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CHEMISTRY - CLUTCH
CH.4 - CHEMICAL QUANTITIES & AQUEOUS REACTIONS
CONCEPT: SOLUTIONS
● Solutions represent __________________ mixtures made of 2 or more components that form a uniform composition.
□ Solute: The _________ portion of the solution that is dissolved within the solvent.
□ Solvent: The part of a solution that is present in the _________ amount, which can dissolve other substances.
□ Concentration: A measurement of the amount of ____________ in a given ____________.

Solution Formation
____________

______________

______________

EXAMPLE: If 10.0 g NaCl is dissolved in 500.0 mL of water, identify the solute and solvent.
a) 10.0 g NaCl

b) 500.0 mL water

c) 110.0 g water

d) All of the above.

Suspensions vs. Colloids

Mixtures
Suspensions

Colloids

_______________ mixtures where large solute particles float in a solvent.

_______________ mixtures where intermediately sized solute particles float in a solvent.

Solute Particle Sizes: ______ 500 nm.

Solute Particle Sizes: ______ 500 nm.

Particles _________ settle on the top or bottom of the mixture.

Particles _________ settle on the top or bottom of the mixture.

Example: ___________ Salad Dressing

Example: _____________

EXAMPLE: From the following images, identify a solution, suspension and colloid.

A

B

C
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CONCEPT: MOLARITY
Calculate Molarity
● Molarity (M; concentration) represents the number of ____________ of solute per ____________ of solution.
Molarity Formula

Molarity =

solute
solution

EXAMPLE: Calculate the molarity of a solution prepared by dissolving 23.7 g NaOH in enough water to make 2.50 L
of solution.

Using Molarity to Calculate Unknowns
● Problems with a Molarity value present can use a given amount and conversion factors to isolate an end amount.
□ The molarity value itself can represent one of those conversion factors.
□ For example, 5.8 M NaCl represents 5.8 moles NaCl within 1.0 L of solution.
__________________

or

__________________

EXAMPLE: How many grams of Na3PO4 (MW: 163.94 g/mol) are present in 300.0 mL of a 0.550 M Na 3PO4
solution?

PRACTICE: What volume in (µL) of 0.125 M HBr contains 0.170 moles HBr?
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CONCEPT: MOLARITY
PRACTICE: Hypernatremia is a medical condition where a patient has high levels of sodium in their blood, and is the result
of the body containing too little water. A patient has a measured sodium level of 165 mM. If 30.0 mL of their blood were
drawn, what mass (in ng) of sodium would be present?

PRACTICE: 2.64 grams of an unknown compound was dissolved in water to yield 150 mL of solution. The concentration of
the solution was 0.075 M. What was the molecular weight of the substance?

PRACTICE: A solution with a final volume of 750.0 mL was prepared by dissolving 30.00 mL of benzene (C 6H6, density =
0.8787 g/mL) in dichloromethane. Calculate the molarity of benzene in the solution.

Page 4

CHEMISTRY - CLUTCH
CH.4 - CHEMICAL QUANTITIES & AQUEOUS REACTIONS
CONCEPT: OSMOLARITY
● Osmolarity (ionic molarity) represents the number of _____________ of ions per _____________ of solution.
Method 1: Direct Calculation of Osmolarity
● In the first method, we use the ________ of ions and _______ of solution with its formula to calculate osmolarity.
Osmolarity Formula

Osmolarity =

ions
solution

EXAMPLE: Calculate the molarity of chloride ions when dissolving 58.1 g AlCl3 in enough water to make 500 mL of
solution.

Method 2: Osmolarity from Molarity
● If the molarity of a compound is known then the osmolarity for each of its ions can be determined by:
Osmolarity Formula

Osmolarity =

x M of Compound

EXAMPLE: What is the concentration of hydroxide ions in a 0.350 M solution of gallium hydroxide, Ga(OH) 3?

