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Implementation of bicepstral target classifier with support vector
machines for noise sources in the ocean
Mohankumar K., Supriya M. H. and P. R. Saseendran Pillai
Department of Electronics,
Cochin University of Science and Technology, Cochin-682 022, Kerala
E-mail : supriadoe@gmail.com
Higher order spectral analysis is becoming one of the key areas in marine acoustic signal processing, especially
for the classification and identification of noise generating mechanisms. This paper investigates the feasibility of a
target classifier with bicepstral features. Bicepstral coefficients are extracted from the noise data waveform after
framing and windowing operations. These features are then used to train a support vector machine classifier.
Various kernels are analyzed for the performance measure. It is found that SVM with a radial basis function kernel
could achieve a success rate of 80.5%. The kernel parameters were chosen after performing grid search and cross
validation. The result indicates that the bicepstral features could be utilized efficiently to form feature sets that
could greatly aid in the classification process.
Key words: Spectral analysis, bicepstral coefficients, vector machines. ocean noise

Introduction
The identification and classification of noise sources
in the ocean has become a key task in modern underwater
acoustic signal processing. The variability, diversity and
abundance of such noise sources make this task a complex
one. The classification problem, in general, can be
decomposed into estimation of features or signatures of
the source from a set of received signals by applying
suitable feature extraction techniques followed by the
application of a pattern recognition algorithm to the
estimated source signatures, for final classification. So
far, a number of techniques have been developed for
extracting features from the emanated sound1-4, and
majority of them centers around the classical power
spectral analysis. Based on spectral analysis, a number
of improved methods were also proposed, including the
cepstrum and wavelet analysis and has gained considerable
attention from the research community.
However, being a linear method, power spectral analysis
cannot fully characterize the non-linear signals and noise
generating mechanisms. It also does not preserve the
phase information contained in the signal. This, coupled
with the complex nature of the radiated noise signals,
which actually are composites of diverse sources, some
of which are totally stochastic and nonlinear, calls for
the use of non-Gaussian and non-linear feature extraction
techniques. This could reveal many more hidden

signatures that can lead to efficient classification of the
noise generating mechanisms.
For instance, it is shown that detection and acquisition of
stable and reliable nonlinear features become practically
feasible by nonlinear analysis of the time series of
radiated sounds from ships5. To capture the nonlinear
characteristics, the acoustical noises are analyzed in
subspaces of intrinsic mode functions attained via the
ensemble empirical mode decomposition. In yet another
work6, Yang et al. confirmed the existence of nonlinearity
in underwater signals, achieving promising results based
on the concept of fractals, proving the usefulness and
effectiveness of the nonlinear feature.
Methods based on higher order signal processing have
also proven to be effective in detecting and characterizing
non-Gaussianity and nonlinearity. Hinich has analyzed
noise radiations from ships 7 using bispectrum.
Richardson and Hodgkiss8 estimated the bispectra of data
taken from freely drifting swallow float and has
demonstrated how the bispectrum estimate can be used
to detect non-Gaussianity, nonlinearity and harmonic
couplings.
The bispectrum has also proven to be useful in a number
of applications in different domains, varying from fault
detection to the analysis of power generation systems.
For instance, bicoherence analysis9 has been used to
characterize the nonlinear effects of jet noise propagation.
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Acoustic emission in steel pipes has been studied in
literature10 using bispectrum to analyze the results of a
deformation test.

where c2(τ1)is the second-order cumulant.
Similar to the power spectrum, the third order spectrum
or the bispectrum is defined as

Preliminaries
Moments and cumulants
For a given set of n real random variables {x1,x2,..xn}
their joint moments of order r = k1 +k2 + ...+kn is given
by Nikias and Raghuveer11.

C3 (ω1 , ω 2 ) =

m

k1 ....k n =

E{x1k1 x2k2 ...xnkn }

ie.,
∂ r φ (ω1k1 , ω 2k2 ,..., ω nkn )
m k1 ....kn = (− j ) r
∂ (ω1k1 , ω 2k2 ,..., ω nkn ) ω =ω
1

2 ...= ω n = 0

where φ (ω1k1 , ω 2k2 ,..., ω nkn ) is their joint characteristic
function. Specifically, for a real stationary random
process, the moments can be estimated by taking the
expectation over the process multiplied by (n-1) lagged
versions of itself.
The joint cumulants of order r of the same set of random
variables are defined as
c

r
k1 ....k n = (− j )

∂ r ln φ (ω1k1 , ω 2k2 ,..., ω nkn )
∂ (ω1k1 , ω 2k2 ,..., ω nkn ) ω =ω
1

2 ...=ω n = 0

It can be seen that cumulants are very closely related
to moments, except for the use of natural logarithm of
the characteristic function, instead of the characteristic
function itself.
Cumulant spectra
The nth order cumulants spectrum cn(ω1,ω2,...ωn) of a
stationary process {X(k)} is defined as the Fourier
Transform of its nth order cumulants sequence11.
That is,
Cn (ω1 , ω 2 ,...ω n −1 ) =

∞

∞

∑ ...τ ∑

τ 1 =−∞

n−1 =−∞

cn (τ1 ,...,τ n −1 ) ,

The first member of the polyspectrum family is the
fourier transform of the second order cumulant (n = 2)
or the autocorrelation sequence. ie.,

C2 (ω1 ) =

∞

∑

c2 (τ1 ) exp(− jω1τ1 )

τ = −∞

=E{X(f)X*(f)}

(2a)
(2b)

∞

∑ ∑ c (τ , τ
3

1

2 ) exp{−

j (ω1τ 1 + ω 2τ 2 )}

τ1 =−∞ τ 2 = −∞

(3)

E{X(f1)X(f2)X*(f1+f2)}

where c3(τ1,τ2) is the auto-bicorrelation or the third order
cumulant sequence.
Polycepstra
The poly cepstrum can be obtained similarly to the
(power) cepstrum by taking the logarithm of the
corresponding polyspectrum and inverse transforming
the log-spectrum. Similar to the polyspectrum, the
poly-cepstrum is called power cepstrum for n = 2,
bicepstrum for n = 3 and tricepstrum for n = 4.
The definition of the cepstrum in terms of higher order
cumulants enables us to retrieve the cepstrum of the
source wavelet analytically, when the reflectivity does
not consist of a train of spikes. Since the bispectrum and
the trispectrum conserve the phase characteristics of the
wavelet, it is evident that the cepstrum derived from these
polyspectra will also conserve phase information.
Bicepstral estimation
Bicepstrum is defined as the inverse 2D z-transform
of log bispectrum6 i.e.,
(4)
bh (n, m) = Z 2−1 (log(C3 (ω1 , ω 2 ))
Defining log(C 3( ω 1, ω 2)) as Bh (ω 1 , ω 2) and taking
partial differentiation,
∂Bh (ω1 , ω 2 )
∂C3 (ω1 , ω 2 )
1
=
∂ω1
C3 (ω1 , ω 2 )
∂ω1

Re-arranging,
C3 (ω1 , ω 2 )

⋅ exp{− j (ω1τ1 + ... + ω n −1τ n −1 )} (1)

∞

∂Bh (ω1 , ω 2 )
∂ω1

ω1 =

∂C3 (ω1 , ω 2 )
∂ω1

ω1

(5)

