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Basic Ideas - Review

1. Atomsare composed of a small, dense, positively
charged nucleus surrounded by negatively
charged electrons

2. All electronsareidentical in mass and charge

3. Protonsand neutronsresidein the nucleus and
are almost 2,000 times more massive than
electrons. Neutronsareelectrically neutral and
have a" dab" more massthan protons.

4. Normal atoms have the same number of protons
aselectrons. |f thesearenot the same we have an
lon. Positiveions have more protonsthan
electrons, negative ions have more electronsthan
protons.
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5. Electronscloseto the nucleus are held tightly;
electronsfar away from the nucleus are held
mor e loosely.

Brief History

1752 — Ben Franklin —lightning is a flow of electrical
energy

1887 —J. J. Thompson — discover ed chargeto mass
ratio of electron in cathode ray tube

1909 — Rutherford — his gold foil experiment proved
that nucleusis small, dense and positively
charged

1911 — Millikan — his oil drop experiment gave
chargeon asingle electron
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1911 — Bohr — Planetary model of the atom based on
guantum theory of light

1930 — Chadwick — discover ed neutron

Quantum theory of light

So far we have studied light (electromagnetic
radiation) asawave. Inthelate 1800’s several
discoveries pointed to the fact that not all of
light’ s properties can be explained using a wave
theory.

Photoelectric effect — When light hitsa surfaceit is
possible for electronsto be emitted. Thisishow
solar cellswork. It was found that only certain
frequencies of light would accomplish thisand
that the KE of the emitted electronswas
proportional to the frequency of thelight. Asa
result of these experiments, Einstein used the
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Ideas of Max Planck to provethat light has
particle properties aswell aswave properties.
Thisiscalled the quantum theory of light.

In thistheory light iscomposed of a stream of
particles called photons. Theenergy of each
photon is proportional to the frequency of the
light.

E=hn
h = Planck’s constant (6.63 x 10" J/HZ), E isthe

energy of the photon in Joulesand nisthe
frequency in Hz.
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The Bohr Model of the Atom

- In the Bohr model electronstravel in circular
orbits called energy levels around the nucleus.

- The potential energy of the electron isnegative
duetoitsattraction for the nucleus and getsmore
positive asthe electron gets farther away from
the nucleus.

- These orbitsarerestricted (quantized) and
electrons can only go from one energy level to
another energy level. Each electron hasa“home”
or ground state.

- Togotoanother orbit it must either give off
energy or absorb energy of just theright amount
to makethetransfer. Thetransfer of energy is
accomplished by absorbing or emitting photons
of light.
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The Bohr model workswell for explaining the light
given off and absorbed by the e ement hydrogen
but does not work well for any other substance.
We need a better moddl.
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Quantum Mechanics

We have just seen that light has both wave and
particle characteristics. Could matter particles have
wave characteristics? Yes, and thisisthe basic idea
behind guantum mechanics.

1925 - DeBroglie wavelength equation

wavelength = h/momentum
Application — electron microscope

Electron waves and the electron cloud

Electrons occupy only certain orbits because of the
wave nature of electrons. Electron orbitscan
only occur when the electron wave closesin on
itself in phase — and produces a standing wave.

Theeectron path itself isdifficult to visualize.

Helsenberg determined in the 1920'sthat it is
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Impossible to determine both the position and
velocity of an electron exactly at the same instant.
Thisiscalled the uncertainty principle. Inthelate
1920’ s Schrodinger used the ideas of Bohr, deBroglie,
and Heisenberg to formulate a wave equation for the
electron’s path around the nucleus.

Thisequation givesustheidea of the probability of
finding an electron in space. High probability areas
are called the shape of the electron cloud.

Under standing electrons and how they arelost and
gained by atomsto form bonds and new substances
leads to an under standing of chemistry. Beforewe go
further let’slook at the nucleus.
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The Nucleus

The nucleusis composed of protons and neutrons
(called nucleons) and the nuclear strong force
keepsthese particlestogether. Thisforceisonly
effective at very small distances.

Protons and neutrons are composed of still smaller
particles called quarks. Electronsare not
composed of quarksand cannot be subdivided.

| sotopes

All atoms of an individual element have the same
number of protons. Thisnumber iscalled the
atomic number.

Not all atoms of each element have the same number
of neutrons. The sum of the number of protons
and neutronsiscalled the massnumber. The
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different forms of an element, all of which have
the same atomic number but different mass
numbers, are called the element’ s isotopes.

Thenotation xZ isused to symbolize a certain type
of atom or isotope. X representsthe atomic
number, y the mass number and Z the symbol for
the element. Symbolsfor elements may have one
or two letters, thefirst letter isa capital, the
second islower case. Another way to identify the
Isotopeisto write the name of the element
followed by the mass number (chlorine 35).

Question —Writethe symbol notation for carbon 14
and uranium 235. How many protons and
neutrons arein the nucleus?
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Some nucle are unstable and can beradioactive.

