
Date: June 1999

Course: SPH 4A1

Unit: Nuclear Physics

Lesson 3: Title: Nuclear Symbols and Equations

Apparatus needed: nucleide chart and periodic table (up on wall)

Lesson:

· Bohr Atom

QUESTIONS:

· What is in a nucleus? 

· What charge are the protons? 
· Do they repel or attract? 
· Why doesn’t the nucleus fly apart? 
· Why are there neutrons in a nucleus?

We need a force to hold the nucleus together -- postulate a new force called the STRONG NUCLEAR FORCE (between nucleons) - only when they are VERY close. This is one of the 4 fundamental forces of nature. it is stronger than the EM force, which in turn is stronger than gravity. It is very short range, acting only over 1E-15 m. 

As the atomic number increases, there are more and more protons in the nucleus ( with more . Neutrons help glue the nucleus together. When a nucleus gets bigger, more neutrons are needed to keep it together (refer to chart on wall, showing stable and unstable atoms) ( initially one neutron for every proton, then more are added.

Beyond a certain number of protons, nothing can hold the nucleus together, it will ‘fall apart’ (example a big blob of jello on a small spoon) into two smaller parts,  most commonly a smaller nucleus and a radioactive particle. All nuclei bigger than bismuth (Z=83) are unstable (i.e. radioactive -- the cannot stay together indefinitely).  Strangely, enough, if there are too many neutrons in a nucleus it is also unstable! 

You can never get two protons together nor two neutrons!

Q. What is radioactivity?  (need an example of something that is unstable) Radiaoctive means that the nucleus is unstable and tries to reach a stable state by emitting a high speed particle and changing to another nucleus.

How do we describe nuclei?

· Nuclear symbols: 


Recall that atoms contain protons and neutrons in the nucleus, with electrons orbitting the nucleus. Unlike chemistry, we are not concerned with electrons.  The number of protons determines what element it is. This is called the ATOMIC NUMBER (lower symbol). Most of the mass of the atom comes from the protons and neutrons. The sum of the two is called the atomic MASS NUMBER (top symbol). 


Example: 73Li  means that lithium has 3 protons and 4 neutrons.  ** This is also written as lithium-7.

· Isotopes

An atom can have different numbers of neutrons and still be the same element.  Atoms with the same number of protons but different numbers of neutrons are called isotopes.  Isotopes are identical chemically, but have different nuclear properties (e.g. radioactivity) and small differences in physical properties (e.g. boiling point, density)

Example: 73Li is stable, but 83Li is radioactive and emits a  beta particle.

(Aside: there are some other strange things that go on -- you can’t have a nuclues with just two protons or two neutrons together! -- a quantum number called isospin is used to try and explain this!)

Nuclear Equations and Decay schemes. 

There are various ways in which an isotope can decay (= emit particles = transmute to a different element) until it reaches a stable nucleus.

1.
alpha emission (nucleus emits an alpha particle) (this happens for large nuclei Z > 83, and maybe other situations too)
23892U --> ?  + (
23892U --> 23490Th  + 42He
(parent

daughter nucleus)
This is called nuclear transmutation (a nucleus changes into another element)

Note that both A and Z are conserved. The total A number on LHS =  total A on RHS. Same for Z 

2.
beta (normally when parent nucleus has too many neutrons) electrons must be written as 0-1e
146C --> ? + 0-1e  + ___
? = 147N
Another particle is also emitted (to conserve parity??) an antineutrino 


Where does the electron come from? the nucleus. It has way too much energy to come from an orbital. 
( 10n --> 11p +  0-1e  + 


(A proton can be written as 11p or 11H)
This implies that a neutron is unstable and can decay. In fact, this does occur, but only if it is isolated and not in a nucleus.  The fourth fundamental force of nature (weak nuclear force) is needed to explain this decay scheme.

(The nitrogen atom has one more proton now, so it has to pick up an electron from somewhere.)
See http://en.wikipedia.org/wiki/Beta_decay for example of CNO cycle: proton ( alpha
3.
electron capture (too few neutrons)
74Be + 0-1e --> 73Li + 00(
the electron is captured from the inner K (1s) shell. (1s2 2s2 2p3)
  



(gamma ray from filling electron hole)
Then  electron + proton ( neutron + neutrino
This also occurs in the formation of neutron stars.

4.
positron emission (when parent nucleus has too few neutrons – nucleus requires a certain minimum amount of energy to do this.)
1910Ne --> 199F + 0+1e + 00(




0+1e is an antielectron or positron. It will eventually collide with another electron and they will annihilate each other (matter + antimatter) producing 2 (-rays (mass changes to energy according to E = mc2)

Radionuclides  used in PET scanning are typically isotopes  with short half lives such as carbon-11  (~20 min), nitrogen-13 (~10 min), oxygen-15  (~2 min), and fluorine-18 (~110 min). Due to the short half lives of most radioisotopes (not F-18), the radiotracers must be produced using a cyclotron and radiochemistry laboratory that are in close proximity to the PET imaging facility. [wiki]

 As the radioisotope undergoes positron emission decay (also known as positive beta decay), it emits a positron, an antiparticle of the electron  with opposite charge. After travelling up to a few millimeters  the positron encounters an electron. The encounter annihilates them both, producing a pair of annihilation  (gamma) photons  moving in opposite directions. These are detected when they reach a scintillator  in the scanning device, creating a burst of light which is detected by photomultiplier tubes or silicon avalanche photodiodes. The technique depends on simultaneous or coincident detection of the pair of photons moving in approximately opposite direction (it would be exactly opposite in their center of mass frame, but the scanner has no way to know this, and so has a built-in slight direction-error tolerance). Photons that do not arrive in temporal "pairs" (i.e. within a timing-window of few nanoseconds) are ignored. The most significant fraction of electron-positron decays result in two 511 keV gamma photons being emitted at almost 180 degrees to each other. [wiki]

5.
gamma ray emission
Many nuclear reactions emit gamma rays as a byproduct as the nucleus is left in an excited state. It is hard to predict when they will occur. Each decay produces gamma rays of a characteristic energy, so that measuring the energy of the (-rays can identify the decay process.
23892U --> 23490Th  + 42He + 00(
OR:









Decay scheme for Boron-12.









Note that there are two possible









ways for it to decay (each has a









certain probability attached to it).









This is not unusual.

Technetium-99m or 99mTc ("m" indicates that this is a metastable nuclear isomer) is used in radioactive isotope medical tests: for example, as a radioactive tracer that medical equipment can detect in the human body.[5]  It is well-suited to the role because it emits readily detectable 140 keV  gamma rays, and its half-life is only about six hours. [wiki]

Molybdenum-99 is produced commercially by intense neutron-bombardment of a highly purified uranium-235 target with neutrons, followed rapidly by extraction. Molybdenum-99 has a half-life of approximately 66 hours [wiki]

99Mo → 99mTc + e– + νe
Significant quantities of highly enriched uranium (HEU)—more than enough to make a Hiroshima bomb—are used annually as neutron target material in Canadian, European, and South African reactors to produce the short-lived fission products used in nuclear medicine. The most important of these fission products is 99Mo, which decays into 99mTc, which is the most widely used medical radioisotope.  The U.S. supplies weapon-grade uranium to the Canadian radioisotope producer and might in the future provide it to the European producers as well. [wiki]

URANIUM-238 decay scheme. first part on board. get people to turn to page 691 and read out the rest

6. Nuclear fission. Must have a mass greater 230 (near thorium).

Only certain isotopes can be induced to fission by neutron bombardment (hyperphysics)

U-235, Pu-239, Th-232,  U-233 (not naturally occurring).

Once a fuel element has been used, the remaining fuel material is intimately mixed with highly radioactive fission products that emit energetic beta particles and gamma rays.

Homework:
 page 686 #4

 page 692 practice

page 679 practice questions
p 719 #9-11

(Next day: Assignment: pick a radioisotope greater than # ... and write down the decay scheme for it.)
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