Today

Radioactive Decay




First a refresher on nuclear reactions

How does a typical nuclear reaction
compare to a chemical reaction in terms of energy change?

the energy per mole for a nuclear reaction is roughly

A. |0 times larger

B. 103 times larger
C. 10 times larger
D. 10° times larger
E. 10'2 times larger
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What is the energy released in this reaction?

H(g) + H(g) — Ha(g)

Average Bond Energies (k)/mol)

Single Bonds Multiple Bonds
== 432 INESE] 391 =] 149 C=C 614
H—F 565 N—N 160 [—Cl 208 C=C 839
H—Cl 427 N=F 272 I==BE 175 0=0 495
H—Br 363 N—Cl 200 C=0%* 745
HE=I 295 N—Br 243 S=F} 347 C=0 1072
N—O 201 S=F 327 N=0 607

O—H 467 N=N 418
0—0 146 N=N 941
=T 190 =N 891
0—Cl 203 C=N 615
CES] 234

F—F 154
F—Cl 253
F—Br 237
Cl—Cl 239
Cl—Br 218
Br—Br 193

*C=0(CO,) = 799




What about this reaction?

?

'H + H — ,He




How much energy is release per helium atom?

2 2 4
'H + 2H — *He

mass 2.0141 u 20141 u 4.0026 u

| u=1.66x 10" kg
c=30x10® ms

AE = mc?
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Like chemistry we can write a reaction down
but it is not necessarily the one that happens

actually

2 2 3 .
H + H— H + p

What reaction could be spontaneous!?
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What reaction could be spontaneous?

AE <O

Am <0




Why are we now only talking about energy instead of
free energy (AG)

A. the energy term is so large it dominates

B. the entropy change is always zero in a nuclear reaction

C. only molecules have entropy




Radioactive Decay

Some nuclei are more stable than others
(they are lower in energy)

Therefore there can be a spontaneous reaction
to change the nucleus to form the more stable atom

this change is accompanied by “nuclear radiation”
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What is nuclear radiation?

A. electrons

B. small nuclei

C high energy electromagnetic radiation
D. A&B

E. all of the above




Three basic types of nuclear radiation

» Radioactivity — the spontaneous emission of radiation by
certain elements (Madame Curie).

» Radiation was classified by Rutherford according to its
penetrating power




Three basic types of nuclear radiation

alpha radiation  positive and massive
beta radiation  negative and low mass

gamma radiation uncharged (no mass)
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Three basic types of nuclear radiation

w Types of Nuclear Radiation

Change to nucleus

Type Symbol Consists of Charge that emits it
Alpha SHe 2 protons 2+ The mass number
2 neutrons decreases by 4, and the
atomic number decreases
by 2.
Beta e an electron 1—- The mass number does

not change, and the atomic
number increases by 1.
Gamma oY photon of 0 No change in either the
energy mass number or in the
atomic number.




Effects of all three is very different

0%




Alpha particles
If they get into your body they can be very harmful

bare Helium nucleus
will rip electrons off molecules
ionization of biomolecules = unhealthy you

Generally not harmful as they are absorbed by your
outer layer of dead skin
(bad news if they get in your lungs!)

http://www.epa.gov/rpdweb00/understand/
alpha.html#affecthealth
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Gamma rays

This is what will do you in.
Hard to protect against
Highly ionizing.

Like the world’s worst sunburn
(except the radiation can penetrate)

http://www.epa.gov/rpdweb00/understand/
gamma.html#affecthealth
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Types of decay

Beta decay
Beta Particle Radiation /\O/\
Daughter Q
Nucleus 0
Calcium-40 e

‘\@ / Antineutrino
Parent Nucleus
Potassium-40 0B
®

Beta Particle




Beta (-) decay

“Too many” neutrons




Beta (+) decay (positron emission)

“Too many”’ protons

| I 0 4+
—

or




alpha decay




Where is all the gamma radiation?

137




Kinetics of radioactive decay

There is simply a chance of it happening.

Therefore the number of decays per second
depends number of atoms

14 | 4
L — SN + e + V

“unimolecular”
First order in C
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Radioactive decay is first order




Half-life: the time required for the level of radioactivity to fall to one-half of
its value. Example of decay of Pu-2309.
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1004 1

50 +12

25 +1/4

Intensity of radiation (% of original)

12.5 +18
6.25 +116

0

N
I half-life Time (years)

2 halt:-lives

24,110 48,220 72,330 96,440




The most dangerous radioactive compounds will emit
beta and gamma radiation and have half-lives that are

A. very very short
B. very very long
C. some where in between

D. the half life is irrelevant




ABLE 1 Decay Characteristics of Some Radioactive Nuclei

Nuclide ti2 Decay Mode' Daughter

3H (tritium) 12.26 years e” 3He

2Be ~1x107"%s @ $He
br'd 5730 years e N
#Na 2.601 years et ZNe
#INa 15.02 hours e~ #Mg
2p 14.28 days e 2g
3¢S 87.2 days e” 8
t7dl 3.01 x 10° years e $eAr
1K 1.28 x 10° years e (89.3%) oCa

E.C. (10.7%) oA

SeFe 44.6 days e” 53Co
%o 5.27 years e” SONi
3%sr 29 years e” 2y
'%¢Cd 453 days E.C. '%Ag
V- 59.7 days E.C. BTe
o] 8.041 days e” 2iXe
127%e 36.41 days EC. 127)
1P1a ~6 % 10* years E.C. ¥Ba
222Rn 3.824 days a 2i3Po
*2°Ra 1600 years a 222Rn
2%2Th 1.40 X 10'° years @ 22%Ra
230 7.04 x 108 years @ 23Th
220 4.468 x 10° years P 2h
23Np 2.350 days e” %3%Pu
3%Pu 2.411 x 10* years P 20

'E.C. stands for electron capture; e* for positron emission; e~ for beta emission; «, for

alpha emission.
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All nuclear reaction are first order?

A. true

B. false




All nuclear reaction are first order?
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Where is stability?
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