The first “elements” Aristotle
384-322 BC

Elements arranged in  Periodic Table -
metals,, nonmetals, metalloids



Element symbols

Each element assigned a unigue symbol

Each is 1-2 letter; first letter capitalized

Symbol may not match name;
May be based on different name Au, Ag, Cu

See table 2.1, p 46 for complete list

Known symbols for first 36 elements: H-Kr
plus common elements



Table 2.1 The Chemical Elements and Their Symbols

Ac
Ag

Al
Am
Ar
As

At
Au
B
Ba
Be
Bh
Bi
Bk
Br
e
Ca
Cd
Ce
Cf
Cl
Cm
Co
Cr
Cs
Cu
Db
Ds

actinium
silver (argentum )
aluminum
americium
argon

arsenic
astatine

gold {aurumj*
boron

barium
beryllium
bohrium
bismuth
berkelium
bromine
carbon
calcium
cadmium
cerium
californium
chlorine
curium

cobalt
chromium
cesium
copper (cuprum)®
dubnium

darmstadtium

Dy
Er
Es
Eu
F

Fe
Fm
Fr

o e R E

dysprosium
erhium
einsteinium
europium
flourine

iron (ferrum)?
fermium
francium
gallium
gadolinium
cermanium
hydrogen
helium
hafnium
mercury (hvdrargyrum}*
holmium
hassium
iodine

indium
iridium
potassium { kalium)*
krypton
lanthanum
lithium
lawrencium
lutetinm
mendelevium

magnesinm

Mn
Mo
Mt
N
Na
Nb
Nd
Ne
Ni
No
Np
8]
Os
P

manganese
molybdenum
meitnerium
nitrogen
sodinm {natrium )
niobium
neodymium
neon

nickel
nobelium
neptunium
oxygen
osmium
phosphorus
protactinium
lead (plumbum)*
palladium
promethium
polonium
praseodymium
platinum
plutonium
radium
rubidium
rhenium
rutherfordium
roentgenium
rhodium

Rn
Ru

Xe

D=

radon
rutheninm
sulfur
antimony ( stibium}*
scandium
selenium
seaborgium
silicon
samarium

tin (stannum )
strontium
tantalum
terbium
technetinm
tellurium
therium
titanium
thallinum
thulium
uranium
vanadium
tungsten (wolfram)*
xenon

yitrinm
ytterbium
zine

Zirconium



Atom Symbol
Calcium Ca
Carbon C
Chlorine Cl
Copper Cu

lodine I

Hydrogen H
Iron Fe
Magnesium Mg
Nitrogen N
Oxygen O
Phosphorus P
Potassium K
Sodium Na
Sulphur S
Zinc Zn
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Europium uses?

L anthanum uses?

Neodymium uses?



Combine elements to make compounds

Table 2.2 Examples of Compound Formulas

Compound Molecular Molecular
Name Representation Formula
Methane ; CH,
Water L2 H,O
Carbon monoxide “ CO
Hydrogen peroxide - H,0,




Chemical formulas

Show elements in a compound

Subscripts show how many of each
are present

May show how elements



MIXTURES

MIXTURES

/\.

SOLUEBLE INSOLUELE
MIXTURES MIXTURES
(SOLUTIONS)
FLOATING SUSPENDED SINEIN G
Separation

filteration, distillation USS Carl Vinson



MIXTURES

Separation Y ﬂ
filtration \ L
F“""{'M Residue

Test—
tube

L‘;;?—Filtrate



MIXTVYRES

Separation
distillation




Smallest part of an
element that enters into
a chemical reaction

Not infinitely divisible
Aristotle was wrong

Democritus was right
Not proven correct
for 2,000 years

470-380 BC



Think of atoms
as solid balls
stacked like fruit
In a supermarket

Atoms are
actually not solid,
mostly space

Molecules form
the smallest units
of compounds



A model of a molecule of water

4
e
q

Q@ Hydrogen 2 Oxygen

Water iIs a compound composed of molecules
It iIs made from atoms of hydrogen and oxygen



A model of a molecule of water

Water iIs a compound composed of molecules
It iIs made from atoms of hydrogen and oxygen



Molecular verses lonic compounds
How do they differ?

