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"plai“ why AH is obtained directly from 2 coffee-cup
calorimeter, whereas AE is obtauied directly from a bomb
calorimeter.

G hec cop” M=Q becasse
Bowds -

QiDConsider the accompanying diagram. Ball A is allowed to fall
and strike ball B. Assume that all of ball A's energy is trans-
ferred-to ball B, at point I, and that there is po loss of energy
to other sources. Whiat is thie kinetic energy and the potential
energy of bail B at point II7 The potential energy is given by
PR = mgz, where m is the mass in kilograms, g is the gravi-
tational constant (9.8 m/s?), and z is the distance in mefers.
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balloon filled with 39.1 mol hielinm has a volume of 876 L. " |

4t 0.0°C and 1.00 atm pressure. The temperature of the bal-
loon is increased to 38.0°C as it expands to a velume of 998

L, the pressure remaining constant. Caleulate g, w, and AE for ' \ ﬂ

the helium in the balloon. (The molar heat capacity for helium

Uo= ~ P )-

gas is 20.8 J/°C - mol.)
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carbon dioxide is

Cﬁleoﬁ —_— 2C2H50H + 2C02

The enthalpy change for the reaction is —67 kJ. Is the reac-
tion exothermic or endothermic? Is energy, in the form of heat,

absorbed or evolved as the reaction occurs? .
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( 31} Are the following processes exothermic or t:ndrathm-mc-j'f:= ’“

a. When solid XBr is dissolved in water, the SOIutiunﬁsf.

colder.
b Natural gas (CHa) i8 burned in a furnace,
. When concentrated HgSO4 is added to water, the Eulnrﬁ
gets very hot :
d. Water is boiled in a teakeitle.

@rﬂm reaction

S(s) + Oz(g) —— S04(g) AH = —296 Klimol
a. How much heat is evolved WhErl 275 g sulfur is burnedu
excess 057

b. How much heat is evolved when 25 mo] sulfur is bumed
n excess 0,7

¢. How much heat is evolved when 150. g sulfur dioxide is
produced?

Consider the combustion of propane:

CsHs(g) + 505(g) —> 3COa(g) + 4H0(0)
AH = —2221 k]

Assume that all the heat in Sample Exercise 6.3 comes fro
the combustion of propane, What mass of propane mustb-

burned to furnish this amount of energy? Q ; ’ y “03’3—
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The equation for the fermentation of ghucose to alcohol and
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@rhe specific heat capacity of aluminum is 0.900 J/°C - g.
a. Calculate the energy needed to raise the temperature of a
8.50 % 10%-g block of atuminum from 22.8°C to 94.6°C.
p. Calculate the molar heat capacity of aluminum,
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takes 78.2 T'to raise the temperature of 45.6 g Iead by 13.3°C.

Calculate the specific heat capacity and molar heat capacity of
lead.

Q=mc Mt
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{ » E 98.2-g sample of mickel is heated to 99.8°C and placed in a
coffee-cup calorimeter containing 150.0 g water at 23.5°C. Af- - @ o= Q
ter the metal cools, the final temperatare of metal and water N Ao
is 25.0°C. Calculate the specific heat capacity of nickel, as-
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ffec—cup calorimeter initially contains 125 g water at o
24.2°C. Potassium bromide (10.5 ), also at 24.2°C, is added &

to the water, and after the KBr dissolves, the final temperature Q _ Q _ \ ‘r‘
{5 21.1°C. Caiculate the enthalpy change for dissolving the sall - SO\\ n= " lSSvS LL[ 3\4/“9‘-{.:)\
in Jfg and kJ/mol. Assume that the specific heat capacity of .. \@ -

the solution is 4.18 J/°C - g and that no heat is transferred to ‘ ~
the surroundings or to the calorimeter. Q k™ “—ls—) 33
mﬁo“yf ‘3553

M= 135 My =105 | -
. Maclosy -8 _ 1513 _j, 3 )( \1_1@5\(\/ M\
o MIC Ay s dC A %ﬂs lO«SSW& LM 6 wde oSt

e
=.\VC [7aY
47.5]:1 a coffee-cup calorimeter, 50.0 mL of 0.100 M AgNO; and

50.0 mL of 0.100 # HC] are mixed to yield the following re- WL =05t ., { M\ = .
action: ) AQ 3 L y‘ 'Qosf‘dwa = .eogﬂd n
_Ag*(ag) + Cl™(ag) —> AgClls) o (-GSQCM\ = LOS md HU ~ 005 pul (]~

The two solutions were initially at 22.60°C, and the final tem-
perature is 23.40°C. Calculate the heat that accompanies this
reaction in kJ/mol of AgCl formed. Assume that the combined
solution has a mass of 100.0 g and has a specific heat capac-
ity of 4.18 J/°C - g.

