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INTRODUCTION 
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Not concerned with how life develops 
Concerned with requirements of life 
No answers, just evidence 

We are not alone - evidence 

1. Size of the 
Universe 

2. Whistle blowers 

3. The evidence of 
UFOs 

4. Mass mainstream 
media attention 

5. Personal 
experience and 
video footage 
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Factors with 
an impact 
on a planet's 
ability to 
support 
life 
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Internal heating 
 Planets heated in various way: 
 Left over from creation 
Tidal distortion 
 Impacts 
Radioactive decay 

 Heat gives plate tectonics: 
Earthquakes 
Volcanism  
Induces recycling of elements within the biosphere and 

between the geosphere and biosphere 
Tectonic plate movement 
Changes the environment for the life forms 
Promotes the diversification of species 
Replenishes the nutrition that primitive life could live on 
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Organisation of living systems into 
domains 
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Prokaryotic cell (bacteria and archaea) 
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Eukaryotic cell  (fungi, plants, animals) 
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The meaning 
of life 

1. Have a complex structure and organisation  

2. Exhibit growth and development  

3. Need energy generated from metabolic reactions 

4. Need to move in their environment 

5. Respond and then adapt to changes in their 
environment 

6. Need to reproduce themselves 

7. Need to evolve and adapt to new environments 
10 

What is life? 
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IN THE BEGINNING 
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The Big Bang 
 The Big Bang 
Hydrogen, Deuterium, Helium-3 and -4, Lithium-7 
No heavier elements (metals) 
No Carbon, Nitrogen and Oxygen 

 Big Bang model unable to account for the appearance of 
heavy elements 
Proton capture difficult 
 Intermediate elements and isotopes at atomic mass 

numbers 5 and 8 are unstable and quickly decay 
 Some molecules before recombination (300,000 years) 
 He2

+, HeH+ 

 400 million years after Big Bang 
First stars started to drive nucleosynthesis 
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Population III (hypothetical) 
 Oldest stars 
 Big Bang composition 
Low metallicity 

Massive, up to several hundred solar masses 

Low metallicity 
Metals cause interstellar cloud to fragment 

 Produced heavy elements 
Life may be as short as 160,000 years 
Probably went supernovae 

 Looking for evidence (James Webb Space Telescope) 
Analysis of Population II (younger) stars 
Contain material from Population III 
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Populations II and I  
 Population II 
Older stars 
Halo 
Globular clusters 
 Some metallicity – smaller stars 
Clusters – large mass clouds could fragment 

 
 Population I 
Youngest stars 
Galactic disc 
Open clusters 
Higher metallicity 

 
 Smaller stars do not produce heavier elements 
 In reality there is a continuous spread of age and hence a 

continuum of population characteristics 
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M80 
 

 
 

Pleides 
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Oldest stars 
 Relic star HE1327-2326 
Lowest heavier element content of any star so far observed 
Explained if the star was formed directly from the material 

processed in a massive pop III star 
Plus some self-processing during the star's life 

 HE0107-5240 
Low metal abundance 

 Oldest stars observed today have 
 masses less than 1M

 

 Explaining how low mass stars formed  
 from metal poor gas is another problem 
Without the heavier elements 
Fragmentation to smaller masses cannot occur 
Low mass stars should not form 15 
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BIOMOLECULES 
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Assumptions 
1. All planets probably had a common formation route, 

but certain specific local and planetary conditions, 
would result in variations in the rate of evolution of 
living systems, across the Universe. 

2. The study of other planets reveals that some of these 
chemical events may have occurred on these planets, 
suggesting that such planets may have the potential 
to support living systems. 

3. Analysis of extraterrestrial material (comets and 
meteorites etc) indicate the presence of molecules 
similar to those of biological systems found on earth. 
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Human body 
Over 99.4 %  of a human is four elements: 
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Element 
Human 

(includes 
water) 

Earth’s 
crust 

(excludes 
water) 

Universe 
Earth’s 
Atmos-
phere 

Hydrogen 63.00% 0.87% 80% 0.00005% 

Oxygen 25.50% 49.50% 21% 

Carbon 9.50% 0.08% 
As CO2 – 

0.03% 

Nitrogen 1.40% 0.03% 78% 

Helium 20% 0.0005% 

% of total number of atoms % by vol 
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Carbon 

Organic chemistry describes the chemistry of carbon 

 Carbon atoms able to bond to other similar atoms e.g. 
hydrogen, oxygen and nitrogen, including other carbon 
atoms 

Gives huge range and diversity of organic molecules  

 Form long linear chains, branched chains, ring structures 
or combinations 

Not many other elements can produce stable, linear 
chains of the same atom longer than 3 or 4 atoms 

 19 
Copyright © Paul Lewis 2015 



Biomolecule valencies 
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Element Symbol Valency 

Carbon C 4 

Hydrogen H 1 

Nitrogen N 3 

Oxygen O 2 

Phosphorus P 3 or 5 

Sulphur S 2 or 6 
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Valency 

All atoms have a valency 

 These are the number of ‘bonds’ or ‘connections’ they 
can make with other atoms 

 

