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Assigning Oxidation Numbers
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Assign oxidation numbers to all of the elements in each of the compounds or ions below.
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For each of the following: a) assign oxidation numbers for each element/species; b)
indicate the element/species, if any, that are oxidized and reduced..

o) 4245 -2 otk sl
1)Zn + Pb(NO3): > Pb + Zn(N03)2
4)X¥o —1L=o
4% W2 92 o -2
@Oaj*‘ €0 > Fe + 280
) 9 -2 & |
3)3Hz + N2 > NH3
9 52 p-2 o
4) C + Hgo - CO + HZ
N S B AR R -

5) AQN03 + FeClz = AQC| * FE(NO3)3
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6) H.CO3

V=AY
2> H, 0 + CO;

4~ -| ©
7) FeBr, + Br;

43 —|
- FeBr;

L X\ =)
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La-1 o Yoo
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+H - e U Y I A
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IR 2 P S ©
14)C + H.0 > €O + Ha oxidized substance :
reduced substance H i
Flak ) A\ gy y
15) H.CO03 > HO + CO: oxidized substance J/\D'/I’\JV‘G)
reduced substance Nothuns
_
° o ¥5 -2 %
16)4Fe + 30, > 2Fe;0; oxidized substance __ 1€
reduced substance COQ °
g @ - 4l-2 L=
17) 2HeS *+ 30, > 2907+ 2H:0 oxidized substance ___
reduced substance 07
BN
© $249 -2 © Y2ys =2 — —
18)Fe + Pb(NQOs3): > Pb + Fe(NOs): oxidized substance—  J+e

reduced substance ___ Ol +>~

O

State whether oxidation or reduction has occurred in the following half-reactions

19) Mg? + 2¢ > Md°

20) A° > AI® + 3e

2 cl > cu? o+ 2e

22)sn° > sn? + 2e

23)Ccu’ + e > ol

24)sn™ + 2 > sn®

25)Zn° > Zn? + 2e

26)5% > 8% + 2e

27)207% > 0, + 4e

ANRL G I NOIOQ |~

28)Fe™ + e > Fe®?
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Name Redox Practice

Fill in the appropriate number of electrons in each of the following reactions.

oxidation or reduction?

DHgt » AL 5 hg K
2) Al > AuP® o+ SC—

NF, + N > 2F

—

©
K

4zt o« Rl > 7 R~
5) Mn® > Mn?e AC O
O

R

-

R

6)cr® > ¢ o+ : Sg"_
neat + AL >
8K + le” > K

9) Sn? + 2E — > sn
10)Ni® > Ni? + QET O

For the following reaction determine what is oxidized and what is reduced. Draw brackets

and label the brackets OXIDATION and REDUCTION.
€ ed

[ 5
W + 2A0w > Qe + ZAd%

Now identify the following within the reaction:

4
Oxidizing agent AG\

Reducing agent Cur 2

Species being reduced A%’}
o
Species being oxidized ___(_

Is the following reaction a redox reaction? l‘fb
Mgs + 2HClwy > Mgl + Heg
Explain how you can tell ___ Y\CL‘/J\\\—P rf’_:.()\c\_( PWN\EL ot RO on
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Redox Half Reactions Name

For the equations below:
(D v identify the substance oxidized
(A v identify the substance reduced
v’ identify the exidizing agent
v identify thereducing agent
@ v write both the oxidation and reduction half reaction

K .
1, F_EE’_S an° > |2 e
o o H -0 - C_(
2H, + 0. > 2H:0 Fed ;
o _
< g . ox 4
© [ Ke | o = 7 % +26
Fe + Zn* > Fe* + Zn l@eg(
< F~y — =
© ZV’2+2€/—7 n
3.
o O
2A + 3Fe* > 2AI7 + 3Fe
Red) 2FY . Ce = Ste
O QAT 2A[T L Ce
4,

o 4/

2 o

Cu + 2AgNO; = CTJ(NO3)2 + 2Ag
. | — o
fed . Q\ASJ“ 2 —7&%
o 2, =

O*: Cul —=Cu  *2e
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Balancing Redox Equations
Balancing redox reactions can be very difficult using the balancing strategies we have
learned thus far in class. Redox reactions are tricky because we must halance by mass
and charge. This is according to the Law of Conservation of matter and charge. There
are five steps that must be followed to balance a redox reaction.
Example: Balance the following reaction

Cu +_HNO; — Cu(NO;)z + NO + H,0

Step 1: Write the oxidation numbers for eac}l] atom in the reaction

o s, /£2C -2
Cu + HNO; — Cu(NO;3); + NO + H,O
.

