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Abstract.1 The adsorption of glycine on amorphous silica 
surface has been studied to demonstrate the catalytic ac-
tivity of silica surfaces towards the formation of peptide 
bonds on prebiotic earth. Silica nanoparticles were synthe-
sized using a microwave assisted method and the nanopar-
ticles were characterized using SEM. Glycine was ad-
sorbed from aqueous solution on the nanoparticles and the 
adsorption behavior was characterized using FTIR and 
TGA analyses. At a glycine concentration of 0.5M and at 
pH=7, favorable adsorption was observed which obeyed 
the Langmuir isotherm model. From the FTIR characteri-
zation, peptide bond formation was confirmed. It was 
concluded that the adsorption of glycine occurs via elec-
trostatic interactions as well as hydrogen bonding between 
the silica surface and glycine molecules. 
Keywords: prebiotic, silica, amino acid, glycine, adsorp-
tion, peptide. 

1. Introduction 

The understanding of interactions between biologi-
cal molecules and inorganic surfaces is important due to 
its significance in many applications spanned across sev-
eral fields.1-7 These include aqueous geochemistry, soil 
science, prebiotic chemistry, bionanotechnology, and drug 
delivery. In the never-ending discussion on the origin of 
life, these interactions play a major role as certain miner-
als are known to catalyze peptide synthesis. There are 
many studies performed on the surfaces of TiO2, silica and 
other clay minerals in the attempt to understand the 
mechanisms of chemical reactions that have contributed to 
the origin of life on Earth.6,8-14 Some reports suggest that 
TiO2 may have been present on prebiotic Earth and the 
studies on TiO2 surfaces claim to reveal mechanistic de-
tails about the possible reactions occurred on prebiotic 
Earth.15 Silica, on the other hand, being the most abundant 
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material in the Earth crust, provides many useful aspects 
for the prebiotic chemistry of the origin of life.16-19 Further 
to this, the corresponding studies may contribute to the 
development of procedures for solid-phase peptide syn-
thesis which is a cleaner procedure compared to the con-
ventional synthesis from solution.20 

Bionanotechnology is an emerging field compris-
ing of development of medical implants, drug delivery 
platforms and biomedical sensors, through the combina-
tion of biological chemistry with sensor technology with a 
glimpse of nanotechnology. In bionanotechnology, 
nanoparticles are usually used as the anchoring or cata-
lytic support for the biorecognition element on which the 
sensory reactions take place. Once the sensor is immersed 
in a biological test solution, the first event would be the 
adsorption of biomolecules on the sensor surface.3 Simi-
larly, when a medical implant is used in biological sys-
tems, the first event would be to form a biofilm on the 
implant surface by the adsorption of biomolecules (usu-
ally peptides, amino acids etc.). In both instances, it is 
very important to study the interaction of biomolecules 
with the surface of the inorganic material used in the sen-
sor or the implant.3 In addition to this, drug molecules or 
biomolecules with pharmaceutical properties maybe ad-
sorbed on inorganic surfaces which can be used as carriers 
to release the drug/biological molecule on-site through a 
controlled mechanism.7,21,22 In this application too, the 
understanding of the interactions at the interface is essen-
tial. The initial biofilm formed on these devices determine 
whether they are accepted or rejected by the biological 
system in which they are being used. 

When the biomedical sensors, medical implants 
and drug carriers are concerned, the biorecognition ele-
ment maybe immobilized on the surface of the inorganic 
material by different methods such as adsorption, covalent 
attachment, entrapment, encapsulation and cross-linking, 
among which, adsorption has been known as the mildest 
method which preserves the structure of the biorecogni-
tion element.3,22,23 In order to understand the interfacial 
phenomena occurring in these devices and the mechanism 
of catalytic peptide synthesis on mineral surfaces which 
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may have occurred on prebiotic Earth, amino acid adsorp-
tion on the corresponding inorganic surfaces is typically 
chosen, since the adsorption of amino acids is the first step 
in the formation of the peptide bonds.20 For adsorption 
process, properties of the amino acid/peptide as well as 
the properties of the substrate are important. Proteins are 
known to be adsorbed readily on hydrophobic surfaces. At 
the same time, electrostatic interactions, covalent bonding, 
and hydrogen bonding between the protein and the inor-
ganic surface also govern the adsorption process. Due to 
these different adsorption behaviors and the varying charge 
on amino acid molecules in the aqueous solution depending 
on the pH, adsorption of amino acids on inorganic surfaces 
is a difficult process to interpret mechanistically. 

