I Chem I  -  10th Problem Assignment  - Answers
Problems from R.-C.:  Chapt. 15: 

10.  From the M.O. diagram (p. 342), O2  has a b.o. of 2; as we add 1 and 2, electrons, resp., to the O2 M.O. diagram, the b.o. is reduced to 1 1/2 and 1, resp.  Conversely, removing an electron from the highest, antibonding, p M.O., (for O2+) increases the b.o. to 2 1/2.  As the b.o. decreases, the bond length increases; by about 12-16 pm/0.5 bond; therefore, a b.o. of about 110 pm or less would be (very roughly) expected for O2+, as is observed experimentally.

13. The F-O-O-F structure would be bent about the O atoms, as these are of the AE2B2 VSEPR type; overall it might be close to a planar geometry with the 2 F’s (and the O lone pairs) as far apart from each other as possible (due to lone pair-lone pair – or F-F – repulsions).  The oxida. no. for O in this molecule is +1, since the F is the more electronegative atom.

17.  
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33. 
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Chapt. 16: 

2.  (a)  Pb(s)  +  2 Cl2(g) ( PbCl4(s)
(b)  Mg(s)  +  2 HCl(aq) ( MgCl2(aq)  +  H2(g)
(c)  H2O(l)  +  OCl-(aq)  +  SO2(g) ( 2H+(aq)  +  Cl-(aq)  + SO42-(aq)
(d) (d)  4 KClO3(s) –mild heat( 3 KClO4(s) +  KCl (s)

(e)  IBr(s)  +  H2O(l)  (  HCl(aq)  +  HBrO(aq)
(f)  P4(s)  +  12 ICl(s)  (  4 PCl3(l) +  6 I2(s)
6. This is because the electrochemical potential for the oxidation of H2O to O2 is lower (less positive) than for the oxidation of F- to F2 (i.e., F2 reacts with water to give O2);  therefore, O2 is produced instead of F2.
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29. (This problem should have been assigned in place of the following one (30, which was assigned by mistake)):
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1. The second form must be more important than the first.

30. It converts the softer tooth material hydroxyapatite, Ca5(PO4)3(OH), to the tougher fluoroapatite, Ca5(PO4)3F.
Additional problems:

2. Compare the electronic structures (the MO energy level diagrams) and bonding in N2, O2, F2, CO and NO and explain any differences in chemical reactivity among these molecules.

3. Assume that the same sequence of MO energy levels derived for O2 applies to each of these cases, i.e.: s s* pz px,y px,y* pz* and fill in the appropriate number of valence electrons (C = 4, N = 5, O = 6, F = 7) and determine the bond order and whether there are any unpaired electrons.  N2 and CO both have a bond order of 3 and are relatively stable - although the polarity of CO leads, in part, to a greater reactivity in that case.  The next in order of bond strength is NO (b.o. = 2.5);  however, the single unpaired electron along with the polarization of the bonding electrons (towards the O) in this case leads to a relatively high reactivity towards oxidizing or reducing agents.  Next is O2 with a b.o. of 2 with its 2 unpaired electrons (reacts as an oxidizing agent).  Finally, F2, with a b.o. order of 1 is highly reactive as an oxidizing agent.

4. Compare the molecular formulae, structures and physical properties of: (a) O and S, and (b) F and Cl, in their most stable elemental forms.  Explain why elemental O and S show appreciable differences, whereas F and Cl are relatively similar.
3.  (a) Oxygen occurs in the elemental form largely as O2(g), whereas S is commonly found as S8(s) .  The structure of O2 is that of a diatomic molecule whereas S8 has a ring structure [-S-]8.  S8(s) is a relatively low melting molecular solid.

5. 
(b) F and Cl both occur as diatomic gases (F2(g) and Cl2(g)) at STP.  The main reason for the differences in the case of O and S is the ability of O to form a rel. strong p-p bond with itself, thus forming a diatomic gas; S does not form very strong S=S bond and, instead, prefers a linear chain or ring structure.  This makes for a relatively large (and electron-rich) S8 molecule, which has stronger van der Waals forces than those for O2, leading to a solid at STP.  On the other hand, both F and Cl can only form a single bond with themselves, leading to the same diatomic formula and less substantial differences in van der Waals bonding.
6. (a) Give examples of compounds that contain oxygen in the following (formal) oxidation states: -2, -1, +1. 

-2, Li2O, etc.; -1, Na2O2 (or H2O2); +1, O2F2
(b) What are the two most common oxidation states found for the heavier Group 16 elements (S ( Te), in their simple binary compounds?  Give examples of simple binary compounds in these cases. 

