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Abstract

Mimusops elengi (Maulsari) is a medicinal plant (showing; antioxidant, antimycotic, antidiabetic,
analgesic activity, etc.). Conventional UV-visible spectrophotometric technique in the presence of
CTAB and transmission electron microscopic technique both in the presence and absence of CTAB
were used to determine the morphology of silver nanoplates (AgNP) using Mimusops elengi
(Maulsari) aqueous leaves extract for the first time. Cetyltrimethylammonium bromide (CTAB)
has no significant effect on the shape of the spectra and position of SPR bands. Effects of various
CTAB were also discussed in the green extra-cellular synthesis of AgNP using Mimusops elengi
(Maulsari) leaves extract.
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1. Introduction

The biosynthesis of nanoparticles is receiving immense importance due to the present need to develop environ-
mentally benign technologies in material synthesis. The task of searching new biomaterials for the biosyntheses
of nanoparticles continues among researchers worldwide in spite of many synthetic technologies being well do-
cumented. Sastry and co-workers have explored the possibility of using microbes and plant materials as nano-
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factories [1]-[6]. Since that time various plants and microorganisms have been employed for the synthesis of
nanoparticles. Nowadays, the “green” synthesis of metal nanoparticles has received increased attention due to
the advances in ecofriendly technologies in material science. Gardea-Torresdey et al. [7] [8] initially reported
the possibility of using plant materials for the synthesis of nanoscale metals. Later nanosized metals of various
shapes were produced by bioreduction, capable of meeting various industrial requirements [4]-[6]. Huang et al.
demonstrated the use of sun-dried Cinnamomum camphora leaf for the synthesis of nanosized Ag and Au at
ambient conditions without the use of any additives for protecting nanoparticles from aggregation [9]. There is
almost no literature on the extra cellular synthesis of Ag-NPs by using sea weeds [10].

Mimusops elengi, Linn. locally known as Maulsari is a medicinal plant which belongs to the Family: Sapota-
ceae. Since long time parts of the plant are used traditionally in medicine. The aqueous extract of flowers, fruits
and bark are mainly used for dental ailments (pyorrhea, dental carries), and also for heart diseases like menorr-
hagia and leucorrhoea [11]. The plant leaves of this plant are potential source for hydrocarbons. It has been re-
ported that the leaves contain various organic compounds such as alkaloids, flavonoids, tannins, terpenoids, ste-
roids, glycosides and benzenoids [12] [13].

The antibacterial activity of silver and its compounds have been studied for many years. Antibacterial activity
of the silver-containing materials can be used for various purposes in medicine to prevent bacteria colonization
on catheters, cancer, dental materials, prostheses, stainless steel materials, and vascular grafts [14]-[16]. Over
the last two decades many authors have used various biological, chemical, and physical methods for the synthe-
sis of advanced nano-materials of silver and gold [17]-[23]. Generally, a stabilizer (co-polymers, dendrimers, li-
pids, polymers, surfactants, and starch) is essential to obtain fine and stable noble metal particles obtained by
these methods [24]-[26]. In green chemistry hazardous toxic chemicals are avoided and environmentally-
friendly approaches are adopted [27]. The leaf extracts of different plants were used [9] [28]-[35].

Surfactants are amphiphilic in nature with two ends with different polarities and can serve as protecting, cap-
ping and/or stabilizing agent for nanoparticles against external forces [36]. There is a broad spectrum of applica-
tions of Ag and AgNP and hence several investigators use surfactants in their synthesis according to the chemi-
cal reduction method [37]. The roles of surfactants in the green extra-cellular biosynthesis of silver nanoparticles
are limited. Transparent solutions of nanometer large particles show negligible scattering of light [38]. UV-Vis
spectroscopy can be used for the study of water soluble nano-materials. It can be used to monitor the optical
changes that accompany the surface on the materials size and size distribution. The absorbance spectra would be
helpful in establishing the aggregation state of nanoparticles.