Method 3: Number of Ions from Molarity
● Problems involving # of ions and molarity can use a given amount and conversion factors to isolate an end amount.
EXAMPLE: How many moles of Ca2+ ions are in 0.120 L of 0.450 M Ca3(PO4)2 solution?
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CONCEPT: OSMOLARITY
PRACTICE: Which of the following solutions will have the highest concentration of bromide ions?
a) 0.10 M NaBr

b) 0.10 M CaBr2

c) 0.10 M AlBr3

d) 0.05 M MnBr4

PRACTICE: How many milligrams of nitride ions are required to prepare 820 mL of 0.330 M Ba3N2 solution?

PRACTICE: How many bromide ions are present in 65.5 mL of 0.210 M GaBr3 solution?
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CONCEPT: DILUTIONS
● A standard (stock) solution is a ________________ solution that will be diluted for some later laboratory use.
□ Dilution: The addition of more solvent (usually water) to a solution in order to create a _______ concentration.

Diluted Solution

______________

______________

EXAMPLE: If each sphere represents a mole of solute from the images provided below, arrange the solutions from
least concentrated to most concentrated.

Solution A

Solution B

Solution C

(1.0 L)

(2.0 L)

(3.0 L)

Dilution Calculations
● Dilution can be expressed by the equation:

Dilution Formula

M1V1 = M2V2
□ M1 and V1 represent the Molarity and Volume _________ dilution while M2 and V2 are _________ the dilution.
- M1 is before a solvent is added so M1 is always _________ than M2.
- V2 represents the final Volume: V2 = _______ + VSolvent Added.
EXAMPLE: What volume (in mL) of 5.2 M HBr must be used to prepare 3.5 L of 2.7 M HBr?
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CONCEPT: DILUTIONS
PRACTICE: To what final volume would 100 mL of 5.0 M KCl have to be diluted in order to make a solution that is 0.54 M
KCl?

PRACTICE: If 880 mL of water is added to 125.0 mL of a 0.770 M HBrO4 solution what is the resulting molarity?

PRACTICE: A student prepared a stock solution by dissolving 25.00 g of NaOH in enough water to make 150.0 mL solution.
The student took 20.0 mL of the stock solution and diluted it with enough water to make 250.0 mL solution. Finally taking
75.0 mL of that solution and dissolving it in water to make 500 mL solution. What is the concentration of NaOH for this final
solution? (MW of NaOH: 40.00 g/mol).
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CONCEPT: SOLUBILITY RULES
● Solubility: A chemical property that deals with the ability of a solute to become dissolved in a solvent.
□ Soluble: Refers to a solute that can be dissolved into ________ when placed in a solvent.

AlBr3 (s)
□ Insoluble: Refers to a solute that cannot be dissolved when placed in a solvent.

AgBr (s)
EXAMPLE: How many ions will the following soluble compound produce: Na2SO4?
Solubility Rules
● The Solubility Rules are a convenient set of guidelines to help us determine if a compound will be soluble or insoluble.
MEMORY TOOL
" The bank robber was GANA CASH his loot, but the COPS stopped him "

● GANA CASH is used for Soluble Ionic Solutes, with the exceptions creating an insoluble solute called a ___________.
□ Exceptions: “SHhhh! Keep quiet about the cash.”

Soluble Compounds
Group

G_______

Structures

Exceptions

Li, Na, K ....
________

None

–

A_______

C2 H 3 O 2
________

None

N_______

NO3–
________

None

A_______

NH4+
________

None

C_______

–
–
ClO
3 / ClO4
________

None

Explanation

A_______
S_______

SO42–
________

CBS HAPpy

H_______

F, Cl, Br, I
________

HAPpy

Creates a solid when connected to:
C__ , B__ , S__ , H__ , A__ , P__
Creates a solid when connected to:
H__ , A__ , P__

EXAMPLE: According to the solubility rules, which of the following ionic compounds will be insoluble?
a) NaNO3

b) Ca(C2H3O2)2

c) BaSO4

d) (NH4)2CO3

e) CoClO4
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CONCEPT: SOLUBILITY RULES
● COPS is used for Insoluble Ionic Solutes, with the exceptions creating a ___________ ionic compound.
□ Exceptions: “Oh Snap! It’s the cops!”

