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The Basics
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# nucleons

Al

13

27

13 protons

14 neutrons
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[image: image3.emf]1/12 the mass of C-12 atom

Subatomic Particles

Particle  mass in kg  mass in u   electron  9.11 x 10 - 31  kg  5.485 x 10 - 4  u   proton  1.673 x 10 - 27  kg  1.0073 u   neutron  1.675 x 10 - 27  kg  1.0087 u      

Atomic mass unit
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[image: image4.emf]Mass Defect

Carbon weighs 12.000 u

Total weight = 12.096 u

6 protons @ 1.0733 u = 6.0438 u 

6 neutrons @ 1.0087 u = 6.0522 u

Mass of atom less than total weight of nucleons



m = mass nucleons - mass nucleus

Missing mass is the mass defect
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[image: image5.emf]Einstein’s Equation

E = mc

2

Energy and mass are interconvertible

Mass is converted 

to energy when protons

& neutrons are packed 

together to form nucleus

Mass lost = force of 

attraction holding nucleons

together
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[image: image6.emf]Binding Energy Curve

Increasing stability

The greater the BE, the 

greater the stability

56

Fe greatest stability
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[image: image7.emf]Want to become smaller

Want to

become 

larger

Nuclei try to become larger or smaller to attain stable

number of nucleons
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[image: image8.emf]How Many Neutrons?

• Number of neutrons in a nucleus can vary

• Range limited by degree of instability 

created by having 



too many neutrons



too few neutrons

• Stable nuclei do not decay spontaneously

• Unstable nuclei have certain decay 

probability
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[image: image9.emf]Nuclear Stability Facts

• 270 Stable nuclides

• 1700 radionuclides

• Every element has at least one one 

radioisotope

• Light elements (Z



20), Z:N ratio is ~1

• Z:N ratio increases toward 1.5 for heavy 

elements

• Z>83, all isotopes are radioactive
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[image: image10.emf]Nuclear Stability Facts

• The greater the number of protons, the 

more neutrons are needed

• “Magic numbers” 

– unusually stable # protons or neutrons 

– 2, 8, 20, 28, 50, 82, 126 

• Sn (Z=50) has 10 isotopes; In (Z=49)& Sb (Z=51) 

have only 2

• Pb-208 has a double magic number (126n, 82p) & 

is very stable
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[image: image11.emf]Band of Nuclear Stability

• Plot of known isotopes on  

neutron/proton grid

• Stable isotopes form a 

band of stability from H to 

U

Band of Stability


	Z:N ratios to either side of this band too unstable & are not known
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[image: image13.emf]Nuclear Band of Stability
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[image: image14.emf]Radioactivity

The spontaneous decomposition of an 

unstable nucleus into a more stable nucleus 

by releasing fragments and/or energy.
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[image: image15.emf]Some Types of Radioactive 

Decay

• Alpha Decay (increases N:Z ratio)

• Beta Decay (decreases N:Z ratio)

• Gamma Decay
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Z

A

X             

Z-2

A-4

Y  +  

2

4



Identity of the atom changes
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Quick way for a large atom to lose 4 nucleons
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[image: image17.emf]Beta Emission

• Ejection of a high speed electron from the nucleus
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• Identity of atom changes
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[image: image18.emf]Gamma Emission

• Emission of high energy electromagnetic 

radiation

• Usually occurs after emission of a decay particle 

forms a metastable nucleus

• Does not change the isotope or element
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[image: image19.emf]
	Alpha Particles

relatively heavy and doubly (+2) charged

lose energy quickly in matter

Beta Particles

much smaller and (-1) charged

interact more slowly with matter

Gamma Rays & X-rays

high energy 

more lengthy interaction with matter

Hazards of Radiation Types

Alpha Emissions

easily shielded

considered hazardous if alpha emitting material is ingested or inhaled

Beta Emissions

shielded by thin layers of material

considered hazardous is a beta emitter is ingested or inhaled

Gamma Emissions

need dense material for shielding

considered hazardous when external to the body
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How Many Neutrons?

