AP Chemistry 2026-2027 Summer Review .

Welcome to AP Chemistry. Summer review work is meant to get us off to a running start when fall arrives. You should already know
most of the material in this packet from your first-year chemistry class. Nonetheless, START NOW to make your way leisurely
through this review. Do not think you should wait until the very end of the summer, so it is "fresh in your mind." The LONGER it is in
your mind, the better it will stick. This review is only a brief overview of the different topics you should know. If you need more
extensive explanation list the topic in google and research it. Reliable youtuber that explain chemistry very well are; Khan academy,
The Organic Chemistry Tutor, and Professor Dave Explains. Other youtuber may NOT be accurate or reliable. Email me with any
questions or concerns. I will try to respond ASAP. My email is dying@cherrycreekschools.org

This packet contains topics on

1.) Nomenclature — (naming and writing formula) with the memorization of common polyatomics and elements.
Memorization of names, symbols (chemical formula) and charge is a must.

2.) PEN Tables — protons, neutrons, electrons, mass number and atomic mass.

3.) Electron configuration — long and abbreviated. Configuration of ions.

4.) Lewis Dot structures and VESPR — Recognizing VESPR shapes by the structure of compounds.

5.) Chemical Reactions — Writing out a chemical reaction and net ionic equations.

6.) Chemical composition — Percent composition, empirical and molecular formula.

7.) Stoichiometry — Stoichiometry, limiting and percent yield.

8.) Selution — Molarity, dilutions, millimoles.

9.) Gases — Simple gas laws, ideal gas law. Dalton’s law of partial pressure.

Nomenclature

You will be more successful in AP chemistry if you can name chemicals from their formulas, and if you can write chemical formulas
from the name of the chemical. You don’t need to know all polyatomic ions — just a short list will be helpful. You should be able to do
this with only the assistance of a periodic table, after memorizing the polyatomic ions in the charts below.

Polyatomic Ions -
Memorize the shaded ions (and learn the pattern so you can easily memorize their companions). Or just memorize all of them.

By learning the four shaded “-ate” ions
in the table to the right and knowing
that one less oxygen (same charge)

Polyatomic Ions to Memorize (Use the pattern to help)

turns the name to —ife, and two less hypo- (2 less O) -ite (1 less O) -ate per- (1 more O)
oxygens (when possible) turns the nitrite  NO2~ nitrate  NOs3~

name to hypo—xxx—ite and one more

oxygen (when possible) turns the name sulfite  SO3*" sulfate  SO4*~

to per—xxx—ate will make learning all

eighteen ions in the chart below as
easy as learning just four.

Memorize the six extra polyatomic ions
in the second table below, and don’t
forget ammonium in the table by itself.

phosphite PO3*

phosphate  PO4*~

hypochlorite ClO~

chlorite ClO2~

chlorate ClO3™

perchlorate ClO4™

hypobromite BrO~

bromite BrO:"

bromate BrOs~

perbromate BrOs~

hypoiodite 10~ iodite 102~ iodate 103~ periodate 104~

Odd Companions or No Companion

Acids and Bases

hydroxide ~OH- You will need to be able to name acids. Knowing your polyatomic ions is
critical in naming the acids. Use the chart below to review the pattern and
cyanide CN~ method of naming.
acctate  CotO: Demystifying the Naming of Acids
carbonate  CO3* bicarbonate HCO3~
permanganate  MnOs~ . ) Does the anion contain
purple color ammonium  NH4 oxygen?

if YES
check the ending of the root

—

if NO
hydro-(anion root)-ic

-ite -ate
(anion root)-ous (anion root)-ic
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You should learn your polyatomic ions well enough to write these names and formulas without looking at the polyatomic ion chart.
Use only the periodic table in this packet. (ANSWERS are on the following page)

Write chemical formulas for the following names. Write names for the following formulas.
1. sodium sulfite 21. Sr(CN)2
2. copper(Il) nitrate 22. H3POs

3. sulfur trioxide 23. ZnSO4

4. sodium hydroxide 24. Cu(SOs):
5. nitrogen dioxide 25. HaSO4

6. aluminum perchorate 26. AuOH

7. silver sulfide 27. K:COs

8. carbonic acid 28. NaHCO:s
9. ammonium phosphate 29. HCIOz
10. potassium permanganate 30. AgNO2
11. lead(Il) cyanide 31. HBrO

12. calcium acetate 32. KOH

13. nitrous acid 33. HC:H30:
14. hydroiodic acid 34. Ni(BrO2);
15. sodium bicarbonate 35. HBr