'@;j: PLSC | thc,ﬁt@o QLWDA%X)BH-BDQ\ =

=340 C '
Lo=B o Q-RYuT
e [()03 o t(& % C
E@A 0.1964-g sample of quinone (C¢H4Op) is bumed in a bomb
calorimeter that has a heat capacity of 1.56 kI/°C. The tem-

perature of the calorimeter increases by 3.2°C. Caleulate the
energy of combustion of quinone per gram and per mole.

olqeH HH(')(lww\ IR o W B
251" ’ [0%5\ 30 CHOy C?ncrf “Qﬁomlo: L 9Dk
Ranb= G, D= 156 (3270 480KT = 430G

76. swimming
pool, 10.0 m by 4.0 m_ i . AH
depthof 3.0mata temperature of 2(‘). zsoﬁned with water to a2

‘ . . - C. .
=, 15 Tequired fo raise the temperature of How much energy

the water io 30.0°C?

N7t DO@Q?J’W"‘%@%\: BELA
Q= mmebte (3,) (ks ) (30 209 1412103
77.§Calculate AH® for the reaction

o TG e 0y 2= o) ok

A \ ]
A 5.00-g chunk of potastiam is droppe intool.OO kg water at

24.0°C. What is the final temperature of the water after the wd = Tay -
preceding reaction occurs? Assume that all the heat is used to S 3 K "-'37."_[\; %ﬁ " "Lhﬂﬂ i‘CS = -'-'-'{%—,9 )

raise the temperature of the water. (Never run this reaction. It
> +49) q°
Lpa l:t“f-(i"l—--:@ N &:\l‘-‘l _(,S
rel- Uwgwd*

is very dangerous; it bursts into flame!) Q
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52. Com]:;;;ﬁm reactions involve reacting a substance with oxy- ) 50
gen. When compounds containing carbon and hyd C-\H‘—t ¥ = 9[“ |
% s : ydrogen are Q. *
combusted,' carbon dioxide and water are the products, Using o 3('[(«03 30 m ) ‘}yﬂ g
the enthalpies of combustion for CaHy (—2341 X/mal) CaHg | ~

(—2755 KI/mol), and H, {—286 k¥mol), calculate AF for the Q C“t,d' 4 C;o
870 TG A MO BHs Jyssur
g

reaction

CeHalg) + 2H,(5) — C4Hg(g)

- <) 34, + 0, M0 A= xefy.

? (M 2567 —3 yeer ons - - S i
8 9%+ o5 —5 T BFAK=-$7)

rev b) oy G —3 (Mg o5~ AR = RIS

CHye O, SR,
9} iven the following data: hH I$ ‘

o, S5()+30:g) —> $0s()  AH= —3952 k)
VL 280,(g) + Oxfg) — 250x(s) AH = —19821KJ

calculate AH for the reaction
S(s) + Ox(g) — S0:(p)

i
'q(ass\ S+ %C)} ‘ﬁ,S@f AH > “3A5.D

b)) B%7 5P, e an="¥2=qq(
S*‘(‘Da'—agf)g @: Aol key

@ vn the following data:
O
Qa 205(g) — 3028 AH = —42713

\D 0,(g) — 20(8) AH = +4951J

D NO(g) + Oa(g) — NO,(g) + 02(‘52H 199k

calenlate AH for the reaction
NO(g) + 0@) — NOa(g)

Clsd MO + 8y —> R0,£0;5

blarh) © —>hos
a(sea) gy 5 o A~ 2> e

No+0O — NO4 @ @

: QH:——[Q‘?

