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Abstract The synthesis of metal nanoparticles by eco-

friendly and reliable processes is an important aspect in

many fields. In this study, octamethoxy resorcin [4] arene

tetrahydrazide (OMRTH)-reduced and stabilized silver

nanoparticles were synthesized via a simple one-pot

method. Synthesized silver nanoparticles were character-

ized by UV–visible spectroscopy, transmission electron

microscopy (TEM) and particle size analyzer (PSA). Fur-

thermore, the application of OMRTH-AgNps as a simple,

cost-effective and sensitive fluorescent sensor for rapid

detection of cadmium was explored. Under optimum con-

ditions, the fluorescence intensity of OMRTH-AgNps was

inversely proportional to the cadmium concentration. Us-

ing OMRTH-AgNps as a selective and sensitive fluorescent

probe, cadmium can be detected at a minimum concen-

tration level of 10-8 M in a facile way of fluorescence

quenching, i.e., by a ‘‘turn off’’ mechanism. The method

has been successfully applied for determination of Cd[II]

ions in groundwater and industrial effluent wastewater

samples.

Keywords Calix[4]resorcinarene � Fluorescent �
Quenching � Silver � Cadmium

Introduction

Nanoparticles have emerged as one of the most exciting

areas of scientific endeavor in the last few decades in which

chemical research plays a dominant role. Metal nanopar-

ticles are of current interest because of a variety of po-

tential applications ranging from chemistry to biological

sciences. In most of their applications, the quality, size and

the structure of nanoparticles will undoubtedly play a

pivotal role in determination of their functions. As a con-

sequence of reducing the size of noble metals, metal

nanoparticles exhibit a variety of interesting properties

such as catalytic, optical, electrical, magnetic and chemi-

cal, which are often different from their bulk counterparts

(El-Sayed 2004; Hodes 2007; Murphy et al. 2008; Park

et al. 2007; Xu and Suslick 2010). As noble met-

als are reduced in size to tens of nanometers, a new very

strong absorption is observed resulting from the collective

oscillation of the electrons in the conduction band from one

surface of the particle to the other. This oscillation has a

frequency that absorbs the visible light which is called the

surface plasmon absorption (Burda et al. 2005). All these

properties have caused the metal nanoparticles to play an

important role in many areas. To utilize and optimize the

properties of metal nanoparticles, a large spectrum of re-

search has focused on the control of the size and shape,

which is crucial in tuning their physical, chemical and

optical properties (Klingelhöfer et al. 1997; Kim et al.

2004; Rahim et al. 2001; Raveendran et al. 2003). In this

respect, size- and shape-selective synthesis of metal

nanoparticles and their assemblies are of profound interest

(Chen 2001; Puntes et al. 2002; Sau and Murphy 2004;

Thomas et al. 2004). There are many synthetic methods for

the synthesis of metal nanoparticles, such as electro-

chemical (Reetz and Helbig 1994), photochemical
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(Henglein 1993), sonochemical (Caruso et al. 2000; Fuji-

moto et al. 2001) and chemical reduction of the corre-

sponding metal salts (Chung and Rhee 2004; Macdonald

and Smith 1996). The most common synthetic technique

for the fabrication of nanoparticles involved reduction of

metal salts using reductants such as borohydrate (Bönne-

mann et al. 1994), citrate (Turkevich and Kim 1970), etc.,

in the presence of the protecting agent, which prevents the

nanoparticles from aggregation and allows isolation of

nanoparticles. There are many stabilizers listed in the

literature.

Calix[4]resorcinarenes have received much attention in

the recent past for their use as reducing as well as stabi-

lizing agent for the preparation of nanoparticles (Alexander

Wei et al. 2001; Balasubramanian et al. 2002; Ben-Ishay

and Gedanken 2007; Kim et al. 2001, 2005; Kevin et al.

1999; Makwana et al. 2015; Misra et al. 2006; Yao et al.

2010) through cooperative, multidentate interactions

(Kevin et al. 1999). Calix[4]resorcinarenes are three-di-

mensional cyclic aromatic tetramers and have an important

advantage over calix[n]arenes, as they are readily obtain-

able with various substituents.

