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RADIOCTIVITY
INTRODUCTION

Radioactivityisaprocesswhereanunstablenuclidebreaksuptoyieldanothernuclideof
differentcompositionwithemissionofparticlesandenergy
Radioactivedecayisthespontaneousdisintegration/decayofaradioactivenuclide.
Radioisotopesareisotopeswhichareradioactive
.
Radioactivityisanuclearreactionandnotachemicalreaction

similarities:betweenNuclearandchemicalreaction
(i)-bothinvolvethesubatomicparticles;electrons,protonsandneutronsinanatom
(ii)-bothinvolvethesubatomicparticlestryingtomaketheatom morestable.

(iii)-Someform ofenergytransfertotheenvironmenttakeplace.

Differencesbetweenchemicalreactionsandnuclearreactions

Nuclearreaction Chemicalreaction
Takesplacewithinthenucleusandinvolves
neutronsandprotons

Takesplaceontheouterenergyeleveland
onlyinvolvesvalencyelectrons

Releaselargeamountsofheatenergy Muchlessenergyreleased
Notaffectedbyenvironmentalfactorssuchas
temperature

Areaffectedbyenvironmentalfactorssuchas
temperatureandpressure

Newelementformed Nonewelementformed

CHARACTERISTICSOFRADIOACTIVITY
Allatomswithatomicnumberabove82areradioactive
Radioactivityreactionsarespontaneousandproducealotofenergy
Radioactivityisnotaffectedbyexternalfactorsliketemperatureandpressure
Typesofradiation
Therearethreetypesofradiationsemittedwhenradioactivenuclidesdisintegrate
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Alphadecay;
anuclideundergoingα-decayhasitsmassnumberreducedby4anditsatomicnumber
reducedby2

Examplesofalphadecay

210
84Pb 206

82Pb +4
2He2+

226
88Ra 222

88Rn+ 4
2He2+

completetheequationsbelow

266
106Sg m

nRF + 4
2He2+

251
98Cf 238

92U + …………………

285
112Cn p

qHs + 24
2He2+

z
aEs 235

93Np+ 34
2He2+

(i)alpha(α)particledecay (ii)Beta(β)particledecay iii)Gamma(y)particledecay

I. Ispositivelycharged
andareattractedto
thenegativeplateof
electricfield

isnegativelychargedhence
attractedtothepositiveplate
ofelectricfield.

Nocharge

II. Hasmassnumber4
andatomicnumber2
thereforeequaltoa
chargedhelium atom
(4

2he2+)

nomassnumberandatomic
numbernegativeone(-1)
thereforeequaltoafast
movingelectron(0

-1e)

hasnomassnumberand
atomicnumbertherefore
equalto electromagnetic
waves.

theyshowalesserdeflection
byelectricfiled,duetotheir
largemass

Showaregreaterdeflection
duetothelessermass

Notdeflected

haveverylowpenetrating
powerandthuscanbe
stoppedathinsheetof

Havemedium penetrating
powerandthuscanbe
stoppedthinsheetof
aluminum foil.

veryhighpenetratingpower
andthuscanbestoppedbya
thickblockoflead..

I. havehighionizing
powerthuscausealot
ofdamagetoliving
cells.

Havemedium ionizingpower
thuscauselessdamageto
livingcellsthanαparticle.

haveverylowionizingpower
thuscauselessdamageto
livingcellsunlesson
prolongedexposure
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288
114Uuq 278

104Rf+ ………………

226
88Ra 218

84Rn+

beta(β)decay
v)anuclideundergoingβ-decayhasitsmassnumberremainthesameanditsatomicnumber
increaseby1

Examplesofbeta(β)decay
228

88Ra 228
89Ac +0

-1e

228
88Ra 228

92Th +

.232
90Th 232

91Pb +

l
kTh 212

93Np +30
-1e

Gammay-decay

v)anuclideundergoingy-decayhasitsmassnumberanditsatomicnumberremainthesame.

