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2.3: Atoms of elements

Symbol of an element

Elements are represented by symbols, the first alphabet of their English or non-English name, written in capital letters. For
example, C for carbon, N for nitrogen, and I for iodine. Usually, another alphabet is also chosen from the element's name and
written as a small letter, e.g., Al for aluminum, Zn for zinc, and Ca for calcium. Some element symbols are derived from non-
English names, e.g., Na for sodium from the Latin name natium, Cu for copper from Latin cupurum, and Ag for silver from Latin
argentum.

Atoms of the same element have the same number of protons, and atoms of different elements have different numbers of protons.
In other words, the number of protons in an atom defines the element. There are 118 elements known at this time; the number of
protons in atoms varies from 1 for hydrogen to 118 for Oganesson (Og).

& Atomic number

The number of protons in an atom is called the atomic number.

The atomic number defines the element. A subscript to the left of the symbol of an element represents the atomic number. For
example, ; H shows one proton in a hydrogen atom, and ;C shows 6 protons in a carbon atom.

& Mass number

The number of protons plus the number of neutrons in an atom is the mass number.

A superscript to the left of the symbol of an element represents the mass number. For example, }H is a hydrogen atom with atomic
number 1, mass number 1, and no neutrons, while 1§F is a fluorine atom with 9 protons and 10 neutrons.

X Number of electrons

The number of electrons in an atom equals the number of protons minus the charge on the atom.

The number of electrons is equal to the number of protons in the case of a neutral atom, as there is no charge on a neutral atom.

A neutral atom can lose some electrons and become a positively charged particle, called a cation.

The charge is represented as a superscript on the right side of the element symbol, e.g. iH* is hydrogen without any electron, i.e.,
1 proton, 0 neutrons, and 0 electrons. ZgCa2+ is calcium with two fewer electrons than protons, i.e., 20 protons, 20 neutrons, and
18 electrons.

An atom can gain electrons and become a negatively charged particle, called an anion.

For example, 186 0% is oxygen with two more electrons than protons on it, i.e., 8 protons, 8 neutrons, and 10 electrons. A 13 F~is
fluorine with one more electron than protons on it, i.e., 9 protons, 10 neutrons, and 10 electrons. Fig. 2.3.1 illustrates the gain or
loss of electrons from neutral atoms.
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Protons 11 9 11 9
Neutrons 12 10 12 10
Electrons 10 10

Figure 2.3.1: Comparison of subatomic particles in neutral atoms and ions formed from them after the gain or loss of an electron.
Source: modified from: Wdcf / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

Calculating the number of protons, neutrons, and electrons

In general, an atom of a hypothetical element X is represented as éX Icharge \vhere Z is the atomic number, A is the mass number,
and I is an integer equal to charge number and charge the sign of the charge number: + or -.The number of protons, neutrons, and
electrons is calculated by using the following formulas:

Number of protons = A,
Number of neutrons = A — Z, and
Number of electrons = Z — (charge I),

where a charge is a + or - sign of the charge number.

v/ Example 2.3.1

Calculate the number of protons, neutrons, and electrons in 1§' 0O, 1602_, and IS ot?
Solution

10: number of protons = Z = 8, number of neutrons = A—Z = 16-8 = 8,

and number of electrons = Z — (charge I) =8 — 0 = 8.

13 0% : number of protons = Z = 8, number of neutrons =A—Z = 16-8 = 8,

and number of electrons = Z — (charge I) = 8 — (-2) =8 + 2 = 10.

180**: number of protons = Z = 8, number of neutrons =A—Z = 16-8 = 8,

and number of electrons = Z — (charge ) =8 — (+1) =8 -1 =09.

If charge number I is 1 in ‘gX Icharge it jg usually not written, but a number more than one is written. For example, 150~ has
change = -1, '80? has charge charge -2, and '{O ™ has charge = +1.

Isotopes
All atoms of the same element have the same number of protons but can have a different number of neutrons. For example, %H,

?H, and 3H have neutrons equal to 0, 1, and 2, respectively.

l Atoms of the same element that have a different number of neutrons are called isotopes.
For examples, iH, fH, and ?H are isotopes of hydrogen illustrated in Fig. 2.3.2. Another example is gLi, and gLi are two isotopes

of lithium. Natural samples of elements usually have almost constant ratios of isotopes. Table 1 lists some Isotopes of elements and
their percent abundance in typical natural samples.
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Figure 2.3.2: Isotopes of hydrogen. Source: Dirk Hiinniger; Derivative work in english - Balajijagadesh / CC BY-SA
(https://creativecommons.org/licenses/by-sa/3.0)

Table 1: Some of the important isotopes of elements with abundance in typical natural samples

Element Isotopes Abundance (%)
iz | 99.99
Hydrogen % H 0.01
H Negligible
6T *
Lithium §L? 7.6
aLi 92.4
2c 98.93
Carbon 12 C 1.07
e Negligible
21 75.78
Chlorine é;
701 24.22
79
Bromine g? Br 50.69
35 BI‘ 49.31
2 0.72
. 92 .
Uranium 238 17 99.28
92 .
Atomic mass

The atomic mass listed in the periodic table is the weighted average of the masses of the isotopes present in a natural sample
of the element.

The following formula calculates the atomic mass:
Atomic mass = Z[( mass of isotope ) x ( fractional abuncance of the isotope )

, where > means summation over all isotopes of the element, the fractional abundance of the isotope is the % abundance divided
by 100. Fig. 2.3.3. illustrates how the atomic mass is listed in a periodic table.
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Isotopes in lerrestial samples:

®5Cu
31%

63cy
69%

Figure 2.3.3: Two isotopes are present: copper-63 (62.9 amu) and copper-65 (64.9 amu), in abundances 69% + 31%. The standard
atomic weight for copper is the average, weighted by their natural abundance. Source: DePiep / CC BY-SA
(https://creativecommons.org/licenses/by-sa/4.0)

v/ Example 2.3.2

Calculate the atomic mass of chlorine with two isotopes in nature samples, i.e., %?Cl of mass 34.969 amu and % abundance
75.78% and $7C1 of mass 36.996 amu and % abundance 24.22%.

Solution
Formula: Atomic mass = > [( mass of isotope ) X ( fractional abuncance of the isotope )
Plug in the given values in the formula and calculate:

75.78

4.
0 ) + (36.996 amu X 24.22

0 ) = 35.45 amu

(34.969 amu X

1. Atomic masses of isotopes are close to but not the same as their mass numbers. For example, ‘;";’Cl has mass number mass =
35, but the atomic mass of this isotope is 34.969 amu as shown in the above example.

2. The weighted average atomic mass is usually closer to the mass number of the most abundant isotope, e.g., 35.45 amu in
the above example is close to the mass number 35 of i’?Cl isotope, which is the most abundant isotope.

3. The periodic table reports the atomic mass as calculated in the above example, i.e., the weighted average of the masses of
the isotopes present in the natural sample of the element.

This page titled 2.3: Atoms of elements is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad Arif
Malik.
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