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Chapters 3 through 7 Concept Map:
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Ionic Bonds (Ch. 3) = transfer

of electrons
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Covalent Bonds (Ch. 4) = sharing

of electrons
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Types of reactions (Chapter 5):

Precipitation: depends on
solubility rules
Neutralization:
Acids/Bases (Chapter 10)
Redox: change in number of
electrons associated with
atoms in a compound.

Y

Quantitative Relationships in
Chemical Reactions (Chapter 6):
Conservation of Mass—
reactants and products must
be balanced! (Chapter 5)
Molar relationships between
reactants and products
Avogadro’s number = particle
to mole conversions
Molar masses = gram to
mole conversions
Limiting reagents, theoretical
and percent yields.

Energy of reactions = Thermochemistry (Chapter 7)
Rate of Reaction = Kinetics (Chapter 7)
Extent of Reaction = Equilibrium (Chapter 7)
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Module Five-Part A: Molecular Mass Calculation    2 points

1 mole of atoms = 6.023 x 1023 atoms. See “What is a mole?” Lab Analogies.
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The atomic mass of any substance expressed in grams is the molar mass (MM) of that substance.

· The atomic mass of carbon is 12.01 amu per atom.

· Therefore, the molar mass of carbon is 12.01 g/mol  .

· Since nitrogen occurs naturally as a diatomic, N2, the molar mass of nitrogen gas is two times          14.01 g or 28.02 g/mol.

Calculating Molar Mass

· The molar mass of a substance is the sum of the molar masses of each element.

· What is the molar mass of copper(II) nitrite, Cu(NO2)2?

· The sum of the atomic masses is as follows:

                63.55 + 2(14.01 + 16.00 + 16.00) =

                63.55 + 2(46.01) = 155.57 amu per molecule 

· The molar mass for Cu(NO2)2 is 155.57 g/mol.

Molar Mass Connects  Moles to Grams & Vice versa:
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Module Five-Part A: Molecular Mass Calculation    2 points

Homework #1:
Using a periodic chart calculate the molar mass of the following:
1. Calculate the molecular mass of Acetic Acid, HC2H3O2.
2. Calculate the formula unit mass of Ammonium Chromate, (NH4)2CrO4 .
3. Calculate the molecular mass of glucose,  C6H12O6.
Reference:
McMurry Section 6.2 Try problems: 6.23, 6.24, 6.27, 6.30, 6.31, 6.32, 6.33, 6.34, 6.35 
Corwin Section 8.3 Additional Problems: Corwin #13-#16 Pages 244-245

Hein: Section 7.2: Example 7.7; 7.8 End of Chapter #1-#2 Page 139

Interactive Online Chem-i-Calc(Molar Mass & % Composition):

http://people.emich.edu/bramsay1/ccc-release/chem.html 
Chapter 6 Sections 6.3-6.4-Lecture
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[image: image6.png]Interpretation of Coefficients

* From a balanced chemical equation, we know how
many molecules or moles of a substance react and
how many moles of product(s) are produced.

« If there are gases, we know how many liters of gas
react or are produced.

TABLE 9.1 INTERPRETATION OF CHEMICAL EQUATION COEFFICIENTS

FOR THE GENERAL EQUATION 2A  + 38 — C + 2D
The ratio of molecules 2 3 1
The ratio of moles 2 31
The ratio of volumes of gas 2 3 1





[image: image7.png]Mole-Mole Relationships
« We can use a balanced chemical equation to write
mole ratio. which can be used as unit factors.
Ny(g)+ 0y(g) & 2NO(g)

« Since 1 mol of N, reacts with 1 mol of O, to
produce 2 mol of NO. we can write the following
mole relationships:

1 mol N, 1 mol N, 1 mol O,
1 mol O, 2 mol NO 2 mol NO
1 mol O, 2 mol NO 1 mol NO

1 mol N, I'mol N, 1 mol O,




[image: image8.jpg]This number of moles ... reacts with this number  to yield this number of
of hydrogen . .. of moles of nitrogen . . . / moles of ammonia.
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[image: image9.png]Mole—Mole Calculations

« How many moles of oxygen react with 2.25 mol of
nitrogen?

