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AP Test Tips from AP Chem Teachers… 
 

General Test Tips: 
• Spend more time on the problems you know rather than the problems you don't know 

 
• Do the MC in three passes - ones you know that are quick, then ones you know that take time, then try the ones you 

didn’t know (on first pass through, answer quick MC, circle MC you know that take time, circle MC you don’t know) 
 

• Pay attention to you MC pacing à answer 10 MCQs in the first 15 min., 20 MCQs in 30 min., etc. (90 sec/question) …If 
you start to spend too long on an MC question, remember that 10 of the 60 MC questions don't even contribute to your 
score. Efficiency is key 
 

• In multiple choice math questions round, approximate.  You NEVER need long division et al. 
 

• Do the easy FR question first.  Only the suckers/losers go in order. 
 

• If part (a) looks too confusing to you, then skip it and come back to it later. You can answer part (b) before part (a). Label 
your answers clearly. 
 

• “RTQ - ATQ” (read the question – answer the question) …After you have finished your FRQ answer, read it back to 
yourself. Did you actually answer the question that was being asked? 
 

• Don’t write too much, just answer the question! Be brief… be brilliant 
 

• If they ask you to make a choice (higher, lower, increase, decrease, etc.) make the choice and write this part down 
FIRST...BEFORE you start justifying your answer. 

 
• If the question asks you to compare 2 substances make sure you refer to TWO substances 

 
• When in doubt, find moles. 

 
• MV =moles, but millimoles works just fine a lot of the time. 

 
• Get a good night's sleep 

 
• Lab error normally looks for an increase or decrease in experimental values. 

 
• Burets measure liquids more precisely than beakers or graduated cylinders.  STOP TRYING TO USE A BEAKER TO 

MEASURE TENTHS OF A MILLILITER!!!!!!! 
 

• You would read the volume on this buret as 5.65 mL...NOT 6.35 mL 
 



• If you are clueless about rounding off your answer, 3 sig figs is plenty most of the time. 
 

• % error does not mean the same thing as % yield 
 

• How about this..."The AP test writers are lazy and boring.  I highly doubt that they will come up with anything 
original.  You have seen these questions before!!" 

 
• Avoid the use of the word "it" ...refer to substances by name, so we know exactly what you meant to say. 

 
• “Just remember this, if I get your exam back next fall and I see that you answered, YES/NO when asked if something will 

increase, decrease, or stay the same, I will hunt you down like a bloodhound and taser you in your face! Now, good luck 
on your test!" ;)   

 
• Don’t forget units! (and pay attention to the units you’re given!) 

 
 

Big Idea 1 – Atoms & Elements 
• Horizontal trends: they both have the same energy level (subshell), but one of them has more protons (greater 

nuclear charge). 
 

• Vertical trends: one of them has valence electrons in an orbital with a higher value of n; this orbital is higher in energy 
(and farther away from the nucleus). 

 
• Atoms/elements/ions/molecules/compounds don’t “like” or “want” anything (ex. Justification for a trend cannot it “it 

wants to have a full shell) …also, stating a trend is NOT a justification. Give the scientific reason why things happen.  
Trends are usually about nuclear charge & distance (coulomb’s law!) 
 

• When explaining trends, don't talk about placement on the table or the atom having a full shell. Period... Talk about 
things in the atoms like Zeff (nuclear charge), nuclear pull, distance between nucleus and valence electrons, etc. 

 
• Mass Spectroscopy is all about isotopes! Proton Electron Spectroscopy (PES) is all about coulomb’s law & electron 

configurations! 
 

• Ions have a charge…  Na and Na+ are not the same! 
 
 

Big Idea 2 – Structure & Properties of Matter 
• If the question says, "Draw ALL resonance structures," chances are there's more than one Lewis Structure. 

 
• Never trust printed structures for bond angles! Count the electron domains. 

 
• For heaven's sake, carbon will make 4 bonds total and hydrogen will only have one bond in a Lewis structure!!!!!!!!!!!!!! 



• Use electron domains to help with determining shapes (and double bonds represent a single domain)

• "Tetrahedral" is not a bond angle.

• Non-polar molecules can contain polar bonds.

• The greater the difference in electronegativity between two atoms, the more polar the bond is.

• Breaking attractions (bonds, IMFs, nucleus-valence e-) REQUIRES energy (endothermic).

• Lattice energy and Coulomb's law:
o MgO beats NaF (similar ionic radii, greater charge magnitude wins)
o NaF beats KCl (same charge magnitude, smaller ionic radii wins)

• If the question says to justify your answer in terms of IMFs, mention ALL of the IMFs that each substance experiences. Do
NOT say "like dissolves like" when justifying why two substances dissolve or mix together.

• Larger e-cloud = more London dispersion forces = more polarizable …this is dependent on SIZE, not MASS

• Stronger IMFs = higher boiling point = lower vapor pressure = greater viscosity

• Hydrogen bonds only occur between an H already bonded to F, N, or O and another F, N, or O …(H—H is NOT a hydrogen
bond)

• Chromatography à distance traveled is based on affinity for the mobile phase and affinity for the stationary phase.

• Sometimes the data tells you something that is different than what you would have predicted (i.e. CCl4 has stronger IMFs
than HCl.) GO WITH THE DATA!!!

• Water is wet. ;)

• Do NOT use 1 mole = 22.4 L unless you are actually at STP (0°C & 298 K)  …*STP is NOT “standard state” (which is 25°C
& 298 K)

• Any two gases at the same temp. Have the same KE but NOT the same velocities

• Ideal gas conditions = high temperature & low pressure 
o Deviations from ideal gas law occur at low T & high P
o Deviations also occur when gases are too sticky (polar) or too large (LD).

• MM =dRT/P  (meow, meow)

• Larger = size. Heavier = mass. More = amount (like moles). Don't mix them up!



Big Idea 3 – Chemical Reactions (including redox) 
• Net Ionic Equations (NIE): Dissociate aqueous substances (strong electrolytes) and eliminate spectator ions. 

 
• All equations must be balanced for atoms AND charge! 

 
• Oxidation is loss of electrons/reduction is gaining of electrons 

o LEO goes GER  
o OIL RIG  

 
• The more (+) Ered is the reduction and the less (+) is the oxidation reaction. 

 
• When adding two half-reactions together, the electrons must cancel out. 

o If you reverse the rxn, change the sign of Ered to serve as Eox. 
o If you double it, do NOT double the voltage. 

 
• Reduction at the cathode, oxidation at the anode. (An Ox/Red Cat) 

 
• Electrons travel in the wire from anode to cathode. Ions flow through the salt bridge: anions toward the anode, cations 

toward the cathode. 
 

• Electroplating shortcut....grams = MM(I)(t)/nF 
 
 

Big Idea 4 – Kinetics 
• Thermodynamics tells you IF it will happen.  Kinetics tells you how FAST. 

 
• Rate Laws can be determined via experimental data OR if you know the reaction mechanism & the rate-determining 

(slow) step. 
 

• The only thing that changes the value of “k” is changing the temperature (or adding a catalyst.) 
 

• High activation energy --- slow reaction rate 
Low activation energy --- fast reaction rate 

 
• If the data shows that the half-life is constant over time, it's first-order kinetics for that substance. 

 
• Determining order of reaction via graphs… which produces a straight line? 

o  [A] vs. t à zero order 
o ln [A] vs. t à first order 
o 1/[A] vs. t à second order 
o **regardless of which order the rxn is, the absolute value of the slope = k 

 



• Don't forget to include the proper UNITS for your k value!) 
 

• Rate “k” HAS units; Equilibrium “K” does NOT have units 
 
 

Big Idea 5 – Thermodynamics 
• Thermodynamics tells you IF it will happen.  Kinetics tells you how FAST. 

 
• If your answer is ΔH, ΔS, ΔG, or Eo, make sure your answer includes the proper SIGN and the proper UNITS. 

 
• Thermodynamically favorable reactions à ΔG<0 …E>0 …K>1  

o At equilibrium, ΔG=0, E=0 (both essentially indicate how far away from equilibrium the system is) 
 

• Raising the temperature does NOT affect ΔH or the activation energy. 
 

• Breaking attractions (bonds, IMFs, nucleus—valence e-) REQUIRES energy (endothermic). 
 

• Bonds breaking is endothermic & bonds forming is exothermic (ΔH is the net sum of this) 
 

• Pay attention to units! (specifically, pay attention when you have a mixture of joules & kJ) 
 
 

Big Idea 6 – Equilibrium 
• ...At equilibrium, ΔG=0, E=0 

(both essentially indicate how far away from equilibrium the system is) 
 

• Rate “k” HAS units; Equilibrium “K” does NOT have units 
 

• The only thing that changes the value of “K” is changing the temperature. 
 

• Increasing temperature increases both the forward and the reverse rxn rates...it just increases the endothermic 
direction’s rate more. 

 
• Manipulating the equilibrium constant values (K) 

o Reverse the reaction à the new K is the reciprocal of the old K 
o Multiply the reaction by 2 à the new K is the old K squared 
o Add two reactions together à multiply (K1)x(K2) 

 
• If you have a reaction with a HUGE value of K, assume the reaction essentially goes to completion, and treat it like a 

normal stoichiometry (or limiting reactant) problem; You don't need to make an ICE table  
• Equilibrium expressions are determined via a balanced chemical equation  

 



• Beware the pressure equilibrium expression. And if it's Kp, don't use brackets!

• If you complete an equilibrium calculation (ICE table) and find "x", you're not done! x maybe not the answer the
question is asking for… answer what the questions is asking

• Discuss reaction quotient (Q) to explain a shift in equilibrium.  Saying "LeChatelier's Principle" will get you NOTHING! If
Q increases reaction goes towards the reactants.  The same goes for a voltaic cell voltage change.  If Q increases, the
voltage decreases.

o Q<K …reaction shifts towards the products 
o Q>K …reaction shifts towards the reactants 
o Q=K …reaction is at equilibrium (no need to shift)

• Whenever finding Q can help determine which direction a reaction will proceed to re-establish equilibrium is a good
thing.

• Inert gases and catalysts DO NOT shift an equilibrium

• If x = the solubility of an ionic solid (in mol/L)
o Ksp for AgCl = (x)(x) = x2

o Ksp for PbCl2 = (x)(2x)2 = 4x3

• "x" = molar solubility

• Larger Ka = more ionizable

• Acid-base reactions proceed from the strong side to the weak side.  Look at the magnitude of K to determine which way
the reaction is favored.

• HX versus HY...If HX is the stronger acid, then Y- is the stronger base.

• The acidic species in a buffer neutralizes added base.