Survey of the literature reveals that leaf extract of Mimusops elengi, Linn. has been used in the green synthe-
sis of silver nanoparticles. The UV-visible spectroscopy reveals that the surface plasmon resonance peak at 434
nm with high absorbance FTIR measurement was used to predict the role of reducing and stabilizing capacity of
Mimusops elengi, Linn. leaf extract. The SEM analysis showed spherical particles in the range of 55 - 83 nm
[11]. To the best of our knowledge there are no reports to investigate the role of cetyltrimethylammonium bro-
mide in the synthesis of silver nanoparticles using Mimusops elengi, Linn. leaf extract. It was, therefore, thought
to be of interest to prepare the water soluble silver nano-materials in the absence and presence of CTAB. In the
present study, spectra of resulting colored silver sols showed peaks in the visible region. The biosynthesis of
different sized bio-conjugated nano-materials is more advantageous than conventional synthetic chemical reduc-
tion method due to their environmentally-friendly technologies. Surfactants, especially CTAB [39]-[42], are po-
tentially very useful in understanding the shape transformation of silver and gold. Thus we decided to study the
formation kinetics using Mimusops elengi as green reducing agent by the bio-chemical reduction method.

2. Materials and Methods
2.1. Synthesis of Ag-Nanoparticles

In a typical one step synthesis, silver nanoparticles were prepared by the reduction of AgNO; (silver nitrate, 99%
Merck India product was used without further purification, aqueous solution was prepared by dissolving the re-
quired amount in the distilled water and stored in brown bottle. Double distilled water was used as solvent to
prepare all solutions) solutions with Mimusops elengi Linn leaf extract. Fresh 10 gm leaves were obtained from
campus of Jamia Millia Islamia (Central University), New Delhi. The leaves were washed with cooled water and
chopped into fine pieces then soaked in 250 ml double distilled water, heated for 20 min on water bath at 60°C.
The Mimusops elengi, L. (Maulsari) leaves extract was filtered with Whatman paper No. 1 and kept under con-



R. Ahmad et al.

tinuous dark conditions to avoid the intervention of photochemical reactions. 5.0 cm® of leaf extract was added
t0 5.0 cm® of 1.0 x 102 mol-dm ™ AgNO; and the volume was adjusted to 50 cm?® with double distilled water for
the green reduction process. In order to establish the role of CTAB (98% purity) in the green biosynthesis of
Ag-nanoparticles, pre and post micellar concentration of CTAB were also used under different experimental
conditions, we took [Ag*] = 10.0 x 10 to 30.0 x 10™* mol-dm ™3, [CTAB] = 4.0 x 10 * t0 16.0 x 10~* mol-dm™>.

2.2. Characterization of Ag-Nanoparticles

Upon mixing aqueous solutions of leaf extract and AgNO; (=10.0 x 10 mol-dm™2), a readily distinguishable
pale yellow to dark red colour appears immediately at room temperature. These studies suggest that appearance
of colour was due to the formation of Ag nanoparticles [31] [43] [44]. The most characteristic part of Ag-nano-
particles is the surface plasmon resonance transitions observable in the 300 - 700 nm regions. The absorption
spectrum of coloured reaction mixture was recorded on a UV-visible recording spectrophotometer HITACHI U
3900 with 1 cm quartz cuvettes under different experimental conditions.

TEM and SAED (Tecnai F 20 TWIN, Model-Tecnai Feg, (FEI) Nether land, 200 KV, 300 grid) studies were
performed on a transmission electron microscope. Samples were prepared by placing a drop of working solution
on a carbon-coated standard copper grid (300 mesh) operating at 80 kV and allowing the solvent to evaporate in
open air at room temperature.

