AP* Chemistry
Stoichiometry
ATOMIC MASSES



12

C—Carbon 12—In 1961 it was agreed that this isotope of carbon would serve as the standard used to
determine all other atomic masses and would be defined to have a mass of EXACTLY 12 atomic mass
units (amu). All other atomic masses are measured relative to this.
mass spectrometer—a device for measuring the mass of atoms or molecules
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atoms or molecules are passed into a beam of high-speed electrons
this knocks electrons OFF the atoms or molecules transforming them into cations
apply an electric field
this accelerates the cations since they are repelled from the (+) pole and attracted toward the (−)
pole
send the accelerated cations into a magnetic field
an accelerated cation creates it’s OWN magnetic field which perturbs the original magnetic field
this perturbation changes the path of the cation
the amount of deflection is proportional to the mass; heavy cations deflect little
ions hit a detector plate where measurements can be obtained.
Mass 13 C
 1.0836129  Mass 13 C  (1.0836129)(12 amu)  13.003355 amu
Mass 12 C

Exact by definition
average atomic masses—atoms have masses of whole numbers, HOWEVER samples of quadrillions of
atoms have a few that are heavier or lighter [isotopes] due to different numbers of neutrons present
percent abundance--percentage of atoms in a natural sample of the pure element represented by a
particular isotope
percent abundance =
number of atoms of a given isotope
× 100%
Total number of atoms of all isotopes of that element
counting by mass—when particles are small this is a matter of convenience. Just as you buy 5 lbs of
sugar rather than a number of sugar crystals, or a pound of peanuts rather than counting the individual
peanuts….this concept works very well if your know an average mass.
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mass spectrometer to determine isotopic composition—load in a pure sample of natural neon or other
20
substance. The areas of the “peaks” or heights of the bars indicate the relative abundances of 10
Ne ,
21
10

Ne , and

Exercise 1

22
10

Ne

The Average Mass of an Element

When a sample of natural copper is vaporized and injected into a mass spectrometer, the results shown in the
figure are obtained. Use these data to calculate the average mass of natural copper. (The mass values for 63Cu
and 65Cu are 62.93 amu and 64.93 amu, respectively.)

63.55 amu/atom

THE MOLE



mole—the number of C atoms in exactly 12.0 grams of 12C; also a number, 6.02 × 1023 just as the word
“dozen” means 12 and “couple” means 2.
Avogadro’s number—6.02 × 1023, the number of particles in a mole of anything

DIMENSIONAL ANALYSIS DISCLAIMER: I will show you some alternatives to dimensional analysis.
WHY? First, some of these techniques are faster and well-suited to the multi-step problems you will face on
the AP Exam. Secondly, these techniques better prepare you to work the complex equilibrium problems you
will face later in this course. Lastly, I used to teach both methods. Generations of successful students have
encouraged me to share these techniques with as many students as possible. They themselves did, once they got
to college, and made lots of new friends once word got out they had this “easy way” to solve stoichiometry
problems—not to mention their good grades! Give this a try. It doesn’t matter which method you use, I
encourage you to use the method that works best for you and lets you solve problems accurately and quickly!
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ALTERNATE TECHNIQUE #1—USING THE MOLE MAP:
Simply reproduce this map on your scratch paper until you no longer need to since the image will be burned
into your brain!

MULTIPLY [by the conversion factor on the arrow] when “traveling” IN THE
DIRECTION OF THE ARROW and obviously, divide when “traveling” against an
arrow.
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Exercise 2
Determining the Mass of a Sample of Atoms
Americium is an element that does not occur naturally. It can be made in very small amounts in a device known
as a particle accelerator. Calculate the mass in grams of a sample of americium containing six atoms.

2.42 × 1021 g

Exercise 3
Determining Moles of Atoms
Aluminum is a metal with a high strength-to-mass ratio and a high resistance to corrosion; thus it is often used
for structural purposes. Calculate both the number of moles of atoms and the number of atoms in a 10.0-g
sample of aluminum.

0.371 mol Al
2.23 × 1023 atoms

Exercise 4
Calculating the Number of Moles and Mass
Cobalt (Co) is a metal that is added to steel to improve its resistance to corrosion. Calculate both the number of
moles in a sample of cobalt containing 5.00 × 1020 atoms and the mass of the sample.

8.31 × 104 mol Co
4.89 × 102 g Co

MOLAR MASS AND FORMULA WEIGHT






molar mass, MM--the sum of all of the atomic masses in a given chemical formula in units of g/mol.
It is also equal mass in grams of Avogadro’s number of molecules; i.e. the mass of a mole
empirical formula--the ratio in the network for an ionic substance
formula weight--same as molecular weight, just a language problem  “molecular” implies covalent
bonding while “formula” implies ionic bonding {just consider this to be a giant conspiracy designed to
keep the uneducated from ever understanding chemistry—kind of like the scoring scheme in tennis}.
Just use “molar mass” for all formula masses.
A WORD ABOUT SIG. FIG.’s—It is correct to “pull” from the periodic table the least number of sig.
figs for your MM’s as are in your problem—just stick with 2 decimal places for all MM’s —much
simpler!
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Exercise 5
Calculating Molar Mass I
Juglone, a dye known for centuries, is produced from the husks of black walnuts. It is also a natural herbicide
(weed killer) that kills off competitive plants around the black walnut tree but does not affect grass and other
noncompetitive plants [a concept called allelopathy]. The formula for juglone is C10H6O3.
(a) Calculate the molar mass of juglone.

(b) A sample of 1.56 × 102 g of pure juglone was extracted from black walnut husks. Calculate the number of
moles of juglone present in this sample.

a. 174.1 g
b. 8.96 × 10 mol juglone
5

Exercise 6
Calculating Molar Mass II
Calcium carbonate (CaCO3), also called calcite, is the principal mineral found in limestone, marble, chalk,
pearls, and the shells of marine animals such as clams.
(a) Calculate the molar mass of calcium carbonate.

(b) A certain sample of calcium carbonate contains 4.86 moles. Calculate the mass in grams of this sample.
Calculate the mass of the CO32 ions present.

a. 486 g
b. 60.01 g/mol; 292g CO32
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Exercise 7
Molar Mass and Numbers of Molecules
Isopentyl acetate (C7H14O2), the compound responsible for the scent of bananas, can be produced commercially.
Interestingly, bees release about 1µg (1 × 10-6 g) of this compound when they sting. The resulting scent attracts
other bees to join the attack.
(a) Calculate the number of molecules of isopentyl acetate released in a typical bee sting.

(b) Calculate the number of carbon atoms present.
5 × 1015 molecules
4 × 1016 carbon atoms

ELEMENTS THAT EXIST AS MOLECULES
Pure hydrogen, nitrogen, oxygen and the halogens exist as DIATOMIC molecules under normal conditions.
MEMORIZE!!! Be sure you compute their molar masses as diatomics. We lovingly refer to them as the “gens”,
“Hydrogen, oxygen, nitrogen & the halogens!”
Others to be aware of, but not memorize:
 P4—tetratomic form of elemental phosphorous; an allotrope
 S8—sulfur’s elemental form; also an allotrope
 Carbon—diamond and graphite covalent networks of atoms
PERCENT COMPOSITION OF COMPOUNDS
There are two common ways of describing the composition of a compound: 1) in terms of the number of its
constituent atoms and 2) in terms of the percentages (by mass) of its elements.
Percent Composition (by mass): The Law of Constant Composition states that any sample of a pure
compound always consists of the same elements combined in the same proportions by mass. Remember, all
part
percent calculations are simply
100%
whole

% comp = mass of desired element
total mass of compound

× 100%

Consider ethanol, C2H5OH
g
= 24.02 g
mol
g
Mass % of H = 6 mol × 1.01
= 6.06 g
mol
g
Mass % of O = 1 mol × 16.00
= 16.00g
mol
Mass of 1 mol of C2H5OH = 46.08 g

Mass % of C = 2 mol × 12.01
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NEXT, THE MASS PERCENT CAN BE CALCULATED:

Mass percent of C = 24.02 g C × 100% = 52.14%
46.08 g
Repeat for the H and O present.
Exercise 8
Calculating Mass Percent I
Carvone is a substance that occurs in two forms having different arrangements of the atoms but the same
molecular formula (C10H14O) and mass. One type of carvone gives caraway seeds their characteristic smell, and
the other type is responsible for the smell of spearmint oil. Calculate the mass percent of each element in
carvone.

C = 79.96%
H = 9.394%
O = 10.65%

Exercise 9
Calculating Mass Percent II
Penicillin, the first of a now large number of antibiotics (antibacterial agents), was discovered accidentally by
the Scottish bacteriologist Alexander Fleming in 1928, but he was never able to isolate it as a pure compound.
This and similar antibiotics have saved millions of lives that might have been lost to infections. Penicillin F has
the formula C14H20N2SO4. Calculate the mass percent of each element.

C = 53.82%
H = 6.47%
N = 8.97%
S = 10.26%
O = 20.49%
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DETERMINING THE FORMULA OF A COMPOUND

When faced with a hydrocarbon compound of “unknown” formula, one of the most common techniques is to
combust it with oxygen to produce oxides of the nonmetals CO2 and H2O which are then collected and
weighed.



Calculating empirical and molecular formulas: empirical formulas represent the simplest or smallest
ratio of elements within a compound while molecular formulas represent the actual numbers of elements
within a compound. The empirical mass is the least common multiple of the molar mass.
Example: CH2O is the empirical for a carbohydrate—get it? “carbon waters”.

Anyway, glucose is a perfect example of a carbohydrate (a sugar to be exact) with an empirical molar
mass of 12 + 2(1) + 16 = 30 g/mol and since glucose is 6 units of CH2O which is equivalent to (CH2O)6
or C6H12O6; the empirical mass of 30 is also multiplied by 6. Thus the MM of glucose is 180 g/mol.



Make your problem solving life easy and assume a 100 gram sample if given %’s—that way you can
convert the percents given directly into grams and subsequently into moles in order to simplify your life!

Other twists and turns occurring when calculating molar masses involve:



hydrates—waters of hydration or “dot waters”. They count in the calculation of molar masses for
hydrates and used to “cement” crystal structures together



anhydrous—means without water—just to complete the story—just calculate the molar masses of
anhydrous substances as you would any other substance

Example:

A compound is composed of carbon, nitrogen and hydrogen. When 0.1156 g of this compound is reacted with
oxygen [a.k.a. “burned in air” or “combusted”], 0.1638 g of carbon dioxide and 0.1676 g of water are collected.
Determine the empirical formula of the compound.
So, Compound + O2  oxides of what is burned. In this case Compound + O2  CO2 + H2O + N2
(clearly not balanced)
You can see that all of the carbon ended up in CO2 so…when in doubt, calculate THE NUMBER OF MOLES!!
0.1638 g CO2 ÷ 44.01 g/mol CO2 = 0.003781 moles of CO2 = 0.003781 moles of C (why?)
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Next, you can see that all of the hydrogen ended up in H2O, so….calculate THE NUMBER OF MOLES!!
So, 0.1676 g H2O ÷ 18.02 g/mol H2O = 0 .009301 moles of H2O, BUT there are 2 moles of H for each mole of
water [ Think “organ bank” one heart per body, one C per molecule of carbon dioxide while there are 2 lungs
per body, 2 atoms H in water and so on…] thus, DOUBLE THE NUMBER OF MOLES of H2O GIVES THE
NUMBER OF MOLES OF HYDROGEN!! moles H = 2 × 0 .009301 moles of H2O = 0.01860 moles of H
Therefore, the remaining mass must be nitrogen, BUT we only have mass data for the sample so convert your
moles of C and H to grams:
grams C = 0.003781 moles C × 12.01

grams H = 0.01860 moles H × 1.01

g
= 0.04540 grams C
mol

g
mol

Total grams :

= 0.01879 grams H
0.06419 total grams accounted for thus far

What to do next? SUBTRACT!
0.1156 g sample – 0.06419 total grams accounted for thus far = grams N left = 0.05141 g N so….
0.05141 g N ÷ 14.01

g
= 0.003670 moles N
mol

Next, realize that chemical formulas represent mole to mole ratios, so…divide the number of moles of each by
the smallest # of moles for any one of them to get a guaranteed ONE in your ratios…multiply by 2, then 3, etc
to get to a ratio of small whole numbers. Clear as mud? WATCH THE SCREENCAST!!
Element

# moles

C
H
N

0.003781
0.01860
0.003670

ALL Divided by the
smallest (0.003670
moles)
1
5
1

Therefore, the correct EMPIRICAL formula based on the data given is CH5N.
Finally (this is drumroll worthy), IF we are told that the MM of the original substance is 31.06 g/mol, then
simply use this relationship:
(Empirical mass)
×
n
=
MM
(12.01 + 5.05 + 14.01)
×
n
=
31.07 g/mol  n = 0.999678
This is mighty close to 1.0! Thus, the empirical formula and the molecular formula are one and the same.
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Exercise 10
Determine the empirical and molecular formulas for a compound that gives the following analysis in mass
percents:

71.65% C1

24.27% C

4.07% H

The molar mass is known to be 98.96 g/mol.

