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Abstract

Stable organic fluid containing silver nanoparticles have been prepared by the extraction —
reduction method. Silver nitrate was extracted in n-Hexane or Toluene using different extractants
namely Cyénex 923, Cyanex 471X and Aliquat 336. The Ag- extractant complex was reduced
with sodium borohydride to get organic fluid containing silver nanopafticles. Tﬁe obtained silver
nanoparticles were stable and silver nanoparticles did not precipitate at room témperature. The
molarity of AgNO;, HNO; and extractants was varied to investigate the effect of variation on

particle size, but no significant effect was observed.

The silver nanoparticles were separated from the organic fluid and characterized by FTIR, XRD,
FESEM, AFM & TEM. Results indicate that silver nanoparticles are in the range of 20 to 70 nm

“and are well modified by the extractants. -
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Chapter 1

Introduction

1. General Introductidn

In nanotechnology, a particle is defined as a small object that behaves as a whole unit in terms of
its transport aﬁd properﬁes. It is further classified according to size: in terms of diameter, fine
particles cover a range bétwge{{ 100 aild 2500 nanometers, while ultrafine particles, on the other
hand, are sized between 1 and 100 nanometers. Similar to ultraﬁne particles, nanoparticlés are
sized between 1 -and 100 nanometers. Nanopartic_les may or may not exhibit size-related
properties that differ significantly from those observed in fine particlés or bulk materials
[1,2]. Although the size of most molecules would fit into the above outline, individual molecules

are usually not referred to as nanoparticles.

Nanoclusters have at least one dimension between 1 and 10 nanometers and a narrow size
distribution. Nanopowders [3]are agglomerates of ultrafine particles, nanoparticles, or
nanoclusters. Nanometer-sized single crystals, or single-domain ultrafine particles, are often
referred to as nanocrystals. Nanoparticle research is currently an area of intense scientific interest

due to a wide variety of potential applications in biomedical, optical and electronic fields.

Nanoparticles are of great scientific interest as they are effectively a bridge between bulk
materials and atomic or molecular structures. A bulk material should have constant physical
properties regardless of its size, but at the nanoscale size-dependent properties are often
observed. Thus, the properties of materials change as their size approdches the nanoscale and as
the percentage of atoms at the surface of a méterial becomes significant. For bulk materials
larger than one micrometer (or micron), the percentage of atoms at the surface is inSigniﬁcant in

relation to the number of atoms in the bulk of the material. The interesting and sometimes
| unexpected properties of nanoparticles are therefore'iérgely due to the large surface area of the

material, which dominates the contributions made by the small bulk of the material [4].

An excellent example of this is the absorption of solar radiation in photovoltaic cells, which is
much higher in materials composed of nanoparticles than it is in thin films of continuous sheets

of material.
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Figure 1. Various things of Nanometer scale and more

Other size;dependent changes include quantum confinement in semiconductor particles, Surface
Plasmon Resonance in some metal particles and §§per paramagnetism in magnetic materials.
Ironically, the changes in physical properties are not always desirable. Ferroelectric materials
smaller than 10 nm can switch their magnetization direction using room temperature thermal

energy, thus making them unsuitable for memory storage [5].

Suspensions of nanoparticles are possible since the interaction of the particle surface with
the solvent is strong enough to overcome density differences, which otherwise usually result in a

material either sinking"or floating in a liquid. Nanoparticles also often possess unexpected optical




Ch apter 1

- properties as they are small enough to confine their electrons and produce quantum effects. For

example gold nanoparticles appear deep red to black in solution.

Nanoparticles ‘have a very high -sur'face area to volume ratio, which provldes a tremendous
drit'ing force for diffusion, 'especiall}"r at elevated temperatures Sintering can take place at lower
temperatures, over shorter t1me scales than for larger particles. This theoretlcally does not affect
the density of the final product though flow dlfﬁcultles and the tendency of nanopartlcles to
agglomerate comphcates matters. The large surface area to volume ratio also reduces the

incipient melting temperature of nanopartlcles

| Moreover nanoparticles have been found to impart some extra properties to various day to day
products. For example the presénce of titanium dioxide nanoparticles imparts what we call the
self—cleaning effect, and the size being nano range, the particles cannot be observed. Zinc oxide
| part1cles have been found to have super1or UV blocking properties compared to its bulk

substitute. This is one of the reasons why it is often used in the preparation of sunscreen lotions
[6].

Nanoparticles can be cla551ﬁed in various ways, but we should first remember that some will |
have only. one nanometric dimension (e g., graphene sheets), two dimensions (e g., nanofibers)
or three dimensions (e.g., cubes, spheres...), while some processes are capable of directly
'.applying' surface coatings with only one nanometric dimension (thickness). Another way to
classify nanoparticles is to divide them into- two categories: particles that only - exist in
nanometric dimensions and particles that also exist in larger scales but are produced as

nanoparticles to take advantage of their unique properties on this scale.

Carbon-nanotubes, 'fullerenes, quantum dots and dendrimers are the main particles that exist only
in. nanometric dimensions. On the other hand, many inorganic products [metals (cobalt, copper,
gold and iron), metal ox1des (titanium d1ox1de zinc ox1des)], ceramics and organic products
(polyvinyl chloride, latex) can be synthesized in these .sizes. In fact, nearly every solid product
can be reduced to nanometric dimensions, but not all would necessarily exhibit commermally

‘ interesting properties t7].’
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1.1. Carbon Nanotubes '

Carbon nanotubes (CNT) represent a new crystalline form of pure carbon, which only exists in
these sizes. CNT are composed of cylinders of graphite sheets wound around themselves in one
~or more layers. Their synthes1s normally requires the use of a metal catalyst, which will
contammate the end product. The dlameter can be as small as 0.7.nm and the tubes can be as
| long as several millimeters. Smce they are very stable chemically and thermally, CNT are good
heat conductors, showmg a strong molecular absorption capacity and metallic or seml conductive
properties, depending on their mode of synthesis. CNT can be more than 60 times stronger than

steel, while being six times lighter.

Figure 2 Schematic Illustration of single —walled and multi walled carl)on nanotubes

1.2. Fullerenes

Pure fullerenes are another new crystalline form of carbon. They have a variable number of
carbon atoms, wllich can range from 28 to more than 100 atoms, forming a hollow sphere. The
best-known form, containing 60 carbon atoms, is Cgp. Fullerenes, like CNT, can be modified in
many v"vays by bonding organic or inorganic groups to them or incorporating various products.
" T;hesevmodiﬁcétions will have a major impact on their properties and toxicity. In current studies
of the potential applications of fullerenes, the most attention seems to focus'on solar and lithium
batteries, electronics, storage of gases, such as methane and oxygen, additives to rubber and

plastics, and treatment of various diseases, including AIDS and cancer.
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Figure 3. Cg fullerene, showing alternate cycles of 5 and 6 carbon atoms.

1.3. Quantum dots

Quantum dots typically are composed of combinations of chemical elements from Groups II and
IV or Groups III and V of the periodi.c table. They have been developed in the form of
semiconductors, insulators, metals, magnetic materials or metal oxides. In sizes of about 1 to 10
nm in diameter, they display unique optical and electronic properties. For example, quantum dots

can absorb white or ultraviolet light and reemit it as a specific wavelength.

Figure 4. Quantum dot and its optical effects, depending on nanoparticles size

Depending on the composition and size of quantum dots the light emitted can rénge from blue to
infrared. The flexibility of quantum dots and their associated optical properties allow
applications to be envisioned in different fields, such as multicolor optical coding in the study of
gene expression, high-resolution and high-speed séreéhs, and medical imaging. Some quantum

dots are modified chemically to produce drug vectors, diagnostic tools and solar batteries.
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1.4. Dendriniers

New structures have also been synthésized in these sizes. This is particui_arly true of dendrimers,
which represent a new class of nanoscaled bolymers with - céntrolled structure. These are
s’ynthetic three—dimensional‘ macromolecules developed from a monomer, with hew branches
“added, step by step, in successive tiers, until a symmetrical structure is synthesized. Dendrimers -
are considered to be basic building blocks for large-scale synthesis of organic and inorganic
~ hanostructures ranging in size from 1 to 100 nm and displaying unique properties. They allow
precise, atom-by-atom confcrol of nanostructure synthesis, deperiding on the dimensions, shape
and chemistry of the desired surface. In pafticular, it is anticipated that they will be used

~ extensively in the medical and biomedical field.

- o "Figure 5. Dendimers .

1.5, Applications of Nanomaterials

. There is a .wide variety of nanoparticles with organic or inorganic composition. Thus, most

metals can be produced in nanometric dimensions. Por example, gold nanOpartlcles reveal an

optical resonance spectrum in the visible range, Whlch is sensitive to environmental conditions
and to nanoparticles size and shape. Their unique propertles offer the prospect of a series of
épp'licationé, particularly as optical markers or cancer treatment agents. Silver-is currently used

mainly for its antimicrobial properties. Metal nanowires of gold, copper, silicon and cobalt have
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also been produced, which can serve as conductors or semiconductors and could be used in

nanoelectronics.

There are many potential uses of nanbparticles such as in energy saving for 'vehicles,
development of renewable energies polllition reduction, water ﬁltratioh construction materials,
medlcal apphcatlons cosmetics, pharmaceuticals, textlles, electronics, paints, inks, etc. In recent
years, the interest in-the synthe51s and preparatlons of metal nanoparticles in organic solvent has
increased because of their potent1al appllcatlon in the field of electronlcs and photonics due to

their peculiar size dependent optlcal and electronic properties [8- 12]

Several nanoscaled metal oxides have been fabricated, but the most common, because of their
larger-scale production, are undoubtedly silica (SiOi), titanium dioxide (TiO;) and zinc oxide
(ZnO). They are used in many fields, including rheology, as active agents and additives in the
plestics and rubber industries (SiO,), in .sunscreens (TiOy, Zn0) and in paints (TiOz). Some
structures display interesting properties, allowing potential applications to be envisioned in

various fields: sensors, optoelectronics, transducers, medicine etc.

