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Outline

* Precipitation Reactions
¢ Acid-Base Reactions
» Oxidation-Reduction Reactions

[T ]

Solubility of lonic Compounds in Water :'ﬁ o

¢ When an ionic compound dissolves in water, two
forces compete
« The attractive forces between the ions in the
compound
¢ The attractive forces between the water and the
ions

o s

Electrostatic Forces : o
R

« If the force of attraction between water molecules
and the ions predominates, the compound will be
soluble in water

« |f the force of attraction between the ions in the

compound predominates, the compound will be
insoluble in water
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Precipitation

vy iy

¢ Precipitation in chemical reactions is the formation of
a solid where no solid existed before reaction

¢ Precipitation is the reverse of solubility, where a solid
dissolves in a solvent to produce a solution
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Will it Dissolve?

Precipitates

« Solubility cannot be determined by first principles

« Solubility can be classified by anion and cation type
¢ Soluble compounds dissolve in water
¢ Insoluble compounds do not dissolve

 Precipitates are called insoluble — they do not
dissolve in solution

 Precipitation of an insoluble solid

* Mix a solution of nickel(ll) chloride with one of
sodium hydroxide

* A solid forms: Ni(OH), (s)

Figure 4.4: Nickel Hydroxide

Figure 4.2 — Precipitation Diagram

NOy Cr S0, OH- co-  pogt

Group 1 cations and NHy* ‘

Group 2 cations ‘ BaSOy [Mg(OH)y

| ager | pbso,
PhCl* | AgsSOs
| HgaClp®

Transition metal cations, Pb** and Hg,™*

* The bromides and iodides of these cations are also
insoluble.

Solubility Trends

Solubilities Trends

* From the diagram, we see that some compounds
are mostly soluble

» Compounds of Group 1 and NH,* cations

« All nitrates

* Most chlorides, except for AgCl, PbCl,, Hg,Cl,

* Most sulfates, except for BaSO,, PbSO, Ag,SO,

» Some compounds are mostly insoluble
» Carbonates and phosphates, except for the Group
| and ammonium
» Hydroxides, except for the Group 1, Group 2 and
ammonium
* Mg(OH), is insoluble




Working Solubility Problems

Figure 4.3: Flowchart for Solubility

« By knowing the rules expressed in Figure 4.2, we
can predict what mixtures will precipitate, and what
compounds will form

Determination

Compound 1: ARz

Compound 2: BxX

Example 4.1

EXAMPLE 4.1
Predict what will happen when the following pairs of dilute aquenus solutions are mixed

{a) CufMOy); and (NH,1,50, (b} FeCl, and AgNO,

STRATEGY
1. Fodlow the schematic diagram in Figure 4.3,

2. Use the precipitation diagram (Figure 4.2) to determine whether or not the possible precipitates are soluble

SOLUTION
{a) lons in solution | Cu?* and NOY™ from CulNO,): NH,* and SO, from (NH,).S0,
Possible precipitates | Cus0, and NHNO,
Solubility Both are soluble, no precipitate forms
(b lons in selution Fe'* and €17 from FeCly; Ag® and NO,™ from AgNO,
Po recipitates | AgCl and Fe(NO),
Solubility | FelNOy)y is soluble, AgCl is insoluble. AgCl precipitates.

Net lonic Equations

» Consider the precipitation of CaCO, from solutions of
CaCl, and Na,CO,

 Reactants: Ca?*, Cl, Na* and CO,*

* Products: CaCO,, Na*and CI-
« Two of the ions are unchanged
« These are spectator ions

* Net ionic equation: leave out the spectator ions
» Ca?* (aq) + CO4* (aq)— CaCO, (s)

Net lonic Equations

¢ Must follow the rules for equations
« Atoms must balance
« Charges must balance
* Show only the ions that react

Example 4.2

equation for any precipitation reaction that oceurs when dilute solutions of the following lonic
bs are mived.

