
Solubility, Solutions and Rates of Chemical Reactions

Experiment #7

Objectives: To study the surface tension and polarity of water as a solvent and compare it to
other solvents such as hexane and ethanol. The dependence of the rate of a chemical reaction will
be studied with respect to concentration of one of the reactants and temperature of the reaction.

Introduction

A solution is a homogeneous mixture of solute and solvent, where the solvent is generally
the component in greater abundance and solute is the component present in smaller amount.
Often liquids may mix completely in any proportions, in which case they are said to be miscible.
Such is the case for methanol, ethanol, isopropyl alcohol (2-propanol) and acetone when mixed
with water. In other cases a liquid or solid may have limited solubility in water and when no
more solute will dissolve in the water (or other solvent), the solution is said to be saturated with
solute. For example, about 35 g of sodium chloride (table salt) will dissolve in 100 mL of water
at room temperature. If more than 35 g of salt is added to 100 mL of water at that temperature,
some of the salt will remain as a solid that settles to the bottom of the solution and the solution is
saturated with sodium chloride. On the other hand, it is possible to dissolve about 200 g of
sucrose (sugar) in 100 mL water at room temperature; what is the solvent and what is the solute
in that case? Only about 0.6 milligrams (0.0006 g) of calcium carbonate (chalk) will dissolve in
100 mL of water to make a saturated solution.

Ionic compounds and polar covalent compounds will often dissolve in polar solvents such
as water, although there are many exceptions as you observed in experiment 4 with barium
sulfate and silver chloride. Polar covalent compounds usually contain oxygen, such as alcohols,
ketones, aldehydes and carboxylic acids; in addition, organic acids can be considered ionic
compounds since they partially dissociate in water to form the carboxylate ions. Nonpolar
covalent compounds generally do not dissolve in water, but will dissolve in nonpolar solvents,
such as hexane. Alcohols are intermediate in their polarity and the shorter chain alcohols with
three or less carbon atoms are completely miscible in water, whereas those with more than four
carbon atoms become less and less soluble in water as the number of carbon atoms increases.

Materials: Deionized water, detergent, ethanol, hexane, 0.02 M potassium iodate solution, 0.001
M sodium metabisulfite solution containing 0.005 M sulfuric acid and 0.4 % (w/w) starch.

Procedure

A. Solubility, Miscibility or Suspension

1. Put about 30 mL of deionized water in a clean small beaker or flask to use in the following tests
and place a clean plastic pipet in the water to use later.

2. Label 3 small test tubes as follows: Ethanol; Hexane; and Detergent.
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3. Fill the tube labeled Ethanol about half full with ethanol, fill the tube labeled Hexane about half
full with hexane, and add 5 drops of detergent to the tube labeled detergent and add 2 mL of
deionized water to the detergent in the tube and mix well. Have a plastic pipet in each test tube to
dispense these liquids in the following tests.

4. Using a plastic pipet, add about 1.0 mL of hexane to a clean small test tube.

5. Draw about 2.0 mL of deionized water from the beaker into a clean plastic pipet. Add the water
dropwise or slowly into the tube of hexane you prepared in the previous step. Can you tell which
of the liquids is on the bottom and which is on the top? Shake the tube a little to see if the liquids
will mix. One layer should be about twice as large as the other layer.

6. Shake the tube well a try to mix these two solvents. Write your observations on the report sheet
regarding whether hexane and water mix when shaken together.

7. Add 2.0 mL of detergent solution to a clean small test tube.

8. Tilt the test tube with detergent at about a 45 degree angle and add 0.5 mL of hexane to the test
tube, allowing the hexane to flow down the side of the test tube. After you have added 0.5 mL of
hexane, notice the relative volume or height of each liquid in the tube and the appearance of each
liquid and record your observations on the report sheet.

9. Then shake the tube well and notice whether the two layers remain about the same and whether
they mix to form one layer. Notice the appearance of the mixture in terms of cloudiness or
clarity. Record your observations on the report sheet and answer the questions for this part.

10. Add 1.0 mL of ethanol to a clean small test tube. Tilt the test tube and add 0.5 ml of hexane to
the ethanol in the test tube, allowing the hexane to flow down the side of the test tube and notice
whether the hexane mixes with the ethanol. Can you see any separation of layers in the tube?

11. Shake the tube well and notice whether there are two layers or a solution and note if the solution
is clear or cloudy. Then add about 0.5 mL of water to the mixture in the test tube and shake
again. Notice whether the water separates from the mixture or whether the solution becomes
cloudy. Record your observations on the report sheet and answer the questions for this part.

