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The two types of nuclear reactions are radioactive decay and nuclear bombardment reactions.

Radioactive decay: “C® YN+ b

Nuclear bombardment: 1;1 N + ‘2‘ He ® 120 t 1H

1. aphaemisson  aphaemission usualy occurs with the heaviest unstable nuclei

2. betaemission beta emission is usually observed for nuclel that have a neutron to proton
ratio N/Z which is larger than those nuclel within the band of stability.

3. positron emission positron emission is usualy observed for nuclel that have a neutron to proton
ratio N/Z which is smaller than those nuclel within the band of stability.

4. electron capture electron capture is usually observed for nuclel that have a neutron to
proton ratio N/Z which is smaller than those nuclel within the band of
Stahility.

5. gammaemission gamma emission occurs when a nucleusis formed in an excited state.

6. spontaneousfission  spontaneous fission usualy occurs with the heaviest unstable nuclel.

Thiswould require three half-lives. After thefirst half life, ¥z of the sample remains. After the
second half-life, ¥ of the sample remains and after the third half-life c of the sample remains.
Therefore, 3x 30.2y =90.6 y is required.

Thisis afusion reaction where the total binding energy in the product nuclel is greater than the total
binding energy in the reactant nuclei. Fe-56 is near the maximum of the binding energy per nucleon
plot, so aslong as the product is lighter than Fe-56 it will be more stable than the two reactants.
Therefore, energy isreleased in the process.

a Thefraction of material remaining after n half-livesis (%2)". Therefore, after 10 half lives, the
fraction of material remaining is (%)'° = 0.00098 = 0.098%.

b. If thereisinitidly a sizable quantity, 0.098% may still be a significant quantity.

The ZNa atom has a mass which is smaller than the sum of the masses of its particles. This mass
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defect asit is caled is areflection of the binding energy of the nucleus.

Alpha particles, which are positively charged, are deflected by the nuclel in the matter which they
encounter. Gamma radiation on the other hand is high energy electromagnetic radiation, which, like
X-rays, passes through many materials easly.

Irradiation with gamma rays does not induce changes in the nucleus of the atoms in the sample.
Therefore, if there are no unstable atoms in the meat before irradiation, there will be none after.
The addition of radioactive elements to the meat or, under the right conditions, nuclear
bombardment will make the meat radioactive.

TRO® TS+ b

Th® *;Ra + ;He

BF® 0+ %b°

wPo® “ZPb+ JHe

a 1252133 ) 1:2 Xe  Neither has amagic number of protons. The Sb isotope has

122 - 51 = 71 neutrons and the Xe isotope has 136 - 54 = 82 (a
magic number) so the Xe is the stable isotope and the Sb is radioactive.

b. 22‘2‘ Pb , Zgg At Pb has a magic number of protons (82), while At does not. In addition,
At hasaZ greater than 83 and is therefore not stable.

c. g; Rb , X Rb #Rbhas87 - 37 = 50 neutrons. Thisisamagic number, so ¥Rb isthe

137
stable isotope.

a 252 U has a Z greater than 83 and islikely to undergo decay by apha emission, which,

in fact, it does.
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has alow neutron to proton ratio (3:5) and is therefore expected to undergo

positron emission or electron capture. g B actually undergoes positron
emission and results in the production of 2 apha particles.

C. SSCU N/Z = 1.34, so 3 emission is expected and observed.

41. Alphaemission decreases the mass number by 4 while beat emission leaves the mass number
unchanged. The naturally occurring decay series begin with 28U, 25U and 2%2Th and the synthetic
decay series begins with 2*Pu.

219Rn has a mass number 16 less than 2°U, corresponding to 4 « particles. It therefore belongs to
the 25U decay series.

220Rn has a mass number 12 less than 22Th, corresponding to 3 « particles. It therefore belongs to
the 2Th decay series.

43.a 5 Mg(da) i Na
16 16
b. BO(n’p) 7N
45.a T A+ 2H® ZMg + ;He

b. ®B+ ;He® %“C+ [H

12.6 MeV x 8.022 x 10 protons £ 1000 eV
proton 1 mol 1 MeV

47.

