Experiment 34
EVALUATION OF DEICERS

MATERIALS: 400 mL beaker, three 100 mL beakers, two 50 mL beakers, 10 mL and 25 mL graduated
cylinders, thermometer, 25 x 200 mm test tube, metal stirring rod, spatula, NaCl, CaCl,,
ethylene glycol, ice, weigh boats.

PURPOSE: The purpose of this experiment is to compare several deicers and decide which is best to use
based on performance, cost, and environmental impact.

LEARNING OBJECTIVES: By the end of this experiment, the student should be able to demonstrate proficiencies
in the following areas:

Understand the colligative property of freezing-point depression.

Define the following terms: solute, solvent, solution, and molality.

Prepare a solution of a given molality.

Experimentally determine the freezing points of pure liquids and solutions.
Evaluate experimental data and reach conclusions based on results.
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DISCUSSION:

Deicers are substances that are used to melt ice. Their mode of action is based on the colligative property of
freezing-point depression. When a deicer comes into contact with ice, a small amount of deicer dissolves, forming a
solution of the deicer in water. While the normal freezing point of pure water is 0°C, water containing a solute (such
as a deicer) may freeze at a considerably lower temperature. The change in the freezing point of a nonelectrolyte
solution (compared to that of the pure solvent) can be found using the equation:

ATf = Tsolvent - Tsolution = Kf -m (1)

This equation shows that the change in the freezing point of a solution (ATs) depends on the molality (m) of the solute.
Ky is the molal freezing-point-depression constant and is specific to the solvent (for example, the K¢ for water is 1.86
°C/molal or 1.86 °C-kg/mol). Therefore, an aqueous solution which is 1.0 molal in any nonelectrolyte solute will
freeze (or melt) at -1.86°C. Notice that the freezing-point depression does not depend on what the particles are, just
how many of them are present. For example, a 1.0 molal ethylene glycol solution will freeze at the same temperature
as a 1.0 molal sucrose solution.

Another factor to be considered when determining the best deicer is how quickly it melts the ice. A deicer
which lowers the freezing point 10°C but takes ten minutes to achieve this result may not be as useful as one that
lowers it only 5°C but does so instantaneously. For large-scale use, cost is also very important and, increasingly,
environmental consequences of the deicers must be considered.

THE PROBLEM:

As Base Ops at a Naval Air Station in Maine, you must decide which deicer to buy to keep your sidewalks,
roads, and runways clear of ice and snow. Several possibilities have been suggested. Road salt (NaCl) is what you
currently use and it is available at a cost of $411.65 for 350 Ibs. Calcium chloride (CaCly,) is also being sold by a
particularly persuasive salesman. He convinces you that his product is much more effective, even though it costs
$602.91 for 12 kg. Later, you read that ethylene glycol (C,HsO,) is used to deice airplanes, so maybe it could be used
on roads and runways, too. Ethylene glycol costs $1627 for 200 kg. Winter is approaching and you need to decide
which deicer (NaCl, CaCl,, or ethylene glycol) to buy, and you must prove that the one you have chosen works well
as a deicer, is cost effective, and is environmentally friendly.

With your partner, perform the following experimental procedures to arrive at a decision as to which deicer
to buy, and report that decision in a memo to the commanding officer of the base. Remember, the commanding officer
needs a detailed, well-supported conclusion to answer the concerns of base inhabitants, Pentagon budget officials, and
local Greenpeace members.
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PROCEDURE:

Part A.

Part B.

Work with a partner.
Record all data in the appropriate sections on page E34-4.

Freezing Point Determination

Prepare an ice bath by filling a 400 mL beaker 3/4 full of ice and adding enough water to form a slushy
mixture. Add a few scoopfuls of NaCl to the ice bath to make a saturated solution and mix.

Determine the freezing point of pure distilled water using the procedure that your instructor demonstrated at
the beginning of class. Be sure that the level of the liquid in the test tube is not higher than the level of the
slush in the ice bath or freezing will not be efficient.

Note: This step allows you to recognize the appearance of the system at equilibrium (i.e., freezing point) and
it allows you to determine the accuracy of your thermometer.

