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Reactions in Aqueous °

What are some of the driving forces that
promote reactivity?

Reaction Type: Driving Force

Precipitation Formation of an insoluble compound
Acid-Base Neutralization Formation of a salt and water (proton transfer)
Gas-Forming Evolution of water-insoluble gas such as CO,
Oxidation-Reduction Electron transfer

Solubility: Whatis the relative attraction of the particles in the compound

for each other vs. water?
A water molecule is electrically positive on one side
(the H atoms) and electrically negative on the other

(the 0 atom). These charges enable water to interact
with negative and positive fons in aqueous solution.

Copper chloride is added to The fons are now sheathed in
water. Interactions between water molecules.

water and the Cu2* and (1~ ons.

allow the solid to dissolve.

Water surrounding Water surrounding
a cation an anion

(a) b)
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Hydrated lon

Strong Electrolyte Weak Electrolyte Nonelectrolyte
O Ethanol

Acetic acid

Acetate ion

W

The double arrow signifies the partial
dissociation of the acetic acid

CH;C0,H(aq) — CH4C0,™ (aq) + H™ (aq)

}},\, ﬁ\r 7
hydrogen ion
acetic acid

< 5% ionized
= weak electrolyte

acetate ion
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Compounds of hydroxide are mostly insoluble in water: (From Left to Right):
NaOH, Ca(OH),, Fe(OH),, Ni(OH),

Later you will be quantifying the solubility using solubility product values




SOLUBLE COMPOUNDS

Almost all salts of Na*, K*, NH,*

Salts of nitrate, NO5~
chlorate, CL0,~
perchlorate, Cl0,~
acetate, CH;C0,

EXCEPTIONS
Almost all salts of CL=, Br~, I Halides of Ag*, Hg,?*, Pb?*

Compounds containing F~ Fluorides of Mg?*, Ca?*, Sr2*, Ba?*, Pb2+

Salts of sulfate, 0,2~ Sulfates of Ca®*, S*, Ba®", Pb**

BB A B

Most salts of carbonate, C0;°~
phosphate, PO~
oxalate, ;0,2
chromate, 10,2~
Salts of NH,* and the alkali metal cations

Most metal sulfides, S>~

Most metal hydroxides and oxides Ba (OH), is soluble:

Thomson

Precipitation Reactions (Double displacement; metathesis)

AgNO;(aq) + KCl(ag) — AgCl(s) + KNOs(aq)

Reactants Products
Ag*(aq) + NO; (aq) Insoluble AgCl
K*(aq) + Cl"(aq) K*(aq) + N0, (aq)

(b) Initially the Ag* (<) Ag* and C1" fons (d) As more and more
fons (silver color) and CL™  approach and form Ag™ and CL” fons come
fons (green) are widely ion pairs. together, a precipitate of
separated. solid AgCl forms.

(a)

Ag™ + NO,~

Net lonic Equations: Leave out spectator ions

Total lonic Equation
Ag*(aq) + NOy~(ag) + K*(ag) + Cl~(ag) —> AgCl(s) + K*(ag) + NO:"(aq)

before reaction after reaction
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Net lonic Equation

Ag”(aq) + Cl"(aq) —> AgCl(s)
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Example Problem:

In an experiment, a solution containing 2.500g of sodium chromate
(161.97g/mol) is mixed with a volume of a solution containing 3.250g
of Ferric chloride (162.20g/mol).

a) Determine the precipitate of the reaction.

b) Write molecular, complete ionic and net ionic equations for the
reaction.

c) Determine the i mass of pr that can be formed in

the reaction.

Answer:

a) The precipitate is Fe,(CrO,), (ferric chromate)

b) 3Na,CrOy,q) + 2FeCly,q) — Fe,(CrO,)y + 6NaCl

6Na* () + 3CrO,2 g + 2Fe® ) + 6Cl g — Fe,(CrO,)y) + 6Na* () + 6Cl g
2Fe® ) + 3Cr0,% g — Fe,(Cro,)y

¢) 2.500g / 161.97g/mol = .0153mol Na,CrO,

3.250g/162.20g/mol = .02004mol FeCl,

Since the reaction is 3:2 (Na,CrO,:FeCl;), Na,CrO, limits

.0153mol Na,CrO, (1mol Fe,(CrO,); / 3mol Na,CrO,) = .005145mol
.005145mol (459.671g/mol) = 2.365g Fe,(CrO,); precipitate

Acids and Bases

Acids:

-Produce CO, gas with metal carbonates
-React with metals to produce hydrogen gas.
-A substance that, when dissolved in water, increases the
concentration of hydrogen ions, H*, in the solution. (Hydrolysis
with water to produce hydronium ions, H;0%)