Empirical formula = CH2 C1
Molecular formula = C2H4C12
Exercise 11
A white powder is analyzed and found to contain 43.64% phosphorus and 56.36% oxygen by mass. The
compound has a molar mass of 283.88 g/mol. What are the compound’s empirical and molecular formulas?

Empirical formula = P2O5
Molecular formula = (P2O5)2 or P4O10
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Exercise 12
Caffeine, a stimulant found in coffee, tea, and chocolate, contains 49.48% carbon, 5.15% hydrogen,
28.87% nitrogen, and 16.49% oxygen by mass and has a molar mass of 194.2 g/mol. Determine the molecular
formula of caffeine.

Molecular formula = C8H10N4O2
BALANCING CHEMICAL EQUATIONS
Chemical reactions are the result of a chemical change where atoms are reorganized into one or more new
arrangements. Bonds are broken [requires energy] and new ones are formed [releases energy]. A chemical
reaction transforms elements and compounds into new substances. A balanced chemical equation shows the
relative amounts of reactants [on the left] and products [on the right] by molecule or by mole.

Subtle details:
 s, l, g, aq—state symbols that correspond to solid, liquid, gas,
aqueous solution
 NO ENERGY or TIME is alluded to
 Antoine Lavoisier (1743-1794)—The Law of Conservation of Matter: matter can be neither created nor
destroyed  this means you having to “balance equations” is entirely his fault!!
BALANCING CHEMICAL EQUATIONS

Begin with the most complicated-looking thing (often the scariest, too).

Save the elemental thing for last.

If you get stuck, double the most complicated-looking thing.

MEMORIZE THE FOLLOWING:

metals + halogens  MaXb

CH and/or O + O2  CO2(g) + H2O(g)

H2CO3 [any time formed!]  CO2 + H2O; in other words, never write carbonic acid as a
product, it spontaneously decomposes [in an open container] to become carbon dioxide and
water

metal carbonates  metal OXIDES + CO2
Stoichiometry
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Exercise 13
Chromium compounds exhibit a variety of bright colors. When solid ammonium dichromate, (NH4)2Cr2O7,
a vivid orange compound, is ignited, a spectacular reaction occurs. Although the reaction is actually somewhat
more complex, let’s assume here that the products are solid chromium(III) oxide, nitrogen gas (consisting of N2
molecules), and water vapor. Balance the equation for this reaction.

(NH4)2Cr2O7(s) → Cr2O3(s) + N2(g) + 4H2O(g)
(4 × 2) H
(4 ×2) H
http://www.youtube.com/watch?v=CW4hN0dYnkM

Exercise 14
At 1000ºC, ammonia gas, NH3(g), reacts with oxygen gas to form gaseous nitric oxide, NO(g), and water vapor.
This reaction is the first step in the commercial production of nitric acid by the Ostwald process. Balance the
equation for this reaction.

4 NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)
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STOICHIOMETRIC CALCULATIONS: AMOUNTS OF REACTANTS AND PRODUCTS
Stoichiometry – The study of quantities of materials consumed and produced in chemical reactions.
Stoichiometry is the most important thing you can learn as you embark upon AP Chemistry! Get good at
this and you will do well all year. This NEVER goes away!

It’s time to repeat my dimensional analysis disclaimer.
DIMENSIONAL ANALYSIS DISCLAIMER: I will show you some alternatives to dimensional analysis. WHY? First, some of
these techniques are faster and well-suited to the multi-step problems you will face on the AP Exam. Secondly, these techniques better
prepare you to work the complex equilibrium problems you will face later in this course. The first problem you must solve in the free
response section of the AP Exam will be an equilibrium problem and you will need to be able to work them quickly. Lastly, I used to
teach both methods. Generations of successful students have encouraged me to share these techniques with as many students as
possible. They did, once they got to college, and made lots of new friends once word got out they had this “cool way” to solve
stoichiometry problems—not to mention their good grades! Give this a try. It doesn’t matter which method you use, I encourage you
to use the method that works best for you and lets you solve problems accurately and quickly!

First you have to be proficient at the following no matter which method you choose!:
 Writing CORRECT formulas—this requires knowledge of your polyatomic ions and being able to use
the periodic table to deduce what you have not had to memorize. Review section 2.8 in your Chapter 2
notes or your text.
 Calculate CORRECT molar masses from a correctly written formula
 Balance a chemical equation
 Use the mole map to calculate the number of moles or anything else!
Remember the mole map? It will come in mighty handy as well!
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Here’s the “template” for solving the problems…you’ll create a chart. Here’s a typical example:

Example: Calculate the mass of oxygen will react completely with 96.1 grams of propane?
[notice all words—you supply the chemical formulas!]

Molar Mass:

(44.11)

Balanced Eq’n

C3H8

mole:mole
# moles
Amount

(32.00)

+ 5 O2

1

(44.01)

(18.02)

 3 CO2

+ 4 H2O

5

3

4

1. Write a chemical equation paying special attention to writing correct chemical formulas!
2. Calculate the molar masses and put in parentheses above the formulas—soon you’ll figure out you don’t
have to do this for every reactant and product, just those in which you are interested.
3. Balance the equation! Examine the coefficients on the balanced equation, they ARE the mole:mole
ratios! Isolating them helps you internalize the mol:mol until you get the hang of this.
4. Next, re-read the problem and put in an amount—in this example it’s 96.1 g of propane.

Molar Mass:
Balanced
Eq’n
mole:mole
# moles
amount

(44.11)

C3H8

(32.00)

+ 5 O2

(44.01)

(18.02)

 3 CO2

+ 4 H2O

1

5

3

4

2.18

10.9

6.53

8.71

96.1 grams

5. Calculate the number of moles of something, anything! Use the mole map. Start at 96.1 grams of C3H8,
divide the 96.1 g [against the arrow on the mole map] by molar mass to calculate the # moles of
propane.
6. USE the mole: mole to find moles of EVERYTHING! If 1 = 2.18 then oxygen is 5(2.18) etc…. [IF the
first mol amount you calculate is not a “1”, just divide appropriately to make it “1” before moving on to
calculate the moles of all the rest!] Leave everything in your calculator—I only rounded to save space!
7. Re-read the problem to determine which amount was asked for…here’s the payoff….AP problems ask
for several amounts! First, we’ll find the mass of oxygen required since that’s what the problem asked.
31.95 moles × 44.01 g/mol = 349 g of oxygen
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Now, humor me…What if part (b) asked for liters of CO2 at STP [1 atm, 273K]?
Use the mole map. Start in the middle with 6.53 moles × [in direction of arrow] 22.4 L/mol = 146 L

Molar Mass:
Balanced
Eq’n
mole:mole
# moles
amount

(44.11)

C3H8

(32.00)

+ 5 O2

(44.01)

(18.02)

 3 CO2

+ 4 H2O

1

5

3

4

2.18

10.9

6.53

8.71

96.1 grams

349 g

146 L

What if part (c) asked you to calculate how many water molecules are produced?
Use the mole map , start in the middle with 8.71 mol water × 6.02 × 1023

molecules
mol

= 5.24 × 1024 molecules

of water.
Try these two exercises with whichever method you like best!
Exercise 15
Solid 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?

920. g

Exercise 16
Stoichiometry
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Baking soda (NaHCO3) is often used as an antacid. It neutralizes excess hydrochloric acid secreted by the
stomach:
NaHCO3(s) + HC1(aq) → NaC1(aq) + H2O(l) + CO2(aq)
Milk of magnesia, which is an aqueous suspension of magnesium hydroxide, is also used as an antacid:
Mg(OH)2(s) + 2HC1(aq) → 2H2O(l) + MgC12(aq)
Which is the more effective antacid per gram, NaHCO3 or Mg(OH)2? Justify your answer.

Mg(OH)2
CALCULATIONS INVOLVING A LIMITING REACTANT

Ever notice how hot dogs are sold in packages of 10 while the buns come in packages of 8? What’s up with
that?! The bun is the limiting reactant and limits the hot dog production to 8 as well! The limiting reactant [or
reagent] is the one consumed most entirely in the chemical reaction.
Let’s use a famous process [meaning one the AP exam likes to ask questions about!], the Haber process.
This reaction is essentially making ammonia for fertilizer production from the nitrogen in the air reacted with
hydrogen gas. The hydrogen gas is obtained from the reaction of methane with water vapor. This process has
saved millions from starvation!! The reaction is shown below.
Exercise17
Examine the particle views and explain the differences between the two situations pictured below with regard to
what is or is not reacting and total yield of ammonia.

N2(g) + 3H2(g)  2NH3(g)
Situation 1

Situation 2
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Plan of attack: First, you’ll know you when you even need a plan of attack! IF ever you are faced with
TWO starting amounts of matter reacting, you have entered “The Land of Limiting Reactant”.

When faced with this situation …calculate the number of moles of everything you are given. Set up your table
like before, only now you’ll have TWO amounts and thus TWO # ‘s of moles to get you started.
Cover one set of moles up (pretending you only had one amount to work from) and ask yourself, “What if all of
these moles reacted?” “How many moles of the other reactants would I need to use up all of these moles?”
Next, do the calculation of how many moles of the “other” amount(s) you would need. Do you have enough?
If so, the reactant you began with IS the limiting reactant. If not repeat this process with the “other” reactant
amount you were given.
It doesn’t matter where you start the “What if?” game….you get there either way.
Clear as mud? Read on…(and consider listening to the SCREENCAST!)
Let’s revisit the Haber process:

Molar Mass:
Balanced Eq’n

(28.04)

N2

(2.02)

+

3 H2

1

mole:mole

(17.04)



2 NH3

3

2

# moles
amount
Suppose 25.0 kg of nitrogen reacts with 5.00 kg of hydrogen to form ammonia. What mass of ammonia can be
produced? Which reactant is the limiting reactant? What is the mass of the reactant that is in excess?
**Insert the masses in the amount row and find the number of moles of BOTH!

Molar Mass:
Balanced
Eq’n
mole:mole
# moles
amount

(28.02)

N2

+

(2.02)

(17.04)

 2 NH3

3 H2

1

3

892 moles
25,000 g

2,475 moles
5,000 g

2

WHAT IF I used up all the moles of hydrogen? I’d need 1/3 × 2,475 moles = 825 moles of nitrogen.
Clearly I have EXCESS moles of nitrogen!! Therefore, hydrogen limits me.

OR
WHAT IF I used up all the moles of nitrogen? I’d need 3 × 892 moles = 2,676 moles of hydrogen.
Clearly I don’t have enough hydrogen, so it limits me!! Therefore nitrogen is in excess.

