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Acids and Bases

There is a large group of compounds called acids, but not all acids are inorganic.  Many are organic. Another large group of compounds consists of bases. A base (sometimes called an alkali) can be looked upon as the opposite of an acid. Acids and bases enter into many chemical reactions, and the chemist has long been interested in their behavior. We. too, will investigate acid-base reactions, but, first, what are acids and bases, and how are they different from other chemical compounds?

Getting Down to Basics (and Acidics)

The classical definition of an acid is that it is a substance that is sour. A lemon contains citric acid, and a lemon is sour. Milk can be sour. Sour milk contains lactic acid. Vinegar is sour, and it contains acetic acid. We could list many other examples of acid‑containing substances that are sour.

But a chemist needs a better way to find out if a substance is an acid than by merely determining if it is sour. A chemist who goes around tasting unknown liquids may not have a long career! More commonly, the chemist uses dyes called indicators to identify a substance as an acid or a base. Litmus is a common indicator. An acid turns litmus paper red; a base turns litmus paper blue. Another indicator is phenolphthalein, which is colorless when exposed to an acid but which turns red when combined with a base.

Examples of indicators and their colors: 

indicator

Acid
Base

bromthymol blue
yellow
blue

litmus

red
blue

methyl violet
yellow
blue

methyl yellow
red
yellow

methyl orange
red
yellow

methyl red

red
yellow

phenol red

yellow
red

phenolphthalein
colorless
red
bromcresol green
yellow
blue

An indicator can be helpful to a chemist when he seeks to identify a substance as an acid or a base. But the indicator itself is not a definition. What is an acid? To define an acid, the chemist has observed the behavior of an acid when it dissolves in water. On the basis of his observation, the chemist defines an acid in this way‑ An acid is a substance that donates hydrogen ions to water in solution to form the hydronium ion (H3O+).  Hydronium ions are formed when an acid dissolves in water.  Thus, we have the following:

Hydrochloric acid:     HCl 

+ 
H2O
(      
H3O+ 
+ 
Cl1- 
Acetic acid:     CH3COOH 
+ 
H2O    
( 
H3O+ 
+ 
CH3COO1- 

Sulfuric acid:        H2SO4   
+ 
H2O 
( 
H3O+ 
+ 
HSO41-​

All acids form the same hydronium ion (H3O+) in water solutions. Every acid forms a characteristic anion (a negative ion, remember) that is simply the starting molecule from which a hydrogen ion has been removed. The term hydrogen ion and the symbol H+ are often used in reference to acids. A hydronium ion is simply a hydrogen ion attached to a water molecule:

H+         +
       H2O      (       H3O+
As we have noted, the opposite of an acid is a base, or an alkali. A base may be characterized as having a bitter taste (with the same tasting difficulties we noted earlier for acids) or in terms of the color changes that it produces with indicators. But as she defined an acid, a chemist bases her practical definition of a base on the way it reacts in a water solution. The chemist's definition states the following: A base is a substance that accepts hydrogen ions. The hydroxide ion (OH-), for example, can accept a hydrogen ion, H+ to form water. The OH‑ ion is a characteristic base used in water.

Bases may produce the hydroxide ion in solution in two ways. In one method, hydroxide ions are released when compounds known as hydroxides dissolve in water. An example of such a compound is sodium hydroxide (NaOH). Sodium hydroxide is an ionic compound. Sodium hydroxide consists of an equal number of sodium ions (Na+) and hydroxide ions (OH‑). When dissolved in water, sodium hydroxide releases hydroxide ions and forms a basic solution:

NaOH dissolved in water becomes  Na+(aq) + OH​- (aq)

A second method for forming basic solutions is the reverse of the process for forming acidic solutions. Acidic solutions form when the solute donates a hydrogen ion to a water molecule. Basic solutions form when the solute removes a hydrogen ion from a water molecule. If a hydrogen ion is removed from a water molecule, a hydroxide ion must be left:

NH3 
+ 
H2O
( 
NH4+ 
+ 
OH​-
Ammonia (NH4+) is a base because it removes a hydrogen ion from a water molecule, leaving behind a hydroxide ion. This is why a solution of ammonia (NH3) in water, household ammonia, is sometimes called ammonium hydroxide.

In some ways acids and bases are similar. For example, each forms a characteristic ion in solution (H3O+, acid; OH‑, base). In other ways they are different. For example, they have different effects on indicators. Further, it can easily be shown that acids and bases are antagonistic toward each other. For example, if you add some litmus to a test tube containing acetic acid, the solution will turn red. If you add sodium hydroxide to the same test tube, eventually the solution will turn blue. The color change can be reversed if more acetic acid is added, and so on.

At any one time a solution can be either acidic or basic, depending on whether more acid or more base has been added. This is because the hydronium ions formed by the acid and the hydroxide ions formed by the base react with each other:

H3O+
 + 
OH‑   
( 
2H2O 

acid 
+ 
base 
( 
water

This reaction, called a neutralization reaction, is another characteristic of acids and bans: Acids and bases react with each other to neutralize the properties of both. In addition to the water formed upon neutralization, the other ions present from the original acid and the original base are left to form a salt. For example, a solution of hydrochloric acid contains hydronium ions and chloride ions. A solution of sodium hydroxide contains sodium ions and hydroxide ions. When the two solutions neutralize each other, the hydronium ions and the hydroxide ions combine to form water, leaving sodium ions and chloride ions behind to form NaCl.

