Types of Chemical Reactions

There are many ways to classify reactions:

1. Synthesis or Composition

2. Decomposition

3. Single replacement (displacement)

4. Double replacement (displacement)

5. Combustion

Practicing Chemists recognize three types of Solution Reactions:

1. Precipitation (DR)

2. Acid-base  (SA/SB, SA/WB, WA/SB, WA/WB )

3. Redox (oxidation-reduction)  ( SR, DR, C)

Precipitation Reactions

A precipitation reaction is one that occurs in solution and results in the formation of an insoluble product.

The result is the formation of a precipitate, the insoluble ionic compound barium sulfate.

Whether or not an ionic product of a reaction in solution will precipitate from the solution can be predicted using a set of solubility guidelines.
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To predict the outcome when combining aqueous solutions of ionic compounds:
1. Identify the cation and anion in each reactant.
2. Combine the cation from the first reactant with the anion of the second to get the first product.
3. Combine the anion from the first reactant with the cation of the second to get the second product.
4. Determine whether the products are aqueous or solid by consulting the solubility guidelines.

NET IONIC EQUATION

The equation above is a molecular equation in which none of the species is represented as ionized.

Convert the equation to a complete ionic equation by identifying the strong electrolytes and representing them as separated ions. The equation above becomes
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Ions that are present but play no role in the reaction are called spectator ions. Eliminating the spectator ions from both sides of the equation gives the net ionic reaction.

[image: image3.png]30, (ag) +Ba** (ag) —> BaSO,(s)




The net ionic equation for the combination of aqueous sodium sulfate and aqueous barium hydroxide is the same as the net ionic equation for any combination of a soluble sulfate and a soluble barium compound.

To write a net ionic equation:

1. Write a balanced molecular equation. 

2. Rewrite the equation to show the ions that form in solution when each soluble strong electrolyte dissociates or ionizes into its component ions. Only dissolved strong electrolytes are written in ionic form. 

3. Identify and cancel spectator ions that occur on both sides of the equation. 

Write the net ionic equation between ammonium sulfate and barium nitrate.

Questions

1. What are the spectator ions in the reaction between aqueous            ammonium phosphate and aqueous barium hydroxide?

NH4+ and OH–
2. What is the net ionic equation for the reaction that occurs when aqueous lithium carbonate and aqueous calcium acetate are combined?

CO32–(aq) + Ca2+(aq) [image: image4.png]


CaCO3(s)

Rules for Writing Net Ionic Equations

1. All reactions occur- no reversible reactions.

2. All equations must be written as net ionic equations, that is, only the species undergoing change in the reaction are shown.  Spectator ions must not appear.

3. All ionic species must be written in their ionic form with the correct charge.

4. All molecular substances (CO2, H2O, SO3, NH3); solids (CuO, Fe2O3, …); pure liquids (H2O, Br2, C6H14, …); and gases (N2, O2, Cl2, NH3) are written as molecular formulas.

5. Metals are written as atomic symbols.

6. A saturated ionic solution (H2SO4, HCl, …) is written in ionic form.

7. Ions in a suspension are written in molecular form.

8. You must balance the equation but phase symbols (l), (s), (g), (aq) are not necessary .

Grading

1. You will be required to write 3 equations and answer 3 questions on them for 15 points.

2. Each equation is worth 5 points- 1 point for correct reactants and 2 points for all correct products, 1 point for correct balancing and 1 point for correct answer to the question.

3. Partial points are awarded.  If there are 3 products, 1 point for two correct products and 2 points for all correct products.

4. Penalties- Any spectator ion on the reactant side nullifies the one point for reactants but if it appears again on product side, there is no product point penalty.

5. Incorrect charges on ions nullifies any reactant and/or product points.  Charges on ions must be correct.

6. If a fully molecular equation is written for ionic substances, you earn a maximum of only one point.

The best way to begin preparing for this section is to practice writing a lot of different types of equations. 

Hints on Writing Net Ionic Equations

1. Practice.  Practice.  Practice.  Practice.

2. Reaction types for each year are very similar.

3. First classify the reaction type by looking for key reactants and/or key words or phrases before trying to predict the products.

