AP Chem Redox Study Sheet!!! @

@ 0

I. Rank from strongest to weakest oxidizing agent: NO5™' (in acid), Ag"', Ag, Cr,0;7(in acid)
NOs™' +4H%+3e-—> No + 2Hh0  E%) = 0.9V
Agt +le-  —> Ag E%l= 0799V
. ' t oxlizing ased
CoO7** Y sbo-—y 200+ oo Evf = 133V < The Shosst oxaiery 2l
A+ e = A sile isamid... most capeble rf gaui

ualikelyfo qaun € -, can elechas Cbeingreducd)-
:‘5‘441’01 Vo—%/{. so Wighest veduchin poltad

2. Rank from strongest to weakest reducing ag @

-1, +
Loy~ +EH" Se-—> T, +3Hi0 E7ay= 1195V lookup ©n reduchen table,

+2
Fe t2¢e-— Fe(gp Ee) = -, ygov thon revecse I’XIU‘ h See
Fot3 e, = pti ESy: e 77V how favorble i is +o

£ fe o LT oxidize I, Fe Fe*?
I, +3H20 — Ge-+ ... E%x= -119SV OXIMZE Lo, F¢, '
Fee) —> Fe+2+2e- Ex = +.440V The Huing with the highei
R+t —> Fet3tie- ECox = 7V E% s 7”-“”“#*’“"':1;
Ziit%y #26- ~—— Tig Ered= -0.76V oxiZed, ond Hoetd M’f‘
Na*,, +1le- ----- > Na, Ered= -271V Aftal.
Fup 426 —> 21:"?(: E'red= 2.87V Schﬁ reducng 4 J¢
Bryy + 2e- —-> 2Br,, E’red= 1.07V
Ly +2e - > 2l E'red= 053V
2H,0, + 26 -——> Hy, + 20H", Ered= -083V
Oyy + 4H" +de —> 2H,0, Ered= 123V

-+ -
3. If a voltage is applied to solution of NaBr,,,, and electrolysis occurs, P 0551 e rea dm.b ot Na / B« / HZO
a. Write the half reaction that will occur at the cathode (this is the reduction half-reaction).

Nat' + |e- /\4’ Na E°wd =27V |l ,
S 75 il + 26> Hy Y200 Lo 5-,
(the oxidation half reaction).

b. Write the half reaction that will occur at the anod C
P

2B Bry *27 B (LoD~ (281 8a+2e” En=0tV |
2He0 X7 Op+4H*'+4p- o = |93y

c. Write the overall redox reaction that occurs, and calculate E’rxn (E’cell)
-l 0 —
(AHa0+ 2B —> Hy v B e 2047 Epa 90V

4. If a voltage is applied to solution of ZnF,,,, and electrolysis occurs,

a. Write the half reaction that will occur at the cathpde.
Znt2t 20— —> Zn B 7~ V) ]72,,'*2», 2™ 2oy Erd ™76 \/7
2H20+2¢- X Hy+ 201" Eoep =-.83V

b. Wzrite the?;f reﬁ‘action that will occur at the anode. - , z '
F 2t2e” Lo =-28FV 2H0 =2 O+ YH™ +He L= L. 3‘/)
ZHz0 = Og +d4t'+ Y- Fox =123 VD

c. Write the gzverall redox reaction that occurs, and calculate E’rxn (E’cell)
(22" +2k0— 20+ Y L= 19T V]




5. If a voltage is applied to solution of Cul,,,;, and electrolysis occurs,

a. Write the half reaction that will occur at the cathode

Cut?+2e—> Qu £l 7#.34V) } 5 L@*"’*Q( — (U o34V
2H0+2e~ K> Hz+ 201" Ergg= -3\

b. Write the half reaction that will occur at the
277 55 Tye 26~ B 12537 Js [277= T,v 26~ E'ac-53V]
ZHe0 % Oy + YH* Y- E%y = -123V
c. Write the overall redox reaction that occurs, and calculate E’rxn (E"cell)
CL{ +2”' 2 I —> CH(S) + IZ(S) Eorxn’ ’0’? V4
ag) caq)

d. What mass of Cu(s) can form, if a the solution is electrolyzed for 45 minutes, with an average current of 0.62 A?
(‘/Sn‘hn)/ {062C Imple e~ \ / I mole Cu (‘u 35'46 [0 55
m:n %‘IBSC 2 mole e' }rmk t?'

