AP Chemistry Unit Problem Sets.

_ Heat, Work, Enthalpy, and Internal Energy

1 2

5.2 L‘uln.v.idvr ﬂm “;f“'"l"" Pl i 519 {a) What is work? (b) How do we determine the amount
:15;'";'*)1 ““"’Jf{" d‘f‘gr“’“' of work done, given the force associated with the work?
a ws  this diagram

B (c) Whatl is heat? (dy Under what conditions is heat

represent an increase or :
dacrease in the internal transferred from one object to another?

energy of the system?
{b) What sign is given to

energy, E —————»

AL for this process? (¢) If E
there is no work associat- 3
ed with the process, is it 5
exothermic or endother-
s Reactants
mics
5.5 In the cylinder diagrammed below, a chemical process 5.3 The contents of the closed box in each of the following
occurs at constant temperature and pressure. {a) ls the illustrations represent a system, and the arrows show
sign of w indicated by this change positive or negative? the changes to the system during some process. The

(b} If the process is endothermic, does the internal ener-
gy of the system within the eylinder increase or decrease
during the change and is AE positive or negalive?

r r
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(i) (ii) (iii)
lengths of the arrows represent the relative magnitudes
of g and w (a) Which of these processes is endothermic?
(b) For which of these processes, if any, is AF < 07
(¢} For which process, if any, is there a net gain in inter-
nal energy?

Reaction
—_— -
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43, Are the following processes exothermic or endothermic? 4. Liguid water turns to ice. 1s this process endothermic or exo-
thermic? Explain what is occurring using the terms system,
surroundings, heat, potential energy, and kinetic energy in the
discussion.

. When solid KBris dissolved in water, the solution gets
colder.

b. Natural gas (CHy) is burned in a furnace,

¢. When concentrated H,SOy is added to water, the solution
gets very hot,

d. Water is boiled in a teakettle,

e. the combustion of gasoline in a car engine

f. water condensing on a cold pipe

2. CO,s) —> CO,yp)

h. Fy(g) — 2F(g)
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31. Calculate AF for each of the following.

a. g= —47kl,w= +88kl]

b. g = +82kl,w= —47kl

. g=+47kl,w=20

d. In which of these cases do the surroundings do work on
the system?

33, If the internal energy of a thermodynamic system is increased

by 300. I while 75 J of expansion work is done, how much
heat was transferred and in which direction, to or from the
system?
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A5. A sample of an ideal gas at 15.0 atm and 10.0 L is allowed to

expand against a constant external pressure of 2.00 atm at a
constant lemperature. Calculate the work in units of kJ for the
gas expansion. (Hint: Boyle's law applies.)

34. Calculate the internal energy change for each of the

following.

a. One hundred (100.) joules of work is required to com-
press a gas. Al the same time, the gas releases 23 J of
heat.

b. A piston is compressed from a volume of 8.30 L. to 2.80 L.
against a constant pressure of 1.90 atm. In the process,
there is a heat gain by the system of 350. 1.

€. A piston expands against 1,00 atm of pressure from 11.2 L
to 29.1 L. In the process, 1037 ] of heal 15 absorbed.




_ Heat Capacity and Calorimetry

1 2

548 Two solid objects, A and B, are placed in boiling water 5.51 The specific heat of iron melal is 0,450 ]/g-K, How many
and allowed to come to temperature there. Each is then J of heat are necessary to raise the temperature of a
lifted out and placed in separate beakers containing 1.05-kg block of iron from 25.0 °C to 88.5 "C?

