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ABSTRACT 

Gymnostachyum febrifugum L. is a rare and endemic ethnomedicinal plant belonging to family Acanthaceae. The aqueous 
root extract of G. febrifugum was used to prepare copper nano-particles. The synthesised nano-particles were subjected to 
XRD, FTIR, particle size analysis and zeta potential.  The root extracts showed mean zeta potential of -24.8mV and mean 
electrophoretic mobility of -0.000192cm2/Vs. The particle size analysis showed that the mean particle size was 157.5 nm. 
The XRD analysis revealed the spectrum diffraction peaks at θ = 25.47, 29.85, 34.67, 36.03, 40.2, 55.11 & 76.03 that 
corresponds to Cupric Oxide at θ = 25.47, 29.85, 34.67, 36.03 & 40.2 and metallic copper at θ = 55.11 & 76.03. FTIR analysis 
showed sharp peaks at 637 cm-1 & 568 cm-1, medium peaks at 1644, 1633 cm-1,1555 cm-1, 1538 cm-1, 1516 cm-1, 1506 cm-1, 
1235 cm-1,1079& 1033 cm-1 and weak peaks at 3646, 3627 cm-1,3594, 3563, 3523, 3434 cm-1 & 2804 cm-1. 
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INTRODUCTION 
A medicinal plant is any plant whose stem, roots, leaves, bark, seeds, or other parts are utilised for curative, 
tonic, purgative, or other health-promoting purposes. They have been used for a very long time as ethno 
medicine in all traditional medical systems around the world. As a source of active medicinal compounds, 
these plants have long been extremely important. Early humans used plants to heal their ailments, guided by 
instinct, taste, and experience; as a result, the history of medicinal plants predates that of humans. Global 
research has been and is still being done to confirm their efficacy, and some of the results have sparked the 
development of plant-based medications. 
Gymnostachyum febrifugum L. is a rare ethnomedicinal plant used by the people in Western Ghats belt. It 
belonging to the family Acanthaceae, also an endemic plant found in the Western Ghats of Karnataka. It is 
commonly called as Agrada gida or Nelamuchala, a small, nearly stemless herb. The roots of this plant is 
widely used as native system of medicine to reduce fever, in treatment of mouth ulcers in children, digestive 
cleanser and treating digestive ailments. The perusal of the literature clearly revealed that no work has been 
done on the synthesis of nanoparticles and antioxidant potential of G. febrifugum. Hence, the present study 
is aimed at obtaining information about the synthesis of copper nanoparticles and to assess the antioxidant 
potential of the root extract of G. febrifugum. 
Objectives of the Study: 
1. To synthesize the copper nano-particles. 
2. To characterize the synthesized nano-particles. 
 
