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Science in Motion








Juniata College

Storm Glass

Pennsylvania Standards:
Science and Technology

3.2.C.A1:  Differentiate between physical properties and chemical properties.  Differentiate between pure substances and mixtures.

3.2.C.A4:  Predict how combinations of substances can result in physical or chemical changes, or both.

CHEM.A.1.1.1:  Classify physical or chemical changes within a system in terms of matter or energy or both.

CHEM.B.2.1:  Predict what happens during a chemical reaction.

S11.A.1.1:  Analyze and explain the nature of science in the search for understanding the natural world and its connection to technological systems.

3.2.C.A6:  Compare and contrast scientific theories.  Know that both direct and indirect observations are used by scientists to study the natural world and universe.

Math Common Core

CC.2.1.HS.F.3:  Apply quantitative reasoning to choose and to interpret units and scales in formulas, graphs, and data displays.

CC.2.1.HS.F.5:  Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

CC.2.MP.3:  Construct viable arguments and critique the reasoning of others.

Reading Common Core

CC.1.2:  Students read, understand, and respond to informational text — with emphasis on comprehension, making connections[image: image2.png] among ideas and between texts with focus on textual evidence.

CC.3.5.9-10.G:  Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart), and translate information expressed visually or mathematically (e.g., in an equation) into words.

Storm Glass Preparation

Introduction:
Storm glass is a mixture that is used like a barometer; it can predict changes in local weather.  Our storm glass consists of a liquid enclosed in a glass tube.  The function of storm glass is not fully understood.  Sealed glass tubes are not adversely affected by changes in atmospheric pressure; so, atmospheric pressure does not account for the behavior observed in storm glass.  In this three-part lab, we will explore three properties of matter in an attempt to explain some of the characteristics of storm glass.

Part A
How does temperature affect solubility and crystallization?

Part B
How does temperature affect the solubility of gases and the vapor pressure of a volatile liquid?

Part C
How do dissolved salts affect the freezing point of a liquid?

Discussion Questions:
· What is a barometer?

· What is the difference between weather and climate?

· What type of instrumentation is used to predict the weather today?

Materials:
2g of KNO3, 2.5 g of NH4Cl, 40mL of ethanol, 10 g of camphor, 250 mL beaker, food coloring, test tube and screw top, scale, distilled water, parafilm®

Safety:
· Wear goggles, and clean up spills with paper towels.

· Do not drink or taste the chemicals or solutions.

· Follow all directions.

Procedure:
· Tare the scale, and measure out the 2g of KNO3 and 2.5 g of NH4Cl.
· Dissolve the salts in 33ml of distilled water in a test tube.
· Measure 10 g of camphor.
· Dissolve the camphor in 40mL of ethanol in a test tube.
· Add the water mixture to the ethanol mixture.
· Gently warm the water-ethanol mixture in a water bath, if they don’t mix well.
· Add one [image: image3.png]


drop only of food coloring, if desired.
· Pour the mixture into four test tubes and seal them with their caps and some parafilm®.
Observations:
What does the storm glass look like when it is heated in a 40ºC warm water bath ?

What does the storm glass look like when it is placed in an ice bath for 2 to 5 minutes?

Questions:
1. What are two limitations to checking the workings of the storm glass in the laboratory?

2. Is there a strong correlation between the workings of temperature and solubility in the components of storm glass and its ability to act as a weather predictor?  Explain.

3. What three components of storm glass can vaporize?  How would this affect the pressure inside the container?

Sources:
Fitzroy’s Storm Glass. About.com Chemistry.  <<http://chemistry.about.com/od/

weirdscience/a/fitzroy.htm>>

Fitzroy’s Storm Glass and Temperature.  <<http://www.youtube.com/watch?


v=NIhQ0aOFp9Q>>

PART A  Solubility vs Crystallization?

Introduction:
Solubility assumes that solids, whether ionic or molecular, dissolve at equilibrium in a solvent, usually water, to form their basic component particles.

A sugar solution has individual molecules of sugar dissolved in water.

                   H2O
C6H12O6 (s) <---> C6H12O6 (aq)
A salt solution has individual ions that make up the salt dissociated in water.

             H2O
NaCl (s) <---> Na+1 (aq) + Cl-1 (aq)

At a particular temperature and concentration, each solid has its maximum[image: image4.png]


 solubility.  Changing temperature changes solubility until equilibrium is established so that the number of particles being dissolved equals the number of particles becoming a solid again.