16. nickel(Il) iodate 36. NaMnOs4
17. chloric acid 37. P20s

18. aluminum sulfite 38. H3POs

19. phosphorous acid 39. (NHa4)2S04

20. barium hydroxide 40. Ni(OH)2




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

sodium sulfite
copper(Il) nitrate
sulfur trioxide

sodium hydroxide
nitrogen dioxide
aluminum perchorate
silver sulfide
carbonic acid
ammonium phosphate
potassium permanganate
lead(II) cyanide
calcium acetate
nitrous acid
hydroiodic acid
sodium bicarbonate
nickel(I1I) iodate
chloric acid
aluminum sulfite
phosphorous acid

barium hydroxide

Na:SO3
Cu(NO3):2
SOs
NaOH
NO:
Al(C104)3
Ag:S
H>COs
(NH4)3PO4
KMnOy4
Pb(CN):
Ca(C2H302)2
HNO:

HI
NaHCO3
Ni(103)s
HCIOs
AL(SO3)s
H3PO:;

Ba(OH):

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sr(CN)2
H3PO4
ZnSO4
Cu(S0s)2
H>SO4
AuOH
K>CO;s
NaHCOs
HCIO2
AgNO2
HBrO
KOH
HC2H302
Ni(BrO2)s
HBr
NaMnOs
P20s
H3PO4
(NH4)2S04

Ni(OH),

strontium cyanide
phosphoric acid

zinc sulfate
copper(IV) sulfite
sulfuric acid

gold(I) hydroxide
potassium carbonate
sodium bicarbonate
chlorous acid

silver nitrite
hypobromous acid
potassium hydroxide
acetic acid

nickel(III) bromite
hydrobromic acid
sodium permanganate
diphosphorus pentoxide
phosphoric acid
ammonium sulfate

nickel(IT) hydroxide



On the periodic table, each element has a great deal of information about it. The Atomic number is a whole number (no decimals)
and it represents the number of protons an element has. For a neutral atom the number protons equal the number of electrons. If an
atom has a charge, it is known as an ion. If an atom has more electrons than protons, it means it is a negative ion. If an atom has less
electrons than protons, it means it is a positive ion. Only the number of electrons can change for a certain element. If the number of
protons change then the atom is a different element. The decimal number is the atomic mass. The atomic mass represents two
important aspects of an atom. First, it represents the average number of protons and neutrons represented in the world. Second, it
represents the average atomic mass in amu. This is the amount of grams needed, to weigh out, to obtain one mole of that element. The
mass number is atomic mass rounded to a whole number. To calculate the number of neutrons, it is the number of protons subtracted
from the mass number.

Electron configuration
The electron configuration is the standard notation used to describe the electronic structure of an atom. Under the orbital
approximation, we let each electron occupy an orbital, which can be solved by a single wavefunction. The electron configuration
follows three set of three rules: the Aufbau Principle, the Pauli-Exclusion Principle, and Hund's Rule.

o The Aufbau Principle states that electron's occupy orbitals in order of increasing energy.

e Hund's Rule states that electrons must occupy the first empty orbitals before double occupying them.

e Pauli Exclusion Principle states that an atomic orbital that contains two electrons must have opposite spins.

Lewis Dot Structures

A Lewis Structure is a very simplified representation of the valence shell electrons in a molecule. It is used to show how the electrons
are arranged around individual atoms in a molecule. Electrons are shown as "dots" or for bonding electrons as a line between the two
atoms. The goal is to obtain the "best" electron configuration, i.e. the octet rule and formal charges need to be satisfied. Valence
electrons are the number of electrons that are available in the last outer electron shell.

Valence Shell Electron Pair Repulsion (VSEPR)

The VSEPR theory is used to predict the shape of the molecules from the electron pairs that surround the central atoms of the
molecule. The theory was first presented by Sidgwick and Powell in 1940. The VSEPR theory assumes that the molecule will take
shape such that electronic repulsion in the valence shell of that atom is minimized.
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1.

Complete the following table to demonstrate your knowledge of sub-atomic particles

symbol # of protons # of neutrons # of electrons atomic # mass # charge
24 21 0
18 15 31
13,C 13
17 35 1-
23 26 58
2. Write complete electron configurations for the following particles.
a. S
b. Zr
c. P¥
d Cr*
3. Write condensed electron configurations for the following particles.
a. Al
b. P
c. Sr
d. Pb
4. Complete the table on VSEPR
Compound Ve- Lewis Dot Structure Molecular Geometry

CO:

CH4

NH3

H-O

PCls




1.