(H3O+ 
+
 OH‑1
 ( 
2H2O)

Na+  
+
Cl -1
( 
NaCl

If this is done carefully so that the number of moles of acid is exactly equal to the number of moles of base, the solution is exactly the same as one made by dissolving sodium chloride in water. Here we have an example of the amazing properties of neutralization reactions. You can take a corrosive, irritating solution of hydrochloric acid and add to it an equally corrosive, caustic, and poisonous solution of sodium hydroxide (household lye) to form the relatively harmless solution of sodium chloride, salt water!


HCl

+ 
NaOH
       (

NaCl
+
H2O
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Neutralization reactions are quantitative because one hydroxide ion reacts with one hydronium ion to yield the products of the reaction. This makes it relatively simple to analyze a solution and determine how much acid or base is present. To find out how much acid there is in a sample, you need only to obtain an indicator and a base of known concentration (called a standard solution). Adding measured amounts of one solution to another solution until the indicator just changes color (a change called the end point) is known as titration. Titration is often used to determine the amount of acid or base in a sample.

Have you ever stopped to realize that many of the common materials in your home are acids and bases? Are you aware that reactions with such chemicals go on daily in the kitchen. in the bathroom. and in the laundry room? In the following experiment, you will use standard solutions of sodium hydroxide to analyze some of these household substances.

Household Acids and Bases

In this experiment the end point of the titration will be signaled by a change in color of an indicator, phenolphthalein This indicator is red or pink in basic solutions. It is colorless in acids. If you are careful, you can identify the end point accurately by adding the titrant (the liquid from the buret) until the indicator just changes color by the addition of a single drop of the titrant from the buret. It you add too much titrant and overshoot the end point, throw out the sample and start over, proceeding more slowly as you approach the end point.

The figure shows how to use a buret properly.
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(Your teacher will also demonstrate the technique.) If you are right‑handed manipulate the stopcock with your left hand. Your right hard then is free to swirl the contents of the flask and to mix the contents. If you are left‑handed. reverse the procedure.

Procedures:

Part 1: Acetic Acid in Vinegar. Household vinegar is a dilute solution of acetic acid made by the bacterial oxidation of ethanol in cider from apples or from synthetic acetic acid. Obtain an Erlenmeyer flask. Weigh the flask and record its mass. Next, measure 20 mL vinegar in your graduated cylinder. Pour this vinegar into your flask.  Weigh the flask containing the vinegar and record the mass. Add 2-5 drops of phenolphthalein indicator to the flask. Titrate the contents of the flask with 1.00 M sodium hydroxide (NaOH) solution until the contents of the flask barely turns pink. Record the volume of sodium hydroxide (NaOH) used for each titration.  Once you are familiar with the volume of base (NaOH) you will need, repeat the experiment two more times.  Your goal is to titrate the vinegar such that one drop of base makes the difference between a clear solution and a pink one.  Your first trial may not be very accurate.  The point of the first trial is to get a general idea of what to do and how much base you need to add to neutralize the acid.  Your second trial should be more precise, and your third trial should be most accurate.  If there is time, you may do a fourth trial. 

Part 2: Acid Household Cleaners. Many household cleaners contain hydrochloric acid (HCl) or sodium hydrogen sulfate (NaHSO4, sodium bisulfate). The acids dissolve rust and some hard‑water deposits. Choose a household cleaner that contains acid. (Toilet bowl cleaner will be available to you.)   Determine the amount of acid that the cleaner contains.

Proceed as in Part 1. If your cleaner is a liquid. measure out about 10 mL in your graduated cylinder. (Why is the exact amount not important?) Pour the cleaner into a weighed flask. Weigh a second time. Record. 

Add 25 mL distilled water. (If you forget to weigh before adding the water, don’t worry…the density of water is 1 g/ mL so if you added 25 mL of water, you added 25 g of water.)  Keep in mind, if you add the distilled water to the goop remaining in your graduated cylinder, that goop will become a part of your toilet bowl solution.  If you do not know the mass of that “goop,” then it can interfere with your data.  You might want to designate a graduated cylinder for distilled water and another one for the toilet bowl cleaner.  If your sample "fizzes." wait a few moments before proceeding. Titrate in the same manner as in Part 1, stopping the titration when the solution just turns pink. Don’t worry, you’ll be able to see the pink with the brand of toilet bowl cleaner we use. Calculate in milliliters, liters, and moles (mol) the amount of sodium hydroxide (NaOH) needed to neutralize the cleaner. Both hydrochloric acid (HCl) and sodium hydrogen sulfate (NaHSO4) require one mole of sodium hydroxide to neutralize one mole of acid


HCl 

+
NaOH

(
NaCl

+
 H2O

hydrochloric acid 
+  sodium hydroxide 
(      Sodium chloride
+
 water

NaHSO4

+
NaOH


( 
Na2SO4

+
 H20

sodium bisulfate
+
sodium hydroxide
(
sodium sulfate
+
water

Check the label on the original container to determine which acid you nave in your cleaner. Proceed with the calculation as in Part I to determine the amount of the acid in the cleaner in moles, by mass, and in percent. After completing the experiment. check the percent acid as indicated by the manufacturer. Suggest sources of experimental error or reasons for differences in results.

Results questions:

1. 5.14 g of a household cleaner containing hydrochloric acid requires 16.5 cm3 of 1.0 M sodium hydroxide solution to neutralize.  What is the percent of HCl in the cleaner?  Be sure to write out the balanced equation for this reaction.

2. One of the reasons that acids are used in household cleaners is to dissolve “rust” stains from hard water containing iron.  These stains may contain Fe(OH)3.  Write a balanced equation for the reaction of Fe(OH)3 with HCl.

