CHAPTER 6. CHEMICAL EQUATIONSAND THE MOLE CONCEPT

What Isa Mole?

Now that we are familiar with some important type#schemical compounds and their
chemical formulas, we will find that we already knquite a bit about the masses of these substances.
Consider, for example, water, that ubiquitous amgorrtant chemical compound formed from the
elements hydrogen and oxygen. We already know renstudy of atoms and the periodic table that
oxygen is sixteen times heavier than hydrogen. étyeln, the lightest atom in the periodic table with
only one proton, has an atomic mass of one. Oxygih,eight protons and eight neutrons in the
most common isotope, has an atomic mass of abautte covalent compound formed by the
combination of these two elements has the formu@, Mith two hydrogen atoms and one oxygen
atom. The overall weight of the,&8 molecule is the total of the weights of the twdrogen atoms
and the oxygen atom, or 18 atomic mass units.

Fig. 6-1:The water molecule has a mass of 18 amu.

H 1.0amu H 1.0 amu

wealay
molecyle

O 16.0 amu

Atomic mass units are convenient units to use wimsidering the masses of atoms. But,
although chemical reactions involve atoms and nutdsc it would hardly be practical to measure
atoms and molecules when making new compounds labloratory. As we have seen, it would take
6 x 10° hydrogen atoms to make up a single gram! Chelmésts chosen a very simple way to deal
with the masses of the elements and their compdmnespressing the atomic masses in grams. The
gram atomic mass of hydrogen, for instance, is taboe gram, and the gram atomic mass of oxygen
is about 16 grams. Any other unit of mass wouldknas well, of course, as long as oxygen is sixteen
times as heavy as hydrogen... we could have thedoatomic mass, for instance. As scientists have
agreed on the metric system, and our laboratonbek are calibrated in gram units, ¢gnam
atomic mass is a convenient unit.

No matter how complex a compound may be, it is ¢asynd thegram molecular mass
through addition of the gram atomic weights ofélements it contains. But it is best to do so in an
organized way, or even the simplest arithmetid@ae a way of giving incorrect results. (Have you
ever had trouble getting a checkbook to balance?g ¢ a suggested way of adding up the gram
molecular mass for }:



Problem example 6-1. Finding the gram molecular mass of H,O

2H= 2 X 10g = 209
10=1 X 16.0g = 16.09
18.0¢g

This organized approach will be especially helfifula more complex substance like (N3O, The
gram atomic masses for each element can alwaysunel in that extraordinarily useful source of
chemical information, the periodic table.

Problem Example 6-2. (NH4),SO4

2N = 2 X 140g = 28.0¢g
8H = 8 X 1.0g = 8.0¢g
1S = 1 X 3209 = 3209
40 = 4 X 16.0g = _640¢g

132.0g
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This simple and useful concept of gram moleculasgma often abbreviated to the term
"mole," which conjures up images of furry animals in thiads of the uninitiated. Most often, for
instance, chemists will say that water has 18 giaensnole. There is a technical problem with the
use of this term, however. Water is a covalentipdeml molecule; but ammonium sulfate, the
compound in Problem Example 6-2, is an ionic commgpso the use of a term based on the word
"molecular” is somewhat misleading. For that reasba& term "gram formula mass" is often used
instead; it has, however, no convenient abbrevited, and chemists will often be found referriag t
"grams per mole ammonium sulfate" even though tunmy frown.

Chemists make frequent use of the concept of gralmaular mass. But one need not be a
practicing chemist to make good use of the infoimmain molecular masses. In Chapter 1 sodium
compounds were examined as components of packaged fike macaroni and cheese. Because
sodium is found in so many substances and its pces@ay be an important health issue, the total
amount of sodium from all sources is listed on bbe& label. It can be instructive, however, to
visualize the quantity of table salt, or sodiunocide, that would correspond to this sodium content
Nutritional information on a box of macaroni anekeke, for example, states that a 3/4 cup serving
prepared from the box contents contains 530 mgditisn. How much salt would you have to add
from a salt shaker to equal this amount? To makecttmparison, we need to find the number of
grams in a mole of sodium chloride, or table saitj compare that with the number of grams in a
mole of sodium.