6. Suppose that 24.42 mL of 0.50 M K,Cr;07 (in acidic solution) were needed to oxidize 7.59 g solid lead.
a. Write a balanced half reaction for the reduction of the dichromate ion to Cr*, in acid.

Cra03 "+ 1 H" + go- —> 2 (3 + H20

b. Which lead ion formed: Plumbous or p]umb:c'?

.50 Ml'l (rz07* 6 mole e — 07 -
(ozys2 L)(" mw(rzm) 0.07326 molw ¢

. Inmole_ 07326 mslage—_ ] ~
(75-67-? Pb)/ZO?.Zﬁ) = 0.03663 mole Pb 03663 mol Py~ L91=2
/ Pb™*? (Plumbows) [om -Farmd_]

7. A voltage was applied to a solution of “Tin sulfate.” An electric current was 950 mA (milliamperes) applied over
the course of 1.0 hour resulted in the production of 2.10 g solid tin. Was the compound “Tin II sulfate” or “Tin IV
sulfate™?

0 4/ 36 Imebe- ) = o ' les e-
(/oA)(,o S)(o.qs 3 0.03544¢, moles €

(2104 5")/1:?;}; ) 0.01769 moles Sn

.03544emoly ¢~ - 20031=2 h%ﬂﬂf)fu['élﬂ'

-

.0176 9 moly Sn or StaanNdud S,
Sidce rF wad- §**




8. (AP 2002)

The reaction between silver ion and solid zinc is represented by the following equation.
2 Agt(ag) + Zn(s) - Zn**(ag) + 2 Ag(s)

(a) A 1.50 g sample of Zn is combined with 250. mL of 0.110 M AgNO; at 25°C.

(i) Identify the limiting reactant. Show calculations to support your answer.

le Zn*? +2
0.250 L) (. lip ™2 Agnos )/ o= ) = 0.0/1375 mole Zn
( o L) i Codd frm from AGNO3

Jg Py 2
(/'gaf %)/egﬂggj)(%fgf) = 0.0229Y4 mole Zn** coudd fam Bz,

Sinte AgNGs wanld produce a lowt amowatsf prducd, |AgN0Os is the himias cackat

(ii) On the bf'isis.of the limiting reactant that you identified in part (i), determine the value of {Zn2*] after
the reaction is complete. Assume that volume change is negligible.

Acc Fo abive, .03FS) mly Zn*% Condd Form.

[Zn*t] = 0.033S)molg 2[&0550 M |
0.250 L

(b) Determine the value of the standard potential, E°, for a galvanic cell based on the reaction between X
;giI:)a(aq) _and solid Zn at25°oC- ) —(look up o1 V0 IHable in AP "yr'mjhfds)
9t +le-—> Ay E%d =080V
22t 20 =3 Zn  Eredz 576V < bud need o revese IS 1o 4et E5,
E%x (2n) = 0.76 V

Ered+Bn= .50V *+036V =]156 V|

Another galvanic cell is based on the reaction between Ag*(aq) and Cu(s), represented by the equation below.
At 25°C, the standard potential, E°, for the cell is 0.46 V.

2 Ag*(ag) + Cu(s) » Cu®*(ag) + 2 Ag(s)

(c) Determine the value of the standard free-energy change, AG®, for the reaction between Ag*(aq) and Cu(s)
t 25°C. —
56"':—11*7’2" _/2mlee” V/I6REC )0 46T) - -§3 %6 T imole 5
Imole rxn Mele - ¢
—89 KT/m oie_J

(d) The cell is constructed so that [Cu?*] is 0.045 M and [Ag*] is 0.010 M. Calculate the value o
potential, E, for the cell. ’

£=£- XL hQ q- Lol . (045 M) _ yop
¥ Cag]? (o m)? i

£= 0oV - BMZ)(298D) 4, (4sp)
“olen ) (16853

£= 046V - .0on%39 v (6.1092) = |0.38 V]

(e) Under the conditions specified in part (d), is the reaction in the cell spontaneous? Justify your answer.