3. Result and Discussion
3.1. Morphology of Ag-Nanoparticles without Stabilizer

In the first set of experiments, the process of shape evolution was monitored by recording the ultraviolet-visible
spectra as a function of time because the shape and nature of the spectra gives preliminary information about the
size and size distribution of the silver nanoparticles. It was visually observed that the aqueous silver nitrate solu-
tion was turned to dark red which appears immediately at room temperature and indicates the formation of
AgNP. It may be due to the excitation of surface plasmon resonance effect and reduction of Ag” ions by leaf ex-
tract [45]. The control leaf extract solution (without Ag™ ions) showed no change of colour. As shown in Figure
1, all the spectra have one broad peak in common located at 425 nm. Similar spectra were obtained during the
green reduction of Mimusops elengi leaves extract [11]. We point out that no significant changes occurred in the
position of absorption band with time (Figure 1). In the second set of experiments, in order to see the effects of
[Ag’] on the growth of Ag-nanoparticles, a series of kinetic experiments were performed at different concentra-
tions of Ag” ions.

The results are depicted in Figure 2 as absorbance-time profiles. Silver ions are reduced and nucleation takes
place rapidly in the initial period and then slowly later on. Interestingly, reaction-time curves clearly indicate the
increasing [Ag’] had a marked negative effect on the SPR of Ag-nanoparticles. Such type of behavior may
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Figure 1. UV-Vis spectra of an aqueous solution of Mimu-
sops elangi (Maulsari) leaf extract and Ag” ions at different

time intervals ( © — “® == =) Reaction conditions [Ag’]
=10 x 10 * mol-dm 3, Temperature 30°C.
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Figure 2. Effect of [Ag'] on the SPR of biosynthesized

Ag-nanoparticles. Reaction conditions [Ag'] = 10.0 ( %),

20.0 ( *#) and 30.0 x 10* mol-dm ™ ( ®).

be explained in terms of absorption of Ag™ ions onto the surface of resulting metallic Ag® silver particles which,
increases the Fermi level of particles [36] [38] [46] [47]. It can now be stated confidently that the perfectly
transparent red colour formation is not directly proportional to the [Ag*] (small [Ag*] being enough to initiate
the formation of metal nucleation center which acts as a catalyst for the reduction of other Ag* ions present in
solution).

Figure 3 shows the TEM images and SAED pattern of the Ag-nanoparticles at 50 and 100 nm scales. The re-
sulting nanoparticles are spherical and irregular in shape with some triangular ones. The size ranges from 7 to 21
nm. The nanoparticles are highly crystalline in nature as shown by SAED (Figure 3(b)). The Debye Scherrer
ring patterns are consistent with the plane families {111}, {200}, {220}, {311} and {331} of pure face-centered
cubic silver structure [48]. They show particle aggregation. It has been reported that the leaves contain various
organic compounds such as alkaloids, flavonoids, tannins, terpenoids, steroids, glycosides and benzenoids [12],
[13]. There is a faint layer of other material surrounding the particles which might be due to the capping organic
material of Mimusops elengi Linn. leaf extract. The water soluble compounds present in the aqueous extract
were found to be responsible for efficient stabilization of nanoparticles and reduction of metal ions. Thus we
may safely conclude that the leaf extract acts as reducing, stabilizing and capping agent.

3.2. Effect of CTAB on the Morphology of Ag-Nanoparticles

It is well known that a surfactant especially CTAB, is required as a shape directing agent to the synthesis of
multi-branched and/or multipods by preferential absorbing on specific crystal planes [26] [49]-[53]. In order to
see the role of cationic CTAB surfactant in the green synthesis of Ag-nanoparticles, a series of experiments were
carried out under different [CTAB] (range from 4.0 x 10~* mol-dm 2 to 16.0 x 10 *mol-dm?) at constant [Ag']
(10.0 x 10* mol-dm~3) and [leaf extract] (5.0 cm®) at 30°C. The spectra of brownish red coloured silver solution
at different time intervals are depicted graphically in Figure 4. Inspection of these data indicates that not much
change has taken place in the position and shape of the spectra except that in the initial period of 30 minutes the
absorbance of the solution has been reduced.

