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Introduction 
Atoms of all the elements on the periodic table are found in combination with one or 
more other atoms, except noble gases. When two or more different types of atoms 
combine in a fixed arrangement, compounds form. When a compound forms, a 
chemical change takes place through chemical reactions. The world that we live in is full 
of chemical compounds and everything in our life depends on them, nothing would exist 
without compounds. Examples of compounds that we are familiar with are water, oil, 
salts, sugar, peroxide, and alcohol. Groups of specific compounds, such as 
carbohydrates, protein, lipids, and water, make the human body. The chemical bonds 
that form compounds connect everything around us. For example, chemical bonds hold 
together the cells in our body and hold together our cell phone. Understanding 
biochemical reactions and diseases in the human body requires understanding of 
compounds and their bonds. 

There are two basic types of compounds: ionic and molecular. Ionic compounds contain 
positive (cation) and negative (anion) ions. These ions are held together by attraction 
between the oppositely charged ions. Bonds formed when one atom gives up an 
electron to another atom. It is easy to recognize ionic compounds because of their 
properties. They usually have high boiling and melting points. In a solid state, ionic 
compounds are not electrically conductive; however, they conduct electricity when 
dissolved into their liquid state. Molecular (covalent) compounds form when two 
nonmetal atoms share electrons. Even though exceptions exist, most molecular 
compounds are liquids and gases at room temperature; they have low boiling and 
melting points and cannot conduct electricity. 

Some compounds have been known for a long time. Chemists developed a system of 
nomenclature to give a compound a unique name, such as water, ammonia, and 
acetone. However, we do not use systematic nomenclature to name everyday 
compounds. Since chaos would occur without a naming convention due to the existence 
of 30-40 million unique chemical compounds, to prevent this chaos, the IUPAC system 
of nomenclature was developed at the end of the 19th century in order for chemists to 
have a common method naming the compounds. 
 
In addition to compounds, we will focus on mixtures in this lab. The matter that we 
interact with in our everyday lives consists of mixtures. When two or more various 
substances are physically combined, a mixture is formed. Mixtures are classified as 
homogeneous, with uniform composition and properties, or as heterogeneous with 
varying composition and properties. It is possible to separate a heterogeneous mixture 
by using physical separation, such as filtration because the individual substances that 
form the mixture maintain their basic properties. Therefore, the separation of mixtures is 
relatively easier than the separation of chemical compounds. 
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Goal of Lab 4: Mixtures & Compounds 
Our goal in this lab is to explore and describe compounds (ionic & covalent) and 
mixtures (homogeneous & heterogeneous). We will investigate physical and chemical 
properties of compounds. Since chemical compounds are named systematically 
according to IUPAC guidelines, we will discuss naming rules for ionic and covalent 
compounds to read and write chemical formulas of the compounds. 

Theory and Background 
Matter is defined as anything that occupies space and has mass, and it is all around us. 
Solids and liquids are more obviously matter: We can see that they take up space, and 
their weight tells us that they have mass. Gases are also matter; if gases did not take up 
space, a balloon would not inflate (increase its volume) when filled with gas. 

Classifying Matter 
Matter can be classified into several categories. Two broad categories are mixtures and 
pure substances. A pure substance has a constant composition. All specimens of a 
pure substance have exactly the same makeup and properties. Any sample of sucrose 
(table sugar) consists of 42.1% carbon, 6.5% hydrogen, and 51.4% oxygen by mass. 
Any sample of sucrose also has the same physical properties, such as melting point, 
color, and sweetness, regardless of the source from which it is isolated. 

Pure substances may be divided into two classes: elements and compounds. Pure 
substances that cannot be broken down into simpler substances by chemical changes 
are called elements. Iron, silver, gold, aluminum, sulfur, oxygen, and copper are 
familiar examples of the more than 100 known elements, of which about 90 occur 
naturally on the earth, and two dozen or so have been created in laboratories. 

Pure substances that can be broken down by chemical changes are called 
compounds. This breakdown may produce either elements or other compounds, or 
both. Mercury(II) oxide, an orange, crystalline solid, can be broken down by heat into 
the elements mercury and oxygen (Figure 4.1). When heated in the absence of air, the 
compound sucrose is broken down into the element carbon and the compound water. 
(The initial stage of this process, when the sugar is turning brown, is known as 
caramelization—this is what imparts the characteristic sweet and nutty flavor to caramel 
apples, caramelized onions, and caramel). Silver(I) chloride is a white solid that can be 
broken down into its elements, silver and chlorine, by absorption of light. This property 
is the basis for the use of this compound in photographic films and photochromic 
eyeglasses (those with lenses that darken when exposed to light). 
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Figure 4.1 (a) The compound mercury(II) oxide, (b) when heated, (c) decomposes into silvery droplets of 
liquid mercury and invisible oxygen gas. [credit: modification of work by Paul Flowers as attributed in 
Chemistry: Atoms First 2e. Figure 1.9. OpenStax. CC BY.] 
 
 
Many compounds break down when heated. This site shows the breakdown of mercury 
oxide, HgO. You can also view an example of the photochemical decomposition of silver 
chloride (AgCl), the basis of early photography. 

The properties of combined elements are different from those in the free, or 
uncombined, state. For example, white crystalline sugar (sucrose) is a compound 
resulting from the chemical combination of the element carbon, which is a black solid in 
one of its uncombined forms, and the two elements hydrogen and oxygen, which are 
colorless gases when uncombined. Free sodium, an element that is a soft, shiny, 
metallic solid, and free chlorine, an element that is a yellow-green gas, combine to form 
sodium chloride (table salt), a compound that is a white, crystalline solid. 

A mixture is composed of two or more types of matter that can be present in varying 
amounts and can be separated by physical changes, such as evaporation. A mixture 
with a composition that varies from point to point is called a heterogeneous mixture. 
Italian dressing is an example of a heterogeneous mixture (Figure 4.2). Its composition 
can vary because it may be prepared from varying amounts of oil, vinegar, and herbs. It 
is not the same from point to point throughout the mixture—one drop may be mostly 
vinegar, whereas a different drop may be mostly oil or herbs because the oil and 
vinegar separate and the herbs settle. Other examples of heterogeneous mixtures are 
chocolate chip cookies (we can see the separate bits of chocolate, nuts, and cookie 
dough) and granite (we can see the quartz, mica, feldspar, and more). 

A homogeneous mixture, also called a solution, exhibits a uniform composition and 
appears visually the same throughout. An example of a solution is a sports drink, 
consisting of water, sugar, coloring, flavoring, and electrolytes mixed together uniformly 
(Figure 4.2). Each drop of a sports drink tastes the same because each drop contains 
the same amounts of water, sugar, and other components. Note that the composition of 
a sports drink can vary—it could be made with somewhat more or less sugar, flavoring, 
or other components, and still be a sports drink. Other examples of homogeneous 
mixtures include air, maple syrup, gasoline, and a solution of salt in water. 
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Figure 4.2 (a) Oil and vinegar salad dressing is a heterogeneous mixture because its composition is not 
uniform throughout. (b) A commercial sports drink is a homogeneous mixture because its composition is 
uniform throughout. [credit: (a) left modification of work by John Mayer, right modification of work by 
Umberto Salvagnin; (b) left modification of work by Jeff Bedford; as attributed in Chemistry: Atoms First 
2e. Figure 1.10. OpenStax. CC BY.] 
 
 
Mixtures can be separated by physical processes. The common techniques used to 
separate mixtures are sublimation, filtration, evaporation, decanting and centrifugation. 

Centrifugation is a technique that can separate a suspended solid from a liquid based 
on density, size, and shape. 

Decanting is a technique that separates liquid from solid particles by pouring a liquid 
away from a precipitated solid. 

Evaporation is used to separate the components of a mixture by using the difference in 
boiling points of the mixture components.  

Filtration is the process of separating an insoluble solid from a liquid phase by using a 
porous barrier, which only the liquid can pass.  

Sublimation is the process in which substances change from a solid state to a gaseous 
state without going into a liquid state. You may have noticed that snow can disappear 
into thin air without a trace of liquid water, or the disappearance of ice cubes in a 
freezer. The reverse is also true: Frost can form on very cold windows without going 
through the liquid stage. A popular effect is the making of “smoke” from dry ice, which is 
solid carbon dioxide (Figure 4.3).  
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Figure 4.3 Direct transitions between solid and vapor are common, sometimes useful, and even beautiful. 
(a) Dry ice sublimates directly to carbon dioxide gas. The visible vapor is made of water droplets. (b) Frost 
forms patterns on a very cold window, an example of a solid formed directly from a vapor. [credit: (a) 
Windell Oskay, (b) Liz West, as cited in College Physics. Figure 14.11. OpenStax. CC BY.] 
 
 

Summary for Classifying Matter 
Although there are just over 100 elements, tens of millions of chemical compounds 
result from different combinations of these elements. Each compound has a specific 
composition and possesses definite chemical and physical properties that distinguish it 
from all other compounds. And, of course, there are innumerable ways to combine 
elements and compounds to form different mixtures. A summary of how to distinguish 
between the various major classifications of matter is shown in (Figure 4.4). 
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Figure 4.4 Depending on its properties, a given substance can be classified as a homogeneous mixture, 
a heterogeneous mixture, a compound, or an element. [credit: Chemistry: Atoms First 2e. Figure 1.11. 
OpenStax. CC BY.] 
 
