Unit 14: Nuclear Chemistry Class Packet
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Unit 14: Nuclear Chemistry Class Packet

Natural Decay

Use Table O to fill in the chart:

Type of Radiation Notation Same as what other particle?
(in nuclear
equations)
alpha particle MASS
CHARGE
beta particle MASS
CHARGE
diati MASS
gamma radiation CHARGE
neutron MASS
CHARGE
proton MASS
CHARGE
positron MASS
CHARGE

Writing Nuclear Equations — Use Table N! When elements undergo radioactive decay, they change from one
element to another. This happens by losing high energy alpha or beta particles, or by emitting positrons. The
process of an atom becoming a different atom is called transmutation. Nuclear equations are written to track the
changes that occur during transmutation. When writing nuclear equations, it is important to make sure that mass
and charge are conserved. Write the complete nuclear equation for the spontaneous decay of the following
nuclides:

1. %8au
2. iodine-131
3. 4K

4, strontium-90

5. What is the decay mode for the nuclides above?

6. 22Fr

7. thorium-232

8. 29y
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9. radium-222

10. What is the decay mode for the nuclides above?

11.%Ca

12. iron-53

13. 37K

14. neon-19

15. What is the decay mode for the nuclides above?

16. What is the decay mode of 3K?

(1) B (3) v
(2) p* (4)

17. Which nuclear emission has the greatest
penetrating power?
(1) alpha particle

(2) beta particle

(3) gamma radiation
(4) positron

18. What is the mass number of an alpha particle?
(1)1 (3)0
(2) 2 (4)4

19. Which nuclear emission has the greatest mass?
(1) alpha particle (3) gamma ray
(2) beta particle (4) positron

20. Which list of nuclear emissions is arranged in
order from the least penetrating power to the
greatest penetrating power?

(1) alpha particle, beta particle, gamma ray
(2) alpha particle, gamma ray, beta particle
(3) gamma ray, beta particle, alpha particle
(4) beta particle, alpha particle, gamma ray

21. Which list of radioisotopes contains an alpha
emitter, a beta emitter, and a positron emitter?
(1) C-14, N-16, P-32
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22.

23

24,

25.

(2) Cs-137, Fr-220, Tc-99
(3) Kr-85, Ne-19, Rn-222
(4) Pu-239, Th-232, U-238

Which nuclear decay emission consists of
energy, only?

(1) alpha particle
(2) beta particle

(3) gamma radiation
(4) positron

. Which group of nuclear emissions is listed in

order of increasing charge?

(1) alpha particle, beta particle, gamma
radiation

(2) gamma radiation, alpha particle, beta
particle

(3) positron, alpha particle, neutron

(4) neutron, positron, alpha particle

Which two radioisotopes have the same decay
mode?
(1) 3’Ca and *3Fe
(2) 229Fr and %°Co

(3) 37K and #’K
(4)°°Tc and °Ne

Which two nuclides are isotopes of the same
element?

2001y ame] 20
(1) {{Na and {Ne

(2) $9K and $Ca

(3) 9K and 12K
(4) 13C and N
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26. The chart below shows the spontaneous
nuclear decay of U-238 to Th-234 to Pa-234 to
U-234.

238

236

234 W Suary

Mass Number ——

232

230

88 83 90 91 92

Atomic Number ———

What is the correct order of nuclear decay
modes for the change from U-238 to U-234?
(1) B~ decay, Y decay, B~ decay
(2) B~ decay, B~ decay, o decay
(3) o decay, o decay, B~ decay
(4) o decay, B~ decay, B~ decay

27. As a radioactive element emits gamma
radiation only, the atomic number of the
element

(1) increases (3) remains the same

(2) decreases

28. As an atom of a radioactive isotope emits an
alpha particle, the mass number of the atom

(1) increases (3) remains the same

(2) decreases

29. A mixture of emanations from radioactive
atoms is passed through electrically charged
plates, as shown in the diagram below.

