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General Objectives
• Can we detect and identify organic material 

on meteorites without demineralizing the 
meteorite?

• Can we use the IR technique to identify the 
organic material in the meteorites while it is 
bound to the mineral component?

• Do important biomolecules give useful 
biosignatures while bound to the mineral 
component?



Significance of our Research
• Future Missions to Mars or meteorites

– Preservation of biomolecules could serve as an 
indication of past or present life

• NASA’s “Stardust” Mission

• Geology: study of rock coatings and desert 
varnish



Organic Substances Studied

• Amino Acids
• Sugars
• Maillard Products
• Metal complexes of Maillard Products
• Acid Halides
• Alcohols
• ATP/AMP



Modes of interaction of 
biomolecules with silicate
Biologically relevant compounds can be 
preserved as silicates by two mechanisms:

A) Entombment

B) Chemical Bonding



A) Entombment

In the first mechanism, these biomaterials cause 
polymerization of silicic acid and become 
entombed in the silicic acid polymer (silica gel). 
In this mechanism we would observe only the 
Si-O-Si bonds in the silica gel. 



Entombment of organic 
material in polymerized 

silicate (silica gel)



B) Covalent bonding to give 
organosilicates

In the second mechanism, the bio-molecules 
make chemical bonds with the silicic acid, to 
create organic silicates, which would have the 
Si-O-C bonds.

We are investigating these two mechanisms by 
the Infra-red (IR) spectroscopy.



Appearance of the gels of 
amino acid and Maillard 

silicates



Gel formation between 
amino acids or amino acids 

+ ribose and Na-silicate:
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Gel formation between 
amino acids or amino acids 

+ ribose and Na-silicate:



The IR spectra of isolated 
silica gels

• Only examples of amino acid gels are shown

• Features of the IR: intense bands in the      
Si-O-Si/Si-O-C region are observed

• Small amount of entombment is noticed 



Examples of our IR Spectra



Examples of our IR Spectra



The analysis of the IR 
frequencies

Selected literature values in cm-1:
• Si-O-Si antisymm. str. at 1100-1000 (Bellami, 

the values depend on cyclic/open chain 
structure); Si-O-C antisymm. str. in the same 
region (Bellami); 

• Si-O stretch at 950(Hino, by deuteration); 
• Si-OH bend at 870 (Hino, by deuteration); 



The problem
• The Si-O-C band in the IR overlaps partially 

with the Si-O-Si band. 

• IR absorption bands arising from linkages 
involving Si atoms are ~ 5x more intense
than the bands corresponding from the C- 
linkages.



Our deuteration method

The deuteration method should lead to the 
differential shifting of the bands in question.

Two methods for deuteration:
• Forming gels, then treating with D2O at 65° C
• Using D2O to initially prepare the gels



Differences in IR peaks 
upon deuteration

• One relevant band shifts towards higher 
frequencies upon deuteration

• The bands position is influenced heavily 
by hydrogen bonding; this quality 
changes upon deuterium substitution



Conclusions
1. Amino acids, alcohols, and acid halides appear to 

follow the entombment mechanism. 

2.   Sugars point to organosilicate formation (in solution)

3.   The amino acids and their Maillard products catalyze 
the D/H exchange in the manner which is specific for 
these bio-molecules. 

4.   Tentative IR band assignments: 
– Si-O-Si  ~1100-1000 cm-1

– Si-O-C   ~1250-1100 cm-1  (slightly higher)
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