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We have recently reported the development of nanosulphur with remarkable fungicidal properties, much
better than the conventional sulphur. The nanosulphur
could substitute the toxic conventional synthetic fungicides. The lack of estimation protocols for active
ingredient in nanoformulations and exploitation of
nanosulphur as a new technology for fungal management necessitates the need for estimation protocols to
ensure the quality and quantity of sulphur in nanoformulations. Therefore, a method was developed for
the estimation of sulphur in its nanoformulations
using UV–visible spectrophotometry. Thirty-four
samples of nanosulphur were analysed to validate the
method. The percentage estimation of the active ingredient in all the samples was above 80.
Keywords: Nanoformulations, polyethylene
synthetic fungicides, UV spectrophotometry.

glycol,

THE application of synthetic pesticides has caused threat
to non-target organisms and the environment due to their
overuse1. Since the release of xenobiotic results in the
increase of environmental risk, the goal should be to use
such compounds carefully so that they cause least negative impact on the environment into which they are released1. To remove harmful effects on the non-target
organisms, encapsulation of the active ingredient with
other materials such as a polymer can allow sensitive ingredients to be physically enveloped into a protective matrix in order to protect core materials from adverse
reactions due to factors like air or light2.
Sulphur is a widely used element in different applications such as fertilizer, pharmaceutical, anti-microbial
agent, insecticide, fungicide, high-density charger in
lithium ion battery as well as for rubber and fibre industries3,4. Various methods were reported5 for the preparation of nano elemental sulphur (nano-S0). Most of these
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involved either complex synthetic processes or the use of
hazardous chemicals such as H2S gas5.
We have recently reported an improved synthesis of
sulphur nanoparticles6. These sulphur nanoparticles
exhibited fungicidal properties which were significantly
superior than the conventional sulphur6. Smaller size of
nanosulphur and its coating will help resist unwanted
environmental processes associated with conventional
pesticides, i.e. leaching, evaporation, and photolytic,
hydrolytic and microbial degradation.
Though several applications of sulphur have been reported, only a few methods are known to estimate the
amount of sulphur7,8. There is no protocol available for
the estimation of active ingredient in nanoformulations.
The developed nanosulphur could prove a good substitute
to the toxic conventional synthetic fungicides and as a
new technology for management of pathogens in agriculture. Therefore, a simple method based on UV spectrophotometry was developed for the estimation of sulphur
in nanoformulations to ensure its quality and quantity.
Technical sulphur was purchased from Merck. Tetrachloromethane (CCl4), cyclohexane (sd fine-chem Limited), sodium chloride, sodium bicarbonate and sodium
sulphate (Qualigens fine chemicals) and hydrochloric
acid (Merck Limited) were procured from the respective
companies.
Nanosulphur formic acid formulation and nanosulphur
sodium sulphide formulation were prepared at the Indian
Statistical Institute, Kolkata6 and authentic commercial
nanosulphur was purchased from M. K. Impex Canada,
Canada.
The particles were characterized by using standard
procedures such as dynamic light scattering (DLS) study,
transmission electron microscopy (TEM), scanning electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDAX) to ensure that nanosulphur was
indeed taken for study.
The solubility of sulphur was tested in various organic
and inorganic solvents. Sulphur was soluble in tetrachloromethane and cyclohexane, but in the latter, the
range of detection could be improved from 3–45 to 4–
65 ppm. Two stock solutions were prepared using these
two solvents, as follows.
For the first stock solution, 15 mg sulphur and 25 ml
CCl4 were taken and sonicated till all the sulphur dissolved and the solution was made up to 50 ml. Further
dilutions were made from the above stock solution and
absorbance was measured at λmax = 290 nm using a spectrophotometer.
For the second stock solution, 15 mg sulphur and 25 ml
cyclohexane were sonicated till all the sulphur dissolved
and the solution was made up to 50 ml with the same solvent. From the above stock solution, further dilutions
were made. The absorbance was taken at 290 nm, as it
was the maxima in the UV region.
The extraction procedure used was as follows.
CURRENT SCIENCE, VOL. 100, NO. 10, 25 MAY 2011

