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Existing “Cookbook” Laboratory Experiments
to be Converted to Inquiry Format

Wed-09:45-W-01 & Wed-01:00-W-09

Jeff Bigler

jcb@alum.mit.edu
mrbigler@mrbigler.com
About The Experiments
The experiments listed on these pages are adapted from “cookbook” labs from various sources.  Some of the experiments were modified to allow for a smaller set of chemicals to be used in this workshop, but I did my best to preserve the original wording and level of detail given.
Your Task:
1. Form a group.

2. Choose one of the four experiments.

3. Decide on the level of inquiry at which the “students” who will be performing the lab are working.
4. Do the necessary preparation to be able to communicate the experimental goals and any necessary procedural information to the “students”.
Experiment 1: Molar Mass of a Volatile Liquid Using the Dumas Method
Source: chemtopics.com
The lab handout includes a 1½-page introduction that describes the Dumas method, and gives the important formula:
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The Chemicals 
The unknowns used in this experiment include the following: 

· acetonitrile (41.0
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 = 81 mm Hg, bp = 81.6°C) [description]

· ethanol (46
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 = 55 mm Hg, B.P. = 78°C) [description]
· ethyl acetate (88.1
[image: image6.wmf]mol

g

, 
[image: image7.wmf]298

v

P

 = 82 mm Hg, B.P. = 76.5°C) [description]
· isopropyl acetate (102.1
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 = 58 mm Hg, B.P. = 90°C) [description]
· 2-propanol (60.1
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 = 41 mm Hg, B.P. = 82.4°C) [description]
Many of the liquids will attack plastics and finishes.  Spills should be dispersed on paper toweling immediately and the toweling removed at once to the fume hood for evaporation of the liquid.  The liquids will be dispensed by hypodermic syringe and most will interact with the rubber plunger, causing it to swell.  For that reason, once the liquid has been injected the plunger should be pulled out of the syringe body to dry. 

Technique Discussion 
In essence the experiment consists of creating a container with a reproducible volume and a pin-hole orifice from which the volatile liquid will be vaporized at the boiling point of water and room pressure.  After cooling, the mass of the container is greater by the amount of liquid that remains (representing the amount of vapor which filled the volume at the boiling point of water and room pressure).  [A mass correction must also be made for the air displaced by the vapor as discussed previously] 

A clean, dry 125 mL Erlenmeyer flask serves as a suitable container.  It is small enough to mass on the analytical balance and large enough to contain a sufficient mass of vapor.  The mass of the flask on the rough balance is required for the volume determination since when it is full of water it will be too heavy for the analytical balance. 
A cap may be fashioned for the flask from a square of aluminum foil and secured with fine copper wire twisted tightly around the neck just below the rim.  Excess foil should be removed with a razor blade as it provides a place for condensed water (from the boiling process) to “hide”.  The assembly should be prepared carefully so that it can be used several times.  Once prepared it should be massed “empty” (analytical balance). 

The unknown is introduced with a syringe.  The needle is used to make a tiny hole in the foil cap and 3–4 mL of the liquid is injected.  Enlarging the hole at this point with an unsteady hand will introduce serious errors into the determination. 

The flask should be immersed in a 600 mL beaker of water (with a few boiling stones added).  The water level should be high enough to cover most of the flask but not so high as to allow water to enter through the hole in the foil or to bubble in around and under the copper wire loop.  The beaker [image: image13.png]


can be suspended on a tripod over a Bunsen burner.  A watch glass secured by the ring from a ring stand can be used to keep the flask from bobbing up in the water. 

The water bath should be brought quickly to a boil but then the heat should be reduced to achieve a gentle boil for about 10 minutes or until all of the liquid is evaporated.  The boiling point of water at room pressure and the pressure itself should be recorded. 

The flask is removed from the water and allowed to cool.  Water must be removed completely from the outside of the flask.  Be especially careful about the cap edges as steam from the boiling water can condense just under the edges and change the mass of the container significantly.  When the flask has returned to room temperature and is completely dry on the outside it should be remassed. 

Additional trials may be done simply by adding more liquid through the same hole and repeating the procedure described above. 