Insoluble Compounds
Group

Structures

Exceptions

C_______

2–
2–
CO
_________
3 / CrO4

None

O_______

O2– / OH–
_________

CBS

P_______

PO43–
_________

None

S_______

S2–
_________

CBS

Explanation

Creates a soluble aqueous compound
when connected to: C__ , B__ , S__

Creates a soluble aqueous compound
when connected to: C__ , B__ , S__

EXAMPLE: Based on the chart shown above, determine which of the following substances will be soluble in water.
a) Al(OH)3
b) Zn3(PO4)2
c) Ag2CO3
d) CaS
e) MgCrO4

PRACTICE: Based on your understanding of the solubility rules, which of the following ionic compounds will be insoluble?
a) Zinc chloride

b) Manganese (V) chlorate

c) Lead (II) sulfate

d) Gallium acetate

PRACTICE: Which pair of compounds is insoluble in water?
a) PbSO4 and Pb3(PO4)2
b) Na2S and CuS
c) (NH4)2SO4 and AgI
d) AgNO3 and KNO3
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CONCEPT: ELECTROLYTES
● Electrolytes represent compounds that conduct ___________ when entering their ionic forms when dissolved or melted.
□ Recall, conductivity is a physical property that deals with the ability of electric current to flow through a material.
Strong Electrolytes
● Represent solutes that _____________ dissolve into ions when placed in a solvent.

AB (s)
□ Strong electrolytes are Strong Acids, Strong Bases, or the _______________ Compounds (Solubility Rules).

Strong Acids
8A

Haloacids

Trioxides

Tetraoxides

______ Hydrochloric acid

______ Chloric acid

______ Perchloric acid

______ Hydrobromic acid

______ Bromic acid

______ Perbromic acid

______ Hydroiodic acid

(18)

5A

6A 7A

(15)

(16)

2

H____
H____
H____ H____
H____
H____
H____
H____

______ Periodic acid

______ Nitric acid

1

(17)

______ Sulfuric acid

3
4

H____
H____

5

EXAMPLE: Provide the equation when sulfuric acid dissolves in a solvent.

● When certain Group _____ and _____ metals combine with the following anions they form Strong Bases.
□ The anions include: _________ (hydroxide), _________ (hydride), _________ (amide), and ________ (oxide).

Strong Bases
Periodic Table

Hydroxides

Amide

Hydride

Oxide

_____

1A
(1)

1
2
3
4

H

_____

2A

_____ + _____

_____

_____ + _____

_____

_____ + _____

_____ _____ + _____

_____

_____ + _____

_____

_____ + _____

_____

_____ + _____

_____ _____ + _____

_____

(2)

Be
Mg

5
6

PRACTICE: Which of the following represents a strong base?
a) Mg(OH)2

b) AlH3

c) LiO2

d) CsH

e) CaOH
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CONCEPT: ELECTROLYTES
Weak Electrolytes
● Represent solutes that _____________ dissolve into ions when placed in a solvent.

AB (s)
□ The presence of reversible arrows indicates that we have a weak electrolyte.
□ Weak electrolytes are either weak acids or weak bases.
Weak Acids
● If an acid is not _____________ then it is automatically going to be _____________.
EXAMPLE: Which of the following represents a weak binary acid and therefore a weak electrolyte?
a) H2SO3
b) HCl
c) HNO2
d) HCN
e) HBrO3
Weak Bases
● Recall these patterns for identifcation.
□ Weak bases include from Group 2A _________ and _________, ______________ or neutral amines.

Amines
N+H

C+N+H

An amine is a compound that contains N and H.

An amine is a compound that contains C, N, and H.

__________ Ammonia

__________ Methylamine

Non-Electrolytes
● Consist of molecular/covalent compounds that _____________ dissolve into ions.

AB (s)
□ Non-electrolytes include water, sugars and alcohols.

Non-Electrolytes
Sugars

Alcohols

Covalent compounds with the formula of Cn(H2O)n.

Covalent compounds with C + H connected to OH.

