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Figure 1 Copper wire placed in a
solution of silver nitrate. Over time,
copper atoms in the wire are displaced
by silver ions in solution. The blue tint of
the solution is due to copper ions, and
the fuzzy coating on the wire is silver
metal.

oxidation the process in which one or
more electrons is lost by a chemical entity

reduction the process in which one or
more electrons is gained by a chemical
entity

oxidation-reduction (redox)

reaction the reaction in which one or
more electrons are transferred between
chemical entities

half-reaction equation the part of an
oxidation—reduction reaction equation
representing either the oxidation reaction
or the reduction reaction

_LearninG e

A Redox Mnemonic

Use the mnemonic “LEO says GER”
to help remember the difference
between reduction and oxidation.
LEO: Losing Electrons is Oxidation
GER: Gaining Electrons is Reduction

Electron Transfer Reactions

Copper wire is shiny and slightly pinkish. Figure 1(a) shows a piece of copper wire
when it is first placed in a solution of silver nitrate, AgNO,(aq). Over time, a fuzz of
silver metal, Ag(s), forms on the copper wire (Figure 1(b)). The solution turns blue
as copper(II) ions are released.

Cu(s) + 2 AgNO,(aq) — 2 Ag(s) + Cu(NO;),(aq)

Remember that the copper(II) nitrate produced is completely dissociated into ions
in the solution: Cu”*(aq) and NO;~ (aq). The equation above may also be written with
its ionic compounds dissociated:

Cu(s) + 2 Ag"(aq) + 2NO; (aq) = 2 Ag(s) + Cu’*(aq) + 2 NOj5 (aq)

This form of the equation is sometimes called the total ionic equation. Notice
that nitrate ions appear on both sides of the equation. This means that they remain
unchanged. Ions that do not participate in a chemical reaction are called spectator
ions. These ions can be eliminated from the total ionic equation to give the net ionic
equation: & WEB LINK

Cu(s) + 2Ag"(aqg) — 2 Ag(s) + Cu*'(aq)

During this reaction, copper atoms, Cu(s), each lose 2 electrons to form Cu**(aq)
ions. Each Ag*(aq) ion gains 1 of these electrons to become a neutral silver atom,
Ag(s). Since there are 2 silver ions in the equation, a total of 2 electrons are trans-
ferred for each atom of copper that reacts.

In chemistry, the loss of electrons is called oxidation, and the gain of electrons is
called reduction. Thus, a reaction in which electrons are transferred from one entity to
another is called an oxidation-reduction reaction, or redox reaction. We can summarize
the oxidation and reduction occurring in the copper-silver reaction as follows:

2 e~ lost (oxidation)

|

Cus) + 2Ag*(ag) —> 2Ag(s) + Cu*(aq)

| )

2 e~ gained (reduction)

Half-Reaction Equations

You have seen that a redox reaction involves the transfer of electrons. One ele-
ment in the reaction gains electrons and another element loses electrons. Not all
reactions are redox reactions. To clarify the behaviour of the electrons, we can break
the chemical equation for this reaction into two separate parts called half-reaction
equations. A half-reaction equation is a chemical equation that represents one of the
two parts of a redox reaction. For the reaction in Figure 1, copper atoms lose 2 elec-
trons to form Cu?*(aq) ions. The half-reaction equation for this oxidation is

Cu’(s) = Cu*"(aq) + 2e~

The oxidation of copper supplies the electrons needed for the reduction of silver
ions. The half-reaction equation for this reduction is

Ag*(aq) + e — Ag(s)

Note that when the silver ion, with a charge of +1, gains an electron, the atom
of silver metal that forms has a charge of 0. Since the silver ion gains electrons,
it becomes reduced in the chemical reaction. It may seem odd to say that the silver is
reduced, when in fact it gained an electron. However, its charge is reduced by going
from +1 to 0. & WEBLINK
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If we compare the number of electrons in the two half-reaction equations, we
see that the number of electrons is not the same. In a redox reaction, the number of
electrons lost by oxidation must always be equal to the number of electrons gained by
reduction. To make the number of electrons equal in our example, we must multiply

all of the entities in the reduction half-reaction equation by 2 (Figure 2).
2Ag"(aq) +2e —2Ag(s)
The overall balanced redox reaction equation can be shown as

Cu(s) + 2 Ag*(aq) — 2 Ag(s) + Cu**(aq)

Tutorial 1

In this tutorial, you will write the oxidation and reduction half-reaction equations from the
net ionic equation of a redox reaction.

