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Radiation
Isotopes & Stability (Nuclides)
Nuclear Decay/ half lives
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/chemconnections.org/general/movies/Radioactivity. MOV 8.4
clear Decay / Radioactivity j
Unstable nuclei are radioactive. They “decay”, i.e.

they emit particles, which lead to different elements
and isotopes that can be detected and accurately

measured.

Separation of Alpha,

Beta, and Gamma Rays

http://chemconnections.org/general/movies/radioactivityofeverydayob.mov
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Nuclear Particles j‘ ~
mitted from unstable nucleii —*

Emitted Nuclear Particles:
Mass Charge Symbol

% alpha particle 4amu +2 = $HE+:(3Heda
» bela particle verysmai -1 e _(1)13
® gamma very very small 0 Y

positron very small +1 b

Atomic Particles

INDAMENTAL PARTICLES:
Mass Charge Symbol

lucleus:
8 PROTON 1 amu +1 H*, H, p
. 1.67x10% kg
s NEUTRON 1amu 0 n
* 1.67x10% kg
s ELECTRON very small -1 e-

* ~2000 x smaller than a proton or neutron

This particle is said to “hold” or “bond” atoms together in
molecules.

http.//www.nndc.bnl.gov/chart/
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QUESTION

In alpha decay, the nucleus looses the equivalent of
2 protons and the element’s atomic number (a.n.) is
decreased by 2, producing another element whose
(a.n.) is 2 less.

What is the change in atomic number of a nucleus

that results from beta decay?
A. +1 Emitted Particles:

B. +2 Mass emitted
c. -1 .

b. —o ¥ alpha particle +2amu

E. 0 ® beta particle  -1amu

Nuclear Penetrating Power @

alpha particle: low
§He2+;(‘2‘1-1e);§a
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QUESTION

Which type of radioactive emission is the

most penetrating?

Emitted Particles:
A. Alpha Mass Charge
B. Beta |y alpha particle 4amu +2
C. Gamma 3
D. Delta » beta particle verysman -1
E. Zeta » gamma very very small 0

Answer

In alpha decay, the nucleus looses the equivalent of
2 protons and the element’s atomic number (a.n.) is
decreased by 2, producing another element whose
(a.n.) is 2 less.

What is the change in atomic number of a nucleus
that results from beta decay?

A. +1 Emitted Particles:

B. +2 Mass emitted
8' _, ¥ alpha particle +2amu
E. 0 » beta particle -1amu

Nuclear Penetrating Power
Human Absorbtion & Health Effects

( ‘Nothing in life is to
J be feared; it is only to
be understoc

and X-rays \\
*Radiation effects are cumulative (n)}ada
«rad = radiation absorbed dose ( @91:4
*rem= radiation equivalent for man=(1rem = 1 rad x Q; Q=1 for
B, v, X-rays; Q= 3-10 for neutrons; Q=10 for p+; Q= 20 for a-particles)
*Background radiation = 0.13 rem
*Annual exposure limit is set at 0.17 rem above background
*Dosimeters measure radiation absorbed

Answer

Which type of radioactive emission is the
most penetrating?

Emitted Particles:
A. Alpha Mass Charge

B. Beta |y alpha particle 4amu +2
C. Gamma 3
D. Delta  |¥ beta particle verysmai -1

E. Zeta » gamma

very very small 0
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Medical X-Rays
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" First Medical X-Ray (1895)
Mrs. Element #111’s hand and ring

(What’s her name?)
Mrs. Wilhelm Réntgen

Answer

Where does most of our yearly exposure to
radiation come from?

A. Nuclear power plants

B. Smoke detectors

C. Medical X-rays

D. Naturally occurring sources
E. Human-made sources

CHEMISTRY of the Atom

Periodic Table’s atomic mass of an
element is a weighted average of the
masses of all of its stable isotopes.
The mass of lithium, Li, element #3 is
listed as 6.9410 amu. Which isotope is
naturally present in the larger amount:
the isotope with 3 neutrons or with 4
neutrons?

QUESTION

Where does most of our yearly exposure to
radiation come from?

A. Nuclear power plants

B. Smoke detectors

C. Medical X-rays

D. Naturally occurring sources
E. Human-made sources

https.//forms.gle/P2aUryDgdSGanXcB8

CHEMISTRY of the Atom

Isotopes vary in their stabilities & relative
natural abundance.

colorado.