The surfaces of TiO2 and SiO2 (silica) are known to 
catalyze peptide synthesis which may add new knowledge 
to the interpretations of prebiotic chemistry. Catalytic 
formation and self-assembly of glycine polymers on TiO2 
and SiO2 surfaces have been studied by Martra et al., in 
which they report for the first time, the catalytic formation 
of polypeptides up to 16 units long on the inorganic sur-
faces.15 Adsorption of amino acids and peptides on silica 
surfaces serves as a model of bioorganic-inorganic inter-
face systems. Kitadai et al. have studied L-lysine adsorp-
tion on amorphous silica and found that lysine adsorption 
is driven by electrostatic interactions with the negatively 
charged silica surface.4 Guo et al. have studied lysine 
adsorption on fumed silica nanoparticles in which they 
concluded that the interactions are through hydrogen 
bonds between the amino acid and the silica surface.1 

Lomenech et al. have done theoretical and experimental 
studies of glycine adsorption on silica from gas phase in 
which they discovered that the most favorable bonding of 
glycine with one surface silanol group is through the car-
boxyl group, and with two or three silanols, hydrogen 
bonding also contributes.14 They ruled out the possible 
dimerization of glycine to produce diketopiperazine 
(DKP). Protein and amino acid adsorption on silica sur-
faces and other mineral surfaces have been studied by 
several researchers. However, research on nanoparticle 
surfaces of the mineral materials is a rapidly growing field 
due to their applications in biomedical sensors, drug de-
livery systems and medical implants.3,5,7,24-26 Although 
these systems are studied in numerous research work, the 
mechanistic details are still blurred due to the complexity 
arising from the wide variability in the nature of interac-
tions between the biomolecule and the inorganic surface. 

The current study gives an insightful approach to 
the mechanistic details of amino acid adsorption on inor-
ganic surfaces, taking glycine adsorption on silica 
nanoparticle surfaces as an example. Glycine is the sim-
plest amino acid available but for the understanding of the 
mechanism of adsorption this structure is complex enough 
as what matters are the interactions formed between the 
functional groups on the amino acid (mainly -NH2 and -

COOH moieties) and the functional groups on the silica 
surface (mainly, silanol groups). Although most of the 
nanoparticles of metals and minerals are considered un-
safe to be used in biological systems due to toxicity, silica 
nanoparticles are a safe material with low to no cytotoxic-
ity27,28 to be used in biosensors, drug delivery vehicles and 
medical implants. The ease of functionalization of the 
surface of silica nanoparticles, and being environmentally 
friendly, are also advantages of using them in such appli-
cations.27 This study on adsorption of glycine on silica 
nanoparticles provides another approach for functionaliz-
ing silica nanoparticles with amino acids which may then 
be used in biorecognition events. 

2. Experimental 

2.1. Materials 

Tetraethyl orthosilicate (TEOS; 99.5 %) was pur-
chased from Sigma-Aldrich. Ammonium hydroxide 
(NH4OH; 28 % v/v) was purchased from Daejung Chemi-
cals and Metals Company Limited, Korea. Ethanol 
(95 % w/v) was purchased from Lanka Sugar Company 
Limited, Pelawatte, Sri Lanka. Glycine (purified ≥ 99 %) 
was purchased from Merck Specialties Private Limited, 
Mumbai. Double distilled water was prepared in the labo-
ratory. 

2.2. Instrumentation 

Microwave assisted syntheses were done using a 
microwave reactor (MAS II, ShangahaiSineo Microwave 
Chemistry Technology Co., Ltd.). FT-IR spectrophotome-
ter (Varian 660-IR, USA) and scanning electron micro-
scope (Zeiss, 51-ADD0048) were used to characterize 
both synthesized silica nanoparticles and amino acid ad-
sorbed silica nanoparticles. UV – visible spectrophotome-
ter (Jenway 6300) equipped with quartz cuvettes was used 
for absorption measurements. Thermogravimetric analysis 
was done using TA instrument – SDT Q600. 

