Acids and Bases

1. Properties

a. Acids

i. Sour

ii. Turn litmus red

iii. pH less than 7

iv. Reactions with Carbonates and hydrogen carbonates produce carbon dioxide, salt, and water
1. CaCO3(aq) + 2 HCl(aq) ( CaCl2(aq) + CO2(g) + H2O(l)

2. NaHCO3(aq) + HCl(aq) ( NaCl(aq) + CO2(g) + H2O(l)

v. Reactions with metals produce salts and hydrogen gas

1. Zn(aq) + HCl(aq) ( ZnCl2(aq) + H2(g)

vi. Corrode metals

vii. Dissolves carbonate rocks 

viii. Conducts electricity

b. Bases

i. Bitter

ii. Turn litmus blue

iii. pH greater than 7

iv. Soluble alkali metals make strong bases and hydrogen gas

1. 2Na + 2H2O ( 2NaOH + H2
v. Slippery

c. Acids and bases neutralize each other to form a salt

i. Example: HCl + NaOH ( NaCl + H2O

ii. Reactions of acids and bases are called neutralization reactions
2. Strong vs. weak

a. Strength depends on amount of dissociation/ionization

i. HA 
     + 
H2O
( 
H3O+ 
         +

 A-

(acid)        (base)
       (conjugate acid)
 (conjugate base)

b. Strong = complete dissociation/ionization
i. Example, when HCl is dissolved in water, all of it becomes H+ (actually, H3O+)+ Cl- 
ii. Ka >> 1

iii. Strong acids to know: Nitric, sulfuric, hydrochloric
iv. Strong bases to know: All group 1 hydroxides, barium hydroxide

c. Weak = incomplete dissociation/ionization
i. Ka << 1

ii. Acetic acid (vinegar) is a weak acid

iii. CH3COOH, small amounts dissociate into H+ and CH3COO-)

iv. Use the Keq to determine strength of weak acids

	Acid
	Keq

	Acetic Acid
	1.76 x 10-5

	Phosphoric Acid
	7.5x10-3


v. 
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vi. Keq is also called Ka or acid dissociation constant since it is the equilibrium expression for the dissociation of an acid

vii. Keq for the dissociation of a base = Kb The larger Keq, the more dissociation

viii. More dissociation = stronger acid

ix. Therefore, phosphoric acid is stronger than acetic acid

x. Weak acids to know: ethanoic (acetic) CH3COOH, carbonic 

xi. Weak bases to know: ammonia (NH3), ethylamine (C2H5NH2)

d. More dissociation = more conductivity

i. Strong acids and bases are more conductive then weak acids and bases

ii. Conductivity increases with the number of ions in solution

iii. Conductivity is measured in Siemens.  The higher the value, the more conductive, the stronger the acid/base.

3. Unless there are ions present a substance cannot be an acid

a. Acids are not acids until they are dissolved in water

b. Acids must be dissolved in water in order to create the H3O+ ion through dissociation.

c. A substance that is a solid but will form an acid when it dissolves is called an acid anhydride

d. (Bronsted Lowry Acids and Bases can be gases, however)

4. Classification

a. Arrhenius Acid

i. Acids donate protons

ii.  HA ( H+ + A-
iii. HA +H2O ( H3O+ + A-
iv. Presence of H+ (really H3O+, hydronium ion) ions in solution creates acidic solution

v. Definition we’ve been using

vi. Examples:

1. Sulfuric: H2SO4
2. Hydrochloric: HCl

3. Nitric: HNO3
4. Perchloric: HClO4
5. Phosphoric: H3PO4

6. Acetic: CH3COOH

b. Arrhenius Base

i. Bases donate hydroxide ion

ii. BOH ( B+ + OH-
iii. Presence of hydroxide (OH-) ions in solution creates basic solution

iv. Definition we’ve been using

v. Examples

1. Sodium Hydroxide: NaOH

2. Potassium Hydroxide: KOH

3. Calcium Hydroxide: Ca(OH)2
c. Bronsted-Lowery
i. Acids donate protons (same as Arrhenius)

ii. Bases accept protons (different from Arrhenius)

1. Example: Ammonia

2. NH3 + H2O ( NH4+ + OH-
3. Ammonia takes a proton from a water molecule which creates a hydroxide ion

4. Presence of OH- creates basic solution

d. Monoprotic vs Polyprotic

i. Acids that have one proton to lose are monoprotic
1. Example: HCl, HNO3
ii. Acids that have more than one proton to lose are polyprotic

1. Diprotic: H2SO4
2. Triprotic: H3SO4
e. Oxyacids = acids involving a polyatomic oxyanion (anion containing oxygen)

i. Ex: H2SO4  

ii. Non example: HCl

f. Amphoteric compounds
i. Compounds that can act as both acid and base

1. Example: Water

2. H2O + CO32- ( OH- + HCO3-1 (water acts as proton donor)

3. H2O + H+ ( H3O+  (water acts as proton acceptor)

5. pH
a. presence of H3O+ tells the strength of the acid

b. This is measured by pH

c. pH = -log [H3O+]

d. pH < 7 = acid

e. pH > 7 = base

f. Why?  It comes from the dissociation of water
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In a neutral solution there is just as much H3O+ as OH-, therefore the pH must be 7 when the solution is neutral
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How does Kw change with temperature?  Since the dissociation/ionization of water is endothermic, as temperature is increased equilibrium shifts to the right (towards the products) and the dissociation of water increases.   Therefore, Ka increases with temperature. 
Calculations involving pH

1. Find pH given [H3O+]

a. If the concentration of [H3O+] is 1.3 x 10-7
b. pH = - log (1.3 x 10-7) = 6.9
2. Find pOH given pH

a. If pH = 6.9

b. pOH = 14 – 6.9 = 7.1

3. Find [H3O+] given pH

a. If pH = 5

b. [H3O+] = 10^(-pH) = 1 x 10-5 M

4. Find [OH-] given [H3O+]

a. If [H3O+] = 1 x 10-5 M

b. 1 x 10 -14 M = [H3O+][OH-] ( [OH-] =(1 x 10 -14 M)/ (1 x 10-5 M) = 1 x 10-9 M

5. When pH changes by 1, this indicates a 10 fold change in hydrogen ion concentration

a. pH is a log scale, so a change of 1 means the change in [H+] =101= 10

b. pH change of 2  ( [H+] =102= 100
Neutralization of Acids and Bases

1. Reaction with acid and base can make a neutral solution

2. H+ ions of acid cancel out OH- ions of base

3. This property can be used to determine concentrations 

If it takes 10 L of HCl to neutralize 20 L of 4 M NaOH, what is the concentration of HCl?

1. write a balanced neutralization reaction

a. HCl + NaOH ( NaCl + H2O

2. Find the number of moles of NaOH used
a. 4 M = x /20 L  ( x = 80 moles NaOH

3. Find the moles of HCl

a. According the reaction, there is a 1:1 ratio of HCl to NaOH

b. 
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4. Find molarity

a. Molarity = 80 mole/ 10 L = 8 M
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