Most of the methods used for the formation of Ag

nanoparticles from calix[4]resorcinarene limit their poten-

tial application, because they are prepared in organic sol-

vents. However, which limits their potential applications,

because of their poor solubility in aqueous media

(Salorinne et al. 2011; Wei et al. 2001), which results in a

poor shelf life (Balasubramanian et al. 2002, 2001; Stavens

et al. 1999) Resorcinarene-functionalized metal nanopar-

ticles such as AuNPs, AgNPs, PtNPs and PdNPs dispersed

in aqueous medium are expected to have better biocom-

patibility and more promising applications than nanopar-

ticles dispersed in organic phases (Makwana et al. 2014;

Sun et al. 2010).

In recent years, there has been a growing need for de-

veloping highly sensitive and selective sensors for the de-

tection of trace heavy metal ions from biological and

environmental samples. The toxicity depends on the phy-

sical state, chemical form as well as the oxidation state.

Cadmium is widely used in a variety of industrial pro-

cesses including batteries, alloys and coloring matters as

well as electroplating products. Cadmium is also frequently

found in fertilizer production using phosphate minerals and

sewage sludge. The wide use of this element, unfortu-

nately, has detrimental effects on human health as well as

the environment. Cadmium can accumulate in organs, such

as kidney, thyroid gland and spleen, which can induce

physiological disorders, including renal dysfunction, cal-

cium metabolism disorders and an increased incidence of

certain cancers (Dobson 1992; Luo et al. 2007).

Many methods have been applied for the detection of

toxic metal ions, among which fluorometry has gained

much attention, because of its low cost, selectivity, sensi-

tivity and response time. The design and synthesis of a

sensitively and selectively fluorescent sensor is a most

versatile and widespread approach for chemists (Curiel

et al. 2005; Mizukami et al. 2002). The design and syn-

thesis of fluorescent chemosensors are mainly based on

fluorescent enhancement and fluorescent quenching modes,

which are obtained by employing photoinduced energy

transfer, photoinduced electron transfer, enhanced spin–

orbit and excited-state intramolecular proton transfer, etc.

(Klein et al. 2001).

In that respect, recently researchers have developed few-

atom, molecular-scale noble metal nanoclusters as a new

class of fluorescence sensors (Zheng et al. 2007).These

fluorescent metal nanoparticles have received considerable

attention in the past few years owing to their great promise

in a wide range of applications in bioimaging (Yu et al.

2007), single-molecule studies and optical sensing (Triulzi

et al. 2006; Huang et al. 2007, 2008) {Kamali, 2015

#3777}{Geng, 2014 #3778}{Bao, 2014 #3779}{Geng,

2014 #3780}{Sivaraman, 2014 #3781}{Tharmaraj, 2011

#3782}{Sivaraman, 2014 #3783}{Sivaraman, 2013

#3784}{Sivaraman, 2012 #3785}. Among the many re-

ported fluorescent chemosensors with fluorescence en-

hancement and quenching for metal ions, only a few cases

have been explored for Cd [II] (Kim et al. 2012; Luo et al.

2007; Resendiz et al. 2004; Wang et al. 2013; Yin et al.

2011; Zhang et al. 2012).

Hence, there is a need for a rapid, reliable and highly

sensitive sensor for cadmium detection (Velanki et al.

2007).Recent advancements have led to the deft prepara-

tion of highly fluorescent metal nanoclusters within bio-

compatible scaffolds (Bao et al. 2007; Ritchie et al. 2007;

Shen et al. 2007; Zheng and Dickson 2002). For example,

Dong and co-workers reported the water-soluble, fluores-

cent Ag nanoclusters using a common polyelectrolyte, poly

(methacrylic acid) (PMAA) as the template upon pho-

toreduction (Shang and Dong 2008). Dickson and co-

workers have synthesized water-soluble fluorescent Ag

nanoclusters using poly-(amidoamine) (PAMAM) den-

drimer and DNA as templates (Petty et al. 2004; Zheng and

Dickson 2002).

Here in this study, we report a simplistic and direct

synthesis of fluorescent Ag nanoclusters using oc-

tamethoxy resorcin [4] arene tetrahydrazide (OMRTH) as a

reducing as well as stabilizing agent. To the best of our

knowledge, OMRTH was synthesized for the first time and

used as both reducing and capping agent for the synthesis

of fluorescent silver nanoparticles. This is a very conve-

nient approach to make stable silver nanoparticles which

was found to respond selectively and sensitively to Cd[II]

by means of fluorescence quenching. Therefore, they are

expected to be promising fluorescent probes in many fields
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for the detection of cadmium. OMRTH-AgNps have also

been used successfully for the determination of Cd[II] ions

in groundwater and industrial effluent water samples.