Complete the following table to demonstrate your knowledge of subatomic particles

symbol # of protons # of neutrons # of electrons atomic # mass # charge
Sc 21 24 21 21 45 0
p* 15 16 18 15 31 3-
BeC 6 7 6 6 13 0
Cr 17 18 18 17 35 1-

8)6Fedt 26 32 23 26 58 3+

2. Write complete electron configurations for the following particles.
a. S 1s?2s*2p®3s?3p*
b. Zr 1s*2s?2p®3s? 3p® 4s?3d!04p° 5¢2 4d?
c. P¥ 1s22s%2p°3s? 3p°
d. Cr? 1s?25? 2p° 3s? 3p* 3d* (Cr atom will lose its valence “s” electrons because they are further from the nucleus.)
3. Write condensed electron configurations for the following particles.
a. Al [Ne]3s?3p!
b. Ge [Ar]4s?3d!4p’
c. Sr [Kr]5s?
d. Pb [Xe] 6s*4f'* 5d!° 6p?
4. Complete the table on VSEPR
Compound Ve- Lewis Dot Structure Molecular Geometry
CO2 16ve :O:C:O: Linear
:(|)|:
CCl4 32ve : Q|—(I3—Q| : Tetrahedral
:Cl:
NH; 8ve H- I}l —H Trigonal Pyramidal
H
H-0 8ve H/O\H Bent
: ||: :
CIF; 28ve ::CI;I—F T-Shaped
:F:




Chemical Reactions
There are 5 main reaction types.
Synthesis (S) is a reaction where two reactants forming one product.
Decomposition (D) is a reaction where one reactant breaks down into 2 or more products.
Combustion (C)is a reaction where a single element or compound combines with oxygen to form carbon dioxide and
water.
Single replacement (SR) is a reaction where a single element replaces a similar element in a compound.
Double replacement (DR) is a reaction where two ionic compounds switch.

Not only is it important to recognize these reactions but it’s also important to predict these reactions by looking at the
reactants.

Net ionic equation is a chemical equation that shows only those elements, compounds, and ions that are directly involved
in the chemical reaction.

5. Predict and balance the following reaction and list the reaction type.

Reaction type
Mg + Lo 2
b. Ba(NO3)2aq) + Na2SO3(q) 2
C. CH4(g) + Oz(g) >
d. Nags) + MgSOuaq) =2
c. F€C13(s) ->
f. Solid Calcium reacts with aqueous nickel(IlI) iodide
g. Dilute Sulfuric acid reacts with aqueous sodium hydroxide
h. Propane gas reacts with oxygen gas
1. Solid sodium oxide decomposes
J- Solid potassium reacts with nitrogen gas.

Net ionic equation
6. Write the complete ionic equation and the net ionic equation for the following reactions
a. Sodium sulfate reacts with iron(III) nitrate

b. Sodium reacts with silver nitrate

c. Potassium carbonate reacts with magnesium chloride



5. Predict and balance the following reaction and list the reaction type.

Reaction type
a. S Mg + Loy 2> Mgl
b. DR Ba(NOs)2@aq) + NaxSOsaq) 2 BaSOj3) + 2NaNOs(g)
c. C CHag) + Oze) 2 COy + H20q)
d. SR Li) + MgSOuq > LixSOuaq + M)
e. D 2FeCls) =2 2Fe(s) + 3Cla
f. SR 3Caw + 2Nilsag > 3Calyag + 2Nig
g. DR H2SO4aq) + 2NaOHag) =2 2H20¢) + NaxSOu4(ag)
h. C C3Hsy + 502 =2 3COx) + 4H20q)
i D 2Na,Os) =2 4Nag) + Oy
i 6K o) + N > 2KsN

Net ionic equation
6. Write the complete ionic equation and the net ionic equation for the following reactions
a. Sodium sulfate reacts with iron(III) nitrate
Complete: NasSOuaq) + FE(NO3)3taq) = Fea(SO4)3s)+ NaNOs(ag)

Net: SO42-(aq) + Fe3+(aq) = Fea(SO04)3s)
b. Sodium reacts with silver nitrate
Complete: Nag) + AgNOs3aq) 2 Ages) + NaNOsg)

Net: Nag) + Ag'ag > Age+ Na'ug
c. Potassium carbonate reacts with magnesium chloride

Complete: KoCOs(aq) + MgClaag) 2 2KClag) + MgCOs3)

Net: CO32-(aq) + Mg2+(elq) > MgCO3(S)



Percent Composition

Laboratory experiments can give the masses of the various elements contained in the total mass of the compound. This
common practice is called elemental analysis or mass percent composition or more simply percent composition.
Example, H20: 2 (1.01 g/mole) + 16.00 g/mole = 18.02 g/mole total (these numbers are the molar masses from the
periodic chart.)