5_en. html

Isotopes and Atomic Mass

Isotopes

CHEMISTRY of the Atom

Parodic Table
[

The mass of lithium, Li, w| R e
element #3 is listed as Be sconorm
6.9410 amu. Which

isotope is naturally present
in the larger amount: the e -
isotope with 3 neutrons or
with 4 neutrons?

Percent Composition

Average Atomic Mass
L Li
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QUESTION

Two stable isotopes of an element have isotopic
masses of 10.0129 amu and 11.0093 amu. The atomic
mass is 10.81. Which isotope is more abundant?

A) There is insufficient information to answer
the question.
B) There are equal amounts of each isotope.

C) The isotope with a mass of 10.0129 amu
is more abundant.

D) The isotope with a mass of 11.0093 amu
is more abundant.

CHEMISTRY of Atoms

Unstable Isotopes and Time

Carbon’s three Nuclides:

Exact Mass % Occurence
12.00000 98.98 Stable
13.00335 1.011 Stable

14.00 negligible jnstaple

https://www.popularmechanics.com/science/
archaeology/a31043027/carbon-14-history/

a Radioactive Decay of 1¥C Over Time

https://www.nobelprize.org/nobel_prizes/chemistry/laureates/1960/
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W= x (Y
After 1st
% Not----- half-life (5730 yr)

J After 2nd
' : hatf-ife (11460 yr)
b+ N EEeE=S After 3rd
E half-life (17190 yr)

Number of 14C nuclei (N )

T
10,000 20,000
Time (yr)
The Nobel Prize in Chemistry 1960 was awarded to Willard F. Libby "for his
method to use carbon-14 for age determination in archaeology, geology,
geophysics, and other branches of science".

Answer

Two stable isotopes of an element have isotopic
masses of 10.0129 amu and 11.0093 amu. The atomic
mass is 10.81. Which isotope is more abundant?

A) There is insufficient information to answer
the question.

B) There are equal amounts of each isotope.

C) The isotope with a mass of 10.0129 amu
is more abundant.

D) The isotope with a mass of 11.0093 amu
is more abundant.

CHEMISTRY of Atoms

Unstable Isotopes and Time

https.//en.wikipedia.org/wiki/Radiocarbon_dating

Atomic Number 6 (atom SIdent/ty)

v
ass = 14 (ﬁptope_ 14) i

ns% s=14-6 L
H Unstab/e decay /
}gz/f//fe 5,780+ Q@earsw

\ Accelerator Mass Speotrometer
Lawrence Livermore National Laboratory
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QUESTION

Which of the following is the best definition of the
half-life of a radioactive isotope?

. The time it takes for 50% of the parent nuclide atoms

to decay to the daughter nuclide atoms

The time it takes for a 50% reduction in radioactivity
The lifetime of a radioactive sample

The time it takes for 25% of the parent nuclide atoms to
decay to the daughter nuclide atoms

The time it takes for 100% of the parent nuclide atoms
to decay to the daughter nuclide atoms




Answer

Which of the following is the best definition of the
half-life of a radioactive isotope?

. | The time it takes for 50% of the parent nuclide atoms
to decay to the daughter nuclide atoms

. The time it takes for a 50% reduction in radioactivity

. The lifetime of a radioactive sample

. The time it takes for 25% of the parent nuclide atoms to
decay to the daughter nuclide atoms

. The time it takes for 100% of the parent nuclide atoms
to decay to the daughter nuclide atoms

QUESTION

Based solely on the following half-lives, which
radioactive atom in the list is the most radioactive,
that is, decays the fastest?

4C  Carbon-14 (5730 yrs)

. 226Ra Radium-226 (1620 yrs)

. 2380 Uranium-238 (4.5 million yrs)
. 214Po Polonium-214 (1.6 ms)

32p  Phosphorus-32 (14 days)

moow>

Answer

Based solely on the following half-lives, which
radioactive atom in the list is the most radioactive,
that is, dece\ i

A HCl

B.

C. J #=.5 million yrs)

{/,"l.' D. 2"4Po Polonium-214 (1.6 ms)
P& I E. %P Phosphorus-32 (14 days)

On November 1, 2006, Litvinenko suddenly fell ill and was hospitalized.
He died three weeks later, becoming the first confirmed victim of lethal
polonium-210-induced acute radiation syndrome, ¥ life 138 days, decays
to lead by alpha particle emission.

QUESTION

An artefact of ground sloth dung was originally
thought to have been recently deposited, but on
analysis was found to be much older. Based on
radio carbon dating, the sample was at the test’s
limits (~7 half lives old). How many years old was
this sample thought to be?

