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Extract from Chemistry Stage 6 Syllabus (Amended October 2002). © Board of Studies, NSW.  
[Edit: 1 June 10] 

Prior learning: Preliminary module 8.2.3. 

Background: Atoms contain protons and neutrons in a nucleus surrounded by electrons in energy level shells. Isotopes of an element 
are atoms of that element containing the same number of protons but different numbers of neutrons.  
If the nucleus of an atom contains excess energy the nucleus is unstable and can emit radiation. The radiation emitted is characteristic of 
the nucleus and can be in the form of particles or radiation. The emitted radiation can be used in many ways in industry and medicine. 

distinguish between stable and radioactive isotopes and describe the conditions under which a nucleus is unstable 

• An isotope of an element, E, is represented by , where  
A represents the mass number (the number of protons + neutrons)  
Z represents the atomic number (the number of protons).  

  

• Isotopes of the same element have the same atomic number (Z).  
  

• Only 255 of the more than 3100 known isotopes are stable. In a stable isotope nucleus, the protons and neutrons are in a low 
energy level and are unable to emit radioactivity.  
  

• Radioactive isotopes are unstable. They emit radiation as they spontaneously release energy. This is called radioactive decay. An 
unstable isotope can be called a radioisotope, an abbreviation of the term radioactive isotope.  
  

• The time for the radioactivity level from a given amount of radioactive isotope to be halved is called its half-life. Each radioactive 
isotope has a characteristic half-life. In one half-life half of the atoms in a sample of that isotope have undergone a radioactive 
decay. 
  

• Radioactive isotopes can emit three types of radiation: 
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Radiation Symbol Radiation emitted in this type of decay 

alpha  
4

2He+2 particle 

beta 
 

e-1 particle 

gamma  high frequency electromagnetic radiation 

 
  

• Essentially there are the two main factors that affect the stability of a nucleus. These are its size and the proton to neutron ratio in 
the nucleus. The nucleus is held together by an attraction caused by the strong nuclear force. This attraction acts between all 
adjacent particles in the nucleus and opposes the electrostatic repulsion between protons. The graph below illustrates the 

importance of the proton to neutron ratio. The blue data points are the most stable nuclei for each element up to and including 
bismuth. Once the atomic number increases above 20 it is clear that there is no longer a one to one ratio of protons to neutrons in 
the most stable nuclei and extra neutrons are needed to make a stable nucleus. 
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describe how commercial radioisotopes are produced 

http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newWindow('describe')
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• One process invovled in the commercial production of radioisotopes is nuclear fission. This is basically the splitting of a large nuclei 
into smaller nuclei and is typically initiated by the absorption of a neutron by the larger nuclei. 
  

• The following example is only one of many possible results of nuclear fission. 

  

• When the uranium nucleus breaks up into two nuclei, many different possible isotopes can form.  
  

• Differences in chemical properties of the elements produced can be used to chemically separate the different radioisotopes. Any U-

235 that has not undergone fission can be separated and recycled into new fuel rods.  
  

• The high-speed neutrons emitted can be used to bombard atoms of various elements to produce useful neutron rich isotopes. 

 

describe how transuranic elements are produced  
  

 

Background 

Transuranic elements are elements with an atomic number above that of uranium with 
atomic number Z= 92. 

 

• Twenty transuranic elements have been made and studied sufficiently. The current periodic table for the HSC in 2011 lists 112 
elements as the properties of the elements 113 and above have not been fully authenticated. The claim to production of element 
118 has been withdrawn by the originating laboratory as no other laboratory anywhere in the world has been able to replicate this 
production. 
  

• The process of changing one element into another is called transmutation. The two main ways that a transuranic nuclei can be 
produced are by bombarding a nucleus with ions or neutrons. These ions or neutrons can be captured by the target nucleus and 

http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newWindow('describe')


 

5 

http://www.lulu.com/content/e-book/l-verhelst-Nuclear-Chemistry 

 

 

produce heavier nuclei. 
  

• Only three of the transuranic elements, those with atomic numbers 93, 94 and 95, have been produced in nuclear reactors by 
neutron bombardment. 
  

