Fall 2015, Chem 1B

Final Exam Review

1.
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

  8.2 x 10–5

  
  2
0.60

0.10

  7.4 x 10–4

   
  3
0.60

0.30

  2.2 x 10–3
———————————————————————

(a)  Determine the rate order with respect to each reactant and write the rate law for this reaction. 

(b) What is the initial rate if [NO2]0 = 0.10 M and [F2]0 = 0.050 M? 

2.
The decomposition of N2O5 according the equation:  2 N2O5(g)  (  4 NO2(g)  +  O2(g),  follows a first order rate law, such that:  Rate =  k[N2O5]. When the reaction was carried out at a certain temperature using an initial concentration [N2O5]0 = 0.100 M, the concentration of N2O5 after 5.00 minutes (300 seconds) was found to be 0.0125 M. (a) Determine the rate constant k (s–1) for the above reaction. 


(b) What is the half-life in seconds?  (c) How long (in minutes) does it take for 95% of N2O5 to decompose?  
3.
A mixture containing 1.00 mole of CH4 and 1.00 mole of H2O is placed in a 10.0-L reaction vessel in the present of catalyst and heated to 1200 K. The following reaction occurs until equilibrium is reached.





CH4(g)  +  H2O(g)  ⇌  CO(g)  +  3H2(g) 


At equilibrium, the concentration of CO was found to be 0.062 M. (a) What are the equilibrium concentrations of CH4, H2O, and H2, respectively? Calculate the equilibrium constants Kc and Kp, respectively, for the above reaction at 1200 K.

4.
Household bleach solution contains 0.75 M NaOCl. The following acid-base equilibrium occurs in solution containing NaOCl:




ClO–(aq)  +  H2O(l)  (  HOCl(aq)  +  OH–(aq);
Kb = ?


(a) If the acid ionization constant (Ka) for HOCl is 3.5 x 10–8, what is the above Kb value? 


(b) Determine the pH of the household bleach solution if [ClO–] = 0.75 M.


(c) How many moles of hypochlorous acid, HOCl, must be added to 1.0 L of bleach solution so that the pH of the resulting solution is 7.80? (Assume no volume change and [ClO–] = 0.75 M.) 

5.
A buffer solution is prepared by mixing 50.0 mL of 1.0 M HC2H3O2 and 150.0 mL of 0.50 M NaC2H3O2.  (a) Determine the molar ratio [C2H3O2–]/[HC2H3O2] in the solution and the pH of the buffer solution.  (b) If 0.010 mole of HCl is added to the buffer solution and the volume does not change, calculate the pH of the resulting solution.  (Ka of HC2H3O2 = 1.8 x 10–5)

6.
Saturated solution of Ag3PO4 is found to contain 5.3 x 10–5 M Ag+ ion. (a) Determine the molar concentration of PO43– in the saturated solution and the Ksp value for Ag3PO4. (b) If 1.00 L solution of saturated Ag3PO4 is evaporated until its volume is reduced to 500. mL, what is the molar concentration of Ag+ in the resulting solution? Justify your answer.
7.
(a) Given the thermodynamic data for the following substances, calculate Ho, So, and Go, for the following reaction at 298 K and 1000 K. Is the reaction spontaneous at 298 K or at 1000. K?  


(b) Calculate Kp for this reaction at 298 K and at 1000 K.

CH4(g)   +   H2O(g)   (    CO(g)   +   3H2(g)
        CH4(g)   +   H2O(g)   (    CO(g)   +   H2(g)
————————————————————————

Hof (kJ/mol)        -74.9
-241.8
       -110.5
  0

So(J/mol.K)
         186
 189 
         198
131

————————————————————————

8.
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 1.00 mole of CO and 1.00 mole of H2O(g) are placed in 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 into a 500.-mL container. In which direction will equilibrium shift and how will this affect the equilibrium concentration of H2?  
9.
The overall reactions in the Oswald process for the production of nitric acid can be summarized as follows:



    
__ NH3(g)  +  __ O2(g)  +  __ H2O(l)  (  __ HNO3(aq)  +  __ NO(g)  +   __ H2O(g)

(a) Balance the above equation using the smallest integer coefficients.


(b) If concentrated nitric acid contains 70.0% (by mass) of HNO3 and the solution has a density of 1.48 g/mL, what is the molar concentration of HNO3 in concentrated nitric acid?


(c) How many kilograms of HNO3 are present in 1.o0 gallon (3.785 L) of concentrated nitric acid?


(d) How many kilograms of NH3 must be reacted to produce 1.00 gallon of concentrated nitric acid? (Assume the reaction yield is 100%)    
10.
(a) The molecules XeO4 and XeF4 are both nonpolar, but have different molecular shapes. Draw their Lewis structures and determine the molecular shape and the hybridization on xenon atom in each molecule. 

(b) H3PO3 and H2SO3 are both diprotic acids (each contains two ionizable H+). Draw the Lewis structures that are consistent with their acid properties.
11.
Household bleach solution, NaOCl(aq), is produced by the reaction of chlorine gas with dilute NaOH(aq):




Cl2(g)  +  2NaOH(aq)  (  NaOCl(aq)  +  NaCl(aq)  +  H2O(l)

(a) If household bleach solution has a density of 1.10 g/mL and contains 5.25% (my mass) of NaOCl, what is the molar concentration of NaOCl in bleach? 

