Revised 1/08 SB
Ionic Compounds #1

Fundamentals and Solubility
The goal of this lab is to help students better “imagine” what ionic crystalline compounds “look” like on the atomic scale, how these compounds dissolve in water, and what the products of that dissolution process are (note:  dissolution is a physical process, not a chemical reaction).

The experiments are split into four activities:

I.  
Visualization - model kits and the Atomic Microscope program are used to examine liquids, solids, crystals, and then ionic crystals in particular.

II. 
Dissolution - web-based animations of the dissolution process will be used to guide discussion about this process.

III.
Products of dissolution - the Vernier/Logger Pro system will be used (with conductivity probe) to explore the “macroscopic” scale results of dissolution.

IV. Solubility properties – A large variety of ionic solids will be mixed with water to determine compounds that dissolve and those that do not. 

Note about experiment sequence - there are a limited number of laptops available in the lab.  Some aspects of this experiment require the laptop, some do not.  It may be necessary that you do various parts of the lab “out of sequence” relative to how they appear in the manual.  As much as possible, complete one of the three activities before moving on to the next one.  If you find it necessary to do the experiments out of sequence, spend some time considering your results when you are done to see how one part flows into the next.

I.
Visualization of Liquids and Solids
1)
Use Atomic Microscope to explore liquids (which you may have examined earlier in the semester), solids, crystals, and ionic crystals.

A)  Clusters
Experiment Group
3D Plus

Experiment Title
Freeplay 3D

Add 3 Kr atoms.  Turn on Interatomic Potentials, cool the temperature just a little above the coldest, speed up the program and wait for the 3 atoms to cluster.

A.1)  Which shape seems to be the most stable?

If you were to add a fourth atom, what shape would you predict to form?  

A.2)  What shape do you predict would be stable?

Add a fourth Kr atom.

A.3)  Which shape does the program indicate to be the most stable?
Now add 4 Ne atoms and control the simulation so that all eight atoms are clustered.  Watch the atoms in the cluster vibrate and move around for a while to get a good idea of how they behave.  Increase the temperature a bit and observe how the cluster comes apart.

A.4)  Describe the behavior of the cluster.  Why do Kr and Ne atoms behave differently?

Return to the Home menu and select Experiment “Sodium Chloride” from the “3D Plus” Group.  Add 4 Na+ ions.  Watch the atoms zip around for a bit.  Now turn on Interatomic Potentials.  

A.5)  What is happening?  Why?

Clear the display.  Add 4 Cl¯ ions.  Watch them for a while, turn on Interatomic potentials again and note the change in behavior and speculate as to what is happening.

Don’t clear the display; instead add 4 Na+ ions.  Control the temperature and program speed so that the atoms start to cluster.  Continue to lower the temperature to just above its coldest, noting cluster shapes as you go.

A.6)  What shapes form?  Speculate as to what drives the clusters to form?

A.7)  How is the atom motion and cluster shape different from the Kr/Ne cluster?  Why?  

A.8)  If you increase the temperature, how does the cluster break up?  Why does it come apart in this fashion?  Why don’t the Kr/Ne atoms behave this way?
B)
Formation of a Solid


Experiment Group
3D Plus



Experiment Title
Freeplay (3D)

Add 50 Kr atoms, turn on Interatomic potentials, and set program speed to ~1/2 and the temperature to the middle of the white zone.  Let the simulation run until the atoms are in one cluster.  

B.1) What state has formed?

Cool the cluster further (temperature slider under the “Classical Notation” icon).

B.2)   How does the behavior change?  What specific changes are apparent compared to the state in B.1?

The cluster that you have formed is a solid.  Is this solid amorphous or crystalline?  What is unique about crystalline solids?

Click on the Information icon.  Explore some of the prepared crystals here and observe their behavior as they are heated (note that rotating the 3D box is helpful in viewing the crystal).  Then load the “172 Kr crystal” and note how atom motion changes with slight increases in temperature (keep the slider in the blue zone).

B.3)  Describe your observations.  If this was a real crystal, what properties of the crystal would be changing?

Now push the temperature slider to its hottest.

B.4)  What happens?

Cool the temperature back down into the blue zone.

B.5)  Do you get a crystal back?  Why or why not?

