
MULTIPLE CHOICE QUESTIONS: only one choice is correct
1. H = -92.3 kJ/mol for the reaction   NH3 (g) + HCl (g)   NH4Cl (s) 
    Le Chatelier's Principle predicts that when the temperature is increased the reaction will:


a) speed up


b) form more product


c) go in reverse


d) be prevented from reaching an equilibrium

2. If the reaction quotient, Q, calculated for a reaction is less than the value of the equilibrium 

    constant, Keq:


a) the reaction has stopped.


b) the reaction will proceed in the forward direction to form more product.



c) the reaction will proceed in the reverse direction to form more reactants.


d) the reaction can never reach equilibrium.



3. HONO as compared to HNO3 is a:


a) weaker acid


b) stronger acid


c) comparable acid 


d) cannot tell from information given

4. The pH of a solution of sodium citrate will be:


a) the same as pure water.


b) > 7


c) < 7


d) .... cannot determine without additional information.

5.  Nitrate ion has no effect on solution pH because:


a) it is small


b) it is a weak acid


c) it is the conjugate base of a strong acid


d) it has only a 1- charge

6.  The Kb of ammonia is 1.8 x 10-5.  Its conjugate acid 


a) has a pKa  > 5


b) is NH3+


c) is a moderately strong acid 


d) all of  above

7. This problem is about the formation of cement such as is used in concrete and plaster of Paris.  

    Here are the facts:

· Calcium oxide is an insoluble solid.

· Cement is made from powdered calcium oxide mixed with water.  

· Rocks of calcite are decomposed when heated at very high temperatures to form  

     

calcium oxide powder and gaseous CO2.

· 'Calcite' is the mineral name for calcium carbonate CaCO3 .  

a) Write the balance equation for the formation of calcium oxide from calcite.

CaCO3(s) ( CaO(s)  + CO2.

b) Write the equilibrium expression for the reaction in (a).   Keq = [CO2]
c) Using the concepts of equilibrium, decide whether the decomposition of calcite to prepare CaO is favored in covered (i.e. closed) or uncovered  (i.e. open) vats. 

Uncovered:  if covered, the concentration ( or pressure ) of CO2 will increase until LeChatelier’s Principle will shift the reaction in reverse and stop decomposition to CaO.
8. Will the equilibrium of the acid/base reaction below lie primarily to the right or to the left?


F-  +
HClO  ClO-  +  HF  is the stronger acid

pKa (HF) = 3.17

pKa (HClO) = 7.53

9. Give the chemical formulas for the chemicals named below.


sulfuric acid
H2SO4






sodium nitrate
NaNO3




ammonia

NH3





phosphoric acid
H3PO4





ammonium chloride NH4Cl





calcium hydroxide Ca(OH)2




10. A white precipitate has formed on the water fountain in my office.  A small amount was scraped off for analysis. The cation was determined to be Ca(2+) by analysis.   When a 200 mg sample of the solid was dissolved in 5 mL of water , the pH was 8.1.  

      Which is most likely, (a), (b) or (c)? 

a. the solid is the calcium salt of chloride  

b. the solid is the calcium salt of carbonate  

c. the solid is the calcium salt of nitrate  

Explain your answer.

Only carbonate is a basic anion and will form OH- in aqueous, raising pH above 7.

Cl- and NO3- are anions from strong acids and so are spectator ions.
PROBLEMS
11.  At room temperature Kc = 1.100 x 103 for the aqueous reaction:



Fe(H2O)63+ +  SCN-(aq)    [Fe(SCN)(H2O)5]2+   +  6 H2O
What are the equilibrium concentrations of ferric ion, [Fe(H2O)63+], thiocyanate, [SCN-], and ferric-thiocyanate ion [Fe(SCN)(H2O)52+] if 0.1000 mol ferric nitrate, Fe(NO3)3, is added to 1.000 L of 2.000 M [K+][SCN-]?

(Note that ferric nitrate Fe(NO3)3, dissolved in H2O gives the aquated ferric ion [Fe(H2O)63+])

12.  HCl, a gas, is bubbled into 500 mL of water and completely dissolves.    

     The pH of the resulting solution is 3.    

     a) Describe exactly what species and their quantities are in this aqueous solution. 