(i) Nanosulphur formic acid formulation: Nanosulphur
formulation (0.2 g) prepared using formic acid was dissolved in 15 ml CCl4 in a 50 ml volumetric flask and the
volume was made up to 50 ml. A 2 ml solution of this
was extracted in a separatory funnel with 6% aqueous
sodium bicarbonate solution (30 ml × 3). The organic
layer was passed through a bed of anhydrous sodium sulphate, which was then washed with 10 ml of the same
solvent. The CCl4 extract was made up to 50 ml. A 1 ml
solution of this was diluted to 10 ml with CCl4. This solution along with a standard solution of nanosulphur was
subjected to UV spectroscopy (λ = 290 nm).
(ii) Nanosulphur sodium sulphide formulation A:
Nanosulphur formulation prepared using sodium sulphide
(0.5 g) was mixed with 0.1 M HCl solution. Sodium chloride was added to the resultant solution and it was then
extracted with 30 ml CCl4 four times (30 ml × 4). The
extract was filtered through anhydrous sodium sulphate
and made up with 25 ml CCl4. This 25 ml solution was
subjected to UV spectroscopy at 290 nm.
(iii) Nanosulphur sodium sulphide formulation B: The
nanosulphur formulation (0.1 g) prepared using sodium
sulphide was mixed with 6% aqueous sodium bicarbonate
solution. Sodium chloride was added and it was further
extracted with 30 ml cyclohexane four times (30 ml × 4).
The cyclohexane extract was filtered through anhydrous
sodium sulphate and finally made up to 50 ml with
cyclohexane. The resultant (1 ml) solution was also subjected to UV spectrometry at 290 nm.
In order to ascertain the accuracy of the method, 34
samples of various concentrations were prepared using
the solid nanosulphur procured from Canada. The material was processed as mentioned above. After validation,
the method was used to estimate sulphur in the nanoformulations of unknown sulphur content.
DLS was used to measure the particle diameter of the
sphere (Figure 1). TEM was used to analyse the nanostructured materials with atomic scale resolution. TEM
image revealed average particle size around 50 nm (Figure 2). Surface topology of sulphur nanoparticles was
determined using SEM at 50,000 magnification under
15.00 kV (Figure 3 a). It showed that majority of the particles were in the 50–70 nm range (Figure 3 b). Purity and
chemical composition of the fabricated nanomaterials
were confirmed using EDAX (Figure 4). It is evident
from the peaks at around 2 keV that the product corresponds to the element sulphur. This value for sulphur was
confirmed by SEM studies conducted using standard
nanosulphur (purchased from M.K. Impex Canada). The
sample was characterized by X-ray diffraction (XRD) for
structural studies. XRD spectrum of the synthesized sulphur nanoparticles (Figure 5) showed a number of peaks
at 13.57°, 22.98° and 29.3° with planes (1, 1, 0), (0, 0, 2)
and (2, 2, 2) respectively [PCPDFWIN card no. 861278].
This indicated the polycrystalline nature of sulphur
nanoparticles.
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Figure 1.

Dynamic light scattering measurements at (a) 25°C, (b) 35°C, (c) 45°C and (d) 55°C.

Figure 2. a, Transmission electron microscopic image of sulphur
nanoparticles. b, High magnification of (a).

Unlike pesticides, which are mostly stable organic
molecules, sulphur is an inorganic material and its quantification is not facile as those reported for organic compounds. Few methods have been reported using GLC,
HPLC, etc. due to its limited solubility in common solvents, non-volatile character and lack of any chromophoric group present in it7,8. The problem is compounded
as methods for estimating nanoformulations are not available. While ordinary sulphur could be estimated, nanosulphur is made by adding chemicals to keep these
particles apart, to avoid their agglomeration. For example,
pegylated sulphur may have an envelope of polyethylene
glycol (PEG) and there is a need to know the amount of
active ingredient before bioefficacy can be studied.
1544

Since nanoparticles tend to coalesce or agglomerate
and return back to more stable micro–macro forms, additional reagents are essential to stabilize them. Nanoparticles need special processing before they can be analysed
by a routine UV method. In this method, solutions of sulphur were made at different concentrations in the two
solvents, viz. tetrachloromethane and cyclohexane. Satisfactory linearity was found by plotting a standard curve
of concentration versus absorbance for the two solvents
(Figure 6) separately. The range of estimation with tetrachloromethane was 3–50 ppm. It can be seen from Figure
6 a that below 3 and above 57 ppm, the linearity gets disturbed. The portion of the graph below 3 ppm on magnification clearly indicated the deformity from 0.1438 to
2.5884 ppm. The equation between observed absorbance
recorded at different concentrations was y = 0.0143x,
with a R2 = 0.9786. The usage of cyclohexane as a solvent improved the range of estimation from 4 to 65 ppm,
which was thus found to be better than that of tetrachloromethane (Figure 6 b). Being a nonchlorinated
solvent, cylcohexane was chosen for further analytical
studies.
The method was validated by analysis of 34 different
samples of known concentration which were prepared
using the nanosulphur procured from M. K. Impex
Canada. Data for percentage estimation for all the
CURRENT SCIENCE, VOL. 100, NO. 10, 25 MAY 2011
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Figure 3.

a, Scanning electron microscopic (SEM) image of sulphur nanoparticles. b, SEM particle distribution of sulphur nanoparticles.

Figure 4.

a, Particle selection for energy-dispersive X-ray spectroscopy (EDAX). b, EDAX spectra for sulphur.

Figure 5.

X-ray diffraction spectrum of nanosulphur.

samples are given in Figure 7. The percentage estimation
for samples having concentration in the 10–35 ppm range
was above 95, whereas the same for samples at the lower
and higher extremes of the estimation range of the
method was 80–90 (Figure 7).
CURRENT SCIENCE, VOL. 100, NO. 10, 25 MAY 2011

Based on appropriate formulation, the extraction procedure needs subtle modifications, e.g. sodium hydrogen
carbonate was added to formic acid formulation. Nanosulphur prepared in our laboratory using PEG and in two
other formulations of nanosulphur was estimated and
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2.

3.

4.

Figure 6. Standard curve of sulphur in tetrachloromethane (a) and
cyclohexane (b).

5.

Figure 7. Percentage estimation of sulphur nanoparticles at various
concentrations.
6.

calculated on the basis of the above-mentioned standard
equation. As expected, the additional chemical had masking effect in estimating sulphur in formic acid nanoformulation. It was therefore neutralized using sodium
bicarbonate. The method was then employed for estimation of sulphur in nanoformulations. The concentration of
nanosulphur in formic acid formulation, sodium sulphide
and nanosulphur in pegylated formulation was estimated
to be 1176, 125.1 and 5194.3 ppm respectively. The
method was found useful for estimating varied amounts
of sulphur in three formulations before utilizing them for
studying their bioefficacy against fungal pathogens6.
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