1
++++|+y

\?2

_.,__.i____ 3

The nuclear emanations 1, 2, and 3 are called,
respectively

(1) alpha, beta, and gamma

(2) beta, gamma, and alpha

(3) gamma, alpha, and beta

(4) gamma, beta, and alpha

30. In a paper-making factory, beta radiation is used to check that the paper being produced is the correct
thickness. If the paper gets too thin, the reading on the detector increases causing the rollers to move apart to
make the paper thicker. If the paper gets too thick, the reading on the detector goes down causing the rollers
to move closer together. A diagram of this set-up is shown below:

rollers

paper

detector

___ P source

Explain why beta radiation is used for this procedure rather than alpha or gamma radiation.
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Directions: Solve for the unknown particle X.

0
226
a. Ra > + —1 €
209 205
b. P > 82Pb
238 4
c 92 9 + 2He
234 234
0. oolhs g bPa.
14
247 243
Cm Pu +
96 94
243 243
Pu Am +
94 95
243 239
Am Np +
95 93
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Reaction Particle X [ Is this an example of natural
decay or artificial transmutation?

1) 41}24}{33 + X ez 4019": + 1*|H

2) %Mo +4H > Tgn + X

3) ®6Fe + %He —-> 2" H + X

4) #geCm + %C ——> 4 'in + X

9) az35BI‘ — 3235Kl’ + X

6) “ioNe ——> e +X

7) FigAr + Yye > X

8) ®uMo + on —> FuTe + X

9} 4013!5&!' + K —— 4319K+ 11H

10) X —> 2, Na +%,e

Natural Decay Fill-ins
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Directions: Observe the first few steps of the Uranium decay process. Uranium needs 14 separate decay
processes in order to reach a stable nucleus. Fill in the remaining decay equations.

PARENT NUCLIDE | DAUGHTER NUCLIDE

1) {1) EH-BQEU N 42HE + 23490Th

2 B eTh > e + ?*,.Pa

3 B) HePa > e + U

5 o) *uU > “He + *%Th

5) o) Z%Th + OK, now YOU finish them off!
6) o)

7))

8 o)

9 P)

10) B7)

1) o)

12) B)

13) B)

14) )

247 Natural and Artificial Decay
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Directions: Compare and contrast artificial and natural transmutation below:

Natural Transmutation Common to Both Artificial Transmutation
(check if the same)

Starts with unstable or
stable nucleus?

Ends with a stable or
unstable nucleus?

Are new elements
formed?

If new elements are
formed are they heavier
or lighter than the
original element?

Does it produce energy?

Do particles need to
collide or do they just
decay?

Marig'Curie's/hotebo_'osl'(s from;the late 19th]
M .century are still too|radioactive'to be handled)
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Nuclear Chemistry

The study of nuclear chemistry is different than other topics this year because it primarily focuses on the
nucleus unlike chemical reactions we have studied that focus on electrons. When changes are made to the
nucleus, the atom often changes into other atoms of different elements. This is called transmutation and it
can be natural (due to instability of the nucleus) or artificial (due to the bombardment of the nuclei with
smaller particles). Stability is based on the proton/neutron ratio. If a nucleus is unstable, it will decay and is
called a radioisotope. All elements after 83 are radioactive. In the examples below, mass and charge are
conserved.

Alpha decay: 22655 Ra > #22g6Rn + % He

Beta decay: YeC>MN+9,4B

Positron decay: 379K = 3715 Ar +%4B

Key Questions:
1. Inisotopic notation the top number is the mass number and the bottom number is the atomic number.
Explain or demonstrate how mass and charge are conserved in these equations.

2. ldentify which reactions are natural and which are artificial.

3. Calculate the number of protons and neutrons in Ra-226 and Rn-222.

4. Radium transmutates to produce Radon and becomes more stable. Give a rule to explain why large
nuclei emit alpha particles.

5. Calculate the number of protons and neutrons in C-14 and N-14.
6. Carbon transmutates into Nitrogen to become more stable. Give a rule to explain why certain isotopes
undergo beta decay.

7. Calculate the number of protons and neutrons in K-37 and Ar-37.

8. Potassium transmutates into Argon and becomes more stable. Give a rule to explain why certain
isotopes undergo positron emission.
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9. Draw how alpha, beta, and positron particles are affected by positive and negative plates.

= = - - = = =
Soeroe

10. The gamma particle has no mass and no charge and can be listed as a product in most nuclear
reactions. Why is it often omitted? How would it be affected by the plates in question 6?