• When U-238 is bombarded with neutrons it can be converted to U-239 that undergoes beta decays to produce neptunium and 

plutonium. 

 
• Pu-239 is changed to americium-241 by neutron bombardment. 

 
• Americium-241 is used in most house smoke alarms. 

  

• Transuranic elements from atomic number 96 and up are all made by accelerating a small charged nucleus (such as He, B or C) in 
a charged particle accelerator to collide with a heavy nucleus (often of a previously made transuranic element) target. 

 

identify instruments and processes that can be used to detect radiation  

 

Background 

High energy radiation that causes ionisation of atoms is called ionising radiation and is potentially harmful to living things.  

 

 

http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newWindow('identify')
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• Most radioactive emissions are ionising radiation and are usually detected by a Geiger-Muller tube connected to a counter. The 

Geiger-Muller tube contains gas that ionises and produces a small pulse of electricity each time it is ionised by radiation. The 
counter counts the number of pulses.  
  

• Low energy radiation that is too weak to ionise atoms is called non-ionising radiation and can be detected by a scintillation 
counter. Scientists investigating reactions in living things often prefer to use non-ionising radioisotopes because ionisation could 
cause unwanted chemical changes in living things. The non-ionising radiation emitted transfers energy to a solvent molecule and 
then to a fluorescent molecule that emits light. A photomultiplier produces an amplified electrical pulse from the light. Electrical 

circutry called a counter detects the amplified electrical signal and counts the pulses. 

 

process information from secondary sources to describe recent discoveries of elements 

• The nineteen transuranic elements with the atomic numbers above 95 (Z between 96 and 116, leaving out undiscovered 113 and 
115) require high-energy particle accelerators to be produced. Use an Internet search engine and recent references to find out 
how particle accelerators are used to discover new transuranic elements. To process the sources you find, assess their reliability 
by comparing the information provided. Look for consistency of information. 

 

use available evidence to analyse benefits and problems associated with the use of radioactive isotopes in identified 
industries and medicine 

• Gather information to complete a table like the one following on how gamma sources, such as Cobalt-60 (Co-60) and Technetium-
99m (Tc-99m), are used in industries and medicine and 

• use available evidence to analyse the benefits and problems associated with the use of radioactive isotopes. Note that the 
alternative to gamma sources, X-rays, are not as penetrating and require high voltage equipment that uses a lot of electrical 
energy. However, the more expensive X-ray equipment is more easily disposed of and does need to be locked away in secure 
locations like potentially harmful gamma ray sources. 

http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newSkill('12.4e')
http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newSkill('14.3b')
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Gamma source Use Benefits Problems 

Co-60 for checking defects in metal wings    

Tc-99m for imaging an internal organ    

 

 

identify one use of a named radioisotope: 
o in industry 

o in medicine 

In industry  

• Cobalt-60 (Co-60) is used in a process called industrial radiography, to inspect metal parts and welds for defects. 

 
In medicine  

• Technetium-99m (Tc-99m) is used in a wide range of medical applications, such as pinpointing brain tumours. 

 

describe the way in which the above named radioisotopes are used and explain their use in terms of their properties 

In industry  

• Cobalt-60 is used in industrial radiography to inspect metal parts and welds for defects. Beams of radiation are directed at the 

object to be checked from a sealed source of Co-60. Radiographic film on the opposite side of the source is exposed when it is 
struck by radiation passing through the objects being tested. More radiation will pass through if there are cracks, breaks, or other 
flaws in the metal parts and will be recorded on the film. By studying the film, structural problems can be detected. 

• Co-60 is used because it is an emitter of gamma rays which will penetrate metal parts. Co-60 has a half-life of 5.3 years and can 
be used in a chemically inert form held inside a sealed container. This enables the equipment to have a long lifetime and not 
require regular maintenance. 

http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newWindow('identify')
http://hsc.csu.edu.au/chemistry/core/identification/chem925/925net.html#top
javascript:newWindow('describe')
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In medicine  

• Technetium-99m (Tc-99m) is used in over half of the current nuclear medicine procedures, such as pinpointing brain tumours. Tc-
99m can be changed to a number of oxidation states. This enables production of a wide range of biologically active chemicals. The 
Tc-99m is attached to a biological molecule that concentrates in the organ to be investigated. 

