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Acid-Base Reactions

CSCOPE Unit 11 Lesson 01 Day 2

Vocabulary
	Arrhenius acid
	
	a compound containing hydrogen that ionizes in aqueous solution to produce H+ ions

	
	
	

	Arrhenius base
	
	a compound containing hydroxide ion/s that dissociates in aqueous solution to produce OH( ions

	
	
	

	Brønsted-Lowry acid
	
	the species that donates a proton in a proton transfer reaction

	
	
	

	Brønsted-Lowry base
	
	the species that accepts a proton in a proton transfer reaction

	
	
	

	Conjugate acid
	
	the substance formed when a proton is added to a Brønsted-Lowry base; a conjugate acid can function as a Brønsted-Lowry acid because it can donate a proton

	
	
	

	Conjugate base
	
	the substance formed when a proton is donated by a Brønsted-Lowry acid; A conjugate base can function as a Brønsted-Lowry base because it can accept a proton

	
	
	

	Hydronium ion
	
	the positive ion formed when a water molecule gains a hydrogen ion (H3O+); all hydrogen ions in aqueous solution are present as hydronium ions; H+ (aq) and H3O+ (aq) are equivalent

	
	
	

	Salt
	
	an ionic compound; made up of one or more cations and one or more anions; composed of ions formed from atoms of BOTH metals (or ammonium ion) and nonmetals 


Arrhenius concept of acids and bases

Acids

An acid is a compound containing hydrogen that ionizes in aqueous solution to produce H+ ions.



Strong and weak acids

· “Strong” and “weak” do not describe the concentration of their solutions (those terms are “concentrated” and “dilute”).

· Strong acids completely ionize in water to H+ (aq) and an anion.

· Strong acids include:

HCl, HBr, HI, HNO3, HClO4, and H2SO4

· All other acids are considered to be weak because they only partially ionize in water.

The hydrogen ion in water

· The hydrogen ion is merely a proton with no surrounding valence electrons.

· This allows it to combine with water in a way that is different from  any other ion.
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· The result is the hydronium ion.

H+ + H2O ( H3O+ 

H+ (aq) and H3O+ (aq) are equivalent.



Bases

A base is a compound containing hydroxide ion/s that dissociates in aqueous solution to produce OH( ions.

Strong and weak bases

· “Strong” and “weak” do not describe the concentration of their solutions (those terms are “concentrated” and “dilute”)

· Strong bases completely dissociate in water to form OH( (aq) and a cation.

· Strong bases include: LiOH, NaOH, KOH, RbOH, CsOH, FrOH, Ca(OH)2, Sr(OH)2 and Ba(OH)2
· All other bases are considered to be weak because they only partially dissociate in water.

 Neutralization reaction of Arrhenius acids and bases:

Arrhenius acid + Arrhenius base ( salt and water



Drawbacks to the Arrhenius theory:



It is limited to aqueous solutions.



It ties bases to OH( when other species can play a similar role.

Brønsted-Lowry concept of acids and bases


Brønsted-Lowry definition of an acid 

An acid is the species that donates a proton in a proton transfer reaction.


Brønsted-Lowry definition of a base

A base is the species that accepts a proton in a proton transfer reaction.

Comparison of the Arrhenius concept and the Brønsted-Lowry concept

All Arrhenius acids and bases are also Brønsted-Lowry acids and bases.

The Brønsted-Lowry concept, however, is not limited to bases containing hydroxide, and it is not limited to aqueous solutions.

For example, ammonia is a base that reacts with acids, but it does not have OH– in its formula:


NH3 + HCl ( NH4Cl

Another example, it may be useful to run some reactions using alcohol as a solvent.

Neutralization reaction of Brønsted-Lowry acids and bases in water:

Brønsted-Lowry acid + Brønsted-Lowry base ( salt

Conjugate acids and bases

Conjugate acid

Definition of a conjugate acid

A conjugate acid is the substance formed when a proton is added to a Brønsted-Lowry base.



Description of a conjugate acid

A conjugate acid can function as a Brønsted-Lowry acid because it can donate a proton.


Conjugate base

Definition of a conjugate base

A conjugate base is the substance formed when a proton is donated by a Brønsted-Lowry acid.



Description of a conjugate base

A conjugate base can function as a Brønsted-Lowry base because it can accept a proton.

Writing the formulas for conjugate acids and conjugate bases



Writing the formulas for conjugate acids 




Procedure: 

The formula for the conjugate acid of a species is that species with one proton added.

Examples – give the conjugate acids for:






HSO4(






HSO4( plus one proton is H2SO4





H2O







H2O plus one proton is H3O+

Writing the formulas for conjugate bases




Procedure:

The formula for the conjugate base of a species is that species with one proton removed.




Examples – give the conjugate bases for:





HI






HI with one proton removed is I(
HSO4(





HSO4( with one proton removed is SO4 2(




Identifying conjugate acids and bases


Procedure:

The conjugate acid will come from the original base and the conjugate base will come from the original acid.




Examples:






H2C2O2 (aq) + H2O (l) ( HC2O2( (aq) + H3O+ (aq)

                                                                                  conj base       conj acid

NH2( (aq) + H2O (l) ( NH3 (aq) + OH – (aq)







           conj acid     conj base







 

Exercises

Complete and balance the following neutralization reactions of Arrhenius acids and bases and give the name for each reactant and product:


01.  HCl (aq)   +   LiOH (aq) (

02.  HBr (aq)  +   Ni(OH)2 (s)   (
03.  H3PO4 (aq)   +   KOH (aq)   (

04.  3 HNO3 (aq) + Cr(OH)3 (s)  (
Write and balance the following neutralization reactions of Arrhenius acids and bases:


05.  Hydroiodic acid reacts with solid copper (II) hydroxide.


06.  Perchloric acid reacts with aqueous barium hydroxide.


07.  Hydrofluoric acid reacts with aqueous lithium hydroxide.


08.  Sulfuric acid reacts with solid iron (III) hydroxide.

Write the conjugate base for the following:

09.  H2PO4(


10.  HCO3–


11.  NH3


Write the conjugate acid for the following:


12.  H2PO4(



13.  HCO3–



14.  NH3



Identify the acid, the base, the conjugate acid, and the conjugate base in each of the equations:

	15.
	H2C2O4
	+
	NH3
	(
	NH4+
	+
	HC2O4–

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	16.
	CN–
	+
	H2PO4(
	(
	HCN
	+
	HPO42(

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Fill in the following table:

	
	Acid
	Base
	Conjugate Acid
	Conjugate Base
	Equation

	17.
	HF
	HSO3–
	H2SO3
	F–
	

	
	
	
	
	
	

	18. 
	HSO4–
	C2H3O2– 
	
	
	

	
	
	
	
	
	

	19. 
	
	
	NH4+
	F–
	

	
	
	
	
	
	

	20. 
	
	HS– (aq)
	
	NO2–
	HNO2 + HS– ( NO2–  + H2S

	
	
	
	
	
	

	21. 
	HClO2
	
	HCO3(
	
	

	
	
	
	
	
	

	22. 
	
	
	
	
	NH3 + HCN ( NH4+ + CN–
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