


* Marie Curie (1867-1934) and
Pierre Curie (1859-1906) Wer -
able to show that rays emittec
by uranium atoms caused
fogging in photographic plates.

» Marie Curie named the process
by which materials give off such
rays radioactivity.

* The penetrating rays and
particles emitted by a radioactive
source are called radiation.




* Nuclear reactions differ from
chemical reactions in a
number of important ways.

- In chemical reactions, atoms"
tend to attain stable electron
configurations by losing or
sharing electrons.

* In nuclear reactions, the nuclei of
unstable isotopes, called
radioisotopes, gain stability by
undergoing changes.




Radioactivity

An unstable nucleus releases
energy by emitting radiation *
during the process of
radioactive decay.




* The three main types of
nuclear radiation are
alpha radiation, beta
radiation, and gamma
radiation.

Alpha particles
(positive charge)

Gamma rays
ino charge)

Electric field Ny Beta particles
(negative charge)

Detecting screen




» Alpiia Radiation
Alpha radiation consists of
helium nuclei that have been
emitted from a radioactive
source. These emitted particles,
called alpha particles, contain two
protons and two neutrons and
have a double positive charge.

Shh Radioactive 234 A , o |
U —— “=Th + < He(aemission)

decay

Uranium-238 Thorium-234 Alpha
particle




* Beta Radiation

An electron resulting
from the breaking apart
of a neutron in an atom is
called a beta particle. .

Neutron Proton Electron
(beta particle)




Types of Radiation

- Carbon-14 emits a beta particle
as It undergoes radioactive .
decay to form nitrogen-14.

BC —— UN + _Ye (B emission)

Carbon-14 Nitrogen-14 Beta
(radioactive) (stable) particle




Radiation ﬂf"f‘

- Gamma Radiation | /W
A high-energy photon emitted
by a radioisotope is called a
gamma ray. IThe high-energy

photons are electromagnetic
radiation.

WTh ——>  2Ra  + iHe + 7y

Types of -\ }
N

Thorium-230 xadon-226 Alpha Carnina
particle ray




Alpha particles are the least
penetrating. Gamma rays *
are the most penetrating.




Property
Composition

Symbol
Charge
Mass (amu)

Common
source

Penetrating
power

Shielding

Alpha radiation
' Alpha particle

. (heliumnucleus)
«, JHe

| &5

4
Radium-226

' Low (0.05 mm
' body tissue)

| Paper, clothing

Beta radiation
Beta particle
(electron)

B, fe
"l_
1/1837

" Carbon-14

" Moderate (4 mm

body tissue)
Metal foil

Gamma radiation
High-energy electro-

~_magnetic radiation

Y
0

0

" Cobalt-60

Very high (penetrates
body easily)

Lead, concrete
(incompletely shields)




25.1 Section Quiz.

1.Certain elements are |
radioactive because their atoms
have -

more neutrons than
electrons

b) an unstable nucleus.
C) a large nucleus.
d) more neutrons than protons.




25.1 Section Quiz.

2.An unstable nucleus
releases energy by

a) emitting radiation.
b) thermal vibrations.
c) a chemical reaction.
d) giving off heat.




25.1 Section Quiz.

3.Which property does N
describe an alpha particle?

a) 2+ charge

b) a relatively large mass
C) a negative charge

d) low penetrating power




releases a high-speed
electron, the process can be =
described as

a) oxidation.

b) alpha emission.
c) beta emission.

d) gamma radiation.






* The nuclear force is an
attractive force that acts 7
between all nuclear particles?/|
that are extremely close B
together, such as protons and «
neutrons in a nucleus

* At these short distances, the
nuclear force dominates
over electromagnetic
repulsions and hold the
nucleus together.




Nuclear Stability and Decay

#=) Too few or too many neutr’ A
cause decay.

A positron is a particle with
the mass of an electron but a
positive charge. During
positron emission, a proton
changes to a neutron.




Nuclear Decay Practic
*12,.B 5 12,C +

© 225, Ac —> 2214 Fr + e

* 63,8Ni — + 0 1€

$ 21243Bi — + 4,He




Complete the Equatio

" 205Al + 4He — 304Si +

*2140.Bi — 4oHe +

*2014Si— 0 e

" 66,0Cu — 9307Zn +




Practice

2§§Bi produces [3

237 .
93Np produces a

119Ag produces 3

241Bi produces a



Half-Life 2N
&= A half-life (t1,2) is the time 7/,
required for one-half of the
nuclei of a radioisotope -
sample to decay to products.

After each half-life, half of
the existing radioactive
atoms have decayed Iinto
atoms of a new element.
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for Sample Problem 254 %
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7. Manganese-56 is a beta emitter
with a half-life of 2.6 h. What is
the mass of manganese-56 in a

1.0-mg sample of the isotope at
the end of 10.4 h?




1.

was Collected After 24.52 years‘

0.114 mg of the sample remains.
What is the half-life of hydrogen-37

2. Strontium-90 has a half-life of 29
years. What is the mass of
strontium-90 in a 5.0g sample at
the end of 87 years?



Half-life Practice

3.The half-life of iodine-131 is 8.1
days. How long would it take for
%4 to decay?

4.Radon-222 has a half-life of
3.82 days. How long would it
take for 15/16 to decay?



days How much of a 20- gram
sample of this radioisotope remairs at
the end of 4 days? 8 days?