Discussion Questions:
· What is temperature?

· What is a solution?  What are the factors that affect solubility? 

· What types of forces hold particles of a solute together?

· What do the terms endothermic and exothermic mean?

· What is a saturated solution?  How can you supersaturate a solution?

Materials:
glass test tube, electronic scale, weigh boat, 2.5g of KNO3, 10 mL of distilled water, 10mL graduated cylinder, warm water-bath, ice water-bath, thermometer, stopwatch

Safety:
· Wear goggles, and clean up spills with paper towels.

· Do not drink or taste the chemicals or solutions.

· Follow all directions.

Procedure:
Measure 10.0 mL of distilled water into a test tube, and record the initial temperature (Ti).  Tare the scale and measure 2.5g of the salt KNO3.  Add KNO3 to the water until almost all the salt dissolves (about 5 minutes) and record the temperature (Tf).  Place the test tube in a warm water-bath for 5 minutes, swirl test tube, and record observations.  Place the test tube in an ice water-bath for 5 minutes, and record observations.

Observations:
Initial temperature Ti :  _____ºC

Temperature after 5 minutes Tf :  ________ºC

Change in temperature ∆T = Tf - Ti :  ____

Observation of solubility when placed in a warm water-bath:  _____________________

Observation of solubility when placed in an ice water-bath:  ______________________

Questions:
1. Are dissolution and crystallization physical or chemical changes?  How do you know?

2. Why did you have trouble dissolving the salt after a while?

3. Are the dissolution and crystallization exothermic or endothermic?  Explain.

4. Explain your observations in the warm water-bath.

5. Explain your observations in the ice water-bath.

6. Make a generalization; how does temperature affect solubility and crystallization?

Sources:
Temperature and Pressure Effects on Solubility.  <<http://www.elmhurst.edu/~chm/


vchembook/174temppres.html>>

Solubility  <<http://www.chem.fsu.edu/chemlab/chm1046course/solubility.html>>

PART B  Vapor Pressure Depression

Introduction:
All pure solids and liquids at a certain temperature have a characteristic vapor pressure, which is constant regardless of the amount of that substance.  At any given temperature for a liquid at equilibrium, the rate at which the liquid evaporates is equal to the rate at which the gas condenses.

The solubility of a gas depends on the temperature, the partial pressure of the gas over the liquid, and the nature of the solvent.  A French chemist named Francois Raoult discovered that when a solute is dissolved in a solvent, the vapor pressure of the solution will be lower than the vapor pressure of the solvent by itself. The vapor pressure of a liquid mixture (b) is equal to the mean of the vapor pressures of the two pure liquids (a and c).  This observation, a colligative property, depends on the mole fraction of the solvent present and the vapor pressure of the original solvent.

Why does vapor pressure depression happen?  Addition of solution particles [image: image5.jpg]


fills the gaps between the solvent and takes up space so that fewer solvent particles can break away and enter the gas phase, resulting in lower vapor pressure.

How do we calculate vapor pressure for a solution?  If the solute is non-volatile, the vapor pressure of the solution can be calculated with P(solution) = X(solvent) Pº(solvent).  If the solute is volatile, the vapor pressure of the solution is calculated as P(Total) = P(solute) + P(solvent).

Discussion Questions:
· What is an ideal solution?

· What is a non-ideal solution?

· What is a volatile liquid?

· Among liquids, solids, and gases, which is considered non-volatile?

· What is an example of a solid that is very volatile at 25ºC and atmospheric pressure?

Materials:
distilled water, ethanol, 50% ethanol, 2000mL beaker, hot plate, magnetic stirrer, 3 20mL plastic syringes, labeling tape, permanent marker, Vernier Lab Pros multi-port unit, stainless steel sensor, 3 gas sensors, parafilm®

Safety:
Wear goggles and keep ethanol away from an open flame.

Procedure:
1. Heat a 2000mL beaker of tap water to 35-45ºC. Use a magnetic stirrer to stir the liquid.  Lower the settings on the hot plate to maintain temperature initially.

2. Fill to 10mL three syringes:  a syringe with distilled water, a syringe with ethanol, and a syringe with 50% ethanol.

3. Pull the plungers back until the plunger sits at its lowest and resists movement.  (See the figure on Page 7.)  Label the syringes (water, ethanol, and 50% ethanol).