Step 2: Identify the substance being oxidized and reduced.
Oxidized: C/U O
Reduced: U =
Step 3: Write the half reactions: _
C ug_o — C/UC’J\ + 2
15 + 3 e = M\— =

Step 4: Multiply each halg reaction so the electron number is equal in both reactions.
=N —
_ b~

S
- %) —
Step 5: Add the two balanced haff cell reactions together to write the overall redox

DO AT 5 3@ U

Practice: Balance the following redox reactions using the five step procedure outlined above.
+ -l e s\l o
I. GF + Na — NaF + GCs

- =
CS‘LlA—(‘t’ —7( Cbo_*

N&O -—7/L/‘o\+ Y (f, [

o —

Co" bl = (o Me

2.2NaCl + Br, — ZNaBr + Ch

Bfi tle =2 A8

_( _

2010 = cyPrAce

Bl 4ac s 2B 1"5/9‘6

(
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/ —
42— 9 @) 45 -1
3. MgCl Cr Mg + CrCl;

A 534"
Redy (Mg ta2e 7/% N\kg oo 29T ket TP
o CCW _75241/%{ /><2 5 20> 207 ¥ (e
BLae o SRt al
4, PE o Zt\gN;J} - Pb(NOz)z + AR
2A§'+,{a— 992/4‘3
"= B +2C
;A{/T f@b = QAT P

— Fe' + Cu

\

CU_H “+ l€ - Cu,
FEJrJ\‘?/\:QJrS*‘[C\
C Yy Tet & G0+ e

6. Cr + CuBn —  CrBn; + Cu
S vl > DO
AC¢° = 20T+ 6

2CC 3T =20 RGP

7. Zn + CuO — ZnO + Cu

Cu_’L;‘ Lt)e — C,wc
Zr\o~> 2 e
Ca 2w 0L s

8. Al + CuNO); — AINO»; + Cu
2 U460 = G
2 AP = A+ e

=SC o4 QAP 720X QAL

8
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Activity Series (Table J)

1. Which ion is most easily reduced?
A) Ca? B) Mg*

C) Zn** @024-

2. Which element in Period 3 of the Periodic Table is
the strongest reducing agent?

C@Na B)S C©)Cl D)Al

3. Which of the following elements is the poorest
reducing agent?

A) Al B) Zn C)Ba@{

4. Which metal will spontaneously react with Zn?*
(aq), but will not spontaneously react with Mg+

(aq)?
A) Ni(s) B) Ba(s)
(D Mn(s) D) Cu(s)

5. Which reaction occurs spontaneously?

(&) Cla(g) + 2NaBr(aq) — Br({) + 2NaCl(aq)
B) I2(s) + 2NaF(aq) —F2(g) + 2Nal(aq)
C) Ix(s) + 2NaBr(aq) —Br2(/) + 2Nal(aq)
D) Cla(g) + 2NaF(aq) —F2(g) + 2NaCl(aq)

6. Which metal reacts spontaneously with a solution
containing zinc ions?
A) copper
C) silver

7. According to Reference Table J, which of these
metals will react most readily with 1.0 M HCl to
produce Ha(g)?

(WK B)Ca ©zn D) Mg

8. Which metal can replace Cr in Cr203?

A) nickel B) copper
@aluminum D) lead

9. According to Reference Table J, which of these
ions is most easily reduced?

A) Ca?* B) Cu* @\g* D) Cr¥

10. Based on Reference Table J, which metal will

react spontaneously with A13+?
@cas) B) Cu(s)
C) Cr(s) D) Co(s)

[¥]

