Water:  The Universal Solvent


Simulab #1 Rate of Dissolving

The effect of temperature on dissolving a solid in a liquid.


Copy the table below in your notebook.

	Temp
	T=1.0
	T=1.5
	T=2.0
	T = 2.5
	T = 3.0
	T = 3.5
	T = 4.0

	Time
	
	
	
	
	
	
	


Directions for using the SMD lab.

On the desktop, double click on the Start SMD! Icon. [image: image1.png]



You will see a dialog box entitled Open Preset Experiment.  Double click on Additional Files folder.  Use the right scroll bar to find Solvation and double click on that title to open it.

You should now see the following screen.
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SET UP

1. Click on show additional parameters box on bottom right of display window.

2. Click on rigid container. 

3. Under boundary conditions, select reflecting walls.

4. Close the additional parameters window by clicking on Hide Additional Parameters.

5. Above the white space, use the graph menu bar to select Avg. Concentration vs. X

You should see the following bar graph.
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Notice that this shows the distribution or concentration of the solid Blue particles (B) and the liquid Green particles (G).  

Setting Temperature

Under the graph, you will see a sliding bar for Temperature.  For the first run, we will increase the temperature to 1.0.  Click on the slider and move it close to 1.0, then use left or right arrow keys on keyboard to get exactly 1.0.

Display for Time

On the right corner, click on Show Averages box to open up the Average Values display.  Notice that time is the first value.

Begin Run

Press Start.  Observe the particle motion.  Watch the graph for when all blue bars get below the 20% line.  Immediately press Pause.
Record time from Average Values Display Box in your data table under T= 1.0.


New Temperature

Under File, Select Reset Experiment, follow steps 1-5  from above to set container and the graph.

Set Temperature to 1.5

Press Start.  Again, press pause when all blue bars are below 20%. 

Record the new time at T = 1.5 on data table.

Repeat steps 1-5 for temperatures 2.0, 2.5, 3.0, 3.5, and 4.0.

Make sure everyone in the group gets a chance to run a simulation.




Simulab #2-  The Structure of Water

1. Double Click on the Start Water icon on the desktop. [image: image4.png]



2. Under File, select Load Scene.

3.  In the dialog box, double click on Ice2.itx.

4.  You will now see two water molecules stuck together.  Let’s move them apart so we can better see each one.  Open the Options box on the left side of the screen by clicking on the Options bar.  Click and drag on the density slider to a value of around .25.  

5.  Under Speed, select 4x.

6.  Press Start.

7.  Experiment with the Zoom and Angle boxes to change the view of the two molecules.  You will need to click and drag to experiment with these options.  

Also try different Views, including mixed.

Try different Camera angles

Try higher speeds when the motion is stopped.

8.  When all members of your group have had a chance to experiment with the program choices.

9.  Draw a picture of both the ball and stick (mixed) model and the space saving (balls) model in the space below.  Label your diagrams with the following:  Hydrogen, oxygen, covalent bond, and partial positive and negative charges.  Refer to p. 52 in ChemCom text.



Simulab#3- Dissolving a Salt Molecule in Water

What makes water such a good solvent for an ionic compound?


1. Double click on the Start Water icon on the desktop.    [image: image5.png]



2. Under File, select Load Preset, 24 Molecule Ice.  

3. Choose 128x Fastest under the Speed menu for fastest simulation progress.

4. Open Options bar on the side.  Choose Locked Parameters to Density & Temperature.  Fix Density to 0.1 using the slide bar.  Fix Temperature to 320.  Click on Start.  The solid “ice” molecules will now move farther apart and act like liquid water.

5. Use the Zoom control until you can see the surrounding “box”.  Adjust the Angle to see the spaces between the water molecules.

6. Let it run for about a minute. Change View to Mixed.  Notice the changes as the ice melts.

7. When you see the molecules have spread apart, push the Insert Ion button at the bottom of Options screen.  Click Add Ion.  You will insert one salt (NaCl) molecule into the box.  Use your Angle button to locate your ion in the solution.  Zoom in to get the best view of the NaCl.  The green sphere represents the chloride ion, and the pink sphere represents the sodium ion.

8. 
9.  After the simulation runs for a few seconds, Stop and increase the Density to 1.0.  This is the density of liquid water.  The reason we used the low density at first is so that the program can fit a salt molecule into a hole among the water molecules.  Press Start.


10. To make the salt dissociate faster, you may need to raise the Temperature.


Draw a picture of the ions and adjacent water molecules. Label your drawing with symbols and appropriate charges.


Guiding Questions:





What is a solution?


What is a solvent and how does it work?


How can we use the particulate view of matter to help us understand dissolving?:


How does the structure of a liquid differ from a solid?


How does an increase in temperature affect the rate of dissolving?


Why is water considered a polar molecule?


Why is salt considered an ionic compound?


Why does salt dissolve readily in water ?


 





Your objective is to:�Compare the amount of time that it takes f	or a solid crystal to dissolve at different temperatures.





You will be able to:


Utilize the VMD program to visualize a simple solution.


Change the temperature as a variable in the dissolving process


Collect time and temperature data


Graph and analyze the data





Q.1:  What did you notice happened to the particles of the blue solid?





Looking at your completed data table, what trend in time do you notice occurred as the temperature increased?





Construct a Time vs. Temperature graph with the data you collected.  Put Time on the Y axis and Temperature on the X


Draw a smooth curve using your data points.  





How would you describe the slope of this graph?





In one or two sentences, describe what you learned from watching this simulab.





Your objective is to:


Observe a water molecule with respect to its structure and polarity.





You will be able to:


Utilize the Water program to visualize and manipulate water molecule


Compare the placement of the hydrogen to the oxygen atoms in the water molecule.


Explain how this model demonstrates a polar molecule.




















In one or two sentences, explain why water is classified as a polar molecule.





Your objective is to:


Compare the arrangement of a salt molecule being dissolved to the surrounding water molecules.





You will be able to:


Manipulate a group of water molecules


Place an ionic compound in the sample of water molecules 


Observe and monitor the process of ionization





What is the charge of a sodium ion? _______





What is the charge of a chloride ion? _______





Does the salt dissociate (ionize)?





What do you see?





Why does the salt ionize or dissociate faster at higher temperatures?











How are the water molecules arranged around the sodium (pink) ion?











How are the water molecules arranged around the chloride (green) ion?








How do you expect the water molecules will arrange themselves when the temperature is slowly lowered?