* 6.The mass of cobalt-60 in a sample
has decreased from 0.8 gto 0.2 g
over a period of 10.5 years. Calculate
the half-life of cobalt-60.



Transmutation Reaction

* The conversion of an atom
one element to an atom of
another element is called a
transmutation.

Transmutation can occur by
radioactive decay or when
particles bombard the nucleus
of an atom.
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above 92, the atomic
number of uranium, are
called the transuranium o
elements.

* None of the transuranium
elements occur in nature, and
all of them are radioactive.




* Transuranium
elements are
synthesized in
nuclear reactors and
nuclear
accelerators.




25.2 Section Quiz. -~
: IF 2N } >

1.When potassium-40 ofoﬁ\\'
number 19) decays into calcium=

40 (atomic number 20), the
process can be described as

a) positron emission.
b) alpha emission.
c) beta emission.

d) electron capture.



25.2 Section Quiz.

2.1f there were 128 gram$&/G
radioactive material initially;
what mass remains after four
half-lives?

a) 4 grams
b) 32 grams
c) 16 grams
d) 8 grams




25.2 Section Quiz.

3.When transmutation occu ; I
the always
changes. -

a) number of electrons
b) mass number

c) atomic number

d) number of neutrons




radioactive decay and also by
a) extreme heating.
b) chemical reaction.

c) high intensity electrical
discharge.

d) particle bombardment of
the nucleus.
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Nuclear Fission

When the nuclei of certain
iIsotopes are bombarded =
with neutrons, they undergo
fission, the splitting of a
nucleus into smaller
fragments.




Nuclear Fission

In a chain reaction, some of
the neutrons produced react*
with other fissionable atoms,
producing more neutrons
which react with still more
fissionable atoms.




Nuclear Fission 7
2 ways to slow down reactl

Neutron moderation is a
process that slows down
neutrons

Neutron absorption
decreases the number of
neutrons using control rods




Nuciear Waste 72N
Water cools the spent rods, and

also acts as a radiation shield to
reduce the radiation levels.




Nuclear Fusion e\
Fusion occurs when nuclel combine
to produce a nucleus of greater mass.
In solar fusion, hydrogen nuclel
(protons) fuse to make helium nuclel
and two positrons.

9

41H JHe 2.%e
hydrogen nuclei helium nucleus positrons




Nuclear Fusion

Fusion reactions, In
which small nuclel
combine, release .
much more energy
than fission
reactions, in which
large nuclei spilit.




Nuclear Fusion :@;Qu/é}

The use of controlled fusion as an
energy source on Earth is appealing.

The potential fuels are inexpensive
and readily available.

The problems with fusion lie in
achieving the high temperatures
necessary to start the reaction and
In containing the reaction once it
has started.



25.3 Section Quiz. C\\/ Z

1.0ne of the control mechanl’
)

Hi
a sustainable nuclear chain read
involves slowing down the released

neutrons so they may be captured Ry
other nuclel. This is done using

a) moderators.
b) shielding.

c) absorbers.
d) control rods.

N

\b

i\




25.3 Section Quiz. |

2.Choose the correct words

for the spaces. In solar fusion,
nuclei fuse to form
nuclel.

a) helium, hydrogen
b) hydrogen-1, hydrogen-2
c) hydrogen, helium
d) hydrogen-1, hydrogen-3







Detecting Radiation

®=° lonizing radiation is
radiation with enough
energy to knock electrons off _
some atoms of the bombarded

substance to produce ions.

Devices such as Geiger
counters, scintillation counters,
and film badges are commonly
used to detect radiation.




Detecting Radiation

- Radiation can produce ions,
can then be detected, or it can
a photographic plate and produce,
images.




Detecting Radiation
Geiger Counter

A Geiger counter
uses a gas-filled "
metal tube to

detect radiation.




Detecting Radiation

Scintillation Counter

A scintillation -
counter uses a
phosphor-coated
surface to detect
radiation.




Detecting Radiation

Film Badge

A film badge
consists of several .
layers of
photographic film
covered with black
lightproof paper, all
encased In a plastic
or metal holder.




Using Radiation

Radioisotopes can be used to
diagnose medical problems *
and, iIn some cases, to treat

diseases.



Using Radiation

This scanned image
of a thyroid gland
shows where
radioactive iodine-
131 has been
absorbed.




25.4 Section Quiz.

1. lonizing radiation can'/
remove from atoms.

a) protons
b) neutrons
C) positrons
d) electrons.




25.4 Section Quiz.

2.Which of the following is
NOT a device used to detect _
radiation’?

a) Geiger counter

b) scintillation counter
c) film badge

d) radioisotope




25.4 Section Quiz. C\\

3.Choose the correct words mm ;“ § )
space. When a tumor is treated/t ‘E

NN
R

radiation, more cancer cells than normal
cells are killed because cancer Cells_
than normal cells.

a) are more susceptible to damage
because they grow faster

b) absorb more radiation because they
are larger

c) grow slower
d) are smaller




25.4 Section Quiz.

4.How do scientists detect 7/
thyroid problems?

a) with teletherapy
b) by neutron activation analysis
C) using an iodine-131 tracer

d) using a radioisotope sealed in
a gold tube