From Eq. (5) it can be shown that [6], the bicepstrum
bh(n,m) and the third order moment sequence m3(n,m)
can be related by the linear convolution formula
(6)
-n.m3(n,m) = m3(n,m)*(-mbh(n,m))
A method for computing the cepstrum coefficients that
does not require phase unwrapping can be derived from
Eq. (6) based on two-dimensional Fast Fourier Transform
operations as:
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Fig. 1−Feature extraction and classification

one subset is tested using the classifier trained on the
remaining (v - 1) subsets. Thus, each instance of the whole
training set is predicted once so the cross-validation
accuracy is the percentage of data which are correctly
classified. Generally a grid-search on C and γ is employed
using cross-validation, in such a way that various pairs
of C and γ values are tried and the pair with the best
cross-validation accuracy is picked. The values of the
parameters are generally chosen from an exponentially
growing sequence. The whole procedure of feature
extraction and classification is illustrated in Fig. 1.
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Results and Discussion
The noise data waveforms were sliced into records of
equal length and the bicepstral coefficients for each record
were computed. As an illustration, Figures 1(a) and 1(b)
show the contour and mesh plots of a record of a boat,
while Figs 2(a) and 2(b) show the contour and mesh plot
of another target, which is a ship.
Three SVMs where designed with Linear, Polynomial
and RBF kernels and trained with the extracted features.
Kernel Parameters were estimated with Grid search
Method. The noise data used for evaluating the proposed
classifier mainly comprises of man-made and biological
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Fig. 1−(a) Contour plot of 256 × 256 bicepstral coefficients of one
record of boat noise
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Fig. 1−(b) Mesh plot of 256 × 256 bicepstral coefficients of one
record of boat noise
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Fig. 2−(a) Contour plot of 256 × 256 bicepstral coefficients of one
record of ship noise
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Fig. 2−(b) Mesh plot of 256 × 256 bicepstral coefficients of one
record of ship noise
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noises collected using hired vessels and also during the
cruises off Cochin and Mangalore.
For the purpose of validating the performance of the
classifiers, 400 records collected from 20 different targets
were considered. SVM classifiers with Linear and
Polynomial Kernels could achieve cumulative success
rate of 78% and 79.5%. However, the prototype system
with an RBF Kernel could correctly classify 322 records
out of the 400 records, leading to a cumulative success
rate of 80.5%. Thus, the higher order signal analysis
techniques are found to reveal certain hidden
characteristics of noise sources, and it could be
augmented with classical methods to obtain improved
success rates.
Conclusion
An SVM algorithm based classifier was developed and
the performance was analyzed for the classification of
manmade noise sources in the ocean. Target features were
extracted using bicepstral analysis. It is found that, the
proposed scheme could fairly classify the noise sources
in the ocean with acceptable success rates using an RBF
kernel.
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Study of ultrasonic attenuation using two state model
V.K. Pundhir
Sagar Institute of Research & Technology Excellence, Ayodhya Bypass Road
Bhopal 462 041 (M.P.) India
E-mail : vivekpundhir@yahoo.com
Acoustical measurements in liquid metals have been primarily concerned with the direct measurement of
ultrasonic velocity and attenuation in order to obtain information on their structures and thus contributing our
knowledge of the liquid state. Ultrasonic attenuation measurement in particular provides means of distinguishing
the non-atomic behavior or otherwise of simple liquid metals, which are notably different from the non-metallic
liquids in that the major contribution to the attenuation is due to the thermal conductivity loss. A theoretical model
has been developed on the lines of the two-state model applicable for associated liquids. This model renders
satisfactory results for the excess ultrasonic attenuation in the liquid metals.
Keywords: Liquid metals, ultrasonic attenuation, ultrasonic relaxation, transport properties

Introduction
Theory of ultrasonic attenuation
The ultrasonic attenuation in a substance is observed
using the process of sending the waves (longitudinal /
transverse) to the specimen and then studying the output.
The block diagram represents the complete process.
Output

Input
Specimen

(Attenuated
Wave)

Analysis of the attenuated wave gives information of
the physical processes responsible for the attenuation of
acoustical energy by the specimen.
The classical attenuation (αcl) coefficient is given by
the addition of the viscous (αS) and the thermal (αT)
attenuation coefficients, such that

α cl =

cl2α 2p KT T ⎞ 2
2π 2 ⎛ 4
η
+
⎜ s
⎟ f
ρl cl3 ⎝ 3
c 2p J ⎠

= ultrasonic frequency, J = joules constant.
Liquid metals show the existence of excess ultrasonic
attenuation over the classical value.
The excess attenuation coefficient (αB) is formally
attributed to a bulk viscosity ηB defined by

αB = α − αcl

(3)

⎛ 2π 2 ⎞
αB = ⎜
η f2
3⎟ B
c
ρ
⎝ l l⎠

Fig. 1−Block diagram of the ultrasonic attenuation process

αcl = αS + αT

conductivity, cp = the specific heat at constant pressure, f

(1)
(2)

where, ρl = density of the liquid metal, cl = the ultrasonic
velocity of the longitudinal wave in [100] direction, ηs = shear
viscosity, αp = the expansion coefficient, KT = thermal

αB
f2

⎛ 2π 2 ⎞
η
=⎜
3⎟ B
⎝ ρ l cl ⎠

(4)

where α is the experimental value of the ultrasonic
attenuation coefficient.
There are no viscometers available which measures
bulk viscosity of a liquid metal. The measurement of
ultrasonic attenuation plays a unique role in the study of
bulk viscosity. There are many different mechanisms of
bulk viscosity. For example, in the non associated liquids,
rotational isomeric and vibrational relaxation are the

2
æö
æ
ö
b
2p
rt2
a
f
=
B
ç÷
ç
÷
b
cl è
èø
0 ø

10

J.PURE APPL. ULTRASON., VOL. 36, NO. 1 (2014)

here cS is the longitudinal ultrasonic wave velocity in
the solid phase of the metal concerned and ρS is the
density of the solid metal.
Determination of packing fraction, ΔV/V
The packing fractions of the solid phase (state I) are
very well known for all the metals. Alkali metals have
the bcc structure with a packing fraction of 0.68.
Cadmium has a hexagonal close-packed structure with
packing fraction 0.74. Lead has fcc structure with packing
fraction of 0.74.
Bismuth and tin have complex structures. While
bismuth has only one form (rhombohedral) with ξ ~ 0.74,
tin has two modifications - (a) gray tin (diamond
structure) with ξ = 0.34, and (b) white tin which has a
much greater packing fraction than that of gray tin. Gray
tin is stable at low temperature, whereas white tin is stable
at high temperatures and also near the melting point. Let
us now examine the situation in the liquid phase. A hard
sphere packing fraction defined as:
1
ξ = π nσ 3
6
here ξ is the packing fraction of the total volume occupied
by the spheres of diameter σ and n is the number of
density of atoms, which plays an important role in
comparing the results of various models proposed for
the inter-particle potential functions in the liquid metals.
According to Ashcroft and Lekner (1966)6 it is possible
to obtain a good representation of the liquid structure by
choosing a packing fraction between 0.40 and 0.50.
In fact most of the experimental results in liquid metals
can be explained with a hard sphere packing fraction
ξ ~ 0.45. To be specific, Stroud and Ashcroft (1972)7
obtained theoretically the melting temperature of sodium
as a function of pressure with hard sphere packing fraction
of 0.42. Their results are in agreement with the
experimental data.
We have taken Δ V/V = 0.27 for liquid sodium,
potassium, rubidium and cesium. This essentially
represents the relative change of the molar volume when
these metals change their structure from bcc type
(ξ= 0.68) to the hard sphere liquid phase (ξ = 0.41). We
take ΔV/V = 0.29 for liquid lead, cadmium and bismuth.
Here the solid phase has the packing fraction ξ = 0.74
and the liquid phase, ξ = 0.45. Tin is a peculiar case
because in the solid phase 0.34 ≤ ξ < 0.74. Its structure is
made up of two interpenetrating fcc lattices. Probably