Problem Example 6-3: Find the number of grams in a mole of sodium atdgrNacCl.

1 Na 1x23.0¢g

1Cl =  1x355¢

= 35.5¢g

58.5 g per mole NaCl

We see, then, that each 23.0 gram quantity of sodirresponds to a weight of 58.5 grams of
sodium chloride. The weight ratio of sodium chlertd sodium is 58.5 to 23.0, simplifying to 2.54.
The weight of sodium listed on a food label, themrresponds to over 2 and 1/2 that quantity by
weight of table salt. The serving of macaroni amelese that contains 530 mg of Na corresponds to
adding table salt weighing 530 mg x 2.54, or 13%0 Trhis quantity of table salt, 1.35 grams, is
much more than most people would feel like addiognfa salt shaker. If you are not yet familiar
enough with metric units to be able to visualize #mount, it might be worthwhile to weigh out 1.35
grams of salt on a laboratory balance.

Sodium compounds are not the only everyday subssaioc which consumers can benefit
from knowing about the concept of gram moleculassn@ he label on a detergent box, for example,
may carry the information "contains 15% phosphatet@sphorus.” If phosphate-containing sewage
finds its way into a lake or pond, the phosphaténg as a plant nutrient, can cause an overgrofvth
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algae and result in the overall deterioration ofawguality known as eutrophication. If consumers
want to minimize the use of phosphate, how areti@yerpret this detergent box label? Phosphate
is an anion with the formula B8 it is one of the common anions listed in Chaptéfhe phosphate
anion, of course, is only part of the formula ofamc compound; there must be a cation as well. Fo
instance, is the phosphate in the detergent boxomaythe form of sodium phosphatesR@. In
order to find out how this affects the overall weigf the phosphate compound in the box, we need
to calculate the weight of a mole, or a gram foarmhbss, of sodium phosphate.



Problem Example 6-4: Find the gram formula mass of sodium phosphateR?Qa

3Na = 3 X 23.09g = 69.0 g
1P = 1 X 31.0¢g = 31.0¢
4 O = 4 X 16.0g = _640¢g

164.0g

The active phosphate-containing ingrediethédetergent, sodium phosphate, weighs 164 g, or
more than five times as much as phosphorus, witdit@mic weight of only 31.0 g. In other words,
the detergent formulation which contains "15% plhase as phosphorus" is really over 75% sodium
phosphate by weight! Clearly, a simple moleculassnealculation can be a powerful source of
chemical information.

Problem Solving with the M ole Concept

Familiarity with the mole concept is a useful cheathskill that can be applied in a variety of
problem-solving situations. First, consider onéhefsimpler situations that might arise. If soneon
asked you how many eggs in half a dozen, you wanadtably have a ready answer. But what if you
were asked to find the number of grams in half &rabcarbon? First, looking at the periodic table,
find the number of grams in a mole of carbon, I2.8low can you tell how many grams in half a
mole of carbon? The reasoning process is reallgahee.

Problem Example 6-5. Find the number of grams in 0.5 moles of carbon.
Let us look at this simple problem in terms of @eneral problem-solving strategy. As
always, first define the problem objective, what we want to find; it is the number of
grams, and will appear at the right of the problem asfmal solution. Now determinehat
isgiven as information; it is the number wioles of carbon, one-half or 0.5, and will appear
at the left of our equation.