-The strength of an acid is related to its ability to dissociate in
solution (i.e. produce H* ions)

-The common strong acids should be memorized: HCI, HBr, HI,
H,S0,, HNO3, HCIO,

Bases:

-A substance that, when dissolved in water, increases the
concentration of hydroxide ions, OH-, in the solution

-Either metal hydroxides or substances (like NH;) that produce OH-
indirectly in solution.(NH; + H,0 <> NH,* + OH")

-The common strong bases should be memorized: NaOH, KOH,
LiOH, RbOH




Oxides of nonmetals (acidic anhydrides) tend to produce acids in
water:

Ex.
CO, +H,0 — H,CO,4

C0,(g) + H,0(f) — H,C04(aq)

\ 2

Oxides of metals (basic anhydrides) tend to produce bases in
water:

Ex.
MgO + H,0 — Mg(OH),

€206 B - Thoren

Acid and Base Reactions

Acids and bases react with one another produce a salt and water
(often called a neutralization reaction)

Acid + Base — Salt + Water

/g \
HOL(acid)  NaOH (base) ( \

= >
I J NaCl (salt) + H,0

H*(aq) + C1(aq) Na*(ag) + OH™(aq) Na*(ag) + C1™(aq)
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Whatis the net ionic equation for this reaction????

The net ionic equation for any strong base / strong acid reaction
is:

H*(aq) + OH (o) — H 0, or equivalently
H30% g + OH (o) — 2H,0(,

This will not be the case for weak acids and/or base reactions.
Ex.

Write a balanced net ionic equation for the reaction between
nitrous acid and lithium hydroxide.

Answer:
HNO,(,q) + OH () > NO; ) + H20

Gas Forming Reactions

Table 5.3 Gas-Forming Reactions

Metal carbonate or bicarbonate + acid — metal salt + C0,(g) + H.0(¢)
Na,C0s(aq) + 2 HCl(ag) —> 2 NaCl(ag) + CO,(g) + H,0(C)

Metal sulfide + acid — metal salt + H,S(g)
Na,S(aq) + 2 HCl(aq) — 2 NaCl(aq) + H,S(q)

Metal sulfite + acid — metal salt + SO,(g) + H,0(()
Na,S05(aq) + 2 HCl(ag) —> 2 NaCl(aq) + SO,(g) + H,0(¢)

Ammonium salt + strong base —> metal salt + NH;(g) + H,0(¢)
NH,Cl(aq) + NaOH(aq) —> NaCl(aq) + NHs(g) + H,0(¢)
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Oxidation-Reduction (Redox) Reactions:

Oxidation (Increase in oxidation number):
Gains Oxygen
Loses Hydrogen GER
Loses Electrons

Reduction (Decrease in oxidation number):
Loses Oxygen
Gains Hydrogen
Gains Electrons

Loses Electrons Oxidized; Gains Electrons Reduced
LEO goes GER

Identification of Redox Reactions: Track changes in oxidation
numbers of elements from reactants to products

Oxidation numbers: Except in the case of monoatomic ions,
oxidation numbers are “virtual charges” for keeping track of how
electrons are shared in a compound. T7hey are assigned using a
set of rules.

Assigning Oxidation Numbers (See page 200 in your text)

1. In free elements (that is, in the uncombined state), each atom has an oxidation
number of zero. Thus each atom in H,, Br,, Na, Be, K, O,, and P, has the same oxidation
number: zero.

2. For ions composed of only one atom, the oxidation number is equal to the charge on
the ion. Thus Li* has an oxidation number of +1; Ba?* ion, +2; Fe3*, +3; I ion, -1; 0 ion, -2;
and so on. All alkalimetals have an oxidation number of +1, and all alkaline earth metals have
an oxidation number of +2 in their compounds. Aluminum has an oxidation number of +3 in all
its compounds.

3. The oxidation number of oxygen in most compounds (for example, MgO and H20)
is -2, but in hydrogen peroxide (H,0,) and peroxide ion (O,%), its oxidation numberis -1.

4. The oxidation number of hydrogen is +1, except when it is bonded to metals in
binary compounds. In these cases (for example, LiH, NaH, and CaH,), its oxidation number is

5. Fluorine has an oxidation number of -1 in all its compounds. Other halogens (Cl, Br,
and l) have negative oxidation numbers when they occur as halide ions in their compounds.
When combined with oxygen-for example in oxoacids and oxoanions, they have positive
oxidation numbers.

