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Abstract
The Cerium loaded ZnS (Ce-ZnS) nanocatalyst was successfully synthesized by a simple hydrothermal method and
characterized by X-ray diffraction (XRD), diffuse reflectance spectra (DRS), photoluminescence spectra (PL) and X-
ray photo electron spectroscopy (XPS). The photocatalytic activity of Ce-ZnS was investigated for the degradation
of naphthol blue black (NBB) dye in aqueous solution using solar light. Cerium loading shifts the absorbance of ZnS
to the entire visible region. Ce-ZnS is found to be more efficient than ZnS, TiO

2
 (anatase), nano ZnO and ZnO at

pH 7 for the mineralization of NBB dye under solar light. The influence of operational parameters such as the
amount of photocatalyst, dye concentration and initial pH on photomineralization of NBB has been analyzed and
discussed. The mineralization of NBB dye has been confirmed by COD measurements. The catalyst is found to be
reusable. The mechanism of degradation of NBB dye by Ce-ZnS is proposed.

Keywords: Ce-ZnS, Solar photocatalysis, Naphthol Blue Black, dye degradation

Introduction

Textile effluent is known to have a strong colour, large
amount of suspended solids, fluctuating pH and high
chemical oxygen demand (COD).1 Synthetic textile dyes
can be structurally different and even a very low
concentration of dyes in effluent is highly visible and
undesirable.2 Discharge of these dyes is undesirable not
only for aesthetic reasons, but also because they may
decrease the absorption of light by water, plants and
phytoplankton reducing photosynthesis and the

oxygenation of water.3 Many azo dyes and their
intermediate products are toxic and mutagenic
(carcinogenic) to aquatic life and humans and they may
also contain certain levels of heavy metals that breach
environmental standards.4 Due to large scale production,
they can cause considerable environmental pollution and
pose a risk to health5. Reactive textile dyes are
extensively used for dyeing of textiles, and about 20-
40% of these dyes are lost in the effluents. They exhibit
a wide variability in chemical structure, primarily based
on substituted aromatic and heterocyclic groups. A large
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number of reactive dyes are azo compounds containing
an azo bond (-N=N-). Since reactive dyes are highly
soluble in water, their removal from wastewater is very
difficult by conventional coagulation and activated sludge
processes.6-8

Actually several physical, chemical and biological
technologies are being evaluated for the treatment of
textile wastewater. Advanced oxidation processes (AOP),
particularly heterogeneous photocatalysis offer a new
route for the oxidative degradation of organic
compounds. In this process, a non-toxic semiconductor
catalyst is employed as a photocatalyst. In recent years,
the semiconductor metal oxides and metal sulphides are
widely used as green photocatalysts in the field of
wastewater remediation.9-13

One of the approaches to improve the photocatalytic
activity of nanoparticles is doping. The optical, electrical
and catalytic properties of the doped nanoparticles have
been of great interest to researchers. The doped
nanomaterials have been largely studied in recent years
due to their widespread applications in various devices
such as sensors, solar cells, lasers, photocatalysts,
photodetectors, IR detectors, colour television and light
emitting diodes.14-19

Rare elements are used as dopants to improve the
luminescence and catalytic properties of nanoparticles
because they have the special 4f-4f intra shell transition.
In the present study, cerium (Ce) is one of the rare
elements, used as a dopant to synthesize Ce doped ZnS
nanoparticles. ZnS is one of the important semi-
conducting materials. It is transparent in the visible
spectral region having excitation binding energy of 40
meV.20 Induced sub-band gap transitions in ZnS occur at
energies in the visible range that allows the optical
detection of traps, radioactive recombination centers and
surface states.

Naphthol Blue Black (NBB) dye was selected as a model

pollutant as it has the largest consumption among all
acidic dyes. It is an industrially important acidic diazo
dye, which has a high photo and thermal stability.

Photodegradation of pollutants using semiconductor
modified catalyst with solar light can make it an
economically viable process since solar energy is an
abundant natural energy source. We can trap solar energy
and utilize it. When the process is carried out using
solar radiation, it becomes a green chemical process. In
the present work, the photocatalytic activity of cerium
doped ZnS nanocatalyst towards NBB dye degradation
using solar light is studied.

Materials and Methods

Naphthol blue black (NBB) dye, obtained from Colour
Chem., Pondicherry was used as received. Zinc nitrate
hexahydrate (99%), sodium sulfide (99%), cerium
ammonium sulfate (99%) were obtained from Himedia
Chemicals. Nano ZnO obtained from Aldrich, ZnO
(HiMedia) and TiO2 (Merck) were used as received.
Ferrous ammonium sulfate (Qualigens 98.5%),
Potassium dichromate (SD Fine Chem. 99.5%), Silver
sulfate (AR-HiMedia), Mercury sulfate (Merck) were
used as received for COD analysis. AnalaR grade
reagents H2O2, K2S2O8, KBrO3, Na2CO3 and NaCl
(Merck) were used as received. Double distilled water
was used to prepare experimental solutions. The pH of
the solution before irradiation was adjusted using H2SO4

/ NaOH.

Preparation of Cerium doped ZnS
Cerium loaded ZnS was prepared by hydrothermal
method. 0.6 M zinc nitrate hexahydrate and 0.06 M
sodium sulfide in deionized water were prepared
separately. Equal volumes of the two solutions were
mixed and the mixture was stirred for 2h to get zinc
sulfide. To this ZnS suspension, 100 mL of ceric
ammonium sulfate (CAS, 0.003 M) solution was added,
stirred for 4h and sonicated for 2h. Then the mixture
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was treated hydrothermally in a teflon lined stainless
steel autoclove at 1150C for 6 h. The precipitate obtained
(Ce-ZnS) was filtered, washed thoroughly with distilled
water, dried at 1000C in an air oven for 2h. The dried
Ce-ZnS catalyst was collected and used for further
analysis. This catalyst contained 23.6 wt% of Cerium.
Catalysts with 14.2, 18.9, 28.3, 33.0 wt % of Cerium-
ZnS were prepared using the same procedure. ZnS was
prepared using a similar procedure without the addition
of ceric ammonium sulfate (CAS).

Analytical methods
Powder X-ray diffraction patterns of ZnS and Ce-ZnS
catalysts were obtained using a Equinox 1000 Inel
diffractometer equipped with a Cu tube for generating
CuKα radiation (wavelength 1.5406 A°) at 40 kV, 25
mA. Peak positions were compared with standard files
to identify the crystalline phases. A Shimadzu UV 2600
UV-vis spectrophotometer was used to record the UV-
visible diffuse reflectance spectra (DRS) of the catalysts.
Photoluminescence (PL) spectra at room temperature
(Excitation wavelength 300 nm) were recorded using a
Perkin Elmer LS 55 fluorescence spectrometer. UV
spectral measurements were done using UV-1650 PL
Shimadzu UV-visible spectrophotometer. The pH of the
solution was measured by ELICO (LI-LOT model) digital
pH meter. X-ray photoelectron spectra of the catalyst
was recorded in an ESCA-3 mark II spectrometer using
AIKα (1486.6 eV) as the radiation source.

Irradiation Experiments
For the photolysis experiment, the dye solution (NBB
dye) of desired molar ratio was freshly prepared from
the stock solution of the dye. NBB dye stock solution
was used as synthetic waste water. All photocatalytic
experiments were carried out under similar conditions

on sunny days between 11 am and 2 pm. An open
borosilicate glass tube of 50 mL capacity, 40 cm height
and 20 mm diameter was used as the reaction vessel.
The suspension was magnetically stirred in the dark for
30 min to attain adsorption-desorption equilibrium
between dye and Ce-ZnS. Irradiation was carried out in
open-air conditions. 50 mL of dye solution with Ce-ZnS
was continuously aerated by a pump to provide oxygen
and for the complete mixing of reaction solution. After
dark adsorption, the first sample was taken. At specific
time intervals, 2-3 mL of the sample was withdrawn
and centrifuged to separate the catalyst. 1 mL of the
centrifugate was suitably diluted and its absorbance at
318 nm was measured to monitor the dye concentration.
Absorbance at 318 nm represents the aromatic part of
NBB dye and its decrease indicates the degradation of
dye.

Solar light intensity measurements
Solar light intensity was measured at intervals of 30
minutes and the average light intensity over the duration
of each experiment was calculated. The sensor was
always set in the position of maximum intensity. The
intensity of solar light was measured using LT Lutron
Lx-10/A Digital Lux Meter and the intensity was
1250x100± 100 lux. The intensity was found to be nearly
constant during the experiments.

Chemical oxygen demand (COD) measurements
COD was determined using the following procedure.
The dye sample was refluxed with HgSO4 and known
volumes of standard K2Cr2O7, AgSO4 and H2SO4 for 2h
and titrated against standard ferrous ammonium sulphate
(FAS) using ferroin as indicator. A blank titration was
carried out using distilled water instead of dye sample.
COD was determined by using the following equation:

(Blank titre value-Dyesample titre value)×normality of FAS×8×1000COD= .........(1)
Volumeof thesample
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Results and Discussion

Characterization of Catalyst
Primary analysis of photocatalytic degradation of NBB
dye with different Cerium loaded ZnS catalysts was
carried out under solar light at 90 min of irradiation.
The % degradation values of NBB dye for 14.2, 18.9,
23.6, 28.3 and 33.0 wt % of Cerium loading were 63.6,
78.4, 88.5, 71.2 and 52.1 respectively. The catalyst
loaded with 23.6 wt % of cerium shows a higher
degradation percentage. 23.6 wt % of cerium in the
catalyst was found to be the optimum concentration.

The XRD patterns of bare ZnS and Ce-ZnS are shown
in Fig.1. For the bare ZnS (Fig. 1(a)) diffraction peaks
at 28.3, 47.6, and 56.2 correspond to (111), (220) and
(311) planes of zinc blende structure which is one of
the commonly available phases of ZnS.21 In the Ce-ZnS
system (Fig.1b) there is one new peak obtained with 2θ
value of 28.9 corresponding to Ce4+ in CAS.22 This
confirms the loading of cerium. Broadening of the peak
of Ce-ZnS indicates the reduction of crystallite size (22.3
nm) when compared to that of the bare ZnS (32.7 nm).
The crystalline sizes of ZnS and Ce-ZnS were determined
using Debye-Scherrer equation.

where D is the crystal size of the catalyst, K is a
dimensionless constant (0.9), λ is the wavelength of
X-ray, β is the full width at half maximum (FWHM) of
the diffraction peak and è is the diffraction angle.

The diffuse reflectance spectra of bare ZnS and Ce-ZnS
are given in Figs. 2(a) and (b) respectively. There is no
significant change in absorbance in the UV range but
there is a slight increase in absorbance from 400 nm to
the entire visible region in Ce loaded ZnS. Dopant cerium
extends the absorbance of ZnS to the entire visible
region, which increases its visible light activity.

Fig.1. XRD patterns of a) bare ZnS and b) 23.6
wt % Ce-ZnS

Fig. 2. DRS of a) bare ZnS and 23.6 wt % Ce-ZnS

In addition, the UV-vis spectra in the diffuse reflectance
mode (R) were transformed to the Kubelka-Munk
function F(R) to separate the extent of light absorption
from scattering. The band gap value is obtained from
the plot of the modified Kubelka-Munk function
(F (R) E)½ vs the energy of the absorbed light (E)

KλD= .......................................................(2)
β cos θ

2θ (deg.)
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Fig. 3. KM plot of a) bare ZnS and b) 23.6 wt%
Ce-ZnS

Fig. 4. PL spectra of a) bare ZnS and b) 23.6
wt% Ce-ZnS

(Fig. 3). The band gap energies of bare ZnS and
Ce-ZnS were found to be 3.70 and 3.26 eV respectively.

Photoluminescence spectra of bare ZnS and Ce-ZnS are
shown in Figures 4 (a) and (b) respectively. The
photoluminescence occurs due to electron-hole
recombination. The bare ZnS gave two emissions at
397 and 470 nm. The doping of Ce does not shift the
emission wavelength of ZnS but the intensity of PL
emission is less as compared to that of bare ZnS. This
is because of suppression of recombination of electron-
hole pairs by Ce, which enhanced the photocatalytic
activity of the catalyst. In order to know the chemical
state of Zn, S and Ce present in the catalyst, the XPS
of the catalyst was taken. The XPS survey spectrum
(Fig. 5a) of Ce-ZnS indicates the peaks of elements Zn,
S and Ce. The binding energy peaks of Ce 3d5/2 and Ce
3d 3/2 (Fig. 5b) observed at 885 and 904 eV, correspond
to Ce4+.23 Zn 2p 3/2and Zn 2p½occurred at 1022.2 eV and
1045.1 eV respectively (Fig. 5c), which confirmed the
presence of Zn(II) in the catalyst. The S 2p peak of
samples located at 169.1 eV (Fig. 5d) indicated the
presence of the S2-.24

Photodegradability of NBB dye
The photodegradability of NBB dye with different
photocatalysts under solar light is shown in Fig. (6).  9.5%
decrease in dye concentration occurred due to adsorption
by Ce-ZnS in the absence of solar light  (curve-c). The
dye is resistant to self photolysis  (curve-b). Simultaneous
irradiation and aeration in the presence of Ce-ZnS catalyst
caused 94.9 %degradation (curve-a) in 150 min. Based
on these observations, we can say that both solar light
and catalyst are needed for effective degradation of the
NBB dye. When ZnS, TiO2, Nano ZnO and ZnO were
used under the same conditions 83.8 (curve-d), 77.6
(curve-e) 74.7 (curve-f) and 62.8 (curve-g) percentages
of degradation occurred, respectively. This shows that
Ce-ZnS is more efficient in NBB dye degradation than
other catalysts.
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Effect of Operational Parameters

Effect of catalyst weight
The amount of catalyst is one of the main parameters
for degradation studies. In order to avoid the use of
excess catalyst, it is necessary to find out the optimum
loading for efficient removal of pollutant. Several authors

Fig. 5. XPS of 23.6 wt% Ce-ZnS: a) survey spectrum, b) Ce3d peak, c) Zn2p peak and S2p peak
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have investigated the reaction rate as a function of
catalyst loading in photocatalytic degradation
process.25-27 The effect of catalyst weight (Ce-ZnS
nanoparticles) on the percentage removal of NBB dye
was investigated from 50 to 150 mg/50 mL of the
catalyst.
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Fig. 6. Photodegradability of NBB dye using
solar/Ce-ZnS nanoparticles: [NBB] = 2x10–4

mol/L, pH = 7.0±0.1, Ce-ZnS nanoparticles = 100
mg/50 mL, airflow rate = 8.1 mL s–1, I

solar
 = 1250

x 100 ± 100 lux.

Fig. 7. Effect of catalyst weight on the
photocatalytic degradation of NBB using solar

light: [NBB] = 2x10–4 mol/L, pH = 7.0 ± 0.1,
airflow rate = 8.1 mL s–1, irradiation time = 90

min, I
solar

 = 1250 x 100 ± 100 lux.

The results are shown in Fig. 7. The results clearly
show that the increase of catalyst weight from 50 to 100
mg increases the dye degradation from 31.5 to 88.5%
using Ce-ZnS under solar light in 90 minutes.

This is due to an increase in the number of catalyst
particles, which increases the absorption of photons and
adsorption of pollutant (dye) molecules. Further increase
of Ce-ZnS loading (above 100 mg/50 mL) decreases the
removal rate. Increase of the catalyst loading beyond
100 mg/50 ml may cause screening effect. These effects
reduce the specific activity of the catalyst. At high
loading of catalyst, particle aggregation may also reduce
the catalytic activity. The optimum amount of catalyst
loading is found to be 100 mg/50 mL of the degradation
of NBB dye.

Effect of solution pH
The solution pH plays an important role in the photo
catalytic degradation process of various pollutants.28,29

The effect of pH on the photodegradation of NBB dye
was studied in the pH range 3-11 and the results are
shown in Fig.8. The degradation efficiency is high at
pH 7 and decreases when the pH is above or below 7.
Hence the optimum pH for the efficient removal of NBB
dye on Ce-ZnS is 7. In acidic pH range, the removal
efficiency is less and it is due to the dissolution of ZnS.
ZnS can react with acids to produce corresponding salts
at low acidic pH values. Degradation efficiency of a
catalyst depends on the adsorption of dye molecules.
An experiment to verify dark adsorption of NBB dye
under different pH was carried out. The percentages of
adsorption at pH 3,5,7,9, and 11 were found to be 21.5,
36.2, 52.3, 43.4 and 31.2 respectively after the attainment
of adsorption equilibrium (30 min). Maximum adsorption
was observed at pH 7. Hence, the higher degradation
efficiency is due to the strong adsorption of NBB dye
on the catalyst surface.



.................................................................................................................................................................................................

Page | 8

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

Fig. 10. Catalyst reusability: [NBB] = 2x10–4 mol/
L, pH = 7.0±0.1, Ce-ZnSnanoparticles = 100 mg/
50 mL, airflow rate = 8.1 mL s–1, irradiation time

= 90 min, I
solar

 = 1250 x 100 ± 100 lux

Fig. 8. Effect of initial pH on the degradation of
NBB using solar light/Ce-ZnS nanoparticles:

[NBB] = 2x10–4 mol/L, Ce-ZnS nanoparticles =
100 mg/50 mL, airflow rate = 8.1 mL s–1,

irradiation time = 90 min, I
solar

 = 1250 x 100
± 100 lux.

Effect of initial dye concentration
The effect of various initial dye concentrations on the
degradation of NBB dye on Ce-ZnS catalyst surface has
been investigated. Increase of dye concentration from 1
to 5x10-4 mol/L decreases the degradation from 92.4 to
48.2 % in 90 min of solar light irradiation time (Fig.9).
The possible explanation for this behaviour is at high
initial dye concentration, the path length of photon
entering into the solution also decreases. Thus, the
photocatalytic degradation efficiency decreases, but at
low concentration, the reverse effect is observed thereby
increasing the number of photons absorbed by the
catalyst.30 The large amount of adsorbed dye may also
have a competing effect on the adsorption of oxygen
and OH¯ onto the surface of catalyst.

Fig. 9. Effect of various initial dye
concentrations on the degradation of NBB

using solar light/Ce-ZnS nanoparticles: pH =
7.0±0.1, Ce-ZnS nanoparticles = 100 mg/50 mL,
airflow rate = 8.1 mL s–1, irradiation time = 90

min, I
solar

 = 1250 x 100 ± 100 lux.

Stability of the catalyst
The stability of the catalyst Ce-ZnS was tested for the
degradation of NBB dye in solar light. Fig.10 shows the
degradation of NBB dye using the same Ce-ZnS
nanocatalyst for 3 consecutive runs. About 94.9% of
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dye removal took place at 150 min, in the first run. In
the second and third runs, the dye degradation
percentages are 93.8 and 89.7 respectively. Even in the
third run, the catalyst shows 89.7 % degradation
efficiency. This shows that the catalyst is found to be
more stable and reusable under solar light.

COD Analysis
To confirm the mineralization of NBB dye, the
degradation was also analyzed by COD values. The
percentage of COD reduction after 150 min of irradiation
was 89% (Table 1), which indicates that the complete
mineralization of dye had occurred. Mineralization of
NBB dye was also revealed by the formation of CO2

during photodegradation. Carbon dioxide formation was
tested by passing the gas evolved during
photodegradation into lime water.

Table 1. COD removal rate by Ce–ZnS nanoparticles

[NBB]=210–4 mol/L, Ce-ZnSnanoparticles=100 mg/50mL

pH = 7.0±0.1, Isolar = 1250 x 100 ± 100 lux

Time (min) COD reduction (%) 
0 0 
90 56 
150 89 

Mechanism of dye degradation
The photocatalytic process is initiated by the illumination
of a semiconductor catalyst (Ce-ZnS) with radiation of
energy higher than the band gap energy of the
semiconductor. This irradiation generates electrons (e-)
and holes (h+) in the conduction band (CB) and valence
band (VB) respectively as shown in Scheme 1. In
general, these electron-holes recombined to decrease the
catalytic activity of semiconductor. But the presence of
Cerium (Ce) traps the electron from CB of ZnS, which
suppresses the electron-hole recombination. The oxygen
adsorbed on the surface of photocatalyst can trap the
photogenerated electrons31 and the electron transfer to

O2 may be the rate-determining step in semiconductor
photocatalysis32. Nevertheless, Ce4+ easily traps the
photoexcited electron in the system of Ce-loaded ZnO
catalyst. Ce4+ ion, as a Lewis acid, has higher ability in
trapping the electron than oxygen molecule (O2) 

33. The
trapped electrons are transferred to the adsorbed O2

synergistically to form superoxide radicals, so that the
recombination between electrons and holes is reduced.
The highly reactive superoxide radical anion and
hydroxyl radical are used for the degradation of pollutant.

Ce4+ + e–  →  Ce3+

Ce3+ + O2 → O2
·– + Ce4+

Therefore it can be seen that the Ce 4f level in Ce-ZnS
plays an important role in the interfacial charge transfer
and inhibition of electron-hole recombination, which
facilitates increase the photocatalytic activity of Ce-ZnS
photocatalyst.

Dye / Dye+ + O2
←←←←← →→→→→ Mineral acids + Co2↑↑↑↑↑ + H2O

Dye / Dye+ + +HO →→→→→ Mineral acids + Co2↑↑↑↑↑ + H2O

Scheme 1. Mechanism of degradation of NBB
dye by Ce-ZnS

Conclusions

We have prepared Ce-ZnS catalyst by hydrothermal
method. The presence of Cerium is evidenced by XRD
and XPS. Dopant Cerium decreases the crystallite size
and increases the visible light absorbance. Ce-ZnS nano
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catalyst possesses high solar photocatalytic activity for
the degradation of NBB dye under optimized reaction
conditions. Ce4+ ion, as a Lewis acid, traps the electrons
and transfers them to the adsorbed O2 synergistically to
form superoxide radicals, so that the recombination
between electrons and holes is reduced, as revealed by
photoluminescence spectra. This research work is
relevant to water treatment and the results can make
important changes in industrial effluent treatment. The
dyeing industries can utilize the results for the design of
more efficient effluent treatment plants.

References

1. Forgacs E., Cserhati, T., and Oros G., 2004, Environ.
Int., 30, 953.

2. Meric S., Kaptan D., and Olmez T., 2004, Chemo-
sphere, 54, 435.

3. Ozdemir O., Armagan B., Turan M., and Celik M.S.,
2004, Dyes and Pigments, 62, 49.

4. Lawless D., Serpone N., and Meisel D., 1991, J. Phys.
Chem., 95, (13), 5166.

5. Fang X., and Wu J., 1999, Radiation Phys. Chem.,
55, (4), 465.

6. Nigam P., Armour G., Banat I.M., Singh D., and
Marchat R., 2000, Bio. Technol., 72(3), 219.

7. Van der zee F.P., Lettinga G. and Filed J.A., 2001,
Chemosphere, 44, 1169.

8. Karacakaya P., Kilic N.K., Duygu E. and Donmez
G., 2009 J. Hazard. Mater., 172, 1635.

9. Sobana N., Krishnakumar B. and Swaminathan M.,
2013, Mater. Sci. Semicon. Proc., 16, 1046.

10. Neppolian B., Choi H.C., Sakthivel S., Arabindoo
B. and Murugesan V., 2002, J. Hazard. Mater. B.,
89, 303.

11. Kansal S.K., Singh M., and Sud D., 2007, J. Hazard.
Mater., 147, 581.

12. Lizama C., Freer J., Baeza J. and Mansilla H.D., 2002,
Catal. Today, 76, 235.

13. Akyol A., Yatmaz H.C., and Bayramoglu M., 2004,
Appl. Catal. B., 54, 19.

14. Ong H.C. and Chang R.P.H., 2001, Appl. Phys. Lett.,
79, 3612.

15. Kar S. and Biswas S., 2008, J. Phys. Chem. C, 112,
11144.

16. Kripal R. and Kumar Gupta A., 2010, Chalcogenide
Lett., 7, 203.

17. Klimov V.I., Ivanov S.A., Nanda J., Achermann M.,
Bezel I., McGuire J.A. and Piryatinski A., 2007, Na-
ture, 447, 441.

18. Green A.A. and Hersam M.C., 2008, Nano Lett., 8,
1417.

19. Toyama T., Hama T., Adachi D., Nakashizu Y. and
Okamoto H., 2009, Nanotechnol., 20, 055203.

20. Kumar V., Ntwaeaborwa Q.M., Soga T., Dutta V. and
Swart H.C., 2017, ACS Photonics, 4, 2613.

21. Gunbat M., Horoz S., Sahin O. and Ekinci A., 2018,
Digest J. Nanomater. Biostruct., 13, 799.

22. Subash B., Krishnakumar B., Pandiyan V.,
Swaminathan M. and Shanthi M., 2012, Sep. Purif.
Technol., 96, 204.

23. Preisler E.J., Marsh O.J., Beach R.H., and McGill
T.C., 2001, J. Vac. Sci. Technol B, 19, 1611.

24. Vdovenkova T., Vdovenkov A. and Tornqvist R.,
1999, Thin Solid Films, 332, 343.



Page | 11

.................................................................................................................................................................................................

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

Enhanced Photodegradation Efficiency of Cerium loaded ZnS using Solar Light

25. San N., Hatipoglu A., Kocturk G., and Cinar Z., 2001,
J. Photochem. Photobiol. A, 139, 225.

26. Gouvea C.A.K., Wypych F., Moraes S.G., Duran N.,
Nagata N. and Zamora P.P., 2000, Chemosphere, 40,
433.

27. Saquib M. and Muneer M., 2002, Dyes and Pigments,
53, 237.

28. Krishnakumar, B., Selvam, K., Velmurugan, R. and
Swaminathan, M.,  2010, Desalination water treat-
ment, 24, 132.

29. Shanthi M. and Kuzhalosai V., 2012, Indian J. Chem.,
51(A), 428.

30. Dhatshanamurthi P., Subash B., Senthilraja A.,
Kuzhalosai V., Krishnakumar B. and Shanthi M.,
2013, J. Nano Sci., Nanotechnol., 13, 1.

31. Mills A. and McGrady M., 2008, J. Photochem.
Photobiol. A, 193, 228.

32. Mura G.M., Ganadu M.L., Lombardi P., Lubinu G.,
Branca M. and Maida V., 2002, J. Photochem.
Photobiol. A, 18, 199.

33. Coronado J.M., Maira A.J., Martinez-Arias A.,
Conesa J.C., and Soria J., 2002, J. Photoche.
Photobiol. A, 150, 213.



.................................................................................................................................................................................................

Page | 12

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

Effect of Treated Calcium Carbonate on the Total Protein
Content of Natural Rubber Latex Films

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911
ISI Impact Factor 1.022 (2019-2020)

A.R. Ruhida and A. Hassan
G P Globalize Research Journal of Chemistry

Vol 4 Issue 1 2020 : pp 12 - 22

A.R. Ruhida*1 and A. Hassan2

1 Malaysian Rubber Board, 50450 Kuala Lumpur, Malaysia.
2 Department of Chemistry, University of Malaya, 50603 Kuala Lumpur, Malaysia.

Email: ruhida@lgm.gov.my; Ahassan@um.edu.my

Abstract
Calcium carbonate as a filler was treated with stearic acid in chloroform medium at various concentrations (0.5%,
1.0%, 3.0%, 4.0%, 5.0% and 7.0%) and evaluated to understand the mechanism of the interaction involved between
stearic acid and treated CaCO

3
 in chloroform medium. The reduction of extractable protein (EP) content in NR latex

films filled with treated filler, was evaluated. The treated filler was characterised and monitered using
Thermogravimetric Analyzer (TGA), Fourier Transform Infra-red (FTIR), and Field Emission Scanning Electron
Microscope (FESEM) to detect the presence of stearic acid on the surface of filler particles. The percentages of
nitrogen (N) and EP content were measured using Automatic Analyser and UV microplate reader. The treated CaCO

3

were characterised using FTIR and TGA. The percentages of nitrogen (N) for original and aged samples using 3.0%
treated CaCO

3
 were similar at 0.71% and 0.72% respectively. All the uncorrected and corrected EP content results

for original samples were lower as compared to the untreated filler. The corrected EP content of unaged samples
produced lower EP content as compared to uncorrected EP content.

Keywords: Natural Rubber, Treated Calcium Carbonate, Stearic Acid, Total Protein Content, Nitrogen Content

Introduction

The use of commercial filler such as calcium carbonate
(CaCO3) in the making of natural rubber latex (NRL)
dipped products, particularly natural rubber (NR) latex
gloves has increased due to high demand1,2. Therefore,
the filler is usually added to NR products due to the
high price of NR latex and to address the shortage of
latex. CaCO3 was favoured probably because of its lower
cost3,4. It is known that dry rubber or elastomers, various
chemical ingredients like additives and fillers are added

to rubber to produce a new class of materials. The
combination of these rubber or elastomer additives leads
to new desirable properties and ability to improve the
mechanical properties like tensile strength, surface
hardness etc.3-5. Problems of Latex allergy and total
protein content cannot be resolved by adding the fillers
in NR latex. Hence it is predicted that treating fillers
might be able to resolve these problems. Many studies
on the treated or coated surface of filler with fatty acids
have been done and used in rubber. A fatty acid like
stearic acid produced a monolayer of a hydrophobic
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organic molecule which attaches on the filler surface.
This monolayer was bonded to the NR rubber particles
(hydrophobic) to obtain the NR latex film. The bonded
monolayer has a strong influence on the final properties
of the NR latex film because this film represents the
interface between the two phases of the heterogeneous
material. It also determines the particle-particle as well
as the particle-matrix interactions and controls the
buildup of the interphase6.

