Electrochemistry Problems

1. When a solution containing iodide ion is mixed with manganese dioxide and acid, a cloud of purple iodine gas
ie given off. Use a table of half reactions to
a) write the half reactions that occur.

21" > |, v 2
MaD, + 4HT +2¢ 2 Mn®" + 2 W,0

by  write the balanced redox reaction.

Z17 « Mn0, + 4l > 1, M2t + 2 H.0

2. When hot cesium metal is exposed to chlorine gas, a bright flash occurs as the elements react. The product
is a white solid composed of cesium ions and chloride ions.
a) Write the half reactions that occur.

Cs = Cs' +e-
C\z_ r 2 -2 ZC(‘—

b} Write the balanced redox reaction.

20 « Cl, > 2Cs" 2010
20s « Cl, = 2 0L

3. Acell is made up as follows. A piece of nickel foil is immersed in a beaker of nickel(ll) chloride solution, and a
strip of copper foil is immersed in a beaker of copper(ll) sulfate solution. A wire then connects the metal
electrodes and the beakers connected by a salt bridge.

a) Write the half reactions that occur. ldentify the oxidation half and the reduction half.

N 25N -0.26 i@ ox % Ni-> 802 2.
Cu"*k'%cu. +0.34 red Yy Cu?'" v22" < Ln

b) Which electrode is the anode?

Nicke)
¢) Toward which electrode do the sulfate ions migrate?

Yowardo nick (anode
d)  Which way do the electrons migrate in the wire?

Erom nicl (amode Y o Copper (catbrode )

e) If 0.025 mol of copper is produced in the reaction, how many moles of electrons flow through the wire?

w2t + 227 = (e (o-0zstwl () (2 el molg“ > - 0.050 mol e

I mal

f)  Toward which electrode do the nickel ions migrate? 6&)
rowas Cn ( cw{/hoo& )
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4. An electrochemical cell was made as follows. A weighed strip of tin was immersed in a beaker of one molar
tin(ll) eulfate and a weighed strip of silver was immersed in a second beaker containing one molar silver
nitrate. A wire then connected the metal etrips and a salt bridge connected the beakers.

a) What is the balanced redox equation for the reaction?

Sn?teze” 5SS, -0.14 6x Sh=> Sa*t 127
i 2 ' .
(-\5” ve” 2 Aﬁ +0.80 veel Ag ) Aj

Zhs* +Sp > STt e 24

b)  Which electrode is the cathode?

c) Towards which electrode do the silver ions migrate?
fowaads  Ag (cathode )

d)  Which way do the electrons flow in the wire?

me, Shr o Af) (amocle +o Ca%oa(l.)

e) Did the silver electrode gain or lose mass?

; Ve = Huew 1ons changt fo <flver
gains  mand CAf) e >A3) SZ p(le(f:oe{fmd/lu coroole

£)  IF0.010 mol of tin goes into solution, how many moles of electrons flow through the wire?

Sn?t +2¢7 > Sr (0. 010 mol Sn)(Z mol e~ ) - 0.020 mol e~
I 'mol Sh
g) 1 0.020 mol of tin goes into solution, how many moles of silver are involved in the reaction?
(0-020 mol $n 3 (2mel B3N =~ o.ou0 mol Ag
1 mol Snh

h)  How many moles of electrons flow through the ealt bridge in part (g)?

none - dectrons flow dhrpugh dlu wive ot Ju Sl bridge.

S. Calculate the potential for the following cells and indicate whether the reaction is expected to be

spontaneous.
a) Cr+3Ag" = Cr' + BAg
Ce > Cr?t «3p” +074YV 2184 vV = 5Pon-¥cuvwou.s

Agt ve” > Ag 10.¢0 VvV
b) Cu+ + Fe” = Cu* + Fe*'
R P + 0l v = spovﬁwows
F&” re~ = FC” +O.77‘/
&) Mn” + 2H,0 + L, > MnO, + 4H" + 217
Ma2* +20,0 = Mn0, +4H4*+ 2.~ -1.23 v _0LAY = nov\—%Pﬂ‘WmS
12— 2" + 0.5% VvV
d) 2Cr* + 7H,0 + BPb*" = Cr,0,7 + 14H' + 2Pb _‘
20p* rTH,0 5 Cr04% ¢ 19H? tlem 7 .33V M6 V= WM%PJ“W'M
P2t 2. > Pb -0.A3V
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©. Which is the stronger oxidizing agent?

a) Zn“ or Ca™" 2 2t b) Bryorl, A
n 20" r;
-0 ~-2.24 — lLob  0.%% _=
7. Which is the stronger reducing agent?
a) MnorPb b) BaorSn
LE 04 Mn 292 0.14 Bo

&.  Which of Cr, I, Al and Fe* will oxidize Co?