 

Chemical Bonds 
How elements interact with one another depends on how their electrons are arranged 
and how many openings for electrons exist at the outermost region where electrons are 
present in an atom. Electrons exist at energy levels that form shells around the nucleus. 
The closest shell can hold up to two electrons. The closest shell to the nucleus is 
always filled first, before any other shell can be filled. Hydrogen has one electron; 
therefore, it has only one spot occupied within the lowest shell. Helium has two 
electrons; therefore, it can completely fill the lowest shell with its two electrons. If you 
look at the periodic table, you will see that hydrogen and helium are the only two 
elements in the first row. This is because they only have electrons in their first shell. 
Hydrogen and helium are the only two elements that have the lowest shell and no other 
shells. 

The second and third energy levels can hold up to eight electrons. The eight electrons 
are arranged in four pairs and one position in each pair is filled with an electron before 
any pairs are completed. 

Looking at the periodic table again (Figure 4.5), you will notice that there are seven 
rows. These rows correspond to the number of shells that the elements within that row 
have. The elements within a particular row have increasing numbers of electrons as the 
columns proceed from left to right. Although each element has the same number of 
shells, not all of the shells are completely filled with electrons. If you look at the second 
row of the periodic table, you will find lithium (Li), beryllium (Be), boron (B), carbon (C), 
nitrogen (N), oxygen (O), fluorine (F), and neon (Ne). These all have electrons that 
occupy only the first and second shells. Lithium has only one electron in its outermost 
shell, beryllium has two electrons, boron has three, and so on, until the entire shell is 
filled with eight electrons, as is the case with neon.  
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Figure 4.5 Arranged in columns and rows based on the characteristics of the elements, the periodic table 
provides key information about the elements and how they might interact with each other to form 
molecules. Most periodic tables provide a key or legend to the information they contain. [credit: Concepts 
of Biology. Figure 2.3. OpenStax. CC BY.] 
 
 
Not all elements have enough electrons to fill their outermost shells, but an atom is at its 
most stable when all of the electron positions in the outermost shell are filled. Because 
of these vacancies in the outermost shells, we see the formation of chemical bonds, or 
interactions between two or more of the same or different elements that result in the 
formation of molecules. To achieve greater stability, atoms will tend to completely fill 
their outer shells and will bond with other elements to accomplish this goal by sharing 
electrons, accepting electrons from another atom, or donating electrons to another 
atom. Because the outermost shells of the elements with low atomic numbers (up to 
calcium, with atomic number 20) can hold eight electrons, this is referred to as the octet 
rule. An element can donate, accept, or share electrons with other elements to fill its 
outer shell and satisfy the octet rule. 
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When an atom does not contain equal numbers of protons and electrons, it is called an 
ion. Because the number of electrons does not equal the number of protons, each ion 
has a net charge. Positive ions are formed by losing electrons and are called cations. 
Negative ions are formed by gaining electrons and are called anions. 

For example, sodium only has one electron in its outermost shell. It takes less energy 
for sodium to donate that one electron than it does to accept seven more electrons to fill 
the outer shell. If sodium loses an electron, it now has 11 protons and only 10 electrons, 
leaving it with an overall charge of +1. It is now called a sodium ion. 

The chlorine atom has seven electrons in its outer shell. Again, it is more energy-
efficient for chlorine to gain one electron than to lose seven. Therefore, it tends to gain 
an electron to create an ion with 17 protons and 18 electrons, giving it a net negative (–
1) charge. It is now called a chloride ion. This movement of electrons from one element 
to another is referred to as electron transfer. As Figure 4.6 illustrates, a sodium atom 
(Na) only has one electron in its outermost shell, whereas a chlorine atom (Cl) has 
seven electrons in its outermost shell. A sodium atom will donate its one electron to 
empty its shell, and a chlorine atom will accept that electron to fill its shell, becoming 
chloride. Both ions now satisfy the octet rule and have complete outermost shells. 
Because the number of electrons is no longer equal to the number of protons, each is 
now an ion and has a +1 (sodium) or –1 (chloride) charge. 
 
 

 
 
Figure 4.6 Elements tend to fill their outermost shells with electrons. To do this, they can either donate or 
accept electrons from other elements. [credit: Concepts of Biology. Figure 2.5. OpenStax. CC BY.] 
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Type of Bonds and Compounds 
Atoms separated by a great distance cannot link; rather, they must come close enough 
for the electrons in their valence shells to interact. But do atoms ever actually touch one 
another? Most physicists would say no, because the negatively charged electrons in 
their valence shells repel one another. No force within the human body—or anywhere in 
the natural world—is strong enough to overcome this electrical repulsion. So when you 
read about atoms linking together or colliding, bear in mind that the atoms are not 
merging in a physical sense. 

Instead, atoms link by forming a chemical bond. A bond is a weak or strong electrical 
attraction that holds atoms in the same vicinity. The new grouping is typically more 
stable—less likely to react again—than its component atoms were when they were 
separate. A more or less stable grouping of two or more atoms held together by 
chemical bonds is called a molecule. The bonded atoms may be of the same element, 
as in the case of H2, which is called molecular hydrogen or hydrogen gas. When a 
molecule is made up of two or more atoms of different elements, it is called a chemical 
compound. Thus, a unit of water, or H2O, is a compound, as is a single molecule of the 
gas methane, or CH4. 

Three types of chemical bonds are important in human physiology, because they hold 
together substances that are used by the body for critical aspects of homeostasis, 
signaling, and energy production, to name just a few important processes. These are 
ionic bonds, covalent bonds, and hydrogen bonds. 

Ions and Ionic Bonds 
When a substance undergoes a physical change, its appearance changes, not the 
composition. In a chemical change, a substance is changed to give a new substance 
with different composition and properties. A chemical reaction consists of reactants and 
these reactants converted to products. Such as salt (NaCl) is a naturally occurring 
compound, synthesized by reaction of sodium metal and chlorine gas. When sodium 
atom reacts with chlorine, it transfers its valence electrons (outermost electron) to the 
chlorine atom, forms positive ions (Figure 4.7 and Figure 4.8), by gaining an electron 
chlorine atom forms negatively charged chloride ions, as a result, ionic bond is created. 
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Figure 4.7 Ionic Bonding (a) Sodium readily donates the solitary electron in its valence shell to chlorine, 
which needs only one electron to have a full valence shell. (b) The opposite electrical charges of the 
resulting sodium cation and chloride anion result in the formation of a bond of attraction called an ionic 
bond. (c) The attraction of many sodium and chloride ions results in the formation of large groupings 
called crystals. [credit: Anatomy and Physiology. Figure 2.8. OpenStax. CC BY.] 
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In ordinary chemical reactions, the nucleus of each atom (and thus the identity of the 
element) remains unchanged. Electrons, however, can be added to atoms by transfer 
from other atoms, lost by transfer to other atoms, or shared with other atoms. The 
transfer and sharing of electrons among atoms govern the chemistry of the elements. 
During the formation of some compounds, atoms gain or lose electrons, and form 
electrically charged particles called ions (Figure 4.8). 

 

 
 
Figure 4.8 (a) A sodium atom (Na) has equal numbers of protons and electrons (11) and is uncharged. 
(b) A sodium cation (Na+) has lost an electron, so it has one more proton (11) than electrons (10), giving it 
an overall positive charge, signified by a superscripted plus sign. [credit: Chemistry: Atoms First 2e. 
Figure 3.39. OpenStax. CC BY.] 
 
 
You can use the periodic table to predict whether an atom will form an anion or a cation, 
and you can often predict the charge of the resulting ion. Atoms of many main-group 
metals lose enough electrons to leave them with the same number of electrons as an 
atom of the preceding noble gas. To illustrate, an atom of an alkali metal (group 1) loses 
one electron and forms a cation with a 1+ charge; an alkaline earth metal (group 2) 
loses two electrons and forms a cation with a 2+ charge, and so on. For example, a 
neutral calcium atom, with 20 protons and 20 electrons, readily loses two electrons. This 
results in a cation with 20 protons, 18 electrons, and a 2+ charge. It has the same 
number of electrons as atoms of the preceding noble gas, argon, and is symbolized 
Ca2+. The name of a metal ion is the same as the name of the metal atom from which it 
forms, so Ca2+ is called a calcium ion. 

When atoms of nonmetal elements form ions, they generally gain enough electrons to 
give them the same number of electrons as an atom of the next noble gas in the 
periodic table. Atoms of group 17 gain one electron and form anions with a 1− charge; 
atoms of group 16 gain two electrons and form ions with a 2− charge, and so on. For 
example, the neutral bromine atom, with 35 protons and 35 electrons, can gain one  
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electron to provide it with 36 electrons. This results in an anion with 35 protons, 36 
electrons, and a 1− charge. It has the same number of electrons as atoms of the next 
noble gas, krypton, and is symbolized Br−.  