Return to the Home menu and select Experiment “Sodium Chloride” from the “3D Plus” Group.  From the Information menu (upper tool bar), load the 64 atom NaCl crystal.
B.6)  Sketch below how the ions are arranged in the crystal.

When done, shut off the program (ESC key).

2)
Use the ICE model kits to build two different ionic compounds:

C)  NaCl (see p. 33 of the Solid State manual)
Build the structure as described in the manual.

C.1)  Which spheres represent Na+ and which represent Cl¯?  Explain your logic. NOTE: The general trend in atomic size does not apply here because these species are ions.
C.2)  Focusing on Na+, how many Cl¯ ions surround it?

C.3)  Focusing on a Cl¯, how many Na+ ions surround it?

C.4)  Can you see how you would build a 4th layer?  Which ion(s) would comprise this layer?

C.5)  Imagine that you were to “cleave” a naturally occurring piece of NaCl crystal - would you expect that both types of ions would be present on the surface?  Explain your thinking.

D)  CdI2 (see p. 36 of the Solid State manual)

Build the first three layers of the CdI2 crystal.

D.1)  Which sphere represents Cd2+ and which represents I¯?  Explain your logic.

D.2)  Focusing on a Cd2+, how many I¯ ions surround it?

Read the description of how to build the structure higher.

D.3)  Which ions would go into the 4th layer, Cd2+ or I¯?  How is this structure different from the NaCl crystal?

D.4)  Is the number of Cd2+ ions surrounding I¯ the same as the number of I¯ ions surrounding a Cd2+?  Explain your thinking.  What do suppose the reason for this difference is?

D.5)  Imagine that you were to cleave a naturally occurring piece of CdI2 crystal - would you expect that both types of ions would be present on the surface?  Explain your thinking.

D.6)  CdI2 melts at 387 (C; NaCl melts at 801 (C.  Based on your understanding of the crystal structures for these two compounds, propose an explanation.

II.
Dissolution

E)  Sodium chloride (NaCl) is commonly called table salt.  As you probably know, NaCl will dissolve in water, producing a colorless solution that looks like water.

E.1)  Draw an atomic-level sketch of a NaCl crystal on the left below.  Speculate how this ionic compound dissolves, and draw a sketch on the right that shows what the products of that dissolution process would be.

Now view animations about how NaCl dissolves in water.  There is a summary of many chemistry web pages at http://www.afn.org/~afn02809/  

Click on the “Index”, and then the “Solution Chemistry” link in the Index of Topics.  From the next list of links, click on two animations:


a)  Solution process flash tutorial (4th in the list)


b)  Animation of dissolving solid salt, NaCl, in water click here Iowa State U. (5th in the list)

E.2)  How does your speculated process compare to the animations?

E.3)  Think about the dissolution process - what can you say about the strength of the interaction of the water molecules with the ions vs. the strength of the interactions between ions in the crystal?

E.4)  For an insoluble ionic compound, what would be different about the relative strengths of the interactions?

E.5)  Replay the animation and look for details of the interactions between water and the ions.
For an ionic compound that dissolves in water, draw sketches of the products in solution. 
E.3)  Summarize the process you observed in the animation (the dissolution of sodium chloride) using appropriate chemical symbols. (This should look a lot like a chemical equation.)

E.6)  CdI2 is soluble in water.  Predict the products of CdI2 dissolving in water and draw a sketch.

III. Dissolution Products
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In this experiment, you will study the effect of increasing the concentration of ions on conductivity.


If an ionic compound is dissolved in water, it dissociates into ions and the resulting solution will conduct electricity.  When a Conductivity probe is placed in a solution that contains ions, and thus has the ability to conduct electricity, an electrical circuit is completed across the electrodes that are located on either side of the hole near the bottom of the probe body (see Figure 1). This results in a conductivity value that can be read by the computer. The unit of conductivity used in this experiment is the microsiemens per centimeter, or µS/cm. The size of the conductivity value depends on the ability of the aqueous solution to conduct electricity.