B) nickel
ma gnaium

11. Under standard conditions, which metal will react
with 0.1 M HCI to liberate hydrogen gas?

(@Mg B) Az C) Cu D) Au

12. Referring to Reference Table J, which reaction
will not occur under standard conditions?

((ADcu(s) +2 HCl(aq) — CuCla(aq) + Ha(g)
B) Ba(s) + 2 HCl(aq) —» BaCl2(aq) + H2(g)
C) Mg(s) +2 HCl(aq) — MgCla(aq) + H2(g)
D) Sn(s) + 2 HCl(aq) — SnCl2(ag) + H2(g)
13. According to the Activity Series, which metal
will react spontaneously with hydrochloric acid?
A)Ag Bycu (§) R D)Hg

14. According to Reference Table J, which redox
reaction occurs spontaneously?

A) 2 Ag(s) +2H" - 2 Ag + Ha(g)
B) 2 Ag(s)+2H" —» 2 Ag2* + Ha(g)
C) Cu(s) + 2 H* - Cu?* + Ha(g)
Mg(s) + 2 H* — Mg2* + Ha(g)
15. Based on Reference Table J, which of the
following elements will replace Pb from Pb(NO3)

2(aq)?
A) Au(s) (BIMg(s)
C) Ag(s) D) Cu(s)

16. Due to it having a low activity, which element
can be found in nature in the free (uncombined)
state?

A)Ba B)Al () Ca (D) Au
17. According to Reference Table J, which reaction
will take place spontaneously?

@Au3+ + Al(s) —>Au(s) + Al
B) Fe?* + Cu(s) —Fe(s) + Cu2*
C) Ni2* + Pb(s) —»Ni(s) + Pb>*
D) Sr2* + Sn(s) —Sr(s) + Sn2*

18. Based on Reference Table J, which molecule-ion
pair will react spontaneously at 298 K?

A)Bn+ca-  (BDR+r

C) L +Br D) Cl +F-
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Activity Series (Table J)

19. According to Reference Table J, which pair will

react spontaneously at 298K?
A) Cu+H:20 B) Au+H:20
@Ca +H20 D) Ag+H:0

20. Based on Reference Table J, which reaction will
take place spontaneously?

(CADBa(s) + 2 Na*(aq) — Ba2*(aq) + 2 Na(s)
B) Mg(s) + Ca’*(aq) — Mg**(aq) + Ca(s)
C) I(g) + 2Br(aq) — 2I7(aq)+ Bra(g)
D) Clz(g) + 2 F-(aq) —» 2 Cl-(aq) + F2(g)
21. According to Reference Table J, which atom-ion

pair will react spontaneously?
A) Zn + Ca>*  (BDAg + Au¥*
C) Pb + Co?* D) Ni + A+
22. According to Reference Table J, which species is
the strongest oxidizing agent?
z(g) B) Li*
C) F D) Li(s)

23. Based on Reference Table J, which metal will not
react with 1 M HCI1?

A) Zn(s) (BYAuGs)
C) Ni(s) D) Sn(s)

24. Based on Reference Table J, which of the
following ions in aqueous solution is most easily
oxidized?

A) Br— C)F D)cCl

25. According to Reference Table J, which species
can reduce Cr3* ions?

@u B) Fe?* C) Ni D) Sn?*

26. According to reference Table J, which reaction
will occur spontaneously?
((A))Ag® + Cu(s) —» Ag(s) + Cu*
B) Fe2* + Hg(e) — Fe(s) + Hg>"
C) Co* + Cu(s) — Co(s) + Cu?*
D) Mg?* + Sn?* — Mg(s) + Sn**
27. According to Reference Table J, which ion is
most easily reduced?