• Tc-99m is used because: 

• it has a very short half-life of 6 hours 

• it emits low energy gamma radiation that minimises damage to tissues but can still be detected in a person's body by a 
gamma ray sensitive camera 

• it is quickly eliminated from the body 

• technetium is reasonably reactive; it can be reacted to form a compound with chemical properties that leads to 
concentration in the organ of interest such as the heart, liver, lungs, bones or thyroid. 

Radium series (also known as uranium series) 
The 4n+2 chain of U-238 is commonly called the "radium series" (sometimes "uranium series"). Beginning with naturally occurring uranium-238, this series includes the 

following elements:astatine, bismuth, lead, polonium, protactinium, radium, radon, thallium, and thorium. All are present, at least transiently, in any natural uranium-

containing sample, whether metal, compound, or mineral. The series terminates with lead-206. 

 

http://en.wikipedia.org/wiki/File:Decay_chain(4n%2B2,_U
ranium_series).PNG 

http://en.wikipedia.org/wiki/File:Decay_chain(4n%2B2
,_Uranium_series).PNG 
(More comprehensive graphic) 

 

http://en.wikipedia.org/wiki/Uranium-238
http://en.wikipedia.org/wiki/Astatine
http://en.wikipedia.org/wiki/Bismuth
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Polonium
http://en.wikipedia.org/wiki/Protactinium
http://en.wikipedia.org/wiki/Radium
http://en.wikipedia.org/wiki/Radon
http://en.wikipedia.org/wiki/Thallium
http://en.wikipedia.org/wiki/Thorium
http://en.wikipedia.org/wiki/File:Decay_chain(4n%2B2,_Uranium_series).PNG
http://en.wikipedia.org/wiki/File:Decay_chain(4n%2B2,_Uranium_series).PNG
http://en.wikipedia.org/wiki/File:Decay_chain(4n%2B2,_Uranium_series).PNG
http://en.wikipedia.org/wiki/File:Decay_chain(4n%2B2,_Uranium_series).PNG
http://commons.wikimedia.org/wiki/File:Uranium_series.gif
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nuclid

e 

historic name 

(short) 

historic name 

(long) 
decay mode 

half-life 

(a=year) 

energy released, 

MeV 

product of 

decay 

238U UI Uranium I α 
4.468·109 

a 
4.270 234Th 

234Th UX1 Uranium X1 β−
 24.10 d 0.273 234mPa 

234mPa UX2 
Uranium X2, 

Brevium 

β− 99.84% 

IT 0.16% 
1.16 min 

2.271 

0.074 

234U 

234Pa 
234Pa UZ Uranium Z β− 6.70 h 2.197 234U 
234U UII Uranium II α 245500 a 4.859 230Th 

230Th Io Ionium α 75380 a 4.770 226Ra 
226Ra Ra Radium α 1602 a 4.871 222Rn 

222Rn Rn 
Radon, 

Radium Emanation 
α 3.8235 d 5.590 218Po 

218Po RaA Radium A 
α 99.98% 

β− 0.02% 
3.10 min 

6.115 

0.265 

214Pb 
218At 

218At   
α 99.90% 

β− 0.10% 
1.5 s 

6.874 

2.883 

214Bi 
218Rn 

218Rn   α 35 ms 7.263 214Po 
214Pb RaB Radium B β− 26.8 min 1.024 214Bi 

214Bi RaC Radium C 
β− 99.98% 

α 0.02% 
19.9 min 

3.272 

5.617 

214Po 
210Tl 

214Po RaC' Radium C' α 0.1643 ms 7.883 210Pb 
210Tl RaC" Radium C" β− 1.30 min 5.484 210Pb 
210Pb RaD Radium D β− 22.3 a 0.064 210Bi 

