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a b s t r a c t

In the present work, 1-ethyl-3-methyl imidazolium chloride [C3MIM]Cl combine with ultra-soni-
cation was applied for extraction of bioactive compounds from Polygonum minus. The extract was 
used to synthesize nickel nanoparticles (Ni NPs). Synthesis was confirmed by UV/Vis spectropho-
tometry. The Ni NPs were characterized by X-ray diffraction (XRD), Fourier Transformed Infrared 
(FTIR) spectroscopy and thermogravimetric analysis (TGA). The morphology was identified by Field 
Emission Scanning Electron Microscopy (FESEM) and the particle size and zeta potential were ana-
lyzed by dynamic light scattering (DLS). Nickel nanoparticles were used for degradation of methyl 
red, methyl orange, methylene blue and degraded 98% of all dyes in time interval of 5, 5 and 10 min 
respectively. The synthesized nickel nanoparticles were found to be highly effective against three 
different bacteria such as Aeromonas hydrophila (AH), Escherichia coli (EC), Staphylococcus aureus (SA) 
in disc diffusion methods at various concentrations. 
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1. Introduction

Nanoparticles become an active area of research and play 
a significant role in the various fields such as drugs deliv-
ery and renovating medicine etc. [1]. Nickel nanoparticles 
found varieties of significant application in the field of mag-
netics fluids, plastics coating, identification of anti-cancer 
mechanism [2] and catalysis [3]. Previously, nickel nanopar-
ticles have been synthesized by various chemical techniques 
such as electrochemical techniques [4], metal salt reduction 
[5], metal evaporation-condensation [6] and irradiation [7]; 
these methods are intensive in energy, time-consuming, 
and show toxicity. In order to overcome these limitations, 
an alternative technique involving reduction of the metal 
particles to the nanoparticle from biological methods [8] . 
M.Irfan. et al. synthesized gold nanoparticles using 1-Eth-

yl-3-methylimidazolium chloride as extract-ant from Elaseis 
Guineensis. The nanoparticles were confirmed by UV spec-
troscopy. TEM image showed the average particles size of 
20 nm. The author also used 1-Ethyl-3-methylimidazolium 
bromide for extraction of flavonoids from Elaseis Guineen-
sis for synthesis of gold nano particle and obtained average 
size of 13.30 nm [9]. In biological methods various resources 
were used such as, micro-organism and plant extract. There 
is no reported application of ionic liquid (IL) extract for the 
synthesis of nickel nanoparticles. We were interested in the 
potential of ionic liquids, as a solvent to extract phenolic 
compounds from lignocellulosic biomass and took advan-
tage of ionic liquid as the best solvent. Ionic liquids are best 
solvent for extraction, which reduces solvent waste, mini-
mizing exposure to hazardous vapors and environmentally 
friendly. For these advantages their best properties ionic liq-
uids thermally stability, negligible vapor presser, high heat 
absorbance capacity and low flammability [10].
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Ultrasonic cavitation provides three beneficial aspects 
such as cavitation bubble, mechanical function and thermal 
effect, which is maximally utilized in the extraction process 
and results into the relatively high extraction efficiency. 
Polygonum minus is an aromatic plant with a pleasant smell 
and is used as cosmetic, anti-oxidant, anti-bacterial activity, 
flavoring and perfume industry [11]. Traditionally, it was 
used as herbal medicine which cures the digestive disor-
der, body aches and dandruff [12]. P. minus contains a large 
amount of essential oil. Essential oils have gained special 
attention among secondary metabolites because it is used 
in pharmaceutical, sanitary, cosmetics, food and other agro-
based industries as fragrance agents. In addition, they have 
exploited aromatherapy and in photo therapy. 

Dyes are considered as toxic being not degraded by 
conventional degradation process [13]. Some of these e.g. 
methyl orange, methyl red, and methylene blue are widely 
used in industries such as textile, printing, paper and cos-
metic [14]. Amongst others, nanoparticles have been used 
in the degradation of dyes [15]. The Ni NPs showed effec-
tive biological activity against bacteria [16]. Anti-bacterial 
activity depends on the nature of bacterial strain. Bacteria 
are classified into two type gram positive and gram nega-
tive. The gram-positive bacteria have thick cell wall while 
the gram- bacteria have a thin cell wall.

