Chem 1A

Chapter 11 Exercises


Exercises #1:
1.
Which solvent, water of hexane (C6H14), would you use to dissolve each of the following substances? Explain your reasoning.


(a) Na2SO4

    (b) NH3

(c) I2 

(d) C12H22O11 (sugar)


(e) Grease

    (f) NH4Cl

(g) P4

(h) C10H8 (naphthalene)
2.
(a) The solubility of KNO3 in water is 31.6 g/100 g H2O at 20oC. How many grams of KNO3 will dissolve in 230. g of water to form a saturated solution at 20oC?


(b) Is a solution that contains 25 g of KNO3 in 75 mL of water at 20oC considered to be saturated, unsaturated, or supersaturated?  (Answer: (a) 72.7 g of KNO3;  (b) 33.3 g of KNO3)
3.
The solubility of KNO3 in 100 g of water is 13.9 g at 0oC and 106.0 g KNO3 at 60oC.  Suppose an unsaturated solution contains 70.0 g of KNO3 in 75 g of water at 60oC is cooled to 0oC in an ice-water bath. Assuming supersaturation does not occur, how many grams of KNO3 are expected to crystallize from the solution?  (Answer: 59.6 g of KNO3 will crystallize)
4.
A 25.0% (w/w) solution of sulfuric acid has density of 1.18 g/mL. What are the molarity and the molality of the solution? 
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(Answer: molarity = 3.01 M;  molality = 3.40 m)
5.
The molarity of concentrated hydrochloric acid (HCl) is 11.8 M and its density is 1.190 g/mL. Calculate: (a) the percentage of HCl (by mass); (b) the mole fraction of HCl, and (c) the molality of concentrated HCl.  (Answer: (a) 36.1% HCl (by mass);  (b) mole fraction = 0.219;  (c) 15.5 m)
6.
An automobile antifreeze mixture is made by mixing equal volumes of ethylene glycol (C2H4(OH)2; d = 1.114 g/mL) and water (d = 1.00 g/mL) at 20oC. The density of the mixture is 1.070 g/mL). Express the concentration of ethylene glycol as each of the following:

(a) Mass percent;
(b) Mole fraction;
(c) Molarity
(d) Molality.


(Answer: (a) 52.7%;  (b) Mole fraction of EG = 0.244;  (c) Molarity = 9.09 M;  (d) Molality = 18.0 m)
7.
The legal limit for human exposure to carbon monoxide in the workplace is 35 ppm (part per million). Assuming the density of air is 1.3 g/L, how many grams of CO gas are present in 1.0 L of air at the maximum allowable concentration?  (Answer: 46 g CO/L of air)
Ideal Solutions

Ideal solutions are those in which the vapor pressure above the solution obeys Raoult’s law, such that,  

Psoln = XsolventPosolvent;  Xsolvent = 1 – Xsolute;  Psoln = (1 – Xsolute)Posolvent = Posolvent – XsolutePosolvent 

P = Posolvent – Psoln = XsolutePosolvent  

P = XsolutePosolvent (for nonelectrolytes);
P = iXsolutePosolvent (for electrolytes)

P is called the lowering of vapor pressure of solvent by dissolved solute)
(Posolvent = vapor pressure of pure solvent; 
Xsolute = mole fraction of solute)

Exercises #2:

1.
The vapor pressure of liquids at their normal boiling points is equal to 1.00 atm (760. torr). For water, its vapor pressure is 760. torr at 100oC. (a) What is the vapor pressure of water at 100oC above a sugar solution that contains 25.0 g sucrose (C12H22O11) in 125.0 g of water?  


(b) What is the vapor pressure of water at 100oC above a salt solution that contains 5.00 g NaCl in 125.0 g of water?  (c) Will both solution boil at 100oC?


(Answer: (a) 752.1 torr;  (b) 741.5 torr;  (c) No. They will boil at higher at temperature > 100oC)
2.
A solution contains 10.40-g mixture of table sugar (C12H22O11) and table salt (NaCl) dissolved in 150. g of water. The freezing point of this solution was found to be –2.24oC. Calculate the percent by mass of sugar in the original mixture. (Answer: 53.8%)

3.
The vapor pressures of pure heptane (C7H16) and pure octane (C8H18) at 40oC are 92.0 torr and 31.2  torr, respectively. Assuming ideal behavior, what is the vapor pressure of a solution that contains twice as many moles of octane as heptane?  (Answer:  51.5 torr)

4.
At a certain temperature, the vapor pressures of pure benzene and pure toluene are 750. torr and 300. torr, respectively. If the vapor above a solution of benzene and toluene is 50.0% (by mole) in toluene, what is the composition of liquid mixture? (Benzene and toluene form an ideal solution.)

(Answer: 28.6% benzene and 71.4% toluene, by mole)
Exercises #3:

1.
Henry’s constant for O2 gas in water is 1.3 x 10-3 mol/L.atm at 25oC. What is the solubility of oxygen gas (in ppm) at 25oC if its partial pressure is 0.20 atm? (The density of water is 1.0 g/mL)

(Answer: 8.3 ppm)

2.
Henry’s constant for H2S in water is 0.112 mol/L.atm at 25oC. (a) What is the mass percent of dissolved H2S at 25oC? (b) What is the concentration of H2S (in ppm) at 25oC if the partial pressure of H2S is 95 torr? The density of water is 1.0 g/mL. (Answer: (a) 0.382%; (b) 480 ppm)

3.
The vapor pressures of pre benzene and toluene at 25oC are 95.1 and 28.4 torr, respectively. (a) What are the partial pressures of benzene and toluene, and the total vapor pressure, above a solution composed of 50.0% (by mass) of toluene at 25oC? (b) What is the composition of the vapor in mole percent? (Answer: (a) Pbz = 51.5 torr; Ptol = 13.0 torr; Ptotal = 64.5 torr;  (b) 79.8% bnz and 20.2% tol.)
4.
What is the composition (in mole fraction) of a benzene-toluene mixture that has a vapor composition of 75.0% (by mole) of benzene at 25oC? (Answer: Xbz = 0.514; Xtol = 0.486)

5.
A radiator fluid contains 1.00 kg of ethylene glycol (C2H4(OH)2) in 2.00 L of water (d = 1.00 g/mL). What are boiling and freezing points of the solution? (For water, Kf = 1.86oC/m;  Kb = 0.512oC/m)


(Answer: Tf = -15.0oC;  Tb = 104.1oC)

6.
(a) How many grams of ethylene glycol should be added to 1.50 L of water (d = 1.00 g/mL) to make an antifreeze mixture that would freeze at -30.0oC? (b) At what temperature (in oC) would this mixture boil?  (Answer: (a) 1.50 x 103 g (1.50 kg);  (b) Tb = 108.26oC)
7.
When a 2.00-g sample of a compound X is dissolved in 50.0 g of benzene (C6H6), the freezing point of the solution is found to be 3.96oC. The freezing point of pure benzene is 5.50oC and its Kf = 4.90 oC/m. (a) Calculate the molar mass of X. (b) If the empirical formula of X is C5H4, what is its molecular formula?  (Answer: Mm = 127 g/mol;  molecular formula = C10H8)
8.
A biochemical engineer isolates a bacterial gene fragment and dissolves 10.0-mg sample in enough water to make 30.0 mL solution. The osmotic pressure of the solution is 0.340 torr at 25oC.  Calculate the molar mass of the geen fragment. (The gene fragment is a non-electrolyte. )

(R = 0.08206 L.atm/K.mol)
  (Answer: 1.82 x 104 g/mol)
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