VONCEPT 2

Many scientists contributed to the
further development of atomic theory.

“Activity @

Mystery Box

Your teacher will give your group a box, which you are not allowed to open.
Using your skills of observation and the materials your teacher provides,
perform as many tests as you can think of on the box to infer what is inside.
How does this activity relate to the study of matter?

After Dalton got modern atomic theory rolling in the early
1800s, a series of discoveries followed that resulted in its
adjustment and refinement. Throughout the remainder of the

. 19th century, many different scientists and inventors contributed
to this work. A scientist named JJ Thomson was among the first.

JJ Thomson and the Electron

joseph John Thomson (1856-1940) was a British physicist who |
studied electric currents in cathode ray tubes, as shown in .
Figure 2.24. Scientists had discovered that when they attached a
battery to the tube, 213y travelled through the tube. They called ;
thisray a cathode ray because it appeared to originate from
the negative terminal or cathode in the discharge tube. Further |
experiments revealed the following:

« Cathode rays were streams of negatively charged particles.

o All substances produced these particles.

The cathode ray is deflected by the The cathode ray is attracted to the positively
magnets. This means the particles charged plate. Opposites attract: the particles
in the ray must be charged. in the ray must be negatively charged.

Electrically
charged plates

Figure 2.24 @ Thomson
used magnets and charged
plates to manipulate cathode
rays and measure the
effects. @ Fluorescent fights

The amount of deflection of the rays gave Thomson information are familiar examples of
about the ratio of the charge of the particles to their mass. cathode ray tubes.

Magnet
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Connect to Investigation
2—H on pages 168-169 B
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electrons negatively
charged particles that
are found in the space
surrounding the nucleus

Matter containing evenly )
distributed positive charge

Electrons

Figure 2.25 Thomson
proposed a model of the
atom similar to a blueberry
muffin. Negatively charged
particles (now called
electrons) were embedded in
matter with a positive charge
that was evenly spread out.
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- determining the charge-to-mass ratios of the negative particles.

Thomson’s Model of the Atom

Thomson’s key cathode ray tube experiments involved

He did not determine the mass of the particles directly, but his
experiments did allow him to compare their mass to that of a
hydrogen atom, the lightest known atom. To his surprise, he found
that the mass of the charged particles was much less than an atom
of hydrogen. This meant that there were particles smaller than
the atom! The conclusion was surprising because it contradicted
the part of Dalton’s theory that defined atoms as being indivisible.
Based on the results of Thomson’s experiment, Dalton’s theory
had to be revised, and a new model of the atom was developed.

Thomson proposed what he called a “plum—pudding” model
of the atom. Plum pudding was a popular dessert in England at
the time, but thinking of this model as a more familiar blueberry
muffin gives the same results. Thomson’s model, shown in
Figure 2.25, pictured a positively charged ball (the “muffin”) with
negatively charged electrons embedded in itlike blueberries. This
model successfully explained the observations to date, but it soon
had to be revised based on the findings of Thomson’s student,
Ernest Rutherford.

Thomson’s Contribution to Modern Atomic Theory
Atoms are not indivisible. They contain smaller, negatively
charged patrticles, nNOwW known as electrons.

Ernest Rutherford and the Nucleus

Ernest Rutherford (187 1-1937) was a scientist from New Zealand
who worked for a while at McGill University in Montreal. In 1909
he designed an experiment t0 find out more about the structure of
atoms. He exposed a very thin sheet of gold to a stream of high-
speed particles with a positive charge, called alpha particles. The
alpha particles acted like tiny bullets. Rutherford wanted to see
what would happen to the alpha particles when they made contact
with the gold atoms. He surrounded the gold foil with a detector
screen. An alpha particle would become visible whenever it struck
the screen. Figure 2.26 shows how the experiment was set up.




A few alpha particles

bounced backward. Some alpha particles were

deflected off course.

source of
alpha particles

fluorescent screen
(lights up when struck
b Iph i
y an alpha par icl) very thin Most a ha'particles
gold foil ‘went straight
through the foil.

ha particles went right through the gold

atoms without their path being affected. This result was not
it was consistent with Thomson’s model. (Imagine a
) The surprising result was that a

Most of the alp

surprising;
pullet going through a muffin.
small percentage of the alpha
much as a ball bounces off awa
nucleus—the tiny, dense, positive

Once again atomic theory had to bere
of the atom, as shown in Figure 2.27, was proposed. According

to Rutherford’s model, virtually all of the mass of an atom was

concentrated in the nucleus. The nuc
to the volume occupied by the surroun
majority of the atom’s volume was empty space!

By 1920, it had been discovered that the nucleus contained

positively charged particles that

Chadwick (1891-1974), a cowor
the nucleus also contained neutral particles called neutrons.

ding electrons that the

Rutherford and Chadwick’s Contribution to Modern

Atomic Theory

The vast majority of an
very tiny negatively charged moving electrons.