(a) NaOH and CulNO,);, (b)) BafOH), and MgS0, (¢} (NH,),PO, and K,00,

STRATEGY
1. Follow the plan
Figure 4.3: compound — bons — possible precipitates

possible precipitate

+ (Figitre 4.2) — insoluble compoud — net ionic equation

2. In writing the net jon
on the lefi. Do not

ation, start with the insoluble compound on the right, then write the component jons

ysical states: jons (ag), product {s).

SOLUTION
{a) lons in solution Na* and OH™ from NaOH; Cu®® and NO,™ from Cu(NO,j;
Possible precipitates NaNOy and Cu(OH),
Solubi NaNO, is soluble: CulOH}; is insoluble
Net jonic equation Cut*{ag) + 20H {ug) —= Cu(OH){s).




Example 4.2, (Cont'd)

Why Write Net lonic Equations?

SOLUTION
ib) lons in solution Ba®™ and OH~ from Ba{OH); Mg™ and 50, from Mgs0,
Posstble precipitates MglOH); and BaSO,

Salubility Roth BaSO, and Mg{OH), are insoluble.

Net fonic equs Mg*{ag) + 20H(ag) — MglOH}(s)

Ba*{ag) + S0, (ag) —= BaSO,(s)

Tons in solution | NH,* and PO from (NH,PO,: K* and COF- from K00,
Possible precipitates [NH 1,0, and KPO,
Salubility | Baoth (NH,,CO, and K,PO, are soluble.

Net bonke equation no reaction

* Net ionic equations
* Focus attention on the reaction
« Simplify calculations
» We will use net ionic equations from now on

Example 4.3

EXAMPLE 4.3 GRADED

When aqueous solutions of sodium hydroxide and trondI11) nitrate are mixed, a red precipitate forms
@ Write a net jonic equation for the reaction
@ What volume of 0,136 M iron{I11) nitrate is required to produce 0.886 g of precipitate?

@ How many grams of precipitate are formed when 50.00 mL of

B

Information given:

1 M Nal¥H and 30.00 mL of 0.

M FelNOy),y are mixed?

ANALYSIS
reactant compounds [NaOH and Fe(NO, )|
Asked for: net jonic equation
STRATEGY

1. Follow the schematic diagram in Figure 4.3 to determine p

ssible precipitates.

2. Use the precipitation diagram {Figure 4.2) to determine whether the possible precipitates are soluble or insoluble.

3. Write the net ionic equation. Start with the product.

Example 4.3, (Cont'd)

SOLUTION
lons in solution Na* and OH™ from NaOH; Fe** and NO,~ from Fe{NO,),
Possible precipitates

FelOH}, and NaNO,

Solubility Fe{OH, is insc and

ms a precipitate.

Net ionic equation Fe'*{ag) + 30H™(ag) — Fe(OH)ls)

ANALYSIS

Information given: ot

pic equation from (a); [Fe'*
mass of precipitate (0,886 gl molarity

1) + 3OH ) — FelOHM
FelNOy), (0,136 M)

Information implied maolarity of reacting ion, Fe™*
malar mass of precipitate
Asked for: volume of Fe{NOy), used in the reaction

e sy

Example 4.3, (Cont'd)

Example 4.3, (Cont’d) o

STRATEGY
Reverse the pathway shown in Figure 4.6

mass Fe{OH), — mol ppt —

0 — mol of parent compound — ¥ of parent compound

SOLUTION

1 mal FelOH), 1 me
106

I mol Fe

1 (NOL),
maol Fe{NOy), 0.886 g Fe{OH), x X 000829
g gFe(OH), © 1 mal Fe(OM), 1 mol Fe'*

mol _ 00029 mal _ oo
M 0136 mol/L h h

AMALYSIS

equation from (a: |Fe'*(
.00 mL) and imolarity (0200 M)
10,00 mL.) and molarity (125 M) of Fe(?