Figure 1

MATERIALS

	computer
	distilled water

	Vernier computer interface
	100 mL beaker

	Logger Pro
	1.0 M NaCl solution

	Vernier Conductivity Probe
	1.0 M CaCl2 solution

	ring stand
	1.0 M AlCl3 solution 

	utility clamp
	stirring rod

	wash bottle
	tissue


PROCEDURE

1.
Your experiment setup should look like Figure 1. The probe should be set on the 0-2000 µS/cm position.  Connect the conductivity probe to any channel of the Vernier interface.

2.
Prepare the computer for data collection by opening the file “14 Conductivity Solutions” from the Chemistry with Computers folder.

3.
Add 70 mL of deionized water (measure with you graduated cylinder) to a clean 100 mL beaker. Obtain a dropper bottle that contains 1.0 M NaCl solution. 


4.
Before adding any drops of solution:

a. Click [image: image1.png]I Collect




.

b. Carefully raise the beaker and its contents up around the Conductivity Probe until the hole near the probe end is completely submerged in the solution being tested. Important: Since the two electrodes are positioned on either side of the hole, this part of the probe must be completely submerged.

c. Monitor the conductivity of the deionized water until the conductivity reading stabilizes.

d. Click [image: image2.png]Keep




, and then lower the beaker away from the probe. Type “0” in the edit box (for 0 drops added). Press the ENTER key to store this data pair. This gives the conductivity of the water before any salt solution is added.


5.
You are now ready to begin adding salt solution.

a. Add 1 drop of NaCl solution to the distilled water. Stir to ensure thorough mixing.

b. Raise the beaker until the hole near the probe end is completely submerged in the solution. Swirl the solution briefly.

c. Monitor the conductivity of the solution until the reading stabilizes.

d. Click [image: image3.png]Keep




, and then lower the beaker away from the probe. Type “1” (the total drops added) in the edit box and press ENTER.

6.
Repeat Step 5, entering “2” this time.

7.
Continue this procedure, adding 1-drop portions of NaCl solution, measuring conductivity, and entering the total number of drops added—until a total of 8 drops have been added. 

8.
Click [image: image4.png]Stop




 when you have finished collecting data. Dispose the beaker contents down the drain. Rinse the probe tip with deionized water from a wash bottle. Carefully blot the probe dry with a tissue.


9.
Prepare the computer for data collection. From the Experiment menu, choose Store Latest Run. This stores the data so it can be used later, but it will be still be displayed while you do your second and third trials.


10.
Repeat Steps 3-9, this time using 1.0 M AlCl3 solution in place of 1.0 M NaCl solution.


11.
Repeat Steps 3-8, this time using 1.0 M CaCl2 solution. 


12.
Click on the Linear Fit button, [image: image5.png]


. Be sure all three data runs are highlighted, then click [image: image6.png]OK




. A best-fit linear regression line will be shown for each of your three runs. In your data table, record the value of the slope, m, for each of the three solutions. (The linear regression statistics are displayed in a floating box for each of the data sets.)


13.
To save a graph of concentration vs. volume showing all three data runs:

a. Label all three curves by choosing Text Annotation from the Insert menu, and typing “sodium chloride” (or “aluminum chloride”, or “calcium chloride”) in the edit box. Then drag each box to a position near its respective curve.

b. Save your graphs in a folder on the Desktop labeled with student names.

	Solution
	Slope, m

	1.0 M NaCl
	

	1.0 M AlCl3
	

	1.0 M CaCl2
	


Questions
1.
Describe the change in conductivity as the concentration of the NaCl solution was increased by the addition of NaCl drops. What kind of mathematical relationship does there appear to be between conductivity and ion concentration?

2.
Which graph had the largest slope value? The smallest? Since all solutions had the same original concentration (1.0 M), what accounts for the difference in the slope of the three plots? Explain.

3.
Remember that the dissolution of NaCl produced Na+ and Cl¯ ions.

(a) Suppose (hypothetically) the dissolution of CaCl2 produces Ca2+ and Cl22¯ ions.  How would the slope compare to that actually observed for NaCl?

(b) Now suppose the dissolution of CaCl2 produces Ca2+ and (two) Cl¯ ions.  How would the slope compare to that observed for NaCl?