The stearic acid content on the surface of the treated
filler can be detected and identified by Thermogravi-
metric Analyser (TGA) and Fourier Transform Infra-red
(FTIR) as suggested by Thomas and Clouse7,8.
Thermogravimetric analysis (TGA) is a simple technique
which is used to determine the amount of organic
material on the surface of calcium carbonate. It is
reported that thermal analysis can differentiate between
chemisorbed, intercalate (local bilayer), and free acid
molecules, which may be present on the surface of
fillers6,9. The calcium carbonate surface also can be
treated with the solution of acid in a nonpolar solvent,
as mentioned by Hansen et al.10. Hansen et al reported
that if calcium carbonate was wetted with distilled water
before it was put into n-decane plus stearic acid solution,
the water film on the calcite surface altered the
adsorption of acid on the mineral surface. The
modification of the CaCO3 surface by a variety of surface
modifiers has been extensively studied, Fatty acids like
stearic acid alter the wetting and dispersion behaviour
of CaCO3 particles 11. Therefore, the objectives of this
research were to identify and measure the presence of
stearic acid on the surface of CaCO3 as filler using
TGA and FTIR instruments. Besides, the percentage of
nitrogen (N) and extractable protein (EP) contents of
NR latex films filled with the treated filler were measured
using Automatic Analyser and UV microplate reader.
All the values of EP content are reported as uncorrected
and corrected EP.

Materials and Methods

The raw NR field latex was collected from the selected
plant clones from Kota Tinggi Research Station, Johor,
Malaysia, before processing into NR latex concentrate.
The chemicals were manufactured by Merck while
CaCO3 (Z80) as filler that was mixed into NR latex
compounds was of commercial grade and was
manufactured by Zancarb.

Preparation of treated CaCO3 with stearic acid
The surface of CaCO3 was treated with stearic acid in
chloroform medium at concentrations of 0.5, 1.0, 3.0,
4.0, 5.0 and 7.0 by (w/v %) Approximately 10g of 50%
commercial CaCO3 dispersion was weighed and mixed
with 100mL of distilled water. Then, it was placed in
the water-bath for about 30 minutes at 50°C and 10mL
of an appropriate amount of dissolved stearic acid in
chloroform medium, was added into the CaCO3

suspension. The CaCO3 suspension was stirred at 4000
rpm for 15 minutes. After that, the suspension was
centrifuged at 8000 rpm for 8 minutes before the semi-
solid slurry was collected and washed with distilled
water. Then, it was dried in an oven at 50°C for 24
hours before grinding. The ground treated filler was
prepared by mixing 50% CaCO3, 1.0% dispersing agent
and 49% distilled water with vigorous stirring for 30
minutes. Then, the filler dispersion was poured into a
500mL plastic bottle containing about 50 pebbles of
various sizes for dispersing and grinding the ingredients
when the bottle was shaken on the milling machine.

Preparation of NR latex films with treated CaCO3

For further investigation, NR latex films were prepared
only at one CaCO3 loading, i.e. 30 pphr. Table 1 shows
the formulations used for diferent contents of stearic
acid based on the procedure that was reported.12.
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Table 1. Formulation of NR latex compounds
with treated CaCO

3
 at various concentrations of

Stearic acid

Components Concentration 
(pphr) 

Latex concentrate, 60 % 100 
Potassium hydroxide, 10 % 0.1 
Potassium laurate, 20 % 0.5 
Sulphur dispersion, 50 % 1.5 
Zinc dibutyl dithiocarbamate 
(ZBuD), 33.3 % 

1.0 

Zinc oxide, 50 % 0.5 
Wingstay L, 40 % 1.0 
Treated CaCO3 dispersion, 20% 30 

Characterisation techniques

1. TGA measurements
The treated CaCO3 in powders and NR latex films have
been evaluated by TGA. A test sample of about 15mg
was used for each test run, heated from 50°C until 850°C
in nitrogen gas with a scan rate of 20°C min-1. The
percentage of weight loss of materials were analysed as
a function of temperature. The analysis ended at about
850°C, when no further decrease in weight was observed.
The thermograms from the TGA analysis illustrate the
results of polymer, treated CaCO3 and ash contents 13.

2. FTIR identifications
The treated CaCO3 in the form of powder, dispersions
and NR latex films at various concentrations of stearic
acid was evaluated by FTIR Nicolet iZ10 Module
according to the MRB test method 14. The FTIR spectra
were generated by the absorption of electromagnetic
radiation in the frequency range 400 - 4000 cm-1 by
organic molecules.

3. Surface morphology analysis
The surface morphology of treated CaCO3 in NR latex
films at various concentrations was evaluated using Field
Emission Scanning Electron Microscope (FESEM),
JEOL JSM-840 model-6211 to observe and monitor

changes in the surface morphology of CaCO3 particles
before and after treatment. The specimen surface was
coated with gold of 2.5 μm thickness prior to testing to
prevent charging.

4. Total protein content measurement 
The total protein content of treated CaCO3 in NR latex
films was evaluated according to the percentage of
nitrogen (N) and extractable protein (EP) content. The
protein of NR is usually related to nitrogen content by
a formula, as stated in RRIM Test Method B715-17. The
samples were aged by heating in the oven at 70°C for
7 days before analysis. In nitrogen (N) content analysis,
about 10g of original and aged NR latex films were
creped at least 10 times by using small scale milling to
ensure that the samples were well homogenised before
analysis by Automatic Analyser. All the crepe samples,
together with the standard, namely 2,5-bis(5-tert-butyl-
2-benzoxazolyl) thiophene (BBOT) used for nitrogen
analysis, were weighed18. The total protein content was
determined by the Rubber Research Institute of Malaysia
Test Method B717,19. The EP content from NR latex
films was extracted and the assay was measured based
on the ASTM D5712 test method20. The process involved
sample preparation, protein extraction, precipitation of
proteins in the extracts, solubilising the protein
precipitate in sodium hydroxide, complexing the proteins
with copper reagent (uncorrected), replacing copper
reagent with distilled water (corrected) and measuring
the absorbance of reduced Folin at 750nm, by UV
Microplate Reader. The results were analysed using an
ovalbumin calibration curve with reference to μg/g of
NR latex film15,21,22.

Results and Discussion

Characterisation of CaCO3

CaCO3 as a commercial filler was treated with stearic
acids in chloroform (CHCl3) medium to identify and
measure the ability of stearic acid to attach on the surface
of CaCO3 particles and to find out the optimum content
of stearic acid to be used. TGA and FTIR analyses were
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Fig. 1. CaCO
3
, ash and stearic acid contents in powder form as determined by TGA analysis

used for this purpose. Figure 1 shows the mean value of
treated CaCO3 content with stearic acid in powder form
at various concentrations in chloroform medium. No
significant difference in the amount of treated CaCO3 at
0.5% and 1.0% concentrations was observed as
compared to Control 1 (untreated filler). This indicates
that the stearic acid might be attached to CaCO3 and

might be permanently bonded. From 3.0% until 7.0%,
there was a small amount of stearic acid detected. For
example, Figure 2 shows stearic, attached on treated
CaCO3 at 1.0% and 4.0% concentrations. From the
thermogram, the presence of stearic acid in filler was
confirmed since the treated fillers degrade at the higher
temperature (806ºC and 810ºC) as compared to pure
CaCO3 (802ºC) 23.

Fig. 2. TGA thermograms of stearic acid, CaCO
3 
and treated CaCO

3
 at 1.0% and 3.0% concentrations
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FTIR identification
Figure 3 shows the FTIR spectra of treated CaCO3

dispersions to identify the presence of stearic acid on
the surface of CaCO3 particles. Based on Figure 4, it
was observed that the strong and sharp peaks occurred
in the range 1500cm-1 to 1400cm-1 of Control 1 (untreated
filler at 30pphr), Control 2 (without filler) and 0.5%
treated CaCO3. It was also observed that a strong and
broad peak occurred at 1.0%, 3.0% and 7.0% treated
CaCO3, a weak and broad peak was obtained at 4.0%,
and 5.0% CaCO3. Nevertheless, at 1375cm-1, it was
observed that a small, strong peak was observed at

Control 1 (untreated filler) and small and weak peaks at
1.0% and 3.0% treated CaCO3. However, a broad and
weak peak occurred at 4.0% treated filler. At
1025cm-1, strong broad peaks were observed for Control
1 (untreated filler), Control 2 (without filler) and 0.5%,
4.0% and 5.0% treated filler. Small strong peaks at 875
cm-1 were found at 1.0%, 3.0% and 7.0% treated fillers.
It was assumed that the peaks obtained at 875cm-1

corresponding to attachment of stearic acid, while the
peaks at 835cm-1 and 1429cm-1 indicate the presence of
CaCO3

24. The small weak peak of natural rubber was
observed at about 900cm-1 25,26.

Fig. 3. The FTIR spectrum of treated CaCO
3
 in dispersion form at 1.0%, 3.0%, 4.0% and 7.0%

concentrations as compared to pure stearic acid

Fig. 4. The spectrum of NR latex films Control 1, Control 2 and 3.0% treated CaCO
3
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Total protein content 
The total protein contents of treated fillers in NR latex
films at various concentrations of stearic acid were
determined based on the percentage (%) of nitrogen (N)
and extractable protein (EP) contents. These were carried
out before and after ageing with the additional parameter
at EP with and without correction.

Determination of nitrogen content
Figure 5 shows the percentage of nitrogen (N) content
of original and aged NR latex films with treated CaCO3

at various concentrations of stearic acids. Overall, the
results of the percentage of nitrogen (N) content film at
30 pphr (Control 1, untreated) for the original samples
were higher as compared to aged treated samples. It is
difficult to identify the trends of the nitrogen (N) content

due to the inconsistency of results produced. It was
found that original treated samples at 0.5%, 4.0% and
7.0% treated CaCO3 in NR latex films, showed higher
results compared to aged treated samples. However, at
1.0% and 5.0% treated CaCO3 in NR latex films showed
opposite results. In addition, at 3.0% of treated CaCO3,
the percentage of nitrogen (N) of original and aged
samples produced a similar value of 0.71% and 0.72%,
respectively. The nitrogen content was presumed to be
related to the presence of a protein in the rubber and
indicates the presence of some residual nitrogenous
components probably amino-acids bonded directly to
polyisoprene molecules27. According to the study by
Dalrymple and Audley, the total nitrogen content of NR
glove prepared from standard latices was twice that of
the film ‘free’ of non-protein nitrogen28.

Fig. 5. The percentage of nitrogen content (N) of original and aged NR latex films filled with
treated CaCO

3
 at various concentrations of stearic acids

Extractable protein content 
Figures 6 and 7 show the non-corrected and corrected
EP contents for original and aged NR latex films. Figure
6 shows that the non-corrected EP content for the original
samples was higher than that of aged samples except at
4.0% concentration. However, no significant differences
were observed in the values of original and aged samples
for the non-corrected EP content at 3.0% concentration.

It was also observed that there was a reduction of EP
content from Control 1 until 3.0% concentrations and a
slight reduction from 3.0% until 7.0% concentrations.
This indicates that the stearic acid may be bonded to
CaCO3.

In Figure 7, it was observed that the results of corrected
EP contents for the original and aged films were

Original Aged........
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inconsistent. The corrected EP content of original for
films at 0.5%, 4.0% and 7.0% should higher results as
compared to aged samples. However, the corrected EP
content of aged samples at 1.0%, 3.0% and 5.0% showed
higher results as compared to original samples with the
highest value at 417.4 µg/g (3.0% treated). This
observation was probably due to the contribution of
chemicals interference from the rubber chemicals in the
latex compounds21,29. The test method provides an
optional method to correct absorbance values for samples
whose values were suspected to be affected by the
interfering non-proteinaceous substances present in
samples. The corrected method was based on the reaction
with Folin reagent in the presence of distilled water that
was replaced by the copper (Cu+2) reagent. Therefore,
there was no complex formation of protein with copper
reagent. Under normal conditions, the Cu2+ ion binds
with protein to form complexes that subsequently reduce
Folin reagent, resulting in the development of a blue
coloured solution that absorbs at 750nm.29

The treated CaCO3 was predicted to reduce the EP
content. The uncorrected and corrected EP content for

both original and aged NR latex films were analysed, as
shown in Figures 8 and 9, respectively. From Figure 8,
as expected, the non-corrected EP content of original
NR latex films was higher compared to corrected EP
content due to the removal of chemical interference
during the complex formation with protein. It was also
found that all the uncorrected and corrected EP contents
of treated samples were lower as compared to
Control 1 (untreated filler).

For aged samples (Figure 9), it was found that the results
of non-corrected EP content at 1.0%, 3.0% and 5.0%
concentrations were lower as compared to the corrected
EP content. The reduction might be due to the presence
of stearic acid on the treated CaCO3 as well as the
contribution of heating during the ageing process.
However, the opposite results were observed at other
concentrations (Control 1, 0.5%, 4.0% and 7.0%). It
was theoretically proved that the corrected EP should
give lower results compared to the uncorrected aged
sample since the interferences have been removed at
the correction stage 20. Therefore, further study needs to
be explored in order to rectify this phenomenon.

Fig. 6. The non-corrected EP contents of original and aged NR latex films filled with treated CaCO
3

Original  (un-corrected)      Aged (un-corrected)........
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Fig. 7. The corrected EP contents of original and aged NR latex films filled with treated CaCO
3

Fig. 8. The un-corrected and corrected EP contents of original NR latex films filled with treated CaCO
3

Fig. 9. The un-corrected and corrected EP contents of aged NR latex films filled with treated CaCO
3

Original  (Corrected)      Aged (Corrected)........

Original  (un-corrected)      Original (Corrected)........

Aged (Un-corrected)      Aged (Corrected)........
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The surface morphology of NR latex films with
treated CaCO3

Figure 10 shows the surface morphology of NR latex
films filled with treated CaCO3 at Control 1 (untreated
filler), 1.0%, 3.0% and 7.0% of stearic acid
concentrations by using FESEM. It was observed that
surface morphology of NR latex film without filler

showed a smooth surface as compared to Control 1
(untreated filler) and other NR latex film with treated
fillers. However, the surface morphology at 1.0% showed
a better and smooth surface as compared to 3.0%, and
7.0% treated CaCO3 (rougher and coarser). It is also
observed that there was no agglomeration of treated
filler occurred on the surface of fillers.

Fig. 10. The surface morphology of NR latex films (a) Control 1 (b) 1.0% (c) 3.0% (d) 7.0% of
treated filler at certain concentrations of stearic acid at 2000x magnification

(c)

(a)

(d)

(b)



Page | 21

.................................................................................................................................................................................................

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

Effect of Treated Calcium Carbonate on the Total Protein Content of Natural Rubber
Latex Films

Conclusions 

By treating CaCO3 with stearic acid in chloroform
medium at various concentrations, it can be concluded
that the composition of stearic acid in filler can be
characterised using TGA. From FTIR analysis, the
composition of stearic acid was identified at 0.5%, and
1.0% concentration using observable peaks at 875cm-1,
which indicated the attachment of stearic and to the
filler. In addition, the occurrences of peaks at 835cm-1

and 1429cm-1 indicated the presence of stearic acid,
which was not attached to the filler. The percentage of
nitrogen (N) for original and aged samples at 3.0%
treated CaCO3 showed similar results (0.71% and 0.72%
respectively). It was also found that all the un-corrected
and corrected EP content results for original samples
were lower as compared to the Control 1 (untreated
filler). The corrected original samples have a lower value
of EP content as compared to uncorrected samples.
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Abstract
Ion chromatography (IC), a branch of chromatography deals with the separation and quantification of ionic components
(inorganic hydrophilic cations, anions, and organic anions). Though it operates on the separation principle, with
identification and quantification, it is used more as an analytical technique. In the last two decades, advancements
in column materials and detector technologies integrated with digitalization have made ion chromatograph a prominent
analytical tool for separation and quantification of component ions from ultra-trace level (parts per billion to
percentage level. Use of hyphenated techniques like IC-MS, IC-ICP-MS is also increasing to cater to speciation
studies.

Keywords: Ion Chromatography, Ionic Components, Identification, Quantification

Introduction

Ion chromatography was introduced in 1975 by Small,
Stevens and Baumann as a new analytical method. Ion
chromatography is a subset of liquid chromatography
which is a process that allows the separation of ions and
polar molecules based on their charge. Similar to liquid
chromatography, ion chromatography utilizes a liquid
mobile phase, separation column and a detector to
measure the species eluted from the column. Normally
in ion chromatography, both mobile phase and stationary
phases are ionic in nature. Conductivity detector is widely
used for most of the applications. Other detectors like
electrochemical and UV-Vis are also used based on the
application. Ion chromatography can be coupled with
MS and ICP-MS for better selectivity and sensitivity.

Ion exchange chromatography can be applied to the
determination of ionic solutes, such as inorganic anions,
cations, transition metals and organic acids/bases. It can
also be used for almost all kinds of charged molecules
including proteins, amino acids and carbohydrates using
different detection techniques. Based on the polarities
of the stationary phase (column) and the mobile phase
(eluent), Ion chromatography is further divided into Ion
exchange, Ion pair and Ion exclusion chromatography.
In the ion exchange and ion exclusion chromatography,
both the stationary phase and the mobile phase are ionic
in nature, whereas in the ion pair, the stationary phase
is non-polar, while the mobile phase remains polar/ionic.
The separation in ion exchange chromatography is based
on different affinities for the exchanger of analyte ion
and competing ion.



.................................................................................................................................................................................................

Page | 24

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

       

stat  mob
c

stat mob

E stat A mob     C stat E mob

C E
K

E  C

   

 

 

  

      
      

Components of Ion Chromatograph: The schematic of ion chromatograph is shown below.

Fig. 1. Schematic diagram of Ion Chromatography

Eluents: The mobile phase or the eluent is responsible
for carrying the sample through the injector, column, its
separation and elution. It carries the competing ion which
exchanges with the analyte ion for the sites available in
column whereby effecting the elution. The composition,
concentration, pH and flow rate influence the separation
of component ions.

Pump: Unlike HPLC, the construction of pump is made
using PEEK (Poly ethyl ether ketone). Dual piston pump
with variable flow rates (typically 0.001 to 20mL) are
available. Multiple pumps or eluent dosing systems are
available. In gradient applications, use of low pressure
system, where eluent flow is due to gravity and mixing
is done using valves, or high pressure gradient where
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more than one pump or a pump along with dosing
systems are used.

Pulsation dampener is used to absorb the pressure
variation caused by the very small difference due to
flow or switching off the valves.

Inline filter: Generally a 2 μm filter is connected in
between pulsation dampener and injector as a preventive
measure to eliminate foreign particles (if any) entering
the analytical line from the pump.

Injector: It is the component from where the samples
are introduced into the analytical system. Although six
port injector is the one which is commonly used, ten
port injectors are also in use where inline sample
preparation is carried out. Injector made of Rhodyne is
used in the case of HPLC whereas PEEK material is
used for its construction in ion chromatography.

Injector picture

Fig. 2. Injector setup in ion chromatography
schematic and actual injector

Guard column: A preventive column with the same
packing material as that of the analytical column but
with less capacity, is connected prior to column in order
to reduce the risk of contamination of analytical column
from sample.
Sample: A variety of industry samples like environmental

protection, organic, pharmaceutical, petroleum, plastics,
photographic, food, stimulants, beverages, flavours,
biochemical, fertilizers, base materials, cosmetics,
detergents, textiles, paper, ceramics, paints, lacquers,
mineral resources, cement, different kind of power plants
make use of ion chromatograph as a suitable analytical
technique for their analytical needs.

Analytes like alkali, alkaline earth, transition metals,
post transition metals, halides, oxy halides, organic acids,
sugar, sugar alcohols, amino acids, amines, amides,
ammonia, electrochemically active components are
conveniently separated, identified and quantified using
ion chromatograph.

Stationary Phase: The stationary phase in ion
chromatography is mostly organic materials like poly
styrene divinyl benzene, polymethacrylate, Hydoxy-
ethylmethacrylate and polyvinyl alcohol. The ionic
exchanger contains sulphonic (SO3

-H+) or carbonic
(COO-H+) group in case of cation separation and
quaternary ammonium groups, alkyl amines, alkyl amines
with acrylate type cross linking for anion separation.
They are linked with the base resin through a spacer
group usually an ethyl group. Inorganic columns based
on silica are also used for the separation of cations.
Columns with such packing material with different
capacities are available. The selection of the column for
an analysis depends on how many components are to be
separated, analyte ion concentration, eluent composition,
pH of the sample and speed of analysis.

Detectors: Many detectors like conductivity,
electrochemical and UV-Vis are used for the detection
among out of which the conductivity detector is widely
used.

Conductivity Detection: Conductivity measurement is
widely used in ion chromatography. In conductivity
detection, an electric filed is applied between the two
electrodes often referred as a cell with a known cell
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constant (l/a) where l represents the distance between
the parallel plates and a denotes its area of cross section.
Ions migrate in the field and the electrical resistance of
the solution is measured. From the electrical resistance,
conductivity is calculated using the formula k = 1/R*(Kc)
where Kc is the cell constant. Two factors namely
reduction in background conductivity and increase in
analyte sensitivity decides whether single column or two
column technique needs to be used for the analysis. Use
of dual column technique needs to be avoided when
precipitation occurs as a result of exchange reaction.  In
the direct conductivity detection, the competing ion
carrying the same charge as the analyte ion which

competes for the ion exchanger in the column. The
charge and size of the analyte influences the elution
pattern. Higher the charge, greater will be the interaction
with the ion exchange group of stationary phase and
hence more is the retention. Smaller the size of the ion,
greater will be solvation and shorter will be retention
time. Retention time can also be modified by adjusting
the pH of the eluent. In a styrene divinyl benzene based
column with sulphonic acid as an exchanger, sodium
carbonate and bi carbonate as eluent, phosphate
(HPO4

-) will elute before sulphate (SO4
2-) whereas

sulphate can be eluted before phosphate when pH of the
eluent is raised to 12. Here, (HPO4

2-) gets converted to
PO4

3-.

Fig. 3. Illustration of effect of suppressor on cation exchange and anion exchange chromatography

UV-Vis Detection: There are many ways in which UV-
Vis detector is used. There are methods available for
direct detection, indirect detection, detection with pre
column derivatization and post column derivatization.
In direct detection, the analyte ion will be chromophoric
in nature whereas in the indirect detection, the eluent
will be absorbing while the analyte will not be sensitive.
In the post column derivatization, the analyte ions, after
separation by the column will be allowed to react with
post column reagent (a complexing agent, ligand). For
the detection of transition and post transition metals,
UV-Vis detection is used. This detector is very useful
for analysing analytes in trace levels in the presence of

large excess of other ions often referred as matrix
elimination.

Direct UV-Vis detection: Ions which absorb strongly
in the ultra violet region are analysed. This technique is
very useful in quantifying ions which are at low level in
presence of large excess of similar ions e.g. separation
of nitrite, nitrate in presence of high concentrations of
chloride, phosphate which do not absorbs UV.

Indirect UV-Vis detection: In this technique, analyte
ions which do not absorb can be quantified along
with ions which absorb by using an eluent



Page | 27

.................................................................................................................................................................................................

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

Ion Chromatography-Instrumentation and Applications

(8-Hydroxyquinoline). The analyte which does not
absorb provides a negative peak and the analyte which
absorb produces a peak in the positive direction.
Aluminium and iron are analysed in complicated sample
matrix.

UV-VIS detection with Post column derivation: In
this technique, after separation, the analyte ions are
allowed to react with a complexing agent (ligand), called
post column reagent to form a complex which gets
absorbed. Transition metals and lanthanides are analysed
by this technique.

Table 1. Absorption wavelength for some of the analytes

Analyte λ max Analyte λ max 
 F- << 190nm Br-, NO3- 214nm 
CH3COO- ≤190nm SO42- ,HPO42- ≤190nm 
Cl- ≤190nm Anions after PCR >300nm 
NO2- 210nm Cations after PCR >300nm 
BrO3- 195nm   

Electrochemical detector: Electrochemical detector is
the commonly used detector when analyte of interest
undergoes oxidation or reduction and is electro-
chemically active. In coulometry, all the analyte ions
are oxidised or reduced at a fixed potential. In
voltammetry, measurement of current due to redox
reaction is measured against a potential in a defined
range. In amperometry, current due to redox reaction at
constant applied potential is measured and is widely
used in ion chromatography. Detector of trace levels of
iodide in brine is a typical application wherein iodide
(electrochemically active), in large excess of chloride
(electrochemically inactive) is determined without any
interference. Many organic compounds like sugar, sugar
alcohols, anions such as nitrite, nitrate, cyanide, sulphide,
sulphite, amino acids are quantified using this detector.

Mechanism

Ion exchange mechanism: In ion exchange mechanism,
the charge of the column will be opposite to that of the
charged exchanger. For example, for exchange of cations,
the charge of the column will be negative. Initially the
competing ion in the eluent or mobile phase interacts
with the ion exchanger and reaches an equilibrium called
column equilibration. When the sample with anayte
cations is injected, they replace the competing ion from

the column and interact with the column. As the eluent
is continuously pumped into the system, the competing
ions push the analyte ions thereby eluting them. Elution
or separation in ion exchange depends on two factors
namely charge and size of ions. Higher the charge of
the analyte, greater is its tendency to interact with the
ion exchanger and hence higher will be its retention.
Thus, the elution order is monovalent followed by
divalent and trivalent ions. For analytes with same
charge, size will influence the retention pattern. Smaller
the size, higher will be solvation layer around it and
hence interaction will be low due to reduction in effective
charge. For common cations and anions, the retention
time increases from left to right as given below.

Cations: Li+, Na+, NH4
+, K+, Mg2+, Ca2+.

Anions- F-, HCOO-, CH3COO-, BrO3
-, Cl-, NO2

-, Br-,
ClO4

-, NO3
-, HPO2-, SO4

2-

However, by addition of a complexing agent like
Pyridine-2,6-dicarboxylic acid, the elution of Mg and
Ca can be reversed owing to the decrease in effective
charge after the complexation of Calcium with the ligand.

Ion exclusion: Ion exclusion chromatography is mainly
used for the separation of weak acids or bases In ion
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exclusion method, a completely sulfonated cation
exchanger whose sulfonic acids groups are electrically
neutral and protons as counter ions, is frequently used
as a packing material. In aqueous eluents the functional
groups are hydrated. The hydrated shell is limited by an
imaginary negatively charged membrane (Donnan
membrane). It is only possible using uncharged, non-
dissociated molecules such as water. Organic acids can
be separated if strong mineral acids such as sulfuric
acid are used as a mobile phase. Due to their low pKa

value, organic acids are almost completely present in a
non-dissociated form in strongly acidic eluent medium.
They can pass through the Donnan membrane and can
be adsorbed at the stationary phase, whereas the sulfate
ions of the completely dissociated sulfuric acid are
excluded. The moment organic acid is ionised (inside
the Donnan membrane), it will be pushed out from the
Donnan membrane layer and thus eluted. The elution
pattern depends on the dissociation constant of the
organic acid. Higher the dissociated constant, faster will
be the ionisation and hence faster will be its elution.

Ion pair: In ion pair mechanism, the column will be
non-polar like C18. An ion pair reagent is added to the
eluent; this consists of anionic or cationic surfactants
such as tetra alkyl ammonium salts or n-alkyl sulfonic

acids. Together with the oppositely charged analyte ions,
the ion pair reagent forms an uncharged ion pair, which
can be retarded at the stationary phase by hydrophobic
interactions. Separation is possible because of the
formation of the ion pairs and their different degrees of
adsorption. Here, the elution order depends on the
polarity of the molecules. Anionic and cationic
surfactants are the common analytes separated and
quantified using this mechanism.

Materials and Method

Determination of anions and oxy halides: An anion
exchange column having Polyvinyl alcohol with
quaternary ammonium group and Sodium carbonate and
sodium bicarbonate as the eluent is used with suppressor.
50 mmol/L sulphuric acid is used as the suppressor
regeneration solution and ultra-pure water as the rinsing
solution.

Hazardous anions (reference) like Fluoride, Arsenic, Oxy
halides like Bromate which is a suspected human
carcinogen are separated and quantified along with the
common anions like chloride, nitrate sulphate etc. As
per WHO guidelines, although fluoride concentration
up to 7.0 mg/L is beneficial, an excess of it in the range
above 1.5 mg/L is harmful, while the bromate
concentration should be less than 10 μg/L.

Fig. 4. Chromatogram showing anion separation
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Determination of cations, hydrazine and morpholine
in trace levels:
Morpholine is a common additive, in parts per million
concentration in power plants as a corrosion inhibitor. It
mixes well with water because of similar volatility and
thereby adjusts the pH which helps in corrosion
prevention. Hydrazine is used in steam cycles as an
oxygen scavenger to control the concen-tration of
dissolved oxygen in an effort to reduce corrosion.

In the determination of cations, hydrazine and
morpholine using non-suppressed conductivity detection.
Metrosep C3 column is used with Nitric acid with oxalic
acid as eluent. The polyvinyl alcohol based column
functio-nalised with carboxyl group has a 30μmol
exchange capacity and is compatible with organic
solvents like acetonitrile and acetone in different
proportions. Apart from alkali metals, alkaline earth
metals, certain amines and transition metals can also be
analysed.

Fig. 5. Chromatogram showing separation of Hydrazine, Morpholine along with common cations

Determination of Organic acids:
Formate, acetate, propionate, isobutyrate, butyrate,
isovaleriate, valeriate and capronate can be determined
by ion exclusion chromatography with suppressed
conductivity detection after Inline Dialysis by using a
column of polystyrene divnyl benzene with sulphonic
acid exchanger.

Dialysis is the process of separating molecules in solution
by the difference in their rates of diffusion through a
semipermeable membrane. Inline Dialysis separates not
only particles from their analytes, but also colloids, oil
components and large molecules. A nylon or cellulose
acetate membrane with pore size 0.2μm is used. One
membrane can be used for analysis of many samples.
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Fig. 6. Automated inline dialysis set up

Fig. 7. Chromatogram showing separation of organic acids
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Xylose, xylotriose, xylotetrose and xylopentose in
xylose derivatives can be determined using an anion
exchange column with Polystyrene divinylbenzene
copolymer with quaternary ammonium groups using a
gradient separation.

Xylose is a monosaccharide of the aldopentose type
consisting of five carbon atoms and an aldehyde
functional group. Xylose is a sugar isolated from wood.
D-Xylose is a sugar widely used as a diabetic sweetener
in food and beverage, Xylose has also been used as a

diagnostic agent to observe malabsorption.

