
Nuclear chemistry question bank  

(chapter one, chapter two and chapter three) 

 

1- The most common kind of iron nucleus has a mass number of 56. Find 

the radius, approximate mass, and approximate density of the 

nucleus? 

 

2- Assuming that a nucleus is a sphere of nuclear matter of radius 

1.2xA1/3 Fm, express the average nuclear density in SI unit? 

 

3- How many protons and how many neutrons are there in a nucleus of 

the most common isotope of 28
14Si, 85

37Rb and 205
81Tl? then estimate 

(a) the radius, (b)the volume of each nucleus, (c) the mass density (in 

Kg/m3) and (d) the nucleon density (in nucleons per cubic meter) for 

each nucleus? 

 

4- Calculate magnetic dipole moment for deuteron nucleus 21H and 42He 

nucleus? 

 

5- Calculate the value of nuclear magneton  (𝜇𝑁) in units of  𝐽 𝑇−1 and 

 𝑒𝑉 𝑇−1, where  (T  ) is tesla? 

 

6- Calculate the distance of closest approach of alpha particle of kinetic 

energy 7.7 MeV from gold   197
79 Au in head on collision and which 

is scattering at angle of 1800? 

 

7- The atomic mass of 16
8O is 15.99494amu. Find (a) Its binding energy 

and (b) Its binding energy per nucleon? 

 



8- Show that 1 amu unit is equivalent to 931.48 MeV? 

 

9- Define each of the following? isotopes, isotones and isobars 

(Give these element ( 𝑂8
16 , 𝑁7

14 , 𝐶6
14 , 𝑂8

17 , 𝑁7
15 ) as an example for 

each of them). 

 

10- What are the properties of nuclear force?  

 

11- Calculate the separation energy of the neutron and proton from 
57

26Fe? 

 

12-  The binding energy of neon isotope 20
10Ne is 160.647 MeV. Find 

its atomic mass? 

 

13- Find the mass defect and mass excess of 42He nucleus? 

 

14- What angular momentum and parities are predicted by the shell 

model for the ground state of 12
6C ,11

5B, 67
30Zn and 16

7N? 

 

15- Predict the characteristics of the ground state of 17
8O, 63

29Cu? 

 

16- Calculate the total binding energy of 27
13Al nucleus from the semi-

empirical binding energy formula? 

 

17- Calculate the mass of 94Be nucleus from the semi –empirical   mass    

formula? 

 

18- Calculate the repulsive potential energy due to coulomb force 

among the protons of 235
92 U nucleus? 

 

 

 



19- According to the shell model, calculate the orbital angular 

momentum (L), spin angular momentum(S), total angular 

momentum(J), magnetic moment (µn) and parity in ground state of     

𝑆𝑐21
45

  nuclei? 

 

 

 

 

Constants: 

 Mass of proton = 1.007276 amu  

 Mass of hydrogen atom MH = 1.007825 amu 

 Mass of neutron 𝑛0
1  = 1.008665  amu 

 Electron =0.000549 amu 

 𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝐻𝑒2
4 )        =  4.002603     𝑎. 𝑚. 𝑢 

 𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝑁𝑒10
20 )      = 19.992440   𝑎. 𝑚. 𝑢    

 𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝑁𝑖28
64 )       = 63.927969   𝑎. 𝑚. 𝑢 

  𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝐶𝑢29
64 )     = 63.929766   𝑎. 𝑚. 𝑢 

   𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝑍𝑛 )  = 30
64  63.929146    𝑎. 𝑚. 𝑢 

 𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝑅𝑛86
222 )    = 222.017570 𝑎. 𝑚. 𝑢 

 𝐴𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑜𝑓 ( 𝑅𝑎88
226 )    = 226.025402 𝑎. 𝑚. 𝑢 

 Mass of 92
235 U atom=235.0439 amu 

 Mass of Manganese Atom M (25 
56Mn) = 55.938907 amu 

 M (8
16 O) =15.9949 amu 

 



 

Radiation Chemistry 

Example 1: 1) Find the energy released in the alpha decay of 𝑈92
232 :   

 

Answer: 

1- 𝑄𝛼= (𝑀𝑝−𝑀𝐷− 𝑀𝛼) 𝑐2  

 

2- Find the kinetic energy of alpha particle: 

       

 

Example 2: What is the maximum energy of the electron emitted in the 𝛽-

decay of  𝐻1
3  ? 

