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Abstract

	 Plant-mediated synthesis is gaining popularity due to its toxic-free constituents, eco-friendly 
nature, and other advantages over conventional synthesis. In this work, a new strategy towards the 
synthesis of the Schiff base ligand (1) N-(2-hydroxyphenyl) -2-methoxy phenyl azomethine and  
its Cobalt complex (2), using the cold methanolic extract of the leaves of the plant species  
Achyranthes aspera (Linn). is successfully achieved. Synthesized ligand and the complex were 
characterized by spectral and analytical data. The size and the composition of the complex were 
confirmed by the SEM and SEM–EDAX analysis respectively. SEM analysis of the complex showed 
a nanorod like structure with an average particle size of 40-60nm. The nano cobalt complex thus 
obtained is further used as a fluorescent probe for the detection of Uric acid (UA).  Uric acid is detected 
by the cobalt complex using UV-detector, UV-Visible spectrophotometer and PhotoLuminescence 
(PL) studies. The concentration of cobalt complex is taken as 1x10-6 M and the concentration of 
Uric acid, ranges from 50-500 µL. UV detector showed an intense fluorescence when irradiated with 
254nm, the intensity of the colour increases with increase in concentration of Uric acid. The UV-Visible 
spectrum showed an enhanced absorption as the uric acid is added to the Cobalt Complex Probe 
and absorbance increases with increase in uric acid concentration at the same wavelength. The PL 
studies showed a remarkable quenching when Uric acid is added to the probe and the quenching 
increases with increase in concentration of Uric acid. Thus, the Cobalt complex synthesized can be 
used as an efficient Uric acid sensor.

Keywords: Cobalt complex fluorescent probe, Achyranthes aspera, 
Uric acid and photo luminescence.

Introduction

	 Recently, synthesis of novel compounds, 
as well new route for the already repor ted 
compounds has been continuously explored by 

adopting greener ways. In that series, synthesis 
of organic compounds using plant extract is of 
major attention. Schiff base ligands with nitrogen 
and oxygen donor atoms are efficient chelators for 
transition and non-transition metals1. The Schiff 
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base ligands are prepared by the condensation 
reaction between different carbonyl compounds 
and amines to form azomethine (-C=N-) group2. 
Because of their ease of synthetic flexibility, 
these ligands are regarded as privileged ligands3. 
Considering their importance in both synthetic 
and structural study, Schiff bases have a wide 
range of applications and their metal complexes 
are widely synthesized due to its enhanced 
applications in various fields4-7. Cobalt complexes 
obtained from the Schiff bases found to be effective 
against various diseases such as antimicrobial8,9, 
antiviral10,11 anticancer12,13 and antiproliferent14. 
One of the transition metal ions, cobalt plays 
an important role in many biological activities of 
multicellular organisms15-18. Cobalt is required for 
the nutritional process of humans and animals. 
It is essential for the synthesis of haemoglobin in 
the metabolism of vitamin B12 and iron, which is 
required for normal fatty acid metabolism19-21. Green 
synthesis of Cobalt complexes has received a lot of 
attention in fluorescence sensing applications22,23. 
The plant Achyranthes aspera (Linn) belongs to 
the Amaranthaceae family and is found primarily 
in Asian and African nations. It is a shrub with 
therapeutic applications and possesses a variety of 
biological and pharmacological activities24. Uric acid 
(UA) is an important biomolecule in the human body 
and an end product of purine metabolism25. Safety 
limit of uric acid in urine and serum is 1.49 to 4.46 
mM and 0.15 to 0.42 mM respectively26,27. Increase 
in limiting value of uric acid leads to gout, renal 
illness, cardiovascular disease, hyperuricemia, 
kidney disorders and decrease in uric acid level 
would cause hypouricemia which leads to genetic 
illness28-30. Uric acid detection has been carried 
out in various methods including surface plasmon 
resonance31, Color imetry32, f luorescence33, 
capillary electrophoresis34, electrochemistry35, 
chromatography36 and enzymatic methods37.In 
this work we have attempted a facile synthetic 
route for the Schiff base and its cobalt complex by 
using the plant extract viz Achyranthes aspera. The 
cobalt complex thus obtained is further used for the 
detection of uric acid by a simple and cost-effective 
method viz. UV and photoluminescence study.

Materials and Methods

	 Chemicals used were procured from Sigma 
Aldrich, Merk and of Analar grade. Fourier transform 

infra-red (FTIR) spectrophotometer were recorded 
by IR Affinity-1S (Shimadzu), UV-Visible spectra 
were recorded on UV Visible spectrophotometer 
(LABINDIA UV 3000+) ranges 200–800 nm at 
room temperature, NMR spectroscopy were 
recorded in Bruker Avance 400 MHz, Fluorescence 
detection was performed with UV detector lamp 
(DEEP VISION make), Photoluminescence 
spectrometer were recorded from JASCO-FP-8300 
spectrofluorometer. The morphological nature of 
sample was identified by EVO 18 with ALTO 1000 
cryo model of SEM.