before freezing the fcc lattices get detached from each
other and behave as a closed - packed lattice with
ξ = 0.74, because we have tried this particular metal with
ΔV/V = 0.29 as for other close-packed metals like lead,
cadmium and bismuth and surprisingly our results
compare fairly well with the experimental values.
Generally it is seen that the basic structure is the same in
the liquid state of many metals, which have very different
structure as solids. The conclusion suggested is that the
close-packed cubic structure, which is the simplest of all
known structures, is the dominating basic structure for
liquid metals. This possibly is the reason that our ΔV/V
values cluster around 0.29 which is the difference
between the packing fraction of the close-packed state
with ξ = 0.74 in solid phase and ξ = 0.45, the packing
fraction of the hard sphere liquid.
The value of ΔV/V for the Hg, Zn and Ga are estimated
on the basis of the structure of the crystal. Here Hg is
rhombic hence ΔV/V = 0.29, Zn is hcp hence ΔV/V =
0.30 and Ga has an orthorhombic (complex) structure,
so we estimate 0.29. As for other metals ΔV/V are taken
from the literature8,9.
Calculation of the Ultrasonic Attenuation in the
Liquid Metals
Study of the temperature dependence of the ultrasonic
attenuation in sodium, potassium, rubidium, cesium and
bismuth10,11 has shown the bulk viscosity decreases with
increasing temperature and that relationship between
(ηB/ηS) and ΔS (the entropy of melting) observed in liquid
metals put them at par with associated liquids in certain
physical phenomena. The structural relaxation processes
have been investigated in several hydrogen-bonded
(associated) liquids and the results so obtained are
extremely in agreement with experimental results.
Awasthi and Pundhir (2005)12 have calculated recently
the ultrasonic attenuation in the liquid zinc, gallium and
mercury.
At first, we have calculated the values of β0 and β∞ ,
and then calculated βr and ΔF by Eq. (7) and τ has been
calculated by using the eq. (8). The values of ηs are taken
from literature8, 9. In order to calculate βr and β∞ the values
of cl, ρl ,cs, and ρs for the Hg , Zn and Ga are taken from
the literature13,8,9,14-16. In order to calculate β∞, we have
taken the values of cs and ρs sodium, cadmium, tin, lead
and bismuth from ref.17, for potassium from ref.18, for
cesium from ref.19 and for rubidium from ref.20.
We have calculated the value of ultrasonic attenuation
coefficient of 11 liquid metals (Table 3) by classical
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attenuation coefficient αcl / f2 by using the Eq. (2) and
by the theory of the two-state model [Eq. (6)] The
experimental values also listed in Table 3 are taken from
the literature21, 9, 22. The concept, theory and the relevant
Table 1−Listing of the values of βo, βr and
S. No.
1
2
3
4
5
6
7
8
9
10
11

Liquid Metal
Na
K
Zn
Ga
Rb
Cd
Sn
Cs
Hg
Pb
Bi

β∞

βo
(× 10-12)

(× 10-12)

β∞

βr
(× 10-12)

16.90
33.98
01.856
01.992
42.70
02.65
02.36
58.12
03.419
02.96
03.67

10.73
19.00
0.6613
02.254
21.62
01.154
01.27
23.12
02.332
01.88
01.99

06.170
14.980
01.245
-0.260
21.080
01.496
01.090
35.000
01.087
01.076
01.679
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The relaxation time obtained for these liquid metals is
of the order of 10-12 s, which is typically the value for
many associated liquids as well are listed in Table 2.
The calculated values of ΔF for most of the liquid
metals compare fairly well with the values of ΔF, obtained
by Wilson23 on fitting the experimentally obtained values
of the shear viscosity for various liquid metals in the
empirical relation of the form:

ηS = A exp(ΔF/RT).
This linear relationship between the ΔF values obtained
due to structural relaxation with the one responsible for
shear viscosity suggests a close relationship between ηB
and ηS. The temperature - independent behaviour of ηB /
ηS can be explained by similar temperature dependence
of ηB and ηS which is confirmed by the nature for both
kinds of viscosities.

Table 2−The value of T, cl, ρl, ΔV/V, ρF, ηs and τ are listed with their proper unit
Liquid
Metal

T
(K)

cl
(105 cm/s)

ρl
(g/cm3 )

ΔV/V

ΔF
(kcal mol-1)

ηs
(10-2poise)

τ
(10-12s)

Na
K
Zn
Ga
Rb
Cd
Sn
Cs
Hg
Pb
Bi

373
348
723
303
316
633
513
308
298
613
553

2.526
1.890
2.790
2.870
1.260
2.166
2.464
0.969
1.470
1.776
1.645

0.9269
0.8237
06.920
06.095
01.475
8.0310
6.9690
1.8400
13.534
10.6800
10.0600

0.27
0.27
0.30
0.29
0.27
0.29
0.29
0.27
0.29
0.29
0.29

01.47
01.21
3.180
--01.06
3.20
03.41
01.07
2.235
04.03
03.31

0.705
0.503
3.027
1.950
0.670
1.440
2.100
0.690
1.610
2.560
1.830

0.68
01.22
0.47
--02.29
0.28
0.28
2.87
0.21
0.34
0.39

data are taken from March (1990)23. Tables 1and 2 show
the required data of the relevant parameters used to
evaluate the excess ultrasonic attenuation in the liquid
metal.
Here fourth column shows the excess value (difference
of experimental and classical value) obtained by Eq. (4),
while the fifth column shows the excess ultrasonic
attenuation obtained by using the two-state
thermodynamical theoretical model (by Eq. 6).
Results and Discussion
The values of ultrasonic attenuation in various liquid
metals are listed in the Table 3. As is obvious from Table 3
our values of αB/f2 calculated on the assumption of a twostate thermodynamical model compare fairly well with
the experimental data. Our estimated values of αB / f2 are
also listed in Table 3.

On observing Table 3, we find that the excess ultrasonic
attenuation in various metals exists. The percentage of
excess ultrasonic attenuation in Na is 23.91%, in K 17.28
%, in Rb 29.28%, in Cs 26.68%, in Cd 28.55 %, in Sn
31.24 %, in Pb 24.17 %, in Bi 40.49%, in Hg 8.35%, in Zn
7.5% and in Ga 12.86%.
In Hg, however its value is only 9% of the classical
value. This suggests that the ultrasonic attenuation in Hg
is caused mainly by the classical processes of the
ultrasonic attenuation, namely due to viscosity and
thermal conductivity of the liquid mercury. Our value of
excess ultrasonic attenuation in Hg, found using twostate model, gives twice of the experimental value. The
reason for this discrepancy lies due to the uncertainty
with the thermodynamic parameters used for the
calculation of the ultrasonic attenuation due to classical
processes.
Liquid zinc and gallium possesses vary small amount
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Table 3−The values of excess ultrasonic attenuation (α/f2) of the following liquid metals

α / f2 ( 10-17 Neper cm-1 s2 )

Liquid Metal
Metal

Na
K
Zn
Ga
Rb
Cd
Sn
Cs
Hg
Pb
Bi

α / f2
expt.

αCl / f2
classical
eq.(2)

αB / f 2
excess = expt.− classical
eq.(4)

αB / f2
present theory
eq. (6)

11.40
31.90
3.7±0.6
1.58±0.03
75.50
14.5±2.9
5.63±0.3
110.30
5.71±0.1
9.40±0.3
8.05±0.3

9.20
27.20
04.00
01.40
58.40
11.28
04.29
87.07
05.27
07.57
05.73

2.20
4.70
0.30
0.18
17.10
1.32
01.04
23.23
0.44
01.53
02.02

1.94
5.61
2.19
--17.69
1.44
01.03
25.77
0.90
01.37
02.14

of excess ultrasonic attenuation. It appears that in these
liquid metals the ultrasonic attenuation is caused mainly
due to classical processes. However, our estimate of
excess ultrasonic attenuation using two-state model gives
a value, which is 7 times higher than that of the
experimental value. In this case also, there is great amount
of uncertainty in various thermodynamical parameters
in liquid metals, hence perhaps this discrepancy.
Agreement of the results with experimental values
indicates that this might be an appropriate approach to
explain the excess attenuation of ultrasonic waves in
liquid metals.
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Ultrasonic emulsification: reduces droplet diameter and enhances
stability
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Nanoemulsions are colloidal dispersions of two immiscible liquids (oil and water) with droplet sizes between
20 and 200 nm. The efficient production of nanoemulsions with very low oil droplet sizes facilitates the inclusion
of oil soluble bioactive substances into a range of water based foods and also in delivery of lipophilic drugs.
Stability of nanoemulsion is one of the major concerns when we consider its applications. With exception to few
(as in spontaneous emulsification), energy input is required to formulate nanoemulsion. In this present study, we
assessed the effect of ultrasound on stability and droplet size of emulsion. The nanoemulsion formulated by
emulsification time of 2 min, 5 min, 10 min and 15 min demonstrated stability for 1 day, 10 days, 30 days and 60
days respectively. Also we studied the performance of ultrasound emulsification with that of classical mechanical
agitation. Coarse emulsion prepared by classical mechanical agitation, without being subjected for ultrasonic
emulsification) exhibited phase separation within 2 hrs of preparation. Hence we conclude that emulsification time
had a direct relation with the stability of nanoemulsion, which was due to the size reduction by ultrasound.
Key words: Basil oil, nanoemulsion, stability, ultrasonic emulsification, emulsification time.