Information given et omic
ohiine (
m

Information implied number of moles
ata for moles

g ions, Fe™* and OH-
h reactants is given, making this a limiting reactant problem.

reacti

Asked

mass of precipitate formed

STRATEGY

the pathway in Figure 4.6 for both KaOH and Fe(NOy}, to obtain moles of precipitate formed.

mol NaOH (V % M) — mol OH™ —mol ppt  Fe(NOJ,{V % M) — maol Fe'* — mol ppt

2. Choose the smaller number of moles and convert moles to mass

SOLUTION
' f NaOH 0.0500 L % 0.200 NaOH 1 mial OH 1 mol FelOH), 6.0033: | FelOH

ol ppt if NaC S0 L x 0.2 x x = (,00333 mol Fe{OH},
mod ppt il ival L 1 mol MaOH 3 mal OH .
limiting

. X _ mol Fe(NO,), 1 mol Fe"* 1 mol Fe{OH), . .
mod ppt if Fe(NOy), 00300 1. > 0125 ¥ s ut ; 000375 mol Fe{OH),
| 1 mol Fe{NO,), 1 mol Fe
Timiting
Theore 000333 mol < 0.00375 mol: 0.00333 mol Fe(OH), is obtained
106,87 ¢
Fe(OH), 0.00333 mel X 0356g
1 mol




Figure 4.6: Flow Chart for Solution

Acids and Bases

» Everyday life includes contact with many acids and
bases

Strong and Weak Acids and Bases

« Strong acids ionize completely to H*
¢ HCl (aq) — H* (aq) + CI (aq)
* In a solution of 1.0 M HCI, there is 1M H* and 1M CI-
* No HCl is left un-ionized
« Other strong acids ionize in similar fashion

The Double Arrow Notation (=)

« Some equations use a double arrow rather than a
single arrow

* Note that the double arrow points in both directions

* For now, the double arrow indicates that a reaction
does not proceed completely to the right

Weak Acids

* Weak acids ionize only partially
* HB (aq) = H* (aq) + B (aq)
* HF (aq) = H* (aq) + F (aq)
« Commonly, weak acids are 5% ionized or less

Strong Bases

 Strong bases ionize completely to OH-
e NaOH (s) — Na* (aq) + OH- (aq)
» Ca(OH), (s) — Ca?*(aq) + 2 OH- (aq)




Strong Acids and Bases

TABLE 4.1 Common Strong Acids and Bases

Name of Acid Base MName of Base

HC Hydro

HBr Hydr

HI Hydriodic acic KOH

Calcium hydroxide

H:50, Sulfuric acid Ba(OH). Barium hydroxide

um hydroxide

Strontium hydroxide

]

]

Weak Bases

» Weak bases react with water to form OH-, but the
reaction does not go to completion

* NH; (aqg) + H,O = NH,* (aq) + OH" (aq)
* CH3NH, (aq) + H,O = CH3;NH;* (aq) + OH- (aq)
» Commonly, weak bases are 5% ionized or less

Acids and Bases - Reactions

Strong Acid-Strong Base Reaction

« Acids react with bases
 Strong acid-strong base
* Weak acid-strong base
* Weak base-strong acid

» Always the same net ionic equation
* H* (aq) + OH"(aq) — H,0

¢ Note that as usual, net ionic equations use the
smallest whole number coefficients
* 2 HBr (aq) + Ba(OH), (aq) — 2 H,0O + CaBr, (aq)
« Still has the same net ionic equation:
* H* (aq) + OH-(aq) —» H,0

Weak Acid-Strong Base Reaction

¢ Two steps
* HB (aq) = H* (aq) + B (aq)
* H* (aq) + OH"(aq) — H,0
¢ Overall reaction
* HB (aq) + OH-(aq) — B (aq) + H,0

Weak Base-Strong Acid Reaction

e Two steps
* NH; (aq) + H,O = NH,* (aq) + OH" (aq)
* H* (aq) + OH"(aq) — H,0

« Overall reaction
* NH; (aqg) + H* (aq) = NH,* (aq)




Example 4.4

h perchloric acid (HCIO,
c acid (HT) with sodiiem hydroxide
STRATEGY
L Determine the matizre of the compound (scid or base: strong or wesk) and its reacting speches. (Table 4.1 and Figare 4.3
are helpfl)

