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Radioactivity 
 

The Discovery of Radioactivity 
 
       This treatment of Syllabus Sub-Section 1.3 begins with the background to 

the discovery of radioactivity. 

        In November 1895, in Wurzburg in Germany, Wilhelm Rontgen discovered 

X-rays. He used a discharge tube containing a gas at extremely low pressure 

that was sealed in a black carton to exclude light. He noticed that when he 

passed an electric current through the gas, a sample of a barium compound 

some distance away began to fluoresce. X-rays caused the fluorescence. 

       At that time, Henri Becquerel, who lived in Paris, was an acknowledged 

specialist in the area of luminescent substances, i.e. chemicals that emit light 

for any reason (e.g. the absorption of sunlight) other than a rise in 

temperature. (If the luminescence does not persist after the energy source is 

removed, the substance is said to be fluorescent.  If the luminescence persists 

after the energy source is removed, the substance is said to be phosphorescent.) 

When the discovery of X-rays came to Becquerel’s attention, he wondered if 

substances made phosphorescent by visible light might then emit X-rays. 

       In February 1896 he placed a crystal of a uranium compound on a 

photographic plate, which had been wrapped in black paper. He then placed 

this in sunlight. An image of the crystal resulted on development of the plate, 

thus indicating (as he thought) that X-rays were emitted. He wished to repeat 

the experiment; however, the sun failed to shine for a few days afterwards. 

Becquerel put the crystal away in a drawer on top of a securely wrapped 

photographic plate. After a few days he decided to develop the plate. An image 

 
The Physical Sciences Initiative                       
 

1



 
The Physical Sciences Initiative                       
 
 
of the crystal resulted - as strong as it had been in sunlight. Becquerel 

concluded that the radiation causing the image was due to the crystal alone. He 

then found that all the uranium compounds he tested, and also uranium ores, 

had this property. He also found that the radiation ionised the air that it passed 

through, causing the air to conduct electricity. 

 

       The next developments were due to Marie Curie. Originally from Poland, 

she was now living in Paris, and was married to the physicist Pierre Curie. She 

was the first to use the term “radioactivity”. In 1897, she used an electroscope 

to measure the radiation - the greater the intensity of the radiation, the more 

quickly the electroscope discharges. In almost all cases, she found that the 

degree of radiation was proportional to the percentage of uranium in the 

sample.  

 

       Pitchblende ore was one of the exceptions, with a degree of radiation 

several times greater than that of pure uranium. 

Marie Curie concluded that pitchblende contained something much more 

radioactive than uranium. With the help of Pierre Curie, she succeeded in 

isolating from a very large quantity of pitchblende two new elements - 

polonium (discovered in 1898) and radium (discovered in 1898, and isolated, 

as relatively pure radium chloride, in 1902). Both of these elements are much 

more radioactive than uranium.  

 

       Given that 7 tonnes of pitchblende contains only 1 gram of radium, and 

that polonium is present in even smaller amounts, the magnitude of the task 

they accomplished is obvious. It was not until 1910 that radium as an element 
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was finally prepared in pure form (by Marie Curie, using the electrolysis of a 

solution of pure radium chloride with a mercury cathode). 

 

       The 1903 Nobel Prize in Physics was shared by Becquerel for his 

“discovery of spontaneous radioactivity” and Marie and Pierre Curie for their 

“joint researches on the radiation phenomena discovered by Professor Henri 

Becquerel”. 

 

       The 1911 Nobel Prize in Chemistry was awarded to Marie Curie for her 

“services to the advancement of chemistry by the discovery of the elements 

radium and polonium, by the isolation of radium and the study of the nature 

and compounds of this remarkable element”. 

       Two of the three people who shared the 1903 Nobel Prize for their work on 

radioactivity died of radiation-linked ailments. The exception was Pierre Curie, 

who died in 1906 at the age of 46 as a result of a street accident involving a 

heavily laden horse-drawn wagon. In 1908 Henri Becquerel died at the age of 

55 from radiation burns caused by radium. In 1934, Marie Curie died at the 

age of 66 of pernicious anaemia, caused by her exposure to radiation whose 

danger was not fully appreciated until later. 

 

       So, what exactly is radioactivity? It may be defined as the property of 

spontaneous disintegration that is possessed by certain unstable nuclei, 

and is accompanied by the emission of radiation. 
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Types of Radiation 
 

 

       This radiation is of three types: 

• α particles, which are positively charged 

• β particles, which are negatively charged 

• γ rays, which have no charge.  

 

 

       Because of these different charges, detection may be based on the differing 

effects of an electric or magnetic field on the three types of radiation e.g. in a 

cloud chamber. Various other detection devices are used, notably the Geiger 

counter (Geiger-Muller tube). 

α particles 

       These particles are He nuclei, i.e. they consist of two protons and two 

neutrons. They are relatively slow moving and easily stopped e.g. by human 

skin or by a few sheets of paper. However, they are strongly ionising and 

extremely dangerous if they get into the body through the mouth or the nose. If 

ionising radiation penetrates living cells, the molecules in the cell may be 

damaged or destroyed, perhaps leading to cancer. 

       An example of an α emitter is americium-241 which is used in many 

smoke detectors. It decays according to the following equation: 

    241                                              237                        4 
        Am                                           Np      +             He     +    energy     (1) 
     95                                                93                         2 
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β particles 

       These particles are electrons formed by the disintegration of a neutron into 

a proton and an electron. The proton remains in the nucleus maintaining the 

mass number, but increasing the atomic number by one. This of course means 

that a new element has been formed. The electrons are emitted in a fast moving 

stream with better penetrative ability than the α particles. The β particles can 

be stopped by a 2-3mm thickness of aluminium. β particles can penetrate deep 

into the body and are potentially very harmful. 

