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5A Solutions and Stoichiometry

King

考点一：Chemical formula

5.1 identify and write chemical symbols or molecular formulae of common elements or compounds

5.2 represent chemical reactions and the conservation of mass using molecular models, and balanced symbolic equations

1. Molecular and Atomic Elements

• Certain elements occur as 2 atom molecules

• Other elements occur as polyatomic molecules

 P4, S8, Se8

2. Writing Formulas for Ionic Compounds

1).  Write the symbol for the metal cation and its charge

2).  Write the symbol for the nonmetal anion and its charge

3).  Charge (without sign) becomes subscript for other ion

4).  Reduce subscripts to smallest whole number ratio

5).  Check that the sum of the charges of the cation cancels the sum of the anions

--Binary Ionic Compounds

a. Metals with Invariant Charge b. Metals with Variant Charge

b.

--Compounds Containing Polyatomic Ions
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3. Naming Molecular Compounds

Binary molecule

• The name consists of two words.

• Firstword: name of the element that appears first in the formula.

• Second word: stem of the name of the second element, ending with -ide.

• Names are further modified by adding prefixes to denote the numbers of atoms of each element in the molecule.

• Rule of thumb: the element that is farthest down and to the left on the periodic table is usually written first.

Hydrates

 in name attached waters indicated by suffix -hydrate after name of ionic compound

Acids

2. Chemical equation

A chemical equation is a shorthand description of a chemical reaction, using symbols and formulas to represent the elements and

compounds involved.

• If an element is present in just one compound on each side of the equation, try balancing that element first.

• Balance any reactants or products that exist as the free element last.

• In some reactions, certain groupings of atoms (such as polyatomic ions) remain unchanged. In such cases, treat these groupings as a unit.

• At times, an equation can be balanced by first using a fractional coefficient(s). The fraction is then cleared bymultiplying each coefficient

by a common factor.
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考点二：Solution

5.4 describe the process of dissolving, using concepts of intramolecular and intermolecular forces

5.5 define the concept of equilibrium as it pertains to solutions

5.6 explain solubility, using the concept of equilibrium

5.7 explain how different factors affect solubility, using the concept of equilibrium

5.8 determine the molar solubility of a pure substance in water

5.9 explain the variations in the solubility of various pure substances, given the same solvent

5.10 use the solubility generalizations to predict the formation of precipitates

5.11 explain the effect of solutes on the melting point of solid water, using intermolecular forces

1. Intermolecular forces

Intermolecular forces are attractive forces between molecules. They are largely responsible for the observed boiling points and solubility

properties of molecules.

Dipole:“two-pole”;

Polar molecule--Arises from unequal distribution of shared electrons

1). London Dispersion: Attraction between molecules that form due to a temporary dipole on one molecule inducing a temporary dipole in

neighboringmolecules

2). Dipole-Dipole: Attraction between two polar molecules (dipoles)

3). Hydrogen Bonding: Attraction between two polar molecules, specifically one molecule having a H bonded directly to an electronegative

atom (eg. H-O-, H-N-, HF), and the other having a nonbonding electron pair on an electronegative atom.

4).Ion-Dipole: Attraction between an ion and a polar molecule.

Relatives Strengths of Intermolecular Forces �

Intermolecular Forces: Effect on Boiling Point

Trends:

1. Between two molecules of similar mass, the one with the stronger type of intermolecular force has a higher boiling point
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2. Between two nonpolar molecules of similar mass, the more extended molecule will have the higher boiling point (more extended à more

surface area for London dispersion interaction).

3. Between two nonpolar molecules of different masses, the larger molecule will have the higher boiling point (larger molecule → more

electrons → more polarizability → more London dispersion forces)

Intermolecular Forces: Effect on Solubility

• Polarmolecules are soluble in polar solvents

• Nonpolar molecules are soluble in nonpolar solvents

• Polar molecules and nonpolar molecules do not mix.

Like dissolves like (相似相溶) — substances usually dissolve best in solvents with similar intermolecular forces

Trends:

1. Between two polar molecules, the molecule with the smaller hydrocarbon portion (or the larger polar portion) ismore soluble in water.

2. If completely nonpolar, insoluble in water (and soluble in nonpolar solvents).

2. Solubility

For one substance to dissolve in another, all these things have to happen:

• bonds in the substance have to break,

• bonds in the solvent have to break, and

• new bonds have to form between the substance and the solvent.
一个物质溶于水，只有两种方法：
1. Hydration(离子化合物);

2. Hydrgen bond(分子).

The solubility of alcohols in water decreases with increasing hydrocarbon chain length as London forces predominate between the alcohol

molecules.

溶解过程：

Break ionic bond→hydration(ions are
surrounded by water molecules/ion–dipole
interaction )

解释酒精为什么溶于水: because the polar O-H bond
in an alcohol can form hydrogen bond with water.
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考点三： Stoichiometric calculations

5.3 define molar mass and perform mole-mass inter-conversions for pure substances

5.12 identify mole ratios of reactants and products from balanced chemical equations

5.13 perform stoichiometric calculations related to chemical equations, including limiting reagent and yield calculations

5.14 identify various stoichiometric applications

5.15 predict how the yield of a particular chemical process can be maximized

1. THEAVOGADRO CONSTANT

Amole (mol) is an amount of substance that contains as many elementary entities as there are atoms in exactly 12 g of the

carbon-12 isotope

2. Molar Mass is the Mass of One Mole

3. REACTING MASS （三步法）

1） Mole；2）Ratio；3）Mass

4. THEORETICALYIELD, ACTUALYIELDAND PERCENTAGE YIELD

5. ATOM ECONOMY

6. EMPIRICAL FORMULAE （画表法）

An empirical formula shows the smallest whole number ratio of the atoms of each element in a compound.

The number of particles in one
mole is 6.02 × 1023. This number
is the Avogadro constant, L.
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7. MOLECULAR FORMULAE

The molecular formula of a compound shows the actual numbers of the atoms of each element in the compound.

8.MOLAR VOLUME , Vm

If temperature and pressure stay the same, one mole of any gas always has the same volume.

At room temperature and pressure (r.t.p.), this happens to be 24 dm3 mol–1 (r.t.p. is 293 K (20 °C) and 101.3 kPa).

9. THE IDEALGAS EQUATION pV = nRT

10. CONCENTRATIONS OF SOLUTIONS

--CALCULATIONS USING MASS CONCENTRATION (g dm–3)

--CALCULATIONS USING MOLAR CONCENTRATION (mol dm–3)
CONCENTRATIONS IN PPM

(Empirical andMolecular Formulae are Ratios )


