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CHAPTER 21:  NUCLEAR CHEMISTRY

Introduction

Nuclear Structure and Stability [21.1]

Terminology



4 Types of Forces

¿What holds atoms together?

Nuclear Binding Energy

① electronagnetic

② gravitational

③ weak nuclear force (binding)

④ strong nuclear force



(EX) Calculate Nuclear Binding

¿What is the binding energy, BE, for the nuclide, ⁴₂He, in Mel/nucleus, given the Mass Defect is 0.0305 
amu. Recall 1 J = 1 Kg•m²/s².



Nuclear Stability   (Z/n ratio)



Sample Reaction Scenarios



(EX) Nuclear Reactions

¿Complete the following reactions . . . 

(EX) Relative Stability of Nuclides

¿Which is more stable:  K-39 or K-40?



(EX) Binding Energy per Nucleon

¿What is the BE for  ⁴₂He?



(EX) Calculate Binding Energy

¿What is the binding energy per nucleon, in MeV, for ⁵⁶₂₆Fe, given it has an atomic mass of 55.9349 amu?



Nuclear Equations [21.2]

Madam Curie first to isolate 
unstable element, polonium

James Chadwick discovered 
the neutron

Ernst Rutherford was the first 
to prepare radioisotope by 
artificial means

First controlled chain nuclear 
reactin started with . . .

Examples



Figure 21.6 Alpha particles, which are attracted 
to the negative plate and deflected by a 
relatively small amount, must be positively 
charged and relatively massive. Beta particles, 
which are attracted to the positive plate and 
deflected a relatively large amount, must be 
negatively charged and relatively light. Gamma 
rays, which are unaffected by the electric field, 
must be uncharged.

Radioactive Decay [12.3]

Key Terms

RADIOACTIVE DECAY – change of unstable nuclide to another



PARENT NUCLIDE – unstable nuclide



DAUGHTER NUCLIDE –  resulting nuclide



Types of Radioactive Decay

ALPHA DECAY

⮑ typical for large (A > 200, Z > 83)

⮑ daughter will have larger n/p ratio than parent



GAMMA EMISSION – quantum of high-every EMR

⮑ occurs when a daughter nuclide is formed in an 
excited ground state




BETA DECAY — emission of electron

⮑ essentially, neutron —> proton + electron

⮑ daughter will have smaller n/p ratio than parent




POSITRON EMISSION — emission of a “positive” electron

⮑ convert element fo next lower on PC; e.g. . . . 

⮑ occurs in low n/p parents  [n/p_daughter > n/p_parent]




ELECTRON CAPTURE

⮑ essentially, proton + electron —> neutron  (opposite beta-decay) 

⮑ same net result as positron emission  (choice is kinetically driven)






Figure 21.9 Uranium-238 
undergoes a radioactive 
decay series consisting of 
14 separate steps before 
producing stable lead-206. 
This series consists of eight 
α decays and six β decays.

Radioactive Decay Series

For heavier elements, there are three main decay series, allof which terminate at a stable isotope of 
lead, Pb-82.



Figure 21.10 For cobalt-60, which has a half-
life of 5.27 years, 50% remains after 5.27 
years (one half-life), 25% remains after 10.54 
years (two half-lives), 12.5% remains after 
15.81 years (three half-lives), and so on.

Radioactive Half-Lives

Follows 1st order kinetics



(EX) Calculate Time to Decay    [21.6 check]

¿Radon-222 has a half-life of 3.823 days. How long will it take 0.750 g of 86Ra-222 to decay to the point 
that only 0.100 g remains?



(EX) Calculate of an item (‘rate proportional to N’ assumption)   [21.6b]  

¿Samples of seeds and plant matter from King Tutankhamun’s tomb have a C-14 decay rate of 9.07 
disintegrations/min/g of C. How long ago did King Tut’s reign come to an end?



Nuclear Fission

FISSION – decomposition of unstable, large nuclie



CHAIN REACTION – decompositon of fewer nuclei 
provide enough mass and energy to cause greater 
number of nuclei to decompose



FISSILE (or FISSIONALBE) – material that can 
sustain a nuclear fission chain reaction



CRITICAL MASS – amount of material needed to 
sustain chain reaction



SUBCRITICAL MASS – amount of material that 
can NOT sustain chain reaction



SUPERCRITICAL MASS – amount of material that 
causes an increase in the rate of fission 





Fission Reactors

CONTROL RODS

⮑ controls reaction by adjusting # slow neutrons

⮑ material = boron, cadmium




COOLANT

⮑ carried heat to boiler

⮑ ex:  water, molten salt, lead


MODERATOR

⮑ slows neutrons to a speed low enough to 
cause fission

⮑ ex:  graphite, heavy water (D2O, ^2H20)


NUCLEAR FUEL

⮑ fissionalbe isotope

⮑ U-235  (U-238 not fissionable) 




Nuclear Fusion and Fusion Reactors

Thermofusion


