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Amino-acid-based hydrogels are a promising research 
direction for applicability in the biomedical field due to 
their biologically and mechanically properties. The 9-
fluorenylmethyloxycarbonyl (FMOC), amino acids, and 
short peptides with FMOC functionality have the 
remarkable ability to associate in ordered structures through 
non-covalent physical interactions. The phenomenon of 
self-assembly is triggered by various factors and are directly 
involved in the hydrogel formation. The paper aims to 
present the technique of obtaining hydrogels by co-
assembly of FMOC-phenylalanine with other amino-acids 
(such as FMOC_alanine and FMOC_leucine) as low 
molecular weight gelator agents. The obtained structures 
were characterized by FT-IR spectroscopy, SEM analysis, 
adhesion test and studies of the swelling degree.  

 
 

INTRODUCTION* 

 Low molecular weight gelling agents 
(LMWGs) are small molecules (<3kDa) that can 
associate following a hierarchical process of self-
assembly in an anisotropic one-dimensional 
structure and that can subsequently form a 3D 
network generated by non-covalent interactions.1-3 
Different molecular entities such as organic 
molecules, amino-acids, peptides and DNA have 
the capacity to create structurally complex systems 
through spontaneous diffusion and specific 
association between molecules, dictated by non-
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covalent interactions.4-7 The versatility of the 
amino acids composition offers flexibility in the 
design of peptide chains. Amino-acids can perform 
specific biological functions due to their structure 
and assembly capacity. Self-assembly in ordered 
structures is governed by the type and order of the 
constituent blocks of used amino- acids, and it is 
thermodynamically driven by non-covalent 
interactions.8-10 Generally, in studies, aminoacids 
are functionalized at the N-terminal with a 
hydrophobic group, often a large voluminous 
aromatic group, such as 9-fluorenylmethoxycar-
bonyl (FMOC), naphthalene, cinnamoyl, 
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anthracene, carbazole or pyrene. FMOC group is 
used, in particular, as a base-sensitive protection 
group.11-15 The non-covalent nature of the 
aggregation process allows a very fast response to 
external stimuli and a more efficient regulation of 
the macroscopic properties than in the case of 
polymeric hydrogels covalently assembled by 
chemical crosslinking processes.16-23 For these 
reasons, the use of self-assembly for engineering of 
functional biomaterials is a promising field of 
research with great potential for the treatment of 
injuries or diseases.24-30 Phenylalanine is a 
hydrophobic amino acid, and the presence of 
FMOC group greatly increases the hydrophobic 
character of the amino-acid, resulting in low water 
solubility. Data from literature indicate that is 
required a supra saturated solution of molecules for 
hydrogel formation. To increase the solubility of 
FMOC-phenylalanine (FMOC_Ph) in water, 
ultrasound stirring and heating are used as physical 
stimuli, but the real solubility occurs only at basic 
pH. Because the pKa of FMOC-Ph is 3.5, at pH = 
7.4 the functional groups are negatively charged. 
Negative charge causes electrostatic repulsion and 
can inhibit the self-assembly process.30-35 
 To provide additional synergistic properties, co-
assembly it is frequently used to obtain 
supramolecular systems for numerous applications. 
The organization of peptide blocks in ordered 
supramolecular structures is of particular interest 
due to the unique properties of the products, 
including biocompatibility, chemical and structural 
diversity, robustness, etc. Furthermore, amino-
acids contain all the molecular information needed 
to spontaneously form well-ordered structures at 
both the nano- and micro-scale. Hence, 
supramolecular amino-acid assemblies have been 
used frequently and efficiently to produce new 
materials with properties adapted for various 
applications in the field of materials science, 
engineering, medicine and biology. Therefore, the 
aim is to access different mechanical and 
biological properties by mixing two or more 
components. FMOC_alanine (FMOC_Ala) and 
FMOC_leucine (FMOC_Leu) were chosen as 
amino-acids used for the co-assembly step due to 
their use in biomedical applications. Fmoc_Leu is 
a promising candidate as an antimicrobial element 
construct in such an assembly, because leucine has 
been reported to possess intrinsic anti-
inflammatory and antibacterial properties. Also, 
various studies have reported, that the presence of 
FMOC moiety has the role of enhancing 
antimicrobial action.34 Thus, the co-assembly aimed 

