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Introduction

A Much of the chemistry (both biological and ron
biological) that takes place on Earth involvester
in some fashion:

T Al most 75% of the Ear:t
water or ice.

I About 66% of the human body consists of water.

I A lot of important chemistry takes place in
aqueous solutionin which the solvent is water.

Aln this chapter, weol |
chemical reactions take place and how we can
organize chemical reactions into different types.
Most of these reactions will take place in aqueous
solutions.
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Solution
Staichiometry

Solutions

A For a chemical reaction to occur, the reacting specie
have to come in close contact with each other. Mos
chemical reactions are performed iaadution(or in
the gas phase) rather than in the solid state.

A A solution consists of a smaller amount of one
substance, theolute (usually a liquid or solid),
dissolved in a larger amount of another substance,
thesolvent(usually a liquid).

I Other kinds of solutions, such as of two or more
solids (e.g., metal alloys), or gases dissolved in
solids, or gases dissolved in other gases (e.g., the
atmosphere), are also possible.

A Solutions in which water is the solvent are known as
aqueous solutions
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Dilute and Concentrated Solutions

A A solution that contains a small amount of solute
relative to the solvent isdilute solution.

A A solution that contains a large amount of solute
relative to the solvent is@ncentrated solution
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Making Solutions of a' Desired Molarity

A Because the volume of a solution comes from the
soluteand thesolvent, a 1 molar solution cannot be
made by adding one mole of solute to 1 L of solvent

A Solutions of a desired molarity are usually prepared
by placing the appropriate amount of solute in a
volumetric flaskand adding solvent until a
calibrated final
volume is reached .
(with frequent swirling«
to make sure the solute
dissolves). I

1.00 mol NaCl 3
(58.44 g)

™\
Mix )
‘ ;
R \q/ o’

A 1.00 molar

Weigh out and add i
‘eigh out and add NaCl solution 6

1.00 mol of NaCl.

sim. to Figure 10.10
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Solution Dilution

A Solutions can also be prepareddilyting a more
concentrated stock solution.

Concentrated solutior Solvent—

A The initial molarity (M) and volume (V) of a
concentrated solution
are related to the finalﬂi
molarity (M,) and - 2)
volume (\,) of a dilute iy .

xxxxxxxxxx

solution by the equation

MV, = MV,

Note that the units for volume "
and concenactay i on dgnat P
matter in this equation. stock solution

sim. to Figure 10.12

Solution Stoichiometr§ Molarity

A We must know the amount of material present in a
certain volume of solutiod theconcentrationd
in order to perform measurements and calculations.

AA common unit of concentration msolarity (M),
defined as the number ofoles of solutgerliter of
solution( t h at 6 snotsotvéntl)t 1 on,

molesf solute

litersof solution

A The molarity of a solution can be used as a
conversion factor to relate the solution volume to the
number of moles of solute present.

Molarity(M) = mol/ L = molL*

Amount A Amount B

(in moles) (in moles) Volume B

Volume A
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Examples: Molarity

1.What is the molarity of a solution made by
dissolving 2.355 g of sulfuric acid in water and
diluting to a final volume of 50.0 mL?

Answer: 0.480 M HSO,

Examples: Molarity

2.How many grams of solute are in 1.75 L of 0.460 M
sodiummonohydrogeiphosphate?

Answer: 114 ¢ 0
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Examples: Molarity

3.How many liters of a 0.125 MlaOH solution
contains 0.255 mol dflaOH? (Ex. 4.6)

Answer: 2.04 L soln.

11

Examples: Solution by Dilution

4.Isotonic saline is a 0.150 M aqueous solution of
NaCl that simulates the total concentration of ions
found in many cellular fluids. Its uses range from a
cleansing rinse for contact lenses to a washing
medium for red blood cells. How would you
prepare 800. mL of isotonic saline from a 6.00 M
stock solution?

Answer: 20.0 mL

12
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Examples: Solution by Dilution

5.To what volume should you dilute 0.200 L of a 15.0
M NaOH solution to obtain a 3.00 M NaOH
solution?