(C-14 half-life is 5730 years.)

A 573x10%yr - RepUBLICA o CHILE
B. 1.72 x 10* yr P
C. 229 x 104 yr Cueva del Milodon
D. 2.87 x 104 yr o= LESIALABENVENDA |

E. 4.01 x 10*yr

Radiocarbon Dating for Determining
the Age of Artefacts

3.00+ https://www.sapiens.org/column/curiosities/ —
radiocarbon-dating-part-1/

Charcoal from earliest Polynesian culture in Hawaii
Linen wrapings from Book of Isaiah, Dead Sea Scrolls

2.50+

Charcoal from earliest settlement in Japan

N~
b

Burned tree from eruption that created
Crater Lake, Oregon

Burned bison bones associated
with Folsom Man, found at
Lubbock, Texas

Burned bones of sloth
1.50-in Chilean cave. Earliest
trace of human pi
at tip of South America

site, Belt Cave, Iran

Natural logarithm of specific activity

1.00- Charcoal form Lascaux
Caves, France, site of
extensive cave paintings
o0 (see background) Ground

4,600 8000 12000 16,000 Sloth Dung

Age (years) \0& scale)
.

Answer

An artefact of ground sloth dung was originally
thought to had been recently deposited, but on
analysis was found to be much older. Based on
radio carbon dating, the sample was at the test’s
limit (7 half lives old). How many years old was
this sample thought to be?

(C-14 half-life is 5730 years.)

A. 573 x10%yr £ [mry—
B. 1.72x10%yr MoRNOTD WAL
C. 229 x 10% yr Cueva del Milodon
D. 2.87 x 10* yr o= LESIALABENVENDA
E. 4.01 x 10* yr —




CHEMISTRY of the Atom

« Atomic Number = 6 (atom’s identity)
« Carbon

+ Atomic Mass = 13 (isotope 13)

» 6 protons; # neutrons = 13 - 6

* neutral atom has 6 electrons

13 J

https.//forms.gle/P2aUryDgdSGanXcB8

CHEMISTRY of the Atom

Periodic Table’s atomic mass is a weighted average of
the isotopic masses of nature’s stable mixture

olorado, o- s enhiml_|

Isotopes and Atomic Mass

&

Mixtures

CHEMISTRY of the Atom
Atomic Mass of Carbon:
Exact Mass % Occurence
12.00000 98.98
13.00335 1.011
14.00 negligible

s What is the “weighted” atomic mass?
12.00000 x 98.98/100 + 13.00335 x 1.011 =
11.8776 + 0.13146 = 12.0090
12.01

!E){m-‘,)

QUESTION

The average mass of a carbon atom is 12.011.
Assuming you were able to pick up only one
carbon unit, the chances that you would
randomly get one with a mass of 12.011 is

A 0%.

B. 0.011%.

C. about 12%.

D. 12.011%.

E. greater than 50%.

None of the isotopes has an exact mass of 12.011.
https.//forms.gle/P2aUryDgdSGanXcB8

Answer

The average mass of a carbon atom is 12.011.
Assuming you were able to pick up only one
carbon unit, the chances that you would
randomly get one with a mass of 12.011 is

A. 0%.

B. 0.011%.

C. about 12%.

D. 12.011%.

E. greater than 50%.
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Nuclear Reactions

The mass of the visible universe is 73% H,
and 25% He. The remaining 2%, “heavy”
elements, have atomic masses > 4.

» The “heavy” elements are formed at very high
temperatures (T >106 °C) by FUSION, i.e.
nuclei combining to form new elements.

» There is an upper limit to the “natural”
production of heavy nuclei at
Atomic Number = 92, Uranium.

» Heavier nuclei split to lighter ones by FISSION

Nuclear Reactions:

Fission: Fusion:

» Fission and Fusion reactions are highly exothermic; they
give off a tremendous amount of energy.

» The energy produced in “nuclear” reactions is one million
(10 ®) times larger than “chemical” reactions per atom.

