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Video 1: Atomic History and Theory
Democritus (460-370 BCE)

e He and his mentor, Leucippus, are credited with the first atomic model.

e His theory included:
o Matter is made of tiny, solid, indivisible particles which they called atoms.
o Different kinds of atoms have different sizes and shapes, therefore different properties.
o Widely rejected by his peers, most notably Aristotle.

Avristotle (384-322 BCE)

e Believed that everything was composed of the fours elements: earth, air, fire, and water.
e Because Democritus’ ideas could not be tested experimentally at the time Aristotle’s ideas were
accepted to be true...Until...

John Dalton (early 19" century)

e Revived Democritus’ ideas and developed the first modern atomic theory.
e His theory is summarized by four main points:
1. All matter is composed of extremely small particles called atoms.
2. All atoms of one element are identical but different from those of any other element.
3. Atoms of one element combine with atoms of another element to form compounds during
chemical reactions and they combine in simple whole number ratios.
4. Atoms are indivisible; they cannot be created or destroyed, only rearranged during
reactions.

Draw a picture of Dalton’s Model in the space provided:

Dalton’s Theory had 2 Flaws

e He said all atoms of one element are identical — FALSE

o are atoms of the same element which have different numbers of

, therefore they have different

e He said atoms are indivisible - FALSE
o Atoms are divisible into protons, neutrons, and electrons.

Scientists then quantitatively experimented with chemical reactions and developed 3 basic laws:

1. Law of Conservation of Mass — matter cannot be created or destroyed during a chemical reaction,
only rearranged.

2. Law of Definite Proportions — a chemical compounds always contains the same proportions of
elements by mass.

3. Law of Multiple Proportions — elements combine with each other in ratios of small whole numbers.



J.J. Thomson (1856-1940)

e Discovered the and determined it had a charge by
experimentation with cathode ray tubes.
o Thomson placed oppositely charged electric plates around the cathode ray. The cathode ray
was deflected towards the positive plate. This indicates that the cathode ray is composed of
negatively-charged particles which became known as electrons.

positively charged
metal plate
+

negatively charged

metal plate f

e Thomson repeated this experiment with numerous metals and gases and obtained the same results.
He concluded that electrons are present in atoms of ALL elements.

e Thomson developed the which shows
evenly distributed negative electrons in a uniform positively charged matrix of material.

Draw a picture of Thomson’s Model in the space provided:

Ernest Rutherford (early 20" century)

e Discovered the of the atom in his .
o Alpha particles (positively charged nuclei) produced from the radioactive decay of radium
salts were focused by a lead box and streamed toward a sheet of extremely thin gold foil
(~1000 atoms thick). Rutherford expected all the alpha particles to pass through the atoms of
gold in the foil, undeflected, but a small percentage of the alpha particles bounced off of the
gold foil at great angles.
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e Rutherford concluded that:
o There is a massive, dense, positively-charged structure that was very small — this became

known as the :
o Most alpha particles saw no influence to their path, so atoms must be mostly

e He then discovered the proton in further studies using alpha particles, and his student, James
Chadwick, discovered the neutron. Both of these are located in the nucleus.

Draw a picture of Rutherford’s Model in the space provided:

Niels Bohr (early 20" century)

e Developed the Bohr Model.

e His theory stated that electrons are restricted to specific energies and follow paths called orbits
at a fixed distance from the nucleus. This is similar to the way the planets orbit the sun. We now
know electrons do not have neat orbits like the planets.

Draw a picture of Bohr’s Model in the space provided:

Quantum Mechanical Model (current model)

e Mathematical model developed in the 1920s by many scientists, including de Broglie, Schrodinger,
Pauli, and Heisenberg. Also known as the “Electron Cloud” model.

e Electrons exist in regions of space around the nucleus which are called orbitals. The paths of
electrons are random and cannot be predicted. We can only talk about the probability of an electron
being in a certain region (likely to be near the nucleus).

Draw a picture of the Quantum Mechanical Model in the space provided:



Scientist Whiteboard Activity

Use the space below to complete each card’s activity.




Video 2: Reviewing Atoms, Isotopes, and lons

Review: Parts of the Atom

An atom is the smallest unit of an element that maintains the chemical
properties of that element. During chemical reactions, the atom does not
split!

There are 2 regions of an atom that contain particles of matter: the nucleus
— contains protons and neutron, and the electron cloud — contains electrons.
The rest is empty space.

Subatomic Particles Summary Chart
Particles Symbol Charge Mass () Location
Electron e 9.11x10% g
Proton p* 1.673x10% g
Neutron n° 1.675x10% g

Protons and electrons have equal but opposite charges. Because the magnitude (size) of the charge is
identical, when we assign charges to these particles we use whole numbers:

1 electron = -1 charge 1 proton = +1 charge

2 electrons = -2 charge 2 protons = +2 charge

The nucleus contains almost all of the atom’s mass, but the electron cloud is responsible for almost all
of the volume.