+6 and +4. Examples: SO3, SeF6; SO2, TeCl4.

7. Compare F with the heavier halogens in terms of the oxidation states that these halogens

exhibit in their binary compounds.  Give examples of compounds that exhibit these 

various oxidation states for F and Cl.

F exhibits only a –1 state in its compounds; Cl and the heavier halogens exhibit the oxidation states: +7, +5, +3, +1, and –1, in their various binary compounds.  Examples, F-: LiF, SF6, etc.; Cl7+: HClO4, NaClO4; Cl5+: NaClO3, etc.; Cl3+, LiClO2, ClF3; Cl+1: HClO, Ca(ClO)2; Cl-: HCl, NaCl, SiCl4, etc.

8. Give examples (at least one of each) of compounds of sulfur that appear to exhibit 

p-p and p-d double bonds.  Draw the overlap of d and p orbitals that results in a

p-d double bond.

Compounds with p-p bonds:

The following resonance forms for SO2 and SO3 require only the use of p orbitals for pi-bond formation and have no real theoretical justification for rejection relative to the ones involving d orbitals shown below, despite their greater formal charges.
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[image: image5..pict]Some compounds of S which are typically represented as having p-d bonds:

Drawing of a p-d bond:
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9. In some ways HF(l) resembles water and differs from the heavier halogen halides.  

Describe these points of similarity between HF and H2O and explain why HF is unusual among the hydrogen halides.  Is HF a liquid at 25 oC and 1 atm. pressure?

Like H2O, HF has strong H-bonding and its physical properties are strongly influenced by this H-bonding.  Thus its boiling point (although still below room temperature, i.e., HF is a gas at STP) is much higher than that of HCl;  for the remaining HX compounds in Grp. 17 the b.p.s increase with incr. atm. wt., but are still lower that that of HF).  Also HF(l) has an extremely high dielectric constant and is a good solvent for ionic substances.  Explanation: H-bonding is most important for the hydrides of the most electronegative elements and F and O are number 1 and 2, resp., in terms of electronegativity.

10. Draw the Lewis structure and describe the geometry for the following species: 

(a) the S8 ring in yellow sulfur; (b) sulfur trioxide, SO3; (c) the thiosulfate ion, S2O32- ; 

[image: image7..pict](d) ClF3  ;  (e) BrF4-  ;  (f) ClF4+.

[image: image8..pict](c) S2O32-: similar structures to SO42- (tetrahedral, with S in the center) but with one of the terminal O’s replaced by a S.

11. Give the formulas of the following compounds: (a) sodium thiosulfate, Na2S2O3; 

(b) sulfurous acid, H2SO3; (c) potassium iodate, KIO3; (d) aluminum sulfate, Al2(SO4)3; (e) barium sulfide, BaS; (f) lithium sulfite, Li2SO3; (g) sodium peroxide, Na2O2; 

(h) cesium superoxide, CsO2; (i) sulfur hexafluoride, SF6; (j) silver bromide, AgBr; 

(k) perchloric acid, HClO4; (l) sodium chlorate, NaClO3; (m) lithium hypochlorite, LiOCl; (n) potassium bromite, KBrO2: (o) sodium perchlorate, NaClO4
9.  Complete and balance the following reactions [where given for the reactants, the physical form ((s), (l), (g), (aq), etc.) of the products must be specified]:

(a)   
H2O2(aq)  --heat-->   1/2O2(g) + H2O(l)
(c) (b)    
S(s) +   O2(g) ---->  SO2(g)
(d)  SO2(g)  +  H2O(l)  ---> H2SO3(aq)
(d) 
SO3(g)  +  H2O(l)  ---> H2SO4(aq)
(e) 
Na2O2(s)  +  H2O(l) ---> H2O2(aq)  +  2 NaOH(aq)
(f) 
F2 +   H2O ---->  2 HF  +  O2
(g)    
CaF2(s)  +   H2SO4(l)  --->  CaSO4(s)  +  2 HF(g)
(h) 
3 F2 +   Se ---->  SeF6
(i) 
7 F2 +   I2 ---->  2 IF7
(j) 
Cl2(g)  +  2 Br-(aq) --->  Br2(l)  +  2 Cl-(aq)
(k) 
Cl2(g)  + H2O(l)   ---> HCl(aq)  +  HOCl(aq)






(l)      KClO3(s)  --heat-->  KCl(s)  + 3/2 O2(g)



(m)    Cl2O(g) +   H2O(l)  ---> 2 HOCl(aq)


