I Chem I  -  6th Problem Assignment  -  Answers
Problems from R.-C. Chapt. 7, p. 120: 

14. The ionic hydrides are all (ionic) solids that melt to form a liquid which contains Mn+ and H- ions.  They react with protonic hydrides (such as water) to evolve hydrogen and conduct a current in the liquid state (due to ionic transport).  In contrast the covalent hydrides are mainly gases, liquids or low melting molecular solids that usually exist as discrete molecules and generally react as protonic donors (acids).

 16.  B2H6 is held together (as a dimer of BH3) by 2 B-H bridge bonds.  Therefore, 

15. [image: image1..pict]
This can be made part of a Born-Haber cycle that include the other enthalpy terms listed in this problem:

[image: image2..pict]
This value corresponds to only ca. 13% of a normal B-H bond, which would be the additional binding energy that holds together the dimer;  however, if we consider the B-H-B bond as a whole and form B2H6 directly from 2B and 6H (i.e., we don’t go via BH3), we can then assign this energy to 4 normal B-Hand 2 B-H-B bonds: i.e., +36  -2(590) -3(432)  = -4(390) - 2(B-H-B) ; or 

H(B-H-B) = -2(390) + 3/2(432) + (590) – 18 = 440, or about 220 kJ/mole per 

B-H, close to the 50% (1/2) that would be expected based on the MO diagram (or the Lewis structure)

Chapt. 8, p. 135: 

6.  (a) NH4+; (b) NH2-

7. HF(g)  +  NH3(l) (  NH4+  + F-
11. H2SO4; the oxidation state of the S is higher, giving it a higher electronegativity (the electronegativity of an atom increases with increasing oxidation state) than the S in H2SO3 (H2SO4 has 2 O’s in excess of those bearing H’s whereas H2SO3 has only one – Pauling’s rules).

12. H2Se is a stronger acid because it has a weaker H-X bond than does H2S (H-X bond strength, which decreases with incr. Z within a Group, is dominant for acids within a particular Group).

14. Zn(H2O)62+ = Zn(OH)(H2O)5+  +  H+(aq) ; i.e., hydrolysis occurs to a significant extent.

17. (a) KF; since HF is a weak acid in water, it will act as a base, decreasing the pH of the solution: F-  +  H2O =  HF  +  OH-
(b) NH4Cl, acidic; NH4+ is a weak acid in water: NH4+  +  H2O = NH3  +  H3O+
Additional problems (also to be turned in on Feb. 25):

1. Give the formulas of the most stable hydrides of the second period elements, Li-F.  Indicate which (hydrides) would be most likely to give (i) an acidic solution (pH<7), and (ii) which would give a basic solution (pH > 7), on addition to water.  Write an equation for the reaction of the hydrides of Li and F with water.
LiH, BeH2, BH3, CH4, NH3, H2O, HF

(i) HF; 

(ii) LiH and BeH2
LiH  +  H2O  (  LiOH  +  H2(g)

HF(aq) (  H+(aq)  +  OH-(aq)
2.  Among the hydrides of Group 17 (the halogens), indicate the qualitative trend in the boiling points among these hydrides and account for both the anomalous boiling point of the first hydride as well as the overall trend in the boiling points.  What other differences might be expected among these hydrides due to this same effect?

The b.p. of HF is much higher than that of HCl, despite the increased size of the Cl atom; the remainder of the HX compounds have b.p.s which increase with increasing size of the X atom (also HF(l) has a high dielectric constant and a lower frequency (and broader) IR stretching band than does HF in the gas phase; etc.).  The reason is that HF has strong H bonding where it is much weaker (or non-existent) for the remaining (less electronegative) hydrogen halides.

3. (a) Rank the hydrides of Br, O, I, S, C, Se, and N in order of increasing (intrinsic) acidity and explain briefly the basis for your order of acidity.

CH4 < NH3 < H2O < H2S < H2Se < HBr< HI

The acidity of HX acids increase across a period (due to increasing electronegativity of X) and increase down a Group (because of weaker HX bond strength).

(b)  Suppose that you were attempting to determine the pKa of a group of acids in water, such as those in part (a), and found that several of them gave effectively the same pH (0) when one mole was added to 1 liter of water.  Choose a solvent from the following list that might be used to distinguish these relative acidities (Note: there may be more than one correct answer to this question):

 HF, HCl, H2SO4, NH3, NF3
 Briefly explain your choice of solvents and give the chemical formula for the strongest acid species that can exist in that solvent.

HF, HCl or H2SO4; to distinguish acids that are more acidic than H3O+, 

a solvent which is more acidic than H2O is needed.  The acid species are: H2F+, H2Cl+, and H3SO4+.

4. (a) Arrange the following compounds in order of increasing acidity of the solutions obtained on their addition to water (assume that the same number of moles of each is added to the same amount of water):

 SiCl4, Na2O, NH3, B2O3, HF, KCl, HCl

Na2O < NH3 < KCl < B2O3 < HF <  HCl < SiCl4
(b) Explain your order of relative acidity, showing the reaction that occurs (when one does occur) on addition of each these compounds to water and, where relevant, indicating how the extent of this reaction depends on the nature of the compound.  

Na2O(s) + H2O(l) ( 2 Na+(aq)  +  2 OH-(aq)  


NH3(g) + H2O(l) =  NH4+  +  OH- (K < 1)

KCl(s)   + H2O(l) ( K+(aq)  +  Cl-(aq)

B2O3(s) + 5 H2O(l) =  2 H+(aq)  +  2 B(OH)4- (K < 1)
HF  +  H2O(l) =  H+(aq) +  F- (K < 1)


HCl  + H2O(l) ( H+(aq)  +  Cl-(aq)
SiCl4 + 4H2O(l) ( 4H+(aq)+ 4Cl-(aq)+ Si(OH)4(s)