11. Which particle is the most penetrating? The least?

Exercises:
12. Solve for X in the reactions:
a. 31H>3%He+X
b. 289,U > %He + X
c. X2 *Ca+%e
d. %% Th = 2%:Pa + X

13. Write the equations for the decay of (Use table N):

a. Fr-220
b. Au-198
c. Fe-53
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Our Model so far...

Complete the table below using your knowledge of natural and artificial decay.

Diagram:

Mathematical:

Graphical:

Narrative:

247
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Radioisotopes and Half-lives

Radioactive isotopes are unstable, which means that they spontaneously (readily) decay (break apart) into
different isotopes or elements. Radioactive isotopes give off radiation during the process of radioactive decay.
Radiation can be in the form of particles (alpha, beta, or positron) and/or pure energy (gamma rays). For
radioactive isotopes, the rate (speed) of radioactive decay is constant. All radioactive isotopes have a specific
half-life, or time that it takes for exactly half of the sample to decay into something else and half of the
sample to remain unchanged. It is because of information about half-lives that we can know how old the
Earth is and how old fossils are.

Graphing Questions

Radioactive decay of Actinium
250
200
A\
N
N
N
5 150 NG
7]
0
© N
= 100
"N
50 A NE
i P~
0 !
0O 10 20 30 40 50 60 70 80 90 100 110 120
Time (yrs)

What was the original mass of the Ac sample?
How many grams of Ac remain after 40 years?
What is the half-life of Ac?

What mass of Ac remains after one half-life?

What fraction of Ac remains after one half-life?

AN A o

How many half-lives must Ac go through until only 25% of the original sample mass remains?
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7. How many half-lives until only 6.25% remains?

8. How many half-lives will it take for all of the original sample to decay?

9. Aradioisotope’s half-life is 1 min. Given that the initial mass of the sample is 12g, calculate the

mass of the radioisotope that has not decayed after 1 min, 2min, 3min, 4min, 5min and 6min. Draw
a graph of the radioisotope mass versus time.

10. Estimate the time that must elapse in order for % of the radioisotope to be present.

11. By interpolation of the graph, estimate the grams of the radioisotope left after 1.5min.

12. The initial mass of a sample of a radioisotope is 100g. After 1 hour, 80g remain. After 2 hours, 60g
remains, after 4hours, 41g remain and after 6 hours, 26.2g remain. On the next grid, draw a graph
of mass of radioisotope remaining versus time.
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13. Use this graph to estimate the half-life of the radioisotope.

14. Use your answer to number 13 to calculate the amount of time required for 25g of the
radioisotope to remain. Compare that to the time you would get if you used the graph.

15. By extrapolation of the graph, find the mass of the radioisotope remaining after 8 hours.

Calculation Questions

Time Elapsed
1. How long will it take for 30. g of 222Rn to decay to 7.5 g?

2. How long will it take for a 28 g sample of 22°Ra to decay to 3.5 g?

3. How long will it take for 50% of a sample of iodine-131 to decay?

4. How long will it take a sample of Fr-220 to decay to 1/4 of its original amount?

5. The fossilized remains of a plant were found at a construction site. The fossilized remains contain 1/16%™
the amount of carbon-14 that is present in a living plant. Determine the approximate age of these

fossilized remains.
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Amount Remaining

6. How many grams of 1®N will be left from a 16.0 g sample after 21.6 s?

7. After 9.8 x 10'° years, how many grams will be left from a 256 g sample of Th-232?

8. What is the amount of a 500. gram sample of iron-53 that will remain unchanged after 34.04 minutes?

9. What amount of a 100 g sample of K-42 will remain after 24.8 hours?

Fraction Remaining

10. What fraction of a 100 g sample of K-42 will remain after 24.8 hours?

11. What fraction of a radioactive I-131 sample would remain unchanged after 32.28 days?

12. What fraction of a sample of 32P will be left after 42.9 days?

13. What fraction of a sample of 3H will be left after 36.78 years?

14. A woolly mammoth fossil is determined to be 17,200 years old. What is the fraction of carbon-14
remaining in the bones of this mammoth?

