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Time Frame: Standards:

30 minutes to assemble lab, Idaho Standard 8-9 PS 2.4.2
45 minutes to complete lab and report

Objectives:

Students will be able to create and interpret half-life graphs, and will understand how to
use the graph to find mass or radioactivity by correlating with time. Students will
understand the concept of half lives. Students will understand that elements decay into
other elements while releasing Alpha and Beta particles

Background Information:

Radioactive decay is anytime there is a change in the nucleus of an atom that causes the
element to become something else. There would be, of course, some small exceptions to
this, but none that we need to worry about now.

There are three basic kinds of decay. There is Alpha, which is a particle consisting of a
helium nucleus, Beta, which is a fast moving electron, and Gamma, which is high energy,
electromagnetic radiation~ a photon with lots of “punch”.

Alpha radiation consists of a helium nucleus. It contains two protons and two neutrons,
but no electrons. It has a 2+ electrical charge and is an ion.

Beta radiation consists of a fast moving electron with a negative charge. It has almost no
mass because an electron has only about 1/ 2,000 of the mass of a proton or neutron.

Gamma radiation consists of high energy electromagnetic waves. The wavelength of a
gamma wave is about the same distance as the space between the sides of the nucleus of a
carbon atom. It is very powerful, massless and is carried by a particle called a photon. Do
not get hung up on the concept of a massless particle; save that for another day.

Recall that elements are radioactive because of an effect of the weak nuclear force. Also
recall that elements are described by the components of their nucleus. Elements are
named because of the number of their protons. They are also given a number based on the
number of protons and neutrons combined.

An example of a radioactive element is Uranium-238. The periodic table shows that all
Uranium will have 92 protons in its nucleus. The number “238” indicates that this
particular isotope of Uranium has 238 protons AND neutrons in its nucleus. Subtraction
tells us there MUST be 146 neutrons only. When the U-238 proceeds with Alpha decay, it
will lose two protons and two neutrons, because two protons and two neutrons is an Alpha
particle. It becomes Thorium-234.
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Alpha Radiation Example

~ ~
92 protons 2 protons 90 protons

| | 146 neutrons 2 neutrons I h 144 neutrons

238 total 4 total 234 total
= _/

A Uranium atom, that loses an Alpha particle, will become a Thorium atom. None
of the protons or neutrons change charge, they just split off of the Uranium atom.

Beta Radiation Example

90 protons 89 protons

I h 144 neutrons 145 neutrons

234 total 234 total

A Thorium atom may have a proton that will spontaneously turn into a
neutron. The total number of particles in the nucleus remains the same.
Since there is now one less proton, the atom has fewer (less) positive
charges. To make sure that the law of conservation of charge is not violated,
an electron (beta particle) is created, and sent on its way.

Gamma Decay Example

Gamma decay does not change the nucleus of an atom; therefore no new
elements are created. Gamma is an indicator of a high energy event or
phenomenon, such as a supernova explosion, or a black hole.
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Arponne National Laboratory, EF5 Human Health Fact Sheet, August 2005

Polonium

What Is If? Polonium is a radioactive element that ocewrs natorally in very low i —
concentrations n the earth’s crust (at about cne part in 10Y, or one millionth of a Symbal:

trilhonth). Polomum was the first element discovered by Mane and Piemre Curie 10 | A jpmic Nomber: 84
1898, whale seekmg the cause of radioactivity of pitchblende ore confaining wanmm. | (protons in muclens)
Polomum o 1ts pure form 15 a low-melting, farly volable metal Over 25 1sotopes of

polonmm are known, with atomic masses ranging from 192 to 218 (isotopes are = Atomic Weight: 210
different forms of an element that have the same number of protons mn the nuclens but a {maturally occurring)
different mumber of meutrons.) All polonium 1=sotopes are radicactive, with only three

having appreciable half-lrves: polonium-208, polonim-20%, and pelonium-210.

Polomum-210, hastoncally called “radimm F.” 1= the predonunant naturally occwmng sotope of polonum and the

one most widely used Polonmm-210 . . z :
is a radiactive & fuct in the Radioactive Properties of Key Polonmm Isotopes

natwal wanmm-238 decay senes; Spedfic Decay Radiation Energy (MeF}
along with lead-210 it is one of two Isotope | Half-Tife | Activity | ,o 5. [Alpha | Beta | Gamma
relatively long-lived decay products (Cig) ) i i
of radon-222. Polonmm-210 has a Po-208 2931 SO0 @ 51 o <

ﬁh&h:ilzﬁd’ﬁ and it decaysto | ['pobos [ 100y 17 o 40 < =
EI o “bymltt"g“fa:ma Po210 | 140days | 4,500 - 53 = =
(1 mg) of polonnm-210 emits as £ = curie, g = pram, and MeF = million electron volis; @ "<" means the
. radiation energy iz less than 0.001 MeV. (See the companion fact sheet on

many alpha parficles as 5g of
" 236, The released by mmmmmmm qﬂ_ﬂ:ﬂﬁ@mmﬁn
its dee :issalargemg}(lmwaﬂs-"g} axplanation qf terms and mtarpretation gf radiation energtes.) Falues are
ay EE Ehem fo two sienfficant fieures. Polonium-210 & a decay product of
that a capsule confaming about halfa | podinm-226 and is also shown on that fact sheet. The basic properties of
gram reaches a femperature zbove | pojomium-208 and polonium-209 (which are not in the nanral decay saries)
500°C. are also grven here because they are mcluded i the general discussion balow.