N,(g)+ 0,(g) — 2NO(g)
+ We want mol O,: we have 2.25 mol N,.
¢ Use I mol N, =1 mol O,.





[image: image10.png]Worked Example 6.5 Balanced Chemical Equations: Mole Ratios
Rusting involves the reaction ofiron with oxygen to form iron (III) oxide, Fe,O5:

4Fe(s) + 30,(g) —> 2Fe,05(s)
(@) Whatare the mole ratios of the product to each reactantand of the reactantsto each other?
(b)How many moles of iron (I oxide are formed by the complete oxidation 0f6.2 mol of iron?
Analysis and Solution
(a) The coefficients of a balanced equation represent the mole ratios:

2mol Fe,0; 2mol Fe,0; 4 mol Fe
4molFe  3molO, 3molO,

(b) To find how many moles of Fe,0 jare formed, write down the knowninformation—6.2 mol of iron—andselect

the mole ratio that allows the quanities to cancel,leaving the desired quantity:

2 mol Fe,05
4 molFe

'Note that mole ratios are exact numbers and therefore do not limit the number of significant figures in the result ofa

calculation.

6.2motFe X 3.1 mol Fe,0,





From Another Text:

[image: image11.png]E_xample Exercise 10.2  Mole-Mole Relationships

Carbon monoxide is produced in a blast fumace by passing oxygen gas over hot coal. How many moles of
oxygen react with 2.50 mol of carbon according to the balanced equation?

206 + 09) 2+ 2¢Ot

Strategy Plan —

Step1: Whatunit s asked or i the answer? o ————
Sep2: Whatghen aheislaedtohe msver > [
sep R et o _

Using the balanced equation, we see that 2 mol
C= 1 mol O,.Thus, the mole ratio and the two

unit factors are
Solution
‘We select the unit factor that cancels the unit in the given value (i, Thus,

1mol0;
2moiC

Unit Analysis Map

250 molC x

= 125mol0;





Chapter 6: Part I  Mole-Mole Stoichiometry   2 points
Homework #1: Tungsten occurs in the important mineral sheelite (Calcium tungstate), which is converted to tungstic acid.  Tungsten is then extracted from tungstic acid by the following (unbalanced) reaction:     

      H2   +       H2WO4      (        W        +        H2O   (Unbalanced)
How moles of hydrogen is needed to prepare 6 moles of elemental tungsten?

Homework #2: Phosphoric acid can be made by the following (unbalanced) reaction:
 H2O     
+  
   P4O10     (              H3PO4         (unbalanced)
How many moles of Phosphoric acid can be prepared from the combination of 5 moles of Tetraphosphorus decoxide with excess water?       

References:

See McMurry: Section 6.3-6.4; See Worked Example 6.5;  Try Problem6.8 page 166

Try End of Chapter: Problems 6.39, 6.40

See Hein Worked Examples:  9.2-9.5 pages 170-173 
Try Practice 9.2 and 9.3 page 173
Also try Problems 9-10-11-12 page 184

Corwin 7th Reference: Section 9.1-9.2
Corwin 1025: see worked Examples 9.2 page 253 
additional Suggested Problems: Page 273-4 #7-#12
Chapter 6 Section J: Mass-Mass Stoichiometry  3 Points
Use this concept map for Part J Mass-Mass Problems:
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[image: image13.png]* Inamas
convert a given mas.

Mass-Mass Problems

mass stoichiometry problem. we will
of a reactant or product to an

unknown mass of reactant or product.

« There are three steps:

1

Convert the given mass of substance to moles using the molar
mass of the substance as a unit factor

Convert the moles of the given to moles of the unknown using
the coefficients in the balanced equation.

