5.1 The Evolution of the Atomic Model
SNC1D




Atoms
Atoms are *to be seen:
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We've seen what we think atoms
look like...

...but how did scientists figure this out?
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JO].'I.II. Dalton, early 1800s

found that running electric current through
water produced *

and ** gases

expanded on Particle Theory, to describe the
behaviour of elements and compounds
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https://www.youtube.com/watch?v=OTEX38bQ-2w
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EXPLANATION OF THE PLATES. Q19

PLATE 1V, is' plate contains the arhitrary marks
ammwv;ummmmﬁ?m

or ullimate

Fig. R Fig,
I Hydrog, its rol. weight 1]11 Strontites - .+
2 Awte, - - - - - 512 Buyles = - - -

3 Carbone or charcoal, - 5113 Iron = « = = .
4 Oxygen, - = - = 7|14 Zine - - = - =
5 Pbosphorus, - - <« @15 Copper =+ = =
6 Sulphur, - = - = 1516 Lead » = - - -
7 Magnesia, - = - - 20017 Silvees - - - -
8 Lo, - = = = - 218 Piatioa < « ~ »
0 Soda, - - - - -28l10Gold - o - . =
10 Potash, - - - - 42120 Mercury =~ « =

21, An atom of waler or steamn, composed of 1 of
oxygen and 1 of hydeogen, retained in physical
contact by a stroug affinity, and supposed to
be sarrounded by a common atmosphere of
heat ;s relative weight = = - . . .

22, An atom of ammoak, compoved of 1'of azote 4hd
1 of hydrogen = - « < « & + o . .

49, An atom of nftrous gas, composed of 1’ of uzate
and 1 of oxygen = = - <« - - o o i o

24. An atom of olefiant gas, composed of 1 of carbode
and 1 of hydrogen - = = -~ - - - -

25 An stom of carbopic oxide composed of 1 of car-

bone and 1 of oxygen - = - « - - - -

206. An atom of nitrous oxwle, 2 azote 4= 1 oxygen -

27. Anatom of nitric acd, 1 nzote 4 2 oxygen - =

28. Ao atont of catbonic acid, I carbone = 2 oxygen

20, An atom of carburetted hydrogen, | carbone + 2
h’d@gﬂl- s i SR PR w1

50. Anatomof dxyaitric acid, 1 azote 4= 3 oxygen

51. An atom of sufphuric acid, 1sulphor 4 3 oxygen

32. An atom of sulphuretted bydrogen, 1 sulphur 4 3,
h’odmgrn RS epe s iaLeinle -

33. An atom of dlcohol, 3 carbione 4= 1 hydrogen -

34, An atom of nitrous acid, 1 nitric acid == 1 nitrous

35. Ans:un of acetous acid, 2 earbone - 2 water -
36. Anatom of nitrate of ammonia, 1 nitric acid -+ |
ammoois - Lwater = = « = = - . .

97. An atom of sugar, 1 alcohol 4- 1 carbonic acid -
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Dalton’s Atomic Theory

= All matter is made of small particles called atoms.

= Atoms cannot be created, * or divided.

= All atoms of the same element are identical in ** and size. The
atoms of one element are different from the atoms of other elements.

- **¥* 3re created when atoms of different elements link
together in fixed proportions.




Dalton’s Model of the Atom

The “billiard ball” model: Dalton envisioned atoms are

small, indestructible particles. Oxygen
atom

Hydrogen
atom




Joseph John Thomson, 1897

Discovered the existence of negatively-charged particles in atoms

Made his discovery by performing experiments with evacuated
gas tubes, called cathode ray tubes

Anode

Cathode(/

Video:
Discovery of the Electron

Fluorescent

High voltage screen



https://www.youtube.com/watch?v=IdTxGJjA4Jw

Thomson’s Observation His Inference

Particles emitted from the cathode are The cathode ray particles must
attracted to positive charges be negatively-charged

The cathode ray particles have a much Cathode particles are much
lower mass than hydrogen atoms smaller than hydrogen atoms
All metals that he tested emit identical All atoms contain the same
cathode rays negatively-charged particles
Atoms are electrically neutral Atoms must therefore contain

positively-charged particles to
balance the negative ones



Thomson’s Model of the Atom

Negatively-charged particles ( *) are embedded
in a positively-charged mass

Thompson plum pudding
. model of the atom
Called the “plum pudding” model

° think chocolate chip muffin

Negative
electron
plums

Positive pudding



Ernest Rutherford, 1s:1:

Famous “gold foil experiment”

Aimed positively-charged alpha
particles at thin sheets of gold foil

Prediction: If the atom was
composed of evenly-distributed
positive and negative charges, the
alpha particles should pass right
through

Gold Foil

a -Particle
emitter

Detecting Screen Slit

Video:
Discovery of the nucleus



http://www.youtube.com/watch?v=wzALbzTdnc8

Observation: Most of the particles
passed through, but a very small
number of them bounced backwards

Inferences:

> The alpha particles bounced backwards

because they hit a region of
*

> The majority of the atom’s volume is
empty space.

Expected outcome

Observed outcome




Rutherford’s Model of the Atom

The beehive model: RUTHERFORD'S ATOMIC MODEL

_— -
.
-
-

The positive charges are

. . ®
contained in a small dense \
centre called the nucleus. 1

°
The electrons revolve around ’
the nucleus. i
Nucleus e
(positive charge) Negative
electrons



Opposition to Rutherford’s model:
Why don’t the negative electrons fall into the positive nucleus?

Positively Charged
Nucleus

Negatively Charged
Elecron

Diagram fo Show How an Energy Losing Electron
Could Fall info the Nucleus



https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi09ZOG8YXnAhVHUs0KHeiMARcQjRx6BAgBEAQ&url=http%3A%2F%2Fclipart-library.com%2Fthink-cliparts.html&psig=AOvVaw2rw83iluLnHVSdKs1vNHXg&ust=1579187234434805

Neils Bohr, 1922

Proposed that electrons were restricted to *,

Each orbit represents an energy level, and has a different distance from
the nucleus.

Nuclens, containing
positively charged
protons

Orhital electrons,
negatively charged

Each electron shell
represents an
energy level.




Bohr developed this
model by observing the
emission spectrum of
hydrogen.

Blue-violet
Blue green

Violet
Red

Cras discharge
tube containing hydrogen

41000 nrm
434.0 nrm
486.1 nrm
658.2 nrm

Run electric current A
through tube of hydrogen,
to make it produce light

- J

Use a prism to split up the
light produced by
hydrogen gas




Light is emitted when an electron absorbs energy
”), and then releases it as it falls down to
its original energy state.

o

(is

Atom is excited by some Atom is de-excited
external source (purple waves). and emits light.

Normal Atom




400 nm

Continuous Spectrum

Emission Lines

700 nm

If the electrons could absorb any quantity of
energy, a continuous spectrum would be
produced.

Since a non-continuous line spectrum is
observed, this means electrons can only
absorb fixed packets of energy (quanta, sing.
guantum).




]ames Chadwick, 193

Showed experimentally that neutral particles exist in the nucleus,
along with the protons.




Homework
"= Read Ch 5.1 p.179-185

" pg.186Q#1,25,6,38

* Complete handout: Evolution of the Atomic Model
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