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Student Worksheet for the Demonstration: = f\\>c yx 
The Empirical Formula of Silver Oxide fiw ¥ 

There are millions of chemical compounds described in the scientifc literature. In order to classify and 
organize all of these different substances it’s necessary to specify the their elemental composition. References of 
chemical compounds list their properties along with a chemical formula showing how many atoms of which 
elements make up individual molecules of that compound. How are these formulas determined? 

While there are a large variety of modern, highly technological methods for determining the formulas of 
molecules (such as NMR) there is a tried and true method for doing it, too. The idea is simple enough: break a 
compound down into its elements, count the atoms of each element, and calculate a ratio in terms of whole 
numbers. For example, in order to determine the formula of the flammable gas known as acetylene one could 
burn it and collect the carbon dioxide and water vapor that results. Since acetylene is composed of only carbon 
and hydrogen it’s possible to count the atoms of carbon in the carbon dioxide and the atoms of hydrogen in the 
water to find out about the acetylene that was burned. When this is done the ratio of atoms is found to be 1 C for 
every 1H. This is commonly written as a chemical formula: CH. 

The same procedure can be used for other compounds, such as benzene. Benzene 
is physically and chemically distinct from acetylene as it is a poisonous liquid which 
evaporates to make a flammable vapor. And yet when its formula is determined as 
described above it is found to also be CH. So it appears that two compounds have the 
same formula! 

It turns out these two compounds have the same lowest-whole-number-ratio of 
atoms but they have different molecular structures. Both benzene and acetylene are 
shown in images at right. There are many hydrocarbon compounds that have the 
same ratio of carbon and hydrogen atoms but which have different chemical and 
physical properties. This is because these compounds have different numbers of Benzene (CgHg) 
atoms in their molecular structures. Acetylene and benzene have the same 
empirical formula, which is a formula with the lowest whole number ratio of 
atoms in the compound. These compounds have different molecular formulas, 
which give the true number of atoms in each molecule of the substance. 

Some combinations of elements have one or more 
possible ratios but all samples with the same empirical 
formula are the same substance. For example, iron and 
oxygen form two main compounds: iron(II oxide 
(FeO) and iron(III) oxide (Fe,03). There are no Acetylene (C)H2) 

compounds with the formula Fe,0, or Fe,O¢. This is because these compounds are 

ionic in nature, that is, they are composed of a specific ratio of two oppositely 
charged ions. As a result, they have two types of smallest particle, not just one as 
molecular compounds do. In the solid state such compounds form a repeating 
pattern in three dimensions called a crystal lattice. There is an image of the lattice of 

. . iron(IIT) oxide at left. Throughout the structure the ratio of positive ions to negative 
iron(II) oxide (Fe,03) ions is the same. Ionic compounds are defined only in terms of the lowest whole 

crystal number ratio of the ions of which they are composed. In other words, ionic 
compounds have only an empirical formula and do not have a molecular formula. 

In this demonstration your teacher will show you a method by which the empirical formula of silver oxide may 
be found. Silver oxide will decompose on heating to form silver metal and oxygen gas. By carefully weighing a 
sample, placing it in a crucible, heating it over a bunsen burner, and weighing the resulting metal it will be 
possible to determine the ratio of silver to oxygen atoms in the original compound. 

~ 

Questions 

1. Use the data in the table at right to calculate the amount | Empirical Formula of Iron Oxide (or Rust) 
of iron oxide produced by rusting the steel wool. Also, 
calculate the amount of oxygen added to the steel wool in crucible 12.988 g 
the formation of the iron oxide. (The data were generated steel wool 11 
by rapidly rusting steel wool, which is a form of iron. w 798 
Rusting is a result of combination with oxygen.) rusted steel 14.668 

(4. 66% Lg, BOG Rusr wool + crucible 49008 
~ 12. 9%& _— (17S t@aN @ 

6909 RUST 0,605" 4 OxyGen



2. Calculate the moles of iron from the mass of the steel wool. Also, calculate the moles of oxygen atoms from 

the mass of oxygen you calcylate in the previous s tep. 

LFSq Fe SS.S1SG = 0. Q 0.98 x 104x190 © wl +e 

(Ue - 0.5083 O 48th, = 3, 1S6 x0 Ful O 
3. Calculate a ratio of moles of oxygen to moles of iron. Convert this ratio to a ratio of whole numbers. 

O $i'8xeo" (5 Ss 
— —_— Zz =e O 

Fe 2.lovxlo | 5 (be 3 
4. Write the chemical formula of iron oxide based on your calculations. Also, write a balanced chemical 

equation for the reaction of iron with oxygen to form ps compound. | 

Fea0x Fe + Oy 0. 

5. As the demonstration proceeds, record the data in the table at Empirical Fo Ja of Silver Oxid 

right. Use the data to calculate the mass of silver oxide, the mass of pirical Formula of ollver Uxide 

silver at the end of the experiment, and the mass of oxygen that was : 
, . ; ae crucible 

driven off in the decompostion reaction. (2 ‘ 76 | 4 

S LV GR OX INDE + 0,S2nr% crucible Q 

Crp VER ALONE * o.aat - silver oxide S: “8 + 

OxYGEN Lost: 0.0 %6 crucible [3.22 Sas C 
+ silver metal 

6. Calculate the moles of silver and the moles of oxygen. Use these 

numbqrs to galculate a molar ratio for mol Ag/mol O in whole numbers. 
NT -3 

_ 

0 4atg (7. 6O%y =. sSrtnal Ag Ag 4. ssaiy3 -).02 

| ; —— = 

CESS: = = fl. 2Sxlo an | O © 2.25107 S 

7. Write the chemical formula of silver oxide b4séd on your calculations. Also, write a balanced chemical 

equation for the decomposition of silver oxide to form oxygen and silver. 

Aad > TH, + OZ \ 

8. In your own words, define the terms empirical formula and molecular formula. uf 

= reat io 1ST 

9. In your own words, explain why ionic compounds have empirical formulas but not molecular formulas. 

(4)
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