Chemistry 1142
Spring 2013
Exam 4a

Name: KEY

Take a deep breath, and relax! First, answer the questions you know how to do and then
work on the more difficult problems. Don’t forget to show all your work, so I can give
you as much credit as possible.

Good Luck!

Afa//

Despite the heavy flak, MeAlistar's alen was itue, and his .
carofully measured aliquot of hydrochlorle aekd found lis ";,‘“".';;’.':f::::m'::';f";'::;l::,::?n‘*:::d"
mark deap in the anerey's rarervoir of sedium hydroxide, ’




Show all work to receive credit. Be sure to include units, and express answers to the
correct number of significant figures / decimal places.

Q1. [12 pts.] Predict whether the following reactions have a positive, negative, ot =( value of AS.

AS <0 (reduchon in ﬁm(@m\

2) CH,(g) + 70,() — 3CO,(g) + 4H,0()

A S<O ( o )

b) C,H,OH(g) — C,H,OH(l)

) Fe,04(s) + C(s) — 2Fe(s) + ¥ CO,(g) AS)O C;A(KW A :&,‘mo‘ sa,\

+ CO(g) ASZO (favv«l # a= M0‘¢(4~(~5 oM Qqc(r\ ;.'J.‘\

d) N,O,(g + CO,(g) — N,O4(g)

Q2. [12 pts.] Calculate AG® at 15 °C and 105 °C for the reaction:
2CH,CH,OH()) + 20,(g) = 2CH,CO,H(]) + 2H,O()
given the following data:

Compound  AFF, /i -mol’ 5/ mol K0 Ay =/AH -TAS’

CH,CH,OH() 27698 161.04 :
0,(2) 0 205.0 AHQ:Z A\.\e(p j\ ez,MAH (Reqa
CH,COH()  —484.2 159.83 Ly L t

HOO 288 99 — ASs Z n-S(Pads) © D 'm- 5‘(&(‘\

Pt [Q‘AHZ (o) « Z*AH;(“&“‘E} ) [Z*AH\Z (CH ORI + 24 A (olcm):\
= K'-Z x - 48‘{--2"%.\ +2x-~ 285-8%) @[2; -276-q85L +2 on = _C(gg.gq_:_:

Ag’: [2»‘ ls‘t.esz,{ <+ 256914 %Lk] @[2 16004 Ttic + 2 105-0’..1.&] =-272-62 Y

K - -
|5.C = 288k = AG": AH°~TASO: - 186-0_"0"1.\ & 188k x = 0.21%62 %o(‘K s ‘10'].5 'QAJ

. : by & = O K3
o 2378k = NG -18604 L © 318Kk« -02meel ik = -88%0K2



Q3.

Q4.

[8 pts.] Calculate AG® for the process:

Ag'(ag) + NH,(aq) === Ag(NH,),"(aq),if K=1.5% 107 at 25 °C.

A(\O: - QT%A"( = - 8.‘3[(.‘.5 %.MC - qutwﬂ“ (('5)({613

- ~4o-A K%ol

[12 pts.] Using the standard electrode potentials given on the back page of this exam, calculate
E?° ., for the following cells:

cell

3 Zn(s)| Zo* @g) || O ag)|Cul)  Ecom> Eons “Eins

- ECM"’/(-« == Ezd-‘lzu
= 4034,V ® -0V =

O o

o = ca(Cd ‘E(,h/(r

: =0 4OV O -0V = l+°'3‘*VE

E:w & EO}"/C“- EMH(N

b) Ct(s) | Cr** (aq) || Cd**(aq) | Cd(s)

c) Al(s) |A13 "(aq) || Cu®* (aq) | Cu(s)

2 4034V - -l v

[zesv]

“Now, in the second law of thermodynamics...”



Q5. [20 pts.] Balance the following redox reactions using the half-reaction method.