2.3. Synthesis of Silica  
Nanoparticles Using a Microwave-
Assisted Method 

A volume of 50.00 mL of double distilled ethanol 
was collected in a three-neck round bottom flask and 
3.00 mL of tetraethyl orthosilicate (TEOS) was added to 
that, followed by dropwise addition of 6.60 mL of ammo-
nia. The mixture was quickly set up in the microwave 
reactor in the magnetic stirring mode. The temperature 
program used was with 800 W microwave power for the 
duration of 18 minutes at 30 °C. The resulting turbid solu-
tion was kept aside for 25 minutes for gelation. Then the 
mixture was centrifuged at 5400 rpm and was washed 
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three times with a 1:1 mixture of double distilled ethanol 
and double distilled water. After that the solution was kept 
overnight for air drying followed by oven drying at 65 °C 
for 24 hours. The resultant white powder was calcined at 
600 °C for 2 hours.  

2.4. Adsorption of Glycine on Silica 
Nanoparticles 

2.4.1. Investigating the Effect  
of Glycine Concentration 

Using 1M glycine stock solution, a dilution series 
having concentrations of 0.5M, 0.2M, 0.1M, 0.05M, 
0.02M, 0.01M was prepared. For each experiment, 
0.400 g of synthesized silica nanoparticles were used. 
Measured silica nanoparticles were placed in a 100.00 mL 
volumetric flask and 20.00 mL of glycine solution was 
added to it in each separate experiment. The mixture was 
then stirred using the maximum stirring speed for 5 hours 
using the magnetic stirrer and was kept aside overnight. 
After that, the solution was centrifuged at 5400 rpm for 10 
minutes. The residue was washed with a 1:1 mixture of 
double distilled ethanol and double distilled water, and the 
residue was collected which was dried overnight in a vac-
uum oven. 

2.4.2. Investigating the Effect of pH 

To a mass of 0.400 mg of synthesized silica 
nanoparticles, 20 mL of 0.5M glycine solution was added. 
Glycine solutions were prepared to have three different 
pH values (pH 5, 7 and 10) by using buffer solutions. 
Each mixture, after being stirred for 5 hours, was centri-
fuged at 5400 rpm for 10 minutes followed by washing 
with pure ethanol for 10 minutes. The residue was dried in 
a vacuum oven at room temperature.  

2.5. Adsorption Isotherms 

Glycine solutions with concentrations of 0.5M, 
0.4M, 0.3M, 0.2M, and 0.1M were prepared using the 
pH 7 buffer. A mass of 0.400 g of silica nanoparticles was 
used in each experiment. Adsorption experiments were 
carried out using the same procedure used in section 2.4.1 
above. Results were analyzed according to the Langmuir 
and Freundlich isotherm models. 

2.6. Determination of the Adsorbed 
Amount of Glycine on Silica Nanoparticles 

2.6.1. Titrimetric Method 

A simple titrimetric method was used to determine 
the amount of glycine adsorbed on silica nanoparticles. 
The supernatants discarded from the adsorption experi-

ments detailed in section 2.4.1 above were used. Aliquots 
of 5 mL of the supernatants for each concentration of 
glycine were transferred to 25.00 mL volumetric flasks 
and topped up with distilled water. A volume of 10.00 mL 
of these solutions was transferred to a conical flask and 
2.50 mL of formaldehyde was added. After leaving it for 
2 minutes, the solutions were titrated with 0.05M NaOH 
to a phenolphthalein endpoint. Amount of glycine ad-
sorbed was determined using stoichiometric ratios. 

2.6.2. Thermogravimetric Analysis (TGA) 

The solid nanoparticles with glycine adsorbed on 
them, were placed in the TGA balance and purged with 
nitrogen gas. A temperature program was set in the range 
of 0–600 °C with increments of 5 °C min-1. The TGA 
curves obtained were analyzed for weight loss determina-
tion through which the adsorbed amount of glycine was 
calculated. 