B. Dependence of reaction rate on concentration of reactant and temperature

Add about 150 mL of tap water to a 400 mL beaker and place it on the hot plate. Set the
temperature control initially to about 120EC to warm the water, but turn it down to 50 when the
water is about 400C. You will need to set the hot plate temperature control to keep the water
between 400C and 500C.

In this part of the experiment you will be preparing duplicates of 3 different solutions, with one
set of 3 test tubes in the warm water bath and one set of 3 test tubes in the test tube rack on the
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bench at room temperature.

Label your containers to avoid confusing them. Add about 30 mL deionized water to the vessel
you used in step A-1. Add about 10 mL of potassium iodate (KIO3) solution to another clean
small beaker. Add 7 mL of starch/sodium metabisulfite solution to a small test tube and place it
in the warm water bath at about 40EC. Add 7 mL of starch/sodium metabisulfite solution to
another small test tube, label it and place it in the test tube rack on the bench top. Practice
measuring exactly 1.0, 1.5 and 2.0 mL of water in the plastic pipet so you can get a relatively
accurate volume each time for all of your measurements.

1. Label 6 clean large test tubes as follows: 1, 1A, 2, 2A, 3 and 3A.

2. Using the plastic pipet, measure exactly 1.5 mL of deionized water into each of the test tubes
labeled 1 and 1A and place them in the test tube rack.

3. Add exactly 1.0 mL of deionized water to the test tubes labeled 2 and 2A and place them in the
test tube rack.

4. Using a clean plastic pipet add exactly 0.5 mL of potassium iodate solution to the water in each
of the test tubes labeled 1 and 1A and mix the solution well. Leave the tube labeled 1 in the test
tube rack and place the tube labeled 1A in the warm water bath. Make sure the warm water bath
is about 450C and keep it at that temperature ± 5EC.

5. Transfer exactly 1.0 mL of potassium iodate solution into each of the test tubes labeled 2 and 2A
and mix the solutions well. Leave the tube labeled 2 in the test tube rack and place the tube
labeled 2A in the warm water bath.

6. Add exactly 2.0 mL of potassium iodate solution to each of the test tubes labeled 3 and 3A.
Leave the tube labeled 3 in the test tube rack and place the tube labeled 3A in the warm water
bath. All 6 of the test tubes should have the same level of liquid in them.

7. Place your thermometer in the test tube rack for a minute and record the room temperature on the
report sheet in the first column for this part of the experiment. After you record room temperature
in the first column on the report sheet, suspend the thermometer in the warm water bath using a
clamp mounted on the bars at the back of the bench. The thermometer tip should be immersed in
the water, but it should not be in contact with the bottom of the beaker. Adjust the temperature
controller of the hot plate to keep the temperature of the water at about 45EC (between 40E and
50EC).

In the next part of the experiment you will have to time the reaction as accurately as possible.
You will add the second reagent, which is sodium metabisulfite solution (Na2S2O5) in the small
test tubes, which contains some starch as an indicator for when the reaction is complete. The
starch solution will react with excess iodine produced in the oxidation-reduction reaction and
forms a colored complex. Notice that you are not altering the concentration of sodium
metabisulfite, but using the same concentration in each reaction mixture.
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8. Add exactly 2.0 mL of starch/sodium metabisulfite solution from the room temperature beaker
into the large test tube labeled 1 in the test tube rack and immediately begin timing the reaction.
Mix the solution well immediately after adding the reactant and record the time of the reaction
when the solution changes color in the table on the report sheet. This may require 1 to 2 minutes
for the color change, but watch it constantly to record the time it actually changes color.

9. After you have recorded the time for the first reaction, you can add exactly 2.0 mL of room
temperature starch/sodium metabisulfite solution to the large test tube labeled 2 in the rack and
immediately begin timing the second reaction. Mix the solution well immediately after adding
the reactant and record the time of this reaction in the table on the report sheet. This mixture
should require much less time for the color change.

10. Repeat this for the third test tube in the rack by adding exactly 2.0 mL of room temperature
starch/sodium metabisulfite solution to the large test tube labeled 3 in the test tube rack and begin
timing the third reaction. Mix the solution well immediately after adding the reactant and record
the time of this reaction in the table on the report sheet. It should be faster than the first two.

11. The water bath should be at a temperature of between 45 and 55EC. Measure the temperature of
the water bath to the nearest 1EC on the report sheet in column 1 of the table.

12. Add exactly 2.0 mL of starch/sodium metabisulfite solution from the test tube in the warm water
bath into the test tube labeled 1A in the warm water bath and immediately begin timing the
reaction. Immediately mix the solution well after adding the reagent and record the time of rxn.

