Determining Oxidation Number (State)

Determine the oxidation states of the elements in each
of the following:

B =, ~2x§= =10 ~10+2P=0 AP=10 P=+4+5
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d) SnBr4 i il e
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Oxidizing & Reducing Agents

OH ™
Indicate which is the oxidizing agent and WhICh is the

reducing agent in the following reaction:

~1

+4 2 -2 2.+ 241

Cd(s) + NiO,(s) + 2H,0() = Cd(OH)z(s) - N|(OH)2(s)
Ccl O =>+7 ——)OdeLa@d Cuune veduced > V‘eduf_xné a%url-

Nt +4 = +3 Sveduced - cuune o xdahon > Ode\amg a,g;ud*

(5 camn SON%‘“%
pey
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Balancing Redox Reactions in Acidic Solution

Complete and balance the following equation. The reaction
occurs in acidic solution. u®""! —"gmmf'

Mn@(aq) = B|036Is) > B@(aq) - MnO A(aq)

rv

MY\“ e MﬂOq_ 'Fm 03- — rl%-' 34
6 g
a0 6 M +HI0 > Ma0y Bioy — Bist + 3,0
+$
+ 5 i -3
e Hur? Mn™ + 4,0 — :«no'q +SH? B0y +LHt = Bi" +3K,0
bha\once

- .34
addes Y2 ﬁ’lﬂu"”HO-anOquBHHS@,) fH;OQ, + Lttt +2e” = B r%Nz_CaXS

20t + 340 > Ao +M*+JQ'-’QJ
+ 5Ti05 ¢4l gor 55T
AMn™ + OBi0, + 14yt —= AMn0y~ + 5 B + V)HZO

x° FI3
A: 2Mn?*(aq) + 5BiO5(s) + 14H*(aq) = 5Bi3*(aqg) + 2MnO,(aqg) + 7H,0(l) 14
! S +H 15+ X


Maria Donnelly
8

Maria Donnelly
8


Balancing Redox Reactions in Basic Solution

Complete and balance the following equation. The reaction

~HtAL> -

occurs in basic solution. e,
= =
-3 4| 2 +|
NOZG(aq) + AI(s) - NHs(aq) + AI(OH)4@(aq)
+% - £}
NO, —= NH, AL —> /-H(Gh%
Y -3
NO, — NH, + 21,0 A+ 96,0 — Al(omq'
5 Ky o P! 4
NG, #9H" = Kt + 26 ALTHHGF 4t — pu(old + 5
NO, 24" + e Ny + S [ALr 4R, —5 MloW)] +4H* +37] ¥4
. RAH,‘L?}HZO-——» MKO#)J%HMM 5

Rééo‘&\\i\(})’( - - 5 -
o Oh7+ NG # AALYAHO — AoR), + NHy *
W
N0z~ + AL +5HZO+Q__§‘ — QAOH, + NH,

A: NO,(aqg) + 2Al(s) + 5H,0(l) + OH(aq) = NHs(aq) + 2AI(OH),(aq) 16



Galvanic Cells

A voltaic cell is constructed with one compartment
consisting of an aluminum strip placed in a solution of
AlI(NOs)s, and the other has a nickel strip placed in a
solution of IgiSO4. The overall cell reaction ios:

2Al(s) + 3Ni’*(aq) = 2AlI3*(aqg) + 3Ni(s)
a.) What is being oxidized & what is being reduced?

A 0= +3 =oxndized Ni: +2 =0 = veduced
b.) Write the half reactions that occur in the two electrode
compartments. Mnode (Oxdahon) Cathode (veduchon
Aley —> MPlas + 32" Ni&f- e~ = Ni ()
c.) Indicate the signs of the electrodes. | |
Anode > negahi Al At cagy C;A—MQ-posﬁ;\rC I\h”mm[N.csB

d.) In which direction do the electrons flow?
Huand cathode = puand Ny 2| Nics)

e.) In which directions do the cations and anions migrate

through the solution? /Anwens=fowand ancde - M [H* @)
Cobons = fowand cuthode - N z{aa)l i)

f.) Give the cell diagram for this voltaic cell.
o0 pa| P as || Ni s | NiE) e .



Cell Potentials (E’..;)

Wl
1.) Using data in Table 19. f calculate the standard emf
for a cell that employs the following overall cell reaction:
(@] o
2Al(s) + 31,(s) > 2AlI3*(aq) + 6l(aq) A: 2.19V

Cothode sreduction -T T +3e- 22T~ +0.53y

0 6 o
= allz B o '
Cathode = & gpnode anode 4 pudaton ~AL  AdFrze- AL =LV

o —+
= all® +0.53ve(3 b))
_f-
S ARV

2 )A voltalc cell is based on a Co/Co?* half-cell and an
Ag/AgCI half-cell.

(a) Write the half-cell reaction for each electrode.

(b) What is the standard cell potential (use Table 19.1)?

