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Abstract: This research was focused on the discovery of new environmentally friendly
sensors based on nanoscale materials whose main purpose was to detect the presence of
heavy metals in aqueous solutions. The environmentally friendly extracellular
biosynthetic technique was applied to produce silver nanoparticles (AgNps). The reducing
agents used were distilled water and ethanol extract obtained from fresh leaves of Lantana
camara. The silver-containing extracts (Ag-extract) were then used to detect the presence
of Hg”", Cu?*, Pb**, and Mn** in aqueous solutions by the colorimetric method using UV-
visible spectroscopy. The colloidal synthesis of AgNPs was then monitored by the same
method. The spectrum obtained showed peaks between 430 and 450 nm according to the
Plasmon absorbance of AgNP. AgNPs' size and shape were characterized using the
Transmission Electron Microscopy (TEM) technique, which showed the average size
varies from 1.6 to 25 nm. The colorimetric data showed that Ag-extract, both of distilled
water or ethanol solvents, was the best for detecting the presence of Hg** followed by Mn**.
On the other hand, Ag-extract in distilled water cannot detect Cu**, Pb**, and Mn** ions,
while almost all Ag-extracts in ethanol solvents could identify the presence of these metals.

Keywords: green synthesis; silver nanoparticles; Lantana camara fresh leaf extract;
qualitative detection; heavy metal ions

= INTRODUCTION

Heavy metals in natural waters are usually present

application, high sensitivity, high selectivity, and can be
used to measure a relatively large number of elements.
These techniques, however, require expensive types of

in small amounts, although many of them are toxic even
at very low concentrations. Arsenic (As), lead (Pb),
cadmium (Cd), copper (Cu), nickel (Ni), mercury (Hg),
chromium (Cr), manganese (Mn), cobalt (Co), zinc (Zn),
and selenium (Se) are among them [1-2]. Therefore,
monitoring water quality is very important to evaluate
water conditions.

Some of the most recent analytical methods
commonly used to detect heavy metal ions are inductively
coupled plasma-optical emission spectroscopy (ICP-
OES) [3], inductively coupled plasma mass spectrometry
(ICP-MS) [4], atomic absorption spectrometer (AAS) [5],
cyclic voltammetry [6], graphite furnace atomic
absorption spectrometer (GFAAS) [7] and X-ray
fluorescence spectrometry [8]. The advantages of using
these methods are that they have relatively wide

equipment, complex analytical steps, and highly trained
technicians [9-10]. Nanotechnology can be an
alternative tool to replace these methods [11-12].
Nanoparticles have been widely used in various
fields, such as surface plasmon resonance (SPR) [9]
based on chemical sensors using colorimetry. This
method is most commonly used in metal determination
because it is relatively easy and readable for the human
eye. Silver nanoparticles (AgNPs) are one of the best
plasmonics that has been used in SPR-based
nanosensors to detect various analytes, including metal
ions, such as Hg**, Pb*, Co*, Cd*, and Cu** [13]. In
addition, AgNPs can also be used to enhance their role
as metal ion sensors. The functionalization of AgNPs
with guanine has been used as a Ba** ion sensor [14].
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Likewise, Mn>" and Cd?** metal ions can be detected in
water samples by functional AgNPs with sulfoanthranilic
dithiocarbamate acid [15]. Timolol forms aggregate with
AgNPs so that it can be detected in drug samples [16]. In
addition, AgNPs can be used by two compounds at once,
namely 6-mercaptonicotinic acid and melamine, which
can detect Cr** and Ba** ions [17], citrate and melamine,
which act as ligands that can detect the presence of Cr**
and Hg?* ions in water samples [18], and trisodium citrate
and L-cysteine which are used to detect Co*" [19]. The
development of chemical sensing procedures has been
carried out by Amirjani and Fatmehsari [20] using the
iPhone 4s camera to detect ammonia content in water
samples.

