BCC, Fall 2012

Chem 1B Final Exam Review


1.
The following kinetics data were obtained for the reaction:




A  +  2B  (  C  +  D


Expt.#
[A], M

[B], M

Initial Rate (mol.L-1.s-1)____


  1
0.12

0.12

3.6 x 10-3

  2
0.36

0.12

1.4 x 10-2

  3
0.36

0.36

4.3 x 10-2
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(a)  Determine the rate order with respect to A and B, and write the rate law for this reaction.


(b)  Calculate the rate constant (k).


(c)  Determine the initial rate when the initial concentrations are [A]o = 0.10 M; [B]o = 0.20 M ?


(Answers: (a) Rate = k[A]2[B];  (b) k = 2.1 L2.mol-2.s-1;  (c) 4.2 x 10–3 mol/(L.s))

2.
Sulfuryl chloride, SO2Cl2 decomposes when heated according to the following equation:




SO2Cl2(g)  (  SO2(g)  +  Cl2(g);
where  Kp = 2.4 at 650 K

If a 6.75-g sample of SO2Cl2 is placed in a 1.00-L evacuated container and heated to 650 K, what are the partial pressures of SO2Cl2, SO2, and Cl2, respectively, at equilibrium?


(Answer: PSO2Cl2 = 1.07 atm;  PSO2 =  PCl2 = 1.60 atm)

3.
A 0.050 M solution of benzoic acid, HC7H5O2, has pH = 2.75. Calculate the percent dissociation and the Ka of benzoic acid. (Answer:  percent ionization = 3.6%; Ka = 6.6 x 10-5)

4.
Given the following equilibrium for dihydrogen phosphate ion in water:



(i)  H2PO4-(aq)  + H2O(l)  (  HPO42-(aq) + H3O+(aq);
Ka = 6.3 x 10-8 



(ii)  H2PO4-(aq)  + H2O(l)  (  H3PO4(aq) + OH-(aq);
Kb = 4.2 x 10-13 


(a) A 5.05-g sample of sodium dihydrogen phosphate, NaH2PO4, is dissolved in 100.0 mL of solution. Calculate the pH of the solution. (Answer: pH = 3.79)


(b) A buffer solution is prepared by dissolving a mixture containing 5.05 g of NaH2PO4 and 12.0 g of Na2HPO4 in 100.0 mL of solution. Calculate the molar ratio [HPO42-]/[H2PO4-] and the pH of buffer. (Answer: [H2PO4-] = 0.421 M;  [HPO42-] = 0.845 M;  [HPO42-]/ [H2PO4-] = 2.01;  pH = 7.50)


(c) If 2.0 mL of 6.0 M HCl is added to the buffer, what would be the pH of the resulting solution? (Answer: pH = 7.33)

5.
A 50.0-mL solution of lactic acid, HC3H5O3, is titrated with 0.200 M NaOH, which requires 20.0 mL of the base to reach the equivalent point. At equivalent point the solution is found to have pH = 8.30.


(a) Determine the molar concentration of lactic acid in the original solution and the concentration of lactate ions in the solution at equivalent point. (b) Calculate Kb for the lactate ion, C3H5O3-, and the Ka of lactic acid. 

(Answer: [HC3H5O3] = 0.0800 M; [C3H5O3-] = 0.0571 M; Kb = 7.0 x 10–11; Ka = 1.4 x 10–4)
6.
Predict whether solutions of the following salts are acidic, basic, or neutral. 


(a)  Sodium phosphate, Na3PO4.


(b)  Sodium hydrogen sulfate, NaHSO4.


(c)  Sodium perchlorate, NaClO4;


(d)  Aluminum nitrate, Al(NO3)3.


(e)  Ammonium sulfate, (NH4)2SO4  [Ka(NH4+) = 5.6 x 10-10;  Kb(SO4-2) = 8.3 x 10-13]

7.
The solubility of calcium hydroxide, Ca(OH)2, is 0.51 g/L at 25oC. (a) Calculate the solubility product constant (Ksp) for Ca(OH)2 at 25oC. (b) What is the pH of a saturated solution of calcium hydroxide?


(Answer: (a) Ksp = 1.3 x 10-6;  (b) pH = 12.14)

8.
(12) Given the following reactions:


    2 NO2(g)  (  2 NO(g) + O2(g);

Ho =  112 kJ;  So = 147 J/K


    2 SO3(g)  (  2 SO2(g) + O2(g);  
Ho =  198 kJ;  So = 187 J/K


(a) Calculate Ho, So and Go at 500.K for the reaction: SO2(g) + NO2(g)  (  SO3(g) + NO(g)  

(b) What is the equilibrium constant, Kp, for this reaction at 500.K?

9.
For the reaction: N2(g) + 3H2(g)  (  2NH3(g),  Ho = -92 kJ  and  So = -199 J/K.


(a) Calculate Go at 25oC. (b) Determine whether the reaction, when carried out under standard conditions (partial pressure of each component in the mixture is 1 atm) is spontaneous at 227oC.
(c) Will the above reaction become spontaneous if carried out at 227oC under the following conditions:  

  PH2 = 75 atm, PN2 = 25 atm, and PNH3 = 10. atm? 