• weak acid & strong base titration: pH = pKa at the halfway point (also at this point, [HA]=[A—])

• If you titrate 10 mL of a 1 M weak acid and also titrate 10 mL of a 1 M strong acid, these samples would require the SAME
amount of 1 M NaOH to reach the equivalence pt. (i.e. volume of titrant is based on moles, not acid strength) …BUT, the
weak acid would have a higher pH at the equivalence point

• M1V1=M2V2 is not on the formula sheet, but extremely useful in dilutions and neutralizations 



A Sampling of Common Polyatomics 

DO NOT dissociate in water
Oxidation numbers of their component atoms will sum to

give the charge
NH4+ (Ammonium) C2H3O2- or CH3COO- (Acetate)

OH- (Hydroxide)  ClO3- (Chlorate) NO3- (Nitrate) 

CO32- (Carbonate) SO42- (Sulfate) PO43- (Phosphate) 

Things to have Memorized in AP Chemistry 
1 g = 1 mL for water (density) 

General Rules for Oxidation numbers: 
(ranked in order of priority) 

Elements (watch for diatomics!)  0 
Monatomic ion  same as charge 
1A metals +1
2A metals +2
Fluorine -1
Oxygen -2
Hydrogen +1
Common ions   usual charges 

HCl, HBr, HI, HClO4, H2SO4, HNO3 
are strong acids 

Group I and II hydroxides 
are strong bases 

Compounds containing 
Na+, K+, NH4

+ and NO3
- 

are considered fully soluble 

Hybridization 

4 electron groups around a central 
atom create 4 sp3 hybrid orbitals  

 same shape/bond angles as tetrahedral

3 electron groups around a central 
atom create 3 sp2 hybrid orbitals  

 same shape/bond angles as trigonal
planar

2 electron groups around a central 
atom create 2 sp hybrid orbitals  

 same shape and bond angles as linear

VSEPR Shapes and Bond Angles 

H2, N2, O2, F2, Cl2, Br2, I2 
are diatomic elements 

Units for rate constant 

k = 𝟏𝟏
𝑴𝑴(𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐 𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐−𝟏𝟏)∙𝒔𝒔 

Compiled by Nora Walsh, FJ Reitz High School, 2021 



College Board Live AP Chemistry Review Videos

The video descriptions have handouts and 
resources specific to each video

https://www.youtube.com/watch?v=hctKrGZMYi4
https://www.youtube.com/watch?v=N4xz0S_WpMk
https://www.youtube.com/watch?v=W-tM7P1Z3iU
https://www.youtube.com/watch?v=xbkqkrSEPLM
https://www.youtube.com/watch?v=vWulZGL_Sps
https://www.youtube.com/watch?v=sbHdT85n8Co
https://www.youtube.com/watch?v=MN3WFd1IncI
https://www.youtube.com/watch?v=zkWFkl2SyY0
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A Guide to Titrations and Finding the pH 

Strong Acid/Strong Base: 

Here, there’s nothing special happening – we either have excess acid or base, unless we’re at the 

equivalence point where the pH=7 

• 0mL: Here, you just have a solution of a strong acid with a known concentration. 

o [HA]=[H+] because it’s a strong acid 

o -log[H+]=pH 

• Prior to Equivalence point: Each mole of base neutralizes a mole of acid, but there is still an 

excess of acid. 

o Subtract moles of base added from the initial moles of acid and find new concentration 

of acid 

o Still, [HA]=[H+] because it’s a strong acid 

o -log[H+]=pH 

• At Equivalence Point: We’ve added sufficient base to exactly neutralize the acid, leaving just the 

salt present. 

o pH=7 because neither conjugate is able to interact with water to act as an acid or base 

• Past Equivalence Point: Since all acid was neutralized at the equivalence point, any base added 

past that point is just making a solution of the strong base. 

o Subtract initial moles of acid from moles of base added to determine excess moles of 

base. Find concentration of base which is [OH-]. pOH=-log[OH-], pH=14-pOH 

  



Weak Acid/Strong Base: 

(Just invert pH and pOH completely throughout if you have a weak base/strong acid titration). 

• 0mL: Here, you just have a solution of weak acid with a known concentration. 

o 𝐻𝐴 ↔ 𝐻+ + 𝐴−, so 𝐾𝑎 =
[𝐻+][𝐴−]

[𝐻𝐴]
.  

o Since all H+ and A- come from the dissociation of HA, [H+]=[A-] 

o If we set both as x, 𝐾𝑎 =
𝑥2

[𝐻𝐴]−𝑥
≈

𝑥2

[𝐻𝐴]
 and pH=-log(x) 

• Prior to equivalence point: Each mole of base neutralizes a mole of acid – creating a mole of 

base – but there is still an excess of acid.  

o mol A-= (mol OH-)added 

o mol HA = (mol HA)initial – (mol OH-)added 

o Use Henderson-Hasselback here 𝑝𝐻 = 𝑝𝐾𝑎 + log (
𝑚𝑜𝑙𝐴−

𝑚𝑜𝑙𝐻𝐴
) 

▪ HH on the equation sheet says concentration, but since they’re always in the 

same solution, they have the same volume and that part cancels out! 

• Half-equivalence point: When the volume of base added is exactly half of what is needed to 

neutralize the acid initially present. This means that half of the acid has been turned to salt, 

yielding an equal number of moles of acid and salt ([A-]=[HA] and mol A-=mol HA). 

o 𝑝𝐻 = 𝑝𝐾𝑎 + log (
𝑚𝑜𝑙𝐴−

𝑚𝑜𝑙𝐻𝐴
) = 𝑝𝐾𝑎 + log(1) = 𝑝𝐾𝑎 

o At this point, pH ALWAYS equals pKa. This is important enough to remember because it 

comes up all the time. 

• Equivalence Point: The equivalence point is the conjugate base’s one moment of glory. Here, we 

have a solution of just the conjugate base. Find the concentration of it by dividing the moles of 

salt (equal to the initial moles of acid) and dividing by the new volume. Then you just have a 

solution of a weak base with a known concentration. 

o Find Kb of the conjugate using 𝐾𝑏 =
10−14

𝐾𝑎
 

o Then find new concentration of that salt by [𝐴−] =
𝑚𝑜𝑙𝐻𝐴𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝑉𝑛𝑒𝑤
 

o 𝐴− +𝐻2𝑂 ↔ 𝐻𝐴 + 𝑂𝐻−, so 𝐾𝑏 =
[𝐻𝐴][𝑂𝐻−]

[𝐴−]
.  

o Since all HA and OH- come from the reaction of A- with water, [HA]=[OH-] 

o If we set both as x, 𝐾𝑏 =
𝑥2

[𝐴−]
 and pOH=-log(x) 

o Subtract 14-pOH=pH 

• Past Equivalence Point: Since all acid was neutralized at the equivalence point, any base added 

past that point is just making a solution of the strong base. 

o Subtract initial moles of acid from moles of base added to determine excess moles of 

base. Find concentration of base. pOH=-log[OH-], pH=14-pOH 
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AP Chemistry 
Thou Shalt Not Forget 

Adapted from the original document by Dan Reid 
 
Unit 1: Atomic structure and properties 

1. When an electron is in a higher the energy level, it is farther away from the nucleus and 
therefore has less Coulombic attraction to the nucleus and is therefore easier to remove 
(...it has a lower 1st ionization energy.) 

2. Moving across a row on the periodic table, the Zeff increases, therefore the valence 
electrons are more attracted to the nucleus, therefore the atomic radius decreases and 
the ionization energy increases.  

3. When reading a PES graph, the higher the peak, the more electrons there are in that 
sublevel, and a larger binding energy means that the electrons are closer to the nucleus. 

4. 1s2 2s2 2p63s2 3p64s2 3d10 4p6 
5. When writing the electron configuration for a cation, remove the valence electrons 

first...the ones in the p-orbital and s-orbital...then you can remove d-orbital electrons if 
necessary. (note: if the last orbital filled using the Aufbau principle was a d orbital, the s 
orbital electrons are still the first to be removed).   

6. Isotopes of an element have the same number of protons, but different numbers of 
neutrons. 

7. Mass spectroscopy graphs measure atomic masses of isotopes. 
8. Elements in the same group (vertical columns) have similar chemical and physical 

properties. 
9. Metals are on the left side of the zig-zag line and nonmetals are on the right side of this 

line on the periodic table.  
10. Cations (+) are smaller than their atoms since you are removing valence electrons that 

are farther from the nucleus; cations also have a higher Zeff, so a greater positive force 
pulling on electrons.  Anions (−) are larger than their atoms since adding extra electrons 
increases electron-electron repulsions. 

 
 
Unit 2: Molecular and ionic compound structure and properties 

1. Covalent bonds are formed between two nonmetals sharing electrons. 
2. Ionic bonds are formed when a metal transfers electrons to a nonmetal and the opposite 

charges attract. 
3. The greater the electronegativity difference between 2 atoms, the more polar the bond 

becomes.  
4. Combustion reactions make CO2 and H2O. 
5. Carbon makes a total of 4 bonds in a compound. 
6. Bond angles:     4 domains = 109.5°      3 domains = 120°      2 domains = 180°  



7. Hybrid orbitals: 4 domains = sp3            3 domains = sp2        2 domains = sp 
8. Asymmetrical molecules = dipoles DO NOT cancel = polar molecule;  symmetrical = 

dipoles cancel = nonpolar molecule 
9. Single bond = sigma    double bond = sigma + pi bond    triple bond = sigma + 2 pi bonds 
10. Lattice energy is the energy to break an ionic bond in a compound.  Lattice energy 

increase as the ion’s charge increases.  Lattice energy decreases as the radii of the ions 
increase.  (This can be deduced from Coulomb's Law.) 

11. Formal charge involves comparing the # of valence electrons an atom has to the # of 
electrons around it in the Lewis structure. (Remember to “split” the bonded electrons 
evenly between the atoms.)  
Formal charge = valence electrons – lone pair electrons -1/2 bonding electrons 

12. Obey the octet rule first when drawing the Lewis Dot Structure then use formal charge if 
necessary.  Extra electrons can go on the larger central atom, and if you have too few 
electrons, start making some double or triple bonds. 

13. Metallic bonds are between metals, and they ALWAYS conduct electricity, and their 
hardness varies. 

14. Interstitial alloys are made when a smaller atom fits into the gaps between the larger 
atoms of a metallic crystal.  Substitutional alloys are made when the radii of the metals 
are similar in size and are substituted into the crystal lattice.  
 

 
Unit 3: Intermolecular forces and properties 

Intermolecular forces 
1. IMF’s from weakest to strongest: London Dispersion, dipole-dipole, hydrogen 

bonding, ion-dipole. 
2. All molecules contain LD forces, and this force gets stronger as the molecule is 

larger...Larger electron cloud = more LD = more polarizable. 
3. All polar molecules contain dipole-dipole forces, and this force gets stronger as the 

molecule is more polar. 
4. H-bonds are between a NOF in one compound to a hydrogen that’s already bonded 

to a NOF in another compound. 
5. Boiling point and melting point increase as IMF’s increase. 
6. Vapor pressure and volatility decrease as IMF’s increase. 

 
Structures of solids 

1. Molecular solids have low melting/boiling points, and they do not conduct electricity. 
2. Ionic solids have high melting/boiling points, and don’t conduct electricity as a solid, 

but DO conduct as a liquid or (aq). 
3. SiO2 (quartz) and diamonds are covalent network solids, and they have very high 

boiling/melting points. 
4. When a molecular solid melts or boils, it is the IMF’s between the molecules that 

break, not the covalent bonds. 



 
Gases:  

1. Gas mixtures are homogeneous b/c of the constant random motion of the particles. 
2. Gases are compressible b/c of the large spaces between the particles. 
3. Gas pressure is caused by collisions of particles with the walls of the container.  More 

Collisions = More Pressure 
4. P and V are inversely related...doubling the volume of a container will cut the 

pressure of the gas in half. 
5. T and V are directly related...If you heat a balloon, it will expand. 
6. T and P are directly related...If you heat a rigid container, the pressure of the gas will 

increase. 
7. PV=nRT    Units: Temperature = Kelvin; Volume = Liters; Pressure = atm   Use this gas 

constant→ R=0.08206   
8. One mole of an ideal gas = 22.4 Liters ONLY at STP!! 
9. Gas pressure and # of moles are directly related...if you double the mole of gas in a 

container, the pressure will double.  
10. Molar Mass = dRT/P       The “d” stands for density in units of g/L      Use this gas 

constant→ R=0.08206   
11. The more molar mass a gas has, the slower it moves at a given temperature. 
12. Temperature = Average Kinetic Energy    (Gases at the same temperature have the 

same average kinetic energy.) 
13. When collecting a gas by water displacement:  Ptotal = Pdry gas + Pwater vapor 
14. Real gases behave most like an ideal gas at high temperature and at low pressure.  

The more polar a gas is and the larger a gas is, the more it will deviate from ideal 
behavior.  Consequently, small, nonpolar gases are the most ideal. 

 
Solutions and mixtures 

1. Compounds can be separated into elements by chemical changes, and mixtures can 
be separated by physical changes. 

2. Filtering separates mixtures based on differences in particle size...the large particles 
are trapped on the filter paper while the soluble component goes through the filter 
paper and stays in the “filtrate”. 

3. Distillation separates mixtures based on differences in boiling point. 
4. Chromatography separates mixtures based on differences in polarity. 
5. In paper chromatography, the component that is most similar in polarity to the 

“mobile phase” moves up the farthest. 
6. Density = mass/volume 
7. The % composition by mass for a pure compound does not change. 
8. M1V1 = M2V2 This is not on the formula sheet, but it is extremely useful for dilution 

calculations. 
 



 
Laboratory:  

1. When reading a volume of a liquid in a container, you can estimate by 
reading in between the graduated markings.  That can give you one more 
sig. fig. in your volume. Read at the bottom of the meniscus. For example, 
in the picture you would read this as 36.5 and not 37 or 37.0.   