Thesketchdiagram belowshowsthepenetratingpoweroftheradiationsfrom aradioactive
nuclide.

radioactivenuclide sheetofpaper aluminium foil thickblockoflead
(radiationsource) (blockα-rays) (blockβ-rays) blocky-rays)

α-rays β-rays y-rays

Thesketchdiagram belowillustratestheeffectofelectric/magneticfieldonthethree
radiationsfrom aradioactivenuclide
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Radioactivedisintegration/decaynaturallyproducesthestable206
82Pbnuclide/isotopeof

lead.Belowisthe238
92Unaturaldecayseries.Identifytheparticleemittedineachcase

B:NUCLEARFISSIONANDNUCLEARFUSION
Radioactivedisintegration/decaycanbeinitiatedinanindustriallaboratorythroughtwo
chemicalmethods:

a)nuclearfission
b)nuclearfusion.

a)Nuclearfission
Nuclearfissionisthesplittingprocessofaaheavyunstablenuclidereleasinglighternuclides,



isabokemicah@gmail.com

Novels,UpdatedICT,KASNEB,College,HighSchool,PrimarySoftcopyNotes 0714497530 5

andalargequantityofenergy whenbombarded/hitbyafastmovingneutron
Nuclearfissionisthebasicchemistrybehindnuclearbombsmadeinthenuclearreactors.

Examplesofnuclearequationsshowingnuclearfission

Supplythemissinginformationtoteequationsbelow
1

0n+235
bU 90

38Sr+a
54Xe+31

0n+energy

1
0n + 27

13Al 28
13Al + y+ energy

235
92U +1

0n 147
57La+ 87

35Br+----+energy

1
0n+235

bU 1
0n+…………..energy

247
96Cm +1

0n ……….+ 1
0n +energy
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235
95U +1

0n ……….+ 142
56Ba+31

0n + energy

NUCLEARFUSION.
Nuclearfusionistheprocesswhichsmallernuclidesjointogethertoform larger/heavier
nuclidesreleasingalargequantityofenergy..
Nuclearfusionisthebasicchemistrybehindsolar/sunradiation.
Twodaughteratoms/nuclidesofHydrogenfuse/jointoform Helium nuclideonthesurfaceof

thesunreleasinglargequantityofenergyinform ofheatandlight

2
1H + 2

1H a
bHe + 1

0n+energy
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2
1H + 2

1H ……….. + 1
1H+energy

14
7N + …………. 17

8O + 1
1H+energy

53
24N + 4

2He . 1
0n + …………….+energy

Similaritiesbetweennuclearfusionandnuclearfission

Inbothalargequantityofenergy
Bothprocessesresultsinchainreactions
Inbothcasessub-atomicparticlessuchasneutronsaccompanythepeocess

Differencesbetweennuclearfusionandnuclearfission
Nuclearnuclearfission nuclearfusion
Heavynucleusissplittosmallernuclei Smallernucleicombinetoform

heavynucleus
Havealoweractivationenergy Haveahigheractivationenergy
Produceslargeramountofenergythan
nuclearfusion

Producesrelativelyloweramountof
energy

:HALFLIFEPERIOD(t1/2)

Thehalf-lifeperiodisthetimetakenforaradioactivenuclidetospontaneouslydecay/
disintegratetohalfitsoriginalmass/amount.
Itisusuallydenotedt1/2.
Therateofradioactivenuclidedisintegration/decayisconstantforeachnuclide.

Thetablebelowshowsthehalf-lifeperiodofsomeelements.

Element/Nuclide Half-lifeperiod(t1/2)

238

92
U 4.5x10

9

years

14

6
C

5600years

229

88
Ra

1620years

Thelessthehalflifethemoreunstablethenuclide/element.
Thehalf-lifeperiodisdeterminedbyusingaGeiger-Mullercounter(GM tube)
.AGM tubeisconnectedtoratemeterthatrecordsthecount-ratesperunittime.
Thisistherateofdecay/disintegrationofthenuclide.
Ifthecount-ratesperunittimefallbyhalf,thenthetimetakenforthisfallisthehalf-lifeperiod.
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APPLICATIONSOFHALFLIFE

I. Carbondating
II. Detectingleakages

III. Monitoringplantgrowth
IV. Inmedicinetomonitorplantgrowth.

Examples
a)Aradioactivesubstancegaveacountof240countsperminutebutafter6hoursthecount
ratewere30countsperminute.Calculatethehalf-lifeperiodofthesubstance.