Review: Calculating Protons, Electrons, and Neutrons

The periodic table is organized in order of increasing atomic — >
number. The atomic number is the whole number that is unique 6
for each element on the periodic table which defines the element. C —T
The atomic number represents the number of protons in one atom |
of an element. Carbon

12.01 —F—*

Ina NEUTRAL atom, # of protons (P) = # of electrons
Therefore, atomic number (A) = # of electrons (E) in a neutral atom

Remember: “Ape” or A=P=E
***In an ion, electrons do not = protons***

The atomic mass number is the sum of the protons and neutrons for a particular atom or isotope. It is
the mass of the atom (electron mass is negligible).

Mass number (M) = # of protons + # of neutrons (N)
# of protons = atomic number (A)

Remember: “Man” or M = A+ N



NEW: Isotopes
Isotopes are two or more forms of the same element that differ only in the number of neutrons.
Chemically they react identically.
9 9 >
Example: Hydrogen has 3 isotopes.

Because isotopes of the same element have Q) o % | 'J.__
different numbers of neutrons, they will also
have a different mass.
1p + 1p + 1p +
Mass #=1 Mass # =2 Mass #=3

Types of Notation
Isotope notation allows us to express the identity or isotope quickly and easily. When shorthand
notation is used, it will appear one of four ways.

Example: The Bromine atom with a mass number of 80 can be written using any of these formats —

MASS number
Shorthand
eriodic Table —————" Notation
(all Bromine ufom:)‘/ (one isotope)
35 AVERAGE 8OB
ATOMIC r
B r / MASS 35

79.90 /

Bromine

Notation Practice
How many protons, electrons, and neutrons are in each isotope of carbon below?

Isotopes Protons Electrons Neutrons

Carbon-12

Carbon-13

Carbon-14




lons

e Atoms form ions when are lost or gained.

e The number of protons is NOT EQUAL to the number of electrons.

e lons carry an electrostatic charge (positive or negative). An atom that has gained electrons is an
. An atom that has lost electrons is a

¢ Inaneutral atom the number of protons = number of electrons.

e Inanion the number of protons # number of electrons.

loss of gain of
clectron(s) electron(s)
»> -
Cation Anion
(+) (=)
Cations A neutrsl atom bB=comes an lon enher by losing an sheciron (cation) o
by gaining an election (anwon)
are PAWSITIVE!
lons Practice
Neutral Mg Cation Mg?* Neutral F Anion F

#e = #e = #e = #e =

Questions

1. Write all the isotope notations for an isotope of the element sodium with a mass number of 23.

2. How many protons, neutrons, and electrons are in AI** and N2

3. Why is the atomic mass number on the periodic table generally not a whole number?



Video 3: Average Atomic Mass

Average Atomic Mass — represents the average mass of ALL isotopes of an element.

e Found using a weighted average technique considering abundance and mass of each isotope.
e Measured in atomic mass units (amu).
e 1amu=1.660538x10*g (it is 1/12 the mass of Carbon-12)

Calculating Relative Abundance

**Round all average atomic masses to the one-hundredths place (2 places after the decimal)**

Example: Lithium exists as 2 isotopes with the following abundances and masses —

Isotope Mass (amu) % Abundance Relative Abundance
Lithium-6 6.015 7.50%
Lithium-7 7.016 92.50%

Rules for Calculating Average Atomic Mass

1. Calculate the percent abundance of each isotope (recall that percent = part / whole). This value may
be given to you in the question.

2. Convert percent abundance to relative abundance (% —> decimal)

3. Multiply each isotope’s mass by its relative abundance

4. Add these values together (Round to 2 places after the decimal!)

Example:

Neon has 3 isotopes: Neon-20 has a mass of 19.992 amu and an abundance of 90.51%. Neon-21 has a mass of
20.994 amu and an abundance of 0.27%. Neon-22 has a mass of 21.991 amu and an abundance of 9.22%. What
is the average atomic mass of neon?

Isotope Mass (amu) % Abundance Relative Abundance
Neon-20 19.992 90.51
Neon-21 20.994 0.27
Neon-22 21.991 9.22
Questions

1. Fictitious element X has 2 isotopes. Isotope 1 has an atomic mass of 21.022 amu and isotope 2 has
an atomic mass of 23.034 amu. The average atomic mass of element X is 21.95 amu. What is the

percentage of each isotope in element X?




Video 4: Nuclear History and Nuclide Stability
Nuclear chemists study the structure of atomic nuclei and the changes they undergo.