Sample Problem 1: Writing a Half-Reaction Equation

Write the oxidation and reduction half-reaction equations for the reaction of aluminum
metal in an aqueous solution containing silver ions:

Al(s) + 3 Ag*(ag) — APR*(ag) + 3 Ag(s)

Solution

Step 1.

Separate the equation into two half-reactions one for each element.
Al(s) — AP (aq)
3Ag*(aq) — 3 Ag(s)

Step 2. If necessary, divide each equation by a whole number so that the coefficients in
the equation are in the simplest whole-number ratio.

In this case, simplify the silver half-reaction by dividing both sides by 3:
Al(s) — AI**(aq)
Ag*(aq) — Ag(s)

Step 3. Add electrons to both equations so that the net charge on both sides of each
equation is equal. If you add electrons on one side of the arrow in one half-
reaction equation, then you will add electrons on the opposite side of the arrow
in the other half-reaction equation. Note, though, that the number of electrons
added may not be the same in both half-reaction equations.

Al(s) — AP (aq) + 3 e~
Ag*(aq) + e~ — Ag(s)

Step 4. Determine whether each half-reaction equation represents an oxidation or
a reduction.
The first equation represents an oxidation half-reaction since the aluminum atom
loses electrons. The second equation represents a reduction half-reaction since
the silver ion gains an electron.
Oxidation: Al(s) — AI*"(aq) + 3 e~
Reduction: Ag* (aq) + e~ — Ag(s)

Practice

1. Write the oxidation and reduction half-reaction equations for the following redox
reactions:
(@ Sn?*(aq) + Co(s) — Sn(s) + Co?"(aq)
(b) 2Ag*(aq) + Pb(s) — 2 Ag(s) + Pb?*(aq)
() 2Fe**(aq) + l,(s) — 21 (aq) + 2 Fe’* (aq)

NEL

|
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Cu2+

A+
<

Figure 2 In the reaction of copper
metal with silver ions, the copper atom
transfers 2 electrons to 2 silver ions.
The added electrons reduce the silver
ions to uncharged silver atoms, while
the electron loss oxidizes the uncharged

copper atom to a copper ion.
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oxidation number a number used
to keep track of electrons in oxidation—
reduction reactions according to certain
rules; also known as oxidation state

H :g)::
H

Figure 3 In a molecule of water,
oxygen and hydrogen atoms share
electrons. The oxygen atom is more
electronegative, so it has a greater
attraction for the electrons than the
hydrogen atoms do.

2. Identify the reactant oxidized and the reactant reduced in Question 1.

3. Write the oxidation and reduction half-reaction equations for each of the following
redox reactions. |dentify the spectator ion(s) in each reaction.
(@) Ni(s) + CuCl,(aq) — NiCl,(aq) + Cu(s)
(b) A solution of tin(ll) nitrate reacts with a solution of chromium(ll) nitrate to produce
tin metal and a solution of chromium(lll) nitrate.

4. Chlorine gas reacts with potassium iodide solution to produce solid iodine in a
solution of potassium chloride.
(@) Write the balanced chemical equation for this reaction.
(b) Write the net ionic equation for the reaction.
(c) Write the oxidation and reduction half-reaction equations for the reaction.
(d) Identify the reactant oxidized and the reactant reduced.

Oxidation Numbers

Chemists use a type of “electron bookkeeping” to keep track of which atoms are
losing electrons and which atoms are gaining electrons in a redox reaction. In this
system, an atom’s oxidation number, also known as its oxidation state, is defined as
the apparent net electric charge that the atom would have if electron pairs in covalent
bonds belonged entirely to the more electronegative atom. The oxidation number
system is a useful way to keep track of electrons, but it does not usually represent
an actual charge on an atom. An oxidation number can be a positive or a negative
number.