YA, I is sprtoneos. yoncon tedl becanse E=0.38Y
IS 1S A posihve cel PDJ""”'H&Q.




9. (AP 1997)

In an electrolytic cell, a current of 0.250 ampere is passed through a solution of a chloride of iron, producing
Fe(s) and Cly(g).

(a) Write the equation for the half-reaction that occurs at the anode.

(b) When the cell operates for 2.00 hours, 0.521 gram of iron is deposited at one electrode. Determine the
formula of the chloride of irbn in the original solution.

(c) Write the balanced equation for the overall reaction that occurs in the cell.

(d) How many liters of Cly(g), measured at 25°C and 750 mm Hg, are produced when the cell operates as
described in part (b) ? !

(e) Calculate the current that would produce chlorine gas from the solution at a rate of 3:00 grams per hour.
(@) ansde is whe oxidahdn  occurs,so:
I -1 = (Also, you knno i+ cnn} be the Fe r<n
2(\,0‘,“) ? szm‘\" 2e 7 be canse yontlon knowgﬁﬁch‘f?y )

() (2.004)/ 3005 )/ 0220 v

@‘52!5 Fe)[gs‘glﬂj) = 0.009326) molea Fe

Oigkbmols e~ _ [ qeq = 2! iFis R 5o

.009%29 molw F¢ ’'s chlonge fomula.
(© ivn half renis Fe ’Z:ﬂ + 2e- — Fe)

)’ 001866 ) moles €~

combing v/ renin(a)
LF o Ao > Fempt (:{)z,?ﬁ
() yTom (b)
[ ooqszm)mown)[ |mole “Z) - 009328) molallz
Imole Fe

V= nRT . (.00932(4) moles) (0821 £20) (248 K) _ [0.23) Lites]

2 ( 90 4,
760

. [ Ihr(P)(BbDOS )ét;;qoofav(zmw)/ 96"’3§C— - 2‘2?%
g /1 Imole 47) [molo ¢

o | 227 Ampets

~J




¢ elechons Flow from
10. (AP 2007) Power nght 1o lef+ Harough the wive.

Supply

Cut*(aq) + 2 & — Cu(s) -

An external direce-current power supply is connected to two platinum electrodes immersed in 4 beaker
containing 1.0 M CuSO,(aq) at 25°C, as shown in the diagram above. As the cell operates, copper metal is
deposited onto one electrode and O,(g) is produced at the other electrode. The two reduction half-reactions for

the overall reaction that occurs in the cell are shown in the table below.

Half-Reaction E°(V)
Oye) +4H ) +4e” - 20,00 | +123 |rev: ZH0 = O2+Y4 H*t4¢~ Ear-123V
Cu*(ag) +2 & — Cu(s) 1034 |dewble 2CUtE+ Yo~ —>2 Cucs)

(a) On the diagram, indicate the direction of electron flow in the wire. { sec A bow )

b) Write a balanced net ionic equation for the electrolysis reaction that occurs in the cell.
(c) Predict the algebraic sign of AG® for the reaction. Justify your prediction

wd@ |
(d) Calculate the value of AG® for the reaction. [ (l{o 0 m h) / _6_&_5 y | SO C) [ MD" € ) / I Mol¢ ('4

L4 B% 2 mdee
An electric current of 1.50 amps passes through the cell for 40.0 minutes.

ke] Calculate the mass, in grams, of the Cu(s) that is deposited on the electrode. / I q g_ C A L E-——’\ 354& )

() Calculate the dry volume, in liters measured at 25°C and 1.16 atm, of the O,(g) that is produced. m D(C

() need o revese e first ™ S0 O, s pyoduted)
oard double the Cu¥ nn Sothad Y p- pee aceded, 1o cancel v/

He- 1n 07.
(204" + 2iap—> Oz + HH"+ 20u]
© E°qn= ESy+ E% = o34V *+ -123V = -089V

This rxn is not_spedtantows, So DY°wa pust be poSITIVE.
"H\IS 1S CMSIS‘R’A"' wn-Hq ow nega-hvf value ﬁf Eorm