Materials and methods

Materials

All metal salts including silver nitrate (AgNO3) were pur-

chased from Sigma-Aldrich. Other reagents and solvents of

analytical grade were purchased from commercial sources

and used without further purification. All aqueous solutions

were prepared from Millipore water (resistivity, 18 XX;
Millipore Systems). Fluorescence active TLC plates

(F-2009) were obtained from Merck. The melting points

(uncorrected) were obtained from a VEEGO (Model; VMP-

DS) melting point apparatus. Elemental analysis was car-

ried out in vario MICRO_Variant elemental. FT-IR spectra

were recorded on Bruker, tensor 27 Infrared spectrometer

with samples prepared as KBr pellets. 1H-NMR spectra

were recorded on an FT-NMR model Bruker, Avance II

(500 MHz) at 298 K with TMS as the internal reference.

Mass spectra were recorded on JEOL SX 102/DA 6000

mass spectrometer using xenon/argon (6 kV, 10 mA) as the

FAB gas and ESI-MS was recorded on micromassQuarter2

mass spectrometer. Absorption spectra were studied on a

Jasco V-570 UV–visible recording spectrophotometer. pH

of the solutions was measured using pH analyzer LI 614-

Elico. The Malvern Zetasizer (Model ZEN3600) was used

to estimate the particle size (e.g., hydrodynamic diameter)

and for the zeta potential measurements by laser Doppler

electrophoresis as such without dilution. TEM images were

recorded in MACK/model JEOL, JEM 2100 at an acceler-

ated voltage of 200 kV. A drop of dilute solution of a

sample in water on carbon-coated copper grids was dried in

vacuum and directly observed in the TEM. (Centrifuge)

Fluorescence spectra were recorded on Jasco FP-6500

spectrofluorometer.

Synthesis and characterization of compounds

Synthesis of compound 1

Aqueous HCl (9 M, 8 mL) was added dropwise to a stirred

solution of 1,3-dimethoxybenzene (5 mL, 3.82 mol) and

4-hydroxybenzaldehyde (4.6 g, 3.82 mol) in ethanol

(EtOH, 62.5 mL). The mixture was then stirred with reflux

for 16 to 72 h. The mixture was allowed to cool to room

temperature and then filtered to yield the crude mixture of

isomers as a purple powder, which was washed with cold

methanol and further recrystallized in DMF–methanol

mixture.

1H NMR (500 MHz, DMSO-d6) d 8.79 (s, 4H, OH),

6.60 (s, 2H, ArH), 6.46 (s, 2H, ArH), 6.36 (m, 16H, ArH),

6.17 (s, 2H, ArH), 5.97 (s, 2H, ArH), 5.49 (s, 4H, ArCH),

3.64 (s, 12H, OCH3), 3.59 (s, 12H, OCH3); mmax/cm
-1

3144,1611, 1511, 1465, 1437, 836,751 cm-1; mp 320 �C
(decomp.); m/z (relative intensity) 968.4 [(M–H), 970(M

?H), 987(M?H2O),992 (M?Na,), 1008.3 (M?K). Anal.-

data for C60H56O12 (Found; C, 75.35; H, 6.05; O, 18.54

Calc.;C, 74.36; H, 5.82; O, 19.81) (Scheme 1; Moore et al.

2008).

Synthesis of compound 2

Octa-O-alkyl resorcin[4]arene(1) (4 g, 4.1 mol), anhydrous

potassium carbonate (4.5 g, 4.7 mmol) and potassium io-

dide (0.68 g, 4.0 mmol) in dry acetone (150 mL) were

heated to reflux under nitrogen for at least 1 h. Then ethyl

bromoacetate (5.51 mL, 4.7 mmol) was added and the re-

action mixture was further refluxed for 7 days. After re-

moval of acetone, the residue was dissolved in water,

acidified with HCl and extracted with CHCl3. The yellow

organic layer was separated and dried with MgSO4 and red

oil, yielded after evaporation of the solvent, treated with

alcohol to give a yellow product and further recrystallized

from EtOH to give a pure yellow solid compound.

White solid, 51.7 %; mp 165 �C; IR (KBr) mmax/cm
-1

1755 (C=O); 1H NMR (500 MHz, DMSO) d 6.6(d, 16H,

ArH), 6.2–6.3(s, 4H, ArH), 6.15(s, 4H, ArH), 5.64(s, 4H,

Ar3CH), 4.4–4.6 (m, 8H, OCH2), 3.4–3.6 (m, 24H, OCH3),

1.0–1.4 (m, 20 H, C2H5); m/z 1313.4 Analytical data for

C76H80O20 (Found; C, 70.12; H, 6.05; O, 25.73 Calc.;C,

69.50; H, 6.14; O, 24.36).