Sugar and water are molecular
compound s composed of molecules

Salt is an Ionic compound composed of +/- ions



Atomic theory

“all things are made of atoms - little particles th at
move around In perpetual motion, attracting each
other when they are a little distance apart, but
repelling upon being squeezed into each other”
(Richard Feynman, 1963)



Aristotle verses Democritus

Neither were experimentalists
-conclusions based on theory

Democritus:
“reality Is atoms and empty space”

John Dalton



John Dalton

Recorded > 200,000 weather
observations over > 50 years

Color-blind; first person to recognize It
Accepted views of Democritus

Proposed symbols for elements
- circles






Why was Dalton sure
that atoms were real?

Elements couldn’t be broken down
Indivisible atoms

Elements combined in whole number
ratios 2H:0 H,O

Law of Definite proportions

Brownian motion -
random motion of particles on water

eg pollen grains, lipids



Why was Dalton sure
that atoms were real?

Elements combined in more than 1 set of
proportions

Law of Multiple proportions



Dalton’s Atomic Theory (1806)



We now know Dalton’s ideas
were not entirely correct

o atoms are divisible
o atoms can be created

» atoms of a given
element can be different

e atoms can be changed
INnto other atoms



Scanning Tunneling Microscope

Rohrer & Binnig
(1981)

Sharp probe (<10 ° m) scans
sample map of surface
STM can move atoms about



Inside the atom



Tube sealed and evacuated
Current passed through 2 electrodes

(+) electrode = anode
(-) electrode = cathode



What were the cathode rays?

Matter (particles)
or
energy (light)?



J.J. Thomson
refined previous experiments
and designed new ones to
uncover the true nature
of cathode rays



Showed that the
cathode rays
could bend in an
electric field.

J.J. Thomson

Attracted to a positive field,
repelled by a negative field.



Cathode rays are charged
particles, called corpuscles.

Cathode rays are negative

Corpuscles are constituents
of the atom.



A sphere full of positive substance mixed with
negative electrons "like the raisins in a cake"

Thomson’'s
Initial model of atom
(1904)



"Electron” used by G. Johnstone
Stoney - (1891)

Applied to Thomson’s corpuscles
- (1897)

Amber called elektron by
ancient Greeks



How could atoms be
neutral and be composed
of only negative particles?

The search for positive
particles was on!



Discovery was a gradual process, normally
credited to Ernest Rutherford (1871-1937)
after he discovered the nucleus (1911)



Born Brightwater, NZ

Studied Nelson/Canterbury Colleges
£150/year scholarship Cavendish Lab

Recent discoveries: electrons,
X-rays, radioactivity



Worked in Thomson’s lab

Discovered alpha and beta rays
Professor, McGill University, 1898

Tested Thomson's hypothesis
with the “Gold foll" experiment



The Rutherford scattering experiment

Reasoned that If Thomson's model was
correct then the mass of the atom was
spread out throughout the atom.



The Rutherford scattering experiment

Fired alpha particles at thin film of gold foil

Most particles went through the gold foil;
a few rebounded almost directly backwards.



Thomson model Rutherford model



Not consistent with
Thomson's model

Rutherford concluded that
deflections backwards due to
most of the atom’s mass
concentrated In a nucleus



Developed the planetary
model of the atom.

Protons In nucleus,
electrons orbited nucleus
(like planets around sun)



James Chadwick
(1891-1974)

Problem with the mass of atoms

Hydrogen = 1 proton + 1 electron
Helium 2 protons + 2 electrons

Extra mass due to ........ 272 Neutrons



Relative masses:
protons & neutrons equal

electron 1,800 times lighter

' nucleus small



Particle accelerators
many elementary particles in atoms

Leptons - electron, neutrino
found outside nucleus

Hadrons - proton, neutron, 200 others
found inside nucleus



Hadrons composed of quarks

There are 6 types of quarks

Atoms composed of quarks and leptons



Atomic number & mass number









Elements ordered In periodic table
by increasing atomic number



Number of protons plus
neutrons In an atom’s nucleus















Atoms come In different
sizes and masses

Use a scale of
relative masses (weighs)



Atoms have relative masses
(and sizes)

If hydrogen Is 1
helium Is 4
carbon is 12
uranium IS 238



Atomic number

Symbol

Atomic mass



What about molecules?