 

 

 Valency of carbon is 4, so that it can make four bonds 
with other atoms 

 Isomers have the same formula but different structure 
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O H H H2O 
H=1 
O=2 
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Isomer: C4H10 
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n-butane 
Boiling point:  -1°C 

Melting point:  -140°C 

iso-butane 
Boiling point:  -11.7°C 

Melting point:  -159.6°C 

 Both molecules have the same number of atoms, but 
the atoms are assembled together to produce 
different structures, with different properties  
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Long chains 
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Stearic acid – a saturated fatty acid C18H36O2 

Oleic acid – monounsaturated fatty acid C18H34O2 
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Functional groups 
There are basically seven types of functional groups  

The long lines ― indicate the part that bonds with 
larger molecules 

1. Hydrocarbon chains 

2. Hydroxyl groups (―OH) 

3. Carbonyl groups (―CO) of which there are two types - 
aldehydes and ketones 

4. Carboxyl or carboxylic acid groups (―COOH) 

5. Amino groups (―NH2) 

6. Ether linkages (―O―) 

7. Sulphydryl groups (―SH) 
24 
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Hydroxyl group 
A hydroxyl group (hydr-oxy-l) is a hydrogen atom 

attached to one of the two bonds of an oxygen 
atom 

―O―H 

When a hydroxyl group is attached to a 
hydrocarbon, the molecule is called an alcohol 

CH3―OH methyl alcohol or methanol 

CH3CH2―OH ethyl alcohol or ethanol 

CH3CH2CH2―OH propyl alcohol or propanol 
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More complexity 
Molecules vary in their size, structure and degree of 

complexity 

 Four major types: proteins, carbohydrates, nucleic acids 
(includes DNA) and lipids 

Based on simpler molecules 

Basis of life, but not life 

 Bacterium (many types are single cells) 

Contains about 500 million molecules (excluding 
water) 

Classified into about 5000 

 different types of biomolecule 
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Role of water 
 Brings molecules together 
 Forms a ‘primordial soup’ 

Mixes molecules 
 Dissolves many particles 

Acts as solvent 
 Could concentrate chemicals in pools 
 Evaporation  

 Concentration of biomolecules on dry land 
 Ice floats 
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CHEMICALS IN SPACE 
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Carbon and where to find it 

After creation of elements, then form molecules 

 Carbon based molecules of interest 

 Formed after Population III stars 

Molecules formed through chemical reactions 

Less heat required 

 Look at stellar atmospheres 

 Interstellar material (between stars) 
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Murchison meteorite 
 Found in Murchison, Victoria, Australia 

 Heavier than 100 kg 

 22.13% total iron, 12% water 

 About 90 amino acids have been extracted and analysed 

 Of these at least 19 are found on Earth 

 Suggests: 

Some life molecules could have been gathered from space 

Delivered by meteorites, comets and dust particles 

These molecules have also been found on Mars and the 
Moon 

Similar reactions may occur in other locations throughout 
the universe 

 Building blocks of life, but not life 30 
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Interstellar molecules 
 NASA Cosmic Ice Laboratory 
As of 2012, identified 159 organic molecules 
Most complex – 13 atoms 
Only a few chemical elements are involved 
Most common H, C, N and O 
Only H, C, N, O, S, Si, P, F, Cl, Al, Na, Mg are detected at the 

moment within molecules 
 In 2004 anthracene and pyrene were identified 
Doubling the complexity of 
 molecules so far found  
Anthracene has 24 atoms 
Pyrene has 26 atoms 
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Location 
 Orion Molecular Cloud contains ethanol and acetic acid 
 Sagitarrius B2 giant molecular cloud contains glyolaldehyde 

(simple sugar) and glycine (simplest amino acid) 
 Certain polycyclic aromatic hydrocarbons (PAHs) apparent in 

M81 (Bode’s Galaxy) and throughout Universe 
PAHs found in molecular clouds, H II (ionised atomic 

hydrogen) regions, diffuse ISM, planetary nebulae, 
protostars, galaxies including elliptical galaxies 

Many globular cluster star atmospheres contain simple 
molecules e.g. CN, CH, CO and NH 

 Planetary nebulae often contain CO, CN, CH, OH, HCN, HNC, 
CCH, H2, HCO+, CO+, N2H+, CH+  

Most comets are thought to be dominated by water (in ice 
form) and materials such as CO, CH4 CO2, CH3OH, HCN, NH3, H2S, 
C2H2, C2H6 and C3H4. 
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SOLAR HABITABLE ZONE 
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Circumstellar habitable zone 
 Region around a star in which an orbiting planet could 

retain liquid water at its surface 

 Vague boundaries 

Also known as Goldilocks zone 

Temperature is "just right" for liquid water to exist 

Depends on planetary conditions e.g. pressure 

 Venus at aphelion touches zone 

Atmospheric pressure sufficient for liquid water 

Greenhouse effect raises surface temperatures to 462°C  

Water can only exist as vapour 

Other sources of heat 

Tidal heating, radioactive decay 34 
Copyright © Paul Lewis 2015 



35 

Phase diagram for water 

Earth 

Venus 

Mars 
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Changes in habitable zone 