2 Recall Table 4.2 and write a net bonic equation for the acid-base reaction.

SOLUTION
() Nature of the compounds | HCI: weak acid; CalOH): strong base
pocies | For HOIO: HOKD, for Ca{OH): OH

net lonkc equatio HOO{ag) + OH™ (ag) = OO0 (ag) + HO
fh) Nature of the compounds HOIO: strong ackd; NH,: weak base
reacting species For HOIO HY; for NHg NH,
net jomkc equation | H*lag) + NH(ag) == NH*(ag)
) Nature of the compounds HI: strong acid; NaOH: strong base
reacting species For HE: H* ; for NaOH: OH
net ionic equation | ag) + OH (ag) — HO

Figure 4.8:
Reactions

o

Reacting
i i speciesisone
i1 of: NHy, RNH,,
£ RaNHorRoN

Acid-Base Titrations

« Commonly used to determine the concentration of a
dissolved species or its percentage in a mixture

« Titration
¢ Measuring the volume of a standard solution

(known concentration) needed to react with a
measured quantity of a sample

Titrations

* Titrant (in the buret)
* Know concentration
* Know volume

* Analyte (in the Erlenmeyer flask)
* Know volume or mass

« Determine concentration or mass percent by
reacting with the titrant

Analyzing for Acetic Acid

Figure 4.9 — An Acid-Base Titration

* HC,H;0, (aq) + OH- (aq) = C,H;0, (aq) + H,O

* The objective is to determine when the reaction is
complete

« When the number of moles of acid equals the
number of moles of OH-, the equivalence point
has been reached

¢ Equivalence point is where the number of moles
of acid equals the number of moles of base

¢ The endpoint is indicated by a color change in
the acid-base indicator




Figure 4.10: Molecular Representation of

Example 4.5

an Acid-Base Titration

" w
& % v
@ @
& S <
;- 3 5
=g - Sa EXAMPLE GRADED
1 (B 16 . .
L | Three beakers labeled A, B, and C contain the weak acid H,X. The weak acid is titrated with 0125 M NaOH. Assume the
reaction to be
HyX(a) + 2 OH~{iag) —= 2H,0 + X*~{aq)
e e — @ Beaker A contains 25.00 mL of 0.316 AT H:X. What volume of NaOH is required for complete neutralization?
® Beaker B contains 25.00 mL of a solution of H;X and requires 28.74 mL of NaOH for complete neutralization. What s
BT the molarity of the H;X solution?
—_—
@ Beaker C contains 0,124 g of HX and 25.00 mL of water. To reach the equivalence point, 22.04 ml. of NaOH are
required. What is the molar mass of H;X?
S, el S
A — o W
~ o B \
10 GH0
i
fe—
1 o 10

Example 4.5, (Cont’d) A Example 4.5, (Cont’d)
@

ANALYSIS
ANALYSIS

Information given: volume (2874 ml) and molarity (0,125 M) of NaOH
Information given wvolume ( el malarity (0.316 M) of HyX volume of H:X (25,00 mL) required for comp
molarity (0,125 M * net bonic equation |k ) 4 20H (ag) ==

net jonic equation | i) + 20H {ug) — 2H;0 + 1
. it Information implied: stobchiometric ratio

Information implied stoichiometric ratio; reacting species

Asked for
Asked for: volume of NaOH required for neutralization
STRATEGY
STRATEGY 5

Use the stoichiometric ratio: ol OH=/1 mol HyX

mal OH=1 mol H,X

1. Use the stoichiometric rati

2. Follow the flow chart in Figure 4.6,

2. Follow the flaw chart in Figurc 4.6

H;X does ot break up into jons. Skip the moles parent compenend — males ion step for HoX

HX does not beeak up ir 5. Skip the mokes parent compound — meles ion step

sboichiometric "

