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Can we expect to find “intelligent life” 
somewhere else in the Universe?

Almost certainly !



Can we find “our air” somewhere 
else in the Universe?

Possibly, but very likely  with a 
different composition



“Air” can mean different things
to different people

Of course the air we mean here is 
“our air”, i.e. the air on planet earth



Stratosphere
The stratosphere extends to about 50 km. The temperature increases with height due to 
increased absorption of UV radiation by the ozone layer which restricts turbulence and
mixing. While the temperature may be −60 °C at the  bottom , the top of the
stratosphere is much warmer, and may be near freezing. 

Troposphere
The troposphere starts at the surface and extends to 8 km at the poles and 20 km at the 
equator, with variation due to weather. The troposphere is heated by transfer of energy 
from the surface, so the lowest part of the troposphere is warmest and temperature
decreases with altitude. This promotes vertical mixing hence the Greek name trope
meaning turn or overturn.

Exosphere
The outermost layer of Earth's atmosphere extends up to 10 000 km and  is mainly 
composed of hydrogen and helium. The particles are far apart they travel hundreds of 
kilometres and can migrate into and out of the magnetosphere or the solar wind
Thermosphere
The air is so rarefied that an individual molecule may have to travel 1 km between 
collisions with other molecules. The International Space Station orbits in this layer 
between 320 and 380 km.  Air is poorly mixed and becomes compositionally stratified. 
Mesosphere
The mesosphere extends up to 85 km. It is the layer where most meteors burn up upon 
entering the atmosphere. Temperature decreases with height in the mesosphere,, the 
temperature on the top of the mesosphere is the coldest place on Earth and has an 
average temperature around −85 °C  but may drop to −100 ° C.



Background

• The ancient Greeks regarded air as one of the four elements.

• The scientific studies of atmospheric air began in the 18th 
century when chemists like Priestley, Lavoisier and Cavendish
made the first measurements of the composition of air.

• Lavoisier investigated the composition of water and air, which 
at the time were considered elements. He determined that the 
components of water were oxygen and hydrogen, and that air 
was a mixture of gases, primarily nitrogen and oxygen.



Composition of dry air at the earth surface 

78%   Nitrogen      N2

21%   Oxygen       O2

Nitrogen and oxygen together make up  99% 

The remaining 1% consists of

0.9340 %      Argon                   Ar
0.0390 %     Carbon dioxide     CO2

0.0018 %      Neon                    Ne
0.0005 %      Helium                 He         
0.0002 %      Methane              CH4

0.0001 %      Krypton                Kr     
0.0001 %      Hydrogen             H2 



Air (Atmosphere) on

Mars
95% Carbon dioxide, 2.5% Nitrogen, 1.6% Argon, 013% Oxygen

Venus
96.5% Carbon dioxide, 3.5% Nitrogen

Jupiter
90% Hydrogen, 10% Helium

Neptun
74% Hydrogen, 25% Helium, 1% Methane



Twinkle, twinkle, little star,
how I wonder what you are?

Spectroscopy

Spectroscopy is a technique in which the light 
that comes from far objects (planets,stars) is 
examined to determine the object's composition. 



• When objects are hot enough to glow (like stars) they
shine and give a spectrum of light (different for each star) 

•This spectrum gives information about what the star is made of 

• Each compound in the star has a unique signature, a fingerprint 

• A substance will emit light (spectral lines) at a particular
wavelength or frequency when it is heated and absorb light at the 
very same wavelength or frequency when it is cool.



History of Spectroscopy:

• In the early 1800s Fraunhofer, a German scientist, observed
that the continuous spectrum of the Sun was marred by over
700 dark lines (now called Fraunhofer lines). No one knew 
what caused these lines until the work of Kirchhoff another 
German scientist who explained the Sun's Fraunhofer lines as  
the emission lines from various heated chemical substances. 