Introduction
Nanoemulsions are submicron dispersions of oil and
water with droplet size in the range of 10-100 nm1.
Nanoemulsions have several potential advantages over
conventional emulsions such as high physical stability,
greater bioavailability and optical transparency which
make them attractive systems for application in
cosmetics, food and pharmaceutical industry.
Nanoemulsions serve as delivery systems for oil soluble
bioactive compounds such as drug, flavour, antimicrobial
agents in the pharmaceutical and food industry
respectively2-5. They have also found application in
solubilizing sparingly water-soluble pesticides in
agrochemical industry and for delivery of skincare and
personal products in cosmetics6-8.
Ultrasonic emulsification is one of the high energy
methods to develop nanoemulsion. This method is
reported as fast and efficient technique for preparing
stable nanoemulsion formulations having very small
droplet diameter with low value of polydispersity9. It
utilizes high frequency sound waves (more than 20 kHz)
to cause mechanical vibrations that lead to the formation
of acoustic cavitation. These cavities gradually collapse
and generate powerful shocks waves that break the
micron range droplets of coarse emulsion to nanometric

range10. Size of droplet diameter is optimized by taking
into account the process parameters such as oil
concentration, surfactant concentration, mixing ratio of
oil and surfactant, viscosity of continuous phase,
sonication time and energy input11.
Formulation of nanoemulsion by ultrasonic
emulsification has been reported by several works. But
it was stable for few weeks only12. In our previous study,
we studied the effect of process parameters on the droplet
size of emulsion formulation13. Stability assessment of
the formulated nanoemulsion plays a vital role before
carrying out application studies. The objective of the
present work is to analyze the stability of formulated
nanoemulsion by studying the effect of emulsification
time and droplet size.
Materials and methods
Materials
Basil oil (extracted from Ocimum basilicum) and
Tween 80 were purchased from Sigma Aldrich, India.
Deionised and Milli-Q (Millipore Corporation) water was
used for all the experiments throughout the study.
Nanoemulsion preparation
Nanoemulsion was formulated using basil oil extracted
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from ocimum basilicum, non-ionic surfactant Tween 80
(HLB-15) and water. Tween 80 was chosen to be used as
emulsifier because it has a high hydrophilic and lipophilic
balance value equal to 15 and favors the process of
formulating oil-in-water type of emulsion. Tween 80 is
non-ionic surfactant; hence it helps in stearic stabilization
of emulsion droplets. Also, Tween 80 being a low
molecular weight surfactant it is comparatively more
efficient in minimizing droplet size than polymeric
surfactants. Concentration of basil oil (6% v/v) was kept
constant for all the nanoemulsion formulations. Coarse
emulsion was prepared by mixing basil oil and surfactant
(Tween 80) in different ratios (v/v) 1:1, 1:2, 1:3 and 1:4,
and then water was added to the organic phase (Table 1).
Coarse emulsion was then subjected to ultrasonic
emulsification using Sonicator (20 kHz, 750W:
Ultrasonics, USA). Energy input was given through
sonotrode with a probe diameter of 13 mm. The probe
generates intensive and disruptive forces to minimize
droplet diameter of emulsion. Sonicator probe was
symmetrically dipped into the beaker containing coarse
emulsion, and the sonication process was done for
different emulsification time. All the formulated
nanoemulsions were characterized and stability of the
emulsion was also investigated. Characterization of the
formulated nanoemulsion was done in room temperature.
Characterization of nanoemulsion
Droplet size
Droplet size and polydispersity index (PDI) of the
emulsion formulations were measured by 90 plus particle
size analyzer. This instrument determines droplet size
by dynamic light scattering technique. Nano-size droplets
undergo Brownian motion in emulsion and hence, the
intensity of scattered light will vary depending on droplet
diameter. This intensity fluctuation in scattered light is
measured by the dynamic light scattering technique. The
droplet radius (R) can be calculated from Stokes-Einstein
equation (Eq. (1)):

D = kT/6ηR
where, D is the translational diffusion coefficient, k is
the Boltzmann's constant, T is absolute temperature and
η is the viscosity of the medium. Nanoemulsion
formulations were diluted with milli-Q (Millipore
corporation) water prior to experiment to avoid the effect
of viscosity caused on account of emulsion ingredients
and also to trim down the multiple scattering effect.
Stability of nanoemulsion
Centrifugation
The formulated nanoemulsions were studied for their
resistance to centrifugation. All the formulations were
subjected to centrifugation at 10,000 rpm for 30 min and
observed for phase separation, creaming and cracking
(if any).
Heating-cooling cycle
This study was done to check the effect of variation in
temperature on the stability of nanoemulsion
formulations. Samples were stored between temperature
of 4 and 40°C each for a period of not less than 48 h.
This cycle was repeated four times. The nanoemulsion
formulations which did not show any instability
(cracking, creaming and phase separation) were selected
and subjected to freeze-thaw stress.
Freeze-thaw cycle
In this study, nanoemulsion formulations were
subjected to freeze-thaw stress between −21 and +25 °C
alternatively with storage at each temperature for 48 h
as a minimum period. Three freeze-thaw cycles were
performed.
Kinetic stability
Nanoemulsion formulations were stored at room
temperature for studying intrinsic stability. The emulsion
formulations were observed for phase separation,
creaming and cracking with respect to prolonged storage

Table 1−Percent composition of different components of basil oil nanoemulsionsuspensions of stearic acid at 303 K
Formulation
code
BF1
BF2
BF3
BF4

Oil :
Surfactant
(v/v)

Percent composition of different components
Basil oil

Tween 80

Water

Droplet size
(emulsification
time = 15 min)

1:1
1:2
1:3
1:4

6
6
6
6

6
12
18
24

88
82
76
70

41.15 nm
31.65 nm
29.60 nm
29.30 nm

15
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time period. Kinetic stability was investigated by
measuring droplet size of the nanoemulsions in different
storage time.
Results and Discussion
Droplet size of nanoemulsion
Nanoemulsion formulated after emulsification period
of 15 min showed droplet size of 41.15 nm, 31.65 nm,
29.6 nm and 29.3 nm for formulation code BF1, BF2,
BF3 and BF4 respectively. Surfactant concentration
demonstrated direct relation with droplet size.
Effect of emulsification time on droplet size of BF3
formulation was studied. With increase in emulsification
time gradual decrease in droplet size was observed (Fig. 1).
Emulsification time of 2 min, 5 min, 10 min and 15 min
demonstrated droplet size of 99.5 nm, 45 nm, 32.3 nm
and 29.6 nm respectively.

Droplet diameter (nm)

120
100
80
60
40
20
0
2

5
10
Emulsification time (min)

15

Fig. 1−Effect of emulsification time on droplet size of
BF3 formulation

Stability of nanoemulsion
Centrifugation
All the formulated nanoemulsions after being sonicated
were stable after being centrifuged for 30 min at 10,000
rpm (Table 2). All the coarse emulsions before subjecting
to ultrasonic emulsification got phase separated after
centrifugation.
Heating-cooling cycle
Nanoemulsion formulations such as BF2, BF3 and BF4
were stable to heating cooling cycle whereas their
respective coarse emulsions before sonication got phase
separated. BF1 formulation was not stable to heatingcooling cycle even after sonication (Table 2).
Freeze-thaw cycle
Nanoemulsion formulations such as BF3 and BF4 were
stable to freeze-thaw stress whereas their respective
coarse emulsions prepared by mechanical agitation
(without subjecting to ultrasonic emulsification)
demonstrated physical separation into constituent phases.
BF1 and BF2 nanoemulsion formulations showed
instability to freeze-thaw stress even after being sonicated
(Table 2).
Kinetic stability
Physical separation was observed after 15 days of
preparation in case of BF1 formulation and 30 days in
case of BF2 formulation. No phase separation was
observed in BF3 formulation even after 60 days (Table 3).
Nanoemulsion (BF3) was selected for kinetic stability
study due to its low droplet size with low surfactant
concentration. BF4 nanoemulsion formulated by
emulsification time of 2 min, 5 min, 10 min and 15 min

Table 2−Thermodynamic stability of basil oil nanoemulsion (√ = stable samples and x = unstable samples)
Formulation
code

Centrifugation
(10000 rpm, 30 min)

H-C*

F-T**

Before
sonication

After
sonication

Before
sonication

After
sonication

Before
sonication

After
sonication

x
x
x
x

√
√
√
√

x
x
x
x

x
√
√
√

x
x
x
x

x
x
√
√

BF1
BF2
BF3
BF4
*Heating-Cooling cycle
**Freeze-thaw cycle
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demonstrated stability for 1 day, 10 days, 30 days and
60 days respectively (Table 4).
Table 3−Kinetic stability of basil oil nanoemulsion
(√ = stable samples and x = unstable samples)
Formulation
code