. soichiometric we M mol NaOH op- —2EE mal HyX Myx
ol HyX s mol OH- ol NaOH —2 volime NaOH Falia :
SOLUTION
SOLUTION
Mol X 2574 L oz MU NAOH 1 ol OH 1 mol HX -
ol HX  2mel O ol Nai) Mol H;) 002874 L X 0125 X oi X Taal Gl = ON0180
mol NaOH 03500 L x o6 PO o 2molOH”  1melNaDH _ o ooco L T mol NaOH ~ 2mal OH
L Tmol HX 1 mol OH i
Molarity of H,X (M) Mep+Vm 00720 M

DLOZ500 L

00158 maol
Volume of NaOH used + M= o a6l
{ comtomund

0135

o]

Acids and Metals

Example 4.5, (Cont'd)

» Many metals will react with acids, producing
by 2540t hydrogen gas

of water
o 11, Xiag) + 2OH () — IHO + X ()]

wation grven

Informsation implied stoichiommetric ratio

Anked for molar s of HX

1. Use the sioichio o 2 mol OH 11 mol HX

Follow the f gure 4.5
HIX s ot bl g ek e, S the sl paent aep for WX
mol NeOH ol OH Mol X
SOLUTION
mal H% ozt L x s P NOH 1l X g orime
[ T mal OM

MM = mass + n

END POINTS

You need o figare out the number of mokes before you can calculate mass. molar mass, volame, o malarity

2 The amuount of water added to the solid H,X i irrelevant 10 the solution of the prebles.




Oxidation-Reduction Reactions

¢ Short name: Redox reactions

¢ Electron exchange
¢ Oxidation is a loss of electrons
¢ Reduction is a gain of electrons

Rusting of Metal

* When exposed to oxygen, metal containing iron will
rust
* Rust is iron oxide
« Iron loses electrons
« Oxygen gains electrons
e This is a redox reaction

Reaction of Zinc with an Acid

* Zn (s) + 2 H* (aq) — Zn** (aq) + H, (9)
« Consider two half equations:
e Zn loses two electrons
*Zn(s)—>2Zn%* (aq) +2 e
¢ H*gains an electron
*2H" (aq) +2 e — H, (9)

Redox Principles

» Oxidation and reduction must occur together

» There is no net change in the number of
electrons in a redox reaction

Cause and Effect

* Something must cause the zinc to lose two electrons
 This is the oxidizing agent — the H*

* Something must cause the H* to gain two electrons
« This is the reducing agent — the Zn

¢ Note that
« The oxidizing agent is reduced
« The reducing agent is oxidized
¢ Both of these appear as reactants (not products)

Reducing Agents

* Reducing agents become oxidized
« We know that metals commonly form cations
» Metals are generally reducing agents




Oxidizing Agents

* We know that many nonmentals form anions
¢ To form an anion, a nonmetal must gain electrons
* Many nonmetals are good oxidizing agents

Tracking Electrons — Oxidation Numbers

» As we look at the concept of oxidation numbers it is
important to realize that

« Oxidation numbers are not real charges

» Oxidation numbers may or may not correspond
to ion charges

» Oxidation numbers may be fractional

1. The oxidation number of an element in an
elementary substance is zero.

2. The oxidation number of an element in a
monatomic ion is the charge on the ion

3. Certain elements have the same oxidation number
in most compounds

a. Group 1 metals are +1
b. Group 2 metals are +2
c. Oxygen is usually -2

d. Hydrogen is usually +1

4. Oxidation numbers sum to zero (compound) or to
the charge (polyatomic ion)

Example 4.6

EXAMPLE 4.6

Assign an oidation number (oxid. no.) 1o each dlement in the following species:

{a) Ny {b) N (<) NO, () B0 (e} KOy contimud

Example 4.6 (Cont’d)

SOLUTION

{a) Ny is in its clementary state. {Rule 1) onid. no. N =0
(b} N s a monoatomic jon. (Rule 2) oxid, no, N -3
[} There are no Group 1 or Group 2 metals. (Rule 6) oxid. no, O = =2

RO," Is a polyatomibe bon. (Rube 5) - = —|; oxid. no. N = +5
(d) Bais a Group 2 metal. (Rule 3) o, no. Ba = 42