Ift1/2 =x

then240 120 60 30
From 240to30=3x=6hours
=>x=t1/2=(6/3)

=2hours
b)Thecountrateofanuclidefellfrom 200countspersecondto12.5countspersecondin120
minutes.
Calculatethehalf-lifeperiodofthenuclide.

c)After6hoursthecountrateofanuclidefellfrom 240countspersecondto15countsper
secondontheGM tube.Calculatethehalf-lifeperiodofthenuclide.

d)Calculatethemassofnitrogen-13thatremainfrom 2gramsafter6half-lifesifthehalf-life
periodofnitrogen-13is10minutes.

e)Whatfractionofagasremainsafter1hourifitshalf-lifeperiodis20minutes?
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f)348gramsofanuclideAwasreducedto43.5gramsafter270days.Determinethehalf-life
periodofthenuclide.

g)HowoldisanEgyptianPharaohinatombwith2gramsof14Cifthenormal14C inapresent
tombis16grams.Thehalf-lifeperiodof14Cis5600years.

h)100gramsofaradioactiveisotopewasreduced12.5gramsafter81days.Determinethehalf-
lifeperiodoftheisotope.

Agraphofactivityagainsttimeiscalleddecaycurve.
Adecaycurvecanbeusedtodeterminethehalf-lifeperiodofanisotopesinceactivity

decreaseatequaltimeintervaltohalftheoriginal

Thegraphbelowshowstherateofdecayofcarbon-14
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(i)From thegraphshowanddeterminethehalf-lifeperiodoftheisotope.

From thegrapht1/2changesinactivityfrom:
(100–50) => (5700–0)=5700years
(50–25) => (11400–5700)=5700years

Thus t½ =5700years

(ii)Whydoesthegraphtendto‘O’?
Smallerparticle/swilldisintegrate/decaytohalfitsoriginal.
Therecanneverbe‘O’/zeroparticles

Thetablebelowshowsthechangeinmassofaradioactiveisotopewithtime

Time(days) 0 2 4 6 8 10 12 14 16 18
Mass(g) 10.0 8.7 7.5 6.2 5.0 4.1 3.4 2.9 2.5 2.3

Onthegridprovided,plotagraphofthepercentageofbismuthremainingagainsttime.(3mks)
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a)From thegraphdetermine
I. halflifeoftheradioisotope

II. themassafterthe7thday

III. themassafterthe20th day

IV. Thetablebelowshowsthemeasurementsofradioactivityincountsperminutefrom a
radioisotopeiodine-128

Countsperminute 240 204 176 156 138 122 112
Timeindays 0 5 10 15 20 25 30

a)Plotagraphofcountsperminuteagainsttime
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b)Useyourgaphtodeterminethehalflifeofiodine-128

b)From youethegraphdeterminecountrateafter;
I. 12minutes

II. 22minutes

c) Afterhowmanyminuteswasthecountrate;
(i) 160countsperminute

(ii) 197countsperminute
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Aquantityof44YwasmonitoredwithaGM tubeandthefolllowinfresultswereobtainedovera
periodof70minutes.
Countsperminute 800 580 427 305 225 165 122 85
Time 0 10 20 30 40 50 60 70

I. thegridprovidedplotagraphofcountsperminuteagainsttime.

II. DetermnethehalflifeofY

III. OnStartingwith32gof44Y,howmuchoftheisotopewouldremainafter110minutes.

IV. Givetwoapplicationsofhalflife
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E:APPLICATIONANDUSESOFRADIOCTIVITY.
Thefollowingaresomeofthefieldsthatapplyanduseradioisotopes;
a)Medicine:-\

