I Chem I  -  6th Problem Assignment  -  Answers
Problems from R.-C.:  

Chapt. 10, p. 204-205: 

1.  
(a) Na(s)  +  H2O(l) ( NaOH(aq)  +  1/2 H2(g)
(b) Rb(s)  +  O2(g) (  RbO2(s)

(c) KOH(s)  +  CO2(g) ( KHCO3(s)

(d) NaNO3(s)  +  heat ( NaNO2(s)  + 1/2 O2(g)
2.
(a) 3 Li(s)  +  1/2 N2(l) ( Li3N(s)


(b) 2 CsO2(s)  + 2 H2O(l) ( 2 CsOH(aq) +  H2O2(aq) +  O2(g)

(c)  2 NaHCO3(s)  +  heat ( Na2CO3(s) +  H2O(g) +  CO2(g)

(d) NH4NO3(s)  +  heat ( N2O(g)  + 2 H2O(g)

9. (a) Because Na reacts with water to produce H2(g) or in other words, the potential for reduction of H+(aq) to give H2(g) is reached on electrolysis before the Na+ would be reduced to Na.

(b) CaCl2 is added to lower the melting temperature of NaCl(s).

Chapt. 11, p. 223-224: 

1.
(a)  Ca(s)  +  O2(g) (  CaO(s)

(b) CaCO3(s)  +  heat ( CaO(s) + CO2(g)
(c) Ca(HCO3)2(aq) ( CaCO3(s) + CO2(g) +  H2O(g)

(d) CaO(s) +  3 C(S) ( CaC2(s) + CO(g)

2. 
(a) Sr(s)  +  2 H2O(l) ( Sr(OH)2(aq)  +   H2(g)

(b) BaO(s)  +  SO2(g) ( BaSO3(s)

(c) CaSO42 H2O(s)  +  heat ( CaSO41/2 H2O(s)  + 3/2 H2O(g)


(d) SrC2(s) +  +  2 H2O(l) ( Sr(OH)2(s) +  C2H2(g)
Additional problems (also due on February 24th):

1. Explain why (a) the alkali (Group 1) elements are relatively easily oxidized to the +1 state, and 

(b) this tendency towards oxidation increases from top to bottom in the Group.

2. (a) Because they have relatively low (first) ionization enthalpies, since they have only one electron beyond a noble gas configuration and the inner shell (noble gas core) electrons “screen” the nuclear charge much more effectively from the outermost electron, as compared to the case for the other elements in the same period, where there are other electrons in the same shell (see Slater’s rules for calculating Zeff).  (b) Because Zeff (and Hion) decrease with each successively higher quantum shell, as the outermost electron gets further from the nucleus and less strongly held.

3. Give the formulas for the various types of binary compounds that are formed when the Group 1 and 2

elements react with O2 and indicate, for each of these compounds, the oxidation states for the Group 1 (or 2) element and the oxygen in these compounds.

Li2O, Na2O2, and MO2 (M = K ( Cs); MO is the major product for all of the Group 2 elements (+ some BaO2 with Ba); in each case the oxidation state of the Grp. 1 or 2 element does not vary from the usual 1 for Grp. 1 and 2 for Grp. 2, resp., whereas the O varies from –2 for the Li2O and MO oxides, to –1 for the peroxides (e.g., Na2O2) and –1/2 for the superoxides MO2 (M = K( Cs).

