i oY) aliad) gBge Cre Cilall laa Jramd

almahah).com

mﬂsﬂﬂ“@“ﬂ Lkl

Lia Ll algad) zrazg Ciginall zrazd Jac Gl sl sle Jganll¥

https://almanahj.com/ae

12/ae/com.almanahj//:https  lie bao) pladl e (s Caall alge graxd Joc G ys) e Jgmardd ¥

Lis bl s Jgmatd) guaxdy cbioS Bale (8 pladl pic () Caadl Gl js) aua> (e Jgamll *

https://almanahj.com/ae/12chemistry

Lo baal Jo¥ Jaid) o dolsd) cbasS Bale (b plad) e (o) odd) slgo guand Joe Glysl (e Jgamll *
https://almanahj.com/ae/12chemistryl

gradel2/ae/com.almanahj//:https L basl pld) e ol Coadl U Jguaid) zna> (8 algall graz S Joasi) *

bot_almanahj/me.t//:https L baxal el ali e maliall gy (4] chasill



https://almanahj.com/ae
https://almanahj.com/ae
https://almanahj.com/ae/12
https://almanahj.com/ae/12chemistry
https://almanahj.com/ae/12chemistry
https://almanahj.com/ae/12chemistry1
https://almanahj.com/ae/12chemistry1
https://almanahj.com/ae/grade12
https://almanahj.com/ae/grade12
https://t.me/almanahj_bot
http://www.tcpdf.org

Chemistry department
Grade 12 G (2019 -2020)

ddoalqaileild il

dupjaol
auljloy

DEPARTMENT OF EDUCATION

AND KNOWLEDGE

Section 1 NUCLEAR RADIATION sty blad

1- Compare between chemical and nuclear reaction?

Table 1 Comparison of Chemical and Nuclear Reactions

Chemical Reactions

Occur when bonds are broken
and formed

Involve only valence electrons
Associated with small energy

changes

Atoms keep the same identity

although they might gain, lose,

or share electrons, and form
new substances

[emperature, pressure,
concentration, and catalysts
affect reaction rates

Nuclear Reactions

Occur when nuclei combine,
split, and emit radiation

Can involve protons, neutrons,
and electrons

Associated with large energy
changes

Atoms of one element are
often converted into atoms
of another element
Temperature, pressure, and
catalysts do not normally
affect reaction rates
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2— Mention some of scientist’s contribution in nuclear radiation field?

Scientist Contributions

Roentgen He Discovered X-rays that darkened photographic plates

Becquerel He discovered phosphorescent

He discovered by chance that phosphorescent uranium salts
produced emission that darkened photographic plates

Marie curie and | They named the process by which materials give off rays
Pierre curie (radioactivity)

They discovered two new radioactive elements(polonium-radium)
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3- Write the scientific definition?

* Radioactivity: the process that releases the radioactive materials

*Radiation: the rays and particles emitted by a radioactive source

* Isotopes: atoms of the same element that have different numbers of neutrons
*Radio 1sotopes: isotopes of atoms with unstable nuclei

Radioactive decay: the unstable nuclei emit radiation to be more stable
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4- Summarize the properties of the three most common types of radiation?

Table 2 Properties of Alpha, Beta, and Gamma Radiation

Alpha Radiation Beta Radiation Gamma Radiation

Symboal I 5] ~
Composition | alpha particles beta particles high-energy electromagnetic radiation
Description of radiation helium nuclei, § He electrons photons
Charge 2 = 0]
Mass | 6.64 x 10 ¥ kg 9N x 10 kg 0

Approximate Energy 5 MeV 0.05 to 1 MeV 1 MeV

Relative penetrating power blocked by paper blocked by metal foil not completely blocked by lead or concrete

study this figure and explain the next questions?

Beta
Positive plate particles

(1= charge)

Gamma rays
(no charge)

Alpha
= farcs
Radioactive (2+ charge)

source Negative plate

5-Alpha particles are deflected toward the negatively charged plate.