Consider the oxidation numbers for atoms in a covalently bonded molecule.
Recall that atoms share electrons in covalent bonds. You can determine the oxida-
tion numbers of atoms in covalent compounds by assigning the shared electrons to
particular atoms. In covalent bonds between two identical atoms, the electrons are
shared equally between the two atoms. However, in cases where a covalent bond
exists between two different atoms, the atoms share the electrons unequally. For the
purposes of assigning oxidation numbers, the shared electrons go to the atom that
has the stronger attraction for electrons (the more electronegative atom).

For example, in a molecule of water, oxygen is more electronegative than hydrogen
(Figure 3). When you assign oxidation numbers to oxygen and hydrogen in water,
you assume that the oxygen atom actually possesses all of the electrons, even the
electrons it shares with hydrogen. Recall that a hydrogen atom has 1 electron.
Therefore, in water, you assume that the oxygen atom has “taken” the electrons from
the 2 hydrogen atoms. This gives the oxygen atom an excess of 2 electrons. Thus, the
oxidation number of oxygen is —2. Each hydrogen atom has no electrons and is given
an oxidation number of +1.

Therefore, we define the oxidation numbers of the atoms in a covalent compound
as the imaginary charges the atoms would have if (a) the shared electrons were
divided equally between identical atoms bonded to each other, and (b) the shared
electrons were assigned to the atom that has the greater attraction for electrons if the
atoms are different. @ CAREER LINK

Table 1 (next page) provides a set of rules for assigning oxidation numbers to
atoms. Applying these rules allows you to assign oxidation numbers to the atoms or
ions of most compounds.

There are two additional rules for assigning oxidation numbers:

1. The sum of the oxidation numbers of all atoms in an electrically neutral
compound must equal zero. This rule is often referred to as the zero-sum rule.

2. The sum of the oxidation numbers of all atoms in ions containing 2 or more
atoms must equal the overall charge of the ion.
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Table 1 Rules for Assigning Oxidation Numbers

The oxidation number of . . . Summary Examples

an atom in an element is 0. element: 0 Na(s), 0,(g), 04(g), Hg(l)
a monatomic ion is the same as its charge. monatomic ion: charge of ion | Na*, Cl~

fluorine is —1 in its compounds. fluorine: —1 HF, PF4

oxygen is usually —2 in its compounds. oxygen: —2 H,0, CO,

(Exception: peroxides, containing 0,2~, in which oxygen is —1) (Exception: H,0,)
hydrogen is +1 in its covalent compounds. hydrogen: +1 H,0, HCI, NH,
(Exception: metal hydrides, in which hydrogen is —1) (Exception: CaH,)

The convention is to write actual charges on ions as "* or "7, placing the number
before the plus or minus sign as a superscript. However, you write oxidation numbers
(not actual charges) as +n or —n, placing the number after the plus or minus sign.
Thus, you would write a magnesium ion as Mg*", but the oxidation number of the
magnesium ion as +2.

Tutorial 2

In this tutorial, you will learn how to correctly assign an oxidation number to an element within
a compound or an ion. The following steps are a useful guide:

1. Assign oxidation numbers to elements as listed in Table 1.

2. ldentify any elements not mentioned in Table 1, and use the zero-sum rule or ion-charge
rule to assign their oxidation numbers.

3. Check that the sum of the oxidation numbers is equal to zero (for a neutral compound) or
the charge (for a polyatomic ion).

Sample Problem 1: Assigning Oxidation Numbers for a Molecular Compound

Assign the oxidation numbers to all atoms in a molecule of
carbon dioxide.

Solution

Step 1.

Step 2.

NEL

Assign oxidation numbers to elements as listed in Table 1.
The oxidation number of oxygen is usually —2.

Identify any elements not mentioned in Table 1, and
use the zero-sum rule to assign their oxidation numbers.

