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What is a Chemical element?

● What are Chemical Elements? And why a periodic table?

● The periodic table of elements is on the wall of every school science laboritory, but it is more 
than a table listing 'types of atom'! 

●  Some elements have been known since antiquity

● Others have been discovered in more recent history, up to Oganesson as recently as 2002 
and ununpentium in 2013.

● And new dicoveries continue to be made. However, these elements will be unstable 
radioactive elements – the strong nuclear force operates over such a miniscule range that it 
limits how large a nuclius can become.

● Uranium is the last naturally occouring element for all intents and purposes.



  

What is special about a 'periodic' 
table?

● The table can be used to:

● Predict reactivity among elements

● Predict chemical reactions 

● Understand trends and similarities among the properties of 
elements

● Predict potential compounds

● Predict the properties of elements yet to be discovered.



  

Charactoristics of Chemical 
Elements

● The modern periodic table arranges the elements by their 
atomic numbers and periodic properties.

● But this neat arrangement is not by chance!

● A number of  scientists worked over almost a century to 
assemble the elements into this format.

● For example, similar elements (in the same group) have 
similar properties, take part in similar reactions, and have 
similar properties.
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Historical Background

● In 1789, French chemist Antoine Lavoisier divided the 
elements into metals and nonmetals.

● Later, German physicist Johann Wolfang Döbereiner 
observed similarities in physical and chemical properties of 
certain elements.

● He arranged them in groups of three in increasing order of 
atomic weight, observing that some properties of the 
middle element, such as atomic weight and density, 
approximated the average value of these properties in the 
other two in each group.



  

Atomic Weight

● Publication of a revised list of elements and 
their atomic masses at the first international 
conference of chemistry in Karlsruhe, 
Germany, in 1860 concluded that hydrogen 
would be assigned the atomic weight of 1 
and the atomic weight of other elements 
would be decided by comparison with 
hydrogen. For example, carbon, being12 
times heavier than hydrogen, would have an 
atomic weight of 12. 



  

Historical Background

● British chemist John Newlands was the first 
to arrange the elements into a periodic table 
with increasing order of atomic masses. 

● He observed that every eight elements had 
similar properties and called this the law of 
octaves. He arranged the elements in eight 
groups but left no gaps for undiscovered 
elements. - this was a crucial error. 



  

Historical Background

● In 1869, Russian chemist Dmitri Mendeleev finally created 
the framework that became the modern periodic table, 
leaving gaps for elements that were yet to be discovered. 
While arranging the elements according to their atomic 
weight, if he found that they did not fit into the group he 
would rearrange them. 

● Mendeleev predicted the properties of some undiscovered 
elements and gave them names such as "eka-aluminium" 
for an element with properties similar to aluminium. Later 
eka-aluminium was discovered as gallium. Some 
discrepancies remained; the position of certain elements, 
such as iodine and tellurium, could not be explained. 



  

Historical Background
● German chemist Lothar Meyer produced a version of the 

periodic table similar to Mendeleev’s in 1870. He left gaps for 
undiscovered elements but never predicted their properties. The 
Royal Society of London awarded the Davy Medal in 1882 to 
both Mendeleev and Meyer. The later discovery of elements 
predicted by Mendeleev, including gallium (1875), scandium 
(1879) and germanium (1886), verified his predictions and his 
periodic table won universal recognition. In 1955 the 101st 
element was named mendelevium in his honor. 



  

Historical Background

● The periodic table by Mendeleev (in Russian), 
was published in 1869, with the title"An 
experiment on a system of elements ... based 
on their atomic weights and chemical 
similarities." 

● The concept of sub-atomic particles did not 
exist in the 19th century.



  

Historical Background

● In 1913, English physicist Henry Moseley used X-rays to 
measure the wavelengths of elements and correlated these 
measurements to their atomic numbers. 

● He then rearranged the elements in the periodic table in order 
of their atomic numbers. 

● This helped explain disparities in earlier versions that had 
used atomic masses. 



  

Periods & Groups

● In the periodic table, the horisontal rows are 
called periods 

● Metals are listed from the extreme left and 
nonmetals from 

● The vertical columns, are called groups
● They consist of elements with similar chemical 

properties.



  

Historical Background

● The periodic table provides information about 
the atomic structure of the elements and the 
chemical similarities or dissimilarities between 
them.

● Scientists use the table to study chemicals 
and design experiments.



  

Historical Background

● Today, the peridic table used to develop 
chemicals used in the pharmaceutical and 
cosmetics industries and batteries used in 
technological devices. 

● UNESCO named 2019 the International Year 
of the Periodic Table

● This marked the 150th anniversary of 
Mendeleev’s publication.



  

Historical Background
● In 2019, workshops and conferences encouraged people to use the knowledge of the 

periodic table to solve problems in health, technology, agriculture, environment and 
education.

● These demonstrated how the elements are integral to our daily lives in products such 
as medicines, pesticides and lithium batteries. 

● On its website marking the celebration, UNESCO wrote, “The Periodic Table of 
Chemical Elements is more than just a guide or catalogue of the entire known atoms 
in the universe; it is essentially a window on the universe, helping to expand our 
understanding of the world around us.”



  

Periods in the Periodic Table
● A period is a horizontal row of elements in the periodic table.

● There are seven periods in the periodic table, with each one beginning at the far left. 

● A new period begins when a new principal energy level begins filling with electrons. 

● Each period corresponds to the successive occupation of the orbitals in a valence 
shell of the atom.

● The first period contains only hydrogen and helium, and the next two each contain six 
elements.

● All elements in a row have the same number of electron shells.

● Each next element in a period has one more proton and has less metallic properties 
than its predecessor.



  

Groups in the Periodic Table
● Valency: All elements in a group have the same electron valency in 

their outermost orbit.

● Atoms in a group become larger and more complex with an 
additional electron orbit, the size of atom increases as a new shell 
to the atom.

● Metalic character, chemical reactivity and electropositivity change 
down a group.

● Elements in a group have similar properties, similar chemical 
compounds, and reacttivity goes from increasing down a group on 
the left, to decreasing down a group on the right.



  

 Electropositivity & reactivity of 
Metals

● Electropositivity is the general behaviour of an atom to lose its 
valence electrons and gain positive charge.

● On moving down the group, atomic size increases.

● So, the valence electronss are far from the nucleus and the 
force of attraction between protons in the nucleus and valance 
electrons decreases down a group.

● Hence, the elements down the group can easily lose their 
valance to form positive ions - electropositivity and reactivity 
increases down the group. For example, in group 1, 
Potassium>Sodium>Lithium.



  

Electronegativity & reactivity 
of non-metals

● Electronegativity is the tendency of an atom to gain electrons 
from other atoms and hence gain negative charge.

● On moving down the group, atomic size increases.

● So, the force of attraction between protons in the nucleus and 
electron being gained decreases.

● Hence, the elements down the group have difficulty to gain 
electron to form negative ions i.e. electronegativity and 
reactivity decreases down the group. For example, 
Flourine<Clorine<Bromine<Iodine in group 7.





  

Atomic Radius

● The atomic radius is the distance from the atomic nucleus to the outermost 
electron orbital in an atom. In general, the atomic radius decreases as we 
move from left to right in a period, and it increases when we go down a 
group. This is because in periods, the valence electrons are in the same 
outermost shell. The atomic number increases within the same period while 
moving from left to right, which in turn increases the effective nuclear 
charge. The increase in attractive forces reduces the atomic radius of 
elements. When we move down the group, the atomic radius increases due 
to the addition of a new shell.