WE ARE GIVEN WE WANT

0.5 moles C grams
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Theconversion factor, in order to produce a final result of grams Csthave the units of
grams C on the top part of the factor. The bottan pf the factor will be in units of moles
C and will then cancel out the units of the giveiamtity. The units of the conversion factor,
then will be in grams/mole C, or grams per one nadlearbon. We know the number of
grams in a mole of carbon; it is the gram atomissnavhich we find in the periodic table or
other reference source as 12 g/mole. The final@min factor, then, which appears in our
equation is 12 g/mole C. This can also be wrigteri2 g/ 1 mole C.

WE ARE GIVEN CONVERS ON FACTOR WE WANT
0.5 moles C X 12 g = g
1 mole C

Solving the problem, we find the answer, 6.0 g €c&ling out original question of how
many eggs are in 1/2 dozen eggs, do you now sesgriiarity to this question? Does the
answer to the question of how many grams in 1/Zrabkarbon begin to seem intuitively
obvious?



Problem Example 6-6. Find the number of grams in 0.100 moles of NaCl.

This is really a two-part problem. In order to sothie problem, we need to find the number
of grams in one mole of NaCl.

1Na = 1 X 23.09 = 23.0g

1Cl

35509
58.5 g per mole NaCl

1 X 355¢g
Then set up the problem by writing what we are give2100 moles NacCl, on the left, and
what we want, grams, on the right.

WE ARE GIVEN WE WANT

0.100 moles NaCl grams

The conversion factor, as in the previous exanmplest have units of grams in the top of the

factor and moles in the bottom. Do we know the dénaCl, or grams per mole? It is the
gram molecular mass which we have calculated above.

WE ARE GIVEN CONVERS ON FACTOR WE WANT
0.100 mole NaCl 58.5¢ g
1 mole NaCl

Solving the problem, we find the answer, 5.85 grams

Problem Example 6-7. Find the number of moles in 117 g of NaCl.
This timewhat isgiven is the number of grams of NaCl. The problem objecbrwhat we
want, is to find the number of moles. As you set up ppheblem you will notice that the
conversion factor must have moles NaCl on top aadhg on the bottom. We can still use the
relationship between moles NaCl and grams we cdkedlin the example above. There are
58.5 g in 1 mole of NaCl.

WE ARE GIVEN CONVERS ON FACTOR WE WANT
117 g NaCl x 1 mole = moles NaCl
58.5 g NaCl

Solving the problem, we find the answer, 2.00 mdlefl..



Chemical Equations. Our Shorthand for Chemical Reactions

One of the most rewarding aspects of chemixitly intellectually and financially is the ability
make new substances through chemical reactionamtlerstand the reactions that occur around
us constantly as a part of everyday life. As aangde, let us again look at a reaction which preduc
the important everyday chemical substance watelH,0r. The reaction in which water is formed
from hydrogen and oxygen is easy to perform. Asatten of fact, it is a popular classroom
demonstration because of the spectacular enegptethat accompany it. Hydrogen gas in a balloon
is touched with a candle; the spark bursts thetallind triggers an explosive reaction with the
oxygen which is present in the air, or, more sprdgaly, in the balloon.

Fig. 6-2: Dr. Shakashiri demohstratesthat when the candle istouched to the balloon
full of hydrogen and oxygen, a loud explosion will result.

Dirigibles like the Goodyear blimp we sometimes sa#ay were once considered as a form of
passenger transportation; these early dirigibleetsagsed hydrogen gas inside the large inflateg bod
because hydrogen is the lightest gas. A famousgdiagccurred at Lakehurst, New Jersey, in 1937
when the hydrogen gas in the dirigible Hindenbeqgaeled, killing all aboard and ending forever the
use of hydrogen as a dirigible ghtp://www.archive.org/details/hindenberg_exploNesv the light

but totally unreactive gas helium is used instead.

Fig. 6-3:Helium has a very low gram atomic mass (2.0 g/mol) and isan unreactive
noble gas. Because of these properties, it isused today in blimps.

The same reaction can be performed in a closethsap-proof container, which makes it easier to
examine the situation before and after the reacAdter the reaction occurs, the hydrogen gas has
disappeared, along with the oxygen gas that reagithdt. The only substance left in the closed
container is a small amount of water.



