Elements - elements are pure homogeneous forms of matter

Solid

econstant volume & shape
every low compressibility
eparticles vibrate in place
*highly ordered arrangement

Liquid

econstant volume but takes
on the shape of container
*low compressibility

Gas

evaraible shape and volume
that £ills the container
high compressibility

Plamsa

slike a gas except it
is composed of ions;
an ion is charged

srandom particle movement ecomplete freedom of motion atom or group of

*do not flow or diffuse

emoderate disorder eextreme disorder atoms.
estrongest attractive forces | [ecan flow and diffuse flow and diffuse easily eexamples
between particles sweaker attractive forces sweakest attractive forces - flames

egenerally more dense than emore dense than gases eleast dense state

- atmosphere of star:

liquids sexert a pressure easily - a comet's tail
NO i YES
Can it be separated
by physical means?
Can it be decomposed by Is the mixture composition
ordinary chemical means? identical throughout; uniform?
NO YES YES NO
element compound homogeneous heterogenous
Cco,Fe,S,H,0,C FeS, H,0, H,SO4 mixture mixture

steel, air, blood,
solution of sulfuric acid

steam, wet iron,
Cannot be separated rust on steel
chemcially into simple
substances

Can be decomposed and
chencially separated
into simple substances.

Uniform appearance, Appearance, composition,
composition and

properties throughout in different parts of the

G sample

and properties are variablel

Is a mass number attached
to the element?

YES

All atoms of the same element
are not exactly alike mass number attached

The element is as a mixture

of its isotopes and has an
average mass as determined by a
mass

mass number equals the
sum of protons + neutrons
in the nucleus.

57 : X
s¢F'@ also can be written as iron-57

pectrometer. atomic number

Isotopic Symbolism
57 <«

Fe
26

A. Know the how to draw correct isotopic symbols.
B. Know how to interpret the meaning of each symbolic part.
C. Allisotopes (istopic symbols) are given ajmass number.

iron-57

[_zwotore ] earn to interpret isotopic symbolism.

Is a mass number attached
to the element?
YES

Mass number = protons plus neutrons

mass number attached

¥
57 N N
ssFe also can be written as iron-57 ’_

¥ B
atomic mumber  atomic number 26 = Fe

. 26 protons = 26 electrons for atoms
How many protons and neutrons are in the nucleus of iron-57?

mass number minus atomic number equals number of neutrons
57 - 26) = 31 neutrons

ALl atoms of the same element|
are not exactly alike

The element is as a mixture

of its isotopes and has an
average mass as determined by a
mass spectrometer.

mass number equals the
sum of protons + neutrons
in the nucleus.




Elements are made from atoms having the same atomic number, protons

Are all atoms of one particular atom the same or are they mixtures?
1) All atom nuclei for an element have the same number of protons.

2) Every atom in an element has the same number of protons & electrong

3) However, elements are mixtures of their isotopes

4) Isotopes are same atom but can have a different mass number

5) Mass number equals the total number of protons and neutrons in
the nucleus for an atom.

6) Mixtures of isotopes for a given element can be physically separated
by use of a mass spectrometer

[_zwotorer ] earn to interpret the below isotopic symbolism.
Is a mass number attached
to the element?

YES

[All atoms of the same element

are not exactly alike mass number attached

The element is as a mixture mass number equals the
of its isotopes and has an sum of protons + neutrons
average mass as determined by a in the nucleus. LY ;
mass spectrometer. atomic number  gtomic number 26 = Fe
26 protons = 26 electrons

How many protons and neutrons are in the nucleus of iron-57?

mass number minus atomic number equals number of neutrons
57 - 26) = 31 neutrons

57 . N
ssF'€ also can be written as iron-57

I=otopes of Hydrogen & Wuclear Fusion
Ir.Gergens — tlesa College
neutron (n) mass = 1 amw (atomic mass unit) KNOW for each subatomic particle:
* its mass
O proton [p) mass = 1 amu « its properties

« its location about the atom

electron (o) mass = 12000 amo

hydrogen, H deuterium, D tritium, T
hydrogen—1 hydrogen-2 hyrdrogen-3
mast stable form stable form least stable form
most abundant but twice as heary as H radiocackire
29% naturally ococurring 1% naturally occurring synthetically made