2.7. Characterization of the Bare  
and Glycine Adsorbed Silica Nanoparticles 

Silica nanoparticles from the synthesis were char-
acterized using Fourier Transform Infrared (FTIR) spec-
troscopy in the Attenuated Total Reflection (ATR) mode. 
The particle shape and the size range were analyzed using 
Scanning Electron Microscopy (SEM) images. All ad-
sorption experiments were analyzed using FTIR spectros-
copy results. Thermal analysis was done using thermogra-
vimetric analysis. 

3. Results and Discussion 

3.1. Synthesis and Characterization  
of Silica Nanoparticles 

Amorphous silica is known to be water soluble and 
biodegradable in contrast with the insoluble and highly 
toxic crystalline silica. Therefore, the reactions occurred 
on prebiotic Earth at the origin of life may very well have 
occurred on the surfaces of amorphous silica. For the 
same reason, amorphous silica would be the ideal candi-
date in the development of biosensors. For these reasons, 
in this study, amorphous silica was chosen, and nanoparti-
cles were synthesized using a microwave-assisted method. 
This method was chosen due to the higher yield, less reac-
tion time, and the homogeneity of the particle size, when 
compared to the nanoparticles obtained from the tradi-
tional Stöber method. In the microwave method, the effi-
ciency of the synthesis depends on the ability of the sol-
vent to absorb microwave radiation, and therefore, the 
choice of solvent matters. Polar solvents work well in 
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microwave-assisted synthesis. In this study, ethanol was 
used due to this reason and as a milder solvent which 
permits the use in biomedical applications due to low 
toxicity. Fig. 1 shows the SEM image of the synthesized 

silica nanoparticles along with the particle diameter distri-
bution which illustrate good homogeneity and monodis-
persity of the particles with an average size in the range of 
200 nm – 300 nm. 

 

       
 

Fig. 1. SEM image of the silica nanoparticles synthesized using a microwave-assisted method (a).  
Particle diameter distribution for the synthesized nanoparticles (b) 

 
In this study, tetraethyl orthosilicate (TEOS) with 

the formula Si(OC2H5)4 was used as the silicon alkoxide 
precursor. While alkoxides with bulky ligands show slow 
hydrolysis, the smaller tetramethyl orthosilicate (TMOS) 
with the formula Si(OCH3)4 has high cytotoxicity at inha-
lation and therefore unsuitable in the synthesis of silica 
nanoparticles. Therefore, TEOS serves as a good alterna-
tive. During the reaction, the alkoxy groups of TEOS get 
hydrolyzed by water to produce silanol (Si-OH) groups 
which will then react with each other to produce siloxane 
(Si-O-Si) bonds through a condensation step. Siloxane 
bonds are also produced via alcohol condensation of unre-
acted TEOS with silanol groups. Ultimately the silicates 
will transform into SiO2 where each silicon atom is inter-
connected through Si-O-Si bonds. The silica surface can 
be hydrophilic or hydrophobic depending on the surface 
functionalities. A silica surface predominantly having 
siloxane groups will be hydrophobic whereas a surface 
predominantly having silanol groups will be hydrophilic. 
Silica nanoparticles contain surface hydroxyl groups 
which make them hydrophilic and allow easy chemical 
modification and functionalization of the surface. Due to 
both of these reasons silica nanoparticles are biocompati-
ble and can be used in biological applications. Ammonia 
was added as the catalyst for hydrolysis reaction and its 
feed rate was chosen to be slow to control the nucleation 
rate of particles to generate monodispersed and homoge-
neous nanoparticles in the suspension. 

According to the stoichiometry of the reaction hap-
pening during the silica nanoparticle synthesis shown 

below, water : precursor ratio should be at least 2:1 for 
stoichiometric conversion. 