Metrosep Carb 2 - 250/4.0, the high-capacity anion
exchanger column is particularly suitable for the
determination of carbohydrates using alkaline eluents
and pulsed amperometric detector. The base material is
made of styrene-divinylbenzene copolymer which is
stable in the range of pH = 0 to pH = 14 and separates
monosaccharides and disaccharides. It is also suitable
for the analysis of sugar alcohols, anhydrous sugars,
amino sugars, etc.

Fig. 8. Chromatogram showing separation of carbohydrates

Determination of amino acids in Desmopressin by
UV Vis Detector:
Desmopressin is used to control the amount of urine
produced by kidneys. Normally, the amount of urine is
controlled by a certain substance in the body called
vasopressin. Desmopressin is a man-made form of
vasopressin and is used to replace low levels of
vasopressin. This medication helps to control increased

thirst and excess urination and thus helps
prevent dehydration.

The determination of amino acids in Desmopressin is
carried out as per EP method. The binary gradient is
performed with a 940 Professional IC Cation Gradient.
The PCR reaction takes place at 120°C in the
Professional Reactor and the components are detected
with the Professional UV/VIS detector.
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Metrosep Amino Acids 1 - 100/4.0 is the standard
separation column for amino acids. The column matrix
is sulfonated polystyrene-divinylbenzene. The deter-
mination of amino acids is accomplished by means of
photometric detection following a post-column reaction

with ninhydrin.

Metrosep Amino Acids 1 - 100/4.0 permits the separation
of up to 44 amino acids including all the naturally
occurring amino acids.

Fig. 9. Chromatogram showing amino acid separation

Conclusions

Ion chromatography is a very useful analytical in
quantifying a variety of analytes like anions, cations,
amines, organic acids, sugars, sugar alcohols, amino
acids in samples from pharmaceutical, food,
petrochemical, environmental semiconductors, fertilizers,
explosives, textiles, paper, ceramics, cements, minerals,
chemicals, solvents, thermal and nuclear power plants.
The speed of analysis, ability to analyse multiple analytes
in a single analysis, capacity to analyse ions from parts
per billion to percentage level, detection of trace level
of analytes in presence of large excess of other similar
analytes, flexibility in use of inline sample preparation
modules like ultra filteration, dialysis, matrix elimination,

pre concentration, partial loop techniques, use of different
detectors like conductivity, UV-VIS, amperometry, ability
to connect with other advanced techniques like IC ICP
AES IC ICP MS have made ion chromatography the
most promising, reliable and economical analytical tool.
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Abstract
The present study deals with the chorination of N-glucopyranosyl thiocarbamide and 1,2,4 dithiazolidine. Chlorination
of the compound under study is important due to its pharmacological activities. Targeted chlorinated compounds
were divided into two series. Series I is 1-tetra –O-acetyl –β-D glucopyranosyl -3-mono/di/tri chloro phenyl
thiocarbamide and series II is 3-phenyl/p-chlorophenyl-4-mono/di/tri chloro phenyl -5-tetra-O-acetyl-β-D-
glucopyranosylimino-1,2,4-dithiazolidine. The characterization techniques such as IR spectroscopy, NMR spectroscopy
and Mass spectroscopy were used for the analysis of the chlorinated compounds. All chlorinated compounds were
examined for their antimicrobial activities against gram (-) E.coli and gram (+) staphylococcus aureus. Compound
3-p-chlorophenylimino-4-p-chloro phenyl 5-tetra-o-acetyl-β-D-glucopyranosyl imino-1,2,4 dithiazolidine (IIa) and 3
p-chlorophenylimino-4 (2, 4 dichloro) phenyl 5-tetra-o-acetyl-β-D-glucopyranosyl imino-1,2,4 dithiazolidine (IIb)
were found to be most effective over a wide range of time period particularly for 24h, 48h and 72 h.

Keywords: Chlorination of N-gluconosyl thiocarbamide, Chlorination of dithiazolidine, Mass fragmentation pattern,
NMR, Antimicrobial activities.

Introduction

Synthesis of 1,2,4-dithiazolidines and its pharmacological
activities have been reported earlier1-9 1,2,4-
dithiazolidines have been found to have potential anti-
inflammatory and antitumor activity properties as they
downregulate the NF-kB transcription factor10.

In our previous study, we have reported the synthesis of
1-tetra –O-acetyl –β-D glucopyranosyl –phenyl

thiocarbamide and 3-phenyl-4-phenyl -5-tetra-O-acetyl-
β-D-glucopyranosylimino-1,2,4-dithiazolidine from
glucose as starting material.

The present study deals with chlorination of two series
of N-glucosylated compounds. Targeted Series (I) is 1-
tetra –o-acetyl –β-D glucopyranosyl -3-mono/di/tri chloro
phenyl thiocarbamide and Series (II) is 3-phenyl/p-
chlorophenyl-4-mono/di/tri chloro phenyl -5-tetra-O-
acetyl-β-D-glucopyranosylimino-1,2,4-dithiazolidine.
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Furthermore, their antimicrobial activities have been
studied along with effect of chlorination site on
antimicrobial activity.

Materials and Methods

Synthesis of tetra-o-acetyl βββββ-D-glucopyranosyliso-
thiocyanate
The compound tetra-o-Acetyl β-D glucopyranosyl
isothiocyanate was synthesized9, 11. A solution of 20 g of
tetra-O-Acetyl- β-D-glucopyranosyl bromide in 150 mL
Xylene was prepared. 16 g of lead isothiocyanate was
added with refluxing for 3hr. Agitation by means of
shaking was provided. The solution was cooled and the
compound was obtained by filtration and further
purification.

Synthesis of chlorinated thiocarbamide and 1,2,4-
dithiazolidine
Interaction between tetra-O-acetyl- β-D-glucopyranosyl
isothiocyanate and appropriate chloroaniniline results in
the respective chlorinated compounds.

Synthesis of 1-p-chlorophenyl-3-tetra –O-acetyl –βββββ-
D-glucopyranosyl –thiocarbamide. (Ia)
In a typical synthesis, 0.02M i.e. 7.8 g of tetra-o-acetyl-
β-D glucopyranosyl isothiocyanate in 50mL benzene was
dissolved. 0.02M i.e. 2.52 g of p-chloro-aniline in 20
mL benzene was prepared separately. Both the reactants
were added together and allowed to reflux in a boiling
water bath for 3 hours. Benzene was removed by
distillation. A sticky mass was triturated several times
with petroleum ether. A granular solid with yield of 5 g
was obtained. The compound was crystallized by using
aqueous alcohol denoted as (Ia).
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Synthesis of 1-(2,4 dichloro) phenyl-3-tetra-O-acetyl
- βββββ-D-glucopyranosyl  thiocarbamide.(Ib)
0.02 M solution of 2,4-dichloro aniline i.e. 3.24 g in 20
mL benzene was prepared. A separate 0.02 M solution
of tetra-o-acetyl –β-D-glucopyranosyl isothiocyanate i.e.
7.8 g in 40 mL benzene was prepared. Both the reactants
were allowed to mix. The mixture was refluxed for 3

hours. The solvent was removed by distillation. A sticky
mass was obtained as product, which was triturated
several times with petroleum ether. A granular solid was
obtained (Ib). The material was crystallized by using
ethanol and water. The yield of material was found to
be 4.5 g. The melting point of material was found to be
178°C.
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Synthesis of 1-(3,4 dichloro) phenyl -3-tetra-O-acetyl
- βββββ-D-glucopyranosyl –thiocarbamide. (Ic)
0.02 M solution of 3,4 dichloro aniline in benzene i.e.
3.24 g in 20 mL was prepared. A separate 0.02 M
solution of tetra-o-acetyl- β-D- glucopyranosyl
isothiocyanate in benzene (7.8 g in 40 mL) was prepared.

Both the reactants are allowed to mix and refluxed for
3 hours in a boiling water bath. Benzene was removed
by dry distillation method. A sticky mass was obtained,
which was triturated several times by using petroleum
ether. The obtained granular mass was crystallized by
using ethanol and water. The crystalline product was
denoted as Ic.
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Synthesis of 1-(2,4,6 trichoro) phenyl -3-tetra-O-acetyl
- βββββ-D-glucopyranosyl –thiocarbamide. (Id)
0.02 M solution of 2,4,6-trichloro aniline in benzene
i.e. 3.93 g in 20 mL was prepared. A separate 0.02 M
solution of tetra-o-acetyl- β-D- glucopyranosyl
isothiocyanate in benzene (7.7 g in 40 mL) was prepared.
Both the reactants were allowed to mix and refluxed for

3 hours in a boiling water bath. Benzene was removed
by dry distillation method. A sticky mass was obtained,
which was triturated several times by using petroleum
ether. The obtained granular mass was crystallized by
using ethanol and water. The crystalline product was
denoted as Id.
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Synthesis of 3-p-chlorophenylimino-4-p-chloro phenyl
5-tetra-O-acetyl-βββββ-D-glucopyranosyl imino-1,2,4
dithiazolidine (IIa)
A suspension of finely powdered 1-p-chloro phenyl-3-
tetra-o-acetyl- β-D- glucopyranosyl thiocarbamide (Ia)
was prepared by adding 5.16 g in 20 mL of benzene. A
separate solution of N-p-chloro phenyl –S-chloro
thiocarbamide by adding 2.45 g in 10 mL benzene was

prepared. A suspension of Ia was added to the solution
of N-p-chloro phenyl –S-chlorothiocarbamide and
refluxed for 4 hours in a water bath. A brisk reaction
with evolution of Hydrogen chloride was noticed. The
remaining suspended solid was removed by filtration.
The solvent was removed by dry distillation. An oily
residue was obtained, which was triturated several times
by using petroleum ether. The granular solid was
crystallized by using ethanol and water. (IIa)
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s-chloro-N-p-chlorophenyl 
isothiocarbamoyl chloride

Synthesis of 3 p-chlorophenylimino-4 (2, 4 dichloro)
phenyl -5-tetra-O-acetyl-βββββ-D-glucopyranosyl imino-
1,2,4 dithiazolidine (IIb)
A suspension of finely powdered 1-(2,4-dichloro) phenyl-
3-tetra-O-Acetyl-β-D-glucopyranosyl thiocarbamide (Ib)

was prepared by adding 5.51 g of Ib in 20 mL of
benzene. A separate solution of N-p-chloro phenyl –S-
chlorothiocarbamide by adding 2.45 g in 10 mL benzene
was prepared. A suspension of Ib was added to the
solution of N-p-chloro phenyl –S-chlorothiocarbamide
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and refluxed for 4 hours in a water bath. A brisk reaction
with evolution of Hydrogen chloride was noticed. The
remaining suspended solid was removed by filtration.
The solvent was removed by dry distillation. An oily

residue was obtained, which was triturated several times
by using petroleum ether. The granular solid was
crystallized by using ethanol and water. (IIb)

 

+

O

H
H

H

H
O

O

CH3

O

O
CH3

O

O

CH3

O

O

CH3

N

H

C

H S

NH Cl

Cl

1-(2,4-di-chloro) phenyl-3 
tetra-O-acetyl-D-glucopyranosyl 

thiocarbamide

BenzeneN C
S Cl

Cl

Cl

O

H
H

H

H
O

O

CH3

O

O
CH3

O

O

CH3

O

O

CH3

N

H

S
S

N NH Cl

Cl

Cl

3-p-chlorophenyl imino-4-(2,4-dichloro) 
phenyl-tetra-O-acetyl-Dglucopyranosyl 

imino-1,2,4-dithiazolidine (IIb)

s-chloro-N-p-chlorophenyl 
isothiocarbamoyl chloride

Synthesis of 3- p-chlorophenylimino-4(3,4 dichloro)
phenyl -5-tetra-O-acetyl-βββββ-D-glucopyranosyl imino-
1,2,4 dithiazolidine(IIc)
A suspension of finely powdered 1-(3,4-dichloro) phenyl-
3-tetra-O-Acetyl-β-D-glucopyranosyl thiocarbamide (Ic)
was prepared by adding 5.51 g of Ib in 20 mL of benzene.
A separate solution of N-p-chloro phenyl –S-
chlorothiocarbamide by adding 2.45 g in 10 mL benzene

was prepared. A suspension of Ic was added to the
solution of N-p-chloro phenyl –S-chlorothiocarbamide
and refluxed for 4 hours in a water bath. A brisk reaction
with evolution of Hydrogen chloride was noticed. The
remaining suspended solid was removed by filtration.
The solvent was removed by dry distillation. An oily
residue was obtained, which was triturated several times
by using petroleum ether. The granular solid was
crystallized by using ethanol and water. (IIc)
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Synthesis of 3 p-chlorophenylimino-4(2,4,6 trichloro) phenyl 5-tetra-O-acetyl-βββββ-D-glucopyranosyl imino-
1,2,4 dithiazolidine (IId)
A suspension of finely powdered 1-(2,4,6-trichloro) phenyl-3-tetra-O-Acetyl-β-D-glucopyranosyl thiocarbamide

Reaction
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(Id) was prepared by adding 5.58 g of Ib in 20 mL of
benzene. A separate solution of N-p-chloro phenyl –S-
chlorothiocarbamide by adding 2.45 g in 10 mL benzene
was prepared. A suspension of Id was added to the
solution of N-p-chloro phenyl –S-chlorothiocarbamide
and refluxed for 4 hours in a water bath. A brisk reaction

with evolution of Hydrogen chloride was noticed. The
remaining suspended solid was removed by filtration.
The solvent was removed by dry distillation. An oily
residue was obtained, which was triturated several times
by using petroleum ether. The granular solid was
crystallized by using ethanol and water. (IId)
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Dglucopyranosyl imino-1,2,4-dithiazolidine 

(IId)

s-chloro-N-p-chlorophenyl 
isothiocarbamoyl

Synthesis of 3-phenylimino-4 –p-chloro phenyl 5-
tetra-O-acetyl-βββββ-D-glucopyranosyl imino-1,2,4
dithiazolidine (IIe)
A suspension of finely powdered 1-p-chloro phenyl-3-
tetra-O-Acetyl-β-D-glucopyranosyl thiocarbamide (Ia)
was prepared by adding 5.58 g of Ia in 20 ml of benzene.
A separate solution of N- phenyl –S-chlorothiocarbamoyl
chloride by adding 2.45 g in 10 mL benzene was

prepared. A suspension of Ia was added to the solution
of N-phenyl-S-chloroisothiocarbamide and refluxed for
4 hours in a water bath. A brisk reaction with evolution
of Hydrogen chloride was noticed. The remaining
suspended solid was removed by filtration. The solvent
was removed by dry distillation. An oily residue was
obtained, which was triturated several times by using
petroleum ether. The granular solid was crystallized by
using ethanol and water. (IIe)
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Synthesis of 3 p-chlorophenylimino-4- phenyl 5-tetra-
O-acetyl-βββββ-D-glucopyranosyl imino-1,2,4
dithiazolidine (IIf)
A suspension of 1-phenyl-3-tetra-O-acetyl-â-D-
glucopyranosyl-thiocarbamide was prepared by adding
9.6 g i.e. 0.02 M in 40 mL of benzene. A separate

solution of N-p-chlorophenyl –S-chloroisothiocarbamoyl
chloride by adding 4.18 g in 20 mL of benzene was
prepared. Both the solutions were mixed and refluxed
for 4h. An oily residue was obtained which was further
purified. The solid obtained was crystallized by using
ethanol and water. (IIf)

Reaction
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Synthesis of 3 -phenylimino-4(2,4 dichloro) phenyl
5-tetra-O-acetyl-βββββ-D-glucopyranosyl imino-1,2,4
dithiazolidine (IIg)
A suspension of finely powdered 1-(2,4-dichloro) phenyl-
3-tetra-O-Acetyl-β-D-glucopyranosyl thiocarbamide (Ib)
was prepared by adding 5.51 g in 20 mL of benzene.
A separate solution of N- phenyl –S-chlorothiocarbamoyl
chloride by adding 2.06 g in 20 mL benzene was
prepared. A suspension of Ib was added to the solution

of N-p-chloro phenyl –S-chlorothiocarbamide and
refluxed for 4 hours over a water bath. A brisk
reaction with evolution of Hydrogen chloride was
noticed. Gradually solid went into the solution.
Remaining suspended solid was removed by filtration.
The solvent was removed by dry distillation. An oily
residue was obtained, which was triturated several times
by using petroleum ether. The granular solid was
crystallized by using ethanol and water. We denoted
this material as IIg.
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Synthesis of 3 -phenylimino-4(3,4 dichloro) phenyl
5-tetra-O-acetyl-βββββ-D-glucopyranosyl imino-1,2,4
dithiazolidine(IIh)
A benzene solution of N-phenyl-S-chloro-
isothiocarbamoyl chloride, i.e. 2.06 g in 10 mL was
added to the suspension of 1-(3,4 –dichloro)-phenyl -3-
tetra-O-acetyl –β-D-glucopyranosyl thiocarbamide, (Ic)

i.e. 5.51 g in 20 ml benzene. The reactants were refluxed
for 4 hours in a water bath. A brisk reaction with
evolution of Hydrogen chloride was noticed. The
remaining suspended solid was removed by filtration.
The solvent was removed by dry distillation. An oily
residue was obtained, which was triturated several times
by using petroleum ether. The granular solid was
crystallized by using ethanol and water. (IIh)
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3-p-chlorophenyl imino- 
4-(3,4,-di-chloro)phenyl-tetra-O-acetyl-Dgluc

opyranosyl imino-1,2,4-dithiazolidine (IIh)

Antimicrobial activity
The stains used for testing antimicrobial activity of
synthesized chlorinated compounds were gram (+)
staphylococcus aureus and gram (-) E.Coli.

Preparation of nutrient broth medium
The nutrient broth medium was prepared by dissolving
2.6 g nutrient broth (commercial grade) having
composition; peptone 5.0 g/L, sodium chloride 5.0 g/L,
beef extract 1.5 g/L, yeast extract 1.5 g/L in 200 ml of
distilled water. The pH of the nutrient composition at
25°C was 7.4 ± 0.2. The nutrient mixture was sterilized
in an autoclave.

Preparation of stock solution
The stock solutions of compounds Ia to Id and IIa to
IIh were prepared by dissolving 30 mg of each sample
in 5 mL dimethyl sulphoxide. These stock solutions were
also sterilized in an autoclave.

Sterilization of glassware
Glasswares were carefully sterilized in an autoclave.

Inoculation
To the sterilized test tubes, 5 mL nutrient broth was
transferred by pipette. To each test tube, stock solutions
(0.1 mL) of Ia to Id and IIa to IIb were added. The
resultant system was then inoculated with Staphylococcus
Aureus. The second set of systems containing 5 mL
nutrient broth sample were inoculated with E. coli. Two
reference systems were also prepared with 5 mL nutrient
broth and 1mL dimethyl sulphoxide. The reference
systems were also inoculated with Staphylococcus aureus
and E. Coli respectively.

Incubation
The two sets of systems were kept in an incubator at
37°C at different time intervals ranging from 24 to
72 h. and after each time interval, the growth of micro-
organism was recorded with respect to the standard.
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Results and Discussion

Melting point and yield
Melting points of all chlorinated products are enlisted along with yield in Table 1.

Table 1: Physical properties of Chlorinated Compounds

Solubility
Solubility behavior of thiocarbamide series and
dithiazolidine series is shown in Table 1. Compounds
from Series II i.e. dithiazolidine compounds were found
to be soluble in dioxane, dimethyl formamide and
dimethyl sulphoxide in addition to the solvents
mentioned in Table 1.

Effect of concentrated Sulfuric acid and alkaline
plumbite solution
Chlorinated compounds of Series I and Series II showed
charring effect on treatment with concentrated sulphuric
acid.
Chlorinated compounds of Series I on boiling with
alkaline plumbite solution showed desulpharisation but
not the chlorinated compounds of Series II.

* m.p. melting point

Specific Rotation
Specific rotation of compounds from Series II are shown
below.
Specific rotation [α] 30 of compound IIa was found to
be +136.40 (0, 0.16 in chloroform)
Specific rotation [α] 30 of compound IIb was found to
be -141.290 (0, 0.12 in chloroform)
Specific rotation [α] 30 of compound IIc was found to
be -122.7 (0, 0.12 in chloroform)
Specific rotation [α] 30 of compound IId was found to
be -126.67 (0, 0.13 in chloroform)
Specific rotation [α] 30 of compound IIg was found to
be +120.35 (0, 0.12 in chloroform)
Specific rotation [α] 30 of compound IIh was found to
be +156.085 (0, 0.13 in chloroform)

Sr. 
No 

Compound *m.p. 
(°C) 

Yield 
(g) 

Solubility 
Water Petroleum 

ether 
Alcohol Acetone CHCl3 C6H6 

1 Ia 162 5 X X √ √ √ √ 
2 Ib 178 4.5 X X √ √ √ √ 
3 Ic 135 4.5 X X √ √ √ √ 
4 Id 160 6.5 X X √ √ √ √ 
5 IIa 190 3.5 X X √ √ √ √ 
6 IIb 174 3.2 X X √ √ √ √ 
7 IIc 223 3.4 X X √ √ √ √ 
8 IId 140 3 X X √ √ √ √ 
9 IIe - - X X √ √ √ √ 

10 IIf - - X X √ √ √ √ 
11 IIg 145 4.5 X X √ √ √ √ 
12 IIh 205 4.5 X X √ √ √ √ 
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Elemental analysis
The elemental composition obtained from analysis was
N=5.23, S=6.00 for (Ia). The molecular formula of Ia
was estimated to be C21H25N2SO9Cl.

Ib had the elemental composition N=5.03, S=5.60.
Molecular formula of the compound was estimated to
be C21H24N2SO9Cl2.

Ic had the elemental composition N=4.93, S=5.45.
Molecular formula of compound was estimated to be
C21H24N2SO9Cl2

Id had the elemental composition N=4.52, S=5.24.
Molecular formula of compound was estimated to be
C21H23N2SO9Cl3

The compound IIa had elemental composition of
C=48.70, H=4.82, N=6.23, S=9.18. The molecular
formula of compound IIa was found to be
C28H27N3S2O9Cl2.

The compound IIb had elemental composition of
C=46.38, H=4.45, N=5.86, S=8.69. The molecular
formula of compound IIb was estimated to be
C28H26N3S2O9Cl3.

The compound IIc had elemental composition of C=4.93,
S=8.28. The molecular formula of compound IIc was
estimated to be C28H26N3S2O9Cl3.

The compound IId had elemental composition of N=4.2,
S=8.27. The molecular formula of compound IId was
estimated to be C28H25N3S2O9Cl4

The compound IIg had elemental composition of
N=5.91, S=9.03. The molecular formula of compound
IIg was estimated to be C28H27N3S2O9Cl2.

The compound IIh had elemental composition of
N=5.72, S=9.13. The molecular formula of compound
IIg was estimated to be C23H27N3S2O9Cl2

Table 2. Absorption peaks obtained from IR analysis for Chlorinated Thiocarbamides (Series I)

Absorption peak observed (cm-1) Absorption corresponding group 
IR absorption peaks Ia 

3340 N-H stretching 
1360 C-N stretching 
1535 Phenyl nucleous 
1210 C=S stretching 
890 β-D-glucopyranosyl ring 
1030 Aryl chloride 

IR absorption peaks for Ib 
3340 N-H stretching 
1370 C-N stretching 
1550 Phenyl nucleous 
1240 C=S stretching 
900 β-D-glucopyranosyl ring 
1040 Aryl chloride 

IR absorption peaks for Ic 
3340 N-H stretching 
1370 C-N stretching 
1525 Phenyl nucleous 
1220 C=S stretching 
890 β-D-glucopyranosyl ring 
1030 Aryl chloride 
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Table 3. Absorption peaks obtained from IR analysis for chlorinated 1,2,4 -dithiazolidines (Series II)

Absorption peak observed (cm-1) Absorption corresponding group 
IR absorption peaks for Id 

3340 N-H stretching 
1360 C-N stretching 
1530 Phenyl nucleous 
1220 C=S stretching 
895 β-D-glucopyranosyl ring 

1030 Aryl chloride 

Absorption peak observed(cm-1) Absorption corresponding group 
IR absorption peaks for IIa 

1735 C=O stretching 
1600 C=N stretching 
1350 C-N stretching 
690 C-S stretching  
480 S-S stretching 
890 β-D-glucopyranosyl ring 

1030 Aryl chloride 
IR absorption peaks for IIb 

1735 C=O stretching 
1600 C=N stretching 
1350 C-N stretching 
690 C-S stretching  
480 S-S stretching 
890 β-D-glucopyranosyl ring 

1030 Aryl chloride 
IR absorption peaks for IIc 

1735 C=O stretching 
1550 C=N stretching 
1350 C-N stretching 
690 C-S stretching  
480 S-S stretching 
890 β-D-glucopyranosyl ring 

1030 Aryl chloride 
IR absorption peaks for IId 

1735 C=O stretching 
1600 C=N stretching 
1360 C-N stretching 
790 C-S stretching  
480 S-S stretching 
890 β-D-glucopyranosyl ring 

1030 Aryl chloride 
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NMR spectral analysis

The NMR spectrum of Ia distinctly showed the signals
due to NH proton at δ 3.0 ppm, aromatic protons at δ
7.5 ppm, It also showed the signals due to pyranosyl
ring at δ 4-4.5 ppm and δ 4.65 -5.3 ppm.

The NMR spectrum of Ib distinctly showed the signals
due to N-H proton at δ 3.3 ppm, aromatic proton at δ
7.5 ppm, acetyl proton at δ 2.02 and protons of pyranosyl
ring at δ 4-4.5 and δ 4.8-5.5 ppm.

The NMR spectrum of Ic distinctly showed the signals
due to N-H proton at δ 3.2 ppm, aromatic proton at δ
7.5 ppm, acetyl proton at δ 1.8 ppm and protons of
pyranosyl ring at δ 3.8-4.3 and δ 4.7-5.3 ppm.

The NMR spectrum of Id distinctly showed the signals
due to N-H proton at δ 2.9 ppm, aromatic proton at δ
7.5 ppm, acetyl proton at δ 1.8 ppm and protons of
pyranosyl ring at δ 3.8-4.3 and δ 4.7-5.3 ppm.

The NMR spectrum of IIa distinctly showed the signals
due to aromatic proton at δ 6.60-7.5 ppm, acetyl proton
at δ 2.05 ppm. It also showed the signals due to proton
off pyronosyl ring at δ 3.8- 4.2 and δ 4.6-5.3 ppm.

The NMR spectrum of IIb distinctly showed the signals
due to aromatic proton at δ 6.7-7.4 ppm, acetyl proton
at δ 2.05 ppm. It also showed the signals due to proton
of pyronosyl ring at δ 3.8- 4.2 and δ 4.6-5.3 ppm.

The NMR spectrum of IIc distinctly showed the signals
due to aromatic proton at δ 6.7-7.5 ppm, acetyl proton
at δ 2.05 ppm. It also showed the signals due to proton
of pyronosyl ring at δ 3.7- 4.4 and δ 4.6-5.3 ppm.

The NMR spectrum of IId distinctly showed the signals
due to aromatic proton at δ 6.7-7.5 ppm, acetyl proton
at δ 2.05 ppm. It also showed the signals due to proton
of pyronosyl ring at δ 3.7- 4.4 and δ 4.6-5.3 ppm.

The NMR spectrum of IIg distinctly showed the signals
due to aromatic proton at δ 6.7-7.5 ppm, acetyl proton
at δ 2.05 ppm. It also showed the signals due to proton
of pyronosyl ring at δ 3.9- 4.2 and δ 4.6-5.2 ppm.

The NMR spectrum of IIh distinctly showed the signals
due to aromatic proton at δ 6.7-7.5 ppm, acetyl proton
at δ 1.9 ppm. It also showed the signals due to proton
of pyronosyl ring at δ 3.9- 4.2 and δ 4.6-5.2 ppm.

Absorption peak observed(cm-1) Absorption corresponding group 
IR absorption peaks for IIg  

1740 C=O stretching 
1590 C=N stretching 
1330 C-N stretching 
690 C-S stretching  
460 S-S stretching 
898 β-D-glucopyranosyl ring 
1030 Aryl chloride 

IR absorption for IIh 
1735 C=O stretching 
1600 C=N stretching 
1330 C-N stretching 
690 C-S stretching  
470 S-S stretching 
898 β-D-glucopyranosyl ring 
1030 Aryl chloride 
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Mass spectral analysis
When anti-microbial activity was observed, IIa and IIb showed good activities hence mass spectral analysis was
carried out for products IIa and IIb. Important fragments along with molecular ion peak and abundance of
respective fragments are enlisted in Table 4 for IIa and IIb.

Table 4. Mass spectral analysis of Chlorinated Dithazolidines with fragments and relative abundance

The probable fragmentation patterns of molecular ions are shown in Schemes I and II for IIa and IIb respectively.

Sr. 
No. 

Ion m/e Relative abundance 

IIa 

1 M+ 684 1.3% 

2 M-4H+ 680 9.3% 

3 TAGN-C=S=S-N 453 2.1% 

4 M-C14H8N3S2Cl2)++ =TAG 330 27.5% 

5 (M-C15H9NS2O9)=p-ClPhN-C=Np-ClPh 263 10.4% 

6 (M-C21H23N2O9Cl)=pClPhN=C-S-S 200 9.7% 

7 (M-C21H23N2O9SCl)=p-ClPhN=C=S 169 100% 

8 TAG-2CH3COOHCH2=CO 169  

9 (M-C22H23N2S2O9Cl)=p-ClPhN 127  

10 (TAG-3CH3COH, CH2=CO 109  
IIb 

1 M+ 714 Not located 

2 (M-ClPh-N=C=S,Cl) 514 1.9 % 

3 (M-C12H7NCl3) TAGN—C=S=S-N 453 0.8% 

4 (M-C14H7N3Cl3S2)=TAG 330 11.4% 

5 TAG-CH3COO- 278 3.7% 

6 TAG-AcOCH=O 243 1.0% 

7 (M-C22H23N2O9Cl2)=p-ClPhN-C-S-S 202 29.6% 

8 (M-C2123N2O9SCl2)=p-ClPh-N=C=S 168 52.6% 

9 TAG-2CH3COOHCH2=CO 168 52.6% 

10 M-C22H33N2O9S2Cl2=p-ClPhN 126  

11 TAG-3CH3COOH, CH2C=O 108  
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Scheme 1

Mass fragmentation pattern for IIa is shown in Scheme 1 below:
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Mass fragmentation pattern for IIb is shown in Scheme 2 below.
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Synthesis of Chlorinated N-glucopyranosyl Thiocarbamides and 1,2,4-Dithiazolidines and
Study of their Antimicrobial Activity

Results and Discussion on Antimicrobial activity

Antimicrobial activities for the chlorinated compounds
of Series I and Series II were done.