The main objective of the present work to synthesize 
a novel, fast and eco-friendly synthetic method for nickel 
nanoparticles using ionic liquids based ultrasonic-assisted 
(ILUAE) extraction from Polygonum minus. The activity 
of as-synthesized Ni NPs was tested, against bacteria and 
photo degradation of dyes.

2. Experimental

2.1. Material

Nickel nitrate Ni(NO3)2 and 1-ethyl-3-methyl imidaz-
olium chloride [C3MIM] Cl were procured from Merck Mil-
lipore, Malaysia. The plant material i.e. Polygonum minus 
was purchased from local market in Malaysia. The micro-
bial organisms were purchased from International Medical 
University Kuala Lumpur Malaysia. Distilled water was 
used throughout the experiment.

2.2. Synthesis of nickel nanoparticle

The plant material (Polygonum minus) was washed 
two times with distilled water to remove the impurities, 
oven dried at 50°C and then ground into powder. To pre-
pare the extract, 5 g powder was mixed with aqueous solu-
tion of ionic liquids in the ultrasonic mantle flask at 60°C, 
40 W for 20 min. It was then filtered and the clear extract 
was obtained which is mixture of various compounds such 
as, flavonoids, terpenoids alkene, alkane and alkaloids as 
shown in Fig. 1A. These compounds reduce Nickel ion to 
nickel nanoparticles. To synthesize nickel nanoparticles, 
5 mL of the extract was mixed with 0.01 mM aqueous solu-
tion of Ni(NO3)2 at 60°C, 50 W for 30 min. The scheme for 
synthesis of Ni NPs are shown in Fig. 1B. After the reac-
tion, the solution was centrifuged for 5 min at 4000 rpm and 
washed three times to remove the impurities. The obtained 

nanoparticles were vacuum dried at 60°C for one hour and 
were further characterized.

2.3. Characterization

The Shimadzu UV-2401 double beam instrument was 
used for UV spectra of Ni NPs at the range between 200–
800 nm. 

Attenuated total reflection (ATR) spectra were recorded 
using (FTIR Nicolet 5700, USA). The nanomaterial was 
placed on diamond crystal and pressed by swivel. 

The crystal structure of Ni NPs was determine using 
X-rays diffractometer (2θ, 10°-80°, at room temperature) 
(XPERT-PRO) with Ni-filtered Cu Kα radiation. This oper-
ated at 0.47° divergent and receiving slits at 40 kV. The crys-
tal size was determined using Scherrer formula.

Mettle Toledo SDTA 10000, TG were used for ther-
mogravimetric analysis of Ni NPs at temperature range 
50–900°C at heating rate 10°C/min. 

For the determination surface morphology of Ni NPs 
Zeiss Supra 55VP at 5 kV FESEM instrument were used at 
various magnification. The nanoparticles were coated with 
gold water to sufficient for conductivity before image obser-
vation. the same sample were analyzed with EDX detector.

The particle size and zeta potential were determined by 
dynamic light scattering (Malvern DKSH). The sample for 
measurement was dispersed in water and pour in two neck 
cuvettes.

2.4. Degradation of dyes

The photo degradation of dyes (methyl red, methyl 
orange and methylene blue) was evaluated by as-synthe-
sized Ni NPs in aqueous medium under UV light irradi-
ation. The dyes solution (One-gram dyes was added into 
100 ml deionized water) was introduced in photo reactor 
and irradiated with light source (lamp type Hamamatsu 
LC8; lamp power of 0.1W) wavelength λ 500 nm at room 
temperature. In this experiment, 0.5 mg Ni NPs was added 
to 10 mL of dyes solutions with initial concentration of 5 Χ 
10–6 M. The mixture was stirred for 20 min in dark to make 
equilibrium. The distance between light and mixture was 
about 6 cm. The degradation of dyes was examined using 
UV/Vis spectrometer. The degradation was calculated by 
the following equation. 

Degradation rate (%) =   100oC C
C
−

× � (1)

where Co is the concentration of dyes and C of non-de-
graded dyes.