1000 g water at 10.0 °C. Object A increases the water
temperature by 3.50 °C; B increases the water tempera-
ture by 2,60 °C, (a) Which object has the larger heat ca-
pacity? {b) What can you say about the specific heats of
A and B?
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5.50 (a) Which substance in Table 5.2 requires the smallest 52. The specific heat capacity of silver is 0.24 1/°C » g,
amount of energy to increase the temperature of 50.0 g a. Caleulate the energy required to raise the temperature of
of that .*-1!E'|Ht.1|'ﬂ.'l.' by 10 K? (b) Calculate the energy need- 150.0 g Ag from 273 K to 298 K.
ed for this temperature change. b, Calculate the energy required Lo raise the lemperature of
TABLE 5.2 ® Specific Heats of Some Substances at 298 K 1.0 mole of Ag by 1.0°C (called the molar heat capacity of
silver).
Elements Compounds : v ?
T W ¢ It takes 1.25 kI of energy to heat a sample of pure silver
Specific Heat Specific Heat | e PRy
Substance 1/5-K) Substance 1/g-K) from 12.0°C to 15.2°C., Caleulate the mass of the sample
Nafg) 1.04 HLO() 418 of silver.
Alls) 0.90 CHylg) 2,20
Fe(s) 045 COy(g) 0.84
Hgfl) 0.14 CaCO4(s) 0.82
54. 1t takes 585 ) of energy to raise the temperature of 125.6 55. A 30.0-g sample of water at 280. K is mixed with 50.0 g water
mercury from 20.0°C to 53.5°C. Calculate the specific heat at 330. K. Calculate the final temperature of the mixture as-

capacity and the molar heat capacity of mercury. suming no heat loss to the surroundings.
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59. A 150.0-g sample of a meial at 75.0°C is added to 150.0 g H;0 60, A 110.-g sample of copper (specific heat capacity = 0,20 J/°C -

at 15.0°C. The temperature of the water rises to 18.3°C. Calcu- ¢) is heated to 82.4°C and then placed in a container of waler
late the specific heat capacity of the metal, assuming that all at 22.3°C. The final temperature of the water and copper is
the heat lost by the metal is gained by the waler. 24.9°C. What is the mass of the waler in the container, assum-

ing that all the heal lost by the copper is gained by the water?
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k. = & = i 11 Jee 1 C o gl -
554 (a) When a 3.88-g sample of solid ammonium nitrate 65. Consider the dissolution of CaCly:

dissolves in 60.0 g of water in a coffee-cup calorimeter CaCly(s) — Ca’'(ag) + 2C1 (ag) AH = —81.5k)

(Figure 5.17), the temperature drops from 23.0°C lo

18.4 °C. Calculate AH (in KJ/mol NH;NOs) for the solu- An 11.0-g sample of CaCly is dissolved in 125 g water,

tion process with both substances at 25.0°C. Calculate the final tempera-
NH NOs(s) » NH4t(aq) + NO3™(ag) ture of the solution assuming no heat loss to the surroundings

and assuming the solution has a specific heat capacity of

Assume that the specific heat of the solution is the same 4.18J°C - g.

as that of pure water. (b) Is this process endothermic or

exothermic?

11 12

556 A 1.800-g sample of phenol (CpHsOH) was burned in a 68. The combustion of 0.1584 g benzoic acid increases the tem-
bomb calorimeter whose total heat capacity is 11.66 k] /7C. perature of a bomb calorimeter by 2.54°C. Calculate the heat
The temperature of the calorimeter plus contents in- capacity of this calorimeter. (The energy released by combus-
creased from 21.36 °C to 26.37 °C. {a) Write a balanced tion of benzoic acid is 26.42 kJ/g.) A 0.2130-g sample of van-
chemical equation for the bomb calorimeter reaction, illin (CgH3O) is then burned in the same calorimeter, and the

(b) What is the heat of combustion per gram of phenol?

' temperature increases by 3.25°C. What is the energy of com-
Per mole of phenol?

bustion per gram of vanillin? Per mole of vanillin?




_ Heat and Phase Change; Heating and Cooling Curves
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98. The molar heat of fusion of benzene (CgHg) is 9.92 kJ/mol. Its
molar heat of vaporization is 30,7 klMmol. Calculate the heat
required to mell 8.25 g benzene at its normal melting point.
Calculate the heat required to vaporize 8.25 g benzene at its
normal boiling point. Why is the heat of vaporization more
than three times the heat of fusion?