Methods that have been used to produce AgNPs
include chemical methods [21], electrochemistry [22],
radiation [23], photochemical methods [24], Langmuir-
Blodgett [25], and phytochemicals-based approaches
[26]. The use of chemical methods involves toxic
chemicals, such as reducing agents and capping agents
that are not safe for the environment. Therefore, some
researchers used green synthesis as an alternative method
for synthesizing nanoparticles using microorganisms
[27], enzymes [28], bacterial cellulose [29-30], and plant
extracts [31-34].

Some green synthesis using plant extracts such as
Actinidia deliciosa [16], Impatiens balsamina [31],
Lantana camara L (L. camara) [31,35], Astragalus
tribuloides [36], Caralluma tuberculata [37], Tragopogon
collinus [38], and Muntingia calabura [39], have been
reported. The extracts act as reducing and stabilizing
agents [40].

In the manufacture of Lantana camara extract,
water solvent was more widely used [31,35,41-42], and
only a few studies reported the use of alcohol [35,43] or
petroleum ether [44] solvents. However, the AgNPs
produced were only tested for their antibacterial activity.
In addition, information concerning the application of
plant extracts containing AgNPs applied to detect the
presence of heavy metals in aqueous solutions is still very
limited, especially extracts produced from different
solvents, namely water and ethanol.

Therefore, this study was aimed to synthesize
AgNP by utilizing fresh leaf extracts from L. camara,
which is extracted using distilled water and ethanol
solvents. Furthermore, extracts from each solvent
containing AgNPs were used to detect the presence of

heavy metals in aqueous solutions.

m EXPERIMENTAL SECTION
Materials

All reagents used were analytic grade and without
further purification. Ethanol, silver nitrate (AgNOs),
mercury(II) chloride (HgCl,), copper(II) chloride
dihydrate (CuCL-2H,O), lead (II) nitrate (Pb(NOs),),
and manganese(II) sulfate monohydrate (MnSO4H,0)
were all purchased from Sigma-Aldrich in Indonesia
with a purity of at least 99.5%. Fresh leaves of L. camara
(Fig. 1) were harvested from around Sam Ratulangi
University, Indonesia. Milli-Q water was used to prepare
all aqueous solutions used in the experiment.

Instrumentation

The instruments used were UV-Visible
Spectrophotometer (Shimadzu UV-1800) and TEM
(JEOL HT-7700).

Procedure

The following procedure was used to obtain an
aqueous extract of L. camara leaves. First, the leaves were
thoroughly washed with distilled water and cut into
small pieces. After that, 2.5 g of cut leaves were added to
25 mL of distilled water (W) in a 100 mL beaker and
heated at 70 °C for 1.5 h. It was then allowed to cool and
was filtered with Whatman No. 40 filter paper. The
extract (W-extract) was consequently used as fresh
material for the next step. A similar procedure, which
was used for the preparation of the ethanol extract of L.
camara leaves (E-extract). Both extracts (from those of
water and ethanol) were then used to synthesize AgNPs.

Aqueous AgNO; solutions, with concentrations of
1, 2, 3, 4, and 5 mM, were placed in Erlenmeyer flasks.
Each solution was then placed in a 100 mL beaker
containing an aqueous extract of L. camara with a ratio
of AgNO; solution:extract = 17:1 (v/v) (18 mL). After
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that, the beaker is covered with aluminum foil. All
mixtures were then stirred at 1500 rpm at 70 °C for 1 h.
Subsequently, they were stored in a refrigerator for
analysis with a UV-vis spectrophotometer to characterize
the AgNPs and TEM to analyze the size of AgNPs. The
same process was applied to the ethanol extracts from L.
camara leaves. Each colloid produced from the two
solvents was then labeled as W1, W2, W3, W4, W5, and
El, E2, E3, E4, and E5.

