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Chapter 4

Subatomic Particles
THE MAIN IDEA

Atoms are made of electrons, protons, 
and neutrons

4.4  Protons and Neutrons

The positive charge of any atomic nucleus was found to be 
equal in magnitude to the combined negative charge of all 
the electrons in the atom. It was thus reasoned, and then 
experimentally confirmed, that the nucleus contains posi-
tively charged subatomic particles, which we call protons. 
Protons are nearly 2000 times more massive than electrons. 
The number of protons in a nucleus is equal to the number 
of electrons whirling about it, so the charges are balanced.

Scientists have agreed to identify elements by atomic 
number, which is the number of protons in the nucleus of 
each atom of a given element. The modern periodic table 
lists the elements in order of increasing atomic number. 
Hydrogen, with one proton per atom, has atomic number 
1; helium, with two protons per atom, has atomic number 
2; and so on.

C O N C E P T   C H E C K
How many protons are there in an iron atom, Fe (atomic number 26)?

CHECK  YOUR  ANSWER   The atomic number of an atom and its number of protons are the same. 
Thus, there are 26 protons in an iron atom. Another way to put this is that all atoms that contain 26 
protons are, by definition, iron atoms.
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If we compare the electric charges and masses of dif-
ferent atoms, we see that an atomic nucleus must be made up 
of more than just protons. Helium, for example, has twice the 
electric charge of hydrogen but four times the mass. The added 
mass is due to another subatomic particle found in the nucleus, 
the neutron, which was first detected in 1932 by the British 
physicist James Chadwick (1891–1974).

Neutrons have about the same mass as protons, but 
they have no electric charge. Any object that has no net elec-
tric charge is said to be electrically neutral, and that is where the 
neutron got its name. We discuss the important role that neu-
trons play in holding the atomic nucleus together in Chapter 5.
 Both protons and neutrons are called nucleons, a term 
that denotes their location in the atomic nucleus. Figure 4.12 
shows an illustration of a nucleus with many nucleons (protons 
and neutrons). Table 4.1 summarizes the basic facts about elec-
trons, protons, and neutrons.
 For any element, the number of neutrons in the nucleus 
may vary. For example, most hydrogen atoms (atomic number 
1) have no neutrons. A small percentage, however, have one 
neutron, and a smaller percentage have two neutrons. Similarly, 
most iron atoms (atomic number 26) have 30 neutrons, but a 
small percentage have 29 neutrons. Atoms of the same element 
that contain different numbers of neutrons are isotopes of one 
another.
 We identify isotopes by their mass number, which is 
the total number of protons plus neutrons (in other words, the 
number of nucleons) in the nucleus. As Figure 4.13 shows, a 
hydrogen isotope with only one proton is called hydrogen-1, 
where 1 is the mass number. A hydrogen isotope with one 
proton and one neutron is therefore hydrogen-2, and a hydro-
gen isotope with one proton and two neutrons is hydrogen-3. 
Similarly, an iron isotope with 26 protons and 30 neutrons is 
called iron-56, and one with only 29 neutrons is iron-55.
 An alternative method of indicating isotopes is to write 
the mass number as a superscript and the atomic number as a 

Like charges repel. So how 
can positively-charged pro-
tons be contained within a 
tiny nucleus? The answer 
has to do with the neu-
trons, which, as discussed in 
Chapter 5, act as a nuclear 
glue.

FOR YOUR
INFORMATION

TABLE 4.1  Subatomic Particles

 ^  Figure 4.12
An illustration of an atomic nucleus 
showing its protons and neutrons 
all clumped together. Warning! 
This is not what the nucleus really 
looks like. Interestingly, the atomic 
nucleus, just like the atom, is also 
made of mostly empty space, but is 
filled with a very high concentration 
of energy, as we discuss in Chapter 5.

How are isotopes 
identified?

READING CHECK
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subscript to the left of the atomic symbol. For example, an iron iso-
tope with a mass number of 56 and atomic number of 26 is written 
as

The total number of neutrons in an isotope can be calculated by 
subtracting its atomic number from its mass number:

Mass Number  –  Atomic Number  =  Number of Neutrons

For example, uranium-238 has 238 nucleons. The atomic number 
of uranium is 92, which tells us that 92 of these 238 nucleons are 
protons. The remaining 146 nucleons must be neutrons:

Atoms interact with one another electrically. Therefore, the 
way any atom behaves in the presence of other atoms is determined 
largely by the charged particles it contains, especially its electrons. 
Isotopes of an element differ only by mass, not by electric charge. 
For this reason, isotopes of an element share many characteris-
tics—in fact, as chemicals they cannot be distinguished from one 
another. For example, a sugar molecule containing carbon atoms 
with seven neutrons is digested no differently from a sugar mol-
ecule containing carbon atoms with six neutrons. Interestingly, 
about 1 percent of the carbon we consume in food is the carbon-13 
isotope, containing seven neutrons per nucleus. The remaining 99 
percent of the carbon in our diet is the more com- mon carbon-12 
isotope, containing six neutrons per nucleus.

