BCC, Fall 2011

Chem 1B, Final Exam Review

1.
Write the electron configuration and orbital “box” diagram for each species below. Indicate which species is/are most paramagnetic?


   (a)  Cr2+: 


(b)  Cr3+: 



(c)  Fe2+: 


(d)  Fe3+: 




(e)  Co2+:



(f)  Co3+:

2.
Name the following coordination compounds. Determine the oxidation state/number and the coordination number, respectively, of the transition metal in each compound.


(a)  Na2[PtCl6] 


(b)  K[Au(CN)4]  


(c)  [Cr(en)2(H2O)2](NO3)3

(d)  [Cu(NH3)4]SO4  

3.
Write Werner’s structure of each of the following coordination compounds.


(a)  tetraamminediaquacobalt(III) chloride 


(b)  Sodium diaaquatetrahydroxochromate(III) 


(c)  dichloroethylenediamineplatinum(II) 


(d)  Potassium hexacyanoferrate(II)

4.
Complete and balance the following reaction. Assume that each transition metal ion forms an octahedral complex.



Cr(NH3)4Cl3(aq)  +     AgNO3(aq)  (  



Co(NH3)6Cl3(aq) +    AgNO3(aq)  (  



Na3CoCl6(aq)  +      AgNO3(aq)  (  



Pt(NH3)4Cl4(aq)  +      AgNO3(aq)  (  

5.
Compounds of nickel(II) are generally colored and paramagnetic, but compounds of zinc(II) are colorless and diamagnetic. Explain. 

6.
The complex ion tetraamminenickel(II), [Ni(NH3)4]2+, is paramagnetic, whereas tetracyanonickelate(II), [Ni(CN)4]2-, is diamagnetic. Describe the d-electron configuration of these complexes according to the crystal field theory.

7.
Explain the color of solutions containing the following complex ions: [Cr(H2O)6]3+ is violet, [Cr(NH3)6]3+ yellow, and [Cr(H2O)4Cl2]+ is green.

8.
Fe2+ and Co3+ are isoelectronic, with electron configuration [Ar] 3d6. Explain the fact that complex ion [Fe(NH3)6]2+ is paramagnetic, whereas [Co(NH3)6]3+ is diamagnetic.

9.
(a) The complex ion [Co(H2O)6]2+ exhibits an absorption spectrum with max = 512 nm. What is the color of the solution of this complex ion? Calculate the octahedral crystal field (splitting) energy, (in kJ/mol), for [Co(H2O)6]2+. (Answer: color = reddish; O = 234 kJ/mol)

(b) The octahedral field energy for the complex ion [Co(NH3)6]3+ is 272 kJ/mol. Calculate its absorption max and predict its color. 


(h = 6.626 x 10-34 J.s; c = 2.998 x 108 m/s; No = 6.022 x 1023/mol;  1 nm = 10-9 m)  

(Answer:  max = 440 nm; color = orange)

10.
Explain why are CN- and CO toxic to human?

11.
Balance the following reactions that occur during the extraction of iron from its ore, Fe2O3. 


(a)  ___Fe2O3(s)  +  ___CO(g)   (   ___Fe3O4(s)  +  ___CO2(g);
Go = ?


(b)  ___ Fe3O4(s)  +  ___CO(g)   (  ___FeO(s)  +  ___CO2(g);
Go = ?


(c)  ___FeO(s)  +  ___CO(g)  (  ___Fe(s)  +  ___CO2(g);

Go = ?

(d) Given the following free energy of formation (in kJ/mol):



Gof[Fe2O3] = -740; Gof[Fe3O4] = -1013; Gof[FeO] = -255; Gof[CO] = -137; Gof[CO2] = -394,


Calculate Go for each of the above balanced reactions.


(e) Balance the following equations and calculate the Go for each reaction. Determine which reaction is spontaneous.