A) Ni2+ cg?\uﬁ
C) Mg* AP

28. According to Reference Table J, which metal will
react spontaneously with H*?

Cr B) Au C) Cu D) Ag
29. Lead is a product of the reaction between a
solution of lead (II) nitrate and
A) Cu @Fe C) Au D) Ag
30. Based on Reference Table J, which oxidation is
most likely to occur?
A) Au — Au?* +3e-
B) Ag » Agl*+le”
g — Mg2* + 2e-
D) Cu — Cu?* + 2e-
31. According to Reference Table J, which ion will

oxidize Fe?
A) Ca** B) Mg
C) Zn** (DfRu*

32. Based on Reference Table J, which of the
following elements is the most actively oxidized?
(ADst Bycar COFe D)Cu
33. The half-reaction

2 H(aq) + 2e- — Hx(g)

will occur when H*(aq) reacts with
A) Hg(l) B) Ag(s)

C) Cu(s) Pb(S)

34. Based on Reference Table J, which reaction will
take place spontaneously?

A)2Au+6H" 52 A0 +3H
B) Cu+2H* - Cu¥ +Hz
+2H* - P>+ H2
D) 2Ag+2H* 5> 2Ag +H2
35. According to Reference Table J, which halogen

will react spontaneously with Au(s) to produce
Aud*?

2 B)l: C)Ch D)Bn

10
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Spontaneous reactions (Table J)

Table J in your reference tables is arranged with the most reactive metals at the top of the table
and the least reactive metals at the bottom of the table. What this means is that a metal listed on
the table will react with the compound of a metal that is below it. For example, Zn is above Cu
on the table. This means that Zn will replace Cu in a compound containing. Zn will be oxidized
by a compound containing Cu. The Cu' ion will be reduced by elemental Zn’.

The reaction: Zn + Cu(NO3); — Cu + Zn(NO3); will spontaneously occur. The reverse reaction:
Cu + Zn(NO3);— Zn + Cu(NOs3), will not spontaneously occur.

Please determine if a spontaneous reaction will occur. If one will occur, write the oxidation and
reduction % reactions.

1. Zn+ Pb(NO3), — Pb + Zn(NOs),
a. Is the reaction spontaneous? \/ < >
: . ) o +2 -
b. If yes, write the oxidation ' reaction: Z Y :]Zr\ +;2€
c. Ifyes, write the reduction Y reaction : \O\;tht— = ’\I)\;J
2. 3Zn+2A1(NOs); — 2Al + 3Zn(NOs),

a. Is the reaction spontaneous? O

b. Ifyes, write the oxidation Y2 reaction:

c. Ifyes, write the reduction ' reaction :

3. Ni+2AgNO; — 2Ag + Ni(NO3),

a. s the reaction spontaneous? )0’()

b. Ifyes, write the oxidation % reaction:

c. Ifyes, write the reduction ' reaction :

4. Ca+2AgNO;— Ca(NO;), +2Ag

a. [s the reaction spontaneous? \} €>>
b. Ifyes, write the oxidation % reaction: )\J '\O—I- Y ﬂ ;lf -

c. Ifyes, write the reduction ' reaction : & /41:’,\Jr |_LQ (=-‘7:2,A(O
5. Fe+ CuCl, — Cu + FeCl, N -

\
a. Is the reaction spontaneous? / f>
. o  — o 1 =
b. Ifyes, write the oxidation 2 reaction: Te 1
— 2
¢. Ifyes, write the reduction Y reaction : C()\ = —16’_ = C,( A

11



SB Practice Electrochemistry.notebook

Regents Chemistry

August 14, 2023

Redox: Galvanic/Veltaic Cells

1. Which component of an electrochemical cell is
correctly paired with its function?

A) salt bridge — allows the solutions to mix
B) external conductor — permits the migration of
ions
C) external conductor — allows the solutions to
mix
))salt bridge — permits the migration of ions

2. Discharging a battery involves the process of
) Yedox reactions that produce electricity
hydrolysis reactions that produce energy
C) hydrolysis reactions that require energy
D) redox reactions that require electricity

3. The diagram below represents a chemical cell at
298 K.

2 Al(s) + 3Ni*(ag) —> 2%+ 3Ni(s)

When the switch is closed, electrons flow from

Al(s) to Ni(s)
) Ni(s) to Al(s)
C) Ni?*(aq) to Al*(aq)
D) Al**(aq) to NiZ*(aq)
4. Reduction occurs at the cathode in

A) electrolytic cells, only

both electrolytic cells and voltaic cells
C) neither electrolytic cells nor voltaic cells
D) voltaic cells, only

5. A standard zinc half-cell is connected to a standard
copper half cell by means of a wire and a salt
bridge. Which electronic equation represents the
oxidation reaction that takes place?

