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Solutions
Solutions WS#1 (Solution Review (5pts))

1. A solution is prepared by dissolving 125g sucrose (C12H22O11) in enough water to produce a 1.00L solution. What is the molarity of this solution?
2. What volume of 0.25M HCl must be diluted to prepare 1.00L of a 0.040M solution?

3. What is the mass of sodium oxalate (Na2C2O4) is needed to prepare 0.250L of a 0.100M solution?

4. Calculate the sodium ion concentration when 70.0mL of 3.0M sodium carbonate is added to 30.0mL of 1.0M sodium bicarbonate.

5. A solution is prepared by diluting 25.00mL of a 0.308M solution of NiCl2 to a final volume of 0.500L. What is the concentration of nickel (II) chloride in this solution? What are the concentrations of nickel ions and chloride ions in this solution?

6. Write equations showing the ions present after the following strong electrolytes are dissolved in water.

a. HNO3

b.    Na2SO4

c.    SrBr2 

d.    CuSO4 
7. [image: image1.emf]Rationalize the temperature dependence of the solubility of a gas in water in terms of the kinetic molecular theory.

8. The two beakers in the sealed container illustrated to the right contain pure water and an aqueous solution of a volatile solute.

If the solute is less volatile than water, explain what will happen to the volumes in the two containers as time passes.

9. When pure methanol is mixed with water, the resulting solution feels warm. Would you expect this solution to be ideal? Explain.

10. For an acid or a base, when is the normality of the solution equal to the molarity of the solution and when are the two concentration units different?
11. Which of the following statements is(are) true? Correct the false statements.

a. The vapor pressure of a solution is directly related to the mole fraction of solute.

b. When a solute is added to water, the water in solution has a lower vapor pressure than that of a pure ice at 0oC.

c. Colligative properties depend on the identity of the solute and not the number of solute particles present.

d. When sugar is added to water, the boiling point of the solution increases above 100oC because sugar has a higher boiling point than water.
Solutions WS#2 (Solution Composition (5pts))

12. A solution is made by dissolving 25g of NaCl in enough water to make 1.00L of solution. Assume that the density of the solution is 1.00g/cm3. Calculate the mass percent, molarity, molality, and mole fraction of NaCl.
13. [image: image2.emf]A solution of phosphoric acid was made by dissolving 10.0g H3PO4 in 100.0mL water. The resulting volume was 104mL. Calculate the density, mole fraction, molarity, and molality of the solution. Assume water has a density of 1.00g/cm3.
14. Common commercial acids and bases are aqueous solutions with the following properties:

Calculate the molarity, molality, and moles fraction of each of the preceding reagents.

15. A solution is prepared by mixing 25mL pentane (C5H12, d = 0.63g/cm3) with 45mL hexane (C6H14, d = 0.66g/cm3). Assuming that the volumes add on mixing, calculate the mass percent, mole fraction, molality, and molarity of the pentane.

16. A bottle of wine contains 12.5% ethanol by volume. The density of ethanol (C2H5OH) is 0.789g/cm3. Calculate the concentration of ethanol in wine in terms of mass percent and molality.

17. A 1.37M solution of citric acid (H3C6H5O7) in water has a density of 1.10g/cm3. Calculate the mass percent, molality, mole fraction, and normality of the citric acid. Citric acid has three acidic protons.

Solutions WS#3 (Energetics of Solutions and Solubility (5pts))

18. The lattice energy * of NaI is -686kJ/mol, and the enthalpy of hydration is -694kJ/mol. Calculate the enthalpy of solution per mole of NaI. Describe the process to which this enthalpy change applies. *Lattice energy was defined as the energy change for the process M+(g) + X-(g) → MX(s).
19. Although Al(OH)3 is insoluble in water, NaOH is very soluble. Explain in terms of lattice energies.