« qe te - "'O.Z&
. d A U\L rd‘%‘ do CO - C'OL ze + -
Crl AL cont e U-CeJ connet oF l, v+ Ze 2> 217 +O.3Y Fe3 + ¢ _bfe”«o.ﬂ
z

lz o~ .3
9.  Which of H,, Cl,, Hg"", and H,0, will reduce Ag'? 2
Agtve > Ay 40 8O h, @ ZHY ¥ 2.~ OV He?t =
Ho or H02 Cly * W0, = Oyt 2HY +2¢” ~0.70V
10. Which of Cu®*, Zn, acidic NO,~, and ClI” will act as oxidizing agents for Ag? SAct e -0.20
Cu¥*412a” => G + 0.3 NO,'**‘/”" y 3" > NO r2/'/2_0 0.9 v A" >
Zn U AN swly N0
1. Which of I, Pb, Br,, and 5n*" will act as oxgé&%“ggeﬂt@ for &5n*? R ok s
27wy v 2e~ 084 By, * Sn 42¢7 > So s0.!

Pb > Pb* v 2e” 10DV Sptt 5 Snttr2em —0US vV .
12. Predict the reaction that will be favoured in the following cells.
a) A mixture of Br, and Cl, is added to a beaker containing copper(ll) eulfate and a copper rod.

6(; R C“i—) Q&1+'5041" CU’ , H;O

onl Y P

L ced.

LCu=> (2Y +2,- o1V | Cl, rze” = 20(~ V3G v
(\AA,"') CM,* Q-L_ —0.52 v 6‘,; ~ 22‘%2’5(3 l~O(pl/
W, 0= O, +4lir rUe™ -0.22 2U, 0 +2e" > Hyr 204" -o.ﬁl(avu

+0.-

0uz" re” = Cut
QU\.Z+ v2¢e” = Cu +O.'5“f\/

Cl, + Cu > Cu®t v 2 Ct-

b) A mixture of powdered Al and Fe is added to a beaker of Cr™" solution.

A /FC., Cv® )“7-(D

X ng Cy> ve” > 02t o X 7Y
U\ > M3 13T +l-b3j Or3 ¢ 3m o Cv -0.7¢4 V

S 3~ +0.04 - -
?' S Fre; %Z - ot 20,0 vz W, r204- “OH#Y
< - e rZe : L

203100 » G0 +I¥H' e 33y
LU, 0= 0, + 4HT v de -0.82V

[2 ALs GH0o = 2 AT v 3, + @Oﬁj
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c) Atinstripis immersed in nitric acid. Sn , H ¥ 5 NO’b— ) HZO

=z \an Se*t r2e” +o.l'+v| B-A—‘ 20 +z2¢e” > H, 0.06
2H,0 » O, +4H* tde -0.82 NOy~ +HI* v3e= = Vo - 2H,0 +0%6

Z#;O ¥2e~ > H,'r 204~ -0.H V

—3\5)’1-\' 2 N0~ + 8HY > 3Sn2t + 2NO + 4 H,0

d) A copper rod is immersed in a 1 M solution of HCI, through which is bubbled O, at 101.3 kPa.
N -
Cu , WY €17, 0n , Hpo

ol [Cu > (u>* «2e- -0.3¢ cedl [0y +HHT e Gpm o 20 123
Cu > 0w re- -0.52 2,0 v2e” > H, r20H~ -0/

217 » Qlpt 227 ~1.36V ZH* ch: > H, o.ooo
Zl—\to < Oz « H? 4\/6" —-O.%ZV OZ v ZH r2e" > l-/—zOz_ 0.2

ZCu t Oz_'r‘th' - ZCuz+ v ZHLO

13. Predict the overall reactions that you would expect when the following are electrolyzed. Calculate the

minimum voltage that must be applied to the cell.
a) 1M Nal Ne* | I, H, O

2 (2T 1, 120 o5 el Ne'iem > pk -2 |
200 > o, 4" e 082 | ZH0 t2e- 5 H r20H” -0.4/]

I =

217 ZHLO 2 1y ¢ Hz L 20/7‘——
OV

&4 V mush b WP_[/__{J

b) IMKCI K"/ Ol H, ©

/
x| red]
201" Ll v 2.7 -3¢ K e > g -2.93
/2?7}:(79 Oy + $H T + o~ 0.82) Lzﬂza *Z2e” > H, 1t 20H -g

ZH,0 +¢#H,O-p 0, +¥H* + zi, + 40H " .
GHZO = > 67 r 4 H* ¢ ZH,_ T"LOI‘/ /ZS\/
must be

apptied
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c) TMCuF, Cu?t , ¥, H0