Because they carry positive charges (+2)

doage dind Jaai LY

6- beta particles deflected toward the positively charged plate?
Because they carry negative charges (-1)

an gall i) 53 = Sl ga Uiy Cilapuens 3 235 -6
Aulle daas Jaad LY

7- Gamma particles didn’t deflect toward any charged plate?

Because they don’t carry any charges.
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8- The deflection of beta is larger than Alpha.

Because beta particles are smaller (less massive) than Alpha

Ml Clasin e sl Uiy Clagus oY
9- Alpha and beta are called particles while gamma is called rays

Because alpha and beta have mass while gamma doesn’t have mass

flelad) lls o 5 elapn Uy Wl e (31l 9
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10- Alpha particles are relatively slow moving and have a low penetrating power?
Because they have large mass and charge (+2)
¢ Ay te sl lasal ad 210
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11- Gamma rays have high penetrating power?
Because they are electromagnetic radiation (photons) and don’t have mass or charge
e A de b 0S5 08 Ll Llas a1 ]
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12- Alpha particles have (+2) charge

Because they have the same composition of He atom that contains two protons
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13- Beta has (-1) charge
Because beta particle is electron which carries -1 charge
$-1 2 by amea 48213
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14- What will happen in Alpha decay? e — Q * &

atomic number is lower by 2

mass number is lower by 4 2602 2 Sa

Radium-226 Radon-222 Alpha particle
¢ Ll Il die Gy 13 -14

4 ldiey QS anall Jyg D laiay (5 A aaall iy

- i i ?
15~ What will happen in beta decays Q > e 2 &
Atomic number is higher by 1
No change in mass number because 13 1316 B

lodine-131 Xenon-131 Beta particle
n — p+§p
¢ Uy IO 2 Easy D =15
055 B s Jsadl 1l Uy Clagua 7 A0 5 JBSH aaall 3y W | ey g3l aaell 3y 5
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16— what will happen gamma decay? -:,._1{—' — -::.?Th 4 _}HE' + 27
No change in both atomic and mass number
* gamma rays are photons (electromagnetic radiation) which are higher energy.
* gamma rays always accompany alpha and beta radiation
* gamma rays are responsible about the most of the energy loss during the nucleus decays
*usually scientists omit gamma rays from equation because they haven’t any effect.
* 2y refers to two different frequencies are emitted

17- what are the uses of X-rays?

[t allows astronomers to observe objects not visible in optical images




In hospitals and dentists

To discover the bone fraction as it passes through soft tissue but is blocked by hard tissue(bone)
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18- compare between X-rays and gamma rays?

¢ Lola dasl g duiead) 428 o B -18

X-rays
Ll 43N

Y rays
Ll g e

Properties

el Al

Electromagnetic radiation
with higher energy

EIR PR

Electromagnetic radiation

with higher energy

B e

Composition

Sl

oy

Inner electrons are knocked
out and drop from higher
energy level to low energy
level

il gisa (o i 5K L i
2020 1) LAY HEL)

Unstable, radioactive
source

3_)33““);;2\.&&.‘.33\.‘.

Source

Lower

Jai
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Section2 Radioactive Decay  staa¥ J34Y!

1-what is transmutation (radioactive decay)?

The conversion of an element into another element as the atomic number is altered.
¢ 5550 (Jad¥l) Jana) 5 L]

2-Why does transmutation happen only in alpha and beta decay not gamma?

Because there is a change in atomic number in alpha and beta decay while gamma has not change

flala Clbaai) ie dhasy W oLy Clag) 5 Ll Clai) ie (55 3l) J gl a1l -2
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3- which ratio does the transmutation depend on it?

Protons to neutrons ratio

¢ sl Joail Lele ading Ao 6l e -3
g i) A gl A

4- what is the common name of protons and neutrons together?

Nucleons

?Lﬂau})m\}auﬂjﬂ@w\wy‘\u_4
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5- What is strong nuclear force?