20. Which solvent, water or carbon tetrachloride, would you choose to dissolve each of the following?

a. KrF2 
b.    SF2 

c.    SO2 

d.    CO2 
e.    MgF2 
f.    CH2O
g.    CH2=CH2 

21. For each of the following pairs, predict which substance would be more soluble in water.
a. [image: image3.emf][image: image4.emf]NH3 or PH3 
b. CH3CN or CH3CH3
c. CH3C-OH or CH3-C-OH

           O

     O

22. Rationalize the trend in water solubility for the following simple alcohols: 
23. The solubility of nitrogen in water is 8.21x10-4mol/L at 0oC when the N2 pressure above water is 0.790atm. Calculate the Henry’s law constant for N2 in units of mol/L for Henry’s law in the form C = kP, where C is the gas concentration in mol/L. Calculate the solubility of N2 in water when the partial pressure of nitrogen above water is 1.10atm at 0oC.

Solutions WS#4 (Vapor Pressure of Solutions (5pts))
24. Glycerin, C3H8O3, is a nonvolatile liquid. What is the vapor pressure of a solution made by adding 164g glycerin to 338mL H2O at 39.8oC? The vapor pressure of pure water at 39.8oC is 54.74torr and its density is 0.922g/cm3.
25. The normal boiling point of methanol is 64.7oC. A solution containing a nonvolatile solute dissolve in methanol has a vapor pressure of 710.0torr at 64.7oC. What is the mole fraction of methanol in this solution?

26. A solution is made by dissolving 25.8g urea (CH4N2O), a nonelectrolyte, in 275g of water. Calculate the vapor pressures of this solution at 25oC and 45oC. (The vapor pressure of pure water is 23.8torr and 71.9torr at 45oC.)
27. Pentane (C5H12) and hexane (C6H14) form an ideal solution. At 25oC the vapor pressures of pentane and hexane are 511 and 15.torr, respectively. A solution is prepared by mixing 25mL pentane (density, 0.63g/mL) and 45mL hexane (density, 0.66g/mL).

a. What is the vapor pressure of the resulting solution?

b. What is the composition by mole fraction of pentane in the vapor that is in equilibrium with this solution?

28. What is the composition of a methanol (CH3OH)-propanol (CH3CH2CH2OH) solution that has a vapor pressure of 174torr at 40oC, the vapor pressures of both pure methanol and pure propanol are 303 and 44.6torr, respectively. Assume solution is ideal.
29. Which of the following will have the lowest total vapor pressure at 25oC?

a. Pure water (vapor pressure = 23.8torr at 25oC)

b. A solution of glucose in water with XC6H12O6 = 0.01

c. A solution of sodium chloride in water with a XNaCl = 0.01

d. A solution of methanol in water with a XCH3OH = 0.2 (Consider vapor pressure of both methanol [143torr at 25oC] and water.)

30. A solution is made is made by mixing 50.0g acetone (CH3COCH3) and 50.0g methanol (CH3OH). What is the vapor pressure of this solution at 25oC? What is the composition of the vapor expressed as a mole fraction? Assume ideal solution and gas behavior. (At 25oC the vapor pressure of pure acetone and pure methanol are 271 and 143torr, respectively.) The actual vapor pressure of this solution is 161torr. Explain any discrepancies.  

Solutions WS#5 (Colligative Properties (5pts))
31. A solution is prepared by dissolving 27.0g urea, (NH2)2CO, in 150.0g water. Calculate the boiling point of the solution. Urea is a nonelectrolyte.
32. What mass of glycerin (C3H8O3), a nonelectrolyte, must be dissolved in 200.0g water to give a solution with a freezing point of -1.50oC?

33. Calculate the freezing point and boiling point of an antifreeze solution that is 50.0% by mass of ethylene glycol (HOCH2CH2OH) in water. Ethylene glycol is a nonelectrolyte.
34. Reserpine is a natural product isolated from the roots of the shrub Rauwolfa serpentine. It was first synthesized in 1956 by Nobel Prize winner R.B. Woodward. It is used as a tranquilizer and sedative. When 1.00g reserpine is dissolved in 25.0g camphor, the freezing point depression is 2.63oC (Kf for camphor is 40.oC-kg/mol). Calculate the molality of the solution and the molar mass of reserpine.
Solutions WS#6 (Properties of Electrolyte Solutions (5pts))

35. Consider the following solutions: 0.0100m Na3PO4 in water, 0.020m CaBr2 in water, 0.20m KCl in water, and 0.020m HF in water (HF is a weak acid.)
a. Assuming complete dissociation of the soluble salts, which solution(s) would have the same boiling point as 0.040mC6H12O6 in water? C6H12O6 is a nonelectrolyte.

b. Which solution would have the highest vapor pressure at 28oC?

c. Which solution would have the largest freeing-point depression?

