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Abstract:

An dtempt has been made to synthesze CAS-AgS core-shdl and composte
nanoparticles  usng  AOT/n-heptane/water  microemulson  techniquee.  We  have
systematicaly studied the different microemulson mixing methods to prepare core and
shel nanopaticles. Four methods have been used. Whils dl methods produced
nanoparticles and nanocomposites, only two i.e. the post-core and partid microemulsion
methods have shown promise for core and shell formation and enhanced dability and
gphericity of the nanoparticles. These core and shdl nanoparticles and nanocomposites
have been characterized usng TEM, EDAX, photoluminescence and UV-VIS
gpectrophotometer  techniques. Results and  possble mechanism  of formation  of

nanoparticles viaal four methods have been discussed.
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1. Introduction

Nanoparticles, particles in nanometer Sze range are attracting increasing attention
with the emergence of nanotechnology. Nanoparticles display fascinating dectronic and
opticd propeties aisng out of ther smdl dimensons and they may be easly
gynthesized from a wide range of materias. Nanophase and nanostructure materials as a
component of nanotechnology have attracted a great ded of attention of today’s research.
Arigng out of its ultrafine dzes high suface areas, useful intefacid defects and
interface dominated character, nanoparticulate materids are used as key components in
many areas such as eectronics and optica devices [1-4], pharmaceuticals [5], paints [6],
coatings [7,8], superconductors [9], semiconductors [10-12] and catalysis [13,14].

Different metds [15-17], metd sulfides [18-22], oxides [23], ceramics,
composites [24-28] and core-shel [29-32] (coated) nanoparticles having crysaline,
amorphous and polycrysdline phases with unique and improved mechanicd, chemicd,
magnetic [33], eectronics and optica properties, have been syntheszed in last few
decades using different preparation techniques. Microemulsion technique offers good
promises for preparing some of these nanoparticles, a room temperature and pressure
[15,18,23,27].

Microemulson technique provides a micro-heterogeneous medium for generation
of nanoparticles [34,35]. This technique involves precipitation reaction with in the
agueous core of reverse micdles. Two water-soluble compounds that will react to form a
precipitate are dissolved separatdy into two microemulsons of specific compostion. The
resulting microemulsons are then mixed together; causng precipitation reection to occur

within the agueous core of reverse micelles to form the nanoparticles.



The formation of nanoparticles in such sysem is controlled by the reactant
digribution in the nanodroplets and by the dynamics of inter-micdlar exchange [15]. The
aurfactant-gabilized micro-cavities provide a cage-like effect tha limits the partices
nucleetion, growth and agglomeration, in a complex manner.

Severd research groups have conducted studies on the preparation of CdS and
AS nanoparticles and have investigated the quantum size effect [3,18,20]. Foglia et al.
[19] have reported the sol-gd synthess of CdS nanoparticles with different surface
capping organic molecules. In this paper the CdS particles obtained were ether in the
form of nanoparticles or nanoclusters having the size range of 8-20 nm.

The mechanism of formation of CdS ultra-fine patices in w/o microemulson
by the chemical reaction between Cd(NOs), and NaS have been studied [17,18]. The
authors have reported the effect of reactant concentrations and water content on the
paticle diameter. Nanosze AgS semiconductor particles have been synthesized in
reverse micdles [22]. The size and polydispersty of Ag.S nanoparticles is controlled by
the sze of water droplets. Standard techniques such as TEM, XRD, have been used to
characterize the nanoparticles, primarily for their sze, shgpe and contents.

Recently, attempts have been made to prepare core-shdl nanoparticles and
nanocomposites of both organic and inorganic materids [36-40]. Core-shdl nanoparticles
are esentidly defined as the particles containing a core and a shell and have dimensions
in the nanometer range. Core-shel nanopaticles often exhibit improved physcd and
chemica properties over ther single-component counterparts, and hence are potentialy
useful in a broad range of gpplications. The controlled synthess of novel, uniformly

coated stable nanoparticles have for many years remained as atechnical challenge.