__________ Glucose

__________ Methanol

__________ Sucrose

__________ Phenol

PRACTICE: Which of the following represents a non-electrolyte?
a) (CH3)2NH2

b) NaOH

c) HIO3

d) C2H5OH

e) CsNH2
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CONCEPT: ELECTROLYTES
PRACTICE: Each of the following reactions depicts a solute dissolving in water. Classify each solute as a strong electrolyte,
a weak electrolyte or a non-electrolyte.

a) PbSO4 (s)

PbSO4 (aq)

H+ (aq) + C2H3O2– (aq)

b) HC2H3O2 (aq)

c) CaS (s)

d) Hg (l)

Ca2+ (aq) + S2– (aq)

Hg (aq)

PRACTICE: Which of the following statements is true?
a) Perbromic acid, HBrO4, represents a weak electrolyte
b) Lithium chloride, LiCl, represents a non-electrolyte
c) Formic acid, HCO2H, represents a strong electrolyte
d) Zinc Bomide, ZnBr2, represents a strong electrolyte
e) Propanol, C3H8OH, represents a weak electrolyte
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CONCEPT: MOLECULAR EQUATIONS
Introduction to Molecular Equations
● A Molecular Equation shows the intact ________________ instead of their dissociated ionic forms.
□ Molecular Equation: Reactant 1 + Reactant 2

2 HClO4 (aq)
___

+

_______________ + _______________ .

1 Ba(ClO4)2 (aq)
___

___
1 Ba(OH)2 (aq)

- Neutralization Equation: Acid + Base

+

___
2 H2O (l)

_______________ + _______________ .

- Gas Evolution Equation: Reactant 1 + Reactant 2

____________ + _____________ .

- Precipitation Equation: If at least one of the products formed is a __________ ionic compound.
EXAMPLE: Which of the following is a precipitation reaction?
a) HCl (aq) + KOH (aq)

H2O (l) + KCl (aq)

b) Mg (s) + AgNO3 (aq)

Ag (s) + Mg(NO3)2 (aq)

c) ZnBr2 (aq) + 2 KOH (aq)

Zn(OH)2 (s) + 2 KBr (aq)

Solving Molecular Equations
● A molecular equation can be written when given Reactant 1 and Reactant 2.
EXAMPLE: Predict whether a chemical reaction occurs and write the balanced molecular equation.
___ LiOH (aq)

+

___ MgSO4 (aq)

STEP 1: Break up Reactant 1 and Reactant 2 into their ionic forms.

STEP 2: Swap Ionic Partners by remembering that opposite charges attract.
□ Apply the rules for combining ions based on the numerical values of their charges.
STEP 3: A reaction only occurs if a ________, ________, or liquid water is formed as a product.
□ If both of the products formed are ___________ (soluble) then NO REACTION has occurred and we STOP.
□ Use the Solubility Rules to determine if the products formed will be soluble or insoluble.
STEP 4: If necessary, balance your molecular equation by placing the correct coefficients in front of each molecule.
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CONCEPT: MOLECULAR EQUATIONS
PRACTICE: Predict whether a chemical reaction occurs and write the balanced molecular equation.

___ Ag2SO4 (aq)

+

___ KCl (aq)

PRACTICE: Predict whether a chemical reaction occurs and write the balanced molecular equation.

___ MgBr2 (aq)

+

___ NaC2H3O2 (aq)

PRACTICE: Determine the balanced equation for the neutralization equation.

___ Ca(OH)2 (aq)

+

___ HCN (aq)
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CONCEPT: GAS EVOLUTION EQUATIONS
● A Gas Evolution Equation is a molecular equation that involves the creation of specific gases.
□ The gases of ______, ______, & ______ are formed once median products lose a water molecule.
□ Median Product: The form a product holds before it fully converts into its final product form.
- Final Product = Median Product – _________.

Gas-Evolution
Reactant Ions

Median Product

Final Product

OH– + NH4+
H+

+ HCO3–

H+

+ CO32–

H+

+ SO32–

H+

+ S2–

EXAMPLE: Predict whether a chemical reaction occurs and write the balanced molecular equation.

___ Na2CO3 (aq)

+

___ HBr (aq)

STEP 1: Break up Reactant 1 and Reactant 2 into their ionic forms.