Preparation of Cold methanolic of the plant 
Achyranthes aspera
	 Achyranthes aspera is collected from the 
Dharmapuri district and the leaves are shade dried, 
powdered and used further.

	 50 g of the powdered plant material is 
soaked with 150 mL of methanol and kept for three 
days. The mixture was shaked at regular intervals to 
ensure efficient extraction. The colour of the solvent 
turns dark green, completion of the extraction is 
confirmed, as there is no further change in the colour 
of the extract. The content of the mixture is filtered 
and the methanolic solution was concentrated the 
cold methanol extract thus obtained is further taken 
as the medium for the synthesis of Schiff base (1) 
and Cobalt complex (2).

Synthesis of N-(2-hydroxyphenyl)-2-methoxy 
phenyl azomethine (1)
	 To 20 mL of the methanolic leaf extract 
of Achyranthes aspera, was added, equal moles 
(49.810mmol) of o-anisidine and salicylaldehyde 
and stirred for 5 minutes. A yellow precipitate 
separates out. The excess extract was filtered and 
the precipitate was washed with petroleum ether 
and dried. Melting point: 59oC, (Lt.M.pt: 57oC)38, 
yield: 85%. Infra red absorption spectrum of the 
ligand (1) Fig. 1 showed bands at 1612 cm-1 (CH=N),  
3062 cm-1 (OH), 1278 cm-1 (OCH3). 

1H-NMR 
(DMSO-d6) of the ligand (1) Fig. 3 Showed a peak 
at δ 8.9 ppm (CH=N) singlet, δ 6.94-7.62 ppm (8 
protons, for Aromatic protons), δ 2.6 ppm (s, 3H, 
OCH3), δ 3.6 ppm (OH). 13C-NMR (DMSO-d6) of 
the ligand (1) Fig. 4: δ 60 ppm (OCH3), δ 112, 117, 
119, 121, 128, 132, 133, 136, 153, 161, 163 ppm. 
TGA- DTA Curve Fig. 7: 191.52oC (-77.889%), 
274.42oC (-17.301%).
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Synthesis of Cobalt complex (2)
	 To 20 mL of extract, added equal moles of 
N-(2-hydroxyphenyl)-2-methoxy phenyl azomethine 
and CoCl2.6H2O was stirred for 2 hours. The colour 
change of the compound from reddish yellow to 
green was noticed. Completion of the reaction was 
further confirmed by TLC. The product obtained 
was recrystallized from ethanol and chloroform 
mixture, green colour solid was obtained. Melting  
point: 280oC, yield: 62%. IR spectrum of the complex 
(2) Fig. 2: 3334 cm-1 (OH), 1624 cm-1 (CH=N), 734 
cm-1. 1H-NMR (DMSO-d6) the complex (2) Fig. 5:  
δ 2.5 ppm (-OCH3), δ 8.9 ppm (-CH=N) a broad 
peak at δ 4.4 ppm for OH of H2O.13C-NMR 
(DMSO-d6) Fig. 6: δ 60 ppm (-OCH3), δ 110, 112, 
117, 119, 120, 129, 133, 161, 163 ppm. TGA-
DTA curve Fig. 8: 41.08oC (-5.720%), 203.9oC 
(-17.482%), 401.28 (-11.543%).

SEM–EDAX Analysis
	 SEM analysis Fig. 9 of the complex showed 
the size of the particle to be 40–60 nm. SEM-EDAX 
Fig. 10 showed the presence of Cobalt, oxygen, 
carbon and chlorine.

Fluorescence spectral studies
UV detector analysis
	 Stock solution of cobalt complex (2), 
(fluorescent Probe) 1x10-6 M concentration was 
prepared in ethanol and stock solution of uric acid 
was also prepared at 1x10-6 M concentration in 
distilled water. 

	 To examine the ability of uric acid with 
fluorescent probe, the stock solution of the Uric acid 
is further diluted to 50 μL-500 μL, at regular intervals 
of 50 μL.

	 2 mL of uric acid of different concentration 
(50-500 μL) is added to 2 mL of the fluorescent probe 
(Cobalt Complex) and their fluorescence is noted for 
each concentration under irradiation of visible, short 
and long UV range respectively. The results are as 
shown in Fig. 11(a-c).

UV-Visible spectral analysis
	 2 mL of cobalt complex in ethanol and  
2 mL of uric acid in distilled water was taken from 
the prepared stock solution at 1x10-6 M concentration 
mixed well, and irradiated under UV-Visible 
spectroscopy in Fig. 12.