24 _ / , ~ - A: Co?*(aq) + 2e = Cof(s)
(Opst 2™ = Cogy AL +e” = Ao AgCl(s) + & > Ag(s) + CI (aq)
-0.48V +0.33V 0.50V
Arode Cattode

4
Ego,l[ =+ 0. 23V S0.2%V) + .50\
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, Cell Potentials (E’cey)
O

\\

3.) Will Br,(lI) spontaneously oxidize Fe?*(aq)?
CEZL po%l*{\lt (CEL‘H‘O@\
,BV o) + ?\Q"‘ — ?\'Br. -\—IO"]U

B (D) + Fe 0N > Feras + Abr

Lafa+ (&= ==p Fe(aﬁ\ R o 0 LT &Y

Pl Ehmas Bl (prode

S .0NN= 0.7 =T0.20V >sporﬁwo_ous
(pos)

4.) Will I spontaneously reduce Cr3*(aq) to the free

metal? Y
2T + O™ o Ty + O Ooggrde = Ory —ONMV &

T4 20 2T +0.5% pnod®

—

Eoll = =019V —=0.63N = — [, 20V
O not sporr'z,d;QOUJ)
(negs
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Cell Diagrams

] )Wr|te the balanced equation for the given cell:

o P PHs)ISn?+(ag)ISn*+(ag)lIAg*(ag)IAg(s) e
5 n A: Snet(aq) + 2Ag*(aq) =2 Sn4*(aq) + 2Ag(s)
%n =5 S + HE
q [/')r%*+e- - A%'J Sﬂucabn + Q%+caﬁh IL—> Sn Fady + RAgCQ
Ahyt + 30" o 2y
2.) Give the shorthand notation for the following cell
reactlon with a graphite (carbor%) cathode:
Cu(s) + Cl 1,(g) > Cu?*(aq) + 2Cl(aq)
A: Cu(s)|Cu?+(aq)||Cl,(g)ICl-(aqg)|C(s)

hrode ~ox  Cu— CuZ + Re-
Cotode-red Clo gy +ae = ACL

e Cu)|Cotteo | Clyc | CCeon| L o
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Cell Potential & Redox

1.) Which of the following pairs of substances is the

. n ? A: (a) Mg(S)
stronger reducing agent (b) Cres)
(a) Fe(S) or Mg(S) Move POSH.NQ £8 eanter 40 veducy = s-!won%ef o,ud\am% o_%gyrf
(b) Cr(s) or Co(s) Move naggdwe £°- eamexbomdtzefs%n%u redmn%a%ﬂ!ﬂ

(00 Fecsy vs @

Fets 20 Fece) M%7.+ g > H%Cﬁ\

— 644V ~ 23N
(b) (Gt o Cols)
O a2e 50l (o™t +2e"— Cotd
-0 ~ a8 Y

1
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mThermodynamics of Redox Reactions

1.What is the equilibrium constant at 25°C for the reaction:

Sn(s) + 2Cu?*(aq) — Sn?*(aq) + 2Cu*(aq)?
£0- XL gk

5 5 credd X (0X)

¢ Eoutmod— Eomede (o Cu¥F e s Gl volov
v}

Mods Sn = §h¥+2e” —0.UV
£°2 0.19V-(~0.14\) = O.A%N

(%5314 Fmd i) (205.15 Do K

R+ 33143 mol K 0N 1 AL Ao
T= 39°%C+a1%.15 = R9%.13K
Nn= 9 OAAY = 0,013¥436 \ « 0nlC
L= 90,455 U/V_m‘ 0.0l AFHSUY 0.06(28US6V
Qin I = #9758
K’ gaﬁ.ﬁﬂﬁ%

(= (.30 2167 = |4 %101

A: 6.4x10°
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Thermodynamics of Redox Reactions

2.) If the equilibrium constant for @Iectron redox

reaction at 298K is 1.5x10, calculate the corresponding
AG" and E’,.q.

go, __K_;-_MK AG\O—,_}/] FEO
=
o
o (BTG (15 x16) R~ %.314 Slmolic
“red T (2)(96.485 .ot T= 29%1C
n= %
£ pd- é.oa%serv>(w(t.%x10‘) £ = 94555 . ol

Ced: (0.02%34 ) (-$.505)

b et B =B B =5 —‘O;_I_N_}

AGE (296,485 T fyma)( SIS
NG =21 5XI0"S/ ol

A:2.2x10%)/mol;-0.11V 35



The Nernst Equation

1. A voltaic cell utilizes the following reaction:

2AI(s) + 31,(s) > 2AlI3*(aq) + 6l(aq)

(@) What is the E_under standard conditions?

(b) What is the E.,;; when [AI3*] = 4.0x103M & [I] = 0.010M

(still at 298K) |
5:£auw—(§)%o
Cothode - red-  Ty42e" 5277 +053V

(o) Eo@uz Ez&_{fm&@f ££,.0da (DAL — OW - Al* 2 5810 — 1LV
= 053N (= LLsN) = 2. 19V
1y £ 1. 16s 83!‘4%&}‘" 2%'/\% ;wo N R= 8.314 Slmol
s« G64§5 2N T= 29¥%K
. n=
' 2.19V - [4.2797 %105 (28 b4 F= 9L4%5 3 y.mol
E= 2.0V + 0.1655V Q- [m¥\' [T

- fqoxlo‘gr\]q [6.016\"

& rlig?



