Chapter 4

Aqueous solutions
Types of reactions




Section 4.1

Parts of Solutions

® Solution- homogeneous mixture.

® Solute- what gets dissolved.

® Solvent- what does the dissolving.

® Soluble- Can be dissolved.

® Miscible- liquids dissolve in each other.




Section 4.1

Aqueous solutions
® Dissolved In water.

® \Water is a good solvent
because the molecules are
polar.

® The oxygen atoms have a
partial negative charge.

® The hydrogen atoms have a
partial positive charge.

® The angle is 105°C.




Section 4.1

Hydration

® The process of breaking the ions of
salts apart.

® lons have charges and attract the
opposite charges on the water
molecules.




Section 4.1

Hydration




Section 4.1

Solubility

® How much of a substance will dissolve
In a given amount of water.

® Usually g/100 mL

@ Varies greatly, but if they do dissolve
the ions are separated,

® and they can move around.

® \Water can also dissolve non-ionic
compounds if they have polar bonds.
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Section 4.1

Electrolytes

® Electricity is moving charges.
® [he ions that are dissolved can move.

® Solutions of ionic compounds can
conduct electricity.

® Electrolytes.




. Section 4.1
Types of solutions

® Strong electrolytes- completely
dissociate (fall apart into ions).
® Many ions- Conduct well.

® \Weak electrolytes- Partially fall apart
iInto ions.

® Few ions -Conduct electricity slightly.
® Non-electrolytes- Don't fall apart.
® No ions- Don’t conduct.




Electrolytes Electrolytes Electrolytes

Strong acids Weak acids Molecular
And And Compounds
Strong Bases Weak Bases
Example:
Example: Example: CH,OH
C,H,OH (ethanol)
CeH,,04 (sugar)
NaOH NH,
Ba(OH),
lonic
Compounds
Example:

NaCl




Section 4.2

Types of Reactions

1 Precipitation reactions

® \When aqueous solutions of ionic
compounds are poured together a solid
forms.

® A solid that forms from mixed solutions
IS a precipitate

® If you're not a part of the solution, your
part of the precipitate
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« . . . Section 4.2
Precipitation reactions

® NaOH(aq) + FeCl,(aq) —
NaCl(aq) + Fe(OH),(s)

@ is really

e Na*(aq)+OH (aq) + Fe*3 + ClI'(aq) —
Na™ (aq) + CI" (aq) + Fe(OH)5(s)

® So all that really happens is

® OH(aq) + Fe*3 — Fe(OH)4(s)

® Double replacement reaction




¢ . . . Section 4.2
Precipitation reaction

® \We can predict the products

® Can only be certain by experimenting
® The anion and cation switch partners
® AgNO3(aq) + KCl(aq) —

® Zn(NO3),(aq) + BaCr,0O-,(aq) —

e CdCl,(aq) + Nar,S(aq) —




.. . . Section 4.2
Precipitations Reactions

® Only happen if one of the products is
insoluble

® Otherwise all the ions stay in solution-
nothing has happened.

® Need to memorize the rules for solubility
(I E )
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Section 4.2

Solubility Rules

| nitrates are soluble
kali metals ions and NH,* ions are

soluble

3 Halides are soluble except Ag™, P

ht2

and Hg,*?

4 Most sulfates are soluble, except Pb+2,
Ba*2, Hg*2,and Ca*?

=
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Section 4.2

Solubility Rules
5 Most hydroxides are slightly soluble
(insoluble) except NaOH and KOH

6 Sulfides, carbonates, chromates, and
phosphates are insoluble

+ Lower number rules supersede so Na,S
IS soluble




Section 4.2

Three Types of Equations
® Molecular Equation- written as whole
formulas, not the ions.
® K,CrO4(aq) + Ba(NO3)>(aq) —

® Complete lonic equation show dissolved
electrolytes as the ions.

® 2K* + CrO, 2 + Ba*? +2NO; —
BaCrOy(s) + 2K* + 2 NO5

® Spectator ions are those that don’t
react.
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Section 4.2

T'hree Type of Equations

® Net lonic equations show only those
lons that react, not the spectator ions

@ Ba*? + CrO, 2 — BaCrOy(s)

® \Vrite the three types of equations for
the reactions when these solutions are
mixed.

@ iron (lll) sulfate and potassium sulfide
Lead (ll) nitrate and sulfuric acid.
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Section 4.3

Acids and Bases

acid

Introduction to Aqueous Acids

HCl(g) + H:0(l) — Hs0 “(agq) + Cl “(aqg)

Strong Acid Formula The ionization of sulfuric acid occurs in two steps, only
Hydrochloric HCl the first of which happens completely.