210Bi RaE Radium E 

β− 99.99987

% 

α 0.00013% 

5.013 d 
1.426 

5.982 

210Po 
206Tl 

210Po RaF Radium F α 138.376 d 5.407 206Pb 
206Tl RaE" Radium E" β− 4.199 min 1.533 206Pb 
206Pb RaG Radium G - stable - - 

http://en.wikipedia.org/wiki/Uranium-238
http://en.wikipedia.org/wiki/Alpha_decay
http://en.wikipedia.org/wiki/Julian_year_(astronomy)
http://en.wikipedia.org/wiki/Thorium-234
http://en.wikipedia.org/wiki/Beta_decay
http://en.wikipedia.org/wiki/Day
http://en.wikipedia.org/wiki/Protactinium-234
http://en.wikipedia.org/wiki/Isomeric_transition
http://en.wikipedia.org/wiki/Minute
http://en.wikipedia.org/wiki/Uranium-234
http://en.wikipedia.org/wiki/Hour
http://en.wikipedia.org/wiki/Thorium-230
http://en.wikipedia.org/wiki/Radium-226
http://en.wikipedia.org/wiki/Radon-222
http://en.wikipedia.org/wiki/Polonium-218
http://en.wikipedia.org/wiki/Lead-214
http://en.wikipedia.org/wiki/Astatine-218
http://en.wikipedia.org/wiki/Second
http://en.wikipedia.org/wiki/Bismuth-214
http://en.wikipedia.org/wiki/Radon-218
http://en.wikipedia.org/wiki/1_E-3_s
http://en.wikipedia.org/wiki/Polonium-214
http://en.wikipedia.org/wiki/Thallium-210
http://en.wikipedia.org/wiki/Lead-210
http://en.wikipedia.org/wiki/Bismuth-210
http://en.wikipedia.org/wiki/Polonium-210
http://en.wikipedia.org/wiki/Thallium-206
http://en.wikipedia.org/wiki/Lead-206
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[edit]Actinium series 
The 4n+3 chain of uranium-235 is commonly called the "actinium series". Beginning with the naturally-occurring isotope U-235, this decay series includes the following 

elements: Actinium,astatine, bismuth, francium, lead, polonium, protactinium, radium, radon, thallium, and thorium. All are present, at least transiently, in any sample 

containing uranium-235, whether metal, compound, ore, or mineral. This series terminates with the stable isotope lead-207. 

 

http://en.wikipedia.org/wiki/File:Decay_scheme_U235.pn
g 

http://en.wikipedia.org/wiki/File:Decay_scheme_U235
.png 
The detailed routes of uranium-235 decay. 

 

http://en.wikipedia.org/w/index.php?title=Decay_chain&action=edit&section=6
http://en.wikipedia.org/wiki/Uranium-235
http://en.wikipedia.org/wiki/Actinium
http://en.wikipedia.org/wiki/Astatine
http://en.wikipedia.org/wiki/Bismuth
http://en.wikipedia.org/wiki/Francium
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Polonium
http://en.wikipedia.org/wiki/Protactinium
http://en.wikipedia.org/wiki/Radium
http://en.wikipedia.org/wiki/Radon
http://en.wikipedia.org/wiki/Thallium
http://en.wikipedia.org/wiki/Thorium
http://en.wikipedia.org/wiki/Lead-207
http://en.wikipedia.org/wiki/File:Decay_scheme_U235.png
http://en.wikipedia.org/wiki/File:Decay_scheme_U235.png
http://en.wikipedia.org/wiki/File:Decay_scheme_U235.png
http://en.wikipedia.org/wiki/File:Decay_scheme_U235.png
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nuclid

e 

historic name 

(short) 

historic name 

(long) 

decay 

mode 

half-life 

(a=year) 

energy released, 

MeV 

product of 

decay 

239Pu   α 
2.41·104 

a 
5.244 235U 

235U AcU Actin Uranium α 
7.04·108 

a 
4.678 231Th 

231Th UY Uranium Y β− 25.52 h 0.391 231Pa 
231Pa  Protactinium α 32760 a 5.150 227Ac 

