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The Structure of the Atom
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The Atomic Theory
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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:
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1. Elements are composed of extremely small particles called atoms.
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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.
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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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Atoms of element X Atoms of element Y Compounds of elements X and Y




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

combine.
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e.g., carbon forms two stable compounds with oxygen,
namely, carbon monoxide (CO) and carbon dioxide (CO.).
Thus, the ratio of oxygen in CO to oxygen in COz is 1:2.
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Carbon monoxide

Ratio of oxygen in carbon monoxide to oxygen in
carbon dioxide: 1:2




The Structure of the Atom
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Atoms are made up of even smaller
particles, which are called subatomic

particles; electrons, protons and

neutrons.

<l g g pall 5 <l gAY 231 90 el pansd yral llasua (e Sl A () oS
Gl yi sl

Neutron
Nucleus

Proton

\, Electron




Subatomic particles 4 ¢ cilasal

Particle | __Electon | __Proton __| __Neuton __

Symbol e ore prorp noorn
Relative size 0

size exaggerated O Q
Actual mass (g) 9.10938 x 10-28 1.67262 x 10-24 1.67493 x 10-24
Mass relativetoa  1/1836 (0.000545) 1 1.00138
proton almost zero
Mass relative to 1 1836 1839
an electron
Charge (Coulomb) -1.6022 x 10-19 +1.6022 x 10-19 0
Charge unit -1 +1 0

(relative charge)

Location Outside nucleus Inside nucleus Inside nucleus
(orbitals)




Atomic Number, Mass
Number & Isotopes
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Atomic Number
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All atoms can be identified by the number of protons and neutrons they contain.
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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 electrons, so
the atomic number also indicates the number of electrons present in the atom.
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The chemical identity of an atom can be determined from its atomic
number.
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e.g., the atomic number of fluorine is 9. This means  that each fluorine atom

has 9 protons and 9 electrons.
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Mass Number
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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
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mass number = number of protons + number of neutrons
= atomic number + number of neutrons

Protons and neutrons are collectively called nucleons.
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The number of neutrons in an atom is equal to the difference between the mass
number and the atomic number, or (A - Z).
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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.
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The accepted way to denote the atomic number and mass number of an atom of an

element (X) is as follows:
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mass number
\“

A
X
/”?Z

atomic number

Note that all three quantities (atomic number, number of neutrons, and mass number)
must be positive integers, or whole numbers.
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Isotopes
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Isotopes are atoms that have the same atomic number but different mass numbers due
to the difference in neutron number.
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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.
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Thus, for the isotopes of hydrogen, we write
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hydrogen deuterium tritium

As another example, consider two common isotopes of uranium with mass
numbers of 235 and 238, respectively:
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The Periodic Table
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Periodic Table of the Elements
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H 2A 3A 4A 5A 6A 7a | He
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K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
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* Periodic table is a chart in  which elements having similar

chemical and physical properties are grouped together.
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 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.
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. The elements can be divided into three categories; metals, nonmetals and

metalloids
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« 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.
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 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.
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Group 1A elements are called alkali metals
Group 2A elements are called alkaline earth metals
Group 7A elements are known as halogens

Group 8A elements are called noble gases, or rare gases.
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* 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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Molecules and lons
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Molecules
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A molecule is an aggregate of at least two atoms in a definite arrangement held together
by chemical forces (also called chemical bonds).

(eflamSl T ) i (an) iS558 A5 Lam Ao o 20mm 5 8 UV e 050 00 e s 33 o550l

A molecule may contain atoms of the same element or atoms of two or more elements
joined in a fixed ratio.
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A compound, is made up of two or more elements. Thus, all compounds are

molecules but not all molecules are compounds.
LS e iy Jall IS G (S5 el ha S el gaen A, ST 5l G el (g (5SS )

Like atoms, molecules are electrically neutral.
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e.g., Hydrogen gas (Hz); is a pure element,

but it consists of molecules made up of two H atoms each.
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e.g., Water (H20); is a molecular compound that contains hydrogen and oxygen in a ratio of
two H atoms and one O atom.
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Diatomic molecules
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The hydrogen molecule (H2), is called a diatomic molecule because
it contains only two atoms. Other elements that normally exist
as diatomic molecules are nitrogen (N2) and oxygen (O2), as well
as the Group 7A elements; fluorine (F2), chlorine (Cl2), bromine (Br»),
and iodine (I2).