1.6. Health Effects of Nanopa'r—tic‘ies

Several studies have been performed on differefft animal species to determine whether
nanoparticles can have toxic health effects. Toxic effect of nanopatrticles soluble in biological
fluids are related to their different chemical components, independent of the particle’s initial
eize. These effects are not specific to nanometric dimensions. The situation is completely
different for nanoparticles that are insoluble or':gfv'}"eW weakly soluble in the organism. The data
currently available on toxicity of insoluble nanoparticles are extremely limited and normelly_ do
not allow a quantitative risk assessment or an extrapolation to humans, possibly for TiO..
However, they reveal some information, which, although fragmentary, gives reason to conclude
that nanoparticles must be handled with care. This is because a product mass of the same
chemical composition is normally more toxic if it is nanoscaled than if it is larger in size. The
ex'p"osdre of workers thus must be minimized, because several toxic effects have been

.documented, even though they are extremely variable from one product to another.
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The nanoparticles reaching the blood system circulate throughout the body and there is clear
evidence that they can be retained by different organs, depending on the nature of the
nanoparticles. Several toxic effects have been documented for different organs and depend on the

nature of the nanoparticles.

Toxicity of mic;bscqpic particles is 'nor'm"ally well correlated to the mass of the toxic substance.
However, the situation is totally diffe;renf in the case of nahoparticlés. The differénf studies
showed clearly that toxicity, for a spéciﬁc substance, varied substantially according to size for
the same nanopartiéfe mass. In fact, toxicity is correlated to multjple parameters as mentioned in
Tablel. The most. significant of these parameéters seem to be chemical corﬁposition, sbeciﬁc

surface area, concentration and size of the particles.

Table 1 Parameters capable of infulencing nanobﬁrticle toxicity

The parameters most often reported _ Other reported parameters
Specific surface area Solubility -
Number of particles . | Shape, porosity
Size and granulometric distribution Degree of agglomeration/aggregation
Concentration Biopersistence
Chemical composifion (purities and impurities) | Crystalline structure
Surface properties Hydrophilicity/hydrophobicity
Zeta charge/potential, reactivity’ Pulmonary deposition site
Functional groupings ' " | Age of particles
Presence of metals/Redox potential Producer, process and source of the material used

| Potential to generate free radicals '
Surface coverage

Different toxic effects have already been documented at the pulmonary, cardiac, reproductive,
renal, cutaneous and cellular levels. Significant accumulations have been shown in the lungs,
brain, liver, spleen and bones. However some authors consider that, most of the time, a

comparison of published results between in vivo and in vitro tests indicates little correlation.
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1.7. History

Although nanoparticles are geﬁerally considered an invention of modern science, they actually
have a Very long history. Nanoparticles: were used by artisans as far back as the 9th century

in Mesopotamia for generating a glittering effect on'the surface of pots.

Even these days, pottery from the middle ages and renaissance often retains a distinct gold or
copper colored metallic glitter. TAhis: so called luster is caused by a metallic film that was applied
to the transparent- surface. The ‘luster can still be visible if the film has resisted atmospheric

oxidation and other weathering.-

The luster originated within the film itself, which contained silver and copper nanoparticles
dispersed homogeneously in the glassy matrix of the ceramic glaze. These nanoparticles were
created by the artisans by adding copper and silver salts and oxides together
with vinegar, ochre and clay, on the surface of previously-glazed pottery. The object was then
placed into%a kiln and heated to about 600 °C in a reducing atmosphere. In the heat the glaze
would soften, causing the copper and silver ions to migrate into the outer layers of the glaze. The
reducing atmosphere reduced the ions back to metéls, which then came together forming the

nanoparticles-that give the colour and optical effects.

Luster technique showed that ancient craftsmen had a rather sophisticated empirical knowledge
of materials. The technique originated in the islamic world. As Muslims were not allowed to use
gold in artistic representations, they had to find a way to create a similar effect without using real

gbld. The solution they found was using luster [13]. |

Michael Faraday provided the first description‘,?viq;:l sbientiﬁc teﬂns,.of the optical properties of
nénometef-scale metals in his classic 1857 paper. In a subsequent paper, the author Turner
points out that "when tiﬁn leaves of gold or silver are mounted upon glass Vand heated to a
temperajtureiwhich is well below a fed heat (~500 °C), a remarkable change of properties takes
place, whereby the continuity of the metallic film is destroyed. The result is that white light is
now freely transmitted, reflection is cofrespondingly diminished, while the electrical resistivity is

enormously increased." [14, 15, 16]

Recorded use of silver to prevent infection dates toancient Greece and Rome, it was

rediscovered in the Middle Ages, where it was used for several purposes, such as to disinfect
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water and food during storage, and also for the treatment of burns and wounds as wound
dressing. In the 19th century, sailors on long ocean voyages would put silver coins in barrels of

water and wine to keep the liquid pure.
1.8. Silver Nanoparticles |

Silver nanoparticles are the nanoparticles of silver within the range of 1 to 100 nm. It is most
commonly used for hygienic and healing purposes [17]. However, over time, the-use of silver
Qompdunds and ions has faded as an anti-infection agent due to the advent of antibiotics and

other disinfectants and the poorly understood mechanisms of their toxic effects.’ -

- 1.9. Synthesis of Silver nanoparticles

There are two approaches for the preparation of metal nanoparticle

1.9.1 Top down Approach
This method involves the ¢ontinuous division of bulk matter into nanoparticles. A disadvantage
of this method is the manipulation of small amounts of atoms at a time resulting in low
' fabrication throughput. The top-down approach takes a large-scaled substance and modifies it to
nanometric dimensions. Etching, precision engineering, lithography and crushing are common

approaches
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1.9.2 Bottoms up Approach -

This method involves the continuous building up of nanoparticles from molecular or atomic
level. The bottom-up approach fabricates nanopartlcles one atom or one molecule at a time,
using processes such as chemical synthe51s, auto assembly and assembly by md1v1dual

pos1t10n1ng

. Bottom Up Method for Nanofabrication,

Figure 7. Bottom Up approach

This technique includes evaporation under high vacuum [18]. Use of metal vapor techniques is
limited because the.operation of the apparatus is demanding and it is difficult to obtain a narrow'
particle size distribution. Among these are the solvated metal atom dispersion method (SMAD) |
“[19], the laser ablation method in metal colloids [20] and electrochemical reductions methods
[21]. The “bottom up” methods of wet chemlcal nanopartlcle preparation rely on the chemical
_reduction of metal salts, electrochem1cal pathways, or the controlled decomposition of

metastable organometallic compounds.

1.10. Optical Properties of Silver nanoparticles.

The distinctive colors of colloidal silver are due to a phenomenon known as plasmon absorbance.
Incident light creates oscillations in conductlon electrons on the surface of the nanopartlcles and

electromagnetlc radiation is absorbed.

ll TR
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Of the three metals (Ag, Au, and Cu) that display plasmon resonances in the visible spectrum,
Ag exhibits the highest efficiency of plasmon excitatioh [22]. Moreover, optical excitation of
piasmon Tesonances in nanqsized Ag particle is the most efficient mechanism by whi;;h light
interacts Wlth matter. A ‘single Ag naﬁoparticle interacts with light more efﬁcienﬂy than a

| particle of the same dimension compred of aﬁy known organic or inorganic chromophore. The |
, ‘light-'interaction éross—sectibn for Ag can be about ten times that of the geometric cross-section,
which indicates that the particles capture much more light than is physically incident on them
[23].
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Figure 8. UV-Visible Graph of different Size of silver nanoparticles

‘The optical properties of spherical silver nanoparticles are highly dependent on the nanoparticle
diameter. As the size of the silver particles increases, its unique plasmonic signature shifts
towards the red region of the visible spectrum and both the dipole and quadrupole peaks are

 clearly expressed. The total optical extinction is comprised of absorption arid scattering

!A 12
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Silver is also the only material whose plasmon resonance can be tuned to any wave length in the

visible spectrum. Small Ag_' nanoparticles do not interact with light nearly as efficiently as
particles that are in the 50-100 nm range and do so strictly through energy absorption. On the
other hand, the plasmon resonances in larger Ag nanoparticles have a significant ]ight-scattéring

* component.

Table 2. Correlation between particle size, wave lengfh_ and peak width half maximum

- Porticle Size/nm R /om PWHM/nm ..
10-14 395-405 = 50-70
35-50° 420 100-110
60-80¢ . 438 . 140-150

Figure 9. Different colours of silver solution and their particles size [24]

[ 13 i
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1.11. Applicatio’n of silver NanOparticles

Silver nanopatticles are known for thelr strong antibacterial effects fora w1de array of organisms
~ (e.g., viruses, bacterla fungl) [25]. Therefore sﬂver nanopartlcles are wxdely used in medical
devices and supphes such as wound dressmgs scaffold skln donation, recipient sites, and
sterilized materials in hospitals, medical catheters, contraceptive dev1ces surgical instruments,

bone prostheses artlﬁcml teeth and bone coating.

One can also observe their wide use in consumer products such as cosmetics, lotions, creams,
toothpastes, laundry de’tergents, soaps, surface cleaners, room sprays, toys, antimicrobial paints,
~home appliances (e.g., washing machines, air and water filters), automotive upholstery, shoe

insoles, brooms, food storage containers, and textiles.

Silver nanoparticles can be used in sensing apphcatlons such as detection of DNA sequences,
laser desorption/ionization mass spectrometry of peptides, colorimetric sensor for histidine,
determination of fibrinogens in human plasma, real-trme problng of membrane transport in living

microbial cells s

Silver nanoparticlés and silver nanocomposifes have been used to catalyze ‘many reactions Such
as CO ox1dat10n benzene oxidation for phenol photo degradatlon of gaseous acetaldehyde, and

‘ .reductlon of p-mtropheno] to p-ammophenol

In the present studies attempts have been made to synthesize silver nanoparticles via solvent

extraction route using oxygen, sulphur and nitrogen containing extractants.

[ 14
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Literature Review

In the following few paragraphs literature on the synthesis of nanoparticles is reported.

Henglein [26] reduced Ag(CN), ~ at a low rate radiolytically and generated hydroxymethyl

radlcals When colloidal srlver seed particles are present in the solution, the reduction of
Ag(CN)z is much faster and larger silver particles with a narrow size dlstrlbutlon are produced.