Day 15

Day 30

Day 45

Day 60

BF1
BF2
BF3
BF4

x
√
√
√

x
x
√
√

x
x
√
√

x
x
√
√

5

6

7
Table 4−Effect of emulsification time on stability of
BF3 nanoemulsion (√ = stable samples and x
= unstable samples)
8
Emulsification Day 2
time
2 min
5 min
10 min
15 min

x
√
√
√

Day 10

Day 30

Day 60

x
x
√
√

x
x
x
√

x
x
x
√

Conclusion
Basil oil based nanoemulsion was formulated with
droplet diameter of 29.6 nm (BF3 formulation) which
was stable for 60 days. Emulsification time and droplet
size showed direct relation with stability of the formulated
nanoemulsion.
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In view of the importance of solid lipid nanoparticles (SLN) as novel delivery systems for pharmaceutical and
cosmetic active ingredients, ultrasonic velocimetry was used to study nano suspensions of SLN. The propagation
of sound through colloidal systems can probe new properties that characterize both structure and the dynamics of
the suspension. Stearic acid (SA) a biocompatible fatty acid was made into SLN by nano precipitation method. In
order to have solid lipid nanoparticles of varied sizes, two stabilizer systems, a mixture of cetyl trimethylammonium
bromide (CTAB) and 0.3% solution of poly (vinylpyrrolidone) (PVP) (Mw 40 k Da) (stabilizer-I) and a mixture of
polyoxyethylene sorbitan fatty acid ester (TWEEN-80) and anionic surfactant sodium dodecyl sulphate (SDS)
(stabilizer-II) were used. A correlation between crystallinity of the SLN, particle size and ultrasonic velocity was
realized. Dispersion stability was found to be related to certain acoustic parameters. A comparison of effective
density and velocity computed according to three theoretical models viz. Urick, Kuster and Toksöz and Urick and
Ament was made with experimental values.
Keywords: SLN, stearic acid, stabilizing agents, crystallinity, DLS, DSC, TEM, SEM, ultrasonic velocity,
compressibility

Introduction
Solid lipid nanoparticles (SLN) were developed by
Muller in the 1990's. They find application in drug and
cosmetic delivery along with liposomes, micro emulsions
and polymeric nanoparticles. However, a clear advantage
of SLN over the above mentioned colloidal delivery
systems are the fact that the lipid matrix is made from
physiological lipids, which decrease the danger of acute
and chronic toxicity1-4. Due to their numerous advantages
over existing conventional formulations, SLN have been
introduced as a novel carrier system for the controlled
release of pharmaceutical and cosmetic active
compounds 5,6. SLN enhances in-vivo skin hydration
through occlusive property. Occlusive effect of solid lipid
nanoparticle is controlled by particle size, sample volume,
lipid concentration and crystallinity of the lipid matrix7, 8.
Solid lipid nanoparticles have potentially lucrative
application in topical cosmetic products9.
Wissing and Muller 10 have shown that SLN are
physically stable in aqueous suspensions and also after
incorporation into a dermal cream thus combining the
advantage of existing cream with that of the SLN. The

occlusion promotes the penetration of actives such as
vitamin E11 and retinyl palmitate12 into the skin. SLN
were also established as an UV protection system13. The
particles themselves may act as UV blocker due to their
particulate character.
Ultrasonic velocity measurements in lipid suspensions
are rarely reported. Ultrasonic action is one of the most
promising methods of influence on the behaviour of
ensembles of colloidal and nanoparticle solutions. Such
measurements offer a means of determining volume
fractions or compressibilities of dispersed phases in many
systems and in special cases may even be used as a means
of particle sizing and determining dispersed or continuous
phase viscosities. In the present work, an attempt was
made to use ultrasonic velocimetry to determine the
compressibility of SLN of stearic acid and their degree
of dispersion in aqueous suspension. The degree of
dispersion influences suspension stability and hence
sound velocity. Increase in the degree of dispersion in a
suspension involves a decrease in the absorption
coefficient, which allows the estimation of efficiency of
the stabilizer14. A comparison of effective density and
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velocity computed according to three theoretical models
viz. Urick, Kuster and Toksöz and Urick and Ament with
experimental values were also made. The solid lipid nano
particles are characterized by measuring their particle
size, size distribution kinetics (zeta potential), degree of
crystallinity and surface morphology. In addition to these,
the compressibility of the SLN in aqueous medium and
effect of particle size on ultrasonic velocity are discussed
in the present work.
Theoretical Considerations
The Urick equation
The Urick equation15 is probably the simplest and most
widely used equation for predicting velocity of sound in
suspensions and emulsions. The overall equation for
predicting the velocity can be written as follows:
U= [((1-ϕ)ρ1+ϕρ2) ((1-ϕ)κ1+ ϕκ2)]-1/2
(1)
where,
U = Velocity of sound through the suspension
ρ = Density of the suspension
κ = Compressibility of the material (subscripts 1 and 2
indicate the continuous and dispersed phases
respectively)
In the case of dilute suspensions, volume averaged values
of ρ and κ are inserted in Eq. (1), (i.e.)
κeff = (1-ϕ)ρ1 + ϕκ2
(2)
ρeff = (1-ϕ) ρ1 + ϕκ2
(3)
where,
ϕ = Particle volume fraction and the subscripts 1 and 2
indicate the continuous and dispersed phases respectively.
The particle volume fraction of the particles were
calculated using the equation,
ϕ = ρo - ρ1/ ρ2 - ρ1
(4)
where, ρo, ρ1 and ρ2 are density of the suspension,
continuous medium and suspended particle respectively.
The Kuster and Toksöz equation
Kuster and Toksöz16 used a scattering approach. Their
simplified expression for a dilute suspension was given
by
ρeff = ρ1[( 2 + ϕ) ρ2 + (1 - ϕ) ρ1]/[2(1 - ϕ) ρ2+ (1 + 2ϕ) ρ1]
(5)
-1/2
U = (κ ρeff)
Both Urick and Kuster and Toksöz equation need the
same parameters to predict velocity of sound.
The Urick and Ament equation
Urick and Ament17 gave a more general equation using

scattering approach (similar to Kuster) where they
assumed the composite media consists of small randomly
located particles embedded in a continuous fluid. The
simplified form of Urick and Ament equation is
U = {[κ(ρ1(1+ϕσ)[X (σ+X) + Y2)]/[(σ+X)2 +Y2]}-1/2 (6)
where σ =ρ2 -ρ1/ρ1
X =3(1+1.5Ba)/2
Y= [9(1+ 1/Ba)]/4Ba
where B=1/d and d= (2η/ 2πνρ)1/2 and ν is the frequency
of sound used which is 2MHz , ρ and η are the density
and viscosity of the continuous medium respectively. 'a'
is the particle diameter.
Acoustic parameters
The formulae used for the calculation of acoustic
parameters such as adiabatic compressibility (κ), acoustic
impedance (Z) and absorption coefficient (α/f2) are given
below. The experimentally determined parameters
velocity, density and viscosity are made use of in
calculation of these parameters.
κ = [1/ U2ρ]
(7)
Z=Uρ
(8)
α /f2 = (8×3.14×3.14×η) /3ρU3
(9)
Experimental Methods
Materials
Merck samples of Stearic acid, CTAB, PVP and SDS
and TWEEN-80 (Aldrich chemicals) were used as such
without further purification.BDH samples of acetone,
tetrahydrofuran (THF), acetonitrile, and ethanol were
used after purification.
Preparation of suspensions of SLN of stearic acid
Solid lipid nanoparticles were prepared by
nanoprecipitation technique proposed by Fessi et al18.
The two stabilizer systems used were a mixture of cetyl
trimethylammonium bromide (CTAB) and 0.3% solution
of poly (vinylpyrrolidone) (PVP) (Mw 40 k Da)
(stabilizer-I) and a mixture of polyoxyethylene sorbitan
fatty acid ester (TWEEN-80) and anionic surfactant
sodium dodecyl sulphate (SDS) (stabilizer-II). The
method is defined as follows: On the one hand 125 mg
of stearic acid was dissolved in a mixture of solvents
(total volume 20 mL) (Table 1). On the other hand
specified amount of the stabilizer was dissolved (25 ml)
in double distilled water. The organic phase was added
to the aqueous phase with magnetic stirring (200 rpm) at
room temperature. The mixture immediately became