  

Ionisation energy
● The ionization energy is the minimum amount of energy that an electron in a 

gaseous atom or ion has to absorb to come out of the influence of attracting 
force of the nucleus. It is also referred to as ionisation potential. The first 
ionization energy is the amount of energy that is required to remove the first 
electron from a neutral atom. The energy needed to remove the second 
electron from the neutral atom is called the second ionization energy and so 
on.

● As one moves from left to right across a period in the modern periodic table, 
the ionization energy increases as the nuclear charge increases and the 
atomic size decreases. The decrease in the atomic size results in a more 
potent force of attraction between the electrons and the nucleus. However, 
suppose one moves down in a group. In that case, the ionization energy 
decreases as atomic size increases due to adding a valence shell, thereby 
diminishing the nucleus's attraction to electrons.



  

Electron affinity
● The energy released when an electron is added to a neutral 

gaseous atom to form an anion is known as electron affinity. 
Trend-wise, as one progresses from left to right across a period, 
the electron affinity will increase as the nuclear charge 
increases and the atomic size decreases resulting in a more 
potent force of attraction of the nucleus and the added electron. 
However, suppose one moves down in a group. In that case, 
the electron affinity will decrease as atomic size increases due 
to adding a valence shell, thereby diminishing the nucleus's 
attraction to electrons. Although it may seem that fluorine 
should have the greatest electron affinity, its small size 
generates enough repulsion among the electrons, resulting in 
chlorine having the highest electron affinity in the halogen group 
7.



  

Electronegativity
● The tendency of an atom in a molecule to attract the shared pair of electrons towards 

itself is known as electronegativity. It is a dimensionless property because it is only a 
tendency. The most commonly used scale to measure electronegativity was designed 
by Linus Pauling. The scale has been named the Pauling scale in his honour. 
According to this scale, fluorine is the most electronegative element, while cesium is 
the least electronegative element.

● Trend-wise, as one moves from left to right across a period in the modern periodic 
table, the electronegativity increases as the nuclear charge increases and the atomic 
size decreases. However, if one moves down in a group, the electronegativity 
decreases as atomic size increases due to the addition of a valence shell, thereby 
decreasing the atom's attraction to electrons.



  

Electronegativity
● However, in group XIII (group 3), the electronegativity first 

decreases from boron to aluminium and then increases down 
the group. It is due to the fact that the atomic size increases 
as we move down the group, but at the same time the 
effective nuclear charge increases due to poor shielding of the 
inner d and f shell electrons. As a result, the force of attraction 
of the nucleus for the electrons increases and hence the 
electronegativity increases from aluminium to thallium..
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Valency
● The valency of an element is the number of electrons that must be lost or gained by 

an atom to obtain a stable electron configuration. In simple terms, it is the measure of 
the combining capacity of an element to form chemical compounds. Electrons found 
in the outermost shell are generally known as valence electrons; the number of 
valence electrons determines the valency of an atom.

● While moving from left to right across a period, the number of valence electrons of 
elements increases and varies between 1 to 8. But the valency of elements first 
increases from 1 to 4, and then it decreases to zero as we reach the noble gases. 
However, as we move down in a group, the number of valence electrons does not 
change. Hence, all the elements of a particular group have the same valency. 
However, this periodic trend is sparsely followed for heavier elements, especially for 
the f-block and the transition metals. These elements show variable valency as these 
elements have d-orbital as the penultimate orbital and s-orbital as the outermost 
orbital. The energies of these (n-1)d and ns orbitals are relatively close.



  

Metallic and non-metallic properties
● Metallic properties generally increase down the groups, as 

decreasing attraction between the nuclei and outermost 
electrons causes these electrons to be more loosely bound 
and thus able to conduct heat and electricity. Across each 
period, from left to right, the increasing attraction between the 
nuclei and the outermost electrons causes the metallic 
character to decrease. In contrast, the nonmetallic character 
decreases down the groups and increases across the periods.



  

Group 1 -Alkali Metals

● The alkali metals share similar physical 
properties. 

● are soft (they can be cut with a knife)
● have relatively low melting points
● have low densities
● Are very highly reactive
● Have stable compounts, for example, sodium 

chloride (table salt), NaCl.



  

Group 1 Alkaline Metals
● The alkali metals react with water to produce a metal hydroxide and 

hydrogen. For example, sodium reacts with water:

● sodium + water → sodium hydroxide + hydrogen

● 2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g)

● Sodium hydroxide is an alkali. It is a base that dissolves in water to 
form an alkaline solution. This solution:

● has a pH greater than 7

● turns universal indicator solution blue or purple



  

Group 2 metals

● Alkaline earth metals have two valence electrons.

● They have low ionisation energy, low electron affinity, and low 
electronegativity.

● They are highly reactive and react with water

● They are good conductors of electricity like other metals.

● They have low melting and boiling points, except berylium. 

● Alkaline earth metals have an oxidation state of +2



  

Transition Metals
● The transition elements are all metals. They have high melting points and 

densities, and are strong and hard. They form coloured compounds and act 
as catalysts.

● Coloured compounds include hydrated iron oxide (rust), coper hydroxide is 
green, copper sulphate is bright blue when hydrated

● A catalyst is a substance which speeds up a chemical reaction without 
taking part in the reaction. For example, carbon dioxide speeds up rusting 
but is not nescessary. 



  

Group 3 elements
● Boron is a metalloid (it has a mixture of metalic and non 

metalic charactoristics)

● The rest are metals

● Melting and boiling points rise across the three metals 
because of the increasing strength of the metallic bonds. The 
number of electrons which each atom can contribute to the 
delocalised "sea of electrons" increases. The atoms also get 
smaller and have more protons as you go from sodium to 
magnesium to aluminium



  

Group 4 – the 'carbon family'
● Overall, the carbon family elements are stable and tend to be 

fairly unreactive. The elements tend to form covalent 
compounds, though tin and lead also form ionic compounds. 
Except for lead, all of the carbon family elements exist as 
different forms or allotropes.

● Carbon is classed as a non-metal, yet it has the highest 
melting and boiling point by far, and is the only non-metal to 
conduct heat and electricity well.



  

Group 5
● Nitrogen is very unreactive. The only element to react with Nitrogen at room 

temperature is Lithium to form the nitride Li3N. Magnesium will also react directly with 
Nitrogen, but only when ignited. Some micro-organisms have developed a method for 
reacting directly with Nitrogen gas and building it into proteins.

● Phosphorus is more reactive than Nitrogen. It reacts with metals to form phosphides, 
with Sulphur to form sulphides, with Halogens to form halides, and ignites in air to 
form oxides. It also reacts with both alkalis and concentrated Nitric acid.

● In the form of its yellow sulfide ore, orpiment (As2S3), arsenic (As) has been known 
to physicians and professional assassins since ancient Greece, although elemental 
arsenic was not isolated until centuries later. The history of bismuth (Bi), in contrast, 
is more difficult to follow because early alchemists often confused it with other metals, 
such as lead, tin, antimony, and even silver (due to its slightly pinkish-white luster).



  

Group 6 - chalgogens

● Sulpher burns in air with a pale blue flame to form sulfur dioxide (sulfur(IV) 
oxide), with a little sulfur trioxide.

