Nuclear Chemistry Class Notes

Nuclear Chem refers to the nucleus, which is tptdiliferent than this whole class so far. We'vemhall
about electrons since day one. There are 118 atom®n the Periodic Table of the Elements. Allda
isotopes, that means chemically identical atomk witlifferent number of neutrons (some more, s@ss)!
Most of the time this just means they have a digtitferent mass. No biggie at all. There arane1500
different known isotopes, and all are stable, exé@pabout 150 of them

Stable atoms have a nucleus that is “comfortabi#i s neutron to proton ratio. Let’'s look atr#e atoms,
one small one, one medium sized, and one bigger beies figure out the neutron to proton ratio &ach.

. Atomic Mass Atomic # ratio of neutrons
size name . Number of Neutron
(most common isotope) (number of protons) to protons

small oxygen
medium copper
larger mercury

Each of these atoms is stable, that means it'ngdias a “comfortable” neutron to proton rationaSer
atoms have close to a 1:1 neutron to proton rdfledium sized atoms have a slightly higher ratioser to
a 1.25:1 ratio. Larger atoms have a 1.5:1 ratioenitrons to protons.

Sometimes the ratio of neutrons to protons reaahmsnt that is just gross for the nucleus, andequerally,
the nucleus needs to expel some of itself in angit to change the ratio of neutrons to protonfiatgets
expelled is called radiation, or radioactive padesc Sometimes (like having food poisoning) orgedpit out
is enough to bring about stability, sometimesketamore than several steps to get back to stable.

Sometimes this is a quick process, sometimeséstakillions of years. All isotopes try to stalslitheir
nuclei in their own way, and at their own rate.eyleach spit out particular kinds of radioactivetipkes
(or energy), and do so at a very, very regular, tateeach goes at it's own rate.

Table N lists 24 radioisotopes for us to revienadRisotopes means radioactive isotopes (unstable).
Let’s look at table N now.

The first radioactive isotope is called Gold-198s symbol is**®Au. On the periodic table we see the
most common isotope of gold has mass of 197 anhis radioactive one has one extra neutron, which is
apparently enough to make it unstable. All gottopes have 79 protons, that's what makes themigold
the first place.




How many protons, neutrons and electrons do eatiese isotopes of gold have?

isotope mass number of number of number of another way to

198Au

197Au

The ring on my left hand is made of gold-197. owrthat for 2 reasons, it’s still on my finger, aram not
dead from radiation poisoning. Both reasons ma&dappy.

This Au-198 emits radiation. That'’s listed as ttlecay mode” in table N. This gives off radiatiatth a cool
lower case Greek letter called beta, with a negatign. Draw it into the boxes below

In the chemical symbol, each part means... Greek Letter Symbol Chemical Symbol

BETA
PARTICLES

When beta radiation (radioactive particles) aretealiby a nucleus of Au-198, the ratio of the nensrto
protons changes, which is the reason it seemspjpema The math works this way: the numbers “entdip”
equal across the arrow. The numbers on the batpral across the arrow as well. Then we use thedte
Table to see what happens! Strangely, when an atoits radiation, it transmutes (changes into)f@mint
kind of atom. It's easy to do the math, but winyhow this is possible is still pretty hard to exipl

198 0 198
79 Au € T 5 Hg

In this case, atoms of gold become atoms of merctihys is not “normal” chemistry but it is nuclezgrem.
Atoms that are unstable will transmute into othten®s when the nucleus attempts to get more stable.



Look now at radioactive carbon, carbon-14. Mosbon has mass of 12 amu, this one has 2 extraamsutr
and is unstable. It emits beta radiation, whak ivitansmute into?

14 0
- C *.€ T+

We can say this several ways: Carbon-14 emitsraéiation and transmutes into nitrogen-14. Carbé
undergoes beta decay and becomes nitrogen-14. etiitd radiation and changes into nitrogen-14.