2. Ranking measuring devices from least precise to most precise→ beaker, 
graduated cylinder, volumetric flasks, burette  

(The volumetric flask only has ONE line on it to measure one specific volume.) 

 
 

 
 
 
 
 
 

 
 
 
Unit 4: Chemical reactions 

1. H2O2N2Cl2Br2I2F2 -- the diatomic elements (“I Have No Bright Or Clever Friends” or just 
“Honclbrif”.  When they are in a compound, their # of atoms can vary. 

2. Empirical formula rhyme→  
% to mass 

mass to mole 
divide by small 

times until whole 
...Get the simplest whole # ratio of the moles (or atoms) in the compound. 

 
3. The molecular formula for a compound is a whole # multiple of the empirical formula 

ratio. 
4. % yield = (experimental/theoretical) x 100% 
5. % error= (experimental - theoretical)/theoretical x 100% 
6. The amount of product for a reaction is determined by the limiting reactant. 
7. Mass is conserved during both chemical and physical changes. 

 
 
 
 
 

By Praphai Donphaimueang - 
Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org
/w/index.php?curid=46947390 

https://www.lacitycollege.edu 

 



 
Unit 5: Kinetics 

1. In order for a reaction to occur, particles must collide at the correct orientation & with a 
minimum energy to break bonds...(This minimum energy is called the activation 
energy...the height of the “hill”.) 

2. How to write a rate law for an elementary step… 2A + B → C  + D           Rate = k[A]2[B]1 
3. Rate constant (k) Units: 1st order = s-1; 2nd order = M-1s-1 
4. Graphs: 1st order is linear for ln[A] vs time; 2nd order is linear for 1/[A] vs time    … 

Absolute value of the slope = k 
5. Ways to speed up a reaction: (1) Add a catalyst...lowers the activation energy (2) Increase 

reactant concentration...more collisions (3) Increase surface area...more collisions (4) 
Increase pressure of gases...increases the concentration of the gas, so there are more 
collisions (5) increase temperature...more collisions AND more of them have the 
minimum activation energy. 

6. ½ life for a 1st order process:     t1/2 = 0.693/k       
7. A 1st order reaction has a constant half-life regardless of the initial concentration.  

(Radioactive decay is a 1st order process.) 
8. The taller the “hill” (or activation energy) the slower the reaction. 
9. The slow step (rate-determining step) will dictate the speed of the reaction, and this step 

will determine the rate law. 
10. Reaction Mechanisms:  Intermediates are produced in one step and used up in a later 

step. 
11. Reaction Mechanisms: Catalysts are used up in one step, and produced in a later step. 

 
 
Unit 6: Thermochemistry 

1. Exothermic reactions:  (−) ΔH; feels hot; heat is a product; temperature goes 
up…(endothermic is the opposite.) 

2. ΔHrxn = Bonds broken − Bonds formed…(reactant bonds are broken; product bonds are 
formed) 

3. Breaking bonds is endothermic.  Forming bonds is exothermic. 
4. ΔHrxn=ΔHproducts− ΔHreactants   ...Don’t forget to multiply by the coefficients!! 
5. If a reaction is exothermic, then the bonds formed in the products are stronger/more 

stable than the reactant bonds.  
6. Doubling a reaction? ΔH will double.  Reversing a reaction? The sign for ΔH changes.  

Adding reactions?  Add the ΔH’s. 
 
 
 
 
 
 



 
Unit 7: Equilibrium 

1. Keq = [products]x/[reactants]y  … x and y represent the coefficients in the balanced 
chemical equation. 

2. Only (aq) and (g) appear in an equilibrium expression.   Use [  ] for Molarity and (Pgas) for 
atm. 

3. A large Keq means that there are more products at equilibrium.  A small Keq means there 
are more reactants at equilibrium. 

4. Reversing a reaction?  1/Keq               Doubling a reaction?  (Keq)2           Adding reactions?  
Multiply the K’s together 

5. Le Chatelier's Principle: It’s all about determining Q!!  If Q >Keq , then the reaction shifts 
to the left, towards the reactants. 

6. Catalysts and inert gases DO NOT shift an equilibrium. 
7. Changes in pressure (caused by changing the volume of a container) can shift an 

equilibrium ONLY IF the # of gas particles are different on each side...An increase in the 
pressure favors a shift in the equilibrium towards the side with LESS moles of gas. 
(Reminder: As V↓ , P↑) 

8. Molar solubility is the moles/L concentration of the particular species in a saturated 
solution at equilibrium 

9. Solubility Equilibrium:  2 ions....Ksp = x2 ;   3 ions...Ksp = 4x3        “x” = Molar Solubility in 
units of moles/Liter.  Some people use “s” as the variable instead of x (see topic 7.11)          

10. The larger the “x” value, the more soluble the salt is. 
11. If Q > Ksp, a precipitate forms. 
12. Group I cations (Na+,K+, Li+) NH4

+, and NO3
- salts are always soluble in water.  These are 

usually the spectator ions in a chemical reaction 
 
Unit 8: Acids and bases 

1. The pH of acids are less than 7, and bases are greater than 7.  The pH of pure water is 
only 7 when the temp. is 25°C. 

2. Acids donate [H+]; bases accept [H+].    
3. The hydronium ion is H3O+.   [H+] is a proton. 
4. Strong acids: HNO3 H2SO4 HClO4  and HBr, HI, HCl…”NO SO ClO  3, 4, 4 and BrICl” 
5. Strong bases: Group 1 hydroxides Group 2 hydroxides   *Some Group II hydroxides are 

only slightly soluble, but whatever dissolves can completely ionize. 
6. pH = −log [H+]          [H+] = 10−pH 
7. The stronger the acid, the weaker its conjugate base. 
8. Acid-Base reactions favor the direction of the “strong side” to the “weak side”...If K>1, 

then the reactants are stronger. 
9.  [H+] =Square Root of MaKa…(This shortcut only works if “x” is really small compared to Ma  

. Also, don’t use this shortcut if you are given the pH of the solution and you are asked to 
solve for Ka because the pH can be used to find “x” in the ICE box.) 

10. “x” in the ice box calculation is [H+] for a weak acid, and [OH−] for a weak base. 



11. % Ionization of a weak acid =  [H+] /Ma 
12. % ionization increases as the acid concentration decreases...adding more water will 

increase the amount of ionization.  
13. If a salt contains a conjugate base of a weak acid, the salt is going to be slightly 

basic...CBOWA’s are (-) ions. 
14. If a salt contains a conjugate acid of a weak base, the salt is going to be slightly 

acidic...CAOWB’s are (+) ions. 
15. If a salt contains conjugates of strong acid/bases, the ion is neutral.  Example -- KBr is a 

neutral salt (KOH + HBr) 
16. A larger Ka value means a stronger acid.  A larger Kb means a stronger base. 
17. Relative strengths of acids: (a) Smaller cations are more acidic.  (b) More (+) charge on 

the cation makes it more acidic.            (c) More oxygens (or more electronegative atoms) 
on an anion makes it more acidic since the proton is “more ionizable”.  

 
Titrations and buffers 
1. Buffers are created by a weak acid + CB (salt) or by a weak base + CA (salt). 
2. [H+] = MaKa/[salt]...You can use # of moles instead of molarity in this formula. 
3. Adding a common ion to a weak acid (or base) decreases the % ionization, and therefore 

the pH gets closer to 7. 
4. MaVa= MbVb  ...This is only true at the equivalence point. 
5. Titrations:  Weak acid + Strong Base has a pH at the equivalence point that’s above 7.  

Weak Base + Strong Acid has a pH at the equivalence point that’s below 7.  Strong Acid + 
Strong Base has a pH =7 at the equivalence point. 

6. pH = pKa at the ½ equivalence point for a “weak + strong” titration.  Also, when pH = pKa, 
then [HA] = [A−] 

7. More buffer capacity = more moles of weak acid & CB (or weak base and CA). 
 
 
Unit 9:  Applications of thermodynamics 

1. Thermodynamically favorable (spontaneous) reactions have a (−)ΔG. 
2. Reactions with (−)ΔH and (+)ΔS are ALWAYS thermodynamically favorable…“enthalpy 

driven & entropy driven” 
3. Reactions that increase the # of moles of gas have a (+)ΔS. 
4. If ΔG is (−), then Keq >1. 
5.  ΔH and ΔS are usually NOT given in the same units!! When using  ΔGo =ΔHo−TΔSo, make 

sure they match units. 
6.  ΔG = 0 at equilibrium. 
7. When using ΔGo = −RT lnK, the value for R is 8.314 J/mol K so the answer for ΔG will be in 

the units of Joules. 
8. Sometimes a reaction with a (−)ΔG does not proceed at a measurable rate.  They are said 

to be under “kinetic control.” High activation energy is a common reason for a process to 
be under kinetic control.  



Electrochemistry: 
1. Oxidation #’s:  H = +1 (except in a hydride when it is -1)  O = −2 (except in a peroxide 

when it is -1). 
2. LEO goes GER … Oxidation always occurs at the anode in both a battery and an 

electrolytic cell. 
3. Electrons in a battery flow from anode (−) to cathode (+).  
4. Salt bridge:  Cations flow to the cathode, and the anions flow to the anode. 
5. While a battery is discharged, the cathode gains mass and the anode loses mass.  
6. If you reverse a reaction, the sign of Eo

 cell  changes, but if you double a reaction, Eo
 cell  

DOES NOT change!! 
7. Eo

 cell = Eo
Red (GER) - Eo

Red (LEO)   (The other way to calculate Eo
 cell = Eo

Reduction +  Eo
Oxidation    ...but 

that involves reversing one of the reactions and changing the sign for Eo
Red) 

8. The half-reaction with a more (+) Eo
Red is the reaction that takes place at the 

cathode...GER. 
9. When adding the two half reactions together, the electrons MUST cancel out. 
10. ΔGo = −nFEo             If ΔGo is (−), then Eo

cell is (+).      Reminder: n = # of electrons transferred 
11. If Q increases, then the voltage (Eo

cell) of the battery goes down. 
12. Electroplating/Electrolysis Calculation:    grams = (Molar Mass of the 

metal)(amps)(seconds)/(n)(F) … g=(MM)(I)(t)/nF 
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Quick Guide to Experimental Procedures 
Gravimetric Analysis: 

 

Weighing the 
sample to be 
analyzed. 

Dissolving 
this sample in 
water. 

Adding a 
suitable 
chemical to 
form a 
precipitate. 

Filtering to 
collect the 
precipitate 

Repeated 
drying and 
weighing until 
a constant 
mass of 
precipitate is 
obtained. 

 

Common Mistakes: 
 Precipitate is not dry when you take the final mass. 

o Results in the appearance of more precipitate than was actually produced 
because some mass is water. 

o Percent yield would be higher than it should be. 

Common Applications: 
 Mixtures of solids—determining the amount of a particular ion in a solution 

Important to Remember: 
 All sodium, nitrate, ammonium, and potassium compounds are soluble.  Net ionic 

equations would not include these ions. 

 

 

 

 

 



Quick Guide to Experimental Procedures 
 

Making a solution: 

 

 

 

 

 

 

 

 

 

Common Mistakes: 
 Overfilling the volumetric flask 

o Results in a dilute solution 
 Not using distilled water. 

o Other ions could affect the experiment for which the solution is used 
 Not using a volumetric flask (beaker or Erlenmeyer instead) 

o Loss of precision in concentration of prepared solution 

Common Applications: 
 Making solutions to dissolve substances for analysis, particularly in titrations. 

Important to Remember: 
 Molarity = moles solute/L of solution 

 

 

 

 

 

 

 

 

The AP Readers would prefer 
that you use a pipet at this 
point to make sure you hit the 
line perfectly. 



Quick Guide to Experimental Procedures 
Titration: 

 

 

 

 

 

 

 

Common Mistakes: 
 Overshooting the titration (too dark of a color at the end) 

o Results in the concentration of the unknown solution in the flask appearing to be 
higher than it actually is, since too much titrant has been added. 

 Not using indicator. 
o No perceivable endpoint. 

 Using incorrect indicator. 
o pH at the equivalence point should be approximately equal to the pKa of the 

indicator. 

