HISTORY OF THE ATOM

Atoms are the fundamental unit of elements, They are the smallest particle that retains the chemical
identity of the element. You could say that atoms of the same element are the same, atoms of different elements
are different. The atomic model has developed slowly over time through the discoveries of various scientists.

In 1803, a British school teacher, John Dalton expressed that matter could be explained in terms of
atoms. Dalton proposed an “Atomic Theory of Matter”,

Dalton’s Atomic Theory of Matter
Each element is composed of extremely small particles called atoms.
All atoms of a given element are identical, but they differ from those of any other element.
Atoms are neither created or destroyed in any chemical reaction.
A given compound always has the same relative number and kinds of atoms.
(Law of Constant Composition — A given compound always retains the same elements in the same
proportions by mass.)
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Dalton’s theory was a great starting place but we have since learned that many of his postulates are
incorrect:

1. Atoms have subatomic particles.

2. Elemental atoms differ: isotopes.

3. Atoms can change from one element to another during nuclear reactions.

Faraday is credited with proposing that atoms contained particles that have electrical charge. J. J.
Thompson used his studies with cathode rays to prove the existence of charged subatomic particles. A cathode
tube creates a cathode ray that is emitted from a negatively charged electrode (cathode) and travels to the
positively charged electrode (anode). Thompson found that the stream could move a paddle wheel and could
also be deflected by a magnet. Thompson named the negatively charged particles electrons.

Millikan discovered that electrons are extremely light particles. He charged oil droplets and allowed
them to fall between charged plates, through this experiment he found that electrons are 2000 times lighter than
an atom of hydrogen. (A hydrogen atom contains 1 neutron, 1 proton and 1 electron.

Rutherford studied radioactive materials: alpha (&) particles which have a 2+ charge, beta (i) particles
which are high speed electrons and gamma (8) radiation which is similar to x-rays and is not composed of
particles. From his information Rutherford deduced that atoms were more complex than Dalton had thought.
Rutherford used a stream of a particles and focused them on a thin piece of gold foil. (See illustration on next
page.) He found that most of the particles passed through, however, some of the particles were deflected. From
this he deduced that the atom must be made up of mostly space with a tight nucleus that has a positive charge,
with electrons orbiting it as if it were a miniature solar system.
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Bohr felt that Rutherford’s model of an atom did not explain why an atom is stable. Bohr proposed that
the electrons were in different energy levels orbiting at different levels from the nucleus. When an electron is at
its lowest energy it is in the lowest energy level (orbit) — ground state. At times electrons can be given
additional energy, when this happens electrons will jump to higher energy levels — excited state.  'When an
atom is in the excited state it is unstable, it will not remain excited. It will eventually emit this energy and
return to its ground state. Energy levels are numbered 1.2.3... and correspond to shells £, £ »...



ATOMIC STRUCTURE

Atoms are made up of protons, neutrons and electrons; it is now believed that there are additional
particles inside these particles called quarks, gluons, mesons, muons and the list goes on. It has also been found
that electrons do not have a defined orbit but are in an electron cloud.

Electrons carry a negative charge, as proved by Thompson. and protons carry a positive charge.
However, the proton is not the only particle found in Rutherford’s positive nucleus, neutrons are located in the
nucleus also but are neutral.  An individual atom is neutral: the number of protons and electrons are the same.
The number of protons in an atom is denoted by the atomic number. The atomie weight is the average weight
of all naturally occurring isotopes. Weight and mass are expressed in atomic mass units which is an arbitrary
standard based on carbon-12; 1 amu = 1/12 the mass of a carbon-12 atom = 1.66 x 10™'g. The atomic mass is
the number of protons and neutrons (the atomic weight rounded to the nearest whole number.) Although the
mass of a neutron is slightly larger than that of the proton we often round them both to | amu (atomic mass unit)
and the electron to 0 amu.

Complete the following PNE chart using your knowledge of atomic structure and the periodic table.
Complete the following chart.