Answer: 

 

Example 3 : 

240
94P decays with a half-life of 6760 Y by emitting two groups of alpha 

particles, with energy 5.17 MeV and 5.12 MeV. 

a) What are the decay energy (disintegration energy)? 

b) Calculate the recoil kinetic energy of the daughter nucleus. 

 



Answer ;   The decay energy 𝑄𝛼 is given by; 

( a)  𝑄𝛼 =
𝐴

 𝐴−4
 𝑇𝛼  

For 240
94P ,  A=240 .The kinetic energy of the first group  of  α-particles ; 

𝑇𝛼1 = 5.17 𝑀𝑒𝑣 

The decay energy of first  group of emitted alpha particles 𝑄𝛼1 is 

𝑄𝛼1 =  
240

240−4
 x5.17 = 5.25 𝑀𝑒𝑣 

The decay energy of second group of emitted alpha particles 𝑄𝛼2 is 

𝑄𝛼2 =
𝐴

 𝐴−4
 𝑇𝛼2  

Where 𝑇𝛼2  is the kinetic energy of the second group  of  α-particles ; 𝑇𝛼2 =

5.12 𝑀𝑒𝑣 

𝑄𝛼2 =
240

 240−4
 𝑥 5.12 = 5.20 MeV  

(b)  𝑇he recoil kinetic energy of the first group of daughter nuclei  𝑇𝐷1  is  ;  

 𝑄𝛼1 = 𝑇𝛼1 + 𝑇𝐷1  

5.25 = 5.17 + 𝑇𝐷1 

𝑇𝐷1 = 0.08 𝑀𝑒𝑉  

For  𝑄𝛼2= 5.2  𝑀𝑒𝑉  and    𝑇𝛼2 = 5.12 𝑀𝑒𝑉 

𝑇he recoil kinetic energy of the second group of daughter nuclei  𝑇𝐷2  is   

𝑄𝛼2= 𝑇𝛼2 +  𝑇𝐷2  

𝑇𝐷2 = 5.2 − 5.12 =   0.08 𝑀𝑒𝑉  

 

 

 

 

 



Example 4:  

Show that a radioactive isotope 29
64Cu  satisfied the conditions for 

decaying by   𝜷−, 𝜷+ and electron capture processes. 

Answer: The value of atomic masses is; 

M(29
64Cu) = 63.9297 amu,       M( 28

64 Ni)   = 63.928  amu                                                                                               

M(e) =0.000548   amu                   M( 30
64Zn)  =63.9291 amu 

For   𝜷− - decy of 29
64Cu ;       

                                                  29
64Cu →  30

64Zn + 𝛽− +   �̅�           

The Q-value of  𝛽− -decay is ,  𝑄𝛽−    =   (Mp - MD  ) c2   

                                                       𝑄𝛽−= (63.9297- 63.9291) c2     

Since 1 amu x c2 =931.48 MeV  or    c2 =
931.4𝑀𝑒𝑉

1 𝑎𝑚𝑢
    

∴  𝑄𝛽− =  (63.9297- 63.9291) x 931.48 = 0.558 MeV 

 Since the value of 𝑄𝛽−  is  positive  quantity   , therefor  𝛽− −decay is 

possible . 

For 𝜷+ -decay of  29
64Cu ; 

29
64Cu →  28

64 Ni  + 𝛽+ +  𝑣  

The Q-value of  𝛽+ -decay is ;  𝑄𝛽+= [(Mp - MD -2mo ) c2   

𝑄𝛽+= [63.9297   -  63.928 - 2x 0.000548 ] c2   

𝑄𝛽+= [63.9297   -  63.928 - 2x 0.000548 ] x 931.48 

𝑄𝛽+=  0.562 MeV 

Since 𝑄𝛽+ is  positive  quantity   ,therefor  𝛽+ −decay is possible .  

