Properties, Strengths, and Naming of Acids and Bases
OBJECTIVES:

1. Outline the characteristic properties of acids and bases in aqueous solution.

2. Compare and contrast the Arrhenius and Bronsted-Lowry models of acids and bases.

3. Name acids and bases

4. Describe and explain the differences between strong and weak acids and bases in terms of the extent of dissociation/ionization, reaction with water, and conductivity.

5. State whether a given acid or base is strong or weak.

Acid – a substance that produces hydrogen ions, H+, in a water solution.  When an acid dissolves in water, the H+ ions interact with water molecules to form H3O+ ions, which are called hydronium ions.

Properties of acids:

1. All acids taste sour. The sour taste of many foods is due to acids. 

2. Acids are corrosive. Some react strongly with certain metals, seeming to eat away the metals as metallic compounds and hydrogen gas are formed.

3. Acids react with indicators to produce predictable changes in color.

Base – any substance that forms hydroxide ions, OH-, in a water solution, also any substance that accepts H+ ions from acids.
Properties of bases:
1. Have a slippery feel.

2. Have a bitter taste.

3. They are corrosive and contact with skin can result in severe burns.

4. They react with indicators to produce color changes. Litmus turns blue in bases.

Acid-Base Behavior

Sample Compound – HOX: 

· If X has a high electronegativity, it will have a strong attraction for the electrons it is sharing with the oxygen.  As these electrons are pulled toward X, the O will pull strongly on the electrons it is sharing with H.  This causes the H+, or proton, to be lost from the compound.  HOX is behaving as an acid.   Nonmetals tend to form acids because they have high electronegativities.

· If X has a low electronegativity, the O will tend to pull the shared electrons away from X.  The H will remain joined to the O, forming OH-.  HOX is behaving as a base.  Metals tend to form bases because they have low electronegativities.  

The Nature of Acids and Bases
In the late 1800's, the Swedish scientist Svante Arrhenius proposed that water can dissolve many compounds by separating them into their individual ions.  Arrhenius suggested that acids are compounds that contain hydrogen and can dissolve in water to release hydrogen ions into solution.  For example, hydrochloric acid (HCl) dissolves in water as follows:

	HCl
	H2O

	H+(aq)
	 + 
	Cl-(aq)


Arrhenius defined bases as substances that dissolve in water to release hydroxide ions (OH-) into solution. For example, a typical base according to the Arrhenius definition is sodium hydroxide (NaOH): 

	NaOH
	H2O
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	Na+(aq)
	 + 
	OH-(aq)


The Arrhenius definition of acids and bases explains a number of things.  Arrhenius' theory explains why all acids have similar properties to each other (and, conversely, why all bases are similar), because all acids release H+ into solution (and all bases release OH-).  The Arrhenius definition also explains Boyle's observation that acids and bases counteract each other.  This idea, that a base can make an acid weaker, and vice versa, is called neutralization.

While Arrhenius helped explain the fundamentals of acid/base chemistry, unfortunately his theories have limits.  For example, the Arrhenius definition does not explain why some substances like common baking soda (NaHCO3) can act like a base even though they do not contain hydroxide ions.

In 1923, the Danish scientist Johannes Brønsted and the Englishman Thomas Lowry published independent yet similar papers that refined Arrhenius' theory.  In Brønsted's words, "... acids and bases are substances that are capable of splitting off or taking up hydrogen ions, respectively."  The Brønsted-Lowry definition broadened the Arrhenius concept of acids and bases.  

The Brønsted-Lowry definition of acids is very similar to the Arrhenius definition, any substance that can donate a hydrogen ion is an acid (under the Brønsted definition, acids are often referred to as proton donors because an H+ ion - hydrogen minus its electron - is simply a proton).  