Element = Symbol Atomic Mass No. of No. of No. of
Number = Number @ Protons | Electrons = Neutrons
Oxveen 16 ! 8
Na 11 | 12
14 | 14 14
Hydrogen 1 1 i 1
7 | 5 7

An ion is an atom that has lost or gained electrons. We describe ions based on the new net charge
created by the change in electrons; for example when oxygen gains 2 additional electrons we now call it O*.
This can be determined by the formula: charge = number of protons — number of electrons

Isotopes are atoms of the same element that have different numbers of neutrons. We describe ions
; . . e -
using both the atomic weight and the number of neutrons. For carbon-12 we would write ¢C indicating that

13
element 6 has 12 neutrons. For carbon-13 we would write o
Complete the following chart based on your knowledge of atoms, ions and isotopes.

Isotope Symbol Atomic Mass Number of
Number Number Neutrons
Aluminum-28 15
[ #
L]
Chlorine-37 17

To determine the average atomic mass of an element percent of each of its various isotopes need to be
taken into account.
The formula for calculating ave. atomic mass = (mass; X %) + (massy x %b) + (masse x %) + ...
100

Calculate the ave. atomic mass of the isotopes of carbon: carbon-12 98.9% and carbon-13 1.1%



Name: Block: __ Date:
Homework: Atoms — History and Models

Completion: Fill in each blank with a completed term or short answer.
1. Atoms of each element are du from the atoms of all other elements.

2. The law of dl‘lndﬁ DI'DOG"]'(;JnJ states that a given compound always retains the
same elements in the same proportions by mass.

3. Which scientist theorized that the atom was indivisible? Dan-Jfo\

4. Electrons have a l o= charge, protons have a | - charge, and neutrons are
neutced ;

5. Which to particles are found in the nucleus? Dd0s and P2uiony

]

6. The atom’s nucleus was discovered by Ru"qhﬂﬂconl and his gold foil experiement.

7. Dalion was incorrect when he said that all atoms of the same element are the samg ¥t w that atoms
of the same element can be different. When the atoms have different amounts r_w ey are
called 100§

8. When atoms of the same element have different numbers ocy are called

\SDpes ; :

9. The number of gﬂm}s in the nucleus of the atom is the atomic _\[} mh{i

for that element.

10. The number of WS and E-/ must be equal for an atom to be neutral,

1 1. Thompson discovered the negatively charged particles and named them elech'am‘

12. What does “amu” stand for? ﬂ.ﬂ]ﬂllb aSs  wout

13. E‘,d)r proposed that electrons actually exist in discrete energy levels.

14. The lowest energy level that an electron can exist in is called %Mf\d S'hld'(/

15. When an electron drops from the excited state energy is e.m;_-\-kd

16. List the relative masses of the electron, proton and neutron.

Electron= (2 amu Proton=__| amu Neutron=_[ _amu
17. The @& cdom v !*&g‘ i‘ MALS ) of an element is the weighted average of the masses of the isotopes
of that element.

18. For the 1sotope #C the 24 represents the @m_&k"ﬁr and 54 represents the NNGSS ‘ﬁ-

19. _\n\ass H is the atomic weight rounded to the nearest whole number.

20. The number of neutrons in the nucleus can be determined by subtracting the ¥t pedtons
from the atomic mass. ( &T&\\lb“)




480

TINE L
hln Suwe ¥ *?;s:mw"& et
Complete the following chgst, | L
Element | Symbol Atomic Mass No. of No. of No. of
| Number | Number | Protons | Electrons | Neutrons
Carbon £ L 12 (o 6 |
prtassiom | ¥ 1 40 a 19 -
MNSIW | w 12 gq 12 l'g- 12
Heli 2 4 2
elium H'E: 2 2
) 5 6
Pooy | B I S
Complete the following chart. _
Isotope mliﬁ Symbol Atomic Mass Number of
Y5 Number Number Neutrons
Ni -1 { 8
trogen - N . 15
Neon -22 . 1oNe o | 22 2
Bervllium-9 4
eryllium- 4 & q 5 |
Calculate th rage atomic werght fi h of the followi
diculale ine average alomic or each O € lonowing.
—ucrs 236% (9% 236W)+ (% q.50%)+ (52513 19%) + (501 4 35'%)
—=Cr 9.50% __i[_)_.i_______
ic sl que oo moss = [52.00
—%Cr 4.35%

Ne 90.51% (_z.mc_‘im_ﬂﬁ (2 0.27%)e (2% %.22%)

INe 0.27%

ZNe 9.22%
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