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Objectivas: After colgletislef dhifs ‘
rrocdule, vou srotled gg agle to:

SRIDEINE and apply’ the concepts) o Mass
IUBEY, atemIC NURMIBEN a0 ISCLOPES.

IETECT PINEING

alchlaite the e
Al Jeon folf el oJzle INISOLOE:

flEfe)y gef
DETNE anaf appiyACORCEPLS OiflcCIBECHVENIECE)
and nuclear reactiens:

o State the various conseaueiNeNs ane
discuss thelr application fORRUECIEAFreactions.
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osltlon of Merier

All of matter is composed of at least three
fundamental particles (approximations):

Particle | Fig.| Sym Mass Charge Size

Electron| @ | e | 9.11 x 1031 kg | -1.6 x 101°C | ~
Proton | @ | p |1.673 x 10?" kg| +1.6 x 10-1°C| 3 fm
Neutron| @ | n |1.675 x 1031 kg 0 3 fm

The mass off the proton andMEUWGRIarerclose, but
they are about 1840 times theNmass oiFan electron.



Corrigacige
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The Behr atom, WhRICHI IS
Sometimes shown with
electroens as; planetany
palticles; 1s nerleneer a valid
[Epresentaten o an atem But
it IS; Used here ter simplify eul
@ISCUSSIoN: ol ERErgy:Ievels.

The Uncertain pPosition: eifan
electron IS: new: described as a
probability distribution—Ioesell,
referred to as an electron cloud.




ANINEEGERPS a general termi to denote a nuclear
EUIGIEY™= that IS, EItREr a proton or a neutren.

IMENELeMIC NUMBEN Z of anr element IS egual to; the
RUIMISERGT PrOtenS IRl the RUCIeus; i that element:

RENTESSUmPE Alelran elementiis equal e the
et AUMBERF GIFNUCIECRS (PeLORS = NEULERS):

The mass number A of any element is equal to
the sum of the atomic number Z and the number

of neutrons N : A= N+ 7
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rrlool Nejteicior

A convenient way of describing an element Is by
giving its mass number and its atomic number,
along with the chemical symbol for that element.

;X _ Mass number [SymbOI]

Atomic number

For example, consider beryllium (Be): Z Be



el EMBPESCribe the nucleus off a lithium
ZLGIIIRYHIEINT Nas a mass number of 7 and an
ZeIIICHItmMBEr off 3.

A=7; 7=3; N=7?
N=A— 2= T -2

pleltfifeplsg: A/

FOUONS:

Lithium Atom

A 4
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Nijellelas

Se of the existence of so many
tepes, the term element Is semetimes
AfUSing.  Tihe term Ruclice IS BEetter:

A nuclide Is an atom that has a definite
mass humber 4 and Z~number. A list
of nuclides will include isotopes.

The following are best described as nuclides:

3 4 12 13
,He S He .C C

N 4




IC mass unit (1 U)Is eguall te one-
of the mass; of the: moest abundant
Oi the: carbon atem--carnon-12.

Atomic mass unit: 1 u = 1.6606 x 1027 kg

Common atomic masses:
O Proton: 1.007276 u O Neutron: 1.008665 u

O Electron: 0.00055u  Hydrogen: 1.007825 u
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D aie average atomic mass of
SEIEREMNE" 11.009305 u. What IS the mass
SIRENINCIeUs) off one horen atem in kg?

5 = 11.009305 ® Electron: 0.00055 U

Mass off the nucleus; Is; the atomic mass
|ESSTIHENMass o Z = 5 electrons:

Massr=115009805) U= 5(0:00055) U)
1 horen nUCIEUS = 1100656 U

=27
m =11.00656 u(1'66061x -0 kgj m = 1.83 x 102 kg
u




'S equivalency formula fier mrand E:
E=mc’>; ¢c=3x10°m/s
Ergy/ el a mass e 4 U can' e fielna:

E = (@ U)cZ = (1.66 % 1027kg)(3 % 10 m/s)?2

E=1.49 x 1010 ] 9 | £ =931.5 MeV

When converting 2 MeV
amul to energy: c" =931.5 u




el ERVVhat IS the rest mass energy: of
ZNSIELEIN(L. 007276 U)?

== = (1.00726 u)(98i.5 MeV/u)

Proton: £ = 938.3 MeV

SIMIaE CONVERSIONS: SV, GLREY
[EsStmnass ENERGIES:

Neutron: £= 939.6 MeV

Electron: £= 0.511 MeV




Mass Defect ‘

The mass defect Is the difference between
the rest mass of a nucleus and the sum of
the rest masses of Its constituent nucleons.

IMENVIIBIENSHESSHARNNENSUIMPOINUIE PAILSE
CoNSItEIFmE CalopnFLZ atom (12100000 ):

NUclear mass = Vass eifaten — EleCton Masses
12700000 = 6(0:00055:0)

The nucleus of the carbon-1Zatemrasttnis mass.
(ContinuedS
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VIESEPOT carbbon-12 nucleus: 11.996706

OREIBIoN: 1.007276 U || e Neutron: 1.008665 U

IENLCIEUS contains 6ipretens and 6i neuitrens:

G 1= 6((1.007276 u) = 6.043656 U
6 = 6(1.008665 u) = 6.051990 U

Fotall mass; el palsi = 2L 0956260
Mass defect /71, = 12.095646 =S CO Y06 U

m,, = 0.098940 u



The binding energy £, of a nucleus Is the
energy required to separate a nucleus into
Its constituent parts.

