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ABSTRACT

Here, we described an easy, eco-benign synthetic protocol for copper nanoparticles from copper
sulphate employing extract of henna leaves (Lawsonia inermis) along with the evaluation of their activities for
selective detection of amino acids. UV-Vis spectrometry was utilized to monitor the preparation of colloidal
nano-copper in reacting medium. Standard characterization tools like X-ray powder diffraction (XRD) and
transmission electron microscopy (TEM) were performed to realize the micro-structure and crystalline phases
of biogenic nanoparticles. Finally, the amino acid detectability of these copper nanostructures was examined
and the actual mechanism behind the rapid detection of a particular amino acid has been demonstrated.
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INTRODUCTION

Metallic nanoparticles and nanostructures feature lucrative electronic, optical and biochemical
properties. These properties make the nanoparticles an attractive choice to develop newer technologies [1].
Specifically, nanoparticles of noble metals are gaining popularity in last few years for having unparallel merits
like pollutant detecting properties [2], photo-catalytic activities [3], antibacterial properties [4] and reduced
toxicity [5]. Mostly these diverse properties depend on size and shape of the particles and the capping agents
on their surface [6]. Synthesis of nanoparticles is a primary step for nano-research. Biological synthesis or
rather green synthetic protocols are always preferable over chemical or physical procedures as they are
simple, cost-effective and thoroughly eco-benign too [7,8]. Biological eco-benign synthesis procedures for
preparation of gold or silver nanoparticles are quiet available in literature [9,10], On the other hand,
biosynthesis of copper nanostructure is regarded still as a challenge for the researchers [11]. The reason is the
tendency of copper to get oxidized easily [12]. In current literature, fewer articles have reported to produce Cu
nanoparticles from copper salt directly, involving extracts of plants [13,14]. In this report, Lawsonia inermis or
henna leaves have been selected for preparing the extract because it can be regarded as potential bioactive
source that contains reducing and stabilizing compounds such as eugenol and ascorbic acid which possess the
ability to reduce metal ions and form nano-copper in the reacting solution [15]. In addition to that, it is crucial
to identify a specific type of amino acid in a particular sample of food for nutritional information [16]. Here,
the ability of extract-mediated copper nanoparticles for sensing amino acids was assessed to develop a cost-
effective and easy-to-use chemical sensor for selective detection of amino acid.

MATERIALS AND METHODS
Synthesis of copper nanoparticles

Fresh green leaves of Lawsonia inermis (henna) were collected, cleaned and authenticated from the
nursery for preparing leaf extract (shown in Fig.1). Next, 50 g of leaves were taken and ground in standard
grinder and then filtered to make pure Lawsonia inermis leaf extract. Pure copper sulphate (analytical grade)
was procured from Merck and its stock solution (concentration-20 mM) was obtained by dissolving 0.5 g
copper sulphate into hundred millilitre of deionized (DI) water. The stock solution was preserved then at
ambient temperature for further experimental use. Metallic nano-copper was produced through reduction of
copper cations present in copper sulphate aqueous solution after addition of equivalent quantity of leaf
extract of henna into reacting solution (keeping medium half-diluted). Then reacting solution containing
copper salt and extract of henna was kept at room temperature for experimental observation. After twenty
four hrs, the reacting solution turned reddish from colorless suggesting the formation of biogenic Cu
nanoparticles in the medium. After 48 hrs of incubation, the reaction rate possibly saturated and colloidal
particles were separated out of the medium through centrifuging the reacting solution at 5000 rpm for 15
minutes. Obtained soup was discarded and the pellets found at the bottom of centrifuge tube were carefully
collected, cleaned and overnight dried to obtain pure dried powder of Cu nanoparticles.

Figure 1: Leaves of Lawsonia inermis
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Characterization tools

To follow up the formation of Cu nanoparticles in reacting medium, the solution was scanned using
ultraviolet visible spectrometer (Perkin ElImer, USA) for recording the absorption spectra at regular intervals. X-
ray diffraction curves of dried nanoparticles were achieved by means of Rigaku Ultima-lll (Japan) X-ray
diffractometer. For high resolution TEM study, the dried nano-particles were suspended in de-ionized water
with concentration- 50 pg/ml. A couple of drops of this suspension were then placed on ultra-clean copper
mesh (grid) and dried followed by scanning using ultra-high resolution electron microscope (JEOL-2010,
operating volt.- 200 kV). This dark red nano-suspension would be deployed as visual colorimetric sensor in this
study later.

