Chem 1B Final Exam
May 24, 2006

Show work for credit.


B&L p666 #15.82
1. At 25oC the reaction NH4SH(s) (( NH3(g) + H2S(g) has Kp = 0.120.  A 5.00 L flask is charged with 0.300 g of pure H2S(g) at 25oC.  Solid NH4SH is then added until there is excess unreacted solid remaining.
a. What is the initial pressure of H2S(g) in the flask?

b. Why does no reaction occur until NH4SH is added?

c. What are the partial pressures of NH3 and H2S at equilibrium?

d. What is the mole fraction of H2S in the gas mixture at equilibrium?

e. What is the minimum mass in grams of NH4SH that must be added to the flask to achieve the above equilibrium?
B&L p 766 #17.99 (modified)
2. Aspirin has the structural formula
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At body temperature (37oC), Ka for aspirin equals 3 x 10-5.  If two aspirin tablets, each having a mass of 325 mg, are dissolved in a full stomach whose volume is 1.0 L and whose pH is 2.0, what percent of aspirin is in the form of neutral molecules?

Now suppose you took two Bufferin tablets which in addition to the aspirin have enough calcium carbonate to raise stomach pH to 4.5.  Now what percent of the aspirin is in the form of neutral molecules?


B&L p 764 #17.38

3. Hexamine nickel II complex ion forms by way of the reaction Ni2+(aq) + 6 NH3(aq) ( Ni(NH3)62+ with equilibrium constant  Kf = 1.2 x 109.  To what final concentration of NH3 must an aqueous solution be adjusted to dissolve 0.020 mol of solid NiC2O4 (Ksp = 4 x 10-10) in 1.0 L of solution?  Hint:  You can ignore the protonation of C2O42- since the solution will be quite basic.
4. Two fusion reactions currently being studied as possible energy sources are:   3H + 2H ( 4He + n and 1H + 11B ( 3 4He.  The latter reaction requires much higher temperatures (about 109 K) but has the advantage that fast neutrons are not produced (except perhaps in side reactions).  Fast neutrons require heavy shielding to protect humans and also react with surrounding material, including the shielding, to produce radioactive materials.  (Recall that since neutrons are in fact electrically neutral, they cannot be confined by magnetic or electric fields.)
a. Compare the energy released for these reactions in MeV, J, and kJ/mol.
b. What can you say about the sign and magnitude of ∆Esys, ∆Hsys, ∆Ssys, and ∆Gsys for each reaction?

c. What can you say about the sign and magnitude of ∆Esurr, ∆Ssurr,  ∆Euniv, and ∆Suniv for each reaction?

Particle Type

Mass (amu)
half life (if radioactive)
    decay energy (MeV)
1n


1.008665
12 minutes  (β-1 decay)

0.7825
1H
“Protium”
1.007825

2H
“Deuterium”
2.0140

3H
“Tritium”
3.01605

12.26 years      (β-1 decay)

0.01861
4He


4.00260

11B


11.00931
              (from various websites)
5. Tritium is usually symbolised as T or simply 3H. Its concentration in water is expressed in Tritium Units (TU): 1 TU corresponds to 1 atom 3H per 1018 atoms 1H.  The atmospheric concentration of tritium prior to 1953 was about 3-5 TU, these background levels originating from cosmic ray induced reactions in the atmosphere. Nuclear weapon tests from 1953 to 1963 resulted in tritium concentrations in reaching several thousand TU in 1963.  Hence, since 1963 this anthropogenic tritium from bombs was used as tracer to study young groundwater.   Units:  in water of 1 TU, the specific activity is equal to 3.19 picocuries per liter (pCi L-1) or 7.1 disintegrations per minute per liter (dpm L-1) or 0.118 Bq/L (disintegrations per second per liter or dps L-1).  The maximum concentration of 3H of 6000 TU was recorded during 1963 in precipitation on the northern hemisphere.   After the ban that year on atmospheric nuclear tests, concentration of tritium in precipitation decreased steadily due to its relatively short half life of 12.26 years.
a. What is the maximum possible tritium concentration in TU expected in groundwater today?  (Assume groundwater from 1963 precipitation in the northern hemisphere which has not mixed with water from any other source.)

b. What was the maximum activity of precipitation in 1963?

c. What is the maximum activity of precipitation expected today?

d. What is the maximum expected radiation dose today in rads (1rad = 10-2J/kg tissue) for a human being with an average total body water content of 40. kg and an average total body mass of 75 kg?   Assume that all the water came from an unmixed source of the most tritiated 1963 precipitation in the northern hemisphere.
e. What was the maximum expected radiation dose in 1963 for such a person?

B&L p664 #15.56 (modified)

6. Methanol (CH3OH) can be made by the reaction of CO with H2:  CO(g) + H2(g) (( CH3OHj(g).
a. Use the thermochemical data attached to calculate ∆Ho for this reaction at 25oC.

b. In order to maximize the equilibrium yield of methanol, would you use high or low temperature?  Justify your answer.
c. In order to maximize the equilibrium yield of methanol, would you use high or low pressure?  Justify your answer.

d. Assuming ∆Ho and ∆So are nearly independent of temperature, calculate ∆Go and Kp at 15oC, 25oC, and 35oC.  Are your results consistent with b.?
7. A voltaic cell is constructed that is based on the following reaction:                                       Sn2+(aq) + Pb(s) ( Sn(s) + Pb2+(aq).
a. If the concentration of Sn2+ in the cathode compartment is 1.00 M and the cell generates an emf of +0.22 V, what is the concentration of Pb2+ in the anode compartment?

b. If the anode compartment contains [SO42-] = 1.00 M in equilibrium with pbSO4(s), what is the Ksp of PbSO4?

8. Isomers:

a. Draw and name as many isomers of C6H12 as you can (ignoring possible ringed isomers). (Use the stick convention!)
b. What (if any) are the geometric isomers of C6H12?

c. What (if any) are the optical isomers of C6H12?

d. Same questions as a,b,c but for [CoCl2(NH3)4]2+
e. Same questions as a,b,c but for [Co(en)3]2+
9. Extra:  How do you plan to use knowledge gained in this course and do you have any suggestions for improvement?
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