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Abstract 

A simple, selective and cost effective colorimetric sensor has been investigated for the 

detection of Zn
2+ 

using biologically synthesized silver nanoparticles (AgNPs). The AgNPs 

were prepared from the leaf extract of Amomum Subulatum via two different procedures i.e., 

at room temperature and by heat treatment procedure. The AgNPs prepared through heat 

treatment procedure exhibited efficient results. The as synthesized AgNPs were studied by 

simple UV-vis spectroscopy which showed an intense absorption band at 425 nm which were 

further confirmed by FT-IR and SEM analysis. The synthesized AgNPs exhibited a good 

colorimetric sensing property towards Zn
2+

 by changing the color of the solution from 

yellowish-brown to colorless accompanying with a decreased in absorption intensity. The 

proposed detection mechanism of the sensor has been discussed. The sensor showed excellent 

linear response towards Zn
2+

 in the concentrations range from 1×10
-5

 – 8×10
-5 

M with a 

correlation coefficient (R
2
) of 0.996. The detection limit of the method was found to be 

3.5×10
-6 

M. There was no interference effect observed for Zn
2+

 detection in the presence of 

others heavy metal ions. The proposed sensor was successfully applied for the detection of 

Zn
2+

 in drinking water samples. 

 

Keywords: Silver nanoparticles, Amomum Subulatum leaves, Zinc, Heating procedure, UV-

Vis spectroscopy.  
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Introduction 

Noble metal nanoparticles have received great interest among scientific community due to 

their characteristic catalytic, electronic and optical properties. Various physical, chemical and 

biological methods have been proposed for the synthesis of metal nanoparticles. 

The most accepted methods for the synthesis of metal nanoparticles are the chemical methods 

which used various inorganic and organic reducing agents.
1-4

 

Among the others noble metal nanoparticles, silver nanoparticles have gained much 

importance and is the focus area of research nowadays, because synthesis of silver 

nanoparticles is eco-friendly and cost effective. Several researchers have reported the 

synthesis of silver nanoparticles from environmentally benign materials using various plant 

extracts.
5-12

 

 Plant extracts synthesis of silver nanoparticles is gaining significance due to its simplicity 

and eco-friendliness, as these methods do not use toxic chemicals for the synthesis protocol. 

The presence of various natural products in plants such as proteins, carbohydrates, steroids, 

alkaloids containing different functionalities i.e., -COOH, -NH2, -CONH2, and -OH could 

have the ability to reduce and stabilize AgNPs giving considerable simplicity to the systems. 

Green methods for the synthesis of silver nanoparticles using extracts of different plants such 

as, Trianthemadecandra root extract,
5
 Curry leaf extract,

6
 Tea leaf extract,

7
 

Baliospermummontanum leaf extract,
8
 Neem leaf extract,

9
 Musa sapientum leaf extract

10
 and 

Mulberry leaf extract
11

 have been reported by various researchers. However, most of these 

plants based nanoparticles required long synthesis time and have poor Surface Plasmon 

Resonance (SPR) band. Therefore, it is necessary to adopt a fast method for the synthesis of 

plant based nanoparticles with efficient SPR band so that to compete chemical based methods 

of nanoparticles. 
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Zinc is thought to be an important constituent in biological systems and industrial processes. 

In trace level zinc maintains the normal physiological functions
12-16

 and plays a vital role in 

many enzymatic activities as it is an essential constituent of many enzymes and proteins in 

plant and animals.
17-19

 Zinc and its associated compounds is the important constituent of 

many industrial processes. Thus due to its tremendous uses, Zn and its associated compounds 

finds their ways to enter and accumulate in natural ecosystem and may cause serious water 

pollution problems. Owing to its high level than required it can pose serious health 

problems.
20

 Toxic effects may include fever, gastroenteritis, zinc chills, pulmonary 

manifestations, an increase in oxidative stress and weight loss.
21, 22

 

Due to its health concern, it becomes utmost important to determine zinc at a trace level in a 

aqueous system. Various analytical methods such as potentiometry,
23

 fluorescence methods, 

24, 25
 inductively coupled plasma atomic emission spectrometry (ICP-AES)

