Practice Test Chapter 19
Thermodynamics

Part I: Circle the letter of the best annswer(s). No calculators are allowed on the multiple
choice portion of the practice test!

Directions: Circle the best answer (or answers) for each question.

1. Which one of the following is always positive when a spontaneous process occurs?
a) ASsystem b) ASsurroundings @ ASuniverse d) AHuniverse e) AHsurroundings

2. Which one of the following cannot be determined when studying the thermodynamics
of a reaction?
(2) The speed of a reaction.
b) The direction of a reaction.
¢) The extent of a reaction.
d) In which direction a reaction is spontaneous.
e) The temperature at which a reaction will be spontaneous.

3. Which of the following is/are false? (Note: There could be more than one false
statement. If there is, circle them all!)

(a) A decrease in the entropy of a system occurs if ASgystem > 0.

(b) The Gibb’s free-energy difference between products and reactants for a

reaction at equilibrium is >0. A& =0 ak eggililirium

Reactions for which energy is required to initiate the process cannot be

classified as spontaneous processes.

The standard free energy of forma‘uon offany pure substanj gjat standard state

conditions is zero. Cp on'ly elements are peyo...

e) A reaction that is spontaneous in the forward reaction only is called an ot covapde

irreversible reaction (assuming the conditions of the reaction do not change.) pes

4. Which of the following statements is true?
a) Processes that are spontaneous in one direction are spontaneous in the
opposite direction.
b) Processes are spontaneous because they occur at an observable rate. FALSE... .{fa@ (.
@Spontanelty can depend on the temperature. ; Wﬁ W S clpw

d) All of the statements are true. L W’? o caniot
‘A wackion way pcever e it WY%
at e tewgeratc
but wt at auoller !



5. Entropy . ..
a) is defined as the energy of a system.
b) is defined as the energy change of a system.
@s a state function. ‘
)

increases as a substances ch

anges from a liquid to a solid.

> soid fo gas
6. Which molecule below should have the highest gas-phase entropy at 25°C?
(6)C2Hs ¢) CoHz d) CHy e) CoHa
7. Which of the following reaction(s) will have a positive AS°? (There could be more than
one answer. If there is, circle them all!)
a) 2Ha(9) + O2(9) = 2Hx0(9)

b) 2NO2(g) = N204(9)

e) decreases as a substances

c) H*(aq) + F - (aq) = HF(aq)

Ba2t(aq) + 2F -(aq)=» BaFx(s)
2 HgO(s)=» 2 Hg(l) + Ox(9)

| Target 3: | can state the first and second law of thermodynamics. o

8. Which 2 statements below best represent the First Law of Thermodynamics? :
(&) Energy is conserved in any process. ak le4st guy piysical o Mmi pvass ...
b) The energy change of the universe is always increasing. not Vg &zm a Wi dear
c) The rate of a reaction is dependent upon the energy change of a (é'ﬁfkﬁfw\
system.
AE=g+w
e) g=m-+Cp- AT

9. Which 2 statements best represent the Second Law of Thermodynamics?
In any spontaneous process, the entropy of the universe increases.
) All nonspontaneous processes have a AS > 0.
¢) All spontaneous processes have a AS = 0.
" For reversible processes: ASnverse = ASsysiem + ASsuroundings = 0
e) For reversible processes: AS;nverse = ASsystem + ASsurfoundings < 0

10. The entropy of the universe is

a) constant

b) continually decreasing
continually increasing
zero
the same as the energy, E

d
e

)
)



Target 4: | can calculate the AS® for any reaction from tabulated absolute
entropy values, S° using . . . AS%xn=3S’products - ¥S%eactants

11. Calculate the standard entropy change, AS®, for the following reaction.
AlbOs(s) + 3 Ha(g) = 2 Al(s) + 3 HxO(g)

Substance | Al,Ox(s) Hz(9) Al(s) H20(9) H20())
S°, J/molK | 51 131 28 189 70
b) -151 J/K c) 151 J/KK d) -225 J/K e) 225 J/IK

A‘S@m@: [1(153*’ 3‘6@%1“@5(5‘) ¥ 3{&3&5} x (56 +210) - (si+ 390) = 424 - Uiy Tc

Target 5: | can define free energy and the sign' conventions associated with free
energy. | can explain free energy in terms of enthalpy and entropy. ,

12. Gibbs free energy is . .. (Circle all that apply.)
the energy associated with a chemical reaction that can be used to do
~ work.

a state function.

c) the energy not used by a chemical reaction under standard conditions.

d) never released by a chemical reaction as it is stored in the chemical
bonds of the reactants and products.

e) measured in kJ/g-°C.

