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2.2
The Structure of the Atom



The Atomic Theory

The modern version of atomic theory was laid by John Dalton in 1808, who postulated that
elements are composed of extremely small particles, called atoms. The hypotheses about the
nature of matter on which Dalton’s atomic theory is based can be summarized as follows:

1. Elements are composed of extremely small particles called atoms.

2. All atoms of a given element are identical, having the same size, mass and chemical
properties. The atoms of one element are different from the atoms of all other elements.

3. Compounds are composed of atoms of more than one element. To form a certain
compound, atoms of the right kinds of elements and specific numbers are needed.

4. A chemical reaction involves only the separation, combination or rearrangement of atoms; it
does not result in their creation or destruction (law of conservation of mass, matter can be
neither created nor destroyed).
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The third hypothesis is an extension of a law published in 1799 by Joseph Proust.
Proust's law of definite proportions states that different samples of the same
compound always contain its constituent elements in the same proportion by mass. Thus,
if we were to analyze samples of carbon dioxide gas obtained from different sources, we
would find in each sample the same ratio by mass of carbon to oxygen.

Dalton’s third hypothesis supports another important law, the law of multiple
proportions. According to the law, if two elements can combine to form more than one
compound, the masses of one element that combine with a fixed mass of the other
element are in ratios of small whole numbers.

Carbon monoxide

Different compounds made up of the same elements
differ in the number of atoms of each kind that
combine.

e.g., carbon forms two stable compounds with oxygen,
namely, carbon monoxide (CO) and carbon dioxide (CO,).

Modern measurement techniques indicate that one atom of O 8. ‘ ‘
- @

Carbon dioxide

2
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carbon combines with one atom of oxygen in CO and with
two atoms of oxygen in CO,. Thus, the ratio of oxygen in CO

to oxygen in CO, is 1:2. Ratio of oxygen in carbon monoxide
to oxygen in carbon dioxide: 1:2




The Structure of the Atom

The atom Is the basic unit of an element that can enter into chemical

combination.

Dalton imagined an atom that was both
extremely  small and indivisible.
However, a series of investigations that
began in the 1850s and extended into the
twentieth century clearly demonstrated
that atoms actually possess internal
structure; that is, they are made up of
even smaller particles, which are called
subatomic particles. This research led to
the discovery of three such particles;
electrons, protons and neutrons.

Neutron

Nucleus




The Electron

A cathode ray tube with an electric field perpendicular to the direction of the cathode rays and
an external magnetic field. The cathode rays will strike the end of the tube at A in the presence
of a magnetic field, at C in the presence of an electric field, and at B when there are no external
fields present or when the effects of the electric field and magnetic field cancel each other.

Thomson'’s experiment

A
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Because the cathode ray is attracted by the plate bearing positive charges and repelled by the
plate bearing negative charges, it must consist of negatively charged particles (electrons).




Joseph Thomson, used a cathode ray tube to determine the ratio of electric charge
to the mass of an individual electron (mass/charge of e’). The number he came up
with was -1.76 x 108 C/g.

Charged plate —_ Oil droplets

Millikan examined the motion of single
tiny drops of oil that picked up static
charge from ions in the air. He
suspended the charged drops in air by
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Millikan found the charge of an electron (=)
to be -1.6022 x 101° C. From these data
he calculated the mass of an electron:

Charged plate
charge Millikan’s experiment
charge/mass
—1.6022 X 107" C

—1.76 X 10°C/g
=9.10 X 107" g

mass of an electron =




Radioactivity

In 1895, Wilhelm Rontgen noticed that cathode
rays caused glass and metals to emit very
unusual rays. This highly energetic radiation
penetrated matter, darkened covered
photographic plates, and caused a variety of
substances to fluoresce. Because these rays
could not be deflected by a magnet, they could
not contain charged particles. Rontgen called
them X-rays because their nature was not known.

(He nude) wrapped photographic plates to a certain uranium
compound caused them to darken, even without the
stimulation of cathode rays. Like X-rays, the rays from

» > \N VNS the uranium compound were highly energetic and

s could not be deflected by a magnet, but they differed

. N Cpmton from X-rays because they arose spontaneously.
Marie Curie, suggested the name radioactivity to

describe this spontaneous emission of particles

’neunon and/or radiation (any element that spontaneously

emits radiation is said to be radioactive).

‘_M”_I_I_ Antoine Becquerel found that exposing thickly
alpna particies

heavy, unstable :
eement (e.g, Uranium) ' beta particle jelectron)



https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjXn_7U_s_WAhVKOMAKHXRFCcEQjRwIBw&url=https://www.cdc.gov/nceh/radiation/x-rays.html&psig=AOvVaw2hV4E5P9BmtXIZa6X_Z49E&ust=1506965588221697

Three types of rays are produced by the decay, or breakdown, of radioactive substances
such as uranium.