to obtain structures with a double function: 
hydrogelators and antimicrobial agents. Considering 
these aspects in the present paper, the ability of self-
assembly of FMOC_Ph was studied, as well as its 
co-assembly with other amino-acids (FMOC_Ala 
and FMOC_Leu). Spontaneous self-assemblies in 
aqueous solution consist of amino-acid nanotubes 
from individual entities with unique properties and 
the approached technique was that of pH switch. In 
change, the recent literature specifies that, due to the 
strong acid character of HCl (even at low molarity), 
its addition determines the formation of 
precipitation islands that eventually lead to the 
appearance of a nonhomogeneous gel. Hence, HCl 
has been replaced with glucono-δ-lactone, which 
ensures the formation of more homogeneous gels 
but which over time form spherulites.3-7 Therefore, 
in this study, it was proposed the use, for the first 
time, of another acid, citric acid, a milder acid that 
leads to the formation of more homogeneous gels. 
Due to its properties citric acid was used 
successfully in sol-gel chemistry as an effective 
molecular template formed by molecular network 
raised from intermolecular forces, especially the 
hydrogen bonds, resulting from the chemical 
interactions between the carboxyl and hydroxyl 
groups (water, ethanol, POH, SiOH).36 The ability to 
form supra-molecular structures was assessed by 
combining different characterization techniques: 
FTIR spectroscopy, SEM microscopy, degree of 
swelling and adhesion tests. 

RESULTS AND DISCUSSION 

 The gels obtained by the use of amino-acid as 
LMWGs show stability, withstanding the vial 
inversion test (Figure 1). In the case of using HCl 
to change the pH (variant 1/Table 1) a weak gel is 
obtained (which “dissolves” easily with the 
spatula) but which does not flow when the vial is 
turned. The gel made by using citric acid has a 
rough appearance compared to the gel obtained by 
variant 1 (Figure 1a). The gels obtained in the 
presence of saline solution or glucose are 
translucent and stable over time (Figure 1b, c). 

 
Study of the co-assembly capacity  

of FMOC_Ph with alanine and leucine 

 Co-assembly is a valuable strategy commonly 
used to obtain supramolecular systems to provide 
additional synergistic properties for various 
applications. There are a number of examples in 
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which several components are required to form a 
gel; essentially, in this case, different components 
come together in situ to form a LMWG.37-42  
(Figure 2). Practically each of the components 
represents a LMWG by itself. There are a number of 
reasons why mixing different LMWGs. For 
example, one might imagine a case where one 
LMWG provides the structural elements of the gel, 
while another conducts specific interactions for a 
specified desired target. FMOC_Ala and 
FMOC_Leu (Figure 2) were chosen as amino-acids 
used for the co-assembly step. In this case, were 
also obtained stable gels, which resist the vial 
inversion test, opaque when was used FMOC_Ala 
for co-assembly (Figure 1d) and translucent to 
transparent when FMOC_Leu was used (Figure 1e).   
 The properties of hydrogels reside in the dynamic 
nature of the physical bonds between the present 
constituents, respectively intervened hydrogen bonds, 
electrostatic interactions, π-π bonds, host-guest 
interactions, hydrophobic interactions, which form a 
structure that advantageously mimics the properties 
of the extracellular matrix (ECM) and can facilitate 
the transport of nutrients and oxygen due to its 
network structure. The fundamental understanding of 
the properties of amino-acid hydrogels and the 

underlying molecular mechanisms is crucial to 
conclude whether these biomaterials are potentially 
suitable for biotechnological uses. The analysis and 
characterization of supramolecular hydrogels aims at 
a better understanding of how small molecules are 
organized in the network of hydrogels, which can 
lead to new approaches not only for the design of 
supramolecular hydrogelators, but also for the 
development of various functional molecules.39-43 
Although there are a growing number of scientific 
articles on the preparation of multicomponent gels, 
there is relatively little detailed discussion regarding 
characterization mode of these systems. Complete 
characterization of one-component systems can be a 
challenge. The transition to multicomponent systems 
dramatically increases the complexity of the 
processes. Conceptually, when there are two 
LMWGs, there are a number of possibilities  
(Figure 3). If there are more than two LMWGs, the 
scenario becomes more complex. Considering these 
aspects, we aimed to characterize the obtained 
supramolecular gels by corroborating the FTIR 
results with SEM microscopy, adhesion analyzes and 
swelling studies. 

