There are related scales in chemistry used to measure how acidic or basic a solution is and the strength of acids and bases. Although the pH scale is most familiar, pKa, Ka, pKb, and Kb are common calculations that offer insight into acid-base reactions. Here's an explanation of the terms and how they differ from each other.
WHAT DOES THE "P" MEAN?
Whenever you see a "p" in front of a value, like pH, pKa, and pKb, it means you're dealing with a -log of the value following the "p".
For example, pKa is the -log of Ka. Because of the way the log function works, a smaller pKa means a larger Ka. pH is the -log of hydrogen ion concentration, and so on.
FORMULAS AND DEFINITIONS FOR PH AND EQUILIBRIUM CONSTANT
pH and pOH are related, just as Ka, pKa, Kb, and pKb are. If you know pH, you can calculate pOH. If you know an equilibrium constant, you can calculate the others.
ABOUT PH
pH is a measure of hydrogen ion concentration, [H+], in an aqueous (water) solution. The pH scale ranges from 0 to 14. A low pH value indicates acidity, a pH=7 is neutral, and a high pH value indicates alkalinity. The pH value can tell you whether you're dealing with an acid or a base, but it offers limited value indicating the true strength of the acid of base. The formula to calculate pH and pOH are:
pH = - log [H+]
pOH = - log [OH-]
At 25 degrees Celsius:
pH + pOH = 14
UNDERSTANDING KA AND PKA
Ka, pKa, Kb, and pKb are more helpful for predicting whether a species will donate or accept protons at a specific pH value.
They describe the degree of ionization of an acid or base and are true indicators of acid or base strength because adding water to a solution will not change the equilibrium constant. Ka and pKa relate to acids, while Kb and pKb deal with bases. Like pH and pOH, these values also account for hydrogen ion or proton concentration (for Ka and pKa) or hydroxide ion concentration (for Kb and pKb).
Ka and Kb are related to each other through the ion constant for water, Kw:
Kw = Ka x Kb

Ka is the acid dissociation constant. pKa is simply the -log of this constant. Similarly, Kb is the base dissociation constant, while pKb is the -log of the constant. The acid and base dissociation constants are usually expressed in terms of mole per liter (mol/L). Acids and bases dissociate according to general equations:
HA + H2O ⇆ A- + H3O+
and
HB + H2O ⇆ B+ + OH-
In the formulas, A stands for acid and B for base.
Ka = [H+][A-]/ [HA]
pKa = - log Ka
at half the equivalence point, pH = pKa = -log Ka
A large Ka value indicates a strong acid because it means the acid is largely dissociated into its ions. A Large Ka value also means the formation of products in the reaction is favored. A small Ka value means little of the acid dissociates, so you have a weak acid. The Ka value for most weak acids ranges from 10-2 to 10-14.
The pKa gives the same information, just in a different way. The smaller the value of pKa, the stronger the acid. Weak acids have a pKa ranging from 2-14.
UNDERSTANDING KB AND PKB
Kb is the base dissociation constant. The base dissociation constant is a measure of how completely a base dissociates into its component ions in water.
Kb = [B+][OH-]/[BOH]
pKb = -log Kb
A large Kb value indicates the high level of dissociation of a strong base. A lower pKb value indicates a stronger base.
pKa and pKb are related by the simple relation:
pKa + pKb = 14
WHAT IS PI?
Another important point is pI. This is the isoelectric point. It is the pH at which a protein (or another molecule) is electrically neutral (has no net electrical charge).


Here's a quick review of how to calculate pH and what pH means with respect to hydrogen ion concentration, acids, and bases.
REVIEW OF ACIDS, BASES AND PH
There are several ways to define acids and bases, but pH only refers to hydrogen ion concentration and is only meaningful when applied to aqueous (water-based) solutions. When water dissociates it yields a hydrogen ion and a hydroxide.
H2O ↔ H+ + OH-
When calculating pH, remember that [] refers to molarity, M. Molarity is expressed in units of moles of solute per liter of solution (not solvent). Using the concentration of hydrogen and hydroxide ions, the following relationship results:
Kw = [H+][OH-] = 1x10-14 at 25°C
for pure water [H+] = [OH-] = 1x10-7
Acidic Solution: [H+] > 1x10-7
Basic Solution: [H+] < 1x10-7
HOW TO CALCULATE PH AND [H+]
The equilibrium equation yields the following equation for pH:
pH = -log10[H+]
[H+] = 10-pH
Example:
Calculate the pH for a specific [H+]. Calculate pH given [H+] = 1.4 x 10-5 M
pH = -log10[H+]
pH = -log10(1.4 x 10-5)
pH = 4.85
Example:
Calculate [H+] from a known pH. Find [H+] if pH = 8.5
[H+] = 10-pH
[H+] = 10-8.5
[H+] = 3.2 x 10-9 M
Example:
Find the pH if the H+ concentration is 0.0001 mole per liter.
pH = -log[H+]
Here it helps to rewrite the concentration as 1.0 x 10-4 M, because if you understand how logarithms work, this makes the formula:
pH = -(-4) = 4
Or, you could simply use a calculator and take:
pH = - log (0.0001) = 4
Usually you aren't given the hydrogen ion concentration in a problem, but have to find it from a chemical reaction or acid concentration. Whether this is easy or not depends on whether you're dealing with a strong acid or a weak acid.
Most problems asking for pH are for strong acids because they completely dissociate into their ions in water. Weak acids, on the other hand, only partially dissociate, so at equilibrium a solution contains both the weak acid and the ions into which it dissociates.
Example:
Find the pH of a 0.03 M solution of hydrochloric acid, HCl.
Hydrochloric acid is a strong acid that dissociates according to a 1:1 molar ratio into hydrogen cations and chloride anions. So, the concentration of hydrogen ions is exactly the same as the concentration of the acid solution.
[H+ = 0.03 M
pH = - log (0.03)
pH = 1.5
PH AND POH
You can easily use the pH value to calculate pOH, if you recall:
pH + pOH = 14
This is particularly useful if you're asked to find the pH of a base, since you'll usually solve for pOH rather than pH.
CHECK YOUR WORK
When you're performing a pH calculation, it's a good idea to make sure your answer makes sense. An acid should have a pH much less than 7 (usually 1 to 3), while a base has a high pH value (usually around 11 to 13). While it's theoretically possible to calculate a negative pH, in practice pH values should be between 0 and 14. This, a pH higher than 14 indicates an error either in setting up the calculation or else using the calculator.