(d) sec ey, E°mn=-089V
plo=nge = - (Hmolee) q685C ( %QT)' 34 3487 T /wiol

mole xn Mollf’ T )<T/ l
0 mole
0 hl "0
#)(QDDMM)( M)(I’SOC)(IMW> Imole Oz = 009528) wii »

96H9sC 4 molee

V= NRT- (o poa32()mle) (082 L e At )29 ) _ 0197 Liters|
P .16 atm




[ Problem CC. | Cu? ) +2 e - > Cu E'reduction = 034V
; Cu(s) > Cu”(ﬂq) +2e- Euoxidation = I :0_3."_ V]

A “concentration cell” is constructed using the above two half reactions.
The left beaker contains a piece of solid copper and a 2.0 M CuSO, solution. The right beaker contains a piece
of solid copper, and a 0.080 M CuSO, solution. The salt bridge contains potassium nitrate.

a. Sketch a picture of the voltaic cell.
b. Fill in the oxidation half cell voltage, above, and determine E° . .

2 _ 1
B = E%el « Bm = DUV T (-34V) = P voHs.]

c. On your sketch, show the direction of electron flow through the external circuit, and the direction of anion
and cation flow in the salt bridge.

d. Label the anode and cathode of the cell, and label each electrode as + or —

e. Which electrode will gain mass during the reaction? which will lose mass?

The Cathodt Wil gain maws 00 Cuen) o and platw out.
s a veactod

The onede piecte? C(u will lose mass swice Cufs)
on Hre ansdde (ngid) side.

f. How will the appearance and concentration (of Cu*?) of the solutions change as the cell operates?

,f:D‘YLe soluhm on ¥t onode
side will Sortowd w

plwne, bwk the plne
Cut, | eolor pill become docky

Cutiey So\.z.:. | Q‘:‘ﬁu/ blue go P& rxn “pro(nciﬁ;l’
S (ut s podutel
= 1= () (04
I:C\A'“'_] =190 M Ccu ] 0.0i0 M I:'Cu\*":] u..a'.)ﬂ —
oxidabon ot anede ¢

?

reduchon a¥ Cathode:
r—

42 - u
Cu*any® 2.¢- = Cues)

(®) The Soluhen o the cathods
side will statowt Aelp l?_\)i‘e \
due Jo (2, but will beiome U
blne over hme ;) Cow*s] will decrepse.



l_'probltm CCl, contl on

g. Write an overall reaction for the cell, and an expression for Q. (since the Cu*? ions will be each side,
indicate whether you mean the Cu"z(nq) in the concentrated solution or in the dilute solution. )

Cathede - Cu“{q) + 2¢- = (Cue
Concnbaled side

anode:  Cucs) — 2¢- + Cu'ngy dilubeside ‘
“’ sl | Q= U owlan i

T +2 \ -
ovenll : Cu (aq) Cu ta4) } Ccu+y )] ivated
C orceadmted drlute | P coch

h. Calculate the cell voltage, Ece.at 2343 K.

Q‘—'— CCI«.“]A}[“R = 0-080 ™ = 0.040

Ccu**) tmud 2.0 M
(e345,)(243 %) fn (_on\o)
g -fpmg = O - PP T 4 0.041 V
"} (ZMD\:M)( :Wuc'>

i. Calculate the cell voltage after it has been operating for a while, so that the left beaker has a cupric ion
concentration of 1.2 M, and the right beaker has a cupric ion concentration of 0.88 M.

Q- Cwgwe . 08B M = 03333)v

Cew™) cond BE
£= g°-RT 0@ = ¢ - (330D2)y (4 (7333)) = 0.00398
n% (2) (96185
0. 0040 V
j. If this voltaic cell is allowed to run until equilibrium is reached, We MK_;C'HV}) F{w VD s o

\
new—
i. what will happen to the molarities? v port () 5”“{- we e
ii. What will be the value of Q? c\oser o equilibaum.

iii. what will happen to the cell emf? .
o ond TALreast
: - wr il decresde on Yre cathadl s n
() The moldity of G w K Yhe molmtie of G** \oetﬁ;i‘lhj;Q'

on ke gnode Side un : sl
InYWis case, F volumgssf soluhom ot The Sant, both sides vodd

each equilibnum shen Cow*d = (2,-_9_1"2_:930);/\ = Lo M
i1) e the molwifie ae equal, I—m
i) @ce\\ emf il deop o Zfri';(
=g - KLInld = e’= @




AP Multiple Choice (Answers are on the previous page.) .
This part of the packet is optional, but good practice. I’ll put a few MC on your quiz/test.
—

19. In which of the following species does sulfur have ‘
the same oxidation number as it does in H,SO, 7 1+ 15 @ in Hz 504.,.