Wilhelm Réntgen - found that invisible rays were emitted when electrons bombarded the surface of
certain matierals.

Henri Becquerel - accidentally discovered that phosphorescent uranium salts produced spontaneous
emissions that darkened photographic plates.

Marie Curie - isolated the components emitting the invisible rays (uranium); defined radioactivity and
radiation; discovered Polonium, Radium, and Curium; died of aplastic anaemia resulting from large
amounts of radiation exposure.

Nuclear Vocabulary
Radioactivity — the process by which particles give off rays.
Radiation — the penetrating rays and particles emitted by a radioactive source.
Radioisotopes — isotopes of atoms with unstable nuclei (too many or too few neutrons). Many of them
are radioactive and undergo radioactive decay.
Radioactive Decay — a spontaneous process where unstable nuclei naturally break down into smaller
elements and emit particles and/or energy (radiation) to attain more stable atomic configurations.
Nuclide — an isotope; identified by the number of protons and neutrons in the atom’s nucleus.

C-12 Stable C-13 Stable C-14 Unstable

Transuranium Elements — elements with atomic number 92 or higher.

e Very few are found in trace amounts in nature. Most were synthesized in nuclear reactors and
particle accelerators.

e They are very unstable and most exist for infinitely small moments and decay into smaller, more
stable atoms.

1 2
"' H He
10 2 H H 13 14 15 16 17_| Ao

1 ThePeriodic Table of i 1 17+
2| Li | Be B|C|N|O|F |Ne
604 anl the Elements 8L [ 120l [ e | 1s00 | 1000 | w8

1" 12 13 14 1% 16 17 (£}
3| Na | Mg Al|Si| P | S |Cl|Ar
249 2450 3 E 5 & T & g 10 11 ) 12 | 2648 Wm0y T 3206 | 3548 15

1% 0 1 Zz | 25 X 2 = s kL 31 32 13 M 5 kL]
WK [Ca|Sc|Ti| V |CriMn|Fe|Co|Ni Cul|Zn|Ga|Ge|As|Se| Br|Kr

37 ig » £} 41 42 a3 44 as a6 47 4% 49 50 Ea 52 53 54
SIRb|Sr| Y | Zr [Nb|Mo| Te |Ru|Rh|Pd |Ag|Cd| In |[Sn|Sb|Te| I |Xe
B5.47 8762 =l un22 2.9 9595 (98) 10110 | 10291 | 10642 | 10787 | D240 | 11462 | NIE7L | 12176 | 12760 | 12690 | 13129

72 73 74 75 Th 7 T8 9 80 81 82 &3 &4 85 &6
6 Hf | Ta| W |Re |Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po | At |Rn
497 | 17849 [ 18095 | 1E3E4 | 18621 | 19020 | 19220 | 19508 | 19697 | 20059 | 20438 ( 20720 | 2E9E 209y 21 {222)

87 88 "3 104 105 106 107 108 109 114 i n2 13 114 s 16 nrT 118
"|Fr |[Ra|Lr | Rf |Db|Sg | Bh|Hs |Mt|Ds|Rg | Cn|Nh|Fl |Mc|Lv|Ts| Og
223) (226) 262y 267y (268) 27y Q@n) (270 12763 1281) (280} {285) 284) 28%) (ZBE) (203 [204) Pl
La|Ce| Pr Nd|Pm|Sm|Eu|Gd|Tb | Dy|Ho| Er [Tm|Yb

L. o) ol 2 93 w“ 93 | LY a7 s " o0 | [iu} oz
Ac|Th| Pa| U |[Np|Pu |Am|Cm|Bk | Cf | Es |Fm |Md|No

(227) 23204 | 23104 | 23ROD {237 {244) (243} (247 247y {251) 252 (25T (258) (259)




Nuclear Stability of Elements
An isotope of an elements is considered stable if the nucleus will NOT spontaneously decay.

e Elements with atomic numbers 1-20 have at least 1 nuclide that is
very stable.

i TA
o Nucleus has proton : neutron ratio of 1:1 s

o Example:

e Elements with atomic numbers 21-83 have at least 1 nuclide that is s
somewhat stable (metastable). N & " RADIOACTIVE
o Nucleus has proton : neutron ratio of 2:3

Y= or
METASTABLE
N

o Example: ¢

e Elements with atomic numbers greater than or equal to 84 do not have
a stable isotope and are unstable AND radioactive.

o Nucleus has proton : neutron ratio of 1: >2 |UNSTABLE

o Example:

Transmutation

Transmutation is the conversion of an atom of one element into an atom of another element.

e Occurs in spontaneous radioactive decay

e Can be induced when high energy particles are into the nucleus
of an atom.
e An unstable nucleus decays when its nuclear configuration is - has

unfavorable proton : neutron ratio or contains too much energy.

e The decaying nucleus emits energy as particles and rays and transmutates or decays into a
more stable isotope or a different element.

