
THE NUCLEUS 
Atomic Structure 

Timeline of Atomic Structure Development 

o Cathodes - carry momentum and behave like particles, they carry a unit of negative 

charge 

o Electron moving around nucleus creates some form of energy 

Subatomic particles 

o An atom is an electrically neutral particle that is formed by a positively charge nucleus 

and a cloud of negatively charge electrons 

o Nucleons are the protons and neutrons that form the nucleus 

o Positron - anti electron (big part of antimatter) 

Notation 

o Mass number = protons + neutrons 

o Atomic number = protons in nucleus or charge of the particles 

 

Nuclides and Isotopes 
o A nuclide is an atom with a particular mass and atomic number 

o An isotope is a nuclide with the exact same atomic number (Z) but different mass 

numbers (A), so essentially, they just have different numbers of neutrons  

Spectroscopy and spectrometry 

o Electron Spectroscopy - probe the electron structure of an atom or molecule and this 

includes visible and UV spectroscopy as well as X-ray spectroscopy which can look at 

other aspects of the electronic structure  

o Vibrational or rotational spectroscopy examine atomic and molecular vibrations, 

infrared being the most common example and it is something that we use, most 

commonly, to look at atomic motions within molecules – vibrations, tumbling or shaking 

of molecules 

o Fingerprinting techniques - can identify elements through their interaction with an 

energy source like light or radiation of various wavelengths e.g infrared, ultraviolet, 

visible etc. 

o Spectrometry refers to the measurement of the mass 

o Accelerated mass spectrometry  

o Mass spectrometry measure atomic and molecular mass and may be used to detect 

Bucky balls 

 

 

 

 

 

 

 



Atomic mass or Relative atomic weight 

o It is the average of the atomic masses and of their abundances of each of the naturally 

occurring isotopes, so essentially it is: the mass of an isotope times the percentage, plus 

the mass of another isotope time their percentage abundance 

o Basically, the abundance weighted average of an element  

 

Nucleogenesis 
o The process which creates new atomic nuclei from pre-existing nucleons (primarily 

protons and neutrons) 

o All atoms are generated from hydrogen (apart from the little bit of helium and lithium 

that we know were formed in the Big Bang and then elements Be through to C are 

formed in helium burning stars) 

o Stellar nucleogenesis is the theory that explains the creation of elements by nuclear 

fusion reactions, starting from the primordial particle (the simplest particle we have) and 

that is the proton, denoted as: 

 

 

 

o For example, in stars, atomic hydrogens are pulled in together and compressed by 

gravity, when the temperatures reach a certain number, this cloud ignites and produces 

a star 

o All atoms are generated by the simplest nuclide hydrogen, by nuclear reactions 

o The stellar Nucleogenesis of Helium: 

▪ Two hydrogen atoms react at high temperatures to form a deuterium (hydrogen 

isotopes with one neutron and one proton) and emits a positron, so one of the 

protons is converted into a proton and a positron is then emitted: 

 

 

 

 

▪ This is then followed by deuterium reacting with another proton to form a helium 

nucleus, releasing a high energy photon (denoted by the gamma) 

 

 

 

 

▪ Two of these helium – 3 nuclei then react together to form helium – 4, emitting two 

protons: 

 

 

 

 

Chain reaction where we have protons from this very last ‘step’ where two helium-3 reacted 

together to form helium-4 and 2 protons, these protons able to take part in any of these previous 

reactions and thus, it is a continuous, chain reaction in a way. 



 

▪ The overall equation of the stellar nucleogenesis of helium is then: 

 

 

 

This reaction is known as the hydrogen burning reaction and is an exothermic reaction that also 

releases radiation (and neutrinos) 

 

o The balanced hydrogen burning reaction does not completely balance the masses on 

both sides and so this is explained through the loss of energy, by E = mc2. The resulted 

calculated energy is in joules and is the result of one of these balanced reactions  

 

  

 

 

 

 

 

 

 

o As the star exhausts its hydrogen, it begins helium burning to fuse heavier nuclei, to 

form increasingly larger atoms (all carbon is formed through this triple helium reaction): 

 

 

 

 

 

 

 

 

o Heavier nuclei like 13C, 13N, 14N, 15N, 15O are produced by red giant stars (stars that have 

been burning for a long time and so have greater pressures and temperatures). Heavier 

nuclei are produced in supergiants and true heavy elements are formed by supernovae. 

