An Introduction to General / Inorganic Chemistry

MendeleeVv’s Periodic Table of the Elements

Dmitri Mendeleev born 1834 in the Soviet Union.
In 1869 he organised the 63 known elements into a
periodic table based on atomic masses. He predicted

4 the existence and properties of unknown elements and
‘ pointed out accepted atomic weights that were in error.
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The periodic table is thus an arrangement of the
elements in order of increasing atomic number.

Elements are arranged in rows called periods.

Elements with similar properties are placed in the
same column. These columns are called groups.
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The modern day periodic table can be further
divided into blocks.
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http://Iwww.chemsoc.org/viselements/pages/periodic_table.html

The s, p, d and f blocks
This course only deals with the s and p blocks.

The s block is concerned only with the filling of s
orbitals and contains groups | and |l which have
recently been named 1 and 2.

The p block is concerned only with the filling of p
orbitals and contains groups lll to VIII which have
recently been named 13 to 18.
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Groups  exist because the electronic
configurations of the elements within each group
are the same.

Group Valence Electronic
configuration
1

s
2 s*
13 s°p’
14 s°p?

2.3
15 s°p
16 s°p*

2.5
17 s°p
18 s°p°

The type of chemistry exhibited by an element is
reliant on the number of valence electrons, thus
the chemistry displayed by elements within a
given group is similar.

Physical properties
Elemental physical properties can also be related

to electronic configuration as illustrated in the
following four examples:
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1. lonisation energy

First ionisation energy

E(g)—>E(g9)" + e

If the energy required to remove one electron

from the

gaseous elements is plotted against

atomic number a definite periodic pattern

appears.
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1st ionisation energies:

1) vary systematically

i) increase across a period
iii) decrease down a group

Q Why?
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Across each period there is a steady increase in
nuclear charge.

This results in stronger Coulombic (electro-static)
interaction between the most weakly bound
electron and the nucleus and thus a general
Increase in ionisation energy.

Down each group the valence electrons are in
progressively larger orbitals.

o0 Q

1s 2S 3S 4s

The valence electrons are thus further away from
the nuclear charge. Also although nuclear
charge increases down a group the core
electrons shield the valence electrons. This
results in lower ionisation energies.

But there are more subtle changes in ionisation
energy.
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Close inspection shows that for:
Be Mg
BetoB [*%| andMgtoAl 1%

A -y
NtoO [No| andPtoS i

The general increase across the period is not
observed.

Electronic configurations must be considered.
Be 1s°2s? B 1s°2s?2p’

Although boron has a higher nuclear charge (5
instead of 4) its first ionisation energy is lower
because the outermost electron is in a 2p orbital
which is bigger than the 2s orbital. Thus the
electron is further from the nucleus.

The filled 2s orbital also shields the nuclear
charge making the electron in the 2p orbital even
easier to remove.

The overall effect is the slight reduction in first
lonisation energy from Be to B. Identical
arguments can be applied for Mg to Al only now
the 3s and 3p orbitals are involved.
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Now consider N to O:

N 1s°2s?2p® O 1s%2s?2p*

nitrogen oxygen
zp 4 4 4 2p Jr 4 4
2s| 1y 2s| 1y
1s| 1) 1s |}

In oxygen two electrons now fill one p-orbital.
The most weakly bound electron in oxygen is the
same distance from the nucleus as it is in
nitrogen as both electrons are in a 2p orbital.
However, in oxygen the paired electrons interact
via Coulombic repulsion which results in a
reduction in the ionisation energy

2. Electron Affinity

Elements on the right hand side of the periodic
table readily accept electrons, particularly the
halogens of group VII / 17.

, Chlorine, , lodine, Astatine

X(g) + e — X(9)
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The addition of one electron leads to a more
stable electronic configuration, i.e. that of the
nearest noble gas. The electron affinity of the
elements does not lend itself to a discussion of
periodic trends.

3. Electronegativity

However, the ability of nuclei to attract electrons
leads to a very important concept, namely
electronegativity.

This is the tendency of atoms involved in
covalent bonds to attract electrons towards
themselves.

An atom which tends to attract electrons is said
to be electronegative.

An atom which tends to repel electrons is said to
be electropositive.

Electronegativity is affected by:

1) atomic radius

2) nuclear charge
3) shielding by lower orbitals
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In a manner similar to ionisation energies, the
electronegativities of the elements also show
periodic behaviour.
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Electronegativities tend to:

1. increase along a period
2. decrease down a group

Electronegativities determine the covalent / ionic
nature of bonds and thus the type of reactivity of
molecules.
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Electronegativities are quoted using an empirical
scale named after Linus Pauling:

2.1

B_C N O F
1.0 1.5 20 25 30 35 40
' Na Mg Al Si P S CI
09 1.2 15 18 21 25 3.0

1 Linus Pauling born 1901 in Portland, USA.

b= Awarded Nobel prize for Chemistry in 1956 for his
g research into the nature of the chemical bond and its
B application to the elucidation of the structure of complex
substances.

The greater the difference between the
electronegativities of two elements in a bond, the
more ionic character the bond will have.

e.g. LiF will have more ionic character than
AICI3.