Continued on next page.
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Either way, I’ve established that hydrogen is the limiting reactant so I modify the table:
In English, that means I’ll use up all the hydrogen but not all the nitrogen!

Molar Mass:
Balanced Eq’n
mole:mole
# moles

(28.02)
+
N2
1
825 mol used
892 moles

amount

(2.02)
3 H2 
3

(17.04)
2 NH3
2
1650 mol
produced

2,475 moles

825 mol (28.02) =
23,116 g used
5,000 g

1650 mol (17.04)
= 28,116 g
produced

25,000 g
1,884 g excess!!
Here’s the question again, let’s clean up any sig.fig issues:
Suppose 25.0 kg of nitrogen reacts with 5.00 kg of hydrogen to form ammonia. (3 sig. fig. limit)
What mass of ammonia can be produced? 23,100 g produced = 23.1 kg (always polite to respond in the unit
given.
Which reactant is the limiting reactant? hydrogen—once that’s established, chunk the nitrogen amounts and let
hydrogen be your guide!
What is the mass of the reactant that is in excess? 1,884 g = 1.88 kg excess nitrogen!!
Exercise 18
Nitrogen gas can be prepared by passing gaseous ammonia over solid copper(II) oxide at high temperatures.
The other products of the reaction are solid copper and water vapor. If a sample containing 18.1 g of NH3 is
reacted with 90.4 g of CuO, which is the limiting reactant? How many grams of N2 will be formed?

CuO is limiting; 10.6 g N2
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Theoretical Yield: The amount of product formed when a limiting reactant is completely consumed. This
assumes perfect conditions and gives a maximum amount!! Not likely!
Actual yield: That which is realistic.
Percent yield: The ratio of actual to theoretical yield.

Actual Yield × 100% = Percent yield
Theoretical Yield
Exercise 19
Methanol (CH3OH), also called methyl alcohol, is the simplest alcohol. It is used as a fuel in race cars and is a
potential replacement for gasoline. Methanol can be manufactured by combination of gaseous carbon monoxide
and hydrogen. Suppose 68.5 kg CO(g) is reacted with 8.60 kg H2(g). Calculate the theoretical yield of
methanol. If 3.57 × 104 g CH3OH is actually produced, what is the percent yield of methanol?

Theoretical yield is 6.86 × 104 g
Percent yield is 52.0%
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P 9.1 (pg 1 of 2)

Stoichiometry – using just moles

Write out your work. Do it on another piece of paper so you have room to work, and we can look back at it if you are having
problems.
Circle your final answer. Put units, identifiers and descriptors on your answers. Concern yourself with significant figures.
1.

Acetylene is the fuel used in a welding torch. The balanced equation that represents the burning of this fuel is represented
below.
2 C2H2

2.

2 H2O

How many moles of carbon dioxide are produced when 4 moles of acetylene are burned?

c.

How many moles of water are produced when 4 moles of acetylene are burned?

The reaction below represents the formation of ammonia.
+

H2

NH3

→

a.
b.

This is only the skeleton equation. The formulas are correct, balance the equation above.
Calculate the number of moles of nitrogen gas are needed to produce 7.24 moles of ammonia.

c.

Calculate the number of moles of hydrogen gas are needed to produce 7.24 moles of ammonia.

The reaction below represents the preparation of carbon disulfide by reacting coke (carbon) with sulfur dioxide.
+

SO2

→

CS2

+

CO

a.
b.

This is only the skeleton equation. The formulas are correct, balance the equation above.
How many moles of carbon disulfide form when 2.7 moles of carbon react?

c.

How many moles of carbon are needed to react with 5.44 moles of sulfur dioxide?

d.

How many moles of carbon monoxide form at the same time that 0.246 mole of carbon disulfide form?

e.

How many moles of sulfur dioxide are required to make 118 moles of carbon disulfide?

The formation of aluminum oxide from its constituent elements is represented below.
+

O2

→

Al2O3 v

a.

This is only the skeleton equation. The formulas are correct, balance the equation above.

b.

How many moles of aluminum are needed to form 3.7 moles of aluminum oxide.

c.

How many moles of oxygen gas are required to react completely with 14.8 moles of aluminum?

d.

Calculate the number of moles of aluminum oxide formed when 0.78 mole of oxygen gas reacts with the necessary
amount of aluminum.

Write and balance an equation that represents the reaction between potassium and oxygen gas.
a. How many moles of potassium would be needed to completely react with 3.5 moles of oxygen.
b.

6.

+

b.

Al

5.

4 CO2

How many moles of oxygen gas are needed to completely react with 4 moles of acetylene?

C

4.

5 O2 →

a.

N2

3.

+

Determine the number of moles of potassium oxide that are formed.

Aluminum oxide combines with water to produce aluminum hydroxide as represented below.
a.
b.

Al2O3
+
3 H 2O
→
2 Al(OH)3
How many moles of water is needed to react with 5.7 moles of aluminum oxide?
How many moles of aluminum hydroxide can be produced when 5.7 moles of aluminum oxide reacts with the amount of
water calculated in part a?

P 9.2 (pg 1 of 2)

Stoichiometry – using mass

Name_____________________

Do your work on another piece of paper. Write down your steps and be sure and put units, identifiers and descriptors on your
answers. Concern yourself with significant figures.
1.

2.

SO2 +

O2

+

H2O → H2SO4

a.
b.

Balance the skeleton equation above.
What mass of H2SO4 will be produced from 365 g of SO2 and an excess amount of the other reactants?

c.

If you had 38.4 g of O2 and an excess amount of the other reactants, what mass of H2SO4 can be produced?

Iron reacts with oxygen gas to produce iron(III) oxide. When this occurs slowly, it is known as rusting.
a.

Write the balanced equation that describes this reaction.

b.

Given 14 g of iron, what mass of oxygen gas would be needed to completely react with this iron?

c.

Given 14 g of iron, and the amount of oxygen from part b determine the mass of iron(III) oxide that would be produced.

3.

How many grams water is produced from the complete combustion of 10.0 g of glucose, C6H12O6 ?
Be sure and first write a balanced equation.

4.

Ethane, C2H6 can be completely burned in a proper furnace.
a.

Write the balanced equation that represents this combustion reaction.

b.

How many grams of oxygen would be needed to completely burn 65.4 g of ethane?

c.

When 65.4 g of ethane is completely combusted, how many grams of carbon dioxide will be produced?

d.

When 65.4 g of ethane is completely combusted, how many grams of water will be produced?

5.

CuFeS2 +

O2 ----> Cu + FeO + SO2

a.
b.

Balance the reaction above. (beware: pay attention to the unit labels on the numbers.)
How many kg of copper can be produced from 127.6 kg of CuFeS2?

c.

How many kg of oxygen are needed to go with the 127.6 kg of CuFeS2?
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Stoichiometry – Percent Yield

Name____________________

You will notice that to speed your work, the molar masses for compounds were given for some of the problems.
Please put your work on another piece of paper - DO NOT do your work on the calculator until you have it worked out on the
page.
1.

2.

Write a single replacement reaction that represents the formation of silver and copper(II) nitrate.

MM g/mole
silver nitrate = 169.87
copper = 63.55
silver = 107.87
copper(II) nitrate = 187.55

a.

If you used 1.43 g of silver nitrate, what mass of copper would you need to go with it?

b.

If you used 1.43 g of silver nitrate, (and all the copper you would need) what mass of silver
crystal should be produced, and what mass of copper (II) nitrate should be produced?

c.

If you used 1.43 g of silver nitrate, (and all the copper you would need), and you produced
1.12 g of silver in the lab, determine the % yield of silver. If you produced 0.53 g of copper(II) nitrate, determine its
percent yield.

Write out a balanced equation for the reaction of iron(II) oxide and carbon monoxide to produce
iron and carbon dioxide.
a.

In the lab, you reacted 4.86 g of iron(II) oxide with an excess of carbon monoxide, and were
able to produce 3.0 g of iron. Determine the % yield of iron.

MM g/mole
iron(II) oxide = 71.85
carbon monoxide = 28.0
iron = 55.85
carbon dioxide = 44.0
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7.

For the balanced equation below,
C6H12O6 + 6 O2

Write the balanced equation that represents the synthesis of aluminum oxide from its elements.
a.

MM g/mole
Al2O3 = 102
O2 = 32.0
Al = 27.0

Determine the % yield of aluminum oxide if you started with 10.0 g of aluminum and as much
oxygen as necessary, and you were able to experimentally produce 14.4 g of aluminum oxide.

6 CO2

→

+

6 H2O

Determine the % yield if you actually did this reaction and experimentally produced 4.7 g of water from
10.0 g of glucose.

8.

Answer the following questions for the balanced equation below.
2 CuFeS2 + 5 O2

9.

How many kg of copper can be produced from 55.68 kg of oxygen and an excess amount of the
copper iron sulfide.

b.

Determine the % yield if you actually did this reaction and experimentally produced 43.7 kg of copper
from the situation described in part a).

For the balanced equation below,
→

2 Fe

+

6 CO2

In the lab, when 17.5 g of iron(III) oxide reacted with an excess of carbon monoxide and 10.1 g of
iron is produced, calculate the % yield.

MM g/mole
C6H12O6 = 180.0
O2 = 32.0
CO2 = 44.0
H2O = 18.0

MM g/mole
CuFeS2 = 183.54
O2 = 32.00
Cu = 63.55
FeO = 87.85
SO2 = 64.07

→ 2 Cu + 2 FeO + 4 SO2

a.

Fe2O3 + 3 CO
3.

Stoichiometry – Percent Yield

MM g/mole
iron(II) oxide = 159.7
carbon monoxide = 28.0
iron = 55.85
carbon dioxide = 44.0

10. For the balanced equation below,
4.

Write the reaction that represents the formation of carbon disulfide and carbon monoxide by reacting carbon
with sulfur dioxide.
a.

5.

6.

Determine the % yield of carbon monoxide, if in the lab you started with 46.5 g of carbon and an
unlimited amount of sulfur dioxide and you were able to experimentally produce 68.7 g of carbon
monoxide.

Answer the following questions for the balanced equation below.
2 H2O -→ 2 H2SO4
2 SO2 + O2 +
a.

How many grams of sulfuric acid will be theoretically produced from 365 g of sulfur dioxide and an
excess amount of the other reactants?

b.

Determine the % yield if you actually did this reaction and experimentally produced 500.0 g of sulfuric
acid from the situation described in part a

Write out a balanced equation that represents the combustion of isopropyl alcohol. C3H7OH
Beware: there is a small density twist in this problem.

SiO2 + 3 C → SiC
MM g/mole
C =12.0
SO2= 64.1
CS2 = 76.1
CO = 28.0

MM g/mole
SO2 = 64.1
O2 = 32.0
H2O = 18.0
H2SO4= 98.0

MM g/mole
isopropylalcohol = 60.0
oxygen = 32.0
carbon dioxide = 44.0
water = 18.0

a.

If you were given 5.6 ml of isopropyl alcohol, what mass of oxygen would be needed to go with
it to completely burn the alcohol?

b.

If you were given 5.6 ml of the isopropyl alcohol, (and all the oxygen you would need) what mass of carbon dioxide
would be produced?

c.

If after doing the combustion in the lab, you measured 7.8 g of carbon dioxide produced, calculate the % yield.

+ 2 CO

a.

How many grams of carbon monoxide can be produced from 1.24 g of carbon and an excess amount of
silicon dioxide?

b.

Determine the % yield if you actually did this reaction and experimentally produced 1.26 g of carbon
monoxide from the situation described in part “a”

MM g/mole
SiO2 = 60.1
C = 12.0
SiC = 40.1
CO = 28
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Stoichiometry – Limiting Reactants − moles

Name______________________

Concern yourself with significant figures.
For each problem, the starting amount of each reactant is listed below each reactant.
1.