An important problem-solving tool for understandeigemical reactions like this one is the
chemical equation, in which a great deal of useful information istaoned in a simple form. In our
chemical reaction of hydrogen and oxygen to forrtewave say that the hydrogen and oxygen are
thereactants, and water is the reactigagnoduct. The reactants appear to the left of our chemical
equation, and the products to the right. An anralicates the change from reactants to products. So
we can easily write a chemical equation that shiheseactants and products in the formation of
water:

Hy  + &G > HO unbalanced (6-1)

This chemical equation indicates in a very efficiay what substances are present both before the
reaction occurs and afterwards. There is even glomical information contained in this brief line.
Hydrogen, as we have seen, occurs in nature asydrmgen atoms covalently bonded as the H
molecule. Oxygen also occurs naturally as a diatemailecule @ The water molecule is composed
of two hydrogen atoms and one oxygen atom. All iffisrmation is contained in the chemical

equation.
+. > +

: When hydrogen mol ecul es and oxygen moleculesreact to formwater molecules, the
atoms form different bonds to make new molecules. The total number of atoms
remains the same because the same atoms are present before and after the reaction.

But this equation as we have written it istarbalanced equation; there are two oxygen
atoms on the left, but only one on the right. T$ign impossibility, and let us examine exactly why
this is so. When the hydrogen and oxygen disappear water appears along with a big bang, it
seems like a magic trick to the observer. But cuvidedge of the existence of atoms has given us an
understanding of what actually occurs. The hydroggems have attached themselves to oxygen
atoms instead of being bonded to other hydroganatdhe oxygen atoms have become attached to
the hydrogen atoms instead of being bonded to @tkggen atoms. The same number of atoms is
present before and after the reaction. They hamphgrearranged themselves into new molecules.
That is how new substances are formed. Moleculaets@re helpful in visualizing the way the same
atoms have formed different molecules before anher a@fie reaction (Figure 6-4). Our chemical
equation, which describes exactly how the "magikés place when new substances are formed out
of old ones, must clearly show this very imporfamtciple; it must be a "balanced" equation with th
same number of each atom after the reaction ipringucts (to the right of the arrow) as there were
before the reaction in the reactants (to the lethe arrow).

A balanced chemical equation, then, has its beggsnn the insights of the ancient Greek and
Roman philosophers. In the balanced equation ttiertrconcepts of the atoms and the elements are
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used today to explain the seeming magic in thestoamations of substances. There is a very
practical reason for the balanced equation, as Wglerforming chemical reactions it is importent
know not only what chemicals are involved, but ¢lyadwow much. Chemical plants which produce
pharmaceuticals, plastics, and the other substasfcear daily lives must use exactly the right
amounts of reacting materials in order to produmsgcal products efficiently. Chemistry students
performing reactions in the laboratory must knowhouch of the reactants to weigh out. The
chemical equation, combined with our knowledge alblo@ weights of the elements, provides this
information.

Fig. 6-5:Chemists use balanced chemical equations together with gram molecular masses to find
out how much of each material to use in performing a chemical reaction.

Looking once more at our unbalanced equation ofehetion of hydrogen and oxygen to
form water, how can it be balanced to show theemmumber of atoms for each element in the
reaction? The subscripts in the chemical formoéasiot be changed, because they give important
information about the molecule. If, for instanceeavere to write the product as®4, the equation
would be balanced, but the product would contam tydrogen atoms and two oxygen atoms; the
name of this substance is hydrogen peroxide, asdgitiite different from water. Instead we can
change theoefficients, the numbers in front of the chemical formulas] #mat way change the
number of molecules. We can balance the numbexygfems atoms on each side of the equation by
changing the coefficient of the water molecule tthat way there will be two oxygen atoms
both on the left and the right sides of the equetibwe do so, however, we will find that we have
now put the hydrogen atoms out of balance.