After the final trial the cap assembly is removed and the flask rinsed thoroughly and then filled almost completely with room temperature water (record).  After the outside has been carefully dried the flask can be placed on the rough balance and additional water added to fill it completely.  The mass is then recorded.  This last measurement, together with the first one and the density of water at room temperature, allows the volume of the flask to be determined. 

The Report 
Your initial calculations should include:  [repeat the calculation sequence for your separate trials; you must then decide on the treatment of the two molar masses] 

1. The apparent mass of vapor that occupied the flask at the boiling water temperature 

2. The volume of the flask, based on water density 

3. Moles of gas occupying the flask at the temperature of the boiling water 

4. Estimated molar mass of the unknown and tentative ID of the unknown 

5. The moles of air displaced by the volatile liquid vapor (at RT) 

6. The molar mass of air (calculated) 

7. Mass of air displaced by the volatile liquid vapor 

8. The true mass of vapor that occupied the flask at the boiling water temperature 

9. The corrected molar mass of the vapor [relative error] 

Your conclusion to this experiment should include some judgment as to the validity of your two trials.  To that end, you should compare your results with the list of unknowns supplied by the instructor. Be sure to consider factors such as intermolecular forces and consequent deviations from ideality to support your results. As usual, don't forget to constructively criticize your technique if your results were poor and/or inconsistent. Pay particular attention to the contribution that stray water drops might have on your results. One small drop of water (such as from an eyedropper) is about 0.05 mL
Experiment #2: Kinetics of  H+ + S2O3   →  SO32− + S

Source: chemmybear.com

Description 

The acidification of thiosulfate solutions leads to the formation of colloidal sulfur.  The rate of this reaction is studied by measuring the time required for the reaction mixture to become so turbid that is ceases to transmit light.  The reaction is acid catalyzed and proceeds according to the following reaction:

S2O32−  ( SO32− + S


Materials

· two racks of test tubes
· 0.24 M Na2S2O3
· 6.0 M HCl

· distilled water

· cotton swabs or pipe cleaners

· watch/stop watch

· pipettes
Procedure 

Prepare two racks of test tubes according to the table below.  Make sure that the pipette is held in a vertical position above each tube.  Let gravity pull each drop from the end of the pipette.
	Rack #1

	
	drops 0.24 M Na2S2O3
	drops
6.0 M HCl
	drops water
	total drops
	time #1
	time #2
	time #3
	Ave. time

	Tube # 1
	8
	8
	2
	18
	s
	s
	s
	s

	Tube # 2
	6
	8
	4
	18
	s
	s
	s
	s

	Tube # 3
	4
	8
	6
	18
	s
	s
	s
	s

	Tube # 4
	2
	8
	8
	18
	s
	s
	s
	s

	Tube # 5
	1
	8
	9
	18
	s
	s
	s
	s


In Rack #1, add the Na2S2O3 and water first.  The reaction starts when you add the HCl.

	Rack #2

	
	drops 0.24 M Na2S2O3
	drops
6.0 M HCl
	drops water
	total drops
	time #1
	time #2
	time #3
	Ave. time

	Tube # 6
	8
	8
	2
	18
	s
	s
	s
	s

	Tube # 7
	8
	6
	4
	18
	s
	s
	s
	s

	Tube # 8
	8
	4
	6
	18
	s
	s
	s
	s

	Tube # 9
	8
	2
	8
	18
	s
	s
	s
	s

	Tube # 10
	8
	1
	9
	18
	s
	s
	s
	s


In Rack #2, add the HCl and water first.  The reaction starts when you add the Na2S2O3.
Work with a partner. One partner mixes the chemicals.  Your partner needs to begin timing now!  Place the test tubes in front of a line of text on this page.  The other partner observes, notes, and records times. Mix the chemicals and note the time to the nearest second. 

For each trial, note the time at which the words become impossible to read through the solution.
Clean the test tubes immediately after the last trial or the experiment is ended.
Repeat three times and average the results.  [In this workshop, there will not be sufficient time for three trials.]
Questions
1. Prepare two graphs of your results.  On one graph plot time on the y-axis and drops of thiosulfate on the x-axis.  On the second graph plot the reciprocal of the time (1/time) on the y-axis and drops of thiosulfate on the x-axis.  Use graph paper!
2. What is the order of this reaction with respect to the thiosulfate concentration:  HINT:  If the second graph has a slope of zero the reaction is zero order with respect to thiosulfate.  If the second graph is a straight line with a non-zero slope the reaction is first order with respect to thiosulfate.  If the second graph is parabolic the reaction is second order with respect to thiosulfate.