2 Al
+
3 Cl2
→
2 AlCl3
Given: 3.6 moles Al and 5.3 moles Cl2
a. Identify the limiting reactant.
b. Calculate the number of moles of product formed.
c. Calculate the number of moles of excess reactant remaining after the reaction has used up all of the limiting reactant.

2.

2 H2
+
O2
→ 2 H 2O
Starting with: 6.4 moles H2 and 3.4 moles O2
a. Identify the limiting reactant.
b. Calculate the number of moles of product formed.
c. Calculate the number of moles of excess reactant remaining after the reaction has used up all of the limiting reactant.

3.

P4O10 +
6 H2O
→
4 H3PO4
Given: 0.48 mole P4O10 and 1.52 moles H2O
a. Identify the limiting reactant.
b. Calculate the number of moles of product formed.
c. Calculate the number of moles of excess reactant remaining after the reaction has used up all of the limiting reactant.

4.

4P
+
5 O2
→
P4O10
Using: 14.5 moles P and 18.0 moles O2
a. Identify the limiting reactant.
b. Calculate the number of moles of product formed.
c. Calculate the number of moles of excess reactant remaining after the reaction has used up all of the limiting reactant.
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1.

Stoichiometry -

Consider the reaction below.
Na3PO4 (aq) + Ba(NO3)2 (aq) →

Limiting Reactant – mass

Ba3(PO4)2 (ppt) +

Who causes the reaction to stop?

NaNO3 (aq)

Suppose you react 4.00 g Na3PO4 with 4.00 g of Ba(NO3)2
a. Balance the equation above.
b. Which is the limiting reactant?
c. Which substance is left over? What mass?
2.

3.

Consider the reaction between magnesium and chlorine gas.
Given 2.0 g of magnesium, and 5.0 g of chlorine gas:
a. Write a balanced equation.
b. Determine which substance limits the reaction.
c. Is there anything left over? Which substance? What mass?
Consider the reaction for the synthesis of H2O from hydrogen gas and oxygen gas.
If you have been given 28.5 grams of O2 and 26.9 grams of H2
a.
b.
c.

4.

5.

6.

7.

Write a balanced equation
Which gas is the limiting reactant?
Which gas is left over? How many grams of it?

Consider the reaction of phosphoric acid reacting with aluminum to produce aluminum
phosphate and hydrogen gas.
Suppose you used 1.82 g of phosphoric acid and 0.659 g of aluminum.
a. Write the balanced equation for the reaction described above.
b. Which reactant limits the reaction?
c. Which reactant is in excess?
d. How many grams of the excess reactant are left over?
Consider the reaction of magnesium nitride with water to form magnesium hydroxide and
ammonia gas (aka nitrogen trihydride)
If you did this reaction with 58.1 g of magnesium nitride and 20.4 g of water,
a. Write a balanced equation that describes the reaction
b. What mass of each product could you make?
c. How much of which reactant is left over.
Consider the reaction between gold(III) sulfide and hydrogen gas to produce dihydrogen sulfide
gas and gold.
If 500.00 g of gold(III) sulfide is reacted with 5.67 g of hydrogen gas,
a. Write a balanced equation that represents the reaction above.
b. Which reactant is limits the reaction?
c. Which reactant is in excess? What mass of the excess is left over?
d. What mass of each gold could be formed?

MM g/mole
sodium phosphate = 164
barium nitrate = 261
barium phosphate = 602
sodium nitrate = 87.0

MM g/mole
magnesium = 24.3
chlorine gas = 70.9
magnesium chloride = 95.2

MM g/mole
hydrogen = 2.02
oxygen gas = 32.0
water = 18.0

MM g/mole
aluminum = 27.0
phosphoric acid = 98.0
aluminum phosphate = 122
hydrogen gas = 2.02

MM g/mole
magnesium nitride = 100.9
water = 18.0
magnesium hydroxide = 58.3
ammonia = 17.0

MM g/mole
gold(III) sulfide = 490.15
hydrogen gas = 2.02
dihydrogen sulfide = 34.0
gold = 197

MM g/mole
C3H6 = 42.1
ammonia = 17.0
oxygen = 32.0
C3H3N = 53.0
Consider the reaction of ammonia (NH3) with propene (C3H6) and oxygen gas to produce C3H3N and water. water = 18.0

If you start with 22.5 g of propene and 20.6 g of ammonia and 18.1 g of oxygen gas,
a. Write a balanced equation for the reaction
b. How much water can be produced?
8.

MM g/mole
aluminum = 27.0
oxygen gas = 32.0
aluminum oxide = 102

Write the balanced equation that describes the reaction of aluminum burning in oxygen gas to
produce aluminum oxide.
If you used 500.0 g of oxygen gas and 500.0 g of aluminum,
a. Write the balanced equation that describes the reaction above.
b. Which reactant limits the reaction?
c. Which reactant is in excess?
d. If you wanted to use up all of the excess reactant, how many more grams of the limiting reactant must be added.
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Stoichiometry Review

Please do your work on a separate piece of paper so that you have room to write out your dimensional analysis.
Write out your work before you even consider going to the calculator. It’s more important that you can set up the problem.
Pushing the calculator is just busy-work. Label your work carefully.
1.

Balanced Equation: 2 Na3PO4 (aq) + 3 Ba(NO3)2 (aq) →
If you react 5.7 moles of Na3PO4 with barium nitrate.
a.
b.

2.

3.

Ba3(PO4)2 (ppt) +

6 NaNO3 (aq)

How many moles of barium nitrate would you need to go with it?
What mass of sodium nitrate would you be able to produce?

Balanced Equation: 2 Mg + O2 → 2MgO
If you have 20 moles of oxygen gas and 10 moles of magnesium.
a. Determine which substance limits the reaction.
b. Is there anything left over? Which substance? How many moles?
c. Keep your wits about you, read the question….you can do this one! If you wanted to use up
all the excess reactant, how many more moles of the limiting reactant would you need to add?
Balanced Equation: 2 H2 + O2 → 2 H2O
You have 50.0 grams of O2 and 10.0 grams of H2 to react together.
a.
b.

Which gas is the limiting reactant?
Which gas is left over? How many grams of it?

4.

Balanced Equation: 2 Al + 3 H2SO4 → Al2(SO4)3 + 3 H2
You combine 20.0 g of aluminum and 30.0 g of sulfuric acid.
a. How many grams of each product could you produce?

5.

Balanced Equation: Mg3N2 + 6 H2O → 3 Mg(OH)2 + 2 NH3
In the lab you did this reaction with 58.0 g of magnesium nitride and 62.1 g of water, and you
produced 10.0 g of ammonia
a. Determine the % yield of ammonia.
b. Is there any reactant left over? What mass?

6.

Balanced Equation: Au2S3 + 3 H2 → 3 H2S
+ 2 Au
In the lab, 505 g of gold(III) sulfide is reacted with 5.00 g of hydrogen gas and 327 g of gold was
produced.
a. Which reactant is limits the reaction?
b. Which reactant is in excess? What mass of the excess is left over?
c. Determine the % yield of gold. What does this % yield tell you about the purity of your gold?

7.

Balanced Equation: 2 C3H6 + 2 NH3 + 3 O2 → 2 C3H3N + 6 H2O
You have access to 12 moles of ethene and 15 moles of ammonia and 16 moles of oxygen.
a. What mass of water can be produced?

8.

Balanced Equation: 2 Al + 2 H3PO4 → 2 AlPO4 + 3 H2
You would like to produce 5.00 g of aluminum phosphate.
a. What mass of aluminum should you start with to react with your excess mass of phosphoric
acid?
b. How many moles of hydrogen gas did you produce at the same time?

MM g/mole
sodium phosphate = 164
barium nitrate = 261
barium phosphate = 602
sodium nitrate = 87.0

MM g/mole
magnesium = 24.3
oxygen gas = 32.0
magnesium oxide = 40.3

MM g/mole
hydrogen = 2.02
oxygen gas = 32.0
water = 18.0
MM g/mole
aluminum = 27.0
sulfuric acid = 98.0
aluminum sulfate = 342
hydrogen gas = 2.0
MM g/mole
magnesium nitride = 100.9
water = 18.0
magnesium hydroxide = 58.3
ammonia = 17.0

MM g/mole
gold(III) sulfide = 490.15
hydrogen gas = 2.02
dihydrogen sulfide = 34.0
gold = 197

MM g/mole
C3H6 = 42.0
ammonia = 17.0
oxygen = 32.0
C3H3N = 53.0
water = 18.0
MM g/mole
aluminum = 27.0
phosphoric acid = 98.0
aluminum phosphate = 122
hydrogen = 2.02

Here is a challenge problem to try.
9. Balanced Equation: 4 Al + 3 O2 → 2 Al2O3
When reacting aluminum with excess oxygen, the reaction consistently gives only a 75% yield. What MM g/mole
aluminum = 27.0
mass of aluminum should you start with if you would like to produce 10.0 g of aluminum oxide in
oxygen gas = 32.0
the lab?

aluminum oxide = 102
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S’mores - Balancing Equations
Stoichiometry - Limiting Reactants

Name_____________________

Stoichiometry simply means calculations based on a balanced chemical equation. To be successful with stoichiometry problems,
you must be able to 1) write appropriate chemical formulas 2) balance equations 3) make “stoichiometric LINKS” between two or
more parts of an equation. In this “experiment” you will practice your skills of balancing equations and study the concept of
limiting reactants. A limiting reactant is the reactant that “runs out” first and therefore limits the reaction – limits how much
product can be made.
The reaction we will study is the formation of a highly complicated dessert molecule which is commonly found on camping trips,
namely, the S’more. For those of you unfamiliar with S’mores, it is made by first toasting a marshmallow and then sandwiching it
between two graham crackers with a chunk of chocolate.
For our experiment, we will use the following symbols to
represent the atoms and molecules involved:
Gc = graham cracker atom

M = marshmallow atom

H = Hershey atom

Gc 2

M

H 12

diatomic Graham molecule

Marshmallow atom

large Hershey molecule

As you can see, NOT all elements are found monatomically in nature but rather as molecules in the case of graham crackers and
Hershey bars. Marshmallows are found as a monatomic element, M. Graham crackers are found as diatomic molecules, Gc2 as
can be seen in the diagram in the diagram above. Hershey bars are found naturally as a large molecule consisting of 12 individual
Hershey atoms, H12.
1.

S’mores have the following formula: Gc4MH3. Based on this and the formulas for the atoms and molecules represented
above, write the balanced equation for the combination reaction that describes the synthesis of S’mores.

2.

Set the following problems up using dimensional analysis, showing your work in the space below. Suppose you were given
an unlimited amount of graham cracker molecules and marshmallow atoms but only 3 Hershey molecules:
a.

How many S’mores could you make?

b.

How many graham cracker molecules would you need?

c.

How many marshmallow atoms would you need?
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3.

S’mores - Balancing Equations

Stoichiometry - Limiting Reactants

Set the following problems up using dimensional analysis, showing your work in the space below. Consider the following
situations:
a. How many S’mores can be made with 5 marshmallow atoms (assuming the other ingredients are present)?

b.

How many S’mores can be made with 1 Hershey molecule(assuming the other ingredients are present)?

c.

How many S’mores can be made with 6 graham cracker molecules (assuming the other ingredients are present)?

d.

Now consider the calculations you just made in a, b, and c and decide if you were given 5 marshmallow atoms, 1
Hershey molecule, and 6 graham cracker molecules, and no other ingredients, how many S’mores could you make?

e.

Which ingredient limited the amount of S’mores you can make?

f.

Calculate the amount of the other two reactants needed to go with the limiting reactant.

g.

Now that you know how much of the two excess ingredient are actually needed to make the S’mores, and you already
know how much of each excess ingredient was given, make a simple subtraction to figure out how much of each excess
ingredient will be left over.

LAD 9.3 (pg 3 of3)

4.

