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The Nucleus and
Nuclear Chemistry
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AX Z : atomic number = # of proton
A I mass number = ) proton + neutron
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Neutron-proton ratio

Neutron-proton T
ratio and Nuclear
Stabi I ity 120 - 22Hg (1.53:1 ratio)
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F& T + 2 Stable Nuclide

Z A-Z Stable Nuclide Examples

Even Even 168 5C 50
Even Odd 57 bC YTi
Odd Even 50 “F »Na
Odd Odd 4

"H {Li "B "N

[0 Magic number (2): 2, 8, 20, 28, 50, 82 ,126
He O Ca N
“He : Doubly magic

,Sn ‘- 10 Isotopes

238771 206Dl 23271, 206
> U PUB DU ) 82Pb

2% 7 82+
235 207
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ZJr*FI [+ Elcosmic abundance and nuclear stability

Light elements are more abundant than heavy elements

Even atomic number are more abundant than odd atomic
number
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e H I SR (HER 9 )IREE I'JE\&EW@@TJ i
FISRT [86%pV R 2T E | HiHEFYmass number

Magic number 2, 8, 20, 28, 50, 82(126 neutron)
He O Ca Pb(114 protons)




R e oy

Shell model of the nucleus :

p, n exist in levels (shells)

Analogous to the shell structure of electron

a particle 2z 43 p ;He ¥ stable nuclei
2 protons

2 heutrons

2%ph 82 protons U = He+%Th

208-82=126 neutrons “0Th — JHe +°¢Ra




Radioactivitysc st enfd 8f 2 & e b4

226 222 4 albha 4 4 +2
sRa— Ra+,He P ,a ,He 7 > 83
1 1. 0. 14 14 0 - Too |
oN—>p+e (C—>7N+je beta p —1018 —(l)e I\VZ 0o e
1 1 0 95 95 0 pOSItron
1p_)on+1e 43TC—>42|\/|0+16 IB i —1018 _(1)6 I\VZ Too Small
proton N,/ Too small
A ls 1 /Z
F1rF 1
neutron
neutrino NN
0
Antine- Uol
utrino ~
V)
electron v, EC
capture
yEmissi- Excited
1pt+le—on  TK+ Je—YAr on
state




- Decay #>

By B o, B decay MBI BT, [IEIRLER

1~ 0001nm wavelenoth 10-12m &<

By ray

X-ray RLFHE 5 R [ 5L R R

Wavelength > 1nm (lifetime~10-s)

XX +ho PaTc— oTc+,)y

Excited Ground
m: metastable

state state
E, X
a,
p A4~/ *
72 X Excited
% P state E1-E2= g: "7 2+73
o |7 }/3 =a3
A_d Ground
2 — 5,5 X state




B dECay (electron emission,positron emission, electron capture)

#HFEJIFa ™ 3Mev =>

A A 0
B~ ,}«ﬁﬁxp%gl 0. 54 F9AL ¥ FE I 4 ;X =, X+ 0
a FPakp el 0. 0 15mm/Bd puA LRy TR 45 234 234 0
(1)Electron emission -

231 0 -
wlh— 5 Pa+_/f
131
53

neutron— proton te

131 0
. , , | >, Xe+ /e
Emitted along a continuous spectrum of energies

O~max ( nucleide )

P e S N = A E(A ) _
Wéﬂ‘laﬁ{ajﬁ’ﬁﬁvray FE PR S \2Q \ Piro
(EPEL{FF = PeckLiiaipy, [NELEp L antineutrino B.+vs

particle (" [ 1= Fr=") pukbdt L+, Vs
3 3‘7

v neutral: massless particle
0 - . . A A
2P =, Antineutrino [l 5 2

1B % v Neutrino [l 32
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y Ray ”ﬁfﬁ‘}@ﬁi,w}—s 1lcmpJAWH <28 1~10MeV(Y y raya=£L B F 5{!1100@5
Fli'ffexcited state pulifetimes3finsec
ﬂJﬁu&ﬁ > YIHN = H nanosecH[[# £ i somer