● Oxygen is far to chemically reactive to be found in elementry state without a 
large and powerful source replenishing it (photosynthesis). Breathing, 
burning and rusting are examples of reactions which remove it.

● Carbon dioxide is produced when substances containing carbon burn.

● Water vapour is produced when substances containing hydrogen burn.

● Fluorine reacts directly with all chalcogens except oxygen to produce the 
hexafluorides (YF6), which are extraordinarily stable and unreactive



  

Group 7 – the halogens
● All of these are very chemically reactive, expecially at the top of the group!

● Flourine is never used in school laboritories as it is highly poisonous and attacks 
glass containers.

● Clorine, bromine and iodine do not react with glass, but chlorine is highly poisonous, 
as are the vapours given off by the other two.

● As you look at the trend in reactivity of group 7, the reactivity of halogens decreases 
so fluorine is the most reactive halogen and astatine is the least reactive halogen.

● Halogens react to gain an electron so they become more stable. The negatively 
charged electron is attracted to the halogen atom due to the positive charge of the 
atom’s nucleus.



  

Group 8 'Noble' gases
● The noble gases all have low boiling points:

● Helium, at the top of group 0, has the lowest boiling point of 
any element

● the attractive forces between the atoms become stronger

● Helium and Neon have no known compounts and are totally 
unreactive

● Argon, Krypton and Xenon form only very few compounds 
with difficulty

● The only known compound of argon (argon flurohydride, 
ArFH) decomposes at just 10º Kelvin!



  

To summarise...
● Elements in the same period (horizantal row) have the same 

number of electron shells. There is a trend toward non-
metalicity from left to right. Each period has one more shell 
than the one above

● Elements in the same group (vertical column) have the same 
valancy, and have similar properties. They also form similar 
componds which have similar properties, as a rule.

● The size of atoms increases from top to botom and from left 
to right.



  

Where do elements (and atoms) 
come from?

● In the early universe, only hydrogen and helium existed following the 'big bang' – 
chemistry would have been an extemely dull subject back then!

● In the current (steliferous) era, stars convert hydrogen into more complex elements.

● How does the mass of a star affect the elements it produces?

● Massive stars fuse heavier elements in their cores than lower mass stars. This leads 
to the creation of heavier elements up to iron. Iron robs critical energy from the core, 
causing it to collapse. The resulting supernova creates even more heavy elements, 
scattering them through space.

● For low mass stars, hydrogen is fused into helium, and this is the end of the line

● Stars similar to our sun will produce some more light elements near the end of their 
lifetime

● The highest mass stars can fuse down to iron – the most stable atomic nucleus. 



  

Where do elements (and atoms) 
come from?

● But when a high mass star arrives at iron, there is a big problem! Iron requires more 
energy to fuse than is released in the process. So the star collapses catastrophically 
and explodes in a supernova. However- so much energy is released in a supernova 
that elements from Co (cobalt) to U (Uranium) are produced

● Nuclei from hydrogen to manganese release energy during fusion into heavier, more 
complex elements. But nuclei from cobalt to uranium absorb energy when fused. 

● However, nuclei beyond iron can release surplus energy in nuclear fission, when they 
break apart into lighter nuclei. This surplus energy is utiised in a nuclear power 
station.

● So elements after hydrogen were forged in stars, and elements beyond iron were 
made in an eploding high mass star. Only stars over 8 times the mass of our sun 
explode as a supernova.



  

Periodic table by origion
With thanks, © Cmglee, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-sa/3.0>, via 

Wikimedia Commons



  

Endgame for a high mass star (about to 
explode in a supernova)

●  



  

How stellar mass influences fusion
● During the life of a star, a state of hydrostatic equulibrium is maintaned. The pressure 

of gravity is balanced by the energy released. 

● For a low mass star, hydrogen fuses into helium and that is where it ends. The 
reulting white dwarf remaining contains only helium.

● Helium fusion can occur in stars with more than about 0.4 solar masses (420 Jupiter 
masses). Over time the core is depleted of Helium and the Carbon collects at the 
centre of the star.

● The Helium forms a shell around the Carbon and the Hydrogen forms a shell around 
the Helium.

● Carbon ignition requires hotter temperatures than are available in the core. But 
Oxygen is usually created in small quantities by 12C + 4He > 16O
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How stellar mass influences fusion

● End state for a low mass star (Up to 4 solar masses).



  

How stellar mass influences fusion
● Initially, medium mass stars  evolve in the same way 

as low mass stars, turning into red giants and 
undergoing a core helium burning phase. 

● In medium mass stars, however, the burning of 
helium into carbon is no longer the end phase of 
stellar evolution.

● Carbon will fuse into oxygen in a 4 solar mass star, 
and, if the star is 8-12 solar masses, carbon and 
oxygen will fuse into neon.



  

How stellar mass influences fusion

● For stars with more than 4 times the mass of our sun the carbon cores become hot 
enough to start carbon fusion.

● For stars with more than 8 times the mass of our sun  the cores are hot enough to 
have fusion reactions all the way to Fe (Iron) produced.

● Stars of 12 solar masses and above will always fuse to Iron and then explode in a 
supernova. This is because attempting to fuse iron consumes more energy than is 
released, and the star implodes. 



  

How stellar mass influences 
fusion.. to sumarise

● During the formation of the universe some 14 billion years ago in the so-called ‘Big 
Bang’, only the lightest elements were formed – hydrogen and helium along with 
trace amounts of lithium and beryllium.

● The primary source of energy in the lifetime of a star is spent burning hydrogen into 
helium. This release vast amounts of energy.

● When a star of roughly the mass of our sun begins to die, the core runs out of 
hydrogen. So the he star begins to die out. The dying star expands into a red giant, 
and this now begins to manufacture carbon atoms by fusing helium atoms.

● More massive stars begin a further series of nuclear burning or reaction stages. The 
elements formed in these stages range from oxygen through to iron.

● During a supernova, the star releases very large amounts of energy as well as 
neutrons, which allows elements heavier than iron, such as uranium and gold, to be 
produced. In the supernova explosion, all of these elements are expelled out into 
space.



  

Elements – and our local star
● For most of their lives, stars fuse elemental hydrogen into helium in their cores. Two 

atoms of hydrogen are combined in a series of steps to create helium-4. These 
reactions account for 85% of the Sun’s energy. The remaining 15% comes from 
reactions that produce the elements beryllium and lithium.

● At this stage of our Sun’s life cycle, hydrogen atoms are fused to form helium atoms. 
This nuclear reaction produces very large amounts of energy.

● The energy from these nuclear reactions is emitted in various forms of radiation such 
as ultraviolet light, X-rays, visible light, infrared rays, microwaves and radio waves. In 
addition, energised particles such as neutrinos and protons are released, and it is 
these that make up the solar wind.

● Earth is in the path of this energy stream, which warms the planet, drives weather 
and provides energy for life. The Earth’s atmosphere is able to screen out most of the 
harmful radiation, and the Earth’s magnetic field can deflect the harmful effects of the 
solar wind.



  

Elements – and our local star
● Our world is literally made up of elements formed deep within the cores of stars now 

long dead. As Britain’s Astronomer Royal Sir Martin Rees said, “We are literally the 
ashes of long dead stars.” When you buy a party balloon that floats in air, it is filled 
with helium gas – most of which was created when the universe was only 3 minutes 
old!