S’mores - Balancing Equations

Stoichiometry - Limiting Reactants

Set the following problems up using dimensional analysis, showing your work in the space below. Suppose you were given
50 marshmallow atoms, 5 Hershey molecules, and 76 graham cracker molecules:
a.

Which ingredient limits the S’more making?

b.

How many S’mores can you make?

c.

How much of which ingredients will be left over?

Unit B: Free Response Questions
The following free responses are taken DIRECTLY from released AP exams, the rubrics can be found at the end of this
packet. Try these and see how many points you can get on your own. Each should take you under 15 mins

1982

1986

1991

1993

1998

2000

2003B

Don’t look back here till you’ve tied the worksheets on your own
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ANSWERS

Stoichiometry – using just moles

In these problems, the ratio that is from the coefficients in the
balanced equation highlighted in red. The answers are in
blue.

4.

Use the coefficients in the balanced equation below to
make ratios to solve the problems:
a.

The answers are shown in blue. Put your work on paper and
label your numbers with units (moles, grams, etc),
identifiers (O2, H2O, etc,) and descriptors (needed,
produced, etc).

4 Al + 3 O2 → 2 Al2O3

b.

3.7molesAl2O3  4Al  = 7.4 mol Al needed.
 3Al O 
2 3

1.

c.

14.8moleAl  3O2  = 11.2 mol O2 needed


2Al 

d.

0.78moleO2  2Al2O3  = 0.52 mol Al2O3 formed
 3O 
2

Use the coefficients in the balanced equation to make
ratios to solve the problems:
2 C2H2 + 5 O2 → 4 CO2 + 2 H2O
a.

4 moles C2H2  5O2  = 10 mol O2 produced
 2C H 
2
2

b.

4 moles C2H2  4CO2  = 8 mol CO2 produced
 2C H 
2
2

c.

2.

3.

5.

4 moles C2H2  4H 2O  = 4 mol H2O produced
 2C H 
2
2

Use the coefficients in the balanced equation below to
make ratios to solve the problems:
a. N2 + 3 H2 → 2 NH3
b.

7.24 moles NH3  1N 2  = 3.62 mol N2 needed
 2NH 
3

c.

7.24 moles NH3  3H 2  = 10.9 mol H2 needed
 2NH 
3

6.

Use the coefficients in the balanced equation below to
make ratios to solve the problems:
a. 4 K + O2 → 2 K2O
b.

3.5moleO2  4K  = 14 mol K needed
 1O 
2

c.

3.5moleO2  2K 2O  = 7 mol K2O formed
 1O 
2

Use the coefficients in the balanced equation to make
ratios to solve the problems:
Al2O3 + 3 H2O → 2 Al(OH)3
a.

Use the coefficients in the balanced equation below to
make ratios to solve the problems:
a. 5 C + 2 SO2 → CS2 + 4 CO
b.

2.7 moles C  1CS2  = 0.54 mol CS2 produced


5C 

5.7molesAl2O3  3H 2O  = 17 mol H2O formed
 1Al O 
2 3
(only 2 sig figs in answer since there is only 2 sig
figs in the number given)

b.

5.7molesAl2O3  2Al(OH )3  = 11 mol Al(OH)3
 1Al O 
2 3
formed

c.

5.44 moles SO2  5C  = 13.6 mol C needed
 2SO 
2

d.

0.246 moles SO2  4CO  = 0.984 mol CO produced
 1CS 
2

e.

118 moles CS2  2SO2  = 236 mol SO2 required
 1CS 
2
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Stoichiometry – using mass

ANSWERS

In these problems, the ratio that is from the coefficients in the balanced equation highlighted in red. The answers are in blue.
Ideally you should keep the entire calculation in your computer and NOT round them off as you go. Do ALL you rounding at the
END.
Be sure and put your work on paper clearly and label your numbers with units (moles, grams, etc), identifiers (O2, H2O, etc,) and
descriptors (needed, produced, etc).
1.

2.

3.

See the answers below:
a. 2SO2 + O2 + 2H2O → 2H2SO4
b.

365 g SO2  1molSO2   2H 2 SO4   98.1gH 2 SO4  = 559 g H2SO4
 64.1gSO   2SO   1molH SO 
2
2
2
4

c.

38.4 g O2  1molO2   2H 2 SO4   98.1gH 2 SO4  = 235 g H2SO4
 32gO   1O   1molH SO 
2
2
2
4

See the answers below:
a.

4 Fe + 3 O2 → 2 Fe2O3

b.

14 g Fe  1molFe   3O2   32gO2  = 6.0 g of oxygen needed

 55.85gFe  
4Fe   1molO2 

c.

14 g Fe  1molFe   2Fe2O3   159.7gFe2O3  = 2.0 x 101 g of Fe2O3 should be produced

 55.85gFe  
4Fe   1molFe2O3 

C6H12O6 + 6 O2 → 6 CO2 + 6 H2O
10.0 g C6H12O6  1molC6 H 12O6   6H 2O   18gH 2O  = 6.00 g of water can be produced
 180gC H O   1C H O   1molH O 
6 12 6
6 12 6
2

4.

5.

See answers below:
a. 2 C2H6 + 7 O2 → 4CO2

+ 6 H 2O

b.

65.4 g C2H6  1molC2 H 6   7O2   32gO2  = 243 g of O2
 30.1gC H   2C H   1molO 
2
6
2
6
2

c.

65.4 g C2H6  1molC2 H 6   4CO2   44gCO2  = 191 g of CO2
 30.1gC H   2C H   1molCO 
2
6
2
6
2

d.

65.4 g C2H6  1molC2 H 6   6H 2O   18gH 2O  = 117 g of H2O
 30.1gC H   2C H   1molH O 
2
6
2
6
2

See answers below:
a.

2CuFeS2 +

b.

127.6 kg CuFeS2  1molCuFeS2   2Cu   63.55gCu  = 44.18 kg of copper should be produced
 183.54gCuFeS   2CuFeS   1molCu 
2
2

c.

127.6 kg CuFeS2  1molCuFeS2   5O2   32gO2  = 55.62 kg of oxygen needed to go with the CuFeS2
 183.54gCuFeS   2CuFeS   1molO 
2
2
2

5O2

→

2Cu

+ 2FeO + 4SO2

P 9.3 (pg 3 of 4)

Stoichiometry – Percent Yield

ANSWERS

In these problems, conversion of grams to moles is done in green, the ratio that is from the coefficients in the balanced equation
highlighted in red, and the conversion of moles to grams is done in purple. The answers are in blue. Ideally you do the complete
calculation of these numbers in your calculator and not round them off until the end.
The answers are shown in blue. Each problem is solved solved using dimensional analysis. Put your work on paper and label your
final answer with units, identifiers, and descriptors.
1.

P 9.3 (pg 4 of 4)

6.

Cu + 2 AgNO3 → 2 Ag + Cu(NO3)2
a. 1.43 g AgNO3  1molAgNO3   1Cu   63.55gCu  = 0.267 g copper needed
 169.87gAgNO   2AgNO   1molCu 
3
3
b.

1.43 g AgNO3  1molAgNO3   2Ag   107.87gAg  = 0.908 g silver can be produced (theor)
 169.87gAgNO3   2AgNO3   1molAg 
1.43 g AgNO3  1molAgNO3   1Cu(NO3 )2   187.57gCu(NO3 )2  = 0.789 g of Cu(NO3)2 produced (theoretical)
 169.87gAgNO   2AgNO   1molCu(NO ) 
3
3
3 2

c.

2.

FeO

+ CO → Fe
4.86 g FeO  1molFeO 
 71.85gFeO 

a.

3.

 1.12gAg(exp) 
 0.908gAg(theor)  × 100 = 123% Ag

7.

CO2
 1Fe   55.85gFe  = 3.78 g iron can be produced (theoretical)



1FeO   1molFe 

 14.4gAl2O3 (exp) 
 18.9gAl O (theor)  × 100 = 76.2 % yield aluminum oxide
2

3

5 C + 2 SO2 → CS2 + 4 CO
46.5g C  1molC   4CO   28.0gCO  = 86.8 g CO can be produced (theoretical)
 

 12.0gC  
5C   1molCO 
a.

a.

  32.0gO2  = 10.4 g but only 2 sf , so 1.0 x 101 g oxygen is needed
9O2
4.368 g C3H7OH  1molC3 H 7OH  
 60.0gC3 H 7OH   2C7 H 7OH   1molO2 

b.

4.368 g C3H7OH  1molC3 H 7OH   6CO2   44.0gCO2  = 9.6 g carbon dioxide can be produced
 60.0gC H OH   2C H OH   1molCO 
3
7
7
7
2

c.

 7.8gCO2 (exp) 
 9.6gCO (theor)  × 100 = 81 % yield of carbon dioxide

Using the equation: C6H12O6 + 6 O2 → 6 CO2 + 6 H2O
10.0 g C6H12O6  1molC6 H 12O6   6H 2O   18.0gH 2O  = 6.00 g of water can be produced(theoretical)
 180.0gC H O   1C H O   1molH O 
6 12 6
6 12 6
2
 4.7gH 2O(exp) 
× 100 = 78 % yield water.
thus 
 6.0gH 2O(theor) 

+

 3.0gFe(exp) 
 3.78gFe(theor)  × 100 = 79 % yield iron

2 C3H7OH + 9 O2
→ 6 CO2 + 8 H2O
Alert this problem has a twist – 5.6 ml of alcohol does NOT equal 5.6 g. You must first change 5.6 ml to grams using the
M
density equation D =
thus D × V = M The density of the alcohol is 0.78 g/ml × 5.6 ml = 4.4 g
V

2

8.

4 Al + 3 O2 → 2 Al2O3
10.0 g Al  1molAl   2Al2O3   102gAl2O3  = 18.9 g Al2O3

 27.0gAl  
4molAl   1molAl2O3 
a.

4.

 0.53gCu(NO3 )2 (exp) 
and 
× 100 = 67 % yield Cu(NO3)2
 0.789gCu(NO3 )2 (theor) 

Using the balanced equation 2 CuFeS2 + 5 O2 → 2 Cu + 2 FeO + 4 SO2
In this problem, you are given kilograms, but since the answer is also requested in kilograms, you may do allyour mole
conversions in grams and they will cancel with each other, leaving kilograms at the end
55.68 kg O2  1molO2   2Cu   63.55gCu  = 44.23 kg of Cu can be produced (theor)
 32.0gO   5O   1molCu 
2
2
a.

9.

 43.7kgCu(exp) 
 44.23kgCu(theor)  × 100 = 98.8 % yield copper

Use the equation: Fe2O3 + 3 CO → 2 Fe + 6 CO2
17.5 g Fe2O3  1molFe2O3   2Fe   55.85gFe  = 12.24 g iron may be produced(theor)
 159.7gFe O   1Fe O   1molFe 
2 3
2 3
 10.1gFe(exp) 
 12.24gFe(theor)  × 100 = 82.5 % yield iron

 68.7gCO(exp) 
 86.8gCO(theor)  × 100 = 79.1 % yield carbon monoxide
10. Using the balanced equation: SiO2 + 3 C

5.

Using the balanced equation:
a.

b.

ANSWERS

Stoichiometry – Percent Yield

2 SO2 + O2 + 2 H2O → 2 H2SO4

365 g SO2  1molSO2   2H 2 SO4   98.0gH 2 SO4  = 558 g of sulfuric acid can be produced
 64.1gSO   2SO   1molH SO 
2
2
2
4
 500gH 2 SO4 (exp) 
 558gH SO (theor)  × 100 = 89.6 % yield sulfuric acid
2

4

→ SiC

+ 2 CO

a.

1.24 g C  1molC   2CO   28.0gCO  = 1.93 g of carbon monoxide may be produced


 12.0gC  
1C   1molCO 

b.