M g4 Eiosmeric transition

[fe g i A =~ %UE%

a decay i+ z > 83 ﬁ? A > 200 (nuclide)
R

that is too heavy

A 4
TR 4 U 2 ;X5 X+ a

a — single energy or one of a few specific energy

il =existence of energy level within the
nucleus

B, P REERA N g (1-10MeV o 780
ﬁ910*3mmﬁ©Alﬁ§
232 228
Th_) Ra+ o B particle v —ray

230-|-h _)226 Ra + 4|_|e (0() a particle +2 change
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F{JJ‘;EH n+Li§Ljé{a
ILi+,n( fast)—> T+, He+,n(slow)

JLi+,n(slow)—>T+,He + 4.8MeV

‘Radioactive t,, =12.3 year

Shield : heat exchange

Magnet shield : blanket plasma

Li+ n— a+T
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Geiger counter  Argon gas

window
Counter
+F+ :
Resistance particle
high voltage
a ~ B ——Ar, gas
n— BE, added Ar(g) high ecnergy particle . Ar(;) +e

1 10 Ty :, 4
o+ B—>;Li+ He
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kA #E Geiger counter

i o

Window

Particle path

Amplifier

and
counter

High voltage | /

high energy particle + -

1 10 7Y :, 4
on+ B—>: Li+,He

N

Argon atoms




Scintillation counter

photocathode photomultiplier tube

window Phosphor
photocathode :
a,y, B rays Nal
Electron Beam  photoelectric-sensitive surface

/nS — ¢

Nal + Thl — +




<+ ¥ enkE & a

Nuclear Binding Energy

E =mc°

B R 0 1.6x10™ g/em’
LR 4 @ (nucleus) 107 cm
Bl 4 [ (atom) 1 10° cm

Coulomb force = k(q,.q,) /r?
nuclear force = 30—40 x coulomb force ("g’[ fﬁ‘]i)
(3 7171 B
a distance of about 10 cm
Binding Energy per Nucleon :

OO0 0000

O

JHe:7.14MevV  '20:800MeV  J'Ca:8.55MeV
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Nuclear Binding Energy

0 mass of atom > e +p"+n
B 1 joule=1 kg m°/sec’
B Difference in mass
B 1 amu=1.6605655 x 10" kg = 931.5017 MeV

YCa: 39.96259 amu n: 1.008665 amu
p: 1.007825 amu.




Nuclear Binding Energy

O Am =39.96259 - (20x1.008665) — ( 20x1.007825)
=0.36721 amu

O E =0.36721 x1.6605655 x (2.9979 x10° m/sec)*x10-27
=5.4804 x 10 = 342.06 MeV

> 1 MeV = 1.6021892 x 107" J

A\

1 amu = 931.5017 Me V

B Binding Energy per nucleon: 342 .06 ~ 8.5515 MeV

40 nucleon

» 40~100 VflpyrZ (Fe ,Co ,Ni) -=> Highest Binding E/
nucleon




Nuclear Binding Energy

O: 8N + 8/p
(8x1.67493 x 107°* )+(8 x1.67262 x107** g)

=2.67804x10°° g
°0: 2.65535x10% g

Am = -2.269x10%° g or -0.1366 g/mol (f' x 6.02 x10°3 l‘n’lﬁs)

E= mc® =(-1.366 x 10™* kg/mol )(3.00 x10° M/s)?
= -1.23 x 10*® J/mol
= -2.04 x10™*" J/nucleus (1Mev =1.60 x107*° J)
= -1.28x10° MeV

~1.28x10° __g goMeV

16 nuleon
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Binding energy per nucleon (MeV)
[\

20 40 60 80 100 120 140 160 180 200 220 240 260
Mass number (A)




