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INTERPRETING DATA FROM SOLUBILITY CURVE

DIRECTIONS: Use the graph to solve the following problems.
1. What is the solubility of potassium nitrate in 100 grams of water at 10°C?
2. What is the solubility of potassium chloride in 100 grams of water at 50°C?
3. What is the solubility of sodium chloride in 100 grams of water at 90°C?
4. What is the minimum temperature needed to dissolve 150 grams of potassium nitrate in 100 grams of water
5. What is the minimum temperature needed to dissolve 35 grams of potassium chloride in 100 grams of water
6. At what temperature do potassium chloride and potassium nitrate have the same solubility?
7. At what temperature do potassium nitrate and sodium chloride have the same solubility?
8. If 110 grams of potassium chloride are mixed with 100 grams of water at 20°C, how much will not dissolve?
9. If 250 grams of potassium nitrate are mixed with 100 grams of water at 70°C, how much will not dissolve?
10. If 50 grams of sodium chloride are mixed with 100 grams of water at 80°C, how much will not dissolve?
11. If 15 grams of potassium chloride are added to 100 grams of water at 30°C, how much more must be added to saturate the solution?
12. If 110 grams of potassium nitrate are added to 100 grams of water at 70°C, how much more must be added to saturate the solution?
13. If 10 grams of sodium chloride are added to 100 grams of water at 100°C, how much more must be added to saturate the solution?
14. If 100 grams of water are saturated with potassium chloride at 35°C, and this solution is heated to 95oC, how much more can be dissolved?
15. If 100 grams of water are saturated with potassium nitrate at 20°C, and the solution is heated to 80oC, how much more can be dissolved?
16. If 100 grams of water at 50°C are saturated with sodium chloride, and this solution is heated to 100°C, how much more can be dissolved?
17 If 100 grams of water at 70°C are saturated with potassium nitrate, and this solution is cooled to 35oC, how much of the solid will precipitate(change from the dissolved state to the solid state) ?
18. If 100 grams of water at 90°C are saturated with potassium chloride, and this solution is cooled to 35oC, how much of the solid will precipitate?
19. How much potassium nitrate will dissolve in 50 grams of water at75°C?
20. How much potassium nitrate will dissolve in 10 grams of water at 10°C?
21. How much potassium chloride will dissolve in 50 grams of water at 50°C?
22. How much potassium chloride will dissolve in 25 grams of water at 80°C?
23. If 50 grams of water are saturated at 70°C with potassium nitrate and then cooled to 40°C, how much will precipitate?
24. What temperature is needed to dissolve twice as much potassium chloride as can be dissolved at 0°C in 100 grams of water?
25. What temperature is needed to dissolve twice as much potassium nitrate as can be dissolved at 10°C in 100 grams of water?
26. What is the molarity of a saturated potassium iodide solution at 10oC?
 





Molarity Worksheet

1. Sea water contains roughly 28.0 g of NaCl per liter. What is the molarity of sodium chloride in seawater?
2. What is the molarity of 245.0 g of H2SO4 dissolved in 1.00 L of solution?
3. What is the molarity of 5.30 g of Na2CO3 dissolved in 400.0 mL solution?
4. What is the molarity of 5.00 g of NaOH in 750.0 mL of solution?
5. How many moles of Na2CO3 are there in 10.0 L of 2.0 M solution?
6. How many moles of Na2CO3 are in 10.0 mL of a 2.0 M solution?
7. How many moles of NaCl are contained in 100.0 mL of a 0.20 M solution?
8. What weight (in grams) of NaCl would be contained in problem 7?
9. What weight (in grams) of H2SO4 would be needed to make 750.0 mL of 2.00 M solution?
10. What volume (in mL) of 18.0 M H2SO4 is needed to contain 2.45 g H2SO4
11. What volume (in mL) of 12.0 M HCl is needed to contain 3.00 moles of HCl?
12. How many grams of Ca(OH)2 are needed to make 100.0 mL of 0.250 M solution?
13. What is the molarity of a solution made by dissolving 20.0 g of H3PO4 in 50.0 mL of solution?
14. What weight (in grams) of KCl is there in 2.50 liters of 0.50 M KCl solution?
15. What is the molarity of a solution containing 12.0 g of NaOH in 250.0 mL of solution?
16. Determine the molarity of these solutions:
a) 4.67 moles of Li2SO3 dissolved to make 2.04 liters of solution.
b) 0.629 moles of Al2O3 to make 1.500 liters of solution.
c) 4.783 grams of Na2CO3 to make 10.00 liters of solution.
d) 0.897 grams of (NH4)2CO3 to make 250 mL of solution.
e) 0.0348 grams of PbCl2 to form 45.0 mL of solution.
17. Determine the number of moles of solute to prepare these solutions:
a) 2.35 liters of a 2.00 M Cu(NO3)2 solution.
b) 16.00 mL of a 0.415-molar Pb(NO3)2 solution.
c) 3.00 L of a 0.500 M MgCO3 solution.
d) 6.20 L of a 3.76-molar Na2O solution.