The sum of the oxidation numbers is 0, (Rule 5) +2 4 x = 0 oxid. no. O
(#) K s a Group 1 metal, (Rube 3) oxbd, no, K = +1

The sum of the oxidation numbers is 0, {Rule 5) 21) 4 2x = 0; oxid. no, O = =]

END POINT

Always Jook for the “leading elements™ (Group | and Group 2 metals and F) in a compound when you start, These elements

will lead you to the oxidation numbers of 1

nther elements in the compound, If these leading elements are not present,
then look for H and O (+1 and -2, respectively, when not combined with Group 1 or 2 metals.}

Example 4.7

EXAMPLE 4.7

Coi

der the unbalanced redax equation
Cr*ag) + HiOag) — 2HL0 + Cri07ag)
{a) Identify the clement oxidized and the dement reduced

{b) What are the oxidizing and reducing agents?

STRATEGY
1. Determine the oxidation number of cach clement
2. Find clements whase oxidation numbers change
SOLUTION
Oxidation numbers Cr+kH: +L0:—1—=H:+L:: -4 Cr +6
Change Cr: +3— +6 (increase)

O =1— ~2 [decrease)
Elenent reduced O (decrease in oxidation number)
Element oxidized Cr increase in oxidation nuniber)
Oxbdizing agent HO; (1t is the species that contains the dlement that is reduced.)

Reducing agent €07 [ is the species that contains the element that is oxidised

10
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Redox Reactions and Oxidation Numbers

¢ Oxidation is an increase in oxidation number
¢ This is the same as a loss of electrons

¢ Reduction is a decrease in oxidation number
¢ This is the same as a gain of electrons

A. Balance the atom(s) of the element being oxidized
and do the same for the element being reduced.

B. Balance the oxidation numbers by adding electrons
to the correct side of the half equation.

C. Balance charge by adding H* (acid) or OH- (base).
D. Balance hydrogens by adding H,0.
E. Check to make sure oxygen is balanced.

Example 4.8

EXAMPLE 4.8

Balance the following half-equations

(1) NO,=(ag) —= NO(g) (bas ion)

[2) Clulg) = CIOy™ () (acidic solution)
STRATEGY
Follow the steps outlined above in the order given
SOLUTION
(1) (a) Oxidation numbers N: +5=++2 0 =2+ —2 N is reduced

i) Atom balance 1 ™ on each side: no adjustment 1s required

{e) “total oxidation” number

N: 5{1) — N: 2(1)

{d) Add electrons

(e} Balance charge reactanits: =1 + =) = =4 products: 0

basic medium: add OH™. To balan,
NOy( + 3e= = NO{g) + 40H(aq)
reactants: =1+ M=) = =4 products: 4(=1) = =4

Example 4.8, (Cont’d)

(f) Balance H resctante 0 products: 4 H

To balance, add 2H.0) on the left

MOy (agh + %~ + 2H0 — KO{g) + 4OH"Lug)
reactants 4 H - produscts 4 H

() Check O reactante 3 + 25 products 4 +1=5
asced: NO,"lagh + 3¢ — RO{) + 40H"{ag)
Ch 0 450h =2—= =2 C] s cuidized.

reactant: 201 product:1C1

() “total oxidation” sumber

{d) Add clectrons

(e} Balance charge

M) Balance H

g) Check O

The half-equation is halanced

Balancing Redox Equations

1.
2.
3.
4.

Split the equation into two half equations.
Balance one of the half equations.
Balance the other half equation.

Combine the two balanced half equations so as to
eliminate electrons.

« In order to split the redox reaction into two half
equations, determine the oxidation numbers first

* One element must be oxidized
* One element must be reduced

11



Example 4.9 Example 4.9, (Cont'd)

SOLUTION

1) (a) Split into two half-equations.