¥% & % Nuclear Fission

0 1938 Discovered by Otto Halm
Fritz Strassman 2% JRUS P + Fiw¢ A2 ¥4 > @ 2 *Ba%,. ..d 4

B @ A%
144 90 1
s CS+5,Kb +2.n
N+ U —— > PlTe +,02Zr +2,n  2Zr+'$Ce +2,n +6_ e
142 01 1 143 90 1
2~3% ————> . Ba +35 Kr +34n g K€+ S0 +3,1

92 141 1
| 5 Kr+5.Ba +2,n
enrichment } over 200 isotopes
U,0O, —> 35 different elements
Tiag BURS 4 224
BQ 3




7% 4 %] Nuclear Fission

+ Energy
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Subcritical ~ , enough n are lost ¥ + Fli& 2 &2 Uridi
Chain reaction it 4% & Jg; i% it

Critical , maintain a count of fissions F & % & 43 = p%,= B U AR
BARAAA24BY 3 n G - BY 3 €M IEY A - FEHas 3
mass large enough
1U = 1n (effective)
Super critical n multiplies of fission

PG R GRS A R i SRR R
25928 cf - "2 Ba + ') Mo + 4

#

‘i*ﬁ?“ fﬁ:&ﬁ430ﬁ (FE2HH1T%DT i) - B P H100d &3 R(H

T 3ok & Fu € A 2 20 metric tons T EG | B R fe




Light water reactors Light water::H20 coolant and moderator

Control rod 350°C 150atm ~J< ["EE'J‘(ﬁ 'F}[J/?F?‘JBFIIQ'%%‘%[@?‘J

Fuel /”‘JF[J D20 graphite ?IE’L
Coolant (water)

H20 (neutron moderator)

1.Fuel 2.Control System ﬂﬁjﬂﬁ
U,O4 enriched 235U 2~3% v/ fol i -G 5T B TR
AFUIRSEEH TS 2PU 59 0.7% B (Boron) or Cd F&[R i1
Z H .
r coating “B+,n—.Li+,

3.Moderator 5% # |
H20 > graphite
UH 53 UL O] S S PR 38 AR T AR ]
o [RLFRS 3 BN R T ISP
i -f< A feasLight water P | H20 > £1-f<~~igdsheavy water ®| D20 - T £~ il
H |Graphite C a5+ |
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Containment
shell

: Electrical
Condenser = output
(steam from

turbine is

condensed)

Reactor

Water

Y

A=

s

Incoming coolant

— Hot coolant

Control rods of
neutron-absorbing
material

Uranium fuel
cylinders
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Binding energy per nucleon (MeV)
N W

T Fusion

56
2eFe

“——\—‘

Fission

20 40 60 80 100 120 140 160 180 200 220 240 260

Mass number (A)




=4 F &R Breeder Reactor

238 235
u - U

Th PR K3 74.1°C o
7500 CRY-I | I FOfSEnfr - 51 B Ot

232

fast breeder jkjiz & B Jf#ﬁﬁ",[ﬁﬂ ( lig. metal Na) (éaﬁﬁé'}%ﬁSSl °c)
neutron need not be moderated
fra+ ozt EEFpS(heat conducting  better)

P 4 on—20U F ) F ] 1 fast nucleon

S

29329U 24 min 2;2Np+,?ﬁ Pu E[ % Pu
=N 29p 0 U g A
o3 NpP———> 5, Pu+_/5 Pu U

% Pu+,n ——— fission 53 % & &4 product + 2 ~3,/n + Energy

Py poisonous (fatal)

23 1 23 22min 233 0




*p & Nuclear Fusion

O M [_{%FUFEL_J 7@'%{ [5&”5\ ﬂj&lﬂlrﬁl—i 7@”3 H ¥LLI'4\ —H E?
26%+n7y1%ﬁ [LEWQ mﬂn@
= *Bﬂﬁj‘i B RS n?%EJFVEH\EKJﬁ:E