26
 and flame 

atomic absorption spectrometry
27, 28

 have been implied in the literature for the determination 

of Zn
2+

 in various environmental samples. However, these techniques require some 

complicated sample pretreatment procedures, generally expensive instrumentation and long 

measuring time. Due to the unique optical properties of Au and Ag nanoparticles, sensitive, 

low cost and rapid colorimetric sensors have been developed for the detection of various 

organic molecules and heavy metal ions in biological and environmental samples.
29-37

 These 

sensors provide an important method of detection and allowing direct analysis simply by the 

naked eye show. The show is performed with UV-visible spectrophotometer instead of using 

complicated and expensive instrumentation.  

All of the above mentioned approaches for the colorimetric detection of heavy metal ions rely 

on the use of costly and toxic organic substances for the synthesis of silver nanoparticles. 

Recently some green synthesized silver nanoparticles using plant extracts have been 

employed as colorimetric sensors for the detection of heavy metal ions.
38-41

 The various 

Page 4 of 27RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



5 

 

plants extracts which contain the secret bio-organic molecules having different functionalities 

on the surface of AgNPs may have the abilities to interact specifically with particular metal 

ions and thus cause aggregation of nanoparticles.  

However, among the above mentioned reports, the green synthesized AgNPs based sensors 

for the colorimetric detection of Zn
2+ 

lack sufficient sensitivity and selectivity because other 

kinds of heavy metal ions such as Cu
2+

, Hg
2+

, Co
3+

, Ni
2+

 can readily interact with AgNPs to 

cause aggregation.
40, 41

  

Thus, a sensitive and selective method for the detection of Zn
2+

 using green approach has 

become attractive and highly needed without using costly chemicals and instrumentation 

which becomes particularly important for under developed areas. 

There has been no report available so far related to employ leaf extract of Amomum 

Subulatum for the synthesis of silver nanoparticles and their applications as colorimetric 

sensor for Zn
2+

. Amomum Subulatum (Blake or greater cardamoms or Iliachi Kalan) is used 

locally as food spice and has also numerous medicinal applications.
42, 43

 Literature study 

revealed that this plant contains very high contents of polyphenolic compounds,
44, 45

 which 

could have the ability to reduce and stabilize nanoparticles. Moreover, the presence of 

polyphenolic moieties on the surface of AgNPs may have the potential to interact with Zn
2+

 

ions.
46, 47

 Based on this assumption, the extract of Amomum Subulatum was used for the 

synthesis of silver nanoparticles and the synthesized AgNPs were applied for the detection of 

Zn
2+

. Therefore, the basic theme of the current research work was; 

(i) To investigate rapid method for the synthesis of AgNPs using leaf extract of Amomum 

Subulatum and (ii) to investigate the applications of the synthesized AgNPs as colorimetric 

sensors for the detection of Zn
2+

. 
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Experimental 

Materials and Chemicals 

Dry leaves of Amomum Subulatum were purchased from the market and were used to make 

aqueous extract. All chemicals used in this work were of high pure analytical grade. Silver 

nitrate (AgNO3, 99.8%) and ZnSO4.7H2O were purchased from Sigma Aldrich (Germany). 

All different metal salts, in the form of chloride or nitrate were obtained from Sigma Aldrich 

or Merck chemical companies and used as received without further purification. The stock 

solutions of each metal ion were prepared by dissolving a known amount in deionized water. 

All the glassware was thoroughly washed with aqua regia and then with deionized water. 

 

Instrumentation 

Optical absorbance of the synthesized AgNPs were recorded using double beam UV-vis 

spectrophotometer 1800 (Schimadzu, Japan) with 1cm quartz cell. Scanning electron 

micrographs (SEM) was recorded by JSM-5910, JEOL, Japan operating at 20kV. 