2) Zn(s) + ClO™(aq) — Zn(OH),(s) + Cl(aq)
2H,0 + Z,\_‘ﬁ_=> Za(OH), + 2H" 4 2
2¢ « 2K+ CLO =& 1 < H,0

[Fo + Zn + cto™ 25, Zalom, + i

b) MnO,(s) + CI"(aq) = Mn**(aq) + Cly(g)
2C8 =5 A, + 2

2+ LK + Muo, M, MEalno

[GH*aMao, + 27— S U, M 2ng

(BASIC Conditions)

(ACIDIC Conditions)



Q6. [16 pts.] Calculate E,, for the following cell:

ol | ) Eo ) E., Eu
Al(s) | Al (ag, 0.010 M) || Zn*'(aq, 2.50 M) | Zn(s) et = zﬂh/ 27 TEABYAM
2 0.~ |-bby = +0.90V

Be sute to write out the overall balanced equation for the cell reaction as part of your answer.

The cell operates at a temperature of 298 K.

(AQ—-)AI;“x-Ze'\\‘L
(R« 22320 ) %3

2 AL(S) = 32,\“(«;7’\ L > zA(‘*(ai\ ~ 32m

Q EA\{':‘}; Nitv\s"“- Ecui ng - -%:(:zﬁv\@\

=) ECQRA - 40.90V — 8 5“&-53/,,\ k ¥2a8k QM(O OIO\

G) q‘: SGL YMJ s0° /

Q7.  [10 pts] A particular chemical reaction is non-spontaneous at low temperatures, but becomes
spontaneous at high temperatures. What can you say about the signs (+ve ot —ve) of AS and

AH? Be sure to explain your answer.
Boztve (eaT) N, 5 Ab= AH-TAS
JANCERV ("\\}3\,\‘\"\
ﬂowT.-- A(‘.\%AH

=) I&H = -\-UQJ

hign T... Ae 2 -TAS
= -TAS = -ve

a]AS % 4ve ,




QARG (0 —> 2AL00) + 2B, ohosse

Q8.  [10 pts.] Molten aluminum bromide is electrolyzed for 24 hours using an electric cutrent of
35 A. Predict the mass of aluminum formed in the electrolytic cell.

At —— Al

= 35| W[ 36005 | Twole [ [wol bl | 2698, 2826 Al
S | h [ 46,50 [ 3wl ¢ | Taol Al -

= Z‘aoé_ AQ

BONUS Question

[5 pts.] CH,OH has a boiling point of 65 °C. Predict the sign of AG®, AH®, and AS® for the process:
CH,OH(g) — CH,OH() at a temperature of 63 °C. Explain your answet.

(3\—5(Q\ =2 (MM«J\M
belows Lp , COV\WEV\ o S_&\_‘ =) AG\:“’Q .

.= -~ VR a orL {uA’ ..)L«-w« va
AN ( %\’i@lw haed when c«fso\m»}

- Of .. W {‘_j;_’_"i TMFs = g of Mﬁ,(hd\
AS == (D o sn oked b g0



Chemistry 1142
Spring 2013
Exam 4b

Name: K £y

Take a deep breath, and relax! First, answer the questions you know how to do and then
wotk on the mote difficult problems. Don’t forget to show all your wotk, so I can give
you as much credit as possible.

Good Luck!

A/a//

ke el

Despile the heavy flak, MeAlistar's alm was true, and hle .
carwhully measured eliquat of hydroahlosls askd foand Ite ";“'“‘;m,’:::.‘:ﬂm“;',':'I:‘::,;'nm;'l'l':f'
mark deep in the enemy's cacervole of sedium hydroside,




Show all work to receive credit. Be sure to include units, and express answers to the
correct number of significant figures / decimal places.

Q1.  [20 pts.] Balance the following redox teactions using the half-reaction method.
a) Zn(s) + ClO™(aq) = Zn(OH),(s) + Cl'(aq) (BASIC Conditions)

8& iwa‘

b) MnO,(s) + CI'(aq) = Mn**(aq) + Cly(g) (ACIDIC Conditions)

o G b



Q2.  [12 pts.] Calculate AG® at 15 °C and 105 °C for the reaction:
2CH,CH,OH() + 20,(g) = 2CH,CO,H(l) + 2H,0(0)

given the followingdata:
Compound AH°:/ k] ‘mol™  $°/ ] -mol K™
CH,CH,OH() 27698 161.04
0,(@ 0 205.0
CH,COH()  —484.2 159.83
HO(@)  -2858 69.9

Su &KMP(

Q3.  [8 pts.] Calculate AG® for the process:
Ag*(aq) + NH,(aq) === Ag(NH,), (aq),if K=1.5% 107 at 25 °C.