The force that is found between all subatomic particles

fa sl sl a5
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6- Why do all nucleons remain bound in the nucleus?
Because of the strong nuclear force overcomes ) 4=
G —

the electrostatic repulsion among protons s ssar
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7- What is the band of stability? 0 0

NETR NIRT

NERTE NIRRT

The area where all stable nuclei fall when plotting the number of
Of neutrons versus the number of protons

As the atomic number increases, the neutron-to-proton ratio(n/p) increases from 1:1 to 1:1.51
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8- What are the main types of radioactive decay?
1- Alpha decay

All nuclei with more than 82 protons are radioactive and decay spontaneously

%0 — Z20%Pb + 3He

The atomic number decreases by 2 and the mass number decreases by 4
3

L J3sw!

2- Beta decay

A radioisotope that lies above the band of stability unstable because it hne ton manw nentrane mara

than protons o 0
e - UN +

Beta decay decreases the number of neutrons. It only increases

the atomic number by 1 0

e \

: . + .
3- positron emission (f* - e*) Carbon-11

o
e t
A proton is converted to neutron and positron p — n+e* Positron

[t is a particle with the same mass of electron but opposite charge
the atomic number decreases by 1 Positron emission

4- electron capture?

[t occurs when the nucleus of an atom draws in a surrounding /
81
36Kr

Electrons and it combines with proton to form neutron ® . Krypton-81

pte —n e

the atomic number decreases by 1 and x-rays photon being emitted Election

. .. . . 37Rb
* both of positron emission and electron capture occur in nuclei with Rubidium-81

Low proton-neutron ratios and tend to increase it. 5

-1ay
_ Bl 81y : Electron capture photon
e~ + 33Rb — 5. Kr + X-ray photon

b




Table 3 Summary of Radioactive Decay Processes

Type of Radioactive Decay | Particle Emitted | Change in Mass Number | Change in Atomic Number

Alpha decay _]-fcr decreases by 4 decreases by 2
Beta decay Bore no change increases by 1

Positron emission gt oret no change decreases by 1

Electron capture X-ray photon no change decreases by 1

Gamma emission ~ no change no change

9- Writing and Balancing Nuclear Equations

BALANCING A NUCLEAR EQUATION NASA uses the alpha decay of plutonium-238
(Eggfpu} as a heat source on spacecraft. Write a balanced equation for this decay.

Write a balanced nuclear equation for the reaction in which oxygen-15
undergoes positron emission.

11— Thorium-229 is used to increase the lifetime of fluorescent bulbs. What
type of decay occurs when thorium-229 decays to form radium-2257

12- Challenge The figure at right shows one way that bismuth-212 can decay,
producing isotopes A and B.

a. Write a balanced nuclear equation for this decay.
b. |dentify the isotopes A and B that are produced.

&,

A
&l
N
&, =
~. Beta particle
a 1He

212 p;
33 Bi

Bismuth-212  Alpha particle
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13- What 1s radioactive series?
[t is a series of nuclear reaction that begins with an unstable nucleus and results a stable

HUCIGUS Uranium-238 Decay Series

92 /A’-pha decay
a1 A Beta decay

ap

89

8a |
87
86
85 1 { 2
84 C : ‘i&

23

Atomic number

g2 —1 L S | . o | T—

U‘.‘* Stable isotope ,
200 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 237 234 236 238
Mass number

14-What is a half-life?
Half-life is the time required for one-half of radioisotope’s nuclei to decay into its products
¢ ! s ga L—14
S ot ) i gt 5 65 o gh s 3 ) 51

Table 4 The Decay of Strontium-90

Mimbes o1 Ela!: sed Amount of Strontium-90 Present
Half-Lives Time

0 0y 100q

o
o

1 29y 10.0 g X (21 =500g

w
o

2 58y

~N
v

87y

Strontium-90 remaining (%)

16y

Number of half-lives
Remaining Amount of Radioactive Element (1 half-life = 29 years)

M is the remaining amount.

n
N = Na(zl) N is the inital amount.

n is the number of half-lives that have passed.

The amount remaining is eqgual to the initial amount times one-half raised the number of
half-lives that have passed.

