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5.1 Sugar and Salt  

ÅOrdinary table sugar is 
a compound called 
sucrose.  

ÅA sucrose molecule, 
such as the one shown 
here, contains carbon, 
hydrogen, and oxygen 
atoms.  

ÅThe properties of 
sucrose are very 
different from those of 
carbon, shown here in 
the form of graphite, 
and hydrogen and 
oxygen.  
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5.1 Sugar and Salt  
Å FIGURE 5.1  Elemental 

sodium  Sodium is an extremely 

reactive metal that dulls almost 

instantly upon exposure to air.  

Å FIGURE 5.2  Elemental 

chlorine  Chlorine is a yellow gas 

with a pungent odor. It is highly 

reactive and poisonous. 
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5.1 Sugar and Salt  

ÅFIGURE 5.3  Sodium chloride  The compound 
formed by sodium and chlorine is table salt.  

ÅThe properties of a compound are, in general, 
different from the properties of the elements that 
compose it. 
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5.2 Compounds Display  

Constant Composition  
ÅSome of the substances we encounter in 

everyday life are elements.  

ÅMost are not elementsðthey are compounds.  

ÅFree atoms are rare in nature.  

ÅA compound is different from a mixture of 
elements.  

ÅIn a compound, the elements combine in 
fixed, definite proportions. 

ÅIn a mixture, they can have any proportions 
whatsoever. 
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5.2 Compounds Display Constant 

Composition  

FIGURE 5.4  A mixture  This balloon is filled 
with a mixture of hydrogen and oxygen 
gas. The relative amounts of hydrogen 
and oxygen are variable. 

FIGURE 5.5  A chemical compound  This balloon 
is filled with water, composed of molecules that 
have a fixed ratio of hydrogen to oxygen. 
(Source: JoLynn E. Funk.) 
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5.2 Compounds Display Constant 

Composition  

ÅJoseph Proust (1754ï1826) formally 

stated the idea that elements combine in 

fixed proportions to form compounds. 

ÅThe law of constant composition states: 

 All samples of a given compound have the 

same proportions of their constituent 

elements. 
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5.2 Constant Composition: Mass Ratio  

ÅFor example, if we decompose an 18.0 g 

sample of water, we would get 16.0 g of 

oxygen and 2.0 g of hydrogen, or an 

oxygen-to-hydrogen mass ratio of 

 

 

ÅThis is true of any sample of pure water, 

no matter what its origin.  
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5.2 Constant Composition: Mass 

Ratio  
ÅIf we decompose a 17.0 g sample of 

ammonia, a compound composed of nitrogen 
and hydrogen, we would get 14.0 g of 
nitrogen and 3.0 g of hydrogen, or a nitrogen-
to-hydrogen mass ratio of 

 

 

ÅEven though atoms combine in whole-
number ratios, their mass ratios are not 
necessarily whole numbers.  
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5.3 Chemical Formulas: How to 

Represent Compounds  
ÅCompounds have constant composition with 

respect to mass because they are composed of 
atoms in fixed ratios.  

ÅA chemical formula indicates the elements 
present in a compound and the relative number of 
atoms of each.  

ÅFor example, H2O is the chemical formula for 
water; it indicates that water consists of hydrogen 
and oxygen atoms in a 2:1 ratio.  

ÅThe formula contains the symbol for each element, 
accompanied by a subscript indicating the number 
of atoms of that element. By convention, a 
subscript of 1 is omitted.  
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5.3 Chemical Formulas: How to 

Represent Compounds  

Common chemical formulas include: 

Å NaCl for table salt, indicating sodium and chlorine 
atoms in a 1:1 ratio.   

ÅCO2 for carbon dioxide, indicating carbon and 
oxygen atoms in a 1:2 ratio.  

ÅC12H22O11 for table sugar (sucrose), indicating 
carbon, hydrogen, and oxygen atoms in a 
12:22:11 ratio.  

ÅThe subscripts in a chemical formula represent the 
relative numbers of each type of atom in a 
chemical compound; they never change for a 
given compound.  
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5.3 Chemical Formulas: How to 

Represent Compounds CO and 

CO2  ÅThe subscripts in a chemical formula are part of the 
compoundôs definitionðif they change, the formula no longer 
specifies the same compound.  

Å CO is the chemical formula for carbon monoxide, an air 
pollutant with adverse health effects on humans.  
ïWhen inhaled, carbon monoxide interferes with the bloodôs 

ability to carry oxygen, which can be fatal.  

ïCO is the primary substance responsible for deaths of people 
who inhale too much automobile exhaust.  

Å If you change the subscript of the O in CO from 1 to 2, you get 
the formula for a totally different compound.  