After recording the freezing point, allow the water in the test tube to warm above its freezing temperature (i.e.,
melt) and repeat Step 2 until you obtain two values for the freezing point of water that are within 0.1°C of each
other. Record your results and average only the values that are within 0.1°C of each other.

In a 50 mL beaker, prepare a 1.0 molal solution of NaCl using 25 g of water as the solvent and
g of NaCl (as determined from your WebAssign pre-lab). Assuming the density of
water is 1.0 g/mL, use a 25 mL graduated cylinder to add the water. Stir the solution until all of the solid has
dissolved. Record the actual mass of NaCl used.

Pour some of your 1.0 m NaCl solution into a clean test tube and repeat Steps 2 and 3 to determine the
freezing point of this solution. Again, the same sample of solution can be re-used for multiple freezing point
determinations.

In a second 50 mL beaker, prepare a 1.0 molal solution of CaCl, using 25 g of water as the solvent and
g of CaCl, (as determined from your pre-lab). Stir the solution until all of the solid has
dissolved. Record the actual mass of CaCl, used.

Pour some of your 1.0 m CaCl, solution into a clean test tube and repeat Steps 2 and 3 to determine the
freezing point of this solution.
Rate of Melting

Using the top-loading balance, weigh out about 10 g of ice and place it in a room-temperature 100 mL beaker.
Record the mass of the ice. Record the time, and mix the ice for 10 seconds then stop.

After 5 minutes, decant any liquid (not ice) from the beaker into a graduated cylinder and record the volume
of liquid collected.

Using the top-loading balance, weigh out about 1.00 g of NaCl into a weigh boat and set it aside for Step 5.
Record the mass of NaCl.

Weigh out another 10 g of ice and place it in a room-temperature 100 mL beaker. Record the mass of the ice.
Add your NaCl sample (from Step 3) to the ice, record the time, and mix well for 10 seconds then stop.

After 5 minutes, decant any liquid (not ice) from the beaker into a graduated cylinder and record the volume
of liquid collected.
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7. Repeat Steps 3-6 using about 1.00 g of CaCl, as the deicer.

8. Using the top-loading balance, weigh out about 1.00 g of ethylene glycol liquid into a room-temperature 100
mL beaker. Record the mass of ethylene glycol added and use its density to calculate the volume of ethylene
glycol added (density of ethylene glycol = 1.109 g/mL).

9. Weigh out about 10 g of ice and place it in another room-temperature 100 mL beaker. Record the mass of the
ice.

10. Add the ice (from Step 9) to the beaker containing ethylene glycol (from Step 8). Record the time, and mix
well for 10 seconds then stop.

11. After 5 minutes, decant any liquid (not ice) from the beaker into a graduated cylinder and record the volume*
of liquid collected.
*NOTE: When recording the volume of liquid collected from the ethylene glycol containing beaker, be
sure to subtract the volume of ethylene glycol initially in the beaker from your total volume of liquid
collected in the graduated cylinder.

Clean up:

1. Dispose of any solutions containing ethylene glycol in the proper waste container in the hood.

2. All other aqueous solutions can be disposed in the sink with plenty of water.

3. Wash all glassware. Return all equipment to their proper locations.
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Name Section

Partner Date

DATA SECTION
Experiment 34

Part A. Freezing Point Determination

Measured Freezing Point (°C)

NaCl solution CacCl, solution

Distilled Water
Mass of NaCl used = Mass of CaCl, used =

Trial #1

Trial #2

Trial #3

Average

Part B. Rate of Melting

Ice only NaCl CaCl, Ethylene Glycol

mass of ice

mass of deicer

volume of deicer initially added

initial time

volume of liquid collected after 5 *
minutes

NOTE: When recording the volume of liquid collected from the ethylene glycol containing beaker, be sure to
subtract the volume of ethylene glycol initially in the beaker from your total volume of liquid collected in the
graduated cylinder.
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DATA TREATMENT
Experiment 34

Part A. Freezing Point Determination

(A1)

(A2)

(A.3)

(A.4)

(A.5)

Calculate the molality of your solutions in Part A from the actual masses of solid that you used to prepare the
solutions. The value for ethylene glycol is given as 1.0 molal (you did not test this deicer).