Note the usefulness of the periodic table in predicting likely ion formation and charge 
(Figure 4.9). Moving from the far left to the right on the periodic table, main-group 
elements tend to form cations with a charge equal to the group number. That is, group 1 
elements form 1+ ions: group 2 elements form 2+ ions, and so on. Moving from the far 
right to the left on the periodic table, elements often form anions with a negative charge 
equal to the number of groups moved left from the noble gases. For example, group 17 
elements (one group left of the noble gases) form 1− ions; group 16 elements (two 
groups left) form 2− ions, and so on. This trend can be used as a guide in many cases, 
but its predictive value decreases when moving toward the center of the periodic table. 
In fact, transition metals and some other metals often exhibit variable charges that are 
not predictable by their location in the table. For example, copper can form ions with a 
1+ or 2+ charge, and iron can form ions with a 2+ or 3+ charge. 
 
 

 
 
Figure 4.9 Some elements exhibit a regular pattern of ionic charge when they form ions. [credit: 
Chemistry: Atoms First 2e. Figure 3.40. OpenStax. CC BY.] 
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Visit this website to learn about electrical energy and the attraction/repulsion of charges. 
What happens to the charged electroscope when a conductor is moved between its 
plastic sheets, and why? 

Potassium (K), for instance, is an important element in all body cells. Its atomic number 
is 19. It has just one electron in its valence shell. This characteristic makes potassium 
highly likely to participate in chemical reactions in which it donates one electron. (It is 
easier for potassium to donate one electron than to gain seven electrons.) The loss will 
cause the positive charge of potassium’s protons to be more influential than the 
negative charge of potassium’s electrons. In other words, the resulting potassium ion 
will be slightly positive. A potassium ion is written K+, indicating that it has lost a single 
electron. A positively charged ion is known as a cation. 

Now consider fluorine (F), a component of bones and teeth. Its atomic number is nine, 
and it has seven electrons in its valence shell. Thus, it is highly likely to bond with other 
atoms in such a way that fluorine accepts one electron (it is easier for fluorine to gain 
one electron than to donate seven electrons). When it does, its electrons will outnumber 
its protons by one, and it will have an overall negative charge. The ionized form of 
fluorine is called fluoride and is written as F–. A negatively charged ion is known as an 
anion. 

Atoms that have more than one electron to donate or accept will end up with stronger 
positive or negative charges. A cation that has donated two electrons has a net charge 
of +2. Using magnesium (Mg) as an example, this can be written Mg++ or Mg2+. An 
anion that has accepted two electrons has a net charge of –2. The ionic form of 
selenium (Se), for example, is typically written Se2–. 

If we summarize, the nature of the attractive forces that hold atoms or ions together 
within a compound is the basis for classifying chemical bonding. When electrons are 
transferred and ions form, ionic bonds result. Ionic bonds are electrostatic forces of 
attraction, that is, the attractive forces experienced between objects of opposite 
electrical charge (in this case, cations and anions). When electrons are “shared” and 
molecules form, covalent bonds result. Covalent bonds are the attractive forces 
between the positively charged nuclei of the bonded atoms and one or more pairs of 
electrons that are located between the atoms. Compounds are classified as ionic or 
molecular (covalent) on the basis of the bonds present in them. 
 

Molecular (Covalent) Compounds  
Many compounds do not contain ions but instead consist solely of discrete, neutral 
molecules. These molecular compounds, unlike ionic bonds formed by the attraction 
between a cation’s positive charge and an anion’s negative charge, are formed by a 
covalent bond sharing electrons in a mutually stabilizing relationship. Like next-door 
neighbors whose kids hang out first at one home and then at the other, the atoms do 
not lose or gain electrons permanently. Instead, the electrons move back and forth 
between the elements.  
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Nonpolar Covalent Bonds 
Figure 4.10 shows several common types of covalent bonds. Notice that the two 
covalently bonded atoms typically share just one or two electron pairs, though larger 
sharings are possible. The important concept to take from this is that in covalent bonds, 
electrons in the outermost valence shell are shared to fill the valence shells of both 
atoms, ultimately stabilizing both of the atoms involved. In a single covalent bond, a 
single pair of electrons is shared between two atoms, while in a double covalent bond, 
two pairs of electrons are shared between two atoms. There even are triple covalent 
bonds, where three pairs of atoms are shared. 
 
 

 
 
Figure 4.10 Covalent Bonding. The top panel in this figure shows two hydrogen atoms sharing two 
electrons. The middle panel shows two oxygen atoms sharing four electrons, and the bottom panel shows 
two oxygen atoms and one carbon atom sharing 2 pairs of electrons each. [credit: Anatomy and 
Physiology. Figure 2.9. OpenStax. CC BY.] 
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You can see that the covalent bonds shown in Figure 4.10 are balanced. The sharing of 
the negative electrons is relatively equal, as is the electrical pull of the positive protons 
in the nucleus of the atoms involved. This is why covalently bonded molecules that are 
electrically balanced in this way are described as nonpolar; that is, no region of the 
molecule is either more positive or more negative than any other. 

Polar Covalent Bonds 
In chemistry, a polar molecule is a molecule that contains regions that have opposite 
electrical charges. Polar molecules occur when atoms share electrons unequally, in 
polar covalent bonds. 

The most familiar example of a polar molecule is water (Figure 4.11). The molecule has 
three parts: one atom of oxygen, the nucleus of which contains eight protons, and two 
hydrogen atoms, whose nuclei each contain only one proton. Because every proton 
exerts an identical positive charge, a nucleus that contains eight protons exerts a 
charge eight times greater than a nucleus that contains one proton. This means that the 
negatively charged electrons present in the water molecule are more strongly attracted 
to the oxygen nucleus than to the hydrogen nuclei. Each hydrogen atom’s single 
negative electron therefore migrates toward the oxygen atom, making the oxygen end of 
their bond slightly more negative than the hydrogen end of their bond. 
 

 
 
Figure 4.11 Polar Covalent Bonds in a Water Molecule. This figure shows the structure of a water 
molecule. The top panel shows two oxygen atoms and one hydrogen atom with electrons in orbit and the 
shared electrons. The middle panel shows a three-dimensional model of a water molecule and the bottom 
panel shows the structural formula for water. [credit: Anatomy and Physiology. Figure 2.10. OpenStax. 
CC BY.] 
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What is true for the bonds is true for the water molecule as a whole; that is, the oxygen 
region has a slightly negative charge and the regions of the hydrogen atoms have a 
slightly positive charge. These charges are often referred to as “partial charges” 
because the strength of the charge is less than one full electron, as would occur in an 
ionic bond. As shown in Figure 4.11, regions of weak polarity are indicated with the 
Greek letter delta (δ) and a plus (+) or minus (–) sign. 

Even though a single water molecule is unimaginably tiny, it has mass, and the 
opposing electrical charges on the molecule pull that mass in such a way that it creates 
a shape somewhat like a triangular tent (see Figure 4.11b). This dipole, with the positive 
charges at one end formed by the hydrogen atoms at the “bottom” of the tent and the 
negative charge at the opposite end (the oxygen atom at the “top” of the tent) makes the 
charged regions highly likely to interact with charged regions of other polar molecules. 
For human physiology, the resulting bond is one of the most important formed by 
water—the hydrogen bond. 

Hydrogen Bonds 
A hydrogen bond is formed when a weakly positive hydrogen atom already bonded to 
one electronegative atom (for example, the oxygen in the water molecule) is attracted to 
another electronegative atom from another molecule. In other words, hydrogen bonds 
always include hydrogen that is already part of a polar molecule. 

The most common example of hydrogen bonding in the natural world occurs between 
molecules of water. It happens before your eyes whenever two raindrops merge into a 
larger bead, or a creek spills into a river. Hydrogen bonding occurs because the weakly 
negative oxygen atom in one water molecule is attracted to the weakly positive 
hydrogen atoms of two other water molecules (Figure 4.12).  
 
 

 
 
Figure 4.12 Hydrogen Bonds between Water Molecules Notice that the bonds occur between the 
weakly positive charge on the hydrogen atoms and the weakly negative charge on the oxygen atoms. 
Hydrogen bonds are relatively weak, and therefore are indicated with a dotted (rather than a solid) line. 
[credit: Anatomy and Physiology. Figure 2.11. OpenStax. CC BY.] 
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Water molecules also strongly attract other types of charged molecules as well as ions. 
This explains why “table salt,” for example, actually is a molecule called a “salt” in 
chemistry, which consists of equal numbers of positively-charged sodium (Na+) and 
negatively-charged chloride (Cl–), dissolves so readily in water, in this case forming 
dipole-ion bonds between the water and the electrically-charged ions (electrolytes). 
Water molecules also repel molecules with nonpolar covalent bonds, like fats, lipids, 
and oils. You can demonstrate this with a simple kitchen experiment: pour a teaspoon of 
vegetable oil, a compound formed by nonpolar covalent bonds, into a glass of water. 
Instead of instantly dissolving in the water, the oil forms a distinct bead because the 
polar water molecules repel the nonpolar oil. 