Synthesis of compound 3

A mixture of compound 2 (4.0 g, 2 mmol) and hydrazine

hydrate (20 mL, 80 %) in 15 mL of EtOH was refluxed for

24 h and then allowed to cool at room temperature. A

white-colored solid precipitated out and was washed with

water to get the pure compound.

White solid, 85.0 %; mp[300 �C; IR (KBr) mmax/cm
-1

3261 (-NH), 1503(-CONH) cm-1; m/z 1271.3 Analytical

data for C69H74N8O16 (Found; C, 64.32; H 5.95; N, 8.27;

O, 20.95 Calc.; C, 65.18; H, 5.87; N, 8.81; O, 20.14).

Synthesis and characterization of octamethoxy

resorcin[4]arene tetrahydrazide (OMRTH)-

protected silver nanoparticles (OMRTH-AgNps)

In a typical experiments, synthesis of silver nanoparticles,

take 5 ml of 1.0 M solution of octamethoxy resorcin (Park

et al. 2007) arene tetrahydrazide (OMRTH) (3) was rapidly

added to the 25 mL of 1 mM boiling solution AgNO3 and
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the heating was continued for 0.5 h and sitter further at

room temperature for about 2 h. The color of the solution

changed from colorless to yellow, indicating the successful

formation of silver nanoparticles. The resulting nanoparti-

cle solution was centrifuged at 5000 rpm for 5–7 min. This

process was repeated three times to wash off the remaining

residues and again dissolved in methanol for further stud-

ies. The residue was washed with copious amount of

deionized water to remove any unbound molecules and

again redispersed in deionized water to get 0.0053 % so-

lution of OMRTH-AgNps for further studies (Bhatt et al.

2014; Scheme 2).

Scheme 1 Synthetic route of octamethoxy resorcin[4]arene tetrahydrazide

Scheme 2 Schematic representation showing the formation of functionalized silver nanoparticles (AgNps) obtained by the reduction of Ag NO3

with octamethoxy resorcin[4]arene tetrahydrazide
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pH-dependent stability study of OMRTH-AgNps

by UV–visible and fluorescence spectroscopy

measurements

It has been found that pH has great effect on the stability of

nanoparticles. Therefore, we determined the stability of

OMRTH-AgNps at different pH values by measuring SPR

and fluorescence. The pH of OMRTH-AgNps dispersion

was adjusted using 0.1 M hydrochloric acid and 0.1 M

sodium hydroxide solution (pH 4, 5, 6, 7, 8, 9 and 10) using

a calibrated pH meter. Also, the change in SPR of the

OMRTH-AgNps was recorded up to 60 days using UV–

visible spectroscopy.

Study of cation interaction with OMRTH-AgNps

by absorption and emission spectroscopy

measurements

A 1 mL (1 mM) aqueous solution of Zn2?, Pb2?, Co2?,

Cu2?, Ba2?, Mn2? Hg2?, Ca2?, Mg2?, Sr2?, Ni2? and

Cd2? was added to 1 mL OMRTH-AgNps and from the

different sets of experiments it was observed that OMRTH-

AgNps showed blue shift in surface plasmon resonance and

maximum fluorescence quenching only in the presence of

Cd[II]. Hence, to evaluate the minimum detectable limit of

Cd[II], 10–1000 times dilution of Cd[II] was done.

Result and discussion

Formation mechanism of silver nanoparticles:

UV–visible spectra and stability study

The chemical reduction of silver ions by a highly reducing

agent is usually very quick. In this study, no commonly

known reducing agents were employed for the rapid for-

mation of silver nanoparticles. Here, octamethoxy resorcin

(Park et al. 2007) arene tetrahydrazide (OMRTH) has been

used for the synthesis of silver nanoparticles, where

OMRTH acted as reducing as well as capping agent. Oc-

tamethoxy resorcin (Park et al. 2007) arene tetrahydrazide

(OMRTH) can passivate the surface of the silver

nanoparticles and stabilize nanoparticles owing to the co-

ordination of nitrogen atoms of the hydrazide (–NH–NH2)

group with silver atoms at the surface of silver nanoparti-

cles (Chen et al. 2007). It is therefore anticipated that silver

nanoparticles are covered with a layer of OMRTH or by its

oxidized product. The preparation of OMRTH-AgNps was

carried out by a simple one-pot process and the color

change observed was from colorless to yellow.