In the solution there is:  0.001 M H3O+  and 0.001 M Cl-

  b) What volume of a 0.10 M sodium hydroxide solution would be required to return the 

solution to neutrality, i.e. pH 7?

# mol H3O+ = 0.001M x 0.5 L = 0.0005 moles

Need 0.0005 mole OH- :  0.0005mol OH/ 0.1M = 0.005 L NaOH
13. Sodium benzoate, Na+[C7H5O2-], is a salt of the conjugate base of benzoic acid.   You can frequently find it listed as an ingredient of many food products where it is a common preservative.   What is the pH of a solution made from 0.20 mol sodium benzoate dissolved in 500 mL of water?  The pKb of benzoate is 9.80.

rxn:
C7H5O-  +  H2O  <===>  C7H5OH   +   OH-

I
0.4M



0

0

C
 -x



+x

+x

E
0.40-x



+x

+x

Kb = 1.585 x 10-10 = x2 / (0.40 –x) but assume = x2 / 0.40 

X = 7.96 x 10-6 = [OH-]; pOH = 5.10; pH = 8.90
14.   Mother Nature is so clever!  A buffer was needed to the maintain a constant pH of 7.4 for her mammalian life-forms and she made use of one of the most abundant gases that blankets the earth: CO2.

a) Write the equilibria equations that are involved in converting the gas CO2 to a useful buffer for the blood plasma of mammals. 

H2O + CO2  ( H2CO3


H2CO3  + H2O ( [HCO3]- + [H3O]+


[HCO3]- + H2O ( [CO3]2- + [H3O]+


b) Identify which species make up the buffer system in mammalian blood.


   (Ka1 = 4.2 x 10-7,  Ka2 =  5.61×10−11)


H2CO3  + H2O ( [HCO3]- + [H3O]+


Uses H2CO3  and  [HCO3]- 


c) If normal blood pH is 7.43, what is the ratio of buffer species, A- / HA,  in blood?

pKa = -log(4.2 x 10-7) = 6.38


pH = pKa + log (A-/HA)

             7.43 = 6.38  + log (A-/HA)


1.05 = log (A-/HA)


11.2 = (A-/HA)

15. You're helping a classmate finish her lab report and all she has to do is label the titration plot.

But she cannot remember if the titration was sodium phosphate to which was added hydrochloric acid or phosphoric acid to which was added sodium hydroxide. Good thing she has you for a friend! Help her out then you can both go sit in the sun.

a) What titration was done? Label each aspect of the titration plot that helps to identify which titration reaction was done.  
pH  [image: image3..pict]





volume titrant
The titration was HCl added to sodium phosphate. You can determine this because the pH begins basic and because there are two equivalence points, meaning the salt is at least dibasic.

The species in the first buffer region are HPO4 2-/ PO4 3-.

The species in the second buffer region are H2PO4 - / HPO4 2-.

The species in the third buffer region are H3PO4/ H2PO4-.

b) Circle a suitable indicator for first endpoint in this titration from the list below.



indicator


pKa


thymol blue


1.7



alizarin red


11.7




phenolphthalein

9.4    the pKa value closest to pH value of 7


methyl red


5.0

c) Dr. White has heard of your extensive knowledge of the phosphate system!   

You can help her make a buffer suitable for her experiments on RNA.  RNA needs a buffer that holds pH at 7.0 in order for it to be stable.  Which phosphate species can be combined to make a buffer at pH 7?  Give the molecular formulas of the sodium salts that Dr. White should use to make her buffer.

The second buffer region falls at pH 7 so the appropriate salts to be used to make the buffer are NaH2PO4 and Na2HPO4 .