4. Try to remember reactions you have performed in the lab.

5. The type of reactions.

a. Combination (also called composition, addition, or synthesis)

b. Decomposition

c. Combustion

d. Single Replacement- Redox

e. Double Replacement (Metathesis)- precipitation, redox, Acid/Base  

f. Complex Ion Formation

6. Solubility rules must be memorized.  You must be comfortable with the charges on ions- monoatomic and polyatomic.  

Groups IA, IIA, & IIIA form +1, +2, and +3 ions respectively- group # correspond to change on the ion.  Groups VIIA, VIA, & VA form -1, -2, and –3 ions respectively- charge on ion = (8-group number).  Group IV forms either +2 or +4 ions.

Some common metals with multiple charges (variable oxidation states) - they are mostly transition metals.


Co   +2   +3


Cu   +1   +2


Fe   +2    +3


Pb   +2   +4


Ni   +2   +3


Sn   +2   +4


Hg   +1   +2

Cr   +3   +6

Mn   +2   +4   +7

Sb   +2   +5

As   +3   +5


  Important Oxidizers




Formed in the reaction

a. MnO4-  in acid solution



Mn2+
b. MnO2 in acid solution



Mn2+

c. MnO4- in neutral or basic solution


MnO2

d.  Cr2O72- in acid solution



Cr3+

e.  HNO3 concentrated




NO2
f.  HNO3 dilute





NO2
g.  H2SO4  hot, concentrated



SO2

h.  metal  -ic ions




metal   -ous ions

i. free halogens





halide ions

j.  Na2O2





NaOH

k.  HClO4





Cl-
l.  C2O42-





CO2



Important Reducers




Formed in the reaction

a. Halide ions





free halogen

b. free metals





metal ions

c.  sulfite ions (or SO2)




sulfate ions (or SO3)

d.  Nitrite ions (NO2)




Nitrate ions (NO3)

e. free halogen, dilute basic solution


hypohalite ions

f.  free halogens, conc basic solution


halate ions

g.  Metals  -ous ions




metalic  -ic ions


FACT SHEET

Important Net Ionic Equations to Remember:

A. Acids & Bases

1. Strong acid & strong soluble base

       H+(aq) + -OH(aq) --( H2O(l)

2. Weak acid (HX, HCN, HOCl, CH3COH) and soluble strong base

       HX  +  -OH(aq) ---(  H2O(l)  +  X-
   Weak base + weak acid

3.  Ammonia with any weak acid

     NH3(aq)  + HX(aq)  ----( NH4+(aq) + X-(aq)

4.  Strong acid & weak base

H+(aq) + NH3(aq) ----( NH4+(aq)

Examples of Acids & Bases

Strong Acids: HCl, HBr, HI, HNO3

         HClO4, H2SO4, HBr

Weak Acids: H3PO4, H2CO3, HCN, HF, HNO2

       Organic acids – acetic, oxalic, tartaric, citric etc.

Strong Bases: LiOH, NaOH, KOH

Weak Base: NH3
Oxides of Non metals form Acidic Solution

CO2(g) + H2O ---( H2CO3 carbonic acid

2NO2   + H2O ---(  HNO3  + HNO2


          nitric
nitrous

2SO2 + O2 ----(  2SO3    sulfur trioxide

SO3 + H2O----( H2SO4


   Sulfuric

Soluble metal oxides form basic solutions

CaO + H2O ------( Ca(OH)2
Note:

Arhenius Acids/bases

Acids in water produce H+ + H2O ---( H3O+ hyrodronium ions

Bases in water produce OH-    hyroxide ions

Bronsted-Lowry Acid/Base

Acids are proton donors  HCI ( H+ + Cl-
Bases are proton acceptors NH3 + H+ --( NH4+
Lewis Acid/Base

Lewis acid is an electron pair acceptor

Lewis base is an electron pair donor

  H+  +    : NH3--( NH4+
acid        base

Al3+  +     3Cl- ---( AlCl3
acid
base

All ionic compounds are strong electrolytes even those of very limited solubility.  