 Currently the Sun has a 
luminosity of L


=3.862×1026 W  

 As a zero-age main sequence 
star 4.5 billion years ago, it had 
a luminosity about 0.74 of the 
current value (t0)  

 In another 4.5 billion years, as 
it reaches the end of this life 
stage, it will approach 2L

 (t1) 
 A region around the Sun has 

and will remain habitable 
throughout the history of the 
Solar System 
Continuous habitable zone 

(CHZ) 
36 
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Habitable zone of main sequence  
for F, G, K and M stars 

 ‘Conservative 
Habitable Zone’ 
(light green) 

 ‘Optimistic 
Habitable Zone’ 
(dark green).  
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Uncontained biosphere 
 Over geological time-scales (billions of years) planets lose 
 atoms and molecules 
 Important factors: 
 Planetary radius 
The larger the planet the greater the escape velocity 

 Gravity 
The greater the gravity, the higher the escape velocity 

 Exosphere temperature 
Exosphere: where the atmosphere merges into the 

interplanetary medium 
Temperature determines the most common velocity of atoms 

and molecules 
 Atom/molecule mass 
More massive molecules most likely have lower velocities for a 

given temperature,  
 Less likely to be lost at a given escape velocity 38 
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Escaping volatiles 
 Various mechanisms 

Need to exceed escape velocity 

Diffusion driven 

Jeans escape 

Non-thermal escape  

Impact erosion 

 Lighter particles escape more easily 

The higher the temperature, the more particles there 
are at higher velocities  

Thus more particles will be able to escape a planet's 
gravity at a higher temperature  

At a given temperature, low mass particles will have a 
higher velocity than high-mass particles 
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Water from comets 

 Early Solar System terrestrial planets 
retained very little hydrogen 

How come there is so much water 
on the Earth? 

 Passing comets? 

Unlikely 

Hydrogen – deuterium ratios of 
water from Earth, compared with 
that of comets, are quite different. 
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GALACTIC HABITABLE ZONE 
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Galactic habitable zone 
“There are hundreds of billions of stars in the galaxy.  

There are hundreds of billions of galaxies.  Stands to 
reason we’re not alone.  Doesn’t it?” 

 Two criteria for life: 

1. Life requires elements heavier than hydrogen 
and helium, both to form living systems and to 
provide a host for those systems 

2. Life will be destroyed by excessive quantities of 
high energy radiation, particularly X-rays, gamma 
rays and cosmic rays 
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Solar system 
 Is the solar system typical? 
 Sun has high metallicity 
For age and type 
Formed in another part of galaxy? 
Migrated to present position? 

 Orbital period matches spiral arms 
 Circular orbit also keeps it clear 
 Spiral arms – dangerous for life 
Large stars 
Disturb Oort Cloud 
Supernovae 

Dense molecular clouds 
Climatic change 

 95% of stars not synchronised 
  to spiral arm rotation 

Sun 
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Galactic centre or bulge 
Gas rich 

Early very large stars formed, then supernovas 

 Became metal rich and radiation rich 

Metal rich gas clouds tend to form gas giants 

Disrupts the orbital dynamics of the system 

 Central black hole 

In-falling material releases radiation 

Gravitational disturbances from other, 

 close stars 

Could disrupt Oort cloud 

Catastrophic impacts 

 

 

M71 
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Outer galactic regions 

Depleted in heavy 
elements  

 Lack of interstellar 
gas 

 Star formation is 
slow in these 
more rarefied 
regions 
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NGC 1365 
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Green is 
habitable 

 Blue are 
regions of 
insufficient 
heavy 
elements 

 Red to orange 
is excessive 
radiation 

Recent times 

46 Earliest times 

Galactic 
habitable zone 
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Complex life today 
 Assume Earth’s 

time scale is 
typical 

 Adopt 4±1 Gy as 
the time 
required for 
evolution of 
complex life 

 Green line on the 
right is the age 
distribution of 
complex life 

 ~75% of stars 
that may harbour 
complex life are 
older than the 
Sun 

 Average age of 
complex life is 
~1Gy older than 
the Sun. 

47 
Copyright © Paul Lewis 2015 



Non-complex life today 

 Consider all 
life, not just 
complex life 

 Drop 
assumption 
of 4±1 Gy  

 ~30% of stars 
that may 
harbour life 
in the Galaxy 
are older 
than the Sun 
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Summary 

 Chemically, complex life may be in with a chance 

Galactically, complex life does not seem very likely 

 

Remember 

These are only some of the factors involved 
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Only stupid 

people claim to be 

abducted because 

the aliens keep 

the smart ones 
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