2029 100 = 11.02% 0-16'009
"1002 YN T e YR

x 100 = 89.88%

Thus water is 11 % hydrogen and 89 % oxygen

Empirical and Molecular Formulas

As you know, the chemical formulas for molecular compounds are not always written in the lowest whole number ratios.
We have often used formaldehyde CH-O and sugar CsH120s as an example. Because of this, the elemental analysis to
determine empirical formulas would not allow a chemist to distinguish between sugar and formaldehyde. Another
analysis tool, mass spectroscopy would be needed to give one more piece of information: the molar mass of the
particular compound being analyzed. So the first 4 steps below will help determine the empirical formula, steps 5-6 must
be added to determine the molecular formula.

1. Divide each mass or mass percentage by the molar mass of the element, which will give the number of moles of
each element.

2. Divide the results from step 1 by whichever number of moles is the smallest. This maintains the mole ratios
from step 1 but bases them on the least abundant element being 1.

3. If some results are far from being whole numbers, multiply all the moles through by a common factor that will
convert all the mole amounts to whole numbers or near whole numbers.

4. Round each mole amount to the nearest whole number.

5. Ifamolar mass is given for the compound, calculate the molar mass for the empirical formula just established
from step 4. If the molar mass of the empirical formula is the same as the molar mass of the compound given in
the problem, then the empirical formula and the molecular formula are one and the same.

6. If the molar mass of the empirical formula is smaller than the molar mass of the compound, divide the two to
determine the whole number factor that the empirical formula must be multiplied by to determine the molecular
formula.

Sample Problem
Determine the empirical formula for some compound that was analyzed to be 1.33 g of carbon,0.22 g of hydrogen, and

1.78 g of oxygen. Determine the molecular formula for this compound if the molar mass was measured and found to be
180 g/mole.

» First do step 1 as outlined above.

C:1.33 mol =0.111mol H:0.22 1 mol =0.219mol 0:1.78 1 mol =0.111 mol
1133 gx 1201g % mo : 0. gxl.Olg = 0. mol 0:1. gx16.00g_ . mo
o  Proceed to step 2.
0.111mol 0.219 mol _ 0.111mol

"0.111mol LoH: 0.111 mol =20 0.111mol ~

Voila. The empirical formula is CH20
o Since steps 3 and 4 are not necessary, proceed to step 5
o For CH20 molar mass = 30 g/mole which is of course not the same as 180 g/mole

o  Proceed to step 6

180
— =6
© 30

o  Therefore when the factor of 6 is distributed through the empirical formula CH>O

o  Voila. The empirical formula converts to CsH1206

10



Summer Review: Percent Composition QUESTIONS
7. Bismuth subsalicylate, is the active ingredient in Pepto-Bismol which is used to treat upset stomachs. This chemical has the
formula C7HsBiOa.

a. Calculate the percent composition of bismuth subsalicylate.

b. If each tablet of the medication contains 262 milligrams of C7HsBiO4 calculate the mass of bismuth in 2 tablets.

8. Determine the empirical and molecular formula of benzene which contains only carbon and hydrogen and is 7.74% hydrogen by
mass. The molar mass of benzene is 78.1 g/mol.

9. 6.394 g of compound used as a drying agent is analyzed and determined to be 2.788 g phosphorus and 3.606 g oxygen. The molar
mass is approximately 284 g/mol. Determine the empirical and molecular formulas of this compound. What is the name of this
compound?



9.