Antimicrobial activity of chlorinated thiocarbamide
and 1,2,4-ditiazolidone

The antimicrobial activities of the synthesized chlorinated

thiocarbamide and 1,2,4-dithiazolidine have been
investigated in vitro. The strains used for screening were
gram (-) E.coli and gram (+) staphylococcus aureus.
The screening was carried out for the durations of 24 h,
48h and 72h. Detail antimicrobial study for all
chlorinated thiacarbamide and 1,2,4-dithiazolidine
compounds are shown in Table 5.

Table 5. Antimicrobial activities of Chlorinated Thiocarbamides and 1,2,4-dithiazolidines

Sr. 
No. 

Name of 
compound 24h 48h 72h 

  Staphylococcus 
aureus E.coli Staphylococcus 

aureus E.coli Staphylococcus 
aureus E.coli 

 Chlorinated thiocarbamide compounds 
 Ia - - - - - - 
 Ib - - - - - - 
 Ic + - + - + - 
 Id - - - - - - 
 Chlorinated 1,2,4 dithiazolidine compounds 
 IIa + + + + + + 
 IIb ++ ++ ++ ++ ++ ++ 
 IIc - - - - - - 
 IId - + - + - + 
 IIe + - - - - - 
 IIf + - - - - - 
 IIg - - - - - - 
 IIh - - - - - - 

Out of the compounds from Series I i.e chlorinated
thiocarbamide, 1-(3,4 dichloro) phenyl -3-tetra-o-acetyl
–β-D-glucopyranosyl thiocarbamide showed better
antimicrobial activity. Similarly, it has been observed
that in the case of chlorinated compounds from
Series II, the chlorination at phenyl of 3rd position is not
found to be effective. Instead chlorination of phenyl at
4th position has been found to be most effective with
respect to antimicrobial activity.

Conclusions

N-glucopyranosyl thiocarbamide and 1,2,4 dithiazolidine
have been successfully chlorinated to 1-tetra –o-acetyl
–β-D glucopyranosyl -3-mono/di/tri chloro phenyl
thiocarbamide (Series I) and to 3-phenyl/p-chlorophenyl-
4-mono/di/tri chloro phenyl -5-tetra-O-acetyl-β-D-
glucopyranosylimino-1,2,4-dithiazolidine (Series II)
respectively. Synthesized chlorinated compounds have
been analyzed by using several characterization tools
namely, IR spectroscopy, NMR and mass spectroscopy.
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Schematic fragmentation patterns have been obtained.
The chlorinated compounds have been exposed for
antimicro bacterial activities. Compound 3-p-
chlorophenylimino-4-p-chloro phenyl 5-tetra-o-acetyl-β-
D-glucopyranosyl imino-1,2,4 dithiazolidine (IIa) and
3 p-chlorophenylimino-4 (2, 4 dichloro) phenyl 5-tetra-
o-acetyl-β-D-glucopyranosyl imino-1,2,4 dithiazolidine
(IIb) have been found to be most effective over a wide
range of time period (24h, 48h and 72 h). It can be
concluded that mono and dichloro substitution at phenyl
ring at 4th position of 1,2,4 dithiazolidine is effective as
compared to chlorine substitution at other site.
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Abstract
Due to C-N-P linkages in nucleotides, the role of organic phosphate ester in biochemistry was recognized quite early.
The synthesis of Mono-2-nitro-4-chloro Aniline Phosphate ester was carried out using CTABr as catalyst and
investigation of the kinetics of hydrolysis of compound was studied in the acid range 0.1 to 7 M at 50 (+/-5)oC.
Allen’s modified method has been employed for quantitative results. The first order rate coefficients have been
determined in the above acid range. Solvent and concentration effect studies and Arrhenius parameters have also
been calculated indicating bimolecular mode of hydrolysis with P-N bond fission.

Keywords: Kinetics, Solvent effect studies, Arrhenium parameters.

Introduction

Organic phosphates are of great importance due to their
wide range of applications in various branches of
Chemistry1. Organic phosphates have been of great
importance to humans and plants due to their biochemical
functions2. Aryl phosphoramidates with a variety of
substituent have shown significant applications in
industries3. In particular, they are found to be of great
use in the synthesis of pyrophosphates, employed as
flame proofing agents4, corrosion inhibitors5, fuel
additives and insecticides. These compounds consist of
linkages like C-O-P, C-N-P, C-S-P etc. The investigation
of the kinetics and mechanism of the hydrolysis of these
compounds has been reported in various acid and buffer
media6,7. Various methods for quantitative studies have

been employed for the study of kinetics of hydrolysis.
The study of the synthesis and susceptibility of
disubstituted Phenyl Phosphoramidate8 was limited and
it was felt that these compounds need to be examined
more rigorously as they are significant for various
biological phenomenon. Mono-2-nitro-4-chloro Aniline
Phosphate ester is one such compound having C-N-P
linkage whose synthesis by using CATBr was reported
for the first time by Singh et. al.9 Although, its synthesis
has been carried by different techniques these are few
reports of the kinetic investigations of hydrolysis of this
compound. The kinetics and mechanism of hydrolytic
dephosphorylation of synthesized Mono-2-nitro-4-chloro
Aniline Phosphate was carried out in acid range 0.1 to
7 M at 50 (+/-5)oC. Allen’s modified method10 used for
quantitative analysis has been reported in this paper.
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Materials and Methods

2-nitro-4-chloro Aniline was dissolved in dry benzene
followed by gradual addition of phosphorous oxy
chloride and a cationic micelle, Cetyl trimethyl
ammonium bromide (CTABr) with shaking till a
homogenous mixture was formed. The reaction mixture
was refluxed in an oil bath (90-100oC) for about 4 hours.
The compound was obtained in the form of sticky brown
colored residue which was further extracted. The
extracted residue was treated with 2% Barium hydroxide
solution to convert it into the corresponding Barium
salt. The formation of the mono ester was confirmed by
elemental analysis, UV visible absorption and IR spectra.
Kinetic study of hydrolysis of Phosphate ester in the
acid range 0.1 to 7 M at 50 (+/-5)oC, was carried out
spectrophotometrically using Allen’s modified method.
The procedure involves the estimation of inorganic
phosphate from the ester during the course of its
hydrolysis. Single cell type Spectonic-20 photoelectric
colorimeter was used for the measurement of optical
density. The rate data obtained includes the effects of
different variables used to understand the stability and
reactivity of contributing species during hydrolysis.

The elemental composition in weight percentage of the
monoesters was observed to be 18.06% for C, 1.16%
for H and 7.20% for N and 7.95 for P which is in
agreement with the theoretically calculated values i.e.
18.56% for C, 1.03% for H, 7.22% for N, 7.99% for P
confirming the formation of monoester.

The intense UV absorption peaks were found at 455
nm, 275 nm and 253 nm wavelengths, indicating the
aromatic character of the compound and extended
conjugation due to the presence of -NO2 and –Cl groups.

The IR spectral data showed the characteristics peaks at
3307 cm-1, 2920 cm-1 , 1636 cm-1, 1569 cm-1, 1557
cm-1, 1538 cm-1, 1441 cm-1, 1510 cm-1, 1336 cm-1, 1240
cm-1, 1107 cm-1, 900 cm-1 and 721 cm-1 indicating the
presence of NH stretching, aromatic CH Stretching, NH
bending vibrations, C=C bending vibrations, Asymmetric
and Symmetric stretching-NO2, P=O, -P-O, P-N and P-
Cl-C bonding.

Results and Discussion

The rate coefficient was found to be of first order
(Table 1) by conducting the kinetic studies at varied
neutral electrolyte concentration.

Table 1. Observed rate-coefficients for the hydrolysis of Mono-2-nitro-4-chloro Aniline Phosphate

Sr. No. HCl (M) 2 + log CH+ ke (obsd) 103 min-1 4 + log ke 
1 0.1 1.00 3.63 1.56 
2 0.5 1.70 4.35 1.64 
3 1.0 2.00 5.30 1.72 
4 2.0 2.30 5.77 1.76 
5 3.0 2.48 4.74 1.68 
6 4.0 2.60 15.86 2.20 
7 4.5 2.65 13.87 2.14 
8 5.0 2.70 12.18 2.09 
9 6.0 2.78 11.8 2.07 

10 7.0 2.84 9.79 1.99 
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Kinetics and Mechanism of Hydrolytic Dephosphorylation of
 Mono-2-nitro-4-chloro Aniline Phosphate

From Table 1, it is evident that there is regular increase
in the value of the observed rate (ke (obsd) min-1) with
the rise in acid molarities, keeping the ionic strength
constant. The rising slope of the linear curve (Figure 1)

indicates positive ionic strength effect leading to the
contribution of the conjugate acid species of the present
monoamidate during hydrolysis.

Fig. 1. Hydrolysis of Mono 2-nitro-4-chloro
Aniline Phosphate at Constant Ionic Strength

Fig. 2. Acid-Log rate profile for Hydrolysis of 2-
nitro-4-chloro Aniline Phosphate.

The linear curves are based on the second empirical
term of the Debye Huckel equation.

k = ko exp bμ    (i)

This can be further modified for the conjugate acid form
of this ester as
kH = kHo

+exp bH+ μ   (ii)

In higher acid range, due to the involvement of water,
the above equation can be further modified as:

kH = kHo
+ exp bH+μ  (iii)

Figure 2 shows acid molarities vs (4 + log ke) curve
indicating that the neutral  form operates between 0. 1
to 3 M HCl. The contribution of conjugate acid species
exists in the acid range 4.5 to 7 with maximum rate at

4M HCl, showing the moderate basic nature of the
monoester.

In concentrated acid media (more than 4M), the mono-
protonated species solely contributes towards the
calculated rates. The Hammet correlation (Figure 3A)
with slope = 0.31 indicates the involvement of water
molecule in the rate determining stage of hydrolytic
degradation. Yates and McCleland correlation11

comprising Hammett value (slope=0.24) and based on
the activity of water, corresponds to slope=3.33 (Figure
3B) indicating the involvement of actual number of water
molecules during hydrolysis. The bimolecular nature of
reaction is further supported by Zucker-Hammett plot12

(slope = 1.38).
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Fig. 3. A. Hammett plot, B. Yates and McCleland plot

Fig. 4. Bunnet Plot for Mono-2-nitro-4-chloro Aniline Phosphate ester
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Kinetics and Mechanism of Hydrolytic Dephosphorylation of
 Mono-2-nitro-4-chloro Aniline Phosphate

Further kinetic studies were conducted at different
temperature and various thermodynamic parameters14

were calculated for 4.5M HCl. The entropy of activation
was calculated to be -27.31 e. u. suggesting the formation
of expanded transition states with water for both the
reactive forms. The frequency factor ‘A’ was calculated
to be 13.67 X 108 S-1 which is quite high and can be
assigned to interaction of the solvent with the reactant
during bimolecular hydrolysis. The activation energy is
found to be 26.36 kJ mol-1. This is in agreement with
the large activation energy (E ≥ 20 kJ mol-1) for
hydrolysis. Due to the presence of phosphorous, the
nucleophilic attack leads to P-N bond fission. The
liberation of free Aryl Amine also supports the P-N
bond fission of the obtained monoester during hydrolytic
degradation.

Conclusions

The monoester of 2-nitro-4-chloro Aniline phosphate
was synthesized by dissolving 2-nitro-4-chloro aniline
in dry benzene followed by gradual addition of
phosphorous oxy chloride and a cationic micelle, Cetyl
trimethyl ammonium bromide (CTABr). The formation
of the compound was confirmed by elemental analysis,
UV absorption spectra and IR spectral data analysis.
Kinetic studies have been conducted at various neutral
electrolyte concentrations and rate coefficient was
determined to be of first order. The mono-protonated
species solely contributes towards the calculated rates
in the concentrated acid media i.e. more than 4M. The
Hammet correlation and Yates and McCleland correlation
indicate the involvement of water molecules during
hydrolysis. The Zucker-Hammett plot shows the
bimolecular nature of reaction. The kinetic studies
conducted at different temperature for 4.5M HCl shows
that the entropy of activation is -27.31 e. u and the
frequency factor ‘A’ is 13.67 X 108 S-1 supporting
bimolecular hydrolysis. The activation energy is found
to be 26.36 kJ mol-1 which is in agreement with the
large activation energy ( E ≥ 20 kJ mol-1) for hydrolysis.
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Abstract
Iodine is an essential micronutrient for human growth, metabolism and regulation of thyroid hormones in humans
as well as animals. The determination of urinary iodide concentration is a valuable tool in epidemiological studies
of iodine supplementation, particularly in diagnosing and controlling iodine deficiency. Because of the difficulty of
directly measuring dietary iodine intake, serum and urinary iodide concentrations are usually used as an index of
iodine intake. Also the measurement of iodine in urine is useful for the diagnosis of transient thyroid dysfunction and
iodine induced hyperthyrosis. Urine iodide concentration is recommended by World Health Organization (WHO) as
the single indicator of iodine nutrition. Existing colorimetric analysis based on Sandell-Kolthoff reaction requires
sample pretreatment like acid digestion and its sensitivity is also limited. Iodide concentrations usually in the range
of parts per billion in biological materials such as urine or serum, demands a method with high sensitive detection.
Methods like ICP-MS provides high sensitivity and accurate results, but the cost of the equipment along with running
cost makes it unaffordable for the epidemiological assays of a large sample population. Although use of HPLC with
ion pair reagents is used for iodide detection, one needs salts along with buffering agents, organic modifiers and
specific pH conditions. This method is not popular due to several limitations. The proposed method making use of
ion (liquid) chromatography with amperometric detector and an anion separation column is rapid, rugged and does
not requires any prior sample pretreatment like acid or alkaline digestion or any special reagents. It is sufficient if
samples are passed through C-18 sample preparation cartridge to remove the bulk organic moiety and filtration
through a 0.2μ filter to remove any particulate matter. LOD of the proposed method is 2 ppb and LOQ is 10 ppb.

Keywords: Ion exchange chromatography, Iodide content, human urine, Amperometric detection, Ion exchange
column.

Abbrevations
WHO – World Health Organization
ICP-MS – Inductively Coupled Plasma Mass

Spectrometry
IC – Ion Chromatography
DC – Direct Current
PAD – Pulse Amperometric Detection
flexIPAD – Flexible Pulse Amperometric Detection
CV – Cyclic Voltammetry
mV – Millivolts
MΩ – Megaohms

IC – C18 – Ion chromatography Carbon 18
RT – Retention Time
nA – Nanoampere
LOD – Limit of Detection
LOQ – Limit of Quantification
SNR – Signal to noise ratio
ppm – parts per million
ppb – parts per billion
RSD – Relative Standard Deviation
Ag – Silver
Ag/AgCl – Silver/Silver chloride
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An Improved Liquid Chromatographic Method for the Determination of Trace Level
Iodide in Human Urine Samples using Amperometric Detection

Introduction

Iodine deficiency disorders (IDDs) are a global health
problem. According to WHO over two billion people
are at risk worldwide1. As per World health organization
guidelines, the recommended iodine intake per day is
150 mcg (microgram) (Table 1). Iodine deficiency can
lead to swelling of the thyroid gland, known as goiter,
and hypothyroidism, which can cause fatigue, muscle
weakness and weight gain. Iodine is an essential
component of the thyroid hormones thyroxine (T4) and
triiodothyronine (T3). Thyroid hormones regulate many
important biochemical reactions, including protein
synthesis and enzymatic activity, and are critical
determinants of metabolic activity. They are also required
for proper skeletal and central nervous system
development in fetuses and infants.

Iodine is an essential micronutrient. The source of iodine
in body is only through diet and is absorbed by the
gastrointestinal tract as its inorganic ion iodide. So
determination of iodide concentration in the body
provides information about iodine nutrition. It is assumed
that an equilibrium exists between the amount of iodine
intake (absorbed) and the inorganic iodide like sodium
iodide or potassium iodide excreted in the urine. Hence
determination of iodide in urine is an important test.

Although iodized cooking salts are the leading sources
of iodine (>15 ppm) 6 in food, other sources are sea
food, iodine in processed foods2 drinking water3, cows’
milk, infant formula4 and vegetables5. 90% of the iodine
consumed gets excreted in urine7. In iodine analysis,
sample collection is an important step and care needs to
be taken to avoid contamination. Also no preservatives
are required as iodide is stable in the urine matrix and
evaporation is prevented by refrigerating the samples.
There are a number of methods available for analysing
iodide in salt as well as in urine samples. This includes
manual methods using sophisticated analytical instrumen-
tation techniques. Based on the Sandell-Kolthoff

reaction, most colorimetric assay methods for urinary
iodine (UI) determination that have been developed
require pretreatment of urine sample. The sample has to
undergo acid digestion where inorganic iodate and
organically bound iodide get converted to iodine and
the catalyst. Cerium (IV) is reduced to Cerium (II) by
arsenic trioxide. Typical detection limit is upto 20 parts
per billion (µg/L). Sample preparation involves use of
chloric acid digestion and dry digestion with alkaline
ashing. Later, the chloric acid was replaced with
ammonium persulfate and with modifications, the
detection limit was further improved.

Haldimann et. al.9 presented an ICP-MS method for the
determination of urinary iodide making use of isotope
dilution using Iodine-129. Although it offers precise
results and can be easily automated, the high cost of the
equipment and running cost with need of skilled
personnel are hindrances for its wide use in the industry
for epidemiological assay of a large sample population.
Analysis using ion selective electrode is a cost effective
solution besides having the advantage of quicker
analysis. An iodide concentrations from 1.3 ppb to 126
ppm can be measured between pH of 0 to 14. There can
be interferences with certain concentrations of Cl, Br,
CN, S2–, S2O3

2– and potassium nitrate is used as the
ionic strength adjuster solution8. However, when applied
to the measurements in physiological fluids, the chances
are that these electrodes are fouled by formation of
coating with contaminants and hence require frequent
cleaning, polishing and conditioning. Even with
ionophore based ion selective electrodes, because of the
use of polymeric membrane matrix, the contamination
and frequent cleaning are the main issues. A technique
making use of ion pair reagent with reverse phase method
in HPLC10 is widely used for detection of iodine in
urine. Need for use of many chemicals, besides ion pair
reagents and organic solvents with specific pH are the
limitations of this method. Also, the effect of these ion
pair reagents on the electrode surface needs to be studied.
The method proposed operates by ion exchange
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mechanism using commonly available salts as the eluent,
separating the analyte by anion exchange column and
detection as iodide (anion) and quantification using an
Silver electrode against silver / silver chloride reference
system. It is even more economical and convenient when
the bulkier ion pair reagent is used and the associated
issues like adsorption on the metal electrodes and
cleaning are avoided.

Materials and Methods

Apparatus
A 930 Compact IC flex Ion Chromatography instrument
from Metrohm (Herisau, Switzerland) along with 858
Professional IC Sample Processor was used. 945
Professional Detector Vario Amperometry detector with
a three electrode setup was used. Ag (silver) electrode
was used as a working electrode. Ag/AgCl was used as
a reference electrode and stainless steel was used as an
auxiliary (counter) electrode. There are four measuring
modes (DC, PAD, flexIPAD and CV) available for
different applications. The analysis was carried out with
DC mode with 150 mV potential applied between Ag
tip (silver working electrode) and Ag/AgCl reference
electrode. These instruments were controlled and data
acquisition was done through the MagIC Net 3.0
software (Figure 1). High pressure dual piston pump
was used to deliver eluent at the flow rate of 0.7 mL/
min. Metrosep A Supp 5 - 150/4.0 medium capacity ion
exchange column, which is based on a polyvinyl alcohol
polymer with quaternary ammonium groups as functional
group was used for the separation of iodide. The column
temperature was maintained at 40°C for good sensitivity.
20 µL Sample and standard were injected into ion
chromatograph system.

Chemicals and reagents
All solutions were prepared using ultrapure water (> 18
MΩ) purified by an Elga Purelab Flex 1 system (Elga
Veolia, UK). Sodium carbonate (Merck EMSURE),
Sodium bicarbonate (Sigma Aldrich), Acetone (Merck

HPLC grade) and Potassium iodide (Sigma Aldrich) were
used.

Eluent preparation
Eluent: 3.8 mmol/L Sodium carbonate and 1.2 mmol/L
sodium bicarbonate in 2% acetone
Standard: Iodide standard stock solution of 1000 ppm
was prepared dissolving potassium iodide salt in
ultrapure water. All the lower level standards were
prepared by diluting the standard stock solution with
ultrapure water.

Sample preparation: The urine samples were collected
from volunteers and was filtered through 0.2 µm Nylon
filter paper. The filtered sample solution were passed
through sample preparation cartridge IC - C18 to remove
high organic content from urine sample. The prepared
sample solutions were directly injected into the ion
chromatograph system.

Results and Discussion

Method Specificity
Blank and Standard solutions were injected to check the
specificity. In blank solution analysis, no peak was
observed at the retention time (RT) of iodide. This shows
that the method is specific (Figure 2).

Linearity
Iodide standard concentrations of 2, 5, 10, 25 and 50
ppb were prepared by diluting 0.5 ppm stock iodide
standard with ultrapure water. The prepared low-level
concentrations were injected to check the linearity
(Figure 3).

A regression line was obtained by plotting peak area
((nA) × minutes) of the iodide using the least square
method. The relationship between peak response and
concentration was found to be linear between the ranges
of 2 to 50 ppb of iodide, with the coefficient of
determination (r2) of 0.9991 (Figure 4).
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Limits of detection and quantification (LOD & LOQ)
Based on the linearity of calibration and the response of
the iodide ion under the given chromatographic
conditions, the limit of detection (LOD) was calculated
as 2 ppb and the limit of quantification (LOQ) was
calculated as 10 ppb. The calculation was done based
on signal-to-noise ratio (SNR) value. The signal-to-noise
ratio (SNR) was 4.9 for LOD and 24.2 for LOQ
(Figure 6). In general, a SNR value of more than 3 is
considered as LOD and more than 10 is considered as
LOQ.

Repeatability studies
10 ppb iodide standard was injected eighteen times
continuously and the RSD was found to be less than
3% (Figure 7, Peak Area (Peak response) values shown
in Table 2). Iodide standard 10 ppb was injected as
check standard once in every four hours in between the
sample injection and the relative standard deviation for
twelve hours was found to be less than 5% (Figure 8).
This shows the suitability of the method used. Samples
were also injected in multiple numbers (n=5) and the
RSD values were found to be less than 2%. The ion
chromatogram of the urine sample from a representative
volunteer is shown in Figure 9 and the results are shown
in Tables 3 and 4.

Reproducibility Studies
10 ppb iodide standard was injected eighteen times on
different days with different eluents and different analysts
and the RSD was found to be less than 2.5% (Figure 11,
Peak Area (Peak response) values are shown in
Table 5). Overall RSD of 36 inejctions (Day-1 and
Day-2) were found to be less than 10%. This shows that
method is highly reproducible.

Method Accuracy
Method accuracy was checked by undertaking spiking
study. A known amount of iodide standard was spiked
with urine sample and recovery value was calculated.
50 ppb of iodide standard was spiked with human urine

sample and spiking study was carried out. The recovery
value was found to be 97%. This shows that method is
accurate (Figures 12 and 13).

Effect of Column Temperature
The column temperature was varied from room
temperature 30°C to 40°C. Sensitivity was found to
increase with increase in temperature from 30°C to 35°C
and thereafter no further increase in response was found
from 35°C to 40°C (Figures 14 to 17).

Method Ruggedness
10 ppb iodide standard was injected using different silver
working electrodes as well as using different silver /
silver chloride reference electrodes. No appreciable area
difference was observed (Figures 18 and 19). Change of
temperature between 35°C to 40°C does not alter the
sensitivity. These data shows that method is rugged.

Discussion
This chromatographic method for the quantification of
trace level iodide in human urine using ion exchange
separation method with amperometric detection is
suitable for human urine sample solution analysis. The
limit of detection for iodide is well within the minimum
expected level as per urinary iodine specifications.
Sample matrix does not affect the method accuracy. The
proposed method satisfies all the requirements for the
determination of trace level iodide in human urine. This
method does not require any derivatization. Sample can
be analyzed directly after simple filtration. As samples
are passed through the C-18 cartridge and filtered using
a 0.2µm filter, most of the organic constituents and
particulates are removed and thereby interferences are
eliminated. In addition, the small quantity of organic
modifier in the eluent helps to dissolve and remove any
other organic molecules from the column. Presence of
other inorganic constituents does not influence/interfere
in the quantification of iodide. Detection method is also
very selective and specific for the analyte iodide using
the proposed column, electrode setup, applied potential



.................................................................................................................................................................................................

Page | 60

.................................................................................................................................................................................................
Vol. 4 Issue 1  July - December 2020  G P Globalize Research Journal of Chemistry

and the detector. Method accuracy is also confirmed by
spiking study. The Colorimetric method using Sandell-
Kolthoff scheme needs either chloric acid or persulfate
digestion of the sample to remove the interferences,
which results in toxic waste apart from iodine. Also the
quantification is not direct but depends on its catalytic
role of ceric ammonium sulfate in the presence of
arsenious acid. Since this method uses digestion, one
needs to analyse blank and hence is time consuming
one. ICP MS is a good option for the analysis of iodine
in urine, but the high cost of the equipment along with
the running cost, use of plasma, liquid argon and its
availability everywhere are the limitations. This ion
chromatography method is simple, accurate and highly
reproducible and can be easily automated for the regular
analysis of iodide in urine samples.

Conclusions

A simple and rapid method has been optimized for the
determination of trace level iodide in human urine by
ion exchange chromatography with amperometric
detection method. An Ion exchange column was used
for the separation. This method is suitable for human
urine which has a high concentration of alkali metals,
chloride and organic waste. There is no special sample
preparation or derivatization required prior to analysis.
This method has a lot of advantages compared to other
methods like spectrophotometry inductively coupled
plasma mass spectrometry, microplate method, ion pair
reverse phase chromatography etc.. This method can be
used for a variety of urine samples like human urine,
etc. animal urine etc. Detection limit is also well within
the expected specification range of urinary iodine.
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Fig. 1: Ion Chromatography Instrument setup

Fig. 2. Ion Chromatogram of blank diluent (Ultrapure water)
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Fig. 3. Overlay of linearity chromatogram (iodide standards 2 to 50 ppb)

Fig. 4. Linearity curve (2 ppb to 50 ppb iodide)
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Fig. 5. Ion Chromatogram of 2 ppb iodide standard solution (LOD)

Fig. 6. Ion Chromatogram of 10 ppb iodide standard solution (LOQ)
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Fig. 7. Repeatability study (Overlay of 18 replicated injections of 10 ppb iodide standard)

Fig. 8. Check standard stability for 12 hours (10 ppb iodide standard)
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Fig. 9. Ion Chromatogram of Urine sample from a Volunteer

Fig. 10. Ion Chromatogram of Urine sample from a Volunteer (Overlay of 5 replicated injections
and statistics data)
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Fig. 11. Reproducibility study on different days using fresh eluent and with different persons
(Overlay of 18 replicated injections of 10 ppb iodide standard)

Fig. 12. Method accuracy study for anlaysis of urine sample
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Fig. 13. Method of accuracy study for analysis of urine sample spiked with 50 ppb iodide standard

Fig. 14. Overlay chromatogram for study of effect of temperature on Peak area
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Fig. 15. Statistics data for effect of temperature on peak area

Fig. 16. Statistics data for effect of temperature on Retention time
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Fig. 17. Graphical data for Temperature vs Retention time

Fig. 18. Comparison of ion chromatograms of two different silver working electrodes
(new one vs used one)
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Fig. 19. Comparison of chromatogram of two different silver / silver reference electrode
(new one vs used one)

Table 1. Iodine deficiency

Urine iodine 
µmol/L 

Urine iodine 
µg/L Iodine intake Iodine nutritional status 

0 – 0.15 < 20 Insufficient Severe deficiency 
0.16 – 0.38 20 - 49 Insufficient Moderate deficiency 
0.40 – 0.78 50 - 99 Insufficient Mild deficiency 
0.79 – 1.56 100 - 199 Adequate Optimal 

1.57 – 2.36 200 - 299 More than adequate Risk of iodine – induced 
hyperthyroidism 

≥ 2.37 µmol/L ≥ 300 Excessive Risk of hyperthyroidism and 
autoimmune thyroid disease 
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Table 2. Repeatability study for standard (10 ppb iodide standard)

Sl.No Standard Injections Peak area [(nA) × min] Mean area [(nA) × min] RSD (%) 
1 Injection 1 0.275 

0.291 2.96 

2 Injection 2 0.283 
3 Injection 3 0.281 
4 Injection 4 0.281 
5 Injection 5 0.279 
6 Injection 6 0.284 
7 Injection 7 0.288 
8 Injection 8 0.291 
9 Injection 9 0.290 

10 Injection 10 0.296 
11 Injection 11 0.290 
12 Injection 12 0.298 
13 Injection 13 0.301 
14 Injection 14 0.303 
15 Injection 15 0.296 
16 Injection 16 0.300 
17 Injection 17 0.294 
18 Injection 18 0.302 

 

Table 4. Consolidated Results – Iodide content in ppb for different voluenteers

Sample ID Number of injections Mean concentration (ppb) RSD (%) 
Volunteer 1 5 21.33 1.35 
Volunteer 2 5 44.60 2.01 
Volunteer 3 5 26.86 2.04 
Volunteer 4 1 44.22 NA*** 

 ***NA = Not applicable

Table 3. Repeatability study for urine samples

Sl.No Sample injections Concentration (ppb) Mean concentration (ppb) RSD (%) 
1 Injection 1 21.07 

21.33 1.46 
2 Injection 2 21.24 
3 Injection 3 21.32 
4 Injection 4 21.17 
5 Injection 5 21.87 
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Table 5. Reproducibility study with standard (10 ppb iodide standard) on different days, fresh
eluent & different analysts

Sl.No Standard Injections Peak area [(nA) × min] Mean area [(nA) × min] RSD (%) 
1 Injection 1 0.320 

0.327 2.05 

2 Injection 2 0.320 
3 Injection 3 0.328 
4 Injection 4 0.323 
5 Injection 5 0.333 
6 Injection 6 0.328 
7 Injection 7 0.334 
8 Injection 8 0.331 
9 Injection 9 0.330 

10 Injection 10 0.331 
11 Injection 11 0.326 
12 Injection 12 0.330 
13 Injection 13 0.336 
14 Injection 14 0.335 
15 Injection 15 0.327 
16 Injection 16 0.314 
17 Injection 17 0.331 
18 Injection 18 0.314 
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Abstract
A microwave assisted synthesis of 2,3-Dihydroquinazolin-4(1H)-ones via the efficient one pot three component
reaction of isatoic anhydride, aromatic aldehydes, and ammonium salts or primary amines under solvent free
conditions in presence of nickel ferrite as an efficient heterogeneous catalyst is reported. The catalyst was prepared
and characterized by P-XRD, FTIR, TG/DTA and SEM analysis. The XRD pattern of the catalyst conforms the phase
purity of the material. The average crystallite size was calculated using Scherrer’s formula as applied to the major
intense peaks and the average particle size was found to be 25.10 nm. SEM images show tiny crystalline cubes with
agglomeration. The FT IR spectrum of the catalyst can be ascribed to metal oxygen modes of tetrahedral and
octahedral sites. This protocol offers several advantages including greenness with respect to mild reaction conditions,
high yields and easy work-up and reusability of catalyst without loss of reactivity. The catalyst retained its activity
for upto four cycles, hence it is considered as an attractive catalyst for multicomponent reactions. The catalytic
activity of ferrite was checked as a function of amount of catalyst and recyclability of catalyst without loss of
reactivity. This heterogeneous catalyst is easy to prepare, inexpensive and insoluble in most organic solvents and
may be recycled during work up procedure. The synthesized compounds were confirmed using FT-IR, 1H and 13C
NMR spectroscopic data and melting points compared with reported values.

