
Covalent vs Ionic Compounds and Chemical Change

Experiment  #4   

Objective: To observe the chemical properties of ionic and covalent compounds, including some
gases generated from chemical reactions and electrical conductivity of ionic vs covalent compounds.

Introduction
Chemical compounds are generally classified as ionic compounds or covalent compounds,

depending on the type of bonding holding the atoms or groups of atoms together. Ionic compounds
are made of cations, which are positively charged, and anions that have negative charges. The
simplest ionic compounds are classified as binary when they contain only two elements, such as
sodium chloride, which contains the Na+ ion and the ClG ion. Another binary ionic compound is
calcium chloride, which contains a Ca2+ ion and two ClG ions in order to have a neutral charge for
the ionic compound. The charge on many ions can be predicted by their position in the periodic
table.

The elements in the first column (Group 1A) of the periodic table nearly always have a +1
charge in nature because they easily lose their one valence shell (outer shell) electron. Elements in
the second column (Group 2A) of the periodic table nearly always have a +2 charge in nature
because they easily lose both of their valence shell electrons. Elements in the next to last column of
the periodic table (Group 7A) often have a –1 charge because they have a strong tendency to gain
one electron to completely fill their valence shell. Oxygen, which is found at the top of Group 6A
generally gains two electrons to fill its valence shell and will have a –2 charge when combined with
other elements.

Covalent compounds are generally formed by combination of atoms from elements on the
right side of the periodic table (particularly when they are near the top of their group). Some
common diatomic molecules, such as H2, O2, N2, F2, Cl2, Br2 and I2 are nonpolar covalent
molecules. Some examples of covalent compounds are sugar, alcohol, and water, as well as most
biological molecules, such as fats and carbohydrates.

Ionic compounds that dissociate completely in water are called electrolytes because they can
carry an electrical charge (electrons), which is the basis of electricity. You will test the electrical
conductivity of ionic compounds in water compared to covalent compounds using a conductivity
meter. You will also investigate how some ions, such as Ca2+ and Mg2+ interact with soap
molecules, causing the metal ion-soap complexes to aggregate in solution, rendering the soap less
effective at cleaning. These ions are found in well water in areas where there is a lot of limestone
(CaCO3) or when Epsom salt (MgSO4) is added to water. When such ions are present in water, we
call it hard water and water softeners are often added to bind with the metal ions and prevent them
from binding with the soap.

Covalent molecules, such as sugar and alcohol do not form ions and are unable to carry an
electrical charge, so they are classified as nonelectrolytes. Ammonium hydroxide (or ammonia
water) has NH3 gas dissolved in water. The NH3 gas is what you smell when you open the bottle.
The combination of NH3 and H2O forms NH4OH in solution, but the reaction does not go to
completion and the NH4OH partially dissociates to form NH4

+ ion and OHG ion; it is a weak
electrolyte as is acetic acid in vinegar. Chemical equations use a double arrow to show that a
reaction does not go to completion, but instead goes to what is called equilibrium, as shown for the
examples of ammonia water and acetic acid below:
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Materials: Baking soda (sodium bicarbonate); magnesium ribbon; vinegar; ethanol; soap solution
(0.1% Ivory soap); 0.1% sodium lauryl sulfate (SLS, detergent solution); 1 M hydrochloric acid
solution; 0.1 M sodium carbonate solution; 0.1 M ammonium hydroxide solution; 0.1 M calcium
chloride solution, 0.1 M magnesium sulfate solution, 0.1 M potassium iodide solution; 0.1 M
sodium chloride solution, 1% sucrose (sugar) solution, 0.1 M barium chloride solution and 0.1 M
silver nitrate solution; conductivity testers; and 24 well plastic well trays.

Be sure to wear safety goggles for all parts of these experiments. Some reactions can cause
chemicals to shoot out of the test tubes if the proportions are not carefully measured.

Procedure

Note: Use disposable plastic Beryl pipets for addition of small volumes (up to 2 mL) of solutions in
many of these experiments. The pipets may have volume markings for 0.5, 1, 1.5 and 2 mL on
them. If not, you should mark them for these volumes using a felt tip marker and a calibrated
sample pipet. You can rinse the pipets by drawing in deionized water and squirting it out in the sink
or a waste flask when changing from one solution to another to minimize contamination. Always
hold the pipet upright when transferring solutions. Minimize the plastic waste you generate.