Qi & d. [38] have synthesized CdS - coated ZnS (ZnS@CdAS) nanoparticles using
AOT/heptane/water microemulsons. They have characterized the core and shdl
nanoparticles usng opticd absorption and photoluminescence spectroscopy. They have
observed that the absorption spectrum of ZnS@CAS is smilar to that of CdS@ZnS. They
did not observe any sgnificant luminescence activation. Han e d. [36] have conducted
the nonlinear absorption studies of coated CAS@AQ,S nanoparticles, prepared by inverse
microemuldon technique. The authors have reported that the exisence of a long
absorption tall covering the entire visble spectra region is due to the formation of AgS
shell on the surface of CdS core nanoparticles. Recently titania-coated slica, and slica
coated iron oxide nanopaticles have been syntheszed in water-in-oll microemulson
[39,40].

The mechanism of core and shell nanoparticles formation is not well understood.
It is not even clear how core and shel nanoparticles can be convincingly documented and
adaguately characterized. None of the dudies done 0 far is clearly successful in
measuring the shell thickness It is not certain that some of TEM micrographs showing
good contrast to discern core from the shell can be used for other materias or for that
matter, at lower sze level. Overdl, the research on the formation and characterization of
core and shell nanoparticles is in its infancy and focused studies are cdled for, to develop
further on the formation method as well as on the characterization technique.

In our study, we have used four different microemulson addition methods in an
attempt to produce core and shell nanoparticles. CdS-Ag,S nanoparticles were used as
core and shell. Two methods are used, which strongly indicate the formation of core and

sdl nanopaticles whils¢ the other two indicate the formation of composte



nanoparticles. Nanoparticles are produced at different conditions. Results are discussed

and interpreted to gain ingghtsinto mechanism of formation.

2. Experimental Section
2.1. Materias used

The surfactant, Dioctyl Sulfosuccinate Sodium Sdt (Aerosol OT, or AOT) was
purchased from Sigma with 99% purity. Slver nitrate of AR grade and Cadmium nitrate
of LR grade were purchased from SD. Fine (India@) chemicas. (NHs)2S (Ammonium
alfide) 25% and n-Heptane was purchased from SISCO, India. Heptane was used after
refluxing over sodium wire for 2 hours to remove any moisiure. Double didtilled water

was used throughout the experiments.

2.2. Sample preparation and characterization

Aqueous solution of cadmium nitrate (0.1M), dlver nitrate (0.1M) and
ammonium sulfide (0.2 M) were freshly prepared. Nest, clean and previoudy dried 15 ml
centrifuges tubes with stopper and smdl glass bottles (Scam, India) were used to carryout
the experimenta work. Surfactant solution (stock solution) of concentration 0.1 M, was
prepared by mixing appropriate amount of AOT in n-heptane as a continuous medium.

Han et d. [36] have dudied the formation of w/o microemulson a different
concentrations of AOT, n-heptane and agueous sat solution. The clear region of w/o
microemulson was determined visudly by titrating the agueous solution to Na AOT — n
heptane solution. The clear turbid boundaries were established from systematic titration.

The compostions chosen in thiswork fdl in the clear region of w/o microemulson.



2.2.1. Preparation of core nanoparticles

A microemulson was prepared by solubilizing 0.045 ml of 0.1M Cd(NOs),
solution in 25 ml of 0.1M AOT / nheptane stock solution as reported earlier. A second
microemulson was prepared by solubilizing equa volume i.e. 0.045 ml of 0.2M aqueous
(NH4)2S in 25 ml of AOT stock solution. Water to surfactant molar ratio (R) in this case
was mantaned 10. The two microemulsons were mixed to produce a third
microemulsion containing the CdS nanoparticles. Thus, these CdS nanoparticles prepared

would be utilized as core nanoparticles.

2.2.2. Preparation of core-shell/composite nanoparticles

In an atempt to prepare core-shell/composite nanoparticles, we have used four

different addition methods using w/o microemulsions. These methods are as follows.

a. Post-core method: In this method, a microemulson, nE of AgNOs solution was
added to the nE containing CdS nanoparticles, which shal act as cores. The
microemulsions containing core nanoparticles of CdS dso contains the S2 ions
gnce excess amount of (NHg).S was added while preparing the core
nanoparticles.

b. Partial microemulsion method: This method is amilar to the podt-core method
except the fact that the AQNO3 solution was not added in the microemulsion form.
It was directly added in aqueous form and in a drop wise manner followed by
proper shaking.

c. Smultaneous mixing method: In this method, nE of Cd(NOg), and nE of AgNOs

were added to the e of (NH,4)>S simultaneoudy in adrop wise manner.



d. Premixing method: In this method, prior to making microemulson, the agueous
solution AgNO; and Cd(NOs), were mixed. Then this mixed solution was used to
meke a microemulson of sdt solution. To this nE, equd volume of nE of

(NH4)2S was added.