(b) How many liters of Cl2 gas, measured at STP, are required to produce 1.00 gallon (3.785 L) of bleach solution?  
12.
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+:

13.
Name the following coordination compounds. Determine the oxidation state/number and the coordination number, respectively, of the transition metal in each compound.


(a)  [Ni(H2O)2(en)2]SO4 


(b)  K[Au(CN)4]  


(c)  [Co(en)2(NO2)2]NO3

(d)  Na2[Zn(OH)4]  


(e) [Cr(NH3)3Cl3]
14.
Write Werner’s structure of each of the following coordination compounds.


(a)  Bis(ethylenediamine)dinitrocobalt(III) chloride 


(b)  Sodium diaaquatetrahydroxochromate(III) 


(c)  diamminedichloroplatinum(II) 


(d)  Potassium hexacyanoferrate(II)

15.
Complete and balance the following reaction. Assume that each transition metal ion forms an octahedral complex.



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



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



(c) Na3CoCl6(aq)  +      AgNO3(aq)  (  



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

16.
The coordination compound [Ni(NH3)6]SO4 is dark purple in color and is paramagnetic, but [Zn(NH3)6]SO4 is colorless and diamagnetic. Explain. 

17.
The complex [Ni(NH3)2Cl2] is paramagnetic and has no isomer, whereas [Pt(NH3)2Cl2] is diamagnetic and exhibits geometric isomerism. Determine the molecular structure of each complex and draw the electron configurations of d-orbital in the crystal field models that are cocnsistent with their magnetic properties. (Electron configurations for Ni2+ and Pt2+ are [Ar] 3d8 and [Xe] 4f14 5d8, respectively.)
18.
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.

19.
Fe2+ and Co3+ are isoelectronic, with electron configuration [Ar] 3d6, but complex ion [Fe(NH3)6]2+ is paramagnetic, whereas [Co(NH3)6]3+ is diamagnetic. Draw the crystal energy diagram of each complex and explain why they are different.
20.
A solution containing the complex ion [Co(NH3)6]3+ exhibits absorbance with max = 475 nm (blue region). (a) What is the color of the solution? (b) Calculate the octahedral crystal field (splitting) energy, (in kJ/mol), for this complex ion. (c) Would you expect solution containing the complex ion [Co(NH3)5Cl]2+ to exhibit absorbance at longer or shorter wavelength region?  Explain. (d) If the octahedral splitting energy for [Co(NH3)5Cl]2+ is 224 kJ/mol, calculate its absorption max. 

(h = 6.626 x 10–34 J.s.;  c = 3.00 x 108 m/s;   No = 6.022 x 1023/mol, and  1 nm = 10–9 m)  

21.
Draw the structural formula (condensed or skeleton) of THREE isomers of pentane (C5H12) and give their systematic IUPAC nomenclatures. 

22.
Draw the structural formula (condensed or extended form) for each of the following organic compounds.


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


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


(c)  1-chloro-3-ethylbenzene


(d)  2-methyl-2-propanol

(e)  2-bromocyclohexanone

(f)  2-chlorobutanal


(g)  1-methyl-2,4-dichlorobenzene 


(h)  2,4-dinitrotoluene (aka 1-methyl-2,4-dinitrobenzene)

23.
Name the following organic compounds:


(a)   CH3CH2CH2C≡CH 


(b)     CH3CHCH2CHCH3   



(
(


             Cl         CH2CH3


(c)  CH3CH2CH2CH2CH2-C-CH2CH3   




                 ║




    CH3-C-CH3

(d)   CH3CH2CH2CHCH2OH  




            Br


(e)  CH3CH2CH2CHO  




      O

                                            ║

(f)     CH3CH2CCH2CH3

(g)   CH3CH2CH2COOH  


(h)   (CH3CH2)3N




O

                                    ║

(i)      CH3COCH2CH2CH2CH2CH3  

Answers

1.
(a) Rate = k[NO2]2[F2];  k = 2.1 x 10–2 L2.mol–2.s–1;  
(b) Rate = 1.0 x 10–5 mol/(L.s)

2.
(a) k = 6.93 x 10–3 s-1;  
(b) 100. Seconds;
(c) 7.2 minutes

3.
(a) [CH4] = 0.038 M;  [H2O] = 0.038 M;  [CO] = 0.062 M;  [H2] = 0.186 M;



(b) Kc = 0.28;  Kp = 2.7 x 103
4.
(a) Kb = 2.9 x 10–7;    
(b) pH = 10.67;
  
(c) 0.34 mol of HOCl

5.
(a) molar ratio = 1.50;  pH = 4.92;  
(b) pH = 4.77;

6.
(a) [PO43–] = 1.8 x 10–5 M;  
(b) [Ag+] = 5.3 x 10–5 M; if temperature doesn’t change and supersaturation does not occur, the concentration should be the same regardless of the volume of saturated solution.
7.
(a) Ho = 206.2 kJ;  So = 216 J/K;  Go = 141.8 kJ at 298 K and -9.8 kJ at 1000. K; 


