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Quiz                      Stability of Aluminum       Duration: 20min

Aluminum North American is a chemical element in the boron

group with symbol 𝑨𝒍 and its of atomic number is 13.

It is a silvery-white, soft, nonmagnetic, ductile metal.

By mass, Aluminum makes up about 8% of the Earth's crust.

Aluminum has many known isotopes, with mass numbers

range from 21 to 42; however 𝟏𝟑
𝟐𝟕𝑨𝒍 has a natural abundance

above 99.9%.



Quiz 1                    Stability of Aluminum       Duration: 20min

1. The density of aluminum is 𝟐𝟕𝟎𝟎𝒌𝒈/𝒎𝟑 and its molar mass

is 27 g/mol. Given 𝑵𝑨 = 𝟔. 𝟎𝟐𝟐 × 𝟏𝟎𝟐𝟑𝒎𝒐𝒍−𝟏

a) Calculate the mass of an aluminum atom.

b) Deduce the volume of the atom.

2. Knowing that the radius of a nucleon is 𝒓𝟎 = 𝟏. 𝟐𝒇𝒎 .

Determine the volume of its nucleus.

3. Compare the volume of the atom to that of its nucleus.

4. Knowing that the mass of its nucleus is 𝟐𝟔. 𝟗𝟖𝟏𝟓𝟑𝒖 .

Determine the volume of its nucleus.



1. The density of aluminum is 𝟐𝟕𝟎𝟎𝒌𝒈/𝒎𝟑 and its molar mass

is 27 g/mol. Given 𝑵𝑨 = 𝟔. 𝟎𝟐𝟐 × 𝟏𝟎𝟐𝟑𝒎𝒐𝒍−𝟏

a) Calculate the mass of an aluminum atom.

a) Deduce the volume of the atom.

𝒎𝑨𝒍 =
𝑵 ×𝑴

𝑵𝑨
=

𝟏 × 𝟐𝟕𝒈/𝒎𝒐𝒍

𝟔. 𝟎𝟐𝟐 × 𝟏𝟎𝟐𝟑𝒎𝒐𝒍−𝟏

𝒎𝑨𝒍 = 𝟒. 𝟒𝟖 × 𝟏𝟎−𝟐𝟑𝒈

𝒏 =
𝒎

𝑴
𝒏 =

𝑵

𝑵𝑨

𝒎

𝑴
=

𝑵

𝑵𝑨
𝒎 =

𝑵×𝑴

𝑵𝑨



b) Deduce the volume of the atom.

𝝆 =
𝒎

𝑽

𝑽𝒂𝒕 = 𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟔𝒎𝟑

𝑽 =
𝒎

𝝆
=
𝟒. 𝟒𝟖 × 𝟏𝟎−𝟐𝟑 × 𝟏𝟎−𝟑𝒌𝒈

𝟐𝟕𝟎𝟎𝒌𝒈/𝒎𝟑

2. Knowing that the radius of a nucleon is 𝒓𝟎 = 𝟏. 𝟐𝒇𝒎 .

Determine the volume of its nucleus.

𝐕 = 𝑨. 𝑽𝟎

𝐕 = 𝟐𝟕
𝟒

𝟑
𝝅 𝟏. 𝟐 × 𝟏𝟎−𝟏𝟓 𝟑 𝐕 = 𝟏. 𝟔𝟑 × 𝟏𝟎−𝟒𝟑𝒎𝟑

𝐕 = 𝑨.
𝟒

𝟑
𝝅𝒓𝟎

𝟑



𝑽𝒂𝒕
𝑽𝒏𝒖𝒄𝒍𝒆𝒖𝒔

=
𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟔

𝟏. 𝟔𝟑 × 𝟏𝟎−𝟒𝟑

3) Compare the volume of the atom to that of its nucleus.