Pure vs. Polar Covalent Bonds 
If the atoms that form a covalent bond are identical, as in H2, Cl2, and other diatomic 
molecules, then the electrons in the bond must be shared equally. We refer to this as a 
pure covalent bond. Electrons shared in pure covalent bonds have an equal 
probability of being near each nucleus. In the case of Cl2, each atom starts off with 
seven valence electrons, and each Cl shares one electron with the other, forming one 
covalent bond: 
 

Cl+Cl⟶Cl2 
 

The total number of electrons around each individual atom consists of six nonbonding 
electrons and two shared (i.e., bonding) electrons for eight total electrons, matching the 
number of valence electrons in the noble gas argon. Since the bonding atoms are 
identical, Cl2 also features a pure covalent bond. 

When the atoms linked by a covalent bond are different, the bonding electrons are 
shared, but no longer equally. Instead, the bonding electrons are more attracted to one 
atom than the other, giving rise to a shift of electron density toward that atom. This 
unequal distribution of electrons is known as a polar covalent bond, characterized by a 
partial positive charge on one atom and a partial negative charge on the other. The 
atom that attracts the electrons more strongly acquires the partial negative charge and 
vice versa. For example, the electrons in the H–Cl bond of a hydrogen chloride molecule 
spend more time near the chlorine atom than near the hydrogen atom. Thus, in an HCl 
molecule, the chlorine atom carries a partial negative charge and the hydrogen atom 
has a partial positive charge. Figure 4.13 shows the distribution of electrons in the H–Cl 
bond. Note that the shaded area around Cl is much larger than it is around H.  

We sometimes designate the positive and negative atoms in a polar covalent bond 
using a lowercase Greek letter “delta,” δ, with a plus sign or minus sign to indicate 
whether the atom has a partial positive charge (δ+) or a partial negative charge (δ–). 
This symbolism is shown for the H–Cl molecule in Figure 4.13. 
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Figure 4.13 (a) The distribution of electron density in the HCl molecule is uneven. The electron density is 
greater around the chlorine nucleus. The small, black dots indicate the location of the hydrogen and 
chlorine nuclei in the molecule. (b) Symbols δ+ and δ– indicate the polarity of the H–Cl bond. [credit: 
Chemistry: Atoms First 2e. Figure 4.5. OpenStax. CC BY.] 

 
Compare Figure 4.13  to Figure 4.14, which shows the even distribution of electrons in 
the H2 nonpolar bond. 
 

 
 

Figure 4.14 The potential energy of two separate hydrogen atoms (right) decreases as they approach 
each other, and the single electrons on each atom are shared to form a covalent bond. The bond length is 
the internuclear distance at which the lowest potential energy is achieved. [credit: Chemistry: Atoms First 
2e. Figure 4.4. OpenStax. CC BY.] 
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Electronegativity 
Whether a bond is nonpolar or polar covalent is determined by a property of the bonding 
atoms called electronegativity. Electronegativity is a measure of the tendency of an 
atom to attract electrons (or electron density) towards itself. It determines how the 
shared electrons are distributed between the two atoms in a bond. The more strongly an 
atom attracts the electrons in its bonds, the larger its electronegativity. Electrons in a 
polar covalent bond are shifted toward the more electronegative atom; thus, the more 
electronegative atom is the one with the partial negative charge. The greater the 
difference in electronegativity, the more polarized the electron distribution and the larger 
the partial charges of the atoms. 

Figure 4.15 shows the electronegativity values of the elements as proposed by one of 
the most famous chemists of the twentieth century: Linus Pauling (Figure 4.16). In 
general, electronegativity increases from left to right across a period in the periodic table 
and decreases down a group. Thus, the nonmetals, which lie in the upper right, tend to 
have the highest electronegativities, with fluorine the most electronegative element of all 
(EN = 4.0). Metals tend to be less electronegative elements, and the group 1 metals 
have the lowest electronegativities. Note that noble gases are excluded from this figure 
because these atoms usually do not share electrons with others atoms since they have 
a full valence shell. (While noble gas compounds such as XeO2 do exist, they can only 
be formed under extreme conditions, and thus they do not fit neatly into the general 
model of electronegativity.) 

 

 
 
Figure 4.15 The electronegativity values derived by Pauling follow predictable periodic trends, with the 
higher electronegativities toward the upper right of the periodic table. [credit: Chemistry: Atoms First 2e. 
Figure 4.6. OpenStax. CC BY.] 
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Electronegativity versus Electron Affinity 
We must be careful not to confuse electronegativity and electron affinity. The electron 
affinity of an element is a measurable physical quantity, namely, the energy released or 
absorbed when an isolated gas-phase atom acquires an electron, measured in kJ/mol. 
Electronegativity, on the other hand, describes how tightly an atom attracts electrons in 
a bond. It is a dimensionless quantity that is calculated, not measured. Pauling derived 
the first electronegativity values by comparing the amounts of energy required to break 
different types of bonds. He chose an arbitrary relative scale ranging from 0 to 4. 
 
Linus Pauling, shown in Figure 4.16, is the only person to have received two unshared 
(individual) Nobel Prizes: one for chemistry in 1954 for his work on the nature of 
chemical bonds and one for peace in 1962 for his opposition to weapons of mass 
destruction. He developed many of the theories and concepts that are foundational to 
our current understanding of chemistry, including electronegativity and resonance 
structures. 
 
 

 
 
Figure 4.16 Linus Pauling (1901–1994) made many important contributions to the field of chemistry. He 
was also a prominent activist, publicizing issues related to health and nuclear weapons. [credit: 
Chemistry: Atoms First 2e. Figure 4.7. OpenStax. CC BY.] 
 
 
Pauling also contributed to many other fields besides chemistry. His research on sickle 
cell anemia revealed the cause of the disease—the presence of a genetically inherited 
abnormal protein in the blood—and paved the way for the field of molecular genetics. 
His work was also pivotal in curbing the testing of nuclear weapons; he proved that 
radioactive fallout from nuclear testing posed a public health risk. 

Electronegativity and Bond Type 
The absolute value of the difference in electronegativity (ΔEN) of two bonded atoms 
provides a rough measure of the polarity to be expected in the bond and, thus, the bond 
type. When the difference is very small or zero, the bond is covalent and nonpolar. 
When it is large, the bond is polar covalent or ionic. The absolute values of the  
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electronegativity differences between the atoms in the bonds H–H, H–Cl, and Na–Cl are 0 
(nonpolar), 0.9 (polar covalent), and 2.1 (ionic), respectively. The degree to which 
electrons are shared between atoms varies from completely equal (pure covalent 
bonding) to not at all (ionic bonding). Figure 4.17 shows the relationship between 
electronegativity difference and bond type. 
 
 

 
 
Figure 4.17 As the electronegativity difference increases between two atoms, the bond becomes more 
ionic. [credit: Chemistry: Atoms First 2e. Figure 4.8. OpenStax. CC BY.] 
 
 
A rough approximation of the electronegativity differences associated with covalent, 
polar covalent, and ionic bonds is shown in Figure 4.17. This table is just a general 
guide, however, with many exceptions. For example, the H and F atoms in HF have an 
electronegativity difference of 1.9, and the N and H atoms in NH3 a difference of 0.9, yet 
both of these compounds form bonds that are considered polar covalent. Likewise, the 
Na and Cl atoms in NaCl have an electronegativity difference of 2.1, and the Mn and I 
atoms in MnI2 have a difference of 1.0, yet both of these substances form ionic 
compounds. 

The best guide to the covalent or ionic character of a bond is to consider the types of 
atoms involved and their relative positions in the periodic table. Bonds between two 
nonmetals are generally covalent; bonding between a metal and a nonmetal is often 
ionic. 

Some compounds contain both covalent and ionic bonds. The atoms in polyatomic ions, 
such as OH–, NO3 –, and NH4+ are held together by polar covalent bonds. However, these 
polyatomic ions form ionic compounds by combining with ions of opposite charge. For 
example, potassium nitrate, KNO3, contains the K+ cation and the polyatomic NO3− 
anion. Thus, bonding in potassium nitrate is ionic, resulting from the electrostatic 
attraction between the ions K+ and NO3−, as well as covalent between the nitrogen and 
oxygen atoms in NO3−. 
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Physical and Chemical Properties 
The characteristics that distinguish one substance from another are called properties. A 
physical property is a characteristic of matter that is not associated with a change in 
its chemical composition. Familiar examples of physical properties include density, 
color, hardness, melting and boiling points, and electrical conductivity. Some physical 
properties, such as density and color, may be observed without changing the physical 
state of the matter. Other physical properties, such as the melting temperature of iron or 
the freezing temperature of water, can only be observed as matter undergoes a physical 
change. A physical change is a change in the state or properties of matter without any 
accompanying change in the chemical identities of the substances contained in the 
matter. Physical changes are observed when wax melts, when sugar dissolves in 
coffee, and when steam condenses into liquid water (Figure 4.18). Other examples of 
physical changes include magnetizing and demagnetizing metals (as is done with 
common antitheft security tags) and grinding solids into powders (which can sometimes 
yield noticeable changes in color). In each of these examples, there is a change in the 
physical state, form, or properties of the substance, but no change in its chemical 
composition. 
 