  (i) ___Fe2O3(s)  +  ___C(s)  (  ___Fe(s)  +  ___CO(g) 



 (ii) ___ Fe2O3(s)  +  ___C(s)  (  ___Fe(s)  +  ___CO2(g) 


(iii) ___ Fe2O3(s)  +  ___CO(g)  (  ___Fe(s)  +  ___CO2(g) 

12.
Draw structural formulas of ALL possible isomers of hexane (C6H14) and give their systematic names. 

13.
Draw the structural formula (condensed or extended form) for each of the following organic compounds.


(a)  cis-2,3-dichloro-2-butene 


(b)  2-chloro-2,4-dimethylpentane


(c)  4-ethyl-4,6-dimethyl-1-octyne


(d)  1-chloro-3-ethylbenzene


(e)  2,3-dimethyl-1-pentanol


(f)  hexanoic acid


(g)  propanal


(h)  butanone (aka methylethylketone or MEK)


(i)  1,4-dichlorobenzene 


(j)  2,4-dinitrotoluene (also known as 1-methyl-2,4-dinitrobenzene)

14.
Name the following organic compounds:


(a)   CH3CH2CH2C≡CH 


(b)   CH3-CH-CH2-CH-CH3  



           Cl             CH2CH3


(c)  CH3CH2CH2-CH2CH-CH=CHCH3  





     CH2CH3 


(d)   CH3CH2CH2CH-CH2OH  




           Br


(e)  CH3CH2CH2CHO  




     O

                                            ║


(f)   CH3CH2-C-CH2CH3

(g)   CH3CH2CH2COOH  


(h)   (CH3)2NH 
  




     

  O

                                           

    ║


(i)   CH3CH2CH2CH2CH2O-CCH3  

15.
Write the structure of the organic products formed in each of the following reactions:


(a)   CH3CH2CH2CH3  +  Cl2/uv  (  


(b)    CH3CH═CH2  +  HBr  (  

(c)  CH3CH2CH2CH2OH  +  K2Cr2O7/H2SO4   (



        OH


(d)      CH3CH2CH-CH2OH  +  K2Cr2O7/H2SO4  (

(e)   CH3CH2CH2OH  +  conc. H2SO4/reflux  (
16.
Formic acid, HCOOH, is a weak acid that ionizes in water as follows:



HCOOH(aq)  +  H2O  ⇄  H3O+(aq)  +  HCOO-(aq); 
Ka = 1.8 x 10-4 


(a) Write the equilibrium constant expression for the ionization of formic acid in water, then calculate the concentration of [H3O+] in 0.100 M solution of HCOOH? (b) What is the pH of this solution?


(c) A 40.0-mL solution of 0.100 M HCOOH is titrated with 0.100 M solution of NaOH solution. What is the pH of the resulting solution after: (i) 10.0 mL of 0.100 M NaOH has been added; (ii) 20.0 mL of 0.100 M NaOH has been added; (iii) 40.0 mL of 0.100 M NaOH has been added?


(Answers: (a) [H3O+] = 4.2 x 10-3 M;  (b) pH = 2.37; (c) (i) pH = 3.26; (ii) pH = 3.74; (iii) pH = 8.22)

17.
A 100.0-mL buffer solution is prepared by mixing 25.0 mL of 1.0 M HC2H3O2 and 75.0 mL of 1.0 M NaC2H3O2.  (a) Calculate the molar ratio [C2H3O2-]/[HC2H3O2] and the pH of the buffer solution.   

(b) If 0.010 mole of hydrochloric acid is added to the buffer solution and the volume remains constant, what is the pH of the resulting solution?  (Ka of HC2H3O2 = 1.8 x 10-5)


(Answers:  (a) [C2H3O2-]/[HC2H3O2] = 3.0,  pH = 5.22;  (b) pH = 5.01)

18.
(a) Magnesium hydroxide, Mg(OH)2, has Ksp = 8.9 x 10-12 at 25 oC. What is the pH of saturated solution of magnesium hydroxide?  (Answers: pH = 10.42)


(b) A saturated solution of Ni(OH)2 has pH = 8.83. Calculate the Ksp for Zn(OH)2.

(Answer: Ksp = 1.5 x 10-16)
19.
A saturated solution of Ag3PO4 has [Ag+] = 5.3 x 10-5 M at 25oC. (a) Calculate the Ksp of Ag3PO4. 

