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Chapter 5

Synthesis, Characterization and Application of Silver and Gold Nanoparticles

capped with Diethylenetriaminepentaacetic acid (DTPA) for Chromium sensing

5.1 Introduction

Chromium is extensively used and exists abundantly in two oxidation statesi.e.
Cr® and Cr®, which are both toxic, but Cr®* is the primary subject of concern for
various international environmental agencies because it has more mutagenic properties
than Cr**. The maximum permissible concentration of Cr®* in drinking water
according to the US Environmental Protection Agency is 0.1 mg/L, which is one
reason why the accurate determination of Cr®* levels is very important in water
anaysis. Hence, the need to develop rapid, sensitive, and reliable methods for
chromium detection as more convenient approaches for field assays is of interest.

Recently, various noble metal nano particles (NPs) have been widely used as
attractive colorimetric or surface-enhanced Raman scattering probes because of their
strong surface plasmon resonance (SPR) absorption properties, high extinction
coefficient in the visible region and color-tunable behavior that depends on size,
shape, and interparticle distance (Arakawa & Kawasaki, 2010; Burda, Chen,
Narayanan, & El-Sayed, 2005; X. Wang, Chen, & Chen, 2014).

Gold nanoparticles (Au NPs) and silver nanoparticles (Ag NPs), have been of
particular interest as probes in detection of metal ions and bio molecules because of
various advantages such as no requirement of sophisticated materials and complex
instruments, ability to detect with naked eyes, and high stability (Lai & Tseng, 2011;
Rattanarat et a., 2013; W. Ren, Zhu, & Wang, 2012; Y. Wang, Yan, & Chen, 2013; Y.
Xu, Yang, Zhu, & Dou., 2014).

However, in most cases nano sized metal particles in the solution can
agglomerate due to Vander Waals forces and high surface energy unless they are
protected. In this regard, surface modification using polymers, complex ligands, or
surfactants is required to stabilize metal NPs (Ahmadi, Wang, Green, Henglein, & El-
Sayed, 1996; Pal, Sau, & Jana, 1998). NP surfaces are generally capped with a surface
monolayer of different composition from that of nanoparticle itself (Brust, Walker,
Bethell, Schiffrin, & Whyman, 1994; Yonezawa & Kunitake, 1999). This layer is
necessary to prevent the NPs from aggregating when suspended in a liquid, and it can
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also serve as a platform for the attachment of other molecules. Sulfur ligands other
than thiols, such as Xanthates (Tzhayik, Sawant, Efrima, Kovalev, & Klug, 2002),
Disulfides (Tzhayik et a., 2002), Thioethers (Shelley et a., 2002) Carbamate (Zhao,
Jin, Yan, Liu, & Zhu, 2012) have aso been widely used as surface functionalization
groups for gold.

Triazole-ester and carboxyl-, glutathione-, calixarene-modified Ag NPs have
been used as colorimetric probes for sensing of various pollutants (H. Li, Cui, & Han,
2009; H. Li, Yao, Han, & Zhan, 2009; Xiong & Li, 2008; Yao, Tian, & Li, 2010). It
has been reported that amino polycarboxylic acids have good reducing and
complexing properties. There are a number of reports in the literature in which the
metal NPs have been synthesized using complexes of polyaminocarboxylic acids
which include Ag-EDTA and Ag-DTPA. In most of these studies, reduction was
carried out either by strongly reducing free radicals generated by aqueous radiolysis
(Kapoor & Mukherjee, 2003) or by boiling the solution in autoclave at high
temperature (Cavicchioli, Varanda, Massabni, & Melnikov, 2005; Hsieh, Pan, &
Chen, 2011; Jiang et al., 2011; Yi et a., 2011; Zainy et a., 2012). However, very few
studies exist in the literature in which reduction of Ag complexes was carried out
without using any reducing agent (Guo, Zhang, Zhu, & Jiang, 2008; Wrzesien &
Graham, 2012; Yang & Sardar, 2011) APCAs such as ethylenediaminetetraacetic acid
(EDTA) (Bonggotgetsakul, Cattrall, & Kolev, 2011; D. . Wang, Liu, Zhou, Sun, &
You, 2007) and Nitrilotriacetic acid (Njagi & Goia, 2014) are also used for reduction
of HAuUCIl; to form gold nano particles; In their report, "formation of silver
nanoparticles in the presence of complexons of Aminopolycarboxylic Acids family".
Shevchenko et al. reported that silver nanoparticles can be formed using DTPA
without any reducing agents (Shevchenko, Zhuravkov, & Novikov, 2015).

