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Types of Chemical Reactions

1. Combination or Synthesis Reaction
®:-@® — &0
2. Decomposition Reaction
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Acid-Base Reaction
3.Single-replacement Reaction
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4. Double-replacement Reaction
©>0-060 — »0 - 00
Reactants Products

5. Combustion Reaction




Balancing a chemical equation
involves inserting coefficients in front
of formula. To do it successfully, you
have to be able to conduct an Atom
Count. You will insert coefficients
until the count for the number of
atoms of each element is the same

for both sides of the equation.

How to Balance a Chemical Equation

CAUTION: Never change a
formula. Changing a formula
changes the reaction to a
different set of reactants and
products. You want to balance
the reaction ... not change it

to another reaction.

Know How to Formula #g; atmgls 7 a::a mantﬂ...
Count Atoms
CaClz: + 4CQOsq 1 2 4 8
Parenthesis Rule 2 Ca0 +3 CO: 2 0 3 8
‘;”msaasmfgﬂtﬂensii 52 Cal(ClOs
Q 2
multiply Bv:r?dhing inside S a{ )2 3 6 0 18
the parenthesis by 2. Gacc D4:|2 +3C 1 D 3 8

Step-by-Step Balancing Method:

1.
2.

3.

Write the skeleton equation with proper reactant and product formulae.
Select an element that is present in only 1 formula on each side of the

equation. Place coefficients in front of those formula to balance that element.
Select another element ... preferrably one that is present in only 1 formula on

each side of the equation; balance that element using cofficients.

Repeat the process for all remaining elements.

Once all elements have been balanced, conduct a final atom count to insure
correctness.

Example: Balance... AI(OH); — ALO; + H,0

1. Start with the element Al. Place a 2 in front of Al(OH), to balance Al.
2 A|I:OH]3 —* A'gﬂg + HED

2. Now balance the element H. There are 6 atoms of H on reactant side. So

place a 3 in front of H,O: 2 AI(OH),4

—¥ Alea + 3 HED

3. As is often the case, using the above procedure will result in the third

element being balanced. There are 6 atoms of O on each side. Done!



Types of Reactions Worksheet THEN Balancing!

First, begin by telling which type of reaction is taking place. Then go back and balance the following equations:
To practice balancing, you may use the Phet Lab online. When finished, check your answers.

1) ~_ NaBr+ _ HsPOs> __ NasPOs+  HBr Type of reaction:
2) _ _Ca(OH)2+__ AlxSO4)3>  CaSOs4+___ Al(OH)s Type of reaction:
3) _ Mg+_ Fex0O3>__ Fe+__ MgO Type of reaction:
4) _ CoHa+ 02> CO2 + H20 Type of reaction:
5) _ _PbSOs>  PbSOz+ 02 Type of reaction:
6) _ NHz+ 2> Nole+_  H2 Type of reaction:
7) _ HO+_ SO3>__ H2S04 Type of reaction:
8) _ H2SO4+__ NHOH->__ H0+__ (NH4)2S804 Type of reaction:

Balancing Equations Practice Worksheet

Balance the following equations:

1) __ NaNOs3+__ PbO->__ Pb(NO3)2+__ Na20

2) _ Agl+_ Fex(CO3)3> _ Fels+  Ag2CO3

3) _ CoH4O2+ 02> CO2+__ H20

4) _ ZnSO4+___ LikCO3> __ ZnCOz+ __ Li2SO4

5) _ V:0s+___ _CaS—>_ CaO+__ V2Ss

6) __ Mn(NO2)2+ ___BeCla> __ Be(NO22+_ MnCl2
7) __AgBr+__ GaPOs > __ AgsPOs+ ___ GaBrs

8) _ HeSOs4+_ B(OH)3 > __ B2(SO4)3+__ H20

9) __Sg+_02>___ SO

10) __ Fe+__ AgNOs> __ Fe(NOs}2+ ___ Ag



Oxidation Numbers Worksheet

Directions: Use the Rules for Assigning Oxidation Numbers to determine the oxidation number assigned
to each element in each of the given chemical formulas.