@\DZH‘J - 2e - Zn*
B) Zn?* + 2e- — Zn°
C) Cu® — 2¢e- —» Cu?*
D) Cu®* + 2e- — Cu®

6. A battery consists of which type of cells?

A) electroplating B) electrolytic
C) electromagnetic @lectrochemjcal

7. The redox reaction in a battery during discharge
can best be described as

A) non-spontaneous and occurring in an
electrolytic cell

B) non-spontaneous and occurring in a chemical
cell

pontaneous and occurring in a chemical cell

D) spontaneous and occurring in an electrolytic
cell

8. The type of reaction in an electrochemical cell is
best described as a

A) non-spontaneous oxidation reaction, only
B) spontaneous oxidation reaction, only
@ spontaneous oxidation-reduction reaction
D) non-spontaneous oxidation-reduction reaction

9. Which substance functions as the electrolyte in an
automobile battery?
A) PbO2 B) H20
C) PbSOs (D) H250:
10. What is the voltage for a chemical cell that has
reached equilibrium?
A) 1.00V
B) greater than 1.00 V

C) greater than 0.00 V and less than 1.00 V
D))0.00 V

12
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Redox: Galvanic/Voltaic Cells

Base your answers fo questions 11 and 12 on the
equation and diagram below represent an
electrochemical cell at 298 K and 1 atmosphere.

M) | | Agilag)
Mg(s) + 2Ag*(aq) —> Mg?*(aq) + 2Ag(s)

11. When the switch is closed, electrons flow from
A) Mg*(aq) to Ag*(aq)
B) Ag*(aq) to Mg2*(aq)
g(s) to Ag(s)
D) Ag(s) to Mg(s)
12. Which species is oxidized when the switch is

closed?
A) Mg* (aq) B) Ag*(aq)
@Mg(s) D) Ag(s)

13. Which energy change occurs in an operating
voltaic cell?

A) electrical to chemical
@ chemical to electrical
nuclear to chemical
D) chemical to nuclear

14. Which statement best describes how a salt bridge
maintains electrical neutrality in the half-cells of
an electrochemical cell?

A) It prevents the reaction from occurring
spontaneously.

B) It prevents the migration of electrons.

C) It permits the two solutions to mix
completely.

15. Base your answer to the following question on the
diagram of the chemical cell at 298 K and on the
equation below.

[T
An o X S

1.0 MNi2+(oq) 10M Ag*(aq)
Ni’s) + 2Ag™(aq) — Ni* (aq) + 2Ag"(s)
In the given reaction, the Ag* ions

A) gain protons
C) lose protons

B) lose electrons

@ gain electrons

16. A voltaic cell differs from an electrolytic cell in
that in a voltaic cell

A) neither oxidation nor reduction occurs
nergy is produced when the reaction occurs
C?)Znergy is required for the reaction to occur
D) both oxidation and reduction occur

17. A student collects the materials and equipment

below to construct a voltaic cell:

* two 250-mL beakers

« wire and a switch

* one strip of magnesium

* one strip of copper

* 125 mL of 0.20 M Mg(NO3)2(aq)

* 125 mL of 0.20 M Cu(NO3)2(aq)
Which additional item is required for the
construction of the voltaic cell?

A) a battery @a salt bridge
C) acathode D) an anode
18. When an electrochemical cell is operating, it is

A) undergoing oxidation, only
B) undergoing reduction, only
pproaching equilibrium

/t permits the migration of ions.