The as-prepared OMRTH-AgNps were primarily char-

acterized by UV–visible spectroscopy, one of the most

widely used techniques for the structural characterization

of nanoparticles. According to Mie’s theory (Mie 1908),

for spherical nanoparticles, only a single surface plasmon

resonance (SPR) band is expected, whereas two or more

SPR bands are observed for anisotropic particles depending

on the shape of the particles. There is also a well-estab-

lished relationship between nanoparticle size and SPR band

position, i.e., with an increase in size of particle, plasmon

resonance band shifting to the red and vice versa (Leff

et al. 1995). The synthesized OMRTH-AgNps showed a

single surface plasmon band at 415 nm Fig. 1 and re-

mained the same for more than 6 months (Figure 2 indi-

cating the presence of highly stable and spherical silver

nanoparticles (Sosa et al. 2003).

Silver nanoparticles: TEM and particle size

analyzer observations with their zeta potential

values

The size distribution of the fluorescent Ag nanoparticles

was characterized by two techniques, transmission electron

microscopy (TEM) and particle size analyzer (PSA). TEM

is used to visualize the shape as well as to measure the

diameter of nanoparticles. PSA provides information re-

garding the size of aggregates rather than the diameter of

individual particles. PSA value was high because it is the

average hydrodynamic diameter. The higher value of PSA

is due to the light scattered by the core particle and the

layers formed on the surface of the particles.TEM image of

(OMRTH-AgNps) as shown in Fig. 3 depicts that the

synthesized silver nanoparticles are more or less

monodispersed with spherical or roughly spherical shape

and have an average diameter of 5 nm with the majority of

particles within the size range of 3–7 nm. Also, no ag-

gregation or formation of large particles was observed by

the TEM image. The particles are homogeneously

monodispersed with most of the particles at 5.0 nm, as

Fig. 1 UV–visible spectra of OMRTH-AgNps
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evident from the image (Fig. 3c). Selected area electron

diffraction study (SAED) showed the presence of the (111)

plane for silver nanoparticles. Hence, from the electron

diffraction pattern, it is clear that the particles are crys-

talline in nature. Electron diffraction analysis showed dif-

fuse ring patterns and crystal spots, which indicated a

randomly oriented, finely crystalline nanostructure, When

the electron diffraction is carried out on a limited number

of crystals, one observes only some spots of diffraction-

distributed concentric circles. The ring patterns with plane

distances are consistent with the plane families of pure

face-centered cubic (fcc) silver structure. The clear lattice

fringes in TEM images and the electron diffraction (ED)

pattern with circular rings and planes show that the

nanoparticles obtained are highly crystalline.

The size distribution of the silver nanoparticles was also

measured by Malvern’s particle size analyzer (PSA). As

shown in the Fig. 4a, the particles are homogeneously

monodispersed with an average particle size in the range of

15–22 nm. The statistical graph and size distribution vs

intensity have been shown in Fig. 4b. The overall particle

charge in a particular medium is denoted as their zeta

potential value, which is responsible for deciding the fate

of stability. Here, synthesized silver nanoparticles had a

12 ± 4 MeV zeta potential values, which is sufficient to

keep the particles away from aggregation and to maintain

the stability. Moreover, a positive value also suggests that

hydrazide groups were successfully introduced on the

surface of nanoparticles.

Effect of pH on the relative UV–visible absorption

and fluorescence intensity

The pH-dependent stability of OMRTH-AgNps was stud-

ied at different pH values from 4 to 7 by observing their

absorption as well as emission spectrum. No considerable

change in absorption spectra of nanoparticles was observed

at different pH ranges from 4 to 7 Fig. 5 On the other hand,

from the fluorescence emission spectra, it was concluded

that the maximum relative fluorescence intensity of silver

nanoparticles was 4.5 pH and, hence, this pH was selected

for further fluorescence-related studies Fig. 6

Silver nanoparticles: metal ion and sensing study

and quenching mechanism

From the fluorescence spectra of silver nanoparticles,

maximum emission was observed at 458 nm Fig. 7 To

ensure the high selectivity of the sensing for metal ions, the

interaction of silver nanoparticles with different metal ions

such as Zn, Pb, Co, Cu, Ba, Cd, Mn, Hg, Ca, Mg, Sr and Ni
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Fig. 2 Stability of OMRTH-AgNps with respect to time

Fig. 3 a TEM image of

OMRTH-reduced AgNps,

b particle size distribution graph

and c electron diffraction

pattern
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has been studied under similar conditions. For fluorescence

emission study, the concentration of metal ions initially

taken was 10-8 M and gradually increased to 10-6 M. It

was observed that with an increase in the concentration of

cadmium, the fluorescence emission was quenched rapidly

up to 85 % at a concentration of 10-6 M, while no con-

siderable quenching effect was observed (Fig. 8) upon

addition of other metal ions up to 10-6 M concentration.