‘H+ H—> 2H+ e
'H +°H — } He 5 TS 0 BORH 7 Tl

2 1 4 1
"He + He — ‘He +2'H 1H+;H—=>oH+,n

>He + H—> JHe +'¢

S FRGRE R (00 T H ) (RERR A FOCROSSED > TRoRl T e 7




*p & Nuclear Fusion

[RIPEL 2P T Tl SIS e 5 Jﬁ;@g{ £ R s
o RS [E‘ﬁﬁﬂl R
ST )1 IS 505110 om 1S s
Pyl 2H BIURS hEEEET 10 om o = = PFRI4x1 0 KEJEI E N 107 K)
o PRETEE Uﬁu 16 Sun - 41H 2107k S ‘He +21IB
O iy s
@ HIFIpEY

© o IRPIRTSIR = BB RS RAY o T BRVES T ERET AR RS
(plasma)

— R TR R (AR T D

o S i% [ERLA IS ARG P =T R e e PN E 4
ALIE N ES I ME R L 14@




o+ B 7 g sSEAtomic Bomb
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f ofeh® i 5 st B fofp SpAIE H 5 4
%’“ﬂﬁwﬁﬁﬁw R j g (ICRU)# ¢
5 Bk s H = (SIH =) o

O ™ @SR F % anfg st H i
1.;& & (activity)
— b P E AN 4 B R s (T

—?) FviER cERE =L TR L (8 3Bq) » vk
B 10 5 (Bq)=1ie %/
u WP SR kA7 — B g SR > 4060C0 g B (M ) o




g & e M

| & (Absorbed dose)

E LS
N ik ﬁr’v’ﬂ;ﬁ»’%‘riﬁ:&»]’{&ﬁi@ﬁj—‘*ﬁ(ﬁ‘ﬂ)
I 508 =2 TS F , (Gray s fi B 5Gy) ¥k

r_rgy b

ik
L (Gy)=1gER 2T #4185 rad=102 g B /2 7

F TR SRR R AL R F  Hi s Y
vt 2 - LESGLIEMGyh R AL - S
(1 Gylh) -

3. % »u & ¥ (dose equivalent)

BEEeig st (0 ~ B~y ~n) > B AR SNERAEY > B 4R
£
AR

I %
EEF PR IRCHE 0 LIPS FARKDF TR




1% 91 7

L A i AYE

B2t SN e B AR g BT ) E T F8(Q)
HF A RARDESG T v PEIN 121 o & A E TL A%ﬁla
g L h frﬂ#fﬁﬂﬁzma‘if T R MEERET G
Bovals R Tod  (fRFSV) LR

HT (& % )=D(* 2 )XQ

thz-F AL EFAMSV) FHAL- TS LT A (uSv) -

A Gp - RAGIRX R T Mg #««’ QX0 - 12d &L - J
B FEQES FAr g FEERT 4 B R R AR 0 4
Jo 4235 ~ 45220 % bt o SR D A BTN o Bl € HEp e E

"E:’ ig\'ﬁ'&‘\m%j} o

Hixpr @ p TR ahE sl 5
(MSvly) » #d =[] p(u Svin) s & % 2o @ £ & enl = o

\~ \W‘b
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2

4.% »x 5 »%| £ (effective dose equivalent) - H

[m

d A RR & SR RS ACR R 0 T B A R A e e 0
Rghid 3B 4 (e b T R 7 UMW) B (5 )Er e o T2
%%sﬂﬁz(WT)J Kk os m SR RS MR L P o E

| a4
E,g FenE suf] (H ¥z H 4o 4 Fli(W )rﬂ%f‘ el fe s e G }a P E ATH| B
(HE) ) T\LPI‘" > ¥ mi&,&j‘ﬁfl A ig,ﬁrj"" A EREIR LG EH Y Ja
a:(s\/)o e & R R R o T 55 it 5 2 A E RABSTAE (H) 2% 5

