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Si0, content (in mol%) could possibly reduce the dipole—
dipole interaction, leading to a reduction in the dielectric
constant. Further, it is seen that the dielectric dispersion
(A€) which is the variation of dielectric constant (€) over
the measured frequency range (10kHz-5MHz; = 27),
is less than 3% at room temperature. It is interesting to
note from Figure 1 and Table 1 that although an increase
in total alkali content from 0.105 (LS31) to 0.192 mol%
(LS33) could decrease €. from 14.73 to 7.76, the dielectric
dispersion in the glasses studied remained within+ 3%.
The present glass system with a low dielectric dispersion
could be considered as a possible candidate for high-
frequency applications.

It is seen from Figures 3 and 4 that the LS31 glass has
less conductivity, while those for LS1 and LS33 are nearly
the same. Table 3 presents the activation energies for the
DC conduction (Es;) and hopping processes (E;) for the
said glasses. The calculated value of E; (1.14eV) using

Anderson—Stuart  structural model for the glass LSI,
agrees well with that obtained experimentally (1.18 eV).
Dielectric  constant BaO-PbO-Si0, glasses containing

different amounts of Na* and K' ions varies between 7.0
and 14.5 with Ae<3%. Gy and ), and their activation en-
ergies (E; and E;) were derived from the conductivity
studies on three selected glasses, LS31, LS1 and LS33.
Es (1.18eV) calculated using Anderson—Stuart model for
LS1 agrees well with that obtained experimentally (1.14eV).
Unlike the conventional mixed-alkali system which ex-
hibits higher activation energy, in the present glass sys-
tem it is found that E; and E, for LS1 having nearly equal
amounts of Na' and K* ions, are less compared to those
for extreme glasses LS31 and LS33. The reason for this
unusual behaviour observed in E; and E, for the present
glass system is thought to be due to complex effect of
both the mixed-alkali effect and some structural changes
occurring in the glass network by change in SiO» content.
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In this communication we have described the prepara-
tion of a new class of core—shell type, i.e. Aucore=AZhell
bimetallic nanoparticles by seed-mediated technique
to examine the surface-enhanced Raman scattering
(SERS) involving these particles. It has been demon-
strated how the thickness of the Ag-shell could be
tuned with the variation of gold seed to Ag-ion ratio
with a view to examine the impact of the size and field
effects of these bimetallics on SERS spectra. The sen-
sitivity of the SERS detection limit has been improved
down to the single molecular level through the forma-
tion of hot-particles due to aggregation of core-shell
type particles in the presence of NaCl.

DETECTION and quantificaion of molecules has always
been a challenge to a chemist The greatest challenge is
the state-of-the-art detection of a single molecule. Selec-
tive single-molecule detection using nanomaterials by
surface enhanced Raman scattering (SERS) spectroscopy
has currently shown new promisel’z. SERS spectroscopy
was an accidental discovery by Fleischmann et al®. SERS
is a phenomenon by which Raman signals of nonresonant
molecules adsorbed on noble metal particles are enhanced
by 5 to 6 orders of magnitude4’5. In certain cases the en-
hancement is so enormous that it enables detection of a
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single molecule. During the course of investigation dif-
ferent ‘hot particles’ of metals have been synthesized
whose roughened surface provides modest avenue for the
adsorbed analyte to exhibit the resonance effect with the
incoming laser beam. Although the theory of understand-
ing the single-molecule SERS is at its infancy, two theo-
ries, chemical effect (CE) and electromagnetic effect (EM)
exist to explain the SERS mechanism. Silver has been
proved to be the best for the maximum enhancement of
certain vibrational signals of an analyte. Keeping in view
the existing theories and available information, we prepared
Augore—Agsnen particles of different sizes (50 to 100 nm)
with tunable Ag-shell thickness to get the advantages of
CE and EM effects. These bimetallics become extremely
efficient for surface optical enhancement, even better than
monometallic Ag and Au nanoparticles. The particles in
the ~50nm size regime show best activity to enhance
SERS signals. This communication may help us rationally
design efficient and reproducible substrates for SERS
spectroscopy by correlating particle size and optical en-
hancement.

