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pH Calculations
from Molarity Information

Strong Acid and Base Solutions
and
Weak Acid and Base Solutions



You should be familiar with the common strong acids like
HCI, HBr, HI, HNO;, HCIO, and H,SO, and strong bases:
LiOH, NaOH, KOH, RbOH, CsOH, Mg(OH),, Ca(OH),, Ba(OH),,
and Sr(OH), (easy to remember as Group | and Il hydroxides).

e All dissolved strong acids and bases completely give up or
donate their ionizable protons or hydroxide ions to water.

* Inthe case of H,SO,, only one proton is completely donated
to water forming HSO,". This species is a weak acid (HSO,)
and therefore sets up an equilibrium once the first
hydrogen dissociates.

* The hydrogen-ion concentration of a strong acid solution is
calculated by assuming that the ionizable protons are
dissociated 100%. A similar assumption is made for
ionizable hydroxide units in strong bases.



Example: Calculate the pH of a 0.10 M HNO,
solution (a strong acid):

* Consider what is happening in a chart format:

HNO; gy 2 H'ay +  NOsziag

Initial concentration (M): 0.10 d_sfifc“?;te_on 0 0
Change (M) -0.10 +0.10 +0.10
Final (M) 0 d_ss/g?f]ft - 0.10 0.10

Note that the H* ionizes nearly 100% so no molecular
form of HNO; remains. (Recall the modeling activity?)
Therefore the pH is simply — log [H*]

=—log [0.10] =1



http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/acid13.swf

Hydrogen ion

Conjugate base

Strong acids are assumed to dissociate completely
when in aqueous solution.
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Weak Acid and Base Solutions

Recall that weak acids and bases do NOT dissociate 100%
therefore an equilibrium sets up between the products and
reactant.

—>

The identification and use of equilibrium arrows «<—= s
important in these reactions as is the value of the ratio of
the concentration (or pressure if it’s a gaseous reaction) of

the products over the reactant that describes the extent of
dissociation.

The larger the ratio, the greater the dissociation of the acid
or base. This ratio is constant for each substance and is
identified as K.

K. as the ratio in concentration (M) for aqueous solutions
K, as the ratio of pressures for gaseous reactions



Values of K

Values of K, can be used to estimate the relative strengths of acids.

The larger the value of K, the stronger the acid. By definition, a
compound is classified as a strong acid when K|, is larger than 1.

Weak acids have values of K, that are smaller than 1.

A list of the acid-dissociation equilibrium constants for some
common acids is given in the table below.

Strong Acids| K, Weak Acids K,

HCI 1 x 106 H5PO, 7.1 x 103
H,SO, 1 x 103| | HCH4Og citric acid | 7.5 x 104
H,O+ 55 HC,H,0, 1.8 x 105
HNO; 28 water 1.8 x 1016

The table above provides us with the basis for understanding the
difference between strong acids and weak acids. Think about the
reaction between a very strong acid and water.



Equilibrium Expressions

* Writing and equilibrium expression (or mass action
expression is a simple matter of writing the
concentration of the products over the concentration
of the reactants. Any coefficients will take the form of
the power of the concentration.

 For any general reaction at equilibrium:

aA + bBB == cC + dD (the lower case Iettfet:s
represent the coefficients)

 Then the equilibrium expression would be written as a
ratio of products to reactants and take this form:

[C] C [D] d Note the use of [hard brackets] to indicate
= the unit of concentration = Molarity or
[A] a [B] b Pressure depending on the type of reaction

K



Equilibrium Expressions

* When dealing with different reaction phases (liquids and
gases) certain phases must be eliminated from the
equilibrium expression.

— If you are dealing with aqueous solutions, then solids, liquids
and gases would be eliminated as their concentration would not
change. Water, a pure liquid, would be eliminated from the
expression as it is also likely that this is the solvent for the
reaction and its concentration would not change appreciably.

aAq t bB@D: @)+ dD )
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Equilibrium Expressions

* When dealing with different reaction phases (liquids and
gases) certain phases must be eliminated from the

equilibrium expression.
— If you are dealing with gases, then solids would be

eliminated as their pressure wouldn’t change.
Gases would use the unit of Pressure as a measure of

concentration.
— K. (concentration) would be replaced with K/ for pressure.

—>
aAy) + bBy «<— cCy + dD,
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Simple Relationships & Facts

If the reaction is a simple dissociation of an
ACID the constant K is called the K..

If the dissociation is that of a BASE, the K
constant is called K,.

An important relationship between K, and K,

IS: K, X K, = Ky

Recall that the water constant is K.
K,=1.00x 10*



In K, and K, expressions, the concentration of water is a
constant, relative to any changes in concentrations of
solute species, and is eliminated from the expression.