2.2.3. Spectroscopy studies

Absorption spectra were recorded using Shimadzu UV-VIS Spectrophotometer
(UV-165). The microemulson containing nanoparticles were used directly for absorption
dudies. Blank microemulson (without reactants) was used as reference in UV-VIS
spectrophotometer.

Huorescence spectra were obtained on a Perkin Elmer LS 55 Luminescence
gpectrometer. The excitation wavelength was 400 nm and dit width was taken as 10 nm
for excitation and emisson. Huorescence measurements were obtained from the

microemulsion solution containing nanoparticles using quartz cuvettes.

2.2.4. Electron microcopy studies

A Philips CM 200-HR TEM has been used to characterize the particle sze. The
maximum resolution of the indrument is 0.2 nm. TEM samples were prepared by placing
a drop of microemulson containing nanoparticles directly onto carbon coated copper
grids. After 10 minutes, the grid was dipped in sufficient amount of Rheptane in order to
remove dl the surfactants and then dried for an hour under IR lamp before taking images.

Particles Sze digtribution is obtained using soft imaging analyss system.



3. Results and Discussion

The formation of CdS and Ag,S nanopaticles in the agueous core of w/o
microemulson fallows the precipitation chemica reaction, as shown below.

Cd(NO3), + (NH4),S® CdS~ (yellow) + NHsNO3
AgNOs + (NH4)2S® AgS ™ (gray) + NHsNO;

The UV-VIS spectra of CdS, and AgS nanoparticles are shown in Figure 1.
Water to surfactant molar ratio R is kept constant and is equa to 10. These spectra
illugrate many characteristics of CdS and Ag,S particles formed. Spectrum Xa shows an
absorption onset a 480 nm, a characteristic shoulder pesk a 410 nm. All these
characterigtics correspond to those of CdS nanoparticles [17]. Spectrum b presents the
absorption spectra of Ag,S nanoparticles. However, unlike the CdS spectrum, it does not
show a shoulder rather it shows a long absorption taill between 500 to 800 nm. These
characteristics correspond to those of Ag,S nanoparticles[22].

Figure 2 shows the TEM micrographs and paticle sze distributions of CdS and
AgpS nanoparticles. We observe from the micrographs that the particles are well
dispersed. We further observe that CdS nanoparticles are non-spherical in shape while
AgS nanoparticles are nearly spherica in shgpe. The paticle size didribution has a wide
digribution. The arithmetic average diameter is caculated to be 2.8 nm for CdS and 4.7
nm for AgS paticles as shown in the Fg. 2-b and 2-d. These average Szes agree
reasonably well with the cdculated sSzes using Brus equation from the absorption data
The dectron diffraction pattern of both CdS and Ag,S nanoparticles show ring pattern.
This result indicates that both CdS and Ag,S nanoparticles formed are polycryddline in

nature.
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UV-Visble spectra obtained from the addition techniques to obtain core-
shell/nanocomposites are indeed, difficult to interpret. It should be mentioned here that
gnce the paticles are formed due to intermicdlar exchange, and intermicdlar exchange
being random in nature, four different types of particle formation might take place. These
are CdS, Ag.S, CdS-Ag,S core-shdl and composite nanoparticles. The absorption spectra
of the sample containing these paticles may turn out to be a complex combination.
Neverthdless, we beieve that in the mixing methods used, ether the formation of the
core-shdl or nanocomposte is dominant, while the formation of CdS and A@S
nanoparticles is comparaivedy much less. To the best of author's knowledge, there is,
however, no technique avalable to didinguish these four types of patices in a
Quantitative manner, in the mixture,