Common Applications: 
 Solving for the concentration of an unknown substance (analyte). 
 Acid/Base, Redox  

Important to Remember: 
 Molarity = moles solute/L of solution 
 Analyte: substance in flask 
 Titrant: substance in buret 
 Standard solution: solution of known concentration, usually goes into the buret. 
 M1V1 = M2V2 is helpful for solving for the concentration of the analyte solution at the 

equivalence point. 
 Endpoint: point in titration where flask solution changes color 
 Equivalence point: point in the titration where the moles of acid are equal to the moles 

of base 

 



Quick Guide to Experimental Procedures 
Analyzing Concentration of Solutions Using Beer’s Law): 

 

Step 1:  Pick the wavelength for the solution where absorbance is highest (for solute). 

 

Step 2: Measure absorbance for different concentrations at that wavelength.  Graph the 
results. 

 

    A = εbc 
Absorbance = (molar absorptivity)(cuvette pathway length)(concentration) 

 



Quick Guide to Experimental Procedures 
Common Mistakes: 

 Absorbance is lower than it should be (point falls below the line) 
o Cuvette was cleaned with distilled water and then immediately filled with solution, 

creating a more dilute solution 
o Too little solute in the prepared solution 

 Absorbance is higher than it should be (point falls above the line) 
o Cuvette is dirty with fingerprints/dust, etc. 
o Too much solute in the prepared solution 
o Contamination with a more concentrated solution 
o Used a cuvette with a longer path for one data point 

 Did not use the correct wavelength of maximum absorbance for the solute. 
o Absorbances could be too low especially for dilute solutions 

 Overfilled the cuvette 
o Should not have an impact on data 

 Picked a wavelength where it is high absorbance for the solvent 
o Won’t be able to distinguish absorbance due to solvent vs. solute 

Common Applications: 
 Determining the concentration of a solution of unknown concentration using solutions of 

known concentration 
 Kinetics reactions (like bleach + blue food dye) 

Important to Remember: 
 Before using, you need to calibrate the spectrophotometer with a blank of just solvent (in 

order to account for any absorbance due to solvent and cuvette itself) 
 Molarity = moles solute/L of solution 
 Absorbance is the amount of light the solution absorbs at a specific wavelength 
 Molar absorptivity (1/M*cm) describes how intensely a sample absorbs light at a specific 

wavelength (constant unique to the substance at a specific wavelength) 
 Path length of sample is the length of the cuvette where the light will travel (cm) 
 Concentration is molarity 

 

 

 

 

 

 

 

 



Quick Guide to Experimental Procedures 
Chromatography 

 

 

 

 

 

 

 

 

 

 

  
  
  
  
  
  
  
  
Common Mistakes: 

 Solvent reaches the top of the paper strip. 
o Rf values cannot be calculated as we do not know how far the solvent would 

have traveled had their been more paper. 
 No major difference in polarity between paper and solvent 

o Substances cannot be adequately separated 
 No major differences in polarity of components of mixture 

o Substances cannot be adequately separated 

Common Applications: 
 Determining the components of a mixture 

Important to Remember: 

Individual pigments 
travel different 
distances up the filter 
paper 



Quick Guide to Experimental Procedures 
 Paper is usually relatively nonpolar in comparison to the solvent. 
 The substance that travels further up the paper is more attracted to the solvent. 
 The substance that travels the least is most attracted to the paper. 
 If multiple trials are run, compare Rf values, not relative heights. 
 Polar substances tend to lack symmetry, have polar bonds, and have lone pairs on the 

central atom. They are most soluble in other polar substances. 
 Nonpolar substances tend to be symmetrical, have identical bonds, and have no lone 

pairs on the central atom.  They are most soluble in other nonpolar substances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Quick Guide to Experimental Procedures 
Fractional Distillation 

 

Common Applications: 
 Separating components in a solution/mixture based on differences in boiling point 

Important to Remember: 
 The substance with the lower boiling point has a greater vapor pressure and weaker 

intermolecular forces 
 The substance with the higher boiling point has a lower vapor pressure and stronger 

intermolecular forces 
 The temperature of the solution will remain constant while a component is boiling off 

 

 

 

 

 

 

 

 

 



Quick Guide to Experimental Procedures 
Coffee Cup Calorimetry 

Common Mistakes: 
 The final temperature is the highest (for exothermic) or lowest (for endothermic)

temperature recorded during the reaction/process

Applications: 
 Solving for the specific heat of a metal or the heat of reaction

Important to Remember: 
 Endothermic processes have a drop in temperature.
 Exothermic processes have an increase in temperature.
 The water is not part of the system.  It is part of the surroundings.
 q = mC∆T

o q = heat in Joules or calories
o m = mass of entire solution OR object, grams or kilograms
o C = specific heat capacity, J/gºC (or a variation of the above)
o ∆T = Tfinal – Tinitial



AP Chemistry Name: ________________________________ 
Lab Based Free Response Questions 

1. There are several ways to dissolve salts with limited solubility. Describe one method to
redissolve a precipitate of a salt with a small Ksp.



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

1. (2013, #1) There are several ways to dissolve salts with limited solubility. Describe one method 
to redissolve a precipitate of a salt with a small Ksp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

2. A student was assigned the task of determining the enthalpy change for the reaction between 
solid MgO and aqueous HCl represented by the net ionic equation below. The student uses a 
polystyrene cup calorimeter and performs four trials. Data for each trial are shown in the table 
below. 

MgO (s) + 2 H+ (aq)  Mg2+ (aq) + H2O (l) 
Trial Volume of 1.0 M 

HCl (mL) 
Mass of MgO (s) 

Added (g) 
Initial Temperature 

of Solution (°C) 
Final Temperature of 

Solution (°C) 
1 100.0 0.25 25.5 26.5 
2 100.0 0.50 25.0 29.1 
3 100.0 0.25 26.0 28.1 
4 100.0 0.50 24.1 28.1 

 
a. Which is the limiting reactant in all four trials, HCl or MgO? Justify your answer. 

 
b. The data in one of the trials is inconsistent with the data in the other three trials. 

Identify the trial with inconsistent data and draw a line through the data from that trial 
in the table above. Explain how you identified the inconsistent data. 
 

c. Enthalpies of formation for substances involved in the reaction are shown in the table 
below. Using the information in the table, determine the accepted value of ΔH° for the 
reaction between MGO (s) and HCl (aq). 

Substance ΔH°f (kJ/mol) 
MgO (s) -602 
H2O (l) -286 
H+ (aq) 0 

Mg2+ (aq) -467 
 

d. A student used a coffee cup calorimeter and determined the ΔH°f = -140 kJ/molrxn. If the 
calorimeter leaked heat energy to the environment, would it account for the 
discrepancy between the accepted and the experimental values? Justify your answer. 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

2. (2013, #3) A student was assigned the task of determining the enthalpy change for the reaction 
between solid MgO and aqueous HCl represented by the net ionic equation below. The student 
uses a polystyrene cup calorimeter and performs four trials. Data for each trial are shown in the 
table below. 

MgO (s) + 2 H+ (aq)  Mg2+ (aq) + H2O (l) 
Trial Volume of 1.0 M 

HCl (mL) 
Mass of MgO (s) 

Added (g) 
Initial Temperature 

of Solution (°C) 
Final Temperature of 

Solution (°C) 
1 100.0 0.25 25.5 26.5 
2 100.0 0.50 25.0 29.1 
3 100.0 0.25 26.0 28.1 
4 100.0 0.50 24.1 28.1 

 
a. Which is the limiting reactant in all four trials, HCl or MgO? Justify your answer. 

 

b. The data in one of the trials is inconsistent with the data in the other three trials. 
Identify the trial with inconsistent data and draw a line through the data from that trial 
in the table above. Explain how you identified the inconsistent data. 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

c. Enthalpies of formation for substances involved in the reaction are shown in the table 
below. Using the information in the table, determine the accepted value of ΔH° for the 
reaction between MGO (s) and HCl (aq). 

Substance ΔH°f (kJ/mol) 
MgO (s) -602 
H2O (l) -286 
H+ (aq) 0 

Mg2+ (aq) -467 

 

d. A student used a coffee cup calorimeter and determined the ΔH°f = -140 kJ/molrxn. If the 
calorimeter leaked heat energy to the environment, would it account for the 
discrepancy between the accepted and the experimental values? Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

3. Ethene, C2H4 (g) (molar mass 28.1 g/mol), may be prepared by the dehydration of ethanol, 
C2H5OH (g) (molar mass 46.1 g/mol), using a solid catalyst. A setup for the lab synthesis is shown 
in the diagram below. The equation for the dehydration reaction is given below. 

 
C2H5OH (g) 

௧௬௦௧
ሱ⎯⎯⎯⎯⎯ሮ C2H4 (g) + H2O (g) ΔH° = 45.5 kJ/molrxn 

A student added a 0.200 g sample of C2H5OH (l) to a test tube using the setup shown above. The 
student heated the test tube gently with a Bunsen burner until all of the C2H5OH (l) evaporated 
and gas generation stopped. When the reaction stopped, the volume of collected gas was 
0.0854 L at 0.822 atm and 305 K. The vapor pressure of water at 305 K is 35.7 torr. 

 
a. Calculate the number of moles of C2H4 (g) 

i. that are actually produced in the experiment and measured in the gas collection 
tube and 
 

ii. that would be produced if the dehydration reaction went to completion. 
 

b. During the dehydration experiment, C2H4 (g) and unreacted C2H5OH (g) passed through 
the tube into the water. The C2H4 was quantitatively collected as a gas, but the 
unreacted C2H5OH was not. Explain this observation in terms of the intermolecular 
forces between water and each of the two gases. 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

3. (2015, #2) Ethene, C2H4 (g) (molar mass 28.1 g/mol), may be prepared by the dehydration of 
ethanol, C2H5OH (g) (molar mass 46.1 g/mol), using a solid catalyst. A setup for the lab synthesis 
is shown in the diagram below. The equation for the dehydration reaction is given below. 

 
C2H5OH (g) 

௧௬௦௧
ሱ⎯⎯⎯⎯⎯ሮ C2H4 (g) + H2O (g) ΔH° = 45.5 kJ/molrxn 

A student added a 0.200 g sample of C2H5OH (l) to a test tube using the setup shown above. The 
student heated the test tube gently with a Bunsen burner until all of the C2H5OH (l) evaporated 
and gas generation stopped. When the reaction stopped, the volume of collected gas was 
0.0854 L at 0.822 atm and 305 K. The vapor pressure of water at 305 K is 35.7 torr. 

 
a. Calculate the number of moles of C2H4 (g) 

i. that are actually produced in the experiment and measured in the gas collection 
tube and 

 

ii. that would be produced if the dehydration reaction went to completion. 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

b. During the dehydration experiment, C2H4 (g) and unreacted C2H5OH (g) passed through 
the tube into the water. The C2H4 was quantitatively collected as a gas, but the 
unreacted C2H5OH was not. Explain this observation in terms of the intermolecular 
forces between water and each of the two gases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

4. To determine the molar mass of an unknown metal, M, a student reacts iodine with an excess of 
the metal to form the water-soluble compound MI2, as represented by the equation below. 

M + I2  MI2 
The reaction proceeds until all of the I2 is consumed. The MI2 (aq) solution is quantitatively 
collected and heated to remove the water, and the product is dried and weighed to constant 
mass. The experimental steps are represented below, followed by a data table. 

 
Data for Unknown Metal Lab 

Mass of Beaker 125.457 g 
Mass of Beaker + metal M 126.549 g 

Mass of Beaker + metal M + I2 127.570 g 
Mass of MI2, first weighing 1.284 g 

Mass of MI2, second weighing 1.284 g 
The student hypothesizes that the compound formed in the synthesis reaction is ionic. 

 
a. Propose an experimental test the student could perform that could be used to support 

the hypothesis. Explain how the results of the test would support the hypothesis if the 
substance was ionic. 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

4. (2016, #3) To determine the molar mass of an unknown metal, M, a student reacts iodine with 
an excess of the metal to form the water-soluble compound MI2, as represented by the equation 
below. 

M + I2  MI2 
The reaction proceeds until all of the I2 is consumed. The MI2 (aq) solution is quantitatively 
collected and heated to remove the water, and the product is dried and weighed to constant 
mass. The experimental steps are represented below, followed by a data table. 