The relative fluorescence quenching toward various com-

mon metal ions is presented in Fig. 9, which suggests that

the synthesized silver nanoparticles are selective for cad-

mium only.

Several mechanisms have been proposed to explain the

fluorescence quenching of nanoparticles, including inner

filter effects, non-radiative recombination pathways and

electron transfer process (Gattás-Asfura and Leblanc

2003). Quenching often proceeds via the formation of the

complex at an excited state, i.e., an exciplex (collisional

quenching), or by ground state complex formation (static

quenching).

Fig. 4 a Size distribution of silver nanoparticles by particle size analyzer. b Zeta potential
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There is an excellent linear relationship of fluorescence

quenching with concentration of cadmium within the range

of 10-8 M (10 nM) to 10-6 M (1 lM). Figure 10 suggests

that the quenching effect of synthesized silver nanoparti-

cles by cadmium ions was in accordance with Stern–Vol-

mer equation (Eq. 1):

F0=F ¼ 1þ Ksv Q½ �; ð1Þ

where F0 and F are the steady-state fluorescence intensities

in the absence and presence of quencher, respectively, Ksv

is the Stern–Volmer quenching constant which defines the

quenching efficiency and [Q] is the concentration of the

quencher, i.e., concentration of Cd[II].

The fluorescence data were analyzed by plotting F0/

F versus concentration of Cd. The resulting Stern–Volmer

plot between the fluorescence decreases with the concen-

tration of Cd ion over the range of 10-8 to 10-6 M as

shown in Fig. 10 and exhibits a good linear relationship

with a correlation coefficient of R2 = 0.9874. Also, the

absorption spectrum of OMRTH-AgNps varied after the

addition of cadmium Fig. 11, indicating that static

quenching was involved; for dynamic quenching, the

excited-state fluorochrome molecule had no effect on the

absorption spectrum (Kim et al. 2012; Yin et al. 2011).

Functionalized silver nanoparticles were aggregated in

Fig. 7 Fluorescence spectra of OMRTH-AgNps
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Fig. 8 Fluorescent spectra of OMRTH-AgNps interaction with

different transition metal ions
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solution in the presence of divalent metal ions by an ion-

templated chelation process, which induced an easily

measurable change in the absorption spectrum of the

particles. The aggregation also enhanced the hyper-Ray-

leigh scattering (HRS) response from the nanoparticle so-

lutions, providing an inherently more sensitive method of

detection (Kim et al. 2012).

AgNps detects the other metal ions, but retains a marked

selectivity with cadmium ions (Meallet-Renault et al. 2006;

2006) It is reasonable to believe that the size of Cd 21 can

fit better with the ring than other transition metal ions

tested. Therefore, the modifiers of OMRTH-Ag NPs show

a good sequestration of Cd2? which results in Cd2? in-

ducing the aggregation of OMRTH-Ag NP (Chowdhury

et al. 2011).The fluorescence quenching of OMRTH-cap-

ped AgNPs in the presence of Cd2? ion was attributed to

nanoparticle aggregation induced by the complexation

between OMRTH and Cd2? ion. Upon interaction with

different bivalent and trivalent metal ions, for Cu2? ion,

whereas the fluorescence intensity of the AgNps fluores-

cence intensity shows a substantial decrease, OMRTH-

capped AgNPs is nearly unaffected by metal ions other

than Cd2?. That complexation between OMRTH-AgNps

and Cd2? ion induced aggregation and fluorescence

quenching of OMRTH-capped AgNPs was further con-

firmed by a competition test.