Å CO2 is the chemical formula for carbon dioxide, the relatively 
harmless product of combustion and human respiration. We 
breathe small amounts of it all the time with no harmful 
effects. 
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5.3 Chemical Formulas: How to 

List the Elements in Order in 

Compounds  

ÅChemical formulas list the most metallic elements first.  
ïThe formula for table salt is NaCl, not ClNa.  

Å In compounds that do not include a metal, the more metal-like 
element is listed first.  

Å Metals are found on the left side of the periodic table and 
nonmetals on the upper right side.  

ÅAmong nonmetals, those to the left in the periodic table are 
more metal-like than those to the right and are normally listed 
first.  
ïWe write NO2 and NO, not O2N and ON.  

ÅWithin a single column in the periodic table, elements toward 
the bottom are more metal-like than elements toward the top.  
ïWe write SO2 not O2S. 
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5.3 Chemical Formulas: How to 

List the Elements in Order in 

Compounds  
ÅThe specific order for listing nonmetal elements 

in a chemical formula is shown in Table 5.1. 

ÅThere are a few historical exceptions in which 

the most metallic element is named first, such 

as the hydroxide ion, which is written as OHī.  
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5.3 Chemical Formulas: How to Represent 

Compounds with Polyatomic Ions  

ÅSome chemical formulas contain groups of atoms 
that act as a unit.  

ÅWhen several groups of the same kind are 
present, their formula is set off in parentheses with 
a subscript to indicate the number of that group.   

ÅMany of these groups of atoms have a charge 
associated with them and are called polyatomic 
ions.   

ÅTo determine the total number of each type of 
atom in a compound containing a group within 
parentheses, multiply the subscript outside the 
parentheses by the subscript for each atom inside 
the parentheses. 
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Total Number of Each Type of 

Atom  

in a Chemical Formula  
ÅDetermine the number of each type of atom 

in Mg(NO3)2. 

ÅMg(NO3)2 indicates a compound containing 

one magnesium atom (present as the Mg2+ 

ion) and two NO3
ī groups.  

   Mg:     1    = 1 Mg 

N:     1 ×  2  = 2 N 

O:     3 ×  2  = 6 O 
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Types of Chemical Formulas 

ÅAn empirical formula gives the relative number of 
atoms of each element in a compound.   

ÅA molecular formula gives the actual number of 
atoms of each element in a molecule of the 
compound.   

ÅFor example, the molecular formula for hydrogen 
peroxide is H2O2, and its empirical formula is HO.   

ÅThe molecular formula is always a whole number 
multiple of the empirical formula.  

ÅFor many compounds, such as H2O, the molecular 
formula is the same as the empirical formula. 

ÅA structural formula uses lines to represent chemical 
bonds and shows how the atoms in a molecule are 
connected to each other.   
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Types of Chemical Formulas 

Å Molecular modelsðthree-dimensional 
representations of moleculesðare used to 
represent compounds.   

Å We use two types of molecular models: 
ball-and-stick and space-filling.  

Å In ball-and-stick models, we represent 
atoms as balls and chemical bonds as 
sticks.   

Å The balls and sticks are connected to 
represent the moleculeôs shape. The balls 
are color coded, and each element is 
assigned a color as shown in the margin. 

Å In space-filing models, atoms fill the 
space between each other to more closely 
represent our best idea for how a molecule 
might appear if we could scale it to a visible 
size. 
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Comparison of Formulas and 

Models for Methane, CH4 
ÅThe molecular formula of methane indicates that methane 

has 1 carbon atom and 4 hydrogen atoms.  

Å The structural formula shows how the atoms are connected: 
each hydrogen atom is bonded to the central carbon atom.   

Å The ball-and-stick model and the space-filling model 
illustrate the geometry of the molecule: how the atoms are 
arranged in three dimensions. 
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Images make the connection between the world 

around us and the world of atoms and molecules. 

Å The macroscopic world (what we see)  

Å The atomic and molecular world (the particles that compose 

matter) 

Å The symbolic way that chemists represent the atomic and 

molecular world.   

Å Here is an image of water using this kind of representation. 
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5.4 A Molecular View of Elements 

and Compounds  

ÅPure substances may be either elements or 

compounds.  

ÅElements may be either atomic or molecular.  

ÅCompounds may be either molecular or ionic. 
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Elements may be atomic or 

molecular.  

ÅAtomic elements are those that exist in 

nature with single atoms as their basic 

units. Most elements fall into this category. 

ÅMolecular elements do not normally exist 

in nature with single atoms as their basic 

units. Instead, these elements exist as 

diatomic moleculesðtwo atoms of that 

element bonded togetherðas their basic 

units.  
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Elements may be atomic or 

molecular.  

 
The basic units that compose mercury, an 

atomic element and a metal, are single 
mercury atoms.  

The basic units that compose chlorine, a 
molecular element, are diatomic 
chlorine molecules, each composed of 
two chlorine atoms.  