Bismuth subsalicylate, is the active ingredient in Pepto-Bismol which is used to treat upset stomachs. This chemical has the
formula C7HsBiOa.

a. Calculate the percent composition of bismuth subsalicylate.
C,Hs;Bi0, 7(12.01g) + 5(1.008g) + (208.98g) + 4(16g) = 362.09 g

84.07 100 = 23.22% H 504 100 = 1.39 %
362.00 © - e2eeh Mz XU T T
g 20898 00=5771% H 100 = 17.68 %

L 36209 F UV TR Hagogg XU T A0

b. If each tablet of the medication contains 262 milligrams of C7HsBiO4 calculate the mass of bismuth in 2 tablets.
2x262 =524 g C,H;Bi0O, 524 g (C,HBi0,x 0.5771 =302.4 g Bi

Determine the empirical and molecular formula of benzene which contains only carbon and hydrogen and is 7.74% hydrogen by
mass. The molar mass of benzene is 78.1 g/mol.
100% total — 7.74%H = 92.26%C

= 7.68 mol. Thus CH 12.01 + 1.008 = 13.018

C 9226 gx %
“29% 1201y

7.68 mol.

P 1 mol B .
9% To8g ~ 13.018

Empirical formula: CH and molecular formula: CsHs

=6 Thus C4H,

6.394 g of compound used as a drying agent is analyzed and determined to be 2.788 g phosphorus and 3.606 g oxygen. The molar
mass is approximately 284 g/mol. Determine the empirical and molecular formulas of this compound. What is the name of this
compound?

P 2.788 L mol = 0.090 mol 0'090—1 2=2
eI X 300974 = VOOV MO bogo T AT

0.225
=0.225mol. ——=25x2=5 Thus P,0¢

0 3.606 g x
OU6gx 0.090

284
2(30.97) + 5(16) = 142, Taz = 2.Thus P50, tetraphosphorus decoxide

Empirical formula P.Os and molecular formula P4O10

12



A Typical Plan for Solving Stoichiometry Problems
There is a basic pattern to all stoichiometry problems, with variations depending on what information is given and what questions
must be answered. You are using dimensional analysis so be sure to set up your calculations with the starting units on top and is
cancelled out with the same units on the bottom. You should end the desired units and substance on the top of the last conversion.

A. You must start with a balanced equation.

B. Convert the units of any starting substances into moles. (USE Molar Mass (g/mol) complete this calculation)
Since the stoichiometric RATIO — coefficients from the balanced equation — is in moles, you must convert
the problem to moles.

C. Reread the problem to determine the information that you need to calculate. Use the stoichiometric RATIO to
convert from a known substance to the desired substance that you need to answer the question. Note that
the RATIO is set up with the known substance on the bottom (so it will cancel out) and with the desired
substance on the top.

D. Ifnecessary, convert any answers back into the desired units; grams, molecules, particles, volume, etc.

If your problems only involve moles, then you can skip steps B and D.

Sample Problem

Lithium hydroxide is used in space vehicles to remove exhaled carbon dioxide from the living environment by forming solid lithium
carbonate and liquid water. What mass of gaseous carbon dioxide can be absorbed by 1.00. kg of lithium hydroxide?

STEP A. balanced equation: 2LIOH + CO2 — LikCOs + H20
Notice that the starting info is given in kilograms, so 1.00 kg should be converted to grams. 1.00 kg = 1000 grams
1mol 1molCO, 44.01gCO,

23.99g* 2mol LiOH* 1mol CO,

Steps in the dimensional analysis: B. C. D.

1.00 x 103 g LiOH x =917 g CO,

STEP B. Change to moles using the molar mass of LiOH
STEP C. Change from moles of LiOH to moles of CO: using the coefficients from the balanced equation.
STEP D. Change from moles of CO2 back to grams of CO2 using the molar mass of COs.

Problem Solving Plan - Limiting Reactant and Percent Yield

For limiting reactant problems, the problem will give you information about two reactants as opposed to information given for only
reactant and an assumption that the other reactant is present in excess.

A. You must always start with a balanced equation.
B. Ifitis a limiting reactant problem.... Determine which reactant LIMITS.

C. First you must change your mass values to moles. NOTE: The mathematical trick to determine which reactant
limits is to divide the moles of each reactant by the coefficient (from the balanced equation) associated with that
reactant. The number that comes out the smallest indicates which reactant is the limiting one. The limiting
reactant is the one that you must base all your other calculations on because it is the substance that limits how
much of everything else can be made or is needed.

O

Solve the problem using the same steps for Stoichiometry problems above based on the limiting reactant.

E. Of course, the other reactant (if there’s only two) will be the excess reactant, and some of it will be left over. By
knowing which reactant limits and which is excess, use the limiting reactant to set up a stoichiometric RATIO,
to determine the mass of the excess reactant that is actually needed to do the reaction. Then, subtract the mass of
reactant that you just calculated was needed, from the amount of excess reactant started with, to determine the
mass of excess reactant that is left over.