A. Generation of gases in chemical reactions.

Be sure to have your safety goggles on for this part. Have some matches ready and a 250 mL
beaker on the bench. You should light the match as soon as possible after mixing or have your
partner light the match as you are mixing. Be sure to have the test tubes in the beaker when you
light the match and place the fire at the very top of the test tube.

1. Add about 1 gram of baking soda (sodium bicarbonate, NaHCO3) to a clean large test tube. Tap
the tube gently to get all of the powder to the bottom of the tube.

2. Using a plastic pipet add about 2 mL of water and place the test tube in a 250 mL beaker on the
bench top to hold it at a slight angle. Then add about 2 mL of 1 M hydrochloric acid (HCl) solution
to the baking soda in the test tube.

3. Immediately light a match and hold it in the top of the test tube and notice what happens to the
flame. What are the bubbles in the solution? Record your observations on the report sheet.
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4. Be sure to have your safety goggles on. Add about 4 mL of 1 M hydrochloric acid (HCl) solution to
a clean large test tube and place the test tube in the 250 mL beaker on your bench top as you did for
the baking soda earlier.

5. Obtain a small (2 to 3 cm) piece of magnesium ribbon (Mg) and drop it into the HCl solution.
Immediately light a match and hold it in the top of the test tube standing in the beaker and notice
what happens to the flame. What do you think the bubbles are in the solution? Record your
observations on the report sheet and answer the questions for this part on the report sheet.

B. Testing water hardness.

1. Label 9 clean large test tubes 1 thru 9. Tubes 1 thru 3 will contain soap solution, tubes 4 thru 6 will
contain soap solution plus sodium carbonate solution (water softener), and tubes 7 thru 9 will
contain detergent solution.

2. Add about 15 mL of soap solution to a small beaker. Rinse the plastic pipet and transfer about 2 mL
of soap solution from the beaker to each of tubes 1 thru 6 prepared in step 1.

3. Fill a small test tube about 3/4 full of detergent (sodium lauryl sulfate) solution. Rinse the pipet
again and add about 2 mL of sodium lauryl sulfate solution to tubes 7 thru 9 prepared in step 1.

4. Dump the remaining soap solution in the beaker into the sink, rinse the beaker well and add about
15 mL of deionized water to the beaker. Rinse the pipet and add about 2 mL of deionized water to
each of tubes 1 thru 3 and 2 mL of deionized water to each of tubes 7 thru 9.

5. Fill a small test tube about 3/4 full of sodium carbonate solution. Add about 2 mL of sodium
carbonate solution to each of tubes 4 thru 6. Check to see if all 9 test tubes have the same volume
of solution in them. If not, you have done something wrong.

6. Place your thumb over the end of one test tube from each group (tube 1, soap; tube 4, soap +
sodium carbonate; and tube 7, detergent) and shake vigorously to make suds. Compare the amount
of sudsing in each tube and record it on the report sheet as much suds, little suds or no suds.

7. Add about 1 mL of 0.1 M sodium chloride solution into each of the three test tubes that you just
shook (tubes 1, 4 and 7). Shake each of the 3 test tubes (1, 4 and 7) vigorously again to note the
sudsing action and record your observations on the report sheet indicating whether there was any
noticeable difference when NaCl was added to the soap or detergent solutions. You should look to
see if there is any flocculation (clumping together) or increased cloudiness in the solution.

8. Add about 1 mL of 0.1 M magnesium sulfate solution to a second test tube from each group (tube 2
soap; tube 5 soap + sodium carbonate; and tube 8 detergent) and shake vigorously to make suds as
you did after adding NaCl to the above set of three tubes. Record your observations on the report
sheet indicating whether there was any noticeable difference when MgSO4 was added to the soap or
detergent solutions and noting whether there is any difference in the amount of suds, flocculation
(clumping together), cloudiness or scum floating on top. Take note of any differences between the
two soap solutions and whether the addition of sodium carbonate (water softener) makes any
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difference.

