AP Chemistry Midterm Practice Test

This test will focus mainly on the equilibrium chapters we have covered this semester; however, review material from your previous chemistry courses may also appear. 
Practice Problems

1. Write formulas for the following names:

a. aluminum chloride AlCl3
b. iron (III) oxide Fe2O3
c. magnesium phosphate  Mg3(PO4)2
d. sodium sulfide  Na2S
e. acetic acid CH3COOH
2.  A compound contains only carbon, hydrogen and oxygen.  Combustion of 10.68 mg of the compound yields 16.01 mg CO2 and 4.37 mg H2O.  The molar mass of the compound is 176.1 g/mol.  What are the empirical and molecular formulas of the compound?  

The products of combustion are CO2 and water.  So you can go from mg of CO2 to mg of C, and from mg of water to mg of H.  You cannot go to O, because you are adding in O from the combustion.  So take your moles of C and moles of H and go to mg.  Add the mg up and subtract from 10.68 mg.  That’s mg of O, go to moles of O.  Now this is a straight molecular formula problem.  Divide them all by the smallest one to get empirical formula.  Use molar mass to get molecular formula.  
3.  Balance the following equations:

a.  C12H22O11 + 12O2 ( 12CO2 + 11H2O

b.  Silicon tetrachloride is reacted with very pure magnesium, producing silicon and magnesium chloride.

SiCl4 + 2Mg ( Si + 2MgCl2
.

4.  The concentration of a certain sodium hydroxide solution was determined by using the solution to titrate a sample of KHP (potassium acid phthalate, KHC8H4O4).  In the titration, 20.46 mL of the sodium hydroxide solution was required to react with 0.1082 g KHP.  Calculate the molarity of the sodium hydroxide.  

You did this in lab.  KHP has one acid hydrogen, so moles of acid = moles of base.  Turn grams of KHP into moles of KHP.  Moles of KHP = moles of NaOH.  Divide moles of NaOH by liters of NaOH added.  
5.  Describe how you would use the results of question 4 to determine the molarity of an unknown monoprotic weak acid.

Titrate the unknown monoprotic acid with the NaOH from question 4.  Multiply the L of NaOH added by the molarity of NaOH calculated in question 4.  Since the acid is monoprotic, moles of acid = moles of base.  So moles of acid/volume of acid in beaker will be the molarity of the unknown acid.

6.  Write the Lewis structures and predict the molecular geometry of the following:

a.  CF2Cl2
b.  SeF6
c.  NF3
d.  AsF5
a.  tetrahedral 

b.  octahedral

c.  trigonal pyramidal (lone pair on the N)

d.  trigonal bipyramidal

7. You dissolve 4.32 g of aluminum chloride in 250 mL of water. What is the molarity of the resulting solution?

Turn g of AlCl3 into moles of AlCl3. Divide by 0.250 L of solution.
8. You take 40.0 mL of the solution you made in question 7 above and add it to 100. mL of water. What is the new molarity of the solution?



(0.040 L)(molarity from Q7) = moles of AlCl3 in new solution. Divide it by 0.140 L, which is the volume of the new solution.
9. What are the trends in atomic radius, ionization energy and electronegativity across a row and down a group in the periodic table? What causes these trends?

As you go across a period, radius decreases, ionization energy increases and electronegativity increases. This is because you are increasing pull from the nucleus, but the electron shielding is staying the same. So the electrons are pulled closer to the nucleus, are being held tighter and the positive nuclear charge can more easily attract an electron away from another element. 
As you go down a group, the shielding increases b/c there are more orbitals. Radius increases, ionization energy decreases b/c the outermost electrons aren’t being held as tightly and there is less positive charge getting though the atom to attract an electron from another element. 
10. What is the complete electron configuration for N? Mn? Na+?

N: 1s22s22p3
Mn: 1s22s22p63s23p64s23d5
Na+: 1s22s22p6
11.  What will happen to the number of moles of SO3 in equilibrium with SO2 and O2 in the reaction

2SO3(g) ( 2SO2(g) +  O2(g)

Hº = 197 kJ

in each of the following cases?

a.  Oxygen gas is added.


Shift left – SO3 increases
b.  The pressure is increased by decreasing the volume of the reaction container.


Shift left (less moles on that side)  – SO3 increases

c.  The pressure is increased by adding argon gas.


No Change  - inert gas
d.  The temperature is decreased.