The morphology of resulting particles was confirmed by TEM observations. Figure 5 and Figure 6 depict the
TEM images of the Ag-nanoparticles prepared at different [CTAB]. For lower [CTAB] = (4.0 x 10 * mol-dm )
the resulting nanoparticles are spherical and irregular in shape with some triangular ones (Figure 5(a)). The size
ranges from 4 - 28 nm. There are some large particles (10 - 20 nm) and some smaller ones (smaller than 8 nm).
The nanoparticles are highly crystalline in nature as shown by SAED (Figure 5(b)). TEM images of particles at
higher [CTAB] clearly show the same kind of particles of the same shape in the range 3 - 22 nm (Figure 6(a)).
The nanoparticles are crystalline in nature as shown by SAED (Figure 6(b)). These observations show that size,
shape and size distribution of the Ag-nanoparticles are not significantly different in the absence and presence of
[CTAB]. Thus we may conclude that CTAB does not have any shape directing role.

From detailed absorbance-time studies (Figure 7) the absorbances are found to decrease with [CTAB] when
the reaction was carried above the critical micellar concentration of the CTAB. This is due to the association,
incorporation and/or solubilization of Mimusops elengi leaf extract into the micellar palisade and Stern layer of
CTAB micelles takes place through hydrophobic interactions. On the other hand, Ag® ions are preferentially
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Figure 3. (@) TEM and (b) SAED images of biosynthesized Ag-nanoparticles using Mimusops elengi
(Maulsari) leaf extract. Reaction condition [Ag*] = 10.0 x 10™* mol-dm 3.
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Figure 4. UV-Vis spectra of an aqueous solution of biosynthesized Ag-nanoparticles in presence of
CTAB (10.0 x 10™* mol-dm™®) at 30°C. Reaction conditions [Ag*] = 10 x 10* mol-dm ™.
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Figure 5. (a) TEM and (b) SAED images of biosynthesized Ag-nanoparticles using Mimusops elengi
(Maulsari) leaf extract in presence of CTAB (4.0 x 10~* mol-dm ). Reaction condition [Ag*] = 10.0

x 10* mol-dm .
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Figure 6. (a) TEM and (b) SAED images of biosynthesized Ag-nanoparticles using Mimusops elengi
(Maulsari) leaf extract in presence of CTAB (10.0 x 10™* mol-dm™®). Reaction condition [Ag'] = 10.0
x 107* mol-dm™>,
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Figure 7. Effect of [Ag*] on the SPR of biosynthesized Ag-nanoparticles at 30°C. Reaction conditions:
[Ag"] = 10.0 x 10™* mol-dm 3, [CTAB] = 4.0 x 10™* ( *), 10.0 ( ®) and 16.0 x 10~* mol-dm ™2 ( ).

located in the water rich Stern layer [54]-[56] and the Ag® ions were reduced into Ag°. The reaction site i.e.
Stern layer has a high population of Ag® atoms. That results, single Ag°®to adsorb, nucleate or complex with Ag*
and grow into silver clusters [ Ag2"] [46] [47]. Therefore the further reduction of Ag" ions may be regarded as
finished. The nanoparticles are protected, stabilized, and/or capped by a thin layer of Mimusops leaf constituents
along with the CTAB (Figure 6(a)).

4. Conclusion

Mimusops elengi, L. (Maulsari) leaves extract with surfactant CTAB was successfully used for the synthesis of
bio-conjugated silver nano-materials. This spanking new and simple method for biosynthesis of silver nanopar-
ticles offers a valuable contribution in the area of green synthesis and nanotechnology. Interestingly, sub-mi-
cellar, post-micellar and dilution effect of CTAB was not observed in the present system because constituents of
Mimusops elengi, L. (Maulsari) leaves extract are better capping agents. Carefully monitoring the absorbance-
time functions is sensitive technique which allows an easy overview in determining if any nanoparticles aggre-
gation has occurred on to the surface of nano-materials.
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