 1.26gCO(exp) 
 1.93gCO(theor)  × 100 = 65.3 % yield carbon monoxide

P 9.4 (pg 2 of 2)

Stoichiometry – Limiting Reactants - moles

Answers

First you must recognize the fundamental difference in this problem type is that you have been give two reactant quantities. This
is distinctly different from the first three Practice Sheets in which you were given one quantity and an “unlimited” (or “excess”)
amount of the other reactant. As the title indicates, this problem is a limiting reactant problem. This means that one of the two
quantities given will “run out” and limit the amount of product that can be made.
When starting one of these problems, you first must determine which reactant is the “limiting reactant.” There is more than one
way to determine this, but one of the easiest is to be sure your quantities are in moles (as they are in all of these problems, but
may not be on later practice sheets) and divide each reactant mole amount by its own coefficient in the balanced equation. The
smallest number will indicate the limiting reactant. Do NOT use these numbers for any further calculations. To avoid potential
mistakes, start with the original amounts to answer any further questions.
1.

First determine which is the limiting reactant:
3.6molAl
5.3molCl2
= 1.8 >
= 1.77 the smaller number tells us which limits, thus the Cl2 limits
a.
3
2
b.

 2molAlCl3 
5.3molCl2 
= 3.5 mole of AlCl3 can be produced
 3molCl2 

c.

 2molAl 
5.3molCl2 
= 3.5 moles Al needed
 3molCl2 
Thus 3.6 mole Al given − 3.5 moles Al needed = 0.1 mole of Al left over

2.

First determine which is the limiting reactant:
6.4molH 2
3.4molO2
a.
= 3.2 <
= 3.4 the smaller number tells us which limits, thus the H2 limits
2
1
b.

 2molH 2O 
6.4molH 2 
= 6.4 mole of H2O can be produced
 2molH 2 

c.

 1molO2 
6.4molH 2 
= 3.2 moles O2 needed
 2molH 2 
Thus 3.4 mole O2 given − 3.2 moles O2 needed = 0.2 mole of O2 left over

3.

First determine which is the limiting reactant:
0.48molP4 O10
1.52molH 2O
a.
= 0.48 >
= 0.25 the smaller number tells us which limits, thus the H2O limits
1
6
b.

 4molH 3 PO4 
1.52molH 2O 
= 1.01 mole of H3PO4 can be produced
 6molH 2O 

c.

 1molP4 O10 
1.52molH 2O 
= 0.25 moles P4O10 needed
 6molH 2O 
Thus 0.48 mole P4O10 given − 0.25 moles P4O10 needed = 0.23 mole of P4O10 left over

4.

First determine which is the limiting reactant:
14.5molP
18molO2
= 3.625 1 >
= 3.6 the smaller number tells us which limits, thus the O2 limits
a.
5
4
b.

 1molP4 O10 
18molO2 
= 3.6 mole of P4O10 can be produced
 5molO2 

c.

 4molP 
18molO2 
= 14.4 moles P needed
 5molO2 
Thus 14.5 mole P given - 14.4 moles P needed = 0.1 mole of P left over

P 9.5 (pg 2 of 4)

Stoichiometry - Limiting Reactant – mass

ANSWERS

Who causes the reaction to stop?

P 9.5 (pg 3 of 4)

As in the P 9.4, you must recognize the fundamental difference in this problem type is that you have been give two reactant
quantities, however this time it is in mass, not moles. This is distinctly different from the first three Practice Sheets in which you
were given one quantity and an unlimited amount of the other reactant. As the title indicates, this problem is a limiting reactant
problem. This means that one of the two quantities given will “run out” and limit the amount of product that can be made.
When starting one of these problems, you first must determine which reactant is the “limiting reactant.” There is more than one
way to determine this, but one of the easiest is to convert your quantities to moles (“When in doubt, change to moles.”) and divide
each reactant’s mole amount by its own coefficient in the balanced equation. The resulting smallest number will indicate the
limiting reactant. Then do not use these numbers for any further calculations. Start with the original mass or mole amount of the
limiting reactant to answer any further questions.

c.

Suppose you used 1.82 g of phosphoric acid and 0.659 g of aluminum
a. 2 H3PO4 + 2 Al → 2 AlPO4 + 3 H2
b.

First determine which is the limiting reactant:
•

0.0186molH 2
= 0.00619 this number is smaller, thus H3PO4 limits the reaction
1.82g H3PO4  1molH 3 PO4  =
 98gH PO 
3
3
4

•

0.0244molAl
= 0.0122
0.659 g Al  1molAl  =
 27.0gAl 
2

Suppose you react 4.00 g Na3PO4 with 4.00 g of Ba(NO3)2
a.

2 Na3PO4

First determine which is the limiting reactant:
0.0244molNa3 PO4
= 0.0122
4.00 g Na3PO4  1molNa3 PO4  =
2
•
 164gNa PO 

(aq)

+ 3 Ba(NO3)2 (aq) →

3

•
c.

Ba3(PO4)2 (ppt) +

6 NaNO3 (aq)

4

c.

Aluminum is in excess.

d.

Use the limiting reactant to determine the mass of the excess reactant that must be used (needed) to go with the limit
reactant.

0.0153molBa(NO3 )2
4.00 g Ba(NO3)2  1molBa(NO3 )2  =
= 0.00509 this number is smaller, thus Ba(NO3)2 limits
3
 262gBa(NO3 )2 

Use the liniting reactant to determine the mass of the excess reactant that must be used (needed) to go with the limit
reactant.
4.00 g Ba(NO3)2  1molBa(NO3 )2   2Na3 PO4   164gNa3 PO4  = 1.67 g of Na3PO4 needed
 262gBa(NO )   3Ba(NO )   1molNa PO 
3 2

3

3 2

4

1.82 g H3PO4  1molH 3 PO4   2Al   27.0gAl  = 0.501 g Al needed
 98gH PO   2H PO   1molAl 
3
4
3
4
Thus 0.659 g Al given − 0.501 g Al needed(used) = 0.158 g of aluminum is left over.
5.

If you did this reaction with 58.1 g of magnesium nitride and 20.4 g of water,
a.

Thus, 4.00 g Na3PO4 started with − 1.67 g of Na3PO4 needed = 2.33 g sodium phosphate left over

Mg3N2 +

6 H2 O

→

3 Mg(OH)2

+ 2 NH3

• First determine which is the limiting reactant:
2.

Given 2.0 g of magnesium, and 5.0 g of chlorine gas:
Mg +

b.

First determine which is the limiting reactant:
0.0823molMg
2.0 g Mg  1molMg  =
= 0.0823
•
1
 24.3gMg 
•

c.

Cl2

•

a.

→ MgCl2

0.575molMg3 N 2
58.1g Mg3N2  1molMg3 N 2  =
= 0.575
1
 101gMg N 
3

2

1.13molH 2O
 1molH 2O 
=
= 0.189 this number is smaller, thus water limits the reaction
20.4 g H2O 
•
6
 18.0gH 2O 
b.

0.0704molCl2
5.0 g Cl2  1molCl2  =
= 0.0704 this number is smaller, thus Cl2 limits
1
 71gCl2 

Use the limiting reactant to determine the mass of the excess reactant that must be used (needed) to go with the limit
reactant.
5.0 g Cl2  1molCl2   1Mg   24.3gMg  = 1.71 g of Mg needed
 71gCl   1Cl   1molMg 
2
2
Thus, 2.0g Mg started with - 1.71 g of Mg needed = 0.29 g Mg left over

 1molH 2O   3Mg(OH )2   58.3gMg(OH )2 
20.4 g H2O 
= 33.0 g Mg(OH)2 formed
 18.0gH 2O   6H 2O   1molMg(OH )2 
 1molH 2O   2NH 3   17.0gNH 3 
20.4 g H2O 
= 6.42 g NH3 formed
 18.0gH 2O   6H 2O   1molNH 3 

c.

 1molH 2O   1Mg3 N 2   101gMg3 N 2 
= 19.1 g Mg3N2 needed
20.4 g H2O 
 18.0gH 2O   6H 2O   1molMg3 N 2 

Thus 58.1 g Mg3N2 given − 19.1 g Mg3N2 needed(used) = 39.0 g Mg3N2 left over
3.

If you have been given 20.0 grams of O2 and 40.0 grams of H2
a.

2 H2 +

b.

First determine which is the limiting reactant:

O2

→ 2 H 2O

13.3molH 2
26.9 g H2  1molH 2  =
= 6.7
 2.02gH 
2
•
2
•

0.891molO2
= 0.891 this number is smaller, thus oxygen limits
28.5 g O2  1molO2  =
1
 32gO 
2

P 9.5 (pg 4 of 4)

6.

Stoichiometry - Limiting Reactant – mass

Who causes the reaction to stop?

ANSWERS

If 500.00 g of gold(III) sulfide is reacted with 5.67 g of hydrogen gas,
a.

Au2S3

b.

First determine which is the limiting reactant:
1.02molAu2 S3
= 1.02
500.0 g Au2S3  1molAu2 S3  =
 490.15gAu S 
1
•

+ 3 H2

→

3 H 2S

+

2 Au

2 3

2.807molH 2
= 0.936 this number is smaller, thus hydrogen gas limits
5.67 g H2  1molH 2  =
3
•
 2.02gH 2 
c.

5.67 g H2  1molH 2   1Au2 S3   490.15gAu2 S3  = 458.6 g Au2S3 needed
 2.02gH 2   3H 2   1molAu2 S3 

d.

5.67 g H2  1molH 2   2Au   197gAu  = 369 g of gold can be produced


 2.02gH 2   3H 2   1molAu 

Thus 500.0 g Au2S3 given − 458.6 g Au2S3 needed(used) = 41.4 g gold(III) sulfide is left over

7.

If you start with 22.5 g of propene and 20.6 g of ammonia and 18.1 g of oxygen gas.
a.

2 C2H4 + 2 NH3 + 3 O2 → 2 C3H3N + 6 H2O
Even though the question does not ask, you must first determine the limiting reactant.
0.534molC3 H 6
= 0.267
22.5 g C3H6  1molC3 H 6  =
2
•
 42.1gC H 
3

6

1.21molNH 3
20.6 g NH3  1molNH 3  =
= 0.606
 17.0gNH 
2
•
3
•
b.

8.

0.566molO2
= 0.189 this number is smallest, thus oxygen gas limits
18.1 g O2  1molO2  =
 32gO 
3
2

18.1 g O2  1molO2   6H 2O   18.0gH 2O  = 20.4 g H2O formed
 32gO   3O   1molH O 
2
2
2

If you used 500.0 g of oxygen gas and 500.0 g of aluminum,
a.

4 Al +

b.

First determine which reactant limits
18.5molAl
500.0g Al  1molAl  =
= 4.63 this number is smallest, thus Aluminum limits the reaction.
•
4
 27.0gAl 
•

c.
d.

3 O2 → 2 Al2O3

15.6molO2
= 5.21
500 g O2  1molO2  =
3
 32gO 
2

Oxygen is in excess.
500 g O2  1molO2   4Al   27.0gAl  = 562.5g Al needed, thus 62.5 g more of aluminum needed to use up all of the


 32gO2   3O2   1molAl 
oxygen

ANSWERS

Thus 26.5 g H2 given − 3.60 g H2 needed(used) = 22.9 g hydrogen(H2) gas left over
4.

The answers are shown in blue. It is important to put your work on paper and label your numbers with units (moles, grams, etc),
identifiers (O2, H2O, etc,) and descriptors (needed, produced, etc).

b.

Who causes the reaction to stop?

28.5 g O2  1molO2   2H 2   2.02gH 2  = 3.60 g H2 needed
 32gO   1O   1molH 
2
2
2

Consistent with the rest of the Practices in this unit, the ratio that is from the coefficients in the balanced equation highlighted in
red. The answers are in blue. Do ALL you significant figure rounding at the END.

1.

