I Chem I  -  7th Problem Assignment  -  Answers
Chapt. 8, R.-C., p. 135: 

24.  (a) this reaction is not feasible, because Cu2+ is softer than Na+ and prefers the softer Br- to the harder F-.; (b) is feasible, however, since Ti2+ is softer than Ti4+ and would prefer the softer I-.

Additional problems:
1.(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
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The Lewis structures of NF3 and N(CH3)3 are similar to that of N(n-Pr)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.

NF3, N(n-Pr)3, N(CH3)3, N(CH2CH2)3CH
Both inductive and steric effects must be considered; F is inductively electron withdrawing and makes the amine a very weak (Lewis) base, the others are arranged in order of decreasing steric interference with Lewis acid base interaction with B(Et)3.
2. (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).
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(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).
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SO3 has no lone pairs on the S and can only bond (through the S) as a Lewis acid.

3. 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.

(a). Cs+, Cu+, Ag+, Au+; (b). F-, Cl-, Br-, I-;  (c) W6+, W4+, W2+;  
(d). Mg2+, MgCH3+, FHg+, CH3Hg+;  (e). (CH3)2O, (CH3)2S, (CH3)2Se, (CH3)2Te.

4. 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.

 (a) HgI2;  (b)  HgS;  (c)  TlI ; (in each case the softest Lewis acid/base pair precipitates from water (a “hard” solvent).
5. 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+

(a) Al3+, Ti4+, Be2+, Si4+, Li+, Ca2+ (based on both the hardness of these metal ions and their relative insolubility as silicates, etc.)

(b) Cu+, Hg2+, Pb2+ (these are the soft metal ions that prefer to combine with S2- than O).

(c) Na+ (due to the solubility of many of its compounds in water and its 
“hard” Lewis acid character).

6. Which two of the following metal ions are most likely to behave as poisons towards animals (or humans)?: 

Na+, Ca2+, Tl+, Al3+, Au+, Si4+
Tl+ and Au+, these are both “soft” metal ions.