F. Determining Percent Yield- After determining the LR, use the RATIO to calculate the theoretical amount of the
product for which you need a yield.

G. The experimental amount (actually produced) will be given in the problem. Use it to set up the equation below
and determine the percent yield:

Experimental

0fy — "
Theoretical x100% = PercentYield




10.

11.

12.

13.

14.

15.

16.

17.

Solutions of nickel(II) chloride and potassium phosphate will react to produce a light Concentration | Volume

green precipitate. Solution (Molarity) (Liters)
a. Write a balanced overall chemical equation to represent this reaction. N2:S:05 0.500 250.
b.  What mass of potassium phosphate in solution would be required to react NOCI 2.00 150.

completely with 0.875 g of nickel(II) chloride in solution?

NaOH 0.600 175

c. Calculate the theoretical mass of nickel(II) phosphate that could be produced.

d. Convert the overall equation to the net ionic equation.

Gallium metal reacts with perchloric acid. Assume that at room conditions, 24.0 L is the volume of 1.00 mole of gas.
a. Write both overall and net ionic balanced equations to represent this reaction.

b. If2.25 L of hydrogen gas were collected, what mass of gallium metal was dropped into the acid solution?

Aluminum will cause copper to reduce (react with) a solution of copper(Il) chloride.
Write a balanced net ionic chemical equation to represent this reaction.
b. Is 5.00 g of aluminum enough aluminum to reduce all of the copper(Il) ions from 750. ml of a 0.500 M solution?

c. If5.00 g of aluminum is more than enough, what mass would be left over? OR if 5.00 g of aluminum is not enough, what is
the additional mass of aluminum that would be needed to remove all of the copper(Il) ions from solution?

Hydrochloric acid reacts with solid magnesium hydroxide.
Write a balanced overall chemical equation to represent this reaction.

b.  What volume, in milliliters, of 0.25 M hydrochloric acid solution would be required to completely react with 4.56 g of
magnesium hydroxide?

c. Convert the balanced overall equation to a net ionic equation.

1.65 g of zinc is dropped into 150. ml of 0.250 M of hydrobromic acid.

a.  Write both overall and net ionic balanced chemical equations to represent this reaction.
b.  Which reactant is the limiting reactant in this chemical reaction?

c. Calculate the theoretical mass of solid zinc bromide that should be produced.

d. If Consuela and Pete were able to produce 3.67 g of the zinc bromide, what is their percent yield?

Eldon and Sally were preparing a sulfuric acid solution for a lab and they needed 500. mL of 0.045 M

a. Calculate the volume of 3.0 M solution that Eldon and Sally should measure out into the 500. mL volumetric flask.
b. What is the molarity of H" ions for the solution that Eldon and Sally prepared?

c.  What are the number of millimole of H* ions that are in Eldon and Sally's 500. mL of 0.045 M sulfuric acid solution?

Nitric acid will react with a sodium carbonate solution.

a. Write a balanced overall equation to represent this reaction. (Hint: one of the products is a phantom, and will turn into two
products. Refer to page 8 of this packet for more information.)
b.  What volume of 0.25 M nitric acid would be required to react completely with 245 ml of 0.38 M of the sodium carbonate
solution.
Na2S203aq) + 4NaOClag) + 2NaOHug) — 2Na2SOsag + 4 NaClag + H20w)

Answer the following questions about the balanced redox equation shown above. Substance| Amount
a. The student combines the solutions shown in the table to the right. Determine the limiting reactant. NS205 250 mL @
b. How many moles of water would be produced during this reaction? 158‘51\3 @

m
c. Convert the overall equation shown above into a net ionic equation. NaOCl 2.00M
175mL @
NaOH 1 9.60M




10.

11.

12.

13.

14.

15.

16.

Solutions of nickel(II) chloride and potassium phosphate will react to produce a light green precipitate.
a.  3NiClaag) + 2K5PO4aq) — 6KClag + Niz(PO4)as)

b. 0.875 g NiCl, x —20L x ZmolKsPOs 212279 _ 956 g K, PO,
129.59 g 3 mol NiCl, 1mol
. 1mol 1mol Niz(P0y), 366,019 .
c. 0.875g NiCl, x 29595 © smoinic, ¥ tmol — 0.824 g Ni;(PO,),

d. 3Ni*"+ 2P0+ — Ni3(PO4)2

Gallium metal reacts with an aqueous perchloric acid solution. At room conditions, 24.0 L is the volume of 1.00 mole of gas.
a. Overall: 2Gag) + 6HClO4aq) — 2Ga(ClO4)3@aq + 3Hae  Net: 2Gae) + 6H'ag — 2Ga* g + 3Haw

b. 2.25LH,x 2% x 2molGa , 89729 _ 436 g Ga

240L 3mol Hy 1mol

Aluminum will cause copper to reduce from a solution of copper(Il) chloride.
a. 2A1(s) + 3Cu2+(aq) - 2A13+(aq) + 3Cu(s)