They exist more in the molecular form.

Weak acids and bases are weak electrolytes

Strong acids and bases are strong electrolytes

Weak acids and Weak bases form a dynamic chemical equilibrium in aqueous solution

H2O  + CH3 COOH(aq)       

H3O+(aq)  + CH3COO-(aq)



        High, high prob

Gas – forming Reactions

 Baking Soda (NaHCO3)

H+  +  HCO3- ----( H2O(l)  + CO2(g)

From tataric acid in
       makes dough to rise

Most foods.

C4H6O6(aq)

Other Gas forming Reactions

1. Metal Carbonate or bicarbonate + acid

Na2CO3 + 2HCl ----( 2NaCl(aq)  + CO2(g) + H2O(l)


CO32-(aq)  +  H+(aq)  ----(  CO2  +  H2O(l)

2. Metal Sulfide + acid

Na2S + 2HCl ----( 2NaCl + H2S


S2- + H+ ---(  H2S

3. Metal Sufite + acid

Na2SO3(aq)  + 2HCl ---(  2NaCl  + SO2(g) +  H2O(l)

SO32-  +  H+ -----(  SO2  + H2O

4. Anninium Salt + strong base

Molecular- NH4Cl(aq)  + NaOH ----( NaCl(aq)  +  NH3(g)  + H2O(l)

Complete – NH4+    Cl-    Na+   +  -OH------(  Na+ + Cl-  + NH3  + H2O

Net ionic
NH4+   +  -OH ------(  NH3  +  H2O

 Precipitation Reactions

Ions combine in solution to form an insoluble product.

Ag+(aq)    +  Cl(aq) ----(  AgCl(s)

Pb2+(aq)   + 2I-(aq) -----(  PbI2(s)

2Ag+(aq)  + CrO42-(aq) ----(Ag2CrO4(s)

Solutbility Rules are important

D.  Oxidation-Reduction Reactions 

Oxidation Reduction Reactions

Involves transfer of electrons from one substance to another.

Cu(s)   +  2Ag+aq  ---(  Cu2+(aq)  +  2Ag(s)

Use  OIL  RIG

Reaction  Oxidation is Loss of electrons

  Redution is Gain of electrons

A reducing agent is oxidized by losing electrons

An oxidizing agent is reduced by gaining electrons

Both reactions occur simultaneously thus the term REDOX


Reaction Type


Driving Force

Precipitation


Formation of an insoluble solid

Acid-Base


Formation of salt and water (proton transfer)

(Neutralization)

Gas-forming


Evolution of water-soluble gas (CO2, SO2, NO2)

Oxidation-Reduction

Electron transfer

Helpful Hints for Writing AP Chemistry Net Ionic Equations
These are the directions given in the AP Chem. Exam.

“For each of the following three reactions, in part (i) write a BALANCED equation and in part (ii) answer the question about the reaction.  Coefficients should be in terms of lowest whole numbers.  Assume that solutions are aqueous unless otherwise indicated.  Represent substances in solutions as ions if the substances are extensively ionized.”

Some general hints: Ignore them at your own risk!!!!

1. Review formulas of common ions and their charges.  NO CREDIT is given for incorrect formulas.

2. Ions must have correct charges.  Solids, gases and molecular substances are written as neutral substances,  NO CREDIT is given for incorrect charges.

3. Equations must be BALANCED.

4. DO NOT include spectator ions. (points will be deducted).

5. Review Solubility Rules.

6. Try to classify the reaction first:  Synthesis, Decomposition, Combustion, Single Replacement, Double Replacement or Complex reaction.  DR can be further classified as acid-base, precipitation or redox.  Acid-base can be further classified as strong acid/strong base, strong acid/weak base, weak acid/strong base or weak acid/weak base.

7. For redox, look for free elements:

a. free elements like Cl2, Br2, I2, etc

b. common oxidizing agents like MnO4-, CrO42-, Cr2O72-, NO3- etc

c. common reducing agents like SO32-, HSO3-, Fe2+, Sn2+, etc

d. acidified means add H+ to reactant side.