(MSv) » & >+ F 0T 32E (2.4mSv) £ 7

rad. (radiation absorbed dose)

amt of radiation that deposits 1x10-2J of energy 1 kg of tissue.
a * (1rad) =5 (1rad) 1?;’?9% %@Fﬁ

RBE Relative Biological effectiveness




5 S end Pl
Biological effect of radiation

US system: curies (Ci)FF'lJEI 1Ci=3.7><1010dps(§?ﬁj}%!?$9'§‘(f)
Sl unit : becquerel (Bq)f 'l 1Bg=1decomposition per sec. (dps)
Amount of energy (damage) in the radiation absorbed by living tissue
jflﬁgﬂjﬁ';\ﬁgp&qsﬁl%tﬁ}

US : 1Rads (Radiation absorbed dose)=0.01J/kg Tissue

Sl : 1Gray (Gy) Y #5=1J/kg of tissue

Amount of biological damage /quality factor Ff#1[x3 : (penetrating ability)

- 7 -radiation =1 Relative Biological Effect (RBE)
o- n- (low energy) =5 Relative effectiveness of the
radiation in causing damage

p- n- (high-energy) =20 or ¢ -particles
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*US : rem (roentgen equivalent man) = rads x quality factor
ﬁfJ’E'JH{ it millirem (mrem)

S| : Sv (sievert) = Gray x quality factor
IS ppv T F - Background radioactivity : 200mrem/year | 1IRF T R E

H 2.1 WSO

I ST
L L A e 1
e s @T{ﬂl?j@ﬂ—@_?ﬁh’\)&{\h R BT §T 6 .
f e
[ (S B 0

TYR[7F © ICRP-26(1977)



RBE 1for v - 8 fErdose rate - total dose type of tissue &>
10 for « ° H fast neutron=5
1. x-ray ~ y-ray j5. (ions)
2. 5 slow neutron 20 heavy aton.

rems (roentgen equilivant for man) relate various kind of radiation in

rems = rad x RBE terms of biological destruction.

=) ﬁ}%y0102rem§%ﬂﬁ$'£
background radiation
e % - il ng 2 (S
TR PR Y
0-25 rem 12 E JFIEJ%EEF;R

25-50 pﬁﬁﬁwwﬁv
100-200 JE[E > RS s F SRR N [
500 30— Fput glpﬁ e

1000 30—~[*] 100%}v * gl\nﬁ gt



X-5 ’j&dﬁ[ﬁ~20-40 millirem
) HF T 7;%?51@ 0.5rem - 500 millirem -

5 rem :EELEJJ
air
‘40K 21mrem  ZF  earth

Hfcatf  0.3mrem A FIYR cosmic ray

Radioactive X-5
Falloni 4 mrem  Uff fﬁJ:?“T
K 227

WHSE@ZFQET 0.14% 0.3 mrem
TV 0.02% 0.04 mrem
Building 3 mrem

waterial

52%
43%
2%
3%

5
(47)
100 mrem (50)
80 mrem (61)
4
6




15 6+ 40 4 Fos iy

y ray + H,O—H,O*+e
H,O0*+H,0—H,0*+0OH

OH—radical freeradical p ¢ £

One or more unpaired electron

. ARG el 3%

Somatic damage :affects the organism
During its own lifetime burn ,cancer

S § PEX- g1 ¥

Genetic damage :genetic effect

Genes¥? chromosones £ A% 4% b £ 4




Bone marrow ,blood forming tissue

Lymph nodes

—leukemia v i J

Sl unit becquerel 1 nuclear/disintegration/sec
Old curie 1g Ra -226 3.7x1010 disintegration/sec

5.0 millicurie Co=5.0x10-3x3.7x1010

=1.8x108 disintegration/sec
v ray damaged not limited to the skin penetrating
a  stop by skin

B penetrate ~1cm