 

 
 
Figure 4.18 (a) Wax undergoes a physical change when solid wax is heated and forms liquid wax. (b) 
Steam condensing inside a cooking pot is a physical change, as water vapor is changed into liquid water. 
[credit: (a) modification of work by “95jb14”/Wikimedia Commons, (b) modification of work by 
“mjneuby”/Flickr, as attributed in Chemistry: Atoms First 2e. Figure 1.18. OpenStax. CC BY.] 
 
 
The change of one type of matter into another type (or the inability to change) is a 
chemical property. Examples of chemical properties include flammability, toxicity, 
acidity, and many other types of reactivity. Iron, for example, combines with oxygen in  
the presence of water to form rust; chromium does not oxidize (Figure 4.19). 
Nitroglycerin is very dangerous because it explodes easily; neon poses almost no 
hazard because it is very unreactive. 
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Figure 4.19 (a) One of the chemical properties of iron is that it rusts; (b) one of the chemical properties of 
chromium is that it does not. [credit: (a) modification of work by Tony Hisgett, (b) modification of work by 
“Atoma”/Wikimedia Commons, as attributed in Chemistry: Atoms First 2e. Figure 1.19. OpenStax. CC 
BY.] 
 
 
A chemical change always produces one or more types of matter that differ from the 
matter present before the change. The formation of rust is a chemical change because 
rust is a different kind of matter than the iron, oxygen, and water present before the rust 
formed. The explosion of nitroglycerin is a chemical change because the gases 
produced are very different kinds of matter from the original substance. Other examples 
of chemical changes include reactions that are performed in a lab (such as copper 
reacting with nitric acid), all forms of combustion (burning), and food being cooked, 
digested, or rotting (Figure 4.20). 
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Figure 4.20 (a) Copper and nitric acid undergo a chemical change to form copper nitrate and brown, 
gaseous nitrogen dioxide. (b) During the combustion of a match, cellulose in the match and oxygen from 
the air undergo a chemical change to form carbon dioxide and water vapor. (c) Cooking red meat causes 
a number of chemical changes, including the oxidation of iron in myoglobin that results in the familiar red-
to-brown color change. (d) A banana turning brown is a chemical change as new, darker (and less tasty) 
substances form. [credit: (b) modification of work by Jeff Turner, (c) modification of work by Gloria 
Cabada-Leman, (d) modification of work by Roberto Verzo as attributed in Chemistry: Atoms First 2e. 
Figure 1.20. OpenStax. CC BY.] 
 
 

Physical Properties of Ionic Compounds 
The properties of ionic compounds shed some light on the nature of ionic bonds. Ionic 
solids exhibit a crystalline structure and tend to be rigid and brittle; they also tend to 
have high melting and boiling points, which suggests that ionic bonds are very strong. 
Ionic solids are also poor conductors of electricity for the same reason—the strength of 
ionic bonds prevents ions from moving freely in the solid state. Most ionic solids, 
however, dissolve readily in water. Once dissolved or melted, ionic compounds are 
excellent conductors of electricity and heat because the ions can move about freely. 
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You can often recognize ionic compounds because of their properties. Ionic compounds 
are solids that typically melt at high temperatures and boil at even higher temperatures. 
For example, sodium chloride melts at 801 °C and boils at 1413 °C. (As a comparison, 
the molecular compound water melts at 0 °C and boils at 100 °C.) In solid form, an ionic 
compound is not electrically conductive because its ions are unable to flow (“electricity” 
is the flow of charged particles). When molten, however, it can conduct electricity 
because its ions are able to move freely through the liquid (Figure 4.21). 
 
 

 
 
Figure 4.21 Sodium chloride melts at 801 °C and conducts electricity when molten. [credit: modification of 
work by Mark Blaser and Matt Evans as attributed in Chemistry: Atoms First 2e. Figure 3.41. OpenStax. 
CC BY.] 
 
 
Watch this video to see a mixture of salts melt and conduct electricity. 

Neutral atoms and their associated ions have very different physical and chemical 
properties. Sodium atoms form sodium metal, a soft, silvery-white metal that burns 
vigorously in air and reacts explosively with water. Chlorine atoms form chlorine gas, 
Cl2, a yellow-green gas that is extremely corrosive to most metals and very poisonous to 
animals and plants. The vigorous reaction between the elements sodium and chlorine 
forms the white, crystalline compound sodium chloride, common table salt, which 
contains sodium cations and chloride anions (Figure 4.22). The compound composed of 
these ions exhibits properties entirely different from the properties of the elements 
sodium and chlorine. Chlorine is poisonous, but sodium chloride is essential to life; 
sodium atoms react vigorously with water, but sodium chloride simply dissolves in 
water. 
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Figure 4.22 (a) Sodium is a soft metal that must be stored in mineral oil to prevent reaction with air or 
water. (b) Chlorine is a pale yellow-green gas. (c) When combined, they form white crystals of sodium 
chloride (table salt). [credit: (a) modification of work by “Jurii”/Wikimedia Commons as attributed in 
Chemistry: Atoms First 2e. Figure 4.2. OpenStax. CC BY.] 
 
 

Physical Properties of Covalent Compounds 
We can often identify molecular compounds on the basis of their physical properties. 
Under normal conditions, molecular compounds often exist as gases, low-boiling liquids, 
and low-melting solids, although many important exceptions exist. 

Compounds that contain covalent bonds exhibit different physical properties than ionic 
compounds. Because the attraction between molecules, which are electrically neutral, is 
weaker than that between electrically charged ions, covalent compounds generally have 
much lower melting and boiling points than ionic compounds. In fact, many covalent 
compounds are liquids or gases at room temperature, and, in their solid states, they are 
typically much softer than ionic solids. Furthermore, whereas ionic compounds are good 
conductors of electricity when dissolved in water, most covalent compounds are 
insoluble in water; since they are electrically neutral, they are poor conductors of 
electricity in any state. 

Nomenclature of Ionic and Covalent Compounds 
Nomenclature, a collection of rules for naming things, is important in science and in 
many other situations. This section describes an approach that is used to name simple 
ionic and molecular compounds, such as NaCl, CaCO3, and N2O4. The simplest of these 
are binary compounds, those containing only two elements, but we will also consider 
how to name ionic compounds containing polyatomic ions, and one specific, very 
important class of compounds known as acids (subsequent chapters in this text will 
focus on these compounds in great detail). We will limit our attention here to inorganic 
compounds, compounds that are composed principally of elements other than carbon  
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and will follow the nomenclature guidelines proposed by IUPAC. The rules for organic 
compounds, in which carbon is the principle element, will be treated in a later chapter 
on organic chemistry. 

Ionic Compounds 
To name an inorganic compound, we need to consider the answers to several 
questions. First, is the compound ionic or molecular? If the compound is ionic, does the 
metal form ions of only one type (fixed charge) or more than one type (variable charge)? 
Are the ions monatomic or polyatomic? If the compound is molecular, does it contain 
hydrogen? If so, does it also contain oxygen? From the answers we derive, we place 
the compound in an appropriate category and then name it accordingly. 

Compounds Containing Only Monatomic Ions 
The name of a binary compound containing monatomic ions consists of the name of the 
cation (the name of the metal) followed by the name of the anion (the name of the 
nonmetallic element with its ending replaced by the suffix –ide). The below list shows 
examples of some ionic compound names: 
 

• NaCl, sodium chloride 
• Na2O, sodium oxide 
• KBr, potassium bromide 
• CdS, cadmium sulfide 
• CaI2, calcium iodide 
• Mg3N2, magnesium nitride 
• CsF, cesium fluoride 
• Ca3P2, calcium phosphide 
• LiCl, lithium chloride 
• Al4C3, aluminum carbide 
 

Compounds Containing Polyatomic Ions 
Compounds containing polyatomic ions are named similarly to those containing only 
monatomic ions, i.e., by naming first the cation and then the anion. The below list shows 
examples of some names of compounds containing polyatomic ions: 
 

• KC2H3O2, potassium acetate 
• NH4Cl, ammonium chloride 
• NaHCO3, sodium bicarbonate 
• CaSO4, calcium sulfate 
• Al2(CO3)3, aluminum carbonate 
• Mg3(PO4)2, magnesium phosphate 
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Polyatomic Ions 
The ions that we have discussed so far are called monatomic ions, that is, they are 
ions formed from only one atom. We also find many polyatomic ions. These ions, 
which act as discrete units, are electrically charged molecules (a group of bonded 
atoms with an overall charge). Some of the more important polyatomic ions are listed in 
Table 4.1. Oxyanions are polyatomic ions that contain one or more oxygen atoms. At 
this point in your study of chemistry, you should memorize the names, formulas, and 
charges of the most common polyatomic ions. Because you will use them repeatedly, 
they will soon become familiar. 
 
