Chem 1A

Chapter 8 Exercises


Electron Configurations of Metals and Non-metals from Representative Elements

      Cations derived from metals of Groups 1A and 2A and that of Al3+, as well as anions derived from non-metals of Groups 5A, 6A, and 7A, all acquire the electron configurations of the noble gases.

Ions having the same electron configuration as Ne ([He] 2s2 2p6):   Na+, Mg2+, Al3+, F-, O2-, and N3-;

Ions having the same electron configuration as Ar ([Ne] 3s23p6):     K+, Ca2+, Sc3+, Cl-, S2-, and P3-
Ions having the same electron configuration as Kr ([Ar] 4s23d104p6):   Rb+, Sr2+, Y3+, Br-, and Se2-;

Ions having the same electron configuration as Xe ([Kr] 5s24d105p5):   Cs+, Ba2+, La3+, I-, and Te2-;

_____________________________________________________________________________________

Electron Configurations of Transition Metal Ions

The ionization of a transition element involves the removal of one or more electrons in the ns and (n-1)d orbitals, where n is the valence-shell principal quantum number; the ionization of ns electrons always occurs before that of the (n – 1)d electrons. For examples:

Fe ([Ar]4s2 3d6)  (  Fe2+ ([Ar]3d6) + 2e-;
( removal of two 4s electrons

Fe2+ ([Ar] 3d6)  (  Fe3+ ([Ar]3d5) + e-; 

( removal of one 3d electron

Orbital diagrams for valence shell in Fe, Fe2+ and Fe3+:
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Most transition elements form cations with partially filled (n-1)d sub-shell. For examples:


Cr2+ = [Ar]3d4;

Mn2+  = [Ar]3d5;
  
Co2+  = [Ar] 3d7;

Cations derived from transition metals generally do not acquire the noble gas electron configurations, although cations such as Cu+, Ag+, Zn2+, Cd2+, and Hg2+ have a completely filled outer shell (ns2 np6 nd10). They are said to have acquired the pseudo-octet state or pseudo noble gas configuration.


Cu+
= [Ar] 3d10;

Zn2+ 
= [Ar] 3d10;



Ag+
= [Kr] 4d10;

Cd2+ 
= [Ar] 4d10;

Exercises #1:
1.
Write the electron configuration and orbital “box” diagram for each of the following atoms and ions. You may use appropriate noble gas symbols to represent inner-shell electrons. Indicate whether the atoms and ions are paramagnetic or diamagnetic.



Sc, Sc3+, Cr, Cr3+, Co, Co3+, Ga, Ga3+, Y, Y3+, In and In3+.

The Formation of Binary Ionic Compounds – The Born-Haber Cycle

The formation of an ionic compound such as NaCl involves several steps and the enthalpy of formation (Hof) can be calculated by applying the Hess's Law of summation. The Process for the formation of NaCl may be represented by the Born-Haber cycle shown below:

The Born-Haber Energy Diagram:
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The Born-Haber cycle can be broken up into the following steps of chemical processes:

Step-1:
           Na(s)   (  Na(g);

Hos =  107 kJ;    (enthalpy of sublimation; endothermic)

Step-2:         ½ Cl2(g)  ( Cl(g);

½ D  =  122 kJ;    (one-half Cl—Cl bond energy; endothermic)

Step-3:
          Na(g)    ( Na+(g) + e-;
   IE  =  496 kJ; 
   (ionization energy; endothermic)

Step-4:
      Cl(g) + e-   (  Cl-(g);

   = -349 kJ;     (electron affinity; exothermic)

Step-5:   Na+(g) + Cl-(g) ( NaCl(s);
  UL  = -787 kJ; 
   (lattice energy; exothermic)

————————————————————————————————————————

        Na(s) + ½ Cl2(g) ( NaCl(s);
Hof  =  ?;    (enthalpy of formation for NaCl(s); exothermic)

————————————————————————————————————————

Using Hess’s law, the enthalpy of formation (Hof) for NaCl can be obtained by summing up the energy absorbed and released in steps 1 through 5. That is,


Hof  = Hos + ½ D + IE1 + UL =  (107 + 122 + 496 + (-349) + (-787)) kJ = -411 kJ

The energy released in Step 5 is called the lattice energy (UL), which is defined as the energy released when gaseous ions combined to form a mole of ionic crystal. 