The colorimetric method, which utilizes AgNPs
contained in extracts (Ag-extracts), has been widely used
to detect heavy metals in aqueous solutions. In this study,
heavy metal solutions were prepared using 1000 ppm
Hg*, Cu*, Pb**, and Mn**, and 1 mL of each solution was
added to 3 mL of Ag-extract. The color change of the
solution was then observed and characterized by a UV-vis
spectrophotometer in the range of 350-650 nm. All
solutions in this experiment (AgNO;, Ag-extract, and Ag-
extract-heavy metals) were characterized using the same
method. Analysis of the size distribution of the AgNPs
was carried out using the TEM (JEOL HT-7700) method,
which was operated with a voltage acceleration of 120 kV.
AgNPs' size was analyzed using Image] software for each
TEM image. The histograms of the size distribution are
established by the Origin software.

m RESULTS AND DISCUSSION
Profile of L. camara Fresh Leaf Extract

The same color, light brown, was observed for L.
camara fresh leaf extracts from both solvents. However,
after heating, the color became different, where the W-
extract was dark brown while the E-extract was dark green
(Fig. 1). It suggests that different solvents can dissolve

r. ol '\_.'-:' v
L. camara plants
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different components of secondary metabolites found in
each sample.

Synthesis of AgNPs

Similar to the initial extract, the color of the extract
after the addition of the AgNO; solution was also
changed, and the difference was quite significant, as
shown in Fig. 2. The W-extract colors were darker than
the E-extract colors.

In Fig. 2,
concentration produced a different color. The higher the

it appears that each precursor

concentration of the Ag precursor, the brighter the color
of the solution. The comparison of the leaf extracts
colors from the two solvents showed that the W-extract
solution was darker than the E-extract solution. These
results also indicated that there were differences in the
number of secondary metabolites found in each solution
[45]. The difference in extract color before and after
adding AgNO; solution also showed that Ag" was
reduced. AgNP formation from Ag" ions started from
chemical reactions in the presence of phytochemical
compounds (flavonoids, terpenoids, steroids) found in
L. camara leaves as reducing and stabilizing agents.
Furthermore, the Ag" ion could interact with the ~-OH
group, which was oxidized into the -CHO and -COOH
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Fig 2. The color profile of Ag-extract at each
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Fig 1. The color of fresh leaf extract from L. camara, (a) before and after heating with (b) W and (c) E solvents
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groups and which were then reduced the Ag* ions into
AgNPs. In this case, the COOH group functions as a
stabilizer for AgNPs [43].

Analysis of AgNPs with UV-Vis Spectrophotometer

The Ag-extract solution was analyzed using a UV-
Vis spectrophotometer to determine the characteristics of
AgNPs based on the wavelength peak spectrum. The UV-
Vis spectra of AgNPs in each solvent are in the range of
430 to 450 nm, as shown in Fig. 3. This range of maximum
absorption peaks is similar to that reported by previous
studies [20] and the broadening of peaks indicates that the
particles were polydisperse. By careful observation, the
absorption peak was around 440-430 nm, and the
absorption location characteristic of the AgNPs peak was
shifted towards a longer wavelength.

993

The UV-Vis spectrum in Fig. 3 shows that the Ag*
ion was reduced to Ag’, which is confirmed by the
absorbance peak, which occurs around 430-440 nm
[46]. The higher the concentration of Ag, the higher the
absorbance value. Thus, it seems that E solvent was able
to dissolve chlorophyll from fresh L. camara leaf extract,
which emerges in the spectrum of 620-680 nm (Fig. 3(b)).

Surface morphology of AgNPs

The morphology, size, and surface shape of the
biosynthesized AgNPs are visualized by TEM images. In
the TEM image, as shown in Fig. 4(a, ¢, e, and g),
nanoparticles generally show typical spherical and
ellipsoidal morphology. The size distribution of
biosynthesized nanoparticles was analyzed by Image]J
software. Based on the particle size distribution curve
(Fig. 4(b, d), the average size of AgNPsat W1and W5
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Fig 3. The UV-Vis spectrum of Ag-extract in (a) W and (b) E solvents, respectively
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Fig 4. TEM image (a, ¢, e, g) and size distribution (b, d, f, h) of AgNPs produced from W1 (a, b), W5 (c, d), E1 (e, f),

and E5 (g, h), respectively
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were 1.6 + 1 and 2 + 1.8 nm, respectively. Meanwhile,
those of AgNPs in E1 and E5 were 23 £ 5.5 and 25 + 8.7
nm, respectively (Fig. 4(f) and 4(h)).