 Treatmentofcancertokillmalignanttumorsthrough radiotherapye,gcolbalt-60and
caesium-137

 -Sterilizinghospital/surgicalinstrumentsby exposingthem togammaradiation.
 -tomonitorgrowthinbonesandhealingoffractures
 Forprovidingpowerinheartpacesetters

b)Agriculture:
 monitorplantgrowthbytracingtherouteoftheradioisotope.
 Radioactivephosphorusisusedtodeterminerateofabsorptionofphosphatefertilizers

c)Foodpreservation:
X-raysareusedtokillbacteriaintinnedfoodtolastforalongtime.

d)Chemistry:
Tostudymechanismsofachemicalreaction,onereactantisreplacedinitsstructurebya

radioisotopee.g.
Duringesterificationthe‘O’joiningtheesterwasdiscoveredcomesfrom thealkanolandnot
alkanoicacid.
Duringphotosynthesisthe‘O’releasedwasdiscoveredcomesfrom water.

e)Datingrocks/fossils:
Comparingthemassof14Cinlivinganddeadcells,todeterminetheirage,

F:DANGERSOFRADIOCTIVITY.
1.Exposuretothesesradiationscauseschromosomaland/orgeneticmutationinliving

cells.
2. Livingthingsshouldthereforenotbeexposedforalongtimetoradioactivesubstances.
3.Oneofthemainusesofradioactiveisotopesisingenerationoflargecheapelectricityin

nuclearreactors.
4.Thosewhoworkinthesereactorsmustwearprotectivedevisesmadeofthickglassor

leadsheet.
5.Accidentalleakagesofradiationsusuallyoccur
6.In1986theNuclearreactoratChernobylinRussiahadamajorexplosionthatemitted

poisonousnuclearmaterialthatcausedimmediateenvironmentaldisaster
7.In2011,anearthquakeinJapancausedanuclearreactortoleakandreleasepoisonous

radioactivewasteintotheIndianOcean.
8.Theimmediateandlongterm effectsofexposuretothesepoisonousradioactivewaste
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onhumanbeingisofmajorconcerntoallenvironmentalists.

Control
Properuse,storageanddisposalofradioactivematerials
Regularchecksofequipmentwhichemitradiations

Revisionquiz RADIOACTIVITY

1. 1993QP1A7
TheTablebelowgivestherateofdecayforradioactiveelementY.

Numberofdays Mass(g)
0 384
270 48

Calculatethehalf-lifeoftheradioactiveelementY.

2. 1995P1AQ30
(a) 100gofradioactive 233

91Pa wasreducedto12.5gafter81days.
Determinethehalf-lifeofPa. (2marks).

b) 23391PadecaysbyBetaemission.Whatisthemassnumberandtheatomic
numberoftheelementformed? (1mark)

3. 1996P1AQ20
Completethediagram belowtoshowhowαandβparticlesfrom radioactivecanbe
distinguishedfrom eachother.Labelyourdiagram clearly. (3marks)

Sourceofradiation Paper Metalfoil

4. 1997P1AQ7
M grammesofaradioactiveisotopedecayedto5grammesin100days.

Thehalf–lifeoftheisotopeis25days.
(a)Whatismeantbyhalf-life? (1mark)

....................................................................................................................................................................

....................................................................................................
(b)CalculatetheinitialmassM oftheradioactiveisotope. (2marks)
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....................................................................................................................................................................

....................................................................................................................................................................

....................................................................
5. 1998P1AQ1

AnisotopeofUranium 234
94U decaysbyemissionofanalphaparticletothorium.Th.

(a).Writetheequationforthenuclearreactionundergonebytheisotope. (1mark)

....................................................................................................................................
(b).Explainwhyitisnotsafetostoreradioactivesubstancesincontainersmadefrom

Aluminum sheets. (1mark)
....................................................................................................................................................................
....................................................................................................................................................................
....................................................................
6. 2000Q13

AradioactiveisotopeX2decaysbyemittingtwoalpha(a)particlesandone
beta(β)tofrom 214

Bi
83

(a)WhatistheatomicnumberofX2?
....................................................................................................................................................................
....................................................................................................................................................................
.....................................................

