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 Manuscript describing the details of this work is in review. 

Introduction: Montmorillonite, a mem-

ber of the phyllosilicate group minerals, 

which have been identified on martian soil, 

serves as an effective catalyst for the forma-

tion of RNA-like oligomers from activated 

monomers [1,2]. Extent of catalysis, that is, 

the yields, and length of the longest oligomers 

formed in these reactions significantly vary 

with the locality, where montmorillonite is 

mined [3,4].  

Montmorillonites are hydrous aluminum si-

licates made up of an octahedrally coordinated 

alumina sheet sandwiched between two tetra-

hedrally coordinated silica sheets. During the 

weathering, small portions of Al
3+

 ions in the 

octahedral sheet, and Si
4+

 ions in the tetrahedral 

sheet, may be replaced by Mg
2+ 

and Al
3+

 ions, 

respectively.  The charge deficiency arising 

from these isomorphous substitutions is coun-

ter balanced by the interlayer cations, mostly 

Na
+
 and Ca

2+
, held between the layers. The 

structural formula of montmorillonite after 

these substitutions may be represented by  

 

Na0.(x+y) [Si4.0-0.x Al0.x]
IV

 [Al2.0-0.y Mg0.y]
VI

 O10 

(OH)2 

Extent of substitutions is defined as the layer 

charge  or  = 0.(x+y), where  x<<y and 0.2 

  0.6 [5]. While elemental composition  

of montmorillonites mined in different locali-

ties fluctuates within narrow limits, the 

charge densities resulting from these iso-

morphous substitutions within montmorillo-

nite structure varies to a larger extent, Table 

1. It has been proposed that the differences in 

the catalytic activity may arise from the varia-

tions of the extent, and distribution of iso-

morphous substitutions among the montmo-

rillonites studied [4].   

 

Table 1. OXIDE COMPOSITION OF 

MONTMORILLONITES [5] 

 

 
 

SiO2 

 

Al2O3 

 

Fe2O3 

 

MgO 

Otay,      

CA 

 67 20 1.3 10 

Vol,       

WY 

67 23 4.2 2.5 

Little 

Rock,     

AR 

65 24 6.1 2.0 

Swy-2,   

Wy 

65 23 4.7 3.4 

 

This work is designed to establish whether 

there exits a correlation between the extent of 

catalytic activity of montmorillonites col-

lected from different localities, and their layer 

charge density.   

Layer charge density of clay minerals is 

determined by saturating them with alkyl 

ammonium cations of increasing chain length, 

[CH3-(CH2)n-NH3]
+
, where n=3-16 and 18, 

and measuring the d(001) spacing of [mineral- 

alkyl ammonium-mineral] complex by X-ray 

diffractometry (XRD) [6,7]. Orientation of 

alkyl ammonium cations in the interlayer is a 

function of the layer charge density. From the 
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change in d(001) spacing of montmorillonite-

alkyl ammonium complexes with the length 

of alkyl ammonium chains, the orientation of 

the alkyl chains can easily be determined, and 

the layer charge density can be calculated [7].  

 

Discussion: Results demonstrate that 

there is a correlation between the extent of 

catalytic activity and the layer charge density 

of montmorillonites, Table 2.  

TABLE 2. MEAN LAYER CHARGE OF 

MONTMORILLONITES PER FORMULA 

UNIT, , LENGTH OF THE LONGEST 

OLIGOMERS, AND THEIR % YIELDS.  

WAS FOLLOWING THE METHOD 

DEVELOPED BY LAGALY [7]. 
 

  

Length of the 

longest          

oligomer* 

% Yield of the 

longest            

oligomer* 

Otay 0.37 4 0.05 

Vol 0.29 10 0.07 

Japan 0.29 9 0.04 

Swy-2 0.29 9 0.11 

 

While montmorillonite from Otay with a    

value of 0.37 produces oligomers only four 

monomer units long, montmorillonites la-

beled as Vol, Japan, and Swy-2 with  values 

0.29 catalyze the formation of oligomers 9-10 

monomer units long. 

Extent of binding of nucleosides, 5’-

nucleotides, and other biologically important 

precursors to montmorillonites with different 

charge densities also shows significant varia-

tions [8]. Similar differences in binding val-

ues of organics have also been observed for 

other minerals identified on martian soil [8].   

Charge density of phyllosilicates can also 

be calculated from the chemical analysis re-

sults [9]. Therefore, these results may play a 

crucial role in determining the target sites on 

Mars for the search of organic compounds, 

and extinct or extant life in future missions: 

Concluding Remarks: NASA’s next 

rover mission to the red planet, Mars Science 

Laboratory (MSL), will be equipped with a 

suit of analytical and imaging instruments de-

signed to collect martian soil and rock sam-

ples: CheMin (CHEmistry and MINeralogy) 

will provide information on the mineralogi-

cal, and elemental analysis of the samples by 

combined application of XRD and XRF. The 

Alpha Particle X-Ray Spectrometer (APXS) 

will measure the abundance of chemical ele-

ments in rocks and soils. It is our hope that 

the correlation between the charge density 

and catalytic activity of montmorillonites 

demonstrated in our work, charge density 

values of montmorillonites on the martian 

surface calculated from their elemental ana-

lyses data obtained by CheMin and APXS 

will serve as a “pathfinder” for the selection 

of target sites to look for organic molecules in 

planning of future missions to the red planet.    
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