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Periodic Table of the Elements
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Types of Chemical Reactions

Some Organic Molecules

A) Synthesis Reactions: two reactants combine to make a larger product

i A T
®+®—& H=GH H—g=G=H H=G—G—G=H
H H H HH H
-t ) TN, 0o, methane ethane propane
’” : . . nitrogen oxide water nitrogen dioxide carbon dioxide HHHH HHHHH
B) Dec()n]p()s]tl()n Reactions: larger reactant breaks down to form 2 or more simple products | | | | | | | | |
H=C=C=C~=C—H H—C—C—=C=C=C~H
' A | | [ (I | ([
A HHHH HHHHH
| g ‘f butane pentane
H H H
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C) Single Displacement Reactions: hexane pentene
one element displaces or replaces an element in a compound
H H H
\/ I
H\‘(‘%/C\C’/H H\“/C\\?/H
\ |
® @@ — @
oL H C” "H
H s+ H |
H H H
cyclohexane benzene

D) Double Displacement Reactions:
two elements in different compounds trade places
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The Atom
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All Atoms With One Proton in the Nucleus
are Hydrogen Atoms

Three Isotopes of Hydrogen

© & ¢

H ‘H H

Protium Deuterium Tritium

1

There are many possible isotopes of each element.



Periodic Table of the Elements
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proton number

Chart of the Nuclides 2009

nuclei total: 2974
in nature: 286

184

neutron number

STABLE NUCLIDES- BLACK SQUARES
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Nuclear Binding Energy

Consider the formation of an atom from its constituents

AX

4

ZXH +Nxlnh =

* Define binding energy as the mass difference
between the sum of the mass of free constituents
(protons, neutrons, electrons) and the mass of the

nucleus
E; =[(ZxM,_I +NxM, - M(A,Z) ] c?

|C2=931.5 MeV/u |




 Binding Energy

— The difference in mass between the constituent
protons, electrons and neutrons and that of the isotope
formed converted into energy, usually in MeV.

— For 208pp BE = 1636 MeV

 Binding Energy per Nucleon

— The Binding energy divided by A, the total number of
nucleons.

— For 208pp BE = 1636/208 = 7.87 MeV/nucleon
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proton number

Most Isotopes are Radioactive

Chart of the Nuclides 2009

nuclei total: 2974
in nature: 286
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Note:

In these
three,
neutrinos
are also
emitted

Decay Type Radiation Emitted Generic Equation Model
4 A =B . A e e~
Alpha decay S« Ax —> A-4x + da S 8'
Parent Daughter Alpha
Particle
0 A Ay 4+ 0
Beta decay 1B ZXK —>, X+ 0B A —3
Parent Daughter Beta
Particle
: - 0 A Ay 4+ 0 e >N
Positron emission ot B ZX _’2—1 X ++1 B —_—
Parent Daughter Positron
Electron capture X rays éx + _?e _’Z-{‘ X'+ Xray e — @ NN
Parent Electron Daughter Xray
0 Relaxation 0 0 P 4
Gamma emission oY ZX—— ZX + Y : — NN
Parent Daughter Gamma ray
(excited nuclear state)
> J
Spontaneous Neutrons A+B+C A By 1 ¢ f
—F ! i K ER R S
fission 2 z5 %y o (%
\ Y
ENERGY
9
Parent Neutrons
(unstable)
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Reversing the Trend --Nuclear Reactions

Experimental Chart of Nuclides 2000 +oBo%%2"
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NEED AN ACCELERATOR

K500 SUPERCONDUCTING CYCLOTRON FACILITY
TEXAS A&M UNIVERSITY - CYCLOTRON INSTITUTE

E/A (MeV/Nucleon)
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1958-My first course in nuclear chemistry
Chart of the Nuclides 1958 114

proton number

e With such
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Isotopes A

neutron number
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Synthesis of superheavy elements (cold and hot fusion)

e
-6 -2 2 6

Cold synthesis: Berkeley
“°Pb + *Ni, “Zn, ... —» "*110, *112, ...

Hot synthesis:
U, ... ,”°Cf + “Ca — 112, ...

cold @ hot
synthesis of SHE
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Periodic Table of the Elements
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Theoretical Limits to the Existence of
Nuclei

* Only a fraction of the
theoretically possible isotopes
have been produced and
studied.