Answer: 1.00 L

13

Examples: Stoichiometry of Reactions Boin

6. Stomach acid, a dilute solution of HCI in water, can
be neutralized by reaction with sodium bicarbonate
according to the equation

HCl(ag) + NaHCQ(ag) - NaClad) + H,O(l) + CO,(g)

How many mL of 0.125 M NaHC(solution are
needed to neutralize 18.0 mL of 0.100 M HCI?

Answer: 14.4 mL

14
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Strong; Electrolytes;
Weak Electrolytes,-and
Nonelectrolytes

15

Solute and Solvent Interactions

A When a solid is put into a liquid solvent such as
water, there is a competition between the forces of
attraction among the particles of the solsi@jte
solute interactionsand the forces of attraction
between the solvent molecules and the particles in
the solute golventsolute interactions Which
interactions are stronger determines whether the
solute dissolves.

Solvent-solute interactions

e/, \.O
) »)

Solute-solute interactions 16
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The Role of Water as a Solvent

A Many reactions take place agueous solutian
Water interacts with many substances, and plays an
active role in many chemical processes.

A Many ionic substances dissolve in water (to at least
some extent); water is very goodsatvating
(dissolving) cations and anions.

I The O end of a water molecule has a slight
negative charge (aartial negative charge &)
while the H ends have slight positive charges (a
partial positive charge, 6%).

I Water also has an overaknt shape.

I The combined effects of polar bonds in a bent
shape make watermlar molecule having an
uneven distribution of electrons.

17

The Shape and Polarity of Water
5-

18

Figure 10.1
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Water as a Solvent

A When sodium chloride is dissolved in water, the Na
and Clions are attracted to each other, and both are
also attracted to water molecules.

I The N4 ions are attracted to the partially
negative oxygen atom.

I The Clions are attracted to the partially positive
hydrogen atoms.

I The attraction between the water and the ions is
greater than that of the ions for each other, and
the sodium chloride dissolves.

Solvent-solute interactions

>/ 0

Solute-solute interactions

Water as a Solvent

A The ions are separated from each other, and are fre
to move randomly through the solution, surrounded
by a crowd of water molecules.

Figure 10.2 MQOV: Dissolution of NaCl


MOV Dissolution of NaCl.mov
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Water as a Solvent

A Ethanol (ethyl alcohol, $E-:OH) dissolves in water
because the partial charges on the H and O atoms it
the molecule interacts strongly with the partial
charges on the atoms in water.

TThe et hanol mol ecul es
apart.

s @+ n @
Polar bond

0 Q @

(a) (b)

Figure 10.3 2

Electrolytes in Aqueous Solution

A Substances that dissolve in water can be classified ¢
electrolytesor nonelectrolytes

i Electrolytesdissolve in water to form solutions
| which conduct electricitybecause they dissociate
\ eru to form mobile, solvated cations and anions:

e T NaCl(s) —*2 > Na'(ag) + Cl (aq)

NaCl (aq)

i Nonelectrolytesdo not conduct electricityvhen
dissolved in water, because they are molecules
with dondt dissociate
nonelectrolyte):

’ . C,,H,,0,,(s) —=— C,,H,,0,,(aq)

22
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Electrolytes in Agueous Solution

v | ar Salt Sugar
) : z
° . . solution solution ‘
0° o
: [ Conducts current ] Nonconductive

Cy2H»,0y (aq)

Strong and Weak Electrolytes

A Electrolytes are divided into two categories:

I Strong electrolytesare dissociated to a very large
extent (76100%); that is, virtually all of the units
of the original substance are separated into ions.

I Weak electrolytesare dissociated to a very small
extent; that is, only a small percentage of the
substance is dissociated into ions at any one time

A Dissociation of weak electrolytes are often written
using backandforth double arrows,

indicating that azlynah equilibrium is taking
place, in which there is a forward and a backward
direction to the process.

24
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Strong and Weak Electrolytes

A For strong electrolytes, the equilibrium goes almost
completely to the right, to the dissociated species.

A .

—~r—

A For weak electrolytes, the equilibrium lies to the left,
with theundissociatedpecies.

