I Chem I  -  10th Problem Assignment  -  Answers
Problems from R-C.:  Chapt. 12, pp. 222-223: 

2. (a)  BBr3  +  H2O(l) (  B(OH)3  +  3 HBr(aq)
(b) Al(s)  +  3 H+(aq) (  Al3+(aq)  +  3/2 H2(g) 

(in basic solution: 2 Al(s) +  6 H2O(l) +  2 OH-(aq) (  2 [Al(OH)4] –(aq) +  3 H2(g))

(c)  2 TlOH(aq)  +  CO2(g)  (  Tl2CO3(s) +  H2O(l)
8. Bulk aluminum metal forms a thin, protective coating of aluminum oxide on exposure to air which impedes oxygen diffusion, thus protecting the metal underneath from further oxidation. 

9.  Solutions of AlCl3 are actually not strongly acidic but are weakly acidic due to 

partial hydrolysis of the Al(H2O)63+ complex ion.  Anhydrous AlCl3 does react exothermically with a limited amount of water, producing Al(OH)3 + HCl(g), but with an excess of water, assuming the HCl is retained, the system eventually reaches equilibrium as the [Al(H2O)5(OH)]2+(aq) species.

11. The ore, bauxite, is first purified by digesting with NaOH(aq), yielding the white 

aluminum oxide trihydrate.  This is heated to drive off the water, giving anhydrous Al2O3.  The is dissolved in molten cryolite (Na3AlF6) and electrolyzed at ca. 950 oC to give Al(l) and CO(g) and CO2(g) (due to oxidation of the carbon anode).

Additional problems:
1. The inert pair effect refers to the tendency of the heaviest elements in the Groups 13-15 to form compounds in which the oxidation state of the element is two less than the maximum for that Group (i.e., +1 for Grp. 13, +2 for Grp. 14 and +3 for Grp. 15).  Thus, in Group 13, Tl generally forms Tl+ compounds (i.e., TlI, Tl2S, etc.) instead of Tl3+ (like Al).  The origin of this effect lies in the relatively high Hion associated with the removal of the 2 extra electrons from these heavier elements which is not compensated by the extra stabilization energy that results from forming the additional E-X bonds.  This is a consequence of both the relatively small change in Hion from the 2nd element to the last in these Groups (due to the poor shielding/increased Zeff arising from the d10 and f14 "core" subshells) and the general decrease in bond energy (due to poorer overlap of the valence orbitals) that occurs from top to bottom in the these Groups.

2. This is due to the strong covalent network bonding that occurs in elemental B, which leads to rather open (low density) structures (to maximize overlap of the directed covalent bonds) and high melting points (due to the need to break these very strong bonds to melt the solid) compared to Al and the other elements in Grp. 13 (which have mainly metallic structures and bonding forces) which are generally weaker than covalent bonds.  Other differences: B is a hard, brittle ceramic material which is an electrical insulator, whereas the others are more ductile and conduct heat and electrons very well.
3. The main examples for B are in hexagonal-BN, borazine and in BF3 (see text) all of which depend on p-p bonding for their unique structures and/or properties.  For example in h-BN we have a planar sheet-like structure (like that in graphite) in which the B and N are both sp2 hybridized with a trigonal planar coordination and an additional electron in the remaining p (pz) orbital which can engage in p-p bonding with the neighboring atoms.  A similar planar structure and bonding arrangement is found in borazine.  Neither of these compounds has any structural analogs among the remaining elements in Group 13, which can only form structures based on a tetrahedral (sp3) bonding arrangement (there is no "aluminozene").  As for BF3, the weaker Lewis acid characteristics of BF3 compared to BCl3, etc. is attributed to p-p stabilization of the planar form, inhibiting its rearrangement to the sp3 form needed to bond with a Lewis base.  Thus for the corresponding AlX3 compounds, where such p-p bonding does not occur, the relative order of Lewis acidity is AlF3 > AlCl3 > AlBr3 > AlI3.

4. Amphoteric means that the hydroxide (or oxide) is soluble in both acids and bases (and is usually rather insoluble at neutral pHs).  Al(OH)3 is amphoteric (as is its diagonal relative Be(OH)2, see below), whereas B(OH)3 is a weak acid (due to the higher electronegativity - or Z/r (ionic potential) - of B) ;  thus, in acid, Al(OH)3 reacts by successive neutralization of the more basic OH- groups and in base by addition of a OH- to form Al(OH)4-.  B(OH)3, on the other hand doesn't react with acids (the OH groups are not basic but covalently bound to the B) but does add another OH- like Al to form B(OH)4-. 

5.  Al.  Like Be(OH)2, Al(OH)3 is amphoteric; the corresponding halides and oxides also have similar solubility and other properties.

6. Electron deficiency refers to an atom in a compound that has fewer electrons available than valence shell orbitals.  In boron chemistry, it leads to Lewis acid behaviour for the BX3 compounds as well as electron deficient-multicenter bonding (and the resultant structures that benefit from this bonding, i.e., clusters) in element al B, boron hydrides and carboranes.  Examples include X3B:N(Me)3; B2H6; B12H122-, etc.

(there is no problem 7 or 8)

9. 
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10.
B2H6, 
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3-center-2-electron bonds for bridging H's
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11.
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Compared to benzene, borazine has a similar molecular structure and physical properties;  however, it is more reactive (polar) than benzene, reacting with both water and O2 at room temperature.

12. 

(a)   BCl3  +   4 NaH  ---> NaBH4  + 3 NaCl




(b)   B2H6  + 3 O2  --->
B2O3(s)  +  3 H2O(l)



(c)   BF3  +   F-  --->  BF4-





(d)   BH4- +  H+(aq) + 3 H2O(l) --->  B(OH)3(aq)  +  4 H2(g)
(e)   BCl3   +  3 C2H5OH  --->  B(OC2H5)3  +  3 HCl
(f)   BCl3 + 3 H2O ---> B(OH)3(aq)  +  3 HCl
(g)   Al2(CH3)6   +  6 H2O --->  2 Al(OH)3  +  6 CH4
(h)   Al(OH)3  +  3 H+  --->  Al3+  +  3 H2O
(i)    Al2O3 (in cryolite)  --electrolysis--> 2 Al(l)  +  3/2 O2(g)
(j)   3 LiAlH4  + 4 BCl3 (  2 B2H6  +  3 LiAlCl4