Radioactivity

Radioactivity isthe spontaneous, uncontrollable
decay of a nucleus by the emission of high energy
electromagnetic radiation and/or particles.

_ 4
- Alpha particle— 2 protons and 2 neutrons 2"'9

: 0
. Betaparticle— 1 electron _ 1®

- Gamma ray — high energy electromagnetic
radiation ¢
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Gammaraysarevery highly penetrating, beta much
less so and alpha particles can be stopped by a
sheet of paper.

Radioactive atomsareall around us. If you don’t
smoke, most of theradiation that you receiveis
dueto the natural radioactivity from outer space,
earth mineralsand theradon-222 in the air.
Someradiation isof human origin though -
medical and dental x-raysand a very small
amount from fallout of nuclear weaponstests and
nuclear power plant operation. Smoking greatly
INCreases your radiation exposure.

When radiation (including x-rays) encountersa cell,
It can break apart or ionize the molecules. This
can lead to changesin the DNA and mutations of
the cell. These mutations can lead to cancer.
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Nuclear Transmutation

When radioactive nuclei give off alpha or beta
particlesthey changeinto different elements. Thisis
called transmutation. We can use our symbol
notation to show thisnuclear change. In these
eguationsthe mass numberson theleft and right
sides must equal and the atomic numbers (and
charge of electrons) must equal.

Writethe nuclear equation for the nuclear change
that occurswhen uranium 238 gives off an alpha
particle.

Writethe nuclear equation for the nuclear change
that occurswhen thorium 234 gives off a beta
particle.
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Half life and Radioactive Decay

Thetimethat it takesfor half of aradioactive
material to decay iscalled its half-life. These
half-lives can belessthan a microsecond or as
long as billions of years. A short half-life means
mor e radioactive decays measured per second.

|f the substance produced isradioactive it can also
decay and the process can continue until a stable
Isotopeisreached. For example uranium 238
decays through many stepsto lead 206.

The graph of amount of substance versustimeisnot
a straight linefor aradioactive substance but is
an exponential curve.
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Other applications

Artificial transmutation isachieved by bombarding
nucle with other nucla in hopesthat a new
element will be formed.

| sotopes are used to date older objects by comparing
theradioactivity (carbon 14 dating) or the
amount of stable isotopesthat must have come
from radioactive elements (uranium dating).

Thereare many medical usesfrom tracing the path
of substancesin the body to using the destructive
power of radioactive isotopesto kill cancerous
tissue.
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Fission
Some nucle can be madeto split into large pieces.
Thismight be an alternative to giving off

radioactive particlesand iscalled thefission
Pr ocess.

Writethefission reaction when a neutron hitsa
uranium 235 nucleus and gives products of a
kKrypton 91 nucleus and a barium 142 nucleus.

How many neutrons must also be given off to balance
the equation?
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Huge amounts of energy can be given off in this
process when the mass of the product particlesisless
than the mass of the original reactant particles. This
extra massisreleased as heat energy of the particles.
Thiscommonly occursfor nuclel with large atomic
numberslike uranium. Fission of a nucleusin which
the product particlesdo not have less massthan the
reactant particles does not produce energy.

The extra neutrons produced can split other atomsin
such away asto produce a chain reaction. Thesize
of the material that isnecessary to sustain a chain
reaction iscalled thecritical mass. Not all atoms can
be split or even all isotopes of an element. For
example uranium 235 splits but not uranium 238.
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Thereisvery littleuranium 235 in nature (only
0.7%) so the natural uranium must be enriched in
uranium 235 in order to produce either bomb
material or nuclear power plant material.

Fission reactors

Fission reactor s contain three components. nuclear
fuel (uranium 235 or plutonium 239), control rodsto
absor b excess neutrons and keep the reaction from
producing an explosion (cadmium or boron) and a
liquid (usually water) to transfer the heat created by
thefission to aturbine.

The main disadvantage of fission reactorsisthe
production of radioactive waste with long half-lives.
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Fusion

In the fusion process small nuclei are brought
together to form alarger nucleus. Energy can be
given off if the mass of the productsislessthan the
mass of thereactants. This can occur with atomic
number elementsup to theelement iron. If energy is
given off thismeansthat a more stable nucleus (less
mass per nucleon and more binding energy or
“glu€’) isproduced. If the mass of the productsis
greater fusion can occur but energy must be

absor bed and not given off.

Thisishow the stars (including our sun) produce
huge amounts of energy. Obvioudly asthe process
continues the mass decr eases of the star.
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Fusion requiresvery high temperatures (millions of
degrees). Matter at thistemperatureisin the plasma
phase (a sea of + and —ions).

At these temperaturesregular containers melt so a
magnetic field isused to contain the plasma. We
have not developed the technology to contain the
plasma for an extended length of timeto develop a
commer cial fusion reactor.

The advantages of this process would bereadily
available starting materials (hydrogen from water)
and very little hazardous waste.
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