MATERIAL AND METHODS 
Collection of plant material 
Frequent field trips were undertaken to Sonandoor Village, Dakshina Kannada district and surrounding areas 
to collect G. febrifugum. The collected plant materials were brought to Department of Botany, Bangalore 
University, Bangalore and was identified and authenticated by Dr. Gopalakrishna Bhat, Taxonomy Research 
Centre, Department of Botany, Poornaprajna College, Udupi, Karnataka. The roots were thoroughly washed 
with running tap water to remove the dust and other soil particles present on the surface of the root, then 
the roots were cut off and dried under shade for 10-12 days. The dried roots were ground into coarse fine 
powder and stored in an air tight container until further use. 
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Preparation of Gymnostachyum febrifugum root extract for Nanoparticle synthesis 
Roots of Gymnostachium febrifugum were washed and cleaned thoroughly with sterile water, shade dried, 
powdered and stored. 20 gm root powder was added to 200 ml distilled water and kept in water bath for 4 
hrs. at 500 C. The extract was then filtered using Whatmann No.2 filter paper and stored. 
Synthesis of copper Nanoparticles: 
10 mM aqueous CuSO4 solution was prepared and the root extract was mixed in 1:4 ratio (v/v), i.e., 20 ml of 
the plant extract was added to 80 ml of copper sulphate solution, drop wise on a magnetic stirrer and 
incubated for 24 hrs at room temperature in darkness and monitored constantly. A positive control solution 
using distilled water and plant extract was prepared and a negative control solution that contained only 
copper sulphate solution was also prepared. After 24 hours, the change in colour of the solution from light 
blue to dark green was observed which indicates the synthesized nano-particles. Later copper nano-particles 
were obtained by subjecting the solution to centrifugation at 10,000 rpm for 15 min and were stored at 40 C 
for the characterization and analysis. 
PARTICLE SIZE ANALYSIS & ZETA POTENTIAL  
Procedure: 
5 mg/mL stock solution of nanoparticle sample was prepared in distilled water and sonicated for 15 minutes 
at 40 kHz using a bath type sonicator (GT-Sonic Model: VGT-1613GTD). The nanoparticle suspension was 
diluted at 10:1000 (v/v) with distilled water in a cuvette and analysed by using Particle size analyser, Horiba 
scientific SZ-100.  
FTIR ANALYSIS 
 Fourier transform infrared spectroscopy (FT-IR) was performed to screen the prominent functional groups 
in the crude extract. FT-IR spectrum gives insight about adsorbed functional groups on the nanoparticle 
surface. The FTIR analysis on plant extract was done according to the established method [17]. Minimal 
quantity of the extract along with potassium bromide (KBr) was thoroughly mixed using pestle and mortar, 
pressed with a manual hydraulic press (2 minute) to form a KBr thin and transparent pellet. Then the disc 
was mounted in a sample holder. The functional group responsible for the nanoparticle was also analysed 
using Alpha II FT-IR Spectrometer (Bruker, USA) in the wavelength range 4000–600 cm-1. 
XRD ANALYSIS: 
XRD analysis was carried out using the instrument X-ray diffractometer, which consists of three basic 
elements: An X-ray tube, a sample holder and an X-ray detector. X-rays are generated in a cathode ray tube 
by heating a filament to produce electrons, accelerating the electrons toward a target by applying a voltage 
and bombarding the target material with electrons. When electrons have sufficient energy to dislodge inner 
shell electrons of the target material, characteristic X-ray spectra are produced. These spectra consist of 
several components, the most common being Kα and Kβ. Kα consists, in part, of Kα1 and Kα2. Kα1 has a slightly 
shorter wavelength and twice the intensity as Kα2. The specific wavelengths are characteristic of the target 
material (Cu, Fe, Mo, Cr). Filtering, by foils or crystal monochromators, is required to produce 
monochromatic X-rays needed for diffraction. Kα1and Kα2 is sufficiently close in wavelength such that a 
weighted average of the two is used. Copper is the most common target material for single-crystal diffraction, 
with CuKα radiation = 1.5418Å. These X-rays are collimated and directed onto the sample. As the sample and 
detector are rotated, the intensity of the reflected X-rays is recorded. When the geometry of the incident X-
rays impinging the sample satisfies the Bragg Equation, constructive interference occurs and a peak in 
intensity occurs. A detector records and processes this X-ray signal and converts the signal to a count rate 
which is then output to a device such as a printer or computer monitor. The geometry of an X-ray 
diffractometer is such that the sample rotates in the path of the collimated X-ray beam at an angle θ while 
the X-ray detector is mounted on an arm to collect the diffracted X-rays and rotates at an angle of 2θ. The 
instrument used to maintain the angle and rotate the sample is termed a goniometer. For typical powder 
patterns, data is collected at 2θ from ~5° to 70°, angles that are pre-set in the X-ray scan. 
 