1.

Concentration Cells

A concentration cell is constructed at 298K with two
Zn(s)-Zn%*(aq) half cells. One half-cell has a Zn?*
concentration of 1.35M, and the other has a Zn?*
concentration of 3.75x10“%M. What is the cell potential?

KT
Q&M(QQ%}% B'JSKIO'& Eall> 6.0y —-(—-O.*}(,u\ = O
3 \ 1.3SM
i VW\ h cgac(ma [Ow cone
o SWLORG
R= %314 T [mo\lc
Eel=(- 012834V ) *%.I%h%\
ell=(-o. ( Sy

gc»,l[" + 5. 105V Nn: &

F= Ab,u%s T v-mo|
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Electrolysis

1.) A TM aqueous solution of iron (lll) chloride is
electrolyzed. What are the products? re(s), 0,(g), H*(aq)

0
Red  Fe* 430”5 Fecs) +omny &0 é Fe (o Fees), O ), 117 ae)
AN0@) +ae~ — Hal) +0H™ — 0KV » C2 %)

g LU —> Cly +2e~ Eog = =136V POS( ¢
¥ ok +
MO —> 0,5 + 4 oy + 4" e -1 Tt ) ) ¢ a0

2.) A TM solution of potassitljﬁ'n iodide is electrolyzed

under acidicHgonditions. What are the’ products? H,(g), I,(s)

) + T l = ==
Red: Kt+e™ = Ky Epg=—-293V O%ZS Ha (4) Haca) y T ()
2H+ FRe = H'SL(—%\ Erz,c\, : 0.00V mep

Ox! AL~ —> Ta@) + 3@~ Loyt —0. 63\ & Mot pas
F.Eg(SX

PHO@) = 0a@) + HHT (a8) +e” Eog= ~ 1RV
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Producing Products by Electrolysis

1.) How many grams of Ca(s) will be produced in an
electrolytic cell of molten CaCl, if a current of 0.452 A is

passed through the cell for 1.5 hours?
N= 4 moles = spcific #moles of e~
F= 96,45% lmo)

fudys i ®

(*um:m (ampe:es]
and |
. time iseconds) |

Product of
current and
time

’ Chargc
in
muiombx

the Faraday

Divide hy
constant

i Number

‘ of i
| moles of electrons |

Use mole matio in
half-cell reaction

{ Moles of i
| substance reduced |
or omdu,od |

Use molar mass or
ideal pas equation

| Grams or liters
of i
pmdur.l E

| VN ————

NF= AL

A= 0.492A
L time () | Blys (“’l_(;%@x

£ (6HSRNNEH00R) (2 g

A:0.51g

Coudordo = Clurvent » Eime

= Axb
=2

292)—; 54005

s

-y Cacﬂ

90,485 225
o

Col
N= 6. 625340 mol e~ (‘?\m& E

1—3 = 0.0 365 MC&(M‘Q

159%q Coo

= O 90
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Producing Products by Electrolysis

2.) Water is electrolyzed in a cell at 25mA for 15 minutes.
How many mL of oxygen gas are produced at 1.0 atm and

25°C? AH00) = Oag) +4e™ + HH? A: 1.4mL
_ SIS
e bt A= 35mA (o) = 0:07A
t7 [Srgin (%ﬁ%—-;}r 400s A5%C + 27305 = 29%.15K

AS
f= A4S 5}

(OISR 4 o o (22 07_>: o5
n B A g 2332 X100 ole” (o T ) 7 0.8 3XIOT im0,

PV=nRT (106t (V) = (6.83% 15 Sppet) ( 0.0873] 5;“‘5—‘% (2% )

(106t~ 6. 001427 L s
.00 .0 ghres

\(= oioomaﬁk( !()(32__%} [.da1ml —-‘>
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Producing Products by Electrolysis
3.) How many minutes are needed to plate out 25.00g Mg

from molten MgCl, using 3.50 A of current?

nF- HE) {;:_%_E_ A=150 A
F=a06,9%s 2=
ol

mo

Nn: 2s. 00%""\% (MB

A: 945 min

M%”-r % = Mg (o)

= Amole” \ o
1. 02 %l mol M%<m3 - 2.695Tmole

L-( 2,050 (40455251
nSON

£~ 506,706 s 'E%?>
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Electrical Work

1.) Consider the voltaic cell which is based on the cell
reaction: Zn(s) + Cu4*(aq) = Zn?*(aqg) + Cu(s)

Under standard conditions, what is the maximum
electrical work, in Joules, that the cell can accomplish if

50.0g of copper is plated out? A: —1.67x105)

S e o -0 6
Wmax = ~NFE £QL{= EW&’ Egrode  Cutbode (w20 5(ug + 634V
Anode’ Zn*trae=2zZnl® - 0.V

EC,;H: +0.34V —-(—-0.’)(.1\}\
= LoV = £

B = ol i Amole )
Ll S ( (354bg ) ().78(286@%( Yolbn.

= 1.5 3Lk mole ~

£ %J-l%’S R
mol | y.mol

Winax= = (1573061 met) (6455 “M(l.loﬂ

[ Wrat = = 167 x10%5 l
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