18. Determine the grams of solute to prepare these solutions:
a) 0.289 liters of a 0.00300 M Cu(NO3)2 solution.
b) 16.00 milliliters of a 5.90-molar Pb(NO3)2 solution.
c) 508 mL of a 2.75-molar NaF solution.
d) 6.20 L of a 3.76-molar Na2O solution.
e) 0.500 L of a 1.00 M KCl solution.
f) 4.35 L of a 3.50 M CaCl2 solution.
19. Determine the final volume of these solutions:
a) 4.67 moles of Li2SO3 dissolved to make a 3.89 M solution.
b) 4.907 moles of Al2O3 to make a 0.500 M solution.
c) 0.783 grams of Na2CO3 to make a 0.348 M solution.
d) 8.97 grams of (NH4)2CO3 to make a 0.250-molar solution.
e) 48.00 grams of PbCl2 to form a 5.0-molar solution.

Dilution of Stock Solutions

1. A stock solution of 1.00 M NaCl is available. How many milliliters are needed to make 100.0 mL of 0.750 M
2. What volume of 0.250 M KCl is needed to make 100.0 mL of 0.100 M solution?
3. Concentrated H2SO4 is 18.0 M. What volume is needed to make 2.00 L of 1.00 M solution?
4. Concentrated HCl is 12.0 M. What volume is needed to make 2.00 L of 1.00 M solution?
5. A 0.500 M solution is to be diluted to 500.0 mL of a 0.150 M solution. How many mL of the 0.500 M solution are required?
6. A stock solution of 10.0 M NaOH is prepared. From this solution, you need to make 250.0 mL of 0.375 M solution. How many mL will be required?
7. 2.00 L of 0.800 M NaNO3 must be prepared from a solution known to be 1.50 M in concentration. How many mL are required?

These next two are a bit harder and involve slightly more calculation than the discussion above.
8. Calculate the final concentration if 2.00 L of 3.00 M NaCl and 4.00 L of 1.50 M NaCl are mixed. Assume there is no volume contraction upon mixing.
9. Calculate the final concentration if 2.00 L of 3.00 M NaCl, 4.00 L of 1.50 M NaCl and 4.00 L of water are mixed. Assume there is no volume contraction upon mixing.


Molality Worksheet

1. What is the molality of a solution that contains 63.0 g HNO3 in 0.500 kg H2O?


2. What is the molality of a solution that contains .500 mol HC2H3O2 in 0.125 kg H2O?


3. What mass of water is required to dissolve 100. g NaCl to prepare a 1.50 m solution?


4. What mass of water must be used to dissolve 0.500 kg C2H5OH to prepare a 3.00 m solution?

5. What mass of H2SO4 must be dissolved to 2.40 kg H2O to produce a 1.20 m solution?


6. What is the number of molecules of C2H5OH in a 3 m solution that contains 4.00 kg H2O?


7. What is the molality of a solution that contains 80.0 g Al2(SO4)3 in 625 g H2O?


8. What mass of water is required to dissolve 175 g KNO3 to produce a 2.25 m solution?


9. What mass of HC2H3O2 must be dissolved in 800. g H2O to produce a 6.25 m solution?


10. How many moles of NH4+ ions are dissolved in 0.750 kg of H2O when the concentration of (NH4)3PO4 is 0.400 m?


11. What is the molality of a saturated solution of NaNO3 at 20oC (Use the solubility graph for this question)?

12. What is the molality of a saturated solution of NH4Cl at 70oC (Use the solubility graph for this question)?







Freezing Point Depression & Boiling Point Elevation

Answer the following questions. Show work where appropriate. 