A diatomic molecule can contain atoms of different elements. e.g.,
hydrogen chloride (HCI) and carbon monoxide (CO).

The seven diatomic molecules

Polyatomic molecules
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The vast majority of molecules contain more than two atoms. They can be atoms of the same
element, as in ozone (O3), which is made up of three atoms of oxygen, or they can be
combinations of two or more different elements. Molecules containing more than two atoms
are called polyatomic molecules. Like ozone, water (H2O) and ammonia (NH3) are polyatomic
molecules.

Phosphorus Trichloride Water Carbon Dioxide

PCI, CO;




Homonuclear molecules
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Molecules composed of only one type of element. Homonuclear molecules may consist of
various numbers of atoms. Homonuclear diatomic molecules include Ho, O, N2> and all of
the halogens (F2, Cl;, Bro and 12). Ozone (O3) is a triatomic homonuclear molecule.
Homonuclear tetratomic molecules include arsenic (Ass) and phosphorus (Pa4).
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H Nit . -
ydrogen itrogen Oxygen Diatomic

(H2) (N2) (O2)
molecules
r I O O O O O
Fluorine Chlorine Bromine lodine
(F2) (Cl2) (Br2) (l2)
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Polyatomic
molecules




Heteronuclear molecules
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Molecules composed of more than one type of element.

e.g., HCI, HF and CO are diatomic heteronuclear molecules. e.g., CO,, CH4 and

NHj are polyatomic heteronuclear molecules.

H)
' Polyatomic

molecules

H)

Diatomic "H >—-
molecules
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An ion is an atom or a group of atoms that has a net positive or negative charge.

The number of positively charged protons in the nucleus of an atom remains the same
during ordinary chemical changes (chemical reactions), but negatively charged electrons may
be lost or gained.

+

The loss of one or more electrons from a neutral atom Na Atom Na" lon
results in a cation, an ion with a net positive charge. || protons 11 protons
e.g., a sodlum atom'(Na) can readily lose an electron to || slectrons 10 electrons
become a sodium cation, Na*:

Cl Atom Cl'" lon On the other hand, an anion is an ion whose net
17 protons 17 protons charge is negative due to an increase in the number of
17 electrons 18 electrons electrons. A chlorine atom (Cl), for instance, can gain

an electron to become the chloride ion, CI-:

Sodium chloride (NaCl), ordinary table salt, is called an ionic compound because it is formed
from cations and anions.



An atom can lose or gain more than one electron. Examples of ions formed by the loss or
gain of more than one electron are Mg?*, Fe3*,

Monatomic ions because they contain only one atom.

Metals tend to form cations and nonmetals form anions.

In addition, two or more atoms can combine to form an ion that has a net positive or
Polyatomic

negative charge.

S2- and N3. These ions are called

(cyanide ion), and NH* (ammonium ion) are ions containing more than one atom.

Common Polyatomic lons

Ammonium NHT Nitrate NOI Thiocyanate SCN-

Acetate CH3COO- or CzHgO‘2 Nitrite NO; Thiosulfate 52041‘

Bromate BrO” Hydroxide OH- Hypochlorite CIO-
Carbonate CO‘l' Perchlorate C10; Sulfate SO~
Chlorate ClO‘1 Periodate 10~ Sulfite SOi‘