In this work, DTPA was chosen for preparation of capped Ag and Au NPs
based on the hypothesis that DTPA contain five carboxyl groups, which suggests that
they can serve as an effective capping ligands like citrate. (Ji et a., 2007).Further,
DTPA can aso bind to NP surface due to the interaction between one carboxyl group
of DTPA and metal surface and the negatively charged carboxyl group can stabilize
the NPs against aggregation as well as help in binding to chromium. DTPA can act as
both reducing agent and capping agent for stabilization of Au and Ag NPs.
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Generaly the synthesis of NPs has been performed at high tempertaures.. Now
a days, microwave irradiation (MWI) is considered as a highly effective technology
and is used widely in the synthesis of nanoparticles since it has a more homogeneous
heating process and can speed up the reaction rate by many orders of magnitude
compared with conventional heating (Bahadur et al., 2011; Jiang et a., 2013).

Our objective of this work was to synthesize DTPA capped Ag and Au
nanoparticles using microwave radiation and carrying out their application for the

sensing of Cr®" and Cr® ionsin aqueous solutiom.

5.2 Materialsand Methods
5.2.1 Materials

AgNO; (Silver Nitrate, SRL, India), HAuUCl, (Chloroauric Acid, Spectrochem,
India) and DTPA (Diethylenetriaminepentaacetic acid, Spectrochem, India).
Microwave oven (ONIDA, Power Convention 20, MO20C1S26S (20L)). AgNO3 and
HAuUCI, were prepared were in DM water, while DTPA was prepared in 0.2M NaOH.
5.2.2 Synthesis of Ag-NPsand Au-NPs

Microwave Technology was used for synthesis of Silver and Gold NPs. For
this synthesis al glassware were thoroughly cleaned with agua-regia (3:1 HCI/HNO3)
and rinsed with Double distilled water prior to use. The low vacuum MW reactor was
a home-appliance kitchen microwave from Onida Power Convection 20 (Model no :
MO 20CJS 26S) system with power of 1350 W.

The synthesis of AQDTPA and AuDTPA NPs was carried out under MW
irradiation for 1.5 min with a pulse-mode (i.e., irradiation for 30 s and pause for 10 )
and finally cooled down to 25 °C
5.2.2.1 AgNPswith DTPA

About 0.5mL 0.04M AgNO; solution was added to 50ml Double distilled
water in reaction glass vessel to which 0.5ml of 0.05M DTPA in 0.2M NaOH solution
was added . The pH of solution was adjusted to 8.8-9.2 using 0.01M solution of NaOH
and heated in microwave. Deep yellow colored AgNP solution was formed which was
cooled to room temperature.
5.2.2.2 AuNPswith DTPA

About 0.1mL of 0.02M HAUCI, solution was added to 5 mL Double distilled
water in a glass beaker followed by 0.1mL of 0.05M DTPA. The pH of solution was
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adjusted to 8.8-9.2 using 0.01M solution of NaOH and heated in microwave for 1.5
min and allowed to cool to room temperature. The colour of solution turned to wine
red, which suggested the formation Au NPs.
5.2.3 Characterization Techniques

UV-Visible spectra analysis was carried out using a (JASCO,V-630)
spectrophotometer. The morphology of nanoparticles were characterized by using a
Tecnal 20 transmission electron microscope (TEM) from Philips Holland, equipped
with Electron Source as W emitter and LaB6 (Magnification : 25x to 750000x or
higher). Raman analysis was carried out on NXR FT-Raman Module from Thermo
scintific, scanning from 200-2000 cm™. Zeta potential analysis was carried out using
Brookhaven 90Plus, particle Size Analyzer.

5.3 Results and Discussion
5.3.1 UV-Visible spectroscopic studies

The formation of AgNPs was accompanied with appearance of intense
absorption peak at 400 nm which was attributed to surface plasmon resonance
phenomena of electrons in the conduction bands of silver and indicated the formation
of silver colloids with nanometer-sized dimensions (Zhang, Li, Goebl, Lu, & Yin,
2011). The single dipole plasmon resonance peak at 400 nm is characteristic of
spherical Ag nanoparticles (Bai et a., 2013; S. Xu et d., 2011). The gold nanoparticles
formed in the present work had absorbance maximaat 520nm (Figure 5.1).
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Figure 5.1 UV-Visible spectral analysis of AQDTPA and AuDTPA NPs
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5.3.2 Optimization of the reaction conditions
5.3.2.1 Effect of pH

pH was observed to be a crucia factor in the synthesis of nanoparticles. pH
values higher than 6.0 were conducive to formation of stable AgNPs in solution
(Figure 5.2).. When the pH is higher than 6.0, the AgNPs were stable over one week.
However, when the pH was lower than 5.0, with time a slight shift of the extinction
band and modest colour change were observed.
Figure 5.2 showed the pH-dependent formation of AUNPs. The nano particles seemed
to form from pH 5. Here the UV-vis spectrum displayed a prominent absorbance
shoulder at long wavelengths. The absorption was attributed to a dipole like plasmon
resonance from gold nanoparticle pairs and was a hallmark of aggregation' (Kim, Lee,
Gong, & Joo, 2005). The 289 nm absorption band as a shoulder attributed to p; —
50dyo- y2 transitions in the square planar AuCl, complex ion (Andreescu, Sau, & Goia,
2006) was aso seen at lower pH conditions of 5-8 and disappeared at pH 10 to 11
when a plasmon peak of wine red gold nanoparticles was observed at 520 nm.
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Figure 5.2 Effect of pH on formation of Ag-DTPA and Au DTPA NPs
5.3.2.2 Effect of DTPA concentration
It was observed (Figure 5.3) that in the case of AgNPs the effective formation of NPs
occurred at 0.05 M DTPA.
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Figure 5.3 Effect of DTPA concentration on formation of @) AgNPs and b) AUNPs
a) DTPA - 0.01- 0.3 M AgNO; - 0.04M, pH-6 Total volume- 50 ml
b) DTPA - 0.01-0.1M HAuClI, - 0.02M, pH-8, Tota volume- 5.0 ml.