<  Figure 4.13
Isotopes of an element have the 
same number of protons but dif-
ferent numbers of neutrons and 
hence different mass numbers. 
The three hydrogen isotopes 
have special names: protium for 
hydrogen-1, deuterium for hydro-
gen-2, and tritium for hydrogen-3. 
Of these three isotopes, hydro-
gen-1 is the most common. For 
most elements, such as iron, the 
isotopes have no special names 
and are indicated merely by mass 
number
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C O N C E P T   C H E C K
Distinguish between mass number and atomic mass.

CHECK  YOUR  ANSWER   Both terms include the word mass, so they are easily confused. Focus 
your attention on the second word of each term, however, and you’ll get it right every time. Mass 
number is a count of the number of nucleons in an isotope. An atom’s mass number requires no 
units because it is simply a count. Atomic mass is a measure of the total mass of an atom, which is 
given in atomic mass units. If necessary, atomic mass units can be converted to grams using the 
relationship 1 atomic mass unit = 1.661 x 10-24 gram.

The total mass of an atom is called its atomic mass. This 
is the sum of the masses of all the atom’s components (electrons 
and the nucleus). Because electrons are so much less massive 
than the nucleus, their contribution to atomic mass is negligible.

As we explore further in Section 9.2, a special unit has 
been developed for atomic masses. This is the atomic mass unit, 
amu; 1 atomic mass unit is equal to 1.661 x 10-24 gram, which 
is slightly less than the mass of a single proton. As shown in 
Figure 4.14, the atomic masses listed in the periodic table are in 
atomic mass units. As is explored in the Calculation Corner, the 
atomic mass of an element as presented in the periodic table 
is actually the average atomic mass of the various isotopes of 
that element occurring in nature.

Figure 4.14 >
Helium, He, has an atomic mass of 4.003 
atomic mass units, and neon, Ne, has 
an atomic mass of 20.180 atomic mass 
units.
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 CALCULATION CORNER
Calculating Atomic Mass

Roughly 99 percent of all carbon atoms, are the iso-
tope carbon-12, and most of the remaining 1 percent 
are the heavier isotope carbon-13. This small amount 
of carbon-13 raises the average mass of carbon from 
12.000 atomic mass units to the slightly greater value 
12.011 atomic mass units. To arrive at the atomic mass 
presented in the periodic table, you first multiply 
the mass of each naturally occurring isotope of an 
element by the fraction of its abundance and then 
add up all the fractions. This gives you the weighted 
average of all the isotopes.

EXAMPLE 
Carbon-12 has a mass of 12.0000 atomic mass units 
and makes up 98.89 percent of naturally occurring 
carbon. Carbon-13 has a mass of 13.0034 atomic 
mass units and makes up 1.11 percent of naturally 
occurring carbon. Use this information to show that 
the atomic mass of carbon shown in the periodic 
table, 12.011 atomic mass units, is correct.

ANSWER 
Recognize that 98.89 percent and 1.11 percent 
expressed as fractions are 0.9889 and 0.0111, 
respectively.

YOUR TURN 
Chlorine-35 has a mass of 34.97 atomic mass units, 
and chlorine-37 has a mass of 36.95 atomic mass 
units. Determine the atomic mass of chlorine, Cl 
(atomic number 17), if 75.53 percent of all chlorine 
atoms are the chlorine-35 isotope and 24.47 percent 
are the chlorine-37 isotope.

From the periodic table, you can calculate the mass 
of an atom in units of grams using the atomic mass 
unit (amu) to grams conversion factor: 

EXAMPLE 
(15.999 amu)(1.661 x 10-24 g/1 amu) = 2.657 x 10-23 g 

YOUR TURN 
Show that the mass of two hydrogen atoms is 3.348 
x 10-24 grams.
Show that the mass of a water molecule, H2O, is 2.992 
x 10-23 grams.
Show that there are 3.342 x 1022 water molecules in 
1.000 gram.

For solutions to these questions, see the end of the chap-
ter review.