2 mol 26989 _

b. 05Mx0.75L x x = 6.745 g Al needed, thus 5.00 g of aluminum would NOT be enough.

3 mol Cu?+ 1 mol

c. 6.745g needed — 5.00g provided = 1.74 g (or 1.75 g) more aluminum would be needed

Hydrochloric acid reacts with solid magnesium hydroxide.
a. 2HClag + Mg(OH)2s) — 2H20q) + MgClag)

1mol 2mol HCl 1L
= 0.625L HCl
58.33 g 3mol Mg(OH), 0.25 mol

b. 456 gMg(OH), x
c.  This is 625 ml of hydrochloric acid

(Remember that molarity means moles/Liter, thus it is used in the dimensional analysis upside down.)
d. 2H%aq + Mg(OH)xs) — 2H200) + Mg* (g

1.650 g of zinc is dropped into 150. ml of 0.250 M of hydrobromic acid.
a. Overall: 2HBrug) + Zns) — 2Hag) + ZnBrag) Net: 2H%aq) + Zns) — 2Hae) + Zn* g

1molZn 65.38 g Zn

b. 0.25M x 0.15L = 0.0375mol HBr — 0.0375 mol HBr x =1.226g7Zn
2 mol HBr 1molZn
1mol ZnBr:; 225189
c. 0.0375mol HBr x —— HBTZ X Tooizng = 4.22 g ZnBr, Thus the HBr acid
d Experimental __ 3.67 g ZnBr; x 100 = 87.0% solution is limiting.
Theoretical 4.22 g ZnBry - L0

Eldon and Sally were preparing a sulfuric acid solution for a lab and they needed 500. ml of 0.045 M
a. MiVi=MV,, 3.0M x V2=0.045M x 500mL, V>=7.5mL

+
b. 0.045M H,S0, x —2""_ — 0.090 M H*

1mol HpSO4

c. 0.090 M H"x 500 mL = 45 millimol

Nitric acid will react with a sodium carbonate solution.

a. 2HNOs(aq) + Na2COsaq) — 2NaNOsq) + (H2COs decomposes to =>) HxOq) + COxy

mol 2mol HNO3 1L

b. 0.38 2= (M) x 0.245L Na,CO; x
L 1mol Na,CO3 0.25m

i 0.775 L HNO,



mol
0.38 T(M) x 0.245L Na,C0O; = 0.0931 mol Na,C0O5; 0.0931 mol Na,CO; x

Some of you may look at this and be confused by the single string of dimensional analysis. Perhaps you would prefer to think

about solving the problem in three parts as shown below:

2mol HNO,
1mol Na,CO4
moles _ 0.1862 mol

Molairty = Ter 0.25M = — x =0.775L HNO,

Na2S203(aq) + 4NaOCl(ag) + 2NaOH(aq) — 2Na2SOsq) + 4NaClg) + H2O)

17. Answer the following questions about the balanced redox equation shown above.

a.

0.125mol Na;S,03
1
0.300 mol NOCl

2.00M x 0.150 L = 0.300 mol NOC! — = 0.075 Na,S,04

0.500M x 0.250 L = 0.125 mol Na,S, 05 = 0.125 Na,S,0,

0.105 mol NaOHO

0.60M x 0.175 L = 0.105 mol NaOH —Y = 0.0525 Na,S,04

Thus NaOH is limiting because from NaOH, Na2S203 was the smallest amount of moles that can be produced.

1mol H,0
2mol NaOH

0.105 mol NaOH x =0.210 mol H.O

S203% (aq) + 40CI (aq) + 20H (aq) — 2S04 (aq) + 4Cl (ag) + H2O(w)
Note that the sodium spectator ions drop out of the overall equation.

= 1.862mol Na,(CO04

16



In doing mathematical problems in Chemistry, it is highly recommended to write the formula that you use. There are a

lot of topics in Chemistry and a lot of formula. To start a problem, it is best to write the equation that you use to justify
answer. If a problem isn’t justified well enough no credit will be given. Not only during the course but also on the AP
exam.