6. In a neutral molecule, the sum of the oxidation numbers of all the atoms must be
zero. In a polyatomic ion, the sum of oxidation numbers of all the elements in the ion must be
equal to the net charge of the ion. For example, in the ammonium ion, NH,*, the oxidation
number of N is -3 and that of H is +1. Thus the sum of the oxidation numbers is -3 + 4(+1) =
+1, which is equal to the net charge of the ion.




Oxidation-Reduction (Redox) Reactions:

Oxidations and Reductions must occur in pairs (i.e. no oxidation
without reduction and vice versa.)

The oxidizing agent oxidizes another substance (it itself is
reduced) while the reducing agent reduces another substance
(while being oxidized)

Remember: The agent refers to what the substance does to
something else.

Even though only 1 element within a compound or ion may
actually be oxidized or reduced, generally the whole compound
orion is referred to as the oxidizing or reducing agent.

Examples: Determine which of the following are redox reactions:
0 42 +5-2 0 +2 452
1) Mgq) + Cu(NO;);oq) — Cug) + Mg(NO;),(oq) (Single replacement reaction)
+1  +4-2 +147 -2 +4 -2 +1 -2 +147 -2
2) Na,COjyoq) *+ 2HCIO, o) — COyg) + H,0 + 2NaCIO y0e)
422 0 +5/2 -2 -1
3) 28,03% 2) * lzaq) = S406% (aq) * 2V (aq)
+1 2 +2 1 +2 2 +1 -1
4) Na,S(aq) + MGCly(aq — MgS ) + 2NaCly,,
+1-1 +1-2+1 +1-1 +1 2
5) HCl(ag) + KOH o) — KCl(oq) + H,0y,

Table 5.4 Common Oxidizing and Reducing Agents

Oxidizing Agent

Reaction Product

Reducing Agent

Reaction Product

0,, oxygen

Halogen,
Fs, Cly, Bry, or I,

HNO;, nitric acid

Cr,0,%,
dichromate ion
MnO,~,
permanganate ion

0?7, oxide ion
or 0 combined
in H,0
Halide ion,
TGl BE T on LT

Nitrogen oxides*
such as NO and NO,

Cr*, chromium(III)
ion (in acid solution)

Mn?*, manganese(II)
ion (in acid solution)

H,, hydrogen

M, metals such as
Na, K, Fe, and Al

C, carbon (used to

reduce metal oxides)

H*(aq), hydrogen ion or
H combined in H,0
or other molecule

M"*, metal ions such
as Na*, K*, Fe?* or
Fe’*, and ALY

€0 and CO,
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Summary of Common Reaction Types in Aqueous
Solutions

Chemical
reactions

Y
~ Acid-base Gas evolutio:
reactions reactions®

*Many gas evolution reactions
are also acid-base reactions.

Reactions that remove ions from solution, produce a solid
precipitate, a water molecule or a gas molecule are product
favored reactions. Those that don’t occur to an appreciable
amount are said to be reactant favored.

Solution Concentration: Molarity

Molarity(M) = moles solute / Liters of solution

Units = mol/L

Example:

65.00g of sodium phosphate (163.94g/mol) is dissolved in enough
water to produce 650.mL of solution.

a) Determine the molarity of the solution.
b) Determine the number of sodium ions in a 50.0mL sample of this

solution.

Answer:

a) 65.00g / 163.94g/mol = .396486...mol sodium phosphate

.3965mol / .650L = .609979... = .610M

b) Sodium phosphate = Na;PO,
.610mol/L (.0500L)(6.022x1023units/mol)(3sodium ions/unit)
=5.50994...x102 = 5.51x1022Na* ions

Solution Concentration: Dilutions

To dilute an existing solution use the relationship
MV, =M.V,

Where M is the molarities of the solutions and V is the volumes of
the solutions (you can use mL since it is a ratio)

Example:

A student wants to produce 75.0mL of a .150M HCI solution from a
stock solution that is 6.00M. Determine the procedure required to
produce the desired solution.

Answer:

6.00M(V,) = (.150M)(.0750L)

V,=.001875L = 1.88mL

Use 1.88mL from the stock solution and fill with distilled water to the 75.0mL
mark.




Solution Concentration: pH

For acids and bases pH determines the concentration of the
hydrogen ion in solution (in molarity).

pH = -log[H;0*]

[Hs0*] = 10+H

Brackets always means molarity. H;0* and H* refer to the same

thing.
é ‘
= -
H = 2.

