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Emission Spectrum of Hydrogen



The Periodic Table
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Figure 2.5 Dmiwri Mendeleev's 1872 periodic table. The spaces marked with blank
lines represent elements that Mendeleev deduced existed but were unknown at the

time, so he left places for them in the table. The symbols at the op of the columns
(e.z.. R*0 and RHY) are molecular formulas written in the sivle of the 19th century,
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The Bohr Model

*The electron in a hydrogen atom travels around the nucleus in a circular orbit.

*The energy of the electron in an orbit is proportional to its distance from the nucleus.
The further the electron is from the nucleus, the more energy it has.

*Only a limited number of orbits with certain energies are allowed. In other words, the
orbits are quantized.

*The only orbits that are allowed are those for which the angular momentum of the
electron is an integral multiple of Planck's constant divided by 2.

Any object moving along a straight line has a mvr = n {;
momentum equal to the product of its mass (m) %]
times the velocity (v) with which it moves. An

object moving in a circular orbit has an angular n=1,2,3..
momentum equal to its mass (m) times the

velocity (v) times the radius of the orbit (r). Bohr 1 q
assumed that the angular momentum of the 8B = Ryl— - =]

electron can take on only certain values, equal to
an integer times Planck's constant divided by 2.




Electromagnetic
Radiation has
associated with it only
discrete energies
(quantized)

ie. light is an
electromagnetic wave

E =hv

Electromagnetic
Radiation can exhibit
particle like behaviour

Wave-Particle Duality
proposed by De Broglie

A =h/mv

Schrodinger wave equation

HY = EWY

Complex physics and mathematics! BUT
chemists want to know what it says about
molecules not maths


http://en.wikipedia.org/wiki/Image:Erwin_Schr%C3%B6dinger_from_the_Dibner_Library.jpg
http://en.wikipedia.org/wiki/Image:Erwin_Schr%C3%B6dinger_from_the_Dibner_Library.jpg

Shapes of orbitals

e %C%
o«

s orbital p orbital d orbital

Why do they take this shape?

Quantum Mechanics!
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Energy

Energies of orbitals

For a hydrogen atom the energies are ordered purely by quantum numbers.
So the 1s orbital is the lowest in energy.

For n = 2 all orbitals (2s and 2p) are the same in energy and said to be

degenerate
n = oo is the ionisation energy i.e. the energy required to

remove an electron

A

- n =o°
The scale shows a more negative energy as we go to
lower quantum numbers — more stable
——— n=6
n=>5 For hydrogen the electron is accommodated in the lowest energy
n=4 . . :
3 orbital. This is known as its ground state.
_  n=

The ground state electronic structure of hydrogen is 1s!?

of higher energy. This is an excited state.

n=2
| An electron can be raised in energy (promoted) to an orbital



Energies of orbitals

Spectrum of hydrogen
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Flame tests of other elements



http://www.youtube.com/watch?v=5BI6qXaJtuo&feature=player_embedded
http://www.youtube.com/watch?v=5BI6qXaJtuo&feature=player_embedded

Filling of electrons

An aid to remember the order



Electronic structure of periods

Valence orbitals — those electrons that participate in chemistry — the
highest energy electrons

Core orbitals — those that do not participate in the chemistry — held tightly
to the nucleus

The octet rule can now be understood!



Electronic Configurations

The Octet Rule:

Atoms try to obtain the noble gas configuration by
loss or gain of electrons.

How does that work?

Lithium has 3 electrons: 1s22si
If it loses an electron to form Li*: 1?2

— LI = He



Electronic Configurations

The Octet Rule:
Atoms try to obtain the noble gas configuration by
loss or gain of electrons.

Fluorine has 7 electrons: 1s22s%2p°
If it gains an electron to form F-: 1s22s22p°

— F = Ne



Electronic Configurations

The Octet Rule:
Atoms try to obtain the noble gas configuration by
loss or gain of electrons.

Carbon has 6 electrons: 1s22s22p?

Does it gain 4 electron or lose 4 electrons?

Answer IS neither — 1t shares Its electrons



Electronic Configurations

The Octet Rule:
Atoms try to obtain the noble gas configuration by
loss or gain of electrons.

Carbon has 6 electrons: 1s22s22p?

Carbon in CH, shares 4 electrons with
hydrogen so as to obtain its octet
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Group Trends -The Alkali Metals

LiCO, pills for mood Potassium is found in Cs (and Rb) used in
disorders foods clocks

Li Na K Rb and Cs
(145g)
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Tonisation Energy

The energy required to completely remove an electron from an atom in the gas phase:

Eg = B + €

2500 1

2000 A

1500 -

1000 -

Energy (kJ mol-1)

500 A

O I I I I I I I I I I I I I I I I I I 1

1 3 5 7 9 11 13 15 17 19
Atomic Number

First ionisation enthalpies (kJ mol?) for the elements Hydrogen to Potassium



Tonisation Energy

Can we use ionisation energies to rationalise Na*, Mg?*, Al3*?