1. What does molality represent in terms of units?

2. What is the molality of a solution made by dissolving 250.0 g of C6H12O6 in 100.0 g of water?



3. What would be the freezing point depression in number 2?


4. What would be the new freezing point in number 2?

5. Calculate the boiling point elevation of a water solution of sugar (C6H12O6), given that the solution contains 535 g of sugar in 989 g of water.



6. What would be the new boiling point for the solution described in number 5?


7. What mass of CCl4 is dissolved in 298 g of benzene, given that the boiling point elevation for the solution is 7.45oC.


8. What mass of sugar is dissolved in 350 g of water given the freezing point of the solution is –5.0 oC?


9. A mass of 78.1 g of a substance has a formula mass of 60.3 g/mol. Is dissolved in 10.5 kg of phenol. Calculate the freezing and boiling points of that solution.


10. Why is salt put on icy streets in winter? 

11. What scientific principles are put to use to keep your car radiator from overheating? 		


Water
(Adapted from a paper by Rajesh R. Parwani.)
Most of the world has probably seen the movie 'Titanic'. I know of people who have seen it multiple times. I have never seen it. I refused to see it when it came out and I avoided seeing it even when it reached the small screen. Nonetheless, given the immense publicity and trailers, I couldn't avoid knowing that it made Leonardo an idol among teenage girls and launched Kate's career. But in my opinion the real star, ignored completely by the media and the Oscars despite a remarkable performance, was the iceberg.
 (
The ship sank because it struck the iceberg. But how is it that the iceberg was floating in the first place? Oh, you say, we all know ice floats, just look at all those ice-cubes in a glass of soft-drink, or look at the skaters on frozen lakes that sometimes fall into the chilly water below if the surface cracks, or recall those documentaries that show a polar bear or Eskimo fishing through a hole in frozen landscape. It is well known that ice floats.
)




Yes, but it is highly unusual from the point of view of chemistry. Most substances are denser in their solid state than in their liquid state. This has a simple explanation in terms of the atomic nature of matter. In a solid state the atoms are in relatively fixed locations, held there by their bonds to other nearby atoms. As the temperature is raised, the atoms get more energetic, break free from their constrained environments, and roam over a larger volume.
 Thus clearly a substance should be less dense in its liquid state. So in this simple picture, ice should be heavier than liquid water: the iceberg should have been at the bottom of the sea, posing no threat to the Titanic.
Each molecule of water consists of a large oxygen atom covalently bonded to two smaller hydrogen atoms (as everyone knows, "H-2-O"). In the shell model of atoms, each neutral oxygen atom has six electrons in its outermost shell, but requires eight to be chemically inactive. Similarly each neutral hydrogen atom has a single electron but desires two to become chemically satisfied. In a water molecule the oxygen atom shares two of its electrons with two hydrogen atoms so that all atoms fulfill their needs, but since the oxygen atom is bigger and greedier (it has a larger positive core), it pulls the electrons from the hydrogen atoms closer to itself. The sharing is thus unequal, leaving the hydrogen atoms slightly positively charged and the oxygen atom slightly negatively charged. 
The three-dimensional shape of the water molecule, together with the hydrogen bond, result in ice being a three dimensional crystal, with each molecule being hydrogen-bonded to perhaps four others. In liquid water the structure is highly dynamic, with the hydrogen bonds breaking and reforming, allowing the individual atoms greater freedom of movement. However, as the temperature is lowered and ice formed, the hydrogen bonds become more stable and the crystal structure more rigid. The rigid crystal has an open porous structure. Thus the molecules in ice end up occupying more space than in liquid water, making ice less dense than liquid water! 
The fact that ice floats has profound consequences for biology and our climate: deep parts of a lake are the last to freeze in winter, allowing aquatic life-forms to survive; while the ice-caps in the Arctic and Antarctic, would clearly result in a very different Earth if water froze from the bottom. The hydrogen bonds of water also allow it to resist changes in temperature by redistributing heat energy among the many bonds. This results in water having a relatively high specific heat capacity. That means a relatively large amount of heat is required to warm water and conversely a large amount of heat must be removed to lower its temperature. This resistance of water to a change in temperature also has biological and climatic consequences: The oceans and other water sources act as heat reservoirs, providing a relatively stable environment for aquatic life and moderating the weather.
Water has so many other unusual physical and chemical properties (such as being a very good solvent and chemically very reactive), it is not surprising that it is considered by many to be a prerequisite for life to form and flourish anywhere in the cosmos. Astronomers tell us that oxygen is the third most abundant element in the universe after hydrogen and helium. Since helium is inert, the next simplest compound that can be formed arises from a combination of hydrogen and oxygen --- water! So there might be life elsewhere. (Sebald note: not necessarily my opinion)
Think about that last fact for a moment and try to 'see' what it means. Now, don't you want to plunge into physics to understand how Nature works?
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Questions for WATER