 

 
Fig. 1 – Visual images of synthesized gels: a) FMOC_Ph_CA, b) FMOC_Ph_NaCl, c) FMOC_Ph_Glu,  

d) FMOC_Ph/FMOC_ALA=95/5, e) FMOC_Ph/FMOC_Leu=75/25. 
 

 
Fig. 2 – Schematic representation showing the co-assembly principle of two amino-acids (after40). 
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1. FT-IR analysis 

 Confirmation of the presence of established inter- 
and intramolecular bonds between compounds is 
illustrated in Figure 3 with the representation of FT-
IR spectra of FMOC-Ph gels obtained under different 
conditions (Figure 3a and b), as well as FT-IR spectra 
of co-assembled macromolecular structures (Figure 
3c and d). For all the analyzed samples (except 
FMOC_Ph_NaCl) is noticed the presence of the 1720 
cm-1 band which corresponds to the carbonyl group 
of the FMOC. This band is diminished especially in 
the case of co-assembled structures (Figure 3c and d) 
and of the structures obtained in saline and glucose 
solutions (Figure 3b). This may be due either to the 
involvement of the carbonyl group in hydrogen 
bonding with the formation of inter- and 
intramolecular hydrogen bonds, or to the interaction 
of the FMOC group with the solvent (in the case of 
structures obtained in NaCl, glucose or mixture). The 
band at 1536 cm-1, representing the NH amide group 

is also present, while the intensity of the C–O or C–N 
stretching band at 1254 cm-1 was reduced. 

In the amide I region of the FT-IR spectra, a 
distinct band at 1690 cm-1 is observed for all 
samples, suggesting that these amino-acid gels 
adopt a secondary anti-parallel „β sheet” structure. 
This behavior is frequently observed in the case of 
supramolecular structures based on FMOC-Ph and 
is attributed to the π interactions between the 
aromatic groups of FMOC, the electrostatic 
interactions and the hydrogen bonds that appear 
between the groups. The changes in the FT-IR 
spectra support the involvement of specific 
interactions to the transition from the primary 
structure (presence of the H bonds) to the 
secondary structure (helical intertwining of fibrils), 
respectively to the tertiary structure (formation of 
the fibrous network). The registered characteristic 
bands are presented in Table 2. 
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Fig. 3 – FTIR spectra of the synthesized supramolecular gels.  
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Table 2 

Characteristic bands recorded in the FT-IR spectra of the synthesized supramolecular gels 

IR absorption bands, cm-1 
FMO
C_Ph_
HCl 

FMO
C_Ph_
CA 

FMOC_
Ph_NaC
l 

FMOC_
Ph_NaC
l_Glu 

FMOC_
Ph_Glu 

FMOC_P
h/FMOC
_ALA 
=95/5 

FMOC_P
h/FMOC
_ALA 
=75/25 

FMOC_P
h/FMOC
_Leu=95/
5 

FMOC_P
h/FMOC
_Leu=75/
25 

Groups that 
contribute to 

vibrations 

2920 
2840 

2918 
2852 

2920 
2850 

2918 
2845 

2923 
2850 

2918 
2835 

2923 
2855 

2918 
2850 

2923 
2840 

C-H stretch 
(corresponding to 
the aromatic ring) 
NH3 stretch 

1728 1728 - 1748 1753 - 1736 1741 1736 C=O stretch 
1685 1691 1672 1667 1687 1682 1677 1697 1682 C=O 

asymmetrical 
stretch (from the 
carboxylic group) 