For electron capture decay of  29
64Cu ; 

29
64Cu + 𝑒− → 28

64 Ni  + 𝑣 

 The Q-value of  𝛽+ -decay is ;  𝑄𝑒.𝑐 = [Mp - MD ] c2  



𝑄𝑒.𝑐 = [63.9297   -  63.928  ] c2   

𝑄𝑒.𝑐 = [63.9297   -  63.928  ] x931.48 

𝑄𝑒.𝑐 =  1.58  MeV   

Since the value of  𝑄𝑒.𝑐 is  positive  quantity   ,therefor  𝑄𝑒.𝑐 − decay is possible . 

Example 5: 

What is the most predominate multipole transition in the  2+→ 2+ gamma 

transition ? 

 

Answer: 

For the   2+→ 2+ gamma transition  we have ;                                                       

                           

Initial nuclear angular momentum  Ji = 2,  and initial parity  is  , πi   = +1                    

      

Final nuclear angular momentum   Jf = 2.  and final parity is, πf   = +1             

|𝐽𝑖 − 𝐽𝑓|  ≤   𝐿𝛾  ≤  𝐽𝑖 +  𝐽𝑓                                                

                        

|2 − 2|  ≤   𝐿𝛾  ≤  2+  2               

0 ≤  𝐿𝛾  ≤  4 

𝐿𝛾  =0,1,2, 3, 4      or            𝐿𝛾 =1,2, 3, 4     because  𝐿𝛾 = 0  not allowed 

From conservation of parity  the parity of the system  𝜋𝛾  ,   

𝜋𝛾 =  𝜋𝑖  𝜋𝑓 

𝜋𝛾 = (+1)(+1) = +1  parity is positive (not changed) 

for electric multipole transition EL  the parity of the system is ;   𝜋𝛾 =

(−1)𝐿𝛾  ,  

since,    𝜋𝛾 = (−1)2 = +1    and     𝜋𝛾 = (−1)4=+1       which means that  𝐿𝛾 

= 2, 4   



  gives 𝜋𝛾  positive  ,therefor  we have   EL  = E2 , E4   allowed  Electric 

transition. 

for magnetic multipole  transition ML  ,the parity of the system ;    𝜋𝛾 =

(−1)𝐿𝛾+1  

since ;  𝜋𝛾 = (−1)1+1 = +1    and     𝜋𝛾 = (−1)3+1=+1        

∴ 𝐿𝛾 = 1 , 3   gives no change in the parity of the system, the ML –

transitions   will be    ML = M1, M3   probable etic multipole transition. 

It  is  well  known that;   E2≫ 𝐸4     and      𝑀1 ≫ 𝑀3 

Therefor we have the most mixed predominate (E2+ M1) gamma multipole 

–transition.   

Example 6: 

137Cs decays by 𝜷−- emission ,as shown in the figure .When the nucleus left 

in excited state,  its  decay to the ground state via gamma transition .What 

are the energies between of the beta rays ? Given that  

Answer: 

The mass of  137Cs  and  137Ba   from physical tables are ; M(137Cs) = 136.90677  

amu  , M(137Ba) =136. 9055 amu   

 

1/ The Q- value of  𝛽0
− -decay is ;    𝑄𝛽0−       

 

                                 
  

                                                   The decay Scheme of 137 Cs  



𝑄𝛽0−    = (Mp - MD) c2   

     𝑄𝛽0− = (136.90677 – 136.9055) c2     

Since 1 amu x c2 =931.48 MeV  or    c2 =
931.4𝑀𝑒𝑉

1 𝑎𝑚𝑢
    

∴  𝑄𝛽0− =  (136.90677 – 136.9055) x 931.48 = 1.1829 MeV  

2/     𝐸𝛾 = 𝐸𝑖 − 𝐸𝑓     

   𝐸𝛾 = 0.661- 0 = 0.661 MeV  

 3 / The Q- value of  𝛽1
− -decay is ;    𝑄𝛽1− = 𝑄𝛽0−   −  𝐸𝛾  

   𝑄𝛽1−  = 1.1829 -   0.662 = 0.521 MeV 

 

Example 7: 

 

 

 

 

 

 

 



Example 8: 

 

 

 

 

 

 

 

 

 

 

 



H.W.Ch.1,2 (Radiation Chemistry) 

Q1/ How much time is required for 5gm of 22Na (T1/2=2.6y) to reduce to 1gm. 