227Ac Ac Actinium 
β− 98.62% 

α 1.38% 
21.772 a 

0.045 

5.042 

227Th 
223Fr 

227Th RdAc Radioactinium α 18.68 d 6.147 223Ra 

223Fr AcK Actinium K 
β− 99.994% 

α 0.006% 

22.00 

min 

1.149 

5.340 

223Ra 
219At 

223Ra AcX Actinium X α 11.43 d 5.979 219Rn 

219At   
α 97.00% 

β− 3.00% 
56 s 

6.275 

1.700 

215Bi 

219Rn 

219Rn An 
Actinon, 
Actinium 

Emanation 

α 3.96 s 6.946 215Po 

215Bi   β− 7.6 min 2.250 215Po 

215Po AcA Actinium A 

α 

99.99977% 

β− 0.00023

% 

1.781 ms 
7.527 

0.715 

211Pb 
215At 

215At   α 0.1 ms 8.178 211Bi 
211Pb AcB Actinium B β− 36.1 min 1.367 211Bi 

211Bi AcC Actinium C 
α 99.724% 
β− 0.276% 

2.14 min 
6.751 
0.575 

207Tl 
211Po 

211Po AcC' Actinium C' α 516 ms 7.595 207Pb 
207Tl AcC" Actinium C" β− 4.77 min 1.418 207Pb 

http://en.wikipedia.org/wiki/Plutonium-239
http://en.wikipedia.org/wiki/Alpha_decay
http://en.wikipedia.org/wiki/Thorium-231
http://en.wikipedia.org/wiki/Beta_decay
http://en.wikipedia.org/wiki/Protactinium-231
http://en.wikipedia.org/wiki/Actinium-227
http://en.wikipedia.org/wiki/Thorium-227
http://en.wikipedia.org/wiki/Francium-223
http://en.wikipedia.org/wiki/Radium-223
http://en.wikipedia.org/wiki/Astatine-219
http://en.wikipedia.org/wiki/Radon-219
http://en.wikipedia.org/wiki/Bismuth-215
http://en.wikipedia.org/wiki/Polonium-215
http://en.wikipedia.org/wiki/Lead-211
http://en.wikipedia.org/wiki/Astatine-215
http://en.wikipedia.org/wiki/Bismuth-211
http://en.wikipedia.org/wiki/Thallium-207
http://en.wikipedia.org/wiki/Polonium-211
http://en.wikipedia.org/wiki/Lead-207
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207Pb AcD Actinium D . stable . . 

 

[edit]Beta decay chains in uranium & plutonium fission products 
Since the heavy original nuclei always have a greater proportion of neutrons, the fission product nuclei almost always start out with a neutron/proton ratio significantly 

greater than what is stable for their mass range. Therefore they undergo multiple beta decays in succession, each converting a neutron to a proton. The first decays tend to 

have higher decay energy and shorter half-life. These last decays may have low decay energy and/or long half-life. 

For example, uranium-235 has 92 protons and 143 neutrons. Fission takes one more neutron, then produces two or three more neutrons; assume that 92 protons and 142 

neutrons are available for the two fission product nuclei. Suppose they have mass 99 with 39 protons and 60 neutrons (yttrium-99), and mass 135 with 53 protons and 82 

neutrons (iodine-135), then the decay chains can be found in the tables below. 

 

Nuclid

e 
Half-life 

99Y 1.470(7) s 
99Zr 2.1(1) s 
99mNb 2.6(2) min 
99Nb 15.0(2) s 
99m2Mo 0.76(6) µs 
99m1Mo 15.5(2) µs 
99Mo 2.7489(6) d 
99mTc 6.0058(12) h 

99Tc 
2.111(12)E+5 

a 
99Ru stable 

 

http://en.wikipedia.org/w/index.php?title=Decay_chain&action=edit&section=7
http://en.wikipedia.org/wiki/Fission_product
http://en.wikipedia.org/wiki/Beta_decay
http://en.wikipedia.org/wiki/Uranium-235
http://en.wikipedia.org/wiki/Yttrium
http://en.wikipedia.org/wiki/Iodine
http://en.wikipedia.org/wiki/Isotopes_of_yttrium
http://en.wikipedia.org/wiki/Isotopes_of_zirconium
http://en.wikipedia.org/wiki/Isotopes_of_niobium
http://en.wikipedia.org/wiki/Isotopes_of_niobium
http://en.wikipedia.org/wiki/Isotopes_of_molybdenum
http://en.wikipedia.org/wiki/Isotopes_of_molybdenum
http://en.wikipedia.org/wiki/Isotopes_of_molybdenum
http://en.wikipedia.org/wiki/Technetium-99m
http://en.wikipedia.org/wiki/Technetium-99
http://en.wikipedia.org/wiki/Isotopes_of_ruthenium
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Nuclid

e 
Half-life 

135I 6.57(2) h 
135Xe 9.14(2) h 

135Cs 
2.3(3)E+6 

a 
135Ba stable 

 
 