Convert the moles of the unknown to grams using the molar
mass of the substance as a unit factor.





[image: image14.png]What is the mass of mercury produced from the
decomposition of 1.25 g of orange mercury(Il)
oxide (MM =216.59 gmol).7

2HgO(s) — 2 Hg(/) +Oy(g)

Convert grams Hg to mol Hg using the molar mass
of mercury (200.59 g/mol)

Convert mol Hg to mol HgO using the balanced
equation

Convert mol HgO to grams HgO using molar mass




Step 1:

[image: image15.png]Worked Example 6.3 Molar Mass: Mole to Gram Conversion

The nonprescription pain elievers Advil and Nuprin contain ibuprofen(C1,H,,0;) whose molecular weightis
206.3 amu (Problem 6.1a). Ifall the tablets in a bottle of pain reliever together contain 0.082 mol of ibuprofen.
‘what s the number of grams of ibuprofenin the bottle?

Analysis Weare given a number of moles and asked to find the mass. Molar mass is the conversion factor
between thetwo.

Ballpark Estimate  Since 1 mol of ibuprofenhas amass ofabout 200g, 0.08 mol has a mass of about
0.08 % 200g =16g.

Solution
STEP1:Identify known information. 0,082 mol ibuprofen in bottle
STEP2:Identify answer and units. ‘mass ibuprofen in bottle = 72

STEP3: Identify conversion factors. We use the
molecular weight of ibuprofento convert from moles

to grams.

1 mol ibuprofen = 206.3 g
206.3 g ibuprofen
1 mol ibuprofen
STEP4: Solve. Set up an equation using the known 2063 gibuprofen
informationand conversion factorso thatunwanted | 0.082 mol CyyHiiO; X - = 17gCuH,0;
information mol CyHiE0; X o = 178CuHIO;

Ballpark Check The calculated answer s consistent
with our estimate of 16 .





A Mass-Mass Worked Example From Another book:

Using all three steps:

The Solution to:   __?____g Hg = 1.25g 1.25 g HgO
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Another Mass-Mass Worked Example from Another book

[image: image17.png]Worked Example 3.7 Finding the Mass of One Reactant, Given
the Mass of Another
Aqueous solutions of sodium hypochlorite (NaOCI), best known as household bleach, are prepared by reaction
of sodiumhydroxide with chlorine. How many grams of NaOH are needed to react with 25.0 g of C1;?
2NaOH(ag) + Cly(g) - NaOCl(aq) + NaCl(aq) + H,O(])

Strategy

Findingthe relationship between numbers of reactant formula units always
requires workingin moles, using the general strategy outlined in Figure3.1.

awven
Solution prrpimiveg

First, find out how many moles of Cly are in 25.0 ¢ of Cl,. This gram-to-mole
conversionisdonein the usual way, usingthe molar mass of Cl, (70.9 g/mol) ——
as the conversion factor: meiced
niiod

1 mol Cly e
0 g€l X =t = () N

BOGE X 7 g gy ~ 0353 mol Cly —
oo

o





[image: image18.png]Next, look at the coefficients in the balanced equation. Each mole of Cl, reacts with 2 mol of NaOH, so

0.353 mol of Cl, reacts with 2 x 0.353 = 0.706 mol of NaOH. With the number of moles of NaOH known, carry
outamole-to-gram conversion usingthe molar mass of NaOH (40.0 g/mol) as a conversion factor to find that
28.2g 0f NaOH is required for the reaction:

2molNaOH _ 40.05NaOH

Srams of NaOH = 0.353 mok €13 e
Grams of NaOH = 0353 met €1 X ety * T mokNaor

= 282NaOH

‘The problem can also be worked by combiningthe steps and setting up one large equation:

.0gNaOH
T mokNaOH

1
Grams of NaOH = 250 €5 X
Grams of NaOH = 250t x 7% 2

= 282gNaOH

Ballpark Check

‘Themolar mass of NaOH is about half that of Cl,, and 2 mol of NaOH is needed per 1 mol of Cl,. Thus, the
needed mass of NaOH will be similar to that of CL,, or about 25 g.