A mechanism was proposed in which the CHZOH radicals transfer electrons to the seed

| particles, and the stored electrons ﬁnally reduce Ag(CN), ~ directly on the surface of the seeds.

The limitations of radiolytic particle enlargement were discussed. Bimetallic particles of the Pt
core Ag shell type with a non symmetric shape of the shell were also synthesized. Despite this
irregular structure, the optical spectra agreed fairly well with the literature value calculated for

symmetric bimetallic particles.

Nagasawa ef al. [27] decomposed a silver-fatty acid complex at 250°C ina nitrogen atmosphere
to make stable, mono-disperse silver nanoparticles. The size distribution was measured using
high-resolution transmission electron microscopy (HRTEM), the mean particle diameter was 4.7
nm and the standard deviation was 0.6 nm. This size distribution was verified by the measured '
surface-Plasrnorr absorption spectrum. Their X-ray diffraction pattern showed that they were
metallic silver. The partlcles cross-sectronal shapes. were usually circular except some were
hexagons or pentagons Use of thermogravimetry-and differential thermal analysis showed that
their surface was coated by fatty acid. This coating stabilized the nanopartlcles thus preventing

their aggregation even after repeated dissolution and evaporating.

Xun ef al. [28] preparerl Stable fluids containing silver. nanopartieles*in kerosene by the
extraction-reduction method. Silver nitrate was extrareted in nonpolar solvent by thio-substituted
phosphinic acid extractant Cyanex 302, and then Ag (I) was reduced by solid KBH;. In order to
enhance the loading content of silver nanoparticles in the fluids, a tri-block copolymer
(PEO)20(PPO)70(PEO)20 was added into the organic phase before the reduction of Ag(I). The

results show that Cyanex 302 acts as both an extractant for Ag+ from aqueous solution to

[ 15 |
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~ kerosene and a stabilizer for silver nanoparticles, and the reverse micelles formed by copolymer

(PEO)20(PPO)70(PEO)2 can solubilize more silver nanoparticles modified by Cyanex 302 and

prevent them from aggregating together. The highest stable concentration of silver nanoparticles
in kerosene was up to 0.1 mol/L. The silver colloidal dispersions were analyzed by UV-Visible,

FT-IR spectra, TEM, and X-ray diffraction techniques.

- Shi et al. [29] prepared‘.vStable organic fluid containing silver nanoparticles using the extractant
Cyanex 301 (di-(2,4,4-trirﬁ¢thylpentyl) dithiophosphinic acid) in alkane by the solvent
| éxtraction-redﬁctio‘n method. Ag[I] is extracted into alkane by Cyanex 301, then the obtained
Agt -Cyanex 301 complex is reduced with solid sodium boroﬁydride to obtain the organic fluids
containing Ag nanoparticles. The organic fluids were stable at room temperature for more than
two months when the concentration of Ag nanoparticles was about 0.10 mol L. The
‘ nanoparticles are characterized by XRD, TEM, IR, UV-Visible, and TG-DTG, showing that Ag

nanoparticles are well modified by the extractant.

Gao et al. [301 synthesized multi-dentate amphiphilic compound, 3,3'-(dodecylgzanediyl)—bis-[N—
(2-aminoethyl)propanamide] (12C-2NH;) and was employed to stabilize silver nanoparticles.
. Surface properties and stability of silver nanoparticles were controlled by adjusting the 12C—
2NH; to silver (0) molar ratio. 122C—2NH, was also applied to transfer silver nanoparticles from
Aar‘l aqueous to an organic phase. The transfer efficiency depends on 12C-2NH, concentration.
When 12C-2NHj; to silver (0) molar ratio was 2;1, the highest efficiency of phase transfer to

toluene was obtained. The stabilized silver nanoparticles were stable up to four days in toluene.

Liu et al. [31] prepared Silver nandparticles by the reduction of si\lver nitrate using NaBH; as
reducing agent in water-in-oil re-verse micelles system, in which Gemini surfactant 2-hydrbxy-1,
‘ 3-bis(ocmdecyldimethylammorﬁum) propane dibromide (18-3(OH)-18) was used as stabilizer.
The results of TEM, AFM and UV—Visible absorption spectra show that the silver nanoparticles
have a narrow size distribution. The results of UV—Visible absorption spectra and XPS reveal
that the Gemini surfactant 18-3(OH)-18 can stabilize the silver nanoparticles for at least‘2
months. The 18-3(OH)-18-capped silver nanoparticles exhibit visible luminescence at 448 nm

. upon phofo excitation at 309 nm due to metal-ligand c;hérge transfer absorption.
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Yang et al [32] synthesized mercaptosuccinic acid (MSA)- modiﬁed Ag nanoparticles prepared
using -cetyltrimethylammonium bromide (CTAB). They observed that, at high CTAB
concentration, some un bonded CTA" cations are physically adsorbed on particle surface and
enter chloroform layer, which cannot be removed by simple water washing or centrifugation. By
using B-cyclodextrin (CD) as a capturing agent, the unbound CTA™ cations can be adequately

removed due to the possible inclusion function of CD.

Hsu & Wu [33] synthesized silver nanoparticle suspensions by chemical reduction from silver
nitrate in a formaldehyde reductant and PVP stabilizer using organic bases as the reaction
promote. Two different organic bases of different basicity, triethylamine and pyridine were used
in the reaction. The sizes of the silver particles prepared from the more basic triethylamine were

around 20-30 nm. The particles made from the less basic pyridine had smaller sizes (10-20 nm).

Olenin ef al. [34] studied the influence of experimental factors on particle size and surface
hydrophilicity / hydrophobicity of silver nanoparticles. It is shown that silver nanoparticles with
controlled mean size and surface hydrophilic— hydrophoblc properties can be obtained through

direct synthesis or successive transformations.

Seo et al. [35] prepared hydrophob1c sﬂver nanoparticles capped by oleic acid via solvent
exchange method. AgNO; was reduced by NaBH4 to produce Ag nanoparticles in aqueous :
* solution with various pH condltlons and oleic acld as stabilizer. By the addition of H3PO4, the
carboxylate group was converted to carboxylic acid and this induced the reorientation of oleic
acid and provrded hydrophobic silver nanoparticles. The oleic acid-capped silver nanoparticles
were characterized by UV-Visible spectroscopy and Fourier transfer infrared (FTIR) studies. |
Spherical silver particles with uniforrh siie of 8 nm were obtained from silver nitrate under basic

conditions.

Navaladian ef al. [36] synthesized anisotropic silver nanoparticles using microwave irradiation
by the decomposition of silver oxalate in a glycol medium using polyvinyl pyrolidone (PVP) as

the capping agent. The obtained Ag nanoparticles‘ have been characterized by UV-visible
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spectroscopy, powder x-ray diffraction (XRD), transmission electron mlcroscopy (TEM) and

high-resolution TEM (HRTEM) studies. Anlsotroplc Ag nanoparticles of average size around 30
" nm have been observed in the case of microwave irradiation for 75 s whereas spherical particles
, of a size around 5-6 nm are formed for 60 s of irradiation. The texture coefficient and particle
‘size calculated from XRD patterns of anisotropic nanoparticles reveal the preferential orientation
’.of (111) facets in the Ag sarnple. Ethylene glycol is found to be a more suitable medium than
B ~diethylene ‘glycol; A plausible mechanism has been proposed for the formation of anisotropic Ag

" nanoparticles from silver oxalate.

Sarkar et al. [37] demonstrated simple method for either transfer of silver nanoparticles from
formamide to chloroform or to form a film at their interface. The transfer of the particles is a
. two-step size dependent process. The size distribution of the colloidal hydrophobic silver
patticles in chloroform -was almost the same as that before its transfer. Particles can be isolated
hy evaporation of chloroform. During evaporation, the hydrophobic particles become hydrophilic
' (charged) due to the formation of bi layer of CTAB over their surface. The isolated particles can
"_ be re-dispersed easily in polar solvents such as water and methanol. Nanocrystalline film of Ag
is also prepared at the formamide—chloroform i_nfer_face using suitable stabilizers in two
~ immiscible layers. The nanocrystals have been c‘har‘acter.ized; by various hr-icroscopic and

. spectroscopic techniques..

Guo et al. [38] synthesized NdF; and TbF; nanopartlcles via a solvent extraction route usmg
Cynex923 X-ray diffraction (XRD) study showed that pure hexagonal phase NdF; and pure
orthorhombic phase TbF; could be obtained under the curren"t‘ synthetic conditions. Transmission
electron microscopy (TEM) and scannihg electron microscopy (SEM) ohser{)ations indicated that
NdF; nanoplates have a diameter of 50-80 nm and a thlckness of 10-20 nm and TbF; products
have sphere morphologles with diameter from 70 to 170 nm. The driving force for the growth of
NdF; nanoplates could be attributed to the hexagonal crystal structure. The luminescence
properties of NdF; and Tb¥F3 nanoparticles were investigated, which indicated that NdF3
:nanopartrc]es showed typical emission at 888, 1064, and 1328 nm and TbF; nanopartlcles

. showed characterlstlc emission of Tb** (f-£).
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Shen & Yu [39] prepared silver nanoparticles in counter-current chromatography (CCC) based
on a unique step-gradient extraction process. Carboxylate anions were modified on silver
nanoparticles to produce water-dispersible nanoparticles. Then aqueous naﬂbparticles were
readily transferred to the organic phase together with the phase transfer catalyst, tetraoctyl
ammonium bromide (TOAB),N' owing to the ion-pair addﬁct formation between silver
nanoparticles anions and tetraoctyl ammonium cations. Various concentrations of TOAB in the
organic elution phase were.used in the CCC extraction experiments. - It appeared that a
coﬁcentration of 0.02mM of TOAB was adequate to achieve optimum separation and recovery
for the aqueous Ag nanoparticles sample (1.5 mg) in the CCC extraction experiments. Samples
of 15.8+5.3nmwere separated; the distributions of four fractions collected were 13.7+1.9,
14.1£3.5, 19.244.3, and 22.2+4.9 nm. Results revealed that_ as compared to thé stepwise
“extraction performed the step-gradient extractions using CCC provided much better size

discrimination [14].
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Chapter 2

Preparatzon and Characterization of Silver Nanopartzcles using

Cmnex 923, Cvanex 471X and Alzquat 336.