-19
160221067 18] _ sy
1eV 1000 T mol
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49.a LI+ ;n® S;He+ TH

b, 2Th@,n) *2U

5. 5 X + JHe® “ZCm+ gn therefore, ;X = 3, Pu

4585 x 10" omolei

3 .
53. 0.250 x 10-2 g H-3 ¢ 20l 6.022 x 107 mnoled
3.02 g 1 mol

2,94 ¢ 1010 muclel

k= S =179z 107% ¢!
4.985 x 10" nuclei

1mel _6022% 102 nunlei

55. 048 x 10°3 g $-35 x = 23 x 10" mmolei
34.965031 g 1 mel
3700 ¢ 1010 Sisntegrations L
204 Cix s = 7.5 g 101 disiniegrations
1 Ct g
7.5 ¢ 1011 Dueled
k= £ -950x 108!
2.3 x 10 muclei
2 0693
57. = = T
tlD k'. k'.
0.693
= =41x10® s
R T 0 )
1h  1d 1
=41 ¢ 10® Y =13z 10"
e = 0 C24h 365254 0 Y
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36525d _ 24 h _ 3600 s
x x

5. 4,=573x10%yx = Iy

=181z 101 ¢

L0653 0693 o0 on
tp 181z 10M &
61, = 0693 ;1d 11 _oopyip®e!?

265d 24k 3600 ¢

23 .
0.86 ¢ 1073 g Au-198 x 1 mol z 6.022 x 10~ nunlei

= 2.6 x 1018 nuolei
157.968 g 1 mol

rate =ExN, =298z 105 ¢! £ 26 x 10™® ouolei = 7.8 ¢ 1012 2
£

ativity = 7.8 x 1012 Suolet o 16 _o1zx10?ci

€ 37pp ¢ 1pl0 Suele
3

63, = 0698 ;1d  1b 561107 c!
143d 24h 3600 ¢
6.0 x 1012 Ducle
N, = B - £ = 1.1 x 10" nuelei
k 561107 ¢"

31.9739 g
6.022 ¥ 10%nuclei

1.1 x 10'° muclei 2 =582 10°% 2 = 0.58 mg P-32

_ 0.693 _ 0.693
L, 150k

65. k =462x 10247}

Nt -2 ¢-1
In F = -kt=-462x10"h"" 2120 h = -0.554
0

N,

N = ¢705%% = 0574 After 12.0 hours, 57.4% of the isotope remains.
0

0.574 X 6.0 pg = 3.4 ug
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If 28.0 % decays, 72.0 % remains, so '.N='t = 0.720

0
Ih 0720 = -k x 1.97 s = -0.328

g = 20328 _ 466 5!
T197 &
n2 0693
= = =417 ¢
e T T T ss o]
in 307 - ¢ 2100 d = -0.155
125
g = 0195 _ 550102 ¢!
100 d
b= B2, 6.693 a7
¥ 155z 102 4}
P D693 _ 0693 _ oo s oo
b, 5730y
w2l o 12110ty et = -064
15.3
= -0.64 =53z16°y
-121z 1074y}

Nt__ -4 _-1 3 __
ln-?- 12110y "29.0x 107y =-108
0

L C Y
N

N, = 034 x N, = 0.34 ¢ 15,3 Jmalegmtions _ 5,

disintegrations
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75. E = mo?

m=—393900T 490 1512,
(2.998 z 108 2y
£

g
5

2 3 4 1
77. H+ JH® SHe+ gn

Remember, 1 J = 1

(84

mass of reactants = 2.01400 amu + 3.01605 amu = 5.03005 amu
mass of products = 4.00260 amu + 1.008665 amu = 5.011265 amu
A mass =5.03005 amu - 5.011265 amu = 0.018785 amu

Am = 0.018785 amn x LI r 1B 31102 10% kg
6.0221367 x 102 1000 g

E=3119210P kg x (2998 x 16®* )% = 2203 2 10012 J (per deuteron)
[

I _ 60221367 x 10 dewterons _ 4 con _ ypia I

E = 2803 10713
mol mol

-12
g o 28082100127 16V 1MeV _ 4750 MeV per denteron
devteron 1.602x 100 T 105 &V

79. g Li consists of 3 protons and 3 neutrons and has a mass of 6.01512 amu. The mass of 3
protons and 3 neutrons is 3(1.00728) + 3(1.008665) amu = 6.047835 amu.