STEP 2: Swap Ionic Partners by remembering that opposite charges attract.
□ Apply the rules for combining ions based on the numerical values of their charges.
STEP 3: Identify the Median Product or gas that forms from the gas evolution equation.
□ Except for hydrogen sulfide, break it up into water and gas.
STEP 4: If necessary, balance your molecular equation by placing the correct coefficients in front of each molecule.
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CONCEPT: GAS EVOLUTION EQUATIONS
PRACTICE: Predict the products formed from the following gas evolution equation.

___ CaS (aq)

+

___ HNO3 (aq)

PRACTICE: Predict the products formed from the following gas evolution equation.

___ NH4Cl (aq)

+

___ NaOH (aq)

PRACTICE: Predict the products formed from the following gas evolution equation.

___ K2SO3 (aq)

+

___ H2SO4 (aq)
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CONCEPT: SOLUTION STOICHIOMETRY
● Solution Stoichiometry deals with stoichiometric calculations in solutions that involve volume and molarity.
Solution Stoichiometric Chart
● The chart uses the Given quantity of a compound to determine the Unknown quantity of another compound.
2 Na (s) + 2 H2O (l)

1 H2 (g) + 2 NaOH (aq)

38.74 mL of 0.275 M

? grams
___

The Jump

Ions , ________
Atoms , ______________
Formula Units ,
______
Molecules
or ______________
of Unknown

____________ of Given

Moles of Given
_________

Moles of Unknown
_________

Grams of Unknown
_________

Grams of Given
_________

Mole to Mole Comparison
Coefficients in the balanced equation.
Use the _______________

EXAMPLE: How many moles of hydrogen gas were produced when 38.74 mL of 0.275 M H2O reacts with excess
sodium?
2 Na (s) + 2 H2O (l)

H2 (g) + 2 NaOH (aq)

STEP 1: Convert the given quantity into moles of given.
□ If a compound is said to be in excess, then just ______________ it.

STEP 2: Do a mole to mole comparison to convert moles of given into moles of unknown.
STEP 3: If necessary, convert the moles of unknown into the final desired units.
STEP 4: If you calculate more than one final amount then you must compare them to determine the theoretical yield.
□ The

amount = limiting reagent, while the

amount = excess reagent.
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CONCEPT: SOLUTION STOICHIOMETRY
PRACTICE: How many milliliters of 0.325 M HCl are needed to react with 16.2 g of magnesium metal?
2 HCl (aq) + Mg (s)

MgCl2 + H2 (g)

PRACTICE: What is the molar concentration of a hydrobromic acid solution if it takes 34.12 mL of HBr to completely
neutralize 82.56 mL of 0.156 M Ca(OH)2?
2 HBr (aq) + Ca(OH)2 (aq)

CaBr2 (aq) + 2 H2O (l)

PRACTICE: Consider the following balanced chemical equation:
H2O + 2 MnO4 – + 3 SO32-

2 MnO2 + 3 SO42- + 2 OH –

How many grams of MnO2 (MW: 86.94 g/mol) will be created when 25.0 mL of 0.120 M MnO4 – (MW: 118.90 g/mol) reacts
with 32.0 mL of 0.140 M SO32- (MW: 80.07 g/mol).
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CONCEPT: COMPLETE IONIC EQUATIONS
Introduction to Complete Ionic Equations
● Complete Ionic Equations show ______________ compounds as dissociated ions.
□ Solids, Liquids and Gases ___________ break up into ions.
□ The complete ionic equation comes from the molecular equation.
- Distribute the coefficient of each compound to determine the correct number of ions.
EXAMPLE: Convert the following balanced molecular equation into a complete ionic equation.
___
3 CaBr2 (aq)

+

___
2 Li3PO4 (aq)

___
6 LiBr (aq)

+

___
1 Ca3(PO4)2 (s)

Net Ionic Equations
● Shows the ions participating in the chemical reaction by removing the spectator ions.
□ Spectator Ions: Are both reactants and products, but not part of the net ionic equation.
□ The net ionic equation comes from the complete ionic equation.
EXAMPLE: Based on the given reactants, provide both the balanced molecular equation and the complete ionic
equation.