- 2.1 Materials and Reagents

The Cyanex 923 and Cyanex 471X were obtained as gift sample from CYTEC, Canada and were
used as such. Aliquat 336 was purchased from Henkel corporation. The other chemicals ‘and

materials used are given in the table 3. along with their make and grade.

Table 3. Materials and Reagents used in synthesis

S.No. Reagent / Grade Make

: Material ‘
1 n-Hexane . AR RENKEM
2 AgNO; - ' -
3 Acetone LR RENKEM
4 NaBH, AR . MERCK
5 Ethanol LR RENKEM
6 HNO; LR RENKEM
7 Toluene LR RENKEM

I 20




Chapter 2

2.1.1 Cyanex 923
'Cyanex 923 is a mixture of trialkyl phosphine oxide which has potential application as an

extractant for the liquid-liquid extraction of metals.

- The major advantage of Cyanex 923 extractant over similar extractants e.g. TOPO (tri octyl
phosphine oxide), is that it is a liquid at room temperature completely miscible with all common
- hydrocarbon diluents even at low ambient temperatures.
The Composition and Structure:- - The four trialkyl phosphine oxides are as follows
R;P(0) (~8%)  R,R'P(O) (~32%) RR,P(0) (~42%) R’3P(O)'(;14%)
‘Where is R'=[ CH3(CHy)7] - - Normal Octyl
R =[ CH3(CHy)] - - Normal Hexyl

|
O

Average Molecular Wt. is 348 approximately. R P

| R
2.1.2 Cyahex 471X

Cyanex 471 X is aphosphine sulphide extractant and" .is; used for the selective rebovery of silver
and in the separation of palladium and platinum. It is ‘crystalline, off white solid having specific

gravity 0.91 at 22 °C with average molecular Wt. 248 . -

R
R——>P
'R

S Where R is CH;-CH,-CH, —
H;

Triisobutylphosphine Sulfide (TIBPS)
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2.1.3Aliquat 336

Aliquat 336 is a mixture of Cg (octyl) and Cyp (capryl) chains with Cg predeminating. It is a
quaternary ammonium salt used as a phase transfer catalyst and metal extractant.

Allquat 336 is composed of a large organlc cation associated W1th a chloride ion, as shown

below. _
| R\ I'R "
N

PN .
R ey ©

R = octyl and capryl
Because the ammonium structure has a permanent positive charge, it can form salts with anions

over a wider pH range than primary, secondary or tertiary amines. For this reason, Aliquat 336

finds application in environments from acid to slightly alkaline pH.

2.2 Preparation of Silver NanOpa'rticles

The method includes extraction of meta)] ion from aqueous solution to orgaﬁic ‘solution and then
the ions are reduced to metal. In this step the metal ion grows-to nanometer size. After the

reduction process these are separated, concentrated, washed and dried according to the process.

2.2.1 Stock Solutions

Calculated amounts of AgNO; were weighted and dissolved in HNO; (0.1 M) to make stock
solutions of AgNO; (0.1M, 0.2M, 0.5M). The stqc_k solutions of Cyanex 923 and Cyanex 471X
(0.01M, 0.02M, 0.05M ) were prepared in n-hexaﬁe. The solution of NaBH, (0.2 M) was prepared
in 100 mL of water in meesuring flask. A solution of HNO; (5M) was prepared separately to

maintain the acidity.

2.2.2 Procedure for the prepafation of Silver nanoparticles using Cyanex 923/Cyanex47 1X.

A solution of silver nitrate (0.01,0.02, 0.05) was prepared (25 mL) usmg stock solutlon of s11ver
nitrate maintaining the acidity with SM HNOs. This was ‘mixed thoroughly for some time. The
aqueous solution was mixed slowly in an organic solution contalnmg Cyanex 923/Cyanex 471X
‘in a 100 mL conical flask under vigorous stirring using még‘netic stirrer. The whole solution was

stirred for one hour and allowed to settle for 1 hour. 2mL of NaBH,4 was added in the mixture
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slowly under vigorous stirring. The resulting solution was again stirred fdr one hour and was
'allpwed to settle for one hour. Organic and aqueous layers were separated using separating funnel.
The orgenic layer containing metal  nanoparticles was characterized by IR spectroscopy. The
'ofganic phase was evaporated in chiha dish slowly under high temperature using hot plate. After
complete evaporation of oi‘ganic phaée the residue was dissolved in ethanol. The metal
nanbparticles were separated by usihg whatman filter paper no. 41 and again washed by ethanol.
After that the nanoparticles were washed 2 times by acetone. Then nanoparticles were dried in

oven for at least 8 hours.

The . resultant nandparticles.'Wér‘é chafacterized by XRD and SEM. The aqueous phase was

analyzed by AAS before and after the extraction to calculate the % extraction.

Table 4. Working paraméters of AAS for Ag determination

"JEl,é:ment ' Working range | Sensitivity Wavelength Mode of
' R : (ppm) - (nm) ~ | analysis
Ag | 1.5-55ppm 1.000 ppm - 3281nm | Air-Acetylene

Some of the selected samples was treated in muffle furnace at 600°C for 3hours.

2;3 Stdck solutions for Aliquat 336

Caléulated amounts of AgNO; weré weighted and dissolved in HNO; '(0.1 M, 0.5M) to make
stock solutions of AgNOj3 (0.1M). The stock solutions of Aliquat 336(0.1M, O.3M)- were prepared
in n-hexane. But the final solution after mix’ihg the sol‘l.it:ions»of AgNOs and Aliquat 336 was hazy
so use of n-hexane was eliminated and another solvent toluene was introduced. The solution of
.NaBHj, (0.2 M) was prepared in 100 mL of water in measuring flask. A solutien of HNO; (5M)

was prepared separately to maintain the acidity.

2.3.1. Procedure for the preparation of Silver nanoparticles using Aliquat 336

'Aliquat 336 was dissolved in toluene to make -the appropriate concentration of solution.
Extractant Aliquat 336 had CI' which had to be removed so Aliquat 336 was equilibrated with -

HNO; (0.1M) in mechanical shaker for 15 min. After shaking solution was allowed to settle down
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for 15 min and the two layers were Separatcd. Treated organic layer containing Aliquat 336 was

used further. Equal volume of Aliquate 336 and aqueous phase containing silver ion were

“equilibrated on mechanical shaker for 15 minutes and allowed to settle. The organic layer was

then separated and NaBH, solution was added to reduce silver ions. The colour of the solution

changed from pale yellow to slightly brown. The organic phase was evaporated on hot plate and

the residue was heated in a furnace at 600 °C for 3hours. The sample was washed 2 times with

ethanol and then with acetone. After the sample was dried in oven at 60-80° C for 8 hours.”

~ 2.4. Variations in the conditions for the preparation of silver nanoparticles.

"The concentration of Cyanex 923, Cyanex 471X, Aliquat 336, AgNO3 solution and HNO3; were

varied to-study the effect of these variations on the size of nanoparticles. Variations employed are

listed in the tables (5-13).

Table 5. Change in concentration of Cyanex 923 , at constapf Ag NO;and HNO;3,

S.No. Cyanex 923 (M) Ag (M) HNO; (M)
1 0.01 0.01 0.1
2 0.02 0.01 0.1
3 0.05° 0.01 0.1

Table 6. Change in concentration of Cyanex 923, at constant Ag NO;and HNO;,

S.No. Cyanex 923 (M) Ag (M) HNO; (M)
1 : 0.01 = 0.02 0.1

2 0.02 0.02 0.1

3 0.05 © 002 0.1

Table 7. Change in concentration of Cyanex 923, at constant Ag NO; and HNO;,

S.No. Cyanex 923 (M) Ag(M) . HNO3; (M)
1 0.01. 0.01 0.5
2 0.02 0.01 0.5

.3 0.05 0.01 0.5
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Table 8: Change in concentration of Cyanex»923, at constant Ag NOzand HNO;,

- S.No. Cyanex 923 (M) Ag (M) HNO; (M)
1 0.01 0.01 1
2 0.02 0.01 1
0.05" 0.01 1

3

- Table 9. Change in concentration of Cyanex 471X, at constant Ag NO; and HNO;,

S.No. Cyanex 471X (M) Ag (M) - HNO; (M)
1 0.01 0.01 0.1
) 0.02 0.01 01
3 0.05 0.01 0.1

Table 10. Change in concentration of Cyanex 47 1X, at constant Ag NO; and HNO;_

S.No. Cyanex 471X (M) Ag (M) HNO3; (M)
1 0.01 ~0.02 01
2 0.02 0.02 0.1
3 0.05 0.02 0.1

Tablell. Change in concentration of Cyanex 471X, at constant Ag NOs and HNO;

~ HNO3(M)

S.No. . Cyanex 471X (M) Ag (M)
1 0.01 . 0.01 0.5
2 0.02 0.01 0.5
3 0.05 0.01 0.5

Tablel2. Change in concentration of Cyanex 471X, at constant Ag NO; and HNO;

S.No. Cyanex 471X (M) Ag (M) _HNO; (M) _
1 0.01 0.01 1

2 0.02 0.01 1

3 0.05 0.01 1

Table 13. Change in concentration of Aliquat 336, at constant.A'g NOs and HNO;

S.No. | Aliquat 336 (M) Ag (M) HNO; (M)
1 0.1 0.1 0.1
2 0.3 0.1 0.1
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_Characterization of Silver N anoparticles

2.5 Characterization Techniques )
The Fo[loWin'g Techniques were used to characterize the nanoparticles

L FE-SEM (F"ield Emission Sc‘an.ning Electron N[icroscppy)
2. Atomic Force MicroScopy (AFM)
3. X-ray diffraction
4. TEM (Tunneling Electron Microscopy)

5.FTIR

2.5.1 FE-SEM (Field Emission Scanning Electron Microscopy)

The Scanning Electron Microscope (SEM) is a type of electron microscope that images the ’
sample surface by scanning it with a' high-energy beam of electrons in a raster scan pattern. The
electrons interact with the atoms that make up the sample producing signals that contain
information about the sample sixrface topégraphy, composition and other properties such as

electrical conductivity.