QA%MA



Q4.

Q5.

[12 pts.] Using the standard electrode potentials given on the back page of this exam, calculate
E° ., for the following cells:

cell

) Zn(s)| Zn**(aq) || Cu™(ag)| Cu(s)
b) Ct(s)| C**(aq) || Cd**(aq) | Cd(s)

o) Al(s) | A" (aq) || Cu**(aq)|Cu(s)

S o I

[12 pts.] Predict whether the following reactions have a positive, negative, or =0 value of AS.
a) C;Hg(g) + 70,(g) — 3CO,(g) + 4H,O()
Gen @k g
b) C,H;OH(g) — C,H,OH()

¢) Fe,0,(s) + C(s) = 2Fe(s) + %2 CO,(g)

d) N,O,(g) + CO,(g) = N,04(g) + CO(g)

"Now, in the second law of thermodynamics..."



Q6. [16 pts.] Calculate E, for the following cell:
Al(s) | A" (ag, 0.010 M) || Zn**(aq, 3.50 M) | Zn(s)

Be sure to write out the overall balanced equation for the cell reaction as patt of your answer.

The cell operates at a temperatute of 298 K.

Ceo exaun P @2@ Q—‘-%
Con [0V |

Q7.  [10 pts.] A particular chemical teaction is spontaneous at low temperatures, but becomes
non-spontaneous at high temperatures. What can you say about the signs (+ve or —ve) of AS

and AH? Be sute to explain your answet.

AG= -ve (louT) Al = AH -TAS
= 4ue (\m‘gwr\v @ (ouT, A6 % AH
S[AH = -v2 |

@ hign T AG 2 -TAS
= !AS = —ve .




LALO( — LeAl (@) « 30,6)

Q8.  [10 pts.] Molten aluminum oxide is electrolyzed for 24 hours using an electric current of 35 A.
Predict the mass of aluminum formed in the electrolytic cell. 25 A= R&C /
S

A2 —s AL

35C| 24k 30005 | [mole” ] [ ol Al ll(.ﬁ%c,m . 280, AL
s‘ e | 2650 3mol e | Lmol Al %

BONUS Question

[5 pts.] CH,OH has a boiling point of 65 °C. Predict the sign of AG®, AH®, and AS® for the process:
CH,OH(g) — CH,OH()) at a tempetature of 63 °C. Explain your answet.

ga ejka.w\A

/'V‘\/\/\WvaWWMW\aWW‘WMWMMWWWWW



Half-Reaction

E*(V)

Fa(g) + 2¢ —> 2F (ug)

04(g) + 2H (agq) + 27 — Oa(g) + HO
Co' (ag) + ¢ —> Co™* (ag)

H,0,(aq) -+ 2H (aq) + 2¢- —> 2H,0

PhO,(s) + 4H* (ag) + SO} (ag) + 26~ — PbSO4(s) + 2H0

Cettag) + ¢ —> Ce (ag)

MnOj (ag) + 8H'(ag) + 5S¢~ —> Mn**(ag) + 4H,0
At (ag) + 3¢ — Auls)

Cli(g) + 2¢7 —> 2Cl (aq)

Cr03 (ag) + 14H (aq) + 6¢- — 2Cr' ' (aq) + TH;0
MnO,(s) + 4H' (aq) + 2¢° — Mn**(aq) + 2H,0
0.(g) + 4H (ag) + d¢~ —> 2H,0

Brytl) + 2¢7 ——> 2Br (aq)

NO3 (ag) + 4H" (ag) + 3¢” — NO(g) + 2H,0
2Hg>" (ag) + 2¢” — Hgi' (ag)