The positive charge in an atom is contained in a tiny, dense

nucleus. The nucleus is made up of
about the same mass: protons, which are positively charged, and

neutrons, which have no charge.

TOPIC 2.4 HOW CAN WE INVEST

© through the foil as expected.

particles rebounded from the foil,
11. Rutherford had discovered the
ly charged centre of the atom.
vised, and a new model

Jeus was so small compared

Rutherford called protons. James
ker of Rutherford’s, found that

atom’s volume is empty space occupied by

two types of partic|és, each with

{GATE AND EXPLAIN THE COMPOSITION OF ATO

Figure 2.26 In Rutherford’s
experiment, most of the
alpha particles went straight

But a few bounced back,

some at large angles.
Rutherford had discovered

the nucleus.

Electrons

Tiny, dense nucleus

Figure 2.27 Rutherford
revised the model of the
atom to include a dense
nucleus with a positive
charge that was very tiny
compared to the overall
size of the atom. Electrons
moved freely in the space
surrounding the nucleus.

nucleus the positively
charged centre of an atom
that contains protons and
neutrons; tiny compared with
the size of the atom

protons positively charged
particles found in the
nucleus of an atom
neutrons particles with no
charge that are found in the
nucleus of an atom
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Figure 2.28 This line
spectrum for hydrogen
provides evidence that
electrons can have only
certain allowed energies.

Figure 2.29 Qln

Bohr’s model of the atom,
electrons can have only
certain amounts of energy.
They occupy energy shells
surrounding the nucleus.

© The energy shells are like
rungs on a ladder. When you
climb a ladder, your foot can
rest on any of the rungs but
not in between.

Niels Bohr and Energy Levels

Niels Bohr (1885—1962) was a Danish physicist. While working as
a student in Rutherford’s lab, he studied electrons and the region
around the pucleus. Bohr analyzed the results of experiments on
the light released by various gases- In the experiments, the gases
had been made t0 glow by passing an electric current through
a low-pressure sample contained inside a glass tube. Each gas
produced a characteristic spectrum of lightasa result, called a line
spectrum. The line spectrum for hydrogen is shown in Figure 2.28.
The colour 0or wavelength of light is related
1o its energy. Bohr knew that the light emitted
by the gases was a result of high-energy
electrons releasing energy: But why did the electrons of a given
gas emit light only of certain wavelengths? Rutherford’s model

of the atom could not explain this result because electrons could
possess any amount of energy in that model.

Electron Energy Levels

As shown in Figure 2.29, Bohr proposed that electrons
surrounding the nucleus could occupy only specific “energy
levels” or “energy shells.” Each energy shell was associated with
a certain amount of energy- The larger the shell, the higher the
energy of an electron occupying it.

Q Adding a specific amount of energy
causes an electron to move
to a higher energy level.

. - energy levels
nucleus -

Bohr’s Contribution to Modern Atomic Theory
Electrons can have only certain amounts of energy. They occupy
defined energy levels or shells in the space surrounding the nucleus.




sible Effects of Electron Energy Shells

neon light is an example of the visible effect of electrons

mping from one energy level to another. When electricity is sodiurn coppet

ded to the neon gas, the electrons in the neon atoms gain calcium - potassium

ergy, causing them to jump to higher energy levels. Electrons

an then fall back down to lower energy levels, releasing energy in

the form of visible light of a characteristic colour. The light is the
vidence that the electrons exist in specific energy levels and can

‘move from one level to another. The characteristics of the line

spectra of various elements can also be used to identify them, as

shown in Figure 2.30. Figure 2.30 Flame tests
work by placing a small

tomic Theory—A Group Effort sample of a compound
: - containing a metal element
as in isolation—he built on the in a flame. The added o

"Bohr did not come up with his ide

existing atomic model and theory, energy causes electrons in

Einstein and others were doing regarding the nature of energy the atoms to jump up into

~ and light. Similarly, Thomson, Rutherford, and all of the other ?gher shells *.”Td then fall
. s . ack down, giving off light

scientists who contributed to the development of modern atomic of characteristic colours.

theory built on the work of scientists who had published results

pefore them and who were working simultaneously on related

ideas. They also depended on communication and teamwork

with their colleagues, students, and laboratory assistants.

but also on work that Albert

Activity
Atomic Theory Timeline
Working in groups, make a digital or paper timeline to show the development
of atomic theory. Include the scientists and discoveries discussed in this
book, but also research the contributions of additional scientists. You may
wish to include some oOf all of the following people and events: Robert
Boyle, William Crookes, Marie Curie, Robert Millikan, Eugen Goldstein, Lise
Meitner, the first particle accelerator, the splitting of the uranium atom, the ‘
development of atomic weapons, the discovery of quarks and other particles,
and the founding of CERN. Include any additional items you find through your
research. You may also wish to include key historical events to anchor the

events of the timeline, such as World W

ars | and L.

" Before you |éaVe th|s page .
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2. In your own words, describe Bohr's

4. Compare and contrast models of the atom.
contribution to atomic theory.
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