Let’s break it down:
e calculating the number of neutrons, protons and electrons
* drawing isotopic symbols




HO 34

I=otopes of Hydrogen & Wuclear Fusion
Ir.Gergens — tlesa College

nevkron (n) mass = 1 amw {atomic mass undt)
O proton [p) mass = 1 amu

electron (o) mass = 12000 ama

Draw Isotopic Symbolism

mass number on top

1

hydrogen, H I I

hydrogen—1 1
most stable form /
most abundant atomic number on bottom

9% naturally occurring

For the illustration, n = Zero

p = one (physical identity) .~ =

atoms h

e = one (chemical reactivity

Calculate the number of
neutrons, protons & electro

using the legend above

I=otopes of Hydrogen & Wuclear Fusion
Ir.Gergens — tlesa College
nevkron (n) mass = 1 amw {atomic mass undt)
O proton [p) mass = 1 amu
electron (e) mass = 142000 amu DraW ISOtOplC Symbollsm

mass number on top
devterim, ) atomic number on bottom
hydrogen-2

stable form

but twice as heary as H

1% naturally occurring

n=one
Calculate the number of p = one (physical identity)
neutrons, protons & electrons e = one (chemical reactivity)




I=otopes of Hydrogen & Wuclear Fusion
Ir.Gergens — tlesa College

nevkron (n) mass = 1 amw {atomic mass undt)
O proton [p) mass = 1 amu

electron (o) mass = 12000 ama

Draw Isotopic Symbolism

mass number on top

3

1 tritiom, T

/' hydrogen—3
atomic number on bottom least stable form

radicactive

synthetically made
n=two

Calculate the number of one (physical identity)
neutrons, protons & electrons e = one (chemical reactivity)

Average Atomic Mass
atomic mass is an average mass of naturally occurring isotopes

nevkron (n) mass = 1 amw {atomic mass undt)
O proton [p) mass = 1 amu

electron (o) mass = 12000 ama

hydrogen, H deuterium, D tritium, T
hydrogen—1 hydrogen-2 hyrdrogen-3
mast stable form stable form least stable form
most ab ant but twice as heary as H radiocackire
9;3% naturally ococurring }% naturally cccurring synthetically made

v ¥ v *
9% (lamu) + 1%(2amu)=1.01 amu
Average Atomic Mass for H




The Separation Of the TL&N CORMIRT LOERERIME IRACED
isotopes of chlorine as seen in
the movie “medicine man”

In the movie the separation of

chlorine isotopes
were accomplished by the use

of a mass spectrometer

e
Got’s “’Gsao ‘éean go! "

The Mass Spectrometer

X .n’f:: ~— moleculesin

The element chlorine is a mixture accelerator

of two isotopes in a 3 to 1 ratio
which gives a mass spectrum that is

collector siit

detector

a finger print for the isotopes of
chlorine-35 & chlorine-37 simplified mass spectrum of 2-chloropropans - CH3CI;II—|CH3

100%
relative

759 abundance
0

M+
63 P+

Relative
Abundance
m
=
B

33% M+ | . js i M2
||| |I Iy

T T 1T T T T T T 1T 1T

I’ F 10 200 30 40 30 6O YO 80

Relative Mass miz

Average Atomic Mass 75% (35amu) + 25%(37amu) = 35.5 amu Cl




Average Atomic Mass
atomic mass is an average mass of naturally occurring isotopes

Draw Isotopic Symbolisms for chlorine-35 & chlorine-37

Mass number equals neutrons plus protons
35 37

Cl Cl
17 17

n n

p (phy51ca1 ig(gngg}%?equal numbers p (phy51ca1 ig(gngg}%?equal numbers
e = 17 (chemical reactivity) e = 17 (chemical reactivity)

Natural terrestrial abundance of chlorine-35 & chlorine-37 is
75% and 25%, respectively

average atomic mass as shown
on the periodic table

Average Atomic Mass 75% (35amu) + 25%(37amu) = 35.5 amu Cl

Atomic Structure, Isotopic Symbolism & Nuclear Handout

atomic
structure
r 1

‘{ Electrons Nucleus \

(1/2000th ama & -1 charge) (dense-positively charged)
atomic number equals [Comprissa of]
number of slectrons SEpcast

atomic number equals) protons 1 amu neutrons 1 amu "
nurber of protons +1 charge o haran _Nuclaar Chemistry H

fusion fission radicactive|

T {unstable)