9. Add about 1 mL of 0.1 M calcium chloride solution to the remaining three test tubes, one from each
group (tube 3 soap; tube 6 soap + sodium carbonate; and tube 9 detergent) in the same way you did
with the other salts, shaking the tubes vigorously after adding the CaCl2 solution and observe any
differences in terms of amount of suds, flocculation, cloudiness, scum floating on top or other
changes in the solutions. Record your observations on the report sheet and answer questions for
this part. 

C. Testing conductivity and analysis of specific ions.

In this part of the experiment you will test the electrical conductivity of various solutions and do
tests for various ions. These tests are easily done in a tray containing small test wells and you will
test for chloride (ClG) and sulfate (SO4

2G) ions. You will test 2 sets of 6 different solutions or liquid
compounds for conductivity or specific ions. Set up your plastic test well tray as shown below.

NaCl
Soln

CaCl2
Soln

Na2CO3

Soln
Sucrose

Soln
Tap

Water
Deionized

Water

1 2 3 4 5 6

A NaCl CaCl2 Na2CO3 Sucrose Tap
Water

DI Water Conductivity

B NaCl CaCl2 Na2CO3 Sucrose Tap
Water

DI Water AgNO3

C NaCl CaCl2 Na2CO3 Sucrose Tap
Water

DI Water BaCl2

D ---- ---- ---- Empty ---- ----

1. Add about 1 mL of each solution to separate wells in their respective columns of the tray: sodium
chloride solution, calcium chloride solution, sodium carbonate solution, sucrose solution, tap water
and deionized water as indicated in the table above. The last row (row D) can be empty, it will not
be used. Be careful not to contaminate each solution by rinsing the Beryl pipet with deionized water
after transferring each different solution.

2. After adding the test solutions or water to the wells in each column, use the conductivity tester to
measure whether each solution will conduct electricity in row A. Notice that the light indicates
conduction of electrons between the leads of the tester. Record the number on the meter for
conductivity in the top row only of the table on the report sheet regarding the relative conductivity
of each solution read from the meter. The top row has “Cond” in the right column indicating
conductivity.

3. After measuring the conductivity for row A of the tray, add a few drops of the appropriate test
reagents as shown along the right border of the above diagram to each well in its respective row.
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4. Silver nitrate reagent will give a positive test for halide ions, including Cl- ion. (What are some other
halide ions?)  Add 2 drops of silver nitrate reagent to each well in row B and notice whether there is
any precipitate formed. Which wells contain chloride ion?  What do you observe in those wells?  Do
you see a similar thing happen in the deionized water well, the tap water well or the sugar well? Do
you get a positive test with sodium carbonate? Record your observations in the appropriate table on
the report sheet.

5. Barium chloride will give a positive test (precipitate) for sulfate ions. Add 3 drops of BaCl2 reagent
to each well in row C. Do any of the wells give a positive test? Do you expect any wells in this part
to give a positive test? Record your observations in the appropriate table on the report sheet.

6. Rinse the well tray thoroughly with tap water, making sure all wells are clean and give a final rinse
with deionized water. Shake any excess water from the tray.

7. Add 1 mL of each of the following solutions in separate wells in their respective columns in the tray
as indicated in the diagram below: 0.1 M solutions of ammonium hydroxide (NH4OH), magnesium
sulfate, potassium iodide, detergent solution (sodium lauryl sulfate), vinegar, and ethanol.

0.1 M
NH4OH

MgSO4

Soln
KI

Soln
Na Lauryl

Sulfate
Vinegar Ethanol

1 2 3 4 5 6

A NH4OH MgSO4 KI Detergent Vinegar Ethanol Conductivity

B NH4OH MgSO4 KI Detergent Vinegar Ethanol AgNO3

C NH4OH MgSO4 KI Detergent Vinegar Ethanol BaCl2

D ---- ---- ---- Empty ---- ----

8. Test each solution for conductivity as you did earlier and record the number for conductivity from
the meter in the top row of the appropriate table on the report sheet for this part.