Keywords: 2,3-Dihydroquinazolin-4(1H)-ones, NiFe
2
O

4 
ferrite, spectral data, microwave assisted synthesis.

Introduction

Nanoparticles as heterogeneous catalysts have attracted
a great deal of attention because of their high catalytic
activity and applications in biotechnology, medicine,
chemistry, material science, polymer science, biology
and engineering1-3. Metal catalysed intramolecular
hydroamination of alkynes has emerged in recent years
as a useful synthetic tool for the preparation for various
N-heterocycles, such as indoles, pyrroles, quinolones

and isoquinolines. Multi-component reactions (MCRs)
have recently been discovered to be a powerful method
and an efficient tool for the synthesis of biologically
important compounds4. Multicomponent reactions
(MCRs) have some advantages over conventional
methods, such as lower cost, shorter reaction time, and
few side products5, 6.

Heterocyclic chemistry occupies an important place in
organic chemistry and forms the basis of many
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pharmaceutical, agrochemical and veterinary products.
In modern organic synthesis selective transformations
using readily available, inexpensive and environmentally-
benign recyclable catalysts and reagents are of great
interest. Nowadays, the major goals of Green Chemistry
are achieved by maximising the use of starting materials
and reducing environmentally challenging reaction waste
to achieve the objectives including the use of alternative
reagents and catalysts, simplification of the purification
steps, easy recovery and recycling of catalysts7,8. The
catalytic ability of materials depends on their microscopic
structure, selectivity, thermal and chemical stability9.
Quinazolinone derivatives are a class of fused nitrogen
containing heterocyclic compounds having potential
biological and pharmaceutical activities including
antifertility, antibacterial, antitumor and monoamine
oxidase inhibitory activities10,11. Quinazoline ring is an
aromatic benzopyrimidine, which oxidizes to quinazolin-
4(3H)-ones moieties which are growth inhibitors in the
treatment of leukemia cells and poly (ADP-ribose) poly-
merase-1 inhibitors, fungicides, bactericides, insecticides,
and plant-growth regulators12,13. The group of quinazoli-
nones have various biological activities and are key
intermediates for the synthesis of quinazolin-4(3H)-ones
which are diuretic, antitumor, antibacterial, anti-
convulsant, anticancer and antihypertensive agents14-20.
The procedure involves one pot three-component
reaction of isatoic anhydride, aromatic aldehydes, and
ammonium salts or primary amines for the synthesis of
2,3-dihydro- 4(1H)-quinazolinones. Various protocols
have been developed for the synthesis of quinazolinone
derivatives using supported ceric ammonium nitrate21,
Zeolite22, Starch sulfate23, Alumina (H3PO4-Al2O3)

24,
Silica-supported zinc(II) chloride (SiO2-ZnCl2)

25,
Aluminum methanesulfonate26, Silica-bonded N-
propylsulfamic acid27, Montmorillonite K-1028,
Gallium(III) triflate29 etc. Some of these procedures have
drawbacks such as the use of hazardous organic solvents,
separation of catalyst, long reaction time, expensive and
tedious work-up procedure. Herein, we report a
microwave assisted one pot synthesis of 2,3-

dihydroquinazolin-4(1H)-ones derivatives by conden-
sation of isatoic anhydride, aromatic aldehydes, and
ammonium salts or primary amines in presence of
reusable nickel ferrite as catalyst.

Materials and Metods

Analytical grade chemicals were used and distilled prior
to use. Melting points were determined using a quality
digital melting point apparatus. The IR spectra were
recorded on Shimadzu FT IR spectrometer. NMR spectra
recorded on a Bruker Avance (300 and 400 MHz)
spectrometer using CDCl3 and DMSO d6 as solvents.
Chemical shifts (ppm) were referenced to the initial
standard tetramethylsilane (TMS). The structural and
phase purity of the prepared samples were characterized
by XRD measurement using Bruker AXS D8 advanced
X ray powder diffractometer with CuK∞ 10-90° line
(λ = 1.54056 Å) in the 2θ range 10 90°. The morphology
of prepared samples was examined by direct observation
via Scanning Electron Microscope (SEM) model (JEOL
Model JSM 6390LV). Thermogravimetric differential
thermal analysis (TG/DTA) was carried out using a
Perkin Elmer STA 6000 instrument in nitrogen
atmosphere with the flowing rate 20 mL/min in the range
room temperature to 720°C and heating rate of
10°C/min. Experiments under microwave irradiation
were carried out in scientific microwave synthesizer
system supplied by Ragatech Electronics India Pvt. Ltd.,
India, having maximum power output of 700 W and
2450 MHz frequency with 10 power levels (140 to
700 W). The reactions were monitored by thin layer
chromatography using silica gel 60F254 aluminium
sheets (Merck).

The nickel ferrite was prepared by known co-
precipitation method with slight modification in the
stoichiometry of the reaction30. The stoichiometric
amount of nickel chloride was allowed to react with
sodium hydroxide with continuous stirring. Ferric
chloride in HCl was added with continuous stirring for
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two hours. It was heated for half an hour at 60°C and
allowed to cool to room temperature. The pH was
adjusted to 7.5 by adding 2N sodium hydroxide. The
product obtained was washed with distilled water and
filtered and dried in an oven at 120°C. It was calcined
at 500°C for 5 hours.

General procedure for preparation of 2,3-
Dihydroquinazolin-4(1H)-ones
A mixture of isatoic anhydride, (1 mmol), primary amine
or ammonium acetate (1.1 mmol), aromatic aldehyde
(1 mmol) and NiFe2O4 ferrite (10 mol%) was placed in
a 100 mL round bottom flask without solvent and
irradiated in microwave (350 W) for the desired time.
Upon comp-letion of the reaction (monitored by TLC
using hexane: ethyl acetate (6:4, v:v) as eluent), the
mixture was diluted with ethanol (3×10 mL), stirred
and filtered to remove the catalyst. The solid residue
was recrystallized from ethanol to give the pure product.
All the products are known compounds and were
characterized by IR and 1H NMR Spectroscopic data
and melting points were compared with the reported
values.

Spectral data of some synthesized compounds
2-phenyl-2,3-dihydroquinazolin-4(1H)-one (4a): 1H-
NMR (400 MHz, DMSO-d6, δ, ppm): 5.75 (d, 1H, CH),
6.64 (t, 1H, Ar-H), 6.75 (d, 1H, Ar-H), 7.01 (s, 1H,
NH), 7.23 (t, 1H, Ar-H), 7.32-7.40 (m, 3H, Ar-H), 7.49-
7.52 (m, 2H, Ar-H), 7.62 (d, 1H, Ar-H), 8.21 (s, 1H,
NH); IR (KBr): ν 3301, 3181, 1650, 1609, 1506, 1480,
1283 cm-1.

2-(4-methoxyphenyl)-2,3-dihydroquinazolin-4(1H)-one
(4b): 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 3.75
(s, 3H, OCH3), 5.70 (s, 1H, CH), 6.66 (s, 1H, NH), 6.73
(d, 1H, Ar-H), 6.90 (m, 3H, Ar-H), 7.19 (t, 1H, Ar-H),
7.41 (d, 2H, Ar-H), 7.63 (d, 1H, CH), 8.12 (s, 1H, NH),
13C NMR (400 MHz, DMSO-d6, δ, ppm): 55.04, 66.45,
78.85, 113.49, 113.82, 114.35, 114.93, 116.99, 127.28,
128.17, 133.06, 133.29, 147.98, 163.76; IR (KBr): ν

3297, 3176, 1650, 1608, 1504, 1484 cm-1.

2-(2-hydroxyphenyl)-2,3-dihydroquinazolin-4(1H)-one
(4c): 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 5.98
(s, 1H, CH), 6.62-6.85 (m, 4H, Ar-H), 7.10-7.33
(m, 3H, Ar-H), 7.59-7.61 (d,1H, Ar-H), 7.92 (s, 2H,
NH), 9.84 (s, 1H, OH); IR (KBr): ν 3409, 3281, 3200,
1645,1614,1576, 1438 cm-1.

2-(3-nitrophenyl)-2,3-dihydroquinazolin-4(1H)-one (4d):
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 7.23 (d, 1H,
CH), 7.34 (t, 1H, Ar-H), 7.52 (t, 1H, Ar-H), 7.60 (s, 1H,
NH), 7.82-7.89 (m, 2H, Ar-H), 8.0 (s, 1H, NH), 8.38-
8.41 (m, 2H, Ar-H), 8.75 (t, 2H, Ar-H); IR (KBr): ν
3333, 3259, 3079, 1672, 1634, 1524, 1446 cm-1.

2-(3,4-dimethoxyphenyl)-2,3-dihydroquinazolin-4(1H)-
one (4f): 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 3.76
(s, 6H, 2xCH3), 5.70 (s, 1H, CH), 6.65 (t, 1H, Ar-H),
6.74 (d, 1H, Ar-H), 6.92 (d, 1H, Ar-H), 6.94 (s, 1H, Ar-
H), 6.99 (d, 1H, Ar-H), 7.01 (s, 1H, NH), 7.22 (t, 1H,
Ar-H), 7.62 (d, 1H, Ar-H), 8.11 (s, 1H, NH); IR (KBr):
ν 3353, 3331, 2966, 1666, 1608, 1494, 1412 cm-1.

2-(2-hydroxy-3-methoxyphenyl)-2,3-dihydroquinazolin-
4(1H)-one (4h): 1H-NMR (400 MHz, DMSO-d6, δ,
ppm): 3.79 (s, 3H, OCH3), 6.82 (s, 1H, CH), 7.11 (d,
1H, Ar-H), 7.48 (t, 1H, Ar-H), 7.73-7.85 (m, 5H, Ar-H),
8.1 (s, 2H, NH), 13.2 (s, 1H, OH); IR (KBr): ν 3197,
3060,2993, 2923, 2830, 1665, 1566, 1434 cm-1.

2-(4-(dimethylamino)phenyl)-2,3-dihydroquinazolin-
4(1H)-one (4i): 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
2.89 (s, 6H, 2XCH3), 5.64 (s, 1H, CH), 6.63-6.74 (m,
4H, Ar-H), 6.83 (s, 1H, NH), 7.17 (t, 1H, Ar-H), 7.30
(d, 2H, Ar-H), 7.61 (d, 1H, Ar-H), 7.98 (s, 1H, NH); 13C
NMR (400 MHz, DMSO-d6, δ, ppm): 40.12, 40.17,
66.84, 78.50, 78.83, 111.77, 114.32, 114.96, 116.85,
127.27, 127.72, 128.43, 132.94, 148.19, 150.62, 163.91;
IR (KBr): ν 3288, 3188, 2970, 1650, 1608, 1483 cm-1.
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2-(2-hydroxynaphthalen-1-yl)-2,3-dihydroquinazolin-
4(1H)-one (4j): 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
6.91 (d, 1H, CH), 7.33-7.38 (m, 2H, Ar-H), 7.52-7.66
(m, 4H, Ar-H), 7.76 (d, 1H, Ar-H), 7.89 (d, 2H, Ar-H),
8.02 (s, 1H, NH), 8.46 (d, 1H, Ar-H), 9.46 (s, 1H, NH),
15.07 (s, 1H, OH); 13C NMR (400 MHz, DMSO-d6, δ,
ppm): 60.22, 108.77, 119.02, 120.21, 123.09, 123.43,
125.51, 126.53, 128.13, 128.31, 128.98, 131.18, 133.54,
137.39, 141.90, 153.65, 169.12; IR (KBr): ν 3383, 3166,
2360, 1663, 1608, 1589, 1450 cm-1.

2-(5-bromo-2-hydroxyphenyl)-2,3-dihydroquinazolin-
4(1H)-one (4k): 1H-NMR (400 MHz, DMSO-d6,
δ, ppm): 5.9 (s, 1H, CH), 6.41-7.86 (m, 7H, Ar-H), 8.82
(s, 1H, NH), 10.27 (s, 1H, NH), 12.59 (s, 1H, OH); IR
(KBr): ν 3412, 3193, 2968, 2880, 1653, 1611, 1490
cm-1.

2-(3-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one
(4l): 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 5.74
(s, 1H, CH), 6.63-6.73 (m, 3H, Ar-H), 7.07-7.25
(m, 2H, Ar-H), 7.33-7.69 (m, 3H, Ar-H), 8.32 (s, 2H,
NH); IR (KBr): ν 3406, 3308, 2958, 1652, 1607, 1507,
1433 cm-1.

2-(thiophen-3-yl)-2,3-dihydroquinazolin-4(1H)-one (4m):
1H-NMR (400 MHz, DMSO-d6, δ, ppm): 6.02 (s, 1H,
CH), 6.68 (t, 1H, Ar-H), 6.75 (s, 1H, NH), 6.94 (t, 1H,
Ar-H), 7.10-7.14 (m, 2H, Ar-H), 7.20 (t, 1H, Ar-H),
7.34 (d, 1H, Ar-H), 7.65 (d, 1H, Ar-H), 8.31 (s, 1H,
NH); IR (KBr): ν 3293, 3180, 2936, 1654, 1611, 1517,
1441, 764 cm-1.

2-(4-isopropylphenyl)-2,3-dihydroquinazolin-4(1H)-one
(4o): 1H-NMR (400 MHz, DMSO-d6, δ, ppm): 1.2 (d,
6H, 2XCH3), 2.89-2.92 (m, 1H, CH), 5.72 (s, 1H, NH),
6.64 (t, 1H, Ar-H), 6.72 (d, 1H, Ar-H), 6.92 (s, 1H,
NH), 7.18-7.25 (m, 3H, Ar-H), 7.43 (d, 2H, Ar-H), 7.60
(d, 1H, Ar-H), 8.09 (s, 1H, NH); IR (KBr): ν 3293,
3192, 2954, 2871, 1772, 1726, 1655, 1511, 1387,
753 cm-1.

Results and Discussion

Characterization of Catalyst
The catalyst nickel ferrite was prepared by co-
precipitation method30. The phase composition of the
sintered sample was analysed by X-ray diffraction pattern
(at 500ºC for 2 hours). All peaks observed at 2θ =
27.48º, 31.81º, 35.72º, 43.37º, 45.53º, 53.87º, 56.55º,
62.99º, 66.30º, 75.34º clearly indicate the formation of
the phase purity of NiFe2O4 (JCPDS card 89-7412). It
was observed that, at high calcination temperature, XRD
peaks become sharper as a result of shift towards greater
crystallinity (Figure 1). The average crystallite size was
calculated using Scherrer’s formula as applied to the
major intense peaks:

D = kλ/βcosθ   (1)

where, D is the average crystalline size, k the Scherrer
constant (0.89), λ is the wavelength of CuK∞, β is the
full width at half-maximum (FWHM) of the diffraction
peaks and θ is the Bragg’s angle. The average particle
size was found to be 25.10 nm.

The FT IR spectrum of catalyst shows bands in a low
frequency region (750-500 cm-1) due to the iron- oxygen
stretching modes of tetrahedral and octahedral sites
(Figure 2).

The thermogram shows continuous pyrolysis without
any break except for 11.20% of the substance. The DTA
curve shows endothermic reaction (Figure 3). The SEM
images (Figure 4) show, tiny crystalline cubes with
agglomeration. The higher SEM particle size as
compared to XRD particle size can be attributed to
agglomeration.
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Fig. 1. Powder X-ray diffraction of NiFe
2
O

4 
ferrite

Fig. 2. FT-IR spectra of NiFe
2
O

4 
ferrite
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Fig. 3. Combined TG/DTA curves of NiFe
2
O

4
 ferrite

Fig. 4. SEM image of NiFe
2
O

4
 ferrite at different magnifications
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To evaluate the efficiency of the catalyst, the synthesis of 2-phenyl-2,3-dihydroquinazolin-4(1H)-one (Scheme 1)
was performed as a model reaction by condensation of isatoic anhydride, aromatic aldehydes, and ammonium salts
or primary amines in the absence and presence of NiFe2O4 catalyst (Table 1).

 

RNH2 + R1CHO NiFe2O4 catalyst

NH

N

O

R1

R

2 3
4

MW/300W/7-16 min.
Solvent free

NH

O

O

O

+ +
NiFe2O4 catalyst

NH

NH

O

1 2 3 4

MW/300W/7-16 min.
Solvent free

HO

NH

O

O

O

+

1

NH4OAc

Scheme 1. Synthesis of 2,3-Dihydroquinazolin-4(1H)-ones using NiFe2O4 catalyst

Table 1. Effect of different amounts of NiFe
2
O

4 
and solvents on the formation of compound 4a a

Entry Catalyst (mol%) Condition/Solvents Time(min) Yieldb (%) 
1 Without catalyst Microwave/solvent free 25 22 
2 5 Microwave/solvent free 18 38 
3 8 Microwave/solvent free 14 67 
4 10 Microwave/solvent free 07 95 
5 10 Reflux/ethanol 120 63 
6 10 Reflux/water 120 73 
7 10 Reflux/THF 120 36 
8 10 Reflux/toluene 120 54 

a Reaction conditions: isatoic anhydride, aromatic aldehydes, and ammonium salts or primary amines (1:1:1.5) in solvents
and NiFe2O4 ferrite (10 mol%) as catalyst.
b Isolated yield.

Under microwave irradiation in the absence of catalyst,
only 22% yield was obtained even with much longer
reaction time (Table 1, Entry 1). Whereas in the presence
of NiFe2O4 (5 mol %), the product yield was significantly
enhanced (Table 1, Entry 2). Increasing the amount of
catalyst up to 10 mol% improved the yield with complete
reaction within 7 minutes (Table 1, Entry 4). Further,

increasing the quantity of the catalyst did not increase
the yield. The reaction performed in presence of ethanol,
THF, toluene and water was slow (Table 1, Entries 5-8).
At microwave irradiation below 350W, the reaction
progressed slowly giving low yield and no improvement
was observed above 350W microwave irradiation.
Therefore, reactions were carried out at 350W. Moreover,
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we have also compared reaction condition in terms of
time and isolated yields with various solid catalysts such
as Magnetic Fe3O4, cellulose-SO3H, Ethylenediamine
diacetate, [bmim]HSO4, Bronsted acidic ionic liquids. It

has been observed that NiFe2O4 is found to be a better
catalyst as compared to others. Ethylenediamine diacetate
(Table 2, Entry 3) shows slightly higher yield but it
required longer reaction time.

Table 2. Comparative study of reaction yields with different catalysts

a Molar ratio of isatoic anhydride, aromatic aldehydes, and ammonium salts or primary amines, b isolated yield

In order to explore suitable reaction conditions, one pot
multicomponent reaction involving isatoic anhydride,
benzaldehyde and NH4OAc (Table 3, Entry 1) using
NiFe2O4 ferrite was carried out under microwave
irradiation for 7 minutes and the corresponding 2,3-
dihydroquinazolin-4(1H)-one 4a was obtained in high
yield (95%). The application of this procedure to a
variety of substrates (aldehydes and amines) was
investigated (Table 3). The aromatic aldehydes involving
both electron-withdrawing and electron-donating groups
such as OMe, Cl, Br, and NO2, and heterocyclic were
converted to give the corresponding 2,3-dihydroquina-
zolin-4(1H)-one products 4a to 4p in good yields. These

reactions proceeded smoothly and no undesirable side
product was obtained. The experimental procedure is
very simple, efficient, convenient, and can be used in
the presence of variety of other functional groups.
NiFe2O4 works well even with sensitive aldehydes such
as furfural without the formation of any side product
(Table 3, Entry 13). The reaction is comparatively faster
with aldehydes containing p-hydroxy group. It required
only 8 min to give excellent yields (Table 3, Entry 3).
All the products obtained were characterized by
spectroscopic methods such as IR, 1H NMR, 13C NMR
and mass spectroscopy and melting points and compared
with the reported values.

Table 3. Synthesis of 2,3-dihydroquinazolin-4(1H)-ones using NiFe
2
O

4
a as catalyst

 

N
H

O

O

O

+
N
H

N

O

R

R1

4321

R H

O

+
NH4OAc

or
R1-NH2

Catalyst

MW/350 W/7-16 min.
solvent free

Entry Catalyst Amount 
(wt%) 

Molar 
Ratioa 

Condition/ 
Solvent 

Time (min)/ 
Yieldb (%) 

References 

1 Magnetic Fe3O4 15 1:1:1 Reflux/H2O 120/80 31  
2 Cellulose-SO3H 05 1:1.2:1 Reflux/H2O 28/90 32 
3 Ethylenediamine diacetate 20 1:1:1 Reflux/H2O 300/94 33 
4 [bmim]HSO4 25 1.1:1:1 Reflux/H2O 180/85 34  
5 Bronsted acidic ionic 

liquids 
05 1:1.2:1 solvent 

free/80°C 
09/91 35  

6 NiFe2O4 ferrite 10 1:1:1.5 Microwave/ 
solvent free 

7/95 Present work 
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Entry Product b Substrate / Product Time 
(min) 

Yield C 

(%) 
     m.p. (oC) 

 Aldehyde (R) Amine Reported Observed 
1 4a C6H5 NH4OAc 7 95 225 -227 226-227 
2 4b 4-OCH3-C6H4 NH4OAc 14 86 230-233 230-233 
3 4c 2-OH-C6H4 NH4OAc 8 94 212-214 212-214 
4 4d 3-NO2-C6H4 NH4OAc 10 92 215-217 215-217 
5 4e 4-Cl-C6H4 NH4OAc 12  89 205-207 206-207 
6 4f 3,4-OCH3-C6H3 NH4OAc 14 87 217-220 218-220 
7 4g 4-NH2-C6H4 NH4OAc 15 88 220-221 219-221 
8 4h 2-OH,3-OCH3-C6H3 NH4OAc 10 90 262-263 262-263 
9 4i 4-(CH3)2-N-C6H4 NH4OAc 11 91 206-208 206-208 
10 4j 2-OH-Napthyl NH4OAc 10 92 222-224 223-224 
11 4k 2-OH-5-Br-C6H3 NH4OAc 15 87 233-235 234-235 
12 4l 3-Cl-C6H4  NH4OAc 15 89 189-190 189-192 
13 4m 2-Furyl NH4OAc 9 91 165-167 166-168 
14 4n 2-Thiophene NH4OAc 14 86 209-212 211-212 
15 4o 4-(CH3)2-CH-C6H4 NH4OAc 15 87 230-233 233-233 
16 4p 3,4,5-OCH3-C6H3 NH4OAc 15 86 263-264 263-265 

a Reaction conditions: isatoic anhydride, aromatic aldehydes, and ammonium salts or primary amines (1:1:1.5), NiFe2O4
(10 mol%).
bAll products are known and were identified by their melting point, IR and 1H and 13C NMR spectra according to
literature, c isolated yield.

In the present study, NiFe2O4 ferrite is used as an efficient catalyst and it’s most important advantage is recyclability.
The NiFe2O4 ferrite was magnetically separated from reaction medium and was reused four times (Fig. 5).

Fig. 5. Recyclability of NiFe
2
O

4
 ferrite
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The probable mechanism for the synthesis of 2,3-
dihydroquinazolin-4(1H)-ones derivatives has been
outlined in Scheme 2. 2-amino-N-phenylbenzamide was
prepared by the reaction of isatoic anhydride with aniline.
2-amino-N-phenylbenzamide reacted with benzaldehyde
to give the corresponding product 4a in presence of
NiFe2O4 as catalyst. The reactions of isatoic anhydride
with benzaldehyde and benzaldehyde with aniline did
not proceed under the same conditions. The isatoic

anhydride is first activated by NiFe2O4 ferrite particles
followed by N-nucleophilic amine attacks on the carbonyl
to form intermediate (I). Then decarboxylation occurs
resulting in generation of 2-amino-N-substitued
benzamide (II). Iron cations act as Lewis acid and
increase the electrophilic character of the aldehydes.
Subsequently, the reaction of activated aldehyde with II
proceeds to give intermediate III that is converted to
product IV via an intramolecular cyclization.

 

N
H

O

O

O

Ferrite particles
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H

O

O

O
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O
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H
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R

IV

Scheme 2. Proposed mechanism for the synthesis of 2,3-Dihydroquinazolin-4(1H)-ones

Conclusions

NiFe2O4 ferrite nano-catalyst with high surface area has
been synthesized by co-precipitation method and has
been employed for the synthesis of 2,3-Dihydro-
quinazolin-4(1H)-ones derivatives using a microwave
reactor under solvent free conditions. By this new
method, 2,3-Dihydroquinazolin-4(1H)-ones with varied
substitution were synthesized. The catalyst was
characterized by P-XRD, FTIR, TG/DTA and SEM
analysis. The attractive features of this protocol offers

several advantages including its greenness with respect
to mild reaction conditions, high yields and easy work-
up and reusability of catalyst without loss of reactivity.
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Abstract
The present paper describes the development of a validated RP-HPLC method for the determination of Saroglitazar
in presence of its degradation products or other pharmaceutical excipients. Stress studies were performed and it was
found that it degrades in acidic and alkaline conditions. The separation was carried out at 40°C on a Princeton C18
(5 μg, 250×4.6 mm) column with 30mM Ammonium acetate: Acetonitrile (40:60 %v/v) as a mobile phase at a flow
rate of 0.5mL min-1. The wavelength of detection was 294 nm. The retention time of nearly 9.5 minutes was obtained.
Analytical validation parameters such as specificity and selectivity, linearity, accuracy and precision were evaluated.
The calibration curve was linear in the range of 2–20 μg/mL with a correlation co-efficient 0.9994. Relative standard
deviation values for all key parameters, were less than 2.0%. The method was validated according to ICH guidelines
and the acceptance criteria for accuracy, precision, linearity, specificity and system suitability were met in all cases.

Keywords: Saroglitazar, RP-HPLC, Analysis, Validation.

Introduction

Saroglitazar (trade name “Lipaglyn”) is a drug used for
the treatment of Type 2 diabetes mellitus and
dyslipidemia. Chemically it is (2S)-2-Ethoxy-3-[4-(2-{2-
methyl-5- [4-(methyl sulfanyl) phenyl] -1H-pyrrol-1-yl}
ethoxy) phenyl] propanoic acid. The drug was approved
for use in India by the Drug Controller General of India.
Saroglitazar is used for the treatment of diabetic
dyslipidemia and hypertrigly ceridemia with Type 2
diabetes mellitus not controlled by statin therapy. It is
commercially available in tablet dosage form as
“Lipaglyn” in India. Literature survey revealed that few
analytical methods like stability indicating RP- HPLC
method for the estimation of Saroglitazar in bulk and
pharmaceutical dosage forms1-5, UV spectrophotometric
method 6 for estimation of Saroglitazar in bulk and tablet

dosage form, Liquid chromatography/mass spectrometry
(LC/MS)7 method have been reported for the
determination of Saroglitazar in human plasma. The
present work describes an impurity profiling method for
the determination of Saroglitazar in tablets using reverse
phase HPLC. The proposed method was found to be
suitable for routine determination of the drug in
pharmaceutical formulations.

Fig.1. Chemical structure of Saroglitazar
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Materials and Methods

Chemicals
A standard bulk drug sample of Saroglitazar was
provided by Zydus Cadila Ahmedabad, India.
Pharmaceutical dosage form used in this study was
“LIPAGLYN” tablets labeled to contain 4 mg of the
drug (Zydus Cadila, Ahmadabad, India). Acetonitrile
(Merck), Methanol (Merck) and HPLC grade water
(Merck) and Ammonium Acetate of HPLC grade were
used. Hydrochloric acid, Sodium Hydroxide and
Hydrogen peroxide of Analytical Reagent Grade (Loba
Chemie Pvt. Ltd. Mumbai, India) were used for the
study. The solvents were further filtered through nylon
membrane filter (0.22µ) and vacuum degassed. The
0.22 µ nylon filter paper was purchased from Pall India
Pvt. Ltd, Mumbai (India). All the glassware used during
experimentation were of Analytical Grade-I.