 
Data for Unknown Metal Lab 

Mass of Beaker 125.457 g 
Mass of Beaker + metal M 126.549 g 

Mass of Beaker + metal M + I2 127.570 g 
Mass of MI2, first weighing 1.284 g 

Mass of MI2, second weighing 1.284 g 
The student hypothesizes that the compound formed in the synthesis reaction is ionic. 

 
a. Propose an experimental test the student could perform that could be used to support 

the hypothesis. Explain how the results of the test would support the hypothesis if the 
substance was ionic. 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

5. The polyatomic ion C10H12N2O8
4- is commonly abbreviated as EDTA4-. The ion can form 

complexes with metal ions in aqueous solutions. A complex of EDTA4- with Ba2+ ion forms 
according to the equation below. 

Ba2+ (aq) + EDTA4- ⇌ Ba(EDTA)2- (aq) K = 7.7 x 107 
A 50.0 mL volume of a solution that has an EDTA4- (aq) concentration of 0.30 M is mixed with 
50.0 mL of 0.20 M Ba(NO3)2 to produce 100.0 mL of solution. 
 

a. Considering the value of K for the reaction, determine the concentration of Ba(EDTA)2- 
(aq) in the 100.0 mL of solution. Justify your answer. 
 

b. The solution is diluted with distilled water to a total volume of 1.00 L. After equilibrium 
has been reestablished, is the number of moles of Ba2+ (aq) present in the solution 
greater than, less than, or equal to the number of moles of Ba2+ (aq) present in the 
original solution before it was diluted? Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

5. (2016, #6) The polyatomic ion C10H12N2O8
4- is commonly abbreviated as EDTA4-. The ion can form 

complexes with metal ions in aqueous solutions. A complex of EDTA4- with Ba2+ ion forms 
according to the equation below. 

Ba2+ (aq) + EDTA4- ⇌ Ba(EDTA)2- (aq) K = 7.7 x 107 
A 50.0 mL volume of a solution that has an EDTA4- (aq) concentration of 0.30 M is mixed with 
50.0 mL of 0.20 M Ba(NO3)2 to produce 100.0 mL of solution. 
 

a. Considering the value of K for the reaction, determine the concentration of Ba(EDTA)2- 
(aq) in the 100.0 mL of solution. Justify your answer. 

 

b. The solution is diluted with distilled water to a total volume of 1.00 L. After equilibrium 
has been reestablished, is the number of moles of Ba2+ (aq) present in the solution 
greater than, less than, or equal to the number of moles of Ba2+ (aq) present in the 
original solution before it was diluted? Justify your answer. 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

6. A student is given a 25.0 mL sample of a solution of an unknown monoprotic acid and asked to 
determine the concentration of the acid by titration. The student uses a standardized solution of 
0.110 M NaOH (aq), a buret, a flask, an appropriate indicator, and other laboratory equipment 
necessary for the titration. 
 

a. The images below show the buret before the titration begins (below lweft) and at the 
end point (below right). What should the student record as the value of NaOH (aq) 
delivered to the flask? 

 
 

b. Based on the given information and your answer to part (a), determine the value of the 
concentration of the acid that should be recorded in the student’s lab report. 
 

c. In a second trial, the student accidentally added more NaOH (aq) to the flask than was 
needed to reach the end point, and then recorded the final volume. Would this error 
increase, decrease, or have no effect on the calculate acid concentration for the second 
trial? Justify your answer. 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

6. (2016, #7) A student is given a 25.0 mL sample of a solution of an unknown monoprotic acid and 
asked to determine the concentration of the acid by titration. The student uses a standardized 
solution of 0.110 M NaOH (aq), a buret, a flask, an appropriate indicator, and other laboratory 
equipment necessary for the titration. 
 

a. The images below show the buret before the titration begins (below lweft) and at the 
end point (below right). What should the student record as the value of NaOH (aq) 
delivered to the flask? 

 

 

b. Based on the given information and your answer to part (a), determine the value of the 
concentration of the acid that should be recorded in the student’s lab report. 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

c. In a second trial, the student accidentally added more NaOH (aq) to the flask than was 
needed to reach the end point, and then recorded the final volume. Would this error 
increase, decrease, or have no effect on the calculate acid concentration for the second 
trial? Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

7. Urea decomposes according to the reaction below: 
CO(NH2)2 (aq) ⇌ NH4

+ (aq) + OCN- 
A student studying the decomposition reaction runs the reaction at 90 °C. The student collects 
data on the concentration of urea as a function of time, as shown by the data table and the 
graph below. 

 
 

a. The student proposes that the rate law is rate = k [CO(NH2)2]. 
i. Explain how the data support the student’s proposed rate law. 

 
ii. Using the proposed rate law and the student’s results, determine the value of 

the rate constant, k. Include units with your answer. 
 

b. The student learns that the decomposition reaction was run in a solution with a pH of 
13. Briefly describe an experiment, including the initial conditions that you would 
change and the data you would gather, to determine whether the rate of the reaction 
depends on the concentration of OH- (aq). 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

7. (2017, #2) Urea decomposes according to the reaction below: 
CO(NH2)2 (aq) ⇌ NH4

+ (aq) + OCN- 
A student studying the decomposition reaction runs the reaction at 90 °C. The student collects 
data on the concentration of urea as a function of time, as shown by the data table and the 
graph below. 

 
 

a. The student proposes that the rate law is rate = k [CO(NH2)2]. 
i. Explain how the data support the student’s proposed rate law. 

 

ii. Using the proposed rate law and the student’s results, determine the value of 
the rate constant, k. Include units with your answer. 

 

b. The student learns that the decomposition reaction was run in a solution with a pH of 
13. Briefly describe an experiment, including the initial conditions that you would 
change and the data you would gather, to determine whether the rate of the reaction 
depends on the concentration of OH- (aq). 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

8. A student performs an experiment to determine the enthalpy of combustion of 2-propanol, 
C3H7OH (l), which combusts in oxygen according to the equation below. 

2 C3H7OH (l) + 9 O2 (g)  6 CO2 (g) + 8 H2O (g) 
The student heats a sample of water by burning some of the C3H7OH (l) that is in an alcohol 
burner, as represented below. The alcohol burner uses a wick to draw liquid up into the flame. 
The mass of C3H7OH (l) combusted is determined by weighing the alcohol burner before and 
after combustion. 

 
Data from the experiment are given in the table below. 

Mass of C3H7OH (l) combusted 0.55 g 
Mass of water heated 125.00 g 

Initial temperature of water 22.0 °C 
Final temperature of water 51.1 °C 

Specific heat of water 4.18 J/(g·°C) 
 

a. Calculate the magnitude of the heat energy, in kJ, absorbed by the water. Assume that 
the energy released from the combustion is completely transferred to the water. 
 

b. Based on the experimental data, if one mole of C3H7OH (l) is combusted, how much 
heat, in kJ, is released? 
 

c. A second student performs the experiment using the same mass of water at the same 
initial temperature. However, the student uses an alcohol burner containing C3H7OH (l) 
that is contaminated with water, which is miscible with C3H7OH (l). The difference in 
mass of the alcohol burner before and after the combustion in this experiment is also 
0.55 g. Would the final temperature of the water in the beaker heated by the alcohol 
burner in this experiment be greater than, less than, or equal to the final temperature of 
the water in the beaker in the first student’s experiment? Justify your answer. 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

8. (2017, #5) A student performs an experiment to determine the enthalpy of combustion of 2-
propanol, C3H7OH (l), which combusts in oxygen according to the equation below. 

2 C3H7OH (l) + 9 O2 (g)  6 CO2 (g) + 8 H2O (g) 
The student heats a sample of water by burning some of the C3H7OH (l) that is in an alcohol 
burner, as represented below. The alcohol burner uses a wick to draw liquid up into the flame. 
The mass of C3H7OH (l) combusted is determined by weighing the alcohol burner before and 
after combustion. 

 
Data from the experiment are given in the table below. 

Mass of C3H7OH (l) combusted 0.55 g 
Mass of water heated 125.00 g 

Initial temperature of water 22.0 °C 
Final temperature of water 51.1 °C 

Specific heat of water 4.18 J/(g·°C) 
 

a. Calculate the magnitude of the heat energy, in kJ, absorbed by the water. Assume that 
the energy released from the combustion is completely transferred to the water. 

 

b. Based on the experimental data, if one mole of C3H7OH (l) is combusted, how much 
heat, in kJ, is released? 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

c. A second student performs the experiment using the same mass of water at the same 
initial temperature. However, the student uses an alcohol burner containing C3H7OH (l) 
that is contaminated with water, which is miscible with C3H7OH (l). The difference in 
mass of the alcohol burner before and after the combustion in this experiment is also 
0.55 g. Would the final temperature of the water in the beaker heated by the alcohol 
burner in this experiment be greater than, less than, or equal to the final temperature of 
the water in the beaker in the first student’s experiment? Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

9. The student reads in a reference text that NO (g) and NO2 (g) will react as represented by the 
equation below. Thermodynamic data for the reaction are given in the table below the 
equation. 

NO (g) + NO2 (g) ⇌ N2O3 (g) 
ΔH°298 ΔS°298 ΔG°298 

- 40.4 kJ/molrxn - 138.5 J/(K·molrxn) 0.87 kJ/molrxn 

 
a. The student hypothesizes that increasing the temperature will increase the amount of 

N2O3 (g) in the equilibrium mixture. Indicate whether you agree or disagree with the 
hypothesis. Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

9. (2018, #2) The student reads in a reference text that NO (g) and NO2 (g) will react as represented 
by the equation below. Thermodynamic data for the reaction are given in the table below the 
equation. 

NO (g) + NO2 (g) ⇌ N2O3 (g) 
ΔH°298 ΔS°298 ΔG°298 

- 40.4 kJ/molrxn - 138.5 J/(K·molrxn) 0.87 kJ/molrxn 

 
a. The student hypothesizes that increasing the temperature will increase the amount of 

N2O3 (g) in the equilibrium mixture. Indicate whether you agree or disagree with the 
hypothesis. Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

10. A student obtains a solution that contains an unknown concentration fo Fe2+ (aq). To determine 
the concentration of Fe2+ (aq) in the solution, the student titrates a sample of the solution with 
MnO4

- (aq), which converts Fe2+ (aq) to Fe3+ (aq), as represented by the following equation. 
5 Fe2+ (aq) + MnO4

- (aq) + 8 H+ (aq)  5 Fe3+ (aq) + Mn2+ (aq) + 4 H2O (l) 
 

a. The student titrates a 10.0 mL sample of the Fe2+ (aq) solution. Calculate the value of 
[Fe2+] in the solution if it takes 17.48 mL of added 0.0350 M KMnO4 (aq) to reach the 
equivalence point of the titration. 

 
To deliver the 10.0 mL sample of the Fe2+ (aq) solution in part (a), the student has the choice of 
using one of the pieces of glassware listed below. 
 25 mL buret         25 mL beaker         25 mL graduated cylinder         25 mL volumetric flask 

 
b. Explain why the 25 mL volumetric flask would be a poor choice to use for delivering the 

required volume of Fe2+ (aq) solution. 
 
In a separate experiment, the student is given a sample of powdered Fe (s) that contains an 
inert impurity. The student uses a procedure to oxidize the Fe (s) in the sample to Fe2O3 (s). The 
student collects the following data during the experiment. 

Mass of Fe (s) with inert impurity 6.724 g 
Mass of Fe2O3 (s) produced 7.531 g 

 
c. Calculate the number of moles of Fe in the Fe2O3 (s) produced. 

 
d. Calculate the percent by mass of Fe in the original sample of powdered Fe (s) with the 

inert impurity. 
 

e. If the oxidation of the Fe (s) in the original sample was incomplete so that some of the 
7.531 g of product was FeO (s) instead of Fe2O3 (s), would the calculated mass percent 
of Fe (s) in the original sample be higher, lower, or the same as the actual mass percent 
of Fe (s)? Justify your answer. 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

10. (2018, #3) A student obtains a solution that contains an unknown concentration fo Fe2+ (aq). To 
determine the concentration of Fe2+ (aq) in the solution, the student titrates a sample of the 
solution with MnO4

- (aq), which converts Fe2+ (aq) to Fe3+ (aq), as represented by the following 
equation. 

5 Fe2+ (aq) + MnO4
- (aq) + 8 H+ (aq)  5 Fe3+ (aq) + Mn2+ (aq) + 4 H2O (l) 

 
a. The student titrates a 10.0 mL sample of the Fe2+ (aq) solution. Calculate the value of 

[Fe2+] in the solution if it takes 17.48 mL of added 0.0350 M KMnO4 (aq) to reach the 
equivalence point of the titration. 