(b)After112days,1/16ofthemassofX2remained.DeterminethehalflifeofX2

....................................................................................................................................................................

....................................................................................................................................................................

.....................................................
7.2002Q10

ThegraphbelowrepresentsaradioactivedecayseriesforisotopeH.
Studyitandanswerthequestionsthatfollow
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(a)NamethetypeofradiationemittedwhenisotopeHchangestoisotopeJ.

...............................................................................................................................
(b)WriteanequationforthenuclearreactionthatoccurwhenisotopeJchangestoisotopeK

....................................................................................................................................
c)Identifyapairofisotopeofanelementinthedecayseries

....................................................................................................................................................................

....................................................................................................

8.
100gofaradioactivesubstancewasreducedto12.5gin15.6years.
Calculatethehalf–lifeofthesubstance. (2

marks)

....................................................................................................................................................................

....................................................................................................................................................................

....................................................................
9.

(a)Completethenuclearequationbelow. (1
mark)

37
18A….. 37

19B +………..

....................................................................................................................................................................

....................................................................................................
(b) Stateone:

(i) Useofradioisotopesinagriculture (1mark)

...............................................................................................................................
(ii) Dangerassociatedwithexposureofhumanbeingstoradioisotopes (1

mark)

...............................................................................................................................
10. 2007Q14

a) Distinguishbetweennuclearfissionandnuclearfusion. (2
marks)

....................................................................................................................................................................

....................................................................................................................................................................

....................................................................................................................................................................

....................................
Describehowsolidwastescontainingradioactivesubstancesshouldbedisposedof.

(1mark)

....................................................................................................................................................................
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....................................................................................................................................................................

....................................................................................................................................................................

....................................
11,. 2008Q24
a)Aradioactivesubstanceemitsthreedifferentparticles.Givethesymboloftheparticle

withthehighestmass. (1
mark)
...................................................................................................................................
b)(i)FindthevaluesofZ1andZ2inthenuclearequationbelow

Z1 1 94 140 1

U + n Sr+ Xe+2n
92 0 38 Z0 0

ii) Whattypeofnuclearreactionisrepresentedinrepresentedinb(i)above?

(1mark)

Time(minutes)
Givethenameofthe:

a)Processtakingplacebetweent0andt1. (1mark)

....................................................................................................................................
b)Energychangethatoccursbetweent3andt4

...............................................................................................................................
12. 2009Q6dP2

(d)Naturallyoccurringuranium consistofthreeisotopeswhichareradioactive.
Isotopes 234u 235u 238u
Abundance 0.01% 0.72% 99.27%
(i)Whichoftheseisotopeshasthelongesthalf-life?Givereasons. (1mark)

....................................................................................................................................................................

....................................................................................................
(ii)Calculatetherelativeatomicmassofuranium. (2marks)

....................................................................................................................................................................

....................................................................................................................................................................

....................................................................................................................................................................

T
e

m
p

e
ra

tu
re

(0
C

)

t0 t1 t2 t3 t4
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....................................
(iii)235

92Uisanalphaemitter.Iftheproductofthedecayofthisnuclide
isthorium (Th).Writeanuclearequationfortheprocess. (1mark)

...............................................................................................................................
iv)Stateoneuseofradioactiveisotopesinthepaperindustry (2marks)

....................................................................................................................................................................

..........................................................................................

13. 2011Q2
Completethenuclearequationbelow:

131 131
I Xe+

53 54
Thehalflifeof 131

53Iis8days.
Determinethemassof 131

53Iremainingif50grammesdecayedfor40days.
...........................................................................................................................

....................................................................................................................................................................

...............................................................................................................................
Giveoneharmfuleffectofradioisotopes. (1mark)

...............................................................................................................................
14. 2012Q9P1

120gofiodine–131hasahalflifeof8daysdecaysfor32days.Onthegridprovided,
plotagraphofthemassofiodine–131againsttime. (3marks)


