Chem 1A Test 2

Sept. 16, 2005

Show all work.  Also take care in propagating uncertainty via sig. figs.

1. Gasoline is a complex mixture of hydrocarbons of which one component is the hydrocarbon nonane, C9H20.
a. Write a balanced chemical equation for the complete combustion of nonane.

C9H20  +  14 O2  ( 9 CO2 +  10 H2O
b. In your own words, give the submicroscopic (molecular scale) meaning of the balanced equation.

One molecule of  nonane reacts with fourteen molecules of oxygen to give nine molecules of carbon dioxide and ten molecules of water.
c. Now give the macroscopic (laboratory scale) meaning of the balanced reaction.

One mole of  nonane reacts with fourteen moles of oxygen to give nine moles of carbon dioxide and ten moles of water.

2. A solution is prepared by dissolving 2.50 g NaCl in 550.0 g H2O.  The density of the resulting solution is 0.997 g/mL.  What is the molarity of NaCl in the solution?  Hint:  The volume is not 550.0 mL!
Moles NaCl = 2.50 g / 58.44g/mol = 0.04278 mol
Volume = 552.5 g/0.997 g/mL = 554.2 mL or 0.5542 L
   
Molarity NaCl = 0.04278 mol / 0.5542 L = 0.0772 M (M means moles/liter)
3. A chemist wanted to prepare hydrazine, N2H4, (a type of rocket fuel) by the reaction:                              2NH3 + OCl- ( N2H4 + Cl- + H2O.    To do this she mixed 3.0 mol NH3 with 2.0 mol OCl-.
a.  What is the limiting reactant? 
NH3
b. How many moles of hydrazine will be obtained?

1.5 moles hydrazine
c. What is the excess reactant and how many moles remain?

0.5 moles OCl- remain
4. The attitude control rockets on the space shuttle use the hypergolic rocket fuel monomethyl hydrazine (CN2H6 or CH3NHNH2) with dinitrogen tetroxide (an oxidizer).  Hypergolic fuels spontaneously ignite upon contact.  In this case the reaction products are nitrogen, carbon dioxide, and water. 

a. Write a balanced chemical equation for the reaction. 

CN2H6 (l) + 5/4 N2O4 (l) ( 9/4 N2 (g) + CO2 (g) + 3 H2O (g) or
4 CN2H6 (l) + 5 N2O4 (l) ( 9 N2 (g) + 4 CO2 (g) + 12 H2O (g)
b. Given 1.00 kg each reactant, which is the limiting reactant?  And what is the mass (theoretical yield) of each product?  N2O4 is limiting!  Why?
Molar masses     46.07
92.01

28.02

44.01

18.02   (g/mol)
CN2H6      
N2O4

N2

CO2

H2O
Init moles      21.71
10.87

0

0

0
Change
     -10.87x4/5
-10.87

10.87 x 9/5
10.87x4/5
10.87x12/5
Final moles

0

You can do the rest!
5. A 0.578 g sample of pure tin (Sn) is reacted with gaseous fluorine until the mass of the resulting compound is constant at a value of 0.944g.  Determine the empirical formula of the tin fluoride formed from the mass data.

0.004869 mol Sn

0.019625 mol F

SnF4

name would be tin IV fluoride.
6. Suppose you have a job in the Laney chemistry stockroom and your boss asks you to prepare 2.0000 L of a 0.250 M solution of ammonium sulfate.  Assume you have an analytical balance and 2.0000L, 1.0000L, 500.00mL, and 250.00mL volumetric flasks.   Describe in detail with the correct amounts how you would make this solution……..

a. starting with the solid salt.  Note: (NH4)2SO4 molar mass is 132.14 g/mol
Moles ammonium sulfate needed = 0.250 mol/L x 2.0000 L = 0.500 mol
Grams ammonium sulfate neeed=0.500 mol x 132.14 g/mol = 66.07 g

Procedure:  weigh out 66.1 g of ammonium sulfate and put into the 2.0000 L volumentric flask.  Add water to dissolve, bring final volume to 2.0000L, mix well.
b. starting with a stock solution which is 1.000 M in ammonium sulfate.

Dilution rule says you will need to dilute 500.00 mL of the stock solution to 2.0000 L.  So use 500.00 mL flask to measure out V(initial) and the 2.0000 L flask to bring the final volume to 2000.0 mL.
7. Balance each of the following reactions including subscripts for the phases (assuming aqueous solutions when appropriate).  Use solubility rules if needed.  Also classify the reactions in as many ways as possible.
a. Nas       +       H2Ol    (    NaOHaq     +    1/2 H2g
redox, single replacement, gas forming
b. C8H18(l)   +     25/2 O2(g)    (    8 CO2(g)    +    9 H2O(g)
combustion, redox
c. Sr(OH)2 (aq)   +    2 HNO3 (aq)  (    Sr(NO3)2 (aq)   +    2 H2O (l)
acid base neutralization, double displacement
d. Na2SO4 (aq)  +     Ba(NO3)2 (aq)   (     BaSO4 (s)    +    2 NaNO3 (aq)
precipitation, double displacement
e. Na (s)     +     ½ Cl2 (g)   (    NaCl (aq)
redox, synthesis