 

To deliver the 10.0 mL sample of the Fe2+ (aq) solution in part (a), the student has the choice of 
using one of the pieces of glassware listed below. 
 25 mL buret         25 mL beaker         25 mL graduated cylinder         25 mL volumetric flask 

 
b. Explain why the 25 mL volumetric flask would be a poor choice to use for delivering the 

required volume of Fe2+ (aq) solution. 

 

In a separate experiment, the student is given a sample of powdered Fe (s) that contains an 
inert impurity. The student uses a procedure to oxidize the Fe (s) in the sample to Fe2O3 (s). The 
student collects the following data during the experiment. 

Mass of Fe (s) with inert impurity 6.724 g 
Mass of Fe2O3 (s) produced 7.531 g 

 
c. Calculate the number of moles of Fe in the Fe2O3 (s) produced. 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

d. Calculate the percent by mass of Fe in the original sample of powdered Fe (s) with the 
inert impurity. 

 

e. If the oxidation of the Fe (s) in the original sample was incomplete so that some of the 
7.531 g of product was FeO (s) instead of Fe2O3 (s), would the calculated mass percent 
of Fe (s) in the original sample be higher, lower, or the same as the actual mass percent 
of Fe (s)? Justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

11. The ionization of HF (aq) in water is represented by the equation below. In a 0.0350 M HF (aq) 
solution, the percent ionization of HF is 13.0 percent. 

HF (aq) + H2O (l) ⇌ F- (aq) + H3O+ (aq) 
 

a. Two particulate representations of the ionization of HF molecules in the 0.0350 M HF 
(aq) solution are shown below in Figure 1 and Figure 2. Water molecules are not shown. 
Explain why the representation of the ionization of HF molecules in water in Figure 1 is 
more accurate than the representation in Figure 2. The key below identifies the particles 
in the representations. 

 
 

b. Use the percent ionization data above to calculate the value of Ka for HF. 
 

c. If 50.0 mL of distilled water is added to 50.0 mL of 0.035 M HF (aq), will the percent 
ionization of HF (aq) in the solution increase, decrease, or remain the same? Justify your 
answer with an explanation or calculation. 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

11. (2018, #5) The ionization of HF (aq) in water is represented by the equation below. In a 0.0350 
M HF (aq) solution, the percent ionization of HF is 13.0 percent. 

HF (aq) + H2O (l) ⇌ F- (aq) + H3O+ (aq) 
 

a. Two particulate representations of the ionization of HF molecules in the 0.0350 M HF 
(aq) solution are shown below in Figure 1 and Figure 2. Water molecules are not shown. 
Explain why the representation of the ionization of HF molecules in water in Figure 1 is 
more accurate than the representation in Figure 2. The key below identifies the particles 
in the representations. 

 

 

b. Use the percent ionization data above to calculate the value of Ka for HF. 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

c. If 50.0 mL of distilled water is added to 50.0 mL of 0.035 M HF (aq), will the percent 
ionization of HF (aq) in the solution increase, decrease, or remain the same? Justify your 
answer with an explanation or calculation. 

 

 

 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

12. The dissolution of urea is represented by the equation below. A student determines that 5.39 
grams of H2NCONH2 (molar mass 60.06 g/mol) can dissolve in water to make 5.00 mL of a 
saturated solution at 20. °C. 

 
 

a. Calculate the concentration of urea, in mol/L, in the saturated solution at 20. °C. 
 

b. The student also determines that the concentration of urea in a saturated solution at 25 
°C is 19.8 M. Based on this information, is the dissolution of urea endothermic or 
exothermic? Justify your answer in terms of Le Chatelier’s principle. 
 

 
c. The equipment shown above is provided so that the student can determine the value of 

the molar heat of solution for urea. Knowing that the specific heat of the solution 4.18 
J/(g·°C), list the specific measurements that are required to be made during the 
experiment. 

 

 

 

 

 

 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

12. (2019, #1) The dissolution of urea is represented by the equation below. A student determines 
that 5.39 grams of H2NCONH2 (molar mass 60.06 g/mol) can dissolve in water to make 5.00 mL 
of a saturated solution at 20. °C. 

 
 

a. Calculate the concentration of urea, in mol/L, in the saturated solution at 20. °C. 

 

b. The student also determines that the concentration of urea in a saturated solution at 25 
°C is 19.8 M. Based on this information, is the dissolution of urea endothermic or 
exothermic? Justify your answer in terms of Le Chatelier’s principle. 

 

 
c. The equipment shown above is provided so that the student can determine the value of 

the molar heat of solution for urea. Knowing that the specific heat of the solution 4.18 
J/(g·°C), list the specific measurements that are required to be made during the 
experiment. 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

13. A student dissolved a 0.139 g sample of oxalic acid, H2C2O4, in water in an Erlenmeyer flask. 
Then the student titrated the H2C2O4 solution in the flask with a solution of KMnO4, which has a 
dark purple color. The balanced chemical equation for the reaction that occurred during the 
titration is shown below. 

6 H+ (aq) + 2 MnO4
- (aq) + 5 H2C2O4 (aq)  10 CO2 (g) + 8 H2O (l) + 2 Mn2+ (aq) 

 
a. Identify the species that was reduced in the titration reaction. Justify your answer in 

terms of oxidation numbers. 
 

b. The student used a 50.0 mL buret to add the KMnO4 (aq) to the H2C2O4 (aq) until a faint 
lavender color was observed in the flask, an indication that the end point of the titration 
had been reached. The initial and final volume readings of the solution in the buret are 
shown below. Write down the initial reading and the final reading and use them to 
determine the volume of KMnO4 (aq) that was added during the titration. 

 
 

c. Given that the concentration of KMnO4 (aq) was 0.0235 M, calculate the number of 
moles of MnO4

- ions that completely reacted with the H2C2O4. 
 

d. The student proposes to perform another titration using a 0.139 g sample of H2C2O4, but 
this time using 0.00143 M KMnO4 (aq) in the buret. Would this titrant concentration be 
a reasonable choice to use if the student followed the same procedure and used the 
same equipment as before? Justify your response. 

 

 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

13. (2019, #7) A student dissolved a 0.139 g sample of oxalic acid, H2C2O4, in water in an Erlenmeyer 
flask. Then the student titrated the H2C2O4 solution in the flask with a solution of KMnO4, which 
has a dark purple color. The balanced chemical equation for the reaction that occurred during 
the titration is shown below. 

6 H+ (aq) + 2 MnO4
- (aq) + 5 H2C2O4 (aq)  10 CO2 (g) + 8 H2O (l) + 2 Mn2+ (aq) 

 
a. Identify the species that was reduced in the titration reaction. Justify your answer in 

terms of oxidation numbers. 

 

b. The student used a 50.0 mL buret to add the KMnO4 (aq) to the H2C2O4 (aq) until a faint 
lavender color was observed in the flask, an indication that the end point of the titration 
had been reached. The initial and final volume readings of the solution in the buret are 
shown below. Write down the initial reading and the final reading and use them to 
determine the volume of KMnO4 (aq) that was added during the titration. 

 

 

c. Given that the concentration of KMnO4 (aq) was 0.0235 M, calculate the number of 
moles of MnO4

- ions that completely reacted with the H2C2O4. 

 



AP Chemistry  Name: ________________________________ 
Lab Based Free Response Questions 

d. The student proposes to perform another titration using a 0.139 g sample of H2C2O4, but 
this time using 0.00143 M KMnO4 (aq) in the buret. Would this titrant concentration be 
a reasonable choice to use if the student followed the same procedure and used the 
same equipment as before? Justify your response. 
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U N I T  1 - 7
P R A C T I C E
P R O B L E M S

2022 AP Chemistry Review Mr. Nackers



AP CHEMISTRY PRACTICE Unit 1 
 

1.  A student is given 50.0 mL of a solution of Na2CO3 of unknown concentration.  To determine the 
concentration of the solution, the student mixes the solution with excess 1.0 M Ca(NO3)2 (aq), causing a 
precipitate to form.  The balanced equation for the reaction is shown below  

Na2CO3(aq)  +  Ca(NO3)2(aq)  ⟶  2 NaNO3 (aq) + CaCO3(s) 
The student filters and dries the precipitate of CaCO3 (molar mass 100.1 g/mol) and records the data in the table 
below.  Determine the number of moles of Na2CO3 in the original 50.0 mL of solution. 
 

Volume of Na2CO3 solution 50.0 mL 

Volume of 1.0 M Ca(NO3)2 added 100.0 mL 

Mass of CaCO3 precipitate collected 0.93 g 

 
2.  The mass spectrum of element X is presented in the 

diagram below.  Based on the spectrum, what is the 
identity of element X?  Explain.  

 
 
 
 

3. The average atomic mass of naturally occurring neon is 
20.18 amu.  There are two common isotopes of naturally 
occurring neon as indicated in the table below 

Isotope Mass (amu) 

Ne-20 19.99 

Ne-22 21.99 

Using the information above, calculate the percent abundance of each isotope. 
 
 
 
 

4. A 31 g sample of a compound that contains only the elements C,H and N is completely burned in O2 to 
produce 44.0 g of CO2, 45.0 g of H2O, and 92.0 g of  NO2.  Determine the empirical formula of the 
compound. 

 
 
 

5. A student investigates the reactions of nitrogen oxides.  One of the reactions in the investigation 
requires an equimolar mixture of NO(g) and NO2(g), which the student produces by using the reaction 
represented above. The particle-level representation of the equimolar mixture of NO(g) and NO2(g) in 
the flask at the completion of the reaction between NO(g) and O2(g) is shown below in the box on the 
right.  In the box below on the left , draw the particle-level representation of the reactant mixture NO(g) 



and O2(g) that would yield the product mixture shown in the box on the right.  In your drawing, 
represent oxygen atoms and nitrogen atoms as indicated below.   

2NO(g) + O2(g) ⟶ 2 NO2(g) 

 
6. The complete photoelectron spectrum of an element is given below.  What is the electron configuration of 
the element with this spectrum? 

 
 
7. The elements in which of the following have most nearly the same atomic radius?  Explain your choice.   

A. Be, B, C, N 
B. Ne, Ar, Kr, Xe 
C. Mg, Ca, Sr, Ba 
D. C, P, Se, I 
E. Cr, Mn, Fe, Co 

 
 
8. Using the following elements from the periodic table, select which one that best fits each statement: 

A. Se 
B. Br 
C. Ag 
D. Cs 
E. Pb 

a) Has the highest electronegativity _________ 
b) Has the largest atomic radius _______ 
c) Has the lowest first-ionization energy ________ 



 
9. Atoms of Mg combine with atoms of F to form a compound.  Identify another element that you would expect 
to combine with atoms of F in the same ratio?  Explain.   
 
 
  10. The only common oxide of zinc has the formula ZnO 

(a) Write the electron configuration for a Zn atom in the ground state. 
 

(b) From which sublevel are electrons removed when a Zn atom in the ground state is oxidized? 
 

 
11.  Answer the following questions related to Fe and its ions, Fe2+ and Fe3+. 

(a) Write the ground-state electron configuration of the Fe2+ ion. 
 
 
 
 

(b) The radii of the ions are given in the table above.  Using the 
principles of atomic structure, explain why the radius of the Fe2+ ion is larger than the radius of the Fe3+ 
ion. 

 
 
 
 
 
 
 
 
 
 
 
 
 

AP CHEMISTRY PRACTICE Unit 2 
1.  Consider the following information for the ClーCl bond: 

Bond ClーCl BrーBr  

Bond Length (pm) 200 ? 

Bond Energy (kJ/mol) 243 ? 

 
Make a prediction about the BrーBr bond, in terms of bond length and bond energy. Draw on the graph below 
the Br-Br bond 

Ion Ionic Radius (pm) 

Fe2+ 92 

Fe3+ 79 



 
 
2.  Data for the lattice energy of NaF is given in the table below.  Make predictions about the lattice energy of 
MgO.  Do you predict that the lattice energy of each compound is less than 930 kJ/mol or greater than 930 kJ/mol?  
Justify your answer in terms of periodic properties and Coulomb’s law. 