The dbsorption spectra of microemulson supposedly containing AgS coated
CdS, (CdS@Ag:S) and composite nanoparticles at congtant water to surfactant molar
ratio (R=10), prepared by four different microemulson mixing methods are shown in
Figure 3. We obsarve from this figure that dl the four spectra for four mixing methods do
not show a shoulder a 410 nm for CdS. We further observe that al the spectra show long
absorption tals in the wavelength range 500-800 nm indiceting the presence of AgS.
The spectrd characterigtics of CdS nanoparticles (i.e. a shoulder a around 410 nm) were
not found in these spectra. This indicates that the CdS core nanoparticles are either coated
with a AgS layer or forming AgS/ CdS composites. The spectrum 3-a and 3-b for post-
core and partid microemulson methods shows | nax & 250 nm, a higher intengty, a dight
red shift in absorption maximum vaue and a long tal. The red shift and long absorption
tall features may indicate as mentioned by Han et d. [36] tha the nanoparticle size has

been increased due to formation of Ag,S shell over the CdS core nanoparticles.
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Agan in the post-core method, two microemulsons were added one containing
CdS nanoparticles with excess amount of S and other containing Ag'. The AgNOs;
molecules enter the reverse micdles contaning CdS nanopaticles by intermicelar
exchange process. The exchanged AgNOs; molecules in microemulson droplets
containing CdS core particles react with the excess (NH,).S molecules aready present.
Reaction, and growth may lead to the formation of a shel of AgS around the core of
CdS nanoparticles, denoted as (CAdS@AQ:S). Probability of Ag,S single nanoparticles
formation cannot be neglected due to the presence of empty miceles containing (NH4)2S
molecules.

However in case of patiad microemulson method, the agueous solution of
AgNO3; was directly added into the microemulson containing CdS core nanoparticles.
The AgNOs molecules directly enter into the agueous core of microemulsion containing
CdS nanoparticles as wel as empty reverse micdles containing only (NH,4)2S molecules
by diffuson process. These AgNOs molecules come in contact with excess (NH;).S
within the agueous core to form CdS@AQES nanopaticles through heterogeneous
nuclestion and growth mechanism.

Spectrum 3-c and 3d presents the absorption spectra of CdS-Ag,S nanoparticles
prepared by sSmultaneous mixing and pre-mixing method respectivdy. In both pre-
mixing and smultaneous mixing methods, the nudedtion and growth of AgpS and CdS
nanoparticles are supposed to occur Smultaneoudy. Hence nanocomposites are formed.
This observation may indicate the formation of CdS-Ag,S nanocomposites.

In the smultaneous mixing method, dl three microemulsons i. e, nE Cd(NOs),,
nE of AgNOsz and nE of (NH,).S were added together to initiate intermicellar exchange,

resction and growth. In this case only two combinations out of three reverse micellar
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exchange would vyiedd nanopaticles Where as in premixing method, two
microemulsions, one containing Cd?*/Ag" ions and other containing S combine to give
nanoparticles. The formation takes place by exchange, reaction and growth of Cd®*/Ag"
ions combiningwith S as a result of which nanocomposite formation is favored.

It is dso observed visudly a difference in the color of nanoparticles prepared by
four different microemulson mixing methods. CdS nanopaticles had light ydlowish
color while AgS nanoparticles were of gray color. While both smultaneous and pre-
mixing methods gave the same greenish yelow color. Podt-core gave somewhat lighter
color while it was adark gray color in the case of partia microemulsion method.

Thus, formation of nanoparticles via four addition techniques can be
concluded in the form of following equetions.

Post-core Method

nE(CdS) + nE(AgNO3) ® nE(CdS @ Ag:S, Ag.9S)

(light yellow) (colorless) (light gray)

Partial microemulsion method
nE(CdS) + ag.(AgNO3) ® nE(CdS @ Ag,S, Ag.S)

(colorless) (colorless) (dark gray)

Smultaneous Mixing
mE(Cd NOgz) + nE(AgNO3) + NME((NH.)2S) ® nE(CdkAg,S, CASAG,S)

(clourless) (colorless) (colorless) (greenish yellow)

Pre-mixing Method
ME((NHa)2S) + mE(CANOs+ AgNO3) ® nE(CdiAg,S, CASAQ.S)

(colorless) (colorless) (greensih yellow)
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The band gap of semiconductor particles can be determined by fitting the

absorbance data to the following equation.
shn= A(hn - Eg)}é @
Where s = molar absorption coefficient, A = proportionality and hn = photon energy.
The band gap energy of bulk CdS and Ag,S particles are found to be 2.5 and 1.0
eV respectively [10,22].
The sze of the nanoparticles can be caculated by using the relationship for band

gap Ey versus particle diameter dy,, which is expressed by Brus (1984) equation [17].