The NPs formed were of reduced intensity when DTPA concentration was 0.03-0.04
M. At lower concentrations proper AgNPs formation did not occur. Surprisingly
AgNPs did not form when DTPA concentration was higher than 0.05 M. Probably
higher DTPA concentration led to the formation of stable silver complex and reduction
could not occur (Chadha, Das, Maiti, & Kapoor, 2014).
In the case of AuNPs, effective formation of AUNPs was observed with 0.05 M DTPA
and absorbance dlightly decreased when DTPA concentration was increased to 0.075
and 0.1 M. The colloid stabilization properties of DTPA were caused likely, as in the
case of the citrate and NTA, by the ability of the carboxylic groups in the molecule to
strongly attach to the surface of Ag/Au NPs(Njagi & Goia, 2014).
5.3.2.3 Effect of AgNO3/ HAuUCI, concentration

Figure 5.4 aand b show photographic images of AgNPs formed using different
concentrations of AgNOg, viz (0.01 to 0.1 M) and AuNPs formed using different
concentrations of HAUCI,; (0.005 to 0.02M) respectively. The color changes
significantly when 0.01M AgNO; was added to the alkali dissolved 0.05M DTPA; the
color becomes more intensive and darker upon increasing AgNO3 concentration. The
color turned to yellow with 0.03 M AgNO3; and was brown at 0.05M. The absorbance
of this solution was high and had to be diluted 10 times wherein the absorbance was
~1.3. The dark colored solution at higher concentrations of AgNO3 after dilution in
distilled water was brown even for highest concentration and had the same absorbance
maxima but was a broad peak of reduced intensity when diluted 10 times for 0.1M
AgNO;3 suggesting formation of AgNPs of different sizes as well as aggregation.
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Figure 5.4 Optimization of AQNO3/HAUCl,4

a) Ag-DTPA NPs- 0.05M DTPA, pH-6 Total volume. 50 ml
b) Au DTPA NPs- 0.05M DTPA, pH-8 Total volume. 5ml

The increase in absorbance and a relatively sharp absorption spectrum when 0.04-
0.075M AgNOs; was used was certainly, a manifestation of increased magnitude of
AgNPs formation which reflected the powerful reduction ability of DTPA.

The concentration of HAuCl, was varied from 0.005 to 0.02 M and the
absorption spectrum was monitored to study the formation of nano-gold
particles(Figure 5.4 b). The maximum amount of AuNPs formation was observed at
0.02 M HAuClI,4 concentration.
5.3.2.4 Effect of temperature

For synthesis of NPs, different thermal techniques including reflux, microwave
and room temperature were employed. Microwave Conditions gave appropriate
results. The conditions for microwave synthesis for Ag DTPA NPs and Au DTPA NPs
was power setting of 917 W for irradiation for 30 s and pause for 10 s. The
temperature conditions were very critical for the formation of DTPA capped AgNPs
and AuNPs.
5.3.3TEM Analysis

Transmission electron microscopy (TEM) analysis was carried out to study the
size and shape of prepared NPs.

Figure 5.5(a) TEM images of Ag-DTPA NPs
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Typicad TEM image of as synthesized DTPA capped silver nano particles
presented in figure 5.5 a showed non agglomerated, well dispersed AgNPs, with size
ranging from 19 to 30 nm (Figure 5.5a) while in the case of gold more uniform DTPA
capped Au NPs in the range 7 to 13 nm (Figure 5.5b) were obtained in accordance
with observations made by Haiss et a that gold nano particles of this size range
showed absorbance maximum in the range 520-525nm (Haiss, Thanh, Aveyard, &
David G. Fernig, 2007). The dual role action of akali treated DTPA toward reducing
Ag' to Ag® aswell as gold and stabilization via capping during the preparation process
is thus established. The clear lattice fringes in the selected area diffraction pattern
confirms the presence of polycrystalline DTPA capped AgNPs (Figure 5.5 a) in the
sample while the crystalinity was relatively lesser in DTPA capped AuNPs (Devi &
Joshi, 2015). Mgority of the AUNPs are spherical in shape (Figure 5.5 b).
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Figure 5.5(b) TEM images of Au-DTPA NPs