● Examples of element making (nucleogenesis) in helium burning reactions:

● 3 helium atoms fusing to give a carbon atom: 3 @ 4He → 12C

● carbon atom + helium atom fusing to give an oxygen atom: 12C + 4He → 16O

● oxygen atom + helium atom fusing to give a neon atom: 16O + 4He → 20Ne

● neon atom + helium atom fusing to give a magnesium atom: 20Ne + 4He → 24Mg



  

Man-made elements
● Only 90 of the 116 known elements occur naturally, so where have the other 26 come 

from?

● The answer is to be found in the development of nuclear power plants and machines 
known as particle accelerators:

● Scientists discovered that, by allowing fast neutrons to collide with the common 
isotope of uranium known as U-238 in a nuclear reactor, the ‘new’ element plutonium 
was made.

● By smashing atoms together in machines known as particle accelerators, it was 
discovered that new elements could be made. For example, bombarding atoms of the 
element curium with atoms of neon made element 106 – seaborgium.



  

A finely-tuned universe?
● The characterisation of the universe as finely tuned suggests that the occurrence of 

life in the universe is very sensitive to the values of certain fundamental physical 
constants and that the observed values are, for some reason, improbable.

● If the values of any of certain free parameters in contemporary physical theories had 
differed only slightly from those observed, the evolution of the universe would have 
proceeded very differently and life as we know may not have been possible.

● Just six numbers!

● Martin Rees explains the fine-tuning of the universe in terms of the following six 
dimensionless physical constants (scalars).

●



  

A finely-tuned universe?
● N, the ratio of the electromagnetic force to the gravitational force between a pair of 

protons, is approximately 1036. According to Rees, if it were significantly smaller, only 
a small and short-lived universe could exist.

● Omega (Ω), commonly known as the density parameter, is the relative importance of 
gravity and expansion energy in the universe. It is the ratio of the mass density of the 
universe to the "critical density" and is approximately 1. If gravity were too strong 
compared with dark energy and the initial metric expansion, the universe would have 
collapsed before life could have evolved. If gravity were too weak, no stars would 
have formed.

● Epsilon (ε), a measure of the nuclear efficiency of fusion from hydrogen to helium, is 
0.007: when four nucleons fuse into helium, 0.007 (0.7%) of their mass is converted 
to energy. The value of ε is in part determined by the strength of the strong nuclear 
force. If ε were 0.006, a proton could not bond to a neutron, and only hydrogen could 
exist, and complex chemistry would be impossible. According to Rees, if it were 
above 0.008, no hydrogen would exist, as all the hydrogen would have been fused 
shortly after the Big Bang. According to Rees, if it were above 0.008, no hydrogen 
would exist, as all the hydrogen would have been fused shortly after the Big Bang.



  

A finely-tuned universe?
● D, the number of spatial dimensions in spacetime, is 3. Rees claims that 

life could not exist if there were 2 or 4 spatial dimensions. 

● Lambda (Λ), commonly known as the cosmological constant, describes 
the ratio of the density of dark energy to the critical energy density of the 
universe, given certain reasonable assumptions such as that dark energy 
density is a constant. In terms of Planck units, and as a natural 
dimensionless value, Λ is on the order of 10^−122.This is so small that it 
has no significant effect on cosmic structures that are smaller than a billion 
light-years across. A slightly larger value of the cosmological constant 
would have caused space to expand rapidly enough that stars and other 
astronomical structures would not be able to form.

● Q, the ratio of the gravitational energy required to pull a large galaxy apart 
to the energy equivalent of its mass, is around 10−5. If it is too small, no 
stars can form. If it is too large, no stars can survive because the universe 
is too violent, according to Rees.



  

Can science and creationism co-
exist?

● I personally might postulate that since all six numbers seem finely 
tuned in this universe for life to exist at all is proof of the existance of 
god!

● If you reearch the multiverse theory, other universes might have a 
different version of the laws of physics.

● See also the theory that in the dark eram when the universe is > 
10^100 yearss old, a cosmic phase transition, which could (by 
changing the masses of the variouss particles ad the strength of the 
fundamental forces, even change the laws of physics!



  

Naming Convention for the 
Elements

● (i) The names should be short and obviously 
related to the atomic numbers of the elements. 

● (ii) The names should end in 'ium' whether the 
element was expected to be a metal or 
otherwise. 

● (iii) The symbols for the systematically named 
elements should consist of three letters.



  

What is valency?
● Definition of valence

● Valence is defined as the number of bonds that an atom of a chemical element can 
create by linking with other atoms.

● What else should we know about the valence of chemical elements?

● The valence of elements is expressed in Roman numerals;

● in the case of chemical elements that combine into compounds by creating 
covalent bonds, valence can be determined based on a structural formula (the 
valence of an element is equal to the number of bonds created by a given atom of 
that element in the compound);

● the valence of elements in the elemental state is always zero;

● for ions, the valence of an element is equal in number to the charge of that ion 
(excluding positive and negative signs).



  

Valence and oxidation state of a 
chemical element

● The terms of valence and oxidation state of an element are often used 
interchangeably. Is this justified? Unfortunately, such an approach to these 
concepts is incorrect. The main reason why they are mistaken is their graphic 
representation: both terms use Roman numerals.

● The oxidation state of an element that composes a specific substance is defined as 
the number of positive or negative charges which could be attributed to the atoms 
of that element if the molecules of that substance had an ionic structure, i.e., if they 
were capable of decomposing into ions. What is important, the term ‘oxidation 
state’ is conventional, as by definition it assumes the presence of ionic bonds only, 
which is not always the case.

● Therefore, while the oxidation state determines the charge of a hypothetical ion 
produced by decomposition of a chemical compound, the valence defines the 
number of bonds that the element can form. In addition, the oxidation state takes 
positive and negative values, unlike the valence, which is always positive.



  

Does each element has only one 
valence?

● Different chemical elements do not interact in the same way. In 
consequence, their valence varies based on the element they form 
a bond with. We always have to state the element’s valence in the 
compound if it takes more than one value.

● Many chemical elements feature variable valence. Which chemical 
compound is formed by the element, and which are the other 
components, determines the element’s valence.

● For instance, one of such elements is nitrogen. Its maximum 
valence is V. It may also take lower values. For example, in 
trioxonitric(V) acid, the valence of nitrogen is V, while in 
dioxonitric(III) acid its valence is lower and equals III.



  

 An aid in determining the valence of a chemical 
element is provided by the periodic table!

● For example, the valence of group I elements is I, and 
the valence of group II elements is II. 

● Chlorine and other group 7 non-metals, which come last 
in the formula (e.g., …Cl), have a valence of I. The 
periodic table also makes it possible to determine the 
maximum valence of elements from the main groups in 
chemical compounds with oxygen and hydrogen.



  

Determining the formulas of chemical 
compounds using their valence

● Yes, it can be done!

● With the use of the globally recognised chemical letter symbols and 
the valence of individual elements, we note down chemical 
compounds using formulas. We distinguish structural, semi-
structural and molecular formulas.

● Structural formula: we can show the structure of a molecule of a 
specific chemical compound. It includes the type and quantity of 
atoms as well as all bonds existing between them.

● For example, for water, H20, we have an oxygen atom with two 
hydrogen atoms, and each hydrogen atome has a single bond the 
the oxygen atom. Examples to follow.



  

Molecular formula
● The most common formula used for symbolic description of a chemical 

compound, for example, the molecular formula of sodium chloride 
(common salt), is NaCl. It includes the type and quantity of atoms.

