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Solve 

(a) The theoretical yield is H-" II o:;)( 146 08 41rnol C6H12) ( 2 lDOI 2'-'6 · g H2C6H.<)
4 

Gr.um 11 C6H 0 1 = (25.0 g-G6H'12)( 84.0 g-C6H12 2 mol C6H12 I mo! H2C~)
2 8

= 43.5 g H2C6HgO4 

33.5 g _ 
actual yield IOO% = - x 100% - 77.0% 

(b) Percent yield = theoretical yield X ' 43.S g 

. ) b doing a ballpark calculation. From the ba). 
Check We can check our answer m (a Y f c clohexane gives l mol adipic acid. We ha

I O
anced equa tion we know that each mo e Py ect o3 mol adipic acid, which equals above 

- 0 3 ol hexane so we ex . . d . h ut
25I84 "" 25/ 75 - · m ' .1 de as the 43 5 g obtaine in t e more detailed 
0.3 X 150 = 45 g, about the same ~ ~gm ~ur answer h~s the appropriate units and nurn 
calculation given previously. In additio~, than 100%, as it must be from the defln ·rbtr 
of significant figures. In (b) the answer ts 1ess I ton 
of percent yield. 

Practice Exercise 1 
If3.00 g of titanium metal is reacted with 6.00 _8 of chlorine g~sii\:i form/.7 ~(of) titanium 
(IV) chloride in a combination reaction, what ts the percent yie O e pro uct. a 65%, 

(b) 96%, (c) 48%, or (d) 86%. 

Practice Exercise 2 
· k' g ways to 1·mprove the process by which iron ore containing Fe2oImag111e you are wor m 0 11 3 

is converted into iron: 

Fe2OJ(s) + 3 CO(g) --+ 2Fe(s) + 3 CO2(g) 

(a) Ifyou start with 150 g ofFe2Q3 as the limiting rea_ctant, what is the theoretical yield ofFe! 
(b) Ifyour actual yield is 87.9 g, what is the percent yield? 

Design an Experiment 

One of the most important skills you can learn in school is how to 
think like a scientist. Questions such as: "What experiment might test 
this hypothesis?", "How do I interpret these data?", and "Do these data 
support the hypothesis?" are asked every day by chemists and other 
scientists as they go about their work. 

We want you to become a good critical thinker as well as an 
active, logical, and curious learner. For this purpose, sta rting in 
Chapter 3, we include at the end of each chapter a special exercise 
called "Design an Experiment." Here is an example: 

Is milk a pure liquid or a mix/tire ofchemical components in water? 
Design 011 experiment to distinguish between these two possibilities. 

You might already know the answer- milk is indeed a mixture of 
components in water- but the goal is to think of how to demonstrate 
this in practice. Upon thinking about it, you will likely realize that the 
key idea for this experiment is separation: You can prove that milk is a 
mixture ofchemical components if you can figure out how to separate 

these components. 
Testing a hypothesis is a creative endeavor. While some experi­

ments may be more efficient than others, there is often more than one 
good way to test a hypothesis. Our question about milk, for example, 
might be explored by an experiment in which you boil a known quan­
tity of milk un til it is dry. Docs a sol id residue fo rm in the bottom 

of the pan? If so, you could weigh it, and calculate the percentage of 
solids in milk, which would offer good evidence that milk is a mixture. 
If there is no residue after boiling, then you still cannot distinguish 
betwet!n the two possibilities. 

What other experiments might you do to demonstrate that milk 
is a mixture? You could put a sample ofmilk in a centrifuge, which you 
might have used in a biology lab, spin your sample and observe if any 
solids collect at the bottom of the centrifuge tube; large molecules can 
be separated in this way from a mixture. Measurement of the mass of 
the solid at the bottom of the tube is a way to obtain a value for the 'lo 
solids in milk, and also tells you that milk is indeed a mixture. 

Keep an open mind: Lacking a centr ifuge, how else might you 
separate solids in the milk? You could consider using a filter with re· 
ally tiny holes in it or perhaps even a fine strainer. You could propose 
that if milk were poured through this filter, some (large) solid compo· 
nents should stay on the top of the filter, while water (and really smaU 
molecules or ions) would pass th rough the filter. That result would be 
evidence that milk is a mixture. Does such a filter exist? Yes! But for 
our purposes, the existence of such a filter is not the point: the point 
is, can you use your imagination and your knowledge of chemistry 
to design a reasonable experiment? Don't worry too much about the 
exact apparatus you need for the "Design an Experiment" exercises. 
The goal is to imagine what you would need to do, or what kind of 
data would you need to collect, in order to answer the question. If your 



Learning Outcomes 111 

l,,r ,llltm·, 11. you ,.111 ,ollalwrJll' with others in your da<< to The dt:slgn a nd intt:rpretalion of scio.-ntifi, e~periments 1s al the 
111,1n1, . 

