I Chem I  -  7th Problem Assignment  -  Answers
Problems from R-C.: Chapt. 12, pp. 245-246: 8, 9, 11, 21.

8. Because Al forms a dense, adherent protective oxide coating that inhibits oygen from reaching the unreacted Al metal surface.

9. Because of hydrolysis (Al3+ has a high (charge)2/size ratio and strongly polarizes the attached water molecules, making them acidic compared to the unassociated H2O molecules.

11. The Al3+ in the ore is first dissolved by heating with a sodium hydroxide solution, thus forming the Al(OH)4- ion. After filtration the solution is cooled, precipitating hydrated Al2O3. This purified alumina is dried and then dissloved in molten cryolyte (Na3AlF6); this “solution” is then electroyzed using a carbon cathode and a sacrificial C anode, producing liquid Al and a mixture of CO and CO2 gases.

21. 

AlF3(s)  +  NaF(HF) –HF(l)(  Na3AlF6(HF)

Na3AlF6(HF) +  3 BF3(HF) –HF(l)(  NaBF4(HF) + AlF3(s)
Additional Problems:
1.  What is meant by the expression "inert pair effect" and how does it apply specifically to the chemistry of the Grp 13 elements?  What is the likely origin of this effect?

2. This is the increasing stability of an oxidation state 2 lower than the maximum for that Group from the first to the last (bottom) element in the Group.  For Group 13, it means that Tl+ is more common (and stable) than Tl3+.  This is the only oxidation state found for the heavier halide (Br- and I-) compounds.  The origin of this effect is in the relatively high 2nd and 3rd ionization energies for In and Tl (due to the poor shielding of the nd10 and 4f14 electrons), compared to the heats of formation for most M3+ compounds (rather than any special stability associated with the ns2 electron pairs).

3. Explain why boron  has such an abnormally high melting point and (low) density compared to the other elements in Group 13.  In what ways (structures, bonding, chemical properties, etc.) is this element different from the other members of Group 13?

Boron, as a non-metal (or semimetal according to some classifications) forms covalent bonds to itself (and other non-metals).  This leads to an covalent extended network structure which is relatively open (low density) and hard to break down by heat (i.e., high melting), much like the case of carbon.  In contrast, the rest of Group 13 are metals, with more closely packed (denser) structures, and relatively weak metallic bonding; therefore, these are lower melting solids.  Like diamond, boron is kinetically slow to react with air and is unreactive to water, whereas finely divided Al powder reacts readily with air and water (especially acidic water).  The other Group 13 metals will also react with O2 and aqueous acid (none of these elements are found as the free elements in nature). 
4. A major difference between the first members of Groups 13 through 16 and the remaining members of these groups is in the ability of these elements to engage in p-p bonding with themselves and with other first row elements.  Give some examples of p-p  bonding involving boron and show how the inability of the remaining elements in Group 13 to engage in such bonding leads to important differences in properties and structures.

5. BF3, BN and B3N3H6 (borazine) are all thought to exhibit p-p bonding (see text for illustrations), the corresponding AlF3 and AlN are ionic or network solids with all single bonds between B and the other element.  There is no Al analog of the hexagonal (graphite-like) form of BN or the molecular B3N3H6. 
6. Compare the reactions of B(OH)3 and Al(OH)3 with H+(aq) and OH-(aq).  Which, if either, of these two oxides is "amphoteric"?  Explain what is meant by "amphoteric".

7. B(OH)3(aq) +  H+(aq) ( N.R. (B(OH)3 is already acidic)

8. B(OH)3(s or aq) + OH-(aq) ( B(OH)4- (aq)

9. Al(OH)3(s) + 3 H+(aq) ( Al3+ (aq) + 3 H2O
10. Al(OH)3(s) + OH-(aq) ( Al(OH)4- (aq)
11. Al(OH)3 is amphoteric, i.e., it dissolves in both acidic and basic solution but not in Ph & water.
12. On the basis of the "diagonal effect", which element in Group 13 would be expected to resemble Be most in terms of the properties of its halides, hydroxides and oxides?  Give some examples of compounds of these two elements that illustrate these similarities and explain in what ways they are similar.

Al would. Both have amphoteric hydroxides (and oxides) (Be(OH)2 and Al(OH)3)  (not true for the other elements in these two Groups) and the halides also show a similar mixture of “ionic” and “covalent” behavior in their structures and properties (Cl-, Br-, I- bridge-bonding in solid (or liquid), etc.).
6.  Describe what is meant by the term "electron deficiency" as applied to boron chemistry, giving examples of reactions and structures which reflect this feature of boron's electronic structure.

B has fewer valence electrons (3) than orbitals (4); therefore its halides act as lewis bases to add an electron pair donor, and its hydrides (and in borides and B itself) form B-H-B and/or B-B-B electron-deficient, multicenter bridge bonds and dimers or B-clusters.  Example of reactions (see 12.c, below – a complexation reaction); structures (see B2H6 and B4H10, etc. structures in Lecture notes and text).

9. B6H62- forms a regular polyhedral structure.  Name and draw that structure.  To which structural type (closo, nido, arachno, hypho, or conjuncto) does this structure belong?  Give the formulas and draw the structures of the nido and arachno forms that are related to this boron hydride.
This is closo- B6H62-, which has an octahedral structure.  This and the related nido and arachno structures are shown below:
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closo-




nido-


arachno-
10.  Give the formula of diborane.  Draw its molecular structure and describe the bonding between the boron and the two types of hydrogen in this molecule.  Compare diborane with ethane and describe the chief differences in structure and bonding.

B2H6. There are 3-center, 2-electron B-H-B bridge bonds in the center, with normal 2-center, 2-electron terminal B-H bonds.  In contrast, ethane has a C-C bond (no such bond in B2H6) with all of the H’s terminal, CH’s. Both have tetrahedral non-H (B or C) atoms.
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11.  Give the formula of borazine.  Draw its molecular structure and show the Lewis

structures of all of its important resonance forms.  Compare borazine with benzene in terms of molecular structure, chemical and physical properties, indicating in what ways it resembles benzene and what are the important differences.         B3N3H6
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Borazine has an overall planar molecular structure, like that of benzene, and its physical properties are also quite similar to those of benzene;  however, due to the polarity of the B-N bonds, borazine is a lot more reactive than benzene (with a lower resonance stabilization energy) and reacts with water at room temperature to form ammonia and boric acid.

12. Complete and balance the following equations:

(a)   BCl3  +   3 NaH  ---> 1/2 B2H6(g)  + 3 NaCl(s)  (with an excess of NaH, NaBH4 can be formed)


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



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




(d)   BH4- +    H+(aq)  + 3 H2O --->  B(OH)3(aq)  +  4 H2(g)
(e)   BCl3   +   3 C2H5OH  --->  B(OC2H5)3  +  3 HCl
(f)   BCl3 + H2O ---> B(OH)3(aq)  +  3 HCl(aq)
(g)   Al2(CH3)6   +  6 H2O --->  2 Al(OH)3(s)  +  6 CH4(g)
(h)   Al(OH)3  +   3 H+(aq)  --->  Al3+(aq)  +  3 H2O(l)
(i)    Al2O3 (dissolved in Na3AlF6(l)   (?) --electrolysis--> 2 Al(l)  + 3/2 O2(g)
(j)   3 LiAlH4  + 4 BCl3 (  2 B2H6  (or LiBH4) + 3 LiCl + 3 AlCl3  (or LiAlCl4)
