I Chem I  -  5th Problem Assignment  -  due February 15, 2000

Note: Exam 1 (Thursday, February 17) will include the material covered in HW assignments 1 – 5. 

Reading Assignment:  Units 6 and 7 of Lecture Notes; Chapts. 7 and 8 (R.-C.).

Study problems (not to be turned in):  R.-C., Chapt. 7, p. 129-130: 6-9, 15; Chapt. 8, p. 149-151: 6(4), 7(5), 10(8), 11(9), 12(10), 17(15), 20(18), 21(19), 28, 29, 32(23), 36, 39; Chapt. 9, R.-C., p. 158: 3, 5, 7, 8, 11(10), 16(15), 20(19), 31(26).

Problems from R.-C. due on Tuesday, February 15, 2000: Chapt. 7, p. 129-130: 14; Chapt. 8, p. 149-151: 8(6), 9(7), 13(11), 16(14), 19(17), 37, 38; Chapt. 9, R.-C., p. 158: 4, 6, 10(9), 13(12), 17(16), 21(20), 25(21), 30(25).

Additional problems (also due on Feb. 15):

1. Give the formulas of the most stable hydrides of the second period elements, Li-F.  Indicate which (hydrides) would be most likely to give (i) an acidic solution (pH<7), and (ii) which would give a basic solution (pH > 7), on addition to water.  Write an equation for the reaction of the hydrides of Li and F with water.

2.  Among the hydrides of Group 17 (the halogens), indicate the qualitative trend in the boiling points among these hydrides and account for both the anomalous boiling point of the first hydride as well as the overall trend in the boiling points.  What other differences might be expected among these hydrides due to this same effect?

3. (a) Rank the hydrides of Br, O, I, S, C, Se, and N in order of increasing (intrinsic) acidity and explain briefly the basis for your order of acidity.

(b)  Suppose that you were attempting to determine the pKa of a group of acids in water, such as those in part (a), and found that several of them gave effectively the same pH (0) when one mole was added to 1 liter of water.  Choose a solvent from the following list that might be used to distinguish these relative acidities (Note: there may be more than one correct answer to this question):

 HF, HCl, H2SO4, NH3, NF3

 Briefly explain your choice of solvents and give the chemical formula for the strongest acid species that can exist in that solvent.

4. (a) Arrange the following compounds in order of increasing acidity of the solutions obtained on their addition to water (assume that the same number of moles of each is added to the same amount of water):

 SiCl4, Na2O, NH3, B2O3, HF, KCl, HCl

(b) Explain your order of relative acidity, showing the reaction that occurs (when one does occur) on addition of each these compounds to water and, where relevant, indicating how the extent of this reaction depends on the nature of the compound.  

5. (a) Draw the molecular structures of the following Lewis bases, showing the electron pair that is involved in bonding with a Lewis base.

N(n-Pr)3, N(CH2CH2)3CH, NF3, N(CH3)3
(b) Arrange these Lewis bases in order of increasing basicity towards B(Et)3 and describe (briefly) the factors that you considered in determining this relative order of basicity.

6. (a) SO2 can act as both a Lewis acid and as a Lewis base.  Draw the Lewis structures and

 the overall molecular structures for SO2 and for its Lewis acid base complexes with GaCl3 and AsCl3 (Assume that one of these two molecules – GaCl3 or AsCl3 – acts as a Lewis acid and the other a Lewis base and that in both cases they bind to SO2 through the S atom).

(b) Draw the Lewis structure for SO3 and decide whether it can also behave as both a Lewis acid and as a Lewis base or only one of these; then draw the structure of a Lewis acid base complex between SO3 and either a prototypical Lewis acid (A) or a Lewis base (:B). (Again, assume that Lewis acid/base bonding occurs only through the S atom of SO3).

7.  Rewrite the following lists of Lewis acids or bases so that each is in order of increasing softness:  (a). Ag+, Au+, Cu+, Cs+;  (b).  Br-, I-, F-, Cl-;  (c)  W2+, W6+,W4+;  (d).  FHg+, CH3Hg+, Mg2+, MgCH3+;  (e).  (CH3)2S; (CH3)2Te, (CH3)2Se, (CH3)2O.

8. Predict any products that will precipitate when each of the following mixtures is added to water:  (a) HgCl2  +  KI  +  KF;  (b)  HgF2  +  Na2S;  (c)  TlNO3  +  KI  +  KF.

9.  Which of the following metal ions would be most likely to be found as (a) oxides, carbonates or silicate minerals (lithophiles); (b) sulfides (chalcophiles); or (c) in the oceans as soluble salts? [i.e., place each metal ion into either category (a), (b), or (c)].

Al3+, Cu+, Na+, Ti4+, Hg2+, Be2+, Si4+, Li+, Ca2+, Pb2+
10. Which two of the following metal ions are most likely to behave as poisons towards animals (or humans)?: 

Na+, Ca2+, Tl+, Al3+, Au+, Si4+