Number of Half-Lives

15. How many half-life periods will it take for 50 g of **Tc to decay to 6.25 g?

16. How many half-lives have elapsed if a 100 g sample of a radioactive isotope has only 12.5 g remaining?

17. How many half-lives will pass by the time a 60.0g sample of Co-60 decays to 7.5 g?

18. How many half-lives of K-37 will pass after 6.15 seconds?
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Original Mass

19. If 2 grams of an original sample of gold-198 remained after 13.45 days, what was the mass of the original
sample?

20. If 16.5 g of uranium-235 remain after 2.84 x 10° years, how much of the radioactive isotope was in the
original sample?

21. After 62 hours, 1 g remains unchanged from a sample of K-42. How much K-42 was in the original
amount?

Half-Life

22. An original sample of the radioisotope fluorine-21 had a mass of 80.0 milligrams. Only 20.0 milligrams of

this original sample remain unchanged after 8.32 seconds. What is the half-life of fluorine-217?

23. What is the half-life of a 208 g sample of sodium-24 if it decays to 13.0 g of sodium-24 within 60.0 hours?

24. What is the half-life of a radioisotope if 1/16™" of it remains undecayed after 26.4 days?

25. What is the half-life of a radioactive isotope if 1/32 of it remains undecayed after 7.5 days?

26. According to the big bang theory, the universe started 1.5 x 10%° years ago. How many half-lives of

uranium-238 has undergone since the big bang?
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Our Model so far...

Complete the table below using your knowledge of half lives.

Diagram:

Mathematical:

Graphical:

Narrative:
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Fission: 2359, U + Yon = 223¢Kr + *156Ba + 3%n + Energy

W
pe p. ~l:u
@ e

Ve L
& &
—

€

&6

>

&5

- |

—_

Ist neutron 2nd neutron 3rd neutron
generation generation generation

Fusion: 21 H+ 31 H > % He + %n + Energy
E .

*He

Proton

L‘::&;; Neutron

1. Explain why fission is considered a chain reaction and could be dangerous.

2. Explain why fusion is not as dangerous as fission in terms of control and products made.

3. Why is it so difficult for hydrogen atoms to combine? (Why is fusion not cost effective?)

4. Where does all the energy that is produced in fission and fusion come from?

5. What type of transmutation are both fission and fusion?
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Nuclear Reactions

Directions: Fill in the table with checks for decay, artificial transmutation, fission, or fusion.

Property

Fission

Fusion

Natural
Trans-
mutation

Artificial
Trans-
mutation

Requires temperature of millions of degrees

Takes two small nuclei and combines them into a larger nuclei

Takes a stable nucleus and turns it into an unstable one

Releases millions of times more energy than chemical reactions

Takes a large nuclei and splits it using neutrons into smaller

nuclei

Happens all by itself because the nucleus is unstable

Releases only thousands of times more energy than chemical

reactions

Requires a particle accelerator

Requires a “bullet”

Powers the sun and other stars

Used in bombs in WWII

Used in nuclear reactors

Used in bombs but only tested

Another word for nuclear “decay”

23592 U+ 1On 9 9236K|" + 1415688 + 310n

21H+31H942He

31 H-> 32He + °_1e

33 H+ 11p 2 3He + 1on
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Fission and Fusion Comparison

Directions: Compare and contrast fission and fusion by completing the table below:

Fission Common to Both Fusion
(check if the same)

Starts with small or large
nuclei?

Ends with small or large
nuclei?

Produces or requires
energy (or both)?

Do particles need to
collide or do they just
decay?

Can happen at STP or at
high temperatures?

Requires control rods
and moderators or not?

Requires neutrons or
not?

Produces 1000x more
energy than chemicals or
1000000x?

Used in nuclear bombs or
hydrogen bombs?

Used in reactors or stars?

Produces waste or clean?

Requires neutral particle
or needs to overcome
positive repulsions?
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Multiple Choice

26. Which nuclear equation represents a natural

transmutation?