! a
________________________ .
isotopic symbol

derived from atoms

ag
It
article charge
mass number [—» A c{a e g "y
56%%
AN 238,
nusber of protens [ 2 particle symbel 227

i =

-
ions
symobolism negative

! _1X + 18] * 1X

[ e gain 3

]

| e )
i X M

I [nonmetal X)  (metal,M)

1

]

- electzen °@ (B written for an eletron that comes from an atemic orbital)
-1

equal numbers of
=1

electronically
neutral

Symbolism for different forms of radiation emitted from unstable nulcei:

neutron n‘ n

. 2+
alpha particle ;cz (written for an positively charged helium nucleus)

positron f_ P (written for an positron that comes from the nucleus)

0
beta particle 1 [5 (written for an eletron that comes from the nucleus)

gamma ray : Y (pure nighest energy electromagentic wave]
@ 2005 by DrGergens




So elements can be physically separated by a mass spectrometer,
but can atoms in elements be chemically changed or altered?

Yes, elements can be chemically changed in a nuclear reaction,
either by
1) fission (a large atom fizzles down into smaller atoms)

2) fusion (to fuse atoms together into large atoms)

Nuclear Fission
NUCLEUS

FRAGMENT,

1 5 i £a
explogion, in the New Mexdico
desert. July 6, M5,

Hmm...what could I do with this?

The Atomic Age: From fission to fallout

http://www .cnn.com/SPECIALS/cold.war/experience/the bomb/history .science/




Nuclear fission at its best

or Worst

2011 tsunami, following a 9.0 C INA
magnitude quake, triggered the world's SYN DR. ME

worst nuclear disaster in a generation

http://history.sandiego.edu/gen/filmnotes/chinasyndrome.html

Nuclear Chemistry at its best??? puyEEEETTINTIENI T
Cold Fusion???? (pure fantasy)

The science of producing the
power of the sun at

room temperature is pure
fantasy....




The Nobel Prize in Chemistry
Marie Curie - Facts

Marie Curie, née Sklodowska

Born: 7 November 1867, Warsaw,
Russian Empire (now Poland)

Died: 4 July 1934, Sallanches, France

Affiliation at the time of the
award: Sorbonne University, Paris,
France

Prize motivation: "in recognition of
her services to the advancement of
chemistry by the discovery of the
elements radium and polonium, by
the isolation of radium and the

study of the nature and compounds
of this remarkable element”

Field: nuclear chemistry

Ada E. Yonath

The Nobel Prize in Chemistry AdaE. Yonath - Facts

The Mobel Prize in Chemistry 2009
+ Ada E. Yonath
“for studies of the structure and function of the ribosome"

Born: 22 June 1939, Jerusalem,
British Mandate of Palestine (now
Israel)

Affiliation at the time of the
award: Weizmann Institute of
Science, Rehovat, Israel

Prize motivation: "for studies of the|
structure and function of the

The Mobel Prize in Chemistry 1964

ribosome"

+ Dorothy Crowfoot Hodgkin
“for her determinations by X-ray techniques of the structures of important

Field: biochemistry, structural

Photo: U, Montan chemistry

Dorothy Crowfoot Hodgkin
- Facts

biochemical substances"

Dorothy Crowfoot Hodgkin

The Mobel Prize in Chemistry 1935
+ Iréne Joliot-Curie

Born: 12 May 1910, Cairo, Egypt

Died: 29 July 1994, Shipston-
on-Stour, United Kingdom

Affiliation at the time of the
award: University of Oxford, Royal
Society, Oxford, United Kingdom

"in recognition of their synthesis of new radioactive elements"

Prize motivation: for her
determinations by X-ray techniques.
ofthe structures of important
biochemical substances”

