Atomic Structure

The first questions about the examination of what matter is come to us from the ancient Greeks.

1t was they who first attempted to explain the nature of matter.

The ancient Greeks searched for knowledge. The Greek word for knowledge is ‘soph’and the Greek word
for ‘admirer’ or ‘seeker’ is ‘Philo.’

Those that searched out understanding were called Philosophers. Those that specialize in the
understanding of nature and those things surrounding them were therefore referred to as “natural

philes 7s.”
InMefully, many of you may eventually achieve the title of Doctor of Philosophy (PhD) in one of
th science branches.

wms OF MATTER

A s a tentative description of a system or theory that accounts for all of its known
ics. Models are invented, for the most part, to interpret the invisible and relate
experimental results. In ancient Greece, philosophers argued on two concepts of matter.

D Model

> attcr is made up of particles that are indivisible (“atomos” Greek for indivisible).
particles are small, hard, incompressible, and indestructible.

toms cannot occupy the same space at the same time.

of different materials differ from each other in shape, mass, and size.

are made up of only two things: atoms and emptiness, or a void.

ers in the indivisibility of matter were called ?atomists. ?

A tle! s Model
> can be divided into an infinite number of parts.

> # continuous.

> atter 1s made up of four elements: fire, water, earth, and wind.

» IDifférénces in substances lay in the proportion of these four elements making up every
aterial.

istotle tutored Alexander the Great, thus his explanation stood for 1000 years.

Iton’ s Model (1806)

inning of 19™ century, precision of analytical chemistry had improved so greatly that
Syvere able to show that simple compounds contained fixed and unvarying amounts of
stituent elements.

In certath cases, more than one compound could be formed between the same elements.
Jose ussac, at around the same time, in France, showed that the volume ratios of reacting
g small whole numbers.



Dalton, in 1806 provided a major step in explaining this with his chemical atomic theory, or the
Particle Theory.
The seven postulates of Dalton’ s Particle Theory are:
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All matter is composed of extremely small particles called atoms.
Atoms can neither be subdivided nor changed into one another.
Atoms cannot be created or destroyed.

Atoms of one element are the same shape, size, mass, etc.

Atoms of one element differ in properties from other elements ? atoms.
Chemical change is the union or separation of atoms.

’ Atoms combine in small whole-number ratios (1:1, 1:2, 1.3, etc.)

h
is the smallest particle of an element that has all the chemical properties of that element
Dﬂ; is the smallest particle of a compound that shows all the chemical properties of that

roblems with Dalton’ s Atomic Theory:
> gdi ccount for law of multiple proportions
made™o distinctions between atoms and molecules

>
> mn'(‘e could not distinguish between formulas for water HO and H20
>

ot explain why density of water vapor was less than that of oxygen

these problems found in 1811 by Amedeo Avogadro, who suggested that oxygen
c with hydrogen by splitting the “double atom” of oxygen to combine with two
hy

n atoms (O2 and H2)

H it took almost 50 years for his ideas to prevail; the early-mid 1800 's were filled with
confusion amongst chemists and their calculations
In ) islo Cannizarro reintroduced Avogadro’s hypothesis.

William Crookes’ Cathode Ray Tube:As the study of static charging of objects progressed, it
became more clear that Dalton’ s model of the atom was incomplete.

It was shown that the charging of an object was the result of collection of charged particles, of
which two types were discovered.

bjects attracted or repelled each other depended on the nature of these particles.

s were made that there were different gases, and thus it became important to
all the properties of these newly discovered materials.

A% nted the electrical battery in 1800, and experiments were carried out, using electrical
conductivity as a characteristic property for materials

William Crookes performed research on the conduction of gases, and came to invent the
Crookes’ Tube, known today as the “Cathode Ray Tube”



Useful definitions:

o Cathode ray tube: vacuum, glass tubes with an electrode at each end
o Cathode: the negative side of the cathode ray tube

o Anode: the positive side of the cathode ray tube

o Cathode ray: the ray made of negatively charged particles (electrons)

Crookes’ original intentions for the tube were to test out the conductivity of various gases, and it
never occurred to him that his invention would be used as the source of explanation that would
i

umalton’ s model.
Dalton’ s model needed mending, in that it could not explain the phenomena of static electricity

vmere attraction and repulsion, why are there only two types, not three or four, etc.).
All thes

uestions bothered scientists at the time, and every effort was made to try and explain

~

ural phenomena.

