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15.7: An Introduction to pH
⚙ Learning Objectives

Define pH and acidic, basic, and neutral pH values.
Determine the magnitude of change in [H O ] for changing pH values.

 
Perhaps you have heard of the term pH used to describe the acidity or basicity of a substance or you already know that a pH = 7 is
neutral – neither acidic, nor basic. What is the pH and what does it mean? If a carbonated beverage has a pH = 3, how does it
compare to a solution that has a pH = 6? Is it half as acidic? Twice as acidic? Or is it something entirely different? (Hint: It is!) 
 

Figure : A typical cola has a pH ≤ 3. (rawpixel via FreeRange)

 
The pH Scale 

We have seen that  and  values may be very small and vary widely from one solution to another. Before it was
known that H  ions were unlikely to exist in aqueous solution, Danish scientist Søren Sørensen (1868-1939) proposed a system for
representing the  called the pH scale. The letters pH stand for the "power of the hydrogen ion" and was originally defined as
the negative logarithm of the hydrogen ion concentration, as shown in Equation  (read about Logarithmic Scales below):

Today, we know that acids produce hydronium ions in solution rather than hydrogen ions, so the definition of pH may be slightly
reworded to be the negative logarithm of the hydronium ion concentration:

In pure water, we have already established that . Substituting  into the equation, 
:

Thus, the pH = 7 for pure water (or any neutral solution). It should also be noted that pH values have no units. The pH of pure
water is simply 7. 
 

⛓ Logarithmic Scales
What is a logarithm and why is it used to represent the acidity or basicity of a solution? The  of an aqueous solution is
almost always in the range of 10  M to 1 M. This is an extremely wide range that is over several orders of magnitude. A
logarithmic scale condenses this range of values to numbers that are easier to use, almost always in the range of 0 to 14.

Logarithms have different "bases". Base-10 logarithms, which are based on magnitudes of 10, are used to calculate pH. Some
example logarithm calculations:

Therefore, in general:
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Each integer value increment represents a factor of 10. In the case of the pH, we define it as being the negative logarithm of the
hydronium ion concentration, . Therefore, a solution with a pH = 3 has a  = 10  M, which is 10 times
larger than a solution with a pH = 4, which has a  = 10  M, and a solution with a pH = 4 has a  that is 10 times
larger than a solution with a pH = 5, which has a  = 10  M. This means that a solution with a pH = 3 has a  that
is 100 times larger than a solution with a pH = 5. In other words, each whole number decrease in pH value represents a 10-fold
increase in the .

To answer the question asked at the beginning of this section, "If a carbonated beverage has a pH = 3, how does it compare to a
solution that has a pH = 6?" We can now say that a solution with a pH = 3 is 10×10×10, or 10  times the acidity of a solution
with a pH = 6, in terms of the ; not twice as acidic or half as acidic. 
 

Figure : Earthquake damage in Portsmouth, Dominica from magnitude 6.2 Les Saintes earthquake. (21 November,
2004). (UWI Seismic Research Centre via Flickr)

 
Other measurements based on a logarithmic scale include the Richter scale, used to measure earthquake intensity and sound
intensity, which is measured in units called decibels (dB). In the case of the Richter scale, each whole number increment in
magnitude represents a 10-fold increase in earthquake intensity. An earthquake with a magnitude of 7.2 has 10 times the
intensity of an earthquake with a magnitude of 6.2, which has 10 times the intensity of an earthquake with a magnitude of 5.2.
This means that an earthquake with a magnitude of 7.2 has 100 times the intensity of an earthquake with a magnitude of 5.2.

In the case of sound intensity, each decibel (dB) represents ⅒  bel (B). This means that each increment of 10 dB represents a
10-fold increase in sound intensity. A sound intensity level of 98 dB has 10 times the intensity of 88 dB, which has 10 times the
intensity of 78 dB. In other words, a sound intensity level of 98 dB has 100 times the intensity of 78 dB. 

 
As established in the previous section, a solution with a  greater than  is acidic, while a solution with a 

 less than  is basic. In terms of pH, this may be summarized as follows:

If pH < 7, then the solution is acidic.
If pH = 7, then the solution is neutral.
If pH > 7, then the solution is basic.

Figure  shows the pH scale in relation to several common materials (the H  concentration in the figure below is the same
as the ). 
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Figure : The pH values for several common materials.

 

✅ Example 
Identify each solution as acidic, basic, or neutral.

A. milk of magnesia, pH = 10.5
B. a salt solution, pH = 7
C. wine, pH = 3.0

Solution

A. With a pH >7, milk of magnesia is basic. [Note: Milk of magnesia is the common name for Mg(OH) .]
B. With a pH = 7, a salt solution is neutral.
C. With a pH < 7, wine is acidic.

 

✏ Exercise 
Identify each substance as acidic, basic, or neutral.

A. Human blood with a pH = 7.4
B. Household ammonia with a pH = 11.0
C. Cherries with a pH = 3.6

Answer A
basic

Answer B
basic
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CK-12 Foundation

Answer C
acidic
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