There is no specific oxidation number for carbon atoms.
Since CO, is an electrically neutral compound, the sum
of the oxidation numbers of oxygen and carbon must be
zero. Since each oxygen atom has an oxidation number
of —2, and there are 2 oxygen atoms in carbon dioxide,
the carbon atom in a molecule of carbon dioxide must

Step 3.

have an oxidation number of +4 to balance the —4 of
the oxygen atoms.
+4 —2 for each atom

Co,

Check that the sum of the oxidation numbers is equal
to zero. Make sure that you account for the number of
each atom in the carbon dioxide molecule.

1(+4) +2(-2 =0

T )
number of C number of O
atoms atoms

In a CO, molecule, the oxidation number of the carbon
atom is +4 and the oxidation number of each oxygen
atom is —2.

9.1 Electron Transfer Reactions
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Sample Problem 2: Assigning Oxidation Numbers for a Polyatomic lon

Assign oxidation numbers to all atoms in the nitrate ion, NO; .

Solution

Step 1. Assign oxidation numbers to elements as listed in Table 1.

The oxidation number of oxygen is —2.

Step 2. Identify any elements not mentioned in Table 1, and use

the ion-charge rule to assign their oxidation numbers.

Nitrogen is not mentioned in Table 1. The nitrate ion
has a net charge of —1. Therefore, the sum of the
oxidation numbers of all the atoms in the nitrate ion
must equal —1. Each nitrate ion contains 3 oxygen
atoms, each of which has an oxidation number of
—2. Therefore, the total charge due to oxygen is —6.

Since the net charge of the ion is —1, the oxidation
number of the nitrogen atom must be +5.

e =2 for each atom

Step 3. Check that the sum of the oxidation numbers is equal to

the charge on the polyatomic ion.
1(+5) + 3(-2) = —1

) T
number of N number of O
atoms atoms

In the nitrate ion, NO5~, the oxidation number of the
nitrogen atom is +5 and the oxidation number of each
oxygen atom is —2.

Sample Problem 3: Assigning Oxidation Numbers for an lonic Compound

Assign the oxidation numbers to all atoms or ions in sodium
thiosulfate, Na,S,0; .

Solution

Step 1. Assign oxidation numbers to elements as listed in Table 1.

The oxidation number of the sodium ion, a monatomic
ion, is +1. The oxidation number of oxygen is —2.

Step 2. Identify any elements not mentioned in Table 1, and use

the zero-sum rule to assign their oxidation numbers.

The sum of the oxidation numbers of the atoms in a
compound must equal zero. Since each sodium ion has
an oxidation number of +1 and there are 2 sodium ions,
the total contribution of sodium is +2. The polyatomic

thiosulfate ion must therefore have an overall charge of —2.

Since each oxygen atom has an oxidation number of —2,
and there are 3 oxygen atoms, the total contribution from

Practice

604

1. Determine the oxidation number of nitrogen in each of the

following substances:

@ N, (d) NaNO,
(b) NO, (€) NH,
© N0

Determine the oxidation number of carbon in each of the
following compounds:
(@ COo
(b) CH,

(c) Na,CO,4
(d) CgHi206

oxygen is —6. Since the total charge of the ion is —2, the
total contribution from the 2 sulfur atoms is +4. Therefore,
the oxidation number for each sulfur atom is +2.

+1 +2 —2 foreachatom

Na,S,0,

Step 3. Check that the sum of the oxidation numbers is equal to

zero.
2(+1) + 2(+2 + 3(-2)=0

number of Na  number of S number of 0

atoms atoms atoms

In sodium thiosulfate, Na,S,05, the oxidation number of
each sodium ion is +1; the oxidation number of each
sulfur atom is +2; and the oxidation number of each
oxygen atom is —2.

