Worksheet 25 — CHEM 121 — Fall 2015 Monday Name:

Wednesday Name:

This worksheet is a little different: there are some typos in your notes for the course regarding
balancing redox reactions. This worksheet will clean up the typos starting on page 69 of your
notes through page __ of your notes and contains the problems for you to work to learn the
material.

Three Methods of Balancing Redox Reactions

Method 1 Method 2 Method 3
Oxidation Number Method Oxidation Number Method Half-Reactions for Aqueous
for Aqueous Solutions Solutions Method
EXAMPLE 1

For the first example for ALL three methods (after you get through the homework, | don't care
which method you utilize as long as you can do it), we'll use the following UNBALANCED
equation:

Cr,07%2 + HNO, + H* = Cr3* + NOs + H,0
Method 1: Oxidation Number Method

Step Number One: Assign oxidation numbers. Do this just as | set up the rules for oxidation
numbers, above, in the multiple tables. Keep track of your charges.

VTR 14+ LN+ 20O

(Cv.,_O,) a A0k 9S8 UNO, = 2
- 2) .Q»)L’)-#- —/44 o == (l.,)+ * & (3"‘«1)
/ (7+-3) ] +'y‘_) e
B Ol
of - R Lk = *+3

-2 *Haes _a -5 -2.— - Fet
Ctz,o')z’ + I.U\?O.‘,_ +HY == QT4 NOT + Hao

Step Number Two: You need to determine which reactant gains (oxidizing agent) or loses
(reducing agent) electrons and identify how many electrons are lost per individual atom ONLY
at this point.
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Cr07" iy, %00 o

- c-
e
Cr3* 4+ NOoy +H.O

+3e~ j

Step Number three: Determine the gain or loss of electrons per formula unit -- this reaction is a
great example: dichromate ion (Cr207% ) has 2 Cr's. That means that EACH Cr (formula unit)
gains 3 electrons as it's reduced for a total of 6 electrons gained (2 formula units times 3).

C“;O.;J’*-“NO;_ + H* -

Qr3+ -+ NO; £ 5% H'Z-O

‘
+3e~ X2L=4+lbe" _—K

Step Number Four: Balance the left side of the reaction for gain and loss of electrons.
Cr O +3HNO, + H* —>

B NOS' + H, O
Step Number Five: Balance the redox pair, now, by balancing the right side of the reaction.

Cro O+ 3HNO, + H+ —»

JC5* +3N03" + L, 0

Step Number Six: Balance everything EXCEPT oxygen and hydrogen.
Step Number Seven: Balance the oxygens.

Step Number Eight: Balance the hydrogens.
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Step Number Nine: Write the balanced equation/reaction.

Cr 07+ 3HNO, + 5 i+ —»p
AC- &+ INOF +41, 0

Method 2: Oxidation Number Method for Aqueous Solutions

We'll still use the same example reaction, above. This method requires a slightly different
approach.

Step Number One: write the net ionic reaction. This means to write the reaction that is going to

occur between the redox pair ONLY.

8 o

o - a3 s Cy3*t + NO

- — r 3
C\"LO-' + ”’N

Step Number Two: Assign oxidation numbers just as we did in the first method.

Step Number Three: Determine which reactant gains and loses electrons.

+ 3e—

¥ N
Cr::;?'- 4 KRNO, —» Cr & 05

S i il )

Step Number Four: determine the loss and gain of electrons per formula unit -- this reaction is a
great example: dichromate ion (Cr.07% ) has 2 Cr's. That means that EACH Cr (formula unit)
gains 3 electrons as it's reduced for a total of 6 electrons gained (2 formula units times 3).

+3e~ X -—l o +(°e—
r A ¥ "
B -+ NO3

Cy, O + HNO, —> Cr

_}1
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Step Number Five: Balance the left side of the reaction based on electron gain/loss.

Cm,o—:z— +3UND, —> CE o NGy

Step Number Six: balance the right side of the reaction.

C\"z_ O’\‘L- +3M'N01, - ‘ZQ’Y:H' +3NO§

Step Number Seven: balance all but oxygen and hydrogen.

Step Number Eight: Add up the charges on both sides of the reaction.
3+ =
Cre Oqz- + 3HNO, » ACr + 3 Moe‘

-2 +0 = =2 +3 = +6-3

Step Number Nine: balance the charges by adding H+ for positive charges and OH" for negative
charges.

Cr O + 3UNO, + 5 HT —»
Q Q\-3+ -+ 3)\]03—

Step Number Ten: Balance the oxygens by putting water (H20) on the side opposite the
hydroxide ions. Step Number Eleven: hydrogens ought to balance. Step Number Twelve: Write
the balanced reaction.

CrOF + SHND, + SK* —»
°2 Cy-3+ ~ 3N03— - 4"1.1 o
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Method 3: Half-Reactions for Aqueous Solutions Method
Step Number One: write out the unbalanced reaction.

