Structure of the Atom

Questions about the examination of, “what constitutes matter”, come to us from the ancient
Greeks. It wasthe Greeks, 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”.
Th at search out understanding are called “ Philosophers’.

T% specialize in the understanding of nature and those things surrounding them are

th ‘natural philosophers’.

V\msof M atter

A %s atentative description of a system or theory that accounts for all of its known

propesti
Modelsare invented, for the most part, to interpret the invisible and relate to experimental
reStltsis =

I nﬂreece, philosophers argued on two concepts of matter. There were two models:

1 ocritus Model (discontinuous) (400 BC)
- ter is made up of particlesthat are indivisible- (atomos’ — Greek means indivisible)

ese particles are small, hard, incompressible and indestructible.
0 atoms cannot occupy the same space at the same time.
- ms of different materials differ from each other by their shape, their mass and their
ze.
- m)ms of different materials differ from each other by their shape, their mass and their
e.
oms are made up of only two things, atoms and emptiness (void).

e
TWntinued to believein theindivisibility of matter were called “ atomists”

2.8 he Aristotle M odel

Ari and his followers believed that matter can be divided into an infinite number of parts.

gﬂm as continuous as the number system. An ocean can be divided until the parts are as
ain drops, and rain drops can be divided into parts as many times as the ocean and these

r arts could continue to be divisible. Therefore they believed:
- things were divisible into infinity

- atter was continuous

ter was made up of four elements: fire, earth, wind, and water.

difference in substances was in the proportion of these for elements making up every
erial.

Si otle was the tutor for Alexander the Great, his explanation of matter was the

pr g one for over athousand years.




3. John Dalton’s M odéel (1806, a school teacher)

By the beginning of the 19" century the precision of analytical chemistry had improved to such
an extent that chemists were able to show that the simple compounds with which they worked
contained fixed and unvarying amounts of their constituent elements.

In certain cases, however, more than one compound could be formed between the same
elements.

At the same time the French chemist and physicist Joseph Gay-L ussac showed that the volume
ratios of reacting gases were small whole numbers (which implies the interaction of discrete

paiticles, |ater shown to be atoms).
A ep in explaining these facts was the chemical atomic theory, or The Particle Theory

pu by the English scientist John Dalton in 1806.

@ postulates of Dalton’s theory are:

1. | matter is composed of extremely small particles called atoms.

2. oms can neither be subdivided nor changed into one another.

3. toms cannot be created or destroyed.

4, | atoms of one element are the same in shape, size, mass and all other properties.

5. Al @oms of one element differ in these properties from atoms of all other elements.

6. ﬁnical change is the union or separation of atoms.
7. oms combine in small whole number ratios such as 1:1, 1:2, 2:3 etc.

(Amile is something assumed to be true.)

itions:
s the smallest particle of an element that has all the chemical properties of that
element.

A le isthe smallest particle of acompound which shows all the chemical properties of
thmound.

PriGBIEMSWith Dalton’s Atomic Theory

T ' eaknesses in Dalton’ s atomic theory were that he did not account for the Law of
Multiple Proportions and made no distinction between atoms and molecules.

THUils, he could not distinguish between the possible formulas for water HO and H,O,, nor could
h)ﬁ;-v‘hy the density of water vapour, with its assumed formula HO, was | ess than that of

oxygen, med to have the formula O.

A . He suggested that the numbers of particlesin equal volumes of gases at the same

(sol ution to these problems was found in 1811 by the Italian physicist Amedeo
t

ture and pressure were equal and that a distinction existed between molecules and atoms.
gen combined with hydrogen, a double atom of oxygen (- amolecule in our terms, i.e.
0O,), was split, each oxygen atom then combining with two hydrogen atoms, giving the
formula of H,O for water and O, and H.for molecules of oxygen and hydrogen).

ely, Avogadro’ sideas were overlooked for nearly 50 years, and during thistime
confusion prevailed among chemistsin their calculation. It was not until 1860 that the Italian
chemist Stanislao Cannizzaro reintroduced Avogadro’s hypothesis. Dalton related the atomic
weight of al elementsto that for hydrogen, however previously they were taken relative to
oxygen, 16)




4. William Crookes Cathode Ray Tube

Because of the study of static charging of objects (static electricity) it became clear that Dalton’s
model of the atom was incomplete.

It was shown that the charging of an object was the result of the collection or accumulation of
charged particles.

It was discovered that there were two types of charged particles and that objects attracted or
repelled depended on the nature of the particles on the charged object.

i ontinued to search and try to explain phenomenathat occur in nature.
G ame a subject of curiosity. Once the discovery was made that there were different
ty ases, it became important to investigate all the properties of these newly discovered

m

Amow, the electrical battery was invented in 1800 by Alessandro Volta and experiments
wer ed out with materials.
A teristic property that materials were tested for was electrical conductivity.