Show the transmutations for these 2 isotopes (@addl numbers and symbols):

v

60 CO

°H

v

The isotop€’Ca does something different, it emits a differentllof radiation.®'Ca emits a particle

named the particle. It has tfferent symbols as well, which are

Show the transmutations for these 2 isotopes (@addl numbers and symbols):

37 Ca

v

v

> Fe

Francium-220 undergoes a third type of transmutatpemitting particles called
particles. The chemical symbol for this is

Show the transmutations for these 2 isotopes (@addl numbers and symbols):

220 Fr

v

239 Pu

v



Show the transmutations for these 3 isotopes (@addl numbers and symbols):

19 Ne

v

222 Rn

v

O Sr

v

Radioactive Decay occurs as slow or as fast aantswto. 100 grams of radioactive Au-198 will decdo
50 grams of Au-198 in 2.695 days. That amounimétis called its HALF LIFE. Why is it that longa&ctly?
No one can explain that. That's a Nobel Prize wgifor you. The half life of C-14 is 5715 yeaM/hy does
it take THAT long? Who knows? That means if yaud 100 grams of C-14, it would take 5715 yearh#if
of it to transmute, leaving you with just 50 graofi<C-14.

If you have 12 grams of radioactive C-14, how levayld it take until you have just 3 grams of it® figure
this sort of half life problem out, you need a Tadh

12 grams 6 Tams 3 grams

NOW 5715 yea 11,430 years

In our class we will always work this out to a “Wwaamumber” of half lives. In college, with a fanfyymula,
you could figure out how many years it would tagdnave just 2.75 grams left. It's not that hanat, Wwe’ll
stick to the easy problems.

Half life problems can be done in TIME, in MASS HALF LIVES, FRACTION LEFT OVER, or
DECIMAL LEFT OVER. Review this T-Chart for all.

You have 100 grams of Au-198. This is how it pext®to decay

100 g 509 25¢g 125¢g 645 3.125¢g
NOW 1H.L 2 H.L. 3 H.L 4 H.L. 5H. L.
Whole half quarter eighth sixteent 32nd
100% 50% 25% 12.5% 6.25% 3.125%

1.00 0.50 0.25 0.125 0.662 0.03125



If you have 128 grams of cesium-137, how long urdil have just 8 grams left? Then, what perceth®fvhole will

still be radioactive cesium?

How long is the half life of U-233? (write out iumber)

v

years

How long is the half life for iron-537?

Which has a longer half life, strontium-90, or cesil377?

There are six kinds of radiation listed in table Ahswer these questions....

What is the particle with the greatest mass?

What is the name of the radiation that has no raad:o charge?

What is the chemical symbol for a positron?

What 3 Greek letters that describe the first 3 $ypieradiation?

Which of those is negatively charged?

Which of the six radiation types is blocked by pameskin?

Which has the MOST penetrating power of thelf al

Which has mass but no charge?

Which radioactive particle has massanrd charge?

Which radioactive particle hassshand a +2 charge?

Which radioactive particle has NO mass and a +igeta

&t radioactive particle has mass and NO charge?

Which radiation type is good for living things?




When radioisotopes undergo decay, it just happexBLNRALLY. No human acts can make it happen,
make it go faster, or slow it down. It's unaffettey heat, cold, pressure, etc. It just happétmswy do these
radioactive isotopes “know” when to transmute, aen it's the atom next to it's time to transmutstead?
That’'s another Nobel Prize waiting for you.

Sometimes scientists can force a transmutationem&KT IFICIAL TRANSMUTATION occur. To do such
a thing scientists blast atoms with neutrons (otgns, alpha particles, etc.) and hope to hintingei that
they are aiming at. If one of these particles juiss right, and “gets into the nucleus”, the nuslean
become so unstable that it will transmute artifigia

If scientists can do this enough in a short timeg close space, it can set off what’s called @ncteaction.
This is a kind of nuclear explosion.