2 A 26
£, = B (buk)+ @1 10 E80e D

_+_I_ - (2)
2dp Me mhb §4pedpg

Where h = Planks congtants, e = dielectric constant of semiconductor, e = charge of
electron and me & m, are the effective mass of dectron and hole respectively.

By using Brus equation (2), caculations have been done to edtimate the sze of
CdS nanopaticles. The parameter values used are: Ey (bulk)=25 eV, mymy=0.19,
my/my=0.8, elep=5.7. The calculated size of the CdS nanoparticles is equd to 3.2 nm. It
should be mentioned here that this method only gives the gpproximate sizes.

The fluorescence spectra of CdS, Ag,S and CAS@AQg,S nanoparticles prepared in
w/o microemulson are shown in Fgure 4. These gpectra were obtaned from the
microemulson solution containing the nanopatides usng 400 nm as excitaion
wavelength. Spectrum 4-a shows the fluorescence spectrum of CdS while 4b shows the
fluorescence spectrum of AgS nanoparticles. We observe from these spectra that CdS
nanoparticles show a high intense photoluminescence band a around 547 nm however

AgS nanoparticles show negligible photoluminescence band. Spectrum 4-c presents the
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fluorescence spectrum of AgS coated CdS nanoparticles. We observe from this spectrum
that the more intense photoluminescence band of CdS a 547 nm has been quenched and
the soectrum is quite amilar to that of AgS fluorescence spectra. This result clearly
suggests the formation of Ag,S shell around the CdS core nanoparticles.

TEM micrograph and particle size distribution studies of CAS@AQ,S core-
shell nanoparticles prepared by post-core method a R=10 are shown in Figure 5a and 5
b respectively. We observe from this TEM image that Ag,S coated CdS nanoparticles are
well defined and nearly spherical in shape. It is worth mentioning that CdS nanoparticles
that were not sphericd previoudy have gained sphericity due to formation of an extra
layer over it, which is further strengthened by the fact of an increase in diameter. Core
and shdl dructure of the nanoparticles cannot be deciphered from these micrographs
however the average diameter of these particles is found to be 6.6 nm. This implies an
additiond layer of Ag,S shdl of 1.9 nm around the CdS core nanoparticle of size 2.8 nm.

The dementd detection andyss (EDAX) of CAdS@AQ,S nanoparticles prepared
by post-core method is presented in Fig 5c¢. This result indicates the presence of Cd, Ag
and S dements in the core-shell nanostructures. The weight percentage of Ag to Cd as
determined by EDAX is 3:1. This result dso indirectly supports the formation of core-
shdll nanostructures.

The TEM micrograph and particle sze digtribution of CAS@AQ,S core and shell
nanoparticles, prepared by partid microemulson method, are presented in Figure 6. This
figure shows that the CAS@AQE,S nanoparticles are nearly sphericd in shgpe. The mean
diameter for CAS@AQ,S core-shell nanoparticles is found to be 5.7 nm. We bdieve that
the increase in diameter of these CAS@AQ,S nanoparticles may be due to the formation

of AgS shdl of thickness ~ 1.5 nm, around CdS (~ 3.0 nm) core nanoparticles. Also, the
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particles were observed to be stable for months under this scheme where as the CdS
particles done setled and agglomerated within 2 hours. This may be due to core-shel
formation, which enhanced the dability of the nanopaticles. This may prove to be an
important characteridic initsfield of application.

Figure 7 presents the TEM micrograph and hisgogram sudy of CdS-AgS
composite nanoparticles, prepared by usng sSmultaneous and premixing methods.
Paticles are reasonably well separated and dispersed. The mean diameter of these
particles is found to be 3.7 and 3.6 nm respectively, which lies in between the sngle CdS
and Ag,S nanoparticles sze. Such intermediate sze between that CdS and Ag,S may
indicate that the core and shell nanoparticles are not formed by this method. Rather it
may indicate the formation of some nanocomposites (CdcAg,S) [38]. We believe in this
method that the nucleation and the growth of both CdS and Ag,S nanoparticles take place
dmultaneoudy. As a reault, the nanocomposte formation is favored, due to fuson /

bonding of the nude of CdS and Ag,S in the nanodroplets.
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4. Conclusions

In this present work AOT/n-heptane/water reverse micdlar sysem has been used
to produce CdS nanoparticles. An attempt has been made to produce in-situ CdS-AgS
core-shdl/compodte nanopaticles usng four different addition methods via wi/o
microemulson.