36. Calculate the freezing point and the boiling point of each of the following solutions. (Assume complete dissolution.)
a. 5.0g NaCl in 25g H2O

b.    2.0g Al(NO3)3 in 15g of H2O

37. Calculate the freezing point and boiling point of each of the following aqueous solutions. (Assume complete dissolution.)

a. 0.050m MgCl2 


b.    0.050m FeCl3 

38. Use the following data for three aqueous solutions of CaCl2 to calculate the apparent value of the van’t Hoff factor. 
39. In the winter of 1994, record low temperatures were registered throughout the United States. For example, in Champaign, Illinois, a record low of -29oF was registered. At this temperatures can salting icy roads with CaCl2 be effective in melting the ice?
a. Assume I = 3.00 for CaCl2 
b.    Assume the average value for I from exercise 38. 
      (The solubility of CaCl2 in cold water is 74.5g/100g H2O.)

Solutions WS#7 (Conceptual (5pts))

40. In a coffee-cup calorimeter, 1.60g NH4NO3 was mixed with 75.0g of water at an initial temperature of 25oC. After dissolution of the salt, the final temperature of the calorimeter contents was 23.34oC.
a. Assuming the solution has a heat capacity of 4.18J/g-oC, and assuming no heat loss to the calorimeter, calculate the enthalpy of solution (ΔHsoln) for the dissolution of NH4NO3 in units of kJ/mol.

b. If the enthalpy of hydration NH4NO3 is -630.kJ/mol, calculate the lattice energy of NH4NO3.

41. Explain the following on the basis of the behavior of atoms and/or ions.

a. Cooking with water is faster in a pressure cooker than in an open pan.

b. Salt is used on icy roads.

c. Melted sea ice from the Arctic Ocean produces fresh water.

d. CO2(s) (dry ice) does not have a normal boiling point under normal atmospheric conditions, even though CO2 is a liquid in fire extinguishers.

e. Adding a solute to a solvent extends the liquid phase over a larger temperature range.

42. At 25oC, the vapor in equilibrium with a solution containing carbon disulfide and acetonitrile has a total pressure of 263torr and is 85.5 mole percent carbon disulfide. What is the moles fraction of carbon disulfide in the solution?  At 25oC, the vapor pressure of carbon disulfide is 375torr. Assume the solution and vapor exhibit ideal behavior.
43. An unknown compound contains only carbon, hydrogen, and oxygen. Combustion analysis of the compound gives mass percents of 31.75%C and 5.30%H. The molar mass is determined by measuring the freezing-point depression of an aqueous solution. A freezing point of -5.20oC is recorded for a solution made by dissolving 10.56g of the compound in 25.0g of water. Determine the empirical formula, molar mass, and molecular formula of the compound. Assume that the compound is a nonelectrolyte.

44. Consider an aqueous solution containing sodium chloride that has a density of 1.01g/mL. Assume the solution behaves ideally. The freezing point of this solution at 1.0atm is -1.28oC. Calculate the percent composition of this solution (by mass).

45. The freezing point of an aqueous solution is -2.79oC.

a. Determine the boiling point of this solution.

b. Determine the vapor pressure (in mmHg) of this solution at 25oC (the vapor pressure of pure water at 25oC is 23.76mmHg).

c. Explain any assumptions you make in solving parts (a) and (b).
Extra Credit (2pts per correct answer; must show work)
Answer Key

WS#1

1. 0.365M
2. 160mL

3. 3.35g Na2C2O4
4. 4.5M 

5. 1.54x10-2M NiCl2, [Ni2+] = 1.54x10-2M; [Cl1-] = 3.08x10-2M
6. (a) HNO3 → H1+(aq) + NO31-(aq); (b) Na2SO34(s) → 2Na1+(aq) + SO42-(aq); (c) SrBr2(s) →Sr2+(aq) + 2Br1-(aq); (d) CuSO4(s) → Cu2+(aq) + SO42-(aq)
7. Answer and we will discuss in class.
8. Answer and we will discuss in class.