NaCl CaCl, ethylene glycol = 1.0 m

Based on your temperature measurements, determine the freezing-point depression value, ATs, for the deicers.
The value for ethylene glycol is given.

NaCl CaCl, ethylene glycol = 1.86 °C

From the freezing-point depression values in (A.2) and equation (1) on page E34-1, determine the molality
of particles for each deicer solution. K; for water is 1.86 °C/m.

NaCl CaCl, ethylene glycol

Comment on the molality values calculated in (A.1) and (A.3). Are they the same or different? Explain why.

The freezing-point depression equation (which includes electrolytes) is more correctly written as:
ATf:i~Kf~m (2)
where the new term i is known as the van=t Hoff factor. The ideal value of i can be determined for a salt by
noting the number of ions formed per formula unit. For example, the ideal van’t Hoff factor for KCl is 2
because the salt consists of one K™ and one CI per formula unit; for Na,SOy it is 3, the three ions being two
Na* and one SO,%. For nonelectrolytes that do not dissociate in water, the value of i is one.
Determine the ideal value for the van’t Hoff factor, i, for each deicer, based solely on its molecular formula.
Ideal: NaCl,i= CaCly, i= ethylene glycol,i= 1
Determine the experimental value for the van’t Hoff factor for each deicer. This can be determined from your
experimental AT; value in (A.2), molality of solute in (A.1), and equation (2) above. K for water is 1.86

°C/m.

Expt: NaCl,i= CaCly, i = ethylene glycol, i =
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(A.6)

(A7)

(A8)

Your experimental and ideal van’t Hoff factors may be different. The difference between the expected and
observed colligative properties for strong electrolytes is due to electrostatic attractions between ions. As the
ions move about in solution, ions of opposite charge collide and “stick together” for a brief moment. While
they are together, they behave as a single particle, called an ion pair. For extremely dilute sodium chloride
solutions (~ 0.001 m), i has been measured to be about 1.97; this value reflects the fact that each sodium
chloride “molecule” would be expected to dissociate into a sodium ion and a chloride ion. The value is not
exactly 2.00 because a small amount of ion pairing occurs even in a very dilute solution.

Are your experimental van’t Hoff factors for NaCl and CaCl, larger or smaller than their ideal values?
Explain this trend based on ion pairing and the concept of colligative properties.

As the concentration of ions in a solution increases would the effect of ion pairing increase or decrease?
Explain your answer.

Which of the following aqueous solutions is expected to have the largest freezing-point depression? Explain.
(In the absence of any information about the actual value of i for a solution, use the ideal value in
calculations.)

0.15 m NaCl 0.10 m HCI 0.20 m sucrose (C11H»,011) 0.15 m CaCl,

Part B. Rate of Melting

(B.1)

Which deicer melted the ice fastest? Use your Part B data to explain your answer.
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FINAL REPORT:

In memo format (see example below), state which deicer you have decided to buy for your base. Clearly
explain your answer based on the freezing-point depression data, rate of melting, environmental impact, and cost of
each of the three deicers (NaCl, CaCl,, and ethylene glycol). Remember, the commanding officer needs a detailed,
well-supported conclusion to answer the concerns of base inhabitants, Pentagon budget officials, and local Greenpeace

members.

Environmental impact information can be found on the Internet at sites including:
http://www.city.vancouver.bc.ca/ctyclerk/cclerk/980407/a5.htm
http://www?2.acnatsci.org/erd/ea/de-icing.html
http://www.oms.ch/pcs/cicad/summaries/cicad_22.html

Remember to submit pages E34-4 through E34-6 as enclosures (1) and (2) in your memo.

DATE
MEMORANDUM

From: Midn [list name]
To: Commanding Officer, Naval Air Station, Maine

Subj:  XXXXXX

Encl: (1) Data Section (p. E34-4)
(2) Data Treatment (pp. E34-5 and E34-6)

1. BODY OF TEXT (number each different topic of report)

Name and Signature
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