Exam 4A
Chem 1142
Spring 2017
Name: KEY

MULTIPLE CHOICE. (3 pts ca.] Record the best response on the scantron sheet. [45 pts total.]

Assume all solutions are aqueous and at a temperature of 25 °C, unless stated otherwise.

Ql.

Q2.

Q3.

Q4.

Qs.

Q6.

Which version of the exam do you have?
(@4A
b) 4B

Which law of thermodynamics states that the entropy of the universe keeps increasing?
a) First law
Q)§Sccond law
c) Third law
d) Fourth law

Which of the following substances would be expected to have the highest entropy at a given temperature?
a) H,O(s)
b) Au(s)
<) He(1)
(d)He(g)

Which of the following chemical reactions would likely have a AS® = 02
a) 2Ha(g) + O2(g) — 2H.O(])

CHi(g) + 202(g) = COa(g) + 2H,O(g)
C) CO(g) + Hz(g) —> CHzO(g)

d) HO(g) » H.O(1)
A chemical reaction loses 25 kJ of heat to its surroundings at a temperature of 25 °C. What will the entropy
change of the surrounding be? i

a) —1kJ/°C B

b) +1000 J/°C a2
c) -84 ]J/K . g
(d)+84J/K . A=~ Ae=
DR =+
An endothermic chemical reaction has AS°., < 0. What can you say about the spontancity of this reaction?
a) The reaction is always spontaneous

The reaction is always non-spontaneous
c ¢ reaction is spontaneous at low temperatures, but non-spontancous at high temperatures

d) The reaction is non-spontancous at low temperatures, but spontaneous at high temperatures



Q7. Which of the following substances will have a Gibbs free energy of formation of zero?
a) Hz(l)
b) CHa(g)
@ C(s, graphite)
d) COz(S)

Q8. A reaction with a large and negative value of AG° will have an equilibrium constant, K, whereby which
statement best applies:
(x> 1
b) KK 1
)K=1
d)K=0

Q9. At equilibrium, what can you say about the value of AG?
a))AG=1
b) AG>0
(AaG=0
d)AG > 1

Q10. The oxidation number of chromium in Cr,O-* is:
a) +8
b) +7

()+6

d) +5

Q11. Which of the following is not a redox reaction?
b) Zn(s) + 2HCl(aq) = ZnCly(aq) + Hi(g)
@KCl(aq) + AgNOs(aq) = AgCl(s) + KNOs(aq)

QI2. Oxidation takes place at which part of a galvanic cell?
a) Salt bridge
b) Voltmeter
(€pAnode
d) Cathode

Q13. Given the following two standard clectrode potentials: Wy

. 2%
Ag'(ag) + ¢ - Ag(s) Eo=+0.80V o A OP&

Mg 2¢ > M 0= _2, \o9?
g**(aq) + 2¢~ — Mg(s) E TV /(_(A"Mh

-~

Which of the following species would be the best oxidizing agent?

(a)Ag'(aq)
b) Ag(s)

c) Mg**(aq)
d) Mg(s)



QI4. A spontancous redox reaction would best be described as having:
a) E°1>0,AG° >0
@Eﬂcu >0,AG° <0
C) Eoc1 < 0,AG° >0
d) Eo.i < 0,AG° < 0

Q15. The charge on 2 moles of clectrons is equal to:
193,000 C
b) -2 x 6.022 x 10%
c) 96,500 C
d) 2-

. Short Response.
Show ALL work to receive credit. .

Q16.[10 pts.]  Given the following chemical equations:

) C(s graphite) + % Ox(g) = CO(g) 'AGe = —137.3 k] /mol
2) CO(g) + % 0,(g) - CO(g) AG° = - 257.1 kJ/mol

Calculate the value of the equilibrium constant, K, at 25 °C for the reaction:
C(s, graphite) +.0.(g) = COx(g)
Be sure to show all'work and explain clearly your solution.
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QI17.[15pts.]  (a) Show how to, then calculate, AG° at 45 °C for the chemical reaction:

2COx(g) + 3Ha(g) = C.He(g) +204(g)

Substance COx(g) H:(g) C:He(g) 0:(g)
AHp (kJ/mol) | =3935 0 _84.7 0
§ (J/molK) | 213.6 131.0 2295 205.0 5
° [+] 0
NG =AK-TAS 343.6

AW =3 AR (-8 = [ (w42 -8 + 260 ] [2ullgpe 4350) =
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(c) Explain what will happen to the reaction as the temperature is increased.
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QI8.[15 pts.]  Balance the following two redox equations using the half-reaction method. Be sure to clearly
identify all oxidation numbers in the original skeleton equation.

