
Nuclear Chemistry

Bravo – 15,000 kilotons



Nuclear Symbols

Charge
Mass number
(p+ + no)

Atomic number
(number of p+)

U235

92
Quantity
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Radiation is 

• Plot device for 
fiction

• Scary

• Deadly

• Life saving

• Misunderstood

• Useful



Chernobyl Nuclear Reactor Meltdown April 26th 1986
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Effects of ACUTE Exposures

Dose (rads*) Effects

25-50
First sign of physical effects

(drop in white blood cell count)

100
Threshold for vomiting 

(within a few hours of exposure)

320 - 360
~ 50% die within 60 days 

(with minimal supportive care)

480 - 540
~50 % die within 60 days

(with supportive medical care)

1,000 ~ 100% die within 30 days 

* For common external exposures 1 rad ~ 1 rem = 1,000 mrem



Nuclear Stability

Which one looks more 
unstable to you?

Why?





Alpha 
Radiation

 Alpha Decay is the 
literally the ejection 
of a Helium nucleus

 It is Weak Sauce
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Alpha Radiation Is Only a Hazard When 
Inside Your Body (Internal Hazard)

Your skin will stop it

can’t penetrate skin internal hazard

stopped by paper

found in soil, 

radon and other 

radioactive 

materials



Beta 
Radiation

So this is weird, but 
follow me on this. 

 Beta occurs when a neutron 
breaks down into a proton 
and an electron

 The electron is ejected 
from nucleus
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Beta Radiation Is a Skin, Eye and 
Internal Hazard

skin, eye and internal hazard

stopped by plastic

found in natural food, air and water



Beta 
Radiation

Gamma is the GOAT, 
And by GOAT I mean the 
greatest of all time at being 
DANGEROUSLY DEADLY

 Gamma is pure ENERGY 

 ENERGY is a wave 

 Gamma-rays as a wave 
 highest energy
 highest frequency
 smallest wavelength
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X-ray  and Gamma Radiation Are 
Penetrating Radiation and an External 

Hazard

stopped by lead

naturally present in 

soil and cosmic 

radiation

found in 

medical 

uses



The red lines         represent penetrating power 



Types of Radioactive Decay

• Identify the following chemical equations as 
Alpha, Beta, Gamma, or More than 1
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Ionizing Radiation can Damage 
DNAIonizing radiation 

has the ability to 

ionize* atoms and 

molecules, possibly 

altering structure 

and function.

* ionize = produce

positive and negative 

electrical charge
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How do we Measure the Amount 
of Radiation?



Summary

3 types of radiation emitted from radioactive nuclei

They are as follows... 

Alpha: Radiation or Particle:   Alpha Particles are the same thing as a Helium 

Nucleus (2 protons & 2 Neutrons). This is the largest, slowest, and weakest of the 3. 
Penetration can be stopped by pretty much anything (such as paper or skin.)

Beta: Radiation or Particle:  Beta Particles are electrons. They have mass but 

much-much less than Alpha. They have much more penetrating power than Alpha, 
(but can’t come close to Gamma’s Power). A thick wooden board or aluminum foil can stop 
Beta. 

Gamma: Radiation in form of wave: Gamma is the highest energy form of a 

wave. It is DEADLY!!! To shield your self from Gamma you would need several feet of 
concrete or several inches of dense lead or steel to stop it.



Half Life 

Half-life is the time required for a quantity to 
reduce to half of its initial value. 

The term is commonly used in nuclear physics to 
describe how quickly unstable atoms undergo, or 
how long stable atoms survive, 

Also called: radioactive decay



Spontaneous Random Decay & Half 
life

Radioactive decay is random & not affected by 
outside factors. There is no way of knowing whether 
a particular nucleus will decay.



We can only know the chances 
of a decay happening in a 
sample.

21



Rate of Decay is proportional to number (N) 
of atoms in the sample. 

If large number of atoms, the number 
decaying would be larger.

Radioactive decay is an exponential process.

The number, N, of parent atoms decreases 
exponentially over time so do the number of 
decays/ unit time.

22



As number of 
parent atoms 
decreases, 
the rate in 
units per 
second 
decreases 
exponentially.

The daughter 
product grows 
as a mirror 
image. 
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Half Life t1/2 defined as:
time it takes for half of original parent in 
a sample to decay, or time for original 

mass to be halved, or time for activity to 
be halved.
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Activity in counts/sec (Bq) easier to 
measure. It’s the decay rate of the 
sample.
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What is the half life of this 
sample?

26



Ex 1: The half life of Quinnium is 4 

days. If we start with 160 g of pure 

Quinnium , how much will be left after 

12 days?

27
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How Unstable Is It?
• The “Half-life” describes how quickly Radioactive Material 

decays away with time.

It is the time required for half of the unstable atoms to 
decay.

• Some Examples:
– Some natural isotopes (like uranium and thorium) have half-lives 

that are billions of years
– Since Earth is about 5 billion years old, short lived naturally 

produced isotopes gone
– Most medical isotopes (like 99mTc) last only a few days



NUCLEAR REACTIONS



Fission

Fission - Splitting a 
heavy nucleus into two 
nuclei with smaller mass 
numbers.



A Fission Reactor



Deuterium – Tritium Fusion Reaction

Fusion - Combining two light nuclei to 
form a heavier, more stable nucleus.



Nuclear Fusion Powers the Sun!!!

H-Bombs

But…. In order to create 
the conditions for an H-
bomb, a fusion powered 
atomic bomb must be used 
as the “Trigger”, um…. yeah

&



Energy and Mass

Nuclear changes occur with small but measurable 
losses of mass. The lost mass is called the mass 
defect, and is converted to energy according to 
Einstein’s equation:

DE = Dmc2

Dm = mass defect

DE = change in energy

c = speed of light

Because c2 is so large, even small amounts of 
mass are converted to enormous amount of 
energy.



II. Chain Reaction
• Chain reaction

– Nucleus captures a 
neutron and splits into 
fragments and 
produces three 
neutrons

– Products start a new 
reaction

• Critical mass

– The minimum mass 
required to support a

self-sustaining chain 
reaction





Summary: Two types of Nuclear Reactions, and they both release way more 
ENERGY than chemical reactions. 

Nuclear Fission: Larger Heavier Nuclei are split into smaller lighter nuclei. 
We currently use Fission for nuclear power, which is great due to the amount of 

ENERGY it release from each small piece of fuel

a million times more energy per pound than fossil fuels (coacl)

ZERO air pollution

it does create radioactive waste that will remain radioactive for like hundreds of 

thousands of years.

Storing or disposing of this nuclear waste (radioactive) is a major concern

Oh Yeah… Nuclear Meltdowns at Power Plants is pretty bad to!

Nuclear Fusion: Small Lighter nuclei combine to form larger heavier nuclei

The Future of Energy: No Pollution, No Radioactive Waste, Nothing Bad! Periodt Pooh

Can’t figure out how to control it so we can use it. 

One of the Most Energetic Processes Known in the Universe