Add atomic weights of each
element to give molecular mass



What about ionic compounds?

Sum of atomic weights called
formula mass






Formulas of ionic compounds

CaCl,: 40.08 + (2 x35.45)=111.0
NaNO,: 22.99 + 14.01 + (3 x 16.00) = 85.00
Mg(OH),: 24.31 + (16.00 +1.008) x 2 = 58.33



1. Calculating number of atoms in a piece of matter

How many atoms of gold in ring?

How pure Is the gold?

Need a conversion factor



1. Calculating number of atoms in a piece of matter

How many atoms of gold in ring?

weight of ring = 3.2 grams
ring Is 14 karat gold

14 kt = 14x 3.2 = 1.9 grams pure gold
24



How many atoms in 1.9 g of gold ?

need a conversion factor
use periodic table — atomic mass

when expressed in grams, the atomic
mass of each element contains
6 x 10% atoms



Find atomic masses for:

gold oxygen uranium
v ¢ v
197 16 238

197 grams 16 grams 238 grams



Find atomic masses for:

gold oxygen uranium

197 grams 16 grams 238 grams



Find atomic masses for:

gold oxygen uranium

197 grams 16 grams 238 grams









Avogadro’s number used as conversion
factor to convert mass into number of
atoms

factor is: 6.x 10 %
atomic mass




Avogadro’s number used as conversion
factor to convert mass into number of
atoms

factor is: 6.x 10 %
atomic mass

mass ingrams x 6x10 * = number of atoms

atomic mass




In gold ring...............

no. atoms = 1.9 grams x 6 x 10 *
197

= 5.8 x 104! atoms
= 5,800,000,000,000,000,000,000 atoms

= 5,800 billion billlon atoms




Avogadro’s number also
called....... one mole

Can have one mole of anything

1 mole of gold contains 6 x 10 *°

gold atoms and weighs 197 grams






Atomc mass In grams also called
gram-atomic mass or molar mass

Use the atomic mass to convert
between mass and moles



Same number of beans in each jar
Masses, volumes different

1 jar = 200 beans

1 mole = 6.0 x 10 *° particles



Important formulas ............

I
I



Important formulas ............

moles = mass

atomic mass

mass = atomic mass X moles




How many moles of gold in 50 g of gold  ?

moles = mass
atomic mass

moles= 50grams = 0.25 moles
197



How many grams in 5.0 moles of nitrogen  ?

mass = atomic mass X moles

mass =14 x5.0 = 70 grams



Relationship between mass and
moles also true for compounds .....
use formula masses

How many moles in 10 g of water?
moles = mass
formula mass

= 10 = 0.56 mole
18.0




H,O NaCl Co,

Empirical formula:
simplest whole number ratio of atoms

water: H,O, H,O
hydrogen peroxide : H.,O,

empirical formula is: HO



hydrogen peroxide exists only as
H,O, molecules, not HO molecules

H,O, Is molecular formula

molecular formula :
shows actual number of atoms of
each element in a compound



1. % by counting

2. % by weight



1. % by counting

% = No. specific objects x 100
total No. of objects




%

TN

2. % by weight
ass of No. specific objects X 100

total mass of objects



2. % by weight

ass of No. specific objects x 100
total mass of objects

00 =

TN

Molecules.....
eg hemoglobin



Find % mass of Hatoms inH ,O

WH=2x1.008 x100=11%
18.016




Find % mass of Hatoms inH ,O

WH=2x1.008, x100=11%

/18.016 \

water formula mass atomic mass of hydrogen




2. % by weight

ass of No. specific objects x 100
total mass of objects

00 =

TN

Molecules.....
eg hemoglobin

% H=1166 x1.008 x 100 =4.74%
24,780.45



End of chapter 2