Hg3*(aq) + 2¢- —> 2Hg()

AgTlaq) + ¢ — Ag(s)

Fe*'(aq) + ¢ — Fe*'(aq)

0s(g) + 2H"(ag) + 2¢” —> H,0x(aq)

MnQO; (ag) + 2H,0 + 3e7 ——> MnOy(s) + 40H (aq)
I(y) + 267 — 21 (agy)

0.(g) + 2H,C + 4¢7 — 40H (aq)

Cu*' (ag) + 2¢~ — Cu(s)

AgCl(s) + ¢ — Ag(y) + Cl (ag)

8O3 (ag) + 4H* (ag) + 2¢” — SO,(g) + 2H,0
Ccu? (agy + ¢ —> Cu'(aq)

St (ag) + 2¢7 — Sn*'(aq)

2H™ (ag) + 2¢” > Hi(g)

Pb**(ag) + 2¢” — Pb(s)

Sn*'(ag) + 26— Sn(s)

Ni**(ag) + 2¢- — Ni(s)

Co*t(ay) + 2¢- — Cols)

PbSO.(s) + 2¢~ — Pb(x) + SO; (ag)
CE " (ag) + 207 — Cd(s)

Fe*'(ag) + 27 — Fe(s)

Cr'*(ag) + 3¢” —> Cr(s)

Znt (ag) + 2¢ —> Zn(s)

2H,0 + 2¢- —> Ha(g) + 20H (aq)

Mn**(ag) + 2¢° —> Mn(s)

AP (ag) + 3¢ — Al(s)

Belt(agq) + 2¢7 — Be(s)

Mg*! (ag) + 2 —> Mg(s)

Na*(aq) + ¢~ —> Na(s)

Ca**(ag) + 2¢~ —— Ca(s)

St (aq) + 2¢” —> Sr(s)

Ba**(aq) + 2¢° — Ba(s)

K*agq) + ¢- — K(s)

Li*(ag) + ¢ — Li(s)

+2.87
+2.07
+1.82
+1.77
+1.70
+1.61
+1.51
+1.50
+1.36
+1.33
+1,23
+1.23
+1.07
+0.96
+0.92
40.85
+0.80
+0.77
+0.68
+0.59
+0.53
+0.40
+0.34
+0.22
+0.20
+0.15
+0.13

0.00
-0.13
—-0.14
-0.25
-0.28
-0.31
—0.40
-0.44
-0.74
—0.76
-0.83
—-1.18
~1.66
—1.85
-2.37
-2.71
-2.87
-2.89
—-2.90
—-2.93
-3.05



Useful Information

R T Y AT e v Ve

N, = 6.022 x 10° mol"
-b+b*-4ac
2a
K, = [HL,O'][OHT] = 1.0 x 10™ at 25 °C.
pH = _log[H,0"] pH + pOH = 14.00 (at 25 °C)
KK, =K, R = 8.3145 ] /mol K = 0.08206 L atm/mol K
B
pH = pK, + Iog-[a—se] MV, = M,

[Acid]