RESULTS AND DISCUSSION 
The preliminary phytochemical analysis of the root extract clearly revealed the presence of Glycosides, 
phenolics, terpenoids, steroids and oils in the root extracts of G. febrifugum. In the present study, the 
synthesis of copper nano-particles from the root extract of G. febrifugum was performed and exhibited the 
change in colour from Light blue to dirty green.  
FTIR Analysis: 
The FTIR analysis of copper nano-particles clearly revealed that there are sharp peaks at 637 cm-1 and 568 
cm-1, medium peaks at 1644, 1633 cm-1,1555 cm-1, 1538 cm-1, 1516 cm-1, 1506 cm-1, 1235 cm-1,1079 and 
1033 cm-1 and weak peaks at 3646, 3627 cm-1,3594, 3563, 3523, 3434 cm-1 and 2804 cm-1. Similar 
observations were made in Capparis zeylanica leaf extract by Saranya devi et. Al. (2014) [19], synthesised 
and characterised the copper nano-particles. During the present investigation and the work of Saranya devi 
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et. al. (2014) [19] clearly suggested that the copper nano-particles might be surrounded by any of the organic 
molecules such as polyphenols, alkaloids and terpenoids, peaks at 3646 and 3627 cm-1 were due to the 
presence of free –OH group showing O-H stretching vibration, peaks at 3594, 3563, 3523 and 3434 cm-1 were 
due to free –OH group of carboxylic acid, peak at 2804 cm-1 was due to the presence of –CHO group (aldehyde) 
showing C-H stretching vibration, peaks at 1644 and 1633 cm-1 were due to the presence vinylene trisubst 
showing C-H vibration (overtone), peaks at 1555, 1538, 1516 and 1506 cm-1 were due to secondary amines 
showing N-H deformation vibrations,  peak at 1453 cm-1 was due to cellulose showing CH2 deformation 
vibration, peak at 1235 cm-1 was due to the presence of O=N (cyanate ion) showing combination band, peaks 
at 1079 and 1033 cm-1 were due to the presence of cellulose showing various bands, peaks at 948, 793 and 
754 cm-1 were due to the presence of –CHO group (aldehyde) showing C-H deformation vibration. The peak 
at 818 cm-1 was due to    group showing C-C skeletal vibration, peak at 637 cm-1 was due to –C=CH showing 
CH deformation vibration, doublet for molecules with axial symmetry and peak at 568 cm-1 showed the 
presence of C-F with C-F deformation vibration. A total of 13 functional groups were identified during the 
present investigation. 
Particle size analysis and Zeta potential 
In order to determine the stability and agglomeration pattern of synthesised nanoparticles, zeta potential 
analysis is employed. This method provides vital details on the dispersion of nanoparticles in terms of the 
amount of the charge, which reflects the mutual repulsion between the particles. During the present 
investigation the zeta potential analysis of Copper nano-particles synthesised from the root extracts showed 
mean zeta potential of -24.8 mV and mean electrophoretic mobility of -0.000192 cm2/Vs and the mean 
particle size was 157.5 nm. The zeta potential values within -30 range were reported to be more stable in 
solution [24]. Thus, the results obtained were confirmed the synthesised Copper nano-particles have their 
average size above 100 nm and showed higher zeta potential (more than -25 mV). Shi et al., (2017) [20 
]reported the synthesis of copper nano-particles from leaf extract of Cassia auriculata which showed 22.4 
nm average size and -25.4 mV of zeta potential values. The present and the previous reports clearly indicated 
that, due to bigger size and higher zeta potential values, the synthesised nano-particles exhibited average 
stability without any agglomeration between the particles. 
XRD analysis:  
XRD analysis is an extraordinary tool to elucidate the crystallographic nature and to calculate the average 
size of the particles using Debye-Scherrer equation (D= k λ/βcosθ). 
The XRD analysis of copper nano-particles synthesised from the root extract showed the spectrum diffraction 
peaks at θ = 25.47, 29.85, 34.67, 36.03, 40.2, 55.11 and 76.03 that corresponds to Cupric Oxide at θ = 25.47, 
29.85, 34.67, 36.03 and 40.2 and metallic copper at θ = 55.11 and 76.03. The ICDD analysis of these reflections 
revealed the integer plains at 100 – 1000. These plains revealed the crystalline nature of nano-particles. 
Kumari et al, [13] reported similar observations in Callotropis gigantia mediated copper oxide nanoparticles.  

 
Fig 1: FTIR Analysis of the Copper nano-particles of Gymnostachyum febrifugum 
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Fig 2: Particle Size analysis of the copper nano-particles of Gymnostachyum febrifugum 

 
  

Fig 3: Zeta potential analysis of the copper nano-particles of Gymnostachyum febrifugum 
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Fig 4: XRD analysis of the copper nano-particles of Gymnostachyum febrifugum 
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