The TEM image (Fig. 4) reveals the presence of
several organic layers surrounding the AgNP surface. In
particular, most of the particles in TEM images do not
physically in contact with each other but appear to be
separated by organic layers. Therefore, the TEM image
clearly shows the AgNPs layer with the organic layers.
Organic layers (including alkaloids, phenolic compounds,
terpenoids, enzymes, co-enzymes, proteins, sugars, etc.)
facilitated the reduction of Ag* ions and also stabilized the
surface of the resulting AgNP [47-49]. Correlation
between the TEM image and the color of the extract
solution (Fig. 1) was clearly related to the color
concentration of the solution. The color of the E extract
solution is relatively more concentrated than the color of

W W2 W3 W4 WS

-

Indones. J. Chem., 2021, 21 (4), 990 - 1002

the W extract solution. The difference in the
concentration of this solution shows that E solvent
dissolved more organic matter contained in L. camara
leaves than the W solvent did (including chlorophyll in
Fig. 3(b)). Therefore, the organic layer shown in the
TEM image produced from the E solvent is more clearly

seen than those produced from the W solvent.
Heavy Metal lons Sensing Studies

Test results of the colorimetric detection tests for
heavy metals are presented in Fig. 5. The color change
was observed in all of the Ag-extract solutions
containing heavy metals. This was due to different
sensitivities, such as the Ag-extract solution, which
contains Hg** and Pb* ions, respectively, in the W and
E solvents, the rate of the color change of the solution

also varies over time.

Fig 5. Discoloration of Ag-extract solution containing Hg** (I, IT) and Pb** (IIL, IV) ions in each of the distilled water,
W (L III) and ethanol solvent, E (I, IV): (a) pure AgNO; solutions, (b) at the time of addition of heavy metal solutions,
(c) after 15 min, and (d) after 24 h of adding heavy metal solutions
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Table 1 Variation in AgNP size and the presence of heavy metal ions in the rate of change of Ag-extract absorption

intensity for each colloid of W1-W5 and E1-E5.

Average

Detection of heavy metal ions

General explanation

Colloids  particle size Hg*  Cu*  Pb*
(nm)

Mn2+

Hg*": absorption intensity was decreased, and the
peak of the Ag spectrum was disappeared (very fast,

W1 1.6

W1 and W2 = 30 sec; W3, W4, and W5 = 30 min).

W2 1.6

Cu?*: absorption intensity was decreased when the

w3 1.7

addition of the heavy metal solution was left up to 15

+ |+ [+ |+
+ |+ [+ |+

w4 1.8

min, but it still showed a peak in the Ag spectrum

W5 2 + + -

and only W3 that had no peak. After 24 h of
immersion, the peak of the Ag spectrum disappeared.
Pb* and Mn**: generally, absorption intensity was
decreased to 24 h immersion but still had a peak in
the Ag spectrum.

El 23 + + +

Hg*": absorption intensity was decreased, and the
peak of the Ag spectrum was disappeared (very fast,
W1 and W2 = 30 sec; W3, W4, and W5 = 30 min).
Cu?*: in general, the intensity of absorption was
increased when compared to the absence of Cu ions,
but the peak of the Ag spectrum was disappeared
when a heavy metal solution was added for up to 24 h.
Pb*": at the beginning of adding a heavy metal
solution, all absorption intensities were increased the
peak of the Ag spectrum was not observed. After 15
min and 24 h, the absorption intensity was dropped,
and the peak of the Ag spectrum was not observed.
Mn?**: intensity of absorption was decreased up to 24
h of immersion, and the peak of the Ag spectrum was
not observed.