Formula 3BT (ORE UL Formula Element and Oxidation Number
Number
1. | Cl cl 16. | Na,0, Na 0]
2. cr cl 17. | SiO, Si 0]
3. | Na Na 18. | CaCl, Ca Cl
4. | Na' Na 19. | PO p 0
5. 0, (0] 20. | MnO, Mn (0]
6. N, N 21. | FeO Fe 0]
7. | AP Al 22. | Fe,0; Fe 0
8. H,0 H 0 23. | H,0, H 0]
9. NO; N 0] 24. | CaO Ca 0]
10. | NO, N 0] 25. | H,S H S
11. Cr2072' Cr 0 26. | H,SO, H S 0]
12. | KCl K Cl 27. | NH,CI N H Cl
13. | NH; N H 28. | K3PO, K P (0]
14. | CaH, Ca H 29. | HNO; H N (0]
15. 5042' S 0] 30. | KNO, K N 0]

Rules for Assigning Oxidation Numbers

The oxidation number of any uncombined element is 0.

The oxidation number of a monatomic ion equals the charge on the ion.

The more-electronegative element in a binary compound is assigned the number equal to the

charge it would have if it were an ion.

4. The oxidation number of fluorine in a compound is always -1.

5. Oxygen has an oxidation number of -2 unless it is combined with F (when it is +2), oritis in a
peroxide (such as H,O, or Na,O,), when itis -1.

6. The oxidation state of hydrogen in most of its compounds is +1 unless it is combined with a
metal, in which case it is -1.

7. In compounds, the elements of groups 1 and 2 as well as aluminum have oxidation numbers of
+1, +2, and +3 respectively.

8. The sum of the oxidation numbers of all atoms in a neutrals compound is 0.

9. The sum of the oxidation numbers of all atoms in a polyatomic ion equals the charge of the ion.
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CHEMISTRY COMPUTING FORMULA MASS WORKSHEET

Directions:
Problem Set-up example:
Find the formula mass of the following Fm_d the formula mass of Ca(NO3)2
compounds. Round atomic masses to the tenth ;a ; X ‘;‘2(1) - 421(;.(1}
of a decimal place. Place your final answer in o 6 i 160 = 960
the FORMULA MASS COLUMN. L
Formula Mass = 164.1
*Must Show Your Work*
COMPOUND FORMULA MASS COMPOUND FORMULA MASS
AgNO2 ZnClo
NiSO3 K3PO4
Ca3(PO4)2 AI2(S04)3
HgSO4 MgCrO4
Fe(NO3)3 CaCygH40g
KBr NaCl
BeCrp07 K2Cr207
Co(ClO3)2 H2S04
CuC4H406 Cu(OH)2
CuSOg4 - 7 H20 MgSQO4 - 5 H20




CHEMISTRY

MOLAR RATIOS WORKSHEET

Molar Ratios

The molar ratio is an important comcept in
solving stoichiometry problems. The sources for
these ratios are the coefficients of a balanced
equation.

Example 1:
2H2 + 02--->2 H20
What is the molar ratio between Hoand Q7?7

Answer:

two to one. So this ratio is written as a fraction
is
2

1
What is the molar ratio between O2and H2>O?

Answer:

one to two. As a fraction, it is:
1

2
What is the molar ratio between H2 and HoO?

Answer: two to two or:
2

2

This reduces to one to one, but leave it written as
2to 2.

Example 2:

203-->302

The exact molar ratio you would use depends on
how the problem is worded.

What is the molar ratio between O3and O7?
2

3
What is the molar ratio between O2and 037

g

Practice Problems

Following each equation are two requests for
molar ratios from the equation.

1) N2+ 3 Hz ---> 2 NH3

Write the molar ratios for:

N>toH? and NH3 to H»p

2) 2802+ 072 ---> 2803
Write the molar ratios for:

02t0SO3 and 0O2toSO2

3) PCl3 +Clp --->PCls

Write the molar ratios for

PCl3 to Cl2 and PCI3to PCl5

4)4NH3+3 02 ---> 2N2 + 6 H20
Write the molar ratios for

NH3 toN2 and H20to O2

5)Fe203+ 3CO ---> 2Fe+3CO2

Write the molar ratios for

COto CO2 and FetoCO




*Must Show Your Work*
CHEMISTRY Stoichiometry Practice [Mole-Mass]

Multiple Choice: Show your set-up in the space provided and circle the answer of your choice.