3. Determine the oxidation number of sulfur in each of the

following substances:
@ SO,
(b) S0

(©) S0,
(d) S,04*

. Assign the oxidation number to each element in each of the

following compounds:
(@ Na,CO,4
(b) KyCr,0,

(c) HCIO,
(d) Cuy(PO,),

Oxidation Numbers in Redox Reactions

We can use oxidation numbers to identify the reactant that is oxidized and the

reactant that is reduced in a redox reaction. The reaction of nickel(II) oxide with

carbon is a useful example. The mining industry uses this reaction during the extrac-
tion of nickel from its ore. § CAREER LINK
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Assigning oxidation numbers to each atom/ion in the chemical equation gives

+2-2 0

NiO©s) + C(s)

0 +2 -2
— Ni(s) + CO(g)

Note that the oxidation number of carbon changes from 0 to +2. This means that
the carbon atom loses 2 electrons and becomes oxidized. The oxidation number of
nickel changes from +2 to 0. This means that the Ni*" ion in NiO gains 2 electrons
and is reduced to nickel metal, Ni (Figure 4).

The reaction of nickel(II) oxide with carbon involves the direct transfer of electrons
from one reactant to another. However, many redox reactions involve the partial
transfer of electrons from one reactant to another. This occurs in the redox reactions
involving molecular substances. Consider the synthesis of water from its elements:

2 H,(g) + O,(g) = 2 H,0(g)
Using the rules from Table 1, we can assign the following oxidation numbers:

0 0 +1 -2
2H,(g) + Oy(g) —> 2H,0(g)

Note that the oxidation number of each atom in H, and O, is 0 because both
hydrogen and oxygen are in their elemental form. Also, the oxidation number of
hydrogen changes from 0 in H, to +1 in H,O. This change indicates that each hydrogen
atom effectively loses 1 electron in the reaction. However, the oxidation number of
each oxygen atom changes from 0 in O, to —2 in H,O. This means that each oxygen
atom effectively gains 2 electrons. Since water is a molecular compound rather than
an ionic compound, we know that the electrons are not completely transferred from
the hydrogen atoms to the oxygen atom. Instead, the electrons in the covalent bond
between oxygen and hydrogen shift toward the more electronegative element: oxygen.
Hence, only a partial transfer of electrons occurs during the synthesis of water.

Oxidizing Agents and Reducing Agents

Oxidation-reduction reactions involve the transfer of electrons (Figure 5). The sub-
stance that gains electrons is referred to as an oxidizing agent. The oxidizing agent is
reduced in a redox reaction. In the previous example, the oxidizing agent is oxygen
gas, since it gained electrons from hydrogen. The corresponding substance that loses
electrons is called the reducing agent. The reducing agent in the example above is
hydrogen, since it lost electrons to oxygen. The reducing agent is oxidized in a redox
reaction. In all oxidation-reduction reactions, electrons transfer from the reducing
agent to the oxidizing agent (Table 2).
As an example, consider the synthesis of water:
+ -2

0 0
2H,(g) + Oy(g) —> 2H,0(g)

For this reaction, we can say the following:

Hydrogen is oxidized because its oxidation number increases. Each hydrogen
atom has partially lost its electron.

Oxygen is reduced because its oxidation number decreases. The oxygen atom
has partially gained electrons.

H, is the reducing agent.
o O, is the oxidizing agent.

Note that when you name the reducing or oxidizing agent, you specify the whole
substance and not just the element that undergoes the change in oxidation number.
This becomes more relevant when we consider redox reactions involving compounds:

the compound is the oxidizing (or reducing) agent.

NEL

+

NiOs) + C(s)

9.1

reduction

’ 2 e~ gained

2-2

l

S Niy)

o

+2 -2

+ CO(g)

T

’ 2¢e lost
oxidation

Figure 4 Note how the oxidation
numbers change during the reaction of
nickel oxide with carbon.

oxidizing agent the reactant that is
reduced (gains electrons from another
substance) during an oxidation—reduction
reaction

reducing agent the reactant that is
oxidized (loses electrons to another
substance) during an oxidation—reduction
reaction

Oxidized Reduced
M X
%,
NG
l % ’
7
M* X~

Figure 5 A summary of the oxidation—
reduction process in which M is oxidized
and X is reduced.