It was observed that the Ag-extract solution changed
color immediately after the addition of aqueous Hg*". The
color difference was quite significant compared to that
without Hg*" ions, where W1 and W2 showed light brown
color while W3, W4, and W5 showed brown color. After
being left for 15 min, all solutions had the same color as
W1 and W2, even after 24 h of immersion (Fig. 5I). The
same result was shown by Ag-extract (E), where the color
changed immediately after the addition of the Hg
solution. In this case, E1, E2, and E4 are light green, while
E3 and E5 are brown. A different result was shown by
Amirjani and Haghshenas [13], where the color of the
solution changed from blue to purple due to the
formation of silver nano triangles functionalized by
citrate. However, after 15 min, the color of the solution

became the same. They all turned light green, even after
being left for 24 h (Fig. 5II). Similar results were
obtained by other researchers for the interaction of
metal ions with green synthesized AgNPs [50-51].
Damir et al. [52] also reported that the L. camara leaf
extract containing AgNPs changed color from brown to
transparent after the addition of a Hg** ion solution, but
no color change was observed with the addition of Zn*',
Cr*, Cd*, Fe**, and Pb*" ions. A similar result was also
observed by Alzahrani [12], who reported that the onion
extract solution containing AgNPs became transparent
after the addition of Hg*" ion solution, whereas the
addition of Zn**, Co**, Cd**, Cu*', Ni*', and Mn** ions
did not change the color.
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Different results were observed for Ag-extracts,
which were added with Pb(II) (Fig. 5III, IV). Visually, the
color of the Ag-extract at the time of Pb addition and after
15 minutes showed a relatively similar brown. W1 and
W2 are relatively darker than W3, W4, and W5. After 24 h,
the five extracts became darker than before. On the other
hand, in E solvent, it was noted that the extract color at
the time of the Pb addition and after 15 min was relatively
the same, namely light green E5. After 24 h, the colors of
the five extracts were relatively similar and lighter than
before.

The decreased color intensity of the solution could
be explained as follows. Initially, the stabilizing agents
derived from leaf extracts surrounded AgNPs to produce

Indones. J. Chem., 2021, 21 (4), 990 - 1002

nano-sized particles, and no agglomeration occurred.
The addition of Ag-extract to the heavy metal solutions
caused these heavy metal ions to be directly adsorbed
and attached to the surface of AgNPs. As a result, the
stabilizing agents from the extract were removed from
the AgNP's surface. Over time, this adsorption causes
more heavy metal ions to surround the AgNPs surface,
and more stabilizing agents are removed from the AgNPs
surface. The increase in heavy metal ions surrounding
the surface of AgNPs caused aggregation, which in turn
caused the color intensity of the solution to decrease [50-
51,53]. Color changes observed after Ag-extracts
containing heavy metal ions were analyzed using a UV-
vis spectrophotometer and are presented in Fig. 6.

=

. (b) — Wi ic) — Wi
—_— Wz -_ W2z
4 -;- 4 T _ 44 —TTY

el m L —_— e 5 12 —_— 4

o u o — WE|| A ]

g 5 g

& e 7 0 2 o

E"" E..._ E..._

E 24 4 2 044 E 04

E a2 a3 = ;3]

EL .r'. i B &l 650 il -4.| .r'. '-.'| '-':. .-.'| .-':. I| -.; ¥ 4 Gl 55 L ] |II
Wavelength [nm}) Wavelength [nm}) Wavelength [nm])
B 1] (a) — 1 41 ib) —E1 41 (c) —FEi
—FEz —_Ez —EZ
—_— L = —E3 T -_E3
= — B4 2 — Ed|l — E4

N — s ? —ES ; —ES

. [ B

c E E

E a4 E LT E [(ER

G

==

Y 4 5] 550 i a1 0 En 4". 5 5y i &4 0 400 4 5] 55 i i 0
Wavelength (nm) Wavelength [nm) Wavelength [nm)

C i i e T
2 (al Wil s (b) — il (c) —
i —WZ a0 — Wz an] —_— W2

';.'El‘_ — Wil T —_— 3 -_-E:- —_— 3

24 —_— W & zs —_— :;_-: —_ W4

EE: — Wi Egé- — wE| = 224 — WE

g i g 12 E bt

£ £171 8 15

g i 8z FIRES

2. 202 515
0. = ]