The mass defect is 6.047835 amu —6.01512 amu = 0.032715 amu

0.032715 amw x 1 kg - 54322 102 kg
6.02214 £ 10%® amu

E=542x10P kgx 2998 x 108 22 g — 1MV 3648 MeV (per ouolens)
3 1602100137
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E = 3048 MeV _ 5,020 MeV
6 anclecns oncleon
?Na has 11 protons and 9 neutrons. N/Z = 0.81. positron emission or electron capture

will increase N/Z and are likely modes
of decay. Positron emission is actualy
observed.

Na has 11 protons and 15 neutrons. N/Z =1.36. 3 emission will decrease N/Z andisa
likely mode of decay and is observed.

Each «-emission decreases the atomic number by 2 and mass number by 4. Each B emission
increases the atomic number by 1 and leaves the mass number unchanged.

The difference in mass number between 2%U and °’Pb is 28, corresponding to 7 o emissions.

The difference in atomic number between o,U and g,Pb is 10. The 7 o emissions decreases Z
by 14, so 4 3 emissions are also required to account for the difference of 10 in mass number.

209 : 4 211 1
ebBl + ;,He® “GF At + 2,n
238 12 246 1
»U + C® LCf +4.n

_ 0.693 _ 0.693
bp 123y

k =563x102y!

070 = -563x 102y ! xt = -0.336

= -0.326 - 63y

-563x 1072y}

When the positron and electron are annihilated, the final massis 0. Therefore Amisequa to
the sum of the masses of the electron and the positron.

Am = 0.000549 amu + 0.000549 amu - 0 = 0.001098 amu.

_ 1g 1kg _ -30
Am = 0.001098 amu x £ x 2 - 1823x2x10® &g
6.0221367 x 10> 1000 g
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total E = 18232 10® rg x 2998 x 10° 2)2 = 16392 10713 7
[

- 13
E (per y photon) = 532 ’210 - 2103107147

=24252 10012 m = 2425 pm

L = b _ (6626 x 10034 I $5(2.998 x 10® m's™1)
E 193 107147
3. U+ n® LTI + XY+ 4.n
mass of reactants = 235.04392 + 1.008665 = 236.05258 amu
mass of products = 135.8401 + 95.8629 + 4 (1.008665) = 235.7377 amu
Am = 0.3149 amu

1g 1 kg -28
Am = 0.314% amn x = x 2 =529z 100 kg
6.0221367 ¢ 102 1000 g

E=5229z2102ksx (2998 2 10®° 22 = 4700 2 107!} T (per U-235)
&

500 kg 10008 , lmol _ 602214 x 10% s _ 1 p0 yios o
1kg . 23504392 1 mol msoled
-11
128 2 10 moleiz FTO X100 T _ co1 2 104 7
500 kg Cx 0008, _lmol , =3935007 _ _y63, 1007

1kg 12011 gC 1ol

The energy available from the fission of 5.00 kg #°U is about 3,690,000 times that from the
combustion of 5.00 kg graphite.

5. a wCa ® S+ %b

_h2 _ 0.693147
b, 49364

b. k = 0.1528 47!
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in 100 B8 _ 54508 4712204 = -031

100 ug _ ,-081 _ p73

m
10.0 ug
- - 14
T o3 HE
143.03 pg??CasSo
14 ug¥ce P s - 43 ug¥Caso,

46.9545 ug*’Ca

a ZBr ® ZKr+ Je

2H%Br ® H, + 2%Kr

_ kb2 _ 0653147 _ 0.4712 4-}

b k&
v, 14714
2 - 04712 d°! 2 0.500 4 = -0.2356
6.0150 mol
i SR = Y TV
0.0150 mol

n, = (0.790)(0.0150 mol) = 0.01185 mol HBr remains
and 0.0150 -0.01185 = 0.00315 mol HBr decomposes

According to the balanced equation, each two moles of HBr that decomposes produce 1 mol
H, and 2 mol Kr (or 3 total mol gas)

Total moles of gasin the flask = 0.01185 mol + 3/2 (0.00315 mol) = 0.01657 mol

L atm
0.01637 .082058 ———)(295 K
p . SRT _ (0.01637 meb(® B O

Vv 100 L

= 0.401 atm