Amino acid detection by Cu nanoparticles

The amino acid detecting ability of these green synthesized Cu nanoparticles was examined by adding
small concentrations of various amino acids to dark suspension of copper nanoparticles. Six essential amino
acids- methionine, leucine, isoleucine, tryptophan, valine and theonine were ordered and purchased from
Merck India Ltd. (Mumbai). The aqueous solutions (conc.-0.1%) of these amino acids were mixed drop wise to
the nano-suspension of copper particles separately and the dark red suspension of nanoparticles turned fully
colorless after addition of tryptophan only. Minimum detectable concentration was measured by applying
gradually lower concentration of tryptophan to the nano-suspension and monitoring the absorption spectra
for experimental record.

RESULTS AND DISCUSSION
Green synthesis of copper nanoparticles

Lawsonia inermis leaves are used traditionally for hair-care in Ayurveda as they are abundant source
of many bioactive molecules such as ascorbic acid and eugenol [17]. Figure 2 shows the visual change of
mixture coloration after 24 hrs of incubation. The colorless mixture became reddish after 24 hours and
gradually intensified and turned dark red after 48 hours. This specific color- dark red of the mixture indicates
plasmonic resonance of green synthesized copper nanoparticles produced in liquid reacting medium [18]. The
absorption spectra of reacting solution recorded by UV-Vis spectroscope suggest a distinct peak near 560 nm
wavelength, which may be justified as plasmonic peak of metallic copper (shown in Figure 3).

| .

Initial After 48 hrs

Figure 2: Change of color for reacting mixture
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Figure 3: UV-Vis curve recorded after 24 Hrs of incubation

Structural analysis of nanoparticles

X-ray diffraction curve of these copper nanoparticles (Fig.4) consists of three clear peaks at 26 = 43°,
51° and 74° which can easily be correlated to (111), (200) and (220) planes of metallic copper (JCPDS file card
no.-04-836) [19].
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Figure 4: XRD graph of extract-mediated Cu nanoparticles

The electron microscopy image shows that these biogenic nanoparticles are almost spherical in shape
and their diameter lies between 8 to 10 nm as shown in Fig. 5 [20].
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Figure 5: TEM image of nanoparticles
Study of Amino acid detection

Here, the suspension of extract-mediated copper nanoparticles has been examined as visual detector
for selective sensing of amino acid. The dark suspension of nanoparticles decolorized immediately when only
tryptophan was added to it. Other amino acids did not produce any significant changes as shown in the Figure
6.

Theonine Isoleucine  Tryptophan  Valin

Figure 6. Colorimetric detection of tryptophan by suspension of nano-copper

Here, the mechanism of selective sensing of amino acid may be elucidated with the help of copper-
amine complex formation theory [21]. When Tryptophan (molecular formula- C11H12N202) was added drop
wise to the suspension of nano-copper, copper possibly reacts with the large molecules of tryptophan and
produces copper (Il) tryptophan complexes resulting into the decolorization of the dark red suspension. The
reaction is as follows:

Cu + 2C11H12N202 = C22H22CuN4O04

Minimum detectable limit of tryptophan was measured to be as low as 0.01%. Hence the real food
samples can also be examined to verify the presence of tryptophan following this procedure.
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CONCLUSION

The environment-friendly green synthetic protocols for metal nanoparticles and nanostructures are

gaining attention recently due to their simplicity, cost-effectivity and eco-friendly features. In this report, we
demonstrated biosynthesis of Cu nanoparticles from low-cost copper salt involving leaf extract of Lawsonia
inermis. The nanoparticles were found to have crystalline phases and spherical shape with average diameter- 8
to 10 nm. Evaluation of amino acid sensing by extract mediated copper nano-particles was carried out
meticulously and result of this study evidently proved desired efficacy of these extract-mediated copper
nanoparticles for selective and instant detection of tryptophan.
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