Si(OC2H5)4 + 2H2O → SiO2 + 4C2H5OH 
We have observed that efficient hydrolysis of 

TEOS happens when this ratio is significantly higher than 
the stoichiometric ratio. In our synthesis, we have main-
tained it at 19.64 by taking 0.264 mol of water and 
0.0134 mol of TEOS. 
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Fig. 2. The FTIR spectrum of silica nanoparticles synthesized 
using a microwave-assisted method 

 
The FTIR spectrum of the synthesized nanoparti-

cles (Fig. 2) agrees with spectra previously reported in li-
terature,29,30 having an intense broad band around 1079 cm-1 

a 

b 
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due to asymmetric stretching of Si-O-Si groups, a band at 
798 cm-1 due to symmetric vibrations of Si-O bonds, a 
band around 443 cm-1 due to the bending of Si-O-Si 
groups, a band at 1623 cm-1 due to the scissor bending 
mode of molecular water and a broad intense band in the 
3300 to 3500 cm-1 region due to stretching vibrations of 
O-H groups of adsorbed water. 

3.2. Adsorption Experiments 

Adsorption of glycine from solution phase onto the 
surfaces of the silica nanoparticles serves as the best ex-
perimental method to model the reactions happened on 
prebiotic Earth to form the first peptide bonds by the self-
assembly of amino acids to form protein polymers. Ad-
sorption is also the first event that occurs when a biosen-
sor or a medical implant is introduced into the biological 
solution. Therefore, here we have studied the adsorption 
of glycine on silica nanoparticles and the adsorption be-
havior was studied both qualitatively and quantitatively. 

3.2.1. Effect of Concentration of Glycine 

Fig. 3 illustrates the adsorption behavior of glycine 
on silica nanoparticles as a function of glycine concentra-
tion. When the spectra are compared with those of bare 
silica nanoparticles and free glycine, it is clear that glycine 
adsorption has taken place on the silica surface. Since the 
extra glycine was removed by a thorough washing proce-
dure, these spectra are clear evidence for the adsorption of 
glycine on silica nanoparticles. 
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Fig. 3. FTIR spectra of glycine adsorbed on silica  

nanoparticles as a function of glycine concentration 
 
The peaks centered around 460, 800 and 1860 cm-1 

are present in both bare silica and glycine adsorbed silica 
surfaces and they correspond to Si-O-Si bending vibra-
tion, Si-O symmetric vibration and Si-O-Si asymmetric 

vibration, respectively. The broad band around 3300 cm-1 
is due to adsorbed water and the hydrogen bonded silanol 
groups. For isolated glycine, symmetric stretch of C=O of 
the carboxyl group appears around 1790 cm-1. However, 
for adsorbed molecular glycine, the corresponding peak 
(Si-O-CO) has shifted to 1700 cm-1. The peak at 1630 cm-

1 may be due to the H-O-H bending as it appears in the 
spectrum for bare silica surface too. The NH2 scissoring 
vibration peak may also be embedded in the same posi-
tion. For bulk glycine zwitterion, δs NH3

+ appears at 
1527 cm-1 but it has shifted to 1500 cm-1 for adsorbed 
glycine. This peak and the presence of a peak at 1410 cm-1 
which corresponds to νs COO-, confirms the presence of 
zwitterionic form of glycine. The weak feature at 1340 cm-1 
is due to NH2 twist. 

According to Guo et al. who investigated lysine 
adsorption on fumed silica nanoparticles, peaks in the 
ranges of 1650–1700 cm-1 and 1530-1560 cm-1 correspond 
to amide I and amide II bands which are typical of peptide 
species.1 Therefore, due to the presence of bands in the 
FTIR spectrum at 1700 cm-1 and 1500–1600 cm-1 region 
in our study, it can be concluded that peptide bond forma-
tion has occurred on the silica nanoparticle surfaces. 
Amino acid adsorption on perfectly defined silica surfaces 
have been studied before.6,19,21,31-33 However, there are no 
reports of the use of silica nanoparticles synthesized by a 
microwave-assisted method in a mechanistic study of 
amino acid adsorption. Therefore, the findings reported 
here will be of advantage for further research involving 
silica nanoparticles in biomedical applications. 