The exponent n can also be replaced with the equivalent quantity
/T, where t is the elapsed time and T is the duration of the half-life.
Note that t and T must have the same units of time.

i 1
\J:I\E)
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1- CALCULATING THE AMOUNT OF REMAINING ISOTOPE Krypton-85 is used
in indicator lights of appliances. The half-life of krypton-85 is 11 y. How much of

a 2.000-mg sample remains after 33 y?

Bandages can be sterilized by exposure to gamma radiation from cobalt-60, which has a
half-life of 5.27 y. How much of a 10.0-mg sample of cobalt-60 is left after one half-life?
Two half-lives? Three half-lives?

If the passing of five half-lives leaves 25.0 mg of a strontium-80 sample, how much was
present in the beginning?

15 —What 1s radiochemical dating?
The process of determining the age of an object by measuring the amount of a certain
radioisotopes remaining in that object

¢ L;cbduﬁ\ bladu @)u‘ 9 L -15

e VA8 Cnme miis ol e Bdite £aST W3 Bk 8 b e jes LS les

16~ Explain why do we can determine an age of object by using isotopes?

Because the half-life is constant for all isotopes

b o ko) sl szl (Se 3U 3 =16
;ws@qbﬂa@\ﬁ;w

Table 5 Half-Lives of Several Radioisotopes

Radioisotope |  Symbol | Half-Life

Polonium-214 2 Po 1637 s
Cobalt-60 2%Co 5.272y
Radon-222 ‘2Ra 3.8d

Phosphorus-32 o 14.28 d
Carbon-14 nE 5730 y
Uranium-238 2ty 4.46 x 10%y
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Section3 Chemical Reactions g5l &Slelid)

1-What is induced transmutation?
The process which involves striking nuclei with high-velocity particles (alpha, beta, Gama).
The high-velocity to overcome the repulsion between the electrostatic force between them and

nucleus.
¢ Cotndl Sosdll Jsmd) oo Lo =1
(09755 by W) oo ae ) alle bt ol Crad les
LB Bl g e Sl g mSIY) L e il s Ao W W Sl 065 O (4 0

2- What are particles accelerators?

They are machines to produce a high-speed particles needed to induce transmutation
¢ Slamd! Olepus 2l -2
dedl e ol 2l ae e wlownd! £y dsgias YT

3- What are transuranium elements?

The element that following the uranium-92 in periodic table

¢ S amt olall sl -3
(S Jgb) (38,80 92 — asil ol 5 B ansll ol

® Figure 13 When an alpha particle bombards a nitrogen-14 atom, an atom of
oxygen-17 and an atom of hydrogen-1 are produced.

ﬁ#r*—b-@-kt

2 He N : ' H
Bombarding Target Hydrogen
alpha particle nitrogen atom atom
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1- INDUCED TRANSMUTATION REACTION EQUATIONS Write a balanced nuclear
equation for the induced transmutation of oxygen-16 into nitrogen-13 by proton
bombardment. An alpha particle is emitted from the nitrogen atom in the reaction.

Write the balanced nuclear equation for the induced transmutation of
aluminum-27 into sodium-24 by neutron bombardment. An alpha particle
is released in the reaction.

Write the balanced nuclear equation for the alpha-particle bombardment
of ‘Tﬁ?u. One of the reaction products is a neutron.

4- Challenge Archeologists sometimes use a procedure called neutron
activation analysis to identify elements in artifacts. The figure at right
shows one type of reaction that can occur when an artifact is bombarded
with neutrons. If the product of the process is cadmium-110, what was
the target and unstable isotope? Write balanced nuclear equations
for the process to support your answer.

| |
Neutron > > 3
€ — —— - O
Target Unstable\
isotope 0

Product

X m‘)

k)
maol

® Figure 14 The binding energy per
nucleon is a tunction ot the mass number.

_ N L=

- Fission | _ _ Light |1.|JL|E‘? gain stahility ,y. .J."If.iE’gD.f'-Il_Ill
—_—— S nuciear fusion. Heavy nuclel gain stabifity by
undergoing nuclear fission.