8. All redox reactions must have an oxidized substance and a reduced substance.  Use OIL RIG to identify oxidation and reduction reactions.  Reducing agent is the reactant of an oxidation reaction and an oxidizing agent is the reactant of a reduction reaction.  To balance redox reactions, write half reactions.  Add H+ in acid solution and OH- in basic solutions.

9. For complex reactions, look for the keyword, “EXCESS”.  Excess ammonia, excess hydroxide.  Complexation results in dissolution of an insoluble solid like AgCl.  Acids break up complexes like Ag(NH3)2+, Cu(NH3)42+, Cd(NH3)42+ and Zn(NH3)42+ to change NH3 to NH4+.  Amphoteric ions like Zn2+ and Al3+ form hydroxides in bases ( Zn(OH)42-, Al(OH)4-, and sometimes Al(OH)63-  If you are not sure of the coordination number, use “x”.

10. Nonmetal oxides in water form acids and metal oxides in water form bases.

11. Even if you do not know the products, write down the reactants. (for partial credit)

12. For now, it is not necessary to include symbols for the state ( (s), (l), (g), or (aq) )   save time.
NET IONIC EQUATIONS
This part requires that you write 3 reaction equations in net ionic form. There will always be a reaction. The products will be different from the reactants in every case.  You will also balance and answer one question related to each reaction.

Each reaction is worth 5 points. One ( l ) point is given for writing the reactant formulas correctly. A maximum of two (2) points is given as (full or partial) credit for correctly predicting the products and one (1) point for correctly balancing the equation.  The last of the five points is for answering the question on the reaction correctly.  Remember, to receive full credit, the equation must be in net ionic form.

This part is worth 15 points, and should be given only 10-12 minutes.

The states are not required. However, there is no rule against it.

1. General Considerations


a. Learn common polyatomic anions and cations.


b. Learn diatomic molecules


c. Learn Solubility Rules



1. SOLUBLE - all salts containing NH4+, and the Group 1A cations. (Alkali metals)



2. SOLUBLE - all salts containing Nitrate (NO3-), acetate (C2H3O2-), perchlorate (ClO4-)

`

3. INSOLUBLE - salts containing Ag+, Pb+2, and Hg+2, 



4. SOLUBLE - all halogen ions (i.e. Cl-) Except for rule 3.



5. SOLUBLE - all sulfates except rule 3 and CaSO4 BaSO4, and SrSO4



6. INSOLUBLE - carbonates, chromates, hydroxides, oxides, phosphates, and sulfides




a) Group 2A chromates except BaCrO4 are soluble




b) Group 2A hydroxides except Mg(OH)2 are soluble.


d. Soluble salts are shown as dissociated ions, insoluble as molecular formulas.


e. Strong acids are shown as dissociated, weak acids are written as undissociated (molecular).


f. Eliminate the spectator ions.


g. Use solubility to predict reaction.

2. No change in oxidation state

a) Replacement reactions



1. Precipitation



2. Neutralization



3. Hydrolysis - Water + salt   Acid (Weak?) + base (weak?)

b) Oxides


1. Metal oxide + water  hydroxides (bases)


2. Nonmetal oxides and water  acids.


3. Metal oxide + non metal oxide  salt

c) Decomposition- opposite of above


1. Hydroxide metal oxide and water.


2. Acid  water and non metal oxides.(Especially carbonic acid)


3. Salts   nonmetal oxide + metal oxide

d) Complex ions and Coordination compounds.