3.2.2. Effect of pH of the Medium 

At pH values greater than 3, surfaces of silica are 
negatively charged and the silanol groups exist in the form 
of Si-O- allowing electrostatic interactions with the in-
coming molecules.34 Between pH 2.14 (correspond to 
pKa1) and 9.78 (correspond to pKa2), glycine exists in the 
zwitterionic form. Below pH 2.14 it exists as the glycin-
ium cation and above pH 9.78 it exists as glycinate anion. 
The isoelectric point of glycine is at pH 5.97. This ex-
plains the preferential adsorption of glycine on silica 
nanoparticle surface at pH 5 and 7 as illustrated in the 
FTIR spectra in Fig. 4. The characteristic peaks of glycine 
adsorbed on silica are present in the spectra taken at pH 5 
and 7 while they are more prominent at pH 7. 

According to some reports, the pH of early age 
oceans was in the range of 5-11 and peptide formation on 
silica surfaces must have been preferential according to 
the results from our study. Physiological pH is also at 7.4 
and therefore, preferential adsorption of peptides and 
proteins will occur when implants and sensors developed 
using silica materials are used in biological media.  
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Fig. 4. FTIR spectra of glycine adsorbed on silica nanoparticles 
as a function of pH 

3.3. Determination of the Amount  
of Glycine Adsorbed on Silica  
Nanoparticles 

3.3.1. Titrimetric Method 

According to the results obtained from the titrimet-
ric method, it was found that around 54 % of glycine that 
was used in the adsorption experiments has been adsorbed 
on the surface of silica nanoparticles. This was calculated 
from the titration done for the supernatant solution from 
the adsorption experiment using 0.5M glycine solution. 
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Fig. 5. Weight loss curve of glycine adsorbed  
on silica nanoparticles 

3.3.2. Thermogravimetric Analysis 

In addition to the titrimetric method, thermogra-
vimetric analysis was used to quantify the glycine adsorp-
tion and to investigate the thermal behavior of the ad-
sorbed glycine on silica nanoparticles. The weight loss 
curve from thermogravimetric analysis is shown in Fig. 5. 
This weight loss curve shows two significant stages of 
weight loss; one in the range 40-100 °C and the other 
above 170 °C. The first stage which corresponds to about 
4 % weight loss maybe due to the evaporation of absorbed 
and trapped water. The second stage which is a broad 
feature in the weight loss curve might include multiple 
steps of decomposition of adsorbed glycine on silica 
nanoparticles (Tdecomposition = 233 °C). This stage corre-
sponds to about 2.5 % weight loss.  

3.4. Adsorption Isotherm Analysis 

Adsorption isotherms provide information about 
the surface behavior of the adsorbate. They also provide 
information about saturation coverages and equilibrium 
constants. The data were fitted to Langmuir and 
Freundlich adsorption isotherm models. 

Langmuir adsorption isotherms were studied using 
the amounts of glycine adsorbed as a function of equilib-
rium concentration of the solution. Both the equilibrium 
concentrations and adsorbed amounts were measured 
using a titration method which involved the titration of 
supernatant of the glycine/silica mixture with NaOH. The 
amount of glycine adsorbed per unit mass of silica is 
found using the following equation. 

0

1
a e

e
e

KQ Cq
KC

=
+

 

eq  – the amount of adsorbate adsorbed per gram of ad-
sorbent at equilibrium (mmol/g); Ce – equilibrium concen-
tration of glycine after adsorption (mmol/dm3); 0

aQ   – 
maximum adsorption capacity when monolayer is formed 
(mmol/g); K – Langmuir isotherm constant (dm3/mmol).  

The linear form of Langmuir isotherm was used to 
check the adsorption behavior. 

0 0
1 1 1 1

e a e aq Q K C Q
= ⋅ +  

A straight-line graph of 1/qe vs 1/Ce is proof for adsorp-
tion behavior fitting into the Langmuir model. 

The linear form of the Freundlich isotherm model 
is: 

1log e e fq log C log K
n

= +  

eq  = the amount of adsorbate adsorbed per gram of ad-
sorbent at equilibrium (mmol/g); Ce  = equilibrium con-
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centration of the adsorbate (mmol/dm3); n and Kf = Fre-
undlich isotherm constants. 