H, + 0} --> 22 HO unbalanced  (6-2)

To balance the hydrogen atoms, a coefficientazr2be placed in front of the Ifholecule; the total
number of hydrogen atoms in 2 I3 four. The balanced equation for the formatibwater is



11

2H, + O, -> 2HO balanced (6-3)

As a final check, notice that the balanced equdtasifour hydrogen atoms on both the reactant and
product sides of the equation, and two oxygen atomgach side. Occasionally a student has
difficulty in looking at the shorthand formula 2® and understanding that there are four hydrogen
atoms. Looking at the molecular models in Figuie should be clear that there are two water
molecules, each with two hydrogen atoms.

Balancing a chemical equation can take severas $tefore a final check shows that all
elements in the equation have been balanced. @ia¢and error is part of the problem-solving
technique. There are also some strategies thdiedptil in balancing chemical equations and
which are best illustrated by examples.

Problem Example 6-8. Balance the following chemical equation, whicbatédes a way to produce
small amounts of oxygen in the laboratory by hgapiatassium perchlorate.

KCIO; --> KCl + 0} unbalanced

In this equation the oxygen atoms are unbalanced; ¢an the reactant side, with three
oxygen atoms, be balanced with the product side&hattas two oxygen atoms? The simplest
number, or lowest common multiple, which contaiothmumbers, is six. The oxygen atoms
will be balanced with six on each side by writirgetficients as follows:

2 KCIO; --> KCl + 3Q unbalanced

Now the K and Cl atoms have become unbalanceda baogfficient of 2 for KCl remedies
this unbalance. The final balanced equation is:

2 KCIOs --> 2 KCI + 30 balanced
2K 2K

2Cl 2 Cl

6O 6 O

Notice that a good way of making a final check alabcing equations is to add up each
element on a separate line.
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Problem Example 6-9. Balance the following equation.
NH.CI + CaO --> CaGl + HO + NHs unbalanced
This equation may appear complex at first. The @p@n to such a problem involves an
important problem-solving skilattempt theeasier partsfirst. In this case, try balancing the

N, Cl, and Ca atoms first as follows:

2 NH.CI + CaO --> CaGl + HO + 2 NH

Now check the H and O atom balance at this poiradging carefully the atoms in each
molecule, doing O and H last.

2 NH.CI + CaO --> CaGl + HO + 2NH  balanced

2N 2N

2 Cl 2 Cl

1Ca 1Ca

8 H 2H 6 H
10 10

The H and O are already balanced! Equation balgnwill not always be so easy, but it is a good
general problem-solving rule to attack the simplts of the problem first. In equation-solvings th
usually means tbalance H and O last.

Chemical Equationsand the Mole

In the chemical equation a great deal of infornmaéibout the chemical reaction is expressed
in a very efficient way. From the equation we knoet only what molecules are consumed and
formed, we know how many. Combining this informatwith the mole concept, we can learn even
more about our reaction, finding how many gramsudfstance will react and be formed. As an
example, let us look once more at the equationiwdhascribes the reaction of the elements hydrogen
and oxygen to form water.

First, let us find gram molecular weights for thelecules involved in the equation.
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ForH,2H=2x1.0= 2.0 g/mole
For0,20=2x16.0= 32.0 g/mole
For H0, 2H=2x1.0= 2049
10=1x16.0= _16.0¢g
18.0g/mole

Now let us look at the chemical equation in terrhmoles as well as molecules, and combine the
information from the chemical equation with the g¥iinformation from the gram molecular
weights.