(b) A 1.00 L sample of saturated solution of Ag3PO4 is allowed to evaporate at 25oC to a final volume of 0.500 L. What is [Ag+] in the solution? Justify your answer.

20.
For the reaction:  CO(g)  +  H2O(g)  (  CO2(g)  +  H2(g);  
Kc = 5.10 at 700. K.


(a) Calculate the equilibrium concentration of all species if a mixture containing 1.000 mole of CO and 1.000 mole of H2O(g) are placed in a 1.00-L reaction vessel and is allowed to come to equilibrium at 700 K. (b) A 1.00-L sample of an equilibrium mixture containing CO, H2O(g), CO2, and H2 is compressed to a 500.-mL container. In which direction will equilibrium shift and how will this affect the equilibrium concentration of H2 ?

21.
Given the following thermodynamic data at 25oC: 


4Fe(s)  +  3 O2(g)  (  2Fe2O3(s);
Ho = -1652 kJ;

So = -543 J



C(s) +  O2(g)  (  CO2(g);

Ho = -393.5 kJ;
So =  3 J



2C(s)  +  O2(g)  (  2CO(g);

Ho = -221.0 kJ;
So =  179 J

Determine whether the following reactions are spontaneous or nonspontaneous under standard conditions at 25oC.


(a)  2Fe2O3(s)  +  3C(s)  (  4Fe(s)  +  3CO2(g) 


(b)  Fe2O3(s)  +  3CO(g)  (  2Fe(s)  +  3CO2(g)
22.
The following data were obtained for the reaction of nitrogen dioxide with fluorine gas to form nitrosyl fluoride at 25oC:

2 NO2(g) + F2(g)  (  2 NO2F(g)
———————————————————————



 Initial Conc., (mol/L)

Initial Rate

 
Expt #
[NO2]0 

[F2]0
 
(mol.L-1.s-1)

———————————————————————

   
  1
0.20

0.10

  4.1 x 10-3

  
  2
0.60

0.10

  3.7 x 10-2

   
  3
0.20

0.30

  1.2 x 10-2

———————————————————————

(a)  Determine the rate order with respect to each reactant and write the rate law expression for this reaction. (b) What is the initial rate if [NO2]0 = 0.50 M and [F2]0 = 0.25 M? 

(Answer: (a) Rate = k[NO2]2[F2];  k = 1.0 L2.mol-2.s-1;  (b) Rate = 6.4 x 10-2 mol/(L.s))

23.
The nickel-cadmium (Ni-Cad) battery utilizes the following half-reactions:

Anode half-reaction:  Cd(s)  +  2 OH-(aq)  (  Cd(OH)(s)  +  2e-

Cathode half-reaction: NiO(OH)  +  e-  ( NiO(s)  +  OH-(aq);

Write the overall cell reaction. If the cell voltage is 1.2 V, calculate the Go in kJ.
24.
A concentration cell consists of cathode half-cell containing 1.0 M ZnSO4 and an anode half-cell containing a mixture, which initially composed of 0.10 M ZnSO4 and 1.0 M NaCN. When the following equilibrium is established, the cell voltage is found to be 0.586 V. Calculate the equilibrium concentrations of Zn2+, Zn(CN)42-, and CN- in the anode half-cell, and the equilibrium constant (Kf) for the complex formation as follows:



Zn2+(aq)  +  4 CN-(aq)  (  Zn(CN)42-(aq); 
    Kf = 
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(Answer: [Zn2+] = 1.6 x 10-20 M;  [CN-] = 0.60 M;  [Zn(CN)42-] = 0.10 M;  Kf = 4.8 x 1019)
25.
A constant current of 25.0 A is passed through a solution of CuSO4 for 1.00 hour. (a) How many grams of copper will be produced, and on which electrode (anode or cathode) will the copper be deposited? (b) If the electrolytic cell operates at an average voltage of 3.00 V, how much energy (in kJ) will be consumed in 1.00 hour of electrolysis?  (Answer: (b) 29.6 g Cu; 270. kJ)
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