1. How are the densities of most substances in the solid form related to its liquid form?

2. How is water an exception to the above stated relationship?

3. On a separate piece of paper, write a short paragraph to explain the scientific basis for the answer in #2? (you must use the following words at least once: Positive, Negative, Electrons, Crystal, Hydrogen Bond)

4. Why is this important to aquatic life?

5. What are some other unusual properties of water?

6. You leave your glass of ice water out over night. In the morning you notice that all the ice is gone. What has happened to the level of the water in the glass?

7. The Arctic is a floating sea of ice at the top of the northern hemisphere. What would be the effect on world-wide sea levels should the Arctic completely melt?

8. Liquid water is said to be rare in the universe. Why?

9. God could have created the properties of water to be the same as every other substance. Speculate on the kind of world we would have if the density of ice was greater than liquid water. (if that were to suddenly happen today certainly many things would die….but how would God have created things differently?)












Solutions
Unit 8 Pre-test

Use your solubility curve chart to answer the following questions:

1. How many grams of KCl will dissolve in 100g of water at 90 oC?

2. A solution has 40 g of NH4Cl dissolved at 60 oC. How much more will need to be added in order to have a saturated solution?

3. What type of compound is NH3 (solid, gas)? Why?

4. A saturated solution of NaNO3 at 10 oC is heated to 80 oC. How much more NaNO3 will be needed to saturate the solution?

5. A saturated solution of NaCl at 100 oC is cooled to 5 oC. How much of the NaCl will precipitate out?

6. Predict the solubility of KI at 30 oC.

Solve the following. Show your work with units.

7. A solution has 0.35 moles of NaOH dissolved in 2.0 L of solution. What is the molarity of the solution?


8. A solution of NaOH contains 29.2 g of the solute in 0.500 L of solution. What is the molarity of the solution?


9. A solution of NaOH has a molarity of 2.90 M and has a volume of 1.40 L. How many grams of NaOH are dissolved in the solution?


10. A solution of NaOH has 49.0 g of NaOH dissolved in 235 mL of solution. What is the molarity of the solution?


11. What is the freezing point of a 5.2 m water solution (Kf for water is 1.85oC/m)?


12. What is the freezing point of a solution that contains 205 g of C6H12O6 in 1250 g of water?


13. What is the boiling point of the same solution described in problem #12 (Kb for water is 0.52oC/m)?


14. What is the freezing point of a solution made by dissolving 100.0 g of I2 in 500.0 g of benzene (the Kf for benzene is 2.53oC/m; the normal freezing point of benzene is 5.53 oC)?

15. A chemistry student would like to prepare 3.50 L of a 1.25 M HCl solution. How much of a 12.0 M HCl solution would she need? How much water should be used?


16. Finish the following equations. Underline the insoluble product if any. Put NR for a equation with no reaction:

a. Ba(NO3)2  +  HCl

b. (NH4)2S  +  CoCl2



17. Under what circumstances is it useful to change the boiling/freezing point of a solution?
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Hmmmmm, wrong bottle. I guess THIS one
must have been the Elixir of DEATH...
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Molal Freezing—Point Depression
and Boiling—Point Elevation Constants

K Freezing Point Kp - Boiling Point
Substance (C° kg/mol) (°C) (C° kg/mol) (°C)
Acetic Acid 3.90 16.66 2.530 117.90
Benzene 5.12 5.533 2.53 80.100
Camphor 37.7 178.75 ' 5.611 207.42
Cyclohexane 20.0 6.54 2.75 80.725
Cyclohexanol 39.3 25.15 — —
Nitrobenzene 6.852 5.76 5.24 210.8
Phenol 7.40 40.90 3.60 181.839

Water 1.853 0.000 0.515 100.000
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