Atoms and Atomic
Theory

Reference:

General Chemistry

Principles and Modern Applications TENTH EDITION,
Pearson Canada

Toronto



Law of Conservation of Mass

* The process of burning is so familiar it is hard to realize what
a difficult riddle this posed for early scientists.

* In 1774, Antoine Lavoisier performed an experiment in
which he heated a sealded glass vessel containing a sample
of tin and some air. He found that the mass before heating
(glass vessel+tin+air) and after heating (glass vessel+tin
calx+remaining air) were the same.



* The total mass of substances present after a
chemical reaction is the same as the total mass of
substances before the reaction.

e Stated another way, this law says that matter can

neither be created nor destroyed in a chemical
reaction.



Law of Constant Composition

*In 1799, Joseph Proust reported one hundred
ponds of copper dissolved in sulfuric or nitric acids
and precipitated by carbonates of soda, invariably
gives 10 pounds of green carbonate.

 All samples of a compound have the same
composition-the same proportions by mass of the
constituent elements.



Daltons Atomic Theory

Describes the basis of atomic theory with three assumptions:

1) Each element is composed of small particles called atoms.
Atoms are neither created nor destroyed in chemical

reactions.

2) All atoms of a given element are identical but atoms of one
element are different from those off all other elements.

3) Compounds are formed when the atoms of more than one
element combine in mol numerical ratios.



Electrons and Other discoveries in Atomic
Physics

* Electricity snd magnetism were used in the experiments so
that led to the current theory of atomic structure

* Certain objects display properties called electric charge,
which can be either positive (+) or negative (-)

* An object having equal numver of (+) or (-) charged particles
carries no net charge and is electrically neutral

* If the number or (+) charge exceed the number of (-) charge,
the object has a net positive charge.

* If the number of (-) charge exceed the number of (+) charge,
the object has a negative charge.



e (+) and (-) charges attract each other, while two (+) and two
(-) charges reperl each other.
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The Laws of Attraction and Repulsion

 (a)Electrostatically charged comb. If you comb your hair the
static charge develop on the comb and causes bits of paper
to be attracted to the comb.

* (b) Both object on the left carry negative charge repel each
other.

The objects in the center lack any electrical charge and exert
no force on each other.

The objects on the right carry opposite charges and attract
each other.



X-Rays and Radioactivity

v’ X-ray is form of high energy electromagnetic radiation
v'Radioactivityis the spontaneous emission of radiation
from a substance
~Two types of radiation form from radioactive material
were identified by Ernest Rutherford
»Alpha (a): a-particles carry two fundamental units of
positive charge and the same mass as helium atoms.
This particle are identical to He*"ions
»Beta (pB): p-particles are negatively charged and have
the same properties as electrons
v'Gamma () rays: is not effected by electric or magnetic
field. It 1s not made of particles. It is electromagnetic

radiation of extremely high penetrating power.



Properties of Protons, neutrons and Electrons

v'Protons: positively charged fundamental
particles of the matter in the nuclei of
atoms

v'Neutrons: penetrating radiation consisted

of beam of neutral particles

v'The number of protonsin a given atom
1s called the atomic number, or the
proton number, Z

vThe number of electronsin the atom is
equal to Z because the atom 1s electrically
neutral

vThe total number of proton and neutrons
in an atom 1s called the mass number, A
vThe number of neutronis A-Z and

electrically neutral.



Chemical Elements

v'Each element has a name and distinctive symbol

»Exp: carbon:C, oxygen:O, neon:Ne, 1ron:Fe
0 represent a particular atom we use symbolism

number p + number n—> ,
7E ¢—— Symbol of element
number p —_>

A=mass number Z = atomicnumber

v'Has 13 protons and 14 neutrons in its nucleus

27 .
13A1 and 13 electron outside the nucleus (recall that

an atom has the same number of electrons as

protons)



Isotopes
v'atoms that have the same atomic number (Z) but different masss number (A) are

called isotopes.

»Exp: all neon atoms have 10 protons in theirnuclei, and most have 10
neutronas well. A very few neon atoms have 11 neutrons and some have 12

20 21 22
1 DNe 1 DNe . DNe
lons
v"When atoms lose or gain electrons the species formed are called ions and carry
net charges.

v'Removing electronsresult in positively charged ion
v'The number of proton does not change when an atom becomes an ion.

vExp: 21[:;1\1.3+ 10 protons 10 neutrons and 9 electrons

22 2+
mNe 10 protons 12 neutrons and 8§ electrons

16

3(j] >~ 8 protons 8 neutrons and 10 electrons
number p + number n—— 4

SE*7¢—— number p — number ¢
number p —_5°



Introduction to The Periodic Table

v The classification system we need known as the
periodic table of the elements

v Read atomic masses

v Read the ions formed by main group elements
v" Read the electron configuration

v Learn trends in physical and chemical properties
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The Concept of the Mole and the Avogadro Constant

v A mole: is the amount of the substance that contains the same number of
elementary entities (atoms, molecules and so on)

v Avogadro constant or Avogadronumber, N ,: The amount of elementary

entities in a mole

N,=6.02214179 x 10?* mol™!

v Exp:
» 1 mol 2C=6.02214179x 10* 12C atoms=12 g

» 1mol°0=6.02214179X 10% °O atoms=15.9949 g (and so on)

v'"Molar mass. M: the mass of one mole of substance , from a table of atomic masses

v Exp: themolar mass of lithiumis 6.941 g/mol Li