3. Write the rate law for this reaction.

Experiment #3: Equilibrium of  Fe3+ + SCN−  Ý  FeSCN2+
Source:  David W. Brooks, University of Nebraska – Lincoln

Introduction 

Many chemical reactions reach a state of equilibrium if conditions are right.  In an equilibrium system, forward and reverse reactions occur at equal rates so that no net change is produced.  When equilibrium is reached by a reaction in a test tube, it appears that changes have stopped in the tube.  Once equilibrium has been reached, is it possible to produce further observable changes in the tube?  If so, can you control the kinds of changes?  If not, why are further observable changes impossible?  You will observe several chemical systems in this laboratory activity.  A careful study of your observations will enable you to answer these questions.

Purpose
To study factors which can disturb an equilibrium system.

Safety Considerations
Wear protective glasses and an apron at all times.  Avoid skin contact with solids and solutions.  Exercise caution and use proper technique to handle hot materials safely.  Dispose of all solutions in the containers provided by your teacher.  Wash your hands before leaving the laboratory.

Procedure
1. Obtain a test tube rack, six small (13 × 100 mm) test tubes that are clean but don't have to be dry, and a test tube clamp.  The test tubes should be placed open end up in the test tube rack. 

2. Prepare a hot water bath:  Half-fill a 250 mL beaker with tap water.  Start to heat the water (as your teacher directs) so that the water will be near boiling when you are ready to use it. 

3. Prepare an ice water bath:  Fill a 250 mL beaker with crushed ice.  Add enough tap water to make “slush”. 

4. Set up a data table with column headings as indicated below.  (The last column will be completed after data have been collected.) 

	System
	Disturbance
	Observed Change
	Direction of Shift

	
	
	
	

	
	
	
	

	
	
	
	


5. As you set up equilibrium systems and add disturbances to them in the procedure, enter appropriate information in each of the first three columns of your data table. 

6. Mix chemicals in test tubes by holding the top of the tube with one hand while you flick the bottom of the tube with your other hand until the tube contents. 

Setting Up the Equilibrium
1. Half-fill the first tube in your rack with distilled water. 

2. Add two drops of 0.1 M Fe(NO3)3 and two drops of 0.1 M KSCN to this tube.  Mix the contents thoroughly. 

3. If the contents of the tube are not red-orange, repeat Step 2 until the solution is red-orange. 

4. Divide the red-orange solution in the first tube among six tubes so each tube contains the same volume. 

Chemical Equation for the Equilibrium System
	Fe3+(aq)
	+
	SCN−(aq)
	[image: image12.png]



	FeSCN2+(aq)
	+
	heat

	colorless
	
	colorless
	
	red-orange
	
	

	from Fe(NO3)3
	
	from KSCN
	
	
	
	


Disturbing the Equilibrium
1. Leave Tube 1 undisturbed; use it as a control. 

2. Use a clean, dry spatula to add a small crystal or two of solid iron(III) nitrate, Fe(NO3)3, to Tube 2.  Mix. 

Under Disturbance on your data table, record what you did or added to the system to cause the change you observed.  In this and all other observations, pay particular attention to color and color change.  Always compare with the control tube or you may miss slight color changes.  Phrase your Observed Change so the kind of change you observe is indicated, e.g., “lighter red” or “from grey to pink.” 

3. Use a clean, dry spatula to add one or two small crystals of solid potassium thiocyanate, KSCN, to Tube 3.  Mix.  Record observations. 

4. Add 5 drops of 0.1 M sodium hydroxide, NaOH, to Tube 4.  Mix, observe, and record. 

5. Use a test tube clamp to place Tube 5 in a hot water bath.  When the contents of the tube are hot, observe and record. 

6. Use a test tube clamp to place Tube 6 in an ice water bath.  When the contents of the tube are cold, observe and record.  (Data check:  Obtain your teacher's initials.) 