4. Plug a Vernier Lab Pros multi-port unit into the computer.  Attach three gas sensor units into the first three ports on the Vernier Lab Pros device.  Use tape to label the ports water, ethanol, and 50% ethanol.

5. Attach a temperature sensor into the fourth port on the Vernier Lab Pros device, and label it.  Keep the wires of the sensors arranged so that they don’t get tangled.

6. Press start on the Vernier Lab Pros multi-port unit.

7. Open the Logger Pro program on the computer.  Click on the Experiment menu and choose Set Up Sensors.  Click on Auto Detect Sensors.

8. Click on Show All Interphases make sure the first three channels (CH1, CH2, CH3) are connected to the Pressure-Gas Sensor and that the fourth channel sensor is connected to the Stainless Steel Sensor.


[image: image1]
9. Go back to the Experiment menu, and choose Calibrate.  All four sensors should be listed.  Choose the first sensor, and under the Sensor Settings tab make sure the unit reads 1mmHg <computer>.

10. Go back to the Calibrate tab, and check the first three sensors and click Calibrate Now.  Type in “760” and press Done to close the calibration window.  All the pressure sensors should be calibrated and should have the correct units now.  Each sensor can be calibrated separately, if desired.

11. Go back to the Experiment menu and choose Calibrate.  When all four sensors show up, choose CH4, and under the Sensor Settings tab make sure the unit reads Temperature in Degrees ºC; if not, change the units.

12. Go back to the calibrate tab, and press Calibrate Now.

13. Your screen should have a table on the left with four columns showing, one column of time and three of pressure.  Two graphs should appear on the right of the screen.

14. Right click on each graph to pull up the Graph Options window, and check pressure 1, 2, and 3 for the y axis.  Keep the x-axis at time in seconds.  Close the window.

15. Look at the readings, and check to make sure all your pressure readings are around 760 mmHg and that the temperature reading is around 23ºC.

16. Insert the thermometer into the warm water-bath (make sure the sensor does not touch the bottom of the beaker.

17. Insert the syringes into the beaker, so that they are completely immersed in the water-bath.  (See the figure.)  Press Collect in the menu bar.  All your sensors should be collecting data.

18. Right click on the pressure graph and choose Auto Scale.

19. Collect data for two minutes and click Stop on the menu bar when done.

Questions:
1. Is the mixture of ethanol and water considered ideal or non-ideal?  Explain.

2. How[image: image6.jpg]


 do the three graphs compare?  What seems to happen to the vapor pressure as time goes on and the temperature is steady?

3. Choose a temperature on your graph, and calculate the atmospheric pressure at this temperature.  Use P1/T1 = P2/T2 .  Convert ºC to Kelvin.

4. Calculate the partial pressure of the ethanol at the above temperature using PT = Pair + Pethanol.

5. Calculate the partial pressure of the water at the above temperature using PT = Pair + Pwater.
6. Calculate total pressure of the solution using Psolution = Pair + 0.77 Pwater + 0.23Pethanol.
7. What have we kept constant in this experiment?

8. If the syringe expands in volume, what might happen to your pressure?

Sources:
Raoult’s Law.  <<http://chemed.chem.wisc.edu/chempaths/GenChem-Textbook/Ideal-


Solutions-Raoult-s-Law-850.html>>

Vapor Pressure of Liquids and Solutions.  <<https://eee.uci.edu/programs/gchem/


D02MANVPliqsoln.pdf>>

PART C  Freezing Point Depression

Introduction:
Why is salt added to sidewalks and roads in icy or snowy wintery areas?  Salt is used to lower the melting point or freezing point of water.  Salt and water separately are pure substances.  When salt dissolves in water, a mixture forms and this mixture is no longer a pure substance.  When salt is added to the solvent, it interferes with the intermolecular forces that act between the water particles.  The water cannot freeze at its normal temperature.  As temperature lowers, the solute particles slow down and separate from the water, and the water particles are now closer to their pure state and can bond to form ice. In this lab we will explore the work of freezing point depression of water using different solutes.

French chemist, Francois Raoult noticed vapor pressure depression and freezing point depression when a solute was added to a solvent.  A mathematical expression was developed from this observation.

∆T = -Kf(msolution)(ni)

∆T is change in temperature (actual freezing point and depressed freezing point).

Kf is freezing point depression constant for a particular solute.

msolution is molality of solution (moles of solute ÷ Kg of solvent).

(ni) is Van’t Hoff factor (# of particles of solute in the solvent).