(1) Given the balanced equation:

‘What mass, in grams, of N204 is produced when 10 moles of NO2 is consumed?
a) 153 b) 690 c) 368 d) 460 e) 1150

(2) Given the balanced equation:

ZnS04 + SrClp  ——--- > SrS04 + ZnClo

‘What number of moles of SrCly is consumed when 54 g of ZnCl?2 is produced?
a)0.16 b) 0.3 ¢)0.79 d) 1.58 e) 0.4

(3) Given the balanced equation:

Pb(NO3)?» + KoCrO4 ------—--- > PbCrO4 + 2 KNO3

What number of moles of Pb(NO3)2 is consumed when 54 g of KNO3 is produced?
a)0.13 b) 0.18 ¢)0.27 d) 1.34 ¢e) 0.67

(4) Given the balanced equation:

2CgH18 +2502 - > 16 CO2 + 18 H20

‘What number of moles of CO? is produced when 60 grams of CgH 1§ is consumed?
a) 3.37 b) 7.02 ¢)5.26 d) 2.11 e)4.21



*Must Show Your Work*
CHEMISTRY Stoichiometry Practice(Mass-Mass)

Multiple Choice: Show your set-up in the space provided and circle the answer of your choice.
(1) Given the following reaction:

2 All3 + 3 HgClp - > 2 AICI3 + 3 Hgly

What mass, in grams, of All3 is consumed when 46 grams of Hgl? is produced?
a)27.5 b) 6.9 c) 137.6 d)82.5 e) 68.8

(2) Given the following reaction:

CaBr2 + 2KOH --—-—-- > Ca(OH)2 + 2 KBr

What mass, in grams, of CaBr2 is consumed when 96 g of Ca(OH)2 is produced?
a) 173 b) 52 c) 86 d) 155 e) 259

(3) Given the following reaction:

3Hp + N2 ———-- > 2 NH3

What mass, in grams, of NH3 is produced when 77 g of N2 is consumed?
a) 187 b)31.2 c) 187 d) 46.8 e)93.5

(4) Given the following reaction:

3 AgNO3 + K3PO4 --—---- > AgiPO4 + 3 KNO3

What mass, in grams, of AgzPO4 is produced when 19 g of K3PO4 is consumed?
a) 46.8 b) 15 c)37.5 d) 18.7 e) 1124



*Must Show Your Work*
CHEMISTRY Stoichiometry Practice(Mass-Molecule)

Multiple Choice: Show your set-up in the space provided and circle the answer of your choice.
(1) Given the balanced equation:

2 Al + 6 NaOH --—----- > 2 Na3AlO3 + 3 Hp

What mass, in grams, of Na3AlO3 is produced when 6 x 1023 molecules of NaOH is consumed?
a) 240 b) 80 c) 64 d) 9.6 e) 48

(2) Given the balanced equation:

3CuS +8 HNO3 - > 3Cu(NO3)2 +3S +2NO +4Ho0

What number of molecules of Cu(NO3)2 is produced when 67 g of HNO3 is consumed?
a)7.18 b) 3.19 ¢) 5.98 d) 1.44 e) 2.39 [all x 1023

3. Given the balanced equation:

3CuS + 8 HNO3 —-menvm > 3Cu(NO3)2 +3S +2NO +4H)0

What number of molecules of NO is produced when 8 grams of S is produced?
a) 1.99 b) 2.99 c)0.33 d) 1.5 e)l [all x 1023]

4. Given the balanced equation:

What mass, in grams, of Sg is consumed when 5 x 1023 molecules of Fe is consumed?
a) 1.67 b) 3.34 c) 16.72 d) 5.57 e) 6.69



CHEMISTRY STOICHIOMETRY WORKSHEET

A. MASS - MASS PROBLEMS

1. What mass of oxygen reacts when 84.9 g of iron is consumed in the follolwing

reaction: "Balance equation 1st"

Fe + O -------- > Fe203

Given the following reaction: "alreadly balanced"

Al2(SO4)3 + 6 NaOH = -------- > 2 AI(OH)3 + 3 Na2S0O4

2. What mass of Al(OH)3 is produced if 22.7 g of NaOH is consumed?

Given the following reaction: "alreadly balanced”

3. What mass of oxygen will react with 7.75 g of P4?

10.