𝑽𝒂𝒕 = 𝟏. 𝟔𝟔 × 𝟏𝟎−𝟐𝟔𝒎𝟑 𝑽𝒏𝒖𝒄𝒍𝒆𝒖𝒔 = 𝟏. 𝟔𝟑 × 𝟏𝟎−𝟒𝟑𝒎𝟑

𝑽𝒂𝒕
𝑽𝒏𝒖𝒄𝒍𝒆𝒖𝒔

= 𝟏. 𝟎𝟐 × 𝟏𝟎𝟏𝟒

This means that 𝑽𝒂𝒕 > 𝑽𝒏𝒖𝒄𝒍𝒆𝒖𝒔



4. Knowing that the mass of its nucleus is 𝟐𝟔. 𝟗𝟖𝟏𝟓𝟑𝒖. Determine

the binding energy per nucleons then discuss its stability

∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑵𝒂

∆𝒎 = (𝟏𝟑 × 𝟏. 𝟎𝟎𝟕𝟐𝟖 + 𝟐𝟕 − 𝟏𝟑 𝟏. 𝟎𝟎𝟖𝟔𝟔 − 𝟐𝟔. 𝟗𝟖𝟏𝟓𝟑

∆𝒎 = 𝟏𝟑. 𝟎𝟗𝟒𝟔𝟒 + 𝟏𝟒. 𝟏𝟐𝟏𝟐𝟒 − 𝟐𝟔. 𝟗𝟖𝟏𝟓𝟑

∆𝒎 = 𝟐𝟕. 𝟐𝟏𝟓𝟖𝟖 − 𝟐𝟔. 𝟗𝟖𝟏𝟓𝟑

∆𝒎 = 𝟎. 𝟐𝟑𝟒𝟑𝟓𝒖



𝑩𝑬 = ∆𝒎. 𝒄𝟐 = 𝟐𝟏𝟖. 𝟐𝟗
𝑴𝒆𝑽

𝒄𝟐
× 𝒄𝟐

𝑩𝑬 = 𝟐𝟏𝟖. 𝟐𝟗𝑴𝒆𝑽

𝑩𝑬

𝑨
=
𝟐𝟏𝟖. 𝟐𝟗

𝟐𝟕
= 𝟖. 𝟎𝟖𝟏𝑴𝒆𝑽/𝒏𝒖𝒄𝒍𝒆𝒐𝒏

∆𝒎 = 𝟎. 𝟐𝟑𝟒𝟑𝟓𝒖

∆𝒎 = 𝟎. 𝟐𝟑𝟒𝟑𝟓 × 𝟗𝟑𝟏. 𝟓𝑴𝒆𝑽/𝒄𝟐

∆𝒎 = 𝟐𝟏𝟖. 𝟐𝟗𝑴𝒆𝑽/𝒄𝟐

The aluminum atom is stable since its BE/A ≥ 𝟖𝑴𝒆𝑽







Quiz                              Atomic nucleus               Duration: 20min

The object of this exercise is to study the stability of different

nuclei. 𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟕𝒖; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟕𝟑𝒖;1 u = 931.5 MeV/𝒄𝟐.

Consider the table below that shows some physical quantities

associated with certain nuclei.

Nucleus 𝟔
𝟏𝟒𝑪 𝟕

𝟏𝟒𝑵 𝟑𝟖
𝟗𝟒𝑺𝒓 𝟓𝟒

𝟏𝟒𝟎𝑿𝒆 𝟗𝟐
𝟐𝟑𝟓𝑼

Mass (u) 14.0065 14.0031 93.8945 139.892 234.9935

B.E (MeV) 99.54 101.44 810.50 1164.75

B.E/A 7.25 8.62



1) Define the binding energy of a nucleus.

2) Write the expression of the binding energy of a nucleus 𝒁
𝑨𝑿

as a function of Z, A, 𝒎𝑷, 𝒎𝒏, 𝒎𝑿 and the speed of light in

vacuum c.

3) Calculate, in MeV, the binding energy of the uranium 235

nucleus.

4) Complete the table by calculating the missing values of
𝑩𝑬

𝑨

5) Give the name of the most stable nucleus in the above table.

Justify your answer.

Quiz                              Atomic nucleus               Duration: 20min



1) Define the binding energy of a nucleus.