Nuclear fission and nuclear fusion both are nuclear phenomena that release large amounts of energy, but they are different processes which yield 
different products. Learn what nuclear fission and nuclear fusion are and how you can tell them apart. 

Nuclear Fission 
Nuclear fission takes place when an atom's nucleus splits into two or more smaller nuclei. These smaller nuclei are called fission products. Particles (e.g., 
neutrons, photons, alpha particles) usually are released, too. This is an exothermic process releasing kinetic energy of the fission products and energy in 
the form of gamma radiation. Fission may be considered a form of element transmutation since changing the number of protons of an element 
essentially changes the element from one into another. 

Nuclear Fission Example 
235 

92 U + 1 
0 n → 90 38 Sr + 143 

54 Xe + 3 1 
0 n 

 

http://en.wikipedia.org/wiki/Isotopes_of_iodine
http://en.wikipedia.org/wiki/Xenon-135
http://en.wikipedia.org/wiki/Isotopes_of_caesium
http://en.wikipedia.org/wiki/Isotopes_of_barium
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This is a simple diagram illustrating an example of nuclear fission. A U-235 nucleus captures and absorbs a neutron, turning the nucleus into a 

U-236 atom. The U-236 atom experiences fission into Ba-141, Kr-92, three neutrons, and energy. 

Nuclear Fusion 

Nuclear fusion is a process in which atomic nuclei are fused together to form heavier nuclei. Extremely high temperatures (on the order of 1.5 x 107°C) 

can force nuclei together. Large amounts of energy are released when fusion occurs. 

Nuclear Fusion Examples 
The reactions which take place in the sun provide an example of nuclear fusion: 

1 
1 H + 2 

1 H → 3 
2 He 

3 
2 He + 3 

2 He → 4 
2 He + 2 1 

1 H 

1 
1 H + 1 

1 H → 2 
1 H + 0 

+ 1 β 
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This is a diagram of the fusion reaction between deuterium and tritium. Deuterium and tritium accelerate toward each other 
and fuse to form an unstable He-5 nucleus which ejects a neutron to become a He-4 nucleus. Considerable kinetic energy is produced. 

Distinguishing between Fission and Fusion 
Both fission and fusion release enormous amounts of energy. Both fission and fusion reactions can occur in nuclear bombs. So, how can you tell fission 
and fusion apart? 

• Fission breaks atomic nuclei into smaller pieces. The starting elements have a higher atomic number than that of the fission products. For example, uranium can fission to yield strontium and 
krypton. 

• Fusion joins atomic nuclei together. The element formed has more neutrons or more protons than that of the starting material. For example, hydrogen and hydrogen can fuse to form helium. 
 

Problem: 
 

An atom of 138I53 undergoes β- decay and produces a β particle. 
 
Write a chemical equation showing this reaction. 
 
Solution: 
 
Nuclear reactions need to have the sum of protons and neutrons the same on both sides of the equation. The number of protons must also be consistent 

http://chemistry.about.com/od/organicchemistryglossary/g/Beta-Decay-Definition.htm
http://chemistry.about.com/od/chemistryglossary/a/betaparticledef.htm
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on both sides of the reaction. 
 

β- decay occurs when a neutron converts into a proton and ejects an energetic electron called the beta particle. This means the the number of neutrons, 

N, is reduced by 1 and the number of protons, A, is increased by 1 on the daughter atom. 

 
138I53 → ZXA + 0e-1 
 
A = number of protons = 53 + 1 = 54 
 
X = the element with atomic number = 54 
 
According to the periodic table, X = xenon or Xe 
 
The mass number, A, remains unchanged because the loss of one neutron is offset by the gain of a proton. 
 