Eg = myc? where ¢ =931.5 MeV/u

Fhebindingl energysior the: Caraen=-12  exampleNs:

£, = (0.098940 u)(931.5 MeV/u)

Binding £4 for C-12:  E; =92.2 MeV




An important way of comparing the nuclel of
atoms Is finding their binding energy per nucleon:

Binding energy Es _ ( MeV j
nucleon

per nucleon A

Eor ourr C-12 examplerAT=iiZ anaeE

Eo_922MeV _ o\

A 12 nucleon



IMENEIIBWING fermula Is usefulifor mass defect:

\VIESS defiect

My = 1,007825/ 05  m, = 1.008665 U

Z1s atemic numieers NUSTneuten RUMIBEN:;
VIS mass ofi atemrincitleing electnens):

By using the mass of the hydrogen atom, you

avoid the necessity of subtracting electron masses.



el Eind the mass defect for the , He
IUEENSNeT helium-4. (1 =4.002603 u)

S defect
Ll

m, =|(Zm, +Nm )—M |

A= (2)(L:007825U) = 2.0156501U
N = (2)(A.006665 U) = 2.0173501 U

V=4, 002605 UNEremrnucidertanles)
mpy = (2.015650 u F 20070 ) =45002603 u

m,, =0.030377 u



A

Example 4 (@ Eind the binding energy: per.
INEEGRNO hellum-4. (71, = 0.030377 W)

Eg = myc? where ¢ =931.5 MeV/u

(00,0303 U)(931.5 MeV/u) = 28,3/ VeV

A total of 28.3 MeV is required To tear apart

the nucleons from the He-4 atom.

Since: there are fourtnUCIEGRS WEinarthat

Es_283MeV _ o

A 4 nucleon
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ear particles are
together by a
ear strong force.

ASSiERIENUCIEUS FEMAINS
(OFEVET,; Ut as the ratie
off IN/Z gets |arger;, the
atems decay.
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Elements with Z > 82 20 40 60 80 100

are all unstable. Atomic number Z




As the heavier atoms become

more unstable, particles and W
photons are emitted from the 20 B*

[ )
)y ene—

nucleus and It is said to be
radioactive. All elements with
A > 82 are radioactive.

EXAINPIESIAIES

Alpha particles o e PatCIESHEIecirons)

Gamma rays v [ PaliticiEsN{(Positrons)




2 Aloriel Parilcle

AIRElshe particle o) IS the nuclews off a helium
ZLOIIINCONSISTING off tWe) protens; and two
IENLENS, tightly hound:

EB Calelf

L )
— dw

— ¢® Relatively [oWspeeds |

—q® Not very peRetrating



MIRUS particier 57 1S simply. an election
S een expelled fren the nucleus.



Tria Posliror.

PoSItVe particle B IS essentially an
AWt peSItive charge. e mass and

— O  High speedsiieaite)

— O Very peneueing



Taa Garrrrz Prigior

Most penetratingNEeietor

T <d’d>



PIeLERSIaNE We NEULeRS fifem! thernUCIEus:

A A-4 4
X =5 Y +,a+energy

XIS parent aten andSAsiedaleierraie

The energy is carried awayspimenilys==", g
by the K.E. of the alpha partiCle: o

N



e sV rite the reaction that occurs
WHERNEEINIM-226) decays by alpha emission.

A A-4 4
> X =, Y + ,a+energy

“Ra — 20'Y + Sa +energy

EOm tapIes, WeNind Z andbAN e RUCdEs;
e datghter aten: Z =66, A= 222

“Ra — %2Rn + ;o +energy

Radium-226 decays into radon-222.




S 5t @ecay. results Wheni a neutren
INte a preten and an electren. faus,
MBEN IRCIEASES Y Ghne.

A A 0
> X =, Y+ f+energy

AUS parent atenirancdsAsidaleierr auem

The energy Is carried awayspragiys—=
by the K.E. of the electrom: o




b decay/ resultsiwhen a proten
Nte 2 neutron and a poesitron. Thus,
MIGEN GECIEASES) 10/ GRE.

A A 0
>X =Y+ +energy

AUS parent atenirancdsAsidaleierr auem

The energy is carried awey pimeniys=—"
Py the K.E. of the positren:




Racigaeia Meatarlzlls ‘

IMENEILENGT decay for radieactive sulhstances Is
SXINESSED! I termS) of ther activity, /&, gIven: by

Activity R = —AN N =Number ofi
At Undecayedinuciel

One becquerel (Bg) Is an activity equal to one
disintegration per second (1 s1).

A4
One curie (Ci) Is the activity of a radioactive
material that decays at the rate of 3.7 x 1010 Bg
or 3.7 x 1010 disintegrations per second.