Where Does It Come From? Because it is produced during the decay of naturally ubiquitous wenium-238,
polonmmn-210 15 widely distributed 1 small amounts m the earth’s crost. Although it can be produced by the
chemical processmg of waniwom cres or minerals, wamuwm ores contam less than 0.1 mg polomum-210 per ton.
Onginally, polonmm-210 was obtained from the rich pitchblende ore found m Boberma, but it can also be obtained
from aged radium salts that confam about 0.2 mg per gram of radmm. Although a mumber of other polomum
1sotopes are present in the natural decay series, their short half-lnves preclude any apprecizble concentrations.

Dhae to its scarcity, polonium-210 15 usually produced artificially in a ouclear reactor by bombarding bismuth-209 (2
stable 1sotope) with neutrons. This forms radicactve bisoomth-210, which has a half-hife of 5 days. Bismmth-210
decays to polonmm-210 through beta decay. Millipram amounts of polomium-210 have been produced by this
method The longer-lived 1sotopes polomum-208 (half-life 103 vears) and polonnm-208 (half-hfe 2.9 years) are
also produced in reactors or particle accelerators, but these are very expensrve.

How Iz It U'sed? Polonmm-210 is used mamly in static eliminators, which are devices designed to elimmate
static electricity in machinery where it can be cansed by processes such as paper rolling, mamfactunng sheet
plastics, and spinning synthetic fibers. The polonmmm-210 is generally electroplated onto a backing foil and inserted
mto a brush, tube, or other holder. Alpha particles from the polomum ionize adjacent air, and the air ions then
neutralize static electricity on the suwrfaces m contact with the air. These devices generally need to be replaced every
vear because of the short half-hfe of this radicisotope. Polonium-210 1= also used m brushes to remove dust from
photographic films and camera lenses. Static elimumators typically contain from tens to humdreds of mCi
(thousandith of a cume) of rrdicactnity. Polonmum-210 can also be combmed wath beryllnm to produece neutron
sourees, and m fact it was used as peufron-producmg mitators of at least the first peneration of atomc weapons. In
addiion, polommumm-210 has been mwestigated as a heat sowce for thermoelecnc power devices for space
applications.
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Radon — 214 becomes Polonium — 210, through Alpha decay

Polonium — 210 becomes stable Lead — 206, through Alpha decay

I Materials: I

60 Pennies per group

1 cup per group
Abundance of graph paper
Straight edges

Colored pencils

Procedure:

There is danger at the landfill. An unscrupulous industrial enterprise has dumped a load

of Polonium?'° into an area lake. It has a lethal toxicity level that is incredibly low. Right
now, the lake has been tested, and the toxicity level has been found at a level of 6 parts per
billion. The state government, at a total loss, has asked your science class to determine the

following:

When will the lake be safe again, with a concentration of .75 parts per billion?

This number is estimated so that the graph would have some meaning. The actual toxicity level of
Polonium-210 is much lower. The actual toxicity level is 0.0125 grams per billion, by mass. One millionth
of a gram would most likely kill an 80-kg person. This is why safety precautions are so strict at nuclear
research facilities, and nuclear power plants.

What was the concentration when the Polonium®° was placed in the lake 100 days ago?

Why is Polonium-210 not found naturally on Earth?

1. Use pennies as a substitute for Polonium?.

2. Count out 60 pennies. These 60 pennies equal the present concentration of 6 parts
per billion of Polonium?®'°. 30 pennies would equal 3 ppb; 10 pennies would equal 1 ppb
and so on and so on. Record 60 pennies, and 6ppb, in your data chart at time “present”.
3. Place all of the pennies face UP. This means that all of them are Polonium*?®. Put
them all in a cup, shake them up, and spill them out onto a table. The pennies that have
come up “TAILS” are now stable lead. Move them aside. Record the number of pennies
faces up in your data chart. These are still “Polonium?'°”.

4. Continue this process until all of the Polonium?'® has converted into stable lead.
5. Complete two trials (steps 1 through 4) so that you can see if one of the trials was
outside of a reasonable statistical range.
6. GRAPH your result using the average of the two runs.
a. Remember, each shake of the pennies represents one half-life of
Polonium?®°. The half-life of Polonium® is 138 days.
b. Let your “x” axis extend a bit to the left of the “y” axis, because you are

asked to look back in time. The *“Xx” axis represents time.
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Assessment:

Question One Example:

The lake will be safe again in four half-lives, or 552 days. | found this by finding the
point on the “y” axis that corresponded to .75 ppb, and drawing a straight line over to the
graph. I then made a line straight down to the “x” axis, and found that the time was four
half-lives. Each half life is equal to 138 days, so | multiplied 4 x 138, and found time in
days to be 552.

Question Two Example:

The concentration of Polonium-210 when it was placed in the lake 100 days ago was 9.1
ppb. | found this by going “back” in time 100 days on the “x” axis, and drawing a straight
line up to the graph | made. | knew that the concentration one half life before 6 ppb must
have been 12 ppb. | then made a line straight over to the “y” axis, and found an amount of
9.1 ppb.

Question Three Example

The half-life of Polonium-210 is so short that if any of it ever did exist on Earth, it would
have long, long ago decayed into something else. In fact, if the entire Earth had started
out as Polonium-210, it would now be a planet made of Lead-206, surrounded by an
atmosphere of Helium. The planet would also be very, very hot.
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Trial #1

Shake (Time) Polonium?*° ppb Changed to lead ppb Total

60 0 60
60
60
60
60
60
60
60
60
60
60
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Trial #2
Shake (Time) Polonium?®® ppb Changed to lead ppb Total

60 0 60
60
60
60
60
60
60
60
60
60
60
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Additional Content:

When you turn in your lab report, you will be giving your instructor four (4) sheets of
paper in the following order.

a. The graph, using the average of the two experimental runs.
b. A separate sheet of paper answering questions one, two and three, in
complete sentences.
C. A separate sheet of paper, containing your data chart.
d. This sheet of paper, containing your instructions.
References:

Given in document
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