 

Preparation of the Extract 

5g dry leaves of Amomum Subulatum were washed thoroughly with deionized water, cut into 

small pieces and then transferred into 250 ml conical flask containing 100 ml deionized 

water. Then the extract was prepared by boiling the leaves for10 min on hot plate. The yellow 

color extract thus obtained was filtered through Whatmann filter paper. The extract was 

stored and was used for the synthesis of AgNPs.  

 

Procedure for the Synthesis of Silver Nanoparticles 

 Synthesis at Room Temperature 
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In this procedure 4 ml extract was added into 25ml of 1mM silver nitrate solution at pH 8 and 

was allowed to react for 24 h at room temperature. The color of the solution became changed 

from watery to yellowish-brown after 24 h. The prepared nanoparticles solution was stored at 

room temperature for further study. 

 

Synthesis of AgNPs by Heating  

Similarly, 25 ml aqueous silver nitrate solution (1 mM) was equilibrated at pH 8 and was 

placed on the hot plate. When the solution started boiling, 4 mL extract was added by drop 

wise manner under stirring (600 RPM) and left to stand for about 10 minutes for the complete 

reduction of Ag
+ 

which was indicated by dark yellowish-brown color. The obtained AgNPs 

were stable even after six months. 

Procedure for the Colorimetric Detection of Zn
2+ 

Due to high absorption intensity of the as prepared AgNPs solution, 250 µl of the freshly 

prepared AgNPs was diluted up to 4 ml with deionized water and was used as blank solution. 

For the colorimetric detection of Zn
2+

, appropriate amount of Zn
2+

 solution was added into 

diluted solution of green synthesized AgNPs (final volume 4 ml). For interference study, 150 

µl of the as prepared AgNPs solution was diluted up to 4 ml with deionized water containing 

1×10
-4 

M of each metal ion and the concentrations of Zn
2+

 was 5×10
-5 

M. The solution was 

checked for the color change and after completion of the reaction; the absorption spectra of 

the solution were recorded using cells with 1 cm path length. In addition, the detection of 

Zn
2+ 

was performed by three separately prepared AgNPs using the same experimental 

conditions, which demonstrated the RSD of 5.2 %. 
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Applications of the Sensor 

Drinking water sample was used as such without filtration process. 250 µl of the freshly 

prepared AgNPs solution was diluted up to 4 ml with drinking water containing different 

concentrations of standard Zn
2+

 solutions. The solutions were then analyzed by UV–vis 

spectroscopy using standard addition method.  

 

Results and discussion 

Synthesis and Characterization of AgNPs 

In the present work AgNPs were synthesized using leaf extract by two different procedures as 

described in experimental section. The as synthesized nanoparticles were studied using 

simple UV-vis spectroscopy. Figure 1 shows the absorption spectra of the synthesized AgNPs 

along with the absorption spectrum of pure plant extract. The absorption spectrum of the pure 

extract was recorded in order to study the interaction and reduction of Ag
+ 

ions by the extract. 

As shown in Figure 1, the narrow peak at about 280 nm obtained from the plant extract is 

mainly attributed to the UV absorption of polyphenols.
43

 This showed that the extract of plant 

leaf contained polyphenolic compounds that may be responsible for the synthesis of AgNPs 

as reducing and stabilizing agent. When the AgNPs were prepared at room temperature and 

their absorption spectrum was recorded after 24 hrs, as illustrated in Figure 1 by dotted line, a 

relatively broad UV absorption band at about 451 nm was obtained, which is the 

characteristic band of silver nanoparticles (now a well-established phenomenon) due to 

Surface Plasmon Resonance (SPR). This demonstrated that the plant material has the 

potential to reduce and stabilize Ag
+
 which led to the formation of AgNPs. Similarly, on the 

appearance of SPR band, its 280 nm peak related to the extract became decreased. This 

indicated that the optical transition responsible for this peak is affected upon the interaction 

of plant material with Ag
+ 

ions present in the solution. However, still the presence of this 
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peak, although not as strong as in the absence of AgNPs, revealed that practically all the 

added plant material is not capable of completely reducing and stabilizing the Ag
+ 

ions at 

room temperature even after 24 hrs. In order to minimize the synthesis time and to speed up 