___ (NH4)2SO4 (aq)

+

___ CaCl2 (aq)

STEP 0: Follow the STEPS 1 to 4 in order to determine the balanced molecular equation.

STEP 5: Break up only the _______ compounds into their respective ions.
STEP 6: Cancel out the spectator ions from the complete ionic equation in order to isolate the net ionic equation.
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CONCEPT: COMPLETE IONIC EQUATIONS
PRACTICE: Provide the net ionic equation that occurs when the following aqueous compounds are mixed together:
Copper (II) Bromide and Lithium Hydroxide

PRACTICE: Which of the following reagents could be used to separate the two anions from a solution containing
magnesium nitrate and cesium hydroxide?
a) NH4CN
b) NaCl
c) KNO3
d) ZnBr2
e) CsBrO3

PRACTICE: Which of the following reagents could be used to separate the two cations from a solution containing Lead (IV)
acetate and cesium permanganate?
a) Sr(NO3)2
b) TiC2H3O2
c) K2S
d) NaClO4
e) KNO3
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CONCEPT: CALCULATE OXIDATION NUMBERS
● The Oxidation Number: an element’s ability to _______, _______ or _______ electrons when alone or in a compound.
The Natural State
● For an atom in its Natural State (standard state), its oxidation number (oxidation state) is equal to ____________.
____

____

1A
(1)

1

Hydrogen

2

5

3A

4A

5A

6A

7A

(2)

(3)

(4)

(5)

(6)

(7)

Li

Be

Lithium

Beryllium

Sodium Magnesium

B
3B

4B

5B

6B

7B

(3)

(4)

(5)

(6)

(7)

K

Ca Sc Ti

V

8B

1B

2B

Rb Sr

Y

(8)

(10)

(11)

(12)

Al

C
Carbon Nitrogen Oxygen Fluorine

Si

Aluminum Silicon Phosphorus

Sulfur

Chlorine

Iron

Cobalt

Nickel

Copper

Zinc

Gallium Germanium Arsenic Selenium Bromine

Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te

Rubidium Strontium Yttrium Zirconium Niobium

Molybdenum Technetium Ruthenium

Cs Ba La Hf Ta W Re Os
Cesium Barium

(9)

Boron

Cr Mn Fe Co Ni Cu Zn Ga Ge As

Potassium Calcium Scandium Titanium Vanadium Chromium Manganese

6
7

2A

Na Mg

3
4

____ ____ ____ ____ ____

____

Lanthanum Hafnium Tantalum

Tungsten Rhenium Osmium

Rhodium Palladium

Ir
Iridium

Silver Cadmium Indium

Tin

Antimony Tellurium

Iodine

8A
(8)

He
Helium

Ne
Neon
Ar

Argon

Kr

Krypton

Xe

Xenon

Pt Au Hg Tl Pb Bi Po At Rn
Bismuth Polonium Astatine Radon
Lead
Thallium
Gold

Platinum

Mercury

Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
Francium Radium Actinium

Rutherfordium

Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine Oganesson

EXAMPLE: Which of the following compounds would have an oxidation number or oxidation state equal to zero?
a) Na3
b) Cl
c) He
d) Mn4

Ions
● Recall, an ion is an element or compound with a _____ or _____ charge.
□ For a monoatomic ion, the oxidation number is ___________ to its charge.
EXAMPLE: Which of the following elements would have the most positive oxidation number based on its ionic form?
a) Silver, Ag
b) Scandium, Sc
c) Sodium, Na
d) Sulfur, S

PRACTICE: Which of the following elements would have the lowest oxidation number?
a) Indium, In

b) Strontium, Sr

c) Argon, Ar

d) Manganese, Mn
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CONCEPT: CALCULATE OXIDATION NUMBERS
Oxidation Number Rules
● Oxidation Numbers don’t always correspond to real charges and therefore a list of rules will be necessary.
□ When different elements are in a compound these specific rules will be used to calculate oxidation numbers.

