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4.10: The Nucleus
The results of Thomson’s and other experiments implied that electrons were constituents of all matter and hence of all atoms. Since macroscopic
samples of the elements are found to be electrically neutral, this meant that each atom probably contained a positively charged portion to balance the
negative charge of its electrons. In an attempt to learn more about how positive and negative charges were distributed in atoms, Ernest Rutherford
(1871 to 1937) and his coworkers performed numerous experiments in which α particles emitted from a radioactive element such as polonium were
allowed to strike thin sheets of metals such as gold or platinum.

Figure  : A schematic diagram of the apparatus used by Geiger and Marsden to study deflection of α particles by thin metal foil. When an α
particle strikes the ZnS screen, a flash of light is observed. Most of the flashes occurred at position 1, indicating the most α particles passed through
the metal with little or no deflection. The few flashes at positions such as number 4 were interpreted to mean that a few α particles had struck
something massive in the metal foil and hence had bounced almost straight back.

It was already known that the α particles carried a positive charge and traveled rapidly through gases in straight lines. Rutherford reasoned that in a
solid, where the atoms were packed tightly together, there would be numerous collisions of α particles with electrons or with the unknown positive
portions of the atoms. Since the mass of an individual electron was quite small, a great many collisions would be necessary to deflect an α particle
from its original path, and Rutherford’s preliminary calculations indicated that most would go right through the metal targets or be deflected very
little by the electrons. In 1909, confirmation of this expected result was entrusted to Hans Geiger and a young student, Ernest Marsden, who was
working on his first research project.

Video  Rutherford Gold Foil Experiment

The results of Geiger and Marsden’s work (using apparatus whose design is shown schematically in Figure  were quite striking. Most of the α
particles went straight through the sample or were deflected very little. These were observed by means of continuous luminescence of the ZnS
screen at position 1 in the diagram. Observations made at greater angles from the initial path of the a particles (positions 2 and 3) revealed fewer and
fewer flashes of light, but even at an angle nearly 180° from the initial path (position 4) a few α particles were detected coming backward from the
target. This result amazed Rutherford. In his own words, “It was quite the most incredible event that has ever happened to me in my life. It was
almost as incredible as if you fired a 15-inch shell at a piece of tissue paper and it came back and hit you. On consideration, I realized that this
scattering backwards must be the result of a single collision, and when I made calculations I saw that it was impossible to get anything of that order
of magnitude unless you took a system in which the greater part of the mass of an atom was concentrated in a minute nucleus.”  Rutherford’s
interpretation of Geiger and Marsden’s experiment is shown schematically in Fig .
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Beam of alpha particles are shown as multiple red parallel lines pointing to the right. Two columns of three circles each represent the atoms in the
thin sheet of metal. Most of the lines are seen passing straight through or are deflected very little. Only a few alpha particles collide head on with
nuclei and are deflected back towards the source. Some alpha particles are deflected considerably.

Figure  : Rutherford’s microscopic interpretation of the results of Geiger and Marsden’s experiment.

Quantitative calculations using these experimental results showed that the diameter of the nucleus was about one ten-thousandth that of the atom.
The positive charge on the nucleus was found to be + Ze, where Z is the number which indicates the position of an element in the periodic table. (For
example, H is the first element and has Z = 1. Helium is the second element and Z = 2. The twentieth element in the valence table constructed earlier
is Ca, and the nucleus of each Ca atom therefore has a charge of + 20e = 20 × 1.60 × 10  C = 32.0 × 10  C.) In order for an atom to remain
electrically neutral, it must have a total of Z electrons outside the nucleus. These provide a charge of –Ze to balance the positive nuclear charge. The
number Z, which indicates the positive charge on the nucleus and the number of electrons in an atom, is called the atomic number.

The significance of the atomic number was firmly established in 1914 when H. G. Moseley (1888 to 1915) published the results of experiments in
which he bombarded a large number of different metallic elements with electrons in a cathode-ray tube. Wilhelm Roentgen (1845 to 1923) had
discovered earlier that in such an experiment, rays were given off which could penetrate black paper or other materials opaque to visible light. He
called this unusual radiation x-rays, the x indicating unknown. Moseley found that the frequency of the x-rays was unique for each different metal. It
depended on the atomic number (but not on the atomic weight) of the metal. (If you are not familiar with electromagnetic radiation or the term
frequency, read The Nature of Electromagnetic Radiation where they are discussed more fully.) Using his x-ray frequencies, Moseley was able to
establish the correct ordering in the periodic table for elements such as Co and Ni whose atomic weights disagreed with the positions to which
Mendeleev had assigned them. His work confirmed the validity of Mendeleev’s assumption that chemical properties were more important than
atomic weights.

 Ernest Rutherford, the Development of the Theory of Atomic Structure, in J. Needham and W. Pagel (eds.) “Background to Modern Science,” The Macmillan Company, New York, 1938.

This page titled 4.10: The Nucleus is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Ed Vitz, John W. Moore, Justin Shorb,
Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.

4.10.2

–19 –19

1

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/49321?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/04%3A_The_Structure_of_Atoms/4.04%3A_Valence
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/21%3A_Spectra_and_Structure_of_Atoms_and_Molecules/21.02%3A_The_Nature_of_Electromagnetic_Radiation
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/04%3A_The_Structure_of_Atoms/4.10%3A_The_Nucleus
https://creativecommons.org/licenses/by-nc-sa/4.0
http://wiki.chemprime.chemeddl.org/