the reduction process, heating procedure was performed for the preparation of AgNPs. This 

procedure is mainly employed in the chemical reduction method for the synthesis of 

nanoparticle. When UV spectrum was recorded for the AgNPs prepared by heating the 

reaction mixture i.e., by the drop wise addition of the extract to the hot boiling silver nitrate 

solution under vigorous magnetic stirring, a relatively higher and intense SPR band at 425 nm 

was achieved, as shown by solid line in Figure 1). On the other hand its 280 nm peak almost 

disappeared which confirmed that there has been no more free plant material remained in the 

nanoparticles solution suggesting that all of the added extract have been completely utilized 

for the reduction of Ag
+
 ions. The blue shift and narrow curve at 425 nm is a criterion that the 

nanoparticles could be of small size with mono dispersed in nature. This intense absorption 

peak and the minimum time required for AgNPs prepared by heating procedure could be 

meaningful for sensitive metal ions detection applications as compared to the conventional 

room temperature preparation procedure. Therefore, this procedure was further employed for 

the synthesis of AgNPs. For the efficient preparation of nanoparticles, other parameters such 

as heating time, pH effect and amount of extract were thoroughly evaluated.  

 

Figure 1 

Effect of Heating Time 

Synthesis of AgNPs was carried out at different heating times. From the UV-Visible spectral 

analysis it was observed that the absorption intensity of the nanoparticles increased gradually 

at 425 nm with the increase of heating time and eventually reached to a maximum position at 

10 minutes of heating time which could be due the increased concentration of nanoparticles 
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in the solution. Thereafter, the intensity slowly decreased by further increasing the heating 

time which showed that 10 min was the optimal time for particle preparation, as shown in 

Figure S1. 

pH Effect 

Synthesis of AgNPs was carried out at different pH values and from the UV study it is 

evident that at pH 8, maximum absorption intensity with a peak shift to smaller wavelength 

was observed as compared to others pH values, as can be seen from Figure S2. Therefore, pH 

8 was selected for subsequent synthesis of AgNPs. 

 

Effect of the Amount of Plant Extract  

Various amount of plant extract was evaluated for the synthesis of AgNPs in order to obtain 

efficient SPR band. UV-Visible study revealed that SPR band gradually increased with the 

increase of amount of plant extract ranging from 1.5 to 4 ml which may be due to increase 

concentrations of AgNPs due to more reduction of Ag
+
 ions in the solution and then the SPR 

band decreased by further increasing the amount from 4 to 5 ml, as depicted in Figure S3. 

Similarly a blue shift from 435 to 425 nm was observed when the amount was increased from 

1.5 to 4 ml and then a red shift from 425 to 450 nm was observed by further increasing the 

amount. This showed that the amount lower or equal to 4 ml completely reduced and covered 

the Ag
+ 

surfaces which resulted into an increase in SPR intensity with a shift to shorter 

wavelength, while amount higher than 4 ml may lead to secondary layer formation which 

dampens the electronic density of the thin layer of the silver nanoparticles, as a result into a 

decrease in SPR intensity and a shift to longer wavelength was observed. Thus, 4 ml extract 

was used as stabilizing agent for further study. 
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SEM Analysis 

Under the optimal experimental conditions, scanning electron microscopy (SEM) was 

performed to characterize the morphology of the synthesized silver nanoparticles. SEM 

image of the prepared nanoparticles showed that biologically synthesized silver nanoparticles 

were almost mono dispersed and approximately of the sizes from 20 – 50 nm ranges, as 

shown in Figure 2. 