First, gold seed particles of size ~15nm were prepared
by citrate-reduction procedure, as originally reported by
Frens®. A 100 ml solution containing 0.01 g HAuCl4.3H,O
was heated to boiling, and then 3 ml of 1% sodium citrate
solution was added to the boiling solution. The solution
was further boiled for 1 h and the volume was made up to
100 ml by addition of water. The solution was cooled to
room temperature. Here, the red-coloured gold particles
were formed and these were used as seed (S) particles.
From this 2.0, 1.0 and 0.5 ml of gold seed sol was taken
in three different sets (A, B and C) respectively. Then
AgNO3 (0.001 mol dm) was added to gold seed sol keep-
ing the AgNO; concentration fixed for each set. Ascorbic
acid (0.001 mol dm ) was used as the reducing agent and
was added drop by drop under stirring condition. Total
volume was made up to 10ml for each set. Thus, by
varying the proportion of gold seed to AgNOs; and opti-
mizing the synthetic condition, the thickness of silver
shell was tuned to prepare the particles of different sizes
such as ~50, ~70 and ~100nm for the sets A, B and C
respectively. By tuning the particle size it was possible to
investigate the size effect on the SERS studies. The dye
crystal violet (CV) in very low concentration (~ 10°% to
107! mol dm73) was added to Aucore—Agsnen particles of
three different sizes (50, 70 and 100 nm) and kept for 2—
3 h. This was incubated with NaCl and a droplet of 10 ul
of this solution was spotted on a glass slide. The average
radius of the drop became ~0.5cm as the liquid spread
over the slide. Renishaw Raman system 1000B coupled
with a Leica DMLM microscope was used to screen the
particles to investigate SERS activity. The SERS active
nanoparticles were observed as bright spots. The Ar"
ion laser (A=514nm) of 1.5 micron (W) spot size was
used to excite the CV molecules adsorbed on the
nanoparticles.
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The UV-visible spectra (Figure 1) authenticate the forma-
tion of AUcore—Agshell particles7. For gold seed particles (S)
only the plasmon band appears with Apy 525 nm, but for
the core—shell structures (A, B and C), the plasmon bands
appear with 2u, 425, 435 and 450 nm, which can exclu-
sively be attributed to plasmon resonance of Ag particles
present as shell. In case of core-shell type particles, a red
shifting of the plasmon band was observed gradually as
the seed concentration decreases from A to C, suggesting
the formation of larger particles. A similar result was also
observed by Wang et al® and Jana et al.’. Moreover, the
intensity of plasmon band for the different sets (A to C)
varies with seed concentration, which suggests relatively
smaller population of larger particles for lower seed con-
centration. Hence it is spelt out that optical properties of
the core—shell nanoparticle are dominated by Ag-shell and
the plasmon band is red-shifted as the Ag shell is gradu-
ally enlarged with the decrease in Au-seed concentration.
From this we can infer that the reduction of Ag ion oc-
curs on the surface of the preformed Au-core rather than
forming more number of nucleation centres. As a result
the Aucore—Agsnen particles of different sizes were formed
which has also been confirmed by comparing the experi-
mental absorption spectra for these core—shell nanoparti-
cles and their calculated spectra, according to the equation
by Bohren and Huffmann'®. The transmission electron
micrograph of seed (S) and two representatives (A, B) of
AUgore—Agshen type particles is shown in Figure 2. The
EDX data again authenticate the formation of core—shell
structure (Table 1). We exploit the particles to study the
size effect for SERS enhancement. These particles have
been shown to be SERS-active and the SERS spectra of
CV molecules were obtained involving particles of differ-
ent sizes. Reproducible SERS signals of the dye solutions
(10° mol dm™) were obtained involving the particles. A
surprising finding is that the particles having size in the
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Figure 1. Plasmon absorption band corresponding to gold seed (S)

and Aucor—Agsen particles (A, B and C) of ~50, 70 and 100 nm diame-
ter respectively. Condition: 2.0, 1.0 and 0.5 ml of seed solution was
used for A, B and C respectively. [AgNO3] =0.001 mol dm™>, [ascorbic
acid] = 0.001 mol dm™ for all A, B and C.
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Figure 2. TEM images of seed (S) and Aucore—Agsnen (A and B) of ~50 and 70 nm diameter respectively. Bar = 100 nm. Condi-
tion: Same as in Figure 1.

