LibreTextsm

15.8: pH and pOH Calculations
£ Learning Objectives
o Define pH and pOH.
o Determine the pH of acidic and basic solutions.
o Determine the hydronium ion concentration and pOH from pH.

The pOH scale
In the previous section, the pH was defined as the negative logarithm of the hydronium ion concentration:
pH = —log[H;07] (15.8.1)

It is likely you have only heard of the pH scale. However, there is a pH counterpart called the pOH (the "power of the hydroxide ion"), which is
defined as the negative logarithm of the hydroxide ion concentration:

pOH = —log[OH™] (15.8.2)
For aqueous solutions at 25°C, the sum of the pH and pOH is always 14.00:

pH + pOH = 14.00 (15.8.3)

While its derivation is beyond the scope of this text, Equation 15.8.3 is a mathematical extension of the relationship between the [H;0"] and the
[OH™ ], established in Section 15.6, in which their product is 1.0 x 1074 at 25°C:

[H;O"][OH | =1.0x 107"

Simple pH and pOH Calculations

In pure water, we have already established that [H;O']=[OH |=10"M. Substituting [OH | =10"M into the equation,
pOH = —log[OH | :

pOH = —log[1077] = —(-7) =7

Thus, both the pH = 7 and pOH = 7 for pure water. This makes sense, since the pH and pOH should sum to 14, as shown in Equation 15.8.3

above. As previously noted, temperature matters. However, if the temperature is not cited, a temperature of 25°C (room temperature) may be
assumed.

Example 15.8.1

What is the pH of these solutions?

A.pOH =5.55

B. [H;0%] =101 M
C. [0OH ] =10°M
Solution

A. From Equation 15.8.3, pH + pOH = 14.00. Therefore, pH = 14.00 — pOH = 14.00 — 5.55 = 8.45.

B. From Equation 15.8.1, pH = —log[H30"] = —log(10™") = —(-11) = 11

C. From Equation 15.8.2, pOH = —log[OH | = —log(10 %) = —(—8) = 8. From Equation 15.8.3, pH + pOH = 14.00. Therefore, pH =
14.00 — pOH = 14.00 - 8 = 6.

LA

. Exercise 15.8.1

What is the pOH of these solutions?
A.[OH]=104M
B. [H;0"] =102 M
C.pH=9.01
Answer A
pOH =4
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Answer B
pOH =2

Answer C
pOH =4.99

Figure 15.8.1 summarizes the relationships between [H;O0*], [OH™], pH, and pOH. Note that the product of [H;0*] and [OH™] is always 1.0 x
10-14 M and that the sum of the pH and pOH is always 14.

[H;0%] [OH7] pH pOH

im 104 Mm 0 14
0™ 102 M 1 13
102M 102 M 2 12
10°M 10Mm acidic 3 1
10*M 10°m a 10
10°M 10°M 5 9
10°M 10°M 6 8
107 M 107M neutral 7 7
10°Mm 10°M 8 6
10°M 10°M 9 5
10°m 10 M 10 a4
10t m 103 M basic 11 3
10%2m 102M 12 2
102 m 0™ 13 1
104 Mm im 14 0

Figure 15.8.1: A table summarizing the relationships between [H30"], [OH"], pH, and pOH. (ChemLancer)

pH and pOH Calculations That Require a Calculator

Calculations more complex than the ones shown above likely require a calculator. It is impossible to provide instructions for every available
model of calculator, but we will look at three different models. The large majority of calculators share one of the sequences used by the
calculators shown in Figure 15.8.2.
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T84 Plus Pocket SE

Figure 15.8.2: Three different models of calculators (left to right): TI-84 Plus (bfishadow via Flickr), TI-30XIIS (Alice H. via Flickr), Casio fx-
61F (Dave Jones via Flickr)

Example 15.8.2

Calculate the pH of the following solutions:
A. [H;0"] =5.6 x10°M
B. [H;07] =5.7x10°M
C. [H;0"] =5.7x104M

Solution

A.pH = —log[H;0"] = —log(5.6 x 107) = 4.2518 = [4.25]
B. pH = —log[H;0"] = —log (5.7 x 107%) = 4.2441 =
C. pH = —log[H;07] = —log (5.7 x 10~*) = 3.2441 =

The procedure for determining significant figures in pH calculations is described below. The method for using a calculator to calculate pH for
Part A follows.

Look carefully at the [H;0"] for Parts A and B in Example 15.8.2 above. Each measurement has two significant figures and the uncertain digit
is the second significant figure (last digit). Upon calculating the pH, we see in the Solution that the uncertain digit is the second digit after the

decimal. When comparing the [H;0*] for Parts B and C, we notice that changing the exponent on the power of 10 changes the number that is in
front of the decimal in the calculated pH.

Since each measurement can only have one uncertain digit, this leads us to conclude:
o The calculated pH will have the same number of decimal places as the number of significant figures in the [H;0"].

In other words, if the [H30™"] has only one significant figure, then the calculated pH will only have one decimal place. A similar statement may
be made about the number of significant figures with regard to pOH and the [OH™]:

o The calculated pOH will have the same number of decimal places as the number of significant figures in the [H;O*].

