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Å¢ƘŜ ǘƻǘŀƭ Ƴŀǎǎ ƻŦ άŘǳǎǘέ ƛƴ ǘƘŜ ǳƴƛǾŜǊǎŜ ƛǎ ŀ ŦŀƛǊ 
fraction of 1% of the total mass of baryonic matter 
 
ÅSo its chemical characterisation is a matter of 
profound importance to astronomy ς and arguably 
also to our very existence on this planet 



Review is centred on a 
collaboration with the late 
Sir Fred Hoyle that started in 
1962 and lasted till 2001 



The very first review 
on grains was the first 
monograph on the 
subject published in 
мфстΧΧΧΧ 



To recap -  a succession of models have been 

proposed since 1939éé. 

ÅIron grains radii ~ 0.01 micron  (C. Schalen, 1939) 

ÅDirty ice grains  (J. Oort and H.C. Van de Hulst, 1946) 

ÅGraphite grains (F. Hoyle and  N.C. Wickramasinghe, 

1962) 

ÅGraphite-silicate grain mixtures (Hoyle-Wickramasinghe, 

1970) 

ÅIron, graphite whiskers contributing to far uv and neutral 

extinction 
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 In 1962 popular theory of grains ï dirty ice 

grains, condensed in interstellar clouds 

 

We argued that.......................  

 Nucleation of grains cannot occur in the diffuse 

interstellar clouds with densities in the range 10 ï 

100 cm-3  => higher density venues ï cool stars 
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R Cor Bor ÅNucleation and grain growth 

in cool star atmospheres and 

stellar mass flows 

 

ÅExpulsion by radiation 

pressure 
 

ÅN stars Ý carbon grains 

 

ÅMira variables Ý mineral grains 

 

ÅRefractory grains from supernova explosions, planetary 

discs 

 

ÅVolatile molecular mantles can form in dense clouds 

 

Atmospheres of giant stars  
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Interstellar Extinction Law 



Strongest effect of  the interstellar grains is 

the reddening of starlight 

ÅReddening data + theoretical modelling gives the 

best information we can get on the nature of 

interstellar grains 

ÅModels require m(ɚ) for material => Qe (ɚ) 

Ån(a)da for size distribution => normalised 

extinction curves 
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Most extensive set of data on visual extiinction 

curve due to K. Nandy, 1964, 1965 

Linear slope 

independent of 

direction in Galaxy 

Linear slope 

independent of 

direction in Galaxy 



An unsolved mystery from the 1960ôs was to understand 

why the extinction curve at visual wavelengths is precisely 

the same (linear) in all directions 



DEPARTURES FROM 

THE LINEAR LAW 

ARE NEGLIGIBLE 

ÅDemands identical size 

distribution of icy grains 

everywhere n(a) ~ a-3 

ÅMean radius ~ 0.3µm 

ÅNo reasonable physical 

reason is offered 



Visual extinction 

curve over 

l=9000-3300A, 

accorded well 

with the ice grain 

model 

(mm) -
1 

First rocket 

observations in 

1965 showed major 

discrepancy with 

ice model  

In 1965 - ice grain theory (Oort-Van de 

Hulst model) begins to fail  



More decisive failing when 2175A feature 

discovered  

Observations 

Ice models        



Average Extinction Curve (2011) 

 
 

Value of R depends on 
uncertain IR data and 
modelling.... 
 
R ~ 1.5 -6 

 



How invariant is this entire curve? 

 
 

Value of R depends on 
uncertain IR data and 
modelling.... 
 
R ~ 1.5 -6 

 



2175A hump and rise into the far UV can vary but linear visual 
segment is maintained 



Albedo of grains at various wavelengths 

Diffuse Galactic Light & Reflection Nebulae 

Low albedo shows 

2175A band is due 

to pure absorption 
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ÅUV extinction -  pure absorption at 2175A  
ÅFar uv scattering by small dielectric grains 
ÅSmall  graphite spheres  (Guillame and Wickramasinghe, 1965) 

Qext 

Summing up  



In addition to graphite, currently fashionable 

grain models include silicate particles to 

account for both the visual extinction and the 

far uv extinction rise  

 

Mathis, et al(1977) - silicates 

and graphite  n(a)~a-3.5 

Dessert et al. (1991) - 

silicate/carbon, small 

graphite, and PAHs 



This very short linear segment scaled to fit linear visual 

extinction requires very stringent constraints 

Silicate fits to visual extinction:  m = 1.65  

 