Apparatus and chromatographic conditions
HPLC method development and validation was done on
a Shimadzu (Japan) Liquid chromatograph equipped with
(LC-20 AD pump), SPDM-20A prominence PDA
detector, Rheodyne 7725i injection with 20μl loop and
LC-Solutions software. Stationary phase used was
Symmetry® C-18 5ìg Column (4.6 mm × 250mm) and
the mobile phase used was 30mM Ammonium Acetate:
ACN (40:60v/v). The mobile phase was filtered using
0.22 μ nylon filter paper purchased from Pall India Pvt.
Ltd, Mumbai, India. The mobile phase flow rate was
0.5 mL min-1 and the injected volume was 20μL.

HPLC Method

Preparation of standard solution
Standard stock solution of Saroglitazar (100 μg mL-1)
was prepared in Acetonitrile and Water in the ratio of
6:4.

Preparation of Calibration graph
The stock solution was diluted with mobile phase to get

a series of concentration ranging from 2-20 μg mL-1.
The chromatographic conditions were set as per the
optimized parameters indicated and the mobile phase
was allowed to equilibrate with stationary phase to get
the steady baseline. Standard solutions of different
concen-trations were injected separately and the
chromatograms were recorded. A graph was plotted of
peak area vs. concentration of drug (μg mL-1).

Preparation of sample solution
Twenty tablets were weighed and the average weight
was calculated. A quantity equivalent to 10 mg of
Saroglitazar was transferred into a 10 mL volumetric
flask, 4 mL water was added and then sonicated for a
minimum period of 30 min. with intermittent shaking.
Then the contents was brought back to ambient
temperature and diluted to volume with water. The
sample was filtered through 0.45 μ nylon syringe filter.
100 μL of this solution was pipetted out and diluted to
10 mL using diluents to obtain concentration 10 μg
mL-1 of Saroglitazar (10 ppm).

Validation
The developed method was validated according to ICH
guidelines. The linearity was evaluated by linear
regression analysis. The calibration graph was plotted
for the HPLC method (2-20 μg mL-1).

Precision studies were done in terms of repeatability
(intra-day precision) and intermediate (inter-day
precision) and was expressed as relative standard
deviation (RSD) of a series of measurements. Intra-day
precision was calculated from six replicate readings at
3 concentration levels within the linearity range. Inter -
day precision was studied by comparing the results on
three different days.

To study the accuracy of the method, recovery studies
were carried out by addition of standard drug solution
to the pre-analyzed sample at 3 different levels i.e. 80,
100 and 120%. The resultant solutions were then
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reanalyzed by the proposed method.

LOD and LOQ was calculated using single-to-noise (S/
N) ratio method. LOD was taken as a concentration of
analyte where S/N is 3 and LOQ was taken at a
concentration of analyte where S/N is 10.

Robustness was evaluated by studying the influence of
small deliberate changes in the analytical parameters on
the retention times and peak shapes. The method should
be robust enough with respect to all critical parameters
so as to allow routine laboratory use. The specificity of
the method towards the drug was studied by
determination of purity for drug peak in a mixture of
stress samples using a UV detector.

Degradation Studies

Acidic conditions
The solution was prepared by dissolving the drug
substance in water and the drug was subjected to
accelerated degradation under acidic condition by
refluxing with 0.5 N HCl at 70oC for 2 hrs and the
sampling was done at intervals of five minutes till
sufficient degradation was achieved. The resulting
solution was neutralized, appropriately diluted and the
chromatograms were recorded.

Alkaline conditions
The drug substance was dissolved in water and the drug
was subjected to accelerated degradation under alkaline
condition by refluxing with 1N NaOH at 70o C for 4 hrs
and the sampling was done at intervals of five minutes
till sufficient degradation was achieved. The resulting
solution was neutralized, appropriately diluted and the
chromatograms were recorded.

Neutral condition
For forced degradation study in neutral conditions, the
drug was dissolved in water and heated at 70oC. The
samples were withdrawn at appropriate time intervals

and subjected to HPLC analysis after suitable dilution.

Oxidative studies
Oxidation studies were performed in 10% H2O2 at room
temperature for 24 hrs. The resultant solution was
appropriately diluted and the chromatograms were
recorded.

Photolytic studies
For photolytic stress studies, the samples of the drug
and drug product were exposed to sunlight during
daytime for 3 days. Samples were withdrawn at
appropriate time intervals and subjected to HPLC
analysis after suitable dilution. Appropriate controls were
also prepared and injected for each degradation study.

Results and Discussion

For RP-HPLC studies, chromatographic conditions were
optimized to get best resolution and peak shape. The
selection of mobile phase was based on the peak
parameters i.e. symmetry, theoretical plates and capacity
factor, ease of preparation and cost. Symmetrical peaks
with good separation (retention time for Saroglitazar
was 9.50 ± 0.05 min.) was obtained with C18 column
and the mobile phase consisting of Acetonitrile: 30mM
Ammonium Acetate (60:40 v/v) was used at flow rate
of 0.5 mL min-1. A typical chromatogram obtained for
the analysis of drugs using the developed method is
shown in Fig. 2.

The optimum wave length for detection and quanti-
fication was 294 nm, at which good detector response
for both drugs were obtained. There was no interference
from the diluents and excipients present in the
pharmaceutical formulation.

To check linearity, the standard calibration curve for the
drug was constructed by plotting ratios of standard drug
peak area to internal standard peak area vs. concentration
of standard solutions and the curve showed good linearity
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Fig.2: Chromatogram of Saroglitazar

over a concentration range of 2-20 μg mL-1. The
regression equations for the drugs were found by plotting
peak area vs. concentration μg mL-1. Table 1 summarizes
the linearity range and the linear regression equation for
the drug.

The precision was expressed as the RSD of the results. The values obtained for the precision studies, presented
in Table 2, indicate good repeatability and low inter-day variability.

The LOD and LOQ values of Saroglitazar were found
to be 0.3559 μg mL-1 and 1.0786 μg mL-1 respectively.
The precision of the method was determined by
repeatability (intra-day) and intermediate precision (inter-
day).

Table 1: Linearity range and the linear regression equation for the drug.

Parameter Saroglitazar 

Linear Dynamic range (g/mL) 2-20 g/mL 

Slope 80579 

Intercept 12356 

Correlation Coefficient 0.9994 

LOD (g/mL) 0.3559 

LOQ (g/mL) 1.0786 
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Table 2: Precision Studies

The robustness of the proposed method was evaluated
by slight modification in the organic composition of
mobile phase and flow rate. During these studies, it was
found that there was not much change in retention time,
area and symmetry of peak.

The recovery results in the range 98-99% show the
accuracy of the method (Table 3).

Table 3: Recovery studies

Accuracy Level (%) % Recovery* 
80% 98.13 
100% 99.19 
120% 99.83 
Mean 99.05 
SD 0.8586 
%RSD 0.8668 

* Mean of three reading

Degradation Studies
HPLC studies of samples obtained on stress testing of
Saroglitazar under different conditions using 30mM
Ammonium Acetate : ACN (40:60v/v) as mobile solvent
system suggested the following degradation behavior:

Forced degradation studies
Acidic conditions
The drug was subjected to 0.5 N HCl for 2 hrs at 70°C
and formed degradation products at retention time 4.3
min (Fig. 3a). The rate of hydrolysis in acid was faster
as compared to that in alkali or water.

Alkaline conditions
The drug was subjected to 1 N NaOH for 4 hrs at 70oC
(Fig. 3b).
Neutral Condition
In neutral condition, significant degradation of the drug
was achieved after heating the drug at 70oC for 24 hrs
(Fig. 3c).
Oxidative studies
In oxidative condition, significant degradation of the
drug was obtained after exposure to 10 % H2O2 for 24
hrs (Fig. 3d).
Photolytic studies
Sufficient degradation was achieved by exposing the
drug product to sunlight during day time for 3. Days
(Fig. 3e).
In forced degradation studies, the molecular weight of
Saroglitazar was found to be 325 in acidic medium and
387 in basic medium. It was thus confirmed that the
drug was degraded and the fragmentation pattern was
predicted by the fragments obtained in ESI-LC/MS/MS
study of Saroglitazar and forced degradation samples
(acidic, basic and oxidation).

Sr. No. Observation % Labelled claim 
Intra-day Inter-day Different Analyst 

1. I 99.69 99.64 100.06 
2. II 99.85 99.91 99.84 
3. III 100.50 99.98 100.01 
Mean 100.13 99.81 99.98 
SD 0.4289 0.1700 0.1153 
%RSD 0.4289 0.1703 0.1153 
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Fig 3a. Chromatogram of sample degraded in 0.5N Hydrochloric acid

Fig 3b. Chromatogram of sample degraded in 1 N Sodium Hydroxide
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Fig 3c. Chromatogram of sample subjected to Neutral degradation

Fig 3d. Chromatogram of sample subjected to Oxidative degradation
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Fig 3e. Chromatogram of sample subjected to Photolytic degradation

Table 4: Forced Degradation and Stability assay

The developed method was used for the assay of
commercially available tablets and six replicate
determinations were performed. Experimental values
obtained for the determination of tablets are given in
Table 5. The interference of excipients was studied by
comparing the chromatograms of standards and
formulations. Similar shapes and retention times of peaks
showed that there was no interference from the
excipients.

Table 5: Analysis of formulation assay

Sr. No. Wt. of Sample (mg) % Assay 
1. 323.122 99.43 
2. 322.124 99.85 
3. 3232.101 99.62 
4. 323.051 99.63 
5. 323.108 99.68 
6. 323.123 99.62 
Mean 99.63 
SD 0.1346 
%RSD 0.1351 

Condition % Assay 
Normal 99.89 
Acid 85.56 
Base 80.12 
Oxidation 99.15 
Heat 99.52 
Photolytic 98.87 

The system suitability test of the chromatographic system
was performed before each run. Six replicate injections
of standards were done and peak asymmetry, theoretical
plate number and RSD of peak areas were determined.
For all system suitability tests, performed, asymmetry
was < 1.5, theoretical plate number was > 5000 and
RSD of peak areas was < 1%.
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Conclusions

A simple, accurate, precise and economical method was
developed for analysis of Saroglitazar. The method was
validated according to ICH R2 guidelines. In Impurity
Profiling study, drug was forcefully degraded in acidic
medium (0.5 N HCl, 2hr reflux), basic medium (1N
NaOH, 4hrs reflux) and oxidation mode (10%) at room
temperature for 24 hrs. In oxidation, neutral and thermal
conditions, the drug was found to be stable.
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Abstract
The interest in the improvement of waterborne paints has lately increased due to the toxicological effect of certain
ingredients of paint on human health, environment and the escalation in prices of petroleum based raw materials.
Alkyd resin is one of the most common types of binders in the paint and coating industry, prepared from reagents
such as petroleum products, phthalic anhydrides and organic solvents. However, the excessive use of these reagents
harms the environment. Therefore, the concerned industries are trying to replaces these hazardous chemicals with
alternative resources which are of vegetative nature. In the present paper, we have reported the use of vegetable oils,
herbs, plant extracts as alternative substitutes for petroleum products. The main intention of using these substitutes
in the synthesis of products is because they are primarily nonhazardous and degradable in nature. We have prepared
alkyd resin with less than 15% of petroleum ingredients and 80-90% renewable plant products like castor oil, rosin,
etc. It has been thoroughly analyzed for its physicochemical and spectroscopic properties. Alkyd resin with desirable
properties has further been used for the formulation of water thinnable paints. In the composition of paints, we have
successfully replaced maximum amount of organic solvents with water without sacrificing the technical performance
of the final products. All paint samples have been analysed for their physicochemical and film properties. Further,
the properties of these samples have been compared with the commercial samples and shows good to excellent
results. Our main focus was on the use of less amounts of organic solvents and petroleum based raw materials. The
present research on water thinnable paints is technically sound, economic and environment friendly with more
emphasis on low volatile organic compounds (VOCs) emission.

Keywords: Alkyd resin, Castor oil, Rosin, volatile organic compounds, water thinnable paints

Introduction

Paint, surfactant, ink and germicide industries depend
mainly on petroleum products. A large number of
petroleum products are used as solvents in these
industries. The excessive use of these solvents creates a
global pressure on extraction and prices of petroleum

products. It also causes several environmental problems.
Recent development shows that the plant products and
extracts are suitable alternatives for petroleum products1.
In India, we have very vast renewable sources of
vegetative nature such as oilseeds, herbs, plant extracts,
etc. We can use these raw materials as substitutes for
vinyl and other petroleum products2.
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Keeping all these aspects in mind, we have developed
alkyd resin using castor oil and resin as raw materials.
Alkyd resin is a short length polymer which is the base
for useable products such as paints3, detergents4 and
surfactants4.

Castor oil5,6 is a triglyceride of fatty acids, containing
87-90% Ricinoleic acid, cis-12 hydroxyoctadec-9-enoic
acid (C18H34O3), derived from the beans of castor plant,
Ricinus Communis L. of the family Eurphorbiaceae.
The chemical structure of castor oil is

Castor is found widely in tropical and semi tropical
countries, either wild or cultivated. It is non edible oil
and has enormous applications in industries. It is well
documented that reaction of castor oil with maleic
anhydride and monobasic alcohol gives a configuration
suggesting a new type of alkyd with alcohol coupled to
the acid chain through maleic acid. This resin
composition acts as an excellent softener in lacquer
varnishes7.

Rosin8 is the residue obtained from the distillation of
pine exudate. Rosin acids are monocarboxylic acids
having molecular formula C20H30O2. The residue contains
90% rosin acid and remaining are esters, aldehyde and
alcohol.

Rosin is a monobasic acid which controls the
polymerisation reaction as a chain stopper. It has a
natural tendency of forming an excellent emulsion for
development of water based compositions. It is also
abundantly available and widely used in a large number

of industrial products like paints, detergents, cosmetics
and pharmaceuticals. Alkyds obtained from Rosin have
good water. Rosin and its derivatives9 have some inherent
properties such as excellent film forming property, ability
to form moisture protective films, resistance to acids,
excellent binding ability, non conductor of electricity,
etc. The chemical structures of a typical rosin is:

Special alkyds based on castor oil, rosin, maleic
anhydride, phthalic anhydride, pentaerythritol and
sorbitol have been developed by Gogte and Agrawal10.
The paints and primers based on these special alkyds
have excellent resistance to water, xylene and mineral
turpentine.

Alkyd Resin
Alkyd resin11 is a polyester of polyhydroxyl alcohols
and polycarboxyl acidsn chemically combined with the
acids of various drying, semidrying, non drying oils in
different proportions. All these alkydss possess most of
the desirable properties which are required for protective
coatings. They are ideal riders for pigmented coatings
because they have good wetting and dispersing
properties. The coatings prepared from alkyd resins are
comparatively low in cost, have excellent properties such
as durability, flexibility, toughness, gloss retention and
color retention. They also act as good solvents and
exhibit remarkable heat resistance property.
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Although, the coating thinned with organic solvents gives
desirable results, it later poses some serious problems,
viz.
(a) solvents are volatile, may easily catches fire,
(b) they are toxic and lead to atmospheric pollution,
(c) they are expensive,
(d) they do not form part of the final film.
These problems are overcome when paints are thinned
using water12,13.
In the context of the growing emphasis on preservation
of petrochemical substances, water soluble binders play
an important role in the surface coating industry14.
Current research is mainly focused on synthesis and
characterization of alkyd resins (Polymer) using various
types of polybasic acids, polyhydric alcohols and fatty
acids and their application in water thinnable paints.

Materials and Methods

Synthesis of Alkyd Resins (Polymers)
Synthesis of alkyd resin based on compositions like
castor oil, rosin, glycerol, Pentaerythritol, sorbitol, maleic
anhydride, phthalic anhydride and benzoic acid were
carried out in a glass reactor.

Four different compositions (Table I) were prepared by
batch process and the addition of ingredients. The
reaction and temperatures used are detailed below in
three steps:

First Step: The castor oil along with rosin, maleic

anhydride, glycerol and catalyst were heated for nearly
2 hours at 1600C to 2750C. In this step, dehydration of
castor oil takes place. Herein, we have used some portion
of maleic anhydride (approximately 50% of actual
requirement) and the remaining was used at a later stage.

Second Step: Pentaerythritol was added at a slightly
higher temperature (2000C to 2600C) and then the
mixture was heated for 4 to 5 hours. In this stage, OH
groups of pentaerythritol react with acidic groups of
rosin and maleic anhydride. This process permits bodying
and polymerization of oil.

If sorbitol is used as an ingredient, then it is added at
a lower temperature (100-1100C) and the heating is
continued for 4 to 5 hours.

Third Step: The remaining maleic anhydride, phthalic
anhydride, benzoic acid and 5% solvent was added and
reaction was continued for 4 to 6 hours so that acids
can react with OH group of pentaerythritol or glycerol.
This step was carried out to get polymerization reaction
in a controlled manner.

The presence of maleic adducts and rosin esters are
expected to make the reaction product more viscous
and give exceptional durability. The main chemical
reaction involved in the formation of alkyd resin is the
polymerization of monoglyceride of castor oil with
phthalic and maleic anhydrides, as shown below:
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The extent of the reaction was determined by checking
the acid value and viscosity periodically. After attaining
the desired acid value, the sample was cooled to 800C.
At this temperature, the sample was thinned with solvent,
filtered and stored in an air tight container. The results
of the analysis are tabulated in Table II.

The requisite parameters of alkyd resin such as acid
value15, iodine value16, peroxide value17 and hydroxide
value18 were obtained by physicochemical analysis.

Preparation of Water Thinnable paints from Alkyd
Resin
The water thinnable paint was prepared in a laboratory
pot mill of 10 dm3 capacity. First the pot mill was charged
with pigment (TiO2, ZnO), extender (polyvinyl alcohol),
binder (alkyd resin) and solvent (xylene, turpentine and
butanol). A thick paste of the mixture was maintained in
the ball mill. 50% volume of the ball mill was occupied
by steel balls of 1.27cm (1/2") diameter. The ball mill
was run for 8 hours and then the paint was tested for
fineness of grind. The expected thickness should be
1-2 micrometer for final application. The grinding was
continued to get the desirable thickness. The sample
was removed from the mill. Additional alkyd resin was
added and the viscosity was adjusted by adding solvent.
The sample was filtered through wire mesh and stored
in airtight containers.

The prepared paints were studied for physicochemical
properties like viscosity19, density20, volatile content21

and solid content 22. The film properties, hiding power23,
drying time24, finish (gloss)25, scratch hardness26,
adhesion27 and rub resistance test28 were determined.
Further, resistive tendencies of the paint films to water,
seawater, chemicals, detergent29,30 and various solvents31

have been tested.

Results and Discussion

Alkyd Resins
(a) The prepared alkyd resin contained 35-39% of

castor oil and 37-40% of rosin.
(b) In conventional short oil alkyd, a high percentage

of anhydrides is used (40-50%). These anhydrides
are mainly based on petroleum based products. In
our product, only 6-15% of phthalic anhydride has
been used. Hence, we have successfully reduced
the petroleum based phthalic anhydride by 75% and
substituted it with renewable rosin without affect-
ing the performance characteristics.

(c) Dehydration of Castor Oil (DCO) with very high
quantity of anhydride is risky and sometimes goes
out of control. We have easily controlled the reac-
tion by using rosin, smaller quantity of anhydride
and chain stopper benzoic acid. It was observed
that benzoic acid effectively regulates the polymer-
ization.

(d) In the final best formulation A4, the quantity of
polyol was 10% (including pentaerythritol 4% and
glycerol 6%), which is less than in the conventional
resins (15-20%). Moreover, pentaerythritol is very
expensive. Therefore, the use of smaller quantity of
pentaerythritol is cost effective.

(e) The catalysts, sodium bisulphate (1.5%) and sodium
bisulphate (0.5%) gave better performance charac-
teristics. The proportion of catalysts has been fixed
by repeated experimentation and analysis of prod-
ucts. With these proportions of catalysts, the yield
of resin is 94 to 95%.

(f) In commercial practices, 16-20 hours are required
for the synthesis of a short oil alkyd. In our case,
the reaction time was found to be 12-13 hours.

(g) IR spectra of alkyd resin indicate the presence of
carboxylic group, OH group, aliphatic group and
aromatic ring in the structure of polymer. UV spec-
trum of alkyd resin shows the presence of conju-
gated double bond, aromatic or heteroaromatic sys-
tem. NMR predicts the presence of aromatic pro-
tons, aliphatic protons and hydroxyl proton.

Analysis of Alkyd Resins
The analysis of alkyd resin is shown in Table II. It is
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observed that the prepared resin with a lower acid
number is not very suitable for conversion into water
thinnable coatings. For getting water thinnable
compositions, the acid value should be slightly higher
than 30. Therefore, we have designed our formulation
in such a way so as to get acid value around 30 in the
final product (A4). The higher acid value products are
soluble in water by reaction with ammonia.

Thus, in our formulation the acid values are on higher
side i.e. 10 to 38. The iodine value of the samples
indicate dehydration of castor oil. The peroxide value is
very low indicating that all available peroxide groups
have been utilized in oxidative polymerisation reaction.
The higher hydroxide value (77 to 120) ensures excellent
adhesive nature of the samples.

Water Thinnable Paints
Several formulations of water thinnable paints based on
alkyd resin (A4) have been studied. Few remarkable
properties of the water thinnable paints are listed below:

(a) Paints based on combination of alkyd resin and
polyvinyl alcohol have been formulated successfully.
The resin content in paints is in the range 12-20%.

(b) The useful pigment binder ratio for paints is 1.25 to
3.12. Thus, the prepared alkyd resin can be used
over a range of pigment binder ratio.

(c) The incorporation of PVA (about 3%) improves
water intake. We have successfully prepared paints
with water intake upto 50% and binder 8-10%.

(d) Addition of water upto 10 to 35% reduces the cost
of paint without affecting the performance charac-
teristics.

(e) The solvent content in paint varies from 25-50%
while water content varies from 10 to 50%. Thus,
the organic solvent is reduced by approximately
50%.

(f) The fire hazard and the toxicity of the paint has

also been reduced due to the water intake.

(g) The water thinnable paints have excellent hiding
power, hardness, adhesion, stability and resistance
to water, seawater and chemicals.

(h) All paint samples surface dry within 5-10 minutes,
while their hard drying time is less than one hour.

(i) In all the paint formulations, no driers have been
used. This will further reduc the raw material cost
of paint and make the paint free from toxic metals
such as lead, cobalt, calcium, etc.

(j) The main features of these formulations are their
excellent hardness and film properties which are
obtained even at lower resin content of 10 to 25%.
Normally, 35 to 50% binder is required for getting
useful technical properties. Thus, in our composi-
tion, we have saved 10 to 15% binder.

(k) The stability of paints is excellent. Generally water
thinnable coatings are unstable.  However, we have
obtained stable products with stability period of more
than six months.

(l) We have developed a paint which is lower in cost,
excellent in technical performance compared to
commercial samples and thinnable with water as
solvent.

(m) E2, E3, and E4 formulations were compared with
commercial samples for all physico-chemical and
film properties and can be adjudged as good com-
positions from the technical performance view point.
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Table 1. Composition of alkyd resins based on Castor oil
(Composition % by weight)

Table 2. Analysis of Alkyd resins

Table 3. Composition (% by weight) of water thinnable paints based on Alkyd resin (A4)

Ingredients A1 A2 A3 A4 
Castor	Oil	 39.44 39.04 35.45 35.89 
Rosin	 39.36 38.98 40.55 37.62 
Glycerol 6.60 6.53 1.00 6.00 
Pentaerythritol 4.67 4.62 ----- 4.25 
Sorbitol ----- ----- 16.01 ----- 
Maleic Anhydride 3.94 3.90 3.26 5.40 
Phthalic Anhydride 5.99 5.93 3.73 9.84 
Benzoic acid ----- 1.00 1.00 1.00 
Sodium bisulphate 0.50 0.50 0.50 1.50 
Sodium bisulphite 0.10 0.10 0.10 0.50 
% Yield 95.5 96.3 93.6 95.0 

 

Alkyd 
Resin 

Acid 
Value 

Iodine 
Value 

Peroxide 
Value 

Hydroxide 
Value 

% Solids 

A1 11.35 39.22 0.37 64.28 94.03 
A2 8.18 44.41 0.58 94.47 90.93 
A3 9.11 51.32 0.51 44.50 93.10 
A4 30.00 42.00 1.02 120.30 95.14 

 

 Component E1 E2 E3 E4 E5 E6 
TiO2 28.17 21.98 20.0 18.39 11.41 7.33 
ZnO 2.58 2.02 1.83 1.67 1.05 0.66 
Alkyd (A4) 19.55 15.25 13.87 12.76 8.00 5.08 
Polyvinyl alcohol (PVA) ----- 1.21 1.65 2.02 3.50 2.20 
Ammonia ----- 0.55 0.50 0.46 0.30 0.20 
Xylene 35.28 30.77 30.32 30.06 28.05 24.57 
Mineral Turpentine 14.11 12.31 12.13 12.02 11.22 9.83 
Butanol  1.01 0.87 0.86 0.85 0.80 0.70 
Water ----- 15.67 18.18 21.73 35.67 50.00 
Pigment Binder ratio 1.573 1.574 1.574 1.572 1.557 1.573 
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Table 4. Physicochemical and film properties of water thinnable paints based on Alkyd resin (A4)

Table 5. Film resistance properties of water thinnable paints based on Alkyd resin (A4)
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Abstract
In the present research, 1, 2, 4-Trisubstituted-1H-imidazoles were synthesized by using nitrophenyl glyoxal with
various substituted aryl aldehydes. The objective behind the research was to design and synthesize substituted
imidazole derivatives and evaluate them for Invitro and Invivo anti-inflammatory and antibacterial activity. The
purity and homogeneity of all the synthesized compounds were confirmed by their melting points, thin layer
chromatography, UV spectrophotometry and IR spectroscopy. Invitro anti-inflammatory activity of the newly synthesized
imidazole derivatives was carried out by protein denaturation method and Invivo anti-inflammatory activity was
carried out by carrageenan induced rat paw edema method. Antibacterial activity was carried out by the cylinder
(cup) plate method.

Keywords: Anti-inflammatory activity, antibacterial activity, Imidazole, substituted aryl aldehydes.
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Design, Synthesis and Biological Evaluation of some Novel Imidazole Derivatives for Anti-
Inflammatory and Antibacterial Activity

Introduction

Inflammation is a process which occurs when the tissues
are injured by foreign organisms such as bacteria, viruses,
trauma, toxins, heat, or by any other cause.1-3 It is a
local response of mammalian tissue to injured cells or
harmful stimuli such as pathogens, damaged cells and
irritants as well as the healing of damaged tissue by
protective response of immune cells, blood cells and
molecular mediators. Inflammation is also one of the
keys to detect autoimmune diseases, such as multiple
sclerosis, rheuma-toid arthritis, Crohn’s disease and Type
I diabetes.4 The generation of prostaglandins is one of
the most important factors in the inflammatory process
because they are produced within the body cells by the
cyclooxygenase (Cox) enzyme. Both Cyclooxygenase-
1(COX-1) and Cyclooxygenase-2(COX-2) enzymes
produces prosta-glandins that promote inflammation pain
and fever.5-7

Inflammation can be caused by a number of factors that
can damage cells and are mainly categorised into:8

Physical: It can be mechanical as in a car accident
injury or assault or ailments like severe cold and heat
(burns), stress etc.
Chemical: Acid burns, drugs, venom, ionizing radiation,
Infection due to bacteria, viruses, fungi and other
parasites.
Ischemia: lack of or restricted blood supply which may
eventually lead to death of tissue (necrosis) known as
an infarct.
Autoimmune disorder: Autoimmune conditions, trauma
and allergies.9

Symptoms of inflammation can vary according to
whether the reaction is acute or chronic such as swelling,
redness, immobility, pain and heat.10-11

There are two basic types of inflammation – acute
inflammation and chronic inflammation.
Acute inflammation: It is of short duration, which could
be anything from a few minutes to a few days. Such
inflammation is caused by foreign substances entering

the body, or by physical damage. A viral infection may
also precipitate acute inflammation.12

Chronic inflammation: It is long lasting. It may persist
for weeks, months or even years. Chronic inflammation
may be brought on by acute inflammation or it may be
the result of an auto immune disease.13-14

Non-steroidal anti-inflammatory drugs (NSAID) are
drugs which are used as analgesic and antipyretic agents
and at higher doses produce anti-inflammatory effects.
Non-steroidal anti-inflammatory drugs block the Cox
enzymes, which are involved in the formation of
prostaglandins and thromboxanes from arachidonic acid
(AA) contained in cellular membranes, and reduce the
prostaglandins throughout the body.15 As a consequence,
on-going inflammation, pain and fever are reduced. So,
it is necessary to discover safe and effective anti-
inflammatory compounds.16-20

Mostly NSAIDs are prescribed in acute inflammatory
conditions such as sports injuries, fractures, sprains, soft
tissue injuries, postoperative, dental and menstrual pain,
and also headaches and migraine.21

Some NSAIDs have emerged as a part of a new class
of cancer chemotherapeutics and chemo preventive
agents.22 As several NSAIDs are available over the
counter, they are often taken without prescription for
other types of minor aches and pains.23

AA is the most abundant polyunsaturated fatty acid found
in the phospholipid cell membranes. Activation of the
phospholipase A2 (PLA2), in response to various stimuli,
releases AA, which can be further metabolized by two
major enzymatic pathways: Cyclooxygenase and
5-Lipoxygenase (5-LOX), leading to pro-inflammatory
mediators, prostanoids and leukotrienes (LTs),
respectively.24
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           Fig. 1. Biosynthesis of eicosanoids and possible drug targets

Prostaglandin endoperoxide H synthase, colloquially
known as Cyclooxygenase or COX has two distinct
catalytic activities (Fig. 1): (1) Cyclooxygenase oxidizes
AA to hydroperoxy endoperoxide PGG2 and (2)
peroxidase which subsequently reduces PGG2 to the
hydroxy-endoperoxide PGH2. Afterwards, the unstable
PGH2 is transformed by diverse tissue-specific synthases
and isomerises into prostanoids. This includes the
prostaglandins (PGD2, PGE2 and PGF2a), prostacyclin
(PGI2) and thromboxane A2 (TXA2).

There are two types of cyclooxygenases namely
COX-1 and COX-2.25 Each type of cyclooxygenase lends
itself to producing different types of PGs.