Given: ax’ + bx + ¢, then x =

» RT

AG = —nFE AG°® = —nFE° E., =—InK
nF

cell cell

o RT . o
=Ecell—ﬁan Ecc":E
R =8.3145] mol™ K™ QO (charge) = I AG=AH-TAS

AS=q/T AG = AG® + RTInQ AG®° = —RTInK

E -E° F= 96,500 C/mol e

cell cathode anode

Periodic Table of the Elements

1A A MA IVA VA VIA VIA VIIA
1 16
1 2
H He
1.01 2 13 14 15 16 17 4.00
3 4 5 6 7 8 9 10
Li Be B c N (o] F Ne
6.94 9.01 1081 12.01 14.01 16.00 18.00 20.18
1" 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22.99 240 3 4 [} & X U] ) 10 11 12 26.98 28.09 3097 32.07 3545 39.95
19 20 21 22 23 24 25 26 27 28 29 30 kil 32 33 34 35 38
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44.96 47.87 50.84 5200 54.94 55.85 58.93 58.69 63.55 65.39 69.72 7261 74 82160 78.96 79.90 83.80
a7 38 39 40 41 42 43 44 45 48 a7 418 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
85.47 87.62 8891 01.22 082.91 05.94 [98] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.80 131.29
55 56 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba* | Lu Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.01 137.33 174.97 178.49 180.95 18384 186.21 180.23 192.22 195.08 196.97 200.59 204.38 207.20 20888 [210) [210] [222)
a7 1) 103 104 105 108 107 108 109 110 111 112 113 114 15 116 17 118
Fr Ra**| Lr Rf Db Sg Bh Hs Mt
1223} {226] 1262] 1261] 262] [266] (264)] [265] [268] (269] [272) [277) [285) [289] [293)
57 58 59 60 61 62 63 64 65 66 67 68 89 70
*| La Ce Pr Nd Pm | Sm Eu Gd Th Dy Ho Er Tm Yb
138.91 140.12 140 91 144.24 [145] 150.36 151.96 157.256 158.93 162.50 164.93 167 26 168.93 173.04
89 80 91 92 93 94 95 96 o7 98 89 100 101 102
“* Ac Th Pa u Np Pu | Am | Cm | Bk Cf Es Fm | Md No
[227) 232.04 231.04 238 03 [237] 244) [243) [247] [247] 1251) 252] [257] [258) [259]




le 19.1 Standard Reduction Potentials at 25°C*

Haif-Reaction E°(V)
Fo(g) + 2¢7 —> 2F (aq) +2.87
Os(g) + 2H" (ag) + 2¢- — Ox(g) + H:O +2.07
Co*(ag) + ¢ — Co*'(ag) +1.82
H,0:(aq) + 2H" (ag) + 2¢ —> 2H,0 +1.77
PbOs(s) + 4H*(aq) + SO (aq) + 2¢~ —> PbSO,(s) + 2H,0  +1.70
Ce(aq) + ¢ —> Ce*'(ag) +1.61
MnO; (ag) + 8H (ag) + 5¢- — Mn**(ag) + 4H,0 +1.51
Aut (ag) + 3¢7 — Auls) +1.50
Chig) + 2¢7 — 2Cl (aq) +1.36
Cro0% (aq) + 14H" (aq) + 66 —> 2Cr''(aq) + TH0 +1.33
MnO;(s) + 4H" (ag) + 2¢° —> Mn**(aq) + 2H,0 +1.23
0,(g) + 4H" (ag) + 4~ — 2H,0 +1.23
Bry(f) + 2¢- — 2Br (ug) +1.07
NO;3(ag) + 4H  (ag) + 3¢” — NO(g) + 2H,0 +0.96
2Hg* (aq) + 2¢7 — Hg} (ag) +0.92
Hgi*(aq) + 2¢” — 2Hg(l) +0.85
Agt(aq) + ¢ — Ag(s) +0.80
Fe*'(ag) + ¢ — Fe*'(aq) +0.77
0s(g) + 2H (ag) + 2¢~ —> H,0,(ag) +0.68
MnO; (agq) + 21,0 + 3¢ — MnO,(s) + 40H (4g) +0.59
Li(s) + 2¢7 —> 21 (agq) +0.53
0,(g) + 2H;0 + 4¢- —> 40H (aq) +040
Cu*'(aq) + 2¢” —> Cu(s) +0.34
AgCl(s) + - —> Ag(s) + Cl (ag) +0.22
SO3 (aq) + 4H* (ag) + 2¢~ — SOy(g) + 2H.0 +0,20
Cu*"(ag) + ¢ —> Cu’(agq) +0.15
Sn**(ag) + 2¢7 — Sn**(aq) +0.13
2H (ag) + 2¢” > Hy(g) 0.00
Pb?*(ag) + 2¢” — Pb(s) -0.13
Sn**(aq) + 2¢° — Sn(s) -0.14
Ni2*(ag) + 2¢~ —> Ni(s) -0.25
Co**(aq) + 2" — Co(s) -0.28
PbSQ4(s) + 2¢” —> Pb(s) + SO; ™ (aq) -0.31
Cd* (ag) + 2¢7 — Cd(s) —0.40
Fe (aq) + 2¢7 — Fe(s) —0.44
Cr“(aq) + 3¢ — Cr(s) —-0.74
Zn*' (aq) + 2 — Zn(s) —-0.76
2H,0 + 2¢7 — Ha(g) + 20H (aq) —0.83
Mn**(aq) + 2¢” — Mn(s) —-1.18
AP (ag) + 3e7 — Al(s) ~-1.66
Be?* (ag) + 2¢- —> Be(s) —1.85
Mg**(ag) + 2¢ —> Mg(s) -2.37
Na®(aq) + ¢ — Na(s) -2.71
Ca**(ag) + 2¢- — Ca(y) -2.87
St**(ag) + 2¢” — Sr(s) -2.89
Ba'(ag) + 2¢7 — Ba(s) ~2.90
K*(ag) + ¢~ — K{s) -2.93
Li*(uq) + ¢~ —> Li(s) -3.05