The Diffraction rings patterns can be seen very clearly in Ag DTPA which
could be identified as (111), (200), (220), (222) and (311) planes while they are not
seen clearly in Au DTPA. However the planes could be identified as (200), (220) and
(312).
5.3.4 Stability with Time

The stability of the synthesized nanoparticles stored at ambient temperature
was examined by running the optimized procedure described in section 5.3.1.
It was observed that AgNPS were |ess stable (one week) as compared to AUNPS( more

than one month)
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5.3.6 Zeta Potential Analysis
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Figure 5.8 Zetapotential images of AQDTPANps and AUDTPANps

The nanoparticles have zero point charge around pH 5 to 9 and 6 to 9 for
AgDTPA and Au DTPA NPs. But the nanoparticles are stable because of the zwitter
ionic nature of DTPA with three amine nitrogen atoms and five carboxylate atoms
(Svanedal et a., 2014).
5.4 Sensing of chromium ion using Ag-DTPA/ Au-DTPA

To investigate the ability of Ag/ AuNPs for the detection of metal ions in
agueous solutions, various toxic metal ions were treated with Ag/ AuNPs and the
colorimetric responses were monitored and their UV-Vis absorbance spectra were
recorded and analyzed. Ag and AuNPs showed a high selective quenching effect
toward Cr** ions and enhance absorbance in the presence of Cr®" against all the other
metal ions tested, which suggested its potentia as a Chromium sensor.
5.4.1 Evaluation of sensing potential of Ag-DTPA/ Au-DTPA

To evaluate the response of Au-DTPA NPs toward various meta ions, the
absorption spectra of Au-DTPA NPs were taken in the presence of several metal ions
(in 1 mM solutions): Ba**, Cd®*, Co*, Cu**, Hg*", Mg®*, Na', Pb**, Cr** and Cr®".
Figure 5.10 showed the effect of metal ions on the SPR of AgDTPA NPs and
AuDTPA NPs in agueous solution. It is evident that Cr** and Cr®" were the only metal
ion that caused the aggregation of AQDTPA NPs and AUDTPA NPs. It is also evident
from Figure 5.10 that no aggregation of Au-DTPA NPs was observed in case of other

metal ions except Cr** and Cr®*.
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Figure 5.9 Sensing potential of (a) Ag-DTPA (b) Au-DTPA towards various metal
ions

Cr¥ and Cr® resulted in additional peaks in the absorbance spectrum of
AuDTPA NPs. An additional peak for Cr® was observed at 670 nm and at 365 nm on
addition of Cr®" while the absorbance decreased for Cr** and increased for Cr®* at 525
nm. Other metal ions did not influence the absorption spectra, indicating that no
aggregation occurred.

Addition of Cr*" ion to AgNPs resulted in an absorption peak shift, from 410
nm to 549 nm and a decrease in absorbance at 400 nm. This red shift could also be
observed by the naked eye as a color change from red to blue while Cr®* ion to AgNPs
resulted in an absorption peak shift, from 400 nm to 390 nm with decrease in
absorbance at 365 nm. The color change is not visible clearly in the inset images.
Other metal ions did not influence the absorption spectra, indicating that no
aggregation occurred.

These response for Cr** can be explained on the basis of Mie theory (Mie,
1908). According to Mie theory, when the distance between two nanoparticles
becomes smaller than the sum of their radii, the SPR band displays a red shift,
broadening and decrease in intensity at the origina SPR. When the morphology of
ellipsoidal/spherical AQNPY AuNPs is changed and , a new absorption peak appears at
higher wavelength (Shankar & John, 2015). Thus, both color change and appearance
of a new peak at higher wavelength region suggesting the morphological changes of
Au-DTPANPs. The red shift in the SPR band was ascribed to the near-field coupling
that occurs when the interparticle distance decreases.

To evaluate the mechanism and selectivity of sensing of Cr** and Cr®" using
both AgNPs-DTPA and AuNPs-DTPA, different experiments were carried out by
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varying concentration of Cr** and Cr®" and also carrying out sensing of Cr* and Cr®*
in presence of other metal ions. For ease of understanding the studies were discussed
separately.

5.4.2 AgNPs-DTPA sensors for chromium (pH-6, AgNOs-0.04M, DTPA-0.05M,
Cr¥*/Cr*®-1mM)

5.4.2.1 Ag-DTPA NPs Calibration plot of Cr®"
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Figure 5.10a concentration variation studies for Cr**-AgNPs-DTPA sensing
Figure 5.10b linear plot of Cr** sensing using Ag-DTPA

In this series of studies, the presence of Cr** led to a marked red-shift of
extinction bands, with the addition of Cr**, the absorption band of AgNPs changed
gradually from 400 nm to longer wavelengths, finally reaching a maximum at 575 nm
and further remained constant. The shift in the surface plasmon resonance peak for
AgNPs may be the result of the charge-based interaction between the negatively
charged groups of chromium Cr(OH)sand positively charged groups of AuNPs
DTPA( NR3") as well as hydrogen bonding between Cr(OH), and COO™ groups of
AgDTPA.