Fig. 2. Cyclooxygenase Pathway
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Different mechanisms stimulate the two types of
cyclooxygenases. COX-1 is stimulated continuously by
normal body physiology.26 (Fig. 2)
It is present in most tissues and converts arachidonic
acid into PGs. These PGs in turn stimulate normal body
functions, such as stomach mucus production and kidney
water excretion, as well as platelet formation. For
example, COX-1 in the stomach wall produces PGs that
stimulate mucous production. In contrast, the COX-2
enzyme is induced.27 It is not normally present in cells
but its expression can be increased dramatically by the
action of macrophages, the scavenger cells of the
immune system. COX-2 is involved in producing PGs
for an inflammatory response. COX-1 is stimulated
continuously, and COX-2 is stimulated only as a part of
an immune response.28

An antibacterial is an agent that interferes with the
growth and reproduction of bacteria. These agents kill
or prevent bacteria by fighting against bacterial infection.
Heat, chemicals such as chlorine, and all antibiotic drugs

have antibacterial properties.29

An antibiotic is a type of antimicrobial substance active
against bacteria and is the most important type of
antibacterial agent for fighting bacterial infections.
Antibiotic medications are widely used in the treatment
and prevention of such infections.30-31 They may either
kill or inhibit the growth of bacteria. A limited number
of antibiotics also possess antiprotozoal activity.32-33

Various classes of Antibacterial agents
Antibiotics are generally used to treat bacterial infections.
Antibacterial agents act by interfering with34 (Figure 3)
1. Cell wall synthesis: Penicillin, Cephalosporin,

Carbapenams, Monobactum.
2. Protein synthesis: Aminoglycoside, Chlorampheni-

col, Macrolides, Tetracycline, Streptogrmins.
3. Nucleic acid synthesis: Quinolone, Fluoroquinolone.
4. Ribosomal function: Rifampin
5. Folate synthesis: Sulfonamide, Trimetoprim,

                Fig. 3. Site of action of antibacterial agents
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Imidazole as a heterocyclic moiety

  N

N
H

1

2

34

5

Imidazole moiety is an important heterocyclic organic
compound. Imidazole is a 5-membered planar ring
containing two nitrogens at one and three position.
Imidazoles are generally poorly soluble in water but can
be dissolved in organic solvents such as chloroform,
propylene glycol, and polyethoxylated castor oil for IV
use (Table 1). An exception is fluconazole. Imidazoles
are weak dibasic agents. Alterations in the side chain

structure determine antifungal activity as well as the
degree of toxicity.35

Imidazole derivatives have scope in medicine such as
antibacterial, antifungal36-37, anti-inflammatory   agent38-

40, antiprotozoal40-41, anticancer42-44 and anthel-mintic
activity45. Several distinct phenylimidazoles are
therapeutically useful antifungal agents with a wide
spectra of activity against yeasts and filamentous fungi
responsible for either superficial or systemic infections.
The anthelmintic thiabendazole is also an imidazole with
antifungal properties. Clotrimazole, miconazole,
econazole, ketoconazole, itraconazole, and fluconazole
are the most clinically important members of this group.

Table 1: Physicochemical properties of Imidazole

The present research work focusses on the synthesis of 1, 2, 4-trisubstituted-1H-imidazole derivatives by using
nitrophenyl glyoxal with various substituted aryl aldehydes. The purity and homogeneity of all the synthesized
compounds were confirmed by their melting points, thin layer chromatography, UV spectrophotometry, and IR
spectroscopy. Invitro and invivo anti-inflammatory activities of the newly synthesized imidazole derivatives were
studied by protein denaturation method and by carrageenan induced rat paw oedema method respectively.

 
Sr. No. Physicochemical parameters Imidazole 

1. Structural formula 

 
2. Molecular formula C3H4N2 

3. IUPAC name 1H-Imidazole 
4. Other name 1,3-Diazole 
5. Molecular weight 68.077 g/mol 
6. Solubility in water (g/100mL) Soluble in water 
7. Appearance White crystals 
8. Melting point 89-910C 
9. Boiling point 256 -258°C 

N
H

N
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Synthetic Scheme
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Dioxane

Materials and Methods

All solvents and chemicals employed for the synthetic
work were of laboratory grade and all chemicals and
solvents were procured from SD Fine Chemicals, E.
Merck, Loba Chemie and were used without further
purification. Melting points (M.P.) were determined by
using melting point apparatus. λmax values of compounds
were determined by UV spectrophotometry. IR spectra
of synthesized compounds were recorded using KBr
powder on FTIR spectrophotometer IR Affinity-1S
Shimadzu A219652 (Shimadzu, Japan) make from
Department of Pharmaceutical Sciences, Rashtrasant
Tukadoji Maharaj Nagpur University, Nagpur, India.

General Procedure

Synthesis of p- nitrophenylglyoxal
p-nitrophenylglyoxal was synthesized by heating a
mixture of pure selenium dioxide (2.77g, 0.025 mol),
water (1mL) and dioxane (15 mL) in a round bottom
flask at 50-550C with stirring till a clear solution was
obtained. To the above solution, p-nitro acetophenone
(4.12 g, 0.025 mol) was added in one lot. The mixture
was further refluxed with stirring for 4 hours and during
refluxing, small amount of selenium precipitated out.
The reaction mixture was decanted to remove the
precipitate. The clear solution so obtained was distilled
to remove excess dioxane and water. TLC of compound
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was performed by using mobile phase, Chloroform:
Acetone, 9:1, v/v. Yield: 58%  M.P.: 66-68,  Rf 0.45

O2N

O

H

O

Synthesis of 4-(4-nitrophenyl)-2-substituted phenyl-
1 H-imidazole
A mixture of p-nitrophenyl glyoxal 2 (2.23 g, 0.0125
mol), substituted benzaldehyde (1.32 g, 0.0125 mol)
and ammonium acetate (5 g) in glacial acetic acid
(25 mL) was refluxed in a round bottom flask for 5
hours. After refluxing, the mixture was cooled to room
temperature and then poured into cold water (200 mL).
A precipitate separated out, which was filtered, washed,
dried and crystallized from acetone. TLC of compound
was performed using mobile phase, Chloroform:
Acetone, 9:1, (v/v).

 

N

N

H

O2N

General structure of different N-substituted Imidazole
derivatives

 

N

N

R '

R

O 2 N

Table 2: Different N-substituted Imidazole
derivatives

Synthesis of 4-(4-nitrophenyl)-2-phenyl-1 H-imidazole
(3a)
A mixture of p-nitrophenyl glyoxal 2 (2.23 g, 0.0125
mol), substituted benzaldehyde (1.32 g, 0.0125 mol)
and ammonium acetate (5 g) in glacial acetic acid
(25 mL) was refluxed in a round bottom flask for 5
hours. After refluxing, the mixture was cooled to room
temperature and then poured into cold water (200 mL).
A precipitate separated out, which was filtered, washed,
dried and crystallized from acetone. TLC of compound
was performed using mobile phase, Chloroform: Acetone
9:1, (v/v).

Molecular Formula: C15H11N3O2, Molecular Weight:
265.26 , Yield: 62.22% (1.40g), m.p. 110-1120C, λmax

271.5 (Methanol), Rf 0.42, IR (KBr): 3481cm-1 (N-H
Stretching), 1330 cm-1 (C-N Stretching), 1670 cm-1 (C=N
Stretching); 3080 cm-1 (C-H Stretching); 1474 cm-1 (C=C
Stretching), 1400,1550 cm-1 (N-O Stretching).

Sr. No. R R1 

1. H H 
2. o-NO2 H 
3. p-Cl H 
4. p-OH H 
5. p-OCH3 H 
6. H C6H5 

7. o-NO2 C6H5 
8. p-Cl C6H5 

9. p-OH C6H5 
10. p-OCH3 C6H5 

 

N

N

H

O2N
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Synthesis of 2-(2-nitrophenyl)-4-(4-nitrophenyl)-1
H-imidazole (3b)

N

N

H

O2N

NO2

Molecular Formula: C15H10N4O4, Molecular Weight:
310.26, Yield: 42.22% (0.95g),  m.p. 162-1640C, λmax

280.5 (Methanol), Rf 0.48, IR (KBr): 3419cm-1 (N-H
Stretching), 1288cm-1 (C-N Stretching), 1687cm-1 (C=N
Stretching), 3107cm-1 (C-H Stretching), 1450cm-1 (C=C
Stretching), 1520-1350cm-1 (N-O Stretching).

Synthesis of 2-(4-hydroxyphenyl)-4-(4-nitrophenyl)-
1 H- imidazole (3d)
Molecular Formula: C15H11N3O3, Molecular Weight:
281.26, Yield: 44.44% (1.0g), m.p. 178-1800C, λmax 275
(Methanol), Rf 0.57, IR (KBr): 3419 cm-1 (N-H
Stretching 1240 cm-1 (C-N Stretching), 1600 cm-1 (C=N
Stretching), 3049 cm-1 (C-H Stretching), 1450 cm-1 (C=C
Stretching), 3676 cm-1 (O-H Stretching) 1338, 1550
cm-1 (N-O Stretching).

 

N

N

H

O2N

Cl

N

N

H

O2N

OH

Synthesis of 2-(4-methoxyphenyl)-4-(4-nitrophenyl)
-1 H-imidazole (3e)

 

N

N

H

O2N

OCH 3

Molecular Formula: C16H13N3O3, Molecular Weight:
295.29, Yield: 48.88% (1.10g),  m.p. 240-2440C, λmax

270.5 (Methanol), Rf 0.35, IR (KBr): 3417 cm-1 (N-H
Stretching); 1213 cm-1 (C-N Stretching); 1598 cm-1 (C=N
Stretching); 3049 cm-1 (C-H Stretching); 1410 cm-1 (C=C
Stretching); 2845 cm-1 (C-O Stretching), 1338, 1515
cm-1 (N-O Stretching).

Synthesis of 4-(4-nitrophenyl)-1,2-diphenyl-1
H-imidazole (4a)
Compound 3a (2.65 g, 0.01 mol) was suspended in

Synthesis of 2-(4-chlorophenyl)-4-(4-nitrophenyl)-1
H-imidazole (3c)
Molecular Formula: C15H10N3O2Cl, Molecular Weight:
299.71, Yield: 66.66% (1.5g),   m.p. 136-1380C, λmax

265.5 (Methanol), Rf 0.41, IR (KBr): 3417cm-1 (N-H
Stretching), 1296 cm-1 (C-N Stretching), 1597 cm-1 (C=N
Stretching), 3049 cm-1 (C-H Stretching), 1596, 1450
cm-1 (C=C Stretching), 688 cm-1 (C-Cl Stretching), 1346-
1523 cm-1 (N-O Stretching).

 

N

N

H

O2N

Cl
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N

N

O2N

Molecular Formula: C21H15N3O3, Molecular Weight:
341.36, Yield: 60.60% (0.80g), m.p. 180-1840C, λmax

220.5 (Methanol), Rf 0.52, IR (KBr): 3417 cm-1 (N-H
Stretching), 1350 cm-1 (C-N Stretching), 1600 cm-1 (C=N
Stretching); 3049 cm-1 (C-H Stretching); 1448 cm-1 (C=C
Stretching), 1334, 1529 cm-1 (N-O Stretching).

Synthesis of 2-(2-nitrophenyl)-4-(4-nitrophenyl)-
1-phenyl imidazole(4b)

 

N

N

O 2 N

NO 2

Molecular Formula: C21H14N4O4, Molecular Weight:
386.36, Yield: 60% (0.5g), m.p. 114-1180C, λmax 221
(Methanol), Rf 0.64, IR (KBr): 3429 cm-1 (N-H
Stretching), 1350 cm-1 (C-N Stretching), 1610 cm-1 (C=N
Stretching), 3055 cm-1 (C-H Stretching), 1410 cm-1 (C=C

Stretching), 1360, 1506 cm-1 (N-O Stretching).

Synthesis of 2-(4-chlorophenyl)-4-(4-nitrophenyl)-1-
phenyl imidazole(4c)

N

N

O 2N

Cl

Molecular Formula: C21H14N3O2Cl, Molecular Weight:
375.80, Yield: 40% (0.40g), m.p. 118-1200C, λmax 295
(Methanol), Rf 0.28, IR (KBr) : 3360 cm-1 (N-H
Stretching), 1261 cm-1 (C-N Stretching), 1600 cm-1 (C=N
Stretching), 3000 cm-1 (C-H Stretching), 1487 cm-1 (C=C
Stretching), 746 cm-1 (C-Cl Stretching), 1346, 1525
cm-1 (N-O Stretching).

Synthesis of 2-(4-hydroxyphenyl)-4-(4-nitrophenyl)-
1-phenyl imidazole (4d)

 

N

N

O 2 N

O H

tetrahydrofuran (20 mL) and refluxed with chlorobenzene
(2 mL) in the presence of 2-3 drops of triethylamine for
8 hours. The completion of reaction was confirmed by
TLC. After refluxing, acetone was added to the reaction
mixture and it was kept overnight at room temperature.
The precipitate formed was filtered and recrystallized
from ethanol. TLC of compound was performed using
mobile phase, Benzene: Acetone, 8:2 (v/v).

Molecular Formula: C21H15N3O3, Molecular Weight:
357.36, Yield: 50% (0.70g), m.p. 82-840C, λmax 219.5
(Methanol), Rf 0.38, IR (KBr) (cm-1): 3360(N-H
Stretching), 1240(C-N Stretching), 1602(C=N
Stretching), 3049(C-H Stretching), 1448(C=C
Stretching), 3417(O-H Stretching), 1350(N-O
Stretching).
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N

N

O 2N

OCH 3

Molecular Formula: C22H17N3O3, Molecular Weight:
371.38, Yield: 42.85% (0.30g), m.p. 208-2100C, λmax

229.5 (Methanol), Rf 0.45, IR (KBr)cm-1: 3323(N-H
Stretching); 1190(C-N Stretching); 1600(C=N
Stretching); 3012(C-H Stretching); 1450(C=C
Stretching); 2848(C-O Stretching), 1300, 1580(N-O
Stretching.

Anti-inflammatory activity46

Invitro anti-inflammatory activity
The synthesized compounds were screened for Invitro
anti-inflammatory activity by using inhibition of albumin
denaturation technique of Muzushima and Kabayashi
with slight modification.47 The reaction mixture (5 mL)
consisted of 0.2 mL of egg albumin (from fresh hen’s
egg), 2.8 mL phosphate buffered saline (pH: 6.4) and 2
mL of varying concentrations of test compounds. A
similar volume of double distilled water served as
control. Then the mixtures were incubated at 37±2°C in
an incubator for 15 minutes and then heated at 70ºC for
5 minutes. After cooling, their absorbance was measured
at 660 nm by using vehicle as blank. Diclofenac of final
concentration of 50 ppm was used as standard drug and
treated similarly for determination of absorbance. The
percent inhibition of protein denaturation was calculated
as follows and the results are shown in Table 3 and
Figure 4.

Percentage inhibition = [Acontrol – A sample) / A control] X 100

Compounds Absorbance (660 nm) Inhibition of Protein Denaturation (%) 
Control 0.7850 - 

3a 0.3109 60.39 
3b 0.2159 72.49 
3c 0.4000 49.04 
3d 0.1196 84.76 
3e 0.2473 68.49 
4a 0.5024 36.00 
4b 0.4732 39.71 
4c 0.4301 45.21 
4d 0.4130 47.38 
4e 0.5100 35.03 

Diclofenac (standard) 0.1050 85.82 
 

Table 3: % Inhibition of protein denaturation of N-substituted imidazole derivatives

Synthesis of 2-(4-methoxyphenyl)-4-(4-nitrophenyl)-
1-phenyl imidazole (4e)
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Fig. 4. % inhibition of protein denaturation of synthesized compounds compared with standard
diclofenac

Invivo anti-inflammatory activity48, 49

All the newly synthesized compounds (3a-e, 4a-e) were
subjected to pharmacological screening to determine
invivo anti-inflammatory activity. Male Sprague-Dawley
rats (200-300 g) were used in the study. The animals
were housed in the animal facility under standard
conditions of temperature (25±2ºC) and 12 hr light / 12
hr dark cycles. The animals were kept under laboratory
conditions for one week before the start of the
experiments and allowed free access to food and water.

The anti-inflammatory activity of N-substituted 1, 2, 4-
triaryl imidazole was determined using a carrageenan-
induced rat paw edema method. Thirty male Sprague-
Dawley rats (200-300 g) were randomly divided into 5
groups (6 animals in each group) consisting of 1 control
group, 1 standard group and 3 test groups. Test
compounds (10 mg/kg) suspended in 0.5% carboxy-
methylcellulose solution (CMC) were administered
orally. The control group received an equivalent volume
of vehicle (0.5% CMC in distilled water) and the
standard group received indomethac dissolved in 0.5%
CMC solution (10 mg/kg, i.p.) one hour before subcuta-
neous injection of carrageenan (1% w/v in NSS) into
the plantar surface of the left hind paw. After carrageenan

injection, the paw thickness was measured at 0 hr, 1 hr,
2 hr and 3 hr in the individual animals of control, test
and standard group using Digital Vernier caliper
(Table 4). % inhibition of inflammation by experimental
compounds was compared with standard Indomethacin.
(Fig. 5)

The percentage inhibition of edema (Table 5) was
calculated by the following equation:
% Inhibition (%I) = [1- (Dt/Dc)] × 100
where,
Dt = Mean relative change in paw thickness in test group/
standard group.
Dc = Mean relative change in paw thickness in control
group.
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Sr. No. Group Dose mg/kg Average rat paw thickness after 
carrageenan injection (mm) 

0 h 1 h 2 h 3 h 
1. Control - 4.60 4.56 4.48 4.21 
2. Indomethacin 10 mg/kg 4.61 2.98 2.91 1.99 
3. 3a 10 mg/kg 4.20 2.43 2.12 2.05 
4. 3b 10 mg/kg 4.76 3.28 3.10 2.10 
5. 3c 10 mg/kg 4.18 2.61 3.35 3.10 
6. 3d 10 mg/kg 4.73 3.82 3.71 2.20 
7. 3e 10 mg/kg 4.28 3.32 2.48 2.07 
8. 4a 10 mg/kg 4.18 3.43 3.32 3.05 
9. 4b 10 mg/kg 4.19 2.59 2.95 2.89 
10. 4c 10 mg/kg 4.30 2.83 2.62 2.15 
11. 4d 10 mg/kg 4.88 3.92 3.73 2.80 
12. 4e 10 mg/kg 4.20 3.88 2.92 2.95 

Table 5: % inhibition (%I) of inflammation by carrageenan induced rat paw edema

Sr. No. Group Dose mg/kg % inhibition of rat paw edema 
0 hr 1 hr 2 hr 3 hr 

1. Control - - - - - 
2. Indomethacin 10 mg/kg - 34.64 35.04 52.73 
3. 3a 10 mg/kg - 32.71 34.67 51.30 
4. 3b 10 mg/kg - 28.07 30.80 49.88 
5. 3c 10 mg/kg - 18.76 21.98 26.36 
6. 3d 10 mg/kg - 16.22 17.18 47.74 
7. 3e 10 mg/kg - 27.19 44.64 50.11 
8. 4a 10 mg/kg - 24.78 25.89 27.20 
9. 4b 10 mg/kg - 37.93 41.51 48.50 
10. 4c 10 mg/kg - 29.20 30.88 31.35 
11. 4d 10 mg/kg - 14.03 16.74 33.05 
12. 4e 10 mg/kg - 26.84 27.27 29.36 

         Table 4: Average rat paw thickness (mm) after carrageenan injection at different hours
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Fig. 5. % inhibition of inflammation by experimental compounds compared with standard
indomethacin

Antibacterial activity
Antibacterial assay is based on a comparison of inhibition
of growth of bacteria by measured concentrations of
test compounds with that produced by known concen-
tration of a standard antibiotic. The cylinder (cup) plate
method depends upon diffusion of antibiotic from a
vertical cylinder through a solidified agar layer in a
Petri dish or plate to such an extent that growth of
added bacteria is prevented entirely in a zone around
the cylinder containing the solution of the antibiotics.
The cup-plate method is simple and measurement of
inhibition of bacteria is also easy. We have used this
method for antibacterial screening of the test
compounds.50, 51

Name of organisms used for antibacterial activity
Gram +Ve microorganisms

- Staphylococcus aureus (MTCC No. 96)
- Bacillus subtilis (MTCC No. 121).

Gram -Ve microorganisms
- Escherichia coli (MTCC No. 521).

Working standards: Stock solutions of synthesized

compounds and standard drug were prepared in methanol
(1000μg/mL). Further dilution was made to get
concentrations of 50μg/mL, 100μg/mL, 150μg/mL and
200μg/mL.
Preparation of medium: Nutrient agar 2%, Peptone 1%,
Beef extract 1%, Sodium chloride 0.5% and distilled
water. All the ingredients were weighed and added to
water. This solution was heated in a water bath for about
one and half-hours till it became clear. This nutrient
media was sterilized in an autoclave at 121°C for 15
minutes at 15 psi.
Apparatus: All the apparatus like Petri dishes, pipettes,
glass rods, test-tubes etc. were properly wrapped with
papers and sterilized in an hot air oven at 160°C for 3
hours.
Culture: S.aureus and B.subtilus were used as gram-
positive bacteria and E.coli were used as gram negative
bacteria for our study. The master culture was prepared
on agar slant of the above nutrient media and kept in a
refrigerator. The working culture was prepared from it
by weekly transfer in nutrient agar medium.
Preparation of inoculum: In aseptic conditions, small
amount of culture was transferred from the working
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culture to about 10-15 mL of sterile normal saline (0.9%
NaCl solution). This solution was gently mixed and used
for antibacterial activity studies About 0.5 mL of
inoculum was added to the sterilized Petri dish along
with cooled melted agar, mixed gently and then allowed
to solidify. Wells were bored in the agar plate and
constant volumes of solutions of the compounds were
filled in the bores. The solution was allowed to diffuse
for a period 90 minutes. The Petri dishes were then
incubated at 37°C for 24 hours after which zones of
inhibition were measured.

The MIC was determined as the lowest concentration of
compound that completely inhibits organism growth.
Preparation of test solution: Specified quantity (100 mg)
of the compound was accurately weighed and dissolved

in 100mL of methanol and further dilution was made to
get the concentrations 50μg/mL, 100μg/mL, 150μg/mL,
and 200μg/mL.

Antibacterial screening method: All the petri dishes were
sterilized in an oven at 1600C for 1hr. Agar media filter
discs and test solutions were sterilized in an autoclave
at 1210C, 15 lbs/sq. inch. Molten sterile agar was poured
in sterile Petri dishes aseptically and cooled at room
temperature. Bacterial suspensions were poured in Petri
dishes aseptically. The sterile paper discs were placed
in the four quadrants of Petri dishes aseptically after
soaking in the sterile test solutions. The petri dishes
were incubated at 370C for 24 hrs and the zones of
inhibition were observed. (Table 6)

Compounds MIC (µg/mL) Gram positive bacteria MIC (µg/mL) Gram negative bacteria 
B. Subtilis S. Aureus E. Coli 

3a 100 100 200 
3b 100 100 150 
3c 150 150 200 
3d 100 100 200 
3e 150 200 150 
4a 100 100 200 
4b 50 50 100 
4c 200 150 200 
4d 100 50 50 
4e 100 150 100 

Molecular docking studies: The molecular docking tool,
VLife MDS 4.6 software was used for ligand docking
studies into the enzymes, selective COX-2, with PDB
code (4COX) having co-crystallized ligand Indomethacin
and glucosamine 6-phosphate synthase with PDB code
(1MOQ).52 Results of molecular docking studies for
N-substituted 1, 2, 4-triaryl imidazoles with 4COX are
given in Table 7.

Molecular docking protocol: The structures of
compounds were sketched using the 2D structure draw
application Vlife2Ddraw and converted to 3D structures.
All the structures were minimized and optimized with
the MMFF method taking the root mean square gradient
(RMS) of 0.01 kcal/mol A0 and the iteration limit to
10,000. Conformers for each structure were generated
using Monte Carlo by applying MMFF force field

Table 6: Invitro antibacterial screening data 3a-e, 4a-e (MIC in μg/mL)
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method and the least energy conformer was selected for
further study. The molecules chosen from docking studies
were used for synthesis purposes. Among them, the first
ten compounds showed very good dock score. These
molecules were again selected for 3D-QSAR method.
The following steps were undertaken for Molecular
docking studies:
A. Ligand preparation: Structures of the N-substituted
1,2,4-triaryl-1H-imidazole ligands were sketched using
Chem Sketch 2D draw and converted to 3D structure
taken in .mol format. The 3D structure in mol format
were then optimized and saved in mol 2 format. MMFF
force field with default settings were used for the ligand
optimization.

B. Protein preparation: The PDB structures [4COX,
1MOQ] were downloaded from Protein Data Bank. All
the bound water molecules, ligands and other moieties
were removed from the proteins and saved in pdb format.
Cavity No. was 1 selected. The tool neutralised the side
chains that were not close to the binding cavity and did
not participate in the salt bridge. This step was then
followed by restrained minimization of co-crystallized
complex, with reoriented side chain hydroxyl group and
alleviated potential side steric clashes. The minimization
was terminated after either completion of 5,000 steps or
energy gradient convergence below 0.05 kcal/mol.

C. Docking methodology: Docking study was performed
on VLife MDS version 4.6 on Acer PC, with Windows
7 operating system. To pre-asses the anti-inflammatory
and antibacterial behaviour of the designed ligands on
a structural basis, automated docking studies were carried
out and scoring functions, their binding affinities and
orientation of these compounds at the active sites of
cox-2 and glucosamine 6-phosphate synthase were found
out. The GA-based ligand docking with genetic algorithm
approximated a systematic search of positions,
orientations and conformations of the ligand in the
receptor binding pocket. The minimum dock score is
not reproducible because this is a Genetic Algorithm

(GA) based run. The input parameters such as number
of cycles, Rotation limits, Translation, Convergence etc.
affect the dock score. The comparative docking
experiments of designed compounds with celecoxib and
chloramphenicol were carried out. MDS was successfully
employed to dock the ligands into the catalytic site of
receptor and correlated to obtain the binding score with
inhibitory activity of compounds.

D. Viewing docking results: The H-bonds, charge
interaction, hydrophobic and Van der Waals contacts to
the receptor were visualized using default settings to
analyse the binding modes of the ligands to receptor.
Dock score and Binding energy was calculated and
lowest dock scores were selected to study their binding
interaction with the Cavity No. 1 of the receptors (4COX,
1MOQ).

3D  QSAR Studies
A Quantitative Structure-Activity Relationship (QSAR)
is a study of the dependence upon chemical structure of
some observable property or activity for a series of
chemical compounds. This dependence enables
predictions to be made about the activity of previously
unseen chemical compounds.

Procedure for 3D QSAR
The Modules >>QSARPlus>> 3DQSAR from the main
menu of MDS was selected to launch the worksheet. By
default, all the molecules in a directory were considered
for QSAR. QSAR tool was chosen from which molecules
were opened and the subfolder containing set of anti-
inflammatory and antibacterial molecules was selected.
Activity data which was stored as activity.txt was inserted
by selecting File >> Insert Data. The field parameters
electrostatic, hydrophobic and steric, were computed by
selecting QSAR Tools >> Compute Field window. The
Gasteiger-Marsili charge was selected for the
computation and invariable columns were removed.
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Table 7: Results of molecular docking studies for N-substituted 1, 2, 4-triaryl   imidazole with 4COX

Compounds Dock 
score 
(KJ/mol) 

Hydrogen 
bonds 

Hydrophobic 
bonds 

Van der Waals 

 
3a 

-5.093617 - - 74 
ASN, TYR, THR, SER, PHE, GLU, LYS, ILE 

3b -5.879297 01 
TYR 

- 82 
ASN, TYR, THR, SER, PHE, GLU, LYS, ILE 

3c -4.831735 - - 78 
ASN, TYR, THR, SER, PHE, GLU, LYS, ILE 

3d -5.650273 - - 79 
TYR, THR, SER, PHE, GLU, LYS, ILE 

3e -4.516323 - 11 
ASN, PRO, 
TYR, THR, 
ILE, ASP 

91 
ASN, TYR, THR, SER, PHE, GLU, LYS, ILE, 
ASP 

4a -5.064331 - - 99 
ASN, TYR, THR, SER, PHE, GLU, LEU, MET, 
ALA, ILE 

4b -3.719436 - - 115 
TYR, THR, SER, PHE, GLU, LEU, ALA, ILE 

4c -3.811562 - - 115 
TYR, THR, SER, PHE, GLU, LEU, ALA, ILE 

4d -4.300615 - - 105 
TYR, THR, SER, PHE, GLU, ALA, LEU, ILE 

4e -3.576725 - 12 
ASN, PRO, 
TYR, THR, 
ILE, ASP 

142 
ASN, THR, TYR, SER, PHE, GLU, LEU, MET, 
ALA, LYS, ILE, ASP 

Indomethacin -4.986063 - 29 
TYR, SER, 
PHE, LEU, 
THR, LYS, 
GLU,MET, 
ALA, ILE 

150 
TYR, THR, SER, PHE, GLU, LEU, LYS, MET, 
ALA, ILE 

The data selection was done by choosing QSAR Tools
>> Data Selection. Training data set selection method
was applied to create training and test set for this random
selection was done. The data was selected in the range
of 65% to 85%. Finally, Variable Selection and Model
Building Wizard tool was selected for the application of
statistical methods like kNN, PLSR, MLR and PCR
from Advanced Methods >> Method. The statistical data

was generated which results in coefficient of
determination r2, coefficient of regression q2, cross
validated r2, fitness plot and points of distribution.