Useful Information
N, = 6.022 x 10* mol™

T i i i i S

—-b+b* - 4ac
2a
K, = [H,0'][OH7] = 1.0 x 10™ at 25 °C.
pH = -log[H,0™] pH + pOH = 14.00 (at 25 °C)
KK, = K, R = 8.3145 J/mol K = 0.08206 L -atm/mol K

Given: ax* + bx + ¢, then x =

B
pH = pK, + log[—a.sel MV, = M,
[Amd]
RT
AG = _”'FECC" AG° = _ﬂ»FEocc" Egell =—InkK

nF
= E::el] - Eln Q ‘Eocell = Eocathodc - Eo:modc F = 96’500 C/m01 e

nF
R=183145] mol™ K QO (chatge) = I ¢ AG=AH-TAS
AS=4q/T AG = AG® + RTInQ AG° = —RTInK

E

cell

Periodic Table of the Elements

1A A MA IVA VA VIA VIA VIIA
1 18
1 2
H He
1.01 2 13 14 15 ] 17 4.00
3 4 5 6 7 8 9 10
Li Be B c N (o] F Ne
6.94 0.01 1081 12.01 14.01 1800 19.00 2018
1 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22,99 24.31 - | o [ [ 7 a a n 11 12 26.98 28 09 30.97 32.07 3545 30.85
19 20 21 22 23 24 25 26 27 28 28 30 31 32 33 34 35 36
K Ca Sc Ti \ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
30.10 40.08 44.06 47.87 50.94 52.00 54.94 55,85 58.03 58.69 63.55 65.39 69.72 72.61 74.92160 78.96 79.90 83.80
37 38 39 40 41 a2 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
85.47 87.62 88.91 91.22 9291 95.94 98] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.80 126.90 131.29
55 56 71 72 73 74 75 76 7 76 79 a0 a1 82 83 B4 85 86
Cs Ba* | Lu Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.99 137.33 174.87 176.49 180.85 1683.84 186.21 180.23 192.22 195.08 108.07 200.59 204.38 207.20 208.98 (210 [210] 2221
87 88 103 104 106 108 107 108 109 110 11 112 113 114 115 116 17 118
Fr Ra**| Lr Rf Db Sg Bh Hs Mt
1223) [226] 1262) 1261} [262] [266] [264] [265] [268] 269} 1272| 1277 |285) 1289] 1203)
57 58 59 60 ] 62 BY 64 65 L) 67 68 60 70
‘1 La Ce Pr Nd Pm | Sm Eu Gd Tb Dy Ho Er Tm Yb
138.91 140.12 140.81 144.24 (145] 150.36 151,96 157.25 158.93 162.50 164 93 167.26 168.93 173.04
a9 80 91 92 93 B4 95 96 97 98 99 100 101 102
*| Ac Th Pa U Np Pu | Am | Cm Bk Cf Es Fm | Md No
[227) 232.04 231.04 238.03 [237} [244) [243] [247] [247] [251) 252] [257) [258] 258]