) §Be + |H — JLi + ;He

)] Al + J’Hf: mP +1n
0

) “N +,He - {0 + [H

) °§3U - 2g(l)Th + 4HE‘

(1
(2
(3
(4

27. Which balanced equation represents nuclear
fusion?
(1) é ngSU — 22Ba + 3(1)1{1" + '31
(2) *¢Ra — *ERn + jHe

(3) bLl + n — 3H + 4Ht‘

(4) TH + 3H — ;He + |

28. Which reaction converts an atom of one
element to an atom of another element?
(1) combustion (3) saponification
(2) polymerization (4) transmutation

29. Which equation represents a fusion reaction?
(1) H,O(g) — H,0(()
(2) C(s) + O,(g) = CO,(g)
(3) fH + 3H — 4He + On
(4) 25U + In — 122Ba + JIKr + 3n

56

30. Which reaction represents natural nuclear
decay?
(1) H* + OH" — H,0
(2) KCIO,— K* + ClO
(3) %3U = 3He + 3;‘;?,T|.
(4) N + jHe = ! HO + H
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32.

33.

34,

35.

. Which equation represents a spontaneous

nuclear decay?
(1) C+0, - CO,

(2) H,CO, = CO, + H,O
(3) 1Al + 3He — 2P +

(4) ‘;,,'.\‘l' — "rl)(‘ + u:\

In a nuclear fusion reaction, the mass of the

products is

(1) less than the mass of the reactants because
some of the mass has been converted to
energy

(2) less than the mass of the reactants because
some of the energy has been converted to
mass

(3) more than the mass of the reactants
because some of the mass has been
converted to energy

(4) more than the mass of the reactants
because some of the energy has been
converted to mass

Nuclear fusion differs from nuclear fission
because nuclear fusion reactions

(1) form heavier isotopes from lighter isotopes
(2) form lighter isotopes from heavier isotopes
(3) convert mass to energy

(4) convert energy to mass

One benefit of nuclear fission reactions is
(1) nuclear reactor meltdowns

(2) storage of waste materials

(3) biological exposure

(4) production of energy

The change that is undergone by an atom of an
element made radioactive by bombardment
with high-energy protons is called
(1) natural transmutation
(2) artificial transmutation
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(3) natural decay
(4) radioactive decay

36. A nuclear fission reaction and a nuclear fusion
reaction are similar because both reactions
(1) form heavy nuclides from light nuclides
(2) form light nuclides from heavy nuclides
(3) release a large amount of energy
(4) absorb a large amount of energy

37. A nuclear reaction in which two light nuclei
combine to form a more massive nucleus is

called
(1) addition (3) fusion
(2) fission (4) substitution

38. A serious risk factor associated with the
operation of a nuclear power plant is the
production of
(1) acid rain
(2) helium gas
(3) greenhouse gases, such as CO;

(4) radioisotopes with long half-lives

39. What is a problem commonly associated with
nuclear power facilities?
(1) A small quantity of energy is produced.
(2) Reaction products contribute to acid rain.
(3) It is impossible to control nuclear fission.
(4) It is difficult to dispose of wastes.

40. Which change takes place in a nuclear fusion

reaction?

(1) Matter is converted to energy.

(2) Energy is converted to matter.

(3) lonic bonds are converted to covalent
bonds.

(4) Covalent bonds are converted to ionic
bonds.

41. Types of nuclear reactions are fission, fusion, &

(1) single replacement

(2) neutralization

(3) oxidation-reduction
247 (4) transmutation
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42.

43.

44,

45,

46.

47.

Atoms of one element are converted to atoms
of another element through

(1) fermentation (3) polymerization
(2) oxidation (4) transmutation

Given the diagram representing a reaction:

137
235 5218
n 92

o %0 =®
=e — — L
T <<

Which phrase best describes this type of
reaction and the overall energy change that
occurs?

(1) nuclear, and energy is released

(2) nuclear, and energy is absorbed

(3) chemical, and energy is released

(4) chemical, and energy is absorbed

Which radioactive isotope is used in treating
cancer?
(1) carbon-14
(2) cobalt-60

(3) lead-206
(4) uranium-238

Which nuclide is used to investigate human
thyroid gland disorders?
(1) carbon-14
(2) potassium-37

(3) cobalt-60
(4) iodine-131

Which nuclide is paired with a specific use of
that nuclide?