Table 1. Atomic composition of Ag and Au at edge and centre of three different particles of set A
(EDX data)
Atomic % Atomic % Atomic % Atomic % Atomic % Atomic %
Element  at the edge at the edge at the edge at the centre atthe centre  at the centre
Ag 93.69 92.03 91.75 56.22 54.56 58.51
Au 6.31 7.97 8.25 43.78 45.44 41.49

range of ~50 nm have been observed to be most sensitive
to SERS; this size happens to be much smaller than SERS-
active silver'' (~100 nm) and gold palrticles12 (~65 nm). So
we intended to study a single-particle Raman scattering with
50 nm nanoparticles and we were able to see the SERS
spectra of the dye concentration down to 107" mol dm .
In case of the control experiment, taking monometallics
(Ag and Au particles independently) as substrates, the
signal intensity for the dye could not be obtained below
10" mol dm ™. Considering the concentration of CV
(10*1°m01 dm73), here the detection limit was calculated
as ~10-12 molecules within the 1.5u laser spot size.
Therefore, it can be inferred that at CV concentration
10" mol dm™?, it is possible to detect a single molecule.
At such a low concentration, reproducible spectra were
not obtained and blinking was observed. A prominent re-
producible SERS spectrum of CV molecules was obtained
up to the 10" mol dm™ concentration, using 50 nm par-
ticles (Figure 3). Here, it is also observed that there is an
important role for NaCl to obtain single-molecule SERS
spectra. It is well known that the addition of low concen-
tration of NaCl to the Ag colloid yields significant in-
crease in SERS signalsmfls. Since extinction spectra,
TEM measurements have shown that such low quantities
of NaCl do not cause any significant aggregation of the
particles, and it has often been proposed that NaCl serves

»13,14

as ‘activating agent , yielding significant increase in
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SERS signals. This activation may occur either by gener-
ating unique ‘SERS-active sites’ on the nanocrystal or by
stabilizing the adsorbed molecule'"'®. To test the impor-
tance of added electrolyte, single-molecule SERS spectra
for CV were recorded from solutions in the presence and
absence of NaCl (Figure 3a, b). Then the TEM pictures
of the substrates present in those solutions were also
taken. These results suggest that the aggregation of col-
loids is responsible for single-molecule SERS and the
special site lies at the junction of two particles. As the
two particles approach each other their transition dipoles,
composed of oscillating and ballistic carriers in each par-
ticle couple and the coupled plasmon resonance shifts to
the red region due to which the enhanced electromagnetic
field increases at the junction between the particles. So
the junction can function as an electromagnetic ‘hot spot’ls.
As the dye molecules get adsorbed at the junction, it be-
comes highly SERS-active and is be able to give single-
molecule SERS spectra. Figure 3 c—fshows four consecutive
CV-SERS single-molecule spectra taken using ~8mW la-
ser power with 10 s integration times. The intense signals
at 1172, 1217, 1366 and 1621 cm ! correspond to Raman-
active vibrational modes of CV adsorbed on the particle
surface'?. Relative intensities of Raman bands show fluc-
tuations of approximately 25%. This is due to movement
of the molecule into and out of the SERS active ‘hot spots’
or blinking of some single-molecule SERS signalsl3’17.
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Figure 3. a, Raman spectra of aqueous solution of CV only. Condi-

tion: [CV] = 107 mol dm’3; b, Raman spectra of CV adsorbed on 50 nm
particle without treatment with NaCl; ¢—f, Single-molecule SERS spec-
tra of CV adsorbed on the particles of 50 nm at various times on treatment
with NaCl. Condition: [CV] =10"'" mol dm™, [NaCl] = 0.01 mol dm™.

According to the Otto and Person models, to have single-
molecule SERS, there should be extensive coupling be-
tween the adsorbed molecule and metallic surface'”. This
is possible due to increase in the Fermi energy level of the
metal in the nano stage. This causes a decreased energy gap
between the Fermi level of the nanoparticles and LUMO
of the adsorbed molecules. Thus, at a certain level of Fermi
energy, the HOMO-LUMO energy separation resonates
with the Fermi level and respond to SERS. This effect is
much more pronounced in the case of the reported ‘core—
shell’ structures of 50 nm.
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On the role of environment on corrosion
resistance of the Delhi iron pillar
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The total wetting time of the Delhi iron pillar due to rain-
fall and atmospheric conditions has been estimated.
The wetting of the Delhi iron pillar due to environ-
mental conditions was estimated by applying a non-
steady state heat-transfer mathematical model. The
estimated wetting times due to environmental condi-
tions were two orders of magnitude lower than due to
rainfall. The predicted wetting times were used to es-
timate the anticipated rust thickness on the surface of
the Delhi iron pillar. This was much higher than the
actual rust thickness on the pillar. Therefore, the im-
portance of the protective passive film mechanism of
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