Z = 138 
 
Substitute these values into the reaction: 

 
138I53 → 138Xe54 + 0e-1  

 

Summary Nuclear Chemistry 

 

Nuclear chemistry deals with the nuclei of atoms breaking apart. Atoms are continually undergoing decay. When studying nuclear 
chemistry, there is a typical format used to represent specific isotopes. 

 

http://chemistry.about.com/library/blperiodictable.htm
http://www.shodor.org/UNChem/glossary.html
http://www.shodor.org/UNChem/glossary.html
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Nuclear equations are typically written in the format shown below. There are 5 different types of radioactive decay. 

 

1. Alpha decay follows the form: 

 

Where A is the parent isotope (the atom being broken apart) B is the daughter isotope or the isotope formed. When an element 

is broken down in alpha decay it looses two neutrons and two (2) protons. This means that the name of the element will change 

as well, moving back two (2) places on the periodic table. Alpha decay is not very penetrating because the He atoms capture 

electrons before traveling very far. However it is very damaging because the alpha particles can knock atoms off of molecules. 

Alpha decay is the most common in elements with an atomic number greater than 83. 

2. Beta negative decay follows the form: 

 

http://www.shodor.org/UNChem/glossary.html
http://www.shodor.org/UNChem/glossary.html
http://www.shodor.org/UNChem/glossary.html
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The beta emission increases the atomic number by one (1) by adding one (1) proton. At the same time, one (1) neutron is lost 

so the mass of the daughter isotope is the same as the parent isotope. Beta negative decay is more penetrating than alpha decay 

because the particles are smaller, but less penetrating than gamma decay. Beta electrons can penetrate through about one (1) 

cm of flesh before they are brought to a halt because of electrostatic forces. Beta decay is most common in elements with a 

high neutron to proton ratio. 

3. Gamma decay follows the form: 

 

In gamma emission, neither the atomic number or the mass number is changed. A high energy gamma ray is given off when 

the parent isotope falls into a lower energy state. Gamma radiation is the most penetrating of all. These photons can pass 

through the body and cause damage by ionizing all the molecules in their way.  

4. Positron emission (also called Beta positive decay) follows the form: 

 

In this reaction a positron is emitted. A positron is exactly like an electron in mass and charge force except with a positive 

charge. It is formed when a proton breaks into a neutron with mass and neutral charge and this positron with no mass and the 

positive charge. Positron emission is most common in lighter elements with a low neutron to proton ratio. 

5. Electron capture follows the form: 
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In this reaction a nucleus captures one (1) of its own atom's inner shell electrons which reduces the atomic number by one. 

This captured electron joins with a proton in the nucleus to form a neutron. Electron capture is common in larger elements 

with a low neutron to proton ratio. 

All elements with an atomic number over 83 are considered radioactive. Radioactivity can be measured using a geiger counter, a 

cylinder containing a low-pressure gas and two (2) electrodes. Radiation ionizes the atoms in the cylinder and allows current to flow 

between the electrodes. 

All radioactive elements disintegrate according to their specific half life. The half life of a radioactive substance is the time required 

for half of the initial number of nuclei to disintegrate. The decay rate expresses the speed at which a substance disintegrates. The 

following equation represents the relationship between the number of nuclei remaining, N, the number of nuclei initially present, N0, 

the rate of decay, k, and the amount of time, t. 

 

The relationship between the half-life of a radioactive substance and k, the rate at which it decays can also be found. 

 

By using these equations, it is possible to calculate how much of a nuclear substance will be left after a certain time and how much of 

a substance originally existed. A common example is isotopic dating in which the ages of archeological artifacts are determined by 

measuring the activity of the isotopes. 

Nuclear Solution 1 

The half life of a specific element was calculated to be 5200 years. Calculate the decay constant (k). 
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Nuclear Problem 2 

If a watch contains a radioactive substance with a decay rate of 1.40 * 10-2 and after 50 years only 25 mg remain, calculate the 
amount originally present. 

 

Nuclear Solution 3 

A rock contains 0.257 mg of lead-206 for every mg of uranium-238. The half-life decay for uranium to turn into lead is 4.5x 109 yr. 
How old is the rock? 
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