9. After testing for conductivity, add 2 or 3 drops of AgNO3 and BaCl2 as you did earlier for their
respective rows in the well plate. Record your observations on the report sheet in terms of color
changes or formation of cloudiness or precipitate in each well and answer the questions for this
part. Do solutions of potassium iodide or ammonium hydroxide give a precipitate with AgNO3?
Does sodium lauryl sulfate give a precipitate with BaCl2?
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Name _____________________________________ Section __________

Covalent vs Ionic Compounds and Chemical Change

Experiment #4 Pre-Lab Exercise  

1. Briefly describe what is meant by a covalent compound and indicate whether a covalent compound
dissociates or breaks apart into smaller portions when it dissolves in water or other solvents.

2. What is meant by an ionic compound? Using a specific ionic compound as an example, indicate
what happens to that ionic compound in water.

3. What is meant by hard water? What kinds of substances are found in hard water? How do those
substances chemically react with soap or detergent?
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Name _____________________________________ Section __________

4. What is meant by a water softener? What does a water softener do to substances that are found in
hard water? Give an example of a chemical reaction involving a metal ion found in hard water and a
water softener.

5. What is meant by the term electrolyte? Give a definition of electrolyte and list 3 examples of
chemical compounds that are strong electrolytes when dissolved in water.
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Name _____________________________________ Section __________

Covalent vs Ionic Compounds and Chemical Change

Experiment #4 Data & Report Sheet     

A. Generation of gases in chemical reactions

A-1. Write two chemical equations for (a) the reaction of sodium bicarbonate (NaHCO3) with
hydrochloric acid (HCl) forming carbonic acid (H2CO3) and sodium chloride (NaCl); and (b) the
dissociation of carbonic acid into carbon dioxide and water.

A-2. What is the gas formed and escaping from the test tube during this reaction? ______

A-3. Why would it extinguish the flame of the match?

A-4. Write a chemical equation for the reaction of magnesium (Mg) metal with hydrochloric acid
(HCl), where Mg displaces H and two HCl molecules are needed to balance the equation.

A-5. What is the charge on the magnesium ion in the product?________

A-6. What is the gas formed in this reaction (chemical formula)? ________

A-7. What happened when the match flame was placed on the top of the tube?

A-8. Write a chemical equation for the reaction of H2 gas with oxygen (O2) in the air. What is the
product of this reaction? Balance the equation.
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Name _____________________________________ Section __________

B. Testing water hardness

Record your observations for the three different ionic compounds with soap, soap plus Na2CO3 and
detergent solutions. Indicate the amount of sudsing (much, little or no suds), whether there is a
change in cloudiness, flocculation (clumping together) of particles or scum floating on top. Enter
the observations in the table on the next page.

No Addition Plus NaCl Plus MgSO4 Plus CaCl2

Soap

Soap +
Na2CO3

Detergent

B-1. Describe what ions are causing either the soap or detergent to clump together and become less
effective in cleaning (indicating whether it is soap or detergent reacting with those ions).

B-2. Indicate whether sodium carbonate is effective in softening the water containing the ions that
cause hard water.

B-3. Would you expect soap or detergent to be more effective for cleaning in areas where well
water is in contact with limestone or similar rocks.
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Name _____________________________________ Section __________

C. Testing conductivity and analysis of specific ions

Record your observations for conductivity (number on the conductivity meter) in the top row for
each solution and what changes (color change, precipitation etc) are observed when adding the test
reagents (shown in the right hand column) for each ion in the wells. Indicate no change (no chg) if
there is no change when the test reagents are added.

First Series of Solutions Tested

Sodium
chloride

Calcium
chloride

Sodium
carbonate

Sucrose Tap Water DI Water

A Cond

B AgNO3

C BaCl2

D ___ ___ Empty ___ ___ ___

Second Series of Solutions Tested (Note: sodium lauryl sulfate is same as sodium dodecyl sulfate)

Ammonium
hydroxide

Magnesium
sulfate

Potassium
iodide

Na lauryl
sulfate

Vinegar Ethanol

A Cond

B AgNO3

C BaCl2

D ____ ____ Empty ____ ____ ____
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Name _____________________________________ Section __________

C-1. Which of these solutions would be a strong electrolyte according to your results for
conductivity? List all compounds that apply.

C-2. Which of these solutions would be a weak electrolyte according to your results? List all that
apply.

C-3. Which of these solutions would be a nonelectrolyte according to your results? List all that
apply.
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