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® Chemistry is the study of matter
and the changes that it can
undergo

® Matter is anything that has mass
and takes up space

@ Can be made up of pure or a
mixture of pure substances in any
state

® The smallest unit of matter is the
atom

Lithium Atom




CHEMISTRY - THE CENTRAL SCIENCE

® The goal of chemistry is to understand atomic
and molecular interactions - both naturally and
synthetically

» By

One methane Two oxygen One carbon Two water
molecule molecules dioxide molecule molecules
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THE ATOM

@ Very basic
structure
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space
Radius measured ElEctiron
in picometers
(1012 m) Nucleus Cloud
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Protons

» Symbol
. p"'

e Charge
& +1

o Relative Mass
¢ 1

o Actual Mass
e 1.67 x 1024
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Neutrons

» Symbol
e n°

e Charge
e 0

e Relative Mass
o 1

e Actual Mass
e 1.67 x 1024

Electrons

« Symbol
L ] e_

e Charge
o -1

e Relative Mass
e 1/1840

o Actual Mass
e 9.11 x 1028




CARBON ATOM ALUMINUM ATONY
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Aluminum Atom

13 electrons,
13 protons,
14 neutrons




HOW WE TELL ATOMS APART
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® Atoms differ depending upon the number of protons
in the nucleus and as they are discovered, they are
named and become elements

® Each element is given an atomic number which
corresponds with its proton number

@ They are now organized by increasing atomic
number in the Periodic Table of Elements

+ & neutrons

@ electron —> 6

@ proton
O neutron

Carbon atom



PERIODIC TABLE

12, ]

1 1"' I PerIOdIC Table A I¥A WA YA VI E;"e

3 q B 7 ) q 10
2| Li | Be Of Ele”‘]ents cC|HN |O|F |He
11 1z 14 [15  [16 [1F7 |18
FINa |Malue v vE WVIE VIE Vil E 1B 31| P |5 |JCI|Ar
14 K] 5 |26
Kk As Kr
a7 g 54
= | Rb e
=5 oE
E | Cs BRn

oY

| Fr Ha 106107108 109 110
* Lanthanidels® [52 [eo [e1 Je2 ez [ea Jes [ee [67 [e2 J69 w0 [+

S arjes Ce| Pr|Hd aom|Eu|Gd| T Dy | Ho| Er [ Tm | TYb | Lu
+ Actinice ao fa1 ez [az [94  Jos a6 Jar o2 (99 (oo 101 (102 [103

Series ThPa | U

Legend - click to find out more...
H - gas Li - solid Br - liquid
Maon-Metals . Transition Metals Rare Earth hetals Halogens

Alkali Metals Alkali Earth Metals

. Other WMetals Inert Elements




- I

'I_"'-f'lll';."l:-'? |:—‘|:| “E‘-.\ |j i“_‘: [\‘\‘il H ﬂ -d:_'f L E f:*:'“n‘ F\J rf'_ 7 r E flrll"., I.-'ﬂ'ul HQZWITFJJT::*LF F;:
VAR BT 2N o INNWG AN ttlt_—:; U IS /W D | AN

@ Nuclear Chemistry is the division dealing with
the atomic nucleus, radioactivity, and
nuclear reactions

@ Radioactivity - the spontaneous emission of

a stream of particles or electromagnetic rays
in nuclear decay Energy

Any atom with
84 or more
protons is

radioactive Radiation

Radioactive
Atom 5

Particle




BACK TO THOSE ELEMENTS -
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1 ZC Atomic Mass (A)
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| Atomic Number (Z)

Atomic Mass = Proton Number + Neutron Number

27
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Aluminum: 13 p*, 13 e, 14 n°
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® Atoms of the same element may have
different neutron numbers, thus different
mass numbers

1 2 6 electrons,
6 Carbon'1 2 6 protons,

6 neutrons

1 4 6 electrons,

Carbon-14 6 protons,

6 8 neutrons




CHART OF THE NUCLIDES

@ We organize all the known isotopes of the elements
into another chart, called the Chart of the Nuclides

Chart of the Nuclides

proton number

e -l 126 W stabie
o Bl (*/EC decay

4 o B F decay
- S [0 «decay
; Sore &2 B pemission
) i ocoma— = [l spentaneous fission
SR [0 predicted
R‘jh"‘ - & magic number
. [T 20

i

Yt neutron number

Symmetric: Equal numbers of protons and neutrons
Asymmetric: Unequal numbers of protons and neutrons
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NILICI EAR REACTIONS
NUCLEAKR REACTIONS

® Nuclear reactions @ A nucleus will gain or
involve changes in an lose protons and/or
atom’s nucleus neutrons

@ Isotopes with an ® High energy particles or
unstable nucleus are electromagnetic
radioactive and will radiation will be given
spontaneously undergo off

@ A stable isotope will not stable or radioactive
spontaneously undergo ® Several types of
a nuclear reaction reactions

@ Different isotopes
undergo different types
of changes




TYPES OF RADIATION

» Made up of 2 protons & 2 neutrons,
the nucleus of a He atom (2+ charge)

+ Can emit from a radioactive atom
» Symbolized as a

» 2 types of beta decay w. 2 types of
particles

» Fast moving electrons
» Symbolized as B

» High energy electromagnetic
radiation from an excited nucleus

« No mass and no charge
« Symbolized as y




RADIATION POWER

PENETRATING POWER OF THREE TYPES OF RADIATION
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ALPRHA DECAY

® When a nucleus undergoes a decay, it loses 2
protons and 2 neutrons

® A new element is produced, with an atomic
number 2 less than and an atomic mass 4 less
than the original

aX - Sa+ 425

238U N 234-Th_|_ S

Uranium-238 into Thorium-234




® There are 2 types of Beta Decay
B~ decay
B* decay also called positron emission
@ In B~ decay, a neutron decomposes into a proton
and a beta particle

@ In B* decay a proton is converted to a neutron

d it
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® Occurs when there are too many neutrons

@ A neutron decomposes into a proton,
antineutrino, and a beta particle (electron)

Carbon-14 into Nitrogen-14




BETA PO

u Q\J

N WIS IS~ AN
:|T|:| "'-:;f E D)I E ! k_:_‘, ff-:é‘.l ‘U’r

® Occurs when there are too many protons

@ A proton is converted to a neutron,
neutrino, and a positron (a positive electron)
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Carbon-10 into Boron-10




GAMMA RAY EMISSION

® Emission of high energy electromagnetic
radiation from an excited nucleus

® Often occurs with alpha or beta decay as a
way to release energy

Beta particle

&
ﬁﬁ*:{ \
N "y

Alpha particle

r/
Gamma radiatio




DECAY SCHEMES

137
55

Cs

B (0.511 MeV)

94%
137331*
B (1.172 MeV)
6% v (0.662 MeV)
From "Physics Laboratory Experiments”
by Jerry D. Wilson, 5e 1%;Ba

Figure 49.2 Decay scheme of Cs-137. Most of the cesium-
137 (Cs-137) nuclei (94%) decay to an excited state of bar-
ium-137 (137Ba*), which then gamma decays to a stable state.
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WHAT DO WE DO AT THE
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CYCLOTRON?
@ The Cyclotron is a particle accelerator

Accelerates charged particles using a high-frequency,
alternating voltage, and a magnetic field

® The Cyclotron produces a beam of particles that
we can use to shoot at other particles to create
and study isotopes and measure decays

Top View

Uniform magnetic

field region
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Electric field
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magnetic field

regions. Electromagnet
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accelerated electrons

Output beam of high \
velocity electrons.
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