(b} Balance the half-equations Check the text, This has been done earlier
Fe'*{ag) — Fe'*lagh + ¢~
Balance the following redox resctions NGOy 3™ + TH0 —= NOlg) + 40H (ag)
(1) Fe¥*(ag) + NO,~(ag) == Fe'* (ag) + NO{g)  (basic solution) (d} Eliminate electrons. Multiply the oxidation half-equation by 3.
- W[ Fe* [ag) — Fe**lag) + «7|
(2) MnO,~(ag) + Clg)—= Mn**{ag) + CIOy~(a)  (acidic solution) 3
. 3 el ¥ 3% Combine half-equations. NO~(ag) + 3Fe**(ing) + 2HL0— NO) + 40H (ag) + 3Fe™{ag)
STRATEGY 12) (a) Splhit into two half-equations. Mo, (aaigh == Mo *{ag)
gl =« “lagh
ur-step process outlined abave in the order given ; F : - :
N {b-c) Balance the half-equations. ] The oxidation hall-equation is balanced in Example 4.8

Clg) + 6H0 —= 2080, ag) + 10¢~ + 12H*(agh
Try to bakance the reduction half-equation.
Mni),"{ag) + SH*(ag) + 5= —= Mn?

() Eliminate electrons | Multiply the reduction half-equation b
| 2AMn0y(ag) + BH ag) + —= Mn**{ag) + 4H0)

Combine half-equations. Cylg) + 6HO + IMad,"lag) + 6H* (ag) —
2030~ (ag) + 12H*(ag) + 2Me**lag) + 8HO

Net lonic equation 6H0 — BH,0 = IH,O (product side)
16H* — 12H* = 4H* (reactant side)

Balanced net ionic equation | Odg) + 2Mn0(ag) + AH* (ag) = 2010y~ (ag) + 2Ma**(ag) + 2H,0

Example 4.9, (Cont'd) i ’I\ Example 4.10

Consider the balance on for the reaction between iron(11) 2 ermanganate jons in acidic solution:
END POINT nsider the balanced equation for the reaction between iron(11) and permanganate jons in acidic solution:

Mnt,"(ag) + 5F™* (ag) + 8H {ag) — 5F¢

ag) + 4H0

check both nass and charge balance in the final balanced net fonic equation. In (2}, for example
What volume of 0,684 A KMnO, solution is required to completely react with 27.50 mlL of 0.250 M Fe{NO,); (Figure 4.12)?

= ANALYSIS
8 4 $O =244 =42

2 Information given: WV {27.50 mL) and M (0.250) of Fe(NO),
M {0684) of KM,

Information implisd: reacting species; stoichlometric ratios

Asked for: volume of KMnO),

ey
Ei Al

Example 4.10, (Cont’d) _v'ﬂi\ Redox Titrations

» Redox reactions can be used to analyze an unknown
in the same way as is done with acid-base reactions

STRATEGY
Follow the flow chart shown in Figure 4.6,
V'« M — mol parent : mol lon — mol lon — mol parent — V' x M
SOLUTION

L Parent —=jon Fe(NOy), (parent) — F&™* fion)
EMnO, (parent) — Mni,~ (ion)

mol Fe{NOy); VM = (002750 L)

50 mol/L) (LODBRE
1 1 mol Fe'*
. mal Fet* 000688 mal FelNOy); % = 0068
1 mol Fe(NO, ),
1 meod My,
x 7 000138
5 mol Fe®

1 maol KMn0,

A mol Mny,~

5. mol KMn(y, 000138 mol MnO,~ 000138
1 mol Mnt,
0,001 38 mol
& V KMnO, moles = VX M; V 000202 L 102 mL

684 molf]




Key Concepts — Reactions in Solution

1. Apply the precipitation diagram and schema
(Figures 4.2 and 4.3) to

» Predict solubility and precipitation reactions.

« Write net ionic equations for precipitation
reactions.

2. Perform stoichiometric calcuations for reactions.

3. Apply Tables 4.1, 4.2 and Figure 4.8 to write net
ionic equations for acid-base reactions.

4. Determine oxidation numbers.
5. Balance half-equations and redox equations.
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