A |persohithiat carried on some research into the conduction of gases was named William
CLWO invented what came to be the Crookes Tube. Today it iscalled the “ cathode ray
t

w label a Cathode Ray Tube

S
Q)

U#itions:
cathode ray tube: vacuum glass tubes with a metal piece (an electrode) at each end.
Céthode: the negative side of the cathode ray tube.

Al e positive side of the cathode ray tube.
Cathoderay: the ray made of negatively charged particles called electrons.

V:/'rookes was using his tube to test out conductivity of different gases. It never occurred

to @u t hisinvention would be used as the source of explanation that would improve Dalton’s
moe

D
objects
o)

odel was unable to explain the phenomena of static electricity. Why do charged
el or attract? Why are there only two types of charged materials? Why aren’t there
ypes of charged materials? Why aren’t there three or four types?

All these questions bothered scientists at the time and every effort was made to try to explain
these natural phenomena. Then came Joseph J. Thomson.



5. Joseph J. Thompson’s M odéel

He built the Pinwheel cathode ray tube. He had seen the Crookes' tube and realized that Dalton
was wrong.

Asair or gasis removed from the tube a glow in the glass could be noted.

Rays appeared to begin at the cathode (—), and travel toward the anode (+).

Those “things” flying by in the Crookes tube were particles of matter. They were capable of
spinning the pinwheel in the Crookes' tube. This meant that they had mass. But were they
atoms? No, they were smaller than atoms.

Al were repelled by charged ebony which by then had been categorized as negative type
m So, since there was repulsion, these rays that were produced in the Crookes' tube must
be same negative material. Maybe it was because these were the particles that made the

mmnegative" .

A e, a battery had two connections. One of the connections was referred to as the

cat d the other was the anode. In the experiment it became obvious that the rays being
pr in the tube came from the cathode side of the battery and therefore were named
Catho ays. Now, we also know that the ray produced was repelled by ebony and was
thefeferénggative material. This means that the cathode (-) is the negative electrode and the

Wthe positive electrode.

id all this mean to J.J. Thomson?
Fi ized that Dalton had made an error. The indivisible particle of matter, the “ Atom”
h

, a least two. One part, that could be formed into rays was negatively charged

uThe other part was positively charged material.
Th is credited with the discovery of the “electron” as the negative particle of matter.

Elmare identical no matter what material the cathode is made of and no matter what gasis

pr in the tube.
A Thomson was able to determine that the electron contained mass, all that he was able
tolifieastliféas the ratio of the charge divided by its mass (e/m) ratio.

J.J. Thomson’s model of the atom was very similar to Dalton’s. He said that the atom isa
pasitive body that contains embedded electrons, “Like Raisinsin Raisin Bread”. Thebread is

p(nhe raisins negative.

Materials are naturally neutral. They contain the right number of raisinsthat give the bread

ba That is the positive contains just the right number of negative electric material.
HWhen rubbed, the friction causes some of the negative to attach itself to the other
obJ€ his causes one object to contain more negative material than it would normally have.
T t that lost negative material now is short of negative and is viewed as positive.

It is onlypositive, not because it gained positive matter, but because it is lacking in negative

m is condition causes the objects to want to come together thereby becoming neutral.
It at nature wants matter to be neutral.

J.J. Thomson had created a new model that explained static electrification of objects.

Millikan performed an experiment that made it possible to measure the charge on the electron
and so cal culate the mass of the electron.



Roentgen’s X-Rays (1895)

Roentgen experimented with a CRT using an electric current at very high voltage. He noticed
that some rays emanated from the apparatus, and that these rays penetrated and passed through
different substances.

X-rays have short-waves, a high frequency and very high energy that lets them go through soft
tissue. The medical applications very soon became apparent and X-rays are used extensively in
medical diagnostics.

Hemr | querel (1896)
TWsthat Becquerel left an unexposed photographic film in ametal cartridge in his desk,
on the film was a chunk of uranium ore (aminera called pitchblende).

:mtdhat the film had been exposed even though it had not come into contact with any light.
H

ided that uranium spontaneously emitted powerful invisible rays without the application of
»which unlike light were able to pass through opague objects.

A ce that gives off theseinvisible raysisradioactive.
T in impact of the discovery of radioactivity was that it proved that atoms contained parts
and th was definitely divisible.

I B

[ MarieCurie

lﬁp the work of Becquerel. They succeeded in isolating two new radioactive elements:
d Polonium (after her native Poland).

m;ven more radioactive than uranium.

(PYT: ie Curie was the first woman to hold a professorship at the Sorbonne, the first person to

ﬁobel Prize twice, her daughter also won the Nobel Prize.)

6. ERFORD’S MODEL (1909)
E herford placed afew grains of radium salts in the bottom of a hole in ablock of lead.

T ion escaped from the hole and was allowed to strike a screen painted with zinc
sulphigexindividual atoms are far too small to be seen, however, when the phosphorescent

mck by an atom or an atomic particle it produces atiny scintillation of light).
T hitting the screen caused the zinc sulphide to glow in one spot.

Byibringing a magnet near the rays 3 spots of light could be seen.

Trnconsi sted of 3 types of radiation.