Decay Chains (Series) -the decay of a radioisotope into other radioisotopes eventually resulting in a
stable isotope using a series of alpha, beta, and gamma emissions.

Parent nuclide — the heaviest initial nuclide in the series.

Daughter nuclide — the nuclides produced throughout the decay.




Types of Radioactive Decay

resulting nuclide is stable.

Name Symbol | Particle Description Example
238
Helium The nucleus ejects an alpha 92U 2 "
Alpha Nucleus particle as a product. Only .
occurs in large nuclides. Mass drops by 4, atomic
number drops by 2.
210
A neutron in the original Th Sﬁpl;ren T: ented in
High atom decays to form a proton th € neu Io IIS ept.etsr(]a € ;
Beta-minus Speed and high-speed electron. eizr:g”;gsSn(t%gc]leir:l 'theenzzs >
Electron n>ip+ % P
. i element.
Occurs in neutron rich . ;
. 0 . Atomic number increases by 1,
nuclides (#n° > #p*) .
mass is unchanged.
A proton in the original atom ZN > +
High decays to form a neutron and | The proton is represented in the
Beta-olus Speed a high-speed positron. original element; the neutron is
P Positron Ip>In+ e represented in the new element.
Occurs in neutron poor The atomic number drops by 1,
nuclides (#n° < #p*) mass is unchanged.
137
Gamma High energy radiation in seBa> ___+_
Radiation which no particles are _
Gamma (Energy) emitted, just energy. The Gamma radiation does NOT

have mass. Only excess energy
held in the nucleus is shed.

Label the images to indicate what type of radiation they are modeling.
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Comparing Radiation

Alpha
e More massive (4 amu) QMP’L“hPm'CI“
o Lo topped by a
Cause the most damage over a short Penetrating Distances / 2 sheetofpaper
range. or outer layer of skin
e Least able to penetrate surfaces: stopped fat Paper st Lond C°"<’°"
by 4 biece of paber p Apna | Beta Particles
yap paper. —_— Stopped by a layer of clothing
e Charge=+2 ' F Bea > orb)ﬂc\\ .
- ¢ M S mllthlm of substance
Beta + or — 4 such as aluminum
. Gamma and X-rays |
e Less massive (1/1837 amu) : | Gamma Rays
o Causes less damage over a short range. Stopped by
e More able to penetrate surfaces: stopped | el R e
by thin aluminum foil, wood, or glass |
e Charge=-1(p)or+1 (")
Gamma
e No mass; all energy (not a particle!)
e Causes least damage over short range.
e Most able to penetrate surfaces: stopped by 1in thick lead or foot of concrete.
e Charge=0
Questions

1. Write the equation and explain what happens to the nuclei in terms of mass, protons and neutrons for
each decay:
a. Alpha decay of Plutonium-248

b. Beta-minus decay of Vanadium-52

c. Beta-plus decay of Copper-59



Video 5: Fusion and Fission

Nuclear Fission is when a large nuclide such as Uranium or Plutonium, is bombarded with neutrons
resulting in the large nuclide splitting into several smaller daughter nuclide. It also releases more
neutrons and a large quantity of energy.
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Nuclear reactors use controlled fission to produce energy. Nuclear weapons use uncontrolled nuclear
fission reactions with 90-95% enriched U-235 or Pu-239.
Examples of fission in nuclear weapons:

Urasim T35 —,

e “Little Boy” Bomb used U-235; dropped on Hiroshima on Aug. 6, 1945 in WWII

[r——

e “Fat Man” Bomb used Pu-239; dropped on Nagasaki on Aug. 9, 1945 in WWII ~ — ===

s 8

Examples of nuclear reactor disasters:

e Three Mile Island, Pennsylvania — 1979
e Chernobyl, Ukraine — 1986
e  Fukushima Daiichi, Japan — 2011

Lo

Nuclear Fusion forcing 2 relatively small nuclei to combine (fuse) into 1 nucleus.

e This can only happen at extremely high temperatures.

Example:

Deuterium Hélium

.9 Fusion 9‘
’\ N

Tritium Neutron

Nuclear fusion powers the stars, including our sun. Scientists have not found a way to sustain a
beneficial nuclear fusion reaction on earth.

Modern thermonuclear weapons, such as the Hydrogen Bomb, use a combination of fusion and fission
reactions.



Questions

1. What types of nuclides undergo fission?

2. What types of nuclides undergo fusion?

3. List 2 possible products of the spontaneous fission of curium (Cm-250).

Use the space below for any questions or additional notes you may have.