 
Table 4.1 Common Polyatomic Ions 
 

Name Formula for 
Name 

Related Acid Formula for 
Related Acid 

ammonium NH4+   
hydronium H3O+   
peroxide O22-   
hydroxide OH-   
acetate CH3COO− acetic acid CH3COOH 
cyanide CN− hydrocyanic acid HCN 
azide N3− hydrazoic acid HN3 
carbonate CO32− carbonic acid H2CO3 
bicarbonate HCO3−   
nitrate NO3− nitric acid HNO3 
nitrite NO2− nitrous acid HNO2 
sulfate SO42− sulfuric acid H2SO4 
hydrogen sulfate HSO4−   
sulfite SO32− sulfurous acid H2SO3 
hydrogen sulfite HSO3−   
phosphate PO43− phosphoric acid H3PO4 
hydrogen phosphate HPO42−   
dihydrogen phosphate H2PO4−   
perchlorate ClO4− perchloric acid HClO4 
chlorate ClO3− chloric acid HClO3 
chlorite ClO2− chlorous acid HClO2 
hypochlorite ClO− hypochlorous acid HClO 
chromate CrO42− chromic acid H2CrO4 
dichromate Cr2O72− dichromic acid H2Cr2O7 
permanganate MnO4− permanganic acid HMnO4 

 
[credit: modification of Table 3.4. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
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Note that there is a system for naming some polyatomic ions; -ate and -ite are suffixes 
designating polyatomic ions containing more or fewer oxygen atoms. Per- (short for 
“hyper”) and hypo- (meaning “under”) are prefixes meaning more oxygen atoms than -
ate and fewer oxygen atoms than -ite, respectively. For example, perchlorate is ClO4−, 
chlorate is ClO3−, chlorite is ClO2− and hypochlorite is ClO−. Unfortunately, the number of 
oxygen atoms corresponding to a given suffix or prefix is not consistent; for example, 
nitrate is NO3− while sulfate is SO42−. This will be covered in more detail later in the 
module on nomenclature. 

Compounds Containing a Metal Ion with a Variable Charge 
Most of the transition metals and some main group metals can form two or more cations 
with different charges. Compounds of these metals with nonmetals are named with the 
same method as compounds in the first category, except the charge of the metal ion is 
specified by a Roman numeral in parentheses after the name of the metal. The charge 
of the metal ion is determined from the formula of the compound and the charge of the 
anion. For example, consider binary ionic compounds of iron and chlorine. Iron typically 
exhibits a charge of either 2+ or 3+ (see Figure 4.9), and the two corresponding 
compound formulas are FeCl2 and FeCl3. The simplest name, “iron chloride,” will, in this 
case, be ambiguous, as it does not distinguish between these two compounds. In cases 
like this, the charge of the metal ion is included as a Roman numeral in parentheses 
immediately following the metal name. These two compounds are then unambiguously 
named iron(II) chloride and iron(III) chloride, respectively. Other examples are provided 
in Table 4.2.  
 
 
Table 4.2 Some Ionic Compounds with Variably Charged Metal Ions 
 

Compound Name 
FeCl2 iron(II) chloride 

FeCl3 iron(III) chloride 

Hg2O mercury(I) oxide 

HgO mercury(II) oxide 

SnF2 tin(II) fluoride 

SnF4 tin(IV) fluoride 
 
[credit: modification of Table 4.5. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 
 
Out-of-date nomenclature used the suffixes –ic and –ous to designate metals with 
higher and lower charges, respectively: Iron(III) chloride, FeCl3, was previously called 
ferric chloride, and iron(II) chloride, FeCl2, was known as ferrous chloride. Though this  
naming convention has been largely abandoned by the scientific community, it remains 
in use by some segments of industry. For example, you may see the words stannous  
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fluoride on a tube of toothpaste. This represents the formula SnF2, which is more 
properly named tin(II) fluoride. The other fluoride of tin is SnF4, which was previously 
called stannic fluoride but is now named tin(IV) fluoride. 

Ionic Hydrates 
Ionic compounds that contain water molecules as integral components of their crystals 
are called hydrates. The name for an ionic hydrate is derived by adding a term to the 
name for the anhydrous (meaning “not hydrated”) compound that indicates the number 
of water molecules associated with each formula unit of the compound. The added word 
begins with a Greek prefix denoting the number of water molecules and ends with 
“hydrate.” For example, the anhydrous compound copper(II) sulfate also exists as a 
hydrate containing five water molecules and named copper(II) sulfate pentahydrate. 
Washing soda is the common name for a hydrate of sodium carbonate containing 10 
water molecules; the systematic name is sodium carbonate decahydrate. Formulas for 
ionic hydrates are written by appending a vertically centered dot, a coefficient 
representing the number of water molecules, and the formula for water. The two 
examples mentioned in this paragraph are represented by the formulas in the below list: 
 

• copper(II) sulfate pentahydrate, 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂4 ⋅ 5𝐻𝐻2𝑂𝑂 
• sodium carbonate decahydrate, 𝑁𝑁𝑎𝑎2𝐶𝐶𝑂𝑂3 ⋅ 10𝐻𝐻2𝑂𝑂 

 

Nomenclature of Molecular (Covalent) Compounds 
The bonding characteristics of inorganic molecular compounds are different from ionic 
compounds, and they are named using a different system as well. The charges of 
cations and anions dictate their ratios in ionic compounds, so specifying the names of  
the ions provides sufficient information to determine chemical formulas. However, 
because covalent bonding allows for significant variation in the combination ratios of the 
atoms in a molecule, the names for molecular compounds must explicitly identify these 
ratios. 

Compounds Composed of Two Elements 
When two nonmetallic elements form a molecular compound, several combination ratios 
are often possible. For example, carbon and oxygen can form the compounds CO and 
CO2. Since these are different substances with different properties, they cannot both 
have the same name (they cannot both be called carbon oxide). To deal with this 
situation, we use a naming method that is somewhat similar to that used for ionic 
compounds, but with added prefixes to specify the numbers of atoms of each element. 
The name of the more metallic element (the one farther to the left and/or bottom of the 
periodic table) is first, followed by the name of the more nonmetallic element (the one 
farther to the right and/or top) with its ending changed to the suffix –ide. The numbers of 
atoms of each element are designated by the Greek prefixes shown in Table 4.3.  
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Table 4.3 Nomenclature Prefixes 
 

Number Prefix 
1 (sometimes omitted) mono- 
2 di- 
3 tri- 
4 tetra- 
5 penta- 
6 hexa- 
7 hepta- 
8 octa- 
9 nona- 
10 deca- 

 
[credit: modification of Table 4.6. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 
 
When only one atom of the first element is present, the prefix mono- is usually deleted 
from that part. Thus, CO is named carbon monoxide, and CO2 is called carbon dioxide. 
When two vowels are adjacent, the a in the Greek prefix is usually dropped. Some other 
examples are shown in Table 4.4. 
 
 
Table 4.4 Names of Some Molecular Compounds Composed of Two Elements 
 

Compound Name 
SO2 Sulfur dioxide 
SO3 Sulfur trioxide 
NO2 Nitrogen dioxide 
N2O4 Dinitrogen tetroxide 
N2O5 Dinitrogen pentoxide 
BCl3 Boron trichloride 
SF6 Sulfur hexafluoride 
PF5 Phosphorus pentafluoride  
P4O10 Tetraphosphorus decaoxide 
IF7 Iodine heptafluoride 

 
[credit: modification of Table 4.6. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 

There are a few common names that you will encounter as you continue your study of 
chemistry. For example, although NO is often called nitric oxide, its proper name is 
nitrogen monoxide. Similarly, N2O is known as nitrous oxide even though our rules 
would specify the name dinitrogen monoxide; H2O is usually called water, not 
dihydrogen monoxide. Try to commit to memory the common names of compounds as 
you encounter them. 
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Binary Acids 
Some compounds containing hydrogen are members of an important class of 
substances known as acids. The chemistry of these compounds is explored in more 
detail in later chapters of this text, but for now, it will suffice to note that many acids 
release hydrogen ions, H+, when dissolved in water. To denote this distinct chemical 
property, a mixture of water with an acid is given a name derived from the compound’s 
name. If the compound is a binary acid (comprised of hydrogen and one other 
nonmetallic element): 

1. The word “hydrogen” is changed to the prefix hydro- 
2. The other nonmetallic element name is modified by adding the suffix -ic 
3. The word “acid” is added as a second word 

For example, when the gas HCl (hydrogen chloride) is dissolved in water, the solution is 
called hydrochloric acid. Several other examples of this nomenclature are shown in 
Table 4.5.  
 
 
Table 4.5 Names of Some Simple Acids 
 

Name of Gas Name of Acid 

HF(g), hydrogen fluoride HF(aq), hydrofluoric acid 
HCl(g), hydrogen chloride HCl(aq), hydrochloric acid 
HBr(g), hydrogen bromide HBr(aq), hydrobromic acid 
HI(g), hydrogen iodide HI(aq), hydroiodic acid 
H2S(g), hydrogen sulfide H2S(aq), hydrosulfuric acid 

 
[credit: modification of Table 4.8. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 

Oxyacids 
Many compounds containing three or more elements (such as organic compounds or 
coordination compounds) are subject to specialized nomenclature rules that you will 
learn later. However, we will briefly discuss the important compounds known as  

oxyacids, compounds that contain hydrogen, oxygen, and at least one other element, 
and are bonded in such a way as to impart acidic properties to the compound (you will 
learn the details of this in a later chapter). Typical oxyacids consist of hydrogen 
combined with a polyatomic, oxygen-containing ion. To name oxyacids: 

1. Omit “hydrogen” 
2. Start with the root name of the anion 
3. Replace –ate with –ic, or –ite with –ous 
4. Add “acid” 
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For example, consider H2CO3 (which you might be tempted to call “hydrogen 
carbonate”). To name this correctly, “hydrogen” is omitted; the –ate of carbonate is 
replace with –ic; and acid is added—so its name is carbonic acid. Other examples are 
given in Table 4.6. There are some exceptions to the general naming method (e.g., 
H2SO4 is called sulfuric acid, not sulfic acid, and H2SO3 is sulfurous, not sulfous, acid). 
 