Energy (kJ mol-1)

20000 A
18000 -
16000 -
14000 -
12000 -
10000 -
8000 -
6000 -
4000 -
2000 A

1 2 3 4 5 6

Electron removed

—eo— Na —— Al —— Mg

Successive lonisation energies



Pauling
Electronegativity (")

Electronegativity

Electronegativity is defined as the power of an
atom in a molecule to attract electrons to itself

Very powerful principle for understanding the nature of the
elements and the types of compounds they form with each
other

Empirical relationship - Pauling assigned the most
electronegative element, F, to 4.

He noticed that the bond energy E(AB) in a molecule AB is
always greater than the mean of the bond energies E(AA) +
E(BB) in the homonuclear species AA and BB. His argument was
that in an "ideal" covalent bond E(AB) should equal this mean,
and that the "excess" bond energy is caused by electrostatic
attraction between the partially charged atoms in the
heternuclear species AB.


http://scienceworld.wolfram.com/biography/photo-credits.html#Berzelius
http://scienceworld.wolfram.com/biography/photo-credits.html#Berzelius

Electronegativity

The 374 dimension of the periodic table?




Electronegativity

Periodic Trends: As you go across a period the electronegativity increases.
As you go down a group, electronegativity decreases.

Explaining the Trends in Electronegativity

The attraction that a bonding pair of electrons feels for a particular nucleus
depends on:

e the number of protons in the nucleus
e the distance from the nucleus
e the number (and type) of inner electrons.



Formula

Clo

clo,
clo,
clo,
NO,
NO;
S0,
50,2

HSO,

HSO,

Naming Oxoacids

Oxoanion
Name

hypochlorite

chlorite
chlorate
perchlorate
nitrite
nitrate
sulfite
sulfate

hydrogen sulfite

hydrogen sulfate

Formula

HCIO(aq)

HCIO,(aq)
HCIO5(aq)
HClO,(aq)
HNO,(aq)
HNO,(aq)
H,S0s(aq)
H,S0O,(aq)

H,S05(aq)

H,50,(aq)

Oxoacid
Name

hypochlorous acid

chlorous acid
chloric acid
perchloric acid
nitrous acid
nitric acid
sulfurous acid
sulfuric acid

sulfurous acid

sulfuric acid

if oxoanion ends in
"ite" acid ends in
IIOUSH

if oxoanion ends in
"ate" acid ends in "ic"



d-methamphetamine |-methamphetamine



Bonding

How can we use the ideas previously discussed
to understand bonding?

Valence orbitals — those electrons that
participate in chemistry — the highest energy
electrons.

Core orbitals — those that do not participate
in the chemistry — held tightly to the nucleus

e.g. F 1s22s%2p°
—

CORE VALENCE



Bonding

2 major types of bond

1.COVALENT

HO
2.10NIC \OD\/HW\/\)\
O

Covalent Is a sharing of electrons to form a bond
&i—*'.g——ﬁ
L . @
lonic Is loss/gain of electrons ¢,£ |
,0
a’.' : ?



Electronegativity

We can use the difference in electronegativity to
understand covalent and ionic bonding

Pure covalent

i’ o . C-
N, { C-Fe :
CH , O-H

Clo o Polar covalent
C-0 e |j.C o
Na-8 o«
0.0 05 1.0 15

Difference in Electronegativity



Lewis Structures

What is a bond?
-Sharing of electrons

-Covalent bond, bonding electrons localised, or
fixed, between two atoms

Electrons that are not shared are localised as
lone pairs

Lewis theory states that all atoms are trying to
achieve a noble gas configuration = OCTET
rule

Some rules for Lewis dot diagrams:

Only use valence electrons

Under most circumstances symmetrical geometry is correct!
Oxygen is commonly and Hydrogen always peripheral

Arrange electrons so that all non-H atoms obtain an octet (exceptions for
elements in the 3@ and 4" row)



Lewis Structures - Complex Structures

1 — Determine the total number of valence electrons

Neutral complexes sum the valence electrons

Cationic complexes subtract the charge

Anionic complexes add the charge
2 — Draw the skeletal structure with single bonds. (H is NEVER a central atom)
3 — Place pairs of electrons around the outermost atom

4 — Place any surplus electrons on the central atom

5 — If the central atom does NOT have 8 electrons form a double bond



Tonic Compounds

What are the structures of ionic solids e.g. NaCl?
- Can be thought of as effectively packed arrays of ions

- Efficient means maximising the contacts with oppositely charged ions

o To 1

o« @
¥ s

o N

P

||

AN 9

o o

‘i’./,/.

The structure of Sodium Chloride The structure of Cesium Chloride
shows a coordination number of 6. shows a coordination number of 8.