-Alpha (a) rays consist of positively charged particles, called a particles, and therefore
are deflected by the positively charged plate.

-Beta (B) rays, or 3 particles, consist of negatively charged particles (electrons) and are
deflected by the negatively charged plate.

-Gamma (y) rays, like X-rays, y rays are high-energy rays and have no charge and are
not affected by an external electric field.

<

Lead block

Radiocactive substance
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The Proton & the Nucleus

By the early 1900s, two features of atoms had become clear: they contain electrons,
and they are electrically neutral. To maintain electric neutrality, an atom must contain
an equal number of positive and negative charges.

Positive charge spread

Therefore, Thomson proposed that an atom could be OVEE theentire SpHEEE

thought of as a uniform, positive sphere of matter in
which electrons are embedded like raisins in a cake.
This so-called “plum-pudding” model was the
accepted theory for a number of years.

Thomson's model of the
atom “plum-pudding” model,
after a traditional English
dessert containing raisins.
The electrons are embedded
in a uniform, positively
charged sphere.




In 1910, Ernest Rutherford decided to use a particles to probe the structure of
atoms. Rutherford carried out a series of experiments using very thin foils of gold
and other metals as targets for a particles from a radioactive source.

Rutherford’s experiment

Gold foil .
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Detecting screen
Rutherford’s experimental design for measuring the Magnified view of a particles passing
scattering of a particles by a piece of gold foil. through and being deflected by nuclei.

They observed that most a particles passed through the gold foil with little or no
deflection. But every now and then an a particle was deflected at wide angle.
Occasionally an a particle was turned back. This was a most surprising finding, for
in Thomson’s model the positive charge of the atom was so diffuse that the positive
a particles should have passed through the foil with very little deflection.



Electrons scattered Diffuse

throughout positive
\3 charge
3 '

S 4

S S > i
2 ol

= Eo o

-~ 4 -
ayy
9 ,\};'23’;’&

The expected results of the metal foll

) . ; Actual results.
experiment if Thomson’s model were correct.

Rutherford’s model of the atom

- Most of the atom must be empty space (this explains why the majority of a particles
passed through the gold foil with little or no deflection).

- The atom’s positive charges, are all concentrated in the nucleus, which is a dense
central core within the atom.

-Whenever an o particle came close to a nucleus in the scattering experiment, a
large repulsive force and therefore a large deflection.

- The positively charged particles in the nucleus are called protons.

Each proton carries the same quantity of charge as an electron and has a mass of
1.67262 x 1024 g, about 1840 times the mass of electron.
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The Neutron

In 1932, James Chadwick bombarded a thin sheet of beryllium with «
particles, a very high-energy radiation similar to y rays was emitted by the
metal. Later experiments showed that the rays actually consisted of a third
type of subatomic particles, which Chadwick named neutrons, because they
proved to be electrically neutral particles having a mass slightly greater than

that of protons.

Chadwick’s experiment
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The figure shows the location of the elementary particles (protons, neutrons and electrons) in an
atom. There are other subatomic particles, but the electron, the proton and the neutron are the
three fundamental components of the atom that are important in chemistry.

A typical atomic radius is about 100 pm,
whereas the radius of an atomic nucleus
is only about 5 x 103 pm.

l1pm=1x101m

Proton

Meutron

The protons and neutrons of an atom are
packed in an extremely small nucleus.

Electrons are shown as “clouds” around
the nucleus.

mass p = mass n = 1840 x mass e-



Subatomic particles

Symbol e ore p*torp n%or n

Relative size 0 Q
Size exaggerated Q

Actual mass (g) 9.10938 x 1028 1.67262 x 1024 1.67493 x 1024

Mass relative toa  1/1836 (0.000545) 1 1.00138

proton almost zero

Mass relative to 1 1836 1839

an electron

Charge (Coulomb) -1.6022 x 10-1° +1.6022 x 1019 0

Charge unit -1 +1 0

(relative charge)

Location Outside nucleus Inside nucleus Inside nucleus
(orbitals)




2.3
Atomic Number, Mass
Number & Isotopes



Atomic Number

All atoms can be identified by the number of protons and neutrons they
contain.

The atomic number (Z) is the number of protons in the nucleus of each atom of
an element. In a neutral atom the number of protons is equal to the number of
The chemical identity of an atom can be determined solely from its atomic
number.