(c) Based on your answers to (a) and (b) above, does the dissolution of CaCl2 produce Ca2+ and Cl22¯ or Ca2+ and Cl¯ ions.
(d) Summarize the dissolution of calcium chloride using appropriate chemical symbols. (This should look a lot like a chemical equation.)
4.
Sketch the dissolution products of NaCl, CaCl2 and AlCl3 based on your results above. Make sure your sketches explain why differences in slope were observed in your data.
Post-Lab for Ionic #1
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1. (a) How are the ions arranged in a crystal of NaCl?

    (b) Do individual [NaCl] units exist in a crystal of NaCl(s)? Explain. 

2. (a) Which of the following solutions should have the highest conductivity?

(i) 1 M Na2SO4

(ii) 1 M MgO


(iii) 1 M AlCl3 


(b) Explain your answer using sketches of the above solutions.

3. Suppose you repeated today’s first experiment with TiCl4. Sketch the conductivity vs. volume added plot for this compound and CaCl2 for comparison. (Assume TiCl4 is an ionic compound.)

IV.
General Solubility Rules
In the previous section, you started with NaCl(s), CaCl2(s) and AlCl3(s) already dissolved in water at a concentration of 1.0 M. In this section, you will investigate how well various ionic compounds dissolve in water.  Ionic solids will be placed in water and allowed to dissolve and the conductivity of the resulting solutions will be measured.  If a particular ionic compound dissolves well (soluble compound), it will generate a high concentration of ions in solution and the measured conductivity will be high.  Compounds that do not dissolve well (insoluble compounds) will produce low conductivities.

EXPERIMENTAL PROCEDURE

1. In a test tube, weigh out approximately 0.10 grams (0.09 to 0.11) of one of your assigned solids.  

2. Add 10 mL of water to the test tube, using a graduated cylinder, and stir for 5 minutes.  You can dissolve several samples simultaneously, but be sure to label the test tubes.

3. Observe whether the compound has dissolved and measure the solution conductivity (see instructions below).  Record the information for each compound in the Empirical Solubility Table on the following page.

4. You may be asked to put your information on a table on the blackboard as well and to record classmate’s data to complete the Solubility table.

CONDUCTIVITY MEASURMENT INSTRUCTIONS

1. [image: image10.wmf]Your experiment setup should look like Figure 1. The probe should be set on the 0-2000 µS/cm position.  Connect the conductivity probe to any channel of the Vernier interface.

2. Prepare the computer for data collection by opening the file “14 Conductivity Solutions” from the Chemistry with Computers folder.

3. Collect conductivity of each solution as follows:

a.
Click [image: image7.png]I Collect




.

b.
Carefully raise the vial and its contents up around the Conductivity Probe until the hole near the probe end is completely submerged in the solution being tested. Monitor the conductivity of the deionized water until the conductivity reading stabilizes.

Click [image: image8.png]Keep




, and then lower the beaker away from the probe. Press the ENTER key to store this data.
Empirical Solubility Table


General Solubility Rules

Chloride salts

Carbonate salts

Nitrate salts

Sulfate salts

Hydroxide salts

Sodium salts

Potassium salts

Calcium salts, Magnesium salts

Ammonium salts

Iron salts

Lead salts

QUESTIONS ON IONIC COMPOUND SOLUBILITY

1. In general, what is the relationship between solubility (i.e. Completely Dissolved?) and conductivity?

2. 
Draw atomic scale pictures showing the contents of test tubes that explain the general relationship between solubility and conductivity. Use NaCl and AgCl as examples of a soluble and insoluble compound, respectively.

3. 
Based on your data, which solid(s) is/are partially soluble (some solid dissolves, but some does not)?

4.
Draw an atomic scale picture that explains the results for a partially soluble compound.

5.
Use your data to fill in the general solubility rules at the bottom of the Empirical Solubility Table. For each ion, state a general rule (e.g. all chloride compounds are soluble) and mention any exceptions (e.g. AgCl is insoluble).

LAB PRACTICAL QUESTIONS


1.  Are any of the chemicals used today listed as possible unknowns on the LAB PRACTICAL assignment sheet?  If not, skip questions 2-4 this week.  If yes, proceed to question 2.

2.  Which chemicals used this week are possible unknowns?

3.  Do these chemicals have any unique characteristics that could be used to distinguish them


(a)  from chemicals in other groups?  Explain how.


(b) from other chemicals in the same group?  Explain how.
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