(1) carbon-14, treatment of cancer

(2) cobalt-60, dating of rock formations

(3) iodine-131, treatment of thyroid
disorders

(4) uranium-238, dating of once-living

organisms

The decay of which radioisotope can be used to
estimate the age of the fossilized remains of an
insect?
(1) Rn-222
(2) 1131

(3) Co-60
(4) C-14
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48

50.

. According to Table N, which radioactive isotope 49. Which isotope is most commonly used in the
is best for determining the actual age of Earth? radioactive dating of the remains of organic
(1)%%®u (3)% Co materials?
(2) %0 sr (4)cC (1) 14C (3)%2P
(2) 16N (4)37K
Short Answer
A substance known as heavy water can be obtained from ordinary water and could be a significant source

of energy in the future. Heavy water contains deuterium, H-2. Instead of the two hydrogen atoms in a
typical water molecule, a heavy water molecule has two deuterium atoms. In 3.78 kilograms of ordinary
water, the percent composition by mass of heavy water is approximately 0.0156%.

Deuterium atoms completely ionize at approximately 108 K. The result is an ionized gas consisting of
electrons and deuterons (the nuclei of deuterium). A triton is the nucleus of a tritium atom, H-3. These
particles react according to the equations below. In the second equation, X represents an unidentified
product.

2 2 3 1 .
H+TH —7H + |H + energy

%H + ?H - gHe + X + energy

(a) Calculate the mass of heavy water in a 3.78-kilogram sample of ordinary water. Your response must
include both a correct numerical setup and the calculated result.

(b) Identify particle X in the second nuclear equation. Your response must include the symbol, atomic
number, and mass number of the particle.

51.

Hydrocarbons and fissionable nuclei are among the sources used for the production of energy in the
United States. A chemical reaction produces much less energy than a nuclear reaction per mole of
reactant.

The balanced chemical equation below represents the reaction of one molecule of a hydrocarbon with two
molecules of oxygen.

Chemical equation: CH, + 20, = CO, + 2H,0 + 1.48 x 10719 |

The nuclear equation below represents one of the many possible reactions for one fissionable nucleus. In
this equation, X represents a missing product.

Nuclear equation: {n + 23U — §Kr + X + 3[n + 3.36 x 107! |
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(a) Identify the type of organic reaction represented by the chemical equation.

(b) On the labeled axes below, draw a potential energy diagram for the reaction of the hydrocarbon with
oxygen.

Potential Energy

Reaction Coordinate

(c) Write an isotopic notation for the missing product represented by X in the nuclear equation.

52. When a uranium-235 nucleus absorbs a slow-moving neutron, different nuclear reactions may occur. One
of these possible reactions is represented by the complete, balanced equation below.
Equation 1: 23U + fn — £Kr + 1£2Ba + 2{n + energy

For this reaction, the sum of the masses of the products is slightly less than the sum of the masses of the
reactants. Another possible reaction of U-235 is represented by the incomplete, balanced equation below.

Equation 2: 235U +{n = £Sr+____ + 2{n + energy

(a) Identify the type of nuclear reaction represented by equation 1.

(b) Write a notation for the missing product in equation 2.
(c) Determine the half-life of krypton-92 if only 6.0 milligrams of an original 96.0-milligram sample remains

unchanged after 7.36 seconds.

53. A battery-operated smoke detector produces an alarming sound when its electrical sensor detects smoke
particles. Some ionizing smoke detectors contain the radioisotope americium-241, which undergoes alpha
decay and has a half-life of 433 years. The emitted alpha particles ionize gas molecules in the air. As a
result, an electric current flows through the detector. When smoke particles enter the detector, the flow

of ions is interrupted, causing the alarm to sound.

(a) Complete the nuclear equation below for the decay of Am-241. Your response must include the
symbol, mass number, and atomic number for each product.

241 A 1y
gzAm — +
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(b) State one scientific reason why Am-241 is a more appropriate radioactive source than Fr-220 in an
ionizing smoke detector.

(c) Explain, in terms of particle behavior, why smoke particles cause the detector alarm to sound.
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Our Model so far...

Complete the table below using your knowledge of fission and fusion.

Diagram:

Mathematical:

Graphical:

Narrative:
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