Solutions
This is the most common method of reporting concentration used in AP chemistry.

Moles of solute
Litere of Solution

Molarity is the number of moles of solute per liter of solution. Molairty (M) =

When a more concentrated solution is diluted, the moles of the solute will be the same before and after the dilution. This gives rise to

the dilution equation, which is just a variation of the molarity equation. Mi1V1=M:V:

Sample Problems

18. What is the molarity of a solution that contains 6.57 g of magnesium chloride in 250. mL of solution?

19. Given 25.0 mL of a 0.05 M of aluminum sulfate solution.
a. How many millimoles of aluminum sulfate does this solution contain?

b. How many millimoles of sulfate does this solution contain?

20. If 38.0 mL of a 6.0 M HCI solution are diluted to a final volume of 250 mL, what is the final concentration?

Gases

There are 4 properties that affect gases: pressure, volume, temperature and moles.

Pressure and volume are inversely related while pressure and temperature are directly related. You should know the
relationship between these 4 properties and if they are directly or indirectly related. The easiest way to tell is using the
ideal gas law.

The ideal gas law is the most common gas law used in AP Chemistry. The equation is PV=nRT. This equation uses all
4 properties of a gas with the universal gas constant. The value of the universal gas constant can change depending on
what units it has. Most of the time is it 0.08206 L atom mol” K™ but it can be 8.314 J mol”" K™ and 62.36 L torr mol!
K

Standard temperature and pressure (STP) is also used in AP Chemistry which represent temperature at 273.15K and 1.0 atm. The
volume of 1.00 mole at STP is 22.4 L mol™.

21. How many moles are in a 49.5 L vessel at 298K and a pressure of 1.15 atm?

22. What is the temperature in degree Celsius of 1.15 grams of Oz in a 315 mL container at 78.6 kPa?



ANSWER

18. What is the molarity of a solution that contains 6.57 g of magnesium chloride in 250. mL of solution?

e First you need to be able to write out the chemical formula for magnesium chloride, and calculate the molar mass.
«  MgCla 24.31+2x3545=9521 g/mol

1 mol mgcl,

e Next, convert the mass of magnesium chloride to moles. 6.57 g MgCl, x 9521 g Mg,

= 0.0690 mol MgcCl,

e Next apply the molarity equation. 0.069 mol _ 0.276M |Hey look! Molarity which is moles per liter, is also

0.25L . S,
millimoles per milliliter!!
5 mol _ 1000 millimol 1L 5 millimol
1L~ 1mol  “T1000mL*  1mL

19. Given 25.0 mL of a 0.05 M of aluminum sulfate solution

a. How many millimoles of aluminum sulfate does this solution contain?
Moles =MxV  0.05M x 25mL = 1.25 millimol

b. How many millimoles of sulfate does this solution contain?

To answer part (b) you need to write out the chemical formula for aluminum sulfate. ~ Alx(SO4)3

Thus you can see there are three sulfate ions per aluminum sulfate.

3 mol S0~ ions

1.25 mmol Al2(504)3 Xm

= 3.75 mmol S03 ions

20. If 38.0 mL of a 6.0 M HCI solution are diluted to a final volume of 250 mL, what is the final concentration?
To answer simply apply the dilution equation;, MiV1=M2V>
MiVi=M2Va, M, = , M:2=091M

6M x 38mL
250mL

21. How many moles of oxygen are in a 49.5 L vessel at 298K and a pressure of 1.15 atm?
To answer this, you will use the ideal gas law. PV=nRT

P=115atm PV =nRT

_ PV _ (1.15 atm)(49.5 L)

V=495L = =
RT  (0.08206 L atm mol=1 K—1)(298K)

= 2.33 mol

T=298K

22. What is the temperature in degree Celsius of 1.15 grams of Oz in a 315 mL container at 78.6 kPa?

To answer this, you will use the ideal gas law again but you need to convert to the correct units before plugging into the
equation. PV=nRT

P=786kPax —2" _ —0.776 atm V=315mLx —=—=0.315L
101.325 kPa 1000 mL
1.15 grams 0, = —2222_ — () 0360 mol O:
32 grams O,
_ PV _ (0.776 atm)(0.315 L) — 829K

nR  (0.0360 mol)(0.08206 L atm mol—1 K—1)

T°c=Tx+273.15
T°c =829+ 273.15 = 356.0°C