1. 3 common Lewis bases (NH3 , CN-, and OH-)


2. Not graded on the number of ligands attached.


3. Are graded on the charge on the ion.


4. Acids will break up by taking away the base.

e) Lewis acids and bases (Especially BF3)

3. Redox reactions.

	
Oxidizing Agents
	
	Reducing Agents

	Oxidizing Agent
	Product of the reaction
	
	Reducing Agent
	Product of the reaction

	MnO4- in acid
	Mn+2
	
	Halogen in dilute base
	Hypohalite ClO-

	MnO4- In base or neutral
	MnO2
	
	Halogen in concentrated base
	Halite ClO2-

	MnO2 in acid
	Mn+2
	
	
	

	HNO3 concentrated
	NO2
	
	Nitrite ions (NO2-)
	Nitrate ions (NO3-)

	HNO3 dilute
	NO
	
	
	

	H2SO4 hot, concentrated
	SO2
	
	Sulfite ions (SO3-2) or SO2
	Sulfate ions (SO4-2)

	Halogens
	Halide ions
	
	Halide ions
	Halogens

	HClO4
	Cl-
	
	Free metals
	Metal ions

	Peroxides (Na2O2, H2O2)
	NaOH, HOH
	
	
	

	 Dichromate ion Cr2O7-2
	Cr+3
	
	
	

	Metal ions
	free metals
	
	
	


2. Recognized by change in oxidation state.

3. “Added acid”

4. Use the reduction potential table on the front cover.

5. Redox can replace.

6. Combination oxidizing agent of one element will react with the reducing agent of the same element to produce the free element.


I- + IO3-  + H+   I2 + H2O

7. Decomposition.


a) peroxides to oxides


b) Chlorates to chlorides


c) Electrolysis into elements.


d) carbonates to oxides

Practice Equations
1. A piece of solid bismuth is heated strongly in oxygen.