Rutherford found that three different rays are emitted by radioactive substances.
1

3 f Radiation
i ?e lightest were the b , Beta Rays, that were attracted to the positive plate. Betarays
e made of particles having a negative charge, they are in fact high energy electrons.
ey can pass through several mm of aluminum.
harays, a , were attracted to the negative pole of the electric field, and hence are
selves positively charged particles. They are helium nuclel having a mass of 4 amu,

d are stopped by a sheet of paper.
3. Gammarays, ¢ , are not deflected by a magnet and therefore are not charged. They are

not particles, i.e. they have no mass. They are waves like light or X-rays or microwaves.
The gammarays, ¢ , are powerful shortwave rays with a high frequency and high energy.

Gammarays are the most penetrating, they can pass through 5 cm of lead or 30 cm of
steel.
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Rutherford’s Gold Foil Experiment

Thiswas undertaken in the labs at McGill University (Montreal). Rutherford bombarded a very

thin gold foil with alpha particles, (positively charged helium nucleus).

He noticed:

1 The mgjority of the alpha, a -particles penetrated the metal foil undeflected.

2. A few, (about 1 in every 2000), suffered serious deflections as they penetrated the foil.

3. A similar number did not pass through the foil at al but “bounced back” in the direction
from which they had come.

TMS model did not explain these deflections. This type of behaviour would be expected
on positive charge and mass of an atom were highly concentrated in a small region.

Rm: called this“nucleus’. The approach of an alpha, a -particle to a nucleus of high

p arge and mass would lead to repulsive forces strong enough to reverse the direction of
th €s.

Rtﬁvd's Planetary Model

1. IMIosE of the mass and all of the positive charge of an atom are centred in avery small
*n called the nucleus. The atom is mostly empty space (i.e. between nucleus and
rons there is nothing).

roximately one half of the numerical value of the atomic mass of the element.
3. ere must be a number of electrons outside the nucleus of an atom that is equal to the

ﬁmber of units of nuclear charge.

Wi of the Rutherford Model

C hysicists observed that a moving electric charge, such as an electron, which changes
it lon in space, must release (radiate) energy.

Thilisfanéléctron moving around a nucleus in an orbit would be expected to lose energy. If it
giﬁzgy, it will low down and .: not be able to resist the attraction of the positive
nucleus and hence should rapidly spira into the nucleus and eventually a small mushroom cloud

2. m;a magnitude of the charge on the nucleusis different for different atomsand is

willlbe seen!!! The collapse of the atom should be observed, however, atoms do not collapse.

T}ﬁ, there must be aflaw in Rutherford’s mode!.




SPECTROSCOPY

The spectroscope is an instrument used to see the spectrum of light emitted by different
elements.

Each element has its own characteristic light spectrum.

Visiblelight spectrum
The white light is formed by different colours: ROY GBIV

Each coloured ray has its characteristic wavelength and frequency. There are other rays that can
be le but not visible.

sformthe ELECTROMAGNETIC SPECTRUM

Micro- infraARed | Vishble Ultra- X-Rays g -rays
waves, light Violet
Radar,

scientist, Niels Bohr started looking at the scientific evidence in adifferent way.
e atom in adifferent way and came up with a series of postulates.

ohr’ s postul ates are:
*ery hydrogen atom there are only certain paths in which an electron is allowed to
Pmove. These are called energy levels.

Each energy level corresponds to an orbit, acircular path in which the electron can move
N around the nucleus.

3. ectrons can travel in allowed energy levels without loss of energy.
trons may jump from one energy level to another.

WQelectron isin astationary state, the atom is stable and does not radiate energy.
n

A
If
to

ron in the lowest possible energy level is said to be in the ground state.
tron is heated or given energy, the electron occupies a higher energy level and is said
excited state.




Atoms have only certain allowed orbits, i.e. electrons orbit the nucleus on different energy levels,
the energy of an electron is*” quantized” (i.e. limited to a certain set of values).
Thus, the energy differences are specific values.

An atom radiates energy only when the electron “jumps’ from one allowed state to alower one.
As an excited electron spontaneously drops from a higher level to alower energy level, it emeits
radiations with a certain frequency.

This freguency depends on:

1 e of the“jump”, and

2. the final level the electron reaches.
T
th

cies of the coloured linesin the visible spectrum of hydrogen matched perfectly with

Bohg: m also gained credibility when Bohr was able to predict lines outside the visible region
(t iolet) that were later discovered by other scientists.
Thef at atoms could give off distinct spectra has many applications such as neon signs,

soditimianps, flares, identification of elements, composition of stars, etc.

DM)f Bohr’s Model

—

at

al series of lines were seen that should not have been there.

S also wrong in assuring that an electron is a particle whose position and motion can be
S @ exactly at agiven time.

B also wrong in thinking that the electron movesin an orbit at a fixed radius which
C ly when the electron jumps to another orbit having a different fixed radius.

mye(only worked for hydrogen, not for any other element. When applied to multi-electron




