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Introduction:  Amino acids have been recognized 

as one of the major bio-building blocks in origin of life 
research. Prebiotic synthesis of amino acids is believed 
to be an essential first step in a complex series of proc-
esses which led to the ultimate synthesis of bio-
molecules.  Minerals may have played an essential role 
in this process by providing surfaces for amino acid 
adsorption, concentration from otherwise diluted solu-
tion, and subsequent reactions [1-2].  

Earlier studies of β-amino acids and arginine “po-
lymerization on rocks” have demonstrated that various 
positively- or negatively-charged amino acids exhibit 
different affinities for a range of mineral surfaces [3]. 
A detailed understanding of these reactions will pro-
vide insights into the formation of the polypeptides on 
the primitive Earth [4]. 

Our research group has been investigating interac-
tions between mineral surfaces and amino acids such 
as glutamate [5-6], aspartate [7], arginine, lysine, do-
pamine, serine. Previous studies have investigated ar-
ginine adsorption behavior on amorphous silica [8] 
and zeolites [9-10]. These solids are representative of 
only a part of the expected spectrum of mineral behav-
ior [11-12]. It is critical to also study solids with very 
different surface chemistry. The present study is fo-
cused on surface interactions between L-arginine, the 
most basic protein amino acid, and rutile (α-TiO2, 
pHPPZC = 5.4, BET = 18.1 m2/g) in NaCl solutions over 
a wide range of environmental conditions. The rutile 
powder, obtained from Oak Ridge National Labora-
tory, is ideal for this study as it is highly insoluble, has 
been extensively studied and is well characterized 
[13]. Thus arginine adsorption onto the surface of 
rutile should provide a necessary baseline for future 
studies of surface interaction between other minerals 
and amino acids. Furthermore, experiments carried out 
under a wide range of well-defined environmental 
conditions enable a thermodynamic characterization of 
the surface chemistry that can be extrapolated to con-
ditions not yet studied experimentally. 

Methods: Our research combines experimental 
techniques, such as potentiometric titrations and batch 
adsorption with an extended “triple-layer” surface 
complexation model in NaCl media over a wide range 
of solution pH conditions, amino acid concentrations, 
and solution ionic strengths. The concentration of the 

single amino acid in solution is determined spectro-
photometrically using the ninhydrin derivatization 
method.  

Results: The results of our batch adsorption ex-
periments in 0.001, 0.01 and 0.1 M NaCl solutions, 
with 0.05-0.5 mM arginine present, indicate that argin-
ine adsorbs rather weakly on rutile with the maximum 
adsorption between pH values of 8 to 9. The adsorp-
tion also increases significantly with decreasing ionic 
strength, which is consistent with the results for argin-
ine adsorption on silica [8]. Potentiometric titrations of 
rutile with 5 mM arginine in 0.1 M NaCl media also 
indicate weak adsorption over a similar pH range. 
Both the batch adsorption data and the potentiometric 
titration data have been analyzed with an extended 
triple-layer surface complexation model. The results 
suggest the possibility of formation of an outer-sphere 
complex of the argininium cation with negatively 
charged surface sites on the rutile according to the 
following reaction: 

>TiOH + H2Arg+ = >TiO-_H2Arg+ + H+      (1) 
 

 
Figure 1: Suggested mode of arginine attachment to rutile 
surface sites, consistent with an extended triple layer surface 
complexation model in the present study. Red spheres repre-
sent oxygen atoms, black spheres – carbon, pink – hydrogen, 
small blue - nitrogen, larger blue – titanium atoms on rutile 
surface. 
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This reaction and the characteristics of the adsorp-
tion suggest that the argininium cation is interacting 
with the rutile surface through the positively charged 
end of the arginine sidechain. The most likely sites on 
the surface of rutile where this interaction could take 
place are the terminal oxygens on the (110) surface of 
rutile, which is the most abundant surface on our sam-
ple. This leads to the suggested orientation of the ar-
gininium cation depicted in Fig. 1.  
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