16.  Using the information below, determine the equilibrium constant for the formation of [Ag(NH3)2]+  from silver ion, Ag+(aq).
       AgCl(s)  (   Ag+(aq)  +    Cl—(aq)


Ksp = 1.8 x 10-10
      AgCl(s)  + 2 NH3  (   [Ag(NH3)2] +   +    Cl—

Keq = 0.00288

Reverse the first reaction:

Ag+(aq)  +    Cl—(aq)
  ( AgCl(s)

Ksp =  1/ (1.8 x 10-10)

Add the second reaction:

AgCl(s)  + 2 NH3  (   [Ag(NH3)2] +   +    Cl—

Keq = 0.00288

Net reaction:

Ag+(aq)  + 2 NH3  (   [Ag(NH3)2] +   
Knet = 1/ Ksp  x  Keq =  1/ (1.8 x 10-10) x 0.00288







Knet = 1.6 x 107
17. The pale green precipitate you may find around the faucets in your bathroom is Cr(OH)3.   

Can a speck of Cr(OH)3 (we’ll say a speck = 1.00 mg or 0.00100 g) be completely dissolved in 100 mL water?    Ksp for Cr(OH)3 is 6 x 10-31.

Reaction: Cr(OH)3 <==> Cr(3+)  +  3  OH-

Ksp = [Cr(3+)][OH-]3  

Solving for [Cr(3+)]:  set [Cr(3+)]  = x  and [OH-] = 3x

Then Ksp = (x)(3x) 3 = 27x 4
x = 1.22 x 10-8 = [Cr(3+)], M

This is the maximum solubility of Cr(OH)3
How much mass in g is this?
1.22 x 10-8 M x 0.100L x 103 g/mol = 1.26 x 10-6 g Cr(OH)3 can be dissolved in 100 mL.

This is much almost 1000x smaller than the 1.0 mg asked in the question, so NO, it cannot be dissolved.

Alternatively, you can calculate Q, after converting 1.0 mg in 100mL to concentration :

Q = [Cr(3+)][OH-]3  

Q = 27x4 = 27 (.001g/ 103 g/mol / 0.100L)4
Q = 2.4 x 10-19 >>>Ksp = 6 x 10-31
So again, it cannot all dissolve; here reaction will go backwards and a ppt will form.

Extra Credit Question

We have looked at this reaction many times during the chapter on kinetics:



Cu(H2O)62+ +  Cl-(aq)    CuCl (H2O)5+     +   H2O
By now you probably have memorized that the room temperature Kc = 0.28!

Assume that you start with 200 mL of this reaction at equilibrium where the concentrations are [Cu2+] = 0.400M, [Cl-] = 7.100M , and [Cu-Cl+] = 0.800 M.  If 30 mL more water is added to the solution:

(a) how will the reaction shift to accommodate this change?

The reaction will shift to the left to reactants since water is a product.
 (b) what will the concentrations of all species be when equilibrium has been re-established?

Solution is to use solve for change in concentrations using an ICE box and using the diluted concentrations of all species after the 30 mL of additional water has been added:

After 30 mL addition:  

[Cu] = 0.400 M x 0.20 L / 0.23 L = 0.348 M

[Cl] = 7.100 M x 0.20 L / 0.23 L = 6.174 M

[Cu-Cl] = 0.800 M x 0.20 L / 0.23 L = 0.696 M

Kc = 0.28 = (0.696 – x) / (0.348 + x)(6.174 + x) 

x = 0.033

equilibrium concetrations:

[Cu] = 0.348 M + 0.033 = 0.381 M

[Cl] = 6.174 M + 0.033 = 6.207 M

[Cu-Cl] = 0.696 M - 0.033 = 0.663 M

__________________________________________________________________

Please rate this exam!       Circle all words that apply:

too short

too long

difficult

easy



tricky

boring

fair

disappointingly easy

impossible

challenging

fun!

straightforward

Useful and Useless Information

E = mc2

R = 8.206 x 10-2 L atm/(K mol)

R = 8.3145 J /(K mol)

R = 62.37  L torr/(K mol)

0o C  =  273 K

rate = -d[reactant]/dt

[A]-1 = [A]o-1  +  kt

ln ( [A]t / [A]0) = - kt

e- = 1.60217733 x 10-19 Coul

Kp = Kc (RT)n
F = 96,484 Coul/mol

lnK = (nFE)/RT

k = A e—Ea/RT
E = Eo - [(RT)/(nF)] lnQ
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