Reaction Lattice Energy (kJ/mol) 

NaF(s) ⟶ Na+(g) + F－(g)  930 

MgO(s) ⟶ Mg2+(g) + O2－(g)  

 
3.  Brass is an alloy that contains copper and zinc.  The atomic radii of the elements are given in the table below.  
Should brass be classified as an interstitial alloy or a substitutional alloy?  Justify your answer. 
 

Element  Atomic radius (pm) 

Cu 130 

Zn 125 

 
 
 
 
 

4. Answer the following questions about nitrogen and oxygen. 
(a) Draw the Lewis structure for the diatomic molecules N2 and O2. 

 

 
(b) The potential energy as a function of internuclear distance for the diatomic molecules N2 and O2 is 

shown in the graph above.  Based on the data in the graph and the Lewis structures that you drew in 
part (a), which curve, 1 or 2, is the better representation of the N2 molecule?  Justify your answer.   

 



5.  Answer the following questions related to Mg and Sr. 
(a) Write the complete ground state electron configuration for the ions Mg2+ and Sr2+. 

 
 

(b) The lattice energy of MgCl2(s) is equal to 2300 kJ/mol. Do you predict that the lattice energy of SrCl2 
should be less than or greater than 2300 kJ/mol?  Justify your answer in terms of Coulomb’s law. 

 
 
 
 
6. Draw the following Lewis structures in the space provided.   
      CH4                                                               NH3

                                                H2O                             CH2Cl2  

 

 

 

 

 

   

                                    

                       C2H6                                                    C2H4                                                                             C2H2 

 

 

 

 

 

 

  

 
7.  

 
 
 
 
 
 
 
 

8.More than one equivalent Lewis structure can be drawn for the molecule O3.  Draw all the resonance 
structures and estimate the bond order for the O-O bonds. 

 

 

 

 

 

 



9. Determine the Formal charge on each structure and determine which is the best structure based upon formal 
charge 

 
 
 
 
 

10.  S2Cl2 is a product 
of a reaction. 

(a) In the box below, complete the Lewis electron-dot diagram for the S2Cl2 molecule by drawing in all 
of the electron pairs. 

 
(b) What is the approximate value of the Cl一S一S bond angle in the S2Cl2 molecule that you drew in 

part (a) ?  (If the two Cl一S一S  bond angles are not equal, include both angles.) 
 

 
 
 
11. The skeletal structure of the HNO2 molecule is shown in the box below. 
 

 (a) Complete the Lewis electron-dot diagram of the HNO2 molecule in the box below, including any 
lone pairs of electrons. 

 
 

(b) Based on your completed diagram above, identify the hybridization of the nitrogen atom in the 
HNO2 molecule. 

 
 

Unit 3 Review 
1. Substances # 1 and # 2 represent two different elements located in Group 18 (noble gases). Which 

substance, #1 or # 2, has stronger attractive forces between particles?  How can you tell? 
 

Substance Boiling Point (K) 

# 1 87 

#2 165 

 



2.   
 

 
3. Using the boiling point data given below, which liquid, C5H12 or H2O, has a higher vapor pressure at 300 

K?  Justify your answer.   
 
C5H12 Boiling Point= 309K  
H2O Boiling Point = 373K  

4. Answer the following questions in terms of principles of chemical bonding and intermolecular forces. In each 
explanation where a comparison is to be made, a complete answer must include a discussion of both 
substances. The following complete Lewis electron-dot diagrams may be useful in answering parts of this 
question. 

 

(a) At 1 atm and 298 K, pentane is a liquid whereas propane is a gas. Explain. 
 
 

(b) At 1 atm and 298 K, methanol is a liquid whereas propane is a gas. Explain. 
 

 
(c) Indicate the hybridization of the carbon atom in methanol and Methanoic acid 

 
 
5. A gas mixture at OoC and 1.15 atm contains 0.010 mol of H2, 0.015 mol of O2, and 0.025 mol of N2.  Assuming 
ideal behavior, what are the partial pressures of hydrogen gas(H2), oxygen gas (O2) and nitrogen gas (N2) in the 
mixture? 
 
 
 
 



6. Explain the following statements about gases.  Be sure to mention specific information about both gases. 
a) Ar(g) deviates more from ideal behavior at extremely high pressures than Ne(g) does. 

 
 
 

b) The pressure of a sample of CH4 (g)  (molar mass = 16 g/mol) is closer to the pressure predicted by the 
ideal gas law than a sample of NH3(g) (molar mass = 17 g/mol) 

                

 

 

Mg(s) + 2 H+(aq) ⟶ Mg2+(aq) + H2(g) 

7.   A student performs an experiment to determine the volume of hydrogen gas produced when a given mass of 
magnesium reacts with excess HCl(aq), as represented by the net ionic equation above.  The student begins with 
a 0.0360 g sample of pure magnesium and a solution of 2.0 M HCl(aq). 

(a) Calculate the number of moles of magnesium in the 0.0360 g sample. 

 

(b) Calculate the number of molecules of HCl(aq) needed to react completely with the sample of 
magnesium. 

 
 

As the magnesium reacts, the hydrogen gas produced is collected by water displacement at 23.0oC.  The 
pressure of the gas in the collection tube is measured to be 749 torr. 

(c) Given that the equilibrium vapor pressure of water is 21 torr at 23.0oC, calculate the pressure that the 
H2(g) produced in the reaction would have if it were dry. 

 

 
 
8. What does this image indicate about the intermolecular interactions of 
the substances? 

 

 

 

 

9. Which of these pairs of molecules would you expect to mix together?  
Explain.   



A.   

B.  

C.  
 

 
10.     Fe3+(aq) + KSCN(s) → FeSCN2+(aq) + K+(aq) 
To determine the moles of Fe3+(aq) in a 100. mL sample of an 
unknown solution, excess KSCN(s) is added to convert all the Fe3+(aq) 
into the dark red species FeSCN2+(aq), as represented by the equation 
above. The absorbance of FeSCN2+(aq) at different concentrations is 
shown in the graph to the right.The absorbance of the mixture is 0.20 
at 453 nm. 
 
a) What is the concentration of FeSCN2+(aq)? 

 
 
 

b) How many moles of Fe3+(aq) were present in the 125 mL sample? 
 
 
 
11.  A student uses visible spectrophotometry to determine the concentration of CoCl2(aq) in a sample solution. 
First the student prepares a set of CoCl2(aq) solutions of known concentration. Then the student uses a 
spectrophotometer to determine the absorbance of each of 
the standard solutions at a wavelength of 510 nm and 
constructs a standard curve. Finally, the student determines 
the absorbance of the sample of unknown concentration.  
The student made the standard curve. What is a possible 
experimental error which could have caused the error in the 
point the student plotted at 0.050MCo2+(aq) ? 
 

 
 

Unit 4 Review 
 

1. Solutions of Hg(NO3)2 and NaI are combined. Write the net ionic equation.   
 



 
 

2. After examining the particle diagram 
shown, a student made the claim that 
the concentration of AgNO3(aq) is the 
same as the concentration of MgCl2(aq).  
Do you agree with the student’s claim?  
Justify your answer based on the 
information in the particle diagram. 
 

2 AgNO3(aq) + MgCl2(aq)  ⟶ 2 AgCl(s) + 
Mg(NO3)2(aq)  
3.  A student is given 50.0 mL of a solution of Na2CO3 of unknown concentration.  To determine the 
concentration of the solution, the student mixes the solution with excess 1.0 M Ca(NO3)2 (aq), causing a 
precipitate to form.  The balanced equation for the reaction is shown below  

Na2CO3(aq)  +  Ca(NO3)2(aq)  ⟶  2 NaNO3 (aq) + CaCO3(s) 
(a) Write the net ionic equation for the reaction that occurs when the solutions of Na2CO3 and Ca(NO3)2 are 

mixed. 
 

(b) The diagram below is incomplete.  Draw in the species needed to 
accurately represent the major ionic species remaining in the 
solution after the reaction has been completed. 

 
 

 
 
 
 
 

4.  A student is given the task of determining the I－ content of tablets that 
contain KI and an inert, water-soluble sugar as a filler.  A tablet is dissolved 
in 50.0 mL of distilled water, and an excess of 0.20 M Pb(NO3)2(aq) is added to the solution.  A yellow precipitate 
forms, which is then filtered, washed, and dried.  The data from the experiment are shown in the table below. 

(a) For the chemical reaction that occurs when the precipitate forms, write a balanced, net-ionic equation 
for the reaction.   

 

(b) Explain the purpose of drying and weighing the filter paper with the precipitate three times. 



 
 

(c) In the filtrate solution, is [K+] greater than, less than, or equal to [NO3
－]? Justify your answer. 

 

(d) Calculate the number of moles of precipitate that is produced in the experiment. 

 
 

(e) Calculate the mass percent of I－ in the tablet. 

 

5.                                   ___Al(s)   +    ___HCl(aq)  ⟶     ___AlCl3 (aq) +     ___H2(g) 
 

a)Balance the equation above.  

b)Al(s) and HCl(aq) react together according to the unbalanced chemical equation shown above.  If 0.36 
mol of AlCl3 is produced in this reaction, how many moles of H2 are also produced? 

 

 

c) Al(s) and HCl(aq) react together according to the chemical equation shown above.  How many grams 
of Al are required to produce 75 grams of H2?  Assume that HCl is added in excess. 

 

 

d) Al(s) and HCl(aq) react together according to the chemical equation shown above. How many mL of 
5.0 M HCl are required to react completely with 4.25 grams of Al? 

 
 

e) Note: Connection to ideal gas law  (PV = nRT) 
35 g Al(s) reacts with excess HCl(aq) according to the chemical equation shown above.  What is the 
volume (in L) of H2 gas produced at a temperature of 345 K and a pressure of 1.12 atm? 

 
 
 

f)125 g of Al(s) reacts with 2.50 L of 3.20M of HCl(aq) according to the chemical equation shown above.  
Which chemical, Al or HCl, is the limiting reactant?  What is the theoretical yield of H2 in units of grams? 
 
 
 

6. A student made the claim that the reaction shown below is a redox reaction.  Do you agree with the student’s 
claim?  Justify your answer in terms of the oxidation numbers. 
 

FeS   +   HNO3   ⟶   Fe(NO3)2    +  H2S  



7.  Add the electrons to the half reactions and label as oxidation or reduction                                 
                                                           Fe3+  ⟶  Fe2+ 

                                                          Sn2+  ⟶    Sn4+  

 8.  For the following reaction, write the oxidation and reduction half reactions.   
 

6H+(aq) + 2 MnO4
−(aq) + 5 H2C2O4(aq)→10 CO2(g) + 8 H2O(l)+ 2 Mn2+(aq) 

 

 
 

Unit 5 Review 
1. For the following equation, the rate of disappearance of Br－(aq) at a moment during the reaction is  

3.5 × 10－4 mol L－1s－1.   5 Br－(aq) + BrO3
－(aq) + 6 H+(aq) ⟶ 3 Br2(aq) + 3 H2O(l) 

a. What is the rate of appearance of Br2(aq) at that moment? 
 
 

b. What is the rate of disappearance of H+(aq) at that moment? 
 
 

 
2.                                CaCO3(s) + 2H+(aq) ⟶ Ca2+(aq) + H2O(l) + CO2(g) 

 
The initial rate of formation of CO2(g) from the chemical reaction represented by the equation above was 
studied in two separate experiments.  Which experiment, if any, will have the faster initial rate of formation of 
CO2(g)? Justify 
 
3.                         CaCO3(s) + 2H+(aq) ⟶ Ca2+(aq) + H2O(l) + CO2(g) 

 
The initial rate of formation of CO2(g) from the chemical reaction represented by the equation above was 
studied in two separate experiments.  Which experiment, if any, will have the faster initial rate of formation of 
CO2(g)? Justify 

 
4.                      CaCO3(s) + 2H+(aq) ⟶ Ca2+(aq) + H2O(l) + CO2(g) 



 
The initial rate of formation of CO2(g) from the chemical reaction represented by the equation above was 
studied in two separate experiments.  Which experiment, if any, will have the faster initial rate of formation of 
CO2(g)? Justify 
 
 
 
5. Ozone in the upper atmosphere is depleted when it reacts with nitrogen oxides.  The rates of the reactions of 
nitrogen oxides with ozone are important factors in deciding how significant these reactions are in the formation 
of the ozone hole over Antarctica.  One such reaction is the combination of nitric oxide, NO, with ozone, O3: 

NO(g) + O3(g) ⟶ NO2(g) + O2(g) 
Use the data to determine the rate law and the rate constant for the reaction at 25oC. 