_Band of very
stable nuclei

Binding energy per nucleon (

B0 B0 100 120 140 160 180 200 220
Mass number

14|Page als 12 Haall 3\.:133.”\ slawaasSl]




4- What is Einstein equation?
Any reaction produces or consume energy due to a loss or gain in mass

A small change in mass results a large change in energy because of C? is large

Energy Equivalent of Mass

&E = ﬁmcz AFE is the change in energy, in Joules. Am is the
change in mass, in kg. ¢ is the speed of light.

The change in energy is equal to the change in mass times the square of the speed of light.

?Mfﬁswgﬁb—ﬁl
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5- what 1s mass defect?

The mass of nucleus is less than the mass of the sum of protons and neutrons
¢ S edy duak 13l =D
LBl ol oS Sy 8! 2l 2V Y)
e pSWly S e AUl Bl 3l 85l 05 Lgam aa sl 34T e

6- what is the nuclear binding energy?

The energy needed to break nucleus into its nucleons
¢ Sosd) Loy )l Bl zdy 3L -6
LLls L) olsd) aluis eIl dla)) 4eS
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Binding Energy Variation

34L §E|Fe %Kr ! dg gh J<d day ) ABUa Jay gia JulBal) JSEN Cpan
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Band of very
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20 40 60 B0 100 120 140 160 180 200 220
Mass number € S aaall 4805 o€ Jay 1) ABUS ¢ glET (A 5w
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Mass defect = myqeus — [Nemp + Nnomin] Mass defect = Misotape — [N pmy — Namin]

O9n sl ANS oy g Seail ase N, (Ggigusl ALK cmp ol gl gyl dae
Cra QS A G 9 gl B0 ALIS ¢y 6K g ¢y 9 ASIY) ALIS aladiaa) gy B AN ALS A Qi) Gl die
Ogigal) ALS (e Yy (mip = 1.007825 amu) G590 G A

MeV baa g3 Bl e Jgasll 931 MeV/amu 2 ALl (el oy a 6i

(5.9l 7 — a gaall) ATIS ¢ 7 — a2 gl Jay y Bl g ALY i Gasa) 2 slae JUa7.016003 amu
(mu = 1.007825 amu , m, = 1.008665 amu)3 = 7 — asfialll jaiad 5,30 amll o) dua
ALl s = [Npmpy + Npmp] — m

= [3x1.007825 + 4x1.008665] —7.016003
=0.042132 amu
AE = Amc? = 0.042132 amu x 931 MeV/amu = 39.22 MeV

Alad L (ud ALY €l i ) A A ol AL AStgtional) of Aavital) A8 ¢ 95 Apilpansl) e B
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7- what 1s nuclear fission?

The splitting of nucleus into fragments (heavy atoms more than 60) to increase their stability

ezzm
Cssdl Hlazs¥) gals =7
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8-what 1s chain reactions?

Process happens when uranium nuclei undergo fission, they release neutrons which trigger

more fission reaction such as atomic bomb

¢ ksl Lol ya L -8
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9- what is critical mass —subcritical mass-supercritical mass?

critical mass: a sample that 1s massive enough to sustain a chain reaction
subcritical mass: a sample that is not massive enough to sustain a chain reaction

supercritical: much more mass than the critical mas is present (led to violent explosion)
¢ i A B Al — a1 Ogs S a4 A ale =9
bt Jelas & gand 408Kl jUaisdU Alal) salall AS A jal) ATS)
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10- what are nuclear reactors?

1- nuclear reactor 1s used to produce electricity

2- a common fuel in nuclear reactor is uranium (IV) oxide(UO,)
3-uranium- 238 (99%) — uranium -235 (0.7%)

4-the fuel used in nuclear power plants is enriched to contain 3% uranium235 to start reaction
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Nuclear reactor components Function

Neutrons source Emitting neutrons

Control rods Absorbing neutrons

Reflector Reflecting neutrons to core

Coolant (water) Carry off the heat

Hot coolant Moving turbines —produce electric power

Concrete structure Protecting people and workers from radiation
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= Figure 20 A nuclear reactor produces heat that drives the formation of steam. The
energy from the steam spins a turbine which produces electricity. The steam is eventually
cooled and recycled. The water used to cool the steam enters the cooling tower where
steam is released to the atmosphere.