The “splitting” of an atom can be caused by bomimaydiranium-235 nuclei with neutrons, they can rea
U-236, which is unusually unstable. This isotopkts into two other atoms, Kr-92 and Ba-141. elieases
three more neutrons, which then will split more 862sotopes. This 1 neutron creates 3 neutronshwh
creates 9 neutrons, which creates 27 neutronshvangates 81 neutrons, which creates 243 neutetms,
Makes for an ever increasingly big reaction. Viitifficient U-235, in seconds this can occur so ntangs
that a nuclear explosion big enough to destroygelaity can happen. Below is a simplified versibihis.
We will discuss this at length soon.

BU+n°— U - "%r+ Ba + 3n° + energy

It's important to note the energy at the end oféfaation. It's not a lot of energy when one wiamisotope
is split into krypton and barium, but as this cgclhat amount of energy becomes mind bogglingbyela

Let’s first look at the math. 235 + 1 =236 = 9241 + 3 = 236 total. It appears that all of éineu are
accounted for. Now it's time for some truly outtbé world ideas. Try to hold them close for alehi.

In very advanced chemistry and physics there arelfasic forces: gravity, the weak force, electrgnsic,
and the strong force. They are listed in “strehgtider. Gravity is the weakest, it holds larggeais togeth-
er. The weak force allows for some radioactiveagleElectromagnetic force is involved with cherhica
bonding, and finally, the strong force is what tsollde protons and neutrons together so tightlynondeus.
That’s a very strong force, as the protons arpaiitively charged and should repel from each otAdrey
don’t because the force holding them togethetesdily, very strong.

Remember Albert Einstein? He gave us a cool foarouake, you already know it. E=mcVery simply,

that means that energy is equal to matter X thedspélight squared. The speed of light is a camista very,
very big constant, squared here. The importarithgae is that energy = matter. It's the same,\ith
different units.

When U-235 becomes U-236, then splits apart intarkt Ba, a very small amount of mass is converted i
energy. The loss of mass approximates 0.10% dfrlgenal uranium, but, it's multiplied by the huge
constant (squared). This mass to energy transtameeleases millions of more times energy than an
kind of chemical reactions. Combustion is less thanosquito to the elephant of fission (the spitof
uranium atoms).

The Law of Conservation of Matter appears to brea@ss is lost, but Einstein was able to “find” timass,
which was converted into energy.



A second type of nuclear reaction is fusion. Fussowhen small atoms, usually hydrogen are sqdigtte
helium atoms. This also results in a very tinyvarsion of mass to energy, but is incredibly marergetic
than fission.

Fission reactions power a nuclear power plant antkesnuclear bombs. The Sun is powered by fusion.

Simple fusion on the Sun, which has incredible gwes and temperature in it's core, is able to $gsisple
hydrogen atoms (4 at once) into helium atoms (@mgi neutrons in the process) and creating tremesnd
energy release.

On Earth, scientists cannot create that pressuengerature, so a different version of fusion lcarstarted.
Using radioactive hydrogen isotopes, squished énaidhamber by the explosion of a fission bomb,cceate
a hydrogen bomb. The power released is unconbigllauge, and these reactions have been usedronly i
testing for weapons of mass destruction. The baintygped in Japan by the USA during the end of Worl
War Il were fission bombs, and relatively smalltbgay’s models. A hydrogen bomb is much, much more
destructive. Below are the reactions that occutherSun, followed by fusion scientists can malkgplea.

Simplified Fusion on the Sun is done this way:“4H- “He + 2n® + energy

Simplified Fusion on Earth is done this wagH + *H — “He +n° + energy

The radioactive isotopes of hydrogen used in Halon are called deuterium and tritium (for mak2,0
and mass of 3). The “regular” isotope of the ntmshmon hydrogen atoms is called protium.

Nuclear fission is used by scientists all ovenloeld to power nuclear power plants. All thesenggado is
create a lot of heat, boil a batch of water, thiest@am is pumped under high pressure through pipes
used to turn the blades of turbines. Turbines Bpge, powerful magnets around copper wire, which
creates moving electrons, which is electricity.