CYNTHIA JEMIMA SWARNAVALL et al., STUDIES ON SLN OF STEARIC ACID-EFFECT OF PARTICLE SIZE 19

Table 1−Preparation parameters and physico chemical characteristics of the stearic acid (SA) nanoparticles
Parameters
Water (mL)
Acetone (mL)
Ethanol (mL)
Acetonitrile (mL)
Tetrahydrofuran (THF)
CTAB (mL)
PVP (mL)
TWEEN-80 (mL)
SDS (mL)
Mean particle size obtained from DLS zave ( nm)
Particle size obtained from SEM/TEM (nm)
M.pt from DSC measurement(°C)
Enthalpy of formation (J/g)

SA-1

SA-2

SA-3

SA-4

SA-5

SA-6

25
18

25

25

25
18

25

25

20
2
2
2

2
2

271.6
180-220
61.1
181.3

opalescent as a result of the formation of lipid
nanoparticles. The nanosuspension was formed
instantaneously and stirred during an additional time of
5-10 minutes. The organic solvents were removed under
reduced pressure leaving the aqueous suspension. The
preparation parameters (solvent compositions and
stabilizers) of the six batches of stearic acid nanoparticles,
their characterization and physicochemical studies, are
presented in Table 1.
Measurement of ultrasonic velocity
The aqueous suspension containing solid lipid
nanoparticles was diluted into various dilutions (0.13 to
1.0 volume fraction) by sonication for 3 minutes in an
ultrasonic bath (Pci ultrasonic bath sonicator 1.5 L). The
densities of the continuous medium (water-stabilizer) and
suspensions have been determined in a specific gravity
bottle of 10 mL capacity using a single pan electrical
balance with an uncertainty of ±0.1 mg. The particle
volume fractions were calculated using Eq. (4). Viscosity
of the mixtures was measured using an Ostwald's
viscometer with an accuracy of ± 0.001. The speed of
sound was measured by a single frequency ultrasonic
interferometer operating at 2 MHz with an accuracy of ±
0.1 m/s. Precautions were taken to exclude air bubbles
in the suspension throughout all the measurements. The
temperature of the solution was maintained at 303±0.1K
by circulating water through the jacket of the double
walled cell from a thermostatic water bath.
Characterization of SLN
The morphology and size of the SLN (SA-1 to SA-6)

205.1
150-160
64.2
86.17

20
15
5
2
2

355.8
110
60.9
140.9

15
5

2

0.5
0.3
320.0
250
54.1
49.75

0.5
0.3
323.5
216.6
59.5
70.82

0.5
0.3
323.5
300
52.4
35.75

were examined using a high resolution scanning electron
microscope and an electronic transmission microscope
at 80 kV. The observation was made after 50-fold dilution
with the original dispersion medium of the preparation;
the samples were negatively stained with 1% (w/v)
phosphotungstic acid.
The mean particle size was analyzed using dynamic
light scattering (DLS), also known as photon correlation
spectroscopy (PCS). PCS is a light-scattering technique
that is used to obtain the hydrodynamic diameter (zaverage) and the polydispersity index (PI), which is a
measure of the width of the particle size distribution. Prior
to the measurement, all samples were diluted using ultrapurified water to yield a suitable scattering intensity.
Samples were analyzed at 25°C using the general purpose
mode.
The stability of the SLN suspensions was assessed by
zeta potential measurements by applying a field strength
of 20 V/cm. The zeta sizer measures the electrophoretic
mobility of the particles, which was converted into the
zeta potential using the Helmholtz-Smoluchowski
equation built into the software.
The X-ray diffraction patterns were determined for the
lyophilized samples stearic acid SLNs (SA-1 to SA-6).
Powder X-ray diffraction (XRD) patterns were measured
using powder diffractometer, using nickel filtered copper
K-alpha radiations (λ=1.5461Å) with a scanning rate of
0.02°. The diffraction pattern was recorded in the range
of 5-70°.
The FT IR spectra of lyophilized stearic acid SLN (SA1-SA-6) samples were recorded by Perkin Elmer
spectrum one FTIR spectrometer. Thermograms were
recorded with a differential scanning calorimeter Samples
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were heated at the scanning rate of 3°C/min over a
temperature range between 30 and 100°C.
Results and Discussion
Size, morphology and crystallinity of the SLN
According to HRSEM/TEM pictures, the particles have
a smooth surface and are spherical, and the majority of
the particles do not exhibit aggregation between them.
All the six formulations of SA SLN have varied size and
were crystalline as seen from the XRD pattern which is
in agreement with the literature values of the crystal
structure of stearic acid. The SLN formulation prepared
with stabilizer system-I are more crystalline in
comparison with the SLN formulations prepared with
stabilizer system-II as seen from the XRD. The average
particle size of the different batches of stearic acid SLN
(SA-1 to SA-6), as determined by dynamic light
scattering (DLS) and SEM/TEM are given in Table-1.
The particle size of the SLN suspension produced with
cationic surfactants (stabilizer -I) is considerably smaller
compared to nonionic formulations. Such behaviour has
been reported in literature by Wolfgang et al.19. The
zeta potential values from -8.3 mV and+29 mV indicate
moderate stability of the SA SLN with limited
flocculation20. The physical state of the dispersed particles
of the SLN is understood via the characteristic melting
or transformation endotherms upon heating. Stearic acid
nanoparticles in suspension SA-1 to SA-6 show a well
defined endothermic peak at a temperature lower than
the melting point of the bulk stearic acid crystals. This
indicates that stearic acid nanoparticles are in the
crystalline state. Presence of a single peak indicates the
absence of other lipid modifications. The DSC
measurements indicate that the melting point of the
stearic acid particles prepared with TWEEN-80 and SDS
(52.4-59.5 °C) are lower than that of the nanoparticles
prepared with PVP and CTAB (60.9 -64.2 °C). Thus it

is clear that the stabilizer -II (TWEEN-80 and SDS)
reduces the crystallinity and melting point of the SA SLN
formulations. The FTIR spectra of the six samples were
recorded. All the characteristic absorption bands are
broadened at certain characteristic frequencies indicating
the formation of nanoparticles. The DLS average particle
size (zav), Poly dispersity index (P.I), distribution intensity
and zeta potential of the six formulations of stearic acid
SLN are given in Table 2. It is seen from the SEM/TEM
images that all the six suspensions consist mostly of
spherical particles and are moderately monodispersed.
Comparison of theory and experiment
The density and velocity measured in the SLN
suspension has been compared with the theoretical values
calculated from Urick, Urick and Ament, and Kuster and
Toksóz equations. Comparison of theoretical and
experimental densities as a function of volume fraction
is given in Fig. 1 (A-F). The predictions of effective
density according to Urick and kuster and Toksöz model
agree exactly with experimentally determined densities
for the SLN suspensions. Such good agreement between
effective densities calculated and experimental values is
reported in the case of silver sol21. It is of interest to note
that these two equations agree exactly with each other.
But this is in contrast with the silver sol and suspensions
where the Urick and Urick and Ament equations agreed
well and Kuster and Toksöz was a poor model. It is also
seen that the Urick and Ament model in this case predicts
poorly.
The velocity graphs show a different picture. The
velocity predictions of the three models do not agree with
the experimental velocities at very low and higher volume
fractions. However there is a close agreement with Urick
and Kuster and Toksöz equations at certain intermediate
volume fractions of the suspensions. This is also in
contrast with the behaviour of metal nanoparticles where

Table 2−Particle size, polydispersity index and zeta potential of stearic acid SLN
SLN

Size
(nm)

Distribution
intensity

Poly
dispersity
index

SA-1
SA-2
SA-3
SA-4
SA-5
SA-6

271.6
205.1
355.8
322.9
320.0
323.5

100
100
100
96.7
100
93.1

0.772
0.773
0.399
0.595
0.404
0.350

Cummulative
fit error

Zeta
potential
(mV)