 
 

 
 
 
 
6. Hydrogen reacts with nitrogen monoxide to form dinitrogen monoxide (laughing gas) according to the 
equation:                         H2(g) + 2 NO(g) ⟶ N2O(g) + H2O(g) 
Determine the rate law, the rate constant, and the orders with respect to each reactant from the following data: 

 
 
 
 
 
 
7.                                                             Na2C37H34N2S3O9  +  OCl－  ⟶ products 

blue                              colorless 
Blue food coloring can be oxidized by household bleach (which contains OCl－) to form colorless products, as 
represented by the equation above. A student used a spectrophotometer set at a wavelength of 635 nm to study 
the absorbance of the food coloring over time during the bleaching process. In the study, bleach is present in large 
excess so that the concentration of OCl－ is essentially constant throughout the reaction. The students use data 
from the study to generate the graphs below.  



 

Based on the graphs above, what is the order of the reaction with respect to the blue food coloring?  Explain.   
 
 
 
8. What is the rate law for the overall reaction that is consistent with the proposed mechanism? 
                        Step 1:   HBr(g)   +  O2(g)  ⟶  HOBr2(g)            (SLOW) 
                        Step 2:   HOBr2(g)  +  HBr(g)  ⟶   2 HOBr(g)    (FAST) 
                        Step 3:  2 HOBr(g) ⟶ H2O2(g)  +  Br2(g)             (FAST) 
 
 

2 NO2(g) + F2(g) ⟶ NO2F(g) 
9. NO2 and F2 can react to produce NO2F as represented above.  A proposed mechanism for this reaction has two 
elementary steps, as shown below.    Write a rate law for the overall reaction that is consistent with the 
proposed mechanism. 

Step 1:     NO2  +  F2  ⟶  NO2F  +  F        (slow) 
Step 2:     NO2  +  F   ⟶ NO2F                  (fast) 

 

 

10. What is the expected rate law for the overall reaction shown below? 
Step 1:     NO(g)  +  Br2(g) ⇄   NOBr2(g)         (fast) 

Step 2:     NOBr2(g) + NO  ⟶  2 NO(g)  + 2 Br(g)       (slow) 

 
 
 
11. Nitrogen dioxide, NO2(g), is produced as a by-product of the combustion of fossil fuels in internal 
combustion engines. At elevated temperatures NO2(g) decomposes according to the equation below. 

2 NO2(g) ⟶ 2 NO(g) + O2(g) 
The concentration of a sample of NO2(g) is monitored as it decomposes and is recorded on the graph directly 
below. The two graphs that follow it are derived from the original data. 

 

(a) What order is the following 
reaction? 



 
 

(b) Write the rate law for the decomposition of NO2(g). 
 
 

(c) Consider two possible mechanisms for the decomposition reaction. 
(i) Is the rate law described by the mechanism I shown below consistent with the rate law you wrote in 
part (b)?  Justify your answer. 

Mechanism I 
Step 1:   NO2(g) + NO2(g) ⟶ NO(g) + NO3(g)        slow 
Step 2:                   NO3(g) ⟶ NO(g) + O2(g)           fast 

 
(ii) Is the rate law described by mechanism II shown below consistent with the rate law you wrote in part 

(b) ? Justify your answer. 
Mechanism II 

Step 1:     NO2(g) + NO2(g)  ⇄  N2O4(g)                      fast equilibrium 
Step 2:     N2O4(g) ⟶ 2 NO(g) + O2(g)                       slow 

 

 
12. Consider the four reaction-energy diagrams below: 
 

 
Identify the two diagrams that could represent a catalyzed and an uncatalyzed reaction pathway for the same 
reaction.  Indicate which of the two diagrams represents the catalyzed reaction pathway for the reaction. 
13. The two reaction diagrams here represent the same reaction:  one without a catalyst and one with a 
catalyst.  Estimate the activation energy for each process, and identify which one involves a catalyst. 

 
 

 
 
14. The formation of C2H5Cl(g) is an exothermic reaction (ΔHo = －72.6 kJ/molrxn).  The following two step 
reaction mechanism is proposed: 

Step 1:    C2H4(g) + HCl(g) ⟶ C2H5
+(g) + Cl－(g)             Slow step 

Step 2:   C2H5
+(g) +  Cl－(g) ⟶ C2H5Cl(g)                        Fast step 



(a) Write the rate law for the reaction that is consistent with the reaction mechanism above. 
 
 

(b) Identify an intermediate in the reaction mechanism above. Using the axes 
provided, draw a curve that shows energy changes that occur during the progress 
of the reaction.  The curve should illustrate both proposed two-step mechanisms 
and the enthalpy change of the reaction. 

 
 

 

Unit 6 Review 
1. This is the chemical equation for the process of evaporation 

H2O(l) ⟶ H2O(g) 
a) Evaporation is an (exothermic / endothermic) process.   
b) Heat flows from the (surroundings to the system / system to the surrounding) 

 
 
 
 
 
2. A student collects the data presented in the 
table and claims that, since the magnitude of 
ΔT for the copper is greater than that of 
water, it means that the magnitude of heat (q) 
lost by the copper is greater than the 
magnitude of (q) gained by the water. Do you 
agree with this claim?   Explain.  
 
 
 
 
 
3. Suppose that each of these samples absorbs 500 J of heat.  Which sample, H2O or Cu, will reach a higher final 
temperature?  Justify your answer.  

 
 
 
 
 
4. The following question refers to the graph below, which shows the heating curve for methane, CH4. 

 



 

In terms of intermolecular attractive forces, 
explain why line segment S is much longer than 
line segment Q. 
 

 
5. In terms of intermolecular attractive forces, explain why the value of ΔHvap for H2O is much greater than the 
value of ΔHvap for CH4. 

Substance 
ΔHvap 

(kJ/mol) 
 

CH4 8.2 

H2O 40.7 

6.The lattice enthalpy of LiCl is positive, indicating that it takes energy to break the ions apart in LiCl.  However, 
the dissolution of LiCl in water is an exothermic process.   Identify all particle-particle interactions that 
contribute significantly to the dissolution process being exothermic.  For each interaction, include the particles 
that interact and the specific type of intermolecular force between those particles. 
 
 
 
 
 
 
7. The combustion of methane gas is represented by the equation shown below. 

                               CH4(g)  +  2 O2(g)  ⟶ CO2(g)  +  2 H2O(g)              ΔHo = －802 kJ/molrxn  
When this reaction occurs, is energy absorbed or released by the system?  Explain.  
 
 
8.  The combustion of methane gas is represented by the equation shown below. 
 

                               CH4(g)  +  2 O2(g)  ⟶ CO2(g)  +  2 H2O(g)              ΔHo = －802 kJ/molrxn  
Suppose that 7.50 g of CH4(g) reacts completely with excess O2(g) according to the equation shown above.  How 
many kJ of thermal energy would be released? 
 
 
 
 
9.  Fulminic acid can convert to isocyanic acid according to the equation below. 



HCNO(g) ⇄ HNCO(g)  
Fulminic acid      isocyanic acid  

 
Using the Lewis electron-dot diagrams of fulminic acid and isocyanic acid shown in the boxes above and the 
table of average bond enthalpies below, determine the value of  ΔHo for the reaction of HCNO(g) to form 
HNCO(g) .  

 
 
 
         10.   Calculate the  ΔHrxn for the following chemical equation.  Use the  ΔHf

o given.   
CH4(g)  + 2 O2(g)  ⟶ CO2(g) + 2 H2O 

 
 
 
 
 
 

 
11.             Na2S2O3(aq) + 4 NaOCl(aq) + 2 NaOH(aq)  ⟶ 2 Na2SO4(aq) + 4 NaCl(aq) + H2O(l) 
A student performs an experiment to determine the value of the enthalpy change,  ΔHo

rxn, for the oxidation-
reduction reaction represented by the balanced equation above. 
In the experiment, the student uses the solutions shown in the table below. 

 
Using the balanced equation for the oxidation-reduction reaction and the information in the table above, 
determine which reactant is the limiting reactant.  Justify your answer. 
 
 

 
12. Three solutions, all originally at 20.0°C, are combined in an insulated calorimeter. The temperature of the 
reaction mixture is monitored, as shown in the graph below. 



 
According to the graph, what is the temperature change of the reaction mixture?



Unit 7 Review 
1.  The initial concentrations or pressures of reactants and products are given for each of the following systems.  

Calculate the reaction quotient and determine the direction in which each system will proceed to reach 
equilibrium. 

(a)  2 NH3(g) ⇄ N2(g) + 3 H2(g) Kc = 17 [NH3] = 
0.20 M 

[N2] = 1.00 
M 

[H2] = 1.00 
M 

 

(b)  2 NH3(g) ⇄ N2(g) + 3 H2(g) KP = 6.8 × 104 NH3= 3.0 
atm  

N2 = 2.0 
atm 

H2 = 1.0 
atm 

 
 
 
 
2.                                 2 A(g)  +  B(g)  ⇄  2 C (g) 
A(g) and B(g) react to form C(g), according to the balanced equation above.  In an experiment, a previously evacuated 
rigid vessel is charged with A(g), B(g), and C(g), each with a concentration of 0.0100 M.  The following table shows the 
concentrations of the gases at equilibrium at a particular temperature. 

[A]eq [B]eq [C]eq 

0.018 0.014 0.0020 

a. Calculate the value of Kc. 
 
 

b. If the experiment is repeated at a higher temperature, Kc, is found to have a larger value.  Describe the 
effect of the temperature change on the concentrations of the gases at equilibrium. 
 

 
3. Write equilibrium expressions for the following reactions.  (Remember, we do not include solids or liquids) 

a. CH4(g)  + 2 O2(g) ⇄ CO2(g) + 2 H2O(l)                                              K = 
 
 

b. 2 Pb(NO3)2(s) ⇄ 2 PbO(s) + 4 NO2(g) + O2(g)                                K = 
 
 
 
 
 
 
4.  

 



The table above shows data for two reactions carried out in two separate experiments.  The students started with  2 
evacuated 1.0-Liter rigid containers at a constant temperature of 298 K.  To each container 0.50 mol of the appropriate 
reactants was added, and the reaction was allowed to reach equilibrium.  Based on this information, how do the relative 
concentrations of BrCl and NO present inside their respective containers at equilibrium compare to one another? 
 
 
 
 
5.                                    H2(g)  +  I2(g) ⇄ 2 HI(g) 
At Equilibrium,   [H2] = 0.100 M  ,    [I2] = 0.100 M    and  [HI] = 0.714 M.     Calculate the value of Kc. 

 
 
6.Given the initial concentrations shown below, find the equilibrium concentrations for A, B, and C.       

 K = 9.0 x 10 -8
           [A] = [B] = 0.300M  Use a (R )ICE chart to support  

                       A(g)          +          B(g)        ⇆     2C(g)                   
 
 
 
 
7. Find final equilibrium concentration for HA, H+ and A-.  Initial [HA] = 0.50M.  Use a (R )ICE chart to support.                        
HA  ⇆   H+  + A-        K= 2.0 x 10 -5 

 
 
 
 
8.                       

 
 
 
 
9.   A 0.0010 mol sample of K2SO4(s) is added to the solution in the flask.  Will a precipitate occur?  Explain.   

 
 
 
 
 
 

 
10.  For the endothermic reaction below, which change would cause the equilibrium to shift to the right? Justify.  
 CH4(g) + 2H2S(g) ↔ CS2(g) + 4H2(g)  

(a) Decrease the concentration of dihydrogen sulfide.  



 
(b) Increase the pressure on the system.  

 
 

(c) Increase the temperature of the system.  
 
 

(d) Increase the concentration of carbon disulfide.  
 
 

(e) Decrease the concentration of methane.   
 

 
11.  Predict the effect of decreasing the temperature on the position of the following equilibria. Justify. 
(a) H2(g) + Cl2(g) ↔ 2HCl(g)    ∆ H = + 49.7 kJ/mol 
 
 
 
(b) 2NH3(g) ↔ N2(g) + 3H2(g)                              ∆ H = 37.2 kJ/mol 
 
 
 
(c) CO(g) + H2O(g) ↔ CO2(g) + H2(g)               ∆ H = -27.6 kJ/mol 
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