(Answer:  (a) Go = -33 kJ; (b) Go = +7.5 kJ ( NOT spontaneous; (c) G = -41 kJ ( spontaneous)

10.
Consider the following half-cell (reduction) reactions:



  Cu2+(aq)  + 2e- (  Cu(s); 
Eo  =  0.34 V;



  Ag+(aq) +  e-  (   Ag(s);   
Eo  =  0.80 V


A voltaic cell is set us using Ag+(aq)|Ag(s) and Cu2+(aq)|Cu(s) half-cells.  (a) Which metal will be the cathode and which metal will be the anode? Write net ionic equations for the anode and cathode half-cell reactions, and the overall cell reaction.  (b) Write the cell notation and calculate the standard cell potential (Eocell) and Go for the spontaneous reaction.  (c) Calculate the cell potential at 25oC when [Cu2+] = 0.10 M and [Ag+] = 1.3 x 10-5 M. 

(Answer:  (a) Ag is cathode and Cu is anode; (b) Eocell = 0.46 V, Go = -89 kJ; (c) Ecell = 0.20 V)

11.
Write the electron configurations and orbital “box” diagrams for each of the following ions using appropriate noble gas symbol to represent the inner-shell electrons.


   (a)  Cr3+:



(b)  Mn2+:



(c)  Co3+:



(d)  Ni2+:

12.
Name the following coordination compounds. Determine the oxidation state/number of the transition metal in each compound.


(a)  [Fe(H2O)5(SCN)](NO3)2


(b)  K[Au(CN)4] 


(c)  [Co(H2O)2(en)2]Cl3
13.
(i) Write Werner’s formula of each of the following coordination compounds. (ii) Draw the cis- and trans- structures of each compound.


(a)  tetraamminediaquachromium(III) chloride


(b)  Sodium diaquatetrahydroxochromate(III)


(c)  diaquabis(ethylenediamine)copper(II) sulfate

14.
Two coordination isomers (A and B) occur in complexes with empirical formula Co(NH3)5BrSO4.  Both isomers gave an electrical conductivity that is equivalent to two ions per formula unit.  When reacted with excess AgNO3(aq), only isomer A yields AgBr precipitate. When reacted with Ba(NO3)2, only isomer B yields BaSO4 precipitate. Write the Werner's formulas for A and B and name them.  

15.
(a) Write the electron configuration and the orbital “box” diagram for Fe2+ ion in its free form.


(b) Draw the crystal field energy diagram for 3d-orbitals of Fe2+ ion: (i) in a weak-field, high spin octahedral complex, and (ii) in a strong-field, low spin octahedral complex. 

16.
Explain the following observations using appropriate crystal field diagrams of d-orbitals. 


(a)  The complex ion tetrahydroxozincate(II), [Zn(OH)4]2-, is diamagnetic and forms a colorless solution, whereas tetrahydroxochromate(III), [Cr(OH)4]-, is paramagnetic and its solution is green. 


(b) The complex ion hexaaquacobalt(III), [Co(H2O)6]3+, is paramagnetic, while tris(ethylenediamine)cobalt(III) ion, [Co(en)3]3+, is diamagnetic.


(c) The compound sodium tetrachloronickelate(II), Na2[NiCl4], is paramagnetic, while potassium tetracyanonickelate(II) is diamagnetic.

17.
A solution containing the complex ion [Co(H2O)6]2+ has a maximum absorption at 507 nm. Calculate the octahedral crystal field-splitting energy, (in kJ/mol), in [Co(H2O)6]2+. What is the color of solution containing this complex ion? Would you expect the complex ion [Co(NH3)6]2+ to absorb at longer or shorter wavelength region than [Co(H2O)6]2+?  Explain your reasoning.


(Answer:  O = 234 kJ/mol)

18.
Draw structural formulas for all possible isomers of alkanes with molecular formula C6H14 and give their systematic names. 

19.
Name the following organic compounds:


(a)   CH3CH2CH2CH2CHC≡CCH3 
                  CH2CH3

(b)     CH3CH2CH2-CH-CH2CH3 





  CH2Br


(c)     CH3CH2CH2-CH-CH2CH3 





  CH═CHCH3 


(d)       CH3-CH2-CH-CHO




           Cl


(e)  CH3CH2COOH


(f)   (CH2)5C ═O (a cyclic ketone)

(g)      CH3–O–CH–CH3 




        CH3 


(h)   CH3CH2-NH-CH3 









  O






     OH




  ‖






    ┃

(i)        CH3C–OCH2CH2CH2CH2CH3 


(j)  CH3CH2CHCH2Cl

20.
Draw structural formula (condensed or extended form) for each of the following organic compounds.


(a)  2,4-dinitrotoluene 


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

21.
Write the structure of the organic products formed in each of the following reactions:


(a)   CH3CH2CH3  +  Cl2/uv  (  



(b)    CH3CH═CH2  +  HBr  (  ?  


(c)   CH3CH2C≡CH  +   2 HBr  (

(d)    C6H6 (benzene)  +   HNO3/H2SO4  (

(e)   C6H6 (benzene)  +   CH3Cl/AlCl3  (

(f)  CH3CH2CH2CH2OH  +  K2Cr2O7/H2SO4  (



        OH


(g)      CH3CH2CH-CH2OH  +  K2Cr2O7/H2SO4  (

(h)   CH3CH2CH2OH  +  conc. H2SO4/reflux  (  

22.
An alcohol with molecular formula C4H10O, is oxidized to a ketone with molecular formula C4H8O. The same alcohol yields TWO isomers of alkene with formula C4H8 when refluxed with concentrated sulfuric acid, H2SO4, at 180oC, (which is a dehydration reaction).  


Give the structural formulas and IUPAC names for: (a) the alcohol, C4H10O; (b) the ketone, C4H8O, and (c) the two alkenes, C4H8. 
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