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What is the Universe made of?

1.1 From universe to us

Element Atomic # Symbol Universe Sun
Earth 

bulk

Earth 

crust

Earthôs 

Basalt

Earthôs 

Granite

Moon 

Bulk

Human 

body

hydrogen 1 H 73.9000 91.2000 0.22 0.11 0.07 63.00

helium 2 He 24.0000 8.7000

carbon 6 C 0.0046 0.0430 0.41 0.03 0.01 9.50

nitrogen 7 N 0.0010 0.0088 1.40

oxygen 8 O 1.0700 0.0780 30.37 47.37 44.70 49.10 42.00 25.50

neon 10 Ne 0.0013 0.0035

sodium 11 Na 0.60 4.37 2.16 2.73 0.07 0.03

magnesium 12 Mg 0.0006 0.0038 14.80 2.10 4.06 0.43 18.70 0.01

aluminium 13 Al 1.27 8.16 8.33 7.58 4.20

silicon 14 Si 0.0007 0.0045 15.77 28.67 23.00 33.30 19.60

phosphorus 15 P 0.15 0.05 0.22

sulphur 16 S 0.0004 0.0015 3.30 0.30 0.05

potassium 19 K 2.42 0.91 3.38 0.06

calcium 20 Ca 1.50 3.97 6.77 1.32 4.30 0.31

titanium 22 Ti 0.46 1.10 0.19

iron 26 Fe 0.0011 0.0030 31.27 4.78 8.19 2.12 9.30

nickel 28 Ni 1.93 0.60

Top 1 element in each system (%)

Average and estimates compositional abundances.

Weight percent ïwt%

2nd, 3re, and 4th, top elements (%)

Refractory element

Volatile 1300-600 K

Volatile <600



Percentage distribution of major elements

Comparis

on of the 

ten 

principal 

elements 
(weight 

percent -

wt%)

1.2 Major elements

Fe O Si Mg Ca Al Na K H He

Universe 1.0700 73.9000 24.0000

Sun 0.0780 91.2000 8.7000

Earth bulk 31.27 30.37 15.77 14.80 1.5 1.27 0.6

Earth crust 4.78 46.60 27.70 2.10 3.97 8.16 2.8 2.6 0.22

w
t 

%
Major elements



Nucleosynthesis ðthe first steps

<1 second: temperatures are so high that energy/matter is organised and freely 

distributed in fundamental quanta called quarks.

Time begins...

After this ôcrucialõ first, possibly ôinflationaryõ second, space has expanded enough 

for quarks to overcome fundamental repulsion forces and ôbunchõ together (in 

triplets of at least two different quark types, or ôcolourõ) to form baryons, i.e. 

protons and neutrons.

For the next three minutes or so nucleons also come together into the first nuclei of ôordinaryõ 

matter:

p + n Ÿ D (deuterium) or 2H (heavy hydrogen) This is highly reactive (doesnõt last long...):

D + n Ÿ 3H (tritium, very heavy hydrogen) Element 1 (one p)       (unstable):

D + p Ÿ 3He (helium, light variety...) Element 2 (quickly...)

3He + 3He Ÿ 4He+ 2p ('normal' helium, helium 4) Element 2

3He + 4He Ÿ 7Li ('normal' lithium) Element 3

1.3



Nucleosynthesis ðthe journey continues (2)

State of the matter so far: 

Hydrogen (H) Ÿ 1 proton   0 neutron(albeit strictly not part of nucleosynthesis)

(Deuterium 2H or D) Ÿ 1 proton 1 neutron

Helium (He)    Ÿ 2 protons 2 neutrons (or 1, isotope 3He)

Lithium (Li) Ÿ 3 protons 3 neutrons (or 4, isotope 7Li)

1.4 Time has begun...



Nucleosynthesis ðthe journey continues (3)

ôNormalõ helium (2 p + 2 n) is the most stable of these elements because it is ôenergetically

favourableõ, i.e. its energy is smaller than the combined energy of its nucleons. 

Consequently,

nearly all neutrons should end up in/as helium, with some ôõfreeõ residual protons, but...

observations show that the Universeõs composition is:

75% hydrogen

24% helium

1% heavier elements (ômetalsõ)

This is because the availability of free neutrons gets smaller and smaller as nuclear

reactions proceed due to the decay of (unbound) neutrons into protons, electrons, and 

neutrinos, hence stalling the nucleosynthesis p + n = D process.
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Why?

Time expands...



Nucleosynthesis ðthe journey gets interesting...
Where are we? After the first 3 min the Universeõs temperature has fallen below one billion 

degree K, the ôfundamentalõ nuclear reactions are freezing out, and we are left with ever 

increasing space, decreasing energies, and rarer matter encounters. 

And we have still 89+ elements to make!!

Curvatures in time and space, also called gravity comes to the rescue, causing local regions

to collapse towards random points in space restarting and reinvigorating the matter 

building process once again. As nucleons are brought closer and closer together by ever 

increasing pressures, temperatures at the core raises to about 107 K.

Nuclear reactions force protons (hydrogen ions) to fuse into helium (and releasing energy in 

the process), in a process called proton-proton reaction (hydrogen burning).
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We are still synthesising...

Ã Now, itõs all down to size! (i.e. mass, T, P,)

Ã small stars <4*Sun: end up as white dwarfs, ôdeadõ 
compact objects mainly comprising of  He.

Ã stars Ó4*Sun <8*Sun: (T>108 K) heavier elements 
are synthesised, such as carbon (C, 6 protons) and 
oxygen (O, 8), in a process called ôhelium burningõ.

Ã stars >8*Sun: produce elements such as silicon 
(Si, 14) up to, but not heavier than, iron (Fe, 26) in 
various processes such as Ŭ
reaction, carbon, neon, and oxygen burning 
processes.

1.7 Entropy defiant universeé



...and we are still synthesising...
Universeõs estimated abundance %

1H ~74

H + H Ÿ 2He proton ðproton reaction (hydrogen burning) ~24

He + He Ÿ 4Be Triple Ŭreaction

Be + He Ÿ 6C This process is promoted by resonances ~0.0046

C + He Ÿ 8O ~1.070

Examples of element formation:

C + C Ÿ 10Ne + He carbon burning processes ~0.0013

C + C Ÿ 11Na + H ò ò

C + C Ÿ 12Mg ò ò ~0.0006

C + C Ÿ 8O + 2He ò ò

O + He Ÿ 10Ne

Ne + He ŸMg neon burning process (>8M sun)

Na + He Ÿ 12Mg

O + O Ÿ 14Si + He oxygen burning process ~0.0007

Mg + He Ÿ Si pure Ŭprocess

14Si pure Ŭprocess - also oxygen burning turns Si into Fe

16S ~0.0004

18Ar

20Ca pure Ŭprocess

22Ti

23V

24Cr

25Mn

26Fe iron peak ~0.0011

All other elements ~0.0070
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