1598 
1533 

1593 
1538 

1596 
1525 

1596 
1520 

1591 
1525 

1591 
1520 

1586 
1535 

1591 
1530 

1591 
1515 

N-H primary 
amine C-N amine 
band 

1451 
1402 

1451 
1391 

1454 
1398 

1454 
1403 

1459 
1373 

1464 
1393 

1444 
1408 

1449 
1388 

1454 
1403 

Band CH2 

1261 1256 1246 1261 1266 1256 1261 1266 1251 Band C-N amide 
III  

1158 1163 1165 - - 1185 1155 1150 1155 C-O stretch  
1060 1038 1028 1013 1018 1048 1048 1048 1033 C-O  
930 
848 
723 

941 
848 
729 

917 
856 
749 

906 
835 
739 

906 
825 
744 

932 
861 
734 

932 
845 
724 

952 
866 
734 

947 
856 
739 

C=C, C-C, C-H 
from aromatic 
ring 

 
2. SEM analysis 

 For most supramolecular structures obtained in 
the presence of LMWGs, optic microscopy does 
not have sufficient resolution to allow visualization 
of the network. Therefore, the most common 
fibrous structures are analyzed using scanning 
electron microscopy (SEM) or transmission 
electron microscopy (TEM). In this case, the 
samples are usually dry, so the images collected 
are actually of the lyophilized gels, not the gels 
themselves. The synthesized gels are the result of 
the formation of fibrous network structures, as can 
be seen from the SEM microscopy of the 
corresponding lyophilized gels (Fig. 4). The 
Fmoc_Ph_CA variant has fibers aligned by drying, 
which corresponds to a tubular micellar system, 
unlike the crosslinked fibrillar network, as it 
appears in the case of gels FMOC_Ph_Glu. The 
FMOC_Ph_NaCl and FMOC_Ph_NaCl_Glu gels 
contain structures with increased length. In the 
case of co-assembled structures is observed that 
the fiber width distribution is higher in mixed 
systems that include two LMWGs amino-acid 
compared to the individual components. The 
existence of two types of fibers that differ in the 
recorded diameters is also observed. The fact that 
the diameter of the fibers is larger compared to the 

supramolecular structures based on FMOC_Ph 
suggests the formation of a relatively 
homogeneous network, generated by interactions 
between the two components. In the case of two 
LMWGs, helical structures such as flat ribbon 
images are also present. This aspect confirms the 
different assembly with the formation of a new 
type structure. 
 

3. Adhesion analysis 

 Bioadhesion can be defined as a state in which 
two components are joined for long periods of time 
by interface forces, one of them being of biological 
origin. Bioadhesion is typically obtained by using 
polymers with controlled hydrophilic/hydrophobic 
balance in formulations, which often have a good 
ability to remain on the mucous membranes. 
Bioadhesion is usually observed for polymers that 
possess charged groups or nonionic functional groups 
capable of forming hydrogen bonds with mucosal 
surfaces.44-47 Amino-acid-based hydrogels are 
materials with increased cell adhesion ability. Self-
assembly in aqueous solution of amino-acids with 
FMOC ensures cell adhesion for RGD from 
fibronectin. The hydrophobic FMOC unit confers 
amphiphilicity to molecules and introduces specific 
interactions as a result of increased π-π interactions.
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Fig. 4 – SEM images of the lyophilized synthesized supramolecular structures.  

The scale bar is 100 μm and 500μm, respectively, in images detail. 
 

   
                                               a)                                                                                             b) 

Fig. 5 –  a) Maximum detachment force for materials tested on dialysis membrane,  
b) Mechanical adhesion work for the materials tested on dialysis membrane. 

 
The mucoadhesive characteristics of the materials 

were highlighted by the high values of the adhesion 
work (Fig. 5b) for all types of studied materials 
(values of the mechanical work of adhesion up to 44 
mN*s). The analysis of the values of the adhesion 
force (Fig. 5a) and of the mechanical adhesion work 
(Fig. 5b) for the tested materials indicates superior 
adhesion characteristics for the systems based on 
FMOC_Ph_CA. The addition of leucine in the 
composition causes a decrease in bioadhesion 

properties, the same effect having the inclusion of 
saline. The adhesive materials interact with the 
proteins on the surface of the superficial layer, the 
adhesion mechanism not being well elucidated yet. It 
is generally accepted that the process involves: 
humidification and swelling of the material, to allow 
intimate contact with biological tissue, 
interpenetration of adhesive molecules with tissue 
molecules that subsequently cause the formation of 
weak bonds between the interpenetrated chains.  

