
Sub-Atomi
 Parti
les and IsotopesMass Charge Lo
ationproton ∼ 1 +1 Nu
leusneutron ∼ 1 0 Nu
leusele
tron ∼ 0 -1 Outside Sample Isotopes #protons #neutrons #ele
trons
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• A: Mass number = #protons + #neutrons
• Z: Atomi
 number = #protons
• X: Elemental symbol
• q: ioni
 
hargeFirst Order Kineti
s: The following equations show the mathemati
al basis for the kineti
 theory usedfor radioa
tive de
ay. You are NOT responsible for this.rate = k[A℄

−dA
dt = k[A℄

∫

1
AdA = -∫ k dt

ln([A]) - ln([A0]) = -ktln( [A]
[A0]

) = -kt
After 1 half-life:t = t1/2 [A℄ = 1

2 [A0℄ln( [A]
[A0]

) = -ktln( 1

2
[A0]

[A0]

) = ln( 1
2

) = -0.693 = -kt1/2t1/2 = 0.693
k (
onstant value)The Half-life of a radioa
tive isotope is a 
onstant and does NOT depend on the amount of materialpresent. The half-live indi
ates how long it will take for half of any sample to de
ay.Radioa
tive De
ay

Time 0 1 2 3 4Con
entration 100% 50% 25% 12.5% 6.25%1



CHEM 10050: Fundamentals of ChemistrySele
ted Radioa
tive Nu
leotidesIsotope Half-Life Uses
238U 4.5 billion years Nu
lear fuel
239Pu 24,400 years Nu
lear byprodu
t
90Sr 28.9 years Nu
lear fallout
14C 5730 years Carbon dating

222Rn 3.8 days Radon
241Am 432.2 years Smoke Dete
tors
59Fe 44.5 days Medi
al

99mT
 6.0 hours Medi
alSour
e of Energy E = m
2If m = 1.00 g, E ≃ 1014 JoulesIn nu
lear rea
tion, very small 
hanges in mass o

ur.
238
92 U −→

234
90 Th + 4

2He238.0003 233.9942 4.0015238.0003 237.9957mass lost = 0.0046For this example, 238 grams of 238U will produ
e 4x1011J.Over 8 million grams of gasoline would have to be burned to produ
e this mu
h energy.Nu
lear De
ay Produ
ts Parti
le Composition Des
riptionAlpha, α 4
2He+2 Helium nu
leusBeta, β 0
−1e−1 Ele
tronGamma, γ 0

0γ EnergyNeutron, n 1
0n NeutronBalan
ing Rea
tions

235
92 U + 1

0n −→
92
36Kr + 141

56 Ba + 3 1
0n92 p 0 p 36 p 56 p 0 p143 n 1 n 56 n 85 n 3 n235 1 141 392 protons, 144 neutronsNu
lear Uses

• Smoke Dete
tors
• Nu
lear Energy
• Nu
lear Weapons
• Medi
al Diagnosis and Treatment
• Nu
lear Fusion ?? 2