 
Table 4.6 Names of Common Oxyacids 
 

Formula Anion Name Acid Name 
HC2H3O2 acetate acetic acid 
HNO3 nitrate nitric acid 
HNO2 nitrite nitrous acid 
HClO4 perchlorate perchloric acid 
H2CO3 carbonate carbonic acid 
H2SO4 sulfate sulfuric acid 
H2SO3 sulfite sulfurous acid 
H3PO4 phosphate phosphoric acid 

 
[credit: modification of Table 4.9. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 
 

Lab Examples 
EXAMPLE 4.1: COMPOSITION OF IONS 
An ion found in some compounds used as antiperspirants contains 13 protons and 10 
electrons. What is its symbol? 
 
Solution 
Because the number of protons remains unchanged when an atom forms an ion, the 
atomic number of the element must be 13. Knowing this lets us use the periodic table to 
identify the element as Al (aluminum). The Al atom has lost three electrons and thus 
has three more positive charges (13) than it has electrons (10). This is the aluminum 
cation, Al3+. 
 
Check Your Learning 
Give the symbol and name for the ion with 34 protons and 36 electrons. 
 
ANSWER: 
Se2−, the selenide ion 
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EXAMPLE 4.2: FORMATION OF IONS 
Magnesium and nitrogen react to form an ionic compound. Predict which forms an 
anion, which forms a cation, and the charges of each ion. Write the symbol for each ion 
and name them. 
 
Solution 
Magnesium’s position in the periodic table (group 2) tells us that it is a metal. Metals 
form positive ions (cations). A magnesium atom must lose two electrons to have the 
same number electrons as an atom of the previous noble gas, neon. Thus, a 
magnesium atom will form a cation with two fewer electrons than protons and a charge 
of 2+. The symbol for the ion is Mg2+, and it is called a magnesium ion.  
 
Nitrogen’s position in the periodic table (group 15) reveals that it is a nonmetal. 
Nonmetals form negative ions (anions). A nitrogen atom must gain three electrons to 
have the same number of electrons as an atom of the following noble gas, neon. Thus, 
a nitrogen atom will form an anion with three more electrons than protons and a charge 
of 3−. The symbol for the ion is N3−, and it is called a nitride ion. 
 
Check Your Learning 
Aluminum and carbon react to form an ionic compound. Predict which forms an anion, 
which forms a cation, and the charges of each ion. Write the symbol for each ion and 
name them. 
 
ANSWER: 
Al will form a cation with a charge of 3+: Al3+, an aluminum ion. Carbon will form an 
anion with a charge of 4−: C4−, a carbide ion. 
 
 
EXAMPLE 4.3: PREDICTING THE FORMULA OF A COMPOUND WITH A POLYATOMIC ANION 
Baking powder contains calcium dihydrogen phosphate, an ionic compound composed 
of the ions Ca2+ and H2PO4−. What is the formula of this compound? 
 
Solution 
The positive and negative charges must balance, and this ionic compound must be 
electrically neutral. Thus, we must have two negative charges to balance the 2+ charge 
of the calcium ion. This requires a ratio of one Ca2+ ion to two H2PO4− ions. We 
designate this by enclosing the formula for the dihydrogen phosphate ion in 
parentheses and adding a subscript 2. The formula is Ca(H2PO4)2. 
 
Check Your Learning 
Predict the formula of the ionic compound formed between the lithium ion and the 
peroxide ion, O22− (Hint: Use the periodic table to predict the sign and the charge on the 
lithium ion.) 
 
ANSWER: 
Li2O2 
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EXAMPLE 4.4: PREDICTING THE TYPE OF BONDING IN COMPOUNDS 
Predict whether the following compounds are ionic or molecular: 
 
(a) KI, the compound used as a source of iodine in table salt 
 
(b) H2O2, the bleach and disinfectant hydrogen peroxide 
 
(c) CHCl3, the anesthetic chloroform 
 
(d) Li2CO3, a source of lithium in antidepressants 
 
Solution 
(a) Potassium (group 1) is a metal, and iodine (group 17) is a nonmetal; KI is predicted to be 

ionic. 
 

(b) Hydrogen (group 1) is a nonmetal, and oxygen (group 16) is a nonmetal; H2O2 is 
predicted to be molecular. 
 
(b) Carbon (group 14) is a nonmetal, hydrogen (group 1) is a nonmetal, and chlorine 

(group 17) is a nonmetal; CHCl3 is predicted to be molecular. 
 

(d) Lithium (group 1) is a metal, and carbonate is a polyatomic ion; Li2CO3 is predicted to 
be ionic. 
 
Check Your Learning 
Using the periodic table, predict whether the following compounds are ionic or covalent: 
 
(a) SO2  

 
(b) CaF2  
 
(c) N2H4  
 
(d) Al2(SO4)3 
 
ANSWER: 
(a) molecular; (b) ionic; (c) molecular; (d) ionic 
 
 
EXAMPLE 4.5: ELECTRONEGATIVITY AND BOND POLARITY 
Bond polarities play an important role in determining the structure of proteins. Using the 
electronegativity values in Figure 4.15, arrange the following covalent bonds—all 
commonly found in amino acids—in order of increasing polarity.  
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Then designate the positive and negative atoms using the symbols δ+ and δ–: 
 
C–H, C–N, C–O, N–H, O–H, S–H 
 
Solution 
The polarity of these bonds increases as the absolute value of the electronegativity 
difference increases. The atom with the δ– designation is the more electronegative of 
the two. Table 4.7 shows these bonds in order of increasing polarity, where ΔEN 
represents the difference in electronegativity.  
 
 
Table 4.7 Bond Polarity and Electronegativity Difference 
 

Bond ΔEN Polarity 
C–H 0.4 

C
𝛿𝛿-

- H
𝛿𝛿+

 
S–H 0.4 

S
𝛿𝛿-

- H
𝛿𝛿+

 
C–N 0.5 

C
𝛿𝛿+

-N
𝛿𝛿-

 
N–H 0.9 

N
𝛿𝛿-

- H
𝛿𝛿+

 
C–O 1.0 

C
𝛿𝛿+

-O
𝛿𝛿-

 
O–H 1.4 

O
𝛿𝛿-

- H
𝛿𝛿+

 
 
[credit: modification of Table 4.1. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 
 
Check Your Learning 
Silicones are polymeric compounds containing, among others, the following types of 
covalent bonds: Si–O, Si–C, C–H, and C–C. Using the electronegativity values in Figure 
4.15,arrange the bonds in order of increasing polarity and designate the positive and 
negative atoms using the symbols δ+ and δ–. 
 
ANSWER: 
 

Bond ΔEN Polarity 
C–C 0.0 nonpolar 
C–H 0.4 

C
𝛿𝛿-

-H
𝛿𝛿+

 
Si–C 0.7 

Si
𝛿𝛿+

-C
𝛿𝛿-

 
Si-O 1.7 

Si
𝛿𝛿+

-O
𝛿𝛿-
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EXAMPLE 4.6: NAMING IONIC COMPOUNDS 
Name the following ionic compounds: 
 
(a) Fe2S3  

 
(b) CuSe 
 
(d) GaN 

 
(e) MgSO4·7H2O 
 
(e) Ti2(SO4)3 
 
Solution 
The anions in these compounds have a fixed negative charge (S2−, Se2− , N3−, and 
SO42−), and the compounds must be neutral. Because the total number of positive 
charges in each compound must equal the total number of negative charges, the 
positive ions must be Fe3+, Cu2+, Ga3+, Mg2+, and Ti3+. These charges are used in the 
names of the metal ions: 
 
(a) iron(III) sulfide 
 
(b) copper(II) selenide 
 
(c) gallium(III) nitride 
 
(d) magnesium sulfate heptahydrate 
 
(e) titanium(III) sulfate 
 
Check Your Learning 
Write the formulas of the following ionic compounds: 
 
(a) chromium(III) phosphide 

 
(b) mercury(II) sulfide 
 
(c) manganese(II) phosphate 
 
(d) copper(I) oxide 
 
(e) iron(III) chloride dihydrate 
 
ANSWER: 
(a) CrP; (b) HgS; (c) Mn3(PO4)2; (d) Cu2O; (e) FeCl3·2H2O 
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EXAMPLE 4.7: NAMING COVALENT COMPOUNDS 
Name the following covalent compounds: 
 
(a) SF6  
 
(b) N2O3  
 
(c) Cl2O7 
 
(d) P4O6 
 
Solution 
Because these compounds consist solely of nonmetals, we use prefixes to designate 
the number of atoms of each element: 
 
(a) sulfur hexafluoride 

 
(b) dinitrogen trioxide 
 
(c) dichlorine heptoxide 
 
(d) tetraphosphorus hexoxide 
 
Check Your Learning 
Write the formulas for the following compounds: 
 
(a) phosphorus pentachloride 
 
(b) dinitrogen monoxide 
 
(c) iodine heptafluoride 
 
(d) carbon tetrachloride 
 
 
ANSWER: 
(a) PCl5; (b) N2O; (c) IF7; (d) CCl4 
 
 
EXAMPLE 4.8: PLAYING WITH CHEMICAL NOMENCLATURE 
The following website provides practice with naming chemical compounds and writing 
chemical formulas. You can choose binary, polyatomic, and variable charge ionic 
compounds, as well as molecular compounds. 
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Relations to Health Sciences 
Compounds and the reactions between compounds are the basis of our life. We are 
living in a chemical world. We are made of chemicals and we function with chemical 
reactions. Most dysfunctions in our body and disease treatments can be found by 
investigating compounds and their reactions in our biological systems. 