Model validation: The results were in terms of r2, q2, F-
test, and predicted r2 values. The QSAR models having
significant values were selected for the design of
compounds. The standard model is explained in Tables
8-10.
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Table 8: Regression analysis details

Sr. No. TERM MEANING RANGE 
1 K No. of descriptors in model Statistically n/5 
2 Df Degree of freedom (n-k-1) Higher is better 
3 r² Co-efficient of determination >0.7 
4 q² Cross validated r² >0.5 
5 Pred r² r² for external test set >0.5 
6 SEE Standard error of estimate Smaller is better 
7 F-test Statistical significance of the model Higher is better 

3D QSAR Anti-inflammatory model

Table 9: Unicolumn statistics analysis of the training and test sets for
3D QSAR anti-inflammatory model (3a-3e, 4a-4e)

Data Set Average Maximum Minimum Standard 
deviation 

Sum 

Training Set 83.3713 95.1400 70.0800 9.5799 666.9700 
Test Set 92.5150 94.0200 91.0100 2.1284 185.0300 

Table 10: Comparative results of 3D QSAR methods for compounds (3a-3e,
4a-4e) as anti-inflammatory agents

Sr. No. Method r² q² F-test Pred_ r² Pred_r2se 
1. MLR 0.9957 0.9556 172.6955 0.8864 4.4180 
2. PLSR 0.7439 0.4665 14.5241 0.9350 2.3460 
3. PCR 0.8016 0.5593 20.2022 0.7021 5.0236 
4. Knn - 0.7062 - 0.8570 4.9552 
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Among these methods, MLR showed good results with r2 0.9991 (99.57%) and the statistical significance of the
model is 172.6955. This statistical data along with distribution points and fitness plot was used for design of new
compounds. Results of 3D QSAR analysis of N-substituted 1, 2, 4-triaryl-1H-imidazole for anti-inflammatory
model (Figure 6) and Data set used for 3D QSAR analysis with actual and predicted activities of anti-inflammatory
compounds (3a-e, 4a-e) are given in Table 10.

a) 3-D Graphical representation

b) Graph of Predicted activity vs Actual activity
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c) Contribution plot d) Training set

Fig. 6. Results of 3D QSAR analysis of N-substituted 1, 2, 4-triaryl-1H-imidazoles for anti-
inflammatory model: a) Graphical representation for descriptors, b) Graph of Predicted vs Actual

activity, c) Contribution plot for descriptors, d) Training set.

Table 11: Data set used for 3D QSAR analysis with actual and predicted
activities of anti-inflammatory compounds (3a-e, 4a-e)

Compound No. Actual activity Predicted activity Residual 
3a 49.56 45.91 3.65 
3b 36.25 43.78 7.53 
3c 22.36 31.26 8.9 
3d 27.04 25.37 1.67 
3e 40.64 38.02 2.62 
4a 25.95 29.01 3.06 
4b 30.47 27.53 2.94 
4c 42.64 40.00 2.64 
4d 21.27 32.87 11.6 
4e 27.82 29.94 2.12 

3D QSAR antibacterial model
The results obtained from antibacterial activity studies were employed for carrying out the 3D QSAR studies and
the minimum inhibitory concentrations (MIC) of ten compounds employed for statistical analysis on the basis of
various descriptors such as steric, electrostatic and hydrophobic were calculated and used as independent variables.
Unicolumn statistical analysis of the training and test sets for 3D QSAR antibacterial model (3a-3e, 4a-4e) (Table
12) and comparative results of 3D QSAR methods for compounds (3a-3e, 4a-4e) are shown in Table 13.
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Table 12: Unicolumn statistics analysis of the training and test sets for 3D QSAR
antibacterial model (3a-3e, 4a-4e)

    Data Set Average Maximum Minimum Standard 
deviation Sum 

    Training Set 8.0567   9.0000 6.8500 0.8481  48.3400 
    Test Set  8.0050  8.9000  7.4000 0.6996   32.0200 

Table 13: Comparative results of 3D QSAR methods for compounds
(3a-3e, 4a-4e) as antibacterial

Sr. No.   Method r² q² F-test Pred_ r² Pred_r2se 
1.   MLR 0.9991 0.9916 809.3574 0.8774 2.3988 
2.   PLSR 0.9953 0.5785 1270.8739 0.3863 1.3715 
3.   PCR 0.9178 0.8303 66.9768 0.2842 1.6086 
4.   Knn - 0.7483 - 0.6580 0.4106 

Conclusions

The molecular docking and 3D-QSAR studies were
performed for compounds (3a-e & 4a-e).

Both the biological activity studies and QSAR results
are in agreement. It was found that compounds 3a, 3b,
3d and 3e show good activity as compared to the
standard drug indomethacin. In future, these compounds
could be used as good anti-inflammatory agents. The
QSAR model provided actual and predicted values which
were plotted in terms of fitness and activity training
graph. The model obtained for QSAR suggests that
removal of bulky groups, reduction of hydrophobicity
and electropositive groups from the phenyl ring will
increase anti-inflammatory activity.

For antibacterial activity, the electronic and steric
descriptors play an important role. It was found that
increasing both steric hindrance and electrostatic
potential at both substituted phenyl rings increases the
anti-bacterial activity. Compounds 3a, 3d, 4a, and 4b
were found to be most potent when compared to
chloramphenicol as a standard drug.
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Abstract
A simple, precise, and accurate stability-indicating reversed-phase HPLC method has been developed for the
simultaneous estimation of Rosuvastatin calcium and Fenofibrate in combination in tablet formulation. The
chromatographic separation was performed on reverse phase Princeton (C18) (250 mm x 4.6 mm, 5 μ) column with
mobile phase as a mixture of water (pH adjusted to 3.0 with orthophosphoric acid) and acetonitrile in the ratio
(40:60 v/v) at the flow rate 1.0 mL/min. Detection was carried out at wavelength 240 nm. The retention times under
the optimized condition of Rosuvastatin calcium and Fenofibrate were found to be 2.485 and 3.905 minutes respectively.

The developed method was validated as per ICH guidelines for specificity, linearity, accuracy, precision, and system
suitability. The new RP-HPLC method was successfully applied to market formulations without any interference from
the excipients.

Keywords: Rosuvastatin calcium, Fenofibrate, RP-HPLC, Method validation.

Introduction

Rosuvastatin calcium (RSV) is chemically (3R,5S,6E)-
7-[4-(4-fluorophenyl)-6-(1-methylene)-2[methyl (methyl
sulphonyl amino)]-5pyrimidinyl]-3,5-dihydroxy-6-
heptenoic acid calcium1 (Figure 1). It is a synthetic lipid-
lowering agent that blocks the production of cholesterol
in the body, and a competitive 3-hydroxy-3-methyl-
glutaryl coenzyme-A reductase inhibitor effective in
lowering LDL cholesterol and triglycerides which has
been developed for the treatment of dyslipidemia2.
Fenofibrate (FEN), is chemically propane-2-yl 2-{4-[(4-
chlorophenyl) carbonyl] phenoxy} methyl propanoate1

(Figure 2). It is a class of medications known as
antilipemic and fibric acid. It works by breaking down
fats and thus helping the body eliminate triglycerides, is
effective at reducing triglyceride levels and increases
HDL cholesterol levels. It is used to treat primary
hypercholesterolemia, mixed dyslipidemia, severe
hypertriglyceridemia3. Literature survey revealed that
several HPLC methods have been reported for the
estimation of rosuvastatin calcium and fenofibrate in
isolation or in combination tablet dosage
formulation4-17. The reported method has the drawbacks
of long runtime and the use of a large proportion of
organic phase. Hence, an attempt was made to develop
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reversed-phase high performance-liquid chromatography
(RP-HPLC) which is a simple, rapid, accurate, precise,
specific, economical, and sensitive method for the
estimation of rosuvastatin calcium and fenofibrate in
combined tablet and bulk dosage form.

Fig. 1: Chemical structure of Rosuvastatin
calcium

Fig. 2: Chemical structure of Fenofibrate

Materials and Methods

Chemicals and Reagents
Pharmaceutical grade Rosuvastatin Calcium and

Fenofibrate were procured as a gift sample from Cadila
Pharmaceuticals Ltd., Ahmedabad, India. Zyrova F-10,
a tablet formulation, obtained commercially.

Acetonitrile, methanol, orthophosphoric acid,
hydrochloric acid, sodium hydroxide, and hydrogen
peroxide 30% of analytical grade were used throughout
the work.

Instrumentation
Shimadzu HPLC system and PDA detector with Lab
Solution software were used.

Chromatographic Conditions
Chromatographic separation was achieved on a reverse-
phase column Princeton C18 (250 mm × 4.6 mm, 5 ì)
at ambient temperature using a mobile phase consisting
of a mixture of buffer (pH 3.0, adjusted with
orthophosphoric acid) and acetonitrile in the ratio of
(40:60 v/v) at a flow rate of 1.0 mL/min. Detection was
carried out at 240 nm. The mobile phase system after
preparation was filtered through a membrane filter (0.22
μm) and sonicated for 10 minutes. The pH of the mobile
phase was set at 3.0. The injection volume was 10 μl.
The results of the optimized chromatographic condition
are shown in Table 1. Typical chromatographs of a
mixture of standard and sample rosuvastatin calcium
and fenofibrate are shown in Figures 3 and 4 respectively.

Table 1: Optimized chromatographic conditions

Chromatographic conditions 
Mobile phase 
 
Flow rate 

 Water (pH adjusted to 3.0 with ortho phosphoric acid):Acetonitrile 
(40:60 v/v) 
1.0 mL/min. 
Princeton C18 (250 mm × 4.6 mm, 5 μ)  
240 nm 
30oC 
10 µL 
20 minutes 
Acetonitrile: Water (50:50) 
About 2.485 minutes for Rosuvastatin calcium peak and 3.905 
minutes for Fenofibrate peak 

Column  
Detector wavelength 
Column temperature 
Injection volume 
Runtime  
Diluent  
Retention time 
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Fig. 3: A typical Chromatograph of a mixture of standard Rosuvastatin calcium and Fenofibrate

Fig. 4: A typical Chromatograph of a mixture of sample Rosuvastatin calcium and Fenofibrate

Preparation of standard solution of RSV and FEN
For RSV, an accurately weighed 1.0 mg of RSV was
transferred into a 10.0 mL volumetric flask and dissolved
in 5 mL of diluent, and diluted to 10 mL with diluent.
One milliliter of the resulting solution was pipetted out
in 10 mL volumetric flask and the volume was made up
to 10 mL with diluent to obtain a solution of
concentration 10 μg/mL of RSV.

For FEN, an accurately weighed 14.5 mg of FEN was
transferred into a 10 mL volumetric flask and dissolved
in 5 mL of diluent. The volume was made up to 10 mL
with diluent. One milliliter of the resulting solution was

pipetted out in 10 mL volumetric flask and the volume
was made up to 10 mL with diluent to obtain a solution
of concentration 145 μg/mL of FEN.

For the working mixed standard solution, an accurately
weighed 1.0 mg of RSV and 14.5 mg of FEN were
transferred into a 10 mL volumetric flask and dissolved
in 5 mL of diluent. The volume was made upto 10 mL
with diluent. One milliliter of the resulting solution was
pipetted out in 10 mL volumetric flask and the volume
was made up to 10 mL with diluent to obtain a solution
of concentration 10 μg/mL and 145 μg/mL of RSV and
FEN respectively.
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Preparation of sample solution of RSV and FEN
Twenty tablets were weighed and finely powdered. An
accurately weighed amount of powder equivalent to 1.0
mg of RSV and 14.5 mg of FEN was transferred into a
10 mL volumetric flask. Then 5.0 ml of diluent was
added in it. The flask contents were sonicated for 10
minutes to make the contents homogeneous. This
solution was then diluted up to the mark with diluent.
The resultant solution was filtered through Whatman
Grade I filter paper. One milliliter of the filtrate was
transferred into a 10 mL volumetric flask, and then the
volume was made up to the mark with diluent to obtain
a sample solution containing 10 μg/mL of RSV and 145
μg/mL of FEN.

Six replicate of tablet powder equivalent to 1.0 mg of
RSV and 14.5 mg of FEN were transferred into six 10
mL volumetric flask and homogeneous sample solutions
were prepared.

Method Validation
Specificity
Specificity is the ability of the method to measure the
responses of the analyte in the presence of related
substances. The results of system suitability are shown
in Table 2.

Parameter RSV FEN 
Theoretical Plate 
Retention Time 
Tailing factor 
% RSD 

3636  
2.485 
1.30 
0.6 

4997  
3.905 
1.45 
0.4 

LOD and LOQ
The LOD is the lowest analyte concentration that can
be detected. LOQ is the lowest analyte concentration
that can be quantified with acceptable accuracy and
precision. The limits of detection (LOD) and
quantification (LOQ) were calculated from the standard
deviation of the response and the slope of the calibration

 Parameter RSV FEN 
Concentration Range (µg/ml) 
Slope (m) 
Intercept 
Coefficient correlation (r2) 

6-16 
44776 
40116 
0.9999 

116-174 
415.83 
557.22 
0.9994 

Table 2: System suitability results

plot. LOD and LOQ were established, following ICH
definitions, by use of the equations LOD = 3.3σ/S and
LOQ = 10σ/S, where σ is the standard deviation of the
regression line and S is the slope of the calibration plot.

Linearity
Linearity test solutions of RSV and FEN were prepared
at concentration levels of 6-16 µg/mL and 116-174 µg/
mL respectively. Linearity test solutions were prepared
by diluting the stock solution to the required
concentrations. Linearity was established by the least-
squares linear regression analysis of the calibration data.
The results of linearity are shown in Table 3.

Peak areas were plotted against the respective
concentrations and linear regression analysis was
performed on the resulting curves. The linearity curves
for RSV and FEN are shown in Figures 5 and 6
respectively.

Table 3: Linearity results

Precision
The system precision was evaluated by measuring the
area of six qualified working standards for RSV and
FEN and calculating the percentage of relative standard
deviation (RSD). The assay method precision was
evaluated by conducting six independent assays of test
samples of RSV and FEN against qualified working
standards and calculating the percentage of relative
standard deviation (RSD). The intermediate precision
of the method was also verified by different analysis on
different days.

Accuracy
The accuracy of an analytical procedure expresses the
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Fig. 6: Linearity curve for Fenofibrate

Drug   Spiked level (%) Amount taken 
(µg/mL) 

Amount found 
(µg/mL) 

% Recovery 

 
RSV 

 

80 
100 
120 

  8 
10 
12 

7.97 
10.03 
11.96 

98.87 
100.30 
99.66 

 
FEN 

80 
100 
120 

 116 
 145 
 174 

116.86 
145.05 
171.65 

100.74 
100.04 
98.65 

 

Fig. 5: Linearity curve for Rosuvastatin calcium

Table 4: Recovery results
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* Each value is a mean of three observations

Results and Discussion

HPLC method development and optimization
Initially, the pure drug solution was chromatographed
using a mobile phase consisting of a mixture of buffer
(pH 3.0, adjusted with orthophosphoric acid) and
acetonitrile in the ratio of (40:60 v/v) at a flow rate of
1.0 mL/min. Well-resolved peaks of drug were obtained.
Detection was carried out at 240 nm. The retention times,
under optimized conditions of Rosuvastatin calcium and
Fenofibrate were found to be 2.485 and 3.905 minutes
respectively. The total run time of the chromatogram
was about 20 minutes.

Validation of the method

LOD and LOQ
The LOD values of RSV and FEN were 0.29 and 23.12
respectively. The LOQ values of RSV and FEN were
0.89 and 70.08 respectively.

Linearity
Linearity was established by the least-squares linear
regression analysis of the calibration data. Calibration
plots were linear over the concentration range of 6-16
µg/mL for RSV and 116-174 µg/mL for FEN. Peak
areas were plotted against the respective concentrations
and linear regression analysis was performed on the
resulting curves. The equation for the calibration plots
of RSV was Y= 44776x + 40116, with a correlation
coefficient of 0.9999. The equation for the calibration
plots of FEN was Y= 415.83x + 557.22, with a
correlation coefficient of 0.9994.

Precision
The results of intraday precision and interday precision
were 0.6 and 0.9 for RSV. The results of intraday
precision and interday precision were 0.4 and 0.8
respectively for FEN. The percentage RSD was well
within ±2.0%, indicating that the method was precise.

closeness of agreement between the value accepted as
reference and the value found. It was computed at three
different levels, i.e., 80, 100, and 120% of the label
claim. Standard addition and recovery experiments were
conducted to determine the accuracy of RSV and FEN
for the quantification of drugs in the samples. The results
of recovery are shown in Table 4.

Robustness
To evaluate the robustness of the developed method, the

chromatographic conditions were deliberately altered and
the resolution between RSV and FEN was evaluated.
To study the effect of wavelength on the estimation, the
wavelength was altered by ±2 nm, i.e., 238 and 242 nm
from the actual wavelength, 240 nm. To study the effect
of flow rate on estimation, the flow rate was altered by
±0.1 mL/min. i.e., 0.9 and 1.1 mL/min. from the actual
flow rate, 1.0 mL/min. The results of robustness are
shown in Table 5.

Table 5: Robustness results

Conditions 
RSV FEN 

Amount 
estimated [%]  RSD [%] Amount 

estimated [%]  RSD [%] 

Change in wavelength (240±2 
nm) 

238 nm 97.28 0.5698 100.16  0.0900 
242 nm 98.21 0.5733 100.08  0.1417 

Change in flow rate  
(1.0±0.1 ml/min) 

0.9 mL/min 99.55  0.6381 99.37  0.2068 
1.1 mL/min 99.24  0.5078 99.56  0.2009 
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Parameter  RSV FEN 
Calibration range (µg/mL) 
Optimized wavelength (nm) 
Retention Time 

6-16 
240 
2.485 

116-174 
240 
3.905 

Regression equation (Y) 
Slope 
Intercept 
Coefficient correlation (r2) 
Precision (% RSD) 
 Intraday 
 Interday 
% Assay 
LOD (µg/mL) 
LOQ (µg/mL) 

Y = 44776x + 40116 
44776 
40116 
0.9999 
 
0.6 
0.9 
98.69 
0.29 
0.89 

Y= 415.83x + 557.22 
415.583 
557.22 
0.9994 
 
0.4 
0.8 
100.15 
23.12 
70.08 

% RSD: Percentage relative standard deviation

Conclusions

The method enables simple, rapid, accurate, precise,
specific, economical, and sensitive analysis of
Rosuvastatin calcium and Fenofibrate in combined tablet
and bulk dosage form. This method was validated as
per ICH guidelines. The method can, therefore, be used
for routine quality-control analysis of Rosuvastatin
calcium and Fenofibrate in combined tablet and bulk
dosage form.
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Abstract
The present study describes the development of a validated RP-HPLC method for the determination of Ezetimibe
drug. The separation was carried out at 40°C on a Princeton C18 (5 μg, 250×4.6 mm) column with Methanol:
Acetonitrile (25: 75%v/v) as a mobile phase at a flow rate of 0.8 mL/min. The wavelength of detection was 232nm.
Retention time of nearly 3.8 minutes was obtained. Analytical validation parameters such as specificity and selectivity,
linearity, accuracy and precision were evaluated. The calibration curve was linear in the range of 2–20 μg/mL with
a correlation co-efficient 0.999. Relative standard deviation values for all key parameters, was less than 2.0%.  The
method was validated according to ICH guidelines and the acceptance criteria for accuracy, precision, linearity,
specificity and system suitability were met in all cases.

Keywords: Ezetimibe, RP-HPLC, room temperature, Methanol.

Introduction

The drug Ezetimibe (EZT), (3R, 4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-
hydroxyphenyl) azetidin-2-one (Fig. 1) marketed as Ezetrol, is used as a cholesterol absorption inhibitor. It is a
white powder soluble in methanol and acetronitrile.
A variety of chromatographic methods based on HPLC have been developed to resolve drugs and their related
impurities. In the drug industry, UV detection is commonly used.

 

N

O

OH

F

F
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Fig. 1: Structure of Ezetimibe
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Materials and Methods

EZT was received as a gift sample from Glenmark
Pharmaceuticals, Mumbai, India. All chemicals of HPLC
grade were used throughout the experiment. Hydro-
chloric acid, Sodium hydroxide and Hydrogen peroxide
of Analytical Reagent Grades purchased from Loba
Chemie Pvt. Ltd., Mumbai, India were used for the study.

Instrumentation and analytical conditions
HPLC system (Shimadzu) consisted of LC-20AD with
LC Solution Software, SPD-M20A prominence PDA
detector, DGU-20A5 prominence degasser and Rheodyne
injector 7725i with 20μL loop. The separation was
carried out using Princeton C18 (250mm × 4.6 mm,
5μg), at the flow rate of 0.5 mL/min. The wavelength
of detection was 294 nm.

Ultra-Violet Visible Spectrophotometric method
JASCO UV VIS SPECTROPHOTOMETER (Model
Name- V-630, serial no. C280261148) was used for the
wavelength determination.

Sample Preparation

Preparation of stock solution (Solution A)
10 mg EZT was dissolved in 10 mL of Methanol to give
1000 μg/mL of EZT.

Preparation of working standard solution
(Solution B)
1 mL from solution A was pipetted out and diluted up
to 10 mL with diluent to give 100 μg/mL of EZT.

Preparation of working standard solution
(Solution C)
1 mL of solution B was pipetted out and diluted up to
10 mL with diluent and sonicated for 15 min. to give 10
μg/mL of EZT.

Optimization of Chromatographic conditions
Chromatographic studies were performed on trial and
error basis, after using different mobile phases and
columns. The retention of EZT was found to be adequate
on Princeton C18 column in Methanol: Acetonitirile
(25:75 v/v) at flow rate of 0.8 mL/ min with a retention
time of 3.851 ± 0.05 min. with sharp peak, good peak
symmetry and minimum tailing factor.

Results and Discussion

Determination of working wavelength (λλλλλmax)
The working standard solution was scanned in the UV
range (400-200 nm) in 1.0 cm quartz cell against solvent
blank. The λmax was found to be 232 nm. The UV
absorption spectrum of the drug is shown in Figure 2.

Fig. 2: UV Absorption Spectrum of EZT at 400-200 nm
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Chromatographic conditions for drug on analytical HPLC
The following chromatographic parameters were established on the basis of literature review and chemistry of
compound and column and were kept constant during experimentation (Table 1).

Table 1: Optimized Chromatographic Conditions for EZT on HPLC

Column PRINCETON, C18, 4.6 mm × 150 mm 5µ 
Detection wavelength 232 nm 
Injection volume 25 µL 
Pump mode Gradient 
Flow rate 0.8 mL/min 
Temperature 40°C 
Mobile phase ACN : Methanol (75:25 v/v) 
Retention time 3.89 minutes 

The Chromatographic column conditions were set as per the established parameters and the mobile phase was
allowed to equilibrate with the stationary phase. The working standard solution was injected and the resulting
chromatograms are reproduced in Figure 3.

Fig. 3: Chromatogram of EZT

Validation Studies:

System Suitability Parameters:
System suitability is an integral part of method validation to evaluate the parameters like tailing factor, theoretical
plates, resolution and % RSD for replicate injections. The results were within the limits (Table 2).
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Table 2: Study of System Suitability parameters

Sr. No. Retention Time No. of Theoretical Plates Peak Area Tailing Factor 

1 3.89 2781 385301 1.731 
2 3.90 2759 387689 1.688 
3 3.88 2727 397600 1.659 
4 3.89 2776 382689 1.678 
5 3.90 2668 390159 1.704 
6 3.88 2779 380390 1.738 

MEAN 3.89 2748.33 387304.66 1.6996 
S.D. 0.0089 44.2613 6122.42 0.0307 

%RSD 0.2299 1.6104 1.5807 1.8094 

Linearity of Response:
Linearity was evaluated by measuring  mean peak areas at different concentrations of the standard solutions of
SGT. The calibration curve was constructed by plotting concentration of standard solutions against mean peak
areas and the regression equation was computed. The summary of the parameters is shown in Table 3 and in
Figure 4.

Fig. 4: Linearity Study of EZT

Table 3: Data for Regression Analysis

Parameters Ezetimibe 
Linear dynamic range (µg/mL) 2-20 

Slope 138786 
Intercept 5663.2 

Correlation coefficient (R²) 0.9997 
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Accuracy:
Three independent samples (80%, 100%, and 120%) were prepared for each level. Three replicate injections of
each of the sample solutions were made separately and chromatograms were recorded. The accuracy was calculated
as percentage recovery as depicted in Table 5.

Table 5: Results of Accuracy Study by HPLC

Ezetrol tablets (Avg. Wt.  105.35 mg for 10 mg of Ezetrol) 
Level Weight of 

sample taken 
(mg) 

Amount of 
standard added 

(mg) 

Area Total estimated 
weight of 
drug(mg) 

% 
Recovery Sample standard 

80% 105.35 8 1835117 818645 17.93 99.16 
100% 105.34 10 1633237 818645 19.95 99.50 
120% 105.36 12 1498978 818645 21.97 99.77 

 Overall Mean 99.54 
± SD  0.3202 

% RSD 0.3216 
*Mean of 3 readings 

Precision:
Intraday precision (Repeatability) was performed by analysis of six independent samples within a day. Three
replicate injection of each of sample solutions were made separately and chromatograms were recorded. Similarly
three replicate injections were made daily for six days on six independent samples for interday precision.
Table 6 represents the results of intermediate precision. The System precision was determined by analysis of the
same sample over a time interval.  Results of precision were expressed as% recovery and are tabulated in
Table 6.

Table 6: Results of Precision Study by HPLC
Sr. No. Observations % DRUG ESTIMATION 

Intra-day* Inter-day* Different Analyst* 
1 I 99.21 99.87 99.67 
2 II 99.43 99.12 100.01 
3 III 99.35 100 99.52 
4 IV 99.36 98.97 99.3 
5 V 99.62 99.74 99.13 
6 VI 98.14 99.62 99.12 

Mean 99.1850 99.553 99 
SD 0.5291 0.4164 0.346 

%RSD 0.5335 0.4183 0.348 
     *Mean of 3 readings  

Specificity Studies:
After stipulated time of stress conditions, the samples were analyzed and the absorbance of each of the resulting
solutions was measured at 251 nm using solvent blank and the drug content was estimated (Table 7).
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Table 7: Results of Specificity Study

 

 

 

*Mean of observation 

Sr. No Treatment Time Weight of tablet 
powder (mg)* 

Concentration    
(μg/ml) 

%Drug 
estimation* 

1. Neutral 24hrs 105.3 10 99.89 
2. 0.1N  Acid 24hrs 105.3 10 79.44 
3. 0.1N  Alkali 24hrs 105.3 10 71.77 
4. 6%  Peroxide 3hrs 105.3 10 74.83 
5. Thermal 8hrs 105.3 10 94.52 
6. Photo 24hrs 105.3 10 93.25 

Limit of detection (LOD) and Limit of quantitation
(LOQ)
The estimation of detection limit (DL) and quantitation
limit (QL) were determined using the acceptable signal-
to-noise ratios 3:1 and 10:1, respectively. LOD and LOQ
were determined using the method based on standard
deviation of the response and the slope of calibration
curve as shown below:

where,
σ is Standard deviation of response
S is Slope of calibration curve

Table 8: Results of LOD & LOQ Study by HPLC

LOD (µg/mL) 0.4071

LOQ (µg/mL) 1.2337

Robustness:
The robustness of the method was not affected when
small and deliberate changes in flow change, mobile
phase composition, column temperature were made at
100% test concentration. The parameters and results are
shown Tables 9 and 10.

Table 10: Results of Robustness Parameters by HPLC

Ezetrol (Avg. Wt. 105.35 mg for 10 mg of Ezetimibe) 

% Estimation 
Acetonitrile content in mobile phase 

[Acetonitrile: MeOH(75:25v/v)] Flow Rate (0.8 mL/min ± 0.2) 

73mL Acetonitrile 77mL Acetonitrile 0.6 mL/min 1.0 mL/min 
Mean 99.8 100.07 99.12 100.15 
SD 0.2193 0.365 1.2581 0.6392 

%RSD 0.2197 0.3647 1.2693 0.6382 
Retention Time 5.932 3.015 

         *Mean of 3 readings 

3.3σ 10σLOD = and LOQ =
S S

Table 9: Parameters for Robustness study

Parameter - Level Nominal + Level

Change in Acetonitrile content in total 73.00 mL 75.00 mL 77.00 mL

mobile phase

Change in flow rate 0.6mL/min 0.8mL/min 1.0mL/min
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Assay of pharmaceutical formulations:

Standard solution: Solution C was used as the working
standard.
Sample solution:
For sample preparation, methanol was used as diluent
for experiments. Twenty tablets were weighed and finely
powdered. An accurately weighed tablet powder
equivalent to 10 mg of EZT was transferred into a 10
mL volumetric flask. About 5 mL of methanol was added
and the mixture was sonicated for 15 min. Then the
solution was diluted up to the mark with methanol (1000
µg/mL). The resultant solution was filtered through
Whatmann Grade I filter paper. 1mL of filtrate was
transferred to a 10 mL volumetric flask and then volume
was made up to the mark with methanol to obtain a
concentration of 100 mg/mL. Six independent samples
were prepared by diluting 1ml of 100μg/mL to get the
final concentration of EZT 10µg/mL.

Procedure:
After equilibration of stationary phase, three replicate
injections of each of the sample solutions were made
separately and chromatograms were recorded. % assay
was calculated using the formula,

where,
Asam = Area of Sample taken
Astd = Area of Standard taken
Cstd = Concentration of standard, µg/ml
DF = Dilution Factor
Avg. Wt. = Average weight of tablets
Wt. taken = Weight of tablet powder taken
LC = Labeled Claim

The results of percentage assay are shown in Table 11.

sam std

std

A ×C ×DF×Avg.Wt.%Assay
A ×Wt. taken × LC



Table 11: Analysis of Marketed Formulations by HPLC

Sr. No. Wt. of Sample 
(mg) Area of Sample Area of Standard % Assay 

1 101.23 695633 

698544 

99.22 
2 101.13 695634 99.56 
3 101.25 695651 99.86 
4 101.24 695673 99.22 
5 101.24 695664 99.56 
6 101.25 695664 99.86 

 

Mean 99.48 
SD 0.3038 

  
%RSD 0.3054 

 

Conclusions

The proposed RP-HPLC method was found to be simple,
accurate, precise and rapid and was found suitable for
the estimation of Ezetimibe in tablet dosage form. All

the parameters met the criteria of ICH guidelines for
method validation. The reported method is more
economical and can find practical applications and may
be recommended for QC analysis.
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