J(“ "Hlompson’ s Model

He saw Grookes’ tube and realized that Dalton was wrong.

Hé{ the pinwheel cathode ray tube to help prove his cause.

Asgait o gas was removed from the tube, there would be a glow; rays appeared to begin at the
cd traveled toward the anode (+ to -).

T gs” flying in the tube were particles of matter, capable of spinning the pinwheel. This
at they had a mass, but they were much smaller than atoms.

T ere then put against charged ebony, which repelled them. The ebony being classified

as megative material at the time, Thompson thought that, for repulsion to occur, the rays must

h charged in the same way.

T

lulad two connections, one of which was referred to as the cathode, the other as the
anode. Knowing the rays came out of the cathode side of the tube were repelled by ebony,

T duced that they were also negatively charged. They, therefore determined that the
cathode was negative and the anode was positive.

Hence, Thompson realized that Dalton had erred. The indivisible particle of matter, the atom,
nowghad’at least two parts. Negatively charged material, as well as positively charged material.

Tl @ was thus credited with the discovery of the electron, the negative particle of matter.
Ele $ are identical no matter what material is present in the tube. He determined that these
pagi

id in fact have a mass, but was only able to determine the charge : mass ratio (e/m).

T s model was very similar to Dalton’s, but said that the atom is a positive body that
containslémbedded electrons. He used the analogy of raisins in raisin bread, since the bread
C resent a bundle of positive charge, the raisins the tiny electrons. Thus, it came to be
known as the “Raisin Bread Model.”

He claimed matter is naturally neutral, but sometimes becomes charged negatively by gaining
excess electrons, or positively by losing electrons. This difference in charges makes for
attraction and/or repulsion between objects.



Rutherford’s Model
His model came after several major advancements in science:

Roentgen, in 1895, experimented with CRT’ s and found that, under high voltage, X-Rays were
emitted. The high frequency and high energy allow for them to pass through soft tissue, making
them extremely useful in medicine.

Becquerel, in 1896, left an unexposed film under a chunk of uranium ore, and found it had been
e ven though it was not exposed to any light. He discovered that uranium spontaneously

emit werful invisible rays, and that substances that do this are called radioactive.

Pi d Marie Curie succeeded in isolating two new radioactive elements; polonium and

ra arie Curie went on to hold a professorship at Sorbonne, and became the first person to
win the Nobel Prize twice.

R ’ s preliminary experiment consisted of placing grains of radium salt in the bottom of

a hole in a block of lead. The radiation escaped from the hole and was allowed to strike a screen
dinted With zinc sulfide (individual atoms are far too small to be seen, but when the screen is

p

st atom or an atomic particle it produces a tiny scintillation of light). The radiation

hi the screen caused the zinc sulfide to glow in one spot.

B g a magnet close to the rays, three spots of light could be seen. Rutherford found that,
th. three different types of rays are emitted by radioactive substances:

are the lightest rays, and were attracted to the positive plate. They are made of
n articles, and can pass through several mm of aluminum.

A s are positively charged, since they were attracted to the negative plate. They are
h clei, with a mass of 4 amu, and can be stopped with a piece of paper.

Gamma'rays are not deflected by a magnet, therefore they are not charged. They have no mass,
b*re like waves of light. They have high frequencies and high energies, and can pass
through 30 cm of steel or 5 cm of lead.

g ilwith alpha particles: he noticed that while most penetrated the foil undeflected, about 1
in uffered serious deflections as they penetrated, and a similar number bounced back

Rn(vi performed a gold foil experiment at McGill University, Montreal. He bombarded thin
fo
0

mQ penetrating.