13. If the sign of AG is
apply.)

a) positive, is at equilibrium

/OPnegative, is spontaneous in the forward direction

#c) positive, is nonspontaneous in the forward direction

{0) positive, has a bigger AH term than a TAS term in the equation
- AG=AH-TAS
e) negative, cannot occur

, then the reaction . (Cirlce all that

14. The sign of AG is always negative if . . .

a) AH is positive and AS is positive.

b) AH is positive and AS is negative.

{CP\H is negative and AS is positive. /
d) AH is negative and AS is negative.
€) a reaction does not occur.
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15. Chemical reactions will always occur if the reaction is EXO  andthe
entropy Q __during the reaction.
a) endothermic, increases

b) endothermic, decreases
¢) exothermic, decreases
® exothermic, increases

 Target 6: | can calculate the free energy change at a standard temperature and
pressure, G°, for any process from tabulated values for the standard free
energies of reactants and products. e e

16. Which of the following are conventions used in establishing Standard Free
Energies (G°)? Circle all that apply.
ﬁ The pressure of gases are 1 atmosphere.
¢bJ The concentrations of solutions are 1 molar.
Elements in their standard states have a AG of zero.
d) The temperature is 25 Kelvin. ngv Q,)
e) Soilds are ionic.

| Co solils need o e MRE . .. vot ne@ssarly iowic .
17. ‘Calculate the standard entropy change, AG°, for the following reaction.
CsHa(g) + 5 02(g) = 3 CO2(g) + 4 Hx0(9)

Substance CsHas(9) CO2(g) H,0(g)
G°, kd/mol -23 -394 -229

fA)-2075k)  b)-1510kl  ©)+1510kJ d)-225kJ €)0kJ

| Target 7: | can estimate AG® at any temperature, given AS° and AHC. | —Hop g

18. Consider the following reaction: CoHg(g) =+ CoHa(g) + Ha(9)

The AHO is 137 kJ and the ASC is 120 J/K. This reaction will be
a) spontaneous at all temperatures. ‘

f0)¢y spontaneous only at high temperatures.

spontaneous only at low temperatures.

d) nonspontaneous at all temperatures.

e) unreliable. :

e As a qonersd e, if AW s BSTVE (uok Gvoratde) 4 AS i
VOSHWE (Cabrable) | e Yre uckion 15 Mﬁ' sppdaneous
al H\é“ JffMﬁﬁ ; @ : (Tkﬁ.ﬁ s analogows P e mkﬁwﬁ“} |



19. When KNOg dissolves in water at room temperature, AH is positive for the
dissolution (dissolving) process. Given this information, what can you conclude?
a) AG > 0 for the dissolution process.
b) AG = 0 for the dissolution process.
¢) The dissolving of salts in water is always a spontaneous process.

¥ AS > 0 for the dissolution process. ~ Giyee . e 6
e) AS <0 for the dissolution process. ?Mf‘% ?:aszf:& a@ M}{ZS?*%

Target 8: Ic "‘n’ca!cuiate the free energy change under nonstandard conditions,
AG, given AG®. o : , , :

20. Consider the following equation: AG = AG° + RT InQ
Under what conditions is AG = AG° ?
a) When the temperature is 1 Kelvin.
b) When the temperature is 1°C.
When the conditions are standard conditions.
d) Whenever R = 8.31 J/mol*K.
€) When the reaction is spontaneous.

| Target 9: | can calculate AG® from K and perform the reverse operation. |

21. If AG® for a reaction is greatér tan zero, then .
a)K=0 b) K=1 dcy)K<1 d)K>1 e) More infois needed.

22. Consider the following reaction at 25°C:

- o_ non s %ﬁa@wg er& @%@ﬁﬁ
All) + 2D(g) 2 3X(9) +Z(s); AG°=+512kd —© waﬁ??& (ebt... teactants

The equilibrium mixture o (
will consist almost exclusively of Aand D (ARINER ¢
) will consist almost exclusively of A and Z

) will consist almost exclusively of X and Z

) will consist of significant amounts of A, D, X, and Z

) has a composition predictable only if one knows T and AH®

O OO0

23. Circle all TRUE statements relating AG® and the equilibrium constant, K.
The more negative AG®, the larger the K.
) If AG® is positive, then K> 1.
If a reaction is spontaneous, the AG® is positive and K < 1.
70) If a reaction is spontaneous, the AG° is positive and K > 1.
{e) If AG°=0,the K=1.




Part 2: You may use a calculator! Show all of your work on separate sheets of
paper.