F  FMOC_Ph_HCl   FMOC_Ph_CA  FMOC_Ph_Glu

  FMOC_Ph_NaCl   FMOC_Ph_NaCl_Glu  FMOC_Ph/FMOC_Ala=95/5 

  FMOC_Ph/FMOC_Ala=75/25 FMOC_Ph/FMOC_Leu=95/5 FMOC_Ph/FMOC_Leu=75/25 
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Fig. 6 – The maximum degree of swelling for different synthesized gels. 

 

4. Study of the degree of swelling 

 The swelling capacity of a hydrogel is dependent 
on the morphology of the network (crosslinking 
degree, pore size, interconnected channels). The 
swelling was realized at physiological pH (7.4). The 
change in gel weight was measured at 
predetermined time intervals, until equilibrium 
weight was reached. During the weighing of the 
gels, care was taken to remove PBS from the 
surface, so that only the weight of PBS incorporated 
in the hydrogel was taken into account.  
 The percentage of swelling for the hydrogels 
FMOC_Ph, FMOC_Ph/FMOC_Ala, and FMOC_Ph/ 
FMOC_Leu was evaluated over a period of  
6 hours. Maximum swelling was observed in the 
first 60 minutes (depending on the composition) 
while after 120 minutes the plateau was reached 
(Figure 6). Although phenylalanine has a 
hydrophobic nature, the formation of the network 
causes an increased absorption of water. This 
increased swelling capacity is beneficial for the 
incorporation of drugs by diffusion. In the case of 
self-assembly gels (FMOC_Ph_CA and 
FMOC_Ph_HCl) a major increase in the degree of 
swelling is observed in the first 30 minutes. 
Through this test, the stability and integrity of the 
three-dimensional network in aqueous medium 
was highlighted (the hydrogel has not 
decomposed), which indicates that the hydrogel is 
suitable in medical applications. 

EXPERIMENTAL PART 

1. Materials 

 FMOC-Ph was purchased from Novabiochem® (Merck 
KGaA, Germany).  FMOC_Leu and FMOC_Ala amino acids 
were obtained from Sigma-Aldrich, and used as received. 

Glucose (10 % concentration) and NaCl (0.9 % concentration) 
solutions were purchased from Hemopharm.   

2. Methods 

 The technique approached was that of pH switch. Thus, 
FMOC-Ph was dissolved in a NaOH solution. In the next step, 
HCl or citric acid was added until the pH was neutralized. 
Considering these aspects, several variants were synthesized 
(Table 1). The first variant, FMOC_Ph_HCl, was obtained by 
dissolving FMOC-Ph in NaOH solution. The solution was 
brought to neutral pH by the addition of 0.1M HCl until the 
pH decreased to 7.0. After pH 7.0 was reached, an equal 
amount (with the initial FMOC-Ph solution) of 0.01 M PBS 
(pH = 7) was added. The mixture was left at room temperature 
for 18 hours. FMOC_Ph_CA was obtained by the same 
procedure but with the replacement of HCl with citric acid of 
0.1 M concentration. Protection of the FMOC group was 
achieved by using the solution immediately after preparation. 
 
 Study of the self-assembly capacity of FMOC_Ph in 
saline (NaCl) and/or glucose solution (Glu) 
0.6% FMOC_Ph was dissolved in 0.5 ml of 0.05 M NaOH 
over which saline was added. The result was a weak, opaque, 
whitish gel. Taking into account the initial observations, the 
experiment was resumed starting from the recipe of variant 2 
of synthesis (Table 1). After pH 7.0 (with citric acid) was 
reached, saline was added mixed with an equal amount of PBS 
of pH =7.0 (0.1M) (0.25 mL/0.25 mL). Although the 
appearance of gelling was recorded 10 minutes after 
preparation, the system was maintained at room temperature 
for 18 hours for maturation. The obtained gel 
(FMOC_Ph_NaCl) was stable, translucent, and withstands the 
glass return test. Following the same procedure, the 
FMOC_Ph_Glu variant and the FMOC_Ph_NaCl_Glu variant 
were prepared. The systems were left at room temperature for 
18 hours for maturation. Stable, transparent gels were 
obtained, which withstands the vial inversion test. 
 