95. A substance, X, has the following properties:

Specific Heat Capacities
AHyp 20. kj/mol C(s) 3.0)g-"C
AH 5.0 k) /mal c(h 2.5]/g+°C
bp 75°C Clg) 1.0)/g-"C
mp i T B

Sketch a heating curve for this substance starting at
-50.0°C and ending at 100°C.
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99. What quantity of energy does il take to convert 0.500 kg ice
at —20.°C to steam at 250.°C? Specific heat capacities: ice,
2.03 Vg + °C; liquid, 4.2 Mg « °C; steam, 2.0 Vg « °C; AH,,, =
40.7 k)/mol; AHp,, = 6.02 kl/mol.

100, Consider a 75.0-g sample of H;O(g) at 125°C. What phase or
phases are present when 215 kI ol energy is removed from this
sample?
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11.40 The fluorocarbon compound C;Cl3Fy has a normal boil-
ing point of 47.6 °C. The specific heats of CoClyFs(f) and
CoClFa() are 0.91 ]/ g-K and 0.67 ]/g-K, respectively. The
heat of vaporization for the compound is 27.49 k]/mol.
Calculate the heat required to convert 50,0 g of CCl3F,
from a liuid at 10.00 °C to a gas at 85,00 °C,

11.37 For many years drinking water has been cooled in hot
climates by evaporating it from the surfaces of canvas
bags or porous clay pots. How many grams of water can
be cooled from 35 °C to 20 °C by the evaporation of 60 g
of water? (The heat of vaporization of water in this tem-
perature range is 2.4 k]/g. The specific heat of water is
4.18 J/g-K.)
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101, An ice cube tray contains enough water at 22.0°C to make
18 ice cubes that each has a mass of 30,0 g, The tray is placed
in a freezer that uses CF,Cly as a refrigerant. The heat of va-
porization of CF,Cly is 158 I/g. What mass of CF,Cly must be
vaporized in the refrigeration cycle to converl all the waler at
22.0°C to ice at —5.0°C? The heat capacities for HyO() and
HyO(f) are 2,03 J/g « °C and 4.18 Mg + °C, respectively, and the
enthalpy of fusion for ice is 6.02 kl/mol.

102. A 0.250-g chunk of sodium metal is cautiously dropped into a
mixture of 50.0 g water and 50,0 g ice, both at 0°C, The reac-
tion is

2Naly) + 2H,0(l) — 2NaOH(ag) + H,(g) AH = —368 k)
Assuming no heat loss to the surroundings, will the ice melt?
Assuming the final mixture has a specific heat capacity of 4.18
Mg + °C, calculate the final temperature. The enthalpy of fusion
for ice is 6.02 kJ/mol.




_ Thermochemical Equations and Heat Stoichiometry
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46, Consider the following reaction:
2H,(g) + Oy(g) — 2H,0() A
#. How much heat is evolved for the production of 1.00 mole
of HyO(h?

How much heat is evolved when 4.03 g hydrogen are
reacted with excess oxygen?

372kl

I

¢. How much heat is evolved when 186 g oxygen are reacled

with excess hydrogen?

The total volume of hydrogen gas needed to (1l the Hin-
denburg was 2.0 % 108 L at 1.0 atm and 25°C. How much
heat was evolved when the Hindenburg exploded, assum-
ing all of the hydrogen reacted?

d

g

45. The overall reaction in a commercial heat pack can be repre-
sented as
4Fe(s) + 30,(g) — 2Fe,04(s) Al 1652 kJ

#. How much heat is released when 4.00 moles ol iron are
reacted with excess 0,7

b. How much heat is released when 1.00 mole of FeyOy is
produced?