UNIT )

Chemical Reactions

4

UNIT AT A GLANCE

>
£
2
Eg Class Periods
B
E : :
uS Topic Suggested Skill ~14-15 CLASS PERIODS

4.1 Introduction for Reactions EXd Formulate a hypothesis or predict the results
of an experiment.

4.2 Net Ionic Equations X3 Determine a balanced chemical equation for
a given chemical phenomena.

=

& , _ _

£ 4.3 Representations of Reactions EXd Represent chemical substances or
phenomena with appropriate diagrams or models
(e.g., electron configuration).

4.4 Physical and Chemical 1 Support a claim with evidence from

Changes experimental data.

4.5 Stoichiometry E3 Explain the relationship between variables
within an equation when one variable changes.

&

&% 4.6 Introduction to Titration EXN Represent chemical phenomena using
appropriate graphing techniques, including
correct scale and units.

4.7 Types of Chemical Reactions KEEI Describe the components of and
quantitative information from models and
representations that illustrate both particulate-
level and macroscopic-level properties.

] . . .

& 4.8 Introduction to Acid-Base K Describe the components of and

E Reactions quantitative information from models and

representations that illustrate both particulate-
level and macroscopic-level properties.

4.9 Oxidation-Reduction (Redox)
Reactions

IE3 Determine a balanced chemical equation for
a given chemical phenomena.

Go to AP Classroom to assign the Personal Progress Check for Unit 4.

Review the results in class to identify and address any student misunderstandings.

11.

AP Chemistry Course and Exam Description


http://apclassroom.collegeboard.org

About AP Big Ideas

Based on the Understanding by Design® (Wiggins and McTighe) model, this course
framework provides a clear and detailed description of the course requirements
necessary for student success. The framework specifies what students must
know, be able to do, and understand, with a focus on big ideas that encompass
core principles and theories of the discipline. The framework also encourages
instruction that prepares students for advanced chemistry coursework.

Big Ideas

The big ideas serve as the foundation of the course and allow students to create
meaningful connections among concepts. They are often abstract concepts

or themes that become threads that run throughout the course. Revisiting the
big ideas and applying them in a variety of contexts allows students to develop
deeper conceptual understanding. Below are the big ideas of the course and a
brief description of each.

BIG IDEA 1: SCALE, PROPORTION, AND QUANTITY (SPQ)
Quantities in chemistry are expressed at both the macroscopic and atomic
scale. Explanations, predictions, and other forms of argumentation in
chemistry require understanding the meaning of these quantities, and the
relationship between quantities at the same scale and across scales.

BIG IDEA 2: STRUCTURE AND PROPERTIES (SAP)

Properties of substances observable at the macroscopic scale emerge
from the structures of atoms and molecules and the interactions between
them. Chemical reasoning moves in both directions across these scales.
Properties are predicted from known aspects of the structures and
interactions at the atomic scale. Observed properties are used to infer
aspects of the structures and interactions.

BIG IDEA 3: TRANSFORMATIONS (TRA)

At its heart, chemistry is about the rearrangement of matter. Understanding
the details of these transformations requires reasoning at many levels as
one must quantify what is occurring both macroscopically and at the atomic
level during the process. This reasoning can be as simple as monitoring
amounts of products made or as complex as visualizing the intermolecular
forces among the species in a mixture. The rate of a transformation is also of
interest, as particles must move and collide to initiate reaction events.

BIG IDEA 4: ENERGY (ENE)

Energy has two important roles in characterizing and controlling chemical
systems. The first is accounting for the distribution of energy among the
components of a system and the ways that heat exchanges, chemical
reactions, and phase transitions redistribute this energy. The second is

in considering the enthalpic and entropic driving forces for a chemical
process. These are closely related to the dynamic equilibrium presentin
many chemical systems and the ways in which changes in experimental
conditions alter the positions of these equilibria.

12.
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AP Chemistry Course and Exam Description



Pre-AP Chemistry

AP Chemistry Summer Stoichiometry, 2023 Ferrell
ATOMIC MASSES

e '2C_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.

e mass spectrometer—a device for measuring the mass of atoms or molecules

Section 2.