Application

Herein, we report the selective detection of Cd[II] ions in

Sabarmati River (Ahmedabad) and tap water from the

university area which was found to be 28.50 and 41.75 nM,

respectively. To further confirm the results, the standard

addition method was adopted. To 0.9 mL OMRTH-AgNps

solution, 0.05 mL of standard Cd[II] ions of different

strengths (200, 300, 500 and 700 nM) was spiked, followed

by the addition of 0.05 mL sample solution. Since decrease

in relative fluorescence intensity is linear with successive

Table 1 Determination of Cd(II) ions in different water samples

Samples Reference

concentration

(nM)

Quenching

(I/I0)-1,

Istd

Quenching

(I/I0)-1,

Iws

Concentration of Cd(II)

(nM) obtain from Fig. 10

Concentration of Cd(II)

(nM) in the sample

solution

Average

concentration of

Cd(II) (nM)

Tap water

(University area,

Ahmedabad)

200 3.75 3.67 215 15 28.50

300 2.45 2.31 327 27

500 0.72 0.78 534 34

700 0.26 0.20 738 38

Sabarmati River

(Ahmedabad)

200 3.75 3.50 221 21 41.75

300 2.45 2.12 338 38

500 0.72 0.64 550 50

700 0.26 0.17 758 58

Intensity Istd: % Fluorescence intensity decrease after the standard Cd(II) ions solution only

Intensity Iws: % Fluorescence intensity decreases after the standard Cd(II) ions solution and water samples both

I maximum intensity after the addition of Cd(II) 1000 nM, I0 absence of Cd(II) ion (only OMRTH-AgNps)

Fig. 10 SPR band of a OMRTH-AgNps in the presence of Cd[II]

ions. b OMRTH-AgNps without metal ions

Fig. 11 Fluorescence response of OMRTH-AuNps on addition of

Cd[II] (10 nM to 1 lM). The inset shows a Stern–Volmer plot of

intensity versus concentration of Cd[II]
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addition of lM concentration of Cd[II] ions, the fluores-

cence intensity of the resulting solution of four different

sets was measured and the graph plotted between the per-

cent intensity decrease (I/I0)-1 and concentration of Cd[II]

ions, where (I) and (I0) are the fluorescence intensity of

OMRTH-AgNps in the absence of Cd[II] ions and presence

of Cd[II] ions (Table 1).

Conclusion

In conclusion, OMRTH-functionalized fluorescent silver

nanoparticles were successfully synthesized through a

simple one-pot method. It shows that a noble and efficient

nanoconjugation has been explored which open ups a new

way to prepare functionalized fluorescent probes. Further,

we have demonstrated the application of OMRTH-AgNps

as a sensitive and selective probe for the detection of

Cd[II]. Cadmium ions can be detected by a ‘‘turn off’’

fluorescence mechanism at minimum concentration of

about 10-8M and, hence, these newly synthesized

OMRTH-AgNps-based silver nanoparticles will act as a

very good cadmium probe and can hold a very good future

in biolabeling, biosensing and in many more fields. We

believe that these easily synthesized and stabilized silver

nanoparticles (OMRTH-AgNps) may find application in

various areas of analytical and bioanalytical chemistry as

well as be an excellent platform for the rapid detection of

Cd[II]. The OMRTH-AgNps can also be explored for their

use in the detection of Cd[II] ions in environmental and

biological samples..
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(2012) Solvent driven formation of silver embedded resor-

cinarene nanorods. CrystEngComm 14(2):347–350

Sau TK, Murphy CJ (2004) Room temperature, high-yield synthesis

of multiple shapes of gold nanoparticles in aqueous solution.

J Am Chem Soc 126(28):8648–8649

Shang L, Dong S (2008) Facile preparation of water-soluble

fluorescent silver nanoclusters using a polyelectrolyte template.

Chem Commun 9:1088–1090

Shen Z, Duan H, Frey H (2007) Water-soluble fluorescent Ag

nanoclusters obtained from multiarm star poly (acrylic acid) as

‘‘molecular hydrogel’’ templates. Adv Mater 19(3):349–352

Sosa IO, Noguez C, Barrera RG (2003) Optical properties of metal

nanoparticles with arbitrary shapes. J Phys Chem B 107(26):

6269–6275

Stavens KB, Pusztay SV, Zou S, Andres RP, Wei A (1999)

Encapsulation of neutral gold nanoclusters by resorcinarenes.

Langmuir 15(24):8337–8339

Sun Y, Yao Y, Yan CG, Han Y, Shen M (2010) Selective decoration of

metal nanoparticles inside or outside of organic microstructures

via self-assembly of resorcinarene. ACS Nano 4(4):2129–2141

Thomas KG, Barazzouk S, Ipe BI, Joseph STS, Kamat PV (2004)

Uniaxial plasmon coupling through longitudinal self-assembly of

gold nanorods. J Phys Chem B 108(35):13066–13068

Triulzi RC, Micic M, Giordani S, Serry M, Chiou WA, Leblanc RM

(2006) Immunoasssay based on the antibody-conjugated

PAMAM-dendrimer–gold quantum dot complex. Chem Com-

mun 48:5068–5070

Turkevich J, Kim G (1970) Palladium: preparation and catalytic

properties of particles of uniform size. Science 169(3948):873–879

Velanki S, Kelly S, Thundat T, Blake DA, Ji H-F (2007) Detection of

Cd(II) using antibody-modified microcantilever sensors. Ultrami-

croscopy 107(12):1123–1128. doi:10.1016/j.ultramic.2007.01.

011

Appl Nanosci (2016) 6:555–566 565

123

http://www.rsc.org/suppdata/cc/b1/b100535i
http://www.rsc.org/suppdata/cc/b1/b100535i
http://dx.doi.org/10.1016/j.saa.2014.05.044
http://dx.doi.org/10.1039/b513215k
http://dx.doi.org/10.1039/b513215k
http://dx.doi.org/10.1039/b714735j
http://dx.doi.org/10.1016/j.ultramic.2007.01.011
http://dx.doi.org/10.1016/j.ultramic.2007.01.011


Wang A-J, Guo H, Zhang M, Zhou D-L, Wang R-Z, Feng J-J (2013)

Sensitive and selective colorimetric detection of cadmium (II)

using gold nanoparticles modified with 4-amino-3-hydrazino-

5-mercapto-1, 2, 4-triazole. Microchim Acta 180(11–12):

1051–1057

Wei A, Kim B, Pusztay SV, Tripp SL, Balasubramanian R (2001)

Resorcinarene-encapsulated nanoparticles: building blocks for

self-assembled nanostructures. J Incl Phenom Macrocycl Chem

41(1):83–86

Xu H, Suslick KS (2010) Water-Soluble Fluorescent Silver Nan-

oclusters. Adv Mater 22(10):1078–1082

Yao Y, Sun Y, Han Y, Yan C (2010) Preparation of resorcinarene-

functionalized gold nanoparticles and their catalytic activities for

reduction of aromatic nitro compounds. Chin J Chem

28:705–712

Yin J, Wu T, Song J, Zhang Q, Liu S, Xu R, Duan H (2011) SERS-

active nanoparticles for sensitive and selective detection of

cadmium ion (Cd2?). Chem Mater 23(21):4756–4764

Yu J, Patel SA, Dickson RM (2007) In vitro and intracellular

production of peptide-encapsulated fluorescent silver nanoclus-

ters. Angew Chem 119(12):2074–2076

Zhang M, Liu Y-Q, Ye B-C (2012) Colorimetric assay for parallel

detection of Cd 2? , Ni 2? and Co 2? using peptide-modified

gold nanoparticles. Analyst 137(3):601–607

Zheng J, Dickson RM (2002) Individual water-soluble dendrimer-

encapsulated silver nanodot fluorescence. J Am Chem Soc

124(47):13982–13983

Zheng J, Nicovich PR, Dickson RM (2007) Highly fluorescent noble

metal quantum dots. Annu Rev Phys Chem 58:409

566 Appl Nanosci (2016) 6:555–566

123


	Novel fluorescent silver nanoparticles: sensitive and selective turn off sensor for cadmium ions
	Abstract
	Introduction
	Materials and methods
	Materials
	Synthesis and characterization of compounds
	Synthesis of compound 1
	Synthesis of compound 2
	Synthesis of compound 3

	Synthesis and characterization of octamethoxy resorcin[4]arene tetrahydrazide (OMRTH)-protected silver nanoparticles (OMRTH-AgNps)
	pH-dependent stability study of OMRTH-AgNps by UV--visible and fluorescence spectroscopy measurements
	Study of cation interaction with OMRTH-AgNps by absorption and emission spectroscopy measurements

	Result and discussion
	Formation mechanism of silver nanoparticles: UV--visible spectra and stability study
	Silver nanoparticles: TEM and particle size analyzer observations with their zeta potential values
	Effect of pH on the relative UV--visible absorption and fluorescence intensity
	Silver nanoparticles: metal ion and sensing study and quenching mechanism

	Application
	Conclusion
	Acknowledgments
	References