Figure 2 

 

 

FT-IR Analysis 

FT-IR analysis was carried out to confirm the presence of phenolic compounds in the extract, 

possible interaction between biomolecules and silver ions for the synthesis of nanoparticles 

and to investigate the colorimetric detection mechanism for Zn
2+

. The IR spectra of the pure 

extract, AgNPs and AgNPs in the presence of Zn
2+

 are shown in Figure 3. The broad band 

centered at 3304 cm
-1

of the pure leaf extract is the characteristic of O–H stretching mode for 

the OH group and the medium band observed at 1587 cm
-1

 correspond to the ring stretching 

mode of C=C. The peak at 1382 cm
-1 

may be ascribed to the C–O–H bending vibration of 

phenolic group. The relatively strong peak at 1041 cm
-1 

could be assigned to the C–O 

stretching vibration of OH group, which reveals the presence of phenolic compounds in the 

extract. In the case of nanoparticles, a large decreased in the absorption intensity with a 

prominent shift of absorption peaks was observed from 3304 to 3299 cm
-1

, 1587 to 1560 cm
-

1
, 1382 to 1370 cm

-1 
and 1041 to 1026 cm

-1
, suggesting that free OH groups of the 

compounds in the extract have interacted with silver ions. The IR spectrum of the AgNPs in 

the presence of Zn
2+

 showed again a large increase in the absorption intensity of the OH 

group at 3302 cm
-1

, which supports the idea that OH group in the compounds have been free 
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from the surface of AgNPs. The corresponding peaks visible at 1631, 1311 and 1013 cm
-1

 

may be due to some structural changes in the compounds during synthesis of silver 

nanoparticles. 

Figure 3 

Effect of pH and time on the stability of the synthesized AgNPs 

 The effect of pH on the stability of biosynthesized AgNPs was evaluated on the basis 

of changes in the surface plasmon absorption peak. The effect of pH was studied in the range 

from 2 – 12 as shown in Figure S4. The original pH of the freshly prepared AgNPs (1ml 

diluted up to 10 ml water) was 5 which was increased by sodium hydroxide (0.1M) and 

decreased by hydrochloric acid (0.1M). As can be seen from the Figure S4 that there were no 

appreciable changes in the absorption intensities and peak shifts observed when the pH of the 

AgNPs solution was increased from 5 –10. Similarly when the pH was decreased from 5 – 2, 

the effect was observed to be the same. A large increase in the SPR intensity with a 

significant blue shift from 425 to 415 nm and with a perfect yellow color change was 

observed when pH of the AgNPs was increased to 11. Similarly by further increasing the 

solution pH to 12, the SPR intensity again decreased. This may be ascribed to the silver 

hydroxide formation. The maximum absorption intensity with a pronounce blue shift at pH 

11 indicates that the AgNPs are highly stable at this pH value as compared to the others pH. 

This may be mainly attributed to the presence of hydroxyl (−OH) group in the phenolic 

molecules on the surfaces of AgNPs. This group completely dissociates at this pH with the 

formation of (−O
−
) ions leaving the negative surface charge on the AgNPs which induces 

more repulsive interaction among nanoparticles.
34

 As a result of this repulsive interaction, the 

dispersion of nanoparticles in the solution increased and thus led to a significant increase in 

the SPR band and blue shift. This dispersion at pH 11 imparts great stability to the AgNPs. 

Similar results were observed by others researchers.
34
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Further the effect of time on the stability of AgNPs was evaluated based on the UV 

absorption intensity changes and shift of peak positions. As can be seen from the UV 

absorption curves in Figure S5, there were no significant decrease in absorption intensities 

and peak shifts even for 6 and 9 months, thus showing the long term stability of the 

synthesized AgNPs. 

 

Colorimetric Detection of Zn
2+
 

It is well known fact that AgNPs prepared from plant materials exhibits a yellowish-brown 

color with UV absorption band at around 400 nm called SPR which is due to combined 

oscillations of the electronic cloud at surface of metal nanoparticles. Upon the addition of 

Zn
2+ 

(1×10
-4 

M) to the diluted solution of green synthesized AgNPs caused the visual color of 

the solution to change from yellowish-brown to colorless and similarly the SPR band 

completely decreased, as shown by curve (B) in Figure 4.  (inset, the photographic image of 

the corresponding color change). Similar results were obtained by others researchers for the 

interaction of Zn
2+ 

with green synthesized AgNPs. 
40, 41

  

 

Figure  4 

 

This preliminary study revealed that the green synthesized AgNPs could be applied for the 

colorimetric detection of Zn
2+

. Based on the previous reports and current study, the possible 

colorimetric detection mechanism of the sensor was proposed which could be due to the 

strong binding (adsorbtion) of Zn
2+

 on the surface of silver nanoparticles and moving the 

plant stabilizing agent away from the surface of nanoparticles,
39, 40

 as illustrated in Figure 5. 