The absorbance linearly decreased with increasing concentrations of Cr**
(Figure 5.10b). A calibration graph of Ao-A/Ao vs concn of Cr** was plotted where
Ao istheinitial absorbance of NPs under study and A is the absorbance after addition
of Cr** solution of different concentrationsThe limit of detection for Cr** was 1.62
UM. The relationship between absorbance and concentration of Cr*ions was linear in
the 58 uM - 140 uM range
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5.4.2.2 Ag-DTPA NPs: Calibration plot of Cr®*
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Figure 5.11a concentration variation studies for Cr®*-AgNPs-DTPA sensing
Figure 5.11b linear plot of Cr*® sensing using Ag-DTPA

The initial Ag-DTPA NPs exhibited the SPR absorption peak located at 400
nm and the SPR absorption peak gradually blue shifted and the absorbance decreased
as the concentration of Cr®* increased. The isobestic point characteristic of dichromate/
HCrO, was observed at 250 nm.

Under these optimized conditions, the Ag-DTPA NPs were utilized for the
colorimetric assay of Cr®". As shown in Figure 5.11a, various colors of the Ag-DTPA
NPs agqueous solutions have been seen after the addition of different concentrations of
Cr®. As the concentration of Cr®* increased from 2.5 uL to 200uL of 1mM, the color
of the agueous solutions gradually changed from yellow to bluish yellow. The color
was visibly observed at higher concentrations of change Cr®*. A calibration graph of
for Cr® was plotted as described under section 5.4.2.1 after addition of Cr® solution of
different concentrations. The detection limit of Cr®* was about 1.77 pM, with the linear
range 1.24 uM - 90.9 uM (Figure 11b).
5.4.2.3 Ag-DTPA NPs-Effect of other metals on sensing of Cr* and Cr®

The selectivity of the AGQDTPA NPs sensor for ImM Cr¥*/Cr®* was evaluated
by monitoring the absorbance in the presence of 1mM concentration of other metal
ions, including Ba?*, Cd**, Co*, Cu**, Fe*", Hg?*, Mg?*, Na', Pb*" and Cr®*/Cr** . The

observations are seen from Figures 5.12 for Cr®* and Cr®* respectively
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Figure 5.12 Ag-DTPA NPs: Effect of other metal on sensing in presence of Cr¥*/Cr®
It can be seen from Figure 5.12 that only Fe** and Cr®*/Cr® showed significant
interference during determination of Cr®/ Cr®* The AgDTPA NPswould be useful for
determination of total chromium selectively.
5.4.3 Au-DTPA NPs as sensorsfor chromium (pH 8, HAuCl, 0.02M, DTPA-0.05M,
cr¥/Cr*e-1mMm)
5.4.3.1 Au-DTPA NPs Calibration plot for Cr3*
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Figure 5.13(a) concentration variation studies for Cr**-AuNPs-DTPA sensing
(b) linear plot of Cr** sensing using Au-DTPA

Figure 5.13a shows the SPR absorption change with the addition of different
amount of Cr¥. The absorbance at 520 nm decreased with increasing Cr*
concentration. A new band at 700+50 nm formed during Cr®" titration as aresult of the
induced aggregation of AUDTPA NPs. A linear relationship was found when the
concentration of Cr** ions was between 5uL and 500uL of 1M of Cr* solution on
plotting acalibration graph for Cr* as described under section 5.4.2.1.

The limit of detection for Cr®* was found to be 2.38 uM with the linear range
32.26 - 250 uM (Figure 5.13b). The shift in the surface plasmon resonance peak for
AUNPs was the result of the charge-based interaction between the negatively charged
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groups of chromium Cr(OH)4sand positively charged groups of AuUNPs DTPA (NR;"”
as well as hydrogen bonding between Cr(OH), and COO' groups of AQDTPA
5.4.3.2 Au-DTPA NPs- Calibration plot for Cr®*
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Figure 5.14(a) concentration variation studies for Cr®*-AuNPs-DTPA sensing

(b) linear plot of Cr*® sensing using Au-DTPA
The initial Au-DTPA NPs exhibit SPR absorption peak at 520 nm. As the
concentration of Cr® increases, the absorbance decreases at 520nm and increases at

370 nm. The two isobestic points represent the CrO,> and HCrO, components in

equilibrium (Cruywagen, Heyns, & Rohwer, 1998). The limit of detection for Cr®* was
found to be 1.79 uM with the linear range 2.5uM-130 uM (Figure 5.14b) when a
calibration graph for Cr® was plotted as described under section 5.4.2.1 after addition

of Cr®" solution of different concentrations..
5.4.3.3 Au-DTPA NPs- Effect of other metal on sensing (Cr>*/Cr®")

The selectivity studies towards Cr** and Cr® in presence of other metal ions

were carried out. For this, the concentrations of metal ions were taken 1mM.
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Figure 5.15 (a) Au-DTPA NPs Effect of other metal on sensing in presence of Cr®*
(b) Au-DTPA NPs: Effect of other metal on sensing in presence of Cr®*