(+2) (“’-\ (o) -0 (282 may L (-.o 8 ff@‘}‘)
95203% + I, = I" + S40¢* (acidic solution)
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Q19.[15pts.]  Calculate Eca for the following cell diagram:
Mg(s)|Mg**(ag, 0.050M)||Ag*(aq, 1.5 M)|Ag(s) -

As part of your answer you should calculate E°. and also write the overall balanced chemical
equation. Assume the cell temperature is 25 °C.

Cat = Exg145 - Emgi
= 1080V (>-2'3W
= 43V & L(/

(e”-‘x AS*")A:’) Yv2

MS —> Mf**Z?—

I AP P 3 | e
2< 2t 2
ZA3*(°;\+M3(5\ i ZAS@-\MG (QC\ | Q = [}’\c’ -&)L
S-SR A R UL CAS]
Nemsh: = Q_‘,O‘siz « B ObiL
. +3 i
- W ) o
57,
WLV B Ly ¥ 148K ﬁA 0.02212
2« 46500 Y
= __‘cg‘\7\/ - —-O-Oq‘eokj/c— (\\/l \T/()

= BN O0-o484V

- ‘3.11\/ ] +\



seful Information

1A A Periodic Table of the Elements MA IVA VA VIA VIA VIIA
1 8
1 ’2
H He
1,009 2 13 14 15 16 17 4,003
3 4 5 ] 7 a [ 10
Li Be B (o N (o] F Ne
6.941 9.012 10.81 12.01 14.01 18.00 19.00 2018
1" 12 13 14 15 16 17 18
Na Mg Al Si P S cl Ar
29 24.31 3 4 [ ] 7 8 9 10 11 12 2688 28.09 30.87 3207 3548 3895
19 20 2 2 k< K 25 2 Fe4 28 2 30 k1] 2 n M4 35 6
K Ca Sc Ti \") Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 4498 4787 50.84 52.00 54.94 8585 58.53 58.69 63.55 65.39 69.72 7281 74.92160 768.96 79.90 83.80
7 38 39 40 41 42 43 44 45 48 47 48 49 50 51 52 8 5
Rb Sr Y Zr Nb | Mo | Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
8547 ar682 68.91 91.22 92.91 8594 s8] 101.3 102.9 1064 107.8 1124 114.8 118.7 1218 127.60 1269 1313
55 %6 n 72 73 74 % 76 7 78 7% 80 81 82 83 84 as 6
Cs Ba* | Lu Hf Ta w Re Os Ir Pt Au Hg Ti Pb Bi Po At Rn
1329 137.3 175.0 176.5 180.8 183.8 188.2 180.2 192.2 185.1 187.0 2006 2044 207.2 2090 [210] 1210] [222)
87 88 103 104 105 108 107 108 109 10 1m1 12 113 114 115 118 "z 118
Fr Ra™| Lr Rf Db Sg Bh Hs Mt
1223) 12261 1262 261) 1262 1266) 264) | 1268 1268) 12691 12121 12m 12851 1289 123
57 58 % 60 61 62 63 64 s 8 67 68 €9 70
‘'l La Ce Pr Nd | Pm | Sm | Eu Gd Tb Dy Ho Er Tm Yb
1388 140.1 140.9 1442 [145) 1504 152.0 1573 158.9 162.50 164.9 167.3 168.9 173.0
89 90 o 82 83 84 85 2 -1 88 29 100 101 102
** Ac Th Pa u Np Pu | Am | Cm | Bk Cf Es | Fm | Md | No
(2271 232.0 2310 2380 (237) (244) [243) {2471 j247) [251) {252) 1257) 1258) [259]
Ni=6.022 x 10* mol™! R=28.3145 J/mol-K = 0.08206 L.atm/mol-K
AG = -nFE.y AG°® = —nFE°y AG=AH-TAS
. RT
Em“ = Ea:ll ———i:an % = E°cihode — Eanode F=96,500 C/mol ¢ 1v=1]/C
n
ASqun = Gsud T AG = AG® + RTInQ AG°=-RTInK

Partial list of standard electrode potentials:

Av*+3¢c—>Au  E=+150V
Agi+c—>Ag  E=+080V
Cu*+2¢c—>Cu Er=+034V
Pb** +2¢- = Pb °=-0.13V
Mg** +2¢ > Mg °o=-237V
Li*+e > Li o=-305V