PH=110 pH=117

8 pH =29 pH =74 Ammonia Oven cleaner
Vinegar  Soda Blood
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pH =38
Orange

e BLE

Sample:

1) Determine the pH of a .025M perchloric acid solution.
Answer: Perchloric Acid (HCIO,) is a strong acid so 100% dissociation can
be assumed.

.025M HCIO, implies .025M in H* (H,0%) ions
pH = -log(.025) = 1.6020... = 1.6

2) Calculate the hydronium ion concentration for a solution with a
pH of 8.3.

Answer:
[H;0*]= 107" = 1083 = 5.01187...x10°M = 5.0x10-°M

Solution Stoichiometry:

grams reactant A R —>< Bk  grams reactant B

direct calculation

not possible
o 1 mol A S gB
gA 1 mol B,

moles reactant A moles reactant B
mol reactant B
i [ERE Tesctant 5
mol reactant A

stoichiometric factor

Crmolarity of A X volume Crolarity Of B X volume

Conversion Map

Example:

If you combine 75.0mL of 0.350M HCI and an excess of Na,CO;,
what mass of CO,, in grams, is produced?

Answer:

Balanced Equation:

Na,COg + 2HCl(,q) — 2NaCl,q + H,0( + CO,
mol HCI = (.0750L)(0.350M) = .02625mol HCI

mole ratio: .02625 mol HCI (1mol CO, / 2mol HCI) =.013125mol
CO,

Mass CO,: .013125 mol CO, (44.01g/mol) = .578 g CO,

Titrations:

Used for determining the unk tration/: tof a
given substanceby r ting it in a stoichi tric ratiowith a
solution of § tration (the standard solution) or primary

standard (pure solid acid or base of precisely known mass).
Definitions:

Titrant: The substance of known concentration. The substance
you are “titrating” something with.

Equivalence Point: That point in the reaction when the exact
amount of the titrant has been used to react completely with the
unknown in the correct stoichiometric ratio.

Acid Base Indicator: A substance added to a solution that changes
color at a specific pH to identify the equivalence point.

Endpoint: That point in the reaction when the indicator changes
color. Usually, but not always, corresponds to the equivalence
point.

Standardization: To precisely determine the concentration of a
solution.

Example:

1. A 25.0mL sample of vinegar (which contains the weak acid
acetic acid) requires 28.33mL of a 0.953M solution of NaOH for
titration to the equivalence point. What mass of acetic acid, in
grams, is in the vinegar sample, and what is the concentration of
acetic acid in the vinegar?

HC,H30,a + NaOH oq) — H;0( + NaC,H;000q)

Answer:

.02833L(0.953M) = .0270mol NaOH = moles of acetic acid (1:1)
.0270mol (60.0520g/mol) = 1.62g acetic acid

Molarity =.0270mol / .0250L = 1.08M




Example:

2. Hydrochloric acid can be purchased from chemical supply
houses with a concentration of 0.100M, and this solution can be
used to standardize the solution of a base. If titrating 25.00mL of
a sodium hydroxide solution to the equivalence point requires
29.67mL of 0.100M HCI, what is the concentration of the base?

Answer:

Mol HCI = (0.100M)(.02967L) =.002967mol HCI = mol NaOH (1:1)
Molarity NaOH = .002967mol NaOH /.02500L = .119M

Redox Reaction Titration Sample Problem:

Vitamin C, ascorbic acid (C¢zH3Og), is a reducing agent. One way to
determine the ascorbic acid content of a sample is to mix the acid
with an excess of iodine,

CeHgOg(aq) *+ 12aq) — CoHeO6(aq) + 2H* (aq) + 21 aq)
(CeHeO¢(aq) = dehydroascorbate)

And then titrate the iodine that did not react with the ascorbic acid
with sodium thiosulfate. The balanced, netionic equation for the
reaction occurring is this titration is

laaq) ¥ 28205% (aq) — 2l (aq) + 84067 (aq)  (tetrathionate ion)

Suppose 50.00mL of 0.0520M |, was added to the sample
containing ascorbic acid. After the ascorbic acid/l, reaction was
complete, the |, not used in the reaction required 20.30mL of
0.196M Na,S,0; for titration to the equivalence point. Calculate
the mass of the ascorbic acid in the unknown sample.

I, originally — (.0520 L)(.0500 M) =.0026 mol

I, titrated —
(.0203 L)(.196 M)=.00398 mol S,0, (1 mol |,/2 mol S,03%)
=.00199 mol |,

|, reacted with C4HgOg —
.0026 mol - .00199 mol =.000611 mol |,

CgHgOg used —
.000611 mol I, (1 mol CgHgO4/ 1 mol 1,)(174.108 g/1 mol)
=.106 g CgH¢Og




