1. Gaseous iodine pentafluoride, IF5, can be prepared by the reaction of solide iodine and gaseous fluorine:

a) Balance the chemical reaction: (1 points)
I2(s)     +        5 F2(g)       (((       2 IF5 (g)
b) A 5.00 L flask containing 10.0 g I2 is charged with 10.0 g F2, and the reaction proceeds until one of the reagents is completely consumed.  After the reaction is complete, the temperature of the flask is 125 oC.  What is the pressure of IF5 in the flask?  (6 points)
10 g of I2 = 10 g/(253.8 g/mole) = 3.94 x 10-2 moles

If I2 were limiting you would need 5 x 3.95x10-2 = 0.197 moles F2

You have 10 g F2 = 10 g/(38g/mole) = 0.263 moles

Therefore, I2 is limiting.

Moles IF5 = 2 x moles I2 = 0.0788 moles

P(of IF2) = nRT/V = 0.0788(0.08206)398/5 = 0.51 atm
c) What is the mole fraction of IF5 in the flask? (2 points)
Moles F2 remaining = 0.263-0.197 = 0.0662
Mole fraction IF5 = moles IF5 / (moles IF5 + moles F2 remaining)

                             = 0.0788/(0.0788+0.0662)

                             =0.54
2. Small quantities of hydrogen peroxide, H2O2, can be prepared by the action of an acid on an alkaline earth metal peroxide, such as barium peroxide, BaO2.  

a) Balance the chemical equation:  (1 points)
BaO2 (s)     +       2HCl (aq)   (((       H2O2 (aq)    +         BaCl2(aq) 

b) What amount of H2O2 (in grams) should result when 1.5 g of barium peroxide is treated with 25 ml of HCl (0.0272 g/ml).  What mass of which reagent is left.  (8 points)
1.5 g BaO2 = 1.5 g/(169.3 g/mole) = 0.00886 moles
    If BaO2 were limiting you would need 2 x 0.00886 = 0.0177 moles of HCl

You have 25 ml HCl x 0.0272 g/ml /(36.5 g /mole) = 0.0186 moles

Therefore BaO2 is limiting

Moles H2O2 = moles BaO2 =0.00886

g H2O2 = 0.00886 moles x 34 g/mole = 0.301 g

Moles HCl left: 0.0186-0.0177 = 0.0009 moles

g HCl = 0.0009 moles x 36.5 g/mole = 0.033g
Mass of H2O2_______0.301 g_______________________ 

Which reagent is left?____HCl______; Mass_______33 mg______

3. An element consists of 1.4 % of an isotope with mass 203.9730 amu, 24.1% of an isotope with mass 205.9745, 22.10% of an isotope with mass 206.9759, 52.4 % of an isotope with mass 207.9766.  

a) Calculate the average atomic mass. (3 points)
Z = 1.4/100 * 203.9730 + 24.1/100 * 205.9745 + 22.10/100 * 206.9759 + 52.4/100  * 207.9766.0014 = 207.2169
Average atomic mass:____207.2169____________________

b) What is this element (1 point)?________Pb______________

c) A common ion of this element is M2+ (3 points).  

How many protons does M2+ have?___82____________

How many neutrons does the most abundant isotope of 

M2+ have? (208Pb) = 126_______________

How many electrons does M2+ have?______80_______

4. The specific heat capacity of silver is 0.24 J C-1 g-1.  

a) Calculate the energy to raise the temperature of  150.0 g of silver from 0 to 25 oC(2 points).

Q = m s (T = 150 g (.24 J C-1 g-1) 25
    = 900 J
Energy required:______________900J______________________

b) Calculate the energy required to raise the temperature of 1.0 moles of Ag by 1.0 oC (i.e. the molar heat capacity) (2 points).

MMAg = 107.87 g/mole
1 mole has mass 107.87 g

q = 107.87 g/mole x 0.224 J C-1 g-1 x 1.0 C = 25.89 J
Energy required:______________25.89 J________________________

c) If it takes 1.25 kJ of energy to heat a sample of pure silver from 12.0 to 15.2 oC.  Calculate the number of moles and the mass in kilograms of silver in the sample (3 points).

q = 1250 J = n Cm (T = n (25.89) x 3.2
        n = 15.1 moles

mass = 15.1 x 107.87 g/mole = 1.628 kg
Moles of silver in sample:__________15.1 moles________________

Mass of silver in sample :_______1.63 kg___________________

5. Calculate the molarity, molality and weight percent of sulphuric acid, H2SO4, solution having a mole fraction 0.53.  The density of the solution is 1.7904 g/ml.  

X = moles H2SO4 / (moles H2O + moles H2SO4) = 0.53 
Assume 1 mole of solution:

0.53 moles H2SO4  x 98 g/mole = 51.94 g
 and  

0.47 moles H2O x 18 g/mole = 8.46 g

Total mass of 1 mole of sample 51.94 + 8.46 = 60.40 g

Mass % = 51.94/60.4 x 100 = 86 %

Volume of solution = mass solution/density solution = 60.4 g/(1.7904 g/ml) = 33.74 ml

[H2SO4] = molarity H2SO4 = 0.53 moles / 0.03374 L = 15.71 M
Molality = moles H2SO4 / kg H2O = 0.53 / 0.00846 = 62.6 m
Molarity: (2 points)___________15.71 M_______________________

Molality: (2 points)_________62.6 M__________________________

Weight % H2SO4:  (2 points)___________86 %____________________

6. An organic compound was found to contain only C, H, and Cl.  When a 1.499 g sample of the compound was completely combusted in air, 2.2 L of  CO2 (g) was collected over water at 25 oC and 700 mm Hg.  In a separate experiment  the chlorine in a 1.00 g sample of the compound was converted to 1.27 g of AgCl.  Determine the empirical formula of the compound.     (Vapour pressure of water at 25 oC is 23.76 torr).  (10 points)
Expt 1:
PT = PCO2 + PH2O = 700 mm Hg
PCO2 = 700-23.76 = 676.24 mm Hg x 1 atm/(760 mm Hg) = 0.8898 atm
nCO2 = PV/RT = 0.8898 (2.2) /(0.08206 x 298) = 0.080 moles

                                                                         = moles C

Mass C  = 0.08 moles x 12 g/mole = 0.961 g
Expt 2:

1.00g sample gives 1.27 g AgCl

Moles Cl = moles AgCl = 1.27 g / 143.3 g/mole = 0.00886 moles Cl

Mass Cl = 0.00866 moles x 35.45 g/mole = 0.314

Therefore the sample is 31.4 % by mass Cl: 1.499 x 31.4/100 = 0.01328 moles
Back to Expt 1:

My 1.499 g sample contains 31.4 % Cl = 0.471 g Cl
Mass H = sample mass – mass C – mass Cl = 1.499 – 0.961-0.471 = 0.067 g

Moles H = 0.067 g / 1.0078 g/mole = 0.0665 moles H

So C0.080H0.0665Cl0.0133 
Divide each by 0.0133

C6.02H5.0Cl
Empirical formula:_______C6H5Cl_______________________
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