Containment

structure ;
Control Cooling tower

rods

Steam turbine
(high-energy
steam spins
turbines and
generates

;Lel:r“ator electricity)

Warm water

Cool water

11- why must the nuclear reactor be serviced periodically?
Because the fuel rods are gradually depleted so we reuse it to make new fuel rods
12 - why do we use a crane to extract and replace fuel rods?

Because the interior part is filled with water
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13- what 1s breeder reactors?

Reactors able to produce more fuel than they use
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14- what are the problems of producing energy from nuclear reactors?

1- the limited supply of U-235  2- nuclear wastes
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15- what is nuclear fusion?

The combining of light nuclei to produce 1 heavier stable nucleus

Toroidal field
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41 H — 2B + 4He + 4L

16- compare between nuclear fission and fusion?
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Nuclear fusion Nuclear fission

Lighter isotopes to start reaction Heavier isotopes to start reaction

Need higher energy No need for high energy to start reaction

Produce higher energy Produce less energy

The products aren’t radioactive The products are radioactive

17- nuclear fusion must be started with higher temperature (why it called thermonuclear reaction?
[t needs high temperature to overcome the electrostatic repulsion between nuclei
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Section4 applicatios of nuclear reactions &l OOl o Ol

There are many several ways to detect radiation

1- what is TLD badge? How does it work?

People who work near radioactive source might be required to wear a thermoluminescent(TLD)
Badge, which contain a tiny crystal.

Radiation excited electrons within the crystal, when it is heated the electrons return to ground

states and emit light. Radioactive reader detects light and measure radiation.
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2- what is 1onization radiation? what is Geiger counter? how does it work?

Ionization radiation: energetic enough to ionize matter with which it colloids.

Giger counter: an ionization radiation detection device

Giger counter consists of a metal tube filled with a gas and a power supply in the center.
*the gas inside the tube absorb the ionization radiation and forms ions and free electrons
*the free electrons are attracted to the wire, causing an electric current

*a meter built measure the current and determine the amount of radiation
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2- what is scintillation counter? P
* scintillation 1s used also to detect ionization radiation

*scintillations are brief flashes of light called phosphors

*1onization radiation colloids scintillation counter and transferee

Energy to the phosphor.

*the energy excites electrons in phosphors so they return back to

Ground states and release light which converted to electrical signal

*the number and the brightness refers to the amount of radiation
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3- what are the common uses of radiation?
1- neutron activation analyze: is used to detect trace amount of elements in sample
2- using radioisotopes: is used to follow the course of an element in chemical reaction
For examples: analyzing the complex reaction —in medicine to detect diseases such as
lodin-131 is used to detect thyroid gland diseases
3~ treating cancer: radiation is used to destroy cancer cells

4-using positron emission(PET):is used to diagnose diseases and study brain parts
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4— what are the biological eftects of radiation?
The damage produced from ionizing radiation absorbed by the body depends on:
Type of radiation-its energy-type of tissue —the penetrating power-distance from

source
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5- what is the dose of radiation?
The amount of radiation that body absorb from a radioactive source
*the RAD and REM are the two units of dose of radiation
*the dose RADS 1s multiplied by numerical factors to form REM
CelsViaer 2L -5
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Table 7 Average Annual -DM o S B>y el
Radiation Exposure

m Average Exposure (mrem/y) Table 6 Effects of Short-term
Radiation Exposure
Cosmic radiation 20-50
Radiation from the ground 25175 Dose (rem) Effects on Humans

Radiation from buildings 10-160 0-25 no detectable effects

Radiation from air 20-260 e temporary decrease in
Human body (internal) ~20 white-blood-cell population

Medical and dental X-rays
nausea, substantial decreasein

— 7 100-200 S ) .
Nuclear weapon testing <1 white-blood-cell population

Air travel 5 50% ch ¢ death vith
500 o CNdnce o geath withm

Total average 100300 30 days of exposure
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