
NH4
+ (ammonium)

H2CO3 (hydrogen carbonate or bicarbonate)
HBr (hydrobromic acid)



As a Brønsted acid: HPO4
2– (aq) + H2O (l) ó H3O+ (aq) + PO4

3–

As a Brønsted base: HPO4
2– (aq) + H2O (l) ó OH– (aq) + H2PO4

–



H3O+ + ClO4
–

H3O+ + NH3

H2O + CO3
2–

Acid/conjugate base:
HClO4/ClO4–

H3O+/H2O
NH4

+/NH3
HCO3

–/CO3
2–

H2O/OH–



acid
conjugate base

base
conjugate acid

base

base

acid

acid

conjugate acid

conjugate acid

conjugate base

conjugate base



[H3O+]=10–3.75 = 1.8 x 10-4

acidic

[H3O+]=10–10.52 = 3.0 x 10-11

pOH = 14.00 – 10.52 = 3.48
[OH–] = 10–3.48 = 3.3 x 10-4

basic



pOH = 14.00 – 10.66 = 3.34
[OH–] = 10-3.34 = 4.6 x 10-4

0.125 𝐿×
4.6×10!" 𝑚𝑜𝑙 𝑂𝐻!

1 𝐿
×
1 𝑚𝑜𝑙 𝐵𝑎(𝑂𝐻)#
2 𝑚𝑜𝑙 𝑂𝐻! ×

171.34 𝑔
1 𝑚𝑜𝑙 𝐵𝑎(𝑂𝐻)#

= 𝟒. 𝟗 𝐦𝐠 𝐁𝐚(𝐎𝐇)𝟐



HF is the strongest acid. F– is the weakest base (conjugate base of HF).
HF has the weakest conjugate base.

HPO4
2– has the strongest conjugate base.



Sodium carbonate is a base derived from a diprotic acid. Write a 
chemical equilibrium expression for each of the two successive base 
reactions with water.

CO3
2– (aq) + H2O (l) ó HCO3

– (aq) + OH– (aq)

HCO3
– (aq) + H2O (l) ó H2CO3 (aq) + OH– (aq)



Acidic ions: Al3+ (really exists as Al(H2O)6
3+ in water, Ka = 7.9 x 10-6)

Neutral ions: Na+, Cl–
Basic ions (in order of increasing strength): S2– (Kb = 1 x 105) PO4

3– (Kb = 2.8 x 10-2), CH3COO– (Kb = 5.6 x 10-10),  
F– (Kb = 1.4 x 10-11)
H2PO4

– is amphiprotic. Its Ka is 6.2 x 10-8 and its Kb is 1.3 x 10-12. Since its Ka > Kb, it is acidic.

Given same concentration of salts (and acidic/basic cations and anions): the salt containing the ion with the 
highest Ka (AlCl3) would have the lowest pH. The salt containing the ion with the highest Kb (Na2S) would 
have the highest pH.
AlCl3 < NaH2PO4 < NaF < NaCH3COO < Na3PO4 < Na2S
Lowest pH highest pH



H2S (Ka = 1 x 10-7) is a stronger acid than HCO3
– (Ka = 4.8 x 10-11). Equilibrium lies to the right.

HCN (Ka = 4.0 x 10-10) is a weaker acid than HSO4
– (Ka = 1.2 x 10-2). Equilibrium lies to the left.

CH3COOH (Ka = 1.8 x 10-5) is a weaker acid than HSO4
– (Ka = 1.2 x 10-2). Equilibrium lies to the left.



a. pH > 7 (product CH3COO– reacts with H2O to produce CH3COOH and OH–)
b. pH < 7 (product NH4

+ reacts with H2O to produce NH3 and H3O+)
c. pH = 7 (product neutral ions Na+ and NO3

– and H2O)



Calculations with Ka and Kb

• Calculate the pH of a 0.020 M solution of benzoic acid (C6H5COOH) 
given that Ka = 6.3 x 10-5 for the acid.

C6H5COOH + H2O ó C6H5COO– + H3O+

I 0.020 M 0 0

C ~ 0 + x + x

E ~ 0.020 M x x

100(Ka) < A0, so can ignore – x

𝐾? =
@!A"@BB# [A$B%]
[@!A"@BBA]

→ 6.3 × 10EF = G&

H.HIH
→ 𝑥 = [𝐻J𝑂K]= 1.1 x 10-3 M

pH = –log[H3O+] = 2.95



pH of the solution of Na2CO3

The CO3
2– ion is a base in water, forming the HCO3

– ion, which in turn can form H2CO3.
CO3

2– (aq) + H2O (l) ó HCO3
– (aq) + OH– (aq) Kb1 = 2.1 x 10-4

HCO3
– (aq) + H2O (l) ó H2CO3 (aq) + OH– (aq) Kb2 = 2.4 x 10-8

What is the pH of a 0.10 M solution of Na2CO3? What are the [CO3
2–], [HCO3

–] and [H2CO3]?

CO3
2– + H2O ó HCO3

– + OH–

I 0.10 M 0 0

C ~0 + x + x

E 0.10 M x x

𝐾%& =
𝐻𝐶𝑂'! [𝑂𝐻!]
[𝐶𝑂'#!]

→ 2.1×10!" =
𝑥#

0.10
→ 𝒙 = 𝑯𝑪𝑶𝟑

! = 𝑶𝑯! = 𝟒. 𝟔×𝟏𝟎!𝟑 𝑴

pOH = –log(4.6 x 10-3 M) = 2.34 à pH = 14.00 – 2.34 = 11.66



pH of the solution of Na2CO3

The CO3
2– ion is a base in water, forming the HCO3

– ion, which in turn can form H2CO3.
CO3

2– (aq) + H2O (l) ó HCO3
– (aq) + OH– (aq) Kb1 = 2.1 x 10-4

HCO3
– (aq) + H2O (l) ó H2CO3 (aq) + OH– (aq) Kb2 = 2.4 x 10-8

What is the pH of a 0.10 M solution of Na2CO3? What are the [CO3
2–], [HCO3

–] and [H2CO3]?

HCO3
– + H2O ó H2CO3 + OH–

I 4.6 x 10-3 M 0 4.6 x 10-3

C ~0 + x ~0

E 4.6 x 10-3 M x 4.6 x 10-3

𝐾%# =
𝐻#𝐶𝑂' [𝑂𝐻!]

[𝐻𝐶𝑂'!]
→ 2.4×10!) =

(4.6×10!')𝑥
4.6×10!'

→ 𝒙 = 𝑯𝟐𝑪𝑶𝟑 = 𝑶𝑯! = 𝟐. 𝟒×𝟏𝟎!𝟖 𝑴

[CO3
2–] ~ 0.10 M

[HCO3
–] ~ 4.6 x 10-3 M

[H2CO3] ~ 2.4 x 10-8 M