—_—

-

A Since most of the particles in a weak electrolyte
solution are not ionized, weak electrolytes conduct
electricity in solution only weakly.

A Equilibrium processes are important in many areas
of chemistry, and will be discussed in excruciating
detail later.

25

Strong and Weak Electrolytes

Figure 10.4 26

(a) Many ions (b) Few ions (¢) Noions
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Soluble and Insoluble

A In some cases, the electrostatic forces in ionic
compounds are too great to be overcome by water,
and the substanceirsolublein water.

A This is greatly oversimplified, though; in reality,
solubility is a continu
substances dissolve in water to some slight extent.

I Solubility of NaCl in HO at 25°C = 357 g/L
I Solubility of AQNG; in H,O at 25°C = 216 g/L
I Solubility of AgCl in H,O at 25°C = 0.0019 g/L

- — — —

NaCl (aq)

Acids as Electrolytes
A Most molecular compounds are nonelectrolytes,
except for thecids.

A Acids of the general formula Hidnize into H* ions
and A ions when they dissolve in water:

HA(g,I) —°2 5 H*(aqg) + A (aq)

1 1 T Astrong acidsuch as HClonizescompletely
I: ’7r Every molecule of HCI splits up into*tand Ci:
@

o HCIl(g) » H*(ag + Ci(ag

.. T A'weak acidsuch as HGH;0, does not ionize
cro . completely Only a small percentage of the
ﬁﬁ\ molecules split up into Hand GH;0,:

s HC,H;0,(g) h H*(ag + GH;0,(ag

HCH30; (aq)

HCl (aq)

28
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Classitying Electrolytes

A Strong Electrolytes:
T Soluble ionic compounds.
I Strong acids: HCI, HBr, HI, HNQ HCIO,, H,SO,
memorize!
A Weak Electrolytes:

T All other acids are weak acids/weak electrolytes:
HF, HCH;0,, HNO,, H,SG;, etc.

A Nonelectrolytes:

I Molecular compounds (except for acids): water,
sugar, most organic compounds, etc.

29

Examples: Dissociation of lonic Compound

1. Write the equation for the dissociation in water of
Na,S,HBr, AlCI;, and Pb(NQ),.

30
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Examples: Dissociation of lonic Compound

2.How many moles of each ion are in 1 mol of C&CI

31

Examples: Dissociation of lonic Compound
3.How many moles of each ion are in 23.4 g o3&

Answer: 0.600 mol N&, 0.300 mol & o
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Examples: Dissociation of lonic Compound

4.What is the molar concentration of iron(lll) ions and
bromide ions in a 0.225 M aqueous solution of
iron(lll) bromide, assuming complete dissociation?
What is the total molar concentration of ions?

Answer: 0.225 M Fé*, 0.675 M Br, 0.900 M ions

Examples: Classifying Electrolytes

5. Classify the following compounds as strong
electrolytes, weak electrolytes, or nonelectrolytes.

a. HCI

SCl,
AgNO,
H,O
CH,CH,OH
Na,SO,
HNO,

HNO, >

- 0o o o0 T

= Q@

34
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PrecipitationrReactions

35

Precipitation Reactions

A A precipitation reaction occurs when two ionic
compounds react to produc@i@cipitate, an _
insoluble substance which falls out of the solution.

A These reactions are also knowrdasible-
displacementor metathesisreactions, because the
cations and anions of t
in the products:

AB + CD > AD + CB

A These reactions occur when the solstéute
attractions between the ions in the precipitate are
stronger than the solvesblute attractions.

A The other ions stay in solution sigectator ions

36
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Precipitation Reactions

A If we mix solutions of NaCl anilI, all we get is a
mixture of dissolved ions; no reaction takes place
because none of the products are insoluble in water:

NaCl@g + Kl(ag — KCl(ag + Nal(ag: NR

. o

cl ‘ ‘ 37
a

Precipitation Reactions

A On the other hand, if we mix Pb(NR@and KI, we
get a solid product of Phl

Pb(NGy),(aq) + 2Kl(aq)— 2KNO;(aq) + Pbly(s)

l‘ 9 o9
K\; - 2 Kl(aq)
0

9 (soluble)
@ . d
(W]

+
-

=
*]

NO;™
0 u/o 2 Pb(NO3),(aq)

Pb? 9 (soluble)
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Predicting Precipitation Reactions
AB(aq) + CD(aq) » AD(aq) + CB(s)

A In order to predict whether a precipitation reaction
occurs, we use theolubility rules on the next slides
to determine whether any of the potential products
of the reaction are insoluble.