EXAMPLE: Which compound has oxygen with the lowest oxidation state?
a) NaO2
b) CO2
c) Cs2O2

d) O2

Oxidation Number of Non-listed Elements
● When asked to determine the oxidation number of a non-listed element within a compound:
STEP 1: Treat the non-listed element as ________.
STEP 2: Use the list to WRITE the known oxidation number of the other elements.
STEP 3: If an element has a subscript then remember to distribute it.
STEP 4: ADD up the oxidation numbers, create an equation and make it equal to the _____________ of the compound.
EXAMPLE: Give the oxidation number of the carbon atom in the acetate ion: C2H3O2–
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CONCEPT: REDOX REACTIONS
● Redox Reactions (oxidation-reduction reactions) involve transference of an electron(s) between reactants.
MEMORY TOOL

LEO the lion goes GER
___ose ___lectrons ___xidation

___ain ___lectrons ___eduction

Become more _____ in charge.

Become more _____ in charge.

Oxidation number ____.

Oxidation number ____.

GERRR!!!

LEO

● Reduction and Oxidation: the _____________ of oxidizing and reducing agents.
□ Oxidizing Agent: The element or compound that is ____________.
□ Reducing Agent: The element or compound that is ____________.
EXAMPLE: Consider the following reaction below when solid lithium reacts with the zinc ion:

2 Li (s) + Zn2+ (aq)

2 Li+ (aq) + Zn (s)

Which reactant is undergoing oxidation and which reactant is undergoing reduction?

PRACTICE: Which element is being reduced in the following reaction?

Cr2O72– + 3 HNO2 + 5 H+

2 Cr3+ + 3 NO3– + 4 H2O
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CHEMISTRY - CLUTCH
CH.4 - CHEMICAL QUANTITIES & AQUEOUS REACTIONS
CONCEPT: REDOX REACTIONS
PRACTICE: Identify the oxidizing agent and reducing agent from the following redox reaction.

Ba (s)

+

Cl2 (g)

BaCl2 (aq)

PRACTICE: Which element is oxidized and which is reduced in the following reaction?

Hg (aq) + HgCl2 (aq)

Hg2Cl2 (aq)

PRACTICE: Which of the following represents an oxidation-reduction reaction?
I. PCl3 (aq)

+

Cl2 (g)

II. 2 AgNO3 (aq)
III. CO2 (g)

+

IV. FeCl2 (aq)

a) I, II, III, and IV

+

PCl5 (aq)

Cu (s)

2 LiOH (aq)
+

2 NaOH (aq)

b) I, II, and III

Cu(NO3)2 (aq)
Li2CO3 (aq)

+

+

2 Ag (s)

H2O (l)

Fe(OH)2 (aq)

c) III

+

2 NaCl (aq)

d) I and II

e) IV
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CONCEPT: BALANCING REDOX REACTIONS: ACIDIC SOLUTIONS
● Balancing Redox Reactions requires a new approach that accounts for the transfer of electrons between reactants.
□ For Acidic Redox Reactions we generally have the presence of the _______ ion.
□ Redox reactions not only balance the atoms of elements, but also ___________________ and ____________.
Half-Reactions
● Balancing a redox reaction begins with identifying its half reactions.
□ Half Reaction: Either the oxidation or reduction reaction portion of a redox reaction.
□ Usually a half reaction is obtained by identifying the elements that are not _____________ or _____________.
EXAMPLE: Identify the half reactions from the following redox reaction.

MnO4– (aq) + H2SO3 (aq)

Mn2+ (aq) + HSO4– (aq)

Balancing Acidic Redox Reactions
EXAMPLE: Balance the following redox reaction if it is found to be in an acidic solution.

NO2– (aq)

+

Cr2O72– (aq)

Cr3+ (aq) +

NO3– (aq)

STEP 1: Break the full redox reaction into 2 half reactions.
□ Focus on the elements that are not oxygen or hydrogen to determine the 2 half-reactions.