●

● Thus, when we know a few fundamental rules concerning the valence of 
chemical elements, we can easily note down the molecular formula and 
structural formula of a molecule consisting of two chemical elements:

● the first step is to write down the chemical symbols of the elements 
forming the compound next to each other;

● next, in the upper right corner, with Roman numerals, we write their 
valences, which we then write under the elements below (crosswise!);



  

Molecular formula
● the noted valences form the mass ratio of the elements included in 

the compound. If this is not the lowest ratio, the numbers should be 
divided by their common dividend;

● then the numbers should be written (in Arabic numerals) in the 
lower right corner of the elements’ chemical symbols (do not write 
number one).



  

For a structural formula:
● The structural formula of a chemical compound is created in a 

similar way:

● first write down the letter symbols of the elements forming the 
compound (such as the number of atoms of the element that was 
determined earlier, based on the molecular formula);

● by each symbol, write down as many dots as is the valence of the 
corresponding element;

● link the dots written between the atoms (no dot may be left); each 
link stands for a chemical bond.



  

Uses of Valency
● Valency helps to determine a chemical formula.

● It helps to determine how many atoms of an element will 
combine with another element to form any chemical 
formula. In general atoms seek to have 8 outer electons; 
this is the lowest energy state.



  

Valency
● Valency is the combining power of an element. Elements in 

the same group of the periodic table have the same valency. 
The valency of an element is related to how many electrons 
are in the outer shell.

● This table determines the valency in each group.

GR. 1 2 3 4 5 6 7 8

Val. 1 2 3 4 3 2 1 0



  

Valency and Reactions
● The  group 8 elements have the valency 0 so they do not usually combine 

with other elements.

● To write the chemical formula for a compound it is best to use the 
S.V.S.D.F system.

● S - write down the symbols of both the elements involved.

● V - beneath each symbol, write it’s valency. Memorising the above table is 
useful.

● S - swap the valencies over.

● D - if the valencies can be simplified, divide them both by the smaller of 
the two numbers. If one of the numbers is already one, then they cannot 
be divided and simplified any further.

● F - write the formula.



  

Valency and Reactions
● Example: What is the formula for potassium oxide, aluminium oxide 

and carbon sulfide?

● Potassium Oxide:

● Aluminium Oxide:

● Carbon Sulfide:



  

Rates of reaction
● Alright, we have seen some examples of how elements react (but 

not always, we look at displacement and reactivity later!), but what 
determines the rate of reaction?

● The speed of a chemical reaction is affected by temperature, 
concentration, particle size and the presence of a catalyst. It can be 
calculated by measuring changes in reactants/products.

● For example, to increase the rate you can:

● Heat the reactants'

● Add a catalyst

● Use a more concentrated solution.



  

What is a chemical reaction?
● A chemical reaction is when one or more substances change and produce 

one or more new chemical substances.

● The substances that are involved in a chemical reaction and that are 
changed by it are called reactants. The substances that are produced by a 
chemical reaction are called products.

● Chemical reactions happen all around us (and inside us!) all the time. We 
might not always notice them - but there are four indicators that show a 
chemical reaction has taken place:

● colour change

● effervescence

● precipitation

● energy (temperature) change



  

Now to the part where it gets 
interesting...

● Colour change in chemical reactions

● A colour change might take place when two substances react. It 
can also happen when a compound is broken down by heating it. 
This is called thermal decomposition.

● Some liquids react together to produce an insoluble solid. This is 
called a precipitation reaction and the solid formed is called a 
precipitate. For example, Carbon dioxide and calcium hydroxide 
solution (limewater) react producing insoluble calcium carbonate – 
the limewater turns milky; this is a common test for the production 
or presese of carbon dioxide.



  

Energy change and chemical reactions – high to 
low energy state

● Why do chemical reactions happen at all?

● Every chemical reaction involves a change in energy because different 
substances hold different amounts of energy.

● During the reaction, bonds inside the substances that are reacting 
together must be broken and new chemical bonds must be formed in the 
products that are being made.

● Chemical reactions can take in energy or release energy, often in the form 
of heat. This causes a change in temperature.

● There are two different types of energy change that can take place.



  

Exothermic reactions
● In an exothermic reaction the reactants hold more energy than the 

products, so exothermic reactions release energy.

● This energy is most commonly a release of heat energy which 
would be indicated by a temperature rise.

● Energy could also be released in a chemical reaction in the form of 
a sound or light being produced but the most exciting chemical 
reactions will probably have all three going on!

● For example, when natural gas (methane, CH4) burns in the 
presence of oxygen, O2, the products, Carbon Dioxide (CO2) and 
water (H2O) have less energy and the excess energy is released 
as heat energy.



  

Exothermic Reactions
● Exothermic reactions happen around us in everyday life. Fuels 

burning in combustion reactions involve energy being released. It 
doesn’t matter if it’s a small object like a match or a whole bonfire 
that is burning, both heat energy and light energy are given out.

● Not every exothermic reaction is as exciting as a combustion 
reaction. When acids and alkalis react together, the energy 
released is not as obvious. Mixing the two solutions and stirring 
results in a small increase in the temperature of the reaction 
mixture.



  

Endothermic reactions
● In an endothermic reaction, the reactants have less energy than the products, so 

more energy is needed for the reaction to take place.

● Normally, endothermic reactions take in heat. So endothermic reactions can be 
identified by a decrease in temperature.

● An endothermic reaction reduces the temperature of a cool pack to prevent 
swelling and aid healing from an injury.

● There are fewer examples of endothermic reactions in everyday life.

● There are fewer examples of endothermic reactions in everyday life. Chemical cold 
packs that are used to treat bumps and sprains use an endothermic reaction to 
cool down.The result is an endothermic reaction that cools the pack down and it 
can be used to stop or reduce swelling.

● The endothermic reaction between barium hydroxide and ammonium chloride 
(where the temperature of the solution drops) is such an example.



  

Chemical Formulae
● The chemical formula of a covalent molecular substance gives the number 

of atoms per molecule. The formula of a covalent network or ionic 
compound gives the simplest ratio of atoms/ions in the substance.

● Sometimes the name of the compound gives information about the 
formula of that compound. Names of these compounds have prefixes that 
give the number of atoms of certain elements in each molecule.

● Prefix and Number of atoms

Mono- one

Di- two

Tri- three

terta- four

Penta- five

Hexa- six



  

Chemical Formulae
● For example, carbon monoxide contains one carbon atom joined to 

one oxygen atom, so it has the formula CO.

● The ending of the name can also give information on the number of 
elements in a compound.

Ending Number of Elements

-de two

-ite Three (one being 
Oxygen)

-ate Three (one being 
Oxygen)



  

Balanced equations
● A chemical equation is said to be balanced when there are the 

same number of the same type of every atom on both sides of the 
equation.

● Getting a balanced equation:

● Balanced symbol equations show what happens to the different 
atoms in reactions. For example, copper and oxygen react together 
to make copper oxide.

● Take a look at this word equation for the reaction:

● Copper + oxygen → copper oxide

● Copper and oxygen are the reactants because they are on the left 
of the arrow. Copper oxide is the product because it is on the right 
of the arrow.



  

Balanced equations
● If we just replace the words shown above by the correct chemical 

formulae, we will get an unbalanced equation, as shown here:

● Cu + O2 → CuO 

● Notice that there are unequal numbers of each type of atom on the left-
hand side compared with the right-hand side. To make things equal, you 
need to adjust the number of units of some of the substances until you get 
equal numbers of each type of atom on both sides.