Endothermic – heat is on the reactant side, so shift right – SO3 decreases
e.  Gaseous sulfur dioxide is removed.



shift right – SO3 decreases

12.  Calculate the concentrations of all species present in a 0.25 M solution of ethylammonium chloride (C2H5NH3Cl).  


This is a salt – it dissociates completely.  So:


C2H5NH3Cl ( C2H5NH3+ + Cl-

Now, C2H5NH3+ is a weak acid.  It will dissociate into 


C2H5NH3+ ( C2H5NH2 + H+

Look up the Ka for this acid in your book (if you can’t find it, find it from the Kb for the base, that’ll be there.)  Do an ICE box and solve for x.  This will be the concentration of H+ and C2H5NH2.  The [Cl-] is 0.25 M
13.  The pH of a 0.063 M solution of hypobromous acid (HOBr) is 4.95.  Calculate Ka.


HOBr ( H+ + OBr -

Do an ice box and set up the equilibrium:


Ka = x2/(0.063-x)


But you know “x” – it’s 10-4.95.  Plug in and solve for Ka.
14.  The gas arsine, AsH3, decomposes as follows:

2AsH3 (g) ( 2As(s) + 3H2(g)
In an experiment at a certain temperature, pure AsH3(g) was placed in an empty, rigid, sealed flask at a pressure of 392.0 torr.  After 48 hours, the pressure in the flask was observed to be constant at 488.0 torr.

a.  Calculate the equilibrium pressure of H2(g).


First we need an ICE box:



2AsH3 ( 2As + 3H2

I.
392           -
    0


C.
-2x
     -        3x


E.  392 – 2x          -         3x

(We don’t care about As, b/c it’s not a gas) The coefficients are coming in because of the stoichiometry of the equation.  Now we know that the total pressure at the end is 488 torr.  Thanks to Dalton, we can say:

392 -2x + 3x = 488.

Solve for x.  3x will be the equilibrium pressure of H2.


b.  Calculate Kp for this reaction.

Now that you know all the equilibrium pressures (since you know x from part a), you can easily solve for Kp.  
15.  a.  Calculate the pH of a solution containing a mixture of 0.100 M HC3H5O2 and 0.100 M NaC3H5O2.

This is a buffer – a mixture of an acid and the salt of that acid.  The concentrations of the acid and its conjugate are the same, so pH = pKa. 
b.  Calculate the pH after 0.020 mol of HCl is added to 1.00 L of the solution in part a above.

Say to yourself, “self, what’s in the beaker?”  React the strongest acid with the strongest base.  In this case, the H+ from the acid will react completely with the conjugate base to form acid, so you will add 0.020 moles to the moles of HC3H5O2 and subtract 0.020 moles from the moles of C3H5O2.  Now do another ICE box, with these new values.  Solve for [H+].   
c.  Calculate the pH after 0.020 mol of NaOH is added to 1.00 L of the solution in part a above.  

Again we need to think about what the NaOH would react with.  The Na+ we know we can ignore.  The OH- is a strong base, so it’ll look for the strongest acid to react with – that’s HC3H5O2.  So again we need a stoich step.  This time we’ll add 0.020 moles of C3H5O2- and subtract 0.020 moles of HC3H5O2.  Do the new ICE box and solve for [H+].  
16.  Consider the titration of 80.0 mL of 0.100 M Sr(OH)2 by 0.400 M HCl.  Calculate the pH of the resulting solution after the following volumes of HCl have been added:

a.  0.00 mL

b.  20.0 mL

c.  30.0 mL

d.  40.0 mL

e.  80.0 mL

This is a “let’s make a titration curve” question.  Again, stoich step first, then new ICE box, just as you did above.  Note the 2:1 ratio between base and acid.
17.  Ksp for  Ca3(PO4)2 is 1 X 10-33.  What are the concentrations of Ca2+ and PO43- in solution?


Ca3(PO4)2 ( 3Ca2+ + 2PO43-
Ksp = [Ca2+]3[PO42-]2

1 X 10-33 = (3x)3(2x)2
Solve for x.  
18.  100. mL of 0.42 M Al(NO3)3 (aq) reacts with 155 mL of 0.33 M KOH (aq).  Ksp for Al(OH)3 is  2.0 X 10-31.

a.  What is the equilibrium concentration of NO3- in solution?

b.  What is the equilibrium concentration of K+ in solution?

c.  What is the equilibrium concentration of Al3+ in solution?

d.  What is the equilibrium concentration of OH- in solution?

Dissociate all the ionic compounds into their ions.  For the spectator ions, multiply the volume by the molarity to get moles and divide by the new volume to get concentrations.  For the spectator ions, you are done.  For Al3+  and OH-, do a Ksp=[Al3+][OH-]3 = 2.0 X 10-31 = x(3x)3 = 27x4.  Solve for x.