STEP 2: For each half reaction, balance elements that are not oxygen or hydrogen.
STEP 3: For each half reaction, balance the number oxygens by adding ____________.
STEP 4: For each half reaction, balance the number hydrogens by adding ____________.
STEP 5: Balance the overall charge by adding electrons to the more ______ charged side of each half reaction.
□ If the number of electrons of both half reactions differ then multiply to get the lowest common multiple.
STEP 6: Combine the half reactions and cross out reaction intermediates.
□ Reaction Intermediates: Compounds that look the same, with one as a reactant and the other a product.
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CH.4 - CHEMICAL QUANTITIES & AQUEOUS REACTIONS
CONCEPT: BALANCING REDOX REACTIONS: ACIDIC SOLUTIONS
PRACTICE: Balance the following redox reaction in an acidic solution.

Cl2 (g)

+

S2O32– (aq)

Cl – (aq) +

SO42– (aq)

PRACTICE: What is the coefficient of Fe3+ when the following reaction is balanced?

Bi3+ (aq)

+

Fe3+ (aq)

+

H2O (l)

BiO3– (aq) +

Fe2+ (aq) +

H+ (aq)
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CONCEPT: BALANCING REDOX REACTIONS: BASIC SOLUTIONS
● Balancing Basic Redox Reactions requires all the same steps as balancing in an acidic solution plus __ additional step.
□ For basic redox reactions we generally have the presence of the _______ ion.
EXAMPLE: Balance the following redox reaction if it is found to be in a basic solution.

MnO4– (aq)

+

N2H4 (aq)

Mn2+ (aq) +

NO3– (aq)

STEP 1: Break the full redox reaction into 2 half equations.
□ Focus on the elements that are not oxygen or hydrogen to determine the 2 half-reactions.

STEP 2: For each half reaction, balance elements that are not oxygen or hydrogen.
STEP 3: For each half reaction, balance the number oxygens by adding ____________.
STEP 4: For each half reaction, balance the number hydrogens by adding ____________.
STEP 5: Balance the overall charge by adding electrons to the more ______________ charged side of each half reaction.
□ If the number of electrons of both half reactions differ then multiply to get the lowest common multiple.
STEP 6: Combine the half reactions and cross out reaction intermediates.
Balance any remaining H+ by adding an equal amount of OH – to both sides of the equation.

Step 7

□ When H+ and OH – are on the same side they will combine together to form H2O.
□ If H2O is on both sides of the equation then treat them as reaction intermediates.
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CONCEPT: BALANCING REDOX REACTIONS: BASIC SOLUTIONS
PRACTICE: Balance the following redox reaction in a basic solution.

H2O2 (aq)

+

ClO2– (aq) +

ClO2 (aq)

O2 (g)

PRACTICE: Balance the following redox reaction in a basic solution.

ClO2– (aq)

Cl – (aq) +

ClO4– (aq)
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CONCEPT: ACTIVITY SERIES
● Single Displacement Reaction: When one element replacing another element within a compound.
□ Activity Series Chart determines if an element can displace another element.
□ An element _________ in the activity series chart will displace an element ________ it in the series.
Acitivity Series Chart
Can Displace H2 from:

Li

1

_______

K

2

_______

Sr

3

_______

_______

2

_______

Ca
Na

Mg
Al
Zn
Cr

Fe
1

_______

Ni
Sn
Pb

H2

Activity Increases

1

Ba

Sb
Cu
Hg
CANNOT Displace H2

Ag
Pd
Pt
Au

EXAMPLE: A very common example is the displacement of a hydrogen atom by magnesium when reacting with
hydrochloric acid. Based on your understanding of the activity series chart, determine the products formed.
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CONCEPT: ACTIVITY SERIES
PRACTICE: Based on your understanding of activities determine if a reaction occurs and if so provide the products formed.
Ba (s) + H2O (g)

PRACTICE: Based on your understanding of activities determine if a reaction occurs and if so provide the products formed.
Zn (s) + NiCl2 (aq)

PRACTICE: If the activity of halogens is stated as: Fluorine > Chlorine > Bromine > Iodine, determine if a reaction occurs
and if so provide the products formed.
Cl2 (g) + AlBr3 (aq)
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