 Study of the co-assembly capacity of FMOC_Ph with 
alanine (Ala) and Leucine (Leu) 
Following the same procedure as the one described for obtaining 
FMOC_Ph_CA, 4 variants of co-assemblies were prepared (Table 
1, rows 6-9): FMOC_Ph_Ala (ratio FMOC_Ph / Ala = 95/5 
respectively 75/25) and FMOC_Ph_Leu (ratio FMOC_Ph / Leu = 
95/5 respectively 75/25). Also, these variants conducted at stable 
gels formation, which passed the vial inversion test. 
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Table 1 

Sample codes and their preparation technique 

No. Code Composition 

1 FMOC_Ph_HCl FMOC-Ph (0.6%) dissolved in NaOH,  pH change with HCl, add buffer 
solution with pH=7 

2 FMOC_Ph_CA FMOC-Ph (0.6%) dissolved in NaOH,  pH change with citric acid (CA), add 
buffer solution with pH=7 

3 FMOC_Ph_NaCl FMOC-Ph (0.6%) dissolved in NaOH, pH change with CA, add buffer 
solution with pH=7+saline solution (NaCl 0.9%)  

4 FMOC_Ph_NaCl_Glu FMOC-Ph (0.6%) dissolved in NaOH, pH change with CA, add buffer 
solution with pH=7+saline solution (NaCl 0.9%) + glucose (10%)  

5 FMOC_Ph_Glu FMOC-Ph (0.6%) dissolved in NaOH, pH change with CA, add buffer 
solution with pH=7+ glucose (10%) 

6 FMOC_Ph/FMOC_Ala=95/5 2.25 mL FMOC-Ph (1.2%) dissolved in NaOH, mix with 0.25 ml Ala (0.6%) 
dissolved in NaOH; change pH with citric acid (CA), add 2.5 mL buffer 

solution pH = 7 
7 FMOC_Ph/FMOC_Ala=75/25 1.875 mL FMOC-Ph (1.2%) dissolved in NaOH, mix with 0.625 mL Ala 

(0.6%) dissolved in NaOH; pH change with citric acid (CA), add 2.5 mL 
buffer solution with pH=7 

8 FMOC_Ph/FMOC_Leu=95/5 2.25 mL FMOC-Ph (1.2%) dissolved in NaOH, mix with 0.25 mL Leu 
(0.6%) dissolved in NaOH; pH change with citric acid (CA), add 2.5 mL 

buffer solution with pH=7 
9 FMOC_Ph/FMOC_Leu=75/25 1.875 mL FMOC-Ph (1.2%) dissolved in NaOH, mix with 0.625 mL Leu 

(0.6%) dissolved in NaOH; pH change with citric acid (CA), add 2.5 mL 
buffer solution with pH=7 

 
 

 
Fig. 7 – TA.XTplus® Microsystem from Stable Micro Systems. 

 
Table 3 

Test parameters 

Applied force 1 g 

Contact time 30 seconds 
Pretest speed 1 mm/second 

The actual test speed 1 mm/second 
Post-test speed 10 mm/second 
Return distance 10 000 mm 
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3. Characterization 

FT-IR spectroscopy 
 FT-IR spectroscopy was used for characterization of the 
supramolecular assemblies. The samples spectra recorded with 
a Vertex Brucker Spectrometer in transmittance mode ranging 
from 4000 cm−1 to 400 cm−1) and acquired at a resolution of  
4 cm−1 as an average of 64 scans.   

SEM investigations 
 Scanning electron microscopy (SEM) on cross-sections of the 
freeze-dried hydrogel samples was carried out with a Scanning 
Electron Microscope, Quanta 200 with EDAX – Elemental 
Analysis System operating with secondary electrons at 20 kV, 
under low vacuum mode (60–100 Pa) and LFD detector. 
 

