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INTRODUCTION

3-Aminopropyltriethoxysilane (APTES) is commonly used
in the preparation of a highly porous fiber coating material
due to its amine group [1]. Amino-terminated silica particles
can be used as filler in rubber and plastic to increase the tensile
strength, improve the rheological behaviour [2]. The reaction
of APTES with transition metal ions must performed in non-
aqueous phase such as dry ethanol or dry benzene or hexane to
avoid the hydrolysis of APTES to ethanol and trisilanol [3-6].

3-Aminopropyltriethoxysilane (APTES) can be used in
the general reaction for synthesis of functionalized ligands.The
functionalized ligands were obtained by the reaction of salicy-
laldehyde with 3-aminopropyltriethyoxysilane. The ligand was
characterized by FT-IR and 1H NMR analyses. The salicylal-
dimine ligands were reacted with either Cu(II) or Pd(II) salts
to form both model and functionalized Cu(II) and Pd(II) comp-
lexes [3]. 3-Aminopropyltriethoxysilane (APTES) used in
electron exchange columns and used in the application ranging
from removal of contaminants wastewater [7-12]. A huge number
of studies showed spread the existence of an antibiotic-resistant
bacteria in the general population and can be particularly dange-
rous when infected human. Bacterial and biofilm associated
infection are probably the leading causes of severe nosocomial
problems [13].
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Silver consists of antibacterial properties and prevent
infection such as it used empirically to treat ulcers and burns
as well as used in treating warts and eyes infection [14,15].
Numerous articles reported the antibacterial activity of silver
metal ion till date. However, a limited studies investigating
the antibiofilm activity of silver metal of P. mirablis bacteria,
therefore, the present project was designated to determine this
activity for new complex of [Ag(APTES)2NO3].

EXPERIMENTAL

All the chemicals used of reagent grade (Sigma-Aldrich,
BDH) and used as such, however, the solvents used were
purified. The molar conductance measurements of the complex
were measured in methanol at room temperature using Digital
Conductivity Meter-WT-700-inolab. The electronic spectra of
solution of the complex and ligand in methanol solution (10-3

M) concentration were recorded in UV-visible spectrophoto-
meter-1800, Shimadzu. FTIR spectra of ligand and its complex
were recorded using KBr pellets in Shimadzu spectrophoto-
meter. The 1H NMR spectra were recorded in DMSO-d6 solution
using TMS as the internal standard in 500 MHz NMR spectro-
photometer [Bruker, Germany]. Thermal analyses of sample
were performed at heating range (25-600 ºC) using STAPT-
1000 Linseis, Germany. While the metal content of complex



was determined by atomic absorption technique using Japan
AA-67G Shimadzu model.

Synthesis of silver complex: About 0.5 g (2.95 mmol)
of silver nitrate dissolved in 10 mL of absolute methanol was
mixed with 1.37 mL (2.94 mmol) of 3-aminopropyltriethoxy-
silane (APTES) in 10 mL absolute methanol with continuous
stirring of mixture in bottomed flask at 50 ºC. There was an
immediate development of pale yellow colour solution and
the solution was continuously stirred for about 2 h. The pale
yellow compound obtained was filtered off and dried under
oven. The product was recrystallized from absolute methanol,
(Scheme-I).
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Scheme-I: Preparation of new complex [Ag(APTES)2NO3]

Isolation of bacteria: The Proteus mirablis was obtained
from the Microbiology laboratory of Biology Department, College
of Science, Kerbala University, Kerbala, Iraq. The identification
of this isolate was carried out according to biochemical tests
and API-20 system [16,17].

Antibiotic sensitivity test: Bacterial sensitivity to anti-
biotic was detected according to the reported method [18].

Detection of biofilm formation activity: The biofilm
formation ability of isolated bacteria was determined by tub
methods as described by Mathur et al. [19] and by tissue culture
plate methods as described by Maldonado et al. [20].

Determination of minimum inhibitory concentration
(MIC) of complex [Ag(APTES)2NO3]: The agar dilution method
[21] was used to detect MIC of the complex [Ag(APTES)2NO3].

RESULTS AND DISCUSSION

The complex having general formula [Ag(APTES)2NO3]
was synthesized by reaction of APTES and AgNO3, which is
soluble in hot absolute methanol. The complex decompose
above 350 ºC. The low molar conductance (20 µs cm-1) of complex
in absolute methanol revealed the non-electrolytic nature of
the complex. According to atomic absorption measurement,
silver content of the complex was 17.6 %. Table-1 shows the
physical properties of APTES and its silver complex.

TABLE-1 
ANALYTICAL AND MOLAR CONDUCTANCE DATA  

OF THE LIGAND AND ITS SILVER COMPLEX 

Compound Colour 
Ag (%) 
Calcd. 
(Prac.) 

