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Acids, Bases, & the pH Scale

What does it mean for a solution to be acidic or basic (alkaline)?

It all has to do with hydrogen ions (abbreviated with the chemical symbol H*). In water (H20), a small number of the

molecules dissociate (split up). Some of the water molecules lose a hydrogen and become hydroxide ions (OH™).
The "lost" hydrogen ions join up with water molecules to form hydronium ions (HzO™). For simplicity, hydronium ions

are referred to as hydrogen ions H*. In pure water, there are an equal number of hydrogen ions and hydroxide ions.
The solution is neither acidic or basic.

An acid is a substance that donates hydrogen ions. Because of this, when an acid is dissolved in water, the balance

between hydrogen ions and hydroxide ions is shifted. Now there are more hydrogen ions than hydroxide ions in the
solution. This kind of solution is acidic.

A base is a substance that accepts hydrogen ions. When a base is dissolved in water, the balance between
hydrogen ions and hydroxide ions shifts the opposite way. Because the base "soaks up" hydrogen ions, the result is
a solution with more hydroxide ions than hydrogen ions. This kind of solution is alkaline.

Acidity and alkalinity are measured with a logarithmic scale called pH. Here is why: a strongly acidic solution can
have one hundred million million (100,000,000,000,000) times more hydrogen ions than a strongly basic solution!
The flip side, of course, is that a strongly basic solution can have 100,000,000,000,000 times more hydroxide ions
than a strongly acidic solution. Moreover, the hydrogen ion and hydroxide ion concentrations in everyday solutions
can vary over that entire range.

In order to deal with these large numbers more easily, scientists use a logarithmic scale, the pH scale. Each one-unit
change in the pH scale corresponds to a ten-fold change in hydrogen ion concentration. The pH scale ranges from 0
to 14. It's a lot easier to use a logarithmic scale instead of always having to write down all those zeros! By the way,
notice how one hundred million million is a one with fourteen zeros after it? It is not coincidence, it is logarithms!

To be more precise, pH is the negative logarithm of the hydrogen ion concentration:
pH = —log [H']

The square brackets around the H" automatically mean "concentration” to a chemist. What the equation means is
just what we said before: for each 1-unit change in pH, the hydrogen ion concentration changes ten-fold. Pure water
has a neutral pH of 7. pH values lower than 7 are acidic, and pH values higher than 7 are alkaline (basic). Table 1
has examples of substances with different pH values (Decelles, 2002; Environment Canada, 2002; EPA, date
unknown).
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pH Value

How Do You Measure the pH of a Solution?
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Example

battery acid

concentrated sulfuric acid

lemon juice, vinegar

orange juice, soda

tomato juice, acid rain

black coffee, bananas

urine, milk

pure water

sea water, eggs

baking soda

Great Salt Lake, milk of magnesia

ammonia solution

soapy water

bleach, oven cleaner

liquid drain cleaner

Table 1. The pH Scale: Some Examples
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The pH of a liquid or solution is often an important piece of information in science. Measuring pH can be done simply
and quickly using pH test paper, pH indicator sticks, or a pH meter. pH test paper and indicator sticks are pieces
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of paper or stiffer sticks that contain pH indicators (chemicals that change color depending on how acidic or basic a
solution is). To measure pH, a piece of pH test paper or an indicator stick is dipped into the liquid. The color of the
dipped paper/stick is then matched to a color key that comes with the container of pH test paper or indicator sticks.
Each color on the key represents a different pH. An example of a used pH indicator stick and the corresponding color
key is shown below in Figure 1. pH meters are electronic devices that used to measure pH. They consist of a probe
that is dipped in a solution, and a digital readout. pH meters are even more precise than pH test paper or indicator
sticks. Table 2 below discusses what types of pH measuring devices are best for different science project
applications, and offers a quick link to purchasing different pH test papers and indicator sticks.

A -y, BFE A0
pH-Fix 0-14

100 farblixiertie Indikatarstabehen
100 colour-lined indicalor sticks

nmmrl#

Figure 1. pH test paper (not shown) and pH indicator sticks (shown here) are dipped into a solution then matched
against a color key to determine the solution's approximate pH (Michael Krahe, 2005).
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Hydrion MicroFine Disp. 7.9-9.7
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High quality pH meters can be expensive. We
recommend checking if there is one available at your
local high school chemistry laboratory before
purchasing. Various models are available from
Amazon.com (http:/www.amazon.com/mn/search/?
_encoding=UTF8&tag=sciencebuddie-
20&linkCode=ur2&camp=1789&creative=390957&field-keywords=ph%

20meters&url=search-alias%3Daps).

Atlas Scientific pH Calibration Kit
(http://www.amazon.com/gp/product/BO063MWYMQ/ref=as_li_ss_tI?

ie=UTF8&tag=sciencebuddie-
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Table 2. The items above can be used to measure pH for science projects and other hobby and home applications.
Clicking the purchasing links will take you directly to the product at www.amazon.com (nttp://www.amazon.com/?

_encoding=UTF8&tag=sciencebuddie-20&linkCode=ur2&camp=1789&creative=9325).

To get accurate pH readings always remember to:
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« Wait a minute or two after you add an acid or a base to a solution. This will allow the reaction (ions being
either donated [acid] or accepted [base]) to complete before you measure.
 Swirl or mix a solution well before measuring. This will help ensure that the solution is uniform.

When using pH test paper/indicator sticks you should also:

» Make sure to only use paper/sticks that have not been previously wetted.

» Wait for the color to stop changing (1-2 minutes maximum) before matching the paper/stick to the color key.
Do not wait more than 5 minutes after the color has stabilized or it may start to fade and affect the accuracy of
your reading.

When using a pH meter you should also:

 Carefully read the manual for the pH meter before using it.

* Rinse the pH meter probe with distilled water before every reading.

» Use solutions with known pH values, see Table 2, to make sure the pH meter is accurately calibrated.
+ Make sure the pH meter probe is properly submerged in the solution before taking a reading.
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ELMER'S.

You can find this page online at: http://www.sciencebuddies.org/science-fair-
projects/project_ideas/Chem_AcidsBasespHScale.shtml
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You may print and distribute up to 200 copies of this document annually, at no charge, for personal and classroom
educational use. When printing this document, you may NOT modify it in any way. For any other use, please contact
Science Buddies.

Copyright © 2002-2014 Science Buddies. All rights reserved. Reproduction of material from this website without
written permission is strictly prohibited. Use of this site constitutes acceptance of our Terms and Conditions of Fair
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