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amu: atomic mass unit = 1/12 the mass of a carbon atom

Location Charge amu

Neutron (n) Inside nucleus neutral 1.00867 amu

Proton (p) Inside nucleus +1 1.00728 amu

Electron (e) Outside nucleus -1 0.000549 amu

Atom composition

Atomic symbols

12
24Mg

Atomic number: 
number of protons, always the same for elements with the same letter symbol

Mass number: 
Mass of the element = number of protons + number of neutrons
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Atomic mass vs atomic weight

Carbon atoms that have 6 protons and 6 neutrons have an atomic mass of 12

Some carbon atom, have 6 protons and 7 or 8 neutrons, these atoms are called carbon-13, or carbon-14 atoms

Atomic weight: weighted average of atomic mass of all different isotopes

Isotope: 
Atoms with the same atomic number, but different masses. This happens when 
tow otherwise identical atoms have different numbers of neutrons
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There are ______________ electrons, ____________protons, and ____________neutrons in an atom of 

54
132Xe

Given the chemical symbol, including superscript indicating mass number for the ion with 22 
protons,26neutrons, and 19 electrons
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nuclide - atom with a specific number of protons and neutrons in its nucleus.
⇒ There are 271 stable nuclides in nature, others are radioactive

Nuclide is composed of nucleons (proton, neutron)

radionuclide - unstable isotope that undergoes nuclear decay
⇒ All isotopes of elements with > 83 protons are radioactive; 

The particles in the nucleus are hold together by a very strong attractive force only 
found  in the nucleus called the strong force

The neutrons play an important role in stabilizing the nucleus, as they add to the 
strong force, but don’t repel each other like the protons do.
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Radioactive decay

Elements that have unstable nuclei have the tendency to spontaneously undergo changes that alter their nuclear 
composition

• Alpha production (α):

• Beta production (β):

• Gamma ray production (γ):

• Positron production:

• Electron capture:
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N/Z ration

If the N/Z ratio is too high, neutrons are converted to protons via β decay

If the N/Z ratio is too low, protons are converted to neutrons via positron emission or electron capture   (Z<83)
via α decay (Z>83)

The ratio between neutron/proton  (N/Z) is a good measure of stable nuclide

Z Not stable when Threshold
>th, β decay

1:20 Mass # fall outside
Atomic mass +/- 2

<1, positron emission/ electron capture

20:40 <1.25, positron emission/ electron capture

40:83 <1.5, positron emission/ electron capture

>83 Not stable <1.6, α decay 
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Y-100 is radioactive. Which mode of decay would be expected for this nucleus?

S-28 is radioactive. Which mode of decay would be expected for this nucleus?

U-235 is radioactive. Which mode of decay would be expected for this nucleus?
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Kinetics of radioactive decay

Rate = kN
The rate of decay is proportional to the number of nuclides. 

Half-Life

• Time required for the number of nuclides to reach half the original value.
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EX: A first order reaction is 35% complete at the end of 55 minutes. What is the value of k?

A sample of aluminum-32 is found to have an activity of 400. After 10 hours the activity has decreased to 200. What 
is the rate constant for the decay of aluminum-32?
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Thermodynamic stability of the nucleus: mass defect and binding energy

mass defect: 
difference in mass between actual and
hypothetical formation of a nucleus

binding energy

2
4He
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