NUCLEAR ENERGY -

» EINSTEIN'S
EQUATION FOR THE
CONVERSION OF
MASS INTO ENERGY 2§

o
e

» E =mc’

> m = mass (kg)
> c = Speed of light
c=2.998 x 10° m/s

Yy
Nuclear Reactions / Fission

235U+ 1n—)236U—> 14184+ 92Kr+31n
92° 0 92 56 36 0
% The Fission Chain Reaction proceeds geometrically:
1 neutron -3 ->9 ->27 -81 neutrons etc.
» 1 Mole of U-235 (235 grams, about 1/2 Ib) produces
2 x 1079 kJ which is equivalent to the combustion of
800 tons of coal, which is more than 1.75 million
pounds of coal!
Commercial nuclear reactors use fission to produce
electricity....Fission bombs were used in the
destruction of Hiroshima and Nagasaki, Japan, in
August 1945.

v

QUESTION

When a 235U nucleus absorbs a high energy neutron and
undergoes nuclear fission, it undergoes a chain reaction that
produces #'Ba, plus 92Kr, and 3 neutrons.

235 236 141 92, 1
92U+6n—> 92U—> 568a+36Kr+30 n

When a 235U nucleus absorbs a slow moving, low energy
neutron, it produces 2 neutrons, plus %4Sr. What is the other
nuclide produced? A 41Bg

B. 14DBa
C. 9Kr
D. 40Xe
E. 141Xe

http://physics.bu.edu/~duffy/sc546_notes11/fission.htm/




Answer

When a 235U nucleus absorbs a high energy neutron and
undergoes nuclear fission, it undergoes a chain reaction that
produces #'Ba, plus 92Kr, and 3 neutrons.

235 236 14 92, 1
92U+6n—> S5U— 1 6lBa+3 2Kr+31n

When a 235U nucleus absorbs a slow moving, low energy
neutron, it produces 2 neutrons, plus %4Sr. What is the other
nuclide produced? A 141Ba

B. 14OBa
C. 9Kr
D' 140Xe
E' 141Xe

http://physics.bu.edu/~duffy/sc546_notes11/fission.htm/

1 235 236 140 94 |
on 7 U—"U—» T4 Xe + 3Sr+2gn

\Nuclear Reactions / Fission 2 @

Dpuiticoshine. mageing.ipe.ed|

[Nuclear Reactions / Fission

Presicent Truman / Hiroshima
Ptp.iioshima mapping pige.on himi

August 6, 1945
hit:fhiroshima.mapsing aige_an.btml

PH+3H—>He+n+18 38MeV]
Nuclear Reactions / Fusion

https://www.youtube.com/watch ?v=DesTCK7dn78

% Fusion too has been used in producing
weapons (“hydrogen” bombs) and has not yet
found a peaceful commercial application

Nuclear Reactions

History of nuclear tests & explosions

https.://www.youtube.com/watch ?v=dGFkwOhzW1c

Nuclear Power Plant

)s://fwww.youtube.com/watch ?v=R7WPEYGr1Vs&t=8s

QUESTION

Which of the following is/are true of fission
reactors that produce electricity?

A. The reactors boil water.

B. Relatively small amounts of fuel are needed.

C. Fission based reactors produce much more
energy than coal-burning power plants with

the same amount of fuel.

D. Fission reactors produce toxic waste that
have very long half-lifes and Nuclear
accidents are possible.

E. All of the above




Answer

Which of the following is/are true of fission
reactors that produce electricity?

. The reactors boil water.

O o>

. Fission based reactors produce much more
energy than coal-burning power plants with
the same amount of fuel.

D. Fission reactors produce toxic waste that
have very long half-lifes and Nuclear
accidents are possible.

E. All of the above

. Relatively small amounts of fuel are needed.

rldwide Nuclear Power Plants

I South America

| R

http://www.energyjustice.net/map/nuclearoperating

RIP to a Real One: Three Mile Island Nuclear

Power Plant Shuts Down Last Reactor
September 20, 2019

Yessenia Funes
Yesterday 3:30pm + Filed to: NUCLEAR v
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A
18.38MeV
5 grams of hydrogen will produce enough energy to boil over
1,000 gallons of water

+3H—>4He+01n+

QUESTION

Which of the following is/are true of fusion
designed reactors that will be used to produce
electricity ?

A. The reactors will boil water.

B. Relatively small amounts of fuel will be
needed, and there will be less radioactive
waste.

C. Fusion reactors will produce much more
energy than fission based reactors with the
same amount of fuel.

D. Nuclear accidents are possible.

E. All of the above

Answer

Which of the following is/are true of fusion
designed reactors that will be used to produce
electricity?

A. The reactors will boil water.

B. Relatively small amounts of fuel will be
needed, and there will be less radioactive
waste.

C. Fusion reactors will produce much more
energy than fission based reactors with the
same amount of fuel.

D. Nuclear accidents are possible.

E. All of the above