#» Using a Scientific Calculator to Calculate pH

To calculate the answer to Example 15.8.2 Part A:

On a TI-83, TI-84, or TI-30XIIS:

* [O)]fiog] -6 2d] EEIO)]5 ) |

o The EE function is located above the ] button on a TI-83 and TI-84. It is located above the button on a TI-30XIIS.
o At this point your display should look like this: —log(5.7E — 5) and you can press the button.
o An answer of 4.2518... will be displayed and need to be rounded to the proper number of significant figures.
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On a Casio fx-61F:

o 5.6[EXP|5 [+/— +/-|=1

o An answer of 4.2518... will be displayed and need to be rounded to the proper number of significant figures.

Example 15.8.3

Calculate the pH of the following solutions:

A.0.10 M HCI
B. 0.0044 M Ca(OH),

Solution

Steps for Problem Solving

Identify the "given" information and what the
problem is asking you to "find."

List known relationship(s).

Plan the problem.

Calculate the answers.

Think about your results.

“\. Exercise 15.8.2

0.10 M HCI 0.0044 M Ca(OH),

Given: HCl = 0.10 M Given: Ca(OH), = 0.0044 M

Find: pH Find: pH

Ca(OH), is a strong base. Therefore:

HCl is a strong acid. Therefore: [OH"| = [base] x number of OH" ions in the chemical
[H;0*] = [acid]
pOH = — log[OH’]
pH = —log[H;0"]
pH + pOH = 14.00

Calculate the [OH"].

Calculate the pOH by plugging the [OH~] into
Calculate the pH by plugging the [H;0"] into the equation.
the equation.
Calculate the pH by rearranging and plugging
in the pOH:

pH = 14.00 — pOH

[OH ] =0.0044M x 2 = 0.0088 M
pH = —log[H;0*] = —1og(0.10) = pOH = —log[OH~| = —log(0.0088) = 2.06

pH = 14.00 — pOH = 14.00 — 2.06 = [11.94

Ca(OH), is a strong base. A pH = 11.94 would
be quite basic, so the answer makes sense.

HCl is a strong acid. A pH = 1.00 would be
very acidic, so the answer makes sense.

What is the pH of these solutions?

A.0.10 M NaOH
B. 6.1 x 10 M HI

https://chem.libretexts.org/@go/page/359221
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C. [OH ] =2.0x107M
Answer A

pH =13.00
Answer B

pH=221

Answer C
pH=7.30

Calculating Hydronium Concentration from pH

In some cases, the pH of a solution is known and the [H;O*] or concentration of the acid solution is needed. To convert pH to [H;O*], Equation
15.8.1 may be rearranged to solve for [H;O"]. This involves taking the antilog (or inverse log) of the negative value of pH. Yeah, sounds
complicated...so we'll spare you the details and show you the end result:

[H;0%] =107 (15.8.4)
A similar equation exists to retrieve the [OH~] from the pOH:

[OH™] = 107%H (15.8.5)

Example 15.8.4

Calculate the hydronium ion and hydroxide ion concentrations of a solution with a pH of 12.60.

Solution

Steps for Problem Solving

Given: pH = 12.60
Identify the "given" information and what the problem is asking you to fven:p

"find."
Find: [H;0]=? M; [0OH | =? M
[H;07] =107
List known relationship(s). pH + pOH = 14.00
[OH] = 10-P0H
Find [H;07"] by plugging pH into the equation.
Plan the problem. Calculate the pOH by rearranging and plugging in the pH:

pOH = 14.00 - pH

Find [OH"] by plugging pOH into the equation.

[H30%] =107 = 1071260 = [25x 10 M

Calculate the answers. pOH = 14.00 — pH = 14.00 — 12.60 = 1.40

O8] = 10749 — 101+ — [0i0 ]
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Steps for Problem Solving

The [H;0"]and [OH"] should each have two significant figures, since
Think about your results. the pH had two decimal places. A quick check shows that
[H;07] [OH™] = (2.5 x 107'%)(0.040) = 1.0 x 1074,

#» Using a Scientific Calculator to Calculate [H;0™]

To calculate the [H;07] in Example 15.8.4 above:

On a TI-83, T1-84, or TI-30XIIS:

« ][ (J[&]2s0]) ]

e At this point your display should look like this: 10" (—12.60) and you can press the button.

o An answer of 2.511886...E-13 will be displayed and will need to be rewritten in scientific notation and rounded to the proper number of
significant figures (2.5 x 10713).

On a Casio fx-61F:
+ 10 [FEFT)[F] 1260 [/ =]

o An answer of 2.511886...13 will be displayed and is very easily misinterpreted. It needs to be properly rewritten in scientific notation
rounded to the proper number of significant figures (2.5 x 10713).

“\. Exercise 15.8.3

A. If moist soil has a pH of 7.84, find the [H;0"] and [OH™] of the soil sample.
B. When lime (CaO) is added to this soil, its pH increases to 8.42. Find the new [H;O*] and [OH™ ] of the soil sample.
C. When sulfur is added to this soil, its pH decreases to 6.57. What is the new [H;0"] and [OH™] of the sample?

Answer A

[H30"]=1.4x10°M; [OH | =6.9x 107 M

Answer B
[H;07] =38x10°M; [OH | =2.6x10°M

Answer C
[H30"]=2.7x107M; [OH | =37 x 108 M
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