Λm × 10-3 
(mho cm2 

mol-1) 

APTES Colorless – – 
[Ag(APTES)2ONO2] Pale yellow 17.3 (17.6) 20 
APTES = 3-Aminopropyltriethoxysilane 

 
The key bands of FTIR measurements are shown in Table-2,

which indicated that ligand APTES have one essential groups,

TABLE-2 
CHARACTERISTIC FTIR BANDS OF THE  

LIGAND AND ITS SILVER COMPLEX 

Frequency (cm-1) 
Compound ν(N-H) 

asy. 
ν(N-H) 

sym. 
ν(M-N) ν(M-O) 

APTES 3369.7 3298.3 – – 
[Ag(APTES)2ONO2] 3340.8 3269.4 549 443 
Asy. = asymmetric stretching; sym. = symmetric stretching 

 
which is -NH2, when linked to the metal ion via nitrogen a shift
to lower or higher frequency would occurs [22]. Another group
of bands appeared at 2885,1076 and 783 cm-1 is attributed due
to ν(-CH2) [23], ν(Si-O) [24] and ν(O-CH3) [25], respectively.
The frequency ν(N-H) for APTES in the range 3369-3298 cm-1

was shifted to the lower energy range 3340-3269 cm-1 in the
complex [Ag(APTES)2ONO2]. This confirmed the coordination
of amine nitrogen to the silver ion. The stretching frequency
of nitro ν(-NO) appeared at 1477 and 933 cm-1 [22]. The evidence
of nitrogen atom and oxygen of nitrate ion coordinated with
metal ion demonstrated by the new bands appearing at 549
and 443 cm-1 are assigned to ν(Ag-N) and ν(Ag-O) modes,
respectively [26,27].

The electronic absorption spectrum of the complex was
recorded in absolute methanol. By comparing the electronic
spectrum of the APTES and its silver complex (Figs. 1-2) the
spectrum of complex was shifted move to lower energy (red
shifting). And shows the number of peaks belong to n-π* transi-
tion in nitro group in complex [28,29]. The [Ag(APTES)2ONO2]
complex is diamagnetic as expected for d10 system, therefore,
the proposed structure is triagonal geometry for this complex
[29].
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Fig. 1. UV-visible spectrum for APTES
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Fig. 2. UV-visible spectrum for [Ag(APTES)2ONO2]
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According to the literature [30], proton chemical shift assig-
nments for APTES in 1H NMR technique at pH = 7 in D2O as
follow: δ 0.71 ppm belong to (Si-CH2-CH2-CH2), 1.77 ppm belong
to (Si-CH2-CH2-CH2), 2.59 ppm belong to (Si-CH2-CH2-CH2-
NH2), 3.00 ppm belong to (Si-Si-CH2-CH2-CH2), 1.72 ppm belong
to -Si-OCH2-CH3, 3.64 ppm belong to (-Si-OCH2-CH3). For
complex [Ag(APTES)2NO3], the signals of amine group and
other protons for APTES ligand are shifted and some it were
changed in intensity, this good evidence that complex was formed
[30,31], 0.322-0.329 ppm belong to (Si-CH2-CH2-CH2), 1.136-
1.148 ppm belong to (Si-CH2-CH2-CH2), 2.49 ppm belong to
(Si-CH2-CH2-CH2-NH2), 3.30 ppm belong to (Si-CH2-CH2-CH2),
1.891 ppm belong to -Si-OCH2-CH3, 4.11-4.15 ppm belong to
(-Si-OCH2-CH3).

Thermal analysis of complex [Ag(APTES)2NO3] was studied
by TGA/DTA techniques through the range (25-600 ºC) at a
heating rate 10 ºC/min under nitrogen atmosphere are shown
in Table-3 and their thermogram are showed in Fig. 3. Steps
of thermal decomposition at maximum temperature of TGA
are recorded with weight loss. Table-3 shows the decomposition
stages, which replicate the nature of binding between metal and
ligand (APTES) and the stability of complex [32].
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Fig. 3. Thermogram of [Ag(APTES)2ONO2]

Antibacterial and antibiofilm activities: The antibiofilm
efficacy of new complex was detected against multidrug resist
strain of P. mirablis bacteria .The results of this study showed
that MIC of silver complex was  5 × 10-4 M but for the free
silver ion reached to 7.5 × 10-4 M. This results is in agreement
with previous studies [33] in which silver components exhibited
antibacterial activity with  99 % killing effect because the contin-
uous uptakes of silver by the bacteria.

The results also illustrated that P. mirablis was high producer
for biofilm formation (1.9 O.D.) but the optical density reduced
to 0.15 O.D., when the MIC of [Ag(APTES)2NO3] complex was
added to bacterial suspension in compare to free silver ion (0.95
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Fig. 4. Antibiofilm activity of new compound on bacterial cell

O.D.) as shown in Fig. 4. When conventional antimicrobial
are not able to eliminate bacteria the alternative materials such
as [Ag(APTES)2NO3] acting as very efficient antimicrobial agents
[34]. The mechanism of antibiofilm acting caucused by direct
interaction of silver ions with bacterial cell membrane [35].
Therefore, the Gram negative bacteria are much more effec-
tive than Gram positive bacteria because present relatively thick
cell wall [36].

Conclusion

3-Aminopropyltriethoxysilane (APTES) was reacted with
silver nitrate to form [Ag(APTES)2NO3] complex. Molar conduc-
tivity measurement showed that the complex is non-electrolyte.
The TGA/DTA shows the complex could be stable and may
decompose above 334 ºC. The evidence from the other spectro-
scopic techniues showed the successful formation of silver
3-aminopropyltriethoxysilane complex.The new complex also
showed largely antibacterial effect against P. mirablis bacteria
isolated from patient with urinary tract infection.
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