Adhesion tests 
 Adhesion characteristics of semi-IPNs were assessed using 
TA.XT Plus Texture Analyzer Equipped (Stable Micro Systems 
Ltd., UK) with a maximum force applied of 5 kg (Fig. 7).  
 
 
 The method is accurately described below. Dried 
lyophilized hydrogel with 10 mm diameter was attached with 
a double adhesive tape to other media that presents similar 
size. 1 mL buffer solution of pH 7.4, at 37°C, was dripped on 
dialysis membrane before the study. The dialysis membrane 
(with inner diameter of 24.5 mm and 12–14 kDa molecular 
weight) was provided by Medicell International Ltd dialysis. 
Each sample was lowered with 0.5 mm/s to form contact with 
dialysis membrane and a load of 20 g was applied for a period 
of 300 s, maintaining together the dialysis membrane with 
hydrogel sample. The sample was removed with a constant 
speed of 1 mm/s for 6 mm distance. It has been calculated the 
mechanical work necessary to remove the sample on the 
surface of dialysis membrane and applied force, by using 
Texture Exponent software package of the TA.XT Plus 
(Figure1). The maximum detachment force and the 
mechanical adhesion were measured at 37°C. The working 
parameters for the adhesion test are shown in Table 3. 

In vitro evaluation tests of adhesive characteristics were 
performed using cellulosic membranes as a test support. The 
data were processed in the direction of evaluating the force of 
detachment of the support material and the mechanical work 
of adhesion.    

FaLA
A

=     where    max 9.80665
1000

FFa ∗
=  

2A r= π     with    r = 4mm. 
         

Swelling experiments 
 The study of swelling is important to conclude on the gel 
behavior and for selecting an ideal biomaterial. It is important 
to know the swelling degree of the gel, which ensures the 
understanding of the mechanism of subsequent diffusion of a 
bioactive compound included in the gel network.  
 The tested hydrogels were immersed in a known amount 
of PBS (5 mL) pH = 7.4 and allowed to swell. The change in 
the gel weight was measured at predetermined time intervals, 
until equilibrium weight was reached. During the weighing of 
the gels, care was taken to remove the PBS from the surface, 
so that only the weight of PBS incorporated in the hydrogel 
was taken into consideration.  

 The equilibrium of swelling degree (SDE) of the samples 
was calculated as follows: 

 

100×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
=

d

dt

W
WW

SDE
                              

(1) 

where Wd and Wt are the weights of the dry and wet samples 
at time t. Each experiment was made in triplicate and the 
average was represented. The swollen gels were withdrawn 
from the media and weighed after removing the excess of 
solution from the surface with a filter paper. 

CONCLUSIONS 

 The ability to self-assemble of FMOC_Ph and 
as well as to co-assemble with other amino-acids 
(FMOC_Ala and FMOC_Leu) was evaluated by 
combining different characterization techniques: 
FT-IR, SEM microscopy, swelling degree and 
adhesion tests. The results of study suggest that the 
formation of the hydrogel is not dependent only on 
a single factor. The self-assembly process of 
FMOC_Ph was generated by the hydrophobic π-π 
interactions of the fluorenyl moieties, and 
hydrogen bonding from the carbonyl group.  As 
important as pH is also the buffer solution due to 
the ions involved in cation/anion interactions 
between the FMOC_Ph molecules and buffer.   
 FMOC_Ph has been proven to have greater 
stability when, for the first time, the citric acid was 
used to switch the pH. The co-assembly of 
FMOC_Ph with FMOC_Ala and FMOC-Leu was 
also realized successfully. FT-IR spectroscopy and 
SEM microscopy data support the formation of 
inter- and intra-molecular physical bonds that 
ensure the formation of fibrils and their 
organization in 3D network. This observation is 
also confirmed by swelling studies that illustrate 
the superabsorbent nature of the prepared 
hydrogels (although the compounds are 
hydrophobic). This behavior of swelling at 
physiological pH will allow the subsequent 
incorporation of drugs, by diffusion, in the matrix 
of the network. 
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