(b) Kp = 1.39 x 10–25 at 298 K and 3.25 at 1000 K

8.
(a) [CO] = [H2O] = 0.31 M;  [CO2] = [H2] = 0.69 M;  


(b) Equilibrium will not shift – reactants and products have the same number of gaseous molecules.
9.
(a) Coefficients: 12, 21, 4, 8, 4, 18;    (b) 16.4 M;  
(c) 3.92 kg HNO3;  
(d) 1.59 kg of NH3 

11.
(a) 0.776 M;  (b) 65.8 L of Cl2;

12.
(a) Cr2+: [Ar] 3d4;
[Ar]  (   (   (   (  ___;

(b) Cr3+; [Ar] 3d3: [Ar]  (   (   (  ___ ___; 


(c) Fe2+: [Ar] 3d6;
[Ar]  ((   (   (   (   ( ;

(d) Fe3+: [Ar] 3d5: [Ar]  (   (   (   (   ( ;

(e) Co2+: [Ar] 3d7;
[Ar]  ((   ((   (   (   ( ;
(f) Co3+: [Ar] 3d6: [Ar]  ((   (   (   (   ( ;
13.
(a) Diaquabis(ethylenediamine)nickel(II) sulfate;  (b) Potassium tetracyanoaurate(III);  


(c) Bis(ethylenediamine)dinitrocobalt(III) nitrate;  (d) Sodium tetrahydroxozincate(II);  


(e) Triamminetrichlorochromium(III)
14.
(a) [Co(en)2(NO2)2]Cl;    (b) Na[Cr(H2O)2(OH)4];    (c) [Pt(NH3)2Cl2];     (d) K4[Fe(CN)6]

15.
(a) AgCl(s)  +  [Cr(NH3)4Cl2]NO3(aq);   
(b) 3AgCl(s)  +  [Co(NH3)6](NO3)3(aq);


(c) No precipitate;

(d) 2AgCl(s)  +  [Pt(NH3)4Cl2](NO3)2(aq)
16.
In octahedral complex ion [Ni(NH3)6]2+, Ni2+ has [Ar] 3d8 and 3d-orbital not completely filled; electronic transition can occur between split 3d subshell, which has energy gap that corresponds to energy of electromagnetic radiation in the visible region; the complex ion [Ni(NH3)6]2+ most probably absorbs in the yellow-orange region; [Zn(NH3)6]2+ is colorless because Zn2+ has [Ar 3d10 configuration – 3d subshell is completely full and electronic transition cannot occur between split 3d subshell.  [Zn(NH3)6]2+ does not absorb light in the visible region and is therefore colorless.
17.
[Ni(NH3)2Cl2] is a tetrahedral complex, which is a weak-field complex, and with 3d8 electron configuration for Ni2+, the complex [Ni(NH3)2Cl2] would be paramagnetic. In addition, a tetrahedral complex [Ni(NH3)2Cl2] will not exhibit isomerism. (Show d8 configuration in tetrahedral crystal field diagram). On the other hand, the complex [Pt(NH3)2Cl2] is a square-planar complex, which exhibits geometric isomerism cis- and trans-, and in square-planar field splitting, a d8 configuration would yield a diamagnetic complex. (Show d8 configuration in square planar crystal field diagram) .
18.
[Cr(H2O)6]3+ is violet because the complex ion absorbs in the yellow region of visible colors; when H2O is replaced with NH3 (a stronger ligand), the splitting energy increases and the complex absorption shifts to the shorter wavelength in the violet region and the complex ion [Cr(NH3)6]3+ appears yellow. When some of H2O molecules are replaced with Cl- as in [Cr(H2O)4Cl2]3+, the absorbance shifts to the longer wavelength of the red spectrum. Thus, [Cr(H2O)4Cl2]+ appears green.
19.
[Fe(NH3)6]2+ is a weak-field, high-spin complex, whereas [Co(NH3)6]3+ is a strong-field, low-spin complex. Although the ligands are the same, Co3+ attracts the ligands more strongly due to its greater charge, producing a strong-field, low-spin effect. Fe2+ does not attract ligands as strongly and it produces a weak-field, high-spin complex. (Draw the electron configuration of 3d6 for a weak-field, high spin complex of [Fe(NH3)6]2+ and a strong-field, low-spin complex of [Co(NH3)6]3+)
20.
(a) yellow-orange;  
(b) O = 252 kJ/mol;  



(c) longer wavelength; Cl– is a weak field ligand – it produces a smaller splitting of d-orbital, which leads to absorption of photon at longer ; 

(d) max = 534 nm
23.
(a) 1-pentyne;
(b) 2-chloro-4-methylhexane;
(c) 3-ethyl-2-methyl-2-octene


(d) 2-bromo-1-pentanol;
(e) Butanal;
(f) 3-pentanone;

(g) Butanoic acid;



(h) trimethylamine;
(i) Pentylacetate (or pentylethanoate)


7