Stoichiometry - Limiting Reactant – mass

Use the limiting reactant to determine the mass of the excess reactant that must be used (needed) to go with the limit
reactant.

P 9.6 (pg 2 of 2)

Stoichiometry Review

ANSWERS

1.

Notice that in the problem you are only given one reactant amount, thus you can assume that you have all that you need of
the other reactant and you do NOT need to worry about limiting reactant calculations. Thus the 5.7 moles of Na3PO4 is the
limiting reactant. Also you should notice that you are given the amounts in moles, so there is no reason to change to moles,
you are already in moles!
a. 8.6 moles of barium nitrate can be formed
b. 1500 g sodium nitrate can be formed (Notice that this answer has been rounded to 2 significant figures.)

2.

Because you are given amounts of both reactants, this is a limiting reactant problem. You must first determine which reactant
limits. Be sure and note that the amounts are already in moles, so there is no need to change to moles!
a. Mg limits
b. oxygen is left over. Thus you must calculate the amount of O2 needed to go with the Mg.
15 moles O2 left over
c. This time you must calculate how much magnesium you would need to go with all the oxygen that you were given.
Since you already started with 10 moles of Mg, you would need 30 moles of Mg more to use up all the oxygen gas

3.

Because you are given two reactants, this is clearly a limiting reactant problem.
a. Oxygen gas limits
b. 3.69 g H2 left over

4.

Again, this is a limiting reactant problem because you are given mass values for both reactants.
a. H2SO4 limits
34.9 g Al2(SO4)3
0.6618 g H2 can be produced

5.

Again, this is a limiting reactant problem because you are given mass values for both reactants.
a. These two numbers are so close that it is telling you that you have just the right proportions of each.
b. You could use either value to determine the theoretical value of ammonia, because both reactants would run out at the
same time and there would not be any reactant left over.
part a continued: 51.3 % yield of ammonia

6.

Read the problem carefully to note that you are given two reactant masses which means you must determine which one
limits.
a. hydrogen limits
b. Since hydrogen limits.
101 g of Au2S3 are left over.
c. 99 % yield.

7.

In this problem, like our S’mores problem, there are three reactants. One of them will limit. Note that the amounts are given
in moles thus there is no need to change to moles.
a. oxygen limits
576 g of water can be produced

8.

Use the amount of aluminum phosphate that you want to produce to figure out how much aluminum that you must start with.
a. 1.11 g of Aluminum needed.
b. 0.061 mole of H2 will be produced as well.

9.

The only trick in this problem is to be sure and deal with the 75% yield. This means that you have to use an amount of Al that
would (in theory) produce more Al2O3, but because of the yield, you would only end up with 10 g.
a. (10 g experimental Al2O3 / x g theoretical) * 100 = 75 %, Solve to find out that you need to theoretically produce 13.3 g
of Al2O3
7.04 g of Al should be started with.
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1986
1982
3) Average score = 5.18
a) 2 points

a) three points

95 g F × (1 mole F / 19.0 g F) = 5 mole F atoms

PV= (grams / MM) RT

5 g H × (1 mole H / 1.00 g H) = 5 mole H atoms

MM = (3.53 grams / liter) (0.0821 liter atm/mole K) × (300 K) (1/[750/760]) = 88.1 grams/mole

Therefore HF

OR

One point was awarded if H5F5 or other 1:1 ratios were given.

(3.53 grams / liter) (760/750) (300/273) × (22.4 L/mol) = 88.1 g/mol

b) 2 points

b) one correct = 1 point; all correct = one additional point

Amount of F in UF6 = (4.267 g) ((6 × 19.0) / (238 + 6 × 19.0)) = 1.38 g F

gram Q/mole X = 0.648 × 88.1 = 57.1

Fraction of F in HF = (0.970 g × 0.95) / 1.38 g

gram Q/mole Y = 0.730 × 104 = 75.9

Fraction of F in solid = 1 í 0.67 = 0.33

gram Q/mole Z = 0.593 × 64.0 = 38.0

c) 4 points

c) one point

Mass of U = 4.267 g í 1.38 g = 2.89 g U

Masses in (b) must be integral multiples of atomic weight. Largest common denominator is 19.

Mass of F = 1.38 g × 0.333 = 0.46 g F

Note: credit given for incorrect at. wt. if consistent with values in (b).

Mass of O = 3.730 g í (2.89 + 0.46) = 0.38 g O
2.89 g U × (1 mole U / 238 g U) = 0.012 mole U atoms

d) three points

0.460 g F × (1 mole F / 19.0 gF) = 0.024 mole F atoms

1.37 grams CO2 (1 mole/44.0 grams CO2) = 0.0311 mole CO2 = 0.0311 mole C

0.38 g O × (1 mole O / 16.0 g O) = 0.024 mole O atoms

0.281 grams H2O (1 mole/18.0 grams H2O) = 0.0156 mole H2O = 0.0312 mole H

Therefore solid product is UO2F2

1.00 gram Z = (1 mole/64 grams) = 0.0156 mole Z

d) 1 point

Each mole Z contains 2 moles of CH, or 25 grams, which leaves (64 - 26) = 38 grams, corresponding to 2
moles of Element Q.

UF6 + 2 H2O o UO2F2 + 4 HF

Mol. formula is C2H2Q2

(1) AP® is a registered trademark of the College Board. The College Board was not involved in the production of and does not endorse this product. (2) Test
Questions are Copyright © 1984-2008 by College Entrance Examination Board, Princeton, NJ. All rights reserved. For face-to-face teaching purposes, classroom
teachers are permitted to reproduce the questions. Web or Mass distribution prohibited.
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MM = (4.68 × 0.60) / (0.5 × 0.1) = 56 or 6 × 101
an alternate solution for (c)

2)

molality = 0.5 °:C / (4.68 0.5 °:C/m) = 0.107 m

a) three points

mol solute =( 0.107 mol / kg solvent) × 0.100 kg solvent = 0.0107 mol

7.2 g H2O ÷ 18.0 g/mol = 0.40 mol H2O

MM = 0.60 g / 0.0107 mol = 56 or 6 × 101

0.40 mol H2O × (2 mol H / 1 mol H2O) = 0.80 mol H
7.2 L CO2 ÷ 22.4 L/mol = 0.32 mol CO2
0.32 mol CO2 × (1 mol C / 1 mol CO2) = 0.32 mol C
OR
n = PV ÷ RT = [(1 atm) (7.2 L)] ÷ [(0.0821 L atm mol¯1 K1) (273 K)] = 0.32 mol CO2
0.80 mol H ÷ 0.32 = 2.5

d) one point
(56 g/mol of cmpd) / (29 g/mol of empirical formula) = 1.9 empirical formula per mol
OR
6 × 101 / 29 = 2.1
Empirical formula times 2 equals molecular formula = C4H10

0.32 mol C ÷ 0.32 = 1
2.5 × 2 = 5 mol H

1993 LAB: Redox Titration

1 × 2 = 2 mol C

3) average = three points

empirical formula = C2H5

a) one point

b) two points
mol O2 for combustion = mol CO2 + 1/2 mol H2O = 0.32 + 0.20 = 0.52 mol O2
0.52 mol O2 × 32 g/mol = 17 g O2
alternate approach for mol O2 from balanced equation
C2H5 + 13/4 O2 o 2 CO2 + 5/2 H2O
other ratio examples:
1, 6.5 o 4, 5
0.25, 1.625 o 1, 1.25
mol O2 = 0.40 mol H2O × (13/4 mol O2 / (5/2) mol H2O) = 0.52 mol O2
Note: starting moles of C2H5 = 0.16 mol C2H5
c) three points
MM stands for molar mass.

'T = (Kf (g/MM)) / kg of solvent
0.5 °:C = ((4.68 °:C kg mol¯:1) × (0.60 g / MM)) / 0.1 kg

(1.00 mol O2) (2 mol MnO2 / 1 mol O2) (1 mol I2 / 1 mol MnO2) (2 mol S2O32¯ / 1 mol I2) = 4 mol S2O32¯
Note: answer only is sufficient.
b) two points
mol S2O32¯ = (0.00486) (0.0112) = 5.44 × 10¯5 mol S2O32¯
mol O2 = 5.44 × 10¯5 / 4 = 1.36 × 10¯5 mol
c) one point
less I2 therefore less S2O32¯ required therefore lower amount of O2 (both direction and reason required)
d) three points (one for M; one for correct use of R; one for correct T)
Msoln in (b) = 1.36 ×10¯5 mol / 0.050 L = 2.72 × 10¯4 M
V = (nRT) / P = [(2.72 × 10¯4) (0.0821) (298)] / 1
= 6.65 × 10¯3 L or 6.65 mL
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e) two points
starch indicator
color disappears or blue disappears (violet or purple OK)
color change alone is not sufficient for 2nd pt
any other color with starch is not sufficient for 2nd pt

AP® Chemistry 2000 ! Scoring Standards
Question 3
(10 points)

(a)

Molar Mass = [9.012 + 2(12.011) + 4(16.00) + 3(16.00 + 2(1.0079))] g mol−1

1 pt.

= (97.034 + 54.0474) g mol−1 = 151.0814 g mol−1

% Carbon =

2 (12.011)
× 100 = 15.90%
151.0814

1 pt.

• No point earned for 0.1590.

(b)

(i)

3.21 g BeC2O 4 ⋅ 3 H 2O
151.0814 g mol−1

= 0.02124 mol BeC2O 4 ⋅ 3 H 2O

0.02124 mol BeC2O4 ⋅ 3 H2O ×

1 mol BeC2O 4
= 0.02124 mol BeC2O 4
1 mol BeC2O 4 ⋅ 3 H 2O

0.02124 mol BeC2O4 × 97.034 g mol−1 = 2.06 g BeC2O4
or
97.034 g mol−1
× 100% = 64.23%
% BeC2O4 =
151.0814 g mol−1

1 pt.

Mass BeC2O4 = 3.21g × 0.6423 = 2.06 g
• No point earned for an answer larger than original mass (3.21g)

(ii) 0.02124 mol BeC2O4⋅3 H2O ×

V=

3 mol H 2O
= 0.0637 mol H2O
1 mol BeC2O 4 ⋅ 3 H 2O

nRT (0.063mol) (0.0821Latm mol−1 K −1 ) ((220 + 273) K)
=
= 2.67 L H 2O
P
(735 / 760) atm
or

2 pts.

3.21 g BeC2O4⋅3 H2O − 2.06 g BeC2O4 = 1.15 g H2O

1.15 g H 2O
18.02 g mol−1H 2O

= 0.0639 mol H 2O ! use ideal gas law as above

Note: One point is earned for determining the amount of H2O(g) formed and one point
is earned for the proper use of the ideal gas law with a consistent answer.

Copyright © 2000 College Entrance Examination Board and Educational Testing Service. All rights reserved.
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AP® Chemistry 2000 ! Scoring Standards
Question 3
(continued)

(c)

(i) The reducing agent is C2O42−

1 pt.

• Also accepted: C2O4=, BeC2O4 , C2O4 , or 5 C2O42−

(ii)

nMnO
nC

2O4

−
4

= (0.0150 mol L−1 ) × (0.01780 L) = 2.67 × 10 −4 mol MnO 4 −

1 pt.

5
5
= (2.67 × 10 − 4 ) = 6.68 × 10 − 4 mol C 2O 4 2 −
n
−
2 MnO 4
2

1 pt.

2−

=

Notes: One point is earned for determining nMnO − and one point is earned for
4

determining nC O
2

2−
4

. An incorrect value of nMnO

internally consistent, value for nC O
2

2−
4

−

can lead to an incorrect, but

4

. A point may be earned if nMnO

−

is

4

correctly calculated (i.e., reflects correct stoichiometry of the balanced equation)
from an incorrect value of nC O
2

(iii) Total nC

2

= 3.34 ×

O4

2−

10−3

=

2−

.

