I Chem I  -  9th Problem Assignment  -  Answers
Problems from R.-C.:  

Chapt. 10, p. 186: 

1. (a)  2Na(s)  +  2H2O(l) (  2NaOH(aq)  +  H2(g)
    (b)  Rb(s)  +  O2(g) (  RbO2(s)
    (c)  2KOH(s)   +  CO2(g)  (  K2CO3(s) +   H2O(l)
    (d)  2NaNO3(s) --heat--(  2NaNO2(s)  +  O2(g)
9. (a)  Because the products would be Cl2(g) and H2(g), as H+, even at pH = 7, is more easily reduced than Na+ (or, in other words, Na(s) reacts with water to make H2).

(b) CaCl2(s) lowers the melting temperature of NaCl(s) (by forming a eutectic mixture).

Chapt. 11, p. 203: 
(b) 1.  (a)  2 Ca(s)  +  O2(g)  (  2 CaO(s)
(c) CaCO3(s) –heat( CaO(s)  +  CO2(g)
(d) Ca(HCO3)2(aq) –evap( CaCO3(s) + CO2(g) +  H2O(l)
(e) CaO(s)  +  3 C(s) (  CaC2(s)  +  CO(g)
(b) 2.  (a)   Sr(s) +  2 H2O(l) (  Sr(OH)2(aq)  +  H2(g)
(c) SO2(g)  +  BaO(s) (  BaSO3(s)
(d) CaSO4.2H2O ( CaSO4.1/2 H2O  +  3/2 H2O(l)
1. SrC2(s) +  2 H2O(l) ( Sr(OH)2(s) +  C2H2(g)
2. Additional problems:
3. (a) The ionization enthalpy for these elements (which have one electron over a noble gas configuration) is relatively low, allowing the loss of an electron (oxidation) easily when there is an element or compound that can accept an electron (get reduced).
4. (b) this tendency towards oxidation increases from top to bottom in the Group because the ionization enthalpies decrease from top to bottom within this (and most other main Group) element(s).

5. M2O (M+ and O2-), M2O2 (M+ and O22-), and MO2 (M+ and O2-) for Group 1 and only MO (M2+ and O2-) for the Group 2 elements.
The first element in each of the main Groups is rather different from the remaining ones because of its small size (atomic and ionic) and relatively high(er) electronegativity and ionization enthalpy compared to the 2nd element in that Group.  This is the basis for the "uniqueness principal" which refers to the rather unique chemistry and physical properties of the first element in each Group.  In the case of Li, it alone among the Group 1 elements reacts directly with N2 to form a nitride (Li3N) (because the small size of the Li+ ion leads to a more stable nitride “salt” (for which, three M+ ions are required)).  Also, Li is considerably higher melting and reacts much more slowly with oxygen and water at room temperature than Na, and its hydroxide and fluoride salts are sparingly soluble in water, whereas the corresponding Na+ salts are readily soluble.  The element that is "diagonally"  related to Li (Mg) also reacts directly with N2 to form a nitride (unlike Ca) and the corresponding Mg2+  hydroxide and fluoride salts have a similar solubility in water as the Li+ salts.  This is because Li+ and Mg2+ are more similar in ionic size and ionic potential (Z/r) than these ions are to their heavier congeners (Na+ and Ca2+, respectively (the “diagonal effect”)).
6. Be(NO3)2(s) + H2O(l) ( Be2+(aq)  + 2 NO3-(aq)

7. Be(H2O)42+(aq)  <=>  Be(H2O)3(OH)+  +  H+(aq)

8. Example of a "crown ether":  15-crown-5, [CH2CH2O]5; 

[image: image1..pict]"cryptate": 2,2,2-crypt, [N(CH2CH2O CH2CH2OCH2CH2)3N] 

(f) What factor is most important in determining which crown ether should be chosen for separating Na+ from K+ through preferential complexation of the Na+?  Answer: Ring size – or the size of the “cavity” in the center of the crown ether ligand.  This should be closely matched to the ionic radius of the alkali metal ion. 

(g) Draw the molecular structure for [LiCH3]4.  


     R = CH3[image: image2..pict]
What is the nature of the bonding between the Li and the CH3 group? 

Answer: Multicenter, electron-deficient bonds are formed by using the sp3 orbitals of the C atoms and the Li s and p orbitals to share the 2 electrons from each of the 4 CH3- species.

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.
(h) Answer:  Because they are soluble in organic solvents (due to their molecular “cage” structure); in contrast, the corresponding Na alkyls are “salt like” and insoluble in common organic solvents.
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)

[CH3MgBr]2

[CH3MgBr]2    +  2 C6H5Br ( 2 C6H5CH3  +  2 MgBr2 

8.  Complete and balance the  following equations:

(a)  MgCO3(s)  --heat-->  MgO(s)  +  CO2(g)
(b)  2 Cs(s)   +  H2(g)  ---->  2 CsH(s)
(c)  4 Li(s)  +    O2(g)  --->  2 Li2O(s)
(d)  Cs(s)  +     O2(g)   --->  CsO2(s)
(e)  Na2O2(s)  +   2 H2O(l)  --->  2 NaOH(aq)  +  H2O2
(f)  Na(s)+ NH3(l)  ---> Na+(am) + e-(am) --Fe/Fe3O4--> Na+(am) + NH2-(am)  + 1/2 H2(g)
(g)  MgH2(s)  +   2 H2O(l)   --->  Mg(OH)2(aq)  +  2 H2(g)
(h)   2 K(s)  +    2 C2H5OH  --->  2 KOC2H5  +  H2(g)
(i) 2 Li(s)  +    2 (C2H5)2NH ---> 2 (C2H5)2NLi  +  H2(g)
(j)  2 Li(s)  +    C6H5Cl  ---> C6H5Li  +  LiCl(s)
(k)  NaCl(l)   --electrolysis-->  Na(l)  +  1/2 Cl2(g)
(l) Mg(s)  + C2H5Br  ---> C2H5MgBr
