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DISCLAIMER
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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_ Radioactivity

INTRODUCTION. kédioaqti&ity is.a bréperfy of_thé a£oﬁic_nu¢1eu§. Many
bunstable_nuclei sponﬁaneously'diéintegrate;:forming differeht nuclei aﬁd
emitting‘séme form ofvehé:gy. For e#ample, the nuciéu;vzzsRa‘knuclear
chafge_tgg) disiﬁteg?gtes into_???Rn,JcharQe_+¢86);énd_fHe;jcharge_+2L.
Thev4He'npcieus, (the a-pérticle{;jcarriés off as kinetic ener;y nearly
all the 4.86 MeV'of énérgy 1i$e£ated in the.décay. Tﬁére are many other
ways, de#cfiﬁedrbelqw,.in.whiEh qnstable nﬁélei.cén decay; '

| .Radioactive decay is spontaneous. It occufsveven.when the nucleus
 is.t§ta1iy isdléfed frqm external influenceé,ﬂalthough the pieseﬁce
6f éfdmicﬁeiecﬁrons is'Sometimeélréquired. Unli#e most éheﬁieal reactiohs,
the decay is ndt.ﬁriggefed by thé absorétion of energy from external “
.sources." Aﬁ u#staﬁlé nucleus may livé.for biilions.of Years beforé iﬁv
~ /suddenly and $pontaheoﬁsly disiﬁtegrates.

Radioactivity Wasvdisébvered accidéntaily by Henri Begquerel in
V1é96;v-A£ thét.fimé i£ was'known.that X-rays cauée.élassbto'fluoresce
énd that they ai$d blacken phot@graphié plates.- Becquerel‘théréfore
,inveétigatéd avpossible connectibn.betwéeﬁ these two éfféqts byvplacing
a}fluofesceﬁt uranium co@pound on a senéitivé plate; .Thé plate was
bléckenéd; but ﬁé soon>foﬁnd that eQén hon—fiuofescent compqﬁnas of‘
uranium'produée ﬁhe samé resultvby the emission Ofradiationsqapable 6f
penetréfiné‘black paber Aﬁd.pieces of'éilvér;.vIn fhé folléwing four
décades; studie§ Qf raaioactivity ledvtolfhe aiscovéry of several new
_cﬁemical elements (Po, Ra, Rn, Ac, Fr), fhe‘discovery and invéstiéatipn_
ofvtﬁé nucléﬁs;'thé pr§duction.énd identification of the Aéﬁtron,‘thev
diécovéry of arfifi;ially'induced huclear trénéfofmation>and'bf“ﬁuclear,

. fission. "



RADIOACTiVE DECAY LAW.} For a gi&én ﬁﬁstabie nucleﬁs aﬁd a givenitype.
. of decay £o a_specifié fina1 product,'fheré is a définife'probébilify_
that the hucleus will_disiﬁteératé withih-a time igéeival'dtf’ Since -
-'the decay is a‘pfoperty of the isolafed ﬁué;eus (or atom), the number. ... ..
dN disihtegyétihg in aitime ihéerval dt ié §roporti6na1_t§ the.first

power of the number N of nuclei_breSent:

’where.k is the proportionality constant (aecay constant). Integration
of this equation giVes the humbe;-Nt of nuclei remaining at time t out
"of a number N, present at t = 0:

Nt = No e
By settinQ the remaining number equél'to one half of the initial number,
- the time t1/2 for one half of the nuclei to decay is ébtéined:
t1/2 = (n 2)/X = 0.693/A

The;gu;ntity ﬁl/é.is calleavtﬁe half{life. Vaiues.for known unstaﬁle
.nuclei fange froﬁ éboutiOf12seé to lolssyeéré,'an'enormous range. The
"expénehﬁial decay law resembles that éf‘first-order reactions in
chehiééi kinetics. | |

Because of theAstgtistical nature_of fhe.aecay proqeés; thé.number
: 6f decays AN in tiﬁe inte;va; dt is an averagé quaﬁtity‘sﬁbject to
| fluctuationé_resémbling thoééiof bifth qr-death_rﬁtesfin.a_bioiogicél
pdpulatioﬁ. 'Whén Sufficiéﬁtly lérgelnumﬁeré ﬁ éf decay'éQéntS are
:oﬁserved;.in éucéessive measﬁréménté, tﬁe'flﬁctuations iﬁ N dbey Té

' Gaussian distribution with standard'deviatioﬁ'equa1 t6 /N.