Na+(g) + Cl-(g) ( NaCl(s);
  UL  = -787 kJ/mol;

Lattice energy may also be defined as the energy required to change a mole of ionic crystal into its vapor ions:

NaCl(s)  (  Na+(g) + Cl-(g);
 UL  = +787 kJ/mol;

Lattice energy is a measure of ionic bond strength. The stronger the ionic bond, the higher is the lattice energy. For binary ionic compounds, lattice energy increases as ionic sizes decrease and ionic charges increase. For example, among the halides of alkali metals, the trend of lattice energy is as follows: 


LiCl > NaCl > KCl > RbCl > CsCl;

NaF > NaCl > NaBr > NaI;

Therefore, the strength of ionic bonds is directly dependent on the charge density of the combining ions, such that greater charge and smaller ionic size lead to stronger ionic bond. Compounds with high lattice energies also have very high melting points. The melting points of ionic halides increase in the following order:


CsCl < RbCl < KCl < NaCl < LiCl;
  

NaCl < MgCl2 < AlCl3;


NaI < NaBr < NaCl < NaF

Energy changes associated with the formation of NaCl can also be presented graphically using the energy diagram of Born-Haber cycle (shown below).

Exercises #2:

1.
Given the following enthalpies, calculate the lattice energy of NaI(s) and CsCl(s), respectively.


Enthalpies (kJ/mol):  

 
Hof[NaI(s)] = -288; Hs(Na) = 107;  IE(Na) = 496; Hs(I2) =  62; D(I—I) = 149; EA[I] = -295;

Hof[CsCl(s)] = -443;  Hs(Cs) = 78;  IE(Cs) = 376;  D(Cl—Cl) = 244;  EA[Cl] = -349.


(Answer: NaI = -702 kJ/mol;
CsCl = -670kJ/mol)
2.
Given the following processes and their enthalpies (in kJ/mol):



Mg(s)  (  Mg(g); 

Hs = 150; 


Mg(g)  (  Mg2+(g)  +  2e-;  
Ip = 2180;  

Cl2(g)  (  2Cl(g);  

BE = 243;  
Cl(g)  +  e-  (  Cl-;  

EA = -349, and


Mg(s) + Cl2(g)  ( MgCl2(s);  
Hof = -642.


Calculate the enthalpy change for the following process, which is the lattice energy for MgCl2(s):




  Mg2+(g)  +  2Cl-(g)  (  MgCl2(s).










(Answer:  Ho = -2517 kJ/mol)
Exercises #3

1.
Calculate the number of valence electrons in each of the following molecules or polyatomic ions:

(Answers in parentheses)

(a)  BF3  (24)
(f)  NCl3  (26)

(b)  C2H2 (10)
(g)  PO43-  (36)

(c)  C2H4  (12)
(h)  POCl3  (32)

(d)  CO32-  (24)
(i)  SF4
   (34)

(e)  NO2  (17)
(j)  SF6   (48)
2.
Draw Lewis structures for the following molecules or polyatomic ions:


(a)  BF3 
(b)  SiF4
(c)  SF4 


(d)  NOBr
(e)  C2H2
(f)  C2F4 


(g)  CO32- 
(h)  HCO3- 
(i)  H2CO3 

3.
Draw all possible resonance Lewis structures for nitrous oxide, N2O. Calculate the formal charge of each atom in each Lewis structure. Base on the formal charges, indicate which Lewis structure is the most favored and which Lewis structure is the least favored.

4.
Rank the following atoms in increasing order of electronegativity:

(Answers in parenthesis)

(a)  Al, B, N, F;
Answer: Al < B < N < F

(b)  F, Cl, Br, I;
Answer: I < Br < Cl < F

(c)  C, O, Al, Si;
Answer: Al < Si < C < O
5.
Rank the following covalent bonds in order of increasing polarity:

(Answers in parenthesis)

(a)  C(H,  N(H,  O(H,  F(H;  
Answer: C(H < N(H < O(H < F(H

(b)  C(C,  C(F,  N(O,  N(F; 
Answer: C(C < N(O < N(F <  C(F

(c)  H(H,  H(F,  H(Cl,   H(Br,  
Answer: H(H < H(Br < H(Cl < H(F
6.
Use covalent bond energies to calculate the enthalpy changes for the following reactions. Indicate whether each reaction is exothermic or endothermic.


(a)  N2(g)  +  3H2(g)  (  2NH3(g);



(Answer: Ho = –93 kJ)

(b)  CO(g)  +  2H2(g)  (  CH3OH(g)


(Answer:  Ho = –120 kJ)

(c)  CH4(g)  +  H2O(g)  (  CO(g)  +  3H2(g);

(Answer:  Ho = 206 kJ)
Exercises #4

1.
Draw the Lewis structure of each of the following molecules, determine the molecular shape using the VSEPR method, and predict whether the molecule is polar or nonpolar.


(a)  BF3 


(b)  BrF5 


(c)  ClF3 


(d)  GeF2 


(e)  NF3 


(f)  PF5

(g)  SF4 


(h)  SF6 


(i)  SiF4 


(j)  XeF4 
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