Model including silicates, graphite particles of radii 0.02 micron 
and a hypothetical PAH  - all with arbitrarily fixed sizes and 

weighting factors (Zubko, et at, ApJ, 152, 211 (2004)  
 

Extent of visible scatter 
unacceptable 

 



Graphite OK for 2175A band  - but sensitivity to size and 

shape of particle renders it implausible  

=> unlikely by the end of the 1960ôs 
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Alternative Models 

Emerge 



These papers in Nature, are the first arguments for aromatic 

hydrocarbons in the ISM, and in comets and meteorites 



H-W, 1977 Nature - bicyclic aromatic molecules 



Progression from graphite to complex organics 

polymers  ........ 

Graphite particles, 1962 

 

Heteroaromatic 

molecules, 1977 

Þ 

Þ 

 

Heterodox 

hypothesis ï 

bacteria 



In 1980 we began exploring the seemingly 

outrageous hypothesis that interstellar dust  

may be bacteria ï dehydrated in the vacuum of 

space 



To test the hypothesis that a large fraction of 

interstellar dust starts off as viable bacteria ï 

perhaps in cometsé.  



In the interstellar 

medium, free 

water in a 

bacterium 

evaporates 

leaving a 

structure with an 

average visual 

refractive index 

n=1.167  



Extent of linear segment over factor of 3 in x helps to explain 

why the visual extinction curve is invariant across the sky 

Porous/hollow grains do better m= 1.167 ï 0.0i             



For a size-distribution 

of particles consistent 

with laboratory data 

for spore-forming 

bacteria we have 

perfect match with 

the visual extinction 

without any need for 

parameter fitting 

This was a triumph 

for the hypothesis of 

bacteria-like dust 



1. Dehydrated  bacteria 
2. Graphite 0.02˃ radius 
3. Dielectrioc s[jeres m=1.4, a=0.05˃ 

Linear segment not 
sensitive to sizes in the 
range 0.2-0.8˃ m 



L: Extinction by mixture of hollow bacteria and nanobacteria 

R: Deficit at 2175A filled by aromatic chromophores 

Suite of 115 biomolecules produces 

interstellar UV extinction 

Replacing graphite with organic chromophores 

provided a much better option 



Composite extinction curves preserving strict 
linearity of visual extinction 

Nanoparticles can include silicates from starsς but 
silicate fraction is small 



 

Modelling of spectrum of Comet Hale Bopp  implies 10% by 

mass of crystalline olivine 90% organics similar to biomaterial 



Dust and extinction is not confined to our galaxy 



ÅExtinction law with a linear visible segment is not 
confined to the galaxy 
ÅThis makes invariance even more difficult to explain 



AGN extinction - Gaskell and Benker (ApJ 2007) ς no 2175A 
feature, but linear segments 



In a gravitational lens galaxy SBS0909+532, at a red-shift of 

z=0.83, we find an absorption signature of dust similar to 

biological aromatics (Motta et al Ap.J. 574, 719-725, 2002) 



Gravitational lens galaxy at z=0.84 



In a remarkable discovery the 

molecule CO and the 2175A 

band was discovered at 

z=1.6408 towards the quasar 

SDSSJ160457.50+220300.5P

. (Noterdaeme, et al 2011) 
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Infrared Characterisation 



By 1969 infrared emission of heated dust

showed silicates, but real silicates alone

were deficient 

Amorphous Silicates Ý

H2CO polymers:

Polyformaldehyde

Polysaccharides Ý

So 1%  in form of grains could be in form of

complex organic polymers 



Sources at galactic centre had longest path length 

through interstellar dust 



In 1982 a newly discovered 3.4 micron absorption in 

dust to the galactic centre confirmed that large fraction 

of dust was complex organic, and spectroscopically 

identical to bacterial-type material 

Absorption of 0.3 mag at 3.4ɛm with organic grains with 

ə=1000 cm2/g gives ɟ = 10-26g cm-3 



Low rank coal 

and cryogenic E-

coli have similar 

spectra so 

spectrum of GC-

IRS7 was 

consistent with 

degraded 

biomaterial 



Other astronomical spectra matching coals of varying 

degrees of biodegradation 



10micron Band Toward the Galactic Center 



10micron Band Toward the Galactic Center 

   Not necessarily due to silicates alone 
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Diffuse Interstellar Bands 



Diffuse Interstellar Bands discovered in 1922 

                  Wavelength (Angstroms)                
 
 

Strongest 