I If one of the products of the reaction is insoluble
(or is a weak electrolyte, gas, or nonelectrolyte),
the reaction occurs, and must be balanced
appropriately.

I If no insoluble product (or weak electrolyte, gas,
or nonelectrolyte) form, then no reaction (NR)
takes place, and all of the ions remain in solution
as spectator ions.

.

Solubility Rules for lonic Compounds in Wat

TABLE 10.1 > Simple Rules for the Solubility of Salts in Water

1. Most nitrate (NO; ™) salts are soluble.

(8]

. Most salts containing the alkali metal ions (Li*, Na*, K, Cs*, Rb") and the ammonium
ion (NH,") are soluble.
3. Most chloride, bromide, and iodide salts are soluble. Notable exceptions are salts contain-
ing the ions Ag™, Pb**, and Hg,**.
4. Most sulfate salts are soluble. Notable exceptions are BaSO,, PbSO,, Hg,SO,, and CaSO,.

5. Most hydroxides are only slightly soluble. The important soluble hydroxides are NaOH
and KOH. The compounds Ba(OH),. Sr(OH),, and Ca(OH), are marginally soluble.

6. Most sulfide (S*7), carbonate (CO4>7), chromate (CrO,>”), and phosphate (PO,*) salts are
only slightly soluble, except for those containing the cations in Rule 2.

40
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Soluble lonic Compounds

1. All common compounds of the Group 1A ions*(Li
Na*, K*, etc.) and the ammonium ion (YH are
soluble.

2. All common nitrates (NQ), acetates (¢150,7), and
most perchlorates (ClQ are soluble.

3. All common chlorides (C), bromides (B, and
iodides (1) are solubleexcepthose of Ag, P7*,
and Hg?*.

4. All common sulfates (S§2) are solublegxcept
those of Cé&t, SP*, B&*, Pi?*, and Ag.

memorize!*

Insoluble lonic Compounds

5. Most metal hydroxides (Olare insolubleexcept
those of Group 1A, N1, which are soluble, and
Ca&*, S+, and Ba*, which are slightly soluble.

6. Most sulfides (%), carbonates (C9), chromates
(CrO,?), and phosphates (RO are insoluble,
excepthose of Group 1A and NH

memorize!*?
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Examples: Predicting Solubility

1. Predict whether the following compounds acduble
or insolublein water.

a. CaCQ 9. HgCl,

b. Mg(OH), h. Hg,Cl,

c. Na,S i. AgC,H;0,
d. PbSQ j. Pb(NO),
e. (NH,);PO, k. K,CO;,

f. NH,C,H;0, l. AgCl

43

Representing Aqueous Reactions

A Agqueous reactions involving ionic compounds can b
represented by three types of equations:

I Molecular equation (formula equation in book):
formulas are written as if they were intact
molecules (e.g., NaCl)

I Complete ionic equation soluble strong
electrolytes (soluble ionic compounds and strong
acids) are written as ions (e.g.," N&l)

Ainsoluble precipitates, weak electrolytes, and
molecules are left intact.

Alons that are not involved in the actual chemica
change are callespectator ions

i Net ionic equation shows only the ions which
undergo a change, eliminating the spectator ions.

44
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Molecular, lonic, and Net lonic Equations
Molecular equation:

Pb(NGy),(aq) + 2Kl(ag)—> 2KNOs(aq) + Pbj(s)

lonic equation: (phase labels omitted for clarity)

P+ 2NO; + 2K* + 21T — 2K* + 2NO; + Pbl(s)
Spectator ions K* and NQ;

Net ionic equation
P**(aq) + 2i(aq) > Pbl(s)

45

Examples: Molec., lonic, and Net lonic Eqn{

2.Write ionic and net ionic equations corresponding to
the following molecular equations.

