
Spectroscopy: The Study of Squiggly Lines 

Reflectance	  spectroscopy:	  light	  absorbed	  at	  specific	  wavelengths	  corresponding	  to	  energy	  
level	  transi8ons	  







Hydrated	  salt	  spectra	  

Wray et al. (2011) 

Essen8ally	  all	  features	  due	  to	  H2O/OH	  vibra8ons	  
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Central	  peaks	  of	  Horowitz	  Crater	  





Unfilled d orbitals: the transition metals 

Iron	  is	  the	  most	  geologically	  abundant	  transi8on	  metal	  



Molecular vibrations 
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Vibrational Processes
The bonds in a molecule or crystal lattice are like springs with 
attached  weights:  the  whole  system  can  vibrate.  The 
frequency of vibration depends on the strength of each spring 
(the bond in a molecule) and their masses (the mass of each 
element in a molecule).  For a molecule with N atoms, there 
are 3N-6 normal modes of  vibrations called fundamentals.* 
Each  vibration  can  also  occur  at  multiples  of  the  original 
fundamental frequency (overtones) or involve different modes 
of vibrations (combinations).

 * In general, a molecule with N atoms has 3N-6 normal modes 
     of vibration but linear molecules have only 3N-5 normal 
     modes of vibration as rotation about its molecular axis 
     cannot be observed.   



Hansen & McCord (2008) 

(and	  Ganymede,	  Callisto)	  

Peroxide,	  CO2	  and	  more	  on	  Europa	  



SO4
2-‐	  overtones,	  

combinaAons	  

Sulfate	  vibra6onal	  absorp6ons	  

hCp://speclab.cr.usgs.gov/spectral.lib06/	  



hCp://speclab.cr.usgs.gov/spectral.lib06/	  

Carbonate	  vibra6onal	  absorp6ons	  

Fundamental	  modes	  of	  
free	  CO3

2-‐	  ion	  (will	  vary	  in	  
minerals):	  
  ν1	  =	  9.407	  μm	  
  ν2	  =	  11.4	  μm	  
  ν3	  =	  7.067	  μm	  
  ν4	  =	  14.7	  μm	  
	  
	  
	  
	  
CombinaAon	  /	  
overtone	  bands	  
are	  weaker	  
	  

3ν4, 
ν3	  +	  ν4	  



Band	  posi6on	  in	  carbonate	  minerals	  shi<s	  with	  composi6on	  
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CaCO3	  

CaMg(CO3)2	  



Organic molecules 

Clark et al. (2009) 

Identified on several moons of Jupiter and Saturn 



§  Link	  amino	  acids	  in	  
proteins,	  with	  distinct	  IR	  
signature	  à	  biomarker	  

§  NIR	  bands	  ambiguous;	  
stronger	  fundamental	  
bands	  at	  ~6	  µm	  

Amides: Spectral biomarkers? 

Dalton et al. 
(2003) 



Spectra of common Earth-surface materials 

H2O	  Fe-‐O	  

SOIL	  

Water 
absorption 

Clay	  



Spectra of common Earth-surface materials 

Chlorophyll 
absorption 

Cellular 
scattering 
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VegetaAon	  

Water 
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Spectra of common Earth-surface materials 

Water 
absorption 
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Leaf	  structure	  and	  its	  relaAon	  to	  spectra	  	  

Absorption band in red: chlorophyll pigment 
Reflective NIR: scattering in the prismatic leaf cells 
SWIR absorption: absorption by leaf water 



C55H72O5N4Mg	  C40H56	  



VariaAons	  from	  one	  species	  to	  another	  









Normalized	  Difference	  VegetaAon	  Index	  



Normalized	  Difference	  VegetaAon	  Index	  



Thicker	  canopy	  =	  more	  reflecAve	  
(at	  wavelengths	  where	  absorpAon	  is	  minimal)	  



Thicker	  canopy	  =	  more	  reflecAve	  
(at	  wavelengths	  where	  absorpAon	  is	  minimal)	  



Leaf	  Area	  Index	  (LAI):	  
the	  one-‐sided	  green	  leaf	  area	  per	  unit	  ground	  surface	  area	  