0.00772
0.0188
0.00293
0.0033
0.00105
0.00173

-18.3
-12.6
+29.0
-13.5
-16.0
-8.3

4.43
4.45
4.44
4.46
4.46
4.46
4.47
4.39
4.39
4.37
4.36
4.38
4.39
4.40
4.45
4.43
4.39
4.39
4.44
4.45
4.46
4.39
4.34
4.36
4.38
4.39
4.40
4.42
4.36
4.33
4.32
4.30
4.39
4.40
4.44
4.37
4.34
4.32
4.37
4.38
4.39
4.46
1504.2
1500.8
1505.4
1502.3
1501.2
1501.0
1499.4
1510.0
1512.2
1516.8
1518.8
1514.0
1511.4
1509.0
1500.0
1502.8
1510.2
1512.4
1505.8
1504.3
1501.4
1514.6
1519.2
1522.4
1516.9
1514.1
1511.6
1506.4
1516.2
1520.3
1524.7
1515.2
1513.6
1511.2
1500.8
0.133
0.266
0.400
0.533
0.666
0.800
1.000

1518.5
1522.4
1524.7
1527.6
1513.6
1512.2
1505.8

SA-6
SA-5
SA-4
SA-3
SA-2
SA-1
fraction

SA-2

SA-3

SA-4

SA-5

SA-6

SA-1

(U) m/sAdiabatic compressibility (κ) N-1 m2
Ultrasonic velocity

Acoustic parameters
The measured ultrasonic velocity and computed
adiabatic compressibility, acoustic impedance and
absorption coefficient are given in Tables.3 &4
respectively. It is of interest to note that the experimental
ultrasonic velocity increases up to a particular volume
fraction and then decreases. The same trend is shown by
all the six suspensions (Table 3). The order of ultrasonic
velocity among the suspensions is as follows: SA-2 >
SA-1 > SA-3 > SA-5 > SA-4> SA-6. It was observed
that as far as ultrasonic velocity is concerned more
crystalline the SLN more is the velocity of sound. It was
also observed that the suspensions with smaller particles
have greater velocity than suspensions with larger
particles. The decrease in ultrasound velocity at higher
suspension concentration can be explained by
hydrodynamic dispersion since scattering can be
neglected for these very small particles. On comparing
the compressibility of SLN in the six suspensions it is in

Vol.

the more general Urick equation predicted well 21 .
Comparison of theoretical and experimental velocities
as a function of volume fraction is given in Fig. 2 (A-F).
Ultrasonic velocity calculated according to the Urick and
Kuster and Toksöz equations give very similar predictions
across the whole range of volume fraction of the
suspensions. In the suspensions made with stabilizer II, the experimental velocities are lower than the
theoretical predictions which may be due to increase in
viscosity of the suspensions with volume fraction. Such
lower values are normally attributed to scattering of sound
by particles22.
However, in this case it may not be due to scattering of
sound since the particles are very small and in this case
less crystalline. In the case of the suspension SA-6
(average size 300 nm), the experimental velocities lie
much lower than theoretical predictions. This may be
due to larger particles in this particular suspension. The
density difference between the suspended particle (Stearic
acid (ρ) = 847.0 kg/m3,) and the continuous medium
(water ρ = 995.65 kg/m3) is not appreciable. However
the (Ba) terms are larger compared to that of the metal
nanoparticles, and hence it decreases the velocity.
However the homogeneity condition which was well
satisfied by the metal nanoparticle (8 nm to 35 nm)
suspensions 21 seem not to be applicable in the case of
suspension with particle size >100 nm. This may be due
to the vast difference in the compressibility between the
metal nanoparticles and lipid nanoparticles.

Table 3−Experimental velocity (U) and computed acoustic parameter adiabatic compressibility(κ) of the six SLN suspensions of stearic acid at 303K
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5.80
5.91
5.90
6.25
6.46
6.02
5.99
5.69
5.66
5.65
5.64
5.73
5.86
6.02
5.81
6.01
5.73
6.06
6.09
6.13
6.05
5.75
5.75
5.80
6.48
6.26
6.61
6.77
5.69
5.71
5.73
5.72
5.98
6.11
6.24
5.64
5.78
5.77
5.89
5.94
6.07
6.25
150.15
149.59
149.67
149.35
149.20
149.39
149.10
150.79
150.74
150.84
150.94
150.80
150.60
150.53
150.47
151.52
150.77
150.61
150.48
150.46
150.15
150.95
151.40
151.88
150.98
150.72
150.67
149.51
0.133
0.266
0.400
0.533
0.666
0.800
1.000

151.13
151.58
151.86
152.12
150.58
150.43
149.67

149.73
150.21
150.98
150.64
149.61
149.31
149.39

SA-5
SA-4
SA-3
SA-2
SA-4
SA-3
SA-2
SA-1
fraction

Acoustic Impedance 103 kg m2 s-1

SA-5

SA-6

SA-1

Absorption Coefficient 10-15 (α/f2)Npm-1 s2

SA-6
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Table 4−Computed acoustic parameters acoustic impedance, absorption coefficient and adiabatic compressibility of the six SLN of stearic acid at 303K

22

the order SA-6 > SA - 4 > SA- 5 > SA - 3 > SA -1 > SA-2.
There is a minimum in the compressibility curve very
much similar to that of the silver sol and suspension21.
The compressibility order is the opposite of crystallinity
order of the SLN. Compressibility shows a nonlinear
variation with volume fraction. However at higher
volume fractions, compressibility of all the six samples
tends to increase. In aqueous medium there is significant
solvation and that may be the reason for increasing
compressibility of the SLN. This study also shows that
at higher concentration acoustic impedance tend to
decrease, which indicates that as volume fraction
increases hindrance to sound propagation also increases.
Increase in the degree of dispersion in a suspension
involves a decrease in the absorption coefficient, which
allows the estimation of efficiency of the dispersive agent.
When we analyze the variation of absorption coefficient
of the six SLN suspensions with volume fraction (Table 4),
we observe that it increases with particle volume fraction
indicating the degree of dispersion decreases with volume
fraction. It is also noted that the absorption coefficient
of SLN suspensions SA-2 and SA-5 is the lowest among
the six formulations with a minimum which is an
indication of increase in degree of dispersion, this is also
confirmed by the zeta potential values (SA-2ζ-12.6mV
and SA-5 ζ -16 mV). Absorption coefficient for SA-1
and SA-4 shows minima at the same particle volume
fractions. The SLN SA-3 (ζ 29 mV) and SA-6 (ζ -8.3
mV) in spite of showing minima at lower volume fraction
shows a peak at higher volume fractions, and thus
indicates the degree of dispersion is low at higher volume
fractions. The increase in absorption coefficient with
volume fraction may be attributed to the incomparable
vibrational amplitude of the suspended SLN and the
dispersion medium. An interesting correlation was
noticed among the SA SLN, that SLN with same
composition of solvents behave similarly i.e the trend in
variation of absorption coefficient with volume fraction
is similar.
Conclusion
Six formulations of Stearic acid nanoparticle
suspensions were prepared with mixture of solvents and
a combination of stabilizers. The SLN prepared with
CTAB and PVP(stabilizer-I) was found to be smaller in
size, more crystalline and has higher melting point in
comparison with the SLN prepared with TWEEN-80 and
SDS as emulsifier. Ultrasonic velocity measurements in
these suspensions reveal that all the suspensions show
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an increase in velocity up to an intermediate volume
fraction and then decreases as volume fraction increases.
The trend is similar in all the suspensions. An interesting
correlation between crystallinity and ultrasonic velocity
was realized. Higher the crystallinity of the SLN is, the
higher is the ultrasonic velocity in the suspension. This
is further confirmed by the values of compressibility of
the suspended lipid particle in the suspensions which is
inversely related to velocity. Compressibility increases
with decreasing crystallinity (SA-2 < SA-1 < SA-3 <
SA-5 <SA-4 < SA-6). From the thermo grams of the six
SLN it was found that the SLN prepared with TWEEN80 and SDS(stabilizer-II) is having lower melting points
compared to the SLN prepared with CTAB and PVP
(stabilizer-I). The ultrasonic velocity in these suspensions
(SA-4, 5 & 6) is lower than the other three suspensions.
This may probably due to the larger size and decreasing
crystalline nature of the SLN. Absorption coefficient
curves show minima for suspensions with smaller and
more crystalline SLN. Another interesting observation
is that the trend in variation of absorption coefficient with
volume fraction is similar for suspensions having the
same set of solvents. A comparison of experimental
density and velocity was made with three theoretical
equations viz, Urick, Urick and Ament, and Kuster and
Toksóz. It was observed that the suspensions come under
the viscous regime. Ultrasonic velocimetry is also used
to compute the compressibility of the suspended lipid
nanoparticle in the suspension. In this study, Ultrasonic
velocity measurements show how the velocity depends
on particle size and crystallinity. Highly dispersed
suspensions containing crystalline SLN show lower
absorption coefficient and higher ultrasonic velocity. In
view of the importance of SLN in drug delivery and
cosmetics, this fact may be helpful in assessing the
performance of the solid lipid nanoparticles.
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Binary mixtures of aniline with alkanols -an ultrasonic study
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Ultrasonic velocity (v), density (ρ), refractive index(n) for binar y mixtures of aniline with ethanol, methanol,
propanol have been measured at room temperature of about 300.15 K over entire volume component percentage
range. The Ultrasonic velocity (v) is measured using Ultrasonic Pulse Echo Overlap (PEO) technique at a
frequency of 2MHz. The density measurements have been carried out by using 10ml specific gravity bottle.
Refractive index (n) measurements have been carried out by using Abbe Refractometer. Adiabatic Compressibility
(β) and dielectric constant (s) were computed using measured data of density, ultrasonic velocity and refractive
index.
Keywords: Ultrasonic velocity (v), aniline, adiabatic compressibility (β), ultrasonic pulse echo overlap technique