Still Another Worked Example from Another book:

From book to book, the three steps are illustrated:

[image: image19.png]EXAMPLE 4.1 Stoichiometry
In photosynthesis, plants convert carbon dioxide and water into glucose (Cg Hy; Og) according to the following
reaction: 60, (g) + C4Hp O (ag)

sunlight

6CO, (g) + 6H,0 (1)

Suppose you determine that  particular plant consumes 37.8 g of CO,in one weck. Assuming that there is more
than enough water present toreact with all of the CO,, what mass of glucose (in grams) can the plant synthesize

from the CO,?

SORT The problem gives the mass of
carbon dioxide and asks you to find the
‘mass of glucose that can be produced.

GIVEN: 3785 CO,
FIND: g C¢Hy; O5

STRATEGIZE The conceptuzl
plan follows the general pattem

of mass A —> amount A

(in moles) > amount B

(in moles) —> mass B. From the
chemical equation, deduce the
relationship between moles of carbon
dioxide and moles of glucose. Use the
‘molar masses to convert between grams
and moles.

CONCEPTUALPLAN

lwx)

molco, | mol 1,0, |

\ IQH.;O.)

1 mol Oy 1 mol GH,.0, 15024 G

orgco; 6ol CO; Tmol G0,

RELATIONSHIPS USED
‘molar mass CO, =44.01 g/mol
6mol €O, : 1 mol C Hyy05

‘molar mass Cg H;205=180.2 g/mol




[image: image20.png]SOLVE Follow the conceptual
‘plan to solve the problem. Begin
with g CO; and use the conversion
factors to amive at g CgH 205

)
= 2588 CeHy,05

CHECK The units of the answer are correct. The magnitude of the answer (25.8 g) is less than the initial mass
of CO; (37.8g). This is reasonable because each carbon in CO; has fwo oxygen atoms associated withit, while
in CgH1205 cach carbon has only one oxygen atom associated with it and two hydrogen atoms, which are much
lighter than oxygen. Therefore the mass of glucose produced should be less than the mass of carbon dioxide for
this reaction.

FORPRACTICE 4.1
Magnesium hydroxide, the active ingredient in milk of magnesia, neutralizes stomach acid, primarily HCI, according
tothe following reaction:

Mg(OH)x(aq) + 2 HCl(ag) —> 2 H;0(!) + MgCla(aq)

What mass of HCL, in grams, can be neutralized by a dose of milk of magnesia containing 3.26 g Mg(OH),?





Chapter 6 Section J: Mass-Mass Stoichiometry  3 Points

Homework #3: Toluene and nitric acid are used in the production of trinitrotoluene (TNT), an explosive:

C7H8      +   HNO3       (      C7H5N3O6      +     H2O      (Unbalanced)
Calculate the mass of TNT that can be made from 192 g of C7H8 (toluene). 
(You must use dimensional analysis to show your work!)
Homework #4: What mass of carbon dioxide is produced from the combustion of 176 grams of propane gas ,  C3H8 , in excess oxygen gas,  O2. 
 Water is the only other product.
(You must use dimensional analysis to show your work!)
Write the Balanced Reaction:
Homework #5: 

A. What mass of carbon dioxide is produced from the combustion of 456 grams of gasoline ,  C8H18 , (2,2,4 Trimethyl Pentane)in excess oxygen gas,  O2.  Water is the only other product.
(You must use dimensional analysis to show your work!)
Write the Balanced Reaction:

Engine knocking is an unwanted process that can occur during combustion in internal combustion engines. Graham Edgar in 1926 added different amounts of n-heptane C7H14)and 2,2,4-trimethylpentane to gasoline, and discovered that the knocking stopped when 2,2,4-trimethylpentane was added. This was the origin of the octane rating scale.[5] Test motors, using 2,2,4-trimethylpentane gave a certain performance which was standardized as 100 octane. The same test motors, run in the same fashion, using heptane, gave a performance which was standardized as 0 octane. All other compounds and blends of compounds then were graded against these two standards and assigned octane numbers.
	Gasoline Molecule
2,2,4 Trimethyl Pentane

