
Production of Radionuclides 

1. Reactor produced Radionuclides 
2. Accelerator produced Radionuclides 
3. Fission produced Radionuclides 

3. Usually the naturally occurring are good source of alpha particles. The 
reactions of these alpha particles produced neutrons by  AXZ (α, n) A+3XZ+2. 
 
For many heavier nuclei (A~200), it is found that capture of a neutron instead 
of producing a heavier radionuclide resulted in the production of several 
radionuclides (whose atomic mass were about one half of that of target 
nuclide). This kind of splitting is called as fission produced radionuclides. 
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1. Reactor produced Radionuclides 
A nuclear reactor is a source of a large number of thermal neutrons with kinetic 
energy ~0.025 eV (very small). At these energies, neutrons can be easily 
captured by stable nuclides (why). The capture reaction of neutrons with a 
given nuclide AXZ is represented by either of the following notations 
 
(i)  AXZ+1n0  à A+1XZ + γ-rays 
(ii)  AXZ (n, γ) A+1XZ 

Because in this reaction, a neutron is added, the resulting nuclide (if 
radioactive) often decays through β- emission. 
 
Another feature of reactor produced nuclides is that these in general, are not 
carrier free. In a carrier free samples, only the desired radionuclide is present 
without contamination from its other isotopes.  
 
Example:  
50Cr24+1n0  à 51Cr24 + γ (51Cr is used for labeling red blood cells and spleen 
scanning) 
98Mo42+1n0  à 99Mo42 + γ (99Mo is source of 99mTc which is commonly used in 
nuclear medicine) 
 
 



2. Accelerator or Cyclotron produced Radionuclides 
Accelerator is the source of large number of high energy (MeV) charged 
particles such as p (protons), 2D1 (deutrons), 3He2 (helium 3) and 4He2 (alpha) 
particles. The probability of a nuclear reaction occurring with charged particles 
is highly dependent on the energy of bombarding particles. Here, repulsive 
coulomb forces play a big role due to involvement of charged particle and 
target nuclide (both +ve). The most common reactions (are for proton) 
 
(i)  AXZ+1p1  à AYZ+1 + n  or  AXZ (p, n) AYZ+1 
(ii)  AXZ+1p1  à A-1YZ+1 + 2n  or  AXZ (p, 2n) A-1YZ+1 

(iii)  AXZ (2D1, n) A+1YZ+1 
(iv)  AXZ (2D1, p) A+1XZ 
(v)  AXZ (2D1, 2n) AYZ+1 

(vi)  AXZ (3He2, n) A+2YZ+2 
(vii) AXZ (3He2, p) A+2YZ+1 

(viii) AXZ (4He2, n) A+3YZ+2 
(ix)  AXZ (4He2, 2n) A+2YZ+2 

Most of these reactions occur in the range of 5-30 MeV. 
 



2. Accelerator or Cyclotron produced Radionuclides 
Examples: 
16O8 +  3He2  à 18F9  +  p 
 18F is used for labeling radiopharmaceuticals for PET. 
 
68Zn30  +  p  à 67Ga31  +  2n 
67Ga is widely used for soft tumor and occult abscess detection. 
 
Sometimes, the radionuclide of interest may be formed indirectly by the decay 
of another radionuclide that is formed first with a nuclear reaction. Example: 
production of 123I and 201Tl  
 
(1) Production of 123I 
Nuclear reaction: 122Te52  +  4He2  à 123Xe54  +  3n (t1/2 ~2 hours) 
Decay: 123Xe54  (E.C.,β)à 123I53  (t1/2 ~13 hours) 

(2) Production of 201Tl 
Nuclear reaction: 203Tl81  +  p  à 201Pb82  +  3n (t1/2 ~9.4 hours) 
Decay: 201Pb82  (E.C.)à 201Tl81  (t1/2 ~73 hours) 
 

Difference between Reactor and Accelerator produced radionuclides? 



General considerations in production of radionuclides 
The amount of radioactivity Rr, produced in time t in a nuclear reaction 
depends on the following factors: 
1.  The number of bombarding particles/sec/cm2 known as Flux, I: 
2.  The total number of the target nuclei irradiate, n * V, when n is the number 

of the target nuclides in 1 cm3 and V is the volume of the target material 
being irradiated; 

3.  The time of irradiation t; 
4.  The half-life or the decay constant of the radionuclide produced (i.e., T1/2 or 
λ); 

5.  The probability of the given nuclear reaction, called the cross section σ. The 
unit for cross section is a barn which is equal to 10-24 cm2. 

In case of neutron capture reactions (reactor produced radionuclides), the 
formula relating the above factors to the activity produced after time t is, 

 Rr  =  σ*I*n*V* (1-e-λt) 
 
In case, where the half life of the desired radionuclide is sufficiently long (in 
days), 

 Rr  =  σ*I*n*V*λ*t 



General considerations in production of radionuclides 
 Rr  =  σ*I*n*V*λ*t ; A similar equation can be written for the charged 

particle reactions, however the flux of charged particles is measured as µ amp 
(a unit of electric current) instead of the number per sec/cm2.  
 
In this case too, the amount of activity produced will depend on the five factors 
given in last slide. In general, the values quoted for the activity produced by 
charged particle reactions are in units of MBq/µ amp/hr and are known as the 
yield of a particular reaction. 
 
Higher the yield, easier to produce large quantities of given radionuclide. 
 
One shall take into account (i) yield, (ii) purity and (iii) specific activity of the 
radionuclide, in selecting the best method of radionuclide production. 
 
 



Production of short lived radionuclides using a Generator 
1.  Short lived radionuclides are often the agents of choice in nuclear medicine. 

2.  However, they entails many problem due to their short half life and fast 
decay. 

3.  A radionuclide generator solves some of these problems and allows the use 
of short lived radionuclides at long distances from the site of production 
(cyclotron or reactor). 

4.  A radionuclide generator is a two of three step radioactive series in which a 
long lived radionuclide (also called parent) decays into a short lived 
radionuclide (also know as daughter) of interest. 

5.  First generator system is the most commonly used today. The second 
generator system is useful for geographically remote places where 
frequent deliveries of the radionuclides are a problem. The third generator 
is under development and is receiving attention because of its special 
advantages for positron tomography. The forth generator produces 81mKr, 
which is sometimes used in lung ventilation studies. 

 



Principle and description of 99Mo-99mTc and 113Sn-113mIn generators 

1.  99Mo   à 99mTc   à 99Tc   à 99Ru  
(T1/2 67 hrs   6 hrs   long   stable 
 
2. 113Sn     à 113mIn     à 113In    
 (T1/2 115 days   1.67 hrs    stable     
 
3. 68Ge     à 68Ga     à 68Zn    
 (T1/2 275 days   1.1 hrs     stable 
 
4. 81Rb     à 81mKr     à 81Kr    
 (T1/2 4.7 hrs    13 secs     stable 
 
It is shown that is usually takes 4 daughter half-lives to reach equilibrium. Once 
equilibrium has been achieved between the parent and daughter radioactivities, it can be 
disturbed only by chemical separation (i.e., milking) of the two radionuclides. 
 