The Brønsted definition of bases is, however, quite different from the Arrhenius definition.  The Brønsted base is defined as any substance that can accept a hydrogen ion.  In essence, a base is the opposite of an acid.  NaOH and KOH, as we saw above, would still be considered bases because they can accept an H+ from an acid to form water.  However, the Brønsted-Lowry definition also explains why substances that do not contain OH- can act like bases.  Baking soda (NaHCO3), for example, acts like a base by accepting a hydrogen ion from an acid as illustrated below: 

	Acid
	
	Base
	
	
	
	Salt

	HCl
	 + 
	NaHCO3
	 [image: image2.png]


 
	H2CO3
	 + 
	NaCl


	Arrhenius definition
	Bronsted-Lowry definition

	acid = release H+ in water
	acid = donates a proton

	base = releases OH- in water
	base = accepts a proton


Rules for Naming Acids and Bases
Binary acids – acids that are made of only two elements, no oxygen

· Prefix is always hydro.

· Name the second element with the suffix  ic.

	HCl
	hydrochloric acid

	HBr
	hydrobromic acid

	HF
	hydrofluoric acid


Ternary acids – those acids that are made of more than two elements; usually contain a polyatomic ion

· For the acid containing the most common polyatomic ion of its group simply use the first part of the polyatomic name and follow with the suffix ic.

· For the acid containing the polyatomic with one less oxygen than the ic, use the suffix ous.

· For the acid containing the polyatomic with two less oxygens than the ic, use the prefix hypo and the suffix ous.

· For an acid containing the polyatomic with one more oxygen than the ic, use the prefix per and the suffix ic.

	H2SO4
	Sulfuric Acid

	H2CO3
	Carbonic Acid

	HNO3
	Nitric Acid


	gain 1 oxygen
	per-
	H2SO5
	persulfuric acid

	standard acid       (no change)
	normal name
	H2SO4
	sulfuric acid

	lose 1 oxygen
	-ous
	H2SO3
	sulfurous acid

	lose 2 oxygen
	hypo-  and -ous
	H2SO2
	hyposulfurous acid


If anion ends in ide, place hydro in front and ic on end  Ex: HCl

If anion ends in ate, place ic on end  Ex: H2SO4
If anion ends in ite, place ous on end  Ex: H2SO3
	Naming Common Acids

	Acid
	Name of Acid
	Anion
	Name of Anion

	


	HCl
	hydrochloric acid
	Cl- 
	chloride

	HBr
	hydrobromic acid
	Br- 
	bromide

	HNO3
	nitric acid
	NO3- 
	nitrate

	HNO2 
	nitrous acid
	NO2- 
	nitrite

	H2SO4
	sulfuric acid
	SO42-
	sulfate

	H2SO3
	sulfurous acid
	SO32-
	sulfite

	H2CO3
	carbonic acid
	CO32-
	carbonate

	H3PO4
	phosphoric acid
	PO43-
	phosphate

	HClO3 
	choric acid
	ClO3-
	chlorate

	HClO2 
	chlorous acid
	ClO2-
	chlorite

	CH3COOH
	acetic acid
	CH3COO-
	acetate

	



Bases – simply named as ionic compounds containing the hydroxide ion. 

	NaOH
	sodium hydroxide

	Ca(OH)2
	calcium hydroxide

	Fe(OH)3
	iron(III) hydroxide
ferric hydroxide

	NH4OH
	ammonium hydroxide


Acid and Base Strength
Strong acids and bases completely ionize when in solution, making them strong electrolytes and conductors of current.  A strong acid (or base) yields a weak conjugate base (or acids) – one that has a low affinity for a proton.  Specified strong acids are hydrochloric acid, nitric acid, and sulfuric acid.  Specified weak acids are ethanoic acid and carbonic acid (aqueous carbon dioxide).  Specified strong bases are all group 1 hydroxides and barium hydroxide. Specified weak bases are ammonia and ethylamine.
Weak acids and bases are substances that exhibit a small degree of ionization in water, and are therefore weak electrolytes.  A weak base (or acid) yields a strong conjugate acid (or base).  
Practice

	HCl
	

	HNO3
	

	H2SO4
	

	H3PO4
	

	NaOH
	

	KOH
	

	Mg(OH)2
	

	Al(OH)3
	

	NH4OH
	