2.5. Anti-bacterial activity of Ni NPs

Agar diffusion method was used to determine the anti-
bacterial activity of Ni-NP using three bacteria i.e. Escherich-
ia-coli, Staphylococcus aureus and Aeromonas hydrophilia [17]. 
Agar plates were prepared by adding agar media. The plate 
was cultivated by organisms and three papers were placed 
in the plate. An amount of 10, 20, 30% sample was added 
to the respective paper. The plate was incubated for 24 h at 
37°C and inhibition zone was measured. 
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Fig. 1. Structure of bioactive compounds extracted from polygonum minus (A), mechanism for synthesis of Ni NPs (B).
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3. Result and discussions

3.1. UV-Vis analysis of Ni NPs

The Formation of Ni NPs from ionic liquids assisted 
extract based ultrasonic cavitation was confirmed from the 
color changes; the color of the solution was transformed to 
light green from deep green. The changes can be detected 
by UV/Vis diffused reflectance spectrophotometry (DRS) 
as the synthesized Ni NPs produce a peak at 274 nm as 
shown in Fig. 2 [8].

Moreover, the increase in the width of the peak at 
274    nm evidences the formation of small sized nanopar-
ticles. Similar to our results, the absorption peak at 270 nm 
indicated the presence of Ni NPs [18]. The wavelength and 
width of the peak are dependent on the size and shape of 
the nanoparticles. In Fig. 2, the broad absorption peak is an 
evidence of the formation of small sized Ni NPs [19].

3.2. FTIR analysis

The FTIR spectra of plant extract are shown in Fig. 3A. 
Fig. 3A shows the broad band at 3417 cm–1 indicating 
stretching vibration of OH and the band at 1634 cm–1 was 
assigned to the bending vibration of C=C bonds. The bands 
at 2931cm–1 and 1378 cm–1 are assigned to the C-H stretch-
ing and bending vibration of alkyl groups, respectively. The 
band at 1080 cm–1 refers to C-N stretching vibration of ali-
phatic amines. The band located at 611 cm–1 refers to the 
C-C stretching vibrations of the aromatic ring [20–23]. These 
bands represent that phenolic, aldehyde, amines, alkene 
and alkane compounds are present in the plant extract. Fig. 
3B shows the FTIR spectra of Ni NPs in which the peak at 
2400 cm–1 were disappear. These all peaks represent that 
secondary metabolites of the plant could be responsible for 
the reduction of nickel ion to Ni NPs [23]. 

3.3. X-rays diffraction analysis (XRD)

XRD analysis was used to determine the crystalline struc-
ture of the synthesized Ni NPs. Fig. 4 shows the XRD pattern 

of Ni NPs. Sharp diffraction intensities at 2θ values of 33.3°, 
45.5° and 55.5° corresponding to (100), (111) and (200) crys-
tal planes respectively. The pattern suggested face centered 
cubical structure [24]. The diffraction pattern was in accor-
dance with JCPDS file (card No. 04-0835). The crystallite size 
based on the Debye- Scherrer equation was 15–23 nm.

Fig. 2. UV/Visible spectrum of Ni NPs.

Fig. 3. FTIR spectra of plant extract (A) and Ni NPs (B). 

Fig. 4. XRD pattern of Ni NPs.
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3.4. Thermogravimetric analysis (TGA)

Fig. 5 shows the TGA result of Ni NPs in the range of 
50 to 800°C. the initial weight loss was observed in the tem-
perature range of 100 to 500°C. The TGA curve showed 
5% mass loss in the range of 130°C which corresponds to 
a loss of moisture and less stable molecules. The significant 
weight loss 80% from 200 to 600°C ascribed the decompo-
sition of bioactive compounds present in polygonum minus 

extract. These bioactive compounds act as reducing and 
capping agents for synthesis of Ni NPs.

3.5. Field emission scanning electron microscopy (FESEM)

The FESEM image is helpful to determine the morphol-
ogy of the nanoparticles. The Fig. 6A shows that the Ni NPs 
are spherical in shape in the ranging of 30–100 nm. The mor-
phology was closely supported by the existing literature [25]. 
The spherical morphology and deagglomeration could be 
linked with the effect of sonication. The elemental compo-
sition of Ni NPs was determined by energy dispersive X-ray 
analysis (EDX) detector as shown in Fig. 6B reveals the sig-
nals in Ni region, confirming the successful synthesis of Ni 
NPs. The compositional analysis obtained could accurately 
quantify the Ni contents. Signal of oxygen and carbon result 
capping the Ni NPs capped bioactive compounds of plant 
extract. The quantitative analysis was Ni, 43%, O, 20% and 
C 20.6% respectively, suggesting that bioactive compounds 
such as phenols, amines and alkane capped the Ni NPs.