Nuclear power has both positive points, and negaiines, which are the “pros” and the “cons”.
How you feel about nuclear power is important, youir thoughts should be based in facts. Learnkthi
then make the signs for your side of the proteBiiste are some facts to ponder.

Some “Pros” in favor of nuclear power...

1. There are no green house gases produced wsthglpbal warming is lessened if we burn less ooaiil
to make heat to produce electricity.

2. There is little waste in size, in fact ALL othvaste ever produced by all American nuclear pghaartts
could easily fit onto our high school foot balllieand only be 10-15 feet deep.

3. Nuclear power creates relatively cheap eletyrmnce the plant is produced, and it employs n@aegple.
4. No one has ever died from radiation poisonimdram any reactor breakdown or leak.

5. Electricity is good, nuclear power makes heatlgand produces lots of electricity for citiesidnesses,
homes, and fun.



Some “Cons” against nuclear power...
1. The wastes produced are radioactive and dangéwothousands (or millions) of years.

2. We don’t know where to put this stuff, nor cam lring it somewhere, or think that we can proitect
from getting into the environment, or letting tersts from obtaining it. Ask where it is right now

3. Although the waste can’t explode like a nucleamb, it can be spread out by bundling it to regula
explosives, creating “dirty bombs” that spread aéidn, fear, and economic havoc.

4. Plants cost billions and are subsidized by gowents at the expense of taxpayers.
5. No one wants to live near a power plant, in ¢aeg melt down.

6. They melt down, think of what happened a fewyéack at Fukashima, Japan, or to Chernobyl irsidus
At Three Mile Island in Pennsylvania there was at@meltdown, but it was luckily averted at th&t la
moments.

7. The longer we rely on nuclear we postpone tiveldpment of solar and wind power, both
environmentally safer.

Nuclear chemistry in medicine.

Scientists and doctors have learned to use radiatid radioactive isotopes in medicine. Very small
exposures to radiation, although bad for humansusad to benefit us. For instance, some peoytlte wi
tumors or cancer are given radiation treatmenteyTdre literally “shot” with beams of beta partglevhich
come from cobalt-60 atoms, to destroy the cantée beta radiation is aimed only at the tumors civikills
them. On the way into the body, the radiation &ifie healthy cells. The thought is that killitlge cancer is
primary and needed, hopefully the cancer can beayesl and then the rest of the body can recovérs
does work.

Radioactive lodine-131 is sometimes injected inp@eson’s veins (small amounts) to see if thatqréss
thyroid gland (in their neck) absorbs iodine priypeAt a set time later, a special radiograph ssaaken of
their neck which measures the uptake of this iadifh@sufficient radiation is detected, doctorsokv that the
gland is not functioning properly and hormone tpgrs needed. The amount of iodine is tiny andniié
life is short, that the exposure is small enoughdip more than harm.

Scientists can also use radioactive carbon tottateold once living material (frozen mammoths dresa
tooth tigers, for example) are. Radioactive carbdns a very small portion of all carbon and isnied when
neutrons from the Sun blast into atmospheric némdorming C-14. Plants absorb carbon in the foff60,
during photosynthesis. Animals and people eaktpémts, people eat animals as well. The amduratdoo-
active carbon is nearly constant, and is in alhtihings in the same proportion. Although vemad, since
it emits beta radiation, it's easily detectablesbientists.

Once something dies, it stops absorbing C-14,tlkgaps transmuting. Over time, the amount that
transmutes is measurable. In 5715 years (thdifeglbnly half the expected C-14 is present. ffamimal
dies, and is physically preserved in ice, or bumedny protective way, then found, the C-14 toZritio c
an be measured, and with the math, it can be detednmow long ago this dead organism stopped remac
C-14 (due to it's death) by the ratio measureds #ccurate to 60,000 to 80,000 years, but nadaon
Dinosaurs have been dead far too long to measur I€vels.



