I Chem I  -  5th Problem Assignment  -  due February 18, 1999

Problems from R.-C. Chapt. 6, p. 104: 

8. Due to the electronegativity difference between C and O, the C-O bond is polar.  This polarization leads to an additional electrostatic attraction between the C and O.

9. 
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13. MgCl2 has a higher entropy of solution than MgO;  also the balance between lattice enthalpy and ion solvation enthalpies that determines the sign (and magnitude) of the Hsoln should be more favorable for MgCl2 than for MgO, where the –2 charge on the O and the relatively more compact structure makes for a very high U.

Additional problems:

1.(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  

Ans.: CsBr < NaBr < MgSe < BeSe < BeO

(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).

Ans.: BeSe is most likely to have the zinc blende structure and CsBr the cesium  chloride structure, because the radius ratio determines which structure should be the most stable and the CsCl structure is most likely when the ions are closest to being the same size (as r+/r- -> 1) and the ZnS structure when the ions are most different in size.   This rule, along with the fact that the sizes increase with incr. negative charge and decrease with incr. positive charge, along with the general dependance of atom sizes on their position in the periodic table, leads to the above choices.

2.  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
Hvap.
Hdissoc.
Helectr. attach.




  1st
    2nd





    Na

118.5    1090
    26

     ----

-13


    F

402
     806
    ---

     38

-77

Ans.: Hf NaF2 = Hvap Na + Hion1 Na + Hion2 NaHdiss F2 + 2HEA F + UNaF2 =  

+423.5, whereas the Hf for NaF is negative; since S is also likely to be negative for this reaction (due to the conversion of the F2(g) to a solid product) the G for this reaction will also be positive (alternatively, the difference in Hf  between NaF2 and NaF would correspond to a negative Hreaction for the conversion to NaF + F2).

3. (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.

Ans.: (i)  Cs(s)  +  O2(g) ( CsO2(s);  (ii) Cs+(g)  +  O2-(g) ( CsO2(s)
(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.

Ans.:
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Hvap Cs and Hion Cs are both going to be positive (endothermic) whereas UCsO2 will be exothermic (negative). HEA O2 could be either, although it is also likely to be negative.

4. 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 enthapy and the solvation energies of its ions.
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If the solution turns cold the net HsolvaKNO3 must be positive (endothermic), i.e., the UKNO3 must be greater than the sum of the ion solvation energies.

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

If it is readily soluble, the G for solution is likely to be negative, which means the increase in entropy on dissolution (the TS term) is sufficient to overcome the positive H term.

(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.

In this case the heat of solution of the ions is greater than the lattice enthalpy of the salt – i.e., the small Li+ ion has a high heat of solution in water.

5. 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).

MO2(s) (  MO(s)  +  1/2 O2(g)
(b) Arrange them in order of increasing thermal stability and,

MgO2 < CaO2 < SrO2 < BaO2
(b) in order of increasing solubility in water.

BaO2 < SrO2 < CaO2 < MgO2
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