Chem 1A Midterm Exam
Oct 28, 2005
1. Gasoline is a mixture of many hydrocarbons.  One of these hydrocarbons is nonane, C9H20. 

a. Write a stick version Lewis structure for nonane.

b. Write a balanced equation for the complete burning of nonane.
c. Give the microscopic or particulate interpretation of the chemical equation in words.

d. Give the macroscopic interpretation of the chemical equation in words.

e. How would you estimate the energy value of combustion per mole of nonane?  Write a formula for this energy in terms of average (approximate) bond energies you would get from a table.
2. One set of reactants for rocket fuel is hydrazine, N2H4, and hydrogen peroxide, H2O2 which react spontaneously and vigorously when mixed:  N2H4 (l) + 2H2O2 (l) ( N2 (g) + 4H2O (g).    A chemist tests a rocket motor by mixing 0.50 mol N2H4 with 0.90 mol H2O2. What is the limiting reactant? How many moles of water will be obtained?  What is the excess reactant?  How much of the excess reactant is left over (in moles)?

3. For all elements in the second period (row) draw a Lewis structures for the simplest molecular compound for each element with chlorine.  In each case, indicate the central atom geometry, hybridization scheme, and bond angles.  Also say whether each molecule is polar or nonpolar. 
     VSEPR
   chemical formula?
Lewis structure?
    geometry?
bond angles?
hybridization?       polar?

4. Draw the following orbitals indicating the correct number of angular and radial nodes:

a. 4s orbital
b. 4px orbital
c. 4dxz orbital
d. 5dxz orbital

5. For each of the following covalent compounds and polyatomic ions, draw a valid Lewis structure, indicating geometry, hybridization,  bond angles around central atoms, and whether the species is polar or not.
















geometry







Lewis structure

around each
   hybridization on
chemical formula

(include bond angles)
central atom?
   each central atom?   
Polar?

ClCN

CO32-
CH3SH

C6H6
CS2
PBr3
PBr5
6. Consider molecules from the previous problem. 
Draw an orbital overlap diagram (showing sigma and pi bonds) for  two of the above molecules of your choice which contains at least one multiple bond.
a. 
b. 
There are two molecules in problem 5 that require resonance structures.  For these two molecules draw all reasonable resonance structures and give the bond orders in each case.
a.

b.

7. What is the difference between electronegativity and electron affinity?  Describe the general trends for each in the periodic table.
     What is ionization energy?  Describe the general trends in the periodic table for the IE.  Now explain the general trends in the periodic table for the IE.
8. Ethanol, CH3CH2OH (or C2H6O), is being considered as an alternative fuel since it can be produced from renewable resources like corn or sugar cane. 

a. Write a balanced equation for the complete combustion of ethanol. 

b. Suppose you have a 70.0 L (typical fuel tank size) of ethanol (density 0.7893 g/cc) and unlimited oxygen.  Calculate the number of moles (theoretical yield) of carbon dioxide produced.
c. What volume will be occupied by the CO2 at STP? 
9. A chemist wanted to prepare hydrazine, N2H4, (a type of rocket fuel) by the reaction:                              2NH3 + OCl- ( N2H4 + Cl- + H2O which essentially goes to completion.   To do this she mixed 5.0 mol NH3 with 3.0 mol OCl-.

a. What is the limiting reactant?
b. How many moles of hydrazine will be obtained?   How many kilograms of hydrazine?
10. 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 fluoride.   (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.
b. starting with a stock solution which is 1.000 M in ammonium fluoride.

11. Consider the nitrogen molecule N2.  

a. Draw a valid Lewis structure for this molecule.
b. What is the bond order?
c. How many sigma bonds?
d. How many pi bonds?
e. Draw a diagram showing all sigma and pi bonds resulting from overlap of the appropriate atomic orbitals.

12. Consider the formation of N2 from two separated N atoms.

a. Write a simple reaction equation for the process.
b. Which has lower potential energy, the N2 molecule or the two isolated N atoms?
c. Is energy absorbed or given off in the process?  Hint:  Draw a potential energy diagram.
d. How much energy is absorbed or given off upon making a mole of N2?
e. How much energy is absorbed or given off upon making a single molecule of N2?

13. The following molecule, resveratrol, is found in red wine and is thought to have beneficial health effects.
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c. Draw in all the remaining implied hydrogens.

d. Draw in the missing lone pairs of electrons.

e. Write the molecular formula for the compound.
f. Label each central atom with appropriate geometry, bond angles, and hybridization scheme.  (Note that the oxygens are also central atoms.)

14. Write balanced “molecular”, complete ionic, and net ionic chemical equations for the following reactions:  
a.    The precipitation of lead iodide when a KI solution is added to a solution of Pb(NO3)2.

b.   The neutralization of HCl by calcium carbonate to give calcium chloride, water, and carbon dioxide (TUMS reaction).
c.   The oxidation of sodium metal by water to give sodium hydroxide and hydrogen gas.
15. What is the density of N2 gas near the surface of Titan where the temperature is -180oC and the pressure is 1.5 atm?  What is the density of N2 gas on earth say on a cold day at 0oC and 1 atm?  
16.  Extra:  The acetylene torch is used for cutting steel because acetylene (also known as ethyne or C2H2) burns very hot.  Use the attached table of average bond energies to estimate the molar heat of reaction for the complete combustion of acetylene, C2H2, in excess oxygen.  (Hint:  First write a balanced reaction equation and then draw all Lewis structures for reactants and products.)
17. Extra:  The following molecule is called phenylalanine.  It is one of twenty common amino acids, all of which are building blocks for proteins.  YOU (and any other living organism) are made of a myriad of proteins as well as many other kinds of biomolecules!  Interestingly, our bodies cannot make phenylalanine and we have to get it from the food we eat.   So we call it an “essential amino acid”.

a. Draw in all the remaining implied hydrogens (assuming C,N, and O have their normal valences).
b. Draw in all the missing lone pairs of electrons.

c. Write the molecular formula for the compound.

d. Label each “central” atom with the appropriate geometry, bond angles, and hybridization.  (Be careful here!  After adding the implied hydrogens you will see that both N and an O are central atoms)
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