● Here is the balanced symbol equation:

● 2Cu(S) + 2O2(g) → 2CuO(s)

● You can see that now there are two copper atoms and two oxygen atoms 
on each side. This matches what happens in the reaction.



  

Balanced Equations

● So, 2 copper atoms react with an oxygen 
molecule to form 2 units of copper oxide 
(CuO). 

● And we use (s), (l) and (g) to indicate the state 
of the reactants and products – solid, liquid or 
gas, respectively. Job done!



  

Balanced Equations
● For another example, we saw that methane burns in the presence 

of oxygen to give carbon dioxide and water vapourl the exothermic 
reaction which heats our homes.

● Each molecule of methane and 2 oxygen mollecule react, giving 
two molecules of water and one of carbon dioxide.

● Ch4 (g) + 2O2 (g) → 2H2O + CO2 

● Note that oxygen is diatomic – see next slide...



  

What is diatomic vs monatomic?
● The term monatomic refers to the presence of one atom while the 

term diatomic refers to the presence of two atoms in association 
with each other. Therefore, the key difference between monatomic 
and diatomic is that monatomic species have one atom whereas 
diatomic species have two atoms. Moreover, another difference 
between monatomic and diatomic is that the monatomic species 
are generally unstable with the exception of noble gases while the 
diatomic species are generally stable because there is a chemical 
bond between the two atoms that form in order to complete the 
electron octet around each atom.

● So these are our seven diatomic elements: Hydrogen, Nitrogen, 
Flourine, Oxygen, Iodine, Chlorine, Iodine, and Bromine.

● So for example, oxygen has the formula 02 rather than o.



  

Monoatomic & Polyatomic 
Elements

● Some elements are monatomic – for example helium and neon.

● Some elements have more than two atoms in a molecule – these 
are said to be polyatimic.

● A polyatomic element is a chemical element that naturally exists as 
a compound molecule containing more than three atoms of the 
same element. There are only three polyatomic elements in the 
periodic table, namely- selenium (Se8), sulphur (S8) and 
phosphorous, (P5).



  

Monoatomic & Polyatomic 
Elements

● The elements found as diatomic molecules are hydrogen (H, element 1), 
nitrogen (N, element 7), oxygen (O, element 8), fluorine (F, element 9), 
chlorine (Cl, element 17), bromine (Br, element 35), and iodine (I, element 
53).  (Their molecular formulas would be written as H2, N2, O2, F2, Cl2, 
Br2, and I2.)

● Hydrogen atoms in the H2 molecule are joined by a single bond.

● Halogen atoms in the X2 molecules (F2, Cl2, Br2, and I2), are also joined 
by single bonds.

● Oxygen atoms in the O2 molecule are joined by a double bond.  (Actually, 
molecular orbital picture of O2 molecules is a great deal more 
complicated, but we'll get into that in another section.)

● Nitrogen atoms in the N2 molecule are joined by a triple bond.



  

Monoatomic & Polyatomic 
Elements

● Some elements may be found in molecules of more than two 
atoms.

● At room temperature, sulfur consists of a ring of 8 sulfur atoms 
joined by single bonds.

● Selenium also forms rings of 8 atoms.

● White phosphorus consists of 4 atoms of phosphorus, with each of 
the atoms sitting at the corner of a tetrahedron.  In the more stable 
red phosphorus, the P4 tetrahedrons are linked together, resulting 
in a more stable, less reactive allotrope of phosphorus.



  

Monoatomic & Polyatomic 
Elements

 



  

How the Chemical Elements are crucial for life 
on Earth (and elsewhere?)

● What chemical elements make up the Universe?

● The first chemical element formed was hydrogen (H). It is the simplest 
chemical element in our universe, it has 1 proton, 1 electron and no 
neutrons.

● Helium (He) and hydrogen (H) being the first two elements created. 
Studies point to the production of these elements in the first three minutes 
after the Big Bang. Furthermore, helium and hydrogen make up about 
98% of all elements in the Universe (75% H and 23% He).

● Hydrogen and helium are the most abundant, formed in the first 3 minutes 
of the Big Bang, which is the starting point of everything that exists.

● But chemistry would have been a dull subject back then. For the rest of 
the elements down to uranium, stars needed to live and die.



  

The Story so far...
● The first natural nucleosynthesis process was the Big Bang, with a 

massive production of chemical elements (and their isotopes) that are at 
the beginning of the periodic table – hydrogen and helium.

● Low mass stars burn hydrogen into helium

● A star of our sun's mass will produce a few more light elements.

● The most massive stars can fuse down to iron, the most stable atomic 
nuclei. But there is a problem...

● Fusion beyond iron requires more energy than would be produced. So, 
the elements from cobalt to uranium required the most massive stars (>8 
times the mass of our sun) to be produced. Beyond this, elements are 
radioactive and unstable.



  

Why don't elements beond uranium 
occour in nature?

● The strong nuclear force operates only over such miniscule distance that it limits 
how large atomic nuclei can become. This is the force which keeps the nucleus of 
an atom stable.

● The largest atom ever generated in an experimental situation goes by Oganesson 
(Og) and has 118 protons in the nucleus. On paper, it is a noble gas – that is: 
despite being a bizarre human creation, there would be some chance that it had 
properties similar to that of helium – although it would be much denser! It is the last 
of the group 8 elements.

● The rarest element which does occour on Earth is astatine. It is calculated that just 
23g of astatine exist in the Earth's crust!

● It is because of chemical elements that the universe contains stars, galaxies and 
planets. That is, metals (to an astronomer, any element beyond helium) are 
essential for the formation of anything in the Universe. We need to know 
characteristics of star formation, nuclear processes, end-of-life processes of stars 
to account for their existance.



  

The 'building blocks of life'
● One element is the key ingredient of all forms of life we’ve ever discovered 

on Earth: carbon. Number six on the periodic table is, to the best of our 
knowledge, impossible to live without.

● Carbon is a unique element. It can even form mollecules containing 
thousands of carbon atoms in a latice. This is diamond.

● 19 elements are proven to be essential in our diets out of all those in 
existance. Others are hypothesised to be essential.

● These elements—known as essential elements—are restricted to the first 
four rows of the periodic table, with only two or three exceptions 
(molybdenum, iodine, and possibly tin in the fifth row). Some other 
elements are essential for specific organisms. For example, boron is 
required for the growth of certain plants, bromine is widely distributed in 
marine organisms, and tungsten is necessary for some microorganisms.



  

Essential Elements
● An essential element is one whose absence results in abnormal biological 

function or development that is prevented by dietary supplementation with 
that element. Living organisms contain relatively large amounts of oxygen, 
carbon, hydrogen, nitrogen, and sulfur (these five elements are known as 
the bulk elements). Sodium, magnesium, potassium, calcium, chlorine, 
and phosphorus are known as macrominerals and are needed in much 
smaller amounts.

● Dietary intakes of elements range from deficient to optimum to toxic with 
increasing quantities; the optimum levels differ greatly for the essential 
elements.



  

Could life exist anywhere without carbon?

● For a chemical element to be central to life’s origins, a few requirements need to 
be met. Any element essential to life has to be reasonably abundant, widely 
available in Earth’s crust, oceans or atmosphere. 

● The element has to have the potential to undergo chemical reactions; it can’t be 
inert like helium. 