Photoluminescence spectral analysis
	 Similar to the UV-radiation, the samples are 
analysed in the photoluminescence spectroscopy 
at an excitation of 310nm, the results obtained are 
shown in the Fig. 14 and 15 respectively.

Results and Discussion

	 A new synthetic approach using the 
plant extract Achyranthes aspera is adopted 
for the conventionally synthesised ligand and 
Cobalt complex39 towards the synthesis of rod 
like nano sized Cobalt complex with 40-60nm in 
size. Cobalt complex obtained by the synthesis 
of Schiff base which in turn prepared from the 
reaction of salicylaldehyde and o-anisidine 
using the cold methanolic extract of the plant 
Achyranthes aspera as reaction medium. 

	 Accordingly, Equal moles of o-anisidine 
and Salicylaldehyde are stirred with the reaction 
medium viz., Cold methanolic extract of Achyranthes 
aspera. The Schiff base ligand (1) thus obtained 
was further stirred with CoCl2.6H2O in the cold 
methanolic medium of the pant extract. The product 
obtained was rinsed with Petroleum ether and 
recrystallised from CHCl3 and ethanol. The reaction 
sequence was represented in Scheme 1. In this 
novel approach, a remarkable decrease in reaction 
time and increase in yield for both the Schiff base 
and the complex is absorbed when compared to 
the reported methods39. 

Scheme 1. Green synthesis of Cobalt complex
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Infra red Spectral studies
	 The IR spectrum of N-(2-hydroxyphenyl)-
2-methoxy phenyl azomethine (1) showed 
absorption at 1612 cm-1 for azomethine and 3602 
cm-1 for the phenolic OH, 1278 cm-1 for methoxy 
group of the Schiff base as illustrated in Fig. 1. 
IR spectrum of the complex (2) showed a broad 
absorption at 3334 cm-1 for OH, 1624 cm-1 for 
azomethine and 734 cm-1. Disappearance of 
3062 cm-1 band of the ligand in the complex 
confirms the formation of the complex through 
phenolic OH and a shift in stretching frequency 
from 1612 cm-1 to 1642 cm-1 confirms the linkage 
of nitrogen in the complexation, also a band at 
734 cm-1 shows that N-Co bond is formed, thus 
formation of Cobalt complex through N-Co-O has 
been confirmed from the spectrum. 

Fig. 1. FT IR spectrum of ligand (1)

Fig. 2. FT IR spectrum of Cobalt complex (2)

Proton-NMR and Carbon-13-NMR spectral studies
	 Disappearance of a peak at δ 3.6 ppm due 
to phenolic OH of ligand (1), 1H-NMR spectrum of 
the complex (2) and appearance of a broad peak at 
δ 4.42 ppm further confirms the formation of complex 
through N-Co-O as shown in Fig. 3 and 5.13C-NMR 
spectrum of Fig. 6 also confirmed the formation of 
cobalt complex. Fig. 6. 13C-NMR spectrum of Cobalt complex (2)

Fig. 3. 1H-NMR spectrum of ligand (1)

Fig. 4. 13C-NMR spectrum of ligand (1)

Fig. 5. 1H-NMR spectrum of Cobalt complex (2)
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TG-DTA studies
	 Fig. 7 displays TG-DTA of the ligand (1) with 
continuous decomposition starting from 40.9oC to 
271.75oC with a loss of (77.889%) weight loss and 
at 274.42oC to 597.20oC with a loss of (17.30%) due 
to remaining organic moiety. Fig. 8 shows TG-DTA 
of the complex (2) decomposition from 41.08oC 
to 199.12oC with a loss of (5.750%) coordinated 
(H2O) of the complex, second decomposition 
from 203.93oC to 398.61oC with loss of (17.482%) 
coordinated water molecule and final decomposition 
at 401.24oC to 598.90oC with loss of (11.543%) a 
complex decomposition was noticed. The TGA of 
the complex showed a smooth decomposition from 
203.73oC to 596.9oC.

Fig. 7. TGA-DTA of ligand (1)

Fig. 8. TGA-DTA of complex (2)

SEM-EDAX analysis
	 Surface morphologies of the synthesized 
cobalt complex (2) at 2µm magnification, clearly 
showed the complex is rod shaped nano particle 
of size with the average particle size of 40–60 
nm in Fig. 9. It confirms the particle size control in 
cobalt complex with the help of Achyranthes aspera 
leaf extract. SEM-EDAX Spectrum of the complex 
showed the presence of carbon, nitrogen, oxygen, 
chlorine and Cobalt in appropriate proportion as 
illustrated in Fig. 10.