Discussion Questions:
· From the equation ∆T = -Kf(msolution)(ni), what is the relationship between change in temperature and the concentration, and between change in temperature and number of particles?

· What is a colligative property?

Materials:
buckets of shaved ice (2), 600 mL beaker, 250 mL beakers (3), test tubes (3), 50mL graduated cylinder, electronic scale, stirring rod, thermometers (2), stirring rod, ruler, weigh boats (2), tape and sharpie, distilled water, NH4Cl, CaCl2, table salt

Safety:
· Wear goggles, and clean up spills with paper towels.

· Do not drink or taste the chemicals or solutions.

· Follow all directions.

Procedure:
· Use a sharpie and a piece of tape to label three test tubes near the mouth, one with water, one with NH4Cl, and one with CaCl2.

· Label each of the 250 mL beakers in the same way.

· Add 200 mL of distilled water to the water beaker.

· Use a ruler and sharpie to mark off each test tube to 3 cm.

· Add distilled water to the test tube marked water to the 3 cm mark, (not from the 250 mL beaker).

· Mass the beaker marked NH4Cl, and record the mass.  Add 50 mL of distilled water, and mass it [image: image7.jpg]


again, and record this mass. Repeat this procedure for the CaCl2 beaker.

· Measure 2.70 g of NH4Cl and add it to the beaker marked NH4Cl.  Stir until dissolved.

· Measure 5.50 g of CaCl2, and add it to the beaker marked CaCl2.  Stir until dissolved.

· Transfer enough NH4Cl solution from the 250 mL beaker to the test tube marked NH4Cl to reach the 3 cm mark. Repeat this procedure for the test tube marked CaCl2.

· Fill the 400 mL beaker with alternate layers of ice and table salt (might not need the 200 mL of water saved).  Stir this mixture with the stirring rod until a thermometer stuck in the mixture is at or below -10ºC.

· (You might have to add more salt and ice to continue the freezing process.  You might want to add some CaCl2 to also aid in the freezing process.)

· Hold the test tube containing distilled water, and place it in the ice salt-bath.  Use a second thermometer to gently stir the solution until ice crystals first appear.  Record this temperature in the test tube at freezing point.  Repeat this procedure for the other two test tubes and record the freezing point temperatures for each salt solution.

Data Table:
	Salt
	Mass of Beaker (g)
	Mass of beaker + water (g)
	Mass of water (g)
	Mass of salt (g)
	Freezing point of water ºC
	Freezing point of salt solution ºC
	Change in freezing point ºC

	NH4Cl
	
	
	
	
	
	
	

	CaCl2
	
	
	
	
	
	
	


Calculations:
Calculate the mass of water in kilograms (mass in grams ÷ 1000) for each salt solution.

	NH4Cl
	

	CaCl2
	


Calculate the number of moles of salt used (mass in grams ÷ molar mass of salt) for each salt solution.

	NH4Cl
	

	CaCl2
	


Calculate molality of each solution (moles of salt ÷ the mass of water in kilograms).

	NH4Cl
	

	CaCl2
	


Use the accepted Kf for water, 1.86 ºC/m.  Write the accepted Van’t Hoff factor (ni) for each salt by writing the number of ions in each formula for the salt.  Use the mass of the salts to calculate the ∆T for each salt. This value is the accepted ∆T value for each salt at that concentration.

Freezing Point Depression Formula:  ∆T = -Kf(msolution)(ni)

	NH4Cl
	

	CaCl2
	


Calculate the % error for the experiment by comparing your experimental values with the accepted values. % Error = l (accepted value – experimental value) l x 100


l accepted value l
	NH4Cl
	

	CaCl2
	


Analysis and Conclusion:
1. Which salt is supposed to depress the freezing point more?  Why is this so?

2. Did your results match the expectation?  Explain.

3. What will happen if both salts were added to the same volume of solvent?

4. What are some possible sources of error in this experiment?

5.  How would these salts change the boiling point of the solutions?  What formula would you use?

6.
Would freezing point of water change if I added sugar instead of a salt?

Sources:
Freezing Point Depression in Solutions.  <<http://h[image: image8.png]


yperphysics.phy-astr.gsu.edu/hbase/chemical/meltpt.html>>

Lab:  Freezing Point Depression.  <<http://newburyparkhighschool.net/dogancay/hchem/labs/hlab08_fpdepression.pdf>>
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