Carbon Dioxide and Carbonic Acid
The most common source of acidity in water is dissolved carbon dioxide.
Carbon dioxide enters the water through equilibrium with the atmosphere
CO2 (aq) « CO2 (g)
and biological degradation/photosynthesis involving organic carbon, {CH2O}
{CH2O} + O2(aq) « CO2 (aq) + H2O
Aqueous CO2 (aq) also undergoes a number of important inorganic equilibrium reactions. First, it can dissolve limestone
CaCO3 + CO2 (aq) + H2O « Ca2+(aq) + 2 HCO3- (aq)
Second, it can react with the water to form carbonic acid
CO2 (aq) + H2O « H2CO3 (aq)
Only a small fraction exists as the acid
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image1.gif]
and the kinetics to form H2CO3 are relatively slow (on the time scale of seconds).
Carbon Dioxide and Carbonic Acid-Base Equilibria
Dissolved CO2 in the form of H2CO3 may lose up to two protons through the acid equilibria
H2CO3 (aq) « H+ (aq) + HCO3- (aq)
HCO3- (aq) « H+ (aq) + CO32- (aq)
The equilibrium equations for these are labeled as "1" and "2" hence
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image2.gif]
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image3.gif]
To account for the fact that CO2 (aq) is in equilibrium with H2CO3 (aq), the first acid equilibrium is normally given by
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image4.gif]
The acid equilibrium equations can be solved to give the fraction of carbonates in a particular form.
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image5.gif]
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image6.gif]
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image7.gif]
Relative H2CO3 concentration is really CO2 (aq) in equilibrium with water.
In summary;
	[image: bullet]
	CO2 enters water through interface with the atmosphere and the biological processes of organic carbon digestion and photosynthesis.

	[image: bullet]
	Aqueous carbon dioxide, CO2 (aq), reacts with water forming carbonic acid, H2CO3 (aq).

	[image: bullet]
	Carbonic acid may lose protons to form bicarbonate, HCO3- , and carbonate, CO32-. In this case the proton is liberated to the water, decreasing pH.

	[image: bullet]
	The complex chemical equilibria are described using two acid equilibrium equations.

	[image: bullet]
	The first acid equilibrium constant accounts for the CO2 (aq) - H2CO3 (aq) equilibrium. It concequently seems to have a high pKa.

	[image: bullet]
	The fraction of the inorganic carbon in a particular form is call the "alpha" and there are simple equation to describe this alpha.


Graphical Results
Consequences of the fractional amount or "alpha" equations may be understood by examination of the graphical results. Shown to the left is a plot of the various alpha as a function of pH.
Some important points to observe are:

For pH well below pKa1 a (H2CO3) ~ 1
At pH = pKa1, a (H2CO3)= a (HCO3-)
For 7<pH<10, HCO3- is the predominant species

[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image8.gif]

The pH of water (no lime)
We now have enough information to calculate the pH of water.
First, we calculate the amount of CO2 dissolved in water under an atmosphere of pressure from Henry’s Law
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image9.gif]
Since CO2 makes up 0.0355% of the atmosphere (on the average) and
KCO2 =2x10-3
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image10.gif]
Since is in equilibrium with H2CO3 (aq), the first acid equilibrium is normally given by
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image11.gif]
is predominant. Also since
CO2 (aq) + H2O « H+ (aq) + HCO3- (aq)
The proton and bicarbonate concentrations are equal. Thus
[image: http://ion.chem.usu.edu/~sbialkow/Classes/3650/Carbonate/Image12.gif]
When we substitute the carbon dioxide concentration, and solve for pH, we get
pH = 5.65
Since rain is in equilibrium with the atmosphere, this is the pH expected for natural rain. It is also the pH expected if the body of water is in equilibrium with the atmosphere, and does not contact limestone (e.g., CaCO3).
Example
Imagine our system has a beaker with 1 litre of water and is enclosed in a constant-pressure (of 1 atm.) atmosphere of 100% carbon dioxide at 25°C. 
We let the carbon dioxide come to equilibrium with the water so the maximum dissolves. What would the resultant pH be?
What do we know? 
· the pKa of carbonic acid is 6.367 
· the solubility of carbon dioxide in water at 25ºC 1atm is 1.45 gram/litre 
· we have 1 litre of water 
What is the reaction? 
CO2 + 2H2O → H2CO3 + H2O → HCO3- + H3O+ 
· The number of moles of carbon dioxide that dissolve in water at equilibrium will equal the number of moles of carbonic acid in solution. 

Calculate using a RICE table
[image: ]


Convert pKa to Ka: 


can we apply the "rule of 500?": 
Rule of 500: if [ H A ] K a [HA]Ka>500, ignore any nonzero changes in "x"​ 
 so yes
simplify Ka: 




[bookmark: _GoBack]so the lowest the pH can go in 1 litre of water in equilibrium with 100% CO2 at 25ºC and 1 atmosphere pressure is 3.92.
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