Interference studies for influence of other metal ions on Cr** binding to Au-

DTPA NPs, competitive experiments were carried out in the presence of Cr**(1 mM)
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with other metal ions Ba*", Cd**, Co*", Cu?*, Hg®*, Mg, Na', Pb*" and Cr®" at 1mM
each (Figure 5.15a). The SPR absorption shift caused by the mixture of Cr** with
another metal ion was similar to that caused solely by Cr** except Cr®*. This indicates
that other metal ions except Cr®" did not interfere in the binding of Au-DTPA NPs
with Cr¥,

The selectivity of the AUDTPA NPs reponse towards Cr®* was also evaluated
by testing its response towards 1 mM Cr®" in the presence of ImM concentrations of
other environmentally relevant ions under optimum conditions. Cr** was the only ion
that resulted in an absorption peak shift (Mmea ), This red shift could also be observed
by the naked eye as a colour change from red to blue. Fe** and Cu** had mild
interference.

5.5 Raman Analysis
5.5.1 Raman Analysis of Ag-DTPA

Surface enhanced Raman spectroscopy (SERS) is a powerful analytical method
and was used to investigate the capping on DTPA capped AgNPs in aqueous media as
well as their interaction with chromium.The Raman Spectra of Au and Ag DTPA NPs
are shown in Figures 5.6 and 5.7 respectively and the assignments to the various
vibrations are tabulated in tables 5.1 and 5.2 respectively.
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Figure 5.16 Raman Anaysisfor Ag DTPA
As seen from Figure 5.16, the intense shoulder at 222.13 cm™ is attributed to
the stretching vibrations of Ag-O bonds (Kora, Beedu, & Jayaraman, 2012) indicating
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the formation of an ionic bond between silver and carboxylate. In AgDTPA-Cr*
sharper intense Raman bands were observed at 232.97 cm™ which represents the Ag-O
vibration while in AgDTPA-Cr®* it again appears as a shoulder. In AgDTPA-Cr®* the
band at 365.73 cm™ could be attributed to O-Cr-O in-plane bending strongly coupled
to C-C-C and C-CHg3 in-plane bending vibrations (Dolati, Tayyari, Vakili, & Ebrahimi,
2016). The bands at 535.03 and 632.31 cm™ were attributed to Cr** species in
AgDTPA-Cr** with significant contributions from a -Cr-OOH (Hurley & McCreery,
2003). The broad peaks at 1373.19 cm™ in AgDTPA and AgDTPA-Cr®* and at
1370.02 cm™ in AgDTPA-Cr* corresponded to the symmetric  stretches of
carboxylate group respectively (Kizil, Irudayarg, & Seetharaman, 2002). The peak at
1625.73 cm™* results from the asymmetric stretching mode of ionized carboxylate
groups which was reduced in intensity in Cr** at 1619.58 cm™ indicating interaction
of surface bound DTPA molecules with Cr®* but of same intensity in Cr®* at 1628.79
cm™ as well as due to Raman active water band (Nuttall & Stalker, 1976). This
confirmed the capping of DTPA on silver and symmetrical COO- stretching
vibrations cause peaks 1451.97 cm™ in AgDTPA-Cr** which was very weak in
AgDTPA and Ag DTPA-Cr®".. The peak at 1885.93 cm™ in AQDTPA and 1771.76 cm
Lin AgDTPA-Cr* could be attributed to C=0 of free acid (Riri et a., 2011) while
1115.97 cm™* band in AgDTPA-Cr®* could be attributed to C-N stretch.

Free Cr®" ionin 0.5 mol/l of potassium dichromate solution had a characteristic
peak at 903.3 cm™ (Z. Ren et a., 2016). The peak at 789.79 cm™ for Cr®" could be
attributed to binding of Cr®* to DTPA in Cr®" Cr-O stretch AgDTPA (Mosier-Boss &
Putnam, 2013; Weckhuysen & Schoonheydt, 1999). Peaks at 1936.53 and 1921.68
cm™® due to bound C=0 group in AgDTPA-Cr®" and AgDTPA-Cr®". In AgDTPA-Cr**
697.70cm™ is attributed to CrOg octahedron.

5-16



Chapter 5 — Nanoparticles

Table 5.1 Raman spectral analysisfor AgDTPA-NPs/ AgDTPA-Cr**/ AgDTPA-Cr®

Sample Ra?;?:%hl ft Interpretation
222.13 Ag-O stretching vibration
694.27 Ag-OH stretching vibration
921.09 C-C bond stretching vibrations
1047.12 C-H in plane bending
AGDTPA  ™131281 | C-H deformations
1373.19 the symmetric stretchesof carboxylate
vibrations of water molecule
1579.54 antisymmetrical COO- stretching mode
232.97 the Ag-O vibration
450.78 Cr-O stretching
911.07 C-C bond stretching vibrations
AgDTPA- 1043.83 C-H in plane bending
cr¥ 1309.63 | C-H deformations
1370.02 the symmetric stretches of carboxylate
vibrations of water molecule , antisymmetrical COO- stretching mode,
1591.88 .
NH+ bending
207.63 the Ag-O vibration
365.73 O-Cr-O in-plane bending
422.52 Cr-O stretching
890.97 C-C bond stretching vibrations
Aggg? A- 1033.94 | C-H inplane bending
1306.44 C-H deformations
1373.19 the symmetric stretches of carboxylate
1548.61 vibrations of water molecule and the

