Chem 1A Midterm Exam
Nov. 10, 2014
Show work for credit.

1. A type of rocket fuel consists of hydrazine, N2H4, and hydrogen peroxide, H2O2 which react violently on contact when mixed: N2H4 (l) + 2H2O2 (l) ( N2 (g) + 4H2O (g).   (Rocket fuels that don’t need an ignition system are called hypergolic.)  Suppose a chemist tests a rocket motor by mixing 2.00 mol N2H4 with 3.00 mol H2O2. 
a. What is the limiting reactant? And how many moles of water will be obtained?  
b. What is the excess reactant?  And how much excess reactant is left over (in moles)?
2. For each compound in the above reaction:
a. Assign an oxidation number to each element in each compound.

b. Is this a redox reaction?

c. If it is a redox reaction, indicate which element in which compound is being oxidized and which element in which compound is being reduced.
3. Another hypergolic rocket fuel uses the liquids hydrazine and dinitrogen tetroxide for which the reaction product gases are H2O and N2.
a. Write a complete balanced chemical reaction for the reaction.

b. Again, assign oxidation numbers to each element in each compound.

c. What is being oxidized?

d. What is the oxidizer or oxidizing agent?  Hint:  the oxidizing agent does not get oxidized, rather the oxidizing agent gets reduced in the process of oxidizing something else.
4. Another popular rocket fuel oxidizer is chlorine pentafluoride, or ClF5.
a. Draw a valid Lewis structure for ClF5.
b. What is the central atom VSEPR geometry and what is the molecular geometry?

c. Redraw the molecule with correct bond angles (labeled).
d. Estimate the magnitude of and draw the net dipole vector in the correct direction.  Is the molecule polar?
5. The following molecule, called 6-gingerol, is found (surprize!) in ginger.
a. draw in all the remaining implied hydrogens

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 and bond angles
e. label each central atom with the appropriate hybridization scheme.
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6. Consider the reaction:  Li2S(aq) + Co(NO3)2(aq) ( 2 LiNO3(aq) + CoS(s).

a. What volume of 0.150 M Li2S solution is required  to completely react with 125 mL of 0.300 M Co(NO3)2?  Hint:  Co is not CO!
b. Assuming that volumes are additive, what is the resulting concentration of LiNO3(aq) when the reaction is complete?

c. Is this a redox reaction?  Back up your answer with oxidation numbers.

d. Write the net ionic equation.

e. Classify this reaction in as many ways as you can.

7. Consider the three related species NO2+ (nitronium ion), NO2 (nitrogen dioxide), and NO2- (nitrite ion).  For each species:
a. Draw a valid Lewis structure (labeled with the species name) using resonance structures if required.  (Nitrogen is the only central atom and both NO bond distances are equal the above species).

b. Comment on any violation of the octet rule.

c. Give the electron domain geometry for each species.
d. Redraw each Lewis structure (if necessary) stating the molecular shape, and including the approximate bond angle.
8. Rank the order of the ions in each set in order of increasing size, and explain your ranking.                                smallest   (   largest
a. Li+, K+, Na+
b. Se2-, Rb+, Br-
c. O2-, F-, N3-
d. Comment on the electron configurations for the ions in part b.
9. Write the full electron configuration for:

a.  the Period 2 element with the following successive IEs (in kJ/mol):  IE1=801, IE2=2427, IE3=3659, IE4=25022, IE5=32,822.
b. the period 3 element with the following successive IEs (in kJ/mol):  IE1= 738, IE2=1450, IE3=7732, IE4=10,539, IE5=13,628.

10. Aluminum reacts with excess hydrochloric acid to form aqueous aluminum chloride and 35.8 mL of hydrogen gas over water at 27oC and 751 mmHg total pressure.  (The vapor pressure of water at 27oC is 26.739 torr.)  How many grams of aluminum reacted?

11. Consider the unbalanced reaction:    NH3(g)  +    O2(g)  (    NO(g)  +    H2O(l). 
a. Suppose 35.6 L ammonia react with 40.5 L of oxygen at some (arbitrary) fixed temperature and pressure.  What is the limiting reactant and what volume of NO(g) is produced after the substances return to the particular fixed temperature and pressure?

b. Suppose the reactants were at STP.  How many grams of NO are present after the products return to STP?

12. A sample of Freon-12 (CF2Cl2) occupies 25.5 L at 298K and 1.65 atm.  (Freons were heavily used as refrigerants and spray can propellants until it was discovered that their release into the atmosphere depletes the stratospheric ozone layer via photochemical reactions.)
a. What is the sample density under the above conditions?

b. What volume would the sample occupy at STP?

c. What would the sample density be at STP?
13. Consider the synthesis of gaseous O2 from two gaseous oxygen atoms.

a. Write a balanced reaction for the process.

b. Draw a qualitative graph of potential energy vs. separation distance for the O atoms.
c. Is the reaction exothermic or endothermic?

d. What amount of energy is given off or taken up (circle one) upon formation of one O2 molecule? Hint:  use an attached table.

14. Consider the above O2 molecule.

a. Draw a valid Lewis structure for the molecule.

b. What is the bond order?  How many sigma bonds?  How many pi bonds?

c. Now draw an orbital overlap diagram depicting the nuclei and approximate electron cloud shape for each sigma and pi bond.

15. Consider the combustion of methane, CH4, and the combustion of hydrogen, H2.
a. Write a balanced equation for each reaction.

methane


hydrogen

b. Using an attached table, estimate the amount energy produced per mole for each fuel.

methane


hydrogen

c. Now estimate the amount of energy produced per gram for each fuel.

methane



hydrogen

d. Which do you consider a better fuel?
Extra:  Take these problems home with you and do them as you study Chapter 5.
1. Extra:  Mathematically state the First Law of Thermodynamics in at least three ways.

2. Extra:  Define or explain the following terms in the thermodynamic sense: 

a. internal energy

b. state 

c. state function

d. work

e. heat

f. enthalpy

g. universe

3. Extra:  Calculate the (standard) reaction enthalpy for the reduction of hydrazine to ammonia

N2H4(l) + H2(g) ( 2 NH3(g)  

from the following data:

N2(g) + 2 H2(g) ( N2H4(l)


(Ho = +50.63 kJ

N2(g) + 3 H2(g) ( 2 NH3(g)

(Ho =  –92.22 kJ

4. Extra:  A piece of metal of mass 20.0 g at 100.0 oC is placed in a Styrofoam cup calorimeter containing 50.7 g of water at 22.0 oC.  The final temperature of the mixture is 25.7 oC.  What is the specific heat capacity of the metal?  Assume that all the energy lost by the metal is gained by the water (i.e. the 1st Law of Thermodynamics where metal is the system and water is the surroundings).  The specific heat of water is 4.184 J/goC.  What is qsystem?  What is wsystem?  What is ΔEsystem? What is ΔEsurroundings?  
_1129018985

