Synthesis (composition/combination):

¢ two or more elements or compounds may combine to form a more complex compound.
e Basic form: A + X — AX

Examples of synthesis reactions:

1. Metal + oxygen — metal oxide
EX. 2Mg(s) + Ozgy — 2MgOys)

2. Nonmetal + oxygen — nonmetallic oxide
EX. Cisy + Ozigy — COuy

3. Metal oxide + water — metallic hydroxide
EX. MgOs) + H200) —~ Mg(OH)z(s)

4. Nonmetallic oxide + water — acid
EX. COzq) + H200) — ; H2CO03(aq)

5. Metal + nonmetal — salt

EX. 2 Nawy + Clazigy — 2NaCles

6. Metal oxide + nonmetal oxide - salt
EX: CaOsy + SO3(g) 2 CaSO0a4s)

7. A few nonmetals combine with each other. (try to think of some you've seen!)
EX. 2P + 3Ch — 2PClyq,

This reaction must be remembered:

1. Nitrogen and hydrogen gases combine to form ammonia

Noegy + 3Hoegy - 2NH3




B. Decomposition:

e A single compound breaks down into its component parts or simpler compounds.
« Basic form: AX — A + X

Examples of decomposition reactions:

1. Metallic carbonates, when heated, form metallic oxides and COz(qg).
EX. CaCOss) — CaOs) + COxg

2. Most metallic hydroxides, when heated, decompose into metallic oxides and water.
EX. Ca(OH)zisy — CaOsy + H20)

3. Metallic chlorates, when heated, decompose into metallic chlorides and oxygen.
EX. 2KCIO3(s) — 2KClsy + 302¢p)

4. Some acids, when heated, decompose into nonmetallic oxides and water.
EX. HS04 — H:2Om + SOuy

5. Some oxides, when heated, decompose.

EX. 2HgO ) — 2Hgw + Oz

6. Some decomposition reactions are produced by electricity.
EX. 2H:00 — 2Hz2g) + Oy
EX, 2NaClyy — 2ZNa + Clag
This reaction must be remembered:
Hydrogen peroxide decomposes into water and oxygen gas

2 H202¢aq) 2 2 H20( + Oz




C. Single Replacement (single displacement):

s a more active element takes the place of another element in a compound and sets the less
active one free,
» Basicform: A +BX ~AX +BorAX +Y - AY + X

Examples of replacement reactions:

1. Replacement of a metai in a compound by a more active metal.
EX. Fersy + CuS0agq — FeS0uaq + Cus

2. Replacement of hydrogen in water by an active metal.
EX. 2ZNaw) + 2H20¢) — 2NaOHaqy + Hagg)
EX. Mgy + 2 HoOugy — Mg(OH)zgsy + Hog

3. Replacement of hydrogen in acids by active metals.
EX. Znesy + 2HClaq) — ZnClagsgy + Hogg)

4. Replacement of nonmetals by more active nonmetals.

EX, C’Z{g) + 2ZNaBrqgy — 2NaCliagy + Broo

JTE: Refer to the activity series for metals and nonmetals (halogens only - fluorine most active
odine least active -use the periodic table!) to predict products of replacement reactions. If the free
element is above the element to be replaced in the compound, then the reaction will occur. If it is below,
then no reaction occurs.
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TABLE 4.3 A Partial Activity Series of the Elements
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D. Double Replacement (double displacement):

« Occurs between ions in aqueous solution. A reaction will occur when a pair of ions come
together to produce at least one of the following:
1. A product that decomposes - remember these:
«  HCOs formed decomposes into H:0 and COuxy
«  H3;S03 formed decomposes into H20 and SOug
= NHaOH formed decomposes into H20 and NHsg
2. a precipitate (insoluble solid - see solubility rules below)
3. a gas like H:S
4. water or some other non-ionized substance (like a weak acid - see list of strong
acids below).
« Basic form: AX + BY — AY + BX

Examples of double replacement reactions:
1. Formation of a product that decomposes.
EX. CalOss + HClag — Callzag + COuqy + H2On (the CO: and H,0 come from H:CO03)
2. Formation of precipitate.
EX. NaCl oe) + AGNO3aq, — NaNOsaq) + AgClys,
EX. BaClaaq + Naz SOaraqy — 2NaCliagy + BaSOas,

3. Formation of a gas.

EX. HClaqy + FeSey — FelClaag + HiS¢

4. FEormation of water. (If the reaction is between an acid and a base it is called a neutralization
reaction.)

EX. HCliag; + NaOHeq — NaCliaqy + H20m

Solubility Rules

Fhe iolowing are the solubility niles for commeon tomie solids. 1 there rwo rules appear to
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Combustion of Hydrocarbons:

ther important type of reaction, in addition to the four types above, is that of the combustion of a

drocarbon. When a hydrocarbon is burned with sufficient oxygen supply, the products are always

~Carbon dioxide and water vapor. If the supply of oxygen is low or restricted, then carbon monoxide will be
produced. This is why it is so dangerous to have an automobile engine running inside a closed garage or
to use a charcoal grill indoors.

¢ Hydrocarbon (CiHy) + Ougy — COuq) + H2004;

o EX. CHaygy + 2009) — COxq) + 2H20g

*  EX. 2CaHi0g) + 1302 —» 8COuy + 10H20y
NOTE:

+« Complete combustion means the higher oxidation number (CO.)is attained.
* Incomplete combustion means the lower oxidation number(CO}) is attained.
+ The phrase "To burn" means to add oxygen unless told otherwise,

Some additional notes:

now your diatomic free elements: hydrogen, nitrogen, oxygen, fluorine, chlorine, bromine, and iodine

anic compounds NOT dissolved in water are in the solid state

Make sure FORMULAS are correct FIRST, then balance the eguation with coefficients!ili




SINGLE REPLACEMENT

DOUBLE REPLACEMENT

\’vhcther a redctmn ocCurs between a g,wen 1on and a givcn element depends on the relative
case with which the various species gain or lose electrons (are oxidized or reduced). An
activity series ranks the elements in order of their reducing ability in agucous solution.

TABLE 4.3 A Partial Activity Series of the Elements

Oxidation Reaction
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Solubility Rules

The following are the solubility rules for common ionic solds. If there two rules appear to
contradict each other. the preceding rule takes precedence.

| Salts containing Group [ elements are soluble . There are few exceptions to this rule.

Salts containing the ammonium ion (NHi ) are also soluble.

0 Salts containing nitrate fon (NO) are gencrally soluble. (ther anions that make soluble

alts are acetate (C-H:0-7) chlorate. (U107} and perchlorate (U1O; ).

3 Salts containing CLBror L are generally soluble. Important exceptions 1o this rule
are halide salts of Ag, Pb*™, and (Hg2)*". Thus. AgCL PhBr-und HoCl are insoluble

4 Most sulfate salts are soluble. Important exceptions to this rule include Ca*', Sr?', Ba™,
Ph? . and Hgx*™ which are all insoluble.

5 Most hvdroxide salts are only slightly soluble. Hydroxide salts of Group I elements are
soluble. Hydroxide salts of Group I elements (€ a’", Sr**, and Ba®") are soluble. {)therﬂ
are considered insoluble or only slightly soluble.

6. Consider that all other salts are insol able if not “covered” by a previous solubility rule