This led to a decrease in intensity at 425 nm accompanied with a slight red shift of SPR peak 

of the AgNPs. In addition, again the appearance of peak (curve, B) at about 300 nm, 
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corresponding to the pure plant extract, further support the idea that the strongly bonded Zn
2+ 

ions moved away the stabilizing agent (plant material) from the surface of AgNPs. However, 

a small shift of peak position from 280 to 300 nm may be ascribed to some structural changes 

in the compounds of plant extract that may occur during synthesis of AgNPs. 

Figure 5 

 

Furthermore, the reaction time between biologically synthesized nanoparticles and Zn
2+

was 

evaluated by UV absorption study. The addition of 1×10
-4 

M Zn
2+

 to the AgNPs solution 

caused the SPR intensity to decrease gradually with time and eventually became completely 

vanished off at 6 h, which remained almost stable by further increasing the reaction time, as 

shown in Figure S6. The relatively long reaction time indicated that Zn
2+ 

ions were unable to 

quickly move the strongly held plant stabilizing agent away from the AgNPs surface which 

ultimately completed at 6 h. Therefore, the detection study was performed after 6 hrs.  

 

Sensitivity and Selectivity of the Sensor 

The sensitivity of AgNPs for the colorimetric detection of Zn
2+

 was evaluated by calibration 

curves using different concentration of Zn
2+

. As it can be seen from Figure 6 (b), that the 

absorption intensity linearly decreased with the increase of Zn
2+

 concentration in the range 

from 1×10
-5

 – 8×10
-5 

M. When the calibration curves were plotted between different 

concentrations and ∆A (AAgNPs - AAgNPs + Zn
2+

), a linear correlation coefficient (R
2
) of 0.996 

with a linear regression equation of y = 0.0667x – 0.057 was obtained, as shown in Figure 6 

(c). This demonstrated a good linear relationship between concentration and change in 

absorbance (∆A). The detection limit of the method was found to be 3.5×10
-6 

M based on 

(3σ/S). 

Figure 6 
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The selectivity of the biologically synthesized sensor for Zn
2+

 was examined by using 

commonly interfering metal ions such as Ni
2+,

 Fe
2+

, Fe
3+

, Mn
2+

, Hg
2+

, Cr
3+

, Cu
2+

, Co
2+

 and 

Pb
2+

 each with concentration of 1× 10
-4 

M and the concentration of Zn
2+ 

was 5× 10
-5 

M. From 

the UV-vis absorption study, as it can be seen from Figure 7 that neither of the heavy metal 

ion was found to induce any significance decrease in the SPR intensity as well as change in 

color of AgNPs solution except Zn
2+

. This clarified that there was no noticeable interference 

effect produced by all heavy metal ion studied for the detection of Zn
2+

. Thus, the as prepared 

AgNPs using leaf extract of Amomum Subulatum exhibited excellent selectivity over the 

previously reported green synthesized AgNPs for the detection of Zn
2+ 40, 41

. This selectively 

could be advantageous for Zn
2+

 detection in the presence of others metal ions in real samples. 

Figure 7 

 

Determination of Zn
2+
in Drinking Water 

In order to investigate the practical applicability of the proposed colorimetric method, the 

detection of Zn
2+ 

was evaluated in drinking water samples. However, we could not detect 

Zn
2+

 which may be due to its very low concentration in the drinking water which may be less 

than the detection limit given by our proposed method. 