Number of neutrons in a nucleus can vary

Range limited by degree of instability created by having 

too many neutrons

too few neutrons

Stable nuclei do not decay spontaneously

Unstable nuclei have certain decay probability
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Mass Defect

Carbon weighs 12.000 u



Mass of atom less than total weight of nucleons

m = mass nucleons - mass nucleus

Missing mass is the mass defect



Total weight = 12.096 u



6 protons @ 1.0733 u = 6.0438 u 

6 neutrons @ 1.0087 u = 6.0522 u
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The Nucleus
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# nucleons
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13

27



13 protons

14 neutrons
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NUCLEAR CHEMISTRY

The Basics
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1/12 the mass of C-12 atom

Subatomic Particles



Atomic mass unit





			Particle


			mass in kg


			mass in u





			electron


			9.11 x 10-31 kg


			5.485 x 10-4 u





			proton


			1.673 x 10-27 kg


			1.0073 u





			neutron


			1.675 x 10-27 kg


			1.0087 u










Particle  mass in kg  mass in u   electron  9.11 x 10 - 31  kg  5.485 x 10 - 4  u   proton  1.673 x 10 - 27  kg  1.0073 u   neutron  1.675 x 10 - 27  kg  1.0087 u      
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Binding Energy Curve

The greater the BE, the greater the stability

56Fe greatest stability



Increasing stability
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Einstein’s Equation

E = mc2

Energy and mass are interconvertible

Mass is converted 

to energy when protons

& neutrons are packed 

together to form nucleus

Mass lost = force of 

attraction holding nucleons

together 
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Want to become smaller

Want to

become 

larger

Nuclei try to become larger or smaller to attain stable

number of nucleons
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+ Very unstable nuclides (T% < 1 day)

& Unstable nuclides (T% > 1 day)

® Stable nuclides
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Nuclear Stability Facts

		The greater the number of protons, the more neutrons are needed

		“Magic numbers” 

		unusually stable # protons or neutrons 

		2, 8, 20, 28, 50, 82, 126 

		Sn (Z=50) has 10 isotopes; In (Z=49)& Sb (Z=51) have only 2

		Pb-208 has a double magic number (126n, 82p) & is very stable
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Nuclear Stability Facts

270 Stable nuclides

1700 radionuclides

Every element has at least one one radioisotope

Light elements (Z20), Z:N ratio is ~1

Z:N ratio increases toward 1.5 for heavy elements

Z>83, all isotopes are radioactive














_1142836118.ppt


Band of Nuclear Stability

		Plot of known isotopes on  neutron/proton grid

		Stable isotopes form a band of stability from H to U



Band of Stability



Z:N ratios to either side of this band too unstable & are not known
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Radioactivity

The spontaneous decomposition of an 

unstable nucleus into a more stable nucleus 

by releasing fragments and/or energy.
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Nuclear Band of Stability
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Alpha Emission

ZAX             Z-2A-4Y  +  24

Identity of the atom changes

92235U           90231Th  +  24

Quick way for a large atom to lose 4 nucleons
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 Some Types of Radioactive Decay

Alpha Decay (increases N:Z ratio)

Beta Decay (decreases N:Z ratio)

Gamma Decay
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Gamma Emission

Emission of high energy electromagnetic radiation

Usually occurs after emission of a decay particle forms a metastable nucleus

Does not change the isotope or element
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Beta Emission

Ejection of a high speed electron from the nucleus

ZAX               Z+1AY  +  0-1

1940K           2040Ca  + 0-1

Identity of atom changes
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Alpha Particles

relatively heavy and doubly (+2) charged

lose energy quickly in matter

Beta Particles

much smaller and (-1) charged

interact more slowly with matter

Gamma Rays & X-rays

high energy 

more lengthy interaction with matter



Hazards of Radiation Types

Alpha Emissions

easily shielded

considered hazardous if alpha emitting material is ingested or inhaled

Beta Emissions

shielded by thin layers of material

considered hazardous is a beta emitter is ingested or inhaled

Gamma Emissions

need dense material for shielding

considered hazardous when external to the body