X _ 2F >F, v B¢ -2.¢7 red } Cu?* w 2,7> (0, ro.sﬂ
LZHzU = O, + 4" +4¢- _o'gzl Bt F - s LUk HOUG
AHLO 227 > Hy v 20#7 -O.¢/
PH,O ¢ 2002 w0, +4HT +2(u 0.4 V must be
— afpé/'ec/
& IMCoLandiMHa  Cp3t , 17, HY, ClT, H,0
| ZIT S 2e” -O-E‘ﬂ red  Co*t+2e” > (o -0.28
TZB0 30, « HF s e *0.22 / ZH* rze- & H, 0.00]
2 017 >, ¢ Ze -1.%36V L= Cly+Pe =] 34
DH,0 ¢2¢” > U r 2007 =04
2|7 v 2H" =, ¥ H, 0.54 V muxf
be applied
e) 1MNaOH, using Fe electrodes Mot , OH ——/ Fe y, 'L/Z/C)
(49, \Eﬁ/ci‘? Fe2* +2¢” +0n‘fij .Z_DU Mot +e” > Mae -2.71
F(, -2 Fe,?"’~ £ 30" "O-O“; /QHZOI— Ze’—)l-[—L+ 204 ~ "O-‘m

2,0 0, +l{*+4e  -0.22
4201 = Oz r 2H,0 rHe™ -040

QPM‘I&Y\ZOLLS
Fe r 2HO > F2" «H, +20H" +0.03V
= no Uoltage mg»a-'fa/
f)  1MHI, using Cu electrodes H‘ , 1~ ] (u ) ’L/LO
yr | 2H0 >0, 4H 14 -0.92 ,,,L/A_\ ZH,0 r2e” D H t 204" -0.4
25 [, 12,0 -o0.54 ZH 2 = H D00
Cu = Cut «e” -0.52

@ =~ Cu® +2¢ "0-5‘1‘;)

(o = 2" > (® + H, 0.34 V' must
L ke a,opé'ca/
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4. An aqueous solution of sodium sulfate is electrolyzed. If litmus paper is dipped in the solution around the
anode during electrolysis, what colour will the litmus turn? What colour will the litmus turn when dipped in
the solution around the cathode? If the electric current is turned off and the anode and cathode solutions

are stirred together, what will be the pH of the resulting solution?

NOL* ! So‘fz— ) HZO
red

2 F e = -2V
2 - CHH s de- -0.82v) ’[\’]&‘LLN&H—“/WD
w O/;‘ HH < )V_) )Z#LO ¥ 2e” > H& + 200~ -0. y
andt ox T eodhiode rx
Ay > o produad Qakhode > bz O~ produad
ra Jéynus Turns VfJ J{%mus furns blut

mided =5 ZH,0 + 4H,0 —> O, +4H* 124, + 4OH -
bH,O > 0, « 4H' + 24, + 40H ™ )
(200 = 02 + 2zH,) 2 plt=T7 o#H=H

15, How many moles of Cu can be produced by passing a 2.50 A current through 1 M CuS0, for 400Q &7

C,mﬁomlos =(2.‘50A )( qo00. s) = 10000 C

—/—0—-0—0—%— = 0 107 mol € Cu2+ v Zem > (e
46 &0 fpnol e

(0. 104 me! e’)(l vy Q,,L> (&ﬁgﬁ'\

2 pwl e

O Q5Z ol Cu

16. How many coulombs are required to produce 0.325 g of 1, by electrolysis of an aqueous solution of KI?

217 2 1o v 2.7

0.325 4, 1, XZ mo | c“> - 0.002 3% mol ¢~
( Zm—(ﬁ/w’ I mol [,

(0.002 86 msl ¢~ Y 9% 500 Clmol e ) = 247 C
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7. A12.5 A current was passed through a 1.00 M solution of lead(ll) nitrate for 1.00 h using inert electrodes.
How much will the mase of the cathode have increased after 1.00 h?

codombs = (128 AN 3,00s) = 45000 C

45 000 ¢ _ 0.9b mole” P+ 2.7 = fb
96 600 ol e

(O .46, mol & )( o | Pb>(207.23/m0’ Y- 4834

2 mol £

18. What quantity of electricity (in coulombs) is required to produce 1.00 kg of Br, by electrolysis of KBr
solution?

26 > A

, v Z2e

1 000 v, 2ol <7 N\ (9¢ 500 C, |, . = 1.2] = 10° ¢
</59 ;052//"0/.)(1 o | 6";) /rmfé )

19. What mass of tin can be plated out of a Sn*' solution if we pass 5.00 A for 6.00 h?

codombs = (3.00A)( 21 60O s) = L4 8OO C Sn?t- 2.5 ShH

(@# 800 ¢ >(4 mel_Sn >(/15.@C/5/m,) - 399 4 Sn

46 500 Ymol e 2 mol e

20. A certain amount of electricity deposits 45.0 g of silver from a solution containing silver ions. What mass
of copper will this amount of electricity deposit from a solution of copper(ll) sulfate?

Ag' re” > g CuZt v 267 > Cu

450 4 . >é|wle >_ O. %417 mol e
107. %6 9/MOI [ wo | A»5

{047 prol ) (Lol lin ) (43.545/npy ) = 155 4 (o
z msl e~
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