I·r 1,kJ,. S.:1,·nll~t< dis, us< their ideas \\Ith other <ncntists all the heart of !he socnllfic method. Th111k of !he De,1gn .111 Experiment c~
J~r•· . . . 

• \\°.: !ind th,11 d1srn~ mg 1dl·,1s, ,md refinmg them, makes us better crciscs as punlcs that c,111 be solved 111 v,1rious ways, and cmJoy your
!till< 

u<t< 1ml hdr< u< collcc11vcly ,111swcr important questions. explorations!~·,c.'0 . ' 

chapter Summary and Key Terms 
CHEMICAL EQUATIONS (INTRODUCTION AND SECTION 3 .1) 
The study of the quantitative relationships between chemical for-
111ulas and chemical equations is known as stoichiometry. One of 
the i111porta nt rnncepts of stoichiometqr is the law of conserva­
tion of mass, which states that the total mass of the products of a 
chelllical react ion is the same as the total mass of the reactants. 
The same numbers of atoms of each t)1pe are present before and 
Jfter a chemical reaction. A balanced chemical equation shows 
e ual numbers of atoms of each element on each side of the equa­
ti!n. Equations are balanced by placing coefficients in front of the 
chelllical formulas for the reactants and products of a reaction, not 
by changing the s ubscripts in chemical formulas. 

SIMPLE PATTERNS OF CHEMICAL REACTIVITY (SECTION 3.2) 
Among the reaction t ypesdescribed in thischapter are (I) combination 
reactions, in which two reactants combine to form one product; 
(Z) decomposition reactions, in which a single reactant forms two or 
more products; and (3) combustion reactions in oxygen, in which a 
substance, typically a hydrocarbon, reacts rapidly with 0 2 to form 

CO2 and H20. 

FORM ULA WEIGHTS (SECTION 3.3) Much quantitative infor­
mation can be determined from chemical formulas and balanced 
chemical equations by using atomic weights. The formula weight 

of a compound equals the sum of the atomic weights of the atoms 
in its formula. If the formula is a molecular formula, the formula 
weight is also called the molecular weight. Atomic weights and for­
mula weights can be used to determine the elemental composition of 

a compound. 

AVOGADRO'S NUMBER AND THE MOLE (SECTION 3.4) A mole of 
an}' substance contains Avogadro's number (6.02 X 1023

) of formula 

units of lhat substance. The mass of a mole of aloms, molecuks, o r 
ions (the molar mass) equals the formula weight of that material ex­
pressed in grams. The mass of one molecule of H20, for example, is 
18.0 amu, so the mass of I mol of H20 is 18.0 g. Thal is, the molar mass 
ofH20 is 18.0 g/mol. 

EMPIRICAL FORMULAS FROM ANALYSIS (SECTION 3 .5) The em­
pirical formula of any substance can be determined from its percent 
composition by calculating the relative number of moles of each atom 
in I00 g of the substance. If the substance is molecular in nature, its 
molecular formula can be determined from the empirica l formula 'l{ 
the molecular weight is also known. Combustion analysis is a special 
technique for determining the empirical formulas ofcompounds con­
taining only carbon, hydrogen, and/or oxygen. 

QUANTITATIVE INFORMATION FROM BALANCED EQUATION S 
AND LIMITING REACTANTS (SECTIONS 3 .6 AND 3 .7 ) The mole 
concept can be used to calculate the relative quantities of reactants and 
products in chemical reactions. The coefficients in a balanced equa­
tion give the relative numbers of moles of the reactants and products. 
To calculate the number of grams of a product from the number of 
grams of a reactant, first convert grams of reactant to moles of reac­
tant. Then use the coefficients in the balanced equation to convert 
the number of moles of reactant to moles of product. Finally, convert 
moles of product to grams of product. 

A limiting reactant is completely consumed in a reaction. When it 
is used up, the reaction stops, thus limiting the quantities of products 
formed. The theoretical yield of a reaction is the quantity of product 
calculated to form when all of the limiting reactant reacts. The actual 
yield ofa reaction is always less than the theoretical yield. The percent 
yield compares the actual and theoretical yields. 

Learning Outcomes After studying this chapter, you should be able to: 

• Balance chemical equations. (Section 3.1) • Calculate the empirical and molecular formulas of a 
compound from percentage composition and molecular• Predict the products of simple combination, decomposition, and 
weight. (Section 3.5)combustion reactions. (Section 3.2) 

• Identify limiting reactants and calculate amounts, in grams or• Calculate formula weights. (Section 3.3) 
moles, of reactants consumed and products formed for a reaction. 

• Convert grams to moles and vice versa using molar masses. (Section 3.6)
(Section 3.4) 

• Calculate the percent yield of a reaction. (Section 3.7)
• Convert number of molecules to moles and vice versa using 

Avogadro's number. (Section 3.4) 