The same logic can also be applied to predicting
reactivity of covalent compounds. Symmetrical
molecules such as O, and N; have no
electronegativity difference between the atoms —
thus no bond polarity. However, most chemical
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bonds are asymmetric. The result is polar bonds
as the more electronegative atom attracts the
electrons towards it.

hydrogen bond

hydrogen fluoride

|

electron flow —p

hydrogen bonding in water

Lewis base Lewis acid
attack attack
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4. Atomic Radius
Atomic radii decrease across a period.

e.g. the radius of a atom is 157 pm
whilst that of a is 99 pm.

Six electrons, six protons and a number of
Q neutrons have been added - how can the

atom be smaller?

Both the neutrons and protons are added
A to the nucleus which is of negligible size.

The electrons are added to the same 3s
and 3p orbitals — thus there is no orbital size
Increase. However, the increased nuclear
charge attracts the electrons to the nucleus more
strongly resulting in the observed decrease in
atomic radius.

Atomic radii increase down a group.
Although nuclear charge increases, the larger,

outermost orbitals are screened by the inner core
electrons.
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What about the radii of ions compared to atoms?

Cations have smaller radii than atoms due to
iIncreased electron attraction to the nucleus.

Na 157 pm Na“ 98 pm

Anions have larger radii than atoms due to
Increased electron repulsion and decreased
electron attraction to the nucleus.

F 64 pm F* 133 pm
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Isotopes and Radioactivity

The periodic table comprises elements. Type of
elemental is determined by number of protons,
termed the atomic number (Z).

It is possible for atoms of the same element to
have different numbers of neutrons and hence
different mass numbers.

Such species are called isotopes.
Isotopes of a given element have:

1) identical electronic structures
2) identical chemical properties
3) different physical properties
4) different abundancies

All elements have isotopes. In all but one case
Isotopes have the same elemental symbol:

e.g.

Isatopes of Carbon
carbon 12 carbon 13 carbon 14
‘.:»'C '.:iG C

(6 protons + @ neutrons) (6 protons + 7 neutrons) (€ protons + & neutrons)
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However there is one special case - the isotopes
of hydrogen:

Isotopes of Hydrogen
hydrogen deuterium deuterium
'H ‘D T
(1 proton) (1 proton + 1 neutron) (1 proton + 2 neutrons)

Here each isotope has its own name:

'"H — hydrogen
’D — deuterium
ST — tritium

The deuterium analogue of water — D,0 is the
substance known as heavy water. It is about
10% heavier than ordinary water.
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Mass Spectrometry

How do we determine the abundance of
isotopes?

This is achieved using a technique called mass
spectrometry.

A technique for measuring the mass to charge
ratio of positive ions.

Accelerating

grid Slit
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. To vacuum
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Electron pump

beam

The greater the mass to charge ratio, the greater
the magnetic field that must be applied for the
lon to reach the detector.

Thus isotopes can be separated by altering the
magnetic field.
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This yields information on relative abundance of
Isotopes. e.g. chlorine exists as two isotopes
**Cland *’Cl in a 3:1 ratio.
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Of course, mass spectra of molecules are often
more complicated. e.g. 2-methylpentane.
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Relative Atomic Mass (RAM)

Relative Atomic Mass of an element is the

weighted mean of isotopic masses of the

naturally occurring isotopes of that element.

i.e. it accounts for the relative abundance of
each isotope.

It is based on a scale which takes 1§C as the
standard having a mass of 12.000 amu.
RAM = 12 x mass of 1 atom of the element

mass of 1 atom of 12C

How do we calculate relative atomic masses of
the elements?

Isotope Isotopic Mass % Abundance
Cl

34.969 amu 75.4
o] 36.966 amu 24.6

The contribution of each respective isotope is
given by:

isotopic mass x % natural abundance

35C| contributes 34.969 x 75.4/100
37Cl contributes 36.966 x 24.6/100

RAM of chlorine = 26.366 + 9.094
= 35.460

26.366
9.094
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Radioactivity

Radioactivity concerns the  spontaneous
disintegration of the nucleus of an unstable atom.

Unstable isotopes of elements are referred to as
radionuclides. The disintegration occurs in one
of three ways, each emitting a kind of radiation:

a alpha, B beta and y gamma

Each of these radiations is affected differently by
electric fields. Alpha radiation is drawn to the
cathode, beta radiation to the anode and gamma
radiation is unaffected.

a-Radiation

Comprises a-particles which are high velocity

>He nuclei - in effect He®" ions.

Generally emitted by heavy nuclei with atomic
number > 83.
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o-particles have very high kinetic energy due to
their high mass and are very ionising.

They have a range of 1-8 cm in air.

o-emission  235U—>%30Th+5He

B-Radiation

Comprises extremely fast moving electrons from
3-99% of the speed of light - referred to as -
particles. They result from the transmutation of
neutrons

in—>lp+le+v

The mass and energy changes for this process
are balanced by the emission of an anti-neutrino
(v) (i.e. an anti-matter particle with negative
mass!)

B-particles have a range of 1-2 m in air and can
pass through up to 3 mm of solid lead.

234 234

B-emission 26 Th—>23:Pa+ Se