       An example of a β emitter is carbon-14 which is used for age 

determination. It decays according to the following equation: 

                      14                      14                    0 
                          C                   N     +            e     +     energy             (2) 
                        6                       7                    -1 
γ rays 

       Some unstable nuclei emit photons of high-energy electromagnetic 

radiation called γ rays. These rays have zero mass and charge, so they are not 

particulate, being merely a form of energy. They are very fast moving and have 

the greatest penetrative power. They can be stopped by thick shields of 

concrete or lead. Although γ rays have poor ionising ability, the energy can 

break bonds, so they are also potentially very harmful to the human body. 

       An example of a γ emitter is cobalt-60 which is used for cancer treatment 

and for food irradiation. It acts according to the following equation: 

 
            60                      60 
               Co                  Co     +     hf                                      (3) 
            27                      27 
  
No new element is formed on this occasion, but energy is emitted. 
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Distinction between Chemical and Nuclear Reactions 
 

       Chemical reactions involve the transfer or sharing of electrons. They cause: 

• Elements to combine with each other to form compounds  

• Compounds to break up into their constituent elements 

• Elements in compounds to rearrange forming different compounds.  

Chemical reactions cannot change one element into another element. 

       Nuclear reactions cause changes in the nucleus, i.e. involving protons and 

neutrons. They can cause elements to change into other elements. We have 

already seen two examples (cf. equations (1) and (2) above). 

 

Radioisotopes and Half-life 
 

  Isotopes are atoms of the same element, which differ in the number of 

neutrons in the nucleus. Carbon-12, for example, has 6 protons and 6 neutrons, 

whereas carbon-14 has 6 protons and 8 neutrons. Most naturally occurring 

elements have isotopes, some stable and some unstable. Most of the naturally 

occurring elements of atomic number  > 83 have no stable isotopes. Unstable, 

radioactive isotopes are called radioisotopes. 

       Radioactive decay is a random process and we cannot predict when an 

atom will decay. It is possible to predict how many atoms will decay in a given 

time. As a useful guide to the rate of decay, we refer to the half-life of the 

sample.  Half-life is the time taken for half of the radioactive atoms present to 

decay. Half-lives vary from fractions of seconds to millions of years. Radium-

214, for example, has a half-life of 20 minutes while radium-226 has a half-life 

of 1,620 years.  
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  A long half-life means that activity falls slowly and this is one of the strongest 

arguments against nuclear power. Some of the waste from power stations has a 

half-life of millions of years and many hold the view that the safe disposal of 

such material is not achievable. 
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Background Radiation 
       We are surrounded by a low level of ionising radiation at all times. This is 

known as background radiation, about 90% of which comes from natural 

sources.   

 

            Source of radiation                    Percentage 

Radon gas (α emitter)                         60% 

Rocks and soil (γ rays)                         10% 

Food and drink                         10% 

Cosmic rays                         10% 

Medical e.g. Cobalt-60                           9% *** 

Fall out from weapons tests                        0.2% 

Nuclear waste                     < 0.1% 

 

*** Includes X-rays used in medicine  

The first four items in the table are natural sources, the others artificial. 

       Radon is the biggest contributor to background radiation at present, and 

as such is very topical. It is a radioactive daughter in the uranium decay series. 

238    α     234       β    234        β   234      α    230       α   226     α   222 
    U  →         Th    →       Pa    →        U    →       Th  →       Ra   →      Rn 
 92             90               91               92              90             88              86 
This isotope of radon is itself radioactive, with α emission giving Po-218. 

Radon enters houses from the soil beneath the house or from the building 

materials themselves. When it is breathed into the lungs, the radioactive 

products of its decay can lodge there and irradiate the lungs for some years. 
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Effects of radioactivity 
       While there are many practical applications of radioisotopes, the radiation 

is a serious health hazard. If ionising radiation penetrates a living cell, the 

molecules in the cell may be damaged or destroyed by it. This can give rise to 

cancers in the body. The amount of damage depends on the level of exposure 

and the type and energy of the radiation. 

 

 Uses of Radioisotopes 
       Radioisotopes have a number of important uses, which include the 

following: 
14C age determination (carbon dating): C-14 is a β particle emitter with a 

half-life of 5730 years. It is used for indicating the age of carbon containing 

objects, e.g. wood, fabrics, paintings etc. When a plant or animal is alive, it will 

contain C-12 and C-14 in the proportions, which are present in air. When the 

organism dies, the C-12/C-14 ratio changes with time due to radioactive decay 

of the C-14 isotope. The extent of the changes in the ratio allows the age to be 

calculated. 
60Co for cancer treatment: Co-60 is a γ ray emitter. It has a half-life of 5.23 

years and is used in radiotherapy, i.e. the treatment of cancer with radiation. 

The cancerous cells are more susceptible to damage by ionising radiation than 

normal cells. Ionising radiation is directed onto the tumour from different 

directions. The tumour dose is high but the normal tissue receives a much 

lower, less harmful dose. 
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60Co in food irradiation: The γ rays kill microorganisms and insects in food. 

Food irradiation may also involve inhibiting sprouting, controlling ripening and 

pasteurising foods. There are fears that food irradiation could cause genetic 

modification. 
241Am in smoke detectors: The emitted α particles ionise the air molecules, 

which consequently conduct an electric current between two terminals. Smoke 

clings to the ionised air molecules and slows them down. The current decreases 

and a transistor switch activates the alarm. This type of smoke alarm is now 

being phased out, but very many existing alarms are of this type. 
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