Q2/ A sample of Radium contains 1gm. If its half-life is 1620y, find: 

a-The initial activity. 

b-The mean life time. 

C-The activity of 226Ra after t=T1/2. 

d-The activity after 810y. 

Q3/ The radioactive isotope 57Co decays by electron capture with a half-life 

of 272days. (a) Find the decay constant and the life-time. (b) If you have a 

radiation source containing 57Co, with radioactivity 2.0µCi, how many 

radioactive nuclei does it contain. (c) what will be the activity of your source 

after one year.  

Q4/ What is the energy of the alpha particle emitted in the alpha decay of  

𝑅𝑎88
226  ? if the recoil energy of the radium nucleus is neglected. 

Q5/What nuclide is produced in the following radioactive decays? 

1) α decay of  𝑃𝑢94
239 .     2) β-decay of  𝑁𝑎11

24 .  3) β+decay of  𝑂8
15  

 

Q6/ Determine the energy of neutrino emitted in E.C for 𝐶𝑎20
41 ? 

 

Q7/What particle (α, β-or β+) is emitted in the following radiation decays? 

𝑺𝒊𝟏𝟒
𝟐𝟕  →  𝑨𝒍𝟏𝟑

𝟐𝟕   ,  𝑼 →  𝑻𝒉𝟗𝟎
𝟐𝟑𝟒

𝟗𝟐
𝟐𝟑𝟖  ,   𝑨𝒔𝟑𝟑

𝟕𝟒  →  𝑺𝒄𝟑𝟒
𝟕𝟒 . 

 

Q8/Calculate the activity of 40K in 100kg. man assuming that 0.35% of the 

body weight is potassium. The abundance of 40K is 0.012%, its half-life is 

1.31*109years? 

Q9/ What is the maximum energy of the positron emitted in the β-decay of  

𝐻𝑒2
3 ? 

Q10/ Show that 𝑃𝑢94
236  is unstable and will α decay? 



Q11/ Determine the Q values of (α, proton, neutron) decays of Uranium 𝑈92
232 ? 

 

Q12/What is the type of radioactivity equilibrium where occurs between 226Ra 

 (with half-life 1620 years) and 222Rn (with half-life 3.8 days). Why? 

 

Q13/The half-life of radioactive element 60Co is 5.26 years, what is the 

radioactivity of a (1gm) sample of 60Co in units of curie, and its activity after 

3 years?     

Q14/ Calculate the mean life-time for 210Po nucleus?   

Q15/ The activity of 20 g  of 232Th  is  2.18 𝜇𝑐𝑖   .Calculate the disintegration 

constant and the half-life of   232Th? 

Q16/ Calculate the maximum kinetic energy of electron (Te-), and positron, 

(Te+), in the following decays: 

       𝛽− − 𝑑𝑒𝑐𝑎𝑦 , and 𝛽+-decay of  29
64Cu . 

Q17/ What is the most predominate multipole transition in the  3- → 1- 

gamma transition for the indicated transition in 16O? 

Q18/ Ra88
226  nucleus undergoes alpha decay to Rn86

222 , calculate: 

1- Find the amount of energy liberated in this decay (Q-value)?   

2- Calculate the recoil kinetic energy of the daughter nucleus? 

3- What is the activity of one gram of Ra88
226  , whose half-life is 1621y? 

 

Q19/ Explain the interaction of gamma rays with matter? 
 
Q20/ Draw the distinguishing graph of the three types of radiations (alpha, 
beta and gamma rays) from a radium sample? 
 
Q21/ Plutonium239Pu, has a half-life of 24,360 years.  
1.What is the decay constant?  
2.How much of 1kg 239Pu is left after 100 years? 
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