● The key to life core element can’t be too reactive; it can’t burst into flame or 
explode at the slightest contact with other elements like potassium.

● Carbon is adept at forming sturdy and stable structural membranes and fibers—the 
fabric of life. It must be able to store, copy and interpret information.

● Combined with other materials, must be able to harness energy from combinations 
of other chemicals or perhaps the sun’s abundant light. Life needs an energy 
source.



  

Can another element form a biosphere?

● Hydrogen, which can only bond strongly to one other atom at a 
time. Essential to produce water, it cannot be a building block.

● Helium, the second element in the universe, is of no use 
whatsoever—it is inert, taking part in no chemical reactions 
whatsoever.

● Elements three to five (lithium, beryllium and boron) are much too 
scarce to build a biosphere at concentrations of a few atoms per 
million in the crust.

● Carbon is next.

● Next up is nitrogen...



  

Can another element form a biosphere?

● Element seven, nitrogen, is interesting. Abundant in the environment, 
nitrogen forms about 80 percent of the atmosphere. It bonds with itself in 
pairs as N2, an unreactive molecule that comprises most of the air we 
breathe. Nitrogen also bonds with many other elements—hydrogen, 
oxygen and carbon among them—to form a variety of interesting 
chemicals of relevance to biochemistry. Proteins are fabricated from long 
chains of amino acids, each holding at least one nitrogen atom.

● Why not oxygen? After all, atom for atom oxygen is the most abundant 
element in Earth’s crust and mantle, representing more than half of the 
atoms in most rocks and minerals.

●  in spite of its overwhelming abundance, is absolutely essential to all 
manner of biologically critical chemicals—sugars, bases, amino acids and 
of course water. Yet oxygen can’t form the requisite chains and rings and 
branching geometries that are so central to life. 



  

Can another element form a biosphere?

● Reactive fluorine (the ninth element and most reactive non-metal of them 
all, corrodes metal, etches glass and explodes on contact with water. A 
lung full of fluorine gas and you will die horribly, in agony as your lungs 
blister with chemical burns. In fact fluorine is known to react with every 
single element in the periodic table except helium and neon! But is is way 
to reactive to form a biosphere from it!!

● Elements 10 and 18, neon and argon, are inert gases, neon has no 
compounds, argon only one known compound (argon fluorohydride. ArFH, 
only stable below 10° Kelvin or -263°C). Far too unreactive to make a 
biosphere!

● Sodium, magnesium and aluminum (elements 11 through 13) are far too 
reactive (to give away electrons), while phosphorus, sulfur and chlorine 
(elements 15 through 17) are too reactive in accepting electrons! 



  

Can another element form a biosphere?

● And further down the periodic table the elements become less common 
and the possibilities for a core biosphere chemistry diminish. But one 
element might give hope...

● Silicon is element 14, occupying the  position right below carbon, with one 
more electron shell. Elements sharing a group (column) of the periodic 
table often have similar properties, so perhaps silicon is a viable biological 
backup to carbon? Science fiction writers have speculated here, but how 
about in reality?

● Well on Earth, silicon is mainly found in the crust as silicate rocks. Glass is 
sodium silicate. But silicon bonds are strong and in Earth's environment, 
do not easily react further.

● iron, element 26, the fourth most abundant element in the crust after 
oxygen, silicon and magnesium and makes for interesting chemistry. 



  

Can another element form a biosphere?

● Iron readily forms minerals with big crystals, but it seldom makes small 
molecules. 

● Life demands a huge variety of molecules, with chains, rings, helixes and 
branches among other structures.

● The most versatile, most adaptable, most useful element of all, carbon is 
the key ingredient of life.

● DNA (deoxyribonucleic acid) consists of two intertwined strands. These 
strands are made up of nucleotides (three component parts: a sugar 
group, a phosphate group, and a base). The sugar and phosphate groups 
combined form the repeating ‘backbone’ of the DNA strands. There are 
four different bases that can potentially be attached to the sugar group: 
adenine, thymine, guanine and cytosine, given the designations A, T, G 
and C.



  

Can another element form a biosphere?

● DNA, (deoxyribonucleic acid), resembles a long, spiraling helix. It consists 
of just five elements: carbon, hydrogen, oxygen, nitrogen, and 
phosphorus. Combinations of these atoms form the sugar-phosphate 
backbone of the DNA. It Is this molecule which 'stores' our genetic 
information.

● it is theoretically possible that some other elements in the periodic table in 
the same group could serve the same functions.

● A bacterium, strain GFAJ-1 of the Halomonadaceae, from Mono Lake, 
California, is able to substitute arsenic for phosphorus to sustain its 
growth. There is evidence for arsenate in macromolecules that normally 
contain phosphate, such as nucleic acids and proteins. Exchange of one 
of the major bio-elements may have profound evolutionary and 
geochemical importance, whether on Earth or elsewhere. But carbon is 
still required.



  

Can another element form a biosphere?

● Biological dependence on the six major nutrient elements (carbon, 
hydrogen, nitrogen, oxygen, sulfur, and phosphorus) is complemented by 
a selected array of other elements.

● Metals or metalloids present in trace quantities serve critical cellular 
functions, such as enzyme co-factors. 

● There are many cases of these trace elements substituting for one 
another. A few examples include:

● The substitution of tungsten for molybdenum and cadmium for zinc in 
some enzyme families (2, 3).

● Copper for iron as an oxygen-carrier in some arthropods and mollusks 
(they have famous blue blood)! In these examples and others, the trace 
elements that interchange share chemical similarities that facilitate the 
swap.



  

Can another element form a biosphere?

● Arsenic (As) is a chemical mirror of phosphorpus on the 
periodic table. Arsenic possesses a similar set of chemical 
properties.

● This discovery strongly suggests that a biosphere similar to 
ours might be possible on a planet with slightly different 
environmental conditions.

● So the above reasoning suggests that any form of life 
comparible to that on Earth will require similar chemistry, 
environmental conditions and, of course – element 6. 

● Carbon!



  

The End of the Chemical Elements

● The recuring theme in physics is the trend from order to disorder. This 
concept is known as entropy.

● This states that matter, and energy 'run downhill' from oder to disorder, 
from high to low energy states, from organised structures to a sea of 
remnant particies, from high energy to heat death as the universe tends 
from high energy → heat death at 0°K.

● The first law of thermodynamics states that energy cannot be made or 
destroyed. Great, so the universe will always have energy for interesting 
processes to take place, right?

● Wrong! The second law of thermodynanics states that energy runs 
downhill. This is why water runs downhill, chemical reactions happen. And 
temperature differences even out. 



  

The End of the Chemical Elements

● This is a several stage process, as the universe begins to 'wind down'.

● In 10^14 ten to the power of 14 or 100 trillion years - we will come to the 
end of the age of stars. This period, known as the Degenerate Era, will 
last until the degenerate remnants finally decay. The least massive stars 
take the longest to exhaust their hydrogen fuel so all thats left are the 
dying red dwarfs.

● In 1,000,000,000,000,000 (10^15 or 1 quadrillion) years, the orbits of 
planets will decay due to gravitational radiation, or planets will be ejected 
from their local systems by gravitational perturbations caused by 
encounters with another stellar remnant.

● And from here, decay really sets in. This is because the early universe 
had a fundamental mistake. A tiny but vital excess of matter quarks over 
antimatter quarks. This mistake was 'frozen in time' as the universe 
expended and cooled rapidly after the big bang.