Recall, a compound forms when two or more different elements are held together by a 
chemical bond. The simplest example of a chemical compound is water, which is made 
of two hydrogen atoms and one oxygen atom. Water is essential for life and is important 
for us because around 60% of our body contains water. Water involves so many 
biochemical reactions, like regulating body temperature, removing toxins, and 
lubricating joints. The cells in our body contain water. Most nutrients dissolve in water 
and are transferred through chemical and biological processes.  

When ionic compounds are dissolved in water, ions form. In biological fluids, most 
individual atoms exist as ions. These dissolved ions produce electrical charges within 
the body. The behavior of these ions produces the tracings of heart and brain function 
observed as waves on an electrocardiogram (EKG or ECG) or an 
electroencephalogram (EEG). The electrical activity that derives from the interactions of 
the charged ions is why they are also called electrolytes. 

In addition to water, our body contains a large variety of compounds such as enzymes, 
vitamins, cholesterol, proteins, and neurotransmitters. When we are walking, running, 
thinking, sleeping, crying, or laughing, neurons in our body communicate with each 
other to coordinate our actions. Cholesterol is an essential molecule and used to make 
hormones. It is a structural component of every cell. If there is no cholesterol in our 
body, we would be dead immediately. The serotonin compound is a neurotransmitter 
related to learning and memory. Serotonin is produced in our digestive system and low 
levels of serotonin cause depression, anxiety, anger, insomnia, and gastrointestinal 
issues. Another neurotransmitter and hormone, called dopamine, plays an important 
role in the body's movement. Low levels of dopamine are associated with Parkinson’s 
disease and mood disorders. There are so many complex biological compounds in our 
body that are essential for survival. 

So many events involved in our lives are part of chemistry and involve compounds 
produced in chemical reactions, such as how batteries, sunscreen, or baking soda work. 
Chemistry helps explain how everyday things work, like why onions make us cry, why 
coffee makes us awake, why ice floats in water, and why laundry detergent should not 
be used in the dishwasher. We use many chemicals every day with the combination of 
other chemicals/substances. A list of chemical substances you may find at home in your 
cabinet can be seen in Table 4.8 of the next section on ionic compounds in everyday 
life. 
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CHEMISTRY IN EVERYDAY LIFE: IONIC COMPOUNDS IN YOUR CABINETS 
Every day you encounter and use a large number of ionic compounds. Some of these 
compounds, where they are found, and what they are used for are listed below in Table 
4.8. Look at the label or ingredients list on the various products that you use during the 
next few days and see if you run into any of those in this table or find other ionic 
compounds that you could now name or write as a formula. 
 
 
Table 4.8 Everyday Ionic Compounds 
 

Ionic Compound Use 
NaCl, sodium chloride ordinary table salt 
KI, potassium iodide added to “iodized” salt for thyroid health 
NaF, sodium fluoride ingredient in toothpaste 
NaHCO3, sodium bicarbonate baking soda; used in cooking (and as antacid) 
Na2CO3, sodium carbonate washing soda; used in cleaning agents 
NaOCl, sodium hypochlorite active ingredient in household bleach 
CaCO3 calcium carbonate ingredient in antacids 
Mg(OH)2, magnesium hydroxide ingredient in antacids 
Al(OH)3, aluminum hydroxide ingredient in antacids 
NaOH, sodium hydroxide lye; used as drain cleaner 
K3PO4, potassium phosphate food additive (many purposes) 
MgSO4, magnesium sulfate added to purified water 
Na2HPO4, sodium hydrogen phosphate anti-caking agent; used in powdered products 
Na2SO3, sodium sulfite preservative 

 
[credit: modification of Table 4.4. Chemistry: Atoms First 2e. OpenStax. CC BY.] 
 
 
CHEMISTRY IN EVERYDAY LIFE: ERIN BROKOVICH AND CHROMIUM 
CONTAMINATION  
In the early 1990s, legal file clerk Erin Brockovich (Figure 4.23) discovered a high rate 
of serious illnesses in the small town of Hinckley, California. Her investigation eventually 
linked the illnesses to groundwater contaminated by Cr(VI) used by Pacific Gas & 
Electric (PG&E) to fight corrosion in a nearby natural gas pipeline. As dramatized in the  
film Erin Brokovich (for which Julia Roberts won an Oscar), Erin and lawyer Edward 
Masry sued PG&E for contaminating the water near Hinckley in 1993. The settlement 
they won in 1996—$333 million—was the largest amount ever awarded for a direct-
action lawsuit in the US at that time. 
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Figure 4.23 (a) Erin Brockovich found that Cr(VI), used by PG&E, had contaminated the Hinckley, 
California, water supply. (b) The Cr(VI) ion is often present in water as the polyatomic ions chromate, 
CrO42− (left), and dichromate, Cr2O72− (right). [credit: Chemistry: Atoms First 2e. Figure 4.9. OpenStax. CC 
BY.] 
 
 
Chromium compounds are widely used in industry, such as for chrome plating, in dye-
making, as preservatives, and to prevent corrosion in cooling tower water, as occurred 
near Hinckley. In the environment, chromium exists primarily in either the Cr(III) or 
Cr(VI) forms. Cr(III), an ingredient of many vitamin and nutritional supplements, forms 
compounds that are not very soluble in water, and it has low toxicity. But Cr(VI) is much  
more toxic and forms compounds that are reasonably soluble in water. Exposure to 
small amounts of Cr(VI) can lead to damage of the respiratory, gastrointestinal, and 
immune systems, as well as the kidneys, liver, blood, and skin. 
 
Despite cleanup efforts, Cr(VI) groundwater contamination remains a problem in 
Hinckley and other locations across the globe. A 2010 study by the Environmental 
Working Group found that of 35 US cities tested, 31 had higher levels of Cr(VI) in their 
tap water than the public health goal of 0.02 parts per billion set by the California 
Environmental Protection Agency. 
 
 
CHEMISTRY IN EVERYDAY LIFE: REACTION RATES IN ANALYSIS AND 
URINALYSIS TEST STRIPS 
Physicians often use disposable test strips to measure the amounts of various 
substances in a patient’s urine (Figure 4.24). These test strips contain various chemical 
reagents, embedded in small pads at various locations along the strip, which undergo 
changes in color upon exposure to sufficient concentrations of specific substances. The 
usage instructions for test strips often stress that proper read time is critical for optimal  
results. This emphasis on read time suggests that kinetic aspects of the chemical 
reactions occurring on the test strip are important considerations.  
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The test for urinary glucose relies on a two-step process represented by the chemical 
equations shown here: 
 
 
 

C6H12O6 + O2 →
catalyst

C6H10O6 + H2O2C6H12O6 + O2 →
catalyst

C6H10O6 + H2O2 
 

2H2O2 + 2I- →
catalyst

I2 + 2H2O + O22H2O2 + 2I- →
catalyst

I2 + 2H2O + O2 
 
 

 
The first equation depicts the oxidation of glucose in the urine to yield glucolactone and 
hydrogen peroxide. The hydrogen peroxide produced subsequently oxidizes colorless 
iodide ion to yield brown iodine, which may be visually detected. Some strips include an 
additional substance that reacts with iodine to produce a more distinct color change. 
The two test reactions shown above are inherently very slow, but their rates are 
increased by special enzymes embedded in the test strip pad. This is an example of 
catalysis, a topic discussed later in this chapter. A typical glucose test strip for use with 
urine requires approximately 30 seconds for completion of the color-forming reactions. 
Reading the result too soon might lead one to conclude that the glucose concentration 
of the urine sample is lower than it actually is (a false-negative result). Waiting too long 
to assess the color change can lead to a false positive due to the slower (not catalyzed) 
oxidation of iodide ion by other substances found in urine. 
 
 

 
 
Figure 4.24 Test strips are commonly used to detect the presence of specific substances in a person’s 
urine. Many test strips have several pads containing various reagents to permit the detection of multiple 
substances on a single strip. [credit: Iqbal Osman as attributed in Chemistry 2e. Figure 12.4. OpenStax. 
CC BY.] 
 
 
CONCLUDING REMARKS 
In conclusion, the list of chemicals given in Table 4.8 and their applications to our life 
reflect only a small fraction of the chemicals in our life. For that reason, understanding 
chemistry and chemical compounds helps us to understand the world around us.   
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