1. Answer the following questions that relate to the chemistry of nitrogen.

a) Two atoms of nitrogen combine to form a nitrogen molecule, as represented
by the following equation:
2N(g) = N2(9)
Using the table of average bond energies below, determine the enthalpy
change for the reaction.

bond ave. bond energy (kJ mol”)
N - N single bond 160
N = N double bond 420
N = N triple bond 950

b) The reaction between nitrogen and hydrogen to form ammonia is below:

No(g) +3Ha(g) = 2NHa(g) AHO=-92.2kJ

Predict the sign of the standard entropy change for the reaction. Justify your
answer.

c) The value of AGP© for the reaction represented in part (b) is negative at low
temperatures but positive at high temperatures. Explain.

d) When No(g) and Ho(g) are placed in a sealed container at a low temperature,
no measurable amount of NH3(g) is produced. Explain.

2. 2NO(g) + Oa(g)= 2 NOo(g) AHO = -114.1 kJ, ASC = -146.5 J K-

The reaction represented above is one that contributes significantly to the
formation of photochemical smog.

a) Calculate the quantity of heat released when 73.1 g of NO(g) is converted to
NO2(9).

- b) For the reaction at 25°C, the value of the standard free energy change is
- -70.4 kJ.
i- Calculate the value of the equilibrium constant, Keq, for the reaction at

259C.



ii- Indicate whether the value of AG° would become more negative, less
negative, or remain unchanged as the temperature is increased. Justify
your answer.

c) Use the data in the table below to calculate the value of the standard molar
entropy, SO, for Ox(g) at 25°C.
Standard Molar Entropy (J K- mol-1)

NO(g) 210.8

NO2(g) 240.1

d) Use the data in the table below to calculate the bond energy, in kJ mol-1, of
the nitrogen-oxygen bond in NO,. Assume that the bonds in NO2> molecule

are equivalent (ie. have the same energy).

Bond Energy (kd mol-1)

N-O bond in NO 607

O-0O bond in O 495

N-O bond in NO2 ?

3. Hydrazine is an inorganic compound with the formula NoH..
(a) Draw the Lewis electron-dot diagram for the NoH4 molecule. Assume each
nitrogen is bonded to 2 hydrogen atoms and to the other nitrogen atom.

(b) On the basis of the diagram you completed in part (a), do all six atoms in the
N2H4 molecule lie in the same plane? Explain.

(c) The normal boiling point of NoH4 is 114°C, whereas the normal boiling point of
CoHe is —89°C. Explain, in terms of the intermolecular forces present in each
liquid, why the boiling point of NoH4 is so much higher than that of CoHe.

(d) Write a balanced chemical equation for the reaction between NoH4 and H,0
that explains why a solution of hydrazine in water has a pH greater than 7.

N2H4 reacts in air according to the equation below:
NoHa(/) + O2(g) — No(g) + 2 HO(g) AH® = -534 kJ mol'1

(e) Is the reaction an oxidation-reduction, acid-base, or decOmp’Osition reaction?
Justify your answer. -



(f) Predict the sign of the entropy change, AS, for the reaction. Justify your
prediction.

(g)‘ Indicate whether the statement written in the box below is true or false. Justify
your answer.

The large negative AH° for the combustion of hydrazine results from the large
release of energy that occurs when the strong bonds of the reactants are broken.

4. Answer the following questions about glucose, CsH1205 , an important
biochemical energy source.

(a) Write the empirical formula of glucose.

In many organisms, glucose is oxidized to carbon dioxide and water, as
represented by the following equation.

CosHi206(s) + 602(g) — 6COs(g) + 6 H0(/)
A 2.50 g sample of glucose and an excess of Ox(g) were placed in a
calorimeter. After the reaction was initiated and proceeded to completion, the
total heat released by the reaction was calculated to be 39.0 kJ.

(b) Calculate the value of AH°, in kJ mol™, for the combustion of glucose.

(c) When oxygen is not available, glucose can be oxidized by fermentation. In
that process, ethanol and carbon dioxide are produced, as represented by
the following equation.

CeH12056 (S) — 2 CgHsOH(I) + 2 COQ(Q) AH° = -68.0 kJ mol'1 at 298 K

The value of the equilibrium constant, K, , for the reaction at 298 K is
8.9 x 10%.
(i) Calculate the value of the standard free-energy change, AG®, for
the reaction at 298 K. Include units with your answer.
(i) Calculate the value of the standard entropy change, AS°,
in J K" mol™, for the reaction at 298 K. . «
(iii) Indicate whether the equilibrium constant for the fermentation
reaction increases, decreases, or remains the same if the
- temperature is increased. Justify your answer.

(d) Using your answer for part (b) and the information provided in part (c),
calculate the value of AH® for the following reaction.
CoHsOH(/) + 3 Os(g) — 2C02(g) + 3 HO()
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