The types of signai. produced by an SEM include:secondary electrons, back-scattered electrons
(BSE), characteriéﬁc X-rays, light, specimen current and transmitted electrons. Secondary
electron detectors are common in all SEMSs, but it is rare that a single machine would have
detectors for all possible signals. The signals result from interactions of the electron beam with
atoms at or near the surface of the sample. In the most common or standard detection mode,
secondary electron imaging or SEI, the SEM can produce very high-resolution images of a sample
surféce, revealing details about less than 1 to 5 nm in size. Due to the very narrow electron beam,
SEM micrographs: have a large depth of field yielding a (‘;h;aracteristic three-dimensional
appearance useful for understanding the surface structure of a sample. A wide range of

magnifications is possible, from about 10 times (about equivalent to that of a powerful hand-lens)
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to more than 500 000.times, about 250 times the magnification limit of the best llght mlcroscopes
‘ Back-scattered electrons (BSE) are beam electrons that are reflected from the sample by elastic
: scatterlng. BSE are often used in analytlcal SEM. along with the spectra made from the
characteristic X-rays. Because the intensity of the BSE signal is strongly related to the atomic
number (Z) of the specimen, ‘BSE images can provide information about the distribution of
‘different elements in the. sample Characteristic X-rays are emitted when the electron beam
~ removes an inner shell electron from the sample, causing a higher energy electron to ﬁll the shell
and release energy. These characteristic X-rays are used to identify the composition and measure

the abundance of elements in the sample.

Figure 10: Field Emission Scanning Electron Microscope & Block Diagram

The FE-SEM micrographs and EDAX was taken using a FEI (make)—QUANTA, 200F- (model
number) instrument the magnification of ‘instrument is up to 1000KX, Resolution 2 nm and
“acceleration voltage 200V to 30 KV. During -analysis magnification was up to 3000 and

*: acceleration voltage was 20 KV.

2.5.2 AFM (Atomic Force Microscopy)

Atomic fox;ee microscopy (AFM) or scanning force Inicroscopy (SFM) is a very high-resolution
type of scanning probe microscopy, with demonstrated resolution of fractions of a nanometer,
more than 1000 times better than the optical dlf&actlon limit. The AFM is one of the foremost

tools for imaging, measuring, and manipulating matter at the nanoscale. The information is
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gathered by "feeling" the surface with a mechanical probe. Piezoelectric elements that facilitate

tiny but accurate and precise movements on (electronic) command eriable very precise scanning..

Figure 11: Atomic Force Microscope & Block Diagram of AFM

With the use of atomic force microscopy one can scan the surface and obtain three dimensional
images of the sample. The tip of the AFM that is attached to the cantilever interacts with the
surface of the sample. The force applied between the sample and the tip are recorded and
analyzed in order to obtain the three dimensional images. The tip of the cantilever scans the
surface in three different modes: contact, non-contact, or tapping-mode. In present studies the
tapping mode was used where the cantilever oscillates in Jow frequency scanning the surface
without coming in cbntact with the sample. The change in the intensity of laser measured by

photodiode detector.

2.5.3 FT-IR (Fourier Transform Infra Red Spectroscopy)

Fourier transform infrared (FT-IR) Spectroscopy .i__‘s‘,'a measurement technique that allows one
to record infrared spectra. Infrared light is guided th;ough an interferometer and further across the
sample (or vice versa). The recorded signal is an inter ferogram that iﬁcludes two contributions.
One from the instniment itself and another due to variation in "optical path difference” introduced
by the ‘sample. Performing a Fourier transform on these two sets of data (one with sample

inserted, one without) results in spectra comparable to those obtained from a conventional
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(dispersive) infrared spectrometer. The effect due to the sampie can be isolated by calculating the

ratio or the difference of the two spectra.

* Determines the identities, surrounding environments or atomic arrangement, and concentrations

of the chemical bond in the sample

2.5.4 X-ray Diffraction (XRD) .~
- X-ray diffraction (XRD) is a non-destructive analytical technique for identification and
'quantit'étive determinatioﬁ of long-range order in various crystalline compounds. XRD uses the
“fingerprint” of crystalline material to allow identification and quantification of unknown phases
in a mixtufe. X-rays are electromagnctic. radiations generated when an electron beam accelerated
thrpugh a high voltage field hits a metél, which acts as an anode. The wavelength of x-ray is
comparable to the size of atoms; therefore they. caﬁ be éffectively used to measure the structural
arrangement of atoms in méterialsv. When x-rays collide with electrons, some x-rays.‘from the
incident beam are deﬂected away from the incident direction. If the wavelengths of these .
~scattered x-rays remain unchanged, the process is called an elastic scattering (Thompson
Scattering) and in that case only momentum is transferred during collision. These are the X-rays
that are measured in diffraction :experiments. They carry information about the electron
distribution in materials. On the other hand, during inelastic collision (Compton Scattering), x-
rays transfer some of their energy to the electrons and so the scattered x-rays will have different

wavelength than the incident x-rays.

X-rays diffracted from different atoms interfere with each other. If the atoms are arranged ina
periodic fashion, as in the case of crystals, the peaks in the interference pattern will corréspond to
the distribution of atoms. The peaks in an x-ray diffraction pattern are directly related to the
atomic distances by Bragg’s law: '

v ni=2dsin0
Where A is the wavelength of x-ray, d is the inter-planar disfance, 20 is the scattering angle and n

an integer representing the order of the diffraction peak.
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A shape factor is used in x-ray diffraction and crystallography to correlate the size of sub-
micrometer particles, or crystallites in a solid to the broadening of a peak in a diffraction pattern.

In the Scherrer equation,

KA
= cosf

where K is the shape factor, A is the x-ray wavelength, typically 1.54 A, B is the line broadening at
half the maximum intensity (FWHM) in radians, and 0 is the Bragg ahgle, T is the mean size of
the ordered (crystalline) domains, which may be smaller or equal to the grain size. The
dimensionless shape factor has a typical value of about 0.9, but varies with the actual shape of the
cfystallite. The Scherrer equation is limited to nano-scale particles. It is not applicable to grains
larger than about 0.1 pm, which precludes those. observed in most mqtallographic and

ceramographic microstructure.

Figure 12: XRD Instrument

The X-ray Diffractometer patterns of the samples were obtained by Bruker AXS D8 Advance X-
Ray Diffractometer with Cu-Ko radiation at 40kV between the scan ranges of 20 from 5-80
degree by the scan rate of 2 degree/min. The system consists of a rotating anode generator with a

Cu target. The generator was operated at 40 kV and 30 mA. All the experiments were performed
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in the reflection mode. The d spacing was calculated by Bragg’s formula where the A was 0.154

nm.

2.5.5 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is amicroscopy technique whereby a beam
of electrons is transmitted through an ultra thin specimen, interacting with the specimen as it
passes throu.gh. An image is formed from the interaction of the electrons transmitted through the
specimen; ' the image is magnified and focused onto an imaging device, such as
a fluorescent screen, on a layer of photographic film, or to be detected by a sensor such as a CCD

camera.

TEMs are capable of imaging at a signiﬁcéntly higher resolution than light microscopes, owing to
the small de Brdglie wavelength of electrons. This enables to examine fine detail even as small as
a single column of atoms, which is tens of thousands times smaller than the smallest resolvable
object in a light microscope. TEM forms a major analysis method in a range of scientific fields, in

both physical and biological sciences.

Figure 13. TEM .Iné‘_‘t_rument
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The first TEM was built by Max Knoll and Ernst Ruska in 1931, with this groﬁp developing the
first TEM with resolving power greater than that of light in 1933 and the first commercial TEM in
1939. |

At smaller magnifications TEM image contrast is due to absorption of electrons in the material,
due to the thickness and composition of the material. At higher magnifications complex wave
interactions modulate the intensity of the image, requiring expert analysis of observed images.
Alternate modes of use allow for the TEM to observe modulations in chemical identity, crystal
orientation, electronic structure and sample induced electron phase shift as well as the regular

absorption based imaging.

We imaged the nanoparticles with a 200 kV high-resolution transmission electron microscope

(Hitachi H-7500) with a magnification of about 3350000.
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~ Result and Discussion

3.1. AAS ANALYSIS

The AAS analysis was conducted to measure the amount of silver extracted from aqueous phase

to organic phase. The concentration of silver in organic phase was calculated as follows-
[Ag] Organic ~— [Ag] Aqueous initial = [Ag] Aqueous after extraction
The percent exti*action was calculated using the following expi'ession-

% E = [Aglorganic x 100

[Aglaqueous initial

3.1.1. Extraction }data for Silver in Cyanéx 923/ Cyanex 471X/ Aliquat 336

Table 14. AAS data for Silver in Cyanex 923 at 0.1IM HNO;,

S. | Cyanex 923 mol L AgNO; mol L™ Silver Extracted (%)
No. :

1 0.01 ; . 0.01. . 99.99

2 0.02 ; 0.01 \ 99.99

3 0.05 - 0.01 ' 99.99 .

4 10.01 ' 0.02 ' 99.99

5 0.02 0.02 99.99

6 0.05 - 0.02 99.99

Table 15. AAS data for Silver in Cyanex 923 at 0.5M HNO:;s.

S. Cyanex 923 m;)l Lt AgNO; mol L™ Silver Extracted (%)
No. '

1 0.01 : 0.01 99.99

2 0.02 - 0.01 | 99.99

3 0.05_ . _ 0.01 . 99.99
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Table 16. AAS data for Silver in Cyanex 923 at 1M HNO;.

S. |Cyanex923 molL” | AgNO; mol L Silver Extracted (%)
No. :
1 0.01 0.01 99.99
2 0.02 0.01 99.99
3 0.05 -0.01 99.99
~_ATable 17. AAS data for Silver in Cyanex 47 1X at 0.IM HNOs.
S. Cyanex 471X mol LT AgNO3 mol L™ Silver Extracted (%) |
No. -
1 0.01 0.01 99.99
2 0.02 0.01 99.99
3 0.05 0.01 99.99
4 0.01 0.02 99.99
5 0.02 0.02 99.99
16 0.05 0.02 99.99
Table 18. AAS data for Silver in Cyanex 471 X at 0.5M HNO;:
[S. [ Cyanex 471 X mol LT | AgNO; mol L ! Silver Extracted (%)
No. : S _
11 0.01 0.01 99.99
2 10.02. 0.01 99.99
3 10.05 0.01 99.99
Table 19. AAS data for Silver in Cyanex 471 X at 1M HNO;.
S. Cyanex 47 1. X mol L~ AgNO; mol L™ Silver Extracted (%)
No. .
1 0.01 0.01 99.99
2 0.02 0.01 99.99
3 0.05 0.01 99.99
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Table 20. AAS data for Silver in Aliquat 336 at 0.1 M HNO:s.