Table 2 Characteristics of Oxidizing
and Reducing Agents

Oxidizing agent | Reducing agent

causes oxidation | causes reduction

gains electrons loses electrons

is oxidized

Investigation Ui

Single Displacement Reactions
(page 624)

In this investigation, you will design
and perform tests on metals and
metal ions, and then rank the
strength of the ions as oxidizing
agents.

is reduced
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Tutorial 3

In this tutorial, you will identify atoms that become oxidized and reduced during an oxidation—
reduction reaction. It will also help you identify the oxidizing and reducing agents in a redox
reaction. Note that you always start by assigning an oxidation number to each element, just as
you did in Tutorial 2.

Sample Problem 1: Analyzing a Redox Reaction

Metallurgy, the process of producing a metal from its ore, always does not change. The oxidizing agent (the substance
involves oxidation—reduction reactions. The valuable component that gains electrons) is 0,. The reducing agent (the
of lead ore is the compound lead(ll) sulfide, PbS(s), also called substance that loses electrons) is PbS.
galena. The first step in extracting lead from its ore is the conversion Oxidation
of lead(ll) sulfide to its oxide by a process called roasting: S
(8) 2PbS(s) + 30,(g) — 2 PbO(s) + 2S0,(0) s
The oxide then reacts with carbon monoxide to produce =72 =i 0 +1 +2 +3 +4
the metallic element: 0
(b) PbO(s) + CO(g) — Pb(s) + CO,(g) Reduction

For each reaction, identify the entities that are oxidized and

. . ) Fi 6 Thi i in oxidati
reduced, and specify the oxidizing and reducing agents. igure 6 This number line shows the changes in oxidation number

of sulfur and oxygen.
Solution (a)

Step 1. Assign oxidation numbers to elements as listed in Table 1. Solution (b)

Lead(l) sulfide and lead(ll) oxide are simple ionic Step 1. Assign oxidation numbers to elements as listed in Table 1.

compounds, so the oxidation numbers of their elements L e +4 —2(each 0)
are the same as the charges on those elements. PbO(s) + CO(g) — Pb(s) + CO,(g)

+2 -2 0 +2 -2 +4 —2 (each 0) Step 2. Determine how the oxidation number on each element
2PbS(s) + 30,(g) — 2Pb0(s) + 2S0,(g) changes, and identify these changes as either oxidation

Step 2. Determine how the oxidation number on each element or reduction.

changes, and identify these changes as either oxidation Zojid/;fjt
or reduction. no change
2 e /0 gained ’ /\L
reduction +2 -2 +2 -2 0 +4 —2 (each 0)
Lkl l PbO(s) + CO(G —> Pb(s) + CO,g)
’ \L ’ 2 e/Pb gained T
aFZ =P 0 IFL =2 +4 —2 (each 0) :
2 PbS(S) + 3 Oz(g) —> 2 PbO(S) + 2 SOz(g) reduction no change
’ Ge /S lost T The oxidation number for lead decreases from +2 to
xaton 2¢7/0 gained 0. Lead is reduced. The oxidation number for carbon
ety increases from +2 to +4. Carbon is oxidized. The
The oxidation number for sulfur increases from —2 to oxidation number for oxygen does not change (in both
+4. Sulfur is oxidized (Figure 6). The oxidation number products). The oxidizing agent (the substance that gains
for oxygen decreases from 0 to —2 (in both products). electrons) is Pb0. The reducing agent (the substance
Oxygen is reduced. The oxidation number for lead that loses electrons) is CO.

Practice
1. Identify the entities that are oxidized and reduced in the following reactions:
(@) Cu(s) + 2Ag*(aq) — 2 Ag(s) + Cu®*(aq)  (b) 4 Fe(s) + 30,(g) — 2 Fe,04(s)
2. ldentify the oxidizing agent and the reducing agent in the following reactions:
(@ Zn(s) + 2 HCI(ag) — ZnCl,(aq) + H,(g) (b) Sn0,(s) + C(s) — Sn(s) + CO,(g)
3. For the following reactions, assign the oxidation numbers to each atom, then indicate the

oxidizing and reducing agents:
(@) 2H,5(g) + 30,(g) = S0,(g) + H0(g) (b) CHy(g) + 2049) — CO,(g) + 2 H,0(g)
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m Review

Summary

UNIT TASK BOOKMARK

Many reactions involve the transfer of electrons.