antisymmetrical COO- stretching mode, NH+ bending

5.5.2 Raman Analysis of Au-DTPA
Gold does not have any intrinsic raman band (Figure 5.17). In Au-DTPA broad peaks

a 1351 cm™ and 1545.51 cm™ correspond to the symmetric and asymmetric C=O

stretching vibrations of carboxylate group respectively (Kizil et al., 2002) while ca.
418.99cm™ and 482.47 cm™ are associated with the 5(C-C) vibrationsin AUDTPA.
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Figure 5.17 Raman Analysisfor Au-DTPA

The band at 443.73 cm™ was attributed to Cr-O stretching in Cr** and at 429.60
in Cr®. The bands at 478.96 and 475.44 to Au-O in AUDTPA-Cr** and AUDTPA-Cr®*,
Table 5.2 Raman spectral analysis for AUDTPA / AuDTPA-Cr**/ AuDTPA-Cr®

NPs
Sample Rar(’ré?nn_%m ft Interpretation
786.4 C-H/C=0 out of plane wag
1060.28 C-H in plane bending
1351 symmetric C=0 stretching vibrations of carboxylate
AuDTPA 1545.51 asymmetric C=0 stretching vibrations of carboxylate
1647.19 asymmetric stretching mode of ionized carboxylate groups
1918.7 C=0 of free acid
418.99; 482.47 6(C-C) vibrations
443.73 Cr-O stretching
478.96 Au-O, NH+ stretching
789.79 C-H/C=0 out of plane wag
AUDTPA-Cr¥* 1060.28 C-H in plane bending
1576.46 -NH+ bending
1625.73 asymmetric stretching mode of ionized carboxylate groups
1933.56 bound C=0 group
429.6 Cr-O dtretching
475.44 Au-O
786.4 C-H/C=0 out of plane wag
" 1050.41 C-H in plane bending
AUDTPA-Cr® -NH+ bending, asymmetric C=0 stretching vibrations of
1542.41
carboxylate
1628.7 asymmetric stretching mode of ionized carboxylate groups
1939.49 bound C=0 group

The pesk at 1647.19 cm™ resulted from the asymmetric stretching mode of
ionized carboxylate groups which was reduced in intensity in Cr** at 1625.73 cm™ and
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Cr® at 1628.79 cm™ indicating interaction of surface bound DTPA molecules with
Cr¥" and Cr®". The pesak at 1918.70 cm™ in AUDTPA can be attributed to C=0 of free
acid (Riri et a., 2011). The band at 1933.56 cm™ and 1939.49 cm™ due to bound C=0O
group in AUDTPA-Cr¥" and AUDTPA-Cr®*. The band at 443.73 cm™ was attributed to
Cr-O stretching in AUDTPA-Cr®* and at 429.6 cm™ in AUDTPA-Cr®.

5.6. M echanism

DTPA forms complex with silver ions. The reduction of Ag+ ions occurs
without adding any other reducing agent as these complexing ligands with their
carboxyl groups deprotonated are electron donors and can undergo redox reactions
(Yang & Sardar, 2011). Thus, it seems that in the present case that anionic DTPA
reduces Ag+ ion, Furthermore since the reduction of AgNPs occurs at pH 8.0 Ag20
might also be playing arole in facilitating the reduction of Ag® (Jacob, Mahal, Biswas,
Mukherjee, & Kapoor, 2008). There are electrostatic interactions between the
deprotonated carboxylate and the protonated amino group among DTPA molecules at
pH 7 to 8, so this interaction facilitates the crosslinking of the particles and chain-like
network is mainly dominant. Thus the formed silver nano particles are electrostatically
stabilized by carboxylate ligands (Chadha et a., 2014). The steric repulsion between
the capped molecules contributes to the stability of nanoparticles.

DTPA which is seen to have good reducing properties was aso able to reduce
HAuUCI4 to form gold nano particles.HAuUCI4 could be reduced to gold by typical
redox process as observed for NTA (Njagi & Goia, 2014) and citrate (Carr, Kelter, &
Ericson, 1981). It was observed in section 5.3.2.2 that excess of DTPA was required
to obtain stable gold nano particles wherein the carboxylic group in the molecule to
strongly attach to the surface of gold nanoparticles as also observed in the case of
citrate and NTA and also prevent interatom interaction among the gold nanoparticles
(Njagi & Goia, 2014) and citrate (Carr et al., 1981). As DTPA concentration was
increased more efficient formation of AUNPS occurred.