The binding energy of a nucleus is the minimum energy

needed in order to break the nucleus into its nucleons

2)Write the expression of the binding energy of a nucleus 𝒁
𝑨𝑿

as a function of Z, A, 𝒎𝑷, 𝒎𝒏, 𝒎𝑿 and the speed of light in

vacuum c.

𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟕𝒖; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟕𝟑𝒖;1 u = 931.5 MeV/𝒄𝟐. 𝟗𝟐
𝟐𝟑𝟓𝑼

𝑩.𝑬 = ∆𝒎𝒄𝟐 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿 𝒄𝟐

Quiz                              Atomic nucleus               Duration: 20min



3)Calculate, in MeV, the binding energy of the uranium 235

nucleus.

𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟕𝒖; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟕𝟑𝒖;1 u = 931.5 MeV/𝒄𝟐. 𝟗𝟐
𝟐𝟑𝟓𝑼

∆𝒎 = 𝒁𝒎𝒑 + 𝑨 − 𝒁 𝒎𝒏 −𝒎𝑿

∆𝒎 = 𝟗𝟐 × 𝟏. 𝟎𝟎𝟕𝟑 + 𝟏𝟒𝟑 × 𝟏. 𝟎𝟎𝟖𝟕 − 𝟐𝟑𝟒. 𝟗𝟗𝟑𝟓

∆𝒎 = 𝟗𝟐. 𝟔𝟕𝟏𝟔 + 𝟏𝟒𝟒. 𝟐𝟒𝟒𝟏 − 𝟐𝟑𝟒. 𝟗𝟗𝟑𝟓

∆𝒎 = 𝟐𝟑𝟔. 𝟗𝟏𝟓𝟕 − 𝟐𝟑𝟒. 𝟗𝟗𝟑𝟓

∆𝒎 = 𝟏. 𝟗𝟐𝟐𝟐𝐮
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∆𝒎 = 𝟏. 𝟗𝟐𝟐𝟐𝐮 ∆𝒎 = 𝟏. 𝟗𝟐𝟐 × 𝟗𝟑𝟏. 𝟓

∆𝒎 = 𝟏𝟕𝟗𝟎. 𝟑𝟒𝟑𝑴𝒆𝑽/𝒄𝟐

𝑩.𝑬 = ∆𝒎𝒄𝟐

𝑩.𝑬 = 𝟏𝟕𝟗𝟎. 𝟑𝟒𝟑
𝑴𝒆𝑽

𝒄𝟐
× 𝒄𝟐

𝑩.𝑬 = 𝟏𝟕𝟗𝟎. 𝟑𝟒𝟑𝑴𝒆𝑽

𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟕𝒖; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟕𝟑𝒖;1 u = 931.5 MeV/𝒄𝟐. 𝟗𝟐
𝟐𝟑𝟓𝑼
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4)Complete the table by calculating the missing values of
𝑩𝑬

𝑨

𝒎𝒏 = 𝟏. 𝟎𝟎𝟖𝟕𝒖; 𝒎𝒑 = 𝟏. 𝟎𝟎𝟕𝟑𝒖;1 u = 931.5 MeV/𝒄𝟐.

Nucleus 𝟔
𝟏𝟒𝑪 𝟕

𝟏𝟒𝑵 𝟑𝟖
𝟗𝟒𝑺𝒓 𝟓𝟒

𝟏𝟒𝟎𝑿𝒆 𝟗𝟐
𝟐𝟑𝟓𝑼

Mass (u) 14.0065 14.0031 93.8945 139.892 234.9935

B.E (MeV) 99.54 101.44 810.50 1164.75

B.E/A 7.25 8.62

𝟏𝟕𝟗𝟎. 𝟑𝟒𝟑𝟒

𝟕. 𝟏𝟏 𝟕. 𝟔𝟐𝟖. 𝟑𝟐
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5) Give the name of the most stable nucleus in the above

table. Justify your answer.

The nucleus that has greater binding energy per nucleon is

more stable.

Quiz                              Atomic nucleus               Duration: 20min

Referring to the table we conclude strontium (Sr) is the most

stable nucleus.