4 o4 o4 ]
02 0z oz]
42 oo; .
400 5N

a0 450 450 500

Wavelength [nm})

550
Wavelength [nm})

g0 0 7o P!

i

Wavelength [nm}

Fig 6. The UV-Vis absorption spectrum of AgNPs in extract solutions containing Hg** (A, B), Cu’* (C, D), Pb** (E, F),
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Fig 6. The UV-Vis absorption spectrum of AgNPs in extract solutions containing Hg** (A, B), Cu** (C, D), Pb** (E, F),
and Mn** (G, H) ions in each distilled water, W (A, C, E, G) and ethanol, E (B, D, F, H) solvent: (a) at the time of heavy

metal solutions addition, (b) after 15 min, and (c) after 24 h of heavy metal solutions addition (Continued)

Henry Fonda Aritonang et al.



998

Based on the UV-vis spectrum, it was revealed that
the peak spectrum of AgNPs containing Hg** ions was
missing. In addition, the absorption intensity of the
solution was also relatively reduced compared to those
without Hg* ions. The decrease was quite consistent from
W1 to W5. This could be related to the intensity of AgNPs
without Hg* ions, where the concentration of Ag at W1
is lower than W2 and so on. It was reasonable because the
average size of AgNPs on W1 was relatively smaller than
on W2 and so on, so Hg*" ions covered the larger surface
area of AgNPs and caused the absorption intensity to
decrease faster. The opposite result was shown by W2 and
so on because it had a relatively larger AgNPs size. Ag-
extract from distilled water containing Hg>* ions
experienced the fastest color change, namely W1 and W2
at 30 sec while W3, W4, W5 at 30 min. This decrease in
color intensity is shown in Fig. 5A and 5B. This indicated
that Ag-extract could be used to detect the presence of
+" sign in Table 1).
Different observations were produced by the UV-

Hg* ions in aqueous solutions (

Vis AgNPs absorption spectrum after the addition of Pb
solution. In general, the peak intensity of the AgNPs
spectrum containing Pb** ions was decreased, but this
decrease did not eliminate the peak of the AgNPs spectrum
("-" sign in Table 1). The same result was also shown by
other heavy metal ions, namely Cu and Mn but with
different reduction rates. The time required for these three
heavy metal ions to be adsorbed on the AgNPs surface was
relatively longer, which was different from that shown by
the Hg*" ion with the order of Hg** > Mn** >Cu’* > Pb*
(Table 1). Unlike Hg*" ions, these three ions did not show
a direct relationship between AgNPs size and the
decreased absorption intensity. Despite its relatively
smaller particle size, it did not show a greater decrease in
absorption. This information indicated that the Ag-
extract from L. camara using W solvent was very sensitive
in detecting the presence of Hg** ions in an aqueous
solution. Therefore, this method is selective enough to
detect the presence of metal ions in a water sample.

The results of this study indicated that the analytical
performance of this method could detect biomolecular
interactions directly without labeling. In addition, it was
relatively easy to use and sensitive in detecting and

Indones. J. Chem., 2021, 21 (4), 990 - 1002

identifying biomolecules so that different biochemical
interactions could be monitored [54].

m CONCLUSION

An eco-friendly and cost-effective protocol for the
synthesis of AgNPs by utilizing renewable natural
resources of L. camara fresh leaves was proposed. The
results showed that the extracts produced using water
and ethanol solvents could be used as reducing agents
and capping agents to produce AgNPs. Ag-extract could
be used as a sensor to detect the presence of Hg*", Cu*,
Pb**, and Mn** in aqueous solutions. However, water
solvent is more sensitive in detecting Hg** and Cu**. The
order of sensitivity of the Ag-extract sensor in detecting
the presence of heavy metal ions in an aqueous solution
was Hg**> Mn*"> Cu*"> Pb*".
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