Detector
plate —__

Least

lon-accelerating o
massive 1ons

electric field

Accelerated
ion beam

Positive
ions

Most
massive
ions

\ ! B 3 g Heating device Magnetic field
- s Ty \ - Lo vaporize
i . P ; T sample Electron beam

& Cangage Laarning, Al Rights Rasard.

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.

© © O O

© © © © ©

Mass " C

o = 0836129 Mass > C = (1.0836129)(12 amu) = 13.003355 amu
ass

Exact by definition
e 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
e 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 x 100%
Total number of atoms of all isotopes of that element

e counting by mass—when particles are small this is a matter of convenience. Just as you buy 5 Ibs 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.




e mass spectrometer to determine isotopic composition—Iload in a pure sample of natural neon or other
substance. The areas of the “peaks” or heights of the bars indicate the relative abundances of ; Ne,

21 22
o Ne,and ;;Ne L, 100
g | S s0r
B B
(¥} L) 60 -
-
: £
e ERT S
=] o
g E 20 3
| [¥]
g o .3 I J
é 20 21 22
k=) . g : : Y Mass number

1
18 19 20 21 22 23 24
Mass number

Exercise 1 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 ©*Cu
and ®°Cu are 62.93 amu and 64.93 amu, respectively.)

L 100
=
8 .
= 8016900
5]
By
2 40}
o 30,91
F 20 F
]
=~
D 1 ]
63 65
Mass number
63.55 amu/atom
THE MOLE
. mole—the number of C atoms in exactly 12.0 grams of '>C; also a number, 6.02 x 10* just as the word
“dozen” means 12 and “couple” means 2.
o Avogadro’s number—6.02 x 10>, 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, |
encourage you to use the method that works best for you and lets you solve problems accurately and quickly!




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.

of Solution

Concentration
(mol/L)

(sxa31p)
U,[0S JO duIN[O A

Mass Molar Mass 23 Number of
(grams) (g/mol) 6.02 x 10 Particles

<JLS @ se83011°Te . <

Gas Volume
(liters)




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.

242%x107" 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 x 10> 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 x 10°° atoms and the mass of the sample.

8.31 x 10~ mol Co
4.89 x 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

e empirical formula--the ratio in the network for an ionic substance

e 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—Xkind of like the scoring scheme in tennis}.
Just use “molar mass” for all formula masses.

e 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!




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 C;oHgOs.

(a) Calculate the molar mass of juglone.

(b) A sample of 1.56 x 107> g of pure juglone was extracted from black walnut husks. Calculate the number of
moles of juglone present in this sample.

a. 174.1¢
b. 8.96 x 10~ mol juglone

Exercise 6 Calculating Molar Mass 11
Calcium carbonate (CaCOs), 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. 100 g/mol
b. 486 g; 292g CO5*"




Exercise 7 Molar Mass and Numbers of Molecules

Isopentyl acetate (C;H;40.), the compound responsible for the scent of bananas, can be produced commercially.
Interestingly, bees release about 1pg (1 x 10 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 x 10" molecules
4 x 10" 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:
e P, —tetratomic form of elemental phosphorous; an allotrope
e Sg—sulfur’s elemental form; also an allotrope
e 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

percent calculations are simply part x100%

whole

% comp = __mass of desired element % 100%
total mass of compound

Consider ethanol, C;HsOH

Mass of C = 2 mal x 12.01-9— =24.02 ¢

mek
g
Mass of H=6m0l x 1.01— = 6.06
~mal 8
g
Mass of O = 1 melx 16.00—— =16.00g
“aal_

.. Mass of 1 mol of C,HsOH =46.08 g




NEXT, THE MASS PERCENT CAN BE CALCULATED:

Mass percent of C= 24.02 g C x 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 (CoH;40) 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=179.96%
H =9.394%
0 =10.65%

Exercise 9 Calculating Mass Percent 11

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 C;4H,0N,SO,. Calculate the mass percent of each element.