Th s model did not explain these deflections. This type of behaviour would be expected
0 positive charge of an atom were highly concentrated in a small region. Rutherford
called thi§ region the nucleus. The approach of an alpha particle to a nucleus of high positive

C d mass would lead to repulsive forces strong enough to reverse the direction of the

p




Rutherford formed his Planetary Model based on these findings:

» Most of the mass and all of the positive charge of an atom are centered in a very small
region called the nucleus. The atom is mostly empty space, since there is nothing between the
nucleus and the electrons).

» The magnitude of the charge on the nucleus is different for different atoms and is
approximately one half of the numerical value of the atomic mass of the element.

»> There must be a number of electrons outside the nucleus of an atom that is equal to the
number of units of nuclear charge.

Sol=

k
Mutherford’s experiments that led to the concept of the nuclear atom
‘be: Rutherford’ s nuclear model and two major problems that it has

how many times smaller a nucleus is than an atom
s diameter ~ 10" m; a nucleus’ diameter ~ 10™"° m)

(a

V\<;ses of Rutherford’ s Model

Classical physicists observed that a moving electric charge such as an electron ,which changes
its'direction’in space, must release, or radiate, energy.

If jitagi f energy, it will slow down and therefore not be able to resist the attraction of the
positive fucleus and hence should rapidly spiral into the nucleus and eventually a small

m cloud will be seen.

T se of the atom should be observed, however, atoms do not collapse. Therefore, there
must be a flaw in Rutherford’ s model.

S y: What atoms are made of

—the smallest unit of an element, made of many particles, the most important are protons, neutrons and
el protons and neutrons in the central nucleus, electrons in the outer regions, have no net
ch ise! the number of protons = the number of electrons)

ATOMICNUMBER

- f protons in the nucleus of an atom (because atoms are uncharged, the atomic number will
al ow many electrons are present in the atom)

-isj@haracteristic of an element (i.e. each element can be identified by its won atomic number)

small particle located in the outer region of an atom, each electron has a charge of —1
each electron has a mass about 2000 times smaller than that of a proton or a neutron

-itass or gain of electrons which makes uncharged atoms into charged ions
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- ich has either lost or gained electrons and therefore has either a net negative or a net positive
charge (138, loss of electrons produces positively charged ions and gain of electrons produces negatively

s.)

E N




ISOTOPE

-although different atoms of the same element will always have the same number of protons (i.e. the same
atomic number), they may have slightly different numbers of neutrons (making their mass numbers
different). Such atoms are known as isotopes. Isotopes are usually represented in the following manner:
A, X where X represents the chemical symbol for the element. A is the mass number and Z is the atomic
number.

-Isotopes are often simply listed with identifying mass numbers (their atomic numbers are all the same).
Example: Three common isotopes of lead are lead-206, lead-207 and lead-208.

M MBER
-the t mber of protons (i.e. the atomic number) and neutrons in the nucleus
-ca with different isotopes of the same element

N
-u particles located in the nucleus of the atom, has about the same mass as a proton
_atgle same element may have different numbers of neutrons (such atoms are said to be isotopes)

U
-c«ﬂaiive, positively charged core of the atom: contains the neutrons and protons of the atom

P
—e!h pr!n has a charge of +1 and a mass about equal to a neutron, located in the nucleus of the atom

PmE PROBLEMS

1. A neutral atom of a particular element has an atomic number of 32 and a mass number of

ﬁ 173. Identify this element and state how many electrons, protons and neutrons it contains.

2. The nucleus of an atom of bromine contains 35 protons and 45 neutrons. What is the atomic
m number and the mass number of the atom?

3. Two common isotopes of copper are copper-63 and copper-65. How many protons, neutrons

_1d electrons does each one of these isotopes possess?

4. NG Determine the atomic number, the mass number and the number of protons, electrons and

neutrons in a Br " ion made from the atom described in question 2 above.

Determine the atomic number, the mass number and the numbers of protons, electrons and
trons in a Cu*" ion made from the atom of copper-63.

fine the terms: electronegativity, electron affinity, and ionization energy and explain their trends
@ periodic table of elements.

he Bohr model for the following: a) *,,K b) ©,,Zn*