¢. How much heal is released when 1.00 g iron is reacted
with excess (0,7

d. How much heal is released when 10.0 g Fe and 2.00 g (),
are reacted?
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542 Consider the following reaction:

CH;0H(g) » CO(g) + 2Ha(g) AH = +90.7 K]

(a) Is heat absorbed or released in the course of this reac-
tion? {b) Calculate the amount of heat transferred when
450 g of CH10H(g) is decomposed by this reaction at
constant pressure. (¢) For a given sample of CH5OH, the
enthalpy change on reaction is 258 kJ. How many
grams of hydrogen gas are produced? What is the value
of AH for the reverse of the previous reaction? (d) How
many kilojoules of heat are released when 509 g of
CO(g) reacts completely with Ha(g) to form CHL,OH(g)
at constant pressure?
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Consider the reaction

2HCHag) + Ba(OH),{ag) — BaCly(ag) + 2H,0(])
AH = =118kl

Calculate the heat when 100.0 mL of 0.500 M HCI is mixed
with 300.0 mL of 0.100 M Ba{OH);. Assuming that the tem-
perature of both solutions was initially 25.0°C and that the final
mixture has a mass of 400.0 g and a specific heal capacity of
4.18 J/°C - g, calculate the final temperature of the mixture.
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Meals-ready-to-eat (MREs) are military meals that can
be heated on a flameless heater. The heat is produced
by the following reaction:

Mg(s) + 2 H,0(l) — Mg(OH),(s) + H,(g)AH = -355 kJ/mol

Calculate the number of grams of Mg needed for this
reaction to release enough energy to increase the
temperature of 75 mL of water from 21°C to 79°C.

133, The preparation of NOy(g) from Na(g) and Oz(g) is an endo-
thermic reaction:

Na(g) + Oyle) —> NO,(g) (unbalanced)

The enthalpy change of reaction for the balanced equation
(with lowest whole-number coefficients) is Al 67.7 k.
If 2.50 x 107 mlL Na(g) at 100.°C and 3,50 atm and 4,50 %
102 mL Oy(g) at 100.°C and 3.50 atm are mixed, what amount
ol heat is necessary (o synthesize the maximum yield of
NO(g)?




Problem'Sets: Hess’s Law

1

Calculate the AH,, of

N, (g) + 20,(g) — 2NO, (g)

based on the following reactions:

A)N,(g) + 0,(g »2NO(g) AH=+180KkJ
B)2NO (g) + 0, (g) —2NO,(g) AH=-112kJ

Calculate the AH,, of

C(graphite) - C(diamond)

based on the following reactions:

A) C(graphite) + 02 (g) i COZ (g) AH = '394 kJ
B) C(diamond) + 02 (g) — C02 (g) AH=-396 kJ
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5.61 Calculate the enthalpy change for the reaction
PiOg(s) + 2 On(a) » PyOqols)
given the following enthalpies of reaction:

Py(s) + 304(g) — PyOg(s)  AH 1640.1 k]

Calculate the AHrxn of

2C,Hg (g) + 70,(g) — 4CO,(2) + 6H,0 (g)
based on the following reactions:

A)2C(s) +3H, (g) > C,H,(g) AH=-84.7kJ
B)C(s) + O,(g) — CO,(g) AH=-393.5kJ

Pys) + 50a(g) — PiOwls)  AH = —2940.1 k] C)Hy(g) + % O)(g) » H,0(g) AH=-242k]
5 6
5.62 From the enthalpies of reaction T3. Given the following data
2 Hale) + Oalg) » 2 H50() AH 483.6 k] 204(g) — 30,(p) AH 427 k)
3 0y(g) — 2 Os(g) AH = +284.6 k) Oag) — 20(g) AH = 495k