) using external energy

13
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Electrochemical Cells

Voltaic Cell
A 4 R > Fed
Wire ™ Voltmeter \./ C,C\;('
) k % .
J— / -
(=9 F.N |
s) electrode f 'f bridge | Ag(s) electrod
B |
Pb**(aq) q
Half-cell 1 "

Based
on Figure 1:

1. Write the oxidation half-reaction for this cell.
D 2 _
“h > vh 2t
2. Write the reduction half reaction for this cell.

A_%Jr’ 4 (C_‘7A<30

3. Write the balanced equation that can be derived from the half-

reactions.
Pha 2 Aot 5P a2

4. If 1 mole of Ag reacts, how many moles of electrons will be
transferred?

| ol &
5. Of the substances Ag, Ag®, Pb, Pb*, which are used up as the

cell is used? %@/ A_UJF /

6. Which of the substances referred to in question 5
increases in mass as the cell is used?

A"

14
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Electrochemical Cells (continued)

Based on Figure 2:

7. Write the half-reaction at the copper electrode.
+ — @)
Ce A Qe = CL/(_
8. Write the half-reaction at the zinc electrode.

ZP > 7" 12e”

9. If 2 moles of Zn react, how many moles of electrons are

transferred? .
= ol €

15
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Redox: Electrolytic Cells

1. The diagram below shows a spoon that will be
electroplated with nickel metal.

/moée T Y codhote

:  Spoon

‘What will occur when switch S is closed?

A) The spoon will lose mass, and the Ni(s) will
be reduced.
@ The spoon will gain mass, and the Ni(s) will
be oxidized.
C) The spoon will gain mass, and the Ni(s) will
be reduced.
D) The spoon will lose mass, and the Ni(s) will
be oxidized.

2. A metal object is to be electroplated with silver.
‘Which set of electrodes should be used?

silver anode and a metal object as the
cathode

B) asilver cathode and a metal object as the
anode

C) a platinum anode and a metal object as the
cathode

D) a platinum cathode and a metal object as the
anode

Base your answers to questions 3 and 4 on the
diagram below of an electrolytic cell in which the
electrodes are tin and copper.

SWITCH
= _.w(T

BEAKER

BATTERY sn(siL_|A] |BL1-Cu(s)

Sn?*(aq)
SOLUTION

3. When the switch is closed, what will happen to the
two electrodes?

A) A will dissolve and B will become coated
with copper.
B) B will dissolve and 4 will become coated
with copper.
C&A will dissolve and B will become coated
with tin.
D) B will dissolve and 4 will become coated
with tin.
4. In this electrolytic cell, electrode A is designated as
the

A) anode and is negative
ode and is positive

C) cathode and is positive

D) cathode and is negative

16
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Redox: Electrolytic Cells

Base your answers to questions 5 and 6 on the 8. Which statement best describes the key?
diagram below which represents the electroplating Power source
of a metal fork with Ag(s).

e

BE PLATED

BATTERY = WL agNO,(aq)
T77 7777777 7777777777777 77

@ 1, FORK TO e"/

4
_/Moéf

5. Which part of the electroplating system is provided Q_,
by the fork?

A) the cathode, which is the positive electrode | ,“,1 O{G
@ the cathode, which is the negative electrode T -
C) the anode, which is the negative electrode
D) the anode, which is the positive electrode

Key Silver
6. Which equation represents the half-reaction that
takes place at the fork? A) It acts as the anode and is positive.
A) AgNO; —» Ag* + NOs~ @ It acts as the cathode and is negative.

C) It acts as the cathode and is positive.

B) Ag(s) > Ag”™ +e- 3
D) It acts as the anode and is negative.

DAg*T +e” — Ag(s)

D) Ag* + NO3s~ —» AgNO; 9. Metals from which groups are obtained by the
reduction of their fused salts?
7. In an electrolytic cell, the positive electrode is the A) Group 11 and Group 12
@ anode, where oxidation occurs (B}Group 1 and Group 2
B) cathode, where reduction occurs C) Group 1 and Group 12
C) anode, where reduction occurs D) Group 2 and Group 11
D) cathode, where oxidation occurs 10. Which statement describes one characteristic of

an operating electrolytic cell?

A) It produces electrical energy.

@It requires an external energy source.
C) It undergoes a spontaneous redox reaction.
D) It uses radioactive nuclides.

11. Which energy conversion occurs in an operating
electrolytic cell?

A) glectrical energy to chemical energy
B) nuclear energy to thermal energy
C) chemical energy to electrical energy
D) thermal energy to nuclear energy

17