Oxidation-reduction reactions, or redox reactions, are reactions in which
electrons transfer from one entity to another. Neither oxidation nor reduction

can occur without the other.

You can apply what you learned
about redox reactions to the Unit Task
described on page 684.

Chemists assign oxidation numbers to atoms or ions to keep track of the

electrons in an oxidation-reduction reaction.

The rules in Table 1 (page 603) allow oxidation numbers to be assigned for
common entities. Oxidation numbers can then be assigned to remaining

atoms or ions.

In an oxidation-reduction reaction, one element is oxidized (loses electrons).

Another element is reduced (gains electrons).

An oxidizing agent causes oxidation to occur (and is reduced in the process).
A reducing agent causes reduction to occur (and is oxidized in the process).

Questions
1. Explain, in your own words, the process that occurs 6. Use oxidation numbers to determine which of the
in a redox reaction. [ following chemical equations represent a redox
2. Write the oxidation and reduction half-reaction reaction. For all that ARE redox reactions, indicate
equations for the reactions represented by each of the oxidizing agent, the reducing agent, the element
the following equations: Kz being oxidized, and the element being reduced.
(a) Mg(s) + 2H"(aq) = Mg**(aq) + H,(g) (a) HCl(g) + NH;(g) — NH,CI(s)
(b) 2 Al(s) + Fe,05(s) = 2 Fe(l) + ALO4(s) (b) SiCL (1) + 2 Mg(s) — 2 MgCly(s) + Si(s)
3. Identify the oxidation number of the specified (c) CO(g) + H,0(g) = CO,(g) + Hy(g)
element in each of the following entities: 7. Assign oxidation numbers to each element in the
(a) SinS, (f) Nin NH, following equations:
(b) CrinCr,0,>~ (g) PinP,0, (a) 4PH;(g) +80,(g) — P,Oy(s) + 6 HO()
(¢) NinN,H, (h) Mn in MnO,~ (b) 2KClIO4(s) — 2KClI(s) + 3 Oy(g)
(d) Iin Mgl, (i) Cin C,H,OH (c) Pb(s) + PbO,(s) + 2 H,SO,(aq) —
(e) CinCO () Sin AL(SO,), 2 PbSO,(s) + 2 H,0(g)
4. Identify the entity that is oxidized and the 8. Describe each of the reactions in Question 7 using
entity that is reduced in the chemical reactions the tfrms “9xidationi’ “reduction,” “oxidizing agent,’
represented by the following equations: and “reducing agent.” I
(a) CH,(g) + H,0(g) - CO(g) + 3 H,(g) 9. In the process of photosynthesis, carbon dioxide and
(b) 8 H*(aq) + MnO; (aq) + Fe?* (aq) — water form glucose and oxygen: &zl Ew
Mn?* (aq) + Fe**(aq) + 4 H,0() 6 CO,(g) + 6 H,0(1) > C¢H,,04(aq) + 6 O,(g)
(c) asingle displacement reaction in which copper (a) What is the ox1dat?10n number of carbon in
metal reacts with silver nitrate CO, a.nd CeH 1504 o
5. (a) Describe the change in the oxidation number of (b) Describe t(l‘l c Proc.ess,,o“f P hOtO,Syn:E}LeSI_S ustng
an entity when it becomes oxidized the terms “oxidation,” “reduction,” “oxidizing
. t’” d « d . t.’)
(b) Describe the change in the oxidation number of agen . ar.l recucing agen .
10. Carbon dioxide can be progressively reduced to

NEL

an entity when it is reduced.
(c) Why do oxidation and reduction half-reactions
both have to occur in the same reaction?

methane through a series of reactions. What is the
oxidation number of carbon in each

of the following compounds?

CO, — CH,0, — CH,0 — CH,0 — CH,
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