2. A strip or copper metal is added to a concentrated solution of sulfuric acid.

3. Solutions of zinc sulfate and sodium phosphate are mixed.

4. Solutions of silver nitrate and lithium bromide are mixed.

5. A stream of chlorine gas is passed through a solution of cold dilute sodium hydroxide.

6. Excess hydrochloric acid solution is added to a solution of potassium sulfite.

7. A solution of tin ( II ) chloride is added to an acidified solution of potassium permanganate

8. A solution of ammonium thiocyanate is added to a solution of iron (III) chloride.

9. Samples of boron trichloride gas and ammonia gas are mixed.

10. Carbon disulfide vapor is burned in excess oxygen.

11. A solution of potassium iodide is added to an acidified solution of potassium dichromate.

12. A solution of sodium hydroxide is added to a solution of ammonium chloride.

13. A strip of magnesium is added to a solution of silver nitrate.

14. Solid potassium chlorate Is heated in the presence of manganese dioxide as a catalyst

15. Dilute hydrochloric acid Is added to a solution of potassium carbonate.

16. Sulfur trioxide gas is added to excess water.

17. Dilute sulfuric acid is added to a solution of barium chloride.

18. A concentrated solution of ammonia is added to a solution of copper (II) chloride.

19. Solid calcium is added to warm water.

20. Powdered magnesium oxide is added to a container of carbon dioxide gas.

21. Gaseous hydrogen sulfide is bubbled through a solution of nickel (II) nitrate.

22. Excess concentrated sodium hydroxide solution is added to solid aluminum hydroxide.

23. Excess potassium hydroxide solution is added to a solution of potassium dihydrogen phosphate.

24. Hydrogen peroxide solution is added to a solution of iron (II) sulfate.

25. Propanol is burned completely in air.

26. A piece of lithium metal is dropped into a container of nitrogen gas.

27. Dilute hydrochloric acid is added to a solution of potassium sulfite.

28. Solid sodium oxide is added to water.

29. A solution of sodium sulfide is added to a solution of zinc nitrate.

30. A solution of ammonia is added to a dilute solution of acetic acid.

31. A piece of iron is added to a solution of Iron (III) sulfate.

32. Chlorine gas is bubbled into a solution of potassium iodide.

33. Sodium metal is added to water.

34. Dilute sulfuric acid Is added to a solution of lithium hydrogen carbonate.

35. Excess concentrated potassium hydroxide solution Is added to a precipitate of zinc hydroxide.

36. The gases boron trifluoride and ammonia are mixed

37. A solution of tin (II) chloride Is added to a solution of iron (III) sulfate.

38. An acidified solution of sodium permanganate is added to a solution of sodium sulfite.

39. Hydrogen gas is passed over hot iron(III)oxide.

40. Solutions of potassium iodide and potassium iodate are mixed in acid solution.

41. Dilute sulfuric acid is added to solid calcium fluoride.

42. Solid ammonium carbonate is heated

43. Methane gas is mixed with an excess of chlorine gas

44. Concentrated hydrochloric acid solution is added to solid manganese (IV) oxide and the reactants are heated.

45. Gaseous SiH4 is burned in oxygen.

46. Equal volumes of 0.1 molar hydrochloric acid and 0.1 molar disodium monohydrogen phosphate are mixed.

47. Hydrogen sulfide gas is bubbled through a solution of lead (II) nitrate.

48. Solid zinc strips are added to a solution of copper sulfate.

49. Solid lithium oxide is added to excess water.

50. Copper (II) sulfide is oxidized by dilute nitric acid

51. Silver chloride is dissolved in excess ammonia solution.

52. Dilute sulfuric acid is added to a solution of barium acetate.

53. Ammonium chloride crystals are added to a solution of sodium hydroxide

54. Solid phosphorus pentachloride is added to excess water.

55. A solution of hydrogen peroxide is catalytically decomposed.

56. Powdered Iron is added to a solution of iron(III) sulfate.

57. Chlorine gas is bubbled into a solution of sodium bromide.

58. A precipitate is formed when solutions of trisodium phosphate and calcium chloride are mixed.

59. Solid calcium oxide is exposed to a stream of carbon dioxide gas.

60. Dinitrogen trioxide gas is bubbled into water.

61. Sodium hydrogen carbonate is dissolved in water.

62. Pellets of lead are dropped into hot sulfuric acid

63. Potassium, permanganate solution Is added to a solution of oxalic acid, H2C2O4, acidified with a few drops of sulfuric acid.

64. Magnesium turnings are added to a solution of iron (III) chloride.

65. Ethyl acetate Is treated with a solution of sodium hydroxide.

66. A suspension of zinc hydroxide Is treated with concentrated sodium hydroxide solution.

67. A concentrated solution of ammonia is added to a suspension of zinc hydroxide.

68. Hydrogen peroxide is added to an acidified solution of sodium bromide.

69. Dilute hydrochloric acid is added to a dilute solution of mercury (I) nitrate

70. Magnesium metal is burned in nitrogen gas.

71. Sulfur dioxide gas is passed over solid calcium oxide.

72. Lead foil is immersed in silver nitrate solution.

73. A solution of ammonium sulfate is added to a saturated solution of barium hydroxide.

74. Acetic acid solution is added to a solution of sodium hydrogen carbonate.

75. Solid sodium dichromate is added to an acidified solution of sodium iodide.

76. A drop of potassium thiocyanate is added to a solution of iron (III) chloride.

77. Ethanol is completely burned in air.

78. Solutions of sodium fluoride and dilute hydrochloric acid are mixed.

79. A saturated solution of barium hydroxide is mixed with a solution of iron (III) sulfate.

80. A solution of ammonium sulfate is added to a potassium hydroxide solution.

81. Carbon dioxide gas is bubbled through a concentrated solution of sodium hydroxide.

82. Solid copper is added to a dilute nitric acid solution.

83. Chlorine gas is bubbled into a cold solution of dilute sodium hydroxide.

84. A solution of potassium permanganate is mixed with an alkaline solution of sodium sulfite.

85. Methyl Iodide is heated with a solution of sodium hydroxide.

86. A solution of copper (II) sulfate is electrolyzed using inert electrodes.

87. Hydrogen sulfide gas is bubbled through excess potassium hydroxide solution.

88. Solutions of silver nitrate and sodium chromate are mixed.

89. Sodium hydroxide solution is added to a precipitate of aluminum hydroxide in water.

90. Solid sodium sulfite is added to water.

91. A solution of formic acid, HCOOH, Is oxidized by an acidified solution of potassium dichromate.

92. Ammonia gas and carbon dioxide gas are bubbled into water.