caleulate the heat of the reaction

NO(g) + O4(g) — NO,(g) + O,(s)  AH 199 kJ

calculate AH Tor the reaction

3 Halg) + Oqfg) + 3 HaO(g) NO(g) + O(g) —> NO,(g)
7 8
72. Given the following data 5.64 Civen the data
2CIF(g) + Oy() — CLO(g) + F,0(p) Al = 1674kl Nale) + Osle) + 2NO(g) AH = +180.7 K]
2CIF,(g) + 20,(g) —> CLO(g) + 3F,0(g)  AH = 341.4k) EN('}{‘“ . u_.[:\u: ) 2Nt1_.lm AH 3.1 K]
2F,(g) + O,(g) — 2K,0(g) AH 434 kJ 2 N,O(g) » 2Ny(g) + Oalg) AH 163.2 k]

caleulate AH Tor the reaction

CIF(g) + Fy(g) — CIF,(g)

use Hess's law to calculate AH for the reaction

NaO(gh + NOa(g) » 3 NO(W)

9 10
110. Given the following data 5.63 From the enthalpies of reaction
Fe,04(s) + 3CO(g) —> 2Fels) + 3C0,(p) AH® 23kl Halg) + Fa(g) + 2 HF(g) AH 537 K]
e 04(s) + CO(g) —> 2Fe,04(s) + COy(e)  AH° 39kl C(s) + 2 Falg) » CFy(z) AH 680 K]
Fey04(8) + CO(g) — 3FeO(s) + CO,(p) AHe 18 kI 2C(s) + 2 Halo) » C;Hylg)  AH = +523 k]

caleulate AH® for the reaction

FeO(s) + CO(g) — Fels) + CO,(e)

caleulate AH for the reaction of ethylene with Fs:

Cally(g) + 6 I'_‘-fl'\'l *» 2CEe) + 4 IH:{,'n.'F

11 12
74. Caleulate AH Tor the reaction T76. Given the Tollowing data
NyH(D) + Oy(g) — Nylg) + 2H,00) Py(s) + 6ClL(g) —> aPCly(e)  AH 1225.6 kJ
given the following data: Pyls) + 50,(0) —> PO, () Al 2067.3 kl
2ANH(g) -+ 3N,0(g) — aN,(g) + 3H,0()  AH 1010, kJ PCly(g) + Clyig) — PCl(e) AH 842kl

N,O(g) + 3H,(g) —> N,H, () + H,O() Al 317kl
2NH,(g) + Jl(l-_,{g) — NyH, () + H,0() AH 143 kJ
Hy(g) + 30,(g) —> H,0() AH = —286 k)

PCl(g) %(l,gli.'] — Cl,PO(g) AH 285.7 kJ
calculate AH for the reaction

PyOls) + 6PCl(g) — 10C1LPO(g)




Problem Set 6 : Enthalpy of Formation

1

2

For each of the following compounds, write a
balanced thermochemical equation depicting the
formation of one mole of the compound from its
elements in their standard states and use the reference
table to obtain the value of AH,".

a) NO, (g)

b) SO, (g)

c¢) NaBr (s)

d) Pb(NO,), (s)

123. Which of the following substances have an enthalpy of forma-
tion equal to zero?

- Cli(g)

b. Ha(g)

e No(l)

d. Clig)

3
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The AH;° values of the two allotropes of oxygen, O,
and O,, are 0 and 142.2 kJ/mol, respectively, at 25°C.
Which is the more stable form at this temperature?
Explain.

n
e |
Tad

Complete combustion of 1 mol of acetone (C1H,O) liber-
ates 1790 kJ:

CaHGOM + 4 Oag) » 3C0Oe) + 3 HLO0

AH"® 1790 k]
(a) Using this information together with data from Appen

dix C, caleulate the enthalpy of formation of acetone

(b} Calculate the kilograms of heat released per gram
of acetone when it reacts with oxygen.
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571 Using values from Appendix C, calculate the standard
enthalpy change for each of the following reactions;
(@) 2805(2) + Os(g) — 2 504(s)
(b) Mg(OH)a(s) — MgO(s) + HLO()
(€) NaOyle) + 4 Hal@) * Nalg) + 4 HO(2)
(d) SiCly(l) + 2 H,O(l) — SiO4(s) + 4 HCl(g)