TYPES OF RA.DIOCA'I;IVE-DECZ.\YV._ _‘In. addition to the emi-ésion of ‘ne nucléi
(d—partiéles),_uhstable nuciei may aecay in‘a>yarie£y of other ways.thatv,
‘can bebcléSSified accoiding £o the fundamental for;é éhat isbrespoﬁsible;
The strong nuciear force_betwéen thevnuclear céns£i£uents {protons and |

-~

 heutrons) causes the emission of a;particles'and‘(rarely) protons.' The

-mﬁch weakérvelectrémagnetiC‘fofce can cause an unstable'nﬁc1eus to émit
energy in'the form of a phbton‘(y—rayz;..vin many,caseé the'electroﬁaéneticv
férce gauées an unétable'nucléus to interact witﬁ, énd eject, én electron. |
froﬁ an>atomic orbita1 as an.alternative to the emission of a photon.
' This'process.ié'known as.inferﬂa1 con§érsion'(IC);. The‘Couloﬁb (electric)f
part 6f thé‘electroméghetié.forcevis”respdnsible_for thé break—up of_many_“
heavy nuéiei into two_mucﬁ sméller nuclei by ‘a process called spontaneous
= fissiéni(sF)._ Aﬂ extremely weak férce (kﬁown simply as the_ﬁgg&_fo?ce).
causes thé:eﬁiSSidh*of‘negatiQely charéeavélectrons (Bf—particles)'o;
poéitiﬁelychargaielectrdns (B+—par£icles, pbéitfons). In Qény cases,
1‘én ungtable ﬁucléﬂs captures an;aéémié_electroﬁ as an alternative fb'
emitting a positron: .thisvprocéss is called electfon éaptﬁre‘(EC); 'EC.
épdv3+:of‘8- émiésion,,éoliectively éalled deeéay; ére.accompanied by:
the simui£aneoﬁs emissioh,of a.neutrino (v), a particle_of zero mass |
and charge. | | . |

‘q.Compared withvthe time scale of puclear‘evenfsg¢radioactive aecay
Cis énbextrghely élOW pfocess., For.ardecay, proton émission‘énd SF,.thg
Siowness is‘éause§>by‘§ poteﬁtial énergy‘ﬁarrier which iﬁhibits their
sepafatiop §f the ﬁnstébié nuéieﬁé into_two péfts.‘ The p;ocesseé of

B~ and Y—decay'are sléw becaﬁse_the’fundamental forces that are 
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.respbnéible fofsthé creation of the B—éaréiclevana neutfino or of the
Y—réy are so weék._:In no case does thé fundamental gravitational force
pléy a detectéble'rolgf_anéh type of decay leaves a residugl nucleus
that is related in a'definitevway to the atomié.number (nuclear charge, 2)-
aﬁd-mass nﬁmber (A) of'the‘initial-unstable nucieﬁs. Téble I summérizes

the various decay modes:

-~ Table i
Decay, Mode Emitted particle "New 2 New A Force Responsible
: 4 _ o - : '
a-decay . o ( He) : o zZ-2 A-4 Strong
Proton décay -lH (proton) ' o Z?l- . A-1 Strong
B-decay ' B~ (electron), Vv o Z41 A . Weak
. _ . + o o ,
8 (positron}), Vv S Z2-1. A B4
'V only (EC) - z-1 - A AR
~ y-decay Y (photon):' o oz A Electromagnetic
e (electron) (IC) z a7 ’ '
' Spontaneous . Nucleus breaks into"‘¢Z/2 . "A/2 - Coulomb -

Fission (SF) two parts of various : ' ’ . (Electromagnetic)

‘Table I. Summary of the modes.of'radioactive decay vaunstable nuclei.

The initial nucleus has atomic number Z and mass number A.

Mahy radioactive huéiei are unstable with respeét to decay -by more
| 238 S | .
- than one mode. A U nucleus, for example, can emit an o-particle and

produce a nucleus.of 234Th.' Alternatively, it is also capable of - E

Sponténeously fissioning into ﬁwo'rdughly equal parts as a result of
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the Coulomb forces arising from its high nhclear charge.. Each mode of
decay has . its own characteristic half-life.. For 238U,lthey are
4.51 x 10" years (a~decay) ‘and 8.0 x 1015 years (SF). The o-decay’

process is thus much more probablev(for 238U). Very often, a nucleus

2

pxoduced‘by:the decay of another is itseif unstable. The 34‘I‘h'produced

23 23

3

by a—deééy of BU:B——deéays:(ﬁl/z 24.i;days)‘tokform 4Pa, itself 

‘unstable. The prodﬁqts inspontaﬁéous fiésion>(aévWéli as ﬁhose of

neutron-induced fission in nuclear power pléhté);are neatly alWays’ﬁnstable.v

' Most of them decay‘byffhe B—Fprocéés;;_v. | |

Very frequently,vthe decay:of:an.unstable nucieus léads to the
fqrmatién of a secéndvnﬁciéué in én energy—ekcited_stéte. For exaﬁéle,

l:é pucleus of 56Co (half-1life 77 Aays) decayérby posifron emissiéﬁ-(6+-décéy)'
or by eléctron captﬁre to one of several excifea stateé of SGFe whiéhbin
a£urn decays by Y-réy émission of'by’internal conversion to lower énergf :

', stat¢s and:finally to thevcémpletely'sfable lowest eneréy state (th9‘  

:‘vground staﬁe).of Sspé (the main component of ordinéry iron);.kOne éf the
excited‘sfatesbof.56Fe (0.S45 MeV abéve tﬁe giéund staFé) decays to the'“

'QFOuﬁd state withla half-life of 6 x.lo_lzlseé.. Excitéd statéé with

Zmeasufablé hélf;livés ére‘knowﬁ as'isémers (ér'isomeric stateé);'

#AdioaﬁtiVe'aécaYS-to'éxcited nuclear states ﬁéve7béen aﬁ-importén£ 

- source of information about nublear*Spectroscopy and structure.-
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