S. | Aliquat 336 mol L! AgNO; mol LT | Silver Extracted (%)
No. |- , ' ‘

1 '0.31in 0.1 M HNO3 : 0.01 " 69.13

2 0.3 in 0.5 M HNO3 0.01 67.90

The AAS data show that the transfer of Silver ion from aqueous phase to organic phase was
almost complete in Cyanex 923 and Cyanex 471X but in the case of Ahquat 336 the persentage
extraction was less (68 %) The extraction data further indicates that varlatlon in the molarity of
nitric acid, Cyanex 923, Cyanex 471X and Aliquat does not affect the extraction of silver )

significantly.

3.2. FTIR Spectra (FTIR)

The Silver nanoparticles synthesized using different schemes were ahalyzed by FTIR to study the -
interaction between Ag nanoparticle and Cyanex/ Aliquat. The different FTIR 'spectra are shown
in figures (14-26). '

3.2.1 FTIR analysis of Silver -Cyanex 923 sample. T

The FTIR spectrum of pure Cyanex 923 provides information aboﬁt different groups present in
the system. The peak at 3400- 3500 cm'lvin thé spec'trum of pure Cyanex is attributed to -OH
stretching due to some moisture present in the system and —~OH bending frequency observed at
about 1630 — 1645 cm™ attributed to bending vibration. The peak at 2850-2950 cm™ is attributed
to (-CHy), stretching vibrations.and the bending vibration of (-CHy), are present at 1440 to 1470
cm’, this is also assigned to asymmetric deformation of‘-CH3 group. The pcék at 810—830 cem’is
assigned to the -(C-H) out of plane bending vibration. The peak at 710-740 cmf1 is attributed to ~
CH bending vibration but it appears as weak vibration. The peak at 1370- 1390 cm™ is due to
. (P=0) stretching vibration and peak at 1130- 1160 qul_.is due to (R-P+-O'). {
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Figure 14. FTIR spectra of Cyanex 923
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Figure 15. FTIR spectra of Silver- Cyanex 923 Samgle
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Figure 16 . FTIR spectra of Silver- Cyanex.923 Sample
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Figure 17. FTIR spectra of Silver- Cyanex 923 Sample
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Figure 18. F TIR spectra of Silver - Cyanex 923 Sample

The FR-IR spectra of silver nanopaﬁicles with different Cyanex 923 concentrations show similar .
-peaks as the pure Cyanex 923 sample but some differences were observed.. The peak at 3400 -
3500 cm 2 due to (-OH ) stretchmg vibration is more intense in comparison to pure Cyanex 923
as the moisture is more in the system due to mixing of aqueous and organic layer. The (-CH))n
stretching vibration ﬁe(ilienciq:s are found ,almos,t_ in the same region as in pure Cyanex 923, the
peaks appears at 2850 - 2950 cm™. The peak of (-OH) bending {ribration appears in the same
tegion as in pure Cyanex 923 (1630 - 1650 cm™). The peaks at 1450 - 1465 cm™ , 810 - 850 cm”,
710 — 740 cm™ , 1360 - 1390 cm™ , 1140 — 1170 cm™ are same as in pure Cyanex 923. A new
intense peak appears at 634cm™ due to interaction of Ag and Cyanex 923. Further it is observed
that as the concentration of Cyanex 923 increases the peaks in the region of p?O -650 cm™ become

more intense.
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3.2.2 FTIR analysis of Silver - Cyanex 471X Sample.
The FTIR spectrum of pure Cyanex 471X shows following peaks

The peak at 3400-3600 cm™ observed in the spectrlim of pure Cyanex 923 is absent in Cyanex
471X due to absence of Hydrogen Bonding in ~(S-H), and the ~OH bending vibration is also
absent in the system. The peak at 2850-2950 em” is attributed to (-CHa), stretching vibrations and
the bending vibration of (-CHy), are present at 1440-1470 cm’™. The peak at 810-830 cm™ is
assigned to the -(C-H) out of plane bending vibration. The peak at 710-740 cm” is attributed to —
CH bending vibration. The peak at 1350 -1380 cm’! is due to (P=S) stretching vibration and peak

at 1150 — 1180 cm™ is due to (R-P*-S).

—— Cy-471X
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200 -

150 -

% Transmitance

100 -

50 4

0

1 T T LA | T T 1 T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

Figure 19. FTIR spectra of Cyanex 471X
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Figure 20. FTIR spectra of Silver - Cyanex 471X Sample
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Figure 21. FTIR spectra of Silver - Cyanex 471X San?ple
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Figure 22, FTIR spectra of Silver - Cyanex 471X Sample
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Figure 23. FTIR spectra of Silver - Cyanex 471X Sample

The FR-IR s

% S UASC S AR AT A SR v DA L £

new intense peak at 580 - 570 cm™ due to interaction of Ag and Cyanex 471

pec--ﬂ of silver nanoparticles with different Cyanex 471 X ¢

concentration of Cyanex 471 X increases the interaction between Ag and Cyanex is more and is

reflected in the region 580 to 570 cm™.
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3.2.3 FTIR analysi;sz of Silver - Aliquat 336 sample.

The FTIR spectrum of pure Aliquat 336 provides folldwing information. The peak at 2850-2950

em” is attributed to (-CHZ),, stretching vibration the bending vibration of (-CH,), are present at

1440- 14:70I cm™, The peak at 810 830 cm™ is assigned to the -(C-H) out of plane bending

vibration. The peak at 710-740 cm™ is attributed to —-CH bending v1brat10n but it appears as weak

v1brat10n The peak at 23 10 cm-1 is due to -(C-N) stretching vibration and peak at 1630- 1660 cm™ |
lis due to- (C-N) bending vibrations. ‘

v % Transmittance

-5 T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm)

Figure 24. FTIR spectrum of Pure Aliquat 336 .

The FR-IR spectra of silver nanoparticles with different Aliquat 336 concentrations show similar
peaks as the pure Aliquat 336 spectrum. A new broad peak appeares at 625 cm ' due to interaction
of Ag and Aliquat 336.
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| Aliquat 336 (0.3M) (0.1 M HNO,) |
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Figure 25. FTIR of Spectrum of Silver - Aliquat 336 sample
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Figure 26. FTIR of Spectrum of Silver -Aliquat 336 sample

As the concentration of Cyanex increase the interaction between Ag and Aliquat 336 is more and

it is shown in region of 680 to 570 cm.
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' 3.3. A_tomic Force MicroscOpy (AFM) Stﬁdies

AFM is used to study the particle size, grain and roughness of nanoparticles. Silver nanopartlcles

synthesized following different schemes were examined by AFM. Various parameter were

determmed by software 1tself AFM images of silver nanoparticles placed on glass plate revealed

that the particles are spherlcal in nature with diameter ranging from 10 to 70 nm. The results of

AFM analysis are shown in figure (27-42).

3.3.1 AFM analysis of Silver - Cyanex 923 Sample

Scheme

Particle Size (nm)

Grain

Cyanex 923 (0.01 M ), Ag (0.01 M),
HNO;(0.1M) _

Rougliness (nm) |

2nm

9 nm

12

Figure 27. AFM image‘émd Histogram of Silver - Cyanex 923 sample.
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Scheme Roughness (nm) | Particle Size (nrh) Grain
Cyanex 923 (0.02M ), Ag (0.01 M), 28 hm ' 53nm. ’ | 42
"HNO; (0.1M) - .

| Figure 28. AFM image and Histogram of Silver - Cyanéx 923 sainple.

Scheme ' Roughness (nm) | Particle Size (nm) Grain -
Cyanex 923 (0.05M ) , Ag (0.01 M), . 48nm 63nm 59
HNO; (0.1 M)

Figure 29. AFM image and Histogram of Silver - Cyanex 923 sample.
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Scheme . ‘ Roughness (nm) | Particle Size (nm) Grain

Cyanex 923 (0.01M), Ag (0.02 M), 37 nm

. Slnm 65
) HNO; (0.1 M) |

Figure 30 . AFM image and Histogfalﬁ of Silver - Cyanex 923 sample.

Scheme ‘Roughness (nm) | Particle Size (nm) Grain
Cyanex 923 (0.02M ), Ag (0.02M), | . 26nm 1 61nm 45
HNO; (0.1 M)

Figure 31. AFM image and Histogram of Silver - Cyanex 923 sample.
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Scheme

Cyanex 923 (0.05M ), Ag (0.02 M),
HNO; (0.1 M)

Roughness (nm)

19 nm

Particle Size (nm)

50nm

Figure 32. AFM image and Histogram of Silver - Cyanex 923 sainple.

Scheme

Roughness (nm)

Particle Size (nm)

Cyanex 923 (0.01M ) , Ag (0.01 M)
HNOs, (0.5 M)

6 nm

- 45nm

Figure 33. AFM image and Histogram 'of Silver - Cyanex 923 sample.
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Scheme

Roughness (nm) | Particle Size (hm)

Cyanex 923 (0.02M ), Ag (0.01 M),

HNO; (0.5 M)

8§ nm -

14nm

Figure 34. AFM im‘agé and Histbgi‘am of Silver - Cyanex 923 sample.

3.3.2 AFM analysis of Silver - Cyanex 471X Sample.

Scheme .

Roughhess (nm)

Particle Size (nm)

Grain

Cyanex 471X (0.01 M) , Ag (0.01 M),
HNO; (0.1 M)

6

19

Figure 35. AFM image and Histogram of Cyanex 471X - Silver nanoparticles.
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Scheme

Cyanex 471X (0.02 M), Ag (0.01 M),
HNO; (0.1 M)

4

Figure 36. AFM image and Histogrhm of Silver - Cyanex 471X sample,

ol

Scheme

Particle Size (nm)

Cyanex 471X (0.05 M), Ag (0.01 M),
HNO; (0.1 M)

23 .

