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Amino acids as building blocks of life are highly soluble in 
water and do not spontaneously organize themselves.  For 
these molecules, it has been recognized that mineral surfaces 
potentially have played an important role in their selection, 
organization and concentration in the prebiotic era [1].  
Interactions of amino acids and mineral surfaces have sig-
nificance in natural processes as a potential influence on the 
formation of biomolecules but also in artificial processes 
such as metallic implants in the human body. Although there 
are previous studies on the adsorption of amino acids on 
different oxides, few studies cover a range of environmental 
conditions such as pH, surface loading, and ionic strength.  
 Depending on the pH, lysine is present in aqueous solution 
in the form of a cation, a zwitterion or an anion (pKa at 2.27, 
9.18, and 10.61). Spectroscopic studies on the adsorption of 
lysine on amorphous rutile suggested that lysine forms a 
rather weakly bound complex via coordination of the ω-NH3

+ 

group as an outer-sphere complex on the rutile surface[2]. 
Lysine adsorption studies on amorphous silica showed simi-
lar results; more adsorption at high pH as a weakly bound 
outer-sphere complex. In this study we expanded the range of 
pH as well as different lysine concentrations with various 
ionic strengths to see how different environmental conditions 
affect amino acid adsorption on mineral surfaces.  
Potentiometric titrations and batch adsorption experiments 
were used to investigate the adsorption of L-lysine on rutile 
(α-TiO2) in 0.1 M NaCl solutions in the pH range 3 to 10 and 
at concentrations of lysine from 0.2 to 2.0 mmolar. The 
maximum amount of lysine adsorbed was about 0.05 
µmol.m-2 at pH ~ 9 in 0.1 mM NaCl solution. The experi-
mental batch adsorption and potentiometric titration results 
indicate that lysine probably forms a weakly bound outer-
sphere complex with the rutile surface. Theoretical surface 
complexation calculations using an extended triple layer 
model are consistent with the following reaction: 

> TiOH + H2Lys+ =  > TiO-_H2Lys+ + H+ 
which is consistent with previous studies of lysine adsorption 
on amorphous silica [3]. The fact that lysine adsorbs in the 
same way on both rutile and silica which have very different 
surface chemical properties, suggests that perhaps lysine 
adsorption on all oxides is similar. At high pH, deprotonation 
of the rutile surface results in negatively charged surface 
sites such as the terminal >TiO sites on the rutile (110) plane. 
A possible adsorption mode involving these sites is shown in 
the figure below: 
 

 
 This result can be contrasted with the behavior of other 
amino acids such as glutamate or aspartate on rutile[4]. Glu-
tamate or aspartate have maximum adsorption near pH ~4, 
because they are negatively charged. They also differ be-
cause they form at least one strong probably inner-sphere 
surface complex. In other words, different amino acids are 
concentrated on mineral surfaces under different environ-
mental conditions.  A fundamental understanding of amino 
acids’ speciation and coordination chemistry to oxide min-
eral surfaces can provide insight into biomaterial and bio-
molecular interactions, as well as the potential role of min-
eral surface-molecule interactions in the origin of life. 
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