C=53.82%
H=6.47%
N=8.97%

S=10.26%

0=20.49%




DETERMINING THE FORMULA OF A COMPOUND

Furnace

CO,., Hy0. O,, and other gases

0, and
other gases

C0, absorber
such as NaOH

H,O absorber
such as Mg (C1O,),

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 CO, and H,O 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: CH,O 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 CH,O which is equivalent to (CH,0)s
or C¢H1,0¢; 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 + O, — oxides of what is burned. In this case Compound + O, — CO, + H,O + N,

(clearly not balanced)

You can see that all of the carbon ended up in CO; so...when in doubt, calculate THE NUMBER OF MOLES!!

0.1638 g CO, + 44.01 g/mol CO, = 0.003781 moles of CO, = 0.003781 moles of C (why?)



Next, you can see that all of the hydrogen ended up in H,O, so....calculate THE NUMBER OF MOLES!!

So, 0.1676 g H,O + 18.02 g/mol H,O = 0.009301 moles of H,O, 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 H,O GIVES THE
NUMBER OF MOLES OF HYDROGEN!! moles H= 2 x 0.009301 moles of H,O = 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 x 12.01 il =0.04540 grams C
mo
grams H =0.01860 moles H x 1.01 il = 0.01879 grams H
mo

Total grams :  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 —&— = 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 ALL Divided by the
smallest (0.003670
moles)

C 0.003781 1

H 0.01860 5

N 0.003670 1

Therefore, the correct EMPIRICAL formula based on the data given is CHsN.

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) x n = MM

(12.01 +5.05 + 14.01) X n = 31.07 g/mol .. n=10.999678

This is mighty close to 1.0! Thus, the empirical formula and the molecular formula are one and the same.



Empirical Formula Determination

® Since mass percentage gives the number of grams of a particular element
per 100 grams of compound, base the calculation on 100 grams of com-
pound. Each percent will then represent the mass in grams of that element.

® Determine the number of moles of each element present in 100 grams of
compound using the atomic masses of the elements present.

® Divide each value of the number of moles by the smallest of the values. If
each resulting number is a whole number (after appropriate rounding), these
numbers represent the subscripts of the elements in the empirical formula.

¢ If the numbers obtained in the previous step are not whole numbers, mul-
tiply each number by an integer so that the results are all whole numbers.

Exercise 10
Determine the empirical and molecular formulas for a compound that gives the following analysis in mass

percents:

71.65% Cl1 24.27% C 4.07% H

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

Empirical formula = CH, C1
Molecular formula = C;H4C1,

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 = P,0s
Molecular formula = (P,05); or P4Oqy
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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 = CgH;(N4O,

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: State Symbol
e 5, |, g, ag—state symbols that correspond to solid, liquid, gas, f“”d_d E;i
. AU
aqueous solution B (g)
e NO ENERGY or TIME is alluded to Dissolved in waler (in aqueous solution) (ag)

e 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
o 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 2 M,Xy
CH and/or O + O, 2# CO»(9) + H,0(9)
o H,CO; [any time formed!] = CO; + H,O; 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 + CO,

11




Reactants

Products

CHlg) + 20a(g)
1 molecule CH,4
+ 2 molecules O,
1 mol CH; molecules
+ 2 mol O> molecules
6.022 X 10%* CH, molecules
+ 2(6.022 ¥ 10%%) 0> molecules
16 ¢ CHy + 2(32 g) Op
80 g reactants

COy(g) + 2H;0(g)
1 molecule CO2
+ 2 molecules H>O
1 mol CO; molecules
+ 2 mol H-0 molecules
6.022 x 10°* CO, molecules
+ 2(6.022 % 10*%*) H>O molecules
44 g CO, + 2(18 g) H,0
80 g products

Exercise 13

Chromium compounds exhibit a variety of bright colors. When solid ammonium dichromate, (NHy4),Cr,07,

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 N
molecules), and water vapor. Balance the equation for this reaction.

(NHyg)2Cr204(s) — Cr203(s) + N2(g) + 4H,0(9)
4x2)H 4x2)H
http://www.youtube.com/watch?v=CW4hN0OdYnkM

Exercise 14

At 1000°C, ammonia gas, NH3(Q), 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 NH;3(9) + 50,(9) — 4NO(g) + 6H,0(9)
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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!:
e  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.
e (alculate CORRECT molar masses from a correctly written formula
e Balance a chemical equation
e 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!

Concentration
of Solution
(mol/1.)