4

100. mL
× nMnO − = 5 (6.68 × 10− 4 mol C 2O 42 − )
4
20.0 mL

mol

1 pt.

C2O42−

(iv) mol BeC2O4 = mol C2O42− = 3.34 × 10−3 mol C2O42−
mass BeC2O4 = (3.34 × 10−3 mol BeC2O4)(97.034 g mol−1) = 0.32385 g
0.32385 g BeC2O 4
× 100% = 93.9%
0.345 g sample

% BeC2O4 =

1 pt.

Note: The point is earned if an incorrect value for moles of BeC2O4 is used correctly
in the calculation.

Copyright © 2000 College Entrance Examination Board and Educational Testing Service. All rights reserved.
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AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)
Question 2

Total Score 10 points
2. Answer the following questions that relate to chemical reactions.
(a) Iron(III) oxide can be reduced with carbon monoxide according to the following equation.
Fe2O3(s) + 3 CO(g) → 2 Fe(s) + 3 CO2(g)
A 6.2 L sample of CO(g) at .50 atm and 200.°C is combined with 5.39 g of Fe2O3(s).
(i) How many moles of CO(g) are available for the reaction?
PV = nRT
PV
nCO = RT =

(.50 atm) (6.2 L)
= 0.626 mol CO
L·atm
0.082 mol·K (473 K)

 point for correct substitution
 point for answer

(ii) What is the limiting reactant for the reaction? Justify your answer with calculations.

nFe

2O3

#  mol Fe2O3 &
= 5.39 g Fe2O3 "59.7 g Fe O % = 0.0964 mol Fe2O3
!

2 3$

3 mol CO
nCO required = 0.0964 mol Fe2O3 #" mol Fe O &% = 0.289 mol
2 3$
!
CO required to completely react with 0.0964 mol Fe2O3
0.626 mol CO are available, so CO is in excess and Fe2O3 is
limiting.
OR
nFe

2O3 required

# mol Fe2O3 &
% = 0.209 mol
= 0.626 mol CO "
! 3 mol CO $

0.209 mol Fe2O3 corresponds to 33.4 g Fe2O3 (the amount of
Fe2O3 required to completely react with 0.626 mol CO)

 point for moles of CO or
Fe2O3 required
 point for correct conclusion

NOTE: Answer must be
consistent with moles of CO
calculated in part (a)

0.0964 mol of Fe2O3 is available, so there is not enough Fe2O3
to completely react with 0.626 mol CO. Therefore, Fe2O3 is the
limiting reactant.

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
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AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)

AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)

Question 2 (cont’d.)

Question 2 (cont’d.)

(iii) How many moles of Fe(s) are formed in the reaction?
2 mol Fe &
% = 0.93 mol Fe produced
! mol Fe2O3$

nFe = 0.0964 mol Fe2O3 "#

If 0.626 mol CO is used as the limiting reactant, then the number of
moles of Fe formed is:
nFe = 0.626 mol CO #

2 mol Fe &
= 0.47 mol Fe
!3 mol CO$

(ii) Calculate the pH of the resulting solution.

 point for correct number
of moles of Fe formed
Note: Values
must be consistent with
answer in part (a) (ii).

# 6 mol HNO3 &
nHNO = 0.300 mol H3PO4 "
% = 0.900 mol HNO3
3
!2 mol H3PO4$
0.900 mol HNO3
= 0.45 M
[HNO3] =
2.0 L
Since all the H3PO4 has reacted, the only acid in the solution is
HNO3. Since HNO3 is a strong acid it completely dissociates.

 point for number of
moles of H+

 point for calculation of
[H+] and pH

pH = −log[H+] = −log(0.45) = 0.35
(b) In a reaction vessel, 0.600 mol of Ba(NO3)2(s) and 0.300 mol of H3PO4(aq) are combined with
deionized water to a final volume of 2.00 L. The reaction represented below occurs.
3 Ba(NO3)2(aq) + 2 H3PO4(aq) → Ba3(PO4)2(s) + 6 HNO3(aq)
(i) Calculate the mass of Ba3(PO4)2(s) formed.

 point for determining
the limiting reactant

If Ba(NO3)2 is used as the limiting reactant:
# mol Ba3(PO4)2&
%
! 3 mol Ba(NO3)2 $
602
g
Ba
(PO
)
#
3
4 2&
" mol Ba (PO ) % = 20. g Ba3(PO4)2

massBa3(PO4)2 = 0.600 mol Ba(NO3)2 "
4 2$

(iii) What is the concentration, in mol L−, of the nitrate ion, NO3−(aq), after the reaction reaches
completion?
The final concentration of NO3− must be the same as the initial
concentration.
# 2 mol NO3− &
nNO − = 0.600 mol Ba(NO3)2 " mol Ba(NO ) % = .2 mol NO3−

# mol Ba3(PO4)2&
massBa3(PO4)2 = 0.300 mol H3PO4" 2 mol H PO % ×
3
4 $
!
#602 g Ba3(PO4)2 &
" mol Ba (PO ) % = 90.3 g Ba3(PO4)2
3
4 2$
!

3

Must be consistent with
part (b) (i)

pH = −log[H+] = −log(0.60) = 0.22

# 2 mol H3PO4 &
nH3PO4 = 0.600 mol Ba(NO3)2"
% = 0.400mol H3PO4
!3 mol Ba(NO3)2$
required to completely react with 0.600 mol Ba(NO3)2 . There is
0.300 mol H3PO4 available. Therefore, H3PO4 is the limiting reactant.

!

If Ba(NO3)2 is used as the limiting reactant
# 6 mol HNO3 &
nHNO = 0.600 mol Ba(NO3)2 "
% = .2 mol HNO3
3
!3 mol Ba(NO3)2$
.2 mol HNO3
= 0.60 M
[HNO3] =
2.0 L

3

[NO3−] =

!

3 2$

.2 mol NO3−
= 0.60 M NO3−
2.0 L

 point for concentration
of NO3−

 point for determining
the correct mass of
Ba3(PO4)2
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AP® CHEMISTRY
2003 SCORING COMMENTARY (Form B)
Question 2

Sample 2A (Score 10)
This response earned a perfect score. A summary of the earned points for the response is as follows: 2 points for
part (a)(i), part (a)(ii), part (b)(i) and part (b)(ii), and 1 point each for part (a)(iii) and part (b)(iii) .

Sample 2B (Score 8)
In part (a)(ii) of this good response, the limiting reactant is correctly identified but not sufficiently justified, thus
only one point was earned. In part (b)(iii), the fact that 0.600 mol of Ba(NO3)2 is the sole source of nitrate ion is
overlooked, leading to an incorrect result that earned no point.

Sample 2C (Score 7)
In this response, only one point was earned in part (b)(i) because an incorrect formula mass for Ba3(PO4)2 is used.
In part (b)(ii), a point is earned for the correct numbers of moles of NO3 − formed, but the calculation of pH is
unfinished, so the second point was not earned. A common error is shown in part (b)(iii); no point was earned
because dissolved HNO3 is responsible for only part of the NO3 − in the solution.

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
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Unit B Note Quiz Questions
Unit B.1 Gravimetric Analysis
1. a

5. a

6. a
A
2. A
B
7. A
C
8. a
D
3. A
9. a

4. a

10. a

Unit B.2 Stoichiometry
1. a

4. a

2. a

5.

3. a

Unit B.3 Limiting Reagent
1. A
4. a

2. a

5. A

3.
a

Unit B: Gases
Homework Problems

Directions: The AP exam does NOT allow you to use a calculator; therefore you should abstain from using one to
complete this homework. As we move through the unit complete each topic and bubble in your answer on the bubble
sheet provided at the end. Bring Coach L any section you complete and he will tell you which questions you missed. On
the day of the unit test the bubble sheets will be collected and graded for correctness and a homework grade.

Gravimetric Analysis
1. Given that bromine has two stable isotopes,
bromine-79 is 51% of a sample by mass, and
bromine-81 is 49% of a sample by mass. Given
this information which best represents the
average atomic mass of bromine?
a. 79.00
b. 79.98
c. 80.00
d. 80.79
2. The mass of element X found in 1 mole of four
different compounds is 20.0 grams, 30.0
grams, and 60 grams. A possible atomic
weight of X is:
a. 10
b. 15
c. 20
d. 30

3. A 11.2L container will hold 16g of which of the
following gases at 0OC and 1atm?
a. Ar
b. CO2
c. O2
d. N2
4. A hydrocarbon with an empirical formula of
CH2 has a density of 3.21 grams per liter at 0oC
and 1.00atm. A possible formula for the
hydrocarbon is:
a. CH2
b. C2H4
c. C3H6
d. C4H8
5. The simplest formula for an oxide of element
Q (MM = 24.0) that is 50 percent oxygen by
weight is:
a. Q2O
b. QO
c. QO2
d. Q2O3

Stoichiometry (pt 1)
1. How many grams of carbon dioxide (CO2)
contain 16g of oxygen atoms?
a. 16
b. 22
c. 64
d. 88

2. A sample of 59 gram of tin metal (MM = 118) is
added to excess hydrochloric acid. Assuming
tin creates a 2+ cation (Sn2+), the volume of
hydrogen gas produced at standard pressure
and temperature is:
a. 22.4 liters
b. 11.2 liters
c. 7.46 liters
d. 5.60 liters

3. What volume of Freon, carbon
tetrachloride(MM = 154), is required to react
with 4 L of ozone (MM = 48) (assume all gases
are at 0oC and 1atm)
2 CCl4 (g) + 2 O3 (g) → 2 CO2 (g) + 4 Cl2 (g) + O2 (g)
a. 4/22.4 L
b. 0.25 L
c. 2 L
d. 4 L

4.

The reaction of gold metal and dilute nitric
acid proceeds according to the equation
below. If excess Au powder is added to 10. mL
of 6.0M nitric acid the number of moles of NO
gas formed is:
mmol = molarity (M) x volume (mL))
3 Au + 4 HNO3 → 3 AuNO3 + NO + 2 H2O
a. 0.015
b. 0.030
c. 0.060
d. 0.30

5. What mass of Ag is produced when 0.05 mol of
Ag2O is reduced completely with excess H2?
a. 2.7 g
b. 5.4 g
c. 10.7 g
d. 21.4 g

Stoichiometry (pt 2)
Use the following reaction and diagram to answer the next two (2) questions
6 Li(s) + N2(g)

2 Li3N(s)

1. Which species is shown in the diagram?
a. Li
b. N2
c. Li3N
d. All species are shown
2. Which image best represents the amount of the other reagent that is needed to react with all of the species
shown

A.

C.

B.

D.

3. After completing an experiment to determine
the percent water in a hydrate, a student
reported the value of 38 percent. The correct
value for the percent water in the hydrate is 15
percent. Which of the following is the most
likely explanation for this difference?
a. Strong initial heating caused some of
the hydrate sample to spatter out of
the crucible
b. The dehydrated still contained some
moisture
c. The crucible was not heated to a
constant mass before use
d. Excess heating caused the dehydrated
sample to decompose

4. Equal volume of N2H4 (32 g mol-1) and N2O4 (92
g mol-1) are mixed together. If 10L of each is
used what is the maximum mass of water (18 g
mol-1) can be produced?
2 N2H4 (g) + N2O4 (g) → 3 N2 (g) +4 H2O (g)
a. 6.27
b. 10.0
c. 16.1
d. 20.0
5. The alkenes are compounds of carbon and
hydrogen with a general formula of CnH2n, If
7.0g of any alkene is burned in excess oxygen
what number of moles of H2O is formed?
a. 0.250
b. 0.375
c. 0.500
d. 2.50
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Unit B Homework
Name: _______________________________
Gravimetric Analysis
1.
2.

Stoichiometry (pt1)
1.
2.

Stoichiometry (pt 2)
1.
2.

3.
4.
5.

3.
4.
5.

3.
4.
5.
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