Chlorite ClO‘2 Permanganate MnO? lodate IOI
Chromate CrO< Peroxide O;‘ Silicate Si0_~
Cyanide CN- Phosphate PO~ Oxalate C20¢~
Dichromate CrzO?‘ Phosphite POll‘ Hydrogen carbonate HCO~

net
ions such as OH- (hydroxide ion), CN-




Chemical Formulas
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Molecular Formulas
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A molecular formula shows the exact number of atoms of each element in the smallest
unit of a substance. The molecular formula tells us the actual number of atoms in a

molecule.
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e.g., Hz is the molecular formula for hydrogen, O, is oxygen, Oj is ozone, and H,O is water.
The subscript numeral indicates the number of atoms of an element present. There is no
subscript for O in H,O because there is only one atom of oxygen in a molecule of water,
and so the number “one” is omitted from the formula.
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The structural formula shows how atoms are bonded to one another in a molecule.
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e.g., it is known that each of the two H atoms is bonded to an O atom in the water
molecule. Therefore, the structural formula of water is H—-O—H. A line connecting the two
atomic symbols represents a chemical bond.
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Molecular Models

Hydrogen Water Ammonia Methane

Molecular
formula %

Structural
formula

Ball-and-stick
model

Space-filling
model

Molecular and structural formulas and molecular models of four common molecules




Empirical Formulas

Empirical formulas are the simplest chemical formulas; they are written by reducing the
subscripts in the molecular formulas to the smallest possible whole numbers.

Molecular formulas are the true formulas of molecules. If we know the molecular formula,
we also know the empirical formula, but the reverse is not true.

Xl Molecular formula | Empirical formula

H202 HO
N2H4 NH2
CeH14 CsHy
H.O H20
CHg4 CHq4

e.g., Glucose (CeH120e6), ribose (CsH100s5), acetic acid (C2H402), and formaldehyde (CH20) all
have different molecular formulas but the same empirical formula: CH2O.



EXAMPLE

Write the empirical formulas for the following molecules:

(a) acetylene (C,H,), which is used in welding torches
Solution: CH

(b) glucose (CeH120¢), a substance known as blood sugar
Solution: CH20

(c) nitrous oxide (N2O), a gas that is used as an anesthetic gas “laughing gas” and as an
aerosol propellant for whipped creams.

Solution: N2O (the empirical formula for nitrous oxide is the same as its molecular formula).




Formula of lonic Compounds
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lonic compounds are chemical compounds composed of ions held together by
electrostatic forces termed ionic bonding. The compound is neutral overall, but consists
of positively charged ions called cations and negatively charged ions called anions.

e.g., a solid sample of sodium chloride (NaCl) consists of equal numbers of Na*and CI-
ions arranged in a three-dimensional network. In such a compound there is a 1:1 ratio of
cations to anions so that the compound is electrically neutral.

: : . Crystals of NaCl
Structure of solid NaCl In reality, the cations are in
contact with the anions

The smaller spheres represent Na+* ions and the larger spheres, CI- ions.




The arrangement of cations and anions is such that the compounds are all
electrically neutral. For ionic compounds to be electrically neutral, the sum of the
charges on the cation and anion in each formula unit must be zero.

Potassium Bromide

Potassium cation K* and bromine anion Br- combine to form the ionic compound
potassium bromide. The sum of the charges is +1 + (-1) = 0, so no subscripts are
necessary. The formula is KBr.

Zinc lodide

Zinc cation Zn2* and iodine anion |- combine to form zinc iodide. The sum of the
charges of one Zn2* ion and one I|-ionis +2 + (-1) = +1. To make the charges add up to
zero we multiply the -1 charge of the anion by 2 and add the subscript “2” to the symbol
for iodine. Therefore the formula for zinc iodide is Znl».

Aluminum Oxide
The cation is APP* and the oxygen anion is O%. The following diagram helps to
determine the subscripts for the compound: REE

The sum of the charges is 2(+3) + 3(-2) = 0. s _/'
Thus, the formula for aluminum oxide is Al2Os. K




EXAMPLES

Calcium Bromide
1X+2=+2 2x-1=-2
\ /

CaBr, *2+(2)=0
Caz+ Br-

Sodium Carbonate
2X+1 =42 1x-2=-2
\ /

NGQCOg
Na* CO,z

+2+(-2)=0



EXAMPLE

Write the formula of magnesium nitride, containing the Mg2+ and N3- ions.

G e
3x(+2)+2x(-3)=0  MeP* N¢
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