[image: image21.png]



	[image: image22.png]Chemical formula CsHis
Molar mass 11423 g mol™!
Appearance Colorless liquid
Odor Odorless

Density 0692 em™






B. Prove the quotation using dimensional analysis that burning one gallon of gasoline releases 18.7 tons of Carbon dioxide to the environment in a gasoline powered automobile. (Hint: There are 4 quarts = 1 gallon; 946 mL = 1 quart; 
454 grams = 1 pound; 2000 pounds = 1 ton)

C. How many grams of oxygen gas will be the minimum requirement to completely combust the 456 grams of gasoline (just over a pound)?

D. How many grams of water gas will exhaust out the tail pipe when the 456 grams of gasoline is combusted?

References:

McMurry: 
See Worked examples 6.6 and 6.7 page 168Try Problem 6.10 page 169.
Also try end of chapter problems: 6.39 to 6.51 pages 175-176

See Hein Worked Examples  9.8-9.9 pages 174-175 
Try Practice 9.6 and 9.7 page 176
Also try End of Capter Problems 13-18 page 184

see Corwin worked Examples 9.4 p256 and 9.5 p257
Try end of Chapter additional Suggested Corwin Problems: Page 274 #19-#27

Part K Excess-Limiting Reagent Problem    3 points

[image: image23.png]Limiting Reactant Problems
« There are three steps to a limiting reactant
problem:

1. Calculate the mass of product that can be produced
from the first reactant.

‘mass reactant #1 = mol reactant #1 = mol product = mass product

e

of product that can be produced
ctant.

Calculate the ma
from the second r

‘mass reactant #2 = mol reactant #2 => mol product => mass product

w

The limiting reactant is the reactant that produces the
Jeast amount of product.





Sample Limiting Reagent Problem (Chapter 6 Part K)

[image: image24.png]« How much molten iron is formed from the
reaction of 25.0 g FeO and 25.0 g Al?

3FeO(/) + 2 Al(l) — 3 Fe(l) + AlOs(s)
« First. let’s convert g FeO to g Fe:

3 5585¢
250 g et x LMOHFEO | STmoiEe | 5385gFe
TI85pFc0  3mobieO | b

=194 gFe

« We can produce 19.4 g Fe if FeO is limiting.




[image: image25.png]3FeO() +2 Al(/) — 3 Fe()) + Al,O5(s)

« Second. lets convert g Al to g Fe:

| mobAL ok-ke.

3
X x
26.98 g A 2 mokAl

25.0 g At x

=776 gFe
« We can produce 77.6 g Fe if Al is limiting.




[image: image26.png]« Let’s compare the two reactants:

1. 25.0 ¢ FeO can produce 19.4 g Fe.

2. 2502 Al can produce 77.6 ¢ Fe
« FeO is the limiting reactant.

« Al is the excess reactant.




Some books teach you to determine which reagent is the limit first, then do the standard gram-gram problem

 Either works, but I prefer the method above (working two separate 
gram-gram problems and which produces the lowest number that is the correct sequence and answer.

Reference:
McMurry: Chapter 6 Section 6.5
See Worked Examples 6.9, 6.10, and 6.11 which also includes Percent yield (Chapter 6 Part L) pages 170-171; Try Problems 6.12, 6.13, and 6.14 page 171

Corwin:  Review Sections 9.7 and 9.8
see worked Examples 9.10 p267 
additional Suggested Problems: p276 #59-#74
Hein:  Chapter 9 Section 9.5
see worked examples 9.11, 9.12, 9.13, 9.14 pages 178-181
Try problem 9.9 page 180; 9.10 page 181
End of chapter: Try 