Figure 37. AFM image and Histogram of Sil__w;er - Cyanex 471X sample.
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Scheme Roughness (nm) | Particle Size (nm) | Grain
Cyanex 471X (0.01 M ), Ag (0.02 M), 2 ’ 18 41
~_ _HNO; (0.1 M) »

Figure 38. AFM image and Histogram of Silver - Cyanex 471X sample.

Scheme Roughness (nm) | Particle Size (nm) Grain
Cyanex 471X (0.02 M ), Ag (0.02 M), 4 19 113
HNOs; (0.1 M)

Figure 39. AFM image and Histogram of Silver - Cyanex 471X sample.
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Scheme

Particle Size (nm)

Cyanex 471X (0.05 M ) ,Ag (0.02 M),

HNO; (0.1 M)

Roughness (nm)

3

16

Figure 40. AFM image and Histogram of Silver - Cyanex 471X sample.

Scheme

Cyanex 471X (0.01M ), Ag (0.01 M),

HNO; (0.5 M)

Figure 41. AFM image and‘Histogram' of Silver - Cyanex 471X sample.
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Scheme

Roughness (nm)

Particle Size (nm)

Grain

Cyanex 471X (0.02M ) , Ag (0.01 M), HNO;

 (0.5M)

13

16

Figure 42. AFM image and Histogram of Silver - Cyanex 471X sample.

AFM analysis of silver — Cyanex nanoparticles revealed that the particles were spherical in shape.

and the particle size in Silver — Cyanex 923 samples vary from 9 to 63 nm whereas in case of

Silver — Cyanex 471X samples it varies from was 4 to 23 nm. Thus AFM analysis revealed that

with Cyanex 471 X small size nanoparticles are obtained as compared to Cyanex 923.

3.4. XRD Analysis

The evidence of formation of silver nandparticles is analyzed by XRD. The X-ray 26 range was

- 10° to 90 °. Figures (43-54) show the XRD pattern of modified silver nanoparticles by Cyanex
923/ Cyanex 471X / Aliquate 336. The peaks were well matched with the cubic standard positions

(JSPDS Data sheet no 41-1402). The particle size calculation was done by scherrer formula.

The scherrer formulais t= 0.9 A/ p cosO

Where A= 1.54 A,
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B =FWHM of the peak,

cos § = angie of rotation.

3.4.1 XRD Analysis of Silver - Cyanex 923 Sample.

XRD pattern (Figures 43- 46) shows different peaks which were indexed as (111) , (200), (220),
‘and (311). The indexing pattern shows that the Ag nanoparticies have Face centered cubic crystal
structure. There is no impurity peak in the spectra. The data is correlated with JSPDS Data sheet

no (41-1402).

— Cyanex 923 (0.05M) + Ag (0.0111) (0.1 M HNO3)
~— Cyanex 923 (0.0211) + Ag (0.0111) (0.1 I HNO3)
38.08 ‘ — Cyanex 923 (0.0114) + Ag (0.0114) (0.1 1 HNO3)
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Figure 43. XRD Pattern of Silver - Cyanex 923 Sample.
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- Flgure 44. XRD Pattern of Silver - Cyanex 923 sample.

Table 21. Particle Size Calculation For Silver - Cyanex 923 nanopartlcles by Scherrer

Formula
S.No. ‘Matrix” B Value in 20 Partical Size
' radian : (nm)
(Degrfe)

1 Cyanex923(0.01M) + Ag(0.01M) (o M 0.01256 3816 7.45 nm

2 Cyanex923(0.02M) + Ag(0.01M) (O.1M 0.01344 38.36 10.9 nm
HNO3) ]

3 Cyanex923(0.05M) + Ag(0.0TM) (O.1M 0.01512 37.39 9.69 nm
HNO3)

4 Cyanex923(0.0iM) + Ag( .02M) (O0.1IM 0.01639 38.12 8.94 nm
HNO;)

5 Cyanex923(0.02M) + Ag(0.02M) (O.1M 0.01467 38.13 9.99 nm
HNO;) <

6 Cyanex923(0.05M) + Ag(0.02M) (O.1IM 0.1569 38.07 9.34 nim
1ING;)
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cyanex 923 (0.011) + Ag (0.0111)(1M HNO3)
cyanex 923 (0.02H) + Ag (0.011)(1M HNO3) -
cyanex 923 (0.05M) + Ag (0.01LN)(1H HNO3)
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Figure 45. XRD Fatiern of Silver - Cyanex 923 sample.
——— Cyanex 923 (0.0511) + Ag (0.0141) {0.511 HNO3)
——— Cyanex 923 (0.05M) + Ag (0.0144) (0.5 HNO3)
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Figure 46. XRD Pattern of Silver - Cyanex 923 sample.
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Table 22. Partlcle Size Calculatlon For Sllver - Cyanex 923 nanopartlcles by Scherrer

Formula
| S.No. Matrix . B Valuein - 20 | Partical Size
" radian . (nm)
‘ (Degree)
1 Cyanex923(0.01M) , Ag(0.01M) (IM 0.01694 38.19 8.66 nm
HNOs) ‘ .
2 Cyanex923(0.02M) , Ag(0.01M) (IM 0.01399 . | 38.13 10.48 nm
HNO;). ! , :
3 Cyanex923(0.05M) , Ag(0. OlM) (IM 0.01236 38.16 11.21 nm
HNOs)
4 Cyanex923(0. OIM) Ag(0. OIM) (0.5M 0.01121 | 38.28 13.08 nm
' HNO,) - ’ |
5 Cyanex923(0.02M) , Ag(0.01M) (0.5M 0.01094 38.24 13.40 nm
HNO3)
6 Cyanex923(0.05M) , Ag(0.01M) (0.5M 0.01138 38.36 12.84 nm

HNOs)

3.4.2 XRD analysis of Silver - Cyanex 471X Sample.

XRD paiterns (figure 47-50) show diff,ereﬁt peaks” which were indexed as (1 11) , (200), (220),

and (311). The indexing pattern shows that the Ag nanoparticles have Face cantered cubic crystal

structure. The impurity peaks were also observed in the. spectmm.begy;/eeﬁ' 25°to 37°. The data is
correlated with JSPDS Data sheet (41-1402). The main peak which should be observed at 38.26°

is slightly merged with nearby peaks but the other peaks are relatively well deﬁned' and clear.
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Figure 47. XRD Pattern of Silver - Cyanex 471X sample.
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Formula. ;
- S.Ne. Matrix 8 Value in 29 Partical Size
radian '- (nm)
(Degree)
i Cyanex 471 X (0.01M) , Ag(0.01M) (O.1M 0.01256 43 41 11.88
2 Cyanex 471 X (0.02M) , Ag(0.01M) (0.1M 0.01385 43.43 10.77
3 Cyanex 471 X (0.05M) , Ag(0.01M) (0.1M 0.00831 43.42 16.66
HNO3) .
4 Cyaiex 471 X (0.01M) , Ag{0.02M) (C.1M 0.01255 43.41 11.88
HNO,)
5 Cyanex 471 X (0.02M) , Ag(0.02M) (O.1M 0.01394 43 .45 10.71
HNO3) '
6 Cyanex 471 X (0.05M) ,)Ag('o.ozm (0.IM 0.01046 43.45 14.25
HNO, , ]
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Figure 49. XRD Pﬁttern of Silver - Cyanex 471X sample
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—— Cy-471X(0.02M) + Ag (0.01M). (0.5 M HNO,)
——— Cy-471X(0.05M) + Ag (0.01M) (0.5 M HNO,)

Intensity
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-Figure 50. XRD Pattern of Silver - Cyanex 471X sample.

Table 24 Particle Size Calculation For Silver - Cyanex 471X nanoparticles by Scherrer

Formula.
S.No. ‘Matrix 8 Value in 20 Partical Size
: radian (nm)
(Degree)
1 Cyancx 471 X {0.01M), Ag{0.01M) (IM 0.61395 43.44 10.65
© HNOj)

2 Cyanex 471 X (0.02M) , Ag(0.01M) (IM 0.01463 43.44 10.19
HNO,) P

3 Cyanex 471 X (0.05M) , Ag(0.01M) (IM 0.01133 43.44 12.23

4 Cyanex 471 X (0.01M) , Ag(0.01M) (0.5M 0.01208 4345 12.34

5 Cyanex 471 X (0.02M) , Ag(0.01M) (0.5M 0.01511 43.45 9.87

6 Cyanex 471 X (0.05M) , Ag(0.01M) (0.5 0.01231 43.41 11.25
HNO,) : ‘
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Few samples of Cyanex 923 and Cyanex 471 X were heated in muffle furnace at 600 °C to check

the change in particle size and morphology.

The samples chosen were Ag (0.01M) at (0.1M HNO;) in Cyanex 923 (0.01M) and Ag (0.01M)
at(0.1M HNO:s) in Cyanex 471X (0.01M).

E

cyanex 923 (0.01 M)—|

250

2004

Intensity

150

Figure 51. XRD pattern of Silver - Cyanex 923 heated at 600 °C

{—— Gyanex 471X (0.01M) |

250 ,
38.17
/

200

4435

Intensity

150 —

64.53 77.50
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20 ' 30 l 40 ) 50 60 70 80
2 Theta

Figure 52. XRD pattern of Silver Cyanex 471X heated at 600 °C
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XRD data of heated samples doés not show appreciable change in pattern and the particle size

. calculated by scherrer formula was about. 12.6 and 13 .2 nanometer for Cyanex 923 and Cyanex

471X respectwely

'3.43 XRD analysns of Silver - Allquat 336 sample.

XRD pattern (ﬁgure 53-54) show different peaks which were indexed as (111) (200), (220),
(311) and (312). The mdexmg pattern shows that the Ag nanopartlcles have Face centered cubic

crystal structure. Few impurity peaks were observed in the spectrum. "

- 1800 4
1600 -
1400
1200 4

3 1000
]
E 800 -
800
400 —

200 -

[—— Aliquat 336 (0.3M)(0.1M FINO,), Ag(0.1M) (0.1M HNO,) |

38.12

4429 .

Figure 53 . XRD pattern of Silver - Aliquat 336 Sample.

