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Assignment 1 
The due date for this assignment is October 01, 2020 (04:00 p.m.). 

 
1.  Classify the following compounds or ions as Brønsted bases, Lewis bases, Brønsted acids 

and/or Lewis acids. 
 

[Cu(H2O)5(OH)]+  
HNO2  
PCl3  
C5H5N (pyridine)  
SbF5  
Si(OH)4  

 
2.  When disolved in water, are the solutions of the following compounds acidic or basic? 

What are the products of the hydrolysis reactions? Explain. 
 

N2O3 
P2O5 
CaO 
Cl2O 

 
3.  When liquid HF is supplemented with 0.6 mol % SbF5, a superacid with a strength 

exceeding that of magic acid is obtained. Explain the molecular basis for the extreme 
acidity of this mixture.  

 
4.  Predict (and explain) which of the following reactions will go to the left or right in the gas 

phase: 
a) NiBr2 + MgCl2 =  NiCl2  +  MgBr2 
b) Cr2S3 + 3 CuO  =  Cr2O3 + 3 CuS   
c) CoF2 +  2 AgCl =  CoCl2 + 2 AgF 
d) Fe(SCN)3  +  3 NaOH  =  Fe(OH)3  +  3 NaSCN 

 
5.  Order the following ions in terms of their thiophilicity. Explain your order. 
 Cu2+, Ag+, Cd2+, Au+ 
 
6.  Calculate the absolute hardness, η, values for Cd2+, Hg2+, BF3, and PF3. Which Lewis 

acid/base is harder than the other? 
I (Cd2+) = 37.48 eV, EA (Cd2+) = 16.91 eV 
I (Hg2+) = 34.20 eV, EA (Hg2+) = 18.76 eV 
I (BF3) = 15.81 eV, EA (BF3) = - 3.50 eV 
I (PH3) = 10.0 eV, EA (PH3) = - 1.90 eV 

 
7.  Calculate the absolute electronegativity (Mulliken) and hardness (Pearson) values for 

Mn(II) and Mn(III) from their ionization energies (I) and electron affinities (EA). Are the 
results in accordance with your expectation for a metal2+ / metal3+ pair? Explain.  
I (Mn2+) = 33.67 eV, I (Mn3+) = 51.2 eV, EA (Mn2+) = 15.64 eV, EA (Mn3+) = 33.67 eV. 
 

8.  The Drago-Wayland equation: 
a)  Calculate the enthalpy of adduct formation predicted by the Drago-Wayland equation 

for B(CH3)3 reacting with NH3, CH3NH2, (CH3)2NH, and (CH3)3N.  
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b)  For the B(CH3)3:amine adducts above, explain the obtained values (trends) in terms of 
electrostatic (EA x EB) and covalent (CA x CB) contributions. Hint: Consider the 
inductive effect in your answer (i.e., methyl groups in amines push electron density 
towards the N atom)!  

Note 1: The formal unit of the E and C parameters is (kcal/mol)1/2. 
Note 2: Drago-Wayland equation: ∆H = - (EAEB + CACB) 

 
B(CH3)3: CA = 1.7, EA = 6.14 
NH3: CB = 3.46, EB = 1.36 
CH3NH2: CB = 5.88, EB = 1.30 
(CH3)2NH: CB = 8.73, EB = 1.09 
(CH3)3N: CB = 11.54, EB = 0.808 

 
9.  Draw a schematic of the energy levels of the 4d transition metals (from Y to Cd), which is 

consistent with the actual electron configuration of these metals.  
Hint: Consult the appropriate handout (slide 4 in introTMs) to address this question. 

 
10.  Give the Werner formulation (in the form of [MAxBy]Zz) for the following three 

octahedral complexes: PtCl4 · 2 NH3, PtCl4 · 4 NH3, PtCl4 · 6 NH3. How many molecules 
of AgNO3 (per complex) are needed to precipitate the 'labile' chloride ions in these 
complexes? 

 
11.  Name the following complexes: 

a) [Cr(NH3)6]Cl3  
b) [Ru(NH3)5(OH)](ClO4)2  
c) [Co(en)3]Br3; en=ethylenediamine  
d) (NH4)[PtCl3(C2H4)]  
e) [Co(NH3)2Br][SnCl4]  
f) [Mn(H2O)6][Fe(SCN)4] 

 
12. Give the structure (Werner formulation) of the following complexes. Make sure that you 

establish the correct charge on the complex anion(s) or cation(s). 
a) Tetraaquadiazidomolybdenum(IV) chloride 
b) Amminetribromocobaltate(II) 
c) Pentaammineiodochromium(III) 
d) Hexafluorotitanate(IV) 
e) Potassium bis(oxalato)ferrate(III) 
f) Dihydroxotetraoxoosmate(VIII) 

 
Marking of the assignment 

Q Marks Q Marks 
1 12 (2 each) 7 9 
2 8 (2 each) 8 10 (6,4) 
3 6 9 8 
4 8 (2 each) 10 6 
5 4 11 12 (2 each) 
6 8 12 9 (1.5 each) 

      Total: 100 marks 