QH: -lj%_? p= %/5




f 56.YThe bombardier beetle nses an explosive discharge as a de-
fensive measure. The chemical reaction involved is the oxida-
ton of hydroquinone by hydrogen peroxide to produce
quinone and water:

CeHy(OH)2(ag) + HaOx(aq) —— CsHaOz(ag) + 2H20(7)

Calcnlate AH for this reaction from the following data:

QA Cgtls(OH)y(ag) — CeHiOxag) + Halg)
AH = +1774 kI

Y Hye) + 0x() — HaOn(ag)

A =-19121T
C  Hylg) +10:(8) —> H0(g)

AH=-24181KJ
i H,0(5) —> Hy0()

AH=-438K)

@a.[culate the AH for the reaction
g <

NoHy(l) + 0a(g) — Nalg) + 2H,0())
given the following data:

/G NHy(g) + 3N,0) — 4Nale) + 315,00

b A =101
N20(g) + 3Ha(g) — NoHa(l) + H,0()
AR =317y
vc 2NHa(g) + 302(8) —> NHi(D) + H,0()
AR = -143y
 d B+ o — mon)
AH = 285y

82. Yiiven the following data:

o
5 A Fe203(s) + 3C0(g) — 2Fe(s) + 3C0,(p)

o ARP = —23 17
= b 3Fe204(s) + CO(g) —» 2Fe304(s) + CO4(g)
) AH® = —39 &7
E‘%’ (. Fe;0405) + CO(g) —> 3FeO() + CO,(g)
AH® = 118 k7

calculate AH® fgr the reaggion
e
40 NN, Same
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3 R3O0 . N,

v
(s} + CO(g) ——» Fe(s) + COy(g)
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27. Given the values of AH and AS, which of the following changes
will be spontaneous at constant T and P?
a. AH=+25k], AS = +5.0 1K, T=300. X
h. AH = +25kJ, AS = +100. /K, T=300. K
e AH=-10.KJ,AS=+50TK T=298K

d AH=—10.KJ, AS = —40. /K, T=200. K h
28. At what temperatures will the following processes be sponta-
neous? -

a. AH= —25kT and AS = -50JK
b. AH = +251J and AS = +5.0 /K
c. AH= +25%k and AS = —5.0 /K
d. AH= —251J and AS = +50 /K

37, Predict the sign of AS® and then calculate AS®
following reactions. . '
a. Hy(g) +302(8) — H:O(8)
b. 30,(g) — 203(g)

¢ Na(g) + Oa(g) — 2NO(g)

1 Appendix 4, caloulate AH°, AS®, and AG® for *
& following reactions at 25°C.. 1

F204(8) — COx(g) + 2H0(g) )
it 6H,0(1) — CeHia0s(s) + 602(g) i
Glucose : i

<. P4019(S) + GH.ZO(I) — 4H3P04(.!‘)
d. HCl(g) + NHs(g) — NH,CI(s)
46. Tor the reaction at 298 X,

o INOg) == Nz04(g)

the values of AF® and AS°® are —58.03 ki/mol and —176.6
J/K - mol, respectively. What is the value of AG® at 298 K?
Assume that AEP and AS°® do not depend on temperatare. At
what temperature is AG® = 071s AG® negative above or below

this temperature?

- <47, Using data from Appendix 4, calculate AH®, AS°, and AG® for .
b the following reactions that produce acetic acid:

.0
' CHy(g) + COg) CHalll—'OH(l)

O
CH,OH(g) + CO(g)— Cﬁgg—OH(l)

- Which reaction would you choose as a commercial method for
producing acetic acid (CH;CO,H) at standard conditions?
‘What temperature conditions would you choose for the reac-
tion? Assume AF° and AS® do pot depend on temperature.

54. Consider the re.é.ctioil g

Fey04(s) + 3Hy(g) — 2Fe(s) + 3H,0(g)
a. Use AGE values in Appendix 4 to calculate AG® for this :

reaction.

b. Is this reaction spontaneous under standard conditions at |
298 K7 . '
c. The value oliAfi" for this reaction is 100. kJ. Af what tem-
; Eeratures is this reaction spontaneous at standard condi-
; tions? Assume that AH® and AS® do not depend on tem-
; : perature. . ’ .
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