The corresponding plots are shown in Fig. 6. 
 

 a 

b 

 
 

 
Fig. 6. Adsorption isotherms (a) Langmuir and (b) Freundlich 

isotherms for glycine adsorption on silica nanoparticles 

3.5. Proposed Mechanism of Glycine  
Adsorption on Silica Nanoparticles 

In aqueous solution, adsorption of glycine in zwit-
terionic form predominates in the pH range between 5 and 
7. According to Hassanali et al., silica surface is nega-
tively charged at pH>3 when it is in contact with aqueous 
solutions because a fraction of silanol groups are dissoci-
ated to form siloxides (SiO-).34 A research by Emami et 
al., reports that at pH values 5 and 7.4, silanol group 
shows a degree of ionization of 9 % and 18 % respec-
tively, to form siloxide groups.21  
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Fig. 7. Electrostatic interactions between glycine  
and silica surface at isoelectric point 

Therefore, the zwitterions interact with the silica 
surface via electrostatic interactions as illustrated sche-
matically in Fig. 7. At pH 7 which is not too basic, there 
can be hydrogen bonding interactions involving the car-
boxyl moieties as well (Fig. 8). Hydrogen bonding inter-
actions are also possible with the NH2 moieties on glycine 
(Fig. 8). 

 

 
 

Fig. 8. Hydrogen bonding interactions between glycine  
and silica surface through COOH and NH2 moieties of glycine 

4. Conclusions 

Using a unique method of microwave assisted 
technology, monodispersed and spherical shaped silica 
nanoparticles were synthesized with good homogeneity in 
size, in relatively short time compared to the traditional 
Stöber method. The optimum concentration and pH for 
the adsorption of glycine on silica surface were 0.5 M and 
7, respectively. The adsorption data were well fitted to 
Langmuir adsorption isotherm model. It was evident that 
the glycine molecules exist in the zwitterionic forms under 
the conditions of study which favors electrostatic interac-
tion with the negatively charged silica surface. However, 
hydrogen bonding interactions with non-charged glycine 
molecules and silanol surface cannot be completely ruled 
out at pH 7. The reaction conditions used in this study are 
comparable with the conditions existed in prebiotic Earth 
and therefore the results can be confidently used to study 
prebiotic chemistry, especially the synthesis of the first 
peptide bonds which led to the creation of life on Earth. 
The presence of bands at 1700 cm-1 and 1500–1600 cm-1 
region in the FTIR spectra of glycine adsorbed on silica 
indicates the formation of peptide bond on the silica 
nanoparticle surface. We therefore conclude that the silica 
surface facilitates in catalyzing the peptide bond forma-
tion. 
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КОМПЛЕКСНИЙ ПІДХІД ДО РОЗУМІННЯ 
МЕХАНІЗМУ АДСОРБЦІЇ АМІНОКИСЛОТ  

НА НЕОРГАНІЧНИХ ПОВЕРХНЯХ:  
ГЛІЦИН НА КРЕМНЕЗЕМІ 

 
Анотація. Досліджено адсорбцію гліцину на поверхні 

аморфного кремнезему з метою показати каталітичну актив-
ність поверхонь кремнезему щодо утворення пептидних 
зв’язків на пребіотичній землі. Наночастинки кремнезему були 
синтезовані за допомогою мікрохвильового методу й охарак-
теризовані СЕМ. Гліцин з водного розчину адсорбували на 
одержаних наночастинках, а адсорбційну поведінку характе-
ризували за допомогою аналізів FTIR і ТГА. За концентрації 
гліцину 0,5 М і за pH=7 спостерігалася сприятлива адсорбція, 
підпорядкована моделі ізотерми Ленгмюра. Утворення пепти-
дного зв’язку підтверджено FTIR аналізом. Зроблено висновок, 
що адсорбція гліцину відбувається через електростатичну 
взаємодію та утворення водневих зв’язків між поверхнею 
кремнезему і молекулами гліцину. 
 

Ключові слова: пребіотичний, кремнезем, амінокис-
лота, гліцин, адсорбція, пептид. 

 