• In the mid 1800s the English scientist Huggins showed
that the Sun and the stars are composed mostly of the element
hydrogen, the most abundant element in the Universe.

• Herzberg, a German Canadian who received the 1971 Nobel 
Prize for Spectroscopy, spent most of his life studying the 
spectroscopy of hydrogen and hydrogenic molecules. 



Why each element or molecule 
has a different spectrum?

• Each element has a different atomic structure and the 
electrons jumping between different orbits produce

the signature spectrum for each element.

• When light (or electromagnetic radiation) is absorbed by the
atom, an electron jumps from a low energy orbit to a higher

energy orbit giving an absorption spectrum.

• When an electron returns to a less energetic orbit, light 
(or any other electromagnetic radiation) is generated giving 

the emmission spectrum.

• Spectra of molecules reflect the “molecular dance”







Examining the Sun:

• Although we think of sunlight or starlight as white, it is really
composed of a number of colors – one can use a prism to
break up sunlight into a rainbow (red, orange, yellow, green, blue,
indigo and violet) – Isaac Newton the first person to realize this. 

• But when the spectrum is closely examined, the rainbow is
interrupted by hundreds of tiny dark lines, called Fraunhofer lines.
These lines show that some wavelengths are being absorbed by
gases in the outer atmosphere of the Sun, and from this, 
we can determine which elements are in the Sun's atmosphere.





Reason for the blue color of the sky

• The light coming from the sun scatters off  small particles in the atmosphere and this 
scattered light (Rayleigh scattering) gives the sky its brightness and its color. 

• The shorter wavelength blue light will scatter more than the longer wavelengths red 
light and the resulting color, the pale blue sky, is a "weighted average" of all the 
scattered colors.

• Conversely, when looking at the sun, the colors that are less scattered i.e. the longer 
wavelengths are visible, giving the sun itself a yellowish hue. The reddening of sunlight 
is intensified when the sun is near the horizon because the volume of air through which 
sunlight must pass is significantly greater than when the sun is high in the sky. The 
Rayleigh scattering effect is therefore increased, removing virtually all blue light from the 
direct path to the observer. The remaining unscattered light is mostly of a longer 
wavelength and therefore appears to be orange.

• Viewed from outer space the sky is black and the sun is white.





The Sun and all other stars also emit

“light” that we can not see (perceive)



The Electromagnetic spectrum





Raman spectrum of room air



Infrared spectrum of room air



Microwave spectrum of room air



The emission spectrum of thermospheric atomic oxygen  measured by the CRISTA 
(Cryogenic Infrared Spectrometers and Telescopes for the Atmosphere).
The measurement was performed with the CRISTA experiment flown on the Space 
Shuttle mission STS-66. 
Atomic oxygen is responsible for the radiative cooling of the lower thermosphere. 



• A different form of hydrogen, “protonated molecular hydrogen” 
or H3

+, is found in the interstellar medium where it is generated 
by ionization of molecular hydrogen by the cosmic rays

• It has also been observed in the atmosphere of the planet 
Jupiter. The . H3

+ molecule is stable in the environment of outer 
space due to the low temperature and is one of the most 
abundant ions in the Universe; it plays an important role in the 
chemistry of the interstellar medium

Esoteric species of hydrogen



Radiotelescope on the Gornergrad above Zermatt, named after Dr Herzberg



• More than 140 different varieties of molecules have been found 
in the interstellar medium (ISM).

•They range in complexity from molecular hydrogen (H2) - which is 
by far the most abundant molecule in space - to familiar molecules 
such as water, hydrogen cyanide (HCN), nitrous oxide or 
"laughing gas" (N2O), and ethanol (CH3CH2OH), to esoteric 
carbon-chains known as cyano-polyynes, the biggest known of 
which is HC11N, to very large aromatic (carbon-ringed) molecules 
called polycyclic aromatic hydrocarbons or PAHs. 