Introduction
Complex formation through hydrogen bonding plays
an important role in characterizing the thermodynamic
behavior of many associating type liquid binary systems.
From the ultrasonic point of view the parameters of
interest are ultrasonic velocity, density, adiabatic
compressibility, refractive index and macro dielectric
constant. Ultrasonic study1-4 is a useful technique for
understanding the phsico-chemical properties of the pure
liquids and liquid mixtures. Ultrasonic measurements are
extensively used to study the molecular interactions in
pure liquids and liquid mixtures. Ultrasonic velocity has
been subject of active interest during the recent years5-7.
Nomoto and co-researchers made successful attempts to
evaluate the sound velocity in binary mixtures.
The present study envisages the determination of
ultrasonic velocity (v) density (ρ) and to compute the
parameters like adiabatic compressibility (β), macro
dielectric constant (ε) of a few alcohols like Methanol,
Ethanol and Propanol in Aniline.
Experimental
Ultrasonic technique has been widely used for different
types of investigation8. In Pulse Echo Overlap method, a
short sinusoidal electrical wave activates the Ultrasonic
transducer. The transducer then produces sound wave
trains into the liquid inside the cell.

This cell is made up of stainless steel which avoids
any chemical reactions between the chemicals and the
cell. The Ultrasonic velocity was measured with the help
of microprocessor based Ultrasonic Pulse Echo Overlap
(PEO) technique at 2MHz frequency. The internal
circuit of PEO is designed with solid state version and it
has special memory features of permanent storage and
direct digital read out of Ultrasonic velocity up to an
accuracy of ±1m/s.
The densities of all the mixtures have been determined
with 10ml. specific gravity bottle and mass (m) of a given
volume of the liquid is determined by using a single pan
opto-electrical balance. The results of the densities are
accurate to ±0.5%.
The refractive index (n) of the mixture has been
determined using an Abbe Refractometer with an
accuracy of ±0.2%.
Results and Discussion
Ultrasonic velocity in different mixtures increases with
increase in chain length of alcohols (Fig. 1) till 40% of
alcohol concentration and beyond 40% of volume
component there is a reversal trend indicating that the
velocities are in the increasing trend of Ethanol >
Propanol > Methanol. The reason may be thought as
beyond 40% volume component of alcohol the higher
homologue Propanol is functioning in coiled manner
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Fig. 1⎯Aniline volume component vs ultrasonic velocity

done against the repulsive forces between the molecules
during the compression of the liquids. The decrease in
adiabatic compressibility (Fig. 3) may be due to the fact
that in solution the ions are surrounded by a layer of
solvent molecules firmly bound to and oriented towards
the ions.
The orientation of the solvent molecules around the
ions may be due to the influence of the electro static
field of the ions and results in an internal pressure and in
a lowering of adiabatic compressibility of the solution.ie.
solution becomes much harder to compress which is in
tune with Sathi Reddy et al. The refractive index (n)
decrease with increase in alcohol concentration as seen
in Fig. 4, which shows that Propanal > Ethanol >
Methanol.
The macro dielectric constant (D) is calculated (Fig. 5)
using the formula which is derived from Maxwell's theory
of Electromagnetism.
10
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Fig. 3⎯Aniline Volume component vs adiabatic compressibility

appearing much less reactive than Ethanol.
The density values increase with chain length of
alcohols. This is in tune with9 of the reference stating
that as the concentration of alcohol increases the density
also increases. Figure 2 shows variation of
density of alcohols and is in good agreement with the
theory postulated by Rajagopalan10-15. The Adiabatic
compressibility (β) is calculated using the formula

βs ρ2 =1/v
The Adiabatic compressibility (βs) depends on the
interaction between the molecules, since work has to be

Refractive Index

Fig. 2⎯Aniline volume component vs density
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D√n
The hydroxyl group makes the alcohol molecules
polar. The hydrogen bonding in alcohols makes alcohols
as solvents. Alcohols are miscible in aniline because of
donating nature of H + ions. A correlation of ultrasonic
velocity (v) with dielectric constant indicates that there
is an decrease in dielectric constant with increase in
ultrasonic velocity (v). The more polar is the medium
larger is the ultrasonic velocity and hence dielectric
constant is larger.
Conclusion
Thermodynamical and optical studies are carried out
apart from ultrasonic studies on Methanol, Ethanol and
Propanol with Aniline over entire volume component
percentage range. It is found that Ultrasonic velocity
increases with chain length of Alcohols. Refractive
index and hence adiabatic compressibility decreases with
increase in concentration of alcohols..
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Nondestructive evaluations of nanostructured materials
(Ph.D. thesis awarded to Dr. S.K. Verma by Allahabad University 2012)
The major findings of the research work are being given as following:
The simple interaction potential model for the calculation of temperature dependent second and third order elastic
constants is validated for the nanowires of different diameters. Theoretical approach for the determination of ultrasonic
attenuation in NWs at 300K with different diameters is established. There is strong correlation between size dependent
ultrasonic attenuation and size dependent thermal conductivity of the nanowires. Thus an ultrasonic attenuation
mechanism is established as to extract the important information about the microstructural phenomena like phononphonon interaction in the NWs and thermal conductivity behavior with respect to diameters of NWs at 300K.
Ultrasonic and nonlinear elastic properties of the NWs are well correlated with the stability of the NWs structure.
The predominant causes of ultrasonic attenuation in SWCNTs based materials are phonon-phonon interaction
mechanism (Akhieser type loss) and thermoelastic relaxation at the room temperature.
The interaction potential model with slightly different approach is validated for the calculation of nonlinear elastic
constants of SWCNTs based materials.
There is strong correlation between the length dependent ultrasonic attenuation in the SWCNTs and the length
dependent thermal conductivity of the SWCNTs.
We have successfully synthesized Cu-PVP nanofluids having different concentrations of Cu metal nanoparticles in
ambient condition.
The UV-Visible spectra, XRD, TEM image and SAED pattern confirm the formation of crystalline Cu-nanoparticles
dispersed in PVP and also UV-Visible results are consistent with TEM results.
The Brownian motion of the Cu-nanoparticles in nanofluids produces convection like effects at the nanoscale and
responsible for enhancement of thermal conductivity of PVP due to Cu-nanoparticles suspension.
On the basis of the behaviour of ultrasonic wave propagation we have developed the ultrasonic mechanism to predict
enhanced thermal conductivity due to suspension of the metallic nanoparticles with very low concentration into
polymeric fluid.
We have successfully synthesized Cu/Pd nanoparticles in aqueous solution in ambient condition with the addition of
a complexing agent, trisodium citrate.
These Cu/Pd nanoparticles synthesized with complexing agent were suggested to have stable suspension lasting a
long period of time.
The ultrasonic spectroscopic method is well established for the determination of the size of the bimetallic alloyed
nanoparticles and their distribution in polymeric fluid.
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