Table 25 . Particle Size Calculation for Silver - Aliquat 336 nanoparticles by Scherrer

Formula.
S.No. . Matrix. B'Value in 20 Partical Size
‘ : _radian _(Degree) (nm)
1 | Aliquat 336 (0.3 M) (‘0.1 M HNOy) , Ag |  0.009287 38.12 14.9 nm
(0.1IM) (0.1IM HNO;) . :
2 | Aliguat 336.(0.3 M) ( 0.5 M HNO;) , Ag |  0.00999 38.25 13.8 nm

(0.1M) (0.1M HNO)
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soo.  LAliquat336 (0.3 M) (0.5 M HNO3), Ag (0.1M) (O.1M HNO3) |

7007 — 3825

" 600 -
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Intensity | 44.42
© 400 -] '
300 o ‘ 64.54 77.50
200 _W‘W\J

100 -
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20 30 40 50 80 70 80
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~Figure 54. XRD pattern of Silver - Aliquat 336 sample.

XRD paiterns of Silver nanoparticle modified under different conditions are almost samé. The
particle size calculated by scherrer formula also indicates that the variation in the molarity of
Cyanex / Aﬁquat 336, AgNO; and HNO; has no signiﬁcant effect on the position of peaks and

size of the silver nanoparticlés.

3.5. Field Emission Scanning Electron Microscopy Analysis (FE-SEM)

The morphology of silver nanoparticle extracted from Cyanex / aliquat 336 is characterized by
FE-SEM as shoWn in figures ( 55-82). FE-SEM imiages of the samples show the presence of
spherical nanoparticles. Analysis of an individual particle depicts an average diameter Of the order
of about 100 nm with a size distribution of 100 + 30 nm. FE-SEM images show high
agglomeration in the system but these agglomerates are formed by small nanoparticleé of size 10

to 30 nm.
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The FE-SEM analysis suggested that variation in concentration of Cyanex, aliquat, Silver nitrate

and nitric acid does not change the particle size signiﬁcantly.

‘EDAX analysis was carried out at selected locations and at selected points which sohwed the

presence of characteristic X-rays of Ag, C,0,PandS.

3.5.1 FE-SEM Analysis of Silver - Cyanex 923 sample. -

L

'From the SEM Images the particle size. 1s not determined properly because of high agglomeration

in the sample Particles were found to be spherlcal in nature with size varying from_50 to 100 nm.

¢lada32\genesis\genmaps.sps 1@&%091&&05
. LSecs: 4 -
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20 0 kvI40000x|9.7 mm|ETD 3.73 um \IT Roorkee

Figure 55. FE-SEM image of silver nanopartlcles and Corresponding EDAX

{Cyanex 923 (0. 01M), Ag (0. OlM), 'HNO; (0.1M HNO3)}
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Figure 56. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 923 (o.bzm , Ag(0.01M) (0.1IM HNO3)}
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Figure 57. FE- SEM image of silver nanoparticles and CorreSponding EDAX

{Cyanex 923 (0.05M) , Ag (0.01M) (O.IM HNO)}
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Figure 58. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 923 (0.01M), Ag (0.02M) (O.1M HNOs)}
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Figure 59. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 923 (0.02M) , Ag (0.02M) (0.1M HNO;)}
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"Figure 60. FE- SEM image of silver namdparticles and Corresponding EDAX

{Cyanex 923 (0.05M) , Ag(0.02M) (O.IM HNO,)}
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Figure 61. FE-SEM image of silver nandparticles and Corresponding EDAX

{Cyanex923(0.01M) , Ag(0.01M) (0.5M HNO;)}
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Figure 62 . FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 923 (0.02M) , Ag (0.01M) (O.5M HNO3)}.
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Figure 63. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyariex 923 (0.05M) , Ag (0.01M) (0.5M HNO3)}
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Figure 64. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 923 (0.01M) , Ag (0.01M) (1M HNO3)}
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Figure 65. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex923 (0.02M) , Ag (0.01M) (1M HNO3)}
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Figure 66. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 923 (0.05M), Ag (0.0IM) (IMENO;)} |

b f

3.5.2 FE-SEM of Silver - Cyanex 471X Sample. -
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Figure67. FE;SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 471X (0.01M), Ag(0.01M) (O.1M HNO3)}
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Figure 68. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 471X (0.02M), Ag (0.01M) (O.1M HNO3)}
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Figure 69. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 471X (0.05M) , Ag (0.01M) (O.1M HNO3)}
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Figure 70. FE-SEM image of silver nénoparﬁcles and Corresponding EDAX

{Cyanex 471X (0.01M), Ag (0.02M) (O.1M HNO3)}
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Figure 71. FE-SEM imagé of silver :nanoparticles and Corresponding EDAX

{Cyanex 471X (0.02M), Ag (0.02M) (O.IM HNO3)}.
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Figure 72. FE-SEM iniage of silver nanoparticles and Corresponding EDAX

{Cyanex 471X (0.05M), Ag (0.02M) (O.IM HNO3)}
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Figure 73. FE-SEM image of silver nanoparticles and Corresponding EDAX

100 200 300 0B K60 640 140 RO
Energy - keV

{Cyanex 471X (0.01M), Ag (0.01M) (O.5M HNO3)}
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Flgure 74. FE-SEM image of silver nanopartlcles and Correspondmg EDAX

{Cyanex 471X (0.02M), Ag (0. 01M) (0.5M HNO;)}
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Figui;e 75. FE-SEM image of silver nanopal"ticles and Corresponding EDAX

{Cyanex 471X (0.05M) , Ag(0.01M) (O.5M HNO;)}
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Figure 76. FE-SEM image of silver nan‘o’pér‘ticles and Corresponding EDAX

{Cyanex 471X (0.01M), Ag (0.01M) (1 M HNO;)}
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Figure 77. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 471X (0.02M) , Ag(0.01M) (1 M HNO;)}
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Figure 78. FE-SEM image of sil'ver» ﬁanqparticles and Corresponding EDAX of
{Cyanex 471X (0-.‘05M) R Ag(0.0lM)_ ('1' M HNOs)}

3.5.3. FE- SEM of Heated samples of Silver- Cyanex 923 / Cyanex 471X
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Figure 79. FE-SEM image of silver nanoparticles and Corresponding EDAX
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{Cyanex 923 (0.01M) , Ag(0.01M) (0.1 M HNO3) heated at 600 °C}
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~* Figure 80. FE-SEM image of silver nanoparticles and Corresponding EDAX

{Cyanex 471X (0.01M) , Ag(0.01M) (0.1 M HNOs) heated at 600 °C}

The FE-SEM images of heated samples show that the particle are less agglomerated and have -

smaller particle size in comparison to non heated s_amples.'

1

3.5.4. FE-SEM of Silver - Aliquat 336 sample.
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Figure 81. FE-SEM image of silver nanoparticles and Corresponding EDAX

Aliquat 336 (0.3 M) (0.1 M HNO) , Ag (0.1M) (0.1M HNO3)
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Figure 82. FE-SEM image of silver nanOpartiéles and Corresponding EDAX

Aliquat 336 (0.3 M) (0.1 M HNO3), Ag (0.1M) (0.1M HNO3)

3.6. HR-TEM Analysis of Silver - Aliquat 336 sample.

High-resolution transmission electron micrograph (HR-TEM) analysis was done to get a more
accurate estimate of the particle size, to determine their internal structure, and to estimate the

thickness of the particle.
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Figure 83. TEM image of Silver- Aliquate 336 Sample.

A 1pl drop of methanol with silvér nanoparticles was put oﬁ a thin film of amorphous ‘car‘bon that
was supported by a icopper grid. The methanol Was'}evaporated leaving only thé nanoparticles.
TEM analysis was performed on Silver - Aliquafl 336 sample. The Silv'er - Aliquate 336
nanoparticles were mostly spherical,-; ihultiple twinned. The diameter of obtained silver
haﬂdparticle'was around 6 to 16 nm which also correlates with XRD results. The particles were

well dispersed and less aggregated.
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Conclusion

The present work, “Preparation of silver nanoparticles via solvent extraction route” was
performed by using different extractants such as Cyanex 923, Cyanex 471X and Aliquat 336.
The AAS results reifealed that in the case of cyanex 923 and cyanex 471X almost all the
silver ions were transferred from aqueous phase to organic phase whereas, in the case of
Aliquate 336 the percentage extraction was 67% only. Thus on the behalf of AAS results, it
can be concluded that cyanex 923 and cyanex 471X are better extractants as compared to

: _Aliquat 336. The FTIR results revealed that the Ag- extractant peak appears around 630 -650
cm’! in the case of cyanex 923, 570-580 cm™ in the case of cyanex 471X énd 680 -740 cm™
in the case of Aliquat 336. In all the cases the intensity of peak increases with the increasing
concentration of the extractants. The AFM results revealed that the particle size of silver
nanoparticles ranged between 9 and 63 nm with cyanex 923 as an extractant but» with cyanex
471X the particle size was 4 to 23 nm. Thus with different extractants different size silver
nanoparticles are obtained. However, with cyanex 471X small size nanoparticle are obtained
as compared to cyanex 923. The XRD results revealed that the peaks observed in the spectra
are consistent to Joint Committee on Powder Diffraction Standards (JCPDS-41-1402) data.
The FE-SEM results revealed that particle size of silver nanoparticles were in the range of 50
to 100 nm but the particles are not Wéll separated due to agglomeration. TEM analysis of
Aifquat 336 shows particle size in the range of 6 to 13 nm.

The above results indicate that silver nanoparticles in the range of 10 -20 nm can be obtained -
using solvent extraction route (Extraction—Reduction method). The particles were well
separated, less agglomerated and pure in the case of Aliquat 336. Results also suggest that
these extractants act as both phase transferring agent and particle modifying agent. 'Some
additional studies should have been carried out to optimise conditions for the preparation of
well separated, pure, small silver nanoparticles but due to. paucity of time further studies

could not be carried out.

Due to lack of funds only one sample could be analysed by TEM. Aliquat 336 gave less
agglomerated and relatively pure silver nanoparticle thus Silver- Aliquate sample was

selected for TEM analysis.

Finally it can be concluded that out of the three extractants studied Aliquate 336 is most

suitable for the synthesis of silver nanoparticles. -
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