Hydrobromic HBr
Hydroiodic HI 1) H,S0,(aq) »H"(aq) + HSO ; (aq)
Nitric HNOj;
Chloric HClO, 2.) HSO, (aq) = H%(ag) + SO,* (aq)
Perchloric HCIO,

Sulfuric *

*All other acids
are considered weak

s the only strong acid that 15 diprotic, meaning it has two




Section 4.3

Acids and Bases

e A IS a substance that increases the concentration
of aqueous OH- ions when it is dissolved in water. Bases
can be either ionic or molecular substances

 Bases accept H* ions

NaOH(s) —225 Na (ag) + OH (aqg)

Strong Bases

LiOH Ca(OH), N o el O T = NH* £ a0t 2 OH -~ € oo
NaOH Sr(OH)Z g g HHE ) — a Lag )+l Leg )
KOH Ba(OH),

RbOH

CsOH




Section 4.3

Acids and Bases

neutralization reaction

HCl{ag) + NaOH{ag) — HaO(l) + NaCl{ag)

Three equations are written for Acid/Base reactions

Vel ETE =6 IENol 88 HCl{ag) + NaOH(aq) — H20(/) + NaCl(asq)
Complete lonic: H* + CI- + Na* + OH = H,O(l) + Na* + CI
Net lonic H* + Cl- = H,0O(l)

**All in aqueous form. If present as a solid, the entire reactant must be written.



Section 4.3

Acids and Bases

* Not all produce salt and water

 The molecular compound produced by the reaction of an acid and a
base can also be a gas.

Example #1 Example #2

2ZHCHlag) + Na:S5(aqg) — Ha5(¢) + 2NaCl{ag)

Complete lonic: HCI + NaHCO, - NaCl + H,CO,; + H,0O

Net lonic: H* + HCO;” - H,O0 + CO,




Section 4.4

In addition to precipitation and neutralization reactions, aqueous
lons can participate in Oxidation-
reduction reactions involve the transfer of electrons from one
chemical species to another. A piece of calcium metal, for example,

dissolves in aqueous acid.

Ca(s) + 2H" (ag) — Ca™ (ag) +H, (g) Redox Ghemstry o




Section 4.4




Section 4.4
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Section 4.4

Rules to Remember

Group 1 elements make 1+

Group 2 elements make 2+

Group 17 elements make 1-
Oxygen Is 99% always 2-
Metals are listed before nonmentals

Metals are +++ and nonmetals are -----



Section 4.4

REDOX - Example #1

Which is oxidized? Zne): 0 > +2 LEOQO!I 79

Which is reduced? Cu*™?:+2 -> 0 GER! Oxidizing
Agent




Section 4.4

REDOX — Example #2

S ,@\‘/ q/&o,&c‘f\

T AT +2 2% 0 x,/-z
MnO, + 4HCI - MnCl, + CI, + 2H,0
Reducing

Which is oxidized? ClI: -1->0 LEO Agent

Oxidizing

Which is reduced? =~ Mn**: +4 > +2 GER , o+



Section 4.4

Writing Net lonic Equations

 \WWe can write also write a net equation for
this type of reaction




Section 4.4
How Can We Tell if a Reaction Will Occur?

TABLE 45 Activity Series of Metals in Aqueous Sclution
Metal Ozxidation Reaction

Lithiwn

Chrormiim
Iman
Cobalt
Mickel

Tin

Lead

Hydrogen
Copper
Silwrer
Oxidation-Reduction kercury
Reactions - Part 2 Pl:a.tirn.:.::n

Graald

t+++++++ A+ A+

anr v




Section 4.4

Predict If the Following Reactions will occur

Mg(s) + AI(NO3)ze =2

TABLE 45 Activity Series of Metals in Aqueous Sclution
Metal Ozxidation Reaction

Zn(s) + Na,SO,e0 2> EE

Bariwm

.+

Sn(s) + HClag =2

Chrormiim
Iman
Cobalt
Mickel

Tin

Lead

Au(s) + HCle >

Silwrer

g g J

+ + + +

Mercury
Platirnam
G I:Z!l El

t+++++++ A+ A+




Section 4.5

e Quantifies concentration of a solution
e Basic Equation

Molarity = moles solute

volume of solution In liters




Section 4.5

 How many grams of Na,SO, are there In
15 mL of 0.50 M Na,SO,?

 How many mL of 0.50 M Na,SO, solution
are required to supply 0.038 mol of this
salt?



Section 4.5

e Dillution is used to reduce the
concentration of stock solutions

 Add water to concentrated stock solutions
to obtain a solution of lower concentration

e Key idea: the number of moles of solute
remains unchanged..so



Section 4.5

 How many milliliters of 5.0 M K,Cr,O,
solution must be diluted in order to
prepare 250 mL of 0.10 M solution?



« We will skip this for now and cover titration
later in the year
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