7. Discard all test tube contents in the waste container provided by your teacher.  Do not pour anything in the sink.  Rinse the tubes with tap water; remove as much water as possible by shaking before standing the tubes upright in the test tube rack.  Follow these same disposal and rinsing procedures after you complete each system below. 

Experiment #4: Titration of a Strong Acid with a Strong Base

Source:  Dr. Ralph Olliges, Webster University
Purpose:
To determine the molarity of a NaOH solution by performing a titration using 0.100 M HCl.

Procedure:

1. Obtain about 60 mL of 0.100 M HCl solution.  Rinse the buret labeled “HCl” with about 5 mL of this solution.  Pour into sink.  Repeat once more, then fill the buret with approximately 40 mL of solution.  Put the buret back in the buret clamp.
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Place the HCl beaker under the buret and open the stopcock to allow any air bubbles to escape from the buret. Then fill the HCl buret to between the 0 and 10 mL mark.

3. Record the precise level of the HCl in the table below:  Trial 1 (remember to read from the bottom of the meniscus. (example: 23.48 mL, see Figure at right.)

4. Repeat steps 1–3 above, placing ? M NaOH in the NaOH buret. Again record the precise NaOH level in the table below.

5. Place the Erlenmeyer flask under the HCl buret, open the stopcock and allow 10–12 mL of the HCl to flow into the flask. Then close the stopcock.

6. Add 2 drops of the phenolphthalein indicator to the HCl in the flask.

7. Place the Erlenmeyer flask under the NaOH buret and open the stopcock to allow approximately 5–8 mL of the NaOH to flow into the flask while continuously swirling the flask.  Observe the color changes occurring.  Continue to add the NaOH slowly while swirling the flask.  When a faint pink color appears and persists for 10 seconds or more of swirling of the flask, you have reached your endpoint.  Note: It is important to realize that if you accidentally pass your endpoint, you can add more HCl to the flask which will cause the solution to become clear again.  You can then add the NaOH slowly to the flask again and attempt once more to carefully reach the endpoint.  This is known as “back-titrating.”

8. When you have reached the endpoint, record both of the HCl and NaOH final buret readings in the table below (again to the bottom of the meniscus and again to the hundredth of a mL).

9. Calculate the molarity of the NaOH solution.

10. Pour the solution out of the flask (into the sink) and repeat the titration again—no need to rinse the flask, only this time using 13–14 mL of the HCl solution.  You should estimate how much NaOH you will need for this titration based on the information that you gathered from the first titration.

11. Calculate the molarity of the NaOH solution from the second trial.  It should be very close to the molarity you got for the first trial.  Then calculate your average.  You will be graded on your accuracy, so do a careful job.

Titration Results
	
	Trial #1
	Trial #2

	
	HCl
	NaOH
	HCl
	NaOH

	Initial buret reading (mL)
	
	
	
	

	Final buret reading (mL)
	
	
	
	

	Total volume used (mL)
	
	
	
	


Calculations:
Molarity of NaOH: (watch sigfigs & units!) Trial #1: _____ Trial #2: ______ Average: _______
Follow-Up Questions:
1. Consider each of the following potential error sources. Answer:

· “H” if it would have caused your calculated value for ?M NaOH to come out too high,

· “L” if it would have caused it to come out too low, or

· “N” if it would have had no effect at all on your value.

_____
There was a little distilled water in the Erlenmeyer flask before you began the titration.

_____
There was a little HCl in the Erlenmeyer flask before you began the titration.

_____
There was a little distilled water in the HCl buret and you forgot to rinse it out with the HCl.

_____
You added 3 drops of phenolphthalein instead of 2 drops.

_____
An air bubble was present in the HCl buret, but it stayed in while you titrated.

_____
An air bubble was present in the HCl buret, and it came out while you titrated.

_____
While you were titrating, some NaOH dripped out onto the table instead of into the flask.

_____
There was a pebble in the bottom of the NaOH buret during the entire titration.

_____
You forget to add the phenolphthalein indicator.

2. What is meant by “priming” the glassware?  Why is this done?

3. Why did you use burets instead of graduated cylinders to do this lab?

4. Why did you not have to rinse out the flask in between trials?

5. What is the titration equation?
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