(s1311)
U,[0S JO dWIN[OA

Mass Molar Mass
(grams) (g/mol)

23 Number ol
6.02 x 10 Particles

Gas Volume
(liters)

| <JLS @ seSjo 14T .
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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) (32.00) (44.01) (18.02)
BalamcedEqn  C;Hy  + 50, > 3 CO, + 4 H0
mole:mole 1 5 3 4
# moles
Amount

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: (44.11) (32.00) (44.01) (18.02)

galanced C;Hq + 5 0, =2 3C0O, + 4 H)
qQ’n

mole:mole 1 5 3 4
# moles 2.18 10.9 6.53 8.71
amount 96.1 grams

5. Calculate the number of moles of something, anything! Use the mole map. Start at 96.1 grams of C;Hs,
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.
10.9 moles x 32.00 g/mol = 349 g of oxygen
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Now, humor me...What if part (b) asked for liters of CO, at STP [1 atm, 273K]?

Use the mole map. Start in the middle with 6.53 moles X [in direction of arrow] 22.4 L/mol = 146 L

Molar Mass: (44.11) (32.00) (44.01) (18.02)
Balanced C;Hg + 50, =2 3C0O, + 4 H)0
Eq’n

mole:mole 1 5 3 4

# moles 2.18 10.9 6.53 8.71
amount 96.1 grams 349 g 146 L

What if part (c) asked you to calculate how many water molecules are produced?

3 molecules

Use the mole map , start in the middle with 8.71 mol water x 6.02 x 10? = 5.24 x 10** molecules

mol
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
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Exercise 16
Baking soda (NaHCOs) is often used as an antacid. It neutralizes excess hydrochloric acid secreted by the
stomach:

NaHCO;(s) + HC1(aq) — NaCl(aq) + H,O(I) + COx(aq)

Milk of magnesia, which is an aqueous suspension of magnesium hydroxide, is also used as an antacid:
Mg(OH),(s) + 2HC1(aq) — 2H,O(l) + MgC1,(aq)

Which is the more effective antacid per gram, NaHCOs or Mg(OH),? Justify your answer.

Mg(OH),

CALCULATIONS INVOLVING A LIMITING REACTANT

Ever notice how hot dogs are sold in packages of 10 while the buns come in packages of 8?7 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.

Exercisel7
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) + 3H(g) — 2NHs(Q)

Situation 1 Situation 2

@ H, P = @ H, 3

® K ? g L4 @% ? 0%.

? NH; ﬂ. ? - " O a -’
I . -

Before the reaction

o)

After the reaction

e L

Before the reaction

-\

After the reaction




Plan of attack: First, you must realize that 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: (28.02) (2.02) (17.04)
Balanced Eq’n N, + 3 H, = 2 NH;

mole:mole 1 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?

**|nsert the masses in the amount row and find the number of moles of BOTH]!

Molar Mass: (28.02) (2.02) (17.04)
Balanced N, -+ 3 H, - 2 NH;
Eq’n

mole:mole 1 3 2

# moles 892 moles 2,475 moles

amount 25,000 g 5,000 g

WHAT IF I used up all the moles of hydrogen? I’d need 1/3 x 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 x 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: (28.02) (2.02) (17.04)
Balanced Eq’n N, + 3 H, > 2 NH;
mole:mole 1 3 2
# moles .825 mol used 1650 mol
produced
Mles
2,475 moles
amount (28.02) = (17.04)
23,116 g used =28,116 ¢
5,000 g produced

25000 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? 28,100 g produced = 28.1 kg
(It is always polite to respond in the unit given).

Which reactant is the limiting reactant? Hydrogen—once that’s established, discard 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(Il) oxide at high temperatures.
The other products of the reaction are solid copper and water vapor. If a sample containing 18.1 g of NHs is
reacted with 90.4 g of CuO, which is the limiting reactant? How many grams of N, will be formed?

CuO is limiting; 10.6 g N,
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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  x 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(Q) is reacted with 8.60 kg H»(g). Calculate the theoretical yield of
methanol. If 3.57 x 10* g CH;0H is actually produced, what is the percent yield of methanol?

Theoretical yield is 6.82 x 10* g

Percent yield is 52.3%
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