  

The End of the Chemical Elements

● The beginning of the end of matter: this mistake will be corrected – given 
time. But if we wait long enough...

● In 1,000,000,000,000,000,000,000,000,000,000,000,000,000,000 (10^40 
or 10 duodecillion) years to 10^100 years, black holes will dominate the 
universe. They will slowly evaporate via Hawking radiation. A black hole 
with a mass of around 10^17 g will vanish in around 2×10^66 years. As 
the lifetime of a black hole is proportional to the cube of its mass, more 
massive black holes take longer to decay. This is Hawking radiation.

●  A supermassive black hole, with a mass a 100 billion times 10^17 g of the 
first example, will evaporate in around 2×10^99 years.

● But what about matter not in a back hole? What fate awaits it?



  

How long would it take from for the last atom to 
decay into sub-atomic particles?

● Normal matter will break down as protons all decay into sub atomic 
particles.

● Sometime after 10^100 years to infinity, after all the black holes have 
evaporated and after all the ordinary matter made of protons has 
disintegrated, the universe will be nearly empty. 

● Photons, neutrinos, electrons, and positrons will fly from place to place, 
hardly ever encountering each other. 

● Gravitationally, the universe will be dominated by dark matter, electrons, 
and positrons. Electrons and positrons – when they encounter each other 
and annihilation takes place, leaving a burst of radiation alone.

● Most matter late in the degenerate era however, will be densely bound in 
white dwarfs.



  

The End of the Chemical Elements

● In particle physics, proton decay is a hypothetical form of particle decay in which 
the proton decays into lighter subatomic particles, such as a neutral pion and a 
positron.

● The larger white dwarfs last longer as they have more mass to ratiate away

● A white dwarf the mass of our sun initially has a luminoscity of arround 500 watts at 
best

● It has a temperature of about 3° Kelvin at best; this dwindles as the mass declines

● And the light emements get simpler and simpler – carbon, neon, oxygen carbon all 
transition to helium and eventually hydrogen as protons and neutrons decay

● And when the universe is 10^40 years old, they have decayed from existance.



  

The End of the Chemical Elements

● Barionic matter is made of atoms, and all those atoms are made of the same three 
things: electrons, protons and neutrons.

● Protons and neutrons are very similar particles in most respects. They are made of 
the same quarks, which are even smaller particles, and they have almost exactly 
the same mass.

● Yet neutrons appear to be different from protons in an important way: They aren’t 
stable. A neutron outside of an atomic nucleus decays in a matter of minutes into 
other particles.

● A free proton is very comon in the cosmos. Much of the ordinary matter (as 
opposed to dark matter) in galaxies and beyond comes in the form of hydrogen 
plasma, a hot gas made of unattached protons and electrons. If protons were as 
unstable as neutrons, that plasma would vanish in hours.



  

The End of the Chemical Elements

●  Protons—whether inside atoms or drifting free in space—appear to be remarkably 
stable. A decay event has never been witnessed. Proton decay requires many 
orders of magnitude longer than the current age of the universe.

● However, nothing in physics forbids a proton from decaying. 

● A stable proton would be exceptional in the world of particle physics, and several 
theories demand that protons decay.

● If protons are not immortal, what happens to them when they die, and what does 
that mean for the atoms of the periodic table?

● Fundamental physics relies on conservation laws: certain quantities that are 
preserved, such as energy, momentum and electric charge. The conservation of 
energy—combined with the famous equation: E=mc^2 means that lower-mass 
particles can’t change into higher-mass ones without an infusion of energy. 



  

The End of the Chemical Elements

● Combining conservation of energy with conservation of electric charge 
tells us that electrons are probably stable forever.

● No lower-mass particle with a negative electric charge exists, to the best 
of our knowledge.

● Protons aren’t constrained the same way.

● They are more massive than a number of other particles, and the fact that 
they are made of quarks allows for several possible ways for them to die.

● Experiments say the proton lifetime has to be greater than about 10^34 
years: That’s a 1 followed by 34 zeroes.

● The present day universe is only 13.8 billion years old, which is roughly a 
1 followed by 10 zeros. Protons on average will outlast every star, galaxy 
and planet, even the ones not yet born.



  

The End of the Chemical Elements

● A white dwarf initially has a mass similar to the sun 

● But it is about the size of the Earth

● It is extremely dense – a tea spoon of the material weighs many metric 
tons!

● It sits around in the universe of the future until proton decay begins to 
matter.

● As it loses mass it gets larger – less mass = less gravity

● At about the size and mass of Jupiter it loses its degenerate properties

● But protons keep decaying

● The white dwarf resembles a ;hydrogen ice block'

● Eventually, the ice block no longer exists and stellar evolution is over.



  

The End of the Chemical Elements

● Because of quantum physics, the time any given proton decays is random, 
so a tiny fraction will decay long before the 1034-year lifetime.

● One of the outstanding problems in modern physics is the dominance of 
matter over antimatter in the universe. 

● The universe, as a whole, seems to have a nonzero positive baryon 
number density – that is, there is more matter than antimatter.

● It has been suggested that true eternal life depends on whether or not 
protons can decay!

● As the protons do decay, a white dwarf loses mass.



  

The End of the Chemical Elements

● While the star remains (mostly) degenerate, luminosity is proportional to its mass.

● When 99.5%of the mass has decayed away, the chemical composition for this 
white dwarf is 99% hydrogen1% Helium. 

● At this time the white dwarf is the size of a medium mass planet

● Luminoscity is now only about 2 watts!

● White dwarfs with larger initial masses must losea larger percentage of their mass 
before becoming non-degenerate, and hence will experience a greater change in 
chemical composition.

● Larger white dwarfs begin their evolution with larger nuclei (Carbon and Oxygen), 
whereas small white dwarfs of a fraction of the mass of our sun are madeup mostly 
of Helium.



  

Mass loss over time in a white dwarf 
star...

● The graph shows mass loss over 10^40 years. 

● Note – this is a logarithmic scale.



  

The End of the Chemical Elements

● So by 10^40 years after the big bang, the chemical elements, indeed 
baryonic matter (made of atoms) will no longer exist, and therefore 
biological life is no longer possible.

● However, if hypothetical life based on radiation fields exists by then, the 
possibilities are almot endless.

● See https://dfdn.line.pm/teaching/Five-ages-of-the-Universe.html for a 
chronology of the universe from the big bang to eventual heat death.



  

Any Suggestions for future classes?

● There is teaching material here:

● Https://dfdn.line.pm/teaching

● gopher://dfdn.line.pm/ - I also have a gopher service for low bandwidth 
consumption.

● I have a few photographic samples of elements taken using various photography 
techniques. Some of the pictures are breathtaking; see the following pages.  

● Want a complete collection of all the elements, photographed by various 
photographic techniques? Professor Winston Ingram has kindly supplied me with a 
complete collection. It is currently available from Amazon for $14USD – in total 100 
images of the elements from Ag (silver) to Zn (zinc)? It is available here:

● https://www.amazon.com/dp/B0BVL696SP 

●    And feel free to check out Winston Ingram's other works too. I am gradually publishing these online, 
currently they are available for the Kindle or Kindle app – you do not need to own a kindle.



  

Gold, Au



  

Berilium, Be



  

Bromine, Br



  

Copper, Cu



  

Iron, Fe



  

Mercury, Hg



  

Krypton, Kr



  

Lithium, Li