The formation of CdS nanoparticles has been confirmed from its light ydlow
coloration and characteristics UV-VIS spectra. The CdS nanoparticles size is found to be
goproximately 3 nm, which is in accordance with the size cdculated from absorption data
and are nonspherica in shape.

The UV-VIS absorption spectra of the core-shdl/composite nanoparticles
prepared by dl four-addition methods do not show the characteristic absorption pesk of
CdS. However, dl the spectra show a long absorption tail in the wavelength range 500-
800 nm, which is the characteristic absorption spectrum for Ag,S. They, however, vary in
thelr optica dendty and dso there is a dightly variaion in absorption wavdength. These
results indicate that the CdS core nanoparticles are either coated with a layer of Ag,S or
are forming mixed CdS/Ag,S nanocomposite.

The paticle sze didribution studies of TEM micrographs show that the post-core
and the partid microemulson method produce nanopaticles of sze greater than the size
of dngle CdS and AgS nanopaticles. This result gives quditaive information of the
formation of CdS-AgS core-shel assemblies. This result can further be srengthened by
fluorescence spectra. The high intense fluorescence peak of CdS nanoparticles has been
guenched due to formation of an extralayer of Ag,S around the CdS core nanoparticles.

While incase of other two, smultaneous and pre-mixing methods, the particle sze

digribution studies show the average sze of the particles formed fdl in between the
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average Sze of dngle CdS and AgS nanoparticles. This result might be due to the
formation of CdS-Ag,S composite nanoparticles.

It is dso observed from the TEM sudies that the CdS core nanoparticles achieve
the non-spherica to sphericd shape and ther dability is dso enhanced, which is useful in

the industrid gpplications of these nanoparticle.
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Figure captions

Figure 1. UV-VIS Spectra of CdS and AgS nanoparticles prepared in AOT/n
heptane/water microemulsions.

Figure 2. TEM micrograph and particle sze distributions of CdS and Ag,S nanoparticles.
Figure 3. UV-VIS spectra of CdS-Ag,S core-shell and composite nanoparticles, prepared
by different addition methods using w/o microemulsions.

Figure 4. Fluorescence spectra of CdS, Ag,S, and CdS @ Ag,S nanoparticles.

Figure 5. TEM micrograph, particle size digribution and EDAX sudy of CdS @ Ag.S
nanoparticles prepared by post- core addition method.

Figure 6. TEM micrograph and particle sze digribution of CdS @ AgS nanoparticles
prepared by partiad microemulsion method.

Figure 7. TEM micrographs and particles sze digributions of CdS-AgS composte

nanoparticles prepared by smultaneous and premixing methods.
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Figure 1. UV-VIS absorption spectra of (a) CdS and (b) Ag>S nanoparticles prepared in
AOT/n-heptane / water microemulsion method at R=10.
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Figure 2. TEM micrographs, and particle Sze distributions of (g, b) CdS nanoparticles
and (c, d) Ag.S nanoparticles, prepared in w/o microemulsions at R = 10.
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Figure 3. UV-VIS absorption spectra of CAdS@AQ,S core-shell/composite nanoparticles
prepared by (a) Post-core method, (b) Partid microemulson (¢) Simultaneous mixing,
and (d) Pre-mixing method.
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Figure 4. Fluorescence spectra of () CdS, (b) Ag.S and (c) CdS @ Ag,S nanoparticles

prepared by w/o microemulsions at room temperature.
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Figure 5. TEM micrograph, paticle sze didribution and EDAX of AgS coated CdS
nanoparticles prepared by post-core method using w/o microemulsons a R = 10.
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Figure 6. (8 TEM micrograph and (b) Particle size digribution of CdS @ AQ.S prepared
by partid microemulson method a R = 10.
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Figure 7. TEM micrographs and particle sze didributions of CdS-AgS composite
nanoparticles prepared by (a, b) Simultaneous mixing and (c, d) by Pre-mixing method.