A 4




alf=lifesiy, ;> of
ISOLOPE! IS tie
I WRICKHI GRE-
Welipeipiis Unstanie
RUGCIETWIISGECAY:

ot

Where 7.1s number
of half-lives
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IMENSENIENeasoning willl apply: te activity: R or to

S Remaining ACHIVILY R

=

[}

Mass Remaining Ntirrlogr of rlelff=lvess

=m,| =
2

n=
Ty



=i caeaysample ofi iodine-131 has an l
MuaiReiCuary off 5 mCi. The half=life of 1-131
[SRSRUEYEP VAt IS the activity: off the sample

There would also be 1/16 remaining of the
mass and 1/16 of the number of nuclei.



[INSHIGESINIE 10/ alter the structure: ofi a nucleus
yAseInbarding It with small particles. Such
2VERLS are: calledinuciear reactions:

General Reaction: X+ X2 VY +y

EeIFexamples iranraipha particieNenivares
a Nimegen=14" nucieusii pPreduces a
Ay dreogen aten anerexy/gen=14v:

4 14 1 17
,a+7 N> H+ 73,0




N

sarvaiijon Lays

For any nuclear reaction, there are three
conservation laws which must be obeyed:

Conservation of Charge: The total charge of a
system can neither be increased nor decreased.

Conservation of Nucleons: The total number of
nucleons in a reaction must be unchanged.

Conservation of Mass Energy: The total mass-
energy of a system must not change in a

nuclear reaction.



=110 SWARBEE conservation criteria to l
JETEHIIERNe unknown element i the
eliBYWIREPHUCIear reaction:

+ {Li —5 He+ 2 X +energy
Harge before =+ + 3i = +4

CHEGE aftel = F20 =7 = -/
Z = =7 (Heliumihas z =12)

Nucleons beforer= "1 =8
Nucleons after = 4 + Ar=8 S ({Us;A="1)

1 71 4 4
H+ LI — SHe+ SHe+energy




Consery

'H+/Li— jHe+ jHe+Q

Q=(iH + iLi)~(3He+ ;He)

Q' Is the energy. releasediprthereacien: -
IS pesitive, It IS exethermiclid@NSIIEgatve, It
IS endothermic.



e ExsmeeiEiate the energy released In the '
PEISEIGIRERPOT Ithium=7 with hydregen-1.

Q=(iH + ;Li)—(3He+ ;He)
1H =1.007825u  5He =4.002603 u
;Li=7.016003u  %He =4.002603 u

Supstitution of tHESENIESSES GIVESE

Q= 0.018622 U(931.5 MeV/u)s N YHACH (<)Y

The positive Q means the reaciGRpSeExothermic.
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SLrInpIELRY

ental atemic and nuclear particles
Particle | Fig.| Sym Mass Charge Size
Electron e 0.11 x 1031 kg | -1.6 x 101°C| ~
Proton p |1.673 x 1027 kg |+1.6 x 1019C| 3 fm
Neutron n |1.675 x 1031 kg 0 3 fm

x4

The mass number A of any element is equal to
the sum of the protons (atomic number Z) and

the number of neutrons N :

A=N+2




AWIDEEGIIPS a general term te denoete a nuclear
SEUIGIEYE that IS, EItREr a proton or a neutren.

IMENIIESS NUMIBER A ol anl element Is eguial ter the
LELINIUIMBER Gl NUCIEGNS (PrOLeNS -+ NEULGNAS)

|SEIOPESTAIE alems thalave: the saimeRumiber
Ol PIeLeNSN(Z1= 2Z3)); bl e diffierent RUImBER Ol

neutrens: (N): (A =A%)

A nuclide s an ateom thatthas,ardefinite mass
number A and ZZnumberss ANsteinUcHdes

will' incluade Isotopes.




notation: E X Mass number
Atomic number

ZSEREETECT
o My = (Zmy +Nm,)-M |
=liplellple
Silare | Es = mpc? where ¢? =931.5 MeV/u

Binding Energy Es _ ( MeV j
nucleon

per nucleon A




A NasHEEen expellediem: the nucieus;

ANBEA PESIHIVE PElbICIE bR ISTessentialiy an
electren With pesitverchiaiee: IENnass ane
Speeds are similar.

A gamma ray vy has very Rghrelecliemegnetic

radiation carrying energy: awaNAliemrie
nucleus.



Alpha Decay:

A A-4 4
X =5 .Y +,a+energy

Beta-minus Decay:

A A 0
X =, Y+ | [f+energy

Beta-plis DECaN:

A A 0
X =, Y+ [ +energy




The half-life T,,, of an isotope is the time in
which one-half of its unstable nuclel will decay.

FREMAIRING ACHIVILYR

=0

o

Viass Remaining Nuigrloer o Fleiff=1\Vesk

=m,| =
2

n=—
Ty,




Lraierrery (Corlt

Nuclear Reaction: X+ X 2> Y+ y +0Q

N

Conservation of Charge: The total charge of a

system can neither be increased nor decreased.

Conservation of Nucleons: The total number of
nucleons in a reaction must be unchanged.

Conservation of Mass Energy: The total mass-
energy of a system must not change in a
nuclear reaction. (Q-value = energy released)

A 4
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