The collision of neutron stars are also responsible for the synthesis of heavier elements 

such as that of gold and platinum. 

 

Radioactivity and Nuclear Decay 
o Atomic nuclei can be divided into two categories – stable or radioactive 

o There are not stable nuclei above that of Pb 

o All elements can have stable or radioactive isotopes 

Natural radioactivity  

o When we have an unstable element, the most common way we will see it decay into 

another element or transmuted into another element is by emitting an alpha particle (same 



as 4He nucleus) or emitting a beta particle (electron formed in nucleus of atom and then 

ejected) 

o Alpha-decay: A decreases by 4 and Z decreases by 2. Every element heavier than Pb shows α-

decay 

 

 

 

 

o Beta-decay: the conversion of a neutron into a proton and the production of a beta particle 

which is expelled from the nucleus  

 

 

 

 

 

o Positron-decay: a positron is an antiparticle (a subatomic particle that has the same mass as 

an electron but an equal and opposite charge) of an electron and that is what is produced 

during positron-decay, where a proton is converted into a neutron and a positron is emitted 

instead 

  

 

 

* Remember that in all nuclear reactions, you must conserve (balance) both the total 

mass numbers (A) and charges (Z) on the reactants and products 

 

Radioactivity 

o Radioactive nuclei undergo spontaneous decay via a decay series to eventually lead to a 

stable nucleus  

o Each radioactive nuclide will have a characteristic mode of decay (the mechanism of the 

decay), why does this occur and half-life 

 

 

o Notice that for the heavier radioactive elements, we can have a radioactive series with a 

string of parent and daughter isotopes so it can go parent, daughter, parent, daughter, 

parent daughter etc.  



Kinetics of Nuclear Decay 

o The activity, A, of a radionuclide is the rate of emission, or, minus the rate of disappearance 

of the nuclide (essentially how fast the nuclide disappears) 

o The number of nuclei decaying per unit time is proportional to the number of nuclei present, 

N 

 

 

 

 

▪ This decay rate can be described as the change in the number of nuclides of a particular 

type per unit time 

▪ Δ denotes change e.g in the number of nuclei N or time. We can express this as a 

differential equation Δt  0 

 

 

 

 

▪ The constant λ is called the decay constant 

▪ Radioactive decay is an example of first order kinetic process 

▪ The disappearance of a radionuclide by radioactive decay is described by this equation  

(this is the integrated or solved version of that differential equation from above) 

 

 

 

 

 

 

 

 

 

▪ This shows the number of nuclei as a function of time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Half life 

o If N0 is the initial number of nuclei and Nt is the number of nuclei remaining after time t, 

then the solution to the first-order kinetic equation is: 

 

 

 

 

 

 

o The half-life t1/2, is the time taken for Nt = ½ N0, so: 

 

 

 

 

 

▪ As λ gets bigger, t1/2 get smaller and vice versa. This means that the longer the half-

life, the less radioactive it is and vice versa 

▪ The half-life of carbon – 14 is 5730 years. If you start with 1.0g of 14C, 0.50g will be 

left after 5730 years and 0.25g will be left after another 5730 years 

Kinetics of Nuclear Decay 

o We can measure radioactivity through the concentration of nuclei remaining or the activity 

o The rate (activity) depends on the number of nuclei present  

o The unit of activity is the Becquerel or (Bq) 

o 1 Bq = 1 disintegration per second s-1 

o The number of nuclei is halved after one half-life 

o Therefore, the activity is halved after each succeeding half- life  

▪ The decay rate is also an exponential function  

 

 

 

 

 

 

 

 

 

 

 

▪ The parent is decaying into the daughter 

and as the parent disappears, the daughter is 

formed and something is emitted, such as 

gamma rays  

 