The Mobel Prize in Chemistry 1911

+ Marie Curie, née Sklodowska

Field: biochemistry, structural

The Nobel Prize in
Chemistry 1935

and the study of the nature and compounds of this remarkable element”
vQ Q
[\ 4N

Frédéric joliot IréneJoliot-Curie
Prize share: 112 Prize share: 172

"in recognition of her services to the advancement of chemistry by the
discovery of the elements radium and polonium, by the isclation of radium

The Nobel Prize in Chemistry 1935 was awarded jointly to Frédéric
Joliot and Iréne Joliot-Curie "in recognition of their synthesis of new

radioactive elements”




Nuclear Chemistry at its best
HOT Fusion

The science of producing the
power of the sun in
San Diego is a reality

The Tokamak Reactor at
General Atomics

Poloidal field

http://fusion.gat.com/ magnet

FPlasma

Toroidal field
magnet

Nuclear fission in San Diego will being with three isotopes of hydrogen.

I=otopes of Hydrogen & Wuclear Fusion
Ir.Gergens — tlesa College

- nevkron (n) mass = 1 amw {atomic mass undt)
O proton [p) mass = 1 amu

electron (o) mass = 12000 ama

hydrogen, H deuterium, D tritium, T
hydrogen—1 hydrogen-2 hyrdrogen-3
mast stable form stable form least stable form
most abundant but twice as heary as H radiocackire
29% naturally ococurring 1% naturally occurring synthetically made

10



Huclear fusiom is the combining of small mnuclei into a large one.

izotopes of hydrogenl

n 14.1 tf=T
D nclei

minus o
= electons

7 =)

muclear fusion

heat
1x10% °¢

unstable
intermediate

4
He nuclei

T naclei 3.5 =T

Huclear fissiom is the rewerse process of mulear fusion

Radiation - Know the three types of radiation and their characteristics

NUCLEAR CHEMISTRY

Dr. Gergens - Mesa College

mass mumoer b C &= stomic charge

stomic numeer =3 Z \ any slsment

Number of protons = Z Number of neutrons = A - Z

3 Types of Radiation

Name and Symbol Identity Charge Mass (amu) Penetration
Alpha (a) Helium nucleus 2+ 4 Low
Beta (f) Electron 1- 1/1820 Medium
Gamma (y) Radiant energy 0 0 High

11



Radiation - Know the characteristics of radioactive isotopes

| Characteristics of Radioactive Isotopes

Binding energy - the energy that holds the protons, neutrons, and other particles together in the nucleus.

List the four factors responsible for nuclear stability

1.
Nuclear stability correlates with the ratio of neutrons to protons in the isotope. A ratio of 1:1 is preferred

2.
Nuclei with large numbers of protons (Z = 84 or greater) tend to be unstable.

3.
Isotopes containing the "magic numbers" 2, 8, 20, 50, 82 or 126 protons or neutrons are stable.

4.
Isotopes with even numbers of protons or neutrons are generally more stable than those with odd numbers.

Nuclear Reaction - Know the process for balancing nuclear reactions

210 4 206 222 4 218
Po a * Pb Rn o + Po

84 2 82 86 2 84

40 0 40 238 0 238
Ca — [ Sc u — B & Np

20 -1 21 92 -1 23

235 4 231 247 4 243
u — a + Th Bk — o + Am

92 2 90 97 2 95

A. In each of the above reactions, the reaction arrow means “goes to”
B. The reactants are on the left, and the products are on the right
C. Total mass (mass numbers) of reactants must be equal to the

total mass (mass numbers) of the products

210 = 4 + 206
210 goes to 4 206
reactant(s) Po —— o + Pb product(s)
84 2 82
84 = 2 + 82

D. Total protons (atomic numbers) of reactants must be equal to the
total protons (atomic numbers) of the products

12



Nuclear Reactions - Complete the handout and check your answers

/ shil \\ Mass Spectrometer

First accel. S\li
Filament| | Electron Focus slit
Gas beam = it Second accel, slit
SR
= = " —)— —_—
Molecular, /

leak  Repelfers:
lun accelerating

lonizing region lons not in
Electron beam/A region \\ // register
h
S TOTemeemee N o

S
Magnetic field
throughout
entire assembly
Collector Assembly N

lons in
register

S
Narrow slit 0.007 in—
Collector slit 0.030 in-

13