19.  Identify each piece of lab equipment show below and explain how and when it is normally used in a laboratory.
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titration setup

volumetric flask
pipette with pipette bulbs
graduated cylinder

Burette,

making a solution
for measuring a precise
for measuring and 
Erlenmeyer flask
with a specific 
amount of liquid

transferring liquid
ring stand 

concentration

clamp

20. Write a net ionic equation for each of the following reactions

a. lead (II) nitrate added to sodium chloride
Pb2+ (aq) + Cl-(aq) ( PbCl2(s) 
b.  silver nitrate and iron (II) nitrate

Ag+ + Fe2+ ( Ag + Fe3+
c.  aniline and hydrochloric acid
C6H6NH + H+ ( C6H6NH2+ 
d.  benzene (C6H6) burning in air


C6H6 + O2 ( CO2 + H2O
21.  What color are the following solutions?

a.  copper (II) nitrate  blue 
b.  chromium (III) nitrate  purple
c.  vanadium (IV) nitrate green
d.  iron (III) nitrate  orange
What do these salts have in common?  Why are they colored when other salts such as zinc nitrate, manganese (II) nitrate, and iron (II) nitrate are not colored?   transitions of electrons between d-orbitals cause emits energy in the visible region. So colored compounds usually contain transition metals that do not have filled d’s. 
22.  Draw a titration curve for the titration of a diprotic acid with a strong base.  Label the half-equivalence points and the equivalence points.  Explain how the identity of the acid can be determined from this curve.
[image: image5.jpg]alf-equivalence pt

mL of base

Equivalence pt

half-equivalence pt

Equivalence pt




Use the mL of base it took to get to the equivalence point to get to the mL of base at the half-equivalence point. Use the graph to find the pH at the half equivalence point. pH = pKa at the half-equivalence point. Go from pKa to Ka. Match the Ka’s to known Ka’s and determine the identity of the acid. Remember that the mL of base to reach the second equivalence point starts at the 1st equivalence point. 
23.  Explain the concept of a calibration curve, and how it is used in the chemistry laboratory.
Calibration curve is what we used in the equilibrium lab, when we used the colorimeters. It’s making a graph of known values, so you use the known values to find unknown values. 
24.  Describe how to determine the choice of indicator used when doing an acid/base titration.  
One that turns color near the equivalence point of the reaction. 
25.  The rate law for the decomposition of ozone to molecular oxygen:

2O3(g) ( 3O2(g)
is 
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Derive the rate law from these elementary steps.  Clearly state the assumptions you use in the derivation.  Explain why the rate decreases with increasing O2 concentration.  Express the experimental rate constant in terms of the elementary rate constant.

The rate decreases with increasing [O2] because increasing [O2] makes the equilibrium shift left (Le Chatlier). So there is less O3 to react in the second step. 

Assuming the first elementary step is a fast equilibrium, and the second step is the slow step:
rate = k2[O][O3]

k1[O3] = k-1[O][O2]

k1/k -1 [O3]/[O2] = [O]
so rate = k2k1/k-1 [O3]2/[O2]  (
and the observed k is k2k1/k-1
26.  The rate constant for the second-order reaction 


2NOBr(g) ( 2NO(g) + Br2(g)

is 0.80/M.s at 10ºC.

a.  Starting with a concentration of 0.086 M, calculate the concentration of NOBr after 22 seconds.

If it’s second order, the reaction is 
1/[A] = kt + 1/[A]0

so 

1/[A] = 0.80(22) + 1/[0.086]
solve for [A]
b.  Calculate the half-lives when [NOBr]0 = 0.072 and [NOBr]0=0.054M

Half-life equation for 2nd order is 1/k[A]0
plug and chug.

27. Nitrogen monoxide gas and chlorine gas react according to the equation:

2NO + Cl2 ( 2NOCl

	Initial [NO] (M)
	Initial [Cl2], (M)
	Initial Rate (mol/L min)

	0.50
	0.50
	1.90 X 10-2

	1.00
	0.50
	7.60 X 10-2

	1.00
	1.00
	15.20 X 10-2


a.  Use the above data to determine the rate law for the reaction by the method of initial rates.

double [NO] and keep [Cl2] the same, rate quadruples – so 2nd order wrt [NO]
double [Cl2] and keep [NO] the same, rate doubles – 1st order wrt [Cl2]

rate law is:

rate = k[NO]2[Cl2]
b. Calculate the value of the rate constant (don’t forget the units).  
plug and chug
1.90 X 10-2 M/min = k(0.50 M)2(0.50M)

0.152 M-2 min-1
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