Ch2. Atoms, Molecules and lons

The structure of matter includes:

Atoms: composed of electrons, protons and neutrons.
Molecules: two or more atoms may combine with one another to form an
uncharged molecule.
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lons : spices of opposite charge found in all ionic compounds.

§ 2-1 Atoms and the Atomic theory.
John Dalton : atomic model of matter (in 1808)

1. An element is composed of tiny particles called atoms. |:> [ﬁj =2
(H, [H, JH)

2. In ordinary chemical reaction, atoms move from one substance to another,
but no atom of any element disappears or is changed into an atom of another

element. |:>7FZ’§”]T§
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3. Compounds are formed when atoms of two or more elements combine, and
the relative numbers can be expressed as integers or simple fractions.
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! ﬁ Bl Bl can explain three basic laws of chemistry :
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1. Law of conservation of mass #TE! 7 V=

There is no detectable change in mass in an ordinary chemical reaction.
2. Law of constant composition 7 A

A compound always contains the same elements in the same

proportions by mass.
H,0:H fF'T11.19%; O ['#788.81%.
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3. Law of multiple proportions ["F*’[ [

Two elements form more than one compound. The mass of one
element with a fixed mass, then the second element are in a ratio of small
whole numbers.
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§ 2-2 Components of the atom :

Electrons, protons and neutrons:
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§ Electrons :
J.J. Thomson :

When the glass tube is partially evacuated and connected to a spark coil,
and electric current flows through it. Associated with this flow are colored rays
of light called cathode rays (<A F}75Y).
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electron flows called cathode rays.
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Stream of negatively charged particles.
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§ Protons and Neutrons; the Atomic Nucleus:
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Ernest Rutherford: bombarded a piece of thin gold foil with
e a particles I:> & Tﬁ%’lﬁ?
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Transmitted beams containing
most of the alpha particles

Gold foil
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Source of narrow Zinc sulfide A couple of alpha particles
beam of fast-moving screen are scattered at large angles
alpha particles
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Protons and neutrons are located at the center of an atom called the nucleus

(’FLg “#9). Electrons are dispersed around the nucleus.



_ ) Charge | Charge _
Code | Particle | Location . Atom mass unite (g)
unit (coulomb )

'p | Proton | Nucleus +1 +1.6022x10™" 1.673x107

oN | Neutron | Nucleus 0 0 1.675x107

0 Outside 19 s
& | Electron i -1 -1.6022x10 9.109x10

nucleus

§ Atomic Number Fi="3- (2)

In a neutral atom, the number of protons in the nucleus.

For neutral atom :
H : 1 proton; 1 electron; Z =1

»U : 92 protons; 92 electrons; Z = 92

§ Mass Number (E7£!§); Isotopes (Jfil ™ )

A = Number of protons + number of neutrons
EIHrA
X 7
=3 Z

Number of neutrons =mass number (A) —number of protons

Isotopes : [ﬂj =2

Atoms that have the same number of protons but different numbers of
neutrons are called isotopes.

Atomic number (Z) = number of protons



WJ : 235U 238U

Z A number of protons Number of neutrons
wU 92 235 92 235-92=143
‘»U 92 238 92 238 —92 = 146
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Ex 2-1 : (a) An isotope of cobalt (Co > Z=27) is used in radiation therapy for
cancer. This isotope has 33 neutrons in its nucleus. What is its
nuclear symbol ?

(b) One of the most harmful components of nuclear waste is
radioactive isotope of strontium }¢Sr; it can be deposited in your
bones, where it replaces calcium. How many protons are in the
nucleus of Sr-90 ? How many neutrons ?

(c) Write the nuclear symbol for the element used in diagnostic bone
scans. It has 31 protons and 38 neutrons.

a) Co:Z =27, has 33 neutrons = **}/Co = 2Co

b) Sr ((f)) = The number of protons = 38; The number of neutrons
90 — 38 =52.

¢) iGa = %Ga




§ Nuclear Stability; Radioactivity WEHFF

Fig 2.5. Neutron-to proton ratios of stable isotopes.

The neutron —to-proton ratio required for stability varies with atomic number.

1) For light elements: Z <20 f%ﬁ—_ﬁ % —1 (thisratiois close to 1)

2) As atomic number increase, Z | % } — 1.5 the belt of stability

shifts to higher numbers of neutrons.

3) Pl TE T RRER L S

C VIflth =k
C §C C %C i€ C ;€ C

unstable unstable

Unstable isotopes decompose (decay) by a process referred to as
radioactivity. The result is the transmutation of elements.
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1. B particles: e
2. «a particles: ;H" = Ch. 19

3. y ray: high energy radiation.
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