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Abstract Effect of Silver nanoparticles (AgNPs)morphology
on their fluorescence behavior is reported. AgNPs sol stabi-
lized by Ethylene Diamine Tetra Acetic-Acid (EDTA) was
prepared by chemical reduction method. Morphology of the
AgNPs was tuned through changing the Ag+ ion concentra-
tion and PH of reaction mixture. Additional peaks observed in
surface Plasmon resonance spectra suggest the an-isotropic
nature of AgNPs. Actual morphology was judged by Trans-
mission Electron Microscopy. Emission spectra recorded
using Spectrofluoremeter suggest the fluorescent nature of
AgNPs, which also influenced by morphology of AgNPs
and attributed to the variation in surface structure of an-
isotropic AgNPs.

Keywords Silver nanoparticles . EDTA . Fluorescent
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Introduction

During last few decades, main focus of the nano-material
research included development of novel synthetic strategies,
tuning the morphologies, combination of different materials
and understanding their physic-chemical properties [1–8].
Among various nano-materials, noble metals particularly sil-
ver and gold are most extensively studied due to their fasci-
nating Surface Plasmon Resonance (SPR) properties, with
major emphasis on the morphology dependent SPR behavior

[9–11]. Impact of the SPR property is evolved in terms of
technological development of sensors, detectors, DNA hy-
bridization etc. [12–18]. Initial interest in Au NPs mainly
arose from their high electron density that has been used for
immune-staining with Au NPs as marker for transmission
electron based imaging [19]. Later on, the plasmonic proper-
ties of Au NPs was widely used for colorimetric detection of
biological molecules [20, 21]. Silver is another noble metal,
which similar to gold, exhibits plasmonic properties in the
nanometer scale and are the most studied system of colloidal
metal NPs. Initially, AgNPs were considered because of their
antibacterial activity [22–24]. Further interesting properties
are observed for AgNPs that project them as potential material
for diverse applications.

Recent emerging trend in this field is to synthesize the
fluorescent metal nano-materials. Fedrigo et al. first time
reported the fluorescence property of silver nano clusters
(NCs) due to the discrete nature of band structure [25]. Huang
and co-workers also demonstrated the fluorescence behavior
of AgNCs due to the similar phenomenon [26]. In addition to
the discreteness in band structure, fluorescence property can
also be originate from the Ag(I) complex [27–30].

Recently, Pal et al. reported the fluorescence behavior of
giant core shell particles, constituted of AgNCs shell on gold
(I) surface [31], due to the synergistic effect of gold, silver and
glutathione. Importance of the fluorescent metal nanoparticles
relies on the Fluorescence-based detection technology, in
combination with nanotechnology, and widely used in various
fields [32–35]. A notable examples includes, application of
fluorescent silver nanomaterial as colorimetric and PH sensor,
detection of metal ions, indicators for biological detection,
imaging guided therapy, surface PKa determination, tempera-
ture sensor, biological labeling [33, 36–47].

Efforts have also been made to increase fluorescence in-
tensities of nanomaterial-based probes by fabricating metal
−dye nano-composites [48], combination of metal NPs with
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polymers and with other photo-active materials [49], where
fluorescence intensity was found be enhanced by several folds
in close proximity of metal NPs [50–52]. Further investiga-
tions on size dependent fluorescence behavior of AgNPs
shows the red shift in fluorescence wavelength with the
AgNCs size [53, 54]. However, gross understanding in this
field requires the detail investigation for morphology effect on
the fluorescence behavior of the AgNPs. As per our knowl-
edge, there is hardly any reports that accounted the said point.
Here we report the synthesis of fluorescent AgNPs by chem-
ical route. Morphology of NPs was tuned by Ag+ ion concen-
tration and PH of the reaction mixture. Noticeable morpholog-
ical effect is observed on the fluorescence nature of the
AgNPs.

Experimental Section

Chemicals & Materials

Silver nitrate (s.d.fine chemical Ltd.) and di-sodium salt of
ethylene di-amine tetra-acetic acid (EDTA) (99.5 %, s.d.fine
chemical Ltd.) Sodium hydroxide (97 %, Rankem Laboratory
Reagent) L-Ascorbic acid (99.6 %, Himedia PCT0207-100 g)
were used without further purifications. All the solutions were
prepared using double distilled water.

Synthesis of AgNPs

Silver NPs were synthesized by chemical reduction method.
Briefly, 25 mL AgNO3 and 50 ml EDTA (12 mM) were taken
in round bottom flask and stirred for 30min. PH of the solution
was adjusted with 1 M NaOH solution and stirred for addi-
tional 15 min. Subsequently, 25 mL of ascorbic acid (2.5 mM)
was added drop-wise. Nitrogen gas was bubbled throughout
the reaction. Color of the solution turned colorless to color
within couple of minutes after addition of ascorbic acid. The
reaction mixture was allowed to stir for 30 min and finally
diluted five times with double distilled water. Morphology of
the NPs was controlled by varying the Ag+ concentration and
PH of the reaction mixture. Details are tabulated in Table 1.

Characterization

The UV-visible spectra were recorded on a Shimadzu UV-
1601 spectrophotometer. Emission spectra were recorded on a
Shimadzu RF-5301 PC spectrofluore-meter. The morphology
of nanoparticles was judged by Philips CM-200 super twin
stem Transmission Electron Microscope (TEM) operated at
200 kV. Surface chemistry of AgNPs was analyzed by Fourier
Transform Infrared Spectrophotometer Shimadzu FTIR-8400
range 400 cm−1 to 4,000 cm−1 resolution 4.0. X-ray diffraction
(XRD) data were collected from deposited samples using a

PAN alyticalX’pertpro MPD diffractometer with monochro-
matic Cu Kα radiation (λ=1.54056 Å)

Results and Discussions

After addition of ascorbic acid, color of the reaction mixture
slowly changes from colorless to orange color. Figure 1 de-
picts the UV-visible spectrum recorded on as prepared sol. A
peak at 425 nm observed in the spectrum is assigned to the
surface plasmon resonance (SPR) band for nano size silver,
which arises due to collective oscillation of free electrons with
respective to the positive core [55]. It suggest the formation of
AgNPs in the solution.

To confirm the crystallographic phase, the X-ray
diffractogram (XRD) was recorded on the dried sample and
shown in Fig. 2. The major peaks at 38.4°, 44.4°, 64.6° and
77.57° due to [111], [200], [220] and [311] planes, respective-
ly, fitted faithfully with the one reported for the cubic phase of
silver [56]. Hence, based on SPR nature and XRD, formation
of silver nanoparticles is concluded.

Surface composition of AgNPs was judged by recording
FTIR spectrum and depicted in Fig. 3. For comparison, spec-
trum recorded using pure EDTA salt is also shown in the
Figure. The prominent band observed at 3,600 cm−1 due to
the O-H stretching in pure EDTA salt is stoke shifted at
3,432 cm−1 for AgNPs, which suggest the association of
EDTA with Ag through O-H group. Moreover, the band at
3,080 cm−1 for C-H stretching of neat EDTA is disappeared
for AgNPs advocate the further association of EDTAwith Ag
[57]. Therefore, FTIR spectra reveals the stabilization of
AgNPs by EDTA, through [COO—Ag] and [C–Ag] complex
formation.

A typical low-resolution TEM image obtained by drop-
casting the sol onto TEM grid is shown in Fig. 4. An-isotropic
morphology, close to hexagonal shape, is observed with aver-
age size ca. ~23 nm. Few bigger particles ca.40 nm in size are
also present. As prepared AgNPs sol was stable for the
months. Zeta potential measurement indicated the −56 mV
charge on the particle, which may provide them long term
stability through electrostatic repulsion.

Table 1 Details of the sample coding of AgNPs prepared under different
experimental conditions

Sr. No. Sample code [Ag+] (25 mL) pH

1 AgNP-1 2.5 mM 9.10

2 AgNP-2 2.5 mM 9.90

3 AgNP-3 1.0 mM 10.06

4 AgNP-4 5.0 mM 10.07

5 AgNP-5 2.5 mM 10.76

6 AgNP-6 5.0 mM 6.00

752 J Fluoresc (2014) 24:751–757



AgNPs sol showed fluorescent nature on illumination by
UV light (Inset of Fig. 5). Therefore, fluorescent property was
checked by recording emission spectra of AgNPs sol, as
depicted in Fig. 5. Emission in blue-green region with broad
peak centered at 470 nm is observed. Fluorescence is well
above the signal-to-noise ratio and clearly visible by necked
eyes. To confirmed the fluorescence nature of AgNPs, sol
were subjected for dialysis (Sigma-Aldrich: Cellulose Mem-
brane,MW=12KD, 9652-100 FT). Emission spectra recorded
before and after dialysis are depicted in Fig. S1. Almost
similar nature of emission spectra observed for both the cases
confirmed the fluorescence nature of AgNPs. Moreover, emis-
sion spectra are recorded at different excitation wavelength
and depicted in Fig. S2. After excitations at different wave-
lengths, emission wavelength remained same that further sup-
ports the fluorescent nature of AgNPs. Fluorescence behavior
is reported for gold and silver NPs with size smaller than 2 nm

and attributed to the origin of discreteness in band structure,
i.e. Quantization Effect [26, 36, 47]. However, such quantiza-
tion effect is ruled out in present case due to larger size of
AgNPs. Recently, Pal et al. reported the fluorescent nature of
Ag@Au giant particle where gold, silver and glutathione
required in appropriate ratio to demonstrate the fluorescence
behavior [31]. We also observed the photoluminescence prop-
erty for AgNPs due to the DMSO complex formation on silver
surface [5]. Similarly, other groups were also observed the
fluorescence nature due to the Ag(I) complex. Therefore,
observed fluorescence property for AgNPs can be attributed
to the exciton generation from Ag-EDTA complex formation
i.e. electron in the EDTA shell and the hole in the AgNPs.

The surface crystallographic structure of nano materials
mainly depends on their shape [58, 59], and any variation in

Fig. 1 UV-visible spectra recorded on the as prepared AgNPs sol

Fig. 2 X-ray diffractogram recorded on a vacuum-dried sample. The
diffractogram is indexed by using JCPDS file 4-783

Fig. 3 FTIR spectra recorded on prestine EDTA salt and KBr pallet of
AgNPs

Fig. 4 Low-resolution TEM image recorded at 200 kV for the drop-
casted AgNPs. Electron diffraction pattern is given in the inset. (Scale Bar
is 100 nm)
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crystallographic structure due to the morphology can alters the
energetics of Ag-EDTA complex. An investigation has been

done by observing the fluorescence behavior for AgNPs hav-
ing different morphology. Figure 6 depicts the TEM images
recorded using AgNPs prepared by different experimental
conditions. As can be seen, size increased from 8.5 to 56 nm
for AgNP-1 to AgNP-6. Additionally, AgNPs undergoes
shape evolutions. Briefly, roughly spherical shapes are pre-
sents for AgNP-1 with average size 8.5 nm. Major proportion
of cubic shapes for AgNP-2 and roughly hexagon like struc-
tures for AgNP-6 are observed. An irregular shape is observed
AgNP-3 and AgNP-5. Interestingly, TEM image for AgNP-4
shows interconnected chain like structure of NPs (Refer Inset).
Therefore, one can summarize the results as, size of nano-
structures increases from 8.5 to 56 nm and shape varies from
roughly spherical to cubes, hexagonal, chain like intercon-
nected structures and irregular shapes. EDTA has site selective
binding ability which controls their growth mechanism [60].
Therefore, morphological evolution can be attributed to the
post-growth effect of EDTA under different PH conditions. It
is further supported through the zeta potential measurements,
where AgNPs possess zeta potential ranging from −20 to
−80 mV for different morphology. Effect of morphology on

Fig. 5 Emission spectra recorded for AgNPs in aqueous medium. The
excitation wavelength is 300 nm. Inset shows the photographic images
recorded without and with UV light illumination of AgNPs sol

Fig. 6 TEM images recorded for
AgNPs prepared under different
experimental conditions. AgNPs
are named as AgNPs-1, AgNPs-2,
AgNPs-3, AgNPs-4, AgNPs-5
and AgNPs-6. Details of the
experimental conditions are given
in Table 1
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its optical properties were studied by UV-visible and fluores-
cence spectroscopy. Figure 7 depicts the UV-visible spectra
recorded using different morphology of AgNPs. Position and
nature of SPR was found to be depend on morphology of
nanostructures. In addition to main SPR peak, hump/telling is
observed for the sample AgNP-2, AgNP-3 and AgNP-4. It is
reported that, the quadrupole resonances are more active for
anisotropic shaped particles and not for spheroidal one of
roughly equivalent dimensions [55], which causes the multi-
plasmon excitation, and results into multiple peaks. Further,
DDA calculated spectra of cube exhibits multiple peaks due to
the several distinct symmetries for dipole resonance compared
with only one for the sphere [10, 61]. This is due to the
segregation of charges at the corners which increased the
charge separation, and thereby reduces the restoring force
for electron oscillation [62], that in turn manifests itself in a
red-shift of the resonance peak [10, 11, 63]. Therefore, an
additional hump/tailing is attributed to the increase in axis
length, sharpness of corners/edges in AgNPs shape [10, 64,
65]. It is supported by TEM images, where cubic, roughly
hexagonal and interconnected NPs (similar to rod) are
observed.

Figure 8a depicts the emission spectra recorded using
AgNPs having different morphology. Roughly spherical
nanostructures (AgNP-1, AgNP-5, AgNP-6) shows green
fluorescence with peak centered at 468 nm. However, for
an-isotropic nanostructures (AgNP-2, AgNP-3, AgNP-4)
emission wavelength shifted from green to blue-green region
with peak centered at 430 nm. In case of AgNPs-4, diffused
nature of emission spectrum with low intensity is observed.
Photographic images recorded using UV light illuminated
AgNPs sol (Fig. 8b) elucidates the fluorescence behavior.
AgNPs-1, AgNPs-5 and AgNPs-6 shows green fluorescence,
while AgNPs-2, AgNPs-3 and AgNPs-4 shows blue-green
color fluorescence, which is due to the morphological

variation. Distinctly different nature of emission spectra of
AgNP-4 can be attributed to the inter particle relaxation of
exciton due to the close proximity of AgNPs. It is further
supported by TEM images (Fig. 6, inset) where particles are
attached to each other and forming chain like structures. An
observed variation in fluorescence behavior is attributed to the
morphological difference of AgNPs. Morphological variation
in NPs alters their surface crystal structure and hence it’s
surface potential. Variation in surface potential affects an
energetics of Ag-EDTA complex formed on surface of AgNPs
and eventually an exciton energy, which may be responsible
for the variation in fluorescence behavior. Time resolved
fluorescence spectroscopy can provide the detail understand-
ing, which will be the future plan of this work.

Fig. 7 UV-Visible spectra recorded for AgNPs prepared under different
experimental conditions

Fig. 8 a Emission spectra recorded for AgNPs prepared under different
experimental conditions. Emission spectra are recorded using excitation
wavelength at 300 nm. bPhotographic images captured without and with
UV light illumination of AgNPs sol
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Conclusion

We have reported the synthesis of fluorescent AgNPs by
chemical route. Fluorescent nature of AgNPs is attributed to
the exciton generation due to electron from EDTA and hole
fromAg core. Morphology of AgNPs were tuned by adjusting
silver ion concentrations and PH of the reaction mixture.
Fluorescence property is found to be affected by morphology
and attribute to the variation of surface crystal structure with
morphology, that alters the Ag-EDTA complex energy and
hence exciton energy.
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