13. After recording the time for test tube 1A in the warm water bath on the report sheet, add exactly
2.0 mL of warm starch/sodium metabisulfite solution to the test tube labeled 2A in the warm
water bath, begin timing and immediately mix the solution well. Record the time for this test tube
on the report sheet.

16. Add exactly 2.0 mL of warm starch/sodium metabisulfite solution to the test tube labeled 3A in
the warm water bath, begin timing the reaction and mix the solution well. Record the time for
this reaction on the report sheet and answer the questions for this part.

Dispose of all waste solutions in the hazardous waste container in the hood.
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Name ______________________________________ Section ____________

Solubility, Solutions and Rates of Chemical Reactions

Experiment #7 Prelab Exercise 

1. Draw a Lewis dot structure for water and 4 other water molecules surrounding that water
molecule with hydrogen bonds to the central structure.

2. Briefly explain how detergent is able to get nonpolar substances, such as oil, to mix with water in
order to clean clothes or dishes. You should describe the type of bonding interaction detergent
has with oil and the type of bonding interaction detergent has with water.

3. List at least 2 factors that affect the rate of a chemical reaction.
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Name ______________________________________ Section ____________

4. When sodium metabisulfite (Na2S2O5) reacts with potassium iodate (KIO3) one of the products of
the reaction is elemental iodine (I2).

a) What is the normal oxidation state (ionic charge) of potassium in potassium salts?

b) What is the normal oxidation state or charge on oxygen in most compounds containing
oxygen?

c) What would be the oxidation state or charge on iodine in potassium iodate (KIO3)? (See parts
a and b to derive the answer).

d) What is the oxidation state or charge on iodine in elemental iodine (I2)?

e) Would you say that the iodine in the iodate ion is being oxidized or reduced when it is
converted to elemental iodine (I2)?
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Name ______________________________________ Section ____________

Solubility, Solutions and Rates of Chemical Reactions

Experiment #7 Data & Report Sheet 

A. Solubility, Miscibility or Suspension

A-1. Do water and hexane mix?

A-2. Which of these liquids is more dense?

A-3. Describe the appearance of the test tube after vigorously shaking it and how long it takes for
the two layers to separate again.

A-4. When hexane is carefully added to detergent solution are you able to see any separation of
the liquids into two layers? Indicate which liquid is on the bottom and which is on top?

A-5. After you mix hexane and detergent solution by shaking the test tube, does the solution
become cloudy or remain clear? Is there one layer or two separate layers of liquid?

A-6. Compare the action of detergent on hexane and water compared to the mixture of hexane
and water without detergent.

A-7. Does hexane mix immediately with ethanol when you carefully add it to the ethanol in the
test tube, or are there two layers initially?

A-8. Do hexane and ethanol mix when shaken?
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Name ______________________________________ Section ____________

B. Dependence of reaction rate on concentration of reactant and temperature

The original concentration of potassium iodate is 0.02 M. When 0.5 mL of 0.02 M KIO3 solution
is mixed with 1.5 mL of water, the final volume is 2.0 mL and the dilution factor is 0.5 mL to 2.0
mL or 0.5/2.0 = 1/4 or 0.25. Similarly, when 1.0 mL of 0.02 M KIO3 is mixed with 1.0 mL of
water, the final volume is 2.0 mL and the dilution factor is 1/2 or 0.50. This is used to determine
the final concentration of KIO3 for that reactant after dilution, which you will determine in the
table below. (We will ignore the final dilution when the KIO3 solution is mixed with the
starch/sodium metabisulfite solution to start the reaction).

Record the temperature of the room and the warm water bath when the reactions take place.

Temperature
(EC)

Tube # Original [KIO3]
(M)

[KIO3] after dilution*
(M)

Reaction time
(sec)

Room temp
in test tube rack

T=______EC

1 0.02

2 0.02

3 0.02

Warm water
bath

T=______EC

1A 0.02

2A 0.02

3A 0.02

* Solutions in tubes 1 and 1A should have 1/4 the original concentration of KIO3 and solutions in
tubes 2 and 2A should have 1/2 the original concentration of KIO3.Tubes 3 and 3A have the
original concentration of KIO3.

B-1. As the concentration of one reactant doubles, does the rate of the reaction double? (If the
reaction is twice as fast, the reaction time should be half as much). What is the support for your
answer?

B-2. As the temperature of the reactants increases, does the reaction go faster or slower? 

B-3. Did all 3 concentrations increase by the same proportion when reacted at room temperature
vs the warm water bath? Give the ratio of time of reaction in warm water divided by the time of
reaction at room temperature for each concentration; i.e. 1A/1; 2A/2; 3A/3 and compare the
results.
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