2 H + O --> 2 HO
2 molecules H + 1 molecule @ --> 2 molecules KD
2molesH + 1 mole @ --> 2 moles HO
2x20gH + 1x3209Q@ --> 2x18.0g HO
409 H + 32.09Q --> 36.0 g HO

Now we have the chemical equation in the form oli@mical recipe. Four grams of hydrogen will
react with 32 grams of oxygen with none left oves with any recipe, the quantities can be increased
or decreased as long as the weight relationshipainghe same; two grams of hydrogen will react
with 16 grams of oxygen, or one gram of hydrogdireact with 8 grams of oxygen. If one gram of
hydrogen were reacted with one gram of oxygerthalloxygen would be reacted, but most of the
hydrogen would remain unreacted, even though 2autds of hydrogen react with each molecule of
oxygen. That is because the oxygen molecule isheavier than the hydrogen molecule, and so a
greater weight of oxygen is required. All this infaation is provided by the chemical equation aed th
gram molecular weights.

Our "chemical recipe" features another relationgg you may have noticed. The weights of
the substances on the reactant side of the equétidbg H + 32.0 g @, add up to exactly the same
as the weight on the product side of the equa8i6r) g H. This is not a coincidence. The weights of
the substances present before and after any readgti@always be the same. This principle, calleel t
Law of Conservation of M ass, may seem obvious. After all, the principle emleddn the chemical
equation is the idea that substances do not apmaegically from nowhere, but simply occur from the
recombination of the same atoms in a different \#&yce the same atoms appear in the same number
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on both sides of the equation, the weights woulitkdly be expected to be the same. Some of the
most familiar chemical recipes are those that aeel@io produce chemical changes in the kitchen. The
old-fashioned recipe for pound cake, for instamadls for a pound of butter, a pound of sugar, a
pound of flour, and a pound of eggs, all mixed aell baked in the oven. The product formed from
a series of chemical reactions is a deliciousather heavy, cake. Most people would have no
hesitation in predicting the final weight of the&keas four pounds, though they might be surprized t
hear they were using the Law of Conservation ofgvias

9
2 grams 2 grams 32 grams 18 grams 18 grams

The law of conservation of mass states that the mass of the productsin a chemical
reaction isthe same as the mass of thereactants. >

In chemical equations we have a powerful probleivirgptool. We know how much material
to react together to make a desired new substandeye know just how much product to expect.
Moreover, we can use chemical equations to undetsbee consequences of the chemical reactions
that take place all around us and in our own boehesy day. How much carbon dioxide will be
produced in the atmosphere by the amount of fuddwre? How much sulfuric acid will be added to
the atmosphere from the sulfur in the coal we burmn@se questions can be answered by using
chemical equations.

Problem-Solving with Chemical Equations

As with all problem-solving, it is important to he\an organized approach to solving
problems using chemical equations. Notice in tingada problems below how the chemical equation
comes first and organizes the problem informatioa useful way.
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Fig. 6-7:When natural gas, or methane, isburned, the products are carbon dioxide
and water.

Problem Example 6-10. When natural gas (methane), with the chemical étan€H,, is burned
(reacted with oxygen) the products are carbon d®and water. From the chemical equation for this
process determine the amount of carbon dioxideymed when 10.0 grams of methane is burned.

The balanced chemical equation for this process is
CH, + 2 --> CO + 2 HO

To determine weights for the chemical substantesl] be necessary first to determine their
gram molecular weights.

For CH, 1xC=1x120g = 1209
4xH=4x10g = 4049

16.0g
For CQ, 1xC=1x120g = 1209
2x0=2x16.0g = 32049

4409

Then the molecular weight information is combineithvthe information contained in the
chemical equation.

CH; + 20 --> Co + 2 HO

1 mole 1 mole

1x16.0 g CH 1x44.09CQ
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Finally the solution to the problem can be founigstfFidentify the information given in the
problem;we are given 10.0 g CH,4. Then identify the objective of the problewe want to
know how manygrams of CO, will be formed. Though there is more than one wesolve

this problem, a simple way is to observe the waight of these two substances as predicted
by the chemical equatio@ll numbers must be labelled carefully with both units and
substance. Observe that the units in the top of the convertastor must be the same as in
the answer we want. Otherwise units will not capeeperly.