Common weak acids are NH,*, HCN, HF, HC,H,0,

Common weak bases are NH;, amines (carbon compounds
with NH groups), and basic anions.

H,CO, and H,PO, are examples of weak polyprotic acids
which have more than one ionizable proton.

When there is more than one acidic hydrogen, treat the
ionization of each proton in a stepwise manner. Each
equilibrium produces one hydrated proton, and each
ionization has an associated K, value.

If it is a polyprotic acid it could be written with two
equilibrium expressions each with their own K, and K,
values.



EXAMPLE: [H*] [HS]

+ - Ka = [H S]
st(aq) = H (aq) ™ HS(aq) 1 :
[H*] [S]
_ — -+ - -
HS0g) = Hlagt STy K= [HS]

Note: The greatest amount of hydrogen ion put into
solution is from the very first dissociation. This first

dissociation contributes most to pH.



Weak bases are generally of two kinds:

* The first includes ammonia (NH;) and compounds
related to NH; that are called amines. (Amines are
formed when one or more N-H bonds in ammonia
are converted to an N-C bond.) Hydroxylamine,
NH,OH, contains an N-OH bond instead of an N-C
bond.

 The second includes anions of weak acids, such as
C,H;0,, F, CN;, and S%.



* Conjugate bases of weak acids react with
water in @ manner that is illustrated by the
reaction of F- with H,0.

3 — ;
Flagt HOpgq = HFggy + OH g

[HF] [OH] Note: The constant, K is
Ky, = [F] labeled with a subscripted

\ “b” because this reaction
produces a BASE.
See that the OH- ion is produced in all
reactions of a weak base with water.




Calculating the pH of a weak acid: (Utilizing K.)

e Calculate the pH of a 0.015 M acetic acid

solution. The value of K, =1.8 x 10~.
mote: 1 f you’ idstedd forethis aclyl yov ceud t
have still found the needed K, by the equation: K,x K,=K,)
* To solve, first write out the equilibrium and the
K, expression:
HC,H;0,., & H ) + CoH305 744
[H*] [C,H,O,]
K,= [HC,H;0,]

d
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Sometimes it is easier to see what is
happening using an “I-C-E” chart

e Commonly referred to as the I-C-E Chart due to the
Initial, Change and Equilibrium of concentrations

shown:
HC,H,O, S5 H* + C,H;0,

Initial concentration (M): 0.015 0 0
Change (M) - X + X + X
Equilibrium (M) 0.015 - x

Assuming that the change (x) in concentration is a small amount
based on the small value of K, we can assume that x is negligible
compared to the given molarity of 0.015. 0.0157 x @0.015



Substitute the Equilibrium Data into the
Equilibrium Expression using the K, given

[x] [x] x?
K,=[0.015-x] 1.8x10° = [0.015]

(0.015)(1.8 x 10> ) =x?=2.7 x 107/

x=02.7x107 =|5.2x104M| = [H*]

From this information, simply calculate the pH

pH = - log [H*] - log(5.2 x 104) = pH 3.29



Let’s try one:

* What is the pH of a 0.10 M HOCI solution?
Given: K,=3.1x10%
— |Is this a Strong or a Weak Acid? How do you know?
— Write the dissociation equation. what kind of arrow is used?
— Write the equilibrium expression.
— Setup an | CE chart
— Substitute in the final concentration(s).
— Substitute in the K, and solve for x
— X will be the concentration of H*. g’;;lclglflemcz’:;g::dﬂzgi;:
— Use this value to solve for pH. original concentration.
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What is the pH of a 0.10 M HOCI solution?
Given: K,=3.1x103

HOClyy S Hfeg+OCluy k.= LH11OCH]

° [HOCI]
HOCI S H* + OCI
Initial concentration (M): 0.10 0 0
Change (M) - X + X + X
Equilibrium (M) 0.10 - X X X

Assume x is small compared to 0.10

DX - X2/ o X
Ka= [0.10-x] * [0.10-x] * [0.10]

J. Flint Baumwirt ~ Granada Hills Charter High School ~ 2010



What is the pH of a 0.10 M HOCI
solution? Given: K,=3.1x108

K= X 3.1x108= X’
[0.10] [0.10]

(0.10)(3.1 x 108 ) = x2=3.1 x 10

Solve for x

x=03.1x10° = 5.6x105M =[H*] (or OCI!)

Does this value of x change the concentration of the original acid which
would change the final answer? CHECK IT! Aaaaahhhhh SIG FIGS!!!!

Calculate pH from the value determined of [H*] =5.6 x 10> M

pH=-log [H*] -log (5.6 x10>)=|pH=4.25
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