3.6. Zeta size and zeta potential 

The average size and zeta potential of Ni NPs are shown 
in Figs. 7a and 7b. The particle size peak showed that the 
synthesized Ni NPs are polydispersed with an average size 
diameter of 23.5 nm. Zeta potential is important to deter-
mine the surface charge of nanoparticles and long-term 
stability. The average zeta potential of Ni NPs is –41 mV. 
This valve indicates high stability of the nanoparticles [8]. 
Hence, these nanoparticles promise a wide range of appli-
cation in various industries.

Fig. 6. Field emission scanning electron microscopy of Ni NPs.

Fig. 5. Thermogravimetric analysis of Ni NPs.

Fig. 7. Particle size A, zeta potential of Ni NPs B.
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3.7. Photo degradation efficiency

To establish the photo degradation efficiency of Ni NPs, 
three different dyes were treated with Ni NPs under UV light. 
Figs. 8a, b, c show the UV-Vis spectra of photo degradation 
of MO, MR, and MB dyes before and after treatment with Ni 
NPs [26–28]. The color of the dyes was disappeared during 
photo degradation is because of the interactions of the chro-
mophoric groups (double bond-N=N-), present in the dyes, 
with UV-light. [29]. The spectra showed that the dyes degra-
dation occurred upon addition of the nanoparticles and expos-
ing the solution to UV light (500 tungsten). The sample were 
taken in time interval of every 2 min centrifuged to settle the 
NPs and checked by UV/Vis spectroscopy. The dyes MO and 
MR degraded at five minutes and MB at time interval of 10 
minutes as shown in Table 1. The absorption peaks appeared 
at 466, 460, 664, 590 nm for MO, MR, and MB respectively. 

The concentration of dyes was decreased with the increase in 
reaction time. This shows the successful degradation of 98% 
of dye, which is better than reported in the literature [30]. The 
nanoparticles are recycling after centrifugation and reused 5 
times and degraded 98%. It is inferred that Ni NPs, synthe-
sized in this study, are good photo catalyst and can be used for 
the treatment of dyes containing water.

The mechanisms for degradation of dyes can be 
explained as, smaller the particle size of the nanoparticles 
and have large surface area and more active site. The Ni NPs 
has high diffusion without any combination. The photocat-
alytic activity of nanomaterial depends on the crystal struc-
ture, morphology and size of the particles. According to this 
study when UV-light hit the outer shell electrons of Ni NPs, 
they absorb energy from light and released from the outer-
most shell. These electrons produce –OH radical which is 
responsible for degradation of dyes as shown in Fig. 8D [31].

 

(D)

Fig. 8. Time-dependent UV/Vis spectra of different dyes. (A) methyl orange, (B) methyl red, (C) methylene blue, (D) bro-
mophenol blue, mechanism for photodegradation of dyes (D). 



H. Ullah et al. / Desalination and Water Treatment 125 (2018) 32–3938

3.8. Antibacterial activity of Ni NPs

The Ni NPs synthesized using ionic liquid assisted 
extract from Polygonum minutes were tested against three 
different gram positive and gram negative bacterial strains. 
The zone of inhibition of 10, 20, and 30% for Aeromonas 
hydrophilia, Escherichia coli, and Staphylococcus areas are 
shown in Table 2 and Fig. 9. The Ni NPs are more efficient 
against Escherichia coli than the Aeromonas hydrophilia, 
Staphylococcus aureus. From the Table 1, it is concluded 
that the nanoparticles have antibacterial properties. 

4. Conclusions

Nickel nanoparticles have been successfully synthesized 
by the ionic liquids assisted ultrasonic cavitation extract 
of Polygonum minus. Polygonum minus extract can be 
extracted using IL as solvent under ultrasonic treatment. 23 
nm sized Ni NPs are obtained using this mixed technique. 
The Nano particles were nano crystalline, well dispersed 
and deagglomerated as confirmed by XRD, FESEM, and 
DLS. The photo degradation study suggests that Ni NPs are 
efficient in the removal of methyl orange, methyl red, and 
methylene blue from aqueous solution in 5–10 min under 
UV irradiation. Ni NPs exhibited stronger antibacterial 
activity against gram positive and gram negative bacteria.
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