2AgNO,(ag) + Na,CrO,(ag — Ag,CrO,(s) + 2NaNQ(aq)

H,SO,(ag) + MgCQ(s) > MgSQ,(ag) + H,O(l) + CO/(g)

46
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Examples: Predicting Precipitation Reactio

3. Predict whether a precipitation reaction will occur
when aqueous solutions of silver nitrate and sodium
chloride are mixed. Write the ionic and net ionic
eqguation for the reaction (if any)mpvie

47

Examples: Predicting Precipitation Reactio

4. Predict whether a reaction occurs when each of the
following pairs of solutions are mixed. If a reaction
does occur, write balanced molecular, ionic, and net
lonic equations, and identify the spectator ions.

T~
a. _ CaCl(ag + _ Na,COs(ag — 1
A4
b. _ KMnQ,(ag) +__NaClag —» !
p=
c. __ Pb(NQ),(ag) +__ NaCrO,(ag - LJ..

d. _ NiCl,(ag +__NaPO,(aq -


MOV SCD AgCl.MOV
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Examples: Predicting Precipitation Reactio

4. Predict whether a reaction occurs when each of the
following pairs of solutions are mixed. If a reaction
does occur, write balanced molecular, ionic, and net
lonic equations, and identify the spectator ions.

e. _ Pb(NQO),+ __ Fe(SO);—

f. __Ca(OHy+ __NaSO,—

g. Potassium nitrate and ammonium chlorde

h. Iron(lll) chloride and cesium phosphate

49

Examples: Predicting Precipitation Reactio

5.How might you use a precipitation reaction to
prepare a sample of CuG® Write the net ionic
equation for the reaction.

50
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Examples: Stoichiometry of PrecipitatioRxns

6. Calculate the mass of solid NaCl that must be addec
to 1.50 L of 0.100 M AgN®Qto precipitate all of the
Ag*ions in the form oAgCI(s).

Answer: 8.77 g NaCl

51

Examples: Stoichiometry of PrecipitatioRxns

7.1f 15.0 mL of 2.00 M Pb(NQ, and 45.0 mL of
1.15 M NaCl are mixed, how many grams of
precipitate will be produced?

Species present

Write the
reacuon

Balanced net
ionic equation

Determine moles
of reactants

Identify limiting
reactant

Determine moles
of products

Check units

Answer: 7.20 ¢ of producs .
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Neutralization
Reactions

53

Acids and Bases

A The concept of acidity and basicity has existed for a
long time, and some compounds have long been
designated as acids or bases:

I Acids turnbluelitmus red, their aqueous
solutions have a tart taste.

I Basegurnredlitmusblue their aqueous
solutions have a bitte

A The level of acidity is measured on a logarithmic
scale called thpH scale (pH =-log[H*]):

i pH < 7 isacidic
I pH > 7 isbasic
i pH = 7 isneutral

54
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The Arrhenius Definition of Acids and Base

A In theArrhenius definition (Svante Arrhenius,
1887) of acids and bases:

I An acidis a substance that produd¢sions
(protons)when dissolved in water.

I A baseis a substance that produc@d-ions
when dissolved in water.

HA(ag Y H*(ag + A(ag
anacid

MOH(aq) Y M*(aq) + OH(aq)
abase

55

BrgnstedLowry Acids and Bases

A The Arrhenius definition of acids and bases applies
only to aqueous solutions, but atdse reactions
also take place in other solvents; many species can
also act as bases without containing @#ts. An
extended definition was developed independently in
1923 by Johannes Brgnsted and Thomas Lowry.

A TheBrgnsted-Lowry definition of acids and bases
is based oproton (H*) transfer:

i An Brgnsted acidis aproton (H*) donor.
i A Brgnsted baseds aproton (H*) acceptor.

I An acidbase (neutralization) reaction ipaton
transfer process

A Any Arrhenius acid or base is also agBsted acid
or base (but not vice versa).

56