Therefore, a recovery test method was performed for the determination of Zn
2+

in drinking 

water samples using the proposed method. When three different concentrations level of Zn
2+ 

were spiked and then analyzed using standard addition method, a recovery of Zn
2+ 

ranged 

from 95% to 104% with the relative standard deviation (R.S.D) for each measurement below 

5 % was obtained. These results were listed in Table 1. Moreover, the addition of Zn
2+

 in 

drinking water also decolorized the yellowish–brown color of the biologically prepared 

AgNPs. This result demonstrated that the proposed colorimetric method using green 
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synthesized AgNPs was precise and accurate and thus could be applicable to detect Zn
2+

 in 

water samples.  

Table 1 

 

Conclusions 

In this work, a simple, selective, sensitive, low cost and portable colorimetric method was 

developed for the detection of Zn
2+

based on the biologically synthesized AgNPs. Leaf extract 

of Amomum Subulatum was used to synthesize AgNPs by two different experimental 

procedures such as at room temperature and by heat treatment. The AgNPs prepared by 

heating procedure was found to be meaningful for sensitive detection because of giving 

efficient UV absorption band and minimum time required for the complete reduction of Ag
+
 

ions. The prepared AgNPs showed great stability at pH 11 as compared to the other pH 

values and similarly showed long term stability against aggregation which could be useful for 

biological applications. The AgNPs have showed good colorimetric sensing property towards 

Zn
2+

 and could be monitored by naked eye assay or with a simple UV-vis spectrophotometer. 

There has been no interference effect found for Zn
2+

 detection in the presence of others 

environmentally important heavy metal ions. The proposed sensor could be successfully 

applied for the detection of Zn
2+

 in real water samples. This plant based colorimetric sensor 

was found to be selective than the previously reported plant based sensors for Zn
2+ 

detection. 

Thus, the green synthesized AgNPs can be easily implemented for the detection of Zn
2+ 

with 

no use of costly chemicals and instrumentation which becomes particularly important for 

under developed areas. Moreover the synthesized AgNPs could be effective for the removal 

of Zn
2+

from the contaminated water. 
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Figure and Table captions 

 

 

 
Figure 1. UV-vis absorption spectra of green synthesized AgNPs; prepared by heating the 

reaction mixture (solid line), at room temperature (dotted line) and UV spectrum of plant 

extract only (dash dotted line)  

 

Figure 2. SEM image of the green synthesized silver nanoparticles prepared by heating 

procedure 

 

Figure 3. FT-IR spectra of the pure plant extract, green synthesized silver nanoparticles 

(AgNPs) and AgNPs in presence of Zn
2+ 

Figure 4. UV-vis spectra of (A) green synthesized AgNPs and (B) AgNPs in the presence of 

1×10
 -4

M Zn
2+

 with a corresponding color change (photo image in inset, taken after 6 hrs) 

Figure 5. Proposed mechanisms for the colorimetric detection of Zn
2+ 

 

 

Figure 6. (A) Photograph showing the color variations of the AgNPs solution with different 

concentrations of Zn
2+ 

(B) Corresponding UV–vis absorption response of silver nanoparticles 

solution (12 times dilution) with various concentrations of Zn
2+

 (1–10×10
-5

M) and (C) 

Calibration plot of change of absorbance at 425 nm with various concentrations of Zn
2+

 in the 

range from 1×10
-5

– 8×10
-5

M
 

 

Figure 7. (A) Photo images showing the colorimetric response of AgNPs solution in the 

presence of varioue metal ions. (B) Corresponding UV-vis absorption spectra of green 

synthesized AgNPs (22 times diluted) in the presence of 1×10
-4 

M different metal ions 

compared with that in the presence of 5×10
-5 

M Zn
2
 

 

 

Table 1-Determination of Zn
2+

in drinking water samples using green synthesized AgNPs 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Table 1-Determination of Zn
2+

in drinking water samples using green synthesized AgNPs 

 

Sample Detected amount 

(10-5M) 

Added amount 

(10-5M) 

Found amount 

(10-5M) 

R.S.D(%, n=3) Recovery (%,n=3) 

1 - 2.5 2.40 1.60 96 

2 - 5 4.75 4.20 95 

3 - 7 7.32 3.85 104 

- Not detectable. 
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