Fig. 9. SEM image of Cobalt complex (2)

Fig. 10. SEM-EDAX spectrum of cobalt complex (2)

Fluorescence under UV detection
	 The cobalt complex (2) of 1x10-6 M is 
irradiated under the UV detector at visible, 254nm 
(Short UV) and 365nm (long UV) respectively. There 
is a no noticeable colour change for the complex 
(2) solution and fixing the solution as a fluorescent 
probe, the uric acid of various concentrations ranging 
from 50 µL to 500 µL is diluted from the stock solution 
and irradiated under UV detector. By increasing uric 
acid concentration from 50-500 µL a noticeable 
colour change was observed from pale yellow to dark 
yellow in visible light in Fig. 11(a), light green to dark 
green coloured fluorescence was observed at 254nm 
as shown in Fig. 11(b) and moderate colour change 
was detected under long uv light at 365nm under UV 
detector in Fig. 11(c) respectively. The vial labelled  
0 µL consists of only the cobalt complex solution ie., 
the fluorescent probe, from the figure, it is noted that 
to visible light and short UV, showed a remarkable 
colour change and the short UV fluorescence on 
addition of uric acid to the fluorescent probe.

UV-Visible spectral analysis of uric acid detection
	 The stock solution of cobalt complex 
and uric acid was irradiated under UV-Visible 
spectroscopy. An absorption at 204nm and 324nm 
for cobalt complex absorbed was shown in Fig. 12. 
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When uric acid of 1x10-6 M concentration is added 
to the fluorescence probe an increase in absorption 
intensity is noticed. Hence the UV-Visible irradiation 
is extended to analyse the detection of uric acid with 
concentration ranging from 50-500 µL with an equal 
interval of 50 µL for each concentration is analyzed 
and the results are as shown in Fig. 13.

	 From the UV-Visible spectrum of Fig. 13 it was 
concluded that there was an increase in absorption on 
increasing the concentration of uric acid with constant 
concentration of the fluorescence probe.

Photoluminescence studies
	 2 mL of cobalt complex in 1x10-6 M 
concentration solution and 2 mL of uric acid 
in 1x10-6 M concentration solution was mixed 
to perform the photoluminescence spectrum 
study. After fixed upon the excitation wavelength 
at 310nm, cobalt complex intensity peak was 
observed at 348nm. on gradual addition of uric 
acid, fluorescence quenching was observed at the 
same excitation as shown in Fig. 14. The selective 
response of cobalt complex towards uric acid was 
carried out at by gradual addition of uric acid of 
increasing concentration from 50–500 µL with 
the solution of cobalt complex (1x10-6 M). As the 
concentration of uric acid increased the intensity 
peak at 348 nm was gradually decreased as shown 
in Fig.15(a). The corresponding linear function 
of the calibration curve y=0.2928x+163.347 with 
the correlation coefficient R2=0.9900 which was 
calculated using the equation40 y=mx+c (1) Fig. 
15(b). The observed intercept and slope from the 
graph was used to calculate the limit of detection 
and quantification (LOQ) using the formula 3 
x Standard Deviation/slope and 10 x Standard 
Deviation/slope respectively41. The observed LOD 
and LOQ values are 49.7 µm and 16.52 µm.

Fig. 11. Colour change of cobalt complex with different 
concentration (0-500 mL) of uric acid in UV light 

(a) Visible light, (b) short UV, (c) long UV 

Fig. 13. UV-Visible spectra of cobalt complex on addition 
of different concentration of uric acid (0-500 mL)

Fig. 12. Absorption response of cobalt complex and 
complex+uric acid Fig. 14. Photo luminescence spectra of Cobalt complex 

and Complex with uric acid

(a) 
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  (b)

Fig. 15(a). PL Spectra of Cobalt complex on addition of 
different concentration of uric acid (0–500 mL), (b) The 
linear relationship between fluorescence intensity and 

concentration of uric acid.

	 In this study, a simple, cost-effective and 
green approach for synthesis of the Schiff base 
(1) and Cobalt complex (2) using methanolic leaf 
extract of Achyranthes aspera is reported for 
the first time the structure of the ligand and the 
complex is confirmed by spectral analysis. SEM 
analysis showed rod like nano structure with 
average particle size of 40–60 nm which confirms 

the size of cobalt complex as nanoparticle. 
Detection of Uric acid is carried out with the cobalt 
complex as a fluorescent probe using UV detector, 
UV-Visible Spectroscopy and PL spectroscopy. 
From the results obtained, it was concluded that 
the Cobalt Complex (2) is an effective probe for the 
detection of Uric acid. Further this method is to be 
extended to examine the real time human samples, 
which would provide a convenient, fast and real-
time sensor device for a day-to-day monitoring in 
clinical medicine.  
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