9. Answer and we will discuss in class.

10. Answer and we will discuss in class.

11. Answer and we will discuss in class.
WS#2

12. 2.5%; 0.43M; 0.44m; 7.9x10-3
13. 1.06g/mL; 0.0180 mole fraction H3PO4; 0.980 mole fraction H2O; 0.981 mol/L; 1.02mol/kg
14. HCl: 12M, 17m, 0.23; HNO3: 16M, 37m, 0.39; H2SO4: 18M, 200m, 0.76; HC2H3O2: 17M, 2000m, 0.96; NH3: 15M, 23m, 0.29
15. 35%; 0.39; 7.3m, 3.1M
16. 10.1% by mass; 2.45mol/kg
17. 23.9%; 1.6m, 0.028, 4.11N
WS#3

18. NaI(s) → Na1+(aq) + I1-(aq); ΔHsoln = -8kJ/mol
19. The attraction of water molecules for Al3+ and OH1- cannot overcome the larger lattice energy of Al(OH)3
20. (a) CCl4

(b) H2O

(c) H2O

(d) CCl4

(e) H2O

(f) H2O

(g) CCl4
21. Ability to form hydrogen bonding interactions, ability to break up into ions and polarity are some factors affecting solute solubility. (a) NH3;
(b) CH3CN;
(c) CH3COOH
22. As length of the hydrocarbon chain increases, the solubility decreases because the nonpolar hydrocarbon chain interacts poorly with the polar molecules.
23. 1.04x10-3mol/L-atm; 1.14x10-3mol/L
WS#4

24. 50.0torr
25. 0.9342
26. 23.2torr at 25oC; 7.0torr at 45oC
27. (a) 290torr
(b) 0.69
28. Xmethanoll = Xpropanol = 0.500
29. Solution c
30. Pideal = 188.6torr; Xacetone = 0.512, Xmethanol = 0.488; the actual vapor pressure of the solution is smaller than the ideal VP, so this solution exhibits a negative deviation from Raoult’s law. This occurs when solute-solvent interactions are stronger than for the pure substances.
WS#5

31. 101.5oC
32. 14.8g C3H8O3 
33. Tf = -29.9oC, Tb = 108.2oC
34. 6.6x10-2mol/kg; 590g/mol (610g/mol if no rounding of numbers)
WS#6
35. (a) 0.010m Na3PO4 and 0.020m KCl
(b) 0.020m HF 

(c) 0.020m CaBr2 
36. (a) Tf = -13oC, Tb = 103.5oC

(b) Tf = -4.7oC, Tb = 101.3oC

37. (a) Tf = -0.28oC, Tb = 100.077oC

(b) Tf = -0.37oC, Tb = 100.10oC
38. 2.63 (0.0225m), 2.60 (0.0910m), 2.57 (0.278m); iaverage = 2.60
39. (a) yes


(b) no
WS#7

40. (a) 26.6kJ/mol

(b) -657kJ/mol
41. (a) Water boils when the vapor pressure equals the pressure above the water. In an open pan, Patm ~ 1.0atm. In a pressure cooker, Pcooker > 1.0atm and water boils at a higher temperature. The higher the cooking temperature, the faster the cooking time. (b) Salt dissolves in water, forming a solution with a melting point lower than that of pure water (ΔTf = Kfm). This happens in water on the surface of ice. If it is not too cold, the ice melts. This process won’t occur if the ambient temperature is lower than the depressed freezing point of the salt solution. (c) When water freezes from a solution, it freezes as pure water, leaving behind a more concentrated salt solution. (d) On the CO2 phase diagram, the triple point is above 1atm and at normal atmospheric pressures, which explains why dry ice sublimes rather than boils. In a fire extinguisher, P > 1atom and CO2(l) can exist. When CO2 is released from the fire extinguisher, CO2(g) forms as predicted from the phase diagram. (e) Adding a solute to a solvent increases the boiling point and decreases the freezing point of the solvent. Thus, the solvent is a liquid over a wider range of temperatures when a solute is dissolved.
42. 0.600
43. C2H4O3; 151g/mol (exp); 152.10g/mol (cal.); C4H8O6
44. 1.97% NaCl
45. (a) 100.77oC

(b) 23.1mmHg

(c) Assume an ideal solution; assume no ions form (i = 1); assume the 

      solute is nonvolatile
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