(A) H,80, S= +4
(B) S,0,% - S= +2
©).8% ~§=-2
D) Sg - 5=0

<(Ej) 50,01y S=+h
Questions 34-35 reter to an electrolytic cell that

involves the following half-reaction.

AlF®™ +3e™ — Al + 6 F

34. Which of the following occurs in the reaction?

A1F63_ 1s reduced at the cathode. YFP' M Fe
B)

Alis oxidized at the anode. no.. AL is nota 1€ actoant

(C) Aluminum is converted from the —3 oxi- :
Jorrts ot 44 3, not-3
dation state to the 0 oxidation state. no, AL s rts oud 4

(D) F~ acts as a reducing agent. no. F-' s n ot a reactat,
(E) F~is reduced at the cathode. nNo, F- s pota rea mn’l—'

3 qunse. ond reduchn dods scucecathode!

35. A steady current of 10 amperes is passed through
an aluminum-production cell for 15 minutes.
Which of the following is the correct expression
for calculating the number of grams of aluminum
produced? ( 1 faraday = 96,500 coulombs)

(10) (15) (96, 500)

- A4
, B e 7605 )/10¢)/ Imolec— / ImokBL ) /73 ¢
(27) (60) (l?m:n)/m )/ -;—)/ Z26500¢ 3 mislt™ —mog

(10) (15) (27)
®) oy (96, 500) &

(10) (1) 60 ¢27) | v (5)(66)(18)(27)
—— @esv0)(3)

©

(96, 500) (27)

®) 107 (15) 60) (3) &

(27 (3)

© (96, 500) (10) (15) (60) &




3 Cu(s) + 8 H'(aq) + 2 NO, (ag) — 3 Cu?*(aq) + 2N0(g) + 4 H,0()

sented above include which of the follow1ng‘7

L Cu(s) acts as an oxidizing agent. no, Cu 15 ox d'l z~e&
II. The oxidation state of nitrogen changes from +5 to +2. Trne.

M. Hydrogen ions are oxidized to form Hy0W)- no, H* ol Hi0 hawe H e ox+# g-e @

(A)_1 only
only
only

@) land I
(B) Mand I

51. True statements about the reaction 1epre

. .. Cr,0%(ag) + HS(g) + ...H(ag) — ..-C0'ag) * S(s) + .. - H,00)

b
When the f:qu(;?on above is correctly balanced and all coefficients are reduced to Jowest whole-number terms,

the coefficient for H*(aq) 1s | =
(A) 2 (®) 4 )b () ¢

-2 +
Crty07 2+ WHY + o= —>20r*3+ FHL0 > Crpo72+ s +pf-—> 23+ FHD
(HzS —> S & gnt* Ze' )x3 > FHS > BS+bHY +p€"

szDa'l"'?H“-t% H,;S > 35+2(r*3
+?HZD

M(s) + 3 Ag*(aq)q——) 3 Ag(s) + M3*(aq) E°=+246V
Agtlag) + e — Ag(s) E° =+ 0.80 \%

n ) h

Mg = MP +3em £° = )

(B) -0.06 V
© 006V 3 hgtlre-— Ag ) E° =080V
(D) 166V '
(B) 326V | M+ A" — Y*3+ 3 Ag g° = 246V
246V - 030V = lbb Vv A M = M¥3+3p—
bu‘\'-l"'\‘:j wort yevese of HIS, So |66V
71. In the electroplating of nickel, 0.200 faraday of ?: q 6500 C Roe W
electrical char d through 1 1= *
NiSO, . What%sal:sp:fs nickel fsugepz:f:el:it}ron = Mole ¢- fi l"""5 of ¢
i : Chorgt m lrnouw’
(B) 5.87 g

;gg;g (0 200 Mowe)/ Imole N;) 5@7) 597 g

Zmole e- mole



