I Chem I  -  4th Problem Assignment  -  February 1, 2000

MO Theory and Ionic Compounds

Reading Assignment:  Units 4 and 5 of Lecture Notes; Chapts. 3, 4 , 5 and 6 (R.-C.).

Study problems (not to be turned in):  R.-C., Chapt. 3, pp. 62-63: 5, 6, 8; Chapt. 5, pp. 90-91: 3, 5-7, 13, 15, 18, 22; Chapt. 6, pp. 110-111: 2, 3, 7, 17(10), 22(11).*
Problems from R.-C. due on Tuesday, February 8, 1999: Chapt. 3, pp. 62-63: 3, 7, 10; Chapt. 5, pp. 90-91: 4, 8, 14; Chapt. 6, p. 104: 8, 16(9), 23(12), 25(13).*
Additional problems (also to due on Feb. 8):
1.  (a) Use MO theory to derive the bond order (b.o.) and number of unpaired electrons in O2, O2- and O22-.

(b) Rank the species O2+, O2, O2- and O22- in order of increasing bond distance

2.  between the two oxygen atoms.  Briefly explain your order.

3. (a) Use MO theory to compare the b.o. and no. of unpaired electrons in N2 and NO.

(b) Compare these two molecules also in terms of the distribution of the bonding

 electrons between the two atoms (i.e., is this distribution even (uniform) in both cases or

“polarized” toward one of the two atoms? If it is polarized, which atom has the larger

share of the electron density and why?).

3. (a) Assuming that they all had the same (rock salt) structure, arrange the following salts in order of increasing lattice enthalpy

BeO, CsBr, NaBr, BeSe, MgSe  

(b) Suppose that one of these salts actually had the cesium chloride structure (C.N. = 8) and another, the zinc blende structure (C.N. = 4).  Choose the most likely salts (2) from this list to have these two other structures and briefly explain the reason for your choice (assume that the anion is bigger than the cation in each case)
4.  Use a Born-Haber cycle and the data listed below to show why NaF2 is not a stable compound.  Assume a value for the lattice energy of NaF2 equal to that of CaF2, i.e., -695; the lattice energy of NaF is -223 (all values are in kcal/mol).


Element
Ioniza. Energy
Hsubl.
Hdissoc.
Helectr. attach.




  1st
    2nd





    Na

118.5    1090
    26

     ----

-13


    F

402
     806
    ---

     38

-77

5. (a) Write out the reactions that correspond to (i) the heat of formation, and (ii) the lattice enthalpy, for cesium superoxide, CsO2(s) (a cesium salt of the [O2]- ion).  Be sure to balance the equations and to indicate the physical form of the species involved by mean of subscripts, such as (s), (l), (g), (aq), etc.

(b) Using a Born-Haber type cycle, write an equation that would allow you to calculate an value for the enthalpy of formation for the [O2]- ion [HEA [O2] ], if you were given the neccessary enthalpy terms.  Make a list of all of these enthalpy terms that would be needed for the calculation of HEA [O2] and for each term write a balanced equation for the chemical reaction involved and indicate whether that enthalpy value is likely to be positive, negative or approximately 0.

6. KNO3, an ionic solid, dissolves readily in water but the solution turns cold when it does dissolve.  (a) Explain why the solution turns cold by using a Born-Haber-type cycle for the reaction, 

KNO3(s)  --H2O--> K+(aq)  +  NO3-(aq),

to relate the heat of hydration of  KNO3(s)  with its lattice energy and the solvation energies of its ions.

(b) Explain why KNO3(s) is highly soluble in water despite this observation regarding the temperature change on solution.

(c) LiNO3(s) is also highly soluble in water but releases heat when dissolved.  Explain why this nitrate salt behaves differently than its potassium analog.

7. The thermal stability of the following Group 2 metal peroxides is found to depend on the size of the corresponding metal ions:

CaO2, BaO2, MgO2, SrO2
(a) Write a balanced equation for the thermal decomposition reaction of these peroxides (using MO2 as the general formula for the peroxide).

(b) Arrange them in order of increasing thermal stability and,

(c) in order of increasing solubility in water

* In this and future HW assignments, the appropriate problem no. will be given in parentheses for those who have the 1st edition of R.-C.