WE ARE GIVEN CONVERS ON FACTOR WE WANT
10.0g CH X 44 g CQ = g CQ
16.0g CH

Solving the problem, we find the answer, 27.5 ¢.CO

We have just obtained some extraordinarily usefolmation by the use of this chemical equation.
The reaction we have just been dealing with desstibe burning of methane, or natural gas. Carbon
dioxide is one of the "greenhouse gases" whichraldseat and hence contribute to the warming of
the earth, a source of increasing concern botti¢énitssts and non-scientists (see Chapter 1& alt i
sobering thought that for every 10 grams of methiatis burned, 27.5 grams of carbon dioxide is
produced, contributing to the greenhouse effect.
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Problem Example 6-11: How many moles of oxygen (fare required to react with 5 moles of
methane (Ck)?

First, notice that the question refers only to rmpfet grams. It will not be necessary to find
weights in the calculation. The numbers of molest tleact are exactly the same as the
number of molecules that react in the equation.

CH, + 2 --> Co + 2 HO

1 mole 2 moles

Analyzing the problem, we see that whagdare given is the number of moles of Gldnd
whatwe want is the number of moles of,0O

WE ARE GIVEN WE WANT

5 moles CH moles @

We find the relationship to form the conversiortéadrom the chemical equation.

5 moles CH X 2 moles @ = moles @
1 mole CH

Solving the problem, we find the answer, 10 moles O
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CONCEPTSTO UNDERSTAND FROM CHAPTER 6

Gram molecular mass is found by addition of thergagomic masses of the elements in a compound,
using the gram atomic mass once for each timettiva appears in the molecule.

The chemical equation contains much valuable in&bion about a chemical reaction.

Chemical equations must be balanced, because itieeatams are present before the reaction and
after the reaction.

The total mass present before the chemical reaizias place is the same as the total mass adter th
reaction takes place. This is called the Law of$eovation of Mass.
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SKILLSTO BE ACQUIRED FROM CHAPTER 6

After completing Chapter 6, you should be able to:
Find the gram atomic mass for any compound for lvia@u are given the formula.
Find the number of grams of a substance if yougasn the number of moles.
Find the number of moles of a substance if yougaren the number of grams.
Balance a chemical equation.

Use the chemical equation to find how many molessfbstance are needed for a reaction or
are produced in a reaction.

Use a chemical equation to find how many gramseaqaired for a reaction or are produced
in a reaction.
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Name Date

PROBLEMSTO SOLVE USING CONCEPTS, FACTS, AND SKILLS
FROM CHAPTER 6

6-1. Find gram molecular weights or gram formulaghts for the
following (to the nearest tenth of a gram). Showryaork!

a. Baking soda, NaHGO

b. Calcium acetate (a food additive), Ca{€D,).

6-2. How many moles of helium in 28.0 grams ofural? Show your work always!

6-3. How many moles of calcium in 2.00 grams o€icah?

6-4. How many grams of helium in 28.0 moles ofural?

6-5. How many grams of calcium in 2.00 moles oficah?
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6-6. How many grams of calcium chloride in 2.00 @sabf calcium chloride, CaQQlused as a deicer
for roads and sidewalks)?

6-7. Ammonium nitrate, NENO;, is a common component of fertilizer. How many @sobf
ammonium nitrate in 100 grams of ammonium nitrate?

6-8. How many grams of ammonium nitrate in 100 m@tammonium nitrate?

6-9. Balance the following chemical equations,adliwhich involve the formation of pollution
products in the air.

a. Sulfur impurities in coal react with oxygen froine air as the coal is burned to form sulfur
dioxide gas.

S+ 0 > S0
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b. Sulfur dioxide gas reacts with oxygen from tin@@form sulfur trioxide gas.