Step Number Two: find the half reactions for each of the redox pair. This is done by looking
them up in the appendix of traditional chemistry texts (Redox Potentials) or in the CRC
Handbook of Chemistry and Physics. They will be given to you during the exams if they are
needed and if they actually exist in the literature -- there are times there are no accessible half
reactions for use; when that occurs, these problems are usually fairly simple.

C\-Lof’ o JYH* + b —w A Cr** & Tl O

UNno, + RO —% NOy +3HY +Ze”

Remember: half reactions are written in reduction half reaction form. One of the reactions will
HAVE to be reversed so that you have a redox reaction. This is not unlike the thermochemical
topics that you’ve studied previously.

Step Number Three: Balance all but the oxygen and hydrogen in each half reaction.

CrOF 4+ I4H? +e —» 2C.3 &+ H. 0
1
3( UNO, +H, 0 —» NOT + U+ _,.ze-)

Step Number Four: Balance oxygens with water added to the oxygen deficient side of the
reaction.

Step Number Five: Balance the hydrogens: 1) in ACID with H* ; 2) in BASE with 1 H,0 per
needed hydrogen with an equal number of OH™ on the opposite side of the reaction.

Step Number Six: Balance the charges with electrons on the side of each half reaction with the
least negative charge.

Step Number Seven: between the two half reactions, now balance electron gain and loss. In this
step, it becomes necessary to turn one of the reactions around so that it will add to the other
half-reaction, eventually. Note that two half reactions will make a whole reaction.

*» 1
Cr DY & JHH* -P,L{‘ — AT +,7N2—O
e & ~
s AL, + 3D —P BN +IHFLLE
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Step Number Eight: Cancel out common elements, ions, and/or electrons between the 2 half
reactions now balanced.

Step Number Nine: Add them up and write out the balanced reaction.

Crr O + 3HNO, + St — =
203 + 3N0$ + $H=20

One key concept to keep in mind is that if you've balanced the same reaction by each method
above, and you don't get the same answer each time, then there is an error in the balancing. Go
back and find it -- it usually jumps right out at you.

EXAMPLE 2
Method 1: Oxidation Number Method

For this example for ALL three methods (after you get through the homework, | don't care
which method you utilize as long as you can do it), we'll use the following UNBALANCED
equation:

MnOg + 5% + H,0 — MnO; 4 + S + OH-
Note that the S on the right is in the elemental form and has an oxidation number of zero (0).

Step Number One: Assign oxidation numbers. Do this just as | set up the rules for oxidation
numbers, above, in the multiple tables. Keep track of your charges.

(M“qul = |Mn.+ 40 Mn0, )\ = IHn+-ZO
i ,)4)"’46'13 v o )+ .2("-1)

(@)
-1+ &

-8 -4
'f'-] 0*4 - +4—-

i

el 50 BB > 2
Mt:é;i"’ So +(—DH—
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Step Number Two: You need to determine which reactant gains (oxidizing agent) or loses
(reducing agent) electrons and identify how many electrons are lost per individual atom ONLY
at this point. (The sulfide loses 2 electrons and the manganese gains three electrons.)

MnOy + S?" + H0 —*

g A (¥ =
M os S + OH

+3e~
-3 o‘p e~
.)a'm of e” m [oss

Step Number Three: Determine the gain or loss of electrons per formula unit -- this reaction is a
bad example as there is only one formula unit for each -- the first of the examples illustrated
this idea.

Step Number Four: Balance the left side of the reaction for gain and loss of electrons. This
balancing is done by looking at the numbers of electrons gained and lost. They must be equal.
Sometimes the easiest thing to do is to just multiply them together if there is no obvious lowest
common multiple.

JMn 6 BRSO ==
MO, § + S+ OF

Step Number Five: Balance the redox pair, now, by balancing the right side of the reaction.
°2 Mr\ 0‘-{ + 35 + ul O

JMnO, § +3S + O

Make sure you've got as many atoms on the right as you do on the left.
Step Number Six: Balance everything EXCEPT oxygen and hydrogen.
Step Number Seven: Balance the oxygens. See below.

Step Number Eight: Balance the hydrogens. See below.

Step Number Nine: Write the balanced equation/reaction.
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2 MnO) + 331—4 4H, 0 —>
JMV\OZ$ i 38 -+ BOH—

Method 2: Oxidation Number Method for Aqueous Solutions

We'll still use the same example reaction, above. This method requires a slightly different
approach.

Step Number One: write the net ionic reaction. This means to write the reaction that is going to
occur between the redox pair ONLY.

Mhn 0,_" + S —» HhO4 + S

Step Number Two: Assign oxidation numbers just as we did in the first method.

»
-2 » -l .
H?\Oq’ + 8% —= MnQI+ O

Step Number Three: Determine which reactant gains and loses electrons.

r “He- j
M O -+ e —’M&’-J * 9
—E + Se~ j

W /oses e~

m Ja\x S e

Step Number Four: determine the loss and gain of electrons per formula unit (again, this is not
a good example and was dealt with in the first example).