L____J
9 protons and 9 electrons. Or, viewed
named “fluorine”. SI

electrons, so the atomic number also indicates the number of electrons
e.g., the atomic number of fluorine is 9.
9. 'c nu “ s | s Lo
F N
another way, every atom in the universe |—“—"—|u
Silicon

present in the atom.

This means that each fluorine atom has

that contains 9 protons is correctly 1 |
28.086

i
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Mass Number

The mass number (A) is the total number of neutrons and protons present in the
nucleus of an atom of an element. Except for the most common form of hydrogen,
which has one proton and no neutrons, all atomic nuclei contain both protons and
neutrons. In general, the mass number is given by

mass number = number of protons + number of neutrons
= atomic number + number of neutrons

Protons and neutrons are collectively called nucl/eons.

The number of neutrons in an atom is equal to the difference between the mass
number and the atomic number, or (A - Z). e.g., if the mass number of a particular
boron atom is 12 and the atomic number is 5 (indicating 5 protons in the nucleus),
then the number of neutrons is 12 -5 =7.



The accepted way to denote the atomic number and mass number of an
atom of an element (X) is as follows:

mass number
2X
) . ™ ,-'//)’
atomic number

Note that all three quantities (atomic number, number of neutrons, and
mass number) must be positive integers, or whole numbers.



Isotopes

Atoms of a given element do not all have the same mass. Most elements have
two or more isotopes, atoms that have the same atomic number but different
mass numbers.

e.g., there are three isotopes of hydrogen. One, simply known as hydrogen,
has one proton and no neutrons. The deuterium isotope contains one proton
and one neutron, and tritium has one proton and two neutrons.

Thus, for the isotopes of hydrogen, we write
H H iH
1 | 1

hydrogen deuterium tritium 1 ) .
H H 1H

As another example, consider two common isotopes of uranium with mass
numbers of 235 and 238, respectively:

235 238
U 9oU




EXAMPLE

How many protons, neutrons, and electrons are in 12C, 3¢, and 1¢C

The atomic number of carbon is 6, which means that every carbon atom
has 6 protons and 6 electrons, so that the neutron numbers of these
Isotopes are 6, 7 and 8 respectively.

12¢, 12 — 6 = 6 neutrons
13¢,13 — 6 = 7 neutrons

1%C, 14 — 6 = 8 neutrons



S
EXAMPLE

Give the number of protons, neutrons and electrons in each of the following
species:

(a) 11Na
The atomic number is 11, so there are 11 protons. The mass number is 20, so the number of
neutrons is 20 - 11 = 9. The number of electrons is 11 (the same as the number of protons).

(b) $iNa
The atomic number is 11. The mass number is 22, so the number of neutrons is 22 - 11 = 11.

The number of electrons is 11. Note that the species in (a) and (b) are chemically similar
isotopes of sodium.

(C) 170
The atomic number of O (oxygen) is 8, so there are 8 protons. The mass number is 17, so
there are 17 - 8 = 9 neutrons. There are 8 electrons.

(d) carbon-14.

Carbon-14 can also be represented as *C. The atomic number of carbon is 6, so there are 14
- 6 = 8 neutrons. The number of electrons is 6.

Practice Exercise
How many protons, neutrons and electrons are in the following isotope of copper:
63Cu?



2.4
The Periodic Table
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Periodic Table of the Elements
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Periodic Table of the Elements
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Periodic table is a chart in which elements having similar chemical and physical
properties are grouped together.

More than half of the known elements were discovered between 1800 and 1900. To
date, 118 elements have been positively identified. Most of them occur naturally on
Earth. The others have been created by scientists via nuclear processes.

Elements are arranged by atomic number in horizontal rows called periods and in
vertical columns known as groups or families, according to similarities in their chemical
properties.

The elements can be divided into three categories; metals, nonmetals and metalloids. A
metal is a good conductor of heat and electricity while a nonmetal is usually a poor
conductor of heat and electricity. A metalloid has properties that are intermediate
between those of metals and nonmetals.

Elements are often referred to collectively by their periodic table group number (Group
1A, Group 2A, and so on). However, some element groups have been given special
names. The Group 1A elements (Li, Na, K, Rb, Cs & Fr) are called alkali metals, and
the Group 2A elements (Be, Mg, Ca, Sr, Ba & Ra) are called alkaline earth metals.
Elements in Group 7A (F, Cl, Br, | & At) are known as halogens, and elements in Group
8A (He, Ne, Ar, Kr, Xe & Rn) are called noble gases, or rare gases.

The 1-18 group designation has been recommended by the IUPAC, but the standard
U.S. notation for group numbers (1A—8A and 1B—8B) is most widely used.
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