A new generation of accelerators

/ being constructed will accelerate

8
[ ]

gm | radioactive ions and probe the
§ i region of unknown isotopes

g
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80 '
NUMBER OF NEUTRONS

Layout of the accelerator, experimental systems and the
experimental areas of the Facility for Rare Isotope Beams.


http://www.frib.msu.edu/about
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Time(fm/c)=1 32 MeV/nucleon 46Ca + 1245

b=11 ¢ 10 £ o 0
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[13] A.L. Keksis, thesis, Texas A&M University, 2007
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The Little Bang




The Big Bang

WAKE GIFS AT GIFSOLUP. GO




The Big Bang

Historv of the Universe
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Historv of the Universe

Heavier
Elements

First Atoms, H and He

The Astronomer’s Periodic Table
(Ben MeCall)
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OUR SUN
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Origin of the Lighter Elements




A massive star near the end of its lifetime has “onion ring” structure

ronbuming hydrogen
hydrogen fusion

helium fusion

carbon lusion

oxygen lusion

necn fusion
magnasium fusion
silicon fusion

inert iron core



WHY? _
For A Given Number of Nucleons,

Because FlOOr Of An Increase in Binding Energy per
Nucleon Means that Energy Will Be

Binding Energy Valley Released
is Not Flat

D Deuterium
Fusio’ 3He Helium 3
D T Tritium
Li Lithium
4He Helium 4
Energy ) Uranium

released
. iNn Fusion

Nuclear binding energy released

Energy released
§ nrssion ———

For Large Numbers of Nucleons

i.e., Nuclei Much Heavier Than Iron,
Energy is Released If the Nuclei Split
(FISSION)

JG97.362/4¢c . il
Atomic mass

For Small Numbers of Nucleons, i.e.,
Nuclei Much Lighter Than Iron,
Energy is Released If Nuclei Fuse (FUSION)



Life Cycle of the Sun
Red Giant

Now Gradual warming Planetary Nebula
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Nucleosynthesis in the r-process

JINA

Joint Institute for Nuclear Astrophysics 2002

Mowie

Calculation K. Vaughan, J.L. Galache,

and A. Aprahamian, University of Notre Dame

H. Schatz, National Superconducting Cyclotron Laboratory
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OUR SUN
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Nuclear Fusion in Stars

Step1 o Step2 @ Step 3
ENERGY IS
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Deuternum Helium-3 Helium
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WHY? _
For A Given Number of Nucleons,

Because FlOOr Of An Increase in Binding Energy per
Nucleon Means that Energy Will Be

Binding Energy Valley Released
is Not Flat

D Deuterium
Fusio’ 3He Helium 3
D T Tritium
Li Lithium
4He Helium 4
Energy ) Uranium

released
. iNn Fusion

Nuclear binding energy released

Energy released
§ nrssion ———

For Large Numbers of Nucleons

i.e., Nuclei Much Heavier Than Iron,
Energy is Released If the Nuclei Split
(FISSION)

JG97.362/4¢c . il
Atomic mass

For Small Numbers of Nucleons, i.e.,
Nuclei Much Lighter Than Iron,
Energy is Released If Nuclei Fuse (FUSION)



Using Fossil Fuels is Indirectly Harvesting
Solar Energy For Energy Production
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Directly Harvesting Solar Energy
For Energy Production




Harnessing Nuclear Reactions
For Energy PrOdUCtion For A Given Number of Nucleons,

An Increase in Binding Energy per
Nucleon Means that Energy Will Be

Released
VN
D Deuterium

Fusio’ 3He Helium 3

D T Tritium

Li Lithium
4aHe Helium 4
Energy U Uranium

released
. iNn Fusion

Nuclear binding energy released

Energy released
§ nrssion ———

For Large Numbers of Nucleons

i.e., Nuclei Much Heavier Than Iron,
Energy is Released If the Nuclei Split
(FISSION)

JG97.362/4¢c . il
Atomic mass

For Small Numbers of Nucleons, i.e.,
Nuclei Much Lighter Than Iron,
Energy is Released If Nuclei Fuse (FUSION)



FISSION REACTOR FUSION REACTOR

Harnessing the Heavy Elements Harnessing the Light Elements
NOW Still in the future

Containment Structure

K n
Ba-141 .
e ams 0 - ° ' 4He + 3.5 MeV
~

- n + 14.1 MeV




Nuclear Reactions
Where Would We Be Without Them?

“There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy. ”

Shakespeare
- Hamlet (1.5.167-8), Hamlet to Horatio