_SG + _ 0 > __SOG

c. Sulfur trioxide gas reacts with water vaporha &ir to form sulfuric acid.

_ SO+ __HO--> __H,SO,

d. Coal is burned in the presence of limited am®wofitoxygen to form carbon monoxide.

C + O, -> _ CO

e. Nitrogen gas and oxygen gas from the air reggtther in an automobile engine to form
nitrogen oxide.

_ N> + _ 0O -> __NO

f. Nitrogen oxide reacts with water to form nitrog#ioxide, an important component of air
pollution in may cities.

~_ NO + O --> ~ NO,
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g. Nitrogen dioxide reacts with water to form mitaicid and nitrogen oxide; this reaction is a
contributor to acid rain.

_ NG, + _ HO--> HNG; + __NO

6-10. Balance the following chemical equations.

a. Green plants with the help of the sun's ener@gensugar with this
reaction, called photosynthesis:
__CaQ + ___HO -->  _ GH1:0e + Q

b. Sugar is changed to carbon dioxide gas and @ldohithe reaction, which is usedin
producing wine and requires the presence of yeast:

CeH 1206 --> CcCoO + CH:sOH

c. Chlorine gas used to disinfect a swimming psohpes from a defective
tank and reacts with iron beams in this reaction:

Fe + Gl ---> FedGl
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d. Copper roofing trim reacts with acid rain insteguation:

Cu + 50, ---> SQ + CuSQ

6-11. Consider the reaction for the burning (reactvith oxygen, @) of methane (Ckj, the major
component of natural gas:

CH, + 26, --> CO + 2H0

a. How many moles of oxygen are required to reattt %200 moles of Ck?

b. How many grams of carbon dioxide are producethbyeaction of 8.00 grams of ¢H
with an adequate amount of oxygen?

6-12. In the reaction below, used to produce amayddH;, how many moles of ammonia are
produced from 1.00 mole of hydrogen,H

N2 + 3 --> 2 NH;
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6-13. The reaction below describes the reactiaroafmetal with oxygen from the air to form rust
(iron oxide).
3Fe + 2Q -->  FeO,

a. How many moles of iron react to form 1.00 mdleéan oxide?

b. How many grams of iron react with 16.0 grarxhexygen?

6-14. In the following reaction octanegfdis), a major component of gasoline, is burned asriasl
auto engine.

2 GHss + 25Q --> 16 CQ+ 18 O

a. How many moles of carbon dioxide are producaweh fihe reaction of 1.00 mole of octane?

b. How many grams of carbon dioxide are producedhfthe reaction of 1.00 gram of
octane?
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............ MORE PROBLEMS TO SOLVE USING CONCEPTFACTS, AND SKILLS
FROM CHAPTER 6

6-15. How many moles of ammonium sulfate in 100rgraf ammonium sulfate, (NHSO,?

6-17. Balance the following equations:

a. NO + Q --> NO, + O,

b. Al,Os --> Al + )

c.Ca(OH) --> CaO + HO

6-18. When hydrochloric acid reacts with bakingagdtie products are water, sodium chloride, and
bubbles of carbon dioxide gas.

a. Balance the following chemical equation whichkalies these changes.

HCI  + NaHCQ --> NaCl + HO + CQ

b. Balance the following equation which describésthappens when sulfuric acid is added
instead.

H.SO, + NaHCQ --> NaSO, + HO + CQ



27

6-19. In the following reaction (octane is burne@n auto engine):
2 GHis + 25Q --> 16 CO+ 18 HO

a. How many moles of carbon dioxide are producedhfthe reaction of 60.0 moles of
octane?

b. How many grams of carbon dioxide are producedfthe reaction of 500 grams of
octane?

c. You might not have realized that an auto engneeluces water, but from the chemical
equation you can see that it does. In cold wedthemwater is visible as it condenses on the
cold tailpipe before the exhaust system warms ww khany grams of water are produced
when 100 grams of octane are burned?