Step Number Five: Balance the left side of the reaction based on electron gain/loss.
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IMW0; +35* e Jh i O, ¥ S

Step Number Six: balance the right side of the reaction.

MO, +351' — IO, +3S

Step Number Seven: balance all but oxygen and hydrogen.

Step Number Eight: Add up the charges on both sides of the reaction.

MO+ 38 —» I MO, 4+ 38
-2+-6= -8 O=06 =+ O
Y "
(.?--l’-)/ (3+-2) (2-0) (3-0)

Step Number Nine: balance the charges by adding H* for positive charges and OH" for negative
charges.

AHNOC + 35T —p QMG 4+ 3S + B OF

Note that | used OH" to balance the negative charges on the right.

Step Number Ten: Balance the oxygens by putting water (H20) on the side opposite the
hydroxide ions.

MO, + 38% + 40 —
2MnOg b+ Z8 + BoK

Step Number Eleven: hydrogens ought to balance.

Step Number Twelve: Write the balanced reaction, just as above.
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2He07 + 35+ 4H, 0 —>

s + 35+ 0ol

Method 3: Half-Reactions for Aqueous Solutions Method
Step Number One: write out the unbalanced reaction.

Step Number Two: find the half reactions for each of the redox pair. This done by looking them
up in the appendix of traditional chemistry texts (Redox Potentials) or in the CRC Handbook of
Chemistry and Physics. They will be given to you during the exams if they are needed and if
they actually exist in the literature -- there are times there are no accessible half reactions for
use; when that occurs, these problems are usually fairly simple. Note that for each reactant
there is a half reaction — eventually, we'll add 'em up to make a whole reaction. Remember
that half reactions are written in reduction reaction form. When you add them together, one
must be reversed to the oxidation half reaction form so you have redox reactions. This is not
unlike what you learned in thermochemistry.

MnO, + 2,0+ 3 —»
MOy ¥ + FOK

5?.- o 5' ik Qe_

Step Number Three: Balance all but the oxygen and hydrogen in each half reaction.

(MO, +2H;0 +3e- —= Mu&, b+ F0H)
B S i B D)

Step Number Four: Balance oxygens with water added to the oxygen deficient side of the
reaction.

Step Number Five: Balance the hydrogens: 1) in ACID with H* ; 2) in BASE with 1 H,0 per
needed hydrogen with an equal number of OH™ on the opposite side of the reaction.
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Step Number Six: Balance the charges with electrons on the side of each half reaction with the
least negative charge. Note that we multiply the top half reaction by the number of electrons
from the bottom reaction and vice versa. While this works in most cases, remember that once
the reaction is balanced, you must use the lowest possible coefficients, i.e., if the coefficients
are divisible by the same number across the reaction, the final reaction must by divided by that
number to yield numbers that are no longer divisible, yet consist of a whole number.

Step Number Seven: between the two half reactions, now balance electron gain and loss. In this
step, it becomes necessary to turn one of the reactions around so that it will add to the other
half-reaction, eventually. Note that two half reactions will make a whole reaction.

2ROy + $Ha O +ht® —> AMnG 4 + 8 OH~

fa o WS =

Step Number Eight: Cancel out common elements, ions, and/or electrons between the 2 half
reactions now balanced.

Step Number Nine: Add them up and write out the balanced reaction.

+ 38+ BOH~™
2 MO+ B8V a0 > IHRGy y

Problems
Table of Half Reactions

IMPORTANT: When necessary, turn the reactions around to fit your needs — do NOT, however, change
the contents of the half-reactions

MnOj + 8H* + 5e- = Mn?* + 4H,0
0O, + 2H,0 + 2e" — H,0, + 20H"
Zn* +2e > Zn
Cu*+2e > Cu
2105 +12H*+10 e — I, + 6H,0
NOs; +4H"+3 e — NO + 2H,0
ClOs + 6H"+6 e — ClI + 3H,0
Cr,0,% + 14H* +6 e — 2Cr** + 7H,0
NOs; + 3H"+ 2 e —>HNO; + H,0
PbO + H,0 +2 e — Pb + 20H™.

1) Balance the following reactions by each of the first two methods of balancing redox reactions:
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A) Zn + NOs — Zn?* + N, T
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B) NOs + I, — 105"+ NO,T
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C) Cu + NOs — Cu* + NO,T
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D) H;0; + MnOs —> Mn* + 0,1
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E) CuS + NO3 —> Cu?* + S+ NOT
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F) NOs + Zn — NH3T + Zn(OH).>
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G) ClOs + 1, > 103+ CI
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H) Cr2072' + HNO; — Cr3* + NO3
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) H2SO4 + HBr — SO, T + Br, T
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J) C+HNOs; — NO,T + co,T
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2. Balance the following reactions from #1, above, by the third method: D, G and H.
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3. Balance the following reactions by whichever methods you so desire:

A) NO3 +Pb — NO + PbO B) CI'+Zn** — CIO5 + Zn
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