4. Use the "uniqueness principal" (which contrasts the 2nd row, main Group, elements with their heavier

congeners in each Group) and the "diagonal effect" to explain why the compounds of Li+ are often more similar to the corresponding Mg2+ compounds as compared to those of the other Group 1 metal ions.  Give some examples of Li+ and Mg2+ compounds that illustrate these similarities.
The first element of each of the Main Groups is generally more different from the 2nd in that Group than the 2nd is from those below it; this is due in part to the relatively small size of the first row element and the much higher “charge density” or Z2/r of its corresponding ion as compared to the other elements in the same Group.  This charge density of the first element ion (e.g. Li+ in Group 1) is actually closer to that of the ion for 2nd element in the next Group over (Mg2+) than to that of the element just below it (Na+) (the “diagonal effect”).  This makes for similar chemical behaviors for Li (or Li+) and Mg (or Mg2+), such as the formation of a O2- oxide on reaction with O2, the formation of a nitride for only Li (like Mg) among the Group 1 elements by reaction with N2; Li2C2 and MgC2; LiR and RMgX (similar organometallics); Li(OH) and Mg(OH)2, and Li2(CO3) and MgCO3, show similar (rel. low) solubilities in water and the latter two carbonates both decompose on heating to form the oxides and CO2.

4.  Write a chemical equation that shows why Be(NO3)2 gives an acidic solution on addition to water.

Be(NO3)2(s) +  H2O(l)  =  Be(OH)+(aq) +  H+(aq) + 2 NO3-(aq)

(hydrolysis occurs due to a relatively high Z2/r for Be2+)

5. Give an example of a "crown ether" and a "cryptate" and draw a structure of a crown ether complex of

Na+.  What factor is most important in determining which crown ether should be chosen for separating Na+ from K+ through preferential complexation of the Na+?
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6. The most important factor is the size of the central cavity (hole) in the crown ether vs. the size of the alkali metal ion – the highest binding energy (stability constant for the complex) is when these sizes are closely matched; thus, going to a larger ring size (n in [CH2CH2O]n for example) allows preferential complexation to successively larger alkali metal ions. 

7. Draw the molecular structure for [LiCH3]4.  What is the nature of the bonding between the Li and the CH3 group? Explain why the metal alkyls of Li, despite their higher cost, are much more useful in organic and inorganic synthesis processes than those of the heavier alkali metals.
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There are multicenter, electron-deficient bonds between the Li and the alkyl groups, where 3 adjacent Li+ ions share their (empty) 2s orbitals with a (filled) C sp3 orbital of the CH3- ions, i.e.,
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(f) They are more useful than the organometallic compounds of the heavier alkali metals, because the latter are salt-like (rather than covalently bonded molecules like those of Li) and therefore insoluble in organic media (they react with water), whereas the Li alkyls are soluble in saturated hydrocarbons.

7.  (a). Give the empirical formula for the Grignard reagent that is obtained from methyl 

bromide.  Write a balanced equation for the reaction of this Grignard reagent with phenyl bromide (C6H5Br)

(CH3)MgBr  + C6H5Br ( C6H5CH3 +  MgBr2
8.  Complete and balance the  following equations:

(a)  MgCO3(s)  --heat-->  MgO(s)  +  CO2(g)
(b)  Cs(s)   +  1/2 H2(g)  ---->  CsH(s)
(c)  1/2 Li(s)  +    O2  ---> Li2O(s)
(d)  Cs(s)  +     O2(g)   ---> CsO2(s)
(e)  Na2O2(s)  +  2  H2O(l)  ---> 2 NaOH(aq)  +    H2O2(aq)
(g) Na(s) + NH3(l) --> Na+(am) +  e-(am) --Fe/Fe3O4(a catalyst)-> Na+(am) + NH2-(am) 

+ H2(g)
(g)  MgH2(s)  +     2 H2O(l)   ---> Mg(OH)2(aq)  +   2 H2(g)
(h)   K(s)  +    C2H5OH  ---> K(OC2H5)(alc. or s) +  1/2 H2(g)
(i)  Li(s)  +    (C2H5)2NH ---> Li[N(C2H5)2] +  1/2 H2(g)
(j)  2 Li(s)  +    C6H5Cl  ---> Li(C6H5) + LiCl(s)
(k)  NaCl(l)   --electrolysis-->  Na(l) + 1/2 Cl2(g)
(l) Mg(s)  + C2H5Br  ---> C2H5MgBr
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