Use the values of AH in the appendix to calculate
AH? for the following reactions:

- o LX)
a) EEE * NCE e) E> g+ & a:tg]
. @ 780 e
O O- @-o ®

ae
(g)+ E“[§I'E>**Isl' a)a)[g}
- *®e +0s ae

0« @-
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5.75 Gasoline is composed primarily of hydrocarbons, in-
cluding many with eight carbon atoms, called octanes.
One of the cleanest-burning octanes is a compound
called 2,3 d-trimethylpentane, which has the following,
structural formula:

CHy CHy CH;y
HyC—CH—CH—CH—CH,4

The complete combustion of one mole of this compound
to COs(y) and H3O(¢) leads to AH® 50649 k]/maol.
(a) Write a balanced equation for the combustion of
I mol of CgHygtl) (b) Write a balanced equation for the
formation of Calhjall) from its elements. {¢) By using
the information in this problem and data in Table 5.3,
calculate AH'y for 2,3 4-trimethylpentane.

5103 (a) Calculate the standard enthalpy of formation of
gaseous diborane (BoHg) using the following thermo-
chemical information:

4 B(s) + 3 Oa(g) — 2 B1O4(s) AH® = =2509.1 k]
2 Halg) + Oag) — 2 H,0() AH® = —571.7k]
ByHg(g) + 3 Oalg) — ByOsls) + 3H,0() AH® = —2147.5Kk]
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1. The Ostwald process for the commercial production of nitric
acid from ammonia and oxygen involves the following steps:
4NH,(g) + 50,(g) — 4NO(g) + 6H,0(g)
2NO(g) + O4(g) — 2NO,(2)
ANO,(g) + HO() —— 2HNO(ag) + NO(g)

a. Use the values of AN in Appendix 4 to ealculate the
value of AR Tor each of the preceding reactions,

b. Write the overall equation for the production ol nitric acid
by the Ostwald process by combining the preceding equa-
tions. (Water is also a product.) Is the overall reaction
exothermic or endothermic?

89, Ethanol (C;HsOH) has been proposed as an altemative fuel.
Calculate the standard enthalpy of combustion per gram of lig-
uid ethano using appropriate data from the appendix.




_: Additional Exercises

1

2

113, A sample of nickel is heated to 99.8°C and placed in a coffee-
cup calorimeter conlaining 150.0 g waler at 23.57C. Afler the
metal cools, the final temperature of metal and water mixture is
25.0°C. If the specific heat capacity of nickel is 0.444 J/°C - g,
what mass of nickel was originally heated? Assume no heat
loss to the surroundings.

104, When 1.00 L ol 2.00 M Na; 50, solution at 30.0°C is added (o
2.00 L of 0.750 M Ba(NOy); solution at 30.0°C in a calorime-
ter, a white solid (BaSOy) forms. The temperature of the mix-
ture increases (o 42.0°C, Assuming that the specific heal ca-
pacity of the solution is 6.37 1/°C « g and that the density of the
final solution is 2,00 g/ml., calculate the enthalpy change per
maole of BaSOy formed,
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12 ([}r{';l F 11 ||1{]{” ’ [|r| I:I;!_(..'” + 12 LL{"'}

AH = 5645 k]

[5.111]) It is estimated that the net amount of carbon dioxide
fixed by photosynthesis on the landmass of Earth is 5.5 *
10" g/yr of CO,. Assume that all this carbon is converted
into glucose, (a) Calculate the energy stored by photo-
synthesis on land per year in k). {b) Calculate the average
rate of conversion of solar energy into plant energy in
MW (1W = 1 ]/s). A large nuclear power plant produces
about 100 MW, The energy of how many such nuclear
power plants is equivalent to the solar energy conversion?

5100 How many grams of methane [CHy(¢)] must be com-
busted to heat 1.00 kg of water from 250 °C to 90,0 °C,
assuming, HxO{ as a product and 100% efficiency in
heat transfer?
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