• Some molecules, such as HCO+, were not even known on Earth 
at the time of their detection in space



Gerhard Herzberg 

father of Modern Spectroscopy

 born 1905 in Hamburg, Germany
 died 1999 in Ottawa, Canada

1971 Nobel Prize for Molecular Spectroscopy



GH always wore a lab coat, even in his office



GH was an ardent promoter of
basic science

or as he himself liked to put it 
„curiosity - oriented research“



Gerhard Herzberg

… in my opinion this debate is unnecessary as there is only  
GOOD and BAD research

… GOOD research always starts out as basic research and -
slowly but surely - turns to applied research

… it is argued again and again whether basic or applied 
research are to be promoted

…speaks his mind



Perutz
Brockhouse

Herschbach
Smith

Polanyi
de Duve

Townes
Kendall

1994-Gerhard Herzberg turns 90

Herzberg Porter PrigogineWatson

Supporting evidence – invention of the laser 



Speaking out for fellow scientists

On a cold winter day Herzberg personally 
demonstrated in front of the Russian Embassy in 
Ottawa to appeal for the release of Academician 
Sakharov banished by Breshnev to the closed 

city of Gorki. 



The human element in science and academia

Solidarity with others - Herzberg meets Sakharov

The human element in science and academia

Solidarity with others - Herzberg meets Sakharov



How is “our air” being used to sustain life?

Oxygen:  Directly for aerobic respiration

Nitrogen: Indirectly for making the building 
blocks of life: amino acids & nucleic acids 





The air on our planet can “remember” history

Someone visiting Paris today is very likely (certain) 
to breath-in a few molecules of the air exhaled

by Napoleon himself

How come ?



Because the number of molecules in “our 
air” is gigantic. In one cubic centimeter of 
air there are:

6 followed by 23 zeros molecules
600.000.000.000.000.000.000.000

(Avogadro’s Number)



Has spectroscopy helped us find “our 
air” somewhere else in the Universe?



NASA’s Kepler telescope

Planet hunting mission
it is looking for Earth-like atmospheres

• Kepler has a much higher probability of detecting Earth-
like planets than the Hubble Space Telescope, since it has a 
much larger field of view. 

• Of the approximately half million stars in Kepler's field of 
view, around 150,000 stars were selected and are observed 
simultaneously, measuring variations in their brightness 
every 30 minutes. 



NASA’s Kepler space telescope, designed to find Earth-size planets in the 
habitable zone of sun-like stars. 



The Kepler space telescope discovered its first five new exoplanets,
or planets beyond our solar system already in 2010.



The most recent discovery of Kepler is 

Planet Gliese 581 g

• Gliese 581 g is orbiting the red dwarf star  Gliese 581, which 
is 20 light-years from Earth in the constellation of Libra.

• With a mass about 4 times Earth's, Gliese 581 g is 
considered a super-Earth

• Today it is the most Earth-like Goldilocks Planet found 
outside the Solar System and the exoplanet with the greatest 
recognized potential for harboring life



The Alexander von Humboldt motto

Once a Humboldtian..........
always a Humboldtian



1966 Bonn: In the German „White House“ the „Villa 
Hammerschmidt“ with President Lübcke & Prof Heisenberg

1966 Bonn: In the German „White House“ the „Villa 
Hammerschmidt“ with President Lübcke & Prof Heisenberg



1974 Bonn: On the White House Lawn with  President Walter Scheel



1984 Bonn: On the White House Lawn with President Carl Carstens



2007 Berlin: Schloss Bellevue with President Horst Koehler



Celebrating 40 years  of German-

Canadian collaboration in Science 

and Technoloy



On 16 April 1971 Walter Scheel (German Minister of Foreign Affairs ) and Jean Luc 
Pepin (Canadian Minister of Trade) signed the Agreement between Germany and 

Canada on Scientific and Technological Cooperation.





See you all  in two years 

at the Humboldt Kolleg on Earth


