat. Clausius pointed out
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How Changes In Enthalpy and Entropy Affect Reaction Spontaneity

Enthalpy change Entropy ‘Spontaneous reaction?
Docroasos (oxothormic] | Incroases (moro disorder in | Yos
products than in reactants)
Increases (ondothermic | Incroasos ‘Only f unfavorable enthalpy change is offset
by favorable entropy change
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[image: image6.png]Enthalpy, Entropy, and Free Energy

In every chemical reaction, heat is either released or absorbed and
entropy o randomness either ncreases or decreases. How do these two
energy factors determine the course of a reaction? C Thesize anddirec-
don of enthalpy changes and entropy chanestogether determine whether a
reaction is spontancous; that is, whether It favors products and releases free
energy. An exothermic reaction accompanied by an increase in entropy i
defnitely spontaneous because both factors are favorable. The combus-
tion of carbon, for example, s exothermie. Entropy aso increases as solid
carbon s converted to gaseous carbon dioxide. Because both factors are
favorable, the reaction must be spontancous. The reverse reaction—pro-
duction of carbon and oxygen from carbon dioxide—is nonspontancous;
neither the enthalpy nor the entropy change is favorable.




[image: image7.png]Gibbs Free-Energy

Recallthat in every spontancous process, some energy becomes available
t0 do work. This energy, called the Gibbs free-energy change, s the maxi-
‘mum amount of energy that can be coupled to another process o do useful
work. The change in Gibbs free energy is reated to the change in entropy
(45) and the change in enthalpy (AH) of the system by the free-cnergy

equation.

‘The temperature (T)is in kelvins.




[image: image8.png]Allspontancous processesrelease fre energy. € The numericalvalue
of AG i negtiv in spontancous processs because the system loses free
energy: Nonspontancous processes require that work be xpended to make
them go forward at the specified conditons. Thercfoe, the numerical
value of AG is positve for 2 nonspontaneous process. Howerer, a reac-
tion that i nonspontaneous under one set of conditions may be sponta-
neous under another st of conditons.

"o see theeffectof temperature on the spontaneity of a reaction, con-
sider this chemical reaction. Sold calcium carbonate decomposes to give
calcium oxide and carbon dioxide.

caco, cao . co,
(formua unit) T formula unit (molacuo)
Docompositon reaction

In this reaction, the entropy increases because one of the products formed
from the solid reactant is a gas. However, the reaction is endothermic and
the entropy increase is not great enough to offset the unfavorable enthalpy
change. Thus the reaction is nonspontaneous atordinary temperatures. The
effect of an entropy increase, however, is magnified as the temperature.
increases. At temperatures above 850°C, the favorable entropy-temperature:
term 725 in the equation AG=AH - TAS outweighs the unfavorable
enthalpy term AH. Under these conditions, the decomposition of calcium
carbonate becomes spontancous. Calcium oxide obtained from this spon-
taneous reaction s used to neutralize acid soil, as shown in Figure 13.26.

iy
b

Figure 18.26 Soilthat becomes
oo acidic for proper plant
orowth can be neutralized by the
addtion oflime, which is the
‘common name for alcium oxide:
(@o)




Practice Skill: 

1. In the following reaction dinitrogen tetroxide is converted to nitrogen dioxide.




N2O4(g) [image: image9.png]


2NO2(g)

What evidence from this reaction can be used to show that the entropy increases?

A. The pH decreases.

B. The water becomes a solvent.

C. The total number of moles of gas increases.

D. The total number of molecules decreases.

2. Refer to the following diagram and explain the difference between the two chemical reaction pathways for both trials.                     




                [image: image10.png]Reaction Pathway




A. The rate of the chemical reaction for trial 1 is the same as the rate of the chemical reaction for trial 2.

B. A catalyst was added to trial 2, lowering the activation energy and causing an increase in the rate of the chemical reaction.

C. The temperature for trial 2 was decreased causing an increase in the rate of the chemical reaction.

D. The pressure for trial 1 was decreased, lowering the activation energy and causing an increase in the rate of the chemical reaction.

3. Which of the following activation energy graphs represents an exothermic reaction that takes the longest time to go to completion? 
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4. Use the information below to calculate [image: image12.png]


H[image: image13.png]


 for the following reaction. 
2NO[image: image14.png]


(g) [image: image15.emf]

 N[image: image16.png]


O[image: image17.png]


(g)

2N[image: image18.png]


(g) + 2O[image: image19.png]


(g) [image: image20.emf]

 2NO[image: image21.png]


(g)
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 = 67.7 kJ

N[image: image24.png]


(g) + 2O[image: image25.png]


(g) [image: image26.emf]

 N[image: image27.png]


O[image: image28.png]


(g)
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H[image: image30.png]


 = 9.7 kJ

A. 66.4 kJ

B. -114.0 kJ

C. -58.0 kJ

D. -67.7 kJ

5. From the following identify the enthalpy diagram for an exothermic reaction.
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6. During the combustion of glucose, more energy is released when bonds form in the products than is absorbed to break bonds in the reactants. Which term best describes the energy change for the combustion of glucose?

A. ionic

B. exothermic

C. endothermic

D. acidic

7. When a chemical cold pack is activated, it becomes cool to the touch. What is happening in terms of energy?

A. An exothermic reaction is occurring, absorbing cold from its surroundings.

B. An exothermic reaction is occurring, releasing heat to its surroundings.

C. An endothermic reaction is occurring, releasing cold to its surroundings.

D. An endothermic reaction is occurring, absorbing heat from its surroundings.

8. Which diagram below shows an exothermic reaction including the energy of activation?
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9. If a reaction has a positive ∆H and a positive ∆S, which statement best describes the spontaneity of the reaction? 


A. The reaction is spontaneous at all temperatures.


B. The reaction is not spontaneous at any temperature.


C. The reaction is spontaneous at zero Kelvin.


D. The reaction is spontaneous above some specific temperature.

10. Explain why the melting of ice, an endothermic reaction, is spontaneous at room temperature.

A. Experimental results show that at or near normal temperature (25 0C and 1 atm) most exothermic reactions are spontaneous.

B. According to the minimum potential energy principle, exothermic reactions should be spontaneous and endothermic reactions should be non-spontaneous.

C. A system that can go from one state to another without a decrease in enthalpy (-∆H) does so with an increase in entropy (+∆S).

D. Mechanical systems tend to move spontaneously to the state of minimum potential energy.
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