HONORS CHEMISTRY

       Mr. Rivas           NUCLEAR CHEMISTRY II
Forces in the nucleus

As you know the protons and neutrons are made up of quarks. The protons are made of two up quarks and one down quark. Each up quark has a charge of +2/3 and each down quark has a charge of –1/3. As a result the net charge of a proton is +1 (2*2/3 – 1/3). The neutrons are made of two down quarks and one up quark for a total electric charge of zero (2/3 –2*1/3). The quarks are held together by the Strong force (also called the nuclear force and the color force). The strong force is carried between quarks by boson particles called gluons. 

The protons in the nucleus being both positive repel each other due to the electromagnetic force (like charges repel, unlike charges attract). We already know that the quarks in a nucleon attract each other very strongly. But the gluons located in different nucleons also attract each other but the interaction is mild. This interaction is actually a residual strong force which still is 100 times more powerful than the electromagnetic repulsive force. This interaction explains why the nuclei do not break apart. 


Here we show the quarks of two different protons interacting through gluons. This residual strong force (shown as rainbow arrows) overcomes the electromagnetic repulsion (shown by the black arrows).

This perpetual tug-of-war is sometimes won by the electromagnetic force and explains the radioactive disintegration. 

Man-Made Isotopes

Using nuclear bombardment we can convert stable isotopes into radioisotopes. In nuclear bombardment, high-speed particles are struck against stable nuclei. As a result of the collisions, the target nucleus and the projectile particle combine to form a new nucleus (transmutation). Since the nucleus is so small, only a few collisions are successful. In addition the bombarded particle must have enough kinetic energy to overcome the electromagnetic repulsion of the target nucleus. The kinetic energy of the colliding particle is transformed into mass in the new particle. 

The repulsion increases as the particle approaches the target nucleus because the electric force increases with the square of the distance. 
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Where:

Fe 
The electric force in newtons (N)

ke 
The Coulomb constant (8.99x109 N·m2/C2)

q1, q2 
The charges of the particles in coulombs (C)

                                     r            Distance between the particles in meters (m)

Rutherford (the scientist that discovered the nucleus) was the first one to use nuclear bombardment in 1919. He bombarded nitrogen with alpha particles from a radioactive source. He realized that oxygen and protons were produced. According to the following reaction
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Chadwick discovered the neutron in 1932 by bombarding beryllium with alpha particles as shown below


[image: image2.wmf]n

C

Be

1

0

12

6

4

2

9

4

+

®

+

a


A common notation for particle bombardment is:

   target nucleus (bombarded particle, ejected particle) remaining nucleus

Using this notation the above equation can be written as:
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To transfer kinetic energy to the bombarding particles we now a days use particle accelerators. There are several types of particle accelerators: linear accelerator, cyclotron, synchrotron, etc . All of them work by transferring energy to the projectile particles through alternating electric forces. 

One of them the cyclotron is shown below
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The hollow half circle boxed are placed within a magnetic field and charged with an oscillation electric field. As the particle is leaving a dee the polarity of the electric field is changed and the particle is sped again. This continues until the particle has achieved the desired kinetic energy at that point the particle exits the cyclotron to strike the target nuclei.

The particle accelerators have allowed us to produce radioisotopes not found naturally. All the elements beyond uranium are synthetic elements most of them created in particle accelerators. The synthesis of element 118 (Ununoctium) was accomplished recently (1999) by smashing lead nuclei into krypton atoms. See below
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Element 118 has a half-life in the order of 10–3 s. It decay by α emission.
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Decay Series

Frequently the daughter nucleus of a nuclear reaction will in turn be a radioactive nuclide (radioisotope). As expected the decay process will continue until an stable isotope is produced. Due to Heisenberg’s Uncertainty Principle, the decay mode of a particular isotope cannot be determined in advance. Nonetheless, the probability of the decay mode can be predicted base on available experimental data.  The sequence of steps that complete a decay process, from a radioactive nuclide to a stable one is known as the decay series of the radioactive nuclide (radioisotope). 

The decay series of uranium-238 is shown with some of the possible paths. 
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Binding Energy

The total mass of a nucleus is always less than the mass of its individual nucleons.  When nuclei of the elements from hydrogen to approximately oxygen are fused, energy is released. This release of energy causes a decreased in the mass of the nucleus. This change in mass causes the nucleons to be held tighter together so we say that the energy that bind them (The Binding Energy, BE) has increased. The highest BE in found in iron, nickel being a close second. It would be impossible to generate energy by fusing iron nuclei. On the contrary to join iron nuclei we must add energy. As seen in the graph below, we can generate energy by fusing nuclei up to iron. We can also generate energy by splitting nuclei from iron to uranium. As can be seen in the graph below, the amount of energy that can be generated by fusing hydrogen nuclei to form helium is considerably larger than the one we can obtain by splitting uranium nuclei. This explains the power of the hydrogen bomb (fusion) as compared to the atomic bomb (uranium or plutonium).
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Fission

In 1938 the German scientist Otto Hahn bombarded uranium nuclei with neutron and to his surprise he found Barium that nuclei of Barium had been formed. Now we know that the isotope uranium-235 can be split by bombardment of neutrons according to the equation:
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Due to the electric repulsion of the two nuclei formed in this case Ba and Kr, in addition to the kinetic energy of the neutrons, a large amount of energy is released.

In general in a fission nuclear reaction a nucleus is split into two nuclei of approximate equal mass. 

Currently we use nuclear fission to power nuclear reactor to generate electricity. The advantage of a nuclear reactor is that no polluting gases are released into the atmosphere. Some controversy exists on the safety of nuclear plants and the disposal of the radioactive material that is created during the operation of a nuclear plant.
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Currently we use nuclear fission to power nuclear reactor to generate electricity. The advantage of a nuclear reactor is that no polluting gases are released into the atmosphere. Some controversy exists on the safety of nuclear plants and the disposal of the radioactive material that is created during the operation of a nuclear plant.

As shown below a nuclear plant is nothing more than a gigantic boiler that uses the energy released by the fission of enriched uranium to oil water. The steam is transferred to turbine where the energy is converted to electricity.
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Fusion

The mechanism of fusion is the opposite of fission. In fusion two small nuclei are joined to form a larger nucleus. In the process energy is released. Normally two isotopes of hydrogen (deuterium and tritium) are fused to form helium as shown in the following equation:
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In order to overcome the repulsion of the electrons surrounding the hydrogen isotopes, it help to elevate the temperature of the hydrogen isotopes to approximately 40x106 K. At this temperature all the electrons has been stripped from atoms and the nuclei can be more easily fuse. Due to the high temperature required this reactions are termed thermonuclear reactions. 

Starts produce energy as a result of thermonuclear reactions between atoms of different elements. The fusion process stops when the result of the fusion process is iron or nickel. The formation of elements with a mass higher than iron take place in supernovas: implosions of large stars at the end of their life cycle.
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                      Fusion process of deuterium and tritium

Scientists are currently working in an international project to create electric energy using fusion (ITER project). The main advantage of using fusion is that the fuel is plentiful (isotopes of hydrogen) and produces no pollution (the only product is water). The best design is currently one proposed by scientists of the former Soviet Union. In the opinion of most scientists the success of the projects is many years away. 
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Design for a fusion thermonuclear reactor. All efforts have been unsuccessful.
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