At pH 7 and 8 the pH conditions during treatment of silver and gold
nanoparticles with chromium, Cr®* exists as Cr(OH)4 species (Matovié, Jeremi¢, Jeli¢,
Zlatar, & Jakovljevi¢, 2013) and Cr® exists as HCrO, (Arar & Pfaff, 1991). These
species can interact through hydrogen bonds via carboxylate groups and coordinated
water molecules with DTPA. Further there can be ionic interaction with protonated

amino group of DTPA. The aggregation of AQ/AuUDTPA nanoparticles cannot be due
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to formation of [CrDTPA(H,0)]*>" complex as its absorption maxima appeared at 552
and 387 nm in agueous solutions (Ali & Sulfab, 2012). The interaction between Cr**
aswell as Cr®* with DTPA may be strong enough weakening the protective capping
of Ag/Au colloids and hence aggregation of the nano particles.

Cr3*/ Crb*

DTPA + M™ —— oxidised species + M°

fd fast
MO 4 mn+ 2, MZ* (Growth)

fa

it
FART + MBY "5 M2 (Growth)

it fast:
(M7, + (DTPA),, —fi> Yellow (Ag)/Red (Au) (electrostatic attractiattraction)
(AGNPS, Anax=400 nm / AUNPS, Amax=52U nm)
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5.7. Conclusions
The prepared nanoparticles have several advantages, including (i) smple and

low-cost preparation; (ii) high selectivity and sensitivity to Cr>*/Cr®" with reasonable

detection limi; (iii) displaying a marked red-shift in the UV-vis extinction spectra and

a visible color change was observed; and (iv) detection of Cr®* in agueous solution,

excluding the need for any organic solvent. The essential advantage of liquid state

synthesis is the formation of uniform AgNPs having certain particle size through

selective synthesis.The recent literature reports of the use of capped Ag and Au NPs
aretabulated in Table 5.3
Table5.3 Literaturereported Au/AgNPs for detecting Cr'/ Cr®

Nano- , Size | And
particles Capping Agent (m) | yte LOD References
Au Triazole 14 | cr* 1.4uM (2\(()'13?)' Chen, Lee, Sung, & Wu,
Au TNBA-HP 15 cr** 0.04uM (Zhou et al., 2012)
Au TNBA - cr* 1uM (Lai & Tseng, 2011)
3+ (93.6ppb) (Dang, Li, Wang, Li, & Wu,
Au DTNBA 13 Cr 0.093 UM 2000)
Au Citrate 138 | Cr* 4.0uM (Liu & Wang, 2013)
Au Tripolyphosphate 11.13 | cr* 0.1 uM (Xin, Miao, Chen, & Wu, 2012)
BP-DTC
Dithiocarbamate - 0.6uM
Au modified Nbenzyl-4- - o a1 H b | (@neetd. 2012)
(pyridin-4- PP
ylmethyl)aniline ligand
(Elavarasi, Rajeshwari,
Au Citrate 30-35 | Cr** 0.022uM Chandrasekaran, & Mukherjee,
2013)
Meso-2,3- cr
Au dimercaptosucl nic acid 14 Cré* 0.01 uM (W. Chenetal., 2015)
Au EDTA 6 cr* 0.08 uM (J. Li, Du, & Zhang, 2014)
cr¥ | 0.016puM | (X. Wang, Wei, Wang, & Chen,
Au Tween 20 13 | o | o0oooum | 2015)
4-CBUAB-polymerized 3+ (Kapakoglou, Giokas, Tsogas,
Au vesicles 82 | Cr | 0720l || javos, & Viessidis, 2000)
_ 6+ 0.1 HM .
Au Cr (8.8x10°° M) (F.M.Lietal., 2011)
. 3.9n 3+ | 1.34x10-8 | (Shellaiah, Simon, Sun, & Ko,
Au Borohydride m Cr M (13.42nM) | 2016)
Ag Sodium borohydride | 65+2 | Cr* 2x10°M (Elavarasi et ., 2012)
L 6+ 0.07 uM (Wu, Xu, Dong, Jiang, & Zhu,
Ag Ascorbic acid Cr 5x10° M 2013)
9
Ag MNA and MA 5 | o | O4U0T | (Modi, Menta, & Kailasa, 2014)
Alcore” } 6+ 0.01 pM .
Al CTAB Cr (1x107M) (Xin, Zhang, et a., 2012)
cr¥ 2.38 UM
AUDTPA DTPA 19-30 o 1.79 uM Present work
cr¥ 1.62 uM
AgDTPA DTPA 7-13 o 177 uM
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It can be seen that the DTPA capped Au and Ag NPs under study are
comparable with triazole, DNBA and citrate capped AuNPS while others had better
detection limits. However most of the literature reported NPs required a reducing
agent in addition to capping agent during synthesis which was not so in the present
study. Further the synthesis was done by adopting to green microwaves